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The 723 voltage regulator is 
commonly used for series 
voltage regulator applica-
tions. It can be used as both 
positive and negative volt-
age regulator. It has an abil-
ity to provide up to 150 mA 
of current to the load, but 
this can be increased more 
than 10A by using power 
transistors. It also comes 
with comparatively low standby cur-
rent drain, and provision is made for 
either linear or fold-back current li-
miting. LM723 IC can also be used as 
a temperature controller, current 
regulator or shunt regulator and it is 
available in both Dual-In-Line and 
Metal Can packages.  The input volt-
age ranges from 9.5 to 40V and it 
can regulate voltage from 2V to 37V.

IC LM 723 Voltage Regulator

Features of 723 
150 mA output current without •
external pass transistor 
Output currents in excess of •
10A possible by adding exter-
nal transistors 
Input voltage 40V max •
Output voltage adjustable from •
2V to 37V 
Can be used as either a linear •
or a switching regulator

This is one of the most common linear 
regulator IC’s on the market.  It’s been 
used in thousands of power supplies and 

temperature controllers over the past 40 
years.  We’ll learn about it’s functions.



Page 2

complex 723 
Regulator Circuit
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Here is what is on the inside of the 723 chip. On 
the leſt hand side you can see there is a con-
stant current source feeding a zener diode in 

what is a current amplifier for the voltage refer-

ence.  Being temperature compensated this forms 
a very stable and precision output voltage to use as 

a voltage reference in any design with this IC. 

Notwithstanding the quality of the precision 
reference, we still need to buffer the output 
current from this with a compensation resis-

tor to the non-inverting input of the error amplifier. 
 
From this lower 
diagram we can 
see that the 
LM723 contains 
the op amp, pass 
transistor, refer-
ence voltage cir-
cuit and current 
limit transistor 
needed for the 
circuits that 
we've looked at 
so far in this sec-
tion. The refer-
ence voltage 
circuit is a little 
more sophis-
ticated than just a 
resistor and 
zener diode con-
nected in series 
and so it is simply 
shown as a func-
tional block with 
a 7.15V output. 

The sophisticated design provides for a more accu-
rate and stable reference voltage which in turn pro-

vides for more accurate output voltages and 
better line regulation. 
Some important device specifications in-
clude: 
maximum output current: 150mA 
maximum input voltage: 40V 
maximum internal power dissipation (DIL 
package): 660mW 
The following notes show how the LM723 is 
used to produce series regulators with error 
amplification and output voltages greater 
than 7.15V, equal to 7.15V and less than 7.15V. 

From previous study, you will recall that the voltage 
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reference value, added to any Vbe drops limits our 
lowest output voltage from the supply.  In my lesson 
2 notes shown here, you can see how the output is 
derived.  It’s quite simple that if you have a voltage 
divider with a central voltage, you have a current in 
the bottom half of the voltage divider and using 
Kirchhoffs 
you can de-
termine the 
potential 
across the 
entire volt-
age divider. 
I’ve shown in 
my notes a 
ratio method 
but note it’s 
just as easy 
to use cur-
rents and Ω 
law. 

For this 
reason 
the 723 

running 
‘barefoot’ wil 
have a lower 
voltage in 
it’s output 
range which 
is above 
7.15VDC and we need to employ special steps to 
change our design circuit if we intend to use a lower 
voltage.  There was a very good article way back in 
1978 Elektor magazine showing how this can be 
achieved.  Also, once you understand this, the com-
plex 723 circuit on page 2 can be read more easily. 

I’ll get to that shortly.  First of all let’s have a look 
at how the 723 design circuit works.  In the adjac-
ent circuit taken from the Texas Instruments 

data sheet (application data) the 7.1V reference 
voltage is tied directly to the N.I. input of the opamp 
in the output of the chip which forms the error am-
plifier.  The INV. input of the opamp is tied to voltage 
divider R1 and R2.  This is the error voltage coming 

back and being compared to the reference voltage. 
This error output voltage is used to drive the base of 
the series pass transistor.  Vout pin 10 on the 723 
DIL is the output from the series pass emitter and is 
used to drive an external power transistor, creating 
a darlington output.In practice a resistor is used be-

tween Vref 
and N.I. and I 
have drawn 
this in my 
colour hook 
up plate no. 1 
on the next 
page.While 
design cir-
cuits can be 
a little dull to 
look at with 
an idea to 
actually 
build the cir-
cuit, I have 
shown a wir-
ing diagram 
for this stan-
dard regula-
tor in colour 
with resis-
tors in actual 
body shapes.

