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General Description

The LM723 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 is also useful in a wide range of other applica-
tions such as a shunt regulator, a current regulator or a
temperature controller.

February 2005

Features

® 150 mA output current without external pass transistor

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

® [nput voltage 40V max

m Qutput voltage adjustable from 2V to 37V

m Can be used as either a linear or a switching regulator

Ordering Information

NS PART NUMBER SMD PART NUMBER NS PACKAGE NUMBER PACKAGE DISCRIPTION
LM723E/883 E20A 20LD LEADLESS CHIP CARRIER
LM723H/883 H10C 10LD T0-100, METAL CAN
LM723J/883 J14A 14LD CERDIP

Connection Diagrams

Dual-In-Line Package

-/
NC—{ 1 14f=nNc
_ | FREQUENCY

CURRENT LIMIT—| 2 13— COMPENSATION
CURRENT SENSE—] 3 12—=v*
INVERTING INPUT—] 4 1=ve

NON-INVERTING
INpUT ] 3 101 Your

Veer =16 v,
v —7 8j—NC

20120402

Top View

See NS Package J14A

CURRENT
LIMIT

CURRENT
SENSE

Top View
See NS Package E20A

Metal Can Package

CURRENT
LM

FREQUENCY

SENSE COMPENSATION

INPUT

20120403
Note: Pin 5 connected to case.

Top View
See NS Package H10C
FREQ COMP

V+

vz

20120420

© 2005 National Semiconductor Corporation DS201204

www.nhational.com

lojenbay JNOEZLINT



LM723QML

Equivalent Circuit*

*Pin numbers refer to

TEMPERATURE
COMPENSATED
ZENER

metal can package.

Schematic Diagram
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Absolute Maximum Ratings (Note 1) Lead Temperature 300°C
Pulse Voltage from V* to (Soldering, 4 sec. max.)
V- (50 ms) 50V Thermal Resistance
Continuous Voltage from Oaa
V*to V- 40V Cerdip
Input-Output Voltage (Still Air) 100°C/W
Differential 40V Cerdip
Maximum Amplifier Input (500LF/ Min Air flow) 61°C/W
Voltage Metal Can
Either Input 8.5V (Still Air) 156°C/W
Differential 5V Metal Can
Current from V,, 25 mA (500LF/ Min Air flow) 89°C/W
Current from Vgee 15 mA LCC
Internal Power Dissipation (Still Air) 96'C/W
Metal Can (Note 2) 800 MW LCC
Cavity DIP (Note 2) 900 mW (500LF/ Min Air flow) 70°C/W
LCC (Note 2) 900 mW Oac .
Operating Temperature -55°C < T, <+125°C CERDIP 22“CNV
Range Metal Can 37°CNV
) . LCC 27°C/W
Maximum T, +150°C
ESD Tolerance (Note 3) 500V
Storage Temperature
Range —65°C < T, <+150°C
Quality Conformance Inspection
MIL-STD-883, Method 5005 — Group A
Subgroup Description Temp ( °C)
1 Static tests at +25
2 Static tests at +125
3 Static tests at -55
4 Dynamic tests at +25
5 Dynamic tests at +125
6 Dynamic tests at -55
7 Functional tests at +25
8A Functional tests at +125
8B Functional tests at -55
9 Switching tests at +25
10 Switching tests at +125
11 Switching tests at -55
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LM723QML

Electrical Characteristics
DC Parameters (Note 9)

