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IC LM 723 Voltage Regulator

The 723 voltage regulator is
commonly used for series
voltage regulator applica-
tions. It can be used as hoth
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- Features Of 723

rent drain, and provision is made for .
either linear or fold-back current li- 150 mA output current without

miting. LM723 ICcanalso beusedas  €Xternal pass transistor
a temperature controller, current Output currents in excess of

regulator or shunt regulator and it is : , )
available in both Dual-In-Line and 10A possible by adding exter

Metal Can packages. Theinputvolt-  Nal transistors

agerangesfrom9.5t040Vandit Input V0|tage 40V max
can regulate voltage from 2V to 37V. . Output voltage adjustable from
| 2Vto 37V
e Can be used as either a linear

E ; Frequency

come=ienOF @ switching regulator

1V
. his is one of the most common linear
Tregulator IC’s on the market. It's been
used in thousands of power supplies and
temperature controllers over the past 40
INC years. We'll learn about it’s functions.
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Vref ([ 1Vz
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ere is what is on the inside of the 723 chip. On otwithstanding the quality of the precision

the left hand side you can see there is a con- reference, we still need to buffer the output
| stant current source feeding a zener diode in current from this with a compensation resis-
what is a current amplifier for the voltage refer- tor to the non-inverting input of the error amplifier.

From this lower
diagram we can
v COMPENSATIO see that the
) ¢ =V LM723 contains
— the op amp, pass
COMPENSATED §— transistor, refer-
ZENER 6 ERROR SERIES PASS ence voltage cir-

Vaer
nE AMPLIFIER TRANSISTOR 1 ow which Pin cuit and current
10 which di gram .. i

on Al Coch limit transistor

is which!
The +op diagram needed for the

ic For +he DL Circuits that

B
NON-INVERTING
INPUT

Vour

CURRENT
LIMITER

Vz
7 ¢ !
v cugnem cuﬁo’nsnr M2619 weve IOOKEd at
LT sewse | o% so far in this sec-
Np——— > tion. The refer-
i vt COMP:NSATIUN ’ ence Voltage
Ve . . .
l circuitis a little
INVERTING more sophis-
TEMPERATURE INPUT . .
COMPENSATED a— ticated thanjusta
ZENER VOLTAGE M & .
REFERENCE Vaas NirIER G resistor and
3 zener diode con-
_ -
NONINVERTING / Vour nected in series
CURRENT and so itis simply
LIMITER
shown as a func-
Vz . .
sl 10 1 tional block with
v CURRENT CURRENT
LMt SENSE a 7.15V output.

ence. Being temperature compensated this forms  The sophisticated design provides for a more accu-
a very stable and precision output voltage to Use as  rate and stable reference voltage which in turn pro-
vides for more accurate output voltages and
» Unregulated Regulated DC . .
Opamppositve  pginput(ve)  output (o)~ Current better line regulation.
supply rail (V+) Ilnmlt (CL) . ) . . .
Some important device specifications in-
clude:
maximum output current: 150mA

Pass lransistor

| Current

comee | "2 ©S maximum input voltage: 40V
ransistor o . . o .
Reference Tasv ‘ maximum internal power dissipation (DIL
voltage (Vrer) voltage \
+ package): 660mw
Non-nvering The following notes show how the LM723 is
Inpuit (=) - used to produce series regulators with error
requency
- I 1, c . .
Gomman(y?) il B amplification and output voltages greater

than 7.15V, equal to 7.15V and less than 7.15V.

avoltage reference in any design with this IC. From previous study, you will recall that the voltage
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reference value, added to any V. 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 currentin
the bottom half of the voltage divider and using

back and being compared to the reference voltage.
This error output voltage is used to drive the base of
the series pass transistor. V¢ 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-

