Programmable Precision Shunt Regulator TL431

FEATURES
TO-92 PKG
® Programmable Output Voltage to 40V
® Guaranteed 0.5% Reference Voltage Tolerance (Straight) (Bent)
® Low (0.2Q Typ.) Dynamic Output Impedance ’ ‘ 3
® Cathode Current Range (Continuous) — 100 ~ 150 mA / , 5
® Equivalent Full Range Temperature Coefficient of // /
50PPM/°C 4 1
® Temperature Compensated For Operation Over Full
Rate Operating Temperature Range
® | ow Output Noise Voltage SOT-23 PKG
® Fast Turn-on Response 2
® Available in TO-92, SOT-89 and SOT-23-3L Packages |
TOP
APPLICATIONS I I
® Shunt Regulator 1 3
® Precision High-Current Series Regulator
® High-Current Shunt Regulator SOT-89 PKG
® Crowbar Circuit N
® PWM Converter With Reference ‘
® \/oltage Monitor ToP
® Precision Current Limiter f HA
1 2 3
DESCRIPTION
The TL431 is a three-terminal adjustable shunt Pin 1. REFERENCE 2.ANODE 3. CATHODE
regulator with specified thermal stability over applicable
temperature Vrer (2.495V) and 40V with two external ~ ORDERING INFORMATION
resistors. This device has a typical dynamic output Device Package
impedance of 0.2Q. Active output circuitry provides a TLA431x TO-92 (Bulk, Straight)
very sharp turn-on characteristic, making this device TLA31XTA TO-92 (Tape, Bent)
excellent replacement for Zener diodes in many TL431xSF SOT-23-3L
applications. The TL431 is characterized for operation TL431xF SOT-89-3L
from -40°C to +125°C. * Refer to the ordering information for the details.
ABSOLUTE MAXIMUM RATINGS
(Full operating ambient temperature range applies unless otherwise noted.)
PARAMETER SYMBOL MIN. MAX. UNIT
Cathode Voltage Vka - 42 \%
Cathode Current Range Ika -100 150 mA
Reference Input Current Range Irer -0.05 10 mA
Junction Temperature Range T, -40 150 °C
Storage Temperature Range Tstc -65 150 °C
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Programmable Precision Shunt Regulator TL431

RECOMMENDED OPERATING CONDITIONS

PARAMETER SYMBOL MIN. MAX. UNIT
Cathode Voltage Vka VRer 40 \%
Cathode Current Ika 0.5 100 mA
Operating Temperature Range Torr -40 125 °C

ORDERING INFORMATION

VREF Package Tolerance Order No. Marking Supplied As
TL431C TL431-C Bulk (Straight Lead)
0.5%
TL431CTA TL431-C Tape & Ammo Pack
TL431A TL431-A Bulk (Straight Lead)
TO-92 1%
TL431ATA TL431-A Tape & Ammo Pack
TL431 TL431 Bulk (Straight Lead)
2%
TL431TA TL431 Tape & Ammo Pack
2.495V
0.5% TL431CSF 431 Tape & Reel
SOT-23 1% TL431ASF 431 Tape & Reel
2% TL431SF 431 Tape & Reel
0.5% TL431CF 431 Tape & Reel
SOT-89 1% TL431AF 431 Tape & Reel
2% TL431F 431 Tape & Reel
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Programmable Precision Shunt Regulator TL431

PIN CONFIGURATION

Marking 2
Side [1 £
TOP TOP
U U u i
1 3
1 2 3
1.2 3
TO-92 PKG SOT-23 PKG SOT-89 PKG

PIN DESCRIPTION

TO-92 / SOT-23/ SOT-89
Pin No.
Pin Name Pin Description
1 REFERENCE Reference Voltage
2 ANODE Ground
3 CATHODE Input Supply Voltage
BLOCK DIAGRAM
CATHODE
REFERENCE B o
> &
VREF
ANODE
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Programmable Precision Shunt Regulator TL431

ELECTRICAL CHARACTERISTICS

(Ta=25°C, unless otherwise specified)

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. MAX. UNIT
TL431C 2.483 2.495 2.507
Reference Input Voltage VRer Via =Vrer, TL431A 2470 | 2495 | 2520 Y
lk=10mA
TL431 2.440 2.495 2.550
Deviation of Vka = VRer, Ik =10mA
’ mV
Reference Input Voltage Note 1) AVrer/AT Ta =Full Range 15 30
Ratio of Change in Reference AVka=10V to Vrer -1.4 -2.7
Input Voltage to the Change in AVRer/AVka | Ik=10mA mV/V
Cathode Voltage AVka=36V to 10V -1.0 -2.0
Reference Input Current IRer Ika=10mA, R1=10kQ, Ro= 1.8 4.0 MA
Deviation of Reference Input Ik =10mA, R1=10kQ, Ra=
] L) A
Current (Note 1) Alrer/AT Ta =Full Range 0.4 12 H
Minimum Qathode Current I Via= Veer 05 mA
for Regulation
Off-State Cathode Current Ik(oFF) Vka=36V, Vrer=0 0.17 0.90 HA
Dynamic Impedance (Nete 2) Zia ;/zA:k\H/I;EF, Ik =1TmA~100mA 0.27 0.50 0

(Note 1) The deviation parameters AVrer/ATa and Alrer/ATa are defined as the differences between the maximum and
minimum values obtained over the recommended temperature range. The average full-range temperature
coefficient of the reference voltage, aVrer, is defined as:

Videv) 6
(VREF at 25°c> x10

ATp

Maximum Vger =4

|aVrer| (Ppm/°C)=

Where: Minimum Vgee -

ATa is the recommended operating free-air temperature

range of the device.
aVrer can be positive or negative, depending on whether minimum Vgrer or maximum Vrer, respectively, occurs at

the lower temperature.

