





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































LM258/A, LM358/A, 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 Vv
Differential Input Voltage “Vip +32 +32 +26 Vv
Input Voltage Vi -03to +32 -03to +32 —-03to +26 \"
Output Short Gircuit to GND Continuous Continuous Continuous
Vec<15V Ta=25°C (One Amp) ’
Operating Temperature Range Topr -25~+85 0~+70 —-4Q0~+85 °C
Storage Temperature Range Tstg —-65~+ 150 -85~ +150 -65~+150 °C

ELECTRICAL CHARACTERISTICS

(Vec=5.0V, Vee=GND, Ta=25°C, unless otherwise specified)

LM258 LM358 LM2904
Characteristic Symbol Test Conditions - - Unit
Min Typ|Max Min|TypMax|Min Typ|Max

Vem=0V to Ve — 1.5V

Input Offset Voltage Vio Vo= 1.4V, Rs= 00
o= I. ) -

29|50 29170 29|70 mVv

Input Offset Current lio 3 |30 5 | 50 5501 nA
Input Bias Current le 45 | 150 45 | 250 45 (250 | nA
Input Common-Mode Voo =30V Vee Vee Vee
Vicr 0 0 4] \
Voltage Range (LM2904, Ve = 26V) 1.5 -1.5. 15
R =00, Vec =30V
08|20 08|20 0820 | mA
Supply Current lee  |(LM2902, Ve = 26V)
Ry = o0, 0ver full temperature range 051.2 05]1.2 0512 mA
Large Signal Vec =15V, Ru>2KQ
Voltage Gain Av Vo=1V to 11V 50 (100 25 |100 25 1100 VimV
) Vee =30V R.=2KQ | 26 26 22 v
Output Voltage Swing ‘\’/0“ Ve =26V for 2904 |R, = 10KQ| 27 | 28 27 | 28 23 | 24 \
oL -
Vee =5V R >10KQ 5120 5|20 5 {100| mV
Common-Mode :
Rejection Ratio CMRR 70 | 85 65 | 80 50 | 80 dB
Power Supply
Rejection Ratio PSRR 65 {100 65 1100 50 [100 dB
Channel Separation CSs =1KHz to 20KHz 120 120 120 dB
Short Circuit to GND los 40 | 60 40 | 60 40 | 60 | mA

Vin+ = 1V, Vin- =0V

P VR Aty 10| 30 10 | 30 10 | 30 mA
=15V, Vo=
Output Current \\5:;—:105\0 Misetd 10|15 10|15 10|15 mA
=15V, Vo=
Isink
Vins =0V, Vin_ =1V
e e, v 200my 12 [100| |12 100 uA
Differential Input
ifferential Inpu Vo Ve Veo Veo| V

Voltage
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LM258/A, LM358/A, LM2904

LINEAR INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS

(Vee=5.0V, Vee =GND, unless otherwise specified)
The following specification apply over the range of —25°C <Ta< +85°C for the LM258; and the 0°C<Ta< +70°C
for the LM358; and the —40°C<Ta< +85°C for the LM2904

¢ SAMSUNG

Electronics

LM258 LM358 LM2904
Characteristic Symbol Test Conditions Unit
Min|Typ|Max |Min | Typ |Max Min|Typ|Max
VCM =0V to Vcc-1 BV
Input Offset Voltage Vio Vo= 1.4V, R =00 7.0 9.0 10.0| mVv
g‘rﬁ’f‘:t Offset Voltage | v, /AT|Rs=00 70 70 70| |avrec
Input Offset Current lio 100 150 45 1200 nA
|nput Offset Current AlolAT 10 , 10 10 PAISC
Drift
Input Bias Current e 40 | 300 40 | 500 40 [500| nA
Input Common-Mode v Vee =30V 0 Vee 0 Vee | Vee|
Voltage Range 'O 1(LM2904, Ve = 26V) 2.0 2.0 2.0
Large Signal Voltage Vee = 15V, R.>2.0KQ
A V
Gain A lo=1V to 11V = 1 s fmV
v Vee = 30V R.=2KQ |26 26 26 \'
Output Voltage Swing| Voo =26V for 2904 [g = 10Ke | 27 | 28 27 | 28 27 | 28 v
"Vou  |Vec=5V, RL>10KQ 5|20 5120 5 [100| mV
Vin+ = 1V, Vin- =0V
lsource VCC — 15V, Vo= 2V ) 10 | 30 10 | 30 10 | 30 mA
Output Current v PVRY y
. in+ = s Vin- =
Islnk VCC = 15V, VO -2V 5 8 5 9 5 9 mA
Diff tial Input
V;Ig:: 1l Inpu Vio Vee Vee Vee| V
517




LM258/A, LM358/A, LM2904

LINEAR INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS

(Vec =5.0V, Vee =GND, Ta=25°C, unless otherwise specified)

< SAMSUNG

Electronics

. ‘ LM258A LM358A ]
Characteristic Symbol Test Conditions Unit
; Min | Typ | Max | Min | Typ | Max
Vem =0V to V1.5V
Input Offset Voltage Vio Vo=1.4V, Rg=0 10| 3.0 20 30| mv
Input Offset Current lio 2|15 5| 30 nA
Input Bias Current he 40 | 80 45 {100 | nA
Input Common-Mode _ Vee Vee
Voltage Range Vie | Vec =30V 0 15 0 as| VY
RL =00, Vo =30V 08| 20 08|20 | mA
Supply Current lce
R, =00, 0ver full temperature range 05] 1.2 0512 | mA
. . Vee =15V, RL>2KQ
Large Signal Voitage Gain Ay Vo=1V to 11V 50 | 100 25 | 100 VimV
v © | Ve =30V R.=2KQ 26 26 \"
Qutput Voltage Swing 0"_ Vee =26V for 2904 1R, =10KQ | 27 | 28 27 | 28 \
Voo |Vec=5V, RL>10KQ 5 | 20 5120 | 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=1KHz to 20KHz 120 120 dB
Short Circuit to GND los 40 | 60 40 | 60 | mA
Vine = 1V; Vin- =0V
lsource Ve =15V, Vo=2V 20 | 30 20 | 30 mA
Vins =0V, Vio_ =1V
QOutput Current | Voo = 15V, Vo =2V 10 | 15 10 | 15 va
) sink
Vins =0V: Vin-=1V
Vo = 200mV 12 1100 12 1100 uA
Differential Input Voltage Vip Vec Vee | V
518



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

ELECTRICAL CHARACTERISTICS (Voe =5.0V, Vee =GND, unless otherwise specified)

The following specification apply over the range of —25°C<Tax< +85°C for the LM258A; and the 0°C<Ta< +70°C
for the LM358A .

LM258A LM358A
Characteristic Symbol Test Conditions - Unit
) Min | Typ | Max | Min | Typ | Max
VCM =0V to V1.5V
Input Offset Voltage Y‘° Vo= 1.4V, Re=00 4.0 50 | mv
Input Offset Voltage Drift | AVio/AT : 70| 15 70| 20 |uVvi°C
Input Offset Current lo 30 | 75 nA
Input Offset Current Drift | Alo/AT 10 | 200 10 | 300 | pA/°C
Input Bias Current ™y 40 | 100 40 | 200 | nA
Input Common-Mode _ Vee Vee
Voltage Range Vien | Veo=30V ° 20| 0 20| Y
. v Ve =30V Ri=2KQ | 26 26 v
Output Voltage Swing M | Vge =30V R.=10KQ | 27 | 28 27 | 28 v
VoL Vee =5V, Ru>10KQ 5 20 5 20 mV
. . Vee =15V, R >2.0KQ
Large Signal Voltage Gain Ay Vo=1V to 11V 25 15 . VimVv
Vln+ . 1V; Vln— =0V
lsource Voo = 15V, Vo=2V 10 30 10 30 mA
Output Current v PRVRY Y
in+ = sy Vin- =
Isink VCC = 15V, VO =2V 5 9 5 9 mA
Differential Input Voltage Vi Vee Vee \"

¢ SAMISUNG
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'LM2581A, LM358/A, LM2904 LINEAR INTEGRATED CIRCUIT

TYPICAL PERFORMANCE CHARACTERISTICS

Fig. 1 SUPPLY CURRENT Fig. 2 VOLTAGE GAIN
3 160
‘R =20K0
120 | —
T 2 a / N o
£ )
P E \\
g E: R, = 2K
« w80
2 <
° 2
z 8
& 1 2
4 <
Ta=0°Cto +85°C | ot 40
L "
—— o e =
Ta= -40°C
0 0
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Fig. 3 OPEN LOOP FREQUENCY RESPONSE Fig. 4 LARGE SIGNAL FREQUENCY
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Fig. 5 OUTPUT CHARACTERISTICS Fig. 6 OUTPUT CHARACTERISTICS
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i
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3
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E Veo= +30V.
S 10! i
3 ) i
2 / S
B
1 10-2
10-2 10-1 100 10° 102 10-2 10-2 10-! 10° 10' 10
OUTPUT SOURCE CURRENT (mA) v OUTPUT SINK CURRENT (mA)

S SAMSUNG o

Electronics



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

Fig. 7 INPUT VOLTAGE RANGE Fig. 8 COMMON-MODE REJECTION RATIO
120 T 1111
Vs= £7.6V
10} -t L ==
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LM258/A, LM358/A, LM2904

LINEAR INTEGRATED CIRCUIT

TYPICAL APPLICATIONS (vc.=50v)
Fig. 13 Voltage Reference

Fig. 14 Non-Inverting DC Gain

+ViN O

+5V

Vo

GAIN=1 +%2
0 Vin
(a)
b)
Fig. 15 AC Coupled Non-Inverting Amplifier Fig. 16 Pulse Generator
R1 R2 A1
Wy Wy 30KQ
100KQ 1M 1N914
ct
0.1uF Co
R2 +—OV
/I G Vour 150K 0.01uF o
R8
R3 & 6.2KQ RL
3 R3 R4
P VecO——MA M-
7 100K 100KQ
N Vee RS
_DUQ_ 2Von 0
Fig. 17 Bi-Quad Filter
R
N
R w
N\
Y c 100KQ
A 2l
c _Bw
cl1 R2 100Ke . fo
Vin O I N _ N _ 100KQ where .
o r h . N _ Tee = Center frequency gain *
LM258 BANDPASS | | m258 Tn = Bandpass notch gain
+ OUTPUT + LM258
—O + fossts R2=L
27RC Tee
L R1=QR R3=TnR2
VREF ! VReF R3 C1=10C
N VREF - Example: fo = 1000Hz
A BW = 100Hz
Ro -Trzp: =1
M- - c R = 160KQ
258 +—||—o noTeH R1=1.6MQ
M OouTPUT R2=1.6M0
R3=1.6MQ
C=0.014F
VRer
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LM741C/LM741E/LM7411 | LINEAR INTEGRATED CIRCUIT

8 DIP

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
applications.

8 SOP
FEATURES

* Short circuit protection

* Excellent temperature stability

* Internal frequency compensation
« High input voitage range

e Null of offset

BLOCK DIAGRAM

ORDERING INFORMATION

o
OFFSET -
e U E NC Device | Package | Operation Temperature
W [2] 7] vee tm;ﬁgﬁ"' 8 DIP
0 ~+70°C
NG [3 6] outpur LM741ECD| o oop
OFFSET LM741CD
Vee E 5] NuLL LM741IN 8 DIP
) LM741EIN
LM7411D T H8TC
SCHEMATIC DIAGRAM Lm741ED | 8 SOP
| . O Vee
QBLl b ao Q12>|——— Q13
N
( .
m(+)c»—|<TQ1' Q2 Qre |05 1——»
1 E 3
IN(-)O —rm Qe O OUTPUT
N | pas Fro $R12 t 20
Q3 P N $ R10
: J) Q21 jli
Q18 g
»-Km L ™ Kozo
! Q23
05>|—4><K'06 Q10 Q11 o I<017
OFFSETO-
N |
NULLO——% Q2 R
R4 TR
o Frofe $ro Fro ¥
. O Vee
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LM741CILM741 E/LM7411 LINEAR INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Characteristic Symbol LM741C LM741E LM7411 Unit
Power Supply Voltage Vs +18 +22 +18 \
Differential Input Voltage Vi +30 +30 +30 \
Input Voltage Vi *+15 +15 +15 Vv
Output Short Circuit Duration Indefinite Indefinite Indefinite
Power Dissipation Po 500 500 500 mw
Operating Temperature Range Topr 0~ +70| 0.~+70| —25~+85 °C
Storage Temperature Range Tatg -65 ~+ 150 — 65~ +150 —65 ~+150 °C

ELECTRICAL CHARACTERISTICS

(Vec =15V, Vee= — 15V, Ta=25°C, unless otherwise specified)

o . LM741E LM741CILM741i
Characteristic Symbol Test Conditions - - Unit
Min | Typ (Max| Min | Typ |Max
Rs < 10KQ 20 | 6.0
Input Offset Volitage Vio mV
Rs <500 08 | 3.0
Input Offset Voltage _
Adjustment Range Vior Vs = 20V . =10 +15 mV
Input Offset Current lio 30 | 30 20 {200| nA
Input Bias Current lig 30 | 80 80 {500| nA
Input Resistance R {Vs= =20V 1.0 | 6.0 031! 20 MQ
' |Input Voltage Range Vica +12( 13 +12| +13 v
V= +20V,
Vo= +15V 50
Large Signal Voltage Gain Ay |RL=2KQ VimV
Vs= %15V, 20 | 200
Vo= =10V
Output Short Circuit Current los 10| 25 | 35 25 mA
RL>10KQ +16
Vg = £20V,
Output Voltage Swi v Rz 2K0 =15 v
utput Voltage Swin
P 9 ¢ ouT RL>10KQ +12| =14
Vs= 15V
R >2KQ +10] +£13
. . Rs<10KQ, Vom = =12V 70
Common Mode Rejection Ratio| CMRR dB
R5550K9, VCM =+12V 80 95
\észs:aéov to Vs= x5V 86 %
Power Supply Rejection Ratio | PSRR |— dB
Vs= +15V to Vs= =5V 77 96
Rs<10KQ

& SAMISUNG | B
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LM741C/ILM741E/LM741I LINEAR INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS (continued)

X LM741E LM741C/LM7411
Characteristic Symbol Test Conditions Unit
Min| Typ (Max| Min | Typ [Max
Transient Rise Time t . 0.25 | 0.8 0.3 1S
Unity Gain
Response Overshoot| OS 60 | 20 10 %
Bandwidth BW 0.43| 15 MHz
Slew Rate SR Unity Gain 03| 07 0.5 Vius
Supply Current Is Ri=o0 @ 15 128 | mA
. Vs= 20V 80 | 150
Power Consumption Pe — mW
Vs= +£15V 50 | 85

ELECTRICAL CHARACTERISTICS
(—25°C<Ta<85°C for the LM7411, 0°C<Ta<70°C for the LM741C and LM741E, Vgc = =15V, unless otherwise
specified)

) LM741E LM741C/ILM741]
Characteristic Symbol Test Conditions Unit
Min | Typ |Max| Min | Typ |Max
Rs <500 4.0
Input Offset Voltage Vio mV
Rs<10KQ 75
Input Offset Voltage Drift AVIIAT 15 uVi°C
Input Offset Current o 70 300| nA
Input Offset Current Drift Al AT 0.5 nA/°C
Input Bias Current lis 0.21 08| pA
Input Resistance Ri Vs= +20V 0.5 MQ
Input Voltage Range Vicr +12; +13 +12| £13 \
R.>10KQ +16
Vs = £ 20V
Output Voltage Swi v Ri22K0 =15 v
utpu Oltage owin
P ge Swing ot Ru> 10KQ 12| =14
Vs= =15V
R.>2KQ +=10| £13
Output Short Circuit Current los 10 40 | 10 40 | mA
Rs<10KQ, Vo= =12V 70 | 90
Common Mode Rejection Ratio| CMRR dB
R5550K9, Vou= = 12v 80 95
— Rs <500 86 | 9
Power Supply Rejection Ratio | PSRR Vs = £20V|7s dB
to+5V |Rs<10KQ 77 | 9
Vs= +20V,
Vo= + 16V 32
. . Vs= £ 15V,
targe Signal Vo’Itage Gain Ay |Ri=2KQ Vo= =10V 15 Vimv
Vs == 15,
Vo=2V 10

I SAMSUNG '



LM741C/LM741E/LM741] LINEAR INTEGRATED CIRCUIT
TYPICAL PERFORMANCE CHARACTERISTICS

Fig. 7 OUTPUT RESISTANCE vs FREQUENCY Fig. 8 INPUT RESISTANCE AND INPUT
CAPACITANCE vs FREQUENCY
600 10M 100
00 I
- N <
o 40 Yo € m 0 2
Q a=25°C w 5
g 2 2
g g 3
s e
a / 2 5
5 200 £ 100K G 13
o v = z
/V
1% ./’/
1 10K 0.1
100 K 10K 100K ™ 100 1K 10K 100K ™M
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Fig. 9 INPUT BIAS CURRENT vs AMBIENT Fig. 10 POWER CONSUMPTION vs AMBIENT
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Fig. 11 INPUT OFFSET CURRENT vs AMBIENT Fig. 12 INPUT RESISTANCE vs AMBIENT
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LM741C/ILM741E/LM741I

LINEAR INTEGRATED CIRCUIT

RELATIVE VALUE

RELATIVE VALUE

" OUTPUT (mV)

Fig. 13 NORMALIZED DC PARAMETERS

vs AMBIENT TEMPERATURE
2 T
Vs= £15V
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o
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8 - = ou ’\\k
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4
2
0
-% -2 o 20 40 60 80
AMBIENT TEMPERATURE (°C)
Fig. 15 FREQUENCY CHARACTERISTICS
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LM741C/LM741E/LM7411

LINEAR INTEGRATED CIRCUIT

. Fig. 18 VOLTAGE FOLLOWER LARGE

SIGNAL PULSE RESPONSE

T T
Vg=
{Ta=25°C

3 —INPUT -
\ OUTPUT \

OUTPUT VOLTAGE (V)

0.0 20 40 80 80
TIME {us)

PEAK TO PEAK OUTPUT SWING (V)

Fig. 19 OUTPUT SWING AND INPUT RANGE
vs SUPPLY VOLTAGE
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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

8 DIP

8 SoP

9 SiP

OUT1E‘ EVcc ® -
INT (=) E 7] our2 i i
-
INT (+) E E IN2 (~)
U [2] [3] [af Is] [6] [7] [8f (9]
Q - - T w o~ o~ ~
e [
z z z z

ORDERING INFORMATION

Device Package | Operation Temperature
Moaseacn | © PP
Moaonoos | 9 sIP 0~+70°C
MG1458aD | 8 SOP
Mordsa | 80P
s | 9P ~25~ +85°C
Mo1458aID | 8 SOP

# SAMSUNG
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MC1458AC/MC1458C/MC14581 LINEAR INTERGRATED CIRCUIT

SCHEMATIC DIAGRAM

I
: !NPUT(+)0——@1 oz':}—l

INPUT(-) O

J

AAA
v

- o} J'Jos

R1

Fvvy
AL
D
@
D
N

ABSOLUTE MAXIMUM RATINGS

Characteristic - Symbol Value Unit
Power Supply Voitage Vs +18 Vv
Input Differential Voltage Vio +30 \
Input Voltage : ) Vi +15 \
Operating Temperature Range MC1458! Topr —-25~+85 °C
MC1458ACIC 0~+70 °C
Storage Temperature Range - Tag —65 ~+150 °C
& SAMSUNG
. Electronics



MC1458AC/MC1458C/IMC1458I LINEAR INTERGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS

(Voo = + 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 Rs< 10KQ 20160 2010 | mv
Input Offset Current lo ) 20 | 200 20| 300| nA
Input Bias Current lis . ] 80 |500 80 |700( nA
Large Signal Voltage Gain Ay Vo= =10V, R .>2.0KQ 20 | 200 -20 | 200 vimv| .
Input Voltage Range Vicr +12| +13 +11| 13 \
Input Resistance R 03 |10 1.0 MQ
Common Mode Rejection Ratio| CMRR Rs <10KQ 70 | 90 60 | 90 | -dB
Power Supply Rejection Ratio | PSRR Rs< 10KQ 77 190 77 1.90 dB
Supply Current (Both Ampilifier) Is - 23156 23 (80| mA
: R, = 10KQ £12[ =14 {x11]x14
Output Voltage Swing Vour S - —- V
R.=2KQ +10[{ £13 *9|+13
Qutput Short Circuit Current los : 20| | |2 mA
Power Consumption Pc Vo=0V 70 | 170 70 1240 | mA
Transient Response (Unity Gain) v o v
Rise Time . te Vi=20mV, R.>2K®, C, <100pF 0.3 0.3 us
Overshoot 0OS |Vi=20mV, R.>2KQ, C.<100pF 15 15 %
Slew Rate . SR | Vi=10V, R.>2KQ, C_<100pF 0.5 0.5 1 Vius
ELECTRICAL CHARACTERISTICS
(Vec= + 15V, Vee = — 15V, NOTE 1, unless otherwise specified)
. MC1458/MC14581 MC1458C
Characteristic Symbol | Test Conditions —T" Unit
Min | Typ | Max | Min | Typ | Max
Input Offset Voltage Vio Rs< 10KQ 75 | 12 mvV
Input Offset Current hio 300 400 | nA
Input Bias Current lig 800 10001 nA
Large Signal Voltage Gain Ay |Vo= %10V, R >20K| 15 - 15 vimV
Common Mode Rejection Ratio | CMRR Rs<10K 70 20 70 90 dB
Power Supply Rejection Ratio PSRR Rs<10K 77 | 90 77 90 dB
) ' R.=10K +12| =14 | x11| z14
Output Voitage Swing : Vour - \
R.=2K +10| 13 +9 [ x13
Input Voltage Range Vicr *12 +12 v

NOTE 1
MC1458AC/C: 0<Ta<70°C
MC1458l: ~25<Ta< +85°C
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MC1458AC/MC1458C/MC1458I LINEAR INTEGRATED CIRCUIT

TYPICAL PERFORMANCE CHARACTERISTICS

Fig. 1 OPEN-LOOP VOLTAGE GAIN

ve POWER SUPPLY VOLTAGES Fig. 2 OPEN-LOOP FREQUENCY RESPONSE
120 120
~
M5 100
8 110
: 80
g s — "] g
8 L1 z
£ 10 ] E
g / 8 w0
o K
% 5
: g
= 2
g %
o 0
8 -20
30 6.0 9.0 12 15 18 21 1 10 100 RLS 10K 100K ™ 1M
POWER SUPPLY VOLTAGE (V) FREQUENCY (H2)
Fig. 3 POWER BANDWIDTH Fig. 4 OUTPUT VOLTAGE SWING
(LARGE SIGNAL SWING vs FREQUENCY) vs LOAD RESISTANCE
32 32
s » == 1]
2 2 ] % }
3 Vs= 12V
g 20 Z kAL
3 g Bk
< s 1&!(
5 o 2 . W H
9 >
& 3
2 n —+ g 2 kS Lo vo‘H’
2 <
3 \ ° I T |
e \ ) 1.0KHz 21K R I
VOLTAGE FOLLOWER
40 |— £16 VOLT SUPPLIES THD<5° 4 L
L] M e i
o B [} l 1
10 100 1K 10K 100K 100 200 500 K K 5K 10K
FREQUENCY (H2) LOAD RESISTANCE (3)
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MC3303/MC3403 LINEAR INTEGRATED CIRCUIT

QUAD OPERATIONAL AMPLIFIER 14 DIP

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 inciudes 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 +1.5V to =18V
* Electrical characteristics similar to the popular LM741
e CLASS AB output stage for minimal crossover distortion
* Short circuit protected output.

