


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































LM258JA, LM358/A, LM2004 LINEAR INTEGRATED CIRCUIT 

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

frequency 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 

8 DIP 

voltage. 8 SOP 

Application areas include transducer amplifier, DC gain blocks and all 
the conventional OP amp circuits which now can be easily implemented 
in single power supply systems. 

FEATURES 
• Internally frequency compensated for unity gain 
• Large DC voltage gain: 109dB 

9 SIP 

• Wide power supply range: LM258/A, LM358/A: 3V - 32V 
(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 
Device . Package Operation Temperature 

LM358N 
8 DIP 

LM358AN SCHEMATIC DIAGRAM (One section only) 

LM358S 
9 SIP 0- + 70°C 

LM358AS 

LM358D 
8 SOP 

LM358AD 

LM258N 
8 DIP 

LM258AN 

LM258S 
9 SIP -25 - +85°e 

LM258AS 

LM258D 
8 SOP 

LM258AD 

LM2904N 8 DIP 

LM2904S 9 SIP -40 -+85°e 

LM2904D 8 DIP 

* * Under development 
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LM2581A, LM358IA, LM2904 LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol LM258/LM258A LM358/LM358A LM2904 Unit 

Power Supply Voltage Vs ± 16 or 32 ± 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 Continuou.s 
VceS15V 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) 

LM258 LM358 LM2904 
Characteristic Symbol Test Conditions Unit 

Min Typ Max Min Typ M,!x Min Typ Max 

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

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

Input Offset Current Ito 3 30 5 50 5 50 nA 

Input Bias Current liB 45 150 45 250 45 250 nA 

Input Common-Mode 
VieR 

Vee = 30V 
0 Vee 0 Vee 0 Vee 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 rnA 

Supply Current lee (LM2902, Vee = 26V) 

RL = 00 ,Jver full temperature range 0.5 1.2 0.5 1.2 0.5 1.2 rnA 

Large Signal 
Av 

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

Voltage Gain Vo= 1V to 11V 

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

Output Voltage Swing 
VOH Vee=26V for 2904IRL=10KO 27 28 27 28 23 24 V 
VOL 

Vee=5V RL~10KO 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 rnA 

Isource 
Vin + = 1V, Vin - = OV 

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

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

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

ISink 
Vin + = OV, Vin - = 1V 
Vee = 15V, Vo=200mV 

12 100 12 100 /LA 

Differential Input 
VID Vee Vee Vee V 

Voltage 

c8SAN1SUNG 
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LM2~A, LM3~A, LM~ LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS 
(Vee = 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 
VeM = OV to Vee-1.5V 

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

Input Offset Voltage 
6VlQi6T Rs=On 7.0 7.0 7.0 INloC 

Drift 

Input Offset Current "0 100 150 45 200 nA 

Input Offset Current 
61d6T 10 I 10 10 pA/oC 

Drift 

Input Bias Current "B 40 300 40 500 40 500 nA 

Input Common-Mode 
VieR 

Vee=30V 
0 Vee 0 Vee 0 Vee V 

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

Large Signal Voltage 
Av 

Vee = 15V, RL~2.0Kn 
25 15 15 V/mV 

Gain Vo= 1V to 11V 

Vee=30V IRL=2Kn 26 26 26 V 
VOH 

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

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

Isource 
Vin + = 1V, Vin - = OV 

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

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

ISink Vee = 15V, Vo=2V 
5 8 5 9 5 9 rnA 

Differential Input 
VIO Vee Vee Vee V 

Voltage 
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LM2581A, 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 
VeM = OV to Vee-1.5V 

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

Input Offset Current Ito 2 15 5 30 nA 

Input Bias Current liB 40 80 45 100 nA 

I nput Common-Mode 
VieR Vee =30V 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 Ice 

RL=oo,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 VIm V 
Vo= 1V to 11V 

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

Output Voltage Swing 
VOH 

Vcc =26V for2904!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 

I source 
Vin + = 1V, Vin - = OV 20 30 20 30 rnA 
Vee = 15V, Vo=2V 

Output Current Vin + = OV, Vin - = 1V 
10 15 10 15 rnA 

Vee = 15V, Vo=2V 
Isink 

Vin + = OV, Vin _ = 1V 
Va = 200mV 

12 100 12 100 p,A 

Differential Input Voltage ViD Vee Vee V 
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LM2581A, LM358IA, LM2904 LINEAR INTEGRATED CIRCUIT 

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

LM258A LM358A 
Characteristic Symbol Test Conditions Unit 

Min Typ Max Min Typ Max 

Input Offset Voltage V,o 
VeM =OV to Vee-1.5V 

4.0 5.0 mV 
Vo= 1.4V, Rs=OO 

Input Offset Voltage Drift 6V,0/6T 7.0 15 7.0 20 p.V/oC 

Input Offset Current 1'0 30 75 nA 

Input Offset Current Drift 61,0/6T 10 200 10 300 pA/oC 

Input Bias Current hB 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 =5V, RL~10KO 5 20 5 20 mV 

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

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

Isource 
Vin + = 1V, Vin - = OV 

10 30 10 30 rnA 

Output Current 
Vee = 15V, Vo = 2V 

Isink 
V'n+ = OV, Vin - = 1V 5 9 5 9 rnA 
Vee = 15V, Vo=2V 

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

TYPICAL PERFORMANCE CHARACTERISTICS 
Fig. 1 SUPPLY CURRENT 

Ta=O'C to +S5'C_ ~ ---1 ----Ta= -40'C 

o I 
o 10 20 30 40 

SUPPLY VOLTAGE (V) 

Fig. 3 OPEN LOOP FREQUENCY RESPONSE 
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Fig. 5 OUTPUT CHARACTERISTICS 
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LM258/A, .LM358/A, LM2904 
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Fig. 8 COMMON·MODE REJECTION RATIO 
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LM258/A, LM358/A, LM2904 LINEAR INTEGRATED CIRCUIT 

TYPICAL APPLICATIONS (Vee=5.0V) 

Fig. 13 Voltage Reference Fig. 14 Non·lnvertlng DC Gain 

Vee 
+5V _____ _ 

+vINn-----t 

Fig. 15 AC Coupled Non·lnverting Amplifier 

R1 R2 

1Mfl 

Av=1+~ 
Av=11 

Fig. 17 Bi·Quad Filter 

R 

R2 

Co r VOUT 

RL 

f\f\ 

V 2 Vp.p 

100KIl 
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1.0MIl 

(a) 

Fig. 16 Pulse Generator 

R1 

100KIl 

C1 
>-........ ~ J---o NOTCH 

OUTPUT 

OL-----~V~I--N-----

O
_BW 
- fo 

where 

b) 

Tep = Center frequency gain· 
TN = Bandpass notch gain 

1 R1 
fo = 2 ... RC R2 = Tep 
R1 =OR R3=TNR2 

C1=10C 
Example: fa = 1000Hz 

BW=100Hz 
Tep=1 
TN=1 
R=160KIl 
R1 =1.6MIl 
R2=1.6MIl 
R3=1.6MIl 
C=O.01"F 
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LM741C/LM741E1LM741I 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 Operation Temperature 

SCHEMATIC DIAGRAM 

OFFSET 
NULL 

LM741ECN 
LM741CN 

LM741ECD 
LM741CD 

LM7411N 
LM741EIN 

LM7411D 
LM741EID 

8 DIP 

0-+ 70°C 
8 SOP 

8 DIP 

-25 - + 85°C 
8 SOP 

.-~------~--~~--~~--~--------------+---OVcc 

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

OFFSET o-----+-_+_~ 

NULL 0---'------. 
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LM741 C/LM741 ElLM7411 LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 

Characteristic Symbol LM741C LM741E LM741 I Unit 

Power Supply Voltage Vs ±1S ±22 ±1S 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-+ 701 -25- +S5 °C 
Storage Temperature Range TSl9 -65 -+ 150 -65-+150 -65-+150 °C 

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

LM741E LM741 C/LM741 I 
Characteristic Symbol Test Conditions Unit 

Min Typ Max Min Typ Max 

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

Rs::s;500 O.S 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 "8 30 SO SO 500 nA 

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

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

Vs=±20V, 
Vo= ± 15V 50 

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

20 200 
Vo=±10V 

Output Short Circuit Current los 10 25 35 25 mA 

RL~10KO ±16 
Vs= ±20V 

RL~2KO ±15 
Output Voltage Swing VOUT V 

RL~10KO ±12 ±'14 
Vs= ± 15V 

RL~2KO ±10 ±13 

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

Rs::s;50KO, VCM = ± 12V SO 95 

Vs= ±20V to Vs= ±5V 86 96 

Power Supply Rejection Ratio 
Rs::s;500 ~ 

PSRR dB 
Vs= ± 15V to Vs= ±5V 

77 96 
Rs::s;10KO 
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LM741C/LM741E1LM741 I LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS (Continued) 

LM741E LM741 C/LM7411 
Characteristic Symbol Test Conditions Unit 

Min Typ Max Min Typ Max 

Transient I Rise Time tr 0.25 0.8 0.3 its 
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 Vllts 

Supply Current Is RL=ooO 1.5 2.8 mA 

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

Vs= ± 15V 50 85 

ELECTRICAL CHARACTERISTICS 
(- 25°Cs;Tas;85°C for the LM7411, 0°Cs;Tas;70°C for the LM741C and LM741E, Vcc = ± 15V, unless otherwise 
specified) 

LM741E LM741C/LM741 J 
Characteristic Symbol Test Conditions 

Min I Typ 
Unit 

Max Min Typ Max 

Rss;500 4.0 
Input Offset Voltage VIO mV 

RsS;10KO 7.5 

Input Offset Voltage Drift t::,Vloff::, T 15 ItV/oC 

Input Offset Current 110 70 300 nA 

Input Offset Current Drift t::,holt::, T 0.5 nA/oC 

Input Bias Current ItB 0.21 0.8 itA 

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 

±13' RL~2KO ±10 

Output Short Circuit Current los 10 40 10 40 mA 

RsS;10KO, VCM = ± 12V 70 90 
Common Mode Rejection Ratio CMRR dB 

RsS;50KO, VCM = ± 12V 80 95 

Vs= ±20V RsS;500 86 96 
Power Supply Rejection Ratio PSRR 

to±5V 
dB 

Rss;10KO 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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LM741 C/LM741 ElLM741I LINEAR INTEGRATED CIRCUIT 

TYPICAL PERFORMANCE CHARACTERISTICS 
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LM741 C/LM741 ElLM741I 
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LM741C/LM741 ElLM741I 

Fig. 18 VOLTAGE FOLLOWER LARGE 
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MC1458AC/MC1458C/MC14581 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 
performance in intergrator, summing amplifier and general feedback 
applications. 

FEATURES 
• Interal frequency compensation 
• Short circuit protection 
• Large common mode and differential voltage range 
• No latch up 
• Low power consumption 

BLOCK DIAGRAM 

• 

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 

c8~SUNG 

a DIP 

a SOP 

9 SIP 

I + 
w 
w 
> + I 

~ ~ 
N N 
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MC1458ACIMC1458CIMC14581 LINEAR INTERGRATED CIRCUIT 

SCHEMATIC DIAGRAM 
r-~---~--~---~-~--------~-oVcc 

As 

INPUT( -) O----+--~-_+_-....J 
OUTPUT 

A7 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Value Unit 

Power Supply Voltage Vs ±18 V 
Input Differential Voltage VIO ±30 V 
Input Voltage VI ±15 V 
Operating Temperature Range MC14581 Topr -25- +85 °C 

MC1458AC/C 0-+70 °C 
Storage Temperature Range Tstg -65 -+.150 °C 

c8SAMSUNG 
. Electronics 
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MC1458AC/:MC1458C/MC14581 LINEAR INTERGRATED CIRCUIT 

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

MC1458IMC14581 MC1458C 
Characteristic Symbol Test Conditions Unit 

Min Typ Max Min Typ Max 

Input Offset Voltage VIO Rs510KO 2.0 6.0 2.0 10 mV 

Input Offset Current 110 20 200 20 300 nA 

Input Bias Current liB SO 500 SO 700 nA 

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

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

Input Resistance RI 0.3 1.0 1.0 MO 

Common Mode Rejection Ratio CMRR Rs510KO 70 90 60 90 dB 

Power Supply Rejection Ratio PSRR Rs510KO 77 90 77 90 dB 

Supply Current (Both Amplifier) Is 2.3 5.6 2.3 S.O mA 

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

Your V 
RL=2KO ±10 ±13 ±9 ±13 

Output Short Circuit Current los 20 20 mA 

Power Consumption Pc Vo=OV 70 170 70 240 mA 

Transient Response (Unity Gain) 
Rise Time tr Vi = 20mV, RL~2Kn, CL5100pF 0.3 0.3 p'S 

Overshoot OS Vi = 20mV, RL~2Kn, CL5100pF 15 15 % 
Slew Rate SR Vi = 10V, RL~2Kn, CL5100pF 0.5 0.5 . Vlp.s 

ELECTRICAL CHARACTERISTICS 
(Vcc = + 15V, VEE = -15V, NOTE 1, unless otherwise specified) 

MC1458/MC14581 MC1458C 
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 
MC145SAC/C: 05Ta570°C 
MC145SI: - 255Ta5 + S5°C 

Symbol 

VIO 

110 

liB 

Av 

CMRR 

PSRR 

Vour 

VICR 

c8SAMSUNG 
Electronics 

Test Conditions 
Min 

Rs510Kn 

Vo = ± 10V, RL~2.0K 15 

Rs510K 70 

Rs510K 77 

RL= 1.0K ±12 

RL=2K ±10 

±12 

Unit 
Typ Max Min Typ Max 

7.5 12 mV 

300 400 nA 

800 1000 nA 

15 V/mV 

90 70 90 dB 

90 77 90 dB 

±14 ± 11 ±14 
V 

±13 ±9 ± 13 

±12 V 
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MC1458AC/MC1458C/MC14581 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 Operation Temperature 

