~3PEAK

TPL8536Q

42-V 300-mA Wide-Input Low Quiescent Current Low-Dropout

Features

¢ Qualified for Automotive Applications

— AEC-Q100 Grade 1, Ta: -40°C to +125°C

— Junction Temperature, T,: —40°C to +150°C
¢ Input Voltage: 4 V to 42 V, with 45-V Transient
e Output Voltage:

— Fixed5Vand 3.3V

e +2% Output Accuracy over Line Regulation, Load
Regulation, and Operating Temperature Range

e 300-mA Maximum Output Current

e Low Dropout Voltage: 500-mV Maximum at 300-mA
Load Current

e Low Current Consumption:
— 0.5-pA Typical Shutdown Current (EN = LOW)
— 6-pA Typical Quiescent Current ("WDEN = Vour)
¢ Window and Standard Watchdog Configurable
— Open/Closed Window Ratio 1:1 or 8:1 Configurable
— Adjustable Watchdog Period from 10 msto 2 s

— Accurate Watchdog Period: £10% Maximum when
twp < 500 ms

— nWDEN Pin to Turn On or Turn Off the Watchdog
Function

e Adjustable Power-Good Threshold
¢ Adjustable Power-Good Delay Period

e Stable with 4.7-pF to 500-uF Output Capacitor with
ESR Range from 0.001 Q to 20 Q

¢ Integrated Protection:

— Over-Current Protection

— Over-Temperature Protection
e Package Option:

— ETSSOP16

Applications

e Automotive Clusters and Infotainment
e Automotive BCM and HVAC System
e Automotive Electric Gear Shifter

¢ Automotive Battery Management System

Linear Regulator with Watchdog Timer

Description

The TPL8536Q series comprises wide-input LDO products
with an integrated watchdog timer, capable of delivering up
to 300 mA. These devices can operate within a voltage
range from 4 V to 42 V, with a maximum transient voltage
of 45 V. Their ability to function reliably with a minimum
voltage of 4 V makes them suitable for cold-crank and
start-stop scenarios.

The TPL8536Q series offers 5-V and 3.3-V fixed output
voltage options, with a maximum shutdown current of
only 2 yA. When the watchdog function is disabled, these
devices have a low typical quiescent current of just 6 YA.

The TPL8536Q series features the window watchdog
and the standard watchdog with an accurate watchdog
period. The watchdog period, the window ratio, and the
power-good reset threshold are fully adjustable through
external configuration. Furthermore, these devices include
integrated over-current and over-temperature protection.
In terms of output capacitors, the TPL8536Q series is
compatible with a broad range from 4.7 pF to 500 pF with
an ESR range spanning from 0.001 Q to 20 Q.

With the features above, the TPL8536Q series is an ideal
power supply for microprocessors in a reliable system.

The TPL8536Q series of products operate in the ambient
temperature range from —40°C to +125°C. Additionally,
the TPL8536Q series provides a thermal-enhanced
ETSSOP16 package to enable sustained operation despite
significant dissipation across the device.

Typical Application Circuit

Automotive Input Output

Battery Vin WP Power
C‘Nl
Off| On
Logic ulUp
Control EN
F FSEL
ﬁ WTS TPL8536Q PG WP Reset
r GND GND T
WRS
g7 Vour
ROSC
DELAY nWDEN |— Logic
Control
WDO WP /IO
l WD |——— pP I/0
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TPL8536Q

42-V 300-mA Wide-Input Low Quiescent Current Low-Dropout
Linear Regulator with Watchdog Timer

Product Family Table

Order Number Output Voltage (V) Package
TPL853650Q-TSBR-S 50V ETSSOP16
TPL853633Q-TSBR-S 3.3V ETSSOP16

Revision History

Date Revision Notes
2023-07-09 Rev.Pre.0 Preliminary Datasheet
2023-09-19 Rev.Pre.1 Updated Test Waveforms
2023-12-13 Rev.Pre.2 Updated Electrical Characteristics
2024-07-10 Rev.Pre.3 Updated ESD Information
2024-09-01 Rev.A.0 Initial Released
2025-08-25 ReVA 1 Added description to POD information rfequired by packaging reference
standards, and the actual product remains unchanged.
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TPL8536Q

42-V 300-mA Wide-Input Low Quiescent Current Low-Dropout

Linear Regulator with Watchdog Timer

Pin Configuration and Functions

TPL8536Q
ETSSOP-16 Package
Top View
INCT 16 [CT_]0uT
ENCT2 15 -1 PGADY
FSEL T2 A
WTS T4 T"S;Z"" : 13 [T 6ND
GND [T |5 . 12 WRS
Ne e 11 [-T—] nWDEN
Y s e LA iy EE———
DELAY [T 8 9 wo

Table 1. Pin Functions: TPL8536Q

Pin No. | Name 110 Description

8 DELAY o Power-good delay adjustment pin. Connecting a capacitor from the DELAY pin to GND to set
the PG delay time.

2 EN I Enable pin. Drive EN high to turn on the regulator; drive EN low to turn off the regulator.

3 ESEL | Frequency selection pin. Pull the FSEL pin HIGH to select the low-frequency oscillator and
pull the FSEL pin LOW to select the high-frequency oscillator.

