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Ordering Information

PACKAGE

D — Glass/Metal Dual-In-Line Package

F — Glass/Metal Flat Pack

H — TO-5 (TO-99, TO-100, TO-46) )

J — Low Temperature Glass Dual-In-Line Package
K — TO-3 (Steel)

KC — TO-3 (Aluminum)

N — Plastic Dual-In-Line Package

P — TO-202 (D-40, Durawatt)

S — "SGS" Type Power Dual-In-Line Package

T —TO-220
LM 101A F W — Low Temperature Glass Flat-Pack

Z —-TO0-92 .

. DEVICE NUMBER
PACKAGE 3, 4, or 5 Digit Number Suffix Indicators:

A — Improved Electrical Specification

C — Commercial Temperature Range
DEVICE NUMBER

DEVICE FAMILY

AD — Analog to Digital
AH = Analog Hybrid
AM — Analog Monolithic
CD — CMOS Digital

DA — Digital to Analog
DM - Digital Monolithic
LF — Linear FET

LH  — Linear Hybrid

LM — Linear Monolithic
LX — Transducer

MM — MOS Monolithic
TBA — Linear Monolithic

- DEVICE FAMILY

Devices are listed in the table of contents alpha-numerically by device family (LH, LM, LX, etc.) and then by device number.
With most of National’s proprietary linear circuits, a 1-2-3 numbering system is employed. The 1 denotes a Military temperature
range device (—55°C to +125°C), the 2 denotes an Industrial temperature range device (—25°C to +85°C), and the 3 denotes a
Commercial temperature range device (0°C to +70°C), i.e. LM101/LM201/LM301.

Exceptions to this are the LM1800 series of consumer circuits. which are specified for the commercial temperature range;
some hybrid circuits which employ a ““C” suffix to denote the commercial temperature range; and second-source products
which follow the original manufacturers numbering system, i.e. LM741/LM741C or LM1414/LM1514,

Parts are generally Iis;(ed in the table of contents by military bartinumberfirst, i.e. LM139/LM239/LM339. Where a separate
data sheet exists for a different temperature range, the device will be listed separately, i.e. LM119/LM219 and listed separately
LM319. Where only one temperature range exists, the part will be listed in its proper order, i.e. LM340.
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LF13333 2 Normally Closed Switches and 2 Normally Open Switches With Disable....  6-1
LF13741 Monolithic JFET Input Operational Amplifier. ..., 3-38
LHO0002 Current Amplifier..................... e 3-238
LH0002C Current Amplifier. ... ... i e 3-238
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LM107 Operational Amplifier. ... ..o e e 379
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LM108A Operational Amplifier. ... ..ot 3-88
LM109 5-Volt Regulator................cooiiiiia.. A 1-10
LM110 Voltage FOIIOWEL. . . . ..ot e .. 395
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LM112 Operational Amplifier........... P P 3-102
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LM137HV 3-Terminal Adjustable Negative Regulator (High Voltage) ................... 1-61
LM138 5 Amp Adjustable Power Regulators............coviiiieiiieiiiininnennnnn. 1-66
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LM207 Operational Amplifier................... e e e e 3-79
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LM231 Precision Voltage-to-Frequency Converter. . .........couiviiiiiinieennennn. 8-162
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LM234 3-Terminal Adjustable Current Source......................... P 9-13
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LM260 High Speed Differential Comparator............coiiiiiiiii i iiinn 5-31
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LM316A Operational Amplifier. . ... e 3-187
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LM326 Voltage RegUIALON. . .. ..o .ei et e eiee et eei e eaeenans e 1-43
LM329 Precision Reference...................... e e 221
LM330 3-Terminal Positive Regulator.....................oooiii i, .. 150
LM331 Precision Voltage-to-Frequency Converter............ PP - 8 [ 24
LM331A Precision Voltage-to-Frequency Converter.................c.ooiiiiee. . 8162
LM334 3-Terminal Adjustable Current Source................. i e 913
. LM335 Precision Temperature Sensor.............. P e 9-21
LM335A Precision Temperature Sensor. ........... e e 9-21
LM336 2.5V Reference Diode. . ..........cc.o.uu... P 226
LM337 3-Terminal Adjustable Negative Regulator.......... T 1-56
LM337HV 3-Terminal Adjustable Negative Regulator (High Voltage). .................. 1-61
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3-TERMINAL POSITIVE VOLTAGE REGULATORS -

Output Available VouT Reg Vin Ripple
Current Device VouTr Tol. Line (Note 1) Load (Note 2) (v) . Rejection
(A) (v) (£%) % VouT/VIN % VouTt/VIN - Max (dB)

5 LM138, LM238 1.2 to 32 (Adjustable) N/A 0.005 0.1 35 86
LM338 1.2 to 32 (Adjustable) N/A 0.005 0.1 35 86

3 . LM150, LM250 1.2 to 32 (Adjustable) N/A 0.005 0.1 35 86
LM350 1.2 to 32 (Adjustable) N/A 0.005 0.1 35 86
LM123K, LM223K 5 6 0.01 0.5 20 75
LM323K 5 4 0.01 0.5 20 75

15 . LM117, LM217 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80
LM317 1.2 to 37 (Adjustable) N/A 0.01 - 0.1 40 80
LM117HV, LM217HV. 1.2 to 57 (Adjustable) N/A 0.01 -0 60 80
LM317HV 1.2 to 57 (Adjustable) N/A 0.01 0.1 60 80
LM109K, LM209K 5 6 ' 0.004 1.0 35 80
LM309K ’ 5 4 0.004 1.0 35 80
LM140K 5,12, 15 4 0.02 05 35 66—80
LM140AK 5,12,15 2 0.002 0.1 35 66—80
LM340 5,12,15 4 0.02 05 35 66—-80

-LM340A 5,12,15 2 0.002 0.1 35 66—80

LM78XXC" 5,12,15 4 0.03 05 35 66—80

05 LM117H, LM217H 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80
LM317H 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 - 80
LM117HVH, LM217HVH 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80
LM317HVH ’ 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80
LM317M 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80
LM341 512,15 4 0.02 0.5 35
LM78MXX 5,12, 16 4 0.03 0.5 35

0.25 LMm342 5,12,15 4 0.03 05 35 63—-64

0.20 LM109H, LM209H 5 6 0.004 0.4 35 80 -
LM309H 5 4 0.004 0.4 35 80
LM2930P 5,8 10 26V 56
LM130H 5 . +5 30v 56
LM330H 5 +6 26V 56
LM330P 5 +6 26V 56

0.10 LM140L, LM240L 5,12,15 2 0.02 0.25 35 48—-62
LM349L ' 5,12,15 S 2 0.02- 0.25 35 48—-62
LM78LXXA 5,12, 15 4 0.03 0.25 35 45-60

Note 1: Line regulation is the change in output voltage for a change in input voltage.
Note 2: Load regulation is the change in output voltage due to a change in load current from no load to full load.

apiny) loje|nbay abejjoA




M-

Voltage ‘Regulator Guide

Ip — GUARANTEED OUTPUT CURRENT (AMPS)

3.0

15

0.5

02

0.1

| LMUIBAMZIAMIBKSTERL a2V

e,

© LM123/LM223/LM323K-STEEL

|

PACKAGE PACKAGE
DESIGNATOR TYPE

K

i

- Q - Ke 103%
‘ K STEEL HERMETIC
4& T T0-220
> PLASTIC
;;9 1 T0-202
PLASTIC
£ " T0-5,70-39
L HERMETIC
£ | 2 T0-92
PLASTIC

Vg — NOMINAL REGULATED OUTPUT VOLTAGE (V)

AMISO/LME0/LMSOKSTEEL 12V —e—) ' Q* Aajmm}ei.z*" e 33V
LMI7/LMZ1T/AM3ITK STEEL 12V = @ ADJUSTABLE - 35V
LMITHV/LM2ITHV/LMATRVKSTEEL 12V : @' ~‘AD{.IUST?BL£‘ -5
LM3TT 12v ‘ - Anrusralme v
LM1O8K/LM208K/LM30BK STEEL, LM30SK (AL) : S
, ‘ .
LM140AK/LM340AK, LM140K/LM340K
LM7BXXCK (AL) &I g g
L30T . ‘ .
LM7BXXCT o4 ,& fos
) {
[ j
LM317MP 1.2V ~—F 4;9 AD‘JUSTABLE -
LMUTHVH/AM2ITHVH/LMBTTHVE 12V e ﬁ——nnwsmm‘ - 57V
LM117H/LM217H/LM317H 7 1.2v ﬁ AD'JUSTABI.E' v
-LMI4IP ' 559
LMTEMXXCP . .
. i PR 1
[ 1 T
LM342p 4§§ 0(9 éﬁ
1 v
 LI109H/LM209H/LM30SH p
. ]
 Lm2930p £
N 1,
© LM130H/LM330H . R
LMI3OH/LMISD A
LM330P £
— -
LM340LAH
LM7BLXXCH 4 Lo L
" LM7BLXXACH
LW:OLAZ ‘ ‘ }
LMIBLXXCZ
LMIBLXXACZ : ’|9 /? '19
5 8 12 15

*All devices with TO-3 package desig-
nators (K or K STEEL )} are supplied
in steel TO-3 packages unless otherwise
designated as (AL} aluminum TO-3
package. All KC designated devices
are supplied in aluminum TO-3.




3-TERMINAL NEGATIVE VOLTAGE REGULATORS

Output Available VouTt Regulation VIN Ripple
Current Device Vour Tol. Line (Note 1) Load (Note 2) v) Rejection
(A) v) (£%) % VouT/VIN % VouT/VIN Max (dB)
3 LM145K, LM245K —-5.0,-56.2 2 0.008 0.6 20 68
LM345K -5.0,-5.2. 4 0.008 0.6 20 68
15 LM137, LM237 —1.2 to —37 (Adjustable) N/A 0.006 0.3 40 77
' LM337 —1.2 to —37 (Adjustable) N/A 0.007 03 40 77
LM137HV, LM237HV —1.2 to —~47 (Adjustable) N/A 0.006 03 50 77
LM337HV ’ —1.2 to —47 (Adjustable) N/A 0.007 03 50 77
LM120K -5 2 0.02 0.3 25 64
X —12,-15, 35 (12V) 80
' 40 (15V) 75
70
LM320K —5 4 0.02 0.3 25 64
-12,-15 35 (12v) 80
40 (15V) 75
70
LM320T -5 a 0.02 0.3 25 64
-12,-15 35 (12V, 15V) 75—-80
70
‘LM79XXC -5 4 0.03 04 35 66—-70
-12,-15
05 LM137H, LM237H —1.2 to —37 (Adjustable) N/A ~ 0.006 0.3 40 77
LM337H —1.2 to —37 (Adjustable) N/A 0.007 03 40 t 77
LM137HVH, LM237HVH —1.2 to —47 (Adjustable) N/A 0.006 0.3 50 77
LM337HVH —1.2 to —47 (Adjustable) N/A 0.007 0.3 50 77
LM337M —1.2 to —37 (Adjustable) . N/A 0.007 03 40 77
LM120H -5.0 2 0.02 06 25 64
LM320H —-5.0 4 0.02 0.6 25 64
LM320M . -5 4 0.02 0.6 25 . 60-64
~12, 15 4 : 35 (12V, 15V) 70-80
’e : .
LM79MXX -5, -12, —15 4 0.03, 0.7 35 58—-60
0.25 LM320ML -5 4 0.01 0.5 35 50—-60
-12,-15 .
0.20 LM120H —-12 2 0.02 0.1 35 (12V) 70-80
' LM320H —15 4 0.02 0.1 40 (15V)
0.10 LM320L -5 4 0.01 05 35 60-65
-12,-15
LM79LXXA -5, -12,-15 4 0.02 0.6 35 50-56
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]

15

1.0

0.5

Ig — GUARANTEED OUTPUT CURRENT (AMPS)

o
N~

1=
N
o
P e I —

- 01

T 1
LM145K/LM245K/LM345K @ g
LM137/LM237/LM3T7K STEEL 3TV - Q-isnms‘mata - 1.2V
LM137HV/LM237HV/LM337HVK STEEL -4 g —lADJUISTABIiE - 1.2V
LMz I [T ,‘5? ADJUSTABLE - 12V
LM120K/LM320K, LM320KC, LM79XXCK (AL) /) I
e . T PACKAGE | PACKAGE
28 - DESIGNATOR |  TYPE
— - ol k| o
LM137HVH/LM23THVH/LM33THVH AV = P — ADAUSTABLE -—t2v| ksTeer | HERMETIC
LMI37H/LM237H/LM33TH. ' 37V - ﬁwlAnmlsmplls - 12V ,(? . T0-220 '
LM337MP —37V g’? ADJUSTABLE - 1.2V s |- PLASTIC
M120H : : L 4;?9 P T0-202 -
L : ‘ : . :  PLASTIC .
LM320H 1 ~ L L L
L e - f P p T0-5, TEO-39
LM320MP /gf:) 559 : g? . HE::I 9; s
LM79MXXCP 4 , -
- e I PLASTIC
. R i
i N - *All devices with TO-3 package desig-
: meu, - ﬁﬁ ! ’ ﬁ ) nators (K or K STEEL ) are supplied
N k| i g -~ - in steel TO-3 packages unless otherwise
E : | | N designated as_ (AL) aluminum TO-3
- LM120H package. All KC designated devices
LM320H ,ﬁ ﬁ . are supplied in aluminum TO-3. -
i 1 1

. o -24 18 -15 =12 -10 -9 -8 -§ -52 -5
. " Vg - NOMINAL REGULATED OUTPUT VOLTAGE (V)




Vour
Toler. Part Number *
Line | Load lour | @25°C | Drift | -55°C to[-25°C to| Page
Function Features Reg Reg | (mA) (Max) | (Max) [ 125°C | 85°C |Number
Positive Programmable Voitage . 0.5% .
'Regulatorg 9 Internal programming resistors, ‘%0 LHO075 {LHOO7SC|  7-8
NL . v adjustable current limit, 0.008% | 0.055% | 0.1-200 059
egative Programmable Voltage | Vgyr=5, 6, 8, 10, 12, 15, 18V . 5% &
Regulator o o LH0076 |LHoo75C| 7-13

*Refers to Special Functions Databook, 1979 edition

1-vii
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Def

National
Semiconductor

’

Definition of Terms

Current-Limit Sense Voltage: The voltage across the
current limit terminals required to cause the regulator
to current-limit with a short circuited output. This
voltage is used to determine the value of the external
current-limit resistor when external booster transistors
are used.

Dropout Voltage: The input-output voltage differential
at which the circuit ceases to regulate against further
reductions in input voltage.

Feedback Sense Voltage: The voltage, referred to
ground, on the feedback terminal of the regulator while
it is operating in regulation.

Input Voltage Range: The range of dc input- voltages
over which the regulator will operate within specifica-
tions. :

Line ‘Regulation: The change in output voltage for a

change in the input voltage. The measurement is made
under conditions of low dissipation or-by using pulse
techniques such that the average chip temperature is
not significantly affected.

Load Regulation: The change in output voltage for a
change in load current at constant chip temperature.

Long Term Stability: Output vpltage stability under
accelerated life-test conditions at 125°C with maximum
rated voltages and power dissipation for 1000 hours.

Maximum Power Dissipation: The maximum total"

device dissipation for which the regulator will operate
within specifications.

Voltage Regulators

Output-Input Voltage Differential: The voltage differ-
ence between the unregulated input voltage and the
regulated output voltage for which the regulator will
operate within specifications.

Output Noise Voltage: The RMS ac voltage at the
output with constant load and no input ripple, measured
over a specified frequency range.

Output Voltage Range: The range of regulated output
voltages over which the specifications apply.

Output Voltage Scale Factor: The output voltage
obtained. for a unit value of resistance between the
adjustment terminal and ground.

Quiescent Current: That part of input current to the
regulator that is not delivered to the load.

Ripple Rejection: The line regulation for ac input
signals at or above a given frequency with a specified
value of bypass capacitor on the reference bypass
terminal.

Standby Current Drain: That part of the operating
current of the regulator which does not contribute to
the load current.

Temperature Stability: The percentage change in-output
voltage for a thermal variation from room temperature
to either temperature extreme.

Thermal Regulation: Percentage change in output
voltage for a given change in power dissipation over a
specified time period. .
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Semiconductor

Fixed or Adjustable Voltage Regulafors |

At National we see the trend moving toward the use of
more adjustable regulators and we are broadening the
adjustable line to satisfy this demand.

As you browse through this Voltage Regulator section
you will notice many changes. We've expanded the ad-
justable regulator line and many voltage options on fixed
regulators have.been deleted.

The fixed voltage regulators, like the 7800 ‘and 7900
series, resulted in customers having to stock and hold in
inventory quantities of each voltage in order to always
have on hand a specific device for a particular system.
This proved to be very costly especially when production
was stopped due to shortage of a particular voltage.’

Adjustables combine versatility, performance and relia- -
bility, leading to increased popularity.

Versatility

B Satisfy output voltage requirements from 1.2V up to
47V

B Simplify inventory and purchasing since a single
device satisfies many voltage requirements
B Allows precision application

Performance

& Improves system performance by having line and load
regulation a factor of 10 better _

B Has improved overload protection thus allowing
greater output current over operating temperature
range .

Reliability

B Improves system reliability with each device being
subjected to 100% thermal limit burn-in

As more and more applications use adjustable
regulators, we believe that they will become the most
popular regulators in the industry.
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LM104/LM204/LM304

National
Semiconductor

Voltage Regulators’

LM104/LM204/LM304 Negative Regulator

General Description

The LM104 series are precision voltage regulators
which can be programmed by a single external
resistor to supply any voltage from 40V down to
zero while operating from a single unregulated
supply. They can also provide 0.01-percent regula-
tion in circuits using a separate, floating bias
supply, where the output voltage is limited only
by the breakdown of external pass transistors.
Although designed primarily ‘as linear, series
regulators, the circuits can be used as switching
regulators, current regulators or in a number.of
other control applications. Typical performance
characteristics are:

= Subsurface zener reference

® 1 mV regulation no load to full ioad

® 0.01%/V line regulation

® 0.2 mV/V ripple rejection

® 0.3% temperature stability over military tem-
perature range

The LM104 series are complements of the LM100
and LM105 positive regulators, intended for
systems requiring regulated negative voltages
which have a common ground with the unregu-
lated supply. By themselves, they' can deliver
output currents to 25 mA, but external transistors
can be added to get any desired current. The
output voltage is set by external resistors, and
either constant or foldback- current limiting is
made available.

The LM104 is specified for operation over the
-55°C to +125°C military temperature range. The
LM204 is specified for operation over the ~25°C to
f85°C temperature range. The LM304 is specified
for operation from 0°C to +70°C.

Schematic and Connection Diagrams
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Absolute Maximum Ratings

LM104/LM204 LM304

Input Voltage 50V 40V
Input-Output Voltage leferent:a! 50V . 40V
Power Dissipation (Note 1) 500 mW 500 mW
Operating Temperature Range -
LM104 . ~ -55°Ct0125°C
LM204 -25°C t0 85°C
LM304 i 0°C to +70°C
Storage Temperature Range -65°C to 150°C —65°C to +150°C
Lead Temperature (Soldering, 10 sec) ©300°C 300°C
Electrical Characteristics
o LM104/LM204 LM304 .
PARAMETER CONDITIONS MIN TYP VAKX MIN TVP | WMAX UNITS
Input Voltage 4Range X . -50 -8 -40 . |-8 . \%
Output Voltage Range . —40 -—0.015 | —30 © - ]1-0.035 \
Output-Input Voltage lo = 20 mA 2.0 50 2.0 , 40 v
Differential (Note 3) lo =5mA 0.5 . 50 0.5 - 40 \
Load Regulation (Note 4) 0<Ip L 20 mA . . : } .
: Rgc = 15 . 1 5 1 5 mv-
Line Regulation (Note 5 | Vour < =5V . . ' '
' AVn =0.1Vy ) 0.056| 0.1 0.056( 0.1 %
Ripple Rejection Cig = 10 uF, £ = 120 Hz N : : oo
Vin <-15V . 0.2 0.5 - 0.2 0.5 mV/V
—7V >V > 15V | 05 1.0 0.5 1.0 mVv/V
Output Voltage Scale Factor | R,g = 2.4k 1.8 | 20 2.2 . 1.8 2.0 2.2 V/kQ
Temperature Stability Vo <=1V : 0.3 1.0 0.3 1.0 %
Output Noise Voltage 10 Hz< £ <10 kHz :
. Vo < -5V, Cig=0 0.007| . 0.007 | %
Cyo = 10 uF 15 15 uv
Standby Current Drain IL=5mA, Vg5 =0 1.7 25 1.7 25 mA
Vg =-30v |~ 36 | 50 mA
Vo = —40V 36| 50 o < mA
Lorig Term Stability Vo < -1V E 001 | 1.0 0.01 | 1.0 %

Note 1: The maximum junction temperature of the LM104 is 150°C, while that of the LM204 is 125°C and LM304 i is 100°C.
For operating at elevated temperatures, devices in the TO-5 package must ‘be derated based ona thermal resistance of 150 C/W,
junction to ambient, or 45°C/W, junction to case.

