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® Equivalent Full-Range Temperature
Coefficient . . . 30 ppm/°C

e Temperature Compensated for Operation
Over Full Rated Operating Temperature
Range

® Adjustable Output Voitage
Fast Turn-On Response

® Sink Current Capability . .
100 mA

® Low (0.2 Q Typ) Dynamic Output
Impedance

.1mA to

® Low Output Noise

description

The TL431 and TL431A are three-terminal
adjustable shunt regulators with specified
thermal stability over applicable industrial and
commercial temperature ranges. The output
voltage may be set to any value between Vref
{approximately 2.6 V) and 36 V with two
external resistors (see Figure 16). These devices
have a typical output impedance of 0.2 Q1. Active
output circuitry provides a very sharp turn-on
characteristic, making these devices excellent
replacements for zener diodes in many
applications.

The TL431M is characterized for operation over
the full military temperature range of -56°C
to 126°C. The TL431l and TL431Al are
characterized for operation from —40°C
to 86°C, and the TL431C and TL431AC are
characterized for operation from 0°C
to 70°C.

NOTICE

SEE ORDER OF DATA FOR ERRATA INFORMATION

TL4311, TL431Al, TL431C, TL431AC . .. D PACKAGE
{TOP VIEW)

caTtHooe [J1 U s[JREF

ANODE[]2 7] ANODE

ANODE []3 ¢ [J ANODE
Nc[Js  s[INC

TL431M . . . JG PACKAGE
(TOP VIEW)

caTHoDE [J1 U 8[] REF
NC[]z 7[QNC
NC[js  e]] ANODE
NC({]a s[]NC

TL431M ... LD PACKAGE
{TOP VIEW)

REF.

CATHODE ANODE

THE ANODE IS IN ELECTRICAL CONTACT WITH THE CASE.

TL431I, TL431Al, TL431C, TL431AC . . . LP PACKAGE
(TOP VIEW)

CATHODE
ANODE

REF

TL4311, TL431AL TL431C, TL431AC . . . P PACKAGE
(TOP VIEW)

caTHODE [f1 U 8[J REF
Nc(jz 7[ANC
NC[]a  e]] ANODE
NC[j4 s[JNC

NC—No internal connection

symbol

REFERENCE (R)

ANODE CATHODE
(A} (K}
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TEXAS INSTR (LIN/INTFQ)

sjaayg eleq m

TLA31M, TL4311, TL431Al, TL431C, TL431AC
ADJUSTABLE PRECISION SHUNT REGULATORS

ematic
schema CATHODE
80003 800 Q
20 pﬂ
—
REFERENCE—T—( m
.J v
150 2
3.28 k2 F 3
4 k2
20 pF 10 k@
2.4 ki 7.2 kf} 4
4 Y 3
EI | : 1 ki J
800 0 R |
ANODE:

Component values are nominal.

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)
Cathode voltage (see Note 1) .

.................................... iee... 37V
Continuous cathode current range et ettt e - 100 mA to 150 mA
Reference input current range . . e e r e et . =50 pA to 10 mA
Continuous power dissipation ............c.o0vneeenn,. See Dissipation Rating Tables 1 and 2
Operating free-air temperature range: TL431C, TLA31AC . .......ovivvininnen.. 0°C to 70°C

TLA31L, TLA31AL. . ... i e et ~40°C to 85°C
TLA3IM ........... e e -55°C to 1256°C
Storage temperature range ...... f s et e ettt ettt e et ... —85° to 160°C
Lead temperature 1,6 mm (1/16 Inch) from case for 60 seconds: LD or JG package. .... .. 300°C
Lead temperature 1,6 mm (1/186 inch) from case for 10 seconds: D, LP, or P package ..... 260°C
NOTE 1: Voltage values are with respect to the anode terminal unless otherwise noted.
DISSIPATION RATING TABLE 1-—FREE-AIR TEMPERATURE
PACKAGE VA = 26°C  DERATING FACTOR  Ta = 70°C Ta = 85°C TA = 126°C
POWER RATING ABOVE Ta = 26°C POWER RATING POWER RATING POWER RATING
D 826 mW 6.6 mW/°C 528 mW 428 mW
JG 1060 mW 8.4 mw/°C 672 mwW 546 mW 210 mW
Lo 276 mW 2,2 mW/°C 176 mwW 143 mwW 55 mW
LP 776 mW 6.2 mW/°C 496 mW 403 mW
P 1000 mW 8.0 mW/°C 640 mW 520 mW