14 SOP

‘BLOCK DIAGRAM ORDERING INFORMATION
our1[1] e ‘ EWT“ Device | Package | Operation Temperature
IN1(-)|2 13| IN4 (~ MC3303N 14 DIP
)] , ER 40~ +85°C
we () [3] 7 e (4 MC3303D | 14 SOP
- MC3403N 14 DIP
Vee IZ E VEE 0~ +70°C
MC3403D 14 SOP )
IN2(+)[5 ] J10] 1N3 (+)
lN2(—)|5 g —i_, IN3 (~)
out2(7 8] outa
SCHEMATHIC DIAGRAM
' 1 * —0 Vec
R2
Q23 Q25
Qi3
Tﬁzzs
Q20
R5
—F aze 1 oUTPUT
Q22
EE R3 |R7
—O Vee
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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 \
Input Voltage Vv +18 v
Output Short Circuit Duration Continuous
Power Dissipation Po 670 mw
Operating Temperature MC3303 Topr ~-40~+85 °C
MC3403 0~+70 °C
Storage Temperature Tsig ~65 ~+ 150 °C

ELECTRICAL CHARACTERISTICS

(Vec= + 15V, Vege = — 15V for MC3403, Ve = + 14V, Vee = GND for MC3303, Ta=26°C, unless otherwise specified)

MC3303

MC3403

@ SAMSUNG

Characteristic Symbol Test Conditions il T wax | win - Tvo ™ Unit
i n| Typ |Max|{Min | -Typ [Max
15 | 8.0 1.5 | 10
Input Offset Voltage Vio lNOTE p 10 pos mV
’ 5 75 5 50
Input Offset Current ho JNOTE ] 150 100 nA
30 | 200 0 | 200
Input Bias Current lis iNOTE p 500 e 400 nA
Large Signal Voltage A o= =10V 20 | 200 20 | 200 VimV
Gain v Ru=2KE  INOTE 1 15 15
Input Impedance R 0.3 1 03| 1.0 MQ
. R. = 10KQ 12 | 125 +12(+13.5
Output Voltage Swing Vour RL=2KQ 10 | 12 +10| =13 v
R, =2KQ NOTE 1 10 10
Input Common Mode " 12V-|12.5V- 13V-|13.5V- v
Voltage Range 1R Vee | Vee Vee | Vee
g"rf‘"‘m Mode Rejection| cyipp Re < 10KQ 70 | 9 70| 9% dB
atio
Power Supply Current Is Vo=0, R =00 28 |70 23 |70 mA
Output Short Circuit e
Current los Each amplifier +10| £30 | +45|+10] +20 |+45 mA
Positive Supply
Rejection Ratio PSRF?+ 30 | 150 30 [150|uVIV
Negative Supply _ )
Rejection Ratio PSRR 30 1150 VIV
Average Temperature
Coefficient of Input Al AT 50 50 pAI°C
Offset Current
534



MC3303/MC3403 | LINEAR INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS (Continued)
(Voc = + 15V, Vee = — 15V for MC3403, Ve = + 14V, Vee = GND for MC3303, uniess otherwise specified)

MC3303 MC3403
Characteristic Symbol Test Conditions ~— Unit
~ |Min| Typ {Max|Min| Typ |Max

Input Offset Voltage Drift| AVJ/AT 10 10 uvi°ec
Power Bandwidth GBW [Ay=1, R .=2KQ, Vo=20V,,, THD=5% 9.0 9.0 KHz
Small Signal Bandwidth BW [Ay=1, R.=10K%, V,=50mV 1.0 1.0 MHz
Slew Rate SR [Av=1, Vin= — 10V to +10V [0.4) o4 - Vius
Rise Time . |Av=1, Ru=10KQ, V,=50mV 0.35 0.35 us
Fall Time e |Av=1, Re=10KQ, V,=50mV . 0.35 0.35 us
Over Shoot 0S |Av=1, R .=10KQ, Vo=50mV 20 20 %
Phase Margin gm  |Ay=1, R =2K0, C.=200pF 60 60 Degrees
Crossover Distortion . CD  |Vin=30mVpp, Vo=2.0Vpy, f=10KHz 1.0 1.0 %
NOTE 1

'MC3403: 0<Ta< +70°C
MC3303: —25<Taxg +85°C

ELECTRICAL CHARACTERISTICS

(Voo = 5.0V, Vee = GND, Ta=25°C unless otherwise specified)

MC3303 : MC3403

Characteristic Symbol Test Conditions o T ” i - " Unit
vin yp - Max n yp ax
Input Offset Voltage Vio 10 20 10 | mV
Input Offset Current ho 75 30 50 | nA
Input Bias Current [ 500 200 (500 nA
Large Signal Open ) _
Loop Voltage Gain Av  |R.=2.0KQ 10 200 10 200 Vimv
Power Supply
Rejection Ratio PSRR 150 150 | uVV
RL=10K, Vec=5.0V 33 35 33 35

Output Voltage Range| Vour = ad Vv
! R[_ = 10K, 50V5Vccg30V Vcc-20 Vcc-1 7 Vcc-z.o Vcc-1 7
Supply Current lec 25 70 25 70 | mA

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

& SAMSUNG B
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MC3303/MC3403 = = LINEAR INTEGRATED CIRCUIT

TYPICAL PERFORMANCE CHARACTERISTICS

Fig. 1 OPEN LOOP FREQUENCY RESPONSE ' Fig. 2. Wave Response .
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A '
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88 588338 8 8

A |
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e B, ] g
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Fig- 3 OUTPUT SWING Fig. 4 OUTPUT VOLTAGE vs FREQUENCY
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MC3303/MC3403

LINEAR INTEGRATED CIRCUIT

TYPICAL APPLICATIONS
Fig. 7. Muitiple feedback bandpass filter

ct ii R3
v 10
in l—M——‘
R1 c2 R2 —7°
out

fo = center frequency

BW = Bandwidth
Rin k@
Cin uF

=t
Q-BW<10

Q

Ct=C2= 3

_R1=R2=1

[ Ra=9Q2-1

If source ifr;pedance is high or varies, filter may be preceded with voitage
follower buffer to stabilize filter parameters.

} Use scaling factors in these expre‘ssions.

Design example:
given: Q=5, fo=1 kHz
Let R1=R2=10 k2
then R3=9(5)2 - 10
R3=215kQ

5
C=—3~=1.6 nF

Fig. 10. High impedance differential amplifier

Vour=C (1+a+b) (V2-V1)
v2o0

Fig. 8. Wein bridge osciliator

50 kQ
A -0 Vour
5.0k
VREF O- AN
VREF = 2Vs
>
RZ c 3 =
>4 :l' fo= 27RC for k::ek:sl)z
C=0.014F
Fig. 9. Comparator with hysteresis
R2 HYSTERESIS
A‘A'A‘ .
. VoH
R1
VRer O—AMWY
f Vour
VinOo—————f Vour
VoL
VINL | ViINH
R1 .
VinL= —H-W(Vot. — VREF) + VReF VREF
R1
VINH =Ry Ra{VOH ~ VREF) + VREF
. R1
H =i+ malVor=Vou
Fig. 11. AC Coupled inverting amplifier
Ry
100k0
R1
CIN 10kQ
Co
. Vour
Vin RB R
. 6.2k 10ko
R2
100k R
V+ 3 _L
c1dt .
104F —Avﬂ_ 2Vos
’ T
Av=Ty

Ay =10 (as shown)
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MC3303/MC3403

LINEAR INTEGRATED CIRCUIT

Fig. 12. Ground referencing a differential input signal

| R1

Fig. 14. AC Coupled non-inverting amplifier

100k

Mg

Fig. 13. Voltage reference *
V+ 0O

R2
10k0

R1

10kQ By Ve -

Vour = +Ry (= 3 shown)
1

Vout=-5Vce

Fig. 15. Pulse generator

apkp  NO4

Co Vour
me |
O Vour 150k 0014F
HL ;
! VIN O———AWW—
VIN V+ R3
100k
c2 R5 .
10uF 100kQ —_— | I I I
0 2Vpp [\
R2 e o *Wide control voltage range:
Av=1+g7 OVpcsVes2 (V+ - 1.5Vpc)
Ay =11 (as shown)
Fig. 16. Bi-Quad filter R
' AAA
MW
R
M c 100k
IL 11
LU 113 Wy
c
¢ R2 100k
vivo—]| Wy M " 100k2
t BANDPASS / Wy
OUTPUT -
—O
VREF EE R1 VREF 3
AAA VReF
WA
R2
Wy c1
L——i‘——o NOTCH OUTPUT
BW Example: fo=1000 Hz
fo BW =100 Hz
o where ;:le 1
T At
N =Bandp gain R1=16 Mg
fo ol r2=A1 R2=1.6 M2
0= 2 RC *= Tep R3=1.8 Mo
R1=QR R3=TNR2 C= 0.001 xF
Ci1=10C
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MC3303/MC3403

LINEAR INTEGRATED CIRCUIT

Fig. 17. Voltage controlled oscillator

0.05 4F
it v
1 *
100k
+Ve WA - _
51k0 MC3403 I_L-r_
AW / 10k MC3403 D>——0 OUTPUT 1
|+
< R2
$ s0ka v 51k
| KsC © OUTPUT 2
51kQ 945.Y .
10k
Fig. 18. Function generator
TRIANGLE WAVE p2
] OUTPUT o0
VReF=5V+ Vs SQUARE WAVE
R3 —— W 0 outPuT
Vier - 75k
MC3403 —MVr +
- L MC3403
c R1 :, -
M 100ka S
L)
A‘AVAf
R¢
© Vaer _Ri+R2 . RoR1
= 4CRR1 “R2+RI
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MC4558C/ACII LINEAR INTEGRATED CIRCUIT

DUAL OPERATIONAL. AMPLIFIER 8 oip

The MC4558 series is a monolithic integrated circuit designed
for dual operational amplifier. )

FEATURES '

8 SOP

* 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. 9 sIP
* Low noise input transistors.

BLOCK DIAGRAM

out1[1] L2 8] vec e,
Nt () [2] 7] our 2
N1 (+) [3] %E] N2 (-)

7 A
1 | J
vee [4 5] ) L] T2] 18] o] (o] el (2] L8] L]
$§ 5 T ¥ ¥ 3 1T E 8
° z z g g °
ORDERING INFORMATION
Device Package | Operation Temperature
MC4568CN
mcasssacn | 8 PP
I 'MCas58Cs .
Mososeacs | 9P 0~ +70°C
MC4558CD
mcasssacp | & SOP
MC4558IN
mcasssaiN | 8PP
MC45581S .
Moissonls | @ SP —25~ +85°C
MC4558ID
mcasseap | & SOP
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MC4558C/ACII

LINEAR INTEGRATED CIRCUIT

SCHEMATIC DIAGRAM (One Section Only)

Vee ©
R
p o b
Qs K Kas
Y an
Qél——w R6
IN (=) Q1 Q2 01.{}—
r}——Koe
N o $es R
l\mz H8101>'-—<
—-O OUTPUT
,_—~——-Ko1o
3o g
Al
P R4
Vee O—
ABSOLUTE MAXIMUM RATINGS
Characteristic Symbol Value Unit
Power Supply Voltage MC4558AC v +22 "
MC4558C/ s +18 v
Differential Input Voitage Vio +30 v
Input Voltage Vi +15 v
Power Dissipation Po 400 mW
Operating Temperature Range MC4558| T -40 ~ +85 °C
: MC4558AC/MC4558C opr 0~70 °C
Storage Temperature Range Tag —-65 ~ +150 °C
541
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MC4558C/ACH LINEAR INTEGRATED CIRCUIT

"ELECTRICAL CHARACTERISTICS

(Vee =15V, Vee= — 15V, Ta=25°C, unless otherwise specified)

MC4558/MCA558AC |- MC4558C
Characteristic Symbol{ Test Conditions Unit
Min | Typ |Max| Min | Typ |Max
Input Offset Volt V Rs < 10KQ ! S 2 6 \)
npu set Voltage m
° ¢ e |NoTE 1 1 75
5 | 200 5 {200
Input Offset Current lio ' Ta=T max 3 |200 300 | nA
Ta=T min 20 | 500 300
30 [500| | 30 {500
Input Bias Current lis Ta=T max 20 | 500 800! nA
Ta=T min [ 100 (1500 800
Large Signal _ 50 | 200 | 20 | 200
Voltage Gain Ay |Vo=x=10V RL22.0KQJ NOTE 1 5 s vimv
Common Mode Input +12 | =13 +12)+13
Vicr \'
Voltage Range |NOTE 1 12| =13
Common Mode . 70 | 90 70 | 90
Rejection Ratio CMRR |Rs<10KQ lNOTE 1 70 | 90 dB
Supply Voltage 7% | 9 76 | %0
Rejection Ratio PSRR |Rs<10Ka NOTE 1 76 | 90 76 | 90 d8
Outout Voit swina| V. R.>10KQ ’ NOTE 1 +12 | +14 +12|+14 y
‘Output Voltage Swin
P g 8 Yo g Soke +10 | +13 +£10] +13
35 | 50 35 |56
Supply Current - —
(Both Amplifiers) s To=T max 45 50 | mA
Ta= T min v 6.0 6.7
. 70 | 150 70 | 170
Power Consumption ' _
(Both Amplifiers) Pe Ta=T ma 135 1504 mv
Ta=T min 180 200
Vi=10V, R >2KQ .
Slew Rate SR C.<100pF 1.0 10 Vips
o V;=20mV, R.>2KQ, ‘
Rise Time t CL<100pF 0.3 03 us
Vi=20mV, R >2KQ, . '
Overshoot 0s CL<100pF 15 15 %
NOTE 1

MC4558ACIC: Thin<Ta<Tnx=0<Ta< +70°C
MC4558!: Tmin<Ta<Tmx= —25<Ta< +85°C
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MCA558C/ACI LINEAR INTEGRATED CIRCUIT

TYPICAL PERFORMANCE CHARACTERISTICS

Fig. 1 BURST NOISE vs SOURCE RESISTANCE Fig. 2 RMS NOISE vs SOURCE RESISTANCE
1000 T i i 100
:,::.I T ToKHz [ 111 I
. i al
3
i 100 I i 10 ’
; 1 g o F
/ |
i § Al
: 10 10 =
i F é St
- —
1
T
I
[]
© 100 10K 10K 100K 10M 10 100 K 10K . 100K ™
SOURCE ResisTance (1) SOURCE RESISTANCE (0)
;
Fig. 3 OUTPUT NOISE vs SOURCE RESISTANCE Fig. 4 SPECTRAL NOISE DENSITY
) ST T
120 f———1 Av=10
' it Nllin
r / 100
g 0 St at T A F \ l
H ; i § o
Ay = -
g il g
Sl —' i
s :
01 w= 1
4 ©
d Tt m;—- FH
20
001 L 0
10 100 10K 10K 100K 10M 0 100 10K 0K 100K
SOURCE RESISTANCE ((2) FREQUENCY (M)
Fig. 5 OPEN LOOP FREQUENCY RESPONSE Fig. 6 PHASE MARGIN vs FREQUENCY
T
180
+140 180
o o \
guoo ‘\ 120
gf” \\ g o
+60 80
N
24—40 \ § 60 \ }f
: \ UNITY GAIN
+20 \ ) “©r—
0 \\ P \
-20 i L o- !
10 10 100 10K 10K 100K 1.0M 10M 10 10 100 10K 10K 100K 1.0M 10M
FREQUENCY (Hz) FREQUENCY (Hz)
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MC4558C/ACIHI . LINEAR INTEGRATED CIRCUIT

Fig. 7 POSITIVE OUTPUT VOLTAGE SWING Fig. 8 NEGATIVE OUTPUT VOLTAGE SWING «
vs LOAD RESISTANCE vs LOAD RESISTANCE
® +15V SUPPLIES e ‘ ‘ £15V SUPPLIES
/ d '
13 ’ 13 :
/ , /
/1 12V £12v
‘i 1 i 1
i of 1 i
g 90 / PJ oV “g. 20 £V
= P;——
g L1 g s
E Wi 5
// 26V 5 t6v
2 so 4 o i ‘3 80 L "
P S ps
V] ) .
30 a0
13V n
. g
10 10
100 500 10K 20K 10K 20K  S50K100K 100 . 500 10K 20K 10K 20K 50K 100K
" LOAD RESISTANCE (0) LOAD RESISTANCE  (©)

Fig. 9 POWER BANDWIDTH
(LARGE SIGNAL SWING VERSUS FREQUENCY)

® I

u I Fig. 10 TRANSIENT RESPONSE TEST CIRCUIT
—E 20 To Scope
; (input) b
g e To
§ + (Output)
§ " RL E =CL
- T

] L
40 ﬂ =
° =
10 100 10K 10K 100K 10M
FREQUENCY (Hz)
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KA219/KA319 LINEAR INTEGRATED CIRCUIT

DUAL HIGH SPEED VOLTAGE COMPARATOR 14 DIP
The KA219 is a dual high speed voltage comparator designed to oper-
ate from a single +5V supply up to + 15V dual supplies.

Open collector of the output stage makes the KA219 compatible with
RTL, DTL and TTL as well as capable of driving lamps and relays at
currents up to 26mA. Typical response time of 80ns with + 15V power
supplies makes the KA219 ideal for application in fast A/D converts, level
shifters, oscillaters, and multivibrators.

