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LM120 Series 3-Terminal Negative Regulators =
(7
General Description Features
The LM120 series are three-terminal negative regulators ®m Preset output voltage error less than £3%
with a fixed output voltage of -5V, -12V, and -15V, m Preset current limit
and up to 1.5A !oad current capabxht'y. Wherg other ® Internal thermal shutdown
voltages are required, the LM137 series provides an =0 ith i | ditferential d
output voltage range of -1.2V to -47V. top]lervates with input-output voltage differential down
The LM120 need only one external component-a com- m Excellent ripple rejectién
pensation capacitor at the output, making them easy to m | ow temperature drift
apply. Worst case g'uare'mtees on. output voltage deviation Easily adjustable to higher output voltage
due to any combination of line, load or temperature
variation assure satisfactory system operation. LM120 Series Packages and Power Capability
Exceptional effort has been made to make the LM120 RATED DESIGN
Series immune to overload conditions. The regulators DEVICE | PACKAGE POWER LOAD
have current limiting which is independent of tempera- DISSIPATION [ CURRENT
r i i i -
ture, combined with thermal overload protection. Inter LM120 103 20w 15A

nal cutrent limiting protects against momentary faults
while thermal shutdown prevents junction temperatures LM320 TO-39 2W 0.5A
from exceeding safe limits during prolonged overloads.

LM320T TO-220 15W 1.5A
Although primarily intended for fixed output voltage LM320M TO-202 7.5W 0.5A
applications, the LM120 Series may be programmed for LM320ML*| T0-202 7.5W 0.25A
higher outpL.Jt voltages.with a simple resistive divider. LM320L" T0-92+ 12w 01A
The low quiescent drain current of the devices allows
this technique to be used with good regulation. *Electrical specifications shown on separate data sheet

Typical Applications

Fixed Regulator

mjczf

= =22 | —E
Preventing Positive Regulator Latch-Up INPUT O ]J| 2o '1 ] O ouTPUT

*Required «f regulator 1s tRequired for stability Forvalue For output capacitance in excess
separated from filter capa  gwen, capacitor mustbe salid  of 100:F, a hugh current diode from
+Vour citor by more than 3" For  tantalum. 25F aluminum elec:  nput to utput (IN4001, etc.) will
iy LM340 ® Oq——1 value given, capacitor must  trolytic may substituted Values  protect the regulator from momentary
| be solid tantalum. 25,F given may be increased without  input shorts.
aluminum electrolytic may ~ limit.
| be substituted.
GND + 02 |
—t NG00 ] .
—1— 25.F 1 Dual Trimmed Supply
, COMMON
sm LOAD
" CURRENT
com
+INPUT O +5.0V
e
> 1k D1
<
-Vin LM320 022uF < 1N4001
R1 & D1 allow the positive regulator to “start-up” when *V,y 15 delayed -0
relative to "V, and a heavy load is drawn between the outputs. Without
R1& D1, most three-terminal regulators wil not start with heavy (0.1A-1A) < +
Toad current flowing to the negative regulator, even though the positive bE] 1wF
output 1s clamped by D2. + > - 02
*R21s optional. Ground prn current from the positive regulator flowing 22:F 470 LS K .
through R1 will increase +Vour ~ 60 mV if B2 1s omitted. A »S
3 2
- INPUT 1M3205.0 _ O -5.0V
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LM120 Series

—5 VOLT REGULATORS (Note 3) ' Absolute Maximum Ratings
Power Dissipation Internally Limited
Input Voltage -25V
Input-Output Voltage Differential 25V
Junction Temperatures See Note 1
Storage Temperature Range . —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics

METAL CAN PACKAGE POWER PLASTIC PACKAGE .
LM120K-5.0 LM320K-5.0 LM120H-5.0 LM320H-5.0 LM320T-5.0 LM320MP-5.0
ORDER NUMBERS -
(TO-3) (10-3) (10-39) (T0-39) (T0-220) (TO-202) UNITS
DESIGN OUTPUT CURRENT (ip) 1.5A 15A 0.5A 0.5A 15A 0.5A
DEVICE DISSIPATION (Pp) 20W 20W w . w 15W 7.5W
PARAMETER CONDITIONS (NOTE1) | MIN _ TYP___MAX | MIN _TYP_MAX | MIN . TYP ~ MAX | MIN TYP MAX | MIN __TYF._ MAX | MIN - TYP . MAX
Qutput Voltage Ty=25°C, ViN =10V, 61 5.7 -49 |62 -5 -48 |-51 50 -49 |62 60 -48 [-52 -60° -48 | 52 50 , 48 v
ILOAD =5mA . N : : :
Line Regulation Ty=25°C, ILOAD =5 mA, 10 25 | 0 - 40 0 25 10 40 0 mv
VMIN S VIN < VMAX N NN ,

