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TPS7B68-Q1 500-mA 40-V high-voltage ultralow quiescent-current watchdog LDO

1 Features

* Qualified for automotive applications
* AEC-Q100 qualified with the following results:

— Device temperature grade 1: —40°C to +125°C
ambient operating temperature range

— Device HBM ESD classification level 2
— Device CDM ESD classification level C4B

e Maximum output current: 500 mA

e 4-V to 40-V wide V,y input-voltage range with up
to 45-V transients

e Fixed 3.3-V and 5-V outputs

* Maximum dropout voltage: 600 mV at 500 mA

» Stable with output capacitor in wide-range of
capacitance (4.7 pF to 500 pF) and ESR (0.001 Q
to 20 Q)

« Low quiescent current (Ig)):
— <4 pA when EN is low (shutdown mode)

— 19 pA typical at light loads with WD_EN high
(watchdog disabled)

» Configurable for window watchdog or standard
watchdog

e Open-to-closed window ratio configurable as 1:1
or 8:1

» Fully adjustable watchdog period (from 10 ms to
500 ms)

* 10% accurate watchdog period

* Dedicated WD_EN pin to control watchdog ON-
OFF

» Fully adjustable power-good threshold and power-
good delay period

* Low Input-voltage tracking to UVLO
» Integrated fault protection:
— Overload current-limit protection
— Thermal shutdown
e 28-Pin HTSSOP package

2 Applications

* Automotive MCU power supply

» Body control modules (BCM)

* Body comfort modules

» EV and HEV battery management systems (BMS)
» Electronic gear shifter

e Transmission control unit (TCU)

» Electrical power steering (EPS)

3 Description

In automotive microcontroller or microprocessor
power-supply applications, the watchdog is used to
monitor the microcontroller working status to prevent
software runaway. The watchdog must be
independent of the microcontroller in a reliable
system.

The TPS7B68-Q1 is a 500-mA watchdog LDO
designed for an operating voltage up to 40 V, with
typical quiescent current of only 19 pA at light load.
The device integrates a programmable function for
selecting a window or standard watchdog, with an
external resistor to set the watchdog time within 10%
accuracy.

The PG pin on the TPS7B68-Q1 indicates when the
output voltage is stable and in regulation. The power-
good delay period and power-good threshold can be
adjusted by external components. The device also
features an integrated short-circuit and overcurrent
protection. The combination of such features makes
this device particularly flexible and suitable to supply
microcontroller systems in automotive applications.

Device Information®
PACKAGE BODY SIZE (NOM)
HTSSOP (28) 9.70 mm x 4.40 mm

PART NUMBER
TPS7B68-Q1

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

Typical Application Schematic

MCU
Supply

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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» Changed V(pg_tryy Symbol to Vipg 1) rising 8N V(pgaps_Try SYMbOI 10 Vipeaps_H) raling iN Electrical Characteristics table......... 8
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5 Pin Configuration and Functions

PWP PowerPAD™ Package
28-Pin HTSSOP With Exposed Thermal Pad

Top View
O
IN 1 ________ 28 ouT
| |
NC 2 | | 27 NC
| |
NC 3 | I 26 NC
| |
EN 4 | | 25 PGADJ
| |
FSEL 5 | | 24 PG
| |
WTS 6 | | 23 NC
| |
NC 7 | | 22 NC
| Thermal |
GND g | Pad I 21 GND
| |
NC 9 | I 20 NC
| |
NC 10 | I 19 NC
| |
ROSC 11 | | 18 WRS
| |
DELAY 12 | |17 NC
| |
WD 13 | | 16 WD_EN
| |
NC 14 Smmmm e — 15 WDO
Not to scale
NC - No internal connection
Pin Functions
PIN 1
TYPE® DESCRIPTION
NAME NO.
Power-good delay-period adjustment pin. Connect this pin via a capacitor to ground to adjust
DELAY 12 (0] -
the power-good delay time.
EN 4 | Device enable pin. Pull this pin down to low-level voltage to disable the device. Pull this pin
up to high-level voltage to enable the device.
Internal oscillator-frequency selection pin. Pull this pin down to low-level voltage to select the
FSEL 5 | high-frequency oscillator. Pull this pin up to high-level voltage to select the low-frequency
oscillator.
GND 8,21 G Ground reference
IN 1 | Device input power-supply pin
2,3,7,9, 10,
14, 17, 19,
NC 20 22 23 — Not connected
26, 27
ouT 28 (0] Device 3.3-V or 5-V regulated output voltage pin
PG 24 Power-good pin. Open-drain output pin. Pull this pin up to Voyr or to a reference through a
resistor. When the output voltage is not ready, this pin is pulled down to ground.
Power-good threshold-adjustment pin. Connect a resistor divider between the PGADJ and
PGADJ 25 (0] OUT pins to set the power-good threshold. Connect this pin to ground to set the threshold to
91.6% of output voltage Voyr-

(1) 1=input, O = output, G = ground.
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Pin Functions (continued)

PIN 1
TYPE® DESCRIPTION
NAME NO.
Watchdog timer adjustment pin. Connect a resistor between the ROSC pin and the GND pin
ROSC 11 (0] to set the duration of the watchdog monitor. Leaving this pin open or connecting this pin to
ground results in the watchdog reporting a fault at the watchdog output (WDO).
WD 13 | Watchdog service-signal input pin.
WDO 15 o Watchdog status pin. Open-drain output pin. Pull this pin up to OUT or a reference voltage
through a resistor. When watchdog fault occurs, this pin is pulled down to a low-level voltage.
Vo= Watchdog enable pin. Pull this pin down to a low level to enable the watchdog. Pull this pin
WD_EN 16 | : ;
- up to a high level to disable the watchdog.
Window ratio selection pin (only applicable for the window watchdog). Pull this pin down to a
WRS 18 | low level to set the open:closed window ratio to 1:1. Pull this pin up to high level to set the
open:closed window ratio to 8:1.
WTS 6 o Watchdog type-selection pin. To set the window watchdog, connect this pin to the GND pin.
To set the standard watchdog, pull this pin high.