Standard 7 to 37 Volt Regulator
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In this simple circuit we see R1 and R2 as a ratio to 
set the output voltage from the overall circuit.  R4 is 
used for current limit.  The 2N3055 is used as a 
high power partition to the internal 723 pass tran-

sistor and of course is a power darlington which can 
be bolted to a heatsink.  There is an equation given 
by the manufacturer to choose the 
value of R3.  Commonly though it’s 
just put as 1kΩ.  This is the 7 to 37 
volt regulator as there is no volt-
age divider used in the Reference / 
Non Inverting input.  If a voltage 
divider is used where I have posi-
tioned R3, then a new equation 
must be used for the output volt-
age divider and the reference volt-
age divider to obtain the output 
voltage.  Using a voltage divider in 
the reference side of the chip, a lower 2 Volt output 

can be obtained. (the 7.15V is proportioned down 
before going into the N.I.terminal)  At the bottom 
right of this page I have shown essentially the ident-
ical circuit to my colour plate but without an exter-

nal pass transisor.  In this circuit, R2 at 6.8Ω is the 

current limit and R3 with R4 set the output voltage.
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R3 in my colour plate and R1 in the inset is optional 
according to the Texas Instruments notes. 

Here is our Lab board with a voltage divider 
set up between the VRef and N.I. input of the 
error amplifier.  So you see there are two 

voltage dividers used in this arrangement to obtain 
the output voltage.  The variable component being 
a 5kΩ potentiometer in the Reference side of the 
723.  The 470Ω and the 390Ω form a voltage di-
vider to set the output maximum voltage.  There is 
1Ω of current sensing resistor to set the maximum 
output current before fold-
back occurs.  I’ve shown the 
the bottom of the PCB also.  
The LM723 IC is clearly vis-
ible in the centre of the 
board.  The colour bands on 
each resistor are also easy 
to read and identify the 
values against the circuit 
diagram.  Note the 1Ω cur-
rent sensing resitor is rated 
at 5W.  This indicates that 
the output current is limited 
at (600mV ÷ 1Ω) say 0.6A. 
The 1Ω resistor is oversized 

for this application.  I2R shows just 360mW of dis-
sipation.  It probably could have been rated at 1W.  
The regulator circuit is very basic.  Extra ripple re-
jection has not been accounted for by decoupling of 
the rail voltage to the LM723 IC.  It’s ok for low 
power applications only, with low dynamic loads at-
tached to the supply. (ie output resistance not vary-
ing rapidly and with sudden deep transitions).  On 
the next page, I’ve added two key articles from the 

1978 edition of Elektor maga-
zine. In the first article the 
need to supply the LM723 with 
a minimum of 8.5V is dis-
cussed and the problem with 
series pass transistor exces-
sive power dissipation under 
load.  For example, if you only 
want 5 Volts DC out of the tran-
sistor, it is necessary to nor-
mally power the series pass 
transistor collector with the 
same supply of a minium 
8.5Volts.  Why not supply it 
with a more modest supply 

and supply the just the LM723 with 8.5 Volts?  This 
is a little cunning and a little strange.  To use a 
smaller value of filter capacitor C2 to increase the 
ripple and to push down the average voltage to the 
series pass transistor, thereby reducing it’s power 
dissipation.  Meanwhile, C1 has a bigger reservoir 
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capacitance and maintains a higher peak voltage 
of +8.5 Volts DC.  The LM723 does not draw very 
much current but the base current of the series 
pass has to be supplied by the pass transistor in the 

