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TPS3431 Standard Programmable Watchdog Timer with Enable

1

1 Features
1• Factory-Programmed Precision Watchdog Timers:

– ±15% Accurate Watchdog Timeout (WDT)
Over Temperature

– ±2.5% Accurate Watchdog Timeout (WDT)
Typical at 25°C

• Watchdog Disable Feature
• User-Programmable Watchdog Timeout
• Input Voltage Range: VDD = 1.8 V to 6.5 V
• Low Quiescent Current: IDD = 10 µA (typ)
• Active-Low Open-Drain Output
• Enable Input (EN) and Enable Output (ENOUT)
• Available in a Small 3-mm × 3-mm, 8-Pin VSON

Package
• Junction Operating Temperature Range:

–40°C to +125°C

2 Applications
• Video Surveillance
• Sensor Transmitters
• HVAC (Thermostats)
• Fire Safety (Heat and Smoke Detectors)
• Medical (Personal Care and Fitness)
• FPGA and ASIC Applications
• Microcontroller and DSP Applications

3 Description
The TPS3431 is a standard programmable watchdog
timer with an enable feature for a wide variety of
applications. The watchdog timeout features a 15%
accuracy, high-precision timing (–40°C to +125°C)
and 2.5% typical at 25ºC. The watchdog timeout can
be programmed either by an external capacitor, or by
factory-programmed default delay settings. The
watchdog can be disabled via the Enable pin or the
SET logic pins to avoid undesired watchdog timeouts
during the development process.

The TPS3431 is available in a small 3.00-mm ×
3.00-mm, 8-pin VSON package.

Device Information(1)

PART NUMBER PACKAGE BODY SIZE (NOM)
TPS3431 VSON (8) 3.00 mm × 3.00 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Standard Watchdog Timer Circuit

(1) EN can also be left floating and is internally
pulled-up to VDD

(2) ENOUT can also be left floating or tied to
WDO

Normalized Watchdog Timeout (tWD) Accuracy
(SET1 = 1, CWD = NC)

http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.ti.com/product/TPS3431?dcmp=dsproject&hqs=pf
http://www.ti.com/product/TPS3431?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com/product/TPS3431?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com/product/TPS3431?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com/product/TPS3431?dcmp=dsproject&hqs=support&#community
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5 Pin Configuration and Functions

DRB Package: TPS3431
3-mm × 3-mm VSON-8

Top View

(1) EN can also be left floating and is internally pulled-up to VDD
(2) ENOUT can also be left floating or tied to WDO

Pin Functions
PIN

I/O DESCRIPTION
NAME NO.

VDD 1 I Supply voltage pin. For noisy systems, connecting a 0.1-μF bypass capacitor is recommended.

CWD 2 I

Programmable watchdog timeout input. The watchdog timeout is set by connecting a capacitor between this pin and
ground. Connecting via a 10-kΩ resistor to VDD or leaving unconnected further enables the selection of the preset
watchdog timeouts; see the CWD Functionality section.
TheTPS3431 determines the watchdog timeout using Equation 1

EN 3 I

Enable input pin. This pin is internally pulled up to VDD and must be logic high or left floating. When EN goes logic
low, ENOUT goes logic low and WDI is ignored and WDO remains logic high. When EN goes logic high, ENOUT
goes high (asserts) after the watchdog reset delay time (tRST). This pin can also be driven with an external push-
button, transistor, or microcontroller.

GND 4 — Ground pin

SET1 5 I Logic input. Grounding the SET1 pin disables the watchdog timer. SET1 and CWD select the watchdog timeouts; see
the SET1 section.

WDI 6 I

Watchdog input. A falling edge must occur at WDI before the timeout (tWD) expires.
When the watchdog is not in use, the SET1 pin can be used to disable the watchdog. WDI is ignored when WDO is
low (asserted) and when the watchdog is disabled. If the watchdog is disabled, WDI cannot be left unconnected and
must be driven to either VDD or GND.

