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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 performance 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

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.

(ALL MAXIMUM RATINGS) Ls FAST
Characteristic Symbol 54LSxxx 74LSxxx 54Fxxx 74Fxxx Units
Operating Voltage Range | Vcc 5x10% 5+5% 5+x10% 5+ 10% Vdc
Operating Temperature
Range TA -551t0 125 0to70 -55t0125 0to70 °C
Input Current N lIH ® 0 2 2 uA
m -400 —400 -600 - 600
Output Drive IOH -0.4 -04 -1.0 -1.0 mA
Standard Output loL 4.0 8.0 20 20 mA
Is¢ ~20to —100| -20to —100| —60to -150 | ~60to —150 | mA
IOH -12 -15 -12 -15 mA
Buffer Output oL 12 24 48 64 mA
Isc -40to —225| -40to -225{ -100to —225 | -100to —225| mA
Speed/Power Characteristics for Schottky TTL Logicm
(ALL TYPICAL RATINGS)

Characteristic Symbol LS FAST Units
Quiescent Supply Current/Gate G 0.4 1.1 mA
Power/Gate (Quiescent) PG 2.0 5.5 mW
Propagation Delay tp 9.0 3.7 ns
Speed Power Product - 18 19.2 pJ
Clock Frequency (D-F/F) frmax 33 125 MHz
Clock Frequency (Counter) fmax 40 125 MHz

NOTES: 1. Specifications are shown for the following conditions:
a) V¢e = 5.0 vdc (AC);
b) Ta = 25°C
c) CL = 50 pF for FAST; 15 pF for LS
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Functional Selection

Abbreviations

S = Synchronous

A = Asynchronous

B = Both Synchronous and Asynchronous

2S = 2-State Output
3S = 3-State Output
0OC = Open-Collector Output

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

Inverters Exclusive OR Gates
Type of Type of
Description Output | No. [LS|FAST Description Output | No. |LS | FAST
Hex 2S 04 X X Quad 2-Input 28 86| X | X
oCc |05|X OoC (136 X
25 |386| X
AND Gates
Type of Exclusive NOR Gates
Description Output | No. [LS|FAST Type of
Quad 2-Input 25 08| x| x Description Output [ No. |LS | FAST
oc 09 | X Quad 2-Input OC |266| X
Triple 3-Input 28 1M|X] X
oc 15 | X AND-OR-INVERT Gates
Dual 4-Input 2S 21 | X P Type of
NAND Gates Description Output | No. |LS | FAST
Type of Dual 2-Wide, 2-Input 3-Input 2S 51 | X
L 4-Wide, 2-3-2-3-Input 2S 54 | X
Description Output | No. |LS | FAST 2-Wide, 4-Input 25 55 | X
Quad 2-Input 2S 00| X| X 4-Wide, 4-2-2-3-Input 2S 64 X
oc 01| X
oc 03| X Schmitt Triggers
an;;i 2-Input, High Voltage (;)g ?g § « Type of
Triple 3-Input =X Description Output | No. | LS | FAST
Dual 4-Input 2S 200 X | X Dual 4-Input NAND Gate 2S 13| X| P
oc 22| X Hex, Inverting 2S 14| X P
8-Input 25 30| X Quad 2-Input NAND Gate 28 |132| X | P
13-Input 25 |133| X ]
SSI Flip-Flops
OR Gates Clock
Type of Description Edge [No.|LS|FAST
Description Output | No. |LS |[FAST Dual D w/Set & Clear Pos 74| X | X
Quad 2-Input 2S 32| X| X Dual JK w/Set Neg [113|X| P
Dual JK w/Clear Neg 731 X
NOR Gates Neg |107| X
Type of Dual JK w/Set & Clear Individual J, Neg 76| X
A K, Cp, Sp. Cp Inputs
Description Output | No. LS | FAST Dual JK w/Set & Clear Neg 78| x
Quad 2-Input 2S 2| X| X Common Cg, Cp
Triple 3-Input 2S 27| X Same as 76 with Different Pinout Neg [112| X P
Dual 5-Input 2S [260| X Same as 114 with Different Pinout Neg (114 X P
Dual JK w/Set & Clear Pos [109| X | X

FAST AND LS TTL DATA
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Multiplexers Decoders/Demultiplexers

Type of Type of
Description Output | No. |LS |FAST Description Output [ No. |LS|FAST
Quad 2-to-1, Non-Inverting 2S (157X | X Dual 1-of-4 28 [139| X | X
: 38 |257({X| X 2S [155| X
Quad 2-to-1, Inverting 28 188| X | X OC (166 X
3S |288{ X | X 3S |539 P
Dual 4-to-1, Non-Inverting 28 [183| X | X 1-of-8 28 (138X | X
.. 38 |253| X | X 3S |5638 P
Dual 4-to-1, Inverting 28 352 X X 1-of-8 with Latch 2S 137| X
3S [383[X| X 1-0f-10 2S 42| X
8-to-1 2S (151 | X | X 3S |537 P
3 [251| X | X
Quad 2-to-1 with Output Register Latches
298 — Negative edge triggered 2S [298| X P No. of | Type of
393/5 Sﬁf,;‘ﬂ,{: edge triggered, 25 |38 X)| P Description Bits | Output | No.[LS [FAST
399 — Positive edge triggered, 2S |399| X | P Transparent, Non-Inverting 4 28 77| X
Q Output Only 8 38 |373IX| X
Octal, Non-Inverting 8 3S (573
Encoders Transparent, Inverting 8 3S 533 X
Type of 8 3S |563 P
Description Output | No. |LS|FAST T'ao':ftﬂzz"" Qand@ i A P
10-to-4-Line BCD 2S (147 X Quad Set-Reset Latch 4 28 |279| X
8-to-3-Line Priority Encoder 28 148| X | X Addressable 8 25 259 X P
3S 348} X Dual 4-Bit Addressable 4 2S 256 | X P
2S | 748| X
3S |848| X
Register Files
Type of
Description Output | No. [LS | FAST
4x4 oCc |[170| X
3s |670| X
Shift Registers
No. of | Type of Mode*
Description Bits Output | SR [ SL | Hold | Reset | No. | LS [FAST
Serial In-Serial Out 8 28 X 9N X
Serial In-Parallel Out 8 2S X A 164 X P
Parallel In-Serial Out 8 2s X X 165 X P
8 2S X X A 166 | X P
16 3s X X 674 | X
Parallel In-Parallel Out 4 28 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 3% [ X
Parallel In-Parallel Out, Bidirectional 8 3S X X X A 299 X P
8 3s X X X S 323 | X P
Sign Extended Bidirectional 8 3s X X A 322 X
Serial In-Parallel Out with Storage Register 16 2S/3S X X S 673 X P
16 2S X X X 675 P
* SR = Shift Right
SL = Shift Left
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Cascadable Synchronous Counters —

Asynchronous Counters — Negative Edge-Triggered Positive Edge-Triggered
Description Load | Set |Reset| No. |LS|FAST Type of '
Decade (2/5) X X 30 | x Description Output | Load |Reset| No. |LS|FAST ‘
X X [196 [ X Decade 28 S A 160 | X| X
X X J290 | X 28 S S [162 [ X]| X
Dual Decade (2/5) X 1390 | X Decade, Up/Down 2S S 168 | X| P
Dual Decade X X 1490 | X 2s A 19 | X| P
Modulo 12 (2/6) X 92 (X 2s A A [192% | X | P
4-Bit Binary (2/8) X 93 [ X 3S S B |568 [X| P
X X 1197 | X 28 S 668 | X
X [293 | X 4-Bit Binary 28 S A (161 | X X
Dual 4-Bit Binary X [393 | X 2S S S |163 | X| X
Divide-By-N (0-9) X X | 716%| X 4-Bit Binary, 2s S 169 | X| P
Divide-By-N (0-15) X X |78*| X Up/Down 2S A 191 | X| P
*The 716 and 718 are positive edge-triggered. 28 A A 1193+ X P
3S S B |569 (X | P
Display Decoders/Drivers with Open-Collector Qutputs 25 S 669 | X
Description No. (LS|FAST *The 192 and 193 do not provide a clock enable for synchronous
1-0f-10 145 | X cascading.
BCD-to-7 Segment 47 X
48* | X
49 | X
247 |-X
248* | X
249 X
*The 48 and 248 have internal pullup resistors to V¢ on their outputs,
MSI Flip-Flops/Registers
No. of | Type of | Setor | Clock
Description Bits | Output | Reset | Enable No. LS FAST
D-Type, Non-Inverting 4 3S A X 173 X
4 25 X 377 X P
6 2S A 174 X X
6 2S X 378 X X
8 25 A 273 X P
8 3s 374 X X
8 3S 574
D-Type, Inverting 8 3s 534 X
8 3S 564
D-Type, Q and Q Outputs 4 25 A 175 X X
4 2S X 379 X X
Dual 8-Bit with Multiplexers 16 3S 604 X
16 oc 605 X
16 3s 606 X
16 oc 607 X

FAST AND LS TTL DATA
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Arithmetic Operators

Buffers/Line Drivers

Description No. |LS|FAST Type of
4-Bit Adder 83 | X Description Output | No. | LS | FAST
283 [X| P Quad 2-Input NOR 2S 28| X
4-Bit ALU 181 | X| P : oc 33( X
381 P Quad 2-Input NAND 28 37| X P
382 P ocC 38| X| P
Look Ahead Carry Generator 182 | X| X Dual 4-Input NAND 2S 40| X| P
Quad 4-Bit Adder/Subtractor 38 | X Quad, Non-Inverting 3S |125]| X
Dual Carry/Save Full Adder 183 | X 35 |126| X
4-Bit Barrel Shifter 350 P Hex, Non-Inverting 38 |365|X| P
3S ([367(X| P
Magnitude Comparators Hex, Inverting 35 |366|X| P
Type of ) 3S |368] X| P
Description Output(P=Q|P>Q|P<Q| No. | LS |FAST Octal, Non-Inverting gg 52‘1‘ i §
4-Bit 28 | X | X | X | 8 X Bus Pinout 3s |[s41| x| P
8-Bit 28 X X 682 | X 35 |795| X
oc X X 683 [ X 3S |797] X
28 | X | X 684 | X Octal, Inverting 35 |240| x| X
oc | X} X 685 | X Bus Pinout 35 |540|X| P
2S X 521 X 3S |796| X
Res I/P oc X X | X | 524 P 3S 798| X
8-Bit with 2S X X 686 | X
Output oc X X 687 | X Transceivers
Enable 2s X 688 | X Type of
oc X 689 X Description Output | No. | LS | FAST
Parity Generators/Checkers Quad, Non-Inverting 3S |243| X | X
P Quad, Inverting 38 |242| X | X
Description No. |LS|FAST Octal, Non-Inverting 38 |245|X| X
9-Bit Odd Even Parity Generator 280 (X | X 3S (645 X
Checker oc |e21| X
Dynamic Memory Support g% gﬁ § P
Description No. |LS|FAST Bus Pinout OC |543 P
Synchronous Address Multiplexer 783 | X Octal, Inverting gsé ggg i P
(MC6883) 3S |640( X | P
Synchronous Address Multiplexer 785 | X oc |ea2| x
Error Detection and Correction Circuit 2960 X 3s |ea3| x| P
(EDAC) OoC |644| X
EDAC Bus Buffer (Inverting) 2961 P . .
EDAC Bus Buffer (Non-inverting) 2962 P Océal,.Non-Invertlng with 35 |646 P
" egister Mux OoC (647 P
Dynamic Memory Controller 2968 P Latch 35 |43 P
Dynamic Memory Timing Controller 2969 P Octal, Inverting with Register Mux 3S |544 P
with EDAC Latch,
Dynamic Memory Timing Controller 2970 P -
without EDAC
RMI — Raster Memory Interface 68486 P Memory
Type of
VCOs and Multivibrators Description Output | No. | LS | FAST
Description No. |LS|FAST 16-by-4 RAM 3S |189 P
Retriggerable Monostable 122 | X 64 x4 RAM 35 _|219 P
Multivibrator
Dual 122 123 | X
Precision Non-Retriggerable 221 | X
Monostable Multivibrator
Voltage Crystal Controlled Oscillator 724 | X

FAST AND LS TTL DATA

1-6




Circuit Characteristics

FAST AND LS

i

P P
LN :
QL@)\ g

. Bxo
. LOGIC SPEED




CIRCUIT CHARACTERISTICS

FAMILY CHARACTERISTICS

LS TTL
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 (54/74S)

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
18K 3; $7.6K
A >
D3 Q2
D.
! T P —— K as
- 5K
V]
Al
$—O0 OUTPUT
B (%}
Dq [o13
b2 15K
1 28K 235K
Q3
FIGURE 2-1a
LS00 — 2-INPUT NAND GATE
Vee
Q 350
10K 10 K. 41K

Dg 5K
R
D4 OUTPUT
B —ﬁ LY
Qs D1o
D2 15K$ 2K 3K &P8 Dy =
= 1 .
FIGURE 2-1b

F00 — 2-INPUT NAND GATE
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IIN (1A

INPUT CONFIGURATION. Motorola LSTTL circuits do not use the muiti-emitter input structure that originally
gave TTL its name. Most LS elements use a DTL type input circuit with Schottky diodes to perform the AND
function, as exemplified by D3 and D4 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 15V or more.

The FOO input configuration utilizes a PN diode (D5 and D6) rather than the PNP transistor. This is required due
to the high speed response of FAST™ 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 2-1a. 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 D1 and D2 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.

)]

N
FIGURE 2-2 FIGURE 2-3
DIODE CLUSTER INPUT PNP INPUT

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.

400
-400]

TAA = 25°C
0 — Vee=5V
[ 2
=
4100 ;
L s
s 4 g
200 // // FAST g LS
=T |+ o FAST™
/‘ 2 2
&
-300 5
Ta= 25°C © \
Vee =50V 5 1
o
>

L

0
0 02 04 06 08 10 12 14 16 18 20 05 1.0 15 20 25
VIN (Volts VIN - INPUT VOLTAGE (VOLTS)
FIGURE 2-4 FIGURE 2-5
TYPICAL INPUT CURRENT vs INPUT VOLTAGE TYPICAL OUTPUT vs

INPUT VOLTAGE CHARACTERISTIC
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55°C +25°C +125°C
TABLE 2.1 FAST 1.8 15 1.3
TYPICAL INPUT THRESHOLD VARIATION AL
WITH TEMPERATURE S 18 5 13
S 15 1.3 1.1
LS 1.2 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 2-1a, b, the base of the pull-down output transistor Q5 is returned to ground through Q3
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 Q1 until
the input voltage rises high enough to allow Q1 to supply base current to Q5. The squaring network also
improves the propagation delay by providing a low resistance path to discharge capacitance at the base of Q5
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 Vg below V¢
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 Q9, D7, D8, and D9 causes Q5 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 Q10
reduces this effect by clamping the base of Q5 low when the device is in the high impedance state. In the high
Z state, the output capacitance is about 5 pF for 24 mA outputs and about 12 pF for 64 mA 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.

Vee
e P—t
Al J‘\__K
V]
< 1 -ouUTPUT
(ALL &
FROM %% FAST ONLY)
Loaic _I(gs
ACTIVE
PULLDOWN
—
ouTeUT | 1o ]
ENABLE 4
i FAST ONLY
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 gL 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 2-11e and 2-11F.

For LS TTL, limits are guaranteed at 25°C, Vcc = 5.0 V, and Cl = 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.

+4 T +4 T
z vee =50V 2 TA= +25C
1 CLS= 15 pF u|-' CL = 15pF
1500
g +2 2 42 LS00
E tPLH S
> % tPLH
2 0 — / g
a
3 = TPHL T
g e g
3 ]
£ 2 & -2
= ==
& T
|
£ g
-7 E YT +75  +125 45 aTs 50 525 55
TA— AMBIENT TEMPERATURE — °C Ve — SUPPLY VOLTAGE — V
FIGURE 2-9 FIGURE 2-10
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20 . 12 ,
Vee =50V Veg =50V
@ TA = 25°C 2 TA = 25°C
[ 16 1500 gI . F00 ] N
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Z tPLV/ e ‘/
: T : T V=
g = LT tPHL
g 8 1PHL S / -
2 &
T = e
g ! g
0 20 40 60 8 100 50 100 150 200 250 300
CL LOAD CAPACITANCE — pF CL LOAD CAPACITANCE — pF
FIGURE 2-11a* FIGURE 2-11b*
20 2
2 p Ig //
%'. iy = tPLH
V — v,
g A z 4
5 10 n é 10 & o
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g )z g D7
a L/ a
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| Ve = 5.0V | // TA=25C _|
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L1 1 I
0 500 1000 0 500 1000
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FIGURE 2-11¢* ) FIGURE 2-11d*

*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 FAST™ 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 FAST™ TTL.
Note that Table 3.2 represents “worst case” limits and assumes a maximum power supply and temperature variation
across the IC’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 TTL 9000, 54/74 08 | 20 | 04 | 24 | 08 | 20 | 04 | 24 \Y%
HTTL High Speed TTL 54H/74H 0.8 2.0 0.4 24 | 08 2.0 0.4 2.4 \Y
LPTTL Low Power TTL 93L00 (MSI) 07 |20 | 03| 24|08 | 20| 03| 24 \
STTL Schottky TTL 54S/74S, 93S00 08 | 20 | 05 | 25 | 08 | 20 | 05 | 2.7 \"
LSTTL Low Power Schottky TTL 54LS/74LS 0.7 2.0 04 | 25 0.8 2.0 0.5 2.7 \
ALS TTL (5% Vcc)| Advanced LS TTL, 54ALS/74ALS 08 | 20 | 05 | 275 \"
(10% Vce) 0.8 2.0 0.4 2.5 0.8 2.0 0.5 2.5 \
FAST TTL(5% Vcc) | Advanced S TTL, 54F/74F 08 | 20 | 05 | 27 \"
(10% Vce) 0.8 2.0 0.5 2.5 0.8 2.0 0.5 2.5 Vv

VoL and VQH are the voltages generated at the output V| and V|y 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
FAST™ 200 300 300 300 mV FAST™ 500 500 500 500 mV
From “VgL" to “V|L." From “VoH" to “ViH"
TABLE 3.2¢ TABLE 3.2d
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% Vcc) 750 750 750 750 mV
FAST™ 300 300 300 300 | mV FAST (5% Vce) 700 700 700 700 mV
From “VQL" to “VjL”’ ALS (10% Vcc) 500 500 500 500 mV
FAST (10% Vce) 500 500 500 500 mV

From “VoH" to “VIH"

POWER CONSUMPTION. With the exception of ECL, 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 CMOS.
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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:

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

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 Ij_of 1.6 mA and |4 of 40 yA 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 Ij) =0.8 mA and || of 40 uA on the CP terminal, is specified as having an input LOW load
factor of

0.8 mA or 0.5 UL  and an input HIGH load factor of

—1.6mA- 20 uA or1U.L

3. The 74LS00 gate which has‘an lj|_of 0.4 mA and an || of 20 yA, has an input LOW load factor of

0.4 mA

- an input HIGH load factor of
1.6 mA

20 uA
or 0.25 U.L. 20 uA 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 800 uA in the HIGH (logic *1") state. The
normalized output LOW drive factor is therefore

16 mA

m =10U.L.

and the output HIGH drive factor is

800 uA

‘m or 20 U.L.
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2. The output of the 74LS00 will sink 8.0 mA in the LOW state and source 400 ¢A in the HIGH state. The normalized output LOW
drive factor is

8.0 mA

_—1.6 mA o 5U.L
and the output HIGH drive factor is

400 uA
40 uA

or 10U.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 LOwW
741500 05UL | 0250L | 10UL 5UL
7400 TUL 1UL 20 UL 10 U.L.
9000 1 U.L. 1 U.L 20 U.L. 10 U.L.
74H00 125UL | 125U0L | 25UL | 125U.L
74S00 1.25 U.L. 1.25 U.L. 25 U.L. 12.5 U.L.
74 ALS 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 TTL 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 Voi 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

VeeimAax) — VoL Vce(MIN) — VOH

RX(MIN) = Rx(MAX) =
loL — N2(LOW) e 1.6 mA N1p & IgH + No(HIGH) ® 40 A
where
Rx = External Pull-up Resistor
N1q = Number of Wired-OR Outputs
N2 = Number of Input Unit Loads (U.L.) being Driven
IoH =Icex = Output HIGH Leakage Current
loL = LOW Level Fan-out Current of Driving Element
VoL = Output LOW Voltage Level (0.5 V)
VOH = Output HIGH Voltage Level (2.4 V)
Vee = Power Supply Voltage

FAST AND LS TTL DATA
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Example: Four 74LS03 gate outputs driving four other LS gates or MS| inputs.

