National
Semiconductor

LM120/LM320

Series 3-Terminal Negative Regulators

General Description

The LM120 series are three-terminal negative regulators
with a fixed output voltage of -5V, -12V, and -15V, and
up to 1.5A load current capability. Where other voltages are
required, the LM137 and LM137HV series provide an output
voltage range of -1.2V to -47V.

The LM120 need only one external component—a compen-
sation capacitor at the output, making them easy to apply.
Worst case guarantees on output voltage deviation due to
any combination of line, load or temperature variation as-
sure satisfactory system operation.

Exceptional effort has been made to make the LM120 Se-
ries immune to overload conditions. The regulators have
current limiting which is independent of temperature, com-
bined with thermal overload protection. Internal current limit-
ing protects against momentary faults while thermal shut-
down prevents junction temperatures from exceeding safe
limits during prolonged overloads.

Although primarily intended for fixed output voltage applica-
tions, the LM120 Series may be programmed for higher out-
put voltages with a simple resistive divider. The low quies-
cent drain current of the devices allows this technique to be
used with good regulation.

Typical Applications

Dual Trimmed Supply

Features

m Preset output voltage error less than +3%

m Preset current limit

m Internal thermal shutdown

m Operates with input-output voltage differential down to
v

Excellent ripple rejection

m Low temperature drift

m Easily adjustable to higher output voltage

LM120 Series Packages and Power Capability

Rated Design
Device Package Power Load
Dissipation  Current
LM120/LM320 TO-3 (K) 20W 1.5A
TO-39 (H) 2W 0.5A
LM320 TO-220 (T) 15w 1.5A
LM320M TO-202 (P) 7.5W 0.5A

Fixed Regulator

X U* ¢ c2
LiF

l) T4 P wizo I |4 L('J

*Required if regulator is separated from filter capacitor by more than 3". For
value given, capacitor must be solid tantalum. 25 fiF aluminum electrolytic
may be substituted.

tRequired for stability. For value given, capacitor must be solid tantalum. 25
jiiF aluminum electrolytic may substituted. Values given may be Increased
without limit.

For output capacitance in excess of 100 juF, a high current diode from
input to output (1N4001, etc.) will protect the regulator from momentary
input shorts.

1-67

OCENT/OCTINT



_Wao.- E LL
N s (V=] (%] Ol
0
Xotd 0 — ™ w [To R x B 4™ : == OFN .. _Do N L =)
N0 c,B/. ® oo M 20 =w Q.NA/ WS .I.oow.molﬂ._._sl =6 30w we Sov
100 9 Mo, oot s<sas- ooy Ealec b
a ) v 910N ¥ 910N Ge se lusiquy 01 uonaung
') Nt 14 ¥ 910N ¥ 910N € € ase) 0} uonoung
9ouelsSISay [ewlayl
Aw . g o £ oa € = £ oF | Amgers wia L buol
. © ~ W@ N A® ¥
- (s S 0sT 05d S gt = G aes e abeyoA asioN Indino
v 520 o - 3 o < 00 o 2o e , £
v €0 w ] a <o o s Wol 25 ° DR s > A abueyd
B G == juaun)d uadsaind
] 5 L s E 5 _ 5 3 < 5 Sup s N S NOal JuBIND JU8IsaIND
. : . . . : . : . . I s O Fom sy & (T a10N)
A Sl E% ST'S- SLv- SZ'G- SL'v- GZ'S- 08'v- oBE— SL Y- GZ'G- 08'¥- 03T DS NASAE ‘aBe10A IndING
il (9p] — Osv H ¢ (z @10N)
AW 00T w 00T ” v 05 = 001 08 s = o = < o . "uone|nBoy peo
=4 ¥9 £ o 9 NI g ww vs 1 Vo4 s ww  vs Z_3 = uonoafey a|ddiy
A SLT Sz~ GL .1 3~ 2= SE—— 16~1 < gz- & sz- abeioA indul
5 - b s o, - -
= ] - : AS <S— R
Ao o = o & sz ov %5 W e =OVe  c=— o uoneinBay aur
A BE— E— 35— 8 — 9_ 5=~ v £~ z'S- 6% E- TS 8 — — 26 6 E— Q— €= @
3£ 83 o= £ 3 _~ IO & = abejjonIndino
XeN 1 _ oo XeW | & o xew| | o@ xenN| - o« XeW| _ o@2 xen| & o. (t ®10N) suonipuod | 1919Wwe.red
MG'L MGT MZ M2 MOZ M0z (dd) uonedissiq a21n0@
suun VS0 VST VS0 VS0 VST VST (d1) 3uaunD ndino ubiseq
’ (zoz-01) (ozz-oL) (6€-0L1) (6€-0L) (e-01) (e-o1)
0'G-dINOZENT 0'G-10ZEN 0'G-HOZEN 0'G-HOZTNT 0'G-MOCENT 0°G-MOCTNT slagquinp JapJ0
8D oD ©0y:00 3
% (@) —_ » o
o = I ® ©
o ooB Or ?WPT.??@C o o Om
; o N° v
0 oS +N0 G o0 8 Bu ez cog Vo « L ON agore 1T o OBp
0o oo8 O N T 0 hU«w o v .oV , N, < owm
A © © @:ﬂvm/n/hs* 3 O\ - T T 8«©.HB/_ v Dwen »
Do@Br. M 8¢ =m0 |,

