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GENERAL INFORMATION 

TTL in Perspective 

Since its introduction, TTL has become the most pop­
ular form of digital logic. It has evolved from the original 
gold-doped saturated 7400 logic, to Schottky-Clamped 
logic, and finally to the modern advanced families of 
TTL logic. The popularity of these TTL families stem 
from their ease of use, low cost, medium-to-high speed 
operation, and good output drive capability. 

Motorola offers two modern TTL logic families - LS 
and FAST". They are pin and functionally compatible 
and can easily be combined in a system to achieve max­
imum performance at minimum cost. 

LS (Low Power Schottky) is currently the more pop­
ular and commands by far the largest share of the total 
TTL logic market. It is low-cost and provides moderate 
performance at low power. 

FAST, the state-of-the-art, high-performance TTL 
family, is growing rapidly and gaining a significant 
share of the total TTL logic market. FAST offers a 
20-30 percent improvement in performa'nce over the 
older Standard Schottky family (74S) with a 75-80 per­
cent reduction in power. When compared with the Ad­
vanced Schottky family (74AS), FAST offers nearly 
equal performance at a 25-50 percent savings in 
power. 

TTL Family Comparisons 

General Characteristics for Schottky TTL Logic 
(ALL MAXIMUM RATINGS) LS 

Characteristic Symbol 54L5xxx 74LSxxx 

Operating Voltage Range vCC 5±10% 5±5% 

Operating Temperature 
Range TA -55t0125 o to 70 

Input Current liN IIH 20 20 

IlL -400 -400 

Output Drive IOH -0.4 -0.4 

Standard Output IOL 4.0 8.0 

ISC -20to -100 -20to -100 

IOH -12 -15 

Buffer Output IOL 12 24 

ISC -40to -225 -40to-225 

FAST is manufactured on Motorola's MOSAIC (ox­
ide-isolated) process. This process provides FAST with 
inherent speed/power advantages over the older junc­
tion-isolated 74S and 74LS families, allowing the FAST 
family to be designed and specified with improved 
noise margins, reduced input currents, and superior 
line driving capabilities in comparison to these earlier 
families. Additionally, FAST designs incorporate 
power-down circuitry on all three-state outputs, and 
buffered outputs on all storage devices. 

Two further advantages of FAST are the load spec­
ifications and power supply specifications. FAST ac 
characteristics are specified at a heavier capacitive 
load than the earlier families (50 pF versus 15 pF) to 
more accurately reflect actual in-circuit performance. 
Motorola's dc and ac characteristics for FAST are spec­
ified over a full 10% supply voltage range - a signif­
icant improvement over the industry standard speci­
fications for the earlier families (5% for dc, 0% for ac). 

These design and specification improvements of­
fered by the Motorola FAST family provide the user 
with better system performance, enhanced design 
flexibility, and more reliable system operation. 

FAST 

54Fxxx 74Fxxx Units 

5±10% 5± 10% Vdc 

-55t0125 Oto 70 ·C 

20 20 
p.A 

-600 -600 

-1.0 -1.0 rnA 

20 20 rnA 

-60to -150 -60to -150 rnA 

-12 -15 rnA 

48 64 rnA 

-100to -225 -100 to -225 rnA 

Speed/Power Characteristics for Schottky TTL Logic(1) 
(ALL TYPICAL RATINGS) 

Characteristic 

Quiescent Supply Current/Gate 

Power/Gate (Quiescent) 

Propagation Delay 

Speed Power Product 

Clock Frequency (D-FIFI 

Clock Frequency (Counterl 

NOTES: 1. Specifications are shown for the following conditions: 
a) VCC = 5.0 Vdc (AC); 
bl TA = 25'C 
cl CL = 50 pF for FAST; 15 pF for LS 

Symbol LS 

IG 0.4 

PG 2.0 

to 9.0 

- 18 

fmax 33 

fmax 40 
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FAST Units 

1.1 rnA 

5.5 rnW 

3.7 ns 

19.2 pJ 

125 MHz 

125 MHz 



Functional Selection 

Abbreviations 

5 = Synchronous 
A = Asynchronous 
B = Both Synchronous and Asynchronous 

25 = 2-5tate Output 
35 = 3-5tate Output 
OC = Open-Collector Output 

P = Planned (See FAST/LS Selector Guide, SG-60 for latest 
availability status) 

X = Available 

Inverters 

Type of 
Description Output No. LS FAST 

Hex 2S 04 X X 
OC 05 X 

AND Gates 

Type of 
Description Output No. LS FAST 

Quad 2-lnput 2S 08 X X 
OC 09 X 

Triple 3·lnput 2S 11 X X 
OC 15 X 

Dual 4-lnput 2S 21 X P 

NAND Gates 

Type of 
Description Output No. LS FAST 

Quad 2-lnput 2S 00 X X 
OC 01 X 
OC 03 X 

Quad 2-lnput, High Voltage OC 26 X 
Triple 3-lnput 2S 10 X X 

OC 12 X 
Dual 4·lnput 2S 20 X X 

OC 22 X 
a·lnput 2S 30 X 
13-lnput 2S 133 X 

OR Gates 

Description 

Quad 2-lnput 

NOR Gates 

Type of 
Description Output No. LS FAST 

Quad 2-lnput 2S 2 X X 
Triple 3-lnput 2S 27 X 
Dual 5·lnput 2S 260 X 

Exclusive OR Gates 

Description 

Quad 2·lnput 

Exclusive NOR Gates 

Description 

Quad 2-lnput 

AND-OR-INVERT Gates 

Description 

Dual 2-Wide, 2·lnput 3-lnput 
4-Wide, 2-3-2·3-lnput 
2-Wide, 4·lnput 
4·Wide, 4-2·2·3-lnput 

Schmitt Triggers 

Description 

Dual 4-lnput NAND Gate 
Hex, Inverting 
Quad 2-lnput NAND Gate 

SSI Flip-Flops 

Description 

Dual D w/Set & Clear 
Dual JK w/Set 
Dual JK wlClear 

Dual JK w/Set & Clear Individual J, 
K, Cp, SD, CD Inputs 

Dual JK w/Set & Clear 
Common CO, Cp 

Same as 76 with Different Pinout 
Same as 114 with Different Pinout 
Dual JK w/Set & Clear 

FAST AND LS TTL DATA 
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II 
Type of 
Output No. LS FAST 

2S 86 X X 
OC 136 X 
2S 386 X 

Type of 
Output No. LS FAST 

2S 51 X 
2S 54 X 
2S 55 X 
2S 64 X 

Type of 
Output No. LS FAST 

2S 13 X P 
2S 14 X P 
2S 132 X P 

Clock 
Edge No. LS FAST 

Pos 74 X X 
Neg 113 X P 
Neg 73 X 
Neg 107 X 
Neg 76 X 

Neg 78 X 

Neg 112 X P 
Neg 114 X P 
Pas 109 X X 



Multiplexers 

Type of 
Description Output 

Quad 2-to-l, Non-Inverting 2S 
3S 

Quad 2-to-l, Inverting 2S 
3S 

Dual 4-to-l, Non-Inverting 2S 
'- 3S 

Dual 4-to-l, Inverting 2S 
3S 

8-to-l 2S 
3S 

Quad 2-to-l with Output Register 
298 - Negative edge triggered 2S 
398 - Positive edge triggered, 2S 

Q/fi Outputs 
399 - Positive edge triggered. 2S 

Q Output Only 

Encoders 

Type of 
Description Output 

10-to-4-Line BCD 2S 
8-to-3-Line Priority Encoder 2S 

3S 
2S 
3S 

Register Files 

Type of 
Description Output 

4x4 OC 
3S 

Shift Registers 

Description 

Serial In-Serial Out 
Serial In-Parallel Out 
Parallel In-Serial Out 

Parallel In-Parallel Out 

Parallel In-Parallel Out, Bidirectional 

Sign Extended Bidirectional 
Serial In-Parallel Out with Storage Register 

• SR ~ Shift Right 
SL ~ Shift Left 

No. 

157 
257 
158 
258 
153 
253 
352 
353 
151 
251 

298 
398 

399 

No. 

147 
148 
348 
748 
848 

No. 

170 
670 

Decoders/Demultiplexers 

Type 01 
LS FAST Description Output No. LS FAST 

X X Duall-of-4 2S 139 X X 
X X 2S 155 X 
X X OC 156 X 
X X 3S 539 P 
X X 1-01-8 2S 138 X X 
X X 3S 538 P 
X X 1-01-8 with Latch 2S 137 X 
X X 1-01-10 2S 42 X 
X X 3S 537 P 
X X 

Latches 
X P 
X P 

No. 01 Type 01 
Description Bits Output No. LS FAST 

X P Transparent, Non-Inverting 4 2S 77 X 
8 3S 373 X X 

Octal, Non-Inverting 8 3S 573 
Transparent, Inverting 8 3S 533 X 

8 3S 563 P 

LS FAST 
Transparent, Q and 0: 4 2S 75 X 

Outputs 4 2S 375 X 
X Quad Set-Reset Latch 4 2S 279 X 
X X Addressable 8 2S 259 X P 
X Dual 4-Bit Addressable 4 2S 256 X P 
X 
X 

LS FAST 

X 
X 

No. 01 Type 01 Mode" 

Bits Output SR SL Hold Reset No. LS FAST 

8 2S X 91 X 
8 2S X A 164 X P 
8 2S X X 165 X P 
8 2S X X A 166 X P 

16 3S X X 674 X 
4 2S X 95 X 
4 2S X X X A 194 X P 
4 2S X A 195 X P 
4 3S X 295 X 
4 3S X A 395 X 
8 3S X X X A 299 X P 
8 3S X X X S 323 X P 
8 3S X X A 322 X 

16 2S/3S X X S 673 X P 
16 2S X X X 675 P 
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Asynchronous Counters - Negative Edge-Triggered 

Description Load Set Reset No. LS FAST 

Decade (2/5) X X 90 X 
X X 196 X 

X X 290 X 
Dual Decade (2/5) X 390 X 
Dual Decade X X 490 X 
Modulo 12 (2/6) X 92 X 
4-Bit Binary (218) X 93 X 

X X 197 X 
X 293 X 

Dual 4·Bit Binary X 393 X 
Divide-By-N (0-9) X X 716- X 
Divide-By-N (0-15) X X 718- X 

*The 716 and 718 are positive edge-triggered. 

Display Decoders/Drivers with Open-Collector Outputs 

Description No. LS FAST 

l-of-l0 145 X 
BCD-to-7 Segment 47 X 

48- X 
49 X 

247 ·X 
248- X 
249 X 

*The 48 and 248 have mternal pullup resistors to Vee on their outputs. 

MSI Flip-Flops/Registers 

Description 

D-Type, Non-Inverting 

D-Type, Inverting 

D-Type, Q and 0: Outputs 

Dual 8·Bit with Multiplexers 

Cascadable Synchronous Counters -
Positive Edge-Triggered 

Type of 
Description Output Load Reset 

Decade 25 5 A 
25 5 5 

Decade, Up/Down 25 5 
25 A 
2S A A 
35 S B 
25 5 

4-Bit Binary 25 5 A 
25 5 S 

4-Bit Binary, 2S 5 
Up/Down 2S A 

25 A A 
35 5 B 
25 5 

No. LS FAST 

160 X X 
162 X X 
168 X P 
190 X P 
192- X P 
568 X P 
668 X 
161 X X 
163 X X 
169 X P 
191 X P 
193- X P 
569 X P 
669 X 

*The 192 and 193 do not provide a clock enable for synchronous 
cascading. 

No. of Type of Set or Clock 
Bits Output Reset Enable No. LS FAST 

4 35 A X 173 X 
4 25 X 377 X P 
6 25 A 174 X X 
6 25 X 378 X X 
8 25 A 273 X P 
8 35 374 X X 
8 35 574 
8 35 534 X 
8 35 564 
4 25 A 175 X X 
4 25 X 379 X X 

16 35 604 X 
16 OC 605 X 
16 35 606 X 
16 OC 607 X 
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Arithmetic Operators 

Description 

4·Bit Adder 

4·BitALU 

Look Ahead Carry Generator 
Quad 4·Bit Adder/Subtractor 
Dual Carry/Save Full Adder 
4·Bit Barrel Shifter 

Magnitude Comparators 

Type of 
Description Output P=Q P>Q 

4-Bit 2S X 
8·Bit 2S X 

DC X 
2S X 
DC X 
2S X 

Res liP DC X 
8·Bit with 2S X 

Output DC X 
Enable 2S X 

DC X 

Parity Generators/Checkers 

Description 

9·Bit Odd Even Parity Generator 
Checker 

Dynamic Memory Support 

Description 

X 
X 
X 
X 
X 

X 
X 
X 

Synchronous Address Multiplexer 
(MC6883) 

Synchronous Address Multiplexer 
Error Detection and Correction Circuit 

(EDAC) 
EDAC Bus Buffer (Inverting) 
EDAC Bus Buffer (Non·lnverting) 
Dynamic Memory Controller 
Dynamic Memory Timing Controller 

with EDAC 
Dynamic Memory Timing Controller 

witho.ut EDAC 
RMI - Raster Memory Interface 

VCOs and Multivibrators 

Description 

Retriggerable Monostable 
Multivibrator 

Dual 122 
Precision Non·Retriggerable 

Monostable Multivibrator 
Voltage Crystal Controlled Oscillator 

No. 

83 
283 
181 
381 
382 
182 
385 
183 
350 

P<Q No. 

X 85 
682 
683 
684 
685 
521 

X 524 
686 
687 
688 
689 

No. 

783 

785 
2960 

2961 
2962 
2968 
2969 

2970 

68486 

No. 

122 

123 
221 

724 

Buffers/Line Drivers 

LS FAST Type of 

X Description Output No. LS FAST 

X P Quad 2·lnput NOR 2S 28 X 
X P DC 33 X 

P Quad 2·lnput NAND 2S 37 X P 
P DC 38 X P 

X X Dual 4-lnput NAND 2S 40 X P 
X Quad, Non·lnverting 3S 125 X 
X 3S 126 X 

P Hex, Non·lnverting 3S 365 X P 
3S 367 X P 

Hex, Inverting 3S 366 X P 
3S 368 X P 

LS FAST Octal, Non·lnverting 3S 241 X X 
3S 244 X X 

X Bus Pinout 3S 541 X P 
X 3S 795 X 
X 3S 797 X 
X 
X 

Octal, Inverting 3S 240 X X 
Bus Pinout 3S 540 X P 

X 3S 796 X 
P 3S 798 X 

X 
X Transceivers 
X 
X Type of 

Description Output No. LS FAST 

Quad, Non·lnverting 3S 243 X X 
Quad, Inverting 3S 242 X X 
Octal, Non·lnverting 3S 245 X X 

3S 645 X 
OC 621 X 
3S 623 X P 
OC 641 X 

LS FAST Bus Pinout OC 543 P 

X 
Octal, Inverting 3S 620 X P 

OC 622 X 

X 
X 

3S 840 X P 
OC 642 X 
3S 643 x P 

P 
P 
P 
P 

OC 644 X 
Octal, Non·lnverting with 3S 646 P 

Register Mux OC 647 P 
Latch 3S 543 P 
Octal, Inverting with Register Mux 3S 544 P 

P 
,Latch 

P 
Memory 

Type of 
Description Output No. LS FAST 

LS FAST 16-by·4 RAM 3S 189 P 

X 
64x4RAM 3S 219 P 

X 
X 

X 
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CIRCUIT CHARACTERISTICS 

FAMILY CHARACTERISTICS 

LSTTL 
The Low Power Schottky (LSTTL) family combines a current and power reduction improvement over standard 
7400 TTL by a factor of 5. This is accomplished by using Schottky diode clamping to prevent saturation and 
advanced processing. 

FAST TTL 
The FAST Schottky TTL family provides a 75-80% power reduction compared to standard Schottky (54n4S) 
TTL and yet offers a 20-40% improvement in circuit performance over the standard Schottky due to the MOSAIC 
process. Also, FAST circuits contain additional circuitry to provide a flatter power/frequency curve. The input 
configuration of FAST uses a lower input current which translates into higher fanout. 

CIRCUIT FEATURES 
Circuit features of LS and FAST are best understood by examining the TTL 2-input NAND gate of each family 
(Figures 2-1a, b). The input/output circuits of other functions are almost identical. 

Vee 
1100 

18 K 7.6 K 

Ao---.-~'" 

0, 

OUTPUT 

FIGURE 2-1a 
LSOO - 2-INPUT NAND GATE 

Vee 
350 

10 K 10 K 4.1 K 

A o-...,-~-+--+H 

~---.-.oOUTPUT 

FIGURE2-1b 
FOO - 2-INPUT NAND GATE 
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INPUT CONFIGURATION. Motorola LSTTL circuits do not use the multi-emitter input structure that originally 
gave TTL its name. Most LS elements use a OTL type input circuit with Schottky diodes to perform the ANO 
function, as exemplified by 03 and 04 in Figure 2-1a. Compared to the classical multi-emitter structure, this 
circuit is faster and increases the input breakdown voltage. Inputs of this type are tested for leakage with an 
applied input voltage of 7.0 V and the input breakdown voltage is typically 15 V or more. 

The FOO input configuration utilizes a PN diode (05 and 06) rather than the PNP transistor. This is required due 
to the high speed response of FASr" logic. The PNP transistor, a relatively large device in current bipolar logic 
technology, has an associated capacitance large enough to make the gate input susceptible to ac noise. The 
PN diode results in much better ac noise immunity at the expense of increased input current. 

Another input arrangement often used in LS MSI has three diodes connected as shown in Figure 2-2. This 
configuration gives a slightly higher input threshold than that of Figure 2-1 a. A third input configuration that 

. is sometimes used in LS TTL employs a vertical PNP transistor as shown in Figure 2-3. This arrangement also 
gives a higher input threshold and has the additional advantage of reducing the amount of current that the 
signal source must sink. Both the diode cluster arrangement and the PNP input configuration have breakdown 
voltage ratings greater than 7.0 V. 

All inputs are provided with clamping diodes, exemplified by 01 and 02 in Figure 2-1a, b. These diodes conduct 
when an input signal goes negative, which limits undershoot and helps to control ringing on long signal lines 
following a HIGH-to-LOW transition. These diodes are intended only for the suppression of transient currents 
and should not be used as steady-state clamps in interface applications. A clamp current exceeding 2 mA and 
with a duration greater than 500 ns can activate a parasitic lateral NPN transistor, which in turn can steal current 
from internal nodes of an LS circuit and thus cause logic errors. 

,.-------.---vcc 

FIGURE 2-2 
DIODE CLUSTER INPUT 

,.-------.---vcc 

FIGURE 2-3 
PNPINPUT 

INPUT CHARACTERISTICS- Figure 2-4 shows the typical input characteristics of LS and FAST'". Typical transfer 
characteristics can be found in Figure 2-5 and input threshold variation with temperature information is provided 
in Table 2-1. 

·10 r f 

0 

3..-V ../ -dr ..--- ..--- ..---
°v ..--- ..---
oV 

..---
-20 

·30 
TA = 25'e 

·40 0 

Vee 75.0 V 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

VIN IVolts) 

FIGURE 2-4 
TYPICAL INPUT CURRENT vs INPUT VOLTAGE 
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TAA = 25'C 
VCC = 5 V , '\ 

LS 

FAST" 

l 
0.5 1.0 1.5 2.0 

VIN - INPUT VOLTAGE (VOL 151 

FIGURE 2-5 
TYPICAL OUTPUT vs 
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TABLE 2.1 
TYPICAL INPUT THRESHOLD VARIATION 

WITH TEMPERATURE 

FAST 

ALS 

S 

LS 

-55'C 

1.8 

1.8 

1.5 

1.2 

+25'C + 125'C 

1.5 1.3 

1.5 1.3 

1.3 1.1 

1.0 0.8 

OUTPUT CONFIGURATION. The output circuitry of LSTTL has several features not found in conventional TTL. 
A few of these features are discussed below. 

Referring to Figures 2-la, b, the base of the pull-down output transistor 05 is returned to ground through 03 
and a pair of resistors instead of through a simple resistor. This arrangement is called a squaring network since 
it squares up the transfer characteristics (Figure 2-5) by preventing conduction in the phase splitter 01 until 
the input voltage rises high enough to allow 01 to supply base current to 05. The squaring network also 
improves the propagation delay by providing a low resistance path to discharge capacitance at the base of 05 
during turn-off. 

The output pull-up circuit is a 2-transistor Darlington circuit with the base of the output transistor returned 
through a 5k resistor to the output terminals, unlike 74H and 74S where it is returned to ground which is a 
more power consuming configuration. This configuration allows the output to pull up to one VeE below Vee 
for low values of output current. 

The FOO output includes clamping diodes to limit undershoot and control ringing on long signal lines. As with 
the input diode clamps, these diodes are intended for transient suppression only and should not be used as 
steady-state clamps. 

The FOO output configuration also includes additional circuitry to improve the rise time and decrease the power 
consumption at high operating frequencies. This circuit, which consists of 09, D7, DB, and D9 causes 05 to off 
more quickly on LOW to HIGH output transitions. 

Figure 2-6 shows the extra circuitry used to obtain the "high Z" condition in 3-state outputs. When the Output 
Enable signal is HIGH, both the phase splitter and the Darlington pull-up are turned off. In this condition the 
output circuitry is non-conducting, which allows the outputs of two or more such circuits to be connected 
together in a bus application wherein only one output is enabled at any particular time. 

FAST" 3-state outputs have some additional circuitry due to the nature of the environment in which they are 
used. The effective capacitive load of a 3-state output tends to increase at high bus rates. The addition of 010 
reduces this effect by clamping the base of 05 low when the device is in the high impedance state. In the high 
Z state, the output capacitance is about 5 pF for 24 rnA outputs and about 12 pF for 64 rnA outputs. 

An additional feature of many FAST" 3-state devices is the incorporation of power-up circuitry to guarantee 
that the output will not sink current if the device is disabled during the application or removal of power. 

,---.,--------,.-vcc 

t----1--o ·OUTPUT 

FIGURE 2-6 
TYPICAL 3-STATE OUTPUT CONTROL 

OUTPUT CHARACTERISTICS. Figure 2-7 shows the LOW-state output characteristics for LS and FAST". For 
LOW IOL values, the pull-down transistor is clamped out of deep saturation to shorten the turn-off delay. Figure 
2-8 shows the HIGH-state output characteristics. 
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AC SWITCHING CHARACTERISTICS. The propagation through a logic element depends on power supply volt­
age, ambient temperature, and output load. The effect of each of these parameters on ac propagation is shown 
in Figures 2-9 through 2-11. 

Propagation delays are specified with only one output switching, the delay through a logic-element will increase 
to some extent when multiple outputs switch simultaneously due to inductance internal to the IC package. This 
effect can be seen by comparing Figures 2-11 e and 2-11 F. 

For LS TTL, limits are guaranteed at 25°C, VCC = 5.0 V, and CI = 15 pF (normally, resistive load has minimal 
effect on propagation delay) FAST~ and TTL limits are guaranteed over the commercial or military temperature 
and supply voltage ranges and with CI = 50 pF. 
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"Data for Figures 2-11a through 2-11c was taken with only one output switching at a time. Figure 2-11d data was taken with 
all 8 inputs of the F240 tied together. 
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DESIGN CONSIDERATIONS 

SELECTING TTL LOGIC. TTL Families may be mixed in a system for optimum performance. For instance, in new designs, 
ALS would commonly be used in non-critical speed paths to minimize power consumption while FASr" TTL would 
be used in high speed paths. The ratio of ALS to FAST~ will depend on overall system design goals. 

NOISE IMMUNITY. When mixing TTL families it is often desirable to know the guaranteed noise immunity for both 
LOW and HIGH logic levels. Table 3.1 lists the guaranteed logic levels for various TTL families and can be used to 
calculate noise margin. Table 3.2 specifies these noise margins for systems containing LS, S, ALS and/or FASr" TTL. 
Note that Table 3.2 represents "worst case" limits and assumes a maximum power supply and temperature variation 
across the Ie's which are interconnected, as well as maximum rated load. Increased noise immunity can be achieved 
by designing with decreased maximum allowable operating ranges. 

TABLE 3.1 
Worst Case TTL Logic Levels 

Electrical Characteristics 
Military (-55 to ±125'C) Commercial (0 to 70'C) 

TTL Families VIL VIH VOL VOH VIL VIH VOL VOH UNITS 
TTL Standard TIL 9000, 54/74 0.8 2.0 0.4 2.4 0.8 2.0 0.4 2.4 V 
HTIL High Speed TIL 54Hn4H 0.8 2.0 0.4 2.4 0.8 2.0 0.4 2.4 V 
LPTIL Low Power TIL 93LOO (MSI) 0.7 2.0 0.3 2.4 0.8 2.0 0.3 2.4 V 
STIL Schottky TIL 54Sn4S, 93S00 0.8 2.0 0.5 2.5 0.8 2.0 0.5 2.7 V 
LSTIL Low Power Schottky TIL 54LSn4LS 0.7 2.0 0.4 2.5 0.8 2.0 0.5 2.7 V 
ALSTIL (5% Vee) Advanced LS TIL, 54ALS/74ALS 0.8 2.0 0.5 2.75 V 

(10% Vee) 0.8 2.0 0.4 2.5 0.8 2.0 0.5 2.5 V 
FAST TTL(5% Vee) Advanced S TTL, 54Fn4F 0.8 2.0 0.5 2.7 V 

(10% Vee) 0.8 2.0 0.5 2.5 0.8 2.0 0.5 2.5 V 

VOL and VOH are the voltages generated at the output VIL and VIH are the voltage required at the input to generate the 
appropriate levels. The numbers given above are guaranteed worst-case values. 

TABLE 3.2a TABLE 3.2b 
LOW Level Noise Margins (Military) HIGH Level Noise Margins (Military) 

To To 
From LS S ALS FAST Units From LS S ALS FAST Units 
LS 300 400 400 400 mV LS 500 500 500 500 mV 
S 200 300 300 300 mV S 500 500 500 500 mV 
ALS 300 400 400 400 mV ALS 500 500 500 500 mV 
FASr" 200 300 300 300 mV FASr" 500 500 500 500 mV 

From "VOL" to "VIL" From "VOH" to "VIH" 

TABLE 3.2c TABLE3.2d 
LOW Level Noise Margins (Commercial) HIGH Level Noise Margins (Commercial) 

To To 
From LS S ALS FAST Units From LS S ALS FAST Units 
LS 300 300 300 300 mV LS 700 700 700 700 mV 
S 300 300 300 300 mV S 700 700 700 700 mV 
ALS 300 300 300 300 mV ALS (5% Vee) 750 750 750 750 mV 
FASr" 300 300 300 300 mV FAST (5% Vee) 700 700 700 700 mV 

From "VOL" to "VIL" ALS (10% Vccl 500 500 500 500 mV 
FAST (10% Vee) 500 500 500 500 mV 

From "VOH" to "VIH" 

POWER CONSUMPTION. With the exception of EeL, all logic families exhibit increased power consumption at high 
frequencies. Figure 3.1 shows this characteristic for common logic families. This figure refers to an average single gate 
dissipation, care must be taken when switching multiple gates at high frequencies to assure that their combined 
dissipation does not exceed package and/or device capabilities. As indicated, TTL devices are more efficient at high 
frequencies than eMOS. 
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FAN·IN AND FAN-OUT. In order to simplify designing with Motorola TTL devices, the input and output loading parameters of 
all families are normalized to the following values: 

TTL Unit Load (U.L.) = 40/lA 
in the HIGH state (Logic "1 ") 

TTL Unit Load (U,L.) = 1,6 mA 
in the LOW state (Logic "0") 

Input loading and output drive factors of all products described in this handbook are related to these definitions, 

EXAMPLES -INPUT LOAD 
1. A 7400 gate, which has a maximum IlL of 1,6 mA and IIH of 40/lA is specified as having an input load factor of 1 U.L. (Also 

called a fan·in of 1 load,) 

2. The 74LS95B which has a value of IlL = O.B mA and IIH of 40/lAon the CPterminal, is specified as having an input LOW load 
factor of 

O.BmA 
1,6 mA or 0.5 U,L. and an input HIGH load factor of 

40/lA 
40/lA or 1 U.L 

3. The 74LSOO gate which has'an IlL of 0,4 mA and an IIH of 20/lA. has an input LOW load factor of 

O.4mA 
1,6 mA or 0.25 U.L. 

an input HIGH load factor of 20/lA 
40/lA or 0,5 U,L. 

EXAMPLES - OUTPUT DRIVE 
1. The output of the 7400 will sink 16 mA in the LOW (logic "0") state and source BOO /lA in the HIGH (logic "''') state, The 

normalized output LOW drive factor is therefore 

16mA 
',6mA = 10U,L, 

and the output HIGH drive factor is 

BOO/lA 
40 uA or 20 U,L. 
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2. The output ofthe 74LSOO will sink 8.0 mA in the LOW state and source 400pA in the HIGH state. The normalized output LOW 
drive factor is 

8.0mA 
1.6 mA or 5 U.L. 

and the output HIGH drive factor is 

400pA 
40pA or 10 U.L. 

Relative load and drive factors for the basic TTL families are given in Table 3.3. 

INPUT LOAD OUTPUT DRIVE 
FAMILY 

HIGH LOW HIGH LOW 

74LSOO 0.5 U.L. 0.25 U.L. 10 U.L. 5 U.L. 
7400 1 U.L. 1 U.L. 20 U.L. 10 U.L. 
9000 1 U.L. 1 U.L. 20 U.L. 10 U.L. 
74HOO 1.25 U.L. 1.25 U.L. 25 U.L. 12.5 U.L. 
74S00 1.25 U.L. 1.25 U.L. 25 U.L. 12.5 U.L. 
74ALS 0.5 U.L. 0.0625 U.L. 10 U.L. 5 U.L. 
74 FAST 0.5 U.L. 0.375 U.L. 25 U.L. 12.5 U.L. 

TABLE 3.3 

Values for MSI devices vary significantly from one element to another. Consult the appropriate data sheet for actual 
characteristics. 

WIRED-OR APPLICATIONS. Certain TIL devices are provided with an "open" collector output to permit the Wired-OR 
(actually Wired-AND) function. This is achieved by connecting open collector outputs together and adding an external pull-up 
resistor. 

The value of the pull-up resistor is determined by considering the fan-out of the OR tie and the number of devices in the OR tie. 
The pull-up resistor value is chosen from a range between maximum value (established to maintain the required VOH with all 
the OR tied outputs HIGH) and a minimum value (established so that the OR tie fan-out is not exceeded when only one output is 
LOW). 

MINIMUM AND MAXIMUM PULL-UP 
RESISTOR VALUES 

RX(MIN) = __ V-,C,-,C.!..(M.:..;.A-,X",)_-_V_O,,-L __ _ RX(MAX) = __ V-,C--,C.o....(M-,I_N,-) -_V-,-O_H __ _ 
IOL - N2(LOW). 1.6 mA N1 • IOH + N2(HIGH). 40pA 

where: 

.Rx 
N1 
N2 
IOH = ICEX 
IOL 
VOL 
VOH 
VCC 

= External Pull-up Resistor 
= Number of Wired-OR Outputs 
= Number of Input Unit Loads (U.L.) being Driven 
= Output HIGH Leakage Current 
= LOW Level Fan-out Current of Driving Element 
= Output LOW Voltage Level (0.5 V) 
= Output HIGH Voltage Level (2.4 V) 
= Power Supply Voltage 
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Example: Four 74LS03 gate outputs driving four other LS gates or MSI inputs. 

RX(MIN) = 5.25 V - 0.5 V 
8mA-l.6 mA 

RX(MAX) = __ 4_._75_V_-_2_.4_V __ 

4. 100 IIA + 2 0 40llA 

where: 

Nl =4 

4.75 V -7420 

6.4mA 

2.35 V - 4.9 kO 

0048 mA 

N2 (HIGH) 
N2(LOW) 
IOH 

= 4 0 0.5 U.l. = 2 U.l. 
= 4 0 0.25 U.L. = 1 U.L. 
= lOOIiA 

IOL =8mA 
VOL =0.5V 
VOH =2.4V 

Any value of pull-Up resistor between 742 0 and 4.9 kO can be used. The lower values yield the fastest speeds while 
the higher values yield the lowest power dissipation. 

UNUSED INPUTS. For best noise immunity and switching speed, unused TTL inputs should not be left floating, but 
should be held between 2.4 V and the absolute maximum input voltage. 

Two possible ways of handling unused inputs are: 

1. Connect unused input to VCC, LS and FASr" TTL inputs have a breakdown voltage >7.0 V and require, therefore 
no series resistor. 

2. Connect the unused input to the output of an unused gate that is forced HIGH. 

CAUTION: Do not connect an unused LS or FAST'" input to another input of the same NAND or AND function. This 
method, recommended for normal TTL, increases the input coupling capacitance and thus reduces the ae noise immunity. 

INPUT CAPACITANCE. As a rule of thumb, LS and FAST'" TTL inputs have an average capacitance of 5 pF for DIP 
packages. For an input that serves more than one internal function, each additional function adds approximately 
1.5 pF. 

LINE DRIVING - Because of its superior capacitive drive characteristics, TTL logic is often used in line driving applications 
which require various termination techniques to maintain signal integrity. Parameters associated with this application 
are listed in Table 3.4. 

It is also often necessary to construct load lines to determine reflection waveforms in line driving applications. The 
input and output characteristics graphs of section 3 (Figs. 2-4, 2-7 and 2-8) can be very useful for this purpose. 

OUTPUT RISE AND FALL TIMES provide important information in determining reflection waveforms and crosstalk 
coefficients. Typical rise and fall times are approximately 6.0 ns for LS and about 2.0 ns for FASr" with a 50-pF load 
(measured 10-90%). Output rise and fall times become longer as capacitive load is increased. 

INTERCONNECTION DELAYS. For those parts of a system in which timing is critical, designers should take into account 
the finite delay along the interconnections. These range from about 0.12 to 0.15 nslinch for the type of interconnections 
normally used in TTL systems. Exceptions occur in systems using ground planes to reduce ground noise during a logic 
transition; ground planes give higher distributed capacitance and delays of about 0.15 to 0.22 ns/inch. 

Most interconnections on a logic board are short enough that the wiring and load· capacitance can be treated as a 
lumped capacitance for purposes of estimating their effect on the propagation delay of the driving circuit. When an 
interconnection is long enough that its delay is one-fourth to one-half of the signal transition time, the driver output 
waveform exhibits noticeable slope changes during a transition. This is evidence that during the initial portion of the 
output voltage transition the driver sees the characteristic impedance of the interconnection (normally 1000 to 200 0), 
which for transient conditions appears as a resistor returned to the quiescent voltage existing just before the beginning 
of the transition. This characteristic impedance forms a voltage divider with the driver output impedance, tending to 
produce a signal transition having the same rise or fall time as in the no-load condition but with a reduced amplitude. 
This attenuated signal travels to the far end of the interconnection, which is essentially an unterminated transmission 
line, whereupon the signal starts doubling. Simultaneously, a reflection voltage is generated which has the same 
amplitude and polarity as the original signal, e.g., if the driver output signal is positive-going the reflection will be 
positive-going, and as it travels back toward the driver it adds to the line voltage. At the instant the reflection arrives 
at the driver it adds algebraically to the still-rising driver output, accelerating the transition rate and producing the 
noticeable change in slope. 
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IALL MAXIMUM RATiNGSI LS FAST 
Characteristic Symbol 54LSxxx 74LSxxx 54Fxxx 74Fxxx Units 

Operating Voltage Range Vee 5::!:10% 5'=5% 5+10% 5::!:10% Vdc 
Outpul Drive: IOH -0.4 -0.4 -1.0 -1.0 mA 

Siandard Oulpul IOL 4.0 B.O 20 20 mA 
Ise -2010 -100 -2010 -100 -6010 -ISO -6010-150 mA 

IOH -12 -15 -12 -IS mA 
Buffer Oulpul IOL 12 24 48 64 rnA 

Ise -4010 -225 -4010 -225 -10010 -225 -10010 -225 mA 

TABLE 3.4 
OUTPUT CHARACTERISTICS FOR SCHOTTKY TTL LOGIC 

If an interconnection is of such length that its delay is longer than half the signal transition time, the attenuated output of 
the driver has time to reach substantial completion before the reflection arrives. In the limit, the waveform observed atthe 
driver output is a 2-step signal with a pedestal. In this circumstance the first load circuit to receive·a full signal is the one at 
the far end, because of the doubling effect, while the last one to receive a full signal is the one nearest the driver since it 
must wait for the reflection to complete the transition. Thus, in a worst-case situation, the net contribution to the overall 
delay is twice the delay of the interconnection because the initial part ofthe signal must travel to the far end ofthe line and 
the reflection must return. 

When load circuits are distributed along an interconnection, the input capacitance of each will cause a small reflection 
having a polarity opposite that ofthe signal transition, and each capacitance also slows the transition rate ofthe signal as it 
passes by. The series of small reflections, arriving back at the driver, is subtractive and has the effect of reducing the 
apparent amplitude of the signal. The successive slowing ofthe transition rate of the transmitted signal means that ittakes 
longer forthe signal to rise or fall to the threshold level of any particular load circuit. A rough but workable approach is to 
treat the load capacitances as an increase in the intrinsic distributed capacitance of the interconnection. Increasing the 
distributed capacitance of a transmission line reduces its impedance and increases its delay. A good approximation for 
ordinary TIL interconnections is that distributed load capacitance decreases the characteristic impedance by about one­
third and increases the delay by one-half. 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
"Input Voltage (dc) Diode Inputs 
"Input Current (dc) 
Voltage Applied to Open Collector 
Outputs (Output HIGH) 
High Level Voltage Applied to 
Disabled 3-State Output 

LS 
- 65"C to + 150"C 
- 55"C to + 125"C 
- 0.5 V to + 7.0 V 
-0.5Vto 15V 
-30 mA to +5.0 mA 

-0.5Vto+l0V 

5.5 V 

FAST 
-65"C to+ 150"C 
- 55"C to + 125"C 
- 0.5 V to + 7.0 V 
-0.5 V to 7.0 V 
-30 mA to +5.0 mA 

-0.5 V to +5.5 V 

5.5 V 

"Either input voltage limit or input circuit limit is sufficient to protect the inputs - Circuits with 5.5 V maximum limits 
are listed below. 

Device types having inputs limited to 5.5 V are as follows: 

SN74LS242/243, SN74LS245 - Inputs connected to outputs. 
SN74LS640/6411642/645 - Inputs connected to outputs. 
SN74LS299/322A1323 - Certain Inputs. 
SN74LS673/674 - Certain Inputs. 
SN74LS151/251 - Multiplexer Inputs. 
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DEFINITION OF SYMBOLS AND TERMS USED IN THIS DATABOOK 

CURRENTS - Positive current is defined as conventional current flow into a device. Negative current is defined as 
conventional current flow out of a device. All current limits are specified as absolute values. 

lee Supply Current - The current flowing into the Vee supply terminal of a circuit with the specified input 
conditions and the outputs open. When not specified, input conditions are chosen to guarantee worst case 
operation. 

IIH Input HIGH current - The current flowing into an input when a specified HIGH voltage is applied. 

IlL Input LOW current - The current flowing out of an input when a specified LOW voltage is applied. 

IOH Output HIGH current. The leakage current flowing into a turned off open collector output with a specified 
HIGH output voltage applied. For devices with a pull-up circuit, the IOH is the current flowing out of an 
output which is in the HIGH state. 

IOL Output LOW current - The current flowing into an output which is in the LOW state.· 

lOS Output short-circuit current - The current flowing out of an output which is in the HIGH state when that 
output is short circuit to ground (or other specified potential). 

IOZH Output off current HIGH - The current flowing into a disabled 3-state output with a specified HIGH output 
voltage applied. 

IOZL Output off current LOW - The current flowing out of a disabled 3-state output with a specified LOW output 
voltage applied. 

VOLTAGES-All voltages are referenced to ground. Negativevoltage limits are specified as absolute values (i.e., -10 V is 
greater than -1.0 V). 

Vee Supply voltage-The range of power supply voltage over which the device is guaranteed to operate within 
the specified limits. 

VIK(MAX) Input clamp diode voltage - The most negative voltage at an input when 18 mA is forced out of that input 
terminal. This parameter guarantees the integrity of the input diode which is intended to clamp negative 
ringing at the input terminal. 

VIH Input HIGH voltage - The range of input voltages that represents a logic HIGH in the system. 

VIH(MIN) Minimum input HIGH voltage - The minimum allowed input HIGH in a logic system. This value represents 
the guaranteed input HIGH threshold for the device. 

VIL Input LOW voltage - The range of input voltages that represents a logic LOW in the system. 

VIL(MAX) Maximum input LOW voltage - The maximum allowed input LOW in a system. This value represents the 
guaranteed input LOW threshold for the device. 

VOH(MIN) Output HIGH voltage - The minimum voltage at an output terminal for the specified output current IOH 
and at the minimum value of Vee. 

VOL(MAX) Output LOW voltage - The maximum voltage at an output terminal sinking the maximum specified load 
current IOL. 

VT + Positive-going threshold voltage - The input voltage of a variable threshold device (i.e., Schmitt Trigger) 
that is interpreted as a VIH as the input transition rises from below VT-(MIN). 

VT - Negative-going threshold voltage - The input voltage of a variable threshold device (i.e., Schmitt Trigger) 
that is interpreted as a VIL as the input transition falls from above VT + (MAX). 
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AC SWITCHING PARAMETERS AND WAVEFORMS 

tPLH Propagation delay LOW-TO-HIGH: 
The time delay from when the input is 1.3 V (1.5 for FAST) to when the output reaches 1.3 V (1.5 for FAST), 
while the output changes to a logic HIGH. 

tpHL Propagation delay HIGH-TO-LOW: 
The time delay from when the input is 1.3 V (1.5 for FAST) to when the output reaches 1.3 V (1.5 for FAST), 
while the output changes to a logic LOW. 

For Inverting Function For Non Inverting 

VIN 

VOU! 

Waveform Rise Time: 
LOW to HIGH logic transition time, measured from the 10% to 90% points of the waveform. 

Waveform Fall Time: 
HIGH to LOW logic transition time, measured the 90% to the 10% points of the waveform. 

90% 90% 

10% 

tpHZ Output disable time: HIGH to Z 
The time delay between the specified amplitude point on the enable input and when the output falls 0.3 V 
(0.3 V for FAST) from the steady-state HIGH level. 

tpZH Output enable time: Z to HIGH 
The time delay between the specified amplitude points on the enable input and the output, when the output 
is going from a disabled state to a logic HIGH state. 

Enable 

Vout----....J 
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tPLZ Output disable time: LOW to Z 

Thetime delay between the specified amplitude point on the enable input and when the output fallsO.3 V 
(0.3 V for FAST) from the steady-state LOW level. 

tpZL Output enable time: Z to LOW 

trec 

The time delay between the specified amplitude points on the enable input and the output when the output 
is going from a disabled state to a logic LOW state. 

Enable 

VOU! ------'..:;: 

Recovery time 

Voz ~ 1.5 V 
.5 for LS 
.3 for FAST 

Time required between an asynchronous signal (SET, RESET, CLEAR or PARALLEL load) and the active 
edge of a synchronous control signal, to insure that the device will properly respond to the synchronous 
signal. 

::::::~~ __ -_-_-_-_~J::><::~ ______ ___ 

Control--------------------...J 

Hold Time 
The interval of time from the active edge of the control signal (usually the clock) to when the data to be 
recognized is no longer required to ensure proper interpretation ofthe data. A negative hold time indicates 
that the data may be removed at some time prior to the active edge of the control signal. 

Setup time 
The interval oftime during which the data to be recognized is required to remain constant prior to the active 
edge of the control signal to ensure proper data recognition. 
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tw or Pulse width 
tpw Thetime between the specified amplitude points(1.3 V for LS and 1.5 V for FASTTM) on the leading and trailing 

edges of a pulse. 

Toggle frequency/operating frequency 
The maximum rate at which clock pulses meeting the clock requirements (i.e., 'WH, tWL, and t r, tf) may be 
applied to a sequential circuit. Above this frequency the device may cease to function. 

Guaranteed maximum clock frequency 
Trie lowest possible value for fMAX. 

TESTING 

DC TEST CIRCUITS 

The following test Circuits and forcing functions represent Motorola's typical DC test procedures 

VOH AND VOL TESTS 
Force 10HMAX or 10LMAX 

Measure VOH or VOL 

VIHMIN~UT +) orVILMAX 

10 • Vo 

VIK TEST 
Force Ii 

Measure VIK 

IIHH' IIH AND IlL TESTS 
Force 7.0, 5.5, 2.7, or 0.4 V 

Measure IIHH' IIH' or IlL 

~ ViX 

10H' 10ZH' and 10ZL TESTS 
Force 5.5, 2.4, or 0.4 V 

Measure 10 

~ 
~vo 

lOS TEST 

Measure 
lOS 

VIHMIN~ 
OrVILMAX ~ ~ 

lee TEST 

Vee MAX 

) 
outputs 

open 
GND{ or 

4.5 V' 

'Unless otherwise indicated, input conditions are selected to produce a worst case condition. 
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AC TEST CIRCUITS The following test circuits and conditions represent Motorola's typical test procedures. AC waveforms 
and terminology can be found on pages 3-8 to 3-10. 

Proper testing requires that care be taken in the construction of AC test fixtures. This is especially true of FASr" TTL. 

Maintaining a 50 D. environment on the ac test fixture, as well as the use of multilayer boards with internal VCC and 
ground planes is highly recommended for FASr" TTL. Bypassing with both electrolytic and high quality RF type 
capacitors should be provided on the board. Lead lengths for all components should be kept as short as possible 
(Motorola uses and recommends chip capacitors and resistors for ac test fixtures). Following these rules will result in 
cleaner waveforms as well as better correlation between Motorola and the FAST'" TTL consumer. 

FUNCTIONAL TESTING OF TTL IN A NOISY ENVIRONMENT 

Testing noise (noise generated by the test system itself and noise generated by TTL devices under test interacting with 
the test"system) adds to, or subtracts from the threshold voltage applied to the TTL device under test. For this reason 
Motorola does not recommend functional testing of TTL devices using threshold levels of 0.8 V and 2.0 V. Instead, good 
TTL testing techniques call for hard levels of less than 0.5 V VIL and greater than 2.4 V VIH to be applied for functional 
testing. Input threshold voltages should be tested separately, and only (for noise reasons above) after setting the device 
state with a hard level. 

LS TEST CIRCUITS 

Test Circuit for Open Collector Output Devices 
vcc 

·includes all probe and jig capacitance 

Optional LS Load (Guaranteed-Not Tested) 
vcc 

,-­
I 
I 

----l 

I 
I 
I 

I I 
I'1'Cl I 
I ~ ~ I 
L _______ J 

VOUT 

PULSE GENERATOR SETTINGS 
(UNLESS OTHERWISE SPECIFIED) 

LS FAST 
Frequency = lMHz lMHz 
Duty Cycle = 50% 50% 
1 TLH (tr) = 6 ns (15)* 2.5 ns 
1 THL (tf) = 6 ns (15)* 2.5 ns 
Amplitude = o to 3 V o to 3 V 

*The specified propagation delay limits can be guaranteed 
with a 15 ns input rise time on all parameters except those 
requiring narrow pulse widths. Any frequency measurement 
over 15 MHz or pulse width less than 30 ns must be performed 
with a 6 ns input rise time. 

FAST TEST CIRCUITS 

+7V OPEN 

L ~ 
tpZl. tplZ. O.C. All OTHEA 

At 
D.U.T. 500n 

A2 
500n 

*includes all probe and jig capacitance 

FAST AND LS TTL DATA 
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!FAST Data Sheets II 



® MOTOROLA 

QUAD 2-INPUT NAND GATE 

VCC 

MC54FOO 
MC74FOO 

QUAD 2-INPUT NAND GATE 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

GND 

54, 74 

54 
74 

54, 74 

54, 74 

FASTTM SCHOTTKY TTL 

MIN TYP MAX UNIT 

4.5 5.0 5.5 V 

-55 25 125 
°C 0 25 70 

-1.0 mA 

20 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage O.B V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V VCC = MIN, liN = -1 B mA 

154,74 2.5 V IOW-1.OmA VCC =4.50V 
VOH Output HIGH Voltage 

1 74 2.7 V IOH=-1.0mA VCC=4.75V 

VOL Output LOW Voltage 0.5 V IOL= 20 mA VCC= MIN 

20 /lA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN - 7.0 V 

IlL Input LOW Current -0.6 mA VCC = MAX, VIN = 0.5 V 

lOS 
Output Short Circuit -60 -150 mA VCC = MAX, VOUT = 0 V Current (Nofe 2) 

Power Supply Current 
Total, Output HIGH 2.8 mA VCC = MAX, VIN = GND 

ICC 
Total, Output LOW 10.2 mA VCC = MAX, VIN = Open 

NOTES: 
1. For conditions shown as MIN or MAX, use the appropiate value specified under recommended operating conditions forthe applicable 

device type. 
2. Not more than one output should be shorted at a time. nor for more than 1 second. 

FAST AND LS TTL DATA 
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MC54F00174FOO 

AC CHARACTERISTICS 

SYMBOL PARAMETER 

tpLH Propagation Delay 

tpHL Propagation Delay 

DUT 

54174F 54F 74F 
TA = +25°C TA = -55°C to +125°C TA=OOCt070oC 

VCC = +5.0 V VCC = 5.0 V ± 10% VCC = 5.0 V ± 10% 
CL = 50 pF CL = 50 pF CL = 50 pF 

MIN MAX MIN MAX MIN 

2.4 5.0 2.0 7.0 2.4 

1.5 4.3 1.5 6.5 1.5 

AC TEST CIRCUIT 

>-----Q---~&----o Test Point for High Impedance Scopes 

Fig. 1 

R2=500n 

± 10% 

FAST AND LS TTL DATA 

4-3 

For 50 fl scopes, add a 

450 n resistor in series 

with the scope and delete 

R2. 

MAX 

6.0 

5.3 

UNITS 

ns 

ns 



® MOTOROI.A 

QUAD 2-INPUT NOR GATE 

J Suffix - Case 632-07 (Ceramicl 
N Suffix - Case 646-05 (Plasticl 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

IOH Output Current - High 

10L Output Current - Low 

MIN 

54, 74 4,5 

54 -55 
74 0 

54, 74 

54, 74 

MC54F02 
MC74F02 

QUAD 2-INPUT NOR GATE 

FASTTM SCHOTTKY TTL 

TYP MAX UNIT 

5,0 5.5 V 

25 125 
°c 25 70 

-1.0 mA 

20 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage O.B V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V VCC = MIN, liN = -1B mA 

154,74 2.5 V IOH=-1.0mA VCC=4.50V 
VOH Output HIGH Voltage 

1 74 2.7 V IOH=-1.0mA VCC-4.75V 

VOL Output LOW Voltage 0.5 V IOL= 20 mA VCC= MIN 

20 /LA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.6 mA VCC = MAX, VIN = 0.5 V 

lOS 
Output Short Circuit -60 -150 mA VCC = MAX, VOUT = 0 V Current (Note 2) 

Power Supply Current 
Total, Output HIGH 5.6 mA VCC = MAX, VIN = GND 

ICC 
Total, Output LOW 13 mA VCC = MAX, VIN = Note 3 

NOTES: 
1. For conditions shown as MIN or MAX, use the appropiate value specified under recommended operating conditions forthe applicable 

device type. 
2. Not more than one output should be shorted at a time. norfor more than' second. 
3. Measured with one input high, one input low for each gate. 

FAST AND LS TTL DATA 
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MC54F02174F02 

AC CHARACTERISTICS 

SYMBOL PARAMETER 

tpLH Propagation Delay 

tpHL Propagation Delay 

OUT 

54174F 54F 74F 
TA = +25°e TA = -55°C to +125°e TA = ooe to 70°C 

Vee = +5.0 V Vee = 5.0 V ± 10% Vee = 5.0 V ± 10% 
eL = 50 pF eL = 50 pF eL = 50 pF 

MIN MAX MIN MAX MIN 

2.5 5.5 2.5 7.5 2.5 

1.5 4.3 1.5 6.5 1.5 

AC TEST CIRCUIT 

>----+---..... --() Test Point for High Impedance Scopes 

Fig. 1 

R2= 500 n 
±10% 

FAST AND LS TTL DATA 

4-5 

For 50 n scopes, add a 

450 n resistor in series 

with the scope and delete 

R2. 

MAX 

6.5 

5.3 

UNITS 

ns 

ns 

II 



II 

® MOTOROLA 

HEX INVERTER 

J Suffix - Case 632-07ICeramic) 
N Suffix - Case 646-05IPlastic) 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

MIN 

54, 74 4.5 

54 -55 
74 0 

54, 74 

54, 74 

MC54F04 
MC74F04 

HEX INVERTER 

FASTTM SCHOTTKY TTL 

TYP MAX 

5.0· 5.5 

25 125 
25 70 

-1.0 

20 

UNIT 

V 

°c 

mA 

mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage O.B V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V VCC = MIN, liN = -1 B mA 

154,74 2.5 V 10H = -1.0 mA VCC =4.50V 
VOH Output HIGH Voltage 

1 74 2.7 V 10H =-1.0 mA VCC -4.75V 

VOL Output LOW Voltage 0.5 V 10L= 20 mA VCC= MIN 

20 p.A VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.6 mA VCC = MAX, VIN = 0.5 V 

lOS 
Output Short Circuit -60 -150 mA VCC = MAX, VOUT = 0 V Current (Note 2) 

Power Supply Current 
Total, Output HIGH 4.2 mA VCC = MAX, VIN = GND 

ICC 
Total, Output LOW 15.3 mA VCC = MAX, VIN = Open 

NOTES: 
1. For conditions shown as MIN or MAX, use the appropiate value specified under recommended operating conditions forthe applicable 

device type. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 

FAST AND LS TTL DATA 
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MC54F04174F04 

AC CHARACTERISTICS 

SYMBOL PARAMETER 

tpLH Propagation Delay 

tpHL Propagation Delay 

54174F 54F 74F 
TA = +25°e T A = -55°e to +125°e TA = oDe to 700 e 

VCC= +5.0 V VCC = 5.0 V± 10% VCC =5.0V± 10% 
CL = 50 pF CL = 50 pF CL = 50 pF 

MIN MAX MIN MAX MIN 

2.4 5.0 2.0 7.0 2.4 

1.5 4.3 1.5 6.5 1.5 

AC TEST CIRCUIT 

>-----<r----<i)---Q Test Point for High Impedance Scopes 

Fig. 1 

R2 = 500 n 
±10% 

FAST AND LS TTL DATA 

4-7 

For 50 n scopes, add a 
450 n resistor in series 

with the scope and delete 

R2. 

MAX 

6.0 

5.3 

UNITS 

ns 

ns 

II 



II 

@ MOTOROLA 

QUAD 2-INPUT AND GATE 

Vee 

J Suffix - Case 632·07 (Ceramic) 
N Suffix - Case 646·05 (Plastic) 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

Vce Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

GNO 

54, 74 

54 
74 

54, 74 

54, 74 

MIN 

4.5 

-55 
0 

MC54F08 
MC74F08 

QUAD 2-INPUT AND GATE 

FASTTM SCHOTTKY TTL 

TYP MAX UNIT 

5.0 5.5 V 

25 125 
°C 25 70 

-1.0 rnA 

20 rnA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage O.B V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V Vec = MIN, liN = -1 B rnA 

154,74 2.5 V IOH = -1.0 rnA VCC =4.50V 
VOH Output HIGH Voltage 

1 74 2.7 V IOH = -1.0 rnA Vec =4.75V 

VOL Output LOW Voltage 0.5 V IOL= 20 rnA VCC= MIN 

20 /lA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.6 rnA VCC = MAX, VIN = 0.5 V 

lOS 
Output Short Circuit 

-60 -150 rnA VCC = MAX, VOUT = 0 V 
Current (Note 2) 

Power Supply Current 
Total, Output HIGH B.3 rnA Vec = MAX, VIN = Open 

ICC 
Total, Output LOW 12.9 rnA VCC = MAX, VIN = GND 

NOTES: 
1. For conditions shown as MIN or MAX, use the appropiate value specified under recommended operating conditions for the applicable 

device type. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 

FAST AND LS TTL DATA 

4-8 



MC54F08174F08 

AC CHARACTERISTICS 

SYMBOL PARAMETER 

tPLH Propagation Delay 

tPHL Propagation Delay 

OUT 

54174F 54F 74F 
TA; +25°e TA = -55°C to +125°e TA = ooe to 70°C 

Vee = +5.0 V Vee= 5.0V± 10% Vee = 5.0 V ± 10% 
eL; 50 pF eL; 50 pF eL; 50 pF 

MIN MAX MIN MAX MIN 

3.0 5.6 2.5 7.5 3.0 

2.5 5.3 2.0 7.5 2.5 

AC TEST CIRCUIT 

>----q------<I)---{) Test Point for High Impedance. Scopes 

Fig. 1 

R2= soon 
±10% 

FAST AND LS TTL DATA 

4-9 

For 50 n scopes, add a 

450 n resistor in series 

wtth the scope a nd delete 

R2. 

MAX 

6.6 

6.3 

UNITS 

ns 

ns 



® MOTOROLA 

TRIPLE 3-INPUT NAND GATE 

Vee 

MC54F10 
MC74F10 

TRIPLE 3-INPUT NAND GATE 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

GNO 

54, 74 

54 
74 

54, 74 

54,74 

FASTTM SCHOTTKY TTL 

MIN TYP MAX UNIT 

4.5 5.0 5.5 V 

-55 25 125 
°c 0 25 70 

-1.0 mA 

20 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V VCC= MIN, IIN=-18 mA 

154,74 2.5 V IOH=-1.0mA VCC=4.50V 
VOH Output HIGH Voltage 

I 74 2.7 V IOH=-1.0mA VCC=4.75V 

VOL Output LOW Voltage 0.5 V 10L= 20 mA VCC= MIN 

20 p.A VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.6 mA Vce = MAX, VIN = 0.5 V 

lOS 
Output Short Circuit 

-60 -150 mA VCC = MAX, VOUT = 0 V Current (Note 2) 

Power Supply Current 
Total, Output HIGH 2.1 mA Vce = MAX, VIN = GND 

ICC 
Total, Output LOW 7.7 mA VCC = MAX, VIN = Open 

NOTES: 
1. For conditions shown as MIN or MAX, use the appropiate value specified under recommended operating conditions for the applicable 

device type. 
2. Not more than one output should be shorted at a time, norfor more than 1 second. 

FAST AND LS TTL DATA 
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MC54F1 0174F1 0 

AC CHARACTERISTICS 

SYMBOL PARAMETER 

tpLH Propagation Delay 

tpHL Propagation Delay 

DUT 

54174F 54F 74F 
TA = +25°e TA = -55°C to +125°e TA = ooe to 70°C 

Vee = +5.0 V Vee = 5.0 V± 10% Vee = 5.0 V ± 1 0% 
eL = 50 pF eL = 50 pF eL = 50 pF 

MIN MAX MIN MAX MIN 

2.4 5.0 2.0 7.0 2.4 

1.5 4.3 1.5 6.5 1.5 

AC TEST CIRCUIT 

>----.... --~ ..... --o Test Point for High Impedance Scopes 

CL=50pF I 
± 1.0% 

Fig. 1 

R2= 500n 
±10% 

FAST AND LS TTL DATA 

4-11 

For 50 n scopes, add a 

450 n resistor in series 

with the scope and delete 

R2. 

MAX 

6.0 

5.3 

UNITS 

ns 

ns 



® MOTOROL.A 

TRIPLE 3-INPUT AND GATE 

J Suffix - Case 632-07 ICeramic) 
N Suffix - Case 646-05 IPlastic) 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

IOH Output Current - High 

10L Output Current - Low 

GND 

54, 74 

54 
74 

54, 74 

54, 74 

MIN 

4.5 

-55 
0 

MC54Fll 
MC74Fll 

TRIPLE 3-INPUT AND GATE 

FASTTM SCHOTTKY TTL 

TYP MAX UNIT 

5.0 5.5 V 

25 125 
25 70 °c 

-1.0 mA 

20 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage O.B V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V VCC = MIN, liN = -1 B mA 

154,74 2.5 V IOH=-1.0mA VCC=4.50V 
VOH Output HIGH Voltage 

1 74 2.7 V IOH = -1.0 mA VCC=4.75V 

VOL Output LOW Voltage 0.5 V IOL= 20 mA VCC= MIN 

20 /LA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.6 mA VCC = MAX, VIN = 0.5 V 

lOS 
Output Short Circuit 

-60 -150 mA VCC = MAX, VOUT = 0 V Current (Note 2) 

Power Supply Current 
Total, Output HIGH 6.2 mA VCC = MAX, VIN = Open 

ICC 
Total, Output LOW 9.7 mA VCC = MAX, VIN = GND 

NOTES: 
1. For conditions shown as MIN or MAX, use the appropiate value specified under recommended operating conditions for the applicable 

device type. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 

FAST AND LS TTL DATA 
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MC54F11/74F11 

AC CHARACTERISTICS 

SYMBOL PARAMETER 

tpLH Propagation Delay 

tpHL Propagation Delay 

OUT 

54/74F 54F 74F 
TA = +25°e T A = -55°C to +125°e TA = ooe to 70°C 

Vee = +5.0 V Vee = 5.0 V ± 10% Vee=5.0V±10% 
eL = 50 pF eL = 50 pF eL = 50 pF 

MIN MAX MIN MAX MIN 

3.0 5.6 2.5 7.5 3.0 

2.5 5.5 2.0 7.5 2.5 

AC TEST CIRCUIT 

Test Point for High Impedance Scopes 

Fig. 1 

R2= 500n 
±10% 

FAST AND LS TTL DATA 

4-13 

For 50 n scopes, add a 

450 n resistor in series 

with the scope a nd delete 

R2. 

MAX 

6.6 

6.5 

UNITS 

ns 

ns 

II 
I 



II 

® MOTOROLA 

DUAL 4-INPUT NAND GATE 

Vee 

MCS4F20 
MC74F20 

DUAL 4-INPUT NAND GATE 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

Vee Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

GND 

54, 74 

54 
74 

54, 74 

54, 74 

FASTTM SCHOTTKY TTL 

MIN TYP MAX UNIT 

4.5 5.0 5.5 V 

-55 25 125 
0 25 70 °C 

-1.0 mA 

20 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage O.B V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V VCC= MIN, IIN=-IB mA 

154,74 2.5 V 10H = -1.0 mA VCC-4.50V 
VOH Output HIGH Voltage 

1 74 2.7 V 10H = -1.0 mA VCC=4.75V 

VOL Output LOW Voltage 0.5 V 10L= 20 mA VCC= MIN 

20 p.A VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN - 7.0 V 

IlL Input LOW Current -0.6 mA VCC = MAX, VIN = 0.5 V 

lOS 
Output Short Circuit 

-60 -150 mA VCC = MAX, VOUT = 0 V Current (Note 2) 

Power Supply Current 
Total, Output HIGH 1.4 mA VCC = MAX, VIN = GND 

ICC 
Total, Output LOW 5.1 mA VCC = MAX, VIN = Open 

NOTES: 
1. For conditions shown as MIN or MAX, use the appropiate value specified under recommended operating conditions for the applicable 

device type. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 

FAST AND LS TTL DATA 
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MC54F20/74F20 

AC CHARACTERISTICS· 

SYMBOL PARAMETER 

tpLH Propagation Delay 

tPHL Propagation Delay 

DUT 

54174F 54F 74F 
TA = +25°e TA = -55°C to +125°e TA = ooe to 70°C 

Vee= +5.0V Vee = 5.0 V ± 10% Vee=5.0V±10% 
eL = 50 pF eL = 50 pF eL = 50 pF 

MIN MAX MIN MAX MIN 

2.4 5.0 2.0 7.0 2.4 

1.5 4.3 1.5 6.5 1.5 

AC TEST CIRCUIT 

>---+---'---0 Test Point for High Impedance Scopes 

Fig. 1 

R2= 500n 
±10% 

FAST AND LS TTL DATA 
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For 50 n scopes, add a 
450 n resistor in series 

with the scope and delete 

R2. 

MAX 

6.0 

5.3 

UNITS 

ns 

ns 

II 



II 

® MOTOROLA 

QUAD 2-INPUT OR GATE 

Vee 

GND 

J Suffix - Case 632-07 (Ceramicl 
N Suffix - Case 646-05 (Plasticl 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Ra nge 

10H Output Current - High 

10L Output Current - Low 

54, 74 

54 
74 

54, 74 

54, 74 

MIN 

4.5 

-55 
0 

MC54F32 
MC74F32 

QUAD 2-INPUT OR GATE 

FASTTM SCHOTTKY TTL 

TYP MAX UNIT 

5.0 5.5 V 

25 125 
25 70 

DC 

-1.0 mA 

20 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V VCC= MIN,IIN=-18 mA 

1 54,74 2.5 V 10H = -1.0 mA VCC=4.50V 
VOH Output HIGH Voltage 

1 74 2.7 V IOH=-1.0mA VCC=4.75V 

VOL Output LOW Voltage 0.5 V 10L = 20 mA VCC= MIN 

20 I'A VCC = MAX, VIN = 2.7 V 
IIH Input HIGH CUrrent 

0.1 mA VCC - MAX, VIN - 7.0 V 

IlL Input LOW Current -0.6 mA VCC = MAX, VIN = 0.5 V 

lOS 
Output Short Circuit 

-60 -150 mA VCC = MAX, VOUT = 0 V Current (Note 2) 

Power Supply Current 

ICC 
Total, Output HIGH 9.2 mA VCC = MAX, VIN = GND 

Total, Output LOW 15.5 mA VCC - MAX, VIN = Open 

NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 

device type. 
2. Not more than one output should be shorted at a time. 

FAST AND LS TTL DATA 
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MC54F32174F32 

AC CHARACTERISTICS 

SYMBOL PARAMETER 

tpLH Propagation Delay 

tpHL Propagation Delay 

DUT 

54174F 54F 74F 
TA = +25°C TA = -55°C to +125°e TA = ooe to 70°C 

Vce = +5.0 V Vce= 5.0V± 10% VCC=5.0V±10% 
CL = 50 pF eL = 50 pF CL = 50 pF 

MIN MAX MIN MAX MIN 

3.0 5.6 3.0 7.5 3.0 

3.0 5.3 2.5 7.5 3.0 

AC TEST CIRCUIT 

>----.... ---._--0 Test Point for High Impedance Scopes 

CL=50pF I 
± 1.0% 

Fig. 1 

R2= 500n 
±10% 

FAST AND LS TTL DATA 

4-17 

For 50 n scopes, add a 

450 n resistor in series 
with the scope and delete 
R2. 

MAX 

6.6 

6.3 

UNITS 

ns 

ns 

II 
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® MOTOROI.A 

4-2-3-2-INPUT ANO-OR-INVERT GATE 

VCC 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GND 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

54, 74 

54 
74 

54, 74 

54, 74 

MIN 

4_5 

-55 
0 

MCS4F64 
MC74F64 

4-2-3-2-INPUT 
ANO-OR-INVERT GATE 

FASl'M SCHOTTKY TTL 

TYP MAX UNIT 

5_0 5_5 V 

25 125 
25 70 °c 

-1.0 rnA 

20 rnA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN = -18 rnA VCC= MIN 

154,74 2.5 V IOH=-1.0mA VCC=4.50V 
VOH Output HIGH Voltage 

1 74 2.7 V IOH=-1.0mA VCC = 4_75 V 
VOL Output LOW Voltage 0.5 V 10L= 20 rnA VCC= MIN 

20 p.A VIN= 2.7V 
IIH Input HIGH Current 

0.1 rnA VIN=7.0V 
VCC= MAX 

IlL Input LOW Current -0.6 rnA VIN=0.5 V VCC= MAX 

lOS 
Output Short Circuit -60 -150 rnA VOUT= 0 V VCC= MAX Current (Note 2) 

Power Supply Current 
Total, Output HIGH 2.8 rnA VIN= GND 

VCC= MAX (CC 
Total, Output LOW 4.7 rnA VIN- . 

NOTES: 
1. For conditions shown as MIN or MAX. use the appropiate value specified under recommended operating conditions for the applicable 

device type. 
2. Not more than one output should be shorted at a time. nor for more than 1 second. 
* 'eel is measured with all inputs of one gate open and remaining inputs grounded. 

FAST AND LS TTL DATA 
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MC54F64174F64 

AC CHARACTERISTICS 

SYMBOL PARAMETER 

tPLH Propagation Delay 

tPHL Propagation Delay 

OUT 

54174F 54F 74F 
TA = +25°e T A = -55°C to +125°e TA = ooe to 70°C 

Vee = +5.0 V Vee= 5.0V± 10% Vee = 5.0 V ±10% 
eL = 50 pF eL = 50 pF eL = 50 pF 

MIN MAX MIN MAX MIN MAX 

2.5 6.5 2.5 B.5 2.5 7.5 

1.5 4.5 1.5 6.5 1.5 5.5 

AC TEST CIRCUIT 

>---.... ---... --0 Test Point for High Impedance Scopes 

CL;50pF I 
± 1.0% 

Fig. 1 

R2; 500n 

±10% 

FAST AND LS TTL DATA 
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For 50 n scopes, add a 

450 n resistor in senes 

with the scope and delete 

R2. 

UNITS 

ns 

ns 



® ItIIOTOROLA 

DUAL D-TYPE POSITIVE EDGE-TRIGGERED FLIP-FLOP 

DESCRIPTION - The MC54F174F74 is a dual D-type flip-flop with 
Direct Clear and Set inputs and complementary (0, OJ outputs. 
Information at the input is transferred to the outputs on the positive 
edge of the clock pulse. Clock triggering occurs at a voltage level ofthe 
clock pulse and is not directly related to the transition time of the 
positive-going pulse. After the Clock Pulse input threshold voltage 
has been passed, the Data input is locked out and information present 
will not be transferred to the outputs until the next rising edge of the 
Clock Pulse input. 

lOGIC DIAGRAM 

';:==r)o-l-t>-Q 

co--------------__ ~-----------------J 
Please note that this diagram is provided only for the understanding of logic 
operations and should not be used to estimate propagation delays. 

TRUTH TABLE 
(Each Half) 

INPUT OUTPUTS 

@In @ In + 1 

0 a Q 

l l H 
H H l 

Asynchronous Inputs: 
lOW Input to So sets Q to HIGH level 
lOW Input to Co sets Q to LOW level 
Clear and Set are indepedent of clock 
Simultaneous LOW on Co and So 

makes both 0 and 0 HIGH 

H = HIGH Voltage Level 
L = LOW Voltage Level 
tn = Bit time before clock pulse 
tn + 1 = Bit time after clock pulse 

FAST AND LS TTL DATA 
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MCS4F74 
MC74F74 

DUAL D-TYPE POSITIVE 
EDGE-TRIGGERED FLIP-FLOP 

FASTTM SCHOTTKY TTL 

lOGIC SYMBOL 

4 

2 

3 

VCC = Pin 14 
GNO = Pin 7 

12 

11 

5 

6 

10 

S02 
02 02 

CP2 

C0202 

Y 
13 

9 

8 

CONNECTION DIAGRAM 

J Suffix - Case 632-07 
(Ceramic) 

N Suffix - Case 646-05 
(Plastic) 



MC54F/74F74 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54. 74 4.50 5.0 5.50 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 
74 0 25 70 °c 

10H Output Current - High 54. 74 -1.0 rnA 

10L Output Current - Low 54. 74 20 rnA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN = -18 rnA VCC= MIN 

154• 74 2.5 3.4 V IOH=-1.0mA VCC =4.50V 
VOH Output HIGH Voltage I 74 2.7 3.4 IOH=-1.0mA V VCC = 4.75 V 

VOL Output LOW Voltage 0.35 0.5 V 10L= 20 rnA VCC= MIN 

20 p.A VIN= 2.7 V 
IIH Input HIGH Current 

100 p.A VIN=7.0V 
VCC= MAX 

Input LOW Current 

IlL (CP and 0 Inputs) -0.6 rnA VIN= 0.5 V VCC= MAX 
(CD and So Inputs) -1.8 rnA II 

I 

lOS 
Output Short Circuit 

-60 -150 rnA VOUT= OV VCC= MAX Current (Note 2) 

ICC Power Supply Current 10.5 16 rnA VCp=OV VCC= MAX 

NOTES: 
1. For conditions such as MIN or MAX, use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 

AC CHARACTERISTICS 

54174F **54F 74F 
TA = +25°C TA - -55 to +125°C TA = 0 to +70oC 

S YMBOL PARAMETER VCC=+5.0V VCC = 5.0 V ±10% VCC=5.0V±10% UNITS 
CL = 50 pF CL = 50 pF CL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

fmax Maximum Clock Frequency 100 125 100 100 MHz 

tPLH Propagation Delay 3.8 5.3 6.8 3.8 8.5 3.8 7.8 
tpHL ePn to On or On 4.4 6.2 8.0 4.4 10.5 4.4 9.2 ns 

tpLH Propagation Delay 2.5 4.6 6.1 3.2 8.0 2.5 7.1 
tpHL COn or SOn to On or Q n 3.5 7.0 9.0 3.5 11.5 3.5 10.5 ns 

FAST AND LS TTL DATA 
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MC54F174F74 

AC OPERATING REQUIAEMENTS 

54174F 54F 74F 

YMBOL PARAMETER 
TA = +25°e TA = -55 to +125°e TA = 0 to +70oe 

UNITS 
Vee = +5.0 V Vee = 5.0 V ±1 0% Vee =5.0V ±10% S 

MIN TYP MAX MIN MAX MIN MAX 

ts (H) Set up Time, HIGH or LOW 2.0 3.0 2.0 
ts IL) On to CPn 3.0 4.0 3.0 

ns 
th IH) Hold Time, HIGH or LOW 1.0 2.0 1.0 
th (L) On to ePn 1.0 2.0 1.0 

tw(H) ePn Pulse Width, HIGH 4.0 4.0 4.0 
tw(L) or LOW 5.0 6.0 5.0 ns 

tw(L) eOn or SOn Pulse Width LOW 4.0 4.0 4.0 ns 

tree 
Recovery Time 

2.0 3.0 2.0 ns 
COn or SOn to ep 

II 

FAST AND LS TTL DATA 
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® MOTOROLA 

VCC 

QUAD 2-INPUT EXCLUSIVE-OR GATE 

CONNECTION DIAGRAM 

GNO 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 54, 74 

TA Operating Ambient Temperature Range 
54 
74 

10H Output Current - High 54, 74 

10L Output Current - Low 54, 74 

MIN 

4.50 

-55 
0 

MC54F86 
MC74F86 

QUAD 2-INPUT 
EXCLUSIVE-OR GATE 

FASTTM SCHOTTKY TTL 

TYP MAX UNIT 

5.0' 5.50 V 

25 125 cc 
25 70 

-1.0 mA 

20 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V IIN=-18mA VCC= MIN, 

154,74 2.5 3.4 V IOH=-1.0 mA VCC=4.50V 
VOH Output HIGH Voltage 

174 2.7 3.4 V 10H = -1.0 mA licc =4.75 V 

VOL Output LOW Voltage 0.35 0.5 V 10L= 20 mA VCC= MIN 

20 p.A VIN=2.7V 
IIH Input HIGH Current 

100 p.A VIN=7.0V 
VCC= MAX 

IlL Input LOW Current -0.6 mA VIN = 0.5 V VCC= MAX 

lOS 
Output Short Circuit 

-60 -150 mA VOUT=OV VCC= MAX Current (Note 2) 

15 23 mA Inputs LOW 
ICC Power Supply Current 

18 28 Inputs HIGH 
VCC= MAX 

NOTES: 
1. For conditions such as MIN or MAX. use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time. nor for more than 1 second. 

FAST AND LS TTL DATA 
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MC54F174F86 

AC CHARACTERISTICS 

54/74F 54F 74F I 
TA = +25°C TA = -55 to +125°C TA - 0 to +70oC "I 

YMBOL PARAMETER VCC=+5.0V VCC = 5.0 V ±10% VCC = 5.0 V ±1 0%, UNITS S 
CL = 50 pF CL = 50 pF CL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

tpLH Propagation 'Delay 3.0 4.0 5.5 2.5 7.0 3.0 6.5 
tpHL (Other Input LOW) 3.0 4.2 5.5 3-.0 7.0 3.0 6.5 

ns 

tpLH Propagation Delay 3.5 5.3 7.0 3.5 8.5 3.5 8.0 
tPHL (Other Input HIGH) 3.0 4.7 6.5 3.0 8.0 3.0 7.5 

ns 

FAST AND LS TTL DATA 
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DUAL JK POSITIVE EDGE-TRIGGERED FLIP-FLOP 

OEseR I PTION - The MC54F 174Fl 09 consists of two high-speed, 
completely independent transition clocked JK flip-flops. The clocking 
operation is independent of rise and fall times of the clock waveform. 
The JK design allows operation as a D flip-flop (refer to ·F74 data 
sheet) by connecting the J and K inputs together. 

LOGIC DIAGRAM (one half shownl 

K--t-...,._ 

CP--------i~o-----~--------+_~ 

SDI----------------~~------+_--------~ 
CD'------------~--------~ 

Please note that this diagram IS provided only for the understanding of logic 
operations and should not be used to estimate propagation delays. 

TRUTH TABLE 

INPUTS OUTPUTS 

@tn @In • 1 

J K a a 
L H No Change 
L L L H 
H H H L 
H L Toggles 

Asynchronous Inputs: 
LOW Input to So sets Q to HIGH level 
LOW Input to Co sets Q to LOW level 
Clear and Set are indepedent of clock 
Simultaneous LOW on Co and So 

makes both Q and Q HIGH 

tn :;:: Bit time before clock pulse 
tn + 1 :::: Bit time after clock pulse 
H = HIGH Voltage Level 
L = LOW Voltage Level 

FAST AND LS TTL DATA 
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WtI (c54J.1F Jl. (O)$) 

W!l (c7I4J.1F 11 @~ 

DUAL JK POSITIVE 

EDGE-TRIGGERED FLIP-FLOP 

FASTTM SCHOTTKY TTL 

LOGIC SYMBOL 

5 

2 J So Q 

4 CP 

3 K Q 7 
Co 

VCC = Pin 16 
GNO = Pin 8 

11 

14 SD Q 10 J 

12 
CP 

13 
9 

15 

CONNECTION DIAGRAM 

J Suffix - Case 620-08 
(Ceramic) 

N Suffix - Case 648-05 
(Plastic) 



MC54F 174F1 09 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage :54,74 4.5 5.0 5.5 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 

°c 74 0 25 70 

10H Output Current - High 54, 74 -1.0 mA 

10L Output Current - Low 54, 74 20 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN = -18 mA VCC= MIN 

154• 74 2.5 3.4 V IOH=-1.0mA :i,cC=4.50V 
VOH Output HIGH Voltage I 74 2.7 3.4 V IOH=-1.0mA rVG~ = 4.75\'. 

II 
VOL Output LOW Voltage 0.35 0.5 V 10L= 20 mA VCC= MIN 

20 /LA VIN=2.7V 
IIH Input HIGH Current 

100 /LA VIN=7.0V 
VCC=MAX 

Input LOW Current 

IlL (J, K and CP Inputs) -0.6 mA VIN =0.5 V VCC= MAX 
(CD and So Inputs) -1.8 mA 

lOS 
Output Short Circuit 

-60 -150 mA VOUT=OV VCC= MAX Current (Note 2) 

ICC Power Supply Current 11.7 17 mA VCp=OV VCC= MAX 

NOTES: 
1. For conditions such as MIN or MAX, use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time. nor for more than 1 second. 

AC CHARACTERISTICS 

54/74F 54F 74F 
TA = +25°C TA = -~,5 to +125°C TA = 0 to +70°C 

SYMBOL PARAMETER VCC= +5.0V VCC = 5.0 V ±10% VCC=5.0V±10% UNITS 
CL = 50 pF CL = 50 pF CL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

fmax Maximum Clock Frequency 100 125 70 90 MHz 

tpLH Propagation Delay 3.8 5.3 7.0 3.8 9.0 3.8 8.0 
tPHL CPn to Qn or On 4.4 6.2 8.0 4.4 10.5 4.4 9.2 ns 

tpLH Propagation Delay 2.5 5.2 7.0 2.5 9.0 2.5 8.0 
tpHL COn or SOn to Qn or On 3.5 7.0 9.0 3.5 11.5 3:5 10.5 ns 

FAST AND LS TTL DATA 
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MC54F/74F109 

AC OPERATING REQUIREMENTS 

54174F 54F 74F 

S YMBOL PARAMETER 
TA = +25°e TA = -55 to +125°e TA = 0 to +70o e 

UNITS 
Vee = +5.0 V Vee=5.0V±10% Vee = 5.0 V ±1 0% 

MIN TYP MAX MIN MAX MIN MAX 

ts IHI Set up Time, HIGH or LOW 3.0 3.0 3.0 
ts ILl I n or Kn to ePn 3.0 3.0 3.0 

ns 
th IHI Hold Time, HIGH or LOW 1.0 1.0 1.0 
th ILl I n or Kn to ePn 1.0 1.0 fo 
twlHI ePn Pulse Width, HIGH 4.0 4.0 4.0 
twiLl or LOW 5.0 5.0 5.0 

ns 

twiLl COn or SOn Pulse Width LOW 4.0 4.0 4.0 ns 

tree 
Recovery Time 

2.0 2.0 2.0 
COn or SOn to ep 

ns 

II 

FAST AND LS TTL DATA 
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II 

® MOTOROLA 

Advance Information 
DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP 

DESCRIPTION - MC54F/74F112 contains two independent, high­
speed JK flip-flops with Direct Set and Clear inputs. Synchronous 
state changes are initiated by the falling edge of the clock. Trig­
gering occurs at a voltage level of the clock and is not directly 
related to the transition time. The J and K inputs can change when 
the clock is in either state without affecting the flip·flop, provided 
that they are in the desired state during the recommended setup 
and hold times relative to the falling edge of the clock. A LOW 
signal on SD or CD prevents clocking and forces Q or Q HIGH, 
respectively. Simultaneous LOW signals on SD and CD force both 
Q and Q HIGH. 

LOGIC DIAGRAM (one half shawnl 

O---t--+-<>( 

C3===~~U E::::!::::====~D 
CP--------+-------------------------~ 

TRUTH TABLE 

INPUTS OUTPUT 

@tn @tn + 1 

J K 0 

L L On 
L H L 
H L H 
H H On 

Asynchronous Inputs: 
LOW input to SD sets 0 to HIGH level 
LOW input to CD sets 0 to LOW level 
Clear and Set are independent of clock 
Simultaneous LOW on CD and SD 
makes both 0 and a HIGH 

tn ~ Bit time before clock pulse 
tn + 1 ~ Bit time after clock pulse 
H ~ HIGH Voltage Level 
L ~ LOW Voltage Level 

FAST AND LS TTL DATA 
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MC54f112 
MC74fl12 

DUAL JK NEGATIVE 
EDGE-TRIGGERED FLIP-FLOP 

FAST" SCHOTTKY TTL 

LOGIC SYMBOL 

30:D
O 5 

1 CP 

2 K 0 6 

VCC ~ Pin 16 
GND ~ Pin 8 

13 CP 

15 

10 

12 K CD 0 

14 

CONNECTION DIAGRAM 

VCC 

CD1 

CD2 

CP2 

F;=f=E~~K2 



MC54F/74F112 

GUARANTEED OPERATING RANGES 
SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage' 
54 4.50 5.0 5.50 

V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 
54 -55 25 125 'c 74 0 25 70 

10H Output Current - High- 54,74 -1.0 mA 

10L Output Current - Low 54,74 20 mA 

*74F devices may be operated over the 4.5 to 5.5 V supply range where they will meet the specifications of 54f devices over the 0" to 70De 
temperature range. 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN = -18 mA VCC = MIN 

I 54 2.5 3.4 V 10H = -1.0 mA 
VOH Output HIGH Voltage 

I 74 2.7 3.4 V 10H = -1.0 mA 
VCC = MIN 

VOL Output LOW Voltage 0.35 0.5 V 10L = 20 mA VCC = MIN 

20 p.A VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

100 p.A VCC = MAX, VIN = 7.0 V 

Input LOW Current 
(J and K Inputs) -0.6 mA 

IlL (CP Inputs) -2.4 mA VCC = MAX, VIN = 0.5 V 

(CD and So Inputs) -3.0 mA 

lOS 
Output Short Circuit -60 -150 mA VCC = MAX, VOUT = 0 V Current (Note 2) 

ICC Power Supply Current 12 19 mA VCC = MAX, VCP = 0 V 

NOTES: 
1. For conditions such as MIN or MAX, use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 

AC CHARACTERISTICS 
54174F 54F 74F 

TA = +25'C TA = -55to +125'C TA = Oto +70'C 
SYMBOL PARAMETER VCC = +5.0 V VCC = 5.0 V ±10% VCC = 5.0 V±10% UNITS 

fmax Maximum Clock Frequency 

tpLH Propagation Delay 
tpHL CPn to an or an 

tPLH Propagation Delay 
tpHL COn or SOn to an or an 

CL = 50 pF 

MIN TYP MAX 

110 130 

2.0 5.0 6.5 
2.0 5.0 6.5 

2.0 4.5 6.5 
2.0 4.5 6.5 

FAST AND LS TTL DATA 
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CL = 50 pF CL = 50 pF 

MIN MAX MIN MAX 

MHz 

2.0 7.5 
ns 

2.0 7.5 

2.0 7.5 
2.0 7.5 

ns 

II 
I 



MC54F174F112 

AC OPERATING REQUIREMENTS 
54n4F 54F 74F 

SYMBOL PARAMETER TA = +25'C TA = -55 to + 125'C TA = Oto +70'C 
VCC = +5.0 V VCC = 5.0 V ±10% VCC = 5.0 V ± 10°1< 

MIN TYP MAX MIN MAX MIN MAX 

Is IHI Set up Time, HIGH or LOW 4.0 4.0 
ts ILl I n Qr Kn to CPn 3.0 3.0 

Ih IHI Hold Time, HIGH or LOW 0 0 
th ILl I n or Kn to CPn 0 0 

tw IHI CPn Pulse Width, HIGH or LOW 
4.5 4.5 

twiLl 4.5 4.5 

twiLl COn or SOn Pulse Width LOW 4.5 4.5 

tree Recovery Time COn or SOn to CP 4.0 5.0 

AC TEST CIRCUIT 

>"---"---"--0 Test Point for High Impedance Scopes 

Fig. 1 

R2=500n 
±10% 

For 50 n scopes, add a 
450 n resistor in series 
with Ihe scope and delete 
R2. 

FAST AND LS TTL DATA 
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UNITS 

ns 

ns 

ns 

ns 



® MOTOROLA. 

Advance Information 
DUAL JK NEGATIVE EDGE·TRIGGERED FLlp·FLOP 

DESCRIPTION - MC54F174F113 offers individual J, K, Set and 
Clock inputs. When the clock goes HIGH the inputs are enabled 
and data may be entered. The logic level of the J and K inputs 
may be changed when the clock pulse is in either state and the 
bistable will perform according to the Truth Table as long as 
minimum setup and hold times are observed. Input data is trans· 
ferred to the outputs on the falling edge of the clock pulse. 

LOGIC DIAGRAM (one half shown) 

a--+-o( )0-+---0 

I=!:::=;-- So 

CP--------~------------------~ K 

TRUTH TABLE 

INPUTS OUTPUT 

@tn @tn + I 

J K a 

L L an 
L H L 
H L H 
H H an 

Asynchronous Inputs: 
LOW input to So sets a to HIGH level 
Set is independent of clock 

tn = Bit time before clock pulse 
tn + I = Bit time after clock pulse 
H = HIGH Voltage Level 
L = LOW Voltage Level 

FAST AND LS TTL DATA 
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MC54F113 
MC74F113 

DUALJK 
EDGE·TRIGGERED FLlp·FLOP 

·FAST'" SCHOTTI(Y TTL 

LOGIC SYMBOL 

4 30so a 5 
I CP 

2 K a 6 

Vee = Pin 14 
GNO = Pin 7 10 

liusoa 9 
13 CP 

12 K a 8 

CONNECTION DIAGRAM 

II 



II 

MC54F174F113 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage" 
54 4.50 5.0 5.50 

V 74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 
54 -55 25 125 

"C 74 0 25 70 

10H Output Current - High 54,74 -1.0 mA 

10L Output Current - Low 54,74 20 mA 
" *74F devices may be operated over the 4.5 to 5.5 V supply range where they Will meet the specifications of 54F devices over the 0° to 70°C 

temperature range. 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V "Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN = -18 mA VCC = MIN 

I 54 2.5 3.4 V IOH = -1.0 mA 
VOH Output HIGH Voltage 

I 74 2.7 3.4 V IOH = -1.0 mA 
VCC = MIN 

VOL Output LOW Voltage 0.35 0.5 V IOL = 20 mA VCC = MIN 

20 pA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

100 pA VCC = MAX, VIN = 7.0 V 

Input LOW Current 
(J and K Inputs) -0.6 mA 

IlL (CP Inputs) -2.4 mA VCC = MAX, VIN = 0.5 V 

(CD and So Inputs) -3.0 mA 

lOS 
Output Short Circuit -60 -150 mA VCC = MAX, VOUT = 0 V Current (Note 2) 

ICC Power Supply Current 12 19 mA VCC = MAX, VCP = 0 V 

NOTES: 
1. For conditions such as MIN or MAX. use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 

AC CHARACTERISTICS 

54n4F 54F 74F 

TA = +25"C TA = -55 to + 125"C TA = Oto +70"C 
SYMBOL PARAMETER VCC = +5.0 V VCC = 5.0 V ±10% VCC = 5.0 V ±10% UNITS 

CL = 50 pF CL = 50 pF CL=50pF 

MIN TYP MAX MIN MAX MIN MAX 

fmax Maximum Clock Frequency 110 130 MHz 

tpLH Propagation Delay 2.0 4.0 6.0 2.0 7.0 
tpHL CPn to On or an 2.0 4.0 6.0 2.0 7.0 

ns 

tpLH Propagation Delay 2.0 4.5 6.5 2.0 7.5 
tPHL SOn to On or an 2.0 4.5 6.5 2.0 7.5 

ns 

FAST AND LS TTL DATA 
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MC54F/74F113 

AC OPERATING REQUIREMENTS 

54/74F 54F 74F 

SYMBOL PARAMETER TA = +25°e TA= -55ta+125°e TA = Ota +70oe 
Vee = +5.0 V Vee = 5.0 V :tl0% Vee = 5.0 V :tl0% 

MIN TYP MAX MIN MAX MIN MAX 

ts (HI Set up Time. HIGH or LOW 4.0 4.0 
ts (Ll I n or Kn to CPn 3.0 3.0 

th (HI Hold Time, HIGH or LOW 0 0 
th (Ll I n or Kn to CPn 0 0 

tw(HI CPn Pulse Width, HIGH or LOW 
4.5 4.5 

twILl 4.5 4.5 

twILl SOn Pulse Width LOW 4.5 4.5 

tree Recovery Time SOn to ep 4.0 5.0 

AC TEST CIRCUIT 

>---,.----e---{) Test Point for High Impedance Scopes 

R2 = 500 n 
±10% 

Fig. 1 

For 50 n scopes, add a 
450 n resistor in series 
with the scope and delete 
R2. 

FAST AND LS TTL DATA 
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ns 
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® MOTOROLA 

Advance Information 
DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP 

(WITH COMMON CLOCKS AND CLEARS) 
DESCRIPTION - MC54F/74F114 contains two high:speed JK flip­
flops with common clock and Clear inputs. Synchronous state 
changes are initiated by the falling edge of the clock. Triggering 
occurs at a voltage level of the clock and is not directly related to 
the transition time. The J and K inputs can change when the clock 
is in either state without affecting the flip-flop, provided that they 
are in the desired state during the recommended setup and hold 
times relative to the falling edge of the clock. A LOW signal on 
So or l:o prevents clocking and forces Q or 5 HIGH, respectively. 
Simultaneous LOW signals on So and l:o force both Q and 5 
HIGH. 

LOGIC DIAGRAM (one half shown) 

0--_ ..... -0(. 

CD-~~--~~----+-J~-+----_---r---SD 

F=-----K 

CP--~---+-----------~ 

TRUTH TABLE 

INPUTS OUTPUT 

(u'tn (ll tn + 1 

J K a 

L L an 
L H L 
H L H 
H H On 

Asynchronous Inputs: 
LOW input to So sets a to HIGH level 
LOW input to CD sets a to LOW level 
Clear and Set are independent of clock 
Simultaneous LOW on CD and So 
makes both a and 0 HIGH 

H = HIGH Voltage Level 
L = LOW Voltage Level 
tn = Bit time before clock pulse 
tn + 1 = Bit time after clock pulse 

FAST AND LS TTL DATA 
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MC54Fl14 
MC74Fl14 

DUAL JK NEGATIVE 
EDGE-TRIGGERED FLIP-FLOP 

13 

FAST'· SCHOTTKY TTL 

LOGIC SYMBOL 

10 

11 J SD Q 

Vcc = Pin 14 
GND = Pin 7 

CONNECTION DIAGRAM 



MC54F/74F114 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage" 
54 4.50 5.0 5.50 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 
54 -55 25 125 
74 0 25 70 

10H Output Current - High 54,74 - 1.0 

10L Output Current - Low 54,74 20 
.. 

*74F devices may be operated over the 4.5 to 5.5 V supplV range where they Will meet the specifications of 54F devices over the 0° to 70°C 
temperature range. 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN = -18 mA VCC = MIN 

I 54 2.5 3.4 V 10H = -1.0 mA 
VOH Output HIGH Voltage 

I 74 2.7 3.4 V 10H = -1.0 mA 
VCC = MIN 

VOL Output LOW Voltage 0.35 0.5 V 10L = 20 mA VCC = MIN 

20 "A VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

100 "A VCC = MAX, VIN = 7.0 V 

Input LOW Current 
(J and K Inputs) -0.6 mA 

IlL (CP Inputs) -2.4 mA VCC = MAX, VIN = 0.5 V 

(CD and So Inputs) -3.0 mA 

lOS 
Output Short Circuit 

-60 -150 mA VCC = MAX, VOUT ~ 0 V Current (Note 2) 

ICC Power Supply Current 12 19 mA VCC = MAX, VCP = 0 V 

NOTES: 
1. For conditions such as MIN or MAX, use the appropriate value specified under guaranteed operating ranges. 
2 Not more than one output should be shorted at a time. nor for more than 1 second. 

AC CHARACTERISTICS 
54/74F 54F 74F 

TA = +25'C TA = - 55 10 + 125'C TA=010+70'C 

V 

'c 

mA 

mA 

SYMBOL PARAMETER VCC = +5.0V VCC = 5.0 V ±10% VCC = 5.0 V ±10% UNITS 
CL = 50 pF CL = 50 pF CL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

fmax Maximum Clock Frequency 100 120 MHz 

tpLH Propagation Delay 3.3 5.0 6.5 3.3 7.5 ns 
IpHL CPn to Qn or an 3.3 5.5 7.5 3.3 8.5 

tpLH Propagation Delay 2.0 4.5 6.5 2.0 7.5 
ns 

tPHL COn or SOn to Qn or an 2.0 4.5 6.5 2.0 7.5 

FAST AND LS TIL DATA 
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MC54F174F114 

AC OPERATING REQUIREMENTS 

SYMBOL PARAMETER 

Is (HI Set up Time, HIGH or LOW 
Is (Ll I n or Kn to CPn 

th (HI Hold Time, HIGH or LOW 
th (Ll I n or Kn to CPn 

tw(HI CPn Pulse Width, HIGH or LOW 
twILl 

twILl COn or SOn Pulse Width LOW 

tree Recovery Time COn or SOn to CP 

II 

54/74F 54F 74F 

TA = +25'C TA = - 55 to + 125'C TA = 010 +70'C 
VCC = +5.0 V VCC = 5.0V'±10% VCC = 5.0 V ±10% 

MIN TYP MAX MIN MAX MIN MAX 

4.0 4.0 
3.0 3.0 

0 0 
0 0 

4.5 4.5 
4.5 4.5 

4.5 4.5 

4.0 5.0 

AC TEST CIRCUIT 

Test Point for High Impedance Scopes 

Fig. 1 

R2 = 500!l 
±10% 

For 50 !l scopes, add a 
450 !l resistor in series 
with the scope and delete 
R2. 

FAST AND LS TTL DATA 
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1-0F-8 DECODER/DEMULTIPLEXER 

DESCRIPTION - The MC54F174F138 is a high speed 1-01-8 Deco­
der/Demultiplexer. Thisdevice is ideally suited lor high speed bipolar 
memory chip select address decoding. The multiple input enables 
allow parallel expansion to a 1-01-24 decoder using just three F138 
devices or to a 1-01-32 decoder using lour F138s and one inverter. 

o DEMULTIPLEXING CAPABILITY 
o MULTIPLE INPUT ENABLE FOR EASY EXPANSION 
o ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS 
o INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

LOGIC DIAGRAM 

VCC = Pin 16 
GND = Pin 8 
o = Pin Numbers 

FAST AND LS TTL DATA 
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~\i1 (C~'i}[f 1). 33~ 
~v~~71 'i}[f1).33~ 

1-0F-8 DECODER/ 
DEMULTIPLEXER 

FASTTM SCHOTTI{Y TTL 

LOGIC SYMBOL 

1 2 3 456 

~ 

VCC = Pin 16 
GND= Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEWI 

2 

3 

4 

5 

6 

16 

15 

13 

12 

7 10 

8 9 
'---~ 

J Suffix - Case 620-08 
(Ceramic) 

N Suffix - Case 648·05 
(Plastic) 

NOTE: 

The Flatpak version has the same 

PInOuts(Connectlon Diagram)as 

the Duel In-Line Package. 



II 

MC54F174F138 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54, 74 4.5 5.0 5.5 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 
74 0 25 70 °c 

IOH Output Current - High 54, 74 -1.0 mA 

IOL Output Current - Low 54, 74 20 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

S 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input pamp Diode Voltage -1.2 ·V VCC= MIN, liN = -18 mA 

1~4,74 2.5 V 10H = -1.0 mA VCC =4.50V 
VOH Output HIGH Voltage 

I 74 2.7 V 10H = -1.0 mA VCC=4.75V 

VOL Output LOW Voltage 0.5 V 10L= 20 mA VCC = MIN 

20 p.A VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.6 mA VCC = MAX, VIN = 0.5 V 

lOS 
Output Short Circuit 

-60 -150 mA VCC = MAX, VOUT = 0 V Current (Note 2) 

ICC Power Supply Current 20 mA VCC= MAX 

AC CHARACTERISTICS 

54174F 54F 74F 
LEVELS TA = +25°C TA = -55°C to +125°C TA = O°C to 70°C 

YMBOL PARAMETER OF VCC = +5.0 V VCC=5.0V±10% VCC = 5.0V ±10% UNITS 
DELAY CL = 50 pF CL = 50 pF CL = 50 pF 

MIN MAX MIN MAX MIN MAX 

tPLH Propagation Delay, 3.0 7·5 3.0 12 3.0 8.5 ns 
tPHL Address to Output 3 

3.5 8.0 3.:5 9.5 3.5 9.0 ns 

tpLH Enable to Output 3.5 7.0 3.5 11 3.5 8.0 ns 

tPHL E1 0rE2 
2 3.0 7.0 3.0 8.0 3.0 7.5 ns 

tpLH Enable to Output 
3 

4.0 8.0 4.0 12.5 4.0 9.0 ns 
tpHL E3 3.5 7.5 3.5 8.5 3.5 8.5 ns 

NOTES. 
1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions forthe applicable 

deVice type 
2 Not more than one output should be shorted at a time, nor for more than 1 second. 

FUNCTIONAL DESCRIPTION - The decoder accepts three binary weighted inputs (AO, Al, A2) 
and when enabled provides eight mutually exclusive active LOW outputs (00-07). The F138 fea­
tures three Enable inputs, two active LOW (El, E2) and one active HIGH (E3). All outputs will be 
HIGH unless E1 and E2 are LOW and E3 is HIGH. This mUltiple enable function allows easy para­
llel expansion of the device to a 1-of-32 (5 lines to 32 lines) decoder with just four F138s and one 
inverter. 

The F138 can be used as an 8-output demultiplexer by using one of the active LOW Enable inputs 
as the data input and the other Enable inputs as strobes. The Enable inputs which are not used must 
be permanently tied to their appropriate active HIGH or active LOW state. 

FAST AND LS TTL DATA 

4-38 



MC54F/74F138 

TRUTH TABLE 

INPUTS OUTPUTS 

E1 E2 E3 AO A1 A2 00 01 02 03 04 Os 0& 

H X X X X X H H H H H H H 

X H X X X X H H H H H H H 

X X L X X X H H H H H H H 

L L H L L L L H H H H H H 

L L H H L L H L H H H H H 

L L H L H L H H L H H H H 

L L H H H L H H H L H H H 

L L H L L H H H H H L H H 

L L H H L H H H H H H- L H 

L L H L H H H H H H H H L 

L L H H H H H H H H H H H 

H HIGH Voltage Level 
L LOW Voltage Level 
X Don't Care 

AO~r---------------~r-----------------r----------------' 

00 ____ w _________ • _________________________________ • _____ --.-----------------------------------------------------------.---------- Ci 31 

OUT 

AC TEST CIRCUIT 

Test Point for High Impedance Scopes 

Fig. 1 

R2= SOOO 
±10% 

AC WAVEFORMS 

For SO 0 scopes, add a 
450 n resistor in senes 

with the scope and delete 

R2. 

VIN J,.SV \,.SV 

~lPHL ~lPLH 
VOUT ~~_,._S_V ______ _J~V 

VIN ',.SV t,.SV 

~IPHL ~IPLH 
VOUT~V 

Fig. 2 Fig. 3 

FAST AND LS TTL DATA 
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® MOTOROLA 

DUAL 1-0F-4 DECODER 

DESCRIPTION - The MC54F174F139 is a high speed Dual 1-of-4 
Decoder/Demultiplexer. The device has two independent decoders, 
each accepting two inputs and providing four mutually exclusive 
active LOW Outputs. Each decoder has an active LOW Enable input 
which can be used as a data input for a 4-output demultiplexer. Each 
half of the F139 can be used as a function generator providing all four 
minterms of two variables. 

• MULTIFUNCTION CAPABILITY 
• TWO COMPLETELY INDEPENDENT 1-0F-4 DECODERS 
• ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

LOGIC DIAGRAM 

AOa A1a Eb 

CD ® @) 

VCC = Pin 16 

GND = Pin 8 

o = Pin Numbers 

FAST AND LS TTL DATA 

4-40 

MC54F139 
MC74F139 

DUAL 1-0F-4 DECODER 

FASTTM SCHOTTKY TTL 

LOGIC SYMBOL 

2 3 16 14 13 

DECODER 8 DECODER b 

• 5 6 7 12 " 10 9 

VCC = Pin 16 

GND' Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 

15 

,. 

J Suffix - Case 620-08 
(Ceramic) 

N Suffix - Case 648-05 
(Plastic) 

NOTE: 
The Flatpak verSion hasthesame 
pinouts (ConnectIon Diagram) as 
the Dual In-Line Package 



MC54F/74F139 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54, 74 4.5 5.0 5.5 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 
74 0 25 70 

DC 

IOH Output Current - High 54, 74 -1.0 rnA 

IOL Output Current - Low 54, 74 20 rnA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V VCC= MIN,IIN= -18 rnA 

l54,74 2.5 V 10H =-1.0 rnA VCC =~:5_0V 
VOH Output HIGH Voltage 

I 74 2.7 V IOH=-1.0rnA VCC=4.7SV 

VOL Output LOW Voltage 0.5 V IOL= 20 rnA VCC= MIN 

20 p.A VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.6 rnA VCC = MAX, VIN = 0.5 V 

lOS 
Output Short Circuit 

-60 -150 rnA VCC = MAX, VOUT = 0 V Current (Note 2) 

ICC Power Supply Current 20 rnA VCC= MAX 

AC CHARACTERISTICS: 

54174F 54F 74F 
TA = +25°C TA = -55DC to +125DC TA = ODC to 70°C 

SYMBOL PARAMETER VCC = +5.0 V VCC = 5.0 V ±1 0% VCC =5.0V ±10% UNITS 
CL = 50 pF CL = 50 pF CL = 50 pF 

MIN MAX MIN MAX MIN MAX 

tpLH Propagation Delay, 3.5 7.5 2.5 12.0 3.0 8.5 ns 
tpHL Address to Output 4.0 8.0 3.5 9.5 4.0 9.0 ns 

tPLH Enable to Output 
3.5 7.0 3.0 9.0 3.5 8.0 ns 

tpHL 3.0 6.5 2.5 8.0 3.0 7.5 ns 

NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 

devIce type. 
2. Not more than one output should be shorted at a time. nor for more than 1 second. 

FUNCTIONAL DESCRIPTION - The F139 is a high speed dual 1-of-4 decoder/demultiplexer 
fabricated with the Schottky barrier diode process. The device has two independent decoders, each 
of which accept two binary weighted inputs (AO, A1) and provide four mutually exclusive active 
LOWoutputs (00-03). Each decoder has an active LOW Enable (E). When E is HIGH all outputs are 
forced HIGH. The enable can be used as the data input for a 4-output demultiplexer application. 

Each half of the F139 generates all four miniterms of two variables. These four miniterms are 
useful in some applications, replacing multiple gate functions as shown in Fig. a, and thereby 
reducing the number of packages required in a logic network. 

FAST AND LS TTL DATA 
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MC54F174F139 

TRUTH TABLE 

INPUTS OUTPUTS 

E AO A1 00 °1 °2 03 

H X X H H H H 

L L L L H H H 

L H L H L H H 

L L H H H L H 

L H H H H H L 

H HIGH Voltage Level 

l ... LOW Voltage Level 

X Don't Care 

Fig .• 

AC WAVEFORMS 

VINJ1.5V \1.5V 

~tPHLj ~tPLHl 
VOUT ~~_1._5_V __________ ~~ 

VIN \ 1.5 V 

~-t-PH-L-----' 

VOUT 1.5 V 

Fig. 1 

OUT 

Fig. 2 

AC TEST CIRCUIT 

>---.... ---~--{) Test Point for High Impedance Scopes 

R2= 500n 
±10% 

Fig. 3 

FAST AND LS TTL DATA 
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For 50 n scopes, add a 

450 n resistor in series 
with the scope and delete 

R2. 



® MOTOROLA 

Advance Information 

8-LlNE TO 3-LlNE 
PRIORITY ENCODER 

The MC54/74F148 provides three bits of binary coded output representing the position 
of the highest order active input, along with an output indicating the presence of any 
active input. It is easily expanded via input and output enables to provide priority encod­
ing over many bits . 

.. Encodes Eight Data Lines in Priority 
o Provides 3-Bit Binary Priority Code 
o Input Enable Capability 
• Signals When Data Present on Any Input 
• Cascadable for Priority Encoding of n Bits 

10 1101 

11 (11) 

12 (12) 

AD 
13 (13) 

14 (1) 

15 (2) 

16 (3) 

17 (4) 

Ei 
(5) 

Logic Diagram 
Please note that this diagram is provided only for the understanding of logic operations and should 

not be used to estimate propagation delays. 

GUARANTEED OPERATING RANGES 

Symbol Parameter Min 

VCC Supply Voltage 54,74 4.5 

54 -55 
TA Operating Ambient Temperature Range 

74 0 

IOH Output Current - High 54,74 

IOl Output Current - low 54,74 

FAST AND LS TTL DATA 
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MC54F148 
MC74F148 

- CASE 648·05 

#. 
• CASE 751 B·01 

14 Vee 
15" EQ 

16 GS 

17 13 

Ei 12 

A2 11 

Al 10 

GND Ao 

CONNECTION 
DIAGRAM 

Typ Max Unit 

5 5.5 V 

25 125 
'c 

25 70 

-1 mA 

20 mA 

II 
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MC54F148 • MC74F148 

FUNCTIONAL DESCRIPTION· 

The 'Fl48 8-input priority encoder accepts data from 
eight active LOW inputs (iO-i7) and provides a binary 
representation on the three active LOW outputs. A priority 
is assigned to each input so that when two or more inputs 
are simultaneously active, the input with the highest 
priority is represented on the output, with input line 7 
having the highest priority. A HIGH on the Enable Input 
(8) will force all outputs to the inactive (HIGH) state and 
allow new data to settle without producing erroneous 

TRUTH TABLE 

EI 10 I, 

H X X 
L H H 
L X X 
L X X 
L X X 

L X X 
L X X 
L X X 
L X, L 
L L H 

H ~ HIGH Voltage Level 
L ~ LOW Voltage Level 
'X = Immaterial 

Inputs 

12 13 i4 15 

X X X X 
H H H H 
X X X X 
X X X X 
X X X L 

X X L H 
X L H H 
L H H H 
H H H H 
H H H H 

information at the outputs. A Group Signal output (GS) 
and Enable Output (EO) are provided along with the three 
priority data outputs (A2, Al, Ao). GS is active LOW when 
any input is LOW: this indicates when any input is active. 
EO is active LOW when all inputs are HIGH. Using the 
Enable Output along with the Enable Input allows cas­
cading for priority encoding on any number of input sig­
nals. Both EO and GS are in the inactive HIGH state when 
the Enable Input is HIGH. 

Outputs 

16 f7 GS Ao A, A2 EO 

X X H H H H H 
H H H H H H L 
X L L L L L H 
L H L H L L H 
H H L L H L H 

H H L H H L H 
H H L L L H H 
H H L H L H H 
H H L L H H H 
H H L H H H H 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified I 

Limits 
Symbol Parameter Units Test Conditions 

Min Typ Max 

VIH Input HIGH Voltage 2 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN = -18 mA VCC = MIN 

I 54,74 2.5 3.4 V 10H = -1 mA VCC = 4.5 V 
VOH Output HIGH Voltage 

J 74 2.7 3.4 V 10H = -1 mA VCC = 4.75 V 

VOL Output LOW Voltage 0.35 0.5 V 10L = 20 mA VCC ~ MIN 

20 ".A VCC = MAX. VIN - 2.7 V 
IIH Input HIGH Current 

100 ".A VCC = MAX. VIN = 7 V 

10. EI -0.6 mA 
IlL 

-1.2 mA 
VCC = MAX. VIN = 0.5 V 

11-17 

lOS Output Short Circuit Current (Note 2) -60 -150 mA VCC = MAX. VOUT - a V 

ICC Power Supply Current 23 35 mA VCC = MAX. VIN = 4.5 V 

NOTES: 1. For conditions such as MIN or MAX, use the appropnate value specified under guaranteed operatmg ranges. 
2. Not more than one output should be shorted at a time, nor for more than 1 second, 

FAST AND LS TTL DATA 
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MC54F148 • MC74F148 

'F148 

AC CHARACTERISTICS 

Symbol Parameter 

tpLH Propagation Delay 
tpHL In to An 

tpLH Propagation Delay 
tpHL In to EO 

tpLH Propagation Delay 
tpHL In to GS 

tpLH Propagation Delay 
tpHL Ei to An 

tpLH Propagation Delay 
tpHL Ei to GS 

tpLH Propagation Delay 
tpHL Ei to EO 

'F148 

EO AO Al GS 

Application 

16-lnput Priority Encoder 

54F174F 

TA = +25'C 
VCC=+5V 
CL = 50 pF 

Min Typ Max 

3.5 7 9 
4 8 10.5 

2.5 5 6.5 
2 5.5 7.5 

3 7 9 
2 6 8 

3.5 6.5 8.5 
3 6 8 

2.5 5 7 
3 6 7.5 

3 5.5 7 
4.5 8 10.5 

FAST AND LS TTL DATA 

4-45 

54F 

TA'VCC = 
Mil 

CL = 50 pF 

Min Max 

3.5 11 
4 13 

2.5 8.5 
2 9.5 

3 11 
2 10 

3.5 10.5 
3 10 

2.5 9 
3 10 

3 9 
4.5 13 

74F 

TA'VCC = 
Com Units 

CL = 50 pF 

Min Max 

3.5 .10 
4 12 

ns 

2.5 7.5 
2 8.5 

ns 

3 10 
2 9 

ns 

3.5 9.5 
3 9 ns 

2.5 8 
3 8.5 

ns 

3 8 
4.5 12 

ns 



® ItIIOTOROLA 

8-INPUT MULTIPLEXER 

DESCRIPTION - The MC54Fn4F151 is a high-speed a-input dig­
ital multiplexer. It provides in one package, the ability to select 
one line of data from up to eight sources. The 'F151 can be used 
as a universal function generator to generate any logic function 
offour variables. Both asserted and negated outputs are provided. 

The 'F151 is a logic implementation of a single pole, a-position 
switch with the switch position controlled by the state of three 
Select inputs, SO, 51, 52. The Enable input (E) is active LOW. The 
logic function provided at the output is: 

Z = E'(lO'50'51 '52 + 11'50'51'52 + 
12' 50' 51 '52 + 13' 50' 51 ,52 + 
14'50'51'52 + 15'50'51'52 + 
16'50'51'52 + 17'50'51'52) 

LOGIC DIAGRAM 

z z 

TRUTH TABLE 

INPUTS OUTPUTS 

E 
H 
L 
L 
L 

L 
L 
L 
L 
L 

S2 SI So Z 

X X X H 
L L L io 
L L H il 
L H L i2 

L H H 13 
H L L i4 
H L H i5 
H H L is 
H H H 17 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z 

L 
10 
11 
12 

13 
14 
15 
16 
17 
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MC54F151 
MC74F151 

8-INPUT MULTIPLEXER 

FAST'· SCHOTTKY TTL 

LOGIC SYMBOL 

12 
13 
14 
15 

Z 5 

1 
2 
3 Z 6 
4 

11 10 9 

Vee = Pin 16 
GND = Pin 8 

CONNECTION DIAGRAM 



MC54F/74F151 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54.74 I 4.50 5.0 5.50 V 

TA Operating Ambient Temperature Range 54 -55 25 125 ·C 
74 0 25 70 

10H Output Current - High 54.74 -1.0 mA 

10L Output Current - Low 54.74 20 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN = -18 mA VCC = MIN 

154•74 2.5 3.4 V 10H = '71.0 mA VCC = 4.50V 
VOH Output HIGH Voltage 

I 74 2.7 3.4 V IOH = -1.0 mA VCC = 4.75V 

VOL Output LOW Voltage 0.35 0.5 V 10L = 20 mA VCC = MIN 

Input HIGH Curren't 
20 pA VCC = MAX. VIN = 2.7 V 

IIH 
100 pA VCC = MAX. VIN = 7.0 V 

IlL I nput LOW Cu rrent -0.6 mA VCC = MAX. VIN = 0.5 V 

lOS 
Output Short Circuit 

-60 -150 mA VCC = MAX. VOUT = 0 V Current (Note 2) 

ICC Power Supply Current 13.5 21 mA VCC = MAX, VIN = 4.5 V II 
I 

NOTES: 
1. For conditions such as MIN or MAX. USB the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time, nor for more than' second. 

AC CHARACTERISTICS 

54/74F 54F 74F 

TA = +25·C TA = -55 to +125·C TA = Oto +70·C 
SYMBOL PARAMETER VCC = +5.0 V VCC = 5.0 V ±10% VCC = 5.0 V ±10% UNITS 

CL = 50 pF CL = 50 pF CL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

tpLH Propagation Delay 4.0 6.2 8.0 3.5 10 3.5 9.0 
tpHL Sn toZ 3.2 5.6 6.1 3.0 8.0 3.2 7.0 

ns 

tPLH Propagation Delay 4.5 9.9 13 3.0 17.5 4.0 15 
tpHL Sn to Z 4.5 7.1 9.0 4.0 11.5 4.0 10.5 

ns 

tpLH Propagation Delay 3.0 4.8 6.1 2.5 7.5 2.5 7.0 
tpHL Eto Z 3.0 6.8 8.5 2.5 10.5 2.5 10 

ns 

tpLH Propagation Delay 5.0 7.3 9.5 3.0 14.5 4.0 11 
tpHL EtoZ 3.5 5.4 7.0 3.0 9.5 3.5 8.0 

ns 

tpLH Propagation Delay 2.5 4.3 5.7 2.5 7.5 2.5 6.5 
tPHL In to Z 1.5 2.9 4.0 1.5 6.0 1.5 5.0 

ns 

tpLH Propagation Delay 3.0 7.6 9.5 2.5 11.5 2.5 11 
tPHL In to Z 3.0 5.2 6.5 3.0 8.0 3.0 7.5 

ns 
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® MOTOROLA 

DUAL 4-INPUT MULTIPLEXER 

DESCRIPTION - The MC54Fn4F153 is a high-speed Dual 4-lnput 
Multiplexer with common select inputs and individual enable in­
puts for each section. It can select two lines of data from four 
sources. The two buffered outputs present data in the true (non­
inverted) form. In addition to multiplexer operation, the F153 can 
generate any two functions of three variables. 

LOGIC DIAGRAM 

Za 

13a 51 So lOb 

@ ® @J @J 

VCC = Pin 16 

GND = Pin 8 

o = Pin Numbers 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 54.74 

TA Operating Ambient Temperature Range 
54 
74 

IOH Output Current - High 54,74 

IOL Output Current - Low 54,74 
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MIN 

4.5 

-55 
0 

-
-

MC54F153 
MC74F153 

DUAL 4-INPUT MULTIPLEXER 
FAST'· SCHOTTKY TTL 

CONNECTION DIAGRAM DIP 
(TOP VIEW) 

2 

3 

4 

5 

6 

7 

8 

16 

15 

14 

13 

12 

11 

10 

J Suffix - Case 620-08 (Ceramic) 

N Suffix - Case 648-05 (Plastic) 

TYP MAX UNIT 

5.0 5.5 V 

25 125 'c 25 70 

- -1.0 mA 

- 20 mA 



MC54F/74F153 

FUNCTIONAL DESCRIPTION 

The F153 is a Dual 4-lnput Multiplexer. It can select two bits of data from up to four sources under the control of the 
common Select Inputs (SO, 51). The two 4-input multiplexer circuits h~ve i.ndividual active LOW Enables (Ea, Eb) which 
can be used to strobe the outputs independently. When the Enables (Ea, Eb) are HIGH, the corresponding outputs (Za' 
Zb) are forced LOW. 

The F153 is the logic implementation of a 2-pole, 4-position switch, where the position of the switch is determined by 
the logic levels supplied to the two Select Inputs. The logic equations for the outputs are shown below: 

Za = Ea' (lOa' 51 ,50 + 11a ,51 ' So + 12a' 51 ,50 + 13a ' 51 ' SO) 

Zb = Eb'(lOb,51,50 + 11b'51'SO + 12b,S1,50 + 13b,S1'SO) 

The F153 can be used to move data from a group of registers to a common output bus. The particular register from 
which the data came would be determined by the state of the Select Inputs. A less obvious application is a function 
generator. The F153 can generate two functions of three variables. This is useful for implementing highly irregular 
random logic. 

TRUTH TABLE 

SELECT INPUTS 

So S1 E 

X X H 
L L L 
L L L 
H L L 
H L L 
L H L 
L H L 
H H L 
H H L 

H = HIGH Voltage Level 
l = LOW Voltage level 
X = Immaterial 

INPUTS (a or bl 

10 11 12 

X X X 
L X X 
H X X 
X L X 
X H X 
X X L 
X X H 
X X X 
X X X 

OUTPUT 

13 Z 

X L 
X L 
X H 
X L 
X H 
X L 
X H 
L L 
H H 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

LIMITS 
SYMBOL PARAMETER 

MIN TYP MAX 
UNITS TEST CONDITIONS 

V,H Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

V,L Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

V,K Input Clamp Diode Voltage -1.2 V liN = -18 mA. VCC = MIN 

154,74 2.5 V IOL = -1.0 mA VCC = 4.50V 
VOH Output HIGH Voltage 

1 74 2.7 V IOL = -1.0 mA VCC = .4.75 V 

VOL Output LOW Voltage 0.5 V 10L = 20 mA VCC = MIN 

20 pA VIN = 2.7 V, VCC = MAX 
IIH Input HIGH Current 

0.1 mA Y,N = 7.0 V, VCC = MAX 

IlL Input LOW Current -0.6 mA VIN = 0.5 V, VCC = MAX 

lOS 
Output Short Circuit -60 -150 mA VOUT = 0 V, VCC = MAX Current (Note 21 

ICC Power Supply Current 20 mA Y,N = GND, VCC = MAX 

NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 
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MC54F/74F153 

AC CHARACTERISTICS 

SYMBOL PARAMETER 

tpLH Propagation Delay 
tpHL Sn to Zn 

tpLH Propagation Delay 
tpHL En to Zn 

tpLH Propagation Delay 
tpHL In to Zn 

S4174F S4F 74F 
TA = +2S·C TA = -SS·C to + 12S·C TA = O·Cto +70·C 

VCC = +S.O V VCC = S.OV ±10% 'VCC = S.O V ± 10% 
CL = SO pF CL = SO pF CL = SO pF 

MIN MAX MIN MAX MIN MAX 

4.5 10.S 4.5 14 4.5 12 
3.5 9.0 3.S 11 3.5 10.S 

4.5 9.0 4.S 11.S 4.5 10.S 
3.0 7.0 2.5 9.0 2.S 8.0 

3.0 7.0 2.5 9.0 3.0 8.0 
3.0 6.S 2.S 8.0 2.5 7.S 

AC TEST CIRCUIT 

Test Point for High Impedance Scopes 

R2=soon 
±10% For SO n scopes, add a 

4S0 n resistor in series 
with the scope and delete R2. 

PROPAGATION DELAY MEASUREMENTS 

Non-Inverting Inverting 

VOUT 

NOTES: 
1. All input waveforms have the following characteristics: 

Low Level = 0 V 
High Level = 3.0 V 
Rise and Fall Times (10% to 90%) = 2.5 ns 

2. All timing is measured at 1.5 V unless otherwise indicated. 
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® MOTOROLA 

QUAD 2-INPUT MULTIPLEXER 

DESCRIPTION - The MC54F/74F157 is a high-speed quad 2-input 
mUltiplexer. Four bits of data from two sources can be selected using 
the common Select and Enable inputs. The four buffered outputs 
present the selected data in the true (non-inverted) form. The 'F157 
can also be used to generate any four of the 16 different functions to 
two variables. 

LOGIC DIAGRAM 

TRUTH TABLE 

INPUTS OUTPUT 

E S 10 11 

H X X X 
L H X L 
L H X H 
L L L X 
L L H X 

H ~ HIGH Voltage Level 
L ~ LOW Voltage Level 
X ;: Immaterial 

Z 

L 
L 
H 
L 
H 
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MC54F157 
MC74F157 

QUAD 2-INPUT 
MULTIPLEXER 

FASTTM SCHOTTKY TTL 

LOGIC SYMBOL 

S 

15 
4 Za IDa 2 

11 a 3 

7 Zb lOb 5 

11 b 6 

12 Zc 10c 14 

11 c 13 

9 Zd 10d 11 

11d 10 

Vee ~ Pin 16 
GND ~ Pin 8 

CONNECTION DIAGRAM 

IDa 

11 a 

J Suffix - Case 620-08 
(Ceramic) 

N Suffix - Case 648-05 
(Plastic) 

II 
I 

Vee 

E 

10c 

11c 

Zc 

10d 

,11d 

Zd 
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MC54F 174F157 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

S 

VCC Supply Voltage 54, 74 4.50 5.0 5.50 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 

°C 74 0 25 70 

10H Output Current - High 54, 74 -1.0 rnA 

10L Output Current - Low 54, 74 20 rnA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage O.B V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN = -1B rnA VCC= MIN, 

1 54,74 2.5 3.4 V IOH=-1.0mA VCC =4.50V 
VOH Output HIGH Voltage 

I 74 2.7 3.4 V IOH=-1.0mA VCC =4.75V 

VOL Output LOW Voltage 0.35 0.5 V 10L= 20 rnA VCC= MIN 

20 /LA VIN=2.7V 
IIH Input HIGH Current 

100 /LA VIN= 7.0V 
VCC= MAX 

IlL Input LOW Current -0.6 rnA VIN=0.5 V VCC= MAX 

lOS 
Output Short Circuit 

-60 -150 rnA VOUT=OV VCC= MAX Current (Note 2) 

ICC Power Supply Current 15 23 rnA All Inputs = 4.5 V VCC= MAX 

NOTES: 
1. For conditions such as MIN or MAX, use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shofted at a time, nor for more than 1 second. 

AC CHARACTERISTICS 

YMBOL 

tPLH 
tpHL 

tpLH 
tPHL 

tPLH 
tpHL 

54174F 54F 74F 
TA = +25°C TA = -55 to +125°C TA = 0 to +70oC 

PARAMETER VCC= +5.0 V VCC= 5.0 V ±10% VCC = 5.0V ± 10% 
CL = 50 pF CL = 50 pF CL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

Propagation Delay 4.5 10.1 13 3.5 17 4.5 15 
S toZn 3.5 6.3 9.0 3.5 12.5 3.5 10.0 

Propagation Delay 5.0 7.6 10 5.0 15 5.0 11.5 
E"toZn 3.B 5.3 7.0 3.8 B.5 3.B B.O 

Propagation Delay 3.0 5.5 7.0 3.0 10 3.0 B.O 
In to Zn 2.5 4.6 5.5 1.5 7.5 2.-6 7.0 

FUNCTIONAL DESCRIPTION - The F157 is a quad 2-input multiplexer. It selects four bits of data 
from two sources under the control of a common Select input(S). The Enable input(E) is active LOW. 
When Eis HIGH, all olthe outputs(Z) are forced LOW regardless of all other inputs. The F157 is the 
logic implementation of a 4-pole, 2-position switch where the position of the switch is determined 
by the logic levels supplied to the Select input. The logic equations for the outputs are shown below: 

Za = E, (11 a' S + lOa' 5) 
Zc = E, (11 c' S + 10c' S) 

Zb=E' (l1b' S+IOb' 5) 
Zd=E' (l1d' StlOd' 5) 

A common useofthe F157 is the moving of data from twogroupsof registers to four common output 
busses. The particular register from which the data comes is determined by the state of the Select 
input. A less obvious use is as a function generator. The F1 57 can generate any four of the 16 
different functions of two variables with one variable common. This is useful for implementing 
highly irregular logic. 
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® MOTOROLA 

QUAD 2-INPUT MULTIPLEXER 

DESCRIPTION - The MC54F174F158 is a high-speed quad 2-input 
mUltiplexer. It selects four bits of data from two sources using the 
common Select and Enable inputs. Thefourbuffered outputs present 
the selected data in the inverted form. The 'F158 can also generate 
any four of the 16 different functions of two variables. 

LOGIC DIAGRAM 

S 
10c 

TRUTH TABLE 

INPUTS OUTPUTS 

10 S 10 h 

H X X X 
L L L X 
L L H X 
L H X L 
L H X H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X;::;; Immaterial 

Z 

H 
H 
L 
H 
L 
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MC54F158 
MC74F158 

QUAD 2-INPUT 
MULTIPLEXER 

FASTTM SCHOTTKY TTL 

4 

7 

12 

9 

LOGIC SYMBOL 

S 
E 

lOa 

11 a 

lOb 

11 b 

10c 

11 c 

10d 

11d 

VCC = Pin 16 
GND = Pin 8 

15 

2 

3 

5 

6 

14 

13 

11 

10 

CONNECTION DIAGRAM 

J Suffix - Case 620-08 
(Ceramic) 

N Suffix - Case 648-05 
(Plastic) 

II 
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MC54F174F158 

S 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54, 74 4.50 5.0 5.50 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 

°c 74 0 25 70 

10H Output Current - High 54, 74 -1.0 mA 

10l Output Current - low 54, 74 20 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

Vil Input lOW Voltage 0.8 V Guaranteed Input lOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN = -18 mA VCC= MIN, 

1 54,74 2.5 3.4 V IOH=-1.0 mA VCC =4.50V 
VOH Output HIGH Voltage 

1 74 2.7 3.4 V VCC=4.75V IOH=-1.0 mA 

VOL Output lOW Voltage 0.35 0.5 V IOl= 20 mA VCC= MIN 

20 /loA VIN =2.7V 
IIH Input HIGH Current 

100 /loA VIN = 7.0V 
VCC=MAX 

III Input lOW Current -0.6 mA VIN =0.5V VCC=MAX 

lOS 
Outpu.t Short Circuit 

-60 -150 mA VOUT=OV VCC=MAX Current (Note 2) 

ICC Power Supply Current' 10 15 mA VCC= MAX 

NOTES: 
1. For conditions such as MIN or MAX, use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shoned at a time, nor for more than 1 second. 

AC CHARACTERISTICS 

54174F 54F 74F 
TA = +25°C TA = -55 to +125°C TA = 0 to +70°C 

YMBOl PARAMETER VCC= +5.0V VCC = 5.0V ±10% VCC= 5.0V± 10% 
Cl = 50 pF Cl = 50 pF Cl = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

tplH Propagation Delay 4.0 6.4 8.5 4.0 10.5 4.0 9.5 
tPHl Stol 4.0 6.9 9.0 4.0 10.5 4.0 10.5 

tplH Propagation Delay 3.!!. 6.2 8.0 3.5 9.5 3.5 9.0 
tpHl Etoln 3.5 6.4 8.5 3.5 9.5 3.5 9.5 

tPlH Propagation Delay 3.0 4.4 5.9 2.5 8.5 3.0 7.0 
tpHl In tol 1.5 3.3 4.5 1.5 6.0 1.5 5.5 

'ICC measured with outputs open and 4.5 V applied to all limits. 

FUNCTIONAL DESCRIPTION - The F158 quad 2-input multiplexer selects four bits of data from 
two sources underthe control of a common Select input(S) and presents the data in inverted form at 
the four outputs. The Enable input tE) is active LOW. When E is HIGH, all of the outputs(Z) are forced 
HIGH regardless of all other inputs. The F158 is the logic implementation of a 4-pole, 2-position 
switch wher/3 the position of the switch is determined by the logic levels supplied to the Select input. 

A common use of the F158 is the moving of data from two groups of registers to four common 
output busses. The particular register from which the data comes is determined by the state of the 
Select input. A less obvious use is as a function generator. The Fl 58 can generate four functions of 
two variables with one variable n common. This is useful for implementing gating functions. 
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® MOTOROLA 

SYNCHRONOUS PRESETTABLE 
BCD DECADE COUNTER 

The MC54174F160A and MC54174F162A are high-speed synchronous decade 
counters operating in the BCD (8421) sequence. They are synchronously presetta­
ble for application in programmable dividers and have two types of Count Enable 
inputs plus a Terminal Count output for versatility in forming synchronous multi­
stage counters. The MC54174F160A has an asynchronous Master Reset input that 
overrides all other inputs and forces the outputs LOW. The MC54174F162A has a 
Synchronous Reset input that overrides counting and parallel loading and allows 
the outputs to be simultaneously reset on the rising edge of the clock. The MC541 
74F160A and MC54174F162A are high-speed versions of the MC54174F160 and 
MC54174F162. 

" Synchronous Counting and Loading 
" High-Speed Synchronous Expansion 
" Typical Count Rate of 120 MHz 

'0 

PE 

MC ~7h~~4F162A 
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T T 
I I 
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Please note that this diagram is provided only for the understanding 
of logic operations and should not be used to estimate propagation delays. 

Logic Diagram 

GUARANTEED OPERATING RANGES 

Symbol Parameter Min 

VCC Supply Voltage 54.74 4.5 

54 -55 
TA Operating Ambient Temperature Range 

74 0 

IOH Output Current - High 54.74 

IOL Output Current - Low 54.74 
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25 
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MC541F160A 
MC74F160A 
MC54F162A 
MC74F162A 

LOGIC SYMBOL 
'MR for MC54/74F160A 
• SA for MC54174F162A 

- CASE 620-08 

- CASE 648-05 

CONNECTION 
DIAGRAM 

Max Unit 

5.5 V 

125 
'c 

70 

-1 mA 

20 mA 



MC54F 174F1 ~OA 
MC54F 174F162A 

Functional Description 
The MC54174F160A and MC54/74F162A count modulo-

10 in the"BCD (8421) sequence. From state 9 (HLLH) they 
increment to state 0 (LLLL). The clock inputs of all flip­
flops are driven in parallel through a clock buffer. Thus 
all changes of the Q outputs (except due to Master Reset 
of the MC54174F160A) occur as a result of, and synchron­
ous with, the LOW-to-HIGH transition of the CP input 
signal. The circuits have four fundamental modes of op­
eration, in order of precedence: asynchronous reset 
(MC54/74F160AL synchronous reset (MC54174F162A), 
parallel load, count-up and hold. Five control inputs -
Master Reset (MR, MC54174F160A), Synchronous Reset 
(SR. MC54/74F162A), Parallel Enable (PE), Count Enable 
Parallel (CEP) and Count Enable Trickle (CET) - deter­
mine the mode of operation, as shown in the Mode Select 
Table. A LOW signal on MR overrides all other inputs and 

TRUTH TABLE 

asynchronously forces all outputs LOW. A LOW signal 
on SR overrides counting and parallel loading and allows 
all outputs to go LOW on the next rising edge of CPo A 
LOW signal on PE overrides counting and allows infor­
mation on the Parallel Data (Pn) inputs to be loaded into 
the flip-flops on the next rising edge of CPo With PE and 
MR (MC54/74F160A) or SR (MC54174F162A) HIGH, CEP 
and CET permit counting when both are HIGH. Con­
versely, a LOW signal on either CEP or CET inhibits 
counting. 

The MC54174F160A and MC54/74F162A use D-type 
edge triggered flip-flops and changing the SR, PE, CEP 
and CET inputs when the CP is in either state does not 
cause errors, provided that the recommended setup and 
hold times, with respect to the rising edge of CP, are 
observed. 

State Diagram 

·SR PE CET CEP Action on the Rising Clock Edge (I) 

L X X X Reset (Clear) 
H L X X Load (Pn ~ On) 
H H H H Count (Increment) 
H H L X No Change (Hold) 
H H X L No Change (Hold) 

·For MC54174F162A only H "" HIGH Voltage Level L = LOW Voltage Level X = Don't Care 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

Limits 
Symbol Parameter Units Test Conditions 

Min Typ Max 

VIH Input HIGH Voltage 2 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

VIL Input LOW Voltage 0.8 V 
Guaranteed Input LOW Voltage for 
All Inputs 

VIK Input Clamp Diode Voltage -1.2 V VCC = MIN, liN = -18 mA 

54 2.5 3.4 V VCC = MIN, 10H = MAX. 
VOH Output HIGH Voltage 

74 2.7 3.3 V VIN = VIH or VIL per Truth Table 

54,74 0.30 0.5 V I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L = 20 mA VIN = VIL or VIH 
per Truth Table 

Input HIGH Current 
MR, Data, CEP. Clock 20 /LA VCC = MAX. VIN = 2.7 V 

IIH PE, CET, SR 

MR. Data, CEP, Clock 0.1 mA VCC = MAX. VIN = 7 V 
PE,CET 0.1 

Input LOW Current 
IlL MR, Data, CEP, Clock -0.6 mA VCC = MAX, VIN = 0.5 V 

PE, CET, SR -1.2 

lOS Short Circuit Current -60 -150 mA VCC = MAX, VOUT = 0 V 

Power Supply Current 
ICC Total, Output HIGH 37 55 mA VCC = MAX 

Total, Output LOW 
.. .. .. 

NOTES: 1. For conditions such as MIN or MAX, use the appropriate value specifIed under recommended operating conditions for the applicable 
device type. 

2. Not more than one output should be shorted at a time, nor for more than 1 second. 
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MC54F/74F160A 
MC54F 174F162A 

The Terminal Count (TC) output is HIGH when CET is 
HIGH and the counter is in state 9. To implement syn­
chronous multistage counters, the TC outputs can be 
used with the CEP and CET inputs in two different ways. 
Please refer to the MC54/74F568 data sheet. The TC out­
put is subject to decoding spikes due to internal race 
conditions and is therefore not recommended for use as 
a clock or asynchronous reset for flip-flops, counters or 
registers. In the MC54174F160A and MC54/74F162A dec-

ade counters, the TC output is fully decoded and can only 
be HIGH in state 9. If a decade counter is preset to an 
illegal state, or assumes an illegal state when power is 
applied, it will return to the normal sequence within two 
counts, as shown in the State Diag ram. 

