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LM120/LM320

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.

Features

B Preset output voitage error less than +3%

B Preset current limit

= Internal thermal shutdown

m Operates with input-output voltage differential down to
1V

B Excellent ripple rejection

® 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

Typical Applications

Dual Trimmed Supply

+ INPUT O +5.0V

0.22uF v '1 184001

s
twF
<L - 02
»- Sk 1N4001

" 4 -52v

2.2.F

- INPUT

TL/H/T767-3

Fixed Regulator

__I:ji [ ._h c2t

—2wf | — WF
ol -Io
INPUT Lm120 QUTPUT

TL/H/7767-2

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

+Required for stability. For value given, capacitor must be solid tantalum. 25
wF aluminum electrolytic may substituted. Values given may be increased
without limit.
For output capacitance in excess of 100 wF, & high current diode from
input to output (1N4001, etc.) will protect the regulator from momentary
input shorts.

1-42

B b501124 0095697 059 A




LM120/LM320

"suofeodads AIRYIW NG-0ZLNT 10} BUWeID ¥G-0Z1S13H 0 0'G-HOZ LW 10} Bumesp HS-0Z15134 O} Jejed 5 3loN
‘ases o) uonoun! M/D.12 AlleotdA) Jo ueiquie o} uoloUN! (1R JNEIS U} M/D.P2Z ‘(MOl} 4B 188 Jeeul 00 U M/0.58 AlleaidAl jo eouelsises [ewiey] ¥ 310N
JeBUs BIep G LIAM 99s ‘siojeinfies dure g AG— 104 1 IJON

“O4 o} dn Ajuo Ajdde suoneayioeds [eauloale ‘PeNLl AlleuIsiul S| uopedissip Jomod YBNoyL usAe ‘s1se} Jeyio ||e uQ "uoiteinBal peol pue aulf BuaoIdul joBqPE3} [BULIBYE MO] BABY SEOP SeLas 0ZEN1/02LINT #uL ‘pesn

1 Bunse) esind ‘ajoAo AInp moj ‘einjesedwie) uoioun] JURISUOD einsus 0| ‘Aleresedes Junoooe ol usYE) aq 1snw speye Bunesy o) enp s68j10A INdino u) sebuey? ‘enjesedwe) uonoun| JULISUOO 18 peinseatl S| uoneinBay 1z a1oN
"0ZENT oW 10} D521+ 5 FL 5 D.0 PUB OZLINT 81 10} 0,061 + = L > D.55~ 1940 saldde uojieayioeds siyL £| 910N