MC3303N 14DIP 
-40 - + 85°C 

MC3303D 14 SOP 

MC3403N 14 DIP 
0- + 70°C 

MC3403D 14 SOP 

SCHEMATHIC DIAGRAM 
~--.---------~----------~----~~~--~---~~------uVcc 

~~~~-<> OUTPUT 

c8SAMSUNG 
Electronics 
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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 VIO ±36 V 
Input Voltage VI ±18 V 
Output Short Circuit Duration Continuous 
Power Dissipation Po 670 mW 
Operating Temperature MC3303 Topr -40-+85 °C 

MC3403 0-+70 °C 
Storage Tem~erature Tstg -65 -+ 150 °C 

ELECTRICAL CHARACTERISTICS 
(Vee = + 15V, VEE = -15V for MC3403, Vee = + 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 VIO 

\ NOTE 1 
mV 

10 12 

5 75 5 50 
Input Offset Current 110 

\NOTE 1 150 100 
nA 

30 200 30 200 
Input Bias Current liB 

iNOTE 1 
nA 

500 400 

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

Gain Av 
RL=2KO iNOTE 1 

V/mV 
15 15 

Input Impedance Ri 0.3 1 0.3 1.0 MO 

RL=10KO 12 12.5 ±12 ± 13.5 

Output Voltage Swing Your RL=2KO 10 12 ±10 ±13 V 

RL=2Ko NOTE 1 10 10 

Input Common Mode 
VieR 

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=OO 2.8 7.0 2.3 7.0 mA 

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

Curreot 

Positive Supply 
PSRR+ 30 150 30 150 p,VIV 

Rejection Ratio 

Negative Supply PSRR- 30 150 p,VIV 
Rejection Ratio 

Average Temperature 
Coefficient of Input 6hJ6T 50 50 pAloC 
Offset Current 

----
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MC3303IMC3403 LINEAR INTEG~TED CIRCUIT 

ELECTRICAL CHARACTERISTICS (Continued) 
lYee= + 15V, Vee = -1SV for MC3403, Vee = + 14V, Vee=GND for MC3303, unless otherwise specified) 

Characteristic Symbol 

Input Offset Voltage Drift !::.V..J!::.T 

Power Bandwidth 

Small Stgnal Bandwidth 

Slew Rate 

Rise Time 

Fall Time 

Over Shoot 

Phase Margin 

Crossover Distortion 

NOTE 1 
: MC3403: O~Ta~ + 70°C 
MC3303: - 2S<Ta~ + 85°C 

GBW 

BW 

SR 

tr 

t, 

OS 

f/Jm 

CD 

Test Conditions 

Av=1, RL=2KO, Vo=20Vpop, THD=5% 

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

Av=1,VIN =-10Vto +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 = 30mV pop, Vo = 2.0V pop, f = 10KHz 

ELECTRICAL CHARACTERISTICS 
IYcc = 5.0V, Vee = GND, Ta = 2SOC unless otherwise specified) 

Min 

MC3303 
Characteristic Symbol Test Conditions 

Min Typ 

Input Offset Voltage VIO 

Input Offset Current 110 

Input Bias Current liB 

Large Signal Open 
Av RL=2.0KO 10 200 

Loop Voltage Gain 

Power Supply 
PSRR 

Rejection Ratio 

RL = 10K, Vcc = S.OV 3.3 3.S 

MC3303 MC3403 

Typ Max Min Typ Max 

10 10 

9.0 9.0 

1.0 1.0 

\0.41 p.4 . 
0.35 0.35 

0.35 0.35 

20 20 

60 60 

1.0 1.0 

MC3403 

Max Min Typ Max 

10 2.0 10 

75 30 50 

SOO 200 SOO 

10 200 

1S0 150 

3.3 3.S 
Output Voltage Range Your 

RL= 10K, 5.0V~Vcc~30V Vcc-2.0 Vec-1.7 Vcc-2.0 Vcc·1.7 

Supply Current Icc 2.5 7.0 2.S 7.0 

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

c8~SUNG 

Unit 

~VI"C 

KHz 

MHz 

V/p.s 

P.s 

p'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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MC3303IMC3403 

TYPICAL APPLICATIONS 
Fig. 7. Multiple feedback bandpass filter 

fo = center frequency 

BW = Bandwidth 
R in kO 
C in p.F 

0=~<10 
BW 

Cl =C2=-.9.. 
3 

Rl =R2=1} iJI=! =902 ::' 1 Use scaling factors in these expressions. 
(-

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

Design example: 
given: 0 = 5, to = 1 kHz 

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

R3=215 kO 

C=1-=1.6 nF 

Fig. 10. High impedance differential amplifier 

R 

V1 

Your 

1 
cR 

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

V2 

R 

c8SAMSUNG 
Electronics 

LINEAR INTEGRATED CIRCUIT 

Fig. 8. Weln bridge oscillator 
SOkO 

r----~f'Ir----+-O Your 

R 1 
fo= 2 RC for fo=l kHz 

.. R=16 kO 
C=O.Ol p.F 

Fig. 9. Comparator with hysteresis 

R2 HYSTERESIS 

Rl VOHEffL 

V 
Your I 

our I 
VOL 

V,NL I V,NH 
I 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 
l00kO 

VREF 

V + -YtlY---+ 

COF~· ~ . Your 

RL 
10kO 

/\ /\ 1 Cl + 

10P.
Fl 

Rt 
AV=R1 

Av = 10 (as shown) 

V 2Vpo p 

T 
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MC3303IMC3403 

Fig. 12. Ground referencing a difterentlallnput signal 
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Fig. 15. Pulse generator 
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150kO 
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1N914 

Your 

·Wide control voltage range: 
OVoc:sVc:s2 ~V + -1.5Voc) 

100kO 

100kll 

VREF • 

C1 
>-----11---0 NOTCH OUTPUT 

Example:fo=1000 Hz 

where 
TBP=Center frequency galn 
TN = Bandpass notch gain 

1 
fo= 2 ... RC 

R1=QR 

R2=~ 
. TBP 

R3=TNR2 
C1=1OC 

BW=100 Hz 
TBP=1 
TN=1 
R=160 kO 
R1 =1.6 MO 
R2=1.6 Mil 
R3=1.6 Mil 
C= O.OO1I'F 
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MC3303IMC3403 

Fig. 17. Voltage controlled oscillator 

O.05I'F 

Fig. 18. Function generator 
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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 

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 -25-+85°C 

MC4558AIS 

MC45581D 
8 SOP 

MC4558AID 

c8~SUNG 
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o o 
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a DIP 

a sop 

9 SIP 
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MC4558C/AC/I LINEAR INTEGRATED CIRCUIT 

SCHEMATIC DIAGRAM (One Section Only) 

vcco-----~--------~----~~~----~__. 

IN (-) 

IN (+) 0----+---+---" 
C2 • 

'---+--+---t---o OUTPUT 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Value Unit 

Power Supply Voltage MC4558AC 
Vs 

±22 V 
MC4558CII ±18 V 

Differential Input Voltage V10 ±30 V 
Input Voltage Vi ±15 V· 
Power Dissipation Po 400 mW 
Operating Temperature Range MC45581 

Topr 
-40 - +85 °C 

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

=8SAMSUNG 
E~ctromcs . 
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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 Rss10KO 

Input Offset Current 110 

Input Bias Current liB 

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

Common Mode Input 
VICR Voltage Range 

Common Mode 
Rejection Ratio 

CMRR Rss10KO 

Supply Voltage 
PSRR Rss10KO 

Rejection Ratio 

RL~10KO 
·Output Voltage Swing Vour 

RL~2KO 

Supply Current 
Is (Both Amplifiers) 

Power Consumption 
Pc (Both Amplifiers) 

Slew Rate SR 
Vi = 10V, RL~2KO 
CLs100pF 

Rise Time tr 
Vi = 20mV, RL~2KO, 
CLS100pF 

Overshoot OS VI = 20mV, RL~2KO, 
CLS100pF 

NOTE 1 
MC4558AC/C: T minSTaST max = OsTas + 70c C 
MC45581: TminSTaSTmax= -25sTas +85°C 

c8 SAIIISUNG 
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 

MC4558I/MC4558AC MC4558C 
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 

1.0 1.0 V/p.s 

0.3 0.3 p.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 
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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 TIL 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 DIP 

14 SOP 

BLOCK DIAGRAM 
ORDERING INFORMATION 

NC 

Device Package Operating Temperature 
NC 

OUTPUT1 

IN2 (-) 

SCHEMATIC DIAGRAM 

IN ( - ) o----t-{ 

IN (+) 
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KA319N 14 DIP 
0- + 70 0 e 

KA319D 14 SOP 

KA219N 14 DIP 
-25 - +85°e 

KA219D 14 SOP 

~~--+---+----o OUTPUT 

R17 

'-----_+___~ GN D 

'-----------<: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-VE,E 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 219 

Topr 
-25 - +85 

°C 
319 0-+70 

Storage Temperature Range Tstg -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 Rs:s5KO 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) 
110 I Note 3 

nA 
100 300 

150 500 250 1000 
Input Bias Current liB I Note 3 

nA 
1000 1200 

Voltage Gain Av 10 40 8 40 V/mV 

Response Time 
tr Vs= ± 15V 80 80 ns 

(Note 2) 

Vin:S - 5mV, 10 = 25mA 0.6 1.5 V 

Vin:S - 10mV, '0 = 25mA 0.6 1.5 V 

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

Vin:S -6mV, ISink:s3.2mA 

Vee~4.5V, VEE=OV 0.3 "0.4 V 
Vin:S -10mV, Isink:s3.2mA 

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

10L I Note 3 1 10 
JJ.A 

Current 
Vin~ 10mV, Vo ~ 35V 0.2 10 JJ.A 

I Vs= ± 15V 
--I---

±13 ±13 
Input Voltage Range VieR Note 3 , I Vec =5Vj VEE=OV 

V 
1 3' 1 3 
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KA219/KA319 LI.NEAR INTEGRATED CIRCUIT 

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

I I KA219 KA319 
Characteristic I Symbol Test Conditions Unit 

Min Typ Max Min Typ Max 

Differential Input 
VID ±5 ±5 V 

Voltage 

Positive Supply 
Iccl Vee = 5V, Vee = OV 3.6 3.6 rnA 

Current 

Positive Supply 
lec2 Vs=±15V 7.5 11.5 7.5 12.5 rnA 

Current 

Negative Supply 
fee 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 impeance. 

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

Note 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 KA710C/I is a high speed voltage comparator intended for u~e 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 
memory sense amplifier or a high noise immunity line receiver. 

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

BLOCK DIAGRAM 

14 DIP 

14 SOP 

ORDERING INFORMATION 

Device Package Operation Temperature 

KA710CN 14 DIP 
0-+ 70°C 

KA710CD 14 SOP 

KA710lN 14 DIP 
-25 -+85°C 

KA710lD 14 SOP 

SCHEMATIC DIAGRAM 
Vcc~-·~~-------------------------*---~---------

R4 
R3 

OUTPUT 

.IN (+) 

GNDrr-----r----------~----------------------_4--~ 
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KA710C/I LINEAR INTERGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Value Unit 

Positive Supply Voltage Vcc +14 V 
Negative Supply Voltage VEE -7 V 
Peak Output Current I peak 10 rnA 
Output Short Circuit Duration 10 Sec 
Differential Input Voltage VIO ±5 V 
Input Voltage VI ±7 V 
Power Dissipation Po 300 mW 
Operating Temperature Range KA710C 

Topr 
0- +70 

°C KA7iOl -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 

Rs~200n, NOTE 1 0.6 2.0 1.6 5.0 
Input Offset Voltage VIO I Note 2 

mV 
3.0 6.5 

Input Offset Current NOTE 1 0.75 3.0 1.8 5.0 
(Note 1) 110 1 Note 2 

/LA 
1.8 7.0 7.5 

5.0 20 7.0 25 
Input Bias Current 118 l Note 2 27 45 25 40 

/LA 

1250 1800 1000 1700 
large Signal Voltage Gain Av I Note 2 

VN 

Input Voltage Range VICR Vcc= -7V ±5.0 ±5.0 V 

Common Mode Rejection Ratio CMRR Rs~200n, NOTE 2 80 95 70 94 dB 

Differential Input Voltage Range VIDA ±5.0 ±5.0 V 

Positive Output level VOH 0~10<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 
'
sink Vo.= OV Vin~SmV 2.0 2.2 1.6 2.2 rnA 

Pdsitive Supply Current Icc Vo~OV 4.7 9.0 4.7 9.0 rnA 

Negative Supply Current lEE Vo=oy, Vin= +SmV 4.0 7.0 4.0 7.(~ rnA 

Power Consumption Po Vo=OV, Vin= 10mV 80 150 
;. 

1S0 mV 

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, 1.6SV at -2SoC, 1.4V at +2SoC, 1.15V at +85°C. For 710C, 1.SV at DoC, 1.4V at + 25°C, 1.2V 
at + 70°C. 

Note 2: KA710C: O~Ta~ + 70°C 
KA7101: -2S~Ta~ + 8SoC 

Note 3: The response time specified is a 100mV input step with SmV overdrive (KA7101) or a 10mVoverdrive (KA710C) 
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KA710C/I LINEAR INTEGRATED CIRCUIT 

TYPICAL PERFORMANCE CHARACTERISTICS 
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KA710C/I LINEAR INTEGRATED CIRCUIT 

Fig. 7 RESPONSE TIME Fig. 8 RESPONSE TIME 
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KA711C/I 

DUAL HIGH-SPEED DIFFERENTIAL 
COMPARATOR 

The KA711C/I contain two voltage comparators th 
With separate differential inputs, a common output and 
provlsipn for strobing each side independently. The dev­
ice features high accuracy, fast response, low offset 
vol tage, a large input voltage range, low power Gonsu­
mption and compatibility with practically all integrated lo­
gic forms. 

The KA711CII can be used as a sense amplifier fore 
corel memories, and a dual comparator with OR'ed ou­
tpu-ts : is required, such as a double-ended limit detector. 

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

BLOCK DIAGRAM 

SCHEMATIC DIAGRAM 

LINEAR INTEGRATED CIRCUIT 

14 DIP 

14 SOP 

4 
1 

ORDERING INFORMATION 

Device Package Operating Temperature 

KA711CN 14 DIP 
0-+ 70°C 

KA711CD 14 SOP 

KA7111N 14 DIP 
-25 -+85°C 

KA7111D 14 SOP 

vcco---~~~---------+-~~~~----------~-, 

INPUT(-) A INPUT (-) B 

INPUT( +) B ()----+----I -.----+---{) INPUT (+) B 

VEEo---~---~---~----~----------~ 
GND 
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KA711C/I LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 

Characteristic Symbol Value Unit 

Positive Supply Voltage Vcc +14 V 
Negative Supply Voltage VEE -7 V 
Differential Input Voltage VIO ±5 V 
Input Voltage VI 

\O±..~ 
V 

Strobe Voltage Vst V 
Peak Output Current I peak 50 rnA 
Continuous Total Power Dissipation Po 500 mW 
Operating Temperature Range KA711C 

Topr 
0-+70 

°C 
KA7111 - 5 - + 150 

Storage Temperature Range Tstg -25- +85 °C 

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

KA71 01 KA711C 
Characteristic Symbol Test Conditions Unit 

Min Typ Max Min Typ Max 

Rs!:0200n, VCM =OV 1.0 3.5 . 1.0 5.0 
Input Offset Voltage VIO 

VOUT= 1.4V I NOTE 2 
mV 

4.5 6.0 

VOUT= 1.4V 0.5 10.0 0.5 15 