O0CEW1/0CTN

On L o B8 1op.c

1-68



LM120/LM320

[ p—— — i e ABYDE - o X
M WO .k o - § v e N @W— o
) Ooc N ulSeO,_«cQuZ & NP o ONA o W ﬂl w _ o=—pi BN <o 3©
D« Lo c -0 S_OBud S o §§M,m58p£o — _ Ok WG oo ®
z . AI£~ o &+ < <o D—BoaB wo gn/. s E—_ O |
Mo =z € 910N € 910N s€ S€ U8 Iquy 03 uoIdUNC
So mh € 810N € 830N € € ase) 01 uoroung
90UBYSISAY JewAdyl
AW (9] o - S B 3 B 3 5 & ! Ige3s wae L Buo
> © P a -
>.:_ 0o0v ooy oov 00v 00v oo ng - . om S = abeyjop aston andang
vw  §2°0 2o o o 2. o o Boo *o o Fo Lo o ©0 s <8
v €0 Qoo o © %o Qo ho Soo < o © o Lo « SN 3 Noy, abueyo
S =L 3U844N) JUISAINY
v uw S = = 7 s 5 5 DA SAN LS N 3U844N) 1UBISINY
. . I 21— PoTI- ot ey et a7 ot el I s L (T @30N)
A PITT- 9°21- ¥ 1T 9721 9°21- §°1T S ZI- ¥°IT 9°2T- §°TT R At — <sBea oA 2nd2n0
(z @30N)
AW 00T OF s B ° ° =5} o o8 o€ B8 S8 H "lw ‘uoregnbay peo’
ea] o OB 08 88 ogl 95 08 88 .81 88 0s! gg zZH 02T =4 uor3oaley apddry
A S - 83 B- 8s— - 3= ¥ - B- F o 8- r abeajop anduj
- WA ]
AU ve ¥ oc = o3 E © 0¢ © vwg o4 Mo nw w - uoryenbay aui
- - - - - - sl— - - - - - _ - _ - _ - _ - . _ . _ . -8 Vv
A STT-Z ~ S°2T- 9°TT- b= v72T- 9°TT- YTZT- L7TT- & - €°2T- 9°TT- &L= v°2T- L'T1- 3 85 ~ oo A nM obe110A 20d2N0
XeW | w oI xewN]| L, owl|XeN] L own XeW w oo |xeW| o ow|XeWle o un ] (T 810N) suompuod | l1a1aurered
MS'L MGT me MZ M0Z MOz (dd) uonedissiq a21n8Q
VS0 Vi vZ0 V20 VI VI (P1) 3uaunD INdINO ubisaq
snun
(z0z-01) (ozz-01) (6€-0L) (6€-01) (e-oL) (e-ob)
ZT-dINOZENT ZT-102ENT ZT-HOZENT CT-HOZTINT ZT-M0ZENT CT-MOCTINT sJaquINN 18pIo
abexoed onse|d Jamod | abexoed ue) [e1a |
mO”nQ.WOMOMR.m . wowsmapw
A2 O T —
o o8 W) & 48 O 0 ecw O pUlm PO — G.oo -
f .. i n o
0% + o o 0\0)éo©_12QF®Ho\D)oSm o _ @ &b on om0 w0 O _ o M
@Hoo o W © 0o 2 o 0o W 0 8wy ©¢ < — @ © .
084538 o 0 O : no df 90 O®© cCo, Q_u &
*
?50o 8¢9 - a2 Omn v
k.OM 63@@% M o A W

