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4 Pin Configuration and Functions

CATHODE |: 1 REF |: 1
3 : ANODE 3 :I ANODE
REF |_ 2 CATHODE |: 2

Not to scale Norioscale
[ 4-1. ATL431 DBZ Package B 4-2. ATL432 DBZ Package
3-Pin SOT-23 3-Pin SOT-23
Top View Top View
£ 4-1. Pin Functions
PIN

NO. 110 DESCRIPTION

NAME
ATL431x ATL432x

CATHODE 1 2 /0 Shunt Current/Voltage input
REF 2 1 | Threshold relative to common anode
ANODE 3 3 (0] Common pin, normally connected to ground

5 Specifications
5.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
Vka Cathode voltage® 40 \%
Ika Continuous cathode current -100 150 mA
liref) Reference input current -0.05 10 mA
T, Operating virtual junction temperature —40 150 °C
Tstg Storage temperature —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to ANODE, unless otherwise noted.

5.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2000
V(Esp) Electrostatic discharge \%
Charged-device model (CDM), per JEDEC specification JESD22-C101(2) +1000

(1) JEDEC document JEP155 states that 500V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250V CDM allows safe manufacturing with a standard ESD control process.

5.3 Recommended Operating Conditions

MIN MAX| UNIT
Vka Cathode voltage Vet 36 \%
Ika Cathode current .035 100 mA
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MIN MAX| UNIT

| Grade —40 85
Ta Operating free-air temperature °C
Q Grade —40 125
5.4 Thermal Information
ATL43x
THERMAL METRIC(") DBZ (SOT-23) UNIT
3 PINS
Rgya Junction-to-ambient thermal resistance 331.8 °C/W
Reuc(top) Junction-to-case (top) thermal resistance 106.5 °C/W
Rays Junction-to-board thermal resistance 64.6 °C/W
Wit Junction-to-top characterization parameter 4.9 °C/W
Wi Junction-to-board characterization parameter 62.9 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

5.5 Electrical Characteristics, ATL431Ax, ATL432Ax

over recommended operating conditions, T = 25°C (unless otherwise noted)

PARAMETER TEST CIRCUIT TEST CONDITIONS MIN TYP MAX| UNIT
Vet Reference voltage 6-1 Vka = Vief, Ika = TMA 2475 2500 2525 mV
ATL43XAl; Tp = 1
Deviation of reference input Vi =V -40°C to 85°C 5 5
Vi(dev) voltage over full temperature /X 6-1 | KA= 1n§f\ mV
range, see section KA ' ATLA3XAQ; Tp = 6 34
-40°C to 125°C
Ratio of change in reference AVga = 10V = Vs -0.4 2.7
AV, / AVka  voltage to the change in cathode %] 6-2 Ika = TMA mV/V
voltage AVgp =36V - 10V -0.1 -2
Iref Reference input current [X] 6-2 Ika = 1mA, R1 =10kQ, R2 = = 30 150 nA

Deviation of reference input
li(dev) current over full temperature 6-2 Ika = 1MA, R1 = 10kQ, R2 = = 20 50 nA
range, see section

Minimum cathode current for %] 6-1 _
Imin regulation % 5-5 Via = Veet 2 31 vA
loff Off-state cathode current %] 6-3 Via =36V, Vs =0 0.05 0.2 uA
|zkal Dynamic impedance, see section [%] 6-1 Vka = Vier, f £ 1 kHz, Igka =1 mAto 100 mA 0.05 0.3 Q

5.6 Electrical Characteristics, ATL431Bx, ATL432Bx
over recommended operating conditions, T = 25°C (unless otherwise noted)

PARAMETER TEST CIRCUIT TEST CONDITIONS MIN TYP MAX| UNIT
Vref Reference voltage %] 6-1 Vika = Vrer, Ika = TMA 2487 2500 2512 mV
ATL43xBI; Tp =
Deviation of reference input —40°C to 85°C 5 15
Vi(dev) voltage over full temperature X 6-1 Vka = Vref, Ika = TMA mV
range, see section ATL43XBQ; Tp = 6 34
—40°C to 125°C
Ratio of change in reference AVika = 10V = Vit -0.4 -2.7
AVt AVgp  voltage to the change in cathode 6-2 lka = TmMA mV/V
voltage AVgp = 36V - 10V -0.1 -2
Iref Reference input current [%] 6-2 Ika = TMA, R1 = 10kQ, R2 = = 30 150 nA

Deviation of reference input
li(dev) current over full temperature X 6-2 lka = 1TMA, R1 =10kQ, R2 = « 20 50 nA
range, see section

Minimum cathode current for <] 6-1 _
Imin regulation X 5-5 Vica = Vet 20 35| pA
lot Off-state cathode current %] 6-3 Vka =36V, Vs = 0 0.05 0.2 uA
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5.6 Electrical Characteristics, ATL431Bx, ATL432Bx (ftx)

over recommended operating conditions, T = 25°C (unless otherwise noted)

PARAMETER

TEST CIRCUIT

TEST CONDITIONS

TYP

MAX

UNIT

[zkal

Dynamic impedance, see section

X 6-1

Via = Vier, F< 1 kHz, Ia = 1 mAto 100 mA

0.05

0.3
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5.7 Typical Characteristics

Data at high and low temperatures are applicable only within the recommended operating free-air temperature ranges of the
various devices.