Input Offset Current 110 I NOTE 2 

/LA 
20 25 

25 75 25 100 
Input Bias Current liB I Ta=O°C 1S0 150 

/LA 

750 1500 700 1500 
Large Signal Voltage Gain Av 

I NOTE 2 
VIV 

500 500 

Input Voltage Range VICR VEE = -7.0V ±5.0 ±5.0 V 

Differential Input Voltage Range VIOR ±5.0 ±5.0 V 

Output Resistance Ro 200 200 n 

Output Voltage (High) VOH VIN~10mV 4.5 5.0 4.5 S.O V 

Output Voltage (Low) VOL VIN !:010mV -1.0 0 -1.0 -0.5 0 V 

Loaded Output High Level VLOM VIN~10mV, 10= SmA 2.5 3.5 2.5 3.5 V 

Strobed Output Level Vso V strobe!:O 0.3V -1.0 0 -1.0 0 V 

Output Sink Current 
'

Sink VIN~10mV, Vo~OV 0.5 0.8 O.S 0.8 rnA 

Positive Supply Current Icc Vo=OV, VIN =10mV 8.6 8.6 rnA 

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

Strobe Current 1st V strobe = 100m V 1.2 2.5 1.2 2.5 rnA 

Power Consum ption Po Vo=OV, VIN~10mV 130 200 130 230 mW 

Response Time tr (NOTE 1) 40 40 ns 

Strobe Release Time trs 12 12 ns 

Note: 1. The response time specified is for a 100mV input step with 10mV overdrive (LM710) or 0.1mV overdriver 
(KA710C). 

2. KA711C: O!:OTa!:O + 70°C 
KA7111: -25!:OTa!:O +85°C 

3. The input offset voltage and input offset current are specified for a logic threshold voltage of 7111, 1.6SV 
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 (}---+---I­
LINE 

* Stan by dissipation is about 40mW 
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Fig. 2 Double·Ended Limit Detactor 
With lamp Driver 
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INPUT 

LOWER R 
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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 comparators 

that one designed to operate from single power supply over a wide range 
of voltage. 

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 SOOpA Typ. 
• Open collector outputs for wired and connectors 
• Low input bias current 2SnA Typ. 
• 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 TIL, DTL and MOS logic 

system 

14 DIP 

14 SOP 

BLOCK DIAGRAM ORDERING INFORMATION 

Device Package Operating Temperature 

• 
OUT2 1 l---------, ,-------1 14 OUT3 

LM239N 
14 DIP LM239AN 

- 25 - +85°e 
LM239D 

14 SOP LM239AD 

LM339N 
14 DIP 

LM339AN 
0-70 o e 

LM339D 
14 SOP 

LM339AD 

LM2901N 14 DIP 
LM2901D 14 SOP -45 - +85°e 
LM3302N 14 DIP 
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LM239/A, LM339/A, LM2901, LM3302 LINEAR INTEGRATED CIRCUIT 

SCHEMATIC DIAGRAM 

VccO~-----------+-------------------~--

IN (+ ) o---*"----[ 

IN (-) 0------+---+-----+--+-----1 ~+--+-~I---n OUTPUT 

05 

06 

GNOo-----~--~----+-~----~--~~----~ 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Value Unit 

Power Supply Voltage Vs ±18or36 V 
Power Supply Voltage Only LM3302 Vs ±14or28 V 
Differential Input Voltage VIO 36 V 
Differential Input Voltage Only LM3302 V\D 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 Po 570 mW 
Operating Temperature LM239/LM239A Topr -25- +85 °C 

LM339/LM339A 0-+70 °C 
LM2901/LM3302 -40- +85 °C 

Storage Temperature Tstg -65 -+ 150 °C 
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LM239/A, LM339/A, LM2901, LM3302 LINEAR INTEGRATED CIRCUIT 

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

Characteristic Symbol Test Conditions 

Input Offset Voltage VIO 
VCM=OV to Vcc-1.5V 

Vo = 1.4V, Rs=O NOTE 1 

Input Offset Current ho 
NOTE 1 

Input Bias Current Is 
NOTE 1 

Input Common Mode 
Voltage Range VICR 

NOTE 1 

Supply Current Icc RL=OO 

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

Large Signal 
tRES 

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

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

Output Sink Current 
'

Sink VIN-~1V, VIN + =OV, Vo ;:5;1.5V 

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

Voltage 
Vsat 

' sink =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;:5;Ta:s + 70°C 
LM239/A: - 25:sTa:s + 85°C 
LM2901 13302: - 40:sTa< + 85°C 

=8~SUNG 

LM239A1LM339A 

Min Typ Max 

±1 ±2 

±4.0 

±2.3 ±50 

± 150 

57 250 

400 

0 Vcc·1.5 

0 Vcc·2 

1.1 2.0 

50 200 

350 

1.4 

6 18 

140 400 

700 

0.1 

1.0 

36 

LM239/LM339 
Unit 

Min Typ Max 

±1.4 ±5 
mV 

±9.0 

±2.3 .±50 
nA 

± 15lJ 

57 500 
nA 

400 

0 Vcc·1.5 
V 

0 Vcc·2 

1.1 2.0 mA 

50 200 V/mV 

350 ns 

1.4 p.s 

6 18 mA 

140 400 
mV 

700 

0.1 nA 

1.0 p.A 

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

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

',-

Characteristic Symbol Test Conditions 

--.........., VCM=OV to Vcc=1.5V 
Input Offset Voltage VIO 

Vo=1.4V, Rs=O NOTE 1 

Input Offset Current ho 
NOTE 1 

Input Bias Current 16 
NOTE 1 

Input Common Mode 
Voltage Range VICR 

NOTE 1 

Supply Current Icc 
RL=oo , 

R L = 00, V cc = 30V 

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

Large Signal 
tREST 

VIN = TTL Logic Swi ng 
Response Time Vref=1.4V, RRL=5V, RL=5.1KO 

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

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 I leak 

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 57 500 
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 V/mV 

350 350 ns 

1.4 1.4 /-I-s 

18 6 18 mA 

140 400 140 400 
mV 

700 700 

0.1 0.1 nA 

1.0 1.0 /-I-A 

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

TYPICAL PERFORMANCE CHARACTERISTICS 
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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, PC board layout should be designed to reduce stray input output coupling; reducing the input resis­
tors to less than 10KO reduces the feedback signal levels and finally, adding even a small amount (1 to 10mV) of positive feed­
back (hysteresis) causes such a rapid transition that oscillations due to stray feedback are not possible. 

It is 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 -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 rnA; 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 approximatively GOO rsat of the output transistor. 

TYPICAL APPLICATIONS (Vee = + 15V) 

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

5V 5V 

3K{l 

+VREFo-----I 

Vo >--+--OVo 
+VIN o-~~ __ -t 

10K{l 

Fig. 8 Inverting comparator with Hysteresis 

3K{l 
+VINo-----t~ 

>---+---0 Vo 

1M{l 
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LM239/A, LM339/A, LM2901, LM3302 

Fig. 9 Driving C/MOS 

5V 

Fig. 11 AND gate 

15V 

3x100KU -=:#INV-" ................... 
Ao----4\I~:..:.....; 

BD-~~~~~~~, 

+1:r
C 

o "0" "1" 

Fig. 13 Large fan·in AND gate 

15V 

c8SAMSUNG 
Electronics 

3KU 

A·B·C 

3KU 

LINEAR INTEGRATED CIRCUIT 

Fig. 10 Driving TTL 

5V 

Fig. 12 OR gate 

15V 

Ao--~~--, 

Bo--~~-+~~.~ 

+~C 
o "0" "1" 

Fig. 14 Squarewave oscillator 

15V 

4.3KU 

Vo 
>--+--0 

3KU 

A+B+C 

~
±vcc 

f=100KHz 
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LM239/A,lM339/A, LM2901,LM3302 LINEAR INTEGRATED CIRCUIT 

Fig. 15 ORing the outputs Fig. 16 Peak audio level display 

15V 

3Kfi 

>---+--OVo 

Fig. 17 Zero crossing detector (single supply) 

15V 

S.2KO 6.SKO 

01 

Fig. 18 Zero crossing detector (split supplies) 
VINmin '" O.4V peak for 1% phase distortion (d 0) 

• 

01 prevents input from going negatIve by more than O.6V: 
R1+R2=R3 

R3 ~ R5/10 for smaller error in zero crossing 
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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 
that one designed to operate from a single power supply over a wide 
range of voltage. 

FEATURES 
• Single Supply Operation: 2V to 36V 
• Dual Supply Operation: ::!: 1 V to ::!: 18V 
• Allow Comparison of Voltages Near Ground P()tential 
• Low Current Drain 800",A Typ 
• Compatible with all Forms of Logic 
• Low Input Bias Current 2SnA Typ 
• Low Input Offset Current ± SnA Typ 
• Low Offset Voltage::!: 1mV Typ 

BLOCK DIAGRAM 

• 
OUTPUT 1 

IN1(-) 

IN1(+) IN2(-) 

IN2(+) 
a a 
> 

GND 

ORDERING INFORMATION 
Device Package Operation Temperature 

LM293N 
8 DIP 

LM293AN 

LM293S 
9 SIP -25- +85°C 

LM293AS 

LM293D 
8 SOP 

LM293AD 

LM393N 
8 DIP 

LM393AN 

LM393S 
9 SIP 0-+ 75°C 

M393AS 

LM393D 
8 SOP 

LM393AD 

LM2903N 8 DIP 

LM2903D 8 SOP -40 -+85°C 

LM2903S 9 SIP 

c8SAMSUNG 
Electronics 

8 soP 

9 SIP 

f: I + 0 
:::> z 
0 

~ ~ 
C!l 

+ I '" a 
I- a 
:::l > 

'" '" 0 
~ ~ 
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LM293/A, LM393/A, LM2903 LINEAR INTEGRATED CIRCUIT 

SCHEMATIC DIAGRAM 

VccO~--------~r---------~~----~~ 

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

IN (-) O-------+---+-------l--+--------< ..,--+---+------l--O OUTPUT 

GNDU------~--+_--~~-~----~--~~--~ 

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 Po 570 mW 

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

Storage Temperature Tstg -65- +150 °C 
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LM293/A, LM393/A, LM2903 LINEAR INTEGRATED CIRCUIT 

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

Characteristic Symbol 

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 
LM293/A: - 25~Ta~ + 85°C 
LM393/A: O~Ta~ + 70°C 
LM2903: - 40~Ta~ + 85°C 

VIO 

ho 

18 

VieR 

Icc 

Av 

tAES1 

tAES2 

ISink 

Vsat 

heak 

Test Conditions 

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

NOTE 1 

NOTE 1 

NOTE 1 

RL=oo 

RL =00 Vee = 30V 

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

VIN = TIL Logic Swing 
Vre!= 1.4V, VAL = 5V, RL= 5.1KO 

VAL =5V, RL=5.1KO 

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

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

VIN - =0, Vo=5V 

Vin + ::; 1V Vo=30V 

c8SAMSUNG 
Electronics 

LM293A/LM393A 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.tS 

mA 

mV 

nA 

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

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

LM2903 
Characteristic Symbol Test Conditions Unit 

MinJ Typ Max 

VCM =OV to Vcc-1.5V ±1 ±7 
Input Offset Voltage VIO Vo= 1.4V, Rs=O 

mV 
NOTE 1 ±9 ±15 

±5 ±50 
Input Offset Current 110 nA 

NOTE 1 ±50 ±200 

65 250 
Input Bias Current Ie nA 

NOTE 1 500 

Input Common Mode a Vcc-1.5 

Voltage Range VICR V 
NOTE 1 0 Vcc-2 

RL=OO 0.6 1 
Supply Current Icc mA 

RL=OO Vcc =30V 1 2.5 

Voltage Gain Av Vee = 15V, RL~15KO (for large Vo swing) 25 100 V/mV 

Large Signal Response 
tRES1 

VIN = TIL Logic Swing 
350 nS 

Time Vref =1.4V, VRL =5V, RL=5.1KO 

Response Time tRES2 VRL=5V, RL=5.1KO 1.5 p.S 

Output Sink Current ISink VIN-~1V, V1N + =OV, Vo~1.5V 6 16 mA 

VIN-~1V, VIN + =OV 160 400 
Output Saturation Voltage Vsal mV 

Islnk =4mA NOTE 1 . 700 

VIN - =0, Vo=5V 0.1 nA 
Output Leakage Current I leak Vin + = 1V Vo=30V 1.0 p.A 

qsSAMSUNG 
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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, PC board layout should be designed to reduce stray input-output coupling, reducing the input resis­
tors to less than 10KO reduces the feedback signal levels and finally, adding even a small amount (1 to 10mV) of positive feed­
back (hysteresis) causes such a rapid transition that oscillations due to stray feedback are not possible. 

If is 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 rsat of the output transistor. 

TYPICAL APPLICATIONS (Vee = +15V) 

Fig. 6 Basic comparator 

+Vcc 

3KIl 

Fig. 7 Non·inverting comparator 
with Hysteresis 

+Vee 

+VREF 3KIl 

+VIN 10KO 

+VIN 

+V 

Fig. 8 Inverting comparaton 
with Hysteresis 

+Vee 

3KO 

1MO 

1MO 

1Mn 

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 

3K!l 

3xl00K!l 
Ao--~,......., 

Bo-_~~---~-t 

>-~---.o A'B'C 

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

O~ 
"0" "1" 

Fig. 13 Large fan·in AND gate 

+Vcc 

+Vcc ---. 

o ....J A 'O--III'-::-+---f;:;..o 
"0" "1'" B o--MI---+ 

Co--IoI'-::-~ 

00-...... ---' 

Fig. 15 Pulse generator 
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15K{} 
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02 
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Fig. 12 OR gate 

+Vcc 

3x 100k!l 
A o-~~r---1 

B O-~~~~--~-f'~ 
C 

:V.:J 

ol 
to 

"0" "1" 

Fig. 14 Squarewave oscillator 

+Vcc 

+V:TLf 

Vo f=l00KHz 

+Vcc O--~""""-~'¥\o----' 

Fig. 16 One·shot multivibrator 

+Vcc 

10K!l ~-=: V+ 
lms --:J C 

>--+--0 Vo 10 11 
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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 S.OV supply to ± 1SV. 
• 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 Operation Temperature 

LM311N 8 DIP 
0-+ 70 0 e 

LM311D 8 SOP 

·~~------~~~--~--------~----~vcc 

r-+----+----<~_o OUTPUT 

. IN (+) 

IN (-) 

R4 

L--------4II.--OGND 

~~--4II~-------~~~--~-----<~~------~------------OVEE 
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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 Po 500 mW 
Operating Temperature Range ' Topr 0-+70 °C 
Storage Temperature Range T5tg -65 -+150 °C 

ELECTRICAL CHARACTERISTICS (Vcc = 15V, VEE = -15V, Ta= 25°C, unless otherwise specified) • Characteristic Symbol Test Conditions Min Typ Max Unit 

Rs~50Kn 1.0 7.5 
Input Offset Voltage Via I NOTE 1 

mV 
\ 10 

6 50 
Input Offset Current 110 I NOTE 1 

nA 
70 

100 250 
Input Bias Current Its 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 rnA 

Output Leakage Current I leak 