WDO 7 O

Watchdog open-drain active-low output. Connect WDO with a 1-kΩ to 100-kΩ resistor to the correct pull-up voltage
rail (VPU). WDO goes low (asserts) when a watchdog timeout occurs. When a watchdog timeout occurs, WDO goes
low (asserts) for the watchdog reset delay time (tRST). When EN goes low, WDO is in a high-impedance state and will
be pulled to logic high.

ENOUT 8 O

Enable open-drain active-high output. Connect ENOUT with a 1-kΩ to 100-kΩ resistor to the correct pull-up voltage
rail (VPU). When EN goes logic high, ENOUT goes high impedance and pulls logic high (asserts) due to the external
pull-up resistor after the watchdog reset delay time (tRST). When EN is forced logic low, ENOUT goes low after 200 ns
and remains logic low as long as EN is logic low.

Thermal pad — Connect the thermal pad to a large-area ground plane. The thermal pad is internally connected to GND.

http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.ti.com
http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVSB66&partnum=TPS3431
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(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) The absolute maximum rating is VDD + 0.3 V or 7.0 V, whichever is smaller.
(3) TJ = TA as a result of the low dissipated power in this device.

6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) (1)

MIN MAX UNIT
Supply voltage range VDD –0.3 7 V
Output voltage range ENOUT, WDO –0.3 7 V

Voltage ranges
SET1, WDI, EN –0.3 7

V
CWD –0.3 VDD + 0.3 (2)

Output pin current ENOUT, WDO ±20 mA
Input current (all pins) ±20 mA
Continuous total power dissipation See See

Temperature
Operating junction, TJ

(3) –40 150
°COperating free-air temperature, TA

(3) –40 150
Storage, Tstg –65 150

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 500-V HBM is possible with the necessary precautions.

(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 250-V CDM is possible with the necessary precautions.

6.2 ESD Ratings
VALUE UNIT

V(ESD) Electrostatic discharge

Human-body model (HBM), per ANSI/ESDA/JEDEC
JS-001 (1) ±1000

V
Charged-device model (CDM), per JEDEC
specification JESD22-C101 (2) ±500

(1) Using a CCWD capacitor of 0.1 nF or 1000 nF gives a tWDU(typ) of 62.74 ms or 77.45 seconds, respectively.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VDD Supply pin voltage 1.8 6.5 V
VSET1 SET1 pin voltage 0 6.5 V
CCWD Watchdog timing capacitor 0.1 (1) 1000 (1) nF
CWD Pullup resistor to VDD 9 10 11 kΩ
RPU Pullup resistor, ENOUT and WDO 1 10 100 kΩ
IEN EN pin current 10 mA
I WDO Watchdog output current 10 mA
TJ Junction Temperature –40 125 °C

http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.ti.com
http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVSB66&partnum=TPS3431
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(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

6.4 Thermal Information

THERMAL METRIC (1)
TPS3431

UNITDRB (VSON)
8 PINS

RθJA Junction-to-ambient thermal resistance 50.7

°C/W

RθJC(top) Junction-to-case (top) thermal resistance 51.6
RθJB Junction-to-board thermal resistance 25.8
ψJT Junction-to-top characterization parameter 1.3
ψJB Junction-to-board characterization parameter 25.8
RθJC(bot) Junction-to-case (bottom) thermal resistance 7.1

(1) When VDD falls below VDDMIN, WDI is ignored and ENOUT is driven low
(2) During power-on, VDD must be a minimum 1.8 V for at least 300 µs before WDI is active and ENOUT is high impedance.
(3) When VDD falls below VPOR, WDI and ENOUT is undefined.

6.5 Electrical Characteristics
at 1.8 V ≤ VDD ≤ 6.5 V over the operating temperature range of –40°C ≤ TJ ≤ +125°C (unless otherwise noted); the open-drain
pullup resistors are 10 kΩ; typical values are at TJ = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