Kirchhoffs E.T. - REGULATED POWER SUPPLIES - UEE30911 LESSON 2 tween Vref
you can de- andN.l.and |
termine the SAMPLE PROBLEM have drawn
potentiall /"~ ™\ this inmy
across the + . » colour hook
entirg vplt- 6k8 up plate no. 1
age divider. on the next
I've shown in I} VL page.While
my notes a Ll =t design cir-
ratio method T 100R Ccuits can be
but note it's 10k alittle dull to
just as easy b = look at with
to use cur- K B1=40 B2=120 anideato
rentsand Q ot actually
You con also . o

law. ) For the above circuit find Just do this using currents bU.I|d the cir

or this ﬂ cuit, I have

reason i) Rangeof VL iiiMin. and max. IL iii) IB1 for min.and max. VL. £°7 shown a wir-

he 723 iv) VC2, for min. and VL v) IC2(min) and IC2(max) f]“ ina di

the vi) Iz(min) and Iz(max vii) PC and efficiency at min. VL W Ing |§gram
running Ans: “W" for this stan-
‘ " Wi dard regula-
barefoot’ wil i) Vb2=5.1V+0.7=58V. VL(min)= 5.8 x (10k + 4k7 + 6k8) + (10k + 4k7) , y
have a lower =ga4gy forincolour
voltagein with resis-
it's output VL(max) = 5.8 x (10k + 4k7 + 6k8) + (10k) = 12,47V tors in actual
range which ii) IL(min) = 8.48 + 100 =.84,.8mA IL(max) = 12.47+ 100= 1247 mA Dody shapes.
is above

715V 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.
"Il get to that shortly. First of all let’s have a look
I 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.1. 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

Vin
Standard 7 to 37 Volt Regulator

Vour

VRer

LM723
LM723C

REGULATED
OUTPUT
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In this simple circuit we see Rland R2asaratioto  can be obtained. (the 7.15V is proportioned down
set the output voltage from the overall circuit. R4is before going into the N.l.terminal) At the bottom

used for current limit. The 2N3055 is used as a right of this page | have shown essentially the ident-
high power partition to the internal 723 pass tran- ical circuit to my colour plate but without an exter-
Standard 7 1o 37 Volt w4723 nguln]‘or Ao Vout
+ pos - |
Um?ulm‘cd Veh‘aae/ In ZN3090 Kt
" Unregulated Regulated DC
Op amp positive | 06 jnput (Ve) output (Vo) Current
supply rail (V+) imit (CL) 'Ro]
Pass transistor
Current
+—— @— cs)/ R
,Rg Curent limit et
transistor
Reference 7.15V
voltage (Vger) ’ff:lrt:gge \ 1
. =
Non-inverting 1 ©9M2.019
input (+)
—— Frequency
— Common (V-)l Inverting\ compensation (FC)
input (-)

w4
See Hleldor Muﬂuim/ for betfer ripple rejection [o1 using buffered Q?Amp Tositive

sistor and of course is a power darlington which can _ o .
be bolted to a heatsink. There is an equation given  nal pass transisor. In this circuit, R2 at 6.8Q is the
by the manufacturer to choose the

value of R3. Commonly thoughit’s h? ﬁ 37 w R2 6R8 Vout

just put as 1kQ). Thisis the 7 to 37 o
volt regulator as there is no volt- ﬂu*u |

age divider used in the Reference / -
Non Inverting input. If a voltage il Ve i 1K5
divider is used where | have posi- 1,;”3’ 100pFE ?.3 [I 123 ¢

tioned R3, the? a new equation P Y ‘Y e = N
must be used for the output volt-

age divider and the reference volt- Bridge l L Tooer T .
age divider to ohtain the output rectifier —

voltage. Using a voltage divider in =

the reference side of the chip, a lower 2 Volt output
current limit and R3 with R4 set the output voltage.
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s for this application. 1°R shows just 360mW of dis-
il e sipation. It probably could have been rated at 1W.
for minimum temperature drift. The regulator circuit is very hasic. Extra ripple re-
R3 may be eliminated for minimum component count. o tion has not been accounted for by decoupling of
R3in my colour plate and Rl in the inset is optional  the rail voltage to the LM723 IC. It's ok for low
according to the Texas Instruments notes. power applications only, with low dynamic loads at-
H ere is our Lab board with a voltage divider tached to the supply. (ie output resistance not vary-

