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LM431
Adjustable Precision Zener Shunt Regulator

General Description Features

The LM431 is a 3-terminal adjustable shunt regulator with ~ ™ Average temperature coefficient 50 ppm/°C
guaranteed temperature stability over the entire temperature ~ ® Temperature compensated for operation over the full
range of operation. The output voltage may be set at any temperature range

level greater than 2.5V (Vgeg) up to 36V merely by selecting  m Programmable output voltage

two external resistors that act as a voltage divided network.  w Fast turn-on response
Due to the sharp turn-on characteristics this device isan ex- g | o\ output noise
cellent replacement for many zener diode applications.
Connection Diagrams
TO-92: Plastic Package S0O-8: 8-Pin Surface Mount
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Top View Order Number LM431ACM, LM431AIM,
Order Number LM431ACZ, LM431AIZ, LM431BCM, LM431BIM, LM431CCM
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SOT-23: 3-Lead Small Outline
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Top View
Order Number LM431ACM3, LM431AIM3,
LM431BCM3, LM431BIM3, LM431CCM3
or LM431CIM3
Ordering Information  (Note 1)
Package Typical Accuracy Temperature Range
0.5% 1% 2%
TO-92 LM431CCz LM431BCZz LM431ACZ 0°C to +70°C
LM431ClIz LM431BIZ LM431Al1Z -40°C to +85°C
SO-8 LM431CCM LM431BCM LM431ACM 0°C to +70°C
LM431CIM LM431BIM LM431AIM —-40°C to +85°C
SOT-23 LM431CCM3 LM431BCM3 LM431ACM3 0°C to +70°C
LM431CIM3 LM431BIM3 LM431AIM3 -40°C to +85°C

Note 1: See Table 1 for package marking for SOT-23.
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Absolute Maximum Ratings  (Note 2)

If Military/Aerospace specified devices are required,

Cathode Voltage
Continuous Cathode Current

37v

-10 mA to +150 mA

please contact the National Semiconductor Sales Office/ Reference Voltage -0.5v
Distributors for availability and specifications. Reference Input Current 10 mA
Storage Temperature Range -65°C to +150°C
Operating Temperature Range Operating Conditions
Industrial (LM431xI1) -40°C to +85°C .
Commercial (LM431xC) 0°C to +70°C Min Max
Cathode Voltage Vrer 37V
Lead Temperature Cathode Current 1.0 mA 100 mA
TO-92 Package/SO-8 Package/SOT-23 Package
(Soldering, 10 sec.) 265°C
Internal Power Dissipation (Notes 3, 4)
TO-92 Package 0.78W
SO-8 Package 0.81W
SOT-23 Package 0.28W
LM431
Electrical Characteristics
Ta = 25°C unless otherwise specified
Symbol Parameter Conditions Min Typ ax  Upits
Viee Reference Voltage V; = Vger, |} = 10 mA 2.440 | 2.495 | 2.550 \
LM431A (Figure 1)
V3 = Vger || = 10 mA 2.470 | 2.495 | 2.520 Y
LM431B (Figure 1)
V, = Vger || = 10 MA 2.485 | 2.500 | 2.510 \%
LM431C (Figure 1)
Vpev Deviation of Reference Input Voltage Over | V, = Vggg, |} = 10 mA, 8.0 17 mV
Temperature (Note 5) T = Full Range (Figure 1)
AVRgr | Ratio of the Change in Reference Voltage I, =10 mA | V; from Vgge to 10V -14 =27 | mviIv
AVz to the Change in Cathode Voltage (Figure 2) | V, from 10V to 36V -1.0 -2.0
lree Reference Input Current R, =10 kQ, R, = o, 2.0 4.0 HA
I, = 10 mA (Figure 2 )
Ulger Deviation of Reference Input Current over R; =10kQ, R, = o,
Temperature I, = 10 mA, 0.4 1.2 PA
Ta = Full Range (Figure 2 )
Izaminy Minimum Cathode Current for Regulation Vz = Vgee (Figure 1) 0.4 1.0 mA
I2(0FF) Off-State Current V, = 36V, Vgee = OV (Figure 3) 0.3 1.0 HA
ry Dynamic Output Impedance (Note 6) V; = Vger, LM431A, 0.75 Q
Frequency = 0 Hz (Figure 1)
Vy = Vger, LM431B, LM431C 0.50 Q
Frequency = 0 Hz (Figure 1)

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Electrical specifications do not apply when operating the device

beyond its rated operating conditions.
Note 3: T yax = 150°C.