GENERAL CHARACTERISTICS

VDD
(1) (2) Supply voltage 1.8 6.5 V

IDD Supply current 10 19 µA

VPOR
(3) Power-on reset voltage VOL(MAX) = 0.25 V 0.8 V

WINDOW WATCHDOG FUNCTION

IEN EN pin internal pullup current VEN = 0V 500 620 700 nA

ICWD CWD pin charge current CWD = 0.5 V 337 375 413 nA

VCWD CWD pin threshold voltage 1.192 1.21 1.228 V

VOL ENOUT, WDO output low VDD = 5 V, ISINK = 3 mA 0.4 V

ID ENOUT, WDO output leakage current VDD = 1.8 V, V WDO = 6.5 V 1 µA

VIL Low-level input voltage (EN, SET1) 0.25 V

VIH High-level input voltage (EN, SET1) 0.8 V

VIL(WDI) Low-level input voltage (WDI) 0.3 × VDD V

VIH(WDI) High-level input voltage (WDI) 0.8 × VDD V

http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.ti.com
http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVSB66&partnum=TPS3431
http://www.ti.com/lit/an/spra953c/spra953c.pdf
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(1) During power-on, VDD must be a minimum 1.8 V for at least 300 µs before WDI is active and ENOUT is high impedance.

6.6 Timing Requirements
MIN TYP MAX UNIT

GENERAL
tINIT CWD, CRST pin evaluation period 381 µs

EN, SET1 pin setup time 1 µs
Startup delay (1) 300 µs

DELAY FUNCTION
tEN_ENOUT EN to ENOUT delay 200 ns
tRST Watchdog reset delay 170 200 230 ms
WINDOW WATCHDOG FUNCTION

tWD Watchdog timeout

CWD = NC, SET1 = 1 1360 1600 1840 ms
CWD = 10 kΩ to VDD, SET1 = 1 170 200 230 ms
CWD = NC, SET1 = 0 Watchdog disabled
CWD = 10 kΩ to VDD, SET1 = 0 Watchdog disabled

tWD-setup Setup time required for device to respond to changes on WDI after being enabled 150 µs
Minimum WDI pulse duration 50 ns

tWD-del WDI to WDO delay 50 ns

(1) See Figure 2 for WDI timing requirements.

Figure 1. Timing Diagram

http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.ti.com
http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVSB66&partnum=TPS3431
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Figure 2. Watchdog Timing Diagram

http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.ti.com
http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVSB66&partnum=TPS3431
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6.7 Typical Characteristics
all typical characteristics curves are taken at 25°C with 1.8 V ≤ VDD ≤ 6.5 V (unless other wise noted)

Figure 3. Supply Current vs VDD

VDD = 1.8 V

Figure 4. EN Threshold vs Temperature

Figure 5. CWD Charging Current vs Temperature

Figure 6. Normalized Watchdog Timeout (tWD) Accuracy
(SET1 = 1, CWD = NC)

Figure 7. Normalized Watchdog Timeout (tWD) Accuracy (SET1 = 1, CWD = 10kΩ)

http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.ti.com
http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVSB66&partnum=TPS3431
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7 Detailed Description

7.1 Overview
The TPS3431 is a standard programmable watchdog timer with enable/disable feature. This device includes a
precision watchdog timer that achieves 15% timing accuracy over the specified temperature range of –40°C to
+125°C.

7.2 Functional Block Diagram

7.3 Feature Description

7.3.1 Enable Input (EN) and Enable Output (ENOUT)
The Enable (EN) input allows a processor or other logic circuits to initiate a single cycle watchdog reset by
momentarily bringing Enable low, or a permanent disable by keeping Enable low. After EN goes to a logic high
and VDD is above VDD (min), ENOUT and WDO go logic high after the watchdog reset delay time (tRST). If EN is not
controlled externally, then EN can either be connected to VDD or left floating because the EN pin is internally
pulled up to VDD. When EN is forced logic low, ENOUT goes low after a propagation delay of 200 ns and WDO
goes high impedance and pulls to logic high due to the external pull-up resistor. Because WDO and ENOUT are
both open-drain outputs, these outputs can be tied together to create an OR logic function so that if either output
pulls down to logic low, the other will also pull down logic low.