5,13 GND G Ground reference pin. Connect the GND pin to the PCB ground plane directly.

1 IN I Input voltage pin. Bypass IN to GND with a 1-yF or greater capacitor.

6 NC - No internal connection.

11 NWDEN | Watchdog function enabling pin. Pull the nWDEN pin HIGH to disable the watchdog function
and pull the nWDEN pin LOW to enable the watchdog function.

16 ouT (0] Regulated output voltage pin. Bypass OUT to GND with a 4.7-uF or greater capacitor.

14 PG o Power-good indication pin. PG pin is open-drain output and must be connected to Vourt or
pull-up voltage through an external resistor.
Powe-good threshold adjustment pin. Connect a resistor divider between the PGADJ and

15 PGADJ (0] OUT pins to set the power-good threshold. Connect this pin to GND to set the threshold to
90.3% of Vour.
Internal oscillator setting pin. Connect a resistor from ROSC to GND to set the watchdog

7 ROSC O period. The watchdog will report a fault when leaving this pin open or connecting this pin to
GND at the watchdog output (WDO).

9 WD I Watchdog signal input pin.

10 WDO o Watchdog status output pin. Open-drain output pin. Pull this pin up to OUT through a resistor.
The WDO pin outputs a LOW signal if a fault occurs.

12 WRS Window watchdog ratio selection pin. Pull the WRS pin HIGH to set the open/closed window
ratio to 8:1 and pull the WRS pin LOW to set the open/closed window ratio to 1:1.

4 WTS o Watchdog type selection pin. Pull the WTS pin HIGH to select the standard watchdog and pull

the WTS pin LOW to select the window watchdog.

(1) Thermal Pad MUST be connected to PCB ground plane directly.
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=~ 3PEAK TPL8536Q

42-V 300-mA Wide-Input Low Quiescent Current Low-Dropout
Linear Regulator with Watchdog Timer

Specifications

Absolute Maximum Ratings

Parameter Min Max Unit
IN, EN, FSEL, WTS -0.3 45 \Y
OUT, PG, PGADJ, DELAY, ROSC, nWDEN, WRS, WD, WDO -0.3 6 \Y
Ty Junction Temperature Range -40 150 °C
Tste Storage Temperature Range -65 150 °C
TL Lead Temperature (Soldering 10 sec) 260 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. Exposure
to any Absolute Maximum Rating condition for extended periods may affect device reliability and lifetime.
(2) All voltage values are with respect to GND.

ESD, Electrostatic Discharge Protection

Symbol Parameter Condition Minimum Level Unit
HBM Human Body Model ESD AEC Q100-002 12 kv
CDM Charged Device Model ESD AEC Q100-011 +1 kV

Recommended Operating Conditions

Parameter Min Max Unit
IN 4 42 \Y
EN, FSEL, WTS 0 ViN \
ouT 0 5.5 \
PG, PGADJ, DELAY, ROSC, nWDEN, WRS, WD, WDO 0 5.5 \Y
Cour Output Capacitor Requirements 4.7 500 uF
ESR Output Capacitor ESR Requirements 0.001 20 Q
Ta Ambient Temperature Range -40 125 °C
Ty Junction Temperature Range -40 150 °C
Thermal Information
Package Type 6sa 0.8 0c top Unit
ETSSOP16 37.8 18 52.6 °C/W
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TPL8536Q

42-V 300-mA Wide-Input Low Quiescent Current Low-Dropout
Linear Regulator with Watchdog Timer

Electrical Characteristics

All test conditions: Vin =14V, Ven =2 V, Cin = Cout = 10 pF, lout = 0.1 mA. Ta = -40°C to +125°C, unless otherwise noted.