Istrobe = 3m A, VIN ~ 10mV 0.2 50 nA 
Va = 35V, VEE = VGNO = - 5V 

Input Voltage Range VICR NOTE 1 
-14.5 - 1'4.7 

V 
to 13.0 to 13.8 

Positive Supply Current Icc 3.0 7.5 rnA 

Negative Supply Current lEE -2.2 -5.0 rnA 

Strobe Current I strobe 3 rnA 

NOTE 1: O~TA~ + 70°C 
NOTE 2: The response time specified is for a 100mV input step with 5mV over drive 
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LM311 LINEAR INTEGRATED CIRCUIT 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Fig. 7 SATURATION VOLTAGE Vs CURRENT 
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LM311 

TYPICAL APPLICATIONS 
Fig. 1 [Switching Power Amplifier 

LINEAR INTEGRATED CIRCUIT 
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KS555 

CMOS TIMER 
The KS555 is CMOS timer with improved performance 
over the 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 the standard bipolar timer. 

Its dramatic advantages over bipolar ones are very low 
power consumption and wide operating voltage range 
especially 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 1.5V operation with most samples) 
• Wide operating voltage range: 2 to 18V 
• High output source/sink driver meet nL/CMOS 
• Immunized to static charge with inner protection 

devices 

SCHEMATIC DIAGRAM 

Vee(8)~---

CONTROL (5) O------1~-~ 

THRESHOLD (6)O-----1I---~ 

TRIGGER (2)0-----1'---------1 

c8SAMSUNG 
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GND 

CMOS INTEGRATED CIRCUIT 

a DIP 

a 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 

KS555D 8 SOP 
-20 _+85°C 

vee (8) 
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KS555 CMOS INTEGRATED CIRCUIT 

BLOCK DIAGRAM 

THREsHoLr 

CONTROL 
VOLTAGE 

TRIGGEFl 

R 

p 

R 

GND 1 

COMPARATOR 

B 

lO--~~----i ~-~---1 :>0---0 CUTPUT 
3 

JDISCHARGE 

GNJ, 

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

TRUTH TABLE 

Threshold 
Voltage 

Trigger 
Voltage 

Reset Output 
Discharge 

Switch 

Don't Care Don't Care Low Low On 
r------------ ------------------- --------

>2/3 (Vee) > 113 (Vee) High Low On 

8~~~_e31;2~ ;113(V~cl=2I3(-V~~) -------Hi9~=-~_~ -_--==_~~~~=--____ -~=-St~bk;-~~=~~ __ 
I Don't Care < 1/3 (Vee) High High Off 

Note: RESET will dominate all other inputTRIGGER will dominate over THRESHOLD. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Characteristic Symbol Value 

Supply Voltage Vee 18 

Input Volage V1N -0.3 Vee +0.3 
(Trigger, Control Voltage, 

Threshold and Reset) 

Power Dissip~tion Po 200 

Operating Temperature Range Topr -20- +85 

Storage Temperature Range T5t9 -65-+150 

Unit 

V 

V 

mW 

°C 

°C 

Note 1: Stresses above those listed uf,lder 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 15 Volts 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 p.A 
Supply Current Icc 

Vee = 18V 60 p.A 

Timing Error MT Ra= Rb= 1KO to 100KO 
C=0.1p.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 %IV I 
Threshold Voltage VTH Vee=5V 0.66 Vee 

Trigger Voltage VTR Vee = 5V 0.33 Vee 

Vee = 18V 50 pA 

Trigger Current ITR Vee = 5V 10 pA 

Vee=2V 1 pA 

Vee = 18V 50 pA 

Threshold Current hH Vee=5V 10 pA 

Vee=2V 1 pA 

VRST = GND Vee = 18V 100 pA 
Reset Current IRE 

VRsT=GND Vee=5V 20 pA 

Vee = 18V 0.4 0.7 1.0 V 
Reset Voltage VRE 

1.0 Vee=2V 0.4 0.7 V 

Control Voltage Ve Vee = 5V 0.66 Vee 

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

0.4 V Vee = 5V, ISINK=3.2mA 0.15 
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, C L= 10pF, 35 40 75 ns 

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

The KS555 produces supply current spikes of only 2-3mA instead of 300mA to 400mA 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 chip are very high. Thus, for many applications 2 capacitors can 
be saved by using the KS555. 

T.-25°C n 
300 

..... 

200 

NE555 

\ 
\, 

KS555 

400 

TIME-nS 

600 600 

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

Astable Operating 

KS555 can free run as multi-vibrator by triggering itself. Refer to Fig. 2. The output can swing from Vee to GN~ 
and have 50% duty cycle square wave. Less than 1 % frequency deviation can be observed, over a voltage range 
of 2 to 5V. f = 1I1.4RC 

KS555 

R 
Fig. 2. Astable Operatiol 
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KS555 CMOS INTEGRATED CIRCUIT 

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

is on state, external timing capacitor is held to GND potential. Upon application of a negative TRIGGER pulse to 
pin 2, internal discharge transistor is off state and the voltage across the capacitor increases with time constant 
t = Rae 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 discharge transistor goes to on state, which in turn discharge the capaci­
tor rapidly and also drives the OUTPUT to its low state. 

Vee:;:;18V 

KS555 

OPTION ~ 

CAPACITOR ~ 

Fig. 3. Monostable Operation 
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KS555H CMOS INTEGRATED CIRCUIT 

CMOS TIMER 
The KS555H is 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 less expensive, 
smaller timing capacitors than NE555. 
Another features are very low power consumption and high speed astable 
operation and very low voltage operation. 

FEATURES 
• Very low power consumption: 1.2mW 
• Very high speed operation: 2MHz 
• Complementary CMOS output capable of switching rail·to~rail 
• Output fully CMOS·, TTL·, and MOS· compatible 
• Exactly equivalent in most cases for NE555 or 556 (dual timer) 

or the 355 
• Well behaved reset function 
• Timing from microseconds through hours 
• Operates in both astable and monostable modes 

8 DIP 

8 SOP 

• Adjustable duty cycle ORDERING INFORMATION 
• Highly immuned to static charge 

Device Package Operation Temperature 
APPLICATIONS KS555HN 8 DIP 

0- + 70°C 
KS555HD 8 SOP • Precision Timing 

**KS555HIN 8 DIP 
-25 - +85°C 

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

• Missing Pulse Detector 

BLOCK DIAGRAM 
vee 

GND 
1 

GND GND 
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 Po 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 lee 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 VTA 1.67 V 
Vee = 15V 5 V 

Trigger Current irA 50 PA 

Reset Voltage VAf 0.7 1 V 

Reset Current IAE 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 

1fASTABLE 

Test Conditions 

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

RI = 10MO, C, = 10pF 

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

Min Typ Max Unit 

1 % 

0.1 %/V 

20 nS 

20 nS 

2 MHz 

The circuit can be connected to trtgger itself and free run as multivibrator. The external capacitor charges through 
RA and Rs and discharges through Rs only. Thus the duty cycle may be precisely set by the ratio 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 independently 
of the supply voltage. 
The frequency of oscillation is given by 

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

Vee 
c;> 

O'"'J 
~ J (8) 

CaNT voo \1K 
~ RESET 

(7) 
DISCH 

Rs 

KS555H 
OUT 

(3) ..... 

(6) 
THREE icc ~ r--

OUTPUT 

(2) TRIG 

1 
GND 

~1) 
CT 

Fig. 2 
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KS555H CMOS INTEGRATED CIRCUIT 

2) MONOSTABLE 

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

vee 
( 

01'Fi 
~ :r .~1K 

(8) 

CONT voo 

~ RESET 

(7) 
DISCH 

KS555H OUT 
(3) 

~~ 
') OUTPUT 

~ THRES I 

,.. (2) TRIG 

rCLI1OO'F) 
~ 

GND 

J;1) 

INPUT 

Fig. 3 
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KS556 CMOS INTEGRATED CIRCUIT 

CMOS TIMER 
The KS556 is monolithic integrated circuit fabricated using C-MOS 

process. Due to high impedance inputs (Trigger, Threshold, Reset), it 
is capable of producing accurate time delay using less expensive, 
smaller timing capacitor than NE556. 

Another features are one very low power consumption and high speed 
astable 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 Operation Temperature 

• Sequential Timing KS556N 14 DIP 
0- + 70°C 

• Time Delay Generation KS556D 14 SOP 
• Pulse Width Modulation * * KS5561N 8 DIP 

-25 - +85°C 
**KS5561D 8 SOP 

BLOCK DIAGRAM 
* * Under development 

vee (14) 

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

THRESHOLD (2.12) 0----+---------1 

OUTPUT (5, 9) 

GND 
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KS556 CMOS 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 SOO mW 

Operating Temperature Range Topr 0-+70 °C 

Storage Temperature Range Tstg -S5 - + 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 

Vee = 15V 480 
p,A 

3.33 
Control Voltage Ve V 

Vee = 15V 10 

3.33 
Threshold Voltage VTH V 

Vee = 15V 10 

Threshold Current hH 50 pA 

1.S7 
Trigger Voltage VTR V 

Vee = 15V 5 

Trigger Current hR 50 pA 

Reset Voltage 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= -SmA 14 
IOH= -10mA 12.7 
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KS556 CMOS INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS (Continued) 

Characteristic Symbol Test Condition Min Typ Max Unit 

Initial Error of Timing Interval TEl Vee =5t015V 1 % 

RA= Rs= 1 to 100K 
Supply Voltage Sensitivity of TES Cr =0.1J'F 

0.1 %N 
Timing Interval 

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

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

Maximum Astable Oscillation Fmax 
RA = 4700, Rs = 2000 

2 MHz 
Cr=200pF 

APPLICATION CIRCUIT 

1) Astable 

The circuit can be connected to trigger itself and free runs as multivibrator. The external capacitor chrages through 
RA and Rs and discharges through Rs only. Thus the duty cycle may be precisely set by the ratio of these two 
resistors. In this mode of operation, the capacitor charges and discharges between 1/3 Vee and 213 Vee. 
As in the trigger mode, the charging and discharging times, and therefore the frequency, are essentially independently 
of the supply voltage. These frequency of oscillation is given by 

-\ F = 11T = 1.44{(R:~2:R~{Cr-

(4.10) 

(1.13) 

(2.12) 

(6.8) 

o.l,.F
T 

OPEN m 

CONT 

RESET 

DISCH 

KS556 

THRES 

TRIG 
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KS556 CMOS INTEGRATED CIRCUIT 

2) Monostable 
In this mode of operation, the timer functions as one shot. Initially, the external capacitor (C) is held discharged 

by a transistor inside timer. Upon application of negative trigger pulse to trigger pin the flip flop is set which releases 
the short circuit across the external capacitor and drives the output high. 
The voltage across the external capacitor nQw increases exponentially with time constant T = RA X C. When the 
voltage across the external 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. ' 

voo 
( 

OPEN 
o "F± 

.~ 
13•11J (14) 

CONT voo .~ RL (1K) 
(4.10) 

L-c RESET 

(1.13) 
DISCH 

c 

KS556 OUT 
(5.9) 

-'" 

1 (2.12) lCC'1O '--- THRES 

OUTPLUT 

OpF) 

INP UTv 
(6.8) 

TRIG 

GND 

~7) 
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NE555C/I LINEAR INTEGRATED CIRCUIT 

TIMER 
The NE555 series are a monolithic integrated circuit and high 
stable device fongenerating'accurate time d&layor oscillation. 
NE5551 is characterized for operation from - 40°C to + 85°C, 
and,NE555C from O°C to 70°C. 

FEATURES 
• Turn off time less than 2/-,s 
• 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 
• Precision timing 
• Time delay generation 
• Pulse generation 
• Pulse position modulation 
• Sequential timing 
• MisSing pulse detector 

BLOCK DIAGRAM 

8 DIP 

8 soP 

ORDERING INFORMATION 

Device Package Operating Temperature 

NE5551N 8 DIP 
-40- +85°C 

NE5551D 8 SOP 

NE555CN 8 DIP 
0-+70°C 

NE555CD 8 SOP 

Vee 
Control Voltage 

R2 

c8SAMSUNG 
Electronics 

590 



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 PD 600 mW 
Operating Temperature Range NE5551 Topr -40- +85 °C 

NE555C 0- +70 °C 
Storage Temperature Range Tstg -65- + 150 °C 

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

Characteristic Symbol Test Conditions Min Typ Max Unit 

Supply Voltage Vee 4.5 16 V I 
Supply Current Vee = 5V, RL =00 3 6 mA 

"1(low stable) Icc 
Vee = 15V, RL=oo 10 15 mA 

"Timing Error 
(Monsotable) 

21nitial Accurary MT1 RA= 1KO to 1.0 3.0 % 
Drift with Temperature 100KO 50 ppm/oC 
Drift with Supply Voltage C =0.1ItF 0.1 0.5 %IV 

"Timing Error 
(astable) RA= 1K to 

21nitial Accurary MT2 100KO 2.~5 % 
Drift with Temperature C=0.1ItF 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 itA 

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 ITA VT=OV 0.5 2.0 itA 

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 
(fa=25OC, Vcc=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 
lsource = 200mA 12.5 V 

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

Vee=5V 
lsource = 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 +RB for 15V operation, the max total R=20MO, and for 5V operation the 

max total R=6.7MO. 

APPLICATION CIRCUIT 

Cl RB RA 

R3 

Vee 

Flip-Flop 

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

APPLICATION NOTE 
The application circuit shows astable mode. 
The pin 6 (threshold) tied to the pin 2 (trigger) and pin 4 (reset) tied to Vee (pin 8). 
The external capacitor C1 of pin 6 and pin 2 charges through RA, Rs and discharges through Rs only. 
