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5 Pin Configuration and Functions
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BJ 5-1. PWP Package 20-Pin HTSSOP With PowerPAD™ Package Top View

R 5-1. Pin Functions

N PIN o 110 DESCRIPTION
SUPPLY 1 | Device power supply.
EN 2 | Device enable pin.
IN1 3 | Current input for channel 1.
IN2 4 | Current input for channel 2.
IN3 5 | Current input for channel 3.
DIAGEN 6 | Enabl_e pin for LED ope_n-circu@t detec_:tion and single LED short detection to avoid false open
and single LED short diagnostics during low-dropout operation.
PWM1 7 | PWM input for OUT1 and RES1 current output ON/OFF control.
PWM2 8 | PWM input for OUT2 and RES2 current output ON/OFF control.
PWM3 9 | PWM input for OUT3 and RES3 current output ON/OFF control.
FAULT 10 110 Fault output, support one-fails—all-fail fault bus.
ICTRL 11 O Resistor programmable voltage reference pin for LED binning resistor or NTC resistor.
SLS_REF 12 Resistor programmable voltage reference pin for single LED short threshold.
IREF 13 o C_urrent reference pin. A 12.3-kQ resistor is recommended to be connected between IREF
pin and ground.
GND 14 — Ground.
OouT3 15 O Current output for channel 3. A 10-nF capacitor is recommended between the pin to GND.
RES3 16 O Current output for channel 3 with external thermal resistor.
OouT2 17 (6] Current output for channel 2. A 10-nF capactitor is recommended between the pin to GND.
RES2 18 O Current output for channel 2 with external thermal resistor.
OuUT1 19 O Current output for channel 1. A 10-nF capacitor is recommended between the pin to GND.
RES1 20 (0] Current output for channel 1 with external thermal resistor.
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6 Specifications

6.1 Absolute Maximum Ratings

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

MIN MAX UNIT
Supply SUPPLY -0.3 45 \Y
High-voltage input DIAGEN, IN1, IN2, IN3, EN, PWM1, PWM2, PMW3 -0.3 V(suppLy)*+0.3 \Y
High-voltage output OUT1, OUT2, OUT3, RES1, RES2, RES3, ICTRL -0.3 V(suppLy)*t0.3 \Y
Fault bus FAULT -0.3 V(suppLy)*+0.3 \Y
Low-voltage pin SLS_REF, IREF -0.3 55 \%
T, Operating junction temperature -55 150 °C
Tstg Storage temperature -55 150 °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.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per AEC Q100-002(") +2000
HBM ESD Classification Level -
V(Esp) Electrostatic discharge Charged-device model (CDM), per AEC All pins +500 \%
Q100-011 o Corner pins (SUPPLY, RES1, 4750
CDM ESD Classification Level FAULT, ICTRL) =

(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 free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
SUPPLY Device supply voltage 4.5 40 \Y
IN1, IN2, IN3 Sense voltage V(suppLy) - V(cs_REG) \Y
EN Device EN pin 0 V(suppLy) \
PWM1, PWM2, PWM3 PWM inputs 0 V(suppLY) \
DIAGEN Diagnostics enable pin 0 V(suppLY) \%
RES1 . F?ILEJSTZZ RESS Driver output 0 VisuprLy) v
FAULT Fault bus 0 V(suppLY) \Y
ICTRL Output current control 0 2.75 \%
SLS_REF Single LED short-circuit reference 0 3.5 \%
IREF Current reference 50 250 A
Operating ambient temperature, Ta -55 125 °C
6.4 Thermal Information
TPS92633-Q1
THERMAL METRIC(") PWP UNIT
20 PINS

Rgya Junction-to-ambient thermal resistance 401 °C/W
Reuc(top) Junction-to-case (top) thermal resistance 34 °C/W
Reys Junction-to-board thermal resistance 18.3 °C/W
() Junction-to-top characterization parameter 1.1 °C/W
Wi Junction-to-board characterization parameter 18.2 °C/W
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6.4 Thermal Information (continued)

TPS92633-Q1

THERMAL METRIC(") PWP UNIT
20 PINS
ReJcbot) Junction-to-case (bottom) thermal resistance 5.6 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC package thermal metrics application

report.

6.5 Electrical Characteristics
V(suppLy) =5V 1040V, VN =5V, T =—40°C to +150°C unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
BIAS
V(POR _iising) Supply voltage POR rising threshold 3.6 4 \%
V(POR_falling) Supply voltage POR falling threshold 3.0 34 \Y
Isp) Device shutdown current Veny =0V 14 26 uA
l(Quiescent) Device standby ground current PWM = HIGH 1.5 2.5 mA
l(Fautt) Device supply current in fault mode PWM = HIGH, FAULT externally pulled LOW 0.21 0.330 045 mA
LOGIC INPUTS (EN, DIAGEN, PWM)
VILEN) Input logic-low voltage, EN 0.7 \%
ViHEN) Input logic-high voltage, EN 2.0 \%
IEN_pulldown) EN pulldown current Ven =12V 1.5 3.3 4.5 uA
VIL(DIAGEN) Input logic-low voltage, DIAGEN 1.045 1.1 1.155 \Y
VIH(DIAGEN) Input logic-high voltage, DIAGEN 1.14 1.2 1.26 \Y
ViLewmy Input logic-low voltage, PWM 1.045 1.1 1.155 \
ViHPwm) Input logic-high voltage, PWM 1.14 1.2 1.26 \Y
CONSTANT-CURRENT DRIVER
louTx_Tot) Device output-current for each channel 100% duty cycle 5 150 mA
Ta =—40°C to +125°C, ICTRL ground 46 50 54
TA =-40°C to +125°C, V(ICTRL) =0.6745V 95 100 105
V(cs_REG) Sense-resistor regulation voltage mV
- Ta =—40°C to +125°C, V(ICTRL) =1.349V 192 200 208
Ta =—40°C to +125°C, V(icTRL) = 2.698 V 384 400 416
AV(cs_c20) = 1= V(cs_reex/Vavg(cs_REG) V(ICTRL) 3 +3
=0.68V
AV(cs_coc) Channel to channel mismatch %
AV(cs_c2c) = 1= V(cs_Reex)Vavg(cs_REG) V(ICTRL) 3 +3
=1.365V
AV(cs_dz2d) = 1 = Vavg(cs_ReGY Vnom(CS_REG): 4 +4
) ) ) VicTry) = 0.68 V
AV(cs_dad) Device to device mismatch %
AV(cs dad) = 1 = Vavgics_REGYVnom(CS_REG)s 4 4
V(ICTRL) =1.365V
R(cs_rec) Sense-resistor range 0.65 20 Q
current setting of 100 mA 200 400
Voltage dropout from INx to OUTx, RESx open - mV
v current setting of 150 mA 300 600
(DROPOUT) current setting of 100 mA 280 600
Voltage dropout from INx to RESx, OUTx open mV
current setting of 150 mA 400 900
I(RESX) Ratio of RESx current to total current I(RESX)/l(OUTX_Tot)v V(INX) - V(RESX) >1V 95 %
V(IREF) IREF voltage 1.235 \%
N(ICTRL) ICTRL current output ratio I(ICTRL)/I(IREF) 9.7 10 10.3
V(ICTRLfSAT) ICTRL saturated voltage V(CSfREG) =400 mV 2.75 \%
V(cs_sam) V(suppLy) = V(N) Victry =3V 410 mv
DIAGNOSTICS
V(OPEN_th_rising) LED open rising threshold, V(ny - V(our) 180 300 420 mVv
V(OPEN_th_faIIing) LED open falllng threshold, V(|N) - V(OUT) 450 mV
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6.5 Electrical Characteristics (continued)
V(suppLy) =5V 1040V, Ve =5V, T = —40°C to +150°C unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
V(sG_th_rising) Channel output short-to-ground rising threshold 1.14 1.2 1.26 \Y
V(sG_th_falling) Channel output short-to-ground falling threshold 0.855 0.9 0.945 \%
N(sLs_REF) SLS_REF current output ratio IisLs_RerYl(IREF) 0.97 1 1.03
N(ou) OUT voltage attenuation ratio Vioury=3to 14 V. 3.84 4 4.16
IRetry) S::g:tel output V(oyT) short-to-ground retry 0.64 108 1528 mA
|(IREF_OPEN_th) IREF open threshold 8 uA
V(IREF_SHORT th) IREF short-to-ground threshold 0.6 \Y
l(IREF_ST_Clamp) Current clamp for IREF shor-to-GND 418 uA
FAULT
ViLFauLT) Logic input low threshold 0.7 \Y
VIHFAULT) Logic input high threshold 2 \%
YFAULT rising) Fault detection rising edge deglitch time 10 us
YFAULT falling) Fault detection falling edge deglitch time 10 us
|(FAULT pulldown) FAULT internal pulldown current VFaurm) = 0.4 V 3 4| mA
I(FAULT pullup) FAULT internal pullup current 6 10 14 HA
I(FAULT leakage) FAULT leakage current V(FauT) =40 V 1 2| upA
THERMAL PROTECTION
Trso) tThr:ggrrr.:oalldshutdown junction temperature 157 172 187 c
Tirso_tvs) Thermal_shutdown junction temperature 15 oc
- hysteresis
6.6 Timing Requirements
MIN NOM MAX| UNIT