LM723.  
As the 
author 
here 
says, 
allow 
enough 
reservoir 
to provide 

the base current.  Oſten we see an additional supply 
for the output series pass, the regulator circuitry 
and as we shall see, the ‘liſt’ voltage to put the 
LM723 above rail if the output voltage is needed to 
go down to zero volts. (it’s easy with a  Voltage Ref-
erence voltage divider to get the output down to 
+2Volts, but down zero is a whole different situation. 
TThheerree  iiss  aa  vviiddeeoo  ttoo  wwaattcchh.  Really well made video 

about lowering the voltage in the LM723 at the ex-
pense of highter load regulation  
hhttttppss::////yyoouuttuu..bbee//22ww44ccRR88DD88WWJJ44 

The load regulation of the barefoot LM723 is ex-
cellent and is not matched by many newer IC’s 
on the market today.  The reason for this is the 

embedded (buried) zener diode. A subsurface 
Zener diode, also called 'buried Zener', is a device 
similar to the Surface (normal) Zener, but with the 
avalanche region located deeper in the structure, 
typically several micrometers below the oxide. The 
hot carriers then lose energy by collisions with the 
semiconductor lattice before reaching the oxide 
layer and cannot be trapped there. The Zener walk-
out phenomenon therefore does not occur here, 
and the buried Zeners have voltage constant over 
their entire lifetime. Most buried Zeners have 
breakdown voltage of 5–7 volts. Several different 
junction structures are used. (wwiikkiippeeddiiaa)  
On the next page, the second article from Elektor 
1978 magazine is reproduced for educational pur-

https://youtu.be/2w4cR8D8WJ4
https://en.wikipedia.org/wiki/Zener_diode
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poses and it is just what we need to know 
about how many 0 to 30 Volt LM737 
supplies have been built.  Again a cun-
ning mix of decoupled 33 Volt zener bi-
ased supply to the LM723 and then R1 
and D4 giving a nice minus 4.7 Volt 
supply to the bottom of the LM723 IC.  By 
liſting the 723 up by 4.7 Volts and using a 
50/50 voltage divider bias in the Refer-

ence circuit of the 723, the output voltage 
can be carefully tailed to zero volts.  But 
is there a disadvantage to doing this?  
Aſter watching Goran Dzambazov’s You-
Tube video you should have a fairly good 
understanding of what has gone wrong 
with doing this.  It’s only a minor tech-
nical thing, but you are defeating the 
whole beauty of the buried zener and ad-
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ding a common garden variety of surface zener with a large resistive region and subject to the voltage 
change as the current rises and falls through the zener.  I’ve added a 723 circuit on this page.  Try redraw-

ing the circuit to show 
what the LM723 is doing.  
When looking at this cir-
cuit it’s awkward to know 
what is happening.  For 
example:  Look at the 
LM317 regulator.  Is the 
output going to point A?  
No it is not!  Point A is 
the input to the LM317 
and it is being used like 
the circuits we already 
saw, to supply the LM723 
with a steady regulated 
voltage supply of 30Vdc. 
Why are so many 
2N3055 transistors 
used?  You can read 
more about this supply 
here: 2288  VVoolltt  SSuuppppllyy 
Is the voltage adjust-
ment done on the Refer-
ence voltage side of the 
LM723 or on the output 
side with a standard volt-
age divider?  RReeddrraaww  tthhee  
cciirrccuuiitt  iinn  aa  bbeetttteerr  wwaayy  
tthhaatt  iiss  mmoorree  uunnddeerrssttaanndd--
aabbllee..  
  
Study the circuit I have 
provided on page 2 of 
this handout.  Analyse 
the circuit.  Can it go 
down to zero volts?  It’s 
an old commercial 

power supply unit, one which is typically encountered in the servicing of older equipment or Audio equip-
ment where power supply radiation is not allowed.  Think about eavesdropping with a switching supply, 
the audio would faintly  modulate the oscillations in the power supply, which are radiating and can be 
eavesdropped on with electromagnetic spectrum equipment.  Supplies which do not radiate RF are still 
very much in use today.  

gm2019  

http://67.225.133.110/~gbpprorg/mil/radar/gbppr_radar/lv.html