Example : Maximum Vrer=2496mV at 30°C, maximum Vrer=2492mV at 0°C, VrRer=2495mV at 25°C, ATa=70°C for

TL431C.
4mv 6
sror— | 10
~ (2495mV) 0 .
|aVrer| = 70°C = 23ppm/°C

Because minimum Vrer occurs at the lower temperature, the coefficient is positive.
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Programmable Precision Shunt Regulator TL431

(Note 2) The dynamic impedance is defined as: ‘Z ‘ - AViu
KAL Al
When the device is operating with two external resistors, the total dynamic impedance of the circuit is given by:
q_ AV
[2]== Z,| 1+ R1/R2)

TEST CIRCUITS

Vino—ANN o Vka= VRer

|REFl lIK

VRer

< Fig 1. Test circuit for Vka = Vrer >

Vin o—AN o Via
R4 lIK
IREF
ES \x\ —_— C
R2 VREF
A J

Fig 2. Test circuit for Vka = VRer >

Vin o—AN © Vka

P

J

< Fig 3. Test circuit for Ikaorr) >
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Programmable Precision Shunt Regulator

TL431

TYPICAL OPERATING CHARACTERISTICS

Reference Voltage vs. Ambient Temperature

Pulse Response
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< Fig 4. TEST Circuit for Voltage Amplification >
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Programmable Precision Shunt Regulator TL431

APPLICATION INFORMATION

1. Shunt Regulator

R
(SEE NOTE A)
V(BATT) M Vo
B1
v Vo= (1+—=) Vpg=
e TL431 0= (1+17) Veer
RETURN

Note: R Should provide cathode current 1mA to the TL431 at minimum V,garm)

2. Precision High-Current Series Regulator

V(BATT)

R
(SEE NOTE A)

TL431

Note: R Should provide cathode current=1mA to the TL431 at minimum V,gam)

3. Output Control of a Three-Terminal Fixed Regulator

V\(BATT)
| IN
ouT
LM7805 Vo
COMMON i R1
Vo= (1+ﬁ) Vier
i i MINIMUM Vg=Vaget5V
R2
-7-
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Programmable Precision Shunt Regulator

TL431

4. High-Current Shunt Regulator

V(BATT) My — s
R
* Vo= (H_E) Vrer
Be TL431
RETURN
@ &—
5. Precision 5-V 1.5A Regulator
ouT
V{(BATT) N1 m317 Vo x5V, 1.5A
8.2kQ .
Adjust 243Q
0.1%
TL431 #
243Q
0.1%
6. Efficient 5-V Precision Regulator
Vi(BATT) < A Vo = sy
Re
(SEE NOTE A) 27 419
0.1%
TL431 t
27.40Q
0.1%

NOTE: Rg Should provide cathode current=1mA to the TL431.

-8-
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Programmable Precision Shunt Regulator TL431

7. PWM Converter With Reference

6.8M2
10N

5V

TL431 t‘

12V
+

TL598

ﬁ
@ =2
m <
g
-|I—>_|'—I

1 A
FEED BACK
8. Voltage Monitor
R3
(SEE NOTE A)
V(BATT) OUT
B LOW LIMIT= (14218
(SEE NOTE A) Q: (1tmmg) Veer

R1A
R2A

H'_

HIGH LIMIT=  (1+ ) ‘i

LED ON WHEN LOW LIMIT < <Vygarr€ HIGH LIMIT

!

NOTE: R3 and R4 are selected to provide the desired LED intensity and cathode current 21mA to the TL431 at the available Vgar).

May. 2023 — R2.0.1 -9- HTC

ES France - Département Composants & Modules @ Tél. 01 47 95 99 89 e-mail : comp@es-france.com

127 rue de Buzenval BP 26 - 92380 Garches Fax. 01 47 01 16 22 Site Web : www.es-france.com




Programmable Precision Shunt Regulator TL431

9. Delay Timer

6508
12V
2k
e N
TL431
DELAY=RxCxly (wg\f\\j )
REF
(\OON C
OFF? T
10. Precision Current Limiter
Rc_ |O V
0.1% — lour= — + lya
V(BATT) oL T A
et
R1 By (BATT)
TL431 o Tl
“ FE
11. Precision Constant-Current Sink
V(BATT)
_ Vper
lg = -
TLA31 lt
Rs
0.1%
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Programmable Precision Shunt Regulator TL431

REVISION NOTICE

The description in this datasheet is subject to change without any notice to describe its electrical characteristics
properly.