Symbol Parameter Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Supply Input Voltage and Current
Vin Input Supply Voltage Range () VIN_MIN 42 \%
Vin Under-Voltage Lockout VN rising, Ven =2V, lout = 0.1 28 v
UVLO Threshold mA '
Hysteresis 250 mV
Isp Shutdown Current Ven=0V 0.5 4 MA
loutr = 0 mA, Vawpen = Vout 6 15 HA
lout = 0 MA, Vawpen = GND 14 28 MA
la Quiescent Current
lout = 0.5 MA, Vawpen = Vour 7.5 20 MA
lout = 0.5 MA, Vawpoen = GND 17.5 32 MA
EN, WTS, FSEL Voltage and Current
ViH High-Level Input Voltage 2 ViN Y,
Vi Low-Level Input Voltage 0 0.7 \Y,
Vhys Hysteresis 150 mV
len EN Pin Leakage Current Ven=2Vto42V -1 1 MA
nWDEN Voltage and Current
Vi High-Level Input Voltage Watchdog function disable 2 5.5 \Y,
ViL Low-Level Input Voltage Watchdog function enable 0 0.7 \%
InwbeEN Pull-Down Current of nWDEN pin 1 MA
Watchdog Oscillator
VRrosc Voltage Reference of Oscillator ‘ 0.95 ‘ 1 ‘ 1.05 ‘ \%
Watchdog Operation (WD, WDO, WRS)
ViH High-Level Input Voltage For WD and WRS pins 70% 100% xVour
ViL Low-level Input Voltage For WD and WRS pins 0% 30% xVout
VHys Hysteresis 10% xVour
Iwp WD Pin Pull Down Current Vwpo =5V 1 4 MA
WDO Pin Output Low-Level
VoL_wbo lwpo =5 mA 0.4 Vv
Voltage
. WDO pin pulled to Vout through
like woo | WDO Pin Leakage Current ' 1 HA
10-kQ resistor
R =20 kQ +1%, FSEL =
ROSC ’ 9.5 10 10.5 ms
LOW
two Watchdog Duration
Rrosc = 20 kQ +1%, FSEL = 475 50 595 ms
HIGH ' '
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TPL8536Q

42-V 300-mA Wide-Input Low Quiescent Current Low-Dropout
Linear Regulator with Watchdog Timer

Symbol Parameter Conditions Min Typ Max Unit
R =20 kQ +1% to 50 kQ
Tolerance Of Watchdog Duration +:{§/)SC ° -5% 5%
X 0
twp <500 ms 100 us
twp_ss Watchdog Input Signal Duration
500 ms <twp<2s® 400 us
Watchdog Output Resetting Time
twp_HoLp | (Percentage of Settled Watchdog 20% Xtwp
Window Duration)
Rrosc = 20 kQ +1%, FSEL =
Watchdog Output Resetting Time || 1.9 2 2.1 ms
two_rsT (Percentage of Settled Watchdog N
Window Duration) Rrosc = 20 kQ +1%, FSEL = 95 10 105 ms
HIGH
PG Voltage and Current
PGADJ is connected to GND,
Default PG Pin Threshold i ) 88% 90.3% 94% xVourt
Vourt increasing
V1H_PG
. PGADJ is connected to GND,
PG Hysteresis . 3% XyouT
Vour decreasing
PG pulled low, force 5 mA to PG
VoL | PG Pin Output Low-Level Voltage | - P 0.4 v
PG pulled to Vour through a 10-
lke_pc PG Pin Leakage Current P ) ouT g 1 MA
kQ resistor
PGADJ
Switching Voltage for The Power- Vour fali 102 1,065 110 v
allin . . .
VREF_PGAD | 504 Adjust Pin our t&fing
J
PGADJ Hysteresis 34 mV
PG delay time
DELAY Capacitor Charging
IbLy_cHe 3 6.3 10 MA
Current
v DELAY Pin Threshold to Release | e\ Ay voltage ramping u 0.95 1 1,05 v
TH_DLY PG (High) g ping up . .
DELAY Capacitor Discharging
IoLy_pis VpeLay =1V 0.5 mA
Current
toec PG Deglitch Time 55 160 350 V&
toLy_Fix Fixed PG Delay Time CoeLay = open 50 340 600 us
toLy Adjustable PG Delay Time CpeLay = 100 nF 16 ms
Output Voltage and Current
ViN=Vour+1Vto42V, lour=0
Y, Output Accurac -2% 2%
ouT P Y to 300 mA ° °
AV Line Regulation VNn=6V1to42V, lout=1mA -5 5 mV
ouT
Load Regulation lour =1 mA to 300 mA -0.9% 0.9% xVour
Vbo Dropout Voltage (@ lout = 200 mA, Vour =5V 170 350 mvV
www.3peak.com 7126 DA20231002A1
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42-V 300-mA Wide-Input Low Quiescent Current Low-Dropout
Linear Regulator with Watchdog Timer