6 Specifications

6.1 Absolute Maximum Ratings

over operating ambient temperature range (unless otherwise noted)®®

MIN MAX UNIT
Unregulated input IN, EN -0.3 45 \%
Internal oscillator reference voltage ROSC -0.3 7 \Y
Power-good delay-timer output DELAY -0.3 7 \%
Regulated output ouT -0.3 7 \%
Power-good output voltage PG -0.3 7 \%
Watchdog status output voltage WDO -0.3 7 \%
Watchdog frequency selection, watchdog-type selection FSEL, WTS -0.3 45 \%
Watchdog enable WD_EN -0.3 7 \%
Watchdog service signal voltage WD -0.3 7 \%
Window ratio selection WRS -0.3 7 \%
Power good threshold adjustment voltage PGADJ -0.3 7 \%
Operating junction temperature, T, -40 150 °C
Storage temperature, Tgy —65 150 °C

(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) All voltage values are with respect to ground.
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6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per AEC Q100-002 +2000
Vieso) E_Iectrostatlc . All pins +500 vV
discharge Charged-device model (CDM), per AEC Q100-011 -
Corner pins (1, 14, 15, and 28) +750

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

6.3 Recommended Operating Conditions
over operating ambient temperature range (unless otherwise noted)

MIN MAX UNIT
Unregulated input IN 4 40 \%
40-V pins EN, FSEL, WTS 0 Vin v
Regulated output ouT 0 55 \%
reforonce oscllator PG, WDO, ROSC 0 55| v
Low voltage pins WD, WD_EN, PGADJ, DELAY, WRS 0 55 \%
Output current 0 500 mA
Operating junction temperature, T, -40 150 °C
Ambient temperature, Tp -40 125 °C
6.4 Thermal Information
TPS7B68-Q1
THERMAL METRIC® PWP (HTSSOP) UNIT
28 PINS
Roia Junction-to-ambient thermal resistance 37.8 °C/W
Rojctop) Junction-to-case (top) thermal resistance 18.4 °C/W
Ross Junction-to-board thermal resistance 18.7 °C/W
T Junction-to-top characterization parameter 0.8 °C/W
ViR Junction-to-board characterization parameter 18.5 °C/W
Roc(bot) Junction-to-case (bottom) thermal resistance 2.4 °C/W
(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
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6.5 Electrical Characteristics
Vin =14V, Coyr 2 4.7 pF, 1 mQ < ESR < 20 Q, and T; = —40°C to 150°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS ‘ MIN TYP MAX UNIT
SUPPLY VOLTAGE AND CURRENT (IN)

VN Input voltage 4 40 \%
I(sLeeP) Input sleep current EN = OFF 4 HA
V|n = 5.6 V to 40 V for fixed 5-V
Vout: Vin =4 V to 40 V for fixed

3.3-V VouT; EN = ON; watchdog 19 29.6
disabled; loyt < 1 mA;
T;<80°C
Vin = 5.6 V to 40 V for fixed 5-V
lQ) Input quiescent current VouT: Vin =4V to 40 V for fixed 28 4 HA
3.3-V VouT; EN = ON; watchdog
enabled; oyt <1 mA
Viy = 5.6 V to 40 V for fixed 5-V
VouT: Vin =4V to 40 V for fixed 78 08
3.3-V Vourt; EN = ON; watchdog
enabled; Ioyt < 100 mA
. Ramp V,y down until output is
V(uvLo) Undervoltage lockout, falling turned olfhfl 2.6 \%
Viuvo_ UVLO hysteresis 0.5 \%
HYST)
ENABLE INPUT, WATCHDOG TYPE SELECTION AND FSEL (EN, WTS, AND FSEL)
VL Low-level input voltage 0.7 \%
\im High-level input voltage 2 \%
Vhys Hysteresis 150 mV
WATCHDOG ENABLE (WD_EN PIN)
Low-level input threshold voltage for
Vi watchdog enable pin Watchdog enabled 0.7 \%
Vi High-level input thr(_eshold voltage for Watchdog disabled 2 v
watchdog enable pin
Pulldown current for watchdog _
lwp_en enable pin Vwp_en =5V 3 HA
REGULATED OUTPUT (OUT)
Vin=Vour +1Vto 40V, oo .
IOUT:Oto 500 mA 2% 2%
Vout Regulated output
Vin=54V, loyr = 250 mA 2% 206
T;=-40°C to 85°C
AVout Line regulation ViN=5.6V1to40V 10 mv
(AVIN)
AVour Load regulation lout = 1 MA to 500 mA 20 1\%
(AIOUT)
v b £ volt (Vi — Vour)® lout = 500 mA 350 800 v
ropout voltage - m
(dropout) p g IN — VourT, lour = 200 MA@ 170 325
lout Output current Vour in regulation 0 500 mA
Vout shorted to ground, V|y =5.6 V,
o . TPS7B6850QPWPRQL 550 690 1000
lLim Output short-circuit current limit mA
Vouyr shorted to ground, V,y = 5.6V, 490 690 1000
TPS7B6833QPWPRQ1
lout = 100 mA; Coyt = 10 uF; 60
. L frequency (f) = 100 Hz
PSRR Power supply ripple rejection® dB
lout = 100 mA; COUT =10 MF; 40
frequency (f) = 100 kHz

