










































































































































































































































































































































































































































































































































































































LM224/A, LM324/A, LM2902 LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS 
(Vee = 5.0V, VEE = GND, unless otherwise specified) 
The following specification apply over the range of - 25°C5Ta5 + 85°C for the LM224; and the 0°C5Ta5 + 70°C 
for the LM324; and the - 40°C:5:Ta5 + 85°C for the LM2902 

LM224 LM324 LM2902 
Characteristic Symbol Test Conditions Unit 

Min Typ Max Min Typ Max Min Typ Max 

Input Offset Voltage VIO 
V,eM = OV to Vee -1.5V 

7.0 9.0 10.0 mV 
Vo = 1.4V, Rs = on 

Input Offset Voltage 
6V,0/6 T 7.0 7.0 7.0 INloC 

Drift 

Input Offset Current 1'0 100 150 200 nA 

Input Offset Current 
61d6T 10 10 10 pA/oC 

Drift 

Input Bias Current I,s 300 500 500 nA 

Input Common-Mode 
VieR 

Vee = 30V 
0 

Vee 
0 

Vee 
0 

Vee V 
Voltage Range (Vee = 26V for LM2902) -2.0 -2.0 -2.0 

Large Signal Voltage 
Av 

Vee = 15V, �R�L�~�2�.�0�K�n� 
25 15 15 V/mV 

Gain Vo= 1V to 11V 

Vee = 30V I RL= 2Kn 26 26 22 V 
VOH 

Output Voltage Swing Vee = 26V for 2902
1 RL = 10Kn 27 28 27 28 23 24 V 

VOL Vee = 5V, �R�L�~� 10Kn 5 20 5 20 5 100 mV 

Isource 
Vin + = 1V, Vin - = OV 

10 20 10 20 10 20 mA 

Output Current 
Vee = 15V, Vo=2V 

Vin + = OV, Vin - = 1V 
Isink 

Vee = 15V, Vo = 2V 
10 13 5 8 5 8 mA 

Differential Input 
V,o Vee Vee Vee V 

Voltage 
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LM224/A, LM324/A, LM2902 LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS 
(Vcc= 5.0V, VEE=GND, Ta=25°C, unless otherwise specified) 

LM224A LM324A 
Characteristic Symbol Test Conditions Unit 

Min Typ Max Min Typ Max 

Input Offset Voltage Via 
V1CM = OV to Vcc -1.5V 1.0 3.0 1.5 3.0 mV 
Vo= 1.4V, Rs=O 

Input Offset Current 110 2 15 3.0 30 nA 

Input Bias Current hs 40 80 40 100 nA 

Input Common-Mode 
VICR Vee = 30V 0 Vce 0 Vce V 

Voltage Range -1.5 -1.5 

RL= , Vee = 30V 1.5 3 1.5 3 rnA 
Supply Current (All Amps) lee 

0.7 1.2 0.7 1.2 rnA RL= , Vee=5V 

Large Signal Voltage Gain Av 
Vee = 15V, RL~2KQ 

50 100 25 100 VIm V 
Va = 1V to 11V 

Vee = 30V I RL= 2KQ 26 26 V 
VOH 

Vee = 26V for 2902 I RL = 10KQ 27 28 27 28 V Output Voltage Swing 

VOL Vce =5V, RL~10KQ 5 20 5 20 mV 

Common-Mode Rejection Ratio CMRR 70 85 65 85 dB 

Power Supply Rejection Ratio PSRR 65 100 65 100 dB 

Channel Separation CS f = 1 KHz to 20KHz 120 120 dB 

Short Circuit to GND los 40 60 40 60 rnA 

Isource 
Vin+ = 1V, Vin - = OV 

20 40 20 40 rnA 
Vce = 15V 

Output Current 
Vin + = OV, Vin - = 1V 

10 20 10 20 rnA 

ISink 
Vee = 15V, Vo= 2V 

Vin + = OV, Vin - = 1V 
12 50 12 50 !J.A 

Vee = 15V, Va = 200mV 

Differential Input Voltage VID Vee Vee V 
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LM224/A, LM324/A, LM2902 LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS 
(Vee=5.0V, VEE=GND, unless otherwise specified) 
The following specification apply over the range of - 25°C,!S;Ta,!S; + 85°C for the LM224A; and the O°C,!S;Ta,!S; + 70°C 
for the LM324A 

LM224A LM324A 
Characteristic Symbol Test Conditions Unit 

Min Typ Max Min Typ Max 

Input Offset Voltage VIO 
I VICM = OV to V cc - 1 .5V 

4.0 5.0 mV 
Vo = 1.4 V Rs = on 

Input Offset Voltage Drift 6V10/6T 7.0 20 7.0 30 p.V/oC 

Input Offset Current 110 30 75 nA 

Input Offset Current Drift 6110/6T 10 200 10 300 pA/oC 

Input Bias Current liB 40 100 40 200 nA 

Input Common-Mode 
VieR Vee = 30V 0 

Vee 
0 

Vee 
V 

Voltage Range -2.0 -2.0 

Large Signal Voltage Gain Av Vee = 15V RL~2.0Kn 25 15 V/mV 

VOH 
Vee = 30V ~I<n 26 26 

V 
Output Voltage Swing 

VOL 
IRL=10Kn 27 28 27 28 

Vee = 5V RL,!S; 10Kn 5 20 5 20 mV 

Isource 
Vin + = 1V Vin - = OV 

10 20 10 20 mA 
Vee=15V 

Output Current 
Vin + = OV Vin - = 1V 

Isink 
Vee = 15V 

5 8 5 8 mA 

Differential Input Voltage V ID Vee Vee V 
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LM224/A, LM324/A, LM2902 LINEAR INTEGRATED CIRCUIT 

APPLICATION NOTE 
The LM224 series are op amps which operate with only a single power supply voltage, have true-differential inputs, and 

remain in the linear mode with an input common-mode voltage of 0 Voc. These amplifiers operate over a wide range of power 
supply voltage with little change in performance characteristics. At 25°C amplifier operation is possible down to a minimum 
supply voltage of 2.3 Voe. 

The pinouts of the package have been designed to simplify PC board layouts. Inverting inputs are adjacent to outputs for 
all of the amplifiers and the outputs have also been placed at the corners of the package (pins 1, 7, 8, and 14). 

Precautions should be taken to insure that the power supply for the integrated circuit never becomes reversed in polarity 
or that the unit is inadvertently installed backwards in a test socket as an unlimited current surge through the resulting 
forward diode within the IC could cause fusing of the internal conductors and result in a destroyed unit. 

Large differential input voltages can be easily accommodated and, as input differential voltage protection diodes are not 
needed, no large input currents result from large differential input voltages. The differential input voltage may be larger 
than the Vee without damaging the device. Protection should be provided to prevent the input voltages from going 
negative more than - 0.3 Voc (at 25°C). An input clamp diode with a resistor to the IC input terminal can be used. 

To reduce the power supply current drain, the amplifiers have a class A output stage for small signal levels which converts 
to class B in a large signal mode. This allows the amplifiers to both source and sink large output currents. Therefore both 
NPN and PNP external current boost transistors can be used to extend the power capability of the basic amplifiers. The output 
voltage needs to raise approximately 1 diode drop above ground to bias the on-chip vertical PNP transistor for output cur­
rent sinking applications. 

For ac applications, where the load is capacitively coupled to the output of the amplifier, a resistor should be used, from 
the output of the amplifier to ground to increase the class A bias current and prevent crossover distortion. Where the load 
is directly coupled, as in dc applications, there is no crossover distortion. 

Capacitive loads which are applied directly to the output of the amplifier reduce the loop stability margin. Values of 50 pF 
can be accommodated using the worst-case non inverting unity gain connection. Large closed loop gains or resi~tive isola­
tion should be used if larger load capacitance must be driven by the amplifier. 

The bias network of the LM224 establishes a drain current which is independent of the magnitude of the power supply 
voltage over the range of 3 Voe to 30 Voc. 

Output short circuits either to ground or to the positive power supply should be of short time duration. Units can be destroyed, 
not as a result of the short circuit current causing metal fusing, but rather due-to the large increase in IC chip dissipation 
which will cause eventual failure due to excessive junction temperatures. Putting direct short-circuits on more than one amplifier 
at a time will increase the totallC power dissipation to destructive levels, if not properly protected with external dissipation 
limiting resistors in series with the output source current which is available at 25°C provides a larger output current capa­
bilityat elevated temperatures (see typical performance characteristics) than a standard IC op amp. 

The circuits presented in the section on typical applications emphasize operation on only a single power supply voltage. 
If complementary power supplies are available, all of the standard op amp circuits can be used. in general, introducing a 
pseudo-ground (a bias voltage reference of Ved2) will allow operation above and below this value in single power supply sys­
tems. Many application circuits are shown which take advantage of the wide input common-mode voltage range which includes 
ground. In most cases, input biasing is not required and input voltages which range to ground can easily be accommodated. 
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LM224/A, LM324/A, LM2902 

Fig. 1 INPUT VOLTAGE RANGE 
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LM224/A, LM324/A, LM2902 
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LM224/A, LM324/A, LM2902 

TYPICAL APPLICATIONS (Vee=5.0V) 

Fig. 13 Voltage Reference 
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Fig. 14 Non·lnverting DC Gain 
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Fig. 16 Pulse Generator 

R1 

100Kfl 

>-+---0 VOUT 

100Kfl 

oJlJ"L 

Q
_BW 
- fa 

where 
T BP = Center frequency gain 
TN = Bandpass notch gain 

1 R1 
fo= 2".RC R2 = Tsp 

R1=QR R3=TNR2 
C1 =10C 

Example: fa = 1000Hz 
BW= 100Hz 
Tsp= 1 
TN=1 
R= 160Kfl 
R1 = 1.6Mfl 
R2=1.6Mfl 
R3 = 1.6Mfl 
C=O.01I'F 
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LM248/LM348 LINEAR INTEGRATED CIRCUIT 

QUAD OPERATIONAL AMPLIFIERS 
The LM248/LM348 is a true quad LM741. It consists of four 

independent, high-gain, internally compensated, low-power operational 
amplifiers which have been designed to provide functional 
characteristics identical to those of the familiar LM741 operational 
amplifier. In addition the total supply current for all four amplifiers is 
comparable to the supply current of a single LM741 type OP Amp. 
Other features include input offset currents and input bias current which 
are much less than those of a standard LM741. Also, excellent isolation 
between amplifiers has been achieved by independently biasing each 
amplifier and using layout techniques which minimize thermal coupling. 

FEATURES 
• LM741 OP Amp operating characteristics 
• Low supply current drain 
• Class AB output stage·no crossover distortion 
• Pin compatible with the LM324 & MC3403 
• Low input offset voltage·1mV Typ. 
• Low input offset current·4nA Typ. 
• Low input bias current·30nA Typ. 
• Gain bandwidth product for LM348 (unity gain)·1.0MHz Typ. 
• High degree of isolation between amplifiers·120dB 
• Overload protection for inputs and outputs 

14 DIP 

14 sOP 

BLOCK DIAGRAM ORDERING INFORMATION 

Device Package Operating Temperature 

LM348N 14 DIP 
- 0- + 70°C 

LM348D 14 SOP 

LM248N 14 DIP 
-- -25 - +85°C 

LM248D 14 SOP 

SCHEMATIC DIAGRAM (One Section Only) 
---------~~-~vcc 

IN (-) 0----+--------, 
R7 

IN (+) ...--------<.----0 OUTPUT 

R8 
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LM248/LM348 LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 

Characteristic Symbol 

Supply Voltage Vs 
Differential Input Voltage VID 

Input Voltage VI 
Output Short Circuit Duration 
Operating Temperature LM248 

Topr 
LM348 

Storage Temperature T5tg 

ELECTRICAL CHARACTERISTICS 
(Vee = 15V, VEE= -15V, Ta= 25°C, unless otherwise specified) 

Characteristic 

Input Offset Voltage 

Input O.ffset Current 

Input Bias Current 

Input Resistance 

Supply Current (all Amplifiers) 

Large Signal Voltage Gain 

Channel Separation 

Common Mode Input 
Voltage Range 

Small Signal Bandwidth 

Phase Margin 

Slew Rate 

Output Short Circuit Current 

Output Voltage Swing 

Common Mode Rejection Ratio 

Power Supply Rejection Ratio 

• NOTE 1 
LM348: a ~ Ta ~ + 7aoc 
LM248: -25~Ta~ +85°C 

Symbol 

VIO 

110 

liB 

R; 

Is 

Av 

CS 

VieR 

BW 

rpm 

SR 

los 

VOUT 

CMRR 

PSRR 

qsSAMSUNG 
Electronics 

Test Conditions 

Rs~10KQ 
NOTE 1 

NOTE 1 

NOTE 1 

RL~2KQ 
NOTE 1 

f = 1 KHz to 20KHz 

NOTE 1 

Av = 1 

Av=1 

Av= 1 

RL~ 10KQ 
NOTE 1 

RL~2KQ 

Rs~10Kn NOTE 1 

Rs~1aKn NOTE 1 

Value Unit 

±18 V 
±36 V 
±18 V 

Continuous 
-25 - +85 °C 

0-+70 °C 
-65 - + 150 °C 

LM248 LM348 
Unit 

Min Typ Max Min Typ Max 

1 6.0 1 6.0 
mV 

7.5 7.5 

4 50 4 50 
nA 

125 100 

30 200 30 200 
nA 

500 400 

0.8 2.5 0.8 2.5 Mn 

2.4 4.5 2.4 4.5 mA 

25 160 25 160 
V/mV 

15 15 

120 120 dB 

±12 ± 12 V 

1.0 1.0 MHz 

60 60 Degrees 

0.5 0.5 V//ts 

25 25 mA 

±12 ±13 ±12 ± 13 
V 

±10 ±12 ±10 ±12 

70 90 70 90 dB 

77 96 77 96 dB 
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LM248/LM348 

TYPICAL PERFORMANCE CHARACTERISTICS 
Fig. 1 SUPPLY CURRENT 
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LM248/LM348 

Fig. 7 OPEN LOOP FREQUENCY RESPONSE 
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LM248/LM348 
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LM248/LM348 

TYPICAL APPLICATIONS 
Fig. 16 Function Generator 
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100KIl 

C1 

>------+---1 (----<:> NOTCH OUTPUT 

Q=BW 
fa 

where 
T BP = Center frequency gai n 
TN = Bandpass notch gain 

10=_1- R2=~ 
2,,-RC TBP 

R1 =QR R3=TNR2 
C1=10C 

Example: fa = 1000Hz 
BW=100Hz 
TBP= 1 
TN =1 
R= 160KIl 
R1 = 1,6MIl 
R2=1,6MIl 
R3 = 1.6MIl 
C = O.01"F 

307 

• 



LM258/A, LM358/A, LM2904 LINEAR INTEGRATED CIRCUIT 

DUAL OPERATIONAL AMPLIFIERS 
The LM258 series consists of four independent, high gain, internally fre­

quency compensated operational amplifiers which were designed specifically 
to operate from a single power supply over a wide range of voltage. 
Operation from split power supplies is also possible and the low power supply 
current drain is independent of the magnitude of the power supply voltage. 
Application areas include transducer amplifier, DC gain blocks and all the 

8 DIP 

conventional OP amp circuits which now can be easily implemented in Single 8 SOP 

power supply systems. 

FEATURES 
• Internally frequency compensated for unity gain 
• Large DC voltage gain: 100dB 
• Wide power supply range: LM258/A, LM358/A: 3V - 32V 

9 SIP 

(or ± 1.5V - ± 16V) 
LM2904: 3V - 26V (or ± 1.5V - ± 13V) 

• Input common-mode voltage range includes ground 
• Large output voltage swing: OV DC to Vee -1.5V DC 
• Power drain suitable for battery operation. 

BLOCK DIAGRAM 

• 

ORDERING INFORMATION 

SCHEMATIC DIAGRAM (One section only) Device Package Operating Temperature 

LM358N 
8 DIP 

LM358AN 

LM358S 
9SIP 0- + 70°C 

LM358AS 

LM358D 
8 SOP 

LM358AD 

LM258N 
8 DIP 

LM258AN 

LM258S 
9 SIP -25- + 85°C 

LM258AS 

LM258D 
8 SOP 

LM258AD 

LM2904N 8 SIP 

LM2904S 9 SIP -40- +85°C 

LM2904D 8 SIP 
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LM258/A, LM358/A, LM2904 LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol LM258/LM258A LM358/LM358A LM2904 Unit 

Power Supply Voltage Vs ±160r32 ± 16 or 32 ± 13 or 26 V 
Differential Input Voltage VID ±32 ±32 ±26 V 
Input Voltage VI -0.3 to +32 - 0.3 to +32 -0.3 to +26 V 
Output Short Circuit to GND 

Continuous Continuous Continuovs 
Vee~15V Ta=25°C (One Amp) 
Operating Temperature Range Topr -25 -+85 0-+70 -40-+85 °C 
Storage Temperature Range Tstg -65 - + 150 -65 - +150 -65 - + 150 °C 

ELECTRICAL CHARACTERISTICS 
(Vee=5.0V, VEE=GND, Ta=25°C, unless otherwise specified) 

Symbol I 

LM258 LM358 LM2904 
Characteristic Test Conditions Unit 

Min Typ Max Min Typ Max Min Typ Max 
i 

Input Offset Voltage VIO 
VICM = OV to Vcc -1.SV 

2.9 5.0 2.9 7.0 2.9 7.0 mV 
Vo = 1.4V, Rs = 00 

I 
-------

Input Offset Current 110 3 30 5 50 5 50 nA 

Input Bias Current lis 45 150 45 250 45 250 nA 

Input Common-Mode 
VieR 

Vce=30V 
0 Vee 

0 Vee 0 
Vce V 

Voltage Range (LM2904, Vee = 26V) -1.5 -1.5 -1.5 

RL =00, Vee = 30V 
0.8 2.0 0.8 2.0 0.8 2.0 mA 

Supply Current Icc (LM2902, Vee = 26V) 

RL = 00 ,,,wer full temperature range 0.5 1.2 0.5 1.2 0.5 1.2 mA 

Large Signal 
Av 

Vce = 15V, RL~2KO 
50 100 25 100 25 100 V/mV 

Voltage Gain Vo=1V to 11V 

Vce = 30V IRL=2KO 26 26 22 V 

Output Voltage Swing 
VOH Vee=26V for 29041 RL= 10KO 27 28 27 28 23 24 V 
VOL 

Vee =5V RL~10KQ 5 20 5 20 5 100 mV 

Common-Mode 
CMRR 70 85 65 80 50 80 dB 

Rejection Ratio 

Power Supply 
PSRR 65 100 65 100 50 100 dB 

Rejection Ratio 

Channel Separation CS f = 1 KHz to 20KHz 120 120 120 dB 

Short Circuit to GND los 40 60 40 60 40 60 mA 

Isource 
Vin + = 1V, Vin - = OV 

10 30 10 30 10 30 mA 
Vee =15V, Vo=2V 

Output Current 
Vin + = OV, Vin - = 1V 

10 15 10 15 10 15 mA 

Isink 
Vee = 15V, Vo = 2V 

Vin + =OV, Vin - = 1V 
12 100 12 100 p.A 

Vee = 15V, Vo = 200mV 

Differential Input 
VID Vee Vee Vee V 

Voltage 
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LM258/A, LM358/A, LM2904 LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS 
(Vec=.5.0V, VEE=GND, unless otherwise specified) 
The following specification apply over the range of - 25°C:::;;Ta:::;; + 85°C for the LM258; and the O°C:::;;Ta:::;; + 70°C 
for the LM358; and the -40°C:::;;Ta:::;; +85°C for the LM2904 

LM258 LM358 LM2904 
Characteristic Symbol Test Conditions Unit 

Min Typ Max Min Typ Max Min Typ Max 

Input Offset Voltage Via 
VICM = OV to Vce -1.5V 

7.0 9.0 10.0 mV 
Vo= lAV, Rs=OO 

Input Offset Voltage 
f:"Vlolf:" T Rs=OO 7.0 7.0 7.0 /J-V/ oC 

Drift 

Input Offset Current 110 100 150 45 200 nA 

Input Offset Current 
f:"ldf:"T 10 10 10 pA/oC 

Drift 

Input Bias Current liB 40 300 40 500 40 500 nA 

Input Common-Mode 
VICR 

Vce = 30V 0 Vce 
0 Vec 0 Vee V 

Voltage Range (LM2904, Vce = 26V) -2.0 -2.0 -2.0 

Large Signal Voltage 
Av 

Vee = 15V, RL~2.0KO 25 15 15 V/mV 
Gain Va=. 1V to 11V 

Vee = 30V /RL=2KO < 26 26 26 V 
VOH 

Vee = 26V for 2904 1 RL = 10KO Output Voltage Swing 27 28 27 28 27 28 V 

VOL Vee =5V, RL~10KO 5 20 5 20 5 100 mV 

Isource 
Vin + = 1V, Vin - = OV 

10 30 10 30 10 30 mA 
Vee = 15V, Vo=2V 

Output Current 
Vin + =OV, Vin - = 1V 

ISink Vee = 15V, Va = 2V 
5 8 5 9 5 9 mA 

Differential Input 
VID Vee Vee Vee V 

Voltage 
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LM258/A, LM358/A, LM2904 LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS 
(Vee = 5.0V, VEE=GND, Ta=25°C, unless otherwise specified) 

LM258A LM358A 
Characteristic Symbol Test Conditions Unit 

Min Typ Max Min Typ Max 

Input Offset Voltage Via 
VleM = OV to Vee - 1.5V 

1.0 3.0 2.0 3.0 mV 
Vo:::1.4V, Rs:::O 

Input Offset Current Ira 2 15 5 30 nA 

Input Bias Current liB 40 80 45 100 nA 

Input Common-Mode 
VieR Vee::: 3OV 0 

Vee 0 Vee V 
Voltage Range -1.5 -1.5 

RL:::oo ,.Vee =30V 0.8 2.0 0.8 2.0 rnA 
Supply Current lee 

RL==,over full temperature range 0.5 1.2 0.5 1.2 rnA 

Large Signal Voltage Gain Av 
Vee::: 15V, RL~2KO 

50 100 25 100 VlmV 
Va::: 1V to 11V 

Vee::: 30V I RL::: 2KO 26 26 V 

Output Voltage Swing 
VOH 

Vee = 26V for 2904 I RL = 10KO 27 28 27 28 V • 
VOL Vee =5V, RL~10KO 5 20 5 20 mV 

Common-Mode Rejection Ratio CMRR 70 85 65 85 dB 

Power Supply Rejection Ratio PSRR 65 100 65 100 dB 

Channel Separation CS f = 1 KHz to 20KHz 120 120 dB 

Short Circuit to GND los 40 60 40 60 rnA 

Isource 
Vin + ::: 1V, Vin - = OV 

20 30 20 30 rnA 
Vee::: 15V, Va = 2V 

Output Current 
Vin + = OV, Vin - ::: 1V 

10 15 10 15 rnA 
Vee = 15V, Va = 2V 

ISink 
Vin + =OV, Vin -::: 1V 
Vo:::200mV 

12 100 12 100 !J.A 

Differential Input Voltage VID Vee Vee V 
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LM258/A, LM358/A, LM2904 LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS (Vee = 5.0V, VEE=GND, unless otherwise specified) 
The following specification apply over the range of - 25°C:sTa:s + 85°C for the LM258A; and the O°C:sTa:s + 70°C 
for the LM358A 

LM258A LM358A 
Characteristic Symbol Test Conditions Unit 

Min Typ Max Min Typ Max 

Input Offset Voltage VIO 
VleM = OV to Vee -1.SV 

4.0 5.0 mV 
Vo = 1.4V, Rs = 00 

Input Offset Voltage Drift I':::.Vloll':::.T 7.0 15 7.0 20 p,V/oC 

Input Offset Current 110 30 75 nA 

Input Offset Current Drift I':::. hoI I':::. T 10 200 10 300 pA/oC 

Input Bias Current liB 40 100 40 200 nA 

Input Common-Mode 
VieR Vee = 30V 0 Vee 0 Vee V 

Voltage Range -2.0 -2.0 

Vee=30V I RL=2KO 26 26 V 

Output Voltage Swing 
VOH Vee = 30V I RL= 10KO 27 28 27 28 V 

VOL Vee = SV, RL~ 10KO S 20 5 20 mV 

Large Signal Voltage Gain Av 
Vee = 15V, RL~2.0KO 

25 15 V/mV 
Vo=1V to 11V 

I source 
Vin + = 1V, Vin - =OV 

10 30 10 30 mA 

I Output Current 
Vee = 15V, Vo = 2V 

Isink 
Vin + = OV, Vin - = 1V 

5 9 5 9 mA 
Vee = 15V, Vo=2V 

I Differential Input Voltage V1D Vee Vee V 
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LM258/A, LM358/A, LM2904 LINEAR INTEGRATED CIRCUIT 

TYPICAL PERFORMANCE CHARACTERISTICS 
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LM258/A, LM358/A, LM2904 
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LM258/A, LM358/A, LM2904 

TYPICAL APPLICATIONS (Vee = 5.0V) 

Fig. 13 Voltage Reference 

Vee 

VOUT 

Fig. 15 AC Coupled Non·lnverting Amplifier 
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Fig. 17 Bi·Quad Filter 
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LINEAR INTEGRATED CIRCUIT 

Fig. 14 Non·lnverting DC Gain 
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Fig. 16 Pulse Generator 

R1 

Va 
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R5 
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b) 
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Q=BW 
fa 

where 
T Bp:: Center frequency gain' 
TN = Bandpass notch gain 

fo=_1- R2=~ 
2"RC Tsp 

R1 =QR R3=TNR2 
C1 =10C 

Example: fa = 1000Hz 
BW= 100Hz 
Tsp==1 
TN == 1 
R==160K!l 
R1 ==1.6M!l 
R2= 1.6Mn 
R3= 1.6M!l 
C=O.01I'F 
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LM741C/E/I LINEAR INTEGRATED CIRCUIT 

SINGLE OPERATIONAL AMPLIFIERS 
The LM741 series are general purpose operational amplifiers which 

feature improved performance over industry standards like the LM709. 
It is intended for a wide range of analog applications. 
The high gain and wide range of operating voltage provide superior 
performance in intergrator, summing amplifier, and general feedback 
appl ications. 