Logic Equations: Count Enable = CEP" CET" PE 
TC = 00"01 "02"03"CET 

AC CHARACTERISTICS See Page 5 for waveforms and load configurations 

54/74F 54F 74F 
TA = +25'C TA = -55'Cto +125'C TA = O'C to 70'C 

Symbol Parameter VCC=+5V VCC = 5V ±10% VCC = 5V ±10% 
CL=50pF CL=50pF CL=50pF 

Min Max Min Max Min Max 

'max Maximum Count Frequency lOa 75 90 

tpLH Propagation Delay. Count 3.5 7.5 3.5 9 3.5 8.5 
tpHL CP to On IPE Input HIGH) 3.5 10 3.5 11.5 3.5 11 

tpLH Propagation Delay 3.5 8.5 4 10 3.5 9.5 
tpHL CP to On IPE Input LOW) 4 8.5 4 10 4 9.5 

tPLH Propagation Delay 5 14 5 la.5 5 15 
tpHL CP to TC 4.5 14 5 15 4.5 15 

tpLH Propagation Delay 2.5 7.5 2.5 9 2.5 8.5 
tpHL CET to TC 2.5 7.5 2.5 9 2.5 8.5 

tpHL 
Propagation Delay 

5.5 12 5.5 14 5.5 13 MR to On IMC54/74FlaOA) 

tpHL 
Propagation Delay 

4.5 10.5 4.5 12.5 4.5 11.5 MR to TC IMC54n4FlaOA) 

AC OPERATING REQUIREMENTS: See Page 5 for waveforms 

54n4F 54F 74F 
TA = +25'C TA = -55'C to + 125'C TA = O'C to 70'C 

Symbol Parameter VCC=+5V VCC = 5V ±10% VCC = 5V ±10% 
CL=50pF CL=50pF CL=50pF 

Min Max Min Max Min Max 

tslH) Setup Time, HIGH or LOW 5 5.5 5 
tslL) Pn to CP 5 5.5 5 

thlH) Hold Time, HIGH or LOW 2 2.5 2 
thlL) Pn to CP 2 2.5 2 

tslH) Setup Time, HIGH or LOW 11 13.5 11.5 
tslL) PE or SR to CP 8.5 10.5 9.5 

thlH) Hold Time, HIGH or LOW 2 2 2 
thlL) PE or SR to CP a a a 

tslH) Setup Time, HIGH or LOW 11 13 11:5 
Is(L) CEP or CET to CP 5 a 5 

thlH) Hold Time, HIGH or LOW a a a 
tHIL) CEP or CET to CP a a a 

twlH) Clock Pulse Width ILaad) 5 5 5 
twlL) HIGH or LOW 5 5 5 

twlH) Clock Pulse Width ICaunt) 4 5 4 
twlL) HIGH or LOW a 8 7 

twlL) 
MR Pulse Width, LOW 

5 5 5 
IMC54n4FlaOA) 

tree 
Recovery Time 

a a a 
MR to CP (MC54/74FlaOA) 
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MC54F174F160A 
.MC54F 174F162A 

+7V OPEN 

'INCLUDES JIG AND PROBE CAPACITANCE 

Figure 1. Test Load 

Figure 3. Waveform for Non-Inverting Functions 

~Ft I-"'(ll 1..-.1 /!= 'h(HI 
"ulll , ~...c-

CP Vm~1.5Y~Vm 

Figura 4, Setup and Hold Timas, Rising-edge Clock 

Figura 2. Propagation Delays from Rising-edge 
Clock or Enable 

MS,MR,p[,a:I,...----~ 

~ L 5V 

MS, MR, Pl, Cl :::;J lree if::: 
CPorE 

YOUT 

'lOUT 

Figure 5, Asychronous Set, Rasat, Parallel Load or 
Clear, Active Rising-edge Clock or Active-LOW Enable 
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® MOTOROI.A 

SYNCHRONOUS PRESETTABLE 
BINARY COUNTER 

The MC54/74F161A and MC54174F163A are high-speed synchronous modul0-16 
binary counters. They are synchronously presettable for application in program­
mable dividers and have two types of Count Enable inputs plus a Terminal Count 
output for versatility in forming synchronous multistage counters. The MC54/ 
74F161 A has an asynchronous Master Reset input that overrides all other inputs 
and forces the outputs LOW. The MC54174F163A has a Synchronous Reset input 
that overrides counting and parallel loading and allows the outputs to be simulta­
neously reset on the rising edge of the clock. The MC54/74F161A and MC541 
74F163A are high-speed versions of the MC54174F161 and MC54174F163. 

• Synchronous Counting and Loading 
• High-Speed Synchronous Expansion 
• Typical Count Frequency of 120 MHz 

Po P, P, 
R-r~=C~-------;~--------~-------rt---------, 

CEP r------
eeY t 

la 
Iu::?:; 

l§iS 
I,. 

I­
I 

CP ' I , , , , 
I , ~ruA OETAILA , , 
I 
I 

i 
MFiIMC!i4I14i161AJ 

~[MC54174Fl63A1 ., ., 
Please note that this diagram is provided only for the understanding 

of logic operations and should not be used to estimate propagation delays. 

Logic Diagram 

GUARANTEED OPERATING RANGES 

Symbol Parameter 

VCC Supply Voltage 54,74 

54 
TA Operating Ambient Temperature Range 

74 

IOH Output Current - High 54,74 

IOL Output Cu rrent - Low 54,74 

FAST AND LS TTL DATA 

4-59 

., 

Min 

4.5 

-55 

0 

MC54F161A 
MC74F161A 
MC54F163A 
MC74F163A 

LOGIC SYMBOL 
'MR for MC54174F161A 
'5R for MC54114F163A 

~~ 
- CASE 648-05 

CONNECTION 
DIAGRAM 

Typ Max Unit 

5 5.5 V 

25 125 
·C 

26 70 

-1 mA 

20 mA 



MC54F/74F161A 
MC54F 174F163A 

Functional Description 
The MC54n4F161A and MC54n4F163A count in mod­

u10-16 binary sequence. From state 15 (HHHH) they in­
crement to state 0 (LLLL). The clock inputs of all flip-flops 
are driven in parallel through a clock buffer. Thus all 
changes of the Q outputs (except due to Master Reset of 
the MC54n4F161A) occur as a result of, and synchronous 
with, the LOW-to-HIGH transition of the CP input signal. 
The circuits have four fundamental modes of operation, 
in order of precedence: asynchronous reset (MC54! 
74F161A), synchronous reset (MC54n4F163A), parallel 
load, count-up and hold. Five control inputs - Master 
Reset (MR, MC54!74F161A), Synchronous Reset (SR, 
MC54174F163A), Parallel Enable (PE), Count Enable Par­
allel (CEP) and Count Enable Trickle (CET) - determine 
the mode of operation, as shown in the Mode Select 
Table. A LOW signal on MR overrides all other inputs and 

TRUTH TABLE 

asynchronously forces all outputs LOW. A LOW signal 
on SR overrides counting and parallel loading and allows 
all outputs to go LOW on the next rising edge of CPo A 
LOW signal on PE overrides counting and allows infor­
mation on the Parallel Data (Pn) inputs to be loaded into 
the flip-flops on the next rising edge of CPo With PE and 
MR (MC54n4F161A) or SR (MC54n4F163A) HIGH, CEP 
and CET permit counting when both are HIGH. Con­
versely, a LOW signal-MI either CEP or CET inhibits 
counting. 

The MC54n4F161A and MC54n4F163A use D-type 
edge triggered flip-flops and changing the SR, PE, CEP 
and CET inputs when the CP is in either state does not 
cause errors, provided that the recommended setup and 
hold times, with respect to the rising edge of CP, are 
observed. 

State Diagram 

'SR PE CET CEP Action on the Rising Clock Edge II) 

L X X X Reset (Clear) 
H L X X Load (Pn -+ On) 
H H H H Count (Increment) 
H H L X No Change (Hold) 
H H X L No Change (Hold) 

"For MC54/14FI63A only H = HIGH Vollage Level L = LOW Vollage Level X = Don I Care 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

Limits 
Symbol Parameter Units Test Conditions 

Min Typ Max 

VIH Input HIGH Voltage 2 V Guaranteed Input HIGH Voltage for 
All Inputs 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage for 
All Inputs 

VIK Input Clamp Diode Voltage -1.2 V VCC = MIN, liN = -18 rnA 

54 2.5 3.4 V VCC = MIN, 10H = MAX, 
VOH Output HIGH Voltage 

74 2.7 . 3.3 V VIN = VIH or VIL per Truth Table 

54,74 0.30 0.5 V I VCC = VCC MIN, 
VOL Output LOW Voltage 74 0.35 0.5 V 10L = 20 rnA VIN = VIL or VIH 

per Truth Table 

Input HIGH Current 
Data, CEP, Clock 20 p.A VCC = MAX, VIN = 2.7 V 

IIH . PE, CET, SR 

Data, CEP, Clock 0.1 rnA VCC = MAX, VIN = 7 V 
PE,CET,SR 0.1 

Input LOW Current 
IlL Data, CEP, Clock -0.6 rnA VCC = MAX, VIN = 0.5 V 

PE,CET,SR -1.2 

lOS Short Circuit Current -60 -150 rnA VCC = MAX, VOUT = 0 V 

Power Supply Current 
ICC Total, Output HIGH 37 55 rnA VCC = MAX 

Total, Output LOW 
.. .. .. NOTES: 1. For conditions such as MIN or MAX, USB the appropriate value specified under recommended operating conditions for the applicable 

device type. 
2. Not more than one output should be shorted at 8 time, nor for more than 1 second. 
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MC54F/74F161A 
MC54F 174F163A 

The Terminal Count (TC) output is HIGH when CET is 
HIGH and the counter is in state 15. To implement syn­
chronous multistage counters, the TC outputs can be 
used with the CEP and CET inputs in two different ways. 
The TC output is subject to decoding spikes due to in­
ternal race conditions and is therefore not recommended 

for use as a clock or asynchronous reset for flip-flops, 
counters or registers. 

Logic Equations: Count Enable = CEP' CET' PE 
TC = OO'01'02'03'CET 

AC CHARACTERISTICS See Page 5 for waveforms and load configurations 

54n4F 54F 74F 
TA = +25'C TA = -55'C to +125'C TA = O'C to 70'C 

Symbol Parameter VCC=+5V VCC = 5 V ±100/0 VCC = 5V ±100/0 
CL=50pF CL=50pF CL = 50 pF 

Min Max Min Max M~n Max 

fmax Maximum Count Frequency 100 75 90 

tpLH Propagation Delay 3.5 7.5 3.5 9 3.5 8.5 
tpHL CP \0 an (liE Input HIGH) 3.5 10 3.5 11.5 3.5 11 

tpLH Propagation Delay 3.5 8.5 4 10 3.5 9.5 
tpHL CP to an (liE Input LOW) 4 8.5 4 10 4 9.5 

tpLH Propagation Delay 5 14 5 16.5 5 15 
tpHL CPto TC 4.5 14 5 15 4.5 15 

tpLH Propagation Delay 2.5 7.5 2.5 9 2.5 8.5 
tPHL CETto TC 2.5 7.5 2.5 9 2.5 8.5 

tpHL 
Propagation Delay 

5.5 12 5.5 14 5.5 13 
MR to an (MC54/74F161A) 

tpHL 
Propagation Delay 

4.5 10.5 4.5 12.5 4.5 11.5 
MRto TC 

AC OPERATING REQUIREMENTS: See Page 5 for waveforms 

54/74F 54F 74F 
TA = +2S'C TA = -SS'C to +12S'C TA = O'C to 70'C 

Symbol Parameter VCC = +S V VCC = S V ±100/0 VCC = SV ±100/0 
CL=SOpF CL = SO pF CL=SOpF 

Min Max Min Max Min Max 

ts(H) Setup Time, HIGH or LOW 5 5.5 5 
ts(L) Pn to CP 5 5.5 5 

th(H) Hold Time, HIGH or LOW 2 2.5 2 
th(L) Pn to CP 2 2.5 2 

ts(H) Setup Time, HIGH or LOW 11 13.5 11.5 
ts(L) liE or SR to CP 8.5 10.5 9.5 

th(H) Hold Time, HIGH or LOW 2 2 2 
th(Ll liE or SR to CP a a a 
ts(H) Setup Time, HIGH or LOW 11 13 11.5 
ts(L) CEP or CET to CP 5 6 5 

th(H) Hold Time, HIGH or LOW a 0 0 
tH(L) CEP or CET to CP 0 0 0 

tw(H) Clock Pulse Width (Load) 5 5 5 
twILl HIGH or LOW 5 5 5 

tw(H) Clock Pulse Width (Count) 4 5 4 
twILl HIGH or LOW 6 8 7 

twill 
MR Pulse Width, LOW 

5 5 5 
(MC54n4F161 A) 

tree 
Recovery Time 

6 6 6 
MR to CP (MC54n4F161A) 
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MC54F/74F161A 
MC54F 174F163A 

+7V OPEN 

L .J 
IPZL. IpLZ. OC ALL OTHER 

soon 

soon 

= 
'INCLUDES JIG AND PROBE CAPACITANCE 

Figure 1. Test Load 

Figure 3. Waveform for Non-inverting Functions 

~~ 
I-lh(LI I -' ~ Ih(HI 

l,u(LI,.--- ~II ~ 
\su(HI 

CP Vm = 1.5V Vm 

Figure 4. Setup and Hold Times, Rising-edge Clock 

Figure 2. Propagation Delays from Rising-edge 
Clock or Enable 

CP or E 

E ~m-l.5V 

~lreCIr= 

VOUT 

VOUT 

Figure 5. Asychronous Set, Reset, Parallel Load or 
Clear, Active Rising-edge Clock or Active-LOW Enable 
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® MOTOROLA 

HEX 0 FLIP-FLOP WITH MASTER RESET 

DESCRIPTION - The MC54Fn4F174 is a high-speed hex D flip­
flop. The device is used primarily as a 6-bit edge-triggered storage 
register. The information on the D inputs is transferred to storage 
during the LOW-to-HIGH clock transition. The device has a Master 
Reset to simultaneously clear all flip-flops. 

The 'F174 consists of six edge-triggered D flip-flops with individual 
D inputs and Q outputs. The Clock (CP) and Master Reset (MR) 
are common to all flip-flops. Each D input's state is transferred 
to the corresponding flip-flop's output following the LOW-to-HIGH 
Clock (CP) transition. A LOW input to the Master Reset (MR) will 
force all outputs LOW independent of Clock or Data inputs. The 
'F174 is useful for applications where the true output only is re­
quired and the Clock and Master Reset are common to all storage 
elements. 

o EDGE-TRIGGERED D-TYPE INPUTS 

o BUFFERED POSITIVE EDGE-TRIGGERED CLOCK 

o ASYNCHRONOUS COMMON RESET 

TRUTH TABLE 

INPUTS OUTPUTS 

@tn,MR = H @tn + 1 

Dn On 

H H 
L L 

tn = Bit time before clock pulse 
tn + 1 = Bit time after clock pulse 
H = HIGH Voltage Level 
L = LOW Voltage Level 
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MC54F174 
MC74F174 

HEX D FLIP-FLOP 
WITH MASTER RESET 

FAS!'" SCHOTTKY TTL 

14 

13 

11 

6 

4 

3 

LOGIC SYMBOL 

D5 05 

D4 D4 
D3 03 

D2 02 

D1 01 

DO 00 

CP MR 

Vee = Pin 16 
GND = Pin 8 

15 

12 

10 

7 

5 

2 

CONNECTION DIAGRAM 

II 



MC54F/74F174 

LOGIC DIAGRAM 

Dl DO 

D 0 D 0 D 0 o 0 D 0 D 0 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMFTER MIN TYP MAX UNIT 

VCC Supply Voltage 54, 74 4,5 5.0 5.5 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 

"C 74 0 25 70 

10H Output Current - High 54,74 -1.0 rnA 

10L Output Current - Low 54,74 20 rnA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

V Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V VCC = MIN, liN = -18 rnA 

154,74 2.5 V IOL = ~1.0 rnA VCC = 4.50V 
VOH Output HIGH Voltage 

1 74 2.7 V 10L = -1.0 rnA VCC = 4.75 V 

VOL Output LOW Voltage 0.5 V IOL = 20 rnA VCC = MIN 

20 pA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0,6 rnA VCC = MAX, VIN = 0.5 V 

lOS 
Output Short Circuit -60 -150 rnA VCC = MAX, VOUT = 0 V Current (Note 2) 

ICC Power Supply Current 30 45 rnA Vec = MAX, Dn = MR = 4,5 V, 
CP =f 

NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 
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MC54F/74F174 

AC CHARACTERISTICS 

SYMBOL PARAMETER 

fmax Maximum Clock Frequency 

tpLH Propagation Delay 
tpHt CP to Q n 

tpHL 
Propagation Delay 
MR to Q n 

AC OPERATING REQUIREMENTS 

SYMBOL PARAMETER 

ts (HI Set up Time, HIGH or LOW 
ts (Ll Dn to CP 

th (HI Hold Time, HIGH or LOW 
th (Ll Dn to CP 

tw(HI CP Pulse Width, HIGH or LOW 
twILl 

twILl MR Pulse Width LOW 

tree 
Recovery Time 
MR to CP 

54n4F 54F 74F 

TA = +25'C TA = -55to +125'C TA = Oto +70'C 
VCC = +5.0 V VCC = 5.0 V ",10% VCC = 5.0 V ",10% 

CL = 50 pF CL = 50 pF CL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

100 140 80 80 

3.5 5.5 8.0 3.5 10.0 3.5 9.0 
4.5 7.0 10 4.5 12.0 4.5 11.0 

5.0 10 14 5.0 16.0 5.0 15.0 

54n4F 54F 74F 

TA = +25'C TA = -55 to +125'C TA = Oto +70'C 
VCC = +5.0 V VCC = 5.0 V ",10% VCC = 5.0 V ",10% 

MIN TYP MAX MIN MAX MIN MAX 

4.0 4.0 4.0 
4.0 4.0 4.0 

0 1.0 0 
0 1.0 0 

4.0 4.0 4.0 
6.0 6.0 6.0 

5.0 5.0 5.0 

5.0 5.0 5.0 

AC TEST CIRCUIT 

Fig. 1 

Test Point for High Impedance Scopes 

R2=500n 
±10% 

For 50 n scopes, add a 
450 n resistor in series 
with the scope and delete 
R2. 

FAST AND LS TTL DATA 

4-65 

UNITS 

MHz 

ns 

ns 

UNITS 

ns 

ns 

ns 

ns 



II 

® MOTOROLA 

QUAD D FLIP-FLOP 

DESCRIPTION - The MC54F174F175 is a high-speed quad D flip­
flop. The device is useful for general flip-flop requirements where 
clock and clear inputs are common. The information on the D inputs is 
stored during the LOW-to-HIGH clock transition. Both true and com­
plemented outputs of each flip-flop are provided. A Master Reset input 
resets all flip-flops, independent of the Clock or D inputs when LOW. 

III EDGE-TRIGGERED D-TYPE INPUTS 
• BUFFERED POSITIVE EDGE-TRIGGERED CLOCK 
iii ASYNCHRONOUS COMMON RESET 
• TRUE AND COMPLEMENT OUTPUT 

FUNCTIONAL DESCRIPTION - The F175 consists of four edge­
triggered D flip_flops with individual D inputs and Q and Q outputs. 
The Clock and Master Reset are common. The four flip-flops will store 
the state of their individual D inputs on the LOW-to-HIGH clock (CP) 
transition, causing individual Q and Q outputs to follow. A LOW input 
on the Master Reset (MR) will force all Q outputs LOW and Q outputs 
HIGH independent of Clock or Data inputs. The F175 is useful for 
general logic applications where a common Master Reset and Clock 
are acceptable. 

TRUTH TABLE 

INPUTS OUTPUTS 

. @tn, MR = H @tn" 

Dn On an 

L L H 
H H L 

tn ::; Bit time before clock positive~going transition 
tn + 1 ::; Bit time after clock positive-going transition 
H = HIGH Voltage Level 
L = LOW Voltage Level 
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MC54F175 
MC74F175 

QUAD D FLIP-FLOP 

FASTTM SCHOTTKY TTL 

LOGIC SYMBOL 

9 

3 

2 DO 4 

6 --<> al 
Dl 5 

7 al 

11 --<> a2 
D2 12 

10 a2 

14 a3 
D3 13 

15 a3 

VCC = Pin 16 
GND = Pin 8 

CONNECTION DIAGRAM 

J Suffix - Case 620-08 
(Ceramic) 

N Suffix - Case 648-05 
(Plastic) 



MC54F174F175 

LOGIC DIAGRAM 

Dl DD 

01 Ql Go QO 

Please note that this diagram is provided only for the understanding of logic operations and should 110t be used to estimate 
propagation delays. 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54, 74 4.501 "5.0 " - 5.50 L· V 

TA Operating Ambient Temperature Range 
54 -55 25 125 
74 0 25 70 °c 

10H Output Current - High 54, 74 -1.0 mA 

10L Output Current - Low 54, 74 20 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN = -18 mA VCC= MIN 

1. 54,74 2.5 3.4 V 10H = -1.0 mA ,VCC =4.50V 
VOH Output HIGH Voltage 

I 74 2.7 3.4 V 10H = -1.0 mA VCC =4:i5 V 

VOL Output LOW Voltage 0.35 0.5 V 10L= 20 mA VCC= MIN 

20 IlA VIN = 2.7V VCC= MAX 
IIH Input HIGH Current 

100 IlA VIN=7.0V VCC= MAX 

IlL Input LOW Current -0.6 mA VIN = 0.5 V VCC= MAX 

lOS 
Output Short Circuit 

-60 -150 mA VOUT= 0 V VCC= MAX Current (Note 2) 

ICC Power Supply Current 22.5 34 mA 
On = MR=4.5 V 

VCC= Max CP=S 

NOTES: 
1. For conditions such as MIN or MAX, use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 
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MC54F174F175 

AC CHARACTERISTICS 

54174F 54F 74F 
TA = +25°C TA - -55 to +125°C TA = 0 to +70oC 

S YMBOL PARAMETER VCC= +5.0V VCC = 5.0 V ±10% VCC = 5.0 V ± 10% UNITS 
CL = 50 pF CL = 50 pF CL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

f max Maximum Clock Frequency 100 140 100 100 MHz 

tpLH Propagation Delay 3.5 5.0 6.5 3.5 8.5 3.5 7.5 
tPHL CPto Qn orOn 4.0 6.5 8.5 4.0 10.5 4.0 9.5 

ns 

tpHL 
Propagation Delay 

4.5 9.0 11.5 4.5 15 4.5 13 ns MR to Qn 

tpLH 
Propagation Delay 

4.0 6.5 8.5 4.0 10 4.0 9.0 ns 
MRto On 

AC OPERATING REQUIREMENTS 

54174F 54F 74F 

S YMBOL PARAMETER 
TA = +25°C TA - -55 to +125°C TA - 0 to +70oC 

UNITS 
VCC=+5.0V VCC = 5.0 V ±10% VCC = 5.0V ± 10% 

MIN TYP MAX MIN MAX MIN MAX 

ts (H) Set up Time, HIGH or LOW 3.0 3.0 3.0 
ts (L) Dn to CP 3.0 3.0 3.0 

ns 
th (H) Hold Time, HIGH or LOW 1.0 1.0 1.0 
th (L) Dn to CP 1.0 1.0 1.0 

tw(H) CP Pulse Width, HIGH 4.0 4.0 4.0 
twILl or LOW 5.0 5.0 5.0 ns 

twILl MR Pulse Width LOW 5.0 5.0 5.0 ns 

trec 
Recovery Ti me 

5.0 MR to CP 5.0 5.0 ns 
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Advance Information 

4-BIT ARITHMETIC LOGIC UNIT 

DESCRIPTION - The MC54F174F181 is a 4-bit Arithmetic Logic 
Unit (ALU) which can perform all the possible 16 logic operations on 
two variables and a variety of arithmetic operations. It is 40% faster 
than the Schottky ALU and only consumes 30% as much power. 

o PROVIDES 16 ARITHMETIC OPERATIONS 
ADD. SUBTRACT. COMPARE. DOUBLE. PLUS TWELVE 
OTHER ARITHMETIC OPERATIONS 

o PROVIDES ALL 16 LOGIC OPERATIONS OFTWO VARIABLES 
EXCLUSIVE-OR. COMPARE. AND. NAND. OR. NOR. PLUS 
TEN OTHER LOGIC OPERATIONS 

o FULL LOOI<AHEAD FOR HIGH-SPEED ARITHMETIC OPERA­
TION ON LONG WORDS 

o 600 OR 300 MIL WIDE DIP PACKAGES 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 54, 74 

TA Operating Ambient Temperature Range 
54 
74 

IOH Output Current - High 54. 74 

VOH Output Voltage - High 54. 74 
A= B output 

IOL Output Current - Low 54. 74 
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MIN 

4.50 

-55 
0 

MC54F181 
MC74F181 

4-BIT ARITHMETIC 
LOGIC UNIT 

FASpM SCHOTTKY TTL 

CONNECTION DIAGRAM 

J Suffix - Case 623-05 
(CeramiC) 

N Suffix - Case 649-03 
(Plastic) 

TYP MAX 

5.0 5.50 

25 125 
25 70 

-1.0 

5.5 

20 

UNIT 

V 

°C 

mA 

V 

mA 

II 



MC54F174F181 

LOGIC SYMBOLS 

ACTIVE·HIGH OPERANDS 

2 1 232221201918 2 1 23 22 21 20 19 18 

7 Cn+4 16 7 Cn+4 16 
8 M 8 M 
6 50 

A=B 14 6 50 
A= B 14 

51 G 17 51 G 17 
4 52 4 52 

3 53 P 15 3 53 P 15 

F1 F2 

VCC = Pin 24 
GND= Pin 12 

9 10 11 13 9 10 11 13 

LOGIC DIAGRAM 

II 
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MC54F174F181 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN =-18 mA VCC= MIN 

10H Output Current - HIGH 250 I'A VOH= 5.5 V VCC = MIN, A=B 

154,74 2.5 3.4 V 10H = -1.0 mA VCC=4.50V 
VOH Output HIGH Voltage 

174 2.7 3.4 V 10H = -1.0 mA VCC =4.75V 

VOL Output LOW Voltage 0.35 0.5 V 10L= 20 mA VCC= MIN 

20 I'A VIN=2.7V 
VCC=MAX IIH Input HIGH Current 

100 I'A VIN = 7.0V 

M Input -0.6 mA 

IlL Input LOW Current 
A and B Inputs -1.8 mA 

VIN = 0.5 V 
SO-3 Inputs -2.4 mA 

VCC= MAX 

Cn Input -3.0 mA 

lOS 
Output Short Circuit 

-60 -150 rnA VOUT=OV VCC= MAX Current (Note 2) 

ICC Power Supply Current 43 65 mA VCC= MAX 

NOTES: 
1. For conditions such as MIN or MAX. use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time. nor for more than 1 second. 

FUNCTIONAL DESCRIPTION - The F181 is a 4-bit high-speed parallel Arithmetic Logic Unit 
(ALU). Controlled by the four Function Select inputs (SO-S3) and the Mode Control input (M), it can 
perform all the 16 possible logic operations or 16 different arithmetic operations on active-HIGH or 
active-LOW operands. The Function Table lists these operations. 

When the Mode Control input(M) is HIGH, all internal carries are inhibited and the device performs 
logic operations on the individual bits as listed. When the Mode Control input is LOW, the carries are 
enabled and the device performs arithmetiC operations on the two 4-bit words. The device incor­
porates full internal carry lookahead and provides for either ripple carry between devices using the 
Cn + 4 output, or for carry lookahead between packages using the signals P (Carry Propagate) and 
G (Carry Generate). In the Add mode, P indicates that F is 15 or more, while G indicates thatFis 16 
or more. In the Subtract mode, P indicates that Fis zero or less, while G indicates that Fis less than 
zero. P and G are not affected by carry in. When speed requirements are not stringent, it can be used 
in a simple Ripple Carry mode by connecting the Carry output(Cn + 4) signal to the Carry input (Cn) of 
the next unit. For high-speed operation the device is used in conjunction with a carry lookahead 
circuit. One carry lookahead package is required for each group of four F181 devices. Carry look­
ahead can be provided at various levels and offers high-speed capability over extremely long 
word lengths. 

The A = B output from the device goes HIGH when all four F outputs are HIGH and can be used to 
indicate logic equivalence over four bits when the unit is in the Subtract mode. The A = B output is 
open collector and can be wired-AND with other A = B outputs to give a comparison for more than 
four bits. The A = B signal can be used with the Cn + 4 signal to indicate A> B and A < B. 

The Function Table lists the arithmetic operations that are performed without a carry in. An incom­
ing carry adds a one to each operation. Thus, select code LHHL generates A minus B minus 1 (2s 
complement notation) without a carry in and generates A minus B when a carry is applied. Because 
subtraction is actually performed by complementary addition (1 s complement), a carry out means 
borrow; thus a carry is generated when there is no underflow and no carry is generated when there 
is underflow. As indicated, this device can be used with either active-LOW inputs producing active­
LOW outputs or with active-HIGH inputs producing active-HIGH outputs. For either case the table 
lists the operations that are performed to the operands labeled inside the logic symbol. 
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MC54F174F181 

AC CHARACTERISTICS 

54174F 54F 74F 
TA = +25°C TA = -55 to +125°C TA = 0 to +70oC 

S YM80L PARAMETER VCC=+5.0V VCC = 5.0 V ±10% VCC = 5.0V ± 10% UNITS 
CL = 50 pF CL = 50 pF CL = 50 pF 

PATH MODE MIN TYP MAX MIN MAX MIN MAX 

tPLH 
Cn to Cn + 4 

3.0 6.4 8.5 3.0 12 3.0 9.5 
tpHL 3.0 6.1 8.0 3.0 11.5 3.0 9.0 ns 

tpLH A or B to Cn + 4 Sum 
5.0 10 13 5.0 18 5.0 14 

tpHL 5.0 9.4 12 5.0 17 5.0 13 ns 

tPLH 
A orB to Cn + 4 Dif 

5.0 10.8 14 5.0 19.5 5.0 15 
tpHL 5.0 10 13 5.0 18 5.0 14 ns 

tpLH 
Cn to F Any 

3.0 6.7 8.5 3.0 12 3.0 9.5 
tpHL 3.0 6.5 8.5 3.0 12 3.0 9.5 ns 

tPLH A or B to G Sum 
3.0 5.7 7.5 3.0 10.5 3.0 8.5 

tpHL 3.0 5.8 7.5 3.0 10.5 3.0 8.5 ns 

tpLH AorBtoG Dif 
3.0 6.5 8.5 3.0 12 3.0 9.5 

tpHL 3.0 7.3 9.5 3.0 13.5 3.0 10.5 ns 

tpLH 
AorBtoP Sum 

3.0 5.0 7.0 3.0 10 3.0 8.0 
tpHL 3.0 5.5 7.5 3.0 10.5 3.0 8.5 ns 

tpLH AorBtoP Dif 
4.0 5.8 7.5 4.0 10.5 4.0 8.5 

tPHL 4.0 6.5 8.5 4.0 12 4.0 9.5 ns 

tPLH 
Ai or Bi to Fi Sum 

3.0 7.0 9.0 3.0 12.5 3.0 10 
tpHL 3.0 7.2 10 3.0 14 3.0 10 ns 

tpLH 
Ai or Eli to Fi Dif 

3.0 8.2 11 3.0 15.5 3.0 12 
tpHL 3.0 5.0 11 3.0 15.5 3.0 12 ns 

II 
tpLH AnyAor 8 

Sum 
4.0 8.0 10.5 4.0 15.5 4.0 11.5 

tpHL to AnyF 4.0 7.8 10 4.0 14 4.0 11 ns 

tPLH Any Ii: or 8 
Dif 

4.5 9.4 12 4.5 17 4.5 13 
tpHL to AnyF 4.5 9.4 12 4.5 17 4.5 13 ns 

tpLH A or B to F Logic 
4.0 6.0 9.0 4.0 12.5 4.0 10 

tpHL 4.0 6.0 10 4.0 14 4.0 11 ns 

tpLH Aor BtoA= 8 Dif 
11 18.5 27 11 35 11 29 

tpHL 7.0 9.8 12.5 7.0 17.5 7.0 13.5 ns 
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MC54F/74F181 

FUNCTION TABLE 

MODE SELECT ACTIVE-LOW OPERANDS ACTIVE-HIGH OPERANDS 
INPUTS & Fn OUTPUTS & Fn OUTPUTS 

LOGIC ARITHMETIC"" LOGIC ARITHMETIC" 
S:J 52 5, So 1M =HI 1M = LI ICn = LI IM=HI 1M = LllCn = HI 

L L L L A A minus 1 Ii A 
L L L H liB AB minus 1 A+B A+B 
L L H L Ii+B AS minus 1 AB A+8 
L L H H Logic 1 minus 1 Logic a minus 1 

L H L L A+B A plus IA +81 liB A plus AS 
L H L H B AB plus IA + 81 S IA + BI plus AS 
L H H L A@ B A minus B minus 1 A(j)B A minus B minus 1 

L H H H A+S A+B A8 AS minus 1 

H L L L AB A plus IA + BI A+B A plus AB 
H L L H A(j)B A plus B A(j)B A plus B 
H L H L B A8 plus IA + BI B IA + 81 plus AB 
H L H H A+B A+B AB AB minus 1 

H H L L Logic a A plus A" Logic 1 A plus A" 
H H L H AS AB plus A A+B IA + BI plus A 
H H H L AB AS minus A A+B IA + 81 plus A 
H H H H A A A A minus 1 

*Each bit is shifted to the next more significant position. H;;; HIGH Voltage Level 
**Arithmetic operations expressed in 2s complement notation. L = LOW Voltage Level 
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® MOTOROLA 

CARRY LOOKAHEAD GENERATOR 

DESCRIPTION - The MC54F174F182 is a high-speed carry look­
ahead generator. It is generally used with the F181. F381 or 29FOl 
4-bit arithmetic logic unit to provide high-speed lookahead over word 
lengths of more than fou,\bits . 

• PROVIDES LOOKAHEAD CARRIES ACROSS A GROUP OF 
FOUR ALUs 

• MULTI-LEVEL LOOKAHEAD HIGH-SPEED ARITHMETIC 
OPERATION OVER LONG WORD LENGTHS 

INPUTS 

Cn ~o 150 ~, ]5, 

X H H 
L H X 
X L X 
H X L 

X X X H H 
X H H H X 
L H X H X 
X X X L X 
X L X X L 
H X L X L 

X X X X X 
X X X H H 
X H H H X 
L H X H X 
X X X X X 
X X X L X 
X L X X L 
H X L X L 

X X X 
X X X 
X H H 
H H X 
X X X 
X X X 
X L X 
L X L 

H X 
X H 
X X 
X X 
L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

~2 

H 
H 
H 
H 
L 
)I 

X 
X 

X 
H 
H 
H 
X 
L 
X 
X 

TRUTH TABLE 

OUTPUTS 

'152 G:3 '153 Cn+x Cn+y C n+z G fi 

L 
L 
H 
H 

L 
L 
L 
H 
H 
H 

H L 
X L 
X L 
X L 
X H 
L H 
L H 
L H 

X H H H 
H H X H 
X H X H 
X H X H 
X L X L 
X X L L 
L X L L 
L X L L 

X X H 
X X H 
H X H 
X H H 
L L L 
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MCS4F182 
MC74F182 

CARRY LOOKAHEAD 
GENERATOR 

FASTTM SCHOTTKY TTL 

LOGIC SYMBOL 

13 

Cn 
Po 4 

Go 3 

12 en + x P1 2 

G1 
1,1 Cn +y 

P2 15 

9 en + z 
G2 14 

P3 6 
G3 5 

P G 

7 10 
VCC = Pin 16 
GND=Pin8 

CONNECTION DIAGRAM 

en + x 

Cn + y 

G 

J Suffix - Case 620-08 
(Ceramic) 

N Suffix - Case 648-05 
(Plastic) 



MC54F174F182 

en +y 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

IOH Output Current - High 

IOL Output Current - Low 

LOGIC DIAGRAM 
G2 P2 

54,74 

54 
74 

54,74 

54, 74 

MIN 

4.50 

-55 
0 

G p 

TYP MAX UNIT 

5.0 ·5.50 V 

25 125 
°c 25 70 

-1.0 mA 

20 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN = -18 mA VCC= MIN 

154,74 2.5 3.4 V IOH = -1.0 mA ,VCC=4.50V 
VOH Output HIGH Voltage L 74 2.7 3.4 V 10H = -1.0 mA VCC=4.75V 

VOL Output LOW Voltage 0.35 0.5 V 10L= 20 mA VCC= MIN 

20 !LA VIN=2.7V VCC= MAX 
IIH Input HIGH Current 

100 !LA VIN=7.0V VCC= MAX 

Cn Input -1.2 

P3 Input 2.4 

IlL 
Input LOW P2 Input -3.6 

mA VIN= 0.5 V VCC= MAX 
Current G3, PO, P1 Inputs -4.8 

GO, G2 Inputs -8.4 

G1 Input -9.6 

lOS 
Output Short Circuit 

-60 -150 mA VOUT= OV VCC= MAX Current (Note 2) 

Power Supply Current 
P3, G3 = 4.5 V 

ICCH (All Outputs HIGH) 
18.4 28 mA All Other Inputs VCC= MAX 

= GND 

GO, G1, G2 

ICCL 
Power Supply Current 

23.5 36 mA 
= 4.5 V 

VCC= MAX (All Outputs LOW) All Other Inputs 
=GND 

NOTES: 
1. For conditions such as MIN or MAX, use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time. nor for more than 1 second. 
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MC54F174F182 

S 

AC CHARACTERISTICS 

YMBOL 

tpLH 
tpHL 

tpLH 
tpHL 

tpLH 
tpHL 

tPLH 
tpHL 

tPLH 
tPHL 

tpLH 
tpHL 

54174F 54F 74F 
TA - +25°C TA - -55 to +125°C TA - 0 to +70oC 

PARAMETER VCC = +5.0 V VCC = 5.0 V ±10% VCC=5.0V±10% 
CL = 50 pF CL = 50 pF CL= 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

Propagation Delay 3.0 6.6 8.5 3.0 10.5 3.0 9.5 
Cn to Cn + x' Cn + y, Cn + z 3.0 6.8 9.0 3.0 11 3.0 10 

Propagation Delay 2.5 6.2 8.0 2.5 10.7 2.5 9.0 
Po, P1 orP2 to Cn + x' 1.5 3.7 5.0 1.5 6.5 1.5 6.0 

Cn + y, Cn + z 

Propagation Delay 2.5 6.5 8.5 2.5 10.5 2.5 9.5 
GO, G1 or G2 to Cn + x' 1.5 3.9 5.2 1.5 6.5 1.5 6.0 

Cn + y, Cn + z 

Propagation Delay 2.0 7.9 10 2.0 12.5 2.0 11 
P1,P2 0rP3 toG 2.0 6.0 8.0 2.0 9.5 2.0 9.0 

Propagation Delay 2.0 8.3 10.5 2.0 12.5 2.0 11.5 
GntoG 1.5 5.7 7.5 1.5 9.5 1.5 8.5 

Propagation Delay 2.5 5.7 7.5 2.5 11 2.5 8.5 
Pn to P 2.5 4.1 5.5 2.5 7.5 2.5 6.5 

FUNCTIONAL DESCRIPTION - The F182 carry lookahead generator accepts up to four pairs of 
active-LOW Carry Propagate (PO-P3) and Carry Generate (130-G3) signals and an active-HIGH Carry 
input (Cn) and provides anticipated active-HIGH carries (Cn + x' ~n + y, Cn + z) across fou,:..9'0ups of 
binary adders. The F182 also has active-LOW Carry Propagate (P) and Carry Generate (G) outputs 
which may be used for further levels of lookahead. The logic equations provided at the output are: 

Cn + x = GO + POCn 
Cn + y = Gl + P1 GO + PI POCn 
Cn + z = G2 + P2Gl + P2Pl GO + P2Pl POCn 

G - G3 + P3G2 + P3P2Gl + P3P2P1 GO 

P - P3P2Pl Po 

Also, the F182 can be used with binary ALUs in an active-LOW or active-HIGH input operand mode. 
The connections (Figure A) to and from the ALU to the carry lookahead generator are identical in 
both cases. Carries are rippled between lookahead blocks. The critical speed path follows the circled 
numbers. There are several possible arrangements for the carry interconnects, but all achieve about 
the same speed. A 28-bit ALU is formed by dropping the last F181 or F381. 

FIGURE A - 32-Bit ALU with Ripple Carry between 16-Bit Lookehead ALU. 

CIN ..... --------t 

'*ALUs may be either F181, F381 or 2901A. 
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® MOTOROLA 

Advance Information 

UP/DOWN DECADE COUNTER 
(With Preset and Ripple Clock) 

DESCRIPTION - The MC54F/74F190 is a reversible BCD (8421) 
decade counter featuring synchronous counting and asynchronous 
presetting, The presetfeature allows the F190 to be used in program­
mable'dividers, The Count Enable input, the Terminal Count output 
and the Ripple Clock output make possible a variety of methods of 
implementing multistage counters, In the counting modes, state 
changes are initiated bV the rising edge of the clock, 

• HIGH-SPEED - 110 MHz TYPICAL COUNT FREQUENCY 
• SYNCHRONOUS COUNTING 
• ASYNCHRONOUS PARALLEL LOAD 
• CASCADABLE 

RC TRUTH TABLE 

INPUTS OUTPUT 

CE TC" CP RC 

L I H I V 
-U-

H X X H 
X L X H 

"TC is generated Internally 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

MODE SELECT TABLE 

INPUTS 
MODE 

PL CE UfO CP 

H L L J' Count Up 
H L H J' Count Down 
L X X X Preset IAsVn.l 
H H X X No Change IHoldl 

STATE DIAGRAM 

I 
COUNT UP_ 
COUNT DOWN ---+ 
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MC74F190 

UP/DOWN DECADE COUNTER 
(With Preset and Ripple Clock) 

5 

4 
14 

FAST"M SCHOTTKY TTL 

LOGIC SYMBOL 

11 15 1 10 9 

CE 

3 2 6 

VCC; Pin 16 
GND;Pin8 

7 

TC 

CONNECTION DIAGRAM 

J Suffix - Case 620-08 
(Ceramic) 

N Suffix - Case 648-05 
(plastic) 

13 
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MC54F174F190 

LOGIC DIAGRAM 

CP UfO Po 

~ ~ V 

tf ~ f----< 

,,7 
f- I 

1 

~ ..... 
~7 I ) 

.... .... 

~ '" J l' ': 

t 
r-h c: rh ~t I I I 

cr- I 1 I 1 I I 1 Y JCLOCKKI~ ~ JCLOCKK I~ yl JCLOCKK I~ LII JCLOCKK I~ PRESET PRESET PRESET PRESET 
CLEAR CLEi',R Q CLE~r CLE~R 

Q Q Q Q Q Q 

1 L- L- I L- j L-

t t t t 
RC TC 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate 
propagation delays. 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54, 74 4.50 5.0 5.50 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 
74 0 25 '70 °C 

IOH Output Current - High 54, 74 -1.0 mA 

IOL Output Current - Low 54,74 20 mA 
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MC54F174F190 

FUNCTIONAL DESCRIPTION - The F190 is a synchronous up/down BCD decade counter 
containing four edge-triggered flip-flops, with internal gating and steering logic to provide individual 
preset, count-up and count-down operations. It has an asynchronous parallel load capability per­
mitting the counter to be preset to any desired number. When the Parallel Load (PL) input is LOW, 
information present on the Parallel Data inputs (P0-P3) is loaded into the counter and appears on 
the Q outputs. This operation overrides the counting functions, as indicated in the Mode Select 
Table. A HIGH signal on the CE input inhibits counting. When CE is LOW, internal state changes are 
initiated synchronously by the LOW-to-HIGH transition of the clock input. The direction of counting 
is determined by the U/D input signal, as indicated in the Mode Select Table. CE andU/D can be 
changed with the clock in either state, provided only that the recommended setup and hold times 
are observed. 

Two types of outputs are provided as overflow/underflow indicators. The Terminal Count (TC) 
output is normally LOW and goes HIGH when a circuit reaches zero in the count-down mode or 
reaches 9 in the count-up mode. The TC output will then remain HIGH until a state change occurs, 
whether by counting or presetting or until UfO is changed. The TC output should not be used as a 
clock signal because it is subject to decoding spikes. The TC signal is also used internally to enable 
the Ripple Clock (RC) output. The RC output is normally HIGH. When CEis LOWand TC is HIGH, the 
RC output will go LOWwhen the clock next goes LOW and will stay LOW until the clock goes HIGH 
again. This feature simplifies the design of multistage counters. For a discussion and illustrations 
of the various methods of implementing multistage counters, please see the F191 data sheet. 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage O.B V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN = -1B rnA VCC= MIN 

154,74 2.5 3.4 V IOH=-1.0mA VCC =4.50V 
VOH Output HIGH Voltage 

174 2.7 3.4 V 10H = -1.0 rnA VCC =4.75 V 

VOL Output LOW Voltage 0.35 0.5 V 10L= 20 rnA VCC= MIN 

20 p.A VIN=2.7V VCC= MAX 
IIH Input HIGH Current 

100 p.A VIN=7.0V VCC= MAX 

IlL Input LOW Current 
Other Inputs -0.6 

rnA VIN=0.5 V VCC= MAX CE Input -1.8 

lOS 
Output Short Circuit 

-60 -150 rnA VOUT= OV VCC= MAX Current (Note 2) 

ICC Power Supply Current 38 55 rnA VCC= MAX 

NOTES: 
1. For conditions such as MIN or MAX, USB the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 
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MC54F174F190 

AC CHARACTERISTICS 

54174F 54F 74F 
TA = +25°C TA = -55 to +125°C TA = 0 to +70oC 

S YMBOL PARAMETER VCC=+5.0V VCC = 5.0V ±10% VCC = 5.0V ± 10% UNITS 
CL = 50 pF CL = 50 pF CL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

f max Maximum Count Frequency 80 110 80 80 MHz 

tpLH Propagation Delay 3.0 5.5 9.0 3.0 12.5 3.0 10 
tpHL CPto On 3.0 6.5 10 3.0 14 3.0 11 ns 

tpLH Propagation Delay 8.0 12.5 16 8.0 22.5 8.0 17 
tpHL CPtoTC 5.0 9.5 13 5.0 18 5.0 14 ns 

tpLH Propagation Delay 4.0 7.0 9.5 4.0 13.5 4.0 10.5 
tpHL CP to RC 3.0 5.0 8.0 3.0 11 3.0 9.0 ns 

tPLH Propagation Delay 3.0 4.6 7.0 3.0 10 3.0 8.0 
tpHL CE to RC 3.0 4.5 7.0 3.0 10 3.0 8.0 

ns 

tPLH Propagation Delay 7.0 11 18 7.0 25.5 7.0 19 
tPHL U/D to RC 5.0 9.0 12 5.0 17 5.0 13 ns 

tPLH Propagation Delay 3.0 6.0 11 3.0 15.5 3.0 12 
tpHL U/D to TC 3.0 6.5 11 3.0 15.5 3.0 12 ns 

tPLH Propagation Delay 3.0 4.6 7.0 3.0 10 3.0 8.0 
tPHL Pn to On 8.0 13.4 17 8.0 24 8.0 18 ns 

tpLH Propagation Delay 3.0 6.7 11 3.0 15.5 3.0 12 
tpHL PL to On 4.0 7.2 15 4.0 21 4.0 16 ns II 
AC OPERATING REQUIREMENTS 

54174F 54F 74F 

SYMBOL PARAMETER 
TA = +25°C TA = -55 to +125°C TA = 0 to +70°C 

UNITS 
VCC= +5.0 V VCC = 5.0 V ±10% VCC = 5.0V ± 10% 

MIN TYP MAX MIN MAX MIN MAX 

ts(H) Set up Time, HIGH or LOW 5.0 5.0 5.0 
ts (L) Pn to Pi: 8.0 8.0 8.0 

ns 
th (H) Hold Time, HIGH or LOW 3.0 3.0 3.0 
th (L) Pn to Pi: 3.0 3.0 3.0 

ts (L) 
Set up Time LOW 

10 10 10 CE to CP 
ns 

th (L) 
Hold Time LOW 

0 0 0 CE to CP 

tw(L) PL Pulse Width, LOW 6.0 6.0 6.0 ns 

tw(L) CP Pulse Width LOW 6.0 6.0 6.0 ns 

tree 
Recovery Time 

7.0 PL to CP 7.0 7.0 ns 
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® MOTOROLA 

Advance Information 

UP/DOWN BINARY COUNTER 
(With Preset and Ripple Clock) 

DESCRIPTION - The MC54F/74F191 is a reversible modul0-16 
binary counter featuring synchronous counting and asynchronous 
presetting. The preset feature allows the F191 to be used in 
programmable dividers. The Count Enable input, the Terminal Count 
output and the Ripple Clock output make possible a varietyof methods 
of implementing multistage counters. In the counting modes, state 
changes are initiated by the rising edge of the clock. 

o HIGH-SPEED - 110 MHz TYPICAL COUNT FREQUENCY 
CD SYNCHRONOUS COUNTING 
" ASYNCHRONOUS PARALLEL LOAD 
• CASCADABLE 

FUNCTIONAL DESCRIPTION - The F191 is a synchronous upl 
down 4-bit binary counter. It contains four edge-triggered flip-flops, 
with internal gating and steering logic to provide individual preset, 
count-up and count-down operations. 

Each circuit has an asynchronous parallel load capability permitting 
the counter to be preset to any desired number. When the Parallel 
Load (jiLl input is LOW, information present on the Parallel Data 
inputs (PO-P31 is loaded into the counter and appears on the Q out­
puts. This operation overrides the counting functions, as indicated 
in the Mode Select Table. 

A HIGH signal on the CE input inhibits counting. When CE is LOW, 
internal state changes are initiated synchronously by the LOW-to­
HIGH transition of the clock input. The direction of counting is deter­
mined by the ITlo input signal, as indicated in the Mode Select Table. 
CE and 'OlD can be changed with the clock in either state, provided 
only that the recommended setup and hold times are observed. 

MODE SELECT TABLE 

INPUTS 

PL CE U/D CP 

H L L .r 
H L H .r 
L X X X 
H H X X 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X::; Immaterial 

MODE 

Count Up 
Count Down 
Preset (Asyn.l 
No Change (Holdl 

RC TRUTH TABLE 

INPUTS OUTPUT 

CE TC· CP RC 

L I H I V 
lJ" 

H X X H 
X L X H 
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MC54F191 
MC74F191 

UP/DOWN BINARY COUNTER 
(With Preset and Ripple Clock) 

FAS'fTM SCHOTTKY TTL 
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7 

LOGtC SYMBOL 

14 4 5 

CP CE u'io 
00 PL 

01 Po 

P1 
02 P2 

03 P3 
TC RC 

12 13 

Vcc=Pin16 
GND= Pin B 

11 

15 

1 

10 

9 

CONNECTION DIAGRAM 

J Sullix - Case 620-0B 
(Ceramic) 

N Suffix - Case 64B-05 
(Plastic) 
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MC54F174F191 

FUNCTIONAL DESCRIPTION (continued) 

Two types of outputs are provided as overflow/underflow indicators. The Terminal Count (TC) out­
put is normally LOW and goes HIGH when a circuit reaches zero in the count-down mode or reaches 
15 in the count-up mode. The TC output will then remain HIGH until a state change occurs, whether 
by counting or presetting or untilU/D is changed. The TC output should not be used as a clock signal 
because it is subject to decoding spikes. 

The TC signal is also used internally to enable the Ripple Clock(RC) output. The RC output is normally 
HIGH. When CE is LOW and TC is HIGH, the RC output will go LOW when the clock next goes LOW 
and will stay LOW until the clock goes HIGH again. This feature simplifies the design of multistage 
counters, as indicated in Figures A and B. In Figure A, each Rc output is used as the clock input for 
the next higher stage. This configuration is particularly advantageous when the clock source has a 
limited drive capability, since it drives only the first stage. To prevent counting in all stages it is only 
necessary to inhibit the first stage, since a HIGH signal on CE inhibits the RC·output pulse, as 
indicated in the RC Truth Table. A disadvantage of this configuration, in some applications, is the 
timing skew between state changes in the first and last stages. This represents the cumulative delay 
of the clock as it ripples through the preceding stages. 

A method of causing state changes to occur simultaneously in all stages is shown in Figure B. All 
clock inputs are driven in parallel and the RC outputs propagate the carry/borrow signals in ripple 
fashion. In this configuration the LOW state duration of the clock must be long enough to allowthe 
negative-going edge of the carry/borrow signal to ripple through to the last stage before the clock 
goes HIGH. There is no such restriction on the HIGH state duration of the clock, since the RC output 
of any device goes HIGH shortly after its CP input goes HIGH. 

The configuration shown in Figure C avoids ripple delays and their associated restrictions. The CE 
input for a given stage is formed by combining the TC signals from all the preceding stages. Note 
that in order to inhibit counting an enable signal must be included in each carry gate. The simple 
inhibit scheme of Figures A and B doesn't apply, because the TC output of a given stage is not 
affected by its own CEo 
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MC54F174F191 

LOGIC DIAGRAM 

CP UIO Po 

~ ~7 

~ ~ t--
~7 

-

~7 ) ...... - U Y c 
~C ~C ~C .1 1 1 

c:r I I I A 

-<>IIJ CLOCK K1Io- -011 J CLOCK K LIIJCLOCKK ,,,J~, J 
PRESET PRESET PRESET PRESET 

CLE8R CLE!\.R CLEAR CLEAR 
Q Q Q Q Q Q Q 0: 

L-- L-- L-- L--

RC TC U '7 Y '7 
'11 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate 
propagation delays. 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54. 74 4.50 5.0 5.50 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 
74 0 25 70 °c 

IOH Output Current - High 54. 74 -1.0 rnA 

IOL Output Current - Low 54. 74 20 rnA 
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MC54F174F191 

FIGURE A - N·Stage Counter Using Ripple Clock 

DIRECTION _~ _______ ....,.. _______ ....,.. _____ _ 

CONTROL 

ENABLE 
CLOCK 

FIGURE B - Synchronous N·Stage Counter Using Ripple Carry/Borrow 

DIRECTION_~ _______ ....,.. _______ ....,..-----_ 
CONTROL 

CLOCK--~--------------~-------------+-----------

FIGURE C - Synchronous N·Stage Counter with Parallel Gated Carry/Borrow 

DIRECTION ---...... ----------t-----------t------
CONTROL 

ENABLE~--+_----....,..----1_----~----1_-----

CLOCK-----~-----------------+------------------~---------

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage O.B V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V IIN=-1B rnA VCC= MIN 

154,74 2.5 3.4 V 10H = -1.0 rnA VCC=4.50V 
VOH Output HIGH Voltage 

174 2.7 3.4 IOH=-1.0mA VCC = 4.75 V V 

VOL Output LOW Voltage 0.35 0.5 V 10L= 20 rnA VCC= MIN 

20 p.A VIN=2.7V 
IIH Input HIGH Current 

100 p.A VIN= 7.0V 
VCC= MAX 

IlL Input LOW Current 
Other Inputs -0.6 

rnA VIN= 0.5V VCC= MAX CE Input -1.8 

lOS 
Output Short Circuit 

-60 -150 rnA VOUT= 0 V VCC= MAX Current (Note 2) 

ICC Power Supply Current 38 55 rnA VCC= MAX 

NOTES: 
1. For conditions such as MIN or MAX, use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time, norfor more than 1 second. 
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MC54F174F191 

AC CHARACTERISTICS 

54174F 54F 74F 
TA= +25°C TA - -55 to +125°C TA - 0 to +70oC 

SYMBOL PARAMETER VCC= +5.0 V VCC = 5.0 V ±10% VCC = 5.0V ± 10% UNITS 
CL = 50 pF CL = 50 pF CL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

f max Maximum Count Frequency 80 110 80 80 MHz 

tpLH Propagation Delay 3.0 5.5 9.0 3.0 12.5 3.0 10 

tPHL CP to On 3.0 6.5 10 3.0 14 3.0 11 ns 

tPLH Propagation Delay 8.0 12.5 16 8.0 22.5 8.0 17 

tpHL CP to TC 5.0 9.5 13 5.0 18 5.0 14 
ns 

tPLH Propagation Delay 4.0 7.0 9.5 4.0 13.5 4.0 10.5 

tpHL CPto RC 3.0 5.0 8.0 3.0 11 3.0 9.0 ns 

tpLH Propagation Delay 3.0 4.6 7.0 3.0 10 3.0 8.0 
tpHL GEto RC 3.0 4.5 7.0 3.0 10 3.0 8.0 

ns 

tpLH Propagation Delay 7.0 11 18 7.0 25.5 7.0 19 

tpHL DID to RC 5.0 9.0 12 5.0 17 5.0 13 
ns 

tPLH Propagation Delay 3.0 6.0 11 3.0 15.5 3.0 12 

tPHL U/DtoTC 3.0 6.5 11 3.0 15.5 3.0 12 ns 

tPLH Propagation Delay 3.0 4.6 7.0 3.0 10 3.0 8.0 
tpHL Pn to On 8.0 13.4 17 8.0 24 8.0 18 

ns 

tpLH Propagation Delay 3.0 6.7 11 3.0 15.5 3.0 12 

tpHL pLto On 4.0 7.2 15 4.0 21 4.0 16 ns 

AC OPERATING REQUIREMENTS II 54/74F 54F 74F 

SYMBOL PARAMETER 
TA = +25°C TA - -55 to +125°C TA = 0 to +70°C 

UNITS 
VCC=+5.0V VCC = 5.0 V +10% VCC = 5.0 V + 10% 

MIN TYP MAX MIN MAX MIN MAX 

ts (H) Set up Time, HIGH or LOW 5.0 5.0 5.0 
ts (L) Pn to"PL 8.0 8.0 8.0 

ns 
th (H) Hold Time, HIGH or LOW 3.0 3.0 3.0 
th (L) Pn to pL 3.0 3.0 3.0 

ts (L) 
Set up Time LOW 

10 10 10 CE to CP 
ns 

th (L) 
Hold Time LOW 
CE to CP 0 0 0 

tw(L) PL Pulse Width, LOW 6.0 6.0 6.0 ns 

tw(L) CP Pulse Width LOW 6.0 6.0 6.0 ns 

tree 
Recovery Time 

7.0 7.0 7.0 PI to CP ns 
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Advance Information 

UP/DOWN COUNTERS WITH SEPARATE 
UP/DOWN CLOCKS 

DESCRIPTION - The MC54Fn4F192 is an up/down BCD decade 
(8241) counter. The MC54Fn4193 is an up/down modul0-16 binary 
counter. Separate Count Up and Count Down Clocks are used, 
and in either counting mode the circuits operate synchronously. 
The outputs change state synchronously with the LOW-to-HIGH 
transitions on the clock inputs. 

Separate Terminal Count Up and Terminal Count Down outputs 
are provided that are used as the clocks for a subsequent stage 
without extra logic, thus simplifying multistage counter designs. 
Individual preset inputs allow the circuit to be used as a pro­
grammable counter. Both the Parallel Load (PL) and the Master 
Reset (MR) inputs asynchronously override the clocks. 

PL 

H X 
L L 
L H 
L H 
L H 

F192 

FUNCTION TABLE 

MR 

CPu CPo MODE 

X X Reset (Asyn.) 
X X Preset (Asyn.) 

H H No Change 
I H Count Up 
H I Count Down 

H = HIGH Voltage Level 
L ,,; LOW-Voltage Level 
X = Immaterial 

STATE DIAGRAMS 

F193 
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CPO 

CPU 

1 

15 

11 

LOGIC SYMBOL 

12 13 

TCU TCO 

P3 Q3 7 

P2 02 6 

P, 0, 2 

Po 00 3 

PL MR 14 
CPU CPO 

5 4 

VCC = Pin 16 
GNO = Pin 8 

CONNECTION DIAGRAM 



MC54F/74F192 • MC54F/74F193 

FUNCTIONAL DESCRIPTION 
The 'F192, 193 are asynchronously presettable counters. 
The 'F192 is a decade counter while the 'F193 is orga­
nized for 4-bit binary operation. They both contain four 
edge triggered flip-flops, with internal gating and steer­
ing logic to provide master reset, individual preset, 
count up and count down operations. 

A LOW-to-HIGH transition on the CP input to each flip­
flop causes the output to change state. Synchronous 
switching, as opposed to ripple counting, is achieved 
by driving the steering gates of all stages from a com­
mon Count Up line and a common Count Down line, 
thereby causing all state changes to be initiated simul­
taneously. A LOW-to-HIGH transition on the Count Up 
input will advance the count by one; a similar transition 
on the Count Down input will decrease the count by 
one. While counting with one clock input, the other 
should be held HIGH, as indicated in the Function Table. 
Otherwise, the circuit will either count by twos or not 
at all, depending on the state of the first flip-flop, which 
cannot toggle as long as either clock input is LOW. 

The Terminal Count Up (TCU) and Terminal Count 
Down (TCD) outputs are normally HIGH. When the cir-

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage' 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Cu rrent - Low 

cuit has reached the maximum count state; 9 ('F192) or 
16 ('F193), the reset HIGH-to-LOW transition of the 
Count Up Clock will cause TCU to go LOW. TCU will 
stay LOW until CPU goes HIGH again, thus effectively 
repeating the Count Up Clock, but delayed by two gate 
delays. Similarly, the TCD output will go LOW when the 
circuit is in the zero state and the Count Down Clock 
goes LOW. Since the TC outputs repeat the clock wav­
eforms, they can be used as the clock input signals to 
the next higher order circuit in a multistage counter. 

Both the 'F192 and the 'F193 have an asynchronous 
parallel load capability permitting the counter to be pre­
set. When the Parallel Load (PL) and the Master Reset 
(MR) inputs are LOW, information present on the Par­
allel Data input (PO-P3) is loaded into the counter and 
appears on the outputs regardless of the conditions of 
the clock inputs. A HIGH signal on the Master Reset 
input will disable the preset gates, override both clock 
inputs, and latch each Q output in the LOW state. If one 
of the clock inputs is LOW during and after a reset or 
load operation, the next LOW-to-HIGH transition of that 
clock will be interpreted as a legitimate signal and will 
be counted. 

MIN TYP MAX UNIT 

54 4.5 5.0 5.5 
V 

74 4.75 5.0 5.25 

54 -55 25 125 ·C 
74 0 25 70 

54,74 -1.0 mA 

54,74 20 mA 
.. 

*74F deVices may be operated over the 4.5 to 5.5 V supply range where they Will meet the speCifications of 54F deVices over the 0 to 70 C 
temperature range. 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V VCC = MIN, liN - -18 mA 

I 54 2.5 V 10L - -1.0 mA 
VOH Output HIGH Voltage 

I V 10L = -1.0 mA 
VCC = MIN 

74 2.7 

VOL Output LOW Voltage 0.5 V 10L = 20 mA VCC - MIN 

20 ~ VCC - MAX, VIN - 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

Input LOW Current 
-0.6 VCC = MAX, VIN = 0.5 V IlL (MR, j5[ and Pn inputs) mA 

(CP inputs) -1.2 

lOS 
Output Short Circuit -60 -150 mA VCC = MAX, VOUT = 0 V Current (Note 2) 

ICC Power Supply Current 38 55 mA VCC = MAX 

NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 
2. Not more than one output should be shorted at a time. nor for more than 1 second. 
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MC54F/74F192 • MC54F/74F193 

AC CHARACTERISTICS 

SYMBOL PARAMETER 

fmax Maximum Count Frequency 

tpLH Propagation Delay 
tpHL CPU or CPO to TeU 

tpLH Propagation Delay 
tpHL CPU or CPO to an 

tpLH Propagation Delay 
tpHL Pn to an 

tpLH Propagation Delay 
tpHL j5[ to an 

tpHL 
Propagation Delay 
MR to an 

tpLH 
Propagation Delay 
MR to TeU 

'tPHL 
Propagation Delay 
MR to Teo 

tpLH Propagation Delay 
tpHL j5[ to TCU or Teo 

tpLH Propagation Delay 
tpHL Pn to TeU or Teo 

II AC OPERATING REQUIREMENTS 

SYMBOL PARAMETER 

ts (H) Set up Time, HIGH or LOW 
ts (L) Pn to j5[ 

th (H) Hold Time, HIGH or LOW 
th (L) Pn to j5[ 

twill PL Pulse Width LOW 

twill CPU or CPO Pulse Width LOW 

twill 
CPU or CPO Pulse Width LOW 
(Change of Direction) 

tw(H) MR Pulse Width HIGH 

trec 
Recovery Time 
j5[ to CPU or CPO 

trec 
Recovery Time 
MR to CPU or CPO 

54f74F 54F 74F 

TA = +25°C TA = -55 to. + 125°C TA = Oto +70°C 
VCC = +5.0 V VCC = 5.0V ±10% VCC = 5.0V ±10% 

CL = 50 pF CL = 50 pF CL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

100 125 90 

4.0 7.0 9.0 4.0 10 
3.5 6.0 8.0 3.5 9.0 

4.0 6.5 8.5 4.0 9.5 
5.5 9.5 12.5 5.5 13.5 

3.0 4.5 7.0 3.0 8.0 
6.0 11 14.5 6.0 15.5 

5.0 8.5 11 5.0 12 
5.5 10 13 5.5 14 

6.5 11 14.5 6.5 15.5 

6.0 10.5 13.5 6.0 14.5 

7.0 11.5 14.5 7.0 15.5 

7.0 12 15.5 7.0 16.5 
7.0 11.5 14.5 7.0 15.5 

7.0 11.5 14.5 7.0 15.5 
6.5 11 14 6.5 15 

54/74F 54F 74F 

TA = +25°C TA = -55 to + 125°C TA=Oto+70°C 
VCC = +5.0V VCC = 5.0 V ±10% VCC = 5.0 V ±10% 

MIN TYP MAX MIN MAX MIN MAX 

6.0 6.0 
6.0 6.0 

4.0 4.0 
4.0 4.0 

6.0 6.0 

5.0 5.0 

10 10 

6.0 6.0 

6.0 6.0 

4.0 4.0 

AC TEST CIRCUIT 

Test Point for High Impedance Scopes 

Fig. 1 

R2=500n 
±10% 

For 50 n scopes, add a 
450 n resistor in series 
with the scope and delete 
R2. 
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Advance Information 

4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 

DES-CRIPTION - The MC54F174F194 is a high-speed 4-bit 
bidirectional universal shiftregister. As a high-speed multifunctional, 
sequential building block, it is useful in a wide variety of applications. 
It may be used in serial-serial, shift left, shift right, serial-parallel, 
parallel-serial, and parallel-parallel data register transfers. The F194 
is similar in operation to the 5195 universal shift register, with added 
features of shift left without external connections and hold (do 
nothing) modes of operation. 

o TYPICAL SHIFT FREQUENCY OF 150 MHz 
o ASYNCHRONOUS MASTER RESET 
e HOLD (DO NOTHING) MODE 
o FULLY SYNCHRONOUS SERIAL OR PARALLEL DATA 

TRANSFERS 

FUNCTIONAL DESCRIPTION - The F194 contains four edge­
triggered D flip-flops and the necessary interstage logic to synchro­
nously perform shift right. shift left. parallel load and hold opera­
tions. Signals applied to the Select (SO, 51) inputs determine the 
type of operation, as shown in the Mode Select Table. Signals on the 
Select, Parallel data (PO-P3) and Serial data (DSR, DSL) inputs can 
change when the clock is in either state, provided only that the 
recommended setup and hold times, with respecttothe clock rising 
edge, are observed. A LOW signal on Master Reset (MR) overrides 
all other inputs and forces the outputs LOW. 

MODE SELECT TABLE 

OPERATING 
INPUTS OUTPUTS 

MODE MR S, So DSR DSL Pn 00 A' 02 03 

Reset L X X X X X L L L L 

Hold H I I X X X qo q, q2 q3 

Shift Left 
H h I X I X q, q2 q3 L 
H h I X h X q, q2 q3 H 

Shift Right 
H I h I X X L qo q, q2 
H I h h X X H qo q, q2 

Parallel Load H h h X X pn po p, P2 P3 

I = LOW voltage level one setup time prior to the LOW-la-HIGH clock transition. 
h = HIGH voltage level one setup time prior to the LOW-la-HIGH clock transition. 
pn Iqn) = Lower case letters indicate the stale of the referenced input (or output) 
one setup timelprior to the LOW-la-HIGH clock transition, 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
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4-BIT BIDIRECTIONAL 
UNIVERSAL SHIFT REGISTER 
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LOGIC SYMBOL 

11 10 9 

CP 51 So 
MR DSR 

00 Po 

Ql PI 

P2 
Q2 

P3 
Q3 DSL 

VCC= Pin 16 
GND = Pin 8 

2 

3 

4 

5 
6 

7 

CONNECTION DIAGRAM 

J Suffix - Case 620-08 
(Ceramic) 

N Suffix - Case 648-05 
(Plasticl 
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MC54F/74F194 

LOGIC OIAGRAM 

Po 

Sl~DH~----4r---r----4r------4r---r----~------~--;-----~------~--+-----' 

DSR ----------, ri#----+- DSR 

CP~~------------~---r--r-------~---r--r-------~---r--r-------~ 

MR~~----------------~--r-----------~--r-----------~--r-----------~ 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate 
propagation delays. 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54, 74 4.50 5.0 5.50 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 
74 0 25 70 °C 

IOH Output Current - High 54,74 -1.0 rnA 

IOL Output Current - Low 54, 74 20 rnA I 

AC CHARACTERISTICS 

54174F 54F 74F 
TA - +25°C TA= 55 to +125°C TA = 0 to +70oC 

S YMBOL PARAMETER VCC=+5.0V VCC = 5.0 V ±10% Vec = 5.0 V ± 10% UNITS 
CL = 50 pF CL = 50 pF CL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

fmax Maximum Shift Frequency 105 150 90 90 MHz 

tPLH Propagation Delay 3.5 5.2 7.0 3.0 8.5 3.5 8.0 
tpHL CPto Q n 3.5 5.5 7.0 3.0 8.5 3.5 8.0 ns 

tpHL 
Propagation Delay 

4.5 8.6 12 4.5 14.5 4.5 14 iiiiR to Q n ns 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage O.B V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN = -lB mA VCC= MIN 

154,74 2.5 3.4 V 10H = -1.0 mA VCC=4.50V 
VOH Output HIGH Voltage 

174 2.7 3.4 V 10H = -1.0 mA VCC=4.75V 

VOL Output LOW Voltage 0.35 0.5 V 10L= 20 mA VCC= MIN 

20 p.A VIN = 2.7 V 
IIH Input HIGH Current 

100 p.A VIN=7.0V 
VCC= MAX 

IlL Input LOW Current -0.6 mA VIN = 0.5 V VCC= MAX 

lOS 
Output Short Circuit 

-60 -150 mA VOUT= OV VCC= MAX Current (Note 2) 

Sn, MR, DSR, 

ICC Power Supply Current 33 46 mA 
DSL = 4.5 V 

VCC= MAX Pn = Gnd, 
Cp=...r 

NOTES: 
1. For conditions such as MIN or MAX, use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 

AC OPERATING REQUIREMENTS 

54174F 54F 74F 
TA= +25°C TA- 55 to +125°C TA = a to +70oC 

YMBOL PARAMETER 
VCC= +5.0 V VCC = 5.0V ±10% VCC =5.0V± 10% UNITS 

MIN TYP MAX MIN MAX MIN MAX 

S II 
ts (H) Set up Time, HIGH or LOW 4.0 4.0 4.0 
ts (L) Pn or DSR or DSL to CP 4.0 4.0 4.0 

ns 
th (H) Hold Time, HIGH or LOW a 1.0 1.0 
th (L) Pn or DSR or DSL to CP a 1.0 1.0 

ts (H) Set up Time, HIGH or LOW B.O B.O B.O 
ts (L) Sn to CP B.O B.O B.O 

ns 
th (H) Hold Time, HIGH or LOW a a a 
th (L) Sn to CP a a a 
tw(H) CP Pulse Width HIGH 5.0 5.5 5.5 ns 

twILl MR Pulse Width LOW 5.0 5.0 5.0 ns 

trec 
Recovery Time 

7.0 9.0 8.0 ns MR toCP 
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OCTAL BUFFER/LINE DRIVER WITH 
3-STATE OUTPUTS 

DESCRIPTION - The F240, F241 and F244are octal buffers and line 
drivers designed to be employed as memory address drivers, clock 
drivers and bus oriented transmitters/receivers which provide 
improved PC board density. 

• 3-STATE OUTPUTS DRIVE BUS LINES OR BUFFER MEMORY 
ADDRESS REGISTERS 

• OUTPUTS SINK 64 mA 
• 15 mA SOURCE CURRENT 
• INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION 

EFFECTS 

F240 

J Suffix - Case 732-03 (Ceramic) 
N Suffix - Case 738-02 (Plastic) 

F240 

INPUTS 

OE,. DE:! D 

L 

I~ L 
H 

OUTPUT 

H 
L 
Z 

CONNECTION DIAGRAMS 

F241 

TRUTH TABLES 

F241 

INPUTS OUTPUT 
DE, DE:! D 

L 
H IL 

L 
L H H H 
H L X Z 

MC54/74F240 
MC54/74F241 
MC54/74F244 

OCTAL BUFFER/LINE DRIVER 
with 3-STATE OUTPUTS 

FASTTM SCHOTTKY TTL 

F244 

F244 

I-=I=-N...,P=U=-TS_--i OUTPUT 
DE" DE:! D 

~ 'I~ H X 

L 
H 
Z 

H = HIGH Voltage Level L = LOW Voltage Level x = Immaterial Z = High Impendance 

FAST AND LS TTL DATA 
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MC54174F240 • MC54174F241 • MC54/74F244 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54, 74 4.50 5.0 5.50 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 
74 0 25 70 °c 

10H .. Output Current - High 
54 -12 
74 -15 mA 

10L Output Current - Low 
54 48 
74 64 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN =-18 mA VCC= MIN 

54, 74 2.4 3.4 V 10H =-3.0 mA VCC =4.50V 

vOH Output HIGH Voltage 
74 2.7 3.4 V 10H = -3.0 mA VCC =4.75V 

54,74 2.0 V 10H = -12 mA VCC =4.50V 

74 2.0 V 10H = -15 mA VCC =4.75V 

VOL Output LOW Voltage 
54 0.55 V 10L= 48 mA 

VCC = MAX 
74 0.55 V 10L= 64 mA 

10lH Output Off Current HIGH 50 JJ.A VOUT=2.7V VCC= MAX 

lOlL Output Off Current LOW -50 JJ.A VOUT= 0.5 V VCC= MAX 

IIH Input HIGH Current 
20 

I'A 
VIN=2.7V 

VCC = MAX 
100 VIN = 7.0V 

Other -1.0 
IlL Input LOW Current 

Data Inputs 
mA VIN = 0.5 V VCC= MAX 

F241,F244 -1.6 

lOS Output Drive Current 54 -100 -275 mA VOUT= GND VCC= MAX 
Note 2 74 -100 -275 

ICO'I 
Power Supply F240 35 

Current HIGH F241,F244 60 

ICCL Power Supply F240 75 mA VCC = MAX 
Current LOW F241,F244 90 

ICCl 
Power Supply F240 75 

Current OFF F241,F244 90 

NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 

device type. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 
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MC54/74F240 • MC54/74F241 • MC54/74F244 

F240 
AC CHARACTERISTICS 

54/74F 54F 74F 
TA=+25°e TA = -55 to +125°e TA = 0 to +70o e, 

SYMBOL PARAMETER Vee=+5.0V Vee= 5.0 V±10% Vee = 5.0 V ± 10% UNITS 
eL = 50 pF eL = 50 pF eL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

tpLH. Propagation Delay, Data to Output 3.0 5.1 7.0 3.0 9.0 3.0 8.0 
tpHL 2.0 3.5 4.7 2.0 6.0 2.0 5.7 

ns 

tpZH Output Enable Time 2.0 3.5 5.2 2.0 6.5 2.0 5.7 ns 
tpZL 4.0 6.9 9.0 4.0 13.5 4.0 10 

tpHZ Output Disable Time 2.0 4.0 5.3 2.0 6.5 2.0 6.3 
tpLZ 2.0 6.0 8.0 2.0 12.5 2.0 9.5 

ns 

F241 
AC CHARACTERISTICS 

tpLH Propagation Delay, Data to Output 2.5 4.0 5.2 2.0 6.5 2.5 6.2 
tpHL 2.5 4.0 5.2 2.0 7.0 2.5 6.5 

ns 

tpZH Output Enable Time 
2.0 4.3 5.7 2.0 7.0 2.0 6.7 

tPZL 2.0 5.4 7.0 2.0 8.5 2.0 8.0 
ns 

II 
tpHZ 

Output Disable Time 
2.0 4.5 6.0 2.0 7.0 2.0 7.0 

tpLZ 12.5 
ns 

2.0 4.5 6.5 2.0 2.0 7.5 

F244 
AC CHARACTERISTICS 

tpLH Propagation Delay, Data to Output 2.5 4.0 5.2 2.5 6.5 2.5 6.2 
tpHL 2.5 4.0 5.2 2.5 7.0 2.5 6.5 ns 

tpZH Output Enable Time 2.0 4.3 5.7 2.0 7.0 2.0 6.7 
tpZL 2.0 5.4 7.0 2.0 8.5 2.0 8.0 

ns 

tpHZ 
Output Disable Time 2.0 4.5 6.0 2.0 7.0 2.0 7.0 

tpLZ 2.0 4.5 6.0 2.0 10.0 
ns 

2.0 7.0 

FAST AND LS TIL DATA 
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QUAD BUS TRANSCEIVERS 
(with 3-State OutputS) 

DESCRIPTION - The MC54F/74F242 and MC54F174F243 are 
Quad Bus TransmitterslReceivers designed for 4-line asynchronous 
2-way data comm unication between data buses. 

o 2-WAY ASYNCHRONOUS DATA BUS COMMUNICATION 
o INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION 

EFFECTS 

TRUTH TABLES 
MC54F2421MC74F242 

INPUTS INPUTS 
OUTPUT 

El D E2 D 

L L H L X 
L H L L X 
H X (ZI H L 
H X (ZI H H 

MC54F243/MC74F243 

INPUTS 
OUTPUT 

El D 

L L L 
L H H 
H X (ZI 
H X (ZI 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = HIGH Impedance 

INPUTS 

E2 D 

L X 

L X 

H L 
H H 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

IOH Output Current - High 

IOL Output Current - Low 

OUTPUT 

(ZI 
(ZI 
H 
L 

OUTPUT 

(ZI 
(ZI 
L 
H 

54,74 

54 
74 

54 
74 

54 
74 
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MIN 

4.5 

-55 
0 

MC54J.1F242/241l 
MC14fF24J.2/243 

QUAD BUS TRANSCEIVERS 
(WITH 3-STATE OUTPUTS) 

FASTTM SCHOTTKY TTL 

MC54F2421MC74F242 
(TOPVIEWI 

MC54F243/MC74F243 
(TOPVIEWI 

J Suffix - Case 632-07 (Ceramicl 
N Suffix - Case 646-05 (Plasticl 

TYP MAX UNIT 

5.0 5.5 V 

25 125 °c 
25 70 

-12 mA 
-15 

48 mA 
64 



MC54F/74F242 • MC54F/74F243 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Inptlt LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clarnp Diode Voltage -1.2 V liN = -18 rnA VCC= MIN 

54 2.0 V 10H= -12 rnA VCC=4.50V 

VOH Output HIGH Voltage 74 2.0 V IOH=-15rnA VCC=4.75V 

54.74 2.4 V 10H = -3.0 rnA VCC=4.50V 
74 2.7 V 10H --3.0 rnA VCC-4.75V 

VOL Output LOW Voltage 
54 0.55 V IOL=48 rnA 

VCC= MIN 
74 0.55 V 10L= 64 rnA 

IOlH Output Off Current HIGH 
70 p.A VOUT= 2.7 V 

VCC=MAX 
100 p.A VOUT- 5.5 V 

lOlL Output Off Current LOW -1.6 rnA VOUT= 0.4 V VCC= MAX 

Enable 20 p.A VIN=2.7V 

IIH Input HIGH Current Data 70 p.A VIN-2.7V VCC= MAX 
Data 1.0 rnA VIN = 5.5 V 
Enable 0.1 rnA VIN = 7.0V 

Enable -1.0 rnA VIN =0.5 V 
IlL Input LOW Current 

Data* -1.6 rnA VIN =0.5 V 
VCC= MAX 

lOS Output Short Circuit Current (Note 2 -100 -275 rnA VOUT=OV VCC=MAX 

Power Supply F242 60 rnA Outputs 
ICCH Current HIGH F243 80 rnA HIGH 

VCC= MAX 

Power Supply F242 75 rnA Outputs 
'CCL Current LOW F243 90 rnA LOW 

VCC= MAX 

Power Supply F242 75 rnA Outputs 
ICCl Current OFF F243 90 rnA OFF 

VCC= MAX 

NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 

device type. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 
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MC54F/74F242 • MC54F/74F243 

AC CHARACTERISTICS 

54F174F 54F 74F TEST 
TA = +25°C T A = -55°C to +125°C TA = O°C to 70°C CONDITIONS 

SYMBOL PARAMETER VCC = +5.0 V VCC=5.0V±10% VCC=5.0V±10% UNITS SEE 
CL = 50 pF CL = 50 pF CL = 50 pF FIGURE 1 

MIN MAX MIN MAX MIN MAX S1 POSITION 

tpLH Propagation Delay, 
F242 

3.0 7.0 3.0 9.0 3.0 8.0 ns 

tpHL Data to Output 1.5 4.7 1.5 6.0 1.5 5.7 ns Open 

tpZH Output Enable 2.0 4.7 2.0 6.5 2.0 5.7 ns 
.Jlme 

F242 
4.0 9.0 4.0 12.0 4.0 10 Closed tpZL ns 

tpHZ Output Disable 
F242 

2.0 5.3 2.0 6.5 2.0 6.3 ns Open 

tpLZ Time 2.0 6.5 2.0 12.5 2.0 8.0 ns Closed 

tPLH Propagation Delay, 
F243 

2.5 5.2 2.0 6.-6 2.0 6.2 ns 

tpHL Data to Output 2.5 5.2 2.0 8.5 2.0 6.5 ns Open 

tpZH Output Enable 
F243 

2.0 5.7 2.0 8.0 2.0 6.7 ns 

tpZL Time 2.0 7.5 2.0 10.5 2.0 8.5 ns Closed 

tPHZ Output Disable 
F243 

2.0 6.0 1.5 7.5 1.5 7.0 ns Open 

tpLZ Time 2.0 6.5" 2.0 12.5" 2.0 7.5" ns Closed 

NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 

device type. 
2. Not more than one output should be shoned at a time, nor for more than 1 second. 

*This limit may vary among competitors. 

OUT 

CL = 50 pF 
± 1.0% 

Fig. 1 

51 

7.0V 

Test Point for High Impedance Scopes 

For 50 n scopes, add a 450 n resistor 
in series with the scope and delete R2. 
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II 

® MOTOROLA 

OCTAL BIDIRECTIONAL TRANSCEIVER 
WITH 3-STATE INPUTS/OUTPUTS 

DESCRIPTION - The F245 contains eight noninverting bidirectional 
buffers with 3-state outputs and is intended for bus-oriented applica­
tions. Current sinking capability is 20 rnA at the A ports and 64 m'A 
at the B ports. The Transmit/Receive (T/RI input determines the di­
rection of data flow through the bidirectional transceiver. Transmit 
(active HIGHI enables data from A ports to B ports; Receive (active 
lOWI enables data from B ports to A ports. The Output Enable input. 
when HIGH, disables both A and B ports by placing them in a high-Z 
condition. 

• NONINVERTING BUFFERS 
• BIDIRECTIONAL DATA PATH 
• B OUTPUTS SINK 64 rnA 
• MOS COMPATIBLE 

TRUTH TABLE 

INPUTS 
OUTPUT ----= OE T/R 

L L Bus B Data to Bus A 
L H Bus A Data to Bus B 
H X High-Z State 

H ~ HIGH Voltage Level 
L :::- LOW Voltage Level 
X ~ Immatenal 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

IOH Outpui Current - High An Outputs 

IOl Output Current - low An Outputs 

IOH Output Current - High Bn Outputs 

IOl Output Current - low Bn Outputs 

54, 74 

54 
74 

54, 74 

54, 74 

54 
74 

54 
74 

MIN 

4.5 

-55 
0 

MC54/74F245 

OCTAL BIDIRECTIONAL 
TRANSCEIVER WITH 

3-STATE INPUTS/OUTPUTS 

FASTTM SCHOTTKY TTL 

CONNECTION DIAGRAM 

J Suffix - Case 732-03 
(Ceramic) 

N Suffix - Case 738-02 
(Plastic) 

TYP MAX UNIT 

5.0 5.5 V 

25 125 
25 70 °c 

-3.0 rnA 

20 rnA 

-12 
-15 

rnA 

48 
rnA 

64 

MOTOROLA SCHOTTKY TTL DEVICES 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

LIMITS 
SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL I nput LOW Voltage O.B V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN =-18 rnA VCC=MIN 

54 2.5 3.4 V 10H =-1.0 rnA 

VOH Output HIGH Voltage 54 2.4 3.3 V VCC=4.50 
An Outputs 10H =-3.0 rnA 

74 2.5 3.3 V 

74 2.7 3.3 V 10H =-3.0 rnA VCC=4.75 

54 2.4 3.4 V 

VOH Output HIGH Voltage 74 2.5 3.4 V 
10H =-3.0 rnA VCC=4.50 

Bn Outputs 74 2.7 3.4 V 10H =-3.0 rnA VCC = 4.75 

54 2.0 V 10H = -12 rnA 

74 2.0 V IOH = -15 rnA 
VCC=4.50 

VOL Output LOW Voltage 54 0.35 0.5 V IOL= 20 rnA 
VCC=MIN An Outputs 74 0.35 0.5 V IOL -24 rnA 

VOL Output LOW Voltage 54 0.55 V IOL=48 rnA 
VCC=MIN Bn Outputs 74 0.55 V IOL-B4 rnA 

IOZH Output Off Current HIGH 70 IlA VOUT=2.7V 

100 IlA VOUT-5.5V 
VCC = MAX 

IOZL Output Off Current LOW -1.0 rnA VOUT= 5.5V VCC = MAX 

OE, T/R Inputs 20 IlA 

An, Bn Inputs 70 IlA 
VIN =2.7V 

IIH Input HIGH Current VCC=MAX 
OE, T/R Inputs 100 IlA VIN =7.0V 

An, Bn Inputs 1.0 rnA VIN =5.5V 

T/R Input -O.B rnA 

IlL Input LOW Current An, Bn Inputs -1.0 rnA VIN =0.5V VCC=MAX 

OE Input -1.B rnA 

lOS Output Drive An Outputs -BO -150 rnA VOUT=GND VCC = MAX 
Current (Note 2) Bn Outputs -100 -225 rnA VOUT=GND VCC = MAX 

ICC Power Supply Current 95 143 rnA VCC = MAX 

NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 

device type. 
2. Not more than one output should be shoned at a time. 

AC CHARACTERISTICS 

54174F 54F 74F 

TA = +25°C TA = -55 to +125°C TA = 0 to +70·C 
SYMBOL. PARAMETER VCC = +5.0 V VCC=5.0V±10% VCC = 5.0 V ±10% UNITS 

CL = 50 pF CL = 50 pF CL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

tpLH Propagation Delay 2.5 4.2 B.O 2.'5 7.0 
tPHL An to Bn or Bn to An 2.5 4.6 6.0 2.5 7.0 ns 

tpZH Output Enable Time 3.0 5.3 7.0 3.0 8.0 
tpZL 3.5 7.9 8.0 3.5 9.0 ns 

tpHZ Output Disable Time 25 5.0 6.5 2.5 .7.5 
tPLZ 2.0 3.7 6.5 2.0 75 ns 
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® MOTOROLA 

8-INPUT MULTIPLEXER 
(With 3-State Outputs) 

DESCRIPTION - The MC54F174F251 is a high-speed 8-input 
digital multiplexer. It provides. in one package. the ability to select one 
bit of data from uptoeightsources.ltcan be used as universal function 
generator to generate any logic function of four variables. Both asser­
tion and negation outputs are provided. 

• MULTIFUNCTIONAL CAPACITY 
• ON-CHIP SELECT LOGIC DECODING 
• INVERTING AND NON-INVERTING 3-STATE OUTPUTS 

FUNCTIONAL DESCRIPTION - This device is a logical imple­
mentation of a single-pole. 8-position switch with the switch posi­
tion controlled by the state of three Select inputs. SO. S1. S2. Both 
assertion and negation outputs are provided. The Output Enable 
input (OE) is active LOW. When it is activated. the logic function pro­
vided at the output is: 

Z=OE· (10· SO· 5,. 52+11· SO· 5,. 52+ 

12· Sci· S1· 52+13· SO· S1· S2+ 

14· SO· 51· S2 + 15· SO· S, . S2 + 

16· So· S1 • S2 + 17· SO· S1 • S2 + 

When the Output Enable is HIGH. both outputs are in the high imped­
ance (high Z) state. This feature allows multiplexer expansion by 
typing the outputs of up to 128 devices together. When the outputs 
olthe 3-state devices are tied together. all but one device must be in 
the high impedance state to avoid high currents that would exceed 
the maximum ratings. The Output Enable signals should be designed 
to ensure there is no overlap in the active LOW portion of the enable 
voltages. 

TRUTH TABLE 

INPUTS OUTPUTS 

OE S2 S, So Z 

H X X X Z 
L L L L 10 
L L L H I, 
L L H L 12 

L L H H 13 
L H L L 14 
L H L H 15 
L H H L 16 
L H H H 17 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immatenal 
Z = HIgh Impedance 

Z 

Z 
10 
h 
12 

13 
14 
15 
16 
17 
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MC54F251 
MC74F251 

a-INPUT MULTIPLEXER 
(With 3-State Outputs) 

6 

5 

FASTTM SCHOTTKY TTL 

LOGIC SYMBOL 

9 10 11 

S2 SI So 
OE 

10 

Z 11 

12 

13 

14 
Z 15 

16 

17 

VCC = Pin 16 
GND= Pin 8 

7 

4 

3 

2 

15 

14 

13 

12 

CONNECTION DIAGRAM 

J Suffix - Case 620-08 
(Ceramic) 

N Suffix - Case 648-05 
(Plastic) 



MC54F174F251 

LOGIC DIAGRAM 

-{> -V 

-{> ." - ...... 

• r-.... 
-V T I 11 11 I II 

So 

J ) ~;t It J It 
1 'I 'I I 

~illUf 

h ~ 

z Z 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

I 
VCC Supply Voltage 54, 74 4.50 5.0 5.50 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 
74 0 25 70 °c 

IOH Output Current - High 54, 74 -3.0 rnA 

IOL Output Current - Low 54, 74 24 rnA 

FAST AND LS TTL DATA 

4-101 



MC54F174F251 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

Vil I nput lOW Voltage O.B V Guaranteed Input lOW Voltage 

VIK I nput Clamp Diode Voltage -1.2 V liN = 18 rnA VCC=MIN 

VOH Output HIGH Voltage 
54, 74 2.5 3.4 V IOH=-3.0 rnA VCC=4.50V 

74 2.7 3.4 V IOH =-3.0 rnA VCC=4.75V 

VOL Output lOW Voltage 0.35 0.5 V IOl=24 rnA VCC=MIN 

10ZH Output Off Current-HIGH 50 I'A VOUT=2.7V VCC = MAX 

10Zl Output Off Current-lOW -50 I'A VOUT=0.5V VCC = MAX 

IIH Input HIGH Current 
20 I'A VIN=2.7V 

VCC = MAX 
100 I'A VIN = 7.0V 

III Input lOW Current -{l.6 rnA VIN =0.5V VCC = MAX 

lOS 
Output Short Circuit 

-50 -150 rnA VOUT=OV VCC = MAX Current (Note 2) 

ON 15 22 
In, Sn =4.5 V 

ICC Power Supply Current rnA OE=GND VCC=MAX 
OFF 16 24 OE,l n =4.5V 

NOTES: 
1. For conditions such as MIN or MAX. use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 

AC CHARACTERISTICS 

54174F 54F 74F 
TA - +25°C TA - -55 to +125°C TA = 0 to +70°C 

SYMBOL PARAMETER VCC= +5.0V VCC = 5.0 V±10% VCC = 5.0V ±10% UNITS 
Cl = 50 pF Cl = 50 pF Cl = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

tPlH Propagation Delay 4.0 5.9 8.0 3.5 9.5 4.0 9.0 
Sn toln 3.2 5.7 7.5 3.2 9.5 3.2 8.5 

ns 
tpHl 

tplH Propagation Delay 4.5 9.6 13 3.5 16.5 4.5 14 
ns 

tpHl Sn toZn 4.5 6.9 9.0 3.0 10.5 4.0 10.5 

tplH Propagation Delay 3.0 4.1 5.7 2.5 8.0 3.0 7.0 

In tol 1.5 3.0 4.0 1.5 6.0 1.5 5.0 ns 
tpHl 

tpLH Propagation Delay 4.0 7.2 9.5 3.5 11.5 4.0 10.5 
ns 

tpHl In toZ 3.0 5.1 6.5 3.0 7.5 3.0 7.5 

tpZH Output Enable Time 3.0 5.4 7.0 3.0 9.5 3.0 8.0 
OEtol 3.0 6.4 8.5 3.0 10.5 3.0 9.5 

ns 
tpZl 

tPHZ Output Disable Time 3.0 5.0 6.5 3.0 8.5 3.0 7.5 
OEtoZ 2.0 3.2 4.5 2.0 7.5 2.0 5.5 

ns 
tpLZ 

tPZH Output Enable Time 4.0 6.9 9.0 4.0 10 4.0 10 
OEtoZ 3.5 6.0 8.0 3.5 10 3.5 9.0 ns 

tpZl 

tPHZ Output Disable Time 3.0 4.7 6.0 3.0 7.0 3.0 7.0 
OEtoZ 2.0 3.5 4.5 2.0 8.0 2.0 5.5 

ns 
tpLZ 

FAST AND LS TTL DATA 

4-102 



® WlOTOROIL.A 

DUAL 4-INPUT MULTIPLEXER 
(with 3-State Outputs) 

DESCRIPTION - The MC54Fn4F253 is a Dual 4-lnput Multiplexer 
with 3-State Outputs. It can select two bits of data from four 
sources using common select inputs. The outputs may be indi­
vidually switched to a high-impedance state with a HIGH on the 
respective Output Enable OE inputs. allowing the outputs to in­
terface directly with bus oriented systems. 

DEb 13b 12b 11 b 
@ @ @ @ 

LOGIC DIAGRAM 

Vee = Pin 16 
GND= PinS o = Pm Numbers 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

IDa OEa 

® (0 

54.74 

Operating Ambient Temperature Range 54 
TA 74 

IOH Output Current - High 54.74 

IOL Output Current - Low 54.74 

FAST AND LS TTL DATA 

4-103 

MIN 

4.5 

-55 
0 

-
-

MC54F253 
MC74F253 

DUAL 4-INPUT MULTIPLEXER 
WITH 3-STATE OUTPUTS 

FAST'· SCHOTTKY TTL 

CONNECTION DIAGRAM DIP 
(TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

9 

J Suffix - Case 620-08 (Ceramic) 

N Suffix - Case 648-05 (Plastic) 

TYP MAX UNIT 

5.0 5.5 V 

25 125 ·C 
25 70 

- -3.0 mA 

- 24 mA 



II 

MC54Fn4F253 

FUNCTIONAL DESCRIPTION 

The F253 contains two identical 4-lnput Multiplexers with 3-State Outputs. They select two bits from four sources 
selected by common Select Inputs (SO. S,). The 4-input multiplexers have individual Output Enable (OEa• OEb) inputs 
which when HIGH. force the outputs to a high impedance (high Z) state. 

The F253 is the logic implementation of a 2-pole. 4-position switch. where the position of the switch is determined by 
the logic levels supplied to the two select inputs. The logic equations for the outputs are shown below: 

Za = OEa ' (lOa' S, 'So + I'a' S, • So + 12a' S, • So + 13a' S, • SO) 

Zb = OEb' (lab' S, • So + I'b' S, • So + 12b' S, • So + 13b' S, • So) 

If the outputs of 3-state devices are tied together. all but one device must be in the high impedance state to avoid high 
currents that would exceed the maximum ratings. Designers should ensure that Output Enable signals to 3-state devices 
whose outputs are tied together are designed so that there is no overlap. 

SELECT 
INPUTS 

So 51 
X X 
L L 
L L 
H L 
H L 
L H 
L H 
H H 
H H 

H = HIGH Level 
L = LOW Level 
X = Immaterial 

TRUTH TABLE 

DATA INPUTS 

10 11 12 
X X X 
L X X 
H X X 
X L X 
X H X 
X X L 
X X H 
X X X 
X X X 

IZI = High Impedance (off) 

OUTPUT 
ENABLE 

13 OE 

X H 
X L 
X L 
X L 
X L 
X L 
X L 
L L 
H L 

Address inputs So and 51 are common to both sections. 

OUTPUT 

Z 

IZ) 
L 
H 
L 
H 
L 
H 
L 
H 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIG H Voltage 2.0 V Guaranteed Input HIGH Voltage 

Vil Input LOW Voltage 0.8 V Guaranteed I nput LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN ='8 rnA VCc::=MIN 

VOH Output HIGH Voltage I 54. 74 2.5 V 10H =-3.0 rnA VCC=4.50V 

I 74 2.7 V 10H =-3.0 rnA VCC = 4.75 V 

VOL Output lOW Voltage 0.5 V IOl=24 rnA VCC=MIN 

10ZH Output Off Current-HIGH 50 p.A VOUT=2.7V VCC=MAX 

10Zl Output Off Current-lOW -50 p.A VOUT=0.5V VCC=MAX 

IIH Input HIGH Current 
20 p.A VIN =2.7V 

VCC = MAX 
0.' p.A VIN=7.0V 

III Input lOW Current -0.6 rnA VIN =0.5 V VCC=MAX 

lOS 
Output Short Circuit 

-60 -150 rnA VOUT=OV VCC = MAX Current (Note 2) 

Power Supply Current 16 OEn=GND 
Total, Output HIGH 10 =4.5 V; Sn, 11 -13 =GND 

ICC Total. Output lOW 23 rnA In, Sn, OEn = GND 
VCC=MAX 

Total at HIGH-Z 23 OEn = 4.5 V, VCC - MAX 
In, Sn=GND 
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MC54Fn4F253 

AC CHARACTERISTICS 

SYMBOL PARAMETER 

tpLH Propagation Delay 
tpHL Sn to Zn 

tpLH Propagation Delay 
tpHL In to Zn 

tpZH Output Enable Time 
tpZL 

tpHZ 
tpLZ 

Output Disable Time 

54n4F 54F 
TA = +25'C TA = -55'C to + 125'C 

VCC = +5.0 V VCC = 5.0 V :tl0% 
CL = 50 pF CL = 50 pF 

MIN MAX MIN MAX 

4.5 11.5 3.5 15 
3.0 9.0 2.5 11 

3.0 7.0 2.5 9.0 
2.5 6.0 2.5 8.0 

3.0 8.0 2.5 10 
3.0 8.0 2.5 10 

2.0 5.0 2.0 6.5 
2.0 6.0 2.0 8.0 

AC TEST CIRCUIT 

Rl = 500 n 
±100/0 

7.0 V 

74F 
TA = O'C to + 70'C 
VCC = 5.0 V :tl0% UNITS 

CL = 50 pF 

MIN MAX 

4.5 13.5 ns 
3.0 10 

3.0 8.0 ns 
2.5 7.0 

3.0 9.0 
3.0 9.0 

ns 

2.0 6.0 
2.0 7.0 ns 

>---..... ---..... ---0 Test Point for High Impedance Scopes 

±1.0% I 
R2", 500 n 
±10% 

For 50 n scopes, add a 
450 n resistor in 'series 
with the scope and delete R2. 

PROPAGATION DELAY MEASUREMENTS 

SI 
POSITION 

OPEN 

CLOSED 

OPEN 

CLOSED 

I-----+-.~ {R~' 
__ VOL 

t 

NOTES: 
1. All input waveforms have the following characteristics: 

low Level = OV 
High Level = 3.0 V 
Rise and Fall Time. 110% to 90%) = 2.5 ns 

2. All timing is measured at 1.5 V unless otherwise indicated. 
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QUAD 3-INPUT MULTIPLEXER 
(With 3-State Outputs) 

DESCRIPTION - The MC54F174F257 isa quad 2-input multiplexer 
with 3-state outputs. Four bits of data from two sources ca n be 
selected using a Common Data Select input. The four outputs present 
the selected data in true (non-inverted) form. The outputs may be 
switched to a high impedance state with a HIGH on the common 
Output Enable (DE) input. allowing the outputs to interface directly 
with bus oriented systems. 

• MULTIPLEXER EXPANSION BYTYING OUTPUTS TOGETHER 
• NON-INVERTING 3-STATE OUTPUTS 
• INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION 

EFFECTS 

OUTPUT SELECT 
ENABLE INPUT 

OE S 

H X 
L H 
L H 
L L 
L L 

LOGIC DIAGRAM 

TRUTH TABLE 

DATA OUTPUTS 
INPUTS 

10 11 Z 

X X (Zl 
X L L 
X H H 
L X L 
H X H 

H :: HIGH Voltage Level 
L :: LOW Voltage Level 
X = Immaterial 

\Z) = High Impedance 
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MC54F257 
MC74F257 

QUAD 2-INPUT MULTIPLEXER 
(With 3-State Outputs) 

FASTTM SCHOTTKY TTL 

LOGIC SYMBOL 

S 

OE 15 
4 Za lOa 2 

11a 3 
7 Zb lOb 5 

lIb 6 

12 Zc 10c 14 

11 c 13 

9 Zd IOd 11 

lId 10 

VCC= Pin 16 
GNO = Pin 8 

CONNECTION DIAGRAM 

GND 

J Suffix - Case 620-08 
(Ceramic) 

N Suffix - Case 648-05 
(Plastic) 

VCC 

OE 



MC54F/74F257 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54, 74 4.50 5.0 5.50 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 
74 0 25 70 

DC 

10H Output Current - High 54, 74 -3.0 mA 

10L Output Current - Low 54, 74 24 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltag!' 

VIK Input Clamp Diode Voltage -1.2 V liN; -18 mA VCC; MIN 

54 2.5 3.4 V 10H; -1.0 mA 

54 2.4 3.3 V 10H = -3.0 mA Vec =4.50V 
VOH Output HIGH Voltage 

74 2.5 3.3 V 10H = -3.0 mA 

74 2.7 3.3 V IOH=-3.0mA Vee- 4.75V 

VOL Output LOW Voltage 0.35 0.5 V 10L = 24 mA VCC= MIN 

10lH Output OFF Current - HIGH 50 !LA VOUT =2.7V VCC= MAX 

lOlL Output OFF Current - LOW -50 !LA VOUT= 0.5 V VCC= MAX 

20 VIN=2.7V 
IIH Input HIGH Current !LA VCC= MAX 

100 VIN = 7.0 V 

IlL Input LOW Current -0.6 mA VIN = 0.5 V VCC= MAX 

lOS 
Output Short Circuit 

-60 -150 mA VOUT= 0 V VCC= MAX Current (Note 2) 

ICCH 9.0 15 
S,11x=4.5V 
OE, lOx = Gnd 

ICCL Power Supply Current 14.5 22 mA 
11x-4.5V 

VCC= MAX OE, lOx, S = Gnd 

ICCl 15 23 
S, lOx - Gnd 
OE, 11 x = 4.5 V 

NOTES: 
1. For conditions such as MIN or MAX. use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time. nor for more than 1 second. 
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MC54F/74F257 

FUNCTIONAL DESCRIPTION - The F257 is a quad 2-input multiplexer with 3-state outputs. It 
selects four bits of data from two sources under control of a Common Data Select input. When the 
Select input is LOW, the lOx inputs are selected and when Select is HIGH, the 11 x inputs are selected. 
The data on the selected inputs appears at the outputs in true (non-inverted) form. The device is the 
logic implementation of a 4-pole, 2-position switch where the position of the switch is determined 
by the logic levels supplied to the Select input. The logic equations forthe outputs are shown below: 

Za=OE, (l1a' S+IOa ' 5) 
Zc = OE, (11 c' S + 10c' 5) 

Zb= OE, (llb' S + lOb'S) 

Zd=OE, (lld' S+IOd' S) 

When the Output Enable input (OE) is HIGH, the outputs are forced to a high impedance OFF state. 
Ifthe outputs are tied together, all but one device must be in the high impedance state to avoid high 
currents that would exceed the maximum ratings. Designers should ensure the Output Enable 
signals to 3-state devices whose outputs are tied together are designed so there is no overlap. 

AC CHARACTERISTICS 

54174F 54F 74F 
TA = +25°C TA = -55 to +125°C TA = 0 to +70oC 

SYMBOL PARAMETER VCC= +5.0V VCC = 5.0 V ±10% VCC = 5.0V ±10% 
CL = 50 pF CL = 50 pF CL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

tpLH Propagation Delay 3.0 4.5 6.0 3.0 8.0 3.0 7.0 
tPHL In to Zn 2.0 4.2 5.5 1.5 8.0 2.0 6.5 

tpLH Propagation Delay 4.5 10.1 13 4.5 15.5 4.5 15 
tpHL StoZn 3.5 6.5 8.5 3.5 10.5 3.5 9.5 

tPZH Output Enable Time 
3.0 5.9 7.5 3.0 9.5 3.0 8.5 

tpZL 3.0 5.5 7.5 3.0 10 3.0 8.5 

tpZH 
Output Disable Time 

2.0 4.3 6.0 2.0 7.0 2.0 7.0 
tpZL 2.0 4.5 6.0 2.0 9.5 2.0 7.0 

FAST AND LS TTL DATA 

4-108 

UNITS 

ns 

ns 

ns 

ns 



® MOTOROLA 

QUAD 2-INPUT MULTIPLEXER 
(With 3-State Outputs) 

DESCRIPTION - The MC54F174F258 is a quad 2-input mUltiplexer 
with 3-state outputs. Four bits of data from two sources can be 
selected using a Common Data Select input. The four outputs present 
the selected data in the complement (inverted)form. The outputs may 
be switched to a high impedance state with a HIGH on the common 
Output Enable (OE) input, allowing the outputs to interface directly 
with bus oriented systems. 

o MULTIPLEXER EXPANSION BYTYING OUTPUTS TOGETHER 
o INVERTING 3-STATE OUTPUTS 

LOGIC DIAGRAM 

OE lOa 11 a lOb 11b 10c 

Zb Zc 

TRUTH TABLE 

OUTPUT SELECT DATA 
OUTPUTS 

ENABLE INPUT INPUTS 

OE S 10 " Z 

H X X X Z 
L H X L H 
L H X H L 
L L L X H 
L L H X L 

11c 10d 11d S 

Zd 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 
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MCS4F258 
MC74F258 

QUAD 2-INPUT MULTIPLEXER 
(With 3-State Outputs) 

FASTTM SCHOTTKY TTL 

LOGIC SYMBOLS 

S 
OE 15 

4 
lOa 2 

11a 3 
7 lOb 5 

11b 6 
12 10c 14 

11c 13 

9 Zd 10d 11 

11d 10 

VCC = Pin 16 
GND= Pin 8 

CONNECTION DIAGRAM 

J Suffix - Case 620-08 
(Ceramic) 

N Suffix - Case 648-05 
(Plastic) 



MC54F174F258 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54, 74 4.50 5.0 5.50 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 

°c 74 a 25 70 

IOH Output Current - High 54, 74 -3.0 mA 

10L Output Current - Low 54, 74 24 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed loput LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V IIN=-18mA VCC= MIN 

54 2.5 3.4 V IOH=-1.0mA 

VOH Output HIGH Voltage 
54 2.4 3.3 V IOH=-3.0 mA VCC =4.50V 
74 2.5 3.3 V 10H = -3.0 mA 
74 2.7 3.3 V IOH=-3.0mA VCC=4.75V 

VOL Output LOW Voltage 0.35 0.5 V 10L = 24 mA VCC= MIN 

IOlH Output OFF Current - HIGH 50 p.A VOUT =2.7V VCC= MAX 

lOlL Output OFF Current - LOW -50 p.A VOUT= 0.5 V VCC= MAX 

20 VIN= 2.7V 
IIH Input HIGH Current 

100 
p.A 

VIN = 7.0V 
VCC= MAX 

IlL Input LOW Current -0.6 mA VIN= 0.5 V VCC= MAX 

lOS 
Output Short Circuit 

-60 -150 mA VOUT= a V VCC= MAX Current (Note 2) 

ICCH 6.2 9.5 
S,llx=4.5V 
CE, lOx = Gnd - 11x- 4.5V 

ICCL Power Supply Current 15.1 23 mA 
OE, lOx, S = Gnd VCC= MAX 

-
S, 10x= Gnd 

ICCl 11.3 17 
QE, 11x = 4.5 V 

NOTES: 
1. For conditions such as MIN or MAX, use the appropriate value speCified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 
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MC54F/74F258 

FUNCTIONAL DESCRIPTION - The F258 is a quad 2-input multiplexer with 3-state outputs. It 
selects four bits of data from two sources under control of a common Select input (S). When the 
Select input is LOW, the lOx inputs are selected and when Select is HIGH, the 11x inputs are 
selected. The data on the selected inputs appears at the outputs in inverted form. The F258 is the 
logic implementation of a 4-pole, 2-position switch where the position of the switch is determined 
by the logic levels supplied to the Select input. The logic equations for the outputs are shown below: 

Za = OE· (11 a' S + IDa' 5) 
Zc=OE. (llc' S+loc ' S) 

Zb=OE. (llb' S+IOb' 5) 
Zd=OE. (lld' S+IOd' S) 

When the Output Enable input (OE) is HIGH. the outputs are forced to a high impedance OFF state. 
If the outputs of the 3-state devices are tied together, all but one device must be in the high imped­
ance state to avoid high currents that would exceed the maximum ratings. Designers should ensure 
that Output Enable signals to 3-state devices whose outputs are tied together are designed so there 
is no overlap. 

AC CHARACTERISTICS 

54174F 54F 74F 
TA = +25°e TA--55 to+125°e TA - 0 to +70oe 

SYMBOL PARAMETER Vee=+5.0V Vee = 5.0V ±10% Vee = 5.0V ±10% 
eL = 50 pF eL = 50 pF eL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

tpLH Propagation Delay 2.5 4.0 5.3 2.0 7.5 2.5 6.0 
tpHL In to Zn 1.5 3.5 4.7 1.5 6.0 1.5 5.5 

tPLH Propagation Delay 4.0 6.5 8.5 4.0 12 4.0 9.5 
tpHL StoZn 4.0 7.3 9.5 4.0 11.5 4.0 11 

tpZH 
Output Enable Time 

3.0 5.9 7.5 3.0 11 3.0 8.5 
tPZL 3.0 5.5 7.5 3.0 9.5 3.0 8.5 

tPZH Output Disable Time 
2.0 4.3 6.0 1.5 7.0 2.0 7.0 

tpZL 2.0 4.5 6.0 2.0 9.0 2.0 7.0 

FAST AND LS TTL DATA 

4-111 

UNITS 

ns 

ns II 
ns 

ns 



a 

® MOTOROLA 

Fast Schottky TTL 

9-Bit Parity Generator/Checker 
The MC54n4F280 is a high-speed parity generator/checker that accepts nine bits of 
input data and detects whether an even or an odd number of these inputs is HIGH. 
If an even number of inputs is HIGH, the Sum Even output is HIGH. If an odd num­
ber is HIGH, the Sum Even output is LOW. The Sum Odd output is the complement 
of the Sum Even output. 

IS 

Please note that this diagram is 
provided only for the 
understanding of logic 
operations and should not be 
used to estimate propagation 
delays. Logic Diagram 

TRUTH TABLE 

Number of HIGH Inputs 
lo-Is 1: Even 

0,2,4,6,8 H 
1,3,5,7,9 L 

H ~ HIGH Voltage Level L ~ LOW Voltage Level, 

GUARANTEED OPERATING RANGES 

Symbol Parameter 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

iOH Output Current - High 

IOL Output Current - Low 

Outputs 

1: Odd 

L 
H 

54,74 

54 

74 

54,74 

54,74 
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Min 

4.5 

-55 

0 

Typ 

5 

25 

25 

MC54F280 
MC74F280 

LOGIC SYMBOL 

CASE 632-07 

CASE 646-05 

CONNECTION 
DIAGRAM 

Max 

5.5 

125 

70 

-1 

20 

Unit 

V 

·C 

mA 

mA 



MC54F174F280 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

Limits 
Symbol Parameter Units Te.t Conditions 

Min Typ Max 

VIH Input HIGH Voltage 2 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

VIL Input LOW Voltage 0.8 V 
Guaranteed Input LOW Voltage for 
All Inputs 

VIK Input Clamp Diode Voltage -1.2 V VCC = MIN, liN = -18 mA 

54 2.5 3.4 V VCC = MIN, 10H = -1 mA, 
VOH Output HIGH Voltage 

74 2.7 3.4 V VIN = VIH or VIL per Truth Table 

54 0.30 0.5 V I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 
10L = 20 mA VIN = VIL or VIH 

per Truth Table 

20 pA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

100 pA VCC = MAX, VIN = 7 V 

IlL Input LOW Current -0.6 mA VCC = MAX, VIN = 0.5 V 

lOS Short Circuit Current (Note 2) -60 -150 mA VCC = MAX, VOUT = 0 V 

ICC Power Supply Current 25 38 mA VCC = MAX 
.. .. 

NOTES: 1. For conditions such as MIN or MAX, use the appropriate value specified under guaranteed operatmg ranges . 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 

AC CHARACTERISTICS 

Symbol Parameter 

Min 

tpLH Propagation Delay 6.5 
tpHL In to ~E 6:5 

tPLH Propagation Delay 5.0 
tPHL In to ~O 6.5 

+7V OPEN 

IPZl' IpLZ, OC ALL OTHER 

500n 

500n 

'INCLUDES JIG AND PROBE CAPACITANCE 

Figure 1. Test Load 

54/74F 54F 74F 
TA = +2S'C TA = -SS to +12S'C TA = Oto +70'C 
VCC=+5V VCC = SV :1:10% VCC = SV :1:10% Units 
CL = SO pF CL=SOpF CL = 50 pF 

Typ Max Min Max Min Max 

10 15 6.5 20 6.5 16 
11 16 6.5 21 6.5 17 

ns 

10 15 5.0 20 5.0 16 
11 16 6.5 21 6.5 17 

ns 

Figure 2. Whether Response Is Inverting or Non­
Inverting Depends on Specific Truth Table Conditions 
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Advance Information 

4-BIT BINARY FULL ADDER 
(With Fast Carry) 

DESCRIPTION - MCS4F174F283 high-speed 4-bit binary full 
adder with internal carry lookahead accepts two 4-bit binary words 
(AO -A3, BO - B3) and a Carry input(Co)·lt generates the binary 5um 
outputs(50 - 53) and the Carry output(C4) from the most significant 
bit. The 'F283 will operate with either active-HIGH or active-LOW 
operands (positive or negative logic). 

FUNCTIONAL DESCRIPTION - The 'F283 adds tw04-bit binary 
words (A plus B) plus the incoming carry CO. The binary sum appears 
on the 5um (50 -53) and outgoing carry (C4) outputs. The binary 
weight olthe various inputs and outputs is indicated by the subscript 
numbers, representing powers of two. 

20 (AQ+BO+CO)+2' (A, +B,) 
+22 (A2+B2)+23(A3+B3) 

= 50 + 25, + 452 + 853 + l6C4 
Where (+) = plus 

Interchanging inputs of equal weight does not affect the operation. 
ThusCO,AQ, BO can be arbitrarily assigned to pins S, 6 and7. Dueto 
the symmetry of the binary add function, the 'F283 can be used 
either with all inputs and outputs active HIGH (positive logic) or with 
all inputs and outputs active LOW (negative logic). 5ee Figure A. 
Note that if Co is not used it must be tied LOW for active-HIGH logic 
or tied HIGH for active-LOW logic. 

Due to pin limitations, the intermediate carries of the 'F283 are not 
brought out for use as inputs or outputs. However, other means 
can be used to effectively insert a carry into, or bring a carry out 
from, an intermediate stage. Figure 8 shows how to make a 3-bit 
adder. Tying the operand inputs of the fourth adder (A3, 83) LOW 

. makes S3 dependent only on, and equal to, the carry from the third 
adder. Using somewhat the same principle, Figure C shows a way 
of dividing the 'F283 into a 2-bit and a l-bit adder. The third stage 
adder (A2, 82, 52) is used merely as a means of getting a carry 
(C1O) signal into the fourth stage (via A2 and 82) and bringing out 
the carry from the second stage on 52. Note that as long as A2 and 
82 are the same, whether HIGH or LOW, they do not influence 52. 
Similarly, when A2 and 82 are the same the carry into the third 
stage does not influence the carry out of the third stage. Figure D 
shows a method of implementing a S-input encoder, where the 
inputs are equally weighted. The outputs SO, S, and S2 present a 
binary number equal to the number of inputs I, -IS that are true. 
Figure E shows one method of implementing a S-input majority 
gate. When three or more of the inputs I, -IS are true, the output MS 
is true. 
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MC54F283 
MC74F283 

4-BIT BINARY FULL ADDER 
(With Fast Carry) 

FAS"pM SCHOTTKY TTL 

LOGIC SYMBOL 

7 

Co 
4 Ao 5 

50 
BO 6 

A1 3 
51 

B1 2 

52 
A2 14 

B2 15 
13 

A3 12 
.53 

B3 11 
10 

C4 

9 

VCC: Pin 16 
GND = Pin 8 

CONNECTION OIAGRAM 

J Suffix - Case 620-08 
(Ceramic) 

N Suffix - Case 648-06 
(Plastic) 



MC54F/74F283 

Co Ao BO 

So S1 

LOGIC DIAGRAM 

A2 B2 B3 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate 
propagation delays. 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TIP MAX UNIT 

VCC Supply Voltage 54, 74 4.50 5.0 5.50 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 DC 
74 0 25 70 

IOH Output Current - High 54,74 - - -1.0 mA 

IOL Output Current - Low 54,74 - - 20 mA 

FIGURE A - Active-HIGH versus Active-LOW Interpretation 

Co All A, A2 A3 Bo B, B2 B3 So S, 52 53 C4 

Logic Levels L L H L H H L L H H H L L H 

Active HIGH 0 0 1 0 1 1 0 0 1 1 1 0 0 1 
Active LOW 1 1 0 1 0 0 1 1 0 0 0 1 1 0 

Active HIGH: 0 + 10 +9 =3 + 16 Active LOW: 1 +5 +6 = 12 +0 
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MC54F 174F283 

FIGURE B - 3-Bit Adder FIGURE C - 2-Bit and I-Bit Adder. 

L 

Co Cl1 

FIGURE 0 - 6-lnput Encoder FIGURE E - 5-lnput Majority Gate 

II 
M5 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN = -18 mA VCC= MIN 

VOH Output HIGH Voltage 
154.,74 2.5 3.4 V 10H =-1.0 mA VCC =4.50V 

174 2.7 3.4 V IOH= -1.0 mA VCC=4.75 V 

VOL Output LOW Voltage 0.35 0.5 V IOL=20 mA VCC= MIN 

IIH Input HIGH Current 
20 p.A VIN = 2.7 V 

VCC= MAX 100 p.A VIN-7.0V 

Input LOW Current 
IlL Co Input -0.6 mA VIN =0.5 V VCC=MAX 

A and B Inputs -1.2 mA 

lOS 
Output Short Circuit 

-60 -150 mA VOUPOV VCC= MAX Current (Note 2) 

ICC Power S upplV Current 36 55 mA Inputs = 4.5 V VCC= MAX 

NOTES: 
1. For conditions such as MIN or MAX, use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time, nor for more than I second. 
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MC54F174F283 

AC CHARACTERISTICS 

54174F 54F 74F 
TA = +25°C TA = -55 to +125°C TA = 0 to +70°C 

SYMBOL PARAMETER VCC = +5.0 V VCC = 5.0 V ±10% VCC = 5.0 V ±1 0% UNITS 
CL = 50 pF CL = 50 pF CL = 50 pF 

MIN 1YP MAX MIN MAX MIN MAX 

tPLH Propagation Delay 3.5 7.0 9.5 3.5 14 3.5 10.5 
tpHL Co to Sn 4.0 7.0 9.5 4.0 14 4.0 10.5 ns 

tpLH Propagation Delay 4.0 7.0 9.5 4.0 14 4.0 10.5 
tpHL An or Bn to Sn 3.5 7.0 9.5 3.5 14 3.5 10.5 ns 

tpLH Propagation Delay 3.5 5.7 7.5 3.5 10.5 3.5 B.5 
tpHL Co toC4 3.0 5.4 7.0 3.0 10 3.0 8.0 

ns 

tpLH Propagation Delay 3.5 5.7 7.5 3.5 10.5 3.5 8.5 
tpHL An or Bn to C4 3.0 5.3 7.0 3.0 10 3.0 8.0 ns 

II , 
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® MOTOROLA 

Advance Information 

4-BIT SHIFTER 
(With 3-State Outputs) 

DESCRIPTION - MC54F/74F350 is a specialized multiplexer that 
acceptsa4-bitword and shifts itO, " 2 or3 places, as determined by 
two 5elect (50, 5,) inputs. For expansion to longer words, three 
linking inputs are provided for lower-order bits; thus two packages 
can shift an8-bitword, four packages a '6-bitword, etc. 5hifting by 
more than three places is accomplished by paralleling the 3-state 
outputs of different packages and using the Output Enable (OE) 
inputs as a third 5elect level. With appropriate interconnections, the 
'F350 can perform zero-backfill, sign-extend or end-around (barrel) 
shift functions. 

• Linking Inputs for Word Expansion 
• 3-State Outputs for Extending Shift Range 

FUNCTIONAL DESCRIPTION - The 'F350 isoperationally equiva­
lent to a 4-input multiplexer with the inputs connected so that the 
select code causes successive one-bit shifts of the data word. This 
internal connection makes it possible to perform shiftsofO, " 2 or 3 
places on words of any length. 

A 7-bit data word is introduced at the In inputs and is shifted 
according to the code applied to the select inputs 50,5,. Outputs 
00-03 are3-state, controlled by an active-LOW output enable(OE). 
When OE is LOW, data outputs will follow selected data inputs; 
when HIGH, the data outputs will be forced to the high-impedance 
state. This feature allows shifters to be cascaded on the same 
output lines or to a common bus. The shift function can be logical, 
with zeros pulled in at either or both ends of the shifting field; 
arithmetic, where the sign bit is repeated during a shift down; or end 
around, where the data word forms a continuous loop. 

LOGIC EQUATIONS 
00=505, 10+505, '-, +50 5, '-2+50 5 , '-3 
0, =505, I, +508, 10+505, '-, +505, '-2 
02=508, 12+508, I, +505, 10+505, '-, 
03=505,13+508,12+505,1,+505,10 

TRUTH TABLE 

INPUTS 
OE 5, So 

H X X 
L L L 
L L H 
L H L 
L H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
Z = High Impedance 
X = Immaterial 

OUTPUTS 
00 0, 02 

Z Z Z 
10 h 12 

1-, 10 h 
1-2 1-, 10 
1-3 1-2 1-, 

03 

Z 
13 
12 
h 
10 
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MC54F350 
MC74F350 

4-BIT SHIFTER 
(With 3-State Outputs) 

FASTTM SCHOTTKY TTL 

15 

14 

12 

11 

LOGIC SYMBOL 

'3 9 10 

OE S1 So 
L3 

00 L2 

01 L1 

02 10 

03 11 

12 

13 

VCC = Pin 16 
GND = Pin 8 

2 

3 

4 

5 

6 

7 

CONNECTION DIAGRAM 

J Suffix - Case 620-08 
(Ceramic) 

N Suffix - Case 648-05 
(Plastic) 



MC54F174F350 

LOGIC DIAGRAM 

1.3 1.1 51 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54, 74 4.50 5.0 5.50 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 DC 
74 0 25 70 

10H Output Current - High 54, 74 - - -3.0 mA 

10L Output Current - Low 54,74 - - 24 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN =-18 mA VCC = MIN 

54 2.5 3.4 V IOH=-1.0mA 

VOH Output HIGH Voltage 54 2.4 3.3 V 10H =-3.0 mA VCC= MIN 

74 2.7 3.3 V 10H =-3.0 mA 

VOL Output LOW Voltage 0.35 0.5 V 10L = 20 mA VCC = MIN 

10lH Output OFF Current - HIGH 50 !J.A VOUT=2.7V VCC = MAX 

lOlL Output OFF Current - LOW -50 !J.A VOUT =0.5 V VCC = MAX 

20 VIN = 2.7 V 
IIH Input HIGH Current !J.A 

VIN=7.0V 
VCC = MAX 

100 

IlL Input LOW Current -1.2 mA VIN =0.5 V VCC = MAX 

lOS 
Output Short Circuit 

-60 -150 mA VOUT = 0 V VCC= MAX Current (Note 2) 

ICCH 22 35 Outputs HIGH 

ICCL Power Supply Current 26 41 mA Outputs LOW VCC= Max 

ICCl 26 42 Outputs OFF 

NOTES: 1. For conditions such as MIN or MAX, use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 
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II 

MC54F174F350 

AC CHARACTERISTICS 

SYMBOL PARAMETER 

tPLH Propagation Delay 
tPHL In to On 

tpLH Propagation Delay 
tpHL Sn to On 

tpZH 
Output Enable Time 

tPZL 

tpHZ Output Disable Time 
tpLZ 

o 1 2 3 

GNOI1l 

So 
51 

OE 

51 

L 
L 
H 
H 

r---
56-31.21.11011 12 13 

- 51 

~OE 
yO Y1 Y2 Y3 

o 2 3 

So 
L NO SHIFT 
H 5HIFT 1 PLACE 
L SHIFT 2 PLACES 
H SHIFT 3 PLACE5 

54174F 54F 74F 
TA - +25°C TA - -55 to +125°C TA = 0 to +70oC 

VCC=+5.0V VCC = 5.0 V ±10% VCJ:_= 5.0 V ±10% UNITS 
CL = 50 pF CL = 50 pF CL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

3.0 4.5 6.0 3.0 7.5 3.0 7.0 
2.5 4.0 5.5 2.5 7.0 2.5 6.5 

ns 

4.0 7.8 10 4.0 13 4.0 11 
3.0 6.5 8.5 3.0 10 3.0 9.5 ns 

2.5 5.0 7.0 2.5 8.5 2.5 8.0 
4.0 7.0 9.0 4.0 11 4.0 10 

ns 

2.0 3.9 5.5 2.0 7.0 2.0 6.5 
2.0 4.0 5.5 2.0 .8.5 2.0 6.5 

ns 

APPLICATIONS 

16-Bit Shift-Up 0 to 3 Places, Zero Backfill 

4 5 6 7 8 91011 12131415 

I I I 1 I 
- S~31.21.110 11 12 13 - 56-31.21.1 10 11 12 13 - Sk31.21.110 11 12 13 

r-- 51 r-- 51 r-- 51 

-c OE 
YO Y1 Y2 Y3 

-c OE 
YO Y1 Y2 Y3 

-(l OE 
YO Y1 Y2 YO 

I 
456 7 8 9 10 11 12 13 14 15 
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MC54F/74F350 

So 

51 
52 

52 

52 
L 
L 
L 
L 
H 

o 1 2 3 

.--- 5~-31.21.1 10 11 12 13 -
;-- 51 -

r< OE 
YO Yl Y2 Y3 

o 2 3 

51 So 52 5 1 
L L NO SHIFT H L 
L H SHIFT ENO AROUND 1 H H 
H L SHIFT END AROUND 2 H H 
H H SHIFT END AROUND 3 
L L SHIFT END AROUND 4 

1211109 

II I 

.------ 56-31.21.11011 12 13 

So 

51 

51 
L 

L 
H 
H 

r--- 51 

rOE Yo Yl Y2 Y3 

-:- I I I 
I I I 
I I I I 

12 11 10 9 

So SCALE 
L.8 1/8 
H~ 1/4 
L.2 112 
H NO CHANGE 1 

8-Bit End Around Shift 0 to 7 Places 

4 5 6 7 

I 

I 
T I I 
I I I I 

5631.21.110 11 12 13 r-- 5~-31.21.110 11 12 13 .-- 5~31.21.1 10 11 12 13 

51 - 51 - 51 

OE r< OE -c OE 
YO Yl Y2 Y3 YO Yl Y2 Y3 YO Yl Y2 Y3 

4 5 6 7 

So 
H SHIFT END AROUND 5 
L SHIFT END AROUND 6 
H SHIFT END AROUND 7 

II 
I 

13-Bit Twos Complement Scaler 

B 7 6 5 4 3 2 1 5 

III ILL 
- 5631-21.110 1112 13 ,---- 5~-31.21.110 11 12 13 

r--- 51 - 51 

rOE rOE 
Yo Yl Y2 Y3 Yo Yl Y2 Y3 

-:- I 
1 1 I I I 

I I I I 
8 7 6 5 4 3 2 5 
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® MOTOROLA 

DUAL 4-INPUT MULTIPLEXER 

DESCRIPTION - The MC54F174F352 is a very high speed dual 
4-input multiplexer with common Select inputs and individual 
Enable inputs for each section. It can select two bits of data from four 
sources. The two buffered outputs present data in the inverted 
(complementary) form. The 'F352 is the functional equivalent ofthe 
'F153 except with inverted outputs. 

• Inverted Version of the 'F153 
• Separate Enables for Each Multiplexer 
• Input Clamp Diode limits High Speed Termination Effects 

LOGIC DIAGRAM 
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MC54F352 
MC74F352 

DUAL 4-INPUT 
MULTIPLEXER 

FASTTM SCHOTTKY TTL 

LOGIC SYMBOL 

2 14 

51 So 
Ea 1 

lOa 6 

Za 
11 a 5 

7 
12a 4 

13a 3 

lOb 10 

9~ Zb 11b 11 

12b 12 

13b 13 

Eb 15 

CONNECTION DIAGRAM 

J Suffix - Case 620-08 
(Ceramic) 

N 5 uffix - Case 648-05 
(Plastic) 



MC54F/74F352 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC 5upply Voltage 54, 74 4.50 5.0 5.50 V 

TA Operating Ambient Temperature Range 
54 -55 25 '25 °c 74 a 25 70 

IOH Output Current - High 54,74 - - -'.0 rnA 

IOL Output Current - Low 54, 74 - - 20 rnA 

FUNCTIONAL DESCRIPTION - The 'F352 is a dual4-input multiplexer. It selects two bits of data from up to four sources under the 
control olthe common Select inputs(SO, S, I. Thetw04-input multiplexer circuits have individual active-LOW Enables(Ea:Ebl which can be 
used to strobe the outputs independently. When the Enables (Ea, Ebl are HIGH. the corresponding outputs (la, Zbl are forced HIGH. 

The logic equations for the outputs are shown below: 

Za = Ea- (lOa 0 S, • So + I, a .5, • So + (2a • 5, • 50 + 13a • 5, • SO) 

Zb = Eb 0 (lab. 5, 0 50 + I, b • 5, • 50 + 12b • 5, 0 50 + 13b • S, • So) 

The 'F352 can be used to move data from a group of registers to a common output bus. The particular register from which the 
data came would be determined by the state of the Select inputs. A less obvious application is as a function generator. The 
'F352 can generate two functions of three variables. This is useful for implementing highly irregular random logic. 

TRUTH TABLE 

SELECT INPUTS la or bl INPUTS 

So S, E 10 I, 

X X H X X 
L L L L X 
L L L H X 
H L L X L 

H L L X H 
L H L X X 
L H L X X 
H H L X X 
H H L X X 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

12 Ia 

X X 
X X 
X X 
X X 

X X 
L X 
H X 
X L 
X H 

OUTPUT 

Z 
H 
H 
L 
H 

L 
H 
L 
H 
L 
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MC54F174F352 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V IIN=-18mA VCC= MIN 

VOH Output HIGH Voltage 
L 54.74 2.5 3.4 V IOH =-1.0 mA . VCC = 4.50 V 

I 74 2.7 3.4 V IOH =-1.0 mA VCC -4.75 V 

VOL Output LOW Voltage 0.35 0.5 V IOL=20 mA VCC= MIN 

20 VIN =2.7V 
VCC= MAx IIH Input HIGH Current JlA 

VIN =7.0V 100 

IlL Inpu't LOW Current -0.6 mA VIN =0.5 V VCC=MAX 

lOS 
Output Short Circuit 

-60 -150 mA VOUT=OV VCC = MAX Current (Note 2) 

ICCH Power Supply Current 
9.3 14 

mA 
VIN =Gnd 

VCC = MAX 
ICCL 13.3 20 VIN - HIGH 

NOTES: 
1. For conditions such as MIN or MAX, use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 

AC CHARACTERISTICS 

SYMBOL PARAMETER 

tpLH Propagation Delay 
tpHL Sn toZn 

tpLH fropaJ!,ation Delay 
tpHL En to Zn 

tPLH Propagation Delay 
tpHL IntoZn 

54174F 54F 
TA=+25°C TA - -55 to +125°C 

VCC=+5.0V VCC = 5.0 V ±10% 
CL = 50 pF CL = 50 pF 

MIN TYP MAX MIN MAX 

3.5 7.4 11 3.0 1~ 
2.5 3.0 7.0 8.5 11 

2.5 5.0 7.0 2.0 10 
3.0 5.0 7.0 2.5 9.0 

2.5 4.9 7.0 2.0 9.0 
1.5 3.0 3.5 1.0 5.0 
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74F 
TA = 0 to +70°C 

VCC = 5.OV ±10% UNITS 
CL = 50 pF 

MIN MAX 

3.0 12.5 
- ns 

2.5 9.5 

2.0 8.0 
2.5 8.0 ns 

2.0 8.0 
1.0 4.0 ns 



® MOTOROLA 

DUAL 4·INPUT MULTIPLEXER 
(With 3·State Outputs) 

DESCRIPTION - The MC54F174F353 is a dual 4·input multi­
plexer with 3-state outputs. It can select two bits of data from four 
sources using common Select inputs. The outputs may be in­
dividually switched to a high impedance state with a HIGH on the 
respective Output Enable (OE) inputs, allowing the outputs to 
interface directly with bus oriented systems. 

8 I nverted Version of 'F253 
8 Multifunction Capability 
8 Separate Enables for Each Multiplexer 

FUNCTIONAL DESCRIPTION - The 'F353 contains two identical 
4-input multiplexers with 3-state outputs. They select two bits from 
four sources selected by common Select inputs(SO, S1). The4-input 
multiplexers have individual Output enable (OEa, OEb) inputs 
which, when HIGH, force the outputs to a high impedance (high Z) 
state. The logic equations for the outputs are shown below: 

Za = OEa 8 (lOa 851 8 So + 11 a 851 8 So + 
12a 8 S1 8 So + 13a 8 S1 8 SO) 

Zb=OEb8(IOb 8S18So+11b8S18S0+ 
12b8S1 8S0+13b8S1 8 SO) 

If the outputs of 3-state devices are tied together, all but one device 
must be in the high impedance state to avoid high currents that 
would exceed the maximum ratings. Designers should ensure that 
Output Enable signals to 3-state devices whose outputs are tied 
together are designed so that there is no overlap. 

TRUTH TABLE 

SELECT DATA INPUTS OUTPUT OUTPUT INPUTS 

So S, 10 11 

X X X X 
L L L X 
L L H X 
H L X L 

H L X H 
L H X X 
L H X X 
H H X X 
H H X X 

12 13 

X X 
X X 
X X 
X X 

X X 
L X 
H X 
X L 
X H 

ENABLE 

OE 

H 
L 
L 
L 

L 
L 
L 
L 
L 

Z 

IZI 
H 
L 
H 

L 
H 
L 
H 
L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
(Z) = High Impedance 

Address mputs So and S1 are common to both sections. 
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MC54F353 
MC74F353 

DUAL4-INPUT MULTIPLEXER 
(With 3-5tate Outputs) 

LOGIC SYMBOL 

14 

S, So 
OEa 

lOa 

Za 
1, a 

12a 

13a 
lab 

Zb 
l,b 

12b 
13b 

DEb 

VCC = Pin 16 
GND = Pin 8 

10 

11 

12 

13 

15 

CONNECTION DIAGRAM 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 
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MC54F174F353 

LOGIC DIAGRAM 

II 
GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54, 74 4.50 5.0 5.50 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 

°c 74 0 25 70 

IOH Output Current - High 54, 74 -3.0 mA 

IOL Output Current - Low 54, 74 24 mA 

AC CHARACTERISTICS 

54174F 54F 74F 
TA-+25°C TA - -55 to +125°C TA - 0 to +70°C 

SYMBOL PARAMETER VCC = +5.0 V VCC"5.0V±10% VCC" 5.0 V ±10% UNITS 
CL" 50 pF CL" 50 pF CL" 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

tPLH Propagation Delay 3.5 8.0 11 3.0 14 3.0 12.5 
tpHL Sn toZn 3.5 6.5 8.5 2.5 11 2.5 9.5 ns 

tPLH Propagation Delay 2.5 5.6 7.0 2.0 9.0 2.0 8.0 
tpHL In tOln 1.0 2.5 3.5 1.0 5.0 1.0 4.0 

ns 

tpZH 
Output Enable Time 

3.0 6.8 8.0 3.0 10.5 3.0 9.0 
tpZL 3.5 7.2 8.0 3.0 10.5 3.0 9.0 

ns 
tPHZ Output Disable Time 

2.0 3.7 5.0 2.0 7.0 1.5 6.0 
tpLZ 2.0 4.4 6.0 1.5 8.0 1.5 7.0 
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MC54F174F353 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clarnp Diode Voltage -1.2 V liN = -18 rnA VCC=MIN 

54 2.5 3.4 V 10H =-1.0 rnA 

Output HIGH Voltage 
54 2.4 3.3 V 10H =-3.0 rnA VCC = 4.50V 

VOH 
74 2.5 3.3 V 10H =-3.0 rnA 
74 2.7 3.3 V 10H = -.3.0 rnA VCC =4.75V 

VOL Output LOW Voltage 0.35 0.5 V 10L = 24 rnA VCC =MIN 

10lH Output OFF Current - HIGH 50 JJ.A VOUT=2.7V VCC=MAX 

lOlL Output OFF Current - LOW -50 JJ.A VOUT=0.5 V VCC=MAX 

20 VIN =2.7V 
IIH Input HIGH Current JJ.A VCC=MAX 

100 VIN=7.0V 

IlL Input LOW Current -0.6 rnA VIN =0.5V VCC = MAX 

lOS 
Output Short Circuit 

-60 -150 rnA VOUT=OV VCC=MAX Current (Note 2) 

~ 9.3 14 In. Sn. OEn=Gnd 

~ Power Supply Current 13.3 20 rnA In. Sn = Gnd VCC = Max 
ICCl 15 23 OEn =4.5 V 

NOTES: 
1. For conditions such as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 

device type. 
2. Not more than one output should be shorted at a time. nor for more than 1 second. 
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® MOTOROLA 

OCTAL TRANSPARENT LATCH 
(With 3-State Inputs) 

DESCRIPTION - The MC54Fn4F373 consists of eight latches with 
3-state outputs for bus organized system applications. The flip­
flops appear transparent to the data when Latch Enable (LE) is 
HIGH. When LE is LOW, the data that meets the setup times is 
latched. Data appears on the bus when the Output Enable (OE) is 
LOW. When OE is HIGH the bus output is in the high impedance 
state. 