Note 2: These specifications apply for junction temperatures between —55°C and 150°C (between ~25°C and 100°C for the
LM204 and 0°C to +85°C for the LM304) and for input and output voltages within the ranges given, unless otherwise specified.
The load and line regulation specifications are for constant junction temperature. Temperature drift effects must be taken into
account separately when the unit is operating under conditions of high dissipation.

Note 3:" When external booster transistors are used the minimum output input voltage differential is increased, in the worst case,
by approximately 1V. .

Note 4: The output currents given, as well as the load regulation, can be increased by the addition of external transistors. The
improvement factor will be roughly equal to the composite current gain of the added transistors.

Note 5: With zero output, the dc line regulation is determined from the ripple rejection. Hence, with output voltages between 0V
and —5V, a dc output variation, determined from the ripple rejection, must be added to find the worst-case line regulation.

s
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LM104/LM204/LM304

Typical Performance Characteristics

Load Regulation ' Load Regulation Current Limiting
s s 1] | I
T 0 E 0 s 10 T A
z = ——T 4 — F = —1 = —
g o ) R ORI B
g - = N w 18 [3 1 &
3 S 2 st ©— =
8 & M = 1 1
-2 -4 it = 6
- w e ] |
E g L - T
- = e lr o L =] > Rsc =16 ¢ ]
a2 -3 2 -6 [Rsc=25Q = " g 4 t
> > wi—3 R 2
- - 1= o s =) T 1
e > -8 o — 4 2 n
3 5 4 - . . H T
3 . . +
-5 1 -10 1 N 0 1 l
¢ s 0 i w0 B S0 w3 w2 30 4 s 60
LOAD CURRENT (mA) LOAD CURRENT (mA) LOAD CURRENT (mA)
Supply, Voltage Reié‘ction With
Supply Voltage Rejection Preregulatefd Reference Supply - -Ripple Rejection
0.1 0.03 - 10 -
s . s . T
: 2 $ 1 T T 1]
§ .08 \ E 50 -3V _:E_ .4 Vippie = 1V p.p.
5 5 002 3 f=120 Hz —+—
@ w - B Cig=10F
@ 0.06 @ 2 06 o= MY ——
@ \ « = ‘
w w =
a \ =] o
2 004 = i X
] N 2o o N
> J > : H
% 002 > N y £ g2
& & =
=2 =2 N B
a 2
0 - 0 0
0 0 20 30 40 50 0 10 2 30 a0 50 0 10 20 30 a0 50
DC INPUT VOLTAGE (V) DC INPUT VOLTAGE (V) DC INPUT VOLTAGE (V)
Current Limit Sense Voltage . Regulator Dropout Voltage . Minimum Input Voltage
1.0 12 T T 8.0
2 —Vour =10V, ”
g 09 . - Rsc=0
2 = —Rsc _
2 N 2 E
2 o8 N w w
; \\\ . g y, . g
g 01 "N 3 g 10— ]
£ ™ = =
2 06 N 2. o g ]
z N[ E] \31/“, E
g ' , 1 :
£ 05 |— - 1 -4
3 M h=smA T T 4=
08 Lo . wle=i=s=p Cw :
-75 -50 -25 0 25 50 75 100 125 150 -75-50-25 ' 0 25 50 75 100 125 150 -75 -50--25 0 25 50 75 100 125 150
JUNCTION TEMPERATURE (°C) ’ JUNCTION TEMPERATURE (°C) . ' . JUNCTION TEMPERATURE (°C)
Line Transient Response . Load Transient Resr}o'nse : . Standby Current Drain
N e a0 - " 6
z - Voyr =10V ‘Z our= 10 | <
= g = Cour=14F -E
= AV =1V = oL =5 mA z 8
2 Wh g e : NL T — z . _
£ :_ : Cran0 g |,2-51§mA § s Vin = -50V
= |_Cour=1uF 2 LS - —
e - \ =] z "
w0 hY w 0 = 3 r
g T I & £ —
s Cy9=0.01 uF = 3 LA
2 2 z 2 ]
> S aa >
= -20 - -2 4 .
4 2 =
5 £ 4
5] 2 .
o,
-40 -40 - 0 -
0 10 2 30 0 10 20 30 0 10 20 30 a0
TIME (us) ) TIME (us) ' OUTPUT VOLTAGE (V)

1-4




National
Semiconductor

LM105/LM205/LM305/LM305A, LM376 Voltage Regulators

General Description

The LM105 series are positive voltage regulators
similar to the LM100, except that an extra gain
stage has been added for improved regulation.
A redesign of the biasing circuitry removes any
minimum load current requirement and at the
same time reduces standby current drain, permit-
ting higher voltage operation. They are direct,
plug-in replacements for the LM100 in both
linear and switching regulator circuits with output
voltages greater than 4.5V. Important characteris-
tics of the circuits are:

= Qutput voltage adjustable from 4.5V to 40V

® Qutput currents in excess of 10A possible by
adding external transistors

® | oad regulation better than 0.1%, full load with
current limiting :

® DC line regulation guaranteed at 0.03%/V

Voltage Regulators

= Ripple rejection of 0.01%/V

-® 45 mA output current without external pass
transistor (LM305A)

Like the LM100, they also feature fast response to
both load and line transients, freedom from
oscillations with varying resistive and reactive
loads and the ability to start reliably on any load
within rating. The circuits are built on a single
silicon chip and are supplied in either an 8-lead,
TO-5 header or a 1/4" x 1/4" metal fiat package.

The LM105 is specified for operation for =55°C <
Ta <+125°C, the LM205 is specified for —25°C <
Ta < +85°C, and the LM305/LM305A, LM376 is
specified for 0°C < T, < +70°C.

Schematic‘and Connection Diagrams
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Typical Applications
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o LM105/LM205/
LM305/LM305A, LM376

9l

Absolute Maximum Ratmgs LM105 - LM205 LM305 LM305A : LM376
Input Voltage 50V 50V 40v 50V 40V P
Input-Output Differential a0v 40v 40V 40V 40V
Power Dissipation (Note 17 800 mwW © 800 mW 4 800 mwW . 800 mW 400 mW
Operating Temperature Range —-55°C to +125°C . —25°Cto +85°C 0°Cto +70°C 0°C to +70°C 0°C to +70°C
Storage Temperature Range —65°C to +150°C —65°C to +150°C —65°C to +150°C ~65°C to +150°C —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C 300°C 300°C i 300°C . 300°C
. . ar
Electrical Characteristics (note 2)
LM105 LM205 . LM305 LM305A LM376
PARAMETER CONDITIONS MIN __TVP __WAX. MIN___TVP __MAX MIN __TYP__MAX MIN__TYP__MAX MIN _TYP __MAX UNITS
Input Voltage Range 85 50 85 50 85 40 85 50 9.0 40 v
Output Voltage Range 45 40 4.5 40 4.5 30 45 40 5.0 37 \Y
Input-Output Voltage - ‘ 3.0 30 3.0 30 3.0 30 3.0 30 ‘30 30 Y
Differential . ) .
Load Regulation Rsc = 1082, Ta = 25°C 0.02 0.05 0.02 0.05 ) 0.02 0.05 %
{Note 3) Rsc = 1082, T = TA(MAX) 003 0.1 . 003 04 003 0.1 %,
Rsc = 1082, TA = TA(MIN) 0.03 0.1 0.03 0.1 0.03 0.1 B %
0<10<12mA S 0<1p<12mA 0<1p<12mA
Rsc =08, Ta = 25°C N 002 02 0.2 %
Rsc =08, Ta = 70°C 003 04 05 %
RsC =09, Ta =0°C 003 04 0.5 %
) 0<10<45mA 0<10<25mA
Line Regulation Ta= 25°C . . ) . 0.03 %IV
- 0°C < TA $+70°C . . 0.1 %IV
VIN —VouT <8V, Ta= 25°C 0.025 0.06 0.025 0.06 0.025 0.06 0.025 0.06 %/V
VN = VouT =BV, Ta = 25°C 0015 003 0015  0.03 0015 003 0015 0.3 %IV
Temperature Stability TAMIN) < TA <TAMAX) . 03 1.0 03 1.0 03 1.0 03 1.0 . ) %
Feedback Sense Voltage ' 163 1.7 1.81 163 1.7 181 1.63 1.7 1.81 165 1.7 1.85 160 172 1.80 v
Output Noise Voltage 10 Hz < <10 kHz ) [~
CRep =0 . 0.005 - 0.005 0.005 0.005 | ) %
CREF =0.1uF 0.002 i 0.002 0.002 0.002 - - %
Standby Current Drain ViN =30V, Ta = 25°C . . . 25 mA
) VN =40V ) 1 08 . 20 - - mA
VN =50V : , -08 20 . 08 20 08 20 : mA
Current Limit | TA=25°C,Rgc=102, 225 300 375, 225 300 375 25 300 375 225 300 375 300 -~ mv
Sense Voltage VouT =0V, (Note 4) ' . : - = :
Long Term Stability , . : 0.1 1.0 0.1 1.0 0.1 1.0 . |, . 0.1 1.0 ) %
Ripple Rejection CREF = 10uF, f= 120 Hz . 0,003 001 0.003 0.01 * 0.003 0.01 0.003 0.1, %IV

Note 1: The maximum junction temperature of the LM105 and LM305A is 150°C, the LM205 and LM376 is 100°C, and the LM305 is 85°C. For operation at elevated temperatures, devices in the TO-5 package
must be derated based on a thermal resistance of 150°C/W junction to ambient, or 45°C/W junction to case. For the epoxy dual-in-line package, derating is based on a thermal resistance of 187°C/W junction to
ambient. Peak dissipations to 1W are allowable providing the dissipation rating is not exceeded with the power averaged over a five second interval for the LM105 and LM205 and averaged over a two ‘second
interval for the LM305.

Note 2: Unless otherwise specified, these spemflcatlons apply for temperatures within the operating temperature range, for input and output voltages within the range given, and for a divider impedance seen by
the feedback terminal of 2 k2. Load and line regulation spemflcatlons are for a constant junction temperature. Temperature drift effects must be taken into account separately when the unit is operating under
conditions of high dissipation:

Note 3: The output currents given, as well as the load regulation, can be increased by the addition of external transistors. The improvement factor will be roughly equal to the composite current gain of the
added transistors.:

Note 4: With no external pass transistor.




Typical Performance Characteristics Lm10s/Lm205/Lm305/LM305A
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LM305/LM305A, LM376

LM105/LM205/

Typical Performance Characteristics 1mv37s
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Typical Applications (continued)
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LIM109/L M209/LM309

National
Semiconductor

The LM109 series are complete 5V regulators fabricated
on a single silicon chip. They are designed for local
regulation on digital logic cards, eliminating the distribu-
tion problems associated with single-point regulation.
The devices are available in two standard transistor
packages. In the solid-kovar TO-5 header, it can deliver
output currents in excess of 200mA, if adequate heat

sinking is provided. With the TO-3 power package, the .

available output current is greater than 1A.

The regulators are essentially blowout proof. Current
limiting is included to limit the peak output current to

a safe value. In addition, thermal shutdown is.provided -

to keep the IC from overheating. If internal dissipation
becomes too great, the regulator will shut down to
prevent excessive heating.

Considerable effort was expended to make these devices
easy to use and tp minimize-the number of external
components. It is not necessary to bypass-the output,
although this does improve transjent response somewhat.
Input bypassing is needed, however, if the regulator is

Voltage Regulators

LM109/LM209/LM309 5-Volt Regulator

‘General Descripiion

located very far from the filter capacitor of the power
supply. Stability is also achieved by methods that
provide very good rejection of load or line transuents
as are usually seen with TTL. logic. .

Although designed primarily as a fixed-voltage regulator,
the output .of the LM109 series can be set to voltages
above 5V, as shown below. It is also possible to use the
circuits as the control element in precision regulators,
taking advantage of the good current-handling capability
and the thermal overload protection.

Features

=" Specified to be compatible, worst case, with TTL and
DTL

= Qutput current in excess of TA |
= |nternal thermal overload protection

= No external components required

Schematic Diagram
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See Package HO3A
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See Package KO2A

Typical Application
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it does improve transient response.
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connect to the load, or when transient response -
is critical.

NOTE: Pin 3 electrically connected to case.
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Absolute Maxlmum Ratmgs

input Voltage 35V ;
Power Dissipation Internally Limited
Operating Junction Temperature Range
LM109 -55°C to +150°C
LM209 -25°C to +150°C
LM309 . 0°C to +125°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics

60SIN'1/60ZIT/60HAIT

LM109/LM209 : LM309
PARAMETER CONDITIONS MIN VP MAX MIN vp MAX UNITS ,
Output Voltage Tj=25°C 47 5.05 5.3 48 '5.05 5.2 Y,
Line Regulation T,=25°C, , a0 | =0 40 | 50 | mv
. _ V < Vi < 25V
Load Regulation .| Tj=25°C
TO-5 Package 5mA < lgyr < 0.5A 15 50 15 50 mV
TO-3 Package { B5mA < lgyr < 1.5A 15 100 15 100 mV
Output Voltage . . VL V<25V, 46 5.4 4.75 5.25 Y,
5mA < loyr < Imax.
P < Ppmax
Quiescent Current 7V < V) <28V 5.2 10 5.2 10 mA
Quiescent Current Change 7V <V € 2BV : 0.5 | 05 mA
5mA < lgyt < Imax ‘| o8 0.8 mA
Output Noise Voltage Tpo=25°C , 4 : 40 ' W
10Hz < f < 100kHz .
Long Term Stability , \ 10 20 mv
Ripple Rejection Tj=2°C 50 . 50 dB
Thermal Resistance, (Note 2) ) '
Junction to Case .
TO-5 Package - 15 15 °C/W I
TO-3 Package 25 25 | °C/W

Note 1: Unless otherwise specified, these specifications apply for =55°C < Tj < +150°C for the LM109, -25°C < T < +150°C for the LM209,
and 0°C < Tj< +125°C for the LM309; Vy = 10V and IgyT = 0.1 A for the TO-5 package or IgyT = 0.5 A for the TO-3 package. For the
TO-5 package, IMaX = 0.2A and PMax = 2.0W. For the TO-3 package, ImMax = 1.0 A and Pyax = 20W.

Note 2: Without a heat sink, the thermal resistance of the TO-6 package is about 150°C/W, while that of the TO-3 package is approximately
35° C/W. With a heat sink, the effective thermal resistance can only approach the values specified, depending on the efficiency of the sink.

Typical Applications (continueq)
zf’,‘f, High Stability Regulator* Current Regulator

ouTPUT

A

a
2N6343
*Determines output current. If wirewound resistor
is used, bypass with 0.1 4F.

*Regulation better than 0.01%, lnad line and temperature, can be rlmamnlj
Determines zener current. May be adjusted to minimize thermal drift.
*Solid tantalum. :




LM109/LM209/LM309

Application Hints

a. Bypass the input of the LM109 to ground with
> 0.2 uF ceramic or solid tantalum capacitor if main

filter capacitor is more than 4 inches away.

thermal shutdown point (= 175°C). Long term
reliability cannot be guaranteed under these con-
ditions.

f. Preventing latchoff for loads connected to negative

b. Use steel paékage instead of aluminum if more than K
voltage:

5,000 thermal cycles are expected. (AT = 50°C)

If the output of the LM109 is pulled negative by a high
current supply so that the output pin is more than 0.5V
negative with respect to the ground pin, the LM109 can
latch off. This can be prevented by clamping the ground
pin to the output pin with a germanium or Schottky
diode as shown. A silicon diode (1N4001) at the output
is also needed to keep the positive output from being
pulled too far-.negative. The 10§ resistor will raise
+VouT by = 0.05 V.

c. Avoid insertion of regulator into “live” socket if
input voltage is greater than 10V. The output will
rise to within 2V of the unregulated input if the
ground pin does not make contact, possibly damaging
the load. The LM109 may also be damaged if a large
output. capacitor ‘is charged up, then discharged
through the internal clamp zener when the ground
pin makes contact.

d. The output clamp zener is designed to absorb tran-
sients only. It will not clamp the output effectively

if a failure occurs in the internal power transistor 02 _- *our
structure. Zener dynamic impedance is = 4 Q. Con- 1N4001 :
tinuous RMS current into the zener should not rdq
exceed 0.5 A. HE
ILOAD!
e. Paralleling of LM109s for higher output current is ’ i_ i
. . COM g F]
not recommended. Current sharing will be almost '
nonexistent, leading to acurrent limit mode operation — T =
for devices with the highest initial output voltage. ~ViN LM120 L2 & -Vout
The current limit devices may. also heat up to the B ' '
- Crowbar Overvoltage Protection
INPUT CROWBAR OUTPUT CROWBAR
+Vout
=

*Zener is internal to LM109. !

**01 must be able to withstand 7A contmuous current if fusing 1s not used at regulator input. LM109 bond
wires will fuse at currents above 7A.

102 is selected for surge capability. Consideration must be given to filter capacitor size, transformer impedance,
and fuse blowing time.

11Trip pointis ~7.5V. . ‘

.




Typical Performance Characteristics

MAXIMUM AVERAGE
POWER DISSIPATION (LM109K)

INFINITE
HEAT SINK]

POWER DISSIPATION (W)

NO
HE‘ATSI’NK
50-25 0 25 50 75 100 125 150
AMBIENT TEMPERATURE (°C)

MAXIMUM AVERAGE
POWER DISSIPATION (LM109H)

24
T ]

20

INFINITE
HEAT SIN

1.6

NO
HEA

POWER DISSIPATION (W)
&

04

0 .
-50 -26 0 25 50 75 100 126 150
AMBIENT TEMPERATURE (°C)

CURRENT LIMIT CHARACTERISTICS (NOTE 1)

OUTPUT CURRENT (A)

—aggriiees
s
0 .
§ 10 15 20 25 35
INPUT-OUTPUT VOLTAGE (V)
Note 1: Current limiting foldback characteristics are

determined by input-output differential, not
by output voltage.