| 810N 89S

AGe

saineladwe | uonounp
fenuelayiq ebeyoA indino-indu|

M/Do ¥ 810N ¥ 810N jetsd jusiquy o} uonounp
M/Do ¥ 810N ¥ 810N € asBe)) 0} uopaunp
2ouB)SISEY |BULIBY |
AW 0S 05 05 Aungeg uue ) buo
AT ZHY 00k 5 4 S ZH 0L ‘A0L = NIA
‘wwg ='41 | =19 0.g2 = Y1 | obejop esioN indinO
yw v'0 ¥'0 0 ¥'0 Q) 5 @vOT) 5 yw g
yw 7’0 v'0 0 7’0 XYWA s NIp s NINA abueyn
o652 ="1 JuBLINY JUB2SBIND
wu 2 2 Z XVWA = NIp s NINp usang WwesossInD
. i . . . . . 04549 s VO s ywg (1 @10N)
A | ser— §2'6— |Gl — ge'g— |08k — 08y — 02'g— XVAA < NIA 5 AG'L— aBenoA 1NdING
Q5 av0Y s yw g {2 ®10N)
Aw 00t 0s 0§ SL ‘A0L = NIA ‘D58 =1L ‘uone|nBay peo
ap ¥S [£°] ¥e ZHOZ =} uonoeley aiddiy
A GL— Gg— L— Go——| 4— L— Se— abeyjoA Indu)
XVWA = Nip s NIWA
AW ov ov geZ se ‘yw g = QYO ‘g6z = 'L uonejnBey sur
. . . . . . . vw g = avoT
A 8v— cs— | 8v— gs5— | 6¥— 6v— 15— ‘A0t = NIp*0.62 = M1 sBejoA Inding
xew U | xew ui | xew Xew uiN (1 @10N) suon|puod Ja)aweled
MS} Moz (0d) uonedissig aslaaq
snun Vsl ves'L Vsl (A1) waund Inding ubisaq
) (0zz-01) (6e-01) (6€-01) (g-01) (e-00)
0°5-10ZENW 0'G-HOZEW 0'S-HOZLWN 0"$-MOZEWT 0°5-M0ZLW $JaQUINN 48pJO
abe)ord oliseld 1amod abeyord ue) |elapn )
‘ sonsuUvdoRIEY) 21931
0.092 onseld ASe— abejjoA indy
2,00¢€ (0os Q| ‘Buuep|og) m‘_EEmaEw | pes] pejwry Areuseiu co_.ma_mm_m _Mh.ﬂnh
D:08k + 01 059~ ebuey a.neiedwo | 96EI0IS ‘suonesioads pue AjjIqe|IEAR 10} SIOINQUISIQ/921H0

sojeS JOJONPUOSIWSS [BUOHREN ay] JoRjuod asesd
‘pasinbal ase SodASp paytoads sdedsolay /AN H