Symbol Parameter Conditions Notes Min | Max Units Sub-
groups
Viine Line Regulation 12V <V |y €15V, Vour = 5Y, -0.1| 0.1 %Vour 1
IL=1mA -0.2| 0.2 | %Vour 2
-0.3| 0.3 | %Vour 3
12V < V) < 40V, Vour = 2V, -0.2] 02 | %Vour 1
IL=1mA
9.5V <V |y £40V, Vout =5V, -0.3| 0.3 | %Vour
IL=1mA
Viioad Load Regulation 1mA < I <50mA, V| = 12V, -0.151 0.15| %Vourt 1
Vour =5V 04| 04 | %Vour 2
-0.6| 0.6 | %Vour 3
1mA <1, < 10mA, V,\ = 40V, -0.5| 0.5 | %Vour 1
Vour = 37V
6mA < I, < 12mA, V,y = 10V, -0.2| 0.2 | %Vour
Vout = 7.5V
Veer Voltage Reference lger = TMA, Vi = 12V 6.95|7.35 \
69| 74 Vv 2,3
lscp Standby Current Vin =30V, I =lger =0, 05| 3 mA 1
Vour = Vrer 05| 24 mA 2
0.5 | 35 mA 3
los Short Circuit Current Vout =5V, V|y =12V, Rgc = 10Q, 45 | 85 mA 1
R.=0
\ Zener Voltage Vin =40V, Vour =7.15V, I = TmA| (Note 8) | 5.58|6.82 \
(Note 10)
Vour Output Voltage Vin =12V, Vour =5V, I = 1TmA 45| 5.5 \ 1,2, 3
Electrical Characteristics
AC Parameters (Note 9)
- : . Sub-
Symbol Parameter Conditions Not es | Min | Max Units
groups
Delta Vour | Ripple Rejection f=120H,, Crer = 0, Vins = 2VRuis 55 dB 4
Delta V,y f = 120H,, Crer = 5pF, 67 dB 4
Vins = 2Vrus

Note 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 guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed

specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test
conditions.

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by T yax, 64a, and the ambient temperature,
Ta. The maximum available power dissipation at any temperature is Py = (Typmax — Ta)/64a or the number given in the Absolute Maximum Ratings, whichever is less.
See derating curves for maximum power rating above 25°C.

Note 3: Human body model, 1.5 kQ in series with 100 pF.

Note 4: L4 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.
Note 5: Figures in parentheses may be used if R1/R2 divider is placed on opposite input of error amp.

Note 6: Replace R1/R2 in figures with divider shown in Figure 13.

Note 7: V* and Vg must be connected to a +3V or greater supply.

Note 8: For metal can applications where V7 is required, an external 6.2V zener diode should be connected in series with Voyt.

Note 9: Unless otherwise specified, Tp = 25°C, Vi = V¥ = Ve =12V, V™ =0, Voyr =5V, I = 1 mA, Rgc = 0, C4 = 100 pF, Crer = 0 and divider impedance as seen
by error amplifier < 10 kQ connected as shown in Figure 1 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.

Note 10: Tested for DIPS only.
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Typical Performance Characteristics

Load Regulation
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LM723QML

Line Transient Response
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Typical Performance Characteristics (continued)
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Power Dissipation vs
Ambient Temperature
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TABLE 1. Resistor Values (kQ2) for Standard Output Voltage