PWM rising edge delay, Viypwwm) voltage to 10% of output when V(SUPELY‘)‘ =12V, Vour) = 6V, 3 us
Pty siing V(cszlizc,:) =100mV, R(snsy) = 0.665Q and Rresy) = 56Q, ty as shown in [X] 7-5

PWM rising edge delay, Viypwwm) voltage to 10% of output when V(Su.ppL‘Y) =12V, Vour) = 6V, 4 us

V(cs_ReG) = 50mV, Risnsy) = 0.665Q and R(resx) = 56Q, t1 as shown in [X| 7-5

Output current rising from 10% to 90% when V(SU‘ppLT) =12V, Vour) = 6V, V(cs_reg) = 100mV, 2 us

Rsnsx) = 0.665Q and R(resy) = 56Q, t, as shown in [X] 7-5
{icurrent risng) Output current rising from 10% to 90% when V(suppLy) = 12V, V(ouT) = 6V, V(cs rec) = 50mV, 25 us

R(snsx) = 0.665Q and R(resx) = 56Q, t; as shown in ] 7-5 ’

PWM falling edge delay, Vi pww) voltage to 90% of output current when VgguprY) =12V, Vour) = 24 us
P seey g 6V, V(CszEG) =100mV, R(snsx) = 0.665Q and Rresy) = 56Q, t3 as shown in [X] 7-5

PWM falling edge delay, Vi pwuw) voltage to 90% of output current when \./(SpppLy) =12V, Vour) = 26 us

8V, V(cs_reg) = 50mV, Risnsy) = 0.665Q and R(resx) = 56Q, t3 as shown in X 7-5

Output current falling from 90% to 10% when V(Sl_{pp&y) =12V, Vour) = 6V, V(cs_rec) = 100mV, 5 us
uront g Rsnsx) = 0.665Q ?nd R(resx) = 56Q, t4 as shown in [X] 7-5

Output current falling from 90% to 10% when V(SU‘ppm =12V, Vour) = 6V, V(cs Reg) = 50mV, ’ us

R(snsx) = 0.665Q and R(resx) = 56Q, t4 as shown in ] 7-5
{STARTUP) SUPPLY rising edge to 10% output current when C(rer) =.C('PTRL)= 10 pF, Viour) = 6V, V(cs ReG) = 85 us

100mV, Rsnsx) = 0.665Q and Riresy) = 56Q, t5 as shown in [X] 7-5
tIREF_deg) IREF pin open and short to GND detection deglitch time 125 us
t(OPEN_deg) LED-open fault-deglitch time, t; as shown in [X] 7-8 125 us
t(sG_deg) Output short-to-ground detection deglitch time, tg as shown in [%] 7-7 125 us
t(Recover_deg) Open and Short fault recovery deglitch time, t1g as shown in [X| 7-8 and [X] 7-7 125 us
t(sLs_deg) Single LED short-circuit detection deglitch time, tg as shown in [X] 7-10 135 us
t(sLs_retry_interval) Single LED short-circuit failure retry interval time, t41 as shown in [ 7-10 10000 us
t(sLs_retry_period) Single LED short-circuit failure retry period time, t1, as shown in [X] 7-10 300 us
t(sLs _retry_deg) Single LED short-circuit failure retry deglitch time, t13 as shown in [%] 7-10 50 us
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6.6 Timing Requirements (continued)

MIN NOM MAX| UNIT
YFEAULT recovery) Fault recovery delay time, t14 as shown in [X| 7-8, [X| 7-7 and [X| 7-10 50 Us
t(rsD_deg) Thermal over temperature deglitch time 50 us
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6.7 Typical Characteristics

225 225
— liouTx_Tot) = 50 mA — liouTx_Tot) = 50mMA
200 — l(ouTx Toy = 100 mA 200 — loum_Toy = 100mA
— =150 mA | =150mA
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6-1. Output Current vs Supply Voltage 6-2. Output Current vs Temperature
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6-5. V(cs_reg) vs ICTRL Voltage 6-6. PWM Output Duty Cycle vs PWM Input Duty Cycle
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6.7 Typical Characteristics (continued)

Ch1 = V(suppLy) Ch2 =Vey) Ch3 = V(pwm1) Ch1 = V(suppLy) Ch2 =Vgy) Ch3 = Vpwm1)
Ch4 =V(our) Ch5 = liout_Tot) Ch4 = V(out1) Ch5 = liouT Tot)
6-7. Power Up Sequency 6-8. Supply Dimming at 200 Hz

Ch2 = V(EN)

Ch1 = V(suppLy) Ch3 = Vpwm1) Ch1 = V(suppLy) Ch2 = Vgy) Ch3 = V(pwm1)
Ch4 =V out1) Ch5 = liouT_Tot) Ch4 =V out) Ch5 = liouT_Tot)
6-9. PWM Dimming at 200 Hz 6-10. PWM Dimming at 1 kHz

Ch2 = V(OUT1)

Ch1=V(suppLy) Ch3 = V(gaurm)
Ch4 = lout oy

6-11. LED Open Protection

Ch1 =V(suprLy) Ch2 =V oyry) Ch3 = V(gaurm)
Ch4 = lout_Tot)

6-12. LED Open Protection Recovery
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6.7 Typical Characteristics (continued)

Ch2 = V(oun) Ch3 = V(W)

Ch1 = V(suppLy)
Ch4 = lout_Tot)

6-13. LED Short-Circuit Protection

Ch1 =V(suprLy) Ch2 =V oyr1) Ch3 = V(gaurm)
Ch4 = lout_Tot)

6-14. LED Short-Circuit Protection Recovery

Ch2 =V oyr1)

Ch1 = V(suppLy) Ch3 = V(Faurm) Ch1 = V(suppLy) Ch2 =V oyr1) Ch3 = V(gaurm)
Ch4 = I(OUT_Tot) Ch4 = I(OUT_Tot)
6-15. Single LED Short-Circuit Protection 6-16. Single LED Short-Circuit Protection Recovery
= ..‘ __.—?mﬂ‘!'l

Ch2 =Vour1)
DIAGEN = High

Ch3 = V(W)

Ch1=V(suppLy)
Ch4 = louT_Tot)

6-17. Transient Undervoltage

Ch2 =Veur1)
DIAGEN = High

Ch1 =V(suprLy) Ch3 = V(gaurm)
Ch4 = lout_Tot)

6-18. Transient Overvoltage
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6.7 Typical Characteristics (continued)

Ch1 = V(suppLy) Ch2 =V ouyry) Ch3 = V(gaurm) Ch1 = V(suppLy) Ch2 =V oyr1) Ch3 = V(gaurm)
Ch4 =lour Ty  DIAGEN = High Ch4 =lour Ty  DIAGEN = High

6-19. Slow Decrease and Quick Increase of Supply Voltage 6-20. Slow Decrease and Slow Increase of Supply Voltage

Ch1 = V(suppLy) Ch2 =V oyr1) Ch3 = V(Faurm)

Ch1 = V(suppLy) Ch2 =V oyr1) Ch3 = V(Faurm)
Ch4 = I(OUT_Tot) DIAGEN = ngh

Ch4 = I(OUT_Tot) DIAGEN = ngh
6-21. Superimposed Alternating Voltage 15 Hz

6-22. Superimposed Alternating Voltage 1 kHz
m'—ﬂtl'l

FAuLT

Ch1 =V(suppLy) Ch2 =V oyt Ch3 = V(gaurm)
Ché = louT oy DIAGEN = High

6-23. Jump Start
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7 Detailed Description
7.1 Overview

The TPS92633 three-channel LED driver includes an unique thermal management design to reduce temperature
rising on the device. The TPS92633 is a linear driver to output full current loads up to 150 mA per channel. The
current output at each channel can be independently set by external Rsns) resistors. Current flows from the
supply through the R(snsy) resistor into the integrated current regulation circuit and to the LEDs through OUTx
pin and RESx pin. All three-channel current is configurable by an external resistor connected to the ICTRL pin.
Either a NTC resistor for LED temperature monitor or a LED brightness binning resistor can be connected to
ICTRL pin in same board or off-board. The TPS92633 device supports both supply control and EN/PWM control
to turn LED ON/OFF. The LED brightness is also adjustable by voltage dutycycle applied on either SUPPLY or
EN/PWM with frequency above 100 Hz. The TPS92633 provides full diagnostics to keep the system operating
reliably including LED open/short circuit detection, single LED short circuit detection, supply POR and thermal
shutdown protection. The TPS92633 device is in a HTSSOP package with total 20 leads. The TPS92633 can be
used with other TPS9261x-Q1, TPS92630-Q1 and TPS92830-Q1 family devices together to achieve one-fails-
all-fail protection by tying all FAULT pins together as a fault bus.