7.3.2 Watchdog Mode
This section provides information for the watchdog mode of operation.

http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.ti.com
http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVSB66&partnum=TPS3431
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Feature Description (continued)
7.3.2.1 CWD
The CWD pin provides the user the functionality of both high-precision, factory-programmed watchdog timing
options and user-programmable watchdog timing. The TPS3431 features three options for setting the watchdog
timer: connecting a capacitor to the CWD pin, connecting a pull-up resistor to VDD, and leaving the CWD pin
unconnected. The configuration of the CWD pin is evaluated by the device every time VDD rises above VDD (min).
The pin evaluation is controlled by an internal state machine that determines which option is connected to the
CWD pin. The sequence of events typically takes 381 μs (tINIT) to determine if the CWD pin is left unconnected,
pulled-up through a resistor, or connected to a capacitor. If the CWD pin is being pulled up to VDD, a 10-kΩ
resistor is required.

7.3.2.2 Watchdog Input WDI
WDI is the watchdog timer input that controls the WDO output. The WDI input is triggered by the falling edge of
the input signal. To ensure proper functionality of the watchdog timer, always issue the WDI pulse before tWD(min).
If the pulse is issued in this region, then WDO remains unasserted. Otherwise, the device asserts WDO, putting
the WDO pin into a low-impedance state therefore WDO will be logic low.

The watchdog input (WDI) is a digital pin. To ensure there is no increase in IDD, drive the WDI pin to either VDD
or GND at all times. Putting the pin to an intermediate voltage can cause an increase in supply current (IDD)
because of the architecture of the digital logic gates. When EN is logic low, the watchdog is disabled and all
signals input to WDI are ignored. When EN is logic high, the device resumes normal operation and no longer
ignores the signal on WDI. If the watchdog is disabled, drive the WDI pin to either VDD or GND. Figure 8 shows
the valid region for a WDI pulse to be issued to prevent WDO from being triggered and pulled low.

Figure 8. Watchdog Timing Diagram

http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.ti.com
http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVSB66&partnum=TPS3431
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Feature Description (continued)

(1) VDD must be above VDD (min)for longer than 300 µs.
(2) Where tpulse is the time between the falling edges on WDI.

7.3.2.3 Watchdog Output WDO
The TPS3431 features an active-low open-drain watchdog output that asserts when a pulse on WDI fails to arrive
within the watchdog timeout. When EN is logic high, the WDO signal maintains normal operation. When the EN
pin is logic low, the WDO pin goes to a high-impedance state and pulls logic high due to the external pull-up
resistor. Because WDO and ENOUT are both open-drain outputs, these outputs can be tied together to create an
OR logic function so that if either output pulls down to logic low, the other will also pull down logic low.

7.3.2.4 SET1
The SET1 pin can enable and disable the watchdog timer and should be used when disabling the watchdog
timer for longer than one watchdog reset cycle. If SET1 is set to GND, the watchdog timer is disabled and WDI is
ignored. If the watchdog timer is disabled, drive the WDI pin to either GND or VDD to ensure that there is no
increase in IDD. When SET1 is logic high, the watchdog operates normally. The SET1 pin can be changed
dynamically; however, if the watchdog is going from disabled to enabled there is a 150 µs setup time where the
watchdog does not respond to changes on WDI, as shown in Figure 9. Note: disabling using SET1 pin causes a
delay defined by the fixed 150-us setup time when enabling again.

Figure 9. Enabling and Disabling the Watchdog

7.4 Device Functional Modes
Table 1 summarizes the functional modes of the TPS3431.

Table 1. Device Functional Modes
VDD EN ENOUT WDI WDO

VDD < VPOR --- --- --- ---
VPOR ≤ VDD < VDD(min) --- Low Ignored High

VDD > VDD (min)
(1) High High tPULSE <

tWD(min)
(2) High

VDD > VDD (min)
(1) High High tPULSE >

tWD(min)
(2) Low

VDD > VDD (min)
(1) Low Low Ignored High

http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.ti.com
http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVSB66&partnum=TPS3431
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7.4.1 VDD is Below VPOR ( VDD < VPOR)
When VDD is less than VPOR, WDO is undefined and can be either high or low. The state of WDO largely
depends on the load that the WDO pin is experiencing.

7.4.2 Above Power-On-Reset, But Less Than VDD(min) (VPOR ≤ VDD < VDD(min))
When the voltage on VDD is less than VDD(min), and greater than or equal to VPOR, the WDO signal is asserted
(logic low). When EN is logic low, the watchdog output WDO is in a high-impedance state and logic low
regardless of the WDI signal that is input to the device.