2520 0.04
—\/ref = 2485mV
2515 N e V/ref = 2500mV
o519  — Vref = 2504mV 0.032
2505
= 2500 ot —— g *
= | = ~
“— w
2495 p=] ::
> — 0.016
2490
2485
— =T 0.008
2480 | —
2475 0
40 -20 0 20 40 60 80 100 120 140 -40  -20 0 20 40 60 80 100 120 140
Ta (°C) Ta (°C)
Ika=1mA 5-2. Reference Current vs Free-Air Temperature
5-1. Reference Voltage vs Free-Air Temperature
100 40
— TA = -40°C
80 — TA = 25°C
60 TA =85°C
30 | = TA=125°C
40
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Vka = Vrer (V) Vka = Vger (V)
5-3. Cathode Current vs Cathode Voltage 5-4, Cathode Current vs Cathode Voltage
30 0.2 /
0.16
25
k(min| )
—~ 0.12
< A S
220 =
s o &
= v < 0.08 /
15 //
A 0.04 /
- -
"1
10 0
2.3 2.35 2.4 2.45 25 2.55 40  -20 0 20 40 60 80 100 120 140
Vka = Vrer (V) Ta (°C)
5-5. Cathode Current vs Cathode Voltage B4 5-6. Off-State Cathode Current vs Free-Air Temperature
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5.7 Typical Characteristics (continued)

Data at high and low temperatures are applicable only within the recommended operating free-air temperature ranges of the

various devices.
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Vka (V) Temperature (°C)
lka=1mA Ika=TmA
5-7. Delta Reference Voltage vs Cathode Voltage 5-8. Delta Reference Voltage vs Cathode Voltage
900 180
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Frequency (Hz) Frequency (Hz)
lka = 1TMA 6-4 used for this measurement. Ika=TmA
5-9. Noise Voltage 5-10. Small-Signal Voltage Amplification vs Frequency
1.2 0.1
1.1
! 1 f 0.08 "
@ 0.9 @
Q 0.8 g
S 07 £ 0.06 /
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2 06 3
E 45 £
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Frequency (Hz) Ta (°C)
%] 6-5 used for this measurement. [¥ 6-5 used for this measurement.
5-11. Output Impedance vs Frequency 5-12. DC Output Impedance vs Temperature
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5.7 Typical Characteristics (continued)
Data at high and low temperatures are applicable only within the recommended operating free-air temperature ranges of the

various devices.
Tek HITE 10.0MS/5 2107 Acgs . 2000
1000
: : : : « Unstable
- : : ;| : : : :
<
=5
S
100
20
. . 0.0001 0.001 0.01 0.1 1 10
] : ] ) WM5.00ps ChIF 3.5V Cka(uF)
ch3 5.00V 500mV:
ESR <20mQ [X] 6-6 used to verify stability.

lka = 100pA 1 6- i :
KA H 6-7 used for this measurement 5.14. Low Ixa (Vka = 2.5V) Stability Boundary Conditions All
ATL43xx Devices

5-13. Pulse Response
2000 2000
Unstable
1000 1000
Unstabl
= | STABLE fstadie = | STABLE
2 =2
< <
I I
100 100
20 20
0.0001 0.001 0.01 0.1 1 10 0.0001 0.001 0.01 0.1 1 10
Cra(uF) Cra(uF)
ESR <20mQ 6-6 used to verify stability. ESR <20mQ 6-6 used to verify stability.

5-15. Low Ika (Vka = 5.0V) Stability Boundary Conditions All 5-16. Low Ika (Vka = 10.0V) Stability Boundary Conditions All
ATL43xx Devices ATL43xx Devices
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5.7 Typical Characteristics (continued)
Data at high and low temperatures are applicable only within the recommended operating free-air temperature ranges of the

various devices.

2000 100
1000
< < Unstable
= E 10
3 STABLE =
100
20 ]
0.0001 0.001 0.01 0.1 1 10 0.0001 0.001 0.01 0.1 1 10
Cka(uF) Cka(uF)
ESR <20mQ [%] 6-6 used to verify stability. ESR < 20mQ X 6-6 used to verify stability.

5-17. Low Ika (Vka = 15.0V) Stability Boundary Conditions All 5-18. High Ixa (Vka = 2.5V) Stability Boundary Conditions All
ATL43xx Devices

ATL43xx Devices
100 100
< <
E 10 E 10
< <
= =
di
1 1
0.0001 0.001 0.01 0.1 1 10 0.0001 0.001 0.01 0.1 1 10
Cka(uF) Cka(uF)
ESR <20mQ 6-6 used to verify stability. ESR <20mQ 6-6 used to verify stability.

5-19. High Ixa (Vka = 5.0V) Stability Boundary Conditions All 5-20. High Ika (Vka = 10.0V) Stability Boundary Conditions All
ATLA43xx Devices ATLA43xx Devices
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5.7 Typical Characteristics (continued)
Data at high and low temperatures are applicable only within the recommended operating free-air temperature ranges of the

various devices.

100

Ika(mA)

1
0.0001 0.001 0.01 0.1 1
Cka(uF)

10

ESR <20mQ [X] 6-6 used to verify stability.

5-21. High Ik (Vka = 15.0V) Stability Boundary Conditions All ATL43xx Devices
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6 Parameter Measurement Information

The deviation parameters Viefdev) @and lefgev) are defined as the differences between the maximum and
minimum values obtained over the rated temperature range. The average full-range temperature coefficient of
the reference input voltage ay,s is defined as:

Vi(dev) 6 |
V,sat25°C 10 Maxi v
o (ppm)= ref aximumV,
OC A1—/\
where:

ATy is the rated operating temperature range of the device.

MinimumV,;

‘% ATp EE—

Oyref IS pOSitive or negative, depending on whether minimum V. or maximum V¢, respectively, occurs at the
lower temperature.