DISSIPATION RATING TABLE 2—CASE TEMPERATURE

PACKAGE Tc s 26°C DERATING FACTOR Te = 126°C
POWER RATING  ABOVE T¢ = 26°C POWER RATING
LD 1650 mW 12.4 mW/°C 310 mW

racommended operating conditions

14E D EN 89k1724 0079560 & WM

MIN MAX | UNIT

Cathodg voltage, Vika Vief 36 v

Cathode current, i {for regulation)

1 100 mA
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TEXAS INSTR (LIN/INTFC)

TL431M, TL431l, TLA31C

ADJUSTABLE PRECISION SHUNT REGULATORS

T-58-11-23
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ADJUSTABLE PRECISION SHUNT REGULATORS

TEXAS INSTR (LIN/INTFC)
TL431Al, TLA31AC
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TEXAS INSTR (LIN/INTFCQ)

18E D

PARAMETER MEASUREMENT INFORMATION

INPUT —AA————— VKA

Ix

—>»

<
-
3
-

ilje—

i

FIGURE 1. TEST CIRCUIT FOR VKA = Vref

|NFUT—NW——W

T-58-11-23

VKA

AAA
VYV

PUT

$

‘P
R23

1 Vka = Viet (1 + :—; >+ fraf*R1

FIGURE 2. TEST CIRCUIT FOR VKA > Vief

p——— VKA

"oﬁ

FIGURE 3. TEST CIRCUIT FOR loff

TYPICAL CHARACTERISTICS

CATHODE CURRENT

CATHODE CURRENT

vs vs
CATHODE VOLTAGE 800 CATHODE VOLTAGE
150 T
VKA = Vref VKA = Vref
1256 —TA - 25°C TA - 25°C
600
‘é 100 i
| [
é 76 & min
g 50 g 400
3 3
o 25 s
3 |54
2 o 2 200 y
8 L 3
Q -25 - 1
| / o«
= - 0
~60 / - (
-75
-100 / -200
-2 -1 0 1 2 3 -1 0 1 2 3
Vka—Cathode Voltage—V VKA—Cathode Voltage—V
FIGURE 4 FIGURE 5
i
TEXAS "J

INSTRUMENTS
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TL431M, TL431], TLA31Al, TL431C, TL431AC
ADJUSTABLE PRECISION SHUNT REGULATORS
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TEXAS INSTR (LIN/INTFQ) L4E D

TL431M, TL4311, TL431Al, TL431C, TL431AC

ADJUSTABLE PRECISION SHUNT REGULATORS

B 3961724 0079564 3 mm

T-58-11-23

TYPICAL CHARACTERISTICS

QOFF-STATE CATHODE CURRENT

Vs
FREE-AIR TEMPERATURE?

2.5 I T
VKA = 36V
i Viet = 0
L 2
=
o
2K
315
’ 2
g 3
~ 2 1
0 8
@
@ 3
g [ 0.5
8 3 /
(/] L
0

~75-50 -26 0 25 60 75 100 125
TA—Free-Alr Temperature— °C

FIGURE 6
REFERENCE INPUT VOLTAGE

vs
FREE-AIR TEMPERATURE?

2600 —
2580 VKA = Vref l | |
Z Ik = 10 mA Vegf = 2650 mV?
1 2660 —
8 2540 =
S +
% 25620
2 Vief = 2496 mV?
£ 2500
8 L1 —
g 2480 > —]
S 2460
= Vyief = 2440 mv#
i 2440
2 I
> 2420
2400

-76 ~-50 -26 0 25 60 75 100 126
Ta—Free-Air Temperature— °C

FIGURE 8

Noise Voltage—nV/ VHz

Iref—Reference Input Current—pA

NOISE VOLTAGE
vs

FREQUENCY
80 T T I
N VKA = Vref
| IK = 10 mA
40 h Ta = 25°C
\\__- I:H
30
I
20
10
o I

10 40 100 4001k 4k10k 40k 100k
f—Frequency—Hz
FIGURE 7

REFERENCE INPUT CURRENT

Vs
FREE-AIR TEMPERATURE

T T
RT = 10 k@
R2 = o

4K =10mA

0
-75 ~-50 -26 0 25 60 75 100 125
Ta—Frae-Air Temperature— °C

FIGURE 9

tFor TL431, TL431Al, TL431C, and TL431AC, the data applies only for the portions of the curves that lie within their recommended

operating temperature ranges.