Symbol Parameter Conditions Min Typ Max Unit
lout = 300 mA, Vour =5V 260 500 mV

lout =200 mA, Vour =3.3V 210 400 mV

lout = 300 mA, Vour = 3.3V 310 600 mV

lout Output Current Range Vour in regulation 0 300 mA
leL Output Current Limit Vourt short to GND 550 700 1000 mA
tsu Start-Up Time ©®) Vour =5V, lour =1 mA 4 ms
lout =10 mA, f= 100 Hz 65 dB

PSRR Power Supply Rejection Ratio (3) lour = 10 mA, =1 kHz 50 a8
lout = 10 mA, f= 100 kHz 40 dB

loutr =10 mA, f =1 MHz 60 dB

Temperature Range

Thermal Shutdown Threshold () 175 °C

Teo Thermal Shutdown Hysteresis (3) 20 °C

(1) Vin_min = 4 V or Vout_nom + Vpo, whichever is greater.

(2) Dropout voltage is the minimum input-to-output voltage differential needed to maintain regulation at a specified output
current. Dropout voltage is measured when the output voltage has dropped 100 mV from the nominal value. In dropout,
the output voltage will be equal to (Vin — Vbo).

(3) Not tested during production, guaranteed by design.
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TPL8536Q

42-V 300-mA Wide-Input Low Quiescent Current Low-Dropout
Linear Regulator with Watchdog Timer

Typical Performance Characteristics

All test conditions: Vin =14V, Cin = Cout = 10 uF, Ven = 2V, lout = 0.1 mA. Ta = 25°C, unless otherwise noted.
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42-V 300-mA Wide-Input Low Quiescent Current Low-Dropout
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Figure 9. Output Capacitance Stability Range
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Figure 10. Watchdog Fault Waveform
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Linear Regulator with Watchdog Timer

i
i

B 1 im 0 100 b b
1@ 10.0ms [T 20.8680000000 ms DI @ € € O

Vin =14V, lout =1 mA to 200 mA

Figure 15. Load Transient

Ahm Sibme b

@TERE e (oo o @y D) T QTEDW s [oom | @ Ls 2oy [0 CLEE
{[@=oow STcxv ENNEJO == FURec« ¢ j[@=hoov SSk«v FIONE0 =3 FOoXec« °
i
]
E ™ E ™
-
T o[ LECI @ QeSS @6 <5
Vin=14V 1042V, lout =0 mA Vin=14Vto42V, lout =75 mA
Figure 13. Line Transient Figure 14. Line Transient
@FEN - o 50 N
FlLE T = T 25 [ = ¥DEec o
i

www.3peak.com

11/26

DA20231002A1



é SPEAK TPL8536Q

42-V 300-mA Wide-Input Low Quiescent Current Low-Dropout
Linear Regulator with Watchdog Timer

Detailed Description

Overview

The TPL8536Q series comprises wide-input LDO products with an integrated watchdog timer, capable of delivering up to 300
mA. These devices can operate within a voltage range from 4 V to 42 V, with a maximum transient voltage of 45 V. Their
ability to function reliably with a minimum voltage of 4 V makes them suitable for use in cold-crank and start-stop scenarios.

The TPL8536Q series offers both 5-V and 3.3-V fixed output voltage options, with a typical shutdown current of only 0.5 pA.
When the watchdog function is disabled, these devices have an exceptionally low quiescent current of just 6 pA.

The TPL8536Q series devices feature the window watchdog and the standard watchdog with an accurate watchdog
period. The watchdog period, the window ratio, and the power-good reset threshold are fully adjustable through external
configuration. Furthermore, these devices include integrated over-current and over-temperature protection. In terms of output
capacitors, the TPL8536Q series is compatible with a broad range, ranging from 4.7 pF to 500 pF, with an ESR range
spanning from 0.001 Q to 20 Q.

With the features above, the TPL8536Q series is an ideal power supply for microprocessors in a reliable system.

Functional Block Diagram

Tun

B:‘ ouT

Undervoltage
Lockout
= e <
VREF
N[ ]
Overcurrent Thermal
Protection [~ | Shutdown GND
PG
Power-Good
pELAY[ ] »| Control With
| Delay
Current Watchdog + 4D
ROSCI: » Regulator > Oscillator |_< REF_PGADJ PGADJ
I WDO
WD
Watchdog
Timer Fault Control
nWDEN
L L
GND FSEL WTS WRS

Figure 16. Functional Block Diagram
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42-V 300-mA Wide-Input Low Quiescent Current Low-Dropout
Linear Regulator with Watchdog Timer

Feature Description

Enable (EN)

The enable pin (EN) is active high. Connect this pin to the GPIO of an external processor or a digital logic control circuit to
enable and disable the device. Or connect this pin to the IN pin for self-bias applications.

