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LM723/LM723C Voltage Regulator

Check for Samples: LM723, LM723C

FEATURES
e 150 mA Output Current Without External Pass
Transistor

e Output Currents in Excess of 10A Possible by
Adding External Transistors

e Input Voltage 40V Max
e Output Voltage Adjustable from 2V to 37V

e Can be Used as Either a Linear or a Switching
Regulator

Connection Diagram
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Figure 1. Top View
CDIP Package or PDIP Package
See Package J or NFFO014A
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DESCRIPTION

The LM723/LM723C is a voltage regulator designed
primarily for series regulator applications. By itself, it
will supply output currents up to 150 mA; but external
transistors can be added to provide any desired load
current. The circuit features extremely low standby
current drain, and provision is made for either linear
or foldback current limiting.

The LM723/LM723C is also useful in a wide range of
other applications such as a shunt regulator, a
current regulator or a temperature controller.

The LM723C is identical to the LM723 except that the
LM723C has its performance ensured over a 0°C to
+70°C temperature range, instead of -55°C to
+125°C.
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Note: Pin 5 connected to case.

Figure 2. Top View
TO-100
See Package LME

FREQ COMP

Figure 3. Top View
See Package NAJ0O020A

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Equivalent Circuit*
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Typical Application
Vin
v Vee
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| VRer
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w23 REGULATED
LM723C OUTPUT
R1
cs
R3
NI INV.
I_CREF R2 v prow €1 100 pF
Note: Rs - _A1R2
ote: R3 = R1 ¥ Rz
for minimum temperature drift.
Typical Performance
Regulated Output Voltage 5V
Line Regulation (AVy = 3V) 0.5mV
Load Regulation (Al, = 50 mA)

1.5mV
Figure 4. Basic Low Voltage Regulator (Voyr = 2 to 7 Volts)
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A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘?: I\ during storage or handling to prevent electrostatic damage to the MOS gates.

ABSOLUTE MAXIMUM RATINGS®®

Pulse Voltage from V* to V™ (50 ms) 50V
Continuous Voltage from V* to V- 40V
Input-Output Voltage Differential 40V
Maximum Amplifier Input Voltage

(Either Input) 8.5V
Maximum Amplifier Input Voltage

(Differential) 5V
Current from Vz 25 mA
Current from VRgg 15 mA
Internal Power Dissipation

Metal Can © 800 mwW

coip @ 900 mwW

PDIP @ 660 mW
Operating Temperature Range

LM723 -55°C to +150°C

LM723C 0°C to +70°C
Storage Temperature Range

Metal Can -65°C to +150°C

PDIP -55°C to +150°C
Lead Temperature (Soldering, 4 sec. max.)

Hermetic Package 300°C

Plastic Package 260°C
ESD Tolerance 1200V

(Human body model, 1.5 kQ in series with 100 pF)

(1) “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is functional, but do not ensure specific performance limits.

(2) A military RETS specification is available on request. At the time of printing, the LM723 RETS specification complied with the Min and
Max limits in this table. The LM723E, H, and J may also be procured as a Standard Military Drawing.

(3) See derating curves for maximum power rating above 25°C.

ELECTRICAL CHARACTERISTICS®®@®®

Parameter Conditions LM723 LM723C Units
Min | Typ Max | Min | Typ Max

Line Regulation Viy =12V to V) = 15V 0.01 0.1 0.01 0.1 | % Vour
—-55°C < Tp £ +125°C 0.3 % VouT
0°C £ Tp £ +70°C 0.3 | % Vour
Vin =12V to V) = 40V 0.02 0.2 0.1 05 | % Vour

Load Regulation IL=1mAto I, =50 mA 0.03 | 0.15 0.03 0.2 | % Vour
—-55°C < Tp £ +125°C 0.6 % VouT
0°C < Tp £ +70°C 0.6 | % Vour

Ripple Rejection f=50 Hz to 10 kHz, Crgr = 0 74 74 dB
f=50Hz to 10 kHz, Crgr =5 UF 86 86 dB

(1) Unless otherwise specified, Ta = 25°C, Viy = V¥ =V =12V, V" =0, Vout =5V, I =1 mA, Rgc =0, Cq = 100 pF, Crer = 0 and divider
impedance as seen by error amplifier < 10 kQ connected as shown in Figure 4. Line and load regulation specifications are given for the
condition of constant chip temperature. Temperature drifts must be taken into account separately for high dissipation conditions.