Data is for devices having the indicated value of Vigf at Ix = 10 mA, T4 = 25°C.
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TEXAS INSTR (LIN/INTFQ) 18E D WM 89L1724 00795k5 5 N

TL431M, TL431], TL431Al, TLA31C, TLA31AC
ADJUSTABLE PRECISION SHUNT REGULATORS

TYPICAL CHARACTERISTICS T-58-11-23
CHANGE IN REFERENCE INPUT VOLTAGE DYNAMIC IMPEDANCE
CATHODI\EISVOLTAGE FREE-AIR TEVI\zPERA'I'URE'r
° \ K - 10'mA o Vi = Vief '
-5 \ Ta = 26°C 0.25 |f|(5-11k:\zA to 100 mA
-10 N

\ //

e
N

BRI RN
~25 \

[
S
|zka] —~Dynamic Impedance—@
o
&
Data Sheets H

AVygf—Change in Reference Input Voltage—mV

01
-30
\ 0.06
~-36 C
~40 0
0 § 10 15 20 26 30 35 40 -76 -50 =25 0 25 60 75 100 125
Vka—Cathode Voltage—V Ta—Free-Air Temperature— °C
FIGURE 10 FIGURE 11
DYNAMIC IMPEDANCE
Vs
100 ——rrpmy .FEF?.C?:SENCY
70 ETa = 26°C
40 [k = 1 mA to 100 mA
cl= 20 1k UTPUT
] = AN ouT
E 10 - I
L l K
o
E’ 4 i | S
2 2 . 3 -1
a
£
& o; 2 : ! T
| . - . 4 A GND
— Vi LI
_N!; 0.4 i =
0.2 fl TEST CIRCUIT FOR DYNAMIC IMPEDANCE
0.1 |
1k 10k 100 k M 10M

{—Fraquency —Hz
FIGURE 12

TFor TL4A311, TL431A), TL431C, and TL431AC, the data applies only for the portions of the curves that lie within their recommended
operating temperature ranges.

Texas Y&
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TEXAS INSTR (LIN/INTFC)

L4E D WN 29b1724 007956k 7 W

TL4A31M, TL4311, TLA31AI, TL431C, TL431AC
ADJUSTABLE PRECISION SHUNT REGULATORS

T-58-11-23
TYPICAL CHARACTERISTICS
SMALL-SIGNAL VOLTAGE AMPLIFICATION
vs
FREQUENCY
70 T T 11T
60 Ta = 25°C
@ | Ik = 10 mA 9 OUTPUT
| 50 , l'K
§ N 315k 230 0
g 40
2 duiii it
5 30 e——li +
g .
a g2 m 2825k -
[+ o <
= 10
177] '> X
g < o L ._l- A GND
1] N "
73 -10 TEST CIRCUIT FOR VOLTAGE AMPLIFICATION
1k 10k 100 k 1M 10M
f—Frequency—Hz
FIGURE 13
PULSE RESPONSE
G T T
Ta = 25°C l
NPUT INPUT
> 5 MONITOR
é 220 @
|- 3 ~AM OUTPUT
3 3
> | 4
5 3 PULSE b
& OUTPUT GENERATOR 3500 —w
o / f = 100 kHz 1
B 2
@
H
£ 1 _I_ GND
0 ‘— TEST CIRCUIT FOR PULSE RESPONSE
o 1 2 3 4 5 6 17
t—Time—ps
FIGURE 14

2-118

xas W

INSTRUMENTS

POST OFFICE BOX 655012 « DALLAS, TEXAS 76265



TEXAS INSTR (LIN/INTFQ)

18E D WM 89Ll724 00795k7 9 WM

TL431M, TLA31(, TLA31AI, TL431C, TL431AC
ADJUSTABLE PRECISION SHUNT REGULATORS

TYPICAL CHARACTERISTICS

160 0

A AA
\AA s

CL o~

-

TEST CIRCUIT FOR CURVE A BELOW

T-58-11-23
s
R1= 3 ‘IK'“
10k 2 +
01.7\: Vref 7z v+
nz/i.f
T

TEST CIRCUIT FOR CURVES B, C, AND D BELOW

STABILITY BOUNDARY CONDITIONS

. 100 .
A VKA = Vref
9O_BVKA =5V@IiK=10mA
CVKA = 10V @IK = 10mA
DVKa = 15V @ Ik = 10 mA
80
<,t=_ 70
| At gt STABLE
fg 60
5 t
(3 50 I\c
[
h-}
§ HVA
g 40
1 STABLE / / /
X 30 4
[] [ o
) /] ] \
10 7 .
- Q
o TA = 25°C / / \\ \\
10 pF 100 pF 1000 pF 0.01 pF 0.1 uF 1 pF 10 pF