Under-Voltage Lockout (UVLO)

The TPL8536Q series uses an under-voltage lockout circuit to keep the output shut off until the internal circuitry operates
properly. Refer to the Electrical Characteristics table for UVLO threshold and hysteresis.

Regulated Output Voltage (OUT)

The TPL8536Q series is available in fixed voltage versions of 5 V and 3.3 V. When the input voltage is higher than Vout nom
+ Vbo, the output pin is the regulated output based on the selected voltage version. When the input voltage falls below
Vout_nom + Vbo, the output pin tracks the input voltage minus the dropout voltage.

Adjustable Power-Good Threshold (PG, PGADJ)

The PG pin is an open-drain output with an external pull-up 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 default, VH_pc.

The power-good threshold is also adjustable from 1.065 V to 5 V by using an external resistor divider between PGADJ and
OUT. The threshold can be calculated using the following equations:

R4+ R
VPG_ADJ faling = VREF_PGADJ * 1R—22 .,
. R+ +R
VpG_ADJ. rising = (VREF_PGADJ *+ 34 mV (typical)) x 1R—22 »

where:
¢ VpG_apJ_rising and VeG_apy_faling are the adjustable power-good threshold.

¢ VRer_rcanl is the internal comparator reference voltage of the PGADJ pin, 1.065 V typical.

www.3peak.com 13/26 DA20231002A1
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42-V 300-mA Wide-Input Low Quiescent Current Low-Dropout
Linear Regulator with Watchdog Timer
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Figure 17. Adjustable Power-Good Threshold Configuration

Adjustable Power-Good Delay Timer (DELAY)

The power-good delay period is determined by the value set by an external capacitor on the DELAY pin before turning the
PG pin high. The constant current charges an external capacitor until the voltage exceeds a threshold, Equation 3 determines
the power-good delay period:

C x1V
toLy = —D%‘_g\(p x ®3)

where toLy is the adjustable power-good delay period and CoeLay is the value of the power-good delay capacitor.

Over-Current Protection

The TPL8536Q series integrates an internal current limit that helps to protect the regulator during the fault conditions, e.g.,
the output is shorted to ground, or the output is forced below Vout_nom. The output voltage is not regulated when the device is
in current limit, and Vour = lcL X Rioap.

Over-Temperature Protection

The over-temperature protection starts to work when the junction temperature exceeds the thermal shutdown (Tsp) threshold,
which turns off the regulator immediately. When the device cools down and the junction temperature falls below the thermal
shutdown threshold minus thermal shutdown hysteresis, the regulator turns on again.

The junction temperature range should be limited according to the Recommended Operating Conditions table, and
continuous operation above the junction temperature range reduces the lifetime of the device.

Integrated Watchdog

The TPL8536Q series has an integrated watchdog with fault (WDO) output option. Both window watchdog and standard
watchdog are available. The operation of the watchdog timer, the handling of fault conditions, and the differences between
window watchdog and standard watchdog timers are explained below.

Window Watchdog (WTS, ROSC, FSEL and WRS)

When the watchdog type selection (WTS) pin is connected to a low voltage level, the TPL8536Q series works in the window
watchdog mode. The duration of the watchdog window can be set by connecting an external resistor (Rrosc) to GND at
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the ROSC pin and setting the voltage level at the FSEL pin. The current through the Rrosc resistor determines the clock
frequency of the internal oscillator. The duration of the watchdog window (the watchdog timer period) can be changed by
changing the resistor value. A high voltage level at the FSEL pin sets the watchdog window to 5 times as long as that of a low
voltage level with the 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 % 0.5 x 107° )
FSEL high

twp = Rrosc X 2.5 x 107° )

Watchdog initialization
twp_initialization = 8 * twp (6)

Open and closed windows

twp = tow *+ tew @
WRS low

tow = tcw = 50% * twp 8)
WRS high

tOW:8xtCW:gxtWD )
where:

¢ twois the duration of the watchdog window.

* Rrosc is the resistor connected to the ROSC pin.

¢ twp_initialization iS the duration of the watchdog initialization.

e 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.

The following table illustrates several periods of watchdog window with typical conditions.

FSEL Rrosc (kQ) Irosc (MA) two (M) Wat'(l:'gli(:gnz:rmd
800 1.25 2000 30%
200 5 500 10%
High 100 10 250 8%
40 25 100 5%
20 50 50 5%
100 10 50 8%
Low 40 25 20 %
20 50 10 5%
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For both 5-V and 3.3-V output versions, the period of watchdog window (TWD) can also support from 0.5-s to 2-s range. The
ROSC value can be calculated using the equations above.