FEATURES 
• Short circuit protection 
• Excellent temperature stability 
• Internal frequency compensation 
• High input voltage range 
• Null of offset 

8 DIP 

8 SOP 

BLOCK DIAGRAM 
ORDERING INFORMATION 

OFFSET 
NULL Device Package Operating Temperature 

SCHEMATIC DIAGRAM 

OFFSET 
NULL 

LM741ECN 
LM741CN 

LM741ECD 
LM741CD 

LM7411N 
LM741EIN 

LM7411D 
LM741EID 

8 DIP 

o - + 70°C 
8 SOP 

8 DIP 

- 40- + 85°C 
8 SOP 

.-~------~----~----~--~--------------~~--ovcc 

IN (+) 

IN (-) u------+-~--t----' 

OFFSET 0-----+---+ ____ 
NU LL 0------.. 
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LM741C/E/I LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 

Characteristic Symbol LM741C LM741E LM741 I Unit 

Power Supply Voltage Vs ±18 ±22 ± 18 V 
Differential Input Voltage VIO ±30 ±30 ±30 V 
Input Voltage VI ±15 ±15 ± 15 V 
Output Short Circuit Duration Indefinite Indefinite Indefinite 
Power Dissipation Po 500 500 500 mW 
Operating Temperature Range Topr 0- + 70\ 0-+ 70\ -40- + 85 °C 
Storage Temperature Range Tstg -65 -+ 150 -65- + 150 - 65 - + 150 °C 

ELECTRICAL CHARACTERISTICS 
(VCC = 15V, VEE = -15V, Ta = 25°C, unless otherwise specified) 

LM741E LM741 C/LM741I 
Characteristic Symbol Test Conditions Unit 

Min Typ Max Min Typ Max 

Rs:s;10Kn 2.0 6.0 
Input Offset Voltage VIO mV 

Rs:s;50n 0.8 3.0 • 
Input Offset Voltage 

VIOR Vs= ±20V ±10 ±15 mV 
Adjustment Range 

Input Offset Current 110 3.0 30 20 200 nA 

Input Bias Current liB 30 80 80 500 nA 

Input Resistance Ri Vs= ±20V 1.0 6.0 0.3 2.0 Mn 

Input Voltage Range VICR ±12 ±13 ±12 ±13 V 

Vs= ±20V, 
Vo=±15V 50 

Large Signal Voltage Gain Av RL~2Kn V/mV 
Vs=±15V, 20 200 
Vo = ± 10V 

Output Short Circuit Current los 10 25 35 25 mA 

RL~10Kn ±16 
Vs= ±20V 

RL~2Kn ±15 
Output Voltage Swing VOUT V 

RL~10Kn ±12 ± 14 
Vs= ± 15V 

RL~2Kn ±10 ± 13 

Rs:s;10Kn, VCM = ± 12V 70 90 
Common Mode Rejection Ratio CMRR dB 

Rs:s;50Kn, VCM = ± 12V 80 95 

Vs= ±20V to Vs= ±5V 86 96 
Rs:s;50n 

Power Supply Rejection Ratio PSRR dB 
Vs= ±15V to Vs= ±5V 

77 96 
Rs:s;10Kn 
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LM741C/E/I LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS (Continued) 

LM741E LM741C/LM741I 
Characteristic Symbol Test Conditions Unit 

Min Typ Max Min Typ Max 

Transient I Rise Time t, 0.25 0.8 0.3 p's 

Response I Overshoot OS 
Unity Gain 

6.0 20 10 % 

Bandwidth BW 0.43 1.5 MHz 

Slew Rate SR Unity Gain 0.3 0.7 0.5 V/p.s 

Supply Current Is RL=OOO 1.5 2.8 rnA 

Vs= ±20V 80 150 
Power Consumption Pc - mW 

Vs= ± 15V 50 85 

ELECTRICAL CHARACTERISTICS 
(-40CC:::;Ta:::;85°C for the LM7411, 0°C:5Ta:570°C for the LM741C and LM741E, Vcc= ± 15V, unless otherwise 
specified) 

LM741E LM741C/LM741I 
Characteristic Symbol Test Conditions 

Min I Typ 
Unit 

Max Min Typ Max 

Rs:5500 4.0 
Input Offset Voltage VIO mV 

Rs:510KO 7.5 

Input Offset Voltage Drift 6Vlol6 T 15 p.V/oC 

Input Offset Current 110 70 300 nA 

Input Offset Current Drift 61 10/6T 0.5 nA/oC 

Input Bias Current liS 0.21 0.8 p.A 

Input Resistance Ri Vs= ±20V 0.5 MO 

Input Voltage Range VICR ±12 ±13 ±12 ±13 V 

RL~10KO ±16 
Vs= ±20V 

RL~2KO ±15 
Output Voltage Swing VOUT V 

RL~10KO ±12 ±14 
Vs= ± 15V 

± 10 RL~2KO ± 13' 

Output Short Circuit Current los 10 40 10 40 mA 

Rs:510KO, VCM = ± 12V 70 90 
Common Mode Rejection Ratio CMRR dB 

Rs:550KO, VCM = ± 12V 80 95 

Vs= ±20V Rs:5500 86 96 
Power Supply Rejection Ratio PSRR 

to±5V 
dB 

Rs:510KO 77 96 

Vs=±20V, 
32 

Vo= ± 15V 

Large Signal Voltage Gain Av RL~2KO 
Vs = ± 15V, 

15 V/mV 
Vo= ± 10V 

Vs= ± 15, 
Vo=2V 10 
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LM741C/E/I LINEAR INTEGRATED CIRCUIT 

TYPICAL PERFORMANCE CHARACTERISTICS 
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LM741C/E/I 

IU 

:3 
~ 
IU 

f: :s 
IU 
II: 

> 
§. 
I-
:::> ... 
I-
:::> 
0 

1.8 

1.6 

Fig. 13 NORMALIZED DC PARAMETERS 
va AMBIENT TEMPERATURE 

Vs= ±1SV 

1.4 INPUT RESISTANCE-~ 
f=1KHz ./ 

1.2 

.8 

.... t'-o, 

-~~ ... ./ ~ r- POWER SUPPLY .... 
~ . CURRENT ~ .. """" :::--~ 

,," OUTPUT -.... .... SHORT CIRCUIT 
.6 CURRENT-r--

.4 

.2 

o 
-40 -20 20 40 60 60 

AMBIENT TEMPERATURE (OC) 

Fig. 15 FREQUENCY CHARACTERISTICS 
va SUPPLY VOLTAGE 

1.7so---r--,---,--"""T"--'----' 
Ta= +2S·C 

·\L---=7:l::.S:-'---:l10:----:-:!12'-=.S,------:1c1:S-----:1,.:.7.':'"S -~2O' 

SUPPLY VOLTAGE (±V) 

Fig. 17 TRANSIENT RESPONSE 

I I 
Vs= ±1SV 

20 
RL=2KIl 
CL= 100pF 

10 
r-.. 

I / 
0.0 

-5 

-10 

INPutl 
'( 

/0"'""' I 
/ .J 

-20 

0.0 .200 .400 .600 .800 1.0 

TIME \itS) 

c8SAMSUNG 
Electronics 

LINEAR INTEGRATED CIRCUIT 

IU 

:3 
~ 
IU 
2: 

~ 
IIC 

C 
§. 
I-z 
IU 
IIC 
II: 
:::> 
U 
!:: 
:::> 
U 
II: 
0 
~ 
0 
:r 
!II 

Iil' :s 

i 
z 
0 

t 
IU 

Ul 
II: 
IU 
Q 
0 
=Ii 
Z 
0 
:& 
:& 
0 
u 

Fig. 14 FREQUENCY CHARACTERISTICS 
va AMBIENT TEMPERATURE 

1.75 ...--..,...--"""T"--r----,---r--.,.----, 

1.5 

1.2S 

30 

28 

26 

24 

22 

20 

Vs= ±15V 

TEMPERATURE (OC) 

Fig. 16 OUTPUT SHORT CIRCUIT CURRENT 
va AMBIENT TEMPERATURE 

'" ......... ......... '" ........... ............... 
~ 

............ 

18 
o 10 20 30 40 50 60 70 

120 

110 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

o 

TEMPERATURE (OC) 

Fig. 18 COMMON·MODE REJECTION RATIO 
va FREQUENCY 

IIIIIII~ III 
Vs = ± 15Vl 
Ta= +25°C 

1\ 

~ 

r-
t-

...,. 
10" 10' 10' 10' 10' 10' 10' 

FREQUENCY (Ht) 

10 7 

320 



LM741C/EII 

Fig. 18 VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 
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Fig. 19 OUTPUT SWING AND INPUT RANGE 
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MC1458CI AC/II AI LINEAR INTERGRATED CIRCUIT 

DUAL OPERATIONAL AMPLIFIERS 
The MC1458 series is a dual general purpose operational amplifier. 

The MC1458 series is a short circuit protected and require no external 
components for frequency compensation. 
High common mode voltage range and absence of "latch up" make the 
MC1458 ideal for use as voltage followers. 
The high gain and wide range of operating voltage provides superior 

8 DIP 

performance in intergrator, summing amplifier and general feedback 8 SOP 

applications. 

FEATURES 
• Interal frequency compensation 
• Short circuit protection 9 SIP 

• Large common mode and differential voltage range 
• No latch up 
• Low power consumption 

BLOCK DIAGRAM 

• 

0 
~ I + 

w 
0 w 
> ::::> > 

0 ~ ~ 

ORDERING INFORMATION 
Device Package Operation Temperature 

MC1458CN 
8 DIP 

MC1458ACN 

MC1458CS 
9 SIP 0- + 70°C 

MC1458ACS 

MC1458CD 
8 SOP MC1458ACD 

MC14581N 
8 DIP 

MC1458AIN 

MC14581S 
9 SIP -25 - +85°C MC1458AIS 

MC14581D 
8 SOP 

MC1458AID 
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MC1458C/AC/IIAI LINEAR INTERGRATED CIRCUIT 

SCHEMATIC DIAGRAM 

~~--------------+-----~--~~----------------~~Vcc 

INPUT(+) R6 

INPUT( -) 0-------+---1--------+------' 
OUTPUT 

R7 

• L-----4-----+--------*------~--__+__--__+_--__+__---L----~------"'-----4~_oVEE 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Value Unit 

Power Supply Voltage Vs ±1B V 
Input Differential Voltage VID ±30 V 
Input Voltage VI ±15 V 
Operating Temperature Range MC145811AI Topr -25- +85 °C 

MC1458C/AC 

I 

0-+70 °C 
Storage Temperature Range T~tg -65 -+ 150 qc 

c8SAMSUNG 
Electronics 
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MC1458C/AC/I/AI LINEAR INTERGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS 
(Vee = + 15V, Vee = -15V, Ta=25°C, unless otherwise specified) 

MC1458AC/AI MC4558CII 
Characteristic Symbol Test Conditions 

Min Typ Max Min Typ Max 

Input Offset Voltage Vlo RsS10KO 2.0 6.0 2.0 10 

Input Offset Current 110 20 200 20 300 

Input Bias Current liB 80 500 80 700 

Large Signal Voltage Gain Av Vo = ± 10V, RL~2.0KO 20 200 20 200 

Input Voltage Range VieR ±12 ±13 ± 11 ±13 

Input Resistance RI 0.3 1.0 0.3 1.0 

Common Mode Rejection Ratio CMRR RsS10KO 70 90 60 90 

Power Supply Rejection Ratio PSRR Rss10KO 77 90 77 90 

Supply Current (Both Amplifier) Is 2.3 5.6 2.3 8.0 

RL=10KO ±12 ±14 ± 11 ± 14 
Output Voltage Swing VOUT 

RL=2KO ±10 ±13 ±9 ± 13 

Output Short Circuit Current los 20 20 

Power Consumption Pc Vo=OV 70 170 70 240 

Transient Response (Unity Gain) 
Rise Time tr Vi = 20mV, RL~2KO, CLS 100pF 0.3 0.3 
Overshoot OS Vj =20mV, RL~2KO, CLS100pF 15 15 
Slew Rate SR Vi = 10V, RL~2KO, CLS100pF 0.5 0.5 

ELECTRICAL CHARACTERISTICS 
(Vee = + 15V, VEe = -15V, NOTE ,1, unless otherwise specified) 

MC1458AC/AI MC1458CII 
Characteristic 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Large Signal Voltage Gain 

Common Mode Rejection Ratio 

Power Supply Rejection Ratio 

Output Voltage Swing 

Input Voltage Range 

NOTE 1 
MC1458C/AC: O~ Ta~ 70°C 
MC14581/AI: -25~Ta~ +85°C 

Symbol 

VIO 

110 

liB 

Av 

CMRR 

PSRR 

VOUT 

VieR 

c8SAMSUNG 
Electronics 

Test Conditions 

RsS10KO 

Vo=±10V, RL~2.0KO 

Rs~10KO 

Rs~10KO 

RL=10KO 

RL=2KO 

Min Typ Max Min Typ Max 

7.5 12 

300 400 

800 1000 

15 15 

70 90 70 90 

77 90 77 90 

±12 ±14 ± 11 ±14 

±10 ±13 ±9 ± 13 

±12 ± 12 

Unit 

mV 

nA 

nA 

V/mV 

V 

MO 

dB 

dB 

mA 

V 

mA 

mW 

p's 
% 

V/p.s 

Unit 

mV 

nA 

nA 

V/mV 

dB 

dB 

V 

V 
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MC1458CI AC/II AI LINEAR INTEGRATED CIRCUIT 

TYPICAL PERFORMANCE CHARACTERISTICS 
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MC3303/MC3403 LINEAR INTEGRATED CIRCUIT 

QUAD OPERATIONAL AMPLIFIER 
The MC3303 series is a monolithic Quad operational amplifier 

consisting of four independent amplifiers. The device has high 
gain, internally frequency, compensated operational amplifiers 
designed to operate from a single power supply or dual power 
supplies over a wide range of voltages. The common made input 
range includes the negative supply, thereby eliminating the 
necessity for external biasing components in many applications. 

FEATURES 
• Output voltage can swing to GND or negative supply 
• Wide power supply range; 

Single supply of 3.0V to 36V 
Dual supply of :!: 1.SV to :!: 18V 

• Electrical characteristics similar to the popular LM741 
• CLASS AB output stage for minimal crossover distortion 
• Short circuit protected output. 