May. 2023 — R2.0.1 -1 HTC

ES France - Département Composants & Modules @ Tél. 01 47 95 99 89 e-mail : comp@es-france.com

Fax. 01 47 01 16 22 Site Web : www.es-france.com

127 rue de Buzenval BP 26 - 92380 Garches




Programmable Precision Shunt Regulator TL432

FEATURES
TO-92 PKG (Bent)
® Programmable Output Voltage to 18V
® Low Voltage Operation from 1.24 V
® Sink Current Capability of TmA to 100mA . i
® Equivalent Full Range Temperature Coefficient of .
50ppm/°C / / / 2
® Temperature Compensated for Operation over Full / 1
Rated Operating Temperature Range
® Low Output Noise Voltage SOT-23 PKG
® Available in TO-92, SOT-89 and SOT-23-3L Packages 2
N
TOP
APPLICATIONS
U U
® Shunt Regulator 1 3
® \/oltage Monitoring
® Current Source and Sink Circuits SOT-89 PKG
® Analog & Digital Circuits Requiring Precision
[
References b
® Low Out Voltage (3.0V to 3.3V) Switching Power ( TOP
Supply Error Amplifier y T U
1 2 3
DESCRIPTION
Pin 1. REFERENCE 2. ANODE 3. CATHODE
The TL432 is a three-terminal Shunt Voltage Reference
providing a highly accuracy 1.24V bandgap reference
with 0.5% and 1.0% tolerance. The TL432 thermal ORDERING INFORMATION
stability and wide operating current (100mA) makes is Device Package
suitable for all variety of applications that are looking for TL432xTA TO-92 (Tape, Bent)
a low cost solution with high performance. The TL432 is TL432xSF SOT-23-3L
an ideal voltage reference in an isolated feed circuit for TL432xF SOT-89-3L

3.0V to 3.3V switching mode power supplies.

* Refer to the ordering information for the details.

ABSOLUTE MAXIMUM RATINGS

(Full operating ambient temperature range applies unless otherwise noted.)

PARAMETER SYMBOL MIN. MAX. UNIT
Cathode Voltage Vka - 20 \%
Cathode Current Range Ika - 100 mA
Reference Input Current Range Irer - 3 mA
Junction Temperature Range Ty -40 150 °C
Storage Temperature Range Tstc -65 150 °C
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Programmable Precision Shunt Regulator TL432

RECOMMENDED OPERATING CONDITIONS

PARAMETER SYMBOL MIN. MAX. UNIT
Cathode Voltage Vka VRer 18 \%
Cathode Current Ika 0.1 100 mA
Operating Temperature Range Torr -40 125 °C

ORDERING INFORMATION

VREF Package Tolerance Order No. Marking Supplied As
0.5% TL432CTA TL432-C Tape & Ammo Pack
TO-92
1% TL432ATA TL432-A Tape & Ammo Pack
0.5% TL432CSF 432 Tape & Reel
1.24V SOT-23
1% TL432ASF 432 Tape & Reel
0.5% TL432CF 432 Tape & Reel
SOT-89
1% TL432AF 432 Tape & Reel
May. 2023 — R2.0.1 2 HTC

ES France - Département Composants & Modules @ Tél. 01 47 95 99 89 e-mail : comp@es-france.com

Fax. 01 47 01 16 22 Site Web : www.es-france.com

127 rue de Buzenval BP 26 - 92380 Garches




Programmable Precision Shunt Regulator TL432

PIN CONFIGURATION

Marking 2
Side [1 £
TOP TOP
U U U uu
1 3
1 2 3
1.2 3
TO-92 PKG SOT-23 PKG SOT-89 PKG

PIN DESCRIPTION

TO-92 / SOT-23 / SOT-89
Pin No.
Pin Name Pin Description
1 REFERENCE Reference Voltage
2 ANODE Ground
3 CATHODE Input Supply Voltage
May. 2023 — R2.0.1 - HTC

ES France - Département Composants & Modules @ Tél. 01 47 95 99 89 e-mail : comp@es-france.com

127 rue de Buzenval BP 26 - 92380 Garches Fax. 01 47 01 16 22 Site Web : www.es-france.com




Programmable Precision Shunt Regulator

TL432

BLOCK DIAGRAM

REFERENCE

__________________________________________

B
Ll

1
1
E
E
' REFERENCE (R)
E
1
H

CATHODE (K)
o

O

ANODE ANODE (A)
EQUIVALENT SCHEMATIC
o1 T — T3 ::
Té —ET“
R
a2 - TS }4-{ 7
6
R3
o7 5
K4 R4 T
08
K3 RS
o5
&) [ []nm []Rn []n
04
K1 w7 ?3

* All component values are nominal.

