ISSUED AUGUST 1983

INTRODUCTION

This book contains datasheets for SGS monolithic voltage regulators, operational amplifiers and com-
parators. Also included are a selection of darlington arrays.

Other SGS bipolar ICs are listed on pages 341 to 356. Datasheets for these products are included in the
databooks:

® POWER LINEAR ACTUATORS
e AUDIO, RADIO AND TV CIRCUITS
® TELECOM PRODUCTS

SGS Also manufactures a wide range of MOS and CMOS ICs, discrete transistors and computer systems.
For further information contact your SGS sales office or distributor.
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Voltage Regulators

STANDARD — Positive

Regulated output voltage (V)

Io(:)ax Type Package
5 |6 |75(8 |9 |10 12|15 [18 [20 |24
2 (%) L78s00CV ° ° o (o |0 |0 e ° TO-220
L78S00CT/T ° ° e/l o o0 o ° TO-3
LM117K TO-3
15 LM217K TO-3
’ LM317K 1.2V =——— adjustable—— 37V | TO-3
LM317T TO-220
L7800CV o | e ° o o |0 |00 TO-220
1 L7800ACV(**) o | e . BEEERERK T0O-220
L7800CT/T oo ° o o 0o |0 o TO-3
05 L78M00CV o e ° o |o | o |0 |e T0O-220
’ L78MO00CX o0 ° o o |00 o SOT-82
L123CB DIP-14
L123CTB TO-100
L123TB . TO-100
- .
LM723CB 2V adjustable 36V TO-100
LM723CTB TO-100
0.15 LM723TB TO-100
L146CB DIP-14
L146CTB 2V <+—————— adjustable ——— 77V | TO-100
L146TB TO-100
STANDARD — Negative
Regulated output voltage (V)
IO( : )ax Type Package
-5 |52 -8 -12 { -15 | -18 | -20 | -24
L7900ACV(*¥) o | o ° o | o | o o | o TO-220
1 L7900CV ] ° ° ° ° ° ° ° TO-220
L7900CT/T ° ° ° ° ° . . ° TO-3

(*) Proprietary SGS selection.
(**) Output voltage = + 2%.




Voltage Regulators

LOW DROP
Very Transient protection Short Reverse Output voltage
Low L
Type dro low Reset circuit voltage
P | drop |:100 |:80 |+ 60 |+ 40 protection | protection | 5V |85V | 10V
L387 [ ° ° ° °
L487 ° ° ° ° ° °
L2605 ° ° ° ) )
L2685 ° ° ° ° °
L2610 L] [ ° ) °
L4705 ) ) ° ° °
L4785 L o . ° °
L4710 ° ° ° ° °
L4805 ° [ ° ° °
L4885 (] (] ° ° °
L4810 ° ° ° ) °
LM2930A L] ° . ° °
LM2931A L] L] [ ° °
PROPRIETARY
Regulated output voltage (V)
1o max
Type Package
(A) l 5 85 l 10 4[
4 L296 (*) 5.1V <————— adjustable —— 40V Multiwatt 15
L200CH/CV . Pentawatt
B —————-
2 L200CT/T 2.9V adjustable 36V TO-3(4 lead)
L387 L Pentawatt
L487 o Pentawatt
0.5 L2600V ° ° [ TO-220
L4700CV L L4 ° TO-220
L4800CV ° o ° TO-220
LM2930A L TO-220
0.4
LM2931A [ ] TO-220

(*) Switch mode power supply.




Operational Amplifiers

SINGLE
Temperature Input Slew Max supply
Type Range Frequency C:‘VIR Bias Curr. Rate Voltage Package
cc) compensat. | (dB) (nA) (V/us) )

LM741TB -55 to 125 L] 90 80 0.5 + 22
LM741ATB -55 to 125 ° 95 30 0.7 +22
LM741CTB 0to70 o 90 80 0.5 +18
LM748TB -5 to 125 90 80 5.5 +22
LM748ATB -55 to 125 95 20 5.5 +22
LM748CTB O0to 70 90 80 5.5 +22
LS101TB -55 to 125 90 120 10 +22
LS101ATB -55r0 125 96 30 10 +22
LS107TB -55 to 125 L] 96 30 0.7 +22
LS141TB -55 to 125 o 90 80 05 +22
LS141ATB -55 to 125 o 95 30 0.7 +22
LS141CTB 0to70 [ 90 80 0.5 +18
LS148TB -5 to 125 920 80 5.5 + 22 TO-99
LS148ATB -55 to 125 95 20 55 +22
LS148CTB O0to 70 920 80 5.5 +22
LS201TB O0to 70 90 250 10 +22
LS201ATB -256to 85 96 30 10 +22
LS207TB -25to 85 L] 96 30 0.7 22
LS301ATB 0to70 90 70 10 +18
LS307TB 0to70 ° 90 70 0.5 +18
LS709TB -55 to 125 90 200 0.25 +18
LS709ATB -55 to 125 110 100 0.25 +18
LS709CTB 0to 70 90 300 0.25 +18
LS776TB -55to 125 L] 90 15 0.35 +18
LS776CTB 0to70 L] 90 15 0.8 +18
LM741CB 0to70 L] 90 80 0.5 +18
LM748CB O0to 70 90 80 55 +22
LS141CM 0to 70 L] 90 80 0.5 +18
LS148CB O0to 70 90 80 5.5 +22 Minidi
LS201B O0to70 90 250 10 +22 P
LS301AB 0to 70 90 70 10 +18
153078 0tc 70 . 20 70 0.5 +18
LS776CB Oto70 o 90 15 0.8 +18
LS141CM 0to70 o 90 80 05 18
LC148CM " 0t070 90 80 5.5 22
LS201M 0to70 90 250 10 +22 S0-8
LS301AM Oto 70 90 70 10 +18 -
LS307M 0to70 [ 90 70 0.5 +18
LS776CM O0to70 L] 90 15 0.8 +18
LS709CB 0to 70 90 300 0.25 18 DIP-14
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Operational Amplifiers

DUAL
Temperature Input Slew Max supply
Type Range :;:‘;T;Z ?3’:; Bias Curr. Rate Voltage Package
(°c) ’ (nA) (V/us) (v)
LM358N 0to 70 L] 70 45 - 32
LM358AN 0to 70 L] 85 45 - 32
LM2904N -40 to 85 ° 70 45 — 26
LS204CB 0to 70 ° 95 80 1 +18
LS4558NB 0to 70 L] 90 50 1.5 +18 Minidip
MC1458P1 0to 70 L 90 80 0.5 +18
MC1458CP1 O0to70 ° 90 80 0.5 +18
TDA2320 0to 70 o - 100 1.5 20
TDA2320A O0to 70 ° - 150 1.6 36
LS204TB -25to 85 ° 100 50 1.5 +18
LS204ATB -55 to 125 ° 100 50 15 +18 TO-99
LS204CTB O0to 70 L] 95 80 1 +18
LM358CM 0to70 [ 70 45 - 32
LM2904CM -40 to 85 o 70 45 - 26
LS204M -25 to 85 o 100 50 1.5 +18 SO-8
LS204CM 0to70 o 95 80 1 +18 a
LS4558NM 0to 70 ° 90 50 15 +18
MC1458M 0to70 L 90 80 05 +18
MC1458CM 0to 70 L] 90 80 0.5 +18
QUAD
Temperature Input Slew Max supply
Type Range :;:?::::t/ ((:LVIB? Bias Curr. Rate Voltage Package
(°c) : (nA) (V/us) V)

LM324N 0to 70 ° 70 45 - 32
LM324AN 0to 70 o 85 45 — 32 DIP-14
LM2902N -40 to 85 o 70 45 - 26 -
LS404CB 0to 70 L] 90 100 1 +18
LM324CM 0to 70 o 70 45 - 32
LM2902CM -40 to 85 o 70 45 — 26 SO-14
LS404M 0t 70 o 94 50 15 +18 -
LS404CM 0to 70 ° 90 100 1 +18
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Comparators

DUAL
Temperature Offset Input bias Voltage Supply Max supply
Type Range Voltage Current Gain Current Voltage Package
°c) (mV) (nA) (dB) (mA) (v)
LM393N 0to70 2 25 106 0.4 36
LM393AN 0to70 1 25 106 0.4 36 Minidip
LM2903N -40 to 85 2 25 106 0.4 36
LM393CM O0to70 2 25 106 0.4 36 SO-8
LM2903CM -40 to 85 2 25 106 04 36
QUAD
Temperature Offset Input bias Voltage Supply Max. supply
Type Range Voltage Current Gain Current Voltage Package
(°c) (mV) (nA) (dB) (mA) (V)
LM339N 0to70 2 25 106 0.8 36
LM339AN 0to70 1 25 106 0.8 36 DiP-14
LM2901N -40 to 85 2 25 106 0.8 36
NC3302P -40 to 85 3 30 90 0.8 28
LM339CM 0to70 2 25 106 0.8 36 SO-14
LM2901CM -40 to 85 2 25 106 0.8 36 B
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Darlington Arrays

Type N° VCEX lo Input Configuration Package
L201 7 50V 0.5A | General purpose o —pi- DIP-16
L202 7 50V 0.5A | 14-25V PMOS o —p DIP-16
L203 7 50V 0.5A |5V TTL/CMOS o —pi- DiP-16
L204 7 50V 0.5A | 6-15V CMOS/AMOS o —p DIP-16
L601 8 [¢[0)Y) 0.5A | General purpose o —pi- DIP-18
L602 8 oV 0.4A | 14-25V PMOS o —pi- DIP-18
L603 8 90V 0.4A |5V TTL/CMOS o —p DIP-18
L604 8 90V 0.4A | 6-15V CMOS/PMOS o —pi- DIP-18
ULN2001A 7 50V 0.5A | General purpose o —p DIP-16
ULN2002A 7 50V 0.5A | 14-25V PMOS o —pi- DIP-16
ULN2003A 7 50V 0.5A |5V TTL/CMOS o —pi DIP-16
ULN2004A 7 50V 0.5A | 6-15V CMOS/PMOS o —p+ DIP-16
ULN2064B 4 50V 15A |5V TTL/CMOS o —p- DIP-16
ULN2065B 4 sov 1.5A |5V TTL/CMOS o P DIP-16
ULN2066B 4 50V 1.56A | 6-15V CMOS/PMOS o P DIP-16
ULN2067B 4 80V 1.5A | 6-15V CMOS/PMOS o —p DIP-16
ULN2068B 4 50V 1.56A | 5V CMOS/TTL > & - DIP-16
ULN2069B 4 8ov 1.6A | 5V CMOS/TTL > o —p DIP-16
ULN20708B 4 50V 1.5A | 6-15V CMOS/PMOS > o DIP-16
ULN20718B 4 sov 1.5A | 6-15V CMOS/PMOS > ® P DIP-16
ULN2074B 4 50V 1.6A | General purpose L] DIP-16
ULN2075B 4 80V 1.5A | General prupose L DIP-16
ULN2076B . 4 50V 1.5A | 6-15V CMOS/PMOS = DIP-16
ULN20778 4 8oV 1.5A | 6-15V CMOS/PMOS = DiP-16
ULN2801A 8 50V 0.5A | General purpose o P DIP-18
ULN2802A 8 50V 0.5A | 14-25V PMOS o i DIP-18
ULN2803A 8 50V 0.5A | 5V TTL/CMOS o - DIP-18
ULN2804A 8 50V 0.5A | 6-15V CMOS/PMOS o —pi- DIP-18
ULN2805A 8 50V 0.5A | High Output TTL o i DIP-18

® = common emitters; m = jsolated darlingtons;
—®+ = integral suppression diodes; > = predriver stage.
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LINEAR INTEGRATED CIRCUITS

HIGH PRECISION VOLTAGE REGULATOR

INPUT VOLTAGE UP TO 40V

OUTPUT VOLTAGE ADJUSTABLE FROM 2 TO 37V

POSITIVE OR NEGATIVE SUPPLY OPERATION

SERIES, SHUNT, SWITCHING OR FLOATING OPERATION

OUTPUT CURRENT TO 150 mA WITHOUT EXTERNAL PASS TRANSISTOR
ADJUSTABLE CURRENT LIMITING

The L123 is a monolithic integrated programmable voltage regulator, assembled in 14-lead dual in-line
plastic package and 10-lead Metal Can (TO-100 type). The circuit provides internal current limiting.
When the output current excedes 150 mA an external NPN or PNP pass element may be used. Provisions
are made for adjustable current limiting and remote shut-down.

ABSOLUTE MAXIMUM RATINGS L123 L123C

Vi Input voltage 40V 40V

AVi_o Dropout voltage 40V 40V

lo Output current 150 mA 150 mA

lret Current from V¢ 15 mA 25 mA

Piot Power dissipation (at T,mp= 70°C) Plastic DIP - 1w
TO-100 520 mW 520 mW

Top Operating junction temperature -25 to 1560 °C 0to70°C

Tstg Storage temperature -65 to 150°C | -65 to 150 °C

MECHANICAL DATA Dimensions in mm

o LITL 05

c-o120

pIp

6/82 16



CONNECTION DIAGRAM AND ORDERING NUMBERS
(top views)
NC I: 1 14 ] NC
" RS e
CURRENT o) FREQUENC“
SENSE LCOMPENSATION ggzlS?ENT 3 ‘2] g
INVERTING e INVERT.
ol et L4 " ] Ve
NON -
INVERTING Q3 % VAT {s 0] Vo
INPUT
PINS , S-3662/1 Yret [ ¢ ° ] ‘e
connected to case 'S
Vs q 7 8 ] NC
5-3663
Type TO-100 Plastic DIP
L123 L123TB —
L123C L123CTB L123CB
BLOCK DIAGRAM TEST CIRCUIT
(Pin configuration relative to the Plastic package)
INVERT. FREQUENCY
Vg INPUT COMPENS V¢
o} o
|
TEMP
COMPENS
ZENER
REGULATED
- QUTPUT
REF ERROR SERIES PASS
AMPL AMPL . TRANSISTOR [
N |
OV
ii' Vi=12v
Vo =5V
) S=366an 1o=1mA
Vret Vs Nommsm CURRENT  CURRENT ¥ R1//Ry < 10 K&

THERMAL DATA

TO-100

Plastic DIP

Rt j-amp  Thermal resistance junction-ambient

max

1565 °C/W

80 °C/W

17



ELECTRICAL CHARACTERISTICS (Refer to the test circuit, T,mp= 25°C unless otherwise

specified)
L123C L123
Parameter Test conditions Unit
Min. | Typ. | Max. [ Min.| Typ.| Max
AVg Line regulation Vi=121t0 15V 0.01| 0.1 0.01{ 0.1 %
AV Vi=12to0 40V 0.1 | 05 0.02] 0.2 %
Vi=12t0 15V;
g 0.3 0.3 %
Tmin < Tamb < Tmax
AV R
~ Load regulation lo =1to 50 mA 0.03| 0.2 0.03| 0.15( %
o
Tmin S Tamb < Tmax Y’
lo=11t0 10 mA 0.6 0.6 %
Vet Reference voltage lref= 160 uA 6.8 |7.15| 75 |6.95| 7.16f 735 V
SVR Ripple rejection f =100 Hz to 10 KHz
Crer=0 74 74 dB
Cref= B uF 86 86 dB
AVg i ppm
T Output voltage drift 150 150 °C
lsc Short circuit current Rgc= 1022 Vo=0 65 65 mA
limiting
Vi Input voltage range 9.5 40 9.5 40 \Y
Vo Output voltage range 2 37 2 37 \
Vi-Vgo 3 38 3 38 \%
lg Quiescent drain Io=0
current Vi =30V 23 4 23 5 mA
%
Long term stability 0.1 0.1 1000
hrs
en Output noise voltage BW= 100 Hz to 10 KHz
Crer= 0 20 20 uVv
Cref= 5 uF 25 2.5 Y
\ Output zener voltage I,=1mA 6.9 7.7 \Y
(for plastic package
only)
Note: T, = 0°C (L123C); -25°C (L123).

Trmax=70°C (L123C); 150°C (L123).
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Fig. 1 - Maximum output
current vs. voltage drop

Fig. 2 - Current limiting
characteristics

Fig. 3 - Current limiting
characteristics vs. junction

temperature
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Fig. 4 - Load regulation Fig. 5 - Load regulation Fig. 6 - Load regulation
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Fig. 7 - Line regulation vs.
voltage drop

Fig. 8 - Load regulation vs.
voltage drop

Fig. 9 - Quiescent drain cur-
rent vs. input voltage
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‘ i 7 Vo= 5V ‘ R E ! ’ Vo= Vret
o R | Lo sy 1620
02 I A\?‘CAJDV o ! FiRer0 4
] ie
| lo=1mA 1o=ImA to50m
jlalSN S B " 0mA_ |
| |
0.1 o T 3 p°C
Bt mb’
— S A ] a2
| E —— L —
¢ | L on I~ i ) A A “foc
N J V.
| | i 74
-0 | | | ~0.2 \ |
| 1 [
[ Lo ] S DO N |
I I !
02 . .03 L |
S 15 25 35 Vig(v) 5 15 25 35 Vio(V) 0 10 20 30 40 vi(V)

_|(ma)

160



Fig. 10
response

Line transie

nt Fig. 11 -

response

362/1

G-t

avg T T

Load transient

Fig. 12 - Output impedance
vs. frequency

63411

av; av T T T

Table | — Resistor values (

J T T Y T T o THT
(mv)] NPUT VOLTAG | (v) (mv)|___|_ LOAD cunnsm} [ (mA) i
/ T | I Y ] \ T ”
| | [ A 1 P
o - l - 2 8 A,,l,,/.l\ -\ | — 5
NANEEE fiN mub
| | |
z ! 1 T o i / \ ] -5
L | | - [
OUTPUT VOLTAGE — H
o | 1 ) o / OUTPUT VOLTAGE |
-2
‘ N [ ; g r
I i |- |
V=Y I [ Vi=tav
- Evo =5V | Vo5V V |
{!R(,:!rsA i | = 19240 mA I
L SC‘ | i - [Rsc=0 L
I i |1 l { l 1
. i | L L | \
5 15 25 t (usec) 5 5 25 35 t(psec)

Kq) for standard output voltages

Fixed Output | Output Adjustable Fixed Output | Output Adjustable
Output | Applicable +5% +10% (°) Output | Applicable + 5% +10% (°)
Voltage Figures Voltage Figures
Ry Ry Ry | Py | R Ry Ry Ry | Pr | Ry
+ 3 13,16,17 | 412 | 3.01 | 1.8 05 | 1.2 +100 19 3.57 | 102 22| 10 91
18,21, 23
+ 5 13,16,17 | 215 | 499 [ 0.75 | 0.5 | 2.2 +250 19 3.57 | 255 2.2 10 | 240
18,21,23
+ 6 13,16,17 | 1.15 | 6.04 | 05 05 | 27 | -6(°°) 15 357 | 243 | 1.2 | 05| 0.75
18,21,23
+9 14,16,17 | 187 | 7.15 | 0.75 1 2.7 - 9 15 348 | 536 | 1.2 | 05 2
18, 21,23
+12 14,16,17 | 487 | 7.15 2 1 3 - 12 15 357 | 845| 1.2 | 05| 33
18,21,23
+15 14,16,17 | 787 | 7.15 | 3.3 1 3 - 15 15 3.65 [11.5 1.2 05| 43
18,21,23
+28 14,16,17 | 21 7.15 | 5.6 1 2 - 28 15 3.57 (243 1.2 | 05 10
18,21,23
+45 19 3.57 |48.7 22 ] 10 39 - 45 20 3.57 [41.2 2.2 10 33
+75 19 3.57 |78.7 22 | 10 68 -100 20 3.57 [976 2.2 10 91
-250 20 3.57 | 249 2.2 10 | 240
Note: (°) Replace Ry/R, divider with the circuit of fig. 24.
(°°) V+ must be connected to a +3V or greater supply.
Table |1 — Formulae for intermediate output voltages
Outputs from +2 to +7 volts Outputs from +4 to +250 volts Current Limiting
Fig. 13,17,18,21,23,16 Fig. 19
R v R, — R v
Vor WrerX il | Vou [5%-x —2= iRy = i = g o
O:{pu;zfrfgw 1+77 (108+g7 V2O:|§‘s Output from -6 to -250 volts Foldback Current Limiting
i9. 14,16, 17,18, 21, Fig. 15, 20 Vo Rj Vsense (R3 + Rg)
Vo= [Vier X _—-Ri%ﬁzﬁ‘ Vo= | Vrefﬁ _RitR, ]R3 =Ry Iknvee - | *RSC Rs U-‘ﬁsc Ra 1
2 2 )
‘ L[ Vsense , R3*Ra
SHORT CKT Roc R
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APPLICATION INFORMATION (Pin numbers relative to the plastic package)

Fig. 13 - Basic low voltage regulator
(V,=21to7V)

0
E—
Vs v
P
-l o}
v
™ sz
IR1 L Rsc
. 1123 2ft e Ty
N cs ., REGULATED
[ e N + Y outeuT
i L2
Cret R2 5 LK} 1 R3
Comp;

e
-
S L

R1.R2  for minimum

NOTE: R3 = R1+ R2 temperature drift.

R3 may be eliminated for minimum com-
ponent count.

Typical performance

Regulated Output Voltage . .......... 5V
Line Regulation (AV; =3V) . ... ... 0.5 mV
Load Regulation (Alg =50 mA) . ...1.5mV

Fig. 15 - Negative voltage regulator

2K
| Vet
S P

BFY39

CREIRT
PR

o h
~ %1
s MM

Jfes

z

nv

§

T —1s Py LLEANE
PN g P g

R[] 1]
\axgb LR [ v, (comp. T00pF
- i REGULATED
| i o o > OUTPUT
‘ - was

[

Typical performance

Regulated Output Voltage . ........ -15V
Line Regulation (AV; =3V) ........ 1 mV
Load Regulation (Alg = 100 mA) ... .2mV

Fig. 14 - Basic high voltage regulator
(V, =7 1t037V)

I
EA ve
verl 2T
e O Tofee
9 P2
[ R,
cL sc REGULATED
w:ﬁ L3 2 s ouTPUT
N |
L] inv.
N 5 '34 Rl

R1:-R2 for minimum

NOTE: R1 + R2 temperature drift.

R3 may be eliminated for minimum com-
ponent count.

Typical performance

Regulated Output Voltage . ......... 15V
Line Regulation (AV; =3V) . ... ... 1.5 mV
Load Regulation (Alo =50 mA) ... .45 mV

Fig. 16 - Positive voltage regulator (External
NPN Pass Transistor)

Q

AR
v aa
R E 10,
| 9
‘ L123 2
3
[N “
23

»vi Comp

- 4130

Typical performance

Regulated Output Voltage . ........ +15V
Line Regulation (AV; =3V) . ...... 1.5 mV
Load Regulation (Alg = 1A) ...... 15 mV




APPLICATION INFORMATION (continued)

Fig. 17 - Positive voltage regulator (External
PNP Pass Transistor)

<1
v —
Y 4@2?«500!
v

s
6 of—— |

Ve .

'JW llma |
Lfn‘ 123 2 e b

— s L REGULATED
+—s, 5 oUTPUT
= 4
c,e,T ke % Jco
o -
-
—-— - - on

Typical performance

Regulated Output Voltage . ......... +5V
Line Regulation (AV; =3V) ....... 0.5 mV
Load Regulation (Alg =1A) . ... ... 5mV

Fig. 19 - Positive floating regulator

RS 2000
e

2N5286

Typical performance

Regulated Output Voltage ........ +100V
Line Regulation (AV; =20V) ...... 15 mV
Load Regulation (Alg =50 mA) ....20 mV

Fig. 18 - Foldback current limiting

o e Rsc REGULATED

[ ol S
v, Ry} 308 outeuT
1 =
L

Ll27ka

9
Crer; N 23 2 |© %
= [Jr e
- R

s R4
o) Lsexa
- |

Bl

Typical performance

Regulated Output Voltage . ......... +5V
Line Regulation (AV; =3V) ... .... 0.5 mV
Load Regulation (Alg =10 mA) . .. .. 1 mV
Current LimitKnee . . . .. ........ 20 mA

Fig. 20 - Negative floating regulator

2N5287

Typical performance
Regulated Output Voltage ........ -100V
Line Regulation (AV; =20V) . ... .. 30 mV

Load Regulation (Alg = 100 mA) . . .20 mV

22



APPLICATION INFORMATION (continued)

Fig. 21 - Positive switching regulator

—
RS
Jaka
e v
v [FEEER
ret
‘F 6 10
3
M 1123 2
L') KO 3
N s ofine
"3 3
<! Rz R4 hma [-ve ]co P
Ewr  E— -
- s- e

Typical performance

Regulated Output voltage . . . .