sBuney wnuwixep aynjosqy
(eooN) s101e[NBaY HOA G —

1-43

M 6501124 0095698 T95 BN




“suoneoNoads AR ZL-30ZEWT 10} BUMEID NZ1-021SLTH 10 Z1-HOZ W] 0} BUIMEID Z1-HOZLSLIH O} JOJOH tp O1ON
"8880 O} uogoun! m/0.42 AlleoidA} Jo ‘Jueiquie 0} uonoun (e feIS U M/D.EE (MO} JIe Ul /1ee) JBBUl 00 U M/D.58 AllBoIdA) JO eouBIBISe] [BuLey ) ¢ 910N
‘G4 o} dn Ajuo Ajdde suopeoyveds [eourosle ‘pelunl Allewelu; si uonedissip Jomod YBNOU ueae ‘sise} Jeylo e UQ “uonenBe: peo| pue eur Bumosdwi ‘yorgpee) [BULIBY) MO] BARY SBOD SBLIOS 0ZEW1/0Z1L W 8YL ‘pesn
) Bupse; esind ‘e124a Anp mof ‘eintessdwe) uonounl JuRISUCS BNsue O “Aleleledes JUNCSOR CJUI USYEL 8q 1ShW sioeye Bunesy 0} enp o68}0A Indino ) sebueys ‘eimeladiio) UoROUN] JUBISUOD 18 POINSBBW S| uopenbey :z aloN
"0ZEWT 91 10} D521+ 5 L 5 D.0 PUB OZLINT 8W) 40} DOSL+ S FL = 0,56~ 10A0 sendde uoneoyiseds sii) :L 91ON
M/Do £ 910N £ 810N 14 se jusiquuy 0} uoounp
M/De € 010N ‘| € ©10N £ € ese) op uogount
gouesisay [euusy |
AW 0zt ozt 0zt 0zl Aungels use | Buo
At ZHY 00k 5§ 5 2H 01 ‘ALL = Nip
‘Ywg =T ‘41 =T9°0.58 = YL | eBejjop ssioN Inding
v ¥o [ 0 ¥'0 [Z) Q= avOT| s yw g
yw ¥o ¥o ¥'0 ¥0 ¥0 XVAA = Nip s NINA ebueys
052 =C1L|  weungjuessend
yw ¥ v ¥ ¥ ¥ XVAA = Nip s NIWA us.LIND JUedSBIND
. . . o . . . . . . Q4549 s A0 s ywg (1L @10N)
A PiL— 92L— |VLL— 92L— (S LI~ geL— |- 92eL— |SH— gel— XVAA s NIA S AGHL ‘obejjoA 1nding
Qs V0T s yw g (2 @10N)
Anuo8 or e o8 08 ‘ALL =NIA'D.62 = 1|  ‘uoneinbey peo
ap 9g 95 95 9g 95 ZH 021 = } uonoeley ejddiy
A Svi— ce— | ¥I— cE— | vI— egg— | ¥I— cE— | ¥i— ce— mmmzo> induj
XYWA s NIp s NIWp
AW Oz 0z ot 0z oL ‘g = QYO 'ngg = I uopenBey suil
. o . ] 2 o fl— . . . yuw g = avoT;
A | o vel— |9k — ver—|Lh— E2L—|g'kL vZL— (- £eL— ‘AZL = Nip 0.6z = F| oBelOA INING
Xew | UW | XeWw | ujN | xew W | xew UN | xew ] (1L @210N) suon|puod 19)aweled
MS1 Mz Mz moz Moz (94) uonedssiq asmeq
swun Vi vZo vZ'0 Vi Vi (91) wang inding ubiseq
(0zz-01) (ec-01) (6e-01) (e-oL) (e-01) )
Zh-10ZEN Z1-HOZEW Z-HOZLW SE-)0ZENT SEM0ZLA S18qUINN 19pJ0
abexyoed onseld 19mod abeyoed ue) [e19N
sonsuvjoRIBYY) BILIOB|T
ASE— abe)oA Indu)
9,006 (*0es 0| 'Bupep|og) einjeledue | pes peywI] Ajfeuselul :o_-mn_ww_An_ hmﬂo...“
v 910N
O:054+ 010,59~ eBuey eimeseduie | ebeiorg ‘suojiesjjoads pue AjjiqejieAe 10} SI0INQISIA/IIIHO
| ©ION 8038 sesnjeledule | uonounr S9JES J0JONPUOIJWIS [BUOHEN By} 1oRU0D ases|d
AOE enueleyig ebeyjoA INdinO-induy ‘pasynba) ase saojaap papioads aosedsosay/AIBHIN I
sBunjey wnwixep ainjosqy
sloje|nbay }IOA 21 —
0ZEWT/02LNT

1-44

M L503124 0095699 921 MR



LM120/LM320

‘suoneoyioeds AIBNIL Gi-02 LN 10) BuMBIP HS1-021S13Y 10 S1-HOZLNT 40} Bume.p HGL-0ZLS13Y O) Jejey b 10N
*8589 0} UoRoUN! M/9, 12 AlIBoIdA Jo usique 0} uojounl (e SRBIS U M/OLFEZ ‘(MOI) B UIL/8) JBBUI 00F UI) M/D.58 AIfB0IdAI Jo BauB)SISE) BBy L iE BION

*dd 03 dn Ajuo Aidde suoneoyloads feouioele ‘peqi Ajlewsiu; si uonedissip Jemod yBnoyy usae ‘s)sa} Jeylo |8 uQ "uonenbe peo| pue el Bunoidi HoeqpPes) [BWLIBY] MO] BABY SBOp SBlss 0ZEWT/0Z LW 8YL "pasn
s1 Bunsel esind ‘ejoha KiNp mo) ‘aunjeiedwe) LUOROUN] JUBISUOD BINSUL O} "Ajejeledes JuNOI9E OJul UeXe] Bq ISNWw slepe Bunesy o} enp abeioa Indino u) sebueyy ‘enyesedwe) uonoun| JUBISUOD J& pemseaw si uoleNbey 2 9JoN

"02EWT 8 40} D521+ S FL 5 9.0 PUB 0ZLINT 84l 10} D05L + 5 L S D.66— JeAo selidde uoneoysoads siy| | 930N