7.2 Functional Block Diagram

VSUPPLY

'J-‘ TPS92633
Channel 1
SUPPLY; A !

Risnst)

Channel 2
ouT2

Logic RES3

Channel 3

VCC

- &

7.3 Feature Description
7.3.1 Power Supply (SUPPLY)
7.3.1.1 Power-On Reset

The TPS92633 device has an internal power-on-reset (POR) function. When power is applied to the SUPPLY
pin, the internal POR circuit holds the device in reset state until V(syppLy) is above V(por rising)-

7.3.1.2 Supply Current in Fault Mode

The TPS92633 device consumes minimal quiescent current, IFayy), into SUPPLY when the FAULT pin is
externally pulled LOW. At the same time, the device shuts down all three output drivers, IREF and ICTRL.
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If device detects a fault, it pulls down the FAULT pin by an internal constant current, lFauLt pulldown) @s @ fault
indication to the fault bus.

7.3.2 Enable and Shutdown (EN)

The TPS92633 device has an enable input. When EN is low, the device is in sleep mode with ultra low quiescent
current Iispy. This low current helps to save system-level current consumption in applications where battery
voltage directly connects to the device without high-side switches.

7.3.3 Reference Current (IREF)

The TPS92633 device has IREF pin to generate a high accuracy and low temperature shift current reference.
The calculated result for | rer) is 100 A when Rrer) is 12.3 kQ. The |rer) can be programmed by external
resistor, R(rer) in the range from 25 pA to 250 pA. The voltage on the IREF pin is regulated to the 1.235 V
typically, and the current output on IREF pin can be calculated by using = 1.

Virer)

lirer) =

R(ReF)

(1)
where

. V(IREF) =1.235V (typlCG')
*  Rqrer) = 12.3 kQ recommended

The R(reF) resistor needs to be placed as close as possible to the IREF pin with a 1-nF ceramic capacitor in
parallel to achieve the noise immunity. The off-board R(rer) setup is not allowed due to the concern of reference
current instability.

7.3.4 Constant-Current Output and Setting (INx)

The TPS92633 device is a high-side current driver for driving LEDs. The device controls each output current
through regulating the voltage drop on an external high-side current-sense resistor, Risnsx) between SUPPLY
and INx independently for each channel. An integrated error amplifier drives an internal power transistor to
maintain the voltage drop on the current-sense resistor Risnsy) t0 V(cs reg), therefore regulates the current
output to target value. When the output current is in regulation, the current value for each channel can be
calculated by using = 2.

| _ Vics_reg)
(OUTx_Tot) — R
(SNSx) )

where

* V(cs_Rreg) Is variable according to A3
e x=1, 2 or 3 for output channel 1, 2 or 3

When the supply voltage drops below total LED string forward voltage plus required headroom voltage, the sum
of VipropouT) @nd V(cs reg), the TPS92633 is not able to deliver enough current output as set by the value of
R(snsx), and the voltage across the current-sense resistor R(snsy) is less than Vcs reg).

7.3.5 Analog Current Control (ICTRL)

The TPS92633 supports analog constant current control for all three output channels together through adjusting
the V(cs Rreg) Voltage. As described in Constant-Current Output and Setting (INx), the TPS92633 regulates each
channel output current by maintaining the voltage drop on each Rinsx) same to Vcs reg). The V(cs Rreg)
voltage is adjustable by an external resistor on ICTRL pin. The TPS92633 outputs a constant current, |ctre), On
the ICTRL pin and measures the voltage on the ICTRL pin, V(ctry), to determine the V(cs reg)- The lictrL)
current is 10 times of the Irer), and the Vcrre) is multiplied result of | ctrL) and Rictre). The TPS92633
internally clamps the V,ctrL) to maximum 2.75 V. The V(cs reg) voltage can be calculated by using = 3.
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Vv _ lirer) ¥ RycTRL) X 25
(CS_REG) 17

(3)
where

. l(IREF) is in A unit
. R(ICTRL) is in Q unit
. V(CS_REG) is in V unit

The minimum voltage of V(cs reF) is 50 mV typically to maintain the high accurate current output.

The final total output current for each channel can be calculated by using 3\ 4 which is combination of 5 1, 5 2
and = 3.

Virer) X Roctre) x25

loutx_Tot) =
(OUTx_Toy Rrer) xRisnsx) x17 @

where

® V(IREF) =1.235V

. R(IREF) is in kQ unit

. R(ICTRL) is in Q unit

. R(SNSX) is in Q unit

. I(OUTX_Tot) is in mA unit

The calculated result for |(OUTx_Tot) is 147.7 mA when R(IREF) is 12.3 kQ, R(ICTRL) is 1000 Q and R(SNSX) is 1Q.
7.3.5.1 Off-Board Brightness Binning Resistor

With analog current control feature, a LED brightness binning resistor can be connected to ICTRL pin to set the
output current according to LED brightness bin. The binning resistor can be placed in off-board with LED units. In
order to achieve the best performance for the noise rejection, two resistors in serial can be adopted. One resistor
is placed as closed as possible to the ICTRL pin in the same PCB board with device, and another one real
binning resistor is placed in the other PCB board with LED units together.

As [X] 7-1 illustrated, the R(ctre1) resistor and C(ctrL) ceramic capacitor need to be placed as close as possible
to the ICTRL pin for noise decoupling. The off-board RctrL2) resistor can be placed in LED board as real
binning resistor. Tl recommends a 10-nF ceramic capacitor for C(cTry)-
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45V 10 40V TPS92633
SUPPLY RES1 A A A
Ciswrry EN ouT1 I
IN1 RES2 A A A
IN2 ouT2 I
[]IN3 RES3 A A
[ 1DIAGEN ouT3 [1
L1PwM1 GND
[1PwWM2 IREF
L1 PwM3 SLS_REF
[ IFAULT ICTRLL A —=-------- |

*:10nF ceramic capacitor is recommended for each OUTx to GND

7-1. Application Schematic for Off-Board Brightness Binning Resistor

The V(cs_reg) is 50 mV typically when the ICTRL pin is short to GND.
7.3.5.2 NTC Resistor

The analog current control feature also allows to connect a NTC thermistor on ICTRL pin to achieve the LED
current derating based on measured PCB board temperature or LED unit temperature. The resistance of NTC
thermistor depends on the environment temperature. The resistance of NTC thermistor is decreasing with the
temperature rising. It leads to the decreasing of the equivalent resistance of R(ictrr) on ICTRL pin and the output
current reduction from the calculation based on =X 2 and = 3.

Tl recommends to connect a resistor network including NTC thermistor (e.g. NCU18XH103F6SRB) to ICTRL pin
as illustrated in below [X| 7-2. The resistor value of R1 and R2 work with NTC thermistor to adjust the equivalent
resistance curve depending on the temperature to achieve the system required current derating.

4.5V to 40V

TPS92633-Q1
SUPPLY RES1 AA A A

OuTH \
RES2 JAPAPN
ouT2 \
RES3

[ 1DIAGEN ouT3 |

[1PwM1 GND

[1PwMm2 IREF

L1 pPwMm3 SLS_REF

L1FAULT ICTRL

*:10nF ceramic capacitor is recommended for each OUTx to GND

BJ 7-2. Application Schematic for External NTC Thermistor
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7.3.6 Thermal Sharing Resistor (OUTx and RESx)

The TPS92633 device provides two current output paths for each channel. Current flows from the supply through
the R(snsx) resistor into the integrated current regulation circuit and to the LEDs through OUTx pin and RESx
pin. The current output on both OUTx pin and RESx pin is independently regulated to achieve total required
current output. The summed current of OUTx and RESx is equal to the current through the Rsnsy) resistor in the
channel. The OUTx connects to anode of LEDs load in serial directly, however RESx connects to the LEDs
through an external resistor to share part of the power dissipation and reduce the thermal accumulation in
TPS92633.