POWER DISSIPATION (W)

POWER DISSIPATION (W)

QUTPUT

OUTPUT
CURRENT (A)  VOLTAGE CHANGE (mV)

MAXIMUM AVERAGE
POWER DISSIPATION (LM309K)

OUTPUT IMPEDANCE
1

=]
_ CL=0
&
w y - a
NITE E $hoo "
T SINK 3 TANTALUM_;t--‘: X
&0t g
H 7 |
5 7 ]
o £ |
3 102
HEL Y 2w ——
= —
NO HEAT SINK . 1 i
0 25 50 75 100 125 10 100 1k 10k 100k ™M
AMBIENT TEMPERATURE (°C) FREQUENCY (Hz)
MAXIMUM AVERAGE
POWER DISSIPATION (LM303H) _ RIPPLE REJECTION
24 T 120
T05 | INFINITE
20 J HEAT SINK vin=10V
. 100 AViN = 3Vpp]
g Tj=25°C
= . |
g 80 < 3._ =5mA —
5 3
@ 3
H
w 60 I
IS 1= 1\
o
40
] 20
0 2 50 75 100 125 0 100 1k 10k 100k M
AMBIENT TEMPERATURE (°C) *FREQUENCY (Hz)
THERMALLY INDUCED OUTPUT
VOLTAGE VARIATION RIPPLE REJECTION
1 T
Ta=25C
0 ELECTRONIC 2
: T woan i/ rﬁ R s
R A e e o = I
v [y = 80 Ve N
20 =]
2
30 ViN=25v_| [ 711 2 \
THERMAL | u N
REGULATION | - = N
u —
L L g m
1 = ViN=10V
Al =1A - Tj=25°C
05 f f=120Hz
0 60 1
0 5 10 15 20 25 30 ] 05 10 15

TIME (ms)

OQUTPUT CURRENT (A)
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LM109/LM209/LM309

Typical Performance Characteristics (continuea)

INPUT-OUTPUT DIFFERENTIAL v

OUTPUT VOLTAGE (V)

OUTPUT VOLTAGE (V)

JUNCTION TEMPERATURE (°C)

INPUT VOLTAGE (V)

LINE TRANSIENT RESPONSE

15—
| cL=04F

[ 7= 250

IL=1A

U it=5mA

T

INPUT VOLTAGE CHANGE (V)
-
B, 5 & o

AVIN=1V

(OUTPUT VOLTAGE DEVIATION, mV)

I

|

0 2
T

3 4
IME (us)

OUTPUT VOLTAGE
DEVIATION (mV)

OUTPUT LOAD
CURRENT (mA)

200

-200

a
e
S

8
o 8

2.5 5.075 5.25 | ]
= - LI
;— 2l =14 5.050 ( 615 || VN =10V
z & — _ P IL=5mA
= ‘Q\ ™ 2 5.025 2
H NN - w
S 15 e, TS - Tj= 150°C 2505
™S - P — < | >
w IL=20mA TN ] 5 5.000 /I s
= =3
Z S S a /[ Tj=-55C > P ;
2 10 i 4975 Sass
= Ty 2 2 4.
2 1L=200mA = 5
s 3 4.950 5
2 05 . ' 488
H .925
AVgut <100mV l -
oL 1 1 1 4900 s |
-75 -50 -25 0 25 50 75 100 125 150 7 8 9 -75 -50 -25 0 25 50 75 100 125 150
JUNCTION TEMPERATURE (°C) INPyT VOLTAGE (V) JUNCTION TEMPERATURE o)
QUIESCENT CURRENT QUIESCENT CURRENT OUTPUT VOLTAGE NOISE
63 54
. T ] T 1.0
— Vin=10V ; Tj=25°C
= 53
E z A Tj=-55°C =
E 51 / =52 a
= 5.1 = 7 <
£ 7 H 3
E |/ £ 51 3
E
=1 2 S o1
e 3 3 0
= £ 50 2
o
=] & a
2 a9 ] a
2 £ g
3 3 Tj=150°C |4t E
. 48
4.7 - a1 - 0.01
-75-50 -25 0 25 50 75 100 125 150 5 1 15 20 25 30 35 40 10 100 10k

FREQUENCY/BANDWIDTH (Hz)'

LOAD TRANSIENT RESPONSE

ViN=10V
L1 € = 0.1uF —
Tj=25°C

tr=15=100ns
I 1 1

| [ 1

TOTAL NOISE (v RMS)




/ National
Semiconductor

Voltage Regulators

'LM117/LM217/LM317 3-Terminal Adjustable Regulator

General Description

The LM117/LM217/LM317 are adjustable 3-terminal
positive voltage regulators capable of supplying in excess
of 1.5A over a 1.2V to 37V output range. They. are
exceptionally easy to use and require only two external
resistors to set the output voltage. Further, both line
and load regulation are better than standard fixed regljla-
tors. Also, the LM117 is packaged in standard transistor
packages which are easily mounted 'and handled.

In addition to higher performance than fixed regulators,
the LM117 series offers full overload protection
available only in IC’s. Included on the chip are current
limit, thermal overload protection and safe area protec-
tion. All overload protection circuitry remains fully
functional even if the adjustment terminal s
disconnected.

Features

Adjustable output down to 1.2V
Guaranteed 1.5A output current

Line regulation typically 0.01%/V

Load regulation typically 0.1%

Current limit constant with temperature
100% electrical burn-in

Eliminates the need to stock many voltages
Standard 3-lead transistor package

80 dB ripple rejection '

Normally, no capacitors are needed unless the device is
situated far from the input filter capacitors in which
case an input bypass is needed. An optional output
capacitor can be added to improve transient response.
The adjustment terminal can be bypassed to achieve
very high ripple rejections ratiqs which are difficult
to achieve with standard 3-terminal regulators.

Besides replacing fixed regulators, the LM117 is useful
in a wide variety of other applications. Since the regu-
lator is “‘floating’” and sees only the input-to-output
differential voltage, supplies of several hundred volts
can be regulated as long as the maximum input to
output differential is not exceeded.

Also, it makes an especially sirﬁple adjustable switching
regulator, a programmable output regulator, or by
connecting a fixed resistor between the adjustment and
output, the LM117 can be used as a precision current
regulator. Supplies with electronic shutdown can be
achieved by clamping the adjustment terminal to ground
which programs the output to 1.2V where most loads
draw little current.

The LM117K, LM217K and LM317K are packaged in
standard TO-3 transistor packages while the LM117H,
LM217H and LM317H are packaged in a solid Kovar
base TO-5 transistor package. The LM117 is rated for
operation from —55°C to +150°C, the LM217 from
—25°C to +150°C and the LM317 from 0°C to +125°C.
The LM317T and LM317MP, rated for operation over a
0°C to +125°C range, are available in a TO-220 plastic
package and a TO-202 package, respectively. :

For applications requiring greater output current in
excess of 3A and 5A, see LM150 series and LM138
series data sheets, respectively. For the negative comple-

‘ment, see LM137 series data sheet.

LM117 Series Packages and Power Capability

RATED DESIGN
DEVICE | PACKAGE POWER LOAD
" DISSIPATION | CURRENT
LM117 T03 20W 1.5A
LM217
- W 5A
CM317 TO-39 2 05
LM317T T0-220 15W 15A
LM217M T0-202 7 5W 05A

r

Typical Applications

1.2V-25V Adjustable Regulator

LM117

S Ri
>
S 20

TOptional—improves transient

Digitally Selected Outputs

5V Logic Regulator with
Electronic Shutdown*

LV117

Vi 7V-35V

response
*Needed if device is far from

filter capacitors INPUTS

R2
Ttvout = 1.25v (1 + ;)

*, .
Sets maximum VouT

* Min output ~ 1.2V

ZEEINT/ZICINT/ZLENT



LMH7ILM217/ILM317

Absolute Maximum Ratings

Power Dissipation

Input—Output Voltage Differential

Internally limited

40V’

Operating Junction Temperature Range

LM117
LM217
LM317
Storage Temperature

Lead Temperature (Soldering, 10 seconds)

Preconditionihg

Burn-In in Thermal Limit

-55°C to +150°C
-25°C to +150°C

0°C to +125°C
-65°C to +150°C

100% All Devices

Electrical Characteristics (Note 1)

300°C

LM117/217 LM317
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
Line Regulation Ta=25°C, 3V < VN - VouT < 40V 0.01 0.02 0.01 0.04 %IV
" (Note 2) '
Load Regulation Ta = ZS&C, 10 mA < lgyT < IMAX
VouT <5V, (Note 2) 5 . 15 5 25 mv
VouT 2> 5V, (Note 2) 0.1 0.3 0.1 0.5 %
Thermal Regulation Ta = 25°C, 20 ms Pulse 0.03 0.07 0.04 0.07. %/W
Adjustment Pin Curregnt 50 - | 100 50 100 uA
Adjustment Pin Current Change 10 mA <1 <ImAaXx 0.2 5 02 | 5 uA
2.5V < (ViN—VouT) <40V .
Reference Voltage 3 <(VIN-VouT) <40V, (Note 3) 1.20 | 1.25 1.30 1.20 | 1.25 1.30 \Y
10mA < louT <Imax. P <Pmax )
Line Regulation 3V < VN - VouT <40V, (Note 2) 0.02 0.05 0.02 0.07 %/V
Load Regulation 10 mA < lgyT < Imax. (Note 2) ’
' VouT < 5V 20 50 20 70 mv
VouT > 5V 0.3 1 0.3 1.5 %
Temperature Stability TMIN S Tj < Tmax 1 1 %
Minimum Load Current VIN-VouT = 40V 35 5 35 10 mA
Current Limit VIN-VouT < 15V
K and T Package 15 2.2. 1.5 2.2 A
H and P Package 0.5 0.8 0.5 0.8 A
VIN-VOUT = 40V, Tj = +25°C ,
K and T Package 0.30 | 04 0.15 | 04 A
H and P Package 0.15 | 0.20° 0.075 | 0.20 A
RMS Outpu;:t Noise, % of VouT Ta=25°C, 10 Hz < f < 10 kHz 0.003 0.003 %
‘Ripple Rejection Ratio VouTt =10V, f =120 Hz 65 65 dB
CaDJ = 10uF 66 80 66 80 dB’
Long-Term Stability Ta=125°C 0.3 1 0.3 1 %
Thermal Resistance, Junction to Case H Package “l2 15 12 15 °c/w
K Package 2.3 3 2.3 3 °c/w
, T Package 4 ‘cw
P Package 12 °CW

Note 1: Unless otherwise specified, these specifications apply: ~65°C < TJ- <.+150°C for the LM117, -25°C < Ti <'+150°C for the LM217 and
o°c< Tj < +126°C for the LM317; V|N—VouT = 5V and IgyT = 0.1A for the TO-5 and TO-202 packages and |qyT = 0.5A for the TO-3 pack-
age and TO-220 package. Although power dissipation is internally limited, these specifications are applicable for power dissipations of 2W for the
TO-5 and TO-202 and 20W for the TO-3 and TO-220. Ipax is 1.5A for the TO-3 and TO-220 package and 0.5A for the TO-5 and TO-202 package.
Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to
heating. effects are covered under the speciﬂcatiop for thermal regulation.

Note 3: Selected devices with tightend tolerance reference voltage available.

- 1-16




Typical Performance Characteristics (k and T Packages) =
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LM117/LM217/LM317

Application Hints

.-
In operation, the LM117 develops a nominal 1.25V
reference voltage, VREF, between the output and
adjustment terminal. The reference voltage is impressed
across program resistor R1 and, since the voltage'is con-
stant, a constant current |1 then flows through the
output set resistor R2, giving an output voltage of

R2
VouT = VREF (1 + E) +1ADJR2

ik

FIGURE 1.

Since the 100uA current from the adjustment terminal

represents an error term, the LM117 was designed to
minimize Iaopy and make it very constant with line
and load changes. To do this, all quiescent operating
current is returned to the output establishing a mini-
mum load current requirement. If there is insufficient
load on the output, the output will rise.

External Capacitors

An input bypass capacitor is recommended. A 0.1qu

disc or 1uF solid taritalum on the input is suitable input
bypassing for almost all applications. The device is more

sensitive to the absence of input bypassing when adjust--

‘ment or output capacitors are used but the above values
will eliminate the possibility of problems.

The adjustment terminal can be bypassed to ground on
the LM117 to improve ripple rejection. This bypass
capacitor prevents npple from being ampllfled as the
output voltage is increased. With a 10uF bypass capa-
citor 80 dB ripple rejection is obtainable at any output
level.
the ripple rejection at frequencies above 120 Hz. If the
bypass capacitor is used, it is sometimes necessary to
include protection diodes to prevent the capacitor
from discharging through internal low current paths
and damaging the device.

\

In general, the best type of capacntors to use are solid
tantalum. Solid tantalum capacitors have low nmpedance
even at high frequencies. Depending upon capacitor
construction, it takes about 25uF in aluminum electro-
lytic to equal 1uF solid tantalum at high frequencies.
Ceramic capacitors are also good at high frequencies;
but some types have a large decrease in capacitance at
frequencies around 0.5 MHz. For this reason, 0.01uF
disc may seem to work better than a 0.1uF disc as
a bypass.

s

Increases over 10uF do not appreciably improve

-

Although the LM117 is stable with no output capa-
citors, like any feedback circuit, certain values of
external capacitance can cause excessive ringing. This
occurs with values between 500 pF and 5000 pF.
A 1uF solid tantalum (or 25uF aluminum electrolytic)

on the output swamps this effect and insures stability.

Load Regulation

The LM117 is capable of providing Extremely good load
regulation but a few precautions are needed to obtain
maximum performance. The current set resistor con-
nected between the adjustment terminal and the output
terminal (usually 240Q) should be tied directly to the
output of the regulator rather than near the load. This
eliminates line drops from appearing effectvely in series
with the reference and degrading regulation. For exam-
ple, a 15V regulator with 0.0552 resistance between the
regulator and load will have a load regulation due to
line resistance of 0.05§2 x 1. If the set resistor is con-
nected near the load the effective line resistance will be
0.05Q (1 + R2/R1) or in this case, 11.5 times worse.

Figure 2 shows the effect of resistance between the regu-
lator and 240Q%2 set resistor.

LM117

Vin Vin  Vour Vour
ADJ

|

AA
A"
P
]

Ay
O

~

FIGURE 2. Regul with Line R
in Output Lead

With the TO-3 package, it is easy to minimize the resis-
tance from the case to the set resistor, by using two
separate leads to the case. However, with the TO-5
package, care should be taken to minimize the wire
length of the output lead. The ground of R2 can be
returned near the ground of the load to provide remote
ground sensing and improve load regulation.

Protection Diodes

When external capacitors are used with any IC regulator
it is sometimes necessary to add protection diodes to

_prevent the capacitors from discharging through low

current points into the regulator. Most 10uF capacitors
have low enough internal series resistance tc deliver
20A spikes when shorted. Although the surge is short,
there is enough energy to damage parts of the IC.

. When an output capacitor is connected to a regulator

and- the input'is shorted, the output capacitor will
discharge into the output of the regulator. The discharge




Application Hints (continuedq)

current depends on the value of the capacitor, the

- output voltage of the regulator, and the rate of decrease
of VIN. In the LM117, this discharge path is through
a large junction that is able to sustain 15A surge with no
problem. This is not true of other types of positive
regulators. For output capacitors of 25uF or less, there
is no need to use diodes.

The bypass capacitor on the adjustment terminal can
discharge through a low current junction. Discharge

01
1N4002

Vin

i{z

occurs when either the input or output is shorted.
Internal to the LM117 is a 50Q2 resistor which limits the
peak discharge current. No protection is needed for
output voltages of 25V or less and 10uF ‘capacitance.
Figure 3 shows an LM117 with protection diodes
included for use with outputs greater than 25V and
high values of output capacitance.

R2
VouT =125V (1 +R—1) +R2iapy

, D1 protects against C1
D2 protects against C2

FIGURE 3. Regulator.wilh Protection Diodes

Schematic Diagram
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LM117/LM217/LM317

Typical Applications (continued)

Slow Turn-On 15V Regulator

LM117

c2

>
<
240
9

Adjustable Regulator with Improved
: Ripple Rejection

-I- 0.1uF

mt.l_ 1/;2
10,4FT Lo

tSolid tantalum

*Discharges C1 if output is shorted to ground

High Current Adjustable Regulator

3-LM195'S IN PARALLEL

R3

22905 * . 500
‘1, — W

R2
R Sk LM17 B
2
Vi —4 Vout
1N4002
jull Y o ] .
10.F1 anF

tSolid tantalum
*Minimum load current = 30 mA
iOptionaI—improves ripple rejection

5A C

Voltage/C Current Reg!

MJ4502

°- Py

0 to 30V Regulator

LM317k

o 0UTPUT

35V —g vin
+
e C1 L
1uf
I S R
<
= 1» 680

D1 D3

I 1.2v-30v
C3 L
Ft

1Nas7 LED*

R7
220

AAA.

-6V T0 -15V

Vv

R8
Sk

VOLTAGE
ADJUST

*Solid tantalum
*Lights in constant current mode

Vin
15V

High Stability 10V Regulator

7

VN Vour Vour
ADJ 10V
2R
c S %

"  gm
-1 . S 15k
= < 1%

X LM129A

R3
<
267
1%
Power Follower
10V-40v
s
I 1]
T 0.1.F
INPUT —-vw—{ LM195
R1
10k
ouTPUT
gl T}
Vin
LM117 Vour
ADJ
R2
24

1A Current Regulator

1.2V-20V Regl;ulator with
Minimum Program Current

Viy —Vin

R2
20K

LIV TS
Minimum load current & 4 mA

!
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Typical Applications (continued) : : i

*High Gain Amplifier Low Cost 3A Switching Regulator

vt ) at
Na7sz vax_‘
M
Vin . L 600
7 Vout

ADJ ,
\ Rz 18V T0 32V
: 24 ADJ

L

< ;

ZEENT/ZIZINT/ZLENT

A3 R3
= outPuT ’ © _l__<;/ s 200 N
a1 gl oowr /S OUTPUT g A
. 50.FT T~ | ADJUST 155 . AT 100
10k S—AAA
PUT —AAAN— LM195 vy
. S RS
>
S 0
: 3 1N3880
i : 300 6F

= +

Solid Tantalum *
*Core—Arnold A-254168-2 60 turns

" aa Switching Regulatt‘)r with Overload Protection Precision Current Limiter

3-LM195 IN PARALLEL

R3
| 2N2905 500 | .
—V\—4
Y [.Z . i *0.802 < R1 < 1209
SR
Rl S50 w7 R4 ‘
30 25 Tracking Preregulator
oyl VWA——{Vin Vour A~ .
- | ADJ I .
Yo < R2
4= a5 S —_— 120
| N 1004 WS o —— VY vour
= 100 pF L1 600:H* 18V 70 32v
0_| I'_‘“ G L7
b 20 ] v ”
VW Vin viv  Vout IN a0) out Vout
A7 @ I
\ c3 M7 A3
%3 TMM [+ 120
. -4
b @l c
hd 1N3880 100:t 0.14F 3 -
:: A8 e S ot
o : /2 ansust
+ +
- TSolid Tantalum -
_*Cdre Arnold A-254168-2 60 turns
Adjustable Regulator with Current Limiter Adjusting Multiple On-Card Regul; S
with Single Control*
— LM117H
-——

— vow-Lmn(;-:-u)
LM117

2 ’
>R1
P4 V| \ Vi \ t Vi \7 1
Vi iN out r—V \7 IN out \ Vv IN out Vour
N ADJ out IN ADS ouT IN ADS

'mAnsmnum, :412 ‘; :‘2‘0
RECTIFIERS S 2% < |
AND FILTER
I CAPACITOR I ._I_ —_——
S =
| S-2m- 100 R2

H—AA

1k
[_ * All outputs within +100 mV
= TMinimum load—10 mA

Short circuit current is approximately 600 mV/R3, or 120 mA
(compared to LM117H’s 1 ampere current limit)
At 50 mA output only 3/4V of drop occurs in R3.and R4
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LM117/LM217/LM317

Typical Applications (continueq)
A(F Voltage Regulator

LM317
Vin ~ Vour,
ADJ
<
>
Q10
b3
6Vpp
12vpyp 1A
) > >
< <
80 <>aun—%—
1 k? 2
‘b
>
1208
as |
Vin  Vout
M317

12v Battery Charger

Adjustable 4A Regulator

LM317 Rg*
02
Vin: vin -~ Vour
ADJ
SRl
>
S0

*Rg—sets output impedance of charger ZoyT = Rg
Use of Rg allows low charging rates with fully

charged battery.