AV,,
‘ZKA| - AIKA

The dynamic impedance is defined as:

When the device is operating with two external resistors (see [X| 6-2), the total dynamic impedance of the circuit
2] = &Y =

is given by: Al' which is approximately equal to 12l
Input — "V \W\—@—— Vka Input —AVW—@— Vka
Ika
: A
Vref
B 6-1. Test Circuit for Via = Vet [ 6-2. Test Circuit for Vka > V,ef
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Input —A\W—@——— Vka ®—— OUTPUT
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7 Detailed Description
7.1 Overview

The ATL43x is a low power counterpart to TL431 and TLV431, having lower minimum cathode current (lg(min) =
35pA). Like the TL431, the ATL43x is used in conjunction with it's key components to behave as a single voltage
reference, error amplifier, voltage clamp, or comparator with integrated reference.

The ATL43x can be operated and adjusted to cathode voltages from 2.5V to 36V, this part is an excellent choice
for a wide range of end equipments in industrial, auto, telecom and computing. For this device to behave as a
shunt regulator or error amplifier, > 35pA (Ihin(max)) must be supplied in to the cathode pin. Under this condition,
feedback can be applied from the Cathode and Ref pins to create a replica of the internal reference voltage.

Various reference voltage options can be purchased with initial tolerances (at 25°C) of 0.5% and 1.0%. These
reference options are denoted by B (0.5%) and A (1.0%) after the ATL43x.

The ATL43xxl devices are characterized for operation from —40°C to +85°C, and the ATL43xxQ devices are
characterized for operation from —40°C to +125°C.

7.2 Functional Block Diagram

CATHODE
REF —4M8M— + T
l— —
Vref ®
ANODE

Copyright © 2017, Texas Instruments Incorporated

7.3 Feature Description

ATL43x consists of an internal reference and amplifier that outputs a sink current based on the difference
between the reference pin and the virtual internal pin. The sink current is produced by an internal Darlington pair.

When operated with enough voltage headroom (= 2.5V) and cathode current (Ixa), ATL43x forces the reference
pin to 2.5V. However, the reference pin can not be left floating, as it needs |, = 0.1uA (please see the Functional
Block Diagram). This is because the reference pin is driven into an NPN, which needs base current in order
operate properly.

When feedback is applied from the Cathode and Reference pins, ATL43x behaves as a Zener diode, regulating
to a constant voltage dependent on current being supplied into the cathode. This is due to the internal amplifier
and reference entering the proper operating regions. The same amount of current required in the above
feedback situation must be applied to this device in open-loop, servo, or error amplifying implementations for the
current to be in the proper linear region to give the ATL43x enough gain.

Unlike many linear regulators, ATL43x is internally compensated to be stable without an output capacitor
between the cathode and anode; however, if it is desired to use an output capacitor, %] 5-14 through [X] 5-21 can
be used as a guide to assist in choosing the correct capacitor to maintain stability.
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7.4 Device Functional Modes
7.4.1 Open Loop (Comparator)

When the cathode/output voltage or current of ATL43x is not being fed back to the reference/input pin in any
form, this device is operating in open loop. With such high gain in this configuration, the ATL43x is typically used
as a comparator. Due to the integrated reference, the ATL43x allows users to monitor a certain level of a single
signal.

7.4.2 Closed Loop

When the cathode/output voltage or current of ATL43x is being fed back to the reference/input pin in any form,
this device is operating in closed loop. The majority of applications involving the ATL43x use it in this manner to
regulate a fixed voltage or current. The feedback enables this device to behave as an error amplifier, computing
a portion of the output voltage and adjusting it to maintain the desired regulation. This is done by relating the
output voltage back to the reference pin in a manner to make it equal to the internal reference voltage, which can
be accomplished via resistive or direct feedback.
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8 Application and Implementation

-
AT o7 7V r—variFliz, TI O®-EAERICE N0 TIEeL, Tl TEFO EMEFIdzets
PFEWZLER A, H 2 O B AR 28 OB AEPEIC OV T, BERO B THIKIL T 72Kz
R0FET, BEREITE ORI BEAZMIEL T ANTHZL T, VAT AOEREEZ R T OMLERHVET,

8.1 Application Information

[X| 8-1 shows the ATL43x used in a 24-V isolated flyback supply. The output of the regulator, plus the forward
voltage drop of the optocoupler LED (2.5 + 0.7 = 3.2V), determine the minimum voltage that can be regulated in
an isolated supply configuration. Regulated voltage as low as 5.0Vdc is possible in the topology shown in [%] 8-1.

The 431 family of devices are prevalent in these applications, being designers go-to choice for secondary side
regulation. Due to this prevalence, this section will further go on to explain operation and design in both states of
the ATL43x that this application sees: open-loop (Comparator + V) and closed-loop (Shunt Regulator).

The key benefit in isolated supplies for the ATL43x is the no load power savings gained by the > 20x decrease in
Ikmin from TL431. More information about this and other benefits can be found in Designing with the "Advanced”
TL431, ATL431 (SLVA685). Further information about system stability and using a ATL43x device for
compensation can be found in Compensation Design With TL431 for UCC28600 (SLUAG71).

12\8I v@

—L Vo=24 V
T2 Lian =y

. II
. 4‘3 = =l
1
Gate Drive loias I g
Ve
Controller <
VFB
Current| I
Sense
GND L 4| P
< ATL431| &

‘7 [ 1

Copyright © 2017, Texas Instruments Incorporated

8-1. Flyback With Isolation Using ATL43x as Voltage Reference and Error Amplifier

It is important to consider the cathode voltage ramp rate when using ATL431 or ATL432 in overvoltage protection
or other voltage monitoring applications, in optocoupler configurations, or any configuration where a power
supply may ramp the cathode voltage quickly while ATL431 or ATL432 is meant to be in operation. For fast
cathode current ramp rates, inaccurate responses may occur which can trip voltage monitoring circuits when an
overvoltage or undervoltage condition has not actually been met. When designing with ATL431 or ATL432, it is
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recommended that the ramp rate of the cathode voltage remain below 0.0125V/us to mitigate potential
inaccuracies.

