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« TPS92661-Q1:

High-Brightness LED Matrix Manager for Automotive Headlight
Systems

« TPS92630/1-Q1:
Three-Channel Linear LED Driver With Analog and PWM Dimming

« TPS92602 —Q1:
2 channel High Side Current Sense Switching LED Driver
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TPS92661 LED Matrix Manager (LMM)
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ADR2 . .
J * Integrated fault detection reporting
ADR1 [ o .
O * Feed-through architecture
ADRO .
* Q100 Grade 1 Qualified
SYNC - .
C % cee,_ -4 * 48-pin TQFP Package
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El ] * IC can control ON/OFF times for each LED
individually

« Simplifies control algorithm for the LMMs
lﬂﬂliﬂﬂ”ﬂlls . Sgam!gss communipation vyith sys'gem MCUs
« Simplifies system diagnostics and increases safety
» Cost effective routing with single layer metal-core
PCB

» Small form factor with good thermal performance
3

* Automotive Exterior LED
Lighting
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Head Light Control Unit

Dual Stage Architecture

» Generating boosted battery voltage rail (voltage needs to fit to the longest LED string)

» Buck Topology feasible for all LED Strings

» Modular HW concept, slight loss in efficiency due to dual stage conversion

ECU - Electronic Control Unit

TPS40210 ]
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TPS92661 System Overview

O+4 HCUwvz-—

SmHd0n<wm

. .
. .
H H
oo e EACH CHANNEL |
e REQUIALOT e '
: — 3.3V :
H 5V and 3.3V Ly Supplies and Returns for Other Buck Channels H
' Regulators N channels '
: — GND| of LM3409 Buck 1 Return :
] . ]
; I CBUCk Supplies Buck 1 Supply ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ :
: Control urrent and LED Bypass Switch Connections :
: AL Regulators |_Returns yb :
E Serﬁe E
: , « 5V 5V :
! Microprocessor GND GND ‘
E or EN EN H
E DSP core Sync R Sync :
E Clock R Clock Lighting Matrix Manager !
! P TX P TX (LMM) !
E Rx > RX :
H i’ H
: * :
H \ 4 H
H H
————— CANBus }-5v 5
—>| Interface [~GnND :
: :
H H

OmMI 4O

nrmzz2>»>IT0

Tl Information — Selective disclosure

13 TEXAS
INSTRUMENTS




Metal Core LED Board with Multiple LMMs
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« LMM is on metal-core LED load board - has feed-through communications for routing
on single side with only surface mount components.

. . . 13 TEXAS
Tl Information — Selective disclosure INSTRUMENTS




TPS92661 Demo Kit (Simplified Diagram)
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ECU Driver Board

Tl components inside

C2000 based DIMM card

y
"' ECU Matrix

TPS40211 Boost converters
(4)

LM3409QHV Buck converters
(8)

Simple Switcher (3.3V and 5V)

)
(il

LVDS Transceivers
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TPS92661 LED Load
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TPS926601 (Lighting Matrix Manager)

»
Buck
Regulator
(LM3409) ©
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System configuration

12 LEDs per string
8 string max. per comm. line

Individual control of switches

Separate PWM control of each
10 bit dimming resolution
OPEN protection

OPEN / SHORT fault diagnostic

Other system features

UART based comm. architecture
Watchdog timer

3.3V or 5V comm. compatible
Up to 65V LED stack voltage
AEC-Q100 grade 1

Thermally enhanced package

)
i

e gl gl

¥ ¥
e
T

Minimized complexity, part count, signal routing
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TPS92661 Block Diagram

CPP Charge Pump output
Bypass with 0.1 uF (min.) ceramic cap. to LED12
VIN 5V power supply input for device
Bypass with 0.1 uF (min.) ceramic cap.
VCC Output of the on-board 3.3V LDO
Requires a 0.1 uF (min.) ceramic output cap.
Tie to VIN for 5V MCU systems
EN The device is active when EN is high, and in
reset when EN is low
ADR Device address
Max. 8 devices per comm. line
SYNC Allows synchronization of multiple TPS92661s
on the same network
CLK System Clock.
This clock is provided externally (by the MCU or
an external oscillator) and is the primary clock
for the TPS92661
RX UART received data pins
TX UART transmitted data pins