525V—-05V _ 475V

RX(MIN) = =7420Q
8 mA —1.6 mA 6.4 mA
RX(MAX) = 475V —24V _ 235V _ 4.9 kQ
40100uA+2040uA 048 mA
where:
N1 =4

N2 (HIGH) =4005UL =2U.L
N2 (LOW) =40025UL. =1UL.

10H =100 A
loL =8 mA
VoL =05V
VOH =24V

Any value of pull-up resistor between 742 () and 4.9 k(1 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 FAST™ 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 ac 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 FAST™ 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 ns/inch 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 (normaily 100 Q to 200 Q),
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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(ALL MAXIMUM RATINGS) LS FAST
Ch isti Symbol 54LSxxx 74LSxxx B4Fxxx 74Fxxx Units
Operating Voltage Range vee 5x10% 5:5% 5:10% 5=10% Vdc
Output Drive: IoH -04 -04 -1.0 -1.0 mA
Standard Output oL 40 8.0 20 20 mA
Isc -20t0 - 100 -20t0 ~100 -60to 150 -60to -150 | mA
I0H -12 -15 -12 -15 mA
Buffer Output oL 12 24 ) 64 mA
Isc -4010 225 ~40t0 225 -100to -225 ~100t0 -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 at the
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 of the signal must travel to the far end of the 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 of the signal transition, and each capacitance also slows the transition rate of the 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 of the transition rate of the transmitted signal means that it takes
longer for the 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 TTL 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)

. LS FAST
Storage Temperature —65°C to +150°C —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C —55°C to +125°C
V¢ Pin Potential to Ground Pin -05Vto +7.0V -05Vto +7.0V
*Input Voltage (dc) Diode Inputs -05Vto15V -05Vto 7.0V
*Input Current (dc) —-30 mAto +5.0 mA —30 mA to +5.0 mA
Voltage Applied to Open Collector
Outputs (Output HIGH) -05Vto +10V -05Vto +55V
High Level Voltage Applied to
Disabled 3-State Output 55V 55V

*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:

SN74L.S242/243, SN74LS245 — Inputs connected to outputs.

SN74LS640/641/642/645 — Inputs connected to outputs.
SN74LS299/322A/323 — 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.

Icc

IH
L

IOH

loL

los

lozH

lozL

Supply Current — The current flowing into the V¢ 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.

Input HIGH current — The current flowing into an input when a specified HIGH voltage is applied.
Input LOW current — The current flowing out of an input when a specified LOW voltage is applied.
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 IgH is the current flowing out of an
output which is in the HIGH state.

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

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).

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

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. Negative voltage limits are specified as absolute values (i.e., —10Vis
greater than —1.0 V).

Vce

VIK(MAX)

VIH

VIH(MIN)

ViL

VIL(MAX)

VOH(MIN)

VOL(MAX)

VT+

V-

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

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.

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

Minimum input HIGH voltage — The minimum allowed input HIGH in a logic system. This value represents
the guaranteed input HIGH threshold for the device.

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

Maximum input LOW voltage — The maximum allowed input LOW in a system. This value represents the
guaranteed input LOW threshold for the device.

Output HIGH voltage — The minimum voltage at an output terminal for the specified output current IQH
and at the minimum value of V¢c.

Output LOW voltage — The maximum voltage at an output terminal sinking the maximum specified load
current IQL.

. Positive-going threshold voltage — The input voltage of a variable threshold device (i.e., Schmitt Trigger)

that is interpreted as a V| as the input transition rises from below VT_(MIN).

Negative-going threshold voltage — The input voltage of a variable threshold device (i.e., Schmitt Trigger)
that is interpreted as a V|L as the input transition falls from above VT 4+ (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 VINH
tPLH tPHL
Vout
Vout
tr Waveform Rise Time:

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

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

tr t
90% 90%
10% 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
Enable
tPH
tPzH VOH ~ 3.5
.3 for LS
.3 for FAST
Vout
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tpLZ Output disable time: LOW to 2

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

tpzZL Output enable time: Z to LOW
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
Enable PLz
tpzL
Vout
Voz = 15V
.5 for LS
.3 for FAST
trec Recovery time

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

signal.
Asynch
Asynch
trec
Control
th 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 of the data. A negative hold time indicates
that the data may be removed at some time prior to the active edge of the control signal.

ts Setup time
The interval of time 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
tow The time between the specified amplitude points (1.3 V for LS and 1.5 V for FAST™) on the leading and trailing
edges of a pulse.

tw) /

fMAX Toggle frequency/operating frequency
The maximum rate at which clock pulses meeting the clock requirements fi.e., tyyH. twL, and ty, tf) may be
applied to a sequential circuit. Above this frequency the device may cease to function.

fMAXmMIn Guaranteed maximum clock frequency
The lowest possible value for fpax.

TESTING

DC TEST CIRCUITS
The following test circuits and forcing functions represent Motorola’s typical DC test procedures

VoH AND Vg TESTS I)HH’ 1H AND I TESTS log TEST
Force IpHMAX or IOLMAX Force 7.0, 5.5, 2.7, or 0.4 V
Measure Vo or VoL Measure ljqn’ |1 or I Meas‘uors
li VIHMIN —
— orvitmax | °YT
VIHMIN DUT " DuT
or VILMAX

lo 0 Vo vi .

VK TEST IoH' lozH' and IozL TESTS Icc TEST
Force [ Force 5.5, 2.4, or 0.4 V
Measure V| Measure Ig Measure Iccl Vee MAX
* puT
Vik li = —18 mA v GND | T [\ output
' ' (D ve or ( —] put f— ) °PE
45Vv*

- L

*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 FAST™ TTL.

Maintaining a 50 Q) environment on the ac test fixture, as well as the use of multilayer boards with internal Vcc and
ground planes is highly recommended for FAST™ 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 PULSE GENERATOR SETTINGS
Test Circuit for Standard Output Devi (UNLESS OTHERWISE SPECIFIED)
Vee
LS FAST
Frequency = 1MHz 1MHz
Duty Cycle = 50% 50%
TTLH (t;) = 6 ns(15)* 25ns
TTHL(tf) = 6ns(15)* 25ns
| | . Amplitude = 0to3V 0to3V

PULSE GEN *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 nsinput rise time.

Test Circuit for Open Collector Output Devices
Vee Vee

PULSE GEN FAST TEST CIRCUITS

+7V OPEN

|

ALL OTHER

*includes all probe and jig capacitance tPZL tpLz, O.C.

R1

Optional LS Load (Guaranteed—Not Tested) so0n

*includes all probe and jig capacitance
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@ MOTOROLA MC54F00

MC74F00

QUAD 2-INPUT NAND GATE

Vee

[vs] [] [i2] [71] [re] [5] [e]

QUAD 2-INPUT NAND GATE

FAST™ SCHOTTKY TTL

U L) B3 L] Le L] L

GND

J Suffix — Case 632-07 (Ceramic)

N Suffix — Case 646-05 (Plastic)
GUARANTEED OPERATING RANGES )

SYMBOL PARAMETER MIN TYP MAX UNIT
Vee Supply Voltage 54,74 4.5 5.0 5.5 \%
54 -5 2 12

TA Operating Ambient Temperature Range 74 05 2: 705 °C
10H Output Current — High 54,74 -1.0 mA
loL Output Current — Low 54,74 20 mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER VN LIK(I;’S MAX UNITS TEST CONDITIONS
VIH Input HIGH Voltage 2.0 A\ Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 \% Guaranteed Input LOW Voltage
VIK Input Clamp Diode Voltage -1.2 v Vee=MIN, IN=-18 mA
Vou Output HIGH Voltage 54,74| 25 \% 10H=-1.0 mA Vcc =4.50V
74 2.7 Vv IoH=-1.0mA | Vcc=4.75V
VoL Output LOW Voltage 0.5 \% loL=20 mA Vce = MIN
IH Input HIGH Current 20 uh | Vec=MAX ViN=2.7V
0.1 mA Vece=MAX, VIN=7.0V
L Input LOW Current -0.6 mA Vce = MAX, VIN=0.5V
05 |t o g " -60 4150 | mA | Vce= MAX,VouT=0V
Power Supply Current
lec Total, Output HIGH 2.8 mA Vee = MAX, VIN = GND
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 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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MC54F00/74F00

AC CHARACTERISTICS

54/74F 54F 74F
SYMBOL(  PARAMETER Veo=150V | Neoos0V10% | Vec=0ve 0% | UNTS
CL=50pF CL=50pF CL =50 pF
MIN MAX MIN MAX MIN MAX
tPLH Propagation Delay 2.4 5.0 2.0 7.0 24 6.0 ns
tPHL Propagation Delay 1.5 4.3 1.5 6.5 1.5 5.3 ns

AC TEST CIRCUIT

with the scope and delete

R2=5000 For 50 Q scopes, add a
+10% R . .
450 Q resistor in series
= R2.
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@ MOTOROLA MC54F02

MC74F02

QUAD 2-INPUT NOR GATE

Vee

ninioininioio)

L&J QUAD 2-INPUT NOR GATE
b :Jr_ FAST™ SCHOTTKY TTL

DEEnaoaoen

GND

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

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
Vee Supply Voltage 54,74 4.5 5.0 5.5 \Y
. . 54 -55 25 125
TA Operating Ambient Temperature Range 74 0 25 720 °C
loH Output Current — High 54,74 -1.0 mA
loL Output Current — Low 54,74 20 mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER MIN LI.:YY“;-S MAX UNITS TEST CONDITIONS
VIH Input HIGH Voltage 2.0 \Y Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 \ Guaranteed Input LOW Voltage
VIK Input Clamp Diode Voltage -1.2 \ Vce=MIN, IN=-18 mA
VOH  |Output HIGH Voltage 54.74| 25 v |lon=-10mA | Vec=4.50V
74 27 v IoH=-1.0mA | Vcc=475V
VoL Output LOW Voltage 0.5 \% loL=20mA Ve = MIN
IIH Input HIGH Current 301 :: z(ég; mii' z:: z 3(7) x
L Input LOW Current -0.6 mA Vee = MAX, VIN=0.5V
los | oo o 3 -60 2150 | mA | Vo= MAX, Vour=0V
Power Supply Current
Icc Total, Output HIGH 5.6 mA Vcee = MAX, VIN = GND
Total, Output LOW 13 mA Ve = MAX, VN = Note 3
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.
3. Measured with one input high, one input low for each gate.
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MC54F02/74F02

AC CHARACTERISTICS

54/74F 54F 74F
CL=50pF CL=50pF CL=50pF
MIN MAX MIN MAX MIN MAX
tPLH Propagation Delay 25 5.5 25 7.5 2.5 6.5 ns
tPHL Propagation Delay 1.5 4.3 1.5 6.5 1.5 5.3 ns

AC TEST CIRCUIT

9 O Test Point for High Impedance Scopes

with the scope and delete

R2=5000 For 50 ) scopes, add a
+10% R . .
450 () resistor in series
- R2.
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@ MOTOROLA MC54F04

MC74F04

HEX INVERTER

Vee

[14] [13] [i2] [11] [io] [s] [8]

HEX INVERTER

FAST™ SCHOTTKY TTL

)‘4»4»4»

O (2 [e] [a] (s] [T 2]

GND

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

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
Vece Supply Voltage 54,74 4.5 5.0 - 5.5 Vv
. . 54 -65 25 125
TA Operating Ambient Temperature Range 74 0 25 70 °C
IoH Output Current — High 54,74 -1.0 mA
loL Output Current — Low 54,74 20 mA
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
LIMITS
SYMBOL PARAMETER MIN VP MAX UNITS TEST CONDITIONS
ViIH Input HIGH Voltage 2.0 \ Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 \ Guaranteed Input LOW Voltage
ViIK Input Clamp Diode Voltage -1.2 \% Vecc=MIN, IN=-18 mA
v o HIGH Vot 54,74 25 \ loH=-1.0mA | Vcc=4.50V
OH uteut oltage 74 | 2.7 V| lon=-10mA | Vcc=4.75V
VoL Output LOW Voltage 0.5 \Y IoL =20 mA Vce = MIN
20 pA Vcc=MAX, VIN= 2.7V
1 Input HIGH C t
IH npu urren 0.1 mA | Vo= MAX, Vin=7.0V
TR Input LOW Current -0.6 mA Vcec= MAX, ViN=0.5V
Output Short Circuit _ _
los Current (Note 2) -60 -150 mA Vce = MAX, Voyt=0V
Power Supply Current
| Total, Output HIGH 4.2 mA Vee = MAX, VN = GND
cc Total, Output LOW 163 | mA | Vcc= MAX, Viy = 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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MC54F04/74F04

AC CHARACTERISTICS

54/74F 54F 74F
SYMBOL|  PARAMETER Veo=150V | Noo250v10% | Veo-50va 10%| UNTS
CL=50pF CL=50pF CL=50pF
MIN MAX MIN MAX MIN MAX
tPLH Propagation Delay 24 5.0 2.0 7.0 2.4 6.0 ns
tPHL Propagation Delay 1.5 4.3 1.5 6.5 1.5 5.3 ns

AC TEST CIRCUIT

DUT J‘I Test Point for High Impedance Scopes
CL=50pF 321;;00 o For 50 Q) scopes, add a
+1.0% - ° 450 Q) resistor in series

—— —— with the scope and delete
- - R2.
Fig. 1

FAST AND LS TTL DATA
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&

MOTOROLA

QUAD 2-INPUT AND GATE

Vee

[ [ [3 [7]

0

N

[+]
LTI T LT T

it
=
M7

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

GUARANTEED OPERATING RANGES

L

GND

MC54F08
MC74F08

QUAD 2-INPUT AND GATE

FAST™ SCHOTTKY TTL

SYMBOL PARAMETER MIN TYP MAX UNIT
Vee Supply Voltage 54, 74 4.5 5.0 5.5 A"
. . 54 -565 25 125
TA Operating Ambient Temperature Range 74 0 25 70 °C
I10H Output Current — High 54,74 -1.0 mA
loL Output Current — Low 54,74 20 mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER MIN Ll.mlgs MAx ] UNITS TEST CONDITIONS
VIH Input HIGH Voltage 2.0 \ Guaranteed Input HIGH Voltage
VL Input LOW Voltage 0.8 \ Guaranteed Input LOW Voltage
VIK Input Clamp Diode Voltage -1.2 \% Vee = MIN, jy=-18 mA
wor_Jowmorions |42 2% P
VoL Output LOW Voltage 0.5 \ loL=20 mA Vee = MIN
I Input HIGH Current 20 wh_ | Vec=MAX ViN=27V
0.1 mA | Vec=MAX, V|N=7.0V
iL Input LOW Current -0.6 mA Vee= MAX, VIN=0.5V
los gs:fe”r:ts(;g; ‘;')' cuit -60 -150 | mA | Vco= MAX Vour=0V
Power Supply Current
cc Total, Output HIGH 8.3 mA Ve = MAX, VIN = Open
Total, Output LOW 12.9 mA Vee = 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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MC54F08/74F08

AC CHARACTERISTICS

54/74F 54F 74F
qse | Tesscu e et | s
CL=50pF CL=50pF CL=50pF
MIN MAX MIN MAX MIN MAX
tPLH Propagation Delay 3.0 5.6 25 7.5 3.0 6.6 ns
tPHL Propagation Delay 25 5.3 2.0 7.5 25 6.3 ns

AC TEST CIRCUIT

© -O Test Point for High Impedance Scopes

DuT O
CL=50pF_I— R2=500 0
’ \ +10% For 50 Q) scopes, add a

£1.0% 450 Q resistor in series
with the scope and delete -
R2.

