Technical
documentation

'E Ordering &

quality

i3 TEXAS
INSTRUMENTS

Design &
development

E Support &
training

TPS92621-Q1
JAJSR45 — AUGUST 2023

TPS92621-Q11 F+ )V, EHEA. /N1 YA RLED RS A/,
=

BHLFHEEM

15K
o H#ET TV —TarHIZ AEC-Q100 FRIE W A
— REEZL—F 1:-40°C~125°C. Ty
o JRWASEE P 4.5V ~40V
o SN MEPUC I DB
o TH/Lh-T—REED Low BB
e H—0OEKEZBHRL 2L —Iar:
— K 300mA OFEFH S
— EREFHICDT-oT 5% DFSHEE
— EHUCIAETRRE
— BEEHIEHO PWM B
* Low Ry 77U NEE:
- ARREY 77 7R:300mV (150mA DO%5E)
— KRFEYZ77R:600mV (300mA DEFE)
o WL OMEERRE
— LED OB &M & B Bh[E11E
- LED @7“?‘/%‘«0)@%7@&& EE]EE)
- Abwra/LREFHEE ATREZ e 2 Wik aE
- 1 OB L-HE fﬁi#ﬁﬁ&ésﬁ“é%ﬁj‘zrﬁﬂﬁéﬁ
T AR NR
VARSIV SN Sy g
. @Jﬁfﬁ@?ﬁ VLT i - —40°C~150°C

45Vtod40V

>

CisuppLy)

TPS92621-Q1

I

B 3-1. REIUET TU o —2 3 YOE

277V —-2ary

o B AN T — N TANNT T B — A
X AN T T T AR =T —

o HE AN NG AR RT NV RIV TTIA R AR
yMEHAL U —2, BEO

o N A —N—yRear—u ST

o« A LED RZANR-TFYFr—Tar

3 M=

TPS92621-Q1 2>/ /v« F ¥ x/)L LED RT7A /3%, T
AADIBE ER/EMZ D720 OB OEVE B 521
LCWET, TP892621 Q1 IX. fx K 300mA D2 A fnf
ERAEH T 579 BV I ViR N EE K- S AN
TUMNG E ‘“ﬁ_éJ 7 RIANRTT, v MEPLE
FIHLUCTHIERE 0B . ]\74”@5’1‘“( A TEE L
FT, AT ANAROEPEIEEEIZIX, LED Bijik, LED 7
FURERE, T A AW EMRE ﬁ)aii}’biﬁ‘

TPS92621-Q1 ® 1 DA FE 3 AU %A e 3 D%
HElE. TPS9261x-Q1. TPS9262x-Q1. TPS9263x-Q1 .
TPS92830-Q1 &V \o7=F /A A1 > LED RFA/3&D
HARD A RETH A0, SESFRERITHHGSTEET,

Ny T— R

TS Ryr—y () ZRARY AR (AFF)
TPS92621-Q1 DGN (HVSSOP, 8) 3.00mm x 3.00mm
(1) FIHAIRE T R_RTO NN —UNZONWTE, T — X — R NDOKE

WD EXERES L TLIES,

5.5
5| P(RES) R(RES) =55 Q 3LEDs
— P(pevice) R(res) = 55 Q 3LEDs
5 4.5 | — P(res) Rres) = 55 Q 2LEDs
c 4 — PEevice) RRres) = 55 Q 2LEDs
g 3.5
< /
g 3 4 //
& 25 /
s > // /,/
g 15 // //
| W 1/
05 - /7/ ARNN /|

0 —

3 6 9 12 15 18 21 24 27 30

Supply Voltage (V)

TINA ADHBEEN

BEFEIR O TI EHZ DWW TOFEHEFIR L2 0% R, S OB A #3720 B M CETIICIR AL TWDb 0 TF, 5%
www.ti.com TR TE ZONENFITELEINET, TI TIEXERO EftE s L0 41

BHROIEEER 2 Z BB ENET IO B WL ET,

25 IE AR IEFERR O T B i HU

IZOEEL UL —UURFEW - L ER A, FEREOREH e E DRINTIL, Z ¥

English Data Sheet: SLVSHB8

§%§ﬂ|


http://www.ti.com/solution/automotive-rear-light
http://www.ti.com/solution/automotive-small-light
http://www.ti.com/solution/automotive-interior-light
https://www.ti.com/product/ja-jp/tps92621-q1?qgpn=tps92621-q1
https://www.ti.com/ja-jp/lit/pdf/JAJSR45
https://www.ti.com/product/ja-jp/TPS92621-Q1?dcmp=dsproject&hqs=#order-quality
https://www.ti.com/product/ja-jp/TPS92621-Q1?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com/product/ja-jp/TPS92621-Q1?dcmp=dsproject&hqs=#design-development
https://www.ti.com/product/ja-jp/TPS92621-Q1?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SLVSHB8

I3 TEXAS
TPS92621-Q1 INSTRUMENTS
JAJSR45 — AUGUST 2023 www.ti.com/ja-jp
Table of Contents
TR e 1 7.3 Feature Description........c.ccoivieieeiiienien e 11
2T T VI B oo 1 7.4 Device Functional Modes...............ccovurieiniiininininn. 22
B 1 8 Application and Implementation.................................. 23
4 ReVISION HIStOTY...........voeoeoeeeeeeeeeeeeeee e 2 8.1 Application Information...........c.ccooeiiiiiiiiii e 23
5 Pin Conﬁguration and Functions ___________________________________ 3 82 Typlcal Applications .................................................. 23
6 SPECIfICAtIONS...........eeeeeeeeeeeeeeeeee e 4 8.3 Power Supply Recommendations..............ccccoeueeee. 27
6.1 Absolute Maximum Ratings.............o.oevereerrrreeen. 4 8.4 LaYOUL.....ooiiieiiiiiie e 27
6.2 ESD RAUNGS.c...eeveeeeeeeeeeeeeeeeeeeeeseeeeeseeses e seeeeeeenen 4 9 Device and Documentation Support............................ 29
6.3 Recommended Operating Conditions......................... 4 9.1 R¥ a2 A DB FNEAE ST IS T e 29
6.4 Thermal Information............ccccoouveeeeieeiceeee e 4 9.2 TR UY R e 29
6.5 Electrical CharacteristiCS.........cuvvvvviveeieeeeiiieiiiiieieenn, 5 9.3 Trademarks. ........cuuveieiiiiiiieeeee e 29
6.6 Typical Characteristics.............ccoevveiinieciieiecc e 7 9.4 FHEBRIEICE T AEEFE e 29
7 Detailed Description..................ccccciiiiiiiiiiie 1" 9.5 BB e 29
7.1 OVEIVIEW.....o.eiiiieic e 1 10 Mechanical, Packaging, and Orderable
7.2 Functional Block Diagram............ccceceeeveveenineenennnn. 1" Information..................coocoiiiiiiccece e 30
4 Revision History
BEE S RRBOFEFIILETZR L CWET, ZOWGETEREITHRGERICEL TOET,
DATE REVISION NOTES
August 2023 * Initial release.
2 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPS92621-Q1
English Data Sheet: SLVSHB8


https://www.ti.com/product/ja-jp/tps92621-q1?qgpn=tps92621-q1
https://www.ti.com/ja-jp/lit/pdf/JAJSR45
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSR45&partnum=TPS92621-Q1
https://www.ti.com/product/ja-jp/tps92621-q1?qgpn=tps92621-q1
https://www.ti.com/lit/pdf/SLVSHB8