(1) This test is done with Vo in regulation, measuring the V\y — Vout When Vgut drops by 100 mV from the rated output voltage at the

specified load.
(2) Dropout is not measured for Vour = 3.3 V in this test because V |y must be 4 V or greater for proper operation.
(3) Design Information — Not tested, determined by characterization.
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Electrical Characteristics (continued)
Vin=14V, Coyr 24.7 uF, 1 mQ < ESR < 20 Q, and T; = —40°C to 150°C (unless otherwise noted)
PARAMETER ’ TEST CONDITIONS ’ MIN TYP MAX UNIT

POWER GOOD (PG, PGADJ)

VoL(ra) PG output, low voltage loL =5 mA, PG pulled low 0.4 \%
lkg(PG) PG pin leakage current fecsaigtlélrled to Voyr through a 10-kQ 1 HA

vV Vout powered above the internally

"(PG_TH) | Default power-good threshold set tolerance, PGADJ pin shorted to 89.6 91.6 93.6 | % of Vour
nising ground

) Vour falling below the internally set

V(pc_nvsT) | Power-good hysteresis tocl)eUrTance l?ysteresis Y 2 % of Vour
PGADJ

V(pGaDI_ SWltchmg voIt_age for the power- Vour is falling 1.067 11 1133 v

TH) falling good adjust pin

Vipeap)_ | pgADJ hysteresis 26 mv
HYST)

POWER-GOOD DELAY

loLy cHe) | DELAY capacitor charging current 3 5 10 pA
VoL _TH) Eils:;AY pin threshold to release PG Voltage at DELAY pin is ramped up 0.95 1 1.05 \%

DELAY capacitor dischargin
loLy_ois) | current P ging Vpelay =1V 0.5 mA

CURRENT VOLTAGE REFERENCE (ROSC)
VRosc ‘ Voltage reference ’ 0.95 1 1.05 \%
WATCHDOG (WD, WDO, WRS)

Low-level threshold voltage for the
Vi watchdog input and window-ratio For WD and WRS pins 30| % of Vourt
select
High-level threshold voltage for the
Vi watchdog input and window-ratio For WD and WRS pins 70 % of Vout
select
V(HysT) Hysteresis 10 % of Voyut
lwp Pulldown current for the WD pin Vwpo =5V 2 4 pA
VoL Watchdog output pulled low lwpo =5 mA 0.4 \%
. WDO pin pulled to Voyr through
likg WDO pin leakage current 10-KQ resistor 1 HA
OPERATING TEMPERATURE RANGE
T; Junction temperature -40 150 °C
T(sp) Junction shutdown temperature 175 °C
T(HysT) Hysteresis of thermal shutdown 25 °C
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6.6 Switching Characteristics
V=14V, Co24.7 pF, 1 mQ < ESR < 20 Q, and T; = —40°C to 150°C (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX UNIT
POWER-GOOD DELAY (DELAY)
toecLiTcHy | Power-good deglitch time 55 180 250 us
toLy Fix) Fixed power-good delay No capacitor connect at DELAY pin 248 900 us
Delay capacitor value:
t Power-on-reset dela 20 ms
(OLY) Yy C(peLay) = 100 nF
WATCHDOG (WD, WDO, WRS)
_ _ R(rosc) = 20 kQ +1%, FSEL = LOW 9 10 11
twp) Watchdog window duration ms
R(rosc) = 20 kQ +1%, FSEL = HIGH 45 50 55
Tolerance of watchdog window R(rosc) = oY) o
two_ToL) | gyration using external resistor 20 kQ +1% to 50 kQ 1% 10% 10%
towp) Watchdog service-signal duration 100 us
Watchdog output resetting time % of
twp_HoLp) | (percentage of settled watchdog 20 t
window duration) (WD)
R(ROSC) =20kQ + 1%, FSEL = LOW 1.8 2 2.2
twp_reseT) | Watchdog output resetting time R(rosc) = 20 kQ + 1%, 9 10 1 ms
FSEL = HIGH
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6.7 Typical Characteristics
Vin=14V, Vgy 22V, T; =-40°C to +150°C (unless otherwise noted)

40 -25 -10 5 20 35 50 65 80
Ambient Temperature (°C)

95 110 125

Figure 3. Shutdown Current vs Ambient Temperature
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Figure 4. Quiescent Current vs Ambient Temperature
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Typical Characteristics (continued)

Vin=14V, Vg 22V, T; =-40°C to +150°C (unless otherwise noted)
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Figure 7. Output Voltage vs Ambient Temperature Figure 8. Output Voltage vs Input Voltage
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Figure 11. Line Regulation Figure 12. PSRR vs Frequency
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Typical Characteristics (continued)