FEATURES : 1 soe

* Operates form a single 5V supply

¢ Typically 80ns response time at + 15V

* Open collector outputs: up to + 35V

¢ High output drive current: 25mA

¢ Inputs and outputs can be isolated from system ground
* Minimum fan-out of 2 (each side)

¢ Two independent compators

BLOCK DIAGRAM

ORDERING INFORMATION

ne [1] L 14] NG
E E’ NG ‘| Device | Package | Operating Temperature
NC
KA319N 14 DIP 0 ~+70°C
anor [a]  12] oureums KA319D | 14 SOP
INT{+) |4 1] Veo KA219N | 14 DIP
L :’ -25 ~ +85°C
N1 (=) [5] [10] N2 () KA219D | 14 SOP
Vee E E‘ IN2 (+)
OUTPUT2 | 7 8| GND2

SCHEMATIC DIAGRAM
A O Vee
p R1 b

#mz
IN(-) O—— 3
;{ ats
IN
mo ke > I 8
-
Q14 —O OUTPUT
A
Q16
Q12 '
2ris
017F|7 %nw
+—O GND
———O Vee
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KA219/KA319 LINEAR INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS

Characteristic ) Symbol Value Unit
Supply Voltage Vs 36 Y
Output to Negative Supply Voltage Vo - Vee 36 Vv
Ground to Negative Supply Voltage GND - Ve 25 \"
Ground to Positive Supply Voltage GND ~ V¢ 18 \
Differential Input Voltage Vio +5 \
Input Voltage Vi *15 \"
Output Short Circuit Duration . 10 sec
Power Dissipation - Pp 500 mw
Operating Temperature Range 219 T ~25 ~ +85 oc

319 oer 0~ +70

Storage Temperature Range Tatg -65 ~ +150 °C

ELECTRICAL CHARACTERISTICS

(Vec = + 15V, Vee = — 15V, Ta=25°C, uniess otherwise specified)

. i KA219 KA319
Characteristic Symbol Test Conditions Unit
Min | Typ | Max | Min | Typ | Max
Input Offset Vo|tage Rs <5KQ 0.7 4.0 2.0 8.0
Vio - mv
(Note 1) ~[Note 3 7.0 10
input Offset Current 10 | 75 10 | 200
lio nA
(Note 1) [ Note 3 100 300
' 150 | 500 250 | 1000
Input Bias Current ™ - nA
[ Note 3 1000 1200
Voltage Gain Ay 10 40 8 40 VimV
Response Time N '
(Note 2) t Vg= + 15V 80 80 ns
Ving - 5mV, I, =25mA 06 | 15 v
Ving —10mV, I, =25mA : 06 | 1.5 \"
Saturation Voltage Voo |Vec=45V, Vee=0V
Vin —6mV, Ly <3.2MA 023) 04 . v
Vccz4.5v, V5é= ov .
Vins - 10mV, Isi,.k53.2mA 0.3 ‘ 0.4 v
Vinz5mV, Vo =35V 0.2 2 A
Output Leakage ®
Curant foL [ Note 3 110
’ Vin=10mV, Vo =35V 0.2 10 uA
, Vs =+ 15V +13 +13
Input Voltage Range Vick | Note 3 - v
Vee =5V, Veg =0V 1 3 1 3

gsamsune N o
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KA219/KA319 LINEAR INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS

(Ve = + 158V, Vee = ~ 15V, Ta=25°C, unless otherwise specified)

Ch. isti Symbol "~ Test Condit KA219 KA319 Unit
aracteristic mbo est Conditions T i
racterts y Min | Typ | Max | Min | Typ | Max
Differential Input )

+5 +5 \"
Voltage Vio *
Positive Supply _ _ 6 mA
Current legr | Vee=5V, Vee =0V 36 3.
Positive Supply leca | Vs= %15V 75 | 115 75 | 125 | mA
Current -
Negative Supply ' - 45 3 5 mA
Current e | Vo= =15V 3 )

Note: 1. The offset voltage and offset currents.given are the maximum values required to drive the output within
avolt of either supply with a 1mA 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: 0<Ta< +70°C

KA219: —25<Ta< +85°C
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KA219/KA319

LINEAR INTEGRATED CIRCUIT

TYPICAL PERFORMANCE CHARACTERISTICS

INPUT CURRENT (nA)

OUTPUT VOLTAGE HIGH (V)

INPUT VOLTAGE (mV)

OUTPUT VOLTAGE (V)

Fig. 1 INPUT CURRENT

500
V= 15V
400
BIAS - .
—
——t—
300
200
100
OFFSET
0 L
-4 -20 20 40 60 80
TEMPERATURE (°C)
Fig. 3 TRANSFER FUNCTION
40 I T 80
Vs= 15V v+ =36V |-
[ R =1.4KQ 70
35 T ram257C /
30 60
V4 =50V
25 — 5.0
I/
20 / 40
15 [ 30
10 20
5.0 1.0
!
0 = - A 0
-1.0 -06 -0.2 02 06 10
DIFFERENTIAL INPUT VOLTAGE (mV)
Fig. 5 RESPONSE TIME FOR VARIOUS
INPUT OVERDRIVER
120 T
Vs=5.0V
80 Ru.=5000
V+ =50V
40
6.0
40
2omy—y” }-2.0m
20 / //
5.0m /
40 80 120 160
TIME (nS)

OUTPUT VOLTAGE LOW (V)

Fig. 2 OUTPUT SATURATION VOLTAGE

25

OUTPUT CURRENT (mA)

4
Ta=85°C
y
L//}—Tu —25°C
5 . yiv/i
Taz25°C
7
Vo= +16V
o INPUT OVERDRIVE = 5.0mV
0 1 I ]

A 2 3 4 5 6 7 8
OUTPUT VOLTAGE (V)

Fig. 4 RESPONSE TIME FOR VARIOUS

INPUT OVERDRIVER

s
E
] Vs= 250V
E R =5000 |
- V+ =50V
>
£ -®
z

-120

6.0
g ~
w 40 N “20mv)
5 |
3 20
: o NN
5 N
a
E 0
2
o
0 40 80 120 160
TIME (nS)

Fig. 6 INPUT CHARACTERISTICS

|
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KA219/KA319 LINEAR INTEGRATED CIRCUIT

Fig. 7 RESPONSE TIME FOR VARIOUS Fig. 8 RESPONSE TIME FOR VARIOUS
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KA710C/I

LINEAR INTERGRATED CIRCUIT

HIGH SPEED VOLTAGE COMPARATOR

The KA710CH is a high speed voltage comparator intended for use as
an accurate, low-level digital level sensor or as a replacement for
operational amplifiers in comparator applications where speed is of

prime importance.

The output of the comparator is compatible with all intergrated logic

. forms.

The KA710C/I is useful as pulse height disciminators, a variable threshold
schmitt trigger, voltage comparators in high-speed A/D converters, a
memory sense amplifier or a high noise immunity line receiver.

FEATURES

* Low offset voltage: SmV
. » High gain: 1000 VIV
¢ High speed: 40ns Typ

BLOCK DIAGRAM

NG [1] L4 14] ne
anD [ 2] 13] NG
N (+) [3] 2] ne
IN (=) E EVcc
NC E E NC
Vee E 9| out
NG [7] %NC

SCHEMATIC DIAGRAM

14 DIP

14 sOP

ORDERING INFORMATION

Device Package | Operation Temperature
KA710CN 14 DIP
0 ~+70°C
KA710CD | 14 SOP
KA710IN 14 DIP
~25 ~+85°C
KA710ID 14 SOP

Vee O

T 2

@

AAA,
A A A
:n
=

J/QA'

A
]

Q7
z2
OUTPUT
R9
1
Q

N

—
3

R7

Q9
ga
Vee O y
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KA710C/I

LINEAR INTERGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS

Characteristic Symbol Value Unit
Positive Supply Voltage Vee +14 "
Negative Supply Voltage Vee -7 '
Peak Output Current lpeak 10 mA
Output Short Circuit Duration 10 Sec
Differential Input Voltage Vio +5 A
Input Voltage Vi +7 \"
Power Dissipation Po 300 mw
Operating Temperature Range KA7]OC T 0~+70 e

KA710l oer —25~+85

Storage Temperature Range Tetg -65 ~+150 °C

ELECTRICAL CHARACTERISTICS (voc = + 12V, Vee = — 8V, Ta=25°C, unless otherwise specified)

' KAT7101 KA710C
Characteristic Symbol Test Conditions Unit
Min | Typ |Max| Min | Typ | Max
Rs<200Q, NOTE 1 06 | 20 16 | 5.0
Input Offset Voltage Vio mV
[ Note 2 3.0 65
|nput Offset Current | NOTE 1 0.75 | 3.0 1.8 5.0 uA
(Note 1) © [Note 2 18 | 70 75
Input Bigs G ‘ | 50 | 20 70 | 25 WA
nput Bias Curren
i ° | Note 2 21 | 45 25 | 40
. 1250 | 1800 1000 | 1700
Large Signal Voltage Gain Av viv
| Note 2
Input Voitage Range Viecr |Vec= -7V +5.0 +5.0 \"
Common Mode Rejection Ratic | CMRR | Rs<2009Q, NOTE 2 80 95 70 94 dB
Differential Input Voltage Range | Vipr +5.0 +5.0 |V
Positive Output Level Vou |O<lo<B5mA, Vii>5mV | 25 | 29 (40| 25 | 29 (40| V
Negative Output Level Voo |Vin25mV -10|{-05; 0 |-10/-05]| O Y
Output Sink Current lsink | Vo =0V Vin>5mV 20 | 22 16 | 22 mA
Positive Supply Current lecc | Vo<OV 4.7 | 90 47 | 90 | mA
Negative Supply Current e Vo= oV, Vin= +5mV 40 | 7.0 40 | 70 | mA
Power Consumption Po  [Vo=0V, Viy=10mV 80 [150| | 150 | 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, 1.65V at —25°C, 1.4V at +25°C, 1.15V at +85°C. For 710C, 1.5V at 0°C, 1.4V at +25°C, 1.2V

at +70°C.
Note 2: KA710C: 0<Tag +70°C
KA7101: —25<Ta< +85°C

Note 3: The response time specified is a 100mV input step with 5mV overdrive (KA710l) or a 10mV overdrive (KA710C)
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KA710CI/I ‘ -~ LINEAR INTEGRATED CIRCUIT

TYPICAL PERFORMANCE CHARACTERISTICS

Fig. 1 SUPPLY CURRENT Fig. 2 VOLTAGE GAIN
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KA710C/ LINEAR INTEGRATED CIRCUIT

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

LINEAR INTEGRATED CIRCUIT

DUAL HIGH-SPEED DIFFERENTIAL
COMPARATOR

The KA711C/l contain two voltage comparatorsth
Withseparate ditferential inputs, a common output and
provision for strobing each side independently. The dev-
ice features high accuracy, fast response, low offset
vol tage, a large input voltage range, low power gonsu-
mption and compatibility with practically all integrated lo-
gic forms.

The KA711C/l can be used as a sense amplifier fore
core] memories, and a dual comparator with OR’ed ou-

tputs ‘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

14 DIP

14 SOP

1

ORDERING INFORMATION

Device Package Operating Temperature
ci]® NG KA711CN | 14 DIP
Ne E o 0~+70°C
IN1 (-) 2] [13) STROBE 1 KA711CD 14 SOP
IN1 (+) [3} D 121GND KA711IN 14 DIP 25 - +85°C
. - ~+ °
Vee [4] i +Vee KA711ID 14 SOP
IN2 (+)[B] 10 OUTPUT
IN2 (-) (8] J—_?_{srnosez
NG [7] - [8]NeC
SCHEMATIC DIAGRAM <TROBE A STeOBE B
Vec O ’
3 R $
Qs
AMA
Yy
rmE bef R13
AAA
INPUT(-) A Qi O INPUT (-) B
Dzi
INPUT(+) B o———Koz ——O INPUT (+) B
o}
R9

Vee O

O GND
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KA711CHt LINEAR INTEGRATED CIRCUIT
ABSOLUTE MAXIMUM RATINGS (ta=25°c)
Characteristic Symbol Value Unit
Positive Supply Voltage Vee +14 \
Negative Supply Voltage Vee -7 Vv
Differential Input Voltage Vio +5 \
Input Voltage Vi *7 v
Strobe Voltage Vet 0~6 \
Peak Output Current | peak 50 mA
Continuous Total Power Dissipation Po 500 mW
Operating Temperature Range KA711C T 0~+70 °c
: KA711I op -85~ +150
Storage Temperature Range Tstg ~[25~ +85 °C
ELECTRICAL CHARACTERISTICS
(Vec= +12V, Vge= — 6V, Ta=25°C, unless otherwise specified)
" KAT10I KA711C
Characteristic Symbol Test Conditions - Unit
Min | Typ |Max| Min | Typ |Max
i Rs<200Q, Vem =0V 10 | 35 .10 | 50
Input Offset Voltage Vio myV
: Vour= 1.4V |NOTE 2 45 6.0
Vour = 1.4V .05 110.0 0.5 15
Input Offset Current o A
[NOTE 2 20 25
Inout Bias G ¢ | 25 | 75 25 | 100 A
nput Bias Curren
P ® [Ta=0°C 150 150 | *
750 | 1500 700 | 1500
Large Signal Voltage Gain Ay viv
v [NOTE 2 | 500 500
Input Voltage Rahge Vicr |Vee= -7.0V +50 +50 v
Differential Input Voltage Range| Vips +50 +50 \"
Output Resistance Ro 200 200 Q
Output Voltage (High) Von | Vn=10mV 45 | 50 45 |50 | V
Output Voltage (Low) Voo |[Vin<g10mVv -1.0 0 |-10(-05]| 0 \
Loaded Output High Level Viom |Vin210mV, lo=5mA 25 | 35 25 | 35 \
Strobed Output Level Vso | Vstrobe <0.3V -1.0 0 |-10 0 \
Output Sink Current lsink | Vin210mV, Vo> 0V 05 | 08 05 | 08 mA
Positive Supply Current lcc Vo=0V, Viy=10mV 8.6 8.6 mA
Negative Supply Current lee Vo=0V, Viy=10mV 3.9 39 mA
Strobe Current | let Vtrobe = 100mV 12 | 25 1.2 | 25 | mA
Power Consumption Po Vo=0V, Viy210mV 130 | 200 130 | 230 | mW
Response Time t, (NOTE 1) 40 40 ns
Strobe Release Time -~ tes 12 12 ns

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

(KA7100).
2. KA711C: 0<Ta< + 70°C

KA711l: —25<Ta< +85°C
3. The input offset voltage and input offset current are specified for a logic threshold voltage of 7111, 1.65V
at —25°C, 1.4V at +25°C, 1.15V at +85°C, for 711C, 1.5V at 0°C, 1.4V at +25°C, 1.2V at +70°C.
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KA711CI

LINEAR INTEGRATED CIRCUIT

TYPICAL APPLICATIONS

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

D1 3
IN756 Q2 4
KA7T11G 75V KSB1116
POSITIVE .
)
aus 2N2360
Rt € R2 &
12k$ 12k $
o— M 3
2R5 R3
$100 14
/7; $R6 R 7
FROM 2100 Yod
SENSE O— e
LINE

O +12v
E R7
520
STROBE
Ju
R6
220

KA711C

KA711C

* Stanby dissipation is about 40mwW

OUTPUT

Fig. 2 Double-Ended Limit Detactor
With Lamp Driver

UPPER
LIMIT
VOLTAGE

3R g

4
R
INPUT
7]

LOWER
LIMIT
VOLTAGE

O—aw—

KA711C

KA711C
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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 ~ x£14V)

* Low supply current drain 800A Typ.

¢ Open collector outputs for wired and connectors

* Low input bias current 25nA 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 TTL, DTL and MOS logic

system

BLOCK DIAGRAM

ouTzE 14] ouTa

ouT1E Eouu
vee |3 | 12]anD
-+ -+
IN1 (—)E 11| INg (+)

IN1(+)E EIM(—)
|N2(-)E Ema(ﬂ
IN2(+)E EINS(—)

14 DIP

14 SOP

ORDERING INFORMATION

Device | Package | Operating Temperature
LM239N
LM239AN 14 DIP
LM239D -25~ +85°C
LM23gAD | 14 SOP
LM339N
Lm330aN | 14 DIP
LM339D 0~70°C
LM330AD | 14 SOP
LM2901N 14 DIP
LM2901D 14 SOP -45~+85°C
LM3302N | 14 DIP
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LM239/A, LM339/A, LM2901, LM3302 LINEAR INTEGRATED CIRCUIT

- 656 ~+150

SCHEMATIC DIAGRAM
Vee O— —9
Q12 |V
Q9 Q14
1 A N
i D2 . D3
D4
D1
EF R2
IN (+) Q1 Q4 4
IN(-)O O OUTPUT
Q8
I/07
Q13
N
Qs Q6 D5
R1
D6
GND O
ABSOLUTE MAXIMUM RATINGS
Characteristic Symbol Value Unit
Power Supply Voltage Vs +18 or 36 \
Power Supply Voltage Only LM3302 Vs +14 or 28 Vv
Differential Input Voltage Vio 36 \"
Differential Input Voltage Only LM3302 Vio 28 v
Input Voltage Vi -03to +36 Vv
Input Voltage Only LM3302 Vi -03to +28 \Y
Output Short Circuit to GND Continuous
Power Dissipation Po 570 mwW
Operating Temperature LM239/LM239A Topr ~-25~+85 °C
LM339/LM339A 0~+70 °C
LM2901/LM3302 —40~+85 °C
Storage Temperature Tatg - °C
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LM239/A, LM339/A, LM2901, LM3302 LINEAR INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS

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

_ LM239A/LM339A | LM239/LM339
Characteristic Symbol Test Conditions Unit
Min (Typ| Max [Min|Typ| Max
VCM=0V to Vcc—1.5v +1 +2 +1.4 +5
Input Offset Voltage Vio mV
Vo=1.4V, Rs=0 [NOTE 1 £40 +90
+23| x50 +2.3| .+50
Input Offset Current ho nA
[NOTE 1 +150 *150
57 | 250 57 | 500 ]
Input Bias Current lg nA
[NOTE 1 400 400
Input Common Mode | , Vee1.5) 0 Vee-1.5 v
ICl
Voltage Range R NOTE 1 Vee2 | 0 Vec2
Supply Current lec Ri=o0 1.1 20 1.1 20 mA
Voltage Gain AvoL | Vec=15V, R.> 15KQ (for large swing)| 50 | 200 50 |200 " |VImV
Large Signal Vin=TTL Logic Swing
Response Time 1RES |\ = 1.4V, Ve =5V, R, =5.1KQ 350 350 ns
Response Time tres |VaL=5V, R =5.1KQ 1.4 1.4 us
Output Sink Current lsik  |Vin-=1V, Vin+t =0V, Vo<1.5V 6 | 18 6 |18 mA
Output. Saturation v Vin-21V, Vi *+ =0V 140| 400 140 400 .
Voltage ' lgnc = 4mA NOTE 1 700 700
Output Leakage i Vin-=0 Vo=5V 0.1 0.1 nA
leak
Current V=1V Vo =30V 1.0 10 | A
Differential Voltage | Vi NOTE t 36 \
* NOTE 1
LM339/A: 0<Tax< +70°C
LM239/A: - 25<Ta< +85°C
LM2901/3302: —40<Ta< +85°C
559
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LM239/A, LM339/A, LM2901, LM3302

LINEAR INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS

(Ve =58V, Ta=25°C, unless otherwise specified)

. . LM2901 LM3302
Characteristic Symbol Test Conditions winlT Py Min]T M Unit
in{Typ ax in| Typ ax
. - Veu =0V to Vcc =15V 2 7 2 20
Input Offset Voltage Vio mV
Vo=14V, Rs=0 |[NOTE 1 9| 15 40
‘ 23| 50 3| 100
Input Offset Current o (NOTE p 50 | 200 300 nA
57 | 250 57 | 500
Input Bias Current lg INOTE p 200 500 1000 nA
Input Common Mode |, Vee-1.5 Voc1.5 v
Voltage Range o INOTE 1 0 Voo2 Vo2
R =00, 1.1 2.0 1.1 20
Supply Current lec AoV oV 6 25 mA
L=0o0, Vecc= . .
Voltage Gain Avor | Vce=15V, R.>15KQ (for large swing)| 25 | 100 2 |30 Vimv
Large Signal Vin=TTL Logic Swing
Response Time tResT Vier= 1.4V, Ra =5V, R =5.1KQ 350 350 ns
Response Time tresz |VaL=5V, R.=5.1KQ 14 1.4 pus
Output Sink Current lsink » Vin- Z1V, Vine =0V_, Vo< 1.5V 6 | 18 6 |18 mA
0utput Saturation v Vin- 21\/, Vine =0V 140 400 140 400 mv
Voltage = 4mA NOTE 1 700 700
Ou[put Leakage | Vine =0 Vo=5V 0.1 0.1 nA
[{
Current " Vs = 1V Vo =30V 1.0 10 | uA
Differential Voltage Vio NOTE 1 0 36 28 \
NOTE 1 LM339/A: 0<Ta< +70°C
LM239/A: —25<Ta< +85°C
LM2901/3302: —40<Ta< +85°C
560
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LM239/A, LM339A, LM2901, LM3302 LINEAR INTEGRATED CIRCUIT
TYPICAL PERFORMANCE CHARACTERISTICS

Fig. 1 SUPPLY CURRENT Fig. 2 INPUT CURRENT
22 T 120 T -
Ta=-40°C L.
2 I 110 Indcm) = O0Voc —]
e Rnfem) = 1G2
e ™ Taz -25°C bt
a= —25°
~ 18 P Rl i %0 =
T = g — Ta= —40°C__| T
s - il o g ® ==
£ 141~ — a= 2 -1 o 1
& " | L 70—
€ 12 L 3 Ta= +25°C
3 A R £ . |
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s . ] 5 O Taz-7T
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4 Ry = oo — 2
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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 10KQ 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 —0.3V should not be used: an input clamping diode can be used as protection.