Each watchdog window consists of an open window and a closed window. When the window ratio selection WRS pin is low,
the width of each open window tow and closed window tcw is approximately 50% of the watchdog window twp. When the
WRS pin is high, the ratio between window opening and window closing is approximately 8:1. However, there is an exception:
the first open window after the watchdog initialization twp_initialization is €ight times the duration of the watchdog window. During
this initial open window, the monitor must receive service signals via software, external microcontroller, etc.

When servicing the watchdog during a closed window or not servicing during an open window the watchdog fault occurs.

The window watchdog is able to monitor the frequency of the watchdog service signal (WD) to ensure it remains within
specified limits. In the event that the WD signal frequency falls outside the predetermined range, a WDO low-voltage fault is
triggered.

The following figure illustrates a normal operation of the window watchdog for the TPL8536Q, specifically when the WRS is
low. Once the output voltage stabilizes and the PG signal goes high, the window watchdog activates when an external signal
pulls the nWDEN (watchdog enable pin) to a low state. This triggers the watchdog initialization, and the device then waits for
a WD service signal during the initial window, which is eight times the duration of twp. During this initialization open window,
applying a service signal to the WD pin resets the watchdog counter, initiating a closed window period. It's crucial to note that
watchdog service should not occur during this closed window to prevent a fault condition. To maintain proper operation and
avoid faults, watchdog service must be performed during the subsequent open window.

nWDEN
|
|
WD !
|
1 | | |
| | | |
f f f f
woo . / : : : :
| | | |
| | | |
| | | |
Watchdog NA Watchdog Closed | Open | Closed | Open
Status Initialization Window |Window | Window Window

| | | | |
| <8 twp L two/2 1 <tw/2) w2 <tuo/2)
e plt———— Pt ——t——pit—p!

k—NormaI Operation of Window Watchdog mode—»!

Figure 18. Normal Operation of Window Watchdog
The following figure shows three different fault conditions:

Fault 1: No WD service signal in WD initialization. WDO is triggered after the maximum initialization window duration eight
times of two.

Fault 2 : WD service signal in closed window. WDO s triggered after receiving a WD rising edge during the closed window.

Fault 3 : No WD service signal in the open window. WDO is triggered after the maximum open-window duration of the half of
two.
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nwr\ .
| 1

WD

gl

i

)
Watchdog NA Watchdog Fa| Watchdog Closed | Open |Closed|Fa | Watchdog | Closed Open | Fa | Watchdog
Status Initialization ult Initialization Window i ult Window Window [ult| Initializ......

Ithl 1 1 ItWDI 1 1 ItWD 1
| 8ty /51 <8t | twol2 1<tuo/21<two/21 /51 <8twp o two/2 U two/2 G5

Fault1 Fault2 Fault3

Figure 19. Fault Conditions of Window Watchdog
Standard Watchdog (WTS, ROSC, and FSEL)

These devices operate in the standard watchdog mode when the watchdog type selection (WTS) pin is connected to a high
voltage level. Similar to the window watchdog mode, users can set the duration of the watchdog window by adjusting the
value of the external resistor (Rrosc) at the ROSC pin and setting the voltage level at the FSEL pin.

FSEL low

tWD = RROSC x 0.5 x 10_6 (10)
FSEL high
tWD = RROSC x 2.5 x% 10_6 (11)

Watchdog initialization
twp_initialization = 8 * twp (12)
where:
¢ twpis the duration of the watchdog window.
¢ Rrosc is the resistor connected to the ROSC pin.
o twp_initialization IS the duration of the watchdog initialization.
There is no closed window in standard watchdog mode compared with window watchdog.

The standard watchdog is able to monitor the frequency of the watchdog service signal (WD) to ensure it remains lower than
a certain value. In the event that the WD signal frequency is lower than the set value, a WDO low-voltage fault is triggered.

The following figure illustrates the normal operation of the standard watchdog for the TPL8536Q. Once the output voltage
stabilizes and the PG signal goes high, the standard watchdog activates when an external signal pulls the nWDEN (watchdog
enable pin) to a low state. This triggers the watchdog initialization, and the device then waits for a WD service signal during
the initial window, which is eight times the duration of twp. During this initialization open window, applying a service signal to
the WD pin resets the watchdog counter, initiating another open window period. It's crucial to note that a WD service signal
must occur during every open window to prevent the fault condition.
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nWDEN
I
I
WD |
I
T 1 1 1 ! 1
I I I I ! I
: . : 1
t t | t | t
WDO ! ! | | [ |
/ | | | | | |
I I I I
I I ! I ! I
Watchdog NA Watchdog Open Open Open Open
Status Initialization Window | Window | Window |Window

I I I | I I
I <8 twp I <two 1 <twp | <twp 1 <twp |
¢ plt————Pt——Pt———hit—p!