Fig. 1

FAST AND LS TTL DATA
4-9



(W) mororoLa MC54F10

MC74F10

TRIPLE 3-INPUT NAND GATE

Vee

[ [ [ [ [4] [ [7]

TRIPLE 3-INPUT NAND GATE
) FAST™ SCHOTTKY TTL

[T T

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

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
Vce Supply Voltage 54, 74 4.5 5.0 5.5 \Y
. . 54 -55 25 125
TA Operating Ambient Temperature Range 74 0 25 70 °C
lo]"] Output Current — High 54,74 -1.0 mA
loL Output Current — Low 54,74 20 mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
LIMITS

SYMBOL PARAMETER MIN VP MAX UNITS TEST CONDITIONS
VIH Input HIGH Voltage 2.0 \ Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 v Guaranteed Input LOW Voltage
ViK Input Clamp Diode Voltage -1.2 \% Vee=MIN, IN=-18 mA
vor_ oo [ 1S oot [ iy
VoL Output LOW Voltage 0.5 \ loL=20 mA Vce = MIN

20 A Vee=MAX, VIN=2T7V
IIH Input HIGH Current # cc IN

0.1 mA | Vcc=MAX VIN=T7.0V
L Input LOW Current -0.6 mA Veec=MAX, VIN=05V
Output Short Circuit

los Current (Note 2) -60 -150 mA Vee = MAX, Voyt=0V
Power Supply Current
cc Total, Output HIGH 2.1 mA Vee = MAX, ViN = GND
Total, Output LOW 7.7 mA Vee = 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

4-10



MC54F10/74F10

AC CHARACTERISTICS

54/74F 54F 74F
CL=50pF CL =50 pF CL=50pF
MIN MAX MIN MAX MIN MAX
tPLH Propagation Delay 24 5.0 2.0 7.0 24 6.0 ns
tPHL Propagation Delay 1.5 4.3 1.5 6.5 1.5 5.3 ns

AC TEST CIRCUIT

—O Test Point for High Impedance Scopes

R2=5000 For 50 Q) scopes, add a
*+10% . . .
450 Q resistor in series

with the scope and delete
R2.

DUT

Fig. 1

FAST AND LS TTL DATA
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@ MOTOROLA MC54F11

MC74F11

TRIPLE 3-INPUT AND GATE

Vee

mioinininoiolio

TRIPLE 3-INPUT AND GATE
) FAST™ SCHOTTKY TTL

L G B Ll Bl Ll L

GND

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

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
Vece Supply Voltage 54, 74 4.5 5.0 5.5 \
4 -55 25 12
TA Operating Ambient Temperature Range 34 o 25 705 °C
loH Output Current — High 54,74 -1.0 mA
loL Output Current — Low 54,74 20 mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER MIN LI-IFAYI;S MAX UNITS TEST CONDITIONS
VIH Input HIGH Voltage 20 \% Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 A Guaranteed Input LOW Voltage
VIK Input Clamp Diode Voltage -1.2 \% Vece=MIN, |y =-18 mA
fon_[owmnen v LB Cle e e
VoL Output LOW Voltage 0.5 \ loL=20 mA Vee = MIN
IiH Input HIGH Current 20 wA_ | Vec=MAX ViN=27V
0.1 mA Vece=MAX, ViN=7.0V
I Input LOW Current -0.6 mA Vece=MAX, VIN=0.5V
O Ea i -60 -150 | mA | Vcc=MAX, Vour=0V
Power Supply Current
Icc Total, Output HIGH 6.2 mA Vce = MAX, ViN = Open
Total, Output LOW 9.7 mA Vce = MAX, VN = 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

54/74F 54F 74F
SYMBOL|  PARAVETER Vo150V | Neoo 50V 10% | Veoss0at0% | UNTS
CL=50pF CL=50pF CL =50 pF
MIN MAX MIN MAX MIN MAX
tPLH Propagation Delay 3.0 5.6 2.5 7.5 3.0 6.6 ns
tPHL Propagation Delay 25 5.5 2.0 75 25 6.5 ns

AC TEST CIRCUIT

DUT Q- Test Point for High Impedance Scopes
= j— R2=
CL=50pF . 1095600 a For 50 ) scopes, add a
+1.0% - 450 Q) resistor in series
—_ —— with the scope and delete
- - R2.
Fig. 1

FAST AND LS TTL DATA
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@ MOTOROLA MC54F20

MC74F20

DUAL 4-INPUT NAND GATE

Vee

[1¢] [rs] [r2] [w] [r0] [o] [e]

DUAL 4-INPUT NAND GATE
D FAST™ SCHOTTKY TTL

O EE

GND

J Suffix — Case 632-07 (Ceramic)

N Suffix — Case 646-05 (Plastic)
GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
Vee Supply Voltage 54,74 4.5 5.0 5.5 Vv
4 -55 25 12

TA Operating Ambient Temperature Range 34 0 25 705 °C
IoH Output Current — High 54,74 -1.0 mA
loL Output Current — Low 54,74 20 mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER MIN Ll.w;s VIAX UNITS TEST CONDITIONS
VIH Input HIGH Voltage 2.0 Vv Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 \% Guaranteed Input LOW Voltage
ViK Input Clamp Diode Voltage -1.2 v Vee= MIN, Iy=-18 mA
won_Jowanorous [ =
VoL Output LOW Voltage 0.5 Vv loL=20 mA Ve = MIN
IIH Input HIGH Current 20 sA_ | VeC=MAX ViN=2.7V
0.1 mA Vece=MAX, VIN=7.0V
L Input LOW Current -0.6 mA Vce = MAX, VIN=0.5V
los 8:::’:;3;2:‘6%’ cuit -60 2150 | mA | Voo= MAX, Vour=0V
Power Supply Current
e Total, Output HIGH 1.4 mA | Vcc= MAX, Vi = GND
Total, Output LOW 5.1 mA Vcc = MAX, V)N = 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

414



MC54F20/74F20

AC CHARACTERISTICS

54/74F 54F 74F
SYMBOL|  PARAMETER Veor 50y | Vo280V 10% | veos50Y10% | UNTS
CL=50pF CL=50pF CL =50 pF
MIN MAX MIN MAX MIN MAX
tPLH Propagation Delay 24 5.0 2.0 7.0 2.4 6.0 ns
tPHL Propagation Delay 1.5 4.3 1.5 6.5 1.5 5.3 ns

AC TEST CIRCUIT

m Q O Test Point for High Impedance Scopes

R2=500 0
+10%

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

CL=50pF

+1.0%

1”——/\/\/\/—<

Fig. 1

FAST AND LS TTL DATA
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@ MOTOROLA
MC54F32

MC74F32

QUAD 2-INPUT OR GATE

Vcc

D \L:'D—\ 15—\ QUAD 2-INPUT OR GATE
l—I:_ID_] —,_,13__, FAST™ SCHOTTKY TTL
LTI T

GND

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

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
Vce Supply Voltage 54,74 4.5 5.0 5.5 \%
. . 54 -55 25 125
TA Operating Ambient Temperature Range 74 0 25 70 °C
IOH Output Current — High 54,74 -1.0 mA
loL 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 \ Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 \ Guaranteed Input LOW Voltage
VIK Input Clamp Diode Voltage -1.2 \ Vee = MIN, IIN=-18 mA
v Output HIGH Voit 54,74 | 25 \ IoH=-1.0 mA Vcc =450V
utpu oltage

OH P g 74 | 27 V | lon=-10mA | Vcc=475V

VoL Output LOW Voltage 0.5 \ loL=20mA Vce=MIN
20 A Vee = MAX, ViN=2.7V
IiH Input HIGH CUrrent - ce N
0.1 mA Vce = MAX, ViN=7.0V
L Input LOW Current -0.6 mA Vee=MAX, VIN=05V
Output Short Circuit _ _
los Current (Note 2) -60 -150 mA Vee = MAX, Voyt=0V
Power Supply Current

| Total, Output HIGH 9.2 mA Vce = MAX, ViN = GND

cc Total, Output LOW 165 | mA | Voo = MAX, Viy = 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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MC54F32/74F32

AC CHARACTERISTICS

54/724F° 5)4F . ;I4F .
SYMBOL| PARAMETER Vo150V | Voos50vai0% | Veas5ovton | UNTS
CL=50pF CL=50pF CL =50 pF
MIN MAX MIN MAX MIN MAX
tPLH Propagation Delay 3.0 5.6 3.0 75 3.0 6.6 ns
tPHL Propagation Delay 3.0 5.3 25 7.5 3.0 6.3 ns

AC TEST CIRCUIT

i

Fig. 1

R2=500 0
+10%

O Test Point for High Impedance Scopes

For 50 ) scopes, add a
450 () resistor in series

with the scope and delete

R2.

FAST AND LS TTL DATA
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@ MOTOROLA
MC54F64
MC74F64

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

[ 5] [ [ [ 5] 5]

4-2-3-2-INPUT
) . AND-OR-INVERT GATE

FAST™ SCHOTTKY TTL

L] o] Led L] Le] 12

GND

J Suffix — Case 632-07 (Ceramic)

N Suffix — Case 646-05 (Plastic)
GUARANTEED OPERATING RANGES

'SYMBOL, PARAMETER MIN TYP MAX UNIT
vee | Supply Voltage ' 54,74 45 50 5.5 v
4 -55 25 12

TA Operating Ambient Temperature Range 34 0 25 705 °C
IoH Output Current — High 54,74 -1.0 mA
loL Output Current — Low 54,74 20 mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS
VIH Input HIGH Voltage 20 \ Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 \ Guaranteed Input LOW Voltage
VIK Input Clamp Diode Voltage -1.2 \ IIN=-18 mA Vce = MIN
54,74 25 \Y lIoH=-1.0mA | Vcc=4.50V
Vi Output HIGH Voltage -
OH P 9 74 | 27 V. |lgH=-10mA | Vec=4.75V
VoL Output LOW Voltage 0.5 \ loL=20 mA Vce = MIN
| Input HIGH Current 20 | wA |VINZ27V vee = MAX
n urren =
H Py 0.1 mA |VIN=70V cc
L Input LOW Current -0.6 mA ViIN=05V Vce = MAX
Output Short Circuit
los Current (Note 2) -60 -1560 | mA |Vout=0V Vee = MAX
Power Supply Current
Total, Output HIGH 2.8 mA VIN = GND
lce P IN Ve = MAX
Total, Output LOW 4.7 mA 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.
* lIgcL is measured with all inputs of one gate open and remaining inputs grounded.

FAST AND LS TTL DATA
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MC54F64/74F64

AC CHARACTERISTICS

54/74F 54F 74F
SYMBOL|  PARAMETER Veo-150v | Neco50vE10% | Veo-50vatosn | UNTS
CL =50 pF CL=50pF CL =50 pF
MIN MAX MIN MAX MIN MAX
tPLH Propagation Delay 25 6.5 25 8.5 25 75 ns
tPHL Propagation Delay 1.5 4.5 1.5 6.5 1.5 5.5 ns

buTt

AC TEST CIRCUIT

+1.0%

Fig. 1

R2=500 0

O Test Point for High Impedance Scopes

For 50 () scopes, add a
450 0 resistor in series
with the scope and delete

+10%

R2.

FAST AND LS TTL DATA
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@ MOTOROLA
MC54F74
MC74F74

DUAL D-TYPE POSITIVE EDGE-TRIGGERED FLIP-FLOP
DUAL D-TYPE POSITIVE

DESCRIPTION — The MC54F/74F74 is a dual D-type flip-flop with EDGE-TRIGGERED FLIP-FLOP
Direct Clear and Set inputs and complementary (Q, Q) 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 of the
clock pulse and is not directly related to the transition time of the

FAST™ sCHOTTKY TTL

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 SYMBOL
4

Sp1 5

2—Dp1 Q1}—

LOGIC DIAGRAM
3—]cpy

E_Q_LG_ > _-D"J_‘D— a CD1Q1 -8

Vce = Pin 14 1
p—>o— —TK GND=Pin7 o

12 DSD% 9
“Ho; Qo
CP——-|> 1
Sp —1CP2
< Q2 jo—
D €Dy 2 8
Please note that this diagram is provided only for the understanding of logic ?
operations and should not be used to estimate propagation delays. 13

CONNECTION DIAGRAM

TRUTH TABLE
(Each Half)
Asynchronous Inputs:
INPUT | OUTPUTS LOW Input to Sp sets Q to HIGH level So1 3] 4] Vee
@ tn @th+1 LOW Input to Cp sets Q to LOW level _
= Clear and Set are indepedent of clock D1Z] [13] Th2
° Q Q Simultaneous LOW on C| 5
on Cp and Sp CPy ED
L L H makes both Q and Q HIGH E 2
H H L Sp1 E E cPy
H = HIGH Voltage Level Q1[5] [19] Sp2
L=LOW Voltage Level -
Q;
tp = Bit time before clock pulse O E 3 2
tn + 1 = Bit time after clock pulse GND E 3 Q2

J Suffix — Case 632-07
{Ceramic)

N Suffix — Case 646-05
(Plastic)

FAST AND LS TTL DATA
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MC54F/74F74

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
Vce Supply Voltage 54,74 4.50 5.0 5.50 v
. . 54 -55 25 125
TA Operating Ambient Temperature Range 74 0 25 70 °C
10H Output Current — High 54,74 -1.0 mA
loL Output Current — Low 54,74 20 mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
LIMITS

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS

VIH Input HIGH Voltage 2.0 \ Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 \" Guaranteed Input LOW Voltage

VIK Input Clamp Diode Voltage -1.2 % IIN=-18 mA Vce = MIN
54,74| 2.5 3.4 \Y IoH=-1.0mA| Vcc=450V
VOH Output HIGH Voltage -
74 2.7 3.4 Y IoH=-1.0mA| Vcc=4.75V

VoL Output LOW Voltage 0.35 0.5 \Y loL =20 mA Vce = MIN

20 A | ViN=27V

| Input HIGH Current =
H npu urren 100 oA VIN=T70V Vce = MAX
Input LOW Current
L (CP and D Inputs) -0.6 mA VIN=0.5V Vce = MAX
(Cp and Sp Inputs) -1.8 mA
Output Short Circuit _ _
los Current (Note 2) -60 -150 mA | Vour=0V Vce = MAX
Icc Power Supply Current 10.5 16 mA Vep=0V Vce = 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 =-5b to +126°C| Tp =0 to +70°C
SYMBOL PARAMETER Vcec=+5.0V Vee=5.0V£10% | Vec=5.0V+£10%| UNITS
CL=50pF CpL=50pF CL=50pF
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  |CPnto Qpor Qp 4.4 6.2 8.0 4.4 10.5 44 9.2 ns
tPLH Propagation Delay 25 4.6 6.1 3.2 8.0 25 71 ns
tpHL |Cbn or Spnto Qnor Qn 3.5 7.0 9.0 35 11.5 35 10.5

FAST AND LS TTL DATA
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MC54F/74F74

AC OPERATING REQUIREMENTS

54/74F 54F 74F
TA = +25°C Ta = -56 to +126°C| TA =0 to +70°C
SYMBOL PARAMETER Vg = 450V Ve - 5.0V +10% | Voe =5.0V +10%| UNITS
MIN TYP MAX MIN MAX MIN MAX
ts(H) | Setup Time, HIGH or LOW 2.0 3.0 2.0
ts(L) | DntoCPn 3.0 4.0 3.0 ns
th(H) | Hold Time, HIGH or LOW 1.0 2.0 1.0
th(l) | DntoCPp 1.0 2.0 1.0
tw (H) | CPp Pulse Width, HIGH 4.0 4.0 4.0
tw (L) or LOW 5.0 6.0 5.0 ns
tw(L) | Cpnor Spn Pulse Width LOW | 4.0 4.0 4.0 ns
trec Recovery Time 20 30 20 ns

Cpbn or Spn to CP

FAST AND LS TTL DATA
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@ MOTOROLA
MC54F86
MC74F86

QUAD 2-INPUT EXCLUSIVE-OR GATE

Vee CONNECTION DIAGRAM
4 3 2 1 fid [s] [e] QUAD 2-INPUT
EXCLUSIVE-OR GATE
5 ) J Suffix — Case 632-07 (Ceramic) FAST™ scHotTky TTL
N Suffix — Case 646-05 (Plastic)
i :)

D 2 Ls] [e) (sl Le] 17

GND

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
Vee Supply Voltage 54, 74 4.50 5.0 5.50 v

. . 54 -55 25 125
TA Operating Ambient Temperature Range 74 0 25 70 °C
loH Output Current — High 54,74 -1.0 mA
loL Output Current — Low 54,74 20 mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER MIN LI]I}/\I{I;‘S MAX UNITS TEST CONDITIONS
VIH Input HIGH Voltage 20 Y Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 \Y Guaranteed Input LOW Voltage
ViK Input Clamp Diode Voltage -1.2 \% IIN=-18 mA Ve = MIN,
54,74/ 2.5 34 \ loH=-1.0mA | Vcc=4.50V
VOH Output HIGH Voltage — -
74 2.7 3.4 \ loH=-1.0mA | Vcc=475V
VoL Output LOW Voltage 0.35 0.5 \ loL=20 mA Vee = MIN
IIH Input HIGH Current 20 BA ViN=2.7V Vee = MAX
100 pA | VIN=T70V
L Input LOW Current -0.6 mA VIN=0.5V Vce = MAX
los gs:feur:ts(zz:‘ecz'; outt -60 -150 | mA | VouT=0V vee = MAX
Icc Power Supply Current 15 23 mA Inputs LOW Vee = MAX
18 28 Inputs 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.

FAST AND LS TTL DATA
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MC54F/74F86

AC CHARACTERISTICS

54/74F 54F 74F
Ta =+25°C TA=-551t0+125°C| Ta =0to +70°C
SYMBOL PARAMETER Veg =+6.0V Vee=5.0V £10% |Voc =5.0V £10%| UNITS
CL =50 pF CL=50pF " CL=50pF
MIN TYP MAX MIN MAX MIN MAX

tpLH | Propagation Delay 3.0 4.0 5.5 25 7.0 3.0 6.5
tPHL | (Other Input LOW) 3.0 42 55 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 ns
tPHL (Other Input HIGH) 3.0 4.7 6.5 3.0 8.0 3.0 7.5

FAST AND LS TTL DATA
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MOTOROLA

DUAL JK POSITIVE EDGE-TRIGGERED FLIP-FLOP

DESCRIPTION — The MC54F/74F109 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.

