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5 Pin Configuration and Functions

DRB Package: TPS3431
3-mm x 3-mm VSON-8
Top View

f ™

Yool LR ENOUT ™

cwp| Iz WDO

Pad 6 F= WDI

I I
I |
I' Thermal |
EN: [ Tigl |
I I
I I

GND [ 14 5 L _| SETL

Mot to scale

(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
NAME NO.

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

110 DESCRIPTION

Programmable watchdog timeout input. The watchdog timeout is set by connecting a capacitor between this pin and
ground. Connecting via a 10-kQ resistor to Vpp 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

CWD 2 |

Enable input pin. This pin is internally pulled up to Vpp 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 (tgst). This pin can also be driven with an external push-
button, transistor, or microcontroller.

GND 4 — Ground pin

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

EN 3 |

SET1 5 |

Watchdog input. A falling edge must occur at WDI before the timeout (typ) 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.

WDI 6 |

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

WDO 7 (0]

Enable open-drain active-high output. Connect ENOUT with a 1-kQ to 100-kQ resistor to the correct pull-up voltage
rail (Vpy). 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 (tgrst). When EN is forced logic low, ENOUT goes low after 200 ns
and remains logic low as long as EN is logic low.

ENOUT 8 o

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

Copyright © 2018, Texas Instruments Incorporated 3
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6 Specifications

6.1 Absolute Maximum Ratings

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

MIN MAX UNIT
Supply voltage range VDD -0.3 7 \%
Output voltage range ENOUT, WDO -0.3 7 \Y;
SET1, WDI, EN -0.3 7
Voltage ranges \%
CWD -0.3 VDD +0.3@
Output pin current ENOUT, WDO +20 mA
Input current (all pins) +20 mA
Continuous total power dissipation See See
Operating junction, T; @) -40 150
Temperature Operating free-air temperature, To © —40 150 °C
Storage, Tsyg -65 150
(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 Vpp + 0.3 V or 7.0 V, whichever is smaller.

(3) T;=Ta as a result of the low dissipated power in this device.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC
. J5-001® +1000

V(Esb) Electrostatic discharge - \%
Charged-device model (CDM?, per JEDEC +500
specification JESD22-C101 *

(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.

@

less than 250-V CDM is possible with the necessary precautions.

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

JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Manufacturing with

MIN NOM MAX UNIT
VDD Supply pin voltage 1.8 6.5 \%
VseT1 SET1 pin voltage 0 6.5 \%
Cewp Watchdog timing capacitor 0.1 1000® nF
CWD Pullup resistor to VDD 9 10 11 kQ
Rpu Pullup resistor, ENOUT and WDO 1 10 100 kQ
lEN EN pin current 10 mA
Il woo Watchdog output current 10 mA
T; Junction Temperature -40 125 °C

(1) Using a Cewp capacitor of 0.1 nF or 1000 nF gives a twpuyyp) Of 62.74 ms or 77.45 seconds, respectively.

Copyright © 2018, Texas Instruments Incorporated
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6.4 Thermal Information
TPS3431
THERMAL METRIC® DRB (VSON) UNIT
8 PINS
Rgia Junction-to-ambient thermal resistance 50.7
Rojctop) Junction-to-case (top) thermal resistance 51.6
Rgis Junction-to-board thermal resistance 25.8 CIW
WIT Junction-to-top characterization parameter 1.3
viB Junction-to-board characterization parameter 25.8
Rosc (ot Junction-to-case (bottom) thermal resistance 7.1

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

6.5 Electrical Characteristics

at 1.8 V < Vpp < 6.5 V over the operating temperature range of —40°C < T; < +125°C (unless otherwise noted); the open-drain
pullup resistors are 10 kQ; typical values are at T; = 25°C