R2
14—
R1

50 mA Constant Current Battery Charger

LM317H

Connection Diagrams

(TO-3 Steel)
Metal Can Package

ADJUSTMENT Vin

CASE IS
OUTPUT

BOTTOM VIEW

Order Number:
LM117K STEEL
LM217K STEEL
LM317K STEEL
See NS Package K0O2A

(T0-39)
Metal Can Package

10 INPUT
2 O~=— ADJUSTMENT

3 -QUTPUT

CASE IS QUTPUT
BOTTOM VIEW

Order Number:
LM117H
LM217H
LM317H

See NS Package HO3A

02
Vi~ Vour, VW 45VT025V
)
>
>
< 100 :: Sk
.
‘b
® 5k
<
3 180 o
8 VWV
200 pF 15k
>

T
=

Current Limited 6V Charger
LM317

+]1000 ppee

2N2222

<
Stk
- <
Kl 100
AA

<
>
Q0

J_"'
>

<
<
31

*Sets peak current (0.6A for 102)

**1000 uF is recommended to filter
out any input transients.

(T0-220)
Plastic Package

~=—VoyT

AD) —=| Vin

Vour

Order Number:
LM317T
See NS Package TO3B

(TO-202)
Plastic Package

O

|=— Vour

——— V|y

L Vour

FRONT VIEW

Order Number: ..
LM317MP
See NS Package PO3A
TAB Formed Devices
LM317MP TB
See NS Package PO3E
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National
Semiconductor

Voltage Regulators

LM117HVILM217HV/ILM317HV High Voltage 3-Terminal

Adjustable Regulator

General Description

The LM117HV/LM217HV/LM317HV are adjustable
3-terminal positive voltage regulators capable of supplying
in'excess of 1.5A over a 1.2V to 57V output range. They
are exceptionally easy to use and require only two
external resistors to set the outputvoltage. Further, both
line and load regulation are better than standard fixed
regulators. Also, the LM117HV is packaged in standard

transistor packages which are easily mounted and.

handled.

. In addition to higher performance than fixed regulators,
the LM117HV series offers full overload protection
available only in IC’s. Included on the chip.are current
limit, thermal overload protection and safe area protec-
tion. All overload protection circuitry remains fully
functional even if the adjustment
disconnected.

Features

Adjustable output down to 1.2V
Guaranteed 1.5A output current

Line regulation typically 0.01%/V

Load regulation typically 0.1%

Current limit constant with temperature
100% electrical burn-in C
Eliminates the need to stock many voltages
Standard 3-lead transistor package

80 dB ripple rejection

terminal  is’

Normally, no capacitors are needed unléess the device is
situated far from the input filter capacitors in which
case an input bypass is needed. An optional output
capacitor can be added to improve transient response.
The adjustment terminal can be bypassed to achieve
very' high ripple rejections ratios which are difficult
to achieve with standard 3-terminal regulators.

Besides replacing fixéd regulators, the LM117HV s
useful in a wide variety of other applications. Since the
regulator is ‘floating’ and sees only the input-to-output

" differential voltage, supplies of several hundred volts

can be regulated as long as the maximum input to
output differential is not exceeded.

Also, it makes an especially simple adjustable switching
regulator, a programmable output regulator, or by
connecting a fixed resistor between the adjustment and
output, the. LM117HV can be used as a precision current
regulator. Supplies with electronic shutdown can be
achieved by clamping the adjustment terminal to ground

- which programs the output to 1.2V where most loads

draw little current.

The LM117HVK STEEL, LM217HVK STEEL, and
LM317HVK STEEL are packaged in standard TO-3 tran-
sistor packages while the LM117HVH, LM217HVH and
LM317HVH are packaged in a solid Kovar base TO-5
transistor package. The LM117HV is rated for operation
from -55°C to +150°C, the LM217HV from -25°C to
+150°C and the LM317HV from 0°C to +125°C.

Typical Applications

1.2V-45V Adjustable Regulator

LM117HV

Vin 48V Vour't
Vin

S R1
> 240

c1* 2t

1uF

Digitally Selected Outputs

LM117HV

Vin_ v
N aos ouT

5V Logic Regulator with
Electronic Shutdown*

LM117HV -

0.1,F .
<

I 2

e

. 1'Optional—improves transient
response’

< A2
S a8

*Needed if device is far from "
filter capacitors

R2\ - .
ttvoyr =1.25v (1 +;)

INPUTS

*Sets maximum VouT -

* Min output = 1.2V 4
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LM117HVILM217HV/ILM317HV

Absolute Maximum Ratings

Power Dissipation

Input—Output Voltage Dufferennal
Operating Junction Temperature Range

Internally limited
60V

-55°C to +150°C

LM117HV
LM217HV '~25°C t0 +150°C
LM317HV 0°C to +125°C
Storage Temperature -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
Electrical Characteristics (note 1)
s . LM117HV/217HV LM317HV
PARAMETER CONDITIONS UNITS
. MIN TYP MAX MIN TYP | MAX
Line Regulation TA= 25°C, 3V < Vi — VouT < 60V 0.01 -0.02 0.01 .| 0.04 %/V
(Note 2) .
Load Regulation Ta= 25°C, 10 mA < loyT < IMAx }
VouT <5V, (Note 2) 5 15 5 25 mv
VouT > 5V, (Note 2) 0.1 0.3 0.1 0.5 %
Thermal Regulation T=10ns % /W
Adjustment Pin Current . 50 100 50 100 MA
Adjustment Pin Current Change 10 mA < I <ImAX 0.2 5 0.2 5 MA
3.0v< (VIN—VouT) < 60V
Reference Voltage 3 <(VIN~VouT) <60V, (Note 3) 1.20 | 1.25 1.30 1.20 | 1.25 1.30 v
10mA < louT < IMAX. P < Pmax
Line Regulation 3V < VIN - VouT< 60V, (Note 2) 0.02 0.05 0.02 0.07 - %IV
Load Regulation 10 mA <1gyT < Imax. (Note 2)
o VouT <5V 20 50 20 70 mv
7 VouT > 5V 0.3 1 03 | 15 %
Temperature Stability Tmin < Ti<Tmax 1 1 %
Minimum Load Current VIN-VouT = 60V 35 7 3.5 12 " mA
Current Limit VIN-VouT < 15V ’
K Package 1.5 2.2 15 2.2 A
H Package 05 | 08 05 |08 A
VIN-VouT =60V .
K Package 0.1 0.1 A
H Package 0.03 0.03 A
RMS Output Noise, % of VoUT Ta=25°C, 10 Hz < £< 10 kHz 0.003 0.003 %
Ripple Rejection Ratio VouTt =10V, f=120Hz 65 65 dB
: CaDJ = 10uF 66 | 80 66 | 80 dB
Long-Term Stability Ta=125°C 03 1 03 1 %
Thermal Resistance, Junction to Case H Package 12 15 12 15 °c/w
' K Package 23 3 2.3 3 °cw

Note 1:

Unless otherwise specified, these specifications apply -55°C < T] < +150°C for the LM117HV ~25°C < T < +150°C for the LM217HV

and 0°C < Tj < +125°C for the LM317HV; V| - VoyT = 5V and IgyT = 0.1 A for the TO-5 package and 'OUT 0.5A for the TO-3 package.
Although power dissipation is internally limited, these specifications are applicable for power dissipations of 2W for the TO-5 and 20W for the TO-
TO-3. Imax is 1.5A for the TO-3 and 0.5 A for the TO-6 package.
Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heatlng effects must be taken into account
separately. Pulse testing with low duty cycle is used.

Note 3: Selected devices with tightened tolerance reference voltage available.
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. . .
Typical Performance Characteristics (k and T Packages) =
~
Load Regulation Current Limit Adjustment Current <
02 30 - 60 . —
g . = —1"] C
= o0 = 1= 054 1] I s g
g ™ = = 1
Z
s -02 = 2 / B
2 f Z E 50
H 1L =154 \ : g -~
o 04 E s
2 8 = I
ot 5 @ 45
S -06 H = <
z E 3 E] / ~—
] Vi = 15V 3 a0
& —
£ 08 Fugyreiov < r
s P . ty-2s =
-10 . 0 35
75 -50 -25 0 25 50 75 100 125 150 0 n 75 -50 ~25 0 25 50 75 100 125 150 W
TEMPERATURE { € INPUT/QUTPUT BIFFERENTIAL (V) TEMPERATURE (C) ~
Dropout Voltage Temperature Stability ' Minimum Operating Current
ELE S 1.260 a5
- = m'
s ou a0
3 = —
= £ <
E 25 o 1250 £ 35
= N ] Y =
g ~\\,\\ 1= 158 g ) V\ ERET)
3
I ~ I =14 g N c 25
g 20 = o 1240 3
8 LN T 8 N 2 a0
5 Ry soma 2 \ = _
2 15 N i 1230 g - T
g r > g S 10 = 25
i = o« T;=25°C
5 1| =200 mA < 3 Jj~?
E] l Ii 1L =20mANN] 0% ]
S b —— 1.220 0 L
-75 -50 —25 0 25 50 75 100 125 150 ~75 -50 —25 0 25 50 75 100 125 150 0 10 20 30 a0
TEMPERATURE ( C) TEMPERATURE ( C) INPUT-OUTPUT DIFFERENTIAL (V)
Ripple Rejection Ripple Rejection Ripple Rejection
. ‘
100 — 100 100
Capy = 104F I | ll=5l)0mA_ L]
. — a0 Capy= 10 VIN=15V a0 AN .
= = Vour = 10V =
< out Z
§ \\cl uJ=|° ' ;o2 /[ T=5¢ g A\ [eaDs = 104
= Capy=0 z
g o g w 'f/ TN\LADJ g w
o g \ 2 Capy=0
w e} o
= a0 € a0 = 4
2 ViN-Vour =5V = \ o Vin = 15V
£ 1L =500 mA. & N = Voyr = 10V
W —f-120m2 = 0 20 =120 He
Tji=2s°C Ti=25¢C .
0 1 1 0 . 0 AN
6 5 10 15 20 25 30, 35 ‘10 100 Wk 10k 100k 1M 001 (3] 1 10
OUTPUT VOLTAGE (V) FREQUENCY (Hz) OUTPUT CURRENT (A)
Output Impedance Line Transient Response Load Transient Response
10— 15 3
Evin=15V I IR ] w 2 [
w_ 10 Cp = 14F; Capy = 104F 3 TR
= 22 g5 L1\ 5z Cy=0;Capy=
g 88 L=0:Ca0s=0 N - g2 } = :
g o 7 52 P—Cy = 1uF; Capy = 10F ||
= 23 -05 | Vour=10v Ed \ ViN=15v_ |
107} 33 LY 2° -2 \J Vour = 10V
S S - -t ~ 3 Iy =50 mA
= < b
5 -15 < r Tj=25°C
g i L - = 15
510 w> 10 ‘ w [ .
o - < 10
Sxuw < / \
a - 05 2
223 g 08 \
10-3 - : EE 2 -
100 1000 1k 10k 100k 1M . ] 0 2 30 4 S 0 w20 3 4
FREQUENCY (Hz) _ TIME (us) TIME (us)
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LM117HVILM217HVILM317HV

Application Hints

In 6peration, the LM117HV develops a nominal' 1.25V
reference voltage, VREF., between the output and
adjustment terminal. The reference voltage is impressed

across program resistor R1 and, since the voltage is con-.

stant, a constant current 11 then flows through the
output- set resistor R2, giving an output voltage of

: R2
VouT = VREF (1 + E?)+ IADJR2

LM17HV

VREF :: R

[
ADJ
4
R2

il
i

FIGURE 1. .

Since the 100uA current from the adjustment terminal
represents an error term, the LM117HV was designed to
minimize IApJ and make it very constant. with line
and load changes. To do this, all quiescent operating
current is returned to the output establishing a mini-
mum load current requirement. If there is insufficient
load on the output, the output will rise.

External Capacitors

An input bypass capacltor is recommended A 0.1uF
disc or 1uF solid tantalum on the input is suitable input

Although the LM117HV is stable with no output capa-
citors, like any feedback circuit, certain values of
external capacitance can causé excessive ringing. This
occurs with values between 500 pF and 5000 pF.
A 1uF solid tantalum (or 25uF aluminum electrolytic)
on the output swamps this effect and insures stability.

‘Load Regulatlon

The " LM117HV is capable of provpdmg extremely good
load - regulatuon but a few precautlons are needed to

" obtain maximum performance. The current set resistor

bypassing for almost all applications. The device is more -

sensitive to the absence of input bypassing when adjust-
ment or output capacitors are used but the above values
will eliminate the possibility of problems.

The adjustment terminal can be bypassed to ground on

.the LM117HV to improve ripple rejection. This bypass

capacitor prevents ripple from being amplified as the
output voltage is increased. With a 10uF bypass capa-
citor 80 dB ripple rejection is obtainable at any output
level. Increases over 10uF do not appreciably improve
the ripple rejection at frequencies above 120 Hz. If the
bypass capacitor is used, it is sometimes necessary to
include protection diodes to prevent the capacitor
from discharging through internal low current paths
and damaging the device.

In general, the best type of capacitors to use are solid

connected between the adjustment terminal and the out-
putterminal (usually 24082) should be tied directly to the
output of the regulator rather than near the load. This
eliminates line drops from appearing effectvely in series
with the reference and degrading regulation. For exam-
ple, a 15V regulator with 0.052 resistance between the
regulator and load will have a load regulation due to
line resistance of 0.058 x I|. If the set resistor is con-
nected near the load the effective line resistance will be
0.05Q2 (1 + R2/R1) or in this case, 11.5 times worse.

Figure 2 shows the effect of resistance between the regu-
lator and 2402 set resistor.

LM117HV

FIGURE 2. Regul: with Line R
' in Output Lead

With the TO-3 package, it is easy to minimize the resis-
tance from the case to the set resistor, by using two
separate leads to the case. However, with the TO-5
package,” care should be taken to minimize the wire
length of the output lead. The ground of R2 can be
returned near the ground of the load to provide remote
ground sensing and improve load regulation.

i’rotection Diodes

" When e‘xterr;:aj capacitors are used with any IC regulator

tantalum. Solid tantalum capacitors have low impedance

even at high frequencies. Depending upon capacitor
construction, it takes about 25uF in aluminum electro-
lytic to equal 1uF solid tantalum at high frequencies.
Ceramic capacitors are also good at high frequencies;

but some types have a large decrease in capacitance at )

frequencies around 0.5 MHz. For this reason, 0.01uF
disc may seem to work better than a 0.1uF disc as
a bypass .

. it is sometimes necessary to add protection diodes to
" prevent the capacitors from discharging through low

current points into the regulator. Most 10uF capacitors
have low enough internal series resistance tc deliver
20A spikes when shorted. ‘Although the surge is short,
there is enough energy to damage parts of the IC.

' When an output capacntor is connected to a regulator

‘and " the input is shorted, the output capacitor will

discharge into the output of the.regulator. The discharge
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Application Hints (continueq)

current depends on the value of the capacitor, the
output voltage of the regulator, and the rate of decrease
of VIN. In the LM117HYV, this discharge path is through
a large junction that is able to sustain 15A surge with no
problem. This is not true of other types of positive
regulators. For output capacitors of 25uF or less, there
is no need to use diodes.

The bypass capacitor on the adjustment terminal can
discharge through a low current junction. Discharge

D1
1N4002

LMUITHV

Vin

occurs when either the input or output is shorted.
Internal to the LM117HV is a 50<2 resistor which limits the
peak discharge current. No protection is needed for
output voltages of 25V or less and 10uF capacitance.
Figure 3 shows an LM117HV with protection diodes
included for use with outputs greater than 25V and
high values of output capacitance.

II_A\A

/-L\nm - ‘H2
1 Vout = 1.25V (‘I +——) +R2iapy
= R1

D1 protects against C1
D2 protects against C2

FIGURE 3. Regulator with Protection Diodes

Schematic Diagram

t .

R1 R2
3w

R3 R4
190 82

10

VIN

>
RUS
- 1609
] b
S R4
>
0F S 1% A
9 R2S
L S
¢ (2>
Vour

ADJ

i AHZIEWTAHLZICINTAHZEENT
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LM117HVILM217HVILM317HV

Typical Applications (continued)

- Slow Turn-On 15V Regulator

Adjustable Regulator with Improved
Ripple Rejection

o1*
S 1N4002
E +

3
1uFt

*Discharges C1 if output.is shorted to ground

LMn7HY *CTHy
Vout
15V
1Na002
3 +
c1 <
< R2 R2
>
:, 27x 2N2905 T o 10uF T }. 5K
AT 25F &
1Solid tantalum
High Current Adjustable Regulator
3-LM195'S IN PARALLEL
. | R3 : : "
2N2905 500
R2
R1 sk LM117HV
. 22 .
Vin VWA — Vour
1N4002
+ +
R S« e
T 104F 3. 41.F
< .

TSolid tantalum
*Minimum load current = 30 mA

iOptionaI—improves ripple rejection

5A Cunstant Voltage/Constant Current Regulator

0 to 30V Regulator

LMI1THY

MIa502 _
l R3
< <
100 C: CUAHI)“JEI“S'I/Y:Z ': 02
A [ %0k € 5W
LM3TTHY -
: ' o OUTPUT
12v-30v
[
10uFT

01 03
457 LED*

11 b

€5 REQ b

BeF BKS A7 ;

20
AAA
VWA :
R8 +
. -6V T0-15V . 5k J— c6

. . . . VOLTAGE <
ADJUST
-

tSolid tantalum
- *Lights in constant current mode

1V

High Stability 10V Regulator

LMI17HV
Jour|- iy
ADJ .
Il I O
1: 2k
In.m 5% ‘: R2
- .S 15
= 9%
"4 LM1298
QR3
S 267
1%
Power Follower
10v-40v
—E ]
I 0.14F
INPUT =—=AAA— LM195
R1
10k
&—ouTPUT
-0.6A
Vin
LMITHV Vout
ADJ
R2
24

1A Current Regulator

LM317HV

1.2V—-20V Regulator with
Minimum Program Current

LM117HV

L YT
Minimum load current = 4 mA
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Typical Applications (continueq)

—h
b
High Gain Amplifier ' Low Cost 3A Switching Regulator I
v m s
] 2N3792 r-
' Vin L1 600uH®
LMI1THV R2 g
ADJ . 025 .
R2 8V-35V AN~ 1.8V T0 32V ﬁ
24 . ADJ l | ~
9
R4 R3 I
q—outhur E [¥] _E:;/ sk 240 ﬂ <
‘o . at 0.014F oS qu:ur R6 o E:n ot —_—
I ADJUST
10k ) 504F1 .Jf} u r
INPUT —AAA— LM195 M g
SRS
>
S y @ [J%]
3 1N3880 et ¢
i 300 pF i
= L o I
- Solid Tantalum
*Core—Arnold A-254168-2 60 turns :
/
4A Switching Regulator with Overload Protection . Precision Current Limiter 5
3-LM195 IN PARALLEL LM317HY
i m ' o 0
- N ouT= 77 °
\.,.f E R R1
. R3 .
| 2N2905 e
v ' *0.80 < R1 < 1200
R2
500 LM117HV R4
v 25 Tracking Preregulator
N AAA~ . )
8-35V -
Lo
- s S : —_—
me' 15k:: © Y Y YN Vout
L i R 100 pF TV 600H 18V T0 32V
HH -
240
o AAA
VWA~
S l .
21 7 [}
2 T F2 I ¥
—— 4
D1
hd 1N3880 100:F*
Sne . ) “:/:/:urpur
S R K/ ApsusT
TSolid Tantalum - )
*Core Arnold A-254168-2 60 turns . '
High Voltage Regulator . Adjusti iple On-Card Regul:
‘ with Single Control*
01
__k.“"_. LM17HY
LM117HV v Vin~ Vout v v Vin© Vourf—voyrt  Vin Vour'
Vin IN Dy r— ouT N Dy out ADS
Vin o Vour o— Vour > R1
100V <
YT ) Q120 |
<
(PR'I R J
>600 * —— e —————
—te g1 "'cz
0.1uF : A ‘?’nz
>
<SR2 1k L
< sk jL ‘ * Al outputs within £100 mV
= tMinimum load—10 mA
L
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LM117HVILM217HVILM317HV

Typical Applications (continued)

AC Voltage Regulator
LM317HV
Vin Vour
ADJ
<
>
<120
6Vpp
12Vpp 1A

>
<
m‘:
<

o7
Vin - Vour

M7

12V Battery Charger

LM317HV Rg*

*Rg—sets output impedance of charger ZoyT = Rs

Use of Rg allows low charging rates with fully
charged battery.