MCS4F109
MC74F109

DUAL JK POSITIVE
EDGE-TRIGGERED FLIP-FLOP

FAST™ SCHOTTKY TTL

LOGIC DIAGRAM (one half shown)

ol

AN

= D

o

N
CP: 1>

Sp

Cp

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

LOGIC SYMBOL

5
)

JSpqft

2—

[}
T

3 <K

Vecc=Pin 16
GND = Pin 8

14[5p

2fep

13
=]

o

TRUTH TABLE

INPUTS OUTPUTS

@ tn @th+1
J K a Q
L H No Change
L L L H
H H H L
H L Toggles

Asynchronous Inputs:
LOW Input to Sp sets Q to HIGH level
LOW Input to Cp sets Q to LOW level
Clear and Set are indepedent of clock
Simultaneous LOW on Cp and Sp
makes both Q and Q HIGH

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

L =LOW Voltage Level

CONNECTION DIAGRAM

6] vee
[15] Cp2
4] 42
73] K2
[12] Py
[11] Sp2
[10] 0,
(5] G,

J Suffix — Case 620-08
(Ceramic)

N Suffix — Case 648-05
(Plastic)

FAST AND LS TTL DATA

4-25




MC54F/74F109

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
Vee Supply Voltage 54, 74 45 5.0 5.5 \%
. . 54 -55 25 125
TA Operating Ambient Temperature Range 74 0 25 70 °C
IoH Output Current — High 54,74 -1.0 mA
loL Output Current — Low 54,74 20 mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER MIN VP MAX UNITS TEST CONDITIONS
VIH Input HIGH Voltage 2.0 Vv Guaranteed Input HIGH Voltage
VIL Input LOW Voltage 0.8 \Y Guaranteed Input LOW Voltage
VIK Input Clamp Diode Voltage -1.2 \ IIN=-18 mA Vece = MIN
54,74 25 3.4 Vv IoH=-1.0mA | Vcc=450V.
VOH Output HIGH Voltage OH “—CQ
74 2.7 3.4 Vv IgH=-1.0mA | Vcc=475V
VoL Output LOW Voltage 0.35 0.5 \ loL =20 mA Vce = MIN
20 A VIN=27V
™ Input HIGH Current K IN Ve = MAX
100 nA VIN=7.0V
Input LOW Current
m . K and_CP Inputs) -0.6 mA VIN=0.5V Vee = MAX
(Cp and Sp Inputs) -1.8 mA
Output Short Circuit _ _
los Current (Note 2) -60 -160 | mA | Voutr=0V vee = MAX
Icc Power Supply Current 11.7 17 mA Vep=0V Vce = 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 =-71510+125°C| Ta =0to +70°C
SYMBOL PARAMETER Vecc=+6.0V Vee=5.0V£10%| Ve =5.0V £10%| UNITS
CL=50pF CL=50pF CL=50pF
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 ns
tPHL CPp to Qp or Gp 4.4 6.2 8.0 4.4 10.5 4.4 9.2
tpLH | Propagation Delay 25 5.2 7.0 25 9.0 2.5 8.0 ns
tpPHL | CpDn or Spnto Qnor On 35 7.0 9.0 35 11.5 35 10.5

FAST AND LS TTL DATA
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MC54F/74F109

AC OPERATING REQUIREMENTS

54/74F 54F 74F
Ta = +25°C TA=-5510+125°C | Ta =0 to +70°C
SYMBOL PARAMETER Vee = +6.0V Vee=5.0V+10% |Voe=5.0V 10%| UNITS
MIN TYP MAX MIN MAX MIN MAX
ts(H) | Set up Time, HIGH or LOW 3.0 3.0 3.0
ts(L) | JnorKntoCPp 3.0 3.0 3.0 ns
th (H) | Hold Time, HIGH or LOW 1.0 1.0 1.0
th(L) | JnorKptoCPp 1.0 1.0 1.0
tw (H) | CPp Pulse Width, HIGH 4.0 4.0 40
twy (L) or LOW 5.0 5.0 5.0 ns
tw(L) | Cbn or Spn Pulse Width LOW | 4.0 4.0 4.0 ns
trec Recovery Time 20 20 20 ns

Cpbn or Spn to CP

FAST AND LS TTL DATA
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Advance Information MC54F112

DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP MC74F1 12
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 DUAL JK NEGATIVE

that they are in the desired state during the recommended setup EDGE-TRIGGERED FLIP-FLOP
and hold times relative to the falling edge of the clock. A LOW
signal on Sp or Cp prevents clocking and forces Q or Q HIGH,
respectively. Simultaneous LOW signals on Sp and Cp force both
Q and Q HIGH.

FAST™ SCHOTTKY TTL

LOGIC DIAGRAM (one half shown)
LOGIC SYMBOL
>< 1

3—{s Soal—s

(]
[e]

I 1
1-0cp
2—{Kk ap-s
X
—— :::[;" Y— ——————iD Ve = Pin 16 15
1 GND = Pin 8

TRUTH TABLE

13-0{CP
INPUTS | OUTPUT

@y @t 12—K ¢ Qp-7
J K Q Y

L L Qn 14

L H L

H L H

H H a,

CONNECTION DIAGRAM

Asynchronous Irlputs:
LOW input to Sp sets Q to HIGH level

LOW input to Cp sets Q to LOW level — vt
Clear and Set are independent of clock CP1 E E Vee
Simultaneous LOW on Cp and Sp | ) _
makes both Q and Q HIGH K1 [2] S[J) cp KCD el Con
tn = Bit time before clock pulse J1[3] Q 8 1] Co2
th . 1 = Bit time after clock pulse 5 o2
H = HIGH Voltage Level o1 [4] ] 13] CP,
L = LOW Voltage Level Qq E r E Ko
— | I
Qs [6] K cP J I—E J2
_ Cp Spp _
0@ IZ1 a2 a | H9lSp2
GND [8] L9

FAST AND LS TTL DATA
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MC54F/74F112

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
54 4.50 5.0 5.50
Vee Supply Voltage* 74 475 5.0 5.25 v
. . 54 —55 25 125 o
TA Operating Ambient Temperature Range 74 0 %5 70 C
IoH Output Current — High- 54,74 -1.0 mA
loL 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 \] Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 Vv Guaranteed Input LOW Voltage
VIK Input Clamp Diode Voltage -1.2 \ IIN = —18 mA Vce = MIN
54 2.5 34 \Y% IoH = —1.0 mA
VoH Output HIGH Voltage Vee = MIN
74 2.7 34 \ loH = —1.0 mA
VoL Output LOW Voltage 0.35 0.5 \ loL = 20 mA Vee = MIN
20 Vee = MAX, VN = 27V
IH Input HIGH Current £A cc IN
100 pA Vee = MAX, VN = 7.0V
Input LOW Current
(J and K Inputs) -0.6 mA
8 (CP Inputs) -24 mA | V€€ = MAX, ViN = 05 v
(Cp and Sp Inputs) -3.0 mA
Output Short Circuit _ _ _ _
los Current (Note 2) 60 150 mA Vee = MAX, Voyut = 0V
Icc Power Supply Current 12 19 mA Vee = MAX, Vgp = 0V
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 = —55to +125°C| TA = O to +70°C
SYMBOL PARAMETER Vee = +50V Vee = 5.0V +£10% [Vee = 5.0 V£10%| UNITS

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

MIN TYP MAX MIN MAX MIN MAX

fmax Maximum Clock Frequency 110 130 MHz
tPLH Propagation Delay 2.0 5.0 6.5 2.0 7.5 ns
tPHL CPpy to Qp or Qpy 2.0 5.0 6.5 2.0 7.5
tPLH Propagation Delay 2.0 4.5 6.5 2.0 7.5 ns
tPHL Cpn or Spp to Qp or Qpy 2.0 45 6.5 2.0 7.5

FAST AND LS TTL DATA
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MC54F/74F112

AC OPERATING REQUIREMENTS

54/74F 54F 74F
TA = +25°C Ta = —55to +125°C| Ta = 0to +70°C
SYMBOL PARAMETER Veg = 150V Ve = 5.0V =10% |V = 50V =10% UNITS
MIN TYP MAX MIN MAX MIN MAX
ts (H) Set up Time, HIGH or LOW 4.0 4.0
g (L) Jn or Kn to CPp 3.0 3.0
ns
th (H) Hold Time, HIGH or LOW 0 0
th (L) Jn or Kp to CPpy 0 0
twH) | = ) 45 1 a5
tw (L) CPp, Pulse Width, HIGH or LOW 45 45 ns
tw (L) Cpn or Spn Pulse Width LOW 4.5 4.5 ns
trec Recovery Time Cpp, or Spp, to CP 4.0 5.0 ns
AC TEST CIRCUIT

O Test Point for High Impedance Scopes

R2 = 500 Q)
*10%

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

Fig. 1

FAST AND LS TTL DATA
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MOTOROLA

Advance Information mggz:i ig
DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP

DESCRIPTION — MC54F/74F113 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 DUAL JK

minimum setup and hold times are observed. Input data is trans- EDGE-TRIGGERED FLIP-FLOP
ferred to the outputs on the falling edge of the clock pulse.

FAST™ SCHOTTKY TTL

LOGIC DIAGRAM (one half shown)

LOGIC SYMBOL
— _ 4
Q [e} J)
| 3—y SDa}l—s
1-g{CP
X
— 2—K Qp—6
e Sp
CP K Vce = Pin 14
GND = Pin 7 10

TRUTH TABLE

13—0] CP

INPUTS OUTPUT

@ty @1tp .1 12— K Qp-8
J K Q

L L Qn

L H L

H L H

H H Qn

CONNECTION DIAGRAM
Asynchronous Inputs:

LOW input to Sp sets Q to HIGH level
Set is independent of clock

it ti \ 7

I 1 = Bt ime afer dock puse wib— T [@ve
L' Low Vottags Lover [t BEA

"3 JCPK ] ko

501 [T]dso KCPJ mes
Q1 [5] Q a spp—{10] Sp2

Q1 [g] 1 o of M2

GND[7] 5] 0,

FAST AND LS TTL DATA
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MC54F/74F113

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
R 54 4.50 5.0 5.50
Vee Supply Voltage 74 475 5.0 5.25 v
. . 54 -55 25 125 o
TA Operating Ambient Temperature Range 74 0 25 70 C
IoH Output Current — High 54,74 -1.0 mA
loL 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 \2 Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 \ ‘Guaranteed Input LOW Voltage
ViK Input Clamp Diode Voltage R -1.2 \ IIN = —18 mA Vce = MIN
54 2.5 34 \ IoH = -1.0 mA
VoH Output HIGH Voltage Vce = MIN
74 2.7 3.4 \ IoH = -1.0 mA
VoL Output LOW Voltage 0.35 0.5 \ loL = 20 mA Vee = MIN
20 Vee = MAX, VN = 2.7V
I Input HIGH Current kA ce IN
100 pA Ve = MAX, ViN = 7.0V
Input LOW Current
(J and K Inputs) -0.6 mA
8 (CP Inputs) -24 ma | VeC = MAX, VI = 05V
(Cp and Sp Inputs) -3.0 mA
Output Short Circuit _ _ _ _
los Current (Note 2) 60 180 | mA | Vec = MAX, Vout = 0V
Icc Power Supply Current 12 19 mA Vce = MAX, Vep = 0V
NOTES:

1. For conditions such as MIN or MAX, use the éppropriate 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 = —-55to +125°C| TA = 0to +70°C
SYMBOL PARAMETER Vee = +5.0V Vce = 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 110 130 MHz
tPLH Propagation Delay 2.0 4.0 6.0 2.0 7.0
tPHL TPy to Qp or Op, 2.0 4.0 6.0 2.0 7.0 ns
tPLH Propagation Delay 2.0 4.5 6.5 2.0 75
tPHL Spn to Qp, or Opy 2.0 45 65 2.0 75 ns

FAST AND LS TTL DATA
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MC54F/74F113

AC OPERATING REQUIREMENTS

54/74F 54F 74F
Ta = +25°C Ta = —55to +125°C| TA = 0 to +70°C

SYMBOL PARAMETER Ve = 4s0v Ve = 5.0V =10% VGG = 50V =10%] UNITS

MIN TYP MAX MIN MAX MIN MAX
tg (H) Set up Time, HIGH or LOW 4.0 4.0
tg (L) Jn or K, to CPpy 3.0 3.0

ns

th (H) Hold Time, HIGH or LOW 0 0
th(L) | JporKntoCPp 0 0
tw (H) =5 . 4.5 45
tw (L) CPp, Pulse Width, HIGH or LOW 45 45 ns
ty (L) Spn Pulse Width LOW 45 4.5 ns
trec Recovery Time Spp, to CP 4.0 5.0 ns

AC TEST CIRCUIT

Fig. 1

For 50 Q scopes, add a
450 Q resistor in series
with the scope and delete

R2.

O Test Point for High Impedance Scopes

R2 = 500 Q
*+10%

FAST AND LS TTL DATA
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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
Sp or Cp prevents clocking and forces Q or Q HIGH, respectively.
Simultaneous LOW signals on Sp and Cp force both Q and Q
HIGH.

LOGIC DIAGRAM (one half shown)

— X
S

ol

____]&

TRUTH TABLE

INPUTS OUTPUT
@ tp @ty 1
J K Q

L L Qn

L H L
HoL H

H H an

Asynchronous Inputs:
LOW input to Sp sets Q to HIGH level
LOW input to Cp sets Q to LOW level
Clear and Set are independent of clock
Simultaneous LOW on Cp and Sp
makes both Q and Q HIGH

H = HIGH Voltage Level

L = LOW Voltage Level

tn = Bit time before clock pulse
th . 1 = Bit time after clock pulse

MC54F114
MC74F114

DUAL JK NEGATIVE
EDGE-TRIGGERED FLIP-FLOP

FAST™ SCHOTTKY TTL

LOGIC SYMBOL

Vce = Pin 14
GND = Pin7

CONNECTION DIAGRAM

\ T

%o [1] __?_‘,, 4] vec
)

K1 E

Ky CP J 13| CP

:lJ ..oc?) 5011 :1
4 3] % 0[1 7 12] K,

5o [4] 1 1] 4

a1 [5] L’ Kg CP_J2 DJ-ZOI Sp2
= s
oG EPrde,

2]
GND [7] 8] q,

L _—m

FAST AND LS TTL DATA
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MC54F/74F114

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
54 4.50 5.0 5.50
Vee Supply Voltage* 74 475 5.0 5.25 v
. . 54 -55 25 125 o
TA Operating Ambient Temperature Range 74 0 25 70 C
IoH Output Current — High 54, 74 -1.0 mA
loL 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 ) Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 \ Guaranteed Input LOW Voltage
VIK Input Clamp Diode Voltage -1.2 \ IIN = =18 mA Vee = MIN
54 2.5 3.4 v IoH = —1.0 mA
VoH Output HIGH Voltage Vee = MIN
74 2.7 3.4 v IoH = -1.0mA
VoL Output LOW Voitage 0.35 0.5 \ loL = 20 mA Vce = MIN
20 A Vee = MAX, VN = 27V
119} Input HIGH Current k cc IN
100 uA Vee = MAX, VN = 7.0V
Input LOW Current
(J and K Inputs) -0.6 mA
8 (CP Inputs) -2.4 mA Vee = MAX. Viy = 05V
(Cp and Sp Inputs) -3.0 mA
Output Short Circuit _ -
los Current (Note 2} - 60 -150 mA Vee = MAX, Voyt =0V
Icc Power Supply Current 12 19 mA Vee = MAX, Vgp = 0V
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 = -56to +125°C| TA = 0to +70°C
SYMBOL PARAMETER Vee = +50V Vee = 5.0V =10% [Vee = 5.0V =10%| UNITS

Cp = 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 33 75 ns
tPHL CPp, to Qp or Gpy 3.3 5.5 7.5 3.3 8.5
tPLH Propagation Delay 2.0 4.5 6.5 2.0 75 ns
tPHL Cpn or Spp to Qp or Qpy 2.0 45 6.5 2.0 75

FAST AND LS TTL DATA
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MC54F/74F114

AC OPERATING REQUIREMENTS

54/74F 54F 74F
Ta = +25°C Ta = -55to +125°C| TA = 0 to +70°C
SYMBOL PARAMETER Ve = +50V Ve = 5.0V =10% Ve = 50V 0% UNITS
MIN TYP MAX MIN MAX MIN MAX
tg (H) Set up Time, HIGH or LOW 4.0 4.0
ts (L) Jn or Kp to TPy 3.0 3.0
ns
th (H) Hold Time, HIGH or LOW 0 0
th (L) Jn or Kp to CPpy 0 0
twH | =5 ' 45 45
tw (L) CPp, Pulse Width, HIGH or LOW 45 45 ns
tw (L) Cpn or Spn Pulse Width LOW 45 45 ns
trec Recovery Time Cpp, or Spp, to CP 4.0 5.0 ns
AC TEST CIRCUIT

O Test Point for High Impedance Scopes

R2 = 500
+10%

CL = 50 pF

+1.0% |

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

Fig. 1

FAST AND LS TTL DATA
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MOTORGLA MC54F138
MCT4F138

1-OF-8 DECODER/
DEMULTIPLEXER

1-OF-8 DECODER/DEMULTIPLEXER FAST™ SCHOTTKY TTL

DESCRIPTION — The MC54F/74F138 isa high speed 1-of-8 Deco-
der/Demultiplexer. This device is ideally suited for high speed bipolar
memory chip select address decoding. The multiple input enables LOGIC sYmBOL
allow parallel expansion to a 1-of-24 decoder using just three F138
devices or to a 1-0f-32 decoder using four F138s and one inverter.

123 456
O DEMULTIPLEXING CAPABILITY
O MULTIPLE INPUT ENABLE FOR EASY EXPANSION
O ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS ATA 3
O INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION AoA1A2
EFFECTS
00 0102030405007
15\141131121110 9 7
Vcc=Pin 16
GND = Pin 8
CONNECTION DIAGRAM
DIP (TOP VIEW)
LOGIC DIAGRAM
Ay A4 Ao E1E2E3 Vcc=Pin 16
3 GND=Pin8 (an yrcl
G| ® 0] @ BE) O = Pin Numbers 1A0 VEC (116
20 A Oo[d15
3[0A2 01114
4[] Eq 02[113
5[] €2 03[]12
6[]E3 0411
Y Y Y 70007 Os[1]10
I 8[JGND Og[]9
I ] J Suffix — Case 620-08
Ul IRERITIR i (Ceramic)
N Suffix — Case 648-05
(Plastic)
@l © o @ ® ®
= b o 3 3 5 = = NOTE:
07 6 5 04 03 02 01 00 The Flatpak version has the same
pinouts(Connection Diagram) as
the Dual In-Line Package.