PARAMETER \ TEST CONDITIONS | MIN TYP MAX| UNIT

GENERAL CHARACTERISTICS

Vpp @ @ Supply voltage 1.8 6.5 \%
Ibp Supply current 10 19 HA
Vpor & Power-on reset voltage Vormax) = 0.25 V 0.8 Y
WINDOW WATCHDOG FUNCTION

len EN pin internal pullup current Ven = OV 500 620 700 nA
lewp CWD pin charge current CWD =05V 337 375 413 nA
Vewp CWD pin threshold voltage 1.192 1.21 1.228 \
VoL ENOUT, WDO output low VDD =5V, Ignk = 3 MA 0.4 Y,
Ip ENOUT, WDO output leakage current VDD=18V,Vypo =65V 1 HA
Vi Low-level input voltage (EN, SET1) 0.25 \Y
Vig High-level input voltage (EN, SET1) 0.8 \
ViLwol) Low-level input voltage (WDI) 0.3 x Vpp \
Viwon High-level input voltage (WDI) 0.8 x Vpp \

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

Copyright © 2018, Texas Instruments Incorporated 5
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6.6 Timing Requirements
MIN TYP MAX | UNIT
GENERAL
NI CWD, CRST pin evaluation period 381 us
EN, SET1 pin setup time 1 us
Startup delay® 300 ps
DELAY FUNCTION
ten_ enour  EN to ENOUT delay 200 ns
trsT Watchdog reset delay 170 200 230 ms
WINDOW WATCHDOG FUNCTION
CWD =NC, SET1=1 1360 1600 1840 ms
s Watchdog timeout CWD =10 kQto VDD, SET1 =1 170 200 ' 230 ms
CWD =NC, SET1=0 Watchdog disabled
CWD =10 kQ to VDD, SET1 =0 Watchdog disabled
twp-setup Setup time required for device to respond to changes on WDI after being enabled 150 us
Minimum WDI pulse duration 50 ns
twb-del WDI to WDO delay 50 ns

(1) During power-on, Vpp must be a minimum 1.8 V for at least 300 ps before WDI is active and ENOUT is high impedance.

Vb (min)

VDD vV, !
POR ItRST|
|
|
WDI X I I—l
1

UL

s
g
Ol

.

trsT

(1) See B 2 for WDI timing requirements.
1. Timing Diagram
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2. Watchdog Timing Diagram
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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)
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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

] ENoUT

voD [

L

Precision
Clock

T

] wbo

VDD

Cap Machine
Control

cwp [

L

Tyl

EN  WDI SET1 GND

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 Vpp is above Vpp miny, ENOUT and WDO go logic high after the watchdog reset delay time (tzsy). If EN is not
controlled externally, then EN can either be connected to Vpp 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.

RN © 2018, Texas Instruments Incorporated 9
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Feature Description (3T )
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 Vpp rises above Vpp (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 us (t,y1) 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-kQ
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 typmin).
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 Ipp, 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 (Ipp)
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. & 8 shows the
valid region for a WDI pulse to be issued to prevent WDO from being triggered and pulled low.

Correct
WDI .
|_| H Operation

wDO

wol |_| Late Fault H

WDO
A\
- Valid
Timing Region

twoming

v

two(ryp)

A4

twpmax)

- = Tolerance Window

8. Watchdog Timing Diagram

A A A
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Feature Description (3T )
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 Ipp. 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 us setup time where the
watchdog does not respond to changes on WDI, as shown in 9. Note: disabling using SET1 pin causes a
delay defined by the fixed 150-us setup time when enabling again.

VDD

EN
e :4_ st

ENOUT

—_—

|
SET1 :
|

|
! >« 150 s
|

|
|
|
|
|
|
| | | |
Watchdog ' Disabled
Enabled/Disabled Enabled when ENOUT or SET1 is logic low Enabled

9. Enabling and Disabling the Watchdog

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

3% 1. Device Functional Modes

Vbp EN ENOUT WDI WDO
Vop < Vpor - - -
Vpor = Vpp < Vbp(min) -- Low Ignored High
) ) t < )
Vob > Voo (miny® High High ¢ PULSE 2, High
\WD(min)
. . t >
Vbp > Voo (min)™” High High (L OSE ) Low
‘WD(min)
Voo > Voo (min™ Low Low Ignored High

(1) Vpp must be above Vpp minjfor longer than 300 ps.
(2) Where tyse is the time between the falling edges on WDI.