1-69



8 ~ 8 @

e na ¥ o 0
o« — —._ocEO® 42 8 ™ aQ
e _ On w. m 05> W 00
ocQy+> <SS oc— [F'2) #0

juaiquy o0} uonaung
aseD 0} uonoune
aoueIsISay [ewlay |
T Angeis wiay buot
@ S X A =9
c - wo= ° = ¥ abeyoA asioN ndinQ
0 ¢ 1S4 m Sv E
X Ns SN A abueyd
o8 =~ jua1In)d Ud3saIind
ASNASNNAL UaLND JUdIsaINd
Og> o -5OV e, s oe (T @10N)
¥ =ASN S sl ‘abejjoA Indino
O~ W s ¢ (¢ @10N)
S o A0 = ‘uone|nbay peo
z o8 = uonoaley addiy
abejjoA indu|
Np's Ns N O
ylwe YWOvm \o/.S = \m. uone|nBay aur
gV
A = IO &= abeyjon Indino
(T @10N) suonipuod | Ja)aweled

(pd) uonredissiqg ad1AaQg
(p1) 3uaund INdINO ubisaqg

— 3. & S0 —
— Ao —og ¥Pm 10 B O
O & ofk— 00, 10O _u — 0O *Vze_f Oy 00 U N8 cmm
Sy © GRP— oN=—m QO «w® = - x YolSm BB L6 L0 Ou Bum
=28aT0 ¥ orsk <>
-y o € 810N € 810N g€ se
w2 1ghe Nl € 310N € 8l0N € €
AW - w© ) WIV oS 9 oE £ ot
7oA &
_ H ooy o oow! (o]0} %4
2z
vw 5§20 %00 o o o €00 o o o s O
vw €0 500 %o o %0 SO0 26 o ° 0 ° o
N
vuw = 3 s S 3 = 3
A EVT- L'ST- € vT- L'ST- v vT- 9°GT- SVI- S'ST- v ¥I- 9°'GT- SVI- G'GT-
- .
AW 00T .Hm o ov ) 5 % B 8 o ©
8? ) QS Be o B2 w Be @ Be o Bg
N (A 8- lg—I 1 SE~ 1 2~ ~ | se- & ~ 8- ~ B-
AW 82 8 2 0z o o S e o e
= i R [
A v.:..um! 9°61- §¥1-2 — §°ST-BF ~2 ~ ¥'ST- L'¥I-2> €6§T-9vI-2 ~ ¥'ST- L'VT- mwlmim ~
Qn @ Ow XEq 0w B 0w >on # Qu o s, 9w Vin W Oa
MG L MST MZ M2 o5 MOZ
VS0 V1 \Al] V2o Ve V1
suun
| (zoz-01) | (ozz-01) (6€-01) (6€-01) (e-01) (e-01)
i GT-dNOZENT GT-10CEN GT-HOZEN GT-HOZTINT GT-M0ZENT GT-M0ZTINT
o o8 o © Smg,ng w No

O o> +Ono B8

< noN ©08

OCEW1/OCTINT

© v CNEaDWo & B
A hafN— ﬂ oug
W Booloam o8 o

slaquinN 1aplo

1-70



Typical Performance Characteristics

Output Voltage vs

Temperature

-50 -25 0 25 50

JUNCTION TEMPERATURE <)

Output Impedance TO-5
and TQ-202 Packages

I0UT=100mA = Gout=5
V,NVouTa5V — ALUMINUM =

a Tj=25C
1 1 I

car =\ i
-—-----S;0ii0 TAINTALUM "V -- —

Gyuf =10iF soLiD:

001k 0.1k Ik

FREQUENCY (H2)

Quiescent Current vs

Input Voltage

5 10 15 20

INPUT VOLTAGE (V)

Ripple Rejection
(All Types)

001k 0.1k 1k 10k
FREQUENCY (Hz)

Minimum Input-Output

0 025 05 075 10 125

OUTPUT CURRENT(A)

Quiescent Current vs
Load Current

0 025 05 075 10 125

OUTPUT CURRENT(A)

1-71

100k

15

Output Impedance TO-3
and TO-220 Packages

100 Ik 10k 100k 1M
FREQUENCY (H2)

Minimum Input-Output
Differential TO-5 and

Maximum Average Power

Dissipation (TO-3)

0 25 50 75 100 125

AMBIENT TEMPERATURE (C)

150

+These curves for LM120.
Derate 25#C further for LM320.