Line Regulation (AV; = 30V)
Load Regulation (Alg = 2A)

Fig. 23 - Shunt regulator

Typical performance

Regulated Output Voltage . . .

Line Regulation (AV; = 10V)

Load Regulation (Al = 100 mA) . . ..

2

8]
12mH
REGULATED
$ OuTPUT

- 5
Vgl Ic;
R2 " I
5
5 asen

-—[‘-OONF

REGULATED
OUTPUT

Fig. 22 - Remote shutdown regulator with
current limiting

Veerpo 2 M T Rse REGULATED
v. ourPut
R1 g Pz
. w5 L1232 fck
cet o Jes |
I o o
7 13

5.

Typical performance

Regulated Output Voltage .......... +5V
Line Regulation (AV; =3V) . ... ... 0.5mV
Load Regulation (Alg =50 mA) ... .15 mV

NOTE: Current limit transistor may be used for
shutdown if current limiting is not required.

Fig. 24 - Output voltage adjust

R2 P R1
— —_J [e—
S-4202
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LINEAR INTEGRATED CIRCUITS

HIGH PRECISION HIGH VOLTAGE REGULATOR

INPUT VOLTAGE UP TO 80V

OUTPUT VOLTAGE ADJUSTABLE FROM 2 TO 77V

POSITIVE OR NEGATIVE SUPPLY OPERATION

SERIES. SHUNT, SWITCHING OR FLOATING OPERATION

OUTPUT CURRENT UP TO 150 mA WITHOUT EXTERNAL PASS TRANSISTOR
ADJUSTABLE CURRENT LIMITING

THERMAL PROTECTION

The L146 is a monolithic integrated programmable voltage regulator in 14-lead dual in-line plastic
package and 10-lead Metal Can (TO-100 type). It is made with high voltage technology and provides
internal current limiting and thermal shut down protection; when current exceeds 150 mA an external
NPN or PNP pass element may be used. Provisions are made for adjustable current limiting and remote
shut down. The L146 is intended to widen the application range of L123 up to 80V.

ABSOLUTE MAXIMUM RATINGS

V; Input voltage . 80 \%
V-V, Voltage drop 78 \%
lo Output current 150 mA
lres Current from V ¢ 8 mA
Pt - Power dissipation (at T,,,,= 70°C) Plastic DIP 1 w
TO-100 520 mw

Top Operating junction temperature L146 -25to+ 85 °C
L146C Oto +70 °C

Tetg Storage temperature -65 to +150 °C
MECHANICAL DATA Dimensions in mm

BLmax

6.6 127

Er

6/82 24



CONNECTION DIAGRAMS AND ORDERING NUMBERS
(top view)
NC [ 1 14 ] NC
CURRENT Eﬂ:‘{‘ﬁ"‘[ 2 13 ]gﬂlﬁumcv
el 2] e
weor [ nf] ve
F:‘i%;;r [ s 10 ] Yo
5 Vret [ 6 9 ] Vo
Eonnected to case -V [ 7 8 J NC
Type TO-100 Plastic DIP
L146 L146 TB
L146 C L146 CTB L146 CB
BLOCK DIAGRAM
INVERT. FREQUENCY
Vg INPUT COMPENS., V¢
e} o]
THERMAL
PROTECTION
TEMP
COMPENS.
ZENER
x h
REF . ERROR 1~ SERIES PASS
AMPL AMPL, R\ TRANSISTORS
Q +
T .l | R o
x
T o) le) o) o) S-3664/1
- Viet Vs  NON-INVERT. CURRENT CURRENT Vg
INPUT LIMIT SENSE
THERMAL DATA TO-100 | Plastic DIP
Rin j-amp  Thermal resistance junction-ambient max 155°C/W 80°C/W
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SCHEMATIC DIAGRAM (pin number relative to the plastic package)

R1 R3 R11 R14
Qn
0k Q2 Ko K K
R
R2 RIS
R4
as
Q7 Q10 )-
Q13 Q4
R6
R9

“%VZ*

- H @8 an _<0,5
c1 P! 13 ~ FREQUENCY
R7 I O COMPENS.
RS
Q1 R19
06>|~ RO | AR R13 (] me>__.:)__zo cuBRenT
Rr8
3~ CURRENT
) S-3665 SENSE
* ONLY IN PLASTIC DIP 6 5] 7O 4
Vref NON-INVERT -Vs  INVERT.
INPUT INPUT
TEST CIRCUIT
Qi
-
+Vg Ve
v, i2 b v,
ret] 6 10 | 'O —
vz oo
R o (. | Rsc
L146 2 —L{ 1 1
N sles ) ) REGULATED
i~ ! ouTPUT
4 —{__+—
Cref R2 7 13 R3
I T
100pF S-3666/1
P vV, = 12V
Vo= 5V  l,=1mA
R;//R, < 10 Ko
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, T,mp= 25°C unless otherwise

specified)
L146 C L146
Parameter Test conditions Unit
Min. | Typ. |Max. | Min. | Typ. | Max
AVo Line regulation Vi=1210 15V 0.05 [ 0.15 0.05 | 0.15
Vo V=12 to 40V 0.1 0.5 0.1 0.2 %
V; =40 to 80V 01 |05 0.1 0.2
AVo Load regulation Vi=12v Vo =5V
v Io =1 to 50 mA 0.03 | 0.2 0.03|0.15| %
V; =40V Vo =37V
|0'= 11010 mA ° 0.1 | 05 0.1 | 03 %
V; =80V Vo =77V
|0'=1m10mA° 0.12 | 0.8 0.12| 05 %
Vryef Reference voltage lres= 160 A 7.75| 8.16 |855 | 79 | 8.15| 84 \%
AV et lres= 160 A to 5 mA 4 14 4 14 | mV
SVR Ripple rejection f =100 Hz to 10 KHz
Cre=0 60 60 dB
Cref= 5 uF 88 88
AV, . ppM
AT Output voltage drift 150 150 Tl
lse Short circuit current Rgc= 1002 Vo=0 50 60 70 50 60 70 [ mA
limiting
Vi Input voltage range 10 80 10 80 \"
Vo Output voltage range 2 77 2 77
Vi-Vgo Voltage drop- 3 78 3 78
lg Quiescent drain current lo = Vo =5V
(including | o= 160 nA)
V=12V 4 5.5 4 55
Vi =40V 5.6 7 5.6 7 mA
V=80V 6 75 6 75
Alg Quiescent drain current | 15=1mA Vi=12to 40V 2.2 16 | mA
change Vo=5V
V;=12to 80V 2.6 2 mA
%
Long term stability 0.1 0.1 1000
hrs
en Output noise voltage BW = 100 Hz to 10 KHz
Cre=0 300 300 nv
Cref= 5 uF ~ 30 30
V, Output zener voltage 1= 1 mA 6.9 7.7 \Y
(for plastic package only)
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Fig. 1 - Maximum output
current vs. voltage drop

Fig. 2 - Load regulation vs.
output current (with cur-
rent limiting)
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— 4 |
“ -0.3 | W UL
|
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.
2 “ 6 0 2 L -0.4
1 10 Vi-vo(V) 0 20 40 60 80 15(mA)

Fig. 4 - Load regulation vs.

Fig. 5 - Current limiting

Fig. 3 - Load regulation vs.
output current (with current

limiting)
Moo
3 |
0
1 -
o |
~3
‘ I Ry Ny o
~
-04 ! %&
T ~
|
|
i t B S ‘tf
02 |1 I
0 10 0 To(ma)
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Fig. 7 - Line transient Fig. 8 - Load transient Fig. 9 - Output impedance
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Table | -- Resistor values (K2 ) for standard output voltage
... Fixed output . Fixed output
Positive Applicable + 5% Negative Applicable + 5%
output y output Y
voltage figures voltage figures
9 Ry R, 9 Ry Ry
+6 10,13,14 2.4 6.8 -9 2.2 2.7
18,20
+12 32 63 -12 15 3
12
+ | -30 47 30
30 11, 13, 14, 15 56
15, 18, 20
+50 24 47 _50 27 30
+70 30 39
-100 2 47
+100 2.7 68 17 F
16 -250 2 120
+250 4.7 120
Table Il — Formulae for intermediate output voltages
Outputs from +2 to +7 volts Outputs from +4 to +250 volts Current Limiting
Fig. 10, 13, 14, 15, 18, 20 Fig. 16
R VReF R, — R Y
Vout= [Vrer X ﬁ%] Vourt= [__ina_r_x 22— T Rs=FRa 'LIMIT:%
Outputs from +7 to +77 volts Output from -6 to -250 volts Foldback Current Limiting
Fig. 11,13, 14, 15, 18, 20 Fig. 12,17 ' [ VouT R3 Vsense (R3 + Rg) ]
Ry +R v Ry + R KNEE =
Vout = [Vrer X % Vour = A;E— AIFTI—&]F R3=Ra Rsc Ra Rsc Ra
| =[VSEN5E « P3tRa ]
SHORT CKT RSC RA
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APPLICATION CIRCUITS (continued)

Fig. 10 - Basic low voltage regulator
(Vout=21t07V)

REGULATED
ouTPUT

CMI

. _ R1-R2 for minimum
NOTE: R3 R1 + R2 temperature drift.

R3 may be eliminated for minimum com-
ponent count.

Typical performance

Regulated QOutput Voltage ........... 5V
Line Regulation (AV;=3V) ....... 0.5 mV
Load Regulation (Al, =50 mA) ....1.5mV

Fig. 12 - Negative voltage regulator

REGULATED
~= OUTPUT

Typical performance
Regulated Output Voltage ......... +15V
Line Regulation (AV;=3V) .. ... .. 1.5 mV

Load Regulation (Al, =1A) ...... 15 mV

Fig. 11 - Basic high voltage regulator
(VOUT= 7 to 77V)

REGULATED
R3 L146 2| QUTPUT

5-3667/1

. _ _R1-R2 for minimum
NOTE: R3 R1+R2  temperature drift.

R3 may be eliminated for minimum com-
ponent count.

Typical performance

Regulated Output Voltage . ......... 15V
Line Regulation (AV; =3V) ... .. .. 1.5 mV
Load Regulation (Al, =50 mA) ... .45 mV

Fig. 13 - Positive voltage regulator (External
NPN Pass Transistor)

N in. REGULATED
Nl P O
T T outeut
Vg Comp Rl
- 1 ,\"» + —

Typical performance

Regulated Output Voltage .......... 15V
Line Regulation (AV; =3V) ... ..... 1 mV
Load Regulation (Al, = 100 mA) ... .2mV




APPLICATION CIRCUITS (continued)

Fig. 14 - Positive voltage regulator (External
PNP Pass Transistor)

@ T
2NS00Y

|
H 1 ]

L 1Ka |
ﬁnv L1462 EL,{—:}J‘,E
3 fes | Rsc
s el L REGULATED

ouTPUT

R2 -
Cret L‘,- | [
- L Iv 50201

Typical performance

Regulated Output Voltage . ......... +bV
Line Regulation (AV;=3V) ....... 0.5 mV
Load Regulation (Al =1A) ... ... .. 5 mV

Fig. 16 - Positive floating regulator

2N5286

REGULATED
OUTPUT

L som

Typical performance
Regulated Output Voltage . ....... +100V
Line Regulation (AV; =20V) .. .. .. 15 mV
Load Regulation (Al, = 50 mA)

Fig. 15 - Foldback current limiting

REGULATED
ouTPUT

s 991

Typical performance

Regulated Output Voltage . ......... +5V
Line Regulation (AV; =3V) ....... 0.5mV
Load Regulation (Al =10 mA) .. ... 1mV
Current LimitKnee . . . ... ....... 20 mA

Fig. 17 - Negative floating regulator

.V, v, R6 |
RS < 1 !
10K Veet] 12 " UOK“

6 10}
Vz
R3 9 2N5287
wel |0 s | vee offs |

R

REGULATED
ouTPUT

»

2
S

5>
-
| 1329
| 3
i 3

Typical performance

Regulated Output Voltage ........ -100V
Line Regulation (AV; =20V) . ... .. 30 mV
Load Regulation (Al = 100 mA) .. .20 mV
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APPLICATION CIRCUITS (continued)

Fig. 18 - Remote shutdown regulator with
current limiting

Fig. 19 - Shunt regulator

Vi

Q@
: o
- T
-Vg VC H _V_(‘_‘ 1
Vret s\l va Rsc REG\;L:TEO Ijﬂ' L146 92 CL wcotn} Bspsv‘
o . v, QuTPU ,C_S_
5 L146 2[Ct B G P P —
I L,
wl Ll o™ “I (L LY
ComP gsx26 - w95
e 0 %%
TYPICAL PERFORMANCE
3 Regulated Output Voltage .......... +5V
Typical performance Line Regulation (AV;=10V) ...... 2mV
Regulated Output Voltage . .......... 5V Load Regulation (Al, =100 mA) ....5mV
Line Regulation (AV;=3V) ........ 0.5V
Load Regulation (Al, =50 mA) ....15mV
NOTE: Current limit transistor may be used for
shutdown if current limiting is not required.
Fig. 20 - 60V voltage regulator with foldback characteristic Fig. 21
Vo . G-4165
) S 4
+70V
01uF
12
60
/
45 — //
/|
= L146
30 // 1
6 5 13 —— /
ret N1 15
74
6.8K0Q -
22 “FI o 01 0.2 03 0.4 0.5 Ig(A)
R
Vo —2 + Vo
|2 = R5 . |1 — V2—3 R4 )’ V2_3=07V
Rsc Rsc Rs




APPLICATION CIRCUITS (continued)

Fig. 22 - Motor speed control

EY

lOJ,L

* ~Ows

M = BK 6901.36 LENCO

A : 3000 RPM
B : 4000 RPM

Fig. 23 - Step-down switching regulator for 12V car radio

BDX 54

a H,
i o]
150 0
BYW72 I
VC

6| s 4 7 10
Vref Tnii i Vo
| ——
K | 100 0
680KA
—
LIKA
3]

S-4185/3

Vo=13.5V

Ry _
R3 R, Rm
S-3669

Performance:

Outputvoltage . . . . . .. .. v 135V
Max outputcurrent. . . . . ... ... ... 3A
Inputvoltagerange . . . . . ... ..... 20 to 30V
Line regulation . . . . . 50 dB (lI,= 2A) AV;= 10V
Load regulation . . . . . . ... .. 0.1% (Alg=3A)
Ripple . ... ... ... .. ....... 100 mVpp
Efficiency . . . . .. ... . 75% (1o= 3A}
Switching frequency . . . . ... ... ... 25 KHz
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LINEAR INTEGRATED CIRCUITS

4A LINEAR DRIVER

HIGH OUTPUT CURRENT (4A peak)
HIGH CURRENT GAIN (10 000 TYP.)
OPERATION UP TO £ 20V
THERMAL PROTECTION

SHORT CIRCUIT PROTECTION
OPERATION WITHIN SOA

HIGH SLEW-RATE (30V/us)

The L149 is a general purpose power booster in PENTAWATT package consisting of a quasi-comp-
lementary darlington output stage with the associated biasing system and inhibit facility.
The device is particularly suited for use with an operational amplifier inside a closed loop configuration

to increase output current.

ABSOLUTE MAXIMUM RATINGS

Vs Supply voltage

V; Input voltage

lo DC output current

lo Peak output current (internally limited)
VINH Input inhibit voltage

Piot Power dissipation at Tc,se= 75°C

Tsg, T; Storage and junction temperature

-V, +5
-V -1.5
25

-40 to 150

o

0OSE<<>>» <

ORDERING NUMBER: L149V

MECHANICAL DATA

Dimensions in mm

3/83
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CONNECTION DIAGRAM (top view)

> “Vg
> output
Y -Vg
> INPUT
[ > INHIBIT

I__J

- N W !

(tab connected to pin 3) S-4025

SCHEMATIC DIAGRAM

5
Quve
@
l/
"\;
) 4
SOA ‘
2 ) 4 PROT. L
O D
INPUT y 4
) 4 THERMA ——Oour
PROT.
.
]
1 ~ '/
— INHIBIT @
INHIBIT : ==
‘ PROT. |
s- 601811 | @3‘\/5
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THERMAL DATA

Rih j-case  Thermal resistance junction-case max 3 °C/W
ELECTRICAL CHARACTERISTICS (T,mp= 25°C)
Parameter Test conditions Min. Typ. Max. Unit
Vg Supply voltage + 20 \%
lg Quiescent drain current V=1t 16V 30 mA
lin Input current Vs=1 16V V=0V 200 400 HA
hge DC current gain Vg=+ 16V lo =3A 6000 10000 -
Gy Voltage gain Vg=¢+ 16V lo = 1.6A 1 -
VcEesat Saturation voltage lo =3A 3.5 \
(for each transistor)
Vos Input offset voltage Vg=+ 16V 03 Vv
VINH Inhibit input voltage ON condition +0.3
(pins 1-3) \%
OFF condition +1.2
RinH Inhibit input resistance f=1KHz 2.0 KQ
SR Slew rate 30 V/us
B Power bandwidth V=1$18V, d=1%, R =8 200 KHz

TEST CIRCUIT

O4+Vs
IN 2 10.1/{_![:
O——\S
L 149 % —QO0uT
3
17
ON 10
|
INHIBIT
IO.'I,UF IO.‘MF
O by
O -vg

S$-4019N
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Fig. 1 - Maximum saturation Fig. 2 - Current limiting Fig. 3 - Supply voltage

voltage vs. output current characteristics rejection vs. frequency
360511 o s2ian i
Vee(aan : ko r T1] w| [T [T T
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NPN | 3
2 | ! 0 L |
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0 ! | ‘y\j " | | |8
3 — t 20 -t
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° \ I %0 : -
S —— I Lt
’ 2 i P 0 7 YLl il
, . -4 f [ 0 %
6 | L] ! ) so m]
[ ol 1]‘
o vz 3 e s pm PRG35 a0 ge a5 45 Fweaw w0 w! 10? ot )
APPLICATION INFORMATION
Fig. 4 - High slew-rate power operational amplifier
O Vg
1N4001 &
5
ua%
3 RS| [10 AL
01uF
1kal |r2 1N4001 &
Oj»,v,
C2, OuF
I 5-3934
Fig.-5 - Distortion vs. out-. " Fig. 6 - Distortion vs. out- Fig.-7 - Output power vs.
put power (f =1 KHz) put power (f= 10 KHz) supply voltage
G-4252 G- 4251 G-4253
a Eooes] d = = == Ssst fo T
o2 = t ) = 0
" y230d8) sL..:snv . 5 23008 Vge 36V w Gye30d8)
talkHz 2 ——1 t=10KHz T 26 {2180
: :
J l 2 Ry=40
! [ ! s 4 R=80
6 0 " ; 18
‘ 80 R4 ‘ Acasal Hroa A
\ T vg=22v Vgu32V . Vewazv v,L.azv s // 7
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o1, 0 i = 9
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APPLICATION INFORMATION (continued)

Fig. 8 - Electronic potentiometer (short-circuit protected)

+ 20V

0ImF

e

I

0to18Vv
O

(2Amax)

Fig. 9 - 720W Switch-Mode Power Supply using the L149 as driver stage for the power transistors

O Ve =300V
.- - _— —— ~OVec sV
0.68 pF / 2l
10KQ | ok
U
| E— —
| i
; i L0 Ve -5V
50 uH 100 K Vo 224 —OYc
Lm0 o
2uF | J
T
| T ey T |
| | k)st - 2N 3439
| |
ek L] . ‘
—_ | Bl
] | sson |
— SR — — — {
S ~O+5v
] 0.22 uF
|
220 BC177
W @
BUW34 | Iy . n
LL’.‘_J i ‘ “# OO-LF U’OKA
| LT 100 jpF T
) D U Y O -5y
Leno - .
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LINEAR INTEGRATED CIRCUITS

3A POWER OPERATIONAL AMPLIFIER

OUTPUT CURRENT UP TO 3A

LARGE COMMON-MODE AND DIFFERENTIAL MODE RANGES
SOA PROTECTION

THERMAL PROTECTION

£18V SUPPLY

PENTAWATT PLASTIC PACKAGE

The L165 is a monolithic integrated circuit in PENTAWATT package, intended for use as power oper-
ational amplifier in a wide range of applications, including servo amplifiers and power supplies. The high
gain and high output power capability provide superior performance wherever an operational amplifier/
power booster combination is required.

ABSOLUTE MAXIMUM RATINGS

Vg Supply voltage +18 \%
V; Input voltage Vg

' Differential input voltage +15 \
lo Peak output current (internally limited) 3.5 A
Piot Power dissipation at T ,se= 90°C 20 w
Teg, Tj Storage and junction temperature -40 to 150 °C
ORDERING NUMBER: L165V

MECHANICAL DATA Dimensions in mm
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CONNECTION DIAGRAM

(top view)

> s
> output
3 -y
[ INVERTING INPUT
> NONINVERTING INPUT

/ 5-2628/1

tab connected to pin 3

- N Ww s »

SCHEMATIC DIAGRAM

N !

'/ ——t
/' | THERMAL
—| shirBsi o &
PROTECTION
4
J : L ! D J
GpFJ
[

O_.

‘_< THERMAL ')
SHUT DOWN
AND SOA Q2
PROTECTION
h 4 A
| 3
$-2629 {D
THERMAL DATA
Rtn j-case  Thermal resistance junction-case max 3 °C/W
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ELECTRICAL CHARACTERISTICS (v, = £ 15V, T,mp,= 25°C unless otherwise specified)

Parameter Test conditions Min. Typ. Max. Unit
Vg Supply voltage +6 +18 \Y
lq Quiescent drain current 40 60 mA
y Input bias current 0.2 1 kA
Vg =118V
Vos Input offset voltage +2 +10 mV
los Input offset current +20 +200 nA
SR Slew-Rate Gy=10 8
V/us
Gy=11() 6
Vo Output voltage swing f=1kHz lp =0.3A 27 v
|p =3A 24 PP
f=10kHz Ip = 0.3A 27 v
Ip=3A 23 PP
R; Input resistance (pin 1) 100 500 K
f=1KHz
Gy Voltage gain (open loop) 80 dB
en Input noise voltage 2 u\V
B =10 to 10 000 Hz
in Input noise current 100 PA
CMR  Commonmode rejection | Rg<10KQ Gy=30dB 70 dB
SVR Supply voltage rejection Rg= 22 kQ Gy =10 60 dB
Viipple= 0.5 Vims
fripple= 100 Hz Gy =100 40 dB
n Efficiency £=1KkHz lp=16A; Po= 5W 70 %
= 0
RL=42 1 —3a; P,=18W 60 %
Tsa Thermal shut-down case Piot= 12W 110 °C
temperature Prot= 6W 130

(°) Circuit of fig. 8.
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Fig. 1 -Open loop frequency Fig. 2 - Closed-loop fre-

Fig. 3 - Large signal fre-

response quency response (circuit of quency response
fig. 8)
6-4396 /1 G- 4395 6-439¢
v i e Gv i T £ Vo
(a8 :v, Y7 (de) Vg e (Vpp) T
S — 8o i 180 Vg =215V,
> s f F—o
100 ‘ PHASE -] % | / %0 28 ] Q et
& s 148 7T 45 2 T— L=b N
. \ . X ‘ PHASE / . 0
© ! saIn \\ o I . N\
o N ) ] GAIN 1
% i N o \\ 2
| 0 S
° N 8 \
-20 \ \
L i “
.60 i | | | i 1 o
10 107 10° 10¢ 108 108 1 (Hz) 10 102 10° 10 10% 10° ¢ (Hz) 1 10 10? 1 (KHz)
Fig. 4 - Maximum output Fig. 5 - Safe operating area Fig. 6 - Maximum allowable
current vs. voltage [Vcel and collector characteristics power dissipation vs. am-
across each output transistor of the protected power bient temperature
e[ T 2 transistor P TTT] T
(A) ; Lo I (W)
R " le \\-"m sk 20 1
T~ \
le max 16
12

Second breakdown
area

o
o 10 20 0 Veggr V) -50 0 50 100 150 Tamb(*C)
Vegaqz(V) -0 -20 -0 0 Ve
5-0764/
Fig. 7 - Application circuit (G, > 10) Fig. 8 - Unity gain configuration

+ Ve
OS

1N40O1

$-4302

S-a303
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Fig. 9 - Motor current control circuit with external power transistors (I otor > 3.5A)

+Vgmax36V
36K 10K 0 Cf
’—%T'% . k0 2% . 33K02%
I i ' - . -
—— | | | 0.22uF T | I R7 | R8 i
I ! | zz ‘ ‘ 0.22 0.22uF —4 l
1 == uf | PF >\ BOS3S '
| I T i& il
K ; on |
33KN _(_:}__; e S— - 10KQ
0.470 RIO
5% |
| B0S36 - |
| 4XINLOOY LHRG ‘
| 100K
KN | lOKﬂ - RS [ 2% - -
Vi =0...28V —L———— - T - — - - S Gdusn
R3* R4k 100K 0. 2%
HR<1%
Note: The input voltage level is compatible with L291 (5-BIT D/A converter)
Fig. 10 - High current tracking regulator Fig. 11 - Bidirectional speed control of
DC motor
W,
O v,
0IuF I Vg = 3to(Vi- )V
24
= P DC MOTOR
#o 22 uF
i
ALY R
{ <j
|
S S — YN
Vs TACHO
- 2%
v O— J—_"_j—o
S~ 412301 8
P1 5-4370

A:for #18 <V, <+ 32
Note — V, must be chosen in order to verify
2V;-V,<36V

B: for V; <t 18V
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O +Vo

f .—i—;
WIpF
Vi 54
+81t0 436V Vo=t4 to £18V
N
47PF
°'"“FTT
O- -V
5-537901 O-Ye

Fig. 13 - Power squarewave oscillator with independent adjustments for frequency and duty-cycle.