For voltage monitoring or other applications where a ramp rate faster than 0.0125 V/us is required, please
consider other high-performance, pin-to-pin devices from TI: ATL431LI, TLA431, or TL431.

8.2 Typical Applications
8.2.1 Comparator With Integrated Reference (Open-Loop)

Vsup

Rsup

Copyright © 2017, Texas Instruments Incorporated
EJ 8-2. Comparator Application Schematic

8.2.1.1 Design Requirements

For this design example, use the parameters listed in 5& 8-1 as the input parameters.

£ 8-1. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Input voltage range 0V to 3.3V
Input resistance 100kQ
Supply voltage 5V
Cathode current (lk) 50pA
High output v;léaae level (Vin < Vsup
Low output voltage (Vin > 2.5V) ~2V

8.2.1.2 Detailed Design Procedure
When using the ATL43x as a comparator with reference, determine the following:

* Input voltage range

» Reference voltage accuracy

* Output logic input high and low level thresholds
* Current source resistance

8.2.1.2.1 Basic Operation

In the configuration shown in [X] 8-2, the ATL43x behaves as a comparator, comparing the V¢ pin voltage to the
internal virtual reference voltage. When provided a proper cathode current (ly), ATL43x have enough open-loop

16 BFHB T 57— N2 (ZE RSB EPE) #55 Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: ATL431 ATL432
English Data Sheet: SLVSCV5


https://www.ti.com/product/jp/atl431?qgpn=atl431
https://www.ti.com/product/jp/atl432?qgpn=atl432
https://www.ti.com/jp/lit/pdf/JAJSU79
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSU79E&partnum=ATL431
https://www.ti.com/product/jp/atl431?qgpn=atl431
https://www.ti.com/product/jp/atl432?qgpn=atl432
https://www.ti.com/lit/pdf/SLVSCV5

13 TEXAS
INSTRUMENTS ATL431, ATL432
www.ti.comlja-jp JAJSU79E — MARCH 2015 — REVISED DECEMBER 2024

gain to provide a quick response. With the maximum operating current (l.,i,) of ATL43x being 35uA, operation
below that can result in low gain; leading to a slow response.

8.2.1.2.2 Overdrive

Slow or inaccurate responses can also occur when the reference pin is not provided enough overdrive voltage.
This is the amount of voltage that is higher than the internal virtual reference. The internal virtual reference
voltage will be within the range of 2.5V £ (0.5% or 1.0%) depending on which version is being used.

The more overdrive voltage provided, the faster the ATL43x responds.

For applications where ATL43x is being used as a comparator, it is best to set the trip point to greater than the
positive expected error (that is, +1.0% for the A version). For fast response, setting the trip point to > 10% of the
internal Vs should suffice. 8-3 shows the transition from Vg to Vo based on the input voltage and can be
used as a guide for selecting the overdrive voltage.

For minimal voltage drop or difference from Vin to the ref pin, TI recommends using an input resistor < TMQ to
provide gt

8.2.1.2.3 Output Voltage and Logic Input Level

In order for ATL43x to properly be used as a comparator, the logic output must be readable by the receiving logic
device. This is accomplished by knowing the input high and low level threshold voltage levels, typically denoted
by Vipand V.

As seen in [X| 8-3, the output low level voltage for ATL43x in open-loop/comparator mode is ~2V, which is
sufficient for some = 5-V supplied logic. However, would not work for 3.3-V and 1.8-V supplied logic. To
accommodate this, a resistive divider can be tied to the output to attenuate the output voltage to a voltage legible
to the receiving low voltage logic device.

The output high voltage for ATL43x is approximately Vg, due to ATL43x being open-collector. If Vg, is much
higher than the receiving maximum input voltage tolerance of the logic, the output must be attenuated to
accommodate the reliability of the outgoing logic.

When using a resistive divider on the output, ensure that the sum of the resistive divider (R1 and R2 in [X] 8-2) is
much greater than R, so that the resistive divider does not interfere with the ability of the ATL43x to pull close
to Vsyp when turning off.

8.2.1.2.3.1 Input Resistance

ATL43x requires an input resistance in this application in order to source the reference current (l,f) needed from

this device to be in the proper operating regions while turning on. The actual voltage seen at the ref pin will be:
Vref = Vin — lref X Rin (1)

Because |l can be as high as 0.15pA, Tl recommendsusing a resistance small enough that will mitigate the
error that | creates from Vj,. Also, the input resistance must be set high enough as to not surpass the absolute
maximum of 10mA.
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8.2.1.3 Application Curve
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] 8-4. Shunt Regulator Schematic

For this design example, use the parameters listed in & 8-2 as the input parameters.