Requires a 100K pull-up

REGULATORS

CPP E 1 CPP
Charge Pump
v [—+
Linear
Regulator
vee [

References

GNDEﬂ

COMMUNICATIONS

EN

Logic
and
Registers

SWITCH ARRAY

CRE, T [] LeD12
Level Driver with LED
4%’] shifters I{%’I fault detection H

[] Lepn

] Leos

Level Driver with LED
shifters fault detection
I LEDO
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PWM Dimming (Frequency Configuration)

1024

TCNT 10-bit counter

e.g. 6MHz Clock HM
DPWR2 =3 PCKDIV
_ v v
DDEC - O CLK N podu?r:.;(rj-gwr’-z N cLei-Eiig::l PWM Clock
= PWM Dimming Freq.
=6M/16/1/1024 = 366Hz Figure 2: PWM Clock Divider
PWM Clock Divider Register (PCKDIV)
ADDR REGISTER D7 Dé D5 D4 D3 D2 D1 DO DEFAULT
Coh PCKDIV RSVD RSVD DDEC[1:0] RSVD DPWR2[2:0] 00000011
DDEC[1:0] | Divide by:/ DPWR2[2:0] | Divide by:/
0 1 0 2
1 3 1 4
2 5 2 8
3 reserved”* 3 16
4 32
5 64
6 reserved”
7 reserved”
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PWM Dimming

LEDxOFF Register
800

1023 1023

LEDxOFF =800

LEDxON Register
250

LEDxON =250

LEDx current

Figure 1: LED PWM Example

The 10-bit internal PWM Period Counter (TCNT) is compared against the LEDxON

and LEDxOFF values.

 When TCNT reaches the programmed LEDxON value for a given LED, the
corresponding bypass switch is turned off to force current through the LED.

» Likewise, when TCNT reaches the programmed LEDxOFF value, the bypass
switch is turned on to turn off the LED.

. . . 13 TEXAS
Tl Information — Selective disclosure INSTRUMENTS




Dimming (Register Map)

LED ON Registers
00h LECAONL LED1ON[T-0] 00000000
01h LED20OMNL LED2OMN[T-0] 00000000
02h LED3ONL LED3ON[7:0] 00000000
03h LED40ONL LED4OMN[7-0] 00000000
04h LED1_40NH LED4ON[Z:E] LED30N[:8] LED20M[S:6] LED1ON[S:8] 00000000
05h LEDSONL LEDSOMN[T-0] 00000000
06h LEDSONL LEDESON[T-0] 00000000
07h LEDTONL LEDTON[7:0] 00000000
08h LED8ONL LEDSON[T-0] 00000000
05h LEDS_80ONH LEDSOMN[9:8] LEDTON[S:8] LEDSOM[S:E] LEDSON[9:8] 00000000
0Ah LEDSONL LEDSOMN[T-0] 00000000
0Bh LECA0ONL LED1DON[T0] 00000000
0Ch LED110NL LED110N[F:0] 00000000
0Dh LECA 20MNL LEDT20N[7-0] 00000000
0Eh LED9_120NH LED120M[9:8] LED110N[9:8] LED10ON[E:E] LEDSON[S:8] 00000000
LED OFF Registers
20h LED1OFFL LEDACFF[7-0] 00000000
21h LED2OFFL LED20FF[7:0] 00000000
22h LED3OFFL LED30FF[7:0] 00000000
23h LED4OFFL LED4OFF[T-0] 00000000
24h LED1_40FFH LED4OFF[9:8] LED3OFF[9:8] LED20FF[9:8] LED1OFF[S:8] 00000000
25h LEDSOFFL LEDSOFF[7-0] 00000000
26h LEDGOFFL LEDGOFF[T-0] 00000000
27h LEDTOFFL LEDTOFF[7:0] 00000000
28h LEDBOFFL LED&OFF[7-0] 00000000
29h LED5_8OFFH LEDSOFF[3:8] LEDTOFF[9:8] LEDBOFF[:8] LEDSOFF[S:8] 0DD0DDOD
2Ah LEDSOFFL LEDSOFF[7-0] 00000000
2Bh LED10MOFFL LED10CFF[T:0] 00000000
2Ch LED110FFL LEDA1OFF[7:0] 00000000
2Dh LED120FFL LED120FF[7:0] 00000000
2Eh LEDS_120FFH LED120FF[9:8] LED110FF[9:8] LED100OFF[9:8] LEDSOFF[S:8] 00000000

Each TPS92661 can control
Max. 12 LEDs individually

The 10 bits LED ON registers
(LEDxON) for each individual LED

The 10 bits LED OFF registers
(LEDxOFF) for each individual LED
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Glitch-Free Dimming Operation

To help eliminate glitches in the LED current during register updates.