Note 4: Ratings appy to ambient temperature at 25°C. Above this temperature, derate the TO-92 at 6.2 mW/°C, the SO-8 at 6.5 mW/°C, and the SOT-23 at 2.2 mW/

C.
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LM431
Electrical Characteristics  (continued)

Note 5: Deviation of reference input voltage, Vpgy, is defined as the maximum variation of the reference input voltage over the full temperature range.

Viax

Vpev = Viax = YMIN |

T,

DS010055-7

T
TEMPERATURE

The average temperature coefficient of the reference input voltage, OVggr, is defined as:

+[ VMax — VMin ] P [%]106
v ppm L VRer (at 25°C) VRer (at 25°C)
«<VREF —on~ =

°C To— Ty a To— Ty

Where:

T, — Ty = full temperature change.

OVRer can be positive or negative depending on whether the slope is positive or negative.
Example: Vpgy = 8.0 mV, Vggr = 2495 mV, T, - Ty = 70°C, slope is positive.

[ 8.0 mV
2495 mV
70°C

[ roe

<VRef = = +46 ppm/°C

Note 6: The dynamic output impedance, rz, is defined as:

When the device is programmed with two external resistors, R1 and R2, (see Figure 2 '), the dynamic output impedance of the overall circuit, rz, is defined as:

r *A—Vzﬁ[r (1+ﬂ)]
Z27a [? R2
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Equivalent Circuit
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DC Test Circuits
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FIGURE 1. Test Circuit for V., = Vgge Note:  Vz = Vger (1 + RI/R2) + Iggee R1

FIGURE 2. Test Circuit for V. , > Vgee

N vy

l I, OFF

DS010055-6

FIGURE 3. Test Circuit for Off-State Current
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Typical Performance Characteristics

Input Currentvs V Thermal Information Input Currentvs V
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Stability Boundary Conditions
100 T
9 | A Vz = Vrer ’ | ‘
B V;=5VATI; =10mA (NOTE 1)

80Fc v, =10V AT I, = 10mA
701D Vz =15V AT I7 = 10mA
i STABLE

| Je] ¢
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30 /]
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M A\ \\
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LOAD CAPACITANCE

DS010055-11

Note: The areas under the curves represent conditions that may cause the device to oscillate. For curves B, C, and D, R2 and V* were adjusted to establish
the initial V7 and I conditions with C_ = 0. V* and C|_ were then adjusted to determine the ranges of stability.

Test Circuit for Curve A Above Test Circuit for Curves B, C and D Above
AvAvAv AVAVAV
I
Ki 1500 R~ < lIK 150Q
10kQ S
+ 9 +
1 -t 4 i —t = v+
-~ ¥\ V= UL Ve A 7'5
R2 &
- DS010055-12 - DS010055-13
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Typical Applications

Shunt Regulator Single Supply Comparator with
Ve v Vo Temperature Compensated Threshold
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- DS010055-15
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_ R1
Vumr = | 1+ 25 | VRer

www.national.com 6



Typical Applications  (continued)

V+

Over Voltage/Under Voltage
Protection Circuit

LOW LIMIT = V, (1+1B>+v
=~ VRer R2B BE

R1A
~ il
HIGH LIMIT = Vggr (1 nzA)

R1
= + =
LOW LIMIT = Viggr (1 RZB)
R1A
HIGH LIMIT = Vger 1 + ——
REF ( RZA)

L L L oUT ON
RIA S IRB 2 WHEN
9 9 9 Low HIGH
| owr << L
|
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_IDSDlOOSS-ZO
Voltage Monitor
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< < <
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- DS010055-21
LED ON WHEN

LOW LIMIT < V' < HIGH LIMIT
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Typical Applications  (continued)

Constant Current Sink

VWVv— ¥
-—
S

AAA

I||—0
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Recommended Solder Pads for SOT-23 Package