The integrated independent current regulation in TPS92633 dynamically adjusts the output current on both
OUTx and RESx output to maintain the stable summed current for LED. The TPS92633 always regulates the
current output to the RESx pin as much as possible until the RESx current path is saturated, and the rest of
required current is regulated from the OUTx. As a result, the most of the current to LED outputs through the
RESx pin when the voltage dropout is relatively high between SUPPLY and LED required total forward voltage.
In the opposite case, the most of the current to LED outputs through the OUTx pin when the voltage headroom
is relatively low between SUPPLY and LED required forward voltage. 7-3 and 7-4 shows the curve of
current and power dissipation distributor depending on supply voltage when Rresy) is 68.5 Q.

225 8
— liouTx) R(resx) = 68.5 Q — P(pevice) Rresx) = 68.5 Q /
200 — lresx) RResx) = 68.5 Q 7 | = P(Resx) R(resx) = 68.5 Q
175 — liouTx_Tot) RReESX) = 68.5 Q — ProtaL) RResy = 68.5Q /
= 6
3 2
E 150 o
= l\ <5
3 125 N 3 /
5 L g 4
2 100 / \\ g /
o T3
E 75 2 / /
© / / £ 2 /
50 pd
/ / \ 1 .
25 N /
0 / N 0 / N
4 8 12 16 20 24 4 8 12 16 20 24
Supply Voltage (V) Supply Voltage (V)
Eq 7-3. Output Current Distribution vs Supply 7-4. Power Dissipation vs Supply Voltage
Voltage

7.3.7 PWM Control (PWMx)

The pulse width modulation (PWM) input of the TPS92633 functions as enable for the output current. When the
voltage applied on the PWM pin is higher than Vypww), the relevant output current is enabled. When the voltage
applied on PWM pin is lower than Vi pww), the output current is disabled as well as the diagnostic features.
Besides output current enable and disable function, the PWM input of TPS92633 also supports adjustment of
the average current output for brightness control when the frequency of applied PWM signal is higher than 100
Hz, which is out of visible frequency range of human eyes. Tl recommends a 200-Hz PWM signal with 1% to
100% duty cycle input for brightness control. Please refer to [X| 7-5 for typical timming information and [X| 8-4 for
typical PWM dimming application.
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e/ L/ \

Ed 7-5. Power On Sequency and PWM Dimming Timing

The detailed information and value of each time period in [%| 7-5 is described in Timing Requirements.

The TPS92633 device has three total PWM input pins, PWM1, PWM2 and PWM3, to control each of current
output channel independently. PWM1 input controls the output channel1 for both OUT1 and RES1, PWM2 input
controls the output channel2 for both OUT2 and RES2, and PWM3 input controls the output channel3 for both
OUT3 and RES3.

7.3.8 Supply Control

The TPS92633 can support supply control to turn ON and OFF output current. When the voltage applied on the
SUPPLY pin is higher than the LED string forward voltage plus needed headroom voltage at required current,
and the PWM pin voltage is high, the output current is turned ON and well regulated. However, when the voltage
applied on the SUPPLY pin is lower than V(por faling), the output current is turned OFF. With this feature, the
power supply voltage in designed pattern can control the output current ON/OFF. The brightness is adjustable if
the ON/OFF frequency is fast enough. Because of the high accuracy design of PWM threshold in TPS92633, it
enables a resistor divider on the PWM pin to set the SUPPLY threshold higher than LED forward voltage plus
required headroom voltage as shown in [¥] 7-6. The headroom voltage is basically the summation of V(oropPouT)
and V(cs reg). When the voltage on the PWM pin is higher than Viypwwm), the output current is turned ON.
However, when the voltage on the PWM is lower than Vi pww), the output current is turned OFF. The SUPPLY
threshold voltage can be calculated by using = 5.
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4.5V to 40V

TPS92633

AR

C(suppLy)

AR

Riresy

AN

Rysts rep)

*:10nF ceramic capacitor is recommended for each OUTx to GND

B 7-6. Application Schematic for Supply Control LED Brightness

R(upPER) J

V(SUPPLY PWM_th_rising) = VIHPWM) X [1 +
(LOWER)

®)
where

* Vihewwm) = 1.26 V (maximum)

7.3.9 Diagnostics

The device is able to detect and protect fault from LED-string short-to-GND, LED-string open-circuit, single LED
short-circuit and junction over-temperature scenarios. It also supports one-fails—all-fail fault bus design that can
flexibly fit different regulatory requirements.

7.3.9.1 IREF Short-to-GND Detection

The TPS92633 device has IREF short-to-GND detection through monitoring the voltage on the IREF pin. The
IREF pin short-to-GND fault is reported by constantly pulling down the FAULT pin, if the IREF pin voltage, V(IREF)
is lower than V(rer sHoRT th) for longer than the deglitch time of t rer geg). The current for all output channels
and ICTRL pin are turned off and the current out of IREF pin is clamped to ljrer st _clamp) When IREF pin short-
to-GND fault is detected.

The TPS92633 recovers to normal operating if the V(rer) voltage rises up over V(rer_SHORT _th)-
7.3.9.2 IREF Open Detection

The TPS92633 device has IREF open detection through monitoring the current through the IREF pin. The IREF
pin open fault is reported by constantly pulling down the FAULT pin, when the current through IREF pin, l(REF) IS
lower than lrer open_th) for longer than the deglitch time of t rer geg)- The current for all output channels and
ICTRL pin are turned off when IREF pin open fault is detected.

The TPS92633 recovers to normal operating if the | reF) current rises up over ljrer_opPEN_th)-
7.3.9.3 LED Short-to-GND Detection

The TPS92633 device has LED short-to-GND detection. The LED short-to-GND detection monitors the output
voltage when the output current is enabled. Once a short-to-GND LED failure is detected, the device turns off the
faulty channel and retries automatically, regardless of the state of the PWM input. When the retry mechanism
detects the removal of the LED short-to-GND fault, the device resumes to normal operation.
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The TPS92633 monitors the Voury) Voltage and V(gresy) voltage of each channel and compares it with the
internal reference voltage to detect a short-to-GND failure. When V(oyty) Or V(resx) Voltage falls below
V(sG_th _faling) longer than the deglitch time of tsg_geg), the device asserts the short-to-GND fault and pulls low the
FAULT pin. During the deglitch time period, if V(ouTtx) @nd V(resx) rises above V(sg_tn rising), the timer is reset.

Once the TPS92633 has asserted a short-to-GND fault, the device turns off the faulty output channel and retries
automatically with a small current. During retrying the device sources a small current |(retry) from SUPPLY to
OUT to pull up the LED loads continuously. Once auto-retry detects output voltage rising above V(sg th rising), it
clears the short-to-GND fault and resumes to normal operation. [X| 7-7 illustrates the timing for LED short-circuit
detection, protection, retry and recovery.

o/ \
-/ \_

|
|
|
|
, .
VOUTx / : Short )/ \ LED Short |
|_’ | Removed /| Short Removed
| ! |
|

|
| | | |
LED f¢— ts — t;—P I P !
Short | ! | 1 : |
|
| o |
IOUTXx lpetry) | | | | : :
| | |
| : | | : : I |
: !4—110_>I : N—tm_bﬁtm* :
: |
| |
FAULT
No external
pullup

7-7. LED Short-to-GND Detection and Recovery Timing Diagram

The detailed information and value of each time period in [ 7-7 is described in Timing Requirements.
7.3.9.4 LED Open-Circuit Detection

The TPS92633 device has LED open-circuit detection. The LED open-circuit detection monitors the output
voltage when the current output is enabled. The LED open-circuit detection is only enabled when DIAGEN is
HIGH.

The TPS92633 monitors dropout-voltage differences between the IN and OUT pins for each LED channel when
PWM is HIGH. The voltage difference V(nxy — V(outx) is compared with the internal reference voltage
V(oPEN_th_rising) to detect LED open-circuit incident. When V oury) rises causing Vinx) — Voutx) less than the
V(oPEN_th_rising) VOltage and lasts longer the deglitch time of topen_deg), the device asserts an open-circuit fault.
Once a LED open-circuit failure is detected, the internal constant-current sink pulls down the FAULT pin voltage.
During the deglitch time period, when V oyry) falls and makes V(nx) — V(ouTx) larger than V(open_th_faling), the
deglitch timer is reset.

The TPS92633 shuts down the output current regulation for the faulty channel after LED open-circuit fault is
detected. The device sources a small current |retry) from SUPPLY to OUT when DIAGEN input is logic High.
Once the fault condition is removed, the device resumes normal operation and releases the FAULT pin. 7-8
illustrates the timing for LED open-circuit detection, protection, retry and recovery.
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Eq 7-8. LED Open-Circuit Detection and Recovery Timing Diagram

The detailed information and value of each time period in [X] 7-8 is described in Timing Requirements.
7.3.9.5 Single LED Short-Circuit Detection (SLS_REF)

The TPS92633 device has single LED short-circuit detection. The single LED short-circuit detection monitors the
output voltage when the output current is enabled. Once a single LED short-circuit failure is detected, the device
turns off the faulty channel and retries automatically, regardless of the state of the PWM input. If the retry
mechanism detects the removal of the single LED short-circuit fault, the device resumes to normal operation.