TLIH/7767-4
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LM120/LM320

Typical Performance Characteristics (continued)

Maximum Average Power Maximum Average Power Maximum Average Power
Dissipation (TO-202) Dissipation (TO-220)

T0-2210, 5°C(W.
2 ¥ HHE B TBIMK

-
3 HEATSSINK A
[ =5~ Q2@ ONIQOSSNKK

0 25 50 75 100 125 150
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE <°C)

Short Circuit Current

Vin -V got IV)

TLIH/7767-5

Typical Applications (continued)
High Stability 1 Amp Regulator

TL/H/7767-6
Lead and line regulation — 0.01 % temperature stability — 0.2%
tDetermines Zener current.
ttSolid tantalum.

An LM120-12 or LM120-15 may be used to permit higher input voltages, but the regulated output voltage must be at least -15V when using the LM120-12 and
-18V for the LM120-15.

** Select resistors to set output voltage. 2 ppm/°C tracking suggested.



Typical Applications (continued)

Wide Range Tracking Regulator Current Source

TLIHIT767-7
+ .
*Resistor tolerance of R1 and R2 determine matching of (+) and (-) 15V, 1Amp TraCkmg Regmators

inputs.
"Necessary only if raw supply capacitors are more than 3" from regulators

An LM3086N array may substitute for Q1, D1 and D2 for better stability and
tracking. In the array diode transistors Q5 and Q4 (in parallel) make up D2;
similarly, Q1 and Q2 become D1 and Q3 replaces the 2N2222.

Variable Output

Performance (Typical)

«Optional. Improves transient response and ripple rejection. Load Regulation at All = 1A 10mv 1mv
Output Ripple, C|n = 3000 juF, Il = 1A 100 jmvims 100 /xVrms

Yourt « VseTRWR2 Temperature Stability +50mV  +50mV
Output Noise 10 Hz £ f £ 10 kHz 150 javrms 150 /xVrms

SELECT R2 AS FOLLOWS: . . .

*Resistor tolerance of R4 and R5 determine matching of (+) and
LM120-5 -300ft (-) outputs.
LM120-12 -750ft

LM120-15 S1kK «sNecessary only if raw supply filter capacitors are more than 2"

from regulators.

Light Controllers Using Silicon Photo Cells

sLamp brightness increases until i| =iQ (1 mA) + 5V/R1.

tNecessary only if raw supply filter capacitor is more than 2" from LM320.

«Lamp brightness increases until i| = 5V/R1 (i| can be set as low as 1 jxA).

tNecessary only of raw supply filter capacitor is more than 2" from
LM320MP.
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LM120/LM320

Connection Diagrams

INPUT INPUT
Metal Can Pack TO-39 (H
C‘)arger EEm@Zr?.%IlZOH-S.(O ) Steel Metal Can Package TO-3 (K) Aluminum Metal Can
LM120H-12, LM120H-15, L M320H- Order Number LM120K-5.0, Package TO-3 (KC)
5.0, LM320H-12 or LM320H-15 L’\glozol_ﬁgbk’vlllzzngLll\iélz_gﬂszl%K_ E’:/Idaezroliténlger LEAI\%SOKE(_:S%
See NS Package Number HO3A o 3 i -1z or -
9 See NS Package Number K02A See NS Package Number KC02A
INPUT INPUT
our
IN
TL/HIT767-17
Front View
Power Package TO-202 (P)
Order Number LM320MP-5.0, Power Package TO-220 (T)
LM320MP-12 or LM320MP-15 Order Number LM320T-5.0, LM320T-12 or LM320T-15
See NS Package Number PO3A See NS Package Number TO3B

Schematic Diagrams
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Schematic Diagrams (continued)

-12V and -15V
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