CL~Load Capacitance

1 Tho areas under the curves represent conditions that may ¢
0. V+ and C_ were then adjusted to determine the ranges of stability,

to establish the initial VKA and I conditions with CL =

1]
]
[M]
QO
-
»n
Q
-
©
o

ause the device to oscillate. For curves B, C, and D, R2 and V + were adjusted

FIGURE 15

EXAS ‘t’?
INSTRUMENTS
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TEXAS INSTR (LIN/INTFQ)

TL431M, TL431l, TL431Al, TL431C, TLA31AC
ADJUSTABLE PRECISION SHUNT REGULATORS

IR 5961724 007958 0 W

1-58-11-23
TYPICAL APPLICATIONS
V+
Vi~ ? Vout <
S ! ]
@——— OUTPUT
Vref r ;',: Von = 2V
s | Votf = V+
SR2 INPUT —AAA— oft
3n : —k
1 Vith) = 2.8V

R1
Vout = (1 + ﬁ)vref

FIGURE 16. SHUNT REGULATOR

sjeays eleq !

300

1

0,01 uxF $
3
1
x "
AMA

& VWA ® Vout

PO WYYy

<
3R2

|1
Vout = ('l + ﬁ)vvaf

FIGURE 18. SERIES REGULATOR

—1—0——- GND

FIGURE 17. SINGLE-SUPPLY
COMPARATOR WITH
TEMPERATURE-COMPENSATED

THRESHOLD
V+
iN
uA7805  OUT Vout
COMMON
j

)
gR2

R1
Vout = V 14+ =
out ref ( nz)

Min Vout = Veef + 5V
FIGURE 19. OUTPUT CONTROL OF

A THREE-TERMINAL
FIXED REGULATOR
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TEXAS INSTR (LIN/INTFQ)

L8E D

M 4951724 0079569 2 M

TL4A31M, TL431], TL431Al, TL431C, TL431AC
ADJUSTABLE PRECISION SHUNT REGULATORS

TYPICAL APPLICATIONS T-58-1
V+——AM- » Vout V+ —6\_9—1
4 SE m/:;’
4
t R2 ::
23 1

R1 R1
\Y = (1 4+ — 1}V Vi = (1 + _)v
out ( RZ) ref limit Rz ref

FIGURE 20. HIGHER-CURRENT
SHUNT REGULATOR

FIGURE 21. CROW BAR

V+i—e
[ -
R1B2 3
R1A -
OUTPUT ON WHEN
- Low _, . HIGH
LIMIT + umir
l' hd
3R2B
< :,
R2A <
*—=o & ad
Low limit = Vygf (1 + g;—: ) +VgE
1A

. R
High limit = Vigf (1 + AR

)

FIGURE 22. OVER-VOLTAGE/UNDER-VOLTAGE
PROTECTION CIRCUIT

1-23

Vout

Data Sheets H
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TEXAS INSTR (LIN/INTFC)

18E D

TLA31M, TL431], TL4A31Al, TL431C, TL431AC
ADJUSTABLE PRECISION SHUNT REGULATORS

B 3961724 0079570 9 WA

sjeaysg eleq m

T-58-11-23

TYPICAL APPLICATIONS

v{ A""f
2 R1B s i\
S <
R1A 1 N
>
R2A 3 $n28
< <
R1B
Low fimit = V,g¢ (1 + lﬁ) LED ON WHEN
) <y HGH
High limit ~ Vyef (1 + ,':_2_2) umiT LIMIT

FIGURE 23. VOLTAGE MONITOR

RoL  lout,

AAA
VWA

V+—T

FIGURE 25. CURRENT LIMITER OR
CURRENT SOURCE

VWA

V+
Delay = R+C«in m

FIGURE 24. DELAY TIMER

l lout

FIGURE 26. CONSTANT-CURRENT SINK
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