Positive Applicable Fixed Output Negative Fixed 5% Output

Output Figures Output Adjustable Output Applicable Output Adjustable

Voltage +*5% +10% (Note 6) Voltage Figures +*5% +10%

(Note 5) R1 R2 R1 P1 | R2 R1 R2 | R1 | P1 R2

+3.0 1,5,6,9,12 (4) 412|301 | 1.8 [ 05| 1.2 +100 7 357 | 102 [ 22| 10 | 91
+3.6 1,5,6,9,12 (4) 357 (365| 15 [ 05| 1.5 +250 7 3.57 | 255 | 2.2 | 10 | 240
+5.0 1,5,6,9,12 (4) 215|499 | 075 | 0.5 | 22 | -6 (Note 7) 3, (10) 357 (243 | 12|05 | 0.75
+6.0 1,5,6,9,12 (4) 115 6.04 | 05 | 05| 2.7 -9 3,10 348 | 536 | 12| 05| 2.0
+9.0 2,4,(5,6,9, 12) 187 | 715 | 075 | 1.0 | 2.7 -12 3,10 357 845|112 | 05| 33
+12 2,4,(5,6,9, 12) 487 | 715| 2.0 | 1.0 | 3.0 -15 3,10 365 | 115| 12| 05| 4.3
+15 2,4,(5,6,9, 12) 787 | 715| 33 [ 1.0 3.0 -28 3,10 357|243 (12| 05| 10
+28 2,4,(5,6,9, 12) 21.0| 715 | 56 [ 1.0 2.0 -45 8 357|412 (22| 10 | 33
+45 7 357 | 487 | 22 | 10 | 39 -100 8 357|976 (22| 10 | 91
+75 7 357 | 787 | 2.2 10 | 68 -250 8 357 | 249 | 22 | 10 | 240

TABLE 2. Formulae for Intermediate Output Voltages

Outputs from +2 to +7 volts
(Figure 1 Figures 4, 5, 6, 9, 12)

Vour = (V XL)
ouT REF R1 + R2

Outputs from +4 to +250 volts
(Figure 7)

Vv R2 — R1
Veer  R2 - R1

;R3 = R4
2 R1 )

Vourt = (

Current Limiting

VSENSE
Rsc

ILmiT =

Outputs from +7 to +37 volts
(Figures 2, 4, 5, 6, 9, 12)

R1 + R2)

Vour = (VREF X —po

Outputs from -6 to —-250 volts
(Figures 3, 8, 10)

\ R1 + R2
Veer  R1+ R2

;R3 = R4
2 R1 ) °

Vourt = (

Foldback Current Limiting

Vout R3

Vsense (R3 + R4))
Rsc R4
VSENSE % R3 + R4

ISHORT CKT = ( Rsc

R4)
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Typical Applications

Vin

\
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v Vec
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>
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Note: R3 = m

for minimum temperature drift.

Typical Performance

Regulated Output Voltage 5V
Line Regulation (AV,y = 3V) 0.5mV
Load Regulation (Al, = 50 mA) 1.5mV

FIGURE 1. Basic Low Voltage Regulator
(Vour = 2 to 7 Volts)

Veer Vour
R3 w3 g AR,:;V_‘ REGULATED
LM723C v OUTPUT
cs
>
R1
NI INV.

20120409

R1R2
R1 + R2

Note:R3 =

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

Typical Performance

Regulated Output Voltage 15V
Line Regulation (AV,y = 3V) 1.5 mV
Load Regulation (Al_ = 50 mA) 4.5 mV

FIGURE 2. Basic High Voltage Regulator
(Vour = 7 to 37 Volts)
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Typical Applications (continued)
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Typical Performance
Regulated Output Voltage -15V
Line Regulation (AV,y = 3V) 1mV
Load Regulation (Al, = 100 mA) 2mV

FIGURE 3. Negative Voltage Regulator

Lm723
LmM723C

REGULATED
OuTPUT

20120411

Typical Performance

Regulated Output Voltage +15V
Line Regulation (AV,y = 3V) 1.5 mV
Load Regulation (Al_ = 1A) 15 mV

FIGURE 4. Positive Voltage Regulator
(External NPN Pass Transistor)
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Typical Applications (continued)

°
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60
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Typical Performance

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

Lm723
Lm723C

cL

Typical Performance

Regulated Output Voltage
Line Regulation (AV,y = 3V)

Load Regulation (Al_ = 10 mA)
Short Circuit Current

REGULATED
ouTPUT

20120412

+5V
0.5 mV
5mV

FIGURE 5. Positive Voltage Regulator
(External PNP Pass Transistor)

REGULATED
OUTPUT
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+5V
0.5 mV
1mV
20 mA

FIGURE 6. Foldback Current Limiting
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Typical Applications (continued)

T 1o

@1 Ve Vour
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Typical Performance

Regulated Output Voltage +50V
Line Regulation (AV,y = 20V) 15 mV
Load Regulation (Al = 50 mA) 20 mV