MR © 2018, Texas Instruments Incorporated 11
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When Vpp 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 Vppmin) (Veor € Vop < Vopminy)

When the voltage on Vpp is less than Vppmin), and greater than or equal to Vpog, 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 (Vpp 2 Vpp(min))

When Vpp is greater than or equal to Vppminy @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.

12 MY © 2018, Texas Instruments Incorporated
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8 Application and Implementation

x

/:

Information in the following applications sections is not part of the TI component
specification, and Tl 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. B 10 shows a schematic drawing
of all three options. If this pin is connected to VDD through a 10-kQ 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.

TPS3431 VDD TPS3431 VDD TPS3431 VDD
VDD
vDD [ vop [
[
o
=
o
CWD
] 1 ]
(] ] cwo [
— — =
Cewo & & &
< — = =
Cap Cap Cap
Control Control Control
User Programmable 10 kQ Resistor CcwbD
Capacitor to GND to VDD Unconnected

10. CWD Charging Circuit

8.1.1.1 Factory-Programmed Timing Options

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

Fk 2. Factory Programmed Watchdog Timing

INPUT STANDARD WATCHDOG TIMEOUT WDT (twp) Ui
CWD SET1 MIN TYP MAX
NC 0 Watchdog disabled
NC 1 1360 1600 1840 ms
10 kQ to VDD 0 Watchdog disabled
10 kQ to VDD 1 170 200 230 ms

RN © 2018, Texas Instruments Incorporated 13
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Application Information (#T R)
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 Ceyp until Vewp = 1.21 V. % 3 shows how to calculate
twp using 23X 1 and the SET1 pin. The TPS3431 determines the watchdog timeout with the formulas given in 22
3 1, where Ccyp is in nanofarads and typ is in milliseconds.

two(ms) = 77.4 X Copwp(NF) + 55 (ms) Q)
The TPS3431 is designed and tested using Ccywp Capacitors between 100 pF and 1 pF. Note that 23 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 Ccyp capacitor is used, 243\ 1 can be used to set typ for
the watchdog timeout. & 4 shows the minimum and maximum calculated t,,p values using an ideal capacitor.

% 3. Programmable CWD Timing

INPUT WATCHDOG TIMEOUT WDT (twp) UNIT
CWD SET1 MIN TYP MAX
Ccwp 0 Watchdog disabled
Cewd 1 twp % 0.85 twp 2 1 twp % 1.15 ms

% 4. typ Values for Common Ideal Capacitor Values

WATCHDOG TIMEOUT WDT (twp)
Cewp 1 i UNIT
MIN® TYP MAX®
100 pF 53.33 62.74 72.15 ms
1nF 112.5 132.4 152.3 ms
10 nF 704.7 829 953.4 ms
100 nF 6626 7795 8964 ms
1pF 65837 77455 89073 ms

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

3.3V O
¢ § g Voo
o
TPS3431 3 § Microcontroller
¢+— VDD ENOUT 5 | 5—{ NMI (enable output)
— SET1 WDO » NMI (watchdog fault)
O—{en™ wol 1T gpi0
NC —{ CWD GND _—l— GND
- L

Copyright © 2018, Texas Instruments Incorporated

(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

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) tl"‘éi’l(g“r’%; 1360 ms, twp(ryp) = 1600 MS, twomax) =
Maximum device current TR
consumption 35 pA 33 pA 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 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 Vg, 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
(Vpy), the recommended maximum WDO pin current (lwpo), and Vg, .

The maximum Vg, 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 lypo kept below 10 mA. For this example, with a Vpy of 3.3 V, a resistor must
be chosen to keep lypo below 35 pA because this value is the maximum consumption current allowed. To
ensure this specification is met, a pull-up resistor value of 100 kQ was selected, which sinks a maximum of 33
pA when WDO is asserted.