14 DIP 

14 SOP 

BLOCK DIAGRAM ORDERING INFORMATION 

Device Package Operating Temperature 

MC3403N 14 DIP 
0- +70oC 

MC3403D 14 SOP 

MC3303N 14 DIP 
-40- +85°C 

MC3303D 14 SOP 

SCHEMATIC DIAGRAM 
r---.---------~----------~-----~~~--~---~~------Qvcc 

R4 
~~~~Q OUTPUT 

. c8SAMSUNG 
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MC3303/MC3403 LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Value Unit 

Supply Voltage Vs ± 18 or +36 V 
Differential Input Voltage VID ±36 V 
Input Voltage V, ±18 V 
Output Short Circuit Duration Continuous 
Power Dissipation Po 670 mW 
Operating Temperature MC3303 Topr -40-+85 °C 

MC3403 0-+70 °C 
Storage Temperature Ts1g -65-+150 °C 

ELECTRICAL CHARACTERISTICS 
CVcc= + 15V, VEE = -15V for MC3403, Vcc= + 14V, VEE=GND for MC3303, Ta=25°C, unless otherwise specified) 

MC3303 MC3403 
Characteristic Symbol Test Conditions Unit 

Min Typ Max Min Typ Max 

1.5 8.0 1.5 10 • Input Offset Voltage V,O I NOTE1 
mV 

10 12 

5 75 5 50 
Input Offset Current 

'

,0 I NOTE1 
nA 

150 100 

30 200 30 200 
Input Bias Current lis 1 NOTE1 

nA 
500 400 

Large Signal Voltage Gain Av Vo= ± 10V 20 200 20 200 

I NOTE1 
VIm V 

RL =2KO 15 15 

Input Impedance Ri 0.3 1.0 0.3 1.0 MO 

RL = 10KO +12 +12.5 ±12 ±13.5 

Output Voltage Swing VOUT RL =2KO +10 +12 ±10 ±13 V 
f---. 

RL =2KO NOTE1 +10 ±10 

Input Common Mode 
V,CR 

12V- 12.5V- 13V- 13.5V-
V 

Voltage Range VEE VEE VEE VEE 

Common Mode Rejection 
CMRR Rs~ 10KO 70 90 70 90 dB 

Ratio 

Power Supply Current Is Vo=O, RL = co 2.8 7.0 2.3 7.0 mA 

Output Short Circuit 
los Each amplifier ±10 ±30 ±45 ±10 ±20 ±45 mA 

Current 

Positive Supply 
PSRR+ 30 150 30 150 p.VN 

Rejection Ratio 

Negative Supply PSRR- 30 150 p.VN 
Rejection Ratio 

Average Temperature 
CoeffiCient of Input L,1,olL,T 50 50 pAloC 
Offset Current 
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MC3303/MC3403 LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS (Continued) 
(Vee = + 15V, VEE = -15V for MC3403, Vee = + 14V, VEE = GND for MC3303, unless otherwise specified) 

Characteristic Symbol 

Input Offset Voltage Drift /:::,VIJ/:::,T 

Power Bandwidth 

Small Srgnal Bandwidth 

Slew Rate 

Rise Time 

Fall Time 

Over Shoot 

Phase Margin 

Crossover Distortion 

NOTE 1 
MC3403: O~Ta~ + 70°C 
MC3303: -40~Ta~ +85°C 

GBW 

BW 

SR 

tr 

t, 

OS 

¢m 
CD 

Test Conditions 

Av=1, RL=2KO, Vo=20Vp-p, THD=5% 

Av=1, RL=10KO, Vo=50mV 

Av=1, VIN = -10V to +10V 

Av=1, RL=10KO, Vo=50mV 

Av=1, RL=10KO, Vo=50mV 

Av=1, RL=10KO, Vo=50mV 

Av = 1, RL = 2KO, CL = 200pF 

VIN = 30mVp-p, Vo = 2.0Vp-p, f = 10KHz 

ELECTRICAL CHARACTERISTICS 
(Vce= 5.0V, VEE=GND, Ta=25°C unless otherwise specified) 

Min 

MC3303 
Characteristic Symbol Test Conditions 

Min Typ 

Input Offset Voltage VIO 

Input Offset Current ho 

Input Bias Current lis 

Large Signal Open 
Av RL = 2.0KO 10 200 

Loop Voltage Gain 

Power Supply 
PSRR 

Rejection Ratio 

RL= 10KO, Vee=5.0V 3.3 3.5 
VOUT 

MC3303 

Typ 

10 

9.0 

1.0 

0.4 

0.35 

0.35 

20 

60 

1.0 

Max 

10 

75 

500 

150 

Output Voltage Range 
RL=10KO, 5.0V~Vee~30V Vee-2.0 Vee-1.7 

Supply Current Icc 2.5 7.0 

Channel Separation CS\ f = 1 KHz to 20KHz 120 

c8SAMSUNG 
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MC3403 

Max Min Typ Max 

10 

9.0 

1.0 

0.4 

0.35 

0.35 

20 

60 

1.0 

MC3403 

Min Typ Max 

2.0 10 

30 50 

200 500 

10 200 

150 

3.3 3.5 

Vec·2.0 Vee·1.7 

2.5 7.0 

120 

Unit 

p.V/oC 

KHz 

MHz 

V//J.s 

/J.S 

/J.S 

% 

Degrees 

% 

Unit 

mV 

nA 

nA 

V/mV 

p.V/v 

V 

mA 

dB 
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MC3303/MC3403 LINEAR INTEGRATED CIRCUIT 

TYPICAL PERFORMANCE CHARACTERISTICS 
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MC3303/MC3403 

TYPICAL APPLICATIONS 
Fig. 7. Multiple feedback bandpass filter 

V" ~1---N\I'v-______ R-I3 

Rl C2 

fo = center frequency 

BW = Bandwidth 
R in kfl 
C in ",F 

Q=~<10 
BW 

Cl=C2=~ 
3 

Rl = R2= I} 
R3=9Q2-1 Use scaling factors in these expressions. 

If source impedance is high or varies, filter may be preceded with voltage 
follower buffer to stabilize filter parameters. 

Design example: 
given: Q = 5, fo = 1 kHz 

Let Rl = R2 = 10 kfl 
then R3 = 9(5)2 - 10 

R3=215 kfl 

C=f=I.6 nF 

Fig. 10. High impedance differential amplifier 

R 

VI 

Rl 

VOUT 

VOUT=C (1 +a+b) (V2-Vl) 

V2 

R 
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LINEAR INTEGRATED CIRCUIT 

Fig. 8. Wein bridge oscillator 
50kfl 

,.----4\J"'IIr---~~ VOUT 

R 
fo = 2 ~C for fo = 1 kHz 

1r R=16 kfl 
C=O.OI ",F 

Fig. 9. Comparator with hysteresis 

R2 HYSTERESIS 

Rl 

V,N0-------f 

VOHEOi 

V 
VOUT I 

OUT I 
VOL 

Rl 
V,NL = Rl + R2 (VOL - VREF) + VREF 

Rl 
V,NH = Rl + R2 (VOH - VREF) + VREF 

Rl 
H = Rl + R2 (VOH - VoLl 

Fig. 11. AC Coupled inverting amplifier 

RI 
100kn 

V,NL I V,NH 
I 

VREF 

COFVOUT 

RL 
10kfl 

f\ f\ 1 

Av= =~ 

\r 2Vpo p 

T 
Av = 10. (as shown) 
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MC3303/MC3403 

Fig. 12. Ground referencing a differential input signal 

>---OVOUT 

+VCM~--~~~----~~~--~ 

I 
I 
I 
I 

R3 
1MO 

Fig. 14. AC Coupled non·inverting amplifier 

100kO 

Fig. 16. Bi·Quad filter 

1MO 

R2 

R5 
100kO 

Co 

o {\ f\ 
V 

Av=1 + :~ 
Av = 11 (as shown) 

R 

C 

2 Vp.p 

T 

C1 R2 100kfl 
VIN o-----t ~.-------4I'IIN--+-~ 

VREF 

c8SAMSUNG 
Electronics 

LINEAR INTEGRATED CIRCUIT 

R 

C 

R3 

Fig. 13. Voltage reference 

V+ 

R2 
10kO 

R1 
10kO R1 V+ 

VOUT = R1 + R2 (= 2 as shown) 

Fig. 15. Pulse generator 

R3 
100kO 

VOUT= +Vcc 

1N914 

VOUT 

·Wide control voltage range: 
OVOCSVCS2 (V + -1.5Voc) 

100kO 

100kO 

C1 
>-----t J--o NOTCH OUTPUT 

Example: fo = 1000 Hz 

where 
Tsp = Center frequency gain 
TN = Bandpass notch gain 

fO= 211"~C 
R1=QR 

R2=~ 
. Tsp 

R3=TNR2 
C1=10C 

BW=100 Hz 
Tsp=1 
TN=1 
R=160 kO 
R1 = 1.6 MO 
R2=1.6 MO 
R3=1.6 MO 
C= 0.001 "F 

331 

• 



MC3303/MC3403 

Fig. 17. Voltage controlled oscillator 

Fig. 18. Function generator 

TRIANGLE WAVE 
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OUTPUT 

R1 
100kll 

LINEAR INTEGRATED CIRCUIT 

OUTPUT 1 

/'.A 
OUTPUT 2 

SQUARE WAVE 
,----I\N'\o----r---Q OUTPUT 

f- R1+R2 of R3=~ 
- 4CRfR1 I R2 + R1 
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MC4558C/AC/I LINEAR INTEGRATED CIRCUIT 

DUAL OPERATIONAL AMPLIFIER 
The MC4558 series is a monolithic integrated circuit designed 

for dual operational amplifier. 

FEATURES 

• No frequency compensation required. 
• No latch-up. 
• Large common mode and differential voltage range. 
• Parameter tracking over temperature range. 
• Gain and phase match between amplifiers. 
• Internally frequency compensated. 
• Low noise Input transistors. 

BLOCK DIAGRAM 

• 

g 
> 

ORDERING INFORMATION 

Device Package Operation Temperature 

MC4558CN 
8 DIP 

MC4558ACN 

MC4558CS 
9 SIP 0- + 70°C 

MC4558ACS 

MC4558CD 
8 SOP 

MC4558ACD 

MC45581N 
8 DIP 

MC4558AIN 

MC45581S 
9 SIP -40- +85°C MC4558AIS 

MC45581D 
8 SOP 

MC4558AID 

=8~SUNG 

;:::: 
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o 
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~ 

8 DIP 

8 SOP 

9 SIP 

+ 

~ 

w + I W 
> 

N N 
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N 
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> 
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MC4558C/AC/I LINEAR INTEGRATED CIRCUIT 

SCHEMATIC DIAGRAM (One Section Only) 

vcco-----~--------~-----~~~----~~ 

IN (-) Q15 

IN (+) 0----+-----1------' 

C2 

L---+---+----+--o OUTPUT 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Value Unit 

Power Supply Voltage MC4558AC/AI 
Vs 

±22 V 
MC4558C/I ±18 V 

Differential Input Voltage V,o ±30 V 
Input Voltage Vi ±15 V 
Power Dissipation Po 400 mW 
Operating Temperature Range MC455811AI 

Topr 
-40 - +85 °C 

MC4558C/MC4558AC 0- + 70 °C 
Storage Temperature Range T51g -65 - + 150 °C 

c8SAMSUNG 
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MC4558C/AC/I LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS 
(Vcc=15V, VEE= -15V, Ta==25°C, unless otherwise specified) 

Characteristic Symbol Test Conditions 

Input Offset Voltage VIO Rs;:5;10KO 

Input Offset Current 110 

Input Bias Current hB 

Large Signal 
Voltage Gain Av Vo= ± 10V, RL~2KO 

Common Mode Input 
Voltage Range VICR 

Common Mode 
Rejection Ratio 

CMRR Rs;:5;10KO 

Supply Voltage 
Rejection Ratio 

PSRR Rs;:5; 10KO 

RL~10KO 
Output Voltage Swing VOUT 

RL~2KO 

Supply Current 
Is (Both Amplifiers) 

Power Consumption 
Pc (Both Amplifiers) 

Slew Rate SR 
Vi == 10V, RL~2KO 
CL;:5;100pF 

Rise Time t, 
Vi == 20mV, RL~2KO, 
CL;:5;100pF 

Overshoot OS 
Vi ==20mV, RL~2KO, 
CL;:5;100pF 

NOTE 1 
MC4558C/AC: T min:5Ta:5T max = O:5Ta:5 + 70°C 
MC4558AIII: Tmin:5Ta:5Tmax= -40:5Ta:5 +85°C 

c8SAMSUNG 
Electronics 

NOTE 1 

. Ta== T max 

Ta==T min 

Ta=T max 

Ta=T min 

NOTE 1 

NOTE 1 

NOTE 1 

NOTE 1 

NOTE 1 

Ta=T max 

Ta=T min 

Ta=T max 

Ta== T min 

MC4558AC/AI MC4558CII 
f----- -~ Unit 

Min Typ Max Min Typ Max 

1 5 2 6 
mV 

1 6 7.5 

5 200 5 200 

3 200 300 nA 

20 500 300 

30 500 30 500 

20 500 800 nA 

100 1500 800 

50 200 20 200 
V/mV 

25 15 

± 12 ±13 ± 12 ±13 
V 

±12 ::!:13 

70 90 70 90 
dB 

70 90 

76 90 76 90 
dB 

76 90 76 90 

± 12 ±14 ± 12 ±14 
V 

±10 ±13 ± 10 ±13 

3.5 5.0 3.5 5.6 

4.5 5.0 mA 

6.0 6.7 

70 150 70 170 

135 150 mV 

180 200 

1.2 1.2 V/iJ.s 

0.3 0.3 iJ.s 

15 15 % 
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MC4558C/AC/I LINEAR INTEGRATED CIRCUIT 

TYPICAL PERFORMANCE CHARACTERISTICS 

Fig. 1 BURST NOISE vs SOURCE RESISTANCE 
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MC4558C/AC/I 

Fig. 7 POSITIVE OUTPUT VOLTAGE SWING 
vs LOAD RESISTANCE 
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KA219/KA319 LINEAR INTEGRATED CIRCUIT 

DUAL HIGH SPEED VOLTAGE COMPARATOR 
The KA219 is a dual high speed voltage comparator designed to oper­
ate from a single + 5V supply up to ± 15V dual supplies. 
Open collector of the output stage makes the KA219 compatible with 
RTL, DTL and TTL as well as capable of driving lamps and relays at 
currents up to 25mA. Typical response time of BOns with ± 15V power 
supplies makes the KA219 ideal for application in fast AID converts, level 
shifters, oscillaters, and multivibrators. 

FEATURES 
• Operates form a single SV supply 
• Typically 80ns response time at ± 1SV 
• Open collector outputs: up to + 3SV 
• High output drive current: 2SmA 
• Inputs and outputs can be isolated from system ground 
• Minimum fan-out of 2 (each side) 
• Two independent compators 

14 SOP 

BLOCK DIAGRAM 
ORDERING INFORMATION 

NC 

Device Package Operating Temperature 
NC 

KA319N 14 DIP 
O-+70°C 

KA319D 14 SOP 
OUTPUT1 

KA219N 14 DIP 
-25 - +85°C 

IN2 (-) KA219D 14 SOP 

SCHEMATIC DIAGRAM 
,-~~~--~~-'------------~~~~-------'-----OVcc 

IN (_)"----__ --'--T 

IN (+) 
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L----~VEE 
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KA219/KA319 LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Value Unit 

Supply Voltage Vs 36 V 
Output to Negative Supply Voltage Vo - VEE 36 V 
Ground to Negative Supply Voltage GND-VEE 25 V 
Ground to Positive Supply Voltage GND-Vee 18 V 
Differential Input Voltage VIO ±5 V 
Input Voltage VI ±15 V 
Output Short Circuit Duration 10 sec 
Power Dissipation Po 500 mW 
Operating Temperature Range KA219 

Top, 
-25 - +85 

°C 
KA319 0-+70 

Storage Temperature Range Ts1g -65 - +150 °C 

ELECTRICAL CHARACTERISTICS 
(Vee = +15V, VEE = -15V, Ta=25°C, unless otherwise specified) 

KA219 KA319 
Characteristic Symbol Test Conditions Unit 

Min Typ Max Min Typ Max 

Input Offset Voltage Rss5KO 0.7 4.0 2.0 8.0 

(Note 1) VIO 
I Note 3 

mV 
7.0 10 

Input Offset Current 10 75 10 200 

(Note 1) ho 
I Note 3 

nA 
100 300 

150 500 250 1000 
Input Bias Current 118 

I Note 3 
nA 

1000 1200 

Voltage Gain Av 10 40 8 40 V/mV 

Response Time 
t, Vs= ± 15V 80 80 ns 

(Note 2) 

VinS - 5mV, 10 = 25mA 0.6 1.5 V 

VinS - 10mV, 10 = 25mA 0.6 1.5 V 

Saturation Voltage VOL Vee~4.5V, VEE=OV 
0.23 0.4 V 

VinS - 6mV, ISinkS3.2mA 

Vee~4.5V, VEE=OV 0.3 0.4 V 
VinS -10mV, IsinkS3.2mA 

Vin~5mV, Vo=35V 0.2 2 
Output Leakage 

IOL I Note 3 1 10 
p.A 

Current 
Vjn~10mV, Vo=35V 0.2 10 p.A 

IVs=±15V ±13 ±13 
Input Voltage Range VieR Note 3 V 

I Vee = 5V, VEE = OV 1 3 1 3 

c8SAMSUNG 
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KA219/KA319 LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS 
(Vec = + 15V, VEE = -15V, Ta = 25°C, unless otherwise specified) 

I 
! 

~Min I I KA219 KA319 
Characteri stic I Symbol Test Conditions Unit 

Typ Max Min Typ Max 

Differential In put 
VID ±5 ±5 V 

Voltage 

Positive Supply 
Icc1 Vcc =5V, VEE=OV 3.6 3.6 rnA 

Current 

Positive Supply 
Ice2 Vs= ±15V 7.5 11.5 7.5 12.5 rnA 

Current 

Negative Supply 
lEE Vs= ± 15V 3 4.5 3 5 rnA 

Current 

Note 1. The offset voltage and offset currents given are the maximum values required to drive the output within 
a volt of either supply with a 1 rnA load. Thus, these parameters define an error band and take into account 
the worst case effects of voltage gain and input impedance. 

2. The response time specified is for a 100mV input step with 5rnV overdrive. 

3. KA319: O!'>Ta:::;; + 70°C 
KA219: - 25 !'> Ta:::;; + 85°C 
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KA219/KA319 LINEAR INTEGRATED CIRCUIT 

TYPICAL PERFORMANCE CHARACTERISTICS 
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KA219/KA319 
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KA710C/I LINEAR INTERGRATED CIRCUIT 

HIGH SPEED VOLTAGE COMPARATOR 
The KA710CII is a high speed voltage comparator intended for use as 
an accurate, low-level, digital level sensor or as a replacement for 
operational amplifiers in comparator applications where speed is of 
prime importance. 
The output of the comparator is compatible with all intergrated logic 
forms. 
The KA710C/I is useful as pulse height disciminators, a variable threshold 
schmitt trigger, voltage comparators in high-speed AID converters, a 

14 DIP 

memory sense amplifier or a high noise immunity line receiver. 14 SOP 

FEATURES, 
• Low offset voltage: 5mV 
• High gain: 1000 VN 
• High speed: 40ns Typ 

BLOCK DIAGRAM 

ORDERING INFORMATION 

Device Package Operating Temperature 

KA710CN 14 DIP 

KA710CD 14 SOP 

KA7101N 14 DIP 

KA710lD 14 SOP 

SCHEMATIC DIAGRAM 

IN (+) 

IN (-) 

GND~+-----------------------------------~--~ 
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o -+ 70°C 

-

-25 - +85°C 

OUTPUT 
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KA710C/I LINEAR INTERGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Value Unit 

Positive Supply Voltage Vee +14 V 
Negative Su pply Voltage VEE -7 V 
Peak Output Current Ipeak 10 mA 
Output Short Circuit Duration 10 Sec 
Differential Input Voltage VID ±5 V 
Input Voltage VI ±7 V 
Power Dissipation Po 300 mW 
Operating Temperature Range KA710C 

Top, 
0-+70 

°C KA7101 -25 - +85 
Storage Temperature Range Tstg -65-+150 °C 

ELECTRICAL CHARACTERISTICS (Vee = + 12V, VEE = -6V, Ta=25°C, unless otherwise specified) 

KA7101 KA710C 
Characteristic Symbol Test Conditions Unit 

Min Typ Max Min Typ Max 

RsS2000, NOTE 1 0.6 2.0 1.6 5.0 
Input Offset Voltage Via I Note 2 

mV 
3.0 6.5 

Input Offset Current NOTE 1 0.75 3.0 1.8 5.0 

(Note 1) 
110 I Note 2 

p,A 
1.8 7.0 7.5 

5.0 20 7.0 25 
Input Bias Current liB I Note 2 27 45 25 40 

p,A 

Large Signal Voltage Gain 
1250 1800 1000 1700 

Av 
I Note 2 

VIV 

Input Voltage Range VieR Vee= -7V ±5.0 ±5.0 V 

Common Mode Rejection Ratio CMRR Rss2000, NOTE 2 80 95 70 94 dB 

Differential Input Voltage Range VIDR ±5.0 ±5.0 V 

Positive Output Level VOH OsI0<5mA, Vin~5mV 2.5 2~9 4.0 2.5 2.9 4.0 V 

Negative Output Level VOL Vin~5mV -1.0 -0.5 0 -1.0 -0.5 0 V 

Output Sink Current ISink VO=OV Vin~5mV 2.0 2.2 1.6 2.2 mA 

Pdsitive Supply Current lee VoSOV 4.7 9.0 4.7 9.0 mA 

Negative Supply Current lEE Vo=OV, Vin= +5mV 4.0 7.0 4.0 7·9 mA 

Power Consumption Po Va = OV, Yin = 10mV 80 150 150 mV 
J 

Response Time t, (Note 3) 40 40 nS 

Note 1. The input offset voltage and input offset current are specified for a logic threshold voltage as follows: 
For 7101, 1.65V at -25°C, 1.4V at +25°C, 1.15V at +85°C. For 710C, 1.5V at O°C, 1.4V at +25°C, 1.2V 
at + 70°C. 

Note 2. KA710C: OsTas + 70°C 
KA7101: -25sTas +85°C 

Note 3. The response time specified is a 100mV input step with 5mV overdrive (KA710). 
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KA710C/I LINEAR INTEGRATED CIRCUIT 

TYPICAL PERFORMANCE CHARACTERISTICS 
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KA710C/I 
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KA711C/I 

DUAL HIGH~SPEED DIFFERENTIAL 
COMPARATOR 

The KA711CII contain two voltage comparatorsth 
with separate differential inputs, a common output and 
provision for strobing each side independently. The dev· 
ice features high accuracy, fast response, low offset 
vol tage, a large input voltage range, low power consu­
mption and compatibility with practically all integrated lo­
gic forms. 

The KA 711 CII can be used as a sense amplifier for 
memories, and a dual comparator with OR'ed outputs 
is required, such as a double-ended limit detector. 

FEATURES 
• Fast response time: 40ns (Typ) 
• Output compatible with most TTL circuits 
• Indepel"!dent strobing of each comparator 
• Low offset voltage 

BLOCK DIAGRAM 

SCHEMATIC DIAGRAM 

INPUT(-) A 

INPUT( +) B o--+--~ 

LINEAR INTEGRATED CIRCUIT 

14 DIP 

14 SOP 

ORDERING INFORMATION 

Device Package Operating Temperature 

KA711CN 14 DIP 

KA711CD 14 SOP 
0- + 70°C 

KA7111N 14 DIP 
-25 -+85°C 

KA7111D 14 SOP 

INPUT(-)B 

~---+--u INPUT (+) B 

VEE ()------*----+---*---------' 
GND 
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KA711C/I LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 

Characteristic Symbol Value 

Positive Supply Voltage Vee +14 
Negative Supply Voltage VEE -7 
Differential Input Voltage vlO ±5 
Input Voltage VI ±7 
Strobe Voltage Vst 0-6 
Peak Output Current I peak 50 
Continuous Total Power Dissipation Po 500 
Operating Temperature Range KA711C 

Top, 
0- + 70 

KA7111 -65 - + 150 
Storage Temperature Range Tstg -25 - +85 

ELECTRICAL CHARACTERISTICS 
(Vcc= + 12V, VEE = -6V, Ta=25°C, unless otherwise specified) 

Symbol I KA71111 
Characteristic Test Conditions 

Min Typ Max 
I 

I Rs 2: 2000. V1CM = OV 1.0 3.5 
Input Offset Voltage VIO 

• VOUT= 1.4V I NOT~_2 4.5 

VOUT = 1.4V 0.5 10.0 
Input Offset Current 110 

I NOTE 2 20 

25 75 
Input Bias Current liB 

!Ta=o°c 150 

750 1500 
Large Signal Voltage Gain Av 

I NOTE 2 500 

Input Voltage Range VICR VEE = -7.0V ±5.0 

Differential Input Voltage Range VIOA ±5.0 

Output Resistance Ro 200 

Output Voltage (High) VOH VIN~10mV 4.5 5.0 

Output Voltage (Low) VOL VIN~10mV -1.0 0 

Loaded Output High Level VLOM VIN~10mV, 10=5mA 2.5 3.5 

Strobed Output Level Vso V strobe ~ 0.3V -1.0 0 

Output Sink Current ISink VIN~ 10mV, Vo~OV 0.5 0.8 

Positive Supply Current lee Vo=OV, VIN =10mV 8.6 

Negative Supply Current lEE Vo = OV, VIN = 10mV 3.9 

Strobe Current 1st Vstrobe = 100mV 1.2 2.5 

Power Consumption Po Vo=OV, VIN~10mV 130 200 

Response Time t, (NOTE 1) 40 

Strobe Release Time t,s 12 

Note: 1. The response time specified is for a 100mV input step with 10mV overdrive 

2. KA711C: O~Ta~ + 70°C 
KA7111: - 25~Ta~ + 85°C 

Unit 

V 
V 
V 
V 
V 

mA 
mW 

°C 

°C 

KA711C 
Unit 

Min Typ Max 

1.0 5.0 
mV 

6.0 

0.5 15 

25 
f.LA 

25 100 

150 
p.A 

700 1500 
VJV 

500 

±5.0 V 

±5.0 V 

200 0 

4.5 5.0 V 

-1.0 -0.5 0 V 

2.5 3.5 V 

-1.0 0 V 

0.5 0.8 mA 

8.6 mA 

3.9 mA 

1.2 2.5 mA 

130 230 mW 

40 ns 

12 ns 

3. The input offset voltage and input offset current are specified for a logic threshold voltage of 7111, 1.65V 
at -25°C, 1.4V at +25°C, 1.15V at +85°C, for 711C, 1.5V at O°C, 1.4V at +25°C, 1.2V at + 70°C. 
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KA711C/I 

TYPICAL APPLICATIONS 

• Fig. 1 Sense Amplifier With Supply Strobing 
for Reduced Power Consumption* 

FROM 
SENSE 
LINE 

KA711C 
POSITIVE 
SUPPLY 
BUS 

* Standby dissipation is about 40mW 
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LINEAR INTEGRATED CIRCUIT 

Fig. 2 Double-Ended Limit Detactor 
With lamp Driver 

UPPER 
LIMIT 
VOLTAGE 

INPUT 

LOWER 
LIMIT 
VOLTAGE 

L1 
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LM239/A, LM339/A, LM2901, LM3302 LINEAR INTEGRATED CIRCUIT 

QUAD DIFFERENTIAL COMPARATOR 
The LM239 series consists of four independent voltage com­

parators designed to operate from single power supply over a wide 
voltage range. 

FEATURES 
• Single or dual supply operation 
• Wide range of supply voltages LM239/A, LM339/A: 2 - 36V 

LM2901 ,(or ± 1 - ± 18V) 
LM3302: 2 - 28V 
(or ± 1 - ± 14V) 

• Low supply current drain 800pA 1YP-
• Open collector outputs for wired and connectors 
• Low input bias current 25nA 1YP-
• Low input offset current ± 2.3nA Typ. 
• Low input offset voltage ± 1.4mV Typ. 
• Common mode input voltage range includes ground. 
• Low output saturation voltage 
• Output compatible with TTL, DTL and MOs logic 

system 

BLOCK DIAGRAM 

• 
OUT2 1 ~-----, r--------f 14 OUT3 

c8SAMSUNG 
Electronics 

14 DIP 