In the internal circuit of the :NE5551 one input of upper comparator is the 213 Vcc (*R1 =R2 =R3), another input of it connect­
ed pin 6. 
As soon as charging C1 is higher than 213 V cc, discharge transistor 0; turn on and C1 discharges to collector of transistor 01. 
Therefore flip-flop circuit is reset and output is low. 
One input of. lower comparator is the 1/3 Vee, discharge transistor 0 1 turn off and C1 j::harges through RA and Rs. 
Therefore flip-flop circuit is set and output is high. 
So to say, when C1 charges through RA and Rs output is high and when C1 discharges through Rb output is low 
The charge time (output is high) T1 is 0.693 (RA +Rs) C1 and the discharge time (output is low) T2 is 0.693 (Rs C1). 

(In Vcc-1/3Vee 0.693) 
Vec-2/3Vcc 

Thus the total period time T is given by 
T=T1 +T2=0.693 (RA+2Rs).C1. 
Then the frequency of astable mode is given by 

f=~= 1.44 

T (RA + 2Rs) C1 

The duty cycle is given by 

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

If you make use of the NE556 you can make two astable mode. 
If you want another application note, request information on our timer IC application circuit designer. 
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NE556C/I LINEAR INTEGRATED CIRCUIT 

DUAL TIMER 
The NE556 series dual monolithic timing circuits are a highly stable 
controller capable of producing accurate time delays or oscillation. 

The NE556 is a dual NE555. Timing is provided 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 output 
structures may sink or source 200mA. 
NE5561 is characterized for operation from - 40°C to + 85°C, and 
NE556C from O°C to 70°C. 

FEATURES 
• Direct replacement for NE556 
• Replaces two NE555 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 

APPLICATIONS ORDERING INFORMATION 

• Precision timing • Sequential timing 
Device Package Operating Temperature 

• Pulse shaping 
• Pulse width modulation 

• Pulse generator 
• Time delay generatbr 

NE5561N 14 DIP 
-40- +85°C 

NE5561D 14 SOP 
• Frequency division 
• Traffic light control 

• Touch tone encoder 
• Tone burst generator NE556CN 14 DIP 

0-+ 70°C 
NE556CD 14 SOP 

BLOCK DIAGRAM 
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NE556C/I LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 

Characteristic Symbol Value Unit 

Supply VoltaQe Vee 16 V 
Lead Temperature (soldering 10 sec) T1ead 300 °C 
Power Dissipation PD 600 mW 
Operating Temperature Range NE5561 Topr -40 - +85 °C 

NE556C 0-+70 °C 
Storage Temperature Range Ts1g -65 -+150 °C 

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

Characteristic Symbol Test Conditions Min Typ Max Unit 

Supply Voltage Vee 4.5 16 V I 
*1 Supply Current (Two timers) 

Icc 
Vee =5V, RL = 00 5 12 mA 

(low state) Vee=15V, RL=oo 16 30 mA 

*2 Timing Error (monostable) MTt; RA =2KO to 100KO 
Initial Accuracy C=0.1tF 0.75 .% 
Drift with Temperature T= 1.1Re 50 ppm/oC 

Drift with Supply Voltage 0.1 %N 

Vec=15V 9.0 10.0 11.0 V 
Control Voltage Ve 

Vee=5V 2.6 3.33 4.0 V 

Vec=15V 10.0 V 
Threshold Voltage VTH 

Vcc=5V 3.33 V 

*3 Threshold Current hH 30 250 nA 

Vcc=15V 4.5 5.0 5.6 V 
Trigger Voltage VTR 

2.2 V Vcc=5V 1.1 1.67 

Trigger Current ITR VT=OV 0.5 2.0 p.A 

*5 Reset Voltage VRE 0.4 0.7 1.0 V 

Reset Current IRE 0.1 0.6 mA 

Vec=15V 
Isink =10mA 0.1 0.25 V 
Isink =50mA 0.4 0.75 V 

Output Voltage Low VOL 
Isink =100mA 2.0 3.2 V 
ISink =200mA 2.5 V 

Vcc=5V 
Isink =8mA 0.25 ( .3 V 
Isink =5mA 0.15 0.25 V 
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NE556C/I LINEAR INTEGRATED CIRCUIT 

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

Characteristic Symbol Test Conditions Min Typ Max Unit 

Vee=15V 
lsource =200mA 12.5 V 

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

Vee=5V 
lsource = 100mA 2.75 3.3 V 

Rise Time of Output Tr 100 300 nsec 

Fall Time of Output Tf 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 =1kO to 100kO 
Initial Accuracy 

MT2 
C=0.1,.F 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 5Voperation the maximum total R=6.6MO. 

* 4. Matching characteristic 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 a monolithic Quad Timers which 
can be used to produce four entirely independent timing 
functions. These highly stable, general purpose 
controllers 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 timer 
sections. 
NE55al is characterized for operation from - 4a o C 
to+85°C, and 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 NE5581N 14 DIP -40 - +85°C 
• Precision timing 
• Time delay generation 

NE558CN 14 DIP 
a -+ 7a o c 

NE558CD 14 SOP 

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 : 1{) V 
Lead Temperature (soldering 10 sec) T1ead 300 °C 
Power Dissipation Po 600 mW 
Operating Temperature Range NE5561 Topr -40-+85 °C 

NE556C 0 -70 °C 
Storage Temperature Range Ts\g -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 Mr R = 2KO to 100KO, C = 110tF 
30 150 PPM/oC 

Orift with Supply Voltage 0.1 0.9 %IV 

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

1 Trigger Current IrR Trigger voltage = OV 5.0 100 iotA 

2Reset Voltage VRE Reset 0.8 1.5 2.4 V 

2Reset Current IRE Reset 50 500 iotA 

Threshold Voltage VrH 0.63 x Vee V 

Threshold Current ITL 15 nA 

IL= 10mA 0.1 0.4 
30utput Voltage Your V 

IL= 100mA 1.0 2.0 

Output Leakage Current IOL 10 500 nA 

Propagation Delay Time Tp 1.0 lotS 

Rise Time Tr IL= 100mA 100 nS 

Fall Time Tf k= 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 nom ally low sinking current. 
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NE558C/I 

APPLICATIONS 
Fig. 1 Long.Time Delay 

Fig. 3 Ring Counter 

START 

RESET~--~~------~~----~~--~= 

10K 

Fig. 4 Timing Chart 

START 

RESET 
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Fig. 2 Timing Chart 

TRIGGER"lJ 

OUTPUT ~~L-______ _ 

:~::~:;J--r'l-~ ~--1""'TO-U-TP-UT""F-
OUTPUT~ 

TOElAY: 3(R1C) 
TOUT: R2C2 

L 
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Device Function Package Page 

KA33V Silicon Monolithic Bipolar Integrated Circuit 
TO-92 

Voltage Stabilizer for Electronic Tuner 603 

KA331 Precision Voltage-to-Frequency Converter 8 DIP/8 SOP 607 
KA2580A 8-Channel Source Drives 18 DIP 611 
KA2588A 8-Channel Source Drives 20 DIP 611 
KA2651 Fluorescent Display Drivers 18 DIP 616 
KA2655/6/7/8/9 High Voltage High Current Darlington Arrays 16 DIP/16 SOP 619 
KA2803 Low Power Consumption Earth Leakage Detector 8 DIP 624 
KA2804 Zero Voltage Switch 8 DIP 627 
KA2807 Earth Leakage Detector 8 DIP/8 SOP 630 
LH386/SID Low Voltage Audio Power Amplifier 8 DIP/8 SOP/9 SIP 634 
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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 (Ta = 75°C) Po 200 mW 
Operating Ambient Temperature-

Topr -20-75 °C Range 
Storage Temperature Range Tstg -40-125. °C 

ELECTRICAL CHARACTERISTICS (Ta =25°C) 

Characteristic Symbol Test Conditions 

Stabilized Voltage Vz Iz=5mA 
Stabilized Voltage·iemperature Drift 6Vz/6T Iz=5mA 

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

SCHEMATIC DIAGRAM 

10·92 

1: Anode 2: Cathode 

Min Typ Max 

31 35 
-1 0 1 

10 25 

,----___ ----___._-------_----0. 2 Cathode 

L---------'-----.l-------O 1 Anode 
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KA33V LINEAR INTEGRATED CIRCUIT 

MEASURING CIRCUITS 
Fig. 1 Measuring-Circuit for Stabilized Voltage Vz 

---IZ=SmA 

A 

KA33V 

Fig. 2 Measuring Circuit for Dynamic Resistance 

IZ--

SOI'F 

c 
0.1~ 

VV, 

EB 
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lz 
_--IAC=-

10 

100 

'""'-' f=1KHz 

Vz 

V VoltMeter 

O.SmA 

Fig. 3 

Iz 

VV, 
rz= O.5mA 

1---1--4----4 SmA 

Iz 

VV1 
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KA33V 

TYPICAL APPLICATION 
Ach 

Ri 

C 

Vi 

LINEAR INTEGRATED CIRCUIT 

Bch Ych Zch 

Channel 
setting 
variable 
resistor 

• to tuning diodes (varactor) in case of Ych on 

(1) UHF TUNER 

TR1 

-( 
Antenna 

TR1: RF AMP: KSC1393 
KSC1070 (Under development) 

TR2: OSC: KSC1730 
01-04: 1S220 05: MIXER: lSS16 

(2) VHF TUNER 

TR1: RM AMP: KSC1393 
TR2: MIXER : KSC1394 
TR3: OSC : KSCl730 
01, 04: lS2209 
02, 03: 1S2207 
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Low/High Channel 
Switching terminal. 

~ 0 
AFC terminal 
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KA33V 

POWER-TEMPERATURE DERATING CURVE 

Fig. 7 ALLOWABLE DISSIPATION vs. 
AMBIENT TEMPERATURE 
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Fig. 9 STABILIZED VOLTAGE TEMPERATURE 
DRIFT vs. ZENER CURRENT 
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I 

i 
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I 
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ZENER CURRENT (mAl 

Fig. 11 STABILIZED VOLTAGE VARIATION & 
SUPPLY VOLTAGE VARIATION vs. 
ZENER CURRENT 
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TYPICAL CHARACTERISTIC CURVES (T a=2S0C) 

c 
I 
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Fig. 8 DYNAMIC RESISTANCE vs. 
ZENER CURRENT 
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Fig. 10 STABILIZED VOLTAGE VARIATION 
vs. TIME 

FREE AlA 
Iz-5mA _ 
Vz-33.11V 

Iz =5mA XY·RECODER 
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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 
8 

1 I 

CURRENT 
OUTPUT 

COMPARATOR 
INPUT 

REFERENCE 
CURRENT 
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ORDERING INFORMATION 

Operating Temperature 

THRESHOLD 

6 

3 

FREQUENCY 
OUTPUT 

R·C 

4 

GND 

R 

2R 
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KA331 LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Ta=OOC) 

Characteristic Symbol Value Unit 

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

ELECTRICAL CHARACTERISTICS 

Characteristics Symbol Test Condition Min Typ Max Unit 

VFC Non-Linearity VFCNL 4.5V ~Vs~20V ±0.003 ±0.01 
% -

Full-Scale 

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

4.5V ;;'Vss, 10V - 0.01 0.1 
Change of Gain With Vs 6A %IV 

10V s,Vss,40V - 0.006 0.06 

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

INPUT COMPARATOR 

Offset Voltage Vas T MIN ~TAs,T MAX - ±3 ±10 mV 

Bias Current IB - -80 -300 nA 

Offset Current los - ±8 ± 100 nA 

Common-Mode Range VCM T MINS,TAs,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 S,VPIN 5s,9.9V - ±10 ± 100 nA 
Input Bias Current IB5 

200 1000 VPIN5 == 10V - nA 

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

CURRENT SOURCE (PIN 1) 

Output Current 101 Rs = 14KO, VPIN1 == 0 116 136 156 /LA 

Change with Voltage 6 10 OV S, VPIN1 S, 10V - 0.2 1.0 /LA 

Current Source Off Leakage 111 - 0.02 10.0 nA 

REFERENCE VOLTAGE (PIN 2) 

Reference Voltage Vref 1.70 1.89 2.08 VDC 

Stability vs Temperature VTEMP - ±60 - ppm/oC 

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

ELECTRICAL CHARACTERISTICS (Continued) 

Characteristics Symbol Test Condition Min Typ Max Unit 

LOGIC OUTPUT (PIN 3) 

1=5rnA - 0.15 0.50 
Saturation Voltage VSAT3 V 

1=3.2rnA - 0.10 0.40 

Oft Leakage h.3 - ±0.05 1.0 p.A 

SUPPLY CURRENT 

Vs=5V 1.5 3.0 6.0 
Supply Current Is 2.rf 

rnA 
Vs =40V 4.0 8.0 

TYPICAL APPLICATIONS 

Fig_ 1 Precision Voltage-to-Frequency Converter, 100KHz Full-Scale 

Vs 

10K±10% 10K±10% 6.8K± 1%* 

330pF* 

10K~ 
KA331 3 VLOGIC 

:.1--_---_-----1 1-------.~-~-oFOUT 

20K 100KHz FULL SCALE 

2.2K 

VING---..lftl'I'1r-----___.....----1 .... --.... 
- 10V FULL·SCALE 

* Use stable components with low temperature coefficients 

IN4002 

Vs ----4\fV\r--

=8~SUNG 609 
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KA331 LINEAR INTEGRATED CIRCUIT 

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

Vs= + 15V 

6.81K± 1%· 

I--.--~~--<> VOUT 

Fig. 3 Light Intesity to Frequency Converter 

+5V TO 15V 

LIGHT 
INPUT 

\~ 

c8~SUNG 

3.3K 

t---f---"'~- FOUT 
100KHz FULL SCALE 
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KA2580AlKA2588A LINEAR INTEGRATED CIRCUIT 

8-CHANNEL SOURCE DRIVERS 
These integrated circuits, rated for operation with output voltages of up 
to 50V and designed to link NMOS logic with high-current inductive loads, 
will work with many combinations of logic-and load-voltage levels, meet­
ing interfac~ requirements beyond the capabilities of standard logic 
buffers. 

KA2580A is a high current source driver used to switch the ground ends 
of loads that are directly connected to a negative supply. Typical loads 
are telephone relays, PIN diodes, and LEOs. 

KA2588A is a high-current source driver similar to KA2580A, has separ­
ated logic and driver supply lines. Its eight drivers can serve as an inter­
face between positive logic (TTL, CMOS, MOS) or negative logic 
(NMOS) and either negative or split-load supplies. 

KA2580A is furnished in 18-pin dual in-line plastic package; KA2588A 
is supplied in a 20-pin dual in-line plastic package. All input connections 
are on one side of the packages, output pins on the other, to simplify 
printed wiring board layout. 

18 DIP 

20 DIP 

FEATURES 
ORDERING INFORMATION 

• TTL, CMOS, PMOS, NMOS Compatible Device Package Operating Temperature 

• High Output Current Ratings 
• Internal Transient Suppression 
• Efficient Input/Output Pin Structure 