" Input Voltage —-25 s -7 =25 - =7 -2 L7 =25 R ) -25 \'
Ripple Rejection f=120 Hz 54 64 54 64 54 - 84 B 54 84 54 64 dB
Load Regulation, (Note 2) | Ty=25°C, v)y =10V, 50 : 75 50 100 30. 50 30° 50 B0 mv

5mA<I0oaD<ID . . B . S
Output Voltage, (Note 1) | =7.5V < VN < VMAX. -5.20 , . —4.80 | -5.25 © o 475 |-5.20 - i -480|-625 @ .- -4.75 | -5.25 & \
5mA <1 0AD <D, P<PD e o L .
Quiescent Current VMIN < VIN € VMAX 12 12 1o 2 1 2 o mA
Quiescent Current Change | Ty = 25°C L . . . Sl o
VMIN < VIN < VMAX 0.1 04 01 0.4 0.05 T 04 0.05 0.4 R 8 A mA
smA<ILoap <D 0.1 0.4 01 0.4. 0.04 0.4 004 04 » 01 mA
Qutput Noise Voltage TA=25°C,CL = 1uF, IL=5mA, 150 . 150 150 150 150 uv
VN = 10V, 10 Hz < < 100 kHz e g ’ ’
Long Term Stability 5 50 5 . 50 5 50 5 50 0 1000 mv
Thermal Resistance - Lo C o :
Junction to Case 3 . 3 15 18 4 120 cw
Junction to Ambient 35 ) © 35 ) 150 L < 150 . W °CW

Note 1: This specification applies over -55°C < Ty < +150°C for the LM120 and 0°C < T < +125°C for the LM320.

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure -constant junction temperature, low duty
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifica-
tions apply only up to Pp. .

Note 3: For -5V 3 amp regulators, see LM145 data sheet.
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—12 VOLT REGULATORS

Absolute Maximum Ratings

Power Dissipation Internally Limited
Input Voltage —-35V
Input-Output Voltage Differential 30V
Junction Temperatures See Note 1
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
. . gn
Electrical Characteristics
METAL CAN PACKAGE POWER PLASTIC PACKAGE
LM120K-12 LM320K-12 LM120H-12 LM320H-12 LM320T-12 LM320MP-12
ORDER NUMBERS
(T0-3) (T0-3) (TO-39) (T0-39) (T0-220) (T0-202) UNITS
DESIGN OUTPUT CURRENT (ip) 1A 1A 0.2A 0.2A 1A 0.5A
DEVICE DISSIPATION (Pp) 20W 20W 2w w 15W 7.5W
PARAMETER CONDITIONS (NOTE 1)| MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX
Output Voltage Ty=25°C, ViN =17V, -123 =12 -11.7 [|-124 12 -116 {-123 -12 -11.7 |-124 -12  -11.6 [-124 -12  -116 | -125 -12  -115 v
ILOAD =5 mA '
Line Regulation Ty=25°C, ILOAD =5 mA, 4 10 4 20 4 10 4 20 4 20 4 24 mV
) VmIN S VIN < VMAX
Input Voltage =32 -14 -32 -14 -32 -14 -32 -14 -32 =145 | =32 -14.5 \
Ripple Rejection f=120 Hz 56 80 56 80 56 BO 56 80 56 80 56 80 dB
Load Regulation, {Note 2) | T3=25°C, V| = 17V, 30 80 30 80 10 25 10 40 30 80 40 100 mV
5mA<ILoaD<ID
Output Voltage, (Note 1) | 14.5V < VN < VMAX. -12.5 -11.5 |-12.6 -11.4 |-125 -115 |-126 -11.4 |-126 -11.4 | -126 -11.4 v
5mA <1 0AD<ID.P<Pp
Quiescent Current VMmN < VIN < VMAX 2 4 2 4 2 4 2 4 2 4 2 4 mA
Quiescent Current Change | Ty = 25°C )
VmIN < VIN < VMAX 0.1 0.4 0.1 0.4 005 04 005 04 0.1 0.4 005 03 mA
5mA<Ioap<Ip a1 0.4 0.1 04 0.03 0.4 0.03 0.4 0.1 0.4 0.04 0.25 mA
Output Noise Voltage TA=25°C,CpL = 1uF, IL=5mA, 400 400 400 400 400 400 uv
ViN=17V, 10 Hz < f< 100 kHz
Long Term Stability 12 120 12 120 12 120 12 ) 120 24 24 mV
Thermal Resistance .
Junction to Case 3 3 15 15 4 12 °‘cw
Junction to Ambient 35 35 150 150 50 70 ‘cw
Note 1: This specification applies over ~55°C < Tj < +150°C for the LM120 and 0°C < T < +125°C for the LM320.
Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifica-
tions apply only up to Pp.
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LM120 Series