FAST AND LS TTL DATA
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MC54F/74F138

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
Vee Supply Voltage 54, 74 4.5 5.0 5.5 v
. . 54 -55 25 125
TA Operating Ambient Temperature Range 74 0 25 70 °C
IoH Output Current — High 54,74 -1.0 mA
loL Output Current — Low 54,74 20 mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS
VIH Input HIGH Voltage 20 \ Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 \ Guaranteed Input LOW Voltage
VIK Input Clamp Diode Voltage -1.2 -V Vece=MIN, ljy=-18 mA
v o HIGH Vol 54,74 25 \Y loH=-1.0mA | Vcc=4.50V
utput oltage
OH P g 74 2.7 \ IopH=-1.0mA | Vcc=475V

VoL Output LOW Voltage 05 \ oL =20 mA Vce = MIN

20 A Vecc=MAX, VIN=2.T7V
IIH Input HIGH Current - ce IN

0.1 mA Ve = MAX, ViN=7.0V
L Input LOW Current -0.6 mA Vce=MAX, VIN=05V

Output Short Circuit B _
los Current (Note 2) -60 -150 mA Vce = MAX, Vout=0V
Icc Power Supply Current 20 mA Vce = MAX
AC CHARACTERISTICS
54/74F 54F 74F
LEVELS Ta =+25°C Ta=-55°Cto +125°C | Ta =0°Cto 70°C
SYMBOL PARAMETER OF Vece=+5.0V Vce=5.0V £10% Ve =5.0V £10% | UNITS
DELAY Cp=50pF CL=50pF C =50 pF
MIN MAX MIN MAX MIN MAX
tpLH | Propagation Delay, 3 3.0 15 .30 12 30 85 ns
tpHL | Address to Output 3.5 8.0 35 9.5 35 9.0 ns
tPLH Enable to Output 2 35 7.0 3.5 11 3.5 8.0 ns
tpHL | Eq orEg 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 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 decoder accepts three binary weighted inputs (Ag, A1, A2)
and when enabled provides eight mutually exclusive active LOW outputs (Og-07). The F138 fea-
tures three Enable inputs, two active LOW (E1, 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-
Hlel expansion of the device to a 1-0f-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
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MC54F/74F138

TRUTH TABLE

INPUTS OUTPUTS
E" Ez E3 Apg Aq Az 50 61 —62 63 64 65 65 67
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
Ao
Ay
T ! 1
A3
Agq
H
| e |
Ag Ay Ay E Ag Ay Ay E Ay Ay Ay Ap A, Ay
F138 F138 F138 F138
Op 0y 0, O3 C4 Og Og O 0 0y 0, Uy 04 Og Og O 0 0y 0, 03 04 Og Og O, 0y Oy 0, U3 04 0, Oy O,

AR AAARARATR AAAAAAS IR ARARARYS

AC TEST CIRCUIT

O Test Point for High Impedance Scopes

52 =500 0 For 50 1 scopes, add a
*+10% . .
450 Q) resistor in series
—— —— with the scope and delete
- - R2.
Fig. 1
AC WAVEFORMS

VIN 1.5V 1.5V VIN 15V 15V

L—‘}’ tPHL l——l' tPLH L——r tPHL ‘——T tPLH
Vout 1.5V 15V Vout xKst %1.5v

Fig. 2 Fig. 3
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DUAL 1-OF-4 DECODER

DESCRIPTION — The MC54F/74F139is 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-OF-4 DECODERS

® ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS

® INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION
EFFECTS

MC54F139
MC74F139

DUAL 1-OF-4 DECODER
FAST™ SCHOTTKY TTL

LOGIC DIAGRAM

Ea Aoa Ava Ep Agp  Arp

® 6| 6 @ ® ® ®
00a 01, 02, 03, Ogp Oy Oap O3p
Vce =Pin 16
GND =Pin 8
O = Pin Numbers

LOGIC SYMBOL

l zl :i I T 1]3
E A A £ Ap Ay
DECODER a DECODER b
004 03 O3 0p 07 07 O3
4 5 6 7 12 1110 9
Vee =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

FAST AND LS TTL DATA
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MC54F/74F139

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
Vee Supply Voltage 54, 74 4.5 5.0 6.5 \

. . 54 -55 25 125 o
TA Operating Ambient Temperature Range 74 0 25 70 C
IoH Output Current — High 54,74 -1.0 mA
loL Output Current — Low 54,74 20 mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS
VIH Input HIGH Voltage 20 \ Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 Y Guaranteed Input LOW Voltage
ViK Input Clamp Diode Voltage -1.2 \ Vece=MIN, IN=-18 mA
54,74 25 v loH=-1.0mA | Vcc=4.50V
VOH Output HIGH Voltage = T
74 2.7 \ IoH=-1.0mA | Vcc=475V
VoL Output LOW Voltage 0.5 \ loL=20 mA Vee = MIN
20 A Vee= MAX, VIN=2.7V
IIH Input HIGH Current £ cc IN
0.1 mA Vcc=MAX, ViN=7.0V
L Input LOW Current -0.6 mA Vee=MAX, VIN=0.5V
Output Short Circuit _ _
los Current (Note 2) -60 -150 mA Vce = MAX, Voyt=0V
Icc Power Supply Current 20 mA Vce = MAX
AC CHARACTERISTICS:
54/74F 54F 74F
Ta=+25°C TA =-55°C to +125°C Ta=0°Cto 70°C
SYMBOL PARAMETER Vece=+5.0V Ve =56.0V£10% Vec=5.0V £10% UNITS
Cp =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 95 4.0 9.0 ns
tPLH 3.5 7.0 3.0 9.0 35 8.0 ns
tpy  Cnableto Output 3.0 65 25 80 30 75 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 (Ag, A1) and provide four mutually exclusive active
LOW outputs (Og-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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MC54F/74F139

TRUTH TABLE € £
INPUTS OUTPUTS Ay %o— 0o Ag %D_ 0o
E Ag Aq Op 0, 0, O3 t Ay Ay
H X X H H H H E E
L L L L H H H Ao 01 Ag 01
L H L H L H H Aq Aq
L L H H H L H E £
L H H H H H L Ag %— 02 Ag ﬁ— 0,
H = HIGH Voltage Level A4 Ay
L = LOW Voltage Level E E
X = Don’t Care Ap %— O3 AO%— 03
Ay Ay
Fig. a
AC WAVEFORMS
ViIN 15V 15V VIN 15V )
I—tPHL-’ l—tPLH—i tPHL L‘PLH-—‘
Vout 1.5V 1.5V Vour 1.5V
Fig. 1 Fig. 2

AC TEST CIRCUIT

O Test Point for High Impedance Scopes

R2=500 0

+10% For 50 (1 scopes, add a

450 () resistor in series
with the scope and delete
R2.
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Advance Information

8-LINE TO 3-LINE
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.

e 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

To (10)

MC54F148
MC74F148

bhadLdddd

gl 213 lg 15 1g 1y Bl

B0 A A Ay GS

PYY YR

LOGIC SYMBOL

= 118 =5
— CASE 620-08
X ) :{> (14) &
i Wmﬁm
—— 1
o >l L Y
B % CASE 648-05
|
T3 (13 I
—1 > —
b
T4 (1) . CASE 751B-01
:II> E LY
1 n — ~
5 2 c">_t{>“ ] A ikl 6] Vee
L 5 2] 15] 0
e s 3] [12] &5
7 [4] [13] T3
ne Ll 0 5 b (s 2] 2
1 Kz IE E K]
sl > -l & 7] [19] To
- GNp [8] (3] &
Logic Diagram
Please note that this diagram is provided only for the understanding of logic operations and should CONNECTION
not be used to estimate propagation delays. DIAGRAM
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
Vee Supply Voltage 54,74 4.5 5 5.5 \2
R 54 —55 25 125 c
T, Operating Ambient Temperature Range °
A perating ' mper 9 74 0 25 70
IoH Output Current — High 54, 74 -1 mA
loL Output Current — Low 54,74 20 mA

FAST AND LS TTL DATA
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MC54F148 e MC74F148

FUNCTIONAL DESCRIPTION -

The ‘F148 8-input priority encoder accepts data from
eight active LOW inputs (Ip-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
(El) will force all outputs to the inactive (HIGH) state and
allow new data to settle without producing erroneous

information at the outputs. A Group Signal output (GS)
and Enable Output (EO) are provided along with the three
priority data outputs (A2, A7, Ag). 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.

TRUTH TABLE
Inputs Outputs
El ([Top I7 1o 13 14 15 Tg I7 |GS|Ay Ay A, | EO
H X X X X X X X X H H H H H
L H H H H H H H H H H H H L
L X X X X X X X L L L L L H
L X X X X X X L H L H L L H
L X X X X X L H H L L H L H
L X X X X L H H H L H H L H
L X X X L H H H H L L L H H
L X X L H H H H H L H L H H
L | X L H H H H H H L L H H H
L L H H H H H H H L H H H H
H = HIGH Voltage Level
L = LOW Voltage Level
‘X = Immaterial
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Units Test Conditions
Min Typ Max
ViH Input HIGH Voltage 2 ) Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 " Guaranteed Input LOW Voltage
VIK Input Clamp Diode Voltage -1.2 v IIN = —18 mA Vce = MIN
54,74 25 3.4 v IoH = -1 mA Vee =45V
VoH Output HIGH Voltage
74 27 | 34 v IoH = —1mA | Vgc =475V
VoL Output LOW Voltage 0.35 0.5 v loL = 20 mA Vce = MIN
20 nA Vee = MAX, Vi = 27V
IiH Input HIGH Current
100 pA Vee = MAX, VN = 7V
To, EI -0.6 mA
i — Vee = MAX, VIN = 05V
t=ly -1.2 mA
los Output Short Circuit Current (Note 2) -60 —-150 mA Vece = MAX, Voyt =0V
Icc Power Supply Current 23 35 mA Veec = MAX, VN = 45V

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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MC54F148 o MC74F148

o p—
—b—
~o—

;

- p—
o1 o—
o p—
~jp—
-]
=

'F148 'F148
A A A GS E0O Ay A Ay
[ ' [ I 1 1 7
A A Ay A3 FLAG
Application
16-Input Priority Encoder
AC CHARACTERISTICS
54F/74F 54F 74F

TA = +25°C Ta. Vee = Ta. Vee =
Symbol Parameter Vg = +5V Mil Com Units

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

Min Typ Max Min Max Min Max

tPLH Propagation Delay 35 7 9 3.5 " 35 .10 ns
tPHL Tnto Ap 4 8 105 4 13 4 12
tPLH Propagation Delay 25 5 6.5 25 8.5 25 75 ns
tPHL Ih to EO 2 5.5 7.5 2 8.5 2 8.5
tPLH Propagation Delay 3 7 9 3 1 3 10 ns
tPHL In to GS 2 6 8 2 10 2 9
tPLH Propagation Delay 35 6.5 8.5 3.5 10.5 35 9.5 ns
tPHL Elto A, 3 6 8 3 10 3 9
tPLH Propagation Delay 25 5 7 25 9 25 8 ns
tPHL Elto GS 3 6 75 3 10 3 85
tPLH Propagation Delay 3 5.5 7 3 9 3 8 ns
tPHL Elto EO 4.5 8 10.5 4.5 13 4.5 12

FAST AND LS TTL DATA
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8-INPUT MULTIPLEXER

DESCRIPTION — The MC54F/74F151 is a high-speed 8-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
of four variables. Both asserted and negated outputs are provided.
The ‘F151 is a logic implementation of a single pole, 8-position
switch with the switch position controlled by the state of three
Select inputs, S, S1, S2. The Enable input (E) is active LOW. The

logic function provided at the output is:

Z= E'(lo-§0-§1°§2 + 11 -So-§1°§2 +
12¢50°S1S2 +13°Sp*S1-S2 +
14°50°S1+S2 + 15505152 +
l6*S0*S1°S2 + 17°Sp*S1+S2)

MC54F151
MC74F151

8-INPUT MULTIPLEXER

FAST™ SCHOTTKY TTL

LOGIC DIAGRAM
lo Iq ) I3 Ia Ig Is I7
S2 D——>
SRS — '
T
E Y YUY
Z1z
TRUTH TABLE
INPUTS OUTPUTS
E S2 S1 S 4 z
H x x x| H L
L L L L Io lo
L L L H I Ih
L L H L I2 I2
L L H H i3 I3
L H L L I lg
L H L H I5 Ig
L H H L Il le
L H H H iz I7

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

LOGIC SYMBOL

12—1y
13—lIg
14—g -
15— z 5
1—I3
2—lIy
3—n Zp—6
4—|0
7—-O1E
Sp S1S2
1109
Vce = Pin 16
GND = Pin 8

CONNECTION DIAGRAM

I3 [T] ~ [16] Ve
12 [2] 5] 1
11 [5] " [als
Io [4] [13] 16
z [5] 2] 17
z[¢] [11] so
E [7] 10] 59
GND [8] 9] sy

FAST AND LS TTL DATA
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MC54F/74F151

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
Vee Supply Voltage 54,74 4.50 5.0 5.50 \
TA Operating Ambient Temperature Range .'r;: —5’5 gg 17205 °C
IoH Output Current — High 54, 74 -1.0 mA
loL 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 Vv Guaranteed Input HIGH Voltage
ViL Input LOW Voitage 0.8 \% Guaranteed Input LOW Voltage
VIK Input Clamp Diode Voltage -1.2 \ IIN = —18 mA Vce = MIN
54,74 25 3.4 \ IoH = =1.0mA | Vcc = 450V
VoH Output HIGH Voltage
74 27 34 \Y% loH = —-1.0mA | Vcc = 4.75V
VoL Output LOW Voltage 0.35 0.5 \ loL = 20 mA Vce = MIN
IH Input HIGH Current 20 pA Ve = MAX ViN = 27V
100 uA Vee = MAX, VN = 7.0V
L Input LOW Current -0.6 mA Vee = MAX, VN = 05V
los S e o -60 -150 | mA | Vge = MAX, Vout = 0V
Icc Power Supply Current 13.5 21 mA Vee = MAX, VN = 45V
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 = —55to +125°C| Tp = Oto +70°C
SYMBOL PARAMETER Vee = +5.0V Vce = 6.0V £10% Vg = 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 6.2 8.0 3.5 10 3.5 9.0 ns
tPHL SptoZ 3.2 5.6 6.1 3.0 8.0 3.2 7.0
tPLH Propagation Delay 45 9.9 13 3.0 17.5 4.0 15 ns
tPHL SptoZ 4.5 7.1 9.0 4.0 11.5 4.0 10.5
tPLH Propagation Delay 3.0 4.8 6.1 2.5 7.5 25 7.0 ns
tPHL EtoZ 3.0 6.8 8.5 2.5 10.5 2.5 10
tPLH Propagation Delay 5.0 7.3 9.5 3.0 145 4.0 1 ns
tPHL EtoZ 3.5 5.4 7.0 3.0 9.5 3.5 8.0
tPLH Propagation Delay 25 4.3 5.7 2.5 7.5 2.5 6.5 ns
tPHL IntoZ 1.5 2.9 4.0 1.5 6.0 1.5 5.0
tPLH Propagation Delay 3.0 7.6 9.5 25 11.5 25 1" ns
tPHL IntoZ 3.0 5.2 6.5 3.0 8.0 3.0 7.5
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DUAL 4-INPUT MULTIPLEXER

DESCRIPTION — The MC54F/74F153 is a high-speed Dual 4-Input
Muitiplexer 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

Ealoa Ma l2a 13a S1 So lopb Mb lb I3 Ep
®

O] |©@6| G 66 @ @ @

Vee =Pin 16
GND =Pin 8 ®

Za O = Pin Numbers Z

GUARANTEED OPERATING RANGES

MC54F153
MC74F153

DUAL 4-INPUT MULTIPLEXER
FAST™ SCHOTTKY TTL

CONNECTION DIAGRAM DIP

(TOP VIEW)
108 7 vec[re
2 s1 Ep [115
3[J'3a so[J1a
4l 13p[]13
5[]ha l2b] ] 12
6[]loa lpfJ 11
72a ton[ 10
s[Jano zp[Je

J Suffix — Case 620-08 (Ceramic)
N Suffix — Case 648-05 (Plastic)

SYMBOL PARAMETER MIN TYP MAX UNIT
Vee Supply Voltage 54,74 4.5 5.0 5.5 \
N . 54 -55 25 125 o
TA Operating Ambient Temperature Range 74 0 25 70 C
IoH Output Current — High 54,74 — — -1.0 mA
loL QOutput Current — Low 54, 74 — — 20 mA
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MC54F/74F153

FUNCTIONAL DESCRIPTION

The F153 is a Dual 4-Input Multiplexer. It can select two bits of data from up to four sources under the control of the
common Select Inputs (S, S1). The two 4-input multiplexer circuits have individual active LOW Enables (Ej, Ep) which
can be used to strobe the outputs independently. When the Enables (E,, Ep,) are HIGH, the corresponding outputs (Z,
Zp,) 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+(lpa*51°Sp + 11a* 51+ S0 + I2a+S1+Sp + 133+ S1* So)

Zp = Ep-(lop*S1+Sg + l1p*S1+Sg + lab*S1+Sp + I3p * S1* Sp)
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 INPUTS (a or b) OUTPUT
So Sq Ellg 14 1o I3 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 = Immaterial

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER MIN T TvP Tmax UNITS TEST CONDITIONS
VIH Input HIGH Voltage 2.0 \ Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 \ Guaranteed Input LOW Voltage
VIK Input Clamp Diode Voltage -1.2 \ IIN = -18 mA, Ve = MIN
54,74 2.5 \% loL = -1.0 mA Vee = 450V
VOH | Output HIGH Voltage 74 | 27 V| loL=-10mA Vee = 475V
VoL Output LOW Voltage 0.5 \" loL = 20 mA Vee = MIN
IiH Input HIGH Current 02(: :1): z:: _ :; ://: \\;Eg — mi:((
IiL Input LOW Current -0.6 mA VIN = 05V, Ve = MAX
o || | vour - ov v - e
Icc Power Supply Current 20 mA VIN = GND, Ve = MAX
NOTES:
1. For conditions shown as MIN or MAX, use the appropriate value specified under r ded 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
54/74F ' B4F 74F
Ta = +25°C TA = -55°Cto +125°C | Tp = 0°Cto +70°C
SYMBOL PARAMETER Vee = +60V Vee = 5.0V £10% Vee = 50V =10% UNITS
CL = 50 pF CL = 50 pF CL = 50 pF
MIN MAX MIN MAX MIN MAX
tPLH Propagation Delay 45 10.5 4.5 14 4.5 12 ns
tPHL Spto Zy 3.5 9.0 3.5 1 3.5 10.5
tPLH Propagation Delay 4.5 9.0 4.5 115 4.5 10.5 ns
tPHL Ep to Zpy 3.0 7.0 25 9.0 2.5 8.0
tPLH Propagation Delay 3.0 7.0 25 9.0 3.0 8.0 ns
tPHL Into Zp 3.0 6.5 2.5 8.0 25 7.5
AC TEST CIRCUIT
DUT 9 > -0 Test Point for High Impedance Scopes
CL = 50 pF —T—
+1.0% R2 = 500 Q
=10% For 50 Q) scopes, add a
— — 450 Q) resistor in series
with the scope and delete R2.
PROPAGATION DELAY MEASUREMENTS
Non-Inverting Inverting
VIN VIN
tPLH—>|  |=— —] |<— tPHL tPHL—>|  |— —|  le—tpH
VouTt Vout

NOTES:

1. All input waveforms have the following characteristics:
Low Level = 0V
High Level = 3.0V
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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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.