FIGURE 7. Positive Floating Regulator
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I e e o 8

d v v R6
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Typical Performance

Regulated Output Voltage -100V
Line Regulation (AV,y = 20V) 30 mV
Load Regulation (Al_ = 100 mA) 20 mV

FIGURE 8. Negative Floating Regulator
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Typical Applications

(Continued)

VRer

LM723
LM723C

R31K
INV.

comp

Typical Performance

Regulated Output Voltage +5V
Line Regulation (AV,y = 30V) 10 mV
Load Regulation (Al_ = 2A) 80 mV

FIGURE 9. Positive Switching Regulator(Note 4)
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Typical Applications (continued)

T2
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Typical Performance
Regulated Output Voltage -15V
Line Regulation (AV,y = 20V) 8 mV
Load Regulation (Al_ = 2A) 6 mV
FIGURE 10. Negative Switching Regulator(Note 4)
Vin
v Vee
e RE
Vaer Vour SaperTED
< LM723
gm LM723¢
N.I
R2 V-
LOGIC INPUT
20120418

Note: Current limit transistor may be used for shutdown if current limiting is not required.

Typical Performance
Regulated Output Voltage +5V
Line Regulation (AV,y = 3V) 0.5 mV
Load Regulation (Al = 50 mA) 1.5 mV

FIGURE 11. Remote Shutdown Regulator with Current Limiting

13
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Typical Applications (continued)

Vin
R4
100
REGULATED
oUTPUT
VRer Vour
R3 100 T
R1 Vz 2N3054
Lm723
e S
s b— =
| INV. NI
R4 v comp
J_ _I_m 5nF
20120419
Regulated Output Voltage +5V
Line Regulation (AV,y = 10V) 0.5 mV
Load Regulation (Al_ = 100 mA) 1.5 mV

FIGURE 12. Shunt Regulator
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P1 € INpuT
R2
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FIGURE 13. Output Voltage Adjust
(Note 6)
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Revision History Section

Date
Released Revision Section Originator |Changes
02/15/05 A New Release, Corporate format L. Lytle 1 MDS data sheet converted into one

Corp. data sheet format. MNLM723-X,
Rev. 1A0. MDS data sheet will be
archived. AC and Drift parameters
removed from specifcation because they
only applied to the JAN B/S devices,
covered in a separate datasheet.
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Physical Dimensions inches (millimeters) unless otherwise noted
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

L7185  MAX
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LM723QML Regulator

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without notice to change said circuitry and specifications.

For the most current product information visit us at www.national.com.

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body, or
(b) support or sustain life, and whose failure to perform when
properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to result
in a significant injury to the user.

2. A critical component is any component of a life support

device or system whose failure to perform can be reasonably
expected to cause the failure of the life support device or
system, or to affect its safety or effectiveness.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor manufactures products and uses packing materials that meet the provisions of the Customer Products
Stewardship Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification (CSP-9-111S2) and contain

no “Banned Substances” as defined in CSP-9-111S2.

National Semiconductor National Semiconductor

Americas Customer Europe Customer Support Center
Support Center Fax: +49 (0) 180-530 85 86
Email: new.feedback@nsc.com Email: europe.support@nsc.com
Tel: 1-800-272-9959 Deutsch Tel: +49 (0) 69 9508 6208

English Tel: +44 (0) 870 24 0 2171
www.nhational.com Francais Tel: +33 (0) 1 41 91 8790

National Semiconductor National Semiconductor

Asia Pacific Customer Japan Customer Support Center
Support Center Fax: 81-3-5639-7507

Email: ap.support@nsc.com Email: jpn.feedback@nsc.com

Tel: 81-3-5639-7560




IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters dataconverter.ti.com Consumer Electronics Www.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy
DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security
Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity
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@Iasﬂ U

KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.



mailto:org@eplast1.ru