set up between the Vg and N.I. input ofthe ing rapidly and with sudden deep transitions). On
error amplifier. So you see there are two 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
@v 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
i T @ 8.5Volts. Why not supply it
723 VOLTAGE REGULATOR ‘ ,
: . _A\ith a more modest supply
voltage dividers used in this arrangement to obtain ~ and supply the just the LM723 with 8.5 Volts? This
the output voltage. The variable component being i a little cunning and a little strange. To use a
a 5kQ potentiometer in the Reference side of the smaller value of filter capacitor C2 to increase the
723. The 470Q and the 390Q) form a voltage di- ripple and to push down the average voltage to the
vider to set the output maximum voltage. Thereis  Series pass transistor, thereby reducing it's power
1Q of current sensing resistor to set the maximum  dissipation. Meanwhile, C1 has a bigger reservoir
output current before fold-
back occurs. I've shown the
the bottom of the PCB also.
The LM723 ICis 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 1Q) cur-
rent sensing resitor is rated
at SW. This indicates that
the output current is limited
at (600mV +1Q) say 0.6A. :
The 1Q) resistor is oversized ‘ ,

A - 2N3055




improved 723 supply‘ 2@

The 723 is a very widely used IC
regulator. Hence the following cir-
cuit, which is intended to reduce
power dissipation when the 723 is
used with an external transistor,
should prove very popular.
According to the manufacturer’s
specification the supply voltage to
the 723 should always be at least
8.5 V to ensure satisfactory
operation of the internal 7.5 V
reference and of the IC’s internal
differential amplifier.

Using the 723 in a low-voltage high-

current supply, with an external
series transistor operating from the
same supply rail as the 723,
invariably results in excessive
dissipation in the series transistor.
For example,ina 5 V 2 A supply
for TTL about 3.5 V would be
dropped acorss the series transistor
and 7 W would be dissipated in it at
full load current. Furthermore, the

78082 @

reservoir capacitor must be larger
than necessary to prevent the supply
to the 723 falling below 8.5'V in

the ripple troughs.

In fact the supply voltage to the
series transistor nced be no more
than 0.5 V above the regulated
output voltage, to allow for its
saturation voltage.

The solution is to use a separate

8.5 V supply for the 723 and a
lower voltage supply for the external
transistor. Rather than using separate
transformer windings for the two
supplies, the supply to the 723 is
simply tapped off using a peak
rectifier D1/C1, Since the 723 takes
only a small current C1 will charge
up to virtually the peak voltage from
the bridge rectifier, 1.414 times the
RMS voltage of the transformer
minus the voltage drop of the bridge.
The transformer voltage thus needs
to be at least 7 V to give an 8.5V

Veet

+IN

v=
723

supply to the 723,

However, by suitable choice of
reservoir capacitor C2 the ripple on
the main unregulated supply can be
made such that the voltage falls to
about 0.5 V above the regulated
output voltage in the ripple troughs.
The average voltage fed to the series
transistor will thus be less than 8.5 V
and the dissipation will be greatly
reduced.

The value of C1 is determined by the
maximum base current that the 723
must supply to the series output
transistor. As a rule of thumb allow
about 10 uF per mA, The base
current can be found by dividing the
maximum output current by the gain
of the transistor. A suitable value for
the main reservoir capacitor C2 is
between 1500 and 2200 uF per amp
of output current.

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.
S AS the
author
here
says,
allow
enough
\‘ reservoir
to provide
the base current. Often we see an additional supply
for the output series pass, the regulator circuitry
and as we shall see, the ‘lift’ voltage to put the
LM723 ahove 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
+2\V/olts, but down zero is a whole different situation.
There is a video to watch. Really well made video

about lowering the voltage in the LM723 at the ex-
pense of highter load regulation
https://youtu.be/2w4cR8D8WJ4

he 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. (wikipedia)
On the next page, the second article from Elektor
1978 magazine is reproduced for educational pur-
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https://youtu.be/2w4cR8D8WJ4
https://en.wikipedia.org/wiki/Zener_diode

%

i elelqtoriposes and it is just what we need to know  ence circuit of the 723, the output voltage
- symmer circuts 78 about how many 0 to 30 Volt LM737 can he carefully tailed to zero volts. But

s CieE supplies have been built. Again a cun- is there a disadvantage to doing this?
“#5 ning mix of decoupled 33 Volt zener hi- After watching Goran Dzambazov’s You-

. ased supply to the LM723 and then RI Tube video you should have a fairly good
\ and D4 giving a nice minus 4.7 Volt understanding of what has gone wrong

, ﬁ supply to the bottom of the LM723 IC. By  with doing this. It’s only a minor tech-