Vin=14V, Vg 22V, T; =-40°C to +150°C (unless otherwise noted)
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Figure 13. PSRR vs Frequency Figure 14. ESR Stability vs Output Capacitance
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Typical Characteristics (continued)
Vin=14V, Vg 22V, T; =-40°C to +150°C (unless otherwise noted)
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Figure 19. Load Transient Figure 20. Load Transient
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7 Detailed Description

7.1 Overview

The TPS7B68-Q1 is a 500-mA, 40-V monolithic low-dropout linear voltage regulator with integrated watchdog
and adjustable power-good threshold functionality. This voltage regulator consumes only 19-pyA quiescent current
in light-load applications. Because of the adjustable power-good delay (also called power-on-reset delay) and the
adjustable power-good threshold, this device is well-suited as power supplies for microprocessors and
microcontrollers in automotive applications.

7.2 Functional Block Diagram

N ouT
1A L T
i Overcurrent i
> Protection
—~ '
Undemoltage {""l Regulator Thermal § §
Lockout Control Shutdown
| ~
Band Gap Error
Amp+ Vit §
EN
1
]PL
DELAY Power-Good [
J_ [] Control With
Delay
i ROSC v
Current Watchdog | (PG_REF)
Regulator Oscillator
Amp PGADJ
T
WD
| mcuo M
WD_EN Timer . _VIVDO
| pigital vo ]
Watchdog
Fault Control

GN

L L1
T T

7.3 Feature Description

7.3.1 Device Enable (EN)

The EN pin is a high-voltage-tolerant pin. High input activates the devices and turns the regulators ON. Connect
this input pin to an external microcontroller or a digital control circuit to enable and disable the devices, or
connect to the IN pin for self-bias applications.

14 Submit Documentation Feedback Copyright © 2015-2019, Texas Instruments Incorporated

Product Folder Links: TPS7B68-Q1


http://www.ti.com/product/tps7b68-q1?qgpn=tps7b68-q1
http://www.ti.com
http://www.ti.com/product/tps7b68-q1?qgpn=tps7b68-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSD43C&partnum=TPS7B68-Q1

13 TEXAS
INSTRUMENTS
TPS7B68-Q1

www.ti.com SLVSD43C —MAY 2015—REVISED FEBRUARY 2019

Feature Description (continued)
7.3.2 Adjustable Power-Good Threshold (PG, PGADJ)

The PG pin is an open-drain output with an external pullup resistor to the regulated supply, and the PGADJ pin is
a power-good threshold adjustment pin. Connecting the PGADJ pin to GND sets the power-good threshold value
to the default, Vipg 1w rising: When Voyr exceeds the default power-good threshold, the PG output turns high after
the power-good delay period has expired. When Vqyr falls below Vipg 1) rising — V(pe_nysT): the PG output turns
low after a short deglitch time.

The power-good threshold is also adjustable from 1.1 V to 5 V with external resistor divider between PGADJ and
OUT. The threshold can be calculated using Equation 1:
R1+R2
V(PG_ADJ)faIIing = V(PGADJ_TH) falling > “R2

R1+R2
V(PG_ADJ)risng = |:V(PGADJ_TH) falling +26 MV (typ)]x R2

where
*  Vipc_apy) rising: V(PG_ADJ) falling IS the adjustable power-good threshold
*  V(pcaps TH) faling IS the internal comparator reference voltage of the PGADJ pin, 1.1 V typical, 3% accuracy
specified under all conditions 1)

By setting the power-good threshold V(pg_apy) rising: When Voyr exceeds this threshold, the PG output turns high
after the power-good delay period has expired. When Vqyr falls below Vg apg) raiing: the PG output turns low
after a short deglitch time.

| out
v,
Adjustable Power- T E

Good Threshold l
PG
[] § R1
DELAY
[ Power-Good
J_ L Control
il )
~ V(PG_REF) §
Amp PGADJ
n []
T v

Figure 21. Adjustable Power Good Threshold

7.3.3 Adjustable Power-Good Delay Timer (DELAY)

The power-good delay period is a function of the value set by an external capacitor on the DELAY pin before
turning the PG pin high. Connecting an external capacitor from this pin to GND sets the power-good delay
period. The constant current charges an external capacitor until the voltage exceeds a threshold to trip an
internal comparator, and Equation 2 determines the power-good delay period:

t _ CpeLay x 1V
oY) =" 5 A A
where
* tpuy) is the adjustable power-good delay period
*  CpeLay is the value of the power-good delay capacitor 2
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Feature Description (continued)

\/ 4
/ .
|
|

(PG TH)Mising — ¢ T v : \ (PG_TH) falling
)

I : V :
DELAY R e —— 1 A

| |
Vo | Vo I
! ! toecLiTcH) > e ! ! toecLiTcH) =
o I b I

toLy) e - I tow) B - i

PG
Power Up Input Voltage Drop Undervoltage Power Down

NOTE: V(pg_tH) taling = V(PG_TH) rising — V(PG_HYST)-
Figure 22. Power Up and Conditions for Activation of Power Good

If the DELAY pin is open, the default delay time is tp v pix).