The TPS92633 monitors the V(ouTx) Voltage of each channel and internally compares the scale down voltage of
V(ouTx) With an external resistor programmable reference voltage on SLS_REF to detect a single LED short-
circuit failure. When the voltage of V(oyry) falls below V(s s t_aliing) longer than the deglitch time of t(s s geg), the
device asserts the single LED short-circuit fault and pulls low the FAULT pin. During the deglitch time period, if
the scale down voltage of V(outx) rises above V(sis it rising), the timer is reset.

Once the TPS92633 has asserted a single LED short-circuit fault, the device turns off the faulty output channel
and retries automatically. During retrying the device sources full current from IN to OUT to pull up the LED loads
every 10 ms for 300-us period when the PWM input is logic high for the faulty channel. Once auto-retry detects
the voltage of V(outy) rising above V(sis it _rising), it clears the single LED short-circuit fault and resumes to
normal operation. The V(sis tn_rising) IS 2.9% higher the V(sis t faling)- The scale down ratio for V(oyty) is Nour)-
7-9 describes internal diagram for single LED short-circuit detection circuit. And the V(sis  falling) threshold
voltage for single LED short-circuit is calculated by using = 6.
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VCC
o
11
- SLS
IREF, COM
+
Rrer) 1/N ]OUT2
- SLS
sLs_REF L, COM
i . +
Rists_rer) 1/N JouTs
- SLS
COMP
/—V

7-9. Single LED Short-Circuit Detection Block Diagram

N(OUT) X R(SLSfREF) x V(IREF) x N(SLSfREF)

V(SLS_th_faIIing) R
IREF
(IREF) ©)

* V(IREF) =1.235V (typlCQ')

*  R(Rrer) = 12.3 kQ recommended
° R(SLS_REF) is in kQ unit
* Niourt) = 4 (typical)
* Nsis_rer) = 1 (typical)

The calculated result for V(sis th faling) is 5.34 V when Rrer) is 12.3 kQ and R(s s _rer) is 13.3 kQ.

7-10 illustrates the timing for single-LED short-circuit detection, protection, retry and recovery.
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EJ 7-10. Single LED Short-Circuit Detection and Recovery Timing Diagram

The detailed information and value of each time period in [%| 7-10 is described in Timing Requirements.
7.3.9.6 LED Open-Circuit and Single LED Short-Circuit Detection Enable (DIAGEN)

The TPS92633 device supports the DIAGEN pin with an accurate threshold to disable the LED open-circuit and
single LED short-circuit diagnostic functions. The DIAGEN pin can be used to enable or disable LED open-circuit
detection and single LED short-circuit detection based on SUPPLY pin voltage sensed by an external resistor
divider as illustrated in 7-11. When the voltage applied on DIAGEN pin is higher than the threshold
ViHpiacen), the device enables LED open-circuit and single LED short-circuit diagnosis. When Vp|acen) is lower
than the threshold V piacen), the device disables LED open-circuit and single LED short-circuit detection.

Only LED open-circuit detection and single LED short-circuit detection can be disabled by pulling down the
DIAGEN pin. The LED short-to-GND detection and over-temperature protection cannot be turned off by pulling
down the DIAGEN pin. The SUPPLY threshold voltage can be calculated by using =\ 7.
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4.5V to 40V
TPS92633

SUPPLY RES1 // ////
ouT1 [l
RES2 AAAAAN

[1
S

*:10nF ceramic capacitor is recommended for each OUTx to GND

Eq 7-11. Application Schematic for DIAGEN

R(upPER) ]

V(SUPPLY DIAGEN th_faling) = ViL(DIAGEN) X| 1+
(LOWER)

(7)
where

* Vi piacen) = 1.045 V (minimum)

7.3.9.7 Low Dropout Operation

When the supply voltage drops below LED string total forward voltage plus headroom voltage at required
current, the TPS92633 device operates in low-dropout conditions to deliver current output as close as possible
to target value. The actual current output is less than preset value due to insufficient headroom voltage for power
transistor. As a result, the voltage across the sense resistor fails to reach the regulation target. The headroom
voltage is the summation of Vpropout) @and Vcs_rec)-

If the TPS92633 is designed to operate in low-dropout condition, the open-circuit diagnostics and single LED
short-circuit detection must be disabled by pulling the DIAGEN pin voltage lower than V_ piagen). Otherwise, the
TPS92633 detects an open-circuit fault or single LED short-circuit fault and reports a fault on the FAULT pin. The
DIAGEN pin is used to avoid false diagnostics due to low supply voltage.

7.3.9.8 Over-Temperature Protection

The TPS92633 device monitors device junction temperature. When the junction temperature reaches thermal
shutdown threshold T(rsp), the output shuts down. Once the junction temperature falls below Trspy — T(rsp_Hys).
the device recovers to normal operation. During over-temperature protection, the FAULT pin is pulled low.

7.3.10 FAULT Bus Output With One-Fails—All-Fail

During normal operation, The FAULT pin of TPS92633 is weakly pulled up by an internal pullup current source,
l(FAULT pullup)- If @ny fault scenario occurs, the FAULT pin is strongly pulled low by the internal pulldown current
sink, l(FAULT pulldown) to report out the fault alarm.

Meanwhile, the TPS92633 also monitors the FAULT pin voltage internally. If the FAULT pin of the TPS92633 is
pulled low by external current sink below V  rauLT), the current output is turned off even though there is no fault
detected on owned outputs. The device does not resume to normal operation until the FAULT pin voltage rises
above VyEauLT)-
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Based on this feature, the TPS92633 device is able to construct a FAULT bus by tying FAULT pins from multiple
TPS92633 devices to achieve one-fails-all-fail function as 7-12 showing. The lower side TPS92633 (B)
detects any kind of LED fault and pulls low the FAULT pin. The low voltage on FAULT pin is detected by upper
side TPS926133-Q1 (A) because the FAULT pins are connected of two devices. The upper side TPS92633 (A)
turns off all output current for each channel as a result. If the FAULT pins of each TPS92633 are all connected to
drive the base of an external PNP transistor as illustrated in [X| 7-13, the one-fails—all-fail function is disabled and
only the faulty channel is turned off.

Vsuerty TPS92633

VsuppLy A
TPS92633
A 10 kQ
20 kQ FAULT
- FAULT

VCC
VCC
hl L
<+ Logic
<+—| Logic 10 kQ
VCC
VCC
% 4_

TPS92633
B

TPS92633
B

FAULT

FAULT[

Logic

<+—| Logic

7-13. FAULT Bus for One-Fails-Others-On

7-12. FAULT Bus for One-Fails-All-Fail Application
Application
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7.3.11 FAULT Table

& 7-1. FAULT Table With DIAGEN = HIGH (Full Function)

FAULT BUS FAULT TYPE DETECTION | CONTROL | DEGLITCH FAULT FAULT HANDLING FAULT
STATUS MECHANISM INPUT TIME ACTION ROUTINE RECOVERY
Device turns all output
Constant- off. IREF current clamps
IGRIEE short-to- x(IREF) < EN=H t(IREF_deg) current to I(IREF_ST_CIamp)- Auto recovery
(IREF_SHORT_th) pulldown ICTRL current output
are turned off.
| < Constant- Device turns all output
IREF open I('REF) EN=H tIREF _deg) current off. ICTRL currentare | Auto recovery
(IREF_OEPN_th) pulldown turned off too.
SLS_REF short- . .
t0-GND No detection EN=H N/A No Action V(sLs_th_alling)= O V. Auto recovery
SLS_REF open |No detection EN=H N/A No Action Dlsable_ sm_gle-LED_ Auto recovery
short-circuit detection.
IGCJDR Lshortto- |5 detection  |EN = H N/A No Action V(cs_Reg) = 50 mV. Auto recovery
ICTRL open No detection EN=H N/A No Action V(cs_Reg) = 400 mV. Auto recovery
Device turns failed
FAULT =H - EN=H Constant- output off and retries
Open-circuit or Viny = Viour) < .
short-to-supply Voo . and tOPEN_deg) current with cc_)nsta_nt current Auto recovery
(OPEN_th_rising) | pyyMx = H pulldown lretry), ignoring the PWM
input.
Viour) < Device turns failed
V(sG_th_falling) EN=H Constant- output off and retries
Short-to-ground |OR and t(sG_deg) current with constant current Auto recovery
V(Res) < PWMx = H pulldown !(retry), ignoring the PWM
V(sG_th_falling) input.
V(IN) - V(OUT) > Device turns failed
V i output off and retries
(OPEN_th_falling) - _
Single LED short- | & EN=H Constant every 10 ms by turning
Lo and t(sLs_deg) current Auto recovery
circuit V(SG_th_faIIing) PWMx = H - puIIdown output on for 300 us
<V(oum) < when PWM input is
V(sLs_th_falling) logic high.
Constant- Device turns all output
Over-temperature | T, > T(tsp) EN=H trsD_deg) current channels off, SLS_REF |Auto recovery
pulldown and ICTRL off.
Fault is detected Device turns off remained channels in operation.
FAULT =L No fault is . ff sLs c ff
detected Device turns all output channels off, IREF, SLS_REF and ICTRL off.
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£ 7-2. FAULT Table With DIAGEN = LOW (Full Function)