P1 : duty-cycle adjust

Vout JII_L P2 : frequency adjust (f = 700 Hz with
C1= 10 nF, P2= 100 Kg, f=25 Hz

with C1= 10 nF, P2=0)

5-5381

Fig. 14 - Bidirectional DC motor control with TTL/C-MOS/uP compatible inputs
O‘VSZ

4xIN4OOY

$-5380

Vg, = logic supply voltage Must be Vg, = Vg, E1, E2 = logic inputs
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LINEAR INTEGRATED CIRCUITS

ADJUSTABLE VOLTAGE AND CURRENT REGULATOR

ADJUSTABLE OUTPUT CURRENT UP TO 2A (GUARANTEED UP TO T;= 150°C)
ADJUSTABLE OUTPUT VOLTAGE DOWN TO 2.85V

iNPUT OVERVOLTAGE PROTECTION (UP TO 60V, 10 ms)

SHORT CIRCUIT PROTECTION

OUTPUT TRANSISTOR S.0.A. PROTECTION
THERMAL OVERLOAD PROTECTION

LOW BIAS CURRENT ON REGULATION PIN
LOW STANDBY CURRENT DRAIN

The L200 is a monolithic integrated circuit for voltage and current programmable regulation. It is
available in PENTAWATT package or 4-lead TO-3 metal case. Current limiting, power limiting, thermal
shutdown and input overvoltage protection (up to 60V) make the L200 virtually blowout proof. The
L200 can be used to replace fixed voltage regulators when high output voltage precision is required and

eliminates the need to stock a range of fixed voltage regulators.

ABSOLUTE MAXIMUM RATINGS

Vi

Vi
AV,
o
Ptot

Tstg
Top

DC input voltage

Peak input voltage (10 ms)

Dropout voltage
Output current
Power dissipation
Storage temperature

Operating junction temperature for L200C

for L200

40 \
60 Vv
32 \Y

internally limited
internally limited
-55 to 150 °C
-25 to 150 °C
-55 to 150 °C

MECHANICAL DATA

45

Dimensions in mm

3/83



CONNECTION DIAGRAMS

AND ORDERING NUMBERS

(top views)
QUTPUT
CURR:
5. > ouTtPuT
‘  — -
GND | — V)
2> LIMITING
|| E—— V) LIMITING
J INPUT
$-2555/3
$-2387/2
Type Pentawatt ® T0-3
L 200 L200T
L200C L 200 CH L200CT
L 200 CV
BLOCK DIAGRAM
1
1 PASS Q ouTPUT
IN(F?UT o [ ELEMENT J‘)f'\
SOA. CURRENT
PROTECTION LIMITING
CURRENT ERROR
SOURCE REFERENCE AL COMPARATOR l——0 2
l VOLTAGE
O4 peFERENCE
THERMAL
PROTECTION
l O3 GROUND

$-3928
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SCHEMATIC DIAGRAM

R8 'LRS
ijOS
¢ L
Q7 —

D1y
D2y
Qs
a6 Q9
R6 | R7 1%@ R25
<+ 26}
5-2385
THERMAL DATA TO-3 Pentawatt ®
Rin j-case Thermal resistance junction-case 4°C/W 3°C/W
th j-amb Thermal resistance junction-ambient 35°C/W 50 °C/W

ELECTRICAL CHARACTERISTICS (T,,,,= 25°C, unless otherwise specified)

Parameter Test conditions Min. Typ. Max. Unit
VOLTAGE REGULATION LOOP
lq Quiescent drain current (pin 3) | V; =20V 4.2 9.2 mA
eN Output noise voltage Vo= Viet lo= 10 mA
B =1 MHz 80 uVv
Vo Output voltage range lo=10mA 2.85 36 \
AVo_ Voltage load regulation Alg= 2A 0.15 1 %
Vo (note 1) Alo= 1.6A 0.1 0.9 %
AV, Line regulation Vo= 5V
AVg V;=81to 18V 48 60 dB
SVR Supply voltage rejection Vo=5V 1o=500 mA
AVi=10Vp,
f =100 Hz (note 2) 48 60 dB
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ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. Unit
AVi_o Droupout voltage between lo = 1.6A AVo < 2% 2 25 \
pins 1 and 5
Vyef Reference voltage (pin 4) V=20V lo =10mA 2.64 2.77 2.86 \
AV yes Average temperature V=20V lo=10mA
coefficient of reference voltage for Tj=-25 to 125°C -0.25 mV/°C
for Tj= 125 to 150°C -1.5 mV/°C
lg Bias current at pin 4 3 10 uA
Alg Average temperature -0.5 %/°C
INKIV coefficient (pin 4)
Zs Output impedance V=10V Vo= Vet
lo= 0.5A f=100Hz 1.5 mg

CURRENT REGULATION LOOP

Vsc Current limit sense voltage V=10V Vo = Viet
between pins 5 and 2 I5= 100 mA 0.38 0.45 0.52 \%
AV Average temperature 0.03 %/°C

AT - Vg coefficient of Vgc

Alo Current load regulation V=10V AV =3V

lo lo = 0.5A 1.4 %
lo = 1A 1 %
lo = 1.6A 0.9 %

| Peak short circuit current V-V, =14V

sC 1 o
(pins 2 and 5 short circuited) 3.6 A

Note 1): A load step of 2A can be applied provided that input-output differential voltage is lower than 20V (see
fig. 1).

Note 2): The same performance can be maintained at higher output levels if a bypassing capacitor is provided bet-
ween pins 2 and 4.
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Fig. 1 - Typical safe oper- Fig. 2 - Quiescent current Fig. 3 - Quiescent current

ating area protection vs. supply voltage vs. junction temperature
G- 2851 G -28601 G- 2846
Toman | T TT T la 1] 'e ]
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e L . MRS
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: TN BN
[ y=usc || ™ B -+ -
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- 40 17 N
N T
3 38 3 - N
1 3 36 ’I S ~N
\N 34 2 I 1 1
T | 1
’ | T
I ] | 1 i |
0 10 20 30 Vi-VV) 0 10 20 30 Vg (V) -40 [ 40 80 120 T (%)
Fig. 4 - Quiescent current Fig. 5 - Output noise voltage Fig. 6 - Output noise voltage
vs. output current vs. output voltage vs. frequency
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Fig. 7 - Reference voltage Fig. 8 - Voltage load regu- Fig. 9 - Supply voltage re-
vs. junction temperature lation vs. junction tem- jection vs. frequency
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Fig. 10 - Dropout voltage

vs. junction temperature
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Fig. 13 - Voltage transient

Fig. 11 - Output impedance
vs. frequency

Fig. 14 - Load transient response

response
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Fig. 15 - Load transient response
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Fig. 12 - Output impedance
vs. output current
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Fig. 16 - Current limit sense
voltage vs. junction tem-

perature
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APPLICATION CIRCUITS

Fig. 17 - Programmable voltage regulator Fig. 18 - P.C. board and components layout of fig. 17.

(1: 1 scale)

sf 9~ —
e f N
. ) , ! [ e
L200 [Fq o L
T o5 *Yr2 FH | v
——
T4 Topr | R ‘o I
v c2 i +Vv, R?
Vi — | E
Lzézoj‘?zz‘ur ‘ 2o .,
| i c
Oeen
- J— 5-5382 o

CS-0168

Fig. 19 - Programmable voltage regulator with
current limiting

V5-2
R3

R2
=Veet 1022
Vo rel( R,)

5 R To(max)=

Fy L 200
‘1 L1200 [ ’ T [
Yi 3 7 Yo
022 0.22uF 0uF
*‘ﬁ!— 3 7] _L‘“‘F v __] .
Vi R1 R2 o
8200 710kQ l — S-202511
) S- 20271 2
—

Fig. 21 - High current voltage regulator with Fig. 22 - Digitally selected regulator with

short circuit protection inhibit
5
Rsc
.1 Vg. 1k
BOWS2 s/ o IO:F(E"TC?-L_“ 4 L20 P
0
i U L2200 P g z
I Vi é:o,zzus 0.1 uFam Vo
0.224F - - 0IuF
Vi Vo Inhibit
8200 710k0
L T T l ) Lt
) — - 253912 L 5-2543/1
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APPLICATION CIRCUITS

Fig. 23 - Programmable voltage and current regulator

R3

ViOSOV 1

0.22 \uF

Vo=Vrefto 26V
l,=35mAto15A

-
*P1:CURRENT REGULATION
P2 :VOLTAGE REGULATION

S-412511

Note: Connecting point A to a negative voltage (for example-3V/10 mA) it is possible to extend the output voltage
range down to OV and to obtain the current limiting down to this level (output short-circuit condition).

Fig. 24 - High current regulator with NPN
pass transistor

Fig. 25- High current tracking regulator

80WS! Rsc
—
100
s
‘ 1k
1

Vi L 200 Bei08

3820 af“ |0kn5

-

—

022 uF

[

$-2904

5
W O ! 2
L 200 O +v,
orprm= 3 470 Vo =3t0(Vi-4)V
Ka
L1 I =
0.22 uF
1KQ)
10
Vo
-v; O—

A:for 18 <V; <+ 32

Note — V, must be chosen in order to verify
2V;-V, <36V

B: for V; <t 18V




APPLICATION CIRCUITS (continued)

Fig. 26 - High input and output voltage

Rsc
s!"—(:}*‘! Vi(max)=56VeVz
; BOXS53 1 L200 P2
! f
l R2 ,
. 0k o0& ‘
v
! R O,l= Yo
| "
10pF L

] Avz
' T ; '

5-291N1

Fig. 28 - 30W Motor speed control

Vin —4  L200 |
0.
zz~FI SL g R2 ,.T :}_

0.22 uF
g o T
| S
[jR}
-4 L s-a12s
R
R, = 1.
3 R, Rm
R
VM= Ve * (14 R2 )
1

Fig. 27 - Constant current battery charger

RSC
5
|
|
—4 200 P -~—
f o |
i | =
3 & R2 -
Vi 2v) |
i
L R R1 I
' -

$-2912

The resistors R; and R, determine the final
charging voltage and R, the initial charging
current. D, prevents discharge of the battery
throught the regulator.

The resistor R limits the reverse currents
through the regulator (which should be 100
mA max) when the battery is accidentally
reverse connected. If R_ is in series with a
bulb of 12V/50 mA rating this will indicate
incorrect connection.

Fig. 29 - Low turn on

Fig. 30- Light controller
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LINEAR INTEGRATED CIRCUITS

DARLINGTON ARRAYS

SEVEN DARLINGTONS PER PACKAGE

OUTPUT CURRENT 500 mA PER DRIVER (600 mA peak)

OUTPUT VOLTAGE 50V

INTEGRAL SUPPRESSION DIODES FOR INDUCTIVE LOADS

OUTPUTS CAN BE PARALLELED FOR HIGHER CURRENT

TTL/CMOS/PMOS/DTL COMPATIBLE INPUTS

INPUTS PINNED OPPOSITE OUTPUTS TO SIMPLIFY LAYOUT

The L201, L202, L203 and L204 are high voltage, high current darlington arrays each containing seven
open collector darlington pairs with common emitters. Each channel is rated at 500 mA and can with-
stand peak currents of 600 mA. Suppression diodes are included for inductive load driving and the
inputs are pinned opposite the outputs to simplify board layout.

The four versions interface to all common logic families:

L201 General purpose, DTL, TTL, PMOS, CMOS
L202 14-25V PMOS

L203 5V TTL, CMOS

L204 6 - 156V CMOS, PMOS

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 buffers.

The L201, L202, L203 and L204 are supplied in 16 pin plastic DIP packages with a copper leadframe to
reduce thermal resistance.

ABSOLUTE MAXIMUM RATINGS
\A Input voltage (for L 202, L 203 and L 204) 30 \Y
Vo Output voltage (collector-emitter) 50 \%
Vceogus) Collector-emitter sustaining voltage 36 \")
le Collector current 500 mA
Ig Base current (for L 201 only) 25 mA
Piot Total power dissipation at T,y, = 25°C 1.8 w
Top Operating junction temperature -25 to 150 °C
Tag Storage temperature -55 to 160 °C
ORDERING NUMBERS: L201B-4, L203B-4

L202B-4, L204B-4

MECHANICAL DATA Dimensions in mm

gt

nnononnn
i3 3

D

) . 8
40, 5 T g 2 3 O o
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CONNECTION DIAGRAM (top view)

IN 1 1[-——>—T]16 ouT 1
N 2 o lic cut 2
o2 2 «D 1 Jis our 2
IN 3 3[‘{> 1 1« our s
IN 4 LI—D 1 13 our 4
IN 5 sl—D 1 12 our s
IN 6 s[——[> 1 i1 our &
IN 7 7[—[> [ Jio our 7
v of -] s SrONG Tites
$-1977
SCHEMATIC DIAGRAM
For L 201 For L 202
EACH DRIVER S- 389 EACH DRIVER 5-1984
For L 203 For L 204
I
I
I
I
|
L - e
EACH DRIVER EACH DRIVER 5-2574
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THERMAL DATA

Rinjamp  Thermal resistance junction-ambient max. 70 °C/W
ELECTRICAL CHARACTERISTICS (T, = 25°C, unless otherwise specified)
Parameter Test conditions Min. Typ. Max. Unit ';"g
lcex Collector cutoff for L 201
current Vg = 50V 0.2 3 HA 1
for L 202
Vee =50V V;=7V 0.2 3 A | 2
for L 203, L 204
Veg=50V  1;=0 0.2 3 uA 1
VcEe(saty Collector-emitter lc=350mA Ig=500uA 1.25 16 \
saturation voltage lc =200mA Ig=350uA 1 1.3 \% 3
lc=100mA Ig=250uA 0.85 1.1 \%
A Input current for L 202
V=17V 0.75 1.3 mA
for L 203
V;=3.85V 0.9 1.35 mA 5
for L 204
V;= 5V 0.35 0.5 mA
V=12V 1.1 1.45 mA
Ic(off) Ve =50V  |j=25uA 25 HA 4
Vi Input voltage for L 202
lIc=300mA Vcg=2V 10.5 13 \Y
for L 203
lc =300mA Vg =2V 1.8 3 \Y
lc=250mA Vg =2V 1.7 2.4 Vv 7
for L 204
\/ = N/ I = 200 m A ALE a \/
Ve =2V Ic=200mA 4.5 [ V
Vee=2V  Igc=350mA 5 8 Y
hEe DC current gain lc=350mA Vg =2V 1000 3000 - 3
(for L 201 only)
Ir Parallel diode reverse Vg =50V 0.5 50 LA 6
current
Ve Parallel diode forward I =350 mA 1.4 2 \ 8
voltage
tpLH Turn-on delay time 0.5V;t0 0.5V, 5 Ms -
tPHL Turn-off delay time 0.5V;t0 0.5V, 5 us -
_J
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TEST CIRCUITS

Fig 1 - For L 201, L 203
and L 204

OPEN  ;S0V
O O

Fig. 4 - For L 201, L 202,
L 203 and L 204

Fig. 7 - For L 202, L 203,
and L 204

OPEN

i

S$-1987

Fig. 2 - For L 202 Fig. 3 - For L 201, L 202,

L 203 and L 204

OPEN +50V
O @) OPEN

s

S$-1980

Fig. 5 - For L 202, L 203,
and L 204

Fig. 6 - For L 201, L 202
L 203 and L 204

OPEN
®)

Fig. 8 - For L 201, L 202,
L 203 and L 204

OPEN
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APPLICATION CIRCUITS

PMOS to load Buffer for high current load TTL to load (L 203)

(L 202 and L 204)

RARRAR

(L 203 and L 204)
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Fig. 9 - DC current gain. vs.
collector current (for L 201)

Fig. 10 - Collector current
vs. collector emitter satu-
ration voltage

Fig. 11 - Peak collector cur-
rent as a function fo duty
cycle and number of outputs
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LINEAR INTEGRATED CIRCUITS

ADVANCE DATA

DUAL POWER OPERATIONAL AMPLIFIER

OUTPUT CURRENT TO 1A

OPERATES AT LOW VOLTAGES
SINGLE OR SPLIT SUPPLY

LARGE COMMON-MODE RANGE
LARGE DIFFERENTIAL MODE RANGE
STABLE WITH UNITY GAIN

GROUND COMPATIBLE INPUTS

LOW SATURATION (1V/0.5A)
THERMAL SHUTDOWN

The L272 is a monolithic integrated circuit in powerdip package, intended for use as power operational
amplifier in a wide range of applications including servo amplifiers and power supplies.

The high gain and high output power capability provide superior performance whetever an operational
amplifier/power booster combination is required.

ABSOLUTE MAXIMUM RATINGS

Vi Supply voltage 28 \
Vi Input voltage Vy
Vi Differential input voltage *V
lo DC output current 1 A
[ Peak output current (non repetitive) 1.5 A
Piot Power dissipation at T, = 80°C 1 W
Tease = 75°C 5 w
Teg, T Storage and junction temperature -40 to 150 °C
ORDERING NUMBER: L272B
MECHANICAL DATA Dimensions in mm
6LNK
| 1
[ o § L
r t [ ey 04
a8l 085:160 | 264
1277=] 1778 , 76
POOL- Y
1948m2

r‘l[""]ﬂﬁ[”lf’lr‘l!:l
%

59 3/83



CONNECTION AND BLOCK DIAGRAM

(top view)

9
oureut |1 16 ]Jono
e
Vs [l 15 [Jono T
2
output2 [|3 14 [Jeno
8 O—
oNo [l 13[Jenp 10 jD*_O‘
ineuT-2 [ 12[] oo
6 O—

—O3
iNpUT.2 (|6 1[Jeno 5 O¥:>;
putar |7 10[Jeno l

4,9-16
ineuT-) [fe 9 ]GND
$.5906
5-5905
SCHEMATIC DIAGRAM
g
J
N
+In
out
+—o
10pF
-In l’_4
THERMAL
PROTECTION
|
O
5-5904/1

THERMAL DATA

Rth j-case  Thermal resistance junction-pins
Rth j-amp  Thermal resistance junction-amb

max 15
max 70

°C/W
°C/W
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ELECTRICAL CHARACTERISTICS (V, =24V, T,,,= 25°C unless otherwise specified)

Parameter Test conditions Min. Typ. Max. Unit
Vg Supply voltage 4 28 \Y
lg Quiescent drain current 5.5 " 12 mA
Iy Input bias current 0.5 25 uA
Vos Input offset voltage 15 mV
los Input offset current 50 250 nA
SR Slew-Rate Gy =1 1 Vius
B8 Gain-bandwidth product 350 KHz
Vo Output voltage swing f=1kHz :g : 8;2 222:?5 Vpp
R Input resistance 500 K&
Gy Voltage gain (open loop) 70 dB
eN Input noise voltage 5 Ny
B =10 to 10 000 Hz
in Input noise current 200 pA
CMR  Common mode rejection 70 dB
SVR Supply voltage rejection Single Supply 70 dB
fripple= 100 Hz
Split Supply 62 dB
Tsq :‘er:rp?gtzt::tdown junction 160 oc
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Fig. 1 - Motor current control circuit

= 0.14-V,

R2%
25K
Rk |
36K0 !
8
V=0..8V
R3% Ru¥
-
36K 25K0 10K 2% 525907
<% Im

Note: The input voltage level is compatible with L291 (5-bit D/A converter).

Fig. 2 - Bidirectional DC motor control with uP compatible inputs

Vg, = logic supply voltage

Fig. 3 - Bidirectional speed control of DC motors

For circuit stability ensure that R, >

™M
available at the terminals of the motor is Vi, = 2 (V; -

and |y, is the motor current;

2R3 R1

R

Rx
1
{1 F
Vin R 7
10KQ !
J— °
c
nF
R2
)
1

$-5908

Must be Vg, > Vg, E1, E2 = logic inputs

where Ry, = internal resistance of motor. The voltage

S ) +|Rol * Iy where [R,l

10KQ

5-5909
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Fig. 4 - Position control for car headlights.

Vg =12V

-
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2700 == O0wF

noa
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LINEAR INTEGRATED CIRCUITS

ADVANCE DATA

DUAL POWER OPERATIONAL AMPLIFIER

OUTPUT CURRENT TO 1A

OPERATES AT LOW VOLTAGES
SINGLE OR SPLIT SUPPLY

LARGE COMMON-MODE RANGE
LARGE DIFFERENTIAL MODE RANGE
STABLE WITH UNITY GAIN

GROUND COMPATIBLE INPUTS

LOW SATURATION (1V/0.5A)
THERMAL SHUTDOWN

The L272M is a monolithic integrated circuit in 8 lead minidip package, intended for use as power
operational amplifier in a wide range of applications including servo amplifiers and power supplies.
The high gain and high output power capability provide superior performance whetever an operational

amplifier/power booster combination is required.

ABSOLUTE MAXIMUM RATINGS

Vg Supply voltage

Vi Input voltage

V; Differential Input Voltage

lo DC Output Current

Ip Peak Output Current (non repetitive)
Piot Power Dissipation at T,,,,= 50°C
TFetg, T Storage and junction temperature

28 \Y
VS
+V,
1 A
1.5 A
1 w
-40 to 150 °C

ORDERING NUMBER: L272 MB

MECHANICAL DATA

Dimensions in mm

8/83
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CONNECTION AND BLOCK DIAGRAM

(top view)
+Vg
7
U 2
OUTPUT 1 ' 8 ]!NPUT—!
8 O— ~
O
SUPPLY VOLTAGE[ 2 7 ]INPUTQ‘ 7 O_:D‘
OUTPUT 2 [ 3 6 ]INPUT.l 6 O_b ,
5 O— -
GND [ & 5 || INPUT-2
S-591 i‘
$.5929
SCHEMATIC DIAGRAM
A
P T
e
LA
+In 1
out
. ¢+—oO
10pF
-In I_‘ [
o
THERMAL '\l——<
PROTECTION
]
o)
$-5904/1
THERMAL DATA
Rin j-case  Thermal resistance junction-pin 4 max 70 °C/W
th j-amb  Thermal resistance junction-amb max 100 °C/W
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ELECTRICAL CHARACTERISTICS (V= 24V, T,mp= 25°C unless otherwise specified)

temperature

Parameter Test conditions Min. Typ. Max. Unit
Vg Supply voltage 4 28 \Y
lg Quiescent drain current 55 12 mA
Iy Input bias current 0.5 25 nA
Vos Input offset voltage 15 mV
los Input offset current 50 250 nA
SR Slew-Rate Gy =1 1 V/us
B Gain-bandwidth product 350 KHz
Vo Output voltage swing f=1kHz :g Z 8;2 222?5 Vpp
i Input resistance 500 Ko
Gy Voltage gain (open loop) 70 dB
eN Input noise voltage 5 uV
B =10 to 10 000 Hz
in Input noise current 200 pA
CMR Common mode rejection 70 dB
SVR Supply voltage rejection Single Supply 70 dB
fripple= 100 Hz
Split Supply 62 dB
Tsq Thermal shutdown junction 160 oc
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Fig. 1 - Motor current control circuit
<24V

? R7 R8

R2¥
=
e S P s
25Ka 022pF 022wF 021 33ka | 33Ka
| 2% 2%
| g
RI% in -
1
KO — ]
0.470 5%
Va0 8y
R3* Ru¥ RS
o415 o
36Ka 25K0 10K 2%
*< 1% Iy = 0.14 -V,

Note: The input voltage level is compatible with L291 (5 - BIT D/A converter).