* HTC
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Programmable Precision Shunt Regulator

TL432

ELECTRICAL CHARACTERISTICS

(Ta=25°C, unless otherwise specified)

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. MAX. UNIT
Vka =VReF, TL432C 1.234 1.240 1.246
Reference Input Voltage VREF \%
lk=10mA TL432A 1.228 1.240 1.252
Deviation of Vka = VRer, Ik =10mA
AVRer/AT 15 25 mV
Reference Input Voltage Note 1) Ta =Full Range
Ratio of Change in Reference
Input Voltage to the Change in AVrer/AVka | Vka = 1.25V to 14.5V 1.0 2.7 mV/V
Cathode Voltage
Reference Input Current Irer R1=10kQ, R2= 0.25 0.5 pA
Deviation of Reference Input R1=10kQ, R2=,
Alrer/AT 0.05 0.3 MA
Current (Note 1) Ta = Full Range
Minimum Cathode Current
) IkMINy Vka= VRer 60 80 A
for Regulation
Off-State Cathode Current Ik(oFF) Vka=16V, Vrer =0 0.04 0.5 A
) Vka= VRer, Ik =0.1mA~100mA
Dynamic Impedance (Note 2) Zxa 0.2 0.4 Q
f<1kHz

(Note 1) The deviation parameters AVrer/ATa and Alrer/ATa are defined as the differences between the maximum and

minimum values obtained over the recommended temperature range. The average full-range temperature

coefficient of the reference voltage, aVrer, is defined as:

Videv) 6
(VREF at 25°c> x10

ATp

Maximum Vger =4

|aVrer| (Ppm/°C)=

Where:
ATa is the recommended operating free-air temperature

range of the device.
the lower temperature.

(Note 2) The dynamic impedance is defined as: ‘ZKA‘ =2V
Aly

Minimum Vger

PR ATA_,I

aVrer can be positive or negative, depending on whether minimum Vgrer or maximum Vger, respectively, occurs at

When the device is operating with two external resistors, the total dynamic impedance of the circuit is given by:

AV
[2]== = Z,| 1+ R1/R2)
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Programmable Precision Shunt Regulator TL432

TEST CIRCUITS

Vin © NV 0 Vka

IREFl llKA
A e

VRer

< Fig 1. Test circuit for Vka = Vrer >

VN © NN O Vka

R1
Irer
BASAS
A o
R2 Vrer

Fig 2. Test circuit for Vka = VRer >

VN © N\ O Vka

i

< Fig 3. Test circuit for Ikaorr) >

May. 2023 — R2.0.1 s HTC

ES France - Département Composants & Modules @ Tél. 01 47 95 99 89 e-mail : comp@es-france.com

127 rue de Buzenval BP 26 - 92380 Garches Fax. 01 47 01 16 22 Site Web : www.es-france.com




Programmable Precision Shunt Regulator TL432

TYPICAL OPERATING CHARACTERISTICS

Reference Voltage vs. Junction Temperature

1.24
1.239 - B
1238
1237

V A= VR
/ \ lka = 10m

V" Vigr = 124V + 0.5% \

1.236 \\\

1235 9

>3

1.234
1.233
1.232
1.231

Vrer-Reference Voltage (V)

-30 10 10 30 S50 70 90 110

Tp - Ambient Temperature ()

Stability Boundary Conditions

100 150Q
AANA o
90
80 R1
< _| _
é 70 / l 7‘_1 7< CL
§ 60 R2
3
p 50 UNSTABLE T STABLE 17171 * _L
3
£ 40 I,l =
3 30 e
£ ¢ 4-——---” N A
20 < Fig 4. Test Circuit >
10 D DGt
i A Vka=Vrer R1= 0Q, R2 = «
0 B Vka=5.0V, R1=10kQ, R2 = 3.3kQ
0.1 1 10 100 1000 10000 C Vka=10.0V R1=10kQ, R2 = 1.42kQ
C.-Load Capacitance (nF) D Vka=15.0V R1=10kQ, R2 = 900Q
7-
May. 2023 — R2.0.1 HTC

ES France - Département Composants & Modules @ Tél. 01 47 95 99 89 e-mail : comp@es-france.com

127 rue de Buzenval BP 26 - 92380 Garches Fax. 01 47 01 16 22 Site Web : www.es-france.com




Programmable Precision Shunt Regulator TL432

REVISION NOTICE

The description in this datasheet is subject to change without any notice to describe its electrical characteristics
properly.
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Programmable Precision Shunt Regulator LP431

FEATURES

® Programmable Output Voltage to 36V
® Extended Cathode Current Range 80pA to 100mA
. SOT-23 PKG
® |ow (Typ. 0.08Q) Dynamic Output Impedance
® Adjustable Output Voltage 2
® Fast Turn-on Response O
® Low Output Noise ToP
® Excellent Temperature Coefficient 25ppm/°C L U
° 1 3

Available in SOT-23-3L Package

APPLICATIONS Pin 1. REFERENCE 2. ANODE 3. CATHODE

® Secondary Side Regulation in Flyback SMPS

® [ndustrial, Computing, Consumer and Portables

® Adjustable Voltage and Current Referencing ORDERING INFORMATION

® Power Management Device Package
® Power Isolation LP431GxSF SOT-23-3L
® Zener RepIaCement * Refer to the ordering information for the details.
DESCRIPTION

The LP431 is a three-terminal adjustable shunt regulator with a specified thermal stability. The output voltage
may be set to any value between Vrer and 36V with two external resistors. The active output circuitry provides a
very sharp turn-on characteristic making these devices an excellent replacement for Zener diodes in many
applications, such as on board regulation, adjustable power supplies, and switching power supplies.