FAULT BUS DETECTION | CURRENT | DEGLITCH FAULT HANDLING FAULT
STATUS FAULTTYPE | MECHANISM | OUTPUT | TIME | FAULTBUS ROUTINE RECOVERY
Device turns all output
IREF short-to- Virer) < B Constant- off. IREF current clamps
GND v EN=H t(lREFﬁdeg) current to I(IREFﬁSTﬁCIamp)- Auto recovery
(IREF_SHORT_th) pulldown ICTRL current output
are turned off.
| < Constant- Device turns all output
IREF open I('REF) EN=H tIREF_deg) current off. ICTRL current are | Auto recovery
(IREF_OPEN_th) pulldown turned off too.
E%EN%EF short- No detection EN=H N/A No Action V(sLs_th_falling)= O V. Auto recovery
SLS_REF open |No detection EN=H N/A No Action Dlsablg smgle-LEQ Auto recovery
short-circuit detection.
ICTRL short-to- . _ . _
FAULT= H GND No detection EN=H N/A No Action V(cs_Rreg) = 50 mV. Auto recovery
ICTRL open No detection EN=H N/A No Action V(cs_Rreg) = 400 mV. Auto recovery
Open-circuit or
short-to-supply
Ignored
Single LED short-
circuit
Vour) < .
Device turns output off
V(sG th falingy |EN=H Constant- urns outp
and retries with constant
Short-to-ground |OR and t(sG_deg) current . . Auto recovery
Vv < PWMx = H = pulldown current letry), ignoring
(RES) the PWM input.
V(sG_th_falling)
Constant- Device turns all output
Over-temperature | T, > T(rsp) EN=H t(TsD_deg) current channels off, SLS_REF |Auto recovery
pulldown and ICTRL off.
FAULT=L Fault is detected Device turns all output channels off and keeps retry on the failed channels.
No fault is Device turns all output channels off, IREF, SLS_REF and ICTRL off.
detected
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7.3.12 LED Fault Summary

£ 7-3. LED Connection Fault Summary
Case 2 Case 3

AN

| i
XX KK

LED Short-to-GND Fault LED Open Fault

N R R
N N N
N Y Y
M N N
X R R
N N N
Single-LED-Short Fault No Fault LED Open Fault
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7.3.13 10 Pins Inner Connection

SUPPLY
] ®

EN
GND H
[—e— o

B 7-14. EN Pin

SUPPLY
O T_‘ *

PWMx

GND H
[

B 7-15. PWM1, PWM2 and PWM3 Pins

SUPPLY

]

DIAGEN
GND H
[

& 7-16. DIAGEN Pin

SUPPLY

GND H
[

B 7-17. FAULT Pin

SUPPLY

o

ICTRL

GND H
[

7-18. ICTRL pin

INXx
E} Py

-

OUTx

GND H
[—e— o

7-19. OUT1, OUT2 and OUT3 Pins
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INX SUPPLY
1 * 1 *
RESx INX
GND OUTx
[—o o ] °
¥ 7-20. RES1, RES2 and RES3 Pins 7-21.IN1, IN2 and IN3 Pins
SUPPLY SUPPLY
] o °
2kQ 4 kQ
IREF SLS_REF
GND GND
[—o . [1—-e *
B 7-22. IREF Pin Bg 7-23. SLS_REF Pin
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7.4 Device Functional Modes
7.4.1 Undervoltage Lockout, V(syppLy) < V(POR _rising)

When the device is in undervoltage lockout status, the TPS92633 device disables all functions until the supply
rises above the V(poR rising) threshold.

7.4.2 Normal Operation V(syppLy) 2 4.5V

The device drives an LED string in normal operation. With enough voltage drop across SUPPLY and OUT, the
device is able to drive the output in constant-current mode.

7.4.3 Low-Voltage Dropout Operation

When the device drives an LED string in low-dropout operation, if the V(propour) is less than the open-circuit
detection threshold, the device may report a false open-circuit fault or single LED short-circuit fault. TI
recommends only enabling the open-circuit detection and single LED short-circuit detection when SUPPLY
voltage is enough higher than LED string voltage to avoid a false open-circuit detection.

7.4.4 Fault Mode

When the device detects any fault, the device tries to pull down the FAULT pin with a constant current. If the
FAULT bus is pulled down, the device switches to fault mode and consumes a fault current of I gayr).
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8 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. TI’s customers are responsible for determining
suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

8.1 Application Information

In automotive lighting applications, thermal performance and LED diagnostics are always design challenges for
linear LED drivers.

The TPS92633 device is capable of detecting LED open-circuit, LED short-circuits and single-LED short-circuit.
To increase current driving capability, the TPS92633 device supports using an external shunt resistor to help
dissipate heat as following section Thermal Sharing Resistor describes. This method provides a low-cost
solution of using external resistors to minimize thermal accumulation on the device itself due to large voltage
difference between input voltage and LED string forward voltage, while still keeping high accuracy of the total
current output.

8.2 Typical Applications
8.2.1 BCM Controlled Rear Lamp with One-Fails-All-Fail Setup

The multiple TPS92633 devices are capable to drive different functions for automotive rear lamp including stop,
turn indicator, tail, fog, reverse and center-high-mounted-stop-lamp. The One-Fails-all-Fail single lamp mode can
be easily achieved by FAULT bus by shorting the FAULT pins.

BCM_STOP

TPS92633

-l_—NfC( [1suPPLY RES1
EN OUTH AASS
IN1 RES2 AR A A |
[1in2 ouT2 |
g FES3 AN |
[1DIAGEN ouT3
[1Pwm1 GND
[ 1PwMm2 IREF
[1pPwMm3 SLS_REF
FAULT ICTRL

10nF

8-1. Typical Application Schematic

8.2.1.1 Design Requirements

Input voltage range is from 9 V to 16 V, and a total 9 LEDs, with 3 LEDs in each string required to achieve stop
function. The LED maximum forward voltage, Vg yax is 2.5 V for each LED, however the minimum forward
voltage, Vg min is 1.9 V. The current requirement for each LED, lLep) is 140 mA. The LED brightness and
ON/OFF control is manipulated by body control module, BCM, directly by connecting and disconnecting the
power supply to the LED load. Single-LED short-circuit detection is also required.
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8.2.1.2 Detailed Design Procedure

STEP 1: Determine the reference current setting resistor, Ryrer), by using =\ 8.

ViRrer)

RRer) =

lirer
(IREF) 8)

where

. V(lREF) =1.235V (typlCG')
* lgrery = 100 pA (recommended)

Tl recommends 100 pA current for reference current, |rer) if the ICTRL resistor is placed in the same board
with TPS92633. The calculated result for R(IREF) is 12.3 kQ when I(IREF) =100 |JA

STEP 2: Design the ICTRL resistor, RjcTry), for setting the regulation voltage, V(cs reg) by using =0 9.

Vics _reg) x17
lirer) x 25

R(cTRL)
(9
where

* V(cs_reg) = 100 mV (recommended)
* lgrer) = 100 pA (recommended)

Tl recommends 100 mV for reference voltage across current sensing resistor, Risnsy) if the ICTRL pin is not
used for driving off-board binning resistor or NTC resistor. The calculated result for Ricrr) is 680 Q when
V(CS_REG) =100 mV.

STEP 3: Determine the current sensing resistor, Risnsx), by using = 10.

Virer) XRctrr) X 25

R =
(SNSx) — R x| x17
(IREF) ~ (OUTx _Tot) (10)

where

° V(IREF) =1.235V (typlCB')
* RyctrL) =680 Q

° R(IREF) =12.3kQ

* lioutx_Toty = 140 mA

According to design requirements, output current for each channel is same so that the Risns1) = Rsnsz2) =
R(sns3) = 0.717 Q. Two resistors in parallel are required to achieve equivalent 0.717-Q resistance because 0.717
Q is not a standard decade resistance value.