13 TEXAS

INSTRUMENTS

www.ti.com/ja-jp

TPS92621-Q1
JAJSR45 — AUGUST 2023

5 Pin Configuration and Functions

O )
EN 1 : | 8 SUPPLY
|
Thermal
DIAGEN 2 : e I 7 IN
|
PWM 3 : GND I 6 out
|
FAULT 4! I 5 RES
L ____ J
\ v
Not to scale

B 5-1. DGN Package 8-Pin HYSSOP With PowerPAD™ Integrated Circuit Package (Top View)

# 5-1. Pin Functions

e PIN o 110 DESCRIPTION
EN 1 | Device enable pin
DIAGEN 2 | Enable pin for_LED open-circuit detection to avoid false open-circuit diagnostics during low-
voltage operation
PWM 3 I PWM input
FAULT 4 1/0 Fault output, support one-fails-all-fail fault bus
RES 5 O Current output with external thermal resistor
ouT 6 (6] Current output
IN 7 | Current input
SUPPLY 8 | Device Power Supply
DAP — — Ground/ Thermal Pad
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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, IN, EN, PWM -0.3 V(suppLy)+ 0.3 \Y
High-voltage output OUT, RES -0.3 V(suppLy) + 0.3 \
Fault bus FAULT -0.3 VisuppLy)+ 0.3 \Y
T Operating junction temperature -40 150 °C
Tstg Storage temperature -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If

used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully

functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

6.2 ESD Ratings

VALUE UNIT

Human-body model (HBM), per AEC Q100-002(" 1£2000

HBM ESD Classification Level 1C
V(esp) Electrostatic discharge Charged-device model (CDM), per AEC All pins 500 \

Q100-011 Corner pins (EN, FAULT,

CDM ESD Classification Level C4B RES, SUPPLY) 750
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
SUPPLY Device supply voltage 4.5 40 \
EN Device EN pin 0 V(suPpLY)
IN Sense voltage V(suppLy) - V(cs_REG) \
PWM PWM inputs 0 V(suppLY) \%
DIAGEN Diagnostics enable pin 0 V(suppLy) \%
OUT, RES Driver output 0 V(suppLy) \%
FAULT Fault bus 0 V(suppLY) Y,
Operating ambient temperature, Ta —40 125 °C
6.4 Thermal Information
TPS92621-Q1
THERMAL METRIC(" DGN(HVSSOP) UNIT
8 PINS

Rgya Junction-to-ambient thermal resistance 60 °C/W
ReJctop) Junction-to-case (top) thermal resistance 58.7 °C/W
Reys Junction-to-board thermal resistance 25.6 °C/W
Wyt Junction-to-top characterization parameter 1.7 °C/W
Wis Junction-to-board characterization parameter 25.9 °C/IW
ReJcbot) Junction-to-case (bottom) thermal resistance 1.3 °C/IW

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

report.
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6.5 Electrical Characteristics
V(suppLy) =5V 1040V, 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 4.0 \%
V(POR _falling) Supply voltage POR falling threshold 3.0 3.4 \%
Iisp) Device shutdown current V(eny= 0V 1.4 15.0 uA
l(Quiescent) Device standby ground current PWM = HIGH 0.7 1.0 mA
lFauLT) Device supply current in fault mode PWM = HIGH, FAULT externally pulled LOW 0.21 0.27 0.35 mA
LOGIC INPUTS (DIAGEN, PWM, EN)
VILEN) Input logic-low voltage, EN 0.7 \
VIHEN) Input logic-high voltage, EN 2.0 \Y
IEN_pulldown) EN pulldown current V(EN) =12V 1.5 29 45 UuA
VIL(DIAGEN) Input logic-low voltage, DIAGEN 1.045 1.1 1.155 \%
VIH(DIAGEN) Input logic-high voltage, DIAGEN 1.14 1.2 1.26 \%
ViLpwim) Input logic-low voltage, PWM 1.045 1.1 1.155 \Y
ViHpewim) 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 5 300 mA
V(cs_REG) Sense-resistor regulation voltage Ta=—-40°C to +125°C 144 150 156 mV
ALL AV(cs d2d) Device to device mismatch AV(cs_dgad) = 1= V(cs_ReG)/ Vnom(Cs_REG) —4 +4 %
R(cs_REG) Sense-resistor range 0.48 31.2 Q
Voltage dropout from IN to OUT, RES open current setting of 150 mA 50 170 300 mV
current setting of 300 mA 100 342 600 mV
V(propPoUT) -
Voltage dropout from IN o RES, OUT open current setting of 150 mA 100 350 600 mV
current setting of 300 mA 100 710 1200 mVv
I(RES) Ratio of RESx current to total current IrResylouT oty Vany = V(Res) > 1V, ltotal=150mA 95 %
DIAGNOSTICS
V(OPEN_th_rising) LED open rising threshold, V() — V(ouT) 180 320 420 mV
V(OPEN._th_falling) LED open falling threshold, Vn) — V(our) 510 mV
V(sG_th_rising) Channel output short-to-ground rising threshold 1.14 1.2 1.26 \%
V(sG_th_falling) Channel output short-to-ground falling threshold 0.855 0.9 0.945 \Y
| Retry_OUT) Sﬁ:g:tel output V(ouyr) short-to-ground retry 0.64 110 1528 mA
| Retry, RES) Slzﬁg:tel output V ges) short-to-ground retry 0.64 110 1528 mA
FAULT
ViLFauLT) Logic input low threshold 0.7 \Y
VIHFAULT) Logic input high threshold 2 \Y
tFAULT rising) Fault detection rising edge deglitch time 10 us
YFAULT falling) Fault detection falling edge deglitch time 20 us
|(FAULT pulldown) FAULT internal pulldown current V(Faurm) = 0.4 V 3 4| mA
I(FAULT pullup) FAULT internal pullup current 6 10 14 pA
I(FAULT leakage) FAULT leakage current V(FauT) =40 V 1 WA
TIMING
- V(suppL) =_12 V,Viour)=6V, V_(cs_REG) =150 37 us
Wity iing) (IZ’L\II:/rl;AnTstlng edge dellay; 1_0% of output mV, Rsns) = 0.6 Q, and Rres) =39 Q
» ty as shown in X 7-1 V(suppLy) = 12V, V(out) = 6 V, V(cs_reg) = 150 29 us
mV, Risns) = 30 Q and Rirgs) = 56 Q
V(suppLy) =_12 V,Vioury= 6V, Y(CSfREG) =150 4.0 us
W dotey.fting) PWM falling edge dellaywto 90% of output mV, Risns) = 0.6 Q, and Rires) =39 Q
current, t, as shown in 4] 7-1 V(suppLy) = 12 V, Viour) = 6 V, V(cs rea) = 150 36 us
mV, Risns) = 30 Q and Rges) = 56 Q
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V(suppLy) =5V 1040V, T, =-40°C to +150°C unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
V(suppLy) = 12V, Viout) = 6 V, V(cs rec) = 150 18 us
¢ Output current rising from 10% to 90%, t; as mV, Risns) = 0.6 Q, and R(res) =39 Q
(Current_rising) f Ty
shown in [x/ 7-1 VisuppLy) =12V, V(our) = 6 V, V(cs ree) = 150 18 us
mV, R(SNS) =30 Qand R(RES) =56 Q :
VisuppLy) = 12V, Viout) = 6 V, V(cs RreG) = 150 5.7 us
. Output current falling from 90% to 10%, t4 as | MV, Resns) = 0.6 Q, and Rres) = 39 Q
(Current_falling) Py
shown in [X] 7-1 V(supeLy) = 12V, V(out) = 6 V, V(cs_ree) = 150 03 us
mV, R(SNS) =30 Qand R(RES) =56 Q ’
VisuppLy) = 12V, V(out) = 6 V, V(cs_rec) = 150 96 us
¢ SUPPLY rising edge to 10% output current, t5 as |MV; Risns) = 0.6 Q, and Rres) =39 Q
(STARTUP) s
shown in [ 7-1 VisuppLy) = 12V, Viour) = 6 V, V(cs_reg) = 150 85 us
mV, R(SNS) =30 Qand R(RES) =56 Q
LED-open fault detection deglitch time, tg as
YoPEN_deg) shown in [¥] 7-4 125 Hs
¢ Output short-to-ground detection deglitch time, t; 125
(SC_deg) as shown in [X] 7-3 Hs
¢ Open and Short fault recovery deglitch time, tg 125 s
(Recover_deg) as shown in [ 7-4 and [X] 7-3 H
tFAULT deg) Fault pin deglitch time 20 us
Fault recovery delay time, tg as shown in [X| 7-4
t(FAULT_recovery) and 7-3 50 MSs
t(TSD_deg) Thermal over temperature deglitch time 50 us
THERMAL PROTECTION
Thermal shutdown junction temperature °
T(rso) thrashold ! P 157 172 187 °C
Thermal shutdown junction temperature o
T(rsp_Hvs) ! P 15 ¢