50 mA Constant Current Battery Charger

LM317HV

u
Vin

Connection Diagrams

(TO-3 Steel)
Metal Can Package

ADJUSTMENT Vin

CASE IS
ouTPUT

BOTTOM VIEW

Order Number LM117HVK STEEL,
LM217HVK STEEL, or
LM317HVK STEEL
See Package KO2A

(

R2
+—

5

Adjustable 4A Regulator

02
VIN g LM317HV
02
LM317HV
LM317HV
02’
Vin  Vour M 45VT0 25V
ADJ
5
P >
150 sk
AAA <
WV
15k
>

Current Limited 6V Charger
LM317HV

Vin
8V T0 60V

A
\"an o

[1000 uF**
22222

100

*Sets peak current (0.6A for 12)

**1000 uF is recommended to filter
out any input transients.

(TO-39)
Metal Can Package

10 INPUT
2 O ADJUSTMENT
3 — outPuT

CASE 1S OUTPUT
BOTTOM VIEW

Order Number LM117HVH,
LM217HVH, or LM317HVH
See Package HO3A




National
Semiconductor

Voltage Regulators

LM120 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. These devices
need only one external component—a compensation
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
assure satisfactory system operation. Where other voltages
are required, the LM137 Series provides an output
voltage range of ~1.2V to —47V.

Exceptional effort has been made to make the LM120
Series immune to overload conditions. The regulators
have current limiting which is independent of tempera-
ture, combined with thermal overload protection. Inter-
nal current limiting protects against momentary faults
while thermal shutdown prevents junction temperatures
from exceeding safe limits during prolonged overloads.

Although primarily intended for fixed output voltage
applications, the LM120 Series may be programmed for
higher output voltages with a simple resistive divider.
The low quiescent drain current of the devices allows
this technique to be used with good regulation.

Features

Preset output voltage error less than £3%
Preset current limit
Internal thermal shutdown

Operates with input-output voltage differential down
to 1V

m Excellent ripple rejection
® | ow temperature drift i
® Easily adjustable to higher output voltage

LM120 Series Packages and Power Capability

RATED DESIGN
DEVICE | PACKAGE POWER LOAD
DISSIPATION | CURRENT
LM120 TO-3 20W 15A
LM320. TOS5 2w 0.5A
LM320T T0-220 15w 1.5A
LM320M | T0-202 7.5W 0.5A
LM320ML*| TO-202 7.5W 0.25A
LM320L" | TO.92 T.2W 0.1A

*Electrical specifications shown on separate data sheet

Typical Applications

Pr ing Positive Regul. Latch-Up
+Vour
IN out
+Vin LM380° ® Od=—~1 .
/m I
3 g1 I
+—>i 4 02 |
— . IN4001 I
— 25| 1
I B r
SR |
Su
< L
com 1 |
R* S s = |
0 g0 Q foma o 03 |
\ T Z INago1 |
uT
LT T & * o¢—-14
) =Vour

R1 & D1 allow the pasitive regulator to “start-up” when *V,y 1s delayed
relative 10 "V, and a hieavy load 1s drawn between the outputs. Without
R1& D1, most three-terminal regulators will not start with heavy (0.1A=1A)
load current flowing to the negatwve regulator, even though the posttive
output s clamped by D2

*R215 optional. Ground pin current from the positive regulator flowing
through RT will increase +Voyur = 60 mV 1f RZ 15 omitted.

COMMON

-
: LOAD
1 CURRENT

Fixed Regulator

_[—-.Eq;-_-_l cat

= — 22uF — 1uF
INPUT tM120 ouTPUT

TRequired for stability. For value  For output capacitance in excess
given, capacitor mustbesohd  of 1004F, a high current diode from
tantalum. 25,F alummum elec-  input to output (1N4001, etc) will
trolytic may substituted. Values  protect the regulator from momentary
given may be increased without  input shorts.
fimit.

*Required if regulator 1s
separated from filter capa-
citor by more than 3", For
value given, capacitor must
be solid tantalum. 254F
aluminum electrolytic may
be substituted.

Dual Trimmed Supply

+INPUT LM34050 0 +5.0V
e S 01
o2zF hhd 4001
$ -
| > 33
b3
O
A
<
> WF
+ P . p
22.F 470 1 .3 D2
i MA— 35 14001
— iNPUT -50v

LM3205.0 e o
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LM

120 Series

—5 VOLT REGULATORS (note 3)

Absolute Maximum Ratings

Power Dissipation

Internally Limited

Input Voltage 25V
Input-Output Voltage leferent:al 25V
Junction Temperatures See Note 1
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
. o _gs
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 : . : :
- (T0-3) (To3) - (T0-5) (T05) (70-220) (T0-202) UNITS
DESIGN OUTPUT CURRENT (Ip) 1.5A 15A° 0.5A 0.5A 1.5A 0.5A .
DEVICE DISSIPATION (Pp) 20W 20W w 2w 15W 7.5W
PARAMETER CONDITIONS (NOTE1) | MIN __TYP  MAX | MIN _TYP MAX | MIN TYP MAX | MIN TYP MAX | MIN TYP MAX| MIN TYP MAX
Output Voltage Ty=25°C, ViN = 10V, 51 -5 49 |62 5 - -48 |51 -50 -49 |52 -60 48 |-52 -50 48 | 52 -50 48 v
1ILOAD =5 mA s
Line Regulation Ty=25°C, ILOAD =5 mA, 10 25 10 40 10 25 10 40 10 40 0. 40 mv
VMIN SVIN < VMAX .
Input Voltage ’ ~25 -7 -25 -7 -25 -7 ~25 -7 ~25 -7.5 | -25 L] v
Ripple Rejection f=120Hz = -] 54 64 54 64 54 64 54 64 | 84 .4 54 64 dB
Load Regulation, (Note 2) =25°C, V|N = 10V, 50 75 50 100 30 50 7 30 50 50 100 40 100 ‘mV
| smA<iLoaD<ID ‘ ' .
Output Voltage, (Note 1) | -7.6V < VN < VMAX. -5.20 -4.80 | -5.25 -4.75 | -5.20 -4.80 | -5.25 -4.75 |. -5.25 -4.75| -5.25 -50 —4.75 v
) 5mA<IL0AD < ID.P<PD
Quiescent Current VMIN < ViN < VMAX 1 2 1 2 1 2 1 2 1 2 1 2 mA
Quiescent Current Change | Ty = 25°C i ' .
VMIN < VIN < VMAX 0.1 0.4 0.1 04 © 005 04 005 04 0.1 04- 005 03 mA
smA< I 0ap < ID 0.1 0.4 0.1 0.4 004 04 004 04 0.1 0.4 004 025 mA
Output Noise Voltage TA=25°C,CL = 1uF, I =5mA, 150 150 150 150 150 150 uv
VN = 10V, 10 Hz < f < 100 kHz
Long Term Stability 5 50 5. 50 5 50 5 50 10 10" mv
Thermal Resistance '
Junction to Case 3 3 15 15 4 12 °cwW
Junction to Ambient 35 35 150 150 50 N 70 ‘cw

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

i at

Note 2: Regulation is

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 regulétors, see LM145 data sheet.




. . .
—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
Electrical Characteristics
METAL CAN PACKAGE POWER PLASTIC PACKAGE
. LM120K-12 LM320K-12 LM120H-12 LM320H-12 LM320T-12 LM320MP-12
ORDER NUMBERS .
(TO-3) (TO-3) (TO-5) (TO-5) (T0-220) (T0-202) UNITS
- DESIGN QUTPUT CURRENT (ip) 1A 1A 0.2A 0.2A 1A 0.5A
DEVICE DISSIPATION (Pp) 20W : 20W 2w 2w 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, -12.3 -12 =117 [-124 -12 -11.6 |-12.3 -12 -11.7 |-124 12 -116 (-124 -12 -11.6 | -125 -12 -11.5 \
ILOAD =5 mA '
Line Regulation Ty=25°C, 1LpAD = 5 mA, 4 10 4 20 - 4 10 4 20 4 20 4 .2 mvV
VMIN S VIN € VMAX o
Input Voltage . -32 -14 -32 =14 -32 -14 -32 -14 —32 -14.5 | -32 -145 A
Ripple Rejection f=120 Hz 56 80 56 80. 56 80 56 80 56 80 56 80 dB
Load Regulation, (Note 2) | Tj=25°C, VN = 17V, 30 80 30 80 10 25 10 40 30 80 40 100 mV
5mA<IL0AD S ID
Output Voltage, (Note 1) [ 14.5V < V iy < VMAX. -125 " o115 |-126 -114 |-125 -115 |-126 ~-114 |-12.6 -11.4 | -126 -11.4 Y
5mA <1 0AD<!D.P<PD
Quiescent Current VMIN < 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 0.4 005 04 0.1 0.4 005 03 mA
5mA<ILoaD< D 0.1 0.4 0.1 04 0.03 0.4 0.03 0.4 0.1 0.4 0.04 0.256 mA
Output Noise Voltage Ta=25°C,CL=1uF, IL=5mA, 400 400 400 400 400 400 ,I-lV
4 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. -

saues 0ZHNT
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LM120 Series

—15 VOLT REGULATORS . ‘ , Absolute Maxnmum Ratmgs ,

- N o : . Power Dissipation : Internally Limited

Input Voltage ,
: "~ LM120/LM320 o —40V
- . LM320T/LM320MP -35V
Input-Output Voltage Differential . 30V
N . 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 . B POWER PLASTIC PACKAGE

) LM120K-15 LM320K-15 ' LM120H-15 LM320H-15 LM320T-15 LM320MP-15
* ORDER NUMBERS . .
- . (T0-3) (TO-3) 1 (TO-5) (TO5) (T0-220) (T0-202) UNITS
DESIGN OUTPUT CURRENT (Ip) . 1A 1A T 0.2A 0.2A 1A 0.5A
| DEVICE DISSIPATION (Pp) 20w 20W | 2w 2w 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, VN = 20V, - -163 -15 -14.7 f‘!5.4 -15 -146 |-153 -15 -14.7 {—-154 -15 ~146 | -1565 -15 -145 -156 —15 -14.4 v
~ | 'oap=5mA |
Line Regulation : Ty= 25°C,_ILOAD =5mA, ) .5 0 5 20 5 10 5 20 5 20 5 30 mV
VMIN <VIN <VmAX ) .
Input Voltage -35 -17 -35 . -17 -35 . =17 ~35. R -35 -17.5 | =35 N -17.5 \
Ripple Rejection - f=120Hz . P 56 80 56 80 - | 56 80 - . | s6 80 ~ | 56, 80 . .56 80 ) “dB
Load Regulation, (Note 2) | Tj=25°C, Vyy = 20V, 30 80 30 80 10 25 10 40 - 30 80 40 100 mV
- 5mA<Ilioap<Ip . . L . : - : .
Output Voltage, (Note 1) | 17.5V < VN < VmAX. -15.5 -14.5 |-15.6 -14.4 |-155 ’ -145 [-166 -~ ~14.4 -15,7. -14.3 | -15.7 -14.3 v
5mA<IiL0ap<Ip.P<Pp . B T . . . L
Quiescent Current VMIN < VIN < VMAX 2 4 o2 4 i 2 - .4 2 4 2 4- . 2 4 . mA
Quiescent Current Change| Ty =25°C ’
- ) ' - vmin < VIN € Vvax : 0.1 0.4 0.1 0.4 005 04 005 04 | 0.1 0.4 005 03 mA
s5mA<ILoaD<Ip 0.1 0.4 0.1 0.4 ' 003 04 003 04 0.1 0.4 004 0.25 mA
Output Noise Voltage Ta=25°C, CL = 1uF, I =5mA, 400 400 400 400 400 400 uv
‘ VIN = 20V, 10 Hz < f < 100 kHz
Long Term Stability 15- 150 15 150 15 150 .. 15 150 . 30 - 30 mV
Thermal Resistance . . A -,
Junction to Case 3 : 3 15 B 15 4 12 - °cw
Junction to Ambient ) 35 . 35 150 - 150 50 70 e

Note 1: This specification applies over -55°C < Tj < +1 50°C for the LM120, and 0°C < Ty < +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.




Typical Performance Characteristics

POWER DISSIPATION (W)

Output Voltagevs . ..
Temperature

101
S 1.005
1.00
0995
0.990

T Vour= -12V AND

g

.005

3
3

Voyr = -5V

[
e
@z
&

OUTPUT VOLTAGE (NDRMALIZED)

" 0990

-60 ~25 0 25 50 75 100 125 150

JUNCTION TEMPERATURE (°C)

Note: Shaded portion refers
to LM320 series regulators.

Output Impedance TO-5
and TO-202 Packages

'
1 o= 100mA = Cour= &
Vin-Vour = 5V — ALUMINUM
g
g
H F=— Cour=10F =5
2 F—— soLID TANTALUM I
H T I 7
5 4
E =
e Cour = 104F SOLID ]
TANTALUM ]
102
00tk Ok tk 10k 100k 1M
FREQUENCY (H2)

Quiescent Current vs
Input Voltage

13

T
LM120-5
I b
[

\-H

12—

115 T,-ZS’E_{;

1.05
1.0

QUIESCENT CURRENT (mA)

T,=150°C
035

09 7 J— |

§ 10 15 20 25 30 35 40
INPUT VOLTAGE (V)

Maximum Average Power
Dissipation (TO-5)

Tt N

Ripple Rejection

Cutput Impedance TO-3

(All Types) and TO-220 Packages
10!
lguT=100mA = —]
_ _ Vin-Vour =5V= Four =t —
g g Tj=25C T TANTALUM |
= & 10
2 H
5 a
g 2 Cour = 254F
2 g AL UmUm
& .2
=
w -
z g 10-1
£ 5
= ° f T T T
1 | I
U I
100 w10k 100k ™M
FREQUENCY (Hz) FREQUENCY (Hz)
Minimum Input-Output Minimum Input-Output
Differential TO-3 and Differential TO-5 and
TO-220 Packages TO-202 Packages
25 24
23 ~ 22
21 / 2 2 y,
8
19 < 18 =
s / 5 /
- 17 e 15
5 V7 = Tj=25°C
S 18 7 5 14 |
! £ T,=55°C —~1
Z 13 7= 5 12T =t
= n -,w ¢c— .g- 10 == Tj= .
' 09 = > i g — t
) Tj= 150°C [ £ 0 [ 0
07 et 06
1
a5 I L Hl L 04 . | [
0 025 05 075 10 125 15 0 01 02 03 04 05
OQUTPUT CURRENT (A) OUTPUT CURRENT (A)
Quiescent Current vs . Maximum Average Power
Load Current Dissipation (TO-3)
2
Y I 703,2°CAWV
13 LaH205 T,=-56°C .18 AT SINK* —
. L1 ° W \MAKEHELD&MA)_
H g N 03 5
E L 15 N 70.3,5°CW
E 12 .3 HEAT SINK*
z T,=25C 1 E n ( ]
g = N\ 680-1.254)
2 " 5 "N 2
2 1 g2 N NN
= = AN
=1 4 7 |To3M e
FIRY g | MeATSINK N
El T,=150°C N
3
u | . 03, NO SINK— |
0 025 05 075 10 125 15 0 25 50 75 100 125 150
OUTPUT CURRENT (A) AMBIENT TEMPERATURE (°C)

Note: Shaded area shows operating
range of TO-56 and TO-202 packages.

*These curves for LM120 and LM220.
Derate 25°C further for LM320.

Maximum Average Power
Dissipation (T0-202)

Maximum Average Power
Dissipation (T0-220) :

Short Circuit Current

2 3
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¢ INFINITE " =z
g 8 HEAT SINK — R = = Tj=-55°C
| = z ——Ti= 25°C
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1 /} 1 | 20°C/W HEAT SINK fy - HEATSINK @ Tj= 150°C; .
NO HEAT SINK o ol . [ 70220, NO SINK . ) T0-5& 70202
%5 50 75 100 125 150 0 0 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 (°C)

Vig-VoutVv) ~

1-35

Uas OCHNT

solud




LM120 Series

Typical Applications (Continued)

High Stability 1 Amp Regulator

< 1L
> pat S aavr
M gm

3 2

Load and line regulation <0.01% temperature stability < 0.2%
t0etermines Zener current.
11Solid tantalum,

An LM120-12 or LM120-15 may be used to permit higher input voltages, but th
regulated output voltage must be at least —15V when using the LM120-12 and ~1lv
for the LM1205.

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

Current Source

T T
I [ :
1
1 ouvl | | = 01 )
22uF — | N |
L 3
S are
INPUT el “lour =1mA ¥, ﬂ’ .

ouTPUT

’ . Vour (*)
| , {m
oF ]
P 3 >
+ :: R2**
[} 1 . L)
LMI0SA ——10F
) 2

\ hoe Vour (=)

INPUT

Wide Range Tracking Regulator

Vour
Nago1
COMMON
-t 04
p— 1N4001
| 1
x| ov
Vw (5, 12V, 15V) our
*Resistor tolerance of 1 and R determine matching
of (+) and (-) inputs.
vaullvﬂmumwmmmmﬂm
3" from regulators
An LM3086N array may substitute for 01, D1 and D2 for
better stability and tracking. In the array diode, transistors
5 and Q4 (in paraflel) make up D2; simitarly, @1 and 02
become D1 and 03 replaces the 2N2222.
Variable Output
_L “*Optional. Improves
- transient response and
Tipple rejection.
A1+R2
Vour = Veer ~—
WF
" SELECT R2 AS FOLLOWS
M2 - 300
M12012 - 7500
IMI12045 - 1K

SUTPUT

Light Controllers Using Silicon Photo Cells

1.154
MAX TURN-ON
CURRENT

*Lamp brightmess increases untl 1, = SV/RY ( can be set as fow a5 TuA).
Necessary only if raw supply filter capacitor is more than 2" from LM3Z20MP.

é [
é ( = ’ 1758
MAX TURN-ON

CURRENT

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

1-36




Typical Applications (continued)

+15V, 1 Amp Tracking Regulators

iy O—¢- O Vour (4 15V
| .
|
|
|
|
coer Lt o1
2uF =y 1N4001
|
- |
&
L - -O COMMON
| ms ot
+ 50 26uF
i AR 1 "T1 %=
AP QUTPUT TRIM 4001
| GNO 9§ T0-150v
I p
~Viy B sy JUT =0 Vour (-} 15V
Performance (Typical)
Load Regulation at Al = 1A 10 mv 1imv
Output Ripple, Coy = 30004F, 1, = 1A 100uVrms  100:Vems
Temperature Stability +50my  +50mV /
Output Noisa 10 Hz < < 10 kHz 150uVems  150uVems

“Resstor 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

Metal Can Package (T0O-39) (H)

ouTPUT
* ‘/< INPUT
ND ./' (CASE)

BOTTOM VIEW

Order Numbers:

LM120H-5.0
LM320H-5.0
LM120H-12
LM320H-12
LM120H-15
LM320H-15

See NS Package HO3A

Power Package TO-202 (P)

INPUT

[————3 werut
[C—————— o

O

FRONT VIEW

Order Numbers:

LM320MP-5.0

LM320MP-12

LM320MP-15
See NS Package PO3A

For Tab Formed TO-202
Order Numbers:
LM320MP-5.0 TB
LM320MP-12 TB
LM320MP-15 TB
See NS Package PO3E

v

Aluminum Metal Can
Steel Metal Can Package TO-3 (K) Package TO-3 (KC)

INPUT

C——————joutPuT -

(casE) ouTPUT /—\
, o o
GND
BOTTOM VIEW BOTTOM VIEW
Order Numbers: Order Numbers:
LM120K-5.0 LM320KC-5.0
LM220K-5.0 LM320KC-12
LM320K-5.0 LM320KC-15
LM120K-12 . See NS Package KC02A
LM220K-12
LM320K-12
LM120K-15
LM320K-15
See NS Package KO2A
Power Package TO-220 (T)
INPUT
o
O ——
| ——Y 1]
TOP VIEW
N Order Numbers:
LM320T-5.0
LM320T-12
LM320T-15
See NS Package T03B

INPUT

(CASE)

S 0ZHNT
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LM120 Series

Schematic Diagrams

‘ r——{lﬂ ! © SR® S R19
. Sk S 5k
L D1 k
A - )

Vour
[

Q16

< R10
S3k

O—AAA

e

N 9 | S
[ 10 pF S

20 pF

4
S0k Q18 215 020
R8 R9 R13
20k 20k 5k
Vo L .
.
—12V and —15V

‘ ffll‘—-A

SR8 SR19
Sak ' ;» 5k

uL
J/uw’ . '
an ‘ ) 4 IE R17
- 017 $
N v

N

20 pF
Ra
Sak 013 A4 a4 — Q14

20k 20k
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National
Semiconductor

Voltage Regulators

LM123/LM223/LM323 3 Amp, 5 Volt Positive Regulator

General Description

The LM123 is a three-terminal positive regulator
with a preset 5V output and a load driving capa-
bility of 3 amps. New circuit design and processing
techniques are used to provide the high output
current without sacrificing the regulation charac-
teristics of lower current devices.