7.4.3 Normal Operation (VDD ≥ VDD(min))
When VDD is greater than or equal to VDD(min) and EN is logic high, the WDO signal is determined by WDI. When
WDI is within the watchdog timeout, the internal MOSFET turns off and WDO is pulled high through external pull-
up resistor. When WDI is not within the watchdog timeout, the internal MOSFET turns on and WDO is pulled to
logic low. When EN is logic low, ENOUT goes to logic low and WDO goes to a high-impedance state and pulls to
logic high due to the external pull-up resistor.

http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.ti.com
http://www.ti.com/product/tps3431?qgpn=tps3431
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and TI does not warrant its accuracy or completeness. TI’s customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information
The following sections describe in detail proper device implementation, depending on the final application
requirements.

8.1.1 CWD Functionality
The TPS3431 features three options for setting the watchdog timeout: connecting a capacitor to the CWD pin,
connecting a pull-up resistor to VDD, and leaving the CWD pin unconnected. Figure 10 shows a schematic
drawing of all three options. If this pin is connected to VDD through a 10-kΩ pullup resistor or left unconnected
(high impedance), then the factory-programmed watchdog timeouts are enabled; see the Factory-Programmed
Timing Options section. Otherwise, the watchdog timeout can be adjusted by placing a capacitor from the CWD
pin to ground.

Figure 10. CWD Charging Circuit

8.1.1.1 Factory-Programmed Timing Options
If using the factory-programmed timing options (listed in Table 2), the CWD pin must either be unconnected or
pulled up to VDD through a 10-kΩ pull-up resistor. Using these options enables high-precision, 15% accurate
watchdog timing.

Table 2. Factory Programmed Watchdog Timing
INPUT STANDARD WATCHDOG TIMEOUT WDT (tWD)

UNIT
CWD SET1 MIN TYP MAX
NC 0 Watchdog disabled
NC 1 1360 1600 1840 ms

10 kΩ to VDD 0 Watchdog disabled
10 kΩ to VDD 1 170 200 230 ms

http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.ti.com
http://www.ti.com/product/tps3431?qgpn=tps3431
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Application Information (continued)
8.1.1.2 CWD Adjustable Capacitor Watchdog Timeout
Adjustable capacitor timing is achievable by connecting a capacitor to the CWD pin. If a capacitor is connected to
CWD, then a 375-nA, constant-current source charges CCWD until VCWD = 1.21 V. Table 3 shows how to calculate
tWD using Equation 1 and the SET1 pin. The TPS3431 determines the watchdog timeout with the formulas given
in Equation 1, where CCWD is in nanofarads and tWD is in milliseconds.
tWD(ms) = 77.4 x CCWD(nF) + 55 (ms) (1)

The TPS3431 is designed and tested using CCWD capacitors between 100 pF and 1 µF. Note that Equation 1 is
for ideal capacitors and capacitor tolerances vary the actual device timing. For the most accurate timing, use
ceramic capacitors with COG dielectric material. If a CCWD capacitor is used, Equation 1 can be used to set tWD
for the watchdog timeout. Table 4 shows the minimum and maximum calculated tWD values using an ideal
capacitor.

Table 3. Programmable CWD Timing
INPUT WATCHDOG TIMEOUT WDT (tWD)

UNIT
CWD SET1 MIN TYP MAX
CCWD 0 Watchdog disabled
CCWD 1 tWD × 0.85 tWD Equation 1 tWD × 1.15 ms

(1) The minimum and maximum values are calculated using an ideal capacitor.