hysteresis
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6.6 Typical Characteristics

450 450
— louT_Tot) = 50 MA — liouT_Tot) = 50MA
400 —— I(ouT_Toty = 100MA 400 — lout_Tot) = 100mA
— |(QUT7T0() =250mA e |(0UT7TOQ) =250mA
- 350 — louT_Tot) = 300mA . 350 — liouT_Tot) = 300mA
£ 300 I £ 300 =
E 250 ; g 250
5 1 5
O 200 O 200
o f o
2 150 I’ R
(@) (@)
100 I 100
50 50
0 L 0
3 6 9 12 15 18 21 24 27 30 -40  -20 0 20 40 60 80 100 120 140
Supply Voltage (V) Temperature (°C)
6-1. Output Current vs Supply Voltage 6-2. Output Current vs Temperature
330 450
— =50mA
300 (OUT_Tot)
2 400 -_— :(OUT_Tot) = ;ggmﬁ
270 — liout_Tot) = m
—~ 240 / / / . 350 — louT_Tot) = 300mA
< <
S / £ 300
= 210 / / =
o 180 117 & 250 /
3 150 3 200
3 1]/ 3 /
2 120 a 4
3 // 3 150
90
/A 100 |/
60 _— I(OUTﬁTot) =300 mA -40°C
30 Iy — louT_Tot) = 300 mA 25°C 50 7
V _— I(OUT_TOl) =300 mA 125°C
0 0
0 02 04 06 038 1 12 14 16 138 2 0 02 04 06 08 1 12 14 16 1.8 2
Dropout Voltage (V) Dropout Voltage (V)
6-3. Output Current vs Dropout Voltage Eq 6-4. Output Current vs Dropout Voltage
100
500 | — I ouT) R(Res) = 55 Q@
50 450 | =7 lRes) Rres) =55 Q
T 30 — lout) R(res) = 65 Q
:; 20 . 400 | — I(RES) R(RES) =65Q
o < — liout) RRes) = 80 Q
g 10 g« 301 — IRes) Rres) = 80 ©
E 5 300 \
s 3 3 250 f =
o 2 = ] N
‘(_5) ) 3 200 1
: S ol =
Q.
O 03
0.2 50 i
0.1 o L7 |
0.1 0.203 05 1 2 34567 10 20 30 5070100 3 6 9 12 15 18 21 24 27 30
Input PWM Duty Cycle (%) Supply Voltage (V)
6-5. PWM Output Duty Cycle vs PWM Input Duty Cycle 6-6. Output Current Distribution vs Supply Voltage
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6.6 Typical Characteristics (continued)

8
— 450 — R =65 Q 3LEDs
_— P(RES) R(RES) =55Q (OUT) (RES)
72— P(oevice) Rres) = 55 Q 400 — lres) Rres) = 65 Q 3LEDs
% 64|~ PRes)RRres)=65Q — liouT) R(res) = 65 Q 2LEDs
S | — Ppevice) Rres) = 65 Q 350 — Ires) R(res) = 65 Q 2LEDs
o 5.6 | — P(res) Rres) = 80 Q ~ E
o — P(oevice) Rres) = 80 Q v = 300 A
< 48 T = <
£ A/ 2 250 I T N
S yAVav4 5 11
S 4 /
® A/ o 111
< 32 a4 5 2001
g S g | SO
21;, 24 /;/// o) II >
§ N
S 16 =z = 100 |
0.8 4 Z D> 50 / /
e = | N
0 = ‘ 0
3 6 9 12 15 18 21 24 27 30 3 6 9 12 15 18 21 24 27 30
Supply Voltage (V) Supply Voltage (V)
6-7. Power Dissipation vs Supply Voltage 6-8. Output Current Distribution vs Supply Voltage
8 = -
792 — P(RES) R(RES) =65 Q 3LEDs
) b P(DEVICE) R(RES) =65 Q 3LEDs /
5 64| P(RES) R(RES) =65 Q 2LEDs
g — P(DE\/ICE) R(RES) =65 Q 2LEDs —
o 56 // 7/
Q 7 // — =
< 48 / o/ L
§ 4 A/ " -
& / o H
2 3.2 ) //, 7
dgb 2.4 7 R
[e) yd
T 16 _ r——
0.8 - 4~ A \ ]
0 - Ch1=V(suppLy) Ch2 =Vour) Ch3 = V(pwwm)
3 6 9 12 15 18 21 24 27 30 Ch4 = lout_Tot)
Supply Voltage (V
. .pp}f o0 V) 6-10. Power-Up Sequence
6-9. Power Dissipation vs Supply Voltage
Ch1 = V(suppLy) Ch2 =V our) Ch3 = V(pwm) Ch1=V(suppLy) Ch2 =V our) Ch3 = V(pwwm)
Ch4 = louT_Tot) Ch4 = lout_Tot)
6-11. Supply Dimming at 200 Hz 6-12. PWM Dimming at 200 Hz
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6.6 Typical Characteristics (continued)

o

Ch4 = louT_Tot)