STEP 4: Design the current distribution between IoyTx) and Iresx), and calculate the current sharing resistor,
R(resx) by using = 11. The R(resx) value actually decides the current distribution for | oyTy) path and |resx) path,
basic principle is to design the Rresy) to consume appropriate 50% total power dissipation at typical supply
operating voltage.

V(SUPPLY) B V(OUTX)

R(RESX) = | 05
(OUTx_Tot) X Y-
(11)
where
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* V(suppLy) = 12V (typical)
* lioutx_Toty = 140 mA

The calculated result for Rresy) resistor value including Rires1), Rresz) and Rres3) is 75 Q when V(oyty) is
typical 3 x 2.2V =6.6 V.

STEP 5: Design the single-LED short-circuit threshold voltage and calculate the value of RisLs_grer) resistor for
setting single-LED short-circuit threshold by using =X 12.

The total forward voltage for three LEDs in serial is 3 x 2.5V = 7.5-V maximum and 3 x 1.9V = 5.7-V minimum.
Once anyone of three LEDs is defective with short-circuit behavior, the total forward voltage for remaining two
LEDs in serial is 2 x 2.5 V = 5-V maximum and 2 x 1.9 V = 3.8-V minimum. So the 5.3 V is selected to be
threshold for single-LED short-circuit, V(s s th_falling)-

V(SLSfthffaIIing) X R(IREF)

RsLs_ReF) =
(SLS_RER) N(OUT) XV(IREF) XN(SLSfREF)
(12)
where
* V(rer) = 1.235V (typical)
« R IREF) = =12.3kQ

(

(
* Nourt) =4
* Nsis rer) =1
The calculated result for Risis rer) is 13.3 kQ for V(sis th_falling) iS 5.34 V.

STEP 6: Design the threshold voltage of SUPPLY to enable the LED open-circuit and single-LED short-circuit
diagnostics, and calculate voltage divider resistor value for R1 and R2 on DIAGEN pin.

The maximum forward voltage of LED-string is 3 x 2.5 V = 7.5 V. To avoid the open-circuit fault or single-LED
short-circuit reported in low-dropout operation conditions, additional headroom between SUPPLY and OUTx
needs to be considered. The TPS92633 device must disable open-circuit detection and single-LED short-circuit
detection when the supply voltage is below LED-string maximum forward voltage plus V(open_th rising) @nd
V(cs_reg)- The voltage divider resistor, R1 and R2 value can be calculated by X 13.

R1=

VioPeN_th_rising) + Vics_Rea) + VouTx) 11xR
- 2
ViL(DIAGEN)

(13)

where

* V(OPEN_th_rising) = 210 mV (maximum)
° V(CS_REG) =100 mV

* Viypiacen) = 1.045 V (minimum)

* R, =10 kQ (recommended)

The calculated result for R1 is 64.9 kQ when V ouTx) maximum voltage is 7.5V and Vcs reg) is 100 mV.

STEP 7: Design the threshold voltage of SUPPLY to turn on and off each channel of LED, and calculate voltage
divider resistor value for R3 and R4 on PWM input pin.

The minimum forward voltage of LED-string is 3 x 1.9 V = 5.7 V. To make sure the current output on each of
LED-string is normal, each LED-string needs to be turned off when SUPPLY voltage is lower than LED minimum
required forward voltage plus dropout voltage between INx to OUTx and V(cs reg)- The voltage divider resistor,
R3 and R4 value can be calculated by = 14.
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V +V, +V,
Rs _( (DROPOUT) (CS_REG) (OUTXx) “1|xR,

V
IHPWM) (14)

where

* V(prorout) = 300 mV (typical)

. V(CS_REG) =100 mV

. VIH(PWM) =126V (maximum)

* R4 =10 kQ (recommended)

The calculated result for R3 is 38.3 kQ when V(oyTy) minimum voltage is 5.7 V and Vcs reg) is 100 mV.
8.2.1.3 Application Curves

7 ey

Ch1 = V(suppLy) Ch2 = Vgy) Ch3 = Vpwm1)

Ch1 = V(suppLy) Ch2 = Vgy) Ch3 = Vpwm1)
Ch4 = V(DIAGEN) Ch5 = V(OUT1) Ché = I(OUTiTot) Ch4 = V(DIAGEN) Chb = V(OUT1) Ché = I(OUTfTOt)
B 8-2. Supply Dimming 80% Brightness Eq 8-3. Supply Dimming 20% Brightness
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8.2.2 Independent PWM Controlled Rear Lamp with Off Board LED and Binning Resistor

The TPS92633 device is able to drive the each current output channel independently by PWM input at PWM1,
PWM2 and PWM3 pins. The LED and LED binning resistor can be placed in different PCB to the TPS92633
device. The LED binning resistor is connected to the ICTRL pin to set the LED current accordingly.

BCM_TURN
TPS92633 R 10nF
C(suppLy) (REST)
' ’ SUPPLY REST —| |—| [
L1EN OuUT1 " onF AN
R(res2) n | | |
— IN1 RES2 —| |—| I
Ry VaVaaral
[1iIN2 ouT2 I
Ra Roesy (" AN
[1IN3 RES3 —||—||I .I .I I
— [1DIAGEN ouT3 O R
— 1nF (ICTRL2) | |
MCU 1 pwm1 aND[LH | |—| [ /
R(reF)
GPIO [1pwM2 IREF [1
GPIO
GPIO
GPIO [1pwm3 SLS_REF [1
RicraL1
L1FAULT ICTRL
|—| [1
v vee 10nF

8-4. Typical Application Schematic

8.2.2.1 Design Requirements

Input voltage range is from 9 V to 16 V, and a total 6 LEDs, with 2 LEDs in each string required to achieve turn
indicator function. The LED maximum forward voltage, Vg max is 2.5 V for each LED, however the minimum
forward voltage, Vi min is 1.9 V. The binning resistor for LED is placed with LED units together in another PCB
out of LED driver board. The LED current is 50 mA, 75 mA and 100 mA depending on the brightness bin. Each

current output channel is independently controlled by MCU through individual GPIO. Single-LED short-circuit
detection is not required.

8.2.2.2 Detailed Design Procedure
TI recommends to short the SLS_REF pin to GND when single-LED short-circuit is not required.

STEP 1: Determine the reference current setting resistor, Rrer), by using = 15.

ViReF)

R(ReF) =

I
(IREF) (15)

where

. V(IREF) =1.235V (typlcal)
* lgrer) = 200 pA (recommended for off-board binning resistor)

Tl recommends 200-pA current for reference current, | rer) if the ICTRL resistor is placed in the other board with
TPS92633. The calculated result for Rrer) is 6.19 kQ when |rer) = 200 pA.

STEP 2: Design the ICTRL resistor, RyctrL1) @nd RctrLz), for setting the regulation voltage, V(cs reg), by using
= 16.
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Vics Rreg) x17

Ructrut) + RiucTrLe) =
( ) TR )" hirer % 25

(16)
where
* lgrer) = 200 pA (recommended for off-board binning resistor)

Tl recommends 80 mV, 120 mV and 160 mV or reference voltage across current sensing resistor, R(snsy), for
three different brightness binning LED. The calculated result for Rjctri1) @and Ryctrez) for different brightness
bin LED is listed in Z& 8-1. It is recommended to choose as large as possible R(cTrL1) to achieve the highest
noise immunity.

STEP 3: Determine the current sensing resistor, R(snsx), by using =( 17.

Virer) XRictar) x25

R =
(SNS) — R x| x17
(IREF) ~ {(OUTx _Tot) (17)

where

. V(IREF) =1.235V (typical)
® R(IREF) =6.19kQ

According to design requirements, output current for each channel is same so that the Risns1) = Risns2) =
R(sns3)- The calculated result for Risnsy) is listed in % 8-1.

7R 8-1. Calculated Resistor Table

LED Brightness Group A LED Brightness Group B LED Brightness Group C
louTx_Tot) 50 mA 75 mA 100 mA
V(cs_REG) 80 mV 120 mV 160 mV

RacTre1) + RucTre2) 272 Q 408 Q 544 Q
RicTtrL1) 270 Q
R(cTrL2) 20 140 Q 274 Q
R(snsx) 1.6 Q

STEP 4: Design the current distribution between | oytx) and lresx) and calculate the current sharing resistor,
R(resx), by using U 18. The Rresy) value actually decides the current distribution for loytx) path and Irgsx)
path, basic principle is to design the Rresy) to consume appropriate 50% total power dissipation at typical
supply operating voltage.