The output LM339is the uncommitted collector of a NPN transistor with grounded emitter. This allows the device to be used
like any open-collector gate providing the OR-wide facility.

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

Under this limit, the output saturation voltageis limited by the approximatively 602 rs, of the output transistor.

TYPICAL APPLICATIONS (v = + 15v)

Fig. 6 Basic comparator Fig. 7 Non-inverting comparator with Hysteresis
sV v
- >
aKe 3; 3Ke
+VIN b +VREF O—— ™
LM239 Vo LM239 0o
+VREF +VIN b’
10KQ 10MQ

Fig. 8 Inverting comparator with Hysteresis

Q
>
i: 3Ke
+VIN 0_1—/4"' -
LM239 F——0vo
5V b
MQ 1MQ

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

Fig. 9 Driving C/MOS

LM239,

::100Kn
<

I

Fig. 11 AND gate

15v

ESSKQ if 3Ke

1KQ

B

C
+15V
o

g g

100KR iAWY~
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LM239 Ao

1Ke

Fig. 13 Large fan-in AND gate
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Fig. 10 Driving TTL
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Fig. 12 OR gate
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LM239/A, LM339/A, LM2901,LM3302 LINEAR INTEGRATED CIRCUIT

Fig. 15 ORing the outputs

1.
LM239|
1
L.M239
112

£M239
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1/2
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15v
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Fig. 17 Zero crossing detector (single supply)
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Fig. 16 Peak audio level display
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Fig. 18 Zero crossing detector (split supplies)
Vinmin = 0.4V peak for 1% phase distortion (A 6)

Di prevents input from going negafive by more than 0.6V:

R1+R2=R3

R3 < R5/10 for smaller error in zero crossing
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-----Vcc

0

. =Vee

<
‘E 10KQ
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LM293/A, LM393/A, LM2903 LINEAR INTEGRATED CIRCUIT

DUAL DIFFERENTIAL COMPARATOR

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: =1V to =18V

* Aliow Comparison of Voltages Near Ground Potential
¢ Low Current Drain 800uA Typ

¢ Compatible with all Forms of Logic

* Low Input Bias Current 25nA Typ

* Low Input Offset Current +5nA Typ

* Low Offset Voltage +1mV Typ

BLOCK DIAGRAM
]

vee

8 DIP

8 SOP

9 SIP

IN2(-)

OUTPUT 1 E
IN(=) |2
’ INI(+) |3 l 5 t

ORDERING INFORMATION

]
) oo .
<]

<]

IN2(+)

Device Package | Operation Temperature
LM293N
Lm2g3aN | 8DIP
LM293S .
Linaoans | 98P ~25~+85°C
LM293D
Lm293ap | 8 SOP
LM393N
Lmagaan | 8PP
LM393S .
s | 9sP | 0~+75C
LM393D
Lmag3ap | 8 SOP

LM2903N | 8 DIP '
LM2903D | 8 SOP —40 ~+85°C
LM2903S | 9SIP

2] T3] 14 (8] L8] [7] (8] 8]
Q - T T a T T’ o
§§Lig£i5§

gz 22°
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LM293/A, LM393/A, LM2903 LINEAR INTEGRATED CIRCUIT

SCHEMATIC DIAGRAM

Vee O

QQFIF 012;'| 1/014
D2 D3 *
D4
w2 '—;;I—._K._ |
3o
IN(+)O Q1 @F’-—‘(
IN (=) O— —O OUTPUT
I/»—-I Q8
Q7 Qi3
N
Qs Q6 D5
Ri
D6
GND O— .
ABSOLUTE MAXIMUM RATINGS
Characteristic Symbol Value Unit
Power Supply Voltage C Vs +18 or 36 v
Differential Input Voltage Vi 36 \"
Input Voltage Vi —-03to +36 v
Output Short Circuit to GND Continuous ’
- Power Dissipation Po 570 mwW
Operating Temperature
LM293/LM293A -25~ +85 °C
LM393/LM393A Toor 0~+70 °C
LM2903 —-40~ +85 °C
Storage Temperature Tag —65~ +150 °C
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LM293/A, LM393/A, LM2903

LINEAR INTEGRATED CIRCUIT

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

L LM293A/LM393A| LM293/LM393
Characteristic Symbol Test Conditions - Unit
Min|Typ| Max [MinTyp| Max
Vem =0V to Vg — 1.5V +1 +2 +1 +5
fset
Input Offset Voltage Vio Vo=1.4V, Re=0 lNOTE ] +40 290 mV
+5| =50 +5| +50
Input Offset Current lio nA
|NOTE 1 +150 +150
65| 250 65| 250
Input Bias Current lg nA
|NoTE 1 400 400
Input Common Mode v Vee-1.6 Voo-1.5 v
Voltage Range ‘R ‘NOTE 1 Voc-2 Vee2
RL=co 06| 1 06| 1
Supply Current lcc L - mA
R =00 Ve =30V 0.8 25 0.8 25
Voltage Gain Av  |Véc =18V, R >15KQ(for large V, swing)| 50 |200 50 |200 VimV
Large Signal Response Vin=TTL Logic Swing
Time AEST |V = 1.4V, Ve =5V, AL =5.1K0 350 350 n$
Response Time tres2 |VRL=5V, RL=5.1KQ 1.4 14 S
Output Sink Current lsnk  |Vin- 21V, Vin* =0V, Vo<1.5V 6 | 18 6 | 18 mA
- = 160| 400 160{ 400
Output Saturation Voltage| Ve Vinm 21V, Vvt =0V mv
lsink = 4mMA NOTE 1 700 700
V- =0 Vo=5V 0.1 0.1 nA
Output Leakage Current | ’
P 9 o Vs =1V Vo =30V 1.0 10 | uA
NOTE 1
LM293/A: —25<Ta< +85°C
LM393/A: 0<Ta< +70°C
LM2903: —40<Ta< +85°C
567
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LM293/A, LM383/A, LM2903 LINEAR INTEGRATED CIRCUIT

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

) . LM2903
Characteristic Symbol Test Conditions i T " Unit
in’| Typ ax
) Vew=0V to Vo — 1.5V 1| %7 _
Input Offset Voltage Vio Vo=14V, Ry=0 I NOTE 1 <9 =5 mV:
+5 +50
Input Offset Current lio WOTE 50 200 nA
1 + *
i 65 250
Input Bias Current lg lT\JOTE ; 500 nA
Input Common Mode v 0 Vee-1.5 y
Voltage Range o | NOTE 1 0 Voo:2
Supply Current 1 Rizeo 06 ! A
u m
Py “ I Ri=co Vee=30V 1 25
Voltage Gain Ay Vee =15V, RL> 15K (for large V, swing) 25 | 100 vimv
Large Signal Response Vin=TTL Logic Swing
Time WRest |y = 1.4V, Vo =5V, R =5.1KQ 350 n$
Response Time tres2 VaL=5V, R.=5.1KQ 1.5 ;;S
Qutput Sink Current Lsink Vin- 21V, V*+ =0V, V,< 1.5V 3] 16 mA
. V=21V, Viy+ =0V 160 | 400
QOutput Saturation Voltage Vsat Ysink = 4MA NOTE 1 700 mv
. V|N* =O, Vo=5v 0.1 nA
Qutput Leakage Current hieak Vit =1V Vo 30V 0 A
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LM293/A, LM393/A, LM2903

LINEAR INTEGRATED CIRCUIT

?TYPICAL PERFORMANCE CHARACTERISTICS

Fig. 1 SUPPLY CURRENT
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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 10KQ 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.

Ifis 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 16maA; 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 60Q rs, of the output transistor.

TYPICAL APPLICATIONS (vcc= +15v)

Fig. 6 Basic comparator Fig. 7 Non-inverting comparator Fig. 8 Inverting comparator:
with Hysteresis with Hysteresis
+Vee +Vee +VCC.
? , e
+VREF . 1; 3K +VIN i: 3K
o— P < o A
FVIN  10KQ +—O0 Ry 1Mo —O Vo
o AAA + 112 o AAA + 12
YWy LM293 M LM293
10MQ 1MQ
AAM- AAA
A A A vy
$
$ 1m0
<
m
Fig. 9 Driving C-MOS Fig. 10 Driving TTL
+5V +8V
1F 100K2 $oce
>
< <
112 112
LM293 LM293
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LM293/A, LM393/A, LM2903 LINEAR INTEGRATED CIRCUIT

APPLICATION INFORMATION (continued)

Fig. 11 AND gate Fig. 12 OR gate
+Vee +Vec
> 3 4}
1: 39Ka :: 3Ke < 200Ka i; 3K
1Ka ¢ < ke 9
3x100Ka o Raagws b 3% 100k A——
112
A O—Aww— LM2 b—0 ABC A O—AMW— m 112 Y
BO AAA .93 [+ B O AAA LM2.93 [+ A+B+C
AAAY e ad
+Vee C O—AA— C O—wA— Ko
iJ— 1KQ +V2J—‘
0 0
o o oy

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

+Vee
(]
+Veo
b
j: 43K0
100K
0Ke @ 4
o j; e i: 3 F-] + +vac:l_u.
i 0
Wy N LM293 s
" B Vo  1=100KHz
+Vee —O D
D1] LM293 100KQ 100KQ
T el >
0 1s O—g24
¢ O—¢-22} ALL DIODES 1000
D4 | IN4001
DO——
m
Fig. 15 Pulse generator Ve Fig. 16 One-shot multivibratior
? +Vec
y
j: 15KQ
R1 D1
AAA bl > 4
YW—pt $ Mo P 10KQ PW
A S

RS
v f m— =
e - b+
80pF 1 6us us| 12 o b
il 00K 1N914 ml !5_"1 Ll Now M2 L0 Vo
1/2 1IMQ + 000
v LM293 Voo
+Voo O——AANA—9 1 '——-
™ M0 >
AN TMn:: IN914
4
1 m

¢ SAMSUNG

ANA
v
=
8




LM311

LINEAR INTEGRATED CIRCUIT

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: 250nA (Max)

* Low input offset current: 50nA (Max)

¢ Differential Input Voitage: +30V.

¢ Power supply voltage: single 5.0V supply to + 15V.
* Offset voltage null capability.

* Strobe capability.

BLOCK DIAGRAM

8 DIP

8 SOP

®
GND |1 8{ Vcc
i g ORDERING INFORMATION
N (+) 2] Zl OuTPUT Device | Package | Operation Temperature
- LM311N 8 DIP
IN(-) [3] 6} aLancessTROBE el B 0~ 470G
Vee [4] EI BALANGE
SCHEMATIC DIAGRAM
-OVee
:E R12
$rs
<
S |I<oa
e | ¥4
a2} ‘ ¢—O OUTPUT
. $re
9>}—— Q
ie # R1 .
5
¥DE EE R4
-OGND
D9
> OVee
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LM311 ~ LINEAR INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS

Characteristic ‘ Symbol Value Unit
Total Supply Voltage Vs 36 \"
Output to Negative Supply Voltage LM311 Vo — Vee 40 . "
Ground to Negative Supply Voltage Vee 30 \"
Differential Input Voltage Vip +30 \"
Input Voltage Vin +15 \"
Output Short Circuit Duration 10 sec
Power Dissipation Po 500 mw
Operating Temperature Range " Topr 0~+70 °C
Storage Temperature Range Teg ~65 ~+150 °C

ELECTRICAL CHARACTERISTICS (vcc = 15V, Ve = — 15V, Ta=25°C, unless otherwise specified)

Characteristic Symbol Test Conditions Min Typ Max | Unit
Rs <50KQ 1.0 75
Input Offset Voltage Vio I NOTE 1 10 mv
6 50
Input Offset Current lio ! NOTE 1 - nA
100 250
Input Bias Current lis [ NOTE 1 300 nA
Voltage Gain Ay : 40 200 vimVv
Response Time t | NOTE 2 200 nS
' lo=50mA, Viy< —10mV 0.75 15
Saturation Voltage Veat Vee>4.5V, Ve =0V
lslnkSSmAv Vn< —10mVv, NOTE 1 0.23 0.4
Strove “ON” Current Is ‘ 3 mA
Output Leakage Current | e bg“f;?/m\l/\;s\ﬁ“\/zwi‘v oy 0.2 50 | nA
- ) = VGND= —
Input Voltage Range Vick | NOTE 1 t; 11;‘3 t; 11?378 .V
Positive Supply Current lce 3.0 . 75 mA
Negative Supply Current lee -22 -50| mA
Strobe Current Istrobe 3 mA

NOTE 1: 0<Tax< +70°C
NOTE 2: The response time specified is for a 100mV input step with 5mV over drive

& SAMSUNG | o

Electronics



LM311 “ LINEAR INTEGRATED CIRCUIT

TYPICAL PERFORMANCE CHARACTERISTICS

Fig. 1 INPUT BIAS CURRENT Fig. 2 INPUT OFFSET CURRENT
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LM311

LINEAR INTEGRATED CIRCUIT

Fig. 7 SATURATION VOLTAGE Vs CURRENT
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LM311

LINEAR INTEGRATED CIRCUIT

TYPICAL APPLICATIONS
Fig. 1{Switching Power Amplifier

Fig. 2|Relay Driver with Strobe

Fig. 3 Digital Transmission Isolator

j b vee
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KS555 CMOS INTEGRATED CIRCUIT

CMOS TIMER I B

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 8 SOP
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 : ' APPLICATIONS

¢ High speed operation (500KHz]

» Stable low voltage operation
(possible 1.5V operation with most samples)

* Wide operating voltage range: 2 to 18V

¢ High output sourcelsink driver meet TTL/ICMOS

* Immunized to static charge with inner protection
devices

* Precision Timing

* Pulse Generation

* Sequential Timing

» Time Delay Generation

¢ Pulse Width Modulation

* Pulse Position Modulation
* Missing Pulse Detector

ORDERING INFORMATION

Device | Package | Operating Temperature

SCHEMATIC DIAGRAM oo | s om

—20 ~+85°C
KS555D 8 SOP
Vee (8)0- Vee (8)
b 3 vao—| E’
. BIAS
VA C.K.T.
CONTROL (5) O \
THRESHOLD {6)O /om /#
< GND (1)
3 1
I OUTPUT (3)
comz DISGHARGE (7)
TRIGGER (2)O- —4 Laon
s ok

({N;D .
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KS555

CMOS INTEGRATED CIRCUIT

BLOCK DIAGRAM

vee O 8

"3

WA

4 FLIP-FLOP

RESET

COMPARATOR
THRESHOLD A

€O \

50 /
CONTROL >
VOLTAGE "3

\
o /
TRIGGER
Re COMPARATOR
3 8

o
GND 1

This block diagram reduces the circuitry down to its simplest equivalent components. Tie down unused inputs.

R =100KQ +20% Typ.

CUTPUT
3

70 DISCHARGE

GND O1

TRUTH TABLE
Don’t Care Don'’t Care Low Low On
>2/3 (Vee) >1/3 (Vo) High Low On
<1/3(Vee) ~ 2/3(Vee)i> 113(Vec) ~ 2/3(Vec) High Stable Stable
Don'’t Care <13 (Vec) High High Off

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

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristic Symbol Value Unit
Supply Voltage Vee 18 \"
Input Volage Vin -0.3 Vec+0.3 v

(Trigger, Control Voltage,
Threshold and Reset)

Power Dissipation Po 200 mw
Operating Temperature Range Topr -20~ +85 °C
Storage Temperature Range Tsig -65~+150 °C

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

CMOS INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS

(Ta=25°C, Voc =2 to 15 Volts unless otherwise specified)

< SAMISUNG

Electronics

Characteristic Symbol Test Conditions Min Typ Max Unit
Supply Voltage Range Vee —20°C<T,< +70°C 2 18 \
Supply Current lce Voo =2V 30 pA

) Ve =18V 60 L.\
Timing Error MT R. =R, =1KQ to 100KQ

C=0.1uF,
Initial Accuracy 5V<Vee< 15V 2.0 10.0 %
Vee=5V 50 ppm/°C
Drift With Temperature Ve =10V 75 ppm/°C
Vee =15V 100 ppm/°C
Drift With Supply Voltage Vee=5V 1.0 3.0 %IV
Threshold Voltage Vih Vec=5V 0.66 Vee
Trigger Voltage V1r Vee =5V 0.33 Vee
Ve =18V 50 pA
Trigger Current lr Vec=5V 10 pA
Vee=2V 1 pA
Vee =18V 50 pPA
Threshold Current b Vee =5V 10 pA
Vee=2V 1 pA
Reset Current Ire Vear =GND Voo = 18Y 100 PA
Virst=GND Ve =5V 20 pA
Reset Voltage Vee Vee =18V 0.4 0.7 1.0 Y
Vec=2V 0.4 0.7 1.0 \
Control Voltage Ve Vec =5V 0.66 Vee
Vo Vee =18V, lsink =3.2mA 0.1 0.4 \
Voo =5V, lsnk =3.2mA 0.15 0.4 v
Qutput Voltage Drop
Vou Vee =18V, lsource = 1.0mA 17.25 17.8
Vee =5V, lsource = 1.0MA 4.0 45 \
Rise Time of Output Te R. = 10MQ, C_= 10pF, 35 40 75 ns
Fall Time of Output T Veo=8V 3 | 40 | 75 ns
Guaranteed Max Osc. Freq. Frmax 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.

Te=25°C

NES55

SUPPLY CURRENT — mA

g
1

~ N

KSS55

3

o 200 400 600 800
TIME —nS

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 Ve to GND;/
and have 50% duty cycle square wave. Less than 1% frequency deviation can be observed, over a voltage range
of 2 to 5V. f=1/1.4RC

vee

GND
ﬁg———E E—ovoc
TRIGGER DISCHARGE
———{ 2
ALTERNATE
KS555 OUTPUT
OUTPUT ] THRESHOLD
3 6 l——“*—
id
vee
_o—4] g
RESET :
A
vy
R =c
. Fig. 2. Astable Operatios rh
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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=RaC and OUTPUT goes to high state. When the voltage across the capacitor equals 2/3 V¢c 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
Ra
51 :
DIS
TRIGGER CHARGE
OUTPUT KS555 THRESHOLD |
J L g pa—
CONTROL
RESET VOLTAGE
_L 4 , 511
i
|
|
veo=18v OFTION == c==
CAPACITOR |

Fig. 3. Monostable Operation

& SAMSUNG

E_Iectronics



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

o 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
* Adjustable duty cycle
¢ Highly immuned to static charge

APPLICATIONS

¢ Precision Timing

* Pulse Generation

¢ Sequential Timing

e Time Delay Generation

* Pulse Width Modulation

¢ Pulse Position Modulation
e Missing Pulse Detector

BLOCK DIAGRAM

8 DIP

8 SOP

ORDERING INFORMATION

Device Package | Operation Temperature
KS555HN 8 DIP
0~+70°C
KS555HD | 8 SOP
“*KS555HIN | 8 DIP
—-25~+85°C
**KS555HID | 8 SOP

** Under development

Voe Vee
80
Va
O—IE VAO BIAS
5 CKT.
CONTROL O- \ |
6 1
THRESHOLD O -
coMm1 GND

i

—— +
) LATCH
TRIGGER O - E
—t coM2
4
: |-| ReseTo-| L-|
/771 /7 {7
GND GND .
Fig. 1

3.
»—-Do—o OUTPUT

DISCHARGE

\_|
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KS555H CMOS INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS

Characteristic Symbol Value Unit
Supply Voltage Vee 18 \
Input Voltage _ ~
(Trigger, Reset, Threshold) Vin 0.3 ~ Voo v
Lead Temperature o
(Soldering 10 sec) Tieas 300 c
Power Dissipation Po 600 mwW
Operating Temperature Range Topr 0~+70 °C
Storage Temperature Range Tstg —-65 ~ +150 °C

ELECTRICAL CHARACTERISTICS

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

Characteristic Symbol Test Conditions Min Typ | Max Unit
Supply Voltage Vee 3 18 v
Supply Current loc ) ) 140 uA

, Ve = 15V 180 uA
Control Voltage Ve 3.33 \
Vec =15V 10 \'
Threshold Voltage Vry 3.33 \
Vee =15V 10 \
Threshold Current lth Vee =5V 50 PA
Trigger Voltage Vra 1.67 \
Vee =15V 5 "
Trigger Current lm ' 50 PA
Reset Voltage Vae 0.7 1 \"
Reset Current lae 50 PA
lo=5mA 0.1 Vv
loL= 8mA 0.15 v
Low Level Output Voltage Vou Vee = 15V
loo=10mA 0.1 \
loL = 50mA 0.5 \
lo. = 100mA 1 \' 1D .
low= — 1mA 45 v
lon= —2mA 4 vV
High Level Output Voltage Vou Ve =15V
|0H= —1mA 14.8 V
IOH = —5mA 14 \
low= ~10mA 12.7 \J 212 i
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KS555H CMOS INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS (Continued)

Characteristic Symbol Test Conditions Min | Typ | Max | Unit
Ir,itigl Error of Tq 1 %
Timing Interval Vee=5to 15V, Ra=Rs=1 to 100K
Timing Error Due to Cr=0.14F o
Supply Drift Tes 0.1 %IV
Rise Time of Output T, 20 nS

- R =10MQ, C,=10pF
Fall Time of Output Tt 20 nsS
Maximum Astable _ - - 2
Oscillation Fmax Ra =470Q, Rg =200Q, Cr=200pF MHz

APPLICATION CIRCUIT
1) ASTABLE

The circuit can be connected to trigger itself and free run as multivibrator. The external capacitor charges through
Ra and Rg 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 Vec and 2/3 Vec.