Ch1 =V (suprLy)

Ch2 = V(OUT)

Ch3 = V(PWM)

6-13. PWM Dimming at 1 kHz

Ch1 = V(suprLy)

Ch4 = lout Tot)

6-14. LED Open Protection

Ch2 = V(OUT)

Ch3 = V(Faurm)

‘I

Ch1 =V (suprLy)
Chd = lout_Tot)

Ch2 = V(OUT)

Ch3 = V(W)

6-15. LED Open Protection Recovery

Ch1 = V(suprLy)

Ch4 = lout Tot)

6-16. LED Short-Circuit Protection

Ch2 = V(OUT)

Ch3 = V(maurm)

T e —

Ch1 = V(suppLy)
Ch4 = lout Tot)

Ch2 = V(OUT)

Ch3 = V(Faurm)

6-17. LED Short-Circuit Protection Recovery

Ch1=V(suprLy)
Ch4 = louT_Tot)

6-18. Transient Undervoltage

Ch2 = V(OUT)
DIAGEN = High when Supply > 8 V

Ch3 = V(W)
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6.6 Typical Characteristics (continued)
| \ SI
\
o~ -
\ T ——
.

Ch1=V(suppLy) Ch2 =V our) Ch3 = V(gaurm)
Ch4=lour Ty  DIAGEN = High when Supply > 8 V

Ch1 =V (suppLy) Ch2 =V our) Ch3 = V(gaurm)
Ch4 =lour Ty DIAGEN = High when Supply > 8 V

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

[ Rl s e B ]
Ch1 = V(suppLy) Ch2 =Vouyr) Ch3 = V(raurm) Ch1=V(suprLy) Ch2 =Vouyr) Ch3 = V(eaurm)
Ch4 = liouT_Tot) DIAGEN = High when Supply > 8 V Ch4 = lout Tot) DIAGEN = High when Supply > 8 V

6-21. Slow Decrease and Slow Increase of Supply Voltage 6-22. Superimposed Alternating Voltage 15 Hz

Ch1 = V(suppLy) Ch2 =V (our) Ch3 = V(Faurm) Ch1=V(suppLy) Ch2 =V (our) Ch3 = V(raurm)
Ch4 = louT Toty DIAGEN = High when Supply > 8 V Ch4 = liout_Tot) DIAGEN = High when Supply > 8 V

6-24. Jump Start

6-23. Superimposed Alternating Voltage 1 kHz
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7 Detailed Description
7.1 Overview

The TPS92621-Q1 is a single channel, high-side linear LED driver supporting external thermal sharing resistor to
achieve the controllable junction temperature rising. The device can be directly powered by automotive battery
and output full load up to 300 mA current to LED with limited power dissipation on the device. The current output
can be set by external Risns) resistors. Current flows from the supply through the Rsns) resistor into the
integrated current regulation circuit and to the LEDs through OUT pin and RES pin. TPS92621-Q1 device
supports both supply control and PWM control to turn LED ON and OFF. The LED brightness is also adjustable
by voltage duty cycle applied on either SUPPLY or PWM pins with frequency above 100 Hz. The TPS92621-Q1
provides full diagnostics to keep the system operating reliably including LED open and short-circuit detection,
supply POR and thermal shutdown protection. TPS92621-Q1 device is in a HTSSOP package with total 8 leads.
The TPS92621-Q1 can be used with other TPS9261x-Q1, TPS9262x-Q1, TPS9263x-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
g R(SNS)
TPS92621-Q1
Channel
SUPPLY, N
NN | {1
+ |

ENI
DIAGEN:I:
PWM:I:
LI

Logic 0—@— RES

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

The TPS92621-Q1 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 Suppply Current in Fault Mode

The TPS92621-Q1 device consumes minimal quiescent current, IpayLT), into SUPPLY when the FAULT pin is
externally pulled LOW. At the same time, the device shuts down the output.

If device detects an internal fault, it pulls down the FAULT pin by an internal typical 3-mA constant current as a
fault indication to the fault bus.
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7.3.2 Enable and Shutdown(EN)

The TPS92621-Q1 device starts to operate as long as the SUPPLY voltage is higher than V(poR rising)- The
TPS92621-Q1 shuts down when SUPPLY voltage is lower than V(poR faliing)-

The TPS92621-Q1 device has an enable input. When EN is low, the device is in sleep mode with ultra low
shutdown current |gp). 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 Constant-Current Output and Setting (IN)

The TPS92621-Q1 device is a high-side current driver for driving LEDs. The device controls output current
through regulating the voltage drop on an external high-side current-sense resistor, R(sns). An integrated error
amplifier drives an internal power transistor to maintain the voltage drop on the current-sense resistor Rsns) to
V(cs_reg) and therefore regulates the current output to target value. When the output current is in regulation, use
Equation 1 to calculate the current value.

| _ Vics_reg)
(OUTx_Tot) =~ — ——
(SNSX) a

where
° V(CS_REG) =150 mV

When the supply voltage drops below total LED string forward voltage plus required headroom voltage, the sum
of VipropouT) and V(cs reg), the TPS92621-Q1 is not able to deliver enough current output as set by the value
of Risns), and the voltage across the current-sense resistor R(sns) is less than V(cs reg)-

7.3.4 Thermal Sharing Resistor (OUT and RES)

The TPS92621-Q1 device provides single current output path. Current flows from the supply through the R(sns)
resistor into the integrated current regulation circuit and to the LEDs through OUT pin and RES pin. The current
output on both OUT pin and RES pin is independently regulated to achieve total required current output. The
summed current of OUT and RES is equal to the current through the Rsns) resistor in the channel. The OUT
connects to anode of LEDs load in serial directly, however RES connects to the LEDs through an external
resistor to share part of the power dissipation and reduce the thermal accumulation in TPS92621-Q1.

The integrated independent current regulation in TPS92621-Q1 dynamically adjusts the output current on both
OUT and RES output to maintain the stable summed current for LED. The TPS92621-Q1 always regulates the
current output to the RES pin as much as possible until the RES current path is saturated, and the rest of
required current is regulated out of the OUT. As a result, the most of the current to LED outputs through the RES
pin when the voltage dropout is large between SUPPLY and LED required total forward voltage. In the opposite
case, the most of the current to LED outputs through the OUT pin when the voltage headroom is relative low
between SUPPLY and LED required forward voltage.

