National Semiconductor

LM431

Adjustable Precision Zener Shunt Regulator

General Description

The LM431 is a 3-terminal adjustable shunt regulator with
guaranteed temperature stability over the entire temperature
range of operation. The output voltage may be set at any
level grealer than 2.5V {Vzez¢) up to 36V merely by selecting
two exiernal resisiors that acl as a voltage divided network.
Due to the sharp turn-on characteristics this device is an ex-
cellent replacement for many zener diode applications.
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Features

m Average temperature coefficient 50 ppm/"C

m Temperature compensated for operation over the full
temperature range

® Programmable output voltage

® Fast tum-on response

m Low output noise

Connection Diagrams

T0-92: Plastlec Package
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LM431BCM, LM431EIM, LM431CCM
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Order Number LM431ACM3, LM431AIM3,
LM431BCM3, LM431BIM3, LM431CCM3
or LM431CIM3

Ordering Information (Note 1)

DS010085-28

Package Typlcal Accuracy Temperature Range
0.5% 1% 2%
TO-92 LM431CCZ LM431BCZ LM431ACZ 0°C 1o +70°C
LM431CIZ LM431B812 LM431A1Z —-40°C 1o +85°C
508 LM431CCM LMA31BCM LM431ACM 0°C 1o +70°C
LM431CIM LM431BIM LM431AIM —-40°C 1o +85°C
S0T-23 LM431CCM3 LM431BCM3 LM431ACM3 0°C 1o +70°C
LM431CIM3 LM431BIM3 LM431AIM3 —40°C to +85°C

Note 1: See Tabie ¥ for package marking for SOT-23
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Absolute Maximum Ratings (Note 2) Cathode Voltage 37V
If Mllltary/Aerospace speclfled devlices are required, Confinuous Cathode Current —10 mAto +150 mA
please contact the Natlonal Semlconductor Sales Offlce/ Reference Voltage -0.5Y
Distrlbutors for avallabllity and speclifications. Reference Input Current 10 mA
Storage Temperature Range -65°C to +150°C
Operaling Temperature Range (o] pera tin g Conditions
Industrial .(LM431 1) —40:0 to +85:C Min Max
Commercial (LM431xC) 0°C to +70°C Cathode Voltage Voo 37V
Lead Temperaiure Cathode Current 1.0 mA 100 mA
TO-92 Package/S0O-8 Package/SOT-23 Package
{Soldering, 10 sec.) 265°C
Internal Power Dissipation {Notes 3, 4)
TO-92 Package 0.78W
S0-8 Package 0.81W
SOT-23 Package 0.28W
LM431
Electrical Characteristics
Ta = 25°C unless otherwise specified
Symbol Parameter CondlItlons Min Typ Max |Unlts
Veer Reference Vollage V2 = Vger, || = 10 mA 2.440 | 2495 | 2.550 V'
LM431A (Figure 1)
Vo = Vaer, | = 10 mA 2470 | 2495 | 2520 v
LM431B (Figure 1)
Vs = Viege, || = 10 mA 2485 | 2500 | 2510 [ v
LM431C (Figure 1)}
Voev Deviation of Reference Input Voltage Over | Vo = Vger, || = 10 mA, 8.0 17 my
Temperature {Note 5) T, = Full Range (Figure 1}
AVRep Ratio of the Change in Reference Voltage Iz =10 mA | Vz from Vger 10 10V -1.4 27 | mvwv
AVz to the Change in Cathode Voltage (Figure 2} | V2 from 10V to 36V -1.0 -20
laer Reference Input Current Ry =10 kL2, By = »=, 2.0 4.0 HA
I, =10 mA (Figure 2 }
o lnep Deviation of Reference Input Current over Ry =10 k2, By = o=,
Temperature I, =10 mA, 04 1.2 HA
T, = Full Range (Figure 2 }
lznaimy Minimum Cathode Current for Regulation Vo = Viger (Figure 1} 04 1.0 mA
lzioFF Off-State Current V5 = 36Y, Ve = OV (Figure 3} 03 1.0 HA
rs Dynamic Output Impedance (Note 6) Vo = Ve, LM431A, 0.75 0
Frequency = 0 Hz {(Figure 1}
V5 = Vger, LM431B, LM431C 0.50 Q
Frequency = 0 Hz (Figure 1}

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

&)

Note 2: Absolute Maximum Ratings indicate limits beyond which damage 1o the device may occur. Electrical specifications do not apply when operating the device

Note 4: Rafings appy to ambient temperature at 26'C. Above this temperature, derate the TO-92 at 6.2 mW/C. the SO-8 at 8.5 MW/ C, andthe SOT-23 at 2.2 mW/
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LM431
Electrical Characteristics (Continued)

Note 5: Deviation of reference input voltage, Voey, s defined as the maximum variation of the reference input voltage over the full temperature range