7.3.4 Undervoltage Shutdown

This device has an integrated undervoltage lockout (UVLO) circuit to shut down the output if the input voltage
falls below an internal UVLO threshold, Vv o). This ensures that the regulator does not latch into an unknown
state during low input-voltage conditions. If the input voltage has a negative transient which drops below the
UVLO threshold and recovers, the regulator shuts down and powers up with a normal power-up sequence when
the input voltage is above the required levels.

7.3.5 Current Limit

This device features current-limit protection to keep the device in a safe operating area when an overload or
output short-to-ground condition occurs. This protects the device from excessive power dissipation. For example,
during a short-circuit condition on the output, fault protection limits the current through the pass element to Iy,
to protect the device from excessive power dissipation.

7.3.6 Thermal Shutdown

This device incorporates a thermal shutdown (TSD) circuit as a protection from overheating. For continuous
normal operation, the junction temperature should not exceed the thermal shutdown trip point. The junction
temperature exceeding the TSD trip point causes the output to turn off. When the junction temperature falls
below the T(sp) — Tvsm), the output turns on again.

7.3.7 Integrated Watchdog

This device has an integrated watchdog with fault (WDO) output option. Both window watchdog and standard
watchdog are available in one device. The watchdog operation, service fault conditions, and differences between
window watchdog and standard watchdog are described as follows.
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Feature Description (continued)
7.3.7.1 Window Watchdog (WTS, ROSC, FSEL and WRS)

This device works in the window watchdog mode when the watchdog type selection (WTS) pin is connected to a
to low voltage level. The user can set the duration of the watchdog window by connecting an external resistor
(Rrosc) to ground at the ROSC pin and setting the voltage level at the FSEL pin. The current through the Rrosc
resistor sets the clock frequency of the internal oscillator. The user can adjust the duration of the watchdog
window (the watchdog timer period) by changing the resistor value. A high voltage level at the FSEL pin sets the
watchdog window duration to 5 times as long as that of a low voltage level with same external component
configuration.

The duration of the watchdog window and the duration of the fault output are multiples of the internal oscillator
frequency, as shown by the following equations:

FSEL low twoy = Rrosc % 0.5 x 10 3)
FSEL high two) = Rrosc X 2.5 x 107 4)
Watchdog initialization twp_ i = 8 X twp) ®)
Open and closed windows 5, = tow, + tew) (6)
WRS low tow) = tew) = 50% X tup, @)
WRS high tow) = 8 X tew) = (87 9) X tup (8)
where:

* twp) is the duration of the watchdog window

*  Rgosc is the resistor connected at the ROSC pin

* twp_ni is the duration of the watchdog initialization
* tow is the duration of the open watchdog window
* tcw) is the duration of the closed watchdog window

For all the foregoing items, the unit of resistance is Q and the unit of time is s.
Table 1 illustrates several periods of watchdog window with typical conditions.

Table 1. Several Typical Periods of Watchdog Window

FSEL R(rosc) (KQ) lrosc) (HA) towp) (Ms) WATCHDOG PERIOD
TOLERANCE

200 5 500 15%
100 10 250

High 50 20 125
40 25 100 10%
25 40 62.5
20 50 50
100 10 50
50 20 25

Low 40 25 20 10%
25 40 125
20 50 10

As shown in Figure 23, each watchdog window consists of an open window and a closed window. While the
window ratio selection (WRS) pin is low, each open window (tow)) and closed window (tcw)) having a width
approximately 50% of the watchdog window (twp)). While the WRS pin is high, the ratio between open window
and closed window is about 8:1. However, there is an exception to this; the first open window after watchdog
initialization (twp_ i) is eight times the duration of the watchdog window. The watchdog must receive the service
signal (by software, external microcontroller, and so forth) during this initialization open window.
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A watchdog fault occurs when servicing the watchdog during a closed window, or not servicing during an open
window.

| two_iny ( | two) !
mr~ ) | |
| | |

55

Open Window Closed Window Open Window
WRS = Low After Watchdog Initialization (Must Not Be Serviced (Must Be Serviced
(Must Be Serviced to Prevent Fault)(( to Prevent Fault) to Prevent Fault)

)) | _ _
L 8 x twp) ) i tow =% % twy 1 tow) = X twp) |
M. ) | )
! |
' 4

Open Window Open Window
WRS =High After Watchdog Initialization CW (Must Be Serviced
(Must Be Serviced to Prevent Fault) to Prevent Fault)

(C

)) | | -
| 8 x tp) : PA fow) =879 twp) |
Ll
P ) ) > |
! |
! Closed Window
: Event Causing (Must Not Be Serviced
| Watchdog Initialization to Prevent Fault)

tew =179 % twp)

Figure 23. Watchdog Initialization, Open Window and Closed Window

7.3.7.2 Standard Watchdog (WTS, ROSC and FSEL)

This device works in the standard watchdog mode when the watchdog type selection (WTS) pin is connected to
a high voltage level. The same as in window watchdog mode, the user can set the duration of the watchdog
window by adjusting the external resistor (Rgosc) value at the ROSC pin and setting the voltage level at the
FSEL pin. The current through the Rgosc resistor sets the clock frequency of the internal oscillator. The user can
adjust the duration of the watchdog window (the watchdog timer period) by changing the resistor value. A high
voltage level at the FSEL pin sets the watchdog window duration to 5 times as long as that of a low voltage level
with same external component configuration.