14 sop 

ORDERING INFORMATION 

Device Package Operating Temperature 

LM339N 
14 DIP 

LM339AN 
0-70°C 

LM339D 
14 SOP 

LM339AD 

LM239N 
14 DIP 

LM239AN 
-25- +85°C 

LM239D 
14 SOP 

LM239AD 

LM2901N 14 DIP 
LM2901D 14 SOP 

0- +85°C 
LM3302N 14 DIP 
LM3302D 14 SOP 
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LM239/A, LM339/A, LM2901, LM3302 LINEAR INTEGRATED CIRCUIT 

SCHEMATIC DIAGRAM 

VccO~-----------.-----------~------~~ 

IN (+) o---+---I 

IN (-) o------+---+-----If-.---+-----I ____ +---+----l-O OUTPUT 

D5 

D6 

GNDo------+--~----*--~----~~~_+----~ 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Value Unit 

Power Supply Voltage Vs ±18 or 36 V 
Power Supply Voltage Only LM3302 Vs ± 14 or 28 V 
Differential Input Voltage VID 36 V 
Differential Input Voltage Only LM3302 VID 28 V 
Input Voltage VI -0.3 to +36 V 
Input Voltage Only LM3302 VI -0.3 to +28 V 
Output Short Circuit to GND Continuous 
Power Dissipation PD 570 mW 
Operating Temperature LM239/LM239A 0- +70 °C 

LM339/LM339A 
Topr 

-25- +85 °C 
LM2901/LM3302 -40- +85 °C 

Storage Temperature Tstg -65 -+ 150 °C 

c8SAMSUNG 
Bectronics 
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LM239/A, LM339/A, LM2901, LM3302 LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS 
(Vee = 5V, Ta = 25°C, unless otherwise specified) 

Characteristic Symbol Test Conditions 

Input Offset Voltage VIO 
VleM = OV to Vee -1.5V 

Vo = 1 .4 V, Rs = 0 NOTE 1 

Input Offset Current "0 NOTE 1 

Input Bias Current Is 
NOTE 1 

Input Common Mode 
Voltage Range 

VieR 
NOTE 1 

Supply Current lee RL=OO 

Voltage Gain AVOL Vee = 15V, RL~ 15KO (for large swing) 

Large Signal 
tRES 

VIN =TTL Logic Swing 
Response Time V,ef=1.4V, VRL =5V, RL=5.1KO 

Response Time tRES VRL =5V, RL=5.1KO 

Output Sink Current Isink VIN-~1V, VIN + =OV, Vo::s;1.5V 

Output Saturation VIN-~1V, VIN + =OV 

Voltage 
Vsat 

Isink =4mA NOTE 1 

Output Leakage VIN - =0 Vo =5V 

Current Ileak 
VIN + = 1V Vo=30V 

Differential Voltage VID NOTE 1 

* NOTE 1 
LM339/A: O::s;Ta::s; + 70°C 
LM239/A: - 25::s;Ta::s; + 85°C 
LM2901/3302: - 40::s;Ta< + 85°C 

c8SAMSUNG 
Electronics 

LM239A/LM339A LM239/LM339 
Unit 

Min Typ Max Min Typ Max 

±1 ±2 ±1.4 ±5 
mV 

±4.0 ±9.0 

±2.3 ±50 ±2.3 ±50 
nA 

± 150 ± 15lJ 

57 250 57 250 
nA 

400 400 

0 Vec-1.5 0 Vee-1.5 
V 

0 Vee-2 0 Vee-2 

1.1 2.0 1.1 2.0 mA 

50 200 50 200 V/mV 

350 350 ns 

1.4 1.4 f,.tS 

6 18 6 18 mA 

140 400 140 400 
mV 

700 700 

0.1 0.1 nA 

1.0 1.0 f,.tA 

36 36 V 
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LM239/A, LM339/A, LM2901, LM3302 LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS 
(Vec = 5V, Ta = 25°C, unless otherwise specified) 

Characteristic Symbol Test Conditions 

VICM = OV to Vcc = 1.5V 
Input Offset Voltage VIO 

Vo=1.4V, Rs=O NOTE 1 

Input Offset Current 110 
NOTE 1 

Input Bias Current 16 
NOTE 1 

Input Common Mode 
Voltage Range VICR 

NOTE 1 

RL =00, 
Supply Current Icc 

RL=oo, Vcc=30V 

Voltage Gain AVOL Vcc= 15V, RL~15Kn (for large swing) 

Large Signal 
tREsT 

VIN = TTL Logic Swi ng 
Response Time Vret = 1.4V, RRL = 5V, RL = 5.1 Kn 

Response Time tRES2 VRL =5V, RL=5.1Kn 

Output Sink Current ISink VIN_~1V, VIN+ =OV, Vo~1,5V 

Output Saturation VIN - ~ 1V, VIN+ = OV 

Voltage 
Vsat 

Isink=4mA NOTE 1 

Output Leakage VIN+ = 0 Vo=5V 

Current Ileak 
VIN + = 1V Vo =30V 

Differential Voltage VID NOTE 1 

NOTE 1 LM339/A: O~Ta~ + 70°C 
LM239/A: - 25~Ta~ + 85°C 
LM2901/3302: - 40 ~Ta< + 85°C 

c8SAMSUNG 
Electronics 

Min 

0 

0 

25 

6 

0 

LM2901 LM3302 
Unit 

Typ Max Min Typ Max 

2 7 2 20 
mV 

9 15 40 

2.3 50 3 100 
nA 

50 200 300 

57 250 57 250 
._- nA 

200 500 1000 

Vcc·1.5 0 Vcc·1.5 
V 

Vcc·2 0 Vcc·2 

1.1 2.0 1.1 2.0 
mA 

1.6 2.5 

100 2 30 VIm V 

350 350 ns 

1.4 1.4 p's 

18 6 18 mA 

140 400 140 400 
mV 

700 700 

0.1 0.1 nA 

1.0 1.0 p.A 

36 28 V 
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LM239/A, LM339A, LM2901, LM3302 LINEAR INTEGRATED CIRCUIT 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Fig. 2 INPUT CURRENT 
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LM239/A, LM339/A, LM2901, LM3302 LINEAR INTEGRATED CIRCUIT 

APPLICATION INFORMATION 
The LM239 series includes four high gain, wide bandwidth devices which, like most comparators, can easily oscillate 
if the output lead is inadvertently allowed to capacitively couple to the inputs via stray capacitance. That occurs 
during the output voltage transitions, when the comparator changes state. 
To minimize this problem, the PC board layout should be designed to reduce stray input-output coupling; reducing 
the input resistors to less than 10 KO reduces the feedback signal levels and finally, adding even a small amount 
(1 to 10mV) of positive feedback (hysteresis) causes such a rapid transition that oscillations due to stray feedback 
are not possible. 
It is a good design practic8 to ground all unused pins. 
The differential input voltage may be larger than positive supply without damaging the device. Note that voltages more negative 
than -O.3V should not be used: an input clamping diode can be used as protection. 

The outputLM339 is the uncommitted collector of a NPN transistor with grounded emitter. This allows the device to be used 
like any open-collector gate providing the OR-wide facility. 

The output sink current capability is approximately 16 mA; if this limit is exceeded, the output transistor will come out of 
saturation and the output voltage will rise very rapidly. 

Under this limit, the output saturation voltage is limited by the approximately 600 rsat of the outpput transistor. 

TYPICAL APPLICATIONS (Vee = + 15V) 

Fig. 6 Basic comparator Fig. 7 Non-inverting comparator with Hysteresis 

5V 5V 

3KO 

+VREF o------t 
Vo >--+--OVo 

+VINcr-~~ ......... 
10KO 

Fig. 8 Inverting comparator with Hysteresis 

3KIJ 
+VIN 0-----1 

>--+--OVo 

1 Mil 

c8SAMSUNG 
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LM239/A, LM339/A, LM2901, LM3302 LINEAR INTEGRATED CIRCUIT 

Fig. 9 Driving C/MOS Fig. 10 Driving TTL 

5V 5V 

Fig. 11 AND gate Fig. 12 OR gate 

15V 15V 

• 3KO 3KO 

A A 
B A·B·C B A+B+C 

+1~C +~C 
o "0" "1" 0 

"0" "1" 

Fig. 13 Large fan·in AND gate Fig. 14 Squarewave oscillator 

15V 
15V 

4.3KO 
100KO 

3KO 

">-+----<.lVo ~ ±Vee 

A·B·c·r 
f=100KHz 
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LM239/A, LM339/A, LM2901, LM3302 LINEAR INTEGRATED CIRCUIT 

Fig. 1S ORing the outputs Fig. 16 Peak audio level display 

15V 

3KO 

>--t---oVo 

Fig. 17 Zero crossing detector (single supply) 

15V 

20 

8.2KO 6.8KO KO 

01 

c8SAMSUNG 
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5800 

6800 

IN lKO 

6800 

>----~6800 

Fig. 18 Zero crossing detector (split supplies) 
VINmln ... O.4V peak for 1% phase distortion (A 8) 
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LM293/A, LM393/A, LM2903 LINEAR INTEGRATED CIRCUIT 

DUAL DIFFERENTIAL COMPARATOR 8 DIP 

The LM293 series consists of two independent voltage comparators 
designed to operate from a single power supply over a wide voltage 
range. 

FEATURES 
• Single Supply Operation: 2V to 36V 
• Dual Supply Operation: ::t: 1 V to ::t: 18V 
• Allow Comparison of Voltages Near Ground Potential 
• Low Current Drain 800J'A Typ 
• Compatible with all Forms of logic 
• Low Input Bias Current 2SnA l'yp 
• Low Input Offset Current ± SnA l'yp 
• Low Offset Voltage ::t: 1mV Typ 

BLOCK DIAGRAM 

• 

ORDERING INFORMATION 

Device Package Operating Temperature 

LM393N 
8 DIP 

LM393AN 

LM393S 
9 SIP 0- + 75°C 

LM393AS 

LM393D 
8 SOP 

LM393AD 

LM293N 
8 DIP 

LM293AN 

LM293S 
9 SIP -25- +85°C 

LM293AS 

LM293D 
8 SOP 

LM293AD 

LM2903N 8 DIP 

LM2903D 8 SOP -40- +85°C 

LM2903S 9 SIP 

c8SAMSUNG 
EIectrorics 

8 soP 

9 SIP 
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LM293/A, LM393/A, LM2903 LINEAR INTEGRATED CIRCUIT 

SCHEMATIC DIAGRAM 

VccO~--------~~--------~~ ____ ~~ 

IN (+) O---+---f 

IN (-) Q------+---+------l--+------.j ____ 1---+--+---0 OUTPUT 

05 

06 

GNOQ-----~--+_--~~-~----~--~+_----

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Value Unit 

Power Supply Voltage Vs ± 18 or 36 V 

Differential Input Voltage VID 36 V 

Input Voltage VI -0.3 to +36 V 

Output Short Circuit to GND Continuous 

Power Dissipation PD 570 mW 

Operating Temperature 
LM393/LM393A 0- +70 
LM293/LM293A Topr -25- +85 °C 
LM2903 -40- +85 

Storage Temperature Tstg -65- + 150 °C 

c8SAMSUNG 
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LM293/A, LM393/A, LM2903 LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS (Vee = 5V, Ta= 25°C, unless otherwise specified) 

Characteristic 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Input Common Mode 
Voltage Range 

Supply Current 

Voltage Gain 

Large Signal Response 
Time 

Response Time 

Output Sink Current 

Output Saturation Voltage 

Output Leakage Current 

NOTE 1 
LM393/A: O:sTa:s + 70°C 
LM293/A: - 25:s Ta:s + 85°C 
LM2903: -40:sTa:s +85°C 

Symbol 

VIO 

ho 

18 

VieR 

lee 

Av 

tRES1 

tRES2 

Isink 

Vsat 

heak 

Test Conditions 

VleM = OV to Vee -1.5V 
Vo= 1.4V, Rs=O NOTE 1 

NOTE 1 

NOTE 1 

NOTE 1 

RL=oo 

RL=OO Vee = 30V 

Vee = 15V, RL~ 15KO(for large Va swing) 

VIN = TTL Logic Swing 
V,ef = 1.4V, VRL = 5V, RL = 5.1 KO 

VRL =5V, RL=5.1KO 

VIN-~1V, V1N + =OV, Vo~1.5V 

VIN-~1V, V1N + =OV 
Isink =4mA NOTE 1 

V1N - =0, Vo=5V 

Vin + = 1V Vo=30V 

c8SAMSUNG 
Electronics 

LM293AJLM393A LM293/LM393 

Min Typ Max Min Typ Max 

±1 ±2 ±1 ±5 

±4.0 ±9.0 

±5 ±50 ±5 ±50 

± 150 ± 150 

65 250 65 250 

400 400 

0 Vee-1.5 0 Vee-1.5 

0 Vee-2 0 Vee-2 

0.6 1 0.6 1 

0.8 2.5 0.8 2.5 

50 200 50 200 

350 350 

1.4 1.4 

6 18 6 18 

160 400 160 400 

700 700 

0.1 0.1 

1.0 1.0 

Unit 

mV 

nA 

nA 

V 

mA 

V/mV 

nS 

J.l.S 

mA 

mV 

nA 

J.l.A 
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LM293/A, LM393/A, LM2903 LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS (Vcc =5V, Ta=25°C, unless otherwise specified) 

Characteristic 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Input Common Mode 
Voltage Range 

Supply Current 

Voltage Gain 

Large Signal Response 
Time 

Response Time 

Output Sink Current 

Output Saturation Voltage 

Output Leakage Current 

NOTE 1 
LM393/A: O:5Ta:5 + 70°C 
LM293/A: -25$Ta$ +85°C 
lM2903: -40$Ta$ +85°C 

Symbol 

VIO 

110 

Is 

VICR 

lec 

Av 

tRES1 

tRES2 

ISink 

Vsat 

Ileak 

c8SAMSUNG 
Electronics 

Test Conditions 

VICM = OV to V cc - 1 .5V 
Vo=1.4V, Rs=O NOTE 1 

NOTE 1 

NOTE 1 

NOTE 1 

RL=OO 

RL=OO Vec = 30V 

Vcc = 15V, RL~ 15Kn (for large Vo swing) 

VIN = TTL Logic Swing 
Vref =1.4V, VRL =5V, RL=5.1Kn 

VRL =5V, RL=5.1Kn 

VIN - ~1V, VIN + =OV, Vo5.1.5V 

VIN - ~ 1 V, VIN + = OV 
Isink =4mA NOTE 1 

VIN - = 0, Vo=5V 

Vin + = 1V Vo=30V 

LM2903 

Min Typ Max 

± 1 ±7 

±9 ±15 

±5 ±50 

±50 ±200 

65 250 

500 

0 Vcc·1.5 

0 Vcc·2 

0.6 1 

1 2.5 

25 100 

350 

1.5 

6 16 

160 400 

700 

0.1 

1.0 

Unit 

mV 

nA 

nA 

V 

mA 

V/mV 

nS 

p.S 

mA 

mV 

nA 

p.A 
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LM293/A, LM393/A, LM2903 LINEAR INTEGRATED CIRCUIT 

TYPICAL PERFORMANCE CHARACTERISTICS 
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LM293/A, LM393/A, LM2903 LINEAR INTEGRATED CIRCUIT 

APPLICATION INFORMATION 
The LM293 series are high gain, wide bandwidth devices which, like most comparators, can easily oscillate if the 
output is inadvertently allowed to capacitively couple to the inputs via stray capacitance. That occurs during the 
output voltage transitions, when the comparator changes state. 

To minimize this problem, the PC board layout should be designed to reduce stray input-output coupling; reducing 
the input resistors to less than 10 KO reduces the feedback signal levels and finally, adding even a small amount 
(1 to 10mV) of positive feedback (hysteresis) causes such a rapid transition that oscillations due to stray feedback 
are not possible. 
It is a good design practice to ground all unused pins. 
The differential input voltage may be larger than positive supply without damaging the device. Note that voltages more negative 
than -0.3V should not used: an input clamping diode can be used as protection. 

The output of the LM239 series is the uncommitted collector of a NPN transistor with grounded emitter. The allows 
the device to be used like any open-collector gate providing the OR-wide facility. 

The output sink current capability is approximately 16mA; if this limit is exceeded, the output transistor will come out of satu­
ration and the output voltate will rise very rapidly. 
Under this limit, the output saturation voltage is limited by the approximatively 600 rSal of the output transistor. 

TYPICAL APPLICATIONS (Vee= + 15V) 

Fig. 6 Basic comparator 

+vcc 

3KO 

Fig. 7 Non·inverting comparator 
with Hysteresis 

+Vee 

+VREF 3KO 

+VIN 10KO 

+VIN 

Fig. 8 Inverting comparatoTi 
with Hysteresis 

TVee 

3KO 

1M{! 

Fig. 9 Driving C·MOS Fig. 10 Driving TTL 

+5V +5V 
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LM293/A, LM393/A, LM2903 

APPLICATION INFORMATION (continued) 

Fig. 11 AND gate 

+Vcc 

3Kf! 

3x100Kf! 
Ao--~ ...... >-~-----10A·B·C 

B o--~~>----~-I~~ 

+Vcc C o-_~...--' 

o-..J 
"a" "1" 

Fig. 13 Large fan·in AND gate 

+Vcc 

+Vcc ----. 

a -.J A 'o----...t-=--+---4:~ 
"a" "1'" B G--MI--.... 

Co----N-"::"":"; 

D 0--...... ----' 

Fig. 15 Pulse generator 

R1 D1 

1MO 1N914 
R2 D2 

+Vcc 

15KO 

,n<:f) .. ~n -V+ 
6p.S.J ~ L 

to 11 12 

Vo 

c8SAMSUNG 
Electronics 

LINEAR INTEGRATED CIRCUIT 

Fig. 12 OR gate 

+Vcc 

3x 100kf! 
A o---~,.-, 

B o-~~~~----~~ 
c 

:~ 

ol 
10 

"a" "1" 

FOig. 14 Squarewave oscillator 

+Vcc 

+V::ru-

Vo f=100KHz 

Fig. 16 One·shot multivibratoi 

+Vcc 

10Kfl PW v+ tms-:r-E" 
to 11 >--+--0 Va 
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LM311 

VOLTAGE COMPARATOR 
The LM311 series is a monolithic, low input current 
voltage comparator. 
The device is also designed to operate from dual or 
single supplies voltage. 

FEATURE 
• Low input bias current: 2S0nA (Max) 
• Low input offset current: SOnA (Max) 
• Differential Input Voltage: ± 30V. 
• Power supply voltage: single 5.0V supply to ± 15V. 
• Offset voltage null capability. 
• Strobe capability. 

BLOCK DIAGRAM 

GND 1 

7 OUTPUT 

6 BALANCE/STROBE 

5 BALANCE 

SCHEMATIC DIAGRAM 

LINEAR INTEGRATED CIRCUIT 

8 DIP 

8 SOP 

ORDERING INFORMATION 
Device Package Operating Temperature 

LM311N 8 DIP 
0-+ 70 0 e 

LM311D 8 SOP 

~--------'-~--~~------~~---OVcc 

~-I---.\--_--n OUTPUT 

IN (+) 

IN (-)o.r--...... 

'-----_____.--<JGND 
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LM311 LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Value Unit 

Total Supply Voltage Vs 36 V 
Output to Negative Supply Voltage LM311 Vo - VEE 40 V 
Ground to Negative Supply Voltage VEE 30 V 
Differential Input Voltage VID ±30 V 
Input Voltage VIN ±15 V 
Output Short Circuit Duration 10 sec 
Power Dissipation PD 500 mW 
Operating Temperature Range Topr 0- +70 °C 
Storage Temperature Range Tstg -65- + 150 °C 

ELECTRICAL CHARACTERISTICS (Vcc = 15V, VEE = -15V, Ta = 25°C, unless otherwise specified) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Rs~50KO 1.0 7.5 
Input Offset Voltage VIO 

I NOTE 1 
mV 

10 

6 50 
Input Offset Current 110 I NOTE 1 

nA 
70 

I 
100 250 

Input Bias Current liB 
I NOTE 1 

nA 
300 

Voltage Gain Av 40 200 V/mV 

Response Time tr I NOTE 2 200 nS 

10 = SOmA, VIN ~ - 10mV 0.75 1.5 

Saturation Voltage Vsat Vcc~4.5V, VEE = OV 
ISink~8mA, VIN~ -10mV , NOTE 1 0.23 0.4 

Strove "ON" Current Is 3 mA 

Output Leakage Current Ileak 
Istrobe = 3mA, VIN ~ 10mV 0.2 50 nA 
Vo =35V, VEE=VGND= -5V 

Input Voltage Range VICR NOTE 1 
-14.5 -14.7 

V 
to 13.0 to 13.8 

Positive Supply Current Icc 3.0 7.5 mA 

Negative Supply Current lEE -2.2 -5.0 mA 

Strobe Current I strobe 3 mA 

NOTE 1. O~Ta~ +70°C 
2. The response time specified is for a 100mV input step with SmV over drive. 
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LM311 LINEAR INTEGRATED CIRCUIT 

TYPICAL PERFORMANCE CHARACTERISTICS 
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LM311 

Fig. 7 SATURATION VOLTAGE VS CURRENT 
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LINEAR INTEGRATED CIRCUIT 
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LM311 

TYPICAL APPLICATIONS 
Fig. 1 Switching Power Amplifier 

LINEAR INTEGRATED CIRCUIT 
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NE555C/I LINEAR INTEGRATED CIRCUIT 

SINGLE TIMER 
The N E555 series are a monolithic integrated circuit and high 
stable device for.generatingaccurate time dE-lay or oscillation. 
The NE5551 is characterized for operation from - 40°C to + 85°C, 
aAd the NE555C from O°C to 70°C. 

FEATURES 
• Turn off time less than 2/ls 
• Maximum operating frequency greater than 500KHz 
• Timing from microseconds to hours 
• Operates in both astable and monostable modes 
• High output current 
• Adjustable duty cycle 
• Temperature stability of 0.005% per °C 

APPLICATIONS 

8 DIP 

8 soP 

• Precision timing 
• Time delay generation ORDERING INFORMATION 
• Pulse generation 
• Pulse position modulation Device Package Operating Temperature 
• Sequential timing 
• Missing pulse detector 

NE555CN 8 DIP 
0- + 70°C 

NE555CD 8 SOP 

NE5551N 8 DIP 
BLOCK DIAGRAM 

-40- + 85°C 
NE5551D 8 SOP 

Vee 
Control Voltage 

R1 

R2 
Comparator 
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NE555C/I LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 

Characteristic Symbol Value Unit 

Supply Voltage Vee 16 V 
Lead Temperature (soldering 10 sec) T1ead 300 ·C 
Power Dissipation Po 600 mW 
Operating Temperature Range NE555C Topr 0- +70 ·C 

NE5551 -40- +85 ·C 

Storage Temperature Range TsIg -65- + 150 ·C 

ELECTRICAL CHARACTERISTICS 
(Ta=25OC, Vcc=5-15\1, unless otherwise specified) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Supply Voltage Vee 4.5 16 V 

Supply Current Vee = 5V, RL =00 3 6 mA 
Icc 

'l(low stable) Vee = 15V, RL =00 10 15 mA 

'Timing Error 
(Monsotable) 
21nitial Accurary MTl RA = 1 KG to 1.0 3.0 % 
Drift with Temperature 100KG 50 ppm/·C 
Drift with Supply Voltage C =0.1p.F 0.1 0.5 %IV 

'Timing Error 
(astable) RA = 1 K to 
21nitial Accurary MT2 100KG 2.25 % 
Drift with Temperature C=0.1p.F 150 ppm/oC 
Drift with Supply Voltage 0.3 %IV 

Vee = 15V 9.0 10.0 11.0 V 
Control Voltage Ve 

Vee = 5V 2.6 3.33 4.0 V 

Vee = 15V 10.0 V 
Threshold Voltage VTH 

Vee = 5V 3.33 V 

'3Threshold Current IrH 0.1 0.25 p.A 

Trigger Voltage VTR Vee=5 1.1 1.67 2.2 V 

Trigger Voltage VTR Vee = 15V 4;5 5 5.6 V 

Trigger Current IrR VT=OV 0.5 2.0 p.A 

Reset Voltage VRE 0.4 0.7 1.0 V 

Reset Current IRE 0.1 0.4 mA 
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NE555C/I LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS 
(T a =25°C, V CC =5 -15V, unless otherwise specified) 

Characteristic Symbol 
Test 

Min Typ Max Unit 
Conditions 

Vee=15V 
Isink =10mA 0.1 0.25 V 

Output Voltage (low) VOL 
Isink = 50mA 0.4 0.75 V 

Vee = 5V 
Isink =5mA 0.25 0.35 V 

Vee = 15V 
Isource = 200mA 12.5 V 

Output Voltage (high) VOH 
Isource = 100mA 12.75 13.3 V 

Vee=5V 
Isource = 100mA 2.75 3.3 V 

Rise Time of Output Tr 100 nsec 

Fall Time of Output T, 100 nsec 

Discharge Leakage Current 10 20 100 nA 

Notes: 

1. Supply current when output is high is typically 1mA less at Vee =5V. 
2. Tested at Vee =5.0V and Vee =15V 
3. This will determine the maximum value of RA +Ra for 15Voperation, the max total R=20MO, and for 5V operation the 

max total R=6.7Mfl. 

APPLICATION CIRCUIT 

Cl RB RA 

GND R3 Rl 

Vee 

Flip-Flop 

----------------------------~3~--------------~ Output 
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NE555C/I LINEAR INTEGRATED CIRCUIT 

APPLICATION NOTE 
The application circuit shows astable mode. 
Pin 6 (threshold) is tied to Pin 2 (trigger) and Pin 4 (reset) is tied to Vee (Pin 8). 
The external capacitor C, of Pin 6 and Pin 2 charges through RA, Rs and discharges through Rs only. 
In the internal circuit of the NE555 one input of the upper comparator is the 2/3 Vee (*R, = R2 = R3), another input 
if it is connected Pin 6 .• 
As soon as charging C, is higher than 2/3 Vee, discharge transistor 0, turns on and C, discharges to collector of 
transistor 0,. 
Therefore, the flip-flop circuit is reset and output is low. 
One input of lower comparator is the 1/3 Vee, discharge transistor 0, turn off and C, charges through RA and Rs. 
Therefore, the flip-flop circuit is set and output is high. 
So to say, when C, charges through RA and Rs output Is high and when C, discharges through Rb output is low 
The charge time (output is high) T, is 0.693 (RA +Rs) C, and the discharge time (output is low) T2 is 0.693 (Rs C,). 

(In Vcc=1/3Vcc -0.693) 
Vec-213Vee 

Thus the total period time T is given by 
T=T, +T2=0.693 (RA+2Rs).C,. 
Then the frequency of astable mode is given by 

f=..:!..= 1.44 

T (RA +2Ra)C, 

The duty cycle is given by 

D.C=T2=~ 
T RA+2Ra 

If you make use of the N E556 you can make two astable modes. 

If you want another application note, request information on our timer Ie application circuit designer. 
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NE556C/I LINEAR INTEGRATED CIRCUIT 

DUAL TIMER 