7.3.5 PWM Control (PWM)

The pulse width modulation (PWM) input of the TPS92621-Q1 functions as enable for the output current. When
the voltage applied on the PWM pin is higher than Viypww), the output current is enabled. When the voltage
applied on PWM pin is lower than V| pwum), the output current is disabled as well as the diagnostic features.
Besides output current enable and disable function, the PWM input of TPS92621-Q1 also supports adjustment
of the average current output for brightness control if 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| 8-4 for typical PWM dimming application.

The TPS92621-Q1 device has one PWM input pin: PWM to control current output channel. PWM input controls
the output channel for both OUT and RES. [%| 7-1 illustrates the timing for PWM input and current output.

12 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPS92621-Q1
English Data Sheet: SLVSHB8


https://www.ti.com/product/ja-jp/tps92621-q1?qgpn=tps92621-q1
https://www.ti.com/ja-jp/lit/pdf/JAJSR45
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSR45&partnum=TPS92621-Q1
https://www.ti.com/product/ja-jp/tps92621-q1?qgpn=tps92621-q1
https://www.ti.com/lit/pdf/SLVSHB8

I3 TEXAS
INSTRUMENTS TPS92621-Q1
www.ti.com/ja-jp JAJSR45 — AUGUST 2023

SUPPLY / \ / \E*—

o

’
i
J
goeee]eees

/ i

Ed 7-1. Power-On Sequence and PWM Dimming Timing

The detailed information and value of each time period in [X] 7-1 is described in Electrical Characteristics section.
7.3.6 Supply Control

The TPS92621-Q1 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 EN pin, PWM pin voltage is high, the output current is turned ON and well regulated. However, if
the voltage applied on the SUPPLY pin is lower than V(por faiing), the output current is turned OFF. With this
feature, the power supply voltage in designed pattern can control the output current ON and OFF. The
brightness is adjustable if the ON and OFF frequency is fast enough. Because of the high accuracy design of
PWM threshold in TPS92621-Q1, Tl recommends a resistor divider on the PWM pin to set the SUPPLY
threshold higher than LED forward voltage plus required headroom voltage as shown in [X] 7-2. The headroom
voltage is basically the summation of V(propout) @and V(cs reg)- When the voltage on the PWM pin is higher
than Viypww), the output current is turned ON. However, when the voltage on the PWM is lower than Vi pww),
the output current is turned OFF. Use Equation 2 to calculate the SUPPLY threshold voltage.

45Vto40V

CisuppLy) TPS92621-Q1

I ¢ EN SUPPLY

RuppeR) DIAGEN IN

Resns) Yoabaraboba

P our — P
RLower) FAULT RES —| |—| | |

R(res)
—_ J_

GND

B 7-2. Application Schematic for Supply Control LED Brightness

R(upPER) J

V(SUPPLY_PWM_th_rising) = VIHPWM) % [1 +
(LOWER)

)
where

* Vihewwm) = 1.26 V (maximum)

7.3.7 Diagnostics

The TPS92621-Q1 device provides advanced diagnostics and fault-protection features for automotive exterior
lighting systems. The device can detect and protect fault from LED-string short-to-GND, LED-string open-circuit
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and junction overtemperature scenarios. The device also supports a one-fails-all-fail fault bus design that can
flexibly fit different regulatory requirements.

7.3.7.1 LED Short-to-GND Detection

The TPS92621-Q1 device has LED short-to-GND detection. The LED short-to-GND detection monitors the
output voltage when the output current is enabled. After 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. If the retry mechanism
detects the removal of the LED short-to-GND fault, the device resumes to normal operation.

The TPS92621-Q1 monitors both V(ouT) voltage and V(ges) voltage of LED channel and compares it with the
internal reference voltage to detect a short-to-GND failure. If V(our) or V(res) voltage falls below V(s i faliing)
longer than the deglitch time of tsg geg), the device asserts the short-to-GND fault and pulls low the FAULT pin.
During the deglitching time period, if V(out) and V(res) rises above V(sg i _rising): the timer is reset.

After the TPS92621-Q1 has asserted a short-to-GND fault, the device turns off the output channel and retries
automatically with a small current. During retrying, the device sources a small current |retryy from SUPPLY to
OUT and RES to pull up the LED loads continuously. After auto-retry detects output voltage rising above
V(sG_th_rising), It clears the short-to-GND fault and resumes to normal operation. 7-3 illustrates the timing for
LED short-circuit detection, protection, retry and recovery.

SUPPLY / \_
|

VOuT / Short p LED Short |
’ Removed /i Short Removed
T | |
| |

| | | | |
LED @—t b  —t—» i P
Short | | ! | ! | :
| |
| : |
IoUT lgery | | | | :
| |
! : | | : | I |
! e : et g !
| ) |
| | |

FAULT
No external
pullup

Ed 7-3. LED Short-to-GND Detection and Recovery Timing Diagram

The detailed information and value of each time period in [¥] 7-3 is described in Electrical Characteristics section.
7.3.7.2 LED Open-Circuit Detection

The TPS92621-Q1 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. A short-to-battery fault is also detected and recognized as an LED open-circuit fault.

The TPS92621-Q1 monitors dropout-voltage differences between the IN and OUT pins for LED channel when
PWM is HIGH. The voltage difference V(ny — V(our) is compared with the internal reference voltage
V(oPEN_th_rising) to detect an LED open-circuit incident. If V(oyr) rises and causes V() — V(our) less than the
V(oPEN_th_rising) VOItage longer than the deglitch time of topen_deg), the device asserts an open-circuit fault. After
a LED open-circuit failure is detected, the internal constant-current sink pulls down the FAULT pin voltage.
During the deglitch time period, if V(oyr) falls and makes V(ny — Vour) larger than V(open_th_faling), the deglitch
timer is reset.
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The TPS92621-Q1 shuts down the output current regulation after LED open-circuit fault is detected. The device
sources a small current |retry) from SUPPLY to OUT and RES when DIAGEN input is logic High. After the fault
condition is removed, the device resumes normal operation and releases the FAULT pin. 7-4 illustrates the
timing for LED open-circuit detection, protection, retry and recovery.

e/ \K_

VOUT Open LED ' Open |
4/_’_4_\_ Removed — | \ / - Open 1*Removed \
I I
I

|
| |
CIJ-ED f— t ! — t;—]
pen

louT / ey __ _
FAULT
No external
pullup

Ed 7-4. LED Open-Circuit Detection and Recovery Timing Diagram

|

!
|

The detailed information and value of each time period in [%] 7-4 is described in Electrical Characteristics section.
7.3.7.3 LED Open-Circuit Detection Enable (DIAGEN)

The TPS92621-Q1 device supports the DIAGEN pin with an accurate threshold to disable the LED open-circuit.
The DIAGEN pin can be used to enable or disable LED open-circuit detection based on SUPPLY pin voltage
sensed by an external resistor divider as illustrated in [X| 7-5. When the voltage applied on DIAGEN pin is higher
than the threshold V| piagen), the device enables LED open-circuit detection. When V(pjagen) is lower than the
threshold V) piacen), the device disables LED open-circuit detection.