KA2580AN 18 DIP 
-20 - +85°C 

KA2588AN 20 DIP 

SCHEMATIC DIAGRAM 

KA2580A KA2588A 
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KA2580AlKA2588A LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 
(Ta = 25DC, for Any One Driver unless otherwise noted) 

Characteristic Symbol value Unit 

Output Voltage Vee 50 V 
Supply Voltage (ref, sub) Vs 50 V 
Supply Voltage (ref, sub, KA2588A) Vee 50 V 
Input Voltage (ref, Vs) VIN -30 V 
Total Current lee+ls -500 mA 
Substrate Current ISUB 3.0 A 
Power Dissipation (single output) Pd 1.0 W 

(total Package)* 2.2 W 
Operating Temperature Ta -20-+85 DC 

Storage Temperature Tstg -65- +150 DC 

* Derate at the rate of 18mWfOC above 25DC 

TYPICAL OPERATING VOLTAGE 

Vs VIN (on) VIN (off) Vee Vee(max) DVCType 

OV -15V- -3.6V -0.5V- OV NA -50V KA2580A 
--

+4.5V- +5V 
NA -45V KA2580A 

+5V OV- +1.4V 
S5V -45V KA2588A 

+ 11.5V - + 12V 
NA -38V KA2580A 

+12V OV- +8.4V 
s12V -38V KA2588A 

+14.5V- +15V 
NA -35V KA2580A 

+15V OV- + 11.4V 
s15V -35V KA2588A 

Notes 

1) For simplication, these devices are characterized to the above with specific voltages for inputs, logic supply (V s), load 
supply (Vee), and collector supply (Vee). 

2) Typical use of the KA2580A is with negative referenced logic. The more common application of the KA2588A is with positive 
referenced logic supplies. 

3) In application, the devices are capable of operation over a wide range of logic and supply voltage levels. 
4) The substrate must be tied to the most negative point in the external circuit to maintain isolation drivers and to provide 

for normal circuit operation. 
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KA2580AlKA2588A LINEAR INTEGRATED CIRCUIT 

PARTIAL SCHEMATIC (KA2580A) 

10K 

L---~>---o OUT 

+Vs SUBNEE 

SUB 

ELECTRICAL CHARACTERISTICS (KA2580A) 
(Ta=25°C, Vs=ov, VEE =-45V unless otherwise noted) 

Characteristic Symbol Test Conditions Min Max Unit 

V ln =-0.5V, 
50 ,.,.A 

VOUT=VEE=-50V 
Output Leakage Current ,

cEx VIN = -O.4V, • VOUT = VEE = -50V 100 p.A 
Ta= 70°C 

Output Sustaining Voltage 
VCE (sus) VIN =-0.4v, IOUT=-25mA 35 V 

(Note 1, 2) 

VIN =-2.4V, IOUT=-100mA 1.8 V 

Output Saturation Voltage VCE (sat) VIN=-3.0V,loUT=-225mA 1.9 V 

VIN=-3.6V,loUT=-350mA 2.0 V 

VIN=-3.6V,loUT=-350mA -SOO p.A 

Input Current 
liN (on) 

VIN = -1SV, lOUT = -350mA -2.1 rnA 

liN (off) 
louT == - SOo,.,.A, T a = 70°C 

-SO p.A 
(Note 3) 

louT = -100mA, V CE S 1.8V -2.4 V 

Input Voltage VIN(an) 'ouT=-22SmA, VcE s1.9V -3.0 V 
(Note 4) louT=-350mA, VCEs2.0V -3.6 V 

VIN (off) 'ouT==-'-SOOp.A, Ta=70°C -0.2 V 

Clamp Diode Leakage Current JR VR =50V, Ta=70DC SO p.A 

Clamp Diode Forward Voltage Vf If=350mA 2.0 V 

Input Capacitance CIN 25 pF 

Turn-On Delay tPHL O.S VIN to O.S VOUT S.O ,.,.S 

Turn-Off Delay tpLH 0.5 VIN to 0.5 VOUT 5.0 ,.,.S 

Notes 

1) Pulsed test, tp S 300uS, duty cycle S 2%. 
2) Negative current is defined as coming out of specified device pin. 
3) The lin (off) current limit guarantees against partial turn-on of the output. 
4) The Yin (on) voltage limit guarantees a minimum output source per the specified conditions. 
5) The substrate must always be tied to the most negative point and must be at least 4.0V below Vs. 

c8SAMSUNG 
Electronics 

613 



KA2580AlKA2588A LINEAR INTEGRATED CIRCUIT 

PARTIAL SCHEMATIC (KA2588A) 

+vs Vee 

7.2K 

10K 

L..-__ -+--4 OUT 

SUB 

ELECTRICAL CHARACTERISTICS (KA2588A) 
(Ta = 25°C, Vs =Vcc =5.0V, VEE = -40V unless otherwise noted) 

Characteristic Symbol Test Conditions Min Max Unit 

VIN~4.5V, VOUT=VEE=-45V 50 pA 
Output Leakage Current IcEx VIN~4.6V, VOUT=VEE=-45V 

Ta =70oC 
100 pA 

Output Sustaining Voltage 
VCE (sus) VIN~4.6V, louT=-25mA 35 V 

(Note 1, 2) 

VIN =2.6V, louT=-100mA 
1.8 V 

Ref. Vcc 

Output Saturation Voltage VCE (sat) 
VIN = 2.0V, louT = - 225mA 

1.9 V 
Ref. Vce 

VIN =1.4V, louT = -350mA 
2.0 V 

Ref. Vee 

VIN=1.4V,loUT=-350mA -500 pA 

Input Current 
liN (on) Vs=15V, VEE =-30V, 

-2.1 mA 
VIN =OV, louT=-350mA 

liN (off) 
louT=-500pA, Ta=70oC 

-50 pA 
(Note 3) 

louT= -100mA, VeE~ 1.8V 2.6 V 

Input Voltage (Note 4) VIN (on) louT=-225mA, VeE~1.9V 2.0 V 

IOUT=-350mA, VeE~2.0V 1.4 V 

VIN (off) louT=-500pA, TA=70°C 4.8 V 

Clamp Diode Leakage Current IR VR=50V, Ta=700C 50 pA 

Clamp Diode Forward Voltage Vf If=350mA 2.0 V 

Input capaCitance CIN 25 pF 

Turn-On Delay tpHL 0.5 VIN to 0.5 Vout 5.0 p.S 

Turn-Off Delay tpLH 0.5 VIN to 0.5 Vout 5.0 p.S 

Notes 

1) Pulsed test, tp~300uS, duty cycle~2%. 
2) Negative current is defined as coming out of specified device pin. 
3) The lin (off) current limit guarantees against partial turn-on of the output. 
4) The Yin (on) yoltage limit guarantees a minimum output source per the specified conditions. 
5) The substrate must always be tied to the most negative point and must be at least 4.0V below Vs. 
6) Vec must never be more positive than Vs. 
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KA2580Al2588A LINEAR INTEGRATED CIRCUIT 
/ 

TYPICAL APPLICATIONS 

+12V KA2588A KA2588A 

111 

Vacuum Fluorescent Display Driver (Split Supply) 

KA2580A 

Telecommunicaiton Relay Driver (Positive Logic) 

I 

Telecommunication Relay Driver (Negative Logic) 

c8SAMSUNG 
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KA2651 LINEAR INTEGRATED CIRCUIT 

FLUORESCENT DISPLAY DRIVERS 
Consisting of eight NPN Darlington output stages and the associat­

ed common-emitter input stages, these drivers are designed to inter­
face between low-level digital logic and vacuum fluorescent displays. 
KA2651 is capable of driving the digits and/or segments of these dis­
plays and is designed to permit all outputs to be activated simultane­
ously. Pull-down resistors are incorporated into each output and no ex­
ternal components are required for most fluorescent display applications. 

FEATURES 
• Digit or Segment Drivers 
• low Input Current 
• Internal Output Pull-Down Resistors 
• High Output Breakdown Voltage 
• Single or Split Supply Operation 

18 DIP 

ORDERING INFORMATION 

Operating Temperature 

BLOCK DIAGRAM 

c8SAMSUNG 
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KA2651 LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 
(Ta::: 25°C, Voltages are with reference to ground unless otherwise noted) 

Characteristic Symbol Value Unit 

Supply Voltage Vee 65 V 
Input Voltage VIN 20 V 
Output Current lout -40 rnA 
Operating Temperature Ta -20 . +85 °C 
Storage Temperature Tstg -55 + 150 °C 

RECOMMENDED OPERATING CONDITIONS 

Characteristic Symbol Value Unit 

Supply Voltage Vee 5.0-50 V 

Input ON Voltage VIN 2.4-15 V 

Output ON Current* loutON -25 rnA 

* Positive (negative) current is defined as going into (coming out of) the specified device pin. I 
ELECTRICAL CHARACTERISTICS 
(Ta::: 25°C, Vee::: 60V, unless otherwise noted.) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

. Output Leakage Current louTLK VIN=0.4V 15 /LA 

Output OFF Voltage VOUTOFF VIN =O.4V 1.0 V 

Output Pull-Down Current IOUTPD Input Open, VOUT ::: Vee 350 550 775 /LA 

Output ON Voltage VOUTON VIN ::: 2.4V louT= - 25m A 57 58 V 

VIN=2.4V 120 225 /LA 
Input ON Current liN 

VIN :::5.0V 450 650 /LA 

All Inputs Open 10 100 /LA 
Supply Current Icc 

All Inputs::: 2.4V 5.5 8.0 rnA 
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KA2651 LINEAR INTEGRATED CIRCUIT 

PARTIAL SCHEMATIC 

r------.-----r---Q Vee 

30K 

10K 
I N PUT O------J.w.t-----,--r---i 

L---+--o OUTPUT 

125K 

GND~--~~~~-------~ 

(One Driver) 

TYPICAL MULTIPLEXED FLUORESCENT DISPLAY 

SEGMENT SELECT 

DIGIT SELECT 
KA2651 

Vee 

c8SAMSUNG 
. Electronics 

-------IP~ 10l J 
'-------t------~~::~:::=:=: cJj rTJ 

-------------------10l---------<O 

VSIAS 
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KA2655/61718/9 

HIGH VOLTAGE, HIGH CURRENT 
DARLINGTON ARRAYS 
The KA2655, KA2656, KA2657, KA2658 and KA2659 are 
comprised of seven high voltage, high current NPN 
darlington transistors arrays with common emitter, open 
collector outputs. Suppression diodes are included for 
inductive load driving and -the inputs are pinned oppo­
site the outputs to simplify board layout. Peak inrush 
currents to 600mA permit them to drive incandescent 

LINEAR INTEGRATED CIRCUIT 

16 DIP 

lamps. 16 SOP 

The KA2655 is a general purpose array for use with DTL, 
TIL, PMOS or CMOS logic directly. 
The KA2656 version does away with the need for any 
external discrete resistors, since each unit has a resis­
tor and a zener diode in series with the input. The 
KA2656 is designed for use with 14 to 25V PMOS 
devices. The zener diode also gives these devices ex­
cellent noise immunity. 
The KA2657 has a series base resistor to each darling-

ton pair, and thus allows operation directly with TTL or ORDERING IN FORMATION 
CMOS operating at supply voltages of 5V. The KA2657 
will handle numerous interfaces needs-particularly those 
beyond the capabilities of standard logic buffers. 
The KA2658 has an appropriate input resistor to allow 
direct operation from CMOS or PMOS outputs operat­
ing supply voltages of 6 to 15V. 
The KA2659 is designed for use with standard TTL and 
Schottky TIL, with which higher output currents are re­
quired and loading of the logic output is not a concern. 
These devices will sink a minimum of 350mA when 
driven from a "totem pole" logic output. 
These versatile devices are useful for driving a wide 
range of loads including Solenoids, Relays, DC motors, 
LED displays, Filament lamps, thermal printheads and 
high power buffer. Applications requiring sink currents 
beyonds the capability of a single output may be ac­
comodated by paralleling the outputs. 

APPLICATIONS 
• Relay driver 
• DC motor driver 
• Solenoids driver 
• LED display driver 
• Filament lamp driver 
• High power buffer 
• Thermal print head driver 

c8SAMSUNG 
Electronics 

Device 

KA2655N 

KA2655D 

KA2656N 

KA2656D 

KA2657N 

KA2657D 

KA2658N 

KA2658D 

KA2659N 

KA2659D 

Package Input Level 
Operating 

Temperature 

16 DIP DTL, TIL, 

16 SOP PMOS, CMOS 

16 DIP 
PMOS 

16 SOP 

16 DIP 
TTL, CMOS -20 - +85°C 

16 SOP 

16 DIP 

16 SOP 
CMOS, PMOS 

16 DIP 
TIL 

16 SOP 
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KA2655/61718/9 LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 

Characteristic Symbol Value Unit 

Output Voltage Vo 50 V 

Input Voltage (KA2656/7/8) 30 

(KA2659) 
VIN V 

15 

Continuous Collector Current Ic 500 mA 

Continuous Input Current liN 25 mA 

Power Dissipation Po 1.0 W 

Operating Temperature Ta -20 -+85 °C 

Storage Temperature Tstg -55-+150 °C 

ELECTRICAL CHARACTERISTICS 
(Ta= 25°C, unless otherwise noted) 

Characteristic Symbol Test Condition Min Typ Max Unit 

VcE =50V, Ta=25°C VIN=open 50 

VcE =50V, Ta=70°C 
100 

Output Leakage Current ILK 
VIN=open 

p.A 
VcE =50V, Ta=70°C 

500 
VIN = 6.0V (KA2656) 

VcE =50V, Ta=70°C 
500 

VIN = 1.0V (KA2658) 

Ic = 100mA, liN = 250p.A 0.9 1.1 

Output Saturation Voltage Vsat Ic = 200mA, liN = 350p.A 1.1 1.3 V 

Ic = 350mA, liN = 500p.A 1.25 1.6 

Input Current 1 (Off Condition) IIN1 Ic=500p.A, Ta=70°C 50 65 p.A 

VIN = 17V (KA2656), Vo = open 0.85 1.3 

VIN = 3.85V (KA2657), Vo = open 0.93 1.35 

Input Current 2 (On Condition) hN2 VIN = 5V (KA2658), Vo = open 0.35 0.5 mA 

VIN = 12V (KA2658), Vo = open 1.0' 1.45 

VIN = 3.0V (KA265~), Vo = open 1.5 2.4 

V CE = 2.0V, olc = 300mA (KA2656) 13 

VCE = 2.0V, Ic = 200mA (KA2657) 2.4 

V CE = 2.0V, Ic = 250mA (KA2657) 2.7 

VCE = 2.0V, Ic = 300mA (KA2657) 3.0 

Input Voltage VIN VCE = 2.0V, Ie = 125mA (KA2658) 5.0 V 

VCE = 2.0V, Ic = 200mA (KA2658) 6.0 

VCE = 2.0V, Ic = 275mA (KA2658) 7.0 

VCE = 2.0V, Ic = 350mA (KA2658) 8.0 

V CE = 2.0V, Ic = 350mA (KA2659) 2.4 
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LINEAR INTEGRATED CIRCUIT 

ELECTRICAL CHARACTERISTICS 
(Ta = 25°C, unless otherwise noted) 

Characteristic Symbol Test Condition Min Typ Max Unit 

DC Current Gain hFE VeE = 2.0V, Ie = 350mA (KA2655) 1000 

Input Capacitance C'N 15 30 pF 

tON 0.5 Y'N to 0.5 Vo 0.25 1.0 p.S 
Propagation Delay Time 

tOFF 0.5 Y,N to 0.5 Vo 0.25 1.0 p.S 

V,N=open, Vo=GND, VR=50V, Ta=25°C 50 p.A 
Clamp Diode Leakage Current IR 

V,N=open, Vo=GND, VR=50V, Ta=70°C 100 p.A 

Clamp Diode Forward Voltage VF IF=350mA 1.7 2.0 V 

PIN CONFIGURATION SCHEMATIC DIAGRAMS 
KA2655 (each driver) I 

.--....-!I--OCOM 

3K I 
I I 
L ____ *___ _J 
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KA2655/61718/9 

SCHEMATIC DIAGRAMS 

KA2656 (each driver) 

I 

I 
I 
L ______ -* __ _ 

KA2658 (each driver) 

COM 

r--...... ---OCOM 

I 
I 7.2K 3K 

I 
I 
L ___ ~_--

c8~SUNG 

LINEAR INTEGRATED CIRCUIT 

KA2657 (each driver) 

I 
I 
I 
I 

7.2K 

3K 

I . ~---~---

KA2659 (each driver) 

I 
I 7.2K 3K 

I 
I 
I 
L-___ ~_--

r--~----O' COM 

I 
I 
I 
I 
~ 

r--~----QCOM 

I 
I 
I 
I 

.-.-J 
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KA2655/61718/9 

TYPICAL APPLICATIONS 
PMOS TO LOAD 

KA2656 

BUFFER FOR HIGH·CURRENT LOAD 

KA2658 

c8~SUNG 

LINEAR INTEGRATED CIRCUIT 

TIL TO LOAD 

TTL 
OUTPUT 

KA2657/9 

USE OF PULL·UP RESISTORS 
TO INCREASE DRIVE CURRENT 

KA2657 

+v 
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KA2803 LINEAR INTEGRATED CIRCUIT 