ABSOLUTE MAXIMUM RATINGS

(Full operating ambient temperature range applies unless otherwise noted.)

PARAMETER SYMBOL MIN. MAX. UNIT

Cathode Voltage Vka - 40 \%

Cathode Current Range Ika - 150 mA
Reference Input Current Range IRerF - 10 mA
Junction Temperature Range T, -40 150 °C
Operating Temperature Range Torr -40 125 °C
Storage Temperature Range Tste -65 150 °C
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Programmable Precision Shunt Regulator LP431

RECOMMENDED OPERATING CONDITIONS

PARAMETER SYMBOL MIN. MAX. UNIT
Cathode Voltage Vka VREer 36 \%
Cathode Current Ika 0.08 100 mA
Operating Temperature range Ta -40 85 °C

ORDERING INFORMATION

VREF Package Tolerance Order No. Supplied As Status
25V SOT-23-3L 0.5% LP431GCSF Reel Active
P 431
Package Type SF: SOT-23
Tolerance C: 0.5%
o G : Halogen Free
> GreenMode ) ank) : Pb Free
» Root Name
» Product Code

Fab. 2024 - R1.3 2 HTC

ES France - Département Composants & Modules @ Tél. 01 47 95 99 89 e-mail : comp@es-france.com

Fax. 01 47 01 16 22 Site Web : www.es-france.com

127 rue de Buzenval BP 26 - 92380 Garches




Programmable Precision Shunt Regulator LP431

PIN CONFIGURATION

2
TOP
1 3
SOT-23-3L
PIN DESCRIPTION
Pin No. Pin Name Pin Description
1 REFERENCE Reference Voltage
2 ANODE Ground
3 CATHODE Input Supply Voltage
BLOCK DIAGRAM
CATHODE
REFERENCE f\> |< i
e
VREF
ANODE
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Programmable Precision Shunt Regulator LP431

ELECTRICAL CHARACTERISTICS

(Ta=25°C, unless otherwise specified)

PARAMETER SYMBOL TEST CONDITIONS MIN. | TYP. | MAX. | UNIT
Reference Input Voltage VRer X’;Al:n\q/f“ LP431GC 2.487 | 2.500 | 2.512 \%

Deviation of Vka=Vrer, I[k=1mMA,
Reference Input Voltage ™ot 1) AVrerATa | 1 "~ Fyl range i 35 50 mv

Ratio of Change in Reference AVka=10V to Vrer - -1.0 -2.7

Input Voltage to the Change in | AVgee/AVka | Ik=1mMA mV/V
Cathode Voltage AVka=36V to 10V - -0.4 -2.0
Reference Input Current IRerF Ik=1mA, R1=10kQ, R2=~ - 180 500 nA

Deviation of Reference
Input Current (Note 1)

Ik=1mA, R1=10kQ, R2=, )
AlRer/ATa Ta=Full range 100 300 nA

Minimum Cathode Current

for Regulation Iy Via= Vrer - 30 80 HA

Off-State Cathode Current Ik(oFF) Vka =36V, Vrer =0 - 0.01 1 HA

Vka= Vger, lIk=0.2mA~100mA,

f< 1kHz 0.08 0.3 Q

Dynamic Impedance Mot 2) |Zkal

(Note 1) The deviation parameters AVrer/ATa and Alger/ATa are defined as the differences between the maximum and
minimum values obtained over the recommended temperature range. The average full-range temperature
coefficient of the reference voltage, aVger, is defined as:

Videv) 6
(vREF at 25°C) x10

Maximum Vger = 4

[aVrer| (ppm/°C)=

Where: Minimum Vgee - J

ATa is the recommended operating free-air temperature

range of the device.
aVger can be positive or negative, depending on whether minimum Vgeg or maximum Vger, respectively, occurs at
the lower temperature.

AV,

Al
When the device is operating with two external resistors, the total dynamic impedance of the circuit is given by:

(Note 2) The dynamic impedance is defined as: ‘ZKA‘

. AV
Z|= A 2| @+ RUR2)
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Programmable Precision Shunt Regulator LP431

TEST CIRCUITS

Vin o—AN o Via= Vrer

|REFl lIK
‘\ —_—— CL

Vrer

< Fig 1. Test circuit for Vka = Vrer >

Vin o—A\VY ° Via
R4 lIK
IRer
RS \T = C
R2 VRer
Y

Fig 2. Test circuit for Vka = Vger >

Vin o—AN\s o Via

J

< Fig 3. Test circuit for lkaorr) >
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Programmable Precision Shunt Regulator LP431

TYPICAL APPLICATION CIRCUIT

1. Shunt Regulator 2. High Current Shunt Regulator

v+ O-AAN\ O Vour
R2
o < @ o)
R1
Vout = (1 Ea E) Vref Vout = (1 + %) Vief
3. Output Control for a Three-Terminal Fixed Regulator 4. Series Pass Regulator
V+ O X__Z O Vour

Vi Qo In Out Vout

Common
§ -

- _ﬁ

O L @ O R1
R1 Vout = (1 * za) Vret
V =1+—)V 2
ouT ( Rg) ref ViN(min) = YouT * Vbe
VouT(min) = Vret + 50V VouT(min) = Vref
5. Constant Current Source 6. Constant Current Sink
V+ ISink
RecL 1
Vs —O lout
— V
] B ref
Sink ~ R_s
ref Rs
loutT =g _
cL
6
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Programmable Precision Shunt Regulator LP431

REVISION NOTICE

The description in this datasheet is subject to change without any notice to describe its electrical characteristics
properly.