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=1/T=1.44/(Rs + 2 X Rg)/Cr

Vee
osur 2=
OPEN ;
Ra :E
>
) @ .
CONT Voo 2
L) peser
)
DISCH
KS555H ourf? _L O OUTPUT
>
Re3 ] ;’/;C'“
2
A)rric
ot ) GND
7 o 7
Fig. 2
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.

KS555H CMOS INTEGRATED CIRCU‘IT

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 2/3*Vec, the comparator resets the flip flop, which in turn discharges
the capacitor repidly and also drives the output to its state.

Vee
1)
0.14F -L
L OPEN /1;
< >
Rag K
(5) (8)
CONT Vpp
“)
-——OJRESET
(7)
DISCH
L KS555H ourt® D OUTPUT
c=
6
:E Cy (100pF)
INPUTO————@) TRIG
GND

/J:) m

Fig. 3

§ SAMSUNG |  w



§
H .

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.

Anocther features are one very low power consumption and high speed
astable operation and very low voltage operation.

FEATURES

* Very low power consumption: 24mW
* Very high speed operation: 2MHz

* Output fully CMOS, TTL,

and MOS compatible

* Timing from microseconds through hours

« Adjustable duty cycle

APPLICATIONS

® Precision Timing

* Pulse Generation

e Sequential Timing

¢ Time Delay Generation
¢ Pulse Width Modulation

BLOCK DIAGRAM

ORDERING INFORMATION

14 DIP

14 SOP

Device Package | Operation Temperature
KS556N 14 DIP
0 ~+70°C
KS556D | 14 SOP
**KS556IN 8 DIP
-25~+85°C
**KS5561D 8 SOP

** Under development

Vee (14) O

G

CONTROL (3.11) O-

THRESHOLD (2.12) -

o

COM2

TRIGGER (6.8) O-

RESET o— ] E

(4.10)

VA O BIAS

Vec (14)

C.K.T.

GND (7)

OUTPUT (5, 9)
DISCHARGE (1, 13)
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KS556 CMOS INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Characteristic Symbol Value Unit
Supply Voltage Vee 18 A
Input Voltage _
(Trigger, Reset, Threshold) Vin =0.3~Veo v
Lead Temperature o
(Soldering 10 sec) Tiead 300 c
Power Dissipation Po 600 mw
Operating Temperature Range Topr 0~+70 °C
L Storage Temperature Range Tstg - 65 ~+ 150 °C

ELECTRICAL CHARACTERISTICS

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

Characteristic Symbol Test Conditions Min Typ Max Unit
Supply Voltage Vee 3 18 \
240
Supply Current IC? Veos 1oV 80 A
Controi Voltage Ve 333 v
Vee =15V 10
Threshold Voltage Vi 3% v
Vee =15V 10
Threshold Current ™ 50 pA
. 1.67
Trigger Voltage Vir Voo 15V 5 v
Trigger Current ltr 50 pPA
Reset Voltage Vge 0.7 1 v
Reset Current lre 50 PA
lo.=5mA 0.1
lou =8mA 0.15
Low Level Output Voltage Vou Vee=15V  lo.=10mA 0.1 \
Vee =15V lo, =50mA 05
Vee=15V  lou = 100mA 1
lon=~1mA 4.5
lon= —2mA 4
High Level Output Voltage Vou Vee=15V lon= —1mA 14.8 Vv
low= —5mA 14
lon = — 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 T Vee=5 to 15V 1 %
Ra= RB=1 to 100K
ly Vol itivity of Cr=0.1uF
S.upp y Voltage Sensitivity o Tes T w 0.1 %V
Timing Interval )
Rise Time T, R.=10MQ, C, =10pF 20 nS
Fall Time Ts R =10MQ, C.=10pF 20 nS
. o Ra=4709, Rs = 2002

Maximum Astable Oscillation Frmax Cr = 200pF 2 MHz

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 Vec and 2/3 Vcc.

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=1m =1.44/(Ra + 2*Re)Cr

Voo
Q

0.4uF -L
OPEN ;

S 1
Rag (3.1)T (14)

CONT Voo |
{4.10) j: R (1K)
Lo} RESET
O piscn :
KS556
out}d _L OOUTPUT
S @2.12) Cu (100pF)
83 THRES /‘71' L
6.8
€9 dria
Cy GND

/_}7(7)
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KS556 CMOS INTEGRATED CIRCUIT

2) Monostabie

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 now increases exponentially with time constant T=Ra x C. When the
voltage across the external capacitor equals 2/3 x Ve, the comparator resets the flip flop, which in turn discharges
the capacitor.rapidly and also drives the output to its state.

Voo
o
0.1;1F'L
OPEN /I7
‘P
3 (s.mT (14)
>
CONT Voo 2 ALK
(4.10) 9
L ———ofRESET
(1.13)
DISCH
KS556 out |82 1 O OUTPLUT
c= 2.12 -L
; e | e _m!. CL (100pF)
.8
INPUT O—————TRIG

GND
- ¥
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NES55C/I LINEAR INTEGRATED CIRCUIT

TIMER

The NES55 series are a monolithic integrated circuit and high
stable device forigenerating-accurate time delay or oscillation.
NES555I is characterized for operation from —40°C to +85°C,
and \NE555C from 0°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

8 DIP

8 SOP

ORDERING INFORMATION

Device Package

Operating Temperature

NESS5IN 8 DIP

* Missing pulse detector —-40~ +85°C
NES555ID 8 SOP
BLOCK DIAGRAM o g
0~+70°C
NE555CD | 8 SOP
\f:\c /g\ Control Voltage
R1
R2
) Comp . A Comparator —-(? Trigger
4hreshold
R3
(7),——————\{
Discharge Flip Flop —(‘? Reset
Output|Stage
Output GND
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NES55C/I LINEAR INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Characteristic Symbol Value Unit
Supply Voltage Vee 16 \'
Lead Temperature (soldering 10 sec) Tiead 300 °C
Power Dissipation Pp 600 mwW
Operating Temperature Range NE555| Topr —~ 40~ +85 °C
NES555C 0~+70 °C
Storage Temperature Range Tatg —-65~ +150 °C
ELECTRICAL CHARACTERISTICS
(Ta=25C, Ve =5~15V, unless otherwise specified)
Characteristic Symbol Test Conditions Min Typ Max Unit
Supply Voltage Vee 4.5 16 \
Supply Current | Vee=5V, RL=00 3 6 mA
*((low stable) o Voo = 15V, R, =00 10 15 mA
*Timing Error
{(Monsotable)
2|nitial Accurary ' MT, Ra=1KQ to 1.0 3.0 %
Drift with Temperature 100KQ 50 ppm/°C
Drift with Supply Voltage C=0.1uF 0.1 0.5 %IV
*Timing Error
(astable) Ra=1K to
2Initial Accurary MT, 100KQ 2.25 %
Drift with Temperature C=0.1uF 150 ppm/°C
Drift with Supply Voltage 0.3 %IV
Vec =15V 9.0 10.0 11.0 \Y
Control Voltage Ve
Vee =5V 26 3.33 4.0 v
. Vee =15V 10.0 v
Threshold Voltage Vry
) Vee =5V 3.33 '
*3Threshold Current lth 0.1 . 0.25 nA
Trigger Voltage V1 Vee=5 1.1 1.67 2.2 \
Trigger Voltage Vi Vec =15V 4.5 5 5.6 Vv
Trigger Current IS V=0V 0.5 2.0 rA
Reset Voltage Ve 0.4 0.7 1.0 \
Reset Current lre 0.1 0.4 mA
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NE555C/I LINEAR INTEGRATED CIRCUIT

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

. Test " .
Characteristic Symbol Conditions Min Typ Max Unit
Vec =15V .
lsink =10MA 0.1 0.25 Vv
Output Voltage (low) Vou ok = 50mA 04 0.7 v
Vee= 5V
lsink =5mMA 0.25 0.35 X \'
Voo =15V '
lsource = 200mMA 12.5 \'
Output Voltage (high) Von lsource = 100MA 12.75 13.3 \' -
Ve =5V N
lsource = 1T00MA 2.75 3.3 vV oL
Rise Time of Output T, 100 nsec
Fall Time of Output T 100 nsec
Discharge Leakage Current b ’ 20 100 nA
Notes:

1. Supply current when output is high is typically 1mA less at Vo =5V.

2. Tested at Vec=5.0V and Vg =15V

3. This will determine the maximum value of Ra +Rg for 15V operation, the max total R=20M, and for 5V operation the
max total R=6.7MQ. '

APPLICATION CIRCUIT
C
] 1L o ARAi ARAAA
1 We YWy—
TRIGGER I\ THRESHOLD CONTROL DISCHARGE
2 5/— 7 1

ST

Low Upper
comparator comparator
GND R3 R2 R1
Sﬁ ( ) AAA AA MA—- (e 8) o
) N AAL MAS Wy &)

1]
Flip-Flop —{4}—;*;&‘

5

-3
- Output
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NES55C/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 Ve (pin 8).

The external capacitor C, of pin 6 and pin 2 charges through R,, Rs and discharges through Rg only.

In the internal circuit of the .NES55, one input of upper comparator is the 2/3 Ve (*R; =Rz =Ry3), another input of it connect-
ed pin 6.

As soon as charging C, is higher than 2/3 V¢, discharge transistor Q; turn on and C, discharges to collector of transistor Q.
Therefore flip-flop circuit is reset and output is low.

One input of lower comparator is the 1/3 V¢, discharge transistor Q, turn off and C, charges through Ra and Rs.
Therefore flip-flop circuit is set and output is high.

So to say, when C, charges through Ra and Re output is high and when C, discharges through R output is low

The charge time (output is high) T, is 0.693 (Ra +Rs) C; and the discharge time (output is low) T2 is 0.693 (Rg C+).

Vec13Vos _
(v, =0699)

Thus the total period time T is given by
T=T; +T2=0.693 (Ra +2Rs).C;.
Then the frequency of astable mode is given by
f=1o_ 144
T (Ra+2Rg)C,

The duty cycle is given by

pc=Te-_Pe
T Ra +2Ra

If you make use of the NE556 you can make two astable mode.
If you want another application note, request information on our timer {C application circuit designer.

& SAMSUNG
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NES56C/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 Vec

and ground.

The circuits may be triggered and reset on falling waveforms. The output

structures may sink or source 200mA.

NE556! is characterized for operation from —40°C to +85°C, and

NES556C from 0°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

APPLICATIONS

* Precision timing

* Pulse shaping

® Pulse width modulation
* Frequency division

« Traffic light control

* Sequential timing

® Pulse generator

¢ Time delay generator
¢ Touch tone encoder
¢ Tone burst generator

14 DIP

14 SOP

ORDERING INFORMATION

Device | Package | Operating Temperature
NE556IN 14 DIP
—40~ +85°C
NES56/D | 14 SOP
NE556CN | 14 DIP
0~+70°C
NE556CD | 14 SOP

() Tsger

W/

Threshold
(2)

fn\ Control Voltage /f;\ Trigger

BLOCK DIAGRAM
Control Voltage vee
R
R
Comparator

THRESHOLD

Comparator l

[ Fiip Flop

Comparator

Comparator

I Flip Flop

Discharge
o —
Output I | Output
G) 4 O—3) ) G0
Output ~— Reset ™~ GND“—~ -~ Discharge - \=/ Output -/ Reset
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NES556C/I LINEAR INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Characteristic Symbol Value Unit

Supply Voltage Vee 16 \i
Lead Temperature (soldering 10 sec) Tiead 300 °C
Power Dissipation Po 600 mw
Operating Temperature Range NE5561 Topr —40 ~ +85 °C
NE556C 0~+70 °C

Storage Temperature Range : Tstg -65 ~+ 150 °C

ELECTRICAL CHARACTERISTICS

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

Characteristic Symbol Test Conditions Min Typ Max Unit
Supply Voltage Vee 4.5 16 Vv
*1 Supply Current (Two timers) | Vee=5V, R =00 5 12 mA
(low state) cc Vee=15V, RL =00 16 30 mA
*2 Timing Error (monostable) MT;, Ra=2KQ to 100KQ
Initial Accuracy C=0.1yF 0.75 %
Drift with Temperature T=1.1Rc 50 ppm/°C
Drift with Supply Voltage 01 %IV
Vee =15V 9.0 10.0 11.0 A"
Control Voltage Ve
Vee=5V 2.6 3.33 4.0 \
Vee =15V 10.0 \
Threshold Voltage Viu
Ve =5V 3.33 Y
*3 Threshold Current I 30 250 nA
. Vee =15V 45 5.0 5.6 \
Trigger Voltage Vrr
Vee =5V 1.1 1.67 2.2 \"
Trigger Current IR Vr=0V 0.5 2.0 A
*5 Reset Voltage Vre 0.4 0.7 1.0 Vv
Reset Current lre 0.1 0.6 mA
Vee =15V
lsink =10mA a1 0.25 \'
lsink =50mMA 0.4 0.75 \
lsink=100mA 20 3.2 Vv
Output Voltage Low Vo laink =200mMA 25 Y
Voo =5V
Isink =8mA 0.25 (.3 Vv
lsink =5MA 0.15 0.25 \Y

& SAMISUNG

Electronics



NE556CII LINEAR INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS

(Vee=+5V to +15V, unless otherwise specified)
Characteristic Symbol Test Conditions Min Typ Max Unit
Ve =15V
lsource =200mMA 12,5 Vv
Output Voltage (high) Von lsource =100mMA 12.75 13.3 v
Vee=5V
lsource = 100MA 2.75 3.3 \
Rise Time of Output T. 100 300 nsec
Fall Time of Output Ts 100 300 nsec
Discharge Leakage Current o 20 100 nA
*4 Matching Characteristics
Initial Accuracy Mcu 1.0 2.0 %
Drift with Temperature 10 ppm/"p
Drift with Supply Voltage 0.2 0.5 %IV
*2 Timing Error (astable) Ra, Re =1kQ to 100k
Initial Accuracy MT. C=0.1uF 2.25 %
Drift with Temperature 2 Vee=15V 150 ppm/°C
Drift with Supply Voltage 0.3 %/V

Notes:

*1. Supply current when output is high is typically 1.0mA less at Ve =5V.

*2. Tested at Vcc =5V and Vcc =15V

*3. This will determine the maximum value of Ra +Rg for 15V operation.
The maximum total R=20M, and for 5V operation the maximum total R=6.6MQ.

*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.

2 SAMSUNG coo
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NESS8CI/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.

NESS58I is characterized for operation from —40°C
to + 85°C, and NE558C from 0°C to 70°C.

FEATURES

* Wide supply voltage range: 4.5V to 16V

* 100mA output current per section -

* Edge triggered without coupling capacitor
¢ Time period equals RC

* Output independent of trigger conditions.

APPLICATIONS

¢ Quad one-shot

16 DIP

16 SOP

ORDERING INFORMATION

Device Package | Operating Temperature

¢ Sequential timing NESS8IN 14 DIP —40 ~ +85°C
* Precision timing NE558CN 14 DIP
* Time delay generation 0~+70°C

NE558CD | 14 SOP

BLOCK DIAGRAM -

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

(1 (18} (2 (0 }—(0)

\K / p— \’f

OVRr
OUTPUT OUTPUT
STAGE STAGE
R2
—
| FIF VR : FIF H
-
— —
FIF ' FIF

OUTPUT
STAGE

OUTPUT R1
STAGE

OVR
A . A , - Y
AN Y4 _/ \_/ \_/ o/
OUTPUT A TIMING A  TRIGGERA CONTROL Vee TRIGGER B TIMING B OUTPUT B

VOLTAGE
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NES58C/I LINEAR INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Characteristic Symbol Value Unit

Supply Voltage Veo 16 v
Lead Temperature (soldering 10 sec) Tread 300 °C
Power Dissipation Po 600 mwW
Operating Temperature Range NE556! Topr —40~+85 °C
NE556C 0 ~70 °C

Storage Temperature Range Tetg —-65~+150 °C

ELECTRICAL CHARACTERISTICS

(Vec=5V ~ 15V, Ta=25°C unless otherwise specified)

Characteristic Symbol Test Conditions Min Typ Max Unit
Supply Voltage Vee 4.5 16 Vv
Supply Current lee Vce =15V, reset voltage = 15V 16 36 mA
it Accurzcy 2 |5 | %

Drift with Temperature | M R =2Kg 1o 100K, C=1xF 30 150 | PPM/°C
Drift with Supply Voltage 0.1 0.9 %IV
1Trigger Voltage Ve Voo = 15V 0.8 15 2.4 \
1Trigger Current lr Trigger voltage =0V 5.0 100 uA
2Reset Voltage ‘ Vee Reset 08 15 24 v
2Reset Current lre Reset 50 500 uA
Threshold Voltage Vi 0.63 X Vee \
Threshold Current I 15 . nA
3Output Voltage Vour .= 10mA 01 04 v
I =100mA 1.0 20 |
Output Leakage Current lou 10 500 nA
Propagation Delay Time Te . 1.0 uS
Rise Time T, I, = 100mA 100 nS
Fall Time T I =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 V¢ to sink current.
The output is nomally low sinking current.
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NES58CII LINEAR INTEGRATED CIRCUIT

APPLICATIONS

Fig. 1 Long-Time Delay Fig. 2 Timing Chart

Vec ©

Rd:m e TRIGGER_U
— OUTPUT 1_][_( |
Cq C2

NE % OUTPUT 2 f"‘]

Tr 0
TRIGGER | Z OUTPUT 4  OUTPUT 3 ru_
5
LOUTPUT 1 OUTPUT 2 OUTPUT 3, ToELay {Touteur =
OUTPUT 4
NOT USED

Toeray: 3(R1C)
Tout: R2C2

Fig. 3 Ring Counter

Vee O
< <. 2 < 4
3R ZRC3R IRLZR FAL SR 3R

T T T T
NE NE -,7—\7 NE ,}—7 NE ;
3| ssac |17/ | 6] ssac|a’7 |14| ssec |o77 |14 sssc |ig
START o P}+frr 0, Tn Oz TR 03 TR 047

RESET o 13] 13 13] 13} 12#7

Fig. 4 Timing Chart

Vce |

START | [ U 1 1

RESET I T = R“, C1 m

T i B mr
% m, mn_.n . n
% mn_rmn__nr M

o mn_r_r .
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Device Function Package Page
KA33V Silicon Monolithic Bipolar Integrated Circuit TO92
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/S/D 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 (T.=25°C)

Characteristic Symbol Value Unit
Zener Current Iz 10 mA
Power Dissipation (T, =75°C) Po 200 mw
Operating Ambient Temperature- Ton —20~75 o
Range
Storage Temperature Range Tsig -40~125. °C

ELECTRICAL CHARACTERISTICS (T.=25°C)

TO-92

1: Anode 2: Cathode

Characteristic Symbol Test Conditions Min Typ Max Unit
Stabilized Voltage Vz Iz=5mA 31 35 \
Stabilized Voltage-Temperature Drift | AV/AT I;=5mA =1 0 1 mV/°C

a=—20 10 75°C
Dynamic Resistance rz Iz=5mA, f=1KHz 10 25
SCHEMATIC DIAGRAM
—Q 2 Cathode
Ra
D1
D2
Da
D4
Ds
>
i> R3
Kex
KQ1
<
>3 3A
< 1 Anode
603
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LINEAR INTEGRATED CIRCUIT

KA33V
MEASURING CIRCUITS
Fig. 1 Measuring Circuit for Stabilized Voltage V;
m 1Z=5mA
-/
£ 2
KA33V

G) Volt Meter

Fig. 2 Measuring Circuit for Dynamic Resistance
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KA33V LINEAR INTEGRATED CIRCUIT

TYPICAL APPLICATION

Ach Bch Ych 2Zch

AAA
- \AAS
-
KA33V ::c I Channel
Vi setting
variable
< fesistor
1 15K2 §. 15KQ 15K 15KQ )
¢ .
l * to tuning diodes (varactor) in case of Ych on
(1) UHF TUNER

)