VDD

WATCHDOG
CONTROL

12. WDO Open-Drain Configuration
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8.2.2.2 Setting the Watchdog Design 1

As illustrated in 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 typmin) With is set for_1.36 seconds when CWD is not connected. & 17
illustrates that a WDI signal with a period of 1 second keeps WDO from asserting.

13 shows WDO asserting when the WDI signal has a period longer than typmax) Which is 1.84 seconds when
CWD is not connected. 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 T, = 25°C.

0 2.00v/ 200v/ @ 200v/ @ & 1500s 50002/ Stop £ 2.00v 0 200v/ @ 200v/ @ 200/ @ & 4000s 1000s/ Stop £ W 200V
VDD Ignore all pulses that occur before tag VvbD
First falling edge must occur before WDU }—H No pulse on WDI before WDU(max) so WDO asserts
N

{
Second falling edge occurs after WDU(max).triggering a watchdog reset

—>
Falling edge on WDI occurs within WDU

I
WDO remains unasserted while
WDI is within watchdog window
WDO 3 WDO 3!

—»WDO resets for tasy
13. WDO Eault C d by WDI Pulse Arriving Too L 14. WDO Fault Caused by missing WDI Pulses Followed
- ault Caused by ulse Arriving Too Late by Correct Timing WDI Pulses

(After tWD(m ax))
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8.3 Programmable Application
1.8v O ' > *—o
(o] c
X X
(o] o o VCORE
X o o .
%o = = Microcontroller
TPS3890 S TPS3431

¢— VDD VDD ENOUT S— NMI (enable output)

SENSE - J—

L1 MR EN WDO e—» NMI (watchdog fault)
RESET — —— SET1 WDI |« L1 erio (WDI)
CT
i GND GPIO (SET1)
4.7 pF CWD GND

€T GND 27nFL | L T
- T L -

Copyright © 2018, Texas Instruments Incorporated
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 Watchdog must remain disabled for 5 seconds until 5.02 seconds (typ)
initialization period logic enables the watchdog timer ) yp

. Microcontroller controls SET1 on TPS3431 via a The Microcontroller can disable TPS3431 via SET1

Programmable disable feature GPIO 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 Viry = 1.714 V - 4.7%
Watchdog timeout (TPS3431) 265 ms typical ;“i%(rTr‘T‘]”; =213 ms, twp(ryp) = 264 MS, twp(max) =
Maximum device current 50 pA 37 pA when WDO is asserted

consumption

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 Vg, 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 (Vpy), the recommended maximum WDO
pin current (lwpo), and Vg,. The maximum Vg 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 lypo kept below 10 mA. For this example, with a
Vpy of 1.8 V, a resistor must be chosen to keep lypo below 50 pA because this value is the maximum
consumption current allowed. To ensure this specification is met, a pull-up resistor value of 100 kQ was selected,
which sinks a maximum of 18 pA when WDO is asserted.

MR © 2018, Texas Instruments Incorporated 17
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8.3.2.2 Setting the Watchdog Design 2

As illustrated in 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 A=, 1. This equation estimation is only valid for
ideal capacitors and any temperature or voltage derating must be accounted for separately.

Cewo (NF) = (two(ms) — 55) / 77.4 = (265 — 55) / 77.4 = 2.71 nF )

The nearest standard capacitor value is 2.7 nF. Selecting 2.7 nF for the Ccyp Capacitor gives the following
minimum and maximum timing parameters:

tWD(M|N) =0.85x tWD(TYP) =0.85x (774 X 2.7+ 55) = 224.383 ms (3)
fwomax = 1.15 X tyogrve = 1.15 X (77.4 X 2.7 + 55) = 303.577 ms 4)

Capacitor tolerance also influences typginy @and twpmax). 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 typminy @nd a 5% increase in twpuax) giving 213.16 ms and 318.75 ms, respectively. To ensure
proper functionality, a falling edge must be issued before typmin)- B 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
Vpp rises above Vry. 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 pus 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 uF, giving a closest
standard ceramic capacitor value of 4.7 uF. When connecting a 4.7 pF capacitor from CT to GND, the typical
delay time is 5 seconds. 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
18. When the watchdog is re-enabled, the watchdog timer is turned back on after a watchdog start-up delay of
150 ps 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.