7 HTC
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Programmable Precision Shunt Regulator TJR431

FEATURES

® Programmable Output Voltage to 28V

® Guaranteed 0.5% Reference Voltage Tolerance
® Cathode Current Range (Continuous) 100 mA
® Temperature Compensated For Operation Over Full 2
Rate Operating Temperature Range
Low Output Noise Voltage

Fast Turn-on Response

® Available in SOT-23-3L Package

SOT-23 PKG

APPLICATIONS
Pin 1.CATHODE 2 ANODE 3. REFERENCE

® Shunt Regulator
® Precision High-Current Series Regulator
® High-Current Shunt Regulator
e Crowbar Circuit ORDERING INFORMATION
® PWM Converter With Reference Device Package
e \Voltage Monitor TJIR431XSF SOT-23-3L
® Precision Current Limiter TIRA31GXSF SOT-23-3L
* Refer to the ordering information for the details.
DESCRIPTION

The TJR431 is a three-terminal adjustable shunt regulator with specified thermal stability over applicable
temperature Vrer (2.495V) and 28V with two external resistors. This device has a typical dynamic output
impedance of 0.25Q. Active output circuitry provides a very sharp turn-on characteristic, making this device
excellent replacement for Zener diodes in many applications. The TJR431 is characterized for operation from -
40°C to +125°C.

ABSOLUTE MAXIMUM RATINGS

(Full operating ambient temperature range applies unless otherwise noted.)

PARAMETER SYMBOL MIN. MAX. UNIT
Cathode Voltage Vka - 37 \%
Cathode Current Range Ika -100 150 mA
Reference Input Current Range IRer -0.05 10 mA
Junction Temperature Range Ty -40 150 °C
Storage Temperature Range Tste -65 150 °C
May. 2024 — R1.3.1 ! HTC
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Programmable Precision Shunt Regulator TJR431

RECOMMENDED OPERATING CONDITIONS

PARAMETER SYMBOL MIN. MAX. UNIT
Cathode Voltage Vka VREer 28 \%
Cathode Current Ika 1.0 100 mA
Operating Temperature Range Torr -40 125 °C

ORDERING INFORMATION

VRer Package Tolerance Order No. Package Marking Supplied As
TJIJR431CSF -
0.5% Reel
TIR431GCSF -
2.495V SOT-23
TJIR431ASF -
1% Reel
TIR431GASF -
TIR 431
Package Type SF: SOT-23
Tolerance €+ 0.5%
A: 1%

G : Halogen Free
(blank) : Pb Free

» Green Mode {

» Root Name

v

Product Code
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Programmable Precision Shunt Regulator TJR431

PIN CONFIGURATION

TOP
1 3
SOT-23 PKG
PIN DESCRIPTION
Pin No. Pin Name Pin Description
1 CATHODE Input Supply Voltage
2 ANODE Ground
3 REFERENCE Reference Voltage
BLOCK DIAGRAM
CATHODE
REFERENCE B -
> %
VREF
ANODE
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Programmable Precision Shunt Regulator TJR431

ELECTRICAL CHARACTERISTICS

(Ta=25°C, unless otherwise specified)

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. MAX. UNIT
Viea =V TJR431C 2.483 2.495 2.507
Reference Input Voltage VRrer | KflOrrF:,EAF' \
K= TIJR431A 2.470 2.495 2.520
Deviation of Vka = VRer, Ik =10mA
’ mV
Reference Input Voltage MNete 1) AVrer/AT Ta =Full Range 35 S0
Ratio of Change in Reference AVia=10V to VRger -1.0 -2.7
Input Voltage to the Change in AVgee/AVka | lk=10mA mV/V
Cathode Voltage AVka=28V to 10V -0.4 -2.0
Reference Input Current Irer Ika=10mMA, R1=10kQ, Ry= 0.5 1.2 HA
Deviation of Reference Input Ik =10mA, R1=10kQ, Ry=
) ) A
Current (Note 1) Alrer/ AT Ta =Full Range 0.4 1.2 K
Minimum Cathode Current
. Ikviny Via= VRrer 0.4 1.0 mA
for Regulation
Off-State Cathode Current Ik(oFF) Vka=28V, Vrer=0 0.1 1.0 HA
Dynamic Impedance (Note 2) Zka ;/:A:k\lf'ZEF, Ik =1mA~100mA 0.25 0.50 0

(Note 1) The deviation parameters AVrer/ATa and Alger/ATa are defined as the differences between the maximum and
minimum values obtained over the recommended temperature range. The average full-range temperature
coefficient of the reference voltage, aVger, is defined as:

Videv) 6
(VREF at 25°c> *10

Maximum Vger = 4

[aVrer| (ppm/°C)=

Mini Vese - 4
Where: inimum Vee
ATa is the recommended operating free-air temperature
. — AT _.l
range of the device.

aVger can be positive or negative, depending on whether minimum Vgeg Or maximum Vger, respectively, occurs at
the lower temperature.

