SILICON PLANAR LINEAR INTEGRATED CIRCUIT

L 123B1/T1

STANDARD TEMPERATURE RANGE, 0°C+70°C

Positive-or negative supply operation

Series, shunt, switching or floating operation
.01 % line and load regulation

Output voltage adjustable from 2 to 37 volts
Output current to 150 mA without external
pass transistor
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precision voltage regulator

The L 123 is a monolithic voltage regulator constructed on a single
silicon chip using the Planar epitaxial process. The device consists of
a temperature compensated reference amplifier, error amplifier, power
series pass transistor and current limit circuitry. Additional NPN or
PNP pass elements may be used®*when output currents exceeding 150
mA are required. Provisions are made for adjustablie current limiting
and remote shutdown. In addition to the above, the device features
low standby current drain, low temperature drift and high ripple
rejection. The L 123 is intended for use with positive or negative sup-
plies as a series, shunt, switching or floating regulator. Applications
include laboratory power supplies, isolation regulators for low level
data amplifiers, logic card regulators, small instrument power sup-
pties, airborne systems and in other power supplies for digital and }i-

near circuits,
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INVERTING C)ve Vaer ] v Voltage from V* to V- 40V
M= 1w nput-Output Voltage Differential 40V
- Maximum Output Current 150 mA
Note - Dn metel can PIN S current from yREF 25 ml\
Weomnected 10 1ae v {nternal Power Dissipation (1} 800 mw
Operating Temperature Range 0oCto+ 700 C
Storage Temperature Range (Mstat Can} -850 Cto+ 1500 C
Storage Temperature Range (DIP) -B6oC to+125° C
Lead Temperature {Soldering, 60 sec.) 300° C
NOTE ON PAGE 2
PHYSICAL DIMENSIONS
N YSICAL
EQUIVALENT CIRCUIT 14-pin plastic DIP PHYS| CAsirmglil)\ISIONs
Jedec TO 100 outline
6.5 MAX 5.84 TYP,
FREQUENCY A
COMPENSATION A
TEMPERATURE v Ve
COMPENSATED
ZENER i
INVERTING b
INPUT 1 1 [
VREF O~ SERIES PASS 4 STANDOFF \,}
TRANSISTOR Oz »tQ 04-85
o— pe-—-9.4-8.
NON-INVERTING Vout gp = 85- 7.7]
INPUT !:1 « niPg 3§ F”
VOLTAGE CURRENT ¢ dls »p® =
REFERENCE LIMIT vy F] z sy
AMPLIFIER Ole 9 z
2 CUSFéRENT dl . s f—
NSE ~
ERROR o "
AMPLIFIER CURRENT - ;ﬂﬂﬂﬂﬂf]]ﬂl\"
. LIMITER 10 Leacs
Note : ail dimensions in mm, 342 Dia.
Notes Al dimensions in mm.
Leads are gold-plated Kovar.

ORDERING NUMBER

L123B1 ({for TO 116 package}
L1237V (for TO § package)
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Linear Integrated Circuit L123 B]./T].

STANDARD TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (nove 2;

PARAMETER {see definitions} CONDITIONS MIN.  TYP MAX. UNIT
Line Regulation V=12VioV=15V 0.01 01 % VoUT
ViN=I2 V1o V)N =40V 0.1 0.5 % VouT
C ¢ TASTOPC, ViN= 12V 1o VIN= 15V 03 % VouT
Load. Regulation I =1mAtol =560mA 0.03 0.2 %VouT
O°CS TALT70PC,iL=1 mA to I = 50mA 0.6 %VOoUT
Ripple Rejection f=50Hz10 10kHz, CREF =0 74 dB
f=960Hzto 10 kHz, CREF = SwF 86 dB
Average Temperature Coefficient °C < Tp S 70°C 0.003 0.015 %/°C
of Output Voltage
Short Circuit Current Limit Rsc =100, VoyT=20 65 mA
Reference Voltage 6.80 7.1% 7.50 \
Output Noise Voltage Bw = 100Hz 10 10 kHz, CREF =0 20 uVrms
BW =z 100 Hz to 10 kHz, CREF = B pF 25 HVrms
Long Term Stability 0.1 %1000 hrs
Standby Current Drain IL=0, VIN=30V 23 4 mA
Input Voltage Range 9.5 40 \%
Qutput Voltage Range 2 37 v
Input-Output Voltage Differential 3 38 A\

DEFINITION OF TERMS

LINE REGULATION - The percentage change in output voltage for a specified change in input voltage.