Fig. 2 - Bidirectional DC motor control with uP compatible inputs

Vs2

$-5931

Vg, = logic supply voltage Must be Vg, > Vg E1, E2 = logic inputs

Fig. 3 - Bidirectional speed control of DC motors
> 2R3 R1 \yhere Rm = internal resistance of motor. The voltage

For circuit stability ensure that R,
™M Vv .
available at the terminals of the motor is Vy, = 2 (V; - 25 ) + | Rol * Iy where |[Ry| = —2R—:;—ﬂ
X

and |y, is the motor current.

Rx
— '——
KO 022 uF
Vin R1 ,
O—L3— R3 ]
10KQ L iy S A‘®,ﬁ
8 ke
C mm | r
InF
R2 RS
{3 ¢ 3
10KQ 10K
5-5932
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LINEAR INTEGRATED CIRCUITS

PRELIM
HIGH CURRENT SWITCHING REGULATOR ELIMINARY DATA

5.1V TO 40V OUTPUT

4A OUTPUT CURRENT

DELIVERS MORE THAN 2A AT 5V WITHOUT HEATSINK

PROGRAMMABLE CURRENT LIMITER

SOFT START

RESET OUTPUT

PRECISE (+ 2%) ON-CHIP REFERENCE

VERY FEW COMPONENTS

SWITCHING FREQUENCY TO 200 kHz

VERY HIGH EFFICIENCY (UP TO 90%)

THERMAL SHUTDOWN

REMOTE INHIBIT AND SYNC INPUT

® CONTROL CIRCUIT FOR CROWBAR SCR

The L296 is a monolithic power switching regulator delivering 4A at a voltage variable from 5.1V to
40V in step down configurations. Features of the device include programmable current limiting, soft
start, remote inhibit, thermal protection, a reset output for microprocessors and a synchronisation input
for multichip configurations. The L296 is mounted in a 15-lead MULTIWATT plastic power package
and requires very few external components. Efficient operation at switching frequencies up to 200 kHz
allows a reduction in the size and cost of external filter components. A voltage sense input and SCR
drive output are provided for optional crowbar overvoltage protection with an external SCR.

ABSOLUTE MAXIMUM RATINGS

V, Input voltage 50 \
Vi/o Input/Output voltage 50 \
lo Output current internally limited
Ir Reset output current 50 mA
Vgr Reset output voltage 50 Y
Vinh Inhibit voltage 15 \%
Piot Power dissipation at T¢,ge < 90°C 20 W
T; Junction temperature range -25 to +1560 °C
Tstg Storage temperature range -65 to +150 °C

ORDERING NUMBER: L296
MECHANICAL DATA Dimensions in mm
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CONNECTION

(top view)

DIAGRAM

=" 15| ~ CROWBAR DRIVE
14| > RESET OUTPUT
13 > RESET DELAY
12——————> RESET INPUT
11|E—————> O0SCILLATOR
10l—————> FEEDBACK INPUT
9 F———— FREQUENCY COMPENSATION
8 T—————> GROUND
7 |F————= SYNC. INPUT
6 |E———> [INHIBIT INPUT
§||————> SOFT-START
4|[=————> CURRENT LIMIT
«@ 3|E—=———— SUPPLY VOLTAGE
2 > OUTPUT
—
i Y CROWBAR INPUT
$-5849/1
CROWBAR
INPUT  CROWBAR
-L DRIVE
CURRENT
I LMIT
SUPPLY OSC.f Rosc. Cosc. |SYNC.
VOLTAGE 1 7 4 1 15
o
COMP. | CROWBAR I
SAWTOOTH
OSCILLATOR
ouTPUT =~~~ ouT
STAGE 2 JI_
10| FEEDBACK .
9 :
51V
R5 + GND
L is ol REFERENCE| g
04y INHIBIT S1v | -
- FLIP
CSI FLOP_ Yo
R o
P lsoo,m
12 RE%ET INPUT
4| RESET outpur
RESET —O
THERMAL —) Qr
SHUTDOWN 3 J_
RESET
5 S T oecay
INHIBIT SR Css
$-5834/1 O(NPl.l'r I

THERMAL DATA

Rth j-case
th j-amb

Thermal resistance junction-case
Thermal resistance junction-ambient

°C/W
°C/W

max 3
max 35
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PIN FUNCTIONS

NO

NAME

FUNCTION

CROWBAR INPUT

Voltage sense input for crowbar overvoltage protection.
Normally connected to the feedback input thus trig-
gering the SCR when V,,; exceeds nominal by 20%.
May also monitor the input and a voltage divider can be
added to increase the threshold. Connected to ground
when SCR not used.

OUTPUT

Regulator output.

SUPPLY VOLTAGE

Unregulated voltage input. An internal regulator powers
the L296’s internal logic.

CURRENT LIMIT

A resistor connected between this terminal and ground
sets the current limiter threshold (1.5 to 5A).

If this terminal is left unconnected the threshold will
be bA.

SOFT START

Soft start time constant. A capacitor is connected bet-
ween this terminal and ground to define the soft start
time constant. This capacitor also determines the average
short circuit output current.

INHIBIT INPUT

TTL — level remote inhibit. A logic high level on this
input disables the L296.

SYNC INPUT

Multiple L296s are synchronised by connecting the sync
inputs together and omitting the oscillator RC network
on all but one device.

GROUND

Common ground terminal.

FREQUENCY COMPENSATION

A series RC network connected between this terminal
and ground determines the regulation loop gain charac-
teristics.

10

FEEDBACK INPUT

The feedback terminal of the regulation loop. The out-
put is connected directly to this terminal for 5.1V oper-
ation; it is connected via a divider for higher voltages.

11

OSCILLATOR

A parallel RC network connected to this terminal deter-
mines the switching frequency. This pin must be connec-
ted to the sync input when the internal oscillator is used.
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PIN FUNCTIONS (continued)

N° NAME FUNCTION

12 RESET INPUT Input of the reset circuit. The threshoid is roughiy 5V.
It may be connected to the feedback point or via a div-
ider to the input.

13 RESET DELAY A capacitor connected between this terminal and ground
determines the reset signal delay time.

14 RESET OUTPUT Open collector reset signal output. This output is high
when the supply is safe.

15 CROWBAR OUTPUT SCR gate drive output of the crowbar circuit.

CIRCUIT OPERATION

The L296 is a monolithic stepdown switching regulator providing output voltages from 5.1V to 40V and
delivering 4A.

The regulation loop consists of a sawtooth oscillator, error amplifier, comparator and the output stage.
An error signal is produced by comparing the output voltage with a precise 5.1V on-chip reference
(zener zap trimmed to * 2%). This error signal is then compared with the sawtooth signal to generate
the fixed frequency pulse width modulated pulses which drive the output stage.

The precision and frequency stability of the loop can be adjusted by an external RC network connected
to pin 9. Closing the loop directly gives an output voltage of 5.1V. Higher voltages are obtained by in-
serting a voltage divider.

QOutput overcurrents at switch on are prevented by the soft start function. The error amplifier output is
initially clamped by the external capacitor C and allowed to rise, linearly, as this capacitor is charged by
a constant current source.

Output overload protection is provided in the form of a current limiter. The load current is sensed by an
internal metal resistor connected to a comparator. When the load current exceeds a preset threshold this
comparator sets a flip flop which disables the output stage and discharges the soft start capacitor. A
second comparator resets the flip flop when the voltage across the soft start capacitor has fallen to 0.4V.
The output stage is thus re-enabled and the output voltage rises under control of the soft start network.
If the overload condition is still present the limiter will trigger again when the threshold current is
reached. The average short circuit current is limited to a safe value by the dead time introduced by the
soft start network.

The reset circuit generates an output signal when the supply voltage exceeds a threshold programmed by
an external divider. The reset signal is generated with a delay time programmed by an external capacitor.
When the supply falls below the threshold the reset output goes low immediately. The reset output is an
open collector.

The crowbar circuit senses the output voltage and the crowbar output can provide a current of 100 mA
to switch.on an external SCR. This SCR is triggered when the output voltage exceeds the nominal by
20%. There is no internal connection between the output and crowbar sense input therefore the crowbar
can monitor either the input or the output.
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CIRCUIT OPE RATION (continued)

A TTL — level inhibit input is provided for applications such as remote on/off control. This input is
activated by high logic level and disables circuit operation. After an inhibit the L296 restarts under con-

trol of the soft start network.

The thermal overload circuit disables circuit operation when the junction temperature reaches 150°C

and has a hysteresis of 20°C.

Fig. 1 - Reset output waveforms
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NOW AN INTERRUPTION
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ARE IGNORED BY GOES HIGH RESET OF MICRO
/ AT POWER DOWN
MICRO IS INHIBITED
RESET = A__/__IMEDIATELV
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| | |
|| !
I I |
| I 1 |
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ouTPUT o \
[ |
L1
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Fig. 2 - Soft start waveforms
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Fig. 3 - Current limiter waveforms
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Tomp= 25°C unless otherwise

specified)
Parameter Test conditions Min. Typ. Max. Unit
Vo Output voltage range 5.1 40 \Y
Vi Supply voltage range 8 50 \Y
lo max  Output current Pin 4 open 4 A
loL Current limit Pin 4 open 5 A
Rjim= 33 KQ 25 A
Vgat Output transistor saturation lo = 4A 2 \Y
voltage lo =2A 1.3 \Y
fs Switching frequency Rosc= 47KQ  Cguge= 2.2nF 100 kHz
Efficiency f =100 KHz
V; =35V Vo =5.1V 75 %
lo =3A Vo =12V 85 %
Vo Line regulation V=10 to 40V
Vo =5.1V lo =2A 20 mV
Vo Load regulation V; =15V Vo =5.1V
lo = 2A to 4A 10 mV
lo = 0.5A to 4A 15 mV
SVR Supply voltage rejection f=100 Hz 60 dB
VREF Internally reference voltage V=8 to 50V 5 5.1 5.2 \%
VREF Average temperature coeff. 0.2 mv/eC
of reference voltage :
tss Stoft start time 20 r s
IsH Output average current with Cs=2.2uF 05 A
short circuit output *
RESET SECTION
VRTi Reset threshold voltage V; =8 to 50V Vyet Vyef Vyef \%
(pin 12) -110mV [ -100mV | -90 mV
VRTo Reset out iow voitage iL=16mA 0.2 \Y
(pin 14)
Delay time (pin 13) Creset = 2.2 uF 100 ms
CROWBAR SECTION
Threshold voltage +12% Vet +23%
(pin 12) +20%
| source 100 mA
Pin 15
I sink 5 mA
Delay time 10 us
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ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. Unit

INHIBIT SECTION
VinHL  Low input voltage 1.2
ViNHH  High input voltage 2.2
HINHL Input current with low input

voltage 100 BA
HNHH Input current with high input

voltage 10 uA
ERROR AMPLIFIER SECTION
Ip Input bias current 2 MA
Gy Large signal open loop gain 60 dB

Out sink current 200 MA
loe

Out source current 200 uA

Note: Measurements are performed with low duty cycle pulse signals.
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Fig. 4 - Test and application circuit

RESET
o
R6
R —
Vi O—
i 1
3 14 1 10 Ly
12 ~A \
L296 TR o
13 Q1 R7
) - )
< R2 ] 6 4 7] c8
10uF S 0 100uF | 100uF
s T DIK?I Zov| % °
RS DIASA == a7
c2| c3| R3L| R4l cq4 X Schottky K
[—] 4.7[ 10! E diode
2.2pF 22nF| KON KALJ 251 csT C6i Rlim
WF 390
33nF] PF
GND O— \V QO GND
C7,C8: EKR (ROE) INHIBIT 5-6280/1
SUGGESTED INDUCTOR (L1)
Core Type o ore Pl seonosistor values for
Turns Gauge Gap standard output voltages
Vo RS R7
Thomson GUP 20x16x7 50 0.8 mm, 0.7 mm
Siemens EC 35/17/10 40 2%0.8 _ 12v 4.7 k2 6.2 k2
(B66337 - GO500 - X127) x0.6 mm. 15V 47k | 9.1ka
18Vv 4.7 kQ 12 kQ
VOGT 250 uH Toroidal coil, part number 5730501800 24V 4.7 kQ 18 kQ
Fig. 5 - P.C. board and component layout of the circuit of fig. 4 (1:1 scale)
RESETO INHIBIT

€S-01921

GND

V.
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SELECTION OF COMPONENT VALUES

Recommended Allowed range
E
Component Value Purpose Min. Max. NOTES
i Vi min
R1 — Set input voltage - R1/R2= —LMn _ 4
R2 100 k2 threshold for reset
If output voltage is sensed
220 k2 R1 and R2 may be omitted
and pin 12 connected to
pin 10.
R3 4.7 kQ Sets switching 1k 100 kQ
frequency
Riim - Sets current limit If Rjjm is omitted and pin 4
level left open the current limit is
5A.
R5 15 k2 Frequency 10 kQ See application note:
compensation “’Designing with the L296
Power Switching Regulator’
R7 — Divider to set - — Vo = Vret
RS 4.7 k2 output voltage — 5.1k R7/R8 = T Ve
Omitted for 5V output.
R4 10kQ Pull-down 12kQ May be omitted and pin 6
resistor grounded if inhibit not used.
R6 Collector load for Vo Omitted if reset function
reset output 0.05 not used.
C1 10 uF Stability. 1 uF
Cc2 2.2 uF Sets reset delay 1uF 4.7 uF Omitted if reset function
not used.
C3 2.2 nF Sets switching 1nF 3.3 nF
frequency
C4 22 uF Soft start 1uF 4.7 uF Also determines average short
circuit current.
C5 33 nF Frequency See application note
compensation "’Designing with the L296
Power Switching Regulator’’.
C6 390 pF High frequency Not required for 5V
compensation operation.
C7,C8 100 uF Output filter See application note
L1 300 uH ‘’Designing with the L296
Power Switching Regulator”.
a1 Crowbar The SCR must be able to
protection withstand the peak discharge
current of the output
capacitor and the short
circuit current of the device.

Note: Depending on the PCB layout, component values and operating conditions, switching frequency spikes may be

present on the output with an amplitude of 30 mV to 1V.

In critical applications an LC filter should be added to remove these spikes.
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Fig. 13 - Typical application
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Vo, = 5.1to 15V

lo = 4A max. (min. load current = 100 mA)

ripple < 20 mV

load regulation (1A to 4A) = 10 mV (V, = 5.1V)

line regulation (220V £ 15% and to I, = 3A) = 15 mV (V, = 5.1V)

Fig. 14 - Preregulator for distributed supplies

5V/ 400 mA
] L4805
L 58y L2y 5V/400 mA
2
1040V \_L, L4805 f——O
L296 == Cge_
w ] L L L =
- 5V/400mA
—— L4805
I
|

5-6282

(*) L2 and C2 are necessary to reduce the switching frequency spikes.




Fig. 15 - In multiple supplies several L296s can be synchronised as shown.
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LINEAR INTEGRATED CIRCUITS

ADVANCE DATA

VERY LOW DROP 5V VOLTAGE REGULATOR

® PRECISE OUTPUT VOLTAGE (5V *49%)

® VERY LOW DROPOUT VOLTAGE

® OUTPUT CURRENT IN EXCESS OF 500 mA

® POWER-ON, POWER-OFF INFORMATION (RESET FUNCTION)

The L387 is a very low drop voltage regulator in a PENTAWATT package specially designed to provide
stabilized 5V supplies in consumer and industrial applications. Thanks to its very low input/output
voltage drop this device is very useful in battery powered equipment, reducing consumption and pro-
longing battery life. A reset output makes the L387 particularly suitable for microprocessor systems.
This output provides a reset pulse when power is applied (after an externally programmable delay) and
goes low when power is removed, inhibiting the microprocessor.

ABSOLUTE MAXIMUM RATINGS

Vi Forward input voltage 28 \%
Top Operating junction temperature -40 to 150 °C
Tstq Storage temperature -55 to 150 °C

ORDERING NUMBER: L387

MECHANICAL DATA Dimensions in mm
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CONNECTION DIAGRAM

(top view)

BLOCK DIAGRAM

INPUT
10

) I— +Vour
4[> DELAY CAPACITOR (Cd)
I————— GROUND
2 B RESET OUTPUT
L S— +VIN
(tab connected to pin 35 5-5307
PNP OUTPUT ouTPUT
TRANSISTOR ﬁ o
S ! — 4
OuTPUT
ERRO ]
— CURRENT
- AMP ILIMITER | [
START . ’ RESET
OUL?)L%T
THERMAL| RESET -
PROTECT. CIRCUIT
l J GROUND
—O3

TEST AND APPLICATION CIRCUIT

J} DELAY
4O CAPACITOR

OuTPUT

R sveen |
-—'00nF
-

VOLTAGE

5-5

899

TIMING DIAGRAM FOR

RESET FUNCTION

e 3 RESET —¢
oonfTCd L ouTPUT
k E S$-5898
$-5309/1
THERMAL DATA
Rih j-case Thermal resistance junction-case max 4 °C/W
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, V; = 12V, T; = 25°C, unless

otherwise specified)

Parameter Test conditions Min. Typ. Max. Unit
Vo Output voltage lo =5 mA to 500 mA 4.80 5 5.20
Vi Operating input voltage 26
AV, Line regulation Vi=6t026V Io=5mA 5 mV
AVg Load regulation lo =5 to 500 mA 15 mV
Vi-Vqo Dropout voltage lo =500 mA 0.60 0.8 \Y
Iq Quiescent current lo =0mA 5 —
lo =150 mA 20 40 mA
Io =500 mA 100 300
AVo Temperature output o
AT voltage drift -05 mVv/°C
SVR Supply voltage rejection lo = 350 mA f=120 Hz 60 dB
Co = 100 uF V=12V £+ 5 Vpp
(198 Output short circuit 08 A
current
Vgr Reset output voltage Ir= 16 mA Vo < 4.75V 0.8 \
Ir Reset output leakage V,, in regulation 50 uA
current
tg Delay time for reset Cd =100 nF 30 ms
output
VRT Reset threshold 4.75 Vo \
-150mV
VRTH Threshold hysteresis 10 mV

Fig. 1 - Dropout voltage
vs. output current
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Fig. 2 - Quiescent current

Fig. 3 - Output voltage vs.

vs. output current temperature
6-5103 6 -3101
iq Yo HE I
() | w [Tt
To=5mA
5.2
5.1
5
= —
100
%9
80
4.8
60
40 1
20
//
0 100 200 300 400 14(mA) -40-20 0 20 40 60 80 100 Tj (°C)




LINEAR INTEGRATED CIRCUITS

ADVANCE DATA
HIGH EFFICIENCY POWER OPERATIONAL AMPLIFIER

OUTPUT CURRENT TO 4A

SUPPLY VOLTAGE TO t 20V

LARGE COMMON-MODE RANGE
LARGE DIFFERENTIAL MODE RANGE
LARGE BANDWIDTH

LOW SATURATION

SOA PROTECTION

SHORT CIRCUIT PROTECTION
THERMAL PROTECTION

The L465A is a monolithic integrated circuit in PENTAWATT package, intended for use as power oper-
ational amplifier in a wide range ®f applications, including servo amplifiers and power supplies.

The high gain and high output power capability provide superior performance wherever an operational
amplifier/power booster combination is required.

ABSOLUTE MAXIMUM RATINGS

Vs Supply voltage +20 \%
Vi Input voltage V

Vi Differential input voltage +15 \%
lo Peak output current (internally limited) 4 A
Piot Power dissipation at Tc,ee = 90°C 20 w
Teg: Tj Storage and junction temperature -40 to 150 °C
ORDERING NUMBER: L465

MECHANICAL DATA Dimensions in mm
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CONNECTION DIAGRAM

(top view)

>
— e[V (V)
> -V
[ INVERTING INPUT
> NONINVERTING INPUT

L
- N W B g

$-2628/1
Fig. 1 - Application circuit (Gy, > 20 dB)
+Vg
0.1 pF 1Nf3°‘

$-5900/1

Fig. 2 - Application circuit (Unity gain)

10K

$-59011
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THERMAL DATA

Rth j-case

Thermal resistance junction-case

max

°C/W

ELECTRICAL CHARACTERISTICS (V, = £ 15V, T,,,= 25°C unless otherwise specified)

temperature

Parameter Test conditions Min. Typ. Max Unit
Vg Supply voltage +3 +20 \Y
lg Quiescent drain current 45 mA
Ip Input bias current 0.3 1 uA
Vg + 18V
Vos Input offset voltage +2 + 20 mV
los Input offset current + 200 nA
SR Slew-Rate 14 V/us
Vo Output voltage swing f=1kHz Ip = 0.5A 26 27 v
Ip = 4A 25 PP
f=10kHz I, = 05A 27
Ip = 4A 24 Vep
Bw Power bandwidth Py =1V R =40 100 kHz
R; Input resistance (pin 1) 100 500 K
f=1KHz
Gy Voltage gain (open loop) 80 dB
eN Input noise voltage 2 6 uV
B =10 to 10 000 Hz
iN Input noise current 100 pA
CMR Common mode rejection Rg < 10 KQ G, =30dB 70 dB
SVR Supply voltage rejection Rg =22kQ G, =10 60 dB
Viipple™ 0.5 Vyms
fripple = 100 Hz G, =100 40 dB
n Efficiency f=1kHz Ip=3A
R = 4Q 66 %
Tsq Thermal shutdown junction 145 oc
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APPLICATION INFORMATION

This circuit carries out bidirectional speed control of DC motors (fig. 3).
The motor runs in one direction or in another according to whether the input voltage is higher or lower

=2R4 R1

than V,/2. The output impedance of the circuit seen by the motor is R, = so by imposing

X
that the equation Ry, = R, (Ry = internal resistance of motor) is checked the maximum load regula-
tion condition is obtained. For circuit stability it should be Ry, > IR, | hence we get

Ry > 2 R4 - R1
Rwm
The voltage available at the terminals of the motor is
\%
Vm = 2(Vi, - 25 )+ IRo !l < I
Fig. 3 - Bidirectional speed control of DC motors
*Vg

01 1[ -I&Ziﬂioo"‘*oz
ING0 01 Ez ar |1N4001 0K

RS lcg
’_Fﬂ))—!:JFF

™ .

Da[ 2xIN40OY y

R6
3}

3
—-— ok L, s -5902/1

Fig. 4 - Bidirectional DC motor control with TTL/C-MOS/uP compatible inputs

e o0—Y

$-5903Nn

Vg; = logic supply voltage Must be Vg, = Vg, E1, E2 = logic inputs
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LINEAR INTEGRATED CIRCUITS

PRELIMINARY DATA

VERY LOW DROP 5V VOLTAGE REGULATOR WITH RESET

PRECISE OUTPUT VOLTAGE (5V £ 4%)

VERY LOW DROPOUT VOLTAGE

OUTPUT CURRENT IN EXCESS OF 500 mA

POWER-ON, POWER-OFF INFORMATION (RESET FUNCTION)

+ 80/-80V LOAD DUMP PROTECTION

OVERVOLTAGE AND REVERSE VOLTAGE PROTECTION

® SHORT CIRCUIT PROTECTION AND THERMAL SHUT-DOWN

The L487 is a monolithic integrated circuit in PENTAWATT package specially designed to provide a sta-
bilized supply voltage for automotive and industrial electronic systems. Thanks to its very low voltage
drop, in automotive applications the L487 can work correctly even during the cranking phase, when the
battery voltage could fall as low as 6V. Furthermore, it incorporates a complete range of protection
circuits against the dangerous overvoltages always present on the battery rail of the car. The reset
function makes the device particularly suited to supply microprocessor based systems: a pulse is avail-
able (after an externally programmable delay) to reset the microprocessor at power-on phase; at power-
off, this pulse becomes low inhibiting the microprocessor.