• Eight Latches in a Single Package 
• 3-State Outputs for Bus Interfacing 

LOGIC SYMBOL 

3 4 7 8 13 14 17 18 

11 LE 

2 5 6 9 12 15 16 19 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Vol1age 

Vcc = Pin 20 
GND = Pin 10 

54, 74 

54 
TA Operating Ambient Temperature Range 74 

IOH Output Current - High 

IOL Output Current - Low 

54,74 

54,74 
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MIN 

4.50 

55 
0 

MC54f373 
MC74f373 

OCTAL TRANSPARENT LATCH 
(With 3-State Inputs) 

FASTTM SCHOTTKY TTL 

CONNECTION DIAGRAM 

J Sullix - Case 732-03 
(Ceramicl 

N Sullix - Case 738-01 
(Plasticl 

TYP MAX UNIT 

5.0 5.50 V 

25 125 
°c 25 70 

3.0 mA 

24 mA 



MC54F174F373 

FUNCTIONAL DESCRIPTION - The 'F373 contains eight D-type latches with 3-state output buffers. When the Latch 
Enable(LE) input is HIGH, data on the Dn inputs enters the latches. In this condition the latches are transparent, i.e., a latch 
output will change state each time its D input changes. When LE is LOW the latches store the information that was present 
on the D inputs a setup time preceding the HIGH-to-LOW transition of LE. The 3-state buffers are controlled by the Output 
Enable (OE) input. When OE is LOW, the buffers are in the bi-state mode. When OE is HIGH the buffers are in the high 
impedance mode but this does not interfere with entering new data into the latches. 

LOGIC DIAGRAM 

Please note that this diagram IS provided only for the understanding of logic operations and should not be used to estimate propagation 
delays. 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V IIN=-18mA VCC= MIN 

54 2.5 3.4 V IOH =-1.0 rnA 

VOH Output HIGH Voltage 54 2.4 3.3 V IOH = -3.0 rnA VCC =4.50V 
74 2.5 3.3 V IOH = -3.0 rnA 
74 2.7 3.3 V IOH --3.0 rnA VCC=4.75V 

VOL Output LOW Voltage 0.35 0.5 V IOL= 24 rnA VCC= MIN 

IOZH Output OFF Current - HIGH 50 p.A VOUT =2.7V VCC=MAX 

IOZL Output OFF Current - LOW -50 p.A VOUT=0.5 V VCC=MAX 

20 VIN = 2.7V 
IIH Input HIGH Current p.A VCC=MAX 

100 VIN = 7.0V 

IlL Input LOW Current -0.6 rnA VIN =0.5 V VCC = MAX 

lOS 
Output Short Circuit 

-60 -150 rnA VOUT=OV VCC=MAX Current (Note 2) 

Power Supply Current 
35 55 rnA 

DE =4.5 V 
ICCZ 

(All Outputs OFF) Dn, LE = Gnd 
VCC=MAX 

NOTES: 
1. For conditions such as MIN or MAX. use the appropriate value specified under recommended operating conditions for the applicable 

deVice type. 
2. Not more than one output should be shorted at a time. nor for more than 1 second. 
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MC54F174F373 

AC CHARACTERISTICS 

SYMBOL PARAMETER 

tpLH Propagation Delay 
tpHL On toOn 

tpLH Propagation Delay 
tpHL LE toOn 

IpZH Output Enable Time 
tpZL 

tpHZ Output Disable Time 
tpLZ 

AC OPERATING REQUIREMENTS: 

II SYMBOL PARAMETER 

tslH) Setup Time, HIGH or LOW 
ts IL) On to LE 

thlH) Hold Time, High or LOW 
thlL) On to LE 

twlH) LE Pulse Width HIGH 

54174F 54F 
TA - +25 ce TA - -55 to +125c e 

Vee=+5.0V Vee = 5.0 V ±10% 
eL =50 pF eL = 50 pF 

MIN TYP MAX MIN MAX 

3.0 5.3 7.0 3.0 8.5 
2.0 3.7 5.0 2.0 7.0 

5.0 9.0 11.5 5.0 15 
3.0 5.2 7.0 3.0 8.5 

2.0 5.0 11 2.0 13.5 
2.0 5.6 7.5 2.0 10 

2.0 4.5 6.5 2.0 10 
2.0 3.8 6.0 2.0 7.0 

54174F 54F 
TA - +25 ce TA -55 to +125c e 

Vee =+5.0V Vee = 5.0V±10% 
MIN TYP MAX MIN MAX 

2.0 2.0 
2.0 2.0 

3.0 3.0 
3.0 3.0 

6.0 6.0 

FAST AND LS TTL DATA 
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74F 
TA - 0 to +70c e 

Vee = 5.0V ±10% UNITS 
eL = 50 pF 

MIN MAX 

3.0 8.0 
2.0 6.0 ns 

5.0 13 
3.0 8.0 ns 

2.0 12 
2.0 8.5 ns 

2.0 7.5 
2.0 6.0 ns 

74F 
TA - 0 to +70c e 

Vee = 5.0V±10% UNITS 
MIN MAX 

2.0 
2.0 

3.0 
ns 

3.0 

6.0 ns 



® MOTOROLA 

OCTAL D-TYPE FLIP-FLOP 
(With 3-State Outputs) 

DESCRIPTION - The MC54F/74F374 is a high-speed,low-power 
octal D-type flip-flop featuring separate D-type inputs for each flip­
flop and 3-state outputs for bus oriented applications. A buffered 
Clock (CP) and Output Enable (DE) are common to all flip-flops . 

• Edge-triggered D-Type Inputs 
• Buffered Positive Edge-triggered Clock 
I) 3-State Outputs for Bus Oriented Applications 

FUNCTIONAL DESCR IPTION - the 'F374 consists of eight edge­
triggered flip-flops with individual D-type inputs and 3-state true 
outputs. The buffered clock and buffered Output Enable are common 
to all flip-flops. The eight flip-flops will store the state of their 
individual D inputs that meet the setup and hold times requirements 
on the LOW-to-HIGH Clock (CP) transition. With the Output Enable 
(OE) LOW, the contents of the eight flip-flops are available at the 
outputs. When the OE is HIGH, the outputs go to the high impedance 
state. Operation of the DE input does not affect the state of the 
flip-flops. 

TRUTH TABLE 

INPUTS OUTPUTS 

On CP OE On 

H If ~I 
H 

L .r L 
X X Z 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 

FAST AND LS TTL DATA 
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MC54F314 
MC141F314 

OCTAL D-TYPE FLIP-FLOP 
(With 3-State Outputs) 

FASTTM SCHOTTKY TTL 

LOGIC SYMBOL 

11 

OE CP 
2 00 DO 3 

5 01 °1 4 

6 02 °2 7 

9 03 03 8 

12 04 04 13 
15 05 D5 14 
16 06 D6 17 

19 07 D7 18 

VCC ~ Pin 20 
GND ~ Pin 10 

CONNECTION DIAGRAM 

J Suffix - Case 732-03 (Ceramic) 
N Suffix - Case 738-01 (Plastic) 



MC54F/74F374 

LOGIC DIAGRAM 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54. 74 4.50 5.0 ·5.50 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 

°C 74 0 25 70 

10H Output Current - High 54.74 -3.0 mA 

10L Output Current - Low 54.74 24 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

II SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V IIN=-18mA VCC=MIN 

54 2.5 3.4 10H = -1.0 mA 

VOH Output HIGH Voltage 54 2.4 3.3 V 10H =-3.0 mA VCC=4.50V 
74 2.5 3.3 V 10H =-3.0 mA 

74 2.7 3.3 V 10H = -3.0 mAo VCC=4.75V 

VOL Output LOW Voltage 0.35 0.5 V 10L= 24 mA VCC=MIN 

10ZH Output OFF Current - HIGH 50 p.A VOUT =2.7V VCC=MAX 

10ZL Output OFF Current - LOW -50 p.A VOUT =0.5V VCC = MAX 

20 
p.A 

VIN=2.7V 
IIH Input HIGH Current 

100 VIN =7.0V 
VCC = MAX 

IlL Input LOW Current -0.6 mA VIN =0.5 V VCC = MAX 

lOS 
Output Short Circuit 

-60 -150 mA VOUT=OV VCC = MAX Current (Note 2) 

Power Supply Current On = Gnd 
VCC=MAX ICCL (All Outputs OFF) 

55 86 mA 
OE =4.5V 

NOTES. 
1. For conditions such as MIN or MAX, use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 

FAST AND LS TTL DATA 
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MC54F174F374 

AC CHARACTERISTICS 

54174F 54F 74F 
TA-+25°C TA - -55 to +125°C TA = 0 to +70°C 

SYMBOL PARAMETER VCC = +5.0 V VCC = 5.0 V ±10% VCC=5.0V±10% UNITS 
CL = 50 pF CL = 50 pF CL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

fmax Maximum Clock Frequency 100 60 70 MHz 

tpLH Propagation Delay 4.0 6.5 8.5 4.0 10.5 4.0 10 
tpHL CP toOn 4.0 6.5 8.5 4.0 11 4.0 10 

ns 

tpZH Output Enable Time 
2.0 9.0 11.5 2.0 14 2.0 12.5 

tpZL 2.0 5.8 7.5 2.0 10 2.0 8.5 ns 
tPHZ Output Disable Time 

2.0 5.3 7.0 2.0 8.0 2.0 8.0 
tpLZ 2.0 4.3 5.5 2.0 7.5 2.0 6.5 

AC OPERATING REQUIREMENTS: 

54174F 54F 74F 
TA=+25°C TA = -55 to +125°C TA=Oto+70°C 

SYMBOL PARAMETER VCC = +5.0 V VCC = 5.0 V ±10% VCC = 5.0V ±10% UNITS 

MIN TYP MAX MIN MAX MIN MAX 

ts(H) Setup Time, HIGH or LOW 2.0 2.5 2.0 
ts(L) Dn toCP 2.0 2.0 2.0 

th(H) Hold Time, HIGH or LOW 2.0 2.0 2.0 
ns 

th(L) Dn toCP 2.0 2.5 2.0 

tw(H) 
CP Pulse Width, HIGH or LOW 

5.0 7.0 7.0 
tw(L) 5.0 6.0 6.0 

ns II 

FAST AND LS TTL DATA 
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® MOTOROLA 

PARALLEL D REGISTER WITH ENABLE 

DESCRIPTION - The MC54Fn4F378 is a 6-bit register with a buff­
ered common enable. This device is similar to the 'F174, but with 
common Enable rather than common Master Reset. 

The 'F378 consists of six edge-triggered D-type flip-flops with 
individual D inputs and Q outputs. The Clock (CP) and Enable (E) 
inputs are common to all flip-flops. 

When the E input is LOW, new data is entered into the register 
on the LOW-to-HIGH transition of the CP input. When the E input 
is HIGH the register will retain the present data independent of 
the CP input. This circuit is designed to prevent false clocking by 
transitions on the E input. 

• 6-BIT HIGH-SPEED PARALLEL REGISTER 

• POSITIVE EDGE-TRIGGERED D-TYPE INPUTS 

• FULLY BUFFERED COMMON CLOCK AND ENABLE INPUTS 

• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 
EFFECTS 

• FULL TTL AND CMOS COMPATIBLE 

LOGIC DIAGRAM 

DO 

ep-C~--~~--~-+----~r---~~--~-+---, 

E 

H 
L 
L 

TRUTH TABLE 

INPUTS OUTPUT 

ep Dn an 

---' X No change 
---.r H H 
---.r L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

DS 

FAST AND LS TTL DATA 
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MC54F378 
MC74F378 

PARALLEL D REGISTER 
WITH ENABLE 

FAST'" SCHOTTKY TTL 

LOGIC SYMBOL 

14 DS 05 15 
13 D4 C4 12 
11 D3 

03 10 
6 D2 

02 7 
4 D1 

3 DO 
01 

00 2 

9 

Vee = Pin 16 
GND = Pin 8 

CONNECTION DIAGRAM 



MC54Fn4F378 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54,74 4.5 5.0 5.5 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 'c 74 0 25 70 

10H Output Current - High 54,74 -1.0 mA 

10L Output Current - Low 54,74 20 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V VCC = MIN, liN = -18 mA 

154,74 2.5 V 10L = -1.0 mA VCC =4.50V 
VOH Output HIGH Voltage 

I 74 2.7 V 10L = -1.0 mA VCC =4.75 V 

VOL Output LOW Voltage 0.5 V 10L = 20 mA VCC = MIN 

20 pA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.6 mA VCC = MAX, VIN = 0.5 V 

lOS 
Output Short Circuit -60 -150 mA VCC = MAX, VOUT = 0 V Current (Note 2) 

ICC Power Supply Current 30 45 mA VCC = MAX, VCP = 0 V 

NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 

AC CHARACTERISTICS 

54174F 54F 74F 

TA = +25'C TA = -55 to + 125'C TA = Oto +70'C 
SYMBOL PARAMETER VCC = +5.0 V VCC = 5.0 V ±10% VCC=5.0V±10% UNITS 

CL = 50 pF CL = 50 pF CL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

fmax Maximum Input Frequency 80 140 I 80 80 MHz 

tpLH Propagation Delay 3.0 5.5 7.5 3.0 9.5 3.0 8.5 
tpHL CP to On 3.5 6.0 8.5 3.5 10.5 3.5 9.5 

ns 

FAST AND LS TTL DATA 
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MC54F/74F378 

AC OPERATING REQUIREMENTS 

SYMBOL PARAMETER 

ts (HI Set up Time, HIGH or LOW 
ts (LI Dn to CP 

th (HI Hold Time, HIGH or LOW 
th (LI Dn to CP 

ts (HI Set up Time, HIGH or LOW 
ts (LI E to CP 

th (HI Hold Time, HIGH or LOW 
th (LI E to CP 

tw(HI CP Pulse Width, HIGH or LOW 
tw(LI 

*This limit may vary among competitors. 

54174F 54F 74F 

TA = +25'C TA = -55to +125'C TA = Oto +70'C 
VCC = +5.0 V VCC = 5.0 V ±10% VCC = 5.0 V ±10% 

MIN TYP MAX MIN MAX MIN MAX 

4.0 4.0 4.0 
4.0 4.0 4.0 

0,0 0.0 0.0 
0.0 0.0 0.0 

6.0' 6.0 6.0' 
6.0' 6.0 6.0' 

2.0 2.0 2.0 
2.0 2.0 2.0 

4.0 4.0 4.0 
6.0 6.0 6.0 

AC TEST CIRCUIT 

Test Point for High Impedance Scopes 

R2=500n 
±10% 

Fig. 1 

For 50 n scopes, add a 
450 n resistor in series 
with the scope and delete 
R2. 

FAST AND LS TTL DATA 
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ns 

ns 

ns 



® MOTOROLA 

QUAD PARALLEL REGISTER 

DESCRIPTION - The MC54F174F379 is a 4-bit register with a buff­
ered common enable. This device is similar to the 'F175 but fea­
tures the common Enable rather than common Master Reset. 

The 'F379 consists of four edge-triggered D-type flip-flops with 
individual D inputs and Q and Q outputs. The Clock (CP) and 
Enable (E) inputs are common to all flip-flops. When E is HIGH, 
the register will retain the present data independent of the CP 
input. The Dn and E inputs can change when the clock is in either 
state, provided that the recommended setup and hold times are 
observed. This circuit is designed to prevent false clocking by 
transitions on the E input. 

• EDGE-TRIGGERED D-TYPE INPUTS 

• BUFFERED POSITIVE EDGE-TRIGGERED CLOCK 

• BUFFERED COMMON ENABLE INPUT 

• TRUE AND COMPLEMENT OUTPUTS 

LOGIC DIAGRAM 

DO D1 

CP--~~--4r--t-----~---r------~-+------, 

00 00 01 01 

TRUTH TABLE 

INPUTS OUTPUTS 

E CP Dn On On 

H ...r X NC NC 
L ...r H H L 
L .J" L L H 

H = HIGH Voltage Level X = Immaterial 
L = LOW Voltage Level NC = No Change 

FAST AND LS TTL DATA 
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MC54F379 
MC74F379 

QUAD PARALLEL REGISTER 
WITH ENABLE 

FAST'M SCHOTTKY TTL 

LOGIC SYMBOL 

13 D3 03 
15 

14 

12 D2 10 

11 
5 D1 

7 

4 DO 6 

2 
E 

3 

9 

VCC = Pin 16 
GND = Pin 8 

CONNECTION DIAGRAM 

II 
I 



MC54F/74F379 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54,74 4.5 5.0 5.5 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 ·C 
74 0 25 70 

10H Output Current - High 54,74 -1.0 mA 

10L Output Current - Low 54,74 20 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V VCC = MIN, liN = -18 mA 

154,74 2.5 V 10L = -1.0 mA VCC=4.50V 
VOH Output HIGH Voltage 

I 74 2.7 V 10L = -1.0 mA VCC = 4.75 V 

VOL Output LOW Voltage 0.5 V 10L = 20 mA VCC = MIN 

20 p.A VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.6 mA VCC = MAX, VIN = 0.5 V 

lOS 
Output Short Circuit -60 -150 mA VCC = MAX, VOUT = 0 V Current (Note 2) 

ICC Power Supply Current 28 40 mA VCC = MAX, D = E = GND, CP =...J 
NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 
type. 

2. Not more than one output should be shorted at a time, nor for more than 1 second. 

AC CHARACTERISTICS 

54/74F 54F 74F 

TA = +25·C TA = -55to +125·C TA = Oto +70'C 
SYMBOL PARAMETER VCC = +5.0 V VCC = 5.0V ±10% VCC = 5.0V ±10% UNITS 

CL = 50 pF CL = 50 pF CL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

fmax Maximum Clock Frequency 100 140 90 100 MHz 

tpLH Propagation Delay 3.5" 5.0 6.5 3.5 8.5 3.5" 7.5 
ns 

tpHL CPto Qn, an 5.0 6.5 8.5 5.0 10.5 5.0 9.5 

FAST AND LS TTL DATA 

4-138 



MC54F/74F379 

AC OPERATING REQUIREMENTS 

54174F 54F 74F 

SYMBOL PARAMETER TA = +25'C TA = -55 to + 125'C TA = Oto +70'C 
VCC = +5.0 V VCC = 5.0V :!:10% VCC = 5.0V :!:10% 

MIN TYP MAX MIN MAX MIN MAX 

ts (H) Set up Time, HIGH or LOW 3.0 3.0 3.0 
ts (L) On to CP 3.0 3.0 3.0 

th (H) Hold Time, HIGH or LOW 1.0 1.0 1.0 
th (Ll On to CP 1.0 1.0 1.0 

ts (HI Setup Time, HIGH or LOW 6.0 6.0 6.0 
ts (Ll Eto CP 6.0 6.0 6.0 

th (HI Hold Time, HIGH or LOW 2.0' 2.0 2.0' 
th (Ll Eto CP 2.0' 2.0 2.0' 

tw(H) 
CP Pulse Width, HIGH or LOW 

4.0 4.0 4.0 
tw (Ll 5.0 5.0 5.0 

-This limit may vary among competitors. 

AC TEST CIRCUIT 

>----.... ---... --0 Test Point for High Impedance Scopes 

Fig. 1 

R2=500n 
:!:10% 

For 50 n scopes, add a 
450 n resistor in series 
with the scope and delete 
R2. 

FAST AND LS TTL DATA 
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® MOTOROLA 

Advance Information 

4-BIT ARITHMETIC LOGIC UNIT 

DESCRIPTION - The MC54F174F381 performs three arithmetic 
and three logic operations on two 4-bit words, A and 8. Two 
additional Select input codes force the Function outputs lOW or 
HIGH. Carry Propagate and Generate outputs are provided for use 
with the 'F182 Carry lookahead Generator for high-speed ex­
pansion to longer word lengths. For ripple expansion, refer to the 
'F382 AlU data sheet. 

• low Input Loading Minimizes Drive Requirements 
• Performs Six Arithmetic and Logic Functions 
• Selectable Low (Clear) and High (Preset) Functions 
• Carry Generate and Propagate Outputs for use with Carry 

Lookahead Generator 

15 

7 

6 

5 

lOGIC SYMBOL 

3 4 1 2 1918 1716 

8 9 11 12 

GUARANTEED OPERATING RANGES 

SYM80L PARAMETER 

VCC Supply Voltage 

VCC = Pin 20 
GND = Pin 10 

54, 74 

TA Operating Ambient Temperature Range 
54 
74 

IOH Output Current - High 54, 74 

IOl Output Current - low 54,74 

FAST AND LS TTL DATA 
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MCS4F381 
MC74F381 

4-BIT ARITHMETIC LOGIC UNIT 

FASTTM SCHOTTKY TTL 

CONNECTION DIAGRAM 

J Suffix - Case 732-03 (Ceramic) 

N Suffix - Case 738-01 (Plastic) 

MIN TYP MAX UNIT 

4.50 5.0 5.50 V 

-55 25 125 
0 25 70 °C 

-1.0 mA 

20 rnA 



MC54F174F381 

LOGIC DIAGRAM 

cn----------------------------, 
80 --T--d=::=::I""-" 

~-+_--r-tl-----ID- FO 

Ao -l---f1tttm:=< 
81 ----.----------=;ttJtm=< 

A1---L---rlU1~< 

82 ----.----------=:;ttJtm=< 

A2 ----6------i 
"-ttttti--' 

83 ----r-------, 

A3 

50 

51 

52 

FAST AND LS TTL DATA 
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P 

G 

D-OVR 

Cn+4 

II 

~ 'F381 
ONLY 

'F382 
ONLY 
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MC54F174F381 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V liN = -18 mA VCC = MIN 

VOH Output HIGH Voltage 
154,74 2.5 3.4 V IOH =-1.0 mA VCC=4.50V 

174 2.7 3.4 V IOH =-1.0 mA VCC=4.75V 

VOL Output LOW Voltage 0.35 0.5 V IOL=20 mA VCC = MIN 

20 "A VIN =2.7 V 
IIH Input HIGH Current VCC=MAX 

100 "A VIN =7.0V 

Input LOW Current 

IlL So - S2 Inputs ..{l.S mA VIN =0.5 V VCC=MAX 
Other Inputs -2.4 mA VIN -0.5 V 

lOS 
Output Short Circuit 

-SO -150 mA VOUT=OV VCC=MAX Current (Note 2) 

ICC Power Supply Current 59 89 mA 
So-S2 = GND; 

VCC=MAX Other Inputs HIGH 

NOTES: 
,. For conditions such as MIN or MAX, use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time. nor for more than 1 second. 

FUNCTIONAL DESCRIPTION - Signals applied to the Select inputs So -S2 determine the mode of operation, as indicated 
in the Function SelectTable. An extensive listing of input and output levels is shown in the Truth Table. The circuit performs 
the arithmetic functions for either active-HIGH or active-LOW operands, with output levels in the same convention. In the 
Subtract operating modes, it is necessary to force a carry (HIGH for active-HIGH operands, LOW for active-LOW operands) 
into the Cn input of the least significant package. 

The Carry Generate (G) and Carry Propagate (p) outputs supply input signals to the 'F182 carry lookahead generator for 
expansion to longer word length, as shown in Figure A. Note that an 'F382 ALU is used for the most significant package. 
Typical delays for Figure A are given in Figure B. 

FUNCTION SELECT TABLE 

SELECT 
OPERATION 

So S, S2 

L L L Clear 
H L L B Minus A 
L H L A Minus B 
H H L A Plus B 

L L H A(±)B 
H L H A+B 
L H H AB 
H H H Preset 

H = HIGH Voltage Level L = LOW Voltage Level 

FAST AND LS TTL DATA 
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MC54F174F381 

FIGURE A - , 6-Bit lookahead Carry ALU Expansion 

COUT 

OVERFLOW 

.. F.;.O_-F_3J,1.....l.I..--,-L __ F_4_-_F7...1.1....I.I._.....I __ F..;;8;..-F..;I..;IJ,1....JOI._-L_ ... FI2-F'5 

GO Po Cn + x G, P, Cn + y G2 P2 Cn + z 

'F182 CLA 

FIGURE B - , 6-Bit Delay Tabulation 

PATH SEGMENT TOWARD OUTPUT 
F en t 4, OVR 

AI or BI to P 7.2 ns 7.2 ns 
P; to Cn. J ('F1B21 6.2 ns 6.2 ns 
Cn to F B.l ns -
en to en + 4. OVR - 8.0 ns 

Total Delay 21.5 ns 21.4 ns 

AC CHARACTERISTICS 

54/74F 54F 74F 
TA-+25°C TA - -55 to +125°C TA - 0 to +70°C 

SYMBOL PARAMETER VCC = +5.0 V VCC = 5.0 V ±10% VCC=5.0V±10% UNITS 
CL = 50 pF CL = 50 pF CL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

tpLH Propagation Delay 2.5 8.1 10.5 2.5 15 2.5 11.5 
tpHL Cn to Fi 2.5 5.7 8.0 2.5 11.5 2.5 9.0 ns 

tPLH Propagation Delay 4.0 10.4 13.5 4.0 19 4,0 14.5 
tPHL Any A or B to Any F 3.0 8.2 11 3.0 15.5 3.0 12 ns 

tPLH Propagation Delay 4.5 8.3 11 4.5 15.5 4.5 12 
TpHL Si to Fi 4.0 8.2 11 4.0 15.5 4.0 12 ns 

tpLH Propagation Delay 3.5 6.4 9.0 3.5 12.5 3.5 10 
tpHL Ai or Bi toG 4.0 6.8 10 4.0 14 4.0 11 ns 

tPLH Propagation Delay 4.0 7.2 10.5 4.0 15 4.0 11.5 
tPHL Ai or Bi to P 3.5 6.5 9,5 3,5 13 3.5 10,5 ns 

tPLH Propagation Delay 4.0 7.8 10.5 4.0 15 4.0 11.5 
tpHL SitoGor? 4.5 10.2 13.5 4.5 19 4.5 14.5 ns 

FAST AND LS TTL DATA 
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MC54F/74F381 

FUNCTION So 51 

CLEAR 0 

B MINUS A 1 

A MINUS B 0 

A PLUS B 1 

AffiB 0 

A+B 1 

AB 0 

PRESET 1 

1 = HIGH Voltage Level 
0= LOW Voltage Level 
X = Immaterial 

0 

0 

1 

1 

0 

0 

1 

1 

TRUTH TABLE 

INPUTS 

52 Cn An Bn Fa 

0 X X X 0 

0 0 0 1 
0 0 1 0 
0 1 0 0 

0 0 1 1 1 
1 0 0 0 
1 0 1 1 
1 1 0 1 
1 1 1 0 

0 0 0 1 
0 0 1 0 
0 1 0 0 

0 0 1 1 1 
1 0 0 0 
1 0 1 1 
1 1 0 1 
1 1 1 0 

0 0 0 0 
0 0 1 1 
0 1 0 1 

0 0 1 1 0 
1 0 0 1 
1 0 1 0 
1 1 0 0 
1 1 1 1 

X 0 0 0 

1 X 0 1 1 
X 1 0 1 
X 1 1 0 

X 0 0 0 

1 
X 0 1 1 
X 1 0 1 
X 1 1 1 

X 0 0 0 

1 
X 0 1 0 
X 1 0 0 
X 1 1 1 

X 0 0 1 

1 X 0 1 1 
X 1 0 1 
X 1 1 1 

FAST AND LS TTL DATA 
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OUTPUTS 

Fl F2 F3 G P 

0 0 0 0 0 

1 1 1 1 0 
1 1 1 0 0 
0 0 0 1 1 
1 1 1 1 0 
0 0 0 1 0 
1 1 1 0 0 
0 0 0 1 1 
0 0 0 1 0 

1 1 1 1 0 
0 0 0 1 1 
1 1 1 0 0 
1 1 1 1 0 
0 0 0 1 0 
0 0 0 1 1 
1 1 1 0 0 
0 0 0 1 0 

0 0 0 1 1 
1 1 1 1 0 
1 1 1 1 0 
1 1 1 0 0 
0 0 0 1 1 
0 0 0 1 0 
0 0 0 1 0 
1 1 1 0 0 

0 0 0 1 1 
1 1 1 1 1 
1 1 , 1 0 
0 0 0 0 0 

0 0 0 1 1 
1 1 1 1 1 
1 1 , 1 1 
1 1 1 1 0 

0 0 0 0 0 
0 0 0 1 1 
0 0 0 0 0 
1 1 1 1 0 

1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 0 



® MOTOROLA 

8-BIT IDENTITY COMPARATOR 

DESCRIPTION - The MC54F174F521 is an expandable 8-bit 
comparator. It compares two words of up to eight bits each and 
provides a LOW output when the two words match bit for bit. The 
expansion inputTA = B also serves as an active-LOW enable input. 

• Compares Two a-Bit Words in 6.5 ns Typ 
• Expandable to Any Word Length 
• 20-Pin Package 

LOGIC DIAGRAM 

Ao t>:-l BO--[>o 

A1 t>:-l B1--[>0 

A2 b B2--[>0 

A3 b B3--[>0 
OA=B 

A4 b B4--J>c 

AS b BS--J>c 

AS b BS--[>o 

A7 b B7--t>O 

TA=B 

Please note that this diagram is provided only for the understanding 
of logic operations and should not be used to estimate propagation 
delays. 
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MC54F521 
MC74FS21 

8-BIT IDENTITY COMPARATOR 

FASTTM SCHOTTKY TTL 

LOGIC SYMBOL 

IA= B B7 18 

A7 17 
BS 1S 

AS 1S 
BS 14 

AS 13 

B4 12 

19 OA=6 A4 
63 

11 
9 

A3 8 
62 7 
A2 S 
61 S 
A1 4 
80 3 

Ao 2 

VCC = Pin 20 
GND = Pin 10 

CONNECTION DIAGRAM 

J Suffix - Case 732-03 (Ceramic) 
N Suffix - Case 738-01 (plastic) 



MC54F174F521 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54,74 4.50 5.0 5.50 V 

TA Operating Ambient Temperature Range 
54 -55 25 125 

°C 74 0 25 70 

IOH Output Current - High 54,74 ·1.0 mA 

10L Output Current - Low 54,74 20 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V IIN=-18mA VCC=MIN 

I ~4,!4 2.5 3.4 V IOH=-1.0mA VCC=.4.50V 
VOH Output HIGH Voltage 

I 74 2.7 3.4 V 10H =-1.0 mA VCC=4.75V 

VOL Output LOW Voltage 0.35 0.5 V IOL=20 mA VCC=MIN 

IIH Input HIGH Current 
20 p.A VIN =2.7V 

VCC=MAX 
100 p.A VIN =7.0V 

IlL Input LOW Current -0.6 mA VIN =0.5 V V CC = MAX 

lOS 
Output Short Circuit 

-60 -150 mA VOUT=OV VCC = MAX Current (Note 2) 

ICCH Power Supply Current 
24 36 

TA=B=Gnd VCC=MAX 
ICCL 15.5 23 

mA 

NOTES: 
1. For conditions such as MIN or MAX, use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 

TRUTH TABLE 

Inputs 

IA· B 

L 
L 
H 
H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

A,S 

A =.8' 
A#S 
A = S' 
A#S 

*Ao = BO, Al = Bl, A2 = B2, etc. 
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Output 

OA· B 

L 
H 
H 
H 



MC54F174F521 

AC CHARACTERISTICS 

54174F 54F 74F 
TA=+25°e TA = -55 to +125°e TA - 0 to +70oe 

SYMBOL PARAMETER Vee=+5.0V Vee = 5.0 V ±10% Vee = 5.0V ±10% UNITS 
eL = 50 pF eL = 50 pF eL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

tpLH Propagation Delay 2.5 6.5 10 2.5 15 2.5 11 
tpHL AnorBntoOA=B 3.0 6.5 io 3.0 12 3.0 11 

ns 

tPLH Propagation Delay 2.5 4.5 6.5 2.5 8.5 2.5 7.5 
tpHL 'iA = B to OA = B 3.5 5.0 9.0 3.5 10 3.5 10 

ns 

APPLICATIONS 

Ripple Expansion 

Parallel Expansion 

FAST AND LS TTL DATA 
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® MOTOROLA 

OCTALTRAN8PARENTLATCH 
(With 3-8tate Outputs) 

DESCRIPTION - The MC54F174F533 consists of eight latches 
with 3-state outputs for bus organized system applications. The flip­
flops appear transparentto the data when Latch Enable (LE) is HIGH. 
When LE is LOW. the data that meets the setup times is latched. 
Data appears on the bus when the Output Enable (OE) is LOW. 
When OE is HIGH the bus output is in the high-impedance state. The 
F533 is the same as the F373, except that the outputs are inverted. 
For description and logic diagram please see the F373 data sheet. 

• Eight Latches in a Single Package 
• 3-State Outputs for Bus Interfacing 

LOGIC SYMBOL 

3 4 7 8 131417 18 

11 

2 5 6 9 12 151619 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

VCC = Pin 20 
GND = Pin 10 

54,74, 

TA Operating Ambient Temperature Range 
54 
74 

IOH Output Current - High 54,74 

IOL Output Current - Low 54, 74 
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MIN 

4.50 

-55 
0 

MC54F533 
MC74F533 

OCTAL TRANSPARENT LATCH 
(With 3-State Outputs) 

FAST'" SCHOTTKY TTL 

CONNECTION DIAGRAM 

J Suffix - Case 732-03 
(Ceramic) 

N Suffix - Case 738-01 
(Plastic) 

TYP MAX 

5.0 5.50 

25 125 
25 70 

-3.0 

24 

UNIT 

V 

°c 
mA 

mA 



MC54F/74F533 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V IIN=-18mA VCC=MIN 

54 2.5 3.4 V IOH =-1.0 mA 
VOH Output HIGH Voltage 54 2.4 3.3 V IOH =-3.0 mA VCC =4.50V 

74 2.5 3.3 V IOH =-3.0 mA 
74 2.7 3.3 V IOH =~3.0 mA VCC=4.75 

VOL Output LOW Voltage 0.35 0.5 V IOL= 24mA VCC= MIN 

10ZH Output OFF Current - HIGH 50 p.A VOur=2.7V VCC = MAX 

10ZL Output OFF Current - LOW -50 p.A VOUT=0.5 V VCC = MAX 

20 VIN=2.7V 
IIH Input HIGH Current p.A VCC = MAX 

100 VIN =7.0V 

IlL Input LOW Current -0.6 mA VIN =0.5 V Vee = MAX 

lOS 
Output Short Circuit 

-60 -150 mA VOUT=OV VCC=MAX Current (Note 2) 

ICCZ Power Supply Current 41 61 mA 
OE = 4.5 V VCC=MAX 
Dn, LE = Gnd 

NOTES: 
1. For conditions such as MIN or MAX.. use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 

AC CHARACTERISTICS 

54174F 54F 74F 
TA=+25°C TA - -55 to +125°C TA - 0 to +70o C 

SYMBOL PARAMETER Vee = +5.0 V Vce = 5.0 V ±10% Vee=5.0V±10% UNITS 
CL = 50 pF CL = 50 pF eL = 50 pF 

MIN TYP MAX MIN MAX MIN MAX 

tPLH Propagation Delay 4.0 6.9 9.0 4.0 12 4.0 10 
tpHL Dn toOn 3.0 5.2 7.0 3.0 9.0 3.0 8.0 ns 

tpLH Propagation Delay 5.0 8.5 11 5.0 14 5.0 13 
tPHL LE toOn 3.0 5.6 7.0 3.0 9.0 3.0 8.0 ns 

tpZH Output Enable Time 
2.0 7.7 10 2.0 12.5 2.0 11 

tpZL 2.0 5.1 6.5 2.0 9.0 2.0 7.5 ns 

tpHZ Output Disable Time 
2.0 4.7 6.0 2.0 8.5 2.0 7.0 

tpLZ 2.0 4.1 5.5 2.0 7.5 2.0 6.5 ns 

AC CHARACTERISTICS 

54/74F 54F 74F 
TA = +25°C TA = -55 to +125°e TA = 0 to +70oe 

SYMBOL PARAMETER VCC=+5.0V Vce= 5.0 V±10% Vee = 5.0 V ±10% UNITS 

MIN TYP MAX MIN MAX MIN MAX 

ts(H) Setup Time, HIGH or LOW 2.0 2.0 2.0 
ts(L) Dn to LE 2.0 2.0 2.0 ns 

th(H) Hold Time, HIGH or LOW 3.0 3.0 3.0 
th(L) Dn to LE 3.0 3.0 3.0 

ns 

tw(H) LE Pulse Width HIGH 6.0 6.0 6.0 ns 
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® MOTOROLA 

OCTAL O-TYPE FLIP-FLOP 
(With 3-State Outputs) 

DESCRIPTION - The MC54F174F534 isa high-speed,low-power 
octal Ootype flip-flop featuring separate Ootype inputs for each flip­
flop and 3-state outputs for bus oriented applications. A buffered 
Clock (CP) and Output Enable (OE) are common to all flip-flops. The 
'F534 is the same as the 'F374 except that the outputs are inverted. 

• Edge-triggered D-Type Inputs 
• Buffered Positive Edge-triggered Clock 
• 3-State Outputs for Bus Oriented Applications 

LOGIC SYMBOL 

3 4 7 8 13 14 1718 

11 CP 

2 5 6 9 12151619 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

IOH Output Current - High 

IOL Output Current - Low 

VCC = Pin 20 
GND = Pin 10 

54, 74 

54 
74 

54, 74 

54,74 
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MIN 

4.50 

-55 
0 

MCS4FS34 
MC74FS34 

OCTAL O-TYPE FLIP-FLOP 
(With 3-State Outputs) 

FASTTM SCHOTTKY TTL 

CONNECTION DIAGRAM 

J Suffix - Case 732-03 (Ceramicl 
N Suffix - Case 738-01 (Plastic) 

TYP MAX UNIT 

5.0 5.50 V 

25 125 
°c 25 70 

-3.0 rnA 

24 rnA 



MC54F174F534 

LOGIC DIAGRAM 

DO 05 06 

CP~~~--~-+------~~----~~------'-~-----'~r-----'--r----~~r-----' 

00 01 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate 
propagation delays. 

FUNCTIONAL DESCRIPTION - The 'F534 consists of eight edge-triggered flip-flops with individual D-type inputs and 
3-statetrue outputs. The buffered clock and buffered Output Enable are common to all flip-flops. The eight flip-flops will store 
the state of their individual 0 inputs that meet the setup and hold times requirements on the LOW-to-HIGH Clock (CP) 
transition. With the Output Enable(OE) LOW. the contents ofthe eight flip-flops are available althe outputs. When theOE is 
HIGH. the outputs go to the high impedance state. Operation of the OE input does not affect the state of the flip-flops. 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

Vil Input lOW Voltage 0.8 V Guaranteed Input lOW Voltage 

VIK Input Clamp Diode Voltage -1.2 V IIN=-18mA VCC=MIN 

54 2.5 3.4 V 10H =-1.0 mA 

VOH Output HIGH Voltage 54 2.4 3.3 V 10H =-3.0 mA Vec =4.50V 
74 2.5 3.3 V IOH --3.0 mA 

74 '2.7 3.3 V 10H --3.0 mA VCC=4.75V· 

VOL Output lOW Voltage 0.35 0.5 V IOl=24 mA VCC=MIN 

10lH Output OFF Current - HIGH 50 I'A VOUT= 2.7V VCC=MAX 

lOll Output OFF Current - lOW -50 I'A VOUT=0.5 V VCC=MAX 

20 VIN =2.7V 
IIH Input HIGH Current I'A VCC = MAX 

100 VIN =7.0V 

III Input lOW Current ..{l.6 mA VIN =0.5V V CC=MAX 

lOS 
Output Short Circuit 

-60 -150 mA VOUT=OV VCC=MAX Current (Note 2) 

ICCl 
Power Supply Current 

55 86 mA 
On = Gnd 

VCC=MAX 
(All Outputs OFF) OE =4.5V 

NOTES: 
1. For conditions such as MIN or MAX, use the appropriate value specified under guaranteed operating ranges. 
2. Not more than one output should be shorted at a time, nor for more than 1 second. 
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MC54F174F534 

AC CHARACTERISTICS 

54174F 54F 74F 
TA - +25°C TA - -55 to +125°C TA - 0 to +70oC 

SYMBOL PARAMETER VCC=+5.0V VCC= 5.0 V±10% VCC = 5.0V ±10% UNITS 
CL = 50 pF CL = 50 pF "CL = 50 p~--

MIN TYP MAX MIN MAX MIN MAX 

'max Maximum Clock Frequency 100 60 70 MHz 

tPLH Propagation Delay 4.0 6.5 8.5 4.0 10.5 4.0 10 
tPHL CPtoOn 4.0 6.5 8.5 4.0 11 4.0 10 ns 

tpZH Output Enable Time 
2.0 9.0 11.5 2.0 14 2.0 12.5 

tpZL 2.0 5.8 7.5 2.0 10 2.0 8.5 

tpHZ Output Disable Time 
2.0 5.3 7.0 2.0 8.0 2.0 8.0 

tpLZ 2.0 4.3 5.5 2.0 7.5 2.0 6.5 ns 

AC OPERATING REQUIREMENTS 

54174F 54F 74F 
TA - +25°C TA - -55 to +125°C TA-Oto+70oC 

SYMBOL PARAMETER VCC= +5.0 V VCC = 5.0V ±10% VCC=5.0V±10% UNITS 
MIN TYP MAX MIN MAX MIN MAX 

ts(Hl Setup Time, HIGH or LOW 2.0 2.5 2.0 
ts(Ll On to CP 2.0 2.0 2.0 ns 
th(Hl Hold Time, HIGH or LOW 2.0 2.0 2.0 
th (Ll On toCP 2.0 2.5 2.0 

tw (Hl CP Pulse Width 5.0 7.0 7.0 
twILl HIGH or LOW 5.0 6.0 6.0 ns 
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Advance Information 

ERROR DETECTION AND CORRECTION CIRCUIT 

The MC74F2960 and MC74F2960-1 will be dual marked with the 
AMD part numbers Am2960 and Am2960-1 to indicate plug-in com­
patibility. However, the device will be referred to as the MC74F2960 
in the remainder of this specification. The MC74F2960-1 is the speed 
selected version of MC74F2960 on the critical data paths and is a 
plug-in replacement for MC74F2960. 

DESCRIPTION - The MC74F2960 Error Detection and Correction 
Unit (EDAC) contains the logic necessary to generate check bits on 
a 16-bit data field according to a modified Hamming Code, and to 
correct the data word when check bits are supplied. Operating on 
data read from memory, the MC74F2960 will correct any single bit 
error" and will detect all double and some triple bit errors. For 16-
bit words, 6 check bits are used. The MC74F2960 is expandable to 
operate on 32-bit words (7 check bits) and 64-bit words (8 check 
bits). In all configurations, the device makes the error syndrome 
available on separate outputs for data logging. 

The MC74F2960 also features two diagnostic modes, in which di­
agnostic data can be forced into portions of the chip to simplify 
device testing and to execute system diagnostic functions. The 
product will be supplied in a 48-lead DIP package. 

*Double bit errors can also be corrected If at least one of the two errors is a hard error. 
This requires extra processor cycles. 

.. PIN AND FUNCTIONALLY COMPATIBLE WITH THE Am2960 
o BOOSTS MEMORY RELIABILITY 
o EXPANDABLE TO 64-BIT DATA WORDS 
o BUILT-IN DIAGNOSTICS PERMITS SOFTWARE SYSTEM CHECK 
o SEPARATE BYTE CONTROLS FACILITATE BYTE OPERATIONS 
o COMPATIBLE WITH MC68000 AND OTHER PROCESSORS 

16-BIT TIMING IWORST CASE) FOR THE MC74F2960-1 
CHECK BIT GENERATION - 28 ns 

SINGLE ERROR DETECTION - 25 ns 
SINGLE ERROR CORRECTION - 52 ns 
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MC74F29601 
Am2960 

Me74F2960-11 
Am2960-1 

ERROR DETECTION 
AND CORRECTION 

CIRCUIT 

ADVANCED LOW POWER SCHOTTKY 

CQn.RECT 

DATA 15 

DATA 14 

DATA 13 

DATA 12 

lE IN 

LE DIAG 

DEBYTE 1 

DATA 11 

DATA 10 

DATA 9 

DATA 8 

GROUND 

DATA 7 

DATA 6 

DATA 5 

CONNECTION DIAGRAM 
Top View 

PASS IHRU 

OIAG MODE 1 

DIAG MODE 0 

CODE ID 2 

CODE 10 1 

CODE 10 0 

GENERATE 

CBS 
es 0 
es 5 

es 4 

es 3 

Vee 
es 2 
CS I 

DATA 4 E'R'R5R 
OEBYTE 0 DE SC 

lE OUT SC 0 

DATA 3 SC 5 

DATA 2 SC 3 

DATA 1 SC 2 

DATA 0 SC4 

SCI se6 
~-----'--

J SuffiX - Case 740·02 (CeramIc) 



II 

MC74F2960/Am2960. MC74F2960-1/Am2960-1 

FIGURE 1 - BLOCK DIAGRAM 

LEOUT D>------, 
OfSyrEO D ....... ----, 
~C>~----~~~------------------------, 

ICHECKBITS) 

OATAo-7 1i:::1I7't-...,~ 

DATAe-16 1S:!f'iLt-t'"IH 

DATA 
OUTPUT 
LATCH 
BYTE 0 

OATA 
OUTPUT 
LATCH 
BTYE 1 

CORREC· 
TION 

LOGIC 

LEIN C>--t-I---' 

LEDIAG C>-----~ 

CODe ID D-lf----t 
DIAG MOOE D0-.4f----t 
PASS niRU D>----I 
GENEAAT'E D>------I 

CORRECT D>----I 

TABLE 1. MAXIMUM RATINGS 

Rating 

Supply Voltage 

Input Voltage (Except DATA ()'15) 

Input Voltage (DATAQ.15) 

Storage Temperature Range 

Junction Temperature 

TABLE 2. THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance (MAX) 

TABLE 3. GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

IOH Output Current - High 

IOL Output Current - Low 

MUX 

Symbol 

Vee 

Vin 

Vin 

Tstg 

TJ 

MIN 

4.75 

0 
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value 

-0.5 to +7.0 

-0.5 to +7.0 

-0.5 to +5.5 

-55 to +150 

150 

TYP 

5.0 

25 

ERROR 
DETECTION 

Unit 

V 

V 

V 

°e 

°e 

MAX 

5.25 

70 

-O.B 

B.O 

L-__ Q iSEsc 

t---c> ERROR 

t---c> MULl ERROR 

UNIT 

V 

°c 
mA 

mA 



MC74F2960/Am2960 0 MC74F2960-1/Am2960-1 

TABLE 4. DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage (1) 2.0 V Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage (1) 0.8 V Guaranteed Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.5 V VCC = MIN, liN = -18 rnA 

VOH Output HIGH Voltage 2.7 V VCC = MIN, IOH = -0.8 rnA 

VOL Output LOW Voltage 0.5 V VCC = MIN, IOL = 8.0 rnA 

Output Off DATAO-15 70 flA 
10ZH Current· HIGH SCO-6 50 flA 

VCC = MAX, VOUT = 2.4 V 

Output Off DATAO_15 -410 flA 
IOZL Current· LOW SCO-6 -50 flA 

VCC = MAX, VOUT = 0.5 V 

DATAO-15 70 flA 
IIH Input High 

OTHERS 50 flA 
VCC = MAX, VIN = 2.7 V 

Current 
ALL 1.0 rnA VCC = MAX, VIN = 5.5 V 

Input Low DATAO-15 -410 flA 
IlL Current OTHERS -360 flA 

VCC = MAX, VIN = 0.5 V 

lOS Short CircUit Current (2) -25 -85 rnA VCC = MAX, Va = 0 V 

Icc Power Supply Current 400 rnA VCC = MAX 

(1) These Input levels provide zero noise immunity and should be tested only in a static, noise·free environment. 
(2) Not more than one output should be shorted at a time. 

FIGURE 2 - AC TEST FIXTURE 

tPZHL 

Vcc 

JAil Other 
TABLE 5. TEST OUTPUT LOADS 

Pin R, R2 
Pin label 

Rl - 00-0 15 430 !l 1 k!l 

24-30 Sen-SCB 430 !l 1 k!l 

32 ERROR 470n 3kn 

R2 33 MULT ERROR 470n 3 k!l 

lAI'Other 
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MC74F2960/Am2960. MC74F2960-1/Am2960-1 

TABLE 6. AC CHARACTERISTICS (MAXIMUM LIMITS) 

SYMBOL PARAMETER VCC = 5.0 V ± 5%; TA = 0 to + 70'C; CL = 50 pF; UNITS = ns'" 

~ut From SCO-6 DATAO_15 
Input 

tpLH, tpHL Propagation Delay MC74F MC74F MC74F 
2960 2960-1 2960 

DATAo-15 32 28 65" 

CBO-6 28 23 56 
(CODE ID2-0 000, 011) 

CBO-6 28 28 45 
(CODE ID2_0010, 100, 101, 110, 111) 

GENERATE 35 35 63 

CORRECT - - 45 
(Not Internal Control Mode) 

DIAG MODEO_l 
50 50 78 

(Not Internal Control Mode) 

PASSTHRU 
36 36 44 (Not Internal Control Mode) 

CODE IDO-2 61 61 90 

LE IN 
39 39 72" (From latched to transparent) 

LEOUT - - 31 
(From latched to transparent) 

LE DIAG 
(From latched to transparent; 45 45 78 
Not Internal Control Mode) 

Internal Control Mode: 
LE DIAG 67 67 96 
(From latched to transparent) 

Internal Control Mode: 
DATAO-15 67 67 96 
(Via Diagnostic Latch) 

tpZH, Output Enable Time OE BYTE 0, - - 30 
tpZL** 

OE BYTE 1 

OE SC 30 30 -

tpHZ, Output Disable Time OE BYTE 0, - - 30 
tpLZ'* 

OE BYTE 1 

OESC 30 30 -

·Data In or LE In to Correct Data Out measurement requires timing as shown in Figure 3. 
"CL for tpZH, tpZL, tpHZ and tpLZ ~ 5.0 pF 

MC74F 
2960-1 

52' 

50 

34 

63 

45 

78 

44 

90 

72" 

31 

78 

96 

96 

30 

-

30 

-

ERROR 

MC74F MC74F 
2960 2960-1 

32 25 

29 23 

29 29 

36 36 

- -

59 59 

29 29 

60 60 

39 39 

- -

45 45 

66 66 

66 66 

- -

- -

- -

- -

***Inputs switching between OV and 3V at 1V/ns, measurements made at 1.5V. All outputs have maximum DC load. 
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MULT ERROR 

MC74F MC74F 
2960 2960-1 

50 50 

47 47 

34 34 

55 55 

- -

75 75 

46 46 

80 80 

59 59 

- -

65 65 

86 86 

86 86 

- -

- -

- -

- -



MC74F2960/Am2960. MC74F2960·1/Am2960·1 

TABLE 7. AC OPERATING REQUIREMENTS (MINIMUM LIMITS) 

TA = 0 to +70·C 

SYMBOL PARAMETER VCC = 5.0 V ±5% 

MC74F2960 MC74F2960·1 

Isu 
Ih 

Isu 
Ih 

Isu 
Ih 

Isu 
Ih 

Isu 
Ih 

Isu 
Ih 

Isu 
Ih 

Isu 
Ih 

Isu 
Ih 

Isu 
Ih 

Isu 
Ih 

Isu 
Ih 

Iw 

Selup Time 
DATAO-15 10 LE IN 

6 6 
Hold Time 7 7 

Selup Time 
CBO-6 10 LE IN 

5 5 
Hold Time 6 6 

Selup Time 
DATAO_1510 LE OUT 

44 34 
Hold Time 5 5 

Selup Time CBO-6 10 LE OUT 35 35 
Hold Time (Code ID 000, all) 0 a 
Selup Time CBO-6 10 LE OUT 27 27 
Hold Time (Code ID 010,100,101,110,111) a 0 

Selup Time 42 42 
Hold Time 

GENERATE 10 LE OUT 
0 a 

Selup Time 
CORRECT 10 LE OUT 

26 26 
Hold Time 1 I 

Selup Time 
DIAG MODEO_I, 10 LE OUT 

69 69 
Hold Time 0 a 
Selup Time 

PASS THRU 10 LE OUT 
26 26 

Hold Time 0 a 
Selup Time 

CODE IDO-2' 10 LE OUT 
81 81 

Hold Time 0 a 
Selup Time 

LE IN 10 LE OUT 
51 51 

Hold Time 5 5 

Selup Time 
DATAO_1510 LE DIAG 

6 6 
Hold Time 8 8 

Minimum Pulse 
LE IN, LE OUT, or LE DIAG 15 15 Widlh, High or Low 

FIGURE 3 - TIMING REQUIRED for DATA IN (or LE IN) to CORRECTED DATA OUT 

DATAQ.15 

LE IN 

OE BYTE 0 & I 

VALID 
INPUT 
DATA 

.XXXX .XxXXXX. 
lXXXXX .X)(XX 

DATAINt 0 

CORRECT DATA OUT 

V \.XNI'N{ 
~ /xxxxxr~ 

DATA to lE IN 
Setup Time 

\ 
~ 

DATA to lE IN 
Hold Time 

~ 
~ 
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PIN DEFINITIONS 

DATAO-15 
16 bidirectional data lines. They provide input to the Data 

Input Latch and Diagnostic Latch, and receive output from 
the Data Output Latch, DATAO is the least significant bit; 
DATA15 the most significant. 

CBO-6 
Seven Check Bit input lines. The check bit lines are 

used to input check bits for error detection. They are also 
used to input syndrome bits for error correction in 32 and 
64-bit configurations. 

LE IN 
Latch Enable - Data Input Latch. Controls latching of 

the input data. When HIGH the Data Input Latch and Check 
Bit Input Latch follow the input data and input check bits. 
When LOW, the Data Input Latch and Check Bit Input Latch 
are latched to their previous state. 

GENERATE 
Generate Check Bits input. When this input is LOW the 

EDAC is in the Check Bit Generate Mode. When HIGH the 
EDAC is in the Detect Mode or Correct Mode. 

In the Generate Mode the circuit generates the check 
bits or partial check bits specific to the data in the Data 
Input Latch. The generated check bits are placed on the SC 
outputs. 

In the Detect or Correct Modes the EDAC detects single 
and multiple errors, and generates syndrome bits based 
upon the contents of the Data Input Latch and Check Bit 
Input Latch. In Correct Mode, single-bit errors are also 
automatically corrected - corrected data is placed at the 
inputs of the Data Output Latch. The syndrome result is 
placed on the SC outputs and indicates in a coded form 
the number of errors and the bit-in-error. 

SCO-6 
Syndrome/Check Bit outputs. These seven lines hold 

the check/partial-check bits when the EDAC is in Gener­
ate Mode, and will hold the syndrome/partial syndrome 
bits when the device is in Detect or Correct Modes. These 
are 3-state outputs. 

OE SC 
Output Enable - Syndrome/Check Bits. When LOW, the 

3-state output lines SCO-6 are enabled. When HIGH, the 
SC outputs are in the high impedance state. 

ERROR 
Error Detected output. When the EDAC is in Detect or 

Correct Mode, this output will go LOW if one or more syn­
drome bits are asserted, meaning there are one or more bit 
errors in the .data or check bits. If no syndrome bits are 
asserted, there are no errors detected and the output will 
be HIGH. In Generate Mode, ERROR is forced HIGH. (In a 
64-bit configuration, ERROR must be externally imple­
mented.) 

MULT ERROR 
MUltiple Errors Detected output. When the EDAC is in 

Detect or Correct Mode, this output if LOW indicates that 
there are two or more bit errors that have been detected. If 
HIGH this indicates that either one or no errors have been 
detected. In Generate mode, MULT ERROR is forced HIGH. 

(In a 64-bit configuration, MULT ERROR must be externally 
implemented.) 

CORRECT 
Correct input. When HIGH this signal allows the cor­

rection network to correct any single-bit error in the Data 
Input Latch (by complementing the bit-in-error) before 
putting it onto the Data Output Latch. When LOW the 
EDAC will drive data directly from the Data Input Latch to 
the Data Output Latch without correction. 

LE OUT 
Latch Enable - Data Output Latch. Controls the latch­

ing of the Data Output Latch. When LOW the Data Output 
Latch is latched to its previous state. When HIGH the Data 
Output Latch follows the output of the Data Input Latch as 
modified by the correction logic network. In Correct Mode, 
single-bit errors are corrected by the network before load­
ing into the Data Output Latch. In Detect Mode, the con­
tents of the Data Input Latch are passed through the 
correction network unchanged into the Data Output Latch. 
The inputs to the Data Output Latch are unspecified if the 
EDAC is in Generate Mode. 

OE BYTE 0, OE BYTE 1 
Output Enable - Bytes a and 1, Data Output Latch. 

These lines control the 3-state outputs for each of the 
two bytes of the Data Output Latch. When LOW these lines 
enable the Data Output Latch and when HIGH these lines 
force the Data Output Latch into the high impedance state. 
The two enable lines can be separately activated to enable 
only one byte of the Data Output Latch at a time. 

PASS THRU 
Pass Thru input. This line when HIGH forces the con­

tents of the Check Bit Input Latch onto the Syndrome/ 
Check Bit outputs (SCO-6) and the unmodified contents of 
the Data Input Latch onto the inputs of the Data Output 
Latch. 

DIAG MODEO-1 
Diagnostic Mode Select. These two lines control the 

initialization and diagnostic operation of the EDAC. 

CODE 100-2 
Code Identification inputs. These three bits identify the 

size of the total data word to be processed and which 16-
bit slice of larger data words a particular EDAC is pro­
cessing. The three allowable data word sizes are 16, 32 
and 64-bits and their respective modified Hamming codes 
are designated 16122, 32/39 and 64172. Special CODE 
10 input 001 (102, lOt. 100) is also used to instruct the 
EDAC that the signals CODE 100-2, DIAG MODEO_l, 
CORRECT and PASS THRU are to be taken from the Diag­
nostic Latch, rather than from the input control lines. 

LE DIAG 
Latch Enable - Diagnostic Latch. When HIGH the Diag­

nostic Latch follows the 16-bit data on the input lines. 
When LOW the outputs of the Diagnostic Latch are latched 
to their previous states. The Diagnostic Latch holds diag­
nostic check bits, and internal control signals for CODE 
100-2, DIAG MODEO-1, CORRECT and PASS THRU. 
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FUNCTIONAL DESCRIPTION 

The MC74F2960 contains the necessary logic to gen­
erate check bits on a 16-bit data field according to a mod­
ified Hamming code. This code allows the EDAC to 1) be 
cascaded, 2) detect all double bit errors, 3) detect RAM 
failure (all 1 or 0 data). 

The EDAC may be configured to work on data words 
from 8- to 64-bits in length. When cascaded for word 
lengths in excess of 16 bits, each EDAC must know which 
bits it is processing. This is done with Code ID inputs as 
shown in Table8. The Internal Control Mode is described 
later. 

MODE SELECTION 

The device control lines are GENERATE, CORRECT, 
PASS THRU, DIAG MODEO_1 and CODE 100-2. Table 9 
lists the MC74F2960 modes of operation. The data 
flow for each of these modes is shown in Figures 4 
through 7. 

PASS THRU MODE 
In this mode, the unmodified contents of the Data Input 

Latch are placed on the inputs of the Data Output Latch 
and the contents of the Check Bit Input Latch are placed 
on the SC outputs. ERROR and MULT ERROR are forced 
HIGH in this mode. 

GENERATE MODE 
In this mode check bits will be generated that corre­

spond to the contents of the Data Input Latch. The check 
bits generated are placed on the SC outputs. 

DETECT MODE 
In this mode the device examines the contents of the 

Data Input Latch against the Check Bit Input Latch, and 
will detect all single-bit errors, all double-bit errors and 
some triple-bit errors. If one or more errors are detected, 
ERROR goes LOW. If two or more errors are detected, 
MULT ERROR goes LOW. Both error indicators are HIGH 
if there are no errors. 

Also available on the SC outputs are the syndrome bits 
generated by the error detection step. The syndrome bits 
may be decoded to determine if a bit error was detected 
and, for single-bit errors, which of the data or check bits 
is in error. 

In Detect Mode, the contents of the Data Input Latch 
are driven directly to the inputs of the Data Output Latch 
without correction. 

CORRECT MODE 
In this mode, the EDAC functions the same as in Detect 

Mode except that the correction network is allowed to cor­
rect (complement) any single-bit error of the Data Input 
Latch before putting it onto the inputs of the Data Output 
Latch. If multiple errors are detected, the output of the 
correction network is unspecified. 

If the single-bit error is a check bit there is no automatic 
correction. If check bit correction is desired, this can be 
done by placing the device in GENERATE MODE to pro­
duce a correct check bit sequence forthe data in the Data 
Input Latch. 

DIAGNOSTIC GENERATE 
DIAGNOSTIC DETECT 
DIAGNOSTIC CORRECT 

These are special diagnostic modes where check bits 
loaded into the Diagnostic Latch are substituted for either 
normal check bit inputs or outputs. 

INITIALIZE 
The inputs of the Data Output Latch are forced to zeroes. 

The check bit outputs (SC) are generated to correspond to 
the all-zero data. ERROR and MULT ERROR are forced 
HIGH in the initialize Mode. 

Initialize Mode IS useful after power up when RAM con­
tents are random. The EDAC may be placed in initialize 
mode and ItS' outputs written into all memory locations 
by the processor. 

INTERNAL CONTROL MODE 

When in the internal control mode, the EDAC takes the 
CODE IDO-2, DIAG MODEO_1, CORRECT and PASS THRU 

control signals from the Internal Diagnostic Latch rather 
than from the external input lines or Memory Controller. 

CODE 
ID2 

a 
a 
a 
a 
1 
1 
1 
1 

TABLE S. HAMMING CODE AND 
SLICE IDENTIFICATION 

CODE CODE 
1D1 IDO Hamming Code and Slice Selected 

a a Code 16/22 
a 1 Internal Control Mode 
1 0 Code 32139. Bytes a and 1 
1 1 Code 32/39. Bytes 2 and 3 
0 a Code 64172. Bytes a and 1 
a 1 Code 64172, Bytes 2 and 3 
1 a Code 64/72, Bytes 4 and 5 
1 1 Code 64/72. Bytes 6 and 7 

TABLE 9. F2960 MODES OF OPERATION 

CONTROL INPUTS' 

OPERATING MODE' DIAG MODEl DIAG MODEO PASSTHRU GENERATE CORRECT 

PASSTHRU X X 1 X X 

GENERATE X 0 a 0 X 

DETECT 0 X 0 1 0 

CORRECT 0 X 0 1 1 

DIAGNOSTIC GENERATE 0 1 0 0 X 

DIAGNOSTIC DETECT 1 0 0 1 0 

DIAGNOSTIC CORRECT 1 0 0 1 1 

INITIALIZE 1 1 0 X X 

·The internal control mode overrides controlmputs (See Text). 
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FIGURE 4 - CHECK BIT GENERATION 

LEOUT c>-------, 
OEBYTEO C>----~ 

C~6C~~--~r-r_--------------__, 
{CHECKBITSI 

DATAo-7 1i!l!!I'i'l-"",,~ 

LEOIAG C>-----J 

CODE 10 C>--i~--1 
OIAG MODE C>--ii<---1 

GENERATE Iil---o&! 
CORRECT C>-----I 

CORRECT 
LOGIC 

AOME 7 

FIGURE 5 - ERROR DETECTION AND CORRECTION 

LEQUT C>------, 
OEBYTEOC>-----, 

CBO_S C+r------j;-;I------------------, 
(CI-IECKBITSI 

DATAo.7 g::1I7'-1---1'~ 

DATA(I_1S 1<:::"';"1-1-1---1 

OEBYTE 1 C>-HH--J 

COOEIQ C~f--~ 

DIAG MODE c>---li<---1 
PASSTHRU C>-----I 

GENERATE ~::==!j 
CORRECT C 

ERROR 

LOGIC 
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FIGURE 6 - DIAGNOSTIC CHECK BIT GENERATION 

OEBYTEO C------, 
C"o·6 C>7'-r----j;-;i-----------------, 

(CHECK BITS) 

DATAa-1SI!:<!fT-h-r-l 

OESYTEl c-H-t--J 

LEOIAG C------" 

OIAGMODE E:.->4--~,j 

GENERAfE 6>--==!"=t 
CORRECT D--~-i 

LEOUT C-------, 
OEBYTEOC~-----, 

CORRECT 
LOGIC 

FIGURE 7 - DIAGNOSTIC DETECT AND CORRECT 

CB0-6 C.;t..r------j,......,l------------------, 
[CHECK BITS) 

DATAo_7 1!:<!fT-f--~~ 

OATAs_1S g;jfl'-l--1-1--I 

0E8YTE 1 C_H-+--J 

LEDIAG C_----J 

DIAG MODE I!">'*--f!'l 
PASSTHRU C---.-j 
GENERATE 8>-~=~ 

CORRECT C----\ 
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CASCADING THE MC74F2960 

The system configuration, as well as the specific func­
tion of various F2960 inputs and outputs, varies slightly 
depending upon the width of the data word. 

The system configuration for 16-bit, 32-bit and 64-bit 
data words is shown in Figures 8, 9 and 10. In addition, 
accompanying figures and tables indicate the memory 
word format, diagnostic latch format, check bit encode, 
syndrome decode and ac calculations for each con­
figuration. 

When cascading to 32- or 64-bit configurations, syn­
drome bits must be fed back to the check bit inputs to 
correct an erroneous data word. Figure 9 and Table 18 

16-BIT DATA WORD WIDTH 

TABLE 10. 16-BIT DATA FORMAT 

DATA 

BYTE 1 BYTE 0 

15 o 

Uses Modified Hamming Code 16122 
- 16 data bits 

- 6 check bits 

- 22 bits in total 

CHECK BITS 

illustrate the use of a 3-state buffer to control the multi­
plexing of check bits and syndrome bits into the EDAC(s). 

Cascading to a 64-bit configuration requires additional 
MSllogic to generate a portion of the Syndrome and also 
the ERROR flag. The implementation shown in Figure 10 
results in a different meaning for the MULT ERROR flag 
than in other configurations. MULT ERROR is HIGH if no 
errors or a l-bit error is detected, but it is also HIGH for 
some 2-bit errors. In order to determine if an error is 
correctable, a DOUBLE ERROR output indicates that 2 er­
rors have been detected when HIGH. Otherwise DOUBLE 
ERROR is Low. 

FIGURE 8 - 16-BIT CONFIGURATION 

INPUT CHECK BITS 
FOR 16-BIT CONFIGURATION 

r, ----------~, DON, 
CX CO Cl C2 C4 C8 CARE 

EDAC 

S2/C2 S8/C8 
~------~~------~' 
SYNDROMEICHECK BIT OUTPUTS 

FOR 16-BIT CONFIGURATION 

CODE 
ID 000 

TABLE 11. 16-BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE CHART 

Generated Participating 
Check Data Bits 

Bits Parity 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

CX Even IXORI X X X X X X X X 

CO Even IXORI X X X X X X X X 

Cl Odd IXNORI X X X X X X X X 

C2 Odd IXNORI X X X X X X X X 

C4 Even IXORI X X X X X X X X 

C8 Even IXORI X X X X X X X X 

The check bit IS generated as either an XOR or XNOR of the eight data bits noted by an "X" In the table. 
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16-81T DATA WORD WIDTH (continued) 

TABLE 12. SYNDROME DECODE TO BIT-IN-ERROR 

Syndrome SB 0 1 0 1 
Bits S4 0 0 1 1 

S2 0 0 0 0 
SX SO 51 

0 0 0 . C8 C4 T 

0 0 1 Cl T T 15 

0 1 0 CO T T M 

0 1 1 T 10 4 T 

1 0 0 CX T T 14 

1 0 1 T 9 3 T 

1 1 0 T 8 2 T 

1 1 1 M T T M 

* - no errors detected 
Number - the location of the Single bit-in-error 

T - two errors detected 

M - three or more errors detected 

32-BIT DATA WORD WIDTH 

0 1 0 
0 0 1 
1 1 1 

C2 T T 

T 13 7 

T 12 6 

0 T T 

T 11 5 

M T T 

1 T T 

T M M 

1 
1 
1 

M 

T 

T 

M 

T 

M 

M 

T 

TABLE 14. SYNDROME DECODE TO BIT-IN-ERROR 

Syndrome 516 0 1 0 
Bits 58 0 0 1 

S4 0 0 0 
SX SO 51 52 

0 0 0 0 C16 C8 

0 0 0 1 C2 T T 

0 0 1 0 Cl T T 

0 0 1 1 T M 13 

0 1 0 0 CO T T 

0 1 0 1 T 1 12 

0 1 1 0 T M 10 

0 1 1 1 16 T T 

1 0 0 0 CX T T 

1 0 0 1 T M 11 

1 0 1 0 T M 9 

1 0 1 1 M T T 

1 1 0 0 T M 8 

1 1 0 1 17 T T 

1 1 1 0 M T T 

1 1 1 1 T 0 M 

* - no errors detected 
Number - the location of the smgle bit-in-error 
T - two errors detected 
M - three or more errors detected 

1 0 1 
1 0 0 
0 1 1 

T C4 T 

27 T 5 

25 T 3 

T 23 T 

24 T 2 

T 22 T 

T 20 T 

M T M 

M T M 

T 21 T 

T 19 T 

29 T 7 

T 18 T 

28 T 6 

26 T 4 

T M T 

TABLE 13. DIAGNOSTIC LATCH LOADING - 16-BIT FORMAT 

Data Bit Internal Function --
0 Diagnostic Check Sit X 

1 Diagnostic Check Bit 0 

2 Diagnostic Check Sit 1 

3 Diagnostic Check Bit 2 

4 Diagnostic Check Bit 4 

5 Diagnostic Check Bit 8 

6.7 Don't Care 

8 CODE IDO 

9 CODE ID 1 

10 CODE ID 2 

11 DIAG MODEO 

12 DIAGMODE 1 

13 CORRECT 

14 PASS THRU 

15 Don't Care 

TABLE 15. DIAGNOSTIC LATCH LOADING - 32-BIT FORMAT 

Data Bit Internal Function 

0 Diagnostic Check Bit X 

0 1 
1 Diagnostic Check Bit 0 

1 1 2 Diagnostic Check Sit 1 
1 1 3 Diagnostic Check Sit 2 

T 30 4 Diagnostic Check Sit 4 

M T 5 Diagnostic Check Bit 8 

15 T 6 Diagnostic Check Bit 16 

T M 7 Don't Care 
M T 8 Slice 0/1 - CODE ID 0 
T M 

T M 
9 Shce 0/1 - CODE ID 1 

M T 10 Shce 0/1 - CODE ID 2 

14 T 11 Slice 0/1 - DIAG MODE 0 

T M 12 Shce 0/1 - DIAG MODE 1 

T 31 13 Shce 0/1 - CORRECT 
M T 14 Slice 0/1 - PASS THRU 
T M 

M T 
15 Don't Care 

M T 16·23 Don't Care 

T M 24 Slice 2/3 - CODE ID 0 

25 Slice 2/3 - CODE ID 1 

26 Shce 2/3 - CODE ID 2 

27 Slice 2/3 - DIAG MODE 0 

28 Shce 2/3 - DIAG MODE 1 

29 Shce 2/3 - CORRECT 

30 Shce 2/3 - PASS THRU 

31 Don't Care 
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32-BIT DATA WORD WIDTH (continued) 

TABLE 15. 32-BIT DATA FORMAT 

DATA 

BYTE 3 BYTE 2 BYTE 1 

31 24 23 16 15 

Uses Modified Hamming Code 32/39 

- 32 data bits 

- 7 check bits 

- 39 bits in total 

BYTE 0 

8 7 o 

FIGURE 9 - 32-BIT CONFIGURAT'ON 

INPUT DATA INPUT CHECK BITS 

,,----~----~\r'------------... '------------, 
DAlC A16.31 DATAo_15 CX co C, C,2 C, C,8 c;s 

I~I 

DATA CBo CB, CB2 CB3 CB, CBS C8s 

OESC 

~ EOAC 
BYTES DANe 1 

CODE f--010 
ID 

SCo SC, SC2 SC3 SC, SCs SCs 

'-----y 
DATA CBo C8, C82 CB3 CB, CBS CBS 

OESC 

EDAC* 
BYTES 2 AND 3 

CODE __ 0" 
ID 

MULl 
ERROR ERROR SCo SC, SC2 SC3 SC, SCs SCs 

----
ERROR MULl SX/CX SOICO S1/C1 521C2 S4/C4 S8/C8 516/C16 

ERROR, ~ ~ 

OUTPUT SYNDROME/CHECK BITS 

"Check Bit Latch is Forced Transparent in this 
Code ID Combination for this Slice. 
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32-BIT DATA WORD WIDTH (continued) 

TABLE 16. 32·BIT MODIFIED HAMMING CODE - CHECI( BIT ENCODE CHART 

Generated 
Participating Data Bits 

Check 
Bits Parity 0 1 2 3 4 5 6 7 8 9 10 

CX Even (XOR) X X X X X X 

CO Even (XOR) X X X X X X X 

Cl Odd (XNOR) X X X X X X 

C2 OddlXNORI X X X X X 

C4 Even IXORI X X X X X X 

C8 Even IXORI X X X 

C16 Even IXORI X X X X X X X X 

Generated 
Participating Data Bits 

Check 
Bits Parity 16 17 18 19 20 21 22 23 24 25 26 

CX Even IXORI X X X X 

CO Even IXORI X X X X X X 

Cl OddlXNORI X X X X X 

C2 OddIXNOR) X X X X X 

C4 Even IXOR) X X X X X X 

C8 Even IXORI X X 

C16 Even IXORI X X 

TABLE 17. KEY AC CALCULATIONS FOR THE 32·BIT CONFIGURATION 

32·Bit 
Propagation Delay 

Delay Calculation 

From 

DATA 

DATA IN 

DATA 

DATA 

DATA 

64·BIT DATA WORD WIDTH 

Uses Modified Hamming Code 64172 
- 64 data bits 

- 8 check bits 
- 72 bits In total 

To 

Check Bns 
IDATA to SCI + (CB to SC. CODE 10 0111 

Out 

Corrected IDATA to SCI + ICB to SC. CODE 100111 + 
DATA OUT ICB to DATA. CODE 100101 

Syndromes 
IDATA to SCI + ICB to SC. CODE 10 0111 

Out 

ERROR for IDATA to SCI + ICB to ERROR. 
32 Bits CODE 10011) 

MULT ERROR for IDATA to SCI + ICB to MULT ERROR. 
for 32 Bits CODE 100111 

TABLE 18. 64-BIT DATA FORMAT 
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64-BIT DATA WORD WIDTH (continued) 

TABLE 19. 64-BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE CHART 

Generated 
Participating Data Bits Check 

Bits Parity 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

CX Even (XOA) X X X X X X X X 

cr: Even (XOA) X X X X X X X X 

C1 Odd (XNOA) X X X X X X X X 

C2 Odd (XNOA) X X X X X X X X 

C4 Even (XOA) X X X X X X X X 

CB Even (XOA) X X X X X X X X 

C16 Even (XOA) X X X X X X X X 

C32 Even (XOA) X X X X X X X X 

Generated Participating Data Bits 
Check 

8its Parity 16 17 18 19 20 21 22 23 24 25 26 27 2B 29 30 31 

CX Even (XOA) X X X X X X X X 

CO Even (XOA) X X X X X X X X 

C1 Odd (XNOA) X X X X X X X X 

C2 Odd (XNOA) X X X X X X X X 

C4 Even (XOAI X X X X X X X X 

C8 Even (XOA) X X X X X X X X 

II 
C16 Even (XOA) X X X X X X X X 

C32 Even (XOA) X X X X X X X X 

Generated Participating Data Bits 
Check 

Bits Parity 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 

CX Even (XOA) X X X X X X X X 

CO Even (XOA) X X X X X X X X 

C1 Odd (XNOA) X X X X X X X X 

C2 Odd (XNOA) X X X X X X X X 

C4 Even (XOA) X X X X X X X X 

C8 Even (XOA) X X X X X X X X 

C16 Even (XOA) X X X X X X X X 

C32 Even (XOA) X X X X X X X X 

Generated Participating Data Bits 
Check 

Bits Parity 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 

CX Even (XOA) X X X X X X X X 

,CO Even (XOA) X X X X X X X X 

C1 Odd (XNOA) X X X X X X X X 

C2 Odd (XNOA) X X X X X X X X 

C4 Even (XOA) X X X X X X X X 

C8 Even (XOA) X X X X X X X X 

C16 Even (XOA) X X X X X X X X 

C32 Even (XOA) X X X X X X X X 

The check bit is generated as either an XOR or XNOR of the 32 data bits noted by an "X" in the table. 
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MC74F2960/Am2960. MC74F2960-1/Am2960-1 

64-BIT DATA WORD WIDTH (continued) 

TABLE 20. SYNDROME DECODE TO BIT-IN-ERROR 

Syndrome 532 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
Bits 516 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 

SB 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
54 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 

SX SO 51 52 

0 0 0 0 . C32 C16 T C8 T T M C4 T T M T 46 62 T 

0 0 0 1 C2 T T M T 43 59 T T 53 37 T M T T M 
0 0 1 0 Cl T T M T 41 57 T T 51 35 T 15 T T 31 
0 0 1 1 T M M T 13 T T 29 23 T T 7 T M M T 
0 1 0 0 CO T T M T 40 56 T T 50 34 T M T T M 

0 1 0 1 T 49 33 T 12 T T 28 22 T T 6 T M M T 

0 1 1 0 T M M T 10 T T 26 20 T T 4 T M M T 
0 1 1 1 16 T T 0 T M M T T M M T M T T M 
1 0 0 0 CX T T M T M M T T M M T 14 T T 30 
1 0 0 1 T M M T 11 T T 27 21 T T 5 T M M T 
1 0 1 0 T M M T 9 T T 25 19 T T 3 T 47 63 T 
1 0 1 1 M T T M T 45 61 T T 55 39 T M T T M 
1 1 0 0 T M M T 8 T T 24 18 T T 2 T M M T 

1 1 0 1 17 T T 1 T 44 60 T T 54 38 T M T T M 

1 1 1 0 M T T M T 42 58 T T 52 36 T M T T M 

1 1 1 1 T 4B 32 T M T T M M T T M T M M T 

* - no errors detected T - two errors detected 
Number - the location of the single bit-in-error M - three or more errors detected 

TABLE 21. DIAGNOSTIC LATCH LOADING - 54-BIT FORMAT 

Data Bit Internal Function Data Bit Internal Function 

0 Diagnostic Check Bit X 31 Don'teare 

1 Diagnostic Check Bit 0 32-37 Don't Care 

2 DIagnostic Check Bit 1 38 Diagnostic Check Bit 16 

3 Diagnostic Check Bit 2 39 Don't Care 

4 Diagnostic Check Bit 4 40 Slice 4/5 - CODE 10 0 

5 Diagnostic Check Bit 8 41 Shce 4/5 - CODE 10 1 

6,7 Don't Care 42 Slice 4/5 - CODE 10 2 

8 Shce 011 - CODE 100 43 Shce 4/5 - DIAG MODE 0 

9 Slice 011 - CODE 10 1 44 Slice 4/5 - DIAG MODE 1 

10 Slice 011 - CODE 10 2 45 Slice 4/5 - CORRECT 

11 Slice 011 - DIAG MODE 0 46 Slice 4/5 - PASS THRU 

12 Slice 011 - DIAG MODE 1 47 Don't Care 

13 Slice 011 - CORRECT 48-54 Don't Care 

14 Shce 011 - PASS THRU 55 Diagnostic Check Bit 32 

15 Don't Care 56 Slice 6/7 - CODE 10 0 

16-23 Don't Care 57 Shce 617 - CODE 10 1 

24 Shce 2/3 - CODE ID 0 58 Shce 617 - CODE 10 2 

25 Slice 2/3 - CODE 10 1 59 Slice 617 - DlAG MODE 0 

26 Shce 2/3 - CODE 10 2 60 Slice 6/7 - DIAG MODE 1 

27 Slice 2/3 - DIAG MODE 0 61 Slice 617 - CORRECT 

28 Slice 2/3 - DIAG MODE 1 62 Slice 6/7 - PASS THRU 

29 Shce 2/3 - CORRECT 63 Don't Care 

30 Slice 2/3 - PASS THRU 

FAST AND LS TTL DATA 
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MC74F2960/Am2960. MC74F2960-1/Am2960-1 

64-BIT DATA WORD'WIDTH (continued) 

TABLE 22. KEY AC CALCULATIONS FOR THE 64-BIT CONFIGURATION 

64-Bit 
Propagation Delay Delay Calculation 

From To 

DATA Check Bits Out (DATA to SC) + (XOR Delay) 

DATA IN Corrected DATA OUT 
(DATA to SC) + (XOR Delay) + (Buffer Delay) + 
(CB to DATA, CODE 10 1 xx) 

DATA Syndromes (DATA to SC) + (XOR Delay) 

DATA ERROR for 64 Bits (DATA to SC) + (XOR Delay) + (NOR Delay) 

DATA MULT ERROR for 64 Bits 
(DATA to SCI + (XOR Delay) + (Buffer Delay) + 
(CB to MULT ERROR, CODE ID 1 xx) 

DATA DOUBLE ERROR for 64 Bits (DATA to SC) + (XOR Delay) + (XOR/NOR Delay) 

FIGURE 11 - OUTLINE DIMENSION 

i 
l " I 

I 
)-- --=I 

~,o~ ______ ~l ____ ~~ ________ ~,.~ 
1---0 I 
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I I , ; 

JI- o 

I ! I 

NOTES: MILLIMETERS INCHES 
I. oiMENSIoN01S DATUM. 
2. PoSTloNAL TOLERANCE FOR LEADS: 

I-$-Ia 0.25100101@lrjli@1 

3.rn IS SEATING PLANE. 
4. DIMENSION "L" TO CENTER OF LEADS 

WHEN Fo RMEo PARALLEL. 
5. DIMENSIONING AND TOLERANCING PER 

ANSI YI4.5, 1973. 
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DIM 
A 
B 
C 
0 
F 
G 
J 
K 
L 
M 
N 

MIN MAX MIN MAX 
60.35 61.57 2.376 I 2.424 
14.63 15.34 10.604 
3.05 4.32 ~ 0.301 0.533 rmJ-0.762 1.397 ~ 2.54 OSC ~ 0.203 0.330 ~ 2.54 4.19 ~ 14.99 15.65 ~ 00 100 00 loa 
1.016 1.524 0.040 0.060 

CASE 740-02 
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MC74F2960/Am2960. MC74F2960-1/Am2960-1 

CPU 
MC68000 
Am2900 

8086 
Z8000 

!!l .. 
0 

FIGURE 12 - HIGH PERFORMANCE COMPUTER MEMORY 
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WilC74f2968 
MC14F296~ 
mfilC14!F2910 

Product Preview 
A NEW GENERATION OF MEMORY SUPPORT PRODUCTS 

Motorola and Advanced Micro Devices have agreed 
to cooperate on the development of the next generati,on 
of the F2960 Family of Memory Support products. These 
devices are designed to maximize the speed and min­
imize the cost of memory systems based on the new 
generation of high performance 64K and 256K MOS 
Dynamic RAMs (DRAMs). 

The products included in this joint development and 
alternate sourcing agreement are a Dynamic Memory 
Controller (DMC), the F2968, and two Memory Timing 
Controllers (MTC), the F2969 and F2970. These func­
tions are partitioned such that address generation and 
refresh are provided by the F2968. Memory timing and 
control is achieved with either the F2969 or F2970. This 
partitioning allows greater design flexibility and higher 
system performance than would be possible by com­
bining the DMC and MTC functions on a single chip. All 
three devices will be fabricated using the high perfor­
mance, oxide-isolated bipolar technologies with TIL 
compatible I/O levels. 

The Dynamic Memory Controller, F2968, will provide 
complete address multiplexing, refreshing, and output 
drive for up to 88 Dynamic Random Access Memories 
(DRAMs). The F2968 will be packaged in a 48-pin DIP 
and will interface with 16K, 64K, or 256K DRAMs. 

The memory timing controller will be available in two 
versions. The F2969, a 48-pin version, will provide all 
control signals for both the F2968 Memory Controller 
and the F2960 Error Detection and Correction circuit 
(EDAC). The F2969 Timing Controller will support error 
logging and also handle memory initialization, refresh 
timing, and memory cycle arbitration. The general pur­
pose microprocessor interface on the F2969 will facili­
tate its use with most microprocessors with minimal 
external logiC. The MC68000 AMD/lntel iAPX86, and 
AMD 2900 bit-slice and 29116 devices are notable ex­
amples. System timing for all memory functions is de­
rived from an external delay line to provide maximum 
performance and flexibility. 

For systems not utilizing the F2960 Error Detection 
and Correction circuit (EDAC), a second version of the 
timing controller, the F2970, will be available without 
(EDAC) interface/functions. The F2970 will save on Ie 
cost and board space as it will be packaged in 24-pin, 
300-mil wide DIP. 

Sample quantities on the F2968, F2969, and the F2970 
are expected in the fourth quarter 1983, with production 
commencing early in 1984. F2960 samples are expected 
in the third quarter of 1983. 

HIGH PERFORMANCE COMPUTER MEMORY 
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MC74F2968 

DYNAMIC MEMORY CONTROLLER 

The MC74F2968 Dynamic Memory Controller is intended to be 
used with today's high performance memory systems. It has two 
9-bit address latches which allow the chip to be used with 16K, 
64K, or 256K dynamic RAMs. A two-bit bank select latch for the 
two 1!!9!!. order address bits is provided to select one each of the 
four RAS and CAS outputs. 

PIN ASSIGNMENT 

In the refresh mode, two counters cycle through the refresh 
address. Only the ROW counter is used for refresh without scrub­
bing, generating up to 512 addresses to refresh a 512-cycle-refresh • 
DRAM. The column counter is used only for refresh with scrub­
~. In this mode all RAS outputs are generated with only one 
CAS output. 

• Provides Control for 16K, 64K, or 256K Dynamic RAM Systems 

• Outputs Directly Drive Up to 88 DRAMs 

• Highest Order Two Address Bits Select One of Four Banks of 
RAMs 

• Separate gs and CAS Lines for Each Bank of DRAM 
o Supports Memory Scrubbing During Refresh 

• Supports Nibble Mode Access 
• Separate Output Enable for Multi-Channel Access-to-Memory 

• . Chip Select for Easy Expansion 

• 48-Pin Dual In-Line Package 

LOGIC DIAGRAM 
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MC74F2969 
MC74F2970 

DYNAMIC MEMORY TIMING CONTROLLERS 

The MC74F2969/2970 Dynamic Memory Timing Con­
trollers are intended to be used with today's high per­
formance memory systems. They have been designed 
to offer the system designer maximum flexibility and 
performance. Timing for both circuits is derived from 
an external delay line. 

The F2969 is designed to control the timing for sys­
tems incorporating the MC74F2960 Error Detection And 

MC74F2969 

o Provides Complete Timing Control for 16K, 64K, or 
256K Dynamic RAM Systems Which Utilize F2960, 
F2961/2962, and F2968 

o WE Output Directly Drives Up to 88 DRAMs 

o Delay-Line Controlled Timing for Maximum 
Performance 

o Synchronous or Asynchronous Arbitration of Mem-
ory Cycles 

o Supports Memory Scrubbing During Refresh 

o Internal or ElIternal Control of Refresh 

o Burst or Distributed Refresh Modes 

o 128-, 256-, or 512-Cycle Burst Refresh 

o Performs Hidden Refresh When Processor Accesses 
Other Devices (Distributed Mode) 

o Supports Byte-Writes for Memory Up to 32-Bits Wide 

o Supports the Bus Retry Feature of the MC68010 

Correction circuit, the MC74F2961162 EDAC Bus Buffers, 
and the MC74F2968 Dynamic Memory Controller. 

For memory systems not utilizing the F2960 EDAC 
unit, the F2970 will provide all control signals for the 
F2968 while reducing IC cost and circuit board area. The 
F2970 supports functions which are a subset of the 
F2969. By choosing not to utilize EDAC support func­
tions, the F2970 can be packaged in a 24-pin DIP. 

o Initializes Memory 

o 48-Pin Dual In-Line Package 

MC74F2970 

o Provides Complete Timing Control for 16K, 64K, or 
2561( Dynamic RAM Systems Which Utilize the F2968 

o WE Output Directly Drives Up to 88 DRAMs 

o Delay-Line Controlled Timing for Maximum 
Performance 

o SynChronous or Asynchronous Arbitration of Mem-
ory Cycles 

o Internal or External Control of Refresh 

o Burst or Distributed Refresh Modes 

o 128-,256-, or 512-Cycle Burst Refresh 

o Performs Hidden Refresh When Processor Accesses 
Other Devices (Distributed Mode) 

o 24-Pin, 300 Mil Wide Dual In-Line Package 

BLOCK DIAGRAM OF F2969/F2970 
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**This signal is generated internally in F2969: 
parenthesis show signals used by F2970. 

FAST AND LS TTL DATA 

4-173 

RASI 

MC 
lOMe Model 

~---sup 

DES· 
lEI­
LEO/GEN­
OEH,· 
OEHO· 
DEL,· 
OE",· 



II 

4-174 



ILS Data Sheets II 



II 

® MOTOROL.A 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GND 

GUARANTEED OPERAllNG RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

54 
74 

54 
74 

54.74 

54 
74 

SN54LSOO 
SN74LSOO 

QUAD 2-INPUT NAND GATE 

LOW POWER SCHOTTKY 

MIN TYP MAX UNIT 

4.5 5.0 5.5 V 
4.75 5.0 5.25 

-55 25 125 °C 
0 25 70 

-0.4 rnA 

4.0 mA 
8.0 

DC CHARACTERISllCS OVER OPERAllNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage V All Inputs 74 0.8 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN =-18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN. 10H = MAX. VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54.74 0.25 0.4 V 10L - 4.0 mA I VCC - VCC MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L = 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 pA VCC = MAX. VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX. VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX. VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC = MAX 

Power Supply Current 
ICC Total. Output HIGH 1.6 mA VCC=MAX 

Total. Output LOW 4.4 

AC CHARACTERISllCS- TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tPLH Turn Off Delay. Input to Output 9.0 15 ns VCC = 5.0V 

tpHL Turn On Delay. Input to Output 10 15 ns CL = 15 pF 

MOTOROLA SCHOTTKY TTL DEVICES 
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Vee 

'OPEN COLLECTOR OUTPUTS 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GNO 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

VOH Output Voltage - High 

10L Output Current - Low 

54 
74 

54 
74 

54,74 

54 
74 

SN54lS01 
SN74lS01 

QUAD 2-INPUT NAND GATE 

LOW POWER SCHOTTKY 

MIN TVP MAX UNIT 

4.5 5.0 5.5 V 
4.75 5.0 5.25 

-55 25 125 °C 

° 25 70 

5.5 V 

4.0 mA 
B.O 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
MIN 

LIMITS 
TVP MAX 

UNITS TEST CONDITIONS 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN =-18 mA 

IOH Output HIGH Current 54,74 100 /lA VCC = MIN, VOH = MAX 

54,74 0.25 0.4 V 10L = 4.0 mA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 /lA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX. VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

Power Supply Current 
ICC Total, Output HIGH 1.6 mA VCC = MAX 

Total, Output LOW 4.4 

AC CHARACTERISTICS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TVP MAX 

tpLH Turn Off Delay, Input to Output 17 32 ns VCC = 5.0V 

tpHL Turn On Delay, Input to Output 15 28 ns CL = 15 pF, RL = 2.0 kO 

MOTOROLA SCHOTTKY TTL DEVICES 
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® ItIIOTOROLA 

J Suffix - Case 632·07 (Ceramic) 
N Suffix - Case 646·05 (Plastic) 

GUARANTEED OPERATING RANGES 
SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

54 
74 

54 
74 

54.74 

54 
74 

SN54LS02 
SN74LS02 

QUAD 2-INPUT NOR GATE 

LOW POWER SCHOTTKY 

MIN TYP MAX UNIT 

4.5 5.0 5.5 V 
4.75 5.0 5.25 

-55 25 125 °C 
0 25 70 

-0.4 mA 

4.0 mA 
B.O 

DC CHARACTERISTlCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 O.B 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VC;C;- MIN.IIN=-lB rnA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54.74 0.25 0.4 V 10L = 4.0 mA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - B.O mA I VIN = VIL or VIH 
per Truth Table 

20 pA VCC = MAX. VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX. VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX. VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

Power Supply Current 
ICC Total. Output HIGH 3.2 

rnA VCC = MAX 
Total. Output LOW 5.4 

AC CHARACTERISTlCS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Turn Off Delay. Input to Output 10 15 ns VCC";5.0V 

tpHL Turn On Delay. Input to Output 10 15 ns ci. =15pF 

MOTOROLA SCHOTTKY TTL DEVICES 
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® MOTOROL.A 

-OPEN COLLECTOR OUTPUTS 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

OND 

TA Operating Ambient Temperature Range 

VOH Output Voltage - High 

10L Output Current - Low 

54 
74 

54 
74 

54,74 

54 
74 

SN54lS03 
SN74LS03 

QUAD 2-INPUT NAND GATE 

LOW POWER SCHOTTKY 

MIN TYP MAX UNIT 

4.5 5.0 5.5 V 
4.75 5.0 5.25 

-55 25 125 °C 
0 25 70 

5.5 V 

4.0 mA 
8.0 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-18 mA 

IOH Output HIGH Current 54,74 100 pA VCC = MIN, VOH = MAX 

54,74 0.25 0.4 V 10L - 4.0 mA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L = B.O mA I VIN = VIL or VIH 
per Truth Table 

20 pA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

Power Supply Current 
ICC Total, Output HIGH 1.6 rnA Vcc = MAX 

Total, Output LOW 4.4 

AC CHARACTERISTICS' TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tPLH Turn Off Delay, Input to Output 17 32 ns VCC= 5.0V 

tpHL Turn On Delay, Input to Output 15 28 ns CL = 15 pF, RL = 2.0 kCl 

MOTOROLA SCHOTTKY TTL DEVICES 
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® MOTOROLA 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GND 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

MIN 

54 4.5 
74 4.75 

54 -55 
74 0 

54.74 

54 
74 

SN54LS04 
SN74LS04 

HEX INVERTER 

LOW POWER SCHOTTKY 

TYP MAX 

5.0 5.5 
5.0 5.25 

25 125 
25 70 

-0.4 

4.0 
8.0 

UNIT 

V 

°c 

mA 

mA 

DC CHARACTERlsnCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 rnA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, IOH = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 'V IOL = 4.0 mA J Vce - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V IOL - 8.0 rnA I VIN = VIL or VIH 
per Truth Table 

20 pA Vce = MAX,VIN =2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA Vee = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 rnA VCC=MAX 

Power Supply Current 
lec Total, Output HIGH 2.4 rnA Vec = MAX 

Total, Output LOW 6.6 

AC CHARACTERlsnCs- TA = 25°e 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Turn Off Delay, Input to Output 9.0 15 ns VCC = 5.0V 

tpHL Turn On Delay, Input to Output 10 15 ns 'CL= 15pF 

MOTOROLA SCHOTIKY TIL DEVICES 
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® MOTOROL.A 

VCC 

*OPEN COLLECTOR OUTPUTS 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

GND 

TA Operating Ambient Temperature Range 

VOH Output Voltage - High 

10L Output Current - Low 

MIN 

54 4.5 
74 4.75 

54 -55 
74 0 

54,74 

54 
74 

SN54LS05 
SN74LS05 

HEX INVERTER 

LOW POWER SCHOTTKY 

TYP MAX 

5.0 5.5 
5.0 5.25 

25 125 
25 70 

5.5 

4.0 
8.0 

UNIT 

V 

°C 

V 

rnA 

DC CHARACTERlsnCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

V,H Input HIGH Voltage 2.0 V 

54 0.7 
V,L Input LOW Voltage 

74 0.8 
V 

V,K Input Clamp Diode Voltage -0.65 -1.5 V 

10H Output HIGH Current 54,74 100 J1A 

54,74 0.25 0.4 V 
VOL Output LOW Voltage 

74 0.35 0.5 V 

20 pA 
"H Input HIGH Current 

0.1 rnA 

',L Input LOW Current -0.4 rnA 

Power Supply Current 
ICC Total, Output HIGH 2.4 

rnA 
Total, Output LOW 6.6 

AC CHARACTERISTlCS: TA = 25°C 

SYMBOL 

tpLH 

tpHL 

PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

Turn Off Delay, Input to Output 17 32 ns 

Turn On Delay, Input to Output 15 2B ns 

MOTOROLA SCHOTTKY TTL DEVICES 
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TEST CONDITIONS 

Guaranteed Input HIGH Voltage for 
All Inputs 

Guaranteed Input LOW Voltage for 
All Inputs 

VCC = MIN, liN =-18 rnA 

VCC = MIN, VOH = MAX 

10L = 4.0 rnA J VCC - VCC MIN, 
10L - 8.0 rnA I Y,N = V,L or V,H 

per Truth Table 

VCC = MAX, Y,N = 2.7 V 

VCC = MAX, Y,N = 7.0 V 

VCC = MAX, Y,N = 0.4 V 

VCC = MAX 

TEST CONDITIONS 

VCC= 5.0V 
CL = 15 pF, RL = 2.0 kCl 



® MOTOROLA 
SN54LS08 
SN74LS08 

QUAD 2-INPUT AND GATE 

J Suffix - Case 632·07 (Ceramic) 
N Suffix - Case 646·05 (Plastic) 

GNO 

GUARANTEED OPERAnNG RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

MIN 

54 4.5 
74 4.75 

54 -55 
74 0 

54.74 

54 
74 

LOW POWER SCHOTTKY 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

·25 125 °C 
25 70 

-0.4 mA 

4.0 mA 
8.0 

DC CHARACTERlsnCS OVER OPERAnNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 

54 0.7 
VIL Input LOW Voltage 

74 0.8 
V 

VIK Input Clamp Diode Voltage -0.65 -1.5 V 

VOH Output HIGH Voltage 
54 2.5 3.5 V 

74 2.7 3.5 V 

54.74 0.25 0.4 V 
VOL Output LOW Voltage 

74 0.35 0.5 V 

20 IIA 
IIH Input HIGH Current 

0.1 mA 

IlL Input LOW Current -0.4 mA 

lOS Shon Circuit Current -20 -100 mA 

Power Supply Current 
ICC Total. Output HIGH 4.8 rnA 

Total. Output LOW 8.8 

AC CHARACTERlsnCS: TA = 25°C 

SYMBOL 

tpLH 

tpHL 

PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

Turn Off Delay. Input to Output 8.0 15 ns 

Turn On Delay. Input to Output 10 20 ns 

MOTOROLA SCHOTIKY TIL DEVICES 
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TEST CONDITIONS 

Guaranteed Input HIGH Voltage for 
All Inputs 

Guaranteed Input LOW Voltage for 
All Inputs 

VCC = MIN. liN = ~18 mA 

VCC = MIN. 10H = MAX. VIN = VIH 
or VIL per Truth Table 

10L = 4.0 mA I VCC = VCC MIN. 

10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

VCC = MAX. VIN = 2.7 V 

VCC = MAX. VIN = 7.0 V 

VCC = MAX. VIN = 0.4 V 

VCC = MAX 

VCC = MAX 

TEST CONDITIONS 

VCC = 5.0V 

CL = 15 pF 



® IiWOirOfROLA. 

'OPEN COLLECTOR OUTPUTS 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GUARANTEED OPERAnNG RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

GNO 

TA Operating Ambient Temperature Range 

VOH Output Voltage - High 

10L Output Current - Low 

54 
74 

54 
74 

54.74 

54 
74 

SN54IlS09 
SN74LS09 

QUAD 2-INPUT AND GATE 

LOW POWER SCHOTTKY 

MIN TYP MAX UNIT 

4.5 5.0 5.5 V 
4.75 5.0 5.25 

-55 25 125 °e 
0 25 70 

5.5 V 

4.0 mA 
8.0 

DC CHARAcnERI5nCS OVER OPERAnNG TEMPERATURE RANGE (unless otherwise specified) 

SYM80L PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V Vce = MIN. liN =-18 mA 

10H Output HIGH Current 54.74 100 Jl.A Vce - MIN. VOH - MAX 

54.74 0.25 0.4 V 10L = 4.0 mA I Vee = Vec MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 !1A Vec- MAX• VIN=2.7 V 
IIH Input HIGH Current 

0.1 mA Vee = MAX. VIN = 7.0 V 

IlL Input LOW Current -0.4 mA Vee = MAX. VIN = 0.4 V 

Power Supply Current 
ICC Total. Output HIGH 4.8 rnA VCC=MAX 

Total. Output LOW 8.8 

AC CHARAcnERI5nCS- TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Turn Off Delay. Input to Output 20 35 ns Vce=5.0V 

tpHL Turn On Delay. Input to Output 17 35 ns CL = 15 pF. RL = 2.0 krl 

MOTOROLA SCHOTTKY TTL DEVICES 
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® MOTOROLA 
SN54LS10 
SN74LS10 

TRIPLE 3-INPUT NAND GATE 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GNO 

GUARANTEED OPERATING RANGES 
SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 

IOL Output Current - Low 

MIN 

54 4.5 
74 4.75 

54 -55 
74 0 

54.74 

54 
74 

LOW POWER SCHOTTKY 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °C 
25 70 

-0.4 mA 

4.0 mA 
8.0 

DC CHARACTERISTlCS OVER OPERATING n:MPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 

54 0.7 
VIL Input LOW Voltage 

74 0.8 
V 

VIK Input Clamp Diode Voltage -0.65 -1.5 V 

VOH Output HIGH Voltage 
54 2.5 3.5 V 

74 2.7 3.5 V 

54.74 0.25 0.4 V 
VOL Output LOW Voltage 

74 0.35 0.5 V 

20 pA 
IIH Input HIGH Current 

0.1 mA 

IlL Input LOW Current -0.4 mA 

lOS Short Circuit Current -20 -100 mA 

Power Supply Current 
ICC Total. Output HIG H 1.2 rnA 

Total. Output LOW 3.3 

AC CHARACTERISTlCS- TA - 25°C -

SYMBOL 

tPLH 

tPHL 

PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

Turn Off Delay. Input to Output 9.0 15 ns 

Turn On Delay. Input to Output 10 15 ns 

MOTOROLA SCHOTTKY TTL DEVICES 
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TEST CONDITIONS 

Guaranteed Input HIGH Voltage for 
All Inputs 

Guaranteed Input LOW Voltage for 
All Inputs 

VCC = MIN. liN = -18 mA 

VCC = MIN. 10H = MAX. VIN = VIH 
or VIL per Truth Table 

10L - 4.0 mA I VCC - VCC MIN. 
10L - 8.0 mA I VIN = VIL or VIH 

per Truth Table 

VCC = MAX. VIN = 2.7 V 

VCC = MAX. VIN = 7.0 V 

VCC = MAX VIN = 0.4 V 

VCC=MAX 

VCC=MAX 

TEST CONDITIONS 

VCC = 5.0V 

CL = 15 pF 



® MOTOROLA 
SN54LSll 
SN74LSll 

TRIPLE 3-INPUT AND GATE 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GNO 

GUARANTEED OPERAllNG RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

MIN 

54 4.5 
74 4.75 

54 -55 
74 0 

54,74 

54 
74 

LOW POWER SCHOTTKY 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °c 
25 70 

-0.4 rnA 

4.0 rnA 
B.O 

DC CHARACTERIS11CS OVER OPERAllNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 

54 0.7 
VIL Input LOW Voltage 

74 0.8 
V 

VIK Input Clamp Diode Voltage -0.65 -1.5 V 

VOH Output HIGH Voltage 
54 2.5 3.5 V 

74 2.7 3.5 V 

54,74 0.25 0.4 V 
VOL Output LOW Voltage 

74 0.35 0.5 V 

20 pA 
IIH Input HIGH Current 

0.1 rnA 

IlL Input LOW Current -0.4 rnA 

lOS Short Circuit Current -20 -100 rnA 

Power Supply Current 
ICC Total, Output HIGH 3.6 rnA 

Total, Output LOW 6.6 

AC CHARACTERIS11CS: TA = 25°C 

SYMBOL 

tpLH 

tpHL 

PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

Turn Off Delay, Input to Output 8.0 15 ns 

Turn On Delay, Input to Output 10 20 ns 

MOTOROLA SCHOTTKY TTL DEVICES 
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TEST CONDITIONS 

Guaranteed Input HIGH Voltage for 
All Inputs 

Guaranteed Input LOW Voltage for 
All Inputs 

VCC = MIN,IIN =-18 rnA 

VCC = MIN, 10H = MAX, VIN = VIH 
or VIL per Truth Table 

10L - 4.0 rnA I VCC - VCC MIN, 

10L = 8.0 rnA I VIN = VIL or VIH 
per Truth Table 

VCC = MAX, VIN = 2.7 V 

VCC = MAX. VIN = 7.0 V 

VCC = MAX. VIN = 0.4 V 

VCC=MAX 

VCC = MAX 

TEST CONDITIONS 

VCC=5.0V 

CL=15pF 

III 
I 



II 

® MOTOROLA 
SN54LS12 
SN74LS12 

TRIPLE 3-INPUT NAND GATE 

'OPEN COLLECTOR OUTPUT 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GNO 

GUARAN~ED OPERA11NG RANGES 
SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

VOH Output Voltage - High 

10L Output Current - Low 

MIN 

54 4.5 
74 4.75 

54 -55 
74 0 

54,74 

54 
74 

LOW POWER SCHOTTKY 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °C 
25 70 

5.5 V 

4.0 rnA 
8.0 

DC CHARA~RIS11CS OVER OPERA11NG ~MPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 

54 0.7 
VIL Input LOW Voltage 

74 0.8 
V 

VIK Input Clamp Diode Voltage -0.65 -1.5 V 

10H Output HIGH Current 54,74 100 /lA 

54,74 0.25 0.4 V 
VOL Output LOW Voltage 

74 0.35 0.5 V 

20 /lA 
IIH Input HIGH Current 

0.1 rnA 

IlL Input LOW Current -0.4 rnA 

Power Supply Current 
ICC Total, Output HIGH 1.4 rnA 

Total, Output LOW 3.3 

AC CHARA~RIS11CS- TA = 25°C 

SYMBOL 

tpLH 

tpHL 

PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

Turn Off Delay, Input to Output 17 32 ns 

Turn On Delay, Input to Output 15 28 ns 

MOTOROLA SCHOTTKY TTL DEVICES 
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TEST CONDITIONS 

Guaranteed Input HIGH Voltage for 
All Inputs 

Guaranteed Input LOW Voltage for 
All Inputs 

VCC = MIN, liN = -18 rnA 

VCC = MIN, VOH = MAX 

10L = 4.0 rnA I VCC - VCC MIN, 

10L - 8.0 rnA I VIN = VIL or VIH 
per Truth Table 

VCC = MAX, VIN = 2.7 V 

VCC = MAX, VIN = 7.0 V 

VCC = MAX, VIN = 0.4 V 

VCC = MAX 

TEST CONDITIONS 

VCC = 5.0V 

CL = 15 pF, RL = 2.0 kQ 



® MOTOROLA 

DESCRIPTION - TheSN54LS174LS13 and SN54LS/74LS14contain 
logic gates/inverters which accept standard TTL input signals and 
provide standard TTL output levels. They are capable of transforming 
slowly changing input signals into sharply defined. jitter-free output 
signals. Additionally. they have greater noise margi:l than conventional 
inverters. 

Each circuit contains a Schmitt trigger followed by a Darlington level 
shifter and a phase splitter driving a TTL totem pole output. The Schmitt 
trigger uses positive feedback to effectively speed-up slow input transi­
tions. and provide different input threshold voltages for positive and 
negative-going transitions. This hysteresis between the positive-going 
and negative-going input thresholds (typically 800 mV) is determined 
internally by resistor ratios and is essentially insensitive to temperature 
and supply voltage variations. 

SN54Lsn4LS13 
SN54LSn4LS14 

SCHMITT TRIGGERS 
DUALGATE/HEXINVERTER 

LOW POWER SCHOTTKY 

LOGIC AND CONNECTION DIAGRAMS 

GUARANTEED OPERAllNG RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

SN54LS174LS13 

SN54LS174LS14 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

54 
74 

TA Operating Ambient Temperature Range 54 
74 

IOH Output Current- High 54.74 

IOL Output Current - Low 54 
74 

GND 

GND 

MIN 

4.5 
4.75 

-55 
0 

MOTOROLA SCHOTTKY TTL DEVICES 
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TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 DC 
25 70 

-0.4 mA 

4.0 mA 
8.0 

II 



SN54LS/74LS13. SN54LS174LS14 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VT+ Positive-Going Threshold Voltage 1.5 2.0 V VCC= 5.OV 

VT- Negative-Going Threshold Voltage 0.6 1.J V VCC=5.OV 

VT+-VT_ Hysteresis 0.4 0.8 V VC;:C.=5pV 

VIK Input Clamp Diode Voltage -0.65 -:':.1.5 V VCC= MIN. liN = -18 rnA 

VOH Output HIGH Voltage 
54 2.5 3.4 

VCC = MIN.IOH=-400 J1A. VIN = VIL 
. .71'_ 2.7 ;H V 

VOL Output LOW Voltage 54.74 0.25 0.4 V VCC = MIN. 10L = 4.0 mAo VIN = 2.0 V 

74 0.35 0.5 V VCC = MIN. 10L = 8.0 mAo VIN = 2.0 V 

IT+ 
Input Current at -0.14 mA VCC= 5.0V. VIN =VT+ 
Positive-Going Threshold 

IT_ Input Current at -0.18 mA VCC = 5.0 V. VIN = VT-
Negative-Going Threshold 

IIH Input HIGH Current 1.0 20 J1A VCC = MAX, VIN = 2.7 V 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4V 

lOS Short Circuit Current -20 -100 mA VCC = MAX, VOUT = a V 

Power Supply Current 

Total, Output HIGH LS13 2.9 6.0 

ICC 
LS14 8.6 16 mA VCC=MAX 

Total, Output LOW LS13 4.1 7.0 

LS14 12 21 

AC CHARACTERISTICS- T A = 25°C 

SYMBOL PARAMETER 
MAX 

UNITS TEST CONDITIONS 
LS13 LS14 

tpLH Propagation Delay, Input to Output 22 22 n~ VCC=5.OV 

tpHL Propagation Delay, Input to Output 27 22 ns CL=15pF II 
3.0"1 

X,·BV \O.BV V,N 
ov LmJ l: tPLH1 

VoUT '1.3 V f3V 

MOTOROLA SCHOTTKY TTL DEVICES 
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SN54LS/74LS13 0 SN54LS174LS14 

VIN VERSUS VOUT 
TRANSFER FUNCTION 

5.0 r--r:-..,....".,=-jr-..--r--r-r--, 
VCC-5.0V 

~ 4.0 TA-25°C 
g 
I 

w 

~ 3.0 I-++-t-HI+--t-tr--t-+-t 
g 
~ 2.0 1-++-t-HI1---t-tI--t-+-t 
'5 
o 
I 1.01-++-I-HI+--+-tf-+-+-I 
:f 

0.0 ttt!=ttt:!::!::t:J 
0.0 0.4 0.95 1.2 1.8 2.0 

VIN -INPUT VOLTAGE -VOLTS 

Fig. 1 

THRESHOLD VOLTAGE AND HYSTERESIS 
VERSUS 

POWER SUPPLY VOLTAGE 

2.0 
TA-25'C 

'" ~ 
~ ~ 1.6 
10 
w> 

~ ~ 1.2 

g~ 

~ ~ 0.8 
ili:<: 
~I 

~! 0.4 

~ 

i-

0.0 
4.6 

Vr+ -

4.75 

I-- I---
Vr-

"'Vr 

6.0 6.25 

-

6.5 

vee-POWER SUPPlYVOLTAGE-VQLTS 

Fig. 2 

THRESHOLD VOLTAGE HYSTERESIS 
VERSUS 

TEMPERATURE 

1 .• 

'" ~ g ~ 1.7 

15 
w> 
~ ~ 1.5 

~ ~ 1.3 
~ ... 

~~ 
~ I 1.1 

~f 
~ 09 

0.7 
.550 

I 
vJ 

"T-

"'Vr 
(1'25' 75' 

T A - AMBIENT TEMPERATURE - °C 

Fig. 3 
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® MOTOROl.A 

'OPEN COLLECTOR OUTPUTS 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GUARANTEED OPERAnNG RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

GND 

TA Operating Ambient Temperature Range 

VOH Output Voltage - High 

10L Output Current - Low 

54 
74 

54 
74 

54.74 

54 
74 

SN54LS15 
SN74LS15 

TRIPLE 3-INPUT AND GATE 

LOW POWER SCHOTTKY 

MIN TYP MAX UNIT 

4.5 5.0 5.5 V 
4.75 5.0 5.25 

-55 25 125 °C 
0 25 70 

5.5 V 

4.0 rnA 
8.0 

DC CHARACTERI5nCS OVER OPERAnNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V Vce = MIN. liN =-18 rnA 

10H 'Output HIGH Current 54.74 100 pA Vee = MIN. VOH = MAX 

54.74 0.25 0.4 V 10L - 4.0 rnA I Vcc - Vee MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 rnA I VIN = VIL or VIH 
per Truth Table 

20 pA Vee = MAX. VIN =2.7 V 
IIH Input HIGH Current 

0.1 rnA Vee = MAX. VIN = 7.0 V 

IlL Input LOW Current '-0.4 rnA Vee = MAX. VIN = 0.4 V 

Power Supply eurrent 
Ice Total. Output HIGH 3.6 rnA Vec = MAX 

Total. Output LOW 6.6 

AC CHARACTERI5nCS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Turn Off Delay. Input to Output 20 35 ns Vcc= 5.0V 

tpHL Turn On Delay. Input to Output 17 35 ns CL = 15 pF. RL = 2.0 kn 

MOTOROLA SCHOTTKY TTL DEVICES 
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J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GND 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

54 
74 

54 
74 

54,74 

54 
74 

$~54IL$2:tID 
$~14!L$~ 

DUAL 4-INPUT NAND GATE 

LOW POWER SCHOTTKY 

MIN TYP MAX UNIT 

4.5 5.0 5.5 V 
4.75 5.0 5.25 

-55 25 125 °C 
0 25 70 

-0.4 mA 

4.0 mA 
8.0 

DC CHARACTERISTlCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
MIN 

LIMITS 

TYP MAX 
UNITS TEST CONDITIONS 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 4.0 mA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 pA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC = MAX 

Power Supply Current 
ICC Total. Output HIGH 0.8 

mA VCC = MAX 
Total. Output LOW 2.2 

AC CHARACTERISTlCS· TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Turn Off Delay, Input to Output 9.0 15 ns VCC = 5.0V 

tpHL Turn On Delay, Input to Output 10 15 ns CL=15pF 

MOTOROLA SCHOTTKY TTL DEVICES 
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® MOTOROLA 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GUARANTEED OPERAllNG RANGES 
SYMBOL PARAMETER 

VCC Supply Voltage 

GND 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

MIN 

54 4.5 
74 4.75 

54 -55 
74 0 

54,74 

54 
74 

SN54LS21 
SN74LS21 

DUAL 4-INPUT AND GATE 

LOW POWER SCHOTTKY 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °C 
25 70 

-0.4 rnA 

4.0 rnA 
B.O 

DC CHARACTERISTlCS OVER OPERAllNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 rnA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 4.0 rnA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 rnA I VIN = VIL or VIH 
per Truth Table 

20 pA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 rnA VCC = MAX 

Power Supply Current 
ICC Total, Output HIGH 2.4 rnA VCC=MAX 

Total, Output LOW 4.4 

AC CHARACTERISTlCS: T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Turn Off Delay, Input to Output 8.0' 15 ns VCC = 5.0V 

tpHL Turn On Delay, Input to Output 10 20: ns CL = 15 pF 
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® MOTOROLA 

Vee 

'OPEN COLLECTOR OUTPUTS 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

GND 

TA Operating Ambient Temperature Range 

VOH Output Voltage - High 

IOL Output Current - Low 

54 
74 

54 
74 

54,74 

54 
74 

SN54lS22 
SN74lS22 

DUAl4-INPUT NAND GATE 

LOW POWER SCHOTTKY 

MIN TYP MAX UNIT 

4.5 5.0 5.5 V 
4.75 5.0 5.25 

-55 25 125 °C 
0 25 70 

5.5 V 

4.0 rnA 
8.0 

DC CHARACTERIST1CS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-18 mA 

IOH Output HIGH Current 54,74 100 /lA VCC - MIN, VOH - MAX 

54,74 0.25 0.4 V IOL - 4.0 mA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V IOL = 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 /lA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

Power Supply Current 
ICC Total, Output HIGH 0.8 mA VCC=MAX 

Total, Output LOW 2.2 

AC CHARACTERIST1CS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

MIN TYP MAX 
UNITS TEST CONDITIONS 

tpLH Turn Off Delay, Input to Output 17 32 ns VCC= 5.0V 

tpHL Turn On Delay, Input to Output 15 28 ns CL = 15 pF, RL = 2.0 kCl 
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® MOTOROLA 

'OPEN COLLECTOR OUTPUTS 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (PlastiC) 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

GND 

TA Operating Ambient Temperature Range 

VOH Output Voltage - High 

10L Output Current - Low 

54 
74 

54 
74 

54.74 

54 
74 

SN54LS26 
SN74LS26 

QUAD 2-INPUT NAND BUFFER 

LOW POWER SCHOTTKY 

MIN TYP MAX UNIT 

4.5 5.0 5.5 V 
4.75 5.0 5.25 

-55 25 125 °C 
0 25 70 

15 V 

4.0 rnA 
B.O 

DC CHARACfERlsnCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage V All Inputs 74 O.B 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN =-lB rnA 

10H Output HIGH Current 
54.74 1000 IlA VCC = MIN. VOH = MAX 

54.74 50 IlA VCC - MIN. VOH -12 V 

54.74 0.25 0.4 V 10L - 4.0 mA I VCC - VCC MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10 = B.O rnA I VIN = VIL or VIH 
L per Truth Table 

20 IlA VCC = MAX. VIN = 2.4 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX. VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX. VIN = 0.4 V 

Power Supply Current 
ICC Total. Output HIGH 1.6 rnA VCC= MAX 

Total. Output LOW 4.4 

AC CHARACTERlsnCS: T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX. 

tpLH Turn Off Delay. Input to Output 17 32 ns VCC = 5.0V 

tpHL Turn On Delay. Input to Output 15 2B ns CL = 15 pF. RL = 2.0 krl 
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SN54ILS27 
$~74ILS27 

TRIPLE 3-INPUT NOR GATE 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GNO 

GUARANTEED OPERAllNG RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

MIN 

54 4.5 
74 4.75 

54 -55 
74 0 

54.74 

54 
74 

LOW POWER SCHOTTI<Y 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °c 
25 70 

-0.4 rnA 

4.0 rnA 
8.0 

DC CHARACTERIS11CS OVER OPERAllNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 

54 0.7 
VIL Input LOW Voltage 

74 0.8 
V 

VIK Input Clamp Diode Voltage -0.65 -1.5 V 

VOH Output HIGH Voltage 
54 2.5 3.5 V 

74 2.7 3.5 V 

54.74 0.25 0.4 V 
VOL Output LOW Voltage 

74 0.35 0.5 V 

20 pA 
IIH Input HIGH Current 

0.1 rnA 

IlL Input LOW Current -0.4 rnA 

lOS Short Circuit Current -20 -100 rnA 

Power Supply Current 
ICC Total. Output HIGH 4.0 rnA 

Total. Output LOW 6.8 

AC CHARACTERIS11CS' TA = 25°C 

SYMBOL 

tpLH 

tpHL 

PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

Turn Off Delay. Input to Output 10 15 ns 

Turn On Delay. Input to Output 10 15 ns 
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TEST CONDITIONS 

Guaranteed Input HIGH Voltage for 
All Inputs 

Guaranteed Input LOW Voltage for 
All Inputs 

VCC = MIN. liN = -18 rnA 

VCC = MIN. 10H = MAX. VIN = VIH 
or VIL per Truth Table 

10L - 4.0 rnA I VCC - VCC MIN. 
10 = 8.0 rnA I VIN = VIL or VIH 

L per Truth Table 

VCC = MAX. VIN = 2.7 V 

VCC = MAX. VIN = 7.0 V 

VCC = MAX. VIN = 0.4 V 

Vcc = MAX 

VCC=MAX 

TEST CONDITIONS 

VCC =5.0V 

CL = 15pF 



® MOTOROLA 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GUARANTEED OPERAnNG RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

54 
74 

54 
74 

54.74 

54 
74 

SN54LS28 
SN74LS28 

QUAD 2-INPUT NOR BUFFER 

LOW POWER SCHOTTKY 

MIN TYP MAX UNIT 

4.5 5.0 5.5 V 
4.75 5.0 5.25 

-55 25 125 °c 
0 25 70 

-1.2 rnA 

12 rnA 
24 

DC CHARACTERlsnCS OVER OPERAnNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Vo./tage V All Inputs 74 O.B 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN =-18 rnA 

VOH Output HIGH Voltage 54 2.5 3.5 . V VCC = MIN. 10H = MAX. VIN = VIH 

74 2.7 3.5 V or V,L per Truth Table 

54.74 0.25 0.4 V 10L = 12 rnA I VCC =VCC MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 24 rnA I VIN = VIL or VIH 
per Truth Table 

20 pA VCC = MAX. VIN = 2.7 V 
'IH Input HIGH Current 

0.1 rnA VCC = MAl<. VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX. V,N = 0.4 V 

lOS Short Circuit Current -30 -130 rnA VCC = MAX 

Power Supply Current 
ICC Total. Output HIGH 3.6 rnA VCC = MAX 

Total. Output LOW 13.8 

AC CHARACTERlsnCS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Propagation Delay 12 24 ns VCC= 5.0V 

tpHL Propagation Delay 12 24 ns CL = 45 pF. RL = 667 n 
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® IMIOTOROD..A. 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646.05 (Plastic) 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

GND 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

MIN 

54 4.5 
74 4.75 

54 -55 
74 0 

54.74 

54 
74 

SN54lS30 
SN74LS30 

8-INPUT NAND GATE 

LOW POWER SCHOTIKY 

TYP MAX 

5.0 5.5 
5.0 5.25 

25 125 
25 70 

-0.4 

4.0 
8.0 

UNIT 

V 

°C 

mA 

mA 

DC CHARACTERISTlCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN =-18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN. IOH = MAX. VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54.74 0.25 0.4 V 10L = 4.0 mA I VCC = VCC MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 pA VCC = MAX. VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX. VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX. VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA Vcc = MAX 

Power Supply Current 
ICC Total. Output HIGH 0.5 

rnA VCC=MAX 
Total. Output LOW 1.1 

AC CHARACTERISTlCS' TA = 25°C 

SYMBOL PARAMETER 
MIN 

LIMITS 

TYP MAX 
UNITS TEST CONDITIONS 

tPLH Turn Off Delay. Input to Output 8.0 15 ns VCC =5.0V 

tpHL Turn On Delay. Input to Output 13 20 ns CL= 15pF 
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II 

® MOTOROLA 
SN54LS32 
SN74LS32 

QUAD 2-INPUT OR GATE 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GND 

GUARANTEED OPERATING RANGES 
SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 

IOL Output Current - Low 

MIN 

54 4.5 
74 4.75 

54 -55 
74 0 

54,74 

54 
74 

LOW POWER SCHOTTKY 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °c 
25 70 

-0.4 mA 

4.0 mA 
8.0 

DC CHARACTERISTlCS OVER OPERATING TEMPERAruRE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 

54 0.7 
VIL Input LOW Voltage 

74 0.8 
V 

VIK Input Clamp Diode Voltage -0.65 -1.5 V 

VOH Output HIGH Voltage 
54 2.5 3.5 V 

74 2.7 3.5 V 

54,74 0.25 0.4 V 
VOL Output LOW Voltage 

74 0.35 0.5 V 

20 pA 
IIH Input HIGH Current 

0.1 mA 

IlL Input LOW Current -0.4 mA 

lOS Short Circuit Current -20 -100 mA 

Power Supply Current 
ICC Total, Output HIGH 6.2 rnA 

Total, Output LOW 9.8 

AC CHARACTERISTlCS: TA = 25°C 

SYMBOL 

tPLH 

tpHL 

PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

Turn Off Delay, Input to Output 14 22 ns 

Turn On Delay, Input to Output 14 22 ns 
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TEST CONDITIONS 

Guaranteed Input HIGH Voltage for 
All Inputs 

Guaranteed Input LOW Voltage for 
All Inputs 

VCC = MIN, liN =-18 mA 

VCC = MIN, 10H = MAX, VIN = VIH 
or VIL per Truth Table 

IOL = 4.0 mA I VCC - VCC MIN, 

IOL - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

VCC = MAX. VIN = 2.7 V 

VCC = MAX. VIN = 7.0 V 

VCC = MAX, VIN = 0.4 V 

VCC=MAX 

VCC = MAX 

TEST CONDITIONS 

VCC=5.0V 

CL= 15pF 



'OPEN COLLECTOR OUTPUTS 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

VOH Output Voltage - High 

10L Output Current - Low 

54 
74 

54 
74 

54.74 

54 
74 

SN54LS33 
SN74LS33 

QUAD 2-INPUT NOR BUFFER 

LOW POWER SCHOTTKY 

MIN TVP MAX UNIT 

4.5 5.0 5.5 V 
4.75 5.0 5.25 

-55 25 125 °c 
0 25 70 

5.5 V 

12 mA 
24 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TVP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 O.B 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN =-18 mA 

10H 'Output HIGH Current 54.74 250 pA VCC.~ MIN, VOH - MAX 

54.74 0.25 0.4 V 10L - 12 rnA I VCC - VCC MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 24 mA I VIN = VIL or VIH 
per Truth Table 

20 pA VCC - MAX. VIN -.?-.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX. VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX. VIN = 0.4 V 

Power Supply Current 
ICC Total. Output HIGH 3.6 

rnA VCC = MAX 
Total. Output LOW 13.8 

AC CHARACTERISTICS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TVP MAX 

tpLH Turn Off Delay, Input to Output 20 32 ns VCC = 5.0V. RL = 667 n 
tpHL Turn On Delay, Input to Output 18 28 ns CL=45pF 
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® MOTOROl.A 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GUARANTEED OPERAnNG RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

GNO 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

54 
74 

54 
74 

54.74 

54 
74 

SN54LS37 
SN74LS37 

QUAD 2-INPUT NAND BUFFER 

LOW POWER SCHOTTKY 

MIN TYP MAX UNIT 

4.5 5.0 5.5 V 
4.75 5.0 5.25 

-55 25 125 °C 
0 25 70 

-1.2 mA 

12 mA 
24 

DC CHARACTERlsnCS OVER OPERAnNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

0.8 
V All Inputs 74 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN =-18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN. 10H = MAX. VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54.74 0.25 0.4 V IOL=12mA I VCC-VCCMIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 24 mA .1 VIN =VIL or VIH 
. per Truth Table 

20 pA VCC = MAX. VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX. VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX. VIN = 0.4 V 

lOS Short Circuit Current -30 -130 mA VCC=MAX 

Power Supply Current 
ICC Total. Output HIGH 2.0 rnA VCC=MAX 

Total. Output LOW 12 

AC CHARACTERlsnCS: TA = 25°C 

SYM80L PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Turn Off Delay. Input to Output 12 24 ns VCC = 5.0 V. RL = 667 n 
tpHL Turn On Delay. Input to Output 12 24 ns CL =45 pF 
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'OPEN COLLECTOR OUTPUTS 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GNO 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

VOH Output Voltage - High 

10l Output Current - low 

54 
74 

54 
74 

54.74 

54 
74 

SN54lLS38 
SN74ILS38 

QUAD 2-INPUT NAND BUFFER 

LOW POWER SCHOTTKY 

MIN TVP MAX UNIT 

4.5 5.0 5.5 V 
4.75 5.0 5.25 

-55 25 125 °C 
0 25 70 

5.5 V 

12 mA 
24 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TVP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input lOW Voltage for 
Vil Input lOW Voltage 

0.8 
V All Inputs 74 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN = -18 mA 

IOH Output HIGH Current 54.74 250 /lA VCC = MIN. VOH = MAX 

54.74 0.25 0.4 V IOl = 12 mA I VCC =VCC MIN. 
VOL Output lOW Voltage 

74 0.35 0.5 V IOl = 24 mA I VIN = Vil or VIH 
per Truth Table 

20 /lA VCC - MAX. VIN - 2.4 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX. VIN = 7.0 V 

III Input lOW Current -0.4 rnA VCC = MAX. VIN = 0.4 V 

Power Supply Current 
ICC Total. Output HIGH 2.0 rnA VCC=MAX 

Total. Output LOW 12 

AC CHARACTERISTICS' T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TVP MAX 

tplH Turn Off Delay. Input to Output 20 32 ns VCC = 5.0 V. Rl = 667 n 
tpHL Turn On Delay. Input to Output 18 28 ns Cl=45pF 
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II 

® MOTOROLA 

Vee 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GUARANTEED OPERATING RANGES 
SYMBOL PARAMETER 

VCC Supply Voltage 

GND 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

54 
74 

54 
74 

54,74 

54 
74 

SN54LS40 
SN74LS40 

DUAl4-INPUT NAND BUFFER 

LOW POWER SCHOTTKY 

MIN TYP MAX UNIT 

4.5 5.0 5.5 V 
4.75 5.0 5.25 

-55 25 125 °c 
0 25 70 

-1.2 rnA 

12 rnA 
24 

DC CHARACTERISTlCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-18 rnA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 12 rnA I Vce - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 24 rnA I VIN = VIL or VIH 
per Truth Table 

20 IJA. VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAl<. VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAl<. VIN = 0.4 V 

lOS Short Circuit Current -30 -130 rnA VCC=MAX 

Power Supply Current 
ICC Total, Output HIGH 1.0 

rnA VCC = MAX 
Tot~r. Output LOW 6.0 

AC CHARACTERISTlCS- TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Turn Off Delay, Input to Output 12 24 ns VCC = 5.0V, RL = 667 n 
tpHL Turn On Delay, Input to Output 12 24 ns CL =45 pF 

MOTOROLA SCHOTIKY TIL DEVICES 

5-28 



® MOTOROLA 

DESCRIPTION - The LSTIL/MSI SN54LS174LS42 is a Multipurpose 
Decoder designed to accept four BCD inputs and provide ten mutually 
exclusive outputs. The LS42 is fabricated with the Schottky barrier diode 
process for high speed and is completely compatible with all Motorola 
TIL families. 

SN54LS42 
SN74LS42 

ONE-OF-TEN DECODER 
• MULTI-FUNCTON CAPABILITY 
• MUTUALLY EXCLUSIVE OUTPUTS 
• DEMULTIPLEXING CAPABILITY 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES 

Address Inputs 
Outputs, Active LOW (Note b) 

NOTES: 
a. 1 TTL Unit Load (U.L.I = 40 ~A HIGH/1.6 mA LOW. 

LOADING (Note a) 
HIGH LOW 

0.5 U.L. 

10 U.L. 

0.25 U.L. 

5(2.5) U.L. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. 

LOGIC DIAGRAM 

Vcc=Pm16 

GND = PmS 

o = Pin Numbers 
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LOW POWER SCHOTTKY 

LOGIC SYMBOL 

15 14 13 12 

, 2 3 4 5 6 7 910'11 

VCC= Pin 16 
GND=PinS 

CONNECTION DIAGRAM DIP 
(TOP VIEW) 

J Suffix - Case 620-0S (Ceramic) 
N Suffix - Case 64S-05 (Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dual In-Line PaeRage. 



SN54LS174LS42 

FUNCTIONAL DESCRIPTION - The LS42 decoder accepts four active HIGH BCD inputs and provides ten mutually 
exclusive active LOW outputs, as shown by logic symbol or diagram. The active LOW outputs facilitate addressing other MSI 
units with LOW input enables. 

The logic design of the LS42 ensures that all outputs are HIGH when binary codes greater than nine are applied to the 
inputs. 

The most significant input A3 produces a useful inhibit function when the LS42 is used as a one-of-eight decoder. The A3 
input can also be used as the Data input in an a-output demultiplexer application. 

Ao Al A2 

L L L 
H L L 
L H L 
H H L 
L L H 
H L H 
L H H 
H H H 
L L L 
H L L 

L H L 
H H L 

L L H 
H L H 
L H H 
H H H 

TRUTH TABLE 

AJ 0 1 "2 "3 "4 "5 "6 "1 B 9 

L L H H H H H H H H H 

L H L H H H H H H H H 

L H H L H H H H H H H 

L H H H L H H H H H H 
L H H H H L H H H H H 
L H H H H H L H H H H 

L H H H H H H L H H H 

L H H H H H H H L H H 
H H H H H H H H H L H 

H H H H H H H H H H L 

H H H H H H H H H H H 
H H H H H H H H H H H 
H H H H H H H H H H H 
H H H H H H H H H H H 
H H H H H H H H H H H 
H H H H H H H H H H H 

H"" HIGH Voltage Level 
L = LOW Voltage Level 

GUARANTEED OPERATING RANGES 
SYMBOL PARAMETER MIN 

VCC Supply Voltage 54 4.5 
74 4.75 

TA Operating Ambient Temperature Range 54 -55 
74 0 

IOH Output Current - High 54.74 

IOl Output Current - low 54 
74 
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TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °c 
25 70 

-0.4 rnA 

4.0 rnA 
B.O 



SN54LS174LS42 

DC CHARACTERISTICS OVER OPERATING TEMPERAnJRE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN =-18 rnA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN. 10H = MAX. VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54.74 0.25 0.4 V 10L = 4.0 rnA I VCC = VCC MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10 = 8.0 rnA I VIN = VIL or VIH 
L per Truth Table 

20 pA VCC = MAX. VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX. VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX. VIN = 0.4 V 

lOS Short Circuit Current -20 -100 rnA VCC=MAX 

ICC Power Supply Current 13 rnA VCC-MAX 

AC CHARACTERISTICS' T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Propagation Delay 15 25 ns Fig. 2 
tpHL (2 Levels) 15 25 VCC = 5.0V 

tpLH Propagation Delay 20 30 ns Fig. 1 CL= 15 pF 
tpHL (3 Levels) 20 30 

AC WAVEFORMS II 
V,N JI3V ~'.3V 

~tPHLj ~tPLHI 
VOUT \\..,_3_V ____ ...JFV 

Fig. 1 Fig. 2 
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® MOTOROLA 

DESCRIPTION - The SN54LS/74LS47 are Low Power Schottky BCD 
to 7-Segment Decoder/Drivers consisting of NAND gates, input buffers 
and seven AND-OR-INVERT gates. They offer active LOW, high sink 
current outputs for driving indicators directly. Seven NAND gates and 
one driver are connected in pairs to make BCD data and its complement 
available to the seven decoding AND-OR-INVERT gates. The remaining 
NAND gate and three input buffers provide lamp test, blanking input/ 
ripple-blanking output and ripple-blanking input. 

The circuits accept 4-bit binary-coded-decimal (BCD) and, depending on 
the state of the auxiliary inputs, decodes this data to drive a 7-segment 
display indicator. The relative positive-logic output levels, as well as 
conditions required at the auxiliary inputs, are shown in the truth tables. 
Output configurations of the SN54LS174LS47 are designed to withstand 
the relatively high voltages required for 7-segment indicators. 

These outputs will withstand 15 V with a maximum reverse current of 
250/lA. Indicator segments requiring up to 24 mA of current may be 
driven directly from the SN74LS47 high performance output transistors. 
Display patterns for BCD input counts above nine are unique symbols to 
authenticate input conditions. 

The SN54LS/74LS47 incorporates automatic leading and/or trailing­
edge zero-blanking control (RBI and RBO). Lamp test (LT) may be 
performed at any time which the BI/RBO node is a HIGH level. This 
device also contains an overriding blanking input (BI) which can be used 
to control the lamp intensity or to inhibit the outputs. 

• LAMP INTENSITY MODULATION CAPABILITY 
• OPEN COLLECTOR OUTPUTS 
• LAMP TEST PROVISION 
• LEADINGITRAILING ZERO SUPPRESSION 
• INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 

HIGH LOW 

A,B,C,D BCD Inputs 0.5 U.L. 0.25 U.L. 
RBI Ripple Blanking Input 0.5 U.L. 0.25 U.L. 
[f Lamp Test Input 0.5 U.L. 0:25 U.L. 
BI/RBO Blanking Input or 0.5 U.L. 0.75 U.L. 

Ripple Blanking Output 1.2 U.L. 2.0 U.L. 
ii, to § Outputs Open-Collector 15 (7.5) U.L. 

Notes: 
a) 1 Unil Load (U.L.l ~ 40 "A HIGH, 1.6 rnA LOW 
b) Output current measured at VOUT = 0.5 V 

Output LOW drive factor is 7.5 U.L. for Military (54) and 15 U.L. for Commercial (74) 
Temperature Ranges. 
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SN54LS47 
SN74LS47 

BCD TO 7-SEGMENT 
DECODER/DRIVER 
LOW POWER SCHOTTKY 

LOGIC SYMBOL 

712635 

13121110915144 

vee ~ Pin 16 
GND = Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 ,. ,. 
13 

12 

11 

10 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 



SN54LS/74LS47 

LOGIC DIAGRAM 

ArO 
Bra 

BLANKING INPUT OR 
RIPPLE - BLANKING 
OUTPUT 

C 

D 

LAMP - TEST 
INPUT 

niPPLE - BLANKING 
INPUT 

~ 

~ 

f---

tf 
r--

~y=o-.~ 
~ 

~ ~"""'--!>o-_ 
I "-. • 

-LJ>-

~ ~~. 

~ -j=od--!>o-;; 

.r--D.;vo-; 

k-- L 
y=~ 

~ 

.r--D .-v<'"ii 

NUMER ICAL DESIGNATIONS - RESULTANT DISPLAYS 

TRUTH TABLE 

r--- INPUTS~r--0UTPUTS ~ 

DECIMAL 

DUTPUT 

OR LT RBi D C B A BI/RBO .. b , d .. 7 g NOTE 

NOTES: 

FUNCTION 

0 H H 

1 H X 

2 H X 

3 H X 

4 H X 

5 H X 

6 H X 

7 H X 

8 H X 

9 H X 

10 H X 

11 H X 

12 H X 

13 H X 

I. H X 

15 H X 

BI X • 
RBI H L 

LT L X 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X "" Immaterial 

L L L L 

L L L H 

L L H L 

L L H H 

L H L L 

L H L H 

L H H L 

L H H H 

H L L L 

H L L H 

H L H L 

H L H H 

H H L L 

H H L H 

H H H L 

H H H H 

X X X X 

L L L L 

X X X X 

H L L L L L L H A 

H H L L H H H H A 

H L L H L L H L 

H L L L L H H L 

H H L L H H L L 

H L H L L H L L 

H H H L L L L L 

H L L L H H H H 

H L L L L L L L 

H L L L H H L L 

H H H H L L H L 

H H H L L H H L 

H H L H H H L L 

H L H H L H L L 

H H H H L L L L 

H H H H H H H H 

L H H H H H H H B 

L H H H H H H H C 
H L L L L L L L D 

(A) BI/RBO Is wire-AND logic serving as blanking input (BI) and/or ripple-blanking output (RBO), 
The blanking out(SI) must be open or held at a HIGH level when outputfunctionsOthrough 15 
are desired. and ripple-blanking Input (ABI) must be open or at a HIGH level if blanking of a 
decimal 0 Is not desired. X"" input may be HIGH or LOW, 

(8) When a LOW level Is appliod to the blanking Input (forced condition) all segment outputs go to 
a LOW level regardless of the state of any other Input condition. 