Yiax

Yoev = Yuax = Y |

T

DS010085-7

TEMPERATURE

The average temperature cosflicient of the reference input voltage, = Vger, is defined as:

VREF (at 25°C) Vaer (8l 25°C)
Te— Ty Ta—Ty

PpM
“VREF

+ [ Vivax — Ymin 106+ [ VDEV }105

Where:

Ty - Ty = 1ull temperature change

=Vrer can be positive or negative depending on whether the slope is positive or negative
Example: Vogy = 8.0 mV Ve = 2485 mV. T, — T4 = 70°C. slops is positive

[ 8.0 mv ]106
2495 mv

— 4 E
oG 6 ppm/=G

=VReF =
Note 8: The dynamic cutput impedance, 17, is defined as

AVz
alz

rz =

When the device is programmed with two external resistors, R1 and R2, {see Figure 2), the dynamic output impedance of the overall circuit. 1z, is defined as

Avz { ( Rt ) ]
_AVz LB
E2rvei LA Qv
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Equivalent Circuit

DC Test Circuits

[T V¥ VR —

Irer 1

VRer

“Dsot0085-4

FIGURE 1. Test Clrcult for V2 = Vg

CATHODE
vy
VRer 7
Ré&
S 12kp
Qﬁj—'ﬂl\c—‘
g R&
80040

Ri

330
ANODE
(GND)
DE010055-3

“Ds010055°5
Note: Vz = Vger {1 + R1/RE) + Iggp+ R1

FIGURE 2. Test Clrcult for V, > Voo
Vz

l Iz OFF

DI2010085-6

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

Input Current vs ¥V,
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Thermal Information
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Stabllity Boundary Condlitions
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Note:

the initial ¥z and Iz conditions with G = 0. V* and G| were then adjustsd to dstermine the ranges of stability

Test Clrcult for Curve A Above

'y

Vil
Ik l 1500
+
bty
=
L
- DR010055-12

Test Clrcult for Curves B, C and D Above

CL_

' e
e | 1500
10Kka .
bt =L v+
Veer —k =
Rzl

as

CS010055-15

The areas under the curves represent conditions that may cause the device to oscillate. For curves B, G, and D. R2 and V* were adjusted to establish
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Typical Applications

Shunt Regulator Single Supply Comparator with

Temperature Compensated Threshold
¥ AN —y . Yo e e
] Vi
1
R1 i %
| L
VRer i -~ b
]
R2 ' — ot
i A | o = 2y
D01 005514 IN —Anp———ly | VorF = Y+
Wy = 2.5V
R1
Vo = (1 ' E) VREF ‘] GND
- 0301006515

Serles Regulator

Output Control of a Three
Terminal Flxed Regulator

¥+

DE010085-18 jp
DS010088-17
R1
VD:(‘If )vHEF ( m)
R2 Vo=11+ =1V
[o] Rz, VREF
Vo MmN = YRer + BV
Higher Current Shunt Regulator Crow Bar
¥ —AAfy ; Vg v —of \_o—¥ 9 Yo
A >
. ™ <
A?’m ) RI 9
ey Ay !
-
<R RZ
d DSO10055-18 CSO10055-19

_ A1
Yumir = | 1+ o2 JVREF
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Typical Applications (continued)

Over Voltage/Under Voltage
Protectlon Clroult

Y

L L ouT ON

RIA b WHEN
s s LOW .. . HIGH

i vl TV ARV
ety

X

R2A 2 Rz

C2010055-20

R1B
= +o=1+
LOWLIMIT = Vger (1 RZB) VaE

HIGH LIMIT = v, (1 mA)
=Vaer {17 5o

Voltage Monltor

Ve L “hdv
R1A Z riB ¢\
~y

> 4

RZA % RZB

S

De010085-21

R1B LED ON WHEN

LOW LIMIT = Vger (1 + ﬁ) LOW LIMIT < VT < HIGH LIMIT

HIGH LIMIT = V| (1 + m)
~ VYREF R2A
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Typical Applications (Coniinued)

Delay Timer
V¥ AP
F
R .
—t
4 r Y
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- DS010055-22 Iop — M
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TABLE 1. Package Marking for SOT-23

DS010085-24

Recommended Solder Pads for SOT-23 Package

0.060"
+0.005"

T

D20100556-27

Order Number Top Mark
LM431ACM3 N1F
LM431AIM3 N1E
LM431BCM3 N1D
LM431BIM3 N1C
LM431CCM3 N1B
LM431CIM3 N1A
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Ph ysical Dimensions inches {millimeters) unless otherwise noted