M/D. € 610N Ge 13 sIquy 0} uohounp
M/De € 810N [ € asen o0} uojounp
BoUR)SISOY [BWIBY |
AW 051 061 oG Algqeis wieg buoq
Al ZHY 001 S 4 5 ZH 0L 'A08 = NI
‘wwg =g | = 1D D52 = V1| ebejjoa esioN indino
vw ¥0 2 +'0 70 Qs V0T s ywg
yw 0 ¥'0 ¥'0 ¥0 XVWA s NIp 5 NIWNA obueyn
062 =1 jusuny UBISAINY
yw ¥ 4 4 14 XVWA s NIp s NINp Jsung jusdsaIng
. i . . ol e ol 04 540 s VO s ywig (1 e10N)
A | evi— Sh— SGL— |v¥i— 9Gl— |s¥i 56l XYWA s NIA S AG'2L ‘eBe3oA 1ding
4= QYO s yw g (2 ©10N)
A os s 08 08 ‘A0z = NIA‘D.62 = FL|  'uoneinBey peo
ap 95 95 95 ZHOZL =} uonoefey o|ddiy
A | s2— Ll— se— | Li— ge— | LI~ S6— ebejjon nduy
XVAA s Nip s NINA
Al ot 02 Ot W g = QYO 0,62 = 1] uoneinBey aur
pL— Lvi— £sh— ol — veL— | LpL— £gL— . yw g = QVOl
A | grt g ‘A0Z = NIA“D,52 = L ebeyoA IndinQ
xew Xew uiN | xew uin Xen un (1 310N) suopjpuo) 1laweled
MZ M2 Moz MOZ (Ad) uopedissiq aojaag
suun vZo vZo Vi vi (91) uaung Inding ubisaq
(ozz-00) (6g-01) (68-0L) (e-oL) (e-00)
S4-L0ZEW SL-HOZEW SL-HOZLW SL-MOZEW SL-MOZLW SJOQWINN JOPIO
abmjoed snseid Jamod abeyoed ued [e1oN
sJonsuajoerIey) [ed14109)13
ASE— LOZEW
AOY— 0ZENT1/02 LN
abejjop Induy
3,00€ (008 01 ‘Bunsplog) samelsedws | pes) peywr] Ajreuseiu) :o:mn_ww_Ao hmso.“v_
¥ 310N
008} + 01099~ sbuey eimeiadwe) sbeiolg "suojiealj0ads pue AlIqElEAE 10} S10INGLISIQ/391HO
| 910N s0g seinjesedwie] uopount S$8]ES 10]ONPUODWAS [eUONEN aU)} JoejuUoD asead
AOE renuesayig ebejjop indinO-induy ‘pasinbal aie sodlAsp payjoads aoedsolay/Aielin 5

sBuney wnuixep ainjosqy
siojenbBay )OA GIL —

1-45

‘BN L501124 0095700 473 EE




1.0
2 1005
100
995

LM120/LM320

a
S

2 =
2
&

S 0ass
0.9%0

TPUT VOLTAGE INDRMALIZE

3

OUTPUT IMPEDANCE (1}
a

107

13
1.26

QUIESCENT CURRENT (mA)

Output Voltage vs
Temperature
Vour 12V AND 151
_—
T Vour =-5V

L1t |

-50 -25 0 25 50 75 100 125 150

JUNCTION TEMPERATURE {*C)

Output Impedance TO-5

and TO-202 Packages
lour = 100mA = Coyr - ﬁ %
Vin-VYour = 5V — ALUMINUM

T;= 25°C

Cour = 1.0uF
OLID TANTALUM 7~

| I 4
I

I

“+= Cour = ViuF SOLID]
TANTALUM

0.01k &k 1k 10k 10k M

FREQUENCY {H2)

Quiescent Current vs
fnput Voltage
LM205 l
L 1

LA
T, = -56°C
P

T,= 25"