Ie) Whon ripple-blanking Input (RBI) and inputs A. B. C. and 0 are at LOW level, with the lamp 
test input at HIGH level,all segment outputs go to a HIGH level and the rlpple·blanklng output 
(RBO) gODS to a LOW levol (rosponse condition). 

tOI Whon the blanking Input/ripple-blanking output (B'TlRB'O) Is open or held at a HIGH levol, and 
a LOW level Is appliod to lamp test input, all segment outputs go to a LOW level. 

MOTOROLA SCHOTTKY TTL DEVICES 
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SN54LS/74LS47 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 ...c55 25 125 °C 
74 0 25 70 

10H Output Current - High BI/RBO 54.74 -50 J1A 

10L Output Current - Low BI/RBO 54 1.6 rnA 
BI/RBO 74 3.2 

VO(off) Off-State Output Voltage ii to 9 54.74 15 V 

10 (on) On-State Output Current a to g 54 12 rnA 
iit09 74 24 

DC CHARACTERISTlCS OVER OPERATING TEMPERATURE RANGE (Unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 

VIL Input LOW Voltage I 54 0.7 
V 

74 O.B 

VIK Input Clamp Diode Voltage -0.65 -1.5 V 

VOH Output HIGH Voltage. BI/RBO 2.4 4.2 V 

Output LOW Voltage 154.74 0.25 0.4 V 
VOL 

BI/RBO I 74 0.35 0.5 V 

10(011) 
Off-State Output Current 

250 J1A iithrug 

On-State Output Voltagel54.74 0.25 0.4 V 
VO(on) iithru9 I 74 0,35 0.5 V 

20 J1A 
IIH Input HIGH Current 

0.1 rnA 

IlL 
Input LOW Current BI/RBO -1.2 

rnA 
Any Input except BI/RBO -0.4 

lOS BI/RBO Output Short Circuit Current -0.3 -2.0 rnA 

ICC Power Supply Current 7.0 13 rnA 

AC CHARACTERISTlCS· TA = 25°C 

SYMBOL 

tpHL 
tpLH 

tpHL 
tpLH 

PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

Propagation Delay. Address 100 ns 
Input to Segment Output 100 ns 

Propagation Delay. RBI Input 100 ns 
To Segment Output 100 ns 

ACWAVEFORMS 
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TEST CONDITIONS 

Guaranteed Input HIGH Threshold 
Voltage for All Inputs 

Guaranteed Input LOW Threshold 
Voltage for All Inputs 

VCC = MIN. liN =-18 rnA 

VCC = MIN. 10H = -50 J1A. 
VIN = VI Nor VIL per Truth Table 

10L = 1.6 rnA I VCC = MIN. VIN = VIN 

10L = 3.2 MA I or VIL per Truth Table 

VCC = MAX. VIN = VIN or 
VIL per Truth Table. Vo (off) = 15 V 

10(on) = 12 mAIVcc= MAX. VIN = VIH 

lo(on) = 24 MAl or VIL per Truth Table 

VCC = MAX. VIN = 2.7 V 

VCC = MAX. VIN = 7.0 V 

VCC = MAX. VIN = 0.4 V 

VCC = MAX. VOUT = 0 V 

VCC=MAX 

TEST CONDITIONS 

VCC =5.0V 

CL = 15 pF 



DESCRIPTION - The SN54LS174LS48 and SN54LS/74LS49 are 
BCD to 7-Segment Decoders consisting of NAND gates, input buffers and 
seven AND-OR-INVERT gates. The LS49 offers active HIGH open­
collector outputs for current-sourcing applications to drive logic circuits 
or discrete, active components. Seven NAND gates and one driver are 
connected in pairs to make BCD data and its complement available to the 
seven decoding AND-OR-INVERT gates. The remaining NAND gate and 
three input buffers provide lamp test, blanking input/ripple-blanking 
input for the LS4B. Four NAND gates and four input buffers provide BCD 
data and its complement and a buffer provides blanking input for the 
LS49. 

The circuits accept 4-bit binary-coded-decimal (BCD) and, depending on 
the state of the auxiliary inputs, decodes this data to drive other 
components. The relative positive logic output levels, as well as 
conditions required atthe auxiliary inputs, are shown in the truth tables. 

The LS48 circuit incorporates automatic leading and/or trailing edge 
zero-blanking control (RBI and RBO). Lamp Test(L n may be activated any 
time when the BI/RBO node is HIGH. Both devices contain·an overriding 
blanking input (BI) which can be used to control the lamp intensity or to 
inhibit the outputs. 

o LAMP INTENSITY MODULATION CAPABILITY 
o INTERNAL PULL-UPS ELIMINATE NEED FOR EXTERNAL 

RESISTORS ON SN54LS174LS48 
o OPEN COLLECTOR OUTPUTS ON SN54LS174LS49 
o INPUT CLAMP DIODES ELIMINATE HIGH-SPEED 

TERMINATION EFFECTS 

LOGIC DIAGRAM ~~ 
'LJ' 

r~· 

r~~ ~~ 
.t::o ~ r~b 

INPUT ~ 
cFU' ~ 'D~ 
o ~ 

J:::o 
::::- L..r-o. 
~d 

-BLANKING INPUT OR 

';:::D-; ~I~~~,: BLANKING _ 

~~ L 
r 

-RIPPLE· BLANKING i : ~ 
INPUT -

-LAMP - TEST-t: __ j ~ INPUT 

*Not Included with the SN54LS174LS49 

OUTPUT 

SN54LSn4LS48 
SN54LSn4LS49 

BCD TO 7-SEGMENT 
DECODER 

LOW POWER SCHOTTKY 

LOGIC SYMBOL 
712635 

1312" 10 9 1514 4 

Vee = Pin 16 
GND = Pin 8 

5 1 2 4 3 

1110 9 8 61312 

Vee = Pin 14 
GND = Pin 7 

DIP (TOP VIEW) 
SN54LS174LS48 

16 

15 ,. 
13 

12 

11 

10 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

SN54LS/74LS49 

,. 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 
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SN54LS/74LS48 • SN54LS174LS49 

DECIMAL 
OR 

FUNCTION 

· , 
2 , 
4 

5 

• 
7 

• 
9 

I. 
" 12 
13 

" " " R" .T 

PIN NAMES 

A. B. C. D. BCD Inputs 
RBI 
IT 
BI/RBO 

Bi 
a to 9 

Ripple Blanking (Active Low) Input 
Lamp Test (Active Low) Input 
Blanking Input or Ripple 
Blanking Output (Active Low) 
Blanking (Active Low) Input 
Outputs (Note b) 

NOTES: 
ol Unitlood (U,Ll = 40 pA HIGH/I,B rnA LOW 
b) Output current measured at VOUT = 0.5 V 

LOADING (Note a) 

HIGH LOW 

0,5 U,L. 
0,5 U,L. 
0,5 U,L. 
0,5 U,L. 
1,2 U,L. 
0,5 u,L 

Open Collector 
Open Collector 

0,25 U,L. 
0,25 U,L, 
0,25 U,L. 
0,75 U,L, 
2(1) U,L. 
0,25 U.L. 
3,75(1,25) U,L, (48) 
5 (2,5) U,L. (49) 

Output LOW drive factor is SN54LS/74LS48: 1.25 U.L. for Military (54). 3.75 U.L. for Commercial (74). 
SN54LS/74LS49: 2.5 U.L. for Military (54), 5 U.L. for Commercial (74) Temperature Ranges. 

NUMERICAL DESIGNATIONS - RESULTANT DISPLAYS 

TRUTH TABLE 
SN54LS174LS48 

r---INPUTS~r--0UTPUTS~ 

LY 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

x 
H . 

Rei 0 C 

H · • X · · X · · X • • 
X · H 

X · H 

X · H 

X · H 

X H · X H · X H · X H · X H H 

X H H 

X H H 

X H H 

x x x . · · X X X 

· A BiiRBO • 
• · H H H · H H · H 

H • H H H 

H H H H H · · H • H · H H H · H • H · · H H H H H · · H H H · H H H H 

H · H · · H H H · · · · H • H · H H H · H · H · · H H H • • x x • · · · · · • • 
X X H H H 

TRUTH TABLE 
SN54LS174LS49 

d 

H H H 

H · · · H H 

H H • 
H · · H H · H H H 

H · · H H H 

H • · · H H 

H H · · • • · H · · H H · • · · · · • · " H H H 

~INPUTS~r--0UTPUTS~ 

f , 
H · · · · H · H 

H H 

H H 

H H · · H H 

H H · H · H 

H H 

H H 

H H 

• · · • · · H H 

NOTE 

, , 

2 , 
4 

NOTES: 

(1) iii/ABO Is wlred·AND logic servinL.!!...blanking Input ran and/or ripple·blanking output (RBO), The blanking 
out (ei) must be open or held at a HIGH level when 
output functions 0 through 15 are desired, and rlpple­
blanking input (ReU must be open or at a HIGH level 
if blanking of a decimal 0 Is not desired. X=input may be 
HIGH or LOW. 

(2) When a LOW level Is applied to the blanking input 
(forced condition) all segment outputs go to e LOW lavel, 
regardless of the state of any other input condition. 

(3) When ripple-blanking input (RBI) and inputs A, B, C, 
and 0 are at LOW level, with the lamp test input at HIGH 
leval, all segment outputs go to a HIGH level and the 
ripple-blanking output (RBO) goes to a LOW level 
(response condition). 

(4) When the blanking Input/ripple-blanking output (811 
RBO) Is open or held at a HIGH level, and a LOW level 
Is applied to lamp-test Input, all segment outputs go to 8 

LOW leval. 

DECIMAL 
OR DCBABI f 9 NOTE 

FUNCTION 

· · · • · • · · • H · • H H 

H • · · H · H 

H H · H H H 

H · · • H · · " H · H 

" H H 

12 H 

13 H · " " 

H H H H H H H . · H H • . 
H H H H • H 

H H H • · H 

H · H H . · H H 

• H H · HLLHHHHH 

HHHH LLL. 

HHHH HHH 

H H H L. 

L L H H 

L L H H L 

H L L. L 
H H H L 
HL.LLHHHH 

HLLLLLLL 

L L L L 

NOTES: 

(1) Tha blanking input must be open or held at a HIGH level 
whan output functions 0 through 15 ara desired. 

(21 Whan a LOW lavel is applied to the blank ing input all 
segment outputs go to a LOW level regardless of the 
state of any other input condition. X - Input may be 
HIGH or LOW. 

H = HIGH Voltage Level 
L == LOW Voltage Level 
X == Immaterial 
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SN54LS/74LS48 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 a 25 70 

10H Output Current - High a tog 54.74 -100 pA 

10H Output Current - High BIIRBO 54.74 -50 pA 

10L Output Current - Low atog 54 2.0 mA 
74 6.0 

10L Output Current - Low BIIRBO 54 1.6 mA 
BIIRBO 74 3.2 

DC CHARACTERlsnCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

VIL Input LOW Voltage 
54 0.7 

V 
Guaranteed Input LOW Voltage for 

74 0.8 All Inputs 

VIK Input Clamp Diode Voltage -1.5 V VCC = MIN. liN =-18 mA 

VOH Output HIGH Voltage 2.4 4.2 pA VCC = MIN.IOH = -50pA. 
VIN = VIH or U.L. per Truth Table 

10 Output Current Ii to 9 -1.3 -2.0 mA VCC = MIN. Vo = 0.85 V 
Input Conditioner as for VOH 

Output LOW Voltage 54.74 0.4 V IOL=2.0mA VCC=MIN. VIH=2.0 V 
VOL atog 74 0.5 V IOL=6.0mA VIL=VILMAX 

Output LOW Voltage 54.74 0.4 V 10L = 1.6 mA VCC=MAX. VIH=2.0 V 
VOL BIIRBO 74 0.5 V IOL=3.2mA VIL=VILMAX 

Input HIGH Current 20 pA VCC = MAX. VIN = 2.7 V 
IIH (Except Bi7RB5) 0.1 mA VCC = MAX. VIN = 7.0 V 

IlL Input LOW Current (Except BI/RBO) -0.4 mA VCC = MAl<, VIN = 0.4 V 

IlL Input LOW Current BIIRBO -1.2 mA VCC = MAX. VIN = 0.4 V 

ICC Power Supply Current 25 38 mA VCC = MAX 

lOS Short Circuit Current BIIRBO -0.3 -2.0 mA VCC=MAX 

AC CHARACTERlsnCS- VCC = 5 OV TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpHL 
Propagation delay time. HIGH-to-

100 ns 
LOW level output from A Input 

CL = 15 pF. RL = 4.0 kO 

tpLH 
Propagation delay time. LOW-to-

100 ns 
HIGH level output from A Input 

tPHL 
Propagation delay time. HIGH-to-

100 ns 
LOW level output from RBI Input 

Propagation delay time. LOW-to-
CL = 15 pF. RL = 6.0kCl 

tPLH HIGH level output from RBI Input 
100 ns 
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SN54LS/74LS49 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

VOH Output Voltage - High 54,74 5.5 V 

IOL Output Current - Low 54 4.0 rnA 
74 B.O 

DC CHARA~RlmCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage 

1 54 0.7 V 
VIL Input LOW Voltage 

1 74 a.B V 
Guarantee Input LOW Voltage 

VIK Input Clamp Diode Voltage -1.5 V VCC = MIN, liN = -lB rnA 

IOH Output HIGH Current 250 pA VCC = MIN, VIH = 2.0 V 
VIL = VIL MAX, VOH = 5.5 V 

154,74 0.4 V IOL =4.0mA j VCC=MIN, VIH=2.0V 
VOL Output LOW Voltage I 74 0.5 V IOL = B.O rnA I VIL = VIL MAX 

IIH Input Current HIGH 
20 pA VCC = MAX, VIN = 2.7 V 
0.1 rnA VCC - MAX, VIN - 7.0 V 

IlL Input Current LOW -0.4 rnA VCC = MAX, VIN = 0.4 V 

II ICC Power Supply Current B.O 15 rnA VCC=MAX 

AC CHARA~RlmCS' Vce = 5 0 V TA = 25° 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpHL 
Propagation delay time, HIGH-to-

100 ns 
LOW level output from A Input 

Propagation delay time, LOW-to-
CL = 15 pF, RL = 2.0kCl 

tpLH HIGH level output from A Input 
100 ns 

tpHL 
Propagation delay time, HIGH-to-

100 ns 
LOW level output from RBI Input 

Propagation delay time, LOW-to-
CL= 15 pF, RL = 6.0 kCl 

tPLH HIGH level output from RBI Input 
100 ns 
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J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GND 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

54 
74 

54 
74 

54,74 

54 
74 

$OO54IL$51 
$00141L$51 

DUAL 2-WIDE 2-INPUT I 
3-INPUT AND-DR-INVERT GATE 

LOW POWER SCHOTTKY 

MIN TYP MAX UNIT 

4.5 5.0 5.5 V 
4.75 5.0 5.25 

-55 25 125 °c 
0 25 70 

-0.4 rnA 

4.0 rnA 
8.0 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 

54 0.7 
VIL Input LOW Voltage 

74 0.8 
V 

VIK Input Clamp Diode Voltage -0.65 -1.5 V 

VOH Output HIGH Voltage 
54 2.5 3.5 V 

74 2.7 3.5 V 

54,74 0.25 0.4 V 
VOL Output LOW Voltage 

74 0.35 0.5 V 

20 pA 
IIH Input HIGH Current 

0.1 rnA 

IlL Input LOW Current -0.4 rnA 

lOS Shon Circuit Current -20 -100 rnA 

Power Supply Current 
ICC Total, Output HIGH 1.6 rnA 

Total, Output LOW 2.8 

AC CHARACTERISTICS: TA = 25°C 

SYMBOL 

tpLH 

tpHL 

PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

Turn Off Delay, Input to Output 12 20 ns 

Turn On Delay, Input to Output 12.5 20 ns 

MOTOROLA SCHOTTKY TTL DEVICES 

5-39 

TEST CONDITIONS 

Guaranteed Input HIGH Voltage for 
All Inputs 

Guaranteed Input LOW Voltage for 
All Inputs 

VCC = MIN, liN =-18 rnA 

VCC = MIN, 10H = MAX, VIN = VIH 
or VIL per Truth Table 

10L - 4.0 rnA I VCC - VCC MIN, 
10L = 8.0 rnA I VIN = VIL or VIH 

per Truth Table 

VCC = MAX, VIN = 2.7 V 

VCC = MAl<, VIN = 7.0 V 

VCC = MAl<, VIN = 0.4 V 

VCC=MAX 

VCC=MAX 

TEST CONDITIONS 

VCC = 5.0V 

CL=15pF 



II 

® MOTOROL.A 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

GND 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

MIN 

54 4.5 
74 4.75 

54 -55 
74 0 

54.74 

54 
74 

SN54LS54 
SN74LS54 

3-2-2-3-INPUT 
AND-OR-INVERT GATE 

LOW POWER SCHOTTKY 

TYP MAX 

5.0 5.5 
5.0 5.25 

25 125 
25 70 

-0.4 

4.0 
B.O 

UNIT 

V 

°C 

rnA 

rnA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 O.B 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN =-IB rnA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN. 10H = MAX. VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54.74 0.25 0.4 V 10L - 4.0 rnA I VCC - VCC MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - B.O rnA I VIN = VIL or VIH 
per Truth Table 

20 pA VCC = MAX. VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX. VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX. VIN = 0.4 V 

lOS Short Circuit Current -20 -100 rnA VCC=MAX 

Power Supply Current 
ICC Total. Output HIGH 1.6 rnA Vcc = MAX 

Total. Output LOW 2.0 

AC CHARACTERISTICS- TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Turn Off Delay. Input to Output 12 20 ns VCC = 5.0V 

tpHL Turn On Delay. Input to Output 12.5 20 ns CL = 15 pF 
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Vee 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GND 

GUARANTEED OFERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

MIN 

54 4.5 
74 4.75 

54 -55 
74 a 

54.74 

54 
74 

2-WIDE 4-INPUT 
AND- OR-INVERT GATE 

LOW POWER SCHOTTI(Y 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °c 
25 70 

-0.4 rnA 

4.0 rnA 
B.O 

DC CHARACTERISTICS OVER OFERAT1NG TEMFeRATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN =-18 rnA 

VOH Output HIGH Voltage 54 2.5 3.5 V VCC = MIN. 10H = MAX. VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54.74 0.25 0.4 V 10L - 4.0 rnA I VCC - VCC MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10 = 8.0 rnA I VIN = VIL or VIH 
L per Truth Table 

20 JlA VCC = MAX. VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX. VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX. VIN = 0.4 V 

lOS Short Circuit Current -20 -100 rnA VCC=MAX 

Power Supply Current 
ICC Total. Output HIGH 0.8 

rnA VCC = MAX 
Total. Output LOW 1.3 

AC CHARACTERISTICS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tPLH Turn Off Delay. Input to Output 12 20 ns VCC=5.0V 

tpHL Turn On Delay. Input to Output 12.5 20 ns CL = 15 pF 
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II 

® MOTOROLA 

DESCRIPTION - The SN54LS/74LS73A offers individual J, K, clear, 
and clock inputs. These dual flip-flops are designed so that when the 
clock goes HIGH, the inputs are enabled and data will be accepted. The 
logic level of the J and K inputs may be allowed to change when the clock 
pulse is HIGH and the bistable will perform according to the truth table as 
long as minimum set-up times are observed. Input data is transferred to 
the outputs on the negative-going edge of the clock pulse. 

SN54LS73A 
SN74LS73A 

DUAL JK NEGATIVE 
EDGE-TRIGGERED FLIP-FLOP 

LOW POWER SCHOTTKY 

LOGIC SYMBOL LOGIC DIAGRAM (Each Flip-Flop) 

"00127009 , CP 5 CP 

3 K Q 1310 K Q 8 
Co Co 

2 , 

Vee - Pin4 
GNO-Pin 11 

J Suffix - Case 632'()7 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

o 
13(81 

3(101 

nil 
CLOCK lCPl 

a 
12191 

t-----o CLEAR 
2(61 

14171 

DC CHARACTERlsnCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, lIN = -18 rnA 

VOH Output HIGH Voltage 54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 4.0 rnA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L = 8.0 rnA I VIN = VIL or VIH 
per Truth Table 

J,K 20 
Clear 60 JlA VCC = MAX, VIN = 2.7 V 

IIH Input HIGH Current Clock 80 

J,K 0.1 
Clear 0.3 rnA VCC = MAX, VIN = 7.0 V 
Clock 0.4 

IlL Input LOW Current J,K -0.4 
rnA VCC = MAX, VIN = 0.4 V Clear, Clock -0.8 

lOS Short Circuit Current -20 -100 rnA VCC=MAX 

ICC Power Supply Current 6.0 rnA VCC=MAX 
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SN54LS/74LS73A 

MODE SELECT - TRUTH TABLE 

INPUTS OUTPUTS 
OPERATING MODE 

CD 

Reset (Clear) L 

Toggle H 

Load "0" (Reset) H 

Load "I" (Set) H 

Hold H 

H, h = HIGH Voltage Level 
L, I = LOW Voltage Level 
X = Don't Care 

J K Q 

X X L 

h h q 

I h L 

h I H 

I I q 

I, h (q) = Lower case letters indicate the state of the 
referenced input (or output) one set-up time prior 
to the HIGH to LOW clack transition. 

Q 

H 

q 

H 

L 

q 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN 

VCC Supply Voltage 54 4.5 
74 4.75 

TA Operating Ambient Temperature Range 54 -55 
74 0 

IOH Output Current - High 54,74 

IOL Output Current - Law 54 
74 

AC CHARACTERISTICS' TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

fMAX Maximum Clack Frequency 30 45 MHz Fig. 1 

tpLH Propagation Delay, 15 20 ns 
Fig. 1 

tpHL Clock to Output 15 20 ns 

AC SETUP REQUIREMENTS' T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

tw Clock Pulse Width High 20 ns Fig. 1 

tw Clear Pulse Width 25 ns Fig. 2 

ts Setup Time 20 ns 
Fig. 1 

th Hold Time 0 ns 
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TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °C 
25 70 

-0.4 rnA 

4.0 rnA 
B.O 

TEST CONDITIONS 

VCC= 5.0V 

CL = 15 pF 

TEST CONDITIONS 

VCC= 5.0V 



II 

SN54LS174LS73A 

JOR K· 

CP 

a 

AC WAVEFORMS 

Fig. 1 CLOCK TO OUTPUT DELAYS, DATA 
SET-UP AND HOLD TIMES, CLOCK PULSE WIDTH 

'-___ -I _tWIHI ___ '-___ _ 

_ 1_.~ 
\ 

fMAX -+-; tpHL tpLH __ 

1.3V 1.3V 
\..-______ -J 

1.3V 1.3V 

_ytP_LH _tPHLI_~ 
Q ________ ..J 

·The shaded areas indicate when the input is permitted to change for predicatable output performance. 

CLEAR 

Fig.2 SET AND CLEAR TO OUTPUT DELAYS, 
SET AND CLEAR PULSE WIDTHS 

--~--..---tPLH -----'--
1.3V a ____ ..J 

I· t~' 
1.3V 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS74A dual edge-triggered flip-flop 
utilizes Schottky TIL circuitry to produce high speed D-type flip-flops. 
Each flip-flop has individual clear and set inputs, and also complementary 
Q and 0: outputs. 

Information at input D is transferred to the Q output on the positive-going 
edge of the clock pulse. Clock triggering occurs at a voltage level of the 
clock pulse and is not directly relatedtothetransitiontime of the positive­
going pulse. When the clock input is at either the HIGH orthe LOW level, 
the D input signal has no effect. 

LOGIC SYMBOL 

SN54lS74A 
SN54lS74A 

DUAL D-TYPE POSITIVE 
EDGE-TRIGGERED FLIP-FLOP 

LOW POWER SCHOTIKY 

LOGIC DIAGRAM 
(EACH FLIP· FLOP) 

SET (SOl 0---------<1-.-

Vee = Pin 14 
GND '" Pin 7 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

4110) 

CLEAR (CDJ.o,;---lHq~~=~:t====~ 1{13) 

CLOCKo----l~~=1~~~r-r---~ 
3{11) 

D o-----====L.J 
2 (12) 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L - 4.0 mA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V IOL - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

Input High Current 
Data, Clock 20 fJA VCC = MAX, VIN = 2.7 V 
Set, Clear 40 

IIH 
Data, Clock 0.1 
Set, Clear 0.2 

mA VCC = MAX, VIN = 7.0 V 

Input LOW Current 
IlL Data, Clock -Q.4 rnA VCC = MAl<, VIN = 0.4 V 

Set, Clear -0.8 

lOS Output Short Circuit Current -20 -100 mA VCC=MAX 

ICC Power Supply Current 8.0 mA VCC=MAX 
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II 

SN54LS/74LS74A 

MODE SELECT - TRUTH TABLE 

INPUTS OUTPUTS 
OPERATING 

So MODE Co 0 Q Q 

Set L H X H L 
Reset (Clear) H L X L H 
·Undetermined L L X H H 

load "'" (Set) H H h H L 
load "0" (Reset) H H I L H 

'Both outputs will be HIGH while both SO AND CO are 
LOW, but the output states are unpredictable if So and 
Co go HIGH simultaneously. If the levels at the set and 
clear are nearVIL maximum then we cannot guaranteeto 
meet the minimum level for VOH. 

H, h = HIGH Voltage Level 
L, I = LOW Voltage Level 
X = Don't Care 
i, h (q)::; Lower case letters indicate the state of the refer­

enced input(or output) one set-up time prior tathe 
LOW to HIGH clock transition. 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN 

VCC Supply Voltage 54 4.5 
74 4.75 

TA Operating Ambient Temperature Range 54 -55 
74 0 

IOH Output Current - High 54,74 

10L Output Current - Low 54 
74 

AC CHARACTERISTICS· TA = 25°C VCC = 50 V 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

TYP MAX 

5.0 5.5 
5.0 5.25 

25 '25 
25 70 

-0.4 

4.0 
8.0 

TEST CONDITIONS 

fMAX Maximum Clock Frequency 25 33 MHz Fig.' I V = 5 0 V I cc . , 
tPLH Clock, Clear, Set to Output 13 25 n. Fig. , CL = 15 pF 
tpHL 25 40 ns 

AC SETUP REQUIREMENTS· TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tW(H) Clock 25 ns Fig. 1 

twILl Clear, Set 25 ns Fig. 2 

ts Data Setup Time - HIGH 20 ns Fig. , 
VCC = 5.0V 

LOW 20 ns 

th Hold Time 5.0 ns Fig. 1 
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UNIT 

V 

°c 

mA 

mA 



AC WAVEFORMS 

Fig. 1 CLOCK TO OUTPUT DELAYS, 
DATA SET·UP AND HOLD TIMES, CLOCK PULSE WIDTH 

D' 

CP 13 V 

1-
, 

I-,{,"' 'MAX 

Q 
1.3 V 

Q J'''" 13V 

*The shaded areas indicate when the input is permittedto change for predlcatableoutput performance 

Fig.2 SET AND CLEAR TO OUTPUT DELAYS, 
SET AND CLEAR PULSE WIDTHS 

SET , .3V 1.3V -r-~f 
CLEAR 

.-.j~>c" ,," d ,," 
,_--------..:.....4--... ~ 

:=====I"=:_~~'"' ~~--,~" 
\'3V ".3V 

'----------1 
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II 

® MOTOROLA 

DESCRIPTION - The nUMSI SN54LS/74LS75 and SN54LSI74LS77 
are latches used as temporary storage ·for binary information between 
processing units and input/outputor indicator units. Information present 
at a data (D) input is transferred tothe Qoutputwhen the Enable is HIGH 
and the Qoutput will follow the data input as long as the Enable remains 
HIGH. When the Enable goes LOW, the information (that was present at 
the data input at the time the transition occurred) is retained at the Q 
output until the Enable is permitted to go HIGH. 

The SN54LS174LS75 features complementary Q and Q output from a 
4-bit latch and is available in the l6-pin packages. For higher component 
density applications the SN54LSI74LS77 4-bit latch is available in the 
l4-pin package with 6 outputs omitted. 

PIN NAMES 

LOADING (Note a) 

HIGH LOW 

D,_D4 
EO-I 

E2- 3 
0 , -04 

~-C4 

Notes: 

Data Inputs 
Enable Input Latches 0, 1 
Enable Input Latches 2, 3 
Latch Outputs (Note b) 
Complimentary Latch Outputs (Note b) 

•. I Unil Load (U.L.I = 40l'A HIGH 

0.5 U.L. 
2.0 U.L. 
2.0 U.L. 
10 U.L. 
10 U.L. 

0.25 U.L. 
1.0 U.L. 
1.0 U.L. 
5(2.5) U".L. 
5(2.5) U.L. 

b. The Oulput LOW drive factor is 2.5 U.L for Military (54) and 5 U.L for Commercial (74) 
Temperature Ranges. 

TRUTH TABLE 
(Each latch) 

tn t"+1 
0 Q 
H H 
L L 

NOTES: 
tn = bit time before enable 
negative-going transition 
tn+l = bit time after enable 
negative-going transition 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

SN54LS174LS75 SN54LS174LS77 

00 
Q, 

Q, 
Q, 

0, 
EO-l 

Eo-I 
GND 

GND 
NC 

0, 
Q, 

Q, 
Q3 

Q3 

J Suffix - Case 620-08 (Ceramic) J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 648-05 (Plastic) N Suffix - Case 646-05 (Plastic) 

SN54LSn4LS75 
SN54LSn4LS77 

4-BIT D LATCH 

LOW POWER SCHOTTKY 

13 

LOGIC SYMBOLS 

SN54LS174LS75 

2 3 6 7 

EO_l 

16 1 15 14 10 11 9 B 

VCC= Pin 5 
GND = Pin 12 

SN54LS174LS77 

1 2 5 6 

12 EO_' 

E;Z-3 

14 13 9 B 

Vcc=Pin4 
GND=Pin II 
NC=Pin7.10 
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SN54LS174LS75 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specifiedl 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

VOL Output LOW Voltage 54,74 0.25 0.4 V 10L = 4.0 mA I VCC = VCC MIN, 

74 0.35 0.5 V 10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

D Input 20 JiA VCC = MAX, VIN = 2.7 V 

IIH Input HIGH Current E Input 80 

D Input 0.1 mA VCC = MAX, VIN = 7.0 V 
E Input 0.4 

IlL Input LOW Current D Input -0.4 mA VCC = MAX, VIN = 0.4 V 
E Input -1.6 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

ICC Power Supply Current 12 mA VCC=MAX 

AC CHARACTERISTICS: TA = 25°C, VCC = 5.0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH 
Propagation Delay, Data to Q 

15 27 
tpHL 

ns 
9.0 17 

tpLH 
Propagation Delay, Data to IT 12 20 

tpHL 
ns 

VCC=5.0V 7.0 15 

tpLH 15 27 
CL = 15 pF 

tpHL 
Propagation Delay, Enable to Q ns 

14 25 

tpLH 
Propagation Delay, Enable to IT 16 30 

tpHL 
ns 

7.0 15 
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SN54LSI74LS77 

DC CHARACTERlsnCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 rnA 

VOH Output HIGH VoHage 
54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

VOL Output LOW Voltage 54,74 0.25 0.4 V 10L = 4.0 rnA I VCC = VCC MIN, 

74 0.35 0.5 V 10 = 8.0 rnA I VIN = VIL or VIH 
L per Truth Table 

D Input 20 pA VCC = MAX, VIN = 2.7 V 

IIH Input HIGH Current E Input 80 

D Input 0.1 rnA VCC = MAX, VIN = 7.0 V 
E Input 0.4 

IlL Input LOW Current D Input -0.4 rnA VCC = MAX, VIN = 0.4 V 
E Input -1.6 

lOS Short Circuit Current -20 -100 rnA VCC=MAX 

ICC Power Supply Current 13 rnA VCC=MAX 

AC CHARACTERlsnCS: TA = 25°C VCC = 50 V 

II 
SYMBOL PARAMETER 

LIMITS 
UNITS TEST CONDITIONS 

MIN TYP MAX 

tpLH 
Propagation Delay, Data to Q 11 1.9 

tpHL 
ns 

VCC= 5.0V 9.0 17 

tpLH 10 18 
CL = 15 pF 

tpHL 
Propagation Delay, Enable to Q ns 

10 18 
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SN54LS174LS75 0 SN54LS174LS77 

LOGIC DIAGRAM 

M"~ : """""'"'""''' 

ENABLE~T 
TO OTHER LATCH 

GUARANTEED OPERAllNG RANGES 

SYMBOL PARAMETER MIN TYP MAX 

VCC Supply Voltage 54 4.5 5.0 5.5 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 
74 0 25 70 

IOH Output Current - High 54,74 -0.4 

IOL Output Current - Low 54 4.0 
74 8.0 

AC SETUP REQUIREMENTS: TA = 25°C, VCC = 5 0 V 

SYMBOL 

t.w 
ts 

th 

PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

Enable Pulse Width High 20 ns 

Setup Time 20 ns VCC=5.0V 

Hold Time 0 ns 

AC WAVE FORMS 

~--(13V ~1_.3V __ -J~ 
l~ts_l~th 

Q l---tPHl 1.3 V 

1_,: tpHL I_ 

n 13 V 

tpLH 1_ 
DEFINITION OF TERMS: 

SETUP TIME (ts) - is defined as the minimum time required forthe correct logic levelto be 
present at the logic input prior to the clock transition from HIGH-to-LOW in order to be 
recognized and transferred to the outputs. 

HOLD TIME (th) - is defined as the minimum time following the clock transition from 
HIGH-to-LOW that the logic level must be maintained at the input in order to ensure 
continued recognition. A negative HOLD TIME indicates that the correct logic level may be 
released prior to the clock transition from HIGH-to-LOWand still be recognized. 
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II 

® MOTOROLA 

DESCRIPTION - The SN54LS/74lS76A offers indi'(idual J, K, Clock 
Pulse, Direct Set and Direct Clear inputs. These dual flip-flops are 
designed so that when the clock goes HIGH, the inputs are enabled and 
data will be accepted. The Logic Level of the J and K inputs will perform 
according to the Truth Table as long as minimum set-up times are 
observed. Input data is transferred to the outputs on the HIGH-to-LOW 
clock transitions. 

MODE SELECT-TRUTH TABLE 

OPERATING MODE 
INPUTS OUTPUTS 

SO Co J K Q Q 

Set L H X X H L 
Reset (Clear) H L X X L H 
·Undetermined L L X X H H 
Toggle H H h h q q 
Load "0" (Reset) H H I h L H 
Load .. , .. (Set) H H h I H L 
Hold H H I I q q 

- -·Both output. will be HIGH while both So and Co are LOW, but 
the output states are unpredictable if So and CD go HIGH 
simultaneously. 

H,h = HIGH Voltage Level 
L,I = LQW Voltage Level 
X = Immaterial 
I,h (q) = Lower case leiters IOdicate the state of the referenced input (or 
output) one set-up time prior to the HIGH--to--LOWclock transition. 

LOGIC DIAGRAM 

a 

CLEAR (Co) 0----.... r--..... ~-" "'--+ ...... ---, 

CLOCK(CP) 

SN54LS76A 
SN74LS76A 

DUAL JK FLIP-FLOP 
WITH SET AND CLEAR 

LOW POWER SCHOTTKY 

16 

LOGIC SYMBOL 

1512 

14 • 

VCC= Pin 5 
GNO=Pin '3 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

+----0 SET (SO) 
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SN54LS/74LS76A 

GUARANTEED OPERAnNG RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 0 25 70 

10H Output Current - High 54,74 -0.4 mA 

10L Output Current - Low 54 4.0 mA 
74 8.0 

DC CHARACTERlsnCS OVER OPERAnNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
MIN 

LIMITS 
TYP MAX 

UNITS TEST CONDITIONS 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -1 B mA 

VOH Output HIGH Voltage 54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 4.0 mA .I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

J,K 20 
Clear 60 pA VCC = MAX, VIN = 2.7 V 

IIH Input HIGH Current Clock 80 

J,K 0.1 
Clear 0.3 mA VCC = MAX, VIN = 7.0 V 
Clock 0.4 

IlL Input LOW Current 
J,K -0.4 

mA VCC = MAX, VIN = 0.4 V Clear, Clock -0.8 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

ICC Power Supply Current 6.0 mA VCC=MAX 

AC CHARACTERlsnCS- TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
MIN 

LIMITS 

TYP MAX 
UNITS TEST CONDITIONS 

fMAX Maximum Clock Frequency 30 45 MHz 

tpLH Clock, Clear, Set to Output 15 20 ns VCC=5.0V 
CL= 15pF 

tpHL 15 20 ns 

AC SETUP REQUIREMENTS' TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
MIN 

LIMITS 

TYP MAX 
UNITS TEST CONDITIONS 

tw Clock Pulse Width High 20 ns 

tw Clear Set Pulse Width 25 ns 
VCC =5.0V 

ts Setup Time 20 ns 

th Hold Time 0 ns 
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II 

® MOTOROLA 

DESCRIPTION - The SN54LS174LS78A offers individual J, K, and 
Direct Set inputs as well as common Clock Pulse and Common Direct 
Clear Inputs. These dual Flip-Flops are designed so that when the clock 
goes HIGH, the inputs are enabled and data will be accepted. The Logic 
Level of the J and K inputs may be allowed to change when the clock 
pulse is HIGH and the bistable will perform according to the Truth Table 
as long as minimum setup times are observed. Input data is transferred 
to the outputs on the HIGH-to-LOW Clock Transition. 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

MODE SELECT - TRUTH TABLE 

INPUTS OUTPUTS 
OPERATING MODE 

SO Co J K Q Q 

Set L H X X H L 

Reset (Clear) H L X X L H 

·Undetermined L L X X H H 

Toggle H H h h q q 

Load "0" (Reset) H H I h L H 

Load "1" (Set) H H h I H L 

Hold H H I I q q 

"Both outputs will be HIGH while both SQ.and Co,!re LOW, but 
the output states are unpredictable if So and Co go HIGH 
simultaneously. 

H, h HIGH Voltage Level 
L, I LOW Voltage Level 
X Immaterial 
I, h (q) Lower case letters indicate the state of the referenced 

input (or output) one set-up time prior to the HIGH-to­
LOW clock transition. 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

IOH Output Current - High 

IOL Output Current - Low 

54 
74 

54 
74 

54,74 

54 
74 

,. 

MIN 

4.5 
4.75 

-55 
0 
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SN54LS78A 
SN74LS78A 

DUAL JK FLIP-FLOP 

LOW POWER SCHOTTKY 

so 

LOGIC SYMBOL 

SD 
Q 13 10 

VCC= Pin 4 
GNO=Pin 11 

TYP MAX 

5.0 5.5 
5.0 5.25 

25 125 
25 70 

-0.4 

4.0 
8.0 

Q 

UNIT 

V 

°c 

rnA 

rnA 



SN54LS174LS78A 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 O.B 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 4.0 mA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

Input HIGH Current 
J,K 20 
Clear 120 

IlA VCC = MAX, VIN = 2.7 V Set 60 
Clock 160 

IIH J,K 0.1 
Clear 0.6 

mA VCC = MAX, VIN = 7.0 V 
Set 0.3 
Clock 0.8 

Input LOW Current 
J,K -0.4 

IlL Set -O.B mA VCC = MAX, VIN = 0.4 V 
Clock, Clear -1.6 

lOS Output Short Circuit Current -20 -100 mA VCC = MAX, VOUT = 0 V 

ICC Power Supply Current 4.0 6.0 mA VCC= MAX, VCp=OV 

AC CHARACTERISTICS· T A - 25°C VCC = 5 0 V -

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

fMAX Maximum Clock Frequency 30 45 MHz 

tpLH Clear, Clock,Set to Output 15 20 
VCC=5.0V 

ns CL=15pF 
tpHL 15 20 ns 

AC SETUP REQUIREMENTS: TA = 25°C, VCC = 5.0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

lIN Clock Pulse Width High 20 ns 

lIN Clear Set Pulse Width 25 ns 
VCC=5.0V 

ts Setup Time 20 ns 

th Hold Time 0 ns 

MOTOROLA SCHOTTKY TTL DEVICES 

5-55 



II 

® MOTOROLA 

DESCRIPTION - The SN54LS/74LS83A is a high-speed 4-Bit Binary 
Full Adder with internal carry lookahead. It accepts two 4-bit binary 
words (Al -A4, Bl - B4)and a Carry Input\Co)Jt generates the binary 
Sum outputs 2: 1 - 2:4) and the Carry Output (C4) from the most 
significant bit. The LS83A operates with either active HIGH or active 
LOW operands (positive or negative logic). The SN54LS174LS283 is 
recommended for new designs since it is identical in function with this 
device and features standard corner power pins. 

PIN NAMES 

Al- A 4 
81- 84 
Co 
2:1 - 2:4 
C4 

NOTES: 

Operand A Inputs 
Operand B Inputs 
Carry Input 
Sum Outputs (Note b) 
Carry Output (Note b) 

LOADING (Note a) 

HIGH LOW 

1.0 U.L. 0.5 U.L. 
1.0 U.L. 0.5 U.L. 
0.5 U.L. 0.25 U.L. 
10 U.L. 5(2.5) U.L. 
10 U.L. 5(2.5) U.L. 

a. 1 TIL Unit Load (U.L.) = 40 pA HIGH/l.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for 

commercial (74) Temperature Ranges. 

LOGIC DIAGRAM 

VCC = Pin 5 

GND = Pin 12 

o = Pin Numbe .. 

SN54LS83A 
SN74LS83A 

4-BIT BINARY FULL ADDER 
WITH FAST CARRY 

LOW POWER SCHOTTKY 

LOGIC SYMBOL 

10 11 8 7 3 4 1 16 

9 6 2 15 14 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

,. 
15 

14 

13 

12 

11 

10 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dual In-Line Package. 
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SN54LS174LS83A 

FUNCTIONAL DESCRIPTION - The LS83A adds two 4-bit binary words (A plus B) plus the incoming carry. The 
binary sum appears on the sum outputs (l:1-l:4) and outgoing carry (C4) outputs. 

Where: (+) = plus 

Due to the symmetry of the binary add function the LS83A can be used with either all inputs and outputs active HIGH 
(positive logic)orwith all inputs and outputs active LOW(negative logic). Notethatwith active HIGH Inputs. Carry Input 
can not be left open. but must be held LOW when no carry in is intended. 

Example: 

Co A1 A2 A3 A4 B1 B2 
Logic Levels L L H L H H L 

Active HIGH 0 0 1 0 1 1 0 

Active LOW 1 1 0 1 0 0 1 

B3 B4 l:1 l:2 

L H H H 

0 1 1 1 

1 0 0 0 

l:3 I:4 

L L 

0 0 

1 1 

C4 

H 

1 

0 

(10+9=19) 

(carry+5+6 = 12) 

Interchanging inputs of equal weight does not affect the operation. thus CO. A1. B1. can be arbitrarily assigned to pins 10. 
11.13. etc. 

FUNCTIONAL TRUTH TABLE 

C(n-1) An Bn 

L L L 
L L H 
L H L 
L H H 
H L L 
H L H 
H H L 
H H H 

Cl - C3 are generated internally 
Co - is an external input 
C4 - is an output generated internally 

l:n 

L 
H 
H 
L 
H 
L 
L 
H 

Cn 

L 
L 
L 
H 
L 
H 
H 
H 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

IOH Output Current - High 54.74 -0.4 mA 

IOL Output Current - Low 54 4.0 mA 
74 8.0 
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II 

SN54LS/74LS83A 

DC CHARACTERlsnCS OVER OPERA11NG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 

54 0.7 
VIL Input LOW Voltage 

74 O.B 
V 

VIK Input Clamp Diode Voltage -0.65 -1.5 V 

VOH Output HIGH Voltage 54 2.5 3.5 V 

74 2.7 3.5 V 

54,74 0.25 0.4 V 
VOL Output LOW Voltage 

74 0.35 0.5 V 

Input HIGH Current 
Co 20 pA 

IIH 
AorB 40 

Co 0.1 mA 
AorB 0.2 

Input LOW Current 

IlL Co -0.4 
mA 

AorB -O.B 

lOS Output Short Circuit Current -20 -100 mA 

Power Supply Current 
All Inputs Grounded 39 

mA ICC All Inputs at 4.5 V, Except B 34 
All Inputs at 4.5 V 34 

AC CHARACTERlsnCS· TA = 25°C 

SYMBOL 

tpLH 
tpHL 

tpLH 
tpHL 

tpLH 
tpHL 

tPLH 
tpHL 

PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

Propagation Delay, Co Input 16 24 ns 
to any }; Output 15 24 

Propagation Delay, Any A or 15 24 ns 
B Input to }; Outputs 15 24 

Propagation Delay, Co Input 11 17 ns 
to C4 Output 15 22 

Propagation Delay, Any A or 11 17 ns 
B Input to C4 Output 12 17 

AC WAVEFORMS 

Fig. 1 
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TEST CONOITIONS 

Guaranteed Input HIGH Voltage for 
All Inputs 

Guaranteed Input LOW Voltage for 
All Inputs 

VCC = MIN, liN =-1 B mA 

VCC = MIN, 10H ="MAX, VIN = VIH 
or VIL per Truth Table 

10L = 4.0 mA I VCC - VCC MIN, 
10L - B.O mA I VIN = VIL or VIH 

per Truth Table 

VCC = MAX, VIN = 2.7 V 

VCC = MAX, VIN = 7.0 V 

VCC = MAX, VIN = 0.4 V 

VCC=MAX 

VCC=MAX 

TEST CONDITIONS 

VCC=5.OV 
CL = 15 pF 
Figures 1 and 2 

Fig. 2 



DESCRIPTION - The SN54LS174LSS5 is a 4-Bit Magnitude Compar­
ator which compares two 4-bit words (A, B), each word having four 
Parallel Inputs (AO-A3, BO-B3); A3, B3 being the most significant inputs. 
Operation is not restricted to binary codes, the device will work with any 
monotonic code. Three Outputs are provided: "A greater than S" (OA > 
B), "A less than B" (OA < B), "A equal to B" (OA = B). Three Expander 
Inputs,IA> 8, IA < B, IA = 8, allow cascading without external gates. For 
proper compare operation, the Expander Inputs to the least significant 
position must be connected as follows: IA < 8 = IA > 8 = L, IA = 8 = H. 
For serial (ripple) expansion, the OA > 8, OA < 8 and OA = 8 Outputs are 
connected respectively to the IA > 8, IA < B, and IA = 8 inputs ofthe next 
most significant comparator, as shown in Figure 1. Refer to Applications 
section of data sheet for high speed method of comparing large words. 

The Truth Table on the following page describes the operation of the 
SN54LS/74LS85 under all possible logic conditions. The upper 11 lines 
describe the normal operation under all conditions that will occur in a 
single device or in a series expansion scheme. The lower five lines 
describe the operation under abnormal conditions on the cascading 
inputs. These conditions occurwhen the parallel expansion technique is 
used. 

o EASILY EXPANDABLE 
o BINARY OR BCD COr.1PARISON 
o OA >8. 0A<8. AND OA ~ 8 OUTPUTS AVAILABLE 

PIN NAMES 
Ao-A3• 80-B3 

IA ~ 8 

IA<B' IA >8 
OA >8 
OA <8 
OA =8 
NotoS: 

Parallel Inputs 
A = 8 Expander Inputs 
A < 8, A > 8, Expander Inputs 
A Greater Than 8 Output (Note b) 
8 Greater Than A Output (Note b) 
A Equal to 8 Output (Note b) 

a. I TTL Unit Load (U.L.) - 40 "A HIGH/I.S rnA LOW 

LOADING (Note a) 

HIGH LOW 

1.5 U.L. 0.75 U.L. 
1.5 U.L. 0.7.5 U.L. 
0.5 U.L. 0.25 U.L. 
10 U.L. 5 (2.5) U.L. 
10 U.L. 5 (2.5) U.L. 
10 U.L. 5 (2.5) U.L. 

b. The Output LOW drive factor is 2.5 U.L. for Military (541 and 5 U.L. for Commercial (74) 
Temperature Ranges. 

LOGIC DIAGRAM eJjf~~:i~~~~===1=> 
A3(.!.5J 

83 (1J 

All • .'.:12~J LJj:tt:;:::~ti:j::[ 
B1 (11) 
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4-BIT MAGNITUDE 
COMPARATOR 

LOW POWER SCHOTTKY 

LOGIC SYMBOL 

10 12 13 15 9 11 14 I 

VCC= Pin 16 
GND= Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dual In-Line Package. 



SN54LS174LS85 

TRUTH TABLE 

COMPARING INPUTS 
CASCADING 

OUTPUTS 
INPUTS 

A3.B3 A2.B2 A,.B, AO.BO IA>B IA<B IA=B OA>B °A<B °A=B 

A3>B3 X X X X X X H L L 

A3<B3 X X X X X X L H L 

A3=B3 A2>B2 X X X X X H L L 

A3=B3 A2<B2 X X X X X L H L 

A3=B3 A2=B2 A,>B, X X l\ X H L L 

A3=B3 A2=B2 A,<B, X X X X L H L 

A3=B3 A2=B2 A,=B, AO>BO X X X H L L 

A3=B3 A2=B2 A,=B, AO<BO X X X L H L 

A3=B3 A2=B2 A,=B, AO=BO H L L H L L 

A3=B3 A2=B2 A,=B, AO~BO L H L L H L 

A3=B3 A2=B2 Al=Bl AO=BO X X H L L H 

A3=B3 A2=B2 Al=B, AO=BO H H L L L L 

A3=B3 A2=B2 Al=B, AO=BO L L L H H L 

GUARANTEED OPERAnNG RANGES 

SYMBOL PARAMETER MIN TYP 

II 
VCC Supply Voltage 54 4.5 5.0 

74 4.75 5.0 

TA Operating Ambient Temperature Range 54 -55 25 
74 0 25 

IOH Output Current - High 54.74 

IOL Output Current - Low 54 
74 
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H HIGH Level 
L "" LOW Level 
X IMMATERIAL 

MAX UNIT 

5.5 V 
5.25 

125 °c 
70 

-0.4 mA 

4.0 mA 
B.O 



SN54LS/74LS85 

IA<B SN54LS174LS85 

lA-a 0A_a 

L'" LOW Level 
H '" HIGH Level 

] 

IA<S 

1A, .. e 

<~ J <" rIJ"6. =";, 

SN54LS174LS85 

Fig. 1. COMPARING TWO n·BIT WORDS 

APPLICATIONS 

. ." 
A>. 

°A<B A<. 

°A_e A-' 

Figure 2 shows a high speed method of comparing two 24-bit words with only two levels of device delay. With the technique shown in Figure 1, 
six levels of device delay result when comparing two 24-bit words. The parallel technique can be expanded to any number of bits, see Table I. 

WORD LENGTH 

1·4 Bits 

5-24 Bits 

25·120 Bits 

A. 
'. 

TABLE I 

NUMBER OF PKGS. NOTE: 

1 

2·6 

8·31 

A, 
" 

The SN54LS/74LS85 can be used as 8 5-bit comparator only 
when the outputs are used to drive the Ao-Aa and 
BO-B3 inputs of another SN54LS174LS85 as shown 
in Figure 2 in positions #1, 2, 3, and 4. 

IMSBI 

A20A21A22A2JB20B21822823 

A" 
'" 

INPUTS 

MSB = Most Significant Bit 
LSB = Least Significant Bit 

L "" LOW Level 
H "" HIGH Level 
NC'" No Connection 

} OUTPUTS 

Fig. 2. COMPARISON OF TWO 24·BIT WORDS 
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SN54LS/74LS85 

DC CHARACT'ERlsnCS OVER OPERAllNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

VOL Output LOW Voltage 54,74 0.25 0.4 V 10L = 4.0 mA I VCC --Vcc MIN, 

74 0.35 0.5 V 10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

Input HIGH Current 
A<B,A>B 20 

/lA VCC = MAX, VIN = 2.7 V 
IIH Other Inputs 60 

A<B,A>B 0.1 
mA VCC = MAX, VIN = 7.0 V Other Inputs 0.3 

Input LOW Current 
IlL A<B,A>8 -0.4 VCC = MAX, VIN = 0.4 V 

Other Inputs -1.2 
mA 

lOS Output Short Circuit Current -20 -100 mA VCC=MAX 

ICC Power Supply Current 20 mA VCC=MAX 

AC CHARACT'ERlsnCS: TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

II 
tpLH Any A or B to A < B, A > B 24 36 
tpHL 20 30 

ns 

tpLH AnyAorBtoA=B 27 45 
tpHL 23 45 

ns 
VCC = 5.0V 

tPLH A< B or A= B toA>B 14 22 
tpHL 11 17 

ns CL=15pF 

tPLH A=BtoA=B 13 20 
tpHL 13 26 

ns 

tPLH A> B or A = B to A < B 14 22 
tpHL 11 17 

ns 

AC WAVEFORMS 

V,N J,'3V ".3V 
~tPHLj ~tPLHl 

VOUT \\..,_.3_V ____ ...JF 
Fig. 3 Fig.4 
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Vee 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GUARANTEED OPERA11NG RANGES 

GND 

SYMBOL PARAMETER 

VCC Supply Voltage 

A 
L 

L 

H 

H 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10l Output Current - low 

TRUTH TABLE 

IN OUT 
B Z 
L L 

H H 

L H 

H L 

54 
74 

54 
74 

54,74 

54 
74 

MIN 

4_5 
4.75 

-55 
0 

S~I54LS86 
SN74LS86 

QUAD 2-INPUT 
EXCLUSIVE OR GATE 

LOW POWER SCHOTTKY 

TYP MAX 

5.0 5.5 
5.0 5.25 

25 125 
25 70 

-0.4 

4.0 
8.0 

UNIT 

V 

°C 

mA 

mA 

DC CHARACTERIS11CS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input lOW Voltage for 
Vil Input lOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Oiode Voltage -0.65 -1.5 V VCC= MIN,IIN=-18 mA 

54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 
VOH Output HIGH Voltage 

74 2.7 3.5 V or Vil per Truth Table 

54,74 0.25 0.4 V 10l = 4.0 mA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V IOl - 8.0 mA I VIN = Vil or VIH 
per Truth Table 

40 pA VCC= MAX, VIN=2.7V 
IIH Input HIGH Current 

0.2 mA VCC = MAX, VIN = 7.0 V 

III Input lOW Current -0.8 mA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC= MAX 

ICC Power Supply Current 10 mA VCC= MAX 

AC CHARACTERIS11CS' TA - 25°C -

SYMBOL PARAMETER 
MIN 

LIMITS 
TYP MAX 

UNITS TEST CONDITIONS 

tplH Propagation Delay, 12 23 ns 
tpHl Other Input lOW 10 17 VCC= 5.0V 

tplH Propagation Delay, 20 30 ns 
Cl = 15 pF 

tpHl Other Input HIGH 13 22 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS90, SN54LS174LS92 and 
SN54LS174LS93 are high-speed 4-bit ripple type counters partitioned 
into two sections. Each counter has a divide-by-two section and either a 
divide-by-five (LS90), divide-by-six (LS92) or divide-by-eight (LS93) 
section which are triggerd by a HIGH-to-LOW transition on the clock 
inputs. Each section can be used separately or tied together (0 to CP) to 
form BCD, bi-quinary, modul0-12, or modu10-16 counters. All of the 
counters have a 2-input gated Master Reset (Clear), and the LS90 also 
has a 2-input gated Master Set (Preset 9). 

J Suffix - case 632-07 (Ceramic) 
N Suffix - case 646-05 (Plastic) 

• LOW POWER CONSUMPTION •.. TYPICALLY 45 mW 
• HIGH COUNT RATES ••• TYPICALLY 42 MHz 
• CHOICE OF COUNTING MODES .• , BCD, BI-OUINARY. 

DIVIDE-BY-TWELVE, BINARY 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

SN54Lsn4LS90 
SN54Lsn4LS92 
SN54Lsn4LS93 

DECADE COUNTER; 
DIVIDE-BY-TWELVE COUNTER; 

4-BIT BINARY COUNTER 
LOW POWER SCHOTTKY 

14 

LOGIC SYMBOL 

LS90 
6 7 

PIN NAMES LOADING (Note a) 

12 9 8 " 

VCC· Pin 5 
GNO· Pin'O HIGH LOW 

CPo Clock (Active LOW going edge) Input to 0.5 U.L. 1.5 U.L. 
+2 Section 

CPl Clock (Active LOW going edge) Input to 0.5U.L. 2.0 U.L. 
+5 Section (LS90), +6 Section (LS92) 

CPl Clock (Active LOW going edge) Input to 0.5 U.L. 1.0U.L. 14 

+8 Section (LS93) 

MR1' MR2 Master Reset (Clear) Inputs 0.5 U.L. 0.25 U.L. 

MS1, MS2 Master Set (Preset·9, LS90) Inputs 0.5 U.L. 0.25 U.L. 

00 Output from +2 Section (Notes b &. c) 10 U.L. 5(2.5) U.L. 

°1,°2,°3 Outputs from +5 (LS90), +6 (LS92), 10 U.L. 5(2.5) U.L. 
+8 (LS93) Sections (Note b) 

Notes: 
s. , TIL Unit Load (U.L.) = 40 pA HIGH/'.6 mA LOW. 
b. The Output LOW drive factOr Is 2.5 U.L. for Military, (54) and 5 U.L. for commercial (74) Temperature Ranges. 14 
c. The Clo Outputs are guaranteed to drive the full fan-out plus the CP1 input of the device. 
d. To insure proper operation the rise (tr) and fall time (tf) of the clock must be less than 100 ns. 
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NC • Pins 4, ,3 

LS92 

67 1211 9 e 
VCC ·Pin5 

GNO· Pin'O 
NC· Pins 2, 3, 4, ,3 

LS93 

2 3 12 9 B 11 

VCC ·Pin5 

GNO·Pin ,0 
NC ~ Pins 4, 6, 7,,3 



SN54LS/74LS90 0 SN54LS/74LS92 0 SN54LS174LS93 

LOGIC DIAGRAM 

LOGIC DIAGRAM 

LOGIC DIAGRAM 

LS90 

0, °2 

LS92 

LS93 

® 
03 

o '" Pin Numbers 

Vee =Pin5 

GNO = Pin 10 

o '" Pin Numbers 

Vee= Pin 5 

GNO = Pin 10 

o = Pin Numbers 

Vee = Pin 5 

GNO = Pin 10 
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CONNECTION DIAGRAM 
DIP (TOP VI EW) 

,. 
13 

12 

11 

10 

NC = No Internal Connection 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dual In-Line Package. 

CONNECTION DIAGRAM 
DIP (TOP VI EW) 

NC = No Internal Connection 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dual In-Une Package. 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

NC '" No Internal Connection 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dual In-line Package. 



SN54LS174LS90 • SN54LS174LS92 • SN54LS174LS93 

FUNCTIONAL DESCRIPTION - The LS90, LS92, and LS93 are 4-bit ripple type Decade, Divide-By-Twelve, and Binary 
Counters respectively. Each device consists of four master/slave flip-flops which are internally connected to provide a 
divide-by-two section and a divide-by-five (LS90), divide-by-six (LS92), or divide-by-eight (LS93) section. Each section has a 
separate clock input which initiates state changes of the counter on the HIGH-to-LOW clock transition. State changes of the 0 
outputs do not occur simultaneously because of internal ripple delays. Therefore, decoded output signals are subjecttodecoding 
spikes and should not be used for clocks or strobes. The 00 output of each device is designed and specified to drive the rated 
fan-out plus the CPl input of the device. 

A gated AND asynchronous Master Reset (MR1. MR2) is provided on all counters which overrides and clocks and resets (clears) 
all the flip-flops. A gated AND asynchronous Master Set (MS1. MS2) is provided on the LS90 which overrides the clocks and the 
MR inputs and sets the outputs to nine (HLLH). 

Since the output from the divide-by-two section is not internally connected to the succeeding stages, the devices may be 
operated in various counting modes. 

LS90 

A. BCD Decade (8421) Counter - The CPl input must be externally connected to the 00 output. The CPo input receives the 
incoming count and a BCD count sequence is produced. 

B. Symmetrical Bi-quinary Divide-By-Ten Counter - The 03 output must be externally connected to the CPO input. The input 
count is then applied to the CPl input and a divide-by-ten square wave is obtained at output 00. 

C. Divide-By-Two and Divide-By-Five Counter- No external interconnections are required. The first flip-flop is used as a binary 
element for the divide-by-two function (CPO as the input and 00 as the output). The CPl input is used to obtain binary 
divide-by-five operation at the 03 output. 

LS92 

A. Modulo 12, Divide-By-Twelve Counter - The CPl input must be externally connected to the 00 output. The CPO input 
receives the incoming count and 03 produces a symmetrical divide-by-twelve square wave output. 

B. Divide-By-Two and Divide-By-Six Counter- No external interconnections are required. The first flip-flop is used as a binary 
element for the divide-by-two function. The CPl input is used to obtain divide-by-three operation at the 01 and 02 outputs 
and divide-by-six operation at the 03 output. 

LS93 

A. 4-Bit Ripple Counter - The output 00 must be externally connected to input CPl. The input count pulses are appliedto input 
CPO. Simultaneous divisions of 2, 4, 8, and 16 are performed atthe 00, 01, 02, and 03 outputs as shown in the truth table. 

B. 3-Bit Ripple Counter - The input count pulses are applied to input CPl. Simultaneous frequency divisions of 2, 4, and 8 are 
available at the 01, 02, and 03 outputs. Independent use of the first flip-flop is available if the reset function coincides with 
reset of the 3-bit ripple-through counter. 
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SN54LS/74LS90 • SN54LS/74LS92 • SN54LS/74LS93 

LS90 
MODE SELECTION 

RESET/SET INPUTS 

MRI MR2 MS1 MS2 

H 
L 
X 

H 
H 
X 
L 
X 
L 
X 

H L 
H X 
X H 
X L 
L X 
X X 
L L 

HIGH Voltage Level 
LOW Voltage Level 
Don't Care 

LS90 

X 
L 
H 
X 
L 
L 
X 

BCD COUNT SEQUENCE 

OUTPUT 
COUNT 

°0 °1 °2 °3 
0 L L L L 
1 H L L L 
2 L H L L 
3 H H L L 
4 L L H L 
5 H L H L 
6 L H H L 
7 H H H L 
8 L L L H 
9 H L L H 

NOTE: Output Clo is connected to Input 
CP, for BCD count. 

00 

L 
L 
H 

OUTPUTS 

°1 °2 °3 
L L L 
L L L 
L L H 
Count 
Count 
Count 
Count 

LS92 
TRUTH TABLE 

OUTPUT 
COUNT 

00 °1 °2 
0 L L L 
1 H L L 
2 L H L 
3 H H L 
4 L L H 
5 H L H 
6 L L L 
7 H L L 
8 L H L 
9 H H L 

10 L L H 
11 H L H 

LS92 AND LS93 
MODE SELECTION 

RESET OUTPUTS 
INPUTS 

MRI MR2 °0 °1 °2 °3 

H 
L 
X 

03 

L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 

H 
L 
H 
L 

H L 
H 
L 
L 

HIGH Voltage Level 
LOW Voltage Level 
Don't Care 

L L L 
Count 
Count 
Count 

LS93 
TRUTH TABLE 

OUTPUT 
COUNT 

°0 °1 °2 
0 L L L 
1 H L L 
2 L H L 
3 H H L 
4 L L H 
5 H L H 
6 L H H 
7 H H H 
8 L L L 
9 H L L 

10 L H L 
11 H H L 

Note: Output 0 0 connected to input CP1" 
12 L L H 
13 H L H 
14 L H H 
15 H H H 

03 

L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 

Note: Output 00 connected to input CP1. 
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SN54LS/74LS90 • SN54LS/74LS92 • SN54LS/74LS93 

GUARANtEED OPERA11NG RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

IOH Output Current - High 54,74 -0.4 mA 

10L Output Current - Low 54 4.0 mA 
74 B.O 

DC CHARAC'TERISTlCS OVER OPERA11NG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage V All Inputs 74 0.8 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V IOL = 4.0 mA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V IOL = 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 pA- VCC = MAX. VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX, VIN = 7.0 V 

Input LOW Current 
MS,MR -0.4 

IlL CPo -2.4 mA VCC = MAX, VIN = 0.4 V 
~1 (LS90, LS92) -3.2 
1:i51 (LS93) -1.6 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

ICC Power Supply Current 15 mA VCC= MAX 
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SN54LSI74LS90. SN54LS174LS92 0 SN54LS174LS93 

AC CHARACTERISTICS· TA = 25°C VCC = 5 0 V CL = 15 pF 

LIMITS 

SYMBOL PARAMETER LS90 LS92 LS93 UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

fMAX CPo Input Clock Frequency 32 32 32 MHz 

fMAX CP1 Input Clock Frequency 16 16 16 MHz 

tPLH Propagation Delay, 10 16 10 16 10 16 
tpHL CPo Input to 00 Output 12 1B 12 1B 12 1B 

ns 

tPLH CPo Input to Q3 Output 
32 4B 32 4B 46 70 

tpHL 34 50 34 50 46 70 
ns 

tpLH CP1 Input to Q1 Output 
10 16 10 16 10 16 

tpHL 14 21 14 21 14 21 
ns 

tpLH CP1 Input to Q2 Output 
21 32 10 16 21 32 

tpHL 23 35 14 21 23 35 
ns 

tpLH CP1 Input to Q3 Output 
21 32 21 32 34 51 

tPHL 23 35 23 35 34 51 
ns 

tpLH MS Input to 00 and Q3 Outputs 20 30 ns 

tpHL MS Input to Q1 and Q2 Outputs 26 40 ns 

tpHL MR Input to Any Output 26 40 26 40 26 40 ns 

AC SETUP REQUIREMENTS:TA= 25°C VCC= 50V 

LIMITS 

SYMBOL PARAMETER LS90 LS92 LS93 UNITS 

MIN MAX MIN MAX MIN MAX 

tw CPO Pulse Width 15 15 15 ns 

tw CP1 Pulse Width 30 30 30 ns 

tw MS Pulse Width 15 ns 

tw MR Pulse Width 15 15 15 ns 

tree Recovery Time MR to CP 25 25 25 ns 
.. 

RECOVERY TIME (tred IS defrned as the mrnlmum time requrred between the end of the reset pulse and the clock 
transition from HIGH-to-LOW in order to recognize and transfer HIGH data to the Q outputs. 

AC WAVE FORMS 

13V 13V 

a 

1- IW ---!4IPLH 
~ ______________ J~ 

Fig, 1 

*The number of Clock Pulses required between the tpHL and tpLH measurements can be determined from the appropriate Truth Tables. 

MR&MS MS 1.3V 1.3 V 

a 

---'I...-tw---.1 .... '-I-,.-, ...... --,--------------

CP J ",-'3_V __ 
00.a3 IplH ~,. ______ ..... \. 

IlS90) _____ JF 1.3 v "'--

Fig. 2 Fig. 3 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS91 is an 8-Bit Serial-In/Serial 
Out Shift Register. This device features eight R-S master-slave flip-flops, 
input gating and a clock driver. By gating single-rail data and input control 
thru inputs A, B, and an internal inverter, complementary inputs to the 
first bit olthe shift register are formed. An inverting clock driver provides 
the drive for the internal common clock line. The clock pulse inverter 
driver causes this circuitry to shift information one-bit on the positive 
edge of the input clock pulse. 

FUNCTION TABLE 

INPUTS 
ATtn 

A B 

H H 
L X 
X L 

H = HIGH, L= LOW 
X = Irrelevant 
tn = Reference bit time 
tn+8 = Bit time after 8 

LOW to High Clock 
transition 

FUNCTIONAL BLOCK DIAGRAM 

OUTPUTS 
ATtn+8 

QH 

H 
L 
L 

QH 

L 
H 
H 

(DUAL-IN-LINE) (FLAT PACKAGE) 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 54 
74 

TA Operating Ambient Temperature Range 54 
74 

IOH Output Current - High 54,74 

IOL Output Current - Low 54 
74 

MIN 

4.5 
4.75 

-55 
0 

SN54LS91 
SN74LS91 

8-BIT SHIFT REGISTERS 

LOW POWER SCHOTTKY 

Ne NC NC vee Ne NC 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

Q P3) (13) QH 

CK 

a (14) (14) QH 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °C 
25 70 

-0.4 mA 

4.0 mA 
8.0 
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SN54LS174LS91 

DC CHARACTERlmcs OVER OPERAnNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN,IIN =-18 rnA 

VOH Output HIGH Voltage 54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V IOL - 4.0 rnA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - B.O rnA I VIN = VIL or VIH 
per Truth Table 

20 IJA. VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 rnA VCC=MAX 

ICC Power Supply Current 20 rnA VCC= MAX 

AC CHARACTERlmCS' TA = 25°C VCC = 5 OV 

SYMBOL PARAMETER 
MIN 

LIMITS 

TYP MAX 
UNITS TEST CONDITIONS 

fMAX Maximum Clock Frequency 10 18 MHz 

tpLH Propagation Delay LOW to HIGH 24 40 
VCC= 5.0V 

ns CL=15pF 
tpHL Propagation Delay HIGH to LOW 27 40 

AC SETUP REQUIREMENTS: TA = 25°C VCC = 50 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tw Clock Pulse Width Low 25 ns 

ts Setup Time 25 ns VCC= 5.0V 

th Hold Time 0 ns 
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® MOTOROLA 

DESCRIPTION - The SN54LS/74LS95B is a 4-Bit Shift Register with 
serial and parallel synchronous operating modes. The serial shift right 
and parallel load are activated by separate clock inputs which are 
selected by a mode control input. The data is transferred from the serial or 
parallel D inputs to the a outputs synchronous with the HIGH to LOW 
transition of the appropriate clock input. 

The LS95B is fabricated with the Schottky barrier diode process for high 
speed and is completely compatible with all Motorola TIL families. 

.. SYNCHRONOUS, EXPANDABLE SHIFT RIGHT 
• SYNCHRONOUS SHIFT LEFT CAPABILITY 
<» SYNCHRONOUS PARALLEL LOAD 
• SEPARATE SHIFT AND LOAD CLOCK INPUTS 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 

S 
Os 
PO-Pg 
CP1 
CP2 
OO-Og 

NOTES: 

Mode Control Input 
Serial Data Input 
Parallel Data Inputs 
Serial Clock (Active LOW Going Edge) Input 
Parallel Clock (Active LOW Going Edge) Input 
Parallel Outputs (Note b) 

a. 1 TTL Unit Load (U.L.l = 40 "A HIGH/lo6 mA LOW. 

HIGH LOW 

0.5 U.L. 
0.5 U.L. 
0.5 U.L. 
0.5 U.L. 
0.5 U.L. 
10 U.L. 

0.25 U.L. 
0.25 U.L. 
0.25 U.L. 
0.25 U.L. 
0.25 U.L. 
5(2.5)U.L. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial 
(74) Temperature Ranges. 

LOGIC DIAGRAM 

® 
0., -l'----LJ 

CP2----L~ 

Vcc = Pin 14 

GND=Pin 7 

o = Pin Numbers 

Q o 

@ 
0, 

SN54LS95B 
SN74LS95B 

4-BIT SHIFT REGISTER 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

Vcc = Pin 14 

GND = Pin 7 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dual In-Line Package. 

o o 
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SN54LS174LS95B 

FUNCTIONAL DESCRIPTION - The LS95B is a 4-Bit Shift Register with serial and parallel synchronous operating 
modes. It has a Serial (OS) and four Parallel (PO - P3) Data inputs and four Parallel Data outputs (00 - 03). The serial 
or parallel mode of operation is controlled by a Mode Control input (5) and two Clock Inputs (CP1) and (CP2). The serial 
(right-shift) or parallel data transfers occur synchronous with the HIGH to LOW transition olthe selected clock input. 

When the Mode Control input (5) is HIGH, CP2 is enabled. A HIGH to LOWtransition on enabled CP2 transfers parallel 
data from the Po - P3 inputs to the 00 - 03 outputs. 

When the Mode Control input (5) is LOW, CP1 is enabled. A HIGH to LOWtransition on enabled CP1 transfers the data 
from Serial input (DS)to Ooand shifts the data in Ooto 01,01 to 02, and 02 to 03 respectively (right-shift). A left-shift 
is accomplished by externally connecting 03 to P2, 02 to P1, and 01 to PO, and operating the LS95B in the parallel 
mode (5 = HIGH). 

For normal operation,S should only change states when both Clock inputs are LOW. However, changing 5 from LOW 
to HIGH while CP2 is HIGH, or changing 5 from HIGH to LOW while CP1 is HIGH and CP2 is LOW will not cause any 
changes on the register outputs. 

OPERATING MODE 

Shift 

Parallel Load 

Mode Change 

L = LOW Voltage Level 
H = HIGH Voltage Level 
X = Don't Care 

MODE SELECT - TRUTH TABLE 

INPUTS 

S CPt CP2 Os Pn 00 

L 1- x I X L 

L L x h X H 

H X 1. X Pn Po 

1- L L X X 

.J L L X X 

1- H L X X 

S H L X X 

1. L H X X 

S L H X X 

1. H H X X 

I H H X X 

OUTPUTS 

a, 02 

qo q, 

qo q, 

P, P2 

No Change 

No Change 

No Change 

Undetermined 

Undetermined 

No Change 

Undetermined 

No Change 

I = LOW Voltage Level one set-up time prior to the HIGH to LOW clock transition. 
h = HIGH Voltage Level one set-up time prior tl) the HIGH to LOW clock transition. 

03 

q2 

q2 

P3 

Pn = Lower case letters indicate the state of the referenced input (or output) one set-up time prior to 
the HIGH to LOW clock transition. 
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SN54LS/74LS95B 

GUARANTEED OPERAllNG RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

IOH Output Current - High 54.74 -0.4 mA 

IOL Output Current - Low 54 4.0 mA 
74 8.0 

DC CHARACTERIS11CS OVER OPERAllNG 11EMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage V All Inputs 74 0.8 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, IOH = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V IOL = 4.0 mA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V IOL - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 pA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

II 
ICC Power Supply Current 21 mA VCC= MAX 

MOTOROLA SCHOTTKY TTL DEVICES 

5-74 



SN54LS174LS95B 

AC CHARACTERISTICS' TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

fMAX Maximum Clock Frequency 25 36 MHz 
VCC=5.0V 

tpLH CP to Output 18 27 ns CL = 15 pF 
tpHL 21 32 ns 

AC SETUP REQUIREMENTS: TA = 25°C, VCC = 5.0 V 

tw 
ts 

th 

ts 

th 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

CP Pulse Width 20 ns 

Data Setup Time 20 ns 

Data Hold Time 20 ns VCC=5.0V 
Mode Control Setup Time 20 ns 

Mode Control Hold Time 20 ns 

DESCRIPTIONS OF TERMS: 
SETUP TIME (ts) - is defined as the minimum time required forthe correct logic level to be present at the logic input priorto 
the clock transition from HIGH to LOW in order to be recognized and transferred to the outputs. 

HOLD TIME (th) - is defined as the minimum time following the clock transition from HIGH to LOWthatthe logic level must be 
maintained atthe input in order to ensure continued recognition. A negative HOLD TIME indicatesthatthe correct logic level 
may be released prior to the clock transition from HIGH to LOW and still be recognized. 

AC WAVEFORMS 
The shaded areas indicate when the input is permitted to change for predictable output performance. 

"The Data Input is 

IDS for CP,1 or (Pn for CP21. 
'-----

Fig. 1 

Fig. 2 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS107A is a Dual JK Flip-Flop with 
individual J. K. Direct Clear and Clock Pulse inputs. Output changes are 
initiated by the HIGH-to-LOW transition of the clock. A LOW signal on CD 
input overrides the other inputs and makes the Q output LOW. 

The SN54LS174LS1 07A is the same as the SN54LS/74LS73A but has 
corner power pins. 

LOGIC SYMBOL 

,-J 0-3 8-J 01-5 

'2 -----< CP 9 ---< CP 

11- K CD OP--6 4- K 00--2 
CD 

VCC= 14 
GND=17 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

IOH Output Current - High 

IOL Output Current - Low 

54 
74 

54 
74 

54.74 

54 
74 

MIN 

4.5 
4.75 

-55 
0 
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SN54LS107A 
SN74LS107A 

DUAL JK FLIP-FLOP 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAM 
DIP (TOP VIEW I 

'4 

'3 

'2 
11 

'0 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - case 646-05 (Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts IConnection Diagram) as 
the Dual In-Line Package. 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °c 
25 70 

-0.4 mA 

4.0 mA 
8.0 



SN54LS174LS 107 A 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 rnA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 4.0 rnA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L = 8.0 rnA VIN = VIL or VIH 
per Truth Table 

J,K 20 
Input HIGH Current Clear 60 /lA VCC= MAX, VIN= 2.7V 

IIH 
Clock 80 

J,K 0.1 
Clear 0.3 rnA VCC = MAX, VIN = 7.0 V 
Clock 0.4 

IlL Input LOW Current 
J, K -0.4 

rnA VCC = MAX, VIN = 0.4 V Clear and Clock -0.8 

lOS Short Circuit Current -20 -100 rnA VCC=MAX 

ICC Power Supply Current 6.0 rnA VCC= MAX 

AC CHARACTERISTICS: TA = 25°C VCC = 50 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tMAX Maximum Clock Frequency 30 45 MHz 
VCC= 5.0V 

tpLH Propagation Delay, 15 20 ns 
CL = 15 pF 

tpHL Clock to Output 15 20 ns II 
AC SETUP REQUIREMENTS: TA = 25°C, VCC = 5.0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tw Clock Pulse Width 20 ns 

tw Clear Pulse Width 25 ns 
VCC= 5.0V 

ts Setup Time 20 ns 

th Hold Time 0 ns 
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II 

® MOTOROLA 

DESCRIPTION - The SN54LS174LSI 09A consists of two high speed 
completely independent transition clocked JK flip-flops. The clocking 
operation is independent of rise and fall times oftheclock waveform. The 
JK design allows operation as a D flip-flop by simply connecting the J and 
K pins together. 

LOGIC SYMBOL 

11 

10 

SN54LS109A 
SN74lS109A 

DUAL JK POSITIVE 
EDGE-TRIGGERED FLIP-FLOP 

LOW POWER SCHOTTKY 

LOGIC DIAGRAM 

CL~~~5\CoI ---.-1---/ 

Q 
6(10) 

VCC = Pin 16 
GND = Pin 8 

15 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

c~~~IK ---t-l--t r--......I 

K 
3(131 

DC CHARACTERIsnCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN =~1 8 rnA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN. 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L - 4.0 rnA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V IOL = 8.0 rnA I VIN = VIL or VIH 
per Truth Table 

Input HIGH Current 
J, K Clock 20 

IlA VCC = MAX, VIN = 2.7 V 
Set. Clear 40 

IIH J, R, Clock 0.1 
rnA VCC = MAX, VIN = 7.0 V 

Set, Clear 0.2 

Input LOW Current 
IlL J, K Clock -0.4 rnA VCC = MAX, VIN = 0.4 V 

Set, Clear -0.8 

lOS 
Output Short Circuit 

-20 -100 rnA VCC= MAX 
Current 

ICC Power Supply Current 8.0 rnA VCC=MAX 
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SN54LS174LS 1 09A 

MODE SELECT - TRUTH TABLE 

INPUTS OUTPUTS 
OPERATING MODE 

So Co J K Q Q 

Set L H X X H L 

Reset IClear) H L X X L H 

·Undetermined L L X X H H 

Load "I" ISed H H h h H L 

Hold H H I h q q 
Toggle H H h I q q 

Load "0" IResetl H H I I L H 

-Both outputs will be HIGH while both ~ and Co are LOW, but 
the output states are unpredictable if -S-o .and "C'o go HIGH 
simultaneously. 

H,h"" HIGH Voltage Level 
L,I "" LOW Voltage Level 
X "" Don't Care 
I, h (q) ::: Lower case letters indicate the state of the referenced 

input (or output) one set-up time prior to the LOW to 
HIGH clock transition. 

GUARANTEED OPERA11NG RANGES 

SYMBOL PARAMETER MIN 

VCC Supply Voltage 54 4.5 
74 4.75 

TA Operating Ambient Temperature Range 54 -55 
74 0 

IOH Output Current - High 54.74 

IOL Output Current - Low 54 
74 

AC CHARACTERIS11CS' TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
MIN 

LIMITS 
UNITS 

TYP MAX 

fMAX Maximum Clock Frequency 25 33 MHz 

tpLH Clock. Clear. Set to Output 13 25 ns 
tpHL 25 40 ns 

AC SETUP REQUIREMENTS' TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

lIN Clock High Clear. Set Pulse Width 25 ns 

ts Data Setup Time - HIGH 35 ns 
LOW 25 ns 

th Hold Time 5.0 ns 
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TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °C 
25 70 

-0.4 rnA 

4.0 rnA 
8.0 II 

TEST CONDITIONS 

VCC= 5.0V 
CL= 15pF 

TEST CONDITIONS 

VCC= 5.0V 



II 

® MOTOROI.A 

DESCRIPTION - The SN54LS174LS112A dual JK flip-flop features 
individual J, K, clock, and asynchronous set and clear inputs to each 
flip-flop. When the clock goes HIGH, the inputs are enabled and data 
will be accepted. The logic level olthe J and K inputs may be allowed to 
change when the clock pulse is HIGH and the bistable will perform 
according to the truth table as long as minimum set-up and hold time 
are observed. Input data is transferred to the outputs on the negative­
going edge of the clock pulse. 

LOGIC SYMBOL 

10 

SN54LSll2A 
SN74LSll2A 

DUAL JK NEGATIVE 
EDGE-TRIGGERED FLIP-FLOP 

LOW POWER SCHOTTKY 

LOGIC DIAGRAM 
(EACH FLlP·FLOP) 

15 14 
CLEAR jCoi 0----1 ,..----'-+-/ '~-H.4----, t-----o SET iSoi 

16(14) 4(10) 
VCC = Pin 16 
GND = Pin 8 

J Suffix - Case 620-08 (CeramiC) 
N Suffix - Case 648-05 (Plastic) 

J K 
3(11) 2(12) 

1(13) 
CLOCK (CP) 

DC CHARACTERlmCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL 

VIH 

VIL 

VIK 

VOH 

VOL 

IIH 

IlL 

lOS 

ICC 

PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

Input HIGH Voltage 2.0 V 

54 0.7 
Input LOW Voltage 

74 0.8 
V 

Input Clamp Diode Voltage -0.65 -1.5 V 

Output HIGH Voltage 54 2.5 3.5 V 

74 2.7 3.5 V 

54,74 0.25 0.4 V 
Output LOW Voltage 

74 0.35 0.5 V 

J,K 20 
Set, Clear 60 pA,. 

Input HIGH Current 
Clock 80 

J,K 0.1 
Set, Clear 0.3 mA 
Clock 0.4 

Input LOW Current J,K -0.4 
mA 

Clear,Set,Clk -0.8 

Short Circuit Current -20 -100 mA 

Power Supply Current 6.0 mA 
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TEST CONDITIONS 

Guaranteed Input HIGH Voltage for 
All Inputs 

Guaranteed Input LOW Voltage for 
All Inputs 

VCC = MIN, liN =-18 mA 

VCC = MIN, 10H = MAX, VIN = VIH 
or VIL per Truth Table 

IOL = 4.0 mA I VCC = VCC MIN, 
IOL = 8.0 rnA I VIN = VIL or VIH 

per Truth Table 

VCC = MAX, VIN = 2.7 V 

VCC = MAX, VIN = 7.0 V 

VCC = MAX, VIN = 0.4 V 

VCC=MAX 

VCC=MAX 



SN54LS174LS112A 

MODE SELECT - TRUTH TABLE 

INPUTS OUTPUTS 
OPERATING MODE 

SO Co J K Q Q 

Set L H X X H L 

Reset (Clear) H L X X L H 

• Undetermined L L X X H H 

Toggle H H h h q q 

Load "0" IResetl H H I h L H 

Load "'" ISed H H h I H L 

Hold H H I I q q 

-Both outputs will be HIGH while both So. and Co..!re LOW, but 
the output states are unpredictable if So and Co go HIGH 
simultaneouslv. 

H,h = HIGH Voltage Level 
L,I • LOW Voltage Level 
X = Don't care 
I, h (q) = Lower case letters indicate the state of the referenced 

input (or output) one set·up time prior to the HIGH to 
LOW clock transition. 

GUARANTEED OPERAllNG RANGES 

SYMBOL PARAMETER MIN 

VCC Supply Voltage 54 4.5 
74 4.75 

TA Operating Ambient Temperature Range 54 -55 
74 0 

IOH OutpU) Current - High 54,74 

IOL Output Curren' - Low 54 
74 

AC CHARACTERIS11CS' TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

fMAX Maximum Clock Frequency 30 45 MHz 

tPLH Propagation Delay, Clock 15 20 ns 
tpHL Clear, Set to Output 15 20 ns 

AC SETUP REQUIREMENTS: TA = 25°C, VCC = 5.0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

tw Clock Pulse Width High 20 ns 

tw Clear, Set Pulse Widlh 25 ns 

Is Selup Time 20 ns 

th Hold Time 0 ns 
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TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °C 
25 70 

-0.4 mA 

4.0 mA 
B.O II 

I 

TEST CONDITIONS 

VCC=5.0V 
CL = 15 pF 

TEST CONDITIONS 

VCC= 5.0V 



II 

® MOTOROLA 

DESCRIPTION - The SN54LS174LSl13A offers individual J, K, set, 
and clock inputs. These monolithic dual flip-flops are designed so that 
when the clock goes HIGH, the inputs are enabled and data will be 
accepted. The logic level olthe J and K inputs may be allowed to change 
when the clock pulse is HIGH and the bistable will perform according to 
the truth table as long as minimum setup times are observed. Input 
data is transferred to the outputs on the negative-going edge of the 
clock pulse. 

LOGIC SYMBOL 

0: " 3 J a 5 

I CP 13 

2 K a 6 

VCC= Pin 14 
GND=Pin7 

10 

So 
Q 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

Jo------=::I 
3(111 

SN54LSl13A 
SN74LSl13A 

DUALJK NEGATIVE 
EDGE-TRIGGERED FLIP-FLOP 

LOW POWER SCHOTTKY 

LOGIC DIAGRAM 
(EACH FLlP·FLOP) 

1(13} 

CLOCK(CP) 

t----O.SETiSol 
"lIDI 

I=-----OK 
2(121 

DC CHARACTERlsnCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 O.B 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-18 mA 

VOH Output HIGH Voltage 54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L - 4.0 mA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

J,K 20 
Set 60 /lA VCC = MAX, VIN = 2.7 V 

IIH Input HIGH Current 
Clock 80 

J, K 0.1 
Set 0.3 rnA VCC = MAX, VIN = 7.0 V 
Clock 0.4 

Input LOW Current J,K -0.4 
rnA VCC = MAX, VIN = 0.4 V IlL Set, Clock -0.8 

lOS Shon Circuit Current -20 -100 rnA VCC=MAX 

k Power Supply Current 6.0 rnA VCC= MAX 
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SN54LS/74LS 113A 

MODE SELECT - TRUTH TABLE 

OPERATING MODE 

Set 

Toggle 

Load "0" IReset) 

Load "t" ISet) 

Hold 

H,h = HIGH Voltage Level 
L,I = LOW Voltage Level 
X = Don't Care 

So 

L 

H 

H 

H 

H 

INPUTS 

J K 

X X 

h h 

I h 

h I 

I I 

OUTPUTS 

Q Q 

H L 

q q 

L H 

H L 

q q 

I, h (q) = Lower case letters indicate the state of the referenced 
input (or output) one set~up time prior to the HIGH to 
LOW clock transition. 

GUARANTEED OPERA11NG RANGES 

SYMBOL PARAMETER MIN 

VCC Supply Voltage 54 4.5 
74 4.75 

TA Operating Ambient Temperature Range 54 -55 
74 0 

IOH Output Current - High 54,74 

IOL Output Current - Low 54 
74 

AC CHARACTERIS11CS: TA = 25°C, VCC = 5.0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

fMAX Maximum Clock Frequency 30 45 MHz 

tpLH Propagation Delay, Clock 15 20 ns 

tpHL Set to Output 15 20 ns 

ACSETUP REQUIREMENTS"TA=25°C VCC=50V 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

tw Clock Pulse Width High 20 ns 

tw Set Pulse Width 25 ns 

ts Setup Time 20 ns 

th Hold Time 0 ns 
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TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °C 
25 70 

-0.4 rnA 

4.0 rnA 
B.O II 

TEST CONDITIONS 

VCC=5.0V 
CL=15pF 

TEST CONDITIONS 

VCC= 5.0V 



13 

® MOTOROLA 

DESCRIPTION - The SN54LS174LSl14A offers common clock and 
common clear inputs and individual J, K, and set inputs. These 
monolithic dual flip-flops are designed so that when the clock goes 
HIGH, the inputs are enabled and data will be accepted. The logic level 
ofthe J and K inputs may be allowed to change when the clock pulse is 
HIGH and the bistable will perform according to the truth table as long 
as minimum set-up times are observed. Input data is transferred to the 
outputs on the negative-going edge of the clock pulse. 

LOGIC SYMBOL LOGIC DIAGRAM 
(EACH FLIP-FLOP) 

SN54LSl14A 
SN74LSl14A 

DUAL JK NEGATIVE 
EDGE-TRIGGERED FLIP-FLOP 

LOW POWER SCHOTTKY 

CLEAR (COl o--==::::::<r----t--t---;, .___-ttt---t---' 
TO I +----0 SET (Sol 

VCC = Pin 14 
GND=Pin7 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

4(101 

F~~~~P ----::::0:=1 K 
J '---------t------' 2(121 
3(111 

13 
CLOCK (CP) 

DC CHARACTERISTICS OVER OPERAnNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 O.B 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-18 mA 

VOH Output HIGH Voltage 54 2.5 3.5 V VCC = MIN, IOH = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L - 4.0 rnA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

J, K 20 
Set 60 

flA VCC = MAX, VIN = 2.7 V Clear 120 
Clock 160 

IIH Input HIGH Current 
J,K 0.1 
Set 0.3 

mA VCC = MAX, VIN = 7.0 V Clear 0.6 
Clock 0.8 

Input LOW Current 
J,K -0.4 

IlL Set -0.8 mA VCC = MAX, VIN = 0.4 V 
Clear, Clock -1.6 

lOS Output Short Circuit Current -20 -100 mA VCC= MAX 

ICC Power Supply Current 6.0 mA VCC= MAX 
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SN54LS174LS114A 

MODE SELECT - TRUTH TABLE 

INPUTS OUTPUTS 
OPERATING MODE 

So Co J K a a 

Set L H X X H L 

Reset (Clear) H L X X L H 

·Undetermined L L X X H H 

Toggle H H h h q q 

Load "0" IResetl H H I h L H 

Load "'" ISed H H h I H L 

Hold H H I I q q 

"Both outputs will be HIGH while both "So and Co are LOW. but 
the output states are unpredictable if So and Co go HIGH 
simultaneously_ 

H,h = HIGH Voltage Level 
L,I = LOW Voltage Level 
X == Don't Care 
I, h (q) == Lower case letters indicate the state of the referenced 

input (or output) one se,t-up time prior to the HIGH to 
LOW clock transition. 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN 

VCC Supply Voltage 54 4.5 
74 4.75 

TA Operating Ambient Temperature Range 54 -55 
74 0 

IOH Output Current - High 54,74 

IOL Outpu! Current - Low 54 
74 

AC CHARACTERISTICS: TA = 25°C, VCC = 5.0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

fMAX Maximum Clock Frequency 30 45 MHz 

tpLH Propagation Delay, Clock, 15 20 ns 

tpHL Clear, Set to Output 15 20 ns 

AC SETUP REQUIREMENTS: TA = 25°C, VCC = 5.0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

tw Clock Pulse Width High 20 ns 

tw Clear, Set Pulse Width 25 ns 

ts Setup Time 20 ns 

th Hold Time 0 ns 
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TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °C 
25 70 

-0.4 mA 

4.0 mA 
B.O 

TEST CONDITIONS 

VCC= 5.0V 
CL=15pF 

TEST CONDITIONS 

VCC= 5.0V 



® MOTOROLA 

DESCRIPTION - These d-c triggered multivibrators feature pulse 
width control by three methods. The basic pulse width is programmed 
by selection of external resistance and capacitance values. The LS122 
has an internal timing resistor that allows the circuits to be used with 
only an external capacitor. Once triggered, the basic pulse width may be 
extended by retriggering the gated low-level-active (A) or high-Ievel­
active (B) inputs, or be reduced by use of the overriding clear. 

The LS122 and LS123 have Schmitt trigger inputs to ensure jitter-free 
triggering from the B input with transition rates as slow as 0.1 millivolt 
per nanosecond. 

• OVERRIDING CLEAR TERMINATES OUTPUT PULSE 
• COMPENSATED FOR VCC AND TEMPERATURE VARIATIONS 
• D-CTRIGGERED FROM ACTIVE-HIGH OR ACTIVE-LOW GATED 

LOGIC INPUTS 
• RETRIGGERABLE FOR VERY LONG OUTPUT PULSES, UP TO 

100% DUTY CYCLE 
• INTERNAL TIMING RESISTORS ON LS122 

NOTES: 

LS122 
FUNCTIONAL TABLE 

INPUTS OUTPUTS 

CLEAR A1 A2 Bl B2 a a 
L 
X 
X 
X 

H 
H 
H 
H 
H 
H 
H 
t 
t 

x X x X L H 
H H X X L H 
X X L X L H 
X X X L L H 
L X t H .fl U 
L X H t .fl U 
X L t H 1l.. .)1.I 

X L H t .fl U 
H I H H .fl U 
I I H H .fl U 
I H H H .fl U 
L X H H .fl U 
x L H H .n. u 

LS123 
FUNCTIONAL TABLE 

INPUTS OUTPUTS 

CLEAR A B a ii 
L X X L H 
X H X L H 
X X L L H 
H L t II U 
H I H II U 
t L H .n. u 

SN54Lsn4LSl22 
SN54Lsn4LSl23 

RETRIGGERABLE MONOSTABLE 
MULTIVIBRATORS 

LOW POWER SCHOTTKY 

SN54LS174LS122 
(TOP VIEW) (SEE NOTES 1 THRU 4) 

Rext! 
Vee Cext NC Cext NC Rint a 

A1 A2 Bl 82 eLA a GND 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (PlastiC) 

Ne - NO internal connectIon 

SN54LS/74LS123 
(TOP VIEW) (SEE NOTES 1 THRU 4) 

1 Rextl 
Vee Cext Cext 1Q 25 eLR 2B 2A 

lA 18 1 10 2Q 2 Rext' GNO 
CLR Cext Cext 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

1. An external timing capacitor may be connected between Cext and Rext/Cext (positive). 
2. To use the internal timing resistor of the LS122, connect Rint to Vee. 
3. For improved pulse width accuracy connect an external resistor between Rsxt/Cext and Vec 

with Rint open-circuited. 
4. To obtain variable pulse widths, connect an external variable resistance between Rint/Cext and Vee. 
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SN54LS174LS122. SN54LS/74LS123 

TYPICAL APPLICATION DATA 
The output pulse tw is a function of the external components, Cext and Rext or Cext and Rint on the LS122. Forvalues of Cext 

;;:"1000 pF, the output pulse at VCC = 5.0 V and VRC = 5.0 V (see Figures 1, 2, and 3) is given by 

tw = K Rext Cext where K is nominally 0.45 

If Cext is on pF and Rext is in kO then tw is in nanoseconds. 

The Cext terminal ofthe LS122 and LS123 is an internal connection to ground, however forthe best system performance Cext 
should be hard-wired to ground. 

Care should be taken to keep Rext and Cext as close to the monostable as possible with a minimum amount of inductance 
between the Rext/Cextiunction and the Rext/Cext pin. Good groundplane and adequate bypassing should be designed into the 
system for optimum performance to insure that no false triggering occurs. 

It should be noted that the Cext pin is internally connected to ground on the LS122 and LS123, but not on the LS221. 
Therefore, if Cext is hard-wired externally to ground, substitution of a LS221 onto a LS123 socket will cause the LS221 to 
become non-functional. 

The switching diode is not needed for electrolytic capacitance application and should not be used on the LS122 and LS123. 

To find the value of K for Cext;;:"1 OOOpF, refer to Figure 4. Variations on VCC orVRC can cause the valueof K to change, as can 
the temperature ofthe LS123, LS 122. Figures 5 and 6 show the behaviour of the circuit shown in Figures 1 and 2 if separate 
power supplies are used for VCC and VRC. If VCC is tied to VRC, Figure 7 shows how K will vary with VCC and temperature. 
Remember, the changes in Rext and Cext with temperature are not calculated and included in the graph. 

As long as Cext;;:"1 OOOpF and 5K';; Rext';; 260 K (SN74LSI221123) or 5K';; Rext';; 160 K(SN54LSI221123), the change in 
K with respect to Rext is negligable. 

If Cext';; 1000 pF the graph shown on Figure 8 can be used to determine the output pulse width. Figure 9 shows how K will 
change for Cext';; 1000 pF if VCC and VRC are connected to the same power supply. The pulse width tw in nanoseconds is 
approximated by 

tw = 6 + 0.05 Cext (pF) + 0.45 Rext (kO) Cext + 11.6 Rext 

In order to trim the output pulse width, it is necessary to include a variable resistor between VCC and the Rext/Cext pin or 
between VCC and the Rext pin of the LS122. Figure 10, 11, and 12 show how this can be done. Rext remote should be kept as 
close to the monostable as possible. 

Retriggering ofthe part, as shown in Figure 3, must not occur before Cext is discharged orthe retrigger pulse will not have any 
effect. The discharge time of Cext in nanoseconds is guaranteed to be less than 0.22 Cext (pF) and is typically 0.05 Cext (pF). 

For the smallest possible deviation in output pulse widths from various devices, it is suggested that Cext be kept;;:" 1 000 pF. 

WAVEFORMS 

R~~~~ER (See Application Data) 

• INPUT ~ ___ ---,nL ________ _ 
aOUTPUT ~ L _________ L 

I------tw ------ll OUTPUT WITHOUT AETRIGGER 

EXTENDING PULSE WIDTH 

BINPUT ~L--___________________ _ 

CLEAR INPUT 

a OUTPUT ~ 

U CLEAR PULSE 

- - - - - - - --, OUTPUT WITHOUT CLEAR PULSE 
I 
I 
I 

OVERRIDING THE OUTPUT PULSE 
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SN54LS/74LS122. SN54LS/74LS123 

GUARANTEED OPERAnNG RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 0 25 70 

10H Output Current - High 54.74 -0.4 mA 

10L Output Current - Low 54 4.0 mA 
74 8.0 

Rext External Timing Resistance 54 5.0 180 kCl 
74 5.0 260 

Cext External Capacitance 54.74 No Restriction 

Rext/Cext Wiring Capacitance at 
Rext/Cext Terminal 54.74 50 pF 

DC CHARACTERlsnCS OVER OPERAnNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN =-1 B mA 

VOH Output HIGH Voltage 54 2.5 3.5 V VCC = MIN. 10H = MAX. VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54.74 0.25 0.4 V 10L = 4.0 mA I VCC = VCC MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L = B.O mA I VIN = VIL or VIH 
per Truth Table 

20 pA VCC = MAX. VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX. VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX. VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

Power Supply Current 
ICC LS122 11 mA VCC = MAX 

I LS123 20 

AC CHARACTERlsnCS: TA = 25°C VCC = 50 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Propagation Delay. A to Q 23 33 ns 
tpHL Propagation Delay. A to Q 32 45 Cext=O 
tpLH Propagation Delay. B to Q 23 44 ns 

CL = 15 pF 

tpHL Propagation Delay. B to Q 34 56 Rext = 5.0 kCl 
tpLH Propagation Delay. Clear to Q 28 45 

ns 
RL = 2.0 kCl 

tpHL Propagation Delay. Clear to Q 20 27 

twmin AorBtoQ 116 200 ns 

twQ AtoBtoQ 4.0 4.5 5.0 /.IS 
Cext = 1000 pF. Rext = 10 kCl. 
CL = 15 pF. RL = 2.0 kCl 

AC SETUP REQUIREMENTS: TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN I TYP I MAX 

tw Pulse Width 40 I I ns 
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SN54LS174LS122 • SN54LS174LS123 

Pin 

Vcc vcc 
Vcc 

to.1 IJ.F 

Cext Pout 

CLR 

• 1h LS 123 

A Q 
P,n GND 

51 " 
51 " 

-:-

Fig. 1 

Pm 

Po~tw 

Retngger 

Fig. 3 

10 

\ I I 
5K~ Rext '::;;: 260 K 

1\ 
1.0 

~ 
li 

u 

l':i z 

~ O.t 

« 

\ 
u 

<!. 
l!! 
~ 

001 

1\ 
0001 

0.30 0.35 040 0.45 050 0.55 

K 
Fig. 4 
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VRC VCC 

Rext 

Rext ! vee 

lo.,., 
Cext 

.2 Q Pout ., LS122 

A2 

AI Q 
GND 

Fig. 2 
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SN54LS/74LS122. SN54LS174LS123 

Kvo. VCC 

055 

0.50 

K 

OA5 

0.40 

035 
4.5 5.0 

VCC 

Fig. 5 

'00000 

'0000 

'00 

,0 

Kvo. VRC K vo. VCC AND VRC 

055 0.55 

Cext = 1000pF 

0.50 060 

K K 
-S5°c 

O'c 
045 0.45 

25°c 

700 e 

125°c 
040 040 

035 0.35 
5.5 4.5 50 55 45 5.0 

VRC VCC=VRC 

Fig. 6 Fig. 7 

,....1-"" V 
Rext = 260kO V/ Rext = 160 kO j""--... 

L--- ./ - ...- V 
~ - ..... ~ ~ f..-"' \ 

'0 

-- ......--r-- \\ ....- -f..-"' ~ ~ 

'00 
Cext-EXTERNAL TIMING CAPACITANCE-pF 

Fig. B 
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R
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SN54LS/74LS122. SN54LS174LS123 

K 

0.65.------------,-------------r------------,------------, 

Cex! = 200pF 

0.60f------=""""-=:!::-

0.55r------------1------------~------------~~=---~---4 

125'C 

0.50r------------1------------~------------~-----------4 

4.50 4.75 5.00 

VCCVOLTS 

Fig. 9 

5.25 

Rext Remote 
g:~: 

Pm 7 O-----I.,....---~"v-------­
or15 

P,n6 ---J Ce" 

0,14 1 
Fig. 10 - LS123 REMOTE TRIMMING CIRCUIT 
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SN54LS/74LS122 • SN54LS174LS123 

gVCC 

Rext 

Rext Remote 

Pm 13 •• -----r----"v---------
Pm9 •• -----OPEN 

"""-i~ 
Fig. 11-LS122 REMOTE TRIMMING CIRCUIT WITHOUT Rext 

Pmg •• -----------

sVCC 

Rext 

Remote 

p," 13 •• ----'1 

"""--1 
Fig. 12-LS122 REMOTE TRIMMING CIRCUIT WITH Rint 
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® MOTOROLA 

INPUTS 
E D 

L L 
L H 
H X 

TRUTH TABLES 

LS125A LS126A 

Vee 

OUTPUT INPUTS 

L 
H 
IZI 

E 
H 
H 
L 

L = LOW Voltage Level 
H = HIGH Voltage Level 
X .. Don't Care 

D 
L 
H 
X 

IZI • High Impedance loffl 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

o E 

LS125A 

o 

OUTPUT 

L 
H 
IZI 

GND 

Vee 

SN54LS/74LSl25A 
SN54LS/74LSl26A 

QUAD 3-STATE BUFFERS 

LOW POWER SCHOTTKY 

a o 

o o GND 

LS126A 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage V All Inputs 74 0.8 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-18 mA 

VOH Output HIGH Voltage 
54 2.4 V VCC = MIN, IOH = MAX, VIN = VIH 

74 2.4 V or VIL per Truth Table 

54,74 0.25 0.4 V IOL = 12 rnA I VCC -Vcc MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V IOL - 24 rnA I VIN = VIL or VIH 
per Truth Table 

10ZH Output Off Current HIGH 20 JlA VCC = MAX, VOUT = 2.4 V 

10ZL Output Off Current LOW -20 JlA VCC = MAX, VOUT = 0.4 V 

IIH Input HIGH Current 
20 JlA VCC';" MAX, VIN = 2.7 V 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX, VIN = 0.4V 

lOS Short Circuit.Current -40 -225 rnA VCC=MAX 

ICC Power Supply Current LS125A 20 
rnA VCC = MAX, I VIN = 0 V, VE = 4.5 V 

LS126A 22 I VIN = OV, VE = OV 
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SN54LS/74LS125A. SN54LS/74LS126A 

GUARANTEED OPERAnNG RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

IOH Output Current - High 54 -1.0 rnA 
74 -2.6 

IOL Output Current - Low 54 12 rnA 
74 24 

AC CHARACTERISTICS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH LS125A 9.0 15 

tPLH Propagation Delay, LS126A 9.0 15 
ns Fig. 2 

tpHL Data to Output LS125A 7.0 18 

tpHL LS126A B.O 1B VCC= 5.0V 

Output Enable Time LS125A 12 20 CL=45pF 
tPZH ns Figs. 4, 5 RL=667 n 

to HIGH Level LS126A 16 25 

Output Enable Time LS125A 15 25 
tPZL ns Figs. 3, 5 

to LOW Level LS126A 21 35 

Output Disable Time LS125A 20 
tpHZ ns Figs. 4, 5 VCC= 5.0V from HIGH Level LS126A 25 

Output Disable Time 
CL = 5.0 pF 

LS125A 20 RL=667 n 
tPLZ ns Figs. 3, 5 

from LOW Level LS126A 25 

vee 
Fig. 1 

I"' 
Fig. 5 

II 
Fig. 2 

TO OUTPUT 
UNDER TEST 

Fig. 3 VE 
6.0kn 

VE r 1 "".3V 

SWITCH POSITIONS 

Fig. 4 SYMBOL SWI SW2 

tpZH Open Closed 

tpZL Closed Open 

tPLZ Closed Closed 

tPHZ Closed Closed 
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® MOTOROL.A 

DESCRIPTION - The SN54LS174LS132 contains four 2-lnput 
NAND Gates which accept standard TIL input signals and provide 
standard TIL output levels. They are capable of transforming slowly 
changing input signals into sharply defined, jitter-free output signals. 
Additionally, they have greater noise margin than conventional NAND 
Gates. 

SN54LS132 
SN74LSl32 

Each circuit contains a 2-inputSchmitt trigger followed by a Darlington 
level shifter and a phase splitter driving a TIL totem pole output. The 
Schmitt trigger uses positive feedback to effectively speed-up slow 
input transitions, and provide different input threshold voltages for 
positive and negative-going transitions. This hysteresis between the 
positive-going and negative-going inputthresholds(typically800 mV) is 
determined internally by resistor ratios and is essentially insensitive to 
temperature and supply voltage variations. As long as one input 
remains at a more positive voltage than VT+ (MAX), the gate will 
respond to the transitions of the other input as shown in Figure 1. 

QUAD 2-INPUT 
SCHMITT TRIGGER NAND GATE 

LOGIC AND CONNECTION DIAGRAM 
DIP (TOP VIEW) 

vee 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

VIN VERSUS VOUT 
TRANSFER FUNCTION 

~ TA-25C 

§1 4.01=f==t==r==i=ri==f==!=='f==i-l 
I 

w 

" ~ 3.01-+-+-+--1-+1-+-+-+--1-1 
§1 

~ 2.01--+-+-+--f-+I--+-+-+--f---l 
o 
I 
-? 1.0 f-i-++--+-HI--i-++--+-i 

0.0 ttjO.t4jj:0.;'95t::,~.2;:Jt:t:'~.8~2.,0 
VIN -INPUT VOLTAGE - VOLTS 

Fig. 1 
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SN54LS174LS132 

GUARANTEED OPERAllNG RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 
54 -55 25 125 °C 
74 0 25 70 

10H Output Current - High 54,74 -0.4 mA 

10L Output Current - Low 54 4.0 mA 
74 8.0 

DC CHARACTERISTICS OVER OPERAllNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VT+ Positive-Going Threshold Voltage 1.5 2.0 V VCC=5.0V 

VT- Negative-Going Threshold Voltage 0.6 1.1 V VCC= 5.0V 

VT+-VT- Hysteresis 0.4 0.8 V VCC=5.0V 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-18 mA 

VOH Output HIGH Voltage 
54 2.5 3.4 

V VCC = MIN, IOH = -400IlA, VIN = VIL 
74 2.7 3.4 

VOL Output LOW Voltage 
54,74 0.25 0.4 V VCC = MIN, 10L = 4.0 mA, VIN = 2.0 V 

74 0.35 0.5 V VCC = MIN, 10L = 8.0 mA, VIN = 2.0 V 

11+ 
Input Current at 

-0.14 mA VCC= 5.0 V, VIN= VT+ 
Positive-Going Threshold 

IT-
Input Current at 

-0.18 mA VCC= 5.0 V, VIN =VT_ 
Negative-Going Threshold 

IIH Input HIGH Current 
20 IlA VCC = MAX, VIN = 2.7 V 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

II lOS 
Output Short Circuit 

-20 -100 mA VCC = MAX, VOUT = 0 V Current 

Power Supply Current 
ICC Total, Output HIGH 5.9 11 mA VCC= MAX, VIN = OV 

Total, Output LOW 8.2 14 mA VCC = MAX, VIN = 4.5 V 

AC CHARACTERISTICS- TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Turn Off Delay, Input to Output 22 ns VCC = 5.0V 

tpHL Turn On Delay, Input to Output 22 ns CL = 15 pF 

3.01V 

J('6V 
\OBV 

V,N 

OV . L .. ~ t'PLH1 
VOUT \3V f·3V 
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SN54LS/74LS132 

THRESHOLD VOLTAGE AND HYSTERESIS 
VERSUS 

POWER SUPPLY VOLTAGE 

2.0 
TA = 25°C 

VT+ ~ l-I- I--

~ 1--

2 

VT_ ~ 

00 
45 475 

lJ.VT 

50 525 

vee-·POWER SUPPLY VOLTAGE-VOLTS 

Fig. 2 

THRESHOLD VOLTAGE AND HYSTERESIS 
VERSUS 

TEMPERATURE 

U) 

~ 17 VT;-a 
> 
I U) 

w ~ 1.5 

'" a 
~ > 
a I 13 > Vl 
c iii 
..J W a a: 
:I: w 1.1 
Vl ... 
W Vl 
a: >-
:I: :I: ... I 0.9 VT_ I ... 
... > > <l 

lJ.VT 07 
_550 0°25° 75 0 

T A - AMBIENT TEMPERATURE - °C 

Fig. 3 

55 

1250 
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® MOTOROLA 

Vee 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

GUARANTEED OPERATING RANGES 
SYMBOL PARAMETER 

VCC Supply Voltage 

GND 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

MIN 

54 4.5 
74 4.75 

54 -55 
74 0 

54,74 

54 
74 

SN54LS133 
SN74LS133 

13-INPUT NAND GATE 

LOW POWER SCHOTTKY 

TYP MAX 

5.0 5.5 
5.0 5.25 

25 125 
25 70 

-0.4 

4.0 
8.0 

UNIT 

V 

°C 

mA 

rnA 

DC CHARACTERISTlCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage V All Inputs 74 O.B 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =":'lB rnA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L - 4.0 rnA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L = 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 pA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAl<. VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAl<. VIN = 0.4 V 

lOS Short Circuit Current -20 -100 rnA VCC = MAX 

Power Supply Current 
ICC Total, Output HIGH 0.5 rnA VCC = MAX 

Total, Output LOW 1.1 

AC CHARACTERISTlCS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Turn Off Delay, Input to Output 10 15 ns VCC=5.0V 

tpHL Turn On Delay, Input to Output 40 59 ns CL = 15 pF 
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MOTOROLA 

·OPEN COLLECTOR OUTPUTS 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GUARANTEED OPERATlNG RANGES 

GND 

SYMBOL PARAMETER 

VCC Supply Voltage 

A 

L 
L 
H 

H 

TA Operating Ambient Temperature Range 

VOH Output Voltage - High 

IOL Output Current - Low 

TRUTH TABLE 

IN OUT 

B Z 

L L 
H H 
L H 

H L 

MIN 

4.75 

0 

SN74LS136 

QUAD 2-INPUT 
EXCLUSIVE OR GATE 

LOW POWER SCHOTTKY 

TYP MAX 

5.0 5.25 

25 70 

5.5 

B.O 

UNIT 

V 
·C 

V 

mA 

DC CHARACTERISTlCS OVER OPERATlNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

VIL Input LOW Voltage O.B V Guaranteed Input LOW Voltage for 
All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN = -1B mA 

IOH Output HIGH Current 100 pA VCC = MIN. VOH = MAX 

0.25 0.4 V IOL = 4.0 mA I VCC - VCC MIN. 
VOL Output LOW Voltage 

0.35 0.5 V IOL - B.O mA I VIN = VIL or VIH 
per Truth Table 

40 pA VCC = MAX. VIN = 2.7 V 
IIH Input HIGH Current 

0.2 mA VCC = MAX. VIN = 7.0 V 

IlL Input LOW Current -O.B mA VCC = MAX. VIN = 0.4 V 

ICC Power Supply Current 10 mA VCC=MAX 

AC CHARACTERISTlCS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Propagation Delay. 1B 30 ns 
tpHL Other Input LOW 1B 30 VCC=5.0V 

tpLH Propagation Delay. 1B 30 ns 
CL = 15 pF. RL = 2.0 kCl 

tpHL Other Input HIGH 1B 30 

MOTOROL.A SCHOTIKY TIL DEVICES 
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® MOTOROLA 

DATA OUTPUTS 

~~OU%UTGNO 
SelECT ENABLE 

J Suffix - Case 620·08 (Ceramic) 
N Suffix - Case 648"()5 (Plastic) 

GUARANTEED OPERAnNG RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

54 
74 

54 
74 

54.74 

54 
74 

SN54LS137 
SN74LS137 

3-LlNE TO 8-LlNE 
DECODERS/DEMULTIPLEXERS 

WITH ADDRESS LATCHES 

LOW POWER SCHOTTKY 

MIN TYP MAX UNIT 

4.5 5.0 5.5 V 
4.75 5.0 5.25 

-55 25 125 °c 
0 25 70 

-0.4 mA 

4.0 mA 
B.O 

DC CHARACTERlmCS OVER OPERAnNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 O.B 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN =-18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN. 10H = MAX. VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54.74 0.25 0.4 V 10L - 4.0 mA I VCC - VCC MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - B.O mA L VIN = VIL or VIH 
per Truth Table 

20 pA VCC = MAX. VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX. VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX. VIN = 0.4 V 

lOS Shon Circuit Current -20 -100 mA VCC=MAX 

ICC Power Supply Current 18 rnA VCC=MAX 

MOTOROLA SCHOTTKY TTL DEVICES 
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SN54LS/74LS137 

INPUTS 

ENABLE SELECT 

GL G1 G2 C B 

X X H X X 
X L X X X 

L H L L L 
L H L L L 
L H L L H 
L H L L H 

L H L H L 
L H L H L 
L H L H H 
L H L H H 

H H L X X 

H = high lever, L = low level, X = irrelevant 

SELECT 
INPUTS 

INPUTS G2 

FUNCTION TABLE 

A YO 

X H 
X H 

L L 
H H 
L H 
H H 

L H 
H H 
L H 
H H 

X 

OUTPUTS 

Y1 Y2 Y3 Y4 Y5 Y6 

H H H H H H 
H H H H H H 

H H H H H H 
L H H H H H 
H L H H H H 
H H L H H H 

H H H L H H 
H H H H L H 
H H H H H L 
H H H H H H 

Output corresponding to stored 
address, L; all others, H 

OATA 
OUTPUTS 

ENABLE {: ::1 
. Gl ~16~1 -t>o-~J----------' 

ACCHARACTERlmcs, VCC=50V TA=25°C 

SYMBOL PARAMETER 
LEVELS OF LIMITS 

UNIT DELAY MIN TYP MAX 

tpLH Propagation Delay Time, A,B,C to Y 2 11 17 
tpHL 4 25 3B 

ns 

tpLH Propagation Delay Time, A,B,C to Y 3 16 24 
tpHL 3 19 29 

ns 

tpLH Propagation Delay Time, Enable G2 to Y 2 13 21 
tpHL 2 16 27 

ns 

tpLH Propagation Delay Time, Enable G 1 to Y 3 14 21 
tpHL 3 18 27 

ns 

tpLH Propagation Delay Time, Enable GL to Y 3 18 27 
ns 

tpHL 4 25 38 

AC SETUP REQUIREMENTS: TA = 25°C VCC = 5 0 V 

Y7 

H 
H 

H 
H 
H 
H 

H 
H 
H 
L 

TEST 
CONDITIONS 

VCC= 5.0V 

CL = 15 pF 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tw 
ts 

th 

Pulse Width - Enable at GL 15 ns 

Setup Time, A,B,C 

Hold Time, A,B,C 

10 ns 

10 ns 
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® MOTOROLA 

DESCRIPTION - The LSTIL/MSI SN54LS/74LS 138 is a high speed 
l-of-8 Decoder/Demultiplexer. This device is ideally suited for high 
speed bipolar memory chip select address decoding. The multiple input 
enables allow paraliel expansion to a l-of-24 decoder using just three 
LS 138 devices or to a l-of-32 decoder using four LS 138s and one 
inverter. The LS138 is fabricated with the Schottky barrier diode 
process for high speed and is completely compatible with all Motorola 
TIL families. 

• DEMULTIPLEXING CAPABILITY 
• MULTIPLE INPUT ENABLE FOR EASY EXPANSION 
• TYPICAL POWER DISSIPATION OF 32 mW 
• ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES 

AO-A2 
El, E2 
E3 
00- 0 7 

NOTES: 

Address Inputs 
Enable (Active LOW) Inputs 
Enable (Active HIGH) Input 
Active LOW Outputs (Note b) 

a. 1 TTL Unit Load (U.L.) = 40llA HIGH/1.6 mA LOW. 

LOADING (Note a) 

HIGH LOW 

0.5 U.L. 
0.5 U.L. 
0.5 U.L. 
10 U.L. 

0.25 U.L. 
0.25 U.L. 
0.25 U.L. 
5(2.5) U.L. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for 
Commercial (74) Temperature Ranges. 

LOGIC DIAGRAM 

MOTOROLA SCHOTTKY TTL DEVICES 
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SN54LSl38 
SN74LS138 

1-0F-8-DECODERI 
DEMULTIPLEXER 

LOW POWER SCHOTIKY 

LOGIC SYMBOL 

1 2 3 456 

II r r 
1514 13 12 11 10 9 7 

Vee = Pin 16 

GND = Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 

15 

I. 
13 

12 

11 

10 

J Suffix - Case 620·08 (Ceramic) 
N Suffix - Case 648·05 (Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 



SN54LS/74LS138 

FUNCTIONAL DESCRIPTION - Tlie LS138 is a high speed l-of-B Decoder/Demultiplexer fabricated with the low 
power Schottky barrier diode process_ The decoder accepts three binary weighted inputs (AO. Al. A2) and when 
enabled provides eight mutually exclusive active LOW outputs (00-07)- The LS138 features three Enable inputs. two 
active LOW (El. E2) and one active HIGH (E3). All outputs will be HIGH unless El and E2 are LOW and E3 is 
HIGH_ This multiple enable function allows easy parallel expansion of the device to a 1-of-32 (5 lines to 32 lines) 
decoder with just four LS138s and one inverter_ (See Figure a.) 

The LS138 can be used as an 8-output demultiplexer by using one of the active LOW Enable inputs as the data input 
and the other Enable inputs as strobes_ The Enable inputs which are not used must be permanently tied to their 
appropriate active HIGH or active LOW state. 

TRUTH TABLE 

INPUTS OUTPUTS 

E1 E2 E3 <!Ioo A1 A2 00 °1 °2 03 04 Os 06 °7 

H X X X X X H H H H H H H H 

X H X X X X H H H H H H H H 

X X L X X X H H H H H H H H 

L L H L L L L H H H H H H H 

L L H H L L H L H H H H H H 

L L H L H L H H L H H H H H 

L L H H H L H H H L H H H H 

L L H L L H H H H H L H H H 

L L H H L H H H H H H L H H 

L L H L H H H H H H H H L H 

L L H H H H H H H H H H H L 

H HIGH Voltage Level 
L LOW Voltage Level 
X Don't Care 

An 
A, 

A2 

A3 

"-' 

LS138 LS138 LS138 LS138 

°0 --.------------•• ----------------------------------.--------------------------------------------------------------------------- 0"31 

Fig. a. 
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SN54LS174LS138 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 0 25 70 

IOH Output Current - High 54,74 -0.4 mA 

IOL Output Current - Low 54 4.0 mA 
74 8.0 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V IOL = 4.0 mA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V IOL - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 /lA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC= MAX 

ICC Power Supply Current 10 mA VCC= MAX 

II AC CHARACTERISTICS: TA = 25°C 

LEVEL OF LIMITS TEST 
SYMBOL PARAMETER DELAY MIN TYP MAX 

UNITS CONDITIONS 

tpLH Propagation Delay 2 13 20 
tpHL Address to Output 2 27 41 

ns 

tpLH Propagation Delay 3 18 27 
tpHL Address to Output 3 26 39 

ns 
VCC = 5.0 V 

tpLH Propagation Delay El or E2 2 12 18 CL = 15 pF 

tpHL Enable to Output 2 21 32 
ns 

tPLH Propagation Delay E3 3 17 26 
tpHL Enable to Output 3 25 38 

ns 

ACWAVEFORMS 

Fig. 1 Fig. 2 
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® MOTOROLA 
SN54LS139 
SN74LS139 

DESCRIPTION - The LSTIL/MSI SN54LS174LS139 is a high speed 
DuaI1-of-4 Decoder/Demultiplexer. The device has two independent 
decoders. each accepting two inputs and providing four mutually 
exclusive active LOW Outputs. Each decoder has an active LOWEnabie 
input which can be used as a data input for a 4-output demultiplexer. 
Each half ofthe LS139 can be used as a function generator providing all 
four minterms of two variables. The LS139 is fabricated with the 
Schottky barrier diode process for high speed and is completely 
compatible with all Motorola TIL families. 

DUAL 1-0F-4 -DECODER/ 
DEMULTIPLEXER 

• SCHOTTKY PROCESS FOR HIGH SPEED 
• MULTIFUNCTION CAPABILITY 
• TWO COMPLETELY INDEPENDENT 1-0F-4 DECODERS 
• ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 
HIGH LOW 

AO·A1 Address Inputs 0.5 U.L. 0.25 U.L. 
E Enable (Active LOW) Input 0.5 U.L. 0.25 U.L. 

00 - 03 Active LOW Outputs (Note b) 10 U.L. 5 (2.5) U.L. 

NOTES: 
a. 1 TTL Unit Load IU.L.l = 40 "A HIGH/l.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 

Temperature Ranges. 

LOGIC DIAGRAM 

VCC = Pin 16 

GND = Pin 8 

o = Pin Numbers 

MOTOROLA SCHOTTKY TTL DEVICES 
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LOW POWER SCHOTTKY 

LOGIC SYMBOL 

2 3 15 14 13 

DECODER a DECODER b 

4 5 6 7 12 " 10 9 

VCC = Pin 16 

GND = Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 



SN54LS174LS139 

FUNCTIONAL DESCRIPTION - The LS139 is a high speed duall-of-4 decoder Idemultiplexer fabricated with the Schottky 
barrier diode process. The device has two independent decoders. each of which accept two binary weighted inputs (AD. AI) and 
provide four mutually exclusive active LOW outputs (00-03). Each decoder has an active LOW Enable {E'j. When E is HIGH all 
outputs are forced HIGH. The enable can be used as the data input for a 4-output demultiplexer application. 

Each half of the LS139 generates all four minterms of two variables. These four minterms are useful in some applications. 
replacing multiple gate functions as shown in Fig. a. and thereby reducing the number of packages required in a logic network. 

TRUTH TABLE 

INPUTS 

E AD A, 

H x X 

L L L 

L H L 

L L H 

L H H 

H :: HIGH Voltage Level 

L LOW Voltage Level 

x Don't Care 

OUTPUTS 

00 0, 

H H 

L H 

H L 

H H 

H H 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

°2 
H 

H 

H 

L 

H 

TA Operating Ambient Temperature Range 

IOH Output Current - High 

10L Output Current - Low 

03 

H 

H 

H 

H 

L 

MIN 

54 4.5 
74 4.75 

54 -55 
74 0 

54.74 

54 
74 
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Fig. a 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °c 
25 70 

-0.4 rnA 

4.0 rnA 
8.0 



SN54LS/74LS139 

DC CHARAC1ERlsnCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 O.B 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-1 B rnA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L - 4.0 rnA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L = 8.0 rnA '- VIN = VIL or VIH 
per Truth Table 

20 pA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 rnA VCC = MAX 

ICC Power Supply Current 11 rnA VCC=MAX 

AC CHARAC1ERlsnCS: TA = 25°C 

SYMBOL PARAMETER 
LEVEL OF LIMITS 

UNITS 
TEST 

DELAY MIN TYP MAX CONDITIONS 

tpLH Propagation Delay 2 13 20 
tPHL Address to Output 2 22 33 

ns 

tpLH Propagation Delay 3 18 29 VCC = 5.0 V 
tpHL Address to Output 3 25 38 

ns CL = 15 pF 

tpLH Propagation Delay 2 16 24 
tpHL Enable to Output 2 21 32 

ns II 
I 

VIN J13V \,.3V 
(..'PHLj ~'PLHl 

vOUT \ .... ,_.3_V ____ .JF 
Fig. 1 Fig. 2 
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® MOTOROLA 

DESCRIPTION - TheSN54LS174LS145, 1-of-10Decoder/Driver, is 
designed to accept BCD inputs and provide appropriate outputs to drive 
10-digit incandescent displays. All outputs remain off for all invalid 
binary input conditions. It is designed for use as indicator Irelay drivers 
or as an open-collector logic circu it driver. Each of the high breakdown 
output transistors will sink up to 80 mA of current. Typical power 
dissipation is 35 mW. This device is fully compatible with all TTL 
families . 

• LOW POWER VERSION OF 54/74145 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

LOADING (Note a) 

PIN NAMES 
Po. p,. P2. Pa BCD Inputs 
'00 to 09 Outputs (Note b) 

NOTES: 
a. , TTL Unit Load (U.L.) ~ 40 p.A HIGH/1.6 mA LOW. 

HIGH 

0.5 U.L. 
Open Collector 

LOW 

0.25 U.L. 
15 (7.5) U.L. 

b. The Output LOW drive factor is 7.5 U.L.. for Military (54) and 15 U.L. for Commercial 174) 
Temperature Ranges 

LOGIC DIAGRAM 
INPUTS 

Po P, P, 

~ ~ 
INPUT t INVERTERS ii 

,. 

DECODE/DRIVER { 
GATES 

I I I 
,60 a. a" 
'---------., 

OUTPUTS 

P3 

~ 

.. 

SN54LSl45 
SN74LSl45 

1-0F-10 DECODER/DRIVER 
OPEN-COLLECTOR 

LOW POWER SCHOTTKY 

LOGIC SYMBOL 

15 14 13 12 

1 2 3 4 5 6 7 9 1011 

VCc=Pin16 
GND= Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

60 vee 

a, Po 

G2 P, 

03 P, 

P3 

G. Q. 

Ge G8 

GND G7 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 
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SN54LS/74LS145 

INPUTS 

P3 P2 P, Po 
L L L L 
L L L H 
L L H L 
L L H H 
L H L L 
L H L H 
L H H L 
L H H H 
H L L L 
H L L H 
H L H L 
H L H H 
H H L L 
H H L H 
H H H L 
H H H H 

GUARANTEED OPERAllNG RANGES 
SYMBOL PARAMETER 

VCC Supply Voltage 

00 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

TRUTH TABLE 

OUTPUTS 

0, °2 03 °4 
H H H H 
L H H H 
H L H H 
H H L H 
H H H L 
H H H H 
H H H H 
H H H H 
H H H H 
H H H H 
H H H H 
H H H H 
H H H H 
H H H H 
H H H H 
H H H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

54 
74 

Os 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

TA Operating Ambient Temperature Range 54 
74 

VOH Output Voltage - High 54.74 

IOL Output Current - Low 54 
74 

as 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 

MIN 

4.5 
4.75 

-55 
0 
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a7 as ag 
H H H 
H H H 
H H H 
H H H 
H H H 
H H H 
H H H 
L H H 
H L H 
H H L 
H H H 
H H H 
H H H 
H H H 
H H H 
H H H 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °c 
25 70 

15 V 

12 mA 
24 



II 

SN54LS174LS145 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 

54 0.7 
VIL Input LOW Voltage 

74 0.8 
V 

VIK Input Clamp Diode Voltage -0.65 -1.5 V 

IOH Output HIGH Current 

VOL Output LOW Voltage 

IIH Input HIGH Current 

IlL Input LOW Current 

ICC Power Supply Current 

AC CHARACTERISTICS: TA = 25°C 

SYMBOL PARAMETER 

tpHL Propagation Delay 
tpLH Pn Input to On Output 

Fig. 1 

54,74 250 /lA 

54,74 0.25 0.4 V 

74 0.35 0.5 V 

54,74 2.3 3.0 V 

20 /lA 

0.1 mA 

-0.4 mA 

13 mA 

LIMITS 
UNITS 

MIN I TYP I MAX 

I I 
50 
50 

ns 

AC WAVEFORMS 
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TEST CONDITIONS 

Guaranteed Input HIGH Voltage for 
All Inputs 

Guaranteed Input LOW Voltage for 
All Inputs 

VCC = MIN, liN =-18 mA 

VCC = MIN, VOH = MAX 

IOL=12mA VCC = VCC MIN, 
IOL = 24 mA VIN = VIL or VIH 

IOL = 80 mA per Truth Table 

VCC = MAX, VIN = 2.7V 

VCC = MAX. VIN = 7.0 V 

VCC = MAX. VIN = 0.4 V 

VCC = MAX. VIN = GND 

TEST CONDITIONS 

VCC-5.0V 
CL = 45 pF 

Fig. 2 



@ MOTOROLA 

DESCRIPTION - The SN54LS174LS147 and the SN54LS174LS148 
are Priority Encoders. They provide priority decoding of the inputs to 
ensure that only the highest order data line is encoded. Both devices 
have data inputs and outputs which are active at the low logic level. 

The LS147 encodes nine data lines to four-line (8-4-2-1) BCD. The 
implied decimal zero condition does not require an input condition 
because zero is encoded when all nine data lines are at a high logic 
level. 

The LS148 encodes eight data lines to three-line (4-2-1) binary (octal). 
By providing cascading circuitry (Enable Input EI and Enable Output EO) 
octal expansion is allowed without needing external circuitry. 

The SN54LS/74LS748 is a proprietary Motorola part incorporating a 
built-in deglitcher network which minimizes glitches on the GS output. 
The glitch occurs on the negative going transition of the EI input when 
data inputs 0-7 are at logical ones. 

The only dc parameter differences between the LS148 and the LS748 
are that (1) Pin 10 (input 0) has a fan-in of 2 on the LS748 versus a 
fan-in of 1 on the LS148; (2) Pins 1, 2, 3, 4, 11, 12 and 13 (inputs 1, 2, 3, 
4, 5, 6, 7) have a fan-in of 3 on the LS748 versus a fan-in of 2 on the 
LS148. 

The only ac difference is thattpHL from EI to EO is changed from 40 to 45 
ns. 

1 2 3 

H H H 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
X X L 
X L H 
L H H 

EI 0 1 

H X X 
L H H 
L X X 
L X X 
L X X 
L X X 
L X X 
L X X 
L X L 
L L H 

SN54LS174LS147 

FUNCTION TABLE 

INPUTS 

4 

H 
X 
X 
X 
X 
X 
L 
H 
H 
H 

5 6 7 8 9 

H H H H H 
X X X X L 
X X X L H 
X X L H H 
X L H H H 
L H H H H 
H H H H H 
H H H H H 
H H H H H 
H H H H H 

SN64LS174LS 148 
SN54LS174LS748 
FUNCTION TABLE 

INPUTS 

OUTPUTS 

D C B A 

H H H H 
L H H L 
L H H H 
H L L L 
H L L H 
H L H L 
H L H H 
H H L L 
H H L H 
H H H L 

OUTPUTS 

234 5 6 7 A2 A1 AO GS EO 

X X X X X X H H H H H 
H H H H H H H H H H L 
X X X X X L L L L L H 
X X X X L H L L H L H 
X X X L H H L H L L H 
X X L H H H L H H L H 
X L H H H H H L L L H 
L H H H H H H L H L H 
H H H H H H H H L L H 
H H H H H H H H H L H 

H = high logic level, L = low logic level, X = irrelevant 

SN54LS/74LS147 
SN54LS/74LSl48 
SN54LS/74LS748 

1 O-LlNE-TO-4-LlNE 
AND 8-LlNE-TO-3-LlNE 
PRIORITY ENCODERS 

LOW POWER SCHOTTKY 

SN54LS174LS147 
(TOP VIEW) 

OUTPUT INPUTS OUTPUT 

VCCNCD~A 
13 

~~GND 
INPUTS OUTPUTS 

SN54LS174LS148 
SN54LS174LS748 

(TOP VIEW) 

~~GND 
INPUTS OUTPUTS 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648·05 (Plastic) 
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SN54LS174LS147 • SN54LS/74LS148 • SN54LS/74LS748 

FUNCTIONAL BLOCK DIAGRAMS 

1131 3,>---t;:ljH-l--+I-r 
4 111 

6 121 

131 

141 

8 161 

9~ll~OI~-L ____ l-__ -=========r:> 
SN64LS/74LS147 

G31 0-----------, 

Gl 

SN64LS174LS748 
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SN54LS/74LS147. SN54LS/74LS148. SN54LS174LS748 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

10H Output Current - High 54,74 -0.4 rnA 

10L Output Current - Low 54 4.0 rnA 
74 B.O 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage V All Inputs 74 0.8 

VIK Input Clamp Diode Voltage -0.65 -1.5 V Vec ~ MIN, liN ~ -18 rnA 

54 2.5 3.5 V Vec ~ MIN, 10H ~ MAX, VIN ~ VIH 
VOH Output HIGH Voltage 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L ~ 4.0 rnA I Vce ~ Vec MIN, 
VOL Output LOW Voltage 74 0.35 0.5 V 10L ~ 8.0 rnA I VIN ~ VIL or VIH 

per Truth Table 

Input HIGH Current 
All Others 20 
Input 0 (LS748) 40 /LA Vec ~ MAX, VIN ~ 2.7 V 

Inputs 1-7 (LS148) 40 

IIH Inputs 1-7 (LS748) 60 

All Others 0.1 
Input 0 (LS74B) 0.2 rnA Vec ~ MAX, VIN ~ 7.0 V 
Inputs 1-7 (LSl48) 0.2 
Inputs 1-7 (LS748) 0.3 

Input LOW Current 
All Others -0.4 

IlL Input 0 (LS748) -0.8 rnA Vce ~ MAX, VIN ~ 0.4 V 
Inputs 1-7 (LS148) -0.8 
Inputs 1-7 (LS748) -1.2 

lOS Short Circuit Current -20 -100 rnA VCC ~ MAX 

ICCH Power Supply Current Output High 17 rnA VCC ~ MAX, All Inputs ~ 4.5 V 

leCL Output Low 20 rnA 
VCC ~ MAX, Inputs 7 & El ~ GND 
All Other Inputs ~ 4.5 V 

MOTOROLA SCHOTIKY TIL DEVICES 
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SN54LS174LS147. SN54LS/74LS148. SN54LS/74LS748 

AC CHARACl'ERISTlCS: VCC = 5.0 V, TA = 25°C 

SN54LS174LS147 

SYMBOL 
FROM 

(INPUT) 

tpLH 
Any 

tpHL 

tpLH Any 
tpHL 

SN54LS174LS148 
SN54LS174LS748 

FROM 
SYMBOL 

(INPUT) 

tpLH 
1 thru 7 

tpHL 

tpLH 
1 thru 7 

tpHL 

tpLH 
Othru 7 

tpHL 

tpLH 
Othru 7 

tpHL 

tpLH 
EI 

tpHL 

tpLH 
EI 

tPHL 

tpLH 
EI 

tpHL 

TO 
WAVEFORM 

LIMITS 
(OUTPUT) MIN TYP 

Any 
In-phase 12 

output 12 

Any Out-ot-phase 21 

output 15 

TO 
WAVEFORM 

LIMITS 

(OUTPUn MIN TYP 

AO,Al,orA2 
In-phase 14 

output 15 

AO,Al,orA2 
Out-ot-phase 20 

output 16 

EO 
Out-ot-phase 7.0 

output 25 

GS 
In-phase 35 

output 9.0 

AO,Al,orA2 
In-phase 16 

output 12 

GS 
In-phase 12 

output 14 

EO 
In-phase 12 

output 28 
30 
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MAX 
UNIT TEST CONDITIONS 

lB 
ns 

lB CL= 15 pF, 

33 ns RL=2kO 

23 

MAX 
UNIT TEST CONDITIONS 

18 
ns 

25 

36 ns 
29 

18 ns 
40 CL=15pF, 
55 RL=2kO, ns 
21 

25 ns 
25 

17 ns 
36 

21 ns 
40 (LSI48) 
45 (LS748) 



® MOTOROLA 

DESCRIPTION - The TTL/MSI SN54LS174LS151 is a high speed 
8-lnput Digital Multiplexer. It provides, in one package, the ability to 
select one bit of data from up to eight sources. The LS 151 can be used 
as a universal function generator to generate any logic function of four 
variables. 80th assertion and negation outputs are provided. 

o SCHOTTKY PROCESS FOR HIGH SPEED 
o MULTIFUNCTION CAPABILITY 
• ON-CHIP SELECT LOGIC DECODING 
• FULLY BUFFERED COMPLEMENTARY OUTPUTS 
o INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 

NOTES: 

Select Inputs 
Enable (Active LOW) Input 

Multiplexer Inputs 

Multiplexer Output (Note b) 

Complementary MUltiplexer Output 
(Note b) 

a. 1 TTL Unit Load (U.L.I = 40 "A HIGH/l.6 mA LOW. 