«—— Normal Operation of Standard Watchdog mode —

Figure 20. Normal Operation of Standard Watchdog
The following figure shows two different fault conditions:

Fault 1: No WD service signal in WD initialization. WDO s triggered after the maximum initialization window duration eight
times of two.

Fault 2 : No WD service signal in open window time. WDO is triggered after the maximum open-window duration twp.

nWDEN
I¢
—
I
! C
t ) 1 1
I I I I
Y SN —
WDO : : | :
/ | | i |
! | | ! ! ! | |
' q I I
Watchdog Watchdog Fa| Watchdog Open Open Open Fa | Watchdog
Status | NA Initialization ult | Initialization | Window Window Window ult| Initializ......
1 1twoy . | | 1two,
1 8 two 1/51 <8 twp | <twp 1 <twp1 two 1/51
B o T T B B

Fault1 Fault2

Figure 21. Fault Conditions of Standard Watchdog
Watchdog Service Signal and Watchdog Fault Outputs (WD and WDO)

The watchdog service signal (WD) must stay high for at least 100 ps when twp < 500 ms. The watchdog service signal (WD)
must stay high for at least 400 ys when 500 ms < twp< 2 s.

The WDO pin is the fault output terminal. When a watchdog fault occurs, the devices pull WDO low for a duration of twp_noLb.
twp_HoLp = 20% * twp (13)
ROSC Status Detection (ROSC)
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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.

Watchdog Enable (PG and nWDEN)

When PG (power good) is high, an external circuit can apply a logic signal to the nWDEN pin to disable or enable the
watchdog. A low input to this pin turns the watchdog on, while a high input turns the watchdog off.

When PG is low, the watchdog is disabled and the watchdog-fault output WDO pin stays in the high-impedance state.
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Application and Implementation

Note

Information in the following application sections is not part of the 3PEAK’s component specification and 3PEAK does not
warrant its accuracy or completeness. 3PEAK’s customers are responsible for determining suitability of components for
their purposes. Customers should validate and test their design implementation to confirm system functionality.

Application Information

The TPL8536Q is a series of 42-V 300-mA wide-input low-quiescent current low-dropout linear regulators with a watchdog
timer. The following application schematic shows a typical usage of the TPL8536Q series.

Typical Application

Figure 22 shows the typical application schematic of the TPL8536Q series.

: Input Output
Automotive
Battery _L Vin Voutr _T_ uP Power
CINl lcom
Off | On
i Vpuiu
Logic EN PGADJ .y
Control
F FSEL
ﬁ WTS TPL8536Q PG UP Reset
r GND GND ﬁ7
WRS
g7 Vour
ROSC
DELAY NWDEN |— Lodi
Control
WDO uP /0
l WD < PO

Figure 22. Typical Application Circuit

Input Capacitor and Output Capacitor

3PEAK recommends adding a 10-yF or greater capacitor with a 0.1-puF bypass capacitor in parallel at the IN pin to keep the
input voltage stable. The voltage rating of the capacitors must be greater than the maximum input voltage.

To ensure loop stability, the TPL8536Q series requires an output capacitor of 4.7 yF to 500 uF with an ESR range from 0.001
Q to 20 Q. 3PEAK recommends selecting an X7R type 10-uF ceramic capacitor with low ESR over temperature.

Both input capacitors and output capacitors must be placed as close to the device pins as possible.

Power Dissipation and Thermal Consideration

During normal operation, the LDO junction temperature should meet the requirement in the Recommended Operating
Conditions table. Use the below equations to calculate the power dissipation and estimate the junction temperature.

The power dissipation can be calculated using Equation 14.

Pp = (ViNn = Vour) * lout * ViN X lenD (14)
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The junction temperature can be estimated using Equation 15. 6,4 is the junction-to-ambient thermal resistance.

Ty=Ta+Ppx6yp (15)
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Layout

Layout Guideline

* Both input and output capacitors must be placed to the device pins as close as possible, and the vias between capacitors
and device power pins must be avoided.

e |tis recommended to bypass the input pin to ground with a 0.1-uF bypass capacitor. The loop area formed by the bypass
capacitor connection, the IN pin, and the GND pin of the system must be as small as possible.

e |tis recommended to use wide and thick copper to minimize 1xR drop and heat dissipation.

Layout Example

The following figure shows a layout example of the TPL8536Q.