ADCNILI IITE MAVIRAMIIAMA DATINNC

MRDOV LU I L IWMIAANAINVIVIVYE NATIINGO

V; Forward input voltage 35 \%)

Vi Reverse input voltage -18 \
Positive transient peak voltage (t = 300 ms) 80 \%
Negative transient peak voltage (t = 100 ms) -80 \

Top Operating junction temperature -40 to 150 °C

Tstg Storage temperature -55 to 150 °C

ORDERING NUMBER: L487

MECHANICAL DATA Dimensions in mm
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CONNECTION DIAGRAM (top view)

s +Vour

4[> DELAY CAPACITOR(Cd)

] E— GROUND

] — RESET OUTPUT

|| — +VIN

(tab connected to pin 3) $-5307
PNP OUTPUT

INPUT TRANSISTOR OUTPUT
10—+ 05

|

[Pnorecr] ISTA‘” H REF. }*ﬁ 1 RESET
_— _T ouTRYr
THERMAL RESET
|PROTECT. CIRCUIT
30 —l— ¢ GE)g;D
44)EEFL’ﬁ¥:lTOR 5-5202
TEST AND APPLICATION CIRCUIT TIMING DIAGRAM FOR
RESET FUNCTION

v)

QUTPUT
VOLTAGE

IN(}—I—-——-f 1 5 ¥f7—I‘O+SV
100nF L 487 ] |
I RN IOOFF*

—_— “REET
c
100nIF a L ouTPUT

S -5308/1 )
* Min.20 pF
Ty $-5309/1
THERMAL DATA
Rih j-case ~ Thermal resistance junction-case ' max 4 °C/W
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, V; = 14.4V, T,mp= 25°C, unless

otherwise specified)

Parameter Test conditions Min. Typ. Max. Unit
Vo Output voltage lo =5 mA to 500 mA 4.80 5 5.20
Vi Operating input voltage (*) See note 28
AVg Line regulation V; =6 to 26V Io =5 mA 5 mV
AVq Load regulation lo =5 to 500 mA 15 mV
Vi-Vo Dropout voltage lo =500 mA 0.6 0.8 \
lq Quiescent current lo =0mA 6
lo =150 mA 20 40 mA
lo = 500 mA 130
AVg Temperature output °
AT voltage drift -05 mv/°C
SVR Supply voltage rejection lo =350 mA f=120 Hz 55 dB
Co = 100 uF V=12V 5 Vpp
lse Output short circuit
current 08 A
Vgr Reset output voltage Ir=16 mA V,<4.75V 0.8 \
IR Reset output leakage V,, in regulation 50 BA
current
tq Delay time for reset Cd =100 nF 30 ms
output
VRT Reset threshold 4.75 | V,-0.15 \%
VRTH Threshold hysteresis 10 mV

(*) For a DC input voltage 28 < V; < 35V the device is not operating.

Fig. 1 - Dropout voltage vs.
output current

Fig. 2 - Quiescent current vs.
output current

G- 5099 G-5100
o ol ]
) (mA)
150
0.6
! 100
7
0.4 A
LA
- 1
L1 50
0.2
-
=
0
100 200 300 400 To(mA) 0 100 200 300 400 14mA)

Fig. 3 - Output voltage vs.
temperature
Yo 117
) TTTT

TosSmA

6-5101
1

~40-20 0 20 40 60 80 100 T o)
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LINEAR INTEGRATED CIRCUITS

DARLINGTON ARRAYS

EIGHT DARLINGTONS PER PACKAGE

OUTPUT CURRENT 400 mA PER DRIVER (500 mA peak)

OUTPUT VOLTAGE 90V (Vg (s = 70V)

INTEGRAL SUPPRESSION DIéDéS FOR INDUCTIVE LOADS

OUTPUTS CAN BE PARALLELED FOR HIGHER CURRENT

TTL/CMOS/PMOS/DTL COMPATIBLE INPUTS

® |NPUTS PINNED OPPOSITE OUTPUTS TO SIMPLIFY LAYOUT

The L601, L602, L603 and L604 are high voltage, high current darlington arrays each containing eight
open collector darlington pairs with common emitters. Each channel is rated at 400 mA and can with-
stand peak currents of 500 mA. Suppression diodes are included for inductive load driving and the
inputs are pinned opposite the outputs to simplify board layout.

The four versions interface to all common logic families:

L601 General purpose, DTL, TTL, PMOS, CMOS
L602 14-25V PMOS

L603 5V TTL, CMOS

L604 6 - 15V CMOS, PMOS

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 buffers.

The L601, L602, L603 and L604 are supplied in 18 pin plastic DIP packages with a copper leadframe to
reduce thermal resistance.

ABSOLUTE MAXIMUM RATINGS

Vcex Collector emitter voltage (input open) 90 \Y
lc Collector current 04 A
e Collector peak current 05 A
V; Input voltage (for L602, L603 and L604) 30 \
l; Input current (for L601 only) 25 mA
Piot Total power dissipation a T 3, = 25°C 1.8 w
op Operating junction temperature -25 to 150 °C
stg Storage temperature -65 to 150 °C
ORDERING NUMBERS: L601B, L602B, L603B, L604B
MECHANICAL DATA Dimensions in mm
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CONNECTION DIAGRAM
(top view)

-

13 0UT 6

ouT 1
E:: ]w ouT 2
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L,H }5 ouT 4
L’H ]‘4 ouT 5
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SCHEMATIC DIAGRAMS
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THERMAL DATA

Rih j-amp  Thermal resistance junction-ambient max 70 °C/W

ELECTRICAL CHARACTERISTICS (T,n,= 25°C, unless otherwise specified)

Parameter Test conditions Min. Typ. Max. Unit
lcex Output leakage current Veg= 90V 10 T2
VcE(sat) Collector emitter saturation Ic=300mA Ig=500 uA 2 v

voltage le=200mA ig= 350 uA 1.7 \%
lc=100mA  Ig= 250 uA 1.2 Vv
hgg DC forward current gain Vee=3V Ic= 300 mA 1000 -
(L601 only)
Vi Minimum input voltage Vcg= 3V Ic= 300 mA
(ON condition) for L602 115 \Y
for L603 25 %
for L604 25 \
Vi Maximum input voltage Vcg= 920V Ic= 25 uA
(OFF condition) for L601 0.55 Vv
for L602 7 \"
for L603 0.75 %
for L604 1 \
IR Clamp diode reverse current VRr=90V 50 HA
Ve Clamp diode forward voltage lg= 300 mA 2 2.4 \
ton Turn-on delay 05V;t0 05V, 0.4 us
toft Turn-off delay 05Vt 05V, 04 He
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LINEAR INTEGRATED CIRCUITS

PRELIMINARY DATA

VOLTAGE REGULATORS FOR AUTOMOTIVE AND INDUSTRIAL APPLICATIONS

OUTPUT VOLTAGE OF 5,8.5 AND 10V
OUTPUT CURRENT UP TO 500 mA

NO EXTERNAL COMPONENTS

LOW DROP-OUT VOLTAGE

LOAD DUMP VOLTAGE SURGE PROTECTION
REVERSE VOLTAGE PROTECTION

SHORT CIRCUIT PROTECTION

CURRENT LIMITING

THERMAL SHUTDOWN

The L2600 series of three terminal positive regulators is specially designed to stabilize power supplies
for car instrumentation in vehicles with 12V battery. They can supply an output current up to 500 mA.

ABSOLUTE MAXIMUM RATINGS

Vi DC input voltage 35 \%
Vi DC input reverse voltage -28 \Y%
] Positive transient peak voltage (t = 40 ms, duty cycle = 1%) + 100 \)
Vg4 Negative transient peak voltage (t = 30 ms, duty cycle = 1%) - 100 Y,
Top Operating temperature -40to 150 °C
Tstg Storage temperature -65 to 150 °C
Piot Power dissipation Internally limited

ORDERING NUMBERS: L2605V (V,=5V)
L2685V (V.= 8.5V)
L2610V (V= 10V)

MECHANICAL DATA Dimensions in mm
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CONNECTION AND BLOCK DIAGRAMS

(top view) IN REVERSE
‘ PROTECTION |
2 ——> outPut
2
GND. @ 3 " GROUND ‘ smnﬂ—< REF our
1 [ INPUT 7
L DUMP J THERMAj CURRENT
S-2568/1 PROTECTION PROTECTION LIMIT
GND(case) l
30
$-4005
THERMAL DATA
Rinj.case  Thermal resistance junction-case max. 4 °C/W
ELECTRICAL CHARACTERISTICS (T, = 25°)
Parameter Test conditions Min Typ. Max. Unit
Vo Output voltage V; =12to 16V (L2605) 4.8 5 5.2
1o=500mA | V;=12to 16V (L2685) 8.15 8.5 8.85 \
V;=12to 16V (L2610) 9.65 10 10.45
V; Operating input voltage | see note (°) 28 \%
AVq Line regulation 1o=50mA V;=12to 16V 2 mV
AVgq Load regulation V=14V lo = 50 to 500 mA 0.3 %
VO
AVio Dropout voltage o = 500 mA 1.9 \4
g Quiescent current lo =500 mA 15 mA
AV, Output voltage o = 50mA V=14V -1 mV/eC
AT drift Tamp = -12 t0 80°C
lec Output short V=14V 900 mA
circuit current
SVR Supply voltage V=16V AV =2V
rejection f= 100Hz I, = 500mA 60 dB
Ro Output resistance o = 500mA 0.05 Q
en Output noise voltage BW = 100Hz to 10KHz 20 uV

(°) Note: For a DC input voltage 28V < V; < 35V the device is not operating
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LINEAR INTEGRATED CIRCUITS

PRELIMINARY DATA

VERY LOW DROP VOLTAGE REGULATORS

INPUT/OUTPUT DROP TYP. 0.6V
500 mA OUTPUT CURRENT

80V LOAD DUMP PROTECTION
-80V TRANSIENT PROTECTION
REVERSE POLARITY PROTECTION
OVERVOLTAGE PROTECTION
OUTPUT CURRENT LIMITING
THERMAL SHUTDOWN

L4700 series voltage regulators feature a very low voltage drop, an output current of 500 mA and pro-
tection against load dump transients of = 80V. Available in 5V, 8.5V and 10V (+49%) versions, these
regulators also include reverse polarity protection, overvoltage protection, output current limiting and
a thermal shutdown circuit.
L4700 series regulators are specially designed for automotive and industrial applications where the
electrical environment is very demanding and low voltage drop is required. For example, the L4705
can be used in 5V automotive applications, continuing to function even when the battery voltage falls to
6V, a common event during starting. Moreover, the L4705 is fully protected against the transients, over-
voltages and polarity reversal encountered on the battery rail.

ABSOLUTE MAXIMUM RATINGS

i
t
Vt
Top
Tstg

Forward input voltage

Reverse input voltage

Positive transient peak voltage (t = 300 ms)
Negative transient peak voltage (t = 100 ms)
Operating junction temperature

Storage temperature

35

-18

+80

-80

-40 to 150
-55 to 150

o o

oo<<<<<

ORDERING NUMBER: L4705CV (5V), L4785CV (8.5V), L4710CV (10V)
MECHANICAL DATA

L e ’,'4:m,
el % i _{;
o i E
385 > o '
!2 e
T
e £
-0 2.54
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Dimensions in mm
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CONNECTION DIAGRAM (top view)

2 OuTPUT
@ 3 GROUND
1 — INPUT

é'ab connected to pin 3
5-5893

BLOCK DIAGRAM

PNP OUTPUT
INPUT OUTPUT
10— I TRANSISTOR e

[ T

i
|
DUMP
Ipnmecnl START

RESET
CIRCUIT

o | GROUND
(LDELAV ) )

4O CAPACITOR 5-5896

TEST AND APPLICATION CIRCUIT
Yi of L4790 j—o Vo
3
0.1 pF 100 pF

1 5-5895
THERMAL DATA
Rth j-case Thermal resistance junction-case max 4 °C/W
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ELECTRICAL CHARACTERISTICS (v, = 14.4v, T, = 25°C)

Parameter Test conditions Min. Typ. Max Unit
Vo Output voltage lo =5 mA to 500 mA 4.80 5 5.20 \
8.16 85 8.84 \Y
9.6 10 10.4 \
Vi Operating input voltage (*) see note 28 \%
AVo/Vg Line regulation Vi=11t0 26V I,=5mA 1 mV/V
AVo/Ve Load regulation Io =5 to 500 mA 3 mV/V
Vi=Vo Dropout voltage I = 500 mA 0.6 0.9 \
lg Quiescent current o= O0mA 6 mA
lo = 160 mA 20 40 mA
lo = 500 mA 130 mA
AVg Temperature output 0.1 mV
ATV, voltage drift °CV
SVR Supply voltage rejection lo = 350 mA f=120 Hz 55 dB
Co =100 uF V=V +3V+2V,,
lsc Output short circuit
current 800 mA

(*) Fora DC input voltage 28V < V; < 35V the device is not operating.

Fig. 1 - Dropout voltage vs. Fig. 2 - Quiescent current vs.
output current output current
6- 5099 5-5100
VirVo ' I ] Vo
v) (ma) T (v)
150 5.2
-
5.1
0.6
S
A 100
49
0.4 <~
A » 4.8
v
| 50
0.2
[ [ [ ] i H
. = 1
100 200 300 400 1o(mA) o 100 200 300 400 lgma)

Fig. 3 - Output voltage vs.

temperature
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T
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LINEAR INTEGRATED CIRCUITS

PRELIMINARY DATA

VERY LOW DROP VOLTAGE REGULATORS

INPUT/OUTPUT DROP TYP. 0.4V

400 mA OUTPUT CURRENT

LOW QUIESCENT CURRENT

60V LOAD DUMP PROTECTION

-60V TRANSIENT PROTECTION

REVERSE POLARITY PROTECTION

OVERVOLTAGE PROTECTION

FOLDBACK CURRENT LIMITING

THERMAL SHUTDOWN

L4800 series devices are voltage regulators with a very low voltage drop (typically 0.4V at full rated
current), output current up to 400 mA, low quiescent current and comprehensive on-chip protection.
These devices are protected against load dump transients of + 60V, input overvoltage, polarity reversal
and overheating. A foldback current limiter protects against load short circuits. Available in 5V, 8.5V
and 10V versions (all £ 4%), these regulators are designed for automotive, industrial and consumer
applications where low consumption is particularly important.

In automotive applications the L4805 is ideal for 5V logic supplies because it functions with battery
voltages as low as 5.5V. In battery backup and standby applications the low consumption of these
devices extends battery life.

ABSOLUTE MAXIMUM RATINGS

\A Forward input voltage 26 \%
Vi Reverse input voltage -18 \
Vi Positive transient peak voltage (t = 300 ms) +60 \
Vi Negative transient peak voltage (t = 100 ms) -60 \%
Top Operating junction temperature -40 to 150 °C

st Storage temperature -55 to 150 °C
ORDERING NUMBER: L4805CV (5V), L4885CV (8.5V), L4810CV (10V)

MECHANICAL DATA Dimensions in mm
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CONNECTION DIAGRAM (top view)

|
2 E ouTPUT
m 3 GROUND

N~
1 INPUT
é'ab connected to pin 3
$-5893
BLOCK DIAGRAM
INPUT OUTPUT
il ’ o
BANDGAP
REFERENCE
PREREGULATOR AND —
ERROR
_L AMPLIFIER
DUMP
PROTECTION
e
PROTECTION LIMITER
GND
5-5897  wmiem
TEST AND APPLICATION CIRCUIT
Vi C}I—’ L4800 ZI—O Vo
3
lo.1 pF Tzo uF
— 5-5894
THERMAL DATA
Rih j-case Thermal resistance junction-case max 4 °C/W
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ELECTRICAL CHARACTERISTICS (v; = 14.4V, T; = 25°C)

Parameter Test conditions Min Typ. Max. Unit
Vo Output voltage lo =5 mA to 400 mA 4.80 5 5.20 \Y
8.16 8.5 8.84 Vv
9.6 10 10.4 \
Vi Operating input voltage 26 \Y%
AV,/Vqo Line regulation Vi=11t0 26V lo=5mA 1 10 mv/V
AVo/Ve Load regulation lo =5 to 400 mA 3 15 mV/V
Vi-Vo Dropout voltage lo = 400 mA 0.4 0.7 \%
Io = 150 mA 0.2 0.4 v
lq Quiescent current o= 0mA 0.8 3 mA
lo =150 mA 16 45 mA
lo =400 mA 80 100 mA
AV, Temperature output 0.1 mV
ATV, voltage drift ’ °CsV
SVR Supply voltage rejection lo =350 mA f=120 Hz 60 dB
Co =100 uF V{=V+3V+2Vy,
Io Max output current 750 mA
lse Output short circuit
current (fold back 220 mA
condition)

Fig. 1 - Dropout voltage vs.

output current
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Fig. 2 - Quiescent current vs.
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Fig. 3 - Output voltage vs.

temperature
65101
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Fig. 5 - Preregulator for distributed supplies
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Fig. 4 - Foldback current
limiting (L4805)
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LINEAR INTEGRATED CIRCUITS

POSITIVE VOLTAGE REGULATORS

® OUTPUT CURRENT UP TO 1.5A
® OUTPUT VOLTAGES OF 5;6;8; 12; 15; 18; 20; 24V

® THERMAL OVERLOAD PROTECTION

® SHORT CIRCUIT PROTECTION

® OUTPUT TRANSISTOR SOA PROTECTION

The L7800 series of three-terminal positive regulators is available in TO-220 and TO-3 packages and
with several fixed output voltages, making it useful in a wide range of applications. These regulators can
provide local on-card regulation, eliminating the distribution problems associated with single point
regulation. Each type employs internal current limiting, thermal shut-down and safe area protection,
making it essentially indestructible. If adequate heat sinking is provided, they can deliver over 1A out-
put current. Although designed primarily as fixed voltage regulators, these devices can be used with ex-
ternal components to obtain adjustable voltages and currents.

ABSOLUTE MAXIMUM RATINGS

\2 DC input voltage (for V, =5 to 18V) 35 \%
(for V, = 20, 24V) 40 \%
[ Output current internally limited
Piot Power dissipation internally limited
Top Operating junction temperature (for L7800) -55 to +150 °C
(for L7800C) 0 to +150 °C
Tstg Storage temperature -65 to +150 °C
MECHANICAL DATA Dimensions in mm
“‘101. ”"f_{ ’
10.9 877 1.7
35 Ly
QUIPUT ; Y
e
e
. c-o0531
T0-3
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CONNECTION DIAGRAMS AND ORDERING NUMBERS

{top views)
[_—' 2> outPuT
GND. @ 3 [ ——> GrOUND
1 L::‘,___"‘D INPUT
S- 2568/1
Type TO-220 TO-3 Output voltage
L 7805 - L 7805T 5V
L 7805C L 7805CV L 7805 CT 5V
L 7806 - L 7806T 6V
L 7806C L 7806 CV L 7806CT 6V
L 7808 —_ L 7808T 8Vv
L 7808C L 7808 CV L 7808CT 8V
L 7812 - L 7812T 12V
L 7812C L 7812CV L 7812CT 12v
L 7815 — L 7815T 15V
L. 7815C L 7815CV L 7815CT 15V
L 7818 — L 7818T 18V
L 7818C L 7818CV L 7818CT 18V
L 7820 — L 7820T 20V
L 7820C L 7820CV L 7820CT 20V
L 7824 - L 7824T 24V
L 7824C L 7824CV L 7824CT 24V
BLOCK DIAGRAM
INPUT SERIES QUTPUT
1 PASS 2
ELEMENT
\
CURRENT SOA T
GENERATOR PROTECTION j

STARTING REFERENCE ERROR _1‘4
CIRCUIT VOLTAGE AMPLIFIER

THERMAL 1

PROTECTION

1
{1

1 GND
i ) i N
$-2564
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SCHEMATIC DIAGRAM

RN

TEST CIRCUITS

Fig. 1 - DC parameters

o _L ’L_L_7_axx :

v Ci Co
' Toaaur OIWF

- 5-2709/2

Fig. 2 - Load regulation

52710

O

5-4958

—Vy

—ov
30us

QouT

Fig. 3 - Ripple rejection:

THERMAL DATA TO-220 TO-3
Rin jcase Thermal resistance junction-case max 3°C/W 4°C/W
Rin j-amb Thermal resistance junction-ambient max 50 °C/W | 35°C/W
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ELECTRICAL CHARACTERISTICS L 7800 (Refer to the test circuits, T;= -55 to 150°C,
l, =500 mA, C; = 0.33 uF, C,= 0.1 uF unless otherwise specified)

OUTPUT VOLTAGE 5 6 8 i2
INPUT VOLTAGE .
1 14 1
{Uniess otherwise specified} 10 9 Unit
Parameter Test conditions Min Typ. Max.|Min. Typ. Max. |Min. Typ. Max. |Min. Typ. Max.
Vo Output T;=25°C 4.8 5 5.2|5.75 6 6.26 |7.7 8 83 |115 12 125
voltage v
lo=5mA to 1A 4.65 5 5.35|5.65 6 6.35 (7.6 8 8.4 1114 12 12,6
Po < 15W (Vi=8to 20V) (Vi=9to 21V) (Vi=115 to 23V) (Vi=15.5t027V)
AVq Line 50 60 80 120
regulation (Vj=7 to 25V) (Vi= 8 to 25V) (Vi=10.5t0 25V) (Vi{=14.5to 30V)
Tj=25°C mvV
25 30 40 60
(Vi=8to 12V) (Vi=9 to 13V) (Vi=111t0 17V) (V= 16 to 22V)
AV, Load T;=256°C 100 100 100 120
regulation | 15=5mA to 1.5A
mV
Tj= 25°C 25 30 40 60
15= 250 to 750 mA
Iy Quiescent | T;= 25°C 6 6 6 6| mA
current
Alg Quiescent | l,=5mA to 1A 0.5 0.5 0.5 0.5
current
mA
change 08 0.8 08 0.8
(Vi=8to 25V) (V=9 to 25V) (Vi=11.51t025V) (Vi= 15 to 30V)
AV, Output lo=56mA 0.6 0.7 1 15 mV/°C
AT voltage
drift
en output B= 10Hz to 100KHz 40 40 40 40 uV
noise Tj=25°C Vo
voltage
SVR Supply f=120 Hz 68 65 62 61 dB
voltage (Vi=8to 18V) (Vi=9to 19V) (Vi=1151t021.5V) | (V;=151t025V)
rejection
Vg Dropout o= 1A 2 25 2 25 2 25 2 25 \
voltage T;=25°C
Ro Output f=1KHz 17 19 16 18 ma
resistance
lse Short V;= 35V 0.76 1.2 0.75 1.2 0.75 1.2 0.75 1.2 A
circuit T;=25°C
current
lscp Short Tj=25°C 1.3 2.2 3.3(1.3 2.2 33|13 2.2 33|13 22 3.3 A
circ. peak
current
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ELECTRICAL CHARACTERISTICS L 7800 (continued)

OUTPUT VOLTAGE 15 18 20 24
INPUT VOLTAGE .
(Unless otherwise specified) z % 28 33 Unit
Parameter Test conditions Min Typ. Max.|Min. Typ. Max. |Min. Typ. Max.|Min. Typ. Max.
Vo Output T;=25°C 14.4 15 16.6(17.3 18 18.7 |19.2 20 20823 24 25
voltage \"
lo=5mA to 1A 1425 156 1575|171 18 18.9 (19 20 211|228 24 25.2
Py < 15W (Vi=18.5t0 30V) (Vi= 2210 33V) (Vi= 24 to 35V) (V=28 to 38V)
AV, Line 150 180 200 240
regulation | T; =26°C (Vi=17.5t030V) (Vi= 21 to 33V) (Vi{=2251t035V) (V=27 to 38V)
mV
75 90 100 120
(Vj=20to 26V) (Vi= 24 to 30V) (Vj= 26 to 32V) (Vi=30 to 36V)
AVg Load Tj= 25°C 150 180 200 240
regulation 1o=5mA to 1.6A
mV
Tj=25°C 75 90 100 120
5= 250 to 750 mA
lg Quiescent | T;=25°C 6 6 6 6| mA
current
Alg Quiescent | Io=5mA to 1A 05 0.5 0.5 0.5
current
mA
change 0.8 0.8 0.8 0.8
(Vj=18.5t030V) (Vi= 22 to 33V) (V=24 to 35V) (V=28 to 38V)
AV Output lo=5mA 1.8 23 25 3 mV/°C
AT voltage
drift
en output B= 10Hz to 100KHz 40 40 40 40 uV
noise Tj=25"C Vo
voltage
SVR Supply f=120 Hz 60 59 58 56 dB
voltage (V;=18.51028.5V) (V=22 to 32V) (V;= 24 to 35V) (V;= 28 to 38V)
rejection
Vyq Dropout lo=1A 2 25 2 25 2 25 2 25 \
voltage Ti= 25°C
Ro Output f=1KHz 19 22 24 28 mQ
resistance
lsc Short V= 35V 0.75 1.2 0.75 1.2 0.75 1.2 0.75 1.2 A
circuit Ti= 25°C
current
lscp Short Tj=25°C 1.3 22 3313 22 3313 22 33|13 22 3.3 A
circ. peak
current
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ELECTRICAL CHARACTERISTICS L 7800C (Refer to the test circuits, T; = 0 to 125°C,
lo =500 mA, C; = 0.33 uF, C, = 0.1 uF unless otherwise specified)