0.030” =0. UUS <—
0.120” MIN U 035 0.060"
TYP +0.005"

f

DS010055-27

TABLE 1. Package Marking for SOT-23

Order Number Top Mark
LM431ACM3 N1F
LM431AIM3 N1E
LM431BCM3 N1D
LM431BIM3 N1C
LM431CCM3 N1B
LM431CIM3 N1A

Delay Timer Current Limiter or Current Source
V+ MN
s ¢ . Vi —4 —\\\—
L > A A R
SR N c
<
—t
l ‘
OFF K(;N T c VWA Jr‘
- DS010055-22 lo = Veer
ReL
V+
DELAY = ReCe /p ———
(V¥) = Vper

DS010055-23
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PhySiCﬁ' Dimensions inches (millimeters) unless otherwise noted

0.189-0.197

(4.800—5.004)

AR A

0.228—0.244
{5.791—6.198)

l gy H%_i
LEADNO. 17 ! 3 4

IDENT

TYP
0.150-0.157
(3.810—3.988)
0.010-0.020 , g5e 5 0.063-0.069
(0.254 -0.508) (1.346-1.753) 0.004 —0.010
8° MAX TYP —_—
ALL LEADS {0102 ozw
&,’/ \ ¢ L SEATING
oom A i ? ) PLANE
{0,102 I 0.014
0008-0.010  ,\ VranTies 0,016 —0.050 g L0 uu14 0.014-0.020 1yp
{0.203—0.258) — T {1.21) (n 356—0.508)
TYP ALL LEADS (0406 -1.270) e 0.008 7yp
TYP ALL LEADS (0.203) MOBA (REV H)
Order Number LM431ACM, LM431AIM,
LM431BCM, LM431BIM, LM431CCM, or LM431CIM
NS Package Number MO8A
SYMM
¢
0.115+0.005 .
" [2.92%0.12] . i
3 T
3 !
T
- !
i f I 0.090
i [2.29]
0.099+0.005 || _ [ [ 0.055+0.003  o0.0307TYP !
[2.51+0.12] i (1.4£0.07) [0.76] !
i ; i .
- : ‘ ! I I
IR
: i : ‘ i :
1| i | 2 1 .
: ; . 0.0375£0.0025  0.0307TYP_| ! ! 0.0375
! [0.95340.063] [0.76] ST [o.95)
0.018-0.024 | 0.075+0.005_!
[0.46-0.61] "~ " [1.91£0.12] LAND PATTERN RECOMMENDATION
(E.OSG - 0'04f <[°0~°g37])
0.91-1.12 -94 R0.003 GAGE PLANE
I [0.06] MIN TYP
[ I N A i
T v ——— AT r—m+
]0.0015 [0.038 J0075 0.0025 ch Si0.00]Z
175+ 0.38+0.05
000,_0004 [0.4450.063] " ooossto 0015 1o
[0.03-0.10] [0.14£0.038]
TYP . SEATING PLANE
o.022 1502
[0 56 g?g MAO3B (REV A)

SOT-23 Molded Small Outline Transistor Package (M3)
Order Number LM431ACM3, LM431AIM3,
LM431BCM3, LM431BIM3, LM431CCM3, or LM431CIM3
NS Package Number MAO3B
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LM431 Adjustable Precision Zener Shunt Regulator

Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

[ 5° 2 PLCS

_L 0.0145-0. 0155 BEFORE LEAD FINISH

— = [0.368-0.394]
0.500
~[12.70]MN
SEATING PLANE orssouiss

0.090 [3.43-3.68]
[2.29] MAX | 0.045-0.055
(UNCONTROLLED I*' [1.14-1.40]
LEAD D|A) 0.045-0.055

— L

0.175-0.185
O [4.45-4.70]

I L

[1.14-1.40] TP

___T___

Bt

EJECTION MARK J
0.065
2 1.65]

0.015
¥ [0.38] MAX

F‘EE:L
0.016-0.021 ¢ :|r 0090_/
[2.29]

[0.41-0.53]
10° 2 PLCS

Z03A (REV F)

Order Number LM431ACZ, LM431AIZ,
LM431BCZ, LM431BIZ, LM431CCZ, or LM431CIZ
NS Package Number Z03A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMI-

CONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or sys-
tems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, and whose fail-
ure 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 in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.
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Corporation Europe
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Tel: 1-800-272-9959 Email: europe.support@nsc.com
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Tel: 65-2544466
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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.