L .
TR
CB Antenna | D1 i §{ D2 D3 D4 {
C

TR1: RF AMP: KSC1393
KSC1070 (Under development)
TRe: OSC: KSC1730 —p+O :::r?\inal

D1-Da4: 18220 Ds: MIXER: 15516

oL —O

(2) VHF TUNER
ey

0
o~ | YK

Antenna x — TR1

ﬂ D1 ] D2

TR1: RM AMP : KSC1393
TR2:MIXER : KSC1394
TR3:08C : KSC1730
D1, D4: 152209

) Low/High Channel
D2, D3: 152207 A Switching torminal.
A
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KA33V

LINEAR INTEGRATED CIRCUIT

POWER-TEMPERATURE DERATING CURVE

Fig. 7 ALLOWABLE DISSIPATION vs.
AMBIENT TEMPERATURE
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KA331 LINEAR INTEGRATED CIRCUIT

8 DIP

PRECISION VOLTAGE-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 1Hz 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: 1Hz to 100KHz
¢ Pulse output compatible with all logic forms

¢ Wide dynamic range: 100dB min at 10KHz full ORDERING |NF0RMAT|ON

scale frequency

. Device Package Operating Temperature
BLOCK DIAGRAM KA331CN | 8 DIP 0 ~ +70°C
: COMPARATOR
Vee INPUT THRESHOLD R-C
[ [7] 6 5
! Ve
PRECISION
CURRENT
REFLECTOR
i INPUT
COMPARATOR
GURRENT -~ —4_—**‘—*1
SWITCH 3; R
CURRENT o
P
BIAS CURRENTS RIS .
TO ALL CIRCUITS FLip-—FLOP
t TIMER
COMPARATOR
1.9Vpc BAND-GAP
REFERENCE
CIRCUIT
OUTPUT
DRIVER
}/RESET
>
l\m !EZR
) OUTPUT
PROTECTOR
| i:
] S
J
L
L] (] [=] ]
CURRENT REFERENCE FREQUENCY GND
OUTPUT CURRENT OUTPUT
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KA331

LINEAR INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS (Ta=0°C)

Characteristic Symbol Value Unit
Supply Voltage Vs 40 A
Input Voltage Vin -0.2to0 +Vs \"
Operating Temperature Range Topr 0to 70 °C
Power Dissipation Po 500 mwW
ELECTRICAL CHARACTERISTICS
Characteristics Symbol Test Condition Min Typ Max Unit
VFC Non-Linearity VFCNL | 4.5V <Vs<20V — +0.003 | +0.01 Fullfgcale
Conversion Accuracy Scale Factor | ACCUR Vin= ~ 10V, Rs=14KQ 0.90 1.00 1.10 KHz/V
45V <Vs<10V - 0.01 0.1
Change of Gain With Vg AA %IV
10V < Vs <40V — 0.006 0.06
Rated Full-Scale Frequency Four | Vin= — 10_V 10.0 — - KHz
INPUT COMPARATOR
Offset Voltage Vos Tvin € Ta< Tmax - +3 +10 mV
Bias Current lg — —300 nA
Offset Current los — +8 +100 nA
Common-Mode Range Vem Trin < Ta < Tumax -0.2 — Vee-2.0 "
TIMER (PIN 5)
Timer Threshold Voltage Vin 0.63 | 0.667 0.70 xVs
Vs=15V, OV<Vpn5<9.9V | — +10 +100 nA
Input Bias Current lss
Veins = 10V — 200 1000 nA
Saturation Voltage Vsars | I=5mA — 0.22 05 \
CURRENT SOURCE (PIN 1)
Output Current loi Rs=14KQ, Vo1 =0 116 136 156 A
Change with Voltage Olo | OV< Ve <10V — 0.2 1.0 A
Current Source Off Leakage ] — 0.02 10.0 nA
REFERENCE VOLTAGE (PIN 2)
Reference Voltage Vet 1.70 1.89 2.08 Voc
Stability vs Temperature Vremp — +60 — ppm/°C
Stability vs Time, 1000 Hours Vrive — +0.1 —_ %
608
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KA331

LINEAR INTEGRATED CIRCUIT

/

ELECTRICAL CHARACTERISTICS (continued)

Characteristics Symbol Test Condition Min Typ Max Unit
LOGIC OUTPUT (PIN 3)
. |=5mA — 0.15 0.50
Saturation Voltage Vsars v
1=3.2mA — 0.10 0.40 ’
Off Leakage lis —_ +0.05 1.0 uA
SUPPLY CURRENT
Vs=5V 5 3.0 6.0
Supply Current Is od mA
Vs =40V 2.0 4.0 8.0
TYPICAL APPLICATIONS
Fig. 1 Precision Voltage-to-Frequency Converter, 100KHz Fuli-Scale
Vs
10K £ 10% 10K £ 10% 6.8K£1%"
AAA- AAA- AAA-
AAAd vy vy
0.001uF 8 330pF*
11 8 5 11
Ir H
/j7 10K /-;7
2 KA331 3 Viogic
4 ) Four
i:zox 7 100KHz FULL SCALE
5K%1%*
777
20K 2 3
GAIN
ADJUST $2x
100K 1%* /// 4704F
Vin > * Use stable components with low temperature coefficients
—10V FULL-SCALE
Vs
2 7
0.0014F S 6 |
100K = 10% :E
1M < -V, 1N4002
SR
Vs -V, <
WKTO M $K
/77 /77
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KA331 LINEAR INTEGRATED CIRCUIT

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

Vg= + 15V

<
> a8k p L 8 6.81K£1%"
7
< Av‘v‘v
470pF 57

< 10K
0.01,F*

6
fin o___l Il KA331 |

2

L —O Vour
1%*
12K1, o 1“Fi 100K"
" jv
Fig. 3 Light Intesity to Frequency Converter
+5V TO 15V
8 >
LIGHT r i: 3.3K
INPUT 6 3
' | kass1| ¢ ool
\ 10K 3: 6.81K 100KHz FULL SCALE
2 5
—
5K 4
0.0014F 22 = 330pF
5K
Y.
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KA2580A/KA2588A LINEAR INTEGRATED CIRCUIT

8-CHANNEL SOURCE DRIVERS 18 DIP

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-voitage levels, meet-
ing interface 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. Typicali loads
are telephone relays, PIN diodes, and LEDs.

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.

20 DIP

ORDERING INFORMATION

FEATURES _

e TTL, CMOS, PMOS, NMOS Compatible Device Package | Operating Temperature
¢ High Output Current Ratings KA2580AN 18 DIP

¢ Internal Transient Suppression 20 DIP -20 ~ +85°C

o Efficient Input/Output Pin Structure KA2588AN 0 . .

SCHEMATIC DIAGRAM

[ 20
o i G el |2
@—DomL* A—Dore 2
Do o e
E——DOT_-_;: E—*D:[“—‘ &
Do 1 e b P s
E_D‘A,,[* ] +Vs [9] NC

we g} 0 suvee +vee [ & SUBIVEE

KA2580A ) KA2588A
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KA2580A/KA2588A LINEAR INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS
(Ta=25°C, for Any One Driver unless otherwise noted)
Characteristic Symbol Value Unit
Output Voltage ' Vee 50 v
Supply Voltage (ref, sub) Vs 50 \
Supply Voltage (ref, sub, KA2588A) Vee 50 \'
Input Voltage (ref, Vs) Vin ~-30 \
Total Current lec+ls . -500 mA
Substrate Current ’ lsus 3.0 A
Power Dissipation (single output) Pd 1.0 w
(total Package)* . 2.2 w
Operating Temperature : Ta -20~+85 °C
Storage Temperature Tstg - 65~ +150 °C

* Derate at the rate of 18mW/°C above 25°C

TYPICAL OPERATING VOLTAGE

Vs | Va(on) Vi (off) Ve | Vgg(max)'.; DVC Type

ov _15V~ —3.6V _05vV~ oV NA —50V KA2580A

+5V oV~ +1.4V +45V~ +5V stQ/ - 22& ﬁgggﬁ

+12v OV~ +8.4V +11.5V~ 412V Sy o o

+15V OV~ +11.4V +14.5V~ +15V vy o o
Notes

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

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.

& SAMSUNG



KA2580A/KA2588A LINEAR INTEGRATED CIRCUIT

PARTIAL SCHEMATIC (KA2580A)

+Vs
b - s
4
$72K 2 (7
IN o——apy— - 1
10K s HY 5]
7.2K EF i
5 3
Sk 7 i
ouT
+Vs K = SUB/VEE
) suB
ELECTRICAL CHARACTERISTICS (KA2580A)
(Ta=25°C, Vs =0V, Vee =45V unless otherwise noted)
Characteristic Symbol Test Conditions Min Max Unit
Vin=-05V,
Vour =Vee =-50V 50 #A
Output Leakage Current lcex V= —0.4V
Vour=Vee = =50V 100 A
Ta=70°C )
Output Sustaining Voltage _ _
(Note 1, 2) Vee (sus) | Vin=—04V, loyr=—25mA 35 %
Vin=-2.4V, loyr =—100mA ; 18 Vv
Output Saturation Voltage Vee (sat) Vin==30V, loyr =—225mA 19 )
V|N = —36\/, 'ou'r =-350mA 20 \"
I (01) Vin==36V, loyr =-350mA - 500 wA
on
Input Current W Vin =15V, loyr = —350mA ~2.1 mA
lour= —500uA, T,=70°C
) | (Note 3) =50 #A
lour =—100mA, VCE =18V -24 \Y
Input Voltage Vin(on) - | lour=-225mA, Vee<19V -3.0 \
(Note 4) lour =—350mA, Vee<2.0V -36 \Y
Vin (0ff) | lour==5004A, T,=70°C -0.2 \'
Clamp Diode Leakage Current Ia Ve =50V, T,=70°C 50 uA
Clamp Diode Forward Voltage \/ f=350mA 2.0 Vv
Input Capacitance Ci 25 pF
Turn-On Delay tene 0.5 Vinto 05 Voyr 5.0 »S
Turn-Off Delay trun 0.5 Vi to 0.5 Vour 5.0 uS
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 Vin (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 V.

& SAMSUNG e
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KA2580A/KA2588A LINEAR INTEGRATED CIRCUIT

PARTIAL SCHEMATIC (KA2588A)

+Vs vee b F—D";‘ 20
<~
[ & —Der] i
72K El —Dﬁ_"_‘ i
IN o—AM— Dot T
10K Doree e
72K ;E % 5]
! A1 o
Fo G LA o
1 out e [ Dot 3 NG
Vvee [0 2171 suB/vee
SUB
ELECTRICAL CHARACTERISTICS (KA2588A)
(T.=25°C, Vs =Vcc =50V, Vge =—40V unless otherwise noted)
Characteristic Symbol Test Conditions Min Max Unit
Vm > 4.5V, Vour=Vee=-45V 50 yA
Output Leakage Current leex Vinz 46V, Voyr =Vee =-45V 100 WA
. T.=70°C
Output Sustaining Voltage
N m‘;“t 2 ining Voltag Vee (sus) | Vin=46V, loyr =—25mA 35 v
V|N =26V, Iou'r =—100mA
Ref. V¢ 18 v
Output Saturation Voltage Vee (sat) Vin=2.0V, lour = —225mA 1.9 v
Ref. Vee
Vin=1.4V, loyr =-350mA
Ref. Voo 20 v
Vin =14V, loyr=~350mA -500 pA
In {on) Vg =15V, Vg =—30V,
Input Current Vin =0V, loyr =—350mA -241 mA
IOUT = —500,4A, T, =70°C _
)| (Note 3) so #A
lour= — 100mMA, Vee < 1.8V 2.6 \Y
Input Voitage (Note 4) Vv (on) lour=—-225mA, Vce <1.9V 2.0 \Y
lour =-350mA, Vee <20V 1.4 \Y
Vin (0ff) | lour==5004A, Ta=70°C 48 v
Clamp Diode Leakage Current la Vg =50V, T,=70°C 50 wA
Clamp Diode Forward Voltage Vf f=350mA 2.0 \
Input Capacitance Cn 25 pF
Turn-On Delay teHL 05 Vi to 0.5 Vout 5.0 uS
Turn-Off Delay ten 0.5 Vi\ to 0.5 Vout 5.0 uS
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 Vin (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 V.
6) Vcc must never be more positive than Vs.
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KA2580A/2588A LINEAR INTEGRATED CIRCUIT

/
TYPICAL APPLICATIONS
+\1’2V KA2588A
F -_@
secve] igﬁﬁk "
Pried
Dt ¥ | 3
121 D ne @
DIGT | }—E——‘D:T—K— Tl
SELECT Jﬁ E‘-[)ﬁ“i 3 $ aaanal|
—g]vs 2]
—{10]vee 2 I VEE
Voo <412V J-asv
Vacuum Fluorescent Display Driver (Split Supply) Telecommunicaiton Relay Driver (Positive Logic)
‘ KA2580A : 5
[ES 18

&
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Dot
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S8 S
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]
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.
v [

ﬁg@vs RS i

Telecommunication Relay Driver (Negative Logic)

—~48V
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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. Putl-down resistors are incorporated into each output and no ex-
ternal components are required for most fluorescent display applications.

18 DIP

- FEATURES

* Digit or Segment Drivers

¢ Low Input Current

¢ Internal Output Pull-Down Resistors
+ High Output Breakdown Voltage

« Single or Split Supply Operation

ORDERING INFORMATION

Device Package | Operating Temperature

BLOCK DIAGRAM KA2651N 18 DIP —20 ~ +85°C

-

EIETEIal e (e (5] (&

Y

[l [=] Sl [l [o] [=] ] [S] [-]

" Vee
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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 \
Input Voltage Vin 20 \
Output Current lout - 40 mA
Operating Temperature Ta -20 " +85 °C
Storage Temperature Tsig ~-55 +150 °C
RECOMMENDED OPERATING CONDITIONS
Characteristic Symbol Value Unit
Supply Voltage Vee 5.0~50 \
'Input ON Voltage Vin 24~15 \
Output ON Current* loutoN -25 mA
* Positive (negative) current is defined as going into (coming out of) the specified device pin.
ELECTRICAL CHARACTERISTICS
(Ta=25°C, Vcc =60V, unless otherwise noted.)
Characteristic Symbol Test Conditions Min Typ Max Unit
"Output Leakage Current loutix V=04V 15 uA
Output OFF Voltage VOUTOFF Vin=0.4V 10 v
Output Pull-Down Current loutPo Input Open, Vour =Vec 350 550 775 uA
Output ON Voltage VOUTON Vin=2.4V loyr= — 25mA 57 58 \"
Vin=24V 120 225
Input ON Current Iin - KA
Vin=5.0V 450 650 A
All Inputs Open 10 100 pA
Supply Current lee
. All Inputs =2.4V 55 8.0 mA
617
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KA2651 LINEAR INTEGRATED CIRCUIT

PARTIAL SCHEMATIC

0 Vce
10K
O——Wr—
INPUT o OUTPUT
$ 125K
GNDo

(One Driver)

TYPICAL MULTIPLEXED FLUORESCENT DISPLAY
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KA2655/6/7/8/9

LINEAR INTEGRATED CIRCUIT

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
lamps.

The KA2655 is a general purpose array for use with DTL,
TTL, 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 aflows operation directly with TTL or
CMOS operating at supply voltages of 5V. The KA2657
will handie 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 TTL, 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 “totempole” 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

e Filament famp driver

e High power buffer

e Thermal print head driver

16 DIP

16 SOP

ORDERING INFORMATION

Operating

Input Level Temperature

Device |Package

16 DIP
16 SOP
16 DIP
16 SOP
16 DIP
16 SOP
16 DIP
16 SOP
16 DIP
16 SOP

KA2655N
KA2655D
KA2656N
KA2656D
KA2657N
KA2657D
KA2658N
KA2658D
KA2659N
KA2659D

DTL, TTL,
PMOS, CMOS

PMOS

TTL, CMOS -20~ +85°C

CMOS, PMOS

TTL

¢ SAMSUNG
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KA2655/6/7/8/9

LINEAR INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS (ra=25°G)

¢ SAMSUNG

Electronics

Characteristic Symbol Value Unit
Output Voltage Vo 50 \
Input Voltage (KA2656/7/8) Vi 30 v
(KA2659) 15
Continuous Collector Current I 500 mA
Continuous Input Current Iin 25 mA
Power Dissipation Po 1.0 w
Operating Temperature Ta -20 ~+85 °C
Storage Temperature Tag —55 ~ + 150 °C
ELECTRICAL CHARACTERISTICS
(Ta=25°C, unless otherwise noted)
Characteristic Symbol Test Condition Min | Typ | Max | Unit
Vee =50V, Ta=25°C V\y=0pen 50
Vee =50V, Ta=70°C 100
Output Leakage Current Ik Vi = open nA
Vce =50V, Ta=70°C 500
Vin=6.0V (KA2656)
Vee =50V, Ta=70°C 500
Vin = 1.0V (KA2658)
lc=100mA, I = 250uA 09 | 1.1
Output Saturation Voltage Vsat lc=200mA, iy =350pA 11 | 13 \
lc = 350mA, |n = 500uA 125 | 16
Input Current 1 (Off Condition) In1 lc =500uA, Ta=70°C 50 65 uA
Vin= 17V (KA2656), Vo = open 085| 1.3
Vin = 3.85V (KA2657), Vo =open 0.93 | 1.35
Input Current 2 (On Condition) In2 Vin= 5V (KA2658), Vo = open 035 05 | mA
Vin= 12V (KA2658), Vo =open 10 | 1.45
Vin=3.0V (KA2659), Vo =o0pen 15 | 24
Vee = 2.0V, Ic = 300mA (KA2656) 13
Ve =2.0V, Ic =200mA (KA2657) 24
Vee=2.0V, Ic =250mA (KA2657) 2.7
Vee =2.0V, Ic =300mA (KA2657) 3.0
Input Voltage Vin Vee=2.0V, Ic = 125mA (KA2658) 50| V
Vee=2.0V, Ic = 200mA (KA2658) 6.0
Vee=2.0V, lc=275mA (KA2658) 7.0
Vee = 2.0V, I =350mA (KA2658) 8.0
Vee=2.0V, Ic=350mA (KA2659) 24
620



KA2655/6/7/8/9

LINEAR INTEGRATED CIRCUIT

ELECTRICAL CHARACTERISTICS

(Ta=25°C, unless otherwise noted)

Characteristic Symbol Test Condition Min | Typ | Max vUnit
DC Current Gain hee Vee=2.0V, Ic =350mA (KA2655) 1000
Input Capacitance Cin 15 | 30 | pF
ton 0.5 V|N to 0.5 Vo 0.25 1.0 ;I.S
Propagation Delay Time
torr 0.5 V|N to 0.5 Vo 0.25 1.0 ps
Vi =open, Vo= GND, Vg=50V, Ta=25°C 50 | uA
Clamp Diode Leakage Current ™
Viy =open, Vo=GND, Vg =50V, Ta=70°C 100 | pA
Clamp Diode Forward Voltage VE le=350mA 1.7 | 20 \"
PIN CONFIGURATION SCHEMATIC DIAGRAMS
KA2655 (each driver)
> 3 o]
Do Helita
I o
sf— o —— S R G <
q I
(> ] A
o | " |
C—>er—+1 . }
LN—*' 77
>0 ]
Ly
[7] ><; - 10
i LN E
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KA2655/6/7/8/9 LINEAR INTEGRATED CIRCUIT

SCHEMATIC DIAGRAMS

KAZ2656 (each driver) KA2657 (each driver)

com ’ F—N—O CoM
: O

KA2658 (each driver) KA2659 (each driver)

105K ‘ﬁ—_ 105K ‘_‘K ? l*
o |
e |
f
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KA2655/6/7/8/9 LINEAR INTEGRATED CIRCUIT

TYPICAL APPLICATIONS

PMOS TO LOAD TTL TO LOAD
KA2656 KA2657/9
oV TH/
Dy oL :
(eDorg o it Do
E——DcI I _1_4_| Oﬁ‘z——ﬂbc[ I 14
E—D('LA E] ) T O_—E—Dc EL
E%ﬁn'ﬁ W%—E%ﬁn'ﬁ
iy gam <m oy oy
o—{7}{> o o—F7] o
nCE Lﬂ o] nEE B; ]
b
/-% TEST
BUFFER FOR HIGH-CURRENT LOAD USE OF PULL-UP RESISTORS
TO INCREASE DRIVE CURRENT
KA2658 KA2657
+Vee Q+V

f

FIEERE R

CMOS
OUTPUT

~

193939

Y ¥yyyy

—l
OUTP/IIE
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KA2803 LINEAR INTEGRATED CIRCUIT

LOW POWER CONSUMPTION EARTH
LEAKAGE DETECTOR

The KA2803 is designed for use in earth leakage circuit interrupters, for
operation directly off the AC line in breakers. The input of the differen-
tial amplifier is connected to the secondary coil of ZCT (Zero Current
Transformer). The ampilified 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
e Latch circuit

FEATURES

« Low power consumption (Py=5mW, 100V/200V)

8 DIP

ORDERING INFORMATION

* Built-in voltage regulator

¢ High gain differential amplifier (Vy =13.5mV) Device Package Operating Temperature
* 1mA output current pulse to trigger SCR’S KA2803N 8 DIP .