B
"~ [4.000=5.000) |

0.228—-0.234
{5.791-6.198)
|

0.189 —0.997

QD oy

= | {0254
LD T2 34 an}.
IDENT TP
0.150 - 0.157
{3.810 - 3.388)
0.010-0.020 , 45— g ag— 0.053-0.069.
{0,754 0508} {1.346-1.753] 0.004—0.010
| 8 MAX TYP : 0.004 —0.010
AL LEADS L] 10.102—0.254
&{___;J ‘ I L, _ LI 1= == ¢ SEATING
0.004 /4 T f ; L ‘ T PLANE
0.102) I D.014
0.008 —0.010 e, 0.050 0.014 —0.020
0,008 — 0.010 0 TIPS _ .00 0.014 -0.020
Gz LT mifg‘;’gl 0358} 3 m)_’l B =i
TYP ALL LEADS 405 —1. YR 0008 1yp
TYP ALL LEADS {0.208) = MOBA 564 1
Order Number LM431ACM, LM431AIM,
LM431BCM, LM431BIM, LM431CCM, or LM431CIM
NS Package Number MOSA
SYMM
¢
0.115£0.005 .
ST 282z 0.12] T i
; B R
+
K 1
i I 0.090
gosstogos | . N ogssto00s  0.030TYR ! [2.29]
|2.5120.12] (1.410.07) [8.78] |
. I :
L L ‘ i !
]
i i200375*00025 ‘ : |
: .0 . 0.030TYP_| L ! | 0.0375
I I [0.853£0.063] [0.78] = Jo.95]
0.018- 0,024 | 0.07520.005
|0.46-0.61] " [1.9120.12] " LAND PATTERN RECOMMENDATION
0.036 - 0.044 (lMHJ)
[0.91-1.12] 0.94 R0.003 GAGE PLANE
[o.08] MIN TYP e
R0.003 0.008
I \ fo.08] ¥ ”P\ [0.2]
ES L e - T (== -
< 0.0015 [0.038] [C 0.51540.002 _{ ]| N f
0.0175£0.0025 1vp JH‘ [0.38+0.05] -
0.001-0.004 [0.445 £ 0.063) \ 0.0055% C‘.U(HSTYP
l0.03-0.10] [0.1440.038]
TYP "\ SEATING PLAKE

$0T-23 Molded Small Outline Translstor Package (M3)

Order Number LM431ACM3, LM431AIM3,

LM431BCM3, LM431BIM3, LM431CCM3, or LM431CIM3

NS Package Number MAO3B

- 0.Cce

0.022 t?'ﬁ“ Tvp
+OLET
[0.56 777

WAGSH (KEY 43
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LM431 Adjustable Precision Zener Shunt Regulator

Ph ysical Dimensions inches (millimeters) unless otherwise noted (Continued)

™~ 5° 2 FLCS

"\

0.500 [0.368-0.394]

‘ ‘L 0 0145-0, 0155 BEFORE LEAD FINISH
[ 2. 70]M\N —

SEATING PLANE 0.135-0.145

[ [3.43-3.68]

4.090

[2.29] MAX | 0.045-0.055
(UNCONTROLLED I" [1.14-1.40]
LEAD DIA) 0.045-0.055

P i [1.14-1.40] T7F
1 o ——
1
0.175-0.185
1 ]
[4.45-4.70] |[s E_L
- 0.016-0.021 :|r _
TYP
EJECTION MARK [0.41-0.53] 0.090
0.065 J R 229 109 2 PLCS
e [1.65]
1 [0003185] MAX 7034 {REV F)

Order Number LM431ACZ, LM431AIZ,
LM431BCZ, LM431B1Z, LM431CC2Z, or LM431CIZ
NS Package Number Z03A

LIFE SUPPORT POLICY

NATIONAL'S FRODUCTS 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. Liie support devices or sysiems are devices or sys- 2. A critical component in any component of a life support

iems which, (a) are intended for surgical implant inio
the body, or (b} support or sustain life, and whose iail-
ure to perform when properly used in accordance
with insiructions for use provided in the labeling, can
be reasonably expected to resuli in a significant injury
io the user.

device or sysiem whose failure to periorm can be rea-
sonably expecied to cause the tailure of the lite support
device or sysiem, or o affect iis safety or efiecliveness.

National Semiconducior National Semiconducior

National Semi d | Semiconductor

Corp oration Europe

Americas Fax: +49 (0) 1 80-530 €5 86

Tel: 1-800-272-9959 Email: europe.support@nsc.com

Fax: 1-800-737-7018 Deutsch Tel: +4% {0) 1 80-530 85 85

Email: support@nsc.com English  Tel: +4%{0) 1 80-532 78 32

Frangais Tel +49 {0) 1 80-b32 93 58

www national .com ltaliano Tel 9{0) 1 80-534 16 80

Agia Pacific Customer
Responae Group

Tel: 65-2544466

Fax: 65-2504466

Email: sea support@nsc.com

Japan Lid.
Tel: 81-2-56206175
Fax: 81-3-5620-617%

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.