Table 4. tWD Values for Common Ideal Capacitor Values

CCWD
WATCHDOG TIMEOUT WDT (tWD)

UNIT
MIN (1) TYP MAX (1)

100 pF 53.33 62.74 72.15 ms
1 nF 112.5 132.4 152.3 ms

10 nF 704.7 829 953.4 ms
100 nF 6626 7795 8964 ms

1 μF 65837 77455 89073 ms

http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.ti.com
http://www.ti.com/product/tps3431?qgpn=tps3431
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8.2 Typical Application

(1) EN can also be left floating and is internally pulled-up to VDD
(2) ENOUT can also be left floating or tied to WDO

Figure 11. Monitoring a Microcontroller with Standard Watchdog Timer

8.2.1 Design 1 Requirements

PARAMETER DESIGN REQUIREMENT DESIGN RESULT
Output logic voltage 3.3V Open-Drain 3.3V Open-Drain

Watchdog Timeout Leave CWD disconnected: 1.6 seconds (typical) tWD(min) = 1360 ms, tWD(TYP) = 1600 ms, tWD(max) =
1840 ms

Maximum device current
consumption 35 µA 33 µA when WDO is asserted

8.2.2 Detailed Design 1 Procedure

8.2.2.1 Calculating WDO Pullup Resistor Design 1
The TPS3431 uses an open-drain configuration for the WDO circuit, as shown in Figure 12. When the internal
MOSFET is off, the external pull-up resistor pulls the drain of the transistor to VDD and when the MOSFET is
turned on, the MOSFET attempts to pull the drain to ground, thus creating an effective resistor divider. The
resistors in this divider must be chosen to ensure that VOL is below the maximum value.

To choose the proper pull-up resistor, there are three key specifications to keep in mind: the pull-up voltage
(VPU), the recommended maximum WDO pin current (IWDO), and VOL.

The maximum VOL is 0.4 V, meaning that the effective resistor divider created must be able to bring the voltage
on the reset pin below 0.4 V with IWDO kept below 10 mA. For this example, with a VPU of 3.3 V, a resistor must
be chosen to keep IWDO below 35 μA because this value is the maximum consumption current allowed. To
ensure this specification is met, a pull-up resistor value of 100 kΩ was selected, which sinks a maximum of 33
μA when WDO is asserted.

Figure 12. WDO Open-Drain Configuration

http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.ti.com
http://www.ti.com/product/tps3431?qgpn=tps3431
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8.2.2.2 Setting the Watchdog Design 1
As illustrated in Figure 10 there are three options for setting the watchdog timer. The design specifications in this
application allow for a factory-programmed timing option by leaving CWD floating. To ensure proper functionality,
a falling edge must be issued before tWD(min) with is set for 1.36 seconds when CWD is not connected. Figure 17
illustrates that a WDI signal with a period of 1 second keeps WDO from asserting.

Figure 13 shows WDO asserting when the WDI signal has a period longer than tWD(max) which is 1.84 seconds
when CWD is not connected. Figure 14 shows a watchdog fault caused by missing WDI pulse followed by
correct timing WDI pulses to deactivate WDO.

8.2.3 Application Curves Design 1
Unless otherwise stated, application curves were taken at TA = 25°C.

Figure 13. WDO Fault Caused by WDI Pulse Arriving Too
Late (After tWD(max))

Figure 14. WDO Fault Caused by missing WDI Pulses
Followed by Correct Timing WDI Pulses

http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.ti.com
http://www.ti.com/product/tps3431?qgpn=tps3431
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8.3 Programmable Application

Figure 15. Monitoring the Supply Voltage and Watchdog Supervision of a Microcontroller

8.3.1 Design 2 Requirements

PARAMETER DESIGN REQUIREMENT DESIGN RESULT
Watchdog disable for
initialization period

Watchdog must remain disabled for 5 seconds until
logic enables the watchdog timer 5.02 seconds (typ)

Programmable disable feature Microcontroller controls SET1 on TPS3431 via a
GPIO

The Microcontroller can disable TPS3431 via SET1
and thus disable the watchdog for any reason.

