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Voltage Regulators

LM 304 negative regulator 
general description
The LM304 is a precision voltage regulator which 
can be programmed by a single external resistor to 
supply any voitace from 30V down to zero while 
operating from a single unregulated supply. It can 
also provide 0 .01-percent regulation 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 a linear, series regulator, the circuit 
can be used as a switching regulator, a current 
regulator or in a number of other control applica
tions. Typical performance characteristics are:
■ 1 mV regulation no load to full load
■ 0.01%/V line regulation

■ 0.2 mV/V ripple rejection

The LM304 is a complement of the LM300 and 
LM305 positive regulators, intended for systems 
requiring regulated negative voltages which have a 
common ground with the unregulated supply. By 
itself, it can deliver output currents to 25 mA, but 
external transistors can be added to get any de
sired current. The output voltage is set by external 
resistors, and either constant or foldback current 
limiting is made available. The LM304 is a 
commercial/industrial version of the LM 104 and 
LM204.

schematic and connection diagrams Metal Can

Note: Pin 5 connected to case. 

TOP VIEW

Flat Package

CURRENT LIMIT

Note; Pin 6 connected to bottom of package. 
TOP VIEW

typical applications
Operating with Separate Bias Supply

High Current Regulator

Basic Regulator Circuit
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absolute maximum ratings

Input Voltage 40V
Input-Output Voltage Differential 40V
Power Dissipation (Note 1) 500 mW
Operating Temperature Range 0°C to 70°C
Storage Temperature Range -65° C to 150°C
Lead Temperature (Soldering, 10 sec) 300 C

electrical characteristics (Note 2)

P A R A M ETER CON DITION S MIN T Y P MAX UNITS

Input Voltage Range -40 -8 V

Output Voltage Range -30 -0.035 V

Output-Input Voltage l0 = 20 mA 2.0 40 V
Differential (Note 3) lQ = 5 mA 0.5 40 V

Load Regulation (Note 4) 0 < l o < 2 0  mA
RSc = 15£2 1 5 mV

Line Regulation (Note 5) V 0 u t < - 5 V

A V  in — 0.1 V |N 0.056 0.1 %

Ripple Rejection C 19= 10 jUF, f = 120 Hz
V i n < - 1 5 V 0.2 0.5 mV/V
- 7 V >  V |N > - 1 5 V 0.5 1.0 m V/V

Output Voltage Scale Factor R 23 = 2.4K 1.8 2.0 2.2 V / K f i

Temperature Stability V 0 < -1  V, 0 ° C < T a < 7 0°C 0.3 1.0 %

Output Noise Voltage 10 H z < f  <  10 KHz

onC5O>iniVI0>

0.007 %

C-|9 -  10 [xf 15 AtV

Standby Current Drain I L = 5 mA, Vo = 0 1.7 2.5 mA
V 0 = -30V 3.6 5.0 mA

Long Term Stability >TVI0> 0.1 1.0 %

N o t e  1: F o r  o p e r a t in g  a t  e le v a t e d  t e m p e r a t u r e s ,  th e  d e v ic e  m u s t  b e  d e ra te d  b ased
o n  a n  8 5 ° C  m a x im u m  ju n c t io n  t e m p e r a t u r e  a n d  a t h e r m a l r e s is t a n c e  o f  4 5 ° C / W
ju n c t io n  to  c a s e  o r  1 5 0  C /W  ju n c t io n  t o  a m b ie n t .  P e a k  d is s ip a t io n s  to 1 .0 W  are
a l lo w a b le  p r o v id in g  th e  d is s ip a t io n  r a t in g  is  n o t  e x c e e d e d  w it h  t h e  p o w e r  a v e ra g e d
o v e r  a t w o  s e c o n d  in t e r v a l.
N o t e  2 :  T h e s e  s p e c if i c a t io n s  a p p ly fo r  ju n c t io n  t e m p e r a t u r e s  b e t w e e n  0 ° C  an d
8 5  C  a n d  f o r  in p u t  a n d  o u t p u t  v o lt a g e s  w it h in  t h e  ra n g e s  g iv e n , u n le s s  o t h e r w is e
s p e c if ie d .  T h e  lo a d  a n d  lin e  r e g u la t io n  s p e c if i c a t io n s  a re  f o r  c o n s t a n t  ju n c t io n
t e m p e r a t u r e .  T e m p e r a t u r e  d r i f t  e f f e c t s  m u s t  b e  t a k e n  in t o  a c c o u n t  s e p a r a t e ly
w h e n  t h e  u n it  is  o p e r a t in g  u n d e r  c o n d it io n s  o f  h ig h  d is s ip a t io n .

N o t e  3 :  W h e n  e x t e r n a l  b o o s t e r  t r a n s is t o r s  a re  u s e d , t h e  m in im u m  o u t p u t - in p u t
v o lt a g e  d if f e r e n t ia l  is  in c re a s e d , in  t h e  w o r s t  c a s e , b y  a p p r o x im a t e ly  1 V .
N o t e  4 :  T h e  o u t p u t  c u r r e n t s  g iv e n a s  w e ll  a s  t h e  lo a d  r e g u la t io n , c a n  b e  in-
c r e a s e d  b y  t h e  a d d it io n  o f  e x t e r n a l t r a n s is t o r s .  T h e  im p r o v e m e n t  f a c t o r  w i l l  be
r o u g h ly  e q u a l to  t h e  c o m p o s it e  c u r r e n t  g a in  o f  t h e  a d d e d  t r a n s is t o r s .
N o t e  5 :  W ith  z e r o  o u t p u t ,  th e  d c  I ne re g u la t io n  is  d e te r m in e d  f r o m  th e  r ip p le
r e je c t io n .  H e n c e ,  w it h  o u t p u t  v o lta g e s  b e t w e e n  0 V  a n d  - 5 V ,  a d c  o u t p u t  v a r ia -
t io n ,  d e t e r m in e d  f r o m  th e  r ip p le  r e je c t io n ,  m u s t  b e  a d d e d  t o  f in d  th e  w o rs t -c a s e
lin e  r e g u la t io n .
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typical performance characteristics

Load Regulation Load Regulation Current Limiting
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Supply Voltage Rejection
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Supply Voltage Rejection With 
Preregulated Reference Supply
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Regulator Dropout Voltage
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