The duration of the watchdog window and the duration of the fault output are multiples of the internal oscillator
frequency as shown by the following equations:

FSEL low twp) = Rrosc X 0.5 x 10 )
FSEL high twp) = Rrosc X 2.5 x 10 (10)
Watchdog initialization two_ iy = 8 X twn) 11)
where:

* twp) is the duration of the watchdog window
*  Rgosc is the resistor connected at the ROSC pin
*  two_y is the duration of the watchdog initialization

For all the foregoing items, the unit of resistance is Q and the unit of time is s

Compared with window watchdog, there is no closed window in standard watchdog mode. The standard
watchdog receives a service signal at any time within the watchdog window. The watchdog fault occurs when not
servicing watchdog during the watchdog window.

7.3.7.3 Watchdog Service Signal and Watchdog Fault Outputs (WD and WDO)

The correct watchdog service signal (WD) must stay high for at least 100 us. The WDO pin is the fault output
terminal and is tied high through a pullup resistor to a regulated output supply. When a watchdog fault occurs,
the device momentarily pulls WDO low for a duration of twp_HoLp)-

twp_noLp)=20%x t(wp) (12)
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7.3.7.4 ROSC Status Detection (ROSC)

When a watchdog function is enabled, if the ROSC pin is shorted to GND or open, the watchdog output (WDO)
pin remains low, indicating a fault status. If watchdog function is disabled, ROSC pin status detection does not
work.

7.3.7.5 Watchdog Enable (PG and WD_EN)

When PG (power good) is high, an external microcontroller or a digital circuit can apply a high or low logic signal
to the WD_EN pin to disable or enable the watchdog. A low input to this pin turns the watchdog on, and a high
input turns the watchdog off. If PG is low, the watchdog is disabled and the watchdog-fault output (WDO) pin
stays in the high-impedance state.

7.3.7.6 Watchdog Initialization

On power up and during normal operation, the watchdog initializes under the conditions shown in Table 2.

Table 2. Conditions for Watchdog Initialization

EDGE WHAT CAUSES THE WATCHDOG TO INITIALIZE

Rising edge of PG (power good) while the watchdog is in the enabled state, for example,
during soft power up

Falling edge of WD_EN while PG is already high, for example, when the microprocessor
enables the watchdog after the device is powered up

Rising edge of WDO while PG is already high and the watchdog is in the enabled state, for
example, right after a closed window is serviced

7.3.7.7 Window Watchdog Operation (WTS = Low)

The window watchdog is able to monitor whether the frequency of the watchdog service signal (WD) is within
certain ranges. A watchdog low-voltage fault is reported when the frequency of the watchdog service signal is out
of the setting range. Figure 24 shows the window watchdog initialization and operation for the TPS7B68-Q1
(WRS is low). After the output voltage is in regulation and PG is high, the window watchdog becomes enabled
when an external signal pulls WD_EN (the watchdog enable pin) low. This causes the watchdog to initialize and
wait for a service signal during the first initialization window for 8 times the duration of typ). A service signal
applied to the WD pin during the initialization open window resets the watchdog counter and a closed window
starts. To prevent a fault condition from occurring, watchdog service must not occur during the closed window.
Watchdog service must occur during the following open window to prevent a fault condition from occurring. The
fault output (WDO), externally pulled up to Vg (typical), stays high as long as the watchdog receives a proper
service signal and there is no other fault condition.
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Figure 24. Window Watchdog Operation

Three different fault conditions occur in Figure 24:

e Fault 1: The watchdog service signal is received during the closed window. The WDO is triggered one time,
receiving a WD rising edge during the closed window.

e Fault 2: The watchdog service signal is not received during the open window. WDO is triggered after the
maximum open-window duration typ) / 2.

» Fault 3: The watchdog service signal is not received during the WD initialization. WDO is triggered after the
maximum initialization window duration 8 x tyyp).

7.3.7.8 Standard Watchdog Operation (WTS = High)

The standard watchdog is able to monitor whether the frequency of the watchdog service signal (WD) is lower
than a certain value. A watchdog low-voltage fault is reported when the frequency of the watchdog service signal
is lower than the set value.

Figure 25 shows the standard watchdog initialization and operation for the TPS7B68-Q1. Similar to the window
watchdog, after output the voltage is in regulation and PG asserts high, the standard watchdog becomes enabled
when an external signal pulls WD_EN low. This causes the standard watchdog to initialize and wait for a service
signal during the first initialization window for 8 times the duration of t,yp). A service signal applied to the WD pin
during the first open window resets the watchdog counter and another open window starts. To prevent a fault
condition from occurring, watchdog service must occur during the every open window to prevent a fault condition
from occurring. The fault output (WDO), externally pulled up to Vot (typical), stays high as long as the watchdog
receives proper service and there is not fault condition.
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Figure 25. Standard Watchdog Operation

Two different fault conditions occur in Figure 25:

» Fault 1: The watchdog service signal is not received during the open window. WDO is triggered after the
maximum open-window duration typy / 2.

» Fault 2: The watchdog service signal is not received during the WD initialization. WDO is triggered after the
maximum initialization window duration 8 x tyyp).

7.4 Device Functional Modes

7.4.1 Operation With Input Voltage Lower Than 4 V

The device normally operates with input voltages above 4 V. The device can also operate at lower input
voltages; the maximum UVLO voltage is 2.6 V. At input voltages below the actual UVLO voltage, the device does
not operate.