Output logic voltage 1.8-V Open-Drain 1.8V Open-Drain
Monitored rail (TPS3890) 1.8 V with a 5% threshold and 1% accuracy Worst-case VITN = 1.714 V – 4.7%

Watchdog timeout (TPS3431) 265 ms typical tWD(min) = 213 ms, tWD(TYP) = 264 ms, tWD(max) =
319 ms

Maximum device current
consumption 50 µA 37 µA when WDO is asserted

8.3.2 Detailed Design 2 Procedure

8.3.2.1 Calculating WDO Pullup Resistor Design 2
The TPS3431 uses an open-drain configuration for the WDO circuit. When the internal MOSFET is off, the
external pull-up resistor pulls the drain of the transistor to VDD and when the MOSFET is turned on, the
MOSFET attempts to pull the drain to ground, thus creating an effective resistor divider. The resistors in this
divider must be chosen to ensure that VOL is below the maximum value. To choose the proper pull-up resistor,
there are three key specifications to keep in mind: the pull-up voltage (VPU), the recommended maximum WDO
pin current (IWDO), and VOL. The maximum VOL is 0.4 V, meaning that the effective resistor divider created must
be able to bring the voltage on the reset pin below 0.4 V with IWDO kept below 10 mA. For this example, with a
VPU of 1.8 V, a resistor must be chosen to keep IWDO below 50 μA because this value is the maximum
consumption current allowed. To ensure this specification is met, a pull-up resistor value of 100 kΩ was selected,
which sinks a maximum of 18 μA when WDO is asserted.

http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.ti.com
http://www.ti.com/product/tps3431?qgpn=tps3431
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8.3.2.2 Setting the Watchdog Design 2
As illustrated in Figure 10 there are three options for setting the watchdog timer. The design specifications in this
application require the programmable timing option (external capacitor connected to CWD). When a capacitor is
connected to the CWD pin, the watchdog timer is governed by Equation 1. This equation estimation is only valid
for ideal capacitors and any temperature or voltage derating must be accounted for separately.
CCWD (nF) = (tWD(ms) – 55) / 77.4 = (265 – 55) / 77.4 = 2.71 nF (2)

The nearest standard capacitor value is 2.7 nF. Selecting 2.7 nF for the CCWD capacitor gives the following
minimum and maximum timing parameters:
tWD(MIN) = 0.85 x tWD(TYP) = 0.85 x (77.4 x 2.7 + 55) = 224.383 ms (3)
tWD(MAX) = 1.15 x tWD(TYP) = 1.15 x (77.4 x 2.7 + 55) = 303.577 ms (4)

Capacitor tolerance also influences tWD(MIN) and tWD(MAX). Select a ceramic COG dielectric capacitor for high
accuracy. For 2.7 nF, COG capacitors are readily available with 5% tolerances. This selection results in a 5%
decrease in tWD(MIN) and a 5% increase in tWD(MAX), giving 213.16 ms and 318.75 ms, respectively. To ensure
proper functionality, a falling edge must be issued before tWD(min). Figure 17 illustrates that a WDI signal with a
period of 260 ms keeps WDO from asserting.

8.3.2.3 Watchdog Disabled During Initialization Period Design 2
The watchdog is often needed to be disabled during startup to allow for an initialization period. When the
initialization period is over, the watchdog timer is turned back on to allow the microcontroller to be monitored by
the TPS3431. To achieve this setup, EN on TPS3431 is controlled by TPS3890 supervisor. In this application,
the TPS3890 was chosen to monitor VDD as well, which means that the RESET on the TPS3890 stays low until
VDD rises above VITN. When VDD comes up, the delay time can be adjusted through the CT capacitor on the
TPS3890. With this approach, the RESET delay can be adjusted from a minimum of 25 μs to a maximum of 30
seconds. For this design, a typical delay of 5 seconds is needed before the watchdog timer is enabled. The CT
capacitor calculation (see the TPS3890 data sheet) yields an ideal capacitance of 4.67 μF, giving a closest
standard ceramic capacitor value of 4.7 μF. When connecting a 4.7 μF capacitor from CT to GND, the typical
delay time is 5 seconds. Figure 16 shows that when the watchdog is disabled, the WDO output remains high.
However when SET1 goes high and there is no WDI signal, WDO begins to assert. See the TPS3890 datasheet
for detailed information on the TPS3890. The ENOUT pin on the TPS3431 reflects the status of the EN pin and
can be connected to the microcontroller for monitoring or can be left floating if not being used. When the
TPS3431 is disabled, ENOUT is logic low and WDO is logic high so the user can also tie ENOUT to WDO to
force WDO to logic low when TPS3431 is disabled.