£ 8-2. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Reference initial accuracy 1.0%
Supply voltage 48V
Cathode current (lx) 50pA
Output voltage level 2.5V to 36V
Load capacitance 1nF
Feedback resis't:?zr)values (R1 and 10kQ

8.2.2.2 Detailed Design Procedure

When using the ATL43x as a Shunt Regulator, determine the following:

Input voltage range
Temperature range

Total accuracy

Cathode current
Reference initial accuracy
Output capacitance

Rsup =10kQ
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8.2.2.2.1 Programming Output/Cathode Voltage

To program the cathode voltage to a regulated voltage a resistive bridge must be shunted between the cathode
and anode pins with the mid point tied to the reference pin. This can be seen in [X] 8-4, with R1 and R2 being the
resistive bridge. The cathode/output voltage in the shunt regulator configuration can be approximated by the
equation shown in [¥| 8-4. The cathode voltage can be more accurately determined by taking in to account the
cathode current:

Vo = (1+R1/R2) % Vyer— It X R1 (2)

For this equation to be valid, the ATL43x must be fully biased so that it has enough open-loop gain to mitigate
any gain error. This can be done by meeting the |, spec denoted in Electrical Characteristics, ATL431Ax,
ATL432Ax table.
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8.2.2.2.2 Total Accuracy

When programming the output above unity gain (Vka = Vief), ATL43X is susceptible to other errors that may
effect the overall accuracy beyond V,¢s. These errors include:

* R1 and R2 accuracies
V|(dev) — Change in reference voltage over temperature
* AV, / AVka — Change in reference voltage to the change in cathode voltage
* |zkal — Dynamic impedance, causing a change in cathode voltage with cathode current

Worst case cathode voltage can be determined taking all of the variables in to account. Setting the Shunt
Voltage on an Adjustable Shunt (SLVA445), assists designers in setting the shunt voltage to achieve optimum
accuracy for this device.

8.2.2.2.3 Stability

Though the ATL43x is stable with no capacitive load, the device that receives the output voltage of the shunt
regulator could present a capacitive load that is within the ATL43x region of stability, shown in [%| 5-14 through
5-21. Also, designers can use capacitive loads to improve the transient response or for power supply decoupling.

[%| 5-14 through %] 5-21 should be used as a guide for capacitor selection and compensation. It is characterized
using ceramic capacitors with very-low ESR. When it is desirable to use a capacitor within the unstable region,
higher ESR capacitors can be used to stabilize ATL43x or an external series resistance can be added. For more
information and guidance on ESR values, see Designing with the "Advanced” TL431, ATL431 (SLVA685).

Unlike the TL431, the stability boundary is characterized and determined with resistors 250Q and greater. Which
is designed for low cathode current applications.

8.2.2.3 Application Curves

Tek HEEH 25.0MS/s _ 775 Acqs Tek 10.0MS7s 1420 Acgs
| |

=

; ; ; ; e T
ch3 5.00V 500mva ch3 5.00V 500mv$
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8-5. ATL43x Start-Up Response 8-6. ATL43x Start-Up Response
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9 Power Supply Recommendations

When using the ATL43x in a flyback supply (see 8-1), it is often common for designers to place the bias
resistor between the Anode of the Opto-Coupler and the output voltage (Vg = 24V). However, this makes the
ATL43x more susceptible to EOS/ESD damage. Therefore, Tl recommends placing the bias resistor between the

Cathodes of the Opto-Coupler and the ATL43x, as shown in [X] 8-1. For further explanation, see Designing with
the "Advanced" TL431, ATL431 (SLVAG85).

When using the ATL43x as a Linear Regulator to supply a load, designers will typically use a bypass capacitor

on the output/cathode pin. Be sure that the capacitance is within the stability criteria shown in [X] 5-14 through
5-21.

To not exceed the maximum cathode current, be sure that the supply voltage is current limited. Also, be sure to
limit the current being driven into the Ref pin, as not to exceed the absolute maximum rating.

For applications shunting high currents, pay attention to the cathode and anode trace lengths, adjusting the
width of the traces to have the proper current density.

10 Layout
10.1 Layout Guidelines

Place decoupling capacitors as close to the device as possible. Use appropriate widths for traces when shunting
high currents to avoid excessive voltage drops.
10.2 Layout Example

DBZ
(TOP VIEW)

Rref
) REF U
Vin O AN 1
ANODE

Rsup CATHODE] 3

Vsup O—M/V—T[ 2 e
C.

GND

10-1. DBZ Layout Example

Copyright © 2025 Texas Instruments Incorporated HFH 57— RN (ZE RSB S hi) #5521

Product Folder Links: ATL431 ATL432
English Data Sheet: SLVSCV5


https://www.ti.com/lit/pdf/SLVA685
https://www.ti.com/lit/pdf/SLVA685
https://www.ti.com/jp
https://www.ti.com/product/jp/atl431?qgpn=atl431
https://www.ti.com/product/jp/atl432?qgpn=atl432
https://www.ti.com/jp/lit/pdf/JAJSU79
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSU79E&partnum=ATL431
https://www.ti.com/product/jp/atl431?qgpn=atl431
https://www.ti.com/product/jp/atl432?qgpn=atl432
https://www.ti.com/lit/pdf/SLVSCV5

13 TEXAS
ATL431, ATL432 INSTRUMENTS
JAJSU79E — MARCH 2015 — REVISED DECEMBER 2024 www.ti.comlja-jp

11 Device and Documentation Support
1.1 RFaAY MOEFBMZRITIMSHiE

RF¥2 A RO THIZ DN T OB EZ T IRDIZIE ., www.tij.co.jp DT /A ZRBLL 7 4 L Z Z BV TLEE W, (@A) 27
Vo7 U TRERT D8, BRSNTZT R TORMERICEAT XA AN B2 T IDIENTEET, EHOFEMIC
DNTE, WETENTRF 2 A MIEEN TWDSRET R B30,

M2YR—=—F-VY—-2X

TXYRAL R NAY E2E™ AR —h T 4 —F AL, TP =T PRRGEF A DRI LR EFHIET e Mok 2N
— ISR DEES DL LM TEDIGAT T, BEFORIZAZRBELIZD, ME OER ALV T52L T, Gt T
TR XA RS ENTEET,

Vo 7STNBar 7o 0%, FEFRE LIV BUROFE RIS NDIHOTT, ZNHIERTF TR A AV LAY DA
BEARES T AL DO TIEAL . BT LL TV R AU RV ALY D R ML= DTSN EE A, TR AR
VALY O SRR Z IR TLTEENY,

11.3 Trademarks

THRYP R AL AV ALY E2E™ is a trademark of Texas Instruments.