MC54F157
MC74F157

QUAD 2-INPUT
MULTIPLEXER

FAST™ SCHOTTKY TTL

LOGIC DIAGRAM

loa "ta lob b loc ¢ lod Nd E S
Ll L L1 L 1 Ll
Za Zp Zc Z4
TRUTH TABLE
INPUTS OUTPUT
E S 1o NI z
H x| x]x L
LfH|[x|L L
LfH|[x|H H
tluofefx L
Llu|H|x H

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

LOGIC SYMBOL

E{o—15
44—z, 10a b— 2
Hap—23
77— lob p—75
b p—¢6
12 — Z¢ loc b—14
lc pb—13
9—24 lod f—11
1d F—10
Vec=Pin 16
GND=Pin 8

CONNECTION DIAGRAM

v T
s 16| Vcc
loa [2] E E
ha [3] E loc
Za E e
lob |5 1] 2.
11 [8] [11] lod
2 [7] [10] 114
GND [] (9] 29
J Suffix — Case 620-08
(Ceramic)
N Suffix — Case 648-05
(Plastic)
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MC54F/74F157

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT

Vcc | Supply Voltage 54,74 4.50 5.0 5.50 v
4 -
TA Operating Ambient Temperature Range 34 :5)5 gg 17205 °Cc
IOH Output Current — High 54,74 -1.0 mA
loL Output Current — Low 54,74 20 mA
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
LIMITS

SYMBOL PARAMETER MIN TYP | mMax | UNITS TEST CONDITIONS
VIH Input HIGH Voltage 20 Vv Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 \% Guaranteed Input LOW Voltage
ViIK Input Clamp Diode Voltage -1.2 A" IIN=-18 mA Vce = MIN,

54,74 | 25 3.4 ; IoOH=-1.0mA |Vgc=4.50V
VOH Output HIGH Voltage — ——
74 2.7 3.4 v IoH=-1.0mA |Vcc=4.75V
VoL Output LOW Voltage 0.35 0.5 \Y loL =20 mA Vce = MIN
| Input HIGH Current 20| wA LVINZ27V Vee = MAX
n =
IH ney urre 100 | wA |VinN=70V cc
i Input LOW Current -0.6 mA | VIN=05V Vcce = MAX
Output Short Circuit _ _

los Current (Note 2) -60 -150 mA Vout=0V Vce = MAX
Icc Power Supply Current 15 23 mA All Inputs = 4.5V |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 = -55 to +125°C| T = O to +70°C
SYMBOL PARAMETER Vee=+5.0V Vee=5.0V £10% |Voe =5.0V £ 10%| UNITS
CpL=50pF CL=50pF CL =50 pF
MIN TYP MAX MIN MAX MIN MAX
tPLH Propagation Delay 45 10.1 13 3.5 17 4.5 15
tpHL  |StoZn 35 6.3 9.0 35 125 35 10.0 ns
tPLH Propagation Delay 5.0 7.6 10 5.0 15 5.0 11.5
tpHL |EtoZn 3.8 5.3 7.0 3.8 8.5 3.8 8.0 ns
tPLH Propagation Delay 3.0 5.5 7.0 3.0 10 3.0 8.0
tPHL  |Into2Zn 25 46 5.5 15 75 20 7.0 ns

FUNCTIONAL DESCRIPTION — The F157 is a quad 2-input multiplexer. It selects four bits of data
from two sources under the control of acommon Select input (S). The Enable input (E) is active LOW.
When E is HIGH, all of the 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:

Z3=E- (13- S+lpa-S) Zp=E: (l1p- S+lop: S
Ze=E. (¢- S+loc+ 5)  2Z4=E- (l1d- S+lod- S

A common use of the F157 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 F157 can generate any four of the 16
different functions of two variables with one variable common. This is useful for implementing
highly irregular logic.

FAST AND LS TTL DATA

4-52



M) mororoLa MC54F158

MC74F158

QUAD 2-INPUT MULTIPLEXER

DESCRIPTION — The MC54F/74F158is a high-speed quad 2-input
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 ‘F158 can also generate QUAD 2-INPUT
any four of the 16 different functions of two variables. MULTIPLEXER

FAST™ SCHOTTKY TTL

LOGIC DIAGRAM
£ s LOGIC SYMBOL
loa Mha loo hb  loc e lod  Md
1
S
E fo—15
4 —Q}Z, 10a b—2
Hapb—3
7 —4Zp lob p—5
h L = bl = dd = 11p 6
12— Z loc p—14
e p—13
9 —af Z4 lod p—11
Id p—10
ia -Zb 7: —zd
Vec=Pin 16
GND =Pin 8
CONNECTION DIAGRAM
TRUTH TABLE
A T
INPUTS OUTPUTS s3] et *,_—Gl Vee
E S I 1 V4 10a E E E
Hl X |Xx x H
LfL|L x H 11a 3] 3] 1o
L{L|H X L 5
A ) 13} 1
LiH|Xx L H a : [13] e
L{H|[Xx H L lob 5] [12] Z,
H = HIGH Voltage Level 11b E [11] 10g
L = LOW Voltage Level =
|
X = Immaterial Zp E E 1d
GnNo [g] 5174
J Suffix — Case 620-08
(Ceramic)
N Suffix — Case 648-05
(Plastic)
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MC54F/74F158

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
Vce Supply Voltage 54,74 4.50 5.0 5.50 \
54 -55 2
TA Operating Ambient Temperature Range 74 ° 2: 172: °C
IoH Output Current — High 54,74 -1.0 mA
loL Output Current — Low 54,74 20 mA
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
LIMITS
SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS
VIH Input HIGH Voltage 2.0 \ Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 \ Guaranteed Input LOW Voltage
VIK Input Clamp Diode Voltage -1.2 \ hIN=-18 mA Vce = MIN,
54, 74 25 3.4 \ IoH=-1.0 mA Ve =4.50V
VOH Output HIGH Voltage =i -
74 2.7 3.4 \% IoH=-1.0 mA Vcc =475V
VoL Output LOW Voltage 0.35 0.5 \ loL=20 mA Vee = MIN
20 nA VIN=27V
| Input HIGH Current Vce = MAX
H P 100 | xA | IN=70V ce
/TR Input LOW Current -0.6 mA VIN=05V Ve = MAX
Output Short Circuit _ ~
los Current (Note 2) -60 -150 mA VouT=0V Ve = MAX
lcc Power Supply Current* 10 15 mA Vee = 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 = +256°C TA =-5510+125°C| Ta = 0to +70°C
SYMBOL PARAMETER Vec=16.0V Vee=5.0V£10% [Vcc=5.0V£10%| UNITS
CL=50pF CL =50 pF CL=50pF
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 |StoZ 4.0 6.9 9.0 4.0 10.5 4.0 10.5 ns
tPLH Propagation Delay 3.5 6.2 8.0 3.5 9.5 3.5 9.0
tpHL |EtoZp 35 6.4 8.5 35 9.5 3.5 95 ns
tPLH Propagation Delay 3.0 4.4 5.9 25 8.5 3.0 7.0
tPHL |IntoZ 15 33 45 1.5 6.0 15 5.5 ns

*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 under the control of acommon Select input(S) and presents the data in inverted form at
the four outputs. The Enable input (E)isactive 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 where 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
Selectinput. Aless obvious use is as a function generator. The F158 can generate four functions of
two variables with one variable n common. This is useful for implementing gating functions.
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MOTOROLA MC54F160A
MC74F160A
MC54F162A
MC74F162A

SYNCHRONOUS PRESETTABLE
BCD DECADE COUNTER Lol

PE Py Py P P3
CEP

The MC54/74F160A and MC54/74F162A are high-speed synchronous decade

counters operating in the BCD (8421) sequence. They are synchronously presetta- ] (C:f,T T
ble for application in programmable dividers and have two types of Count Enable R_Q 01 0 Q3
inputs plus a Terminal Count output for versatility in forming synchronous multi- T T 17T
stage counters. The MC54/74F160A has an asynchronous Master Reset input that LOGIC SYMBOL
overrides all other inputs and forces the outputs LOW. The MC54/74F162A has a AR for MC54/74F160A
Synchronous Reset input that overrides counting and parallel loading and allows *SR for MC54/74F162A

the outputs to be simultaneously reset on the rising edge of the clock. The MC54/
74F160A and MC54/74F162A are high-speed versions of the MC54/74F160 and
MC54/74F162.

o Synchronoué Counting and Loading

e High-Speed Synchronous Expansion
o Typical Count Rate of 120 MHz

E

! ;L/ CASE 648-05
MC5474F160A & MC5474F162A
Ead —u—_

CEP—= E [16] Vee
(2] 18] Tc
G [14] 0
' Pr[] 13 o
(5]
(e

CET.

<
-4
o
o

MC54 74F162A
ONLY

T

;

MC5474F160A
ONLY

2] 0
1] 0

DETAIL A DETAL A DETAILA CEP |7 E CET
GND [8 (9] 7E

CONNECTION
DIAGRAM

|
1
1

i
MR (MC5474F160A)

SR (MC54 74F1624)

G W 0 0

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 Typ Max Unit
Vee Supply Voltage 54, 74 4.5 5 5.5 \
TA Operating Ambient Temperature Range 5 =% 2 125 °C
74 0 25 70
loH Output Current — High 54, 74 -1 mA

loL Output Current — Low 54,74 20 mA
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MC54F/74F160A
MC54F /74F162A

Functional Description

The MC54/74F160A 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 MC54/74F160A) 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
(MC54/74F160A), synchronous reset (MC54/74F162A),
parallel load, count-up and hold. Five control inputs —
Master Reset (MR, MC54/74F160A), 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 CP. A
LOW signal on PE overrides counting and allows infor-
mation on the Parallel Data (Pp,) inputs to be loaded into
the flip-flops on the next rising edge of CP. With PE and
MR (MC54/74F160A) or SR (MC54/74F162A) HIGH, CEP
and CET permit counting when both are HIGH. Con-
versely, a LOW signal on either CEP or CET inhibits
counting.

The MC54/74F160A 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 — Qp)
H H H H Count (Increment)
H H L X No Change (Hold)
H H X L No Change (Hold)

*For MC54/74F162A 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
] Guaranteed Input HIGH Voltage f
varanteed Inpu oltage for
VIH Input HIGH Voltage 2 \% All Inputs
Guaranteed Input LOW Voltage for
ViL Input LOW Voltage 0.8 v All Inputs
ViK Input Clamp Diode Voltage -1.2 \ Vce = MIN, |y = —18 mA
54 25 3.4 v Vee = MIN, loy = MAX
CcC < IOH ,
VoH Output HIGH Voltage 74 2.7 3.3 Vv VIN = V|H or V| per Truth Table
54,74 0.30 0.5 \ Vee = Vee MIN,
VoL Output LOW Voltage 74 0.35 05 v loL = 20 mA VIN = ViLor VIH
per Truth Table
Input HIGH Current
MR, Data, CEP, Clock 20 pA Vee = MAX, VN = 27V
I PE, CET, SR
MR, Data, CEP, Clock 0.1
MR, . g A = , =
PE. CET 01 m. Vee = MAX, VN = 7V
Input LOW Current
[T MR, Data, CEP, Clock -0.6 mA Vce = MAX, VN = 05V
PE, CET, SR -1.2
los Short Circuit Current —-60 - 150 mA Vce = MAX, Voyt =0V
Power Supply Current
Icc Total, Output HIGH 37 55 mA Vece = MAX
Total, Qutput 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
MCS54F/74F162A

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-

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 Diagram.

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 MC54/74F160A and MC54/74F162A dec-

AC CHARACTERISTICS See Page 5 for waveforms and load configurations

Logic Equations: Count Enable = CEP « CET « PE
TC = Qp+Qq1+Q2+Q3-CET

54/74F 54F 74F
TA = +25°C  |TA = -55°Cto +125°C| TA = 0°C to 70°C
Symbol Parameter Vec = +5V Veec =5V £10% Vec =5V £10% | units
CL = 50 pF CL = 50 pF CL = 50 pF
Min Max Min Max Min Max
fmax Maximum Count Frequency 100 75 90 . MHz
tPLH Propagation Delay, Count 3.5 7.5 35 9 3.5 8.5
tPHL CP to Qp, (PE Input HIGH) 35 10 35 115 3.5 1
ns
tPLH Propagation Delay 3.5 8.5 4 10 35 9.5
tPHL CP to Qp, (PE Input LOW) 4 8.5 4 10 4 9.5
tPLH Propagation Delay 5 14 5 16.5 5 15 n
tPHL CPto TC 45 14 5 15 45 15 S
tPLH Propagation Delay 2.5 7.5 25 9 25 8.5 n
tPHL CETto TC 25 75 25 9 25 85 s
Propagation Delay
tPHL MR to Qp (MC54/74F160A) 55 12 55 4 55 3 ns
Propagation Delay
tPHL MR to TC (MCS4/74F160A) 4.5 10.5 4.5 12,5 4.5 11.5 ns
AC OPERATING REQUIREMENTS: See Page 5 for waveforms
54/74F 54F 74F
Ta = +25°C TA = —55°Cto +125°C| Tp = 0°C to 70°C
Symbol Parameter Vee = +5V Vee =5V =10% Vee =5V £10% | ynits
CL = 50 pF CL = 50 pF CL = 50 pF
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 5 5.5 5
tsil) Pnh to CP 5 55 5
ns
th(H) Hold Time, HIGH or LOW 2 25 2
th(L) Pp to CP 2 2.5 2
tg(H) Setup Time, HIGH or LOW 1 13.5 115
tglL) PE or SR to CP 8.5 10.5 9.5
ns
th(H) Hold Time, HIGH or LOW 2 2 2
thiL) PE or SR to CP 0 0 0
ts(H) Setup Time, HIGH or LOW 1" 13 1.5
1g(L) CEP or CET to CP 5 6 5
ns |
th(H) Hold Time, HIGH or LOW 0 0 0 |
ty(L) CEP or CET to CP 0 0 0
tw(H) Clock Pulse Width (Load) 5 5 5 ns
twil) HIGH or LOW 5 5 5 |
tw(H) Clock Pulse Width (Count) 4 5 4 ns ‘
twlL) HIGH or LOW 6 8 7
MR Pulse Width, LOW
twlb) (MC54/74F160A) 5 5 5 ns
t Recovery Time 6 6 6
rec MR to CP (MC54/74F160A)
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MC54F/74F160A
MC54F/74F162A

ALL OTHER

500 @

*INCLUDES JIG AND PROBE CAPACITANCE
Figure 1. Test Load

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

[— twL) —

m
[=]
Bl
o
<

V= 15V

tPLH

Vout Vim

tPHL

Vour Vm

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

MS, MR, PL, CL
X X Vi = 15V
MS, MR, PL, CL
trec r—

CPorE ]Zv—m-
—>{ tPHL I«—
Vout x Vm
—| PLH '——
Vour ZZ Vi

Figure 5. Asychronous Set, Reset, Parallel Load or
Clear, Active Rising-edge Clock or Active-LOW Enable
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@ MOTOROLA MC54F161A
MC74F161A
MC54F163A
MC74F163A

SYNCHRONOUS PRESETTABLE
BINARY COUNTER L1l

PE Pp Py P P
CEP

The MC54/74F161A and MC54/74F163A are high-speed synchronous modulo-16

binary counters. They are synchronously presettable for application in program- — T K
Y \ Y Y p PP prog

mable dividers and have two types of Count Enable inputs plus a Terminal Count ] CP.R Q Q0 0 03

output for versatility in forming synchronous multistage counters. The MC54/ 1T 1T 11T

74F161A has an asynchronous Master Reset input that overrides all other inputs LOGIC SYMBOL

and forces the outputs LOW. The MC54/74F163A has a Synchronous Reset input TR for MCSAT7AFTB1A

that overrides counting and parallel loading and allows the outputs to be simulta- SR for MC54/74F163A

neously reset on the rising edge of the clock. The MC54/74F161A and MC54/

74F163A are high-speed versions of the MC54/74F161 and MC54/74F163.

@ Synchronous Counting and Loading

e High-Speed Synchronous Expansion

e Typical Count Frequency of 120 MHz

CASE 620-08
[ Py P, P;
-
MCWIF!_;AOE‘;CEN,‘FI&A
cep l I CASE 648-05
CeT. ]
2 ¥ ,c w[] [1e] vee
&° = 2] [15] ¢
- Po 3] 14] 0
ot ] b P[] 3] o
| P2 E E] Q;
DETAIL A 1 DETAILA DETALA P3 E E 03
cep [7] [10] cer
R (MCSAT4FI61A) ; GND E El PE
SR McsanuF163) CONNECTION
% ' : o DIAGRAM
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 Typ Max Unit
vee Supply Voitage 54,74 45 5 5.5 \
TA Operating Ambient Temperature Range ad %8 ad 125 °C
74 0 25 70
IoH Output Current — High 54,74 -1 mA
loL Output Current — Low 54,74 20 mA
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MC54F/74F161A
MC54F/74F163A

Functional Description

The MC54/74F161A and MC54/74F163A count in mod-
ulo-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 MC54/74F161A) 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 (MC54/74F163A), parallel
load, count-up and hold. Five control inputs — Master
Reset (MR, MC54/74F161A), Synchronous Reset (SR,
MC54/74F163A), 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

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 CP. A
LOW signal on PE overrides counting and allows infor-
mation on the Parallel Data (Pp) inputs to be loaded into
the flip-flops on the next rising edge of CP. With PE and
MR (MC54/74F161A) or SR (MC54/74F163A) HIGH, CEP
and CET permit counting when both are HIGH. Con-
versely, a LOW signal-en either CEP or CET #nhibits
counting.