V(SUPPLY) B V(OUTX)

RResx) =

| x0.5
(OUTx_Tot) (18)

where

* V(suppLy) = 12 V (typical)
* liouTx_Toty = 100 mA (maximum)

The calculated result for Rresy) resistor value including Rres1), Rres2) and Rresz) is 152 Q when Voury) is
typical 2 x 2.2V =4.4V.

STEP 5: Design the threshold voltage of SUPPLY to enable the LED open-circuit and single-LED short-circuit
diagnostics, and calculate voltage divider resistor value for R1 and R2 on DIAGEN pin.
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The maximum forward voltage of LED-string is 2 x 2.5 V = 5 V. To avoid the open-circuit fault reported in low-
dropout operation conditions, additional headroom between SUPPLY and OUTx needs to be considered. The
TPS92633 device must disable open-circuit detection when the supply voltage is below LED-string maximum
forward voltage plus V(open_th rising) @nd V(cs reg). The voltage divider resistor, R1 and R2 value can be

calculated by = 19.

R1:

VioPeN_th_rising) + Vics_Rea) + VouTx) 1J R
~1|xR,

V,
IL(DIAGEN) (19)

where

* V(OPEN_th_rising) = 210 mV (maximum)
* V(cs_reg) = 160 mV (maximum)

* Viypiacen) = 1.045 V (minimum)

* R, =10 kQ (recommended)

The calculated result for R1 is 41.2 kQ when V(oytx) maximum voltage is 5 V and Vs reg) is 160 mV
maximum.

8.2.2.3 Application Curves

Ch2 = V(EN)
Ch5 = Vouty)

Ch2 = V(EN)
Ch5 =V our1)

Ch3 = Vpwm1)
Ch6 = liout Tot)

Ch3 = Vipwwm1)
Ch6 = liouT Tot)

Ch1 =V(suprLy)
Ch4 =V (piaGen)

Ch1 = V(suppLy)
Ch4 = V(piacen)

8-5. PWM Dimming 80% Dutycycle at 200 Hz

Eq 8-6. PWM Dimming 20% Dutycycle at 600 Hz
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9 Power Supply Recommendations

The TPS92633 is designed to operate from an automobile electrical power system within the range specified in
Power Supply. The V(syppLy) input must be protected from reverse voltage and load dump condition over 40 V.
The impedance of the input supply rail must be low enough that the input current transient does not cause drop
below LED string required forward voltage. If the input supply is connected with long wires, additional bulk
capacitance may be required in addition to normal input capacitor.
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10 Layout
10.1 Layout Guidelines

Thermal dissipation is the primary consideration for TPS92633 layout.

Tl recommends large thermal dissipation area in both top and bottom layers of PCB. The copper pouring
area in same layer with TPS92633 footprint should directly cover the thermal pad land of the device with wide
connection as much as possible. The copper pouring in opposite PCB layer or inner layers should be

connected to thermal pad directly through multiple thermal vias.

Tl recommends to place Rresy) resistors away from the TPS92633 device with more than 20-mm distance
because Rresy) resistors are dissipating some amount of the power as well as the TPS92633. It is better to
place two heat source components apart to reduce the thermal accumulation concentrated at small PCB
area. The large copper pouring area is also required surrounding the Rresy) resistors for helping thermal

dissipating.

The noise immunity is the secondary consideration for TPS92633 layout.

Tl recommends to place the noise decoupling capacitors for SUPPLY, ICTRL and IREF pins as close as

possible to the pins.

Tl recommends to place the R(snsy) resistor as close as possible to the INx pins with the shortest PCB track

to SUPPLY pin.

10.2 Layout Example

CsuppLy)

GND

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 O O

GND

SUPPLY
EN

RES1
OuT1

N1
N2
N3
DIAGEN
PWM1
PWM2

O o O O O O
O O O O O O

RES2
ouT2
RES3
OouT3
GND
IREF]

PWM3
FUAL

LEELLLEE

LS_REF
ICTRL

JHppogoangs

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 OO0O

O OO OO
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B 10-1. TPS92633 Example Layout Diagram

OO0O0OO000O0O0
OO0O0OO0OO00O0O0
OO0O0OO000O0O0

GND

I( LLHO)OI

LED String1

O GND
L J

e}

o

=
[ |

LED String2

LED String3

GND

Copyright © 2021 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: TPS92633

39


https://www.tij.co.jp
https://www.tij.co.jp/product/jp/tps92633?qgpn=tps92633
https://www.tij.co.jp/jp/lit/pdf/JAJSKJ6
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSKJ6&partnum=TPS92633
https://www.tij.co.jp/product/jp/tps92633?qgpn=tps92633

13 TEXAS
TPS92633 INSTRUMENTS
JAJSKJ6 — JUNE 2021 www.tij.co.jp

11 Device and Documentation Support
11.1 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Subscribe to updates 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.

M2YR=pF-UY—2R

TIE2E™ HR—] 74 —TAiF, TV =T PRRGEF 2D R LR FHICE T Mm% 2 — R bitgE o B
BAHZENTEDGATTY, BEFORZEZRBELIZD, MB OEMZLIZNTHZE T, R TR E R E AR HICELZ
EMTEET,

Vo 73N TWDarTUoNE, S TH5EE 1I2LD, HROFFERIEINLILDOTT, bl TI OEEE#ER T 50
DOTITRL BFTLS Tl O BEZ KL DO TIEHDER A, Tl OFEHSZEBL TSN,

11.3 Trademarks
PowerPAD™ is a trademark of TI.
TI E2E™ is a trademark of Texas Instruments.

T RTOREET, ENENDOFAEICRBLES,
11.4 Electrostatic Discharge Caution

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

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

11.5 Glossary

TI Glossary This glossary lists and explains terms, acronyms, and definitions.
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12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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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 ©)
@ ©)
TPS92633MPWPR Active Production HTSSOP (PWP) | 20 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -55to 125 92633
TPS92633MPWPR.A Active Production HTSSOP (PWP) | 20 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -55t0 125 92633

@ 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 Tl RoHS Statement for additional information and value definition.

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

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

OTHER QUALIFIED VERSIONS OF TPS92633 :
o Automotive : TPS92633-Q1
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NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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GENERIC PACKAGE VIEW
PWP 20 HTSSOP - 1.2 mm max height

6.5 x 4.4, 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.
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MECHANICAL DATA

PWP (R—PDSO—GQO) PowerPAD™ PLASTIC SMALL OUTLINE
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A.All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusions. Mold flash and protrusion shall not exceed 0.15 per side.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAQOZ for information regarding
recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
E. Falls within JEDEC MO-153

NOTES:

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

PWP (R—PDSO—G20) PowerPAD" SMALL PLASTIC OUTLINE
THERMAL INFORMATION

This PowerPAD™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can
be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively,
can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature
No. SLMAQQ2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAQOO4.
Both documents are available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.
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I Exposed Thermal Pad

Top View

Exposed Thermal Pad Dimensions

4206332—15/A0 01/16

NOTE: A. All linear dimensions are in millimeters

A Exposed tie strap features may not be present.

PowerPAD is a trademark of Texas Instruments
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LAND PATTERN DATA

PWP (R—PDSO—G20)

PowerPAD™ PLASTIC SMALL OUTLINE

Example Board Layout
Via pattern and copper pad size
may vary depending on layout constraints

enhance thermal performance

12x1,3 — |<—1 8x0,65
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%5// GYRNNeY —1,55
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5,6 o © 2,4 3,4 5,6 (See Note E) Y| 2,4
% it X !
22222272272 37
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le—— 65 ——
',/ Example
| Non Soldermask Defined Pad
[T TN Example

\
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/4'/ ——f |~—0,3 N (See Note F) Center Power Pad Solder Stencil Opening
// A / Stencil Thickness X Y
f i 0.1mm 3.9 2.7
‘ ! :\ 0.127mm 3.7 24
\‘ 16— | e ,l Pad Geometry 0.152mm 3.5 2.2
W 0.07 J 0.178mm 33 X

.. All Arou ng/’

~.
S~ —

S—————-

Solder Mask Opening

Stencil Openings
Based on a stencil thickness

of .127mm (.005inch).
Reference table below for other

Increasing copper area will solder stencil thicknesses

(See Note D)

20x0,25

4207609-8/W 09/15

NOTES: All linear dimensions are in millimeters.
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This drawing is subject to change without notice.
Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.
This package is designed to be soldered to a thermal pad on the board.

Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literature No. SLMAOO2, SLMAOO4, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout.

These documents are available at

www.ti.com <http: //www.ti.com>. Publication IPC—7351 is recommended for dlternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations.

Customers should
Example stencil design based on a 50% volumetric

metal load solder paste. Refer to IPC-7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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