LOW POWER CONSUMPTION EARTH 
LEAKAGE DETECTOR 8 DIP 

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 

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

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

Oevlce Package Operating Temperature 

• 1mA output current pulse to trigger SCR'S 
• Low external part count, economic 

KA2803N 8 DIP 

KA2803D 8 SOP 
-20 - +8roc 

• ,.,ini-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 

Fig. 1 

c8~SUNG 

LOAD 

(----'9 -. -------------- --- ------ ____ J 

Fig. 2 

C4 
0.011" 
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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 (Ta = 25°C) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Vee =12V (-25°C) 5S0 p.A 

Supply Current 1 ~~I" 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 AmplifiEilr Output I 
Vee =16V (25°C) 
VA-VI=30mV 12 30 p.A Current 1 TOI 
Voo=1.2V 

I 
- --- ---~---- ._--- - ---

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

Current 2 ITD2 Voo=0.6V 17 37 p.A 
VA. V, short 

------- - - ___ 0-~ ______________ • ___ --

Vse= 1.4V 
Vos=O.SV 

Output Current 10 l V<x= 12V (-2S°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 
---------------------------------- ----------r--

Latch Input Current Isean Vee =12V (25°C) I 

I 

5 p.A 
---- - - --_ ... - -- - --------. -- - -- - -------r-------~ f-- -

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

200 I p.A 
VosL=0.2V 

~-v -----"--- - ----------------~-----~-.-- 1---
Diff. Input Clamp Voltage VIDe Iloe =100mA (-25 - SO°C) 0.4 

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

--------- ._---- --~ - -----~-------- --- --

Supply Current 2 IS2 
VA-VI =X (25-S0°C) 

900 p.A 
Vos=0.6 

----.--.----~------.---- 1---
Latch Off Supply Voltage Vsoff Vos=high (25°C) 7.0 V 

- --_. __ ._-------_._------------------ r-~ 

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 pF at this time. 
If the leakage current is at the load, it is detected by the zero current transformer (ZCT). 
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,Jt 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 Ie the KA2803. 
The range of Rp is from several hundred {} to several k{}. 
The capacitor C1 is for the noise canceller and standard value of C1 is 0.047p.F. Also the capacitor C2 is noise canceller 
capacitance but it is not usually used. 
When high noise is only appeared at this system 0.047p.F capacitor may be connected between pin 6 and pin 7. 
The amplified signal is finally appeiired 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 rCCjLi;rc~ rr.;'1 i "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 2S0mA-short circuit pro­

tection. 

8 DIP 

1 ___ _ 
• Reference voltage output. 

ORDERING INFORMATION 

BLOCK DIAGRAM 

Vs IS 

GND 

AC VSYN 
IN PUT O----'\j'-'r~_{ 

RSYN 

Q Q 

Va La 

c8SAMSUNG 
Electronics 

Device Package 

KA2804N 8 DIP 

KA2804D 8 SOP 

Operating Temperature 

- 20 - + 70°C 

REFERENCE 
VOLTAGE 

REF. 
r------( 1 VOLTAGE 

OUTPUT 
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KA2804 LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 

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 VI ~IVsl V 
Power Dissipation i PD 350 mW 
Junction Temperature TJ 125 °C 
Operating Ambient Temperature Topr -20- +70 °C 
Storage Temperature Tst9 -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 -Vs2 
Pin 5, Is =20mA 

7.2 - 8.6 V 
RSyN =56K 

Synchronous Current ISYN Pin8 0.3 - - mA 
-- -----

" Output Pulse Width Tp Pin 6, RSYN =56K - 200 - JL8 
Output Voltage Vo Pin 6, 10 ~ 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 VIO Pin 3, 4 - 2.0 5.0 mV 
--

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

Common Mode Input 
-VICM Pin 3, 4 0 - 5.7 V 

Voltage Range 
--

Output Leakage Current ILc Pin2 - - 0.2 pA 
-- -----

Reference Voltage -VA Pin 1, IA~1uA - 3.6 - V 

qsSAMSUNG 
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KA2804 LINEAR INTEGRATED CIRCUIT 

APPLICATIONS 
ON-OFF TEMPERATURE CONTROL AC 

.------_-----------------__.---------.----o100Vrms 
50/60Hz 

NTC 

RH 

VR 

RH: HYSTERESIS VOLTAGE SET 

KA2804 

Rs 
6.8K 
2W 

Ao 
56 

Rsyn 
56K 

TIME PROPORTIONAL TEMPERATURE CONTROL AC 
~---------<,.,......-~--_-----------~-------...,--__o 100Vrms 

50/60Hz 

PUT 
N13TL 

AT 

NTC 

+ 
CT 

20 

RT GT: TIMING PEAIOD SET. 

c8SAMSUNG 
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39K 

KA2804 

Rs 
6.8K 
2W 

AO 
56 

Asyn 
56K 
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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 line noise. 

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

and hot V s 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 

8 DIP 

8 SOP 

ORDERING INFORMATION 

AMP OUT 

Device 

KA2807N 

KA2807D 

TIMING 
RESISTOR 

Package 

8 DIP 

8 SOP 

Operating Temperature 

-40 y + 70·C 

TIMING 
CAPACITOR 

_._------------. 

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 Tstg -55 - + 150 °C 

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

Characteristics Symbol Test Conditions Min Typ Max Unit 

Shunt Regulator Voltage Vreg Pin 8, Sl:2, S2:OFF 22 26 30 V 

Amp Reference Voltage Vint Pin 3, Sl :2, S2:OFF 9 10.5 12 V 

Pin 5, Sl:3, S2:ON 
Amp Output High Voltage VOH Sig: 800Hz, 3.0V p-p 17 19 21 V 

Sinewave 

Pin 5, Sl:3, S2:ON 
Amp Output Low Voltage VOL Sig: 800Hz, 3.0Vp_p 1 2.5 4 V I 

Sinewave 

Pin 2, Sl:3, S2:ON 
Amp Sensitivity Current ISEN Sig: 800Hz, 1.0Vp_p -2.5Vp_p 3 5 7 ILArms 

Sinewave 

Pin 7, Sl:3, S2:ON 
Latch On Voltage VON Sig: 800Hz, 3.0Vp_p 15 17.5 20 V 

Sinewave 

Pin 1, Sl:3, S2:ON 
SeR Trigger Current hR Sig: 800Hz, 3.0V pop 0.5 1 2.4 mA 

Sinewave 

Output Low Voltage Vs l Pin 1, Sl:2, S2:OFF 100 240 mV 

Output Impedance Ro Pin 1, Sl:2, S2:OFF 100 n 
-Output Sink Current ISink Pin 1, S1:2, S2:0FF 2.0 5 mA 

c8SAMSUNG 
Electronics 

631 



KA2807 

TEST CIRCUIT 

APPLICATION CIRCUIT 

LOAD 

LINEAR INTEGRATED CIRCUIT 

I 

!lss=5mA 

Fig. 2 

GND/NEUTRAL 
COIL 200:1 

SENSE COIL 

1000:1 

LINE 

r-'----___ ~~1,F1400J J .--__ ----'RUsUl.e!*~----
10l'F 

+ TANTAL 

c8SAMSUNG 
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15K12W 1N4004 

- IN 21-----+---<1 u. 
c.3-
(') 

8 o 
.-----'--'--'---11 trig +IN 3---+-~---4I 

5 OUTPUT Rse! 6 

~----I7 CAP GND 4 

C5 
15nF 

C8 
200pF 

* Adjust Rse! 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 15K/2W resistor are used to supply the DC power supply 
required by the KA2807 C4 (1/LF) 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 3 Ith 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 (10/LF) capacitor. 
C6 (0.0033/LF) 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' t I . . 7V (1) ISC argmg curren th IS R
set 

x 2 ...... 

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 = If(rms) X 0.91 ...... (3) 

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 C5. 
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. 

HOT 
--l 

AC 
LINE 

NEUTRAL 

ELD I 

I 

~RB 
I 

-~--4------j 

FIG. 4 NORMAL FAULT 

AC 
LINE 

HOT 

NEUTRAL 

ELD 

RG 
~------wr---- -

m 
FIG. 5 GROUNDED NEUTRAL FAULT 

c8SAMSUNG 
Electronics 

~ 

f 

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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LM386/S/D LINEAR INTEGRATED CIRCUIT 

LOW VOLTAGE AUDIO POWER AMPLIFIER 
The LM386/S/D is a power amplifier designed for use in low 
voltage consumer applications. The gain is internally set to 20 
to keep external part count low, but the addition of an external 
r~sistor and capacitor between pins 1 and 8 will increase the 
gain to any value up to 200. 

The inputs are ground referenced while the output is automatically 
biased to one half the supply voltage. The quiescent power drain is only 
30 milliwatts when operating from a 6 volt supply, making the LM386 ideal 
for battery operation. 

FEATURES 
• Battery operation. 
• Minimum external parts. 
• Wide supply voltage range: 4V -12V (LM386) 

4V - 9V (LM386S/D) 
• Low quiescent current drain (4mA.) 
• Voltage gains: 20- 200. 
• Ground referenced Input. 
• Self-centering output quiescent voltage. 
• Low distortion. 
• 3 kinds of package types 

LM386 (8 Dip), LM386S (9 Sip), LM386D (8 Sop) 

8 DIP 

8 SOP 

9 SIP 

ORDERING INFORMATION 

Device 

LM386N 

LM386S 

SCHEMATIC DIAGRAMS LM386D 

GAIN GAIN 

+INPUT 

Fig. 1 

c8SAMSUNG 
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Package 

8 DIP 

9 SIP 

8 SOP 

Operating Temperature 

- 20°C - + 70°C 

o : LEFT (LM3861D) 
RIGHT (LM386S) 
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LM386/S/D LINEAR INTEGRATED CIRCUIT 

CONNECTION DIAGRAM 

(LM386/D) (LM386S) 

TOP VIEW -IN + IN NC GND Vo Vee BY PASS GAIN 

Fig. 2 Fig. 3 

ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 

Characteristic Symbol Value Unit 

Supply Voltage Vee 15 V • LM386 660 

Power Oissipation LM386S Pd 500 mW 

LM3860 300 

Input Voltage Vi ±0.4 V 
Operating Temperature Topr -20 -+ 70 °C 
Storage Temperature T81g -40 -+ 125 °C 

ELECTRICAL CHARACTERISTICS 
(Ta=25°C, Vee=6V, RL =8n, f=1KHz, unless otherwise specified) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Quiescient Circuit Current Icc Vi=O 4 8 mA 

Vee = 6V, THO = 10% 250 325 mW 
Output Power Po 

700 mW Vee = 9V, THO = 10% 500 

Pins 1 and 8 Open 26 
Voltage Gain (O-Type) Av dB 

10",F from Pin 1 to 8 46 

Pins 1 and 8 Open 300 
Bandwidth (O-Type) BW KHz 

10",F from Pin 1 to 8 60 

Total Harmonic Oistortion 
THO Po = 125mW, Pins 1 and 8 Open 0.2 % 

(O-Type) 

Input Resistance Ri 50 Kn 

Input Bias Current Ib Pi ns 1 and 8 Open 250 nA 

c8SAMSUNG 
Electronics 

635 



LM386/S/D 

TYPICAL APPLICATIONS (LM386/D) 
Amplifier with Gain=50 1(34'dB) 

! 7 
10 

RL 
*YPASS 

rh ~0.051< 

Fig. 4 

Square Wave Oscillator 

Vee 

>--r1--+-+--0Vo 

RL 

1K 
f=1KHz 

Fig. 6 

LINEAR INTEGRATED CIRCUIT 

ELDEMA 
CF·S-2158 
3V-15mA 

Vee 

1 

Low Distortion Power Wienbridge Oscillator 

390 

Vee 

4.7K 

Fig. 5 

C1 

1 

: 
I 
1 

~0.051< 

t10 

I 

C1 I 

rh 
f= 1 

211"C1 VR1R2 

RL 

f::: 1KHzIAS SHOWN 

Amplifier with Bass Boost 

Vee 

>-----~~~, -H--~~vo 

Fig. 7 

I 
I 

I
..L 0.051< 

10 

RL 

AM Radio Power Amplifier 

Fig. 8 
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LM386/S/D 

TOTAL HARMONIC DISTORTION-OUTPUT POWER 

10 

III 
Vcc=fN 

I--
RL=81l 
f=lKHz 

I 

1 - ) 
0.001 0.01 0.1 1.0 

Po (W). OUTPUT POWER 

VOLTAGE GAIN-FREQUENCY 

60 

111.IJI~l 
. i rm 

I I!: , li ll I 
I I I 

e,.=loI'F so 

I I r\ I 
e .. =o 

l""'-o.l\ 
t-... 

I 

I i I I I 

10 

o 
100 lK 10K lOOK 1M 

f (Hz). FREQUENCY 

OUTPUT VOLTAGE SWING-SUPPLY VOLTAGE 

10 11 12 

Vee (V). SUPPLY VOLTAGE 
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LINEAR INTEGRATED CIRCUIT 

TOTAL HARMONIC DISTORTION-FREQUENCY 

2b 

1.8 

~ 1.6 

~ 1.4 

is 
U 1.2 
i 

~ 1.0 

~ 
... 0.8 

§ 
...:: 0.8 

! 
Q 0.4 
i!: 

0.2 

I---

~ 

i"--. 

Vee-fN I 
RL-8Il 
Po-12SIllW 
Av -26dB (e,. -0) 

/ 
7 
II 

I ) 
[7 -r-- V """'-

20 SO 100 200 500 lK 2K SK 10K 20K 

f (Hz). FREQUENCY 

QUIESCENT CIRCUIT CURRENT-8UPPLY VOLTAGE 

V;-o 

I--I-" 

I 

1 
4 10 11 12 

Vee (V). SUPPLY VOLTAGE 

FREQUENCY RESPONSE WITH BASS BOOST 

261------i-----r+. . I --

251---~ -t----f-- ---+--

24 f---F----t I 
~ I 1\ i 
w 23

V 
\ 

~ ~ ~--~-~--~--~--+---~~--~ 

i"· \~ i 
~ 20 =-+L __ i--i-t-

o r"~ 
19 ! i I 
181-- il I I 
17L-~ __ ~ __ -L __ ~ __ L-~1 __ ~ __ -L~ 

20 50 100 200 SOO 1 K 2K 5K 10K 20K 

f (Hzl. FREQUENCY 
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PACKAGE DIMENSIONS 

TO·92 

I 

/ 

4.33 
4.83 
~ ~ 

-----

, 
\ 

4.33 

I 4.83 

6.98[ 
7.49 --~ 

II 
2.16 

0.56 I, 

Unit: mm 

1 
1 

3.97 
4.97 

0.36----J1Ji 1.27 TYP--!I---+--__ =2.5-=-4 
I TYP 

3.46~1i.02 TYP 
3.96 1 I 

1.80 

3.35 TYP 

3.85 

TO·220 

6.12 
6.62 

8.94 
9.44 

o 

Unit: mm 

(/)3.61 
TYP~~ 

- -~ 

3.12 

113.97 
~4.23 

2.08 
2.33 

I I 1.40 

I 12.72 r 13.48 

0.45 
0.55 
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TO·92 
(KA33V Only) 

3.56 

1. Anode 

TO·3P 

(/)3.20 
TYP 

15.55 

o 

I 

Unit: mm 
458 J 

I 
~ , , 

14 -------- .58 
I 

1 2 

ill 
1 4.5 

1.02 

2. Cathode 

4.55 

20.25 

3.27 
3.53 

Unit: mm 

1.95 
2.20 

37.66 
38.68 

0.55 
0.71 
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PACKAGE DIMENSIONS 

9 SIP 

21.59 
22.10 

2.54 I l-- ~I 0.45 
TYP 0.71 

tr======~)12.75 
.~3.25 

8 DIP 

Unit: mm 

rm~·58 lIS

.

09 

--J/ 0.20 
0.30 

Unit: mm 

0-10° 

9.45 I 895 I 

~].09 
~6.60 

~/ 1.02 
1.52 9~37 

7.87 

0.20 
0.30 
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10 SIP HIS 

25.15 
25.65 

8 SOP 

II 0.36 G!;b 051 

1.47 
, , 1.73 

1.27 i i 
TYP 

Unit: mm 

Unit: mm 

0.41 
0.79 

-lLM 
/I 0.20 
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PACKAGE DIMENSIONS 

14 DIP Unit: mm 

~1!:~~ 
I ~ -1~ 2.92 2.54 I 0.36 3.43 

TYP 0.56 0.51 
1.02 

16 DIP Unit: mm 

0-100 

I 19.15 I 
19.65 1[::::]]:: 
~f--

lDl~ 7.37 
7.87 

- ~ 
~ 1.52 
0.30 

3.81 

~r4.31 

=t 2.92 
"3.43 

2.54 I I II 0.36 0.51 
TYP r-- ---j 0.56 1.02 
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14 SOP Unit: mm 

~~. 