The MC54/74F161A and MC54/74F163A 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

TRUTH TABLE
*SR PE CET CEP Action on the Rising Clock Edge ()
L X X X Reset (Clear)
H L X X Load (Pp — Qp)
H H H H Count (Increment)
H H L X No Change (Hold)
H H X L No Change (Hold)

*For MC54/74F163A 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
Guaranteed Input HIGH Voltage for
VIH Input HIGH Voltage 2 \ Al Inputs
Guaranteed Input LOW Voltage for
ViL Input LOW Voltage 0.8 \ Al Inputs
VIK Input Clamp Diode Voltage -12 v Vce = MIN, Iy = —18 mA
54 2.5 34 v Vee = MIN, IgH = MAX,
cc +IOH ,
VoH Output HIGH Voltage 74 2.7 3.3 Vv VIN = V|H or V| per Truth Table
54,74 0.30 0.5 \ ’ Vee = Vee MIN,
VoL Output LOW Voltage 74 0.35 05 v loL = 20 mA VIN = VjLor ViH
per Truth Table
Input HIGH Current
Data, CEP, Clock 20 pA Vece = MAX, VN = 27V
IH PE, CET, SR
Data, CEP, Clock 0.1 - -
PE, CET, SR o1 | ™A | Voc = MAXVIN =7V
Input LOW Current
L Data, CEP, Clock -0.6 mA Vee = MAX, VN = 05V
PE, CET, SR -1.2
los Short Circuit Current -60 -150 mA Vee = MAX, Vouyt =0V
Power Supply Current
Icc Total, Output HIGH 37 55 mA Vce = 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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NMIC54F/74F161A

MC54F /74F163A
The Terminal Count (TC) output is HIGH when CET is for use as a clock or asynchronous reset for flip-flops,
HIGH and the counter is in state 15. To implement syn- counters or registers.

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

AC CHARACTERISTICS See Page 5 for waveforms and load configurations

Logic Equations: Count Enable = CEP« CET«PE
TC = Qp+Qq+Q2-Q3CET

54/74F 54F 74F
TA = +25°C TA = —55°C to +125°C| T = 0°C to 70°C
Symbol Parameter Vee = +5V Vec =5V =10% Veec =5V =10% | ynits
CL = 50 pF CL = 50 pF Cp = 50 pF
Min Max Min Max Min Max
fmax Maximum Count Frequency 100 75 920 MHz
tPLH Propagation Delay 35 75 35 9 3.5 8.5
tPHL CP to Qp, (PE Input HIGH) 35 10 35 11.5 35 1 s
tPLH Propagation Delay 35 8.5 4 10 35 9.5
tPHL CP to Qp, (PE Input LOW) 4 85 4 10 4 9.5
tPLH Propagation Delay 5 14 5 16.5 5 15 ns
tpHL CPtoTC 45 14 5 15 45 15
tPLH Propagation Delay ' 25 75 25 9 25 8.5 ns
tPHL CET to TC 25 7.5 2.5 9 2.5 8.5
Propagation Delay
tPHL R to Qp (MC54774F161A) 5.5 12 5.5 14 5.5 13 ns
Propagation Delay
tPHL TR to TC 45 10.5 45 12,5 45 1.5 ns

AC OPERATING REQUIREMENTS: See Page 5 for waveforms

54/74F 54F 74F
Ta = +25°C Ta = —55°Cto +125°C| TA = 0°C to 70°C
Symbol Parameter Vec = +5V Veec =5V £10% Vec =5V £10% | uynits
CL = 50 pF CL = 50 pF CL = 50 pF
Min Max Min Max Min Max
tg(H) Setup Time, HIGH or LOW 5 5.5 5
ts(L) Pn to CP 5 5.5 5
ns
th(H) Hold Time, HIGH or LOW 2 25 2
thiL) Pp to CP 2 25 2
tg(H) Setup Time, HIGH or LOW 1" 135 11.5
tg(l) PE or SR to CP 8.5 10.5 9.5
ns
th(H) Hold Time, HIGH or LOW 2 2 2
thiL) PE or SR to CP 0 0 0
tg(H) Setup Time, HIGH or LOW 1" 13 11.5
tg(L) CEP or CET to CP 5 6 5
ns
th(H) Hold Time, HIGH or LOW 0 0 0
tH(L) CEP or CET to CP 0 0 0
tw(H) Clock Pulse Width (Load) 5 5 5 ns
twil) HIGH or LOW 5 5 5
tw(H) Clock Pulse Width (Count) 4 5 4 ns
twll) HIGH or LOW 6 8 7
MR Pulse Width, LOW
twll) (MC54/74F161A) 5 5 5 e
¢ Recovery Time 6 6 6
rec MR to CP (MC54/74F161A)
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MCS54F/74F161A
MC54F /74F163A

EORCPi { vy = 15V

*INCLUDES JIG AND PROBE CAPACITANCE Figure 2. Propagation Delays from Rising-edge

Figure 1. Test Load Clock or Enable

S, MR, PL, CL

X X Vi = 15V
MS, MR, PL, CL __»l
trec r—
CPorE /Z
Figure 3. Waveform for Non-l}lverting Functions

—> PHL r—
V, \

I"‘h(L) I‘"h(H} 1 | p

t V
Vo = 15V l sulH) (Vm out Zlvm

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

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

MC54F174
MC74F174

HEX D FLIP-FLOP WITH MASTER RESET
HEX D FLIP-FLOP

DESCRIPTION — The MCB4F/74F174 is a high-speed hex D flip- WITH MASTER RESET
flop. The device is used primarily as a 6-bit edge-triggered storage "
register. The information on the D inputs is transferred to storage FAST™ sCHOTTKY TTL

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 LOGIC SYMBOL
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 14 —{D5 Q5f— 15
elements. 13— D4 Qf—12
o EDGE-TRIGGERED D-TYPE INPUTS 11— D3 azf}—10
o BUFFERED POSITIVE EDGE-TRIGGERED CLOCK 6 —1 Dy Ql—7
o ASYNCHRONOUS COMMON RESET 4—Dq Qi}—5
3—Dg Qt—2
CP MR
9 1
. Vcec = Pin 16
TRUTH TABLE GND = Pin 8
INPUTS OUTPUTS
@th, MR = H @tn 41 CONNECTION DIAGRAM
Dn Qn
H H
L L
7
VR [1] 6] vee
tn = Bit time before clock pulse
tn 4 1 = Bit time after clock pulse Qo 2] [15] 05
H = HIGH Voltage Level
L = LOW Voltage Level Do [3] 14] Os
D1 [4] 13] D4
Qs [5] [i2] 04
Dz [6] 1] 03
Qa E 1__o_| Q3
GND [B] 9] cp
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MC54F/74F174

LOGIC DIAGRAM

=

R CP Ds Dg D3 D2 Dy Do

ot

Qs Q4 Q3 07] Qq Qo

GUARANTEED OPERATING RANGES

SYMBOL PARAMFTER ) MIN CTYP MAX UNIT
Vee Supply Voltage 54, 74 4.5 5.0 5.5 \"

. . 54 -55 25 125 o
TA Operating Ambient Temperature Range 74 0 25 70 C
loH Output Current — High 54, 74 -1.0 mA
loL 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 \ Guaranteed Input LOW Voltage
VIK Input Clamp Diode Voltage -1.2 \ Vee = MIN, |y = —18 mA
54,74 2.5 \ loL = =1.0mA Vee = 450V
VOH Output HIGH Voltage -
74 2.7 \ loL = -1.0 mA Vee = 475V

VoL Output LOW Voltage 0.5 \% loL = 20 mA Vce = MIN

20 Vee = MAX, VIN = 27V
IIH Input HIGH Current KA cc IN

0.1 mA Vee = MAX, VIN = 7.0V
T Input LOW Current -0.6 mA Vee = MAX, Viy = 05V

Output Short Circuit _ _ _ _
los Current (Note 2) 60 150 mA Vee = MAX, Voyt =0V
Icc Power Supply Current 30 45 mA \égc=:l\_/|AX, On = MR = 4.5V,
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
54/74F 54F 74F
Ta = +25°C Ta = =55t0 +125°C| Tp = 0to +70°C
SYMBOL PARAMETER Vee = +5.0V Vee = 5.0V =10% |Vce = 5.0V £10%| UNITS
CL = 50 pF CL = 50 pF CL = 50 pF
MIN TYP MAX MIN MAX MIN MAX
frmax Maximum Clock Frequency 100 140 80 80 MHz
tPLH Propagation Delay 3.5 55 8.0 3.5 10.0 35 9.0 ns
tPHL CPto Qp 45 7.0 10 45 12.0 45 11.0
Propagation Delay
tPHL MR to Qp, 5.0 10 14 5.0 16.0 5.0 15.0 ns
AC OPERATING REQUIREMENTS
54/74F 54F 74F
Ta = +25°C Ta = —55t0 +125°C| Tp = 0to +70°C
SYMBOL PARAMETER Vee = +50V Vee = 50V =10% Ve = 5.0V x1o%| UNTS
MIN TYP MAX MIN MAX MIN MAX
tg (H) Set up Time, HIGH or LOW 4.0 4.0 4.0
ts (L) Dp to CP 4.0 4.0 4.0
ns
th (H) Hold Time, HIGH or LOW 0 1.0 0
th (L) Dp, to CP 0 1.0 0
tyy (H) - 4.0 4.0 4.0
tuy (L) CP Pulse Width, HIGH or LOW 6.0 6.0 6.0 ns
tw (L) MR Pulse Width LOW 5.0 5.0 5.0 ns
Recovery Time
trec T 1o CP 5.0 5.0 5.0 ns
AC TEST CIRCUIT

O Test Point for High Impedance Scopes

R2 = 500 Q
*10%

— — For 50 Q scopes, add a
450 () resistor in series
with the scope and delete
R2.

Fig. 1
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@ MOTOROLA
MC54F175

MC74F175

QUAD D FLIP-FLOP
QUAD D FLIP-FLOP

DESCRIPTION — The MC54F/74F175 is a high-speed quad D flip- FAST™ sCHOTTKY TTL
flop. The device is useful for general flip-flop requirements where
clock and clear inputs are common. The information onthe 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.

© EDGE-TRIGGERED D-TYPE INPUTS LOGIC sYMBOL
© BUFFERED POSITIVE EDGE-TRIGGERED CLOCK
© ASYNCHRONOUS COMMON RESET

© TRUE AND COMPLEMENT OUTPUT 1 9

b |

3—o c)I\éIR cpP L
2 —ap Pof—a4
FUNCTIONAL DESCRIPTION — The F175 consists of four edge- 6 —o| Qs
triggered D flip-flops with individual D inputs and Q and Q outputs. Di}—s5
The Clock and Master Reset are common. The four flip-flops will store 7™
the state of their individual D inputs on the LOW-to-HIGH clock (CP) 11 —0] 02 oo b—12
transition, causing individual Q and Q outputs to follow. ALOW input 10 Q2
on the Master Reset (MR) will force all Q outputs LOW and Q outputs 14 —Of Q3
HIGH independent of Clock or Data inputs. The F175 is useful for 15 — a3 D3p—13
general logic applications where a common Master Reset and Clock
are acceptable.
TRUTH TABLE Vee=Pin 16
GND=Pin8

INPUTS | OUTPUT
@t MR=H| @th+1

Dn Qn Qn
CONNECTION DIAGRAM
L L H
H H L —
tn = Bit time before clock positive-going transition MR E 16] Vce
tnh + 1 = Bit time after clock positive-going transition Qp [2 5] Q
H = HIGH Voltage Level 0 E :ﬂ 3
L = LOW Voitage Level 60 E E Q3
Do [4] 13] D3
D1 3] 2] D2
a; [¢] 1] 0,
o1 [ [19] 0
GND [g] 5] cp
J Suffix — Case 620-08
(Ceramic)
N Suffix — Case 648-05
(Plastic)
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MC54F/74F175

LOGIC DIAGRAM

R CP D3 D2 D1 Do

L D Q L D Q I— D Q D Q
———Oj|CP _Q CP Q CP Q CP Q
cD O—I cD O-I cD O_I cn
a Q Q

1 Qp Qo

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
Vee Supply Voltage 54,74 4.50' “5.0 B " 56.50 L \%
. ) 54 -55 25 125
TA Operating Ambient Temperature Range 72 0 25 70 °C
loH Output Current — High 54,74 -1.0 mA
loL Output Current — Low 54,74 20 mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER MIN Ll?/\l(lgs VIAX UNITS TEST CONDITIONS
VIH Input HIGH Voltage 2.0 \Y Guaranteed Input HIGH Voltage
VIL Input LOW Voltage 0.8 \Y Guaranteed Input LOW Voltage
ViK Input Clamp Diode Voltage -1.2 A\ IIN=-18 mA Vee =MIN
54,74| 25 3.4 v IoH=-1.0mA | Vgc =450V
VOH Output HIGH Voltage = i
74 2.7 3.4 Vv IoH=-1.0mA Vec =475V
VoL Output LOW Voltage 0.35 0.5 \ loL =20 mA Vce = MIN
IH Input HIGH Current 20 uA ViN=27V Vee = MAX
100 nA VIN=7.0V Vce = MAX
L Input LOW Current -0.6 mA VIN=0.5V Vce = MAX
los  |ou ey -60 150 | mA | VouT=0V  |Vcc=MAX
lcc Power Supply Current 225 34 mA I(::)S :ﬂﬂj =48V Vce = 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.
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MC54F/74F175

AC CHARACTERISTICS

54/74F 54F 74F
TA = +25°C TA=-55 to +125°C| TA=0to +70°C
SYMBOL PARAMETER Vec=+5.0V Vce =5.0V £10% [Vee =5.0V + 10%]| UNITS
CL =50 pF CL =50 pF CL=50pF
MIN TYP MAX MIN MAX MIN MAX
fmax Maximum Clock Frequency 100 140 100 100 MHz
tPLH Propagation Delay 35 5.0 6.5 3.5 8.5 35 7.5
tpHL | CPto Qpor Qp 40 6.5 8.5 40 105 4.0 9.5 ns
Propagation Delay
PHL | MR 10 Oy, 45 9.0 115 45 15 45 13 ns
Propagation Delay
®LH | MR 1o Oy 4.0 6.5 8.5 4.0 10 40 9.0 ns
AC OPERATING REQUIREMENTS
54/74F 54F 74F
Ta = +25°C TA=-5510 +125°C| Ta =0 to +70°C
SYMBOL PARAMETER Vee=+5.0V Ve = 5.0V +10% | Voo = 5.0V + 10%| UNITS
MIN TYP MAX MIN MAX MIN MAX
ts (H) Set up Time, HIGH or LOW 3.0 3.0 3.0
ts(L) |DntoCP 3.0 3.0 3.0 ne
th (H) Hold Time, HIGH or LOW 1.0 1.0 1.0
th(l) |DptoCP 1.0 1.0 1.0
tw (H) | CP Pulse Width, HIGH 4.0 4.0 4.0
tw (L) or LOW 5.0 5.0 5.0 ns
tw (L) | MR Pulse Width LOW 5.0 5.0 5.0 ns
trec Rel\cn—‘;;’ f;yCTF',me 5.0 5.0 5.0 ns
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MOTOROLA
MC54F181
MC74F181

Advance Information

4-BIT ARITHMETIC
4-BIT ARITHMETIC LOGIC UNIT LOGIC UNIT

FAST™ SCHOTTKY TTL
DESCRIPTION — The MC54F/74F181 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.

© PROVIDES 16 ARITHMETIC OPERATIONS CONNECTION DIAGRAM
ADD, SUBTRACT, COMPARE, DOUBLE, PLUS TWELVE
OTHER ARITHMETIC OPERATIONS

© PROVIDES ALL 16 LOGIC OPERATIONS OF TWO VARIABLES 5[] A=  vee
EXCLUSIVE-OR, COMPARE, AND, NAND, OR, NOR, PLUS -0 -
TEN OTHER LOGIC OPERATIONS Ao [Z] 23] A4
O FULL LOOKAHEAD FOR HIGH-SPEED ARITHMETIC OPERA- s3] 7 51
TION ON LONG WORDS -
© 600 OR 300 MIL WIDE DIP PACKAGES s2[4] 2] A2
s1[3] 20] B2
SoE E A3
CnE E§3
m[E] mld "
I
Fo[2] [76] Cn+ 4
F1fi9] 15] P
Fo [0} [1a] A=B
GND 2] [13] F3

J Suffix — Case 623-05

(Ceramic)
N Suffix — Case 649-03

(Plastic)

GUARANTEED OPERATING RANGES
SYMBOL PARAMETER MIN TYP MAX UNIT
Vce Supply Voltage 54,74 4.50 5.0 5.50 Y
4 -
TA Operating Ambient Temperature Range 34 25 g: 17205 °C
IoH Output Current — High 54,74 -1.0 mA
VOH Output Voltage — High 54,74 5.5 Vv
A = B output

loL Output Current — Low 54,74 20 mA
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MC54F/74F181

LOGIC SYMBOLS

ACTIVE-HIGH OPERANDS

2 1232221201918

HEEEENE

N
w
N
N

jo—
lo— —
lo—
Zh—=

Ap BoA1B1 A2 B A3 B3 Ag Bo A1 By Az B2 A3
7—0{Cn Cn+4fo— 16 7—Cn Cn+4 b—16
8—M 8 —M
6—so A=Bp—14 6 So A=B}—14
5—181 Gl—17 5—1S4 Gjlo—17
4—]sy 4—S2
3—1s3 Pl—1s 3—]s3 Pl—15
Fo F1 F2 F3 F1 F2 F3

T g onze T T

9 10 11 13 10 1 13

LOGIC DIAGRAM

Ch M Ag Bo A1q B Ay Ba A3z B3
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MC54F/74F181

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS
VIH Input HIGH Voltage 2.0 \ Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 \ Guaranteed Input LOW Voltage
VIK Input Clamp Diode Voltage -1.2 \% IIN=-18 mA Vce = MIN
IoH Output Current — HIGH 250 nA VOH=5.5V Vce = MIN, A=B
54,74| 25 3.4 \ loH=-1.0mA | Vcc=450V
VOH Output HIGH Voltage
74 2.7 34 v IoH=-1.0mA | Vcc=4.75V
VoL Output LOW Voltage 0.35 0.5 \ loL=20 mA Vee = MIN
20 A VIN=2.7V
IIH Input HIGH Current K IN Vee = MAX
100 A VIN=7.0V
M Input -0.6 mA
A and B Inputs -1.8 mA _ _
L Input LOW Current So_3 Inputs =32 A ViN=0.5V Vce = MAX
Cn Input -3.0 mA
Output Short Circuit _ _
los Current (Note 2) -60 -150 mA Voutr=0V Vee = MAX
Icc .|Power Supply Current 43 65 mA Vee = 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 (S9-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 Controlinput (M) is HIGH, all internal carries are inhibited and the device performs
logic operations on the individual bits as listed. When the Mode Control inputis 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 F is zero or less, while G indicates that F is less than
zero. Pand G are not affected by carry in. When speed requirements are not stringent, it can be used
inasimple Ripple Carry mode by connecting the Carry output(Cp + 4) signal to the Carry input (Cp,) 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 Cp, + 4 signal to indicate A> B and A< B.