The NE556 series dual monolithic timing circuits are highly stable con­
trollers capable of producing accurate time delays or oscillation. 
The NE556 is a dual NE555. Timing is provided by an external resistor 
and capacitor for each timing function. 
The two timers operate independently of each other, sharing only Vee 
and ground. 
The circuits may be triggered and reset on falling waveforms. The out­
put structures may sink or source 200 mA. 
The N E5561 is characterized for operation from - 40° C to + 85 ° C, and 
the NE556C from O°C to 70°C. 

FEATURES 
• Direct replacement for NE556 
• Replaces two N E555 timers 
• Operates in both astable and monostable modes 
• High output current 
• TTL compatible 
• Timing from microsecond to hours 
• Adjustable duty cycle 
• Temperature stability of 0.005% per °C 

14 DIP 

14 soP 

ORDERING INFORMATION 
APPLICATIONS 
• Precision timing • Sequential timing 

Device Package Operating Temperature 

• Pulse shaping 
• Pulse width modulation 
• Frequency division 
• Traffic light control 

• Pulse generator 
• Time delay generator 
• Touch tone encoder 
• Tone burst generator 

NE556CN 14 DIP 
0- + 70°C 

NE556CD 14 SOP 

NE5561N 14 DIP 
-40- +85°C 

BLOCK DIAGRAM 
NE5561D 14 SOP 
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NE556C/I LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 

Characteristic Symbol Value Unit 

Supply Voltage Vee 16 V 
Lead Temperature (soldering 10 sec) T1ead 300 °C 
Power Dissipation Po 600 mW 
Operating Temperature Range NESS6C Topr 0- +70 °C 

NESS61 -40- +85 °C 
Storage Temperature Range Tstg -65 -+150 °C 

ELECTRICAL CHARACTERISTICS 
(Vee = +5V to + 15V, unless otherwise specified) 

Characteristic Symbol Test Conditions Min lYP Max Unit 

Supply Voltage Vee 4.5 16 V 

*1 Supply Current (Two timers) 
Icc 

Vee =5V, RL = 00 5 12 mA 
(low state) Vee =lSV, RL=oo 16 30 mA 

*2 Timing Error (monostable) MT1i RA =2KO to 100KO 
Initial Accuracy C=O.lJAF 0.75 % 
Drift with Temperature T = 1.lRe 50 ppm/oC 
Drift with Supply Voltage 0.1 %N 

Vee=15V 9.0 10.0 11.0 V 
Control Voltage Ve 

Vee=5V 2.6 3.33 4.0 V 

Vee=15V 10.0 V 
Threshold Voltage VrH 

Vee=5V 3.33 V 

*3 Threshold Current IrH 30 250 nA 

Vee=15V 4.5 5.0 5.6 V 
Trigger Voltage VrR 

Vee=5V 1.1 1.67 2.2 V 

Trigger Current IrR Vr=OV 0.5 2.0 pA 

*5 Reset Voltage VRE 0.4 0.7 1.0 V 

Reset Current IRE 0.1 0.6 mA 

Vee=15V 
'sink=10mA 0.1 0.25 V 
's;nk=50mA 0.4 0.75 V 

Output Voltage Low VOL 
'sink =100mA 2.0 3.2 V 
'sink =200mA 2.5 V 

Vee=SV 
Isink =8mA 0.25 0.3 V 
'sink=5mA 0.15 0.25 V 
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NE556C/I LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS 
(Vee = +5V to + 15V, unless otherwise specified) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Vee=15V 
Isource =200mA 12.5 V 

Output Voltage (high) VOH Isource =100mA 12.75 13.3 V 

Vee=5V 
Isource = 100mA 2.75 3.3 V 

Rise Time of Output Tr 100 300 nsec 

Fall Time of Output T, 100 300 nsec 

Discharge Leakage Current 10 20 100 nA 

*4 Matching Characteristics 
Initial Accuracy MeH 1.0 2.0 % 
Drift with Temperature 10 ppm/oC 
Drift with Supply Voltage 0.2 0.5 %N' 

*2 Timing Error (astable) RA, Rs =1kn to 1QOkn 
Initial Accuracy 

MT2 
C=0.1J,lf 2.25 % 

Drift with Temperature Vee=15V 150 ppm/oC 
Drift with Supply Voltage 0.3 %N 

Notes: 
* 1. Supply current when output is high is typically 1.0mA less at Vee =5V. 
*2. Tested at Vee=5V and Vee=15V 
*3. This will determine the maximum value of RA + Rs for 15V operation. 

The maximum total R=20MO, and for 5V operation the maximum total R=6.6Mn. 
*4. Matching characteristics refer to the difference between performance characteristics of each timer section in 

the monostable mode. 
*5. As reset voltage lowers, timing is inhibited and then the output goes low. 
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NE558C/I LINEAR INTEGRATED CIRCUIT 

QUAD TIMER 
The NE558 series are monolithic Quad Timers which can 
be used to produce four entirely independent timing 
functions. These highly stable, general purpose con­
trollers can be used in a monostable mode to produce 
accurate time delays, from microseconds to hours. The 
time is precisely controlled by one external resistor and 
one capacitor in the time delay mode. A stable mode 
can be operated by using two of four time sections. 
The N E5581 is characterized for operation from - 40°C 
to + 85°C, and the NE558C from O°C to 70°C. 

FEATURES 
• Wide supply voltage range: 4.SV to 16V 
• 100mA output current per section 
• Edge triggered without coupling capacitor 
• Time period equals RC 
• Output independent of trigger conditions. 

APPLICATIONS 

16 DIP 

16 soP 

ORDERING INFORMATION 

• Quad one-shot Device Package Operating Temperature 

• Sequential timing 
• Precision timing 
• Time delay generation 

NE558CN 16 DIP 
0- + 70°C 

NE558CD 16 SOP 

NE5581N 16 DIP -40- +85°C 

BLOCK DIAGRAM 

OUTPUT D TIMING D TRIGGER D RESET GROUND TRIGGER C TIMING C OUTPUT C 

OUTPUT A TIMING A TRIGGER A CONTROL Vee TRIGGER B TIMING B OUTPUT B 
VOLTAGE 
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NE558C/I LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 

Characteristic Symbol Value Unit 

Supply Voltage Vee 16 V 
Lead Temperature (soldering 10 sec) T'ead 300 °C 
Power Dissipation PD 600 mW 
Operating Temperature, Range NE556C Topr 0- +70 °C 

NE5561 -40- +85 °C 
Storage Temperature Range TSl9 -65 - + 150 °C 

ELECTRICAL CHARACTERISTICS 
(Vee =5V-15V, Ta=25°C unless otherwise specified) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Supply Voltage Vee 4.5 16 V 

Supply Current lee Vee = 15V, reset voltage = 15V 16 36 mA 

Timing Error (T = RC) 
±2 5 % 

Initial Accuracy 

Drift with Temperature MT R = 2Kn to 100Kn, C = 1/LF 
30 150 PPM/OC 

Drift with Supply Voltage 0.1 0.9 %/V 

1Trigger Voltage VTR Vee = 15V 0.8 1.5 2.4 V 

1 Trigger Current IrR Trigger voltage = OV 5.0 100 /LA 

2 Reset Voltage VRE Reset 0.8 1.5 2.4 V 

2 Reset Current IRE Reset 50 500 /LA 

Threshold Voltage VTH 0.63 X Vee V 

Threshold Current III 15 nA 

IL= 10mA 0.1 0.4 
30utput Voltage VOUT V 

k= 100mA 1.0 2.0 

Output Leakage Current IOL 10 500 nA 

Propagation Delay Time Tp 1.0 /LS 

Rise Time Tr IL= 100mA 100 nS 

Fall Time TI IL= 100mA 100 nS 

NOTES: 1. The trigger functions only on the falling edge of the trigger pulse only after previously being high. After 
reset the trigger must be brought high and then low to implement triggering. 

2. For reset below 0.8V, outputs set low and trigger inhibited. 
3. Output structure is open collector which requires a pull up resistor to Vee to sink current. 

The output is nomally low sinking current. 
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NE558C/I LINEAR INTEGRATED CIRCUIT 

APPLICATIONS 
Fig. 1 Long·Time Delay 

Fig. 2 Timing Chart 

Vcc~r-T-----~~------~~----~-' 
TRIGGER'lJ 

T 

TRIGGER 

Fig. 3 Ring Counter 

START 

RESET 0---t----'-=+-------=+-------=4-------'-"-' 

Fig. 4 TII11lng Chart 

START 

RESET 

01 

10K 
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KS555 

CMOS SINGLE TIMER 

The KS555 is a CMOS timer with improved performance 
over a standard bipolar one. Due to its high-impedance 
inputs, it is capable of producing accurate time delays 
and oscillations with less expensive (smaller) timing 
capacitors than a standard bipolar timer. 

Its dramatic advantages over bipolar ones are very low 
power consumption and wide operating voltage range 
especially during stable low voltage operations. 

FEATURES 
• Low power consumption 
• Pin to pin operation with bipolar 

timer in most cases 
• Extremely low trigger, threshold, 

and reset pin current 
• High·speed operation (500KHz) 
• Stable low voltage operation 

(possible 1.SV operation with most samples) 
• Wide operating voltage range: 2 to 18V 
• High output source/sink driver meet TTL/CMOS 
• Immunized to static charge with inner protection 

devices 

SCHEMATIC DIAGRAM 

Vee (8)O--~_--------r----r------' 

CONTROL (5) O----~---I 

THRESHOLD (6)0----+-------1 

TRIGGER (2)0----+----1 
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CMOS INTEQRATED CIRCUIT 

8 DIP 

8 SOP 

APPLICATIONS 
• Precision Timing 
• Pulse Generation 
• Sequential Timing 
• Time Delay Generation 
• Pulse Width Modulation 
• Pulse Position Modulation 
• Missing Pulse Detector 

ORDERING INFORMATION • Device Package Operating Temperature 

KS555N 8 DIP 
-20 _+85°C 

KS555D 8 SOP 

Vee (8) 
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KS555 CMOS INTEGRATED CIRCUIT 

BLOCK DIAGRAM 

THRESHOLC' 

CONTROL 
VOLTAGE 

TRIGGEP 

Vee 

R 

P 

R 

GND 1 

COMPARATOR 

B 

lO------<.--~ ~-__ ~ >O----() CUTPUT 
3 

7J DISCHARGE 

GN~t 

This block diagram reduces the circuitry down to its simplest equivalent components. Tie down unused inputs. 
R = 1 OOKQ ± 20% Typ. 

TRUTH TABLE 

I 

Threshold Trigger 
Reset Output 

Discharge 
Voltage Voltage Switch l Don'teare Don't Care Low Low On 

- ---- --- ---------

>2/3 (Vee) > 1/3 (Vee) High Low On 

<1/3(V~e)-=2~ 
----~-- --_ .. _- ----1-- -- ------- --- t---~~~~-~ 

> 1/3(Vee) - 2/3(Vee) High Stable Stable 

'1 Don't Care 
----1----- ---~-~ 1----

< 1/3 (Vee) High High Off 

Note: RESET will dominate all other input.TRIGGER will dominate over THRESHOLD. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Characteristic Symbol Value Unit 

Supply Voltage Vee 18 V 

Input Volage VIN -0.3 Vee+0.3 V 
(Trigger, Control Voltage, 

Threshold and Reset) 

Power Dissipation PD 200 mW 

Operating Temperature Range Topr -20- +85 °C 

Storage Temperature Range Tstg -65 - + 150 °C 

Note 1: Stresses above those listed under absolute maximum rating may cause permanent damage to the device. 
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KS555 CMOS INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS 
(Ta = 25°C, Vee = 2 to 15V, unless otherwise specified) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Supply Voltage Range Vee - 20°C<Ta< + 70°C 2 18 V 

Vee=2V 30 iJ-A 
Supply Current lee 

Vee = 18V 60 iJ-A 

Timing Error MT Ra = Rb = 1 KO to 100KO 
C = 0.1iJ-F, 

Initial Accuracy 5V~Vee~15V 2.0 10.0 % 

Vee = 5V 50 ppm/oC 

Drift With Temperature Vee = 10V 75 ppm/oC 

Vee = 15V 100 ppm/oC 

Drift With Supply Voltage Vee = 5V 1.0 3.0 %/V 

Threshold Voltage VTH Vee=5V 0.66 Vee 

Trigger Voltage VTA Vee = 5V 0.33 Vee 

Vee = 18V 50 pA 

Trigger Current irA Vee=5V 10 pA 

Vee=2V 1 pA j 

Vee = 18V 
,0 

50 pA " 

Threshold Current ITH Vee =5V 10 pA 

Vee=2V 1 pA 
I 

VAST = GND Vee = 18V 100 pA 
Reset Current IAE 

VAsT=GND Vee=5V 20 pA 

Vee = 18V 0.4 0.7 1.0 V 
Reset Voltage VAE 

0.4 0.7 1.0 V Vee = 2V 

Control Voltage Ve Vee=5V 0.66 Vee 

Vee= 18V, ISINK=3.2mA 0.1 0.4 V 
VOL 

Vee = 5V, ISINK = 3.2mA 0.15 0.4 V 
Output Voltage Drop 

Vee = 18V, Isource=1.0mA 17.25 17.8 V 
VOH 

Vee = 5V, Isource = 1.0mA 4.0 4.5 V 

Rise Time of Output Tr RL = 10MO, GL = 10pF, 35 40 75 ns 

Fall Time of Output Tf Vee= 5V 35 40 75 ns 

Guaranteed Max Osc. Freq. Fmax Astable Operation 500 KHz 
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KS555 CMOS INTEGRATED CIRCUIT 

APPLICATION NOTES 

General Description 

The KS555 is a CMOS timer and in most cases, may replace bipolar timers such as the NE555 or SE555. It is 
also possible to reduce component counts. Because the bipolar device can produce large crowbar currents in the 
output driver, it is necessary to decouple the power supply lines with a good capacitor close to the device. The 
KS555 device produces no such transients. (See Fig. 1). 

The KS555 produces supply current spikes of only 2-3 mA instead of 300 mA to 400 mA and supply decoupling 
is normally not necessary. In most cases, the CONTROL VOLTAGE decoupling capacitors are required since the 
input impedance of the CMOS comparators on the chip are very high. Thus, for many applications 2 capacitors 
can be saved by using the KS555 . 

. 400 

300 

Ta=25°C " 
NE555 

\ 
" 

\~ 
KS555 

200 400 

TIME-nS 

600 800 

Fig 1. Supply current transient compared with a standard bipolar 555 during an output transition 

Astable Operation 

The KS555 can free run as a multivibrator by triggering itself; refer to Fig. 2. The output can swing from Vee 
to GND and have 50% duty cycle square wave. Less than 1 % frequency deviation can be observed, over a voltage 
range of 2 to 5 V. f= 1/1.4RC 

KS555 

R 
Fig. 2. Astable Operatiol 
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KS555 CMOS INTEGRATED CIRCUIT 

Monostable Operation 
The KS555 can be used as a one-shot, i.e. monostable multivibrator. Initially, because the inside discharge tran­

sistor is on state, external timing capacitor is held to GND potential. Upon application of a negative TRIGGER pulse 
to pin 2, the internal discharge transistor is off state and the voltage across the capacitor increases with time constant 
t = RaG and OUTPUT goes to high state. When the voltage across the capacitor equals 2/3 Vee the inner compa­
rator is reset by THRESHOLD input and the discharge transistor goes to on state, which in turn discharges the 
capacitor rapidly and also drives the OUTPUT to its low state. 

Vee::s18V 

KS555 

OPTION ....,.... 

CAPACITOR~ 

Fig. 3. Monostable Operation 
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KS555H CMOS INTEGRATED CIRCUIT 

CMOS SINGLE TIMER 
The KS555H is a monolithic integrated circuit fabricated using CMOS 

process. Due to its high impedance inputs (threshold, trigger, reset), 
it is capable of producing accurate time delay and oscillation using a 
less expensive, smaller timing capacitors than the NE555. 
Other features are very low power consumption and high-speed asta­
ble operation and very low voltage operation. 

FEATURES 
• Very low power consumption: 1.2mW 
• Very high-speed operation: 2MHz 
• Complementary CMOS output capable of switching rall·to·rall 
• Output fully CMOS-, TTL·, and MOS· compatible 
• Exactly equivalent in most cases to the NE555 or 556 

(dual timer) or the 355 
• Very convenient reset function 
• Timing from microseconds through hours 

8 DIP 

8 SOP 

• Operates In both astable and monostable modes 
• Adjustable duty cycle ORDERING INF-QRMATION 
• Highly Immuned to static charge 

Device Package Operating Temperature 

_~S555HN 8 DIP 

,!KS555HD 
0- + 70·C 

8 SOP 

*'-:KS555HIN 8 DIP 
-25 - +85°C 

APPLICATIONS 
• Precision Timing 
• Pulse Generation 
• Sequential Timing 
• Time Delay Generation **KS555HID 8 SOP 
• Pulse Width Modulation 
• Pulse Position Modulation * * Under development 

• Missing Pulse Detector 

BLOCK DIAGRAM 

Fig. 1 
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KS555H CMOS INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Value Unit 

Supply Voltage Vee 18 V 

Input Voltage 
VIN -0.3- Vee V 

(Trigger, Reset, Threshold) 

Lead Temperature 
Tlead 300 °C 

(Soldering 10 sec) 

Power Dissipation PD 600 mW 

Operating Temperature Range Topr 0-+70 °C 

Storage Temperature Range T519 -65 - +150 °C 

ELECTRICAL CHARACTERISTICS 
(Ta=25°C, Vee =5V, refer to application circuit unless otherwise specified) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Supply Voltage Vee 3 18 V 

Supply Current Icc 140 p.A 
Vee = 15V 180 p.A 

Control Voltage Ve 3.33 V 
Vee=15V 10 V 

Threshold Voltage VTH 3.33 V • Vee=15V 10 V 

Threshold Current ITH Vee= 5V 50 PA 

Trigger Voltage VTR 1.67 V 
Vee = 15V 5 V 

Trigger Current ITR 50 PA 

Reset Voltage VRf 0.7 1 V 

Reset Current IRE 50 PA 

IOL=5mA 0.1 V 
IOL=8mA 0.15 V 

Low Level Output Voltage VOL Vee=15V 
IOL= 10mA 0.1 V 
IOL= 50mA 0.5 V 
IOL= 100mA 1 V 

IOH = -1mA 4.5 V 
IOH= -2mA 4 V 

High Level Output Voltage VOH Vee = 15V 
IOH = -1mA 14.8 V 
IOH= -5mA 14 V 
IOH = -10mA 12.7 V 
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KS555H CMOS INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS (Continued) 

Characteristic Symbol 

Initial Error of 
TEl Timing Interval 

Timing Error Due to 
TES Supply Drift 

Rise Time of Output Tr 

Fall Time of Output Tf 

Maximum Astable 
FMAX Oscillation 

APPLICATION CIRCUIT 

1) ASTABLE 

Test Conditions 

Vee =5 to 15V, RA= Rs= 1 to 100K 
CT = 0.1~tF 

RI = 10MO, CI = 10pF 

RA = 4700, Rs = 2000, CT = 200pF 

Min Typ Max Unit 

1 % 

0.1 %IV 

20 nS 

20 nS 

2 MHz 

The circuit can be connected to trigger itself and free run as a mutivibrator. The external capacitor charges through 
RA and Rs and discharges through Rs only. Thus, the duty cycle may be precisely set by the raio of these two resis­
tors. In this operation, mode the capacitor charges and discharges between 1/3 Vee and 2/3 Vee. As in the trigger 
mode, the charging and discharging times, and therefore the frequency are essentially independently of the sup­
ply voltage. 
The oscillation frequency is given by 

f = 11T = 1.44/(RA + 2 X Rs)/CT 

Vee 

01,F ;t 
OPEN 

: J ~ 

(8) 

CONT Voo \.lK 
~ RESET 

(7) 
DISCH 

RS 

KS555H 
OUT 

(3) 
"" 

icc -~ 
~ THREE 

OUTPUT 

(2) 
TRIG 

== GND 

Fig. 2 

rf;1) 
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KS555H CMOS INTEGRATED CIRCUIT 

2) MONOSTABLE 

In this operation mode, the timer functions as one shot. Initially, the external capacitor C is held discharged 
by a transistor inside timer. Upon application of a negative trigger pulse to Pin 2, the flip flop is set which releases 
the short circuit across the external capacitor and drives and output high. 
The voltage across the external capacitor now increases exponentially with a time constant T = RA X C. When the 
voltage across the extemal capacitor equals 213 x Vee, the comparator resets the flip flop, which in turn discharges 
the capacitor rapidly and also drives the output to its state. 

Vee 
q 

01'Fi 

~ J :~1K ~ 

(8) 

CONT VDD 

~ RESET 

(7) 
DISCH 

KS555H OUT 
(3) 

'J OUTPUT 
=== 
~ THRES 

I 

T~ (2) TRIG 
ICC (100pFI 

GND 

~1) 

INPU 

Fig. 3 
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KS556 CMOS INTEGRATED CIRCUIT 

CMOS DUAL TIMER 
The KS556 is a monolithic integrated circuit fabricated using CMOS 

process. Due to high impedance inputs (Trigger, Threshold, Reset), it 
is capable of producing accurate time delay using a less expensive, 
smaller timing capacitors than the NE556. 
Other features are very low power consumption and high-speed asta­
ble operation and very low voltage operation. 

FEATURES 
• Very low power consumption: 2.4mW 
• Very high-speed operation: 2MHz 
• Output fully CMOS, TTL, and MOS compatible 
• Timing from microseconds through hours 
• Adjustable duty cycle 

14 DIP 

14 SOP 

APPLICATIONS ORDERING INFORMATION 

• Precision Timing 
• Pulse Generation 

Device Package Operating Temperature 

• Sequential Timing KS556N 14 DIP 
o - + 70°C 

• Time Delay Generation KS556D 14 SOP 
• Pulse Width Modulation **KS556IN 8 DIP 

- 25 - + 85°C 
**KS5561D 8 SOP 

BLOCK DIAGRAM 
* * Under development 

Vee (14) 

VAo-J 

VA 
CONTROL (3.11) 0--+----1 

THRESHOLD (2.12) O--+-------j 

')Q---Q OUTPUT (5, 9) 

GND 
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KS556 CIVIOS INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 

Characteristic Symbol Value Unit 

Supply Voltage Vee 18 V 

Input Voltage 
VIN -0.3- Vee V 

(Trigger, Reset, Threshold) 
:> 

Lead Temperature 
Tlead 300 °C 

(Soldering 10 sec) 

Power Dissipation Po 600 mW 

Operating Temperature Range Topr 0-+70 °C 

Storage Temperature Range Tstg -65-+150 °C 

ELECTRICAL CHARACTERISTICS 
(Ta = 25°C, Vee = 5V, refer to application circuit unless otherwise specified) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Supply Voltage Vee 3 18 V 

240 
Supply Current Icc p.A 

Vee= 15V 480 

3.33 
Control Voltage Ve V 

Vee = 15V 10 • ! 3.33 
( Threshold Voltage VTH V 

Vee = 15V 10 

Threshold Current ITH 50 pA 

1.67 
Trigger Voltage VTR V 

Vee = 15V 5 

Trigger Current IrR 50 pA 

Reset Vpltage VRE 0.7 1 V 

Reset Current IRE 50 pA 

IOL=5mA 0.1 

IOL=8mA 0.15 

Low Level Output Voltage VOL Vee =15V IOL= 10mA 0.1 V 

Vee = 15V IOL=50mA 0.5 

Vee = 15V IOL= 100mA 1 

IOH= -1mA 4.5 

IOH = -2mA 4 
High Level Output Voltage VOH Vee = 15V IOH= -1mA 14.8 V 

IOH= -5mA 14 
IOH= -10mA 12.7 
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KS556 CMOS INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS (Continued) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Initial Error of Timing Interval TEl Vee=5 to 15V 1 % 

RA=RB=1 to 100K 
Supply Voltage Sensitivity of TES 
Timing Interval 

CT =0.1j.tF 
0.1 %IV 

Rise Time Tr RL = 10MO, CL = 10pF 20 nS 

Fall Time Tf RL = 10MO, CL = 10pF 20 nS 

Maximum Astable Oscillation Fmax 
RA = 4700, RB = 2000 

2 MHz 
CT =200pF 

APPLICATION CIRCUIT 

1) Astable 
The circuit can be connected to trigger itself and free runs as a mutivibrator. The external capacitor charges 

through RA and RB and discharges through RB only. Thus, the duty cycle may be precisely set by the rajo of these 
two resistors. In this mode of operation, the capacitor charges and discharges between 1/3 Vee and 2/3 Vee. As 
in the trigger mode, the charging and discharging times, and therefore the frequency are essentially independent 
of the supply voltage. This oscillation frequency is given by 

F = 11T = 1.44/(RA + 2*RB)/CT 

Voo 
;> 

OPEN o "'± 
~ 

,J (14) 

CONT Voo 

~ RESET 
·~RL (1K) 

(1.13) 
DISCH 

RB 

KS556 (5.9) 