OUTPUT VOLTAGE 5 6 8 12
INPUT VOLTAGE N
1 1
(Unless otherwise specified) 10 n 4 9 Unit
Parameter Test conditions Min Typ. Max. [Min. Typ. Max.|Min. Typ. Max.|Min Typ Max
Vo Output T=25C 4.8 5 5.2 15.75 6 6.25|7.7 8 8.3|115 12 125
voltage \%
l,=5mA to 1A 4.75 5 5.26 |5.7 6 6.3|7.6 8 841114 12 126
Py < 15W (V;=7 to 20V) (V{=8to 21V) (V{=10.5 to 25V) (Vi=1451027V)
AVg Line 3 100 120 160 240
regulation (Vi=7 to 25V) (V;= 8 to 25V) (V;=10.5t025V) (V;=14.5t0 30V)
Tj=25°C mV
1 50 60 80 120
(Vi=81to 12V) (Vij=9to 13V) (Vi=11t0 17V) (V=16 to 22V)
AV, Load T;=25"C 100 120 160 240
regulation | 5= 5 mA to 1.5A
mV
Tj=25°C 50 60 80 120
o= 250 to 750 mA
Iq Quiescent | Tj=25°C 8 8 8 8| mA
current
Alg Quiescent | Io=5mA to 1A 0.5 0.5 0.5 05
current mA
change 1.3 1.3 1 1
(V=7 to 25V) (V=8 to 25V) (V;=10.5t0 25V) (Vi{=14.5t030V)
AV, Output lo=56mA -1.1 -0.8 -0.8 -1 mV/°C
AT voltage
drift
en Output B= 10Hz to 100KHz 40 45 52 75 uVv
noise T;=25°C
voltage
SVR  Supply =120 Hz 62 59 56 55 dB
voltage (V;=81to 18V) (Vi=9 to 19V) (V;=11.51t021.6V) (Vi= 15 to 26V)
rejection :
Vg Dropout o= 1A 2 2 2 2 \%
voltage
Ro Output f=1KHz 17 19 16 18 ma
resistance
lse Short V= 35V 750 550 450 350 mA
circuit Tj=25°C
current
Iscp Short Tj=25°C 2.2 22 2.2 2.2 A
circ. peak
current

107




ELECTRICAL CHARACTERISTICS L 7800C (continued)

OUTPUT VOLTAGE 15 18 20 24
INPUT VOLTAGE i
(Unless otherwise specified) 2 26 28 33 Unit
Parameter Test conditions Min Typ. Max.|Min. Typ. Max.|Min. Typ. Max.[Min. Typ. Max.
Vo Output T;=25°C 14.4 15 15.6|17.3 18 18.7 |19.2 20 20823 24 25
voltage v
lo=5mAto 1A 1425 15 15.75(17.1 18 18.9 119 20 21]22.8 24 25.2
Py < 15W (Vi=17.5t0 30V) (Vi= 21 to 33V) (V;=23 to 35V) (V=27 to 38V)
AV, Line 300 360 400 480
regulation (V{=17.5 to 30V) (Vi= 21 to0 33V) (V{=225t035V) (V=27 to 38V)
T;=25°C mv
150 180 200 240
(Vi= 20 to 26V) (Vi= 24 to 30V) (V= 26 to 32V) (V=30 to 36V)
AV Load Tj=25°C 300 360 400 480
regulation | |,=5mA to 1.5A
mV
Tj= 25°C 150 180 200 240
15= 250 to 750 mA
Iy Quiescent | T;=25°C 8 8 8 8| mA
current
Alg Quiescent | Io=5mA to 1A 0.5 0.5 0.5 05
current
mA
change 1 1 1 1
(V{=17.5t0 30V) (V=21 to 33V) (V=23 to 35V) (V=27 to 38V)
AVg Output 1o=5mA -1 -1 -1 -1.5 mv/°C
AT voltage
drift
en Output B= 10Hz to 100KHz 90 110 160 170 uVv
noise Tj=25°C
voltage
SVR Supply f=120 Hz 54 53 52 50 dB
voltage
rejection
Vg Dropout 1o=1A 2 2 2 2 A
voltage
Ro Output f=1KHz 19 22 24 28 mQ
resistance
lse Short V;=35V 230 200 180 150 mA
circuit Tj=25°C
current
lscp Short Tj=25°C 21 21 2.1 21 A
circ. peak
current
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Fig. 4 - Dropout voltage vs.
junction temperature

Fig. 5 - Peak output current
vs. input/output differential
voltage
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APPLICATION INFORMATION (continued)

Fig. 13 - Fixed output regulator

®
: 4 Lrexx 2
®

- @
0.33uF D.AuF
S-2m211
-
Notes:

(1) To specify an output voltage, substitute voltage
value for "XX"’.

(2) Although no output capacitor is needed for sta-
bility, it does improve transient response.

(3) Required if regulator is located an appreciable
distance from power supply filter.

Fig. 15 - Circuit for increasing output voltage

S-271311

R2
Ig, = 514
R
Vo=Vxx (1+—=2-)+l4 Ry
R1
Fig. 17 - 0.5 to 10V regulator

- L7805
L'

Ol 033pF

~TV<-Vi<-17V
- O—
R
V.=V —4
o XX R,

Fig. 14 - Costant current regulator

IFig. 16 - Adjustable output regulator (7 to 30V)

+v,o—3+—1 L7805 IZ O,
T
0IpF
= — 8 s Y
0.33uF - m;r
S27151

Fig. 18 - Hiah current voltage regulator

e} . Q1 BDS536

[ @ [fe}]
Ri 1 2
L78XX ——OV,
30y T
REG! 3 B

0.33uF 0uF
$-2716/1

VBEQ1
R;= 1

Qq
! REG — B

Q

VBEQ1

1

o= lrec +BQ1 [lrea — R,




APPLICATION INFORMATION (continued)

Fig. 19 - High output current with short
circuit protection

+V; O
Q1=80534 3 —
Q2 = 2N6124 0.33uF ﬂ'
S=27111m1
Re.= Vgea,
sC™ |
SC

Fig. 21 - Split power supply (£15V - 1A)

1 2

+ZOVOT L7815 +15V
s 0 T IN4001
_L Ry ! EL ;:ooa
-zovoJ—3 L7915 -15V

$-50371

* Against potential latch-up problems

Fig. 23 - Switching regulator

+Vi

5-2692/2

COMMON

2N6124 $-2m8/2

Fig. 22 - Negative output voltage circuit

Fig. 24 - High input voltage circuit

+V;

R 3
033uF
b 5726942

V(N: Vi - (Vz + VBE)
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APPLICATION INFORMATION (continued)

Fig. 25 - High input voltage circuit Fig. 26 - High output voltage regulator

01 wF

S 388271

Fig. 27 - High input and output voltage Fig. 28 - Reducing power dissipation with
dropping resistor

- S$-388411
R= Vi(min) - VXX - VDROP(max)
Vo=Vxx +Vz: lo(max) + lamax)

Fig. 29 - Remote shuntdown

LOGIC
INPUT

S5-3886Nn
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APPLICATION INFORMATION (continued)

Fig. 30 - Power AM modulator (unity voltage Fig. 31 - Adjustable output voltage with tem-
gain, I, < 1A) perature compensation

1
o, L7exx P . Vo
3 R1 Ii"m(

Modulation
Signal

O
$-3888/1
S-4119/1
Note: Q; is connected as a diode in order to
compensate the variation of the Q;
Vgg with the temperature. C allows a

Note: The circuit performs well up to 100 KHz. slow rise-time of the V,

R2
Vo= Vxx (1+ —=) +Vge
1

Fig. 32 - Light controllers (Vy min= Vxx + Vge)
(a) (b)

- ) 5-389111

V,, falis when the light aoes up V,, rises when the light goes up

Fig. 33 - Protection against input short-cir-
cuit with high capacitance loads

Applications with high capacitance loads and an
output voltage greater than 6 volts need an external

- diode (see fig. 33) to protect the device against

- input short circuit. In this case the input voltage

KiSs ’|iﬁxx_|z Ov, falls rapidly while the output voltage decreases
3 showly. The capacitance discharges by means of the

= Base-Emitter junction of the series pass transistor

in the regulator. If the energy is sufficiently high,

- STi802 the transistor may be destroyed. The external diode

by-passes the current from the IC to ground.

113



LINEAR INTEGRATED CIRCUITS

I+

OUTPUT CURRENT IN EXCESS OF 1A

2% POSITIVE VOLTAGE REGULATORS

OUTPUT VOLTAGES OF 5;6; 8; 12; 15; 18; 24V

[ ]

o

® THERMAL OVERLOAD PROTECTION

® SHORT CIRCUIT PROTECTION

® OUTPUT TRANSISTOR SOA PROTECTION
® 29 OUTPUT VOLTAGE TOLERANCE

The L7800AC series of three-terminal positive regulators is available in TO-220 package and with
several fixed output voltages, making it useful in a wide range of applications. These regulators can pro-
vide local on-card regulation, eliminating the distribution problems associated with single point regula-
tion. Each type employs internal current limiting, thermal shut-down and safe area protection, making it
essentially indestructible. If adequate heat sinking is provided, they can deliver over 1A output current.
Although designed primarily as fixed voltage regulators, these devices can be used with external compo-

nents to obtain adjustable voltages and currents.

ABSOLUTE MAXIMUM RATINGS

Vi DC input voltage (for V, =5 to 18V)
(for Vo = 24V)

lo Output current

Piot Power dissipation

Top Operating junction temperature
Tstg Storage temperature

35 Y,

40 \Y,
internally limited
internally limited
0to +150 °C
-65 to +150 °C

MECHANICAL DATA

3/83

_ c-0047

Dimensions in mm



CONNECTION DIAGRAM AND ORDERING NUMBERS

(top view)

2 ouTPUT
GND: /~\ i } 3 GROUND
1 INPUT
Ordering Numbers Output Voltage
L7805ACV 5V
L7806 ACV 6V
L7808 ACV 8V
L7812ACV 12V
L7815ACV 15V
L7818ACV ) 8V
L7824 ACV 24V
BLOCK DIAGRAM
gl i
ELEMENT
CURRENT SOA ]
GENERATOR PROTECTION [J
STARTING REFERENCE ERROR l
CIRCUIT VOLTAGE AMPLIFIER
THERMAL | |
PROTECTION
l sug

5-2564
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SCHEMATIC DIAGRAM

-OIN
URL R18
Q12
Q17
R12
RS R
OouT
R6 R20
Ao | |r7
R19
5-4958 L
TEST CIRCUITS
Fia. 1 - DC parameters Fig. 2 - Load regulation Fig. 3 - Ripple rejection
I I 510
o— ‘W’—l——o o—p—Y L7exxac |2 —0 O L
v, 3 Co Vo J- 3 R 270pF Vo Vi
O.pF! " %
0.33uF 2N6121
- $-6038 . ENEy “oon ‘J—}(;ps ov 4T0uF 5-6060
L 5-6039

THERMAL DATA

Rith j-case  Thermal resistance junction-case
th j-amb Thermal resistance junction-ambient

max 3 °C/W
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ELECTRICAL CHARACTERISTICS L7805AC (v, = 10V,

lo

1A, T; = 0 to 125°C unless

otherwise specified)
Parameter Test conditions Min. Typ. Max. Unit
Vo Output voitage Tl = 25°C 4.9 5 5.1 \%
Vo Output voltage lo = BmA to 1A, Po < 16W 4.8 5 5.2 \Y
V; = 7.5 to 20V
Avp* Line regulation V; = 7.5t0 25V, I, = 500 mA 7 50 mV
Vi = 8to 12V 10 50 mV
Vi = 8to 12V, T = 26°C 2 25 mV
Vi = 7.3 to 20V, T; = 25°C 7 50 mV
Avy” Load regulation lo = BmA to 1A 25 100 mV
lo = 5mA to 1.5A, Tj = 25°C 25 100 mV
lo = 250 to 750 mA 8 50 mV
g Quiescent current Tj = 25°C 4.3 6 mA
6 mA
Aly Quiescent current change Vi = 8to 25V, I = 500mA 0.8 mA
Vi = 7.5t0 20V, Tj = 25°C 0.8 mA
lo = BmA to 1A 0.5 mA
SVR Supply voltage rejection V; = 81018V, f =120Hz 68 dB
lo = 500mA
Vd Dropout voltage lo = 1A Tj = 25°C 2 \Y
eN Output noise voltage f=10Hz to 100KHz, Tymp = 25°C 10 MV/IVq
Ro Output resistance f=1KHz 17 m&)
Isc Short circuit current Tamb = 25°C  V; = 35V 0.2 A
Iscp Short circuit peak current 'I‘J = 25°C 2.2 A
Avg
— Output voltage drift —1.1 mV /°C
AT

* Load and line regulation are specified at constant junction temperature. Changes in V4 due to heating effects must be
taken into account separately. Pulse testing with low duty cycle is used.
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ELECTRICAL CHARACTERISTICS L7806AC (V; = 11V, I, = 1A, T; = 0 to 125°C unles:

otherwise specified)

Parameter Test conditions Min Typ. Max. Unit
Vo Output voltage TJ = 25°C 5.88 6 6.12 \Y
Vo Output voltage lo = BmA to 1A, Py < 15W 5.76 6 6.24 \Y
V; = 8.6 to 21V
Avg* Line regulation Vi = 8.6 to 25V, I = 500mA 9 60 mV
V; = 9to 13V 11 60 mV
Vi = 9to 13V, T = 25°C 3 30 mV
Vi = 831021V, Tj = 25°C 9 60 mV
Avy” Load regulation lo = BmA to 1A 43 100 mV
lo = BmA to 1.5A, Tj= 25°C 43 100 mV
lo = 250 to 750 mA 16 50 mV
] Quiescent current Tj = 25°C 4.3 6 mA
6 mA
Alg Quiescent current change Vi = 9to 25V, |5 = 500mA 0.8 mA
Vi = 8.61t021V,Tj = 25°C 0.8 mA
lo = BmA to 1A 0.5 mA
SVR Supply voltage rejection Vi = 9to 19V, f = 120Hz 65 dB
lo = 500mA
Vqg Dropout voltage lo = 1A, Tj = 25°C 2 \
eN Output noise voltage Tamp = 25°C, f = 10Hz to 100KHz 10 MV/V g
Ro Output resistance =1KHz 17 m&
lse Short circuit current Tamb = 25°C  V; = 35V 0.2 A
Iscp Short circuit peak current Tj = 25°C 2.2 A
Av, )
P Qutput voltage drift —0.8 mV/°C
AT

* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects must be
taken into account separately. Pulse testing with low duty cycle is used.
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ELECTRICAL CHARACTERISTICS L7808AC (v, = 14V, |, = 1A, T,

otherwise specified)

to 125°C unless

Parameter Test conditions Min. Typ. Max. Unit
Vo Output voltage T = 25°C 7.84 8 8.16 \%
Vo Output voltage lo = BmA to 1A, Po << 15W 7.7 8 8.3 \
Vi = 10.6 to 23V
AVy* Line regulation Vi = 10.6 to 25V, I5 = 500mA 12 80 mV
Vi = 11t0 17V 15 80 mV
Vi = 11to 17V, Tj = 25°C 5 40 mV
V; = 104 t0 23V, Tj = 25C 12 80 mV
| Avy* Load regulation lo = BmAto 1A 45 100 mV
lo = BmAto 1.5 A, Tj = 25°C 45 100 mV
lo = 250 to 7560 mA 16 50 mV
3 Iq Quiescent current Tj = 25°C 4.3 6 mA
i 6 mA
Alg Quiescent current change Vj = 11 t0 25V, I = 500mA 0.8 mA
Vi = 10.6 to 23V, Tj = 25°C 0.8 mA
lo = BmA to 1A 0.5 mA
SVR Supply voltage rejection Vi = 11.5t0 21.5V, f =120Hz 62 dB
lo = 500mA
Vd Dropout voltage lo = 1A,Tj = 25°C 2 \Y
eN Output noise voltage Tamb = 25°C, f =10Hz to T00KHz 10 MV/IVq
Ro Output resistance f=1KHz 18 m&
lsc Short circuit current Tamb = 25°C  V; = 35V 0.2 A
iscp Short circuit peak current Tj = 25°C 2.2 A
Avg
— Output voltage drift — 0.8 mV/°C
AT

* Load and line regulation are specified at constant junction temperature. Changes in V due to heating effects must be
taken into account separately. Pulse testing with low duty cycle is used.
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ELECTRICAL CHARACTERISTICS L7812AC (v, = 19V, I, = 1A, T; = 0 to 125°C unles

otherwise specified)

Parameter Test conditions Min. Typ. Max. Unit
Vo Output voltage T, = 25°C 11.75 12 12.25 \
Vo Output voltage lo = BmA to 1A, Py << 15W 115 12 125 \%
Vi = 14.8 t0 27V
Avy* Line regulation Vi = 14.8 to 30V, |5 = 500mA 13 120 mV
Vi = 16 to 22V 16 120 mV
Vi = 1610 22V, Tj = 25°C 6 60 mV
Vi = 14.5t0 27V,Tj = 25°C 13 120 mV
Avy” Load regulation lo = BmA to 1A 46 100 mV
lo = BmAto 1.5 A, Tj = 25:C 46 100 mV
lo = 250 to 750 mA 17 50 mV
Iq Quiescent current Ty = 25°C 4.4 6 mA
6 mA
Alg Quiescent current change Vi = 1510 30V, lg = 500mA 0.8 mA
Vi = 14.810 27V, Tj = 25°C 0.8 mA
lo = BmMA to 1A 0.5 mA
SVR Supply voltage rejection V; = 16 to 25V, f =120Hz 60 dB
lo = 500mA
Vg Dropout voltage lo = 1A, Tj = 25°C 2 \
eN Output noise voltage Tamb = 25°C, f = 10Hz to 100KHz 10 MV/Vq
Ro Output resistance f=1KHz 18 mS2
lsc Short circuit current Tamb = 25°C  V; = 35V 0.2 A
lscp Short circuit peak current Ty = 25°C 2.2 A
AV, .
- Output voltage drift -1 mV/<C
AT

* Load and line regulation are specified at constant junction temperature. Changes in V4 due to heating effects must be
taken into account separately. Pulse testing with low duty cycle is used.
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ELECTRICAL CHARACTERISTICS L7815AC (V; = 23V, I, = 1A, T;

otherwise specified)

to 125°C unless

Parameter Test conditions Min. Typ. Max. Unit
Vo Output voltage T] = 25°C 14.7 15 16.3 \Y
Vo Output voltage lo = BmAto 1A, Py <15W 14.4 15 15.6 Vv
V; = 17.9 to 30V
Avy* Line regulation Vi = 17.9to 30V, Iy = 500mA 13 150 mV
V; = 20 to 26V 16 150 mV
Vi = 20to 26V, Tj = 25°C 6 75 mV
Vi = 17.56t0 30V, Tj = 25°C 13 150 mV
Avy* Load regulation lo = BmAto 1A 52 100 mvV
lo = BmAt0 1.5 A, Tj= 25°C 52 100 mV
lo = 250 to 750 mA 20 50 mV
lq Quiescent current Ty = 25°C 4.4 6 mA
6 mA
Aly Quiescent current change Vi = 17.6t0 30V, I = 500mA 0.8 mA
Vj = 175610 30V, Tj = 25C 0.8 mA
lo = BmA to 1A 0.5 mA
SVR Supply voltage rejection V; = 18.56t028.5V,f =120Hz 58 dB
lo = 500mA
Vg4 Dropout voltage lo = 1A, T} = 25°C 2 \Y
eN Output noise voltage Tamb = 25°C, f = 10Hz to 100KHz 10 MV/IV g
Ro Output resistance = 1KHz 19 m&2
lse Short circuit current Tamp = 25°C  V; = 356V 0.2 A
lscp Short circuit peak current 'l'J = 25°C 2.2 A
Av,
_ Output voltage drift -1 mV/°C
AT

* Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be
taken into account separately. Pulse testing with low duty cycle is used.
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ELECTRICAL CHARACTERISTICS L7818AC (v, = 27V, I, = 1A, T; = 0 to 125°C unless

otherwise specified)

Parameter Test conditions Min. Typ. Max. Unit
Vo Output voltage T, = 25°C 17.64 18 18.36 \
Vo Output voltage lo = BmA to 1A, Py < 15W 17.3 18 18.7 \%
Vi = 21to 33V
Avy* Line regulation Vj = 21t033V, I, = 500mA 25 180 mvV
Vi = 24 to 30V 28 180 mV
Vi = 24030V, T; = 25C 10 90 mV
Vi = 206 to 33V, T; = 25°C 25 180 mV
AVy" Load regulation lo = 5mA to 1A 55 100 mv
lo = 5mAto 1.5 A, Tj = 256°C 55 100 mV
lo = 250 to 750 mA 22 50 mV
Iq Quiescent current Tj = 256°C 4.5 6 mA
6 mA
Alg Quiescent current change Vi = 211033V, I, = 500mA 0.8 mA
Vi = 21t033V, T} = 25°C 0.8 mA
lo = BmA to 1A 0.5 mA
SVR Supply voltage rejection Vi = 221032V, f =120Hz 57 dB
lo = 500mA
Vg Dropout voltage lo = 1A, Tj = 25°C 2 \
eN Output noise voltage Tamb = 25°C, f = 10Hz to 100KHz 10 MV/V o
Ro Output resistance f=1KHz 19 m&2
lsc Short circuit current Tamb = 25°C  V; = 356V 0.2 A
Iscp Short circuit peak current Tj = 25°C 2.2 A
Av, )
Qutput voltage drift —1 mV /°C
AT

* Load and line regulation are specified at constant junction temperature. Changes in V due to heating effects must be
taken into account separately. Pulse testing with low duty cycle is used.
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ELECTRICAL CHARACTERISTICS L7824AC (v, = 33V, I, = 1A, T; = 0 to 125°C unless

otherwise specified)

Parameter Test conditions Min. Typ. Max Unit
Vo Output voltage Ty = 25°C 23.5 24 245 \
Vo Output voltage lo = BmA to 1A, P, << 15W 23 24 25 \
Vi = 27.3 to 38V
Avy* Line regulation Vi = 27 t0 38V, |5 = 500mA 31 240 mV
Vi = 30 to 36V 35 240 mV
Vi = 30to 36V, Tj = 25°C 14 120 mV
Vj = 26.7t0 38V, Tj = 25°C 31 240 mV
JA\VA Load regulation lo = BmAto 1A 60 100 mV
lo = 5mMAt0 1.5 A, Tj = 25°C 60 100 mV
lo = 250 to 750 mA 25 50 mV
Iq Quiescent current Tj = 25°C 4.6 6 mA
6 mA
Alg Quiescent current change Vi = 27.3t0 38V, Iy = 500mA 0.8 mA
Vi = 27.3t0 38V, Tj = 25°C 0.8 mA
lo = BmA to 1A 0.5 mA
SVR Supply voltage rejection V; = 28to 38V, f =120Hz 54 dB
lo = 500mA
Vqg Dropout voltage lo = 1A, T} = 25°C 2 \Y
eN Output noise voltage Tamb = 25°C, f = 10Hz to 100K Hz 10 MUV/Vq
Ro Output resistance f = 1KHz 20 m&2
Isc Short circuit current Tamb = 25°C  V; = 35V 0.2 A
Iscp Short circuit peak current Tj = 25°C 2.2 A
Av,
Output voltage drift --1.5 mV /°C
AT

* Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be
taken into account separately. Pulse testing with low duty cycle is used.

123



APPLICATIONS INFORMATION

Design Considerations

The L7800AC Series of fixed voltage regulators are designed with Thermal Overload Protection that
shuts down the circuit when subjected to an excessive power overload condition, Internal Short-Circuit
Protection that limits the maximum current the circuit will pass, and Output Transistor Safe-Area
Compensation that reduces the output short-circuit current as the voltage across the pass transistor is
increased.

In many low current applications, compensation capacitors are not required. However, it is recom-
mended that the regulator input be bypassed with a capacitor if the regulator is connected to the power
supply filter with long wire lengths, or if the output load capacitance is large. An input bypass capacitor
should be selected to provide good high-frequency characteristics to insure stable operation under all
load conditions. A 0.33 uF or larger tantalum, mylar, or other capacitor having low internal impedance
at high frequencies should be chosen. The bypass capacitor should be mounted with the shortest possible
leads directly across the regulators input terminals. Normally good construction techniques should be
used to minimize ground loops and lead resistance drops since the regulator has no external sense lead.