HIGH LOW 

0.5 U. L. 0.25 U. L. 

0.5 U. L. 0.25 U. L. 

0.5 U.L. 

10 U.L. 
10 U.L. 

0.25 U. L. 
5 (2.5) U. L. 

5 (2.5) U. L. 

b. The Output LOW drive factor is 2.5 U. L. for Military (54) and 5 U. L. for Commercial 
(74) Temperature Ranges. 

LOGIC DIAGRAM 

'0 
" 

'2 '3 '6 

2..-.t> -" 0 0 0 0 @ @ @) 
... 52 

@ .. ~ " 
G -'" " ..to. 

5, 

... -.... 
0 ..to. III 

-.... 

Y 1 b,' III ? y 

ee = Pin 16 R 70 V 

GND = Pin 8 

o = Pin Numbers 

SN54LS151 
SN74LS151 

8-INPUT MULTIPLEXER 

LOW POWER SCHOTTKY 

@) 

y 

11 

'0 

LOGIC SYMBOL 

7 4 3 2 1 15 14 13 12 

So 

5, 

52 

Vee = Pin 16 

GND = Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

'6 

'5 
,4 

'3 
'2 
11 

J Suffix - Case 620-08 
(Ceramic) 

N Suffix - Case 648-05 
(Plastic) 
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SN54LS/74LS151 

FUNCTIONAL DESCRIPTION - The LS151 is a logical implementation of a single pole. 8-position switch with the 
switch position controlled by the state of three Select inputs. SO. Sl. S2. Both assertion and negation outputs are 
provided. The Enable input (E) is active LOW. When it is not activated. the negation output is HIGH and the assertion 
output is LOW regardless of all other inputs. The logic function provided at the output is: 

Z = E'(l0'$O'$l'$2 + 11'SO'$l'$2 + 12'$O'Sl'$2 + 13'SO'Sl'$2 + 

14'$O'$l'S2 + 15'SO'$l'S2 + 16'$O'Sl'S2 + 17'SO'Sl'S2)' 

The LS151 provides the ability. in one package. to select from eight sources of data or control information. By proper 
manipulation of the inputs. the LS151 can provide any logic function of four variables and its negation. 

TRUTH TABLE 

E S2 S1 So 10 11 12 13 14 15 16 17 Z Z 

H X X X X X X X X X X X H L 
L L L L L X X X X X X X H L 
L L L L H X X X X X X X L H 
L L L H X L X X X X X X H L 
L L L H X H X X X X X X L H 
L L H L X X L X X X X X H L 
L L H L X X H X X X X X L H 
L L H H X X X L X X X X H L 
L L H H X X X H X X X X L H 
L H L L X X X X L X X X H L 
L H L L X X X X H X X X L H 
L H L H X X X X X L X X H L 
L H L H X X X X X H X X L H 
L H H L X X X X X X L X H L 
L H H L X X X X X X H X L H 
L H H H X X X X X X X L H L 
L H H H X X X X X X X H L H 

H HIGH Voltage Level 

L LOW Voltage Level 

X Don't Care 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 0 25 70 

IOH Output Current - High 54.74 -0.4 mA 

IOL Output Current - Low 54 4.0 mA 
74 8.0 
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SN54LS/74LS151 

DC CHARACTERlsnCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Inpul HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L - 4.0 mA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L = 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 pA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

ICC Power Supply Current 10 rnA VCC=MAX 

AC CHARACTERlsnCS· TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Propagation Delay 27 43 ns 
tpHL Select to 0 utput Z 18 30 

tPLH Propagation Delay 14 23 
ns 

tpHL Select to Output Z 20 32 

tpLH Propagation Delay 26 42 
ns 

tpHL Enable to Output Z 20 32 VCC= 5.0V 

tpLH Propagation Delay 15 24 CL= 15pF 

tPHL Enable to Output Z 18 30 
ns 

tPLH Propagation Delay 20 32 
ns 

tPHL Data to Output Z 16 26 

tpLH Propagation Delay 13 21 
ns 

tpHL Data to Output Z 12 20 
II 

AC WAVEFORMS 

Fig, 1 Fig. 2 
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® MOTOROLA 
SN54LS153 
SN74LSl53 

DESCRIPTION - The LSTTL/MSI SN54LS174LS153 is a very high 
speed Dual 4-lnput Multiplexer with common select inputs and 
individual enable inputs for each section. It can select two bits of data 
from four sources. The two buffered outputs present data in the true 
(non-inverted) form. In addition to multiplexer operation. the LS153 can 
generate any two functions of three variables. The LS 153 is fabricated 
with the Schottky barrier diode process for high speed and is completely 
compatible with all Motorola TTL families. 

DUAL 4-INPUT MULTIPLEXER 

• MULTIFUNCTION CAPABILITY 
• NON-INVERTING OUTPUTS 
• SEPARATE ENABLE FOR EACH MULTIPLEXER 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES 

NOTES: 

Common Select Input 
Enable (Active LOW) Input 
Multiplexer Inputs 
Multiplexer Output (Note b) 

a. 1 TTL Unit Load (U.L.1 = 40 ~A HIGH/L6 rnA LOW. 

LOADING (Note a) 

HIGH LOW 
0.5 U.L. 
0.5 U.L. 
0.5 U.L. 
10 U.L. 

0.25 U.L. 
0.25 U.L. 
0.25 U.L. 

5 (2.5) U.L. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial 
(74) Temperature Ranges. 

LOGIC DIAGRAM 

'2. 
@ 

13a S, 

@ ® 

Vcc = Pin 16 

GND = Pin 8 

o 

I,. '2. 
@ @ 
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LOW POWER SCHOTTKY 

'4 
s, 

LOGIC SYMBOL 

6 5 4 3 1011 12 13 15 

vcc • Pin 16 

GND = Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

'6 
'5 ,. 
'3 
'2 

" 
10 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dualln-Une Package. 



SN54lS/74lS153 

FUNCTIONAL DESCRIPTION - The LS153 is a Dual 4-lnput Multiplexer fabricated with Low Power. Schottky 
barrier diode process for high speed. It can select two bits of data from up to four sources under the control of the 
common Select Inputs (SO. S1!. The two 4-input multiplexer circuits have individual active LOW Enables (Ea. Eb) 
which can be used to strobe the outputs independently. When the Enables (Ea. Eb) are HIGH. the corresponding 
outputs (Za. Zb) are forced LOW. 

The LS153 is the logic implementation of a 2-pole. 4-position switch. where the position of the switch is determined 
by the logic levels supplied to the two Select Inputs. The logic equations for the outputs are shown below. 

Za = E. - (10 •• S1 • So + 11 •• S1 • So + 12 •• S1 • So + 13.' S1 • SO) 

Zb = Eb ' (lab' S1 • So + 11b' S1 • So + 12b' Sl • So + 13b' S1 • So) 

The LS153 can be used to move data from a group of registers to a common output bus. The particular register from 
which the data came would be determined by the state of the Select Inputs. A less obvious application is a function 
generator. The LS153 can generate two functions of three variables. This is useful for implementing highly irregular 
random logic. 

TRUTH TABLE 

SELECT INPUTS INPUTS I. or bl OUTPUT 

So 5, E 10 I, 12 13 Z 

X X H X X X X L 
L L L L X X X L 
L L L H X X X H 
H L L X L X X L 
H L L X H X X H 
L H L X X L X L 
L H L X X H X H 
H H L X X X L L 
H H L X X X H H 

H ~ HIGH Voltage Level 
L LOW Voltage Level 
X Don't Care 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

IOH Output Current - High 54.74 -0.4 mA 

IOL Output Current - Low 54 4.0 mA 
74 B.O 
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SN54LS174LS 153 

DC CHARACTERISTICS OVER OPERAllNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-:-18 mA 

VOH Output HIGH Voltage 54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L - 4.0 mA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L = 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 /lA VCC = MAX,VIN =2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

ICC Power Supply Current 10 mA VCC=MAX 

AC CHARACTERISTICS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Propagation Delay 10 15 
Fig. 2 

tpHL Data to Output 17 26 
ns 

tpLH Propagation Delay 19 29 
Fig. 1 VCC= 5.0V 

tPHL Select to Output 25 38 
ns 

CL=15pF 

tpLH Propagation Delay 16 24 
Fig. 2 

tpHL Enable to Output 21 32 
ns 

ACWAVEFORMS 

Fig. 1 Fig. 2 
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® MOTOROLA SN54LS/74LSl55 
SN54LS/74LS156 

DESCRIPTION - The SN54LS/74LS155 and SN54LS/ 74LS156 are 
high speed Dual.1-of-4 Decoder/Demultiplexers. These devices have 
two decoders with common 2-bit Address inputs and separate gated 
Enable inputs. Decoder "a" has an Enable gate with one active HIGH 
and one active LOW input. Decoder "b" has two active LOW Enable 
inputs.lfthe Enable functions are satisfied, one output of each decoder 
will be LOW as selected by the address inputs. The LS156 has open 
collector outputs for wired-OR (DOT-AND) decoding and function 
generator applications. 

DUAL 1-0F-4 DECODER/ 
DEMULTIPLEXER 

The LS155 and LS156 are fabricated with the Schottky barrier diode 
process for high speed and are completely compatible with all Motorola 
TIL families. 

• SCHOTTKY PROCESS FOR HIGH SPEED 
• MULTIFUNCTION CAPABILITY 
• COMMON ADDRESS INPUTS 
• TRUE OR COMPLEMENT DATA DEMULTIPLEXING 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 

NOTES: 

Address Inputs 
Enable (Active LOW) Inputs 
Enable (Active HIGH) Input 
Active LOW Outputs (Note b) 

a. t TTL Unit Load (U.L.l = 40 "A HIGH/l.6 rnA LOW. 

HIGH LOW 
0.5 U.L. 0.25 U.L. 
0.5 U.L. 
0.5 U.L. 
10 U.L. 

0.25 U.L. 
0.25 U.L. 

5 (2.5) U.L. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial 
(74) Temperature Ranges. The HIGH level drive for the LS156 must be established by 
an external resistor. 

LOGIC DIAGRAM 

Vcc = Pin 16 
GND = Pin 8 

o = Pin Numbers 
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LS 156-0PEN-COLLECTOR 
LOW POWER SCHOTTKY 

LOGIC SYMBOL 

, 2 '33 14 15 

DECODER a Ao Ao DECODERb 
A, A, 

o 1 2 3 o , 2 3 

IIII III 
7 6 5 4 9 1011 12 

Vcc = Pin 16 
GND = Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

'6 

J Suffix - Case 620-08 
(Ceramicl 

N Suffix - Case 648-05 
(Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Una Package. 



SN54LS174LS155 • SN54LS174LS156 

FUNCTIONAL DESCRIPTION - The LS155 and LS156 are Dual 1-of-4 Decoder/Demultiplexers with common 
Address inputs and separate gated Enable inputs_ When enabled, each decoder section accepts the binary weighted 
Address inputs (AO, Al) and provides four mutually exclusive active LOW outputs (00-03). If the Enable require­
ments of each decoder are not met, all outputs of that decoder are HIGH. 

Each decoder section has a 2-input enable gate. The enable gate for Decoder "a" requires one active HIGH input and 
one active LOW input (Ea.Ea). In demultiplexing applications, Decoder "a" can accept either true or complemented 
data by using the Ea or Ea inputs respectively. The enable gate for Decoder "b" requires two active LOW inputs 
(EboEb). The LS155 or LS156 can be used as a l-of-8 Decoder/Demultiplexer by tying Ea to Eb and relabeling the 
common connection as (A2). The other Eb and Ea are connected together to form the common enable_ 

The LS155 and LS156 can be used to generate all four minterms of two variables_ These four minterms are useful in 
some applications replacing multiple gate functions as shown in Fig. a. The LS156 has the further advantage of being 
able to AND the minterm functions by tying outputs together. Any number of terms can be wired-AND as shown 
below_ 

f = (E + AO + Al) • (E + Ao + A1) • (E + AO + A1) • (E + AO + A1) 

where E = Ea + Ea; E = Eb + Eb 

Fig_ a 

TRUTH TABLE 

ADDRESS ENABLE "a" OUTPUT "a" ENABLE "b" OUTPUT"b" 

AO A1 Ea Ea 00 °1' °2 03 Eb Eb °0 °1 °2 

X X L X H H H H H X H H H 

X X X H H H H H X H H H H 

L L H L L H H H L L L H H 

H L H L H L H H L L H L H 

L H H L H H L H L L H H L 

H H H L H H H L L L H H H 

H HIGH Voltage Level 
L LOW Voltage level 
X Don't Care 
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SN54LS174LS155 

GUARANTEED OPERAT1NG RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 0 25 70 

10H Output Current - High 54,74 -0.4 mA 

10L Output Current - Low 54 4.0 mA 
74 8.0 

DC CHARACTERISTlCS OVER OPERAT1NG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-18 mA 

VOH Output HIGH Voltage 54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L - 4.0 mA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L = 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 /1A VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX. VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX. VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC = MAX 

ICC Power Supply Current 10 rnA VCC = MAX 

AC CHARACTERISTlCS TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS TYP MAX 

tpLH Propagati!!n De.!.ay 10 15 ns Fig. 1 
tpHL Address, Ea or Eb to Output 19 30 

tPLH Propagation Delay 17 26 ns Fig. 2 
VCC=5.0V 

tpHL Address to Output 19 30 CL = 15 pF 
tpLH Propagation Delay 18 27 ns Fig. 1 
tpHL Ea to Output 18 27 

AC WAVEFORMS 

V,N ~.-3V---

8='PHL ~'PLHl 
VOUT~V 

Fig. 1 Fig. 2 
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SN64LS174LS166 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 DC 
74 0 25 70 

VOH Output Voltage - High 54.74 5.5 V 

IOL Output Current - Low 54 4.0 rnA 
74 8.0 

DC CHARACTERlmCS OVER OPERATING "MMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN =-18 rnA 

IOH Output HIGH Current 54.74 100 pA VCC = MIN. VOH = MAX 

54.74 0.25 0.4 V IOL = 4.0 rnA J VCC - VCC MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V IOL - 8.0 rnA I VIN = VIL or VIH 
per Truth Table 

20 pA VCC = MAX. VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX. VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX. VIN = 0.4 V 

ICC Power Supply Current 10 rnA VCC=MAX 

AC CHARACTERIsnCS TA = 25°C 

II 
SYMBOL PARAMETER 

LIMITS 
UNITS TEST CONDITIONS TYP MAX 

tpLH Propagati!!n DeLay 25 40 ns Fig. 1 
tpHL Address. Ea or Eb to Output 34 51 VCC= 5.0V 
tpLH Propagation Delay 31 46 ns Fig. 2 CL=16pF 
tpHL Address to Output 34 51 RL=2kn 

tPLH Propagation Delay 32 48 ns Fig. 1 
tpHL Ea to Output 32 48 

AC WAVEFORMS 

Fig. 1 Fig. 2 
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® MOTOROLA 
SN54LS157 
SN74LS157 

DESCRIPTION - The LSTIUMSI SN54LS174LS157 is a high speed 
Quad 2-lnput Multiplexer. Four bits of data from two sources can be 
selected using the common Select and Enable inputs. The four buffered 
outputs present the selected data in the true (non-inverted) form. The 
LS 1 57 can also be used to generate any four of the 16 different 
functions of two variables. The LS157 is fabricated with the Schottky 
barrier diode process for high speed and is completely compatible with 
all Motorola TIL families. 

QUAD 2-INPUT MULTIPLEXER 

• SCHOTIKY PROCESS FOR HIGH SPEED 
• MULTIFUNCTION CAPABILITY 
• NON-INVERTING OUTPUTS 
o INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 

HIGH LOW 
S Common Select Input 1.0 U.L. 0.5 U.L. 
E Enable (Active LOW) Input 1.0 U.L. 0.5 U.L. 

lOa -IOd Data Inputs from Source 0 0.5 U.L. 0.25 U.L. 

11a- l ld Data Inputs from Source 1 0.5 U.L. 0.25 U.L. 

Za-Zd Multiplexer Outputs (Note b) 10 U.L. 5 (2.5) U.L. 

NOTES: 
a. 1 TTL Unit Load (U.L.l =40~AHIGHI1.6mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 

Temperature Ranges. 

LOGIC DIAGRAM 

'0, "~a 'Ob "b 
® ® @ 

z, o "" Pin Numbers 
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LOW POWER SCHOTTKY 

LOGIC SYMBOL 

15 2 3 5 6 1413 11 10 

12 

Vee = Pin 16 

GND=Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

'6 
'5 ,. 
13 

12 

" 
'0 

J Suffix - Case 620-08 
(Ceramic) 

N 5 uffix - Case 648-05 
(Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dualln-Une Package. 



SN54LS/74LS157 

FUNCTIONAL DESCRIPTION - The LS157 is a Quad 2-lnput Multiplexer fabricated with the Schottky barrier 
diode process for high speed_ It selects four bits of data from two sources under the control of a common Select Input 
(S). The Enable I nput IE) is active LOW. When E is HIGH, all of the outputs (Z) are forced LOW regardless of all 
other inputs. 

The LS157 is the logic implementation of a 4-pole, 2-position switch where the position of the switch is determined 
by the logic levels supplied to the Select Input. The logic equations for the outputs are shown below: 

Za = E - (lla - S + lOa - S) 

ZC = E' (lle - S + 10e • S) 

Zb=E- (llb-S+IOb-S) 

Zd = E - (lld - S + IOd • S) 

A common use of the LS157 is the moving of data from two groups of registers to four common output busses. The 
particular register from which the data comes is determined by the state of the Select Input. A less obvious use is as a 
function generator. The LS157 can generate any four of the 16 different functions of two variables with one variable 
common. This is useful for implementing highly irregular logic. 

TRUTH TABLE 

ENABLE 
SELECT 
INPUT 

E S 

H X 

L H 

L H 

L L 

L L 

H HIGH Voltage Level 

L :c LOW Voltage Level 

X Don't Care 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

IOH Output Current - High 

IOL Output Current - Low 

INPUTS 

10 I, 

X X 

X L 

X H 

L X 

H X 

54 
74 

54 
74 

54.74 

54 
74 

OUTPUT 

Z 

L 

L 

H 

L 

H 

MIN 

4.5 
4.75 

-55 
0 
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TIP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °c 
25 70 

-0.4 rnA 

4.0 rnA 
B.O 



SN54LS174LS157 

DC CHARACTERlsnCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN = -18 rnA 

VOH Output HIGH Voltage 54 2.5 3.5 V VCC = MIN. 10H = MAX. VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54.74 0.25 0.4 V 10L - 4.0 rnA I VCC - VCC MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 rnA I VIN = VIL or VIH 
per Truth Table 

Input HIGH Current 
10.11 20 

pA VCC = MAX. VIN = 2.7 V 
IIH E.S 40 

10.11 0.1 
rnA VCC = MAX. VIN = 7.0 V 

E.S 0.2 

Input LOW Current 
IlL 10.11 -0.4 

E.S -0.8 
rnA VCC = MAX. VIN = 0.4 V 

lOS Short Circuit Current -20 -100 rnA VCC=MAX 

ICC Power Supply Current 16 rnA VCC=MAX 

AC CHARACTERlsnCS: T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Propagation Delay 9.0 14 
Fig. 2 

tpHL Data to Output 9.0 14 
ns 

tpLH Propagation Delay 13 20 
Fig. 1 VCC= 5.0V 

tpHL Enable to Output 14 21 
ns 

CL=15pF 

tPLH Propagation Delay 15 23 
Fig. 2 

tPHL Select to Output 18 27 
ns 

AC WAVEFORMS 

V,N ~'.3V f1.3V 
l:j='PHL ~'PLHI 

VOUT~ 

Fig. 1 Fig. 2 
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® MOTOROLA 
SN54LSl58 
SN74LSl58 

DESCRIPTION - The LSTTL/MSI SN54LS174LS158 is a high speed 
Quad 2-lnput Multiplexer. It selects four bits of data from two sources 
using the common Select and Enable inputs. The four buffered outputs 
present the selected data in the inverted form. The LS158 can also 
generate any four of the 16 different functions of two variables. The 
LS 158 is fabricated with the Schottky barrier diode process for high 
speed and is completely compatible with all Motorola TTL families. 

QUAD 2-INPUT MULTIPLEXER 

• SCHOTTKY PROCESS FOR HIGH SPEED 
• MULTIFUNCTION CAPABILITY 
• INVERTED OUTPUTS 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 
HIGH LOW 

S Common Select Input 1.0 U.L. 0.5 U.L. 
E Enable (Active LOW) Input 1.0 U.L. 0.5 U.L. 

lOa -IOd Data Inputs from Source 0 0.5 U.L. 0.25 U.L. 

11a -Ild Data Inputs from Source 1 0.5 U.L. 0.25 U.L. 

Za -Zd Inverted Outputs (Note b) 10 U.L. 5 (2.5) U.L. 

NOTES: 
a. 1 TTL Unit Load (U.L.I = 40 ~A HIGH/1.S rnA LOW. 
b. The Output LOW drive factor is 2.5 U,L. for Military (54) and 5 U.l. for Commercial 

(74) Temperature Ranges. 

LOGIC DIAGRAM 

'D. '1. 'Ob '1b 

® ® 

z. 

'ac '1c 

@ @ 
'Od 

® 

Vcc= Pin 16 
GND= Pin 8 
o =Pin Numbers 
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LOW POWER SCHOTTKY 

LOGIC SYMBOL 

15 2 3 6 6 14 13 11 10' 

12 

Vcc= Pin 16 
GND= Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 

16 

14 

13 

12 

11 

10 

J Suffix - case 520-08 (Caramic) 
N Suffix - Case 648·05 (Plastic) 

NOTE: 
The Flatpak version has the sarna 
pinouts (Connection Diagram) as the 
Dual In-Una Package. 



SN54LS174LS158 

FUNCTIONAL DESCRIPTION - The LS158 is a Quad 2-lnput Multiplexer fabricated with the Schottky barrier 
diode process for high speed_ It selects four bits of data from two sources under the control of a common Select Input 
(S) and presents the data in inverted form at the four outputs. The Enable Input (E:) is active LOW. When E is HIGH, 
all of the outputs (2) are forced HIGH regardless of all other inputs. 

The LS158 is the logic implementation of a 4-pole, 2-position switch where the position of the switch is determined 
by the logic levels supplied to the Select Input. 

A common use of the LS158 is the moving of data from two groups of registers to four common output busses. The 
particular register from which the data comes is determ ined by the state of the Select I nput. A less obvious use is as a 
function generator. The LS158 can generate four functions of two variables with one variable common. This is useful 
for im'plementing gating functions. 

TRUTH TABLE 

SELECT 
ENABLE INPUT INPUTS OUTPUT 

E 5 10 11 Z 

H X X X H 

L L L X H 

L L H X L 

L H X L H 

L H X H L 

H HIGH Voltage Level 

l LOW Voltage Level 

X Don't Care 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4,5 5,0 5,5 V 
74 4,75 5,0 5,25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

IOH Output Current - High 54,74 -0.4 mA 

IOL Output Current - Low 54 4,0 mA 
74 B,O 
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SN54LS174LS158 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 4.0 mA J VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V IOL = 8.0 mA I VIN = VIL or VIH 
per Truth Table 

Input HIGH Current 
10,11 20 

/lA VCC = MAX, VIN = 2.7 V 
IIH E,S 40 

10,11 0.1 rnA VCC = MAX, VIN = 7.0 V E,S 0.2 

Input LOW Current 
IlL 10,11 -0.4 

rnA VCC = MAX, VIN = 0.4 V E,S -0.8 

lOS Short Circuit Current -20 -100 rnA VCC=MAX 

ICC Power Supply Current 8.0 rnA VCC=MAX 

AC CHARACTERISTICS' T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tPLH Propagation Delay 7.0 12 
Fig. 2 

tpHL Data to Output 10 15 
ns 

tpLH Propagation Delay 11 17 
Fig. 1 VCC= 5.0V 

tpHL Enable to Output 18 24 
ns 

CL = 15 pF 

tPLH Propagation Delay 13 20 
Fig. 2 

tPHL Select to Output 16 24 
ns II 

AC WAVEFORMS 

VINJ'3V ".3V 
~ IpHL j ~ IPLHl 

Your \'3V ~v ,'-_____ .JT 13 

Fig. 1 Fig. 2 
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DESCRIPTION - The LS160A/161A/162A/163A are high-speed 
4-bit synchronous counters. They are edge-triggered, synchronously 
presettable, and cascadable MSI building blocks for counting, memory 
addressing, frequency division and other applications. The LS160A 
and LS162Acount modulo 10(BCD). The LS161Aand LS163Acount 
modulo 16 (binary.) 

SN54LS/74LSl60A 
SN54LS/74LS161A 
SN54LS/74LSl62A 
SN54LS/74LSl63A 

The LS160A and LS161A have an asynchronous Master Reset (Clear) 
input that overrides, and is independent of, the clock and all other 
control inputs. The LS162A and LS163A have a Synchronous Reset 
(Clear) inputthat overrides all other control inputs, but is active only dur­
ing the rising clock edge. 

BCD DECADE COUNTERS/ 
4-BIT BINARY COUNTERS 

BCD (Modulo 10) Binary (Modulo 16) 

Asynchronous Reset LS 160A LS161A 

Synchronous Reset LS162A LS163A 

• SYNCHRONOUS COUNTING AND LOADING 
• TWO COUNT ENABLE INPUTS FOR HIGH SPEED 

SYNCHRONOUS EXPANSION 
o TERMINAL COUNT FULLY DECODED 
• EDGE-TRIGGERED OPERATION 
• TYPICAL COUNT RATE OF 35 MHz 

LOADING (Note a) 
PIN NAMES 

HIGH LOW 

PE 
PO-P3 
CEP 
CET 
CP 
MR 
SR 
00-0 3 
TC 

NOTES: 

Parallel Enable (Active LOW) Input 
Parallel Inputs 
Count Enable Parallel Input 
Count Enable Trickle Input 
Clock (Active HIGH Going Edge) Input 
Master Reset (Active LOW) Input 
Synchronous Reset (Active LOW) Input 
Parallel Outputs (Note b) 
Terminal Count Output (Note b) 

1.0 U.L. 0.5 U.L. 
0.5 U.L. 0.25 U.L. 
0.5 U.L. 0.25 U.L. 
1.0U.L. 0.5 U.L. 
0.5 U.L. 0.25 U.L. 
0.5 U.L. 0.25 U.L. 
1.0U.L. 0.5 U.L. 
10U.L. 5 (2.5) U.L. 
10U.L. 5 (2.5) U.L. 

a. 1 TTL Unit Load IU.L.I ·40 "A HIGH/1.6 rnA LOW. 
b. The Output LOW dnve factor is 2.5 U.L. for Military (54) and 5 U.L. for Commerical (74) 

Temperature Ranges. 

STATE DIAGRAM 

LSt60A·LSt62A LS16tA. LS163A 

NOTE, 

LOG IC EOUA TlONS 
Count Enable:: CEP. CET. PE 
TC for LS160A & LS162A '" CE·T • 00 • a; ·02 • Q3 
TC for LS161A & LSI63A· CET.Oo' 01.02.03 
Preset'" fiE • CP + (riSing clock edge) 
Reset· MR ILS160A & LSI61A) 
Reset'" SA. CP + (rISing clock edgel 

(LSI62A & LSI63A) 

The L.Sl60A and LS162A can be preset to any state, but Will not count beyond 9. If preset 
to state 10, 11,12,13, 14. or 15,11 will return to its normal sequence Within two clock pulses. 
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LOW POWER SCHOTIKY 

10 

LOGIC SYMBOL 

9 3 4 5 6 

1 14 13 12 11 

Vce· Pin 16 
GNO • Pm 8 

t5 

'MR for LS160A and LS161A 
'SR for LS162A and LS163A 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

16 

16 

t4 

13 

12 

t1 

10 

'MR for LS160A and LS161A 
'SR for LS162A and LS163A 

J Suffix - Case 620-08 
(Ceramicl 

N Suffix - Case 648-05 
(Plastic) 

NOTE' 
The Flalpak verSion has the same 
pmouts (Connection Diagram) as the 
Dualln·Lme Package, 

I 

II 
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SN54LSI74LS160A. SN54LS174LS161A 
SN54LSI74LS162A. SN54LS174LS163A 

FUNCTIONAL DESCRIPTION - The LS160A/161A/162A/163A are 4-bit synchronous counters with asynchro­
nous Parallel Enable (Load) feature. These counters consist of four edge-triggered D flip-flops with the appropriate 
data routing netwmks feeding the D inputs. All changes of the Q outputs (except 'due to the asynchronous Master 
Reset in the LS160A and LS161A) occur as a result of, and synchro'nous with, the LOW to HIGH transition of the 
Clock input (CP). As long as the set-up time requirements are met, there are no special timing or activity constraints 
on any of the mode control or data inputs. 

Three control inputs - Parallel Enable (PE), Count Enable Parallel (CEP) and Count Enable Trickle (CET) - select 
the mode of operation as shown in the tables below. The Count Mode is enabled when the CEP, CET, and PE inputs 
are HIGH. When the PE is LOW, the counters will synchronously load the data from the parallel inputs into the 
flip-flops on the LOW to HIGH transition of the clock. Either the CEP or CET can be used to inhibit the count 
sequence. With the PE held HIGH, a LOW on either the CEP or CET inputs at least one set-up time prior to the LOW 
to HIGH clock transition will cause the existing output states to be retained. The AND feature of the two Count 
Enable inputs (CEToCEP) allows synchronous cascading without external gating and without delay accumulation over 
any practical number of bits or digits. 

The Terminal Count (TC) output is HIGH when the Count Enable Trickle (CET) input is HIGH while the counter is 
in its maximum count state (HLLH for the BCD counters, HHHH for the Binary counters). Note that TC is fully 
decoded and will, therefore, be H IG H only for one count state. 

The LS160A and LS162A count modulo 10 following a binary coded decimal (BCD) sequence. They generate a TC 
output when the CET input is HIGH while the counter is in state 9 (HLLH). From this state they increment to state 
o (LLLL). If loaded with a code in excess of 9 they return to their legitimate sequence within two counts, as 
explained in the state diagram. States 10 through 15 do not generate a TC output. 

The LS161A and LS163A count modulo 16 following a binary sequence. They generate a TC when the CET input is 
HIGH while the counter is in state 15 (HHHH). From this state they increment to state 0 (LLLL). 

The Master Reset (MRI of the LS160A and LS161A is asynchronous. When the MR is LOW, it overrides all other 
input conditions and sets the outputs LOW. The MR pin should never be left open. If not used, the MR pin should be 
tied through a resistor to VCC, or to a gate output which is permanently set to a HIGH logic level. ' 

The active LOW Synchronous Reset (SRI input of the LS162A and LS163A acts as an edge-triggered control input, 
overriding CET, CEP and PE, and resetting the four counter flip-flops on the LOW to HIGH transition of the clock. 
This simplifies the design from race-free logic controlled reset circuits, e.g., to reset the counter synchronously after 
reachin~ a predetermined value. 

MODE SELECT TABLE 

'SR PE CET CEP Action on the Rising Clock Edge (I) 

L x x X RESET (Clear! 

H L X X LOAO (Pn ~ an) 

H H H H COUNT (Increment) 

H H L X NO CHANGE (Hold) 

H H X L NO CHANGE (Hold) 

GUARANTEED OPERAllNG RANGES 

SYMBOL PARAMETER MIN TYP 

Vee Supply Voltage 54 4,5 5.0 
74 4,75 5,0 

TA Operating Ambient Temperature Range 54 -55 25 
74 0 25 

IOH Output Current - High 54.74 

IOL Output Current - Low 54 
74 
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'For the LS162A and 
LS163A only. 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

MAX UNIT 

5.5 V 
5,25 

125 °C 
70 

-0.4 mA 

4.0 mA 
B.O 



SN54LS/74LS160A. SN54LS174LS161A 

DC CHARACTERIS'nCS OVER OPERAllNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-18 mA 

VOH Output HIGH Voltage 54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L - 4.0 mA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

Input HIGH Current 
MR, Data, CEP, Clock 20 

/lA VCC= MAX, VIN = 2.7V 
IIH PE,CET 40 

MR, Data, CEP, Clock 0.1 
mA VCC = MAX, VIN = 7.0 V PE,CET 0.2 

Input LOW Current 
IlL MR, Data, CEP, Clock -0.4 

mA VCC = MAX, VIN = 0.4 V PE, CET -O.B 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

Power Supply Current 
ICC Total, Output HIGH 31 

mA VCC = MAX Total, Output LOW 32 

DC CHARACTERIS'nCS OVER OPERAllNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

0.8 
V All Inputs 74 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-,18 mA 

VOH Output HIGH Voltage 54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L - 4.0 mA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L = 8.0 mA I VIN = VIL or VIH 
per Truth Table 

Input HIGH Current 
Data, CEP, Clock 20 

/lA 
VCC = MAX, VIN = 2.7 V 

IIH PE, CET, SR 40 

Data, CEP, Clock 0.1 
mA VCC = MAX, VIN = 7.0 V PE, CET, SR 0.2 

IlL 
Input LOW Current 

Data, CEP, Clock -0.4 
mA VCC = MAX, VIN = 0.4 V PE,CET,SR -0.8 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

Power Supply Current 
ICC Total, Output HIGH 31 

rnA VCC=MAX Total, Output LOW 32 
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SN54LS/74LS160A. SN54LS/74LS161A 
SN54LS174LS162A. SN54LS/74LS163A 

AC CHARACTERISTlCS' TA = 25°C 

SYMBOL PARAMETER 
MIN 

fMAX Maximum Clock Frequency 25 

tpLH Propagation Delay 
tpHL Clock to TC 

tpLH Propagation Delay 
tpHL Clock to Q 

tpLH Propagation Delay 
tPHL CETto TC 

tpHL MR or SR to Q 

AC SETUP REQUIREMENTS' TA = 25°C 

SYMBOL PARAMETER 
MIN 

twCP Clock Pulse Width Low 25 

tw MR or SR Pulse Width 20 

ts Setup Time, other' 20 

ts Setup Time PE or SR 25 

th Hold Time, Any Input 0 

'CEP, CET or DATA 

DEFINITION OF TERMS: 

LIMITS 
UNITS TEST CONDITIONS 

TYP MAX 

32 MHz 

20 35 
18 35 

ns 

13 24 VCC= 5.0V 
18 27 

ns 
CL = 15 pF 

9.0 14 
9.0 14 

ns 

20 28 ns 

LIMITS 
UNITS TEST CONDITIONS 

TYP MAX 

ns 

ns 
VCC= 5.0V 

ns 

ns 

ns 

SETUP TIME (ts) - is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 

CP 

Q 

HOLD TIME (th) - is defined as the minim4m time following the clock transition from LOW to HIGH that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from LOW to HIGH and still be recognized. 

RECOVERY TIME (treel - is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW to HIGH in order to recognize and transfer HIGH Data to the Q outputs. 

AC WAVEFORMS 

CLOCK TO OUTPUT DELAYS, 
COUNT FREQUENCY, AND CLOCK PULSE WIDTH. 

twtHI twtLI 

1.3V 1.3V 

ttPHL FtPLH 

1.3V 1.3 V 

'-------

Fig. 1 

Other Conditions: 
PE • MR (SRI· H 
CEP' CET' H 

MASTER RESET TO OUTPUT DELAY, MASTER RESET 
PULSE WIDTH, AND MASTER RESET RECOVERY TIME. 

----'~-~--~r---------
MR 1.3V 

Other Conditions: 
PE'L 
PO' P, • P2 • P3 • H 

Cp----~----~~--..I1 

Fig. 2 
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SN54LS174LS160A 0 SN54LS174LS161A 
SN54LS/74LS162A 0 SN54LS/74LS163A 

AC WAVEFORMS (Cont'd) 

COUNT ENABLE TRICKLE INPUT 
TO TERMINAL COUNT OUTPUT DELAYS 

The positive Te pulse occurs when the outputs are in the 
(00'0, • 02 0 03) state lor the LS160and LS162 and the 
(00 0 01' °20°3) state lor the LS161 and LS163. 

CLOCK TO TERMINAL COUNT DELAYS. 

The positive Te pulse is coincident with the output state (00 
o01'02003)lortheLS161 andLS163and(00'01 002 
• 03) lor the LS 161 and LS 163. 

SET.UP TIME (ts) AND HOLD TIME (th) 
FOR PARALLEL DATA INPUTS. 

The shaded areas indicate when the input is permitted to 
change for predictable output performance. 

SETUP TIME (ts) AND HOLD TIME (th) FOR COUNT 
ENABLE (CEP) AND (CET) AND PARALLEL ENABLE 
(PE) INPUTS. 

The shaded areas indicate when the input is permitted to 
change for predictable output performance. 

SR or PE 
o.l.I..l:~t.LU.WL<WL<rJ' 

RESET COUNT OR LOAD 

a AESPO 

Fig. 6 

Fig. 3 

Fig. 4 

Fig. 5 

CETJ 1.3V ""\-,.3V 
I-Ir-'P.;;:LH.:... ____ .:..I-I-, 'PHL 

TC f13V t 
Other Conditions: CP = PE = CEP = MR = H 

Other Conditions: PE = CEP = CET = MR = H 

Other Conditions: PE = L, MR = H 

COUNT HOLD HOLD 

Q~------
Other Conditions: PE = H, MR = H 

Fig. 7 
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SN54LSl64 
SN74LSl64 

DESCRIPTION - The SN54LS174LS164 isa high speed 8-BitSerial­
In Parallel-Out Shift Register. Serial data is entered through a 2-lnput 
AND gate synchronous with the LOW to HIGH transition of the clock. 
The device features an asynchronous Master Reset which clears the 
register setting all outputs LOW independent ofthe clock. It utilizes the 
Schottky diode clamped process to achieve high speeds and is fully 
compatible with all Motorola TTL products. SERIAL-IN PARALLEL-OUT 

SHIFT REGISTER 

• TYPICAL SHIFT FREQUENCY OF 35 MHz 
• ASYNCHRONOUS MASTER RESET 
• GATED SERIAL DATA INPUT 
• FULLY SYNCHRONOUS DATA TRANSFERS 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 

HIGH LOW 
A,B Data Inputs 0.5 U.L. 0.25 U.L. 
CP Clock (Active HIGH Going 0.5 U.L. 0.25 U.L. 

Edge) Input 
MR Master Reset (Active LOW) Input 0.5 U.L. 0.25 U.L. 

°0-°7 Outputs (Note b) 10 U.L. 5(2.5) U.L. 

NOTES: 
a. 1 TTL Unit Load (U.L.I =40~A HIGH/l.6mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial 

(74) Temperature Ranges. 

LOGIC DIAGRAM 

Vcc = Pin 14 

GND = Pin 7 

o = Pin Numbers 

0, 
(4) 
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LOW POWER SCHOTTKY 

A 

LOGIC SYMBOL 

LS164 
8 BIT SHIFT REGISTER 

9 3 4 5 6 10 11 12 13 

VCC = Pin 14 

GND = Pin 7 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

14 

13 

12 

11 

10 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In·Line Package. 

07 
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SN54LS/74LS164 

FUNCTIONAL DESCRIPTION - The LS164 is an edge-triggered 8-bit shift register with serial data entry and an 
output from each of the eight stages. Data is entered serially through one of two inputs (A or B); either of these inputs 
can be used as an active HIGH Enable for data entry through the other input. An unused input must be tied HIGH, or 
both inputs connected together. 

Each LOW-to-HIGH transition on the Clock (CP) input shifts data one place to the right and enters into 00 the logical 
AND of the two data inputs (AoB) that existed before the rising clock edge. A LOW level on the Master Reset(MR) input 
overrides all other inputs and clears the register asynchronously, forcing all 0 outputs LOW. 

MODE SELECT - TRUTH TABLE 

OPERATING INPUTS 

MODE MR 

Reset (Clear) L 

H 

H 
Shift 

H 

H 

L (1) = LOW Voltage Levels 
H (h) = HIGH Voltage Levels 
X :; Don't Care 

A 

X 

I 

I 

h 

h 

OUTPUTS 

B 00 0,-07 

X L L-L 

I L qO q6 

h L QO-q6 

I L QO-Q6 

h H QO-Q6 

qn = Lower case letters indicate the state of the referenced input or 
output one set-up time prior to the LOW to HIGH clock 
transition. 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 
V 

74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 74 0 25 70 

IOH Output Current - High 54,74 -0.4 mA 

IOL Output Current - Low 54 4.0 mA 
74 8.0 

DC CHARACTERlsnCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 O.B 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V Vcc = MIN, IOH = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V IOL = 4.0 mA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10 = B.O mA I VIN = VIL or VIH 
L per Truth Table 

20 pA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX. VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC= MAX 

ICC Power Supply Current 27 mA VCC=MAX 
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SN54LS174LS164 

AC CHARACTERISTICS: T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

fMAX Maximum Clock Frequency 25 36 MHz 

tpHL 
Propagation Delay 

24 36 ns VCC=5V 
MR to Output Q CL = 15 pF 

tpLH Propagation Delay 17 27 
tpHL Clock to Output Q 21 32 

ns 

AC SETUP REQUIREMENTS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tw 
ts 

th 

CPo MR Pulse Width 20 ns 

Data Setup Time 15 ns VCC= 5V 

Data Hold Time 5.0 ns 

AC WAVEFORMS 
*The shaded areas indicate when the input is permitted to change for predictable output performance. 

MASTER RESET PULSE WIDTH. 
CLOCK TO OUTPUT DELAYS 
AND CLOCK PULSE WIDTH 

MASTER RESET TO OUTPUT DELAY AND 
MASTER RESET TO CLOCK RECOVERY TIME 

t--'/fe...~ 
~1.3V··~ 

CP ---1r ....~ ..•• '---

L'PHL -j L'PLH-j 
Q ----.... \13V F 

CONDITIONS: MR = H 

Fig. 1 

DATA SETUP AND HOLD TIMES 

1'/fi_·X_~_,w 

Fig. 2 

CP~~~'-.3-V---

ts(H)~, tS(LI--+---t I 

.".,,,,,,,,,,,,=",,,,,"':" 1_.:.... 1-+-,.",,,,',,,hl;,";,1 """"". I r--r-= thll) 0.:a'3V ~3vl8J8 
Q _________ * f.3V 

Fig. 3 
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® M07J"OR08..A 
SN54LSl65 
SN74LSl65 

DESCRIPTION - The SN54LS174LS165 is an S-bit parallel load or 
serial-in register with complementary outputs available from the last 
stage. Parallel inputing occurs asynchronously when the Parallel Load 
(PL) input is LOW. With PL HIGH:serial shifting occurs on the rising edge 
olthe clock; new data enters via the Serial Data (OS) input. The 2-input 
OR clock can be used to combine two independent clock sources. or one 
input can act as an active LOW clock enable. 8-BIT PARALLEL-TO-SERIAL 

CONVERTER 

PIN NAMES LOADING (Note a) 

HIGH LOW 

CP" CP, Clock (LOW-to-HIGH Going Edge) Inputs 0.5 U.L. 0.25 U.L. 
OS Serial Data Input 0.5 U.L. 0.25 U.L. 
PL Asynchronous Parallel Load (Active LOW) 1.5 U.L. 0.75 U.L. 

Input 
Poop, Parallel Data Inputs 0.5 U.L. 0'.25 U.L. 
0, Serial Output from Last State (Note b) 10 U.L. 5 (2.5) U.L. 
0, Complementary Output (Note b) 10 U.L. 5 (2.5) U.L. 

NOTES: 
•. I TTL Unit Load IU.L.l = 40.A HlGH/t.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (741 

Temperature Ranges. 

- CP 
PL 

1 2 a. 
L x X p. 
H L ...r Os 
H H ...r a. 
H ...r L Os 
H ...r H a. 

H = HIGH Voltage Level 
L :::: LOW Voltage level 
X = Immaterial 

LOGIC DIAGRAM 

@ DS<>-1>,....,.--t:><>--, 

o CP1 

a, 
P, 
a. 
a, 
a. 
a, 

@ CP2 

(i)PI..,.....-<j>-----1 

VCC = Pin 16 
GND= Pin 8 
0= Pin Number 

TRUTH TABLE 

CONTENTS 
RESPONSE a, a, a, as a, a, 

P, P, P, P, p. P, Parallel Entry 
a, a, a, a, as a, Right Shift 
a, a, a, as a, a, No Change 
a, a, a, a, as a, Right Shift 
a, a, a, as a, a, No Change 

@ 
Po 
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LOW POWER SCHOTIKY 

10 

2 
15 

LOGIC SYMBOL 

1111213143456 

VCC= Pin 16 
GND=Pin8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

Pi: VCC 

CP, CP2 

P4 P3 

P5 P2 

P6 P, 

P7 Po 

Q7 DS 

GND 07 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 
NOTE: 
The Flalpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 

® 
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SN54LS/74LS 165 

FUNCTIONAL DESCRIPTION - The SN54LS174LS165 contains eight clocked masterlslave RS flip-flops 
connected as a shift register, with auxiliary gating to provide overriding asynchronous parallel entry. Parallel data 
enters when the PL signal is LOW. The parallel data can change while Pi: is LOW, provided that the recommended 
setup and hold times are observed. 

For clock operation, Pi: must be HIGH. The two clock inputs perform identically; one can be used as a clock inhibit by 
applying a HIGH signal. To avoid double clocking, however, the inhibit signal should only go HIGH while the clock is 
HIGH. Otherwise, the rising inhibit signal will cause the same response as a rising clock edge. The flip-flops are 
edge-triggered for serial operations. The serial input data can change at any time, provided only that the recommended 
setup and hold times are observed, with respect to the rising edge of the clock. 

GUARANTEED OPERAllNG RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 0 25 70 

10H Output Current - High 54,74 -0.4 rnA 

10L Output Current - Low 54 4.0 rnA 
74 8.0 

DC CHARACTERIS11CS OVER OPERAllNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-18 rnA 

VOH Output HIGH Voltage 54 2.5 3.5 V VCC = MIN, IOH = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L - 4.0 rnA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L = 8.0 rnA I VIN = VIL or VIH 
per Truth Table 

Input HIGH Current 
Other Inputs 20 pA VCC = MAX, VIN = 2.7 V IIH Pi: Input 60 

Other Inputs 0.1 rnA VCC = MAX, VIN = 7.0 V Pi: Input 0.3 

IlL 
Input LOW Current 

Q!her Inputs -0.4 
PL Input -1.2 rnA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 rnA VCC=MAX 

ICC Power Supply Current 36 rnA Vee = MAX 
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SN54lS174lS165 

AC CHARACTERISTICS: T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

MIN TYP 

fMAX Maximum Input Clock Frequency 25 35 

tpLH Propagation Delay 22 
tpHL PL to Output 22 

tpLH Propagation Delay 27 
tpHL Clock to Output 28 

tpLH Propagation Delay 14 
tpHL P7 to Q7 21 

tpLH Propagation Delay 21 
tpHL P7 toQ7 16 

AC SETUP REQUIREMENTS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

MIN TYP 

tw CP Clock Pulse Width 25 

tw PL Pulse Width 15 

ts Parallel Data Setup Time 10 

ts Serial Data Setup Time 20 

ts CP1 to CP2 Setup Time' 30 

th Hold Time 0 

tree Recovery Time. PL to CP 45 

<D The role of CP1. and CP2 In an application may be Interchanged 

DEFINITION OF TERMS: 

MAX 
UNITS TEST CONDITIONS 

MHz 

35 
35 

ns 

40 
VCC= 5.0V 40 

ns 
CL = 15 pF 

25 
30 

ns 

30 
25 

ns 

MAX 
UNITS TEST CONDITIONS 

ns 

ns 

ns 

ns VCC= 5.0V 

ns 

ns 

ns 

SET'UP TIME (ts) - isdefined as the minimum time requiredforthe correct logic level to be present at the logic input priortothe clock transition 
from LOW-ta-HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME (thl- is defined as the minimum time following the clock transition from LOW-to-HIGH that the logic level must be maintained at 
the input in order to ensure continued recognition. A negative hold time indicates that the correct logic level may be released prior to the clock 
transition from LOW-ta-HIGH and still be recognized. 

RECOVERY TIME (trecl-is defined as the minimum time required between the end olthe j5[ pulse and the clock transition from LOW-to­
HIGH in order to recognize and transfer loaded Data to the Q outputs. 

AC WAVEFORMS 

CP~ __ ..IIIJIIIIIII<. 

. I., .• -,/f MAX 

tw 
CP2 1.3V 

Flg.1 Fig. 2 

PC \ 1.3V -1-,.3V 

l-Iw-l+tr.c~ __ _ 

CP 1.3V-l-

Fig. 3 Fig. 4 

MOTOROLA SCHOTTKY TTL DEVICES 

5-141 



® MOTOROl.A 

DESCRIPTION - The SN54LS/74LS166 is an 8-Bit Shift Register. 
Designed with all inputs buffered, the drive requirements are lowered 
to one 54LS/74LS standard load. By utilizing input clamping diodes, 
switching transients are minimized and system design simplified. 

The LS166 is a parallel-in or serial-in, serial-out shift register and has a 
complexity of 77 equivalent gates with gated clock inputs and an 
overriding clear input. The shift/load input establishes the parallel-in or 
serial-in mode. When high, this input enables the serial data input and 
couples the eight flip-flops lor serial shifting with each clock pulse. 
Synchronous loading occurs on the next clock pulse when this is low 
and the parallel data inputs are enabled. Serial data flow is inhibited 
during parallel loading. Clocking is done on the low-to-high level edge 
of the clock pulse via a two input positive NOR gate, which permits one 
input to be used as a clock enable or clock inhibit function. Clocking is 
inhibited when either of the clock inputs are held high, holding either 
input lowenables the other clock input. This will allow the system clock 
to be free running and the register stopped on command with the other 
clock input. A change from low-to-high on the clock inhibit input should 
only be done when the clock input is high. A buffered direct clear input 
overrides all other inputs, including the clock, and sets all flip-flops to 
zero. 

• SYNCHRONOUS LOAD 
• DIRECT OVERRIDING CLEAR 
• PARALLEL TO SERIAL CONVERSION 

~ ~ 
c " " '" g 

i i:: 
ili 

SN54LSl66 
SN74LSl66 

8-BIT SHIFT REGISTERS 

LOW POWER SCHOTTKY 

PARALLEL PARALLEL INPUTS 

SHIFT I INPUT OUTPUT.-"'-. 
Vee LOAD H 0H G F E CLEAR 

PARALLEL INPUTS 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

" 0 
~ 

x 
o 
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SN54LS174LS166 

Typical Claar. Shift. Load. Inhibit. and Shift Sequences 

CLO~K 

CLOCK INHIBIT -''-~~I ============+===:+~--~':::-=1"t-:::-:::-:::-:::-:::-:::-:::-:::-:::-:::-:::-:::-:::-:::-:::-:::-:::-:::-:::-:::-:::-:::-=-CLEAR LJI 
I I : 

S::::~;~~~: -~-i-:-;:--~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~~:::::::::'-L..;j---;;'-r~----~~,=-~t~-_~~~~-_~~~-_-_~~~-_~~~~~~-:..--

PARALLEL 
INPUTS 

I 

A_+-+_----------------------~---~L----+-~----------------------
I 

L I 
I 

-~7_--------------------~---~L----~7_---------------------
O_..:.-...,... ___________ -;,--_.....;L"'::--__ :-+-___________ _ 

I 

-~7_--------------------+_~~L----T-+---------------------­
Li , 

G-7-+---____________________ ~~~L----7-+-----------------------

I 
OUTPUT 0H ::J_'-___________ -' 

r---- SERIAL SHIFT 

CLEAR LOAD 

FUNCTION TABLE 

INPUTS INTERNAL 
OUTPUT 

CLEAR SHIFT/ CLOCK 
CLOCK SERIAL 

PARALLEL OUTPUTS 
OH 

LOAD INHIBIT A •.. H OA OB 

L X X X X X L L L 
H X L L X X QAO QBO QHO 
H L L I X a ... h a b h 
H H L I H X H QAn QGn 
H H L I L X L QAn QGn 
H X H I X X QAO QBO QHO 
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SN54LS174LS166 

GUARANTEED OPERATING RANGES 
SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

IOH Output Current - High 54,74 -0.4 mA 

IOL Output Current - Low 54 4.0 mA 
74 8.0 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL 

VIH 

VIL 

VIK 

VOH 

VOL 

IIH 

IlL 

lOS 

ICC 

PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

Input HIGH Voltage 2.0 V 

54 0.7 
Input LOW Voltage 

74 0.8 
V 

Input Clamp Diode Voltage -0.65 -1.5 V 

Output HIGH Voltage 

Output LOW Voltage 

Input HIGH Current 

Input LOW Current 

Short Circuit Current 

Power Supply Current 

54 2.5 3.5 V 

74 2.7 3.5 V 

54,74 0.25 0.4 V 

74 0.35 0.5 V 

20 pA 

0.1 mA 

-0.4 mA 

-20 HOO mA 

38 mA 
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TEST CONDITIONS 

Guaranteed Input HIGH Voltage for 
All Inputs 

Guaranteed Input LOW Voltage for 
All Inputs 

VCC = MIN, liN = -18 mA 

VCC = MIN, IOH = MAX, VIN = VIH 
or VIL per Truth Table 

IOL = 4.0 mA I VCC = VCC MIN, 
IOL - 8.0 mA I VIN = VIL or VIH 

per Truth Table 

VCC = MAX, VIN = 2.7 V 

VCC = MAX, VIN = 7.0 V 

VCC = MAX, VIN = 0.4 V 

VCC=MAX 

VCC= MAX 



SN54LS174LS166 

AC WAVEFORMS 

TEST TABLE FOR SYNCHRONOUS INPUTS 

DATA INPUT 
SHIFT/LOAD 

FOR TEST 

H OV 

Serial 
4.5V 

Inpul 

-l 'wiele." '-__________________ _ 

CLEAR INPUT ~ ~"~ ___ _ 

In+1 

3V 

- - - OV 
In+1 

CLOCK INPUT 

DATA 
INPUT 
(SEE TEST 
TABLE) 

QUTPUTQ 

I 'n l-
I -, 

(SEE NOTE 1) In f---' 

tw(clockl 

I 
I 
I 

I 
'PHL I 

(clear-O,--I 

~~ ----3V 
Vref 

! ~ I-'h OV 
...... tsuW 
9·,ur~3V 

Vref '--!.L"" ~e~ ___ OV 

I I 
I --j'PHL I-----' I-- ICLK·O' 

-"PLHF~ ICLK.O,I - - - - VOH 
Vref Vref 

VOL 

-------I \Vref 
Note 1. tn = bit time before clocking transition 

tn+1 = bit time after one clocking transition 
tn+8 = bit time after eight clocking transitions 
LSI 66 V,e' = 1.3 V. 

OUTPUT TESTED 

QH a11n+l 

QH a11n+8 

AC CHARACTERlsnCS: T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

fMAX Maximum Clock Frequency 25 35 MHz 

IpHL Clear to Output 19 30 ns VCC= 5.0V 

23 35 
CL = 15 pF 

tpLH Clock to Output 
tpHL 24 35 

ns 

AC SETUP REQUIREMENTS: T A = 25°C 

SYMBOL PARAMETER 
MIN 

LIMITS 

TYP MAX 
UNITS TEST CONDITIONS 

tw Clock Clear Pulse Width 30 ns 

ts Mode Control Setup Time 30 ns VCC = 5.0V 
ts Data Setup Time 20 ns 

th Hold TIme, Any Input 15 ns 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS168 and SN54LS174LS169 
are fully synchronous 4-stage up/down counters featuring a preset 
capability for programmable operation, carry lookahead for easy cas­
cading and a U/O input to control the direction of counting. The 
SN54LS174LS 168 counts in a BCD decade (8, 4, 2, 1) sequence, 
while the SN54LS174LS169 operates in a Modulo 16 binary se­
quence. All state changes, whether in counting or parallel loading, 
are initiated by the LOW-to HIGH transition of the clock. 

• LOW POWER DISSIPATION 100 mW TYPICAL 
• HIGH-SPEED COUNT FREQUENCY 30 MHz TYPICAL 
• FULLY SYNCHRONOUS OPERATION 
• FULL CARRY LOOKAHEAD FOR EASY CASCADING 
• SINGLE UP/DOWN CONTROL INPUT 
• POSITIVE EDGE-TRIGGER OPERATION 
• INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 

HIGH LOW 

CEP Count Enable Parallel (Active LOW) Input 0.5 U.L. 0.25 U.L. 
CET Count Enable Trickle (Active LOW) Input 1.0 U.L. 0.5 U.L. 
CP Clock Pulse (Active positive going edge) Input 0.5 U.L. 0.25 U.L. 
PE Parallel Enable (Active LOW) Input 0.5 U.L. 0.25 U.L. 
UfO Up-Down Count Control Input 0.5 U.L. 0.25 U.L. 
Po-P3 Parallel Data Inputs 0.5 U.L. 0.25 U.L. 

SN54LS/74LSl68 
SN54LS/74LSl69 

BCD DECADE/MODULO 
16 BINARY SYNCHRONOUS 
BI-DIRECTIONAL COUNTERS 

LOW POWER SCHOTTKY 

LOGIC SYMBOL 

CEP 
TC 15 

1. CET 

CP 

14 13 12 11 

0 0-03 Flip-Flop Outputs 10 U.L. 5 (2.5) U.L. 
TC Terminal Count (Active LOW) Output 10 U.L. 5 (2.5) U.L. 

NOTES: 
a. 1 TTL UnH Load (U.L.) = 40 "A HIGH/l.6 rnA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. 

STATE DIAGRAMS 

SN54LS174LS168 

UP/DOWN DECADE COUNTER 

SN54LS174LS168 

UP: TC = 99 . ~ • ~O)_ _ 
DOWN: TC = 00 • 0, ·02 • 03 • (UfO) 

---Count Up 

....:.. - - Count Down 

SN54LS174LS169 

SN54LS174LS169 

UP: TC = 99'~ '9g' ~. (UfO) 
DOWN: TC = 00 • 0, • 02 • 03 • (UfO) 
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Vee = Pin 16 
GNO = PinS 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dual In-Line Package. 



SN54LS/74LS168 • SN54LS/74LS169 

CEP 

ill 
uJ5 

CP 

Wi 
ffi 
UfO 

CP 

LOGIC DIAGRAMS 

SN54LS174LS168 

1(;) 0 0 
-V 

... ~ 

( tJ 
, 

It ( 

~ ~ ~ C 
, h 1 Ir [ Ir t Ir; r h r ~ 
~~~ L~tJ u ~ 11 UI~ 11 

.~ R R r! 
Q, 

SN54LS174LS169 

I tJ 0 0 
-----v 

... ... 

~ It~ I~ 
.-~ It ~ 

ilia h ~ Ilrr lij R- lir r h 

~ 
11 

W L ~ 8 L ~ y 
..... 

~H- H-Q, Q2 
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SN54LS/74LS168. SN54LS174LS169 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55. 25 125 °c 
74 0 25· 70 

10H Output Current - High 54.74 -0.4 mA 

10L Output Current - Low 54 4.0 mA 
74 B.O 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise speciiied) 

SYMBOL PARAMETER 
LIMITS 

UNITS' TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 O.B 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN = -1 8 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN. 10H = MAX. VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54.74 0.25 0.4 V 10L = 4.0 mA I VCC - VCC MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

Input HIGH Current 
Other Inputs 20 

/lA VCC = MAX. VIN = 2.7 V 
IIH CET Input 40 

Other Input 0.1 
mA VCC = MAX. VIN = 7.0 V CET Input 0.2 

Input LOW Current 

II IlL 
Other Input -0.4 

mA VCC = MAX. VIN = 0.4 V CET Input -0.8 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

ICC Power Supply Current 34 mA VCC=MAX 

MOTOROLA SCHOTTKY TTL DEVICES 

5-148 



SN54LS174LS168 • SN54LS174LS169 

FUNCTIONAL DESCRIPTION - The SN54LS74LS168 and SN54LS74LS169 use edge-triggered D-type flip-flops 
and that have no constraints on changing the control or data input signals in either state of the Clock. The only require­
ment is that the various inputs attain the desired state at least a set-up time before the rising edge of the clock and 
remain valid for the recommended hold time thereafter. 

The parallel load operation takes precedence over the other operations, as indicated in the Mode SelectTable. When PE 
is LOW, the data on the PO-P3 inputs enters the flip-flops on the next rising edge of the Clock. In order for counting to 
occur, both CEP and CET must be LOW and PE must be HIGH. The UfD input then determines the direction of counting. 

The Terminal Count (TCI output is normally HIGH and goes LOW, provided that CET is LOW, when a counter reaches 
zero in the COUNT DOWN mode or reaches 15 (9 for theSN54LS74LS168) in the COUNTUP mode. TheTC output state 
is not a function of the Count Enable Parallel (CEP) input level. TheTC output of the SN54LS74LS168 decade counter 
can also be LOW in the illegal states 11,13 and 15, which can occur when power is turned on or via parallel loading. If 
illegal state occurs, the SN54LS74LS 168 will return to the legitimate sequence within two counts. Since the TC signal is 
derived by decoding the flip-flop states, there exists the possibility of decoding spikes on IT. For this reason the use ofTe 
as a clock signal is not recommended. 

PE CEP 
L X 

H L 
H L 
H H 
H X 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = immaterial 

CET 
X 

L 
L 
X 

H 

MODE SELECT TABLE 
U/D Action on Rising Clock Edge 
X Load (Pn-an) 
H Count Up (increment) 
L Count Down (decrement) 
X No Change (Hold) 
X No Change (Hold) 

AC CHARACTERISTICS' T A = 25°C V CC = 5 0 V 

PARAMETER 
LIMITS 

UNITS TEST CONDITIONS SYMBOL 
MIN TYP MAX 

fMAX Maximum Clock Frequency 25 32 MHz 

tpLH Propagation Delay, 23 35 
tpHL Clock to TC 23 35 

ns 

tpLH Propagation Delay, 13 20 VCC= 5.0V 
tPHL Clock to any Q 15 23 

ns 
CL = 15 pF 

tPLH Propagation Delay, 15 20 
tPHL CETtoTC 15 20 

ns 

tpLH Propagation Delay, 17 25 
tPHL U/DtoTC 19 29 

ns 

AC SETUP REQUIREMENTS: TA = 25°C, 

SYMBOL PARAMETER 
MIN 

LIMITS 

TYP MAX 
UNITS TEST CONDITIONS 

tw Clock Pulse Width 25 ns 

ts 
Setup Time, 

20 ns 
Data or Enable 

Setup Time 
25 ns VCC= 5.0V ts PE 

ts 
Setup Time 

30 ns 
UlD 

th 
Hold Time 

0 ns 
Any Input 

MOTOROLA SCHOTTKY TTL DEVICES 
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SN54LS174LS168 • SN54LS174LS169 

AC WAVEFORMS 

CLOCK TO OUTPUT DELAYS, 
COUNT FREQUENCY, AND CLOCK PULSE WIDTH. 

CP 1.3V 

aORTe 

Fig. 1 

CLOCK TO TERMINAL DELAYS 

CP ~'.3V ~ 
-----4--1 tpLH ~ __ I tpHL 

Tc" f,·3V -t:V 

Fig. 3 

SETUP TIME AND HOLD TIME 
FOR COUNT ENABLE AND PARALLEL 

ENABLE INPUTS, AND UP-DOWN 
CONTROL INPUTS 

The shaded areas indicate when the 
input is pennitted to change lor 
pnldlctable output pe~o""ance. 

Fig. 5 

. COUNT ENABLE TRICKLE INPUT 
TO TERMINAL COUNT OUTPUT DELAYS 

CET ~ 1.3V t,.3V 

1-lr'P_L_H _____ I_-'"'\1 'PHL 

TC f 13V --e 
Fig. 2 

SETUP TIME It.) AND HOLD Ith) 
FOR PARALLEL DATA INPUTS. 

Fig. 4 

UP-DOWN INPUT TO 
TERMINAL COUNT OUTPUT DELAYS 

u/Ei 

Fig. 6 
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® MOTOROLA 

DESCRIPTION - The TIL/MSI SN54LS174LS170 is a high-speed, 
low-power 4 x 4 Register File organized as four words by four bits. 
Separate read and write inputs, both address and enable, allow 
simultaneous read and write operation. 

Open-coli ector outputs make it possible to connect up to 128 outputs in 
a wired-AND configuration to increase the word capacity up to 512 
words. Any number of these devices can be operated in parallel to 
generate an n-bit length. 

The SN54LS/74LS670 provides a similar function to this device but it 
features 3-state outputs. 

• SIMULTANEOUS READ/WRITE OPERATION 
• EXPANDABLE TO 512 WORDS OF n-BITS 
• TYPICAL ACCESS TIME OF 20 ns 
• LOW LEAKAGE OPEN-COLLECTOR OUTPUTS FOR 

EXPANSION 
• TYPICAL POWER DISSIPATION OF 125 mW 

PIN NAMES LOADING (Note a) 

HIGH LOW 

NOTES: 

Data Inputs 
Write Address Inputs 
Write Enable (Active LOW) Input 
Read Address Inputs 
Read Enable (Active LOW) Input 
Outputs (Note b) 

a. 1 TIL Unit Load (U.L.) = 40/JA HIGH/l.6 mA LOW 

0.5 U.L. 
0.5 U.L. 
1.0 U.L. 
0.5 U.L. 
1.OU.L. 

Open-Collector 

0.25 U.L. 
0.25 U.L. 
0.5 U.L. 
0.25 U.L. 
0.5 U.L. 
5(2.5)U.L. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5.0 U.L. for Commercial (74) 
Temperature Ranges. The Output HIGH drive must be supplied by an external resistor to Vee. 
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SN54lS170 
SN74LS170 

4 x 4 REGISTER FILE 
OPEN-COLLECTOR 

LOW POWER SCHOTTKY 

I. 
13 

5 

• 

LOGIC SYMBOL 

12 15 1 2 3 

11 10 9 7 6 

VCC= Pin 16 
GND=Pin8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

• 

16 

15 

I • 

13 

12 

" 
10 

J Suffix - Case 620·08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 

II 
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SN54LS174LS170 

LOGIC DIAGRAM 

0, 

@ ~ 
EW 

® CD 

we @ ----n--
- ~----~-----+~----~ 

WA @~ K>- 0 lOr 0 I ~ IW~RD 
I GOD I 

(] 1 (] 10 [.--------. ~ r W~RD 
I GOD I 

(] 1 t 1 (j 1'------+-+ ~ IW~RD 
I GOD I 

L--
'-----.---+-+++--o----I-+-++-+---+-t-++___. 

cj r~W",R++-,I[ (] 1 [) 1 t 1 

® 
0 3 

Vee = Pin 16 
GND = Pin 8 
O=Pin Numbers 
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SN54LS174LS170 

WRITE FUNCTION TABLE (SEE NOTES A. B. ANO CI REAO FUNCTION TABLE (SEE NOTES A ANO 01 

WRITE INPUTS WORD READ INPUTS OUTPUTS 

WB WA EW 0 1 2 3 RB RA ER 01 02 03 04 

L L L 0=0 00 00 00 L L L WOBI WOB2 WOB3 WOB4 

L H L 00 0=0 00 00 L H L W1Bl W1B2 W1B3 W1B4 

H L L 00 00 0=0 00 H L L W2Bl W2B2 W2B3 W2B4 

H H L 00 00 00 0=0 H H L W3BI W3B2 W3B3 W3B4 

X X H 00 00 00 00 X X H H H H H 

NOTES: A. H = high level. L = low level. X = irreleveant. 
B. (Q = 01 = The four selected internal flip· flop outputs will assume the states applied to the four external data inputs. 
C. 00 =: the level of a before the indicated Input conditions were established. 
D. WOB 1 = The first bit of word O. etc. 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 a 25 70 

VOH Output Voltage - High 54.74 5.5 V 

IOL Output Current - Low 54 4.0 mA 
74 B.O 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN =-18 mA 

IOH Output High Current 54.74 100 /lA VCC = MIN. VOH = MAX 

54.74 0.25 0.4 V IOL = 4.0 mA I VCC = VCCMIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V IOL = 8.0 mA I VIN = VILor VIH 
per Truth Table 

Input HIGH Current 
AnyD. R. W 20 

/lA VCC = MAX. VIN = 2.4 V 
ER.EW 40 

IIH 
AnyD. R. W 0.1 
ER.EW 0.2 mA VCC = MAX. VIN = 7.0 V 

Input LOW Current 

IlL AnyD. R. W -0.4 
mA VCC = MAX. VIN = 0.4 V 

E:R.EW -0.8 

ICC Power Supply Current 40 mA VCC=MAX 
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SN54LS174LS 170 

AC CHARACTERlmcs: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

MIN TYP MAX 

tpLH Propagation Delay, Negative- 20 30 
tpHL Going ER to 0 Outputs 20 30 

tpLH Propagation Delay, RA or RB 25 40 
tpHL to OOutpulS 24 40 

tpLH Propagation Delay, Negalive- 30 45 
tpHL Going EW 10 0 Outputs 26 40 

IPLH Propagation Delay, Data Inputs 30 45 
tpHL to 0 Outpuls 22 35 

AC SETUP REQUIREMENTS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

MIN TYP MAX 

tw Pulse Width, ER, EW 25 

ts Setup Time, Data to EW 10 

ts 
Selup Time, 

15 
WA,WBtoEw 

th 
Hold Time, 

15 
Dalato EW 

th 
Hold Time, 

5.0 
WA,WBtoEW 

tLATCH Latch Time 25 

VOLTAGE WAVEFORMS 

WRITE-SELECT ~~-:------ ___ 3V 

INPUTWAorwB--.J;~ret ~OV 

~ ~'su~ ~thlWI 
DATA INPUT ~~ r--~3V 
01,02,030r04 i ~~r:! ________ OV 

I ~th(D) 
1--~tSU(DI 3V 

WRITE-ENABLE ~~~ 
INPUTEW ~,:~f _________ ov 

~tlalCh"" 
READ-SELECT ~-V - - __ 3 V 

INPUT RA or RS 7f vref 'i\ ref 0 V 

, t--'w-}j 3 V 

~N~~~NRABLE ~Vref :~ov :~':~T __ _ 

~'PH~ ~PLH VOH 

OWTPUT I VnU Vref 

Q1.02,03,orQ4 tPHL~ ~-';L~-VOL 

Fig. 1 

DATA INPUT 
01,02.03 or 04 

WRITE ENABLE 
INPUrEW 

OUTPUT 
01. Q2. 03, or Q4 

UNITS TEST CONDITIONS 

ns Fig. 1 

VCC= 5V 
ns Fig. 2 CL= 15pF 

RL= 2kn 

ns Fig. 1 

ns Fig. 1 

UNITS TEST CONDITIONS 

ns 

ns 

ns 
VCC= 5V 
RL= 2kn • 

ns 

ns 

ns 

r--------------- 3V t ... V_,e_f ___ ",,/ _____________ OV 

--:---' ~/ 

Fig. 2 
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® MOTOROLA 

DESCRIPTION - The SN54LSI74LSI73A is a high-speed 4-Bit 
Register featuring 3-state outputs for use in bus-organized systems. 
The clock is fully edge-triggered allowing either a load from the D inputs 
or a hold (retain register contents) depending on the state of the Input 
Enable Lines (iE 1. iE2).A HIGH on either Output Enable line (OE 1. 0E2) 
brings the output to a high impedence state without affecting the actual 
register contents. A HIGH on the Master Reset (MR) input resets the 
Register regardless of the state of the Clock (CP). the Output Enable 
(OEI. OE2) or the Input Enable (iE 1. iE2) lines. 

• FULLY EDGE-TRIGGERED 
• 3-STATE OUTPUTS 
• GATED INPUT AND OUTPUT ENABLES 
• INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 

HIGH LOW 

DO-D3 Data Inputs 0.5 U.L. 0.25 U.L. 
!E,-iE2 Input Enable (Active LOW) 0.5 U.L. 0.25 U.L. 
OE1-0E2 Output Enable (Active LOW) Inputs 0.5 U.L. 0.25 U.L. 
CP Clock Pulse (Active HIGH Going Edge) 0.5 U.L. 0.25 U.L. 

Input 
MR Master Reset input (Active HIGH) 0.5 U.L. 0.25 U.L. 
00-0 3 Outputs (Note b) 65(25)U.L. 15(7.5)U.L. 

NOTES: 
a. I TIL Un,t Load IU.L.I = 40llA HIGH/l.6 mA LOW. 
b. The Output LOWdnve factor IS 2 5 U.L. for Military (54) and 5 U.L for Commerclal(74) 
Temperature Ranges. 

LOGIC DIAGRAM 

Vcc= Pin 16 
GND= Pin 8 
0= Pin Numbers 

0, 
@ 

SN54LS173A 
SN74LS173A 

4-BIT O-TYPE REGISTER 
WITH 3-STATE OUTPUTS 

LOW POWER SCHOTTKY 

LOGIC SYMBOL 

91014131211 

cp 

15 3 4 5 6 

VCC= Pin 16 
GND=Pin8 

CONNECTION DIAGRAM 
DIP [TOP VIEWI 

J Suffix - Case 620-08 
(Ceramic) 

N Suffix - Case 648-05 
(Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Oualln~Line Package. 
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SN54LS/74LS173A 

GUARANTEED OPERATING RANGES 
SYMBOL' 

VCC 

TA 

10H 

10L 

PARAMETER 

Supply Voltage 54 
74 

Operating Ambient Temperature Range 54 
74 

Output Current - High 54 
74 

Output Current - Low 54 
74 

TRUTH TABLE 

MR CP ie, ie, Do 00 
H x x x x L 
L L x x x 00 
L r H x x 00 
L r x H x 00 
L r L L L L 
L r L L H H 

When either DE, or OE, are HIGH, the output is in the off state 
I High Impedencel; however this does not affect the contents or 
sequential operation of the register. 

MIN 

4.5 
4.75 

-55 
0 

TYP MAX 

5.0 5.5 
5.0 5.25 

25 125 
25 70 

-1.10 
-2 .. 6 

12 
24 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

UNIT 

V 

°C 

mA 

mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-18 mA 

VOH Output HIGH Voltage 
54 2.4 3.4 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.4 3.1 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 12 mA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V _ mA I VIN =VILorVIH 
10L - 24 per Truth Table 

10ZH Output Off Current HIGH 20 flA VCC = MAX, Vo = 2.4 V 

10ZL Output Off Current LOW -20 flA VCC = MAX, Vo = 0.4 V 

20 flA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -,30 -130 mA VCC=MAX 

ICC Power Supply Current 30 mA VCC=MAX 

AC CHARACTERISTICS· TA = 25°C 

SYMBOL PARAMETER 
MIN 

LIMITS 

TYP MAX 
UNITS TEST CONDITIONS 

fMAX Maximum Input Clock Frequency 30 50 MHz 

tpLH Propagation Delay, 17 25 ns 
tpHL Clock to Output 22 30 VCC= 5.0V 

tpHL Propagation Delay, MR To Output 26 35 ns CL =45pF, 
RL = 6670 

tpZH Output Enable Time 
15 23 ns 

tpZL 18 27 

tpLZ Output Disable Time 
11 17 CL - 5.0pF 

ns RL=667,O tpHZ 11 17 

MOTOROLA SCHOTTKY TTL DEVICES 

5-156 



SN54LS/74LS173A 

AC SETUP REQUIREMENTS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

MIN TYP MAX 

tw Clock or MR Pulse Width 20 

ts Data Enable Setup Time. 35 

ts Data Setup Time 17 

th Hold Time. Any Input 0 

tree Recovery Ti me 10 

AC WAVEFORMS 

I-l/'m"--1 I I--'w-~ ___ _ 
Cp 

Q ________ 'P_LH ... f 13V 

Fig. 1 

~'.3V ~ 
~~IT'PZL 
VOUT ~~1.3V 

Fig. 3 o.~ VOL 

vcc 

1.3V 

'PHL~ 

AC LOAD CIRCUIT 

UNITS TEST CONDITIONS 

ns 

ns 

ns VCC=5.0V 

ns 

ns 

Fig. 2 

Fig. 4 

I" 
SWITCH POSITIONS 

TO OUTPUT 

UNDER lEST 

SYMBOL SW1 

tPZH Open 

tPZL Closed 

tPLZ Closed 

tPHZ Closed 

5'0 

"'ncludes Jig and ProbeCapaCllance. Fig. 5 
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Closed 
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Closed 
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® MOTOROLA 

DESCRIPTION - The LSTTL/MSI SN54LS/74LS174 is a high speed 
Hex 0 Flip-Flop. The device is used primarily as a 6-bit edge-triggered 
storage register. The information on the 0 inputs is transferred to 
storage during the LOW to HIGH clock transition. The device has a 
Master Reset to simultaneously clear all flip-flops. The LS174 is 
fabricated with the Schottky barrier diode process for high speed and is 
completely compatible with all Motorola TTL families. 

• EDGE-TRIGGERED D-TYPE INPUTS 
• BUFFERED-POSITIVE EDGE-TRIGGERED CLOCK 
• ASYNCHRONOUS COMMON RESET 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 

NOTES: 

Data Inputs 
Clock (Active HIGH Going Edge) Input 
Master Reset (Active LOW) Input 
Outputs (Note b) 

a. 1 TTL Unit Load IU.L.) = 40 ~A HIGH/L6 rnA LOW. 

HIGH LOW 

0.5 U.L. 0.25 U.L. 
0.5 U.L. 0.25 U.L. 
0.5 U.L. 0.25 U.L. 
10 U.L. 5 (2.5) U.L. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. 

LOGIC DIAGRAM 

Mii CP D5 

CD®@ 

Vcc = Pin 16 
GND = Pin 8 
o :: Pin Numbers 
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SN54LS174 
SN74LS174 

HEX D FLIP-FLOP 

LOW POWER SCHOTTKY 

LOGIC SYMBOL 

3 4 6 11 13 14 

CP 

2 5 7 10 12 15 

Vcc= Pin 16 
GND=Pin8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

J Suffix - Case 620-08 
(Ceramic) 

N Suffix - Case 648-05 
(Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dual In-line Package. 



SN54LS174LS174 

FUNCTIONAL DESCRIPTION - The LS174 consists of six edge-triggered D flip-flops with individual D inputs and 
Q outputs. The Clock (CP) and Master Reset (MR) are common to all flip-flops. 

Each D input's state is transferred to the corresponding flip-flop's output following the LOW to HIGH Clock (CP) 
transition. 

A LOW input to the Master Reset (MR) will force all outputs LOW independent of Clock or Data inputs. The LS174 
is useful for applications where the true output only is required and the Clock and Master Reset are common to all 
storage elements. 

TRUTH TABLE 

Inputs h = ", MR = H) Outputs h = n+1) Note 1 

D Q 

H H 

L L 

Note 1: t = n + 1 indicates conditions after next clock. 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 0 25 70 

10H Output Current - High 54.74 -0.4 rnA 

10L Output Current - Low 54 4.0 rnA 
74 8.0 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 O.B 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN =-18 rnA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN. 10H = MAX. VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54.74 0.25 0.4 V IOL = 4.0 rnA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10 = 8.0 rnA I VIN = VIL or VIH 
L per Truth Table 

20 pA VCC = MAX. VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA Vee = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA Vce = MAX. VIN = 0.4 V 

lOS Short Circuit Current -20 -100 rnA Vce = MAX 

ICC Power Supply Current 26 rnA Vce= MAX 
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SN54LS174LS174 

AC CHARACTERISTICS' TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

fMAX Maximum Input Clock Frequency 30 40 MHz 

tpHL Propagation Delay. MR to Output 23 35 ns VCC= 5.0V 

tpLH 20 30 
CL = 15 pF 

tpHL 
Propagation Delay, Clock to Output 

21 30 
ns 

AC SETUP REQUIREMENTS: T A = 25°C 

SYMBOL PARAMETER 
MIN 

LIMITS 
TYP MAX 

UNITS TEST CONDITIONS 

tw Clock or MR Pulse Width 20 ns 

ts Data Setup Time 20 ns VCC= 5.0V 
th Data Hold Time 5.0 ns 

tree Recovery Time 25 ns 

ACWAVEFORMS 

CP 

CLOCK TO OUTPUT DELAYS, 
CLOCK PULSE WIDTH, FREQUENCY, 

SETUP AND HOLD TIMES DATA TO CLOCK 

t-t/fmax---I 
I I-tw-~ __ _ 

1.3 V 

ts{H~~ . t tS(l)+--l, t 
I I-t- h(H) . I r--t-= hILl 

Dm.=r4=:i>r'-'.3V-ozi~=m='.=3Yl I ~ 
~tPlH ~tpHL 

a f'.3V ~ 

*The shaded areas indicate when the input is permitted to c:hange 

for predictable output performance. 

Fig. 1 

DEFINITIONS OF TERMS: 

Q 

MASTER RESET TO OUTPUT DELAY, 
MASTER RESET PULSE WIDTH, 

AND MASTER RESET RECOVERY TIME 

____ .;.1_---. I tpHL 

t_,_.3_v ____ f '.3V 

Fig. 2 

SETUP TIME (ts) - is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 
HOLD TIME (th) - is defined as the minimum time following the clock transition from LOW to HIGH that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from LOW to HIGH and still be recognized. 
RECOVERY TIME (trec) - is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOVv' to HIGH in order to recognize and transfer HIGH Data to the Q outputs. 
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® MOTOROLA 

DESCRIPTION - The LSTIL/MSI SN54LS174LSI75 is a high speed 
Quad D Flip-Flop. The device is useful for general flip-flop requirements 
where clock and clear inputs are common. The information on the D 
inputs is stored during the LOWto HIGH clock transition. Both true and 
complemented outputs of each flip-flop are provided. A Master Reset 
input resets all flip-flops, independent of the Clock or D inputs, when 
LOW. 

The LS 175 is fabricated with the Schottky barrier diode process for high 
speed and is completely compatible with all Motorola TIL families. 

• EDGE-TRIGGERED D-TYPE INPUTS 
• BUFFERED-POSITIVE EDGE-TRIGGERED CLOCK 
• CLOCK TO OUTPUT DELAYS OF 30 ns 
o ASYNCHRONOUS COMMON RESET 
o TRUE AND COMPLEMENT OUTPUT 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING INote al 

DO - D3 
CP 

MR 

00 - Q3 

Do - 03 

NOTES: 

Data Inputs 

Clock IActive HIGH Going Edgel Input 

Master Reset IActive LOWI Input 

True Outputs INote bl 

Complemented Outputs INote bl 

a. 1 TTL Unit Load (U.l.l '" 40 j.J.A HIGH/l.G rnA LOW 

HIGH LOW 

0.5 U.l. 0.25 U.l. 

0.5 U.l. 0.25 U.l. 

0.5 U.l. 0.25 U.l. 

10 U.l. 512.51 U.l. 

10 U.l. 512.51 U.l. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. 

LOGIC DIAGRAM 

Vee'" Pm 16 

GND'= Pin 8 

o '" Pin Numbers 

® (f) 
51 Q, 
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SN54LS175 
SN74LS175 

QUAD D FLIP-FLOP 

LOW POWER SCHOTTKY 

LOGIC SYMBOL 

12 13 

3 2 6 7 11 1014 15 

VCC= Pin 16 
GND = Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEWI 

16 

15 

14 

13 

12 

11 

10 

J Suffix - Case 620-08 
(Ceramic) 

N Suffix - Case 648-05 
(Plastic) 

NOTE' 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dual In-Line Package. 
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SN54LS174LS175 

FUNCTIONAL DESCRIPTION - The LS175 consists of four edge-triggered D flip-flops with individual D inputs and 
Q and Q outputs. The Clock and Master Reset are common. The four flip-flops will store the state of their individual 
D inputs on the LOW to HIGH Clock (CP) transition, causing individual Q and Q outputs to follow. A LOW input on 
the Master Reset (MR) will force all Q outputs LOW and Q outputs HIGH independent of Clock or Data inputs. 

The LS175 is useful for general logic applications where a common Master Reset and Clock are acceptable. 

TRUTH TABLE 

Inputs (t "" n, MR = HI 

D 

H 

Outputs It == n+1) Note' 

Q 

H 

Q 

H 

L 

Note 1: t = n + 1 indicates conditions after next clock. 

GUARANTEED OPERAnNG RANGES 

SYMBOL PARAMETER MIN 

VCC Supply Voltage 54 4.5 
74 4.75 

TA Operating Ambient Temperature Range 54 -55 
74 0 

10H Output Current - High 54,74 

10l Output Current - low 54 
74 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °c 
25 70 

-0.4 mA 

4.0 mA 
8.0 

DC CHARACTERlsnCS OVER OPERAnNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input lOW Voltage for 
Vil Input lOW Voltage 

"M 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN. 10H = MAX, VIN = VIH 

74 2.7 3.5 V or Vil per Truth Table 

54,74 0.25 0.4 V IOl = 4.0 mA I VCC = VCC MIN, 
VOL Output lOW Voltage 

74 0.35 0.5 V IOl - 8.0 mA l VIN = Vil or VIH 
per Truth Table 

20 IJA. VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

III Input lOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 rnA VCC = MAX 

ICC Power Supply Current 18 mA VCC= MAX 
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SN54LS174LS175 

AC CHARACTERISTICS' TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

fMAX Maximum Input Clock Frequency 3D 40 MHz 

tpLH Propagation Delay, MR to Output 20 30 VCC = 5.0V 
tpHL 20 30 

ns 
CL = 15 pF 

tpLH Propagation Delay, Clock to Output 13 25 ns 
tpHL 16 25 

AC SETUP REQUIREMENTS' T A = 25°C _. 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

-tw Clock or MR Pulse Width 20 ns 

ts Data Setup Time 20 ns VCC= 5.0V 
th Data Hold Time 5.0 ns 

tree Recovery Time 25 ns 

ACWAVEFORMS 

CLOCK TO OUTPUT DELAYS, 
CLOCK PULSE WIDTH, FREQUENCY, 

SETUP AND HOLD TIMES DATA TO CLOCK 

*The shaded areas indicate when the input is permitted to change 
for predictable output performance. 

Fig. 1 

DEFINITIONS OF TERMS: 

MASTER RESET TO OUTPUT DELAY, 
MASTER RESET PULSE WIDTH, 

AND MASTER RESET RECOVERY TIME 

:r-tw-~ MR 13V 

-t,e'·li~ 
CP f13V 

___ -,I-_tPHL--

l_tPLH_1'----JI 
Q 

Fig. 2 

SETUP TIME (ts) - is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs, 

HOLD TIME (th) - is defined as the minimum time following the clock transition from LOW to HIGH that the logic level 
must be maintained at the input in order to ensure continued recognition, A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from LOW to HIGH and still be recognized, 

RECOVERY TIME (tree) - is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW to HIGH in order to recognize and transfer HIGH Data to the Q outputs, 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS181 is a 4-bit Arithmetic Logic 
Unit (ALU) which can perform all the possible 16 logic, operations on 
two variables and a variety of arithmetic operations. 

• PROVIDES 16 ARITHMETIC OPERATIONS 
ADD, SUBTRACT, COMPARE, DOUBLE, PLUS 
TWELVE OTHER ARITHMETIC OPERATIONS 

• PROVIDES ALL 16 LOGIC OPERATIONS OF TWO VARIABLES 
EXCLUSIVE-OR, COMPARE, AND, NAND. OR, 
NOR, PLUS TEN OTHER LOGIC OPERATIONS 

• FULL LOOKAHEAD FOR HIGH SPEED ARITHMETIC 
OPERATION ON LONG WORDS 

• INPUT CLAMP DIODES 

PIN NAMES LOADING (Note a) 

HIGH LOW 
Ao-A3.60-63 Operand (Active LOW) Inputs 

SO-53 Function - Select Inputs 
M Mode Control Input 

Carry Input 
Function (Active LOW) Outputs 

1.5 U,L 
2,0 U.l. 
0.5 U.l. 
2.5U.L. 
10 U.L. 

Cn 

FO-F'3 
A=B 

G 
Comparator Output Open Collector 
Carry Generator (Active LOW) Output 10 U.L. 

p Carry Propagate (Active LOW) Output 10 U.L. 

Cn+4 Carry Output 10 U.L. 

NOTES: 
a. 1 TTL Unit Load IU.L.l = 40 I'A HIGH/I.6 rnA LOw 

0.75 U.l. 
1.0U.L. 

0.25 U.L. 
1.25 U.L. 

5 (2.5) U.L. 

5 (2.5) U.L. 
10 U.L. 

5 U.L. 
5 (2.5) U.L. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. 

LOGIC DIAGRAM 

if'; A2 
t:i!)r--.---i@ 

p 
@ 

0= Pin 
G Numbers 

@ 
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SN54LS181 
SN74LS181 

4-BIT ARITHMETIC 
LOGIC UNIT 

LOW POWER SCHOTTKY 

LOGIC SYMBOL 

2 1 23 22 21 20 19 18 

10 11 

Vcc = Pin 24 
GND = Pin 12 

13 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

2. 

23 
22 

21 

20 ,. 
18 

17 

16 

10 lS 

11 ,. 
12 13 

J Suffix - Case 623-05 
(Ceramic) 

N Suffix - Case 649-03 
IPlastic) 

NOTE: 

16 

,. 
17 

15 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-line Package. 



SN54LS174LS 181 

FUNCTIONAL DESCRIPTION - The SN54LS174LS181 is a 4-bit high speed parallel Arithmetic LogicUnit(ALU). Controlled 
by the four Function Select Inputs (SO ... S3) and the Mode Control Input (M), it can perform all the 16 possible logic operations 
or 16 different arithmetic operations on active HIGH or active LOW operands. The Function Table lists these operations. 

When the Mode Control Input (M) is HIGH, all internal carries are inhibited and the device performs logic operations on the 
individual bits as listed. When the Mode Control Input is LOW, the carries are enabled and the device performs arithmetic 
operations on the two 4-bit words. The device incorporates full internal carry lookahead and provides for either ripple carry 
between devices using the Cn+4 output, or for carry lookahead between packages using the signals P (Carry Propagate) and G 
(Carry Generate), P andG are not affected by carry in. When speed requirements are not stringent, the LS181 can be used in a 
simple ripple carry mode by connecting the Carry Output (Cn+4) signal to the Carry Input (Cn) of the next unit. For high speed 
operation the LS181 is used in conjunction with the 9342 or 93S42 carry lookahead circuit. One carry lookahead package is 
required for each group of the four LS181 devices. Carry lookahead can be provided at various levels and offers high speed 
capability over extremely long word lengths. 

TheA = B output from the LS181 goes HIGH when all four F outputs are HIGH and can be used to indicate logic equivalenceover 
four bits when the unit is in the subtract mode. The A = B output is open collector and can be wired-AND with other A = B 
outputs to give a comparison for more than four bits. The A = B signal can also be used with the Cn+4 signal to indicateA>B and 
A<B. 

The Function Table lists the arithmetic operations that are performed without a carry in. An incoming carry adds a one to each 
operation. Thus, select code LHHL generates A minus B minus 1 (2s complement notation) without a carry in and generates A 
minus B when a carry is applied. Because subtraction is actually performed by complementary addition (1 s complement), a carry 
out means borrow; thus a carry is generated when there is no underflow and no carry is generated when there is underflow. 

As indicated, the LS181 can be used with either active LOW inputs producing active LOW outputs or with active HIGH inputs 
producing active HIGH outputs. For either case the table lists the operations that are performed to the operands labeled inside 
the logic symbol. 

FUNCTION TABLE 

MODE SELECT ACTIVE LOW INPUTS 
INPUTS & OUTPUTS 

LOGIC ARITHMETIC" .. 
S3 52 5, So (M: H) (M = L) (Cn ::: L) 

L L L L A A minus 1 
L L L H AB AS minus 1 
L L H L AT1j ABmlnus 1 

L L H H Logical 1 minus 1 

L H L L A+B Aplus(A+8) 

L H L H B AS plus (A + En 
L H H L A(J)B A minus B minus 1 

L H H H A+B A+B 
H L L L AB Aplus(A+BI 
H L L H A€>a A plus B 
H L H L B AS plus (A + B) 
H L H H A+B A+B 
H H L L Logical 0 A plus A* 

H H L H AS AS plus A 
H H H L AB ABplus A 
H H H H A A 

L:;: LOW Voltage Level 

H = HIGH Voltage Level 

ACTIVE HIGH INPUTS 
& OUTPUTS 

LOGIC ARITHMETIC· .. 
(M: H) (M::: L) (Cn '" Hl 

A A 
A+B A+B 
AB A+S 
Logical 0 minus 1 
Ali A plus AS 

If (A + BI plus AS 

A(i)B A minus B minus 1 

AS AS minus 1 

A+B A plus AS 

AIDB A plus B 

B (A + Sl plus AS 

AB AS minus 1 
Logical 1 A plus A* 

A+B (A + 8) plus A 

A+B (A + Bl plus A 

A A minus 1 

"'Each bit is shifted to the noxt more significant position 
•• Arithmetic operations expressed in 25 complement notation 
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ACTIVE LOW OPERANDS 

'0 
" 
" 

LS181 
4B1TARITHMETIC 

LOGIC UNIT 

ACTIVE HIGH OPERANDS 

II 



SN54LS/74LS181 

GUARANTEED OPERAnNG RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

10H Output Current - High 54,74 -0.4 mA 

10L Output Current - Low 54 4.0 mA 
74 B.O 

VOH Output Voltage - High (A=B only) 54,74 5.5 V 

DC CHARACTERI5nCS OVER OPERAnNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

Output LOW Voltage 54,74 0.25 0.4 V 10L = 4.0mA 

Except G and P 74 0.35 0.5 V 10L = 8.0 mA Vec = Vce MIN, VIN = 
VOL Output G 54,74 0.7 V 10L = 16 mA VILorVIH perTruthTable 

OutputP 54 0.6 
V 10L = 8.0 mA 74 0.5 

10H Output HIGH Current 54,74 100 /lA VCC = MIN, 10H = MAX, VIN = VIH 
or VIL per Truth Table 

II 
Input HIGH Current 

Mode Input 20 
Any Ii: or B Input 60 

/lA VCC = MAX, VIN = 2.7 V 
Any S Input 80 

IIH 
Cn Input 100 

Mode Input 0.1 
Any A or B Input 0.3 

mA VCC = MAX, VIN = 7.0 V Any S Input 0.4 
Cn Input 0.5 

IlL Input Low Current 
Mode Input -0.4 
Any If. or B Input -1.2 

mA VCC = MAX, VIN = 0.4 V Any S Input -1.6 
Cn Input -2.0 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

Power Supply Current 
54 32 

See Note 1A 
ICC 74 34 

mA VCC= MAX 

See Note 1B 
54 35 

74 37 

Note 1. 
With outputs open, ICC is measured for the following conditions: 
A. 50 through 53, M, and A inputs are at 4.5 V, all other inputs are grounded. 
B. SO through 53 and M are at 4.5 V, all other inputs are grounded. 
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SN54LS/74LS 181 

AC CHARACTERISTICS' TA = 25°C VCC = 5 0 V Pin 12 = GND CL = 15 pF 

LIMITS 
SYMBOL PARAMETER 

TYP MAX 
UNITS CONDITIONS 

tpLH Propagation Delay. 18 27 M = 0 V. (Sum or Diff Mode) 
tpHL (Cn to Cn+4) 13 20 

ns 
See Fig. 4 and Tables I and II 

tpLH (Cn to F Outputs) 
17 26 M = 0 V. (Sum Mode) 

ns 
tpHL 13 20 See Fig. 4 and Table I 

tPLH (A or B Inputs to 13 Output) 
19 29 M= SI = S2=OV. SO= S3= 4.5V ns 

tpHL 15 23 (Sum Mode) See Fig. 4 and Table I 

tpLH fA or B Inputs to 13 Output) 
21 32 M= SO=,S3= OV. SI = S2 = 4.5 V 

ns 
tpHL 21 32 (Diff Mode) See Fig. 5 and Table II 

tpLH (A or B Inputs to P Output) 
20 30 M = SI = S2 = 0 V. So = S3 = 4.5 V ns 

tpHL 20 30 (Sum Mode) See Fig. 4 and Table I 

tPLH (A or B Inputs to P Output) 
20 30 M= SO= S3= OV. SI = S2 = 4.5 V 

ns 
tpHL 22 33 (Diff Mode) See Fig. 5 and Table II 

tpLH (A or B Inputs to any F Output) 
21 32 M = SI = S2 = 0 V. So = S3 = 4.5 V ns 

tpHL 13 20 (Sum Mode) See Fig. 4 and Table I 

tpLH (A or B Inputs to any F Output) 
21 32 M= SO= S3= OV. SI = S2 = 4.5 V ns 

tpHL 21 32 (Diff Mode) See Fig. 5 and Table II 

tpLH (A or B Inputs to F Outputs) 
22 33 M = 4.5 V (Logic Mode) 

ns 
tpHL 26 38 See Fig. 4 and Table III 

tpLH (A or B Inputs to Cn+4 Output) 
25 38 M= OV. SO= S3= 4.5V. SI = S2 = OV ns 

tpHL 25 38 (Sum Mode) See Fig. 6 and Table I 

tpLH (A or B Inputs to Cn+4 Output) 
27 41 M= OV. SO= S3= OV. SI = S2 = 4.5 V 

ns 
tpHL 27 41 (Diff Mode) 

(A or B Inputs to A =.B.Output) 
M = So = S3 = 0 V. SI = S2 = 4.5 V 

tpLH 33 50 RL = 2 k!"l 
ns 

tpHL 41 62 (Diff Mode) See Fig. 5 and Table II 

AC WAVEFORMS II 
I 

INP~ 

1---1 tplH l~tPHl 

OUT~ V 

Fig. 4 

AINP~ 

INPU 

BINPU 

1_ltPlH 1---ltPHl 

OUTPU V 

l--ItPlH I~ tpHl 

au '! 

Fig. 5 Fig. 6 
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SN54LS/74LS181 

DIFF MODE TEST TABLE II FUNCTION INPUTS: S1 = S2 = 4 5 V So= S3= M= OV 

INPUT 
OTHER INPUT 

OTHER DATA INPUTS OUTPUT 
SAME BIT 

PARAMETER UNDER 
APPLY APPLY APPLY APPLY 

UNDER 
TEST 

4.5V GND 4.5V GND 
TEST 

tpLH A None B 
Remaining Remaining Fj 

tpHL A B,Cn 

tpLH B A None 
Rem!!lning Re~aining 

FI 
tpHL A B,Cn 

tpLH Ai None 81 Re~aining Rem.!!,[ning 
FI+1 tpHL B,Cn A 

tpLH - - Re~aining Rem.!!,[ning 
FI+1 tpHL 

BI AI None 
B,Cn A 

tpLH A 8 None ...!l.emai!:!ing -
tpHL 

None 
Aand B, Cn 

P 

tPLH B -
None None ...!l.emai!:!ing p 

tpHL 
A 

Aand B, Cn 

tpLH A - .llema.!!:'ing -
tpHL 

B None None 
Aand BI, Cn 

G 

tpLH 8 None A None ,Bema!!!ing G 
tPHL Aand B, Cn 

tpLH A None B Rem~ning Remaining 
A=B 

tpHL A B,Cn 

tpLH 8 A None 
Rem.!!,[ning Remaining 

A=B 
tpHL A B,Cn 

tpLH A - ,Bemal!'ing 
tpHL 

B None None 
Aand B, Cn Cn +4 

tpLH 8 None A None ,Bemai.!:'ing 
Cn +4 tpHL Aand B, Cn 

tpLH Cn None None 
All 

None Cn +4 
tpHL AandB 

II LOGIC MODE TEST TABLE III 

INPUT 
OTHER INPUT 

OTHER DATA INPUTS OUTPUT 
SAME BIT 

PARAMETER UNDER 
APPLY APPLY APPLY APPLY 

UNDER FUNCTION INPUTS 
TEST 

4.5V GND 4.5V GND 
TEST 

tpLH - B Remaining 
Anyi' 

S1 = S2 = M = 4.5 V 
A None None 

AandB, Cn SO=S3=OV tpHL 

tpLH B None A None 
Remaining 

AnyF S1 = S2 = M = 4.5 V 
tpHL A andB, Cn SO=S3=OV 
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SN54LS174LS181 

SUM MODE TEST TABLE I FUNcnON INPUTS: So = S3 = 4 5 V S, = S2 = M = a V 

INPUT 
OTHER INPUT 

OTHER DATA INPUTS OUTPUT 
SAME BIT 

PARAMETER UNDER 
APPLY APPLY APPLY APPLY 

UNDER 
TEST 

4.5V GND 4.5V GND 
TEST 

tpLH 
AI BI None R~maini.!.!g Cn Fj 

tpHL Aand B 

tPLH 81 - Remaining Fj 
tpHL 

AI None 
AandB 

Cn 

tpLH AI BI 
R~maini.!:'g -

tpHL 
None Cn Aand B FI+ , 

tpLH 81 AI None Cn 
R~maini.!:'g 

FI+ , 
tpHL Aand B 

tpLH A B None None Bemai:.!}ing p 
tpHL Aand B, Cn 

tpLH B - .£!emai!)ing p 
tpHL 

A None None 
Aand B, Cn 

tpLH - 8 Remaining Re!!'aining G 
tpHL 

A None B A,Cn 

tpLH B 
- Rem!lning Re!!,aining -

tpHL 
None A 

B A,Cn 
G 

tpLH A None B 
Rem'!]ning Re!!,aining 

Cn+4 tpHL B A,Cn 

tPLH B None A Remaining Remaining 
Cn+4 tpHL B A,Cn 

tPLH Cn None None 
All All Anyi' 

tpHL A B orCn+4 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS182 is a high-speed Carry 
Lookahead Generator. It is generally used with the SN54LS174LS181 
4-Bit Arithmetic Logic Unit to provide high speed lookahead over word 
lengths of more than four bits. The carry lookahead generator is fully 
compatible with all members of the Motorola TTL Family. 

• PROVIDES CARRY LOOKAHEAD ACROSS A 
GROUP OF FOUR ALUs 

• MULTI-LEVEL LOOKAHEAD FOR HIGH-SPEED ARITHMETIC 
OPERATION OVER LONG WORD LENGTHS 

• INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION 
EFFECTS 

LOADING (Note a) 

PIN NAMES 
Co Carry Input 
Go. 13, Carry Generate (Active LOW) Inputs 
13, Carry Generate (Active LOW) Input 
13, Carry Generate (Active LOW) Input 
Po. P, Carry Propagate (Active LOW) Inputs 
P, Carry Propagate (Active LOW) Input 
P, Carry Propagate (Active LOW) Input 
Qo+" Co+,. Co+, Carry Outputs (Note b) 
G Carry Generate (Active LOW) Output 

(Note b) 

HIGH 

0.5 U.L. 
3.5 U.L. 
4.0 U.L. 
2.0 U.L. 
2.0 U.L. 
1.5 U.L. 
1.0 U.L. 
10 U.L. 
10 U.L. 

LOW 

0.25 U.L. 
1.75 U.L. 
2.0 U.L. 
1.0 U.L. 
1.0 U.L. 
0.75 U.L. 
0.5 U.L. 

5 (2.5) U.L. 
5 (2.5) U.L. 

P Carry Propagate (Active LOW) Output 10 U.L. 5 (2.5) U.L. 
(Note b) 

NOTES: 
a. I Unit Load IU.L.I= 40llA HIGH/I.6 rnA LOW 
b. The Output LOW drive factor is 2.5 U.L. for Military(54)and 5 U.l. for Commercial (74) 

Temperature Ranges. 

LOGIC DIAGRAM 

en Go Po G, P, 
9 

@@@ CD @ 

0= Pin Number 
Vec = Pin 16 
GND= Pin 8 
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SN54LS182 
SN74LS182 

CARRY LOOKAHEAD 
GENERATOR 

LOW POWER SCHOTTKY 

LOGIC SYMBOL 

4 3 2 1 1514 6 5 

12 11 

Vcc= Pin 16 
GND= Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 

15 ,. 
13 

12 
11 

10 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the DUBlin-Line Package. 



SN54LS/74LS182 

FUNCTIONAL DESCRIPTION - The SN54LS/74LS182. carry lookahead generator 
~cce.Ets tp to four pairs of active LOW Carry Propagate (Po. fl. P2. P3) and Carry Generate (GO. 
Gl. G2. G3) signals and an active HIGH Carry Input (Cn) and provides anticipated active HIGH 
carries (Cn+ x• Cn+ y• Cn+ z) acros'!.!our groups of binary a~ers. The SN54LS/74LS182 also 
has active LOW Carry Propagate (P) and Carry Generate (G) outputs which may be used for 
further levels of lookahead. 

The logic equations provided at the outputs are: 

Cn+ x = GO + POCn 
Cn+ y =Gl +P1 GO=P1 POCn 
Cn+ z = G2 + P2 Gl'= P2P2GO + P2Pl POCn 
G = G3 + P3G2 + P3P2Gl + P3P2P1GO 
P = P3P2P1PO 

Also. the SN54LS/74LS182 can be used with binary ALUs in an active LOW or active 
HIGHi input operand mode. The connections to and from the ALU to the carry lookahead 
generator are identical in both cases. 

Cn Go Po G, 

X H H 

L H X 

X L X 

H X L 

X X X H 

X H H H 

L H X H 

X X X L 

X L X X 

H X L X 

X X X X 

X X X H 

X H H H 

L H X H 

X X X X 

X X X L 

X L X X 

H X L X 

X X 

X X 

x H 

H H 

X X 

X X 

X L 

L X 

H 

X 

X 

X 

L 

INPUTS 

P, 

H 

X 

X 

X 

L 

L 

X 

H 

X 

X 

X 

X 

L 

L 

X 

X 

H 

X 

X 

X 

X 

L 

X 

H 

X 

X 

L 

TRUTH TABLE 

Gz Pz G3 P3 

H 

H 

H 

H 

L 

X 

X 

X 

X 

H 

H 

H 

X 

L 

X 

X 

H 

X 

X 

X 

X 

L 

L 

L 

X H H 

H H X 

X H X 

X H X 

X L X 

X X L 

L X 'L 

L X 

X 

X 

H 

X 

L 

H = HIGH Voltage Level 
L "" LOW Voltage Level 
X = Immaterial 

L 

X 

X 

X 

H 

L 

OUTPUTS 

Cn+x Cn+y Cn+z 

L 

L 

H 

H 

L 

L 

L 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 
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L 
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H 

H 

H 

H 
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SN54LS174LS 182 

GUARANTEED OPERAnNG RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply. Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

10H Output Current - High 54.74 -0.4 rnA 

10L Output Current - Low 54 4.0 rnA 
74 B.O 

DC CHARACTERlsnCS OVER OPERAnNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 O.B 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC= MIN IIN=-18mA 

VOH Output HIGH Voltage 
54 2.5 

V 10H=MAX VCC = MIN. VIN = VIH 

74 2.7 or VIL per Truth Table 

VOL Output LOW Voltage 
54.74 0.25 0.4 

V IOL=4.0mA VCC = MIN. VIN = VIH 

74 0.35 0.5 10L=B.OmA or VIL per Truth Table 

~- 20 
QO.§2 _ 140 
§3. PO. Pl BO 

/lA VIN=2.7V 
~2 60 VCC=MAX 
~3 40 

IIH 
Gl 160 

~- 0.1 
§0.§2 _ 0.7 
§3. PO. Pl 0.4 VIN=7.0V 
~2 0.3 rnA VCC= MAX 
!:3 0.2 
Gl O.B 

fn _ -0.4 
§0.§2 _ -2.B 

IlL 
§3. PO. Pl -1.6 VIN=0.4V 
~2 -1.2 rnA VCC=MAX 
~3 -o.B 
Gl -3.2 

lOS Output Short-Circuit Current -20 -100 rnA VCC=MAX 
VOUT=OV 

Power Supply Current 
ICC Total. Output HIGH 12 rnA VCC=MAX 

Total. Output LOW 16 
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SN54LS/74LS182 

AC CHARACTERISTICS" TA= 25°C VCC= 5 OV CL = 15 pF 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH (Cn to Cn+x, Cn+y, Cn+z) 
12 25 Po= Pl = P2 = Gnd, Go= Gl = G2 

tpHL 17 30 
ns 

= 4.5 V. Fig. 1 

tPLH {PO, Pl, or P2 to 9.0 21 Px = Ilnd (if..!'ot u!!der test), 
tpHL Cn+x, Cn+v' Cn+z) 10 22 

ns 
Cn = GO = Gl = G2 = 4.5 V, Fig. 2 

tPLH (GO, Gl, or G2 to 9.0 21 Gx = ~.5 V,f!f no!.., under test), 
tPHL Cn+x, Cn+y, Cn+z) 10 22 

ns 
Cn = PO= Pl = P2 = Gnd, Fig. 2 

tpLH (Pl, P2 or P3 to G) 
12 24 ~x = ~nd (If .!lot ur:',der test), 

tpHL 8.0 20 
ns 

GO= Gl = G2 = G3= Cn = 0.0 V, 
Fig. 1 

tpLH (GO, 131, G2 or G3 to G) 
13 25 §x = ~.5 V.!If not under test), 

tpHL 8.0 20 
ns 

Pl = P2 = P3 = Gnd, Fig. 1 

tPLH (PO, Pl, P2 or P3 to P) 
12 24 Px = Gnd (If not under test), 

tPHL 8.0 20 ns Fig. 1 

AC WAVEFORMS 

Flg.1 

INPUT -13V \~-~3~---------______ 300vV 

Po. Pl' P2 OR Go. 01. <h . 
OUTPUT tpHL -1 tpLH 

Cn+x· Cn+y. Cn+z '\ .... '.3_V ____ --Jy.r'3-V-------

Fig. 2 
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® MOTOROL.A 

DESCRIPTION-The SN54LS174LS183 isa Dual Adder. This device 
features high-speed, high-fan-out Darlington outputs and all inputs are 
diode clamped for system design simplification. An individual carry 
output from each bit is featured for use in multiple-input. carry-save 
techniques to produce true sum and true carry outputs with no more 
than two gate delays. 

• FOR USE IN HIGH-SPEED WALLACE-TREE SUMMING 
NETWORKS 

• HIGH-SPEED, HIGH-FAN-OUT DARLINGTON OUTPUTS 

FUNCTION TABLE 

INPUTS OUTPUTS 

Cn B A 1: Cn+,! 

L L L L L 

L L H H L 

L H L H L 

L H H L H 

H L L H L 

H L H L H 

H H L L H 

H H H H H 

H = high level. L = low level 

FUNCTIONAL BLOCK DIAGRAM 

en -,14.'-"_':..,1 ..---1 )>0-------+ 

B (3,12) 

A (1,13) 

SN54LSl83 
SN74LSl83 

DUAL CARRY-SAVE FULL ADDER 

LOW POWER SCHOTTKY 

OUTPUT OUTPUT 

lA NC 18 1en lCn+l 1 I. GND 
~''----v------J 

INPUT INPUTS OUTPUTS 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 
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SN54LS174LS183 

GUARANTEED OPERAllNG RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 DC 

74 0 25 70 

10H Output Current - High 54,74 -0.4 mA 

10L Output Current - Low 54 4.0 mA 
74 B.O 

DC CHARACTERlsnCS OVER OPERAllNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 O.B 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN =-18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L - 4.0 mA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10 = 8.0 mA I VIN = VIL or VIH 
L per Truth Table 

60 pA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.3 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -1.2 mA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC = MAX 

Power Supply Current 
ICC Total, Output HIGH 14 mA VCC = MAX 

Total, Output LOW 17 

AC CHARACTERISTICS- TA = 25DC 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH 
Propagation Delay Time, 

9.0 15 ns 
Low-to-High Level Output VCC=5.0V 

Propagation Delay Time, CL = 15 pF 
tPHL High-to-Low Level Output 

20 33 ns 
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DESCRIPTION - TheSN54LS174LS190isa synchronous UP/DOWN 
BCD Decade (8421) Counter and the SN54LS/74LS191 is a syn­
chronous UP/DOWN Modu10-16 Binary Counter. State changes of the 
counters are synchronous with the LOW-to-HIGH transition of the 
Clock Pulse input. 

Anasynchronous Parallel Load (PL) input overrides counting and loads 
the data present on the Pn inputs into the flip-flops, which makes it 
possibleto use the circuits as programmable counters. ACount Enable 
(CE) input serves as the carry/borrow input in mUlti-stage counters. An 
Up/Down Count Control (0/0) input determines whether a circuit 
counts up or down. A Terminal Count (TC) output and a Ripple Clock 
(RC) output provide overflow/underflow indication and make poss­
ible a variety of methods for generating carry/borrow signals in multi 
-stage counter applications. 

• LOW POWER ... 90 mW TYPICAL DISSIPATION 
• HIGH SPEED ... 25 MHz TYPICAL COUNT FREQUENCY 
• SYNCHRONOUS COUNTING 
• ASYNCHRONOUS PARALLEL LOAD 
• INDIVIDUAL PRESET INPUTS 
• COUNT ENABLE AND UP/DOWN CONTROL INPUTS 
• CASCADABLE 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

SN54LS/74LS190 
SN54LS/74LS191 

PRESETTABLE BCD/DECADE 
UP /DOWN COUNTERS 

PRESETTABLE 4-BIT BINARY 
UP /DOWN COUNTERS 

LOW POWER SCHOTTKY 

4 

14 

LOGIC SYMBOL 

l' 15 1 10 9 

CE 

CP 00 0, 02 Q3 Te 

3 2 6 7 

VCC= Pin 16 
GND= Pin 8 

13 

12 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

PIN NAMES LOADING (Note a) 

HIGH LOW 

CE Count Enable (Active LOW) Input 1.5 U.L. 0.7 U.L. 
CP Clock Pulse (Active HIGH going edge) Input 0.5 U.L. 0.25 U.L. 

U/D Up/Down Count Control Input 0.5 U.L. 0.25 U.L. 

PI: Parallel Load Control (Active LOW) Input 0.5 U.L. 0.25 U.L. 
Pn Parallel Data Inputs 0.5 U.L. 0.25 U.L. 

On Flip·Flop Outputs (Note b) 10 U.L. 5 (2.5) U.L. 

RC Ripple Clock Output (Note b) 10 U.L. 5 (2.5) U.L. 
TC Terminal Count Output (Note b) 10 U.L. 5 (2.5) U.L. 

NOTES: 
a. 1 TTL Unit Load (U.L.I = 40 ~A H IGH/l.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 

Temperature Ranges. 

STATE DIAGRAMS 

190 

LS190 

UP: TC = 00 . 03 . (UfO) 

DOWN: TC = 00' 0, . 02' 03' (UfO) 

LS191 

UP: TC = 00 . 01 • 02 . 03 ' (UfO) 

~OWN: TC = 00 . a, . 62 . 03 . (UfO) 

Count Up 

Count Down 
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J Suffix - Case 620-08 (CeramiC) 
N Suffix - Case 648-05 (Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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SN54LS/74LS190. SN54LS174LS191 

LOGIC DIAGRAMS 

Vee = Pin 16 

GND= Pin B 

o = Pin Numbers 

DECADE COUNTER 
LS190 

BINARY COUNTER 
LS191 
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SN54LS174LS190 • SN54LS174LS191 

FUNCTIONAL DESCRIPTION - The LS190 is a synchronous Up/Down BCD Decade Counter and the LS191 is a 
synchronous Up/Down 4-Bit Binary Counter. The operating modes of the LS190 decade counter and the LS191 binary 
counter are identical, with the only difference being the count sequences as noted in the state diagrams. Each circuit contains 
four master/slave flip-flops, with internal gating and steering logic to provide individual preset, count-up and count-down 
operations. 

Each circuit has an asynchronous parallel load capability permitting the counter to be preset to any desired number. When 
the Parallel Load (pc) input is LOW, information present on the Parallel Data inputs (PO-P3 ) is loaded into the counter and 
appears on the Q outputs. This operation overrides the counting functions, as indicated in the Mode Select Table. 

A HIGH signal on the CE input inhibits counting. When CE is LOW, internal state changes are initiated synchronously by the 
LOW-to-HIGH transition of the clock input. The direction of counting is determined by the U/D input signal, as indicated in 
the Mode Select Table. When counting is to be enabled, the CE signal can be made LOW when the clock is in either state. 
However, when counting is to be inhibited, the LOW-to-HIGH CE transition must occur only while the clock is HIGH. 
Similarly, the DiD signal should only be changed when either CE or the clock is HIGH. 

Two types of outputs are provided as overflow/underflow indicators. The Terminal Count (TC) output is normally LOW and 
goes HIGH when a circuit reaches zero in the count-down mode or reaches maximum (9 for the LS190, 15 for the LS191) 
in the count·up mode. The TC output will then remain HIGH until a state change occurs, whether by counting or presetting 
or until U/D is changed. The TC output should not be used as a clock signal because it is subject to decoding s~ikes. 

The TC signal is also used internally to enable the Ripple Clock (RC) output. The RC output is normally HIGH. When CE is 
LOW and TC is HIGH, the RC output will go LOW when the clock next goes LOW and will stay LOW until the clock goes 
HIGH again. This feature simplifies the design of multi-stage counters, as indicated in Figures a and b. In Figure a,each RC 
output is used as the clock input for the next higher stage. This configuration is particularly advantageous when the clock 
source has a limited drive capability, since it drives only the first stage. To prevent counting in all stages it is only necessary to 
inhibit the first stage, since a HIGH signal on CE inhibits the RC output pulse, as indicated in the RC Truth Table. A 
disadvantage of this configuration, in some applications, is the timing skew between state changes in the first and la.t stages. 
This represents the cumulative delay of the clock as it ripples through the preceding stages. 

A method of causing state changes to occur simultaneously in all stages is shown in Figure b. All clock inputs are driven in 
parallel and the RC outputs propagate the carry/borrow signals in ripple fashion. In this configuration the LOW state duration 
of the clock must be long enough to allow the negative-going edge of the carry/borrow signal to ripple through to the last 
stage before the clock goes HIGH. There is no such restriction on the HIGH state duration of the clock, since the RC output 
of any package goes HIGH shortly after its CP input goes HIGH. 

1-
The configuration shown in Figure c avoids ripple delays and their associated restrictions. The CE input signal for a given 
stage is forlned by combining the TC signals from all the preceding stages. Note that in order to inhibit counting an enable 
signal must be included in each carry gate. The simple inhibit scheme of Figures a and b doesn't apply, because the TC 
output of a given stage is not affected by its own CEo 

PL 

H 

H 

L 

H 

MODE SELECT TABLE RC TRUTH TABLE 

INPUTS 

CE U/D CP 

L L I 
L H I 
X X X 

H X X 

MODE 
INPUTS RC 

CE TC' CP OUTPUT 
Count Up L H lS V 
Count Down H X X H 
Preset (Asyn.) X L X H 
No Change (Hold) 

*TC 15 generated internally 

L .:: LOW Voltage Level 

H = HIGH Voltage Level 

X = Don't Care 

I.: LOW-to-HIGH Clock Transition 

U: LOW Pulse 
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SN54LS174LS190. SN54LS174LS191 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 ° 25 70 

10H Output Current - High 54.74 -0.4 mA 

10L Output Current - Low 54 4.0 mA 
74 8.0 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN = -18 mA 

VOH Output HIGH Voltage 
54 2 .. 5 3.5 V VCC = MIN. 10H = MAX. VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54.74 0.25 0.4 V 10L = 4.0 mAl VCC = Vce MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L = 8.0 mA I VIN = VIL or VIH 
per Truth Table 

Input HIGH Current 
Other Inputs 20 

pA Vec = MAX. VIN = 2.7 V 
IIH IT 60 

Other Inputs 0.1 
mA Vec = MAX. VIN = 7.0 V CE 0.3 

Input LOW Current 
IlL Other Inputs -0.4 

mA Vce = MAX. VIN = 0.4 V CE -1.2 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

lec Power Supply Current 35 mA VCC=MAX II 

MOTOROLA SCHOTTKY TTL DEVICES 

5-179 



SN54LS/74LS190. SN54LS174LS191 

AC CHARACTERISTICS: T A = 25°C 

PARAMETER 
LIMITS 

UNITS TEST CONDITIONS SYMBOL 
MIN TYP MAX 

fMAX Maximum Clock Frequency 20 25 MHz 

tpLH Propagation Delay, 22 33 
PC to Output Q 33 50 

ns 
tpHL 

tpLH Data to 0 utput Q 20 32 
tpHL 27 40 

ns 

tpLH Clock to RC 13 20 
tPHL 16 24 

ns 

tpLH Clock to Output Q 16 24 
VCC=5.0V 

tpHL 24 36 
ns 

28 42 
CL = 15 pF 

tpLH Clock to TC 
tpHL 37 52 

ns 

tpLH U/D to RC 30 45 
tpHL 30 45 

ns 

tpLH U/D to TC 21 33 
tpHL 22 33 

ns 

tpLH GEto RC 21 33 
tpHL 22 33 

ns 

AC SET.UP REQUIREMENTS' TA = 25°C 

LIMITS 
UNITS TEST CONDITIONS SYMBOL PARAMETER 

MIN TYP MAX 

tw CP Pulse Width 25 ns 

tw PL Pulse Width 35 ns 

ts Data Setup Time 20 ns VCC=5.0V 

th Data Hold Time 5.0 ns 

tree Recovery Time 40 ns 

DEFINITIONS OF TERMS: 

SETUP TIME (ts) is defined as the minimum time required for the correct logic level to be present at the logic input prior to 
the clock transition from LOW-to-HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME (th) is defined as the minimum time following the clock transition from LOW-to-HIGH that the logic level must 
be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic 
level may be released prior to the clock transition from LOW-to-HIGH and still be recognized. 

RECOVERY TIME (trec ) is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW-to-HIGH in order to recognize and transfer HIGH data to the Q outputs. 
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SN54LS174LS190 • SN54LS174LS191 

DIRECTION 

CONTROL---r----------------~----------------~------------

ENABLE 

CLOCK 

Fig. a) n·stage counter using ripple clock. 

:::~:~:--~----------------4r----------------~------------

CLOCK--~ ________________ ~----------------~------------

Fig. b) Synchronous n·stage counter using ripple carry/borrow. 

~~~;~~~------~--------------------~~--------------------~-----------
ENABLE~~---+----------_t--------~r_--------_1----------t_-----------

CLOCK 

Fig. c) Synchronous n·stage counter with parallel gated carry/borrow. 
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SN54LS/74LS190 • SN54LS/74LS191 

CP 13V 

QORTC 

Fig. 1 

NOTE: Pi = LOW 

Fig. 3 

a \'------/ 
Fig. 5 

1.3V 

TC 

Fig. 7 

AC WAVEFORMS 

CPORCE~ 
!::t=tPHL ~tPLH 

jjC---- '13V F 

Fig. 2 

\-----

Fig. 4 

1Iff/1I 
"The shaded areas indicate when the input is permitted 
to change for predictable output performance. 

Fig. 6 

Fig.S 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS192 is an UP/DOWN BCD 
Decade (B421) Counter and the SN54LS174LS193 is an UP/DOWN 
MODULO-16 Binary Counter. Separate Count Up and Count Down 
Clocks are used and in either counting mode the circuits operate 
synchronously. The outputs change state synchronous with the LOW­
to - HIGH transitions on the clock inputs. 

Separate Terminal Count Up and Terminal Count Down outputs are 
provided which are used as the clocks for a subsequent stages without 
extra logic, thus simplifying multistage counter designs. Individual 
preset inputs allow the circuits to be used as programmable counters. 
Both the Parallel Load (PL) and the Master Reset (MR) inputs asyn­
chronously override the clocks. 

• LOW POWER ... 95 mWTYPICAL DISSIPATION 
• HIGH SPEED ... 40 MHz TYPICAL COUNT FREQUENCY 
• SYNCHRONOUS COUNTING 
• ASYNCHRONOUS MASTER RESET AND PARALLEL LOAD 
• INDIVIDUAL PRESET INPUTS 
• CASCADING CIRCUITRY INTERNALLY PROVIDED 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES 

CPU Count Up Clock Pulse Input 
CPO Count Down Clock Pulse Input 
MR Asynchronous Master Reset (Clear) Input 
PL Asynchronous Parallel Load (Active LOW) Input 
Pn Parallel Data Inputs 
Do Flip·Flop Outputs (Note b) 
TCD Terminal Count Down (Borrow) Output (Note b) 
TCU Terminal Count Up (Carry) Output (Note b) 

NOTES: 
a. 1 TTL Unit Load (U.L.) = 40 J.!.A HIGH/1.6 mA LOW 

SN54LS/74LS192 
SN54LS/74LS193 

PRESETTABLE BCD/DECADE 
UP/DOWN COUNTER 

PRESETTABLE 4-BIT BINARY 
UP/DOWN COUNTER 

LOW POWER SCHOTTKY 

LOGIC SYMBOL 

11 15 1 10 9 

12 

t3 

t6 

b. The Output LOW drive factor is 2.5 U.L. for MILITARY 154) and 5 U.L. for COMMERCIAL(74) 
Temperature Ranges. 

t5 

t4 

STATE DIAGRAMS 

LSI92 

LS192 LOGIC EQUATIONS 

FOR TERMINAL COUNT 

TeU 00' Q3'CPU 

TeO ao' a,' 52' OJ ' CPO 

LS193 LOGIC EQUATIONS 

FOR TER"MINAL COUNT 

TCU 00' Q1 'Q2 ' Q3 ' CPU 

TeO ~'a,'o;'a;,CPO 

COUNT UP 

COUNTOOWN 

LS193 
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t2 

11 

to 

J Suffix - Case 620-08 
(Ceramic) 

N Suffix - Case 648-05 
(Plastic) 

NOTE: 
The Flatpak version has the same' 
pinouts (Connection Diagram) as 
the Dual In-Line Package. 
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SN54LS174LS192 • SN54LS/74LS193 

LOGIC DIAGRAMS 

Po P, P2 P3 

~QY ~~ __ -;@Y4-__ -r __________ ~CD4-__ -r __________ @P~'01-__ -r __________ ~~1-__ ' 
(LOAD)-

cPu ® 

(UPCOUNTJ~J[]==[]~~~J!~l]!===n==~~i~~~~~~~::r 

Pi: 
(LOAD) 

CPU 

(UPCOUNTI 

QY 

~ 

P, 
@Y CD 

~ ~~ TC ~t . J 

t ~ '~ 
() 

o 
Q3 

LS192 

P3 

@P ~ 

r 

~ 
( 

T
SD:! SDQ 

T 

~[ =t.J-' CD Q 

@ 

~ @ 
CPo 

(DOWN 
COUNT) 

MR 
(CLEAR) 

@ 

@ 

Vee = P;n 16 

GND= P,n 8 

o = Pin Number 

@ 0 ® 
Q, Q2 

LS193 
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SN54LS174LS192o SN54LS174LS193 

FUNCTIONAL DESCRIPTION - The LS192 and LS193 are Asynchronously Presettable Decade and 4-Bit Binary 
Synchronous UP/DOWN (Reversable) Counters. The operating modes of the LS192 decade counter and the LS193 
binary counter are identical, with the only difference being the count sequences as noted in the State Diagrams. Each 
circuit contains four master/slave flip-flops, with internal gating and steering logic to provide master reset, individual 
preset, cou nt up and count down operations. 

Each flip·flop contains JK feedback from slave to master such that a LOW-to-H IGH transition on its T input causes the 
slave, and thus the Q output to change state. Synchronous switching, as opposed to ripple counting, is achieved by driving 
the steering gates of all stages from a common Count Up line and a common Count Down line, thereby causing all state 
changes to be initiated simultaneously. A LOW-to-HIGH transition on the Count Up input will advance the count by one; 
a similar transition on the Count Down input will decrease the count by one. While counting with one clock input, the 
other should be held HIGH. Otherwise, the circuit will either count by twos or not at all, depending on the state of the first 
flip·flop, which cannot toggle as long as either Clock input is LOW. 

The Terminal Count Up (TCU) and Terminal Count Down (TeD) outputs are normally HIGH. When a circuit has reached 
the maximum count state (9 for the LS192, 15 for the LS193), the next HIGH-to-LOW transition of the Count Up Clock 
will cause TCU to go LOW. TCU will stay LOW until CPU goes HIGH again, thus effectively repeating the Count Up Clock, 
but delayed by two gate delays. Similarly, the TeD output will go LOW when the circuit is in the zero state and the Count 
Down Clock goes LOW. Since the TC outputs repeat the clock waveforms, they can be used as the clock input signals to 
the next higher order circuit in a multistage counter. 

Each circuit has an asynchronous parallel load capability permitting the counter to be preset. When the Parallel Load (pc) 
and the Master Reset (MRI inputs are LOW, information present on the Parallel Data inputs (PO' P31 is loaded into the 
counter and appears on the outputs regardless of the conditions of the clock inputs. A HIGH signal on the Master Reset 
input will disable the preset gates, override both Clock inputs, and latch each Q output in the LOW state. If one of the Clock 
inputs is LOW during and after a reset or load operation, the next LOW-to-H IGH transition of that Clock will be interpreted 
as a legitimate signal and will be counted. 

MR PL 

H X 
L L 
L H 
L H 
L H 

L = LOW Voltage Level 

H = HIGH Voltage Level 

X = Don't Care 

MODE SELECT TABLE 

CPU CPD 

X X 
X X 
H H 
J H 
H J 

I = LOW-ta-HIGH Clock TranSition 

MODE 

Reset (Asyn.) 
Preset (Asyn.) 
No Change 
Count Up 
Count Down 
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SN54LS/74LS192. SN54LS174LS193 

GUARANTEED OPERAnNG RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 0 25 70 

10H Output Current - High 54.74 -0.4 mA 

10L Output Current - Low 54 4.0 mA 
74 B.O 

DC CHARAC11ERlsnCS OVER OPERAnNG TEMPERATUR·E RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN =-18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN. 10H = MAX. VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54.74 0.25 0.4 V 10L = 4.0 mA J Vec = VCC MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10 - 8.0 mA I VIN = VIL or VIH 
L per Truth Table 

20 pA VCC = MAX. VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX. VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX. VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA Vcc = MAX 

ICC Power Supply Current 34 mA VCC=MAX 

II AC CHARAC11ERlsnCS: T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

fMAX Maximum Clock Frequency 25 32 MHz 

tpLH CPU Input to 17 26 
tpHL TCU Output 18 24 

ns 

tpLH CPO Input to 16 24 
ns 

tpHL TCD Output 15 24 VCC= 5.0V 

tpLH Clock to 0 
27 38 CL = 15 pF 

tpHL 30 47 
ns 

tpLH PLtoO 
24 40 

tpHL 25 40 
ns 

tpHL MR Input to Any Output 23 35 ns 
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SN54LS174LS192. SN54LS174LS193 

AC SETUP REQUIREMENTS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tw Any Pulse Width 20 ns 

ts Data Setup Time 20 ns 
VCC= 5.0V 

th Data Hold Time 5.0 ns 

tree Recovery Time 40 ns 

DEFINITIONS OF TERMS: 

SETUP TIME (ts) is defined as the minimum time required for the correct logic level to be present at the logic input priorto the PL 
transition from LOW-to-HIGH in order to be recognized and transferred.to the outputs. 

HOLD TIME (th) is defined as the minimum time following the PL transition from LOW-to-HIGH that the logic level must be 
maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level 
may be released prior to the PC transition from LOW-to-HIGH and still be recognized. 

RECOVERY TIME (treel is defined as the minimum time required between the end olthe reset pulse and the clock transition from 
LOW-to-HIGH in order to recognize and transfer HIGH data to the Q outputs. 

MOTOROLA SCHOTTKY TTL DEVICES 

5-187 

II 
I 



II 

SN54LS174LS192. SN54LS174LS193 

AC WAVEFORMS 

cpua'CPO ___ 1.3_VC)=tw~"3V 
tpLH 

tpHL 

\1.3V F Q 

CPu~ 
8= tpHL I..t: tpLH 

Tcu-a-'T-C-o-- \ F 

Fig. 2 

Fig. 4 

*The shaded areas indicate when the input is permitted 
to change for predictable output performance. 

Fig.6 

Fig. 1 

NOTE: Pt. = LOW 

Fig. 3 

Q \13V / 

Fig. 5 

MRJ \13V 
~tw--+'--t,ec1---

cPu a, CPo I -f 1 3 V 

f.-tPHL:::j 
'\- 1.3V Q I 

Fig.7 
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® MOTOROLA 
SN54LSl94A 
SN74LSl94A 

DESCRIPTION - The SN54LS174LS194A is a High Speed 4-Bit 
Bidirectional Universal Shift Register. As a high speed multifunctional 
sequential building block, it is useful in a wide variety of applications. It 
may be used in serial-serial, shift left, shift right, serial-parallel, 
parallel-serial, and parallel-parallel data register transfers. The LS194A 
is similar in operation to the LS195A Universal Shift Register, with 
added features of shift left without external connections and hold (do 
nothing) modes of operation. It utilizes the Schottky diode clamped 
process to achieve high speeds and is fully compatible with all Motorola 
TTL families. 

4-BIT BIDIRECTIONAL 
UNIVERSAL SHIFT REGISTER 

• TYPICAL SHIFT FREQUENCY OF 36 MHz 
• ASYNCHRONOUS MASTER RESET 
• HOLD (DO NOTHING) MODE 
• FULLY SYNCHRONOUS SERIAL OR PARALLEL DATA 

TRANSFERS 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 
HIGH LOW 

So' 51 Mode Control Inputs 0.5 U.L. 0.25 U.L. 

Po - P3 Parallel Data Inputs 0.5 U.L. 0.25 U.L. 

DSR Serial (Shift Right) Data Input 0.5 U.L. 0.25 U.L. 

DSL Serial (Shift Left) Data Input 0.5 U.L. 0.25 U.L. 

CP Clock (Active HIGH Going Edge) Input 0.5 U.L. 0.25 U.L. 

MR Master Reset (Active LOW) Input 0.5 U.L. 0.25 U.L. 

00- 03 Parallel Outputs (Note b) ·,0 U.L. 5(2.5) U.L. 

NOTES: 
a. 1 TTL Un;, Load (U.L.I = 40 ~A HIGHI1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Milltarv (54) and 5 U.L. for Commercial 

(74) Temperature Ranges. 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

'6 
'5 ,. 
'3 
12 

" 
'0 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

LOGIC DIAGRAM 
Po P, P2 P3 

Vcc= Pin 16 
GND= Pin 8 

s,.--=@)=..o -C><>-r-_--.-_1-@.:::3'--~--~-+-"@==----__._--_.____!--'®=:.5 _,-__ ..--+.:::®'---, 

o 
OSR-=----, 

ri1f---t,I---H+-tt-trr---, CD 
r+H--~#-~4+rfh--T> r4H--+=°SL 

o = Pin Numbers 

cp--=QV=:.'~-----~-t-4----~~-t---~-~-+---~ 
MR_,,0~ ____________ ~-4~ ______ ~~~~ ____ ~~~ ______ ~ 
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SN54LS/74LS194A 

FUNCTIONAL DESCRIPTION - The Logic Diagram and Truth Table indicate the functional characteristics of the 
LS194A 4-Bit Bidirectional Shift Register. The LS194A is similar in operation to the Motorola LS195A Universal 
Shift Register when used in seria,l or parallel data register transfers. Some of the common features of the two devices 
are described below: 

1. All data and mode control inputs are edge·triggered. responding only to the LOW to HIGH transition of the Clock (CP). 
The only timing restriction. therefore. is that the mode control and selected data inputs must be stable one set·up time 
prior to the positive transition of the clock pulse. 

2. The register is fully synchronous. with all operations taking place in less than 15 ns (typical) making the device especially 
useful for implementing very high speed CPUs. or the memory buffer registers. 

3. The four parallel data inputs (PO' PI. P2• P3) are O·type inputs. When both 50 and 51 are HIGH. the data appearing on 
PO' PI. P2. and P3 inputs is transferred to the 00. 0 1, O2, and 03 outputs respectively following the next LOW to HIGH 
transition of the clock. 

4. The asynchronous Master Reset (MR). when LOW. overrides all other input conditions and forces the a outputs LOW. 

Special logic features of the LS194A design which increase the range of application are described below: 

1. Two mode control inputs (SO, 51) determine the synchronous operation of the device. As shown in the Mode Select jon 
Table. data can be entered and shifted from left to right (shift right. 00 -+ 0 1, etc.) or right to left (shift left. 0 3 -+ O2, 
etc.). or parallel data can be entered loading all four bits of the register simultaneously. When both 50 and 51 are LOW. 
the existing data is retained in a "do nothing" mode without restricting the HIGH to LOW clock transition. 

2. O·type serial data inputs (OSR. 0SL) are provided on both the first and last stages to allow multistage shift right or shift 
left data transfers without interfering with parallel load operation. 