(2) A military RETS specification is available on request. At the time of printing, the LM723 RETS specification complied with the Min and
Max limits in this table. The LM723E, H, and J may also be procured as a Standard Military Drawing.

(3) Specified by correlation to other tests.

(4) L is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 pot core or equivalent with 0.009 in. air gap.
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ELECTRICAL CHARACTERISTICS®®®® (continued)

Parameter Conditions LM723 LM723C Units
Min Typ Max | Min Typ Max
Average Temperature Coefficient of | -55°C < T, < +125°C 0.002 | 0.015 %/°C
Output Voltage (®)
0°C £ Tp £ +70°C 0.003 | 0.015 | %/°C
Short Circuit Current Limit Rsc = 10Q, Voutr =0 65 65 mA
Reference Voltage 6.95 | 7.15 735 | 6.80| 7.15 7.50 \%
Output Noise Voltage BW =100 Hz to 10 kHz, Crgr =0 86 86 uVvrms
BW = 100 Hz to 10 kHz, Crer = 5 pF 25 25 pVrms
Long Term Stability 0.05 0.05 %/1000
hrs
Standby Current Drain IL=0, V=30V 1.7 3.5 1.7 4.0 mA
Input Voltage Range 9.5 40 9.5 40 \%
Output Voltage Range 2.0 37 2.0 37 \%
Input-Output Voltage Differential 3.0 38 3.0 38 \%
0;a PDIP 105 °C/IW
0;a CDIP 150 °C/IW
03a H10C Board Mount in Still Air 165 165 °C/IW
03a H10C Board Mount in 400 LF/Min Air Flow 66 66 °C/W
0;c 22 22 °C/IW

(5) For metal can applications where V7 is required, an external 6.2V zener diode should be connected in series with Vor.
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 5. Figure 6.
Load & Line Regulation vs
Input-Output Voltage Current Limiting
Differential Characteristics
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Figure 9. Figure 10.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Line Transient Response Load Transient Response
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Figure 11. Figure 12.
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Figure 16.
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Table 1. Resistor Values (kQ) for Standard Output Voltage

Positi Fixed Output Neqati Fixed 5% Output
ositive Applicable Figures Adjustable egative i Adjustable
Output pp 9 Output +5% +110%(1) Output é_ppllcable Output +5% !l-]_O%
* igures =
Voltage > Voltage
See® RL | R2 | Rl | P1|R2 R1 | R2 |R1|PL| R2
Figure 4, Figure 19,
+3.0 Figure 21, Figure 24, 412 | 3.01 18 | 05| 1.2 +100 Figure 22 357 | 102 | 22 | 10 91
Figure 27 (Figure 19)
Figure 4, Figure 19,
+3.6 Figure 21, Figure 24, 3.57 | 3.65 15 | 05| 15 +250 Figure 22 357 | 255 | 2.2 | 10 | 240
Figure 27 (Figure 19)
Figure 4, Figure 19, )
+5.0 Figure 21, Figure 24, | 2.15 | 4.99 | 0.75 | 0.5 | 2.2 -60 ('I::'igfjrree 1285) 357 | 243 | 12| 05| 0.75
Figure 27 (Figure 19) 9
Figure 4, Figure 19, Figure 18
+6.0 Figure 21, Figure 24, 115 | 6.04 | 05 | 05| 2.7 -9 Figure 25’ 348 | 536 | 1.2 | 05| 20
Figure 27 (Figure 19) 9
Figure 17, Figure 19, Figure 18
+9.0 (Figure 19, Figure 21, 187 | 7.15 | 0.75 | 1.0 | 2.7 -12 9 ! 357|845 |12 | 05| 33
. ) Figure 25
Figure 24, Figure 27)
Figure 17, Figure 19, Figure 18
+12 (Figure 19, Figure 21, 487 | 715 | 20 | 1.0 | 3.0 -15 9 ! 365|115 |12 | 05| 43
. ) Figure 25
Figure 24, Figure 27)
Figure 17, Figure 19, Figure 18
+15 (Figure 19, Figure 21, 787 | 715 | 3.3 | 10| 3.0 -28 9 ! 357|243 |12 |05 10
. ) Figure 25
Figure 24, Figure 27)
Figure 17, Figure 19,
+28 (Figure 19, Figure 21, 210 | 715 | 56 | 10| 20 -45 Figure 23 357 | 412 | 22| 10 33
Figure 24, Figure 27)
+45 Figure 22 357 | 48.7 | 22 | 10 | 39 -100 Figure 23 357 | 976 | 22| 10 91
+75 Figure 22 357 | 787 | 22 | 10 | 68 -250 Figure 23 3,57 | 249 | 2.2 | 10 | 240