Fig. 4 - Current regulator Fig. 5 - Adjustable output regulator

2
'vio——{‘ L78XXAC fl
3 Ri
o33 | orur] J o~
1 1] Ut Ll i —-— \—%‘“ —-—
S-6041 %R i 0.33uF 3 ol

Vi Q

L78XXAC

lo=

R Vo, 7.0V to 20V
1
Vi — VO = 2.0V

The addition of an operational amplifier
allows adjustment to higher or intermediate
values while retaining regulation character-
istics. The minimum voltage obtainable with

Fig. 6 - Current boost regulator this arrangement is 2.0V greater than the
regulator voltage.

Q1 BD536

O 30, —
L@f oy~ Fig. 7 - Short-circuit protection
R |, 2
4 L78XXAC t—OV, O g —
JECTG TR
-EBM [

' 280534
G2 = INB124

Veeq, - i Sen s

R,= — The circuit of Figure 6 can bg modified to
_ _'q, provide supply protection against short cir-

ﬁQl cuits by adding a short-circuit sense resistor,
R, and an additional PNP transistor. The
current sensing PNP must be able to handle
the short-circuit current of the three-ter-
minal regulator. Therefore, a four-ampere
plastic power transistor is specified.

IREG

VBEQ[
o= lrea * Ba, [lrec — ‘—R’l—]
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LINEAR INTEGRATED CIRCUITS

PRELIMINARY DATA

POSITIVE VOLTAGE REGULATORS

OUTPUT CURRENT UP TO 0.5A

OUTPUT VOLTAGES OF 5; 6; 8; 12; 15; 18; 20; 24V
THERMAL OVERLOAD PROTECTION

SHORT CIRCUIT PROTECTION

OUTPUT TRANSISTOR SOA PROTECTION

The L78MO00 series of three-terminal positive regulators is available in TO-220 and SOT-82 packages
and with several fixed output voltages, making it useful in a wide range of applications. These regulators
can provide local on-card regulation, eliminating the distribution problems associated with single point
regulation. Each type employs internal current limiting, thermal shut-down and safe area protection,
making it essentially indestructible. If adequate heat sinking is provided, they can deliver over 0.5A
output current. Although designed primarily as fixed voltage regulators, these devices can be used with
external components to obtain adjustable voltages and currents.

ABSOLUTE MAXIMUM RATINGS

Vi DC input voltage (for V, =5 to 18V) 35 \%

(for Vo = 20, 24V) 40 \%
Iy Output current Internally limited
Ptot Power dissipation Internally limited
Tstg Storage temperature -65 to +150 °C
Top Operating junction temperature 0 to +150 °C

MECHANICAL DATA Dimensions in mm
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CONNECTION DIAGRAM AND ORDERING NUMBERS

(top view)

[—' 3 I — o T} (V) ) ouTPUT
cuo‘r@ 3 "= crouno D —Tc T
L V[ vt 1T INPUT
S$-6188
S- 2568/
TO-220 SOT-82
Ordering Numbers
Qutput Voltage
TO-220 SOT-82
L78M0O5CV L78M05CX 5V
L78M06CV L78M0O6CX 6V
L78M08CV L78M08CX 8V
L78M12CV L78M12CX
L78M15CV L78M15CX 15V
L78M18CV L78M18CX 18V
L78M20CV L78M20CX 20V
L78M24CV L78M24CX 24V

BLOCK DIAGRAM

INPUT SERIES QuUTPUT
VO PASS 2
ELEMENT
CURRENT SOA
GENERATOR PROTECTION
|
STARTING REFERENCE ERROR |
CIRCUIT VOLTAGE AMPLIFIER &
|
[
THERMAL ]
PROTECTION
T L GND
73

o256
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SCHEMATIC DIAGRAM

O IN

[jﬂb R18

R8 RS

TEST CIRCUITS

Fig. 1 - DC parameters

> * * -
—_— 3 .
v Ci 3 Co Vo
To.33u¢ X
e

-.982

Fig. 2 - Load regulation

5-4958 ——

Fig. 3 - Ripple rejection

510 ] 2
L78MXX
vi = 3

I -F.aaps

RU v

O

O—

470ﬁj \
. - |

S5-L984

THERMAL DATA SOT-82 TO-220
Rih j-case  Thermal resistance junction-case max 8 °C/W 3°C/wW
Rth j-amb  Thermal resistance junction-ambient max 100 °C/W 50 °C/W
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ELECTRICAL CHARACTERISTICS L78MOOC (Refer to the test circuits, T;= 25°C, I,= 350 mA
unless otherwise specified, C; = 0.33 uF, C, = 0.1 uF)

OUTPUT VOLTAGE 5 6 8 12
INPUT VOLTAGE i
(Unless otherwise specified) 10 " 14 19 Unit
Parameter Test conditions Min. Typ. Max. |Min. Typ. Max. | Min. Typ. Max. [Min. Typ. Max.
Vo Output 438 5 52 (675 6 6.25|7.7 8 83 |116 12 125
voltage v
1o=5 to 350 mA 4.75 5 5.25 |5.7 6 631|176 8 84 (114 12 126
(Vi=7 to 20V) (Vi=8to 21V) {(Vi=10.5to 23V) |(V;= 145 to 27V)
AVy  Line Io=200 mA 100 100 100 100
regulation (Vj=7 to 25V) (Vj= 8 to 25V) (Vi=10.5 to 25V) |(V;= 145 to 30V}
mV
50 50 50 50
(V;=8to 25V) (V;=9 to 25V) (Vi=11 to 25V) (Vi= 16 to 30V)
AVs Load 1= 5 mA to 0.5A 100 120 160 240
regulation mV
1o=5 mA to 200 mA 50 60 80 120
—
i |
Iq Quiescent 6 6 6 6| ma !
current
Alg  Quiescent | 15=5mA to 350 mA 0.5 0.5 0.5 05
current
mA
change 1,=200 mA 0.8 08 0.8 0.8 [
(Vj=8to 25V) (Vi=9 to 25V) (V;=10.5t025) |(V;=14.5to 3CV)
AV4 . Output Io=5mA
AT  Voltage Ti=0to 125°C -0.5 -05 -05 -1.0 mV/°C
drift !
en Output
noise B= 10Hz to 100KHz 40 45 52 75 uV
voltage
SVR Supply f=120Hz 62 59 56 55 dB
voltage 1,=300 mA (Vi=8to0 18V) (Vi=9 to 19V) (Vi=11.5t021.5V) | (V= 15 to 25V)
rejection
A2 Dropout 2 2 2 2 v
voltage 1
lsc  Short
circuit V=35V 300 270 250 240 mA
current
lgcp  Shortcire.
peak 700 700 700 700 mA
current
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ELECTRICAL CHARACTERISTICS

L78MOOC (continued)

OUTPUT VOLTAGE 15 18 20 24
INPUT VOLTAGE .
(Unless otherwise specified) 23 % 29 33 Unit
Parameter Test conditions Min. Typ. Max. | Min. Typ. Max. | Min. Typ. Max. | Min. Typ. Max.
Vo Qutput 144 15 156|173 18 18.7119.2 20 208/ 23 24 25
Voltage \
15=5 to 350 mA 1425 15 1575|171 18 189 |19 20 21| 228 24 252
(Vi=17.5 to 30V) | (V{=20.51t033V) | (V;=23to 35V) (V=27 to 38V)
AV Line 1= 200 mA 100 100 100 100
regulation (Vi=17.5 to 30V) | (V;=21to 33V} (V=23 to 35V) (Vj= 27 to 38V)
mV
50 50 50 50
(V=20 to 30V) (Vi= 24 to 33V) (V{=24 to 35V) (Vi= 28 to 38V)
AV,  Load Io=5 mA to 0.5A 300 360 400 480
regulation mV
Io=5 mA to 200 mA 150 180 200 240
la Quiescent 6 6 6 6| mA
Alg  Quiescent 1o=5 mA to 350 mA 0.5 0.5 0.5 05
current mA
change Io=200 mA 0.8 0.8 0.8 0.8
(Vi=17.5to 30V) | (V=21 to 33V) (V{=23 to 35V) (V=27 to 38V)
AVe  Output 1= 5 mA
AT  voltage Tamp= 010 125°C -1 -1.1 -1.1 -1.2 mVv/°C
drift
en Output
noise B= 10Hz to 100KHz 90 100 110 170 uV
voltage
SVR  Supply f=120 Hz 54 53 53 50 dB
voltage 15=300 mA (V{=185t0285V) | (V;=221t032V) (Vj= 24 to 34V) (V= 28 to 38V)
rejection
Vg Dropout 2 5 2 2 v
Voltage
lsc Short
circuit Vi= 35V 240 240 240 240 mA
current
lscp  Shortcirc.
peak 700 700 700 700 mA
current
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Fig. 4 - Dropout voltage vs. Fig. 5 - Dropout charac- Fig. 6 - Peak output current
junction temperature teristics vs. input-output differential
voltage
o o517 Gouors
vi-Yo vo T T Iy T
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Fig. 7 - Output voltage vs. Fig. 8 - Supply voltage Fig. 9 - Quiescent current
junction temperature rejection vs. frequency vs. junction temperature
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APPLICATION INFORMATION (continued)

Fig. 13 - Fixed output regulator

N U
W L78MxXX [4—e—oOV,
ol b—7p—r o

-[5.33»F B AuF

—— 5-£965

Notes:

(1) To specify an output voltage, substitute voltage
value for ""XX"'.

(2) Although no output capacitor is needed for sta-
bility, it does improve transient response. .

(3) Required if regulator is located an appreciable
distance from power supply filter.

Fig. 15 - Circuit for increasing output voltage

1BY<Vi<25V | 2
+ O—o L78MOS [—1—¢

C1 3

—— Vxx
-FJI),JF

~7V<-Vi<-17V
- O—
S- 4964
R
V.=V 4
o XX R

1

Fig. 14 - Costant current regulator

Fig. 16 - Adjustable output regulator (7 to 30V)

+V;O—g—1 L78M0S | ' T Ov,
3 , 1 | l |
= S s -EM
0.33uF

Fig. 18 - Hiah current voltage regulator

¥, Ot Q1 BD536

.
lay

R1 N

i f I 2
L78MXX ——OV,
EC 3 o
0.33uF OF

S-4960N

\%
_ BEQ),
R,= I
Q
IFlEG - B
Q
_ VBEQ1
o= |REG+BQ, [lree — “R—_]
1
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APPLICATION INFORMATION (continued)

Fig. 19 - High output current with short
circuit protection

Q1 =8D534
Q2 = 2N6124

5-4966
VBEQ2

RSC 'SC

Fig. 21 - High input voltage circuit

Vin= Vz — Vgeg

Fig. 23 - Power AM modulator (unity voltage
gain, I, < 0.5)

Modulation
Signal

Note: The circuit performs well up to 100 KHz.

Fig. 20 - Tracking voltage regulator

+V
o—rt L78MXX

2N6126 5-4967

Fig. 22- Reducing power dissipation with
dropping resistor

R_Ving
+V, O~ 34— L78MXX I
3

R

R = vi(min) - VXX - VDROP(max)

|c)(max) + ld(max)

Fig. 24 - Adjustable output voltage with tem-
perature compensation

Note: Q; is connected as a diode in order to
compensate the variation of the Q;
Vgg with the temperature. C allows a
slow rise-time of the V,

R2
Vo= Vxx (1+ =5 ) + Vge
1
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LINEAR INTEGRATED CIRCUITS

2A POSITIVE VOLTAGE REGULATORS

OUTPUT CURRENT UP TO 2A

OUTPUT VOLTAGES OF 5;7.5; 9;10; 12; 15; 18, 24V
THERMAL OVERLOAD PROTECTION

SHORT CIRCUIT PROTECTION

OUTPUT TRANSISTOR SOA PROTECTION

The L78S00 series of three-terminal positive regulators is available in TO-220 and TO-3 packages and
with several fixed output voltages, making it useful in a wide range of applications. These regulators can
provide local on-card regulation, eliminating the distribution problems associated with single point
regulation. Each type employs internal current limiting, thermal shut-down and safe area protection,
making it essentially indestructible. If adequate heat sinking is provided, they can deliver over 2A output
current. Although designed primarily as fixed voltage regulators, these devices can be used with external
components to obtain adjustable voltages and currents.

ABSOLUTE MAXIMUM RATINGS
V; DC input voltage (for Vo, =5 to 18V) 35 Y,
(for Vo, = 24V) 40 \%
lo Output current internally limited
Piot Power dissipation Internally limited
Tatg Storage temperature -65 to +150 °C
Top Operating junction temperature (for L78S00) -55 to +150 °C
(for L78S00C) 0 to +150 °C

MECHANICAL DATA Dimensions in mm

 coooums

~ TO-220
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CONNECTION DIAGRAMS AND ORDERING NUMBERS

(top views)
2 [/ output OUTPUT
GND. @ 3 [ GROUND ab oND
L R —— T ZooN
Type TO-220 TO-3 Output voltage
L 78S05 - L 78S05T 5V
L 78S05C L 78S05CV L 78S05CT 5V
L 78S75 - L 78S75T 7.5V
L 78S75C L 78S75CV L 78S75CT 7.5V
L 78S09 - L 78S09T 9V
L 78S09C L 78S09CV L 78S09CT 9V
L 78S10 - L 78S10T 10V
L 78S10C L 78S10CT L 78S10CT 10V
L 78S12 - L 78S12T 12v
L 78S12C L 78512CV L 78512CT 12v
L 78S15 - L 78S15T 15V
L 78S15C L 78515CV L 78S15CT 15V
L 78518 - L 78S18T 18V
L 78518C L 78518CV L 78518CT 18V
L 78S24 - L 78524T 24V
L 78S24C L 78524CV L 78S24CT 24V

BLOCK DIAGRAM

INPUT
10—

SERIES
PASS

CURRENT
GENERATOR

ELEMENT

SOA
PROTECTION

STARTING REFERENCE
CIRCUIT VOLTAGE

AMPLIFIER

J

THERMAL
PROTECTION

|

S-2564
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SCHEMATIC DIAGRAM

TEST CIRCUITS

Fig. 1 - DC parameters

Fig. 2 - Load regulation

o—e— L785XX |2 el o
Vi Ci 3 Co Vo
0.33uF 0JuF v
0
—— S 4095

THERMAL DATA

S22 —_

Fig. 3 - Ripple rejection

.:IF

4T0MF

5-4098

TO-220 TO-3
Rin jcase Thermal resistance junction-case max 3°C/W 4°C/W
th j-amb Thermal resistance junction-ambient max 50 °C/W | 35°C/W
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ELECTRICAL CHARACTERISTICS L78S00 (Refer to the test circuits, Tj= 25°C, l,= 500 mA

unless otherwise specified)

OUTPUT VOLTAGE

5

75

9

10

INPUT VOLTAGE

(Uniess otherwise specified)

10

125

14

15

Parameter

Test conditions

Min. Typ. Max.

Min. Typ. Max.

Min. Typ. Max.

Min, Typ. Max.

Unit

Vo

Output

4.8 5

5.2

7.15 75 7.9

8.65

9

9.35

9.5 10 10.5

voltage
o= 1A

475 5
(Vi=7v)

5.25

71 7.5 7.95

(Vi= 9.5V)

8.6

9

9.4

(Vi=11V)

94 10 106
(Vi= 12.5V)

AV,

Line
regulation

100

(Vi= 7 to 25V)

120
(Vi= 9.5 to 25V)

130

(Vi= 11 to 25V)

200
(Vi=12.5 to 30V)

50

(Vi= 8 to 12V)

60
(Vi= 10.5 to 20V)

65

(Vi= 11 to 20V)

100
(Vi= 14 to 22V)

mV

AV,

Load
regulation

1,= 20 mA to 2A

100

120

130

150

mV

Quiescent
current

mA

Llg

Quiescent
current

1o= 20 mA to 1A

0.5

0.5

0.5

0.5

change 1o=20mA

1.3

(V=7 to 25V)

1.3
(Vi= 9.5 10 25V)

1.3

(Vi= 11 to 25V)

1
(V=125 to 30V)

mA

IR
oT

Output
voltage
drift

lo= 5 mA
Tj= -56 t0 150°C

-1.1

-0.8

-1

mV/°C

eN

Output B= 10Hz to 100KHz
noise

voltage

40

52

60

65

uv

SVR

Supply f=120Hz
voltage

rejection

60

54

53

53

dB

Vi

Operating
input
voltage

lo < 1.5A

10.5

Output f=1KHz

resistance

ms

Short
circuit
current

V=27V

500

500

500

500

mA

lsep

Shortcirc.
peak
current

3.5

3.5

3.5

3.5
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ELECTRICAL CHARACTERISTICS L78S00 (continued)

OUTPUT VOLTAGE

15

18

24

INPUT VOLTAGE
(Unless otherwise specified)

23

26

33

Parameter

Test conditions

Max

Min. Typ. Max.

Min. Typ. Max.

Min. Typ. Max.

Unit

Output

125

144 15 156

171 18 189

23 24 25

voltage

1.4 12 12.6
(Vi= 14.5V)

1425 15 15.75
(Vi= 17.5V)

17 18 19
(Vi= 20.6V)

228 24 252
(Vi=27V)

Line
regulation

240
(Vi= 14.5 to 30V)

300
(Vi=17.5 to 30V)

360
(V= 20.5 to 30V)

480
(Vi= 27 10 38V)

120
(Vi= 16 to 22V)

150
(V= 20 to 26V)

180
(V=22 to 28V)

240
(V=30 to 36V)

mV

AV,

Load
regulation

1,= 20 mA to 2A

160

180

200

250

mV

Quiescent
current

mA

Alg

Quiescent 16=20mA to 1A

0.5

05

0.5

0.5

current

change lo=20mA

1
(Vi= 14.5 to 30V)

1
(V= 17.5 to 30V)

1
(Vi= 22 to 33V)

1
(V= 28 10 38V)

mA

Output
voltage
drift

Io= 6mA
Tamp= 010 70°C

-1

-1

-1

-1.5

mV/°C

eN

Output B= 10Hz to 100KHz
noise

voltage

75

90

110

170

uV

SVR

Supply f=120 Hz
voltage

rejection

53

52

49

48

dB

Vi

Operating
input
voltage

I, < 1.6A

18

21

27

Ro

Output f=1KHz

resistance

22

23

mQ

Short
circuit
current

Vi=27V

500

500

500

500

mA

lscp

Short circ.
peak
current

3.5

35

3.5

3.5
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ELECTRICAL CHARACTERISTICS L78S00C(Refer to the test circuits, T;= 25°C, |,=500mA

unless otherwise specified)

OUTPUT VOLTAGE

5

7.5

9

10

INPUT VOLTAGE
(Unless otherwise specified)

10

125

14

15

Parameter

Test conditions

Min. Typ. Max.

Min. Typ. Max.

Min. Typ. Max.

Min. Typ. Max.

Unit

Output
voltage

Vo

4.8 5 5.2

715 75 79

865 9 935

9.5 10 105

T

1= 1A

475 5
V= 7V)

5.25

71 75 795

(Vi= 9.5V)

8.6 9 9.4

(Vi=11V)

94 10 106
(Vi=12.5V)

AVg  Line

regulation

100
(Vi= 7 to 25V)

120
(Vi=9.5 to 25V)

130
(Vi= 11 to 25V)

200
(Vi= 12.5 to 30V)

50
(Vi=8to 12V)

60
(Vi= 105 to 20V)

65
(Vi= 11 to 20V)

100
(Vi= 14 to 22V)

mV

Load
regulation

AV,

1o=20 mA to 2A

100

140

170

240

mV

g Quiescent
current

mA

Quiescent
current
change

Alg

1o=20mA to 1A

0.5

0.5

0.5

0.5

16= 20 mA

1.3
(Vi= 7 to 25V)

1.3
(V, =95 to 25V)

1.3
(V;=111t025V)

1.0
(Vi= 12.5 to 30V)

mA

AV, Output
voltage

drift

1o=5mA
Tamp= 0 to 70°C

-1.1

-0.8

-1

-1

mvV/°C

Output
noise
voltage

eN

B= 10Hz to 100KHz

40

52

60

65

uv

SVR Supply
voltage

rejection

f=120 Hz

54

48

47

47

dB

Vi Operating
input

voltage

lo < 1.5A

10.5

12

Output
resistance

Ro

f=1KHz

17

ms

Short
circuit
current

Vi= 27V

500

500

500

500

mA

Short circ.
peak
current

3.5

35

3.5

3.5
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ELECTRICAL CHARACTERISTICS L78S00C (continued)

OUTPUT VOLTAGE 12 15 18 24

INPUT VOLTAGE
(Unless otherwise specified) 19 23 26 33 Unit

Parameter Test conditions Min. Typ. Max. | Min. Typ. Max. | Min. Typ. Max. | Min. Typ. Max.

Vo Output 15 12 125] 144 15 156 | 171 18 189 | 23 24 25
voltage

lo= 1A 114 12 126| 1425 15 1675 | 17 18 19| 228 24 252
(Vi= 14.5V) (Vi=17.5V) (Vi= 20.5V) (Vi= 27V)

AVqy  Line 240 300 360 480
regulation (Vi= 14.5 to 30V) | (V{=17.5 to 30V) | (V;=20.5 to 30V) | (V;=27 to 38V)
mV

120 150 180 240
(Vi= 16 to 22V) (Vi= 20 to 26V) (Vj=22to 28V) (V=30 to 36V)

AV, Load 1,= 20 A to 2A 240 300 360 480 mV
regulation

lg Quiescent 8 8 8 8
current

mA

Alg  Quiescent 1= 20 mA to 1A 0.5 0.5 0.5 0.5
current
change 1,= 20 mA 1.0 1.0 1.0 1.0

(V=145 to 30V) (Vi=1751t0 30V |(V;=20.5to 30V) | (V; =27 to 38V)

mA

AV, Output 1= B5mA

AT ;Of:fge Tamb= 0 to 70°C
r

-1 -1 -1 -1.5 mvV/°C

en Output B= 10Hz to 100KHz 75 90 110 170 Ny
noise
voltage

SVR  Supply f=120 Hz 47 46 43 42 dB
voltage
rejection

Vi Operating lo < 1.6A 15 18 21 27 \
input
voltage

Ro Output =1KHz 18 19 22 28 ms
resistance

lgc Short
circuit V=27V 500 500 500 500 mA
current

lscp  Shortcirc.
peak 3.5 3.5 3.5 3.5 A
current
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Fig. 4 - Dropout voltage vs.
junction temperature

Fig. 5 - Peak output current
vs. input/output differential
voltage

Fig. 6 - Supply voltage
rejection vs. frequency

6438 -c3850
Vi-Vo N l Io l l SVR T ‘”\Al‘
%) ) L @ | U
R PR s - 7es0s |
2 ~N 80—
I A / N
——— ] , 1
™~ 25 t
15 ™~ ~f00my | | NN W w0 |-l
] L NG mH
] 2 = R
~ 20ma~ NS ‘)fc _} Ll
1 ZN 40 t T
T Loma| 1 3 e | Ik i
s o NG ai
=5 o —- i RN
o0s 2 ° || L7eskx) | , NN 20 ftl 1 o g00ma et -
| e B
b - et R e
. N o WL d it oall 1 il
75 50 25 0 25 50 75 100 125 T, (C) 5 10 15 20 25 ViV (V) 10 10? 0’ 0 t (Hz)
Fig. 7 - Output voltage vs. Fig. 8 - Output impedance Fig. 9 - Quiescent current
junction temperature vs. frequency vs. junction temperature
G-4387 G- 4388 8-4389
Vo l 2o i lq ’
) () (mA)
L718s12 Vi=19v Vi =10V
Vo= 12V Vo=5V
lo=20mA o “h 162500mA| |
23
[ w2 =i
B
20 1 // L\
4.0 /
ns "\
N 10
hi 38
L78505
ns
1. 4L 107 36 L |
75 <50 25 0 25 50 75 W0 125 700 75 50 25 0 25 50 75 100 @5 T,(C)
Fig. 10 - Load transient Fig. 11 - Line transient Fig. 12 - Quiescent current
response response vs. input voltage
6-4392 6-4391 R 6-4390
I I l lo (Avo) | I | | (vi) ig 1 T
@) mv v (mA) _
W Q:)ovv L 78505| INPUT VOLTAGE L78505| | o :,o - :::%m
LOAD CURREN! 5 Ml
2 10 1
- : 1 _ L
4 s [ = -+ - T
A I O O A o |- s LT T - _
- U N A T - ] 40 -
%r:ur VOLTAGE \‘ouwu VOLTAGE] .
o DEVIATON o | EviaTION 1o
11 TT1 o | [ ) g 178505
o b — - . y
[,4, [ b | [
- -20 3.0 I
° 0 2 20 ©0 50 t (us) 0 2 4 6 8 0 t(us) s 10 15 20 25 0 VW
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APPLICATION INFORMATION (continued)

Fig. 13 - Fixed output regulator

1 O,
W L785XX Vo

3
0.33uF 0.1 uF

ETL\OO
Notes:

(1) To specify an output voltage, substitute voltage
value for “XX"".