OPERATING MODE 

Reset 

Hold 

Shift Left 

Shift Right 

Parallel Load 

L:: LOW Voltage Level 
H= HIGH Voltage Level 
X = Don't Care 

MR 

L 

H 

H 

H 

H 

H 

H 

MODE SELECT - TRUTH TABLE 

INPUTS 

S, So DSR DSL Pn 

X X X X X 

I I X X X 

h I X I X 

h I X h X 

I h I X X 

I h h X X 

h h X X Pn 

I = LOW voltage level one set-up time prior to the LOW to HIGH clock tranSition 
h = HIGH voltage level one set-up time prior to the LOW to HIGH clock tranSition 

OUTPUTS 

00 0, 02 Q3 

L L L L 

qo q, q2 q3 

q, q2 q3 L 

q, q2 q3 H 

L qo q, q2 

H qo q, q2 

Po P, P2 P3 

Pn (Qn) = Lower case letters Indicate the state of the referenced Input (or output) one set-up time pnor to the 
LOW to HIGH clock transition. 
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GUARANTEED OPERAllNG RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 0 25 70 

10H Output Current - High 54,74 -0.4 rnA 

10L Output Current - Low 54 4.0 rnA 
74 8.0 

DC CHARACTERlsnCS OVER OPERAllNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONOITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 O.B 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN,IIN =-18 rnA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 4.0 rnA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V I = 8 0 rnA I VIN = VIL or VIH 
OL· per Truth Table 

20 pA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 rnA VCC=MAX 

ICC Power Supply Current 23 rnA VCC=MAX 

II 
AC CHARACTERlsnCS- T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

fMAX Maximum Clock Frequency 25 36 MHz 

tpLH Propagation Delay, 14 22 VCC= 5.0V 
tpHL Clock to Output 17 26 

ns 
CL = 15 pF 

tpHL Propagation Delay, 
19 30 ns 

MR to Output 
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AC SETjUP REQUIREMENTS' T A = 25°C 

LIMITS 
UNITS TEST CONDITIONS SYMBOL PARAMETER 

MIN TYP MAX 

tw Clock or MR Pulse Width 20 ns 

ts Mode Control Setup Time 30 ns 

ts Data Setup Time 20 ns VCC=5.0V 

th Hold Time. Any Input 0 ns 

tree Recovery Time 25 ns 

DEFINITIONS OF TERMS: 

SETUP TIME (ts) - isdefined as the minimum time requiredforthe correct logic level to be present atthe logic input prior to the 
clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME (th) - is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must be 
maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct log\c level 
may be released prior to the clock transition from LOW to HIGH and still be recognized. 

RECOVERY TIME (trecl- is defined as the minimum time required between the end of the reset pulse and the clock transition 
from LOW to HIGH in order to recognize and transfer HIGH Data to the Q outputs. 

AC WAVEVFORMS 
The shaded areas indicate when the input is permitted to change for predictable output performance. 

CLOCK 

CLOCK TO OUTPUT OELAYS 
CLOCK PULSE WIDTH AND 'max 

r--'/fma'----j 

L L'w---L 
OUTPUT tPHL-j I IPLH--j 

---~\'3V F 

OTHER CONDITIONS: 51 = L. MA = H. So = H 

Fig. 1 

MASTER RESET PULSE WIDTH. 
MASTER RESET TO OUTPUT DELAY AND 

MASTER RESET TO CLOCK RECOVERY TIME 

OTHER CONDITIONS: 50.51 = H 

Po = PI = P2 = P3 = H 

Fig. 2 

SETUP It,l AND HOLD Ithl TIME FOR SERIAL 
DATA IDSR. DSLI AND PARALLEL DAT.<\IPO. Pl. P2. P31 

SO----------------r\~,--~,S~S~H,=IT~L~EIT~I-----

\.:._---------
s,---------------~\ 

'------

CLOCK 

OUTPUT'~ / 
'-----' ',-_-,I 

OTHER CONDITIONS: iiiiR = H 

·OSR set-up time affects 00 only 
DSL set-up time affects 03 only 

Fig. 3 

SETUP It,l AND HOLD Ithl TIME FOR S INPUT 

__ J~~:~LETIME\ 
50 5 1 13V 

1-1,-1 1-1,-1 
th=O---t- th=O~ 

CLOCK 

OTHER CONDITIONS: MA = H 

Fig.4 
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DESCRIPTION - The SN54LS174LS195A is a high speed 4-8it Shift 
Register offering typical shift frequencies of 39 MHz. It is useful for a 
wide variety of register and counting applications. It utilizes the 
Schottky diode clamped process to achieve high speeds and is fully 
compatible with all Motorola TIL products. 

• TYPICAL SHIFT RIGHT FREQUENCY OF 39 MHz 
• ASYNCHRONOUS MASTER RESET 
• J. K INPUTS TO FIRST STAGE 
• FULLY SYNCHRONOUS SERIAL OR PARALLEL DATA 

TRANSFERS 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 

HIGH LOW 

PE 
PO-P3 
J 
K 
CP 

MR 
Qo- Q3 
03 

NOTES: 

Parallel Enable (Active LOW) Input 
Parallel Data Inputs 
First Stage J (Active HIGH) Input 
First Stage K (Active LOW) Input 
Clock (Active HIGH Going Edge) 
Input 
Master Reset (Active LOW) Input 
Parallel Outputs (Note b) 
Complementary Last Stage Output 
(Note b) 

a. 1 TIL Unit Load IU.L.) = 40 f./A HIGH/l.6 mA LOW. 

0.5 U.L. 
0.5 U.L. 
0.5 U.L. 
0.5 U.L. 

0.5 U.L. 
0.5 U.L. 
10 U.L. 
10 U.L. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for 
Commercial (74) Temperature Ranges. 

LOGIC DIAGRAM 

PE J K Po 

® 0 Q) @I 

VCC= Pin 16 
GND= PinS 
0= Pin Numbers 

P, ·2 

® ® 

0, 

0.25 U.L. 
0.25 U.L. 
0.25 U.L. 
0.25 U.L. 

0.25 U.L. 
0.25 U.L. 

5(2.5) U.L. 
5(2.5) U.L. 

P3 MA CP 

CD CD! @ 
V 
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SN74LSl95A 

UNIVERSAL 4-BIT 
SHIFT REGISTER 

LOW POWER SCHOTTKY 

10 

3 

LOGIC SYMBOL 

9 4 5 6 7 

1 1514 13 12 

VCC= Pin 16 
GND= PinS 

11 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

J Suffix - Case 620-08 
(Ceramic) 

N Suffix - Case 64S-05 
(Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Duel In-Line Package. 
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SN54LS174LS195A 

FUNCTIONAL DESCRIPTION - The Logic Diagram and Truth Table indicate the functional characteristics of the 
LS195A 4-Bit Shift Register. The device is useful in a wide variety of shifting, counting and storage applications. It 
performs serial, parallel, serial to parallel, or parallel to serial data transfers at very high speeds. 

The LS195A has two primary modes of operation, shift right (00 -+ 01) and parallel load which are controlled by the 
state of the Parallel Enable (PE) input. When the PE input is HIGH, serial data enters the first flip-flop 00 via the J 
and K inputs and is shifted one bit in the direction 00 -+ 01 -+ 02 -+ 03 following each LOW to HIGH clock transi­
tion. The JK inputs provide the flexibility of the JK type input for special applications, and the simple D type input 
for general applications by tying the two pins together. When the PE input is LOW, the LS195A appears as four 
common clocked D flip-flops. The data on the parallel inputs PO, Pl, P2, P3 is transferred to the respective 00, 01, 
02, 03 outputs following the LOW to HIGH clock transition. Shift left operations (03 -+ 02) can be achieved by 
tying the On outputs to the Pn-l inputs and holding the PE input LOW. 

All serial and parallel data transfers are synchronous, occurring after each LOW to HIGH clock transition. Since the 
LS195A utilizes edge-triggering, there is no restriction on the activity of the J, K, Pn and PE inputs for logic operation 
- except for the set-up and release time requirements. 

A LOW on the asynchronous Master Reset (MR) input sets all 0 outputs LOW, independent of any other input 
condition. 

OPERATING MOOES 

Asynchronous Reset 

Shift, Set First Stage 

Shift, Reset First Stage 

Shift, Toggle First Stage 

Shift, Retain First Stage 

Parallel Load 

L = LOW voltage levels 
H = HIGH voltage levels 
X = Don't Care 

MR 

L 

H 

H 

H 

H 

H 

MODE SELECT - TRUTH TABLE 

INPUTS 

PE J K Pn 00 

X X X X L 

h h h X H 

h I I X L 

h h I X -
qo 

h I h X qo 

I X X Pn Po 

I = LOW voltage level one set-up time prior to the LOW to HIGH clock transition. 
h = HIGH voltage level one set-up time prior to the LOW to HIGH clock transition. 

OUTPUTS 

0, 02 03 03 

L L L H 

qo q, q2 q2 

qo q, q2 q2 
-qo q, q2 q2 
-

qo q, q2 q2 

P, P2 P3 P3 

Pn (qn) "" Lower case letters indicate the state of the referenced input (or output) one set-up time prior to the 
, LOW to HIGH clock transition. 

GUARANTEED OPERAnNG RANGES 

SYMBOL PARAMETER MIN TYP MAX 

VCC Supply Voltage 54 4.5 5.0 5.5 
74 4.75 5.0 525 

TA Operating Ambient Temperature Range 54 -55 25 125 
74 0 25 70 

IOH Output Current - High 54.74 -0.4 

IOL Output Current - Low 54 4.0 
74 B.O 
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SN54LS174LS195A 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 rnA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 4.0 mAJ VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L = 8.0 rnA I VIN = VIL or VIH 
. per Truth Table 

20 pA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 rnA VCC= MAX 

ICC Power Supply Current 21 mA VCC= MAX 

AC CHARACTERISTICS: T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

fMAX Maximum Clock Frequency 30 39 MHz 

tPLH Propagation Delay 14 22 VCC= 5.0V 
tpHL Clock to Output 17 26 

ns 
CL = 15pF 

tpHL 
Propagation Delay 

19 30 ns 
MRto Output 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tw CP Clock Pulse Width 16 ns 

tw MR Pulse Width 12 ns 

II 
I 

AC SETUP REQUIREMENTS: T A = 25°C 

ts PE Setup Time 25 ns 
VCC= 5.0V 

ts Data Setup Time 15 ns 

trec Recovery Time 25 ns 

trel PE Release Time 10 ns 

th Data Hold Time 0 ns 
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SN54LS/74LS195A 

SETUP TIME (ts) is defined as the minimum time required for the correct logic level to be present at the logic input prior to 
the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME (th) is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must 
be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic 
level may be released prior to the clock transition from LOW to HIGH and still be recognized. 

RECOVERY TIME (tree) is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW to HIGH in order to recognize and transfer HIGH data to the Q outputs. 

AC WAVEFORMS 
The shaded areas indicate when the input is permitted to change for predictable output performance. 

CLOCK TO OUTPUT DELAYS 
AND CLOCK PULSE WIDTH 

Itw~ 

CLOCK L L 
tPHLj tPLH1 

OUTPUT ----- \1.3V ,.3V" 

CONDITIONS: J = PE = MR = H 
K=L 

Fig. 1 

MASTER RESET PULSE WIDTH. 
MASTER RESET TO OUTPUT DELAY AND 

MASTER RESET TO CLOCK RECOVERY TIME 

_ Itw~ 
MR~'3V j(r-'-3-V-------

I ltrecI..---
_____________ -II'3V 

CLOCK • 

OUTPUT 

CONDITIONS: PE = L 
Po = P, = P2 = P3 = H 

Fig. 3 

SETUP Itsl AND HOLD Ithl TIME FOR SERIAL 
DATA IJ & KI AND PARALLEL DATA (PO. Pl. P2. P31 

~-------------~I 

''-_----'I 
CONDITIONS: MR = H 

• J and K set-up time affects 00 only 

Fig. 2 

SETUP Itsl AND HOLD ('hi TIME FOR PE INPUT 

I LOAD PARALLEL DATA I I LOAD SERIAL DATA I 
SHIFT RIGHT 

OUTPUT _________ =:x'-__ a_n_=_Pn ___ ~l 

CONDITIONS: MR = H 
'00 state will be determined by J and K inputs 

Fig. 4 
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DESCRIPTION - The SN54LS174LS196 decade counter is par­
titioned into divide-by-two and divide-by-five sections which can be 
combined to count either in BCD (8.4,2,1) sequence or in a bi-quinary 
mode producing a 50% duty cycle output The SN54LS174LS197 
contains divide-by-two and divide-by-eight sections which can be 
combined to form a modul0-16 binary counter. Low Power Schottky 
technology is used to achieve typical count rates of 70 MHz and power 
dissipation of only 80 mW. 

Both circuit types have a Master Reset (MR) input which overrides all 
other inputs and asynchronously forces all outputs LOW. A Parallel 
Load input (PL) overrides clocked operations and asynchronously loads 
the data on the Parallel Data inputs (Pn) into the flip-flops. This preset 
feature makes the circuits usable as programmable counters. The 
circuits can also be used as4-bit latches, loading data from the Parallel 
Data inputs when PL is LOW and storing the data when PL is HIGH. 

o LOW POWER CONSUMPTION - TYPICALLY 80 mW 
I<) HIGH COUNTING RATES - TYPICALLY 70 MHz 
o CHOICE OF COUNTING MODES - BCD, BI-QUINARY, 

BINARY 
• ASYNCHRONOUS PRESETTABLE 
• ASYNCHRONOUS MASTER RESET 
GI EASY MULTISTAGE CASCADING 
o INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 

HIGH LOW 

CPa Clock (Active LOW Going Edge) 1.0 U.L. 1.5 U.L. 
Input to Divide-by-Two Section 

CPl (LS196) Clock (Active LOW Going Edge) 2.0 U.L 1.75 U.L. 
Input to Divide-by-Five Section 

CPl (LS197) Clock (Active LOW Going Edge) 1.0 U.L. 0.8 U.L. 
Input to Divide-by-Eight Section 

MR Master Reset (Active LOW) Input 1.0 U.L 0.5 U.L. 
PL Parallel Load (Active LOW) Input 0.5 U.L 0.25 U.L. 
PO-P3 Data Inputs 0.5 U.L 0.25 U.L. 
QO-Q3 Outputs (Notes b, c) 10 U.L. 5(2.5) U.L. 

NOTES: 
a. 1 TTL Unit Load (U.L.) = 40/lA HIGH/l.6 rnA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 

Temperature Ranges. 
c. In addition to loading shown. Q 0 can also drive CPl. 

SN54LS/74lS196 
SN54LS/74LS197 

4-STAGE PRESETTABLE 
RIPPLE COUNTERS 

LOW POWER SCHOTTKY 

8-0 

6-0 

LOGIC SYMBOL 

1 4 10 3 11 

~ 
PL 

CPo 

CP, 
MR 

f 
13 5 9 2 12 

VCC =Pin 14 

GND = Pin 7 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

13 

12 

11 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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SN54LS/74LS196 • SN54LS174LS197 

LOGIC DIAGRAM 

@ 

MR--~-----oI>-~----------1+--------~--------, 

® 
CPO----------t-ol 

CP1----------------t---~--------+_----__t~ 

® 

@ 

Mil 

Pi: 

CD 

® 
CPo 

&1 

® 

Vee = Pin 14 
GND = Pin 7 o = Pin Numbers 

Q, ® 

LS196 

LS197 
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SN54LS/74LS196. SN54LS/74LS197 

FUNCTIONAL DESCRIPTION - The LS196 and LS197 are asynchronouslypresettable decade and binary ripple counters. 
The LS196 Decade Counter is partitioned into divide-by-two and divide-by-five sections while the LS197 is partitioned into 
divide-by-two and divide-by-eight sections, with all sections having a separate Clock input. In the counting modes, state 
changes are initiated by the HIGH to LOWtransition of the clock signals. State changes of the 0 outputs, however, do not occur 
simultaneously because of the internal ripple delays. When using external logic to decode the 0 outputs, designers should 
bear in mind that the unequal delays can lead to decoding spikes and thus a decoded signal should not be used as a clock or 
strobe. The CPO input serves the 00 flip-flop in both circuit types while the CP1 input serves the divide-by-five or divide-by­
eight section. The 00 output is designed and specified to drive the rated fan-out plus the CP1 input. With the input frequency 
connected to CPO and 00 driving CP1, the LS197 forms a straightforward module-16 counter, with 00 the least significant 
output and 03 the most significant output. 

The LS196 Decade Counter can be connected up to operate in two different count sequences, as indicated in the tables of 
Figure 2. With the input frequency connected to CPO and with 00 driving CP1, the circuit counts in the BCD (8, 4, 2, 1) 
sequence. With the input frequency connected to CPl and 03 driving CPO, 00 becomes the low frequency output and has a 
50% duty cycle waveform. Note that the maximum counting rate is reduced in the latter (bi-quinary) configuration because of 
the interstage gating delay within the divide-by-five section. 

The LS196 and LS 197 have an asynchronous active LOW Master Reset input (MR) which overrides all other inputs and forces 
all outputs LOW. The counters are also asynchronously presettable. A LOWon the Parallel Load input(PL)overrides the clock 
inputs and loads the data from Parallel Data (PO-P3) inputs into the flip-flops. While PL is LOW, the counters act as 
transparent latches and any change in the Pn inputs will be reflected in the outputs. 

Figure 2: LS196 COUNT SEOUENCES 

DECADE INOTE II BI-QUINARY (NOTE 2) 

COUNT Q3 Q2 Ql QO COUNT Qo Q3 Q2 Ql 

0 L L L L 0 L L L L 

1 L L L H 1 L L L H 

2 L L H L 2 L L H L 

3 L L H H 3 L L H H 

4 L H L L 4 L H L L 

5 L H L H 5 H L L L 

6 L H H L 6 H L L H 

7 L H H H 7 H L H L 

B H L L L B H L H H 

9 H L L H 9 H H L L 

NOTES: 
1. Signal applied to CPO. 00 connected to CPl. 
2. Signal applied to CP1, 03 connected to CPO. 

MODE SELECT TABLE 

INPUTS 
RESPONSE 

MR PL CP 

L X X Reset (Clear) 

H L X Parallel Load 

H H "- Count 

H HIGH Voltage Level 
L LOW Voltage Level 
X Don't Care 
L == HIGH to Low Clock Transition 

MOTOROLA SCHOTTKY TTL DEVICES 

5-199 

II 
I 



SN54LS/74LS196. SN54LS/74LS197 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

10H Output Current - High 54.74 -0.4 mA 

10L Output Current - Low 54 4.0 mA 
74 B.O 

DC CHARAcrERISfICS OVER OPERATING TEMPERATURE RANGE (unless otherWise specified) --

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN = -18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN. 10H = MAX. VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54.74 0.25 0.4 V 10L = 4.0 mA I VCC = VCC MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L = 8.0 mA I VIN = VIL or VIH 
per Truth Table 

Input HIGHJ::urrent 
Data. PL 20 
MR. CPO(~196) 40 pA VCC = MAX. VIN = 2.7 V ~. CPO. CP1 (LS197) 40 

IIH 
CP1 (LS196) 80 

Data. PL 0.1 
MR.~0(~196) 0.2 

mA VCC = MAX. VIN = 7.0 V 
MR. CPO. CP1 (LS197) 0.2 
CP1 (LS196) 0.4 

Input LOW Current II 
Data. PC -0.4 
MR -0.8 

IlL CPO -2.4 mA VCC= MAX = VIN = 0.4 V 
CP1 (LS196) -2.8 
CP1 (LS197) -1.3 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

ICC Power Supply Current 27 mA VCC= MAX 
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SN54LS174LS196·SN54LS/74LS197 

AC CHARACfERISTlCS· T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

LS196 LS197 
UNITS TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 

fMAX Maximum Clock Frequency 30 40 30 40 MHz 

tpLH CPO Input to 8.0 15 B.O 15 
ns 

tpHL 00 Output 13 20 14 21 

tpLH CPl Input to 16 24 12 19 ns 
tPHL 01 Output 22 33 23 35 

tpLH CPl Input to 38 57 34 51 ns 
tpHL 02 Output 41 62 42 63 VCC= 5.0V 

tpLH CPl Input to 12 18 55 78 ns CL = 15 pF 
tpHL 03 Output 30 45 63 95 

tpLH 
Data to Output 

20 30 18 27 
ns 

tPHL 29 44 29 44 

tpLH PL Input to 27 41 26 39 ns 
tPHL Any Output 30 45 30 45 

tpHL MR Input to Any Output 34 51 34 51 ns 

AC SETUP REQUIREMENTS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
LS196 LS197 

MIN TYP MAX MIN TYP MAX 

¥J CPO Pulse Width 20 20 ns 

¥J CPl Pulse Width 30 30 ns 

¥J PL Pulse Width 20 20 ns 

¥J MR Pulse Width 15 15 ns 

ts 
Data Input Setup Time-

10 10 ns VCC= 5.0V HIGH 

ts 
Data Input Setup Time-

15 15 ns LOW 

th Data Hold Time - HIGH 10· 10 ns 

th Data Hold Time - LOW 10 10 ns 

tree Recovery Time 30 30 ns 

DEFINITIONS OF TERMS: 

SETUP TIME (tsl - is defined as the minimum time requiredforthe correct logic level to be present althe logic input prior tothe 
clock transition from HIGH to LOW in order to be recognized and transferred to the outputs. 

HOLD TIME (thl - is defined as the minimum time following the clock transition from HIGH to LOWthat the logic level must be 
maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level 
may be released prior to the clock transition from HIGH to LOW and still be recognized. 

RECOVERY TIME (tred - is defined as the minimum time required between the end of the reset pulse and the clock transition 
from HIGH to LOW in order to recognize and transfer LOW Data to the Q outputs. 
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S1:'l541,S174LS196. SN54LS/74LS197 

NOTE: PC = LOW 

Fig. 2 

Fig. 4 

AC WAVEFORMS 

CP 1.3V 

4 tPHL 

--;';"";\ ..... '3_V __ -J 

Fig. 1 

/Iff/II 

Fig. 3 

-The shaded areas indicate when the input is permitted 
to change for predictable output performance. 

Fig. 5 
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® MOTOROLA 

DESCRIPTION - Each multivibrator of the LS221 features a 
negative-transition-triggered input and a positive-transition-triggered 
input either of which can be used as an inhibit input. 

Pulse triggering occurs at a voltage level and is not related to the 
transition time of the input pulse. Schmitt-trigger input circuitry for B 
input allows jitter-free triggering for inputs as slow as 1 volt/second, 
providing the circuit with excellent noise immunity. A high immunity to 
VCC noise is also provided by internal latching circuitry. 

Once triggered, the outputs are independent of further transitions of 
the inputs and are a function of the timing components. The output 
pulses can beterminated by the overriding clear. Input pulse width may 
be of any duration relativetothe output pulse width. Output pulse width 
may be varied from 35 nanoseconds to a maximum of 70s by choosing 
appropriate timing components. With Rext = 2 kO and Cext = 0, a 
typical output pulse of 30 nanoseconds is achieved. Output rise and fall 
times are independent of pulse length. 

Pulse width stability is achieved through internal compensation and is 
virtually independent of VCC and temperature. In most applications, 
pulse stability will only be limited by the accuracy of external timing 
components. 

Jitter-free operation is maintained over the full temperature and VCC 
ranges for greater than six decades of timing capacitance (10pF to 10 
/IF), and greater than one decade of timing resistance (2 to 70 kO for the 
SN54LS221, and 2 to 100 kO for the SN74LS221). Pulse width is 
defined by the relationship: tw!out) = CextRext lin -21 ~ 0.7 CextRext. If 
pulse cutoff is not critical, capacitance up to 1 OOO'/lF and resistance as 
low as 1.4 kO may be used. The range of jitter-free pulse widths is 
extended if VCC is 5 V and 25°C temperature. 

o SN54LS221 and SN74LS221 IS A DUAL HIGHLY STABLE 
ONE-SHOT 

o OVERRIDING CLEAR TERMINATES OUTPUT PULSE 
• PIN OUT IS IDENTICAL TO SN54LS/74LS123 

Rex! 

+ -
~

VCC 

Cex! r RIC 

SN54LS221 
SN74LS221 

DUAL MONOSTABLE 
MULTIVIBRATORS 

WITH SCHMITT-TRIGGER INPUTS 

LOW POWER SCHOTTKY 

(TOPVIEWI 

I RelCtl 1 :2 
CelCt CSlCt 2(1 ClR 28 2A 

'A 18 10 2Q :2 2 Rext! GND 
CLR Cext Cext 

positIVe logic Low Input 10 clear resets a low and 
Q high regardless of doe levels at A 
or B inputs 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

FUNCTION TABLE 

(EACH MONOSTABLE) 

INPUTS OUTPUTS 

CLEAR A B Q a 
L x X L H 
X H X L H 
X X L L H 
H L t .fL 'If 
H ~ H Jl. 1.[ 

t L H Jl. 1.[ 

TYPICAL MAXIMUM 
TYPE POWER OUTPUT PULSE 

DISSIPATION LENGTH 

SN54LS221 23mW 495 
SN74LS221 23mW 70s 
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SN54LS174LS221 

Once in the pulse trigger mode, the output pulse width is determined by tw = RextCextln2, as long as Rext and Cext are within 
their minimum and maximum valves and the duty cycle is less than 50%. This pulse width is essentially independentofVcc and 
temperature variations. Output pulse widths varies typically no more than ±0.5% from device to device. 

Ifthe duty cycle, defined as being 100.t~ where T is the period of the input pulse, rises above 50%, the output pulse width will 

become shorter. If the duty cycle varies between low and high valves, this causes the output pulse width to vary in length, or 
jitter. To reduce jitter to a minimum, Rext should be as large as possible. (Jitter is independent of Cext). With Rext = 100K, jitter is 
not appreciable until the duty cycle approaches 90%. 

Although the LS221 is pin-for-pin compatible with the LS 1 23, it should be remembered that they are not functionally identical. 
The LS 1 23 is retriggerable so thatthe output is dependent upon the inputtransitions once it is high. This is not the case for the 
LS221. Also note that it is recommended to externally ground the LS 123 Cext pin. However, this cannot be done on the LS221. 

The SN54LS/74LS221 is a dual, monolithic, non-retriggerable, high-stability one shot. The output pulse width, tw can bevaried 
over 9 decades of timing by proper selection of the external timing components, Rext and Cext. 

Pulse triggering occurs at a voltage level and is, therefore, independent ofthe inputslew rate. Although all three inputs have this 
Schmitt-trigger effect, only the B input should be used for very long transition triggers (:;;'1.0pV Is). High immunity to VCC noise 
(typically 1.5 V) is achieved by internal latching circuitry. However, standard VCC bypassing is strongly recommended. 

The LS221 has four basic modes of operation. 

Clear Mode: Ifthe clear input is held low, irregardless of the previous output state and other input states, the Q output is low. 

Inhibit Mode: If either the A input is high or the B input is low, once the Q output goes low, it cannot be retriggered by other 
inputs. 

Pulse Trigger 
Mode: This occurs when none of the other modes are in effect and the Q output is low. A proper transition by either the 

CLR, A or B input, as shown in the truth table, will cause the Q output to go high and remain high for the pulse 
timetw· 

Once triggered, as long as the output remains high, all inputtransitions (exceptfor Clear, see Note 4)are ignored. 

Overriding 
Clear Mode: If the Q output is high, it may be forced low by bringing the clear input low. 
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SN54LS/74LS221 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

IOH Output Current - High 54,74 -0.4 mA 

IOL Output Current - Low 54 4.0 mA 
74 8.0 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VT+ 
Positive-Going Threshold 

1.0 2.0 V VCC= MIN Voltage at A Input 

VT- Negative-Going Threshold 54 0.7 1.0 V 
Voltage at A Input 74 0.8 1.0 V VCC=MIN 

VT+ 
Positive-Going Threshold 

1.0 2.0 V VCC=MIN Voltage at B Input 

VT- Negative-Going Threshold 54 0.7 0.9 V 
Voltage at B Input 74 0.8 0.9 V VCC=MIN 

VIK Input Clamp Voltage -1.5 V VCC = MIN, liN = -18 mA 

VOH Output HIGH Voltage 
54 2.5 3.4 V 

VCC = MIN, IOH = MAX 
74 2.7 3.4 V 

VOL , Output LOW Voltage 
54 0.25 0.4 V IOL = 4.0 mA I VCC = MIN 

I 74 0.35 0.5 V IOL = 8.0 mAl 

IIH Input HIGH Current 
20 I'A VCC = MAX, VIN = 2.7 V 

0.1 mA VCC = MAX, VIN = 7.0 V 

Input LOW Current 
Input A -0.4 

IlL Input B -O.B mA VCC = MAX, VIN = 0.4 V 
Clear -0.8 

lOS Short Circuit Current -20 -100 mA VCC=MAX 
II 

I 

Power Supply Current 

ICC 
Quiescent 4.7 11 mA VCC=MAX 
Triggered 19 27 
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SN54LS/74LS221 

AC CHARACTERlsnCS: VCC = 5 OV TA = 25°C 

FROM TO LIMITS 
SYMBOL (INPUT) (OUTPUT) 

MIN TYP MAX 
UNIT TEST CONDITIONS 

tpLH 
A Q 45 70 

ns 
B Q 35 55 

tpHL 
A Q 50 80 

ns Cext = 80 pF, Rext = 2 kCl 
B Q 40 65 

tpHL Clear Q 35 55 ns CL=15 pF, 

tPLH Clear Q 44 65 ns 

70 120 150 See Figure 1 Cext = 80 pF, Rext = 2 Cl 

tw(out) AorB QorD 
20 47 70 ns Cext = 0, Rext = 2 kCl 

600 670 750 Cext = 100 pF,Rext = 10 kCl 

6 6.9 7.5 ms Cext = 1 pF, Rext = 10 kCl 

AC SETUP REQUIREMENTS VCC = 5.0 V, TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

dvldt Rate of Rise or Fall of Input Pulse 
Schmitt, B 1.0 Vis 

Logic Input, A 1.0 Vips 

tw Input Pulse Width 
A or B, tW(in) 40 

ns 
Clear, tw (clear) 40 

ts Clear-Inactive-State Setup Time 15 ns 

Rext External Timing Resistance I 54 1.4 70 
kCl 

I 74 1.4 100 

Cext External Timing Capacitance 0 1000 pF 

II 
Output Duty Cycle 

RT= 2.0 kCl 50 
% 

RT= MAXRext 90 
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SN54LS/74LS221 

AC WAVEFORMS 

,...- IW(,nl ----, 

• INPUT ~ \,-;;;---- ---------3V 

i--,,"ons----t OV 
----~----------~I 3V 

: ~------------OV CLEAR 

r----r 'pLH ,.-.r-- 'pHL 

aOUTPU_T_-+:_...Jf : ,- ------- ----- ::: 
!.-----.t-- 'pHL }4----.j-,...:.'P.:L~H~, __________________ v 

'\ l- ___________ ,V:~ a OUTPUT 

A input is low. 

TRIGGER FROM B, THEN CLEAR - CONDITION 1 

BINPUT ~ 
~~60ns---1 

\ ------- 3V 

\" -------------- 0 V 

-----------------. I 3 V 
~ ___________ OV CLEAR 

---- -------- VOH 

\~-----------------------VOL QOUTPUT / 
_---J 

A Input IS low. TRIGGER FROM B. THEN CLEAR - CONDITION 2 

• INPUT t\ r\-----:: 
~~50ns--.4 .....! ~"o I' Is 

CLEAR \ t ~..::._,;;._--_--_-_--_--_-_--_--_--_-_- :: 
TRIGGERED -----, 

QOUTPUT \ 
NOTTAiGGERE~O _______ .J 

A Input is low. 

CLEAR OVERRIDING B. THEN TRIGGER FROM B 

B1NPUT t \~ __________ -__ -__ -_:: 
I ~ ~50ns--.l 

1.-~50 ns ---t I 3 V 

CLEAR ~\' __________ ...J/1-=-V _________ OV 

a OUTPUT / _____ -J 

A input IS low 
TRIGGERING FROM POSITIVE TRANSITION OF CLEAR 

Fig, 1 
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® MOTOROLA 

DESCRIPTION - The SN54LS/74LS240, 241 and 244 are Octal 
Buffers and Line Drivers designed to be employed as memory address 
drivers, clock drivers and bus-oriented transmitters/receivers which 
provide improved PC board density. 

• HYSTERESIS, AT INPUTS TO IMPROVE NOISE MARGINS 
• 3-STATE OUTPUTS DRIVE BUS LINES OR BUFFER MEMORY 

ADDRESS REGISTERS 
• INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION 

EFFECTS 

SN54LS/74LS240 
SN54LS/74LS241 
SN54LS/74LS244 

OCTAL BUFFER/LINE DRIVER 
WITH 3-STATE OUTPUTS 

LOW POWER SCHOTTKY 

LOGIC AND CONNECTION DIAGRAMS DIP (TOP VIEW) 

SN54LS174LS240 

SN54LS174LS240 

INPUTS 

1ibG OUTPUT 
D 

L L H 
L H 'L 
H X (Zl 

INPUTS 

1G D 

L L 
L H 
H X 

SN54LS174LS241 

TRUTH TABLES 

SN54LS174LS241 

INPUTS 
OUTPUT 

2G D 

L H L 
H H H 

(Z) L X 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = HIGH Impedance 

SN54LS174LS244 

SN54LSI74LS244 

INPUTS 

G,2C D 

L L 
L H 
H X 

OUTPUT 

L 
H 

(Z) 

OUTPUT 

L 
H 
(Z) 

J Suffix - Case 732-03 (Ceramic) 
N Suffix - Case 738-01 (Plastic) 
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SN54LS174LS240 0 SN54LS174LS241 0 SN54LS/74LS244 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

10H Output Current - High 54,74 -3.0 rnA 

54 -12 
rnA 

74 -15 

10L Output Current - Low 54 12 
rnA 

74 24 

DC CHARACTERISTICS OVER OPERATING TEMPERATlJRE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VT+-VT- Hysteresis 0.2 0.4 V VCC= MIN 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 rnA 

VOH Output HIGH Voltage 54,74 2.4 3.4 V VCC = MIN, 10H = -3.0 rnA 

54,74 2.0 V VCC= MIN, 10H=MAX 

54,74 0.25 0.4 V 10L = 12 rnA I VCC =VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 24 rnA I VIN = VIL or VIH 
per Truth Table 

10ZH Output Off Current HIGH 20 IlA VCC = MAX, VOUT = 2.4 V 

10ZL Output Off Current LOW -20 IlA VCC = MAX, VOUT = 0.4 V 

20 IlA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.2 rnA VCC = MAX, VIN = 0.4 V 

lOS Output Short Circuit Current -40 -225 rnA VCC=MAX 

Power Supply Current 
Total. Output HIGH 27 

ICC Total, Output LOW LS240 44 
rnA VCC=MAX 

LS2411244 46 

Total at HIGH Z LS240 50 

LS2411244 54 
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SN54LS/74LS240. SN54LS/74LS241 • SN54LS/74LS244 

AC CHARACTERlsnCS' 'TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 

tpLH Propagation Delay, Data to Output 
tpHL LS240 

tpLH Propagation Delay, Data to Output 
tpHL LS2411244 

tpZH Output Enable Time to HIGH Level 

tPZL Output Enable Time to LOW Level 

tpllZ. Output Disable Time from LOW Level 

tF:HZ Output Disable Time from HIGH Level 

~'3V E 
11~--t-tPHL 

:::J,.3V t 
Flg.1 

Fig. 2 

LIMITS 
UNITS 

MIN TYP MAX 

9.0 14 
ns 

12 18 

12 18 ns 
12 18 

15 23 ns 

20 30 ns 

15 25 ns 

10 18 ns 

AC WAVEFORMS 

TO OUTPUT 
UNDER TEST 

TEST CONDITIONS 

CL = 45 pF, 
RL = 6670 

CL = 5,OpF 
RL=6670 

SkO 

r 
Fig. 3 SWITCH POSITIONS 

SYMBOL SWl SW2 

tpZH Open Closed 

tpZL Closed Open 

tpLZ Closed Closed 

tpHZ Closed Closed 

Fig. 4 Fig. 5 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS242 and SN54LS174LS243 are 
Quad Bus Transmitters/Receivers designed for 4-line asynchronous 
2-way data communications between data buses . 

• HYSTERISIS AT INPUTS TO IMPROVE NOISE IMMUNITY 
• 2-WAY ASYNCHRONOUS DATA BUS COMMUNICATION 
• INPUT CLAMP DIODES LIMIT HIGH...,SPEED TERMINATION 

EFFECTS 

INPUTS 

GAB 0 

L L 
L H 
H X 

INPUTS 

GAB 0 

L L 
L H 
H X 

TRUTH TABLES 

SN54LS174LS242 

INPUTS 
OUTPUT 

GAB 0 

H L X 
L H L 

(Z) H H 

SN54t.S174LS243 

INPUTS 
OUTPUT 

GAB 0 

L L X 
H H L 

(Z) H H 

OUTPUT 

(Z) 
H 
L 

OUTPUT 

(Z) 
L 
H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = HIGH Impedance 

SN54lS/74lS242 
SN54LS/74lS243 

QUAD BUS TRANSCEIVER 

LOW POWER SCHOTTKY 

LOGIC AND 
CONNECTION DIAGRAMS 

DIP (TOP VIEW) 

SN54LS174LS242 

SN54LS174LS243 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

NOTE; 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Duslln-Line Package 

MOTOROLA SCHOTTKY TTL DEVICES 

5-211 



SN54LS/74LS242 • SN54LS/74LS243 

GUARANTEED OPERAllNG RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

IOH Output Current - High 54,74 -3.0 rnA 

54 -12 
rnA 

74 -15 

IOL Output Current - Low 54 12 
rnA 

74 24 

DC CHARACTERISllCS OVER OPERAllNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VT+-VT- Hysteresis 0.2 0.4 V VCC= MIN 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 rnA 

VOH Output HIGH Voltage 54,74 2.4 3.4 V VCC= MIN IOH=-3.0mA 

54,74 2.0 V VCC=MIN, 10H=MAX 

54,74 0.25 0.4 V IOL= 12 rnA I VCC= VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L = 24 rnA I VIN = VIL or VIH 
per Truth Table 

IOZH Output Off Current HIGH 40 /lA VCC = MAX, VOUT = 2.4 V 

10ZL Output Off Current LOW -200 /lA VCC = MAX, VOUT = 0.4 V 

D, E1, E2 20 /lA VCC = MAX, VIN = 2.7 V 

IIH Input HIGH Current E1,E2 0.1 rnA VCC = MAX, VIN = 7.0 V 

D Input 0.1 rnA VCC = MAX, VIN = 5.5 V 

IlL Input LOW Current -0.2 rnA VCC = MAX, VIN = 0.4 V 

lOS Output Short Circuit Current -40 -225 rnA VCC=MAX 

Power Supply Current 
Total. Output HIGH 38 

ICC Total, Output LOW 50 rnA VCC=MAX 

Total at HIGH Z 
LS242 50 

LS243 54 
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SN54LS/74LS242 • SN54LS174LS243 

AC CHARACTERlsnCS' TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 

tpLH 
Propagation Delay, Data to Output 

tpHL 

tpZH Outpui Enable Time to HIGH Level 

tpZL Output Enable Time to LOW Level 

tpLZ Output Disable Time from LOW Level 

tpHZ Output Disable Time from HIGH Level 

~13V E 
II~-r-'PHL 

~'3V t 
Flg.1 

Fig. 2 

Fig. 3 

Fig. 4 

LIMITS 

LS242 

MIN TYP MAX MIN 

9.0 14 
12 1B 

15 23 

20 30 

15 25 

10 18 

AC WAVEFORMS 

TO OUTPUT 
UNDER TEST 

LS243 
UNITS 

TYP MAX 

12 1B 
12 18 

ns 

15 23 ns 

20 30 ns 

15 25 ns 

10 18 ns 

5kn 

r 
SWITCH POSITIONS 

SYMBOL SWI 

tpZH Open 

tpZL Closed 

tpLZ Closed 

tpHZ Closed 

Fig. 5 
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RL= 6670 

CL = 5.0 pF 
RL = 667 0 

SW2 

Closed 

Open 

Closed 

Closed 



® MOTOROLA 

DESCRIPTION - The SN54LS/74LS245 is an Octal BusTransmitterl 
Receiver designed for 8-line asynchronous 2-way data communication 
between data buses. Direction Input(DR) controls transmission of Data 
from bus A to bus 8 or bus Bto busAdepending upon its logic level. The 
Enable input (e) can be used to isolate the buses. 

• HYSTERESIS INPUTS TO IMPROVE NOISE IMMUNITY 
• 2-WAY ASYNCHRONOUS DATA BUS COMMUNICATION 
• INPUT DIODES LIMIT HIGH-SPEED TERMINATION' EFFECTS 

TRUTH TABLE 

INPUTS 

E 

L 
L 
H 

OUTPUT 
DIR 

L Bus B Data to Bus A 
H Bus A Data to Bus B 
X Isolation 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

SN54LS245 
SN74LS245 

OCTAL BUS TRANSCEIVER 

LOW POWER SCHOTTKY 

LOGIC AND CONNECTION DIAGRAM 
DIP (TOP VIEW) 

J Suffix - Case 732-03 (Ceramic) 
N Suffix - Case 738-01 (Plastic) 
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SN54lS/74lS245 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 0 25 70 

10H Output Current - High 54,74 -3.0 rnA 

54 -12 
rnA 

74 -15 

10L Output Current - Low 54 12 
rnA 

74 24 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 O.B 
V All Inputs 

VT+-,V, Hysteresis 0.2 0.4 V VCC= MIN 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 rnA 

VOH Output HIGH Voltage 54,74 2.4 3.4 V VCC = MIN, 10H = -3.0 rnA 

54,74 2.0 V V CC = MIN, 10H = MAX 

54,74 0.25 0.4 V 10L = 12 rnA I VCC - VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 24 rnA I VIN = VIL or VIH 
per Truth Table 

10ZH Output Off Current HIGH 20 pA VCC = MAX, VOUT = 2.4 V 

10ZL Output Off Current LOW -200 pA VCC = MAX, VOUT = 0.4 V 

Aor B, DR or E 20 pA VCC = MAX, VIN = 2.7 V 

IIH Input HIGH Current DR or E 0.1 rnA VCC = MAX, VIN = 7.0 V 

AorB 0.1 rnA VCC = MAX, VIN = 5.5 V 

IlL Input LOW Current -0.2 rnA VCC = MAX, VIN = 0.4 V 

lOS Output Short Circuit Current -40 -225 rnA VCC=MAX 

Power Supply Current 
Total, Output HIGH 70 

ICC Total, Output LOW 90 rnA VCC= MAX 

Total at HIGH Z 95 

AC CHARACTERISTICS' TA = 25°C VCC = 5 a V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Propagation Delay, Data to Output 
8.0 12 

tPHL 8.0 12 
ns 

CL = 45 pF 
tpZH Output Enable Time to HIGH Level 25 40 ns RL = 667 0 

tpZL Output Enable Time to LOW Level 27 40 ns 

tPLZ Output Disable Time from LOW Level 15 25 ns CL = 5.0 pF 
tPHZ Output Disable Time from HIGH Level 15 25 ns RL= 6670 
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® MOTOROLA 

DESCRIPTION - TheSN54LS174LS247thru SN54LS/74LS249 are 
BCD-to-Seven-Segment Decoder/Drivers. 

The LS247 and LS248 are functionally and electrically identical to the 
LS47 and LS48 with the same pinout configuration. The LS249 is a 
l6-pin version ofthe 14-pin LS49 and includes full functional capability 
for lamp test and ripple blanking which was not available in the LS49. 

The composition of all characters, except the 6 and 9 are identical 
between the LS247, 248, 249 and the LS47, 48 and49. The LS47thru 
49 compose the 5 and 9withouttails, the LS247 thru 249 compose the 
5and9'with the tails. The LS247 has active-low outputs for direct drive 
of indicators. The LS248 and 249 have active-high outputs for driving 
lamp buffers. 

All types feature a lamp test input and have full ripple-blanking 
input/output controls. On all types an automatic leading and/or 
trailing-edge zero-blanking control (RBI and RBO) is incorporated and 
an overriding blanking input (BI) is contained which may be used to 
control the lamp intensity by pulsing or to inhibit the output's lamp test 
may be performed at any time when the BI/RBO node is at high level. 
Segment identification and resultant displays are shown below. Display 
pattern for BCD input counts above 9 are unique symbols to authenticate 
input conditions. 

LS247 

• OPEN-COLLECTOR OUTPUTS DRIVE INDICATORS DIRECTLY 
• LAMP-TEST PROVISION 
• LEADING/TRAILING ZERO SUPPRESSION 

LS248 
• INTERNAL PULL-UPS ELIMINATE NEED FOR EXTERNAL 

RESISTORS 
• LAMP-TEST PROVISION 
• LEADING/TRAILING ZERO SUPPRESSION 

LS249 
• OPEN-COLLECTOR OUTPUTS 
• LAMP-TEST PROVISION 
• LEADING/TRAILING ZERO SUPPRESSION 

NUMERICAL DESIGNATIONS AND RESULTANT DISPLAYS 

SEGMENT 
IDENTIFICATION 

SN54LS/74LS247 
SN54LS/74LS248 
SN54LS/74LS249 

BCD-TO-SEVEN-SEGMENT 
DECODERS/DRIVERS 

LOW POWER SCHOTTKY 

SN54LS174LS247 
(TOP VIEW) 

~'¢.~; RB 
OUT 
PUT 

RB 
IN 

PUT 
~ 

INPUTS INPUTS 

SN54LS174LS248 
SN54LS174LS249 

(TOP VIEW) 

OUTPUTS 

GND 

~ ______ ~A~ ______ ~ 

INPUTS 

RB 
OUT 
PUT INPUTS 

J Suffi~ - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 
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SN54LS174LS247" SN54LS174LS248 • SN54LS/74LS249 