(1) Replace R1/R2 in figures with divider shown in Figure 28.
(2) Figures in parentheses may be used if R1/R2 divider is placed on opposite input of error amp.
(3) V' and Ve must be connected to a +3V or greater supply.

Table 2. Formulae for Intermediate Output Voltages

Qutputs from +2 to +7 volts

(Figure 4 Figure 19 Figure 20
Figure 21 Figure 24 Figure 27

Outputs from +4 to +250 volts Current Limiting
(Figure 22)

R2 VRer . R2 — R1) _ VsEnse
Vout = | VReEF X o——> Vout = {—— X ;R3 = R4 I =
out ( REF X B1 1 Hz) out ( 2 "1 LIMIT Rsc
Outputs from +7 to +37 volts Outputs from -6 to =250 volts Foldback Current Limiting
(Figure 17 Figure 19 Figure 20 (Figure 18 Figure 23 Figure 25)
Figure 21 Figure 24 Figure 27) IKNEE = (VOUT R3 | Vsense (RS + R4))
Rsc R4 Rsc R4
R1 + R2 Vrer _ R1+ RZ) | _ (VSENSE R3 + R4)
= X = == -] = = X
Vout (VREF R2 ) Vout ( 2 X m ;R3 = R4 SHORT CKT Rsc R4
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TYPICAL APPLICATIONS

Vin

[

vt Ve
VRer Vour

é R3 s REGULATED

LM723 —A AN ——i
< LM723C cL QUTPUT
cs
>
R1

NI INV.

s COMP
i
]—mu pF Rz

R1R2
R1 + R2

for minimum temperature drift.
R3 may be eliminated for minimum component count.

Note: R3 =

Typical Performance
Regulated Output Voltage 15V

Line Regulation (AVy = 3V) 1.5mv
Load Regulation (Al, = 50 mA) 4.5 mV

Figure 17. Basic High Voltage Regulator (Vgyt =7 to

Vin

I

<

Vier Vour

T1
2N4898

LM723
wrzac Ot

R4

CS pb—
3K

N.L INV.

c1

R3 m v comp 108 pF
3K

T OUTRUT

Typical Performance
Regulated Output Voltage

37 Volts)

o, REGULATED

-15Vv

Line Regulation (AV\y = 3V) 1mv

Load Regulation (Al = 100 mA) 2mVv
Figure 18. Negative Voltage Regulator
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Regulated Output Voltage
Line Regulation (AV,y = 3V)
Load Regulation (Al = 1A)

LM723
LM723C

m
2N3054

Typical Performance

REGULATED
ouTPUT

+15V
1.5mvV
15 mVv

Figure 19. Positive Voltage Regulator (External NPN Pass Transistor)

Regulated Output Voltage
Line Regulation (AV |y = 3V)
Load Regulation (Al = 1A)