* Low external part count, economic KA2803D 8 SOP -20 ~+80°C

* Mini-dip package (8 Dip), high packing density

¢ High noise immunity, large surge margin
* Super temperature characteristic of input sensitivity
» Wide operating temperature range (T, =-25°C ~ +80°C)

APPLICATION CIRCUIT

1. Fuli Wave Application Circuit

LOAD LOAD

2. Half Wéve Application Circuit

(I

I~
ZCT Ro

Latch|
circuit

Regul
lator

Latcl
circuit

|

Ca
001
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KA2803 . LINEAR INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Characteristic Symbol Value Unit
Supply Voltage Veo/Vee 20 \
Supply Current Is 8 mA
Power Dissipation Po 300 mwW
Lead Temperature (soldering 10 sec) Tiead 260 °C
Operating Temperature Topr -25~ +80 °C
Storage Temperature i Teto -85~ +150 °C
ELECTRICAL CHARACTERISTICS (T.=25°C)
Characteristic Symbol Test Conditions Min Typ Max Unit
Vee =12V (-25°C) 580 wA
Supply Current 1 Ist VgV, =300mV (25°C) 400 530 rA
] (80°C) 480 uA
= _DEOC O
Trip Voltage Vec =16V (-25°C~80°C) 10 13.5 17 | mVrms
. VF['V[ =x
. ) o Ve =16V (25°C)
gz:?;i:\t;al Amplifier Output ror VeV, =30mV 12 30 A
Vop=1.2V
- O
Differential Amplifier Output Voo =16V (25°C)
Current 2 Iro2 Vop =06V 17 37 uA
Vg, V; short
Vsc =1.4V
Vos =0.8V
Output Current lo Vee =12V (-25°C) -200 uA
(+25°C) -100 uA
. (+80°C) -75 A
Latch on Voitage Vscon Vec =16V (25°C) 0.7 1.4 Y,
= = -
Latch Input Current lscon Vee =12V (25°C) 5 uA
Vee =12V (—-25~80°C)
7?Qtput Low Current losi Vg =0.2V 200 uA
Diff. Input Clamp Voltage Vioe lipc =100mA (-25 ~ 80°C) 0.4 2 \Y)
Maximum Current Voltage Vsm lsm =7mA (-25°C) : 20 28 \
V= ~ 80°
Supply Current 2 Is2 VaVi=X (25~ 80°C) 900 pA
o Vos =06
Latch Off Supply Voltage Vsott Vs =high (25°C) 7.0 ) Y
) Vee =16V (25°C) .
Response Time Ton VeV, =03V 2 4 msec

¢ SAMSUNG
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KA2803 - LINEAR INTEGRATED CIRCUIT

APPLICATION NOTE

(refer to full wave application circult Fig. 1)

The Fig 1 shows the KA2803 connected in a typical leakage current detector system.

The power is applied to the V¢ 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 Cg is recommended above 1,F 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 haif-
cycle sine wave signal referred to input signal at the output 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 R_ should be selected so that the breaker satisfies the required sensing current.

The protection resistor Re is not usually used put when the high current is injected at the breaker, this resistor should be used
to protect the earth leakage detector IC the KA2803.

The range of Rp is from several hundred Q to several kQ.

The capacitor C, is for the noise canceller and standard value of C, is 0.047xF. Also the capacitor C; is noise canceller
capacitance but it is not usually used.

When high noise is only appeared at this system 0.047F capacitor may be connected between pin 6 and pin 7.

The amplified signal is finally appeared to the Pin 7 with pulse signal through the internal latch circuit of the KA2803.
This signal drivies the gate of the externat SCR which energizes the trip coil which opens the circuit breaker.

The trip time of breaker is decided by the capacitor C; and the mechanism breaker.

This capacitor should be selected under 14F 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.

& SAMSUNG
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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 reguires minimal components.

FEATURES

» Easy operation either through the AC line or a DC supply.

* Supply voltage control.

* Very few external components.

e Symmetrical burst control — No DC current components in the
load circuit.

* Negative output current pulse up to 250mA-short circuit pro-
tection.

* Reference voltage output.

ORDERING INFORMATION

8 DIP

Device Package Operating Temperature
KA2804N 8 DIP
-20 ~ +70°C
BLOCK DIAGRAM <aosoan |8 50

VOLTAGE VOLTAGE

LM CONTROL

£)NON-INV.
ComPAf + INPUT
RATOR
- 3)INY.
INPUT

AC VSYN IsYN
ey SYNCHRONOUS
INPUT o—w——@?—— Syne

RsYN

PULSE
GENERATOR

Vo Lo 6\ Q"
PULSE AMPLIFIER

m

- jz)com.
HALF WAVE \{/ QUTPUT
DETECTOR

REFERENCE BREE
.
VOLTAGE - ﬁ LOLTAGE
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KA2804

LINEAR INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS (T.=25°C)

Characteristic Symbol Value Unit
Supply Voltage -Vs 8.2 \
Supply Current ~ls 40 (average) mA
Synchronous Current lsvyn 5.0 (rms) mA
Input Voltage \ =1Vgl Vv
Power Dissipation i Pp 350 mw
Junction Temperature Ty 125 °C
Operating Ambient Temperature Topr -20~ +70 °C
Storage Temperature Tso -65~ +150 °C
ELECTRICAL CHARACTERISTICS
(Vs =80V, Vgyn =100 to 115V s, Ta=25°C, f=50/60Hz, unless otherwise specified)
Characteristic Symbol Test Conditions Min Typ Max Unit
Circuit Current -l Pin 5, Rgyn =56K — 2.0 2.5 mA
Pin 5, Is=2.5mA
Supply Voltage 1 -Vs 1 Reyy <56K 7.2 84 ' A
Pin 5, Is=20mA
Supply Voitage 2 ~-Vs 2 Rey =56K 72 — 86 \
Synchronous Current Isyn Pin 8 0.3 — — mA
. Output Pulse Width Te Pin 6, Rgyn =56K —_— 200 — S
Output Voltage Vo Pin 6, lo=200mA 4.2 5.2 — \
Output Current lo Pin 6, Ro=25 200 250 — mA
Output Leakage Current lo Pin6 — — 2.0 A
Input Offset Voltage Vio Pin3 4 — 2.0 5.0 mVv
Input Bias Current Iy Pin3, 4 — 0.5 1.0 A
Common Mode Input .
Voltage Range ~View Pin3 4 Y - 57 v
Output Leakage Current lc Pin 2 — — 0.2 pA
Reference Voltage -Vg Pin 1, lk=1uA - 36 —_ \
628
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KA2804

LINEAR INTEGRATED CIRCUIT

APPLICATIONS
ON-OFF TEMPERATURE CONTROL

AC
——0 100Vrms

y NTC

ZIT 100.F /:?/

\&d

KA2804

j“ﬁ‘wﬂ”

RH: HYSTERESIS VOLTAGE SET

®
2e

Ro
56

Rsyn
56K
Rs

50/60Hz

LOAD

AC
Q 100Vrms

TIME PROPORTIONAL TEMPERATURE CONTROL

1»‘ <
RTS 1:39}(
1
L
>
+ <
Z:Fwo,f AmTc 2
3
+ L
oz Cr 014
PUT
NA3TL J 4
Q20 Pé
A%R

KA2804

AT C7: TIMING PERIOD SET.

e
»

6.8K

wjﬁ%m

RO
56

Rsyn
56K

50/60Hz

LOAD
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KA2807 LINEAR INTEGRATED CIRCUIT

EARTH LEAKAGE DETECTOR 80P

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 ’ 8 SO

¢ Full advantage of the UL943

o Externally programmable fault current threshold

 Direct interface to SCR

¢ Operates under line reversally both load Vs line
and hot Vs neutral

e Power supply shunt regulator in chip

* Sense coil: 1000:1

o GND/Neutral coil: 200:1

» Normal fault sensitivity current is 5mA typical

o Trip time in normal fault and ground neutral fault ORDERING INFORMATION

is 18ms typical

Device Package Operating Temperature
KA2807N 8 DIP
BLOCK DIAGRAM —40 - +70°C
KA2807D 8 SOP

TIMING
AMP OUT RESISTOR

Vce

(3) () (o)
T T T
V. REG. TIMING CONTROL P—I

+INPUT( 3 T
TIMING
# % AmP 7> CAPACITOR
-INPUT (2 } - P

LATCH
Y /J\
2/
GND TRIGGER OUT

Fig. 1
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KA2807 LINEAR INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS

Characteristic Symbol Value Unit
Supply Current lee 19 mA
Power Dissipation Po 1250 mw
Operating Temperature Range Toor ~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 Vieg Pin 8, $1:2, S2:0FF 22 26 30 \
Amp Reference Voltage Vint Pin 3, $1:2, S2:0FF 9 105 12 Vv

Pin 5, 81:3, S2:ON
Amp Output High Voltage Von Sig: 800Hz, 3.0V, 17 19 21 \
Sinewave
Pin 5, S1:3, S2:0N
Amp Output Low Voltage Voo Sig: 800Hz, 3.0V, 1 25 4 v
Sinewave
Pin 2, S1:3, S2:0N '
Amp Sensitivity Current tsen Sig: 800Hz, 1.0V, ~2.5V, 3 5 7 pArms
' Sinewave
Pin 7, S1:3, S220N
Latch On Voltage Von Sig: 800Hz, 3.0Vp, 15 175 20 \Y
Sinewave
Pin 1, S$1:3, S220N
SCR Trigger Current i) Sig: 800Hz, 3.0V, 0.5 1 2.4 mA
Sinewave '
Output Low Voltage Vs1 Pin 1, 81:2, S2:0FF 100 240 mV
Output Impedance Ro Pin 1, §1:2, S2:0FF 100 Q
.Output Sink Current N Vsink Pin 1, $1:2, S2:0FF 20 5 mA

£ SAMSUNG
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KA2807 LINEAR INTEGRATED CIRCUIT

TEST CIRCUIT

Vee =31V
|
‘K; i Iss =5mA

8 7 6

KA2807

5
1 2 3 4
81
o A3
12 3
A1 A2 100K
0.V K s2

sig
Fig. 2
GNDINEUTRAL SENSE COIL
COIL 200:1 1000:1
C)—"% o
LOAD { LINE
o— —O0—T6— -
| A \_l_\‘I
l ‘
—
— c2 L -
BREAKER {_—— 0.014F/400V = Rset
] ——— AAA
jl' W
' T 10kF
i [ TANTAL
! 15K/2W  1N4004
o— AWy 8 Ve ~IN 2 w
1N4004 x 4 C4 06""5
1.04F ,'_F 8
1t +IN 3 42
SCR ig
c3 —C8
C1 — =T 0.01uF R =T~ 200pF
0.014F/400V 5 OuTPUT set 6
7 CAP GND 4}
[ cs
'!' 15nF

* Adjust R 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 (14F) is used to fitter the ripple of the supply voltage and peak current when fault current
generate over 5SmA 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 Iy, reset both the timing capacitor
and output latch causing the SCR to turn off.

A1000:1 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 (10uF) capacitor.

C6 (0.0033uF) and GC8 (200pF) are added to obtain better noise immunity. The normal fault sensitivity current is
determined by discharging current of timing capacitor.

. . A
Discharging current |y, is R X2 (1)

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

0.91
ly = U= X091 (o)

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

v

in (1) and (2) Rset = m ......

The precision value of R 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 Rs 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 )
[ - Explain: An unintentional electrical path, Rs, between
AC ELD R | the load terminal of the hot line and the ground,

UNE EUTRAL as shown by the dashed lines.

FIG. 4 NORMAL FAULT

HOT

Explain: An unintentional electrical path between the

AC ELD j RL load terminal of the neutral line and the ground,
LINE  NEUTRAL as shown by the dashed lines.

FIG. 5 GROUNDED NEUTRAL FAULT
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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
resistor 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 8 SOP
30 milliwatts when operating from a 6 volt supply, making the LM386 ideal
for battery operation.

8 DIP

FEATURES

* Battery operation. 9.SIP
¢ Minimum external parts.
* Wide supply voltage range: 4V~ 12V (LM386)
4V~ 9V (LM386S/D)
e 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)

ORDERING INFORMATION

Device | Package | Operating Temperature
LM386N 8 DIP

LM386S 9 SIP —26°C ~+70°C
SCHEMATIC DIAGRAMS LmassD | 8 SOP

GAIN  GAIN

® @

MWh
]
=

o)

A

3
<
<

BY PASS .—
<
<

15K

LA - @ Vo

15K

135K }\'

~INPUT @— P
50K

soxé; ’_‘ JE

l\l 4/5) GND
33

PINPUT @) : LEFT (Lm388ID)

RIGHT (LM386S)
Fig. 1
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LM386/S/D LINEAR INTEGRATED CIRCUIT

CONNECTION DIAGRAM

(LM386/D) {LM386S)

aaN(1 ] B O

~INPUT( 2 ] [ 7 |BYPASS

+INPUT( 3] E]vcc

wrol ] B O o7 o7 o7 57 Te] 7 e T2
TOP VIEW GAIN —IN +IN NC GND Vo Vce BY PASS GAIN
Fig. 2 Fig. 3

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Characteristic Symbol Value Unit
Supply Voltage ' Vee 15 \
) LM386 660
Power Dissipation LM386S Pq 500 mw
LM386D 300
Input Voltage Vi +0.4 Vv
Operating Temperature Topr -20~+70 °C
Storage Temperature Tatg —-40 ~+125 °C

ELECTRICAL CHARACTERISTICS

(Ta=25°C, Vec=6V, R =80, f=1KHz, unless otherwise specified)

Characteristic Symbol Test Conditions Min Typ Max Unit
Quiescient Circuit Current lec Vi=0 4 8 mA
Ve =6V, THD=10% 250 325 mwW
Output Power P,
Voc =9V, THD = 10% 500 700 mwW
Pins 1 and 8 Open 26
Voltage Gain (D-Type) Av - dB
10xF from Pin 1t0 8 46
. . Pins 1 and 8 Open 300
Bandwidth (D-Type) BW KHz
10uF from Pin 1to 8 60
Total Harmonic Distortion THD » = 125mW, Pins 1 and 8 Open 02 %
(D-Type) .
Input Resistance Ri 50 KQ
Input Bias Current ty Pins 1 and 8 Open 250 nA

¢ SAMSUNG
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LM386/S/D LINEAR INTEGRATED CIRCUIT

TYPICAL APPLICATIONS (LM386/D)

Amplifier with Gain=50 (34'dB) Low Distortion Power Wienbridge Oscillator

ELDEMA —o0
CF~S~2158( C) oV
Vi 3V15mA 1: AL
m
H
- 1
27C1 V R1R2
. . f~
Fig. 4 Fig. 5 2 1KHz|AS SHOWN
Square Wave Oscillator Amplifier with Bass Boost
vece
>
6 $aok
2
~ 1 vce
01y == s +50;’«

I LM386 > vo oK

+ % RL

10K
if1 K
A v f=1KHz
Fig. 6 ‘ Fig. 7
FROM o I

DETECTOR

VoL

FERRITE
10K 3

BEAD 2500

80
MWy SPEAKER

47 ‘IQOS#
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LM386/S/D

LINEAR INTEGRATED CIRCUIT

Av (dB), VOLTAGE GAIN THD (%), TOTAL HARMONIC DISTORTION

Vo (V), OUTPUT VOLTAGE (PEAK TO PEAK)

TOTAL HARMONIC DISTORTION-OUTPUT POWER

0001 001 01 10
Po (W), OUTPUT POWER

VOLTAGE GAIN—FREQUENCY
60 l T O T T
50 Icu=1uj
\\\~
40
30 Cia=0
20
\

10
(4 1 |

100 1K 10K 100K ™

1(Hz), FREQUENCY

OUTPUT VOLTAGE SWING-SUPPLY VOLTAGE

10 T T

7
3 /// |
160

s ya

4 / %V

7

2

oL

4 5 6 7 8 9 10 n 12
Vee (V), SUPPLY VOLTAGE

fec (MA), QUIESCENT CIRCUIT CURRENT THD (%), TOTAL HARMONIC DISTORTION

Av (dB), VOLTAGE GAIN

TOTAL HARMONIC DISTORTION-FREQUENCY

2b
18 +
Voo =6V
16— Ru-sd
h Po=125mwW
Av=26dB (Ci1s=0)
14
12
10—
08
08 /
04
I /
02 ~~———l
0
20 50 100 200 500 1K 2K 5K 10K 20K

1(Hz), FREQUENCY
QUIESCENT CIRCUIT CURRENT-SUPPLY VOLTAGE
‘ T

V=0

4 5 L] 7 8 9 10 1 12
Vec (V), SUPPLY VOLTAGE

FREQUENCY RESPONSE WITH BASS BOOST

26—

24

20 50 100 200 500 1K 2K 5K 10K 20K

1 (H2), FREQUENCY
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NOTES










PACKAGE DIMENSIONS

TO-92 Unit: mm TO92 - Unit: mm
4.58
433 (KA33V Only)
483
1 3 433 . i
483 4.8
| 1.2
6.98 L : \%’
7.49 13.97
i 185 |47 145
2.16 ,
0% b L
056 1 —
1.27 TYP—-’_j— 254 1.27
, TYP -
3.45r 556 11'02 TP 3.56 1.2
3.96)
[ A
b 1.80 350
33| 1P :
3.85 1. Anode 2. Cathode
TO-220 Unit: mm TO-3P Unitt mm
$3.61
9.68 TYP 125 15.55 455
10.18 | . 1.40 5320 L 505 1] 195
6.12 g TYP Y N 2.20
6.62 2.87 B
312 o o\.
- 19.75
oa4 o) 20.25
» 37.66
3.97 o 38.68
423 3.7
2.08 12.72 278 ) J /1353
— 113.48 : |
233 - 3.04
1.75 -
0.65 ' 225
oss i L _— ——g'gg s i
254TYP : T k——aj 5.45 0.55
X 1.14 —s
508 TYP e
475
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PACKAGE DIMENSIONS

9 SIP Unit: mm 10 SIP H/IS Unit mm
i 23.75 $3.24
{ 24.25 —YP
21.59
22.10 ! O/ 725 || 051
7.75 TYP
N sss | (24 16.15
@] 6.68 5.09 3.00 7.65/16.65
7.18 : o O Il lg1s
AR e T oo
250 | || o4s 15 0.20 6.75 355 1 TYP
TP 0.71 178 - 0.30 oo = 725 Tl
254 || | o 0.1
TYP .61 061
[ \
275 |‘ j
[ 172 25.15
| J_13.25 = 2565 1
8 DIP Unit: mm 8 SOP Unit: mm
8.95 0~10° 0.41
9.45 \ 0.79
0O O — I
6.09 ' 737 H H B
6.60 7.87
OU — 3.75 584
— 4.01 0.10 |6.35
] 102 920 "0.20
152 430
|, 14.05 —
| | |ass —
2.92
3.42
254 1
TYP ‘ Ll
0.36 0.51 a7 F oY
0.56 1.02 TY—-—J»—IP
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PACKAGE DIMENSIONS

14 DIP Unit: mm 14 SOP Unit: mm
1 0 0.10
| 9.15 ) :
600 77.37 _H g A AA[ 8 To.41 I
o 6.60 7.87 4.37 0.79 |6.10
T —ly . 462 8-128 6.60
— 123:23 0.20 7 FOOEBEDO )
' 030 |03
0.51
9.85
3.81
431 10.11
U 2.92 T b “%l:'g
254_| l‘ A’ 0.36 343 127
TYP 0.56 0.51 TYP
1.02
16 DIP Unit: mm 16 SOP Unit: mm
19.15 0~10°
1965 ) .
L I BEHBEABAARE
6.09 7.37
o 6.60 7.87 437
0 O \_111262\_1 = \L 462
{57‘”“ 020 /[ uuauuuu'u
0.30 *8-211‘ L
3.81 -
LL 2.31
9.85
o 10.11
2.54 F 4L 0.36 051 4 1147
TYP ™ 0.56 1.02 Hi 1173
1.27 L
TP
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PACKAGE DIMENSIONS

18 DIP Unit: mm 22 DIP (300) Unit: mm
22.73 0~10°
23.24 :
oMo oonn o T 26.36 0~10°
26.87
) O gggﬂ:‘ ;g?, slatnininiaiutalainisl —
5 [ 0 O O U | . \L o . o g%g g;
1.02 ~ o - 4
765 0.20 / IO DO o0 o = ‘Z
0.30 1.14 020 /-
140 030
[ IR 3.81
AL TR PR,
] 2.92 11292
: 3.43 254_| || o038 | 343 051
254 0.36 TYP 7056 102
TYP "‘ - 0.56 ?-g;
22 DIP (400) Unit: mm 22 DIP (Shrink) Unit: mm
0~10° 19.15 0~10°
19.66
- — onnooaonoMmnoon —
6.15 7.37
939 o 6.65 7.87
41 , /
oo o DO g S N
- 020 I
0.20 0.30
0.30
0.79 0.89 457 . 055 0.38 3.51
" 1.30 1.40 533 1.07 0.89 427
[ s \ , 1
v L ||
INRA T
254 | | 140 || 0.33 2.90 178 || 076 __j 038 282
TYP 1.65 058 3.91 TYP 1.02 0.54 3.84
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PACKAGE DIMENSIONS
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" PACKAGE DIMENSIONS
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SAMSUNG SEMICONDUCTOR SALES OFFICES - U.S.A.