O0O0OO0O 0OO0OO0OO 0OOOO OOOO
O0O0OO0O 0OO0OOO OOOO OOOO
O0O0O0 0OO0OO0OO 0OOOO OOOO
oW gy FovrOmnd g oD
VIN [ mm = vout
IN O 1 16 oUT
EN 0 2 lfo_g?)—o} 15\ PGADJ
FSEL [T 3 | | 14 PG
wrs {4 | | 13 enD
|o o o0 ol
GND [T 5 | | 1211 WRS
NC 6 | | 113 nwbEN
rosc o 7 | | [T ——
lo o 0 ol
DELAY O] 8 —— — — — O wo

O O OO O O OO O O OO O O O O
O O O O O O O O O O O O O O O O
O O O O O O OO O O O O O O O O

Figure 23. TPL8536Q Layout Example

www.3peak.com 22 /26 DA20231002A1



= 3PEAK TPL8536Q

42-V 300-mA Wide-Input Low Quiescent Current Low-Dropout
Linear Regulator with Watchdog Timer

Tape and Reel Information

AR
N\
|

O)

(—F—

D1:Reel Diameter W1

- Direction of Feed

=
0O 0 0,0 OO0 0.0 OO O:0 0.0 O:0
Q11Q2 Q11.Q2 Q1.Q2 WQ
T4 T4AY r4a) r4a) r4aY o T4aY —_ V4 -
N % Q3\jQ 4 Q3\/Q 4 Q:;JQ 4 NN <& YF‘ O '1
L KO
PO A0 1
BO
Order Number Packade D1 w1 A0 B0 Ko PO wo Pin1
. (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | Quadrant
TPL853650Q-TSBR-S ETSSOP16 330 17.6 6.8 54 1.5 8 12 Q1
TPL853633Q-TSBR-S ETSSOP16 330 17.6 6.8 54 1.5 8 12 Q1
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Package Outline Dimensions

ETSSOP16
Package Outline Dimensions TSB(ETSSOP-16-D)
b
T
™
[ a
| |
| |
I o w
| |
| |
<
PIN#1 D1
Q
D
Top View Side View
Dimensions Dimensions
Symbol In Millimeters In Inches
MIN MAX MIN MAX
[ \ A 1.100 0.043
o~
< J::l:j:l:j:l:j:lflu A1 0.050 | 0.150 | 0.002 0.006
— — A2 0.850 | 0.950 | 0.033 | 0.037
S 2 b 0.190 | 0.300 | 0.007 0.012
. . c 0.090 | 0.200 | 0.004 0.008
Slde VIeW D 4900 | 5.100 | 0.193 0.201
D1 3.015 | 3.215 | 0.119 0.127
E 6.200 | 6.600 | 0.244 0.260
E1 4.300 | 4.500 | 0.169 0.177
NOTES E2 2.005 | 2.205 | 0.079 0.087
1. Do not include mold flash or protrusion. € 0.650 BSC 0.026 BSC
2. This drawing is subject to change without notice. L 0.500 | 0.700 | 0.020 0.028
3. Reference JEDEC MO-153. 0 1° 7° 1° 7°
4. The thermal pad is on Bottom side of the product.
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Order Information

o ting T t T rt Media,
Order Number e Package Marking Information MSL el ] edia Eco Plan
Range Quantity
TPL853650Q-TSBR-S -40 to 125°C ETSSOP16 L3650 MSL3 3,000 Green
TPL853633Q-TSBR-S -40 to 125°C ETSSOP16 L3633 MSL3 3,000 Green

Green: 3PEAK defines "Green" to mean RoHS compatible and free of halogen substances.
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IMPORTANT NOTICE AND DISCLAIMER

Copyright© 3PEAK 2012-2025. All rights reserved.

Trademarks. Any of the B I&8 or 3PEAK trade names, trademarks, graphic marks, and domain names contained in
this document /material are the property of 3PEAK. You may NOT reproduce, modify, publish, transmit or distribute any
Trademark without the prior written consent of 3PEAK.

Performance Information. Performance tests or performance range contained in this document/material are either results
of design simulation or actual tests conducted under designated testing environment. Any variation in testing environment or
simulation environment, including but not limited to testing method, testing process or testing temperature, may affect actual
performance of the product.

Disclaimer. 3PEAK provides technical and reliability data (including data sheets), design resources (including reference
designs), application or other design recommendations, networking tools, security information and other resources "As Is".
3PEAK makes no warranty as to the absence of defects, and makes no warranties of any kind, express or implied, including
without limitation, implied warranties as to merchantability, fitness for a particular purpose or non-infringement of any third-
party’s intellectual property rights. Unless otherwise specified in writing, products supplied by 3PEAK are not designed to
be used in any life-threatening scenarios, including critical medical applications, automotive safety-critical systems, aviation,
aerospace, or any situations where failure could result in bodily harm, loss of life, or significant property damage. 3PEAK
disclaims all liability for any such unauthorized use.
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