OUT ,.. 

!> (2.12) Ie",: .~ .-- THRES 

OUTPUT 

OpF) 

(6.8) 
TRIG 

-I.- GND 

;h(7) 
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KS556 CMOS INTEGRATED CIRCUIT 

2) Monostable 

In this operation mode, the timer functions as one shot. Initially, the external capacitor (C) is held discharged 
by a transistor inside timer. Upon application of a negative trigger pulse to trigger pin the flip flop is set which 
releases the short circuit across the external capacitor and drives and output high. 
The voltage across the external capacitor now increases exponentially with time constant T = RA X C. When the 
voltage across the extemal capacitor equals 2/3 x Vee, the comparator resets the flip flop, which in turn discharges 
the capacitor rapidly and also drives the output to its state. 

voo 
() 

OPEN 
01"1 

~ 13., ,,1 (14) 

CONT Voo RL (1K) 
(4.10) 

-------<: RESET 

(1.13) 
DISCH 

KS556 OUT 
(5.9) 

'" 
~ .... (2.12) i CCI10 - THRES 

OUTPLUT 

OpF) 

(6.8) 
INP UT ~ TRIG 

GND 

J(7) 
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KA33V LINEAR INTEGRATED CIRCUIT 

SILICON MONOLITHIC BIPOLAR INTEGRATED 
CIRCUIT VOLTAGE STABILIZAER FOR 
ELECTRONIC TUNER 
The KA33V is a monolithic integrated voltage stabilizer especially 
deSigned as voltage supplier for electronic tuners. 

FEATURES 
• Low Temperature Coefficient 
• Low Dynamic Resistance 
• Typical Reference Voltage of 33V 

ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 

Characteristic Symbol Value Unit 

Zener Current Iz 10 mA 
Power Dissipation (T a = 75°C) PD 200 mW 
Operating Ambient Temperature-

Topr -20-75 °C 
Range 
Storage Temperature Range T5t9 -40-125 °C 

ELECTRICAL CHARACTERISTICS (Ta =25°C) 

Characteristic Symbol Test Conditions 

Stabilized Voltage Vz Iz=5mA 
Stabilized Voltage-Temperature Drift /I, VzJ/I, T Iz=5mA 

T a = - 20 to 75°C 
Dynamic Resistance rz Iz =5mA, f=1KHz 

\ 

" 

SCHEMATIC DIAGRAM 

TO·92 

1: Anode 2: Cathode 

Min Typ Max 

31 35 
-1 0 1 

10 25 

.-------1-----__ ----_-----02 Cathode 

1--___ ---J ____ .-J.-____ O 1 Anode 
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KA33V LINEAR INTEGRATED CIRCUIT 

MEASURING CIRCUITS 
Fig. 1 Measuring Circuit for Stabilized Voltage Vz 

---lz=5mA 

A 

KA33V 

Fig. 2 Measuring Circuit for Dynamic Resistance 

IZ--

50!,F 

c 
0.1 iF 

VV1 

EB 
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Iz 
----IAc=ffi 

100 

-........, f=lKHz 

Vz 

v Volt Meter 

0.5mA 

Fig. 3 

IZ 

VV1 

rz= O.5mA 
#--1--+------1 5mA 

IZ 

VV1 
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KA33V 

TYPICAL APPLICATION 
Ach 

Ri 

C 

Vi 

(1) UHF TUNER 

TR1 

-( 
Antenna 

TR1: RF AMP: KSC1393 
KSC1070 (Under development) 

TR2: OSC: KSC1730 
01-04: 1S220 05: MIXER: 1SS16 

(2) VHF TUNER 

TR1: RM AMP: KSC1393 
TR2: MIXER : KSC1394 
TR3: OSC : KSC1730 
01, 04: 1S2209 
02,03: 1S2207 
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Bch Ych Zch 

Channel 
setting 
variable 
resistor 

TR2 

-( 

~AFC 
terminal 

TR2 

Low/High Channel 
Switching terminal. 

~ 0 
AFC terminal 

-( 
TR3 
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KA33V 

POWER-TEMPERATURE DERATING CURVE 

~ 400 
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I 
~ 100 

-20 

Fig. 7 ALLOWABLE DISSIPATION vs. 
AMBIENT TEMPERATURE 
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Fig. 9 STABILIZED VOLTAGE TEMPERATURE 
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LINEAR INTEGRATED CIRCUIT 

TYPICAL CHARACTERISTIC CURVES (Ta =25°C) 
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KA331 

PRECISION VOL TAGE·TO· 
FREQUENCY CONVERTER 
This voltage-to-frequency converter provides the output 
pulse train at a frequency precisely proportional to the 
applied input voltage. The KA331 can operate at power 
supplies as low as 4.0V and be changed output frequen­
cy from 1 Hz to 100KHz. 
It is ideally suited for use in simple low-cost circuit for 
analog-to-digital conversion, long-term integration, linear 
frequency modulation or demodulation, frequency-to­
voltage conversion, and many other functions. 

FEATURES 
• Guaranteed linearity: 0.01 % max 
• Low power dissipation: 15mW at 5V· 
• Wide range of full scale frequency: 1 Hz to 100KHz 
• Pulse output compatible with all logic forms 
• Wide dynamic range: 100dB min at 10KHz full 

scale frequency 

BLOCK DIAGRAM 

vee 

I 

COMPARATOR 
INPUT 

OUTPUT 
PROTECTOR 

L---____________ ~ 

CURRENT 
OUTPUT 

REFERENCE 
CURRENT 
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LINEAR INTEGRATED CIRCUIT 

8 DIP 

ORDERING INFORMATION 

Operating Temperature 

THRESHOLD 

FREQUENCY 
OUTPUT 

R·C 

RESET 
TR 

4 

GND 

R 

2R 
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KA331 LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Ta= O°C) 

Characteristic Symbol Value Unit 

Supply Voltage Vs 40 V 
Input Voltage VIN -0.2 to +Vs V 
Operating Temperature Range Top, o to 70 °C 
Power Dissipation Po 500 mW 

ELECTRICAL CHARACTERISTICS 

Characteristics Symbol Test Condition Min Typ Max Unit 

VFC Non-Linearity VFCNL 4.5V:5.Vs:5.20V ±0.003 ±0.01 
% 

-
Full-Scale 

Conversion Accuracy Scale Factor ACCUR VIN = -10V, Rs = 14Kn 0.90 1.00 1.10 KHzlV 

4.5V:5.Vs:5.10V - 0.01 0.1 
Change of Gain With Vs I'::, A %/V 

10V:5.Vs:5.40V - 0.006 0.06 

Rated Full-Scale Frequency FouT VIN = -10V 10.0 - - KHz 

INPUT COMPARATOR 

Offset Voltage Vos T MIN :5.TA:5.T MAX - ±3 ±10 mV 

Bias Current Is - -SO -300 nA 

Offset Current los - ±S ±100 nA • Common-Mode Range VCM T MIN :5.TA:5.T MAX -0.2 - Vcc-2.0 V 

"TIMER (PIN 5) 

Timer Threshold Voltage VTH 0.63 0.667 0.70 xVs 

Vs = 15V, OV:5.VPIN 5:5.9.9V - ±10 ±100 nA 
Input Bias Current IS5 

200 VPIN5 = 10V - 1000 nA 

Saturation Voltage VSAT 5 1=5mA - 0.22 0.5 V 

CURRENT !)OURCE (PIN 1) 

Output Current 101 Rs = 14Kn, VPIN1 = 0 116 136 156 Jl.A 

Change with Voltage 1'::,10 OV :5.VPIN1 :5.10V - 0.2 1.0 Jl.A 

Current Source Off Leakage Il1 - 0.02 10.0 nA 

REFERENCE VOLTAGE (PIN 2) .:: 

Reference Voltage V,ef 
I 

1.70 1.S9 2.08 VDC 

Stability vs Temperature VTEMP ~ - ±60 - ppm/oC 

Stability vs Time, 1000 Hours VTlME - ±0.1 - % 
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KA331 LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS (Continued) 

Characteristics Symbol Test Condition Min 

LOGIC OUTPUT (PIN 3) 

1=5mA -
Saturation Voltage VSAl3 

I =3.2mA -

Off Leakage IL3 -

SUPPLY CURRENT 

Vs=5V 1.5 
Supply Current Is 

Vs=40V 2.0 

TYPICAL APPLICATIONS 

Fig. 1 Precision Voltage·to·Frequency Converter, 100KHz Full·Scale 

10K±10% 10K±10% 

Vs 

6.8K± 1%' 

KA331 

330pF* 

10K~ 
VLOGIC 

t-----< __ ---u FOUl 

Typ 

0.15 

0.10 

±0.05 

3.0 

4.0 

20K 100KHz FULL SCALE 

5K±1%* 

~K 

/ 

GAIN 
ADJUST 

2.2K 

Max Unit 

0.50 
V 

0.40 

1.0 jJ-A 

6.0 
rnA 

8.0 

VIN o----#ltJ~--------1Ir---___1 1---.... 
-10V FULL-SCALE 

* Use stable components with low temperature coefficients 

Vs ----I\N'ir--
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KA331 LINEAR INTEGRATED CIRCUIT 

Fig. 2 Simple Frequency·to·Voltage Converter, 10KHz Full·Scale 

Vs= +15V 

6.81K±1%* 

~_----<II>-----o VOUT 

L....r-:--~ 

Fig. 3 Light Intesity to Frequency Converter 

LIGHT 
INPUT 

\~ 
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+5V TO 15V 

3.3K 

~--+--------e-- FOUT 
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KA2803 LINEAR INTEGRATED CIRCUIT 

LOW POWER CONSUMPTION EARTH 
LEAKAGE DETECTOR 
The KA2803 is designed for use in earth leakage circuit interrupters, for 
operation directly off the AC line in breakers. The input of the differen­
tial amplifier is connected to the secondary coil of ZCT (Zero Current 
Transformer). The amplified output of differential amplifier is integrated 
at external capacitor to gain adequate time delay that is specified in 
KSC4613. 

The level comparator generates high level when earth leakage current 
is greater than some level. 

FUNCTIONS 
• Differential amplifier 
• Level camparator 
• Latch circuit 

8 DIP 

FEATURES 
• Low power consumption (Pd =5mW, 100Vl200V) 

ORDERING INFORMATION 
• Built-in voltage regulator 
• High gain differential amplifier (VT =13.5mV) 

Operating Temperature 

• 1mA output current pulse to trigger SCR'S 
• Low external part count, economic 
• Mini-dip package (8 Dip), high packing density 
• High noise immunity, large surge margin 
• Super temperature characteristic of input sensitivity 
• Wide operating temperature range (Ta = -25°C - +80°C) 

APPLICATION CIRCUIT 

1. Full Wave Application Circuit 2. Half Wave Application Circuit 

LOAu LOAD 

(----9-- ----------------- --________ J 

Fig. 1 Fig. 2 
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KA2803 LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Ta =25°C) 

Characteristic Symbol Value Unit 

Supply Voltage VeeNEE 20 V 
Supply Current Is S mA 
Power Dissipation Po 300 mW 
Lead Temperature (soldering 10 sec) Tlead 260 °C 
Operating Temperature Topr -25- +SO °C 
Storage Temperature Tstg -65- +150 °C 

ELECTRICAL CHARACTERISTICS (T a =25°C) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Vee=12V (-25°C) 5S0 p.A 
Supply Current 1 IS1 VA-VI =300mV (25°C) 400 530 p.A 

(SO°C) 4S0 p.A 

Trip Voltage 
Vee =16V (-25°C - SO°C) 

10 13.5 17 mVrms 
VA-VI=X 

Differential Amplifier Output 
Vee=16V (25°C) 

Current 1 hOI VA-VI=30mV 12 30 p.A 
Voo=1.2V 

c---

Differential Amplifier Output 
Vee=16V (25°C) 

h02 Voo=0.6V 17 37 p.A 
Current 2 

VA. V1 short I 
~-

Vse=1.4V 
Vos=O.SV 

Output Current 10 Vee= 12V (-25°C) -200 p.A 
(+25°C) -100 p.A 
(+SO°C) -75 p.A 

-

Latch on Voltage Vscon Vee = 16V (25°C) 0.7 1.4 V 

Latch Input Current Iscon Vee=12V (25°C) 5 p.A 

Output Low Current 10sL 
Vee=12V (-25-S0°C) 

200 p.A 
VosL=0.2V 

c---
Diff. Input Clamp Voltage Vloe hoc =100mA (-25 - SO°C) 0.4 2 V 

f----

Maximum Current Voltage VSM ISM =7mA (-25°C) 20 2S V 

Supply Current 2 IS2 
VA-VI =X (25 - SO°C) 900 p.A 
Vos=0.6 t 

Latch Off Supply Voltage VSOf! Vos =high (25°0;) 7.0 V 

Response Time Ton 
Vee =16V (25°C) 

2 4 msec 
VA-VI=0.3V 
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KA2803 LINEAR INTEGRATED CIRCUIT 

APPLICATION NOTE 
(refer to full wave application circuit Fig. 1) 

The Fig 1 shows the KA2803 connected in a typical leakage current detector system. 
The power is applied to the Vee terminal (Pin 8) of the KA2803 directly from the power line. 
The resistor Rs and capacitor Cs are chosen so that pin 8 voltage is at least 12V. 
The value of Cs is recommended above 1# at this time. 
If the leakage current is at the load, it is detected by the zero current transformer (ZeT). 
The output voltage signal of ZCT is amplified by the differential amplifier of the KA2803 internal circuit and appears as half­
cycle sine wave signal referred to input signal at the outPl,.lt of the amplifier. 
The amplifier closed loop gain is fixed about 1000 times with internal feedback resistor to compensate for zero current trans­
former (ZCT) Variations. 
The resistor RL should be selected so that the breaker satisfies the required senSing current. 
The protection resistor Rp is not usually used put when the high current is injected at the breaker, this resistor should be used 
to protect the earth leakage detector IC the KA2803. 
The range of Rp is from several hundred 0 to several kO. 
The capacitor C, is for the noise canceller and standard value of C, is 0.0471'F. Also the capacitor C2 is noise canceller 
capacitance but it is not usually used. 
When high noise is only appeared at this system O.047I'F capacitor may be connected between pin 6 and pin 7. 
The amplified signal is finally appeared to the Pin 7 with pulse signal through the internal latch circuit of the KA2803. 
This signal drivies the gate of the external SCR which energizes the trip coil which opens the circuit breaker. 
The trip time of breaker is decided by the capacitor C3 and the mechanism breaker. 
This capacitor should be selected under 1pF for the required the trip time. 
The full wave bridge supplies power to the KA2803 during both the positive and negative half-cycles of the line voltage. 
This allows the hot and neutral lines to be interchanged. 
If your application want the detail information, request it on our application circuit designer of KA2803. 
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KA2804 LINEAR INTEGRATED CIRCUIT 

ZERO VOLTAGE SWITCH 
The KA2804 is a TRIAC controller providing a complete solution for tem­
perature controlled electric panel heaters, cookers, film processing baths 
etc. 

SWitching occurs at the zero voltage point in order to minimize radio fre­
quency interference. The device is suitable for mains-on-line operation 
and rcquh::s rr"n'r'1al components. 

FEATURES 
• Easy operation either through the AC line or a DC supply. 
• Supply voltage control 
• Very few external components. 
• Symmetrical burst control - No DC current components in the 

load circuit. 
• Negative output current pulse up to 250mA-short circuit pro­

tection. 

8 DIP 

• Reference voltage output. 
ORDERING INFORMATION 

BLOCK DIAGRAM 

Vs Is 

GND 

AC VSYN 
INPUT O-~~~--{ 

RSYN 

Va La 
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Operating Temperature 

REFERENCE 
VOLTAGE 

REF 
1 VOLTAGE 

OUTPUT 
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KA2804 LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Ta =2S0C) 

Characteristic Symbol Value Unit 

Supply Voltage -Vs 8.2 V 

Supply Current -Is 40 (average) mA 

Synchronous Current ISYN 5.0 (rms) mA 
Input Voltage V, ~IVsl V 
Power Dissipation Po 350 mW 
Junction Temperature TJ 125 °C 
Operating Ambient Temperature Topr -20- +70 °C 
Storage Temperature TSl9 -65- +150 °C 

ELECTRICAL CHARACTERISTICS 
(VS =8.0V, VSYN =100 to 115Vrms, Ta = 25°C, f=50/60Hz, unless otherwise specified) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Circuit Current -Is Pin 5, RSYN =56K - 2.0 2.5 mA 

Supply Voltage 1 -Vs 1 
Pin 5, Is =2.5mA 

7.2 - 8.4 V 
RsyN =56K 

--

Supply Voltage 2 -Vs 2 
Pin 5, Is=20mA 

7.2 - 8.6 V 
RsyN =56K 

Synchronous Current ISYN Pin 8 0.3 - - mA 

Output Pulse Width Tp Pin 6, RSYN =56K - 200 - pS 

Output Voltage Vo Pin 6, lo~200mA 4.2 5.2 - V 

Output Current 10 Pin 6, Ro~25 200 250 - mA 

Output Leakage Current ILO Pin 6 - - 2.0 pA 

Input Offset Voltage V,o Pin 3, 4 - 2.0 5.0 mV 

Input Bias Current I, Pin 3, 4 - 0.5 1.0 pA 

Common Mode Input 
-V,CM Pin3,4 0 - 5.7 V 

Voltage Range 

Output Leakage Current ILc Pin 2 - - 0.2 pA 

Reference Voltage -VR Pin 1, IR~1uA - 3.6 - V 
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KA2804 LINEAR INTEGRATED CIRCUIT 

APPLICATIONS 
ON-OFF TEMPERATURE CONTROL AC 
,-------1~-----------------.__------___.--_o 100Vrms 

50/60Hz 

NTC 

AH 

VA 

AH: HYSTEAESIS VOLTAGE SET 

TIME PROPORTIONAL TEMPERATURE CONTROL 

7 

KA2804 

Ao 
56 

Asyn 
56K 

AC 
..--______ -..._--.---~~----------....,...-------..,......-___<> 100Vrms 

AT 39K 

KA2804 

AT CT: TIMING PEAIOD SET. 

ci$SAMSUNG 
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As 
6.8K 
2W 

Ao 
56 

Asyn 
56K 

50/60Hz 
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KA2807 

EARTH LEAKAGE DETECTOR 
The KA2807 is designed for use in earth circuit inter­

rupters, for operation directly off the AC line interrupters. 

Full advantage of the U.S. UL943 timing specification 
is taken to insure maximum immunity to false trigger­
ing due to fine noise. 

FEATURES 
• Full advantage of the UL943 
• Externally programmable fault current threshold 
• Direct interface to SCR 
• Operates under line reversally both load Vs line 

and hot Vs neutral 
• Power supply shunt regulator in chip 
• Sense coil: 1000:1 
• GND/Neutral coil: 200:1 
• Normal fault sensitivity current is SmA typical 
• Trip time in normal fault and ground neutral fault 

is 18ms typical 

BLOCK DIAGRAM 

Vee 

LINEAR INTEGRATED CIRCUIT 

AMP OUT 

8 DIP 

----~----------' 

ORDERING INFORMATION 

TIMING 
RESISTOR 

Operating Temperature 

-40- + 700 C 

--.-----------~ 

GND TRIGGER OUT 

Fig_ 1 
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KA2807 LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Value Unit 

Supply Current Icc 19 mA 
Power Dissipation Po 1250 mW 
Operating Temperature Range Topr -40 - + 70 °C 
Storage Temperature Range TsIg - 55 - + 150 °C 

ELECTRICAL CHARACTERISTICS (Ta= 25°C, Icc = 5mA) 

Characteristics Symbol Test Conditions Min Typ Max Unit 

Shunt Regulator Voltage Vreg Pin 8, S1:2, S2:0FF 22 26 30 V 

Amp Reference Voltage Vinl Pin 3, S1:2, S2:0FF 9 10.5 12 V 

Pin 5, S1:3, S2:0N 
Amp Output High Voltage VOH Sig: 800Hz, 3.0Vp.p 17 19 21 V 

Sinewave 

Pin 5, S1:3, S2:0N 
Amp Output Low Voltage VOL Sig: 800Hz, 3.0V p.p 1 2.5 4 V 

Sinewave 

Pin 2, S1:3, S2:0N 
Amp Sensitivity Current ISEN Sig: 800Hz, 1.0Vp.p -2.5Vp.p 3 5 7 JlArms 

Sinewave 

Pin 7, S1:3, S2:0N I 
Latch On Voltage VON Sig: 800Hz, 3.0Vp.p 15 17.5 20 V 

Sinewave 

Pin 1, S1:3, S2:0N 
SCR Trigger Current ITR Sig: 800Hz, 3.0Vp.p 0.5 1 2.4 mA 

Sinewave 

Output Low Voltage Vs1 Pin 1, S1:2, S2:0FF 100 240 mV 

Output Impedance Ro Pin 1, S1:2, S2:0FF 100 n 
Output Sink Current ISink Pin 1, S1:2, S2:0FF 2.0 5 mA 
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K.'\2807 

TEST CIRCUIT 

APPLICATION CIRCUIT 

LOAD 

c8SAMSUNG 
Electronics 

LINEAR INTEGRATED CIRCUIT 

I 
Ilss=5mA 

Fig. 2 

GND/NEUTRAL 
COIL 200:1 

15K12W 1N4004 

C3 
0.011'F 

C5 
15nF 

Rset' 

8 Vee 

1 trig 

5 OUTPUT 

7 CAP 

-IN 2 

+IN 3 

Rset 6 

GND 4 

SENSE COIL 

1000:1 

lL 

~ o 
c:i 

LINE 

10l'F 
+ TANTAL 

C8 
200pF 

* Adjust Aset for desired sensitivity leakage current. 
Fig. 3 
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KA2807 LINEAR INTEGRATED CIRCUIT 

Typical earth leakage detector circuit is shown in Fig. 3. This is designed to operate on 120V AC line voltage with 
5mA normal fault sensitivity. Full-wave rectifier diode and 15K12W resistor are used to supply the DC power supply 
required by the KA2807 C4 (1Jl.F) is used to filter the ripple of the supply voltage and peak current when fault current 
generate over 5mA typical, SCR is turned ON and a large current can flow through the breaker coil to pull the contact 
open. Once opened, the fault condition is removed and the discharge current 31th reset both the timing capacitor 
and output latch causing the SCR to turn off. 
A 1000:1 Sense coil is used to detect the normal fault. The fault current generated is stepped down by 1000 and 
fed into the input pins of the OP amp through C7 (10Jl.F) capacitor. 
C6 (0.0033Jl.F) and C8 (200pF) are added to obtain better noise immunity. The normal fault sensitivity current is 
determined by discharging current of timing capacitor. 

D' h' I' 7V ( ISC argmg current th IS R
set 

x 2 ...... 1) 

Because the average fault current just equals the threshold current Ith at the decision point. 

I - If(rms) X 0.91 (2) th - 2 ...... 

The factor 0.91 converts the rms value to an average value. 

in (1) and (2) 
7V 

Rset = I 0 91 ...... (3) f(rms)X . 

The precision value of Rset depends on the specific sense coil used KA2807 tolerances in as much as UL943 
specifies a sensitivity "window" of 4mA-6mA, provision should be made to adjust Rset on a per·product bisic. 
You can be obtained the desired integration time through proper selection of the timing capacitor CS. 
The sense amplifier is capacitively coupled to a 200-turn coil in order to detect the grounded neutral fault. 
In FIG. 3, grounded neutral detection is accomplished by feeding the neutral coil with 120Hz energy continuously 
and allowing some of this energy to couple into the sense coil during conditions of neutral fault. 

AC 
LINE 

HOT 

NEUTRAL 
ELD 

--l 

RL I 
I 

~RB 
I 

----~-----l 
FIG. 4 NORMAL FAULT 

AC 
LINE 

HOT 

NEUTRAL 
ELD 

RG 
r-------wv---- -

m 
FIG. 5 GROUNDED NEUTRAL FAULT 
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Explain: An unintentional electrical path, RB, between 
the load terminal of the hot line and the ground, 
as shown by the dashed lines. 

Explain: An unintentional electrical path between the 
load terminal of the neutral line and the ground, 
as shown by the dashed lines. 
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PACKAGE DIMENSIONS 

TO·92 

I 

/ 

4.33 
4.83 

, , 

-----

, 
\ 4.33 

I 4.83 

6.98[ 
7.49 --~ 

2.16 

Unit: mm 

1 
1 
3.97 
4.97 

0.36---11~ 
0.56 '1_ 

1.27 TYP----iI---I-_----,2=-=.5=4 
I TYP 

3.46~1i .02 TYP 
3.96 1 

1.80 
3.35 TYP 
3.85 

TO·3P Unit: mm 

15.55 4.55 
16.05 5.05 1.95 (/) 3.20 

TYP r----.... 4--.- 2.20 

2.79 
3.04 
1.75 
2.25 

0.88 
1.14 

o 

1Ir--J 
1 10.87 

TYP 

20.25 

3.27 
3.53 

1---~5.4","=-5 II 
TYP "I 
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37.66 
38.68 

0.55 
0.71 

TO·220 Unit: mm 

(/)3.61 
TYP-1 ~ I I· 1.40 

6.12 
6.62 

8.94 
9.44 o 

- -~ 

3.12 

0 3.97 
4.23 

2.08 
2.33. 

~::~ -11~L I ~I 
2.54 TYP-l----l=-t-5.08 TYP 

(0 0 0 )]::~~ 

8 DIP 

I 12.72 r 1UB 

0.45 
0.55 

Unit: mm 

0-10° 
9.45 

~].09 
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~ 1r-------:-1.-=702 
1.52 Y~37 
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0.20 
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PACKAGE DIMENSIONS 

14 DIP Unit mm 

18 DIP Unit: mm 

0-10· 

6.09 7.37 
6.60 7.87 