CALIFORNIA

22837 Ventura Blvd. | 2700 Augustine Drive

Suite 305 Suite 198
Woodland Hills, CA | Santa Clara, CA 95054
91367 (408) 727-7433

(818) 346-6416 FAX: (408) 727-5071

ILLINOIS

901 Warrenville Road

Suite 120

Lisle, IL 60532-1359
(312) 852-2011
FAX:(312) 852-3096

FAX: (818) 346-6621

MASSACHUSETTS

20 Burlington Mall Road
Suite 205

Burlington, MA 01803
(617) 273-4888
FAX:(617)273-9363

TEXAS

15851 Dallas Parkway
Suite 745

Dallas, TX 75248-3307
(214) 239-0754
FAX:(214) 392-4624

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 Famham St.
Suite 107

San Diego,CA 92123

SYNPAC

3945 Freedom Circle
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
MoC 1C2

TERRIER ELEC.

3700 Gilmore Way, 106A
Burnaby, B.C., Canada
V5G 4M1

TERRIER ELEC.

6600 Transcanadienne

Suite 750-17

Pointe Claire, Quebec, Canada
HIR 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

COLORADO

CANDAL INC.

7500 West Mississippi Ave.
Suite A-2

Lakewood, CO 80226

CONNECTICUT

PHOENIX SALES
257 Main Street
Torrington,CT 06790

FLORIDA

. MEC
700 W. Hillsboro Bivd.
Bldg. 4, Suite 204
Deerfield Beach, FL 33441

MEC
511 Carriage Road

Indian Harbour Beach, FL 32837

MEC

830 North Atlantic Blvd.
Suite B401

Cocoa Beach, FL 32931

MEC
1001 45th, N.E.
St. Petersburg, FL 33703

ILLINOIS

IRI
8430 Gross Point Road
Skokie,|L. 60076

INDIANA

STB & ASSOC. INC.
3003 E. 96th St.
Suite102
Indianapolis,IN 46240

MARYLAND

ADVANCED TECH SALES
809 Hammonds Ferry Rd.
Suite D

Linthicum,MD 21090

TEL: (303) 935-7128
FAX: (303) 935-7310

TEL: (203) 496-7709
FAX: (203) 496-0912

TEL: (305) 426-8944
FAX: (305) 426-8799

TEL: (407) 332-7158
(407) 773-1100
FAX: (407) 830-5436

TEL: (407) 799-0820
FAX: (407) 799-0923

TEL: (813) 522-3433
FAX: (813) 622-3993

TEL: (312) 967-8430
FAX: (312) 967-5903

TEL: (317) 844-9227
FAX: (317) 844-1904

TEL: (301) 789-9360
FAX: (301) 789-9364
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MASSACHUSETTS

NEW TECH SOLUTIONS, INC.

111 South Bedford Street
Suite 102 '
Burlington, MA 01803

MICHIGAN

JENSEN C.B.
2145 Crooks Rd.
Troy, M| 48084

MINNESOTA

IRI
1120 East 80th Street

Bloomington, MN 55420 FAX:

NEW JERSEY

NECCO
2460 Lemoine Avenue
Ft. Lee,NJ 07024

NEW MEXICO

S.W. SALES, INC.
7137 Settlement Way, N.W.
Albuguerque, NM 87120

NEW YORK

T-SQUARE
6443 Ridings Road
Syracuse, NY 13206

T-SQUARE

7353 Victor-Pittsford Road

Victor, NY 14564
NORTH CAROLINA

GODWIN & ASSOC.
1100 Logger Ct.
Suite B 102

Raleigh, NC 27609

GODWIN & ASSOCIATES
2812 Oak Leigh Detve
Charlotte, NC 28213

OHIO

BAILEY, J.N. & ASSOC.
129 W. Main Street
New Lebanon,OH 45345

BAILEY, J.N. & ASSOC.
2679 Indianola Avenue
Columbus,OH 43202

BAILEY, J.N. & ASSOC.

1667 Devonshire Drive
Brunswick,OH 44212

TEL: (617) 229-8888
FAX: (617) 229-1614

TEL: (313) 643-0506
FAX: (313) 643-4735

TEL: (612) 854-1120
(612) 854-8312

TEL: (201) 461-2789
FAX: (201) 461-3857

TEL: (505) 899-9005

TEL: (315) 463-8592
FAX: (315) 463-0355

TEL: (716) 924-9101
FAX: (716) 924-4946

TEL: (919) 878-8000
FAX: (919) 878-3923

TEL: {704)549-8500
FAX: (704) 549-9792

TEL: (513) 687-1325
FAX: (513) 687-2930

TEL: (614) 262-7274
FAX: (614) 262-0384

TEL:-(216) 273-3798
FAX: (216) 225-1461

OREGON

EARL & BROWN CO.
9735 S.W. Sunshine Ct.
Suite500

Beaverton,OR 97005

PENNSYLVANIA

RIVCO JANUARY INC.
RJI Building

78 South Trooper Road
Norristown,PA 19403

PUERTO RICO

DIGIT-TECH

P.O. Boz 1945

Calle Cruz #2

Bajos, San German 00753

TEXAS

S.W. SALES INC.
2267 Trawood, Bldg. E3
El Paso, TX 79935

VIELOCK ASSOC.
720 E. Park Blvd.
Suite102

Plano,TX 75074

VIELOCK ASSOC.
9600 Great Hills Trail
Suite150-W
Austin TX 78759

utaH

ANDERSON & ASSOC.
" 270 South Main, #108
‘Bountiful, UT 84010

VIRGINIA

TEL: (503) 643-5500
FAX: (503) 644-9230

TEL: (215) 631-1414
FAX: {215) 631-1640

TEL: (809) 892-4260
FAX: (809) 892-3366

TEL: (915) 594-8259
FAX: (915) 592-0288

TEL: (214) 881-1940
FAX: (214) 423-8556

TEL: (512) 345-8498
FAX: (512) 346-4037

TEL: (801) 292-8991
FAX: (801) 208-1503

ADVANCED TECHNOLOGY SALES, INC.

406 Grinell Drive
Richmond, VA 23236

FAX: (804) 320-8761
WASHINGTON

EARL & BROWN CO.
2447-A 152nd Ave. N.E.
Redmond, WA 98052

WISCONSIN

IRI
631 Mayfair
Milwaukee, W1 63226

TEL: (804) 320-8756

TEL: (206) 885-5064
FAX: (206) 885-2262

TEL: (414) 259-0965
FAX: (414) 259-0326
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SAMSUNG SEMICONDUCTOR SALES OFFICES-EUROPE

SAMSUNG
SEMICONDUCTOR
EUROPE GmbH
Mergenthaler Allee 38-40
D6236 Eschborn

(Wést Germany)

Tel: 06196/9009-0

Fax: 0196/9009-89

PARIS

Centre d'Affaires La
Boursidiere RN 186, Bat.
Bourgogne, BP 202
F-92357 Le Plessis-Robinson
(France)

Tel: 1/40 94 07 00

Fax: 1/40 94 02 16

MILANO

Viale G. Matteotti, 26
1-20095 Cusano Milanino
(Italy)

Tel: 2/61 32 888

Fax: 2/61 92 279

MUNCHEN

Carl-Zeiss-Ring 4,

D-8045 Ismaning

(West Germany)

Tel: 089/96 48 30
+ 089/96 48 38

Fax:

SAMSUNG SEMICONDUCTOR REPRESENTATIVES

EUROPE

AUSTRIA

SATRON HANDELSGES.
MBH

Hoffmeistergasse 8-10/1/5
A-1120 Wien

BELGIUM

C & S ELECTRONICS NV
Heembeekstraot 111
D1100

DENMARK

MER-EL
Ved Klaedebo 18
DK-2907 Horshiom

FINLAND

INSTRUMENTARIUM
ELEKTRONIIKKA
P.O. Box 64, Vitikka 1
SF-02631-ESPOO
Helsinki

FRANCE

ASIA MOS (OMNITECH
ELCCTRONIQUE)
Ratiment Evolic 1 165,
Boulevard De Vaimy
F-92705 Colombes

TEL:
FAX:
TLX:

0043-222-87 30 20
0043-222-83 35 83
047-753 1185 1

0032-2-7 25 09 00
0032-2-7 25 08 13
046-25820

TEL:
FAX:
TLX:

TEL
FAX:
TLX:

0046-157 100
045-257 22 99
37360 MEDEL DK

TEL:
FAX:
TLX:

00358-0-5 28 43 20
00308-0-502 10 73
057-12 44 26

0033-1-47 60 12 47
0033-1-47 60 15 82
042-61 38 90

TEL:
FAX:
TLX:

SONEL-ROHE (SCAIB)
6, Rue Le Corbusier

Silic 424

F-94583 Rungis Cedex

GERMANY (WEST)

SILCOM ELECTRONICS
VERTRIEBS GmbH
Neusser Str. 336-338
D-4050 Monchengladbach

TERMOTROL GmbH
Pilotystr. 4
D-8000 Munchen 22

ING. THEO HENSKES
GmbH

Laatzener Str. 19
Postfach 72 12 26

D 3000 Hannover 72

ASTRQONIC GmbH
Grunwalder Weg 30
D-8024 Deisenhofen

MSC-MICROCOMPUTERS
SYSTEMS COMPONENTS
VERTRIEBS Gmbh
industriestrabe 16

Postfach 1380

D-7513 Stutensee 3

TEL:
FAX:
TLX:

0033-1-46 86 81 70
0033-1-45 60 55 49
042-20 69 52

TEL:
FAX:
TLX:

(49)-0-2161-6 07 52
(49)-0-2161-65 16 38
852189

TEL:
FAX:
TLX:

(49)-0-89-23 0 52 52
(49)-0-89-23 0352 98
17898453

TEL:
FAX:
TLX:

(49)-0-511-86 50 75
(49)-0-511-87 60 04
92 35 09

TEL:
FAX:
TLX:

(49)-0-89-61 30 303
(49)-0-89-61 31 66 8
5216187

TEL:
FAX:
TLX:

(49)-0-7249-70 75
(49)-0-7249 79 93
17 72 49 11
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES

MICRONETICS GmbH SEMICONDUCTORES S.A.
Wail Dur Stadtor Str. 45 TEL: (49)-0-7159-60 19 Ronda General Mitre TEL: 0034-3-2 17 23 40
D-7253 Renningen 1 FAX: (49)-0-7 159 51 19 240 Bjs FAX: 0034-3-2 17 65 98
TLX: 72 47 08 E-08006 Barcelona TLX: 052-9 77 87
ITALY SWEDEN
DIS. EL. SPA MIKO KOMPONENT AB
Via Aia Di Stura 71/18 TEL: 0039-1-12201522/25 Segersby Vagen 3 TEL: 0046-753-89 080
1-10148 Torino FAX: 0039-1-12 16 59 15 P.O. Box 2001 FAX: 0046-753-75 34 0
TLX: 043-21 51 18 S-14502 Norsborg TLX: 054-150 23
MOXEL S.R.L.
Via C. Frova, 34 - TEL: 0039-2-61 29 05 21
12092 Cinisello Balsamo ~ FAX: 0039-2-6 17 25 82 SWITZERLAND
TLX: 043-35 20 45
PANATEL AG
Grundstr. 20 TEL: 0041-42 64 30 30
CH-6343 Rotkreuz FAX: 0041-42 64 30 35
NETHERLANDS TLX: 045-86 87 63
MALCHUS BV HANDEIMIJ.
Fokkerstraat 511-513 TEL: 0031-10-4 27 77 77 UNITED KINGDOM
Postbus 48 FAX: 0031-10-4 15 48 67
NL-3125 BD Schiedam TLX: 044-2 1598 KORD DISTRIBUTION
LTD.
Watchmoor Road. Camberley TEL: 0276 685741
S GU153AQ. TLX: 859919 KORDIS G
NORWAY urrey
SEMI DEVICES A/S
Asenveien 1 TEL: 0047-9-87 65 60 BYTECH LTD.
N-1400 Ski ’ 2 The Western Centre, TEL: Sales 0344 482211
Western Road, Account/Admin 0344
Bracknell Berkshire 424222
PORTUGAL RG121RW TLX: 848215
NIPOSOM-J. NABAIS LTD.
R. Casimiro Freire 9A TEL: 00351-1-89-66 10 ITT MULTI COMPONENTS
P-1900 Lisboa FAX: 00351-80 95 17 346 Edinburgh Avenue . TEL: 0753 824212
TLX: 0404-1 40 28 Slough SL1 4TU FAX: 0753 824160
) TLX: 849804
SPAIN ‘
NELTRONIC LIMITED
SEMITRONIC S.A. John F. Kennedy Road. TEL: (01) 503560
C/Maria Lombillo. 14 TEL: 0034-1-320 21 60 61 Naas Road. Oublin 12, FAX: (O1) 552789
E 28077 Madrid FAX: 0034-1-320 21 98 Ireland TLX: 93556 NELT El
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES

ASIA
HONG KONG

AV. CONCEPT LTD.
Rm. 802-804, Tower A,
Hunghom Comm, Centre,
37-39 Ma Tau Wai Road
Hunghom, Kin, H.K.

PROTECH COMPONENTS
LTD.

Flat 3, 10/F., Wing Shing Ind.
Bldg., 26Ng Fong Street, San
Po Kong, Kowicon, Hong
Kong

TAIWAN

YOSUN INDUSTRIAL
COPR.

Min-Sheng Commercial Bidg.,
10F No. 481 Min-Sheng East
Rd., Taipei, Taiwan, R.O.C.

KENTOP ELECTRONCIS
CO., LTD.

3/F, Nbr 22.. Sec-2, Chung
Cheng Rd., Shin-Lin, Taipei,
Taiwan, R.O.C.

KINREX CORP
2nd. Fi., 514-3

Tun Hwa S.Rd..
Taipei, Taiwan. R.0.C

JAPAN

ADO ELECTRONIC
INDUSTRIAL CO., LTD.
7th Fl., Sasage Bldg., 4-6
Sotokanda 2-Chome Chiyoda-
ku, Tokyo 101, Japan

INTERCOMPO INC.
Ihi Bidg.. 1-6-7. Shibuya.
Shibuya-ku. Tokyo 150 Japan

CHEMI-CON
INTERNATIONAL COPR.
Mitauya Toranomon Bidg.,
22-14, Toranomon 1 Chome
Minato-ku, Tokyo 105, Japan

TEL:
FAX:
TLX:

TEL:
FAX:
TLX:

-TEL:

FAX:
TLX:

FAX:

TEL:

FAX:

TLX

TEL

FAX:

TEL:
FAX:

TEL:

FAX:

3-629325
3-7643108
52362 ADVCC HX

3-3522181
3-3523759
38396 PTLD HX

011-886-2-501-
0770~9
001-886-2-503-1278
26777 YOSUNIND

. 001-886-2-832-

5800/5802
001-886-2-832-5521

001-886-2-700-4686
~g
001-886-2-704-2482
20402 KINREX

03-257-1618
03-257-1579

03-406-5612
04-409-4834

03-508-2841
03-504-0566

TOMEN ELECTRONICS
COPR.

1-1, Uschisaiwai-cho 2
Chome Chiyoda-ku, Tokyo,
100

DIA SEMICON SYSTEMS
INC.

Wacore 64 1-37-8,
Sangenjaya, Setagaya-ku,
Tokyo 154 Japan

RIKEI CORP.

Nichimen Bldg., 2-2-2,
Nakanoshima, Kita-ku, Osaka
530 Japan

SINGAPORE

GEMINI ELECTRONICS
PTE LTD.

100, Upper Cross Street
#09-08 OG Bldg. Singapore
0105

INDIA

COMPONENTS AND
SYSTEMS MARKETING
ASSOCIATES (INDIA)
PVT. LTD.

100, Dadasaheb Phalke
Road, Dadar, Bombay 400
014

TURKEY

ELEKTRO SAN. VE TIC.
KOLL. STI.

Hasanpasa, Ahmet Rasim Sok
No. 16 Kadikdy istanbul-
Turkey

THAILAND

VUTIPONG TRADING
LTD., PART.

51-53 Pahurat Rd. (Banmoh)
Bangkok 10200 THAILAND

TEL:
FAX:

TEL:
FAX:

TEL:
FAX:

TEL:
FAX:
TLX:

TEL:
FAX:
TLX:

TEL:
FAX:
TLX:

TEL

FAX:
TLX:

03-506-3473
03-506-3497

03-487-0386
03-487-8088

06-201-2081
06-222-1185

65-5351777
65-5350348
RS 42819

4114585
4112546
001-4605 PDT IN

337-2245
336-8814
29569 elts tr

221-9699 3641
223-4608
224-0861

87470 Vutipong TH
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES

KOREA

NAEWAE ELECTRIC CO.,
LTD.

#751-33, Daelim-dong
Youngdeungpo-ku,

Seoul, Korea

Cable: "ELECONAEWAE"
Seoul

SAMSUNG
LIGHT-ELECTRONICS
Co., LTD.

4th Fl. Room 2-3, Electroncis
Main Bldg.. #16-9,
Hankangro-3ka, Yongsan-ku,
Seout. Korea

TEL: 646-9101-9
FAX: 844-3001
C.P.O. Box 1409
Sewoon Store: 277-0767
Pusan Branch:

(051) 808-7425
Youngsan: 701-7341-5

TEL: 718-0045,
718-9531-5
FAX: 718-9536

NEW CASTLE
SEMICONDUTOR CO.,
LTD.

4th Fl. Room 10-11, Elec-
tronics Main Bldg., #16-9,
Hankangro-3ka, Yongsan-ku,
Seoul, Korea

HANKOOK SEMICON-
DUCTOR

#1054-9, Namhyung-dong,
Kwanak-ku, Seoul, Korea

SEG YUNG INTERISE
CORP.

#21-301, Suninbldg, 16-1,
Hankangro-2ka, Yongsan. ku,
Seoul, Korea

TEL:
FAX:

TEL:
FAX:

TEL:

FAX:

718-8531-4
718-8535

588-2981-4
588-2980

701-6811-6,
701-6781-4
701-6785
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SAMSUNG

Electronics
Semiconductor Business

HEAD OFFICE:

8/10FL. SAMSUNG MAIN BLDG.
250, 2-KA, TAEPYUNG-RO,
CHUNG-KU, SEOUL, KOREA
C.P.O0. BOX 8233

BUCHEON PLANT:

82-3, DODANG-DONG,
BUCHEON, KYUNGKI-DO, KOREA
C.P.0. BOX 5779 SEOUL 100

KIHEUNG PLANT:

SAN #24 NONGSUH-RI, KIHEUNG-MYUN
YONGIN-GUN, KYUNGKI-DO, KOREA
C.P.0. 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:
24FL. TOWER 1 ADMIRALTY CENTER
18 HARCOURT ROAD HONG KONG

TAIWAN OFFICE:
RM B. 4FL, NO 581
* TUN-HWA S, RD, TAPIEl, TAIWAN

?

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: (SEQUL) 741-0620/7
FAX: 741-0628

TELEX: SSTGUMI K54371
TEL: (GUMI). 2-2570
FAX: (GUMI) 52-7942

TEL: (408) 434-5400
TELEX: 339544
FAX: (408) 434-5650

TEL: 5-8626900
TELEX: 80303 SSTC HX
FAX: 5-8661343

TEL: (2) 706-6025/7
FAX: (2) 706-6028

SAMSUNG ELECTRONICS JAPAN CO,,LTD.

6F. SUDAMACHI BERDE BLDG.
2-3, KANDA-SUDAMACHI
CHIYODA-KU, TOKYO 101, JAPAN

TELEX: 2225206 SECJPN J
TEL : (03) 258-9506
FAX: (03) 258-9695

SAMSUNG SEMICONDUCTOR EUROPE GMBH:

MERGENTHALER ALLEE 38-40
D-6236 ESCHBORN, W/G

SAMSUNG (U.K.) LTD.:

SAMSUNG HOUSE 3 RIVERBANK WAY
GREAT WEST ROAD BRENTFORD
MIDDLESEX TWS8 9RE

TEL: 0-6196-90080
FAX: 0-6196-900989
TELEX: 4072678 SSED-

TEL: 862-9312 (EXT)304

862-9323 (EXT)292
FAX: 862-0096, 862-0097
TELEX: 25823
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