ALL CIRCUIT TYPES FEATURE LAMP INTENSITY MODULATION CAPABILITY 

TYPE 

SN54LS247 
SN54LS248 
SN54LS249 

SN74LS247 
SN74LS248 
SN74lS249 

LS247 

BIIRBO 

~~~f~; .:-14.0-' -I----t 
RIPPLE·BLANKING 

OUTPUT 

RBI (5) 
RIPPLE-BLANKING 

INPUT 

ACTIVE 
LEVEL 

low 
high 
high 

low 
high 
high 

DRIVER OUTPUTS TYPICAL 
OUTPUT SINK MAX POWER 

CONFIGURATION CURRENT VOLTAGE DISSIPATION 

open-collector 12 mA 15V 35mW 
2-kn pull-up 2.0mA 5.5V 125mW 
open-collector 4.0mA 5.5V 40mW 

open-collector 24mA 15V 35mW 
2-kn pull-up 6.0mA 5.5V 125mW 
open-collector 8.0mA 5.5V 40mW 

LOGIC DIAGRAM 
LS248.LS249 

INPUT 
A 

INPUT 
B 

INPUT 
C 

INPUT (61 

OUTPUT . AIP!~~~EKING.",14"-' +---i 
OUTPUT 

RIP~'r:p~~NKING .;:15,-1 t== ____ ==:!lJ 
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SN54LS174LS247. SN54LS/74LS248 • SN54LS174LS249 

DECIMAL INPUTS 
OR 

FUNCTION LT RBI D C 

0 H H L L 
1 H X L L 
2 H X L L 
3 H X L L 

4 H X L H 
5 H X L H 
6 H X L H 
7 H X L H 

8 H X H L 
9 H X H L 

10 H X H L 
11 H X H L 

12 H X H H 
13 H X H H 
14 H X H H 
15 H X H H 

BI X X X X 
RBI H L L L 
LT L X X X 

DECIMAL INPUTS 
OR 

FUNCTION LT RBI D C 

0 H H L L 
1 H X L L 
2 H X L L 
3 H X L L 

4 H X L H 
5 H X L H 
6 H X L H 
7 H X L H 

8 H X H L 
9 H X H L 

10 H X H L 
11 H X H L 

12 H X H H 
13 H X H H 
14 H X H H 
15 H X H H 

BI X X X X 
RBI H L L L 
LT L X X X 

H = high level, L = low lavel, X = irrelevant 

B A 

L L 
L H 
H L 
H H 

L L 
L H 
H L 
H H 

L L 
L H 
H L 
H H 

L L 
L H 
H L 
H H 

X X 
L L 
X X 

B A 

L L 
L H 
H L 
H H 

L L 
L H 
H L 
H H 

L L 
L H 
H L 
H H 

L L 
L H 
H L 
H H 

X X 
L L 
X X 

LS247 

FUNCTION TABLE 

BI/RBOt 
a 

H ON 
H OFF 
H ON 
H ON 

H OFF 
H ON 
H ON 
H ON 

H ON 
H ON 
H OFF 
H OFF 

H OFF 
H ON 
H OFF 
H OFF 

L OFF 
L OFF 
H ON 

LS248. LS249 
FUNCTION TABLE 

BI/RBOt 
a 

H H 
H L 
H H 
H H 

H L 
H H 
H H 
H H 

H H 
H H 
H L 
H L 

H L 
H H 
H L 
H L 

L L 
L L 
H H 

OUTPUTS 
NOTE 

b c d e f 9 

ON ON ON ON ON OFF 
ON ON OFF OFF OFF OFF 
ON OFF ON ON OFF ON 
ON ON ON OFF OFF ON 

ON ON OFF OFF ON ON 
OFF ON ON OFF ON ON 
OFF ON ON ON ON ON 
ON ON OFF OFF OFF OFF 1 
ON ON ON ON ON ON 
ON ON ON OFF ON ON 
OFF OFF ON ON OFF ON 
OFF ON ON OFF OFF ON 

ON OFF OFF OFF ON ON 
OFF OFF ON OFF ON ON 
OFF OFF ON ON ON ON 
OFF OFF OFF OFF OFF OFF 

OFF OFF OFF OFF OFF OFF 2 
OFF OFF OFF OFF OFF OFF 3 
ON ON ON ON ON ON 4 

OUTPUTS 
NOTE 

b c d e f 9 

H H H H H L 1 
H H L L L L 1 
H L H H L H 
H H H L L H 

H H L L H H 
L H H L H H 
L H H H H H 
H H L L L L 1 
H H H H H H 
H H H L H H 
L L H H L H 
L H H L L H 

H L L L H H 
L L H L H H 
L L H H H H 
L L L L L L 

L L L L L L 2 
L L L L L L 3 
H H H H H H 4 

NOTES: 1. The blanking input(B I) must be open or held at a high logic level when output functions o through 15 are desired. The ripple-blanking input (RBI) 
must be open or high if blanking of a decimal zero is not desired. 

2. When 8 low logic level is applied directly to the blanking input (B I I, all segment outputs are off regardless of the level of any other input. 
3. When ripple-blanking input (RBI) and inputs A, B, C, and 0 are at a low level with the lamp test input high, all segment outputs go off and the 

ripple-blanking output (RBO) goes to a low level (response condition). 
4. When the blanking input/ripple blanking output (BI/RBO) is open or held high anda low is applied tothe lamp-test input. all segment outputs are on. 

tBI/RBO is wire-AND logic serving as blanking input (BI) and/or ripple-blanking output (RBO). 
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SN54LS/74LS247 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 0 25 70 

10H Output Current - High BI/RBO 54,74 -50 pA 

10L Output Current - Low BI/RBO 54 1.6 rnA 
74 3.2 

VO(offl Off-State Output Voltage a-g 54,74 15 V 

10(on) On-State Output Current a-g 54 12 
rnA 

a-g 74 24 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 rnA 

VOH 
Output HIGH Voltage 54 2.4 4.2 V VCC = MIN, 10H = MAX, VIN = VIH 

BIIRBO 74 2.4 4.2 V 
or VIL per Truth Table 

Output LOW Voltage 54,74 0.25 0.4 V 10L = 1.6 rnA I VCC = VCC MIN, 
VOL BI/RBO 74 0.35 0.5 V 10L - 3.2 rnA I VIN = VIL or VIH 

per Truth Table 

10(off) 
Off-State Output Current 

54,74 250 pA VCC = MAX. VIH = 2.0 V, 
a-g VO(off) = 15 V, VIL = MAX 

On-State Output Voltage 54,74 0.25 0.4 V 10(on) = 12 rnA I VCC = MIN, 
VO(on) a-g 74 0.35 0.5 V 10(on) - 24 rnA I VIH = 2.0 V, 

VIL per Truth Table 

20 pA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current 
Any Input, except BI/RBO -0.4 

rnA VCC = MAX, VIN = 0.4 V 
BI/RBO -1.2 

lOS 
Short Circuit Current 

-0.3 -2.0 rnA VCC=MAX BI/RBO 

ICC Power Supply Current 7.0 13 rnA VCC=MAX 

AC CHARACTERISTICS: VCC = 5 a V TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CO~DITIONS 
MIN TYP MAX 

tpLH Turn-Off Time from A Input 100 
ns 

tpHL Turn-On Time from A Input 100 CL = 15pF, 
tpHL Turn-Off Time from RBI Input 100 

ns RL = 665n 
tpLH Turn-On Time from RBI Input 100 

MOTOROLA SCHOTTKY TTL DEVICES 

5-219 



SN54LS/74LS248 

GUARANTEED OPERAllNG RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 0 25 70 

10H Output Current - High BI/RBO 54,74 -50 
pA 

a-g 54,74 -100 

10L Output Current - Low BI/RBO 54 1.6 
BI/RBO 74 3.2 mA 
a-g 54 2.0 
a-g 74 6.0 

DC CHARACTERISTICS OVER OPERAllNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

VOH 
Output HIGH Voltage 54 2.4 4.2 V VCC = MIN, 10H = MAX, VIN = VIH . or VIL per Truth Table 

a-g and BIIRBO 74 2.4 4.2 V 

10 
Output Current 

54,74 -1.3 -2.0 rnA 
VCC = MIN, Vo = 0.85 V, 

a-g Input Conditions as for VOH 

Output LOW Voltage 

a-g 54,74 0.25 0.4 V 10L= 2.0 mA VCC=MIN, 
VOL 74 0.35 0.5 IOL=6.0mA VIH = 2.0 V, 

BI/RBO 54,74 0.25 0.4 
V 10L = 1.6 mA VIL = per Truth Table 

74 0.35 0.5 IOL=3.2mA 

Input HIGH Current 20 pA VCC = MAX, VIN = 2.7V 
IIH Any Input, except BI/RBO 0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current 
Any Input, except BIIRBO -0.4 

mA VCC = MAX, VIN = 0.4 V 
. BI/RBO -1.2 

lOS 
Short Circuit Current -0.3 -2.0 mA VCC=MAX BI/RBO 

ICC Power Supply Current 25 38 mA VCC=MAX 

AC CHARACTERISTICS: VCC = 5.0 V, TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpHL Propagation Delay Time, High-to-Low-Level Output from A Input 100 
CL = 15 pF, RL = 4.0 kO 

tpLH Propagation Delay Time, Low-to-High-Level Output from A Input 100 
ns 

tpHL Propagation Delay Time, High-to-Low-Level Output from RBI Input 100 
ns CL = 15 pF, RL = 6.0 kO 

tpLH Propagation Delay Time, Low-to-High-Level Output from RBI Input 100 
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SN54LS/74LS249 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

10H Output Current - High BI/RBO 54,74 -50 pA 

10L Output Current - Low BI/RBO 54 1.6 
mA 

BI/RBO 74 3.2 

VOH Output Voltage - High a-g 54,74 5.5 V 

10L Output Current - Low a-g 54 4.0 
mA 

a-g 74 8.0 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

VOH 
Output HIGH Voltage 54 2.4 4.2 V VCC = MIN, 10H = MAX, VIN = VIH 

BI/RBO 74 2.4 4.2 V 
or VIL per Truth Table 

10H 
Output HIGH Current 

54,74 250 pA VCC = MIN, VIH = 2.0 V, 
a-g VOH = 5.5 V, VIL = MAX 

Output LOW Voltage 

BI/RBO 54,74 0.25 0.4 V IOL=1.6mA VCC= MIN, 

VOL 
74 0.35 0.5 IOL=3.2 mA VIH= 2.0 V, 

a-g 54,74 0.25 0.4 
V 

IOL=4.0mA VIL = per Truth Table 
74 0.35 0.5 IOL=8.OmA 

Input HIGH Current 20 pA VCC = MAX. VIN = 2.7 V 
IIH Any Input, except BI/RBO 0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current 
Any Input, except BI/RBO -0.4 

mA VCC = MAX, VIN = 0.4 V 
BI/RBO -1.2 

lOS 
Short Circuit Current 

-0.3 -2.0 mA VCC=MAX BI/RBO 

ICC Power Supply Current 8.0 15 mA VCC=MAX 

AC CHARACTERISTICS: VCC = 5.0 V, TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpHL Propagation Delay Time, High-to-Low-Level Output from A Input 100 
CL = 15 pF, RL = 2.0 kO 

tpLH Propagation Delay Time, Low-to-High-Level Output from A Input 100 
ns 

tpHL Propagation Delay Time, High-to-Low-Level Output from RBI Input 100 
ns CL = 15 pF, RL = 6.0kO 

tpLH Propagation Delay Time, Low-to-High-Level Output from RBI Input 100 
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® MOTOROLA 

DESCRIPTION - The TTLJMSI SN74LS251 is a high speed a-Input 
Digital Multiplexer. It provides, in one package, the abilityto select 
one bit of data from up to eight sources. The LS251 can be used 
as a universal function generator to generate any logic function 
of four variables. Both assertion and negation outputs are 
provided. 

SN74LS251 

• SCHOTTKY PROCESS FOR HIGH SPEED 
8-INPUT MULTIPLEXER 

WITH 3-STATE OUTPUTS 
• MULTIFUNCTION CAPABILITY 
• ON-CHIP SELECT LOGIC DECODING 
• INVERTING AND NON-INVERTING 3-STATE OUTPUTS 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES 

SO-52 
EO 
10- 17 
Z 
Z 

NOTES: 

Select Inputs 
Output Enable (Active LOW) Inputs 
Multiplexer Inputs 
Multiplexer Output 
Complementary Multiplexer Output 

a. I TTL Unit Load IU,L) = 40 pA HIGH/I.S rnA LOW. 

LOGIC DIAGRAM 

~ -" .. S2 

s, ® .. _ .. 
@ 

.. - ... 

t.. _t.. .. 
<2> -" 

LOADING (Note a) 

HIGH LOW 

0.5 U.L. 0.25U.L 
0.5 U.L. 0.25 U.L. 
0.5 U.L. 0.25 U.L. 
65IU.L. 15 U.L. 
65 U.L. 15 U.L. 

'0 
" @ @ @ CD @ 

.. 

7Y9~ 
VCC= Pin 16 
GND = Pin 8 o =PinNumb ers 

L.l ~® 
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SN74LS251 

FUNCTIONAL DESCRIPTION - The LS25' is a logical implementation of a single pole, 8-position switch with the switch 
position controlled b'L the state of three $elect inputs, SO, $" $2' Both assertion and negation outputs are provided. Tha 
Output Enable input (EO) is active LOW. When it is activated, the logic function provided at the output is: 

Z = EO- (lO'SO'5,'52 + 1,'$0'5,'52 + 12'50'$,'52 + 13'$0'$,'52 + 

14'50'5,'$2 + 15'$0'-5,'$2 + 16'50'$,'$2 + 17'SO'$,'$2)' 

When the Output Enable is HIGH, both outputs are in the high impedance (high Z) state. This feature allows multiplexer 
expansion by tying the outputs of up to 128 devices together. When the outputs df the 3-state devices are tied together, all 
but one device must be in the high impedance state to avoid high currents that would exceed the maximum ratings. The 
Output Enable signals should be designed to ensure there is no overlap in the active LOW portion of the enable voltages. 

TRUTH TABLE 

to S2 sl So 10 11 12 13 14 15 16 17 2 2 

H X X X X X X X X X X X (2) (2) 

L L L L L X X X X X X X H L 
L L L L H X X X X X X X L H 
L L L H X L X X X X X X H L 
L L L H X H X X X X X X L H 
L L H L X X L X X X X X H L 
L L H L X X H X X X X X L H 
L L H H X X X L X X X X H L 
L L H H X X X H X X X X L H 
L H L L X X X x L x x X H L 
L H L L X X X X H X X X L H 
L H L H X X X X X L X X H L 
L H L H X X X X X H X X L H 
L H H L X X X X X X L X H L 
L H H L X X X X X X H X L H 
L H H H X X X X X X X L H L 
L H H H X X X X X X X H L H 

H HIGH Voltage Level 

L LOW Voltage Level 

X Don't Care 

(Z) = High Impedance (Off) 

GUARANTEED OPERATlNG RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 4.75 5.0 5.25 V 

TA Operating Ambient Temperature Range 0 25 70 °c 

IOH Output Current - High -2.6 mA 

IOL Output Current - Low 24 mA 
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SN74LS251 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage for 
All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN = -18 rnA 

VOH Output HIGH Voltage 2.4 3.1 V VCC = MIN, 10H = MAX, VIN = VIH 
or VIL per Truth Table 

0.25 0.4 V 10L = 12 rnA I VCC = VCC MIN, 
VOL Output LOW Voltage 

0.35 0.5 V 10L - 24 rnA I VIN = VIL or VIH 
per Truth Table 

10ZH Output Off Current HIGH 20 IlA VCC = MAX, VOUT = 2.4 V 

10ZL Output Off Current LOW -20 IlA VCC = MAX, VOUT = 0.4 V 

20 IlA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -30 -130 rnA VCC=MAX 

ICC 
Power Supply Current 10 rnA VCC = MAX, VE = 0.0 V 

12 rnA VCC = MAX, VE = 4.5 V 

AC CHARACTERISTICS: TA = 25°C, VCC = 5.0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Propagation Delay, 20 33 Fig. 1 
tPHL Select to Z Output 21 33 

ns 

tpLH Propagation Delay, 29 45 
Fig. 2 

tpHL Select to Z Output 28 45 
ns 

tpLH Propagation Delay, 10 15 
ns Fig. 1 

tpHL Data to Z Output .9.0 15 CL= 15 pF, 

tpLH Propagation Delay, 17 28 RL = 2K 0 

tpHL Data to Z Output 18 28 
ns Fig. 2 

tpZH Output Enable Time 17 27 
Figs. 4. 5 

tpZL to ZOutput 24 40 
ns 

tpZH Output Enable Time 30 45 
ns Figs. 3, 5 

tpZL to Z Output 26 40 

tpHZ Output Disable Time 37 55 ns Figs. 3. 5 
tpLZ toZOutput 15 25 CL = §..~ 

tpHZ Output Disable Time 30 45 Figs.4,5 
RL = 667 0 

tpLZ to Z Output 15 25 
ns 
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SN74LS251 

3-STATE AC WAVEFORMS 

~1.3V -r:;-
I~-r-'PHL 

V~'.3V ~ 

Fig. 1 

::-x.'3V ~ -1~:l;'PLZ 
vOUT 13V _ :::1.3V 

Fig. 3 

--VOL 

05VJ 

AC LOAD CIRCUIT 

Fig. 2 

: f-~ ;;;'VOH 

'" 1.3V 
O.5V 

Fig. 4 

Vee SWITCH POSITIONS 

SYMBOL SW1 SW2 

tpZH Open Closed 

tpZL Closed Open 

tpLZ Closed Closed 

tPHZ Closed Closed 

5.0kn 

r 
-Includes Jig and Probe Capacitance. 

Fig. 5 
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® MOTOROLA 

DESCRIPTION - The LSTIL/MSI SN54LS174LS253 is a Dual 4-
I nput Multiplexer with 3-state outputs. It can select two bits of data from 
four sources using common select inputs. The outputs may be 
individually switched to a high impedance state with a HIGH on the 
respective Output Enable (EO) inputs. allowing the outputs to interface 
directly with bus oriented systems. It is fabricated with the Schottky 
barrier diode process for high speed and is completely compatible with 
all Motorola TIL families. 

• SCHOTTKY PROCESS FOR HIGH SPEED 
• MULTIFUNCTION CAPABILITY 
• NON-INVERTING 3-STATE OUTPUTS 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

SN54LS253 
SN74LS253 

DUAL 4-INPUT MULTIPLEXER 
WITH 3-STATE OUTPUTS 

LOW POWER SCHOTTKY 

LOGIC SYMBOL 

PIN NAMES LOADING (Note a) 

HIGH 

SO,S1 Common Select Inputs 0.5 U.L. 

Multiplexer A 

EOa Output Enable (Active LOW) Input 0.5 U.L. 

'Da -13a Multiplexer Inputs 0.5 U.L. 
Za Multiplexer Output (Note b) 65(25) U.L. 

Multiplexer B 

EOb Output Enable (Active LOW) Input 0.5 U.L. 

IOb- 13b Multiplexer Inputs 0.5 U.L. 
Zb Mutiplexer Output (Note b) 65(25) U.L. 

NOTES: 
a. I TTL Unit Load IU.L.I= 40/JA HIGH/I.6 mA LOW. 
b, The Output LOW drive factor is 7.5 U.l. for Military (54) and 15 U.L. for 

Commercial (74)Temperature Ranges. The Output HIGH dnvefactor is 25 U.L. for Military 
(54) and 65 U.L. for Commercial (74) Temperature Ranges. 

LOGIC DIAGRAM 

VCC = Pin 16 
GND = Pin 8 o = Pin Numbers 

LOW 

0.25 U.L. 

0.25 U.L. 
0.25 U.L. 

15(7.5) U.L. 

0.25 U.L. 
0.25 U.L. 

15(7.5) U.L. 
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Vcc = Pin 16 
GND=Pin8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

12 

11 

10 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (PlastiC) 

NOTE 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dualln-Lme Package 



SN54LS174LS253 

FUNCTIONAL DESCRIPTION - The lS253 contains two identical 4-lnput Multiplexers with 3-state outputs_ They select 
two bits_fro~ four sources selected by common select inputs (SO, 51)- The 4-input multiplexers have individual Output 
Enable (EOa' EOb) inputs which when HIGH, forces the outputs to a high impedance (high Z) state. 

The lS253 is the logic implementation of a 2-pole, 4-position switch, where the position of the switch is determined by the 
logic levels supplied to the two select inputs. The logic equations for the outputs are shown below: 

Za~EOa' (lOa' 51. 50 + 11a' 51' SO+12a' Sl' 50+13a' 51' SO) 

Zb~EOb' (lOb' 51' 50+ 11b"51' SO+ 12b' Sl' 50+13b' 51' SO) 

If the outputs of 3-state devices are tied together, all but one device must be in the high impedance state to avoid high 
currents that would exceed the maximum ratings. Designers should ensure that Output Enable signals to 3-state devices whose 
outputs are tied together are designed so that there is no overlap. 

TRUTH TABLE 

SELECT 
DATA INPUTS OUTPUT OUTPUT INPUTS ENABLE 

So 51 10 11 12 13 EO Z 

X X X X x X H (Z) 

L L L x X X L L 

L L H X X X L H 

H L X L X X L L 

H L X H X X L H 

L H X X L X L L 

L H X X H X L H 

H H X X X L L L 

H H X X X H L H 

H HIGH Level 
L LOW Level 
X Irrelevant 
(Z) ~ High Impedance (off) 

Address inputs So and 51 are common to both sections. 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TVP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

IOH Output Current - High 54 -1.0 mA 
74 -2.6 

IOl Output Current - low 54 12 mA 
74 24 
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SN54LS174LS253 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input· HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

VOH Output HIGH Voltage 54 2.4 3.4 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.4 3.1 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 12 mA I Vcc =Vcc MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 24 mA I VIN = VIL or VIH 
per Truth Table 

10ZH Output Off Current HIGH 20 pA VCC = MAX, VOUT = 2.4 V 

10ZL Output Off Cu rrent LOW -20 pA VCC = MAX, VOUT = 0.4 V 

20 pA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -30 -130 mA VCC=MAX 

ICC 
Power Supply Current 12 mA VCC = MAX, VE = 0.0 V 

14 mA VCC = MAX, Vi:: = 4.5 V 

AC CHARACTERISTICS' TA = 25°C VCC= 5 0 V· (See SN54LS251 for Waveforms) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Propagation Delay, 17 25 Fig. 1 
tpHL Data to Output 13 20 

ns 

II 
tpLH Propagation Delay, 30 45 

Fig. 1 
CL = 45 pF, 

tpHL Select to Output 21 32 
ns 

RL=6670 

tpZH Output Enable Time 
15 2B 

Figs. 4, 5 
tpZL 15 23 

ns 

tpHZ Output Disable Time 
27 41 

Figs. 3, 5 
CL - 5.0 pF 

tpLZ i 18 27 
ns RL = 667 n 
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DESCRIPTION - The SN54LS/74LS256 is a Dual4-BitAddressable 
Latch with common control inputs; these include two Address inputs 
(AO, A1), an active LOWEnabie input(E) and an active LOWClear input 
(CL). Each latch has a Data input (D) and four outputs (00-03). 

When the Enable(E) is HIGH and the Clear input(CL) is LOW, all outputs 
(00-03) are LOW. Dual4-channel demultiplexing occurs when the(CL) 
and E are both LOW. When CL is HIGH and E is LOW, the selected 
output (00-03), determined by the Address inputs, follows D. When the 
E goes HIGH, the contents ofthe latch are stored. When operating in the 
addressable latch mode (E=LOW, Q=HIGH), changing more than one 
bit of the Address (AO, A1) could impose a transient wrong address. 
Therefore, this should be done only while in the memory mode 
(E=Q=HIGH). 

o SERIAL-TO-PARALLEL CAPABILITY 
o OUTPUT FROM EACH STORAGE BIT AVAILABLE 
o RANDOM (ADDRESSABLE) DATA ENTRY 
o EASILY EXPANDABLE 
o ACTIVE LOW COMMON CLEAR 
o INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 

HIGH LOW 

AO,A1 
Da, Db 
E 
CL 
00a-0 3a, 
OOb-0 3b 

NOTES: 

Address Inputs 
Data Inputs 
Enable Input (Active LOW) 
Clear Input (Active LOW) 

Parallel Latch Outputs (Note b) 

a. I TIL Unit Load (U.L.) = 40JJA HIGH/I.B mA LOW. 
b. The Output LOW drive factor is 2.5 U.L for Military (54) and 5 U.L for 

Commercial (74) Temperature Ranges. 

LOGIC DIAGRAM 

VCC= Pin 16 
GND = PinB o = Pin Numbers 

0.5 U.L. 
0.5U.L. 
1.0U.L. 
0.5 U.L. 

10U.L. 

0.25 U.L. 
0.25 U.L. 

0.5 U.L. 
0.25 U.L. 

5(2.5) U.L. 

SN54lS256 
SN741lS256 

DUAL4-BIT 
ADDRESSABLE LATCH 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

J Suffix - Case 620-0B (Ceramic) 
N Suffix - Case 64B-05 (Plastic) 

NOTE-
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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SN54LS174LS256 

CL E 

L H 

L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 

H H 

H L 
H L 
H L 
H L 
H L 
H L 
H L 
H L 

H = High Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

D 

X 

L 
H 
L 
H 
L 
H 
L 
H 

X 

L 
H 
L 
H 
L 
H 
L 
H 

GUARANTEED OPERATING RANGES 

AO 

X 

L 
L 
H 
H 
L 
L 
H 
H 

X 

L 
L 
H 
H 
L 
L 
H 
H 

E 

L 
H 
L 
H 

SYMBOL PARAMETER 

Vce Supply Voltage 

LOGIC SYMBOL 
2 1 15 14 13 

4 5 6 7 9 10 11 12 

Vcc= Pin 16 
GND = Pin 8 

TRUTH TABLE 

A, Go 
X L 

L L 
L H 
L L 
L L 
H L 
H L 
H L 
H L 

X ON-I 

L L 
L H 
L ON-I 
L ON-I 
H ON-I 
H ON-I 
H ON-I 
H ON-I 

0, 

L 

L 
L 
L 
H 
L 
L 
L 
L 

ON-I 

ON-I 
ON-I 

L 
H 

ON-I 
ON-I 
ON-I 
ON-I 

MODE SELECTION 

CL MODE 

H Addressable Latch 
H Memory 

02 

L 

L 
L 
L 
L 
L 
H 
L 
L 

ON-I 

ON-I 
ON-I 
ON-I 
ON-I 

L 
H 

ON-I 
ON-I 

L Dual 4-Channel Demultiplexer 
L Clear 

MIN 

54 4.5 
74 4.75 

TA Operating Ambient Temperature Range 54 -55 
74 0 

IOH Output Current - High 54,74 

IOL Output Current - Low 54 
74 
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03 MODE 

L Clear 

L Demultiplex 
L 
L 
L 
L 
L 
L 
H 

ON-I Memory 

ON-I Addressable 
ON-I Latch 
ON-I 
ON-I 
ON-I 
ON-I 

L 
H 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °e 
25 70 

-0.4 mA 

4.0 mA 
8.0 



SN54LS174LS256 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

VOH Output HIGH Voltage 
54 2.4 3.5 V VCC = MIN, IOH = MAX, VIN = VIH 

74 2.4 3.5 V or VIL per .Truth Table 

54,74 0.25 0.4 V 10L = 4.0 mA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

Input HIGH Current 
Others 20 

p.A VCC = MAX, VIN = 2.7 V 
IIH 

Elnput 40 

Others 0.1 
mA VCC = MAX, VIN = 7.0 V Elnput 0.2 

Input LOW Current 
IlL Others -0.4 

mA Vce = MAX, VIN = 0.4 V Elnput -0.8 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

ICC Power Supply Current 25 mA Vce=MAX 

AC CHARACTERISTICS' T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Turn-Off Delay, Enable to Output 20 27 ns VCC = 5.0V, CL = 15 pF 
tpHL Turn-On Delay, Enable to Output 16 24 ns Fig. 1 

tpLH Turn-Off Delay, Data to Output 20 30 ns VCC = 5.0 V, CL = 15 pF 
tpHL Turn-On Delay, Data to Output 13 20 ns Fig. 2 

tPLH Turn-Off Delay, Address to Output 20 30 ns VCC= 5.0 V, CL = 15 pF 
tpHL Turn-On Delay, Address to Output 14 24 ns Fig. 3 

II.·· . 
.. 

tpHL Turn-On Delay, Clear to Output 12 23 ns VCC = 5.0 V, CL = 15 pF 
Fig. 5 

I 
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SN54LS174LS256 

AC SETUP REQUIREMENTS: T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

ts Data Setup Time 20 ns Vee = 5.0V Fig. 4 

ts Address Setup Time 0 ns Fig. 6 

th Data Hold Time 0 ns VCC- 5.0V Fig. 4 

th Address Hold Time 15 ns Vee = 5V Fig. 6 

tw Enable Pulse Width 15 ns VCC- 5.0V Fig. 1 

AC WAVEFORMS 

Fig. 1 TURN-ON ANO TURN-OFF DELAYS. ENABLE 
TO OUTPUT AND ENABLE PULSE WIDTH 

OTHER CONDITIONS: C[ = H. A = STABLE 

Fig. 2 TURN-ON AND TURN-OFF DELAYS. DATA TO 
OUTPUT 

\'3 V t3V 
___ ~"""P-Hl--.J '-t'PlH 

~3V F Q 

OTHER CONDITIONS: E = L. C[ = H. A = STABLE 

Fig. 3 TURN-ON AND TURN-OFF DELAYS. ADDRESS 
TO OUTPUT 

OTHER CONDITIONS: E = L. C[ = L. D = H 

NOTES: 

Fig. 4 SETUP ANO HOLD TIME. DATA TO ENABLE 

a 

a 

OTHER CONDITIONS: C = H. A = STABLE 

Fig. 5 TURN-ON DELAY. CLEAR TO OUTPUT 

C \,.3V 
_________ ~I·L-·~I~t~PH-l------

a ' .... 3_V ____ _ 
OTHER CONDITIONS: E = H 

Fig. 6 SETUP TIME. ADDRESS TO ENABLE 

(SEE NOTES 1 AND 2 ) 

A 

OTHER CONDITIONS: C[ = H 

1. The Address to Enable Setup Time is the time before the HIGH-to-LOW Enabletransitian that the Address must be stable so that the correct 
latch is addressed and the other latches are not affected. 

2. The shaded areas indicate when the inputs are permitted to change for predictable output performance. 

MOTOROLA SCHOTTKY TTL DEVICES 

5-232 



DESCRIPTION - The LSTIL/MSI SN54LS174LS257A and the 
SN54LS/74LS258A are Quad 2-lnput Multiplexers with 3-state 
outputs. Four bits of data from two sources can be selected using a 
Common Data Select input. The four outputs present the selected data 
in true (non-inverted) form. The outputs may be switched to a high 
impedance state with a HIGH on the common Output Enable (EO) Input, 
allowing the outputs to interface directly with bus oriented systems. It is 
fabricated with the Schottky barrier diode process for high speed and is 
completely compatible with all Motorola TIL families. 

• SCHOTIKY PROCESS FOR HIGH SPEED 
• MULTIPLEXER EXPANSION BY TYING OUTPUTS TOGETHER 
• NON-INVERTING 3-STATE OUTPUTS 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

Eo lOa 11a 

@ 0 @ 

Vee· Pin 16 
GND • Pin 8 
o = Pin Numbers za 

'I, 
@ 

LOGIC DIAGRAMS 

SN54LS174LS257A 
lOb 11b IOc 'I, 
® ® @ @ 

SN54LS174LS258A 

s 
CD 

S1M541L$1141LS2571 
SN54lS/74LS258A 

QUAD 2-INPUT MULTIPLEXER 
WITH 3-STATE OUTPUTS 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

SN54LS174LS257A 

VCC= Pin 16 
GND= Pin 8 

16 

15 

I. 
13 

12 

10 

SN54LS174LS258A 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dualln-LLne Package. 
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SN54LS/74LS257A. SN54LS/74LS258A 

FUNCTIONAL DESCRIPTION - The LS257A and LS258Aare Quad 2-lnput Multiplexers with 3-state outputs. They 
select four bits of data from two sources each under control of a Common Data Select Input. When the Select Input is 
LOW, the 10 inputs are selected and when Select is HIGH, the 11 inputs are selected. The data on the selected inputs 
appears at the outputs in true (non-inverted) form for the LS257A and in the inverted form for the LS258A. 

The LS257 A and LS258A are the logic implementation of a 4-pole, 2-position switch where the position ofthe switch is 
determined by the logic levels supplied to the Select Input. The logic equations for the outputs are shown below: 

LS257A 

LS258A 

Za = ~O· (lla· S + 10a·~) 
Zc = EO· (Ilc. S + 10c. S) 

Za = EO· (lla. S + lOa. 5) 
Zc = EO· (llc· S + 10e. S) 

Zb = ~O· (11 b· S + lOb· §) 
Zd = EO· (lld· S + 10d. S) 

Zb = EO • (11 b· S + lOb. 5) 
~ = Eo· (lld· S + 10d. S) 

When the Output Enable Input (EO) is HIGH, the outputs are forced to a high impedance "off" state. If the outputs are 
tied together, all but one device must be in the high impedance state to avoid high currents that would exceed the 
maximum ratings. Designers should ensure that Output Enable signals to 3-state devices whose outputs are tied 
together are designed so there is no overlap. 

OUTPUT SELECT 
ENABLE INPUT 

EO S 

H X 
L H 
L H 
L L 
L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

(z1 = High impedance (off) 

TRUTH TABLE 

DATA OUTPUTS OUTPUTS 
INPUTS LS257A LS258A 

10 11 Z Z 

X X (Z) (Z) 
X L L H 
X H H L 
L X L H 
H X H L 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

Vec Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

10H Output Current - High 54 -1.0 mA 
74 -2.6 

10L Output Current - Low 54 12 rnA 
74 24 
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SN54LS/74LS257A 0 SN54LS/74LS258A 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

VOH Output HIGH Voltage 
54 2.4 3.4 V VCC = MIN, 10H = MAX, VIN = VIH 

74 2.4 3.1 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 12 mA Ivcc = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 24 mA I ~IN = VIL or VIH 
per Truth Table 

10ZH Output Off Current - HIGH 20 JiA VCC = MAX, VOUT = 2.4 V 

10ZL Output Off Current - LOW -20 JiA VCC = MAX, VOUT = 0.4 V 

Other Inputs 20 JiA 

S Inputs 40 JiA 
VCC= MAX, VIN = 2.7V 

IIH Input HIGH Current 
Other Inputs 0.1 mA 

VCC = MAX, VIN = 7.0 V 
S Inputs 0.2 mA 

IlL Input LOW Current 
Other Inputs -0.4 mA 

VCC = MAX, VIN = 0.4 V 
S Inputs -0.8 mA 

lOS Short Circuit Current -30 -130 mA VCC= MAX 

Power Supply Current 

Total, Output HIGH 
LS257A 10 mA 

ICC 
LS258A 7.0 mA 

VCC = MAX 

Total, Output LOW 
LS257A 16 mA 
LS258A 14 mA 

Total, Output 3-State 19 mA 

AC CHARACTERISTICS' TA = 25°C VCC = 5 OV (See SN54LS251 for Waveforms) 

SYMBOL PARAMETER 
MIN 

LIMITS 

TYP MAX 
UNITS TEST CONDITIONS 

tpLH Propagation Delay, Data to Output 12 18 
ns Fig. 1,2 CL = 45 pF 

tpHL 12 18 

tpLH Propagation Delay, Select to Output 14 21 
Fig. 1,2 CL = 45 pF 

tpHL 14 21 
ns 

tpZH Output Enable Time to HIGH Level 20 30 ns Figs. 4, 5 CL = 45 pF 

tpZL Output Enable Time to LOW Level 20 30 ns Figs. 3, 5 RL = 667 (1 

tpLZ Output Disable Time to LOW Level 16 25 ns Figs. 3, 5 CL = 5.0 pF 

tpHZ Output Disable Time from HIGH Level 18 30 ns Figs. 4, 5 RL = 667 (1 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS259 is a high-speed 8-Bit 
Addressable Latch designed for general purpose storage applications in 
digital systems. It is a multifunctional device capable of storing single 
line data in eight addressable latches, and also a 1-of-8 decoder and 
demultiplexer with active HIGH outputs. The device also incorporates 
an active LOW common Clear for resetting all latches, as well as, an 
active LOW Enable. 

• SERIAL-TO-PARALLEL CONVERSION 
• EIGHT BITS OF STORAGE WITH OUTPUT OF EACH BIT 

AVAILABLE 
• RANDOM (ADDRESSABLE) DATA ENTRY 
• ACTIVE HIGH DEMULTIPLEXING OR DECODING CAPABIILlTY 
• EASILY EXPANDABLE 
• COMMON CLEAR 

PIN NAMES 

NOTES: 

Address Inputs 
Data Input 
Enable (Active LOW) Input 
Clear (Active LOW) Input 
Parallel Latch Outputs (Note b) 

a. 1 TTL Unit Load IU.L) = 40 JiA HIGH/l.6 mA LOW. 

LOADING (Note a) 

HIGH LOW 

0.5 U.L. 0.25 U.L. 
0.5 U.L. 0.25 U.L. 
1.0 U.L. 0.5 U.L. 
0.5 U.L. 0.25 U.L. 
10 U.L. 5(2.5) U.L. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for 
Commercial (74) Temperature Ranges. 

LOGIC DIAGRAM 

SN54LS259 
SN74LS259 

8-BIT ADDRESSABLE LATCH 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

VCC = Pin 16 
GND= Pin 8 o = Pin Numbers 
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SN54LS174LS259 

FUNCTIONAL DESCRIPTION - The SN54LS/74LS259 has four modes of operation as shown in the mode selection table. In 
the addressable latch mode, data on the Data line (D) is written into the addressed latch. The addressed latch will follow the data 
input with all non-addressed latches remaining in their previous states. In the memory mode, all latches remain in their previous 
state and are unaffected by the Data or Address inputs. 

In the one-of-eight decoding or demultiplexing mode, the addressed output will follow the state of the D input with all other 
inputs in the LOW state. In the clear mode all outputs are LOW and unaffected by the address and data inputs. 

When operating the SN54LS174LS259 as an addressable latch, changing more than one bit of the address could impose a 
transient wrong address. Therefore, this should only be done while in the memory mode. 

The truth table below summarizes the operations. 

MODE SELECTION 

E C MODE 

L H Addressable Latch 
H H Memory 
L L Active HIGH Eight-Channel 

Demultiplexer 
H L Clear 

x = Don't Care Condition 
L = LOW Voltage Level 

C E 

L H 
L L 
L L 
L L 
L L 

· · · · · · · · · L L 

H H 

H I 
H L 
H L 
H L 

· · · · · · · · 

D AOA1A2 00 

X X X X L 
L L L L L 
H L L L H 
L H L L L 
H H L L L 

· · · · · · · · · H H H H L 

X X X X ON 1 
I L L L L 
H L L L H 
L H L L QN-1 
H H L L QN-1 

· · · · · · · · · · 

01 

L 
L 
L 
L 
H 

L 

QN 

TRUTH TABLE 

PRESENT OUTPUT STATES 

02 Cl3 04 05 

L L L L 
L L L L 
L L L L 
L L L L 
L L L L 

· · · · · L L L L 

1 0 N 1 QN 1 
QN-1 QN-1 

L QN-1 
H ON-1 

· · · · 

06 

L 
L 
L 
L 
L 

L 

H = HIGH Voltage Level H L L H H H QN-1 QN-1 
QN-1 = Previous Output State H L H H H H QN 1 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN 

VCC Supply Voltage 54 4.5 
74 4.75 

TA Operating Ambient Temperature Range 54 -55 
74 0 

IOH Output Current - High 54,74 

IOL Output Current - Low 54 
74 
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• QN 1 

TYP 

5.0 
5.0 

25 
25 

Q7 MODE 

L Clear 
L DemUltiplex 
L 
L 
L 

H 

Memory 

• Addressable 
• Latch 

. 

L 
H 

MAX UNIT 

5.5 V 
5.25 

125 °c 
70 

-0.4 rnA 

4.0 rnA 
B.O 

II 



SN54LS174LS259 

DC CHARACl'ERlsnCS OVER OPERAnNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 
V All Inputs 0.8 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 rnA 

54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 
VOH Output HIGH Voltage 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 4.0 rnA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 rnA I VIN = VIL or VIH 
per Truth Table 

20 /JA VCC= MAX, VIN= 2.7V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 rnA VCC=MAX 

ICC Power Supply Current 36 rnA VCC= MAX 

AC CHARACl'ERlsnCS' TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS CONDITIONS 
MIN TYP MAX 

tPLH Turn-Off Delay, Enable to Output 22 35 ns 
tPHL Turn-On Delay, Enable to Output 15 24 ns 

tpLH Turn-Off Delay, Data to Output 20 32 ns 
tpHL Turn-On Delay, Data to Output 13 21 ns CL= 15pF 
tPLH Turn-Off Delay, Address to Output 24 38 ns 
tpHL Turn-On Delay, Address to Output 18 29 ns 

tpHL Turn-On Delay, Clear to Output 17 27 ns II 
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SN54LS174LS259 

AC SETUP REQUIREMENTS: TA = 25°C VCC = 5.0 V 

SYMBOL PARAMETER 
MIN 

LIMITS 
UNITS 

TYP MAX 

ts Input Setup Time 20 ns 

tw Pulse Width. Clear or Enable 15 ns 

th Hold Time. Data 5.0 ns 

th Hold Time. Address 20 ns 

AC WAVEFORMS 

Fig. 1 TURN-ON AND TURN-OFF DELAYS, ENABLE 
TO OUTPUT AND ENABLE PULSE WIDTH 

Fig. 4 SETUP AND HOLD TIME, DATA TO ENABLE 

~~---J/ 

OTHER CONDITIONS: C = H. A = STABLE 

Fig. 2 TURN-ON AND TURN-OFF DELAYS, DATA TO 
OUTPUT 

\'3 V f·3V 
~IPHl li-IPlH 

Q \'3V F 
OTHER CONDITIONS: E = L. C = H. A = STABLE 

Fig. 3 TURN-ON AND TURN-OFF DELAYS, ADDRESS 
TO OUTPUT 

A, \'3V /,'3V 
I I A, 1,3V \13V 
1~'PHl 1-i/'PlH 

Q, \'3V F 
OTHER CONDITIONS: E = L. C = L, D = H 

NOTES: 

o 

o 

OTHER CONDITIONS: C = H. A = STABLE 

Fig. 5 TURN-ON DELAY, CLEAR TO OUTPUT 

C \'3 V 
1-,,-'PHl 

Q \'3 V 
-OTHER CONDITIONS: E = H 

Fig. 6 SETUP TIME, ADDRESS TO ENABLE 
(SEE NOTES 1 AND 2 ) 

A 

OTHER CONDITIONS: C = H 

1. The Address to Enable Setup Time is the time before the HIGH·to·LOW Enable transition that the Address must be stable so that the correct 
latch is addressed and the other latches are not affected. 

2. The shaded areas indicate when the inputs are permitted to change for predictable output performance. 
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® MOTOROL.A 
SN54lS260 
SN74LS260 

DUAL 5-INPUT NOR GATE 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

IOH Output Current - High 

10L Output Current - Low 

MIN 

54 4.5 
74 4.75 

54 -55 
74 0 

54.74 

54 
74 

LOW POWER SCHOTTKY 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °c 
25 70 

-0.4 rnA 

4.0 rnA 
B.O 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 

54 0.7 
VIL Input LOW Voltage 

74 0.8 
V 

VIK Input Clamp Diode Voltage -0.65 -1.5 V 

VOH Output HIGH Voltage 54 2.5 3.5 V 

74 2.7 3.5 V 

54.74 0.25 0.4 V 
VOL Output LOW Voltage 

74 0.35 0.5 V 

20 /lA 
IIH Input HIGH Current 

0.1 rnA 

IlL Input LOW Current -0.4 rnA 

lOS Short Circuit Current -20 -100 rnA 

Power Supply Current 
ICC Total. Output HIGH 4.0 rnA 

Total. Output LOW 5.5 

AC CHARACTERISTICS: TA = 25°C 

SYMBOL 

tpLH 

tpHL 

PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

Turn Off Delay. Input to Output 5.0 15 ns 

Turn On Delay. Input to Output 6.0 15 ns 
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TEST CONDITIONS 

Guaranteed Input HIGH Voltage for 
All Inputs 

Guaranteed Input LOW Voltage for 
All Inputs 

VCC = MIN. liN =-18 rnA 

VCC = MIN. IOH = MAX. VIN = VIH 
or VIL per Truth Table 

IOL - 4.0 rnA I VCC - VCC MIN. 

10L = 8.0 rnA I VIN = VIL or VIH 
per Truth Table 

VCC = MAX. VIN = 2.7 V 

VCC = MAX. VIN = 7.0 V 

VCC = MAX. VIN = 0.4 V 

VCC=MAX 

VCC=MAX 

TEST CONDITIONS 

VCC = 5.0V 

CL = 15 pF 



'OPEN COLLECTOR OUTPUTS 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

VOH Output Voltage - High 

IOL Output Current - Low 

A 

L 

L 

H 

H 

TRUTH TABLE 

IN OUT 

B Z 

L H 

H L 

L L 

H H 

54 
74 

54 
74 

54,74 

54 
74 

MIN 

4.5 
4.75 

-55 
0 

SN54lS266 
SN14LS266 

QUAD 2-INPUT 
EXCLUSIVE NOR GATE 

LOW POWER SCHOTTKY 

TYP MAX 

5.0 5.5 
5.0 5.25 

25 125 
25 70 

5.5 

4.0 
8.0 

UNIT 

V 

°c 

V 

rnA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage V All Inputs 74 0.8 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 rnA 

IOH Output HIGH Current 54,74 100 pA VCC = MIN, VOH = MAX 

54,74 0.25 0.4 V IOL = 4.0 rnA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V IOL - 8.0 rnA I VIN = VIL or VIH 
per Truth Table 

40 pA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.2 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.8 rnA VCC = MAX, VIN = 0.4 V 

ICC Power Supply Current 13 rnA VCC= MAX 

AC CHARACTERISTICS' T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS CONDITIONS 
MIN TYP MAX 

tpLH Propagation Delay, Other Input LOW 
18 30 

tpHL 18 30 
ns 

VCC= 5.0V 
tPLH Propagation Delay, Other Input HIGH 

18 30 CL = 15 pF, RL = 2.0 kO 
tpHL 18 30 

ns 

MOTOROLA SCHOTTKY TTL DEVICES 

5-241 

II 



II 

® MOTOROLA 

DESCRIPTION - The SN54LS/74LS273 is a high.-speed 8-Bit 
Register. The register consists of eight D-Type Flip-Flops with a 
Common Clock and an asynchronous active LOW Master Reset. This 
device is supplied in a 20-pin package featuring 0.3 inch lead spacing. 

• 8-BIT HIGH SPEED REGISTER 
• PARALLEL REGISTER 
• COMMON CLOCK AND MASTER RESET 
• INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION 

EFFECTS 

PIN NAMES 

CP 
00- 0 7 
MR 
00-07 

NOTES: 

Clock (Active HIGH Going Edge) Input 
Data Inputs 
Master Reset (Active LOW) Input 
Register Outputs (Note b) 

a. 1 TTL Unit Load (U.L.I = 40 pA HIGH/l.6 rnA LOW. 

LOADING (Note a) 

HIGH LOW 

0.5 U.L. 
0.5 U.L. 
0.5 U.L. 
10 U.L. 

0.25 U.L. 
0.25 U.L. 
0.25 U.L. 

5(2.5) U.L. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for 
Commercial (74) Temperature Ranges. 

LOGIC DIAGRAM 0) 
@ DO 

CP 

CD 
Me 

VCC = Pin 20 
GND = Pin 10 00 o = Pin Numbers CD 

TRun TABLE 

MR CP Ox Qx 

L X X L 
H S H H 
H S L L 

H = High Logic Level 
L = Low Logic Level 
X = Immaterial 

CD 
0, 

°t 

CD 

0 0 
02 °3 

°z °3 

CD 0 

SN54LS273 
SN74LS273 

OCTAL D FLIP-FLOP WITH CLEAR 

@ 
D. 

a. 
® 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

2. 
,. 
18 

17 

16 

15 

14 

13 

,. 
J Suffix - Case 732-03 (Ceramic) 
N Suffix - Case 738-01 (Plastic) 

@ @ 
05 06 

°5 06 

@ @ 

@ 
°7 

°7 

@ 
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SN54LS/74LS273 

FUNCTIONAL DESCRIPTION - The SN54LS174LS273 is an 8-Bit Parallel Register with a common Clock and 
common Master Reset. 

When the MR input is LOW, the Q outputs are LOW, independent of the other inputs. Information meeting the setup 
and hold time requirements of the D inputs is transferred to the Q outputs on the LOW-to-HIGH transition of the clock 
input. 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TVP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

10H Output Current - High 54,74 -0.4 mA 

10L Output Current - Low 54 4.0 rnA 
74 8.0 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

MAA UNITS TEST CONDITIONS 
MIN TVP 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 rnA 

54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 
VOH Output HIGH Voltage 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 4.0 rnA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - B.O rnA I VIN = VIL or VIH 
per Truth Table 

20 JlA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 rnA VCC= MAX 

ICC Power Supply Current 27 rnA VCC=MAX 
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SN54LS174LS273 

AC CHARACTERISTICS: TA = 25°C, VCC = 5.0 V 

SYMBOL PARAMETER 
MIN 

LIMITS 

TYP MAX 

fMAX Maximum Input Clock Frequency 30 40 

tpHL Propagation Delay, MR to Q Output 18 27 

tpLH Propagation Delay, Clock to Output 
17 27 

tpHL 18 27 

AC SETUP REQUIREMENTS· TA = 25°C VCC = 5 OV 

SYMBOL PARAMETER 
MIN 

LIMITS 

TYP MAX 

tw Pulse Width, Clock or Clear 20 

ts Data Setup Time 20 

th Hold Time 5.0 

tree Recovery Time 25 

AC WAVEFORMS 

cp 

CLOCK TO OUTPUT DELAYS, 
CLOCK PULSE WIDTH, FREQUENCY, 

SETUP AND HOLD TIMES DATA TO CLOCK 

1/fmax 

*The shaded areas indicate when the input is permitted to change 
for predictable output performance. 

Fig. 1 

DEFINITION OFTERMS: 

a, 

G, 

UNITS TEST CONDITIONS 

MHz Fig. 1 

ns Fig. 2 

ns Fig. 1 

UNITS TEST CONDITIONS 

ns Fig. 1 

ns Fig. 1 

ns Fig. 1 

ns Fig. 2 

MASTER RESET TO OUTPUT DELAY, 
MASTER RESET PULSE WIDTH, 

AND MASTER RESET RECOVERY TIME 

l-tPLH~ 
1.3 V f13V 
13V 13V 

Fig. 2 

SETUP TIME (ts) - is defined as the minimum time required for the correct logic level to be present at the logic input 
prior to the clock transition from LOW-to-HIGH in order to be recognized and transferred to the outputs. 

HOLD TIf\llE (th) - is defined as the minimum time following the clock transition from LOVV-to-HIGH that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the 
correct logic level may be released prior to the clock transition from LOW-to-HIGH and still be recognized. 

RECOVERY TIME {tred - is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW-to-HIGH in order to recognize and transfer HIGH data to the Q outputs. 
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Vee 5, 5, 5, 

5, 5, 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TRUTH TABLE 

INPUTS OUTPUT 

5, 52 R (0) 

L L L 
L X H 
X L H 
H H L 
H H H No Change 

L = LOW Volwge Level 
H = HIGH Voltage Level 
X = Don't Cafe 
h = Theoutpul 15 HIGH as long as 

5, orS2,sLOW Ifallinpuisgo 
GNO HIGH simultaneously. the output 

Si;;!tcIS Indeterrnlnate,Olhorwise. 
II follows the Truth Table 

54 
74 

TA Operating Ambient Temperature Range 54 
74 

IOH Output Current - High 54,74 

IOl Output Current - Low 54 
74 

MIN 

4.5 
4.75 

-55 
0 

SN54lS279 
SN74lS279 

QUAD SET-RESET LATCH 

LOW POWER SCHOTTKY 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °c 
25 70 

-0.4 rnA 

4.0 mA 
8.0 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
Vil Input lOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 rnA 

54 2.5 3.5 V VCC = MIN, IOH = MAX, VIN = VIH 
VOH Output HIGH Voltage 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V IOl = 4.0 mA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V IOL - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 J1A VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC= MAX 

ICC Power Supply Current 7.0 rnA VCC=MAX 

AC CHARACTERISTICS' TA - 25°C -

SYMBOL PARAMETER 
MIN 

LIMITS 

TYP MAX 
UNITS TEST CONDITIONS 

tpLH Propagation Delay, S to Output 
12 22 

VCC = 5.0V ns 
tpHl 13 21 

tpHL Propagation Delay, R to Output 15 27 ns 
CL = 15 pF 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS280 is a Universal 9-Bit Parity 
Generator/Checker. It features odd/even outputs to facilitate either odd or 
even parity. By cascading, the word length is easily expanded. 

The LS280 is designed without the expander input implementation, but 
the corresponding function is provided by an input at Pin4 and the absence 
of any connection at Pin 3. This design permits the LS280to be substituted 
for the LS180 which results in improved performance. The LS280 has 
buffered inputs to lower the drive requirements to one LS unit load. 

• GENERATES EITHER ODD OF EVEN PARITY FOR NINE DATA 
LINES 

• TYPICAL DATA-TO-OUTPUT DELAY OF ONLY 33 ns 
• CAS CAD ABLE FOR n-BITS 
• CAN BE USED TO UPGRADE SYSTEMS USING MSI PARITY 

CIRCUITS 
• TYPICAL POWER DISSIPATION = 80 mW 

FUNCTON TABLE 

NUMBER OF INPUTS A OUTPUTS 

THRU 1 THAT ARE HIGH :1:EVEN :1:0DD 

D, 2, 4,6,8 H L 
1,3.5.7,9 L H 

H '" high level, L .. low level 

SN54LS280 
SN74LS280 

9-BIT ODD/EVEN PARITY 
GENERATORS/CHECKERS 

LOW POWER SCHOTTKY 

(TOP VIEW) 

~NC 11: I;GND 

INPUTS INPUT~ 
OUTPUTS 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 
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SN54LS174LS280 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

IOH Output Current - High 54.74 -0.4 mA 

IOL Output Current - Low 54 4.0 mA 
74 8.0 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
MIN 

LIMITS 

TYP MAX 
UNITS TEST CONDITIONS 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage V All Inputs 74 0.8 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

54 2.5 3.5 V Vec = MIN, IOH = MAX, VIN = VIH 
VOH Output HIGH Voltage 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 4.0 mA I Vce = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 /lA Vec = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA Vce = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC= MAX 

ICC Power Supply Current 27 mA Vce= MAX 

AC CHARACTERISTICS· TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
MIN 

LIMITS 

TYP MAX 
UNITS TEST CONDITIONS 

tpLH Propagation Delay, Data to Output 33 50 
tpHL ~EVEN 29 45 

ns 
CL = 15 pF 

tpLH Propagation Delay, Data to Output 23 35 
tPHL ~ODD 31 50 

ns 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS283 is a high-speed 4-Bit Binary 
Full Adderwith internal carry lookahead.lt accepts two 4-bit binary words 
(A1 - A4. B1 - B4) and a Carry Input (CO). It generates the binary Sum 
outputs ( I: 1 - I: 4) and the Carry Output(C4)from the most significant bit. 
The LS2B3 operates with either active HIGH or active LOW operands 
(positive or negative logic). 

PIN NAMES 

Al- A4 
Bl- B4' 
Co 
1:1 - I:4 
C4 

NOTES: 

Operand A Inputs 
Operand B Inputs 
Carry Input 
Sum Outputs (Note b) 
Carry Output (Note b) 

LOADING (Note a) 

HIGH LOW 

1.0 U.L. 
1.0 U.L. 
0.5 U.L. 
10 U.L. 
10 U.L. 

0.5 U.L. 
0.5 U.L. 

0.25 U.L. 
5(2.5) U.L. 
5(2.5) U.L. 

a. 1 TIL Unit Load (U.L.I = 40 pA HIGH/l.S rnA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for 

Commercial (74) Temperature Ranges 

LOGIC DIAGRAM 

VCC = Pin 16 
GND=Pin 8 

o = Pin Numbers 

SN54LS283 
SN74LS283 

4-BIT BINARY FULL ADDER 
WITH FAST CARRY 

LOW POWER SCHOTTKY 

LOGIC SYMBOL 

5 3 1412 6 215 11 

4 1 13 10 

VCC = Pin 16 
GND= Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

NOTES: 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dual In-Line Package. 
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SN54LS/74LS283 

FUNCTIONAL DESCRIPTION - The LS283 adds two 4-bit binary words (A plus B) plus the incoming carry. The 
binary sum appears on the sum outputs ( 1:1 - 1:4) and outgoing carry (C4) outputs. 

Co + (A1 +B1 )+2(A2+B2)+4(A3+B3)+8(A4+B4) = 1: 1 +2 1:2+4 I:3+8 I:4+16C4 
Where: (+) = plus 

Due to the symmetry of the binary add function the LS283 can be used with either all inputs and outputs active HIGH 
(positive logic) or with all inputs and outputs active LOW (negative logic). Note that with active HIGH inputs. Carry Input 
can not be left open. but must be held LOW when no carry in is intended. 

E xamp e: 
Co A1 A2 A3 A4 B1 B2 

logic levels L L H L H H L 

Active HIGH 0 0 1 0 1 1 0 

Active LOW 1 1 0 1 0 0 1 

B3 B4 I:1 I:2 

L H H H 

0 1 1 1 

1 0 0 0 

I:3 1:4 

L L 

0 0 

1 1 

C4 

H 

1 

0 

(10+9=19) 

(carry+5+6=12) 

Interchanging inputs of equal weight does not affectthe operation. thus CO. A1. B1. can be arbitrarily assigned to pins 
7.5 or 3. 

FUNCTIONAL TRUTH TABLE 

C(n-1) An Bn 

L L L 
L L H 
L H L 
L H H 
H L L 
H L H 
H H L 
H H H 

C1 - C3 are generated internally 
Co is an external input 
C4 is an output generated internally 

1:n 

L 
H 
H 
L 
H 
L 
L 
H 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 54 
74 

TA Operating Ambient Temperature Range 54 
74 

IOH Output Current - High 54.74 

IOL Output Current - Low 54 
74 

Cn 
L 
L 
L 
H 
L 
H 
H 
H 

MIN 

4.5 
4.75 

-55 
0 
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TYP MAX 

5.0 5.5 
5.0 5.25 

25 125 
25 70 

-0.4 

4.0 
8.0 

II 
UNIT 

V 

°C 

mA 

mA 



SN54LS/74LS283 

DC CHARACl'ERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

0.8 
V All Inputs 74 

VIK Input Clamp Diode Voltage -0.65 -1.5 V Vee = MIN, liN = -18 mA 

54 2.5 3.5 V Vce = MIN, 10H = MAX, VIN = VIH 
VOH Output HIGH Voltage 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 4.0 mA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

Co 20 /JA VCC = MAX, VIN = 2.7 V 

IIH Input HIGH Current AnyAorB 40 /JA 

Co 0.1 mA 
VCC = MAX, VIN = 7.0 V 

Any A or B 0.2 mA 

IlL Input LOW Current Co -0.4 mA 
VCC = MAX, VIN = 0.4 V 

Any A or B -0.8 mA 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

Power Supply Current 
ICC Total, Output HIGH 34 

mA VCC=MAX 
Total, Output LOW 39 

AC CHARACTERISTICS- TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
MIN 

LIMITS 
TYP MAX 

UNITS CONDITIONS 

tpLH Propagation Delay, eO Input 16 24 
tpHL to Any I: Output 15 24 

ns 

tpLH Propagation Delay, Any A or B Input 15 24 
tpHL to I: 0 utputs 15 24 

ns 
CL = 15 pF 

tpu-l Propagation Delay, Co Input 11 17 Figures 1 and 2 
tpHL to C4 Output 11 22 

ns II 
tpLH Propagation Delay, Any A or B Input 11 17 
tpHL to C4 Output 12 17 

ns 

ACWAVEFORMS 

VIN ~ 
~tPHL ~lPLH 

Vou~ 

JINJ, 
~ 'PlH I:::J- 'PHL 

Your 

Fig. 1 Fig. 2 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS290 and SN54LS174LS293 are 
high-speed 4-bit ripple type counters partitioned into two sections. Each 
counter has a divide-by-two section and either a divide-by-five (LS290) or 
divide-by-eight (LS293) section which are triggered by a HIGH-to-LOW 
transition on the clock inputs. Each section can be used separately or tied 
together (0 to CP) to form BCD. Bi-quinary, or Modu10-16 counters. Both of 
the counters have a 2-input gated Master Reset (Clear), and the LS290 
also has a 2-input gated Master Set (Preset 9). 

II CORNER POWER PIN VERSIONS OF THE LS90 and LS93 
It LOW POWER CONSUMPTION ... TYPICALLY 45 mW 
• HIGH COUNT RATES ... TYPICALLY 42 MHz 
• CHOICE OF COUNTING MODES ... BCD, BI-OUINARY, 

BINARY 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 

CPO Clock (Active LOW going edge) Input to 
72 Section. 

CP1 Clock (Active LOW going edge) Input to 
75 Section (LS290). 

CP1 Clock (Active LOW going edge) Input to 
78 Section (LS293). 

MR1, MR2 Master Reset (Clear) Inputs 
MS1, MS2 Master Set (Preset-9, LS290) Inputs 
00 Output from 72 Section (Notes b & c) 
01, 02, 03 Outputs from 75 & 78 Sections (Note b) 

NOTES: 
a. 1 TTL Unit Load (U.L.) = 40 pA HIGH/l.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for 

Commercial (74) Temperature Ranges. 

HIGH 

0.05 U.L. 

0.05 U.L. 

0.05 U.L. 

0.5 U.L. 
0.5 U.L. 
10 U.L. 
10 U.L. 

c. The 00 Outputs are guaranteed to drive the full fan-out plus the CP1 Input of the device. 

LS290 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

13 

12 

10 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dual In-Line Package. 

LS293 

13 

12 

10 

LOW 

1.5 U.L. 

2.0 U.L. 

1.0 U.L. 

0.25 U.L. 
0.25 U.L. 
5(2.5) U.L. 
5(2.5) U.L. 

SN54!LS/74lS290 
SN54lS/74lS293 

DECADE COUNTER; 
4-BIT BINARY COUNTER 

LOW POWER SCHOTTKY 

LOGIC SYMBOL 

LS290 

1 3 

12 

MS 

10--0 CPo 

11-0 CP, 
MR 

10 

It 

12 13 9 5 4 B 

VCC = Pin 14 
GND=Pin 7 

NC = Pins 2,6 

LS293 

1213 9 5 4 8 

VCC = Pin 14 
GND = Pin 7 
NC:::: Pins 1, 2, 3, 6 
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II 

SN54lS174lS290 • SN54lS174lS293 

LOGIC 
DIAGRAMS 

LS290 

LS293 

0= Pin Numbers 
Vee = Pin 14 
GND=7 

o = Pin Numbers 
Vee=Pin14 
GND=7 

FUNCTIONAL DESCRIPTION - The LS290 and LS293 are 4·bit ripple type Decade, and 4·Bit Binary counters 
respectively. Each device consists of four masterlslave flip·flops which are internally connected to provide a divide·by·two 
section and a divide·by·five (LS290) or divide·by-eight (LS293) section. Each section has a separate clock input which 
initiates state changes of the counter on the H IGH·to·LOW clock transition. State changes of the ° outputs do not occur 
simultaneously because of internal ripple delays. Therefore, decoded output signals are subject to decoding spikes and should 
~t be used for clocks or strobes. The 00 output of each device is designed and specified to drive the rated fan·out plus the 
CP1 input ofthe device. 

A gated AND asynchronous Master Reset (MR1"MR2) is provided on both counters which overrides the clocks and resets 
(clears) all the flip·flops. A gated AND asynchronous Master Set (MS1·MS2) is provided on the LS290 which overrides the 
clocks and the MR inputs and sets the outputs to nine (HLLH). 

Since the output from the divide·by·two section is not internally connected to the succeeding stages, the devices may be 
operated in various counting modes: 

LS290 

A. BCD Decade (8421) Counter - the CPl input must be externally connected to the 00 output. The CPO input receives the 
incoming count and a BCD count sequence is produced. 

B. Symmetrical Bi·quinary Divide·By·Ten Counter - The 03 output must be externally connected to the CPO input. The 
input count is then applied to the CP1 input and a divide·by·ten square wave is obtained at output 00. 

C. Divide·By·Two and Divide·By·Five Counter - No external interconnections are required. The first flip·flop is used as a 
binary element for the divide·by·two function (CPO as the input and 00 as the output). The CP1 input is used to obtain 
binary divide·by·five operation at the 03 output. 

LS293 

A.4·Bit Ripple Counter - The output 00 must be externally connected to input CPl. The input count pulses are applied to 
input CPO. Simultaneous division of 2. 4, B. and 16 are performed at the 00. 01. 02. and Q3 outputs as shown in the 
truth table. 

B. 3·Bit Ripple Counter - The input count pulses are applied to input CPl. Simultaneous frequency divisions of 2. 4. and B 
are available at 'the Ql. Q2. and Q3 outputs. Independent use of the first flip·flop is available if the reset function 
coincides with reset of the 3·bit ripple·through counter. 
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SN54LS174LS290 0 SN54LS174LS293 

LS290 MODE SELECTION 

RESET/SET INPUTS OUTPUTS 

MRl 

H 
H 
X 
L 
X 
L 
X 

MR2 MSl MS2 00 °1 °2 
H L X L L L 
H X L L L L 
X H H H L L 
X L X Count 
L X L Count 
X X L Count 
L L X Count 

LS290 
BCD COUNT SEQUENCE 

OUTPUT 
COUNT 

00 °1 °2 
0 L L L 
1 H L L 
2 L H L 
J H H L 
4 L L H 
5 H .L H 
6 L H H 
7 H H H 
8 L L L 
9 H L L 

NOTE: Output Co is connected to 
Input CP1 for BCD count. 

H HIGH Voltage Level 
L LOW Voltage Level 
X Don't Care 

OJ 

L 
L 
L 
L 
L 
L 
L 
L 
H 
H 

LS29J MODE SELECTION 

OJ 

RESET OUTPUTS 
INPUTS 

L MRl MR2 00 0, °2 OJ 

L H H L L L L 

H L H Count 
H L Count 
L L Count 

TRUTH TABLE 

OUTPUT 
COUNT 

00 °1 °2 OJ 

0 L L L L 
1 H L L L 
2 L H L L 
J H H L L 
4 L L H L 
5 H L H L 
6 L H H L 
7 H H H L 
8 L L L H 
9 H L L H 

10 L H L H 
11 H H L H 
12 L L H H 
lJ H L H H 
14 L H H H 
15 H H H H 

Note: Output 0 0 connected to input CP l' 
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SN54LS/74LS290 • SN54LS174LS293 

GUARANTEED OPERAllNG RANGES --
SYMBOL PARAMETER MIN TYP MAX UNIT 

Vee Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °e 
74 0 25 70 

10H Output Current - High 54.74 -0.4 mA 

10L Output Current - Low 54 4.0 mA 
74 8.0 

DC CHARACTERlsnCS OVER OPERAllNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V Vce = MIN. liN = -18 mA 

VOH Output HIGH Voltage 
54 2.5 3.5 V VCC = MIN. 10H = MAX. VIN = VIH 

74 2.7 3.5 V or VIL per Truth Table 

54.74 0.25 0.4 V 10L - 4.0 mA I Vec - Vee MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L = 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 IlA VCC = MAX. VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA Vce = MAX. VIN = 7.0 V 

Input LOW Current 

II 
MS.MR -0.4 

IlL CPo -2.4 mA Vee = MAX. VIN = 0.4 V 
eP1 (LS290) -3.2 
CP1 (LS293) -1.6 

lOS Short Circuit Current -20 -100 mA Vce= MAX 

ICC Power Supply Current 15 mA VCC= MAX 
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SN54LS174LS290 0 SN54LS174LS293 

AC CHARACTERISTICS: TA = 25°C VCC = 5 0 V CL = 15 pF 

LIMITS 

SYMBOL PARAMETER LS290 LS293 UNITS 

MIN TYP MAX MIN TYP MAX 

fMAX CPo Input Clock Frequency 32 32 MHz 

fMAX CP1 Input Clock Frequency 16 16 MHz 

tPLH ~opagation Delay, 10 16 10 16 
tpHL CPO Input to 00 Output 12 18 12 18 

ns 

tpLH CPo Input to Q3 Output 
32 48 46 70 

tpHL 34 50 46 70 
ns 

tpLH - 10 16 10 16 
tpHL 

CP1 Input to Q1 Output 
14 21 14 21 

ns 

tpLH CP1 Input to Q2 Output 
21 32 21 32 

tpHL 23 35 23 35 
ns 

tpLH CP1 Input to Q3 Output 
21 32 34 51 

tpHL 23 35 34 51 
ns 

tpHL MS Input to 00 and Q3 Outputs 20 30 ns 

tpHL MS Input to Q1 and Q2 Outputs 26 40 ns 

tpHL MR Input to Any Output 26 40 26 40 ns 

AC SETUP REQUIREMENTS' TA = 25°C VCC = 5 0 V 

LIMITS 

SYMBOL PARAMETER LS290 LS293 UNITS 

MIN MAX MIN MAX 

tw CPO Pulse Width 15 15 ns 

tw CP1 Pulse Width 30 30 ns 

tw MS Pulse Width 15 ns 

tw MR Pulse Width 15 15 ns 

tree Recovery Time MR to CP 25 25 ns 

RECOVERY TIME (treel is defined as the minimum time required between the end of the reset pulse and the clock transition from 
HIGH-to-LOW in order to recognize and transfer HIGH data to .the Q outputs. 

AC WAVE FORMS 

Fig. 1 

*The number of Clock Pulses required between the tpHL and tpLH measurements can be determined from the appropriate Truth Tables. 

MR&MS MS '3V 

,_tw--.!_t'e' .... 1 

J ",---'3V -

tplH --j ~ _____ """" 
°0·Q3 L "-
(lS2901 _____ -'/ '3V '---

Q 

Fig. 2 Fig. 3 
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® MOTOROI.A 

DESCRIPTION - The SN74LS295A is a 4-Bit Shift Register with 
serial and parallel synchronous operating modes. and indepen­
dent 3-state output buffers. The Parallel Enable input (PE) controls 
the shift-right or parallel load operation. All data transfers and 
shifting occur synchronous with the HIGH to LOW clock transition. 

The 3-State output buffers are controlled by an active HIGH Output 
Enable input (EO). Disabling the output buffers does not affect the 
shifting or loading of input data, but it does inhibit serial expansion. 

The LS295A is fabricated with the Schottky barrier diode process for 
high speed and is completely compatible with all Motorola TIUamilies. 

• FULLY SYNCHRONOUS SERIAL OR PARALLEL DATA 
TRANSFERS 

• NEGATIVE EDGE-TRIGGERED CLOCK INPUT 
• PARALLEL ENABLE MODE CONTROL INPUT 
• 3-STATE BUSSABLE OUTPUT BUFFERS 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 

HIGH LOW 

PE Parallel Enable Input 0.5 U.L. 0.25 U.L. 

Os Serial Data Input 0.5 U.L. 0.25 U.L. 
PO-P3 Parallel Data Input 0.5 U.L. 0.25 U.L. 
.§Q Output Enable Input 0.5 U.L. 0.25 U.L. 
CP Clock Pulse (Active LOW Going 0.5 U.L. 0.25 U.L. 

Edge) Input 
00-03 3-State Outputs 10 U.L. 5U.L. 

NOTE: 
a. 1 TIL Unit Load (U.L.) = 40 pA HIGH/1.6 mA LOW. 

LOGIC DIAGRAM 

SN74LS295A 

4-BIT SHIFT REGISTERS 
WITH 3-STATE OUTPUTS 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 
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SN74LS295A 

FUNCTIONAL DESCRIPTION - The LS295A isa 4-Bit Shift Registerwith serial and parallel synchronous operating modes. It 
has a Serial Data (DS) and four Parallel Data (PO-P3) inputs and four parallel3-State output buffers(Qo-Q3). When the Parallel 
Enable (PE) input is HIGH, data is transferred from the Parallel Data Inputs (PO-P3) into the register synchronous with the HIGH 
to LOWtransition olthe Clock (CP). When the PE is LOW, a HIGH to LOWtransition on the clock transfers theserial data on the 
DS input to register 00, and shifts data from 00 to Ql, Ql to 02 and 02 to 03. The input data and parallel enable are fully 
edge-triggered and must be stable only one set-up time before the HIGH to LOW clock transition. 

The 3-State output buffers are controlled by an active HIGH Output Enable input (EO). When the EO is HIGH, the four register 
outputs appear at the QO-Q3 outputs. When EO is LOW, the outputs are forced to a high impedance "off" state. The 3-State 
output buffers are completely independent of the register operation,i.e., the input transitions on the EO input do not affect the 
serial or parallel data transfers of the register. If the outputs are tied together, all but one device must be in the high impedance 
state to avoid high currents that would exceed the maximum ratings. Designers should ensure that Output Enable signals to 
3-State devices whose outputs are tied together are designed so there is no overlap. 

MODE SELECT - TRUTH TABLE 

INPUTS OUTPUTS' 
OPERATING MOOE 

PE CP Os Pn Co 01 02 03 

I L I X L qo q1 q2 
Shift Right 

I L h X H qo q1 q2 

Parallel Load h L- X Pn Po P1 P2 P3 

-The indicated data appears at the a outputs when EO is HIGH. When 
EO is LOW, the indicated data is loaded into the register, but the 
outputs are all forced to the high impedance "off" state. 

L = LOW Voltage Levels 
H "" HIGH Voltage Levels 
X "" Don't Care 

Pn(qn) = Lower case letters indicate the state of the referenced input 
(or output) one set-up time prior to the HIGH to LOW clock 
transition. 

t = LOW Voltage Level one set-up time prior to the HIGH to LOW 
clock transition. 

h = HIGH Voltage Level one set-up time prior to the HIGH to LOW 
clock transition. 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP 

Vec Supply Voltage 4.75 5.0 

TA Operating Ambient Temperature Range 0 25 

IOH Output Current - High 

IOL Output Current - Low 

MOTOROLA SCHOTTKY TTL DEVICES 

5-257 

MAX UNIT 

5.25 V 

70 °c 

-0.4 mA 

8.0 rnA 



SN74LS295A 

DC CHARACTERISTlCS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage for 
All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

VOH Output HIGH Voltage 2.7 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 
or VIL per Truth Table 

0.25 0.4 V 10L = 4.0 mA I VCC = VCC MIN, 
VOL Output LOW Voltage 

0.35 0.5 V 10L - 8.0 mAl VIN = VIL or VIH 
per Truth Table 

10ZH Output Off Current HIGH 20 /lA VCC = MAX, VOUT = 2.4 V 

10ZL Output Off Current LOW -20 /lA VCC = MAX, VOUT = 0.4 V 

Input HIGH Current 
20 /lA VCC = MAX, VIN = 2.7 V 

IIH 
0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

Power Supply Current VCC = MAX, EO = 4.5 V, CP 
momentary 3.0 V, then GND 

ICC Total, Output HIGH 29 
mA VCC = MAX, EO = GND, CP = GND 

Total, Output LOW 33 

AC CHARACTERISTlCS: T A = 25°C 

SYMBOL PARAMETER 
MIN 

LIMITS 

TYP MAX 
UNITS TEST CONDITIONS 

fMAX Maximum Clock Frequency 30 45 MHz 

tPLH Propagation Delay 14 20 
tPHL Clock to Output 19 30 

ns 

Output Enable Time 
CL = 15 pF 

tpZH to HIGH LEVEL 
18 26 ns VCC = 5.0V 

tpZL 
Output Enable Time 

20 30 ns 
to LOW Level 

tpLZ 
Output Disable Time 13 20 ns 
from LOW Level 

Output Disable Time 
CL = 5.0pF 

tPHZ from HIGH Level 
13 20 ns 
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SN74LS295A 

AC SETUP REQUIREMENTS· TA = 25°C VCC = 50 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tw Clock Pulse Width 16 ns 

ts Data Setup Time 20 
VCC= 5.0V 

ns 

th Data Hold Time 0 
CL = 15 pF 

ns 

DEFINITION OF TERMS: 

SETUP TIME (tsl - is defined as the minimum time required for the correct logic level to be present at the logic input 
prior to the clock transition from HIGH to LOW in order to be recognized and transferred to the outputs. 

HOLD TIME (thl- is defined asthe minimum time following the clock transition from HIGH to LOWthatthe logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the 
correct logic level may be released prior to the clock transition from HIGH to LOW and still be recognized. 

AC WAVEFORMS 
The shaded areas indicate when the input is permitted to change for predictable output performance. 

'The Data Input is DS for PE = LOW and Pn for PE = HIGH. 

LOAD SERIAL DATA 
SHIFT RIGHT 

Fig. 1 

Fig. 2 

LOAD PARALLEL DATA 
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® MOTOROLA 

DESCRIPTION - TheSN54LS174LS298 isa Quad 2-Port Register. It 
is the logical equivalent of a quad 2-input multiplexer followed by a 
quad 4-bit edge-triggered register. A Common Select input selects 
between two 4-bit input ports (data sources.) The selected data is 
transferred to the output register synchronous with the HIGH to LOW 
transition of the Clock input. 

The LS298 is fabricated with the Schottky barrier process for high 
speed and is completely compatible with all Motorola TIL families. 

• SELECT FROM TWO DATA SOURCES 
• FULLY EDGE-TRIGGERED OPERATION 
• TYPICAL POWER DISSIPATION OF 65 mW 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 

HIGH LOW 

S 
CP 
10a-IOd 
11a-11d 
Qa-~ 

NOTES: 

Common Select Input 
Clock (Active LOW Going Edge) Input 
Data Inputs From Source 0 
Data Inputs From Source 1 
Register Outputs (Note b) 

a. , TTL Unit Load (U.L.) = 40 fJA HIGH/'.6 rnA LOW. 

0.5 U.L. 
0.5 U.L. 
0.5 U.L. 
0.5 U.L. 
10 U.L. 

b. The Output LOW drive factor is 2.5 U.L. for Military 154) and 5 U.L. for 
Commercial (74) Temperature Ranges. 

LOGIC OR BLOCK DIAGRAM 

0.25 U.L. 
0.25 U.L. 
0.25 U.L. 
0.25 U.L. 

5(2.5) U.L. 

o 'la 0 'Oa CD 'lb @ 'Db ® 'I, ® '0, ® 'ld (2) 'Od 

Vee = Pin 16 
GND = Pin 8 

o = Pin Numbers 

Q a 

SN54LS298 
SN74LS298 

QUAD 2-INPUT MULTIPLEXER 
WITH STORAGE 

LOW POWER SCHOTTKY 

10 

" 

LOGIC SYMBOL 

32419576 

15 14 13 

Vec = Pin 16 
GND= Pin 8 

12 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

" 
10 

J Suffix - Case 620·08 (Ceramic) 
N Suffix - Case 648·05 (Plastic) 

NOTE: 
The Flatpak version has the 
same pinouts (Connection 
Diagram) as the Dual In-Line 
Package. 
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SN54LS174LS298 

FUNCTIONAL DESCRIPTION - The LS298 is a high speed Quad 2-Port Register. It selects four bits of data from two sources 
(ports) under the control of a Common Select Input(S). The selected data is transferred to the 4-bit output register synchronous 
with the HIGH to LOWtransition of the Clock input (CP). The 4-bit output register is fully edge-triggered. The Data inputs (I) and 
Select input (S) must be stable only one setup time prior to the HIGH to LOW transition of the clock for predictable operation. 

TRUTH TABLE 

INPUTS OUTPUT 

S 10 

I I 
I h 
h X 
h X 

L:::: LOW Voltage Level 
H:::: HIGH Voltage Level 
X:::: Don't Care 

11 

X 
X 
I 
h 

I:::: LOW Voltage Level one setup time prior to the 
HIGH to LOW clock transition. 

h:::: HIGH Voltage Level one setup time prior to the 
HIGH fa LOW clock transition. 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 54 
74 

TA Operating Ambient Temperature Range 54 
74 

IOH Output Current - High 54,74 

IOL Output Current - Low 54 
74 

Q 

L 
H 
L 
H 

MIN 

4.5 
4.75 

-55 
a 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °c 
25 70 

-0.4 mA 

4.0 mA 
B.O 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage V All Inputs 74 0.8 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

54 2.5 3.5 V VCC = MIN, IOH = MAX, VIN = VIH 
VOH Output HIGH Voltage 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 4.0 mA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V IOL - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 jJA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC= MAX 

ICC Power Supply Current 21 mA VCC= MAX 
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SN54LS/74LS298 

AC CHARACTERISTICS' TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Propagation Delay. 1B 27 ns VCC= 5.0V 

tpHL Clock to Output 21 32 ns CL = 15 pF 

AC SETUP REQUIREMENTS' TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tw Clock Pulse Width 20 ns 

ts Data Setup Time 15 ns 
VCC= 5.0V 

ts Select Setup Time 25 ns 

th Data Hold Time 5.0 ns 

th Select Hold Time 0 

DEFINITIONS OF TERMS: 

SETUP TIME (ts) - is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME (th) - is defined as the minimum time following the clock transition from LOW to HIGH that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from LOW to HIGH and still be recognized. 

Fig. 1 

AC WAVEFORMS 

______ * ... __ 0_" 'o_---<E" 
*The shaded areas indicate when the input is permitted to 

change for predictable output performance. 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS299 is an 8-Bit Universal 
Shift/Storage Register with 3-state outputs. Four modes of operation 
are possible: hold (store), shift left, shift right and load data. 

SN54lS299 
SN74lS299 

The paralielload inputs and flip-flop outputs are multiplexed to reduce 
the total number of package pins. Separate outputs are provided for 
flip-flops 00 and 07 to allow easy cascading. A separate active LOW 
Master Reset is used to reset the register. 

8-BIT SHIFT/STORAGE REGISTER 
WITH 3-STATE OUTPUTS 

" COMMON 1/0 FOR REDUCED PIN COUNT 
• FOUR OPERATION MODES: SHIFT LEFT, SHIFT RIGHT, LOAD 

AND STORE 
• SEPARATE SHIFT RIGHT SERIAL INPUT AND SHIFT LEFT 

SERIAL INPUT FOR EASY CASCADING 
.. 3-STATE OUTPUTS FOR BUS ORIENTED APPLICATIONS 
.. INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 

HIGH LOW 
CP Clock Pulse (active positive-going edge) 

Input 0.5 U.L. 0.25 U.L. 
DSo Serial Data Input for Right Shift 0.5 U.L. 0.25 U.L. 
DS, Serial Data Input for Left Shift 0.5 U.L. 0.25 U.L. 

Parallel Data Input or 0.5 U.L. 0.25 U.L. 
liOn 

Parallel Output (3-State) (Note c) 65(25) U.L. 15(7.5) U.L. 

DEI, DE, 3-State Output Enable (active LOW) Inputs 0.5 U.L. 0.25 U.L. 
00,0, Serial Outputs (Note b) 10 U.L. 5(2.5) U.L. 

MR Asynchronous Master Reset 

(active LOW) Input 0.5 U.L. 0.25 U.L. 
So, S, Mode Select Inputs 1 U.L. 0.5 U.L. 

NOTES: 
a. 1 TIL Unit Load (U.L.) = 40 jJA HIGH/l.S rnA LOW. 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

20 

19 

18 

17 

'6 
15 

14 

12 

'0 11 

J Suffix - Case 732-03 (Ceramic) 
N Suffix - Case 738-01 (Plastic) 

NOTE: 

b. The Output LOW drive factor is 2.5 V.L. for Military (54) and 5 V.L for Commercial (74) Temperature Ranges. The Flatpak verSion has the same 
pinouts (Connection Diagram) as 
the Dual In-Line Package. c. The Output LOW drive factor is 7.5 U.L. for Military (54) and 15 V.L. for Commercial (74) ,The Output HIGH 

drive factor is 25 V.L. for Military (54) and 65 V.L. for Commercial (74) Temperature Ranges. 

LOGIC DIAGRAM 

(2) @ 
liDO 1/05 
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SN54LS174LS299 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 a 25 70. 

10H Output Current - High 00,07 54,74 -0.4 mA 

10L Output Current - Low 00,07 54 4.0 mA 
00,07 74 8.0 

10H Output Current - High 1/00-1/07 54 -1.0 mA 
1/00-1107 74 -2.6 

10L Output Current - Low 1/00-1/07 54 12 mA 
1/00-1/07 74 24 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

0.8 
V All Inputs 74 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = - 18 mA 

VOH 
Output HIGH Voltage 54 2.4 3.2 V 

VCC = MIN, 10H = MAX 
1100-1/07 74 2.4 3.1 V 

VOH Output HIGH Voltage 54 2.5 3.4 V 
VCC = MIN, 10H = MAX 

00,07 74 2.7 3.4 V 

Output LOW Voltage 54,74 0.25 0.4 V 10L = 12 mA VCC = VCC MIN, 
VOL 1/00-1/07 74 0.35 0.5 V 10L -24 mA VIN = VIL or VIH 

per Truth Table 

Output LOW Voltage 54,74 0.4 V IOL=4.0 mA VCC = VCC MIN, 
VOL 00-0 7 74 0.5 V 10L - 8.0 mA VIN = VIL or VIH 

per Truth Table 

10ZH 
Output Off Current HIGH 

40 "A VCC= MAX, VOUT = 2.4 V 
1100-1/07 

10ZL 
Output Off Current LOW -400 "A Vec= MAX, VOUT = 0.4 V 
1/00-1/07 

Others 20 "A 

50,51, 40 "A 
VCC = MAX, VIN = 2.7 V 

IIH Input HIGH Current 1100-1107 

Others 0.1 mA 
VCC = MAX, VIN = 7.0V 

50,51 0.2 mA 

1/00-1107 0.1 mA VCC = MAX, VIN '" 5.5 V 

IlL Input LOW Current Others -0.4 mA 
Vce = MAX, VIN = 0.4 V 

50,51 -0.8 mA 

lOS Short Circuit Current 00,07 -20 -100 mA VCC=MAX 

1100-1107 -30 -130 mA VCC=MAX 

ICC Power Supply Current 53 mA Vec=MAX 
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SN54LS174LS299 

FUNCTION TABLE 

INPUTS RESPONSE 

MR 5, So OE, OE, CP 050 OS, 

L X X H X X X X 
Asynchronous Reset; 00 = a, = LOW 

L X X X H X X X 
L H H X X X X X 

110 Voltage Undetermined 

L L X L L X X X Asynchronous Reset; 00 - a, - LOW 
L X L L L X X X 1/0 Voltage LOW 
H L H X X ..r D X Shift Right; D-Oo; 00-0,; etc. 
H L H L L ..r D X Shift Right; D-Oo & 1/00; 00-0, & 1I0,;etc. 
H H L X .X ..r X D Shift Left; D-O,; 0,-0,; etc. 

H H L L L r X D Shift Left; D-O, & 1/0,; 0,-0, & 1/0,; etc. 
H H H X X ..r X X Parallel Load; 1/0,-0, 

H L L H X X X X 
H L L X H X X X 

Hold: 110 Voltage undetermined 

H L L L L X X X Hold: 110, - 0, 

H HIGH Voltage Level 
L LOW Voltage Level 
X Immaterial 

AC CHARACTERISTICS: TA = 25°C, VCC = 5.0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

fMAX Maximum Clock Frequency 25 35 MHz 

tpHL Propagation Delay, Clock 26 39 
tpLH to Go or Q7 22 33 

ns 
CL = 15 pF 

tpHL 
Propagation Delay, Clear 

27 40 ns 
to Go orQ7 

tpHL Propagation Delay, Clock 26 39 
tpLH to 1100 -1/07 17 25 

ns 
CL = 45 pF, 

tpHL 
Propagation Delay, Clear 

26 40 ns 
to 1100 -1/07 RL = 667 0 

tpZH 
Output Enable Time 13 21 

tpZL 19 30 
ns 

tpHZ 
Output Disable Time 10 15 

CL = 5.0pF 
tpLZ 10 15 

ns 

AC SETUP REQUIREMENTS: TA = 25°C VCC = 50 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tw Clock Pulse Width HIGH 25 ns 

tw Clock Pulse Width LOW 15 ns 

tw Clear Pulse Width LOW 20 ns 

ts Data Setup Ti me 20 ns 
VCC= 5.0V 

ts Select Setup Time 35 ns 

th Data Hold Time 0 ns 

th Select Hold Time 10 ns 

tree Recovery Time 20 ns 
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3- STATE WAVEFORMS 

V~'3V E 
11~-r-tPHL 

V~13V tv 
Fig. 1 Fig. 2 

Fig. 3 Fig. 4 

AC LOAD CIRCUIT 

Vee 

SWITCH POSITIONS 

SYMBOL SWI SW2 

tpZH Open Closed 

tpZL Closed Open 

5 a kCl tpLZ Closed Closed 

tPHZ Closed Closed 

"Includes Jig and Probe CapaCitance 
Fig. 5 
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DESCRIPTION - These 8-bit shift registers have multiplexed inputl 
output data ports to accomplish full8-bit data handling in a single 20-pin 
package. Serial data may enter the shift-right register through either DO 
or 01 inputs as selected by the data select pin. A serial output is also 
provided. Synchronous parallel loading is achieved by taking the register 
enable and the SIP inputs low. This places the three-state input/output 
ports in the data input mode. Data is entered on the low-to-high clock 
transition. The data extend function repeats the sign in the QA flip-flop 
during shifting. An overriding clear input clears the internal registers 
when taken low whether the outputs are enabled or off. The output 
enable does not affect synchronous operation of the register. 

Q MULTIPLEXED INPUTSIOUTPUTS PROVIDE IMPROVED BIT 
DENSITY 

o SIGN EXTEND FUNCTION 
o DIRECT OVERRIDING CLEAR 
o 3-STATE OUTPUTS DRIVE BUS LINES DIRECTLY 

REGISTER 
ENABLE 

G 

(11) 
CLOCK 

19) 
CLEAR 

BLOCK DIAGRAM 

~~!~~~ !:18!!..)---------~j--rll----rl~ 
DE 

Bias 

SN54LS322A 
SN74LS322A 

a-BIT SHIFT REGISTERS 
WITH SIGN EXTEND 

LOW POWER SCHOTTKY 

(TOP VIEW} 

DATA SIGN 
Vee SELECTEXTEND01 BlaB 0100 FIOF H/OH a/HI CLOCK 

REGISTER sip DO AIOA C/Cc E/oe G/OG OUTPUT CLEAR GND 
ENABLE ENABL.E 

J Suffix - Case 732-03 (Ceramic) 
N Suffix - Case 738-01 (Plastic) 

G/OG 
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SN54LS/74LS322A 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

10H Output Current - High °H' 54,74 -0.4 mA 

10L Output Current - Low °H' 54 4.0 mA 
°H' 74 8.0 

10H Output Current - High OA-OH 54 -1.0 mA 
OA-OH 74 -2.6 

10L Output Current - Low OA-OH 54 12 mA 
OA-OH 74 24 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
MIN 

LIMITS 
TYP MAX 

UNITS TEST CONDITIONS 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

VOH 
Output HIGH Voltage 54 2.4 3.2 V 

VCC = MIN, 10H = MAX 
OA-OH 74 2.4 3.2 V 

VOH Output HIGH Voltage 54 2.5 3.4 V 
VCC = MIN, 10H = MAX 

°H' 74 2.7 3.4 V 

Output LOW Voltage 54,74 0.25 0.11 V 10L= 12 mA VCC = VCC MIN, 
VOL 

OA-OH 74 0.35 0.5 V 10L- 24 mA VIN = VIL or VIH 
per Truth Table 

Output LOW Voltage 54,74 0.4 V IOL=4.0 mA VCC = VCC MIN, 
VOL 

°H' 74 0.5 V IOL-8.0 mA VIN = VIL or VIH 
per Truth Table 

10ZH 
Output Off Current HIGH 

40 /lA VCC = MAX, VOUT = 2.4 V 
OA-OH 

10ZL 
Output Off Current LOW -400 /lA VCC= MAX, VOUT = 0.4 V 
OA-OH 

Other 20 /lA 

A-H, 
40 /lA VCC = MAX, VIN = 2.7 V Data Select 

IIH Input HIGH Current Sign Extend 60 /lA 

Other 0.1 mA 

Data Select 0.2 mA VCC = MAX, VIN = 7.0 V 

Sign Extend 0.3 mA 

A-H 0.1 mA VCC = MAX, VIN = 5.5 V 

Other -0.4 mA 

IlL Input LOW Current Data Select -0.8 mA VCC = MAX, VIN = 0.4 V 

Sign Extend -1.2 mA 

lOS Short Circuit Current °H' -20 -100 mA VCC=MAX 

°A-OH -30 -130 mA VCC=MAX 

ICC Power Supply Current 60 mA VCC= MAX 
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SN54LS174LS322A 

FUNCTION TABLE 
INPUTS INPUTS OUTPUTS 

OUTPUT OPERATION REGISTER SIGN DATA OUTPUT 
CLEAR 

ENABLE 
SIP 

EXTEND SELECT ENABLE 
CLOCK AlaA BlaB C/Qc ••• HlaH aH' 

Clear 
L H X X X L X L L L L L 
L X H X X L X L L L L L 

Hold H H X X X L X OAO aBO ace OHO aHO 

Shift Right 
H L H H L L t 00 aAn a Bn aGn aGn 
H L H H H L t 01 Op.n aBn °Gn aGn 

Sign Extend H L H L X L t aAn aAn aBn aGn DGn 
Load H L L X X X t a b c h h 

When the output enable is high. the eight input/output terminals are disabled to the high-impedance state; however. sequential 
operation or clearing of the register is not affected. If both the register enable input and the SIP input are low while the clear input is 
low, the register is cieaJed while the eight input/output terminals are disabled to the high-impedance state. 

H = high level (steady state I 
L "" low level (steady 5tate) 
X = irrelevant (any input. including transitions) 
t"" transition from low to high level . 
QAO' .. aHO = the level of QA through QH. respectivelV. before the indicated steady-state conditions were established 
QAn ... QHn = the level of QA through QH. respectively. before the most recent t transition of the clock 
00.01 = the level of steady-state inputs at inputs DO and 01 respectively 
a ... h = the level of steady-state inputs at inputs A through H respectively 

AC CHARACTERISTICS: TA = 25°C, VCC = 5.0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

fMAX Maximum Clock Frequency 25 35 MHz 

tpHL Propagation Delay, Clock 26 35 
CL = 15 pF 

tpLH toQH' 22 33 
ns 

tpHL 
Propagation Delay, Clear 

27 35 ns 
toQH' 

tpHL Propagation Delay, Clock 22 33 
tpLH toQA-QH 16 25 

ns 

tpHL 
Propagation Delay, Clear 

22 35 ns CL = 45 pF, 
toQA-QH RL= 6670 

tpZH Output Enable Time 
15 35 ns 

tpZL 15 35 

tpHZ Output Disable Time 15 25 
CL = 5.0 pF 

tpLZ 15 25 
ns 

ACSETUP REQUIREMENTS' TA= 25°C VCC= 5 OV 

SYMBOL PARAMETER 
MIN 

LIMITS 
TYP MAX 

UNITS TEST CONDITIONS 

lIN Clock Pulse Width HIGH 25 ns 

lIN Clock Pulse Width LOW 15 ns 

lIN Clear Pulse Width LOW 20 ns 

ts Data Setup Time 20 ns 

ts Select Setup Time 15 
VCC = 5.0V 

ns 

th Data Hold Time 0 ns 

th Select Hold Time 10 ns 

tree Recovery Time 20 ns 

DEFINITION OF TERMS: 

SETUP TIME ts is defined as the minimum time required for the correct logic level to be present at the logic input prior to the 
clock transition from LOW-to-HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME th is defined as the minimum time following the clock transition from LOW-to-HIGH that the logic level must be 
maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level 
may be released prior to the clock transition from LOW-to-HIGH and still be recognized. 

RECOVERY TIME trec is defined as the minimum time required between the end olthe reset pulse and the clock transition from 
LOW-to-HIGH in order to recognize and transfer HIGH Data to the Q outputs. 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS323 is an 8-8it Universal 
Shift/Storage Register with 3-state outputs. Its function is similar to 
the SN54LS/74LS299 with the exception of Synchronous Reset. 
Parallel load inputs and flip-flop outputs are multiplexed to minimize pin 
count. Separate inputs and outputs are provided for flip-flops QO and 
Q7 to allow easy cascading. 

Four operation modes are possible: hold (store), shift left, shift right, and 
parallel load. All modes are activated on the LOW-to-HIGH transition of 
the Clock. 

• COMMON I/O FOR REDUCED PIN COUNT 
• FOUR OPERATION MODES: SHIFT LEFT, SHIFT RIGHT, 

PARALLEL LOAD AND STORE 
• SEPARATE CONTINUOUS INPUTS AND OUTPUTS FROM 00 

AND 07 ALLOW EASY CASCADING 
• FULLY SYNCHRONOUS RESET 
• 3-STATE OUTPUTS FOR BUS ORIENTED APPLICATIONS 
• INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION 

EFFECTS 

PIN NAMES 

CP 

DSO 
DS7 
I/On 

OE1, OE2 

00,Q7 
SO,SI 
SR 

NOTES: 

Clock Pulse (active positive-going edge) 
Input 
Serial Data Input For Right Shift 
Serial Data Input For Left Shift 
Parallel Data Input or 
Parallel Output (3-State) (Note c) 
3-State Output Enable (active LOW) 
Inputs 
Serial Outputs (Note b) 
Mode Select Inputs 
Synchronous Reset (active LOW) Input 

a. 1 TTL LOAD =. 40JlA HIGH/l.6 mA LOW. 

LOADING (Note a) 

HIGH LOW 

0.5 U.L. 0.25 U.L. 

0.5 U.L. 0.25 U.L. 
0.5 U.L. 0.25 U.L. 
1.0 U.L. 0.5 U.L. 

65(25) U.L. 15(7.5) U.L. 
0.5 U.L. 0.25 U.L. 

10 U.L. 5(2.5) U.L. 
1 U.L. 

0.5 U.L. 0.25 U.L. 

b. The output LOW drive factor is 2.5 U.L. for Military (541 and 5 U.L. for Commercial 
Temperature Ranges. 

c. The output LOW drive factor is 7.5 U.L. for Military (54) and 15 U.L. for Commercial 
Temperature Ranges. 
The output HIGH drive factor is 25 U.L. for Military (54) and 65 U.L. for Commercial 
Temperature Ranges. 

LOGIC DIAGRAM 

(7) @ 
1100 liD, 

SN54LS323 
SN74LS323 

8-BIT SHIFT/STORAGE REGISTER 
WITH 3-STATE OUTPUTS 

@ 
1/05 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

,. 
J Suffix - Case 732-03 (Ceramic) 
N Suffix - Case 738-01 (PlastiC) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dual In-Une Package. 

@ 
1/06 
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SN54LS174LS323 

FUNCTIONAL DESCRIPTION The logic diagram and truth table indicate the functional characteristics of the SN54LSI 
74LS323 Universal Shift/Storage Register. Thisdevice is similar in operation tothe SN54LS174LS299 except for synchronous 
reset. A partial list of the common features are described below: 

1. They use eight O-type edge-triggered flip-flops that respond only to the LOW-to-HIGH transition of the Clock (CP). The only 
timing restriction, therefore, is that the mode control {SO, S1) and data inputs(OSO, OS7, 1/00-1107) may be stable at leasta 
setup time prior to the positive transition of the Clock Pulse. 

2. When So = S1 = 1,1/00-1/07 are parallel inputs to flip-flops 00-07 respectively, and the outputs of 00-07 are in the high 
impedance state regardless of the state of 0E:1 or OE2. 

An important unique feature of the SN54LS/74LS323 is a fully Synchronous Reset that requires only to be stable at least one 
setup time prior to the positive transition of the Clock Pulse. 

SA 

L 

L 

L 
L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

INPUTS 

S, So DE, 

x X H 

X X X 

H H X 
L X L 

X L L 

L H X 

L H L 

H L X 

H L L 

H H X 

L L H 

L L X 

L L L 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

DE, 

X 
H 

X 
L 

L 

X 

L 

X 

L 

X 

X 

H 

L 

cp 

...J 
...r 
...r 
...r 
S 
...r 
...r 
...J 
...J 
S 
X 

X 

X 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 00,07 

10L Output Current - Low 00,07 
00,07 

10H Output Current - High 1/00-1107 
1/00-1/07 

10L Output Current - Low 1/00-1/07 
1/00-1/07 

TRUTH TABLE 

RESPONSE 

OSo as, 
x X 

Synchronous Aeset: 00 = a, = LOW x x 
x x 110 voltage undetermined 

X X Synchronous Reset: 00 - Q7 - LOW 

X X 110 voltage LOW 

a X Shift Alght: 0-00: 00-0" etc 

a X Shift Aight: 0-00 & 1100: 00-0, & liD,. etc . 

X a SMt Left: a-a,: a, 06. etc 
X a Shift Left: a-a, & liD" 0,-0, & liD,: etc 

X X Parallel Load liOn-On 

X X 
Hold: 110 Voltage Undetermined 

X X 

X X Hold, 110" - a" 

MIN TYP MAX 

54 4.5 5.0 5.5 
74 4.75 5.0 5.25 

54 -55 25 125 
74 a 25 70 

54,74 -0.4 

54 4.0 
74 B.O 

54 -1.0 
74 -2.6 

54 12 
74 24 
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SN54LS174LS323 

DC CHARACTERIS11CS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONOITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, II~ = -18 mA 

VOH 
Output HIGH Voltage 54 2.4 3.2 V 

VCC = MIN, 10H = MAX 
1/00-1/07 74 2.4 3.1 V 

VOH Output HIGH Voltage 54 2.5 3.4 V 
VCC = MIN, 10H = MAX 

00,07 74 2.7 3.4 V 

Output LOW Voltage 54,74 0.25 0.4 V 10L = 12 mA VCC = VCC MIN, 
VOL 1/00-1/07 74 0.35 0.5 V 10L -24mA VIN = VIL or VIH 

per Truth Table 

Output LOW Voltage 54,74 0.4 V 10L =4.0mA VCC = VCC MIN, 
VOL QO-Q7 74 0.5 V 10L -8.0 mA VIN = VIL or VIH 

per Truth Table 

10ZH 
Output Off Current HIGH 

40 /lA VCC= MAX, VOUT = 2.4 V 
1/00-1/07 

10ZL 
Output Off Current LOW -400 /lA VCC= MAX, VOUT = 0.4 V 
1/0 0-1107 

Others 20 /lA 

50,51, 40 /lA 
VCC = MAX, VIN = 2.7 V 

IIH Input HIGH Current 1/00-1/07 

Others 0.1 mA 
VCC = MAX, VIN = 7.0 V 

50,51 0.2 mA 

1/00-1/07 0.1 mA VCC = MAX, VIN = 5.5 V 

IlL Input LOW Current 
Others -0.4 mA 

VCC = MAX, VIN = 0.4 V 
50,51 -0.8 mA 

lOS Short Circuit Current QO,Q7 -20 -100 mA VCC = MAX 

1/0 0-1107 -30 -130 mA VCC = MAX 

ICC Power Supply Current 53 mA VCC= MAX 

AC CHARACTERISTICS: TA = 25°C VCC = 50V 

SYMBOL PARAMETER 
LIMITS 

UNITS CONDITIONS 
MIN TYP MAX 

fMAX Maximum Ciock Frequency 25 35 MHz 

tpHL Propagation Delay, Clock 26 39 CL= 15 pF 
tpLH to QO or Q7 22 33 

ns 

tpHL Propagation Delay, Clock 25 39 ns 
tpLH to 1/00-1/07 17 25 CL =45 pF, 

tPZH Output Enable Time 
14 21 RL = 667 n 

tPZL 20 30 
ns 

tpHZ Output Disable Time 
10 15 

ns CL = 5.0 pF 
tpLZ 10 15 
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SN54LS174LS323 

AC SETUP REQUIREMENTS' TA = 25°C V CC = 5 0 V 

SYMBOL PARAMETER 
MIN 

LIMITS 

TYP MAX 

tw Clock Pulse Width HIGH 25 

tw Clock Pulse Width LOW 15 

tw Clear Pulse Width LOW 20 I 

ts Data Setup Time 20 

ts Select Setup Time 35 

th Data Hold Time 0 

th Select Hold Time 10 

tree Recovery Time 20 

3· STATE WAVEFORMS 

V~'3V E 
11~-t-'PHl 

V~'3V tv 
Fig. 1 

Fig. 3 

Vee 

SQkO 

·Includes Jig and Probe Capacitance 

AC LOAD CIRCUIT 

Fig. 5 

UNITS TEST CONDITIONS 

ns 

ns 

ns 

ns 
VCC=5.0V 

ns 

ns 

ns 

ns 

Fig. 2 

Fig. 4 

SWITCH POSITIONS 

SYMBOL SWl SW2 

tpZH Open Closed 

tpZL Closed Open 

tpLZ Closed Closed 

tPHZ Closed Closed 
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® MOTOROI.A 

DESCRIPTION - 1The SN54LSI74LS348 and the SN54LS/74LS848 are 
eight input priority encoders which provide the a-line to 3-line function. 

The outputs(AO-A2) and inputs (0-7) are active low. The active low input 
which hasthe highest priority(input7 hasthe highest)is represented on the 
outputs (output AO isthe lowest bil).An example would be if inputs 1, 2and4 
were low, then a binary4 would be represented on the outputs. 

The GS (Group Signal)output isactive lowwhenanyofthe inputs are low. 
It serves to indicate when any of the inputs are active. 

AO,A1 and A2are three-state outputs. Thisallowslor upt064lineexpan­
sian without the need for special external circuitry. 

A logical one on the Enable Input(EI)lorcesAO, A1 and A2to the disabled 
state and outputs GS and EO tothe high state. A high on all data inputs (0-7) 
together with a lowon the EI inputdisablesoutputsAO, A 1, and A2andlorces 
output GS to the high state and output EO to the low state. 

Use of the EI input in conjunction with the EO output provides for the 
capability of having priority encoding of n input signals. 

The LS848 has special internal circuitry providing for a greatly reduced 
negative going glitch on the GS (Group Signal) output and on a reduced 
tendency for the AO, A 1 and A2 outputs to become momentarily enabled. 
Both of these occurrences happen when the EI input goes from a logical one 
to a logical zeroand all data inputs (0-7) are held at logical ones. The internal 
glitch reduction circuitry does add an additional fan-in of one on all data 
inputs (compared to that 01 the LS348). 

EI 0 

H X 
L H 
L X 
L X 
L X 
L X 
L X 
L X 
L X 
L L 

FUNCTION TABLE 

INPUTS , 2 

X X 
H H 
X X 
X X 
X X 
X X 
X X 
X L 
L H 
H H 

E 15, 
1 
o (10) 

,,11 , 

2,'2, 

3 (13) 

4 (1) 

3 4 

X X 
H H 
X X 
X X 
X X 
X L 
L H 
H H 
H H 
H H 

5 

X 
H 
X 
X 
L 
H 
H 
H 
H 
H 

OUTPUTS 

6 7 A2A1 AO GSEO 

X X Z Z Z H H 
H H Z Z Z H L 
X L L L L L H 
L H L L H L H 
H H L H L L H 
H H L H H L H 
H H H L L L H 
H H H L H L H 
H H H H L L H 
H H H H H L H 

SN54LS174LS348 

H = high logic level 
l = low logic level 
X = irrelevant 
Z = high Impedance state 

BLOCK DIAGRAMS 

SN54LS/74LS348 
SN54LS/74LS848 

8-INPUT PRIORITY ENCODER 

LOW POWER SCHOTTKY 

OUTPUTS INPUTS 

Vee ~ 'T-'2-"',ejPU16UT 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

SN54LS174LS848 
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SN54LS174LS348 • SN54LS174LS848 

GUARANTEED OPERATING RANGES 
SYMBOL PARAMETER MIN TVP ··MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

10H Output Current - High EO,GS 54,74 -0.4 rnA 

10H Output Current - High AO, A1, A2 54 -1.0 rnA 
AO,A1,A2 74 -2.6 

10L Output Current - Low EO,GS 54 .4.0 rnA 
74 8.0 

10L Output Current - Low AO, A1, A2 54 12 rnA 
AO, A1, A2 74 24 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TVP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 rnA 

Output HIGH Voltage 
AO, A1, A2 54,74 2.4 3.1 V 

VCC = MIN, 10H = MAX, VIN = VIH 
VOH EO,GS 54 2.5 3.5 V or VIL per Truth Table 

EO,GS 74 2.7 3.5 V 

54,74 0.25 0.4 V 10L = 4.0 rnA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 rnA I VIN = VIL or VIH 
per Truth Table 

Input HIGH Current 
Input 0, EI - LS348 20 pA 

Input 0 - LS848 40 pA 
VCC = MAX. VIN = 2.7 V 

Other - LS348 40 pA 

IIH 
Other - LS848 60 pA 

Input 0, EI - LS348 0.1 rnA 

Input 0 - LS848 0.2 rnA 
VCC = MAx. VIN = 7.0 V 

Other - LS348 0.2 rnA 
Other - LS848 0.3 rnA 

Input LOW Current 
Input 0, EI - LS348 -0.4 rnA 

IlL Input 0 - LS848 -0.8 rnA 
VCC = MAX, VIN = 0.4 V 

Other - LS348 -0.8 rnA 
Other - LS848 -1.2 rnA 

lOS Short Circuit Current 
EO,GS -20 -120 rnA 

VCC= MAX 
AO,A1,A2 -30 -130 rnA 

Power Supply Current VCC=MAX, 

ICC 
Total. Output HIGH 12 23 

rnA 
All Inputs and Outputs Open 

Total, Output LOW 13 25 VCC = MAX, Inputs 7, E1 = GND 
All Others Open 
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SN54LS/74LS348 • SN54LS/74LS848 

AC CHARACTERISTICS- VCC = 5 0 V TA = 25°C 

LS348 LS848 
LIMITS LIMITS 

SYMBOL 
FROM TO WAVEFORM UNIT TEST CONDITIONS 
(INPUT) (OUTPUT) MIN lYP MAX MIN lYP MAX 

tpLH 1 thru 7 AO,A1,orA2 
In-Phase 11 17 12 18 

CL =45pF ns 
tpHL output 20 30 20 30 

tpLH 1 thru 7 AD, A1, or A2 
Out-ol-Phase 23 35 23 35 

RL=667Cl ns 
tpHL output 23 35 23 35 

tpZH EI AD, A1, or A2 
25 39 25 39 

ns 
tpZL 24 41 24 41 

tpLH Othru 7 EO 
Out-ol-Phase 11 18 11 18 

ns 
tpHL output 26 40 26 40 

tpLH Othru 7 GS 
In-Phase 38 55 38 55 

CL = 15pF ns 
tpHL output 9.0 21 9.0 21 

tpLH EI GS 
In-Phase 11 17 11 17 

RL = 2.0 kCl ns 
tpHL output 14 36 14 36 

tPLH EI EO 
In-Phase 17 21 17 21 

ns 
tpHL output 25 40 30 45 

tPHZ EI AO,A1 orA2 18 27 18 27 CL = 5.0 pF ns 
tPLZ 23 35 23 35 RL= 667 Q 

MOTOROLA SCHOTTKY TTL DEVICES 

5-276 



® MOTOROLA 

DESCRIPTION - The SN54LS174LS352 is a very high-speed Dual 
4-lnput Multiplexer with Common Select inputs and individual Enable 
inputs for each section. It can select two bits of data from four sources. 
The two buffered outputs present data in the inverted (complementary) 
form. The SN54LS/74LS352 is the functional equivalent of the 
SN54LS174LS153 except with inverted outputs. 

• INVERTED VERSION OF THE SN54LS174LS153 
• SEPARATE ENABLES FOR EACH MULTIPLEXER 
• INPUT CLAMP DIODE LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 

NOTES: 

Common Select Inputs 
Enable (Active LOW) Input 
Multiplexer Inputs 
Multiplexer Outputs (note b) 

a. 1 TTL Unil Load (U.L.I = 40 pA HIGH/loS mA LOW. 

HIGH LOW 

0.5 U.L. 
0.5 U.L. 
0.5 U.L. 
10 U.L. 

0.25 U.L. 
0.25 U.L. 
0.25 U.L. 

5(2.5) U.L. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) 
Temperature Ranges. 

LOGIC DIAGRAM 

Vcc=Pin16 
GND =PinB o = Pin Numbers 

SN54LS352 
SN74LS352 

DUAL 4-INPUT MULTIPLEXER 

LOW POWER SCHOTTKY 

14 

s, 

LOGIC SYMBOL 

6 5 4 3 1011 12 13 15 

Vcc = Pin 16 
GND = PinB 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

J Suffix - Case 620-0B (Ceramic) 
N Suffix - Case 64B-05 (Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the DUBlin-line Package. 
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SN54LS174LS352 

FUNCTIONAL DESCRIPTION - The SN54LS/74LS352 is a Dual4-lnput Multiplexer. It selects two bits of 
data from up to four sources under the control of the common Select Inputs (SO, S1). The two 4-input 
multiplexer circuits have individual active LOW Enables (Ea, Eb) which can be used to strobe the outputs 
independently. When the Enables (Ea, Eb) are HIGH, the corresponding outputs (la, lb) are forced HIGH. 

The logic equations for the outputs are shown below. 

la=Ea-(lOa-S1-S0+11a-S1 -SO+12a- S1-S0+ 13a- S1-S0) 

lb=Eb-(lOb-S1-S0+11b-S1-S0+12b-S1-S0+13b-S1-S0) 

The SN54LS/74LS352 can be used to move data from a group of registers to a common output bus. The 
particular register from which the data came would be determined by the state of the Select Inputs. A less 
obvious application is a function generator. The SN54LS174LS352 can generate two functions of three 
variables. This is useful for implementing highly irregular random logic. 

SELECT INPUTS 

So St 

X X 

L L 
L L 
H L 
H L 
L H 
L H 
H H 
H H 

H = HIGH Voltage lewIl 
L = LOW Voltage Level 
X = Immaterial 

E 

H 
L 
L 
L 
L 
L 
L 
L 
L 

TRUTH TABLE 

INPUTS (a or bl OUTPUT 

10 I, 12 13 Z 

X X X X H 

L X X X H 
H X X X L 
X L X X H 
X H X X L 
X X L X H 
X X H X L 
X X X L H 
X X X H L 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX 

VCC Supply Voltage 54 4.5 5.0 5.5 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 
74 0 25 70 

IOH Output Current - High 54,74 -0.4 

IOL Output Current - Low 54 4.0 
74 8.0 
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SN54LS174LS352 

DC CHARACTERISTICS OVER OPERAnNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 
VOH Output HIGH Voltage 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 4.0 mA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 /lA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

ICC Power Supply Current 10 mA VCC=MAX 

AC CHARACTERISTICS: TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS CONDITIONS 
MIN TYP MAX 

tpLH Propagation Delay, 19 29 
ns 

Fig. 1 
tpHL Select to Output 25 38 or 2 

tpLH Propagation Delay, 16 24 
ns Fig. 2 

VCC= 5.0V 
tpHL Enable to Output 21 32 CL = 15 pF 

tpLH Propagation Delay, 13 20 
Fig. 1 

tpHL Data to Output 17 26 
ns 

ACWAVEFORMS II 
I 

V,N J,'3V ,'3V 
~tPHLj ~tPLHl 

VOUT \'-,_3_V ____ .JFV 
Fig. 1 Fig. 2 
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II 

® MOTOROLA 
SN54LS353 
SN74LS353 

DESCRIPTION - The LSTIL/MSI SN54LS/74LS353 is a Dual 4-
Input Multiplexer with 3-state outputs. It can select two bits of data from 
four sources using common select inputs. The outputs may be 
individually switched to a high impedance state with a HIGH on the 
respective Output Enable (EO) inputs. allowing the outputs to interface 
directly with bus oriented systems. It is fabricated with the Schottky 
barrier diode process for high speed and is completely compatible with 
all TIL families. 

DUAL 4-INPUT MULTIPLEXER 
WITH 3-STATE OUTPUTS 

• INVERTED VERSION OF SN54LS174LS253 
• SCHOTTKY PROCESS FOR HIGH SPEED 
• MULTIFUNCTION CAPABILITY 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES 

50. 5 1 

Multiplexer A 
EOa 
!oa-13a 
Za 

Multiplexer B 
EOb 
IOb-13b 
Zb 

NOTES: 

Common Select Inputs 

Output Enable (Active LOW) Input 
Multiplexer Inputs 
Multiplexer Output (Note b) 

Output Enable (Active LOW) Input 
Multiplexer Inputs 
Multiplexer Output (Note b) 

e. 1 TTL Unit Load (U.L.) = 40 IlA HIGH/l.6 mA LOW. 

LOADING (Note a) 

HIGH LOW 

0.5 U.l. 0.25 U.l. 

0.5 U.l. 0.25 U.l. 
0.5 U.l. 0.25 U.l. 

65(25)U.l. 15(7.5) U.l. 

0.5 U.l. 0.25 U.l. 
0.5 U.l. 0.25 U.l. 

65(25)U.l. 15(7.5) U.l. 

b. The Output lOW drive factor is 7.5 U.L. for Military (54) and 15 U.L. for Commercial (74) 
Temperature Ranges. The Output HIGH drive factor is 25 U.L for Military and 65 U.L. for 
Commercial Temperature Ranges. 

LOGIC DIAGRAM 

VCC = Pin 16 
GND = Pin 8 o = Pin Numbers 

It. 

® 
loa Eaa 

® CD 
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LOW POWER SCHOTIKY 

t. 

LOGIC SYMBOL 

1 6 5 4 3 10" 121316 

VCC = Pin 16 
GND = Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

t. 
t5 

,. 
13 

12 

11 

10 

'9 ,-__ r 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648·05 (Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dual In-Line Package. 



SN54LS/74LS353 

FUNCTIONAL DESCRIPTION - The SN54LS/74LS353 contains two identical4-input Multiplexers with 
3-state outputs. They selecttwo bits from four sources selected by common select inputs (SO. S1 ). The 4-input 
multiplexers have individual Output Enable (EOa• EOb) inputs which when HIGH. forces the outputs to a high 
impedance (high Z) state. 

The logic equations for the outputs are shown below: 

Za =EOa o(IOa 0 51 0 50+11a 0 51 0 SO+12a oS1 050+13a oS1 o SO) 

Zb=EOb°(lOboS1oS0+11boS1°S0+12boS1oS0+13boS1oS0) 

If the outputs of 3-state devices are tied together. all but one device must be in the high impedance state to 
avoid high currents that would exceed the maximum ratings. Designers should ensure that Ouiput Enable 
signals to 3-state devices whose outputs are tied together are designed so that there is no overlap. 

TRUTH TABLE 

SELECT DATA INPUTS OUTPUT OUTPUT INPUTS ENABLE 

So 51 10 11 12 13 EO Z 

X x x X X X H (ZI 

L L L X X X L H 
L L H X X X L L 
H L X L X X L H 
H L X H X X L L 
L H X X L X L H 
L H X X H X L L 
H H X X X L L H 
H H X X X H L L 

H HIGH Level 
L LOW Level 
X Immaterial 
(ZI = High Impedance (~'" 
Address inputs So and 51 are common to both sections. 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX 

VCC Supply Voltage 54 4.5 5.0 5.5 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 
74 0 25 70 

10H Output Current - High 54 -1.0 
74 -2.6 

IOL Output Current - Low 54 12 
74 24 
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SN54LS174LS353 

DC CHARACT1ERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
MIN 

LIMITS 

TYP MAX 
UNITS TEST CONDITIONS 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 rnA 

54 2.4 3.4 V VCC = MIN, IOH = MAX, VIN = VIH 
VOH Output HIGH Voltage 

74 2.4 3.1 V or VIL per Truth Table 

VOL Output LOW Voltage 54,74 0.25 0.4 V IOL=12mA IVCC=VCCMIN, 
QA-QH 

74 0.35 0.5 V IOL - 24 rnA I VIN = VIL or VIH 
per Truth Table 

IOZH Output Off Current HIGH 20 IlA VCC = MAX, VOUT = 2.7 V 

10ZL Output Off Cu rrent LOW -20 IlA VCC = MAX, VOUT = 0.4 V 

20 IlA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -30 H30 rnA VCC = MAX 

Power Supply Current 

lec 
Total, Output 3-State 14 

rnA Vce = MAX 
Total, Output LOW 12 

AC CHARACT1ERISTICS' TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Propagation Delay, 11 25 Fig. 1 
tpHL Data to Output 13 20 

ns 

tPLH Propagation Delay, 20 45 Fig. 1 
tpHL Select to Output 21 32 

ns or 2 
CL = 15 pF 

tpZH 
Output Enable Time 

11 23 ns Figs. 4, 5 
to HIGH Level II 

tpZL 
Output Enable Time 

15 23 ns Figs. 3, 5 
to LOW Level 

tpLZ 
Output Disable Time 

12 27 ns Figs. 3, 5 
from LOW Level CL = 5.0 pF 

tpHZ 
Output Disable Time 

27 41 ns Figs.4,5 
from HIGH Level 
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SN54LS174LS353 

3- STATE WAVEFORMS 

~13V E 
11~--r-tPHl 

V~13V tv 
Fig. 1 Fig. 2 

Fig. 3 Fig. 4 

AC LOAD CIRCUIT 

II 
SWITCH POSITIONS 

SYMBOL SWl SW2 

tpZH Open Closed 

tpZL Closed Open 

5QkO tpLZ Closed Closed 

tPHZ Closed Closed 

r 
·Includes Jig and Probe CapacLtance. 

Fig. 5 
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® MOTOROLA 

DESCRIPTION - These devices are high speed hex buffers with 
3-state outputs. They are organized as single 6-bit or 2-bit/4-bit, with 
inverting or non-inverting data (D) paths. The outputs are designed to 
drive 1 5 TTL U nit Loads or 60 Low Power Schottky loads when the 
Enable (E) is LOW. 

When the Output Enable (E) is HIGH, the outputs are forced to a high 
impedance "off" state. If the outputs of the 3-state devices are tied 
together, all but one device must be in the high impedance state to avoid 
high currents that would exceed the maximum ratings. Designers 
should ensure that Output Enable signals to 3-state devices whose 
outputs are tied together are designed so there is no overlap. 
J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

SN54LS174LS365A 
HEX 3-STATE BUFFER WITH 

COMMON 2-INPUT NOR ENABLE 

SN54LS/74LS365A 
SN54LS/74LS366A 
SN54LS/74LS367A 
SN54LS/74LS368A 

3-STATE HEX BUFFERS 

LOW POWER SCHOTTKY 

SN54LS/74LS366A 
HEX 3·STATE INVERTER BUFFER 

WITH COMMON 2-INPUT NOR ENABLE 
Vee E2 Vee E2 

E", GND 

Vee 

TRUTH TABLE 

INPUTS 

El E2 D 
OUTPUT 

L L L L 

L L H H 

H X X (Z) 

X H X (Z) 

SN54LS174LS367A 
HEX 3-STATE BUFFER 

SEPARATE 2-BIT AND 4·BIT SECTIONS 

TRUTH TABLE 

~~ 
E D 

OUTPUT 

L L L 

L H H 

H X (Zl 

GND 

E', GND 

Vee 

TRUTH TABLE 

INPUTS 

·1 E2 D OUTPUT 

L L L H 
L L H L 
H X X (Z) 

X H X (Z) 

SN54LS174LS36BA 
HEX 3·STATE INVERTER BUFFER 

SEPARATE 2-BIT AND 4-BIT SECTIONS 

TRUTH TABLE 

INPUTS 
r-yC"'[) OUTPUT 

L L H 
L H L 
H X IZI 

GND 
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SN54LS174LS365A 0 SN54LS/74LS366A 
SN54LS174LS367A 0 SN54LS/74LS368A 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

MIN 

54 4.5 
74 4.75 

54 -55 
74 0 

54 
74 

54 
74 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °c 
25 70 

-1.0 rnA 
-2.6 

12 rnA 
24 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC= MIN,IIN = -18 rnA 

54 2.4 3.4 V VCC = MIN, 10H = MAX, VIN = VIH 
VOH Output HIGH Voltage 

74 2.4 3.1 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 12 rnA IVcc= VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 24 rnA I VIN = VIL or VIH 
per Truth Table 

10ZH Output Off Current HIGH 20 pA VCC= MAX, VOUT= 2.4 V 

10ZL Output Off Current LOW -20 pA VCC = MAX, VOUT = 0.4 V 

IIH Input HIGH Current 
20 pA VCC = MAX, VIN = 2.7 V 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL 
Input LOW Curre!lt 

E Inputs -0.4 rnA VCC = MAX, VIN = 0.4 V 

o Inputs -20 pA 
VCC = ~AX, VIN = 0.5 V 
Either, E Input at 2 V 

-0.4 rnA 
VCC:: MAX, VIN = 0.4 V 
Both E Inputs at 0.4 V 

lOS Short Circuit Current -40 -225 rnA VCC= MAX 

Power Supply Current 

ICC 
LS365A,367A 24 

rnA VCC= MAX LS366A, 368A 21 

ACCHARACTERISTlCS· TA = 25°C VCC=5 OV 

LIMITS 
SYMBOL PARAMETER 

LS365A1LS367 A LS366A/LS368A 
UNITS TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 

tPLH 
Propagation Delay 

10 16 7.0 15 
tpHL 9.0 22 12 18 

ns 
CL = 45 pF, 

tpZH 
Output Enable Time 

19 35 18 35 RL = 667 n 
tpZL 24 40 28 45 

ns 

tpHZ 
Output Disable Time 

30 32 
CL = 5.0 pF 

35 35 
ns 

tpLZ 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS373 consists of eight latches 
with 3-state outputs for bus organized system applications. The flip­
flops appear transparent to the data (data changes asynchronously) 
when Latch Enable (LE) is HIGH. When LE is LOW, the data that meets 
the setup times is latched. Data appears on the bus when the Output 
Enable (OE) is LOW. When OE is HIGH the bus output is in the high 
impedence state. 

The SN54LS174LS374 is a high-speed, low-power Octal O-type Flip­
Flop featuring separate D-type inputs for each flip-flop and 3-state 
outputs for bus oriented applications. A buffered Clock (CP) and Output 
Enable (OE) is common to ali flip-flops. The SN54LS/74LS374 is 
manufactured using advanced Low Power Schottky technology and is 
compatible with ali Motorola TTL families. 

• EIGHT LATCHES IN A SINGLE PACKAGE 
• 3-STATE OUTPUTS FOR BUS INTERFACING 
• HYSTERESIS ON LATCH ENABLE 
e EDGE-TRIGGERED D-TYPE INPUTS 
• BUFFERED POSITIVE EDGE-TRIGGERED CLOCK 
• HYSTERESIS ON CLOCKINPUTTO IMPROVE NOISE MARGIN 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 

°0-D7 
LE 
CP 
DE 
00-0 7 

NOTES: 

Data Inputs 
Latch Enable (Active HIGH) Input 
Clock (Active HIGH going edge) Input 
Output Enable (Active LOW) Input 
Outputs (Note b) 

a. 1 TTL Unit Load (U.LI = 40pA HIGH/l.6 mA LOW. 

HIGH LOW 

0.5 U.L. 
0.5 U.L. 
0.5 U.L. 
0.5 U.L. 

65(25)U.L. 

0.25 U.L. 
0.25 U.L. 
0.25 U.L. 
0.25 U.L. 

5(7.5) U.L. 

b. The Output LOW drive factor is 7.5 U.l. for Military and 25 U.L. for Commercial (74) 
Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military(54) and 65 U.L. 
for Commercial (74) Temperature Ranges. 

LS373 

Dn LE 

H H 

L H 

X X 

H =HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedence 

OE 

L 

L 

H 

TRUTH TABLE 

On 

H 

L 
Z· 

LS374 

Dn CP OE 

H J L 

L S L 

X X H 

*Note: Contents of flip-flops unaffected by the state of the Output Enable input (DE) 

On 

H 

L 

Z· 

SN54LS/74LS373 
SN54LS/74LS374 

OCTAL TRANSPARENT LATCH 
WITH 3-STATE OUTPUTS; 

OCTAL D-TYPE FLIP-FLOP 
WITH 3-STATE OUTPUT 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

SN54LS174LS373 

DE vee 

00 07 

DO D7 

Dt D6 

0, 06 

02 a. 

D2 D. 

03 0, 

03 a, 

GNO LE 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

SN54LS174LS374 

DE vee 

00 07 

00 07 

0, D6 

0, 06 

02 D. 

02 D. 

03 D, 

03 0, 

GND ep 

J Suffix - Case 732-03 (Ceramic) 
N Suffix - Case 738-01 (Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dual In-Line Package. 
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SN54LS174LS373 • SN54LS174LS374 

SN54LS174LS373 

@ 0 
DO 01 

0, 
® 

SN54LS174LS374 

GUARANTEED OPERATING RANGES 
SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

IOH Output Current - High 

IOL Output Current - Low 

LOGIC DIAGRAMS 

03 

® 

VCC= Pin 20 
GND = Pin 10 
o = Pin Numbers 

54 
74 

54 
74 

54 
74 

54 
74 

MIN 

4.5 
4.75 

-55 
0 
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TYP MAX UNIT 

5.0 5.5 V II 
5.0 5.25 I 

25 125 °c 
25 70 

-1.0 mA 
-2.6 

12 rnA 
24 



II 

SN54LS174LS373 • SN54LS174LS374 

DC CHARACTERISTICS OVER OPERATING 11:MPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

54 2.4 3.4 V VCC = MIN, 10H = MAX, VIN = VIH 
VOH Output HIGH Voltage 

74 2.4 3.1 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 12 mA Ivcc=vcC MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 24 mA I ~IN = VIL or VIH 
per Truth Table 

10ZH Output Off Current HIGH 20 JlA VCC = MAX, VOUT = 2.4 V 

10ZL Output Off Current LOW -20 JlA VCC = MAX, VOUT = 0.4 V 

20 JlA VCC= MAX, VIN= 2.7V 
IIH Input HIGH Current 

0.1 mA Vec = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -30 -130 mA VCC= MAX 

ICC Power Supply Current 40 mA VCC=MAX 

AC CHARACTERISTICS: T A = 25°C V CC = 5 0 V 

LIMITS 
SYMBOL PARAMETER 

LS373 LS374 
UNITS TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 

fMAX Maximum Clock Frequency 35 50 MHz 

tpLH Propagation Delay, Data 12 18 
tpHL to Output 12 18 

ns 
CL =45 pF, 

tpLH Clock or Enable 20 30 15 28 RL= 667 n 
tpHL to Output 18 30 19 28 

ns 

tPZH 
Output Enable Time 

15 28 20 28 
tpZL 25 36 21 28 

ns 

tpHZ 
Output Disable Time 12 20 12 20 

CL = 5.0pF 
tpLZ 15 25 15 25 

ns 

AC SETUP REQUIREMENTS· T A = 25°e V CC = 5 0 V 

LIMITS 
SYMBOL PARAMETER 

LS373 LS3,74 
UNITS 

MIN MAX MIN MAX 

tw Clock Pulse Width 15 15 ns 

ts Setup Time 5.0 20 ns 

th Hold Time 20 0 ns 

DEFINITION OF TERMS: 
SETUP TIME (ts)- is defined as the minimum time required forthe correct logic level to be present althe logic input prior to LE 
transition from HIGH-to-LOW in order to be recognized and transferred to the outputs. 

HOLD TIME (th) - is defined as the minimum time following the LE transition from HIGH-to-LOW that the logic level must be 
maintained at the input in order to ensure continued recognition. 

MOTOROLA SCHOTTKY TTL DEVICES 

5-288 



SN54LS/74LS373 

AC WAVEFORMS 

Fig. 1 

0E~'3V ~ 
tPzH_I~~ f$VOH 

VOUT~13V 1.3V 

05V 

Fig. 2 Fig. 3 

AC LOAD CIRCUIT 

I 

SWITCH POSITIONS II sw, 
SYMBOL SW1 SW2 

!PZH Open Closed 

!PZl Closed Open I 

S.OkO tPlZ Closed Closed 

tPHZ Closed Closed 

*Includes Jip and Probe Capacitance. 

Fig. 4 
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II 

SN54LS174LS374 

Fig. 5 

: ~~.oo 
.. 1.3V 

O.5V 

Fig.7 

'SWITCH POSITIONS 

SYMBOL SWI SW2 

IPZH Open Closed 

tPZL Closed Open 

tPLZ Closed Closed 

tPHZ Closed Closed 

AC WAVEFORMS ;.-x.,3 v .y:;;-

.o.I~~:u. 

TQOUTPUT 
UNDER TEST 

-,-VOL 

Fig. 6 O.5V 

AC LOAD CIRCUIT 

Vee 

50kO 

r 
'"Includes Jig and Probe CapaCitance. 

Fig. 8 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS375 is a 4-Bit O-Type Latch for 
use as temporary storage for binary information between processing 
limits and input/outputor indicator units. When the Enable(E) is HIGH, 
information present at the 0 input will be transferred to the Q output 
and, if E is HIGH, the Q output will follow the input. When E goes LOW, 
the information present at the 0 input prior to its setup time will be 
retained at the Q outputs. 

TRUTH TABLE 
(Each latch) 

tn I n+l 
0 Q 

H H 
L L 

NOTES: 

tn = bit time before enable 
negative-going transition 
In+l = billime after enable 
negative-going transition 

PIN NAMES LOADING (Note a) 

NOTES: 

Data Inputs 
Enable Input Latches 0, 1 
Enable Input Latches 2, 3 
Latch Outputs (Note b) 
Complimentary Latch Outputs (Note b) 

a. 1 Unil Load (U.L.) = 40 JlA HIGH/1.6 mA LOW. 

HIGH 

0.5 U.L. 
2.0 U.L. 
2.0 U.L. 
10 U.L. 
10 U.L. 

LOW 

0.25 U.L. 
1.0 U.L. 
1.0 U.L. 

5(2.5) U.L. 
5(2.5) U.L. 

b. The OUlpul LOW drive faclor is 2.5 U.L. for Military (54) and 5 U.L. for 
Commercial (74) Temperature Ranges. 

LOGIC DIAGRAM· 

DATA~ Q 

~g~~O 
TO OTHER LATCH 

12 

SN54LS375 
SN74LS375 

4-BIT D LATCH 

LOW POWER SCHOTTKY 

LOGIC SYMBOL 

EO,' 

2 3 6 5 10 11 14 13 

VCC=16 
GND=Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plaslic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dual In-Line Package. 
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SN54LS/74LS375 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 O.B 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN = -1B mA 

54 2.5 3.5 V VCC = MIN. 10H = MAX, VIN = VIH 
VOH Output HIGH Voltage 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 4.0 mA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - B.D mA I VIN = VIL or VIH 
per Truth Table 

o Input 20 
pA VCC = MAX, VIN = 2.7 V 

IIH Input HIGH Current E Input BO 

o Input 0.1 
mA VCC = MAX, VIN = 7.0 V E Input 0.4 

IlL Input LOW Current 
o Input -0.4 

mA VCC = MAX, VIN = 0.4 V E Input -1.6 

lOS Short Circuit Current -20 -100 mA VCC = MAX 

ICC Power Supply Current 12 mA VCC=MAX 

AC CHARACTERISTICS: TA = 25°C, VCC = 5.0 V 

SYMBOL 

tpLH 
tpHL 

tpLH 
tpHL 

tpLH 
tpHL 

tpLH 
tpHL 

PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

Propagation Delay, Data to Q 15 27 
9.0 17 n~ 

Propagation Delay, Data to 0: 12 20 
7.0 15 

ns 

Propagation Delay, Enable to Q 15 27 
14 25 

ns 

Propagation Delay, Enable to 0: 16 30 
7.0 15 

ns 
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CONDITIONS 

VCC=5.0V 

CL = 15 pF 



SN54LS/74LS375 

LOGIC DIAGRAM 

M"~:""~==~'" 
ENABLE~T 

TO OTHER LArCH 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX 

VCC Supply Voltage 54 4.5 5.0 5.5 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 
74 0 25 70 

IOH Output Current - High 54,74 -0.4 

IOl Output Current - low 54 4.0 
74 8.0 

AC SETUP REQUIREMENTS: TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tw Enable Pulse Width 20 ns 

ts Setup Time 20 ns VCC= 5.0V 

th Hold Time 0 ns 

AC WAVEFORMS 

1.3V 1.3 V 

1.3V 

o 1.3V 

Q 1.3V 

DEFINITION OF TERMS: 

UNIT 

V 

°C 

rnA 

rnA 

SETUP TIME (ts) - is defined as the minimum time requiredforthe correct logic level to be present althe logic input priortothe 
clock transition from lOW-to-HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME (th)- is defined as the minimum time following the clock transition from lOW-to-HIGH that the logic level must be 
maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level 
may be released prior to the clock transition from lOW-to-HIGH and still be recognized. 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS377 is an 8-bit register built 
using advanced Low Power Schottky technology. This register consists 
of eight Ootype flip-flops with a buffered common clock and a buffered 
common clock enable. 

The SN54LS/74LS378 is a 6-Bit Register with a buffered common 
enable. This device is similar to the SN54LS/74LS174, but with 
common Enable rather than common Master Reset. 

The SN54LS174LS379 is a 4-Bit Register with buffered common 
Enable. This device is similar tothe SN54LS174LS175 butfeatures the 
common Enable rather than common Master Reset. 

• 8-BIT HIGH SPEED PARALLEL REGISTERS 
• POSITIVE EDGE-TRIGGERED D-TYPE FLIP FLOPS 
• FULLY BUFFERED COMMON CLOCK AND ENABLE INPUTS 
• TRUE AND COMPLEMENT OUTPUTS 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION 

EFFECTS 

PIN NAMES 

E 
00-0 3 
CP 
90-0 3 
00-03 

Enable (Active LOW) Input 
Oata Inputs 
Clock (Active HIGH Going Edge) Input 
True Outputs (Note b) 
Complemented Outputs (Note b) 

NOTES: 

SN54LS/74LS377 
SN54LS/74LS378 
SN54LS/74LS379 

OCTAL 0 FLIP-FLOP WITH ENABLE; 
HEX 0 FLIP-FLOP WITH ENABLE; 
4-BIT 0 FLIP-FLOP WITH ENABLE 

LOW POWER SCHOTTKY 

LOADING (Note a) 

HIGH LOW 

0.5 U.L. 
0.5 U.L. 
0.5 U.L. 
10 U.L. 
10 U.L 

0.25 U.L. 
0.25 U.L. 
0.25 U.L. 

5(2.5) U.L. 
5(2.5) U.L. 

•. 1 TIL Unit Load (U.L.I = 40llA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for 

Commercial (74) Temperatur~ Ranges. 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

SN64LSI74LS317 

20 

19 

18 

17 

18 

15 

,. 
13 

12 

10 11 

J Suffix - Case 732-03 (Ceramic) 
N Suffix - Case 738-01 (Plastic) 

NOTE: 
The Flatpak version has the 
same pinouts (Connection 
Diagram) as the Dual In-Line 
Package. 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

SN64LS174LS378 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

NOTE: 
The Flatpak version has the 
same pinouts (Connection 
Diagram) as the Dual In-Line 
Package. 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

SN64LS174LS379 

1G 

15 

,. 
13 

12 

11 

10 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

NOTE: 
The Flatpak' version has the 
same pinouts (Connection 
Diagram) as the Dual In-Line 
Package. 
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SN54LS174LS377 • SN54LS/74LS378 • SN54LS174LS379 

LOGIC OIAGRAMS 

SN54LSI74LS377 

CD CD ® @ ® ® 
Do D, D, D, D, D, 

CLOg~ -C><"""-1>---1I-+-_+--+-..-+--+--.-+-I--....,..-+--I-~-+-+--1r-I---+---, 
@ 

Do a, a, '" a, a, '" a, 

® CD CD ® ® ® ® ® 

SN54LS/74LS378 

CD CD CD @ @ @ 
D, D, D, D, D. D, 

®CP 

II 0 E 

a, Q, Q, Q, a. Q, 

® 0 0) @ @ ® 

SN54LS174LS379 
0 ® @ @ 

D, D, D, D, 

@CP 
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SN54LS174LS377 • SN54LS174LS378 • SN54LS174LS379 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 0 25 70 

10H Output Current - High 54,74 -0.4 rnA 

10L Output Current - Low 54 4.0 rnA 
74 8.0 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage V All Inputs 74 0.8 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 rnA 

54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 
VOH Output HIGH Voltage 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L= 4.0 rnA VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V IOL-8.0 rnA VIN = VIL or VIH 
per Truth Table 

20 /lA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 rnA VCC= MAX 

LS377 28 
ICC Power Supply Current LS378 22 rnA VCc;:= MAX, NOTE 1 

LS379 15 

Note: With all inputs open and GND applied to all data and enable inputs, ICC is measured after a momentary GND, then4.5 V is 
applied to clock. 

AC CHARACTERISTICS: TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
LIMITS 

MIN TYP MAX 
UNITS TEST CONDITIONS 

fMAX Maximum Clock Frequency 30 40 MHz 

tpLH Propagation Delay, 17 27 VCC= 5.0V 

tpHL Clock to Output 18 27 
ns CL=15pF 

AC SETUP REQUIREMENTS: TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tw Any Pulse Width 20 ns 

ts Data Setup Time 20 ns 

ts 
Enable Setup Llnactive - State 10 ns VCC= 5.0V 

Time I Active - State 25 ns 

th Any Hold Time 5.0 ns 

DEFINITION OF TERMS: 

SETUPTIME (ts) - is defined as the minimum time required for the correct logic level to be presentatthe logic input prior to the 
clock transition from LOW-to-HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME (th) - is defined as the minimum time following the clock transition from LOW-to-HIGH that the logic level must be 
maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level 
may be released prior to the clock transition from LOW-to-HIGH and still be recognized. 
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SN54LS/74LS377 • SN54LS/74LS378 • SN54LS/74LS379 

TRUTH TABLE 

E CP 

H ....r 
L ....r 
L ....r 

L = LOW Voltage Level 
H = HIGH Voltage Level 
X = Immaterial 

On Qn 

X 
No 

Change 

H H 

L L 

AC WAVEFORMS 

SN54LS174LS377 

Qn 

No 
Change 

L 

H 

SN54LS174LS378 

CLOCK TO OUTPUT DELAYS 
CLOCK PULSE WIDTH. FREQUENCY. 

CLOCK TO OUTPUT DELAYS 
CLOCK PULSE WIDTH. FREQUENCY. 

SETUP AND HOLD TIMES DATA OR ENABLE TO CLOCK SETUP AND HOLD TIMES DATA OR ENABLE TO CLOCK 

r- 111m .. ::-;::::J 
,-_--,.1+- I. ; ,.. ___ _ 

CP 

SN54LS174LS379 

CLOCK TO OUTPUT DELAYS 
CLOCK PULSE WIDTH. FREQUENCY. 

SETUP AND HOLD TIMES DATA. ENABLE TO CLOCK 

·The shaded areas indicate when the mput is permitted to change for predictable output performance 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS385 is a general-purpose 
adder/subtractor which is useful as a companion part to the 
SN54LS174LS384 two's-complement multiplier. The LS385 contains 
four independent adder /subtractor elements with common clock and 
clear. 

Each of four independent sum ( 1:) outputs reflects the respective A and 
B input and is controlled by the sl'A pin. 

When low, the clear input asynchronously resets the sum flip-flop low 
and the carry flip-flop either high in the subtract mode or low in the add 
mode. The clock is positive-edge triggered and controls the sum and 
carry flip-flops. 

• FOUR SYNCHRONOUS ELEMENTS IN A SINGLE 20-PIN 
PACKAGE 

• INDEPENDENT TWO'S-COMPLEMENT 
ADDITION/SUBTRACTION 

• BUFFERED CLOCK AND DIRECT CLEAR INPUTS 

BLOCK DIAGRAM 

SN54LS385 
SN74LS385 

QUADRUPLE SERIAL 
ADDERS/SUBTRACTORS 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

J Suffix - Case 732-03 (Ceramic) 
N Suffix - Case 738-01 (PlastiC) 

CLOCK .:.1.:.:1) __ --{)o ___________ ~r---------+ ~~g:~;:UBTRACTORS 

A 15.6. '6. '61 »-+----"1 20 12.9.12. '91 1: 
ISUMI .-----"'C2 

B (4.7.14.17) 

S/A (3,8,13.18) 

} TO OTHER 
CLEAR .:.I':.,:'!.,.I -<C>-... -CX>--------------~-----+ ADDERISUBTRACTORS 
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SN54LS174LS385 

FUNCTION TABLE 

SELECTED INPUTS INTERNAL CARRY D INPUT OUTPUT 

FUNCTION CLEAR S/A A B CLOCK BEFORE t AFTER t AFTER t 

Clear L L X X X L L L 
L H X X X H H L 

H L L L + L L L 
H L L L + H L H 
H L L H t L L H 

Add H L L H t H H L 
H L H L + L L H 
H L H L + H H L 
H L H H + L H L 
H L H H + H H H 

H H L L + L L H 
H H L L + H H L 
H H L H t L L L 

Subtract H H L H t H L H 
H H H L t L H L 
H H H L t H H H 
H H H H t L L H 
H H H H t H H L 

H = high level, L == low level. X = irrelevant. 
t = transition from low to high level at the clock input 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

IOH Output Current - High 54,74 -0.4 mA 

IOl Output Current - low 54 4.0 mA 
74 8.0 II 

I 
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SN54LS/74LS385 

DC CHARACTERlmes OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 O.B 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN = -1 B mA 

54 2.5 3.5 V VCC = MIN. 10H = MAX. VIN = VIH 
VOH Output HIGH Voltage 

74 2.7 3.5 V orVIL per Truth Table 

54.74 0.25 0.4 V 10L = 4.0 mA I VCC = VCC MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 /JA VCC = MAX. VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX. VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX. VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

ICC Power Supply Current 75 mA VCC= MAX 

AC CHARACTERlmes· TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

fMAX Maximum Clock Frequency 30 40 MHz 

IpLH Propagation Delay. 14 22 
IpHL Clock to 1: 18 27 

ns VCC= 5.0V 

Propagation Delay 
CL=15pF 

tpHL Clear to 1: 
18 30 ns 

II AC SETUP REQUIREMENTS: TA = 25°C. VCC = 5.0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN lYP MAX 

lIN Clock Pulse Width 16 ns 

Is Setup Time 10 ns VCC=5.0V 

th Hold Time 0 ns , 
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® MOTOROLA 

Vee 

J Suffix - Case 632·07 (Ceramic) 
N Suffix - Case 646·05 (Plastic) 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

GND 

TA Operating Ambient Temperature Range 

10H Output Current - High 

10L Output Current - Low 

MIN 

54 4.5 
74 4.75 

54 -55 
74 0 

54,74 

54 
74 

SN54LS386 
SN74LS386 

QUAD 2-INPUT 
EXCLUSIVE-OR GATE 

LOW POWER SCHOTIKY 

TYP MAX 

5.0 5.5 
5.0 5.25 

25 125 
25 70 

-0.4 

4.0 
8.0 

UNIT 

V 

°C 

mA 

mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = I\)1IN, liN = -18 mA 

54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 
VOH Output HIGH Voltage 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 4.0 mA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

40 /1A VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.2 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.8 mA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

ICC Power Supply Current 10 mA VCC=MAX 

AC CHARACTERISTICS· T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Propagation Delay, Other 12 23 
ns 

tpHL Input LOW 10 17 VCC=5.0V 

tpLH Propagation Delay, Other 20 30 
ns 

CL=15pF 
tpHL Input HIGH 13 22 
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® MOTOROL.A 

DESCRIPTION - The SN54LS174LS390 and SN54LS174LS393 
each contain a pair of high-speed 4-stage ripple counters. Each half of 
the LS390 is partitioned into a divide-by-two section and a divide-by­
five section, with a separate clock input for each section. The two 
sections can be connected to count in the 8.4.2.1 BCD code or they can 
count in a biquinary sequence to provide a square wave (50% duty 
cycle) at the final output. 

Each half of the LS393 operates as a Modu10-16 binary divider, with the 
last three stages triggered in a ripple fash ion. In both the 'LS390 and the 
LS393, the flip-flops are triggered by a HIGH-to-LOW transition oftheir 

CP inputs. Each half of each circuittype has a Master Reset input which 
responds to a HIGH signal by forcing all four outputs to the LOW state. 

• DUAL VERSIONS OF LS290 AND LS293 
• LS390 HAS SEPARATE CLOCKS ALLOWING .;-2; ';-2.5, .;-5 
• INDIVIDUAL ASYNCHRONOUS CLEAR FOR EACH COUNTER 
• TYPICAL MAX COUNT FREQUENCY OF 50 MHZ 
• INPUT CLAMP DIODES MINIMIZE HIGH SPEED 

TERMINATION EFFECTS 

PIN NAMES LOADING (Note a) 

HIGH LOW 

CP Clock (Active LOW going edge) 
Input to +16 (LS393) 0.5 U.L. 1.0 U.L. 

CPO Clock (Active LOW going edge) 
Input to.;-2 (LS390) 0.5 U.L. 1.0 U.L. 

CPl Clock (Active LOW going edge) 
Input to ';-5 (LS390) 0.5 U.L. 1.5 U.L. 

MR Master Reset (Active HIGH) Input 0.5 U.L. 0.25 U.L. 
00-03 Flip-Flop outputs (Note b) 10 U.L. 5(2.5) UL 

NOTES: 
a. 1 TTL Unit Load (U.L.I = 40 pA HIGH/l.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for 

Commercial (741 Temperature Ranges. 

SN54LS/74LS390 
SN54LS/74LS393 

DUAL DECADE COUNTER; 
DUAL 4-STAGE 

BINARY COUNTER 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

SN54LS174LS390 

16 

12 

11 

J Suffix -.: Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (PlastiC) 

SN54LS174LS393 

12 

11 

J Suffix - Case 632-07 (Ceramic) 
N Suffix - Case 646-05 (Plastic) 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagraml as 
the Dual In-Line Package. 
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SN54LS174LS390 • SN54LS174LS393 

FUNCTIONAL DESCRIPTION-Each half oftheSN54LS174LS393 Operates inthe Modul016binarysequence,as indicated in 
the +16 Truth Table. The first flip-flop is triggered by HIGH-to-LOWtransitions ofthe CP input signal. Each ofthe other flip-flops 
is triggered by a HIGH-to-LOW transition ofthe Q output of the preceding flip-flop. Thus state changes of the Q outputs do not 
occur simultaneously. This means that logic signals derived from combinations of these outputs will be subject to decoding 
spikes and, therefore, should not be used as clocks for other counters, registers or flip-flops. A HIGH signal on MR forces all 
outputs to the LOW state and prevents counting. 

Each half of the 'LS390 contains a +5 section that is independent except forthe common MR function. The +5 section operates 
in 4.2.1 binary sequence, as shown in the+5 Truth Table, with the third stage output exhibiting a 20% duty cycle when the input 
frequency is constant. To obtain a +1 Of unction having a 50% duty cycle output, connectthe input signal to CPl and connectthe 
Q3 output to the CPO input; the QO output provides the desired 50% duty cycle output.lfthe inputfrequency is connected to CPO 
and the QO output is connected to CPl, a decade divider operating in the 8.4.2.1 BCD code is obtained, as shown in the BCD 
Truth Table. Since the flip-flops change state asynchronously, logic signals derived from combinations of 'LS390 outputs are 
also subject to decoding spikes. A HIGH signal on MR forces all outputs LOW and prevents counting. 

SN54LS174LS390 LOGIC DIAGRAM (one half shown), 

MR 

0, °2 03 

SN54LS174LS393 LOGIC DIAGRAM (one half shown) 

Ci'--------, 

MR--{)~~-----i---~-----+---~~-----i---~ 

0, °2 03 
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SN54LS/74LS390. SN54LS/74LS393 

SN54LSn4LS390 BCD 
TRUTH TABLE 

(Input on CPO; 00 CP,) 

COUN OUTPUTS 
Q3 Q2 Q, 00 

0 L L L L , l L L H 

2 L L H L 

3 L L H H 

4 L H L L 

5 L H L H 

6 L H H l 
7 L H H H 

8 H L L L 

9 H L L H 

-

-

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

SN54LSn4LS390 + 5 
TRUTH TABLE 
(Input on CP,) 

COUNT 
OUTPUTS 

Q3 Q2 Q, 

0 L L L , L L H 

2 L H L 

3 L H H 

4 H L L 

54 
74 

TA Operating Ambient Temperature Range 54 
74 

10H Output Current- High 54,74 

10l Output Current - low 54 
74 

] 

MIN 

4.5 
4.75 

-55 
0 

SN54LSn4LS393 
TRUTH TABLE 

COUNT 
OUTPUTS 

Q3 Q2 Q, 

0 L L L , L L L 

2 L L H 
3 L L H 

4 L H L 

5 L H L 

6 L 'H H 

7 L H H 

8 H L L 

9 H L L 

'0 H L H 

" 
H L H 

'2 H H L 

'3 H H L 

'4 H H H 

'5 H H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

TYP MAX 

5.0 5.5 
5.0 5.25 

25 125 
25 70 

-0.4 

4.0 
B.O 

00 
L -
H 

L 
H 

L 

H 

L 

H 

L 

H 

L 

H 

L 
H 

L 

H -

UNIT 

V 

°c 

mA 

mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input lOW Voltage for 
Vil Input lOW Voltage 

74 O.B 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -1 B mA 

54 2.5 3.5 V VCC = MIN, IOH = MAX, VIN = VIH 
VOH Output HIGH Voltage 

74 2.7 3.5 V or Vil per Truth Table 

54,74 0.25 0.4 V 10l = 4.0 mA I VCC = VCC MIN, 
VOL Output lOW Voltage 

74 0.35 0.5 V 10l - B.O mA I VIN = Vil or VIH 
per Truth Table 

20 pA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 0.1 mA VCC = MAX, VIN = 7.0 V 

MR -0.4 mA 

III Input lOW Current 
CP, CPO -1.6 mA VCC = MAX, VIN = 0.4 V 

CPl -2.4 mA 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

ICC Power Supply Current 26 mA VCC=MAX 
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SN54LS174LS390 • SN54LS174LS393 

AC CHARACTERISTICS: TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
LIMITS 

MIN TYP MAX 
UNITS TEST CONDITIONS 

'MAX 
M~imum Clock Frequency 

25 35 MHz 
CPO to 00 

'MAX 
Maximum Clock Frequency 

12.5 20 MHz 
CPl toOl 

tpLH Propagation Delay, 12 20 
tpHL CPtoOO LS393 13 20 

ns 

tpLH 
CPo to 00 LS390 

12 20 
tpHL 13 20 

ns 

tpLH - 40 60 
tpHL 

CPto 03 LS393 
40 60 

ns 
CL = 15 pF 

tpLH - 37 60 
tpHL 

CPO to 02 LS390 
39 60 

ns 

tpLH - 13 21 
tpHL 

CPl toOl LS390 
14 21 

ns 

tpLH - 24 39 
tPHL 

CPl to 02 LS390 
26 39 

ns 

tpLH 
CPl to 03 LS390 

13 21 
tpHL 14 21 

ns 

tpHL MR to Any Input LS390/393 24 39 ns 

AC SETUP REQUIREMENTS: TA = 25°C VCC = 5 OV 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tw Clock Pulse Width LS393 20 ns 

tw CPO Pulse Width LS390 20 ns 

tw CPl Pulse Width LS390 40 ns VCC= 5.0V 

tw MR Pulse Width LS390/393 20 ns 

tree Recovery Ti me LS390/393 25 ns 

AC WAVEFORMS 

'cP 13 V 

Q 

1- 'w --14 'plH 

~ ____________ --J~ 
Fig. 1 

MR&MS 

cp 

Q 

Fig. 2 

*The number of Clock Pulses required between the IpHl and tplH measurements can be determined from the appropriate Truth Table 
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® MOTOROLA 

DESCRIPTION - The SN74lS395 is a 4-Bit Register with 3-state 
outputs and can operate in either a synchronous parallel load or 
a serial shift-right mode, as determined by the Select input. An 
asynchronous active lOW Master Reset (MR) input overrides the 
synchronous operations and clears the register. An active HIGH 
Output Enable (OE) input controls the 3-state output buffers, but 
does not interfere with the other operations. The fourth stage also 
has a conventional output for linking purposes in mUlti-stage se­
rial operations . 

• SHIFT lEFT OR PARAllEL 4-BIT REGISTER 
• 3-STATE OUTPUTS 
• INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION 

EFFECTS 

PIN NAMES 

PO-P3 
Os 
S 
CP 
MR 
OE 
00-0 3 
Oa 

NOTE: 

Parallel Inputs 
Serial Data Input 
Mode Select Input 
Clock (Active lOW) Input 
Master Reset (Active lOW) Input 
Output Enable (Active HIGH) Input 
3-State Register Outputs 
Register Output 

a. 1 TIl Unit Load (U.L.) = 40 pA HIGH/l.6 mA LOW. 

lOGIC DIAGRAM 

D, 

lOADING (Note a) 

HIGH lOW 

0.5 U.l. 
0.5 U.l. 
0.5U.l. 
0.5U.l. 
0.5 U.l. 
0.5 U.l. 
65U.l. 
10 U.l. 

0.25 U.l. 
0.25 U.l. 
0.25U.l. 
0.25 U.l. 
0.25 U.l. 
0.25 U.l. 

15 U.l. 
5 U.l. 

SN74LS395 

4-81T SHIFT REGISTER 
WITH 3-STATE OUTPUTS 

lOW POWER SCHOTTKY 

,. 
9 

LOGIC SYMBOL 

0, 

7 3 4 5 6 

1 15 14 13 12 

VCC = Pin 16 
GND=Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

15 

" 
13 

12 

11 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 
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SN74LS395 

FUNCTIONAL DESCRIPTION - The SN74LS395 contains four D-type edge-triggered flip-flops and auxiliary gating to 
select a D input either from a Parallel (Pn) input or from the preceding stage. When the Select input is HIGH, the Pn 
inputs are enabled. A LOW signal on the S input enables the serial inputs for shift-right operations, as indicated in the 
Truth Table. 

State changes are initiated by HIGH-to-LOW transitions on the Clock Pulse (CP) input. Signals on the Pn, Os and S 
inputs can change when the Clock is in either state, provided that the recommended set-up and hold times are observed. 
When the S input is LOW, a CP HIGH-LOW transition transfers data in QO to Q1, Q1 to Q2, and Q2 to Q3. A left-shift 
is accomplished by connecting the outputs back to the Pn inputs, but offset one place to the left, i.e., 03 to P2, 02 to 
P1 and 01 to PO, with P3 acting as the linking input from another package. 

When the OE input is HIGH, the output buffers are disabled and the QO-Q3 outputs are in a high impedance condition. 
The shifting, parallel loading or resetting operations can still be accomplished, however. 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 4.75 5.0 5.25 V 

TA Operating Ambient Temperature Range 0 25 70 °c 
10H Output Current - High -0.4 mA 

10l Output Current - low 8.0 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

Vil Input lOW Voltage 0.8 V Guaranteed Input lOW Voltage for 
All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

VOH Output HIGH Voltage 2.7 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 
or Vil per Truth Table 

0.25 0.4 V 10l = 4.0 mA I VCC = VCC MIN, 
VOL Output lOW Voltage 

0.35 0.5 V 10l - 8.0 mA I VIN = Vil or VIH 
per Truth Table 

10ZH Output Off Current HIGH 20 JlA VCC = MAX, Vo = 2.4 V 

10Zl Output Off Current lOW -20 JlA VCC = MAX, Vo = 0.4 V 

20 JlA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

-0.1 mA VCC = MAX, VIN = 7.0 V 

III Input lOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

Power Supply Current 
VCC = MAX, DE = GND, CP = GND 

ICC 
Total, Output HIGH 31 mA 

Total. Output lOW 34 mA VCC = MAX, OE = 4.5 V, CP 
momentary 3.0 V then GND 
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SN74LS395 

AC CHARACTERISTICS: T A = 25°C 

SYMBOL PARAMETER 

fMAX Maximum Input Clock Frequency 

tpHL 
Propagation Delay, 
Clear to Output 

tpLH Propagation Delay, Low to High 
tpHL Propagation Delay, High to Low 

tpZH Output Enable Time 
tpZL 

tpLZ Output Disable Time 
tPHZ 

AC SETUP REQUIREMENTS: TA = 25°C 

SYMBOL PARAMETER 

t.w 
ts 

ts 

th 

Clock Pulse Width 

Setup Time, Mode Select 

Setup Time, All Others 

Data Hold Time 

Operating Mode 

Asynchronous Reset 
Shift, SET First Stage 
Shift, RESET First Stage 
Parallel Load 

H == HIGH Voltage Level 
l == LOW Voltage Level 
X == Immaterial 

MR 
L 
H 
H 
H 

LIMITS 
UNITS 

MIN TYP MAX 

30 45 MHz 

22 35 ns 

15 30 
25 30 

ns 

15 25 
17 25 

ns 

12 20 
11 17 

ns 

LIMITS 
UNITS 

MIN TYP MAX 

16 ns 

40 ns 

20 ns 

10 ns 

MODE SELECT - TRUTH TABLE 

Inputs@tn 

CP S Ds Pn 
X X X X 

""\.. L H X 

""\.. L L X 

'- H X Po 

tn, n+1 == time before and after CP HIGH-ta-LOW transition 

NOTE: 

TEST CONDITIONS 

VCC=5.0V 
CL = 15 pF 

CL = 5.0pF 

TEST CONDITIONS 

VCC=5.0V 

Outputs @ t n+1 

0 0 01 02 03 
L L L L 
H Oon .01n 0 20 
·L 0 00 010 0 20 
Po P1 P2 P3 

When OEis HIGH. outputs 00-03 are in the high impedance state; however, thiS does not affect other operations or the 03 output. 
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SN74LS395 

AC WAVEFORMS 

The shaded areas indicate when the input is permitted to change for predictable output performance. 

-The Data Input IS Os for 5 == LOW and Pn for S = HIGH. 

Fig. 1 

:--X-,.3V ~ 
I~J'PLZ 

Your 13V _ "".3V 

Fig. 3 

Vee 

-- VOL 

o.5V J 

AC LOAD CIRCUIT 

LOAD SERIAL DATA 
SHIFT RIGHT LOAD PARALLEL DATA 

Fig. 2 

: f~ ;;,VOH 

"".3V 

0.5 V 

Fig. 4 

SWITCH POSITIONS 

SYMBOL SW1 SW2 

tpZH Open Closed 

tpZL Closed Open 

tpLZ Closed Closed 

tpHZ Closed Closed 

5"" 

-Includes Jig and Probe Capac,tance 

Fig. 5 
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® MOTOROLA 

DESCRIPTION - The SN54LS/74LS398 and SN54LS174LS399 are 
Quad 2-Port Registers. They are the logical equivalent of a quad 2-input 
multiplexer followed by a quad 4-bit edge-triggered register. A Common 
Select input selects between two 4-bit input ports (data sources). The 
selected data is transferred to the output register on the LOW-to-HIGH 
transition of the Clock input. The SN54LS/74LS398 features both Q 
and a inputs, while the SN54LS174LS399 has only Q outputs. 

• SELECT FROM TWO DATA SOURCES 
• FULLY POSITIVE EDGE-TRIGGERED OPERATION 
• BOTH TRUE AND COMPLEMENTED OUTPUTS ON 

SN54LS/74LS398 
• INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION 

EFFECTS 

PIN NAMES LOADING (Note a) 

S 
CP 
lOa-lad 
11a-IOd 
Qa-Qd 
aa-ad 

NOTES: 

Common Select Input 
Clock (Active HIGH Going Edge) Input 
Data Inputs From Source a 
Data Inputs From Source 1 
Register True Outputs (Note b) 
Register Complementary Outputs 
(Note b) 

a. 1 TIL Unit Load (U.L.) = 40/JA HIGH/l.6 rnA LOW. 

HIGH 

0.5 U.L. 
0.5 U.L. 
0.5 U.L. 
0.5 U.L. 
10 U.L. 

10 U.L. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for 
Commercial (74) Temperature Ranges. 

FUNCTIONAL BLOCK DIAGRAM 

'OA------r _____ 

s 

lOB ----nr-r _____ 

liB ----t-1f-L--" 

10C ----+-)--f----., 

"C ----+-H--.J 

100 ----H-r---." 

lID -------L-J 

• SN54LS174LS39B only 

LOW 

0.25 U.L. 
0.25 U.L. 
0.25 U.L. 
0.25 U.L. 

5(2.5) U.L. 

5(2.5) U.L. 

SN54LS/74LS398 
SN54LS/74LS399 

QUAD 2-PORT REGISTER 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAM 
DIP (TOP VIEWI 

SN54LS174LS39B 

19 

18 

17 

15 

14 

13 

12 

11 
-....--~ 

Vcc = Pin 20 
GND= Pin 10 

J Suffix - Case 732-03 (Ceramicl 
N Suffix - Case 738-01 (Plastic) 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

SN54LS174LS399 

VCC= 16 
GND=8 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 
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SN54LS/74LS398 • SN54LS174LS399 

FUNCTIONAL DESCRIPTION - The SN54LS174LS398 and SN54LS174LS399 are high-speed Quad 2-Port Registers. They 
select four bits of data from two sources (Ports) under the control of a common Select Input (S). The selected data is transferred to 
a 4-Bit Output Register synchronous with the LOW-to-HIGH transition of the Clock input(CP). The 4-Bit RS type output register 
is fully edge-triggered. The Data inputs (I) and Select inputs (S) must be stable only a setup time prior to and hold time after the 
LOW-to-HIGH transition of the Clock input for predictable operation. The SN54LS174LS398 has both Q and Q Outputs 
available. 

FUNCTION TABLE 

INPUTS OUTPUTS 

S I. i, Q O· 
I I X L H 
I h X H L 
h X I L H 
h X h H L 

'SN54LS174LS398 only 

1= LOWVoitage Level one setup time priortotheLOW-to-HIGH 
clock transition 
h = HIGH Voltage Level one setup time prior to the LOW-to­
HIGH clock transition 
L = LOW Voltage Level 
H = HIGH Voltage Level 
X = Immaterial 

GUARANTEED OPERAnNG RANGES 

SYMBOL PARAMETER MIN 

VCC Supply Voltage 54 4.5 
74 4.75 

TA Operating Ambient Temperature Range 54 -55 
74 a 

IOH Output Current - High 54.74 

10L Output Current - Low 54 
74 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 ·C 
25 70 

-0.4 mA 

4.0 mA 
8.0 

DC CHARACTERlsnCS OVER OPERAnNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 
VOH Output HIGH Voltage 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 4.0 mA I VCC = VCC MIN, 
VOL Output LOW Voltage. 

74 0.35 0.5 V 10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 J1A VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

ICC Power Supply Current 13 mA VCC= MAX 
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SN54LS174LS398. SN54LS/74LS399 

AC CHARACTERISTICS: TA = 25°C VCC = 5.0V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN I TYP I MAX 

tpLH Propagation Delay. I 18 I 27 ns VCC= 5.0V 
tpHL Clock to Output a 21 32 CL = 15 pf 

AC SETUP REQUIREMENTS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

lIN Clock Pulse Width 20 ns 

ts Data Setup Time 25 ns 

ts Select Setup Time 45 ns VCC= 5.0V 

th Hold Time, Any Input 0 ns 

DEFINITIONS OF TERMS: 

SETUP TIME (tsl - is defined as the minimum time required for the correct logic level to be present atthe logic input prior to the 
clock transition from LOW-to-HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME (thl- is defined as the minimum time following the clock transition from LOW-to-HIGH thatthe logic level must be 
maintained atthe input in order to ensure continued recognition. A negative HoldTime indicates that the correct logic level may 
be released prior to the clock transition from LOW-to-HIGH and still be recognized. 

AC WAVEFORMS 

'0 

Fig. 1 Fig. 2 Fig. 3 

*The shaded areas indicate when the input is permitted to change for predictable output performance 
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® MOTOROl.A 

DESCRIPTION - The SN54LS174LS490 contains a pair of high­
speed 4-stage ripple counters. Each half of the SN54LS/74LS490 has 
individual Clock, Master Reset and Master Set (Preset 9) inputs. Each 
section counts in the 8, 4, 2, I 8CD code. 

SN54LS490 
SN74LS490 

• DUAL VERSION OF SN54LS/74LS90 DUAL DECADE COUNTER 
• INDIVIDUAL ASYNCHRONOUS CLEAR AND PRESET TO 9 

FOR EACH COUNTER 
• COUNT FREQUENCY - TYPICALLY 65 MHz 
• INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION 

EFFECTS 

PIN NAMES 

MS 
MR 
CP 
00-0 3 

NOTES: 

Master Set (Set to 9) Input 
Master Reset 
Clock Input (Active LOW Going Edge) 
Counter Outputs (Note b) 

a. 1 TTL Unit Load (UL) = 40 pA HIGH/'.6 mA LOW. 

LOADING (Note a) 

HIGH LOW 

0.5 U.L. 
0.5 U.L. 
1.5 U.L. 
10 U.L. 

0.25 U.L. 
0.25 U.L. 

1.5 U.L. 
5(2.5) U.L. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for 
Commercial (74) Temperature Ranges. 

LOGIC DIAGRAM (ONE HALF SHOWN) 

MS'-i~~'2~--------~------------~----------------------' 

CP 15 

MRI-i~-+------+-----~----~r---4-----~----~ 
14 

3 00 13 5 0,11 
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LOW POWER SCHOTTKY 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

,. 
15 

,. 
13 

,. 

J Suffix - Case 620·08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

TRUTH TABLE 

COUNT 
OUTPUTS 

03 02 0, 00 

0 L L L L 
1 L L L H 
2 L L H L 

3 L L H H 
4 L H L L 
5 L H L H 

6 L H H L 
7 L H H H 

8 H L L L 
9 H L L H 



SN54LS174LS490 

GUARANTEED OPERAnNG RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 0 25 70 

10H Output Current - High 54,74 -0.4 mA 

10L Output Current - Low 54 4.0 mA 
74 8.0 

DC CHARACTERlmCS OVER OPERAnNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 
VOH Output HIGH Voltage 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 4.0 mA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 8.0 mA I VIN = VIL or VIH 
per Truth Table 

20 /lA VCC= MAX, VIN = 2.7V 
IIH Input HIGH Current 0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current 
MS,MR -0.4 mA 

VCC = MAX, VIN = 0.4 V 
Clock -1.6 mA 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

ICC Power Supply Current 26 mA VCC=MAX 

AC SETUP REQUIREMENTS: TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tw Any Pulse Width 20 ns 
VCC= 5.0V 

ts MR or MS to Setup Time 25 ns 
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SN54LS174LS490 

AC CHARACTERISTICS: T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

fMAX Maximum Clock Frequency 25 35 MHz Fig. 1 

tpLH Propagation Delay, CP to 00 12 20 
Fig. 1 

tpHL 13 20 
ns 

tpLH Propagation Delay, CP to Q 1 or Q3 
24 39 

Fig. 3 
tpHL 26 39 

ns 
VCC= 5.0V 

tpLH Propagation Delay, CP to Q2 
32 54 

Fig. 2 
CL = 15 pF 

tpHL 36 54 
ns 

tpHL Propagation Delay, MR to Output 24 39 ns Fig. 2 

tpLH Propagation Delay, MS to Output 
24 39 

Fig. 2 
tpHL 20 36 

ns 

AC WAVEFORMS 

Fig. 1 

MR&MS 

II 
Fig. 2 

MS 

"0. 0 , 

Fig. 3 

·The number of Clock Pulses required between the tpHL and tpLH measurements can be determmed from the Truth Table 
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® ItIIOTOROLA 

DESCRIPTION - The SN54LS/74LS540 and SN54LS/74LS541 are 
octal buffers and line drivers with the same functions asthe LS240 and 
LS241 , but with pinouts on the opposite side of the package. 

These device types are designed to be used as memory address drivers, 
clockdrivers and bus-oriented transmitters/receivers. These devices 
are especially useful as output ports for the microprocessors, allowing 
ease of layout and greater PC board density. 

• HYSTERESIS AT INPUTS TO IMPROVE NOISE MARGIN 
• PNP INPUTS REDUCE LOADING 
• 3-STATE OUTPUTS DRIVE BUS LINES 
• INPUTS AND OUTPUTS OPPOSITE SIDE OF PACKAGE, 

ALLOWING EASIER INTERFACE TO MICROPROCESSORS 
• INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION 

EFFECTS 

INPUTS OUTPUTS 

El E2 D LS540 LS541 

L L H L H 
H X X Z Z 
X H X Z Z 
L L L H L 

L = LOW Voltage Level 
H = HIGH Voltage Level 
X = Immaterial 
Z = High Impedance 

BLOCK DIAGRAM 

LS540 

I I 
~----- --I 

D2 ~ f----1!2l Y2 

~----- -~ 
D3~ ~Y3 

~----- --I 
D4~ ~Y4 

~----- --I 
D5~ ~Y5 

~----- -~ 
D6!Z!........! ~Y6 

~------~ 
D7~ ~Y7 

19) ~----- --i 111) 
Da""---i ~Y8 '- _____ J 

LS541 

I I 
~----- --I 

D2~ J---ill!Y2 

1--------1 
D3~ ~Y3 

1--------1 
D4~ ~Y4 

16) ~-------I 114) 
D5~ J------!=Y5 

I-------~ 
D6!Z!........! ~Y6 

~-------I 
D7~ ~Y7 

~----- --I 
DS ~ t-----l!2lyS 

L.. _____ J 

SN54LS/74LS540 
SN54LS/74LS541 

OCTAL BUFFER/LINE DRIVER 
WITH 3-STATE OUTPUTS 

LOW POWER SCHOTTKY 

LOGIC DIAGRAMS 
AND CONNECTION DIAGRAMS 

DIP (TOP VIEW) 

10 

10 

SN54LS174LS540 

;-J:"C:1...:l---{:]15 

[J-,il;:c:::':::±--[J 14 

h-""tI!L:'-::±--{]13 
rl.._'"""i""""""'-I--n'2 

SN54LS174LS541 

19 

.-';"C::::!::::l-,J-, IS 

17 

16 

rl_'-I9--+-V"5 
rl.._'-I-V-+--.....t',. 
r1.._'-1-V-+--.....t"3 

12 

49-----1:::111 

J Suffix - Case 732-03 (Ceramic) 
N Suffix - Case 738-01 (Plastic) 
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SN54LS174LS540 • SN54LS174LS541 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 0 25 70 

IOH Output Current - High 54 -12 mA 
74 -15 

IOL Output Current - Low 54 12 mA 
74 24 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage V All Inputs 74 O.B 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

54,74 2.4 3.4 V VCC = MIN, 10H = -3.0 mA 
VOH Output HIGH Voltage 

54,74 2.0 V VCC =MIN, 10H =MAX, VIL =0.5 V 

54,74 0.25 0.4 V 10L = 12 mA Ivcc=vcC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 24 mA I VIN = VIL or VIH 
per Truth Table 

VT+ VT- Hysteresis 0.2 0.4 V VCC=MIN 

10ZH Output Off Current High 20 pA VCC = MAX, VOUT =2.4 V 

10ZL Output Off Current Low -20 pA VCC = MAX, VOUT =0.4 V 

20 pA VCC =MAX, VIN =2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.2 mA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -40 -225 mA VCC=MAX 

Power Supply Current II 
Total, Output HIGH 

LS540 25 mA 

LS541 32 mA 

ICC Total, Output LOW 
LS540 45 mA 

VCC=MAX 
LS541 52 rnA 

Total Output 3-State 
LS540 52 mA 

LS541 55 mA 
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SN54LS/74LS540. SN54LS/74LS541 

AC CHARACTERISTICS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH LS540 9.0 15 

tpLH Propagation Delay. LS541 12 15 
ns 

tpHL Data to Output LS540 12 15 

tpHL LS541 12 18 VCC=5.0V 

tpZH 
OutP~t Enable Time LS540 15 25 CL= 45 pF ns 

RL=6670 to HIGH Level LS541 15 32 

tpZL 
Output Enable Time LS540 20 38 

ns 
to LOW Level LS541 20 38 

tpHZ 
Output Disable Time LS540 10 18 

ns 
from HIGH Level LS541 10 18 

Output Disable Time LS540 15 25 
CL = 5.0pF 

tpLZ ns 
from LOW Level LS541 15 29 

·Fig.1 

5.0kO 

II 
Fig. 2 r 

SWITCH POSITIONS 

Fig. 3 
SYMBOL SWI SW2 

tpZH Open Closed 

tpZL Closed Open 

tpLZ Closed Closed 

tPHZ Closed Closed 

Fig. 4 Fig. 5 
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® MOTOROLA 

DESCRIPTION -The SN54LS174LS568 and SN54LS/74LS569 are 
designed as programmable up/down BCD and Binary counters 
respectively. These devices have 3-state outputs for use in bus 
organized systems. With the exception of output enable (OE) and 
asynchronous clear (ACLR), all functions occur on the positive 
edge of the clock pulse (CP). 

When the LOAD input is LOW, the outputs will be programmed by the 
parallel data inputs (A, B, C, D) on the next clock edge. Enabling of the 
counters occurs only when CEP and CETare LOW and LOAD is HIGH. 
Direction of the count is controlled by the up-down input (U/D), HIGH 
counts up and LOW counts down. High-speed counting and cascading 
is implemented by internal look-ahead carry logic and an active LOW 
ripple carry output (RCO). On the LS568, the RCO is LOW at binary 9 
during up-count and during down-count it is LOW at binary O. On the 
LS569. the RCO is LOW at binary 15 during up-count and during 
down-count it is also LOW at binary O. During normal cascading 
operation RCO connected to the succeeding block at CET is the only 
requisite. When counting and when RCO is LOW, the clocked carry 
output (CCO) provides a HIGH-LOW-HIGH pulse for a duration equal to 
the LOW time of the clock pulse. Two active LOW reset lines are 
provided, a master reset asynchronous clear (ACLR) and a synchronous 
clear(SCLR). When in a HIGH state, the output control (OE) input forces 
the counter output into a HIGH impedance state and when LOW, the 
counter outputs are enabled. 

FUNCTION TABLE 

INPUTS 

CP o C B A LOAD CET CEP U/D ACLR SCLR OE RCO 

I X X X X H L L H H H L AIR 
I X X X X H L L L H H L AIR 
I X X X X H H X X H H L H 
I X X X X H L H X H H L AIR 

n. X X X X X L L H H H L L 
I X X X X X L H H H H L L 
n. X X X X X L L H H H L L 
I X X X X X L H H H H L L 

I X x X X X H X H H H L H 

I X X X X X H X H H H L H 

n. X X X X X L L L H H L L 
I X X X X X L H L H H L L 
I X X X X X H X L H H L H 

I L H L H L X X X H H L H 
I X X X X X H X H H L L H 
n. X X X X X L L L H L L L 
I X X X X X L H L H L L L 
I X X X X X H X L H L L H 
X X X X X X X X H L X L H 
n. X X X X X L L L L X L L 
X X X X X X L H L L X L L 
X X X X X X H X L L X L H 
X X X X X X X X X X X H X 

cco 

AIR 
AIR 

H 
H 

n. 
H 
n. 
H 

H 

H 

n. 
H 
H 

H 
H 
n. 
H 
H 
H 
n. 
H 
H 
X 

SN54LS/74LS568 
SN54LS/74LS569 

FOUR-BIT UP/DOWN COUNTERS 
WITH THREE-STATE OUTPUTS 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAM 
(TOPVIEWI 

U/]j 

CP 

A 

GND 

J Suffix - Case 732-03 (Ceramic) 
N Suffix - Case 738-01 (PlastiC) 

VCC= Pin 20 
GND= Pin 10 

Note: Pin 1 is marked for orientation. 

OUTPUTS 

Vo Vc VB VA 

IDT-CP)+ 1 Count Up 
IDT-CP)- 1 Count Down 

NC NC NC NC Count Inhibit 
NC NC NC NC Count Inhibit 

H H H H Overflow (lS569) 
H H H H Overflow (LS5691 
H L L H Overflow (LS568) 
H L L H Overflow (LS56B) 

H H H H 
Overflow Inhibit 
ILS569) 

H L L H 
Overflow Inhibit 
IL.568) 

L L L L Underflow 
L L L L Underflow 
L L L L Underflow Inhibit 

L H L H Load Example 
L L L L Clear (Synchronous) 
L L L L Clear (Synchronous) 
L L L L Clear (Synchronous) 
L L L L Clear (Synchronous) 
L L L L Asynchronous Clear 
L L L L Asynchronous Clear 
L L L L Asynchronous Clear 
L L L L Asynchronous Clear 

HI-Z Output Disabled 

(Or - CP) = Output state prior to clock edge AIR = Assumes required output state; X = Don't care 
NC = No change . High except dunng Overflow and Underflow 
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SN54LS174LS568 • SN54LS174LS569 

LOGIC DIAGRAMS 

SN54LS174LS568 

SN54LS174LS569 
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SN54LS174LS568 • SN54LS174LS569 

DEFINITION OF FUNCTIONAL TERMS 
A. B, C, 0 The four programmable data inputs. ·ACLR Asynchronous Clear. Master reset of 

counters to zero when ACLR is LOW, 
independent of the clock. 

CEP Count Enable Parallel. Can be used to enable 
and inhibit counting in high speed cascaded 
operation. "cEP must be LOW to count. SCLR Synchronous clear of cou nters to zero on 

the next clock edge when SCLR is LOW. 

CP 

U/D 

Count Enable Trickle. Enables the ripple carry 
output for cascaded operation. Must be LOW to 
count. 

Clock Pulse. All synchronous functions occur 
on the LOW-to-HIGH transition of the clock. 

Enables parallel load of counter outputs from 
data inputs on the next clock edge. Must be 
HIGH to count. 

Up/Down Count Control. HIGH counts up and 
LOW counts down. 

OE A HIGH on the output control sets the four 
counter outputs in the high impedance, 
and a LOW, enables the output. 

YA, YB, YC, YO The four counter outputs. 

RCO Ripple Carry Output. Output will be LOW 
on the maximum count on up-count. Upon 
down-count, RCO is LOW at 0000. 

CCO Clock Carry Output. While counting and 
RCO is LOW, CCO will follow the clock 
HIGH-LOW-HIGH transition. 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVING OUTPUT DRIVEN INPUT 
vcc----------------~----~I----------------~----~----------~-----

[

OH I 
i ----
I 
I I! ~-~_+__t: 
I 

Note. Actual current flow direction shown. 