TRCOBEE L, TN TR A& IIRBLET,

1.4 BESHNECHT5FEEEIE

ZD IC 1%, ESD IZho THEH T A AREMENRHV E S, T R AL AV LAV T, IC BB L ISR B Ao 2 &
A PR ET, ELOBVHWBIORE TIEICHEDR WS, T AL R R T80T,

A\ ESD ICEBMHEAIE, DT DR MR T DT A AD TSR £ CHIGI DD E T, K72 IC DG, /$TA—FHD T
AL T BT ARSI TOBHARNDINND TTHEME B B8 | BB R A LT <o TVET,

11.5 FAEE
FXA R AL AV LA A ZE ZOREEEICIT, FHECKIEO—EBLOEREN DRI TWET,

22 BHEHZBTT 57— RN 2 (ZE SR RB G PY) &5 Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: ATL431 ATL432
English Data Sheet: SLVSCV5


https://www.ti.com
https://e2e.ti.com
https://www.ti.com/corp/docs/legal/termsofuse.shtml
https://www.ti.com/lit/pdf/SLYZ022
https://www.ti.com/product/jp/atl431?qgpn=atl431
https://www.ti.com/product/jp/atl432?qgpn=atl432
https://www.ti.com/jp/lit/pdf/JAJSU79
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSU79E&partnum=ATL431
https://www.ti.com/product/jp/atl431?qgpn=atl431
https://www.ti.com/product/jp/atl432?qgpn=atl432
https://www.ti.com/lit/pdf/SLVSCV5

13 TEXAS
INSTRUMENTS ATL431, ATL432
www.ti.comlja-jp JAJSU79E — MARCH 2015 — REVISED DECEMBER 2024

12 Revision History
GRF G RRBORTITUETERL TWET, TOSGET BRI FERICHEC TOET,

Changes from Revision D (October 2016) to Revision E (December 2024) Page
o FFAPRIKIZOIZoTER, K AHAB RO TIEZ TR oo 1
*  Updated Application INfOrmMation ................oooiiiiiiiiiii e e e e e e ee s 15
Changes from Revision C (September 2015) to Revision D (October 2016) Page
» Changed Small-Signal Voltage Amplification vs Frequency with an updated graph to provide additional data. 6
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13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

ATL431AIDBZR Active Production SOT-23 (DBZz) | 3 3000 | LARGE T&R Yes NIPDAU | NIPDAUAG Level-1-260C-UNLIM -40 to 85 (ZCKS, ZCR3)
ATL431AIDBZR.A Active Production SOT-23 (DBZz) | 3 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 (ZCKS, ZCR3)
ATL431AQDBZR Active Production SOT-23 (DBZ) | 3 3000 | LARGE T&R Yes NIPDAU | NIPDAUAG Level-1-260C-UNLIM -40 to 125 (ZCLS, ZCS3)

ATL431AQDBZR.A Active Production SOT-23 (DBZ) | 3 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 (ZCLS, ZCS3)

ATL431BIDBZR Active Production SOT-23 (DBZz) | 3 3000 | LARGE T&R Yes NIPDAU | NIPDAUAG Level-1-260C-UNLIM -40 to 85 (ZCMS, ZCT3)
ATL431BIDBZR.A Active Production SOT-23 (DBZz) | 3 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 (ZCMS, ZCT3)
ATL431BQDBZR Active Production SOT-23 (DBZ) | 3 3000 | LARGE T&R Yes NIPDAU | NIPDAUAG Level-1-260C-UNLIM -40 to 125 (2CJs, ZCU3)

ATL431BQDBZR.A Active Production SOT-23 (DBZ) | 3 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 (2CJs, ZCU3)

ATL432AIDBZR Active Production SOT-23 (DBZz) | 3 3000 | LARGE T&R Yes NIPDAU | NIPDAUAG Level-1-260C-UNLIM -40 to 85 (ZCNS, ZCV3)
ATL432AIDBZR.A Active Production SOT-23 (DBZz) | 3 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 (ZCNS, zCV3)
ATL432AQDBZR Active Production SOT-23 (DBZ) | 3 3000 | LARGE T&R Yes NIPDAU | NIPDAUAG Level-1-260C-UNLIM -40 to 125 (ZCOs, ZzCW3)

ATL432AQDBZR.A Active Production SOT-23 (DBZ) | 3 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 (ZCOs, ZCW3)

ATL432BIDBZR Active Production SOT-23 (DBZz) | 3 3000 | LARGE T&R Yes NIPDAU | NIPDAUAG Level-1-260C-UNLIM -40 to 85 (ZCPS, ZCX3)
ATL432BIDBZR.A Active Production SOT-23 (DBZz) | 3 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 (ZCPS, ZCX3)
ATL432BQDBZR Active Production SOT-23 (DBZ) | 3 3000 | LARGE T&R Yes NIPDAU | NIPDAUAG Level-1-260C-UNLIM -40 to 125 (ZCQs, ZCY3)

ATL432BQDBZR.A Active Production SOT-23 (DBZ) | 3 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 (ZCQs, ZCY3)