~~~~~~~I-L mJ
-:} 

- ~ 
1.02 If--
1;52 0.20 7 

0.30 N,aSl .......L 4.31 
.92 

3.43 2'~ O~l 
TYP o.~ 1.02 
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16 DIP Unit mm 

0-10· I 19.15 I 
19.65 

OJ·09 
o 6.60 

~--H-
~: 

7.87 

~ 
0.20 .Y 
0.30 

1.52 

-W. 
_----~-+ 4.31 

~. '2.92 
fo-L.3.43 

2.54 I- ~I 0.36 0.51 
TYP 0.56 1.02 

8 SOP Unit: mm 

II 0.36 

~O'51 

~::~ 
1.27 j j 
TYP 

0.41 
0.79 

--.J~ 
II 0.20 
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PACKAGE DIMENSIONS 

14 SOP Unit: mm 

~ 
0.20 I t 

0],37 mT-'-g-:j~--r-6'10 
4.62 I 0.10 660 

o 0.20 . 

---11 0.36 
0.51 

~
9'85 

10.11 
. 1.47 

.. 1.73 
1.27 
TYP 

8 SIP Unit mm 

21.59 
22.10 

0 6.68 
7.18 

I 3.30 

*--i r- -i~ I 1.21
3

.
81 

TYP 0.71 1.78 

Im======:=t} 12.75 
~----_---'-_ -1..3.25 
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6.09 ~.~ 
-11 0.20 

0.30 

16 SOP Unit mm 

0.10 let 

c::u O'20~j=-----r-""1M:! 
4.37 0.79 6.10 

4.62 I g:~ 6.60 
. I 

0.35 II-
0.51 

~ ~ U 1.47 
1.73 

1.27 i I-
TYP 

9 SIP 

21.59 
22.10 

0 6.68 
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3.81 

1.27 
1.78 
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PACKAGE DIMENSIONS 

10 SIP Unit: mm 

24.13 
24.64 

o ~:~p~:~ 
-=-+--+--~2.~ , 2.24 0.30 

TYP 2.74 0.41 

o 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-U.S.A. 

Southwest 
22837 Ventura Blvd. 
Suite 305 
Woodland Hills, CA 
91367 
(818) 346-6416 
FAX: (818) 346-6621 

Southeast 
204 Battleground 
Corporate Park 
3859 Battleground Ave. 
Greensboro, NC 27410 
(919) 282-0665 
FAX: (919) 282-0784 

Southwest 
3027 Greenwich St. 
Carlsbad, CA 90028 
(619) 720-0230 
FAX: (619) 720-0230 

South Central 
15851 Dallas Parkway 
Suite 840 
Dallas, TX 75248-3307 
(214) 770-7970 
FAX: (214) 770-7971 

North Central 
901 Warrenville Road 
Suite 120 
Lisle, IL 60532-1359 
(708) 852·2011 
FAX: (708) 852·3096 

Northwest 
2700 Augustine Drive 
Suite 198 
Santa Clara, CA 
95054 
(408) 727-7433 
FAX: (408) 727-5071 

North East 
20 Burlington Mall Road 
Suite 205 
Burlington, MA 01803 
(617) 273·4888 
FAX: (617) 273·9363 

SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

ALABAMA INTELATECH, INC. TEL: (514) 624-1340 
4737 Prevel Street FAX: (514) 624-2911 

SOUTHERN COMPONENT TEL: (205) 533-6500 Pierefonds, Quebec H9K 1J4 
SALES FAX: (205) 533-6578 
307 Clinton Ave. East #413 
Huntsville, AL 35801 COLORADO 

CANDAL INC. TEL: (303) 692-8484 

ARIZONA 2901 So. Colorado Blvd. 
Suite A 

FAX: (303) 692-8416 

HAAS & ASSOC. INC. TEL: (602) 998-7195 Denver, CO 80222 
7441 East Butherus Drive FAX: (602) 998-7869 
Suite 300 
Scottsdale, AZ. 85260 CONNECTICUT 

PHOENIX SALES TEL: (203) 496-7709 

CALIFORNIA 267 Main Street FAX: (203) 496-0912 

12 TEL: (408) 988-3400 
Torrington, CT 06790 

3350 Scott Blvd. FAX: (408) 988-2079 
Building 10 FLORIDA 
Santa Clara, CA 95054 MEC teL: (305) 426-8944 

SPINNAKER SALES TEL: (619) 451-8595 
700 W. Hillsboro Blvd. (305) 426-8960 
Bldg. 4, Suite 204 FAX: (305) 426·8799 

11545 West Bernardo Court FAX: (619) 485-0561 Deerfield Beach, FL33441 
Suite 200 
San Diego, CA 92127 

WESTAR REP COMPANY TEL: (714) 832-3325 FLORIDA 
2472 Chambers Road FAX: (714) 832-7894 MEC TEL: (407) 773·1100 
Suite 100 11 Emerald Court FAX: (407) 777-6529 
Tustin, CA 92680 Sate lite Beach, FL 

WESTAR REP COMPANY TEL: (213) 539-2156 MEC TEL: (407) 799-0820 
25202 Crenshaw Blvd. FAX: (213) 539-2564 830 North Atlantic Blvd. FAX: (407) 799-0923 
Suite 217 Suite B401 
Torrance, CA 90505 Cocoa Beach, FL 32931 

WESTAR REP. COMPANY TEL: (818) 880-0594 MEC TEL: (813) 393-5011 
26500 Agoura Rd. FAX: (818) 880·5013 10637 Harborside Drive, N FAX: (813) 393-5202 
Suite 204 Largo, FL 34643 
Calabasas, CA 91302 

GEORGIA 
CANADA SOUTHERN COMPONENT TEL: (404) 729-8117 

INTELATECH, INC. TEL: (416) 629-0082 SALES FAX: (404) 729-8056 
1115 Crestlawn Drive FAX: (416) 629-1795 6075 The Corners Parkway 
Suite 1 Suite 103 
Mississauga, Ontario L4W1A7 Norcross, GA 30092 

c8SAMSUNG 425 

Electronics 

II 



SAMSL'NG SEMICONDUCTOR REPRESENTATIVES 

ILLINOIS BAILEY, J.N. & ASSOC. TEL: (216) 273-3798 

RI TEL: (708) 967-8430 
1667 Devonshire Drive FAX: (216) 225-1461 

8430 Gross Point Road FAX: (708) 967-5903 
Brunswick, OH 44212 

Skokie, IL 60076 
OREGON 

MARYLAND 
ATMI TEL: (503) 643-8307 
6700 S.w. 105th Street FAX: (503) 646-9536 

ADVANCED TECH SALES TEL: (301) 296-9360 Suite 303 
100 West Road FAX: (301) 296-9373 Beaverton, OR 97005 
Suite 412 
Towson, MD 21204 PENNSYLVANIA 

BAILEY, J.N. & ASSOC. TEL: (412) 568-1392 
MASSACHUSETTS 1660 Hancock Avenue FAX: (412) 568-1479 

NEW TECH SOLUTIONS, INC. TEL: (617) 229-8888 Apollo, PA 15613 

111 South Bedford St~eet FAX: (617) 229-161 A 
RIVCO JANUARY INC. TEL: (215) 631-1414 

Suite 102 
RJI Building FAX: (21.5) 631-1640 

Burlington, MA 018'03 
78 South Trooper Road 
Norristown, PA 19403 

MICHIGAN 

JENSEN C.B. TEL: (313) 643-0506 PUERTO RICO 

2145 Crooks Rd. FAX: (313) 643-4735 DIGIT-TECH TEL: (809) 892-4260 
Troy, MI 48084 P.O. Box 1945 FAX: (809) 892-3366 

Calle Cruz #2 

MINNESOTA 
Bajos, San German 00753 

IRI TEL: (612) 854-1120 TEXAS 
1120 East 80th Street #200 FAX: (612) 854-8312 

S.W. SALES INC. TEL: (915) 594-8259 
Bloomington, MN 55420 

2267 Trawood, Bldg. E3 FAX: (915) 592-0288 
EI Paso, TX 79935 

NEW JERSEY 
VIELOCK ASSOC. TEL: (214) 881-1940 

NEPTUNE ELEC. TEL: (201) 461 -2789 555 Republic Drive FAX: (214) 423-8556 
2460 Lemoine Avenue FAX: (201) 461-3857 Suite 105 
Ft. Lee, NJ 07024 Plano, TX 75074 

NEW MEXICO VIELOCK ASSOC. TEL: (512) 345-8498 
9430 Research Blvd. FAX: (512) 346-4037 

S.w. SALES, INC. TEL: (505) 899-9005 Echelon Bldg. 2, Suite 330 
7137 Settlement Way, N.w. FAX: (505) 899-8903 Austin, TX 78759 
Albuquerque, NM 87120 

UTAH 
NEW YORK ANDERSON & ASSOC. TEL: (801) 292-8991 

NEPTUNE ELEC. TEL: (516) 349-160 270 South Main, #108 FAX: (801) 298-1503 

-255 Executive Dr. FAX: (516) 349-1343 Bountiful, UT 84010 

Plainview, NY 11803 
VIRGINIA 

T-SQUAREIJ TEL: (315) 463-8592 ADVANCED TECHNOLOGY TEL: (804) 320-8756 
6443 Ridings Road FAX: (315) 463-0355 SALES, INC. FAX: (804) 320-8761 
Syracuse, NY 13206 406 Grinell Drive 

T-SQUARED TEL: (716) 924-9101 
Richmond, VA 23236 

7353 Victor-Pittsford Road FAX: (7-16) 924-4946 
WASHINGTON Victor, NY 14564 

ATMI TEL: (206) 882-4665 

OHIO 16150 NE 85TH St. Suite 217T FAX: (206) 882-7517 
Redmond, WA 98052 

BAILEY, J.N. & ASSOC. TEL: (513) 687-1325 
129 W. Main Street FAX: (513) 687-2930 WISCONSIN 
New Lebanon, OH 45345 

IRI TEL: (414) 789-9393 
BAILEY, J.N. & ASSOC. TEL: (614) 262-7274 16745 W. Bluemound Rd. FAX: (414) 789-9272 
2978 Findley Avenue FAX: (614) 262-0384 Suite 340 
Columbus, OH 43202 Brookfield, WI 53005 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-EUROPE 

SAMSUNG PARIS MILANO MONCHEN 
SEMICONDUCTOR Centre d'Affaires La Viale G. Matteotti, 26 Carl-Zeiss-Ring 9 
EUROPE GmbH Boursidiere RN 186, Bat. 1-20095 Cusano Milanino 0-8045 Ismaning 
Mergenthaler Allee 38-40 Bourgogne, BP 202 (Italy) (West Germany) 
06236 Eschborn F-92357 Le Plessis-Robinson Tel: 0039-2-6 13 2888 Tel: (49) 0-89 96 4838 
(West Germany) (France) Fax: 0039-2-6192279 Fax: (49) 0-89 96 48 73 
Tel: 06196/9009-0 Tel: 0033-1-40 94 0700 
Fax: 0196/9009·89 Fax: 0033-1-40 94 02 16 

SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

EUROPE 

AUSTRIA 

SATRON HANDELSGES. MBH 
Hoffmeistergasse 8·101115 TEL: 0043-222-87 30 20 
A-1120 Wien FAX: 0043-222-85 95 93 

BELGIUM 

C&S ELECTRONICS NV 
Heembeekstraat 111 
B-1120 Brussels 

DENMARK 

EXATEC ALS 
Oortheavj 1-3 
OK-2400 Kopenhagen 

FINLAND 

INSTRU COMPONENTS 
P_O. Box 64, Vitikka 1 
SF-02631·ESPOO 
Helsinki 

FRANCE 

TLX: 047-753 11 85 1 

TEL: 0032-2-2 44 29 74 
FAX: 0032-2-2 42 89 30 
TLX: 046-2 58 20 

TEL: 00453-1-19 10 22 
FAX: 00453-1 1931 20 
TLX: 27253 

TEL: 00358-0-5 28 43 25 
FAX: 00358-0-5 28 4333 
TLX: 057-12 44 26 

ASIA MOS (OMNITECH ELCCTRONIQUE) 
Batiment Evolic 1 165, TEL: 0033-1-47 60 1247 
Boulevard Oe Valmy FAX: 0033-1-47 601582 
F-92705 Colombes TLX: 042-61 38 90 

SONEL·ROHE (SCAIB) 
6, Rue Le Corbusier 
Silic 424 
F-94583 Rungis, Cedex 

TEL: 0033-1-46 86 81 70 
FAX: 0033-1·45 60 55 49 
TLX: 042-20 69 52 

c8SAMSUNG 
Electronics 

GERMANY (WEST) 

SILCOM ELECTRONICS VERTRIEBS GmbH 
Neusser Str. 336-338 TEL: (49)-0-2161-6 07 52 
0-4050 Monchengladbach FAX: (49)-0-2161-6516-38 

TERMOTROL GmbH 
Pilotystr 4 . 
0-8000 MOnchen 22 

TLX: 85 2189 

TEL: (49)..Q-89-2303 52 52 
FAX: (49)-0-89-2303 52 80 
TLX: 17898453 

ING. THEO HENSKES GmbH 
Laatzener Str. 19 TEL: (49)-0-511-86 50 75 
Postfach 72 12 26 FAX: (49)-0-7249 79 93 
0-3000 Hannover 72 TLX: 92 35 09 

ASTRONIC GmbH 
GrOnwalder Weg 30 
0-8024 Oeisenhofen 

TEL: (49)-0-89-61 30303 
FAX: (49)-0-89-61 31 668 
TLX: 5 21 61 87 

MSC VERKAUFSBURO MinE 
Wormser Str. 34 TEL: (49)-0-62-332 66 43 
Postfach 37 FAX: (49)-0-332 02 98 
0-6710 Frankenthal TLX: 46 52 30 

MICRONETICS GmbH 
Wail Our Stadter Str. 45 
0-7253 Renningen 

ITALY 

DIS. EL. SPA 
Via Orbetello 98 
1-10148 Torino 

MOXEL S.R.L. 

TEL: (49)·0-7159-60 19 
FAX: (49)-0-715 951 19 
TLX: 72 47 08 

TEL: 0039-1-12 20 15 22 
FAX: 0039·1-12 16 59 15 
TLX: 043-21 51 18 

Via C. Frova, 34 TEL: 0039-2-61 29 05 21 
1-20092 Cinisello Balsamo FAX: 0039-2-6 17 25 82 

TLX: 043-35 20 45 
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THE NETHERLANDS 

MALCHUS BV HANDEIMIJ. 
Fokkerstraat 511-513 TEL: 0031-10-4 27 77 77 
Postbus 48 FAX: 0031-10-4 154867 
NL·3125 BO Schiedam TLX: 044·2 15 98 

NORWAY 

EXATEC ALS 
Solheimveien 50 
Postbox 314 
N-1473 Skarer 

SPAIN 

SEMICONDUCTORES S.A. 

