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General Description Features

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

greater than 2.5V (Vggg) up to 36V merely by selecting two
external resistors that act as a voltage divided network. Due
to the sharp turn-on characteristics this device is an excellent
replacement for many zener diode applications. = Low output noise

m Programmable output voltage
m Fast turn-on response

Connection Diagrams
TO-92: Plastic Package SOT-23: 3-Lead Small Outline
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S0-8: 8-Pin Surface Mount
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Note: NC = Not internally connected.
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LM431

Ordering Information

1005555

Package Typical Accuracy Order Number/Package Marking Temperature Transport NSC
0.5% 1% 2% Range Media Drawing
TO-92 LM431CCZ/ LM431BCZ/ LM431ACZ/
0°C to +70°C
LM431CCZ LM431BCZ LM431ACZ .
LM431Clz/ LM431BIz/ LM431AlZ/ Rails Z03A
LM431ClIz LM431BIZ LM431Al1Z ~40°C 10 +85°C
SO-8 LM431CCM/ LM431BCM/ LM431ACM/ Rails
431CCM 431BCM LM431ACM
0°C to +70°C
LM431CCMX/ LM431BCMX/ LM431ACMX/ Tape & Reel
431CCM 431BCM LM431ACM P oA
LM431CIM/ LM431BIM/ LM431AIM/ Rails
431CIM 431BIM LM431AIM
-40°C to +85°C
LM431CIMX/ LM431BIMX/ LM431AIMX/ Tape &Reel
431CIM 431BIM LM431AIM P
SOT-23 LM431CCM3/ LM431BCM3/ LM431ACM3/ Rails
N1B N1D N1F
0°C to +70°C
LM431CCM3X/ LM431BCM3X/ LM431ACM3X/ Tape & Reel
N1B N1D N1F P
MFO3A
LM431CIM3 LM431BIM3 LM431AIM3 Rails
N1A N1C N1E
-40°C to +85°C
LM431CIM3X LM431BIM3X LM431AIM3X Tape &Reel
N1A N1C N1E P
Symbol and Functional Diagrams
Cathode Cathode
Ref Ref O—nrd &
Anode
1005599
Anode




DC Test Circuits

VReF

FIGURE 1. Test Circuit for V, = Ve,

1005504 1005505
Note: V= Vpgr (1 + R1/R2) + lpges R

FIGURE 2. Test Circuit for V, > Vger

IN —AM—e— V;

1005506

FIGURE 3. Test Circuit for Off-State Current
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LM431

Absolute Maximum Ratings (vote 1)

Operating Conditions

If Military/Aerospace specified devices are required, Min Max
pl_eas_e contact the l\_latit_)pal Semiconfi_uctc?r Sales Office/ Cathode Voltage Vegr 37v
Distributors for availability and specifications.
Cathode Current 1.0 mA 100 mA
Storage Temperature Range —-65°C to +150°C
Operating Temperature Range
Industrial (LM431xI) —-40°C to +85°C
Commercial (LM431xC) 0°C to +70°C
Soldering Information
Infrared or Convection (20 sec.) 235°C
Wave Soldering (10 sec.) 260°C (lead temp.)
Cathode Voltage 37V
Continuous Cathode Current -10 mA to +150 mA
Reference Voltage -0.5V
Reference Input Current 10 mA
Internal Power Dissipation (Note 2,
Note 3)
TO-92 Package 0.78W
SO-8 Package 0.81W
SOT-23 Package 0.28W
LM431 Electrical Characteristics
T, = 25°C unless otherwise specified
Symbol Parameter Conditions Min Typ Max | Units
VRer Reference Voltage Vz=Vger || =10 mA 2.440 | 2.495 | 2.550 \
LM431A (Figure 1)
V, = Vgep, || = 10 mA 2470 | 2495 | 2520 | V
LM431B (Figure 1)
Vz=Vger |, =10 mA 2.485 | 2.500 | 2.510 \
LM431C (Figure 1)
Vpey Deviation of Reference Input Voltage Over [V, = Vger, [, =10 mA, 8.0 17 mV
Temperature (Note 4) T, = Full Range (Figure 1)
AVREF Ratio of the Change in Reference Voltage I, =10 mA | V;from Vgeeto 10V -1.4 -2.7 | mV/V
"AVz  |tothe Change in Cathode Voltage (Figure 2) [V, from 10V to 36V -1.0 | -20
lrer Reference Input Current R, =10kQ, R, = =, 2.0 4.0 MA
l,=10 mA (Figure 2)
Irer Deviation of Reference Input Current over R, =10kQ, R, = o,
Temperature [,=10mA, 0.4 1.2 pA
T, = Full Range (Figure 2)
Izminy Minimum Cathode Current for Regulation V7 =Vpgee (Figure 1) 0.4 1.0 mA
Iz0FF) Off-State Current V=36V, Vger = 0V (Figure 3) 0.3 1.0 pA
ry Dynamic Output Impedance (Note 5) V= Vger, LM431A, 0.75 Q
Frequency = 0 Hz (Figure 1)
V5 = Vggr, LM431B, LM431C 0.50 Q
Frequency = 0 Hz (Figure 1)

beyond its rated operating conditions.
Note 2: T ., = 150°C.

°C.

Note 4: Deviation of reference input voltage, Vey, is defined as the maximum variation of the reference input voltage over the full temperature range.