7.4.2 Operation With Input Voltage Higher Than 4 V

When the input voltage is greater than 4 V, if the input voltage is higher than the output set value plus the device
dropout voltage, then the output voltage is equal to the set value. Otherwise, the output voltage is equal to the
input voltage minus the dropout voltage.

Copyright © 2015-2019, Texas Instruments Incorporated Submit Documentation Feedback 21
Product Folder Links: TPS7B68-Q1


http://www.ti.com/product/tps7b68-q1?qgpn=tps7b68-q1
http://www.ti.com
http://www.ti.com/product/tps7b68-q1?qgpn=tps7b68-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSD43C&partnum=TPS7B68-Q1

13 TEXAS
INSTRUMENTS
TPS7B68-Q1

SLVSD43C —MAY 2015—REVISED FEBRUARY 2019 www.ti.com

8 Application and Implementation

NOTE
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 TPS7B68-Q1 device is a 500-mA low-dropout watchdog linear regulator with ultralow quiescent current. The
PSpice transient model is available for download on the product folder and can be used to evaluate the basic
function of the device.

8.2 Typical Application

Figure 26 shows a typical application circuit for the TPS7B68-QL1. Different values of external components can be
used, depending on the end application. An application may require a larger output capacitor during fast load
steps to prevent a large drop on the output voltage. Tl recommends using a low-ESR ceramic capacitor with a
dielectric of type X7R.

TPS7B6833-Q1

Battery or SMuCLIJ
TPS7B6850-Q1 PPy
Digital
1/10
MCU
/10

MCU
Reset

1
TGND

Figure 26. TPS7B68-Q1 Typical Application Schematic
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Typical Application (continued)

8.2.1 Design Requirements

For this design example, use the parameters listed in Table 3.

Table 3. Design Parameters

DESIGN PARAMETER

EXAMPLE VALUES

Input voltage range

4V to 40 V for TPS7B6833-Q1
5.6 V to 40 V for TPS7B6850-Q1

Input capacitor range

10 pF to 22 pF

Output voltage

33V,5V

Output current rating

500 mA maximum

Output capacitor range

4.7 uF to 500 pF

Power-good threshold

Adjustable or fixed

Power-good delay capacitor

100 pF to 100 nF

Watchdog type

Standard watchdog or window watchdog

Watchdog window periods

10 ms to 500 ms

TPS7B68-Q1
SLVSD43C ~MAY 2015-REVISED FEBRUARY 2019

8.2.2 Detailed Design Procedure

To begin the design process, determine the following:
* Input voltage range

e Output voltage

e Output current

e Power-good threshold

» Power-good delay capacitor

e Watchdog type

e Watchdog window period

8.2.2.1 Input Capacitor

When using a TPS7B68-Q1 device, Tl recommends adding a 10-uF to 22-uF capacitor with a 0.1 uF ceramic
bypass capacitor in parallel at the input to keep the input voltage stable. The voltage rating must be greater than
the maximum input voltage.
8.2.2.2 Output Capacitor

Ensuring the stability of the TPS7B68-Q1 requires an output capacitor with a value in the range from 4.7 pF to
500 uF and with an ESR range from 0.001 Q to 20 Q. Tl recommends selecting a ceramic capacitor with low
ESR to improve the load transient response.

8.2.2.3 Power-Good Threshold

The power-good threshold is set by connecting PGADJ to GND or to a resistor divider from OUT to GND. The
Adjustable Power-Good Threshold (PG, PGADJ) section provides the method for setup the power-good
threshold.

8.2.2.4 Power-Good Delay Period

The power-good delay period is set by an external capacitor (Cpg ay) t0 ground, with a typical capacitor value
from 100 pF to 100 nF. Calculate the correct capacitance for the application using Equation 2.

8.2.2.5 Watchdog Setup

The Integrated Watchdog section discusses the watchdog type selection and watchdog window-period setup
method.
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8.2.3 Application Curves

Tek Stop Tek Stop
Vour (5 V/div)
d
[i%
WD Signal (5 V/div)
| et o
V(5 V/div) f;
lymnl 2 T e

Vouy (2 /i)
ottt ottt
Vpg (2 V/div)

@
lour (10 mA/d

WDO Signal (5 V/div)

i

HERNT NN

iv)

lour (10 mA/div)

(@ s00v & @

@ 200V & @ 10.0mA -J[wom;

Figure 27. TPS7B6850-Q1 Power-Up Waveform

250k5/5 @ 7 120V @ s0ov v @
100K points

@ 500V % @ 10.0mA &) [4.00ms 2.50M5/s 2 7 260V
100k points

Figure 28. TPS7B6850-Q1 Watchdog Fault (High

Frequency Watchdog Service Signal)
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9 Power Supply Recommendations

The device is designed to operate from an input-voltage supply range from 4 V to 40 V. This input supply must
be well regulated. If the input supply is located more than a few inches from the TPS7B68-Q1 device, Tl
recommends adding a capacitor with a value of 210 pF with a 0.1 uF ceramic bypass capacitor in parallel at the
input.

10 Layout

10.1 Layout Guidelines

For LDO power supplies, especially high-voltage and high-current ones, layout is an important step. If layout is
not carefully designed, the regulator could not deliver enough output current because of thermal limitation. To
improve the thermal performance of the device and maximize the current output at high ambient temperature, TI
recommends spreading the thermal pad as much as possible and put enough thermal vias on the thermal pad.
Figure 29 shows an example layout.