Example : Maximum Vgege=2496mV at 30°C, maximum Vgee=2492mV at 0°C, Vrer=2495mV at 25°C, ATA=70°C for

TJR431C.
4amv 6
V) %10
~ (2495mV) o i
|aVrerl =20c  ~ 23ppm/°C

Because minimum Vgee occurs at the lower temperature, the coefficient is positive.

May. 2024 - R1.3.1 4 HTC

ES France - Département Composants & Modules @ Tél. 01 47 95 99 89 e-mail : comp@es-france.com

Fax. 01 47 01 16 22 Site Web : www.es-france.com

127 rue de Buzenval BP 26 - 92380 Garches




Programmable Precision Shunt Regulator TJR431

_ AV,

Al
When the device is operating with two external resistors, the total dynamic impedance of the circuit is given by:

(Note 2) The dynamic impedance is defined as: ‘ZKA‘

. AV
Z|= A 2| @+ RUR2)

TEST CIRCUITS

Vin o—N © Via= VRer

|REFl lIK
E —_—— C_

VRer

< Fig 1. Test circuit for Vka = VRer >

Vine—\VY o Via
R Yk
]
Irer
x \T —_— G
Rz VREF
Y

Fig 2. Test circuit for Vka = Vger >

Vin o—ANY o Vga

P

J

< Fig 3. Test circuit for Ikaorr) >
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Programmable Precision Shunt Regulator TJR431

TYPICAL OPERATING CHARACTERISTICS

Stability Boundary Condition

100
90
80 e\ ka=\Iref /
70 Vka=5V
/ Stable
60 Vka=10V
< Unstable
£ w——\ka=15V
(4]
=

50

40 /
30 /
20

10 /
0.001 0.01 0.1 1 10
CL [uF]

Stable Region CL < 5nF or CL > 10uF
< Stability Boundary Conditions >
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Programmable Precision Shunt Regulator TJR431

REVISION NOTICE

The description in this datasheet is subject to change without any notice to describe its electrical characteristics
properly.

7 HTC
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Programmable Precision Shunt Regulator TL432

FEATURES
TO-92 PKG (Bent)
® Programmable Output Voltage to 18V
® Low Voltage Operation from 1.24 V
® Sink Current Capability of TmA to 100mA . i
® Equivalent Full Range Temperature Coefficient of .
50ppm/°C / / / 2
® Temperature Compensated for Operation over Full / 1
Rated Operating Temperature Range
® Low Output Noise Voltage SOT-23 PKG
® Available in TO-92, SOT-89 and SOT-23-3L Packages 2
N
TOP
APPLICATIONS
U U
® Shunt Regulator 1 3
® \/oltage Monitoring
® Current Source and Sink Circuits SOT-89 PKG
® Analog & Digital Circuits Requiring Precision
[
References b
® Low Out Voltage (3.0V to 3.3V) Switching Power ( TOP
Supply Error Amplifier y T U
1 2 3
DESCRIPTION
Pin 1. REFERENCE 2. ANODE 3. CATHODE
The TL432 is a three-terminal Shunt Voltage Reference
providing a highly accuracy 1.24V bandgap reference
with 0.5% and 1.0% tolerance. The TL432 thermal ORDERING INFORMATION
stability and wide operating current (100mA) makes is Device Package
suitable for all variety of applications that are looking for TL432xTA TO-92 (Tape, Bent)
a low cost solution with high performance. The TL432 is TL432xSF SOT-23-3L
an ideal voltage reference in an isolated feed circuit for TL432xF SOT-89-3L

3.0V to 3.3V switching mode power supplies.

* Refer to the ordering information for the details.

ABSOLUTE MAXIMUM RATINGS

(Full operating ambient temperature range applies unless otherwise noted.)

PARAMETER SYMBOL MIN. MAX. UNIT
Cathode Voltage Vka - 20 \%
Cathode Current Range Ika - 100 mA
Reference Input Current Range Irer - 3 mA
Junction Temperature Range Ty -40 150 °C
Storage Temperature Range Tstc -65 150 °C
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Programmable Precision Shunt Regulator TL432

RECOMMENDED OPERATING CONDITIONS

PARAMETER SYMBOL MIN. MAX. UNIT
Cathode Voltage Vka VRer 18 \%
Cathode Current Ika 0.1 100 mA
Operating Temperature Range Torr -40 125 °C

ORDERING INFORMATION

VREF Package Tolerance Order No. Marking Supplied As
0.5% TL432CTA TL432-C Tape & Ammo Pack
TO-92
1% TL432ATA TL432-A Tape & Ammo Pack
0.5% TL432CSF 432 Tape & Reel
1.24V SOT-23
1% TL432ASF 432 Tape & Reel
0.5% TL432CF 432 Tape & Reel
SOT-89
1% TL432AF 432 Tape & Reel
May. 2023 — R2.0.1 2 HTC
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Programmable Precision Shunt Regulator TL432