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SN54LS174LS568 • SN54LS/74LS569 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

IOH Output Current - High Except RCO, CCO 54 -1.0 mA 
74 -2.6 

IOH Output Current - High RCO, CCO 54,74 -0.44 mA 

IOL Output Current - Low Except RCO, CCO 54 12 mA 
74 24 

IOL Output Current - Low, RCO, CCO 54 4 mA 
74 8 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

54 2.4 3.4 V 

VOH Output HIGH Voltage 74 2.4 3.1 V VCC = MIN, 10H = MAX, VIN = VIH 

RCO, CCO 54 2.5 3.5 V or VIL per Truth Table 

74 2.7 3.5 V 

II 
54,74 0.25 0.4 V d VCC = VCC MIN, 

VOL Output LOW Voltage 
74 0.35 0.5 V 

10L = 10L MAXJ VIN = VIL or VIH 
per Truth Table 

10ZH Output Off Current-High 20 pA VCC = MAX, Vo = 2.4 V 

10ZL Output Off Current-Low -20 pA VCC = MAX, Vo = 0.4 V 

20 pA VCC= MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current 
Others -0.4 mA 

VCC = MAX, VIN = 0.4 V 
CET -0.8 mA 

lOS Short Circuit Current 
RCO,CeO -20 -100 mA 

Vee = MAX 
Others -30 -130 mA 

Ice Power Supply Current, 3-State 43 mA Vee = MAX 

MOTOROLA SCHOTTKY TTL DEVICES 

5-322 



SN54LS/74LS568 • SN54LS/74LS569 

AC CHARACTERISTICS: T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

fMAX Maximum Toggle Frequency 25 MHz 

tPLH Propagation Delay 15 24 
tpHL Clock to Q 23 35 

ns 

tpLH Propagation Delay 14 24 
tpHL CETto RCO 14 24 

ns 

tpLH Propagation Delay 20 30 
tpHL U/D to RCO 15 24 

ns 

tpLH Propagation Delay 25 40 
tpHL Clock to RCO 26 40 

ns 
VCC= 5.0V 

tpLH Propagation Delay 12 20 CL = 45 pF 

tpHL CET or CEP to CCO 20 30 
ns RL = 667 n 

tpLH Propagation Delay 17 27 
tpHL Clock to CCO 26 40 

ns 

tpLH Propagation Delay 21 32 
tpHL ACLRto Q 21 32 

ns 

tpZH Output Enable Time 
10 16 

tpZL 17 24 
ns 

tpHZ Output Disable Time 20 25 
CL = 5.0 pF 

tpLZ 17 27 
ns 

AC SETUP REQUIREMENTS: TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tw Clock Pulse Width 30 ns 

ts Setup Time, A. B, C, D 20 ns 

ts Setup Time, SCLR 20 ns 

ts Setup Time, LOAD 30 ns VCC= 5.0V 

ts Setup Time, U/D 50 ns 

ts Setup Time, CET, CEP 32 ns 

th Hold Time, Any Inputs 0 ns 

MICROPROGRAM MABLE DUAL-EVENT 8-BIT COUNTERS 
LOAD1 ufo, COUNT 1 

,J ,J' 
DE, L0A02 u/52 COUNT2 AciJi2 0E2 

4 4 4 4 

- rt CP 

- rLcp : 7 '" 7 
A 0 

ACLR 0-
A D 

ACLR 0-
A D 

ACLRP-
D 

CP CP 
'-- U/O m OED-- L- U/O ill OED-- '-- ufO' m OED-- '-- U/O m 

~LOAD ~ L--....c 
., 

~ 
., 

LOAD ~ L--....c LOAD ~ LOAD ~ 

~ ~ FCET ~ 
CEP YA-D RCO 0---

~CET r CEP VA D 
CEP 

fCET 
YA-D 

RCO 0---
~CET r CEP YA-D 

4 {1 
I 

4 

8-BIT BUS 
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® MOTOROL.A 

DESCRIPTION - The SN54LS174LS604thru SN54LS/74LS607 are 
multiplexed latches designed for storing data from two input buses, A 
and B, and providing the stored data from either the A or B register to 
the output bus. 

Data is loaded by the clock on the positive going transition (low-level to 
high-level). Control of the active and high impedance states of the 
outputs is also on the clock pin. The outputs are in the HIGH impedance 
or OFF state when the clock pin is LOW and the outputs are enabled 
when the clock pin is HIGH. 

The SN54LSn4LS604 and 605 are designed for high speed opera­
tion and the SN54LSn4LS606 and 607 are designed to eliminate 
decoding voltage spikes. The SN54LSn4LS 604and 606 have 3-state 
outputs while the SN54LS/74LS605 and 607 are open collector. 

BLOCK DIAGRAM 

AI-A8 

A data 
A data 

X 
X 
X 

SN54LS/74LS604 
SN54LS/74LS605 
SN54LS/74LS606 
SN54LS/74LS607 

OCTAL 2-INPUT 
MULTIPLEXED LATCHES 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAM 
(TOP VIEW) 

J Suffix - Case 733-02 (Ceramic) 
N Suffix - Case 710-02 (Plastic) 

FUNCTION TABLE 

INPUTS OUTPUTS 

BI-B8 SELECT AlB CLOCK VI-V8 

Bdata L + Bdat8 
B data H + A data 

X X L ZorOff 
X L H B register stored data 
X H H A register stored data 

H = high level (steady state) L = low level (steady state) 
x = irrelevant Z = high-Impedance state 
Off = H If pull-up resistor is connected to open-collector output 
+= transition from low to high level 
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SN54LS/74LS604. SN54LS174LS606 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 0 25 70 

10H Output Current - High 54 -1.0 mA 
74 -2.6 

10L Output Current - Low 54 12 mA 
74 24 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -15 V VCC = MIN, liN = -18 mA 

54 2.4 3.4 V VCC = MIN, 10H = MAX, VIN = VIH 
VOH Output HIGH Voltage 

74 2.4 3.1 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 12 mA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 24 mA I VIN = VIL or VIH 
per Truth Table 

10ZH Output Off Current HIGH 20 /lA VCC = MAX, Vo = 2.4 V 

10ZL Output Off Current LOW -20 /lA VCC = MAX, Vo = 0.4 V 

20 /lA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current 

-0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current I A.B -0.4 mA 
VCC = MAX, VIN = 0.4 V 

ICK, Select 1-02 mA 

lOS Short Crrcult Current -30 -130 mA VCC= MAX 

ICC Power Supply Current 70 mA VCC= MAX 

AC CHARACTERISTICS: TA = 25°C 

LS604 LS606 
SYMBOL PARAMETER 

LIMITS LIMITS 
UNITS TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 

tPLH Select AlB, Data: 15 25 36 50 
tpHL A= H, B= L 23 35 16 30 

ns 

tpLH Select AlB, Data: 31 45 22 35 
VCC= 5.0V 

tPHL A=L,B=H 19 30 22 35 
ns 

CL = 45 pF, 
tpZH 

Clock to Output 19 30 27 40 RL = 667 n 
tpZL 27 40 35 50 

ns 

tpLZ 
Clock to Output 

20 30 20 30 
CL = 5.0 pF 

tpHZ 15 25 15 25 
ns 

AC SETUP REQUIREMENTS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS CONDITIONS 
MIN TYP MAX 

tw Clock Pulse Width 20 ns 

ts Setup Time 20 ns VCC= 5.0V 

th Hold Time 0 ns 
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SN54LS174LS605 • SN54LS/74LS607 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

VOH Output Voltage - High 54,74 5.5 V 

IOL Output Current - Low 54 12 rnA 
74 24 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 O.B 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -1 B rnA 

IOH Output HIGH Current 54,74 250 /lA VCC = MIN, VOH = MAX 

54,74 0.25 0.4 V IOL = 12 rnA I VCC= VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V IOL - 24 rnA J VIN = VIL or VIH 
per Truth Table 

20 /lA VCC= MAX, VIN = 2.7 V 
IIH Input HIGH Current 

0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current A.B -0.4 rnA 
VCC = MAX, VIN = 0.4 V 

CK, Select -0.2 rnA 

ICC Power Supply Current 60 rnA VCC= MAX 

AC CHARACTERISTICS: TA = 25°C 

LS605 LS607 
SYMBOL PARAMETER 

LIMITS LIMITS 
UNITS TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 

tpLH Select AlB, Data: 2B 40 51 70 
tpHL A= H, B= L 2B 40 21 30 

ns 
VCC= 5.0V 

tpLH Select AlB, Data: 39 60 2B 40 CL = 45 pF, 
tpHL A=L,B=H 25 40 2B 40 

ns 
RL = 667 n 

tPLH Clock to Output 
27 40 30 45 

tpHL 25 40 32 45 
ns 

AC SETUP REQUIREMENTS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS CONDITIONS 
MIN TYP MAX 

tw Clock Pulse Width 20 ns 

ts Setup Time 20 ns VCC= 5.0V 

th Hold Time 0 ns 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS620 thru SN54LS174LS623 
series are octal bus transceivers designed for asynchronous two-way 
communication between data buses. Control function implementation 
allows maximum timing flexibility. Enable inputs may be used to disable 
the device so that buses are effectively isolated. Depending on the Logic 
Levels at the enable inputs, Data transmission is allowed from the A 
bus to the B bus or from the B bus to the A bus. The dual-enable 
configuration gives the LS620thru LS623thecapabilityto store data by 
simultaneous enabling of GBA and GAB. Each output reinforces its 
input in this transceiver configuration. Thus, when both control inputs 
are enabled all other data sources to the two sets of bus lines (16 in all) 
will remain at their last states. The 8-bit codes appearing on the two 
sets of buses will be identical for the LS621 and LS623 devices or 
complementary for the LS620 and LS622. 

BLOCK DIAGRAMS 

GBA 

GAB 

Al 

A2 

GSA 

GAB 

Al 

A2 

1/4 LS620, 1/4 LS622 

~ 
TO OTHER SIX 
TRANSCEIVERS 

1/4 LS621. 1/4 LS623 

~ 
TO OTHER SIX 

TRANSCEIVERS 

Bl 

B2 

Bl 

B2 

SN54LS/14LS620 
SN54LS/74LS621 
SN54LS/14LS622 
SN54LS/14LS623 

OCTAL BUS TRANSCEIVERS 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAM 

(TOP VIEW) 

ENABLE 
GAB 

GND 

vee 

ENABLE 
GBA 

Bl 

B3 

B4 

B5 

B6 

B7 

BB 

J Suffix - Case 732-03 (Ceramic) 
N Suffix - Case 738-01 (Plastic) 

FUNCTION TABLE 

ENABLE INPUTS OPERATION 

GBA GAB LS620. LS622 LS621, LS623 

L L B data to A bus B data to A bus 

H H A data to B bus A data to B bus 

H L Isolation Isolation 

L H 
B data to A bus, B data to A bus, 
A data to B bus A data to B bus 

H = high level, l = low level, X = Irrelevant 
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SN54LS174LS620 • SN54LS174LS623 

GUARANTEED OPERAnNG RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 0 25 70 

10H Output Current - High 54,74 -3.0 mA 

54 -12 mA 
74 -15 

10L Output Current - Low 54 12 mA 
74 24 

DC CHARACTERlsnCS OVER OPERAnNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.5 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.6 
V All Inputs 

VT+-VT- Hysteresis 0.2 0.4 V VCC= MIN 

VIK Input Clamp Diode Voltage, -0.65 -1.5 V VCC= MIN,.IIN=-IB mA 

VOH Output HIGH Voltage 
54,74 2.4 3.4 V VCC = MIN, 10H = -3.0 mA 

54,74 2.0 V VCC = MIN, 10H = MAX 

54,74 0.25 0.4 V 10L= 12 mA JVcc=VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 24 mA I ~IN = VIL or VIH 
per Truth Table 

10ZH Output Off Current HIGH 20 pA VCC = MAX, VOUT = 2.4 V 

10ZL Output Off Current LOW -400 pA VCC= MAX, VOUT= 4.0V 

A or B, GBA or GAB 20 pA VCC = MAX, VIN = 2.7 V 

IIH Input HIGH GBA or GAB 0.1 mA VCC = MAX, VIN = 7.0 V 
Current 

AorB 0.1 mA VCC = MAX, VIN = 5.5 V 

II 
IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

lOS Short Circuit Current -40 -225 mA VCC=MAX 

Power Supply Current 
Total Output HIGH 70 

ICC Total.Output LOW 90 mA VCC= MAX 

Total at HIGH Z 95 

AC CHARACTERlsnCS: TA = 25°C VCC = 5 0 V 

LS620 LS623 

SYMBOL PARAMETER LIMITS LIMITS 
UNITS TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 

tpLH Propagation Delay 6.0 10 B.O 15 
tpHL AtoB B.O 15 11 15 

ns 

tpLH Propagation Delay 6.0 10 B.O 15 
tpHL BtoA B.O 15 11 15 

ns 
CL = 45 pF, 

tpZL Output Enable Time 31 40 31 40 RL = 667 n 
tpZH GBAtoA 23 40 26 40 

ns 

tpZL Output Enable Time 31 40 31 40 
tpZH GABtoB 23 40 26 40 ns 

tpLZ Output Disable Time 15 25 15 25 
tpHZ GBA to A 15 25 15 25 

ns 
CL = 5.0 pF 

tpLZ Output Disable Time 15 25 15 25 
tpHZ GABtoB 15 25 15 25 

ns 
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SN54LS174LS621 0 SN54LS174LS622 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 0 25 70 

VOH Output Voltage - High 54,74 5.5 mA 

IOL Output Current - Low 54 12 mA 
74 24 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
MIN 

LIMITS 
TYP MAX 

UNITS TEST CONDITIONS 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.5 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.6 
V All Inputs 

VT+-VT- A or B Input 0.2 0.4 V VCC= MIN 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

IOH Output HIGH Current 54,74 100 jJA VCC = MIN, VOH = MAX 

54,74 0.25 0.4 V IOL = 12 mA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V IOL - 24 mA I VIN = VIL or VIH 
per Truth Table 

20 jJA VCC= MAX, VIN= 2.7V 
IIH Input HIGH Current 

+0.1 mA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

Power Supply Current 
ICC Total, Output HIGH 70 mA VCC= MAX 

Total. Output LOW 90 mA VCC= MAX 

LS621 LS622 

SYMBOL PARAMETER 
LIMITS LIMITS 

UNITS TEST CONDITIONS 
II AC CHARACTERISTICS: TA = 25°C, VCC = 5.0 V 

MIN TYP MAX MIN TYP MAX 

tpLH Propagation Delay 17 25 19 25 
tpHL Ato B 16 25 14 25 

ns 

tpLH Propagation Delay 17 25 19 25 
tpHL BtoA 16 25 14 25 

ns 
CL = 45 pF, 

tpLH Output Disable Time 23 40 26 40 RL= 6670 
tpHL GBAtoA 34 50 43 60 

ns 

tpLH Output Disable Time 25 40 28 40 
tpHL GAB to B 37 50 39 60 

ns 
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® MOTOROLA 

DESCRIPTION - These octal bus transceivers are designed for 
asynchronous two-way communication between data buses. Control 
function implementation minimizes external timing requirements. 
These circuits allow data transmission from the A busto B or from the B 
bus toA bus depending upon the logic level olthe direction control (DIR) 
input. Enable input (G) can disable the device so that the buses are 
effectively isolated. 

DEVICE 
LS640 
LS641 
LS642 
LS643 
LS644 
LS645 

CONTROL 

INPUTS 

G DIR 

OUTPUT 
3-State 

Open-Collector 
Open-Collector 

3-State 
Open-Collector 

3-State 

LOGIC 
Inverting 

True 
Inverting 

True and Inverting 
True and Inverting 

True 

FUNCTION TABLE 

OPERATION 

LS640 LS641 LS643 

LS642. LS645 LS644 

L L B data to A bus B data to A bus B data to A bus 

L H A data to B bus A data to B bus A data to B bus 

H X Isolation Isolation Isolation 

H = High level. L = low level, X = irrelevant 

SN54LS/74LS640 
thru 

SN54LS/74LS645 

OCTAL BUS TRANSCEIVERS 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAMS 
(TOP VIEW) 

B1 82 83 84 85 B6 87 B8 

OIR Al A2 A3 M AS AS 

SN54LS174LS640 
SN54LS174LS642 

SN54LS174LS643 
SN54LS174LS644 

A7 AS GND orA A1 A2 

81 82 83 B4 85 B6 B7 88 

OIR Al A2 A3 A4 AS A6 A7 AS GND 
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82 83 B4 85 86 B7 B8 

9 

A4 AS A6 A7 AB GND 

SN54LS174LS641 
SN54LS/74LS645 

J Suffix - Case 732.-03 (Ceramic) 
N Suffix - Case 738-01 (Plastic) 



SN54LS/74LS640. SN54LS/74LS643 • SN54LS174LS645 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 45 5.0 5.5 V 
74 475 5.0 5.25 

TA Operating Ambient Temperature Range 54 - 55 25 125 °C 
74 a 25 70 

10H Output Current - High 54.74 -3.0 mA 

54 -12 mA 
74 -15 

10L Output Current - Low 54 12 mA 
74 24 

DC CHARACTIERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 20 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 05 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.6 
V All Inputs 

VIK Input Clamp Diode Voltage -0 65 -15 V VCC = MIN. liN = -18 mA 

VOH Output HIGH Voltage 
54.74 24 34 V VCC = MIN. 10H = -3 a mA 

54.74 2.0 V VCC = MIN. 10H = MAX 

54.74 025 04 V 10L = 12 mA I VCC = VCC MIN. 
VOL Output LOW Voltage 

74 035 05 V 10L - 24 mA I VIN = VIL or VIH 
per Truth Table 

10ZH Output Off Current HIGH 20 pA VCC = MAX. VOUT = 2.4 V 

10ZL Output Off Current LOW -400 pA VCC = MAX. VOUT = 0.4 V 

A or 8. 
DIRor G 20 pA VCC = MAX. VIN = 2 7 V 

IIH Input HIGH Current DIRorG 01 mA VCC = MAX. VIN = 7.0 V 

Aor 8 0.1 mA VCC = MAX. VIN = 5.5 V 

IlL Input LOW Current -0.4 mA VCC = MAX. VIN = 0.4 V 

lOS Output Short CirCUit Current -40 -225 mA VCc= MAX 

Power Supply Current 

ICC 
Total Output HIGH 70 mA VCc= MAX 
Total Output LOW 90 

Total at HIGH Z 95 

AC CHARACTIERISTICS· TA = 25°C VCC = 5 a V 

LIMITS 
SYMBOL PARAMETER 

LS640 _S64 _S645 UNITS TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

tpLH Propagation Delay. 6.0 10 6.0 10 8.0 15 
tpHL AtoB 8.0 15 9.0 15 11 15 

ns 

tPLH Propagation Delay. 6.0 10 8.0 15 8.0 15 
tpHL BtoA 8.0 15 11 15 11 15 

ns 
CL = 45 pF. 

tpZL Output Enable Time 31 40 32 45 31 40 RL = 667 n 
tpZH G. DIRtoA 23 40 27 40 26 40 

ns 

tpZL Output Enable Time 31 40 32 45 31 40 
tpZH G. DIR to B 23 40 23 40 26 40 

ns 

tpLZ Output Disable Time 15 25 15 25 15 25 
tpHZ G.DIRtoA 15 25 15 25 15 25 

ns 
CL = 5.0 pF 

tpLZ Output Disable Time 15 25 15 25 15 25 
tpHZ G.DIRtoB 15 25 15 25 15 25 

ns 
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SN54LS174LS641 • SN54LS174LS642. SN54LS174LS644 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 0 25 70 

VOH Output Voltage - High 54,74 5.5 V 

IOL Output Current - Low 54 12 rnA 
74 24 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.5 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.6 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 rnA 

IOH Output HIGH Current 54,74 100 /lA VCC = MIN, VOH = MAX 

54,74 0.25 0.4 V IOL = 12 rnA Ivcc= VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V IOL - 24 rnA I VIN = VIL or VIH 
per Truth Table 

20 /lA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current -0.1 rnA VCC = MAX, VIN = 7.0 V 

IlL Input LOW Current -0.4 rnA VCC = MAX, VIN = 0.4 V 

Power Supply Current 
Total, Output HIGH 70 rnA VCC= MAX 

ICC Total, Output LOW 90 rnA VCC=MAX 

Total at HIGH Z 95 rnA VCC= MAX 

AC CHARACTERISTICS: TA = 25°C VCC = 5 0 V 

LIMITS 
SYMBOL PARAMETER S641 L564 S644 UNITS TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

tpLH Propagation Delay, 17 25 19 25 17 25 
tpHL AtoB 16 25 14 25 14 25 

ns 

tPLH Propagation Delay, 17 25 19 25 19 25 
tpHL BtoA 16 25 14 25 16 25 

ns 
CL = 45 pF, 

tPLH Propagation Delay, 23 40 26 40 26 40 RL= 6670 
tpHL G, DIRtoA 34 50 43 60 43 60 

ns 

tpLH Propagation Delay, 25 40 28 40 25 40 
tpHL G, DIRto B 37 50 39 60 37 50 

ns 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS668 and SN54LS/74LS669 are 
synchronous 4-bit up/down counters. The LS668 is a decade counter 
and the LS669 is a 4-bit binary counter. For high speed counting 
applications, these presettable counters feature an internal carry look­
ahead for cascading purposes. By clocking all flip-flops simultaneously 
so the outputs change coincident with each other (when instructed to 
do so by the count enable inputs and internal gating) synchronous 
operation is provided. This helps to eliminate output counting spikes, 
normally associated with asynchronous (ripple-clock) counters. The 
four master-slave flip-flops are triggered on the rising (positive-going) 
edge of the clock waveform by a buffered clock input. 

Circuitry of the load inputs allows loading with the carry-enable output 
of the cascaded counters. Because loading is synchronous, disabling of 
the counter by setting up a low level on the load input will cause the 
outputs to agree with the data inputs after the next clock pulse. 

Cascading counters for N-bit synchronous applications are provided by 
the carry look-ahead circuitry, without additional gating. Two count­
enable inputs and a carry output help accomplish this function. Count­
enable inputs (p and I) must both be low to count. The level of the 
up-down input determines the direction of the count. When the input 
level is low, the counter counts down, and when the input is high, the 
count is up. Input I is fed forward to enable the carry output. The carry 
output will now produce a low level output pulse with a duration = 
equal to the high portion of the QA output when counting up and when 
counting down '" equal to the low portion of the QA output. This low 
level carry pulse may be utilized to enable successive cascaded stages. 
Regardless of the level of the clock input, transitions at the j5 or I inputs 
are allowed. By diode-clamping all inputs, transmission line effects are 
minimized which allows simplification of system design. 

Any changes at control inputs (ENABLE P, ENABLE T, LOAD, UP/ 
DOWN) will have no effect on the operating mode until clocking occurs 
because of the fully independant clock circuits. Whether enabled, 
disabled, loading or counting, the function of the counter is dictated 
entirely by the conditions meeting the stable setup and hold times. 

PROGRAMMABLE LOOK-AHEAD UP/DOWN 
BINARY/DECADE COUNTERS 
• FULLY SYNCHRONOUS OPERATION FOR COUNTING AND 

PROGRAMMING 
• INTERNAL LOOK-AHEAD FOR FAST COUNTING 
• CARRY OUTPUT FOR n-BIT CASCADING 
• FULLY INDEPENDENT CLOCK CIRCUIT 
• BUFFERED OUTPUTS 

SN54LS/74LS668 
SN54LS/74LS669 

SYNCHRONOUS 4-BIT 
UP/DOWN COUNTERS 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAM 
ITOPVIEW) 

RIPPLE OUTPUTS 

Vee cf~TRp~YT~EN¥lELOAD 

J Suffix - Case 620-0BICeramic) 
N Suffix - Case 64B-05 IPlastic) 

9 
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II 

SN54LS174LS668. SN54LS/74LS669 

SN54LS174LS669 

SN54LS174LS668 

BLOCK DIAGRAMS 

CLOCK~(2~1~~----~~~~;:========:;=======t ____ , 
u/l5-'(1"I,>-____ -+ 

"'-'--'''''' .... (_'11 QD 

11S)RIPPlE 

L __ ~~~r=;>-----------------------~ ~~~~~T 

CLOCK~(2~1-t>-------------------------------, 

UlO.:..:(1!..1 --C-I>-, 

EN~B~(~71+-(>~=r+++-__________ -tt 
ENABLE(10) 

T 
OATAA (3) 

DATA B (4) 

DATA CiS) 

DATA D 1~61"::L)-t--+t+t-tf:-::=---------------...J 

t-~fffff:~'~r; __ ------------------~('~51~:~~ 
OUTPUT 
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SN54LS/74LS668 • SN54LS/74LS669 

GUARANTEED OPERAllNG RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °C 
74 0 25 70 

10H Output Current - High 54.74 -0.4 mA 

10L Output Current - Low 54 4.0 mA 
74 B.O 

DC CHARACTERIS11CS OVER OPERAllNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 O.B 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN = -1 B mA 

54 2.5 3.5 V VCC = MIN. 10H = MAX. VIN = VIH 
VOH Output HIGH Voltage 

74 2.7 3.5 V or VIL per Truth Table 

54.74 0.25 0.4 V 10L = 4.0 mAJ VCC = VCC MIN. 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - B.O mA I VIN = VIL or VIH 
per Truth Table 

Others 20 pA 
VCC= MAX. VIN= 2.7V 

Load 40 pA 
IIH Input HIGH Current 

Others 0.1 mA 
VCC = MAX. VIN = 7.0 V 

Load 0.2 mA 

IlL Input LOW Current 
Others -0.4 mA 

VCC = MAX. VIN = 0.4 V 
Load -O.B mA 

lOS Short Circuit Current -20 100 mA VCC=MAX 

ICC Power Supply Currenl 34 mA VCC= MAX 

II 
I 

AC CHARACTERIS11CS' TA = 25°C VCC = 5 0 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

fMAX Maximum Clock Frequency 25 32 MHz 

IpLH Propagation Delay. 26 40 ns 
tpHL Clock to RCO 40 60 

tpLH Propagalion Delay lB 27 
CL = 15 pF 

tpHL Clock 10 Any Q 18 27 
ns 

tpLH Enable to RCO 
11 17 

tPHL 29 45 
ns 

tpLH U/Olo RCO 
22 35 

ns 
tpHL 26 40 

AC SETUP REQUIREMENTS: TA = 25°C VCC = 50 V 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

t.w Clock Pulse Widlh 20 ns 

ts Dala Selup Time 20 ns 

ts Enable Setup Time 35 ns 
VCC= 5.0V 

Is [Oail Setup Time 25 ns 

Is UID Setup Time 30 ns 

th Hold Time. Any Inpul 0 ns 
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SN54LS174LS668 • SN54LS/74LS669 

CLOCK 
INPUT 

PARAMETER MEASUREMENT INFORMATION 

...... 1w(clock) 

I 
I 3V 

'-__ -oJ: '-__ -J+ --- 0 V 

r- ",-I ~'. 1 
~ 'h ---1 I 

I I I 1 3V 

~p~~ \'-'_3_v_-41 __ --Jf~~ ___ + ___ -----~---ov 
r- .. """"I.- 'h -1 1 I 

DATA INPUTS JI r;-3-V-------.t~3: - --11 - - - - - - - -11---3V 
A,B,C,andO \ 

~-------~~------------------T------OV 
I : 

UP/DOWN 
INPUT 

ENABLE "f 
INPUT 

RIPPLE 
CARRY 

OUTPUT 

r- .. -1 'h --r-t 
----------------------"""""'\~ I : F' OV 

\13 V ! i _' ~V_ 3V 
ts ---! . I.- ts--1 &.0.­

I 
I 

________ ---J113V 

---- 'h I i-+-- 'h 
I I 1 3V 

,\~3~ \13V Fov 

VOLTAGE WAVEFORMS 
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® MOTOROLA 

DESCRIPTION - The TTL/MSI SN54LS174LS670 is a high-speed, 
low-power 4 x 4 Register File organized as four words by four bits. 
Separate read and write inputs, both address and enable, allow 
simultaneous read and write operation. 

The 3-state outputs make it possible to connect up to 128 outputs to 
increase the word capacity up to 512 words. Any number of these 
devices can be operated in parallel to generate an n-bit length. 

The SN54LS174LS170 provides a similar function to this device but it 
features open-collector outputs. 

• SIMULTANEOUS READ/WRITE OPERATION 
• EXPANDABLE TO 512 WORDS BY n-BITS 
• TYPICAL ACCESS TIME OF 20 ns 
• 3-STATE OUTPUTS FOR EXPANSION 
• TYPICAL POWER DISSIPATION OF 125 mW 

PIN NAMES 

NOTES: 

Data Inputs 
Write Address Inputs 
Write Enable (Active LOW) Input 
Read Address Inputs 
Read Enable (Active LOW) Input 
Outputs (Note b) 

a. I TIL Unit Load (U.L.) = 40 JlA HIGH/I.6 mA LOW. 

LOADING (Note a) 

HIGH LOW 

0.5 U.L. 
0.5 U.L. 
1.0 U.L. 
0.5 U.L. 
1.5 U.L. 

65(25) U.L. 

0.25 U.L. 
0.25 UL 

0.5 U.L. 
0.25 U.L. 
0.75 UL 

15(7.5) U.L. 

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5.0 U.L. for 
Commercial (74) Temperature Ranges. The Output HIGH drive factor is 25 
U.L. for Military and 65 U.L. for Commercial Temperature Ranges. 

SN54LS670 
SN74LS670 

4 X 4 REGISTER FILE 
WITH 3-STATE OUTPUTS 

LOW POWER SCHOTTKY 

,. 
13 

LOGIC SYMBOL 

12 15 1 2 3 

" 10 9 7 6 

VCC • Pin 16 
GND = Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 

15 

,. 
13 

12 

" 
10 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 

NOTE: 
The Flatpak version hasthe same 
pinouts(Connection Diagram) as 
the Dualln-Une Package. 
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II 

SN54LS174LS670 

LOGIC DIAGRAM 

tJ ,.--------1 
G D G D G D 

o o o 

I 

(J, (J, 
G D G D G D 

o o o 
1 

Or b, 
G D G D 

o 

, L-

8, 
I GOD I GOD 

o .... _... r- r- r- r-
RB ~--[>o-......,.........,.I>--1...t+--tt-l--t-----ff-tt--I---1----ff...--t+--4-+-H---. 

T® 10 I® ® 

o = Pin Numbers 
VCC= Pin 16 
GND=Pin8 
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SN54LS174LS670 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

IOH Output Current - High 54 -1.0 mA 
74 -2.6 

IOL Output Current - Low 54 12 mA 
74 24 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage V All Inputs 74 0.8 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

54 2.4 3.4 V VCC = MIN, 10H = MAX, VIN = VIH 
VOH Output HIGH Voltage 74 2.4 3.1 V or VIL per Truth Table 

54,74 0.25 0.4 V IOL = 12 mA IVcc= VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 24 mA I VIN = VIL or VIH 
per Truth Table 

IOZH Output Off Current HIGH 20 IlA VCC = MAX, Vo = 2.4 V 

IOZL Output Off Current LOW -20 IlA VCC = MAX, Vo = 0.4 V 

Input HIGH Current 
D,R,W 20 
EW 40 IlA VCC= MAX, VIN = 2.7 V 
ER 60 

IIH D,R,W 0.1 
EW 0.2 mA VCC = MAX, VIN = 7.0 V 
ER 0.3 II 

Input LOW Current 
D,R,W -0.4 

IlL EW -0.8 mA VCC = MAX, VIN = 0.4 V 
ER -1.2 

lOS Short Circuit Current -30 -130 mA VCC= MAX 

ICC Power Supply Current 50 mA VCC= MAX 
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SN54LS/74LS670 

AC CHARACTERISTICS- TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS CONDITIONS 
MIN TYP MAX 

tpLH Propagation Delay, RA or RB 23 40 
tpHL to Output 25 45 

ns 

tPLH Propagation Delay, EW to 26 45 VCC= 5.0V 
tpHL Output 28 50 

ns 
CL =45 pF 

tPLH Propagation Delay, Data 25 45 
tpHL to Output 23 40 

ns 

tpZH Output Enable Time 15 35 
tpZL 22 40 

ns 

tpLZ Output Disable Time 
16 35 

CL = 5.0pF 
tpHZ 30 50 

ns 

AC SETUP REQUIREMENTS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tw Pulse Width 25 ns 

Is Setup Time, (D) 10 ns 

ts Setup Time, (W) 15 ns 

th Hold TIme (D) 15 ns VCC= 5.0V 

th Hold Time (W) 5.0 ns 

tree Recovery Time 25 ns 

AC WAVEFORMS 

O.EW "3V f.,.3V 
~-tPHLj---I I-tPLH-j 

a \, 3V ,r,-.3-V---

Fig. 1 Fig. 2 

Fig. 3 
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® MOTOROLA. 

DESCRIPTION - The SN54LS174LS673 and SN54LS174LS674 are 
3-state 16-bit shift registers. 

The LS673 is a 16-bit shift register and a 16-bit storage register in a 
single package. Serial entry and/or data reading is accomplished via a 
3-state input/output (SER/Q15) port to the shift register. 

Since the storage register is connected in a parallel data loop with the 
shift register, it may be asynchronously cleared by taking the store­
clear input to a low state. The storage register may be parallel loaded 
with data from the shift register to provide status of the shift register via 
the parallel outputs. Upon command, the shift register may be parallel 
loaded with storage register data. 

When a high logic level exists at the chip-select (CS) input, both the shift 
register and storage register clocks are disabled, and the SER/Q15 is 
placed in a high impedance state. The store-clear function is not 
disabled by the chip-select. 

CAUTIONI To prevent false clocking of either the shift register or 
storage register via the chip-select input, the shift clock should be low 
during low-to-high transistion and the store clock should be lowduring 
the high-to-Iow transistion of chip-select. 

The LS674 is a 16-bit parallel-in, serial-out shift register. Access for 
serial data entry or reading the shift register word in a recirculating loop 
is provided by a 3-state input/output (SER/Q15) port. 

The LS674 has four basic modes of operation: 
1. Hold 
2. Write 
3. Read 
4. Load 

CAUTION! Transistion from low-to-high level at the chip-select input 
should be made only when the clock input is lowto avoid false clocking. 

SN54LS/14LS613 
SN54LS/14LS614 

16-BIT SHIFT REGISTERS 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAMS 
(TOPVIEWI 

SN54LS174LS673 

Y12 

Yll 

Yl0 

Y9 

Y8 

Y7 

Y6 

Y5 

SN54LS174LS674 

vee 
P15 

Pl. 

Pl' 

P12 

Pll 

PlO 

PO 

P8 

P7 

P6 

P5 

NC - No internal connectIOn 

J Suffix - Case 623-05 (Ceramic) 
N Suffix - Case 649-03 (Plastic) 
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SN54LS/74LS673 • SN54LS174LS674 

CS 

H 

X 

L 
L 
L 

L 
L 

L 

CS 

H 
L 
L 
L 

INPUTS 
SERI 

R/W SH ClK STRClR 
MODEl 

015 
STRClK 

X X X X Z 

X X L X 

L • X X Z 
H X X X 015 
H + X L 014n 

H • L H L 
H • H H Y15n 

L X H t z 

SN54LS174LS674 

INPUTS SERI 

FUNCTION TABLES 

SN54LS174lS673 

SHIFT REGISTER FUNCTIONS STORAGE REGISTER 

SHIFT READ FROM 

SERIAL OUTPUT 

NO NO 

YES NO 
YES 

YES YES 

NO YES 
NO YES 

NO 

WRITE INTO PARAllEL FUNCTIONS 

SERIAL OUTPUT lOAD 

NO NO 

YES NO 
NO 
NO NO 

YES 
YES 

NO 

H = high level (steady state) 
L = low level (steady state) 

CLEAR 

YES 

YES 
NO 

NO 

t = transition from low to high level 
• = transition from high to low level· 

lOAD 

NO 

NO 
NO 

NO 
NO 

YES 

R/WMODE ClK Q15 OPERATION 
X;:::: irrelevant (any input including transitions) 
Z = high impedance. input mode 

X X X 
L X • H L • H H • 

Z Do nothing 
Z Shift and write (serial load) 

014n Shift and read 
P15 Parallel load 

BLOCK DIAGRAMS 

014n = content of 14th bit of the shift register before 
the most recent ~ transition of the clock. 

015 = present content of 15th bit of the shift register 
Y1 5n = content of the 15th bit of the storage register 

before the most recent 1 transition of the clock. 
P15 = level of input P1 5 

SN54lS174lS673 

LS673 

cs III 

sHeLK~I~21~---t-+-i-L~ 

16 

SEA/Q15 
161 

1--''''6~+<>4DO-D15YO_Y15 

eLK 

eLR 

16 YO-V1S 

16-BIT 
STORAGE 
REGISTER 

SN54LS/74LS674 

pO·p,s 

MODE/STRCLK-,I~5ILt>-.l..-===t..J-------------------' 

sTReLR~14~1~)o------------------------------------, 

MODE~15~1-C>-lr==~r-~~ __ --, 

Cs (1) 

elK (2) 

161 
015 ..-..... ~--~­

SER/Q15 

R/wlI3~1-t: ___ ""'--==i_r-------+-------..J 
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SN54LS/74LS673 0 SN54LS174LS674 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

IOH Output Current - High 
SER/Q15 54 -1.0 mA 
SER/Q15 74 -2.6 

10L Output Current - Low 
SER/Q15 54 12 mA 
SER/Q15 74 24 

10H Output Current - High YO-Y15 54,74 -0.4 mA 

10L Output Current - Low 
YO-Y15 54 4.0 mA 
YO-Y15 74 8.0 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

VOH 
Output HIGH Voltage 54 2.4 3.2 V 

VCC = MIN, 10H = MAX 
SER/Q15 74 2.4 3.2 V 

VOH 
Output HIGH Voltage 54 2.5 3.4 V 

VCC = MIN, 10H = MAX 
YO-Y15 74 2.7 3.4 V 

54,74 0.25 0.4 V 10L = 12 mA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 24 mA 1 VIN = VIL or VIH 
per Truth Table 

10ZH Output Off Current HIGH 40 /1A VCC = MAX, VOUT = 2.4 V 

10ZL Output Off Current LOW -400 /1A VCC = MAX, VOUT = 0.4 V II 
Others 20 

/1A VCC= MAX, VIN = 2.7 V 
IIH Input HIGH Current 

SER/Q15 40 

Others 0.1 
mA 

VCC - MAX, VIN - 7.0 V 
SER/Q15 0.1 VCC = MAX, VIN = 5.5 V 

I 

IlL Input LOW Current -0.4 mA VCC = MAX, VIN = 0.4 V 

YO-Y15 -20 -100 mA 
lOS Short Circuit Current LS673 VCC= MAX 

SER/Q15 -30 -130 mA 

ICC Power Supply Current LS674 40 
mA VCC= MAX 

LS673 80 
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SN54LS174LS673 • SN54LS174LS674 

AC CHARACT1:RlsnCS: TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
LS673 LS674 

MIN TYP MAX MIN TYP MAX 

fMAX Maximum Clock Frequency 20 28 20 28 MHz 

tPLH Propagation Delay, 28 45 
ns 

tpHL MODE/STRCLK to YO-Y15 30 45 

tpHL 
Propagation Delay, 

25 40 ns 
STRCLR to YO-Y15 VCC=5.0V 

tPLH Propagation Delay, SH CLK 21 33 CL = 45 pF, 
tpHL to SER/Q15 26 40 RL= 6670 

tpLH Propagation Delay, CLK to 21 33 
tpHL SER/015 26 40 

ns 

tpZH Output Enable Time, CS, R/W 30 45 30 45 
tpZL to SER/015 30 45 30 45 

ns 

tpLZ Output Disable Time, CS, R IW 25 40 25 40 
CL = 5.0pF 

tpHZ to SER/Q15 25 40 25 40 
ns 

AC SETUP REQUIREMENTS- TA = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tw Clock Clear Pulse Width 20 ns 

ts Setup Time, SER/015, PO-P15 20 ns 
VCC= 5.0V 

ts Setup Time, MODE, R/W, CS 35 ns 

th Hold Time, Any Input 0 ns 

II 
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® MOTOROLA 

DESCRIPTION - The SN54LS174LS682 thru SN54LS174LS689 are 
8-bit magnitude comparators. These device types are designed to 
perform comparisons between two eight-bit binary or BCD words. All 
device types provide p= Q outputs and the LS682 thru LS687 have P> 
Q outputs also. 

The LS682. LS684. LS686 and LS688 are totem pole devices. The 
LS683. LS685. LS687 and LS689 are open-collector devices. 

The LS682 and LS683 have a 20 kn pull up resistor on the Q inputs for 
analog or switch data. 

TYPE P=Q P>Q 
OUTPUT OUTPUT 

PULLUP 
ENABLE CONFIGURATION 

LS682 yes yes no totem-pole yes 

LS683 yes yes no open-collector yes 

LS684 yes yes no totem-pole no 

LS685 yes yes no open-collector no 

LS686 yes yes yes totem-pole no 

LS687 yes yes yes open-collector no 

LS688 yes no yes totem-pole no 

LS689 yes no yes open-collector no 

CONNECTION DIAGRAMS 
(TOP VIEW) 

SN54LS174LS6B2 
THRU 

SN54LS174LS6B5 

vee 

~ 

07 

P7 

06 

P6 

05 

P5 

04 

GND P4 

J Suffix - Case 732-03 (Ceramic) 
N Suffix - Case 738-01 (Plastic) 

SN54LS/74LS6B6 
SN54LS174LS6B7 

NC:::: no connection 

Vee 

02 

p=o 

07 

P7 

NC 

06 

P6 

05 

P5 

04 

P4 

J Suffix - Case 758-01 (Ceramic) 
N Suffix - Case 724-02 (Plastic) 

SN54lS/74lS682 
thru 

SN54lS/74LS689 

8-BIT MAGNITUDE 
COMPARATORS 

LOW POWER SCHOTTKY 

FUNCTION TABLE 

INPUTS OUTPUTS 

DATA ENABLES 
--

P.Q G.G1 G2 P=Q 

p=o L L L 
p>o L L H 
p<o L L H 

X H H H 

H = hIgh level. L = low level, X = Irrelevant 

SN54LS174LS6BB 
SN54LS/74LS6B9 

GND 

p=o 

07 

P7 

06 

P6 

05 

P5 

04 

P4 

J Suffix - case 732-03 (Ceramic) 
N Suffix - Case 738-01 (Plastic) 

P>Q 

H 
L 
H 
H 
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SN54LS174LS682 • SN54LS174LS684 
SN54LS174LS686 • SN54LS/74LS688 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

IOH Output Current - High 

IOL Output Current - Low 

MIN 

54 4.5 
74 4.75 

54 -55 
74 0 

54,74 

54 
74 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °c 
25 70 

-0.4 rnA 

12 rnA 
24 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 rnA 

54 2.5 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 
VOH Output HIGH Voltage 

74 2.7 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 12 rnA IVcc= VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 24 rnA I VIN = VIL or VIH 
per Truth Table 

20 /lA VCC= MAX, VIN= 2.7V 

IIH Input HIGH Current 
LS682-Q 0.1 rnA VCC = MAX, VIN = 5.5 V 

Inputs 

Others 0.1 rnA VCC = MAX, VIN = 7.0 V 

LS682-Q -0.4 rnA 
IlL Input LOW Current Inputs VCC = MAX, VIN = 0.4 V 

Others -0.2 rnA 

lOS Short Circuit Current -30 -130 rnA VCC=MAX 

LS682 70 rnA 

ICC Power Supply Current LS684 65 rnA VCC= MAX 
LS686 75 rnA 

LS688 65 rnA 
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SN54LS/74LS683 • SN54LS/74LS685 
SN54LS/74LS687 • SN54LS/74LS689 

SN54LS/74LS682 thru LS685 

BLOCK DIAGRAMS 

120J 
P7 ~ 

07 

P6 

06 

P5 

05 

[21\ 

,~ 
(~ 
I~ 
'~ 
,~ p4 

04' 

P3' 

03' 

P2 

02 

pI 

01 

PO 

00' 

14) 

~ 
~ ~ 
~ !2400., 
(6) 

~ 
~ 

!3!.f>o-

~ 

Il 
(22) 

k 
~ 

~ 
-{j 

!jy 
-d 

~ 

~ 

>--

SN54LS/74LS686,LS687 
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II 

SN541.S174LS683 • SN54LS174LS685 
SN54LS/74LS687 • SN54LS/74LS689 

P7 

07 

P6 

06 

PS 

OS 

P4 

04 

P3 

03 

P2 

02 

PI 

01 

PO 

00 

G 

BLOCK DIAGRAM 

SN54LS/74LS688.LS689 
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SN54LS/74LS683 • SN54LS174LS685 
SN54LS174LS687. SN54LS/74LS689 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

VOH Output Voltage - High 

IOL Output Current - Low 

MIN 

54 4.5 
74 4.75 

54 -55 
74 0 

54,74 

54 
74 

TYP MAX UNIT 

5.0 5.5 V 
5.0 5.25 

25 125 °c 
25 70 

5.5 V 

12 mA 
24 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

54 250 pA 
VCC = MIN, VOH = MAX IOH Output HIGH Current 

74 100 pA 

54,74 0.25 0.4 V IOL = 12 mA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V IOL - 24 mA I VIN = VIL or VIH 
per Truth Table 

20 pA VCC = MAX, VIN = 2.7 V 

LS683-Q 0.1 mA VCC = MAX, VIN = 5.5 V 
IIH Input HIGH Current 

Inputs 

Others 0.1 mA VCC = MAX, VIN = 7.0 V 

LS683-Q -0.4 mA 

IlL Input LOW Current Inputs 
VCC = MAX, VIN = 0.4 V 

Others -0.2 mA 

LS683 70 mA 

ICC Power Supply Current LS685 65 mA VCC= MAX 
LS687 75 mA 

LS689 65 mA 
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SN54LS174LS682 THRU SN54LS/74LS685 

AC CHARACTERISTICS: TA = 25°C 

SN54LS174LS682 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH Propagation Delay, P to P = Q 
13 25 

tpHL 15 25 
ns 

tPLH Propagation Delay, Q to P = Q 
14 25 

VCC= 5,OV 
tpHL 15 25 

ns 

tpLH -- 20 30 
CL=45pF 

tpHL 
Propagation Delay, P to P > Q 

15 30 
ns RL = 667 n 

tPLH Propagation Delay, Q to P > Q 
21 30 ns 

tpHL 19 30 

SN54LS174LS6B3 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

tpLH -- 30 45 
tPHL 

Propagation Delay, P to P = Q 
20 30 

ns 

tpLH Propagation Delay, Q to P = Q 
24 35 

VCC= 5.0V 
tPHL 23 35 

ns 

tpLH 31 45 
CL=45pF 

tpHL 
Propagation Delay, P to P> Q 

17 30 
ns RL = 667 n 

tpLio{ Propagation Delay, Q to P> Q 
30 45 

tpHL 21 30 
ns 

SN54LS174LS6B4 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

II 
tpLH Propagation Delay, P to P = Q 

15 25 
tpHL 17 25 

ns 

tpLH Propagation Delay, Q to P = Q 
16 25 

VCC= 5.0V 
tpHL 15 25 

ns 

tpLH 22 30 
CL = 45 pF 

tpHL 
Propagation Delay, P to P > Q 

17 30 
ns RL = 667 n 

tpLH -- 24 30 
tpHL 

Propagation Delay, Q to P> Q 
20 30 

ns 

SN54LS174LS685 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONOITIONS 
MIN TYP MAX 

tpLH -- 30 45 
tpHL 

Propagation Delay, P to P = Q 
19 35 

ns 

tpLH Propagation Delay, Q to P = Q 
24 45 

ns VCC= 5.0V 
tpHL 23 35 

32 45 
CL = 45 pF 

tPLH Propagation Delay, P to P > Q RL = 667 n 
tpHL 16 35 

ns 

tpLH Propagation Delay, Q to P> Q 
30 45 

tpHL 20 35 
ns 
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SN54LS174LS686 • SN54LS174LS687 
SN54LS/74LS688. SN54LS/74LS689 

AC CHARACTERISTICS: TA = 25°C 

SN54lS174lS686 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

tplH Propagation Delay. P to P = Q 
13 25 

tpHL 20 30 
ns 

tpLH Propagation Delay. Q to P = Q 
13 25 

tpHL 21 30 
ns 

tpLH Propagation Delay. G. G1 to P = Q 
11 20 

tpHL 19 30 
ns 

19 30 IplH Propagation Delay. P to P> Q 
tpHL 15 30 

ns 

tPLH -- 18 30 
tpHL 

Propagation Delay. Q to P> Q 
19 30 

ns 

IPLH - -- 21 30 
tpHL 

Propagation Delay. G2 to P> Q 
16 25 

ns 

SN54lS174lS687 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

tpLH -- 24 35 
tpHL 

Propagation Delay. P 10 P = Q 
20 30 

ns 

tpLH -- 24 35 
tpHL 

Propagation Delay. Q to P = Q 
20 30 

ns 

tPLH Propagation Delay. G. G1 to P = Q 
21 35 

tpHL 18 30 
ns 

tpLH -- 24 35 
tpHL 

Propagation Delay. P to P> Q 
16 30 

ns 

tpLH Propagation Delay. Q to P > Q 
24 35 

tpHl 16 30 
ns 

tPlH - -- 24 35 
tpHL 

Propagation Delay. G2 to P> Q 
15 30 

ns 

SN54lS174lS688 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

tpLH Propagation Delay. P to P = Q 
12 18 

tpHL 17 23 
ns 

tPLH Propagation Delay. Q to P = Q 
12 18 

tpHL 17 23 
ns 

tpLH 12 18 
IpHL 

Propagation Delay. G. G1 to P = Q 
13 20 

ns 

SNI54lS174lS689 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN TYP MAX 

tpLH Propagation Delay. P 10 P = Q 
24 40 

tpHL 22 35 
ns 

tPLH -- 24 40 
Propagation Delay. Q to P = Q ns 

tpHL 22 35 

22 35 tPLH Propagation Delay. G. G1 to P = Q 
tpHL 19 30 

ns 
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TEST CONDITIONS 

VCC= 5.0V 

CL = 45 pF 
RL = 667 n 

TEST CONDITIONS 

VCC= 5.0V 
CL= 45 pF 

RL = 667 n 

TEST CONDITIONS II 
VCC= 5.0 V 

CL = 45 pF 

RL = 667 n 

TEST CONDITIONS 

VCC= 5.0V 

CL = 45 pF 

RL = 667 n 
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DESCRIPTION - These monolithic devices are programmable, cas­
cadable, modulo-N-counters. The SN54LS174LS716 can be pro­
grammed to divide by any number (N) from 0 thru 9, the SN54LSI 
74LS718 from 0 thru 15. 

The parallel enable (PE) input enables the parallel data inputs DO thru 
03. All zeros are entered into the counter by applying a logic "O"level to 
the master reset (MR) and PE inputs. This causes the counter to stop 
counting (count = 0). All data inputs are independent of the logic level of 
the Clock. 

Modulo-N counters are useful in frequency synthesizers, in phase­
locked loops, and in other applications where a simple method for 
frequency division is needed. 

Input Loading Factor: 
Clock, PE = 2 

DO, 01, 02, 03, Gate = 1 
MR=4 

Output Loading Factor = 8 

SN54LS/74LS716 

OUTPUT 
COUNT 

03 02 01 

9 1 0 0 
8 1 0 0 
7 0 1 1 
6 0 1 1 
5 0 1 0 
4 0 1 0 
3 0 0 1 
2 0 0 1 
1 0 0 0 
0 0 0 0 

All Types: 

00 

1 
0 
1 
0 
1 
0 
1 
0 
1 
0 

Total Power Dissipation = 
85 mW typ/pkg 

Propagation Delay Time: 
Clock to 03 = 50 ns typ 
Clock to Bus = 35 ns typ 

SN54LS174LS718 

OUTPUT 
COUNT 

03 02 01 00 

15 1 1 1 1 
14 1 1 1 0 
13 1 1 0 1 
12 1 1 0 0 
11 1 0 1 1 
10 1 0 1 0 
9 1 0 0 1 
8 1 0 0 0 

7 0 1 1 1 
6 0 1 1 0 
5 0 1 0 1 
4 0 1 0 0 
3 0 0 1 1 
2 0 0 1 0 
1 0 0 0 1 
0 0 0 0 0 

SN54LS/74LS716 
SN54LS/74LS718 

PROGRAMMABLE 
MODULO-N COUNTERS 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

VCC= Pin 16 
Gnd = Pin 8 

16 

15 

14 

13 

12 

11 

10 

J Suffix - Case 620-08 (Ceramic) 
N Suffix - Case 648-05 (Plastic) 
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SN54LS174LS716 

6 
Clock o-------i 

10 
MRo-------., 

4 
Gate 

SN54LS174LS718 

5 DO 

Clock 0------1 

10 

Miio-----, 

Gate 

00 

lOGIC DIAGRAMS 

11 01 14 02 

11 01 14 02 
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2 03 

03 

Vcc= Pin 16 
Gnd = Pin 8 

Vcc= Pin 16 
Gnd = Pin 8 
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Note: 1: 

SWITCHING TIME TEST CIRCUIT AND VOLTAGE WAVEFORMS 

Cr = 15 pF = total parasitic capac· 
Ilance, which includes probe. wiring. 
and load capacItance. 

Counter programmed for +8 operation, Pm 13 is the resistor pin. and left open. 

TEST 

Toggle Frequency 
(Check before measuring 
propagation delay.) 

Propagation Delay 
Clock to Bus 

Propagation Delay 
Gate to 03 

Propagation Delay 
Clock 1 to 03 
SN54LS174LS716 
SN54LS174LS718 

T 
PAF = B.O MHz o , 4 8 9 

U ----1l ____________________ ~+8 

~
-------3.0V 

""":'""' ~ ------------~; 
Gnd 

______ {+-_'_P_H_L _____________ VOH 

X 1.3 V 
VOL 
Gnd 

~
----------3'OV 

PRF = ~O MHz A' 3 :PLH ~.~ V 

Z 13V -------------------VOH 

SWITCHING TIME TEST PROCEDURES (TA = 25°C) 
(Letters shown in test columns refer to waveforms.) 

. VOL 

Gnd 

INPUT OUTPUT 

Clock Gate DO, Dl, D2 D3, PE, MR Bus 03 
SYMBOL Pin 6 Pin 4 Pins 5,11,14 Pins 2, 3, 10 Pin 12 Pin 1 

ftog T T Gnd 2.5V - U 

tPLH V V Gnd 2.5V W -

tpLH Y Y Gnd 2.5V - Z 

tpHL V V Gnd 2.5V X 

MOTOROLA SCHOTIKY TIL DEVICES 
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LIMITS 

Min Max Unit 

8.0 - MHz 

- 65 ns 

- 35 ns 

- 45 ns 
- 78 ns 
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GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 DC 
74 0 25 70 

10H Output Current - High 54 -1.0 mA 
74 -2.6 

10L Output Current - Low 54 12 mA 
74 24 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
MIN 

LIMITS 

TYP MAX 
UNITS TEST CONOITIONS 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 
V All Inputs 0.8 

VIK Input Clamp Oiode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

54 2.4 3.5 V VCC = MIN, 10H = MAX, VIN = VIH 
VOH Output HIGH Voltage 

74 2.4 3.5 V or VIL per Truth Table 

54,74 0.25 0.4 V 10L = 12 mA I VCC = VCC MIN, 
VOL Output LOW Voltage 

74 0.35 0.5 V 10L - 24 mA I VIN = VIL or VIH 
per Truth Table 

Input HIGH Current 
Data, Clock, Gate 20 
Enable 40 JiA VCC = MAX, VIN = 2.7 V 
MR 80 

IIH Data, Clock, Gate 0.1 
Enable 0.2 mA VCC = MAX, VIN = 7.0 V 
MR 0.4 

Input LOW Current 
Data, Clock, Gate -0.4 

IlL Enable -0.8 mA VCC = MAX, VIN = 0.4 V II 
MR -1.6 

I 

Others -30 -130 mA 
lOS Short Circuit Current 

R Output -1.8 -3.8 mA 
VCC= MAX 

ICC Power Supply Current 17 32 mA VCC = MAX 

MOTOROLA SCHOTTKY TTL DEVICES 
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1---<_-" tout 

o 0 0 1 

00 

01 

03~~ ____________ ~ 

Fig. 1 - SINGLE-STAGE OPERATION 
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OPERATING CHARACTERISTICS 
Operation of both counters is essentially the same. The SN54LS/74LS716 has a maximum modulus of ten while the 
SN54LS/74LS718 is capable of dividing by upto sixteen. Minor differences in the programming procedure will be covered in the 
discussion of cascaded stages. 

Suitable connections for operating a single stage are shown in Figure 1, as well as appropriate waveforms. The desired modulus 
is applied to the data inputs DO, Dl, D2, and D3 in binary SN74LS718 or binary coded decimal SN74LS716 positive logic format. 
If a number greater than nine (BCD 1001) is applied to the SN74LS716 it treats the most significant bit position as a zero; if for 
example, binary fourteen (1110) were applied to an SN74LS716 the counter would divide by six. BCD eight is programmed in 
Figure 1. As PE is taken low the states on the parallel inputs are transferred to their respective outputs. Subsequent positive 
transitions of the input clock will decrementthe counter until the all zero state is detected by the bus gate. The resulting positive 
transition olthe bus line is internally inverted and fed back to the preset gating circuitry but does not yet preset the counter since 
the gate-clock input is still high. As the clock returns to the low state the counter is sello the pr'ogrammed state, taking the bus 
line low. The net result is one positive pulse on the bus line for every N clock pulses. The output pulse width is approximately 
equal to one clock pulse high time. 

Operation will continue in this fashion until the data on the programmable inputs is changed. Since the preset circuitry is 
inhibited except when the counter is in the zero state, preset data may be changed while clocking is occurring. If it is necessary to 
enter a new number before the counter has reached zero this can be done by momentarily taking PE low. Countdown will 
continue from the new number on the next positive clock transition. 

The counters can be made to divide by 10 (SN74LS716) or 16 (SN74LS718) by inhibiting the preset logic. This may be done by 
either holding the gate input high or by holding the bus line low. 

The normal connections for cascading stages are indicated in Figure 2, with the appropriate waveforms. Notethatthe gate input 
oi each stage is connected to the clock; all bus outputs are tied to one of the internal pull up resistors, R. The total modulus for 
cascadedSN74LS716'sisdeterminedfrom NT=NO+ 10Nl + 100N2 + ... ; NTforSN74LS718'sisgivenbyNT=NO+ 16Nl + 
256N2+ ... Stated another way, the BCD equivalent of each decimal digit is applied to respective SN74LS716 stages while the 
data inputs of the SN74LS718 stages are treated as part of one long binary number. The difference in programming is illustrated 
in Figure 2 where NT = 245 is coded for both counter types. 

Cascaded operation can be further clarified by referring to the timing diagram of Figure 2. For the SN74LS716 counting begins 
with the first positive clock transition after the data has been set in. After the five clock pulses, the least-significant stage has 
been counted down to zero. The bus line does not go high atthis time since the three bus terminals arewire-ORed and the other 
two stages are not in the zero state. Since no reset occurs, the next positive clock edge advances the least significant stageto the 
nine (1 001) state, causing the second stage to be decremented. The process continues in this manner with the least significant 
stage now dividing by ten. The second stage eventually counts down to zero and also reverts to dividing by ten. Each pulse out of 
the second stage decrements the third until it reaches zero. At this time the bus line goes high; it remains high until the clock 
goes low, causing all three stages to be reset to the programmed count again. 

Maximum operating frequency of the basic SN74LS7161718 counter is limited by the time required for reprogramming at the 
end of each count down cycle. Operation can be extended to approximately 25 MHz by adding an "early decode" feature as 
shown in Figure 3. The appropriate connections for three stages are shown; however up to eight stages can be satisfactorily 
cascaded. Note the following differences between this and the non-extended method: the counter gate inputs are not connected 
to the input clock; all Parallel Enables are connectedto the 0: output of a type D flip-flop formed by gates Gl through G6; the bus 
terminal of the least significant stage is grounded; all other bus terminals and one internal resistor, R, are connected together 
and serve as a data input to the flip-flop. Four additional data inputs are provided for decoding the "two" state of the least 
significant stage. Circuit operation is illustrated in the waveforms of Figure 3 where the timing forthe end of a count-down cycle 
is shown in expanded form. The counter parallel inputs are assumed to have N = 245 applied. Timing is now shown for the third 
stage since it has already been counted down to the all zero state. As the next-to-Ieast significant stage reaches zero, the 
common bus line goes high. Count down of the least significant stage continues until the "two" state is reached. This condition 
causes the remaining D inputs to the flip-flop to be high. The next-to-Iast clock pulse of the cycle then triggers the flip-flop Q 
output high. 0: simultaneously takes the parallel enable of all stages low, resetting the programmed data to the outputs. The next 
input pulse clocks Q(fout) back to the zero stage, since the data inputs to the flip-flop are no longer all high. The positive output 
pulse is one input clock period in duration. Note that division by N equal to 1 or 2 is not available using this method. 
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SN74LS716 BCD 
SN74LS71B Binary a , 

IL.S.D.I 

a 
a 

a a 
a a 

IM.S.D.I N, 
NO N2 

a 

t:::e:~·1 1--------------45 Pulses 

f," ___ I - nnnfUlIUlM 
PE ---U 5 4 3 2 , a 987 6 5 4 32 , a 9 8 7 65 43 2 , a 98 7 6 54 3 2 , a 9 8 7 6 54 32 , 01 ~i;;"; , 09 

--~-~ 0'0 

011 

0'2 ,-------,---,I - _ ~ 
O,3_-------'n'--_-----'n'--_-----'n'--_-----'n'---__ fL ___ II r 

..----,'-----~r--__ II I 
::~J----;:::: ~~~~~ r-~-t==f 

'---___________ -----l ___ ._JJL 

020 

r-----i= 
:::-J~=~~=~~=_=_--=--=_=_--=--=_=_--=--=_=_-=--=_=_-=--=_=_--=-=_=_-=-=_=_-=-=_=_-=:_[_~ __ ~ r 
033------------·-------------------------- ~ 

023 

~ n 
-----------------____ --~I~-

Fig. 2 - CASCADED OPERATION 
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05 04 

D3r::D=2==j....:::":'" 

3 Places 

p.."'::.r--_fout::= ~ 

f," >-~----I!--t--+-!-+------' 

L 245 Input -1 
[-- Pulses - I 

f out _L _______ l ________ l ________ L 
'," IIIIIIL ___ JIIIIIIIIIIIIIIIIL ______ JlIIiL ______ Jllllll_ 

010 
011 

013 
020 

021-----------+--------------------+--+-------------
022 

--------4-------------~ 

023------~====================~-~-------
Bus 

Fig. 3 - INCREASING OPERATING RANGE 
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APPLICATIONS INFORMATION 
A typical system application for programmable counters is illustrated in the frequency synthesizer shown in Figure 4. Therethe 
counter provides a means of digitally selecting some integral multiple of a stable reference frequency. The circuit phase locks the 
output, fVCO, of a voltage controlled oscillator to a reference frequency, fref.' Circuit operation is such that fVCO = Nfref, where 
N is the divider ratio of the feedback counter. 

In many synthesizer applications the VCO is operated at VHF frequencies too high for direct division by TTL counters. In these 
cases the VCO output is usually prescaled by using a suitable fixed divided-by-M ECl circuit as shown in Figure 5. For this 
configuration, fVCO= NMfref, where N is variable (programmable)and M is fixed. Design olthe optimum loopfilterrequires that 
the input reference frequency be as high as possible where the upper limit is established by the required channel spacing. Since 
fVCO = Nfref in the non-prescaled case, if N is changed by one, the VCO output changes by fref, or the synthesizer channel 
spacing is just equal to fref. When the prescaler is used as in Figure 5, fVCO = NMfref, and a change of one in N results in the 
VCO changing by Mfref, i.e., if fref is set equal to the minimum permissible channel spacing as is desirable, then only every M 
channels in a given band can be selected. One solution is to set fref = channel spacing/M but this leads to more stringent loop 
filter requirements. 

An alternate approach that avoids this problem is provided by the counter configuration shown in Figure 6.'. It too uses a 
prescaler ahead of a programmable counter, however the modulus olthe prescaler is now controlled by a third counter, causing 
it to alternate between M and M + 1. Operation is best explained by assuming that all three counters have been set for the 
beginning of a cycle: the prescaler for division by (M + 1), the modulus control counter for division by Nmc, and the 

r-------------~~----.VCC 

,-----------, 
I I 

~A Ul PU UF 

f,ef I I 
oet 

r->-+--1v 01 

Chg 
Pump 

PO OF 

I 
I 
I 

R' 

L ___ _ 

R2 

__ J 

Fig. 4 - MTTL PHASE-LOCKED LOOP 

C 

"1 

I 

1 k 

VCM 

1/2 MC4024 

,--------------.-----8 VCC 

r---

R 

if> 
oet 

u1 

01 

L_ --' 

Fig. 5 - MTTL-MECL PHASE-LOCKED LOOP 

, See Motorola Application Note AN-535 and the MC4344/4044 Data Sheet for detailed explanation of overall circuit operation. 
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for comparison with f ref' 

Fig. 6 - FEEDBACK COUNTERS WITH DUAL 
MODULUS PRESCALER 

programmable counter for division by Npc. The prescaler will divide by (M + 1) until the modulus control counter has counted 
down to zero; at this time, the all zero state is detected and causes the prescaler to divide by M until the programmable counter 
has also counted down to zero. When this occurs, a cycle is complete and each counter is reset to its original modulus in 
readiness for the next cycle. For this configuration, 

fout = fin 
MNpc+Nmc 

In terms of the synthesizer application, fVCO = (MNpc + Nmcl fref and channels can be selected every fref by letting Npc and 
Nmc take on suitable integer values, including zero. 

A simplified example of this technique isshown in Figure 7. The MC12013 Dual Modulus Prescalerdivides byeither 100r 11 as 
shown in Figure 7. If the E3 and E4 Enable inputs are high at the start of a prescaler cycle, division by 10 results; if the Enable 
inputs are low atthe beginning olthe cycle, division by 11 results. The zero detection circuitry of the MC12014 Counter Control 
Logic is connected to monitor the outputs of the modulus control counter; this provides a suitable enable signal at EO as the 
modulus control counter reaches its terminal (zero) count. The remainder olthe MC12014 is connected to extend the operating 
frequency of the programmable counter chain. 

A specific example of this technique is shown in Figure 8. There the feedback divider circuitry required for generating 
frequencies between the 144 MHz and 178 MHz with 30 kHz channel spacing is shown.' 

fin 0 >-- c + 04 E E5 TTLout 
MC12013 

E4 _ 0.4 

LJ 

'---v--------' 
Dual Modulus 
Prescaler: 
+M or (M+l) 
1M ~ 101 

6 .. ~ 6 
PO Pl P2 P381 

f1 f out 
fin MC12014 E 

2021 2223 B20~ 

--

I 
03 L PE 00 01 02 03 L PE 0001 02 o~ PE ~~. 

L--- C SN74LS7161718 R 0 - C SN74LS7161718 R C SN74LS7161718 
R 

G B -G BI} B G 
MR DO 010203 MR DO 01 0203 G MRDO 010203 

I I I I 
1 1 0 0 

'--------r---' 
Modulus Control 
Counter' +N mc 

U I I I I = I I I I 
M R - ant More Signific 

a a , a 
IL.S.D.I 

a a 0 0 Stages Programmed 
to Zero 

T 

Programmable Counter: +- Npc 

Fig. 7 - FREQUENCY DIVISION: to = tin/MNpc = Nmc 

2. This application IS discussed In greater detail In the Me 12014 Counter Control LogiC data sheet. 
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VOLTAGE CONTROLLED OSCILLATOR 

DESCRIPTION - TheSN74LS724 is a low power Voltage Controlled 
Oscillator. With an external capacitor connected across Pins 1 and 8, 
the output frequency can be varied over a 3.5 to 1 range by adjusting 
the control voltage input (Vin) from 1.0 to 5.0 volts. 

The LS724 is ideal for video game and microcomputer applications. It 
can be used to generate sound IF, a colorburst reference, and/or a 
microprocessor clock. Also, the output rise and fall times are slow 
compared to standard LS logic so the generation of electromagnetic 
interference is reduced. 

FEATURES: 

III CAN BE USED AS A VOLTAGE CONTROLLED OR 
CRYSTAL CONTROLLED OSCILLATOR 

• a-PIN DIP REQUIRES MINIMAL PC BOARD SPACE 
• REDUCED RISE AND FALL TIMES FOR LESS EMI 
., LOW POWER - 45 mW MAX 

VOLTAGE CONTROLLED MULTIVIBRATOR 

VCCI VCC2 

Control 
Vin 

Voltage 

Xl 
VCM 

Cx X2 

Gndl Gnd2 

CRYSTAL OSCILLATOR 

VCCI VCC2 

Vin 

"::" 

Xl 
VCM 

Xl 

Cx' 

Gndl Gnd2 

"ex is optional 

(ex may be necessary to trim oscillator frequency or improve 
performance.) 

OUT 

OUT 

SN74LS724 

VOLTAGE-CONTROLLED 
OSCILLATOR 

LOW POWER SCHOTTKY 

CONNECTION DIAGRAM DIP 
(TOPVIEWI 

Case 626-04 (Plastic) 
Case 693-02 (Ceramicl 
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SN74LS724 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 4.75 5.0 5.25 V 

TA Operating Ambient Temperature Range 0 25 70 OC 

IOH Output Current - High -0.4 mA 

IOL Output Current - Low 4.0 mA 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

LIMITS 
SYMBOL PARAMETER CONDITIONS 

MIN MAX UNITS 

VOH Output HIGH Voltage 2.7 V 10H = -0.4 rnA. Vee = MIN 

VOL Output LOW Voltage 0.5 V 10L = 4.0 rnA. Vee = MIN 

liN Input HIGH Current 100 '/LA VIN = 5.0 V. Vee = MAX 

lOS Short Circuit Current -8.0 -25 mA Vo =OV. Vee = MAX 

ICC Supply Current 8.5 mA Vee = MAX 

AC CHARACTERISTICS: VCC = 5.0 V. TA = 25OC. CL = 15 pF 

VALUE 
SYMBOL TEST CONDITIONS UNITS 

MIN TYP MAX 

fmax* Maximum Operating Frequency Cx = 10 pF. VIN = 5.0 Vdc 11 16 MHz 
VCC= 5.0Vdc 
Load = 15 pF 

fHIGH Ratio of Frequency of Oscillation Cx = 100 pF 3.5to 1.0 4.0to 1.0 -
fLOW 

Over Specified Input Voltage VIN HIGH = 5.0 Vdc 
Range VIN LOW = 1.0 Vdc 

*Oue tathe low power nature of this device. some degradation of output swing can be expected as output frequency exceeds 9.0 MHz. With 
Vee = 5.0 V. the guaranteed VOH level drops from 2.7 volts at 9.0 MHz to 2.0 volts at 16 MHz. 

Vee 

VOH 

500n 
3 OUT 

....... --...... -i8 
2 4 

500n 

= 
For dc test purposes the LS724 output can be forced into a 
HIGH (VOHI or LOW (VoLllogic state as shown. 
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APPLICATIONS INFORMATION 
In order to improve frequency stability, separate Vee 

and ground pins are provided to allow the oscillator to be 
isolated from the logic power supply. However, both 
ground lines must be connected externally to ensure 
proper operation. It is also recommended that the oscil­
lator Vee be bypassed with a good RF type capacitor of 
500 to 1000 pF. 

When used as a voltage controlled oscillator, the center 
frequency can be approximated by: 

130 
fc (MHz) = ex (pF) : Vin = 4.25 V 

FIGURE 1 - FREQUENCY CAPACITANCE PRODUCT 

I Cx;;>100 pF 
t--

vcc= 5.0V 
TA = 25°C 

150MHZXPV 

/ ./ ~ 3 Sigma limit V V xpF 
I--- Typical I--

\ j~.V ~ E/ 65MH~ 
..l._ f--_ r-t ~ ~ -

2.5 3.0 3.5 4.0 4.5 5.0 

Vin. DC CONTROL INPUT VOLTAGE IVdc) 

The relationship between control input voltage, external 
capacitance and output frequency can be found in 
Figure 1 which is valid for values of capacitance in excess 
of 100 pF. For values of capacitance less than 100 pF, 
Figure 2 should be used. 

FREQUENCY STABILITY 
Oscillator output frequency is somewhat dependent on 

temperature and power supply voltage. Typical frequency 
variation at Vin = 5.0 V is approximately ±1 0% over the 
Vee range and approximately ±7% over the ooe to 700e 
temperature range. As with any oscillator, internal noise 
will also cause the output frequency to drift slightly. 

FIGURE 2 - FREQUENCY CAPACITANCE PRODUCT 
TYPICAL CURVES 

t--
VC~ = 5.J v 

t- TA = 250C Cx = 5000 pF r-- t\ 200 
62- \----, \ 1\ .... 
27= f'\ ~ ~ 12 

~ ~ ~ 

2.5 3.0 3.5 4.0 4.5 5.0 

Vin. DC CONTROL INPUT VOLTAGE IVdc) 
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SYNCHRONOUS ADDRESS MULTIPLEXER 
The SN74LS783/MC6883 and SN74LS785 bring together the 

MC6809E (MPU), the MC6847 (Color Video Display Generator) and 
dynamic RAM to form a highly effective, compact and cost effec­
tive computer and display system. ' 

The SN74LS783/MC6883 is designed to support 4K x 1, 16K x 
1 and 64K x 1 (128 column refresh) dynamic RAMs. The 
SN74LS785 has been modified to support the above listed prod­
ucts as well as 16K x 4 and 64K x 1 (256 column refresh) dynamic 
RAMs. A further enhancement allows the LS785 to support low 
power dynamic ROMs (such as MCM68364) without additional 
logic. 

• MC6809E, MC6800, MC6801 E, MC68000 and MC6847 (VDG) 
Compatible 

• Transparent MPUNDG/Refresh 

• RAM size - 4K, 8K, 16K, 32K or 64K Bytes (Dynamic or 
Static) 

• Addressing Range - 96K Bytes 

• Single Crystal Provides All Timing 

• Register Programmable: 
VDG Addressing Modes 
VDG Offset (0 to 64K) 
RAM Size 
Page Switch 
MPU Rate (Crystal.;. 16 or .;. 8) 
MPU Rate (Address Dependent or Independent) 

• System "Device Selects" Decoded 'On Chip' 

• Timing is Optimized for Standard Dynamic RAMs 

• + 5.0 V Only Operation 

• Easy Synchronization of Multiple SAM Systems 
.DMAMode 

TYPICAL SYSTEM BLOCK DIAGRAM 

Address AO-A15 

RJW 1----.-\ 
Ei.----I 

To QI.------1 
ROMs 
and MC6809E 
1/0 MPU 

Data 

TV Display Section 
is Optional 
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SN74LS785 

SYNCHRONOUS 
ADDRESS 

MULTIPLEXER 

LOW POWER SCHOTTKY 

PIN ASSIGNMENT 

40 

2 39 

3 38 

4 37 

36 

6 35 (RAS1) 

7 34 

8 33 

9 32 

10 31 

11 30 

12 29 

13 28 

14 27 

15 26 

16 25 

17 24 

18 23 

19 22 

20 21 
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MAXIMUM RATINGS (TA = 25"C unless otherwise noted.) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.5 to +7.0 Vdc 

Input Voltage (Except OSCln) VI -0.5 to 10 Vdc 

Input Current (Except OSCln) II -30 to +5.0 mA 

Output Voltage Va -0.5 to +7.0 Vdc 

Operating Ambient Temperature Range TA o to +70 "C 

Storage Temperature Range TstQ -65 to + 150 "C 

Input Voltage OSCln VIOSCln -0.5 to VCC Vdc 

Input Current OSCln II0sCIn -0.5 to +5.0 rnA 

GUARANTEED OPERATING RANGES 

Parameter Symbol Min Typ Max 

Supply Voltage VCC 4.75 5.0 5.25 

Operating Ambient Temperature Range TA 0 25 75 

Output Current High 10H 
RASO, RAS1, CAS, WE - - -1.0 
All Other Outputs - - -0.2 

Output Current Low IOL 
RASO, RAS1, CAS, WE - - 8.0 
VClk - - 0.8 
All Other Outputs - - 4.0 

DC CHARACTERISTICS (Unless otherwise noted specifications apply over recommended power supply and 
temperature ranges.) 

Characteristic Symbol Min Typ Max 

Input Voltage - High Logic State VIH 2.0 - -
Input Voltage - Low Logic State VIL - - 0.8 

Input Clamp Voltage VIK - - -1.5 
(VCC = Min, lin = -18 rnA) All Inputs Except OSCln 

Input Current - High Logic State at Max Input Voltage II 
(VCC = Max, Vin = 5.25 V) VClk Input - - 200 
(VCC = Max, Vin = 5.25 V) DAD Input - - 100 
(VCC = Max, Vin = 5.25 V OSCln = Gnd) OSCOut Input - - 250 
(VCC = Max, Vin = 7.0 V) All Other Inputs Except OSCln - - 100 

Input Current High Logic State All Inputs Except VClk, IIH 
(VCC = Max, Vin = 2.7 V) DAO OSCln, OSCOut - - 20 

Input Current - Low Logic State IlL 
(VCC = Max, Vin = 0.4 V) DAO Input - - -1.2 
(VCC = Max, Vin = 0.4 V) VClk Input - -30 -60 
(VCC = Max, Vin = 0.4 V, OSCln = Gnd) OSCOut Input - - -8 
(VCC = Max, Vin = 0.4 V) All Other Inputs Except OSCln - - -.4 

Output Voltage - High Logic Sta~ __ 
(VCC = Min, 10H = -1.0 rnA) RASO, RAS1, CAS, WE VOH(C) 3.0 - -
(VCC = Min, 10H = -0.2 rnA) E, Q VOH(E) VCC - 0.75 - -
(VCC = Min, 10H = -0.2 rnA) All Other Outputs VOH 2.7 - -

Output Voltage - Low Logic State 
(VCC = Min, 10L = 8.0 rnA) RASa, RAS1, CAS, WE VOL(C) - - 0.5 
(VCC = Min, 10L = 4.0 rnA) E, Q Outputs VOLlE) - - 0.5 
(VCC = Min, 10L = 0.8 rnA) VClk Output VOL(V) - - 0.6 
(VCC = Min, 10L = 4.0 rnA) All Other Outputs VOL - - 0.5 

Power Supply Current ICC - 180 230 

Output Short-Circuit Current lOS 30 - 225 
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AC CHARACTERISTICS 14 75 V"VCC"5.25 V and 0 .. TA"70'C, unless otherwise notedl. 

Characteristic Symbol Min Typ Max Units 

Propagation Delay Times ns 
ISee Circuit in Figure 91 Oscillator-In "'- to Oscillator-Oulf tdIOL-OHI - 3.0 -

Oscillator-In f to Osciliator-OuilL tdIOH-OLI - 20 -
ICL = 195 pF) AO thru A15 to ZO, Zl, Z2 thru Z7 tdlA-ZI - 28 -
ICL = 30 pFI AO thru A15, R/W to SO, Sl, S3 tdlA-SI - 18 -
ICL = 95 pFI Oscillator-Out "'- to RASO f tdIOL-ROHI - 20 -
ICL = 95 pFI Oscillator-Out "'- to RASO "'- tdIOL-ROLl - 18 -
ICL = 95 pFI Oscillator-Out "'-to RASl f tdIOL-R1HI - 22 -
ICL = 95 pFI Oscillator-Out "'-to RASl "'- tdloL-R1LI - 20 -
ICL = 195 pFI Oscillator-Out "'- to CAS f td IOL-CHI - 20 -
ICL = 195 pFI Oscillator-Out "'- to CAS "'- tdIOL·CLI - 20 -
ICL = 195 pFI Oscillator-Out "'- to WE f tdIOL-WHI - 22 -
ICL = 195 pFI Oscillator-Out "'- to WE "'- tdIOL-WLI - 40 -
ICL = 100 pFI Oscillator-Out "'- to E f tdIOL-EHI - 55 -
ICL = 100 pFI Oscillator-Out "'- to E "'- tdIOL-ELI - 25 -
ICL = 100 pFI Oscillator-Out"'- to Qf tdIOL-QHI - 55 -
ICL = 100 pFI Osciliator·Out "'- to Q "'- tdlol-all - 25 -
ICL = 30 pFI Oscillator-Out f to VClk f tdIOH-VHI - 50 -
ICL = 30 pFI Oscillator-Out f to VClk "'- tdloH-VLI - 65 -
ICL = 195 pFI Oscillator-Out "'- to Row Address tdIOL-ARI - 36 -
ICL = 195 pFI Oscillator-Out "'- to Column Address tdIOL-ACI - 33 -
ICL = 15 pFI Oscillator-Out",- to DAO f Earliestl l l tdIOL-DHI - -15 -
ICL = 15 pFI Oscillator-Out"'- to DAO fLatestlll tciiOL-DHI. - +15 -
ICl = 95 pF on RAS, CL = 195 pFon CASI CAS "'- to RASf tdICL-RHI - 208 -

Setup Time for AO thru A15, RIW Rate = +16 tsulAI - 28 - ns 
Rate = + 8 - 28 

Hold Time for AO thru A15, R/W Rate = +16 thlAI - 30 - ns 
Rate = + 8 - 30 -

Width of HS Low 2 twLIHSI 2.0 5.0 6.0 .,.s 

Notes: 1. When using the SAM with an MC6847, the rising edge of DAD is confined within the range shown in the timing diagrams (unless the 
synchronizing process is incomplete.) The synchronization process requires a maximum of 32 cycles of OSCOut for completion. 

2. tWL(HSI wider than 6.0 ,....5 may yield more than 8 sequential refresh addresses. 
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PIN DESCRIPTION TABLE 

Name No. Function 

VCC 40 Apply + 5 volts ± 5%. SAM draws less than 230 mAo 
Gnd 20 Return Ground for + 5 volts. 

A15 36 Most Significant Bit. 
A14 37 
A13 38 MPU address bits AO-AI5. These 16 signals come directly from the MPU and are used to 
A12 39 directly address up to 64K memory locations or to indirectly address up to 96K memory 
All I locations. (See pages 17 and 18 for memory maps). Each input is approximately equivalent 
Al0 2 to one low power Schottky load. 
A9 3 
AS 4 
A7 24 
A6 23 
A5 22 
A4 21 
A3 19 
A2 18 
AI 17 
AO 16 Least Significant Bit. 

R/W 15 MPU READ or WRITE. This signal comes directly from the MPU and is used to enable writing 
to the SAM control register, dynamic RAM (via WEI. and to enable device select #0. 

OSC ln 5 Apply 14.31818* MHz crystal and 2.5-30 pF trimmer to ground. See page 12. 

DAO 8 Display Address DAO. The primary function of this pin is to input the least significant bit of a 
16-bit video display address. The more significant 15-bits are outputs from an internal 15-bit 
counter which is clocked by DAD. The secondary function of this pin is to indirectly input the 
logic level of the VDG "FS" (field synchronization pulse) for vertical video address updating. 

HS 9 Horizontal Synchronization. The primary function of this pin is to detect the falling edge of 
VDG "HS" pulse in orderto initiate eight dynamic RAM refresh cycles. The secondary function 
is to reset up to 4 least significant bits of the internal video address counter. 

VClk 7 VDG Clock. The primary function of this pin is to output a 3.579545 MHz square wave** to the 
VDG "Clk" pin. The secondary function resets the SAM when this VClk pin is pulled to logic 
"0" level, acting as an input. 

OSCOut 6 Apply 1.5 kn resistor to 14.31818* MHz crystal and 33 pF capacitor to ground. See page 12. 

S2 25 Most Significant Bit (Device Select Bits). The binary value of S2, SI, SO selects one of eight 
S1 26 "chunks" of MPU address space (numbers 0 through 7). Varying in length, these "chunks" 

provide efficient memory mapping for ROMs, RAMs, Input/Output devices, and MPU Vectors. 
(Requires 74LS 138-type demultiplexer). 

SO 27 Least Significant Bit. 

E 14 E (Enable Clock) "E" and "0" are 90' out of phase and are both used as MPU clocks for the 
MC6809E. For the MCS800 and MCS801 E, only "E" is used. "E" is also used for many MCS800 
peripheral chips. 

0 13 o (Ouadrature Clock). 

Z7t 35 Most Significant Bit 
ZSt 34 First, the least significant address bits from the MPU or "VDG" are presented to ZO-Z5 (4K 
Z5t 33 x 1 RAMs) or ZO-Z6 (1SK x 1 RAMs) or ZO-Z7 (S4K x I RAMs). Next, the most significant 
Z4t 32 address bits from the MPU or "VDG" are presented to ZO -Z5 (4K x 1 RAMs) or ZO -ZS 
Z3t 31 (16K x I RAMs) or ZO -Z7 (S4K x 1 RAMs). Note that for 4K x I and ISK x 1 RAMs, Z7 (Pin 
Z2t 30 35) is not needed for address information. Therefore, Pin 35 is used for a second row 
Zlt 29 address select which is labeled (RAS1). 
ZOt 28 Least Significant Bit. 

RASlt 35 Row Address Strobe One. This pulse strobes the least significant 6,7 or S address bits into 
dynamic RAMs in Bank #1. 

RASOt 12 Row Address Strobe Zero. This pulse strobes the least significant 6,7 or 8 address bits into 
dynamic RAMs in Bank #0. 

CASt 11 Column Address Strobe. This pulse strobes the most significant S,7 or S address bits into 
dynamic RAMs. 

WEt 10 Write Enable. When low, this pulse enables the MPU to write into dynamic RAM. 

·14.31818 MHz is 4 times 3.579545 MHz television color subcarrier. Other frequencies may be used. (See page 12.) 
"When VOG and SAM are not yet synchronized the "square wave" will stretch (see page 10.) 
t Due to fast transitions. ferrite beads in series with these outputs may be necessary to avoid high frequency I"" 60 MHz) resonances. 
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SAM BLOCK DIAGRAM DESCRIPTION 
MPU Addresses (AO-A15): 

These 16 signals come directly from the MPU and are used to directly address up to 64K memory locations 
(K = 1024) or to indirectly address up to 96K memory locations, by using a paging bit "P" (see pages 17 and 18 for 
memory maps). Each input is approximately equivalent to one low power Schottky load. 
VDG Address Counter (80-815): 

These 16 signals are derived from one input (DAO) which is the least significant bit of the VDG address. Most of the 
counter is simply binary. However, to duplicate the various addressing modes ofthe MC6847 VDG, ADDRESS MODIFIER 
logic is used. Selected by three VDG mode bits (V2, V1, and VOl from the SAM CONTROL REGISTER, eight address 
modifications are obtained as shown in Figure 5. 

Also, notice that bits 89-815 may be loaded from bits FO-F6 from the CONTROL REGISTER. This allows the starting 
address of the VDG display to be offset (in 1I2K increments) from $0000 to $FFFFt. 89-815 are loaded when a VERTICAL 
PRE-LOAD (VP) pulse is generated. VP goes active (high) when HS from the VDG rises if DAO is high (or a high 
impedance). This condition should occur only while the TV electron beam is in vertical blanking and is simply imple­
mented by connecting FS and MS together on the MC6847. The VP pulse also clears bits 81-88. 

Finally, a HORIZONTAL RESET (HR) pulse may also affect the counter by clearing bits 81-83 or 81-84 when HS from 
the VDG is LOW (see Figure 5). The HR pulse should occur only while the TV electron beam is in horizontal blanking. 

In summary, DAO clocks the VDG ADDRESS COUNTER; HR initializes the horizontal portion and VP initializes the 
vertical portion of the VDG ADDRESS COUNTER. 
REFresh Address Counter (00-07): 

A seven bit binary counter (the LS785 uses an 8-bit counter) supplies bursts of eight' sequential addresses triggered 
by a HS high to low transition. Thus, while the TV electron beam is in horizontal blanking, eight sequential addresses 
are accessed. Likewise, the next eight addresses are accessed during the next horizontal blanking period, etc. In this 
manner, all 128 addresses are refreshed in less than 1.1 milliseconds. 
Address Multiplexer: 

Occupying a large portion of the block diagram in Figure 4, is the address multiplexer which outputs bits ZO-Z7 (as 
addresses to dynamic RAM's). Inputs to the address multiplexer include the VDG address (80-815) the REFresh address 
(CO-C6) and the MPU address (AO-A15) or (AO-A14 plus one "aging bit "P"). The paging bit "P" is one bit in the SAM 
CONTROL REGISTER that is used in place of A15 when memory map TYpe #0 is selected (via the SAM CONTROL 
REGISTER "TY" bit). 

Figure 6 shows which inputs are routed to ZO-Z7 and when the routing occurs relative to one SAM machine cycle. 
Notice that Z7 and RAS1 share the same pin. Z7 is selected if "M1" in the SAM CONTROL REGISTER IS HIGH (Memory 
size = 64K). 
Address Decode: 

At the top left of Figure 4, is the Address Decode block. Outputs 52, 51, and SO form a three bit encoded binary 
word(S). Thus 5 may be one of eight values (0 through 7) with each value representing a different range of MPU 
addresses. (To enable peripheral ROM's or 1/0, decode the 52, 51, and SO bits into eight separate signals by using a 
74LS138, 74LS155 or 74LS156.) 

On the LS783, the 52, 51 and SO outputs are not gated with any timing signals. The LS785 forces the 5 outputs HIGH 
if accessing ROM (see Memory Map, Figures 14-16) when the E clock is LOW and the 0 clock is HIGH (see Timing 
Diagram, Figures 2-3). This logic implementation allows the LS785 to easily interlace with inexpensive "dynamic" 
ROMs such as MCM68364. 

Along with the A5-A15 inputs is the MEMORY MAP TYpe bit (TY). This bit is soft-programmable (as are all 16 bits 
in the SAM CONTROL REGISTER), and selects one of two memory maps. Memory map #0 is intended to be used in 
systems that are primarily ROM based. Whereas, memory map #1 is intended for a primarily RAM based system with 
64K contiguous RAM locations (minus 256 locations). The various meanings of 52, 51, SO are tabulated in Figure 16 
(page 19) and again on pages 17 and 18. 

In addition to 52, 51, and SO outputs is a decode of $FFCO through $FFDF which, when gated with E and RIW, results 
in the write strobe for the SAM CONTROL REGISTER. 
SAM Control Register 

As shown in Figure 4, the CONTROL REGISTER has 16 "outputs": 
~DG Addressing Modes: V2, V1, VO MPU Rate: R1, RO 

VDG Address OFFset: F6, F5, F4, F3, F2, Fl, FO l'.!I.emory Size (RAM): M1, MO 

32K ~age Switch:"" P Memory Map TYpe: TY 

When the SAM is reset (see page 10), all 16 bits are cleared. To set anyone of these 16 bits, the MPU simply writes 
to a unique"" odd address (within $FFC1 through $FFDF). To clear anyone of these 16 bits, the MPU simply writes to 
a unique"" even address (within $FFCO through $FFDE). Note that the data on the MPU data bus is irrevelant. 

Inputs to the control register include A4, A3, A2, A1 (which are used to select which one of 16 bits is to be cleared 
or set), AO (which determines the polarity ... clear or set), and RIW, E and $FFCO-$FFDF) (which restrict the method, 
timing and addresses for changing one of the 16 bits). For more detailed descriptions of the purposes of the 16 control 

* If HS is held low longer than 8 j.LS, then the number of sequential addresses in one refresh "BURST" is proportional to the time interval during 
which HS is low. 

** See pages 17 or 18 for specific addresses. 
*** The P bit is also used to select 16K x 4 bit dynamic RAM operation in the lS785. See the Page switch definition in the Programming Guide section. 

t In this document, the "$" symbol always preceeds hexidecimal characters. 
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bits, refer to related sections in the BLOCK DIAGRAM DESCRIPTION (pages 8 through 12) and the PROGRAMMING 
GUIDE (pages 14 through 18). 

** See pages 17 or 18 for specific addresses. 

FIGURE 5 - VDG ADDRESS MODIFIER 

Mode Division Variables Bits Cleared by HS lIowl 

V2 Vl VO X y 

0 0 0 1 12 81-84 
0 0 1 3 1 81-83 

0 1 0 1 3 81-B4 
0 1 1 2 1 81-83 

1 0 0 1 2 81-84 
1 0 1 1 1 81-83 

1 1 0 1 1 81-84 
1 1 1 1 1 None (DMA MODE) 

FIGURE 6 - SIGNAL ROUTING for ADDRESS MULTIPLEXER 

Memory Size Signal Row/Column Signals Routed to ZO-Z7 Timing 

Ml MO Source Z7 Z6 Z5 Z4 Z3 Z2 Zl ZO (Figure 2) 

4K<D 0 0 MPU ROW <V A6 A5 A4 A3 A2 Al AO TI-TA 

COL <V LOW All Al0 AS A8 A7 A6 TA-TF 

VOG ROW <V 86 85 84 83 82 81 80 TF-T2 

COL <V LOW 811 810 8S 88 87 86 T2-TI 

REF ROW <V C6 C5 C4 C3 C2 Cl CO TF-T2 

COL <V LOW LOW LOW LOW LOW LOW LOW T2-TI 

16K xl 0 1 MPU ROW <V A6 A5 A4 A3 A2 Al AO TI-TA 

COL <V A13 A12 All Al0 AS A8 A7 TA-TF 

VDG ROW <V 86 85 84 83 82 81 80 TF-T2 

COL <V 813 812 811 810 8S 88 87 T2-TI 

REF ROW <V C6 C5 C4 C3 C2 Cl CO TF-T2 

COL <V LOW LOW LOW LOW LOW LOW LOW T2-TI 

16K x 4 0 1 MPU ROW A7 A6 A5 A4 A3 A2 Al AO TI-TA 

(Page bit = 1) COL @ A13 A12 All Al0 AS A8 A7 TA-TF 

VOG ROW 87 86 85 84 83 82 81 80 TF-T2 

This mode 
COL @ 813 812 811 810 8S 88 87 T2-TI 

only available REF ROW C7 C6 C5 C4 C3 C2 Cl CO TF-T2 
with LS785 COL LOW LOW LOW LOW LOW LOW LOW LOW T2-TI 

64K (dynamic) MPU ROW A7 A6 A5 A4 A3 A2 Al AO TI-TA 

1 0 COL P/A15@ A14 A13 A12 All Al0 AS A8 TA-TF 

VOG ROW 87 86 85 84 83 82 81 80 TF-T2 

COL 815 814 813 812 811 810 8S 88 T2-TI 

REF ROW C7® C6 C5 C4 C3 C2 Cl CO TF-T2 

COL LOW LOW LOW LOW LOW LOW LOW LOW T2-T2 

64K (static) MPU ROW A7 A6 A5 A4 A3 A2 Al AO TI-TS 

1 1 COL P/A15@ A14 A13 A12 All Al0 AS A8 TS-TF 

VOG ROW 87 86 85 84 83 82 81 80 TF-Tl 

COL 815 814 813 812 811 810 89 88 Tl-TI 

REF ROW C7® C6 C5 C4 C3 C2 Cl CO TF-Tl 

COL LOW LOW LOW LOW LOW LOW LOW LOW Tl-TI 

G) When using 4K x 1 RAMs, two banks of eight IC's are allowed. This accounts for Addresses $OOOO-lFFF. Also, this same RAM can be addressed 
at $2000-$3FFF, $4000-$5FFF and $6000-$7FFF. 

® Z7 functions as RAST and its level is address dependent. For example, when using two banks of 16K x 1 RAMs, RAsa is active for addresses 
$0000 to $3FFF and RASl is active for addresses $4000 to $7FFF. 

@lfMapTYpe = 0, then page bit "P" is the output (otherwise A15). This is a "don't care" situation for 16K x 4 MOS RAM inputs. 
@ C7 = Low on LS783. 
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Internal Reset 
By lowering VCC below 0.6 volts for at least one millisecond, a complete SAM reset is initiated and is 

completed within 500 nanoseconds after VCC rises above 4.25 volts. 
NOTE: In some applications, (for example, multiple "VDG-RAM" systems controlled by a single MPU) 

multiple SAM ICs can be synchronized as follows: 
o Drive all SAM's from one external oscillator. 
o Stop external oscillator. 
o Lower VCC below 0.6 volts for at least 1.0 millisecond. 
o Raise VCC to 5.0 volts. 
o Start external oscillator. 
o Wait at least 500 nanoseconds. 

Now, the "E" clocks from all SAM's should be in-phase. 

External Reset 
When the VClk pin on SAM is forced below 0.8 volts for at least eight cycles of "oscillator-out", the SAM 

becomes partially reset. That is, all bits in the SAM control register are cleared. However, signals such as RAS, 
CAS, WE, E or Q are not stopped (as they are with an internal reset). since the SAM must maintain dynamic 
RAM refresh even during this external reset period. 

Figure 7 shows how VClk can be pulled low through diode Dl when node "A" is low." When node "A" is 
high, only the backbiased capacitance of diode Dl loads the 3.58 MHz on VClk. Diode D2 helps discharge Cl 
(Power-on-Reset capacitor) when power is turned off. Diode D3 allows the MPU reset time constant R2C2 to 
be greater than the SAM reset time constant. Thereby, ensuring release of the SAM reset prior to attt.mpting 
to program the SAM control register. 

FIGURE 7 - EXTERNAL RESET CIRCUITRY 

+5.0 V +5.0 V 

100 kll 

Manual ~ 
System 

Reset /1 
Switch' 

VDG Synchronization 

" Dl 

MC6883 

D3 

MC6847 

100 kll 
R2 

MC6809E 

In order for the VDG and MPU to share the same dynamic RAM (see page 13,) the VDG clock must be stopped 
until the VDG data fetch and MPU data fetch are synchronized as shown in Figure 12. Once synchronized, the 
VDG clock resumes its 3.579545 MHz rate and is not stopped again unless an extreme temperature change (or 
SAM reset) occurs. When stopped, the VDG clock remains stopped for no more than 32 OSCOut cycles (ap­
proximately 2 microseconds.) 

In the block diagram in Figure 4, DAD enters a block labeled VDG Timing Error Detector. If DAD rises between 
time reference points"" 7A and 7C, then Error is high and VClk is the result of dividing BOSC (Buffered OSCOut 
= 14 MHz) by four. However, if DAD rises outside the time Window 7A to 7C, then Error goes LOW and the VDG 
stops. A START pulse at time reference point 7B (center of Window) restarts the VDG ... properly synchronized. 

·Use a diode with sufficiently low forward voltage drop to meet VIL requirement at VClk. 

**See timing diagrams on page 5 and 6. 
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Changing the MPU Rate (by changing SAM control register bits RO, Rl). 
Two bits in the SAM control register determine the period of both "E" and "a" MPU clocks. Three rate modes 

are implemented as follows: 

RATE MODE Rl RD 

SLOW 0 0 The frequency of "E" (and "Q") is f crystal.;. , 6. This rate mode is automatically selected when 
the SAM is reset. Note that system timing is least critical in this "SLOW" rate mode. 

A.D. 0 , The frequency of "E" (and "Q") is either f crystal.;. 16 or f crystal.;. 8, depending on the address 
(Address Dependent) the MPU is presenting. 

FAST 1 X The frequency of "E" (and "Q") is f crystal.;. 8. This is accomplished by stealing the time that 
is normally used for VDG/REFRESH, and using this time for the MPU. Note: Neither VDG display 
nor dynamic RAM refresh are available in the "FAST" rate mode. (Both are available in SLOW 
and A.D. rate modes). 

When changing between any two of the three rate modes, the fol)owing procedures must be followed to 
ensure that MPU timing specifications are met: 

RATE MODE 

SLOW .,.;"" 1""" /: '";, ''', .. "";, j 
A.D. - - -- - - -- -Z- ~quen~#~ -"\ ~t~owed exce~b~l_ 
FAST (See Below) S Rl hardware reset . ..A 

et . " 
Set RO, then CLEAR R 1 

May be ANY address from $0000 to $7FFF. 
SEQUENCE #1: --'-

70 00 00 TST #$0000 ... Synchronizes STA instruction to write during T2-TG (See Figure #81." 
21 00 BRN 00 
B7 FF 06 STA #$FFD6 ... Clears bit RO 

*Note: "TSr" instruction affects MeS80gE condition code register. 

Changing the MPU Rate (In Address Dependent Mode) 
When the SAM control register bits "R1", and "RO" are programmed to "0" and ",", respectively, the 

Address Dependent Rate Mode is selected. In this mode, the.;. '6 MPU rate is automatically used when 
addressing within $0000 to $7FFF* or $FFOO to $FF1 F ranges. Otherwise the.;. 8 MPU rate is automatically 
used. (Refer to Figure 8 for sample "E" and "a" waveforms yielding.;. 8 to .;. '6 and.;. 16 to .;. 8 rate 
changes). This mode often nearly doubles the MPU throughput while still providing transparent VDG and 
dynamic, RAM refresh functions. For example, since much of the MPU's time may be spent performing 
internal MPU functions (address = $FFFF)**, accessing ROM (address = $8000 to $FEFF) or accessing 1/0 
(address = $FF20 - $FF5F), the faster f crystal.;. 8 MPU rate may be used much of the time. 

Note: The VDG operates normally when using the SLOW or A.D. rate modes. However, in the FAST rate mode, the VDG is not allowed access to 
the dynamic RAM. 

FIGURE 8 - RATE CHANGE E AND Q WAVEFORMS 

fast slow fast 
(~ __ ---,A H----------~A'-----------___..'1 ~ 

E:~ I IL 
Q:---, r---l r---l 

L.....J L-J I~-'-r--....J-I I rm---Jl..J 
"slow" address detected hei "fast" address detected hert 

·When using Memory Map 0, addresses $0000 to $7FFF may access Dynamic RAM. 
"The MC6BOS outputs $FFFF on AO-A 15 when no other valid addresses are being presented. 
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Oscillator 
In Figure 4, an amplifier between Oscl n and OSCOut provides the gain for oscillation (using a crystal as shown 

in Figure 9.) Alternately, Pin 5 (Oscl n ) may be grounded while Pin 6 (OSCOut) may be driven at low-power 
Schottky levels as shown in Figure 10. Also, see VIH, VIL on page 2. 

RS 

AC Specifications' 
OSCOut Max Typ Min 

tpHIOsc) - 30 22 

tpLIOsc) - 30 22 

tcvclOsc) - 70 62.4 

FIGURE 9 - CRYSTAL OSCILLATOR 

.~ ~:.O V 

CV 

;J; CF 

Recommended Crystal Parameters 

14.31818 MHz" 16.0000 MHz" 

10 n ± 2.0 n 10 n ± 2.0 n 

Freq. 
MHz 

14.31818 

"-
" \' 

\' 
\ \ 

16.0000 

\ \ 
\ \ 

1\ 
I , 

Suggested Component Values 

CV* CF* Rl* H::* ft~* 

2.5-30 33 1.5 
-lOOK 10K 

pF pF kG 

2.5-30 33 1.5 
-lOOK 10K 

pF pF kn 

\ "- A----1IDII----B 
CO 5.0 pF ± 1.5 pF 6.0 pF ± 1.0 pF 

\ 
\ 

"'A~' Cl 0.0245 pF ± 15% 0.0319 pF ± 15% 

Ll 5.05 mH 3.1 mH 

a 50K ± 10K 40K ± 10K 
CO 

Calibration Tolerance: 0.002% at 26'"C 
Temperature Tolerance: 0.001% DoC to 70°C 

FIGURE 10 - TTL CLOCK INPUT 

SAM 

MC6883 --<x:1-~-l----';,,:v.,._Q[ljr_-< 

Typical input capacitances are 3.0 pF for Pin 5 and 5.5 pF for Pin 6. 

·Optimum values depend on characteristics of the crystal (X1). For many applications, VClk must be 3.579545 MHz ± 50 Hzl Hence, 
OSCOut must be made similarly "drift resistant" Iby balancing temperature coefficients of Xl, CV, eF, Rl, R2 and R3). 

Units 

ns 

ns 

.ns 

Xl . 
. 

*·Specifically cut for the SAM are International Crystal Manufacturing, Inc. Crystals (#167668 for 14.31818 MHz or #167569 for 16.0 MHz). 
However, other crystals may be used. 
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THEORY OF OPERATION 

Video or No Video 
Although the SAM may be used as a dynamic RAM controller without a video display*, most applications are likely 

to include a MC6847 video display generator (VDG). Therefore, this document emphasizes use ofthe SAM with MC6847 
systems. 

Shared RAM (with interleaved DMA) 

To minimize the number of RAM and interface chips, both the MPU and VDG share common dynamic RAM. Yet, the 
use of common RAM creates an apparent difficulty. That is, the MPU and VDG must both access the RAM without 
contention. This difficulty is overcome by taking advantage of the timing and architecture of Motorola MPU's (MC6800, 
MC6801 E, MC6809E, MC68000). Specifically, all MPU accesses of external memory always occur in the latter half of 
the machine cycle, as shown below: 

FIGURE 11 -- MOTOROLA MPU TIMING 

One Machine Cycle r A~ ________ ~, 

'E' Clock'.., I r 
(Approx. 1 MHzi I I I ... ----..... 

'~--------,,--~ Y---------'f-----.Jy 
MPU Address MPU Data MPU Address MPU Data 

Window Window 

Similarly, the MC6847 (non-interlaced) VDG transfers a data byte in a half machine cycle (E or <1>2). Thus, 
when properly positioned, VDG and MPU RAM accesses interleave without contention as shown below: 

FIGURE 12 -- MOTOROLA MPU WITH VDG TIMING 

VDG Data VDG Data 
VDG Address Window VDG Address Window 

,-________ A, ____ --...~,- _______ A ___ ____ \I, ..... ", 

'E' CloCk:.., , VDG Half r 
(Approx. 1 MHz) I I I MPU Half I 

,~ _______ ,y __ --.J~---- - __ '( __ ---..iy 
MPU Address MPU Data MPU Address MPU Data 

Window Window 

This Interleaved Direct Memory Access (lDMA) is synchronized via the MC6883 by centering the VDG data window 
half-way between MPU data windows.** 

The result is a shared RAM system without MPUNDG RAM access contention, with both MPU and VDG running 
uninterrupted at normal operating speed, each transparent to the other. 

RAM Refresh 

Dynamic RAM refresh is accomplished by accessing eight*** sequential row addresses every 64*** microseconds 
until all addresses have been accessed. To avoid RAM access contention between REFRESH and MPU, each of the 
refresh accesses occupies the "VDG half" of the interleaved DMA (lDMA). Furthermore, refresh accesses occur only 
during the television retrace period (at which time the VDG doesn't need to access RAM). 

In summary, the VDG, MPU and SAM's Refresh Counter all transparently access the common dynamic RAM without 
contention or interruption. 

Why IDMA7 

Use of the interleaved direct memory access results in fast modification to variable portions of display RAM, by the 
MPU, without any distracting flashes on the screen (due to RAM access contention). In addition, the MPU is not slowed 
down nor stopped by the SAM; thereby, assuring accurate software timing loops without costly additional hardware 
timers. Furthermore, additional hardware and software to give "access permission" to the MPU is eliminated since the 
MPU may access RAM at any time. 

·Only 1 pin. (DAO) out of 40 pins is dedicated to the video display. 
**See VOG synchronization (page 10) for more detail. 

***When not using a MC6847, HS may be wired low for continuous transparent refresh. 
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"Systems On Silicon" Concept 

Total Timing 

For most applications, the SAM can supply complete system timing from its on-chip precision 14.31818 MHz oscillator. 
This includes buffered MPU clocks (E and Q), VDG clock, color subcarrier (3.58 MHz). row address select (RAS), column 
address select (CAS) and write enable (WE). 

Total Address Decode 

For most applications, the SAM plus a "1 of 8 decoder" chip completely decodes 110, ROM and RAM chip selects 
without wasting memory address space and without needlessly chopping-up contiguous address space. Chip selects 
are positioned in address space to allow three types of memory (RAM, local ROM and cartridge ROM) independent 
room for growth. For example, RAM may grow from address $OOOO-up, cartridge ROM may grow from address $FEFF­
down and local ROM may grow from $BFFF-down. Alternately, if the application requires minimum ROM and maximum 
contiguous RAM, a second choice of two memory maps places RAM from $0000 to $FEFF. (See Figures 14-16.) 

In both memory maps all 110, MPU vectors, SAM control registers, and some reserved address spaces are efficiently 
contained between addresses $FFOO and $FFFF. 

How Much RAM? 

Using nine SAM pins (ZO-Z7 and RASa) the following combinations require no additional address logic. 

FIGURE 13 - RAM CONFIGURATIONS 

Address: Chip Select: 

MSB LSB 

Z5Z4Z3Z2Z1Z0 ................ RASO 

Z5Z4Z3Z2Z 1 ZO . . . . . . . . . . . . . . . . RAS 1 (~Z71 

Z6Z5Z4Z3Z2Z1Z0 ................ RASO 

Z6Z5Z4Z3Z2Z1Z0 ................ RAS1 (~Z71 

Z7Z6Z5Z4Z3Z2Z1Z0 ................ RASO 

} 
} 

One or two banks of 4K x 8 (like MCM4027's) 

One or two banks of 16K x 8 (like MCM4116'sl 

One bank of 64K x 8 (like MCM6665's) 
or one bank of 16K x 4 (like TMS4416's) 

PROGRAMMING GUIDE 

SAM - Programmability 

The SAM contains a 16-bit control register which allows the MC6809E to program the SAM for the following options: 
VDG Addressing Mode ....... 3-bits 
VDG Address Offset. . . . . . . .. 7-bits 
32K Page Switch ............ 1-bit 
MPU Rate. . . . . . . . . . . . . . .. 2-bits 
Memory Size .............. 2-bits 
Map Type ................. 1-bit 

Note that when the SAM is reset by first applying power or by manual hardware reset, t all control register bits are 
cleared (to a logic "0"). 

VDG Addressing Mode 

Three bits (V2, V1, Va) control the sequence of DISPLAY ADDRESSES generated by the SAM (which are used to scan 
dynamic RAM for video information). For example, if you wish to display Dynamic RAM data as INTERNAL ALPHAN­
UMERICS VIDEO, you should program* the MC6847 for the INTERNAL ALPHANUMERICS MODE and CLEAR BITS V2, 
V1 and va in the SAM. The table on the following page summarizes the available modes: 

t See Figure 7 for manual reset circuit. 
:f: Typically, part of a PIA (MC6821) at location $FF22 is used to control MC6847 modes. (See MC6847 Data Sheet.) 
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MC6847 Mode 

Mode Type GiA GM2* GM1* 

Internal Alphanumerics 0 X X 

External Alphanumerics 0 X X 

OSemigraphics - 4 0 X X 

Semigraphics - 6 0 X X 

Semigraphics - S· 0 X X 

Semigraphics - 12" 0 X X 

Semigraphics - 24" 0 X X 

Full Graphics - 1C 1 0 0 

Full Graphics - 1 R 1 0 0 

Full Graphics - 2C 1 0 1 

Full Graphics - 2R 1 0 1 

Full Graphics - 3C 1 1 0 

Full Graphics - 3R 1 1 0 

Full Graphics - 6C 1 1 1 

Full Graphics - 6R 1 1 1 

Direct Memory Accesst X X X 

* 58,512, & 524 modes are not descnbed In the MC6847 Data Sheet. See appendix "A", 
t DMA is identical to 6R except as shown in Figure 5 on page 9. 

GMe* 
EXT/! CSS 

0 X 

1 X 

0 X 

1 X 

0 X 

0 X 

0 X 

0 X 

1 X 

0 X 

1 X 

0 X 

1 X 

0 X 

1 X 

X X 

~ The function of these control bits differs on the T1 version of the 6847. See the MC6847T1 data sheet for details. 

VDG Address Offset 

SAM Mode 

V2 V1 VO 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 1 0 

1 0 0 

1 1 0 

0 0 1 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 0 

1 1 1 

Seven bits (F6, F5, F4, F3, F2, Fl and FO) determine the Starting Address for the video display. The "Starting Address" 
is defined as "the address corresponding to data displayed in the Upper Left corner of the TV screen." The "Starting 
Address" is shown below in binary: 

F2 F1 FO o o o o o o 10 I 07 
Note that the "Starting Address" may be placed anywhere within the 64K address space with a resolution of 1/2K (the 
size of one alphanumeric page). 

Page Switch 

One bit (P1) is used "in place of" A15 from the Me6809E in order to refer access within $0000-$7FFF to one of two 
32K byte pages of RAM. For systems using the LS783 and 32K bytes of RAM or less, the Page bit serves no useful 
function and is a "don't care." The LS785 uses the Page bit in conjunction with the memory size bits to determine 
whether 16K x 1 or 16K x 4 DRAM is being accessed. P1 is set for 16K x 4 and cleared for 16K x 1. The Page bit must 
also be cleared for the LS785 to function with 4K x 1 DRAMs. 
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MPU Rate 

Two bits (Rl, RO) control the clock rate to the MC6809E MPU. The options are: 

RATE (FREQUENCY OF "E" CLOCI(I Rl RO 

0.9 MHz (Crystal Frequency.,. 161 Slow a a 
0.911.8 MHz (Address Dependent Ratel 0 1 

1.8 MHz (Crystal Frequency'" 81 Fast 1 X 

(Typical Crystal Frequency ~ 14.31818 MHzl 

In the "address dependent rate" mode, accesses to $OOOO-$7FFF and $FFOO-$FFl F are slowed to 0.9 MHz (crystal 
frequency -i- 161 and all other addresses are accessed at 1.8 MHz (crystal frequency -i- 8). 
Note: "Slow" (0.9 MHz) operation can be accomplished using 1.0 MHz MC6809E and MC6821 devices. For "Fast" (1.8 

MHz) operation, 2.0 MHz MC68S09E and MC68S21 devices must be used. 

Memory Size 

Two bits (Ml and MO) determine RAM memory size. the options are: 

IMPORTANT! 

SIZE 

One or two banks of 4K x 1 dynamic RAMs 
One or two banks of 16K x 1 dynamic RAMs 
One bank of 16K x 4 dynamic RAMs<D 
One bank of 64K x 1 dynamic RAMs 
Up to 64K static RAM' 

CD ThiS option IS only available when uSing the LS785. 
* Requires a latch for demultiplexing the RAM address 

Ml MO 

0 a 
0 1 
a 1 
1 a 
1 1 

Note: Se sure to program the SAM for the correct memory size before using RAM (i.e., for a subroutine stack). 

Map Type 

One bit (TV) is used to select between two memory map configurations. 
Refer to Figures 14-16 for details. Early versions of the LS783 did not allow the "Fast" MPU rate to be used in 

conjunction with Map Type "TV = 1." Devices manufactured after January 1, 1983 allow both "Fast" and "Slow" MPU 
rates to be used with Map Type "TV = 1." (Pate of manufacture is marked on devices as VVWW where VV is the year 
and WW is the week of manufacture). 

Writing To The SAM Control Register 

Any bit in the control register (CR) may be set by writing to a specific unique address. Each bit has two unique 
addresses ... writing to the even # address clears the bit and writing to the odd # address sets the bit. (Data on the 
data bus is irrelevant in this procedure.) The specific addresses are tabulated in Figures 14-16. 

If desired, a short routine may be written to program the SAM CR "a word at a time." For example, the following 
routine copies "S" bits from "A" register to SAM CR addresses beginning with address "X." 

SAM1 46 ROR A 7 6 4 3 2 a C 
24 06 BCC SAM2 
30 01 INX (LEAX1,XI 
A7 80 STA O,X+ 
20 02 BRA SAM3 

LL--LI ----,----,-I --,--I ----'--L---'-----.ll-+O) 
SAM2 A7 81 STA O,X++ 

SAM3 5A DEC B 
26 F2 BNE SAM1 
39 RTS 
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COURSE 

MC6S09E 
Me6809E -4- 8 _ Address 
Vectors, Bits + 

SAM ,~ $FFFF 
Control, I' 

110 $FFOO 

ROM2** 

(S=3) 

-{$COOO 

ROM,., 

(S=21 

- --- -{$AOOO 

I 
I 
I 
I , 

ROMO** 

(5= 1) 

I 16K - RAS1 

: I 
RAM 

(5=0 if Riw = 11 
(5=7 if R/W = 01 

I 
I 
I 
I 
I 
I 

~-- - r<$4000 
I 
I , 
, 
I 
I 
: 16K - RASO 

r-- -f1 
: 4K - RAS1 

i-- +~$1000 
1 4f I RASa 

'--v"-' '--v"-' $0000 

Page 1 Page 0 

Abbreviations: 

IS 

FIGURE 14 - MEMORY MAP (TYPE #0) 

52, 
S1,SO'MC6809E 

FINE 

Value Address Label Definitions 
t t ~~---

Reserved 
for future 

MPU 
enhancements. 

Do not use! 

(S~ 

(S 

(S 

(S II0oiSIowi 

NOTES: 
'On LS785. 5 = 7 if RiW = 0 

**This memory area may also be RAM. 
M.S. == Most Significant 
loS. OE Least Significant 
S == Set Bit 
C == Clear Bit (All bits are cleared when SAM is reset.) 

However, locations $FFEO-$FFFF 
must be ROM when using LS785. 

S =. Device Select value = 4 x 82 + 2 x S1 + 1 x SO 
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FIGURE 15 - LS783 MEMORY MAP (TYPE #1 64K RAM) 

COURSE 

Me6809E 
Me6S09E 

1- 8 ~ Address 
Vectors. Bits T 

5AM ~ $FFFF 
Control.~ I' 
1/0. Boot I I '$FFOO 

ROM 

:2 
<t 
a: 
--' 
--' 
<t 

5 = 3 

- - - --<$eOOO 

s = 2*** 

I- - - - kSAOOO 

s = 1 

I- - - -k $8000 

5=0 

\. L-__ -'-< $0000 

Abbreviations: 
M.S. s;: Most Significant 
L.S. =; least Significant 

FINE 

52. 
51. 50 Me6S09E 
Value Address Label , Definitions 

t "~,~-----

Reserved 
for future 

MPU 
enhancements. 

Do not use l 

liD, 

I/OO(Slow) 

NOTES: 
*5 = 0 if RiW = 1 

j1/2K· Offset) 

~ : ~~:a~i~it IAII bits are cleared when SAM is reset.) 

**Decode 52, 51, and SO with an open 
collector SN74LS156 and 'wire·or' state 7 
with state 2. (See Appendix 8 for 
suggested decode circuit.) S =; Device Select value = 4 x 52 + 2 x 51 + 1 x SO 

H*To avoid ROM enable during RiW = LOW, 
the ROM at S = 2 must be gated with Rm. 
(See Appendix B for suggested decode circuit.) 
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FIGURE 16 - L5785 MEMORY MAP (TYPE #1 64K RAM) 

COURSE 

MC6809E 
MVC6809E ..- 8 __ Address 

ectors, Bits t 
SAM ~ /$FFFF 
Control,~ 
IIOR~~ot $FFOO 

(5=0 
if 

RIW=1) 

(5=7 
if 

RIW=O) 

,L----'--(/$.OOOO 

Abbreviations: 
M,S. EO Most Significant 
loS, "" least Significant 

52, 
51, SO Me6S0gE 

I 

~ : ~~;a~i~it (All bits are cleared when SAM is reset.) 

S := Device Select value :;0: 4 x ,52 + 2 x 81 + 1 x SO 

Label 

Reserved 
for future 

MPU 
enhancements 

Do not use! 

I/OO(Slow) 

FINE 

~ Dynamic 

FAST 
FAST 
\ AD. t Transparef"lt 
I I SLOW \ Refresh 

NOTES: 
*8 = 7 if RIW = 0 

**Memory locations $FFEO-$FFFF cannot be written to 
(Le. write protected). 
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FIGURE 17 - MEMORY ALLOCATION TABLE 
(Also, see Ihe memory MAPs on pages 17 and lB.) 

Type # 0: (Primarily for ROM based syslems) 

Address Range Intended Use 

$FFF2 10 FFFF MC6B09E Veclors: Resel, NMI, SWI, IRQ, FIRQ, SWI2, SWI3. 
FFEO 10 FFFl Reserved for fulure MPU enhancemenls. 
FFCO 10 FFDF SAM Conlrol Regisler: VO, - V2, FO - F6, p, RO, Rl, MO, Ml,. TY. 
FF60 10 FFBF Reserved for future conlrol register enhancemenls. 
FF40 10 FF5F 1/02: Input/Oulpul (PIAs, ACIAs, etc.) To subdivide, use AO-A4. 
FF2010 FF3F 1/01: Input/Oulpul (PIAs, ACIAs, elc.) To subdivide, use AO-A4. 
FFOO 10 FF1F 1/00: Input/Oulpul (PIAs, ACIAs, elc.) To subdivide, use AO-A4. 
COCO to FEFF ROM2: 16K addresses. External carlridge ROM'. 
AOOO to BFFF ROM 1: BK addresses. Inlernal ROM'. NOle Ihal MC6B09E vector addresses select Ihis ROM". 
BODO 10 9FFF RaMO: BK addresses. Inlernal ROM'. 
0000 10 7FFF RAM: 32K addresses. RAM shared by MPU and VDG. 

*Not restricted to ROM. For example, RAM or 110 may be used here. 

Type # 1: (Primarily for RAM based systems) 

Address Range Intended Use 

$FFF2 10 FFFF MC6B09E Veclors: Resel, NMI, SWI, IRQ, FIRQ, SWI2, SWI3. 
FFEO 10 FFFl Reserved for future MPU enhancements. 
FFCO to FFDF SAM Conlrol Regisler: VO - V2, FO - F6, P, RO, R1, MO, Ml, TY. 
FF6010 FFBF Small ROM: Boolload program and initial MC6B09 vectors. 
FF40 to FF5F 1/02: Input/OulpullPIAs, ACIAs, elc.) To subdivide, use AO-A4. 
FF20 to FF3F 1/01: Input/OulpullPIAs, ACIAs, etc.) To subdivide, use AO-A4. 
FFOO 10 FF1F 1/01: Input/OulpullPIAs, ACIAs, etc.) To subdivide, use AO-A4. 
0000 to FEFF RAM: 64KI- 256) addresses, shared by MPU and VDG. 

(If RiW = 0 Ihen S = 3 for $COOO-$FEFF; S = 2 for $AOOO-$BFFF; S = 1 for $8000-$9FFF and 
S = 7 for $0000-$7FFF.) 

APPENDIX A 

Providing a Clock for MC6800 Microprocessors 

+5.0 V 

1.0 kG 

E>---~-------------; 
01 

+5.0 V 

1.0 kH 

02 
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APPENDIX B 

Memory Decode for LS783 "MAP TYPE = '" 

MPU Vectors and 
Boot Load ROM 
128x8(or256x8) 

EN EN 

Vcc = 16 _ 
Gnd = 8 +5.0 

Ea 

'1 (03a) 1-::4~V--+" 
+5.0 

-- V 6 (02a) 1-::5,-7---t~-~ 1/02 
+5.0 

'5 (Ola) 1-::6~V--<~--,)o 1/01 

+5.0 

'4 (OOa) 1-::7,-7V---t~-~ 1/00 

SN74LS156 

'3 (03b) 12 NC 

'2 (02b) 1-'1..:..1 ~~---' 

T(01b) 10 NC 
+5.0 V 

o (OOb) 1-'9:"-~ ___ 6---:~ 

RAM READ 

APPENDIX C 
VDG/SAM Video Display System Offers 3 New Modes 

by 
Paul Fletcher 

There are three new modes created when the VDG 
and 5AM are used together in a video display system. 
These modes offer alphanumeric compatibility with 8 
color low-to-high resolution graphics, 64H x 64 V, 64H 
x 96 V, 64H x 192 V. The new modes 58, 512, and 524 
are created by placing the VDG in the Alpha Internal 
mode and having the 5AM in a 2K, 3K or 6K full color 
graphics mode. In all modes the VDG's 5/A and Inv. pins 
are connected to data bits DD7 and DD6 to allow switch­
ing on the fly between Alpha and 5emigraphics and 
between inverted and non-inverted alpha. This method 
is used in most VDG systems to obtain maximum flex­
ibility. 

The three modes divide the staridard 8*12 dot box 
used by the VDG for the standard alpha and semigraph­
ics modes into eight 4*3 dot boxes for the 58 mode, 
twelve 4*2 dot boxes for the 512 mode, and twenty­
four 4*1 dot boxes for the 524 mode. Figure 17 shows 
the arrangement of these boxes. One byte is needed to 
control two horizontally consecutive boxes. It therefore 
takes four bytes for the 58, six bytes for the 512, and 
12 bytes for the 524 mode to control the entire 8*12 
dot box. These two horizontally consecutive boxes have 
four combinations of luminance controlled by bits BO-

B3. For convenience B2 should be made equal to BO 
and B3 should be made equal to Bl. This eliminates a 
screen placement problem which would cause other 
codes to change patterns when moved vertically on the 
screen. The illuminated boxes can be one of eight colors 
which are controlled by B4-B6 (see Figure 18). The bytes 
needed to control all the boxes in the 8*12 dot box must 
be spaced 32 address spaces apart in the display RAM 
because of the addressing scheme originally used in 
the VDG and duplicated by the 5AM. This means to 
place an alphanumeric character on the TV screen it 
requires 4, 6, or 12 bytes depending on the mode used. 
These bytes are placed 32 memory locations apart in 
the display RAM (see Figure 18). This multiple byte for­
mat allows the mixing of character rows of different 
characters in the same 8*12 dot box creating new char­
acters and symbols. It also allows overlining and un­
derlining in eight colors by switching to semigraphics 
at the correct time. 

These new modes optimize the memory versus 
screen density tradeoffs for RF performance on color 
TVs. This could make them the most versatile of all the 
modes depending on the users creativity and the soft­
ware sophistication. 
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FIGURE Cl - DISLAY MODES 58, 512, 524 
BitNisible Dot Correlation 

Scan 
Lines 

88 

Scan 
Lines 

812 

~8~ 

I-----t---il 
1 

1-8---1 
Scan 1 Lines 1-----11----1 

I-----+-----i 

S24 I---I----Ij 

• 
0 0 

0 • 
0 • 
• • • • • • 0 

• • 

Ad~ress Byte .. 
$XXOO ($01) 

$XX20 ($01) 

$XX40 ($01) 

$XX60 ($01) 

$01 is the 
VDG "ASCII" 
code for 'A'. 

• Alphanumeric Compatible 

Lett 

Red 

Blue 

Off 

Orange 

Off 

Yellow 

Right *** 

Red 

Off 

Green 

Orange 

Off 

Yellow 

$XXOO ($BF) 

$XX20 I$AA) 

$XX40 ($85) 

$XX60 ($FF) 

$XX80 ($80) 

$XXAO ($9F) 

o Options: One of 8 colors for 
L or R or both. Off = Black 

Blue Blue 
Black Black 
Black Black 

• • o • 0 

0 0 

• 0 

0 

• • 
D • 
• • 

Black Black 
Green Green 

• Underline, Overline 

$XXOO ($AF) 
$XX20 ($80) 
$XX40 ($80) VDG 
$XX60 ($14) _Code 
$XX80 ($18) for T 

$XXAO ($18)l 
$XXCO ($18) 'VDG 
$XXEO ($18) Code 
$Xl00 ($18) for X 
$X120 ($18) 
$X140 ($80) 
$X160 ($8F) 

o Mix Character Dot Rows 

••• Characters will always remain in standard VDG positions. 
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FIGURE C2 - sa DISPLAY FORMAT EXAMPLES 

r-(1~*---j 
L1 LO 

L1 LO 

L1 LO 

L1 LO 

l a) •• 

(b) 

12 j C) 

(d) 

B7 

I I U I - I un I u I u I Semi 

L---'-_'---'-_-'----'_--'-_'--....... I Alpha 

'--- ~~-~ ,.---~) -y- y 
Extra ASCII Code 

LX 

0 

1 

1 

1 

1 

1 

1 

1 

1 

(i1 Column 32 Columns ~I 

I ~ of 58 Blocks 3
1
2 

.. ,~"" "I' '~f (a)~ I 

:~11111111111111 
(d) 

C2 

X 

0 

0 

0 

0 

1 

1 

1 

1 

TV Screen 
Resolution 

Semi = 64 x 64 
16 Rows 

of 58 Blocks 
Alpha = 32 Char. H. x 16 Rows V 

C1 

X 

0 

0 

1 

1 

0 

0 

1 

1 

CO Color 

X Black 

0 Green 

1 Yellow 

0 Blue 

1 Red 

0 Buff 

1 Cyan 

0 Magenta 

1 

B3.B1 B2.BO 4 

0 0 , Off-, O~] 

0 1 , ~f~'-;J 
1 0 'color' Off , 

1 1 ,- color 

585cre n Memory Map 

One 
8 

1st rowtf 4 x 3 
dot boxes 

+ 2nd row of 4 x 3 
dot boxes 

'ow 0'+ x 12 

3rd row of 4 x 3 
dot boxes 

+ 4th row of 4 x 3 
dot boxes 

1 

(a)1 *$0000 
(a)2 
(a)3 
(a)4 
(a)S , 
(a)32 
(b)1 $0020 
(b)2 
(b)3 
(b)4 
(b)S, 

(b)32 
(c)1 $0040 

r(c)2 

~ (c)4 
(c)S 

~ 
~ 
~ (d)3 

$0060 

(d)4 
(d)S . 
(d)32 

$0080 

Ul z 

i 
i 
• 
Ul 
Z 
~ 
fi) 

~ 
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FIGURE 18 - EQUIVALENT OF OSCILLATOR INPUT AND OUTPUT 

OSCln 

Vee OSCOut Vee Vee 

FIGURE 19 - DAO INPUT 

Vee Vee Vee 

= 

FIGURE 20 - VClk INPUT/OUTPUT 

Vee velk Vce Vee 
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FIGURE 21 - E AND Q OUTPUTS 

Vee Vee 

FIGURE 22 - TYPICAL INPUT 

Vee Vee 

FIGURE 23 - TYPICAL OUTPUT 

Vec 
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FIGURE 24- EXAMPLE of MC6S09E, MC6SS3 and MC6847 COMPUTER 

:> ENDC 

- - - r--- -
A1S 

I--- - r-
A14 

I--- - f--
A" I--- ~ r-
A" I--- S 21 s~ A12 ~ 
A" 5 

18 18 18 
I--- A" - A" t A10 I--- A10 

19 
A10 ~ A10 

A9 
I---

22 ~ 
AS 23 ~ I--- r,-
A7 1 1 

I--- - r-
A6 2 2 ~ 1----- -
AS 3 3 3 

I--- - r-
A4 eS1 24 eS1 ~ 

4 4 4 - r-
A3 eso 22 eso ~ S S S - r-
A2 I----

6 ~ ~ 
A1 R51 3S RS1 ~ 7 2-- ~ 
AO RSO 

36 RSO ~ 8 ~ ~ 
eS2 ~iii5Q eS2 ~ro; S~ROM2 E ~'ROM1 E~ 

RiN 21 ~ - f--

EXPANSION aA 
I---- - f--CONNECTOR as 
I---- - f--

BUSY 
I---- - r-

Lie " " " ... 
~ 

I---- 0 0 - 0 r-
TSe i> I----

;: ;: - ;: -
;: ;: ;: ;: ;: 
n !;l n n n 

E en 2S ~ 
;: ;: ;: 

~ 
.. en en - .. -
~ .. .. '" a I----

,. ,. - ~ -
~ Co> 

Co> .. en N 

'" FIRQ 
I---- - -

IRa 
IAQA,S 

38,37 
IRCA,B ~ - -

HALT 
I---- - -

NMI 
I---- - -

RESET 34 ~ - -
~+'2V 

,S V 20 r'-'!------- 24 ~ ~ 
GNo 1 ~ 12 ~ " -
~-'2V 

07 
07 

26 o7~ 07 " o7~ o7~ 
06 27 ~ 16 16 ~ -
OS 28 ~ 15 ~ ~ 
04 29 ~ 14 ~ ~ 
03 30 

~ " ~ ~ 
02 31 f2---- " ~ 21-
01 32 ~ " ~ ~ 
DO 

DO 
33 oo~ DO 

9 DO !...-..- OO~ 
DSPS I---- - f--

'-- '-- -

64 KEY I PB- PA- CB- CA· KEYBOARD 

~ 7 6 5 4 3 2 1 0' ~ CO~~~iTS 
PB· PA-

~~ ~I 21 21'1 
''1'"1'51141'31''1''1''19181716151413121 '91'81391401 ~ "1'61'51141"1"1"1"1 91 81 71 61 51 41 31 21 
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VIDEO 
ENCODER ." MODULATOR 

.5 V CONNECTS 

- + ~l 
VCC 

23 36 ~V 
., 2-NC 

A15 A15 .0 -. -22 
AI. 

37 
AI' VCC 6 :..- 1102 

21 
A13 

38 
A13 5~'IIOl Y~ 

20 3. 
A12 A12 ..!4 If 00 I. 1 S2~ 

4" 
Al1 Al1 A2 II> 

12 AiJ"M2" 
lB z - IbB~ Al0 

2 
Al0 26 2 ~ 3 

17 3 SI-'-'-- Al ,.. 
4AOMl To 

A. 11>-A. ;;: 2 Chip 
16 4 SO E.....-...2. Selects A8 A8 AO l1li _ 

.!;.AOM 0 r'-4 15 2' 
1 .. 

A7 A7 1'5) MRO I. 
A6 

23 
A6 0 

13 
AS 

22 
AS 20 VCC=16 4 God 

~ 
Gnd:e CHB 

12 21 
A4 A4 EN EN 

11 
A3 

19 
A3 5 • 

10 
A2 

lB 
A2 = • 17 

Al Al en 
8 16 J> 6 15k 

AO AO ;: OSCOut 

50 PF:±: ck 1431B1B ROMO 
;: 
(") 

~ 
Ms 32 RW 15 

R/W '" 5 - _T MHz CD 
CD Oscm .. 

f9-35PF 
Fs 

6 
BA 

5 TO PIA 
BS 

RS 9 -1,. 33 
BUSY 

HS 
3B 

Lie 3: OAO 
B 22 

OAO 
3. < 1SC "Q 

VClk 
7 33 elk c ~ .c C) 

;: 

~fi 
;: 34 (") I. .5V 

E '" E 

100,1 

(") 
CD '" 35 

0 
0 13 

0 ~ .. 
m .... 

• - ,.F"k· O1.F"k Af-
FIRO 

3 
iAO CAS 1 fT 

40 
HALT 

Z7 Z6 ZS Z4 Z3 Z2 Zl ZO RAsa WE 
2 35 34 33 32 31 30 29 28 12 11 10 

I 
NMI 

37 
RESET 

~ ~ ~ 

~t ~ 

7 
---0,5 V 

13- 10- 1'·'2· 6· 7- 5· 4'" 15· 3- ---E I" VCC 

I 1 

~ 
Ao As A4 AJ A2 A, Ao RAS CAS WE ~ 

Ca 
AlS God -'--::::- I. CIk RAM's MCM4116A E2~ E117 f 

2. 
07 

2 07 3 Q7 I. 3 0 0 2 10 
007 

25 
06 

2 06 5 15 06 I. • 5 2 DDS AlG ~ II> II> 

~ 26 2 05 7 ~ 13 05 I. 7 Z 6 8 DDS GM2 05 ~ 
~ 27 

04 
2 04 • ~ 11 O. 

" 
B !ii 9 7 004 GM, 

2B 
03 

2 03 12 t B 03 I. 13 ;:J 12 6 003 GMo ~ 
29 

02 
2 02 

" 
VCC",20 6 02 I. I. VCC=20 15 5 D02 e55 ~ 

30 
01 

2 01 16 Gnd=10 4 01 
" 

17. Gnd .. 10 16 • DOl EXT ~ 
31 

DO 
2 DO lB 

-<J-
2 00 I. lB 0 0 19 3 000 

- 1 ClEAR 

- VOO VCC VSS Vee ~._~ God r rr t1. .5V 

11 
= 

-:t' 4)( 0' .... F 

+12 V "V -5V 

MC6847 Mode Control & Mise 110 connects here. 

·This pin number on B different RAM chips is connected to this pomt. 
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® MOTOROLA 

DESCRIPTION - The SN54LS/74LS795 thru SN54LS174LS798 
device types provide a second source for the 71/81LS95 thru 
71/81 LS98 series. These devices are octal low power Schottky 
versions of the 70/8095 thru 70/8098 3 -STATE Hex Buffers. The 
LS795 and LS797 are non inverting and the LS796 and LS798 are 
inverting functions. On each buffer, one of the two inputs is used as a 
control line to gate the output into the high impedance state, while the 
other input passes the data through the buffer. On the LS795 and 
LS796 access is through a 2-input NOR gate, with all eight 3 -STATE 
enable lines common. On the LS797 and LS798, four buffers are 
enabled from one common line and the other four buffers from another 
common line. On all device types the 3 -STATE condition is achieved 
by applying a high logic level to the enable pins. 

TRUTH TABLES 

LS795 LS796 

INPUTS OUTPUT INPUTS OUTPUT 

Gl G2 A y Gl 132 A y 

H X X Z H X X Z 
'X H X Z X H X Z 

L L H H L L H L 
L L L L L L L H 

SN54LS/74LS795 
SN54LS/74LS796 
SN54LS/74LS797 
SN54LS/74LS798 

TRI-STATE OCTAL BUFFERS 

LOW POWER SCHOTTKY 

LS797 LS79B 

INPUTS OUTPUT INPUTS OUTPUT 

G A y G A y 

H X Z H X Z 
L H H L H L 
L L L L L H 

LOGIC DIAGRAMS 
Vee ci2 AS va A7 Y7 AS V6 AS Y5 

'G1 Al Yl A2 Y2 A3 V3 A4 Y4 GNC 

SN54LS174LS795 

vee 132 AS VB A7 Y7 AS VB AS Y5 

A1 Yl A2 Y2 A3 V3. A4 V4 GND 

SN54LS174LS797 

Vee G:2 AS VB A7 Y7 A6 V6 AS Y5 

Al Vl A2 Y2 A3 V3 A4 Y4 GND 

SN54LS174LS796 
Vee (32 AS va A7 Y7 A6 VB AS V5 

Al Yl A2 Y2 A3 V3 A4 V4 GND 

SN54LS174LS798 

J Suffix - Case 732-03 (Ceramic) 
N Suffix - Case 738·01 (Plastic) 
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SN54LS/74LS795 THRU SN54LS174LS798 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4,5 5.0 5.5 V 
74 4,75 5.0 5,25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

10H Output Current - High 54 -2.6 mA 
74 -5.0 

10l Output Current - low 54 8.0 mA 
74 16 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input lOW Voltage for 
Vil Input lOW Voltage 

74 0,8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN, liN = -18 mA 

VOH Output HIGH Voltage 
54 2,5 3.5 V 

VCC = MIN, 10H = MAX 

74 2.7 3.5 V 

54,74 0.25 0.4 V 10l = 8.0 mA I VCC = VCC MIN, 
VOL Output lOW Voltage 

74 0,35 0.5 V 10l - 16 mA I VIN = Vil or VIH 
per Truth Table 

IOZH Output Off Current-High 20 JJA VCC = MAX, VOUT = 2.4 V 

10Zl Output Off Current-low -20 JJA VCC = MAX, VOUT = 0.4 V 

20 JJA VCC = MAX, VIN = 2.7 V 
IIH Input HIGH Current -0.1 mA VCC = MAX, VIN = 7.0 V 

Input lOW Current 

III 
A Input, Both G at 0.4 V -0.400 

mA VCC = MAX, VIN = 0.4 V G Input -0.400 

A Input, Both G at 2.0 V -20 JJA VCC = MAX, VIN = 0.5 V II 
lOS Short Circuit Current -30 -130 mA VCC=MAX 

Power Supply IlS795/lS797 26 mA 
ICC Current VCC= MAX 

IlS796/lS798 21 mA 

AC CHARACTERISTICS' T A = 25°C 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
LS795/lS797 lS796/lS798 

MIN TYP MAX MIN TYP MAX 

tplH 
Propagation Delay 11 16 6.0 10 

tpHl 15 22 13 17 
ns 

VCC= 5.0V 

tpZH 
Output Enable Time 16 25 17 27 Cl = 15 pF 

tpZl 13 20 16 25 
ns 

tpHZ 
Output Disable Time 

13 20 13 20 
Cl = 5.0pF 

tpLZ 19 27 18 27 
ns 
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HIGH RELIABILITY 

STANDARD PROGRAMS 

MIL-STD-SS3 PROCESSING 
OPERATIONS PER HI-REL JEDECI6} MIL-M-3S510 

METHOD 5004/5005 PROCESSED PROGRAMS JAN QUALIFIED 

SCREEN CLASS B METHOD CLASS B CLASSC CLASS B 

Internal Visual (Precap) 2010 Condition B 
100% 100% 100% and 38510 

Stabilization Bake 
1008 Condition C or 

100% 100% 100% Equivalent 

Temperature Cycling 1010 Condition C 100% 100% 100% 

Constant Acceleration 2001 Condition E (min.) 
100% 100% 100% Y' Plane 

Seal (a) Fine 1014, Condition B 100% 100% 100% 
(b) Gross 1014, Condition C 100% 100% 100% 

Interim Electrical Parameters Per applicable Optional' Optional' device specification 

Burn-in Test 1015160 Hrs. @ 100% 100% 
125° C Min. (4) 

Final Electrical Tests Per applicable device 
(a) Static tests specification 

(1) 25°C (subgroup 1, table 1, 5005) 100% 100% 100% 
(2) Max. and min. rated operating 100%15} (2) loo%15} 

temp. (subgroups 2 and 3, 
table 1, 5005) 

(b) Dynamic tests and/or switching tests 100% (2) 100% 
@ 25°C (subgroup 4 and 9, 
table 1, 5005) 

(c) Functional test @ 25°C (subgroup 7, 100% 100% 100% 
table 1, 5005) 

Oualification or Ouality 
5005 Group A3 GroupA3 per 385103 

Conformance Inspection 

External Visual 2009 100% 100% 100% 

1. When specified in the applicable device specification, 100% of the devices shall be tested at Manufacturer's option. 
2. Sample at Group A. 
3. Full 5005 Conformance testing performed on Jan qualified product. Group A performed on Motorola HI-REL JEDEC 

processed product with either Generic or group B, C, D testing available. 
4. Optional 0.44 eV time-temperature "equivalent" burn-in per Figure 1015-1. 
5. AC sample testing at +125°C and -55°C on those types which require subgroup 10 and 11 testing per MIL-M-38510 

Slash Sheet Specifications. 
6. Devices Processed to earlier HI-REL "SNC" and "SNJ" program still available - contact nearest Motorola Sales Office for 

ordering information. 
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lOW POWIER SCHOTTKY INTEGRATED CIRCUITS 

ORDERING & MARKING 
FOR JEDEC HI-REL PROCESSING PROGRAM 

54LSOO / B C B JC 

t 
Device Slash Device Case Lead JEDEC 
Type Class Outline Finish Designator 

ORDEIFUNG &. MARKING FOIR JAN QUAUFIED PROGRAM 

JM38510/30001 BCB 

.~/Y I I 
MILITARY DESIGNATOR LEAD FINISH 

1. A-HOT SOLDER DIP 

. device type 2. 8-TIN PLATE 

as designated by 3. C-GOLD PLATE 

the applicable military 4. X-DON'T CARE 

specification 
(slash sheet) 

CASE OUTLINE 

1. A-%" x %" flat pack, 14-pin 14. N-(Size oN/D) flat pack, 24-pin 
2. 8-Va" x %" flat pack, 14-pin 15. P-%,' x 'Is" dual-in-line, 8-pin 
3. C-%" x %" dual-in-line, 14-pin 16. 0-0.60" x 2.00" dual-in-line, 40-pin 
4. D-%" x 'Is" flat pack, 14-pin 17. R-(Size oN/D) dual-in-line, 20-pin 
5. E-%" x %" dual-in-line, 16-pin 18. S-(Size oN/D) flat pack, 20-pin 
6. F-%" x 'Is" flat pack, 16-pin 19. T -(Size oN/D) flat pack, 22-pin 
7. G-8-lead can 20. U-OAO" x OAO" leadless flat pack, 24-pin 
8. H-%" x %" flat pack, 10-lead 21. V-0.30" x 1.00" dual-in-line, 18-pin 
9. l-l0-lead can 22. W-OAO" x 1.10" dual-in-line, 22-pin 

10. J-'h" xl%,' dual-in-line, 24-pin 23. X} Variable per applicable slash sheet 11. K-'/a" x 'Is" flat pack, 24-pin 24. Y 
12. L-'ls" x '12" flat pack, 24-pin 25. Z-%" x 'Is" flat pack, 24-pin 
13. M-12-lead can 

°N/D - NOT DEFINED 

FAST AND LS TTL DATA 

6-3 



II 

The "BETTER" program is offered on TTULS, 
in dual-in-line ceramic and plastic packages. 

Motorola standard commercial integrated cir­
cuits are manufactured under stringent in­
process controls and quality inspections com­
bined with the industries' finest outgoing quality 
inspections. The "BETTER" program offers three 
levels of extra processing, each tailored to meet 
different user needs at nominal costs, 

The program is designed to: 
• Eliminate incoming electrical inspection 
• Eliminate need for independent test labs 

and associated extra time and costs 
• Reduce field failures 
• Reduce service calls 
• Reduce equipment downtime 
• Reduce board and system rework 
• Reduce infant mortality 
• Save time and money 
• Increase end-customer satisfaction 

Motorola's reliability and 
quality-enhancement program 
was developed to provide 
improved levels of quality 
and reliability for standard 
commercial products. 

BETTER PROCESSING -
STANDARD PRODUCT PLUS: 

LEVEL I (Suffix S) 
• 100% temperature cycling per MIL­

STD-883. Method 1010C. ten cycles 
from - 65°C to+150oC. 

• 100% functional and de parametric 
tests at maximum rated temperature. 

LEVEL II (Suffix D) 
• 100% burn-in to MIL-STD-883 test 

conditions - 160 hours at +125°C or 
1.0 eV Arrhenius time/temperature 
equivalent. 

• 100% post burn-in functional and de 
parametric tests at 25°C (or max rated 
TA at Motorola's option). 

LEVIL III (Suffix DS) 
• Combination of Levels I and II above. 

(Post burn-in functional and de 
parametric tests at maximum rated 
temperature.) 

"BETTER" AQL GUARANTEES 

TEST CONDITION AQL' 

LEVEL I LEVEL II LEVEL III 

HIGH TEMPERATURE FUNCTIONAL TA= MAX 0.078 0.078 

DC PARAMETRIC TA = 25°C 0.078 0.078 0.078 

DC PARAMETRIC TA MIN. TA MAX 0.39 0.39 0.39 

AC PARAMETRIC TA = 25°C 0.078' 0.078 0.078 

EXTERNAL VISUAL AND MECHANICAL MAJOR/MINOR 0.078 0.078 0.078 

HERMETICITY 
GROSS/FINE 0.15 0.15 0.15 

(NOT APPLICABLE TO PLASTIC PACKAGES) 

1. "AQL" values shown are for references only-"LTPD" type sampling plans are used that are equal to or 
tighter than values indicated. Also, the guaranteed electrical and visual/mechanical AQL levels will be 
tightened each quarter through 1985. Contact nearest Motorola sales office for latest values. 

HOW TO ORDER 
SN74LSOO 

I 
Part 

Identification 

N 

T 
Standard 
Package 
Suffix 

S 

T 
BETTER 
PROCESSING 
LEVEL I = SUFFIX S 
LEVEL II = SUFFIX D 
LEVEL III = SUFFIX DS 
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PART MARKING 
The Standard Motorola pan number with the 
corresponding "BETTER" suffix can be 
ordered from your local authorized Motorola 
distributor or Motorola sales offices. 
"BETIER" pricing will be quoted as an adder 
to standard commercial product price. 



PLASTIC 

SHIPP.ING 

GENERALIZED PRODUCT FLOW 

Scanning Electron Microscope Wafer Process Control Monitor, To control oxide step profiles, 
contact coverage, and metallization integrity. (Engineering option.) 

CV Plot Wafer Process Control Monitor: To control field inversion potential, base inversion­
surface channel formation, and to detect any spurious contamination problems. (Engineering 
option.) 

Performed at final wafer probe (or, optionally, at final electrical test) to screen out potential 
pinhole shorts. interlayer metal shorts. N+ crossunder shorts. diffusion faults. and similar 
defects that cannot be detected by visual die high·power inspection. 

Die High~Power Sample Gate Inspection: Performed by in-process a.A. to an 5.5% AQL to 
detect any damage caused by 100% wafer probe or mechanical scribe and break operation, 
or any scratches. metallization smears, or glass on bonding pads. 

Combined Die Bond and Wire Bond Sample Gate Inspection: Performed by in-process a.A. to 
0.65% AQL to detect any misaligned or lifted die, to assure adequate "wetting" for low 
thermal resistance and high die shear strength, and to detect any improper wire bonds or 
wire dress. and any wire bonder damage. 

Wire Pull Monitor: Performed by in-process Q.A. to maintain process control of bond 
strength values per MIL-STD-883. Method 201 1, Condition D. 

Motorola Proprietary Epoxy Molding Compound: Meets or exceeds 
U.L. flame-retarding level :UL94V-1. . .--__ ----''-__ --, 

Post Encapsulation Bake: Eight hours at 150°C (or six hours at 
175°C). Final cure for molding compound; also stresses wire and 
die bonds and helps eliminate marginal devices. 

100% Temperature Cycling: MIL-STD-883, Method 1010C, ten cycles - 65° to +1500 C. 
Exercising circuits ten times over a 215°C range stresses the die and wire bonds and 
generally eliminates any marginal bonds and also screens out some types of wafer defects 
(pinholes, interlayer metal shorts. marginal step coverage, N+ cross under shorts) and 
marginal seals in hermetic packages. This screening is superior to thermal shock screening 
because it does not introduce latent failures in ceramic packages (microcracks in seals) 
in plastic packages (entrapped liquid) that can result from liquid-to-liquid thermal shock. 

Hermeticity Monitor: Hermetic packages only - combination fine/gross leak test per 
modification of MIL-STD-883, Method 1014B. (5 x 1O-8ATM CC/SEC to 1 x 10-4 ATM 
CCISEC.) Sampled to a 0.15% AQL. 

100% Electrical' Functional and dc parametrics at 70°C or max rated TA (optional). 

100% Burn-In: MIL-STD-883, Method 1015, for 160 hours minimum at TA of 125°C 
minimum (or equivalent, per Arrhenius equation with 1.0eV activation energy). Test 
condition depends on device type, but generally condition A or C. 

100% Electrical' Functional and de parametrics: At 70'C (Level II) and max rated TA (Levell 
and III). 

100% High-Temperature Functional and Parametric: Devices are tested at maximum rated 
operating temperatures assuring reliable operation at elevated temperatures and screening 
out marginally performing devices that could otherwise lower field reliability. Although epoxy 
molding compounds have essentially eliminated the thermal intermittent failure mode, this 
screen provides protection from any "maverick" intermittent device being shipped to a 
customer. This screening is more effective than hot rail "continuity" testing because non­
functional devices can often pass a continuity test. 

O.A. Electrical and Mechanical Final Acceptance Tests: Sampled to the tightened AQL levels 
of Table 1. 

Hermeticity Monitor: Hermetic packages only. Combination fine/gross leak test Rer 
modification of MIL-STD-883, Method 1014B (5 x 10-8 ATM CC/SEC to 1 x 10-4 ATM 
CC/SEC). Sampled to a 0.15% AQL. 

FAST AND LS TTL DATA 
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IIRAP" 
RELIABILITY AUDIT PROGRAM 

for 
BIPOLAR DIGITAL 

INTEGRATED CIRCUITS 

1.0 INTRODUCTION 
In January. 1977, Motorola Bipolar Digital Reliability Engineering implemented "RRAP" 
(Rapid Reliability Assessment Program) to provide rapid assessment of the reliability of 
newly introducedTIL Low-Power Schottky(LS) devices. This RRAP concept permits rapid 
feedback of information on any reliability problems to the Product Engineering group so that 
corrective action can be quickly implemented. The RRAP program is performed by the 
Reliability Engineering Department on samples submitted by Product, Process, or Package 
Enginering for obtaining a rapid look at the reliability of new products, processes, or 
packages. This program has been extended to standard 74F (FAST), TIL, TIL Memories, 
MDTL, MHTL, MECL III, MECL 10K and 10KH, MECL Memories, Macrocell Arrays, and 
Phase Lock Loop (PLL) product families. The details of the RRAP program are outlined in 
Section 2.0. 

In March, 1977, an addition was made to the RRAP program forthe purpose of auditing the 
reliabilityofoutgoingTIL Low-Power Schottky(LS) product. This audit, caliedtheReliability 
Audit Program ("RAP"), is periormedweekly by the Quality Assurance Group and reported 
monthly by Bipolar Digital Reliability Engineering. The details of this "RAP" program are 
outlined in Section 3.0. 

FAST AND LS TTL DATA 
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2.0 RAPID RELIABILITY ASSESSMENT PROGRAM (RRAP) 

2.1 Hermetic Packaged Devices (50 Units minimum per Evaluation Sample) 

a. Electrical I (initial rejects removed from test) 

b. Temp Cycling -100 cycles (-65°C/+150°C) per Method 1010C 
c. Electrical I (plus Hermeticity per Method 1014 B & C for package evaluations only) 

d. "Equivalent" Burn-In for 40 hrs at 145°C per Method 1015 A or C 
e. Electrical I 

2.2 Plastic Packaged Devices (100 Units minimum per Evaluation Sample) 

S/G 1 (30 Units) 

a. Electrical I 

b. Thermal Shock -200 cycles 

(-55°C/+125°C -30 Sec. dwell) 

Method 1011 B, modified 

c. Electrical I 

NOTES: 

S/G 2 (40 Units) 

a. Electrical I 

b. 16 hrs, PTHB; Rated VCC (15 psig, 

100%RH, 121°C) Motorola test 

method 
c. Electrical I 

1. All tests per MIL-STD-883 unless stated otherwise. 

2. Electrical I = DC @ 25°C and functional @ 25°C - Go/No/Go 

S/G 3 (30 Units) 

a. Electrical I 

b. Temp Cycling -100 cycles 

(-65°C/+1500C). Method 101 OC 

c. Electrical I 
d. "Equivalent" Burn-In (40 hrs @ 

145°C) per Method 1015 A or C 

e. Electrical I 

3. 40 hr/145°C burn-in is "equivalent" to 160 hr/125°C burn-in using 1.0 eV activation energy and the Arrhenius 

equation for determining acceleration factor. 

4. 16 hrs of PTHB testing is equivalent to approximately 800 hrs of standard 85°C/85% RH THB testing for VCC~ 15 V, 

based on comparative tests performed by Motorola Reliability Engineering. 

5. For each evaluation, the goal is zero failures. Any indicated failure is first verified and then submitted to the Product 

Analysis Lab for detailed analysis. Results of evaluation, along with analysis of any failure(s), are reviewed promptly with 

responsible design, product, process and package engineers. 

FAST AND LS TTL DATA 
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3.0 RELIABILITY AUDIT PROGRAM (RAP) 
(per Motorola specification 12 MRM15301A) 

3.1 PTHB -15 psig/121°C/l00% RH at ratedVcc for 16 hours- performed on a 
weekly basis -,- 0 rejects allowed out of 45 devices. (To be performed on 
plastic encapsulated devices only.) 48 hours read out included for reliability 
engineering information only. 

3.2 Temp Cycling - MIL-STD-833, Method 1010, 1000 cycles, Condition C, 
-65°C/+150oC. Interim readout at 100 cycles (plastic and hermetic 
packages). Sample pulled on weekly basis - 0 rejects allowed out of 45 
devices after 100 cycles; 1 reject allowed out of 45 devices after 1000 
cycles. 

3.3 Op. Life Test - MIL-STD-883, Method 1005, Condition A (Reverse Bias) or C 
(Power plus Reverse Bias), TA = 145°C; readouts at 40 hrs and 250 hrs 
(plastic and hermetic packages). Sample pulled on weekly basis - 1 reject 
allowed out of 55 devices at 40 hr readout. No additional rejects allowed at 
250 hrs. If no rejects at 40 hrs, 1 reject allowed at 250 hrs. 

3.4 Report - Monthly Reliability Engineering computer printout summarizing test 
results. 

NOTES: 
1. All standard 25°C dc and functional parameters will be measured Go/No/Go at each 

readout. 
2. Any indicated failure is first verified and then submitted to the Product Analysis Lab 

for detailed analysis. 
3. If both plastic and hermetic packages are available, package type will be alternated 

weekly. 
4. Device types sampled will be by generic type within each digital I/C product family 

(MDTl., MTTL, MTTL-LS, etc.) and will include all major package assembly options 
(U/S bond, TC bond, ball bond, TAB., etc.) and all assembly locations (Korea, 
Malaysia, etc.). 

5. 16 hrs PTHB is equivalent to approximately 800 hrs of 85°C/85% RH THB for VCC< 
15V. 

6. Only moisture related failures (like corrosion) are criteria for failure on PTHB test. 
7. 40 hr/145°C Op Life is equivalentto 160 hr/125°C using 1.0 eV in Arrhenius 

equation. 
8. 250 hrs/145°C Op Life is equivalent to 1000 hrs/125°C using 1.0 eV in Arrhenius 

equation. 
9. Special device specifications (48A's) for digital products will reference 

12MRM15301A as source of generic data for any customer required monthly audit 
reports. 
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BIPOLAR LOGIC SURFACE MOUNT 

WHY SURFACE MOUNT? 
Surface Mount Technology is now being utilized to offer 

answers to many problems that have been created in the 
use of insertion technology. 

Limitations have been reached with insertion packages 
and PC board technology. Surface Mount Technology offers 
the opportunity to continue to advance the State-of-the-Art 
designs that cannot be accomplished with Insertion 
Technology. 

Surface Mount Packages allow more optimum device per­
formance with the smaller Surface Mount configuration. In­
ternal lead lengths, parasitic capacitance and inductance 
that placed limitations on chip performance have been 
reduced. 

The lower profile of Surface Mount Packages allows more 
boards to be utilized in a given amount of space. They are 
stacked closer together and utilize less total volume than 
insertion populated PC boards. 

Printed circuit costs are lowered with the reduction of the 
number of board layers required. The elimination or reduc­
tion of the number of plated through holes in the board, 
contribute significantly to lower PC board prices. " 

Surface Mount assembly does not require the preparation 
of components that are common on insertion technology 
lines. Surface Mount components are sent directly to the 

220 

200 

180 

"~ 160 

140 

1\ 

.... 

r", 

i'-
.... 

, 
~ 

assembly line, eliminating an intermediate step. 
Automatic placement equipment is available that can 

place Surface Mount components at the rate of a few thou­
sand per hour to hundreds of thousands of components per 
hour. 

Surface Mount Technology is cost effective, allowing the 
manufacturer the opportunity to produce smaller units and/ 
or offer increased functions with the same size product. 

SURFACE MOUNT AVAILABILITY 
Bipolar Logic is currently offering LS-TTL and FAST-TIL 

in production quantities in sOle packages. 
Refer to the following Selector Guides (SG-60, SG-113, 

BR127) which indicate availability and package type for 
these families. 

These families may be ordered in rails or on Tape and 
Reel. Referto Tape and Reel information for ordering details. 

THERMAL DATA 

The power dissipation of surface mount packages is de­
pendent on many factors that must be taken into consid­
eration in the initial board design. The board material, the 
board surface metal thickness, pad area and the proximity 
to other heat generating components all have a bearing on 
the device dissipation capability. 

............ r--.. -
120 

100 
'-.... 

----SO·8 SO·14 
Package Type 

SO·16 

Figure 2-1. Thermal Resistance, Junction-To-Ambient ("CIW) 

Thermal Resistance of sOle Packages. Measurement spec­
imens are solder mounted on printed circuit card 20mm x 
32mm x1.7mm in still air. No auxiliary thermal conduction 
aids are used. As thermal resistance varies inversely with 

die area, a given package takes values between the max and 
min values shown which represent smallest (2000 square 
mils) and largest (8000 square mils) expected to be assem­
bled in the sOle package. 
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TAPE AND REEL 

STANDARD BIPOLAR LOGIC INTEGRATED CIRCUITS 

Motorola has now added the convenience of Tape and 
Reel packaging for our growing family of standard Inte­
grated Circuit products. Two reel sizes are available, for all 
but the largest types, to support the requirements of both 

first and second generation pick-and-place equipment. The 
packaging fully conforms to the latest EIA RS-481A speci­
fication. The antistatic embossed tape provides a secure cav­
ity sealed with a peel-back cover tape. 

MECHANICAL POLARIZATION 

SOIC DEVICES 
Typical 

I I I 
I I I I I I I I 

8-8-8-8-8-8-8-8 

'BBB 
View is from tape side 

Linear direction of travel 

GENERAL INFORMATION 

- Reel Size 13 inch (330 mm) Suffix TR13 
7 inch (178 mm) Suffix TR7 

- Tape Width 12 mm to 24 mm (see table) 
- Units/Reel 2500 to 250 (see table) 
- No Partial Reel Counts Available and Minimum Lot Size is Per Table 

ORDERING INFORMATION 

To order devices which are to be delivered in Tape and Reel, add the appropriate suffix to the device number being ordered. 

EXAMPLE: Tape and Reel Suffix 

Magazines (Rails) 

7 Inch Tape and Reel 

13 Inch Tape and Reel 

* NR = No Suffix Required 

. 
SN74LSXXD NA TA7 TA13 

SN74LSXXDW NA TA7 TA13 

MC74FXXD NA TA7 TA13 

MC74FXXDW NA TA7 TA13 

TABLE 2.1 Tape and Reel Data 

Tape Width Reel Size Min Lot Size Per Part No. 
Device Type (mm) Device/Reel (inch) Tape and Reel 

50-8 12 500 7 5,000 
50-8 12 2,500 13 5,000 
50-14 16 500 7 5,000 
50-14 16 2,500 13 5,000 
50-16 16 500 7 5,000 
50-16 16 2,500 13 5.000 
50-16 Wide 16 1,000 13 5,000 
50-16 Wide 16 250 7 4,500 
50·20 Wide 24 1,000 13 5,000 
50-20 Wide 24 250 7 4,500 
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NOTES: 
1 . .f. IS SEATING PLANE. 
2. DIMENSION A IS DATUM. 
3. POSITIONAL TOLERANCE 

FOR LEAOS: 

1*10.2510.0101 ®IA®I 

NOTES' 
1. T IS SEATING PLANE 
2 DIMENSION A IS DATUM 
3 POSITIONAL TOLERANCE 

FOR LEADS' 

1*10.251001016>1 A<ill 

NOTES 
1 OIMENSIONSAANDBAREDATUMSANDTISA 

DATUM SURFACE 
2 POSITIONAL TOLERANCE FOR TERMINALS 0 

DIMENSION. 16 PLACES 
ItI02S10D1DI®IT·IA®ls®1 

3 POSITIONAL TOLERANCE FOR P DIMENSIONING. 8 
PLACES 

It 1025(00101 <!91·T I 
4 DIMENSIONING AND TOLERANCING PER V145M. 1982 
5 CONTROLLING DIMENSION INCH 

PACKAGE OUTLINES 

Case 751A 0 Suffix 
14-Pin Plastic 

50-14 

Case 7518 0 Suffix 
16-Pin Plastic 

50-16 

Case 7518-02 DW Suffix 
16-Pin Plastic 
SO-16 (WIDE) 

FAST AND lS TTL DATA 
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OIM 
A 
B 
C 
0 
F 
G 
J 
K 
L 
p 

DIM 
A 
B 
C 
0 
F 
G 
J 
K 
L 
p 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
854 87' 0336 0344 
381 401 0150 0158 
135 175 0053 0069 
035 046 0014 0018 
067 077 0026 0.030 

1.27BSC 0050BSC 
019 022 0007 0009 
010 0.20 0004 0008 
482 521 0189 0205 
579 620 0228 0244 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
9.78 IDOl 0.385 0.394 
381 401 0150 0.158 
135 1.75 0.053 0.069 
035 046 0014 0.018 
0.67 0.77 0026 0.030 

1.27BSC 0.050 BSC 
0.19 022 0.001 0.009 
010 0.20 0004 0.008 
4.82 5.21 0.189 0.205 
5.79 620 0.228 0.244 

Mll.l.I.tmRS INCHES 
DIM MIN MAX MIN MAX 
A 1016 1043 0400 0411 

• m 759 0291 02~ 

C 236 26' Oog3 OIM 
D 036 048 0014 0019 
F 051 OS. 0020 0035 
G 127BSC OOSOBSC 
J 020 031) 0010 0012 
K 010 025 0004 0010 
M 0' 7' 0' 7' 
P 10M 1O~ 0397 0415 



NQT£S 
1 DIMENSIONSAANDBAREDATUMSANDTISA 

DATUM SURFACE 
2 POSITIONAL TOLERANCE FOR 0 DIMENSION. 20 

PLACES 
1 ... 1025100101 iJ4)1·T IA(5)IS(s)1 

3 POSITIONAL TOLERANCE FOR PDIMENSION. 10 
PlACES 
1 .. 102SIOolol®I.T·1 

4 DIMENSIONING ANDTOLERANCING PER V145M. 1982 
5 CONTROLLING DIMENSION INCH 

PACKAGE OUTLINES 

sOle (continued) 

Case 7510-01 OW Suffix 
20-Pin Plastic 
50-20 (WIDE) 

FAST AND LS TTL DATA 
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DIM 
A 
B 
C 
0 
f 
G 
J , 
M 
p 

MllUMETERS INCHES 
MW MAX MI' MAX 
1261 1295 04S9 0510 
139 159 0291 0~9 

". '84 0093 0104 
03' 048 0014 0019 
051 0'" 0020 0035 

127BSC OOSOBSC 
025 030 0010 0012 
010 025 0004 DOlO 

• " 0' r 
1008 1054 0391 0415 



1. LEADS WITHIN 0.13 mm (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 

2. PACKAGE INDEX. NOTCH IN LEAD 
NOTCH IN CERAMIC OR INK DOT. 

3. DIM "L" TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

NOTES, 
1. DIM "l" TO CENTER OF 

lEAOSWHEN FORMED 
PARALLEl. 

2.lEAOSWITHINO.13mm 
10.005) RAOIUS OF TRUE 
POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL 
CONDITION. !WHEN FORMEO 
PARALLEL). 

NOTES: 
1. ALL RULES AND NOTES ASSOCIATED 

WITH MO-OOI AA OUTLINE SHALL APPLY. 
2. DIMENSION "L"TO CENTER OF LEADS 

WHEN FORMED PARALLEL. 
3. DIMENSION "A" ANO "B" (632-O7) DO 

NOT INCLUDE GLASS RUN-OUT. 
4 LEADS WITHIN 0.25 mm (0.0101 OIA 

OF TRUE POSITION AT SEATING PLANE 
AND MAXIMUM MATERIAL CONDITION. 

PACKAGE OUTLINES 

CERAMIC DUAL IN-LINE 

Case 620-08 
16-Pin Ceramic Dualln-Une 

4. DIM "A" ANO "B" DO NOT INCLUDE 
GLASS RUN·OUT. 

5. DIM "F"MAVNARROWTO 0.76mm 
(0.030) WHERE THE LEAD ENTERS 
THE CERAMIC BOOV. 

~1 
~J. 

Case 623-05 
24-Pin Ceramic Dualln-Une 

Case 632-07 
14-Pin Ceramic Dualln-Une 

g' .~ 
B P 

1 7~ 

-II-oJ F 
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DIM 
A 
B 
C 
0 
F 
G 
J 
K 
L 
M 
N 

DIM 
A 
B 
C 
D 
F 
G 
H 
J 
K 
L 
M 
N 

MILLIMETERS 
MIN MAX 
31.24 32.77 
12.70 15.49 
4.06 5.59 
0.41 0.51 
1.27 1.52 
2.ti4BSC 

0.20 0.30 
3.1B 4.06 
15.24BSC 
0' 15' 

0.51 1.27 

MILLIMETERS 
MIN MAX 
19.05 19.94 
6.10 7.49 

508 
038 0.58 
1.40 1.17 

2.54 BSC 
1.91 2.29 
020 038 
3.18 4.32 
7.6 SSC 

15' 
051 1.02 

INCHES 
MIN MAX 
0.750 0.785 
0.240 0.295 

0.200 
0.015 0.021 
0.055 0.070 

0.100 SSC 
0.020 0.045 
0.008 0.012 
0.125 0.170 

0.3008SC 
IS' 

0020 0.040 

INCHES 
MIN MAX 

1.230 1.290 
0.500 0.610 
0.160 0.220 
0.016 0.020 
0.050 0.060 

0.100 BSC 
0.008 0.012 
0.125 0.160 

0.600 BSC 
0' IS' 

0.020 0.050 

INCHES 
MIN MAX 
0.750 0.785 
0240 0.295 
- 0200 

0.015 0.023 
0.055 0.070 
a 100BSC 

0.075 0.090 
0.008 0.015 
0.125 0.170 

a.30OSSC 
- 15' 

0.020 0.040 



-
NOTES: 

1. LEADS WITHIN 0.25 mm (0.0101 
DlA, TRUE POSITION AT 
SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION. 

2. DIM L TO CENTER OF LEADS 
WHEN FORMED PARALLEl. 

3, DIM A AND B INCLUDES 
MENISCUS. 

NOTES-
1. DIM 08 IS DATUM. 
2. POSITIONAL TOl FOR LEADS: 

1 t 1 0 0.2510.0101 ® 1 T 1 A ®I 
3. OJ IS SEATING PLANE. 
4. [JIM A AND B INCLUDES MENISCUS 
5. DIM -l- TO CENTER OF LEADS 

WHEN FORMED PARALLEl. 
6. DIMENSIONING AND TOLERANCING 

PER ANSI Y14.5, 1973. 

NOTES-
1 LEADS TRUE POSITIONED WITHIN 0 25mm 

(00101 DIAMETER AT SEATING PLANE AT 
MAXIMUM MATERIAL CONDITION (DIMEN· 
SION 01 

2 DIMENSION l TO CENTER OF LEADS WHEN 
FORMED PARAllEL 

3 "F" DIMENSION IS FOR FULL LEADS "HALF" 
LEADS ARE OPTIONAL AT LEAD POSITIONS 
1.11. 12 AND 22. 

PACKAGE OUTLINES 

CERAMIC DUAL IN-LINE (continued) 

Case 732-03 
20-Pin Ceramic Dual In-Line 

Case 736-04 
22-Pin Ceramic Dual In-Line 

G::::::::::IJ OPTIONAL 
LEAOCONFIG 

I A I ~ ~L=J 

J~J.l 
PLANE 
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DIM 
A 
B 
C 
0 

G 
H 
J 
K 
L 
M 
N 

DIM 
A 
B 
C 
0 
F 
G 
J 
K 
L 
M 
N 

DIM 
A 
B 
C 
D 
F 
G 
H 
J 
K 
L 
M 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
2388 25.15 0.940 0.990 
660 749 0.260 0.295 
3.81 5.08 0.150 0.200 
0.38 0.56 0.015 0.022 
1.40 1.65 0.055 0.065 

2.54 BSC 0.100 asc 
0.51 1.27 0.020 0.050 
0.20 0.30 0.008 0.012 
3.1B 4.06 0.125 0.160 

7.62 BSC 0.300 Bse 
0' 15' 0' 15' 

0.25 1.02 0.010 0.040 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
36.45 37.B5 1.435 1,490 
12.70 15.31 0.500 0.605 
4.06 5.84 0.160 0.230 
0.3B 0.56 0015 0.022 
1.27 1.65 0.050 0.065 

2.54 asc 0.100 asc 
0.20 0.30 0.008 0.012 
2.54 4.06 0.100 0.160 
15.24BSC 0.600BSC 
5' 15' 5' 15' 

0.51 1.27 0.020 0.050 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
26.92 27.69 1.060 1.090 
9.14 9.91 0.360 0.390 
3.56 4.57 0.140 O.IBO 
0.38 0.53 0.015 0.021 
1.27 1.65 0.050 0.065 
2.54Bse 0.100BSC 

0.51 1.27 0.020 0.050 
11.20 0.30 0.008 0.012 
3.18 4.32 0.125 0.170 
10.16 BSC 0.400 ase 
0' 15' 0' 15' 
0.51 1.27 0.020 0.050 



NOTES, 
1. OIMENSION A IS DATUM, 
2. POSITIONAL TOLERANCE 

FOR LEADS: 24 PLACES 
1.10.25 (O.OIO)@ITIA@1 

3. III IS SEATING PLANE. 
4. DIMENSION l TO CENTER OF 

LEADS WHEN FORMED PARALLEl. 
5. DIMENSIONING AND TOLERANCrNG 

PER ANSI V14.5, 1913. 

NOTES: 
1. LEAD NO. 1 IDENTifiED BY TAB 

ON LEAD OR DOT ON COVER. 
2. LEADS WITHIN 0.13 mm (0.005) 

TOTAL OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION. 

PACKAGE OUTLINES 

CERAMIC DUAlIN-UNE (continued) 

Case 758-01 
24-Pin Ceramic Dual In-Une 

Case 734-04 
J Suffix 

Ceramic Package 

CERAMIC FLATPAK 

Case 650-03 
16-Pin Ceramic Flatpak 

,9 ., 
I 

L 
(I 

, , 
, ,. 1 ' 

---1 R 

~ I IBIKi 
I I --.l 

J ftc 

FAST AND LS TTL DATA 

7-8 

DIM 
A 
B 
C 
D 
F 
G 
J 
K 
L 
N 
P 

DIM 
A 
B 
C 
D 
F 
G 
J 
K 
L 
M 
N 

DIM 

A 
B 
C 
D 
F 
G 
H 
K 
L 
N 
R 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

31.50 32.6' 1.2.0 1.285 
7.2' 7.75 0.285 0.305 
3.68 4.44 0.145 0.175 
0.38 0.53 0.015 0.021 
1.14 1.57 0.045 0.062 

2.54 esc a.IOO ase 
0.20 0.33 0.008 0013 
2.54 4.19 0.100 0.165 
7.62 7.87 0.300 0.310 
0.51 1.27 (1.020 0.050 
9.14 10.16 0.360 0.400 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
51.31 53.2' 2.020 2.096 
12.70 15.49 0.500 0.610 
'.06 5.84 0.160 0.230 
0.38 0.56 0.015 0.022 
1.27 1.65 0.050 0.065 

2.54 BSC 0.100 BSC 
0.20 o~o 0.008 0.012 
3.18 4.06 0.125 0.160 

15.24 BSC 0.600 BSC 
5' IS' 5' IS' 

0.51 1.27 0.020 0.050 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

9.40 10.16 0.370 0.400 
6.22 1.24 0.245 0.285 
1.52 2.03 0.060 0.080 
0.41 0.48 0.016 0.019 
0.08 0.15 0.003 0.006 

1.27 esc 0050BSC 
0.64 0.89 0.025 0.035 
6.35 9.40 0.250 0370 

18.92 - 0.745 -
0.51 - 0.020 

- 0.38 0.015 



NOTE. 
1. LEADS WITHIN 0.25 mm (0.0101 

TOTAL OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION. 

NOTES: 
1. DIM "F"IS FOR GLASS OVERRUN. 
2. LEADS, TRUE POSITIONED WITHIN 

0.25 mm (0.010) OIA TO DIM "A" 
& "8" AT MAXIMUM MATERIAL 
CONDITION. 

NOTE: 
1. LEADS WITHIN 0.25 mm (0.0101 

TOTAL OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION. 

PACKAGE OUTLINES 
CERAMIC FLATPAK (continued) 

Case 652-02 
24-Pin Ceramic Flatpak 

12 

l 
L 

r-- B -r- K=tJ~ 
I I =;Ii 

Case 717-02 
14-Pin Ceramic Flatpak 

Case 737-02 
20-Pin Ceramic Flatpak 

FAST AND LS TTL DATA 

7-9 

! 
A 

j 

MILLIMETERS 
DIM MIN MAX 

A 14.99 15.49 
8 9.27 9.91 
C 1.27 2.03 
0 0,38 0.48 
F 0.08 0.15 
G 1.278SC 
H 0.69 1.02 
K 6.35 9.40 
L 21.97 -
N 0.25 0.63 

MILLIMETERS 
DIM MIN MAX 

A 9.91 
8 - 6.73 
C 2.03 
0 0.38 0.48 
F - 0.25 
G 1.278SC 
H 0.38 0.89 
J 0.08 0.15 
K 826 
N 0.64 0.89 

r- MILLIMETERS 
DIM MIN MAX 

A - 13.08 
B 5.84 7.11 
C 1.52 2.16 
0 0.41 0.46 
F - 0.25 
G 1.27 BSC 
H 114 1.40 
J 0.08 0.13 
K - 9.14 
N - 1.02 

INCHES 
MIN MAX 

0.590 0.610 
0.365 0.390 
0.050 0.080 
0.015 0.019 
0.003 0.006 

D.D5DBSC 
0.027 0.040 
0.250 0.370 
0.865 
0.010 0.025 

INCHES 
MIN MAX 
- 0.390 

0.265 
0.060 0.080 
0.015 0.019 

- 0.010 
0.050 BSe 

0.015 0.035 
0003 0.006 

- 0.325 
0.025 0.035 

INCHES 
MIN MAX 
- 0.515 

0.230 0.280 
0.060 0.085 
0.016 0.018 
- 0.010 
0.050 BSC 

0.045 0.055 
0.003 0.005 
- 0.360 
- 0.040 



NOTES, 
1. LEADS WITHIN 0.13 mm 

(0.005) RADIUS Of TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FOAMED 
PARALLEL. 

3. DIMENSION "B" ODES NOT 
INCLUDE MOLD FLASH. 

4. ROUNDED CORNERS OPTIONAL. 

NOTES: 
1. LEADSWITHINO.13mm 

(0.005) RADIUS Of TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "l" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL. 

3. DIMENSION ''S'' ODES HIlT 
INCLUDE MOLD flASH. 

4. "f" DIMENSION IS fOR fULL 
LEADS. "!tAL'" LEADS ARE 
OPTIONAL AT LEAD POSITIONS 
1,8,9,and 16). 

5. ROUNDED CORNERS OPTIONAL. 

NOTES: 
1. LEADS WITHIN 0.13 mm (0.005) 

RADIUS OF TRUE POSITION AT 
SEATING PLANEAT MAXIMUM 
MATERIAL CONDITION. 

2. OIMENSION "L"TO CENTER OF 
LEADS WHEN FORMED PARALLEL 

PACKAGE OUTLINES 

PLASTIC 

Case 646·05 
14·Pin Plastic 

F ~ r;:::L~ 

1 C A 
: 'I-- II~SEATING K JJ~L 

--I G --11-0 PLANE M 

Case 648·05 
16·Pin Plastic 

t;d' '-r ~ 
\) . ~ l( 
C ~ I- \ OPTIONAL LEAD 

F CONFIG. (1.8.9, & 16) 

A ~TE5 r,L=:] 

- ~c A 
H~ "'-I"'Gi-"')J ,.LL' jATlN:

J J --ILJ J ~ 
PLANE 

Case 649·03 
24·Pin Plastic 

PJ 1--1 ~ (1-6 6-(1 A ----II 24 1Jil 
o B 

I ~T"tTTTl::rtTtJ-rn::n::r-ci"" U 
HI-

~ ~-j-
......j G I-- SEATING 

PLANE 

FAST AND LS TTL DATA 

7·10 

DIM 
A 
B 
C 
0 
F 
G 
H 
J 
K 
L 
M 
N 

DIM 
A 
8 
C 
0 
F 
G 
H 
J 
K 
L 
M 
N 

DIM 

A 

• 
C 
0 , 
G 
H 
J 
K 
L 
M 
N 
P 
Q 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
18.16 19.56 0.715 0.710 
6.10 6.60 0.240 0.260 
4.06 5.08 0.160 0.200 
0.38 0.53 0.015 0.021 
1.02 1.78 0.040 0.010 

2.54B8C 0.100 Bse 
1.32 2.41 0.052 0.095 
0.20 0.38 0.008 0.015 
2.9 3.43 .15 0.135 

7.62 ase 0.300 BSC 
0' 10' 0' 10' 

0.51 1.02 0.020 0.040 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
18.80 21.34 0.740 0.840 
6.10 6.60 0.240 0.260 
4.06 5D8 0.160 0.200 
(l.la 0.53 0.015 0.021 
1.02 1.78 0.040 0.070 

2.54 asc OJOOBSC 
0.3B 2.41 0.015 0.095 
0.20 0.38 0.008 0.015 
2.92 3.43 0.115 0.135 

7.62BSC 0.300 Bse 
0' 10' 0' 10' 

0.51 1.02 0.020 0.040 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
31.50 32.13 1.240 1.265 
13.21 1372 0.520 0.540 
4.70 5.21 0.185 0.205 
0.38 0.51 0.015 0.020 
1.02 1.52 0.040 0.060 

2.54BSC 0.100asc 
1.65 2.16 0.065 0.085 
0.20 0.30 0.008 0.012 
2.92 3.43 0.115 0.135 

14.99 15.49 0.590 0.610 
10" - 10' 

0.51 1.02 0.020 0.040 
0.13 0.38 0.005 0.015 
0.51 0.76 0.020 0.030 



NOTES: 
l. POSITIONAL TOLERANCE OF LEADS 10). 

SHALL BE WITHIN D.2!immtD.OIDI AT 
MAXIMUM MATERIAL CONOITlON, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION l TO CENTER OF LEADS 
WHEN FORMED PARALLEl. 

3. DIMENSION B ODES NOT INCLUOE 
MOLD flASH 

NOTES, 

1. POSITIONAL TOLERANCE OF LEADS 101. 
SHALL BE WITHIN O.25mm(O.OlO) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION l TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSION B ODES NOT INCLUDE 
MOLD FLASH. 

NOTE: 
1. LEADS, TRUE POSITIONED WITHIN 

0.25 mm (0.010) DlA AT SEATING 
PLANE AT MAXIMUM MATERIAL 
CONDITION 101M 01. 

PACKAGE OUTLINES 

PLASTIC (continued) 

Case 708-04 
22- Pin Plastic 

Case 710-02 
28-Pin Plastic 

[::::::::] J 

Case 724-02 
24-Pin Plastic 

FAST AND LS TTL DATA 

7-11 

DIM 
A 

• 
C 
0 
F 
G 
H 
J 
K 
L 
M 
N 

DIM 
A 
B 
C 
0 
F 
G 
H 
J 
K 
L 
M 
N 

DIM 
A 
B 
C 
0 
F 
G 
H 
J 
K 
L 
M 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
27.56 28.32 1085 1.115 
864 9,14 0340 0.360 
394 50. 0155 0.200 
0.36 0.56 0.014 0022 
127 17. 0050 0.010 

254B5C a.lOOBSe 
102 1.52 0040 DOG 
0.20 038 0.008 0015 
2.92 J43 OllS 0.135 
10.160Se 0.400 BSe 

IJO 15' IJO 15' 
0.51 1.02 0.020 0.040 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
36.45 37.21 1.435 1.465 
13.72 14.22 0.540 0.560 
3.94 508 0.155 0200 
0.36 0.56 0.014 0.022 
1.02 1.52 0.040 0.060 

2.54 asc 0.100 asc 
1.65 2.1G 0.065 0.085 
0.20 0.38 0008 0.015 
2.92 3.43 0.115 0.135 
15.24 ase O.GOO BSC 
0' 15' 0' 15' 
0.51 1.02 0.020 0.040 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

31.24 32.13 1.230 1.2G5 
G.J5 G.BS 0.250 0.270 
4.06 4.57 0.160 0.180 
0.38 0.51 0.015 0.020 
1.02 1.52 0.040 O.OGO 

2.54BSC 0.100 BSC 
1.60 2.11 0.063 0.OB3 
0.18 0.30 0.007 0.012 
2.92 3.4J 0.115 0.135 
7.37 7.87 0.290 0.310 
- 10' 10' 

0.51 1.02 0.020 0.040 



-
NOTES, 

1. DIMoo IS DATUM. 
2. POSITIONAL TOl FOR LEADS, 

Itlll 0.25 (o.oloi@jTIA@1 

3. IT] IS SEATING PLANE. 
4. DIM "8" DOES NOT INCLUDE MOLD FLASH. 
5. OIM rn TO CENTER OF LEADS WHEN 

FORMED PARALLEl. 
6. DIMENSIONING AND TOlERANCING 

PER ANSI Y14.5, 1973. 

-1 

NOTES-
1. DIMrn IS DATUM. 
2. POSITIONAL TOl FOR lEADS; 

Itlll n251O.010l@ITIA@1 

3. IT] IS SEATING PLANE. 
4. DIM "8" DOES NOT INClUOE MOLD FLASH. 
5. DIM rn TO CENTER OF lEADS WHEN 

FQRMEO PARALLEL. 
6. DIMENSIONING AND TOLERANCING 

PER ANSI YI4.5, 1973. 

PACKAGE OUTLINES 

PLASTIC (continued) 

Case 738·01 
20·Pin Plastic 

[::::::::IJ 
f-----I:Aj----l 

Case 738·02 
20·Pin Plastic 

G: : : : : : : : : IJ 

DIM 
A 
8 
C 
0 
F 
G 
J 
K 
l 
M 
N 

OIM 
A 
8 

0 
F 
G 
J 
K 
l 
M 
N 

DIM 
A 
B 
C 
0 
F 
G 
H 
J 
K 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
25.65 27.18 1.010 1.070 
6.10 6.60 0.240 0.260 
3.94 4.19 0.155 0.165 
0.38 0.56 0.015 0.022 
1.27 1.78 0.050 0.070 

2.54 Bse O.IDO Bse 
0.20 0.38 0.008 0,(115 
2.79 3.56 0.110 0.140 

7.62 asc 0.300 BSC 
0" 15" 0" 15" 

0.51 1.02 0.020 0.040 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
25.65 27.18 1.010 1070 
6.10 6.60 0240 0.260 
3.94 4.57 0.155 0.180 
0.38 0.56 0.015 0.022 
1.27 1.78 0.050 0.070 

2.54 8SC 0.1008SC 
(l.20 0.38 0008 0.015 
2.79 3.56 0.110 0.140 

7.li2 BSC 0,300 sse 
0" 15" 0" 15" 

0.51 1.02 0.020 0.040 

MILUMETERS INCHES 
MIN MAX MIN MAX 
51.69 52.45 2.035 2.065 
13.72 1422 0.540 0560 
394 508 0.155 0.200 
0.36 0.56 0014 0022 
1.02 1.52 0.040 0.060 

2.54BSC 0.100BSC 
1.65 2.16 0.065 0085 
0.20 0.38 0.008 0.015 
2.92 3.43 0.115 0.135 

, [:::::::: :;:-:::::!JJ 
~ I" • "10 c= ., J~~r 

l 15.24BSC 0600BSC 
M 0" IS" 0" 15" 
N 0.51 1.02 0.020 0.040 

~ ::G NOTES' 
1. POSITIONAL TOLERANCE OF LEADS !D), SHAll BE 

WITHIN 0.25 mm (0.010) AT MAXIMUM MATERIAL 
40 CONDITION, IN RELATION TO SEATING PLANE 

1 AND EACH OTHER. 

FAST AND LS TTL DATA 

7·12 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 
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