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.
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® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS

A |<— KO 4 P1—p|
olo o ol o © ¢ T
& © o|( Bo W
Rl |
L & Diameter I I
Cavity +| A0 |+
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A
W

Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

t Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE

[OXNORNORNORNORNORNONNG)

| |
[ [
| I N )

Sprocket Holes

Q3 : Q4 Q3 : User Direction of Feed
— |
Pocket a‘ugdrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)

ATL431AIDBZR SOT-23 DBZ 3 3000 178.0 9.2 3.15 | 277 | 1.22 4.0 8.0 Q3
ATL431AIDBZR SOT-23| DBZ 3 3000 180.0 8.4 29 | 335 | 135 | 4.0 8.0 Q3
ATL431AQDBZR SOT-23 DBz 3 3000 180.0 8.4 29 335 | 1.35 4.0 8.0 Q3
ATL431AQDBZR SOT-23 DBz 3 3000 180.0 8.4 3.15 | 277 | 1.22 4.0 8.0 Q3
ATL431AQDBZR SOT-23 DBZ 3 3000 178.0 9.2 3.15 | 277 | 1.22 4.0 8.0 Q3
ATL431BIDBZR SOT-23| DBZ 3 3000 180.0 8.4 315 | 277 | 1.22 | 4.0 8.0 Q3
ATL431BIDBZR SOT-23 DBz 3 3000 178.0 9.2 3.15 | 2.77 | 1.22 4.0 8.0 Q3
ATL431BIDBZR SOT-23 DBz 3 3000 180.0 8.4 2.9 3.35 | 1.35 4.0 8.0 Q3
ATL431BQDBZR SOT-23 DBZ 3 3000 180.0 8.4 2.9 3.35 | 1.35 4.0 8.0 Q3
ATL431BQDBZR SOT-23| DBZ 3 3000 178.0 9.2 315 | 277 | 1.22 | 4.0 8.0 Q3
ATL432AIDBZR SOT-23 DBz 3 3000 180.0 8.4 29 335 | 1.35 4.0 8.0 Q3
ATL432AIDBZR SOT-23 DBz 3 3000 178.0 9.2 3.15 | 277 | 1.22 4.0 8.0 Q3
ATL432AQDBZR SOT-23 DBz 3 3000 180.0 8.4 3.15 | 277 | 1.22 4.0 8.0 Q3
ATL432AQDBZR SOT-23| DBZ 3 3000 180.0 8.4 29 | 335 | 135 | 4.0 8.0 Q3
ATL432AQDBZR SOT-23 DBz 3 3000 178.0 9.2 3.15 | 2.77 | 1.22 4.0 8.0 Q3
ATL432BIDBZR SOT-23 DBz 3 3000 178.0 9.2 3.15 | 277 | 1.22 4.0 8.0 Q3
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Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
ATL432BIDBZR SOT-23 DBz 3 3000 180.0 8.4 2.9 335 | 1.35 4.0 8.0 Q3
ATL432BQDBZR SOT-23 DBZ 3 3000 180.0 8.4 2.9 335 | 1.35 4.0 8.0 Q3
ATL432BQDBZR SOT-23 DBZ 3 3000 178.0 9.2 315 | 277 | 1.22 4.0 8.0 Q3
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
ATL431AIDBZR SOT-23 DBz 3 3000 180.0 180.0 18.0
ATL431AIDBZR SOT-23 DBZ 3 3000 210.0 185.0 35.0
ATL431AQDBZR SOT-23 DBZ 3 3000 210.0 185.0 35.0
ATL431AQDBZR SOT-23 DBz 3 3000 183.0 183.0 20.0
ATL431AQDBZR SOT-23 DBz 3 3000 180.0 180.0 18.0
ATL431BIDBZR SOT-23 DBZ 3 3000 183.0 183.0 20.0
ATL431BIDBZR SOT-23 DBZ 3 3000 180.0 180.0 18.0
ATL431BIDBZR SOT-23 DBz 3 3000 210.0 185.0 35.0
ATL431BQDBZR SOT-23 DBz 3 3000 210.0 185.0 35.0
ATL431BQDBZR SOT-23 DBZ 3 3000 180.0 180.0 18.0
ATL432AIDBZR SOT-23 DBZ 3 3000 210.0 185.0 35.0
ATL432AIDBZR SOT-23 DBz 3 3000 180.0 180.0 18.0
ATL432AQDBZR SOT-23 DBz 3 3000 183.0 183.0 20.0
ATL432AQDBZR SOT-23 DBZ 3 3000 210.0 185.0 35.0
ATL432AQDBZR SOT-23 DBZ 3 3000 180.0 180.0 18.0
ATL432BIDBZR SOT-23 DBz 3 3000 180.0 180.0 18.0
ATL432BIDBZR SOT-23 DBz 3 3000 210.0 185.0 35.0
ATL432BQDBZR SOT-23 DBZ 3 3000 210.0 185.0 35.0
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Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
ATL432BQDBZR SOT-23 DBZ 3 3000 180.0 180.0 18.0
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s PACKAGE OUTLINE

DBZ0003A \ SOT-23 - 1.12 mm max height
SMALL OUTLINE TRANSISTOR
2.64
2.10
14 — 1.12 MAX |=—
et = oalc]
PIN 1— .
INDEX AREA v /_\F
] I
‘.—
0.95 ‘
3.04
JR N S %%3 2.80 ‘
(0.15) ‘
NOTE 4 :
_ }
|
05 2 f
0.2 C|A °_15°
(6 020 [c[A[e] 4 0°-15 oo Al 010yp

GAGE PLANE

#

/\ 4X 4 -15°

0.20
R [

08TYP

0.6
02 YP SEATING PLANE

4214838/F 08/2024

NOTES:

[N

GOrWN

per ASME Y14.5M.