(2) Although no output capacitor is needed for sta-
bility, it does improve transient response.

(3) Required if regulator is located an appreciable
distance from power supply filter.

Fig. 15 - Circuit for increasing output voltage

Fig. 14 - Costant current regulator

Fig. 16 - Adjustable output regulator (7 to 30V)

Enz
I, = 5 lq

Rz
Ry

Voz VXX (1+ ) + |d Rz

Fig. 17 - 0.5 to 10V regulator

W0 Q1 BD536

o Lo 3 . W S °
1 T xx = =
To.33F “TouuF
B — I S
7V7<,'y‘( o B ) RERILH
VBEQ1
R,= |
Qq
R IREG - B
Vo =Vyx ==+ Q1
R, \
_ BEQ;
6= lrea +BQ1 [lrRea — ——Rl 1
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APPLICATION INFORMATION (continued)

Fig. 19 - High output current with short
circuit protection

Q1 =80534 3 =
Q2= 2N6124 0-33uF 0T
S G

5-4107

(*)D; and D, are necessary if the load is connected
between + V, and -V,

Fig. 23 - Switching reguiator

i 2N3789 ImH -
! !

\ 1N5812
470 4700 I

Fig. 20 - Tracking voltage regulator

Vi v,
b4 U
To33ur E] Dwm
COMMON | common
O z ‘ O
s L°

QAJI(Q

Vo

i
2N6124 S-61060

Fig. 22 - Negative output voltage circuit

|
|
.
|
5-4106 -

Fig. 24 - High input voitage circuit

Vin= Vi —(Vz + Vge)
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APPLICATION INFORMATION (continued)

Fig. 25 - High input voltage circuit Fig. 26 - High output voltage regulator
WN!r—~—-———-jZ ‘r________jz
+v,O L7ew—,——o Ve -y :}a——-‘ﬂ?ﬁ_}—o—r%vc
L L L—1 L
CEEG 01 WFT s3ur | T e
5:'2 L S R
— S=-41M
$-4110

Vin= Vz —Vge

Fig. 27 - High input and output voltage Fig. 28 - Reducing power dissipation with
dropping resistor

R Vi, 2
Vo VO ] L785XX [
— 3

X -
1
Toa3uF L doau T

|
— S 4113

R= Vi(min) - VXX — VDROijax)
Vo=Vxx +Vz; lo(maxy * ld(max)

v0
[0
| "

Fig. 29 -*Remote shuntdown

LOGIC
INPUT
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APPLICATION INFORMATION (continued)

Fig. 30 - Power AM modulator oscillator Fig. 31 - Adjustable output voltage with tem-
(unity voltage gain, 1, < 15A) perature compensation

Modulation
Signal

—— S-411711
Note: Qj is connected as a diode in order to
compensate the variation of the Q;
Vgg with the temperature. C allows a
Note: The circuit performs well up to 100 KHz. slow rise-time of the V,

R2
Vo= Vxx (1+ R ) +Vgg
1

Fig. 32 - Light controllers (Vo min= Vxx +Vge)

(a) (b)

S L1150

V, falls when the light aoes up V, rises when the light goes up

Fig. 33 - Protection against input short-cir-
cuit with high capacitance ioads

Applications with high capacitance loads and an
output voltage greater than 6 volts need an external

b diode (see fig. 33) to protect the device against

. ) input short circuit. In this case the input voltage
V'O*@_Ovo falls rapidly while the output voltage decreases
3 showly. The capacitance discharges by means of the

= Base-Emitter junction of the series pass transistor
_Qjﬁ_ I in the regulator. If the energy is sufficiently high,
sréne the transistor may be destroyed. The external diode

by-passes the current from the IC to around.
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LINEAR INTEGRATED CIRCUITS

PRELIMINARY DATA

NEGATIVE VOLTAGE REGULATORS

® OUTPUT CURRENT UP TO 1.5A

OUTPUT VOLTAGES OF -5;-5.2; -8;-12; -15; -18; -20; -24V
THERMAL OVERLOAD PROTECTION

SHORT CIRCUIT PROTECTION

OUTPUT TRANSISTOR SOA PROTECTION

The L7900 series of three-terminal negative regulators is available in TO-220 and TO-3 packages and
with several output voltages. They can provide local on-card regulation, eliminating the distribution
problems associated with single point regulation; furthermore, having the same voltage options as the
L7800 positive standard series, they are particularly suited for split power supplies. In addition, the
-5.2V is also available for ECL system.

If adeguate heatsinking is provided, the L7900 series can deliver an output current in excess of 1.5A.
Although designed primarly as fixed voltage regulators, these devices can be used with external com-
ponents to obtain adjustable voltages and currents.

ABSOLUTE MAXIMUM RATINGS

Vi DC input voltage (for V, = -5 to -18V) -35 \%

(for Vo, = -20, -24V) -40 \%
lo Output current Internally limited
Piot Total power dissipation Internally limited
Top Operating junction temperature 0 to +150 °C
Tetg Storage temperature -65 to +150 °C

[y

Dimensions in mm
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CONNECTION DIAGRAMS AND ORDERING NUMBERS
(top views)
2 [ ——>ourpur ouTPUT
,@ [ E— T INPUY
L g — 1}
£Vib connected to pin 3 5-5033 55034 ene
Type TO-220 TO-3 Output Voltage

L7905C L7905CV L7905CT -5V

L7952C L7952CV L7952CT -5.2Vv

L7908C L7908CV L7908CT -8V

L7912C L7912CV L7912CT -12Vv

L7915C L7915CV L7915CT -15V

L7918C L7918CV L7918CT -18V

L7920C L7920CV L7920CT -20V

L7924C L7924CV L7924CT -24V
SCHEMATIC DIAGRAM

oo
[]R!& R19

THERMAL DATA TO-220 TO-3
Rih j-case Thermal resistance junction-case max 3°C/W 4 °C/W
Rin j-amb  Thermal resistance junction-ambient max 50 °C/W 35°C/W
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ELECTRICAL CHARACTERISTICS L7900C(C; = 2.2 wF, C,= 1 uF, T; = 0 to 125°C,

I, = 500 mA unless otherwise specified)

OUTPUT VOLTAGE -5 5.2 -8 -12
INPUT VOLTAGE
- - -14 -1 i
{Unless otherwise specified) 10 10 9 Unit
Parameter Test conditions Min. Typ. Max. |Min. Typ. Max.|Min. Typ. Max.|Min. Typ. Max.
Vg Output T;=25C -48 -5 -6.21-5 -5.2 -56.41-7.7 -8 -83}-115 -12 -125
voltage
\
I,=56mA to 1A -475 -5 -525|-495 -52 -545|-76 -8 -84|-114 -12 -126
Po < 15W (V;= -8 to -20V) (Vi=-9 10 -21V) | (V;=-11.6to -23V) | (V;= -15.5 to ~27V)
AV, Line 100 105 160 240
regulation (V= -7 to -25V) (Vj=-81t0-25V) | (V;=-105 to 25V) | (V;=-14.5 to -30V)
Tj=25°C mV
50 52 80 120
(Vi=-8to -12V) (Vi=-9 to -13V) (Vi=-11t0 -17V) (Vj=-16 to -22V)
AV, Load Tj= 25°C 100 105 160 240
regulation | I5=5mA to 1.5A
mV
Ti=25°C 50 52 80 120
1,= 250 to 750 mA
lg Quiescent | Tj=25°C 2 2 2 3| mA
current
Alg Quiescent | I,=5mA to 1A 0.5 05 0.5 0.5
current
A
change 13 13 1 | m
(Vi= -8 to -25V) (V= -9 to -25V) (Vi=-115t0-25V) | (V;=-15to -30V)
AV, Output lo=5mA -0.4 -0.5 -0.6 -0.8 mV/°C
AT voltage
drift
en Output B = 10Hz to 100KHz 100 125 175 200 mvl
noise Tj=25°C
voltage
SVR Supply f=120 Hz 54 60 54 60 54 60 54 60 dB
voltage AVi=10V
rejection
Vi-o Dropout Tj=25°C
voltage o= 1A 2 1.8 1.1 1.1 \Y
AVo=100 mV
lse Short 21 2 1.5 15 A
circuit
current
lscp Short Tj=25°C 25 25 25 25 A
circ. peak
current
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ELECTRICAL CHARACTERISTICS (continued)

OUTPUT VOLTAGE -15 -18 -20 -24
INPUT VOLTAGE .
(Unless otherwise specified) -23 -27 -29 -33 Unit
Parameter Test conditions Min. Typ. Max. [Min. Typ. Max. [Min. Typ. Max.|Min. Typ Max.
Vo Output T =25°C -144 -15 -156(-17.3 -18 -18.7|-19.2 -20 -20.8|-23 -24 -25
voltage
\
lo=5mA to 1A -143 -15 -15.7 |-17.1 -18 -189|-19 -20 -21|-228 -24 -25.2
Py < 15W (Vi=-18510-30V) | (V;=-221t0-33V) | (V;=-241t0-35V) | (V;=-27 to -38V)
AV, Line Tj=25°C 300 360 400 480
regulation (Vi=-17.510-30V) | (V;=-2110-33V) | (V;=-231t0-35V) | (V;=-27 to -38V)
mV
150 180 200 240
(Vi=-20to -26V) | (Vj=-24 t0 -30V) | (V;=-261t0-32V) | (V;=-30 to -36V)
AVy Load T= 25°C 300 360 400 480
regulation o= 5mA to 1.6A
mV
Ti= 25°C 150 180 200 240
o= 250 to 750 mA
Ig Quiescent | T;=25°C 3 3 3 3 mA
current
Alg Quiescent | |,=5mA to 1A 0.5 0.5 0.5 05
current
A
change 3 ] 7 1 m
(V{=-18.510-30V) | (V{=-221t0 -33V) | (V;=-241t0-35V) | (V;=-27 to -38V)
AV, Output lo=5mA -0.9 -1 -1.1 -1 mv/°C
AT voltage
drift
en output B= 10Hz to 100KHz 250 300 350 400 uVv
noise Tj= 25°C
voltage
SVR Supply f=120Hz 54 60 54 60 54 60 54 60 dB
voltage AVi= 10V
rejection
Vio Dropout Tj= 25°C 1.1 1.1 1.1 1.1 \%
voltage o= 1A
AVo=100 mV
Isc Short 1.3 1.1 0.9 1.1 A
circuit
current
lscp  Short Tj=25°C 2.2 22 2.2 2.2 A
circ. peak
current
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APPLICATION INFORMATION

Fig. 1 - Fixed output regulator

. 1pE
¢ 2.2uF 1 v
@

. CO
Q
- ViOL L79XX Z:LOVO

S$-5036/1

Notes:

(1) To specify an output voltage, substitute voltage value for “XX"’.

(2) Required for stability. For value given, capacitor must be solid tantalum. If aluminium electrolitics are used, at
least ten times value shown should be selected. C; is required if regulator is located an appreciable distance from
power supply filter.

(3) To improve transient response. If large capacitors are used, a high current diode from input to output (1N4001
or similar) should be introduced to protect the device from momentary input short circuit.

Fig. 2 - Split power supply (+ 15V/1A) Fig. 3 - Circuit for increasing output voltage

1 2 -
+ZOVOT L7815 +15V L,
1 25pF_*
3 1N40O1 2.2 uF
0.33uF 01 pF sk e M [

——
J_ AL2HF ! W%: %mcoow 3
fZOVO—-L L7915 P 15V $ L79XX

$-50371 ! 5-5038 -vo
R1+ R2 \Y
Vo= Vg ® ——— XX
o XX R2 ~R2 > 3lg

* Against potential latch-up problems.
* C3 optional for improved transient response and
ripple rejection.

Fig. 4 - High current negative regulator Fig. 6 - Typical ECL system power supply
(-6V/4A with 5A current limiting) (-56.2V/ 4A)
-12v ‘2N3055i;_ Z; 1.0&EE -5.2v
\
-1ov 470 2
— 1+ L7952

1pF

7
.:E, F
22p

—— 5504011

= S-5039

* Optional dropping resistor to reduce the power
dissipated in the boost transistor.
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LINEAR INTEGRATED CIRCUITS

PRELIMINARY DATA

+ 2% NEGATIVE VOLTAGE REGULATORS

® OUTPUT CURRENT UP TO 1.56A

® OUTPUT VOLTAGES OF -5;-5.2; -8;-12; -15; -18; -20; -24V
® THERMAL OVERLOAD PROTECTION

® SHORT CIRCUIT PROTECTION

® OUTPUT TRANSISTOR SOA PROTECTION

The L7900 AC series of three-terminal negative regulators is available in TO-220 package and with
several output voltage. They can provide local on-card regulation, eliminating the distribution problems
associated with single point regulation; furthermore, having the same voltage options as the L7800
positive standard series, they are particularly suited for split power supplies. In addition, the -5.2V is
also available for ECL system.

If adeguate heatsinking is provided, the L7900 AC series can deliver an output current in excess of 1.5A.
Althrough designed primarly as fixed voltage regulators, these devices can be used with external com-
ponents to obtain adjustable voltages and currents.

ABSOLUTE MAXIMUM RATINGS

Vi DC input voltage (for V, = -5 to -18V) -35 \%
(for V, = -20, -24V) -40 v

Iy Output current Internally limited
Piot Total power dissipation Internally limited
Top Operating junction temperature 0 to +150 °C
stg Storage temperature -65 to +150 °C

MECHANICAL DATA Dimensions in mm
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CONNECTION DIAGRAMS AND ORDERING NUMBERS

(top views)

¢
L@

w

[ ——output

R s— P

[ ———>GND

Z"(ab connected to pin 3

5-6227

Ordering Numbers

Output Voltage

L7905ACV
L7952ACV
L7908ACV
L7912ACV
L7915ACV
L7918ACV
L7920ACV
L7924ACV

-5V
-5.2V

-8V
-12v
-15V
-18Vv
-20V
-24V

SCHEMATIC DIAGRAM

THERMAL DATA

Rin j-case Thermal resistance junction-case
Rth j-amp Thermal resistance junction-ambient

max 3°C/W
max 50 °C/W
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ELECTRICAL CHARACTERISTICS L7900AC C;

lo = 500 mA unless otherwise specified)

=22 uF, Co= 1 pF, T; = 0 to 125°C,

OUTPUT VOLTAGE -5 -5.2 -8 -12
INPUT VOLTAGE i
- - - - Unit
(Unless otherwise specified) 10 10 14 19 "
Parameter Test conditions Min. Typ. Max.|Min. Typ. Max.|Min. Typ. Max.|Min. Typ. Max.
Vo Output Ti=25°C -49 -6 -5.11-6.1 -5.2 -53(-784 -8 -8.16{-11.75 -12 -12.25
voltage
\
Io=6mAto 1A -4.8 -5 -52|-60 -52 -54|-7.7 -8 -83|-1156 -12 -125
P, < 15W (V= -8 to -20V) (Vi= -9 to -21V) | (V;=-11.5to -23V) | (V;=-15.5 to -27V)
AV, Line 100 105 160 240
regulation (Vj=-7 to -256V) (Vj= -8 t0-25V) | (V;=-105 to 25V) | (V;=-14.5 to -30V)
Tj=25°C mV
50 52 80 120
(Vi=-81t0-12V) (V= -9 to -13V) (Vi=-11t0 -17V) | (V;=-16 to -22V)
AV, Load T;=26°C 100 105 160 240
regulation | I,=5mA to 1.6A
mV
Tj=25°C 50 52 80 120
5= 250 to 7560 mA
lg Quiescent | T;=26°C 2 2 2 3| mA
current
Alg Quiescent [ l,=5mA to 1A 0.5 0.5 05 0.5
current
A
change 13 1.3 1 1 m
(V= -8 to -25V) (Vi= -9 to -25V) (Vi=-115t0-25V) | (V;=-15to -30V)
AV, Output 1o=5mA -0.4 -0.5 -0.6 -08 mV/°C
AT voltage
drift
en Output B = 10Hz to 100KHz 100 125 175 200 nvy
noise T;=25°C
voltage
SVR Supply f=120 Hz 54 60 54 60 54 60 54 60 dB
voltage AVi=10V
rejection
Vi.o  Dropout |T;=25°C
voltage 1o=1A 2 1.8 1.1 1.1 \
AV,= 100 mV
lsc Short 2.1 2 1.5 15 A
circuit
current
lscp  Short Tj=25°C 25 25 2.5 25 A
circ. peak
current
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ELECTRICAL CHARACTERISTICS (continued)

OUTPUT VOLTAGE -15 -18 -20 -24
INPUT VOLTAGE .
(Unless otherwise specified) -23 -27 -29 -33 Unit
Parameter Test conditions Min. Typ. Max.|Min. Typ. Max.|[Min. Typ. Max.|Min. Typ. Max.
Vo Output Tj=25°C -147 -15 -153|-17.64 -18 -18.36|-19.6 -20 -20.4|-235 -24 -245
voltage
\%
Io=56mA to 1A -144 -15 -156|-17.3 -18 -187|-194 -20 -20.8(-23 -24 -25
P, < 15W (Vi{=-18.5t0-30V) | (V;=-2210-33V) | (V;=-241t0 -35V) | (V;s-27 to -38V)
AV Line Tj=25°C 300 360 400 480
regulation (V{==17.5t0-30V) | (V;=-2110 -33V) | (V;=-23 to -35V) (V= -27 to -38V)
mV
150 180 200 240
(Vi=-20to -26V) | (V;=-24 t0 -30V) | (V;=-26 to -32V) | (V;=-30 to -36V)
| AV, Load Tj=25°C 300 360 400 480
regulation | I,=5mA to 1.5A
mV
Tj=25°C 150 180 200 240
15= 250 to 750 mA
Iy Quiescent | T;=25°C 3 3 3 3| mA
currem
Alg Quiescent | I,=5mA to 1A 0.5 05 0.5 05
current
A
change ) 1 1 1 1 m.
(V{=-18.51t0-30V) | (V{=-2210-33V) | (V{=-241t0-35V) | (V;=-27 to -38V)
AV, Output 1,=5mA -0.9 -1 -1.1 -1 mv/°C
AT voltage
drift
en output B= 10Hz to 100KHz 250 300 350 400 nY
noise Tj=25°C
voltage
SVR Supply f=120 Hz 54 60 54 60 54 60 54 60 dB
voltage AVi= 10V
rejection
Vio Dropout Tj=25°C 1.1 1.1 1.1 1.1 Y
voltage o= 1A
AV4=100 mV
lsc Short 1.3 1.1 0.9 1.1 A
circuit
current
lscp Short T;=25°C 2.2 22 2.2 22 A
circ. peak
current
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APPLICATION INFORMATION

Fig. 1 - Fixed output regulator

?22 pF
. |®

L7 9XXA%>

Notes:
(1)
(2)

S-6228

To specify an output voltage, substitute voltage value for "X X"".
Required for stability. For value given, capacitor must be solid tantalum. If aluminium electrolitics are used, at

least ten times value shown should be selected. C; is required if regulator is located an appreciable distance from

power supply filter.
(3)

To improve transient response. If large capacitors are used, a high current diode from input to output (1N4001

or similar) should be introduced to protect the device from momentary input short circuit.

Fig. 2 - Split power supply (* 15V/1A)

L L
I == A NG00

L7815AC

g

J_ _J22pF .

L7915AC

S 6229

* Against potential latch-up problems.

Fig. 4 - High current negative regulator
(-5V/4A with BA current limiting)

020

2N3055
—O
-10v Q1 -5V
Q2
2
S L7905AC [
5.6 0
b VoapF

T2,2 uF g

- 5-6231

*

Fig. 3 - Circuit for increasing output voltage

— c3
25pF R
o Hem c2
2.2 pF y =]
3 1uF
R2
3
O L79XXAC
-V, s-6230 Vo
R1+ R2 \Y
VOZVXX'T— ——F;(; > 3lg

* C3 optional for improved transient response and
ripple rejection.

Fig. 5 - Typical ECL system power supply
(-5.2V/ 4A)

L7952AC

1pF

i iy

-4
- 5 6232

Optional dropping resistor to reduce the power
dissipated in the boost transistor.
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LINEAR INTEGRATED CIRCUITS

PRELIMINARY DATA

1.2V to 37V ADJUSTABLE VOLTAGE REGULATOR

The LM 117/LM 217/LLM 317 are monolithic integrated circuits in TO-220 and TO-3 packages intended
for use as positive adjustable voltage regulator.

They are designed to supply more than 1.5A of load current with an output voltage adjustable over a
1.2 to 37V range.

The nominal output voltage is selected by means of only a resistive divider, making the device excep-
tionally easy to use and eliminating the stocking of many fixed voltage regulators.

Their main features are:

— Output voltage range: 1.2 to 37V

— Output current in excess of 1.5A

— 0.1% line and load regulation

— Floating operation for high voltages

— Complete series of protections: current limiting, thermal shut-down and SOA control.

ABSOLUTE MAXIMUM RATINGS

Vio Input-output differential voltage 40 \%)
lo Output current Internally limited
Top Operating junction temperature for: LM 117 -55 to 150 °C

LM 217 -25 to 150 °C

LM 317 0to 125 °C
Piot Power dissipation Internally limited
Tstg Storage temperature -65 to 150 °C
MECHANICAL DATA Dimensions in mm

e

87 17
1;

39,57
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CONNECTION DIAGRAMS AND ORDERING NUMBERS

(top views)
2T INPUT INPUT
'- 3 ——outpur OuTPUT
1 [ ———ADJUST ADJUST
ZTal:: connected to pin 3 s - 504201 5-5043
Type T0-220 TO-3

LM 117 _ LM 117K

LM 217 —_ LM 217K

LM 317 LM 317T LM 317K

SCHEMATIC DIAGRAM

T

| Q10

) v

R6

—|R7 R8

ay a8y

9

¥ .J/
¥ yar  sfon
N

——0
INPUT

-
_F

i R10 RH[JR‘\ZU 1 R26
. ) " . ‘ (IJ ouLPuw
S-5044 - ADLSY
THERMAL DATA TO-3 TO-220
Ritn j—case Thermal resistance junction-case max 4°C/W 4 °C/W
Rtn j-amb Thermal resistance junction-ambient max 35 °C/W 50 °C/W
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ELECTRICAL CHARACTERISTICS (V;-V, =5V, I, = 500 mA, unless otherwise specified)

LM 217 T = -25 t0 150°C; LM 317 T; = 0 to 125°C.

LM 117/LM 217 LM 317
Parameter Test conditions Unit
Min. Typ. Max. Min. Typ. Max.
AV, Line regulation Vi-Vo=3 to T;=25°C 0.01 0.02 0.01 0.04
40V %IV
0.02 | 0.05 0.02 | 0.07
AV, Load regulation Vo <5V Tj=25°C 5 15 5 25
lo= 10mA to mV
1.6A 20 50 20 70
Vo =5V T;=25°C 0.1 0.3 0.1 0.5
lo= 10 mA to %
1.5A 0.3 1 0.3 15
lapy  Adjustment pin 50 100 50 100 uA
current
Al aApy Adjustment pin Vi-Vo= 2.5 to 40V 5
current Io= 10 mA to 1.5A 0.2 0.2 N
Veer Reference voltage Vi-Vo= 3 to 40V
(between pin 3 and 1o= 10 mA to 1.5A 1.2 1.25 1.3 1.2 1.25 1.3 \"
pin 1)

AV o Output voltage 1 1 %
Vo temperature stability °
lo min Minimum load 3.5 5 3.5 10 mA

current
lo max Maximum load V-V, < 15V 1.5 2.2 1.5 2.2
current A
Vi-Vo= 40V 0.4 0.4
en Output noise _ npo 9
(percentage of V) T;=25°C, 10Hz to 10KHz 0.003 0.003 %
SVR  Supply voltage Tj=25°C [Cppy=0 65 65
rejection (*) f=120 Hz dB
Capy= 10 uF 66 80 66 80
(*) Capy is connected between pin 1 and ground.
Note — Unless otherwise specified the above specs, apply over the following conditions: LM 117 T;=-55 to 150°C;
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Fig. 1 - Output current vs. Fig. 2 - Dropout voltage vs. Fig. 3 - Reference voltage vs.
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