LED®OFF changed

LEDxOFF (old} |

LEDxOFF {naw)

LEDxOM

TCNT

LED current with alitch
due o LED=OFF
change

* Glitchfree LED current

v v +

|
[
|
1
|
|
L 4 L L | L 4
|
|
|
|

|

T LED::'DFF_-:h ange takes affect at first
| LEDxON after the change occurned

Figure 4: Glitch-Free LED Dimming Operation
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PWM Synchronization

In order to correctly synchronize multiple TPS92661s on the same network,

two conditions must be met:

1. All TPS92661s must be clocked by the same clock on the CLK pin

2. All TPS92661s must be programmed with the same PWM clock dividers (PCKDIV)

Tek Stop | =" ] Tek Stop_ il ]
> SO . — 3 :
O SRR i o i~ w F L ]
4 Chl Freq | 1 ) Ch1 Freq
368.0 H2 ' . g 368.0 H2
P U0 I - o
368.0 Hz ; z ; : 1 ; : . 368.0 Hz
_ e 2 s psn o e
; (31— : ; R SR
Ch2 +Duty : S Fae e 55 ©....J] Ch2+Duty
12.42 % : v : ! : 12.43 %
I A LT :AE Chi 7 2.60V éhn NS (A (R :A| AT
OE 1.00V & , . 1.00vV &
0110.00 % 01[10.00 %
Non-Synchronized LED Channels Actively Synchronized LED Channels
ADRO
Dark blue: 15t TPS92661 e N
Light blue: 2" TPS92661 |Vg
Purple: signal at SYNC pin N
CLK P
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Fault Protection & Diagnostic

Diagnostic Registers

EOh FAULTL FAULT[8:1] Dooooooo

E1h FAULTH RESERVED FAULT[12:9] 00000000

Diagnostic
* An internal comparator monitors the drain to source cRE,
voltage of the internal switch. I m— I_l

fault detection

OPEN Fault CRE, HEDT

 If the voltage > 6.3V ok detoction |—|

1. The switch off signal is overridden and the switch is |
turned on.

2. It will set the corresponding bit in the FAULT register.

LEDO

SHORT Fault
« If the voltage < 1.7V
1. It will set the corresponding bit in the FAULT register.
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TPS92630 — 3 channel 150mA Constant Current Linear LED Driver
Features Applications

. AEC-Q100 Qualified

. 3 Channel LED Driver with Analog and PWM dimming

. Wide input voltage range: 5 — 40V

. Adjustable const. output current set by reference resistor
> Max. Current: 150mA per channel

»  Accuracy (loutx > 30mA): + 1.5% per channel Be nEfits

+ 2.5% per device
. Support channel parallel connection both within IC and

* Rear Light — Tail/Stop Light, Turn Light, Fog Light, Reverse Light
* Front Light — Position light, Daytime Running Light, Turn Light
* Interior Light

among multi-ICs * Common Cathode LED Connection and High Side Current Sense
R Low Dropout Voltage * Thermal Current Foldback
»  Typ. Dropout: 400mV @ 60mA per channel * Full Diagnostic and Single LED Short Detection
»  Max. Dropout: 900mV @ 150mA per channel * Global EN and Individual PWM dimming

. Independent PWM Dimming per channel >
»  High Voltage Tolerant 1 |
»  Max. dim. freq.: 2kHz I VIN
»  ON/OFF Delay time: 15us (typ) / 25us (typ)

. Open & Shorted LED Detection with deglitch timer 1oUT

. Fault pin for open, short and thermal shutdown failure EN louTs
reporting, allowing parallel bus connection up to 15 devices p—— vsns3

. LED String Voltage Feedback per channel for Single LED WM 1ocasan
Short Detection and Separate Fault pin for failure report meu P