8.3.2.4 Programmable Disable Feature Design 2
The watchdog is often needed to be disabled during operation to prevent false watchdog faults. When the
watchdog is disabled, all pulses or lack of pulses on WDI are ignored and WDO is high impedance as shown in
Figure 18. When the watchdog is re-enabled, the watchdog timer is turned back on after a watchdog start-up
delay of 150 µs to allow the microcontroller to be monitored by the TPS3431. To achieve this setup, SET1 on
TPS3431 is controlled by a GPIO on the microcontroller and must be logic high to enable to watchdog. To
disable the watchdog, the microcontroller sets the GPIO connected to SET1 to logic low. To re-enable the
watchdog, the microcontroller sets the GPIO connected to SET1 back to logic high. This configuration is useful
when another device or signal is already using the EN pin on TPS3431, and a programmable disable feature with
minimal delay upon enable is still required. When the watchdog is disabled using SET1 instead of EN, ENOUT
remains unaffected which is useful when needing to disable the watchdog but not causing another device
connected to ENOUT to be disabled.

http://www.ti.com/product/tps3431?qgpn=tps3431
http://www.ti.com
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8.3.3 Application Curves Design 2
Unless otherwise stated, application curves were taken at TA = 25°C.

Figure 16. Startup Without a WDI Signal Figure 17. Typical WDI Signal

Figure 18. Watchdog Disabled With Missing WDI Pulse

http://www.ti.com/product/tps3431?qgpn=tps3431
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9 Power Supply Recommendations
This device is designed to operate from an input supply with a voltage range between 1.8 V and 6.5 V. An input
supply capacitor is not required for this device; however, if the input supply is noisy, then good analog practice is
to place a 0.1-µF capacitor between the VDD pin and the GND pin.

10 Layout

10.1 Layout Guidelines
• Make sure that the connection to the VDD pin is low impedance. Good analog design practice is to place a

0.1-µF ceramic capacitor as near as possible to the VDD pin.
• If a CCWD capacitor or pull-up resistor is used, place these components as close as possible to the CWD pin.

If the CWD pin is left unconnected, make sure to minimize the amount of parasitic capacitance on the pin.
• Place the pull-up resistor on WDO as close to the pin as possible.

10.2 Layout Example

(1) EN can also be left floating and is internally pulled-up to VDD
(2) ENOUT can also be left floating or tied to WDO

Figure 19. TPS3431 Recommended Layout

http://www.ti.com/product/tps3431?qgpn=tps3431
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11 Device and Documentation Support

11.1 Device Support

11.2 Documentation Support

11.2.1 Related Documentation
For related documentation see the following:
• TPS3890 Low Quiescent Current, 1% Accurate Supervisor with Programmable Delay (SLVSD65)
• TPS3431EVM-780 Evaluation Module (SBVU033)

11.3 Receiving Notification of Documentation Updates
To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

11.4 Community Resources
The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute TI specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.5 Trademarks
E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.6 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

11.7 Glossary
SLYZ022 — TI Glossary.

This glossary lists and explains terms, acronyms, and definitions.

12 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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4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
    number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
    on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
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NOTES: (continued)
 
6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
    design recommendations. 
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.
TI’s published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that TI has qualified and released to market. Additional terms may apply to the use or sale of other types of TI products and
services.
Reproduction of significant portions of TI information in TI data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of TI products or services with statements
different from or beyond the parameters stated by TI for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. TI is not responsible or liable for any such statements.
Buyers and others who are developing systems that incorporate TI products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all TI products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such TI products as used in such applications.
TI’s provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate TI products; by downloading, accessing or using TI Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer’s company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.
TI’s provision of TI Resources does not expand or otherwise alter TI’s applicable published warranties or warranty disclaimers for TI
products, and no additional obligations or liabilities arise from TI providing such TI Resources. TI reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources. TI has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.
Designer is authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.
TI RESOURCES ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
Unless TI has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), TI is not responsible for any failure to meet such industry standard requirements.
Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any TI products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.g., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class III devices and equivalent classifications outside the U.S.
TI may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
requirements in connection with such selection.
Designer will fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.
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