Only LED open-circuit detection can be disabled by pulling down the DIAGEN pin. The LED short-to-GND
detection and overtemperature protection cannot be turned off by pulling down the DIAGEN pin. Use Equation 3
to calculate the SUPPLY threshold voltage.

45Vtod40V
CisuppLy) TPS92621-Q1
< EN SUPPLY
Ruprer) DIAGEN IN
Risns) AN
P —pH PPt
RLower) FAULT RES —| |—| | |
R(RES)
- JT— GND
B 7-5. Application Schematic For DIAGEN
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R
(UPPER)
V(SUPPLY DIAGEN_th_falling) = VIL(DIAGEN) * {1 + —]
(LOWER)

(3)
where

* Viyoiacen) = 1.045 V (minimum)

7.3.7.4 Overtemperature Protection

The TPS92621-Q1 device monitors device junction temperature. When the junction temperature reaches
thermal shutdown threshold T(rsp), the output shuts down. After the junction temperature falls below Trsp) —
T(rsp_Hys), the device recovers to normal operation. During overtemperature protection, the FAULT pin is pulled
low.

7.3.7.5 Low Dropout Operation

When the supply voltage drops below LED string total forward voltage plus headroom voltage at required
current, the TPS92621-Q1 device operates in low-dropout condition to deliver output current as close as
possible to target value. The actual output current 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 V(propouT) and V(cs rec).

If the TPS92621-Q1 is designed to operate in low-dropout condition, the open-circuit diagnostics must be
disabled by pulling the DIAGEN pin voltage lower than V| pagen). Otherwise, the TPS92621-Q1 detects an
open-circuit fault and reports a fault on the FAULT pin. The DIAGEN pin is used to avoid false diagnostics due to
low supply voltage.

7.3.8 FAULT Bus Output With One-Fails-All-Fail

During normal operation, The FAULT pin of TPS92621-Q1 is weakly pulled up by an internal pullup current
source, |(FauLT pullup)- If @ny fault scenario occurs, the FAULT pin is strongly pulled low by the internal pulldown
current sink, lFAuLT pulldown) tO report out the fault alarm.

Meanwhile, the TPS92621-Q1 also monitors the FAULT pin voltage internally. If the FAULT pin of the TPS92621-
Q1 is pulled low by external current sink below V auLT), the current output is turned off even though there is no
fault detected on owned output. The device does not resume to normal operation until the FAULT pin voltage
rises above VIH(FAULT)-

Based on this feature, the TPS92621-Q1 device is able to construct a FAULT bus by tying FAULT pins from
multiple TPS92621-Q1 devices to achieve one-fails-all-fail function as 7-6 showing. The lower side
TPS92621-Q1 (B) detects any kind of LED fault and pulls low the FAULT pin. The low voltage on FAULT pin is
detected by upper side TPS92621-Q1 (A) because the FAULT pins of two devices are connected. The upper
side TPS92621-Q1 (A) turns off output current as a result. If the FAULT pins of each TPS92621-Q1 are all
connected to drive the base of an external PNP transistor as illustrated in [X| 7-7, the one-fails-all-fail function is
disabled and only the faulty channel device is turned off.
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] 7-6. FAULT Bus for One-Fails-All-Fail

Application

VSUPPLY

10 kQ

10 kQ

FAULT

1
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TPS92621-Q1
A

Logic

FAULT

VCC
VCC

<
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B

Logic
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B 7-7. FAULT Bus for One-Fails-Others-On
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7.3.9 FAULT Table

£ 7-1. Fault Table With DIAGEN = HIGH (Full Function)

FAULT BUS DETECTION | CONTROL | DEGLITCH FAULT HANDLING FAULT
STATUS RaULTINEE MECHANISM INPUT TIME RIS ROUTINE RECOVERY
_ Device turns output off
Open circuit or Viny = ViouT) < EN=H Constant- and retries with constant
short-to-supply v . and PWM  |topPEN_deg) current current | ianorin Auto recovery
(OPEN_th_rising) | = pulldown (retry)> 19 g
the PWM input.
V < .
(ouT) _ Device turns output off
FAULT =H Visc_in_faling) EN = H Constant- and retries with constant
Short-to-ground |OR and PWM  |tsG_deg) current current legyy, ignoring Auto recovery
Vires) < =H pulldown the PWM input.
V(sG_th_falling)
_ Constant- Device turns output
Overtemperature |T; > T(tsp) EN=H t(TsD_deg) current channel off Auto recovery
pulldown :
. Device turns channel off and keeps retry. After the Fault pin is released, output channel is turned on
Fault is detected after t time
FAULT = L N (FAULT _recovery) .
o fault is .
detected Device turns output channel off.
# 7-2. Fault Table With DIAGEN = LOW (Full Function)
FAULT BUS DETECTION | CURRENT | DEGLITCH FAULT HANDLING FAULT
STATUS RaULTNEE MECHANISM | OUTPUT TIME RIS ROUTINE RECOVERY
Open circuit or lgnored
short-to-supply 9
V < .
(oum) Device turns output off
Vise_in_faling)  |EN=H Constant- and retries with constant
FAULT = H Short-to-ground |OR and PWM  |tsG_deg) current . . Auto recovery
= _ — current letry), ignoring
Vires) < = pulldown the PWM input.
V(sG_th_falling)
_ Constant- Device turns output
Overtemperature |T; > T(tsp) EN=H t(TSD_deg) current channel off Auto recovery
pulldown :
. Device turns channel off and keeps retry. After the Fault pin is released, output channel is turned on
Fault is detected after t time
FAULT = L N (FAULT _recovery) .
o fault is .
detected Device turns output channel off.
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7.3.10 LED Fault Summary

£ 7-3. LED Connection Fault Summary

Case 2

Case 3

| i
XX KK

LED Short-to-GND Fault

Case 5

X K

AN

e add

LED Open Fault

LED Open Fault

LED Open Fault

Case 9

Case 11

Case 12

A

YT Eed

e aed

e eed

No Fault

No Fault

LED Open Fault

No Fault
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7.3.11 10 Pins Inner Connection

B 7-12. OUT Pin

SUPPLY SUPPLY
O L‘ 1 O——1
EN PWMx
GND H GND
[J—e—o [J—e—o
B 7-8. EN Pin & 7-9. PWM Pin
SUPPLY SUPPLY
O L‘ ’ O——
DIAGEN FAULT
GND GND
[J—e—o [J—e—
& 7-10. DIAGEN Pin X 7-11. FAULT Pin
INx INXx
1 * 1 *
OUTx RESx
GND GND
[J—e— [J—e—

EJ 7-13. RES Pin
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SUPPLY
] ®

INX

OUTx

i

B 7-14. IN Pin

Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 21

Product Folder Links: TPS92621-Q1
English Data Sheet: SLVSHB8


https://www.ti.com/ja-jp
https://www.ti.com/product/ja-jp/tps92621-q1?qgpn=tps92621-q1
https://www.ti.com/ja-jp/lit/pdf/JAJSR45
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSR45&partnum=TPS92621-Q1
https://www.ti.com/product/ja-jp/tps92621-q1?qgpn=tps92621-q1
https://www.ti.com/lit/pdf/SLVSHB8

13 TEXAS
TPS92621-Q1 INSTRUMENTS
JAJSR45 — AUGUST 2023 www.ti.com/ja-jp

7.4 Device Functional Modes
7.4.1 Undervoltage Lockout, V(syppLy) < V(POR _rising)

When the device is in undervoltage lockout status, the TPS92621-Q1 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 can 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 can report a false open-circuit fault. TI recommends only enabling the open-
circuit detection when the voltage across the IN and OUT is higher than the maximum voltage of LED open rising
threshold to avoid a false open-circuit detection.