\|

T, =150%C

1 1
5 10 15 20 25 30 35 ®
INPUT VOLTAGE (V)

=]

RIPPLE REJECTION (dB}

ViIN-VouT (V)

QUIESCENT CURRENT (mA)

100

:l'ypical Performance Characteristics

Ripple Rejection
(All Types)

Vin-Vour = 3V
- Tj=25C
VOUT = ~12V ANDCoyy = IuF

15V souLip TANTALUM

I-Vour = SV
an :—-:]
il
I i
00k 8k *® 0k 100k
FREQUENCY {Hz}

23
21
19
17
15
13
11
03
02
05

¢ 025 05 078 14

Minimum Input-Output
Differential TO-3 and
TO-220 Packages

/

/
4

’—Ti =85

Y |
=t oy —

Tj=158°C
iy
L1

0 025 05 07 10 125 15
QUTPUT CURRENT (A)

Quiescent Current vs
Load Current

LM205

I
T,= -56°¢ L]

——
1,2 25%
—

7,0 180

I

| et

125 18
QUTPUT CURRENT {A}

Output Impedance TO-3
and TO-220 Packages
10!
F =100 mA -
r ‘?I:T' vour =sv = 0T W
= " TANTALUM
100 |

Coyy = 256F
2 ALUNINUM

10!

OUTPUT IMPEDANCE ()

100 1k 10k 180k M
FREQUENCY (M2}

Minimum Input-Output
Differential TO-5 and
. TO-202 Packages

22
20

18 /

14
12 TSl =]

10 ; Tj = 150°C ~—f
[T}
113
04

INPUT-QUTPUT VOLTAGE {V]

0 L A 02 03 L2 05
OUTPUT CURRENT (A)

Maximum Average Power
Dissipation (TO-3)
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03, 20M
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E 7 [roaf wread N\
z HEATSINK ™S )
3 |v0.3, N0 SINK
o No sy
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*These curves for LM120.
Derate 25°C further for LM320.
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Typical Performance Characteristics (continued)

Maximum Average Power Maximum Average Power Maximum Average Power
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H g ! HEAT SINK -] g "
g INFINITE HEAT SINK g 1 N 5 15
3 *\\ CE e [IEM HEAT sINK \L Eon
g 1 s . Sy N g \_Yozo.s'cw
2 — X 8 2 HEAT SINK
HIss =S X I = e
RS S R PSS
- [ S —
I N £ < 5 o 70-220 10°C/W ——
1 |~ 20°CW HEAT SINK 3 HEAT SINK
o NO usnsmx) 0 L1 o = T0-220, NO SINK
% S0 B 10 125 150 0 10 20 3 4 s 80 70 O 25 S0 75 100 125 180
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (*C) AMBIENT TEMPERATURE (°C)
Short Circuit Current
3
F
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g 2 —-</ Tj = 25%C
= —
3
g i 1038 70220
=2
g
3 ]
s
-3
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&
0 T0-5 & 70-202

D5 19 95 20 25 30 35 40
Vin - Vout V!
TU/HITTE7-5
Typical Applications (continued)
High Stability 1 Amp Regulator

Vour (4

>—

:. catt

Vour (=)

TL/H/7767-6

lation — 0.01%

g P

Lead and line
TDetermines Zener current.
+1Solid 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.

stability — 0.2%
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OZENT/0ZLNT




LM120/LM320

Typical Applications (continued)
Wide Range Tracking Reguiator

LMY

Wiy Vin Vour
ADd Vour
|
l+
—t 03
o To a1
i _J_um,.; 2222 1NAT01
! l
é _ COMMON
L4
i 02
+ INGS7
-t ..
2.20F 1N4001
} . U
v ‘ 3| LM120-XX |2 ov
TYw (8, 12V, 15V} out

TL/H/T767-7

*Resistor tolerance of R1 and R2 determine matching of (+) and (—)
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 tha 2N2222.