LOAD REGULATION-The perceritage change in output voltage for a specified change in load current.

RIPPLE REJECTION - The ratio cf the peak to peak input ripple voltage to the peak to peak output ripple voltage.

AVERAGE TEMPERATURE COEFFICIENT OF OUTPUT VOLTAGE - The percentage change in output voltage for a specified change in ambient
temperature.

SHORT CIRCUIT CURRENT LIMIT - The output current of the regulator with the output shorted to the negative supply.

REFERENCE VOLTAGE - The output of the reference amplifier measured with respect to the negative supply.

QUTPUT NOISE VOLTAGE - The rms output noise voitage with constant load and no input rippte.

STANDBY CURRENT DRAIN - The supply current drawn by the regulator with no  output load and no reference voltage joad.

INPUT VOLTAGE RANGE - The range of suppiy voltage over which the regulator will operate,

QUTPUT VOLTAGE RANGE - The range of output voltage over which the regulator will operate.

INPUT-QUTPUT VOLTAGE DIFFERENTIAL -~ The range of voltage difference between the supply voltage and the regulated output voltage over
which the regulator will operate.

SENSE VOIL_TAGE - The voltage between current sense and current limit terminals necessary to cause current limiting.

TRANSIENT RESPONSE - The closed-loop step function response of the regulator under small-signai conditions.

NOTES:

{1) Derate metal can package at 6.4 mW/C and dual in-line

(2) Unless otherwise specified, Ta = 259C, V| = Vi = Vg
error amplifier < 10 KQ

{3) For metal can applications where Vz is required. an external 6.2 zener should be connected in series with Vo T.

{4) Figures in parentheses may be used if R1/R divider is placed on opposite of error amp.

(5) Replace R1/R7 in figures with divider shown in figure 13,

{8) V+ and V¢ must be connected to a + 3 V or greater supply.

(7) Ly is 40 turns of# 20 enameted copper wire wound on Ferroxcube P36/22-3B7 pot core or equivalent with 0,23 mm. air gap.

ackage at 8 mW/OC for operation at ambient temperatures atove 250C.
V. V-=0, VouT = 5V. I = 1 mA, Rgc = 0, C| = 100 pF and divider impedance as seen by the

764



Linear Integrated Circuit L 123 B]./T].

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C”free air temperature unless otherwise noted)

MAXIMUM LOAD CURRENT AS A
FUNCTION OF iNPUT-QUTPUT
VOLTAGE DIFFERENTIAL

MAXIMUM LOAD CURRENT
AS A FUNCTION OF
INPUT - QUTPUT VOLTAGE
DIFFERENTIAL

e T T T 7 20 r——r—T
TAMAX. = 1800¢ | Ty MAX. = 125°C
[ RYH = 160°PC/W WL‘_T 1 RTH:'Is“g/W
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Linear Integrated Circuit L 123 Bl/Tl

OUTPUT VOLTAGE DEVIATION - mV.