18 MY © 2018, Texas Instruments Incorporated
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8.3.3 Application Curves Design 2
Unless otherwise stated, application curves were taken at T, = 25°C.

! : g |
VDD i, GO S ,m,\.'v:\ T R r l
2 Vidiv| i g ‘
M: } | 265 ms i ! }
e A ——— |
‘ 2Vld|¥i ] ; yl I ‘ N | ‘
} ] | | f i |
WDO |
i 1 s/div } zwdivi o M: Mmmw ! : |
167. Startrup Wifhout é WDI Signal 7 17. Typical WDI Signal
D 200w/ @ 200v/ @ 200v/ @ & 1500s 50008/ Sop § Wl 200V

VDD

When watchdog is disabled, WDI is ignored

WDO is high-impedance and remains logic high due to pull-up resistor

18. Watchdog Disabled With Missing WDI Pulse
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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-pF 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-uF ceramic capacitor as near as possible to the VDD pin.

e If a Cowp 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

LCVDD
L (OVin
i I —4d L _| (| * R
[Ovin [ ] wvbb| 1) ® ® (8 |[ENouT? §
Cewn cwp| 2 ) (7 | wbo
O
W OENT| 3 ) (6 |[woh O
GND| 4 ) O Ol Jse1 O
T
GND Plane

(O Denotes a via

(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

19. TPS3431 Recommended Layout
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
TPS3431SDRBR ACTIVE SON DRB 8 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 431DD

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

® | ead finish/Ball material - Orderable Devices 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.

Important Information and Disclaimer: The information provided on this page represents TlI'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 TI 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
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant

(mm) |W1(mm)

TPS3431SDRBR SON DRB

3000 330.0 12.4 3.3 3.3 11 8.0 12.0

Q2
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS3431SDRBR SON DRB 8 3000 367.0 367.0 35.0
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GENERIC PACKAGE VIEW
DRB 8 VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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N PACKAGE OUTLINE
VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

DRBOO0OSA

PIN 1 INDEX AREA— |-

1 MAX
T O SO o N
8-83 j DIM A
' OPT1 | OPT2
- 4X (0.23)
EXPOSED ﬂ ﬁ (DIM A) TYP
THERMAL PAD
ak
-+—-—  175%01
Innl GE
| |
| | 0.37
| | 8X0.25
PIN 11D | | 010 [C|AlB
OPTIONAL —L’—Lru
( ) (0.65) ] & 0.05 |C
0.5
8X 3

4218875/A 01/2018

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
DRBOOO0SA VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

(1.5)
—= (0.65) |=—
SYMM

8X (0.6) ‘
! (0.825)
o 1| || | L mmr

e

6X (0.65)
v
(R0.05) TYP
(0.2) VIA
TYP
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:20X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
EXPOSED e < EXPOSED
METAL | 7 METAL
|
\ /
SOLDERMASKAJ// METAL METALUNDER—J/Ir )\¥ASOLDERMASK
OPENING SOLDER MASK OPENING
NON SOLDER MASK
DEFINED SOLDER MASK
(PREFERRED)

SOLDER MASK DETAILS

4218875/A 01/2018

NOTES: (continued)

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
DRBOOO0SA VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

= (0.65) —=|

4X(0.23) — | = |

SYMM
¢
SR METAL
4X |
0.728) 4~
1 1
w |
8X(0.31) 1 ‘ | I 8
{ |
} { N \
I . ) I
Qj T Qj e
|
SYMM |
t—-—r—-—{-— s — - - — -+ -— @5
=1 I =S
6X (0.65) ‘ L) !
L U ! B,
5
(R0.05) TYP L 1

(1.34)

(2.8)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD

84% PRINTED SOLDER COVERAGE BY AREA
SCALE:25X

4218875/A 01/2018

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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