TEL: 0047-2-97 29 50 
FAX: 0047-2-97 29 53 

Ronda General Mitre TEL: 0034-3-2 172340 
240 Bjs FAX: 0034-3-2 17 65 98 
E-08006 Barcelona TLX: 052-9 77 87 

SWEDEN 

MIKO KOMPONENT AB 
Segers by Vagen 3 
P_O. Box 2001 
S-14502 Norsborg 

SWITZERLAND 

PANATEL AG 
Grundstr. 20 
CH-6343 Rotkreuz 

TEL: 0046-753-89080 
FAX: 0046-753-75 34 0 
TLX: 052-9 77 87 

TEL: 0041-42 64 30 30 
FAX: 0041-42 64 30 35 
TLX: 045-86 87 63 

cKSAMSUNG 
.. Electronics 

UNITED KINGDOM 

STC ELECTRONIC DISTRIBUTION 
Edinburgh Way Harlow TEL: (0279) 441144 
Essex CM20 20F FAX: (0279) 441787 

BYTECH LTD. 
3 The Western Centre, 
Western Road, 
Bracknell Berkshire 
RG121RW 

ITT MULTI COMPONENTS 

TEL: Sales 0344 482211 
Account/Admin 

0344424222 
FAX: 0344 420400 
TLX: 848215 

346 Edinburgh Avenue TEL: 0753 824212 
Slough SL 1 4TU FAX: 0753 824160 

TLX: 849804 

NEL TRONIC LIMITED 
John F_ Kennedy Road, 
Naas Road, Qublin 12, 
Ireland 

TEL: (01) 503560 
FAX: (01) 552789 
TLX: 93556 NELT EI 
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ASIA 

HONG KONG 

AV, CONCEPT LTD. 
ROOM 804, Tower A, 81F1., TEL: 3629325 
Hunghom Commercial Centre, FAX: 7643108 
37·39 MA Tau Wai Road, TLX: 52362 AOVCC HX 
Hunghom, Kowloon, 
Hong Kong 

PROTECH COMPONENTS LTD. 
Unit 2, 3/F, Wah Shing Centre, TEL: 7930882 
11 Shing Yip Street, Kowloon, FAX: 7930811 
Kwun Tong, Hong Kong 

WISEWORLD TECHNOLOGY CO. 
Room 708, Tower A, 7/FI., TEL: 7658923 
Hunghom COmmercial Centre, FAX: 3636203 
37·39 MA Tau Wai Road, 
Kowloon, Hong Kong 

RIGHT SYSTEM CO., LTD. 
Room A 19, 6/FI., 
Proficient Ind. Centre, 
Block A, 6 Wang Kwun Road, 
Kowloon Bay, Kowloon, 
Hong Kong 

TEL: 7566331 
FAX: 7998985 
TLX: 52896 OSPCL HX 

SOLARBRITE ENTERPRISE CO. 
(CALCULATOR & WATCH) 
Room 903, The Kwangtung 
Provincial Bank Bldg., 

TEL: 7701010 
FAX: 7700559 

589·591 Nathan Road, TLX: 52543 SECL HX 
Kowloon, Hong Kong 

SOLARI COMPUTER ENGINEERING LTD. 
(4 BIT/S BIT ONE CHIP SOFTWARE HOUSE) 
Unit 703-4, 7/FI., Jordan House, TEL: 7213318 
6-8 Jordan Road, Kowloon, FAX: 7235288· 
Hong Kong 

CENTRAL SYSTEMS DESIGN LTD. 
(ASIC DESIGN HOUSE) 
Room 1704, Westlands Centre, TEL: 5620248 
20 Westlands Road, FAX: 5658046 
Quarry Bay, Hong Kong TLX: 73990 CSO HX 

DATAWORLD INTERNATIONAL LTD. 
(MIYUKI ELECTRONICS (HK) LTD.) 
(ASIC DESIGN HOUSE) 
Flat No. 3-4, 5/F1., TEL: 7862611 
Yuen Shing Ind. Bldg., FAX: 7856213 
1033, Yee Kuk Street, West, TLX: 45876 MYK HX 
Kowloon, Hong Kong 

TAIWAN 

YOSUN INDUSTRIAL CORP. 
7F, No. 76, Chern Kong Rd., 
Sec. 1~ Nan Kang, Taipei, 
Taiwan R.O.C. 

KINREX CORP. 
2nd. FI., 514-3, Tun Hwa S. 
Rd., Taipei, Taiwan, R.O.C. 

TEL: (02) 788-1991 (Rep.) 
FAX: (02) 788-1996 

TEL: 02-700-4686-9 
FAX: 02-704-2482 
TLX: 20402 KINREX 

c8SAMSUNG 
Electronics 

SANT SONG CORP. 
Room A, 8F No. 180, Sec·4, TEL: (02) 775·2506 
Chung Hsiao E. Rd., Taipei, FAX: (02) 771·8413 
Taiwan, R.O.C. ' 

JAPAN 

ADO ELECTRONIC INDUSTRIAL CO., LTD. 
7th FI., Sasage Bldg., 4·6 TEL: 03·257·1618 
Sotokanda 2·Chome Chiyoda· FAX: 03·257·1579 
ku, Tokyo 101, Japan 

INTERCOMPO INC. 
Ihi Bldg., 1·6·7, Shibuya, TEL: 03·406-5612 
Shibuya·ku, Tokyo 150 Japan FAX: 04·409·4834 

CHEMI·CON INTERNATIONAL CORP. 
Mitauya Toranomon Bldg., TEL: 03·508-2841 
22·14, Toranomo~ l·Chome, FAX: 03-504·0566 
Minato·ku, Tokyo 105, Japan 

TOMEN ELECTRONICS CORP. 
1-5, Takamatsu·Cho 3 Chome TEL: 0425·22·6145 
Tachikawa, Tokyo 190 FAX: 0425·22-6159 

DIA SEMICON SYSTEMS INC. 
Wacore 64 1·37·8, Sangenjaya, TEL: 03·487·0386 
Setagaya·ku, Tokyo 154 Japan FAX: 03·487·8088 

RIKEI CORP. 
Nichimen Bldg., 2·2·2, 
Nakanoshima, Kita·ku, 
Osaka 530 Japan 

SINGAPORE 

TEL: 06·201·2081 
FAX: 06·222-1185 

GEMINI ELECTRONICS PTE LTD. 
100, Upper Cross Street TEL: 65·5351777 
#09·080G Bldg. FAX: 65·5350348 
Singapore 0105 TLX: RS-42819 

BOSTEX ELECTRONICS PTE LTD. 
#05·14 Bylands Bldg. TEL: 65·3395713 
135 Middle Road FAX: 65-3389538 
Singapore 0718 

ASTINA ELECTRONICS (M) SON BHD 
23, Jalan Pantai Jerjak Satu TEL: 04-876697 
11900 Bayan Lepas Penang, FAX: 04·876780 
West Malaysia 

ASTINA ELECTRONICS (S) PTE LTD. 
315, Outram Road, TEL: 65·2232221 
#11·02 Tan Boon Liat Bldg., FAX: 65·2213776 
Singapore 0315 

INDIA 

COMPONENTS AND SYSTEMS MARKETING 
ASSOCIATES (INDIA) PVT. LTD. 
100, Oadasaheb Phalke Road, 
Dadar, Bombay 400 
014 TEL: 4114585 

FAX: 4112546 
TLX: 001·4605 PDT IN 
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TURKEY 

ELEKTRO SAN. VE TIC. KOLL. STI. 
Hasanpasa, Ahmet Rasim Sok TEL: 337·2245 
No. 16 Kadikoy Istanbul, FAX: 336·8814 
Turkey TLX: 29569 elts tr 

THAILAND 

VUTIPONG TRADING LTD., PART. 
51·53 Pahurat Rd. (Banmoh) TEL: 221·9699·3641 
Bangkok 10200 THAILAND 223·4608 

FAX: 224-0861 
TLX: 87470 Vutipong TH 

KOREA 

NAEWAE SEMICONDUCTOR CO., LTD. 
Room 503, 22·dong, Sunjn TEL: 717·4065-7 
Bldg., 16·1, Hankangro·2ka, 702·4407-9 
Yongsan·ku, Seoul, Korea FAX: 702·3924 
Cable: ELECONAEWAE TLX: NELCO K27419 

SEOUL 
c.p.a. BOX 1409 

SAMSUNG LlGHT·ELECTRONICS CO., LTD. 
4th FI. Room 2·3, TEL: 718·0045, 
Electronics Main Bldg., 16·9, 718·9531-5 
Hankangro·3ka, Yongsan·ku, FAX: 718·9536 
Seoul, Korea 

c8SAMSUNG 
Electronics 

NEW CASTLE SEMICONDUCTOR CO., LTD. 
4th FI. Room 10-11, TEL: 718·8531-4 
Electronics Main Bldg., 16·9, FAX: 718·8535 
Hankangro·3ka, Yongsan·ku, 
Seoul, Korea 

HANKOOK SEMICONDUCTOR & 
TELECOMMUNICATIONS CO., LTD. 
402 Suite, Sowon Bldg., TEL: 338·2015-8 
354·22, Seokyo·dong, FAX: 338·2983 
Mapo·ku, Seoul, Korea 

SEG YUNG INTERISE CORP. 
21·301, Sunin Bldg., 16·1, TEL: 701-6811-6, 
Hankangro·2ka, Yongsan·ku, 701-6781-4 
Seoul, Korea FAX: 701-6785 

SEGYUNG ELECTRONICS 
182·2, Jangsa·dong, 
Jongro·ku, Seoul, Korea 

SAMTEK 
Room 704, Euylim Bldg., 
16·96, Hankangro·3ka, 
Yongsan·ku, Seoul, Korea 

TEL: 273-6781-3 
FAX: (02) 273-6597 
TLX: K24950 

SUKSEMT 

TEL: 703·9656-8 
FAX: 703·9659 

SUNIN INDUSTRIES CO., LTD. 
Sunin Bldg., 7FI., 16·1, TEL: 718·7113-6 
Hankangro·2ka, Yongsan·ku, 702·1257-9 
Seoul, Korea FAX: 715·1031 
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ALABAMA JACO (805) 495-9998 
2260 Townsgate Road 

HAMMOND (205) 830-4764 Westlake Village, CA 91361 
4411-B Evangel Circle, N.w . 

. Huntsville, AL 35816 JACO (408) 432-9290 
2880 Zanker Road 

ARIZONA Suite 202 
San Jose, CA 95134 

ADDED VALUE (602) 951-9788 
7741 East Gray Road JACO (714) 837-8966 

Suite #9 23-441 South Pointe Drive 

Scottsdale, AZ 85260 Laguna Hills, CA 92653 

CYPRESS/RPS (602) 966-2256 MICRO GENESIS (408) 727-5050 

2164 E. Broadway Road #310-8 2880 Lakeside Drive 

Tempe, AZ 85282 Santa Clara, CA 95054 

CALIFORNIA 
CANADA 

ELECTRONIC WHOLESALERS 
ADDED VALUE (209) 734-8861 1935 Avenue De L'Eglise (514) 769-8861 
3320 East Mineral King Montreal, Quebec, Canada 
Unit 0 H4E 1H2 
Visalia, CA 93291 

PETERSON, C.M. (519) 434-3204 
ADDED VALUE (714) 259-8258 220 Adelaide Street North 
1582 Parkway Loop London, Ontario, Canada 
Unit G N6B 3H4 
Tustin, CA 92680 

SAYNOR VARAH (416) 445-2340 
ADDED VALUE (619) 558-8890 99 Scarsdale Road 
6397 Nancy Ridge Road Don Mills, Ontario, Canada 
San Diego, CA 92121 M3B 2R4 

ADDED VALUE (818) 889-2861 SAYNOR VARAH (604) 273-2911 
31194 La Baya Drive, #100 1-13511 Crestwood Place 
Westlake Village, CA 91362 Richmond, B.C., Canada 

V6V 2G5 
ALL AMERICAN (BOO) 669-8300 
369 Van Ness Way #701 WESTBURNE IND. ENT., LTD. 

II Torrance, CA 90501 300 Steep rock Drive (416) 635-2950 
Downsview, Ontario, Canada 

BELL MICRO PRODUCTS (714) 963-0667 M3J 2W9 
18350 Mt. Langley 
Fountain Valley, CA.92708 COLORADO 

BELL MICRO PRODUCTS (408) 434-1150 
ADDED VALUE (303) 422-1701 

550 Sycamore Drive 
4090 Youngfield 

Milpitas, CA 95035 
Wheat Ridge, CO 80033 

CYPRESS/RPS (714) 521-5230 
CYPRESS/RPS (303) 792-5829 
12503 E. Euclid Drive 

6230 Descanso Avenue Englewood, CO 80111 
Buena Park, CA 90620 

CYPRESS/RPS (619) 535-0011 
CONNECTICUT 

10054 Mesa Ridge Ct ALMO ELECTRONICS (203) 288-6556 
Suite 118 31 Village Lane 
San Diego, CA 92121 Wallingford, CT 06492 

CYPRESS/RPS (408) 980-8400 JACO (203) 235-1422 
2175 Martin Avenue 384 Pratt Street 
Santa Clara, CA 95050 Meriden, CT 06450 

CYPRESS/RPS (818) 710-7780 JV (203) 469-2321 
21550 Oxnard, #420 690 Main Street 
Woodland Hills, CA 91367 East Haven, CT 06512 

c8SAMSUNG 
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FLORIDA JACO (301) 995-6620 
Rivers Center 

ALL AMERICAN (305) 621-8282 10270 Old Columbia Road 
16251 N.W. 54th. Avenue Columbia, MD 21046 
Miami, FL 33014 

HAMMOND (407) 973-7103 MASSACHUSETS 
6600 N.w. 21st. Avenue ALMO ELECTRONICS (617) 821-1450 
Fort Lauderdale, FL 33309 60 Shawmut Avenue 

. HAMMOND (407) 849-6060 
Canton, MA 02021 

1230 W. Central Blvd GERBER (617) 329-2400 
Orlando, FL 32802 128 Carnegie Row 

MICRO GENESIS (407) 869-9989 Norwood, MA 02062 

2170 W. State Road 434 #324 JACO (617) 273-1860 
Longwood, FL 32779 222 Andover Street 

Wilmington, MA 01887 

GEORGIA 

HAMMOND (404) 449-1996 
MICHIGAN 

5680 Oakbrook Parkway CALDER (616) 698-7400 
#160 4245 Brockton Drive 
Norcross, GA 30093 Grand Rapids, MI 49508 

QUALITY COMPONENTS (404) 449-9508 CHELSEA INDUSTRIES (313) 525-1155 
6145 Northbelt Parkway 34443 Schoolcraft 
Suite B Livonia, MI 48150 
Norcross, GA 30071 

ILLINOIS 
MINNESOTA 

ALL AMERICAN (612) 944-2151 
GOOLD (312) 860-7171 11409 Valley View Road 
101 Leland Court Eden Prairie, MN 55344 
Bensenville, IL 60106 

CYPRESS/RPS (612) 934-2104 
QPS (312) 884-6620 7650 Executive Drive 
101 Commerce Dr. #A 
Schaumburg, IL 60173 

Eden Prairie, MN 55344 

VOYAGER (612) 571-7766 

INDIANA 5201 East River Road 
Fridley, MN 55421 

ALTEX (317) 848-1323 
12744 N. Meridian MISSOURI 
Carmel, IN 46032 

CHELSEA INDUSTRIES (314) 997-7709 
CHELSEA INDUSTRIES (317) 253-9065 2555 Metro Blvd. 
8465 Keystone Crossing, #115 Maryland Heights, MO 63043 
Indianapolis, IN 46240 

NEW JERSEY 
MARYLAND 

ALMO ELECTRONICS (201) 613-0200 

ALL AMERICAN (301) 251-1205 12 Connerty Court 
1136 Taft Street East Brunswick, NJ 08816 
Rockville, MD 20853 

GENERAL RADIO SUPPLY (609) 964-8560 

ALMO ELECTRONICS (301) 953-2566 600 Penn St. @ Bridge Plaza 

8309B Sherwick Court Camden, NJ 08102 

Jessup, MD 20794 
JACO (201) 942-4000 

GENERAL RADIO SUPPLY (301) 995-6744 Ottilio Office Compl~x 
6935L Oakland Mills Road 555 Preakness Avenue 
Columbia, MD 21045 Totowa, NJ 07512 
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NEW YORK OKLAHOMA 

ALL AMERICAN (516) 981·3935 QUALITY COMPONENTS (918) 664·8812 
33 Commack Loop 3158 S. 108th East Avenue 
Ronkonkoma, NY 11779 Suite 274 

Tulsa, OK 74146 
CAM/RPC (716) 427·9999 
2975 Brighton Henrietta TL Road OREGON 
Rochester, NY 14623 

(516) 273·5500 
CYPRESS/RPS 

JACO 15075 S. Koll Parkway 
145 Oser Avenue Suite D 
Hauppauge, NY 11788 Beaverton, OR 97006 

(503) 641·2233 

MICRO GENESIS (516) 472-6000 
PENNSYLVANIA 90·10 Colin Drive 

Holbook, NY 11741 
ALMO ELECTRONICS (215) 698-4003 

NORTH CAROLINA 9815 Roosevelt Blvd. 
Philadelphia, PA 19114 

QUALITY COMPONENTS (919) 467·4897 
3029·105 Stonybrook Drive CAM/RPC 

Raleigh, NC 27604 620 Alpha Drive 
Pittsburgh, PA 15238 

(412) 782·3770 

DIXIE (704) 377·5413 
ALMO ELECTRONICS 2220 South Tryon Street 

Charlotte, NC 28234 220 Executive Drive 
Mars, PA 16046 

(412) 776·9090 

HAMMOND (919) 275-6391 
2923 Pacific Avenue SOUTH CAROLINA 
Greensboro, NC 27420 

DIXIE (803) 297·1435 
RESCO/RALEIGH (919) 781·5700 4909 Pelham Road 
Hwy. 70 West & Resco Court Greenville, SC 29606 
flaleigh, NC 27612 

DIXIE (803) 779·5332 
OHIO 1900 Barnwefl Street 

Columbia, SC 29201 
CAM/RPC (216) 461·4700 
749 Miner Road HAMMOND 
Cleveland, OH 44143 1035 Lowndes Hill Rd. 

Greenville, SC 29607 
CAM/RPC (614) 888·7777 

(803) 233·4121 I 
15 Bishop Drive #.104 
Westerville, OH 43081 TEXAS 

CAM/RPC (513) 433·5551 ADDED VALUE (214) 404·1144 
7973·B Washington Woods Drive 4470 Spring Valley Road 
Centerville, OH 45459 Dallas, TX 75244 

CHELSEA INDUSTRIES (513) 891·3905 ADDED VALUE (512) 454·8845 
10979 Reed Hartman, Highway 6448 Highway 290 East 
#133 #A103 
CinCinnati, OH 45242 Austin, TX 78723 

CHELSEA INDUSTRIES (216) 893-0721 ALL AMERICAN (214) 231·5300 
1360 Tomahawk 1819 Firman Drive, #127 
Maumee, OH 43537 Richardson, TX 75081 

SCHUSTER (513) 489·1400 CYPRESS/RPS (214) 869·1435 
11320 Grooms Road 2156 W. Northwest Highway 
Cincinnati, OH 45242 Dallas, TX 75220 

SCHUSTER (216) 425·8134 JACO (214) 235·9575 
20570 East Aurora Road 1209 Glenville Drive 
Twinsburg, OH 44087 Richardson, TX 75080 
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MICRO GENESIS 
9221 LBJ Freeway, #220 
Dallas, TX 75243 

OMNIPRO 
4141 Billy Mitchell 
Dallas, TX 75244 

QUALITY COMPONENTS 
4257 Kellway Circle 
Addison, TX 75244 

QUALITY COMPONENTS 
1005 Industrial Blvd. 
Sugar Land, TX 77478 

QUALITY COMPONENTS 
2120·M Braker Lane 
Austin, TX 78758 

UTAH 

ADDED VALUE 
1836 Parkway Blvd. 
West Valley City; UT 84119 

(214) 644·5055 

(214) 233'()500 

(214) 733·4300 

(713) 240·2255 

(512) 835'()220 

(801) 975·9500 

c8~SUNG 

VIRGINIA 

VIRGINIA ELEC. 
715 Henry Avenue 
Charlottesville, VA 22901 

WASHINGTON 

CYPRESS/RPS 
22125 17th Avenue 
Suite 114 
Bothell, WA 98021 

JACO 
15014 N.E. 40th Street 
Bldg. "0", Unit 202 
Redmond, WA 98052 

PRIEBE 
14807 N.E. 40th 
Redmond, WA 98052 

WISCONSIN 

MARSH 
1563 S. 101st. Street 
Milwaukee, WI 53214 

(804) 296-4184 

(206)483·1144 

(206) 881·9700 

(206) 881·2363 

(414) 475-6000 
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Semiconductor Business 
HEAD OFFICE: 
8/10FL. SAMSUNG MAIN BLDG. 
250, 2-KA, TAEPYUNG-RO, 
CHUNG-KU, SEOUL, KOnEA 
cpo. BOX 8233 

BUCH EON PLANT: 
82-3, DODANG-DONG, 
BUCHEON, KYUNGKI-DO, KOREA 
CPO BOX 5779 SEOUL 100 

KIHEUNG PLANT: 
SAN H24 NONGSUH-RI, KIHEUNG-MYUN 
YONGIN-GUN, KYUNGKI-DO, KOREA 
cPO. BOX 37 SUWON 

GUMI BRANCH: 
259, GONDAN-DONG, GUMI, 
KYUNGSANGBU~DO, KOREA 

SAMSUNG SEMICONDUCTOR mc.: 
3725 NORTH FIRST STREET 
SANJOSE, CA 95134-1708, USA 

HONG KONG BRANCH: 
24FL. TOWER 1 ADMIRALTY CENTER 
18 HARCOURT ROAD HONG KONG 

TAIWAN OFFICE: 
RM. 2401, 24F, INT'L TRADE BLDG., 
333, KEEtLUNG RD., SEC. 1, TAIPEI, 
TAIWAN, RO.C. 

TELEX KORSST K27970 
TEL: (SEOUL) 751-2114 
FAX 753-0967 

-TELEX: KORSEM K28390 
TEL: (SEOUL) 741-0066, 664-0066 
FAX: 741-4273 

TELEX: KORSST K23813 
TEL: (SEOUL) 741-0620/7 
FAX: 741-0628 

TELEX: SSTGUMI K54371 
TEL: (GUMI) 2-2570 
FAX: (GUMI) 52-7942 

TEL (408) 434-5400 
TELEX: 339544 
FAX: (408) 434-5650 

TEL: 8626900 
TELEX: 80303 SSTC HX 
FAX 86613A3 

TEL: (2) 757-7292 
FAX: (2) 757-7311 ' 

SAMSUNG ELECTRONICS JAPAN CO., LTD. 
6F. SUDAMACHI BERDE BLDG. TELEX: 2225206 SECJPN J 
2-3, KANDA-SUDAMACHI TEL: (03) 258-9506 . 
CHIYODA-KU, TOKYO 101, JAPAN FAX: (03) 258-9695 

SAMSUNG SEMICONDUCTOR EUROPE GMBH: 
MERGENTHALER ALLEE 38-40 
0-6236 ESCHBOflN, WIG 

SAMSUNG (U.K.) LTD.: 
SAMSUNG HOUSE 3 RIVERBANK WAY 
GREAT WEST ROAD BRENTFORD 
MIDDLESEX TW8 9RE 

SINGAPORE OFFICE: 
10 COLLYER QUAY H14-07 

OCEAN BUILDING S'PORE 0104 

TEL: 0-6196-90090 
FAX: 0-6196-900989 
TELEX: 4072678 SSED 

TEL: 862-9312 (EXT) 304 
862-9323 (EXT) 292 

FAX: 862-0096, 862-0097 
TELEX: 25823 

TEL 535-2808 
FAX: 532-6452 
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AUGUST, 1990 