0.20 II I 

CJ m
~ 

4.37 0.79 6.10 
l1.62 ~ 6.60 

o t I QW 

~I 0.36 
0.51 

~'.47 " 1.73 
1.27 
TYP 

16 SOP Unit: mm 

~ 10)1 i 1.47 
: :- 1.73 

1.27 I I-
TYP 
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PACKAGE DIMENSIONS 

18 DIP Unit: mm 

22.73 0-10
0 

I 23.24 I .-L It:::::: :~IIJ:~WF, 
102 II ¥ 
1 :52 f--- 0.20 

0.30 

W\f\Fffffl1 3.81 
-----L 4.31 

t
~·92 

. 3.43 

~ ~ --H--~ 0.51 
TYP 0.56 1.02 

22 DIP (400) Unit: mm 

2.54 
TYP 

27.23 
·27.14 

1.40 
1.65 

8'89~O_10·9.90 
9.40' 10.41 

0.20 
0.30 

JI 0.33 
0.58 

4.57 
5.33 

2.90 
3.91 
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22 DIP (300) Unit: mm 

22 DIP (Shrink) Unit: mm 

D
~~:~~ ti°-100 

6.15 7.37 
o 6.65 _7.87 

0.20 T 

~ f--0.76 
TYP 1.02 

~ 

3.51 
4.27 

2.82 
3.84 
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PACKAGE DIMENSIONS 

20 DIP Unit: mm 

I 26.36 I 0 -10
0 

26.87 J 

Ib :0: : : : : : ~ JI]:~ O[ID~ 
II 1.02 r . 

------l 1.52 0.2Q 
0.30 

3.81 
4.31 

~2.92 
1- 3.43 

2.54 ~ ~ ~I 0.36 0.51 
TYP 0.56 1.02 

40 DIP Unit: mm 

I' 52.19 I' 0-10
0 

52.70 1-

[~::::::::::~] ]~:~~ rll!t 
II ,1.02 ~~~~ 

111:52 ~ 
0.30 
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24 DIP Unit: mm 

42 DIP Unit: mm 

52.19 0 -10
0 

~~52.70~1 ffi]~ 
o 0 h3.61 -. 14.99 

~4.12 15.49 

lI.m:n:rnt:i'i:rErEfEfEi'i1.0Ei"E2 fEi'fi'EjIIFrrEfEi~ 0.20 kf 
1.52 0.30 

2.92 
3.43 0.51 

1.02 
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PACKAGE DIMENSIONS 

16 CERDIP Unit: mm 

mMfW-llt~x 
t ·18 
_ 4.19 

2.54~ L~~ ~ 
TYP I 0.58 1.02 

24 CERDIP Unit mm 

I_~~~~ ~5' 

C::::::)Jm ~U!Y 
~~ 0.20 7 
1.52 0.38 

~~ 
TYP 0.58 
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20 CERDIP Unit: mm 

~n~:;O.38 
-j TYP ----j 0.58 0.89 
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SAMSUNG SEMICONDUCTOR SALES OFFICES - U.S.A. 

CALIFORNIA ILLINOIS MASSACHUSETTS TEXAS 

22837 Ventura Blvd. 2700 Augustine Drive 901 Warrenville Road 20 Burlington Mall Road 15851 Dallas Parkway 

Suite 305 Suite 198 Suite 120 Suite 205 Suite 745 
Woodland Hills, CA Santa Clara, CA 95054 Lisle, IL 60532-1359 Burlington, MA 01803 Dallas, TX 75248-3307 

91367 (408) 727-7433 (312) 852-2011 (617) 273-4888 (214) 239-0754 

(818) 346-6416 FAX: (408) 727-5071 FAX:(312) 852-3096 FAX:(617)273-9363 FAX:(214) 392-4624 
FAX: (818) 346-6621 

SAMSUNG SEMICONDUCTOR REPRESENTATIVES 
U.S.A. and CANADA 

ARIZONA 

HAAS & ASSOC. INC. 
77441 East Butherus Drive 
Suite 300 
Scottsdale,AZ 85260 

CALIFORNIA 

QUEST REP INC. 
9444 Farnham St. 
Suite 107 
San Diego,CA 92123 

SYNPAC 
3945 Freedom Cirde 
Suite 650 
Santa Clara,CA 95054 

WESTAR REP COMPANY 
2472 Chambers Road 
Suite 100 
Tustin, CA 92680 

WESTAR REP COMPANY 
25202 Crenshaw Blvd. 
Suite 217 
Torrance, CA 90505 

CANADA 

TERRIER ElEC. 
145 The West Mall 
Etobicoke, Ontario, Canada 
M9C lC2 

TERRIER ElEC. 
~700 Gilmore Way, 106A 
Burnaby, B.C., Canada 
V5G 4Ml 

TERRIER ElEC. 
6600 Transcanadienne 
Suite 750-17 
Pointe Claire, Quebec, Canada 
H9R 452 

TEL: (602) 998-7195 
FAX: (602) 998-7869 

TEL: (619) 565-8797 
FAX: (619) 565-8990 

TEL: (408) 988-6988 
FAX: (408) 988-5041 

TEL:(714) 832-3325 
FAX: (714) 832-7894 

TEL: (213) 539-2156 
FAX: (213) 539-2564 

TEL: (416) 622-7558 
FAX: (416) 626-1035 

TEL: (604) 433-0159 
FAX: (604) 430-0144 

TEL: (514) 695-4421 
FAX: (514) 695-3295 

c8SAMSUNG 
Electronics 

COLORADO 

CANDAlINC. TEL: (303) 935-7128 
7500 West Mississippi Ave. FAX: (303) 935-7310 
Suite A-2 
Lakewood, CO 80226 

CONNECTICUT 

PHOENIX SALES TEL: (203) 496-7709 
257 Main Street FAX: (203) 496-0912 
Torrington,CT 06790 

FLORIDA 

MEC TEL: (305) 426-8944 
700 W. Hillsboro Blvd. FAX: (305) 426-8799 
Bldg. 4, Suite 204 
Deerfield Beach, FL 33441 

MEC TEL: (407) 332-7158 
511 Carriage Road (407) 773-1100 
Indian Harbour Beach, FL 32937 FAX: (407) 830-5436 

MEC TEL: (407) 799-0820 
830 North Atlantic Blvd. FAX: (407) 799-0923 
Suite 9401 
Cocoa Beach, FL 32931 

MEC TEL: (813) 522-3433 
1001 45th, N.E. FAX: (813) 522-3993 
St. Petersburg, FL 33703 

ILLINOIS 

IRI TEL: (312) 967-8430 
8430 Gross Point Road FAX: (312) 967-5903 
Sj(okie,IL 60076 

INDIANA 

STB & ASSOC. INC. TEL: (317) 844-9227 
3003 E. 96th st. FAX: (317) 844-1904 
Suite102 
Indianapolis,lN 46240 

MARYLAND 

ADVANCED TECH SALES TEL: (301) 789-9360 
809 Hammonds Ferry Rd. FAX: (301) 789-9364 
Suite D 
Linthicum,MD 21090 
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MASSACHUSETTS OREGON 

NEW TECH SOLUTIONS, INC. TEL: (617) 229-8888 EARL & BROWN CO. TEL: (503) 643-5500 
111 South Bedford Street FAX: (617) 229-1614 9735 SW. Sunshine Ct. FAX: (503) 644-92.30 
Suite 102 Suite500 
Burlington, MA 01803 Beaverton,OR 97005 

MICHIGAN PENNSYL VANIA 

JENSEN C.B. TEL: (313) 643-0506 RIVCO JANUARY INC. TEL: (215) 631-1414 
2145 Crooks Rd. FAX: (313) 643-4735 RJI Building FAX: (215) 631-1640 
TroY,MI 48084 78 South Trooper Road 

MINNESOTA Norristown,PA 19403 

IRI PUERTO RICO 

1120 East 80th Street TEL: (612) 854-1120 DIGIT-TECH 
Bloomington, MN 55420 FAX: (612) 854-8312 P.O. Boz 1945 TEL: (809) 892-4260 

Calle Cruz #2 FAX: (809) 892-3366 
NEW JERSEY Bajos, San German 00753 

NEeCO TEL: (201) 461-2789 
2460 Lemoine Avenue FAX: (201) 461-3857 
Ft. Lee,NJ 07024 TEXAS 

NEW MEXICO S.W. SALES INC. TEL: (915) 594-8259 
2267 Trawood, Bldg. E3 FAX: (915) 592-0288 

S.W. SALES, INC. TEL: (505) 899-9005 EI Paso, TX 79935 
7137 Settlement Way, NW. 
Albuquerque, ~M 87120 VIELOCK ASSOC. TEL: (214) 881-1940 

720 E. Park Blvd. FAX: (214) 423-8556 
NEW YORK Suite102 

T-SQUARE TEL: (315) 463-8592 Plano,TX 75074 

6443 Ridings Road FAX: (315) 463-0355 
VIELOCK ASSOC. TEL (512) 345-8498 

Syracuse, NY 13206 9600 Great Hills Trail FAX: (512) 346-4037 
Suite15O-W 

T-SQUARE TEL: (716) 924-9101 Austin,TX 78759 
7353 Victor-Pittsford Road FAX: (716) 924-4946 

UtAH 
Victor, NY 14564 

NORTH CAROLINA ANDERSON & ASSOC. TEL: (801) 292-8991 
270 South Main, #108 FAX (801) 298-1.503 

GODWIN & ASSOC. TEL: (919) 878-8000 Bountiful, UT 84010 

1100 Logger CI. FAX: (919) 878-3923 
Suite B 102 
Raleigh, NC 27609 VIRGINIA 

ADVANCED TECHNOLOGY SALES, INC. 
GODWIN & ASSOCIATES TEL: (704)549-8500 406 Grinell Drive TEL: (804) 320-8756 
2812 Oak Leigh IJIIIve FAX: (704) 549-9792 Richmond, VA 23236 
Charlotte, NC 28213 

OHIO 
FAX: (804) 320-8761 

WASHINGTON 
BAILEY, J.N. & ASSOC. TEL: (513) 687-1325 

EARL & BROWN CO. TEL: (206) 885-5064 129 W. Main Street FAX: (513) 687-2930 
New Lebanon,OH 45345 2447-A 152nd Ave. N.E. FAX (20{i) 885-2262 

Redmond,WA 98052 
BAILEY, J.N. & ASSOC. TEL: (614) 262-7274 
2679 Indianola Avenue FAX: (614) 262-0384 
Columbus,OH 43202 WISCONSIN 

BAILEY, J.N. & ASSOC. TEL:·(216) 273-3798 IRI TE L: (414) 259-0965 

1667 Devonshire Drive FAX: (216) 225-1461 631 Mayfair FAX: (414) 259·0326 

Brunswick,OH 44212 Milwaukee, WI 53226 
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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 4, 

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: 2/61 32 888 Tel: 089/96 48 30 
(West Ger.many) (France) Fax: 2/61 92 279 + 089/96 48 38 
Tel: 06196/9009-0 Tel: 1/40 94 07 00 Fax: 
Fax: 019619009-89 Fax: 1/409402 16 

SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

EUROPE 

AUSTRIA SONEL-ROHE (SCAIB) 
6, Rue Le Corbusier TEL: 0033-1-468681 70 

SATRON HANDELSGES. Silic 424 FAX 0033-1-45 60 55 49 
MBH F-94583 Rungis Cedex TLX 042-206952 
Hoffmeistergasse 8-1 0; 1/5 TEL 0043-222-87 30 20 
A-1120 Wi en FAX 0043-222-83 35 83 

TLX: 047-753 11 85 1 GERMANY (WEST) 

SILCOM ELECTRONICS 
BELGIUM VERTRIEBS GmbH 

I Neusser Str. 336-338 TEL (49)-0-2161-60752 
C & S ELECTRONICS NV 0-4050 Monchengladbach FAX: (49)-0-2161-651638 
Heembeekstraot 111 TEL 0032-2-7 250900 TLX 8521 89 
01100 FAX: 0032-2-7 2508 13 

TLX: 046-25820 

TERMOTROL GmbH 

DENMARK Pilotystr 4 TEL (49)-0-89-23 0 52 52 
0-8000 Munchen 22 FAX (49)-0-89-23 0352 98 

MER-EL TLX: 17898453 

Ved Klaedebo 18 TEL 0046-157 100 
OK-2907 Horshiom FAX 045-2572299 ING. THEO HENSKES 

TLX: 37360 MEDEL OK GmbH 
Laatzener Str. 19 TEL (49)-0-511-865075 
Postfach 72 12 26 FAX (49)-0-511-876004 

FINLAND o 3000 Hannover 72 TLX: 923509 

INSTRUMENTARIUM 
ELEKTRONIIKKA ASTRONIC GmbH 
PO. Box 64. Vitikka 1 TEL: 00358-0-5 28 43 20 Grunwalder Weg 30 TEL' (49)-0-89-61 30303 
SF-02631-ESPOO FAX 00308-0-502 10 73 0-8024 Oeisenhofen FAX: (49)-0-89-61 31 668 
Helsinki TLX: 057-124426 TLX 521 61 87 

FRANCE 
MSC-MICROCOMPUTERS 

ASIA MOS (OMNITECH SYSTEMS COMPONENTS 
ELCCTRONIQUE) VERTRIEBS Gmbh 
Ratiment Evolic 1 165, TEL 0033: 1-47 60 1 2 47 Industriestrabe 1 6 TEL (49)-0-7249-70 75 
Boulevard De Vaimy FAX: 0033-1-47 60 1 5 82 Postfach 1380 FAX: (49)-0-7249 79 93 
F-92705 Colombes TLX: 042-61 3890 0- 7 51 3 Stutense€ 3 TLX: 17 72 49 11 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

ASIA TOMEN ELECTRONICS 
COPR. 

HONG KONG 1-1 , Uschisaiwai-cho 2 TEL: 03-506-3473 

Chome Chiyoda-ku, Tokyo, FAX: 03-506-3497 

AV. CONCEPT LTD. 100 

Rm. 802-804, Tower A, TEL: 3-629325 
Hunghom Comm, Centre, FAX: 3-7643108 DIA SEMICON SYSTEMS 
37-39 Ma Tau Wai Road TLX: 52362 ADVCC HX INC. 
Hunghom, Kin, H.K. Wacore 64 1-37-8, TEL 03-487-0386 

Sangenjaya, Setagaya-ku, FAX: 03-487-8088 

PROTECH COMPONENTS Tokyo 154 Japan 

LTD. 
Flat 3, 10/F., Wing Shing Ind. TEL: 3-3522181 
Bldg., 26Ng Fong Street, San FAX: 3-3523759 RIKEI CORP. 
Po Kong, Kowloon, Hong TLX: 38396 PTLD HX Nichimen Bldg., 2-2-2, TEL: 06-201-2081 

Kong Nakanoshima, Kita-ku, Osaka FAX: 06-222-1185 
530 Japan 

TAIWAN SINGAPORE 

YOSUN INDUSTRIAL GEMINI ELECTRONICS 
COPR. TEL: 011-886-2-501- PTE LTD. 
Min-Sheng Commercial Bldg., 0770"-'9 100, Upper Cross Street TEL: 65-5351777 

1 OF No. 481 Min-Sheng East FAX: 001-886-2-503-1278 #09-08 OG Bldg Singapore FAX: 65-5350348 

Rd., Taipei, Taiwan, R.O.C. TLX: 26777 YOSUNINO 0105 TLX: RS 42819 

KENTOP ELECTRONCIS 
CO., LTD. 

INDIA I 31F, Nbr 22., Sec-2, Chung TEL: 001-886-2-832-
Cheng Rd., Shin-Lin, Taipei, 5800/5802 
Taiwan, R.O.C FAX: 001-886-2-832-5521 COMPONENTS AND 

SYSTEMS MARKETING 
ASSOCIATES (INDIA) 

KINREX CORP PVT. LTD_ 
2nd. FL, 514-3 TEL: 001-886-2-700-4686 100, Dadasaheb Phalke TEL: 4114585 
Tun Hwa S.Rd., "-'9 Road, Dadar, Bombay 400 FAX: 4112546 
Taipei, Taiwan. R.O.C FAX: 001-886-2-704-2482 014 TLX: 001-4605 PDT IN 

TLX 20402 KINREX 

JAPAN 
TURKEY 

ELEKTRO SAN. VE TIC_ 
ADO ELECTRONIC KOLL. STI. 
INDUSTRIAL CO., LTD. Hasanpasa, Ahmet Rasim Sok TEL: 337-2245 
7th FL. Sasage Bldg., 4-6 TEL: 03-257-1618 No. 16 Kadikoy istanbul- FAX: 336-8814 
Sotokanda 2-Chome Chiyoda- FAX: 03-257-1579 Turkey TLX: 29569 elts tr 
ku, Tokyo 101, Japan 

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

VUTIPONG TRADING 
CHEMI-CON LTD., PART. 
INTERNATIONAL COPR. 51-53 Pahurat Rd. (Banmoh) TEL: 221-9699 3641 

Mitauya Toranomon Bldg., TEL: 03-508-2841 Bangkok 10200 THAILAND 223-4608 

22-14, Toranomon 1 Chome FAX 03-504-0566 FAX: 224-0861 

Minato-ku, Tokyo 105, Japan TLX: 87470 Vutipong TH 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

KOREA NEW CASTLE 
SEMICONDUTOR CO., 
LTD. 

NAEWAE ELECTRIC CO., 4th FI. Room 10·11, Elec- TEL: 718-8531-4 

LTD. tronics Main Bldg., #16-9, FAX: 718-8535 

#751-33, Daelim-dong TEL: 646-9101-9 Hankangro-3ka, Yongsan-ku, 

Youngdeungpo-ku, FAX: 844-3001 Seoul, Korea 

Seoul, Korea c.P.O. Box 1409 
Cable: "ELECONAEWAE" Sewoon Store: 277-0767 
Seoul Pusan Branch: 

(051) 808-7425 HANKOOK SEMICON-
Youngsan: 701-7341-5 DUCTOR 

#1054-9, Namhyung-dong, TEL: 588-2981-4 
Kwanak-ku, Seoul, Korea FAX: 588-2980 

SAMSUNG 
LIGHT-ELECTRONICS 
CO., LTD. SEG YUNG INTERISE 
4th FI. Room 2-3. Electroncis TEL: 718-0045, CORP. 
Main Bldg .. # 16-9, 718-9531-5 #21-301, Suninbldg, 16-1, TEL: 701-6811-6, 
Hankangro-3ka, Yongsan-ku, FAX: 718-9536 Hankangro-2ka, Yongsan. ku, 701-6781-4 
Seoul. Korea Seoul, Korea FAX: 701-6785 
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=8SAMSUNG 
Electronics 
Semiconductor BlJsiness 
HEAD OFFICE: 
8/10FL. SAMSUNG MAIN BLDG. 
250, 2-KA, T AEPYUNG-RO, 
CHUNG-KU, SEOUL, KOREA 
C.P.O. BOX 8233 

BUCHEON PLANT: 
82-3, DODANG-DONG, ~ 
BUCHEON, KYUNGKI-DO, KOREA 
C.P.O. BOX 5779 SEOUL 100 

KIHEUNG PLANT: 
SAN #24 NONGSUH-RI, KIHEUNG-MYUN 
YONGIN-GUN, KYUNGKI-DO, KOREA 
C.P.O. BOX 37 SUWON 

GUMI BRANCH: 
259, GONDAN-DONG, GUMI, 
KYUNGSANGBUK-DO, KOREA 

SAMSUNG SEMICONDUCTOR INC.: 
3725 NORTH FIRST STREET 
SANJOSE, CA 95134-1708, USA 

HONG KONG BRANCH: 

TELEX: KORSST K27970 
TEL: (SEOUL) 751-2114 
FAX: 753-0967 

TELEX: KORSEM K28390 
TEL: (SEOUL) 741-0066, 662-0066 
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 

24FL. TOWER 1 ADMIRA L TY CENTER ' TEL: 5-8626900 
18 HARCOURT ROAD HONG KONG TELEX: 80303 SSTC HX 

FAX 5-8661343 

TAIWAN OFFICE: 
RM B. 4FL, NO 581 TEL: (2) 706-6025/7 
TUN-HWA S, RD, TAPIEI, TAIWAN FAX: (2) 706-6028 

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 3B-40 TEL: 0-6196-90090 
D-6236 ESCHBORN, WIG FAX: 0-6·196-900989 

TELEX: 4072678 SSE£Y 

SAMSUNG (U.K.) LTD.: 
SAMSUNG HOUSE 3 RIVERBANK WAY 
GREAT WEST ROAD BRENTFORD 
MIDDLESEX TW8 9RE 

\ 

TEL: 862-9312 (EXT)304 
862-9323 (EXT)292 

FAX: 862-0096, 862-0097 
TELEX: 25823 
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