The 3 amp regulator is virtually blowout proof.
Current -limiting, power limiting, and thermal
shutdown provide the same high level of reliability
obtained with these techniques in the LM109
1 amp regulator.

No external components are required for operation
of the LM123. If the device is more than 4 inches
from the filter capacitor, however, a 1uF solid
tantalum capacitor should be used on the input.
A 0.1uF or larger capacitor may be used on the
output to reduce load transient spikes created by
fast switching digital logic, or to swamp out stray
load capacitance.

An overall worst case specification for the combined
effects of input voltage, load currents, ambient

temperature, and power dissipation ensure that
the LM123 will perform satisfactorily as a system
element.

For applications requiring other voltages see
LM150 series data sheet.

Operation is guaranteed over the junction tempera-
ture range —-55°C to +150°C. An electncally
identical LM223 operates from -25°C to +150 C
and the LM323 is specified from 0°C to +125°C
junction temperature. A hermetic TO-3 package is
used for high reliability and low thermal resistance.

Features
® 3 amp output current
® Internal current and thermal limiting

0.0182 typical output impedance
7.5 minimum input voltage
30W power dissipation

100% electrical burn-in

Schematic Diagram

weut

o—

02

‘“ :J Q0

s S A17 oz
S0k

1 .
a1g
1x
[

e AN~
RIS
502 R20
0q

0
ouTPUT

>
At o au

»)
L@

R
<
wQ

Connection Diagram

Metal Can Package

outrur \
2

®] o

1
NPyt /

BOTTOM VIEW

Order Number LM123K STEEL,
LM223K STEEL or LM323K STEEL
See NS Package KO2A

GND
(CASE)

Typical Applications

Basic 3 Amp Regulator

1
+Vin [ULFA] 2 Vour 5V
C,

T E S
0 II'I —'— T - 0.uF
TANTALUM v

l——o———i

*Required if LM123 is more than 4" from filter capacitor.
Regulator is stable with no load capacitor into resistive
loads.

ECEINT/ECCINTI/ECHINTT
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LM123/LM223/LM323

Absolute Maximum Ratings

Input Voltage
Power Dissipation.
Operating Junction Temp
LM123
LM223
LM323
Storage Temperature Ran
:Lead Temperature (Solde

Preconditioning

Burn-In in Thermal Limit

Electrical Characteristics ot 1)

erature Range

ge
ring, 10 sec)

20V

Internally Limited "
—-55°C to +150°C

~25°C to +150°C
0°C to +125°C
—65°C to +150°C
" 300°C

100% All Devices

LM123/LM223 LM323
PARAMETER CONDITIONS - - UNITS
MIN TYP MAX MIN TYP MAX
T; =25°C . . ; .
Output Voltage Vin = 7.6V, lour = 0 4.7 5 53 48 5 . 5.2 Y
75V SV S 15V . .
Output Voltage 0 S lout <3a.p< 30W 46 5,4 4.75 5.25 A
. ) ] T, =25°C : v ~
Line Regulation (Note 3) 75V <V S 15V 5 25 5 25 ‘ mvV
Load Regulation (Note 3) T, = 25°C, Vin = 7.5V, 25 |- 100 25 100 mv
0< 1oyt S3A° .
. . 7.5V.S v S 15V, . ' .
Quiescent Current 0< Iour <3A 12 20 . 12 ] 4‘20 mA
: T; =25°C '
Qutput Noise Voltage. - 10 Hz < £< 100 kHz 40 40 uVrms
. T =25°C
Short Circuit Current Limit Vin =15V 3 45 3 4.5 A
Vi = 7.5V 4 5 - 4 5 A
Long Term Stability 35 35 mV
Thermal Resistance Junction 2 2. ‘cw
to Case (Note 2)

Note 1: Unless otherwnse noted, specifications apply for —55°C < Tj < +150°C for the LM123, —25 c< T< < +150°C for the
LM223 and 0°C < Tl < +125°C for the LM323. Although power dlsslpatlon is internally limited, specifications apply only

for P < 30W.

Note 2: Without a heat sink, the thermal resistance of the TO-3 package is about 35°C/W. With a heat sink, the effective
thermal resistance can only approach the specified values of 2°C/W, depending on the efficiency of the heat sink.
Note 3: Load and line regulatlon are specified at constant junction tempera\ure Pulse testing is requtred with a pulse

width < 1 msand a duty cycl

e < 5%.

Typical Applications (continued)

Adjustable Output 5V — 10V 0.1% Regulation

+Vin O

*SELECT TO SET OUTPUT VOLTAGE
“*SELECT TO DRAW 256 mA FROM V™

V-
UNREGULATED

J? Vour (5V)
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Typical Performance Characteristics

QUTPUT CURRENT (A)

INPUT-QUTPUT DIFFERENTIAL (V)

QUIESCENT CURRENT (mA)

POWER DISSIPATION (WATTS)

40

30

20

25 50 75

Maximum Average Power
Dissipation For LM123;
LmM223 .

INFINITE
HEA

SINK

N

N
N

680 5
8601

\
—

HEAT SINKS

///A/

SWAKEFIEL

100 1
Ta— AMBIENT TEMPERATURE ( C)

N
&

Peak Available butput Current

[

T A
|_T,=25°C

—tT,=-557C

=

T
T, = 150°C

5 10 15 20

INPUT VOLTAGE (V)

Dropout Voltage

b g e
T~ —
—
T —~——
N~

AR

u

0 -
-75 -50 -25 0 25 50 75 100 125 150

JUNCTION TEMPERATURE (°C)

Quiescent Current

0 4 8 12 16 20
INPUT VOLTAGE (V)

INPUT VOLTAGE CHANGE (V)
(OUTPUT VOLTAGE DEVIATION (mV)

OUTPUT VOLTAGE
DEVIATION (V)

" POWER DISSIPATION (WATTS)

OUTPUT CURRENT AT ZEROD VOLTS (A)

OUTPUT LOAD (A)
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LM123/LM223/LM323

Typical Applications (continued)
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National |
Semiconductor

Voltage Regulators

LM125/LM325/LM325A, LM126/LM326 Voltage Regulators

General Description

Features

These are dual polarity tracking regulators design-
ed to provide balanced positive and negative out-
"put voltages at current up to 100 mA, the devices
are set for #15 V, £12 V and +5, -12 V outputs
respectively. Input voltages up to £30V can be used
and there is provision for adjustable current limit-
ing. These devices are available in three package
types to accommodate various power requirements
and temperature ranges.

+15V and *12V tracking outputs

QOutput currents to 100 mA

Output voltages balanced to within 1% (LM125,
LM126, LM325A)

Line and load regulation of 0.06%

Internal thermal overload protection

Standby current drain of 3 mA

Externally adjustable current limit

Internal current limit

Schematic and Connection Diagrams
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LM125/LM325/LM325A,

LM126/LM326

Absolute Maximum Ratings

Operating Cond.itions'

Input Voltage +30V Operating Temperature Range
Forced VO+ (min) (Note 1) -0.5V LM125 —55°C to +125°C
Forced Vg~ (max) (Note 1) +0.5V LM325, LM325A 0°C to +70°C
Power Dissipation (Note 2) PMAX Storage Temperature Range —65°C to +150°C
- Output Short-Circuit Duration (Note 3) Indefinite Lead Temperature {Soldering, 10 seconds) 300°C
Electrical Characteristics Lm125/Lm325/LM325A (Note 2)
PARAMETER . CONDITIONS MIN TYP MAX UNITS
Qutput Voltage Tj= 25°C
LM125, LM325A 14.8 15 16.2 \"
LM325 14.5 15 15.5 v
Input-Output Differential 2.0 \
Line Regulation Vin =18V to 30V, I, =20 mA, 20 10 , mV
T,=25°C
Line Regulation Over Temperature Vin =18V to 30V, I =20 mA 2.0 20 mV
Range .
Load Regulation |L =0to 50 mA, V.N +30v, . :
Vo+ T;=25°C : 3.0 10 mvV
Vo— 5.0 10 mV
Load Regulation Over Temperature I, =0to 50 mA, V, =130V
Range .
Vo+ 4.0 20 mvV
Vo- © 7.0 20 mV
Output Voltage Balance T;=25°C
LM125/LM325A +160 mVvV
LM325 +300 mvV
Output Voltage Over Temperature P <Pmax.0<15.<50 mA,
Range 18v < Ivin! <30
LM125/LM3256A : 14.65 15.35 Y
LM325 14.27 16.73 v
Temperature Stability of Vo +0.3 %
Short Circuit Current Limit - Ti= 25°C 260 mA
Output Noise Voltage * T; = 25°C, BW = 100 - 10 kHz 150 uVrms
Positive Standby Current Tj= 25°C 1.75 3.0 mA
Negative Standby Current T;=25°C 3.1 5.0 mA
Long Term Stability. 0.2 . %/kHr
Thermal Resistance Junction to
Case (Note 4)
LM125H, LM325H 45 ‘cw
Junction to Ambient .
LM325AN, LM325N 150 ‘ °c/w

Note 1: That voltage to which the output may be forced without damage to the device.

Note 2: Unless otherwise specified, these specifications apply for Tj

= _5E°C to +150°C on LM125, Tj=0°Cto +125°C

on LM325 and LM325A, V)N = 20V, || =0 mA, 'MAX =100 mA PmAX = 2.0W for the TO-6 H package IMAX =
100 mA, Pppax = 1.0W for the DIP N package.

Note 3: If the j Is 160°C the output short circuit duration is 60 seoonds

Note 4: Without a heat smk the thermal resistance junction to ambient of the TO-5 Package is about 150°C/W. With a heat
sink, the effective thermal resistance can only approach the junction to case values specuﬁed depending on the efficiency
of the sink. .
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Absolute Maximum Ratings

Input Voltage
Forced Vg™ (Min) (Note 1)
Forced Vo~ (Max) (Note 1)
Power Dissipation (Note 2)
QOutput Short-Circuit Duration (Note 3)
Operating Temperature Range
LM126
LM326
Storage Temperature Range
Lead Temperature (Soldering, 10 seconds)

+30V

-0.5V

+0.5V

Internally Limited
Indefinite

-55°C to +125°C
0°C to +70°C

—-65°C to +150°C

o 300°C

_Electrical Characteristics Lm126/Lm326 (Note 2)

PARAMETER CONDITIONS MIN TYP " MAX UNITS

Output Voltage T,=25°C

LM126 11.8 12 12.2 \

1M326 115 125 3
Input-Output Differential 2.0 \2
Line Regulation Vin =15V to 30V 2.0 10 mV

IL=20mA, T, = 25°C

Line Regulation Over Temperature Range Vin =15V to 30V, I .= 20 mA 20 20 mV
Load Regulation I =0to 50 mA, V,y = +30V,

Vo! T, =25°C : 3.0 10 mv

Vo~ 5.0 10 mv
Load Regulation Over Temperature Range I, =0to 50 mA, V,y = £30V .

Vo' 4.0 20 mV

Vo~ 7.0 20 mv
Output Voltage Balance T,=25°C

LM126 ) +125 mvV

LM326 +250 mV
Output Voltage Over Temperature Range P<Pyax. 0<1g <50 mA

LM126 15v < vy 1< 30v 11.68 ° 12.32 \

LM326 . 11.32 12.68 \
Temperature Stability of Vg +0.3 %
Short Circuit Current Limit T 25°C 260 mA
Output Noise Voltage \ . T = 25°C, BW = 100 ~ 10 kHz 100 uVrms
Positive Standby Current T = 25°C, IL=0 1.75 3.0 mA .
Negative Standby Current T = 25°C, IL=0 3.1 5.0 mA
Long Term Stability 0.2 %/kHr
Thermal Resistance Junction to Case (Notg 4) N

LM126H/LM326H 45 ‘cw
Junction to Ambient LM326N 150 °c/w

Note 1: That voltage to which the output may be forced without damage to the device.
Note 2: Unless otherwise specified, these specifications apply for Tj= —55°C to +150°C on LM126, 'r, =0°C to +125°C bn

LM326, V)
for the DIP N Package.

Note 3: If the junction temperature exceeds 150°C the output short gircuit duration is 60 seconds.

Note 4: Without a heat sink, the the'rﬁ-nal resistance junction to ambient of the TO-5 Package is about 150°C/W. With a heat
sink, the effective thermal resistance can only approach the junction to case values specified, depending on the efficiency

of the sink.

=£20V, 1| =0 mA. Iyax = 100 mA, Pyyax = 2.0W for the TO-5 H Package. Iyax = 100 mA, Pyyay = 1.0W
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LM125/LM325/LM325A,

LM126/LM326

Typical Performance Characteristics (v, - +20v.1_ =oma, T, = 25°C, unless otherwise noted.)

CURRENT LIMIT SENSE VOLTAGE (V)

OUTPUT CURRENT (mA)
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Typical Performance Characteristics (continued) =22
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LM125/LM325/LM325A,

LM126/LM326

Typical Perfor(nande Characteristics (continued)
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Typical Applications
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2.0 Amp Boosted Rséulator With Current Limit

o3+

v
™ ecrt ' ° I
TuF
Y 2N3055
9 OREQUV.  + |
r t
NI055 o
OR EQUIV. “

CURRENT LIMIT SENSE VOLTAGE (SEE CURVE)

lew

Rer

SOLID TANTALUM
TSHORT PINS 6 AND 7 ON DIP.

'"RCL CAN BE ADDED TO THE BASIC REGULATOR lETWEEN PINS 6 AND 5, 1 AND 2
TO REDUCE CURRENT LIMIT.
*REQUIRED IF REGULATOR IS LOCATED AN APPRECIABLE DISTANCE FROM POWER
SUPPLY FILTER.
**ALTHOUGH ND CAPACITOR IS NEEDED FOR STABILITY, IT DOES HELP TRANSIENT
RESPONSE. (IF NEEDED USE 14F ELECTROLYTIC). . .
***ALTHOUGH NO CAPACITOR IS NEEDED FOR STABILITY, IT DOES HELP TRANSIENT
RESPONSE. (IF NEEDED USE 104F ELECTROLYTIC).

1-48




Typical Applications (continueq)

Positive Current Dependent Simul Current Li

2N3055
N
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tov- « Vsense e * Voooe
e e
I, * CONTROLS BOTH SIDES OF THE REGULATOR.
B d Regul. With Foldback Current Limit
f R3
a1 =
22905 O —Vour .
2t Resistor Values
1uf ~ 10uF
W35 . ']___ .
KA = LM125 | LM126
> ns R1 18 20
S 200 r— e POSITIVE REG. R2 310 180
1 I '
| | Sum R3 2.4k 1.35k
She w2660 Vi =2V R6 300 290
Ll—— 4 secanvenes. R 0.7 09
huax * 208 CL - .
1 = 150 mA
@7, = 25°C
“Vin = =25V

Electric Shutdown

o

!! g8

N914

v, 20v ELECTRONIC SHUTDOWN

=

‘ Vo <08V Vour <75 my
Houri~0

O-Vour

Vi
+Vour
a2t

'I F

1S0LID TANTALUM
HSHORT PINSG AND 7 ON DIP
*REQUIRED IF REGULATOR IS LOCATED AN APPRECIABLE DISTANCE FROM POWER
SUPPLY FILTER.

**ALTHOUGH NO CAPACITOR IS NEEDED FOR STABILITY, IT DOES HELP TRANSIENT
RESPONSE. (IF NEEDED USE 1,F ELECTROLYTIC.)
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LM13OILM33:0

National
Semiconductor

Voltage Regulators
" PRELIMINARY

LM130/LM330 3-Term|nal Positive Regulators

General Description

The LM130 series of 3-terminal positive voitage
regulators feature an ability to source full output current
with an input-output differential of 0.5V or less. Familiar
regulator features such as current limit and thermal
overload protection are also provided.

The low in-out differential voltage makes the LM130
useful for certain battery applications since this feature
allows a longer battery discharge before the output falls
out of regulation. For example, a 9V battery supplying the
fegulator input voltage discharges to below 5%V before
any change is noted in the output. Supporting this
feature, the LM130 protects both itself and regulated
systems from negative voltage inputs resulting from
reverse installations of batteries.