STANDARD TEMPERATURE RANGE

LINE TRANSIENT LOAD TRANSIENT DUTPYUT IMPEDANCE AS A
RESPONSE RESPONSE FUNCTION OF FREQUENCY
6 4 [t
INPUT VOILTA!SE LOAD l!‘URRENT - J
10 1
i 25 1
[ 8 fa \ og e
C o
: * §
; A \N-Qi UT VOLTAGE § \ﬂ“"” VOL]TAG 10 g E,;,
° - -2 5 |-
g Q@ g%
5 kR Hl
4 % VIN= LZE\'/V a i
IL=40ma
LAsc=0" » 1
-5 sl | 001
* 5 e B 15 2% E3 [ 100 W 10K 100K
TIME - us t - FREQUENCY - Hz
TASBLE|
RESISTOR VALUES (K} FOR STANDARD OUTPUT VOLTAGES
JAPPLICABLE] FIXED OUTPUT | OUTPUT ADJUSTABLE FIXED OUTPUT 5% OUTPUT
POSITIVE FIGURES +5% 1 10%(Note 6) NEGATIVE 5% ADJUSTABLE + 10%
CUTPUT GUTPUT  |APPLICABLE
VOLTAGE VOLTAGE | FIGURES
{Note 4} Ay Ry Rq (2 R2 Ry Az Ry 2} Ro
+3 1,6.6,9 412 30 1.3 05 12 |+100 7 3.67 102 22 10 91
1214}
+ 36 1,5,6,9, | 387 3.66 15 0.5 15 |+260 7 357 285 22 10 240
12(4)
+5 1.,5.6,9, | 2°5 4.99 0.7% 05 22 |- 6i{note6}| 3 (10 357 243 1.2 05 0.7
12(4)
+6 1,6,6,9, 1.°5 6.04 0.5 0.5 27 |- 9 310 348 6.36 1.2 08 2
12 (4}
+9 2,4,i586,| 187 715 0.75 1 27 |- 12 3,10 357 8.45 1.2 05 33
12,9)
+12 2,4,(56, | 487 7.15 2 1 3 - 15 3,10 3.66 1.5 1.2 05 4.3
9,12)
+15 24,56, 7.87 7.1 33 1 3 - 28 3,10 357 243 1.2 05 10
9,12)
+28 2,4,(5,6| 2 7.15 5.6 1 2 - 45 8 367 41.2 22 10 k<]
9.12)
+45 7 357 48.7 22 10 3 j-100 8 367 (976 2.2 10 91
+75 7 357 78.7 22 10 68 |-250 8 357 249 22 10 240
TABLE 1§
FORMULAE FOR INTERMEDIATE OUTPUT VOLTAGES
Outputs from +2 to 47 volis Outputs from 44 to +250 voits Current Limiting
[Figures 1,5, 6,9, l:. ) [Fiuur; n ) I e YESE
v Z _ISENSE
Your = DVeee X R‘-:n,] Vour“[—liix—zﬁl—l];k:"*o
Outputs from 47 to 4-3F volte Outputs from —6 to —250 volts Foldback Current Limiting
[Figures 2, 4, (5, :, 9, f)l v[l-'lgurls 3',' 8, 1:] e = Vour By . Vsense (R; + R) 1
Vour = age x —+ R2 g Vour=[ Jeee o Bt R g g, R Ry i Ry
R, 2 R, v, R, +R
sense ) + R,
tsorrexr =1 R R
s 4
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Linear Integrated Circuit L 123 B]./T].

STANDARD TEMPERATURE RANGE

BASIC LOW VOLTAGE REGULATOR FIG.1
oyt =27V

ViN
v
v <
vour|
VREF
vz Rse
A1 cL T
1123 s ___.F__«}.- HEGULATED OUTPUT
inv
R2 C

TYPICAL PERFORMANCE
Requiated output Voltage: 5V
Line Ragulation (AVjy =3V}  0.5mV
Losd Regulstion (Al = BOmA) 1.5mV

_ R1_R2 for minimum
NOTE: R3 = RivR2 tomperature drit.

R3 may be eliminated for mini-
mum component count.

BASIC HIGH VOLTAGE REGULATOR FIG.2
Vour =713V}

Ving

e
R3 {123 REGULATED QUTAUT
NI CS
tnv. .
v COMP
1
100pF R2

TIPICAL PERFORMANCE

A1 R2 for minimum
NOTE: R2 = B335 tomperature arift
R3 may be eliminated for mini-
mum Component count.

NEGATIVE VOLTAGE REGULATOR FIG. 3

W VYIN

BFX39

REGULATED
OuTPUT

TYPICAL PERFORMANCE

POSITIVE VOLYAGE REGULATOR FIG. 4
(External NPN Pags Transistor) Vin

REGULATED
ouTPUT
Ry

Rz

TYPICAL PERFORMANCE

Regulated Cutput Voitage BV Reguisted Output Voitsge + 15 Y
Line Regulation (8Vyy * 3V) 1mv Line Regulation (AVjy = 3V} 16mV
NOE 3 Loed Regulation (AIL: 100 ma) 2mv Luad Raguiation (A|L = 1A} 18mv
POBITIVE VOLTAGE REGULATOR FIG.§ FOLDBACK CURRENT LIMITING FIG.6
{External PNP Pass Transistor) v
INC
Vin
-—
R3
REGULATED
V.| % 600 ,@ T ouTPUT
Your 2N5001
VREF
VzI5q
Ry {1123 cLH:
s { Rsc
NL Iyl 4—4ld o REGULATED
M QUTPUT