. .
—15 VOLT REGULATORS Absolute Maximum Ratings
Power Dissipation Internally Limited
Input Voltage
LM120/LM320 —40V
LM320T/LM320MP -35V
Input-Output Voltage Differential 30v
Junction Temperatures See Note 1
~ Storage Temperature Range —-65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
. . ar
Electrical Characteristics .
'METAL CAN PACKAGE POWER PLASTIC PACKAGE
LM120K-15 LM320K-15 LM120H-15 LM320H-15 LM320T-15 LM320MP-15
ORDER NUMBERS
(TO-3) (TO-3) (TO-39) (10-39) (T0-220) (T0-202) UNITS
DESIGN OUTPUT CURRENT (Ip)} 1A 1A 0.2A 0.2A 1A 0.5A
DEVICE DISSIPATION (Pp) 20w 20w w w 15W 7.5W
PARAMETER CONDITIONS (NOTE 1) | MIN _"TYP MNMAX | MIN TYP  MAX | MIN * TYP MAX | MIN TYP  MAX | MIN TYP © MAX | MIN TYP MAX
Output Voltage Ty=25"C, VN = 20V, -153 -16 °~ -14.7 |-154 . -156 -146 |-153 -~15" -14.7 | -154 " ~15 -14.6 | -165 . -1§ X -145 | -156 ~15 -14.4 A
ILOAD = 5 mA - e :
Line Regulation Ty=25"C, IL0AD = 5 mA, 5 10 5 20 5 10 5 20 5 20 5 30 mv
VMIN < VIN < VMAX : s
Input Voltage -35 =17 -35 =17 -35 . -17 -35 =17 -35 -17.5 | -35 T, -17158 \"
Ripple Rejection f=120 Hz 56 80 56 80 56 80 56 " 80 56 80 56 80 -, dB
Load Regulation, (Note 2) [ Ty =25"C, V| = 20V, 30 80 30 80 10. 25 10 40 30 80 40 100 - mV
S5mA<IoapD< D , '
Output Voltage, (Note 1) | 17.5V < V |y < Vmax. -165 -145 |-156 " ~144 |-155 L. 145 | -158 -14.4 | -15.7 . -143 | -15.7 -14.3 v
- smA< I 0aD<Ip.P<Pp .
Quiescent Current VMmIN < VIN £ VMAX . :Zk E 4 2 4 .2 4 2 4 2 ; 4 4 mA
Quiescent Current Change | Tj=25"C ) ,.i . ek . : e ) R A
VMIN < VIN < VMAX L0 04 01 . 04 0.05. 04 005 04 0.1 ¢ 04 005 03 mA
5mA<ILoaD< Ip 017 04 0.1 0.4 0,03 0.4 0,03 0.4 L0 0.4 004 025 mA
Output Noise Voltage TA=25°C,CL = 1uF, I_=5mA, 400 400 400 . 400 . 400 400 nv
VN = 20V, 10 Hz < f < 100 kHz o i AR ' .
Long Term Stability Y15 150 15 150 15 150 15 150 30 30 mv
Therma‘l Resistance \ & : ‘
Junction to Case 3 3 .15 15 4 12 ‘cw
Junction to Ambient 35 35 ’ 150 150 .- 50 70 °CW
Note 1: This specification applies over -55°C < Tj < +150°C for the LM120 and 0°C < T < +125°C for the LM320.
Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is

tions apply only up to Pp.