Other protection features include line transient protec-
tion up to 50V, when the output actually shuts down

A fixed output of 5V is available in the 3-lead her-
metic metal can and the plastic TO-202 power package
(LM330 only). ‘

Features

B Input-output differential less than 0.5V
B Output current of 150mA

B Reverse battery protection

B Line transient protection

B Internal short circuit current limit

B Internal thermal overload protection

B Mirror-image insertion protection

B Available in plastic TO-202 (LM330)

Voltage Range

to avoid damaging internal and external circuits. Also, LM130H-5.0 5V
the LM330 regulator in the TO-202 package cannot be  LM330H-5.0 5v
harmed by a temporary mirror-image insertion. LM330P-5.0 5V
Schematic
[+ - 1 —1
LW a1 :tm . :E R11 :E R18_ S AI12
T a9 Q10 b3 13 a5 Q16 022 224 > 2k & 150 2500
Q12
R2 l/ R13
360 4
‘\ML.‘. 0271 A 029
P4 R10
b3 q 026 az8 out
b3 900
—|0|4 a17 Q18
/ o 4
' m— 3
150 J/
Q19 VA
A N
[
sw .
Q540 @ 031
032 ‘033
3
> 1.3k
. WL ‘LHI5 ‘bRW
i meog .
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, Absoluie Maximum Ratings

Input Voltage
Operating Range

Line Transient Protection (1000 ms)

Internal Power Dissipation
Operating Temperature Range

LM130

30v

50V
Internally Limited
-55°C to +125°C

LM330

26V
26V

Internally Limited
0°C to +70°C

Maximum Junction Temperature +150°C +125°C
Storage Temperature Range —-65°C to +150°C -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) +300°C +300°C
Electrical Characteristics (Note 1)
. LM130 LM330
Parameter Conditions Min Typ Max | Min_ Typ Max Units
V, | Output Voltage T,=25°C 4.8 5 52 | 48 5 5.2
Output Voltage 5< 1, < 150mA V'
Over Temp BV <26V 4.75 525 | 4.75 5.25
AV, | Line Regulation 9<V|\< 168V Iy=5mA 7 15 7 25
6<Viy< 26V, I,=5mA 30 45 30 60 mV
Load Regulation 5< 1, < 150mA 14 25 14 50
Long Term Stability 20 ) 20 mV/1000 hrs
lg | Quiescent Current lo=10 mA 3.5 5 3.5 7
lo=50 mA 5 7 5 9
lo= 150 mA 18 30 18 40 mA
Line Transient V|n =40V, R =1009, 1 sec 25 40 25
Reverse Polarity Vin= -6V, R =100Q -80 -80
Alg | Quiescent Current 6<V|N<26V 10 10 %
Change
Vin | Max Operational 20 a5 26 a5
input Voltage
Max Line Transient 100 ms V<55V 50 60 60 v
. 1sec V<55V 40 50 50
Reverse Polarity 100 ms V> —0.3V R = 1000 -30 -15 -30
Input Voltage DC V,> —0.3V R =100Q -12 -6 -12
Output Noise Voltage 10 Hz-100 kHz: 50 50 uv
Output Impedance lo=100 mADC + 10 mArms 200 200 mQ
Ripple Rejection 56 56 dB
Current Limit 150 400 700 150 400 700 -mA
Dropout Voltage lo=150 mA 04 05 04 06 v
Thermal Resistance Junction to Case
TO-39 40 40
TO-202 — 12 o
Junction to Ambient ' cw
TO-39 - 140 140
TO-202 — 70

Note 1: Unless otherwise specified: VjN =14V, 15 =200 mA, T] =25°C, C1=0.1uF, C2 = 10 4F. All characteristics except noise voltage and ripple rejection are

measured using pulse techniques (ty,<10 ms, duty cycle<5%). Output voltage

separately.

due to

in

p

must be taken into account
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LM130/LM330

Typical Performance Characteristics

Dropout Voltage Dropout Voltage
06 . 06—
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Typical Performance Characteristics (continueq)

600

500

400

300

200

OUTPUT CURRENT (mA)

100

40

35

30

25

QUIESCENT CURRENT (mA)

3
0

Peak Output Current

/
/

T

T:

— |
}é—Ti ~125°C

|

Ti= 5°C

2
=-a0°c

N
NN

2% 30

0 5 10 15 20
INPUT VOLTAGE (V)
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LM130/LM330

Typical Performance Characteristics (continueq)

Impedance Overvoltage Supply Current } Reverse Supply Current

Output
10—y 30— 50 T
o7 nmA — Ry = 10002 Tj=25°c
12 25 _Ti=25°c 0
S ] = <
] ) :
g e £ 50
g 7 g &
o 7 E 15 Z 00 e
= 3 1 S
5 o1 % 10 Pt 2 150
a g & v & -
5 5 /] 3 4P
o w
5 -200
001 0 250
110 100 1k 10k 100k 1M 20 25 30 3% a0 -2 -0 -8 -6 -4 -2 0
FREQUENCY (Hz) INPUT VOLTAGE (V) ) INPUT VOLTAGE (V)
: Output Voitage (Normalized
Output at Reverse Supply Output at Overvoltage to 5V at Tj=25°C)
L e 0.2 T 5.025
Rp=o0 Ry = _ :
1= 25° Tj=25°C" =
= & 5.000
S 0 S 015 2 .
] = g - N
= = > 49715 ,’ N
3 -1 3 o 5
> ] T e - E \\
5 =1 5 S 4950
5 = |t a
s -02 2 005 o
L1 54925
E VN = 18V
-03 ] 24900 L1 -
-2 -0 -8 6 -4 -2 O 30 35 @ -60-40-20 0 20 40 60 80 100 120 140
INPUT VOLTAGE (V) INPUT VOLTAGE (V) JUNCTION TEMPERATURE (°C)
Typical Application
" LM130

UNREGULATED Vin  VouT REGUI.ATED
II\IPUT GND OUTPUT
s C2%*
T T

* Required if regulator is located far from power supply filter
** C2 must be at least 10 uF to maintain stability. May be increased wuthout bound. Locate as close as
possible to regulator.
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Definitioh of Terms

Dropout Voltage: The input-output voltage differential at
which the circuit ceases to regulate against further
reduction in input voltage. Measured when the output
voltage has dropped 100 mV from the nominal value
obtained at 14V input, dropout voltage is dependent upon
load current and junction temperature.

Input Voltage: The DC voltage applied to the input ter-
minals with respect to ground.

Input-Output Differential: The voltage difference between
the unregulated input voltage and the regulated output
voltage for which the reg\’JIator will operate.

Line Regulation: The change in output voltage for a
change in the input voltage. The measurement is made
under conditions of low dissipation or by using pulse
techniques such that the average chip temperature is not
significantly affected.

Load Regulation: The change in output voltage for a
change in load current at constant chip temperature.

Connection Diagrams

(TO-39)
Metal Can Package

o ——— INPUT
O-==— 0UTPUT

GND -

CASE ISGND
BOTTOM VIEW

Order Number

LM130H-5.0
LM330H-5.0

See Package HO3B

Long Term Stability: Output voltage stability under
accelerated life-test conditions after 1000 hours with
maximum ra’ted voltage and junction temperature.

Output Noise Voltage: The rms AC voltage at the output,
with constant load and no input ripple, measured over a
specified frequency range.

Quiescent Current: That part of the positive input current
that does not contribute to the positive load current. The
regulator ground lead current.

Ripple Rejection: The ratio of the peak-to-peak input rip-
ple voltage to the peak-to-peak output ripple voltage.

Temperature Stability of Vo: The percentage change in
output voltage for a thermal variation from room
temperature to either temperature extreme.

(TO-202)
Plastic Package

GND

[ ———«—3 Vour
[————— onp
] i m=——————— M

FRONT VIEW

Order Number
LM330P-5.0 TB
o Sea Package PO3E
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LM137/LM237/LM337

The LM137/LM237/LM337 are adjustable 3-terminal

National - | - Voltage Regulators

Semiconductor

LM137/LM237/LM337 3-Terminal Adjustable :
Negative Regulators

General Description .
Line regulation typically 0.01%/V

[]
negative voltage regulators capable of supplying in excess ® Load regulation typically 0.3% -
of —1.6A over an output voltage. range of —1.2V to ® Excellent thermal regulation, 0.002%/W
—-37\/2 These regulators are exgeptlonally easy to apply, = 77 dB ripple rejection .
requiring only 2 external resistors to set the output o .
voltage and 1 output capacitor for frequency compensa- ® Excellent rejection of thermal transients
tion. The circuit design has been optimized for excellent ® 50 ppm/°C temperature coefficient
regulation and low thermal transients. Further, the m Temperature-independent current limit
LM137 series features internal current Iimitinq, thermal ® Internal thermal overload protection
sl:lutdown and safe-area (fompensatlon, making them ® 100% electrical burn-in
virtually blowout-proof against overloads. .
: % Standard 3-lead transistor package
The LM137/LM237/LM337 serve a wide variety of .
applications including local on-card regulation, program- LM137 Series Packages and Power Capability
mable-output voltage regulation or precision current
regulation. The LM137/LM237/LM337 are ideal comple- RATED’ DESIGN
ments to the LM117/LM217/LM317 adjustable positive DEVICE | PACKAGE POWER LOAD
regulators. DISSIPATION CURRENT
F LM137 TO-3 20W 1.5A
LM237

eatures - . s To-39 2w 05A
® Output voltage adjustable from —1.2V to —~37V LM337T TO-220 15W 1.5A
= 1.5A output current guaranteed, —55°C to +150°C LM337M T0-202 7.5W 0.5A

Typical Applications

Adj ble Negative Voltage R
R2 - -
- i"cz* N
1T ' T™ uF
ADJ 1200
Vin]  wmiay |Vour
- —_———
Vin LM337 ¢ Vour

Vour=—125V 1+ 2
out T 1200

Te1=1 MF solid tantalum or 10 uF aluminum electrolytic required for stability
*C2 = 1 uF solid tantalum is required only if regulator is more than 4'* from
© power-supply filter capgcitor

'
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Absolute Maximum Ratings

Power Dissipation

Internally limited

Input—Output Voltage Differential 40V ,
Operating Junction Temperature Range
LM137 -55°C to +150°C
LM237 -25°C to +150°C
LM337 0°Cto+125°C
Storage Temperature —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
Preconditioning
Burn-In in Thermal Limit 100% All Devices
Electrical Characteristics (Note 1)
‘ LM137/LM237 LmM337 -
PARAMETER CONDITIONS » MIN | TYP MAX MIN VP MAX UNITS
Line Regulation . TaA=25°C, 3V < |V|N=VouTl < 40V 0.01 0.02 0.01 0.04 %/V
(Note 2)
Load Regulation ) TA=25°C, 10mA < loyT < IMAX
IVouT| < 5V, (Note 2) 15 25 15 50 mv
IVouTl > 5V, (Note 2) 0.3 0.5 1 03 1.0 %
Thermal Regulation ! . TA= 25°C, 10 ms Pulse 0.002] 0.02 .| 0.003 0.04 %/W
Adjustment Pin Current 65 100 ' 65 - 100 MA
Adjustment Pin Current Change 10mA<IL<ImAX 2 5 2 5 MA
’ 2.5V < iViN=VOouTI < 40V, TA = 25°C
Reference Voltage Ta= 25°C  (Note 3) ) -1.225(-1.250 | —1.275|-1.213|-1.250 | —1.287 v
' 3< [VIN—-VouUTI <40V, (Note3). . |-1.200/-1.250 | —1.300| —1.200}-1.250 | ~1.300 Y
10mA < 1ouT < IMAX. P < PMAX | :
Line Regulation 3V < |VIN-VouTI <40V, (Note 2) - ' 0.02 0.05 | 0.02 0.07 %IV
Load Regulation 10 mA <louTt < IMAX, (Note 2)
‘| IVouTi<sV 20 50 20 70 mv
IVouTli2>25v . ) ) 03 1 . 0.3 1.5 %
Temperature Stability TMIN ST <Tmax : . 06 | 0.6 %
Minimum Load Current ) ViN—VouT! < 46V . 25 5 2.5 10 ~mA
IVIN—VouTi L 10V ) 1.2 3 1.5 6 mA
Current Limit IViN—VouTl < 18V -
‘ K and T Package 15 | 2.2 15 | 22 A
Hand P Péckage ' 05 [ 08 ‘0.5 0.8 A
IViN—VouT!= 40V, Tj = +25°C ‘
K and T Package 024 | 04 0.15 | 04 A
H and P Package 0.15 0.20 0.10 | 0.20 A
RMS Output Noise, % of VouT TA=25°C, 10 Hz < f < 10 kHz ' 0.003 .| 0.003 |. %
Ripple Rejection Ratio I Vout=-10V, f=120 Hz 60 60 dB
. ’ CADJ = 10uF 66 77 66 77 | dB
Lonngerm Stability Ta= 125°C, 1000 Hours 0.3 1 0.3 1 %
Thermal Resistance, Junction to Case H Package 12 15 12 15 °c/w
K Package 2.3 3 2.3 3 °cw
T Package 4 ‘cw
P Package 12 °C/W

Note 1: Unless otherwise specified, these specifications apply ~55°C < Tj<# 50°C for the tM137, —25°C < Ti<+ 50°C for the LM237 and
0°C<T; < +125°C for the LM337; V|N VouT = 5V:and loyt = 0. 1A for the TO-5 package and TO-202 package and lgyT = 0.5A for the
TO-3 | package and TO-220 package. Although power dissipation is mtemally limited, these specifications are applicable for power dissipations of
2W for the TO-6 and TO-202 and 20W for the TO-3 and T0-220. Ipgax is 1.5A for the TO-3 and TO-220 package and 0.5A for the TO-202
package, and 0.2A for the TO-39 package.

Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cyc(e. Changes in output voltage due to
heating effects are covered under the specification for thermal regulation. Load reguiation is measured on the output pin at a point 1/8" below
the base of the TO-3 and TO-39 packages.

Note 3: Selected devices with tightened tolerance reference voltage available.
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LM137/LM237/LM337

. . . .
Schematic Diagram o , o .a 3
. ° - AA- —O ADJ

A1

%

.
a1
[§)
’ -OVout
R7 ’k;’ﬁv 25 pF!
A‘th ' R11 R12
oy R |5cf.p Ri0 O 800 220
ST W N BT
Vo3 ) | M
REG N L a0 < a1
8BS
<
PR Y
. .
:; R23
p a2 |’
g os I N
63V 4
T5pF
:: 22 nzz\r
100k |
\
Soe ‘ P s a0y
> B . . - $
SR20 N . k? , <. Sim
S« ' ! R R32 S 1
. RNS Gk - 24Kk P
. . 509 > 500

Thermal Reguiation

When “power is dissipated in an IC, a temperature
gradient occurs across the IC chip affecting the individual
IC circuit components. With an 1C regulator, this gradient
can be especially severe since power dissipation is large.
Thermal regulation is the effect of these temperature
gradients on output voltage (in percentage output change)
per Watt of power change in a specified time. Thermal
regulation error is independent of electrical regulation or
temperature coefficient, and occurs within 5 ms to 50 ms
after a change in power dissipation. Thermal regulation
depends on IC layout as well as electrical design. The
thermal regulation of a voltage regulator is defined as the
percentage change of VQuT, per Watt, within the first
10 ms after a step of power is applied. The LM137’s
specification is 0.02%/W, max.

|

-*—»l 10 ms |<— ’
LM137, Vor = —10V
VIN—VouT =40V
.1 =0A - 0.256A - 0A
Vertical sensitivity, 5 mV/div
FIGURE 1

In Figure 1, a typical LM137’s output drifts only 3 mV
(or 0.03% of VouT = —10V) when a 10W pulse is
applied for 10 ms. This performance is thus well inside
the specification limit of 0.02%/W x 10W = 0.2% max. '
When the 10W ‘pulse is ended, the thermal regulation
again shows a 3 mV step as the LM137 chip cools
off. Note that the load regulation error of about 8 mV
(0.08%) is. additional to the thermal regulation error.
In Figure 2, when the 10W pulse is applied for 100 ms,
the output drifts only slightly beyond the drift in the
first 10 ms, and the thermal error stays well within
0.1% (10 mV).

f—100 ms——=]

LM137, VoyT =-10V

VIN—VouT =-40V

I =0A - 0.25A— 0A

Horizontal sensitivity, 20 ms/div
FIGURE 2
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Connection Diagrams

TO-3
Metal Can Package

. ADJSUSTMENT Vour

CASE IS

INPUT

BOTTOM VIEW

Order Number:
LM137K STEEL
LM237K STEEL
LM337K STEEL

See NS Package KO2A

TO-39
Metal Can Package

ADJUSTMENT

A(Q)rme— OUTPUT

- INPUT

CASE IS INPUT

BOTTOM VIEW

Order Number:
LM137H
LM237H
LM337H

See NS Package HO3A

Typical Applications (continueq)

Adjustable Lab Voltage Regulator

+ 25V e— i
N
v
[IYEIC R Ml 1.2V T0 20V
AD) Q120
e S
[Py Q%
1uF
™
At 1/
,.'\w,m*/‘bzk
T LT :
= . =
A10F /‘>zk
4
. —
- L T
LAVL=SN Q120
ADJ S
v ,
iy T -12v 70 -20v
Vin
Er—

*The 10 wF capacitors are optional to improve.ripple rejection

Current Regulator

] =
CURRENT 'OUT
lourrur R1

1.250V

*0.82 < R1 < 1200

Diodes

*When Cy is larger than 20 uF, D1 protects
the LM137 in case the input supply is shorted

**When C2 is larger than 10 uF and —~VQuT is
larger than —25V, D2 protects the LM137 in
case the output is shorted

. TO0-220 TO-202
Plastic Package Plastic Package
O
O .
T T
! |
| | 1
' I
J \ .
i 1
ADS —»| | —~— Vour
Vour -
Vin
Vin FRONT VIEW
FRONT VIEW Order Number:
LM337MP
Order Number:
T amer See NS Package PO3A

See NS Package T03B

-8V T0

LM337T

LM337MP TB
.. See NS Package PO3E

—5.2V Regulator with Electronic Shutdown*

L
CONTROL
= 918
3
L4l
A :Iw.
4 282807 _\1'.1 E
+ T
TN
>
> S8
< >
QEsk  Jans S
i | Vour
Vout -52V
N Vi

*Minimum output = —1.3V when control input is low

Adjustable Current Regul

s
S 2k +5%

15 ppm/°C

For Tab Bend TO-202 Order Number:
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LM137/LM237/LM337

Typical Performance CharacteristiCs (« steel, KC and T Packages

Load Regulation . ~Current Limit ' Adjustment Current
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S 08 5 = \\\ £
H — 60
L s ! HANDPAN | Sl g
g ur = -1l - PACKAGED | B e 3 5
512 l [ DEVICES - <
-14 ) T 50
~75-50-25 0 '25 50 75 100 125 150 ) 10 2 20 w © ' -75-50-25 0 25 50 75 100 125 150
TEMPERATURE (°C) INPUT-OUTPUT DIFFERENTIAL (V) . . TEMPERATURE (°C)
Dropout Voltage . Temperature Stability Minimum Operating Current
35 YA 1270 ~ : 18 I
s QuT = - .
E AVgyT =100 mV _ B ¥ ] _5503/
2 s T 14
E ey 1 1260 £
] 4
g 28 TR 15 z - 12
b e [~ =3 « 1.0
w — T e b £ 1
H Swmw I =1A 2 1.250 ~<] 3 . P AT
- - =) =
2 . \\; ~ \:\ 1 z " J/
5 15 |1 =500mA I s = 2 06 [—Tj=150°C;
=] I =200 mA ~ % 1.240 w —_—
5 TR T A 3 S 04 e
H] 1L =20 mAY . ;e =
: L]
05 L . 1.230 [] |l -
~75-50-25 0 25 50 75 100 125 150 ~75-50-25. 0 25 50 75 100 125 150 0 10 20 30 40
TEMPERATURE (°C) . TEMPERATURE (°C) ) ‘INPUT-QUTPUT DIFFERENTIAL (V)
Ripple Rejection . ., : Ripple Rejection . . Ripplé Reieétion
[ ] " T
g 80 ",“I,J = 1I0uF g 80 - 3 80 Capy = 10uF
= =2 T~ =
2 = Ul ~ 2 . |
S w ] > Capy=0 2 g ™ o Capy = 104F 2 8
5 ~~—| g RN 8 Capy=0
: HERN! : .
& « | LY = 40
- w A0 ] ANEN w
=]
g ViN-VouT =5V g Vi = 15V \\\ £ Vi = ~18V
g g ‘_IL=5ﬂﬂmA o & g9 }vour=-10v N TR g |_Vour=-10v_| |||
f=120 Hz ) 1= 500 mA \Q f= lZIloHl
T=25°C . : . 7= 25°C T;=25°C
ol 1 - o . o LLLiuu
0 -1 -20 -3 -4 10100 ik 1ok 100k 1M 0.01 01 1 10
OUTPUT VOLTAGE (V) } FREQUENCY (H2) ° ' QUTPUT CURRENT (A)
Output Impedance . . Line Transient Response Load Trphsiem Response
08 06 T T 7T
= A Caps=0
w_ 08 25 04 047
= gs l 5= o2
g == 04 =X
w g5 . aDy =0 2E 0 T =
- =5 2 1 \ 23 02 FCapy=104F
2 EZ 0 A\t t 58 [ ] M
g 10! £ " Ty = 104F 4 e -4
= - T g 06 Vi = -15V 1
E 2 Caps = 10F g :IluusT;m—;w £ 0 WA i
> 10~ = = = =
sn % E2 0Ty Z 05 Tee
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National
Semiconductor

Voltage Regulators

LM137HVILM237HVILM337HV 3-Terminal Adjustable
Negative Regulators (High Voltage)

General Description

The LM137HV/LM237HV/LM337HV are adjustablel

3-terminal negative voltage regulators capable of sup-
plying in excess of —1.5A over an output voltage range
of —1.2V to —47V. These regulators are exceptionally
easy to apply, requiring only 2 external resistors to set
the output voltage and 1 output capacitor for frequency
compensation. The circuit design has been optimized for
excellent regulation and low thermal transients. Further,
the LM137HV series features internal current limiting,
thermal shutdown and safe-area compensation, ‘making
them virtually blowout-proof against overloads.

The LM137HV/LM237HV/LM337HV  serve a wide
variety of applications including local on-card regula-

tion, ' programmable-output voltage regulation or pre-.

cision current regulation. The LM137HV/LM237HV/
LM337HV are ideal complements to the LM117HV/
LM217HV/LM317HYV adjustable positive regulators.