« o4 lifting the 723 up by 4.7 Volts and usinga  nical thing, but you are defeating the

-+ 50/50 voltage divider bias in the Refer-  whole beauty of the buried zener and ad-

0 — 30V regulated
supply

This laboratory power supply offers as reverse voltage or overvoltage is +2 V relative to the V— terminal
excellent line and load regulation and applied to the output terminals. of the device (which is normally
an output voltage continuously The circuit is based on the well- connected to 0 V). The problem
variable from 0 to 30 V at output known 723 IC regulator. As readers can be overcome by connecting the
currents up to one amp. The output who have used this IC will know, V- pin to a negative potential of at
is current limited and protected the minimum output voltage least —2 V, so that the output D
against output fault conditions such normally obtainable from this IC voltage can swing down to +2 V I
7-72 — elektor july/august 1978
ﬁative to this, i.e. to zero volts. is continuously variable by means output voltage should then be \
To avoid the necessity for a trans- of P3. approximately 30 V. If, due to
former with multiple secondary The output voltage may be adjusted component tolerance, the maximum
windings the auxiliary negative using P2, while preset P1 is used to output is less than 30 V the value of
supply is obtained using a voltage set zero output voltage. R6 may require slight reduction.
doubler arrangement comprising The supply is protected against When constructing the circuit
C1,C2, D1 and D2 and is stabilised reverse polarity being applied to the particular care should be taken to
at —4.7 V by R1 and D4. The use output terminals by D7, and against ensure that the 0 V rail is of low
of —4.7 V rather than —2 V means overvoltages up to 63 V by Dé6. resistance (heavy gauge wire or
that the differential amplifier in the To set the output voltage to zero P2 wide p.c.b. track) as voltage drops
723 is still operating well within its is first turned anticlockwise (wiper along this line can cause poor
common-mode range even when the towards R8) and P1 is then adjusted regulation and ripple at the
output voltage is zero. uqtil the output voltage is zero. output.
The main positive supply voltage is With P2 turned fully clockwise the

obtained from the transformer via

bridge rectifier Bl and reservoir

capacitor C3. The supply to the 723 &
os

is stabilised at 33 V by D3 to prevent
its maximum supply rating being
exceeded and a Darlington pair
T2/T3 boosts the output current
capability to 1 A. The current limit

78012
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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-
= inding y  ing the circuit to show

A HOA S 4 what the LM723 is doing.

GSOENT \ When looking at this cir-

G

5@

\ A VT T S ose cuit it's awkward to know

GSOENZ | B 0 what is happening. For

\ /] Vé“ ' T < g example: Look at the
5B | O ~z | LM317regulator. Isthe
VW 0

ol

SS0ENC

N4

output going to point A?
Noitis not! PointAis
the input to the LM317
and itis being used like
the circuits we already
saw, to supply the LM723
with a steady regulated
voltage supply of 30V
'_” 41100 | Whyaresomany
2N3055 transistors
r jﬁ ool Used? You can read
I «, more about this supply
’S here: 28 Volt Supply
N Is the voltage adjust-
Q ment done on the Refer-
<n ence voltage side of the
T < S LM723 or on the output
b side with a standard volt-
S o 308 divider? Redraw the
% circuit in a better way
< that is more understand-
able.

w

=
‘I’5

o
[

I > A
+
J\qu

[Te]

S o

S 82 200PNL
N

—

41100 =)

nav

I Mount 2N3055s on Heatsink

46 VDC

}1
30VDC o
10Q
220Q
1%

LM317

2

Point A

5.1kQ
1%

Electrolytic capacitors should be 50V

[=] Ferrite Bead

41100

|
|
{

Single-Point
Ground
120Q

]}j
}_I S

[V

=

5

O

Bridge
Reci?fier
Chassis-Isolated

25A

3
|
I
|
I
|
i
SEC
120Q
LM723
-/

Transformer
120V-t0-30V

2X
1N4148

Fuse
15A

Study the circuit | have
r provided on page 2 of
? r w S this handout. Analyse
il 1 ;S:“—J(—[ £3g the circuit. Can it go

: e 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.

ng@W

NEUTRAL

Power
SPST

High-Performance 28 VDC Power Supply
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http://67.225.133.110/~gbpprorg/mil/radar/gbppr_radar/lv.html