internally limited, electrical specifica-
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spical Performance Characteristics =
—
Output Voltage vs Ripple Rejection Output Impedance TO-3 c
Temperature (All Types) and T0O-220 Packages
s [T 10 T VinVour=5v 0! 7
& 1005 M, -25c : . :,"“7 =v'°° "‘As 0uT = TuF —] ‘_2
2 100 . 12V ANDCqr = 1uF = N> POUT =3V — " soLi0 ]
K il ~ 2 15V 2 T=asc T TANTALUM ]| S
S o095 Vour 12V AND 15V S w SOLID TANTALUM B a0 ANTAL o)
= =3 =
S0 2 E (/2]
w 2 I I Cour = 254F
g g % E] | 7/ ALUMINUM
s om « = i
] = 2 101 e
> 1.005 g 2 =
- = a0 El
R = I||Il °
E
S 093 "rlw' |‘5"l | nﬂiﬂmm T
0990 w LT [ w02 i
-50 25 0 25 50 75 100 125 150 0ok 0k 1k W 100k 100tk 10k 100k 1M
JUNCTION TEMPERATURE ( C) FREQUENCY (H2) . FREQUENCY (H2)
Note: Shaded portion refers
to LM320 series regulators.
Minimum Input-Output Minimum Input-Output
Output Impedance TO-5 Differential TO-3 and Differential TO-5 and
and T0O-202 Packages TO-220 Packages - TO-202 Packages
' 25
1 Foor= 100 mA. = Cour = 6uF / Lo
Vin-Vour = 5V — ALUMINUM 23 / s
3 T,=25¢C 21 S
4 e = s 18 7 ST
H = Cour 10aF z 4 2 s /
] — slnun Tfmuulm], o E 2 5 C
H z A4l 2 ;,
5 0 = 13 T=sse 7 5 12 -
B | H
£ = " 7,25 0 — o Ty 150 ¢ ——|
e Cour = 104F SOLID 09 + i g [ " !
TaNTALUM ] 07 | I 06 b _F__'___
w? 05 04
0otk 01kt 10k 100k M 0 025 05 075 10 125 15 o 01 0z 03 04 05
FREQUENCY (H2) OUTPUT CURRENT (A) . OUTPUT CURRENT (A)
Quiescent Current vs Quiescent Current vs Maximum Average Power
Input Voltage Load Current Dissipation (TO-3)
13 T 2
Lm1205 L1205 N T03.2CW
= 125 i 13 19 HEATSINK*  —]
H [ — -~ (WAKEFIELD 641A) _)
(= PY S, Y g EE N 04,5 o
H ol s 12 g ! HEAT SINK*|
«< t— = e
g Te2m0 g T,:25¢C 1 Eon —— T WAKEFIELD
.3 & — T 680 125A)
Eo e ; 2 ,4\/ g \
S 105 =4 s s AN
@ w
w b= ; 7 |T0-3%10 CAWV I
ERL 2 ” g [_Heatsink
0.95 3 T,=150C I N
-1 3 {10.3, NO SINK ]
09 03 0 L
5 10 15 20 25 30 35 40 0 025 05 075 10 125 15 0 25 50 75 100 125 150
INPUT VOLTAGE (V) OUTPUT CURRENT (A) AMBIENT TEMPERATURE ( C)
. *.
Note: Shaded area shows operating These curves for LM120 and LM220.
range of TO-5 and TO-202 packages. Derate 25°C further for LM320.
Maximum Average Power Maximum Average Power Maximum Average Power
Dissipation (TO-5) Dissipation (T0-202) Dissipation (TO-220) Short Circuit Current
100 =3z " T n :
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s g ¢ HEAT SINK g " e T--55¢C
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3 S | 2 R
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a a 4 o ) 4 o
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= 7| NN\ s 2 2 s Toawew—
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0 NO HEAT 5'"‘)\ P S R o Tt o220 n0 s1ix 0 7058 70202
%5 s0 75 100 125 150 0 10 20 30 4% 50 6 70 0 25 50 75 100 125 150 0 5 10 15 20 25 30 35 40
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE ( C) AMBIENT TEMPERATURE ( €) Vin - VouT (V)
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LM120 Series

Typical Applications (cont‘d.)

High Stability 1 Amp Regulator

_Wide Range Tracking Regulator

9 9 Vour (4
*Vin
Vour

+ o1 |
::EJF 200 pF LM129 |

= — . o

s .
2 R2** | o
>
S LA a At oot |
— 2N4083 pu—
i i ¢ common
|
4
2 o o
< Q Rat QDRI -
1 < > > I u
LM
/\ “Viy _‘"‘I(sv,nv,'sv)r : O Vour
3 2 Vour (=) :

Load and ine regulation  0.01% temperature stabulity  0.2%
1 Determines Zener current
TTSolid tantalum.