Features

Output voltage adjustable from —1.2V to —47V
1.5A output current guaranteed, —55°C to +150°C
Line regulation typically 0.01%/V

Load regulation typically 0.3%

Excellent thermal regulation, 0.002%/W

77 dB ripple rejection

Excellent rejection of thermal transients

50 ppm/°C temperature coefficient
Temperature-independent current limit

Internal thermal overload protection

100% electrical burn-in

Standard 3-lead transistor package

i AHZESWTVAHZEZWTAHZELN

Typical Applications

Voltage R

ADJ

1 vin| Lmrazmy
_VIN+ /

LM337HV

Vout

® Vout

© vy =—125v [1+ 2
out "~ 12082

7C1 =1 pF solid tantalum or 10 uF aluminum electrolytic required for stability
*C2 =1 uF solid tantalum is required only if regulator is more than 4'' from

power-supply filter capacitor
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- LM137HVILM237HVILM337HV

Absolute Maximum Ratings

Power Dissipation

Internally limited )

Input—Output Voltage Differential 50V
Operating Junction Temperature Range
" LM137HV ~55°C to +150°C
LM237HV -25°C to +150°C
LM337HV 0°C to +125°C
Storage Temperature =65°C to +150°C ~
Lead Temperature (Soldering, 10 seconds) 300°C

Preconditioning .

Burn-in in Thermal Limit

100% All Devices

Electrical Characteristics (ot 1)

. LM137HV/LM237HV LM337HV. .
PARAMETER . CONDITIONS MIN TYP | MAX WiIN TYP | MAX UNITS
Line Regulation Ta=25°C, 3V < [ViN—VouTI < 50V, 0.01 | 002 001 | 004 | %V
(Note 2) ' v
Load Regulation TA=25°C, 10 mA < louT < IMAX
iVouTi <5V, (Note 2) 15 25 15 50 - mV
IVouTl > 5V, (Note 2) .03 | o5 0.3 1.0 %
Thermal Regulation Ta = 25°C, 10 ms Pulse 0.002| 0.02 0.003 | 0.04 %/W
Adjustment Pin Current . 65 100 65 100 HA
Adjustment Pin Current Change | 10mA<IL <IMAX , 2 5 2 5 MA
2.5V < [ViN—VouTl < 50V, 3 6 3 6 uA
Ta=25°C ’ ‘
Reference Voltage Ta=25°C, (Note 3) -1.226|-1.2560| —1.275 | —1.213|-1.250 -1.287 \
3<IVIN—VouTl <50V, (Note 3) —1.200|-1.250 | —1.300 {—1.200{-1.250 {—1.300 | \
10mA <louT < ImAX. P<PmAX
Line Regulation 3V < IVIN—-VouTI < 50V, (Note 2) 0.02 | 0.05 0.02 0.07 %/V
Load Regulation’ 10 mA < lIouT < IMAX. (Note 2)
IVouTl <5V 20 50 20 70 mV
IVouT!I > 5V 0.3 1 0.3 15 %
Temperature Stability TMIN <Tj<TmaxX 0.6 0.6 %
Minimum Load Current IVIN—VouT! < 50V 25 5 25 10 mA
IVIN—VouTi < 10V 12-1 3 1.5 6 . mA
Current Limit IVIN-VouTl <13V
K Package 1.5 2.2 3.2 15 2.2 3.5 A
H Package 0.5 0.8 1.6 0.5 0.8 1.8 A
IVIN—VouTl = 50V, Ta = +25°C )
K Package 0.2 0.4 0.8 0.1 04 | 08 A
' H Package ) 0.1 0.17. | 05 0.050| 0.17 0.5 A
RMS Output Noise, % of VQUT | Ta = 25°C, 10 Hz < < 10 kHz 0.003 0.003 %
Ripple Rejection Ratio VouTt =-10V, f=120 Hz 60 60 dB
| capy=10uF N 66 77 66 | 77 dB
Long-Term Stability Ta = 125°C, 1000 Hours 0.3 1 0.3 1 %
Thermal Resistance, Junction H Package 12 15 12 15 °cw
to Case K Package 2.3 3 2.3 3 ‘c/w

Note 1: Unless otherwise specified, these specifications apply —55°C < Tl <+1 50 C for the LM137HV, -25°C < T] <+ 50°C for the LM237HV
and 0°C < T < +125°C for the LM337HV; VN — VouT = 5V; and IgyuT = 0.1A for the TO-5.package and IgyT = 0.5A for the TO-3 package.
Although power dissipation is |nternally limited, these specifications are applicable for power dISSIPatlonS of 2W for the TO-5 and 20W for the
TO-3. IpmaX is 1.5A for the TO-3 package and 0.2A for the TO-5 package.
Note 2: Regulation is measured-at constant junction temperature, using pulse testing with a Iow duty cycle. Changes in output voltage due to
heating effects are covered under the specification for thermal regulation. Load regulation is measured on the output pin at a point 1/8'' below
the base of the TO-3 and TO-5 packages.

Note 3: Selected devices with tightened tolerance reference voltage available.
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Schematic Diagrarh
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Thermal Regulation

When power is dissipated in an |C, a temperature
gradient occurs across the IC chip affecting the individual
IC circuit components. With an IC regulator, this gradient
can be especially severe since power dissipation is large.
Thermal regulation is the effect of these temperature

_ gradients on output voltage (in percentage output change)
per Watt of power change in a specified time. Thermal
regulation error is independent of electrical regulation or
temperature coefficient, and occurs within 5 ms to 50 ms
after a change in power dissipation. Thermal regulation
depends on IC layout as well as electrical design. The
thermal regulation of a voltage regulator is defined as the
percentage change of VouT, per Watt, within the first
10 ms after a step of power is applied. The LM137HV’s
specification is 0.02%/W, max.

——I 10ms |——

LM137HV, VouT = —10V

Vin—VouT = -40V

I = 0A - 0.25A — 0A

Vertical sensitivity, 5 mV/div
FIGURE 1

In Figure 1, a typical LM137HV's output drifts only
3 mV (or 0.03% of VouT = —10V) when a 10W pulse is
applied for 10 ms. This performance is thus well inside
the specification limit of 0.02%/W x 10W = 0.2% max.
When the 10W pulse is ended, the thermal regulation
again shows a 3 mV step as the LM137HV chip cools
off. Note that the load regulation error of about 8 mV
(0.08%) is additional to the thermal regulation error.
In Figure 2, when the 10W pulse is applied for 100 ms,
the output drifts only slightly beyond the drift in the
first 10 ms, and the thermal error stays well within
0.1% (10 mV). ’

f=——100 ms —}

LM137HV, VouT = —10V

VIN—VouT = -40V

I =0A - 0.25A—> 0A

Horizontal sensitivity, 20 ms/div
FIGURE 2
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LM137HVILM237HVILM337HV

Connection Diagrams -

TO-3
Metal Can Package

ADJUSTMENT Vour

Order N;lmber

TO-39
Metal Can Package

ADJUSTMENT

Order Number _

LM137HVK STEEL LM137HVH 2O e oUTPUT
LM237HVK STEEL LM237HVH g
LM337HVK STEEL CASE IS LM337HVH | WhuT

See NS Package KO2A INPUT See NS Package HO3A
. CASE IS INPUT
BOTTOM VIEW BOTTOM VIEW
Typical Applications (continueq)
Adjustable High Voltage Regulator
‘
+50V et
Vin v
mazny 2T 1.2V 10 +47V
ADJ S0
>
016F %
F
;‘["\tm i /:‘(:k
>
___'I': -L+ b =
0 P 5k
.
s o~ F
01F 120
ADJ 1%
v .
Lmzany oUT b—— —12v 10 -4V
Vin
+50V

.
*The 10 uF capacitors are optional to improve ripple. rejection

Current Regulator

*&
ay] FUS 1uF
| LMﬂE—}Lj
3

Vol
Vin
CURRENT | _ 1.250V .
OUTPUT ouT = R
Tout *0.802 < R1 < 1200

Negative Regulator with Protection Diodes

LM137HV/
Lmasziv_ vy
Vin
“Vin
*When Cy_is larger than 20 uF, D1 protects

the LM137HV is case the input supply is shorted

**When C2 is larger than 10 uF and —VouTis
larger than —25V, D2 protects the LM137HV
in case the output is shorted

Adj bie Current Reg

) +15% adjustable

High Stability —40V Regulator

<5.23K]
mazee S1% "

1 uF
< S1.5k*
>k 1! >
ans S Sy
- Vour
LMIITHY [ ~40V

out 35 ppm/°C

Vi

-4V ——dg

*Use resistors with good tracking TC < 25 ppm/°C
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Typical Performance Characteristics (H and k STEEL Package)
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LM138/LM238/LM338

National ,
Semiconductor

LM138/LM238/LM338

Voltage Regulators

5 Amp Adjustable Power Regulators

General Description

The LM138/LM238/LM338 are adjustable 3-terminal
positive voltage regulators capable of supplying in excess

of BA over a 1.2V to 32V output range. They are -

exceptionally easy to use and require only 2 resistors
to set the output voltage. Careful circuit design has
resulted in outstanding load and line - regulation —
comparable to many commercial power supplies. The
LM138 family is supplied in a standard 3-lead transistor
package.

A unique feature of the LM138 family is time-dependent
current limiting. The current limit circuitry allows
peak currents of up to 12A to be drawn- from the
regulator for short periods of time. This allows the
LM138 to be used with heavy transient loads and
speeds start-up under full-load conditions. Under sus-
tained loading conditions, the current limit decreases
to a safe value protecting the regulator. Also included
on the chip are thermal overload protection and safe
area protection for the power transistor. Overload
protection remains functional even if the adjustmerit
pin is accidentally disconnected.

Normally, no capacitors are needed unless the device is
situated far from the input filter capacitors in which
case an input bypass is needed. ‘An optional output
capacitor can be added to improve transient response.
The adjustment terminal can be bypassed to achieve

very high ripple rejections ratios which are difficult
to achieve with standard 3-terminal regulators.

Besides replacing fixed regulators or discrete designs,
the LM138 is useful in a wide variety of other applica-
tions. Since the regulator is “floating’’ and sees only the
input-to-output differential voltage, supplies of several
hundred volts can be regulated as long as the maximum
inpu; to output differential is not exceeded. .

The LM138/LM238/LM338 are packaged in standard
steel TO-3 transistor packages. The LM138 is rated for
operation from —55°C to +150°C, the LM238 from
—25°C to +150°C and the LM338 from 0°C to +125°C.

Features

Guaranteed 7A peak output current
Guaranteed 5A output current
Adjustable output down to 1.2V

Line regulation typically 0.005%/V
Load regulation typically 0.1%
Guaranteed thermal regulation

Current limit constant with temperature
100% electrical burn-in in thermal limit
Standard 3-lead transistor package

Typical Applications

1.2V—-25V Adjustable Regulator

10A Regulator

Regulator and Voltage

filter capacitors

*Minimum load—100 mA

Reference
R _LMaze
01 LM338
AVAV‘V
ourtt Vin p— Vgur = 15V
RI* e
> R1
g 120 S
b S
TS s
sm
> 1.0k
R 9
. o " ouTPUT* @— VRep =695V
= N Vv ™ P 12vT0 20V ~ 01
S a1 LM328
S
+
'f ) . . C1 e
Optional—improves transient  14F -
response < A2
» f e i B
Needed if device is far from

R2
tTvoyr =1.25V. (1+ a

*R1 = 2409 for LM138 and LM238
**R1, R2 as an assembly
can be ordered from
Bourns.
MIL part no. 7105A-AT2-502
COMM part no. 71056A-AT7-502




‘Absolute Maximum Ratings

Power Dissipation

Input—Output Voltage Differential

LM138
Lm238
LM338
Storage Temperature

Lead Temperature (Soldering, 10 seconds)

Internally limited
35V

55 Cto +150°C
25'Cto +150 C
0 Cto+125°C
65 Cto +150 C
300 C

Electrical Characteristics (note 1)

Preconditioning

Burn-In in Thermal Limit All Devices 100%

. LM138/LM238 LM338
PARAMETER CONDITIONS UNITS
MIN TYP | MAX | MIN TYP | MAX
Line Regulation Ta =25°C,3V< VN — VOUT <35V, 0005 | 0.01 0.005 | 0.03 %/V
(Note 2)
Load Regulation Ta=25°C,10mA < lguT < 5A
! VouT <5V, (Note 2) 5 15 5 25 mV
VouT > 5V, (Note 2) 0.1 03 0.1 05 %
Thermal Regulation Pulse = 20 ms 0.002 | 0.01 0.002 | 0.02 %/W
Adjustment Pin Current 45 100 45 100 T uA
Adjustment Pin Current Change 10mA <1 <5A 0.2 5 0.2 5 HA
3v < (VN - VouT) < 35V
Reference Voltage 3<(VIN - VouT) < 35V, (Note 3) 119 | 1.24 1.29 119 | 1.24 1.29 \
10 mA < lguT < 5A, P < 50W
Line Regulation 3V <VIN ~VouT < 35V, (Note 2) 0.02 0.04 0.02 0.06 %/V
Load Regulation 10 mA < lguT < 5A, (Note 2)
VouTt <5V , 20 30 20 50 mV
VouT > 5V . 0.3 0.6 0.3 10 %
Temperature Stability TMIN < Tj < TmAX 1 1 %
Minimum Load Current VIN — VouT = 35V 35 5 35 10 mA
Current Limit VIN ~ VouT < 10V s
DC 50 8 5.0 8 A
0.5 ms Peak - 12 7 12 A
VIN — VouT = 30V 1 1 A
RMS Output Noise, % of VouT TA =25°C, 10 Hz < f < 10 kHz 0.003 0.003 %
" Ripple Rejection Ratio VQUTV= 10V, f= 120 Hz 60 60 dB
.CADJ = 104F 60 | 75 60 |75 dB
Long Term Stability Ta =125°C 0.3 1 0.3 1 %
Thermal Resistance, Junction K Package ! 1.0 1.0 ‘c/w
to Case )

Note 1: Unless otherwise specified, these specifications apply —56°C < Tj < +150°C for the LM138, -26°C < Tj < +150°C for the LM238 and
0°C < Tj < +125°C for the LM338, V| — VouT = 5V and IgyT = 2.5A. Although power dissipation is internally limited, these specifications
are applicable for power dissipations up to 50W.
Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects are taken into account sep-

arately by thermal regulation.

Note 3: Selected devices with tightened tolerance reference voltage available.

TYpicaI Performance Characteristics

Current Limit

Current Limit

Current Limit

1 16 1 T T T
PRELOAD CURRENT = 0 == = PEAK CURRENT LIMIT TP RELOAD = 0 |
12 TCASE = 25°C || e DC CURRENT LIMIT 12 ] .
™~ = 0 T
~ NG oo TCASE = 25°C ‘ — —PRELOAD = 1
< N z 12 £ ! oah=0" = (]
< 0 < =<JPRELOAD =0 £ 10— H
= NN = IS =
£ N z v Z PRELOAD = 5A
g 8 ] /\ \‘ﬁ,rnn?nnm\ g s Hf & "
= 3
3 . NJVIN-VouT = 15V 3 8 T$! PRELOAD = 5A] H] . PRELOAD = 3A
5 T ' 5 N PRELOAD = 1A 5 |
a L - o = a
E 4 _VIN vouT 5 4 I \(: é 4 !
Pl L < Ny = 10V
2 . | VIN-Vour =30V I \ - 2 FVouT=5V,
, L Tcase =25°C |||
0 0 il 0 LL LI
01 10 10 100 0 10 20 30 40 01 T 10 100
TIME (ms) INPUT-OUTPUT DIFFERENTIAL (V) TIME (ms)
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LM138/LM238/LM338

Typical Performance Characteristics (Continued)

OUTPUT VOLTAGE DEVIATION (%)

RIPPLE REJECTION (dB)

REFERENCE VOLTAGE (V)

Load Regulation
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Application Hints

In operation, the LM138 develops a nominal 1.25V
reference voltage, VREF, between the output and
adjustment terminal. The reference voltage is impressed
across program resistor R1 and, since the voltage is con-
stant, a constant current |1 then flows through the
output set resistor R2, giving an output voltage of

R2
VOuUT = VREF (1+ E) +1aDJR2.

FIGURE 1

Since the 50 pA current from the adjustment terminal
represents an error term, the LM138 was designed to
minimize |ApJ and make it very constant with line
and load changes. To do this, all quiescent operating
current 'is returned to the output establishing a mini-
mum load current requirement. If there is insufficient
load on the output, the output will rise.

\

External Capacitors

An input bypass capacitor is recommended. A 0.1 uF
disc or 1 uF solid tantalum on the input is suitable input
bypassing for almost all applications. The device is more
sensitive to the absence of input bypassing when adjust-
ment or output capacitors are used but the above values
will eliminate the possibility of problems.

The adjustment terminal can be bypassed to ground on
the LM138 to improve ripple rejection. This bypass
capacitor prevents ripple from being amplified as the
output voltage is increased. With a 10 uF bypass capac-
itor 75 dB ripple rejection is obtainable at any output
level. Increases over 20 uF do not. appreciably improve
the ripple rejection at frequencies above 120 Hz. If the
bypass capacitor is used, it is sometimes necessary to
include protection diodes to prevent the capacitor
from discharging through internal low current paths
and damaging the device.

In general, the best type of capacitors to use are solid
tantalum. Solid tantalum capacitors have low impedance
even at high frequencies. Depending upon capacitor
construction, it takes about 25 uF in aluminum electro-
lytic to equal 1 uF sopd tantalum at high frequencies.
Ceramic capacitors are also good at high frequencies,
but, some types have a large decrease in capacitance at
frequencies around 0.5 MHz. For this reason, 0.01 uF
disc may seem to work better than a 0.1 uF disc as
a bypass.

Although the LM138 is stable with no outout capacitors,
like any feedback circuit, certain values of external
capacitance can cause excessive ringing. This occurs
with values between 500 pF and 5000 pF. A 1 uF
solid tantalum (or 25 uF aluminum electrolytic) on the
output swamps this effect and insures stability.

_Load Regulation

The LM138 is capable of providing extremely good load
regulation but a few precautions are needed to obtain
maximum performance. The current set resistor con-
nected between the adjustment terminal and the output
terminal (usually 24052) should be tied directly to the
output of the regulator rather than near the load. This
eliminates line drops from appearing effectively in series
with the reference and degrading regulation. For exam-
ple, a 15V regulator with 0.0552 resistance between the

regulator and load will have ‘a load regulation due to

line resistance of 0.05§2 x I|. If the set resistor is con-
nected near the load the effective line resistance will be
0.052 (1 + R2/R1) or in this case, 11.5 times worse.

Figure 2 shows the effect of resistance between the regu- .

lator and 24062 set resistor.

Vout

S R1*
S 120

FIGURE 2. Regulator with Line Resistance
in Output Lead ’ .

With the TO-3 package, it is easy to minimize the resis-

-tance from the case to the set resistor, by using 2 sep-

arate leads to the case. The ground of R2 can be returned
near the ground of the load to provide remote ground
sensing and improve load regulation.

Protection Diodes

When external capacitors are used with any IC regulator
it is sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low
current points into the regulator. Most 20 uF capacitors
have low enough internal series resistance to deliver
20A spikes when shorted. Although the surge is short,
there is enough energy to damage parts of the IC.

When an output capacitor is connected to a regulator
and the input is shorted, the output capacitor will
discharge into the output of the regulator. The discharge
current depends on the value of the capacitor, the
output voltage of the regulator, and the rate of decrease
of ViN- In the LM138 this discharge path is through
a large junction that is able to sustain 25A surge with no
problem. This is not true of other types of positive
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LM138/LM238/LM338

Application Hints (continued)

) regulators. For output capacitors of 100 uF or Jess
at output of 15V or less, there is no need, to use diodes.

The bypass capacitor on the ad;ustment termmal ‘can
dlscharge through a low current junction. Discharge
occurs when either the input or output is shorted.
Internal to the LM138 is a 5082 resistor whcch limits
the peak discharge current. No protection is needed
for output voltages ot 25V or less and 10 uF capac-
itance. Figure 3 shows an LM138 with. protection
diodes included for use with outputs greater than
25V and high values of output ca<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>