7.4.4 Fault Mode

When the TPS92621-Q1 detects a 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 gayLT).
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8 Application and Implementation

b2
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 TPS92621-Q1 device is capable of detecting LED open-circuit and LED short-circuits. To increase current
driving capability, the TPS92621-Q1 device supports using an external shunt resistor to help dissipate heat as
the following section, Thermal Sharing Resistor (OUTx and RESx) 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 TPS92621-Q1 devices are capable of driving 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

CisuppLy) TPS92621-Q1

EN SUPPLY 3

DIAGEN IN

Rysns Vo avera

P —— |
FAULT RES ,_| |_| [

Rres)

V(suppLY)

Rs

Ri A

GND

|||—

8-1. Typical Application Schematic

8.2.1.1 Design Requirements

Input voltage range is from 9 V to 16 V, and 3 LEDs in one string are required to achieve stop function. The LED
maximum forward voltage, Vg max is 2.5 V for each LED, while the minimum forward voltage, Vg yn is 1.9 V.
The current requirement for each LED, liLepy is 130 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.

8.2.1.2 Detailed Design Procedure

Step 1: Use Equation 4 to determine the current sensing resistor, Rsns).
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R _ Vics_Rea)
N R a——
OUTx_Tot
(OUTx-Toy (4)
where

* V(cs rec) = 150 mV (typical)
* lout_oty = 130 mA

According to design requirements, the Risns) = 1.15 Q. Two resistors in parallel can be used to achieve
equivalent resistance when sense resistor is not a standard decade resistance value.

Step 2: Design the current distribution between | oyt) and lres), and use Equation 5 to calculate the current
sharing resistor, Rres). The Rres) value actually decides the current distribution for I oyT) path and |res) path.
Tl recommends the current sharing resistor Rres) to consume 50% of the total current at typical supply
operating voltage.

VisuppLy) — ViouTx)

R =
(RESX) = 0.5
(OUTx_Tot) 5)

where

* V(suppLy) = 12V (typical)
* lout_Toty = 130 MA

The calculated result for R(res) resistor value including Rres) is 85.4 Q when V(our) is typical 3 x 2.15V = 6.45
V.

Step 3: Design the threshold voltage of SUPPLY to enable the LED open-circuit diagnostics, and calculate
voltage divider resistor value for Ry and R, on DIAGEN pin.

The maximum forward voltage of LED-string is 3 x 2.5V = 7.5 V. To avoid the open-circuit fault reported in low-
dropout operation conditions, additional headroom between SUPPLY and OUT must be considered. The
TPS92621-Q1 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_rec)- Use Equation 6 to calculate the voltage divider resistor, Ry
and R, value.

R, — V(OPEthhfrising) + V(CSfREG) + V(OUTx) 11xR
1= - 2
ViL(DIAGEN)

(6)
where

* V(OPEN_th_rising) = 420 mV (maximum)
* V(cs_Rreg) = 156 mV (maximum)

° VIL(DIAGEN) =1.045V (mlnlmum)

* R, =10 kQ (recommended)

The calculated result for Rq is 67.3 kQ when VoyT) maximum voltage is 7.5 V and V(cs reg) is 156 mV.

Step 4: 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, the LED-string must be turned off until SUPPLY voltage is higher than LED minimum
required forward voltage plus dropout voltage between IN to OUT and V(cs reg)- Use Equation 7 to calculate the
voltage divider resistor, R3 and R4 value.
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R. - Viororout) + Vics_rea) + ViouTx)
3

1

XR4

|

V(oropouT) = 300 mV (typical)
V(cs_reg) = 156 mV (maximum)
Vibewm) = 1.26 V (maximum)
R4 =10 kQ (recommended)

ViHPwMm)

where

()

The calculated result for Rz is 38.9 kQ when V oyty minimum voltage is 5.7 V and Vcs reg) is 156 mV.

8.2.1.3 Application Curves

Ch1 = V(suppLy) Ch2 = V(piacen) Ch3 = Vepwm1)
Ch4 =Voury) Ch5 = louT_Toty

g 8-2. 200-Hz Supply Dimming 20% Brightness

Ch3 = V(pwm1)

Ch2 = V(pjaGeN)
Ch5 =l oyt _Tot)

B 8-3. 200-Hz Supply Dimming 80% Brightness

Ch1 = V(suppLy)
Ch4 =V oury)

8.2.2 Independent PWM Controlled Rear Lamp By MCU

The TPS92621-Q1 device can drive the output channel by PWM input pin. The PWM input signals comes from

MCU to achieve sequential turn indicator feature.

BCM_TURN
CsuppLy) TPS92621-Q1
I Ry EN SUPPLY
DIAGEN IN
Rysns) AN
R, PWM out —N—N—| [
V(suppLY)
FAULT RES —| |—| 1
R(res)
GPIO
GPIO J__ GND

MCU

8-4. Typical Application Schematic

8.2.2.1 Design Requirements

Input voltage range is from 9 V to 16 V, and 2 LEDs in one string are required to achieve turn indicator function.
The LED maximum forward voltage, Vi max is 2.5 V for each LED, however the minimum forward voltage,
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VE min is 1.9 V. Each LED current is 130 mA and each output channel is independent controlled by MCU through
individual GPIO.

8.2.2.2 Detailed Design Procedure

Step 1: Use Equation 8 to determine the current sensing resistor, R(sns ).

Vics_Reg)

Risnsx) = I
(OUTx_ Tot) ®

where

* V(cs rec) = 150 mV (typical)
* |(OUT_Tot) =130 mA

According to design requirements, the calculated Risns) = 1.15 Q.

Step 2: Design the current distribution between | oyt) and lres), and use Equation 9 to calculate the current
sharing resistor, Rres). The R(res) value actually decides the current distribution for | oyt ) path and I res) path,
basic principle is to design the Rres) to consume appropriate 50% total power dissipation at typical supply
operating voltage.

VisuppLy) — ViouTx)

R =
(RESX) = 0.5
(OUTx_Tot) ©)

where

* V(suppLy) = 12V (typical)
* loutx_Toty = 130 mA

The calculated result for R(res) resistor value is 117 Q when Voyr) is typical 2 x 2.2V =4.4 V.

Step 3: Design the threshold voltage of SUPPLY to enable the LED open circuit, and calculate voltage divider
resistor value for R4 and R, on the DIAGEN pin.