*Reststor tolerance of R1 and R2 determine matching
of (+) and (-) wputs
**Necessary only if raw supply capacitors are more than
3" from regulators
An LM0BEN array may substitute for @1, D1 and 02 for
better stability and tracking In the array drode, transistars
Q5 and 04 (sn parallel) make up D2, simlarly, Q1 and Q2

An LM120 12 or LM120-15 may be used to permit higher input voltages, but the hecome D1 and Q3 replaces the 2N2222
regulated output voltage must be at least ~15V when using the LM120-12 and -18V

for the LM120-15
#+Select resistors to set output valtage. 2 ppm/ C wackng suggested.

Current Source

Variable Output

L . _ —
= transient response and
:— —: R + - < j__ nipple rejection
1. | > - R1+R2
. oo | o — 25F L‘» A Vour ~Vser —
P —— + +
227 —— vl o e ) SELECT R2 AS FOLLOWS
22.F == g -1=t LMi205  -3000
) :: R2 LM12012 -17500
LM120-15 -1K
1
| S ae INPUT O——8 20 O 0UTPUT
1 1F 1’ L—_l
INPUT ——d . sov
lour T1mA+ —
ouTPUT our TTMA
Light Controllers Using Silicon Photo Cells
= t 1
| | =
B BV - 15V | "‘ 2 Be
BULB
é QD 1758 ar Lt é (D 1758
MAX TURN ON B o MAX TURN ON
ol | CURRENT + CURRENT
N457 | 3 7 I
| SR T 25uF
R1* Vi EY EWIRTR C

*Lamp brightness sncreases until y = SV/R1 {1, can be set as low as 1. A)
tNecessary only 1f raw supply hiter capacitor 1s more than 2 from LM320MP

“Lamp brghtness increases unti - 1g (1A}« 5V R1
. Thecessary only if raw supply flter capacitor 1s more than 2° from LM320




Typical Applications (cont‘d.)

+15V, 1 Amp Tracking Regulators

Vi O 4 LM340-15 O Vour () 15V
{
| GND
|
|
|
et k- 01
g:uF —'— l 1NA001
|
! ol
| 25.F
# ‘I —O CoMMON
| RIS L
csremlt 0S " A3 254F s
25uF —p— S5 L. T
! VS S
|
IN ouT
“Viy LM320-15 —O Vour (- 15V
Performance (Typical)
Load Regulation st Al = 1A 0oV 1y
Output Ripple, Cyy = 30004F, 1, =1A  100uVems  100xVrms
Temperature Stability +50 mV +50 mV
Qutput Nose 10 Hz < f < 10 kHz 150uVems  150uVems
*Resistor tolerance of R4 and RS determine matching of (+) and (-) outputs.
**Necessary only if raw supply filter capacitors are more than 2° from regulators.
Connection Diagrams
INPUT INPUT
ouTPUT outPUT /\ / (CASE) ouTPUT /‘\ (CASE)
/.\ o A s
GNo . o (o) O O (o)
. ° )
GND/ uno/
BOTTOM VIEW BOTTOM VIEW BOTTOM VIEW
Aluminum Metal Can
Metal Can Package (TO-39) (H) Steel Metal Can Package TO-3 (K) Package TO-3 (KC)
Order Numbers: Order Numbers: Order Numbers:
LM120H-5.0 LM120H-12 LM120H-15 LM120K-5.0 LM120K-12 LM120K-15 LM320KC-5.0 LM320KC-12
LM320H-5.0 LM320H-12 LM320H-15 LM320K-5.0 LM320K-12 LM320K-15 LM320KC-15
See Package HO3A - See Package KO2A See Package KC02A
INPUT
INPUT
[———————j0utPuT | E——
O —— O e
GND ————wo
M
FRONT VIEW FRONT VIEW

Power Package T

0-202 (P)

Order Numbers:

LM320MP-5.0
LM320mMP-12
LM320MP-15

See Package PO3A

For Tab Formed TO-202

Order Numbers:

LM320MP-5.0TB
LM320MP-12TB

LM320MP-15TB
See Package PO3E

Power Package TO-220 (T)

Order Numbers:

LM320T-5.0
LM320T-12
LM320T-15

See Package TO3B
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LM120 Series

Schematic Diagrams
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