10.2 Layout Example

O O O O O O O O O
T O O O T
IN [T+ F___ff _____ 28| ] ouT
Ne [T]2 1O O Oz ne
NC [T]3 i izejj NC
EN [T]4 i izsj] PGADJ
FSEL 5 1 O O O | 2417 pc
WTS [ ]s i Thermal 523:|:| NC
NC [[]7 i Pad izzj] NC
GND[[sEO ® Oiz1:|:| GND
NC [T]e i izojj NC
NC [TJ1oi O O O |19[1] Nc
ROSC [ ] i i18:|:| WRS
DELAY |:|:12i 517:|:| NC
worEjie { O O O | 16[ = WoEN
NC [Tl =777 * 15[ wpo
O O O
O O O O O o O O O

Figure 29. Layout Recommendation
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11 Device and Documentation Support

11.1 Documentation Support

11.1.1 Related Documentation

For related documentation see the following:
Texas Instruments, TPS7B68-Q1 Evaluation module user's guide

11.2 Receiving Notification of Documentation Updates

To receive naotification 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.

11.3 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl 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 TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.4 Trademarks

PowerPAD, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

11.5 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.

m 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.
11.6 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 without
revision of this document. For browser-based versions of this data sheet, see the left-hand navigation pane.

26 Submit Documentation Feedback Copyright © 2015-2019, Texas Instruments Incorporated
Product Folder Links: TPS7B68-Q1


http://www.ti.com/product/tps7b68-q1?qgpn=tps7b68-q1
http://www.ti.com
http://www.ti.com/product/tps7b68-q1?qgpn=tps7b68-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSD43C&partnum=TPS7B68-Q1
http://www.ti.com/lit/pdf/SLVUAV0
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://e2e.ti.com
http://support.ti.com/
http://www.ti.com/lit/pdf/SLYZ022

i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 10-Nov-2025

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 ©)
@ ©)
TPS7B6833QPWPRQ1 Active Production HTSSOP (PWP) | 28 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 7B6833Q
TPS7B6833QPWPRQ1.A Active Production HTSSOP (PWP) |28 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 7B6833Q
TPS7B6850QPWPRQ1 Active Production HTSSOP (PWP) | 28 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 7B6850Q
TPS7B6850QPWPRQ1.A Active Production HTSSOP (PWP) |28 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 7B6850Q

@ 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.

© 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 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 [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
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 | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*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)
TPS7B6833QPWPRQ1 |HTSSOP| PWP 28 2000 330.0 16.4 6.9 10.2 1.8 12.0 | 16.0 Q1
TPS7B6850QPWPRQ1 |HTSSOP| PWP 28 2000 330.0 16.4 6.9 10.2 18 12.0 | 16.0 Q1
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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)
TPS7B6833QPWPRQ1 HTSSOP PWP 28 2000 350.0 350.0 43.0
TPS7B6850QPWPRQ1 HTSSOP PWP 28 2000 350.0 350.0 43.0
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GENERIC PACKAGE VIEW
PWP 28 PowerPAD" TSSOP - 1.2 mm max height

4.4 x9.7,0.65 mm pitch SMALL OUTLINE PACKAGE

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4224765/B
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PACKAGE OUTLINE
PWP0028V PowerPAD™ TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

|
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— — DETAIL A
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. 294 |
2.24
4230409/A 01/2024
NOTES: PowerPAD is a trademark of Texas Instruments.

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

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. Reference JEDEC registration MO-153.

. Features may differ or may not be present.
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PWP0028V

EXAMPLE BOARD LAYOUT
PowerPAD™ TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

28X (1.5)

(3.4)
NOTE 9
(2.94)
METAL COVERED
S\((LMM /" BY SOLDER MASK
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26X (0.65)
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LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE: 8X
SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING‘\ SOLDER MASK\ /  OPENING
s )
I
EXPOSED METAL 1 *——EXPOSED METAL
4# 0.05 MAX # 0.05 MIN
ALL AROUND ALL AROUND

NON-SOLDER MASK SOLDER MASK

DEFINED DEEINED
(PREFERRED)

SOLDER MASK DETAILS

4230409/A 01/2024

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

numbers SLMA0O02 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).
9. Size of metal pad may vary due to creepage requirement.

10. Vias are optional depending on application, refer to device data sheet. It is recommended that vias under paste be filled, plugged

or tented.

:
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PWP0028V

EXAMPLE STENCIL DESIGN

PowerPAD™ TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

(2.94)
BASED ON
28X (1.5) 0.125 THICK METAL COVERED
STENCIL BY SOLDER MASK
i1

28X (0.45)

5
(R0.05) TYP

L

26X (0.65)
f (5.62)
SYMM BASED ON
— == =~ 0.125 THICK
STENCIL
W1 ] 15

SEE TABLE FOR

‘ DIFFERENT OPENINGS
FOR OTHER STENCIL
THICKNESSES

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

SCALE: 8X
STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 3.29 X 6.28
0.125 2.94 X 5.62 (SHOWN)
0.15 2.68 X 5.13
0.175 2.48 X 4.75

4230409/A 01/2024

NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.

12. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025
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