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 must be considered. The
TPS92621-Q1 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)- Use Equation 10 to calculate the voltage divider resistor, Ry
and R, value.

R, = V(OPEthhfrising) + V(CSfREG) + V(OUTx) 3 1} <R,

Vi
IL(DIAGEN) (10)

where

* V(OPEN_th_rising) = 420 mV (maximum)
* V(cs_Rreg) = 156 mV (maximum)

° VIL(DIAGEN) =1.045V (mlnlmum)

* R, =10 kQ (recommended)

The calculated result for Rq is 43.4 kQ when V oyt) maximum voltage is 5 V and V(cs reg) is 156 mV.

26 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPS92621-Q1
English Data Sheet: SLVSHB8


https://www.ti.com/product/ja-jp/tps92621-q1?qgpn=tps92621-q1
https://www.ti.com/ja-jp/lit/pdf/JAJSR45
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSR45&partnum=TPS92621-Q1
https://www.ti.com/product/ja-jp/tps92621-q1?qgpn=tps92621-q1
https://www.ti.com/lit/pdf/SLVSHB8

13 TEXAS
INSTRUMENTS

www.ti.com/ja-jp

TPS92621-Q1
JAJSR45 — AUGUST 2023

8.2.2.3 Application Curves

Ch3 = Vepwm1)

Ch1 = V(SUPPLY) Ch2 = V(DIAGEN)

Ch4 =Voury) Ch5 = louT_Tot)

8-5. 200-Hz PWM Dimming at 80% Duty Cycle

Ch3 = V(pwm1)

Ch2 = V(piaGen)
Ch5 = liout_Tot)

8-6. 600-Hz PWM Dimming at 20% Duty Cycle

Ch1 = V(suppLy)
Ch4 = V(OUT1)

8.3 Power Supply Recommendations

The TPS92621-Q1 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 voltage 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 can be required in addition to normal input capacitor.

8.4 Layout
8.4.1 Layout Guidelines

Thermal dissipation is the primary consideration for TPS92621-Q1 layout.

» Tl recommends large thermal dissipation area in both top and bottom layers of PCB. The copper pouring
area in same layer with TPS92621-Q1-Q1 footprint must 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 must be
connected to thermal pad directly through multiple thermal vias.

Tl recommends to place R(res) resistors away from the TPS92621-Q1 device with more than 20-mm
distance, because Rrgs) resistors are dissipating some amount of the power as well as the TPS92621-Q1.
The large copper pouring area is also required surrounding the R res) resistors for helping thermal

dissipating.

The noise immunity is the secondary consideration for TPS92621-Q1 layout.

» Tl recommends to place the noise decoupling capacitors for SUPPLY pin as close as possible to the pins.
+ Tl recommends to place the Rsns) resistor as close as possible to the IN pins with the shortest PCB track to

SUPPLY pin.
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8.4.2 Layout Example

GND
OO0 O0OO0OO0O0 O
© OO0 0000 O
O O O O O O O CisuppLy)
O O O O O O O SUPPLY
> CTEN SUPPLY [T O00O0O0O0 00O
””””” ! O00000 000
& DIAGEN [T IDIAGEN| 3 INFTJ 300
7 PWM CTPwM O O | Oout 4 00O .
FAULT [T JFAULT | O o§ RESI T 888 LED String
GND 00O
00O
OO0 OO0OO0O0 O
OO0 O0OO0OO0O0 O
GND
OO0 O0OO0OO0O0 O
OO0 O0OO0OO0O0 O
X 8-7. TPS92621-Q1 Example Layout Diagram
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10 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 Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
TPS92621QDGNRQ1 ACTIVE HVSSOP DGN 8 2500 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 26291

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

© Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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GENERIC PACKAGE VIEW
DGN 8 PowerPAD VSSOP - 1.1 mm max height

3 x 3, 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.

4225482/A

INSTRUMENTS
www.ti.com



PACKAGE OUTLINE

DGNOOO8A PowerPAD" VSSOP - 1.1 mm max height
SMALL OUTLINE PACKAGE
275 TYP [ Joafch— -

PIN 1 INDEX AREA

~

g J
E 3.1
2.9
NOTE 4
o N
,/ *
f' ‘!
\ [
\-. /"&SEE DETAIL A
( Y
4
—
—] 7
2.0
%
1
g J
1.88
1.58

Ry

‘ SEATING
. 6x /j\ PLANE
- [}
] |
2x I
|
]
! |
- [}
Logg o
[ [0.130) [c|A[B]
0.23
\f 0.13
T
EXPOSED THERMAL PAD
5
GAGE PLANE ]
1.1 MAX

L 0.15

0.4 0.05

DETAIL A
TYPICAL

4218836/A 11/2019

NOTES:

PowerPAD is a trademark of Texas Instruments.

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
. This drawing is subject to change without notice.

exceed 0.15 mm per side.

(G20 w N

. Reference JEDEC registration MO-187.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

INSTRUMENTS

www.ti.com




DGNOOOSA

EXAMPLE BOARD LAYOUT
PowerPAD" VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

(2)
NOTE 9
METAL COVERED
BY SOLDER MASK (1.88)
SYMM SOLDER MASK
(t DEFINED PAD
T 8X (1.4) j L (R0.05) TYP
1 T O ! o)
8X (0.45) 1 [ ‘ J i 1
o
: 1 ®
‘ 9 ! SYMM | NOTE9
— 1 LO—+—60—} — - ¢
i i 2
| | | | (1.22)
| O }(94 - 1
@0.2) TYP I \
VIA I (0.55) I SEE DETAILS
! (4.4) !

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE: 15X

SOLDER MASK: METAL METAL UNDER SOLDER MASK
OPENING  \ SOLDER MASK‘\ / OPENING
O )
|
EXPOSED METAL \ " T——EXPOSED METAL
0.05 MAX # 0.05 MIN
ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4218836/A 11/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

8. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.

9. Size of metal pad may vary due to creepage requirement.

INSTRUMENTS
www.ti.com




DGNOOOSA

EXAMPLE STENCIL DESIGN
PowerPAD" VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

L

8X (0.45) 1 [

8X (1.4)ﬂ o
|

0.125 THICK

(1.88)
BASED ON

STENCIL
SYMM

/ (R0.05) TYP

)

BY SOLDER MASK

|

)
BASED ON
0.125 THICK
STENCIL

S (4.4) —J

SOLDER PASTE EXAMPLE
EXPOSED PAD 9:

100% PRINTED SOLDER COVERAGE BY AREA

SCALE: 15X

STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 2.10X2.24
0.125 1.88 X 2.00 (SHOWN)
0.15 1.72 X 1.83
0.175 1.59 X 1.69

SEE TABLE FOR
DIFFERENT OPENINGS
FOR OTHER STENCIL
THICKNESSES

4218836/A 11/2019

NOTES: (continued)

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

design recommendations.

11. Board assembly site may have different recommendations for stencil design.

INSTRUMENTS
www.ti.com
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