The Function Table lists the arithmetic operations that are performed without a carry in. Anincom-
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 Bwhen a carry is applied. Because
subtraction is actually performed by complementary addition (1s 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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MC54F/74F181

AC CHARACTERISTICS

54/74F 54F 74F
TA = +25°C TA = 55 to +125°C| Ta = 0 to +70°C
SYMBOL PARAMETER Vee=+6.0V Vec =5.0V £10% |Voe =5.0V + 10%| UNITS
CL =50 pF CL=50pF CL=50pF
PATH MODE | MIN | TYP | MAX | MIN | MAX | MIN | MAX
tPLH 30 6.4 85 30 12 30 95
tpaL | CntoCn+4 3.0 6.1 8.0 3.0 15 3.0 2.0 ns
tPLH = = 5.0 10 13 5.0 18 5.0 14
tpp. | AOrBtoCn+a Sum | 59 9.4 12 5.0 17 5.0 13 ns
PLH | ~ = |50 | 108 14 50 | 195 | 50 15
o | AOrBtoCn+a Dif | 59 10 13 5.0 18 5.0 14 ns
tPLH = 3.0 6.7 8.5 3.0 12 3.0 9.5
tp. | CntoF Any | 35 6.5 8.5 3.0 12 3.0 9.5 ns
P |~ = = 3.0 5.7 75 30 | 105 | 30 85
o | AOFBtG Sum | 35 5.8 75 3.0 105 | 30 85 ns
PLH | - = = |30 6.5 85 30 12 30 95
tpyL | AOTBtG Dif | 39 73 9.5 3.0 135 | 30 | 105 | s
PLH | - = = 30 5.0 70 30 10 30 8.0
oL | AOrBtoP Sum | 39 55 75 3.0 105 | 30 85 ns
L |~ = = a0 5.8 75 40 | 105 | 40 85
tp | AOrBtoP Dif | 40 6.5 8.5 4.0 12 40 95 ns
P | ~ = = 30 70 9.0 30 | 125 | 30 10
tpyL | AiorBitoF Sum | 39 7.2 10 30 14 3.0 10 ns
tPLH = | 30 8.2 1 30 | 155 | 30 12
tpyr | AiorBitoFi Dif | 39 5.0 1 30 | 155 | 30 12 ns
1 AnyAorB 2.0 80 | 106 | 40 | 155 | 40 | 115
PLH = Sum ns
tpHL | to Any F 40 78 10 40 14 40 1
tPLH | AnyAorB oif | 48 9.4 12 45 17 45 13 N
tpHL | to AnyF " a5 9.4 12 45 17 45 13 s
WLH |~ = = | a0 6.0 9.0 40 | 125 | 40 10
L | AOrBoF Logic | 49 6.0 10 40 14 4.0 11 ns
e |- =, . RERE 185 27 1 35 1 29
tpyr | AOBt0A=B Dif | 50 98 | 126 | 70 | 175 | 70 | 135 | ™
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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**

S3 S2 S1 S |IM=H (M=LI(Ch=0 M=H (M=L(Ch=H
L L L L |A A minus 1 A A
L L L H|[AB AB minus 1 A+tB A+B
L L H L [A+B ABminus1 AB A+B
L L H H [Logict minus1 LogicO minus 1
L H L L |A¥B Aplus(A+B) AB Aplus AB  _
L H L H|B AB plus (A +B) B (A + B) plus AB
L H H L AZ:;_B A mi_nus B minus 1 A_G-) B A_minus B minus 1
L H H H|[A+B A+B AB AB minus 1
H L L L |AB Aplus (A +B) A+B  Aplus AB
H L L H|A@B AplusB A@®B AplusB
H L H L |[B AB plus (A + B) B (A + B) plus AB
H L H H]|]A+B A+B AB AB minus 1
H H L L Lg_gic 0 A plus A* Logic1 A plus A*
H H L H |AB AB plus A A+B (A+ B) plus A
H H H L |AB AB minus A A+B (A+B)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 MC54F/74F182 is a high-speed carry look-
ahead generator. It is generally used with the F181, F381 or 29F01
4-bit arithmetic logic unit to provide high-speed lookahead over word

lengths of more than four\bits,

® PROVIDES LOOKAHEAD CARRIES ACROSS A GROUP OF

FOUR ALUs

® MULTI-LEVEL LOOKAHEAD HIGH-SPEED ARITHMETIC
OPERATION OVER LONG WORD LENGTHS

TRUTH TABLE
INPUTS OUTPUTS
Cn Go Po Gi Pi G2 P2 83 P3|Cnex Cnvy Cnez G P
X H H L
L H X L
X L X H
H X L H
X X X H H L
X H H H X L
L H X H X L
X X X L X H
X L X X L H
H X L X L H
X X X X X H H L
X X X H H H X L
X H H H X H X L
L H X H X H X L
X X X X X L X H
X X X L X % L H
X L X X L X L H
H X L X L X L H
X X X X X H H H
X X X H H H X H
X H H H X H X H
H H X H X H X H
X X X X X L X L
X X X L X X L L
X L X X L X L L
L X L X L X L L
H X X X H
X H X X H
X X H X H
X X X H H
L L L L L

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

MC54F182
MC74F182

CARRY LOOKAHEAD
GENERATOR

FAST™ SCHOTTKY TTL

LOGIC SYMBOL

13
Cn
Po fo— 4
Gojo—3
12—Cnsx Pl ,
Gijo—1
11=—Cn+y
P2 jo— 15
9—1Cn+z G2 14
P3lo— ¢
G3lo— 5
P G
7 10
Vcc=Pin16
GND =Pin 8

CONNECTION DIAGRAM

&0
P12
Go [3]
Po [}
G35
P3 [€]
Ju

GND (8

6] Ve
[15] P2
[13] G2
[13] Cn
E Cn+x
[11] Cn+y
W G

[9] Cn+z

J Suffix — Case 620-08
(Ceramic)

N Suffix — Case 648-05
(Plastic)
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MC54F/74F182

LOGIC DIAGRAM

CnGo Po G1P G2 P2 G3P3
T M 1. |
L AU I - J. L - LH. L
Cn+x Cn+y Cn+z G P
GUARANTEED OPERATING RANGES
SYMBOL PARAMETER MIN TYP MAX UNIT
Vee Supply Voltage 54,74 4.50 5.0 '5.50 \
TA Operating Ambient Temperature Range 32 _(5)5 gg 17205 °C
10H Output Current — High 54,74 -1.0 mA
loL Output Current — Low 54,74 20 mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS
VIH Input HIGH Voltage 2.0 \ Guaranteed Input HIGH Voltage
VIL Input LOW Voltage 0.8 \ Guaranteed Input LOW Voltage
VIK Input Clamp Diode Voltage -1.2 v IN=-18 mA Vee = MIN
54,74 25 34 \" loH=-1.0mA | Vcc=4.50V
VOH Output HIGH Voltage *
74 2.7 3.4 \" loH=-1.0mA | Vcc=4.75V
VoL Output LOW Voltage 0.35 05 v loL=20 mA Vce = MIN
20 A VIN=27V Vee = MAX
IIH Input HIGH Current k IN ce
100 pA VIN=7.0V Vce = MAX
Cp Input -1.2
P3 Input -2.4
Input LOW P2 Input -3.6 _ _
LS Current G3, Po, P1 Inputs -4.8 mA | VIN=05V Vee = MAX
Go, Gp Inputs -8.4
G4 Input -9.6
Output Short Circuit _ _
los Current {Note 2) -60 -150 mA VouT=0V Vee = MAX
P3,G3=45V
Power Supply Current _
IccH (All Outputs HIGH) 18.4 28 mA All Other Inputs | Ve = MAX
= GND
Go, G1. G2
Power Supply Current =45V B
lccL  |(an Outputs LOW) 235 | 36 | mA | Al Other Inputs | VCC T MAX
= 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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MC54F/74F182

AC CHARACTERISTICS

54/74F 54F 74F
Ta =+25°C TA =-5510+125°C| Tp=01to+70°C
SYMBOL PARAMETER Vec=+5.0V Vce=5.0V*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 3.0 6.6 8.5 3.0 10.5 3.0 9.5 <
tPHL | CntoCn+x Cn+y. Cn+z 3.0 6.8 9.0 3.0 11 3.0 10 n
tPLH Propagation Delay 25 6.2 8.0 25 10.7 25 9.0
tPHL | Po.P1 orP2toCp+x, 1.5 3.7 5.0 1.5 6.5 1.5 6.0 ns
Ch+y.Cn+z
tPLH Propagation Delay 25 6.5 8.5 2.5 10.5 2.5 9.5
tPHL | Go. G1 or G2 to Cn + x, 15 3.9 5.2 1.5 6.5 1.5 6.0 ns
Cn +y Cn +z
tPLH Propagatlon Delay 2.0 7.9 10 2.0 125 2.0 11
tPHL |P1.P2orP3toG 2.0 6.0 8.0 2.0 9.5 2.0 9.0 ns
tPLH Propagation Delay 2.0 8.3 10.5 2.0 125 2.0 115
tPHL Gnhto G 1.5 5.7 7.5 1.5 9.5 1.5 8.5 ns
tPLH Propagatlon Delay 25 5.7 7.5 25 11 2.5 8.5
tHL | PntoP 25 4.1 5.5 25 75 25 6.5 ns
FUNCTIONAL DESCRIPTION — The F182 carry lookahead generator accepts up to four pairs of
active-LOW Carry Propagate (Po-P3) and Carry Generate (GQ-G3) signals and an active-HIGH Carry
input(Cp) and provides anticipated active-HIGH carries {Cn + x, Cn +y, Cn + z) across four groups 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 G =Gg +P3G2 +P3P2G1 + P3P2P1Go
Cn+y=G1+P1G0 +P1PoCn P =P3P2P1P0
Cn+2z=G2+P2G1 +P2P1Go + P2P1PoCn
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 b 16-Bit Lookahead ALUs
Cn Cn
ALU** G fo—— ALU**G o—
Pjo—— P jo—
AB
| ® 18 ® .
Cn Cn+4 Cn Cn Cn+4 Cn —{Cn Cn+ap—Cn Cn+a}--OUT
ALU**G ALUG i ALU**G ALU*+G ALU** ] ALu** | {€32)
P P P P
® i
‘ 44
PoGo P1G1P2G2P3G3l Po GoP1G1P2G2P3G3
Cin Cn F182 G Cn F182 Gjo—
Cn+x Chn+yCn+zp Cn+x Cn+yCn+z Plo—
© [ o —|

**ALUs may be either F181, F381 or 2901A.
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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 preset feature 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 by the rising edge of the clock.

® HIGH-SPEED — 110 MHz TYPICAL COUNT FREQUENCY
® SYNCHRONOUS COUNTING

® ASYNCHRONOUS PARALLEL LOAD

® CASCADABLE

RC TRUTH TABLE MODE SELECT TABLE

MC54F190
MC74F190

UP/DOWN DECADE COUNTER
(With Preset and Ripple Clock)

FAST™ SCHOTTKY TTL

*TC is generated internally

INPUTS OUTPUT INPUIS MODE
CE TC* CP RC PL CE U/D CP
L|H|W u H{L | L|J |CountUp
H| X X H H | L | H|J |CountDown
X |t X H L X | X | X |Preset(Asyn)
H H X | X | No Change (Hold)

LOGIC SYMBOL

1115 110 9

&1

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

STATE DIAGRAM

!
COUNT UP———
(8] COUNT DOWN ---=

PL Pg P1 P2 P3
5——up RC Jo— 13
4 —O} CE
14 —J cp TC p—12

Qo Q1 Q2 Q3

3 2 6 7

Vcc=Pin 16
GND=Pin8

CONNECTION DIAGRAM

21K ~ [16] Vee
a1[2] 15] Po
Qo 3] [14] cp
ceE[d] - - [@IRe
T/D[3] [12] TC
Q2 [¢] mg
a3[7] 0] P2
GNDE (9]P3

J Suffix — Case 620-08

(Ceramic)

N Suffix — Case 648-05

(Plastic)
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MC54F/74F190

LOGIC DIAGRAM

cp U/D Po CE Pq
o 9 I3

P2

P3

JO |0

—(

c TC

2|

JCLOCK P% (élé%(_:KK J JCLOCKK P; Ecsl.oTCKK
ESET PRESET E
Lol PRESE e ar ) CLEAR N CLEAR CLEAR
Q aQ Q Q Q Q Q
| L | | | —
Qo Q1 Q2 Q3

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
Vee Supply Voltage 54,74 4.50 5.0 5.50 Y
. R 54 -55 25 125
TA Operating Ambient Temperature Range 72 0 25 70 °C
IoH Output Current — High 54,74 -1.0 mA
oL Output Current — Low 54,74 20 mA
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MC54F/74F190

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 (Pg-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. AHIGH signal onthe CEi inputinhibits counting. When CEis LOW, internal state changes are
initiated synchronously by the LOW-to-HIGH transition of the clock input. The direction ofcountmg
is determined by the U/ D input signal, as indicated in the Mode Select Table. CE and U/D canbe
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 U/D is changed. The TC output should not be used as a
clock signal because it is subject to decod:ng spikes. The TC signal is also used internally to enable
the Ripple Clock (RC) output. The RC output is normally HIGH. When CEisLOWandTCis 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. 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 MIN LI?/\!{I;’S MAX | UNITS TEST CONDITIONS
ViH Input HIGH Voltage 2.0 \ Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 \ Guaranteed Input LOW Voltage
ViK Input Clamp Diode Voltage -1.2 Vv N=-18 mA Vce = MIN
54,74 25 3.4 v IoH=-1.0mA | Vcc=4.50V
VOH Output HIGH Voltage
74 2.7 34 \Y IoH=-1.0 mA Vcc =475V
VoL Output LOW Voltage 0.35 0.5 \Z loL=20 mA Vee = MIN
IiH Input HIGH Current 20 pA | VIN=2.7V Vee = MAX
100 pA VIN=7.0V Ve = MAX
L Input LOW Current
gg‘l‘:’p'u"t"“‘s :?:g mA | V|N=0.5V Vee = MAX
los  [gu e -60 -150 | mA |Vour=0V | Vcc=MAX
Icc Power Supply Current 38 55 mA Vee = 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.
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MC54F/74F190

AC CHARACTERISTICS

54/74F 54F 74F
Ta=+25°C Ta = -55to +125°C| Tp =0to +70°C
SYMBOL PARAMETER Vec=+6.0V Vec =50V £10% |Vcc=5.0V £10%| UNITS
CL =50 pF CL =50 pF CL =50 pF
MIN TYP MAX MIN MAX MIN MAX
fmax 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 | CPtoQp 3.0 6.5 10 3.0 14 3.0 1 ns
tPLH Propagation Delay 8.0 125 16 8.0 225 8.0 17
tPHL | CPtoTC 5.0 95 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 | CPtoRC 3.0 5.0 8.0 3.0 1 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 45 7.0 3.0 10 3.0 8.0 ns
tPLH Propagation Delay 7.0 1 18 7.0 255 7.0 19
tpuL | U/DtoRC 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
tpuL | U/DtoTC 30 6.5 1 3.0 155 3.0 12 ns
tPLH Propagation Delay 3.0 4.6 7.0 3.0 10 3.0 8.0
tPHL | Pnto Qn 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 Qp 40 7.2 15 40 21 40 16 ns
AC OPERATING REQUIREMENTS
54/74F 54F 74F
TA=+25°C TA = -55 to +125°C| TA = O to +70°C
SYMBOL PARAMETER Vo= +5.0V Vee = 5.0 V £10% |V =5.0 v + 10%| UNITS
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) Pnto PL 3.0 3.0 3.0
Set up Time LOW
s |EEwcp 10 10 10
ns
Hold Time LOW
thl) | EErwocp 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
Recovery Time
trec BT 10 OP 7.0 7.0 7.0 ns
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MC54F191
MC74F191

Advance Information

UP/DOWN BINARY COUNTER

UP/DOWN BINARY COUNTER ' (With Preset and Ripple Clock)

With P t and Ripple Clock
(Wi reset and Ripple Clock) FAST™ SCHOTTKY TTL

DESCRIPTION — The MC54F/74F191 is a reversible modulo-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 variety of methods LOGIC SYMBOL
of implementing multistage counters. In the counting modes, state
changes are initiated by the rising edge of the clock.

© HIGH-SPEED — 110 MHz TYPICAL COUNT FREQUENCY 1w s

© SYNCHRONOUS COUNTING | J) |

© ASYNCHRONOUS PARALLEL LOAD CP CE U/D

© CASCADABLE 3 —10Qp PLIO—11
2—Ja Po}—15

FUNCTIONAL DESCRIPTION — The F191 is a synchronous up/ 6 —las .

down 4-bitbinary counter. It contains four edge-triggered flip-flops, Paf—10

with internal gating and steering logic to provide individual preset, 7—0Q3 P3}—9

count-up and count-down operations. TC RC

Each circuit has an asynchronous parallel load capability permitting 112 1?3

the counter to be preset to any desired number. When the Parallel

Load (PL) input is LOW, information present on the Parallel Data

inputs (Po-P3) is loaded into the counter and appears on the Q out-

puts. This operation overrides the counting functions, as indicated Vce=Pin 16

in the Mode Select Table. GND=Pin8

A HIGH signal on the CE input inhibits counting. When CE is LOW,
internal state changes are initiated synchronously by the LOW-to-
HI.GH transition ofthe clqck |nput: Thg dlre(?tnon of counting is deter- CONNECTION DIAGRAM
mined by the U/Dinput signal, as indicated in the Mode Select Table.
CE and U/D can be changed with the clock in either state, provided

. A) L]
only that the recommended setup and hold times are observed. Py E -~ EVCC
Q1[2 15] P
MODE SELECT TABLE RC TRUTH TABLE 1[Z] 5] Po
Qo [3 14
INPUTS INPUTS OUTPUT El 1d] cp
— MODE — — ] —
PL CE U/D cP CE TC' CP RC [13] RC
H]L]L | T |countup Lla]wr] r U/o [5] [12] Tc
H L|H J° | Count Down H X X H —_
Q:
L|x|x | x |Presetasyn) x |o | x H 2 €] [11] PL
H ] H]|X X | No Change (Hold) Q3 E E Py
H = HIGH Voltage Level GND [8 E P3

L = LOW Voitage Level

X = Immaterial

J Suffix — Case 620-08
{Ceramic)

N Suffix — Case 648-05
{Plastic)
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MC54F/74F191

FUNCTIONAL DESCRIPTION (continued)

Two types of outputs are provided as overflow/underflow indicators. The Terminal Count (TC) out-
putis normally LOW and goes HIGH when a circuit reaches zero in the count-down mode or reaches
15 inthe count-up mode. The TC output will then remain HIGH until a state change occurs, whether
by count