PIN CONFIGURATION

Marking 2
Side [1 £
TOP TOP
U U u i
1 3
1 2 3
1.2 3
TO-92 PKG SOT-23 PKG SOT-89 PKG

PIN DESCRIPTION

TO-92 / SOT-23 / SOT-89
Pin No.
Pin Name Pin Description
1 REFERENCE Reference Voltage
2 ANODE Ground
3 CATHODE Input Supply Voltage
May. 2023 — R2.0.1 3 HTC
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Programmable Precision Shunt Regulator

TL432

BLOCK DIAGRAM

REFERENCE

__________________________________________

B
Ll

1
1
E
E
' REFERENCE (R)
E
1
H

CATHODE (K)
o

O

ANODE ANODE (A)
EQUIVALENT SCHEMATIC
o1 T — T3 ::
Té —ET“
R
a2 - TS }4-{ 7
6
R3
o7 5
K4 R4 T
08
K3 RS
o5
&) [ []nm []Rn []n
04
K1 w7 ?3

* All component values are nominal.

* HTC
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Programmable Precision Shunt Regulator

TL432

ELECTRICAL CHARACTERISTICS

(Ta=25°C, unless otherwise specified)

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. MAX. UNIT
Vka =VReF, TL432C 1.234 1.240 1.246
Reference Input Voltage VREF \%
lk=10mA TL432A 1.228 1.240 1.252
Deviation of Vka = VRer, Ik =10mA
AVRer/AT 15 25 mV
Reference Input Voltage Note 1) Ta =Full Range
Ratio of Change in Reference
Input Voltage to the Change in AVrer/AVka | Vka = 1.25V to 14.5V 1.0 2.7 mV/V
Cathode Voltage
Reference Input Current Irer R1=10kQ, R2= 0.25 0.5 pA
Deviation of Reference Input R1=10kQ, R2=,
Alrer/AT 0.05 0.3 MA
Current (Note 1) Ta = Full Range
Minimum Cathode Current
) IkMINy Vka= VRer 60 80 A
for Regulation
Off-State Cathode Current Ik(oFF) Vka=16V, Vrer =0 0.04 0.5 A
) Vka= VRer, Ik =0.1mA~100mA
Dynamic Impedance (Note 2) Zxa 0.2 0.4 Q
f<1kHz

(Note 1) The deviation parameters AVrer/ATa and Alrer/ATa are defined as the differences between the maximum and

minimum values obtained over the recommended temperature range. The average full-range temperature

coefficient of the reference voltage, aVrer, is defined as:

Videv) 6
(VREF at 25°c> x10

ATp

Maximum Vger =4

|aVrer| (Ppm/°C)=

Where:
ATa is the recommended operating free-air temperature

range of the device.
the lower temperature.

(Note 2) The dynamic impedance is defined as: ‘ZKA‘ =2V
Aly

Minimum Vger

PR ATA_,I

aVrer can be positive or negative, depending on whether minimum Vgrer or maximum Vrer, respectively, occurs at

When the device is operating with two external resistors, the total dynamic impedance of the circuit is given by:

AV
[2]== = Z,| 1+ R1/R2)
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Programmable Precision Shunt Regulator TL432

TEST CIRCUITS

Vin © NV 0 Vka

IREFl llKA
A e

VRer

< Fig 1. Test circuit for Vka = Vrer >

VN © NN O Vka

R1
Irer
BASAS
A o
R2 Vrer

Fig 2. Test circuit for Vka = VRer >

VN © N\ O Vka

i

< Fig 3. Test circuit for Ikaorr) >

May. 2023 — R2.0.1 s HTC

ES France - Département Composants & Modules @ Tél. 01 47 95 99 89 e-mail : comp@es-france.com

127 rue de Buzenval BP 26 - 92380 Garches Fax. 01 47 01 16 22 Site Web : www.es-france.com




Programmable Precision Shunt Regulator TL432

TYPICAL OPERATING CHARACTERISTICS

Reference Voltage vs. Junction Temperature

1.24
1.239 - B
1238
1237

V A= VR
/ \ lka = 10m

V" Vigr = 124V + 0.5% \

1.236 \\\

1235 9

>3

1.234
1.233
1.232
1.231

Vrer-Reference Voltage (V)

-30 10 10 30 S50 70 90 110

Tp - Ambient Temperature ()

Stability Boundary Conditions

100 150Q
ANNA .
90
80 R1
< _| _
E 70 / l 7—1 7< C.
§ 60 R2
3
" 50 UNSTABLE T STABLE 17171 3 _L
'g
£ 40 I,l ==
0? 30 s B
;x( ¢ 4-——---” SN A
20 < Fig 4. Test Circuit >
10 D DGt
i A Vka=Vrer R1= 0Q, R2 = «
0 B Vka=5.0V, R1=10kQ, R2 = 3.3kQ
0.1 1 10 100 1000 10000 C Vka=10.0V R1=10kQ, R2 = 1.42kQ
C.-Load Capacitance (nF) D Vka=15.0V R1=10kQ, R2 = 900Q
-7-
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Programmable Precision Shunt Regulator TL432

REVISION NOTICE

The description in this datasheet is subject to change without any notice to describe its electrical characteristics
properly.
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