0.25mm per side

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

. This drawing is subject to change without notice.

. Reference JEDEC registration TO-236, except minimum foot length.

. Support pin may differ or may not be present.

. Body dimensions do not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not exceed
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EXAMPLE BOARD LAYOUT
DBZ0003A SOT-23 - 1.12 mm max height

SMALL OUTLINE TRANSISTOR

LAND PATTERN EXAMPLE
SCALE:15X

SOLDER MASK METAL METAL UNDER SOEN R MASK
OPENING \ SOLDER MASK\\

*J L 0.07 MAX J L* 0.07 MIN
ALL AROUND

ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214838/F 08/2024

NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.
6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DBZ0003A SOT-23 - 1.12 mm max height

SMALL OUTLINE TRANSISTOR

(R0.05) TYP

~— (2.1)

SOLDER PASTE EXAMPLE
BASED ON 0.125 THICK STENCIL
SCALE:15X

4214838/F 08/2024

NOTES: (continued)

7. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
8. Board assembly site may have different recommendations for stencil design.

INSTRUMENTS
www.ti.com



EExsASEEEREE
T, FEfiF—REEEET—R2 (F—2Y— R NEBRET), REFAVY—RA(VIFLVAFHAVEEHET), 77U T—23 0%
RETCETDEET RINA A, Web YV —)L, REMBER, TOMOUY—R%E, XFFET2AEMEOH2 "THROEFE, BELTH
V), BaESLTREENCN T2 BEEHORTRIL. FZE0HNNHEROFERERIAZECVIBIRIAE, ARHTLERTHIC
PADSTEELET,
chso VY-, TIHREZERATIRAOBRREBALARENOREZERLAEZEOTY, (1) BFHROTTVTr—>3 2B
TIRROEBE, 2 BEEOTTIVT— 32 0ORG. Bil. R, Q) HBROT7VI—2 a2V ICEETIREREP. TOMNES
WazeME, tF1UT1, Rl FLEEOBHANOBRESEEICHIZIERE. BFROZNIEMTESENDELET,
LREOBEVY—AR, FEEKEEECNRAEMSHYVET, chsSOUY—RR, VY—ATHATATLWS TIRREERTD TS
D7r—23a2ORREOENTOR, TIRZTOEAZSFRICHELET, ChoOVY—RICHALT, HOBNTERIZDCEXERT
PLERBUETATVET, TIXEZZOHNHEEDOT A L ANFEENTVWRIRTEHWEEA, BBRE, ChsOVY—-R%E

BETHEALLERRETZHS5WDHALUT, BE, BA, BX, BECOVT, TIKLTZTORBAZE2ICHETIEOLEL, T
B—YINEFXZEELET,

TIORRE, TIORGERNE . TIOREWBEREH M RS>, ticom LR TIRREEICHEL TREET D OBEARMFICHVE
MENET, TIAChSOVY—REZRHUIZD R, BATZAD T ORAFLFEORIDHEVLEAPEELZERITZENTESHY)

FtA. TINHARL, FLERBRARAEII—AHEELTHATHICEELTVWAVRY, TIORRIFEENEHROTICEBESE DR AKER
<Y,

BERFVWABIEMFREFTCIRERBEZRETZIEEE. TIRThSICEBEEZEBA, EBLET,

Copyright © 2025, Texas Instruments Incorporated
RI&EHA 2025 F10 A


https://www.ti.com/ja-jp/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/jp/lit/pdf/JAJQ001
https://www.ti.com

	1 特長
	2 アプリケーション
	3 概要
	Table of Contents
	4 Pin Configuration and Functions
	5 Specifications
	5.1 Absolute Maximum Ratings
	5.2 ESD Ratings
	5.3 Recommended Operating Conditions
	5.4 Thermal Information
	5.5 Electrical Characteristics, ATL431Ax, ATL432Ax
	5.6 Electrical Characteristics, ATL431Bx, ATL432Bx
	5.7 Typical Characteristics

	6 Parameter Measurement Information
	7 Detailed Description
	7.1 Overview
	7.2 Functional Block Diagram
	7.3 Feature Description
	7.4 Device Functional Modes
	7.4.1 Open Loop (Comparator)
	7.4.2 Closed Loop


	8 Application and Implementation
	8.1 Application Information
	8.2 Typical Applications
	8.2.1 Comparator With Integrated Reference (Open-Loop)
	8.2.1.1 Design Requirements
	8.2.1.2 Detailed Design Procedure
	8.2.1.2.1 Basic Operation
	8.2.1.2.2 Overdrive
	8.2.1.2.3 Output Voltage and Logic Input Level
	8.2.1.2.3.1 Input Resistance


	8.2.1.3 Application Curve

	8.2.2 Shunt Regulator/Reference
	8.2.2.1 Design Requirements
	8.2.2.2 Detailed Design Procedure
	8.2.2.2.1 Programming Output/Cathode Voltage
	8.2.2.2.2 Total Accuracy
	8.2.2.2.3 Stability

	8.2.2.3 Application Curves



	9 Power Supply Recommendations
	10 Layout
	10.1 Layout Guidelines
	10.2 Layout Example

	11 Device and Documentation Support
	11.1 ドキュメントの更新通知を受け取る方法
	11.2 サポート・リソース
	11.3 Trademarks
	11.4 静電気放電に関する注意事項
	11.5 用語集

	12 Revision History
	13 Mechanical, Packaging, and Orderable Information