Ry Y COMP
IC1 INF (vpicaL PERFORMANCE

Regutated Cutput Valtage + 5V
Line Ragutation (AN = 3V} 0.5mV
Load Regulation (At = 1A)  SmV

TYPICAL PERFORMANCE

3egulated Output Voltage +5 v
Line Regulation AV = 3V)  0.5mV
Load Aegulation (Al = 10mA}  1mV
Cument Limit nee 0mA
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Linear Integrated Circuit

L 123B1/T1

STANDARD TEMPERATURE RANGE

POSITIVE FLOATING REGULATOR FIG. 7 NEGATIVE FLOATING REGULATOR FIG.8
VIN
VIN
F5 2000
AR w1 v
Ds Your 2N5286 A VREF
36V \ReF ( o vour
R R vz D Ve 2NE287
4 11123 €L " ‘ 3 oL
9| L1z3
; T x
—N.L = Rsg NIy
R i sodow C1
3 R2 V[1nE comP mo . R41 1l e
[0) PR 1 REGULATED Kaj v REGULATED
- OUTPUT OUTPUT
TYPICAL PERFORMANCE TYPICAL PERFORMANCE
Regutated Output Voltage  +100 V Regulated Output Valtage 100 v
Line Regulation (MW = 20V)  15mV Line Regulation (AVyy =20V}~ 30mV
NOTE 3 Load Regulation (Al = 50mA)  20mV NOTE 3 Load Regulation (A1 = 100mA) 20mV
POSITIVE SWITCHING REGULATOR FIG.9 NEGATIVE SWITCHING REGULATOR vin FIG. 10
Yin _}
Rs
w®e
2NA116
312 2NS18. T1 Ve iy
-
iy gi 2N5287 vour— |8 0
sy VREF ve IN 2071
[\ Voutl——7x . ;
REF n
Vz 2071 | 1zmt L1123 L 287
Ry L123 REGULATED s L
aff T ouTPU !
cslR l(l ou T NA I ||ZmH
| Rakd NI REGULATED
L I’\V
3 c: R vCOMEL_c, Cp OUTPUT
]g Rg V- Tcomr ™Mo I15p; IWF
01)JI MO IC‘O;JF
—— s

TYPICAL PERFORMANCE

TYPICAL PERFORMANCE

Regulated Qutput Voltage + 65V Regulated Output Voltage 15 v
Line Regulation [AVyy = 30V} 10mV NOTE 3 Line Regulation (AVyy = 20V} 8mV
NOTE 7 Load Regulation (Al = 2A) 8omv NOTE 7 Load Regulation (Al = 2 A} smv
REMOTE SHUTDOWN REGULATOR WITH CURRENT LIMITING FIG. 11 SHUNT REGULATOR FIG. 12
VIN
ViN
—
N
v+ M9
1000
vt
VREF AEGULATED r REGULATED
vout |— —Fq— ouTPUT VREF] e OUTPUT
ve b Rsc VouT - Ry 8FY
v, 56
R1 cL |
113 o Ry
| 1000
cs L1t
NI [S-T VU
ERRNT
Ry 35X26 v
CCsL
E—:}—O LOGIC Rz - Joome]_c,
INPUT Isnr
TYPICAL PERFORMANCE TYPICAL PERFORMANCE
NOTE: Current limit transistor may beused | oulated Output Voltage 5 v Regutated Output Voltage + 5V
for shutdown if current limiting js  Lice Regulation 1AV|y = 3V)  0.5mV Line Regulation (W) = 10V)  2mV
ot required. Load Regulation (VL = S0mA)  1.5mV NOTE 3 Load Regulation (I = 100mA)  5mV
OUTPUT VOLTAGE ADJUST FIG. 13 =
o
»

5]
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