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

Note 3: Ratings apply 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, the SOT-23 at 2.2 mW/




Viax
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|
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|
|
. T
1 Ty
TEMPERATURE
1005507
The average temperature coefficient of the reference input voltage, Vg, is defined as:
t[ Vitax = YMin |06 r[ Voev [406
ppm Vger (at 25°C) VRer (at 25°C)
<VREF o~ = =
c To — Ty Tp — Ty

Where:

T, - T, = full temperature change (0-70°C).

Vger can be positive or negative depending on whether the slope is positive or negative.
Example: Vpey = 8.0 mV, Ve = 2495 mV, T, — T, = 70°C, slope is positive.

[ 8.0mv ]1
2495 mV

=+ /°
70:C 46 ppm/°C

<VREF =

Note 5: The dynamic output impedance, ry, is defined as:

AVz
Alz

Iz =

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

2= (14 2]
4 =1z R

Equivalent Circuit

CATHODE
(Vo)
VReF
R1
3.30
ANODE
(GND)

1005503
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Typical Performance Characteristics

Input Current vs V, Thermal Information
T = 1000
T, = 25°C z
— 900
5001 Vz = Veer <
< = 800 PN
L © N
' 400 % 700 \&
- l, MIN 2 N\ 50-8
& 600 N
g 300 7 ] 500 70-92
5 200 T 400
o S n .
=z o IS Mmicro SMD
100 £ 300 ~~
E 200 T
% S0T-23 T~
0 = 100
0 1.0 2.0 3.0 25 45 65 85 105 125
CATHODE VOLTAGE - V 3% 55 75 95 115
1005529 Ambient Temperature (°C)
1005530
Input Currentvs V, Dynamic Impedance vs Frequency
150 . 15
Ty = 25°€ Ty = 25°%C
-Vz = Vrer Vg = Vpgr /
< g /
E 1
. 100 § 10
[
o o
3 = /
5 50 S s0
E 3 /
5 /
|
0 0
0 1.0 20 3.0 10k 10k 100k 1.0M 10M
CATHODE VOLTAGE - V FREQUENCY = Hz
1005531 1005509
Stability Boundary Conditions 1.0kQ
100 ‘
o L A Vz = Vrer ‘ | |
BV, =5VATl, = 10mA (NOTE 1)
z z
T 80[C v, =10VATl = 10mA S0
» 701D V; =15V ATI; = 10mA
5 e STABLE
& Al B c l I = 10 mA
S TN
) STABLE
w40 —l—
I:E l/ 1005510
3 2
T, = 25°C /N 0 \
10 /
0 M A—~\\

10pF  100pF  1000pF  0014F  OApF  1xF  104F
LOAD CAPACITANCE

1005511
Note: The areas under the curves represent conditions that may cause the de-
vice to oscillate. For curves B, C, and D, R2 and V+ were adjusted to establish
the initial V, and I, conditions with C, = 0. V+ and C_ were then adjusted to de-
termine the ranges of stability.




Test Circuit for Curve A Above

Typical Applications

Test Circuit for Curves B, C and D Above

AV ’ AMA—
'Kl 1500 Rl llK 1500
R 10kQ
= —t _ —
T U Veer A
R2
Ra ¢ 1
1005512 -
Shunt Regulator
V4 * o Vo
]
'
'
R1 '
=< L
VRer A -~
]
R2 '
]
]
® °

R2

R1
Vo= |1+ =] VRrer

1005514

Single Supply Comparator with
Temperature Compensated Threshold

v+
out
IN —AW—— | Vorr = V*
Viy =~ 2.5V
» > GND

1005515

V+

1005513
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Series Regulator
v+

R2

o= (1+7)v
0] R2 REF

Output Control of a Three
Terminal Fixed Regulator

V+ —l
IN
LM7805 ouT

COMMON

R1

[

A

R2

R1
Vo=|1+—1]V,
@) ( RZ) REF

Vo MIN = VRer + 5V

Higher Current Shunt Regulator

V4 Ahﬂ' & o &

1005516

1005517

R1
——
—A
R2
®

Vo

o= (1+8)y
o~ R2 REF

1005518




Crow Bar

v+ . Yo
R1
_ v
—A
R2
ot ’ s

1005519

r

R1
Vumir = ( 1+ E)VREF

Over Voltage/Under Voltage
Protection Circuit

v+ _

OUT ON
R1A WHEN
) LOW HIGH
J_ i ol W <VE <
L—_
>
R2A ? R2B

1005520

18
LOW LIMIT = Vger (1 " _2_) T Vee

R1A
HIGH LIMIT = Vger (1 N _)
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Voltage Monitor

V+

R1A

R2A

L

1005521

LED ON WHEN
LOW LIMIT = Vggr (1 + ﬁ) LOW LIMIT < V' < HIGH LIMIT

HIGH LIMIT = V (1 + 51—A)
~ VREF R2A

Delay Timer
\Z2} L A
3 N
SR N
<
bt
1
ON
OFF T ¢
1005522
V+
DELAY = ReCe in—«——
(V*) — VRer
Current Limiter or Current Source
lo
v+ —AAN——————

1005523

VREF
ReL




Constant Current Sink

1005524
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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 TlI 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 TI 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 Tl 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:
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