Varlable Output

+
c2
2.2F - Iuf
INPUT outPUT
TU/H/7767-9
*Optional. Improves transient response and ripple rejection.
R1+R2
Vout = Vs
ouT SET A2
SELECT R2 AS FOLLOWS:
LM120-5 —3000
LM120-12 —7500
LM120-15 -1k

'

Current Source
- s TN
I 1 —t—
! 0,
+ ou11 l O ju— pf
22 | B

>
» R1v
>

INPUT . _ 5.0v

ouTPUT four = 1mA + 27

TL/H/7767-B

+ 15V, t Amp Tracking Regulators

Wi O PO Vour (4] 15V
| $ mae
' 3
|
o
v n
;5 T :: ::' Ns081
1
] 1"
]
¢ < COMMON
I me ot
[ s o S | m B "E o
Laaien oo A3 Shreur Tam 1non
1 GND 9§ ro-1sev
! N ouT
Ve LN3e-18 =0 Vour (- 16V
TL/H/7767-12
Performance (Typical)
Load Regulation at Al = 1A 10mv 1mv
- Qutput Ripple, Cjyy = 3000 uF, I = 1A 100 pVrms 100 uVrms
Temperature Stability +50mv +50 mvV
Output Noise 10 Hz < f < 10 kHz 150 pVrms - 150 pVrms

*Resistor tolerance of R4 and RS determine matching of (+) and
. (—) outputs.
**Necassary only if raw supply filter capacitors are more than 2"
from regulators. .

Light Controllers Using Silicon Photo Cells

« 3 RETTY
CURRENT

TL/H/TT67-10

*Lamp brightness increases until jj = 5V/R1 (i} can be set as low as 1 pA).

TNecessary only of raw supply filter capacitor is more than 2" from
LM320MP.

=

-15¢
B
2> )

MAX TURN--0N
CURRENT

M
P

. TL/H/T767-11
*Lamp brightness increases until i =ig (1 mA) + 5V/R1.
TNecessary only if raw supply filter capacitor is more than 2” from LM320.

B L501124 0095703 182 W
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Connection Diagrams

DUTPUT
'/< INPUT
oND /‘ (CASE)

TL/H/7767-13
Bottom View

Metal Can Package TO-39 (H)

Order Number LM120H-5.0, LM120H-12, LM120H-15,
LM120H-5.0/883, LM120H-12/883, LM120H-15/883,
LM320H-5.0, LM320H-12 or LM320H-15
See NS Package Number HO3A

INPUT
DUTPUT\\/'\ {CASE)
)
snn/
TL/H/7767-14
Bottom View

Steel Metal Can Package TO-3 (K)
Order Number LM120K-5.0/883, LM120K-12/883,
LM120K-15/883, LM320K-5.0, LM320K-12 or LM320K-15
See NS Package Number K02A

0ZEWT/0ZLNN

INPUT

O

TL/H/T767-17
Front View

Power Package TO-220 (T)
Order Number LM320T-5.0, LM320T-12 or LM320T-15
See NS Package Number T03B

Schematic Diagrams

-5V
lL R18 < R19
T ak o 5k
Ve w1l \'
62v
010
.
9
>
":12 SR17
p
A N
l:— ! o
@ Vout
a1 }—4—— 018
SR LR" ns Y]
<
]’ ]k < 10k SRS 6.2v
— ) Su
1
20 pF
‘D-M-‘ a5 @20 e
RS RO R13 !
K 20k 5 150 16 i;
Vo
TL/H/7767-18
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o
I
o]
= | Schematic Diagrams (Continued)
S
o - -
& 12V and — 15V
o
= 1
as g R18 SRie
SH ;» 5k
’Km
6.2v n
10
NL& S h17
ml/T fan S
1 019
i PR
act < A1 azy 03
Sk SRU 6.2V
30k !2*:5 -
a j4-4 »—-@z 1
S o
$ 20k 44
20
Vin O
TL/H/7767-19
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