Vin

/

R3
60

Veer

Vour

LM723

tmpzze O

m
2N4898

Typical Performance

REGULATED
OUTPUT

+5V
0.5 mVv
5mVv

Figure 20. Positive Voltage Regulator (External PNP Pass Transistor)
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Viy
w| |vcc e
3 REGULATED
Vrer Vour auTeuT
R3
27K
LM723
Rl (mrzac O
Rl
cs 5.6K
n INV. =

Typical Performance
Regulated Output Voltage

+5V
Line Regulation (AV |y = 3V) 0.5 mVv
Load Regulation (Al, = 10 mA) 1mvVv
Short Circuit Current 20 mA

Figure 21. Foldback Current Limiting

VIN
‘HEZM
I L.
Vaer Vour
' 2N3234
o A i Sm| W
1 RS
s < iQ
[
L 2 NI INV. _‘L
. ,E%K \'s l comp 5uuc|11F
% ] a. REGULATED
T oUTRUT
Typical Performance

Regulated Output Voltage +50V
Line Regulation (AVy = 20V) 15 mVv
Load Regulation (Al, = 50 mA) 20 mVv

Figure 22. Positive Floating Regulator
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RS 10K

AN
_l_ v Vee

VREF VDUT
/k D112V e
1N1426 Vz

2N5287

»
A3 Lm723 |

Rz iak wze ©
[y =

Mt INV, $

c1

. L R
WV 1 COMP 100 pF

Ri

F—" AW

o REGULATED
™ puTPUT

Typical Performance
Regulated Output Voltage -100V

Line Regulation (AV,y = 20V)

30 mV
Load Regulation (Al = 100 mA) 20 mv
Figure 23. Negative Floating Regulator
VW
V
L
100
RS T2
K 2N5153
‘ m
vt Voo 2N5456
VOUT
o1 ‘ "
1N2071 12 mH
RG =
e oL — A - omareo
cs
INV. C2 100 uF
comp I
Typical Performance
Regulated Output Voltage +5V
Line Regulation (AV,y = 30V) 10 mVv
Load Regulation (Al = 2A) 80 mVvV

Figure 24. Positive Switching Regulator
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Load Regulation (Al = 2A) 6 mV
Figure 25. Negative Switching Regulator
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Note: Current limit transistor may be used for shutdown if current limiting is not required.
Typical Performance
Regulated Output Voltage +5V
Line Regulation (AVy = 3V) 0.5 mVv
Load Regulation (Al = 50 mA) 1.5mv
Figure 26. Remote Shutdown Regulator with Current Limiting
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Figure 27. Shunt Regulator
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Figure 28. Output Voltage Adjust

(1) Replace R1/R2 in figures with divider shown in Figure 28.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
LM723CH Active Production TO-100 (LME) | 10 500 | BULK No Call TI Level-1-NA-UNLIM 0to 70 (LM723CH, LM723CH
)
LM723CH/NOPB Active Production TO-100 (LME) | 10 500 | BULK Yes Call TI Level-1-NA-UNLIM 0to 70 (LM723CH, LM723CH
)
LM723H Active Production TO-100 (LME) | 10 500 | BULK No Call TI Level-1-NA-UNLIM -55 to 150 (LM723H, LM723H)
LM723H/NOPB Active Production TO-100 (LME) | 10 500 | BULK Yes Call TI Level-1-NA-UNLIM -55 to 150 (LM723H, LM723H)

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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PACKAGE OUTLINE

LMEOO10A \ TO-CAN - 5.72 mm max height
TRANSISTOR OUTLINE
8.51
2775
4 B
470
1.02 MAX — 419 572 MAX
| a
| T T 1.02
L TAND-OFF
UNCONTROLLED — 0255 0
LEAD DIA
1.397 MAX SEATING PLANE
10X 12.7 MIN
0.53
1 10X ) %4
(% 3.56)
STAND-OFF
9.40
P 551

4220604/B  09/2024

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. Reference JEDEC registration MO-006/TO-100.
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EXAMPLE BOARD LAYOUT
LMEOO10A TO-CAN - 5.72 mm max height
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SCALE: 12X
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.
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