. Pass slow power up test (0.5V/min) with no latch

. Two Options for device temperature information -
»  TPS92630 — Current fold back to prevent thermal shutdown, ' VSNS1
with programmable threshold
»  TPS92631 — Analog voltage output proportional to the device
temperature

. Operating Junction Temp. Range: -40 Cto +150 C
. Thermally enhanced PWP package (HTSSOP - 16) B

K W

FAULT VENS2

FAULT_S

REF

GND TEMP

==

CCa'cs
o KR WK
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Value Proposition

Features Benefits

Common Cathode LED connection to support lower risk
High side current sense and cost system implementation

Global EN and each channel individual PWM Easy control and separate brightness adjustment for each
dimming channel

Thermal current foldback with programmable | Avoid the device from overheating and prevent LED from
threshold flickering due to rapid thermal changes

Offer design flexbility to meet different countries
Full Diagnostic and Single LED short Detection regulation in terms of lamp failure detection

Fault and FaultS pins can support bus connection up| Multi devices works together without additional MCU
to 15 devices control, and avoid complex control logic for fault reaction

Open and Shorted LED detection with Deglitch, and |[Robust Diagnostic for Fault, and avoid false detection and
no latch during slow power up (0.5V/min) reaction

13 TEXAS
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Value Proposition against discrete solution

System Parameter

TPS92630

Discrete

Solution size

Highly integrated

Large number of discrete
components and PCB wiring

Constant Current

YES, maintain high level of matching
between channels and ICs with varying
voltage and different number of LEDs

Varying with battery voltage;
Need to manage LED binning
logistics

Diagnostics

Open, Short, Single LED Short, Thermal
Shutdown. Support different fault
reporting scheme with MCU or no MCU

Not available or very
cumbersome to implement

Thermal management

Thermal monitor to reduce current to
avoid too much power dissipation at
high temperature. Programmable
Temperature threshold

No; Or additional temperature
sensor needed

Flexibility

Can be easily designed to support
different LED configurations. 3 output
channels can be paralleled to support

high current single LED string

Require redesign for every new
projects
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Internal Block Diagram

VBAT

T

VIN I
1

g

Thermal Voltage | | Current
Control Reference Regulator
A 10UT1
Current ::['I IoUT?
Reference
IOUT3
5
VRer
A, VSNS1
Control Logic C;;gggstnr § VSNS2
WVENS3

—
T onD

Tl Information — Selective disclosure

[/

TEXAS
INSTRUMENTS




Package Pin Assighnment

‘I i 104 H—T

PWP Package

16-Terminal PDSO With PowerPAD™ Thermal Pad

(Top View)
L 450 6,60 VINC T 10 I____i 16 [ T ]10UT1
\I?I'SHANV;- -II:)-:P- rj:: 20
| s B w0 ENT {2 | | 15 [T 1IouT2
HOH e J, o | t PWMI [T 3 | | 14 [T 10UT3
Seating Plane |
: ] = PWM2 [ |4 |Therma|: 13 [T ] VSNS3
% \ PWM3 [ |5 : Pad | 12 T ] vSNs2
! FAULT 1 16 | | 11 [T 1 VvSNS1
= FAULT ST |7 : : 10 T ] GND
r [ hl [ 4 |
| inlalalalalalal; ¥ Seoting Plone | ! TEMP[ T |& L 9 [T _1REF
L 1,20 MAX 513) [~]0,10
i3 TEXAS
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High Side Current Sense

L g L ‘
I VIN
10UT1 ST PWM
10UT2
EN 10UT3 “
o
PWM1 VSNS3 v o I Q
PWM2 M % MM
McU - TPS92630 E § 3 TL4242
FAULT VSNS2 REF
FAULT_S N
T Ve VSNS1 %% GND D
REF I 47 nF
S g % l = 0.47 Q
A1 0.25W

* Saving one wire, cost down.
* Easy layout, needn’t to consider FB wire noise.
* No risk for LED over current cause by FB wire short to GND
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Thermal Current Foldback

In linear LED solution, thermal dissipation is critical. TPS92630 integrates thermal shutdown protection to

avoid IC from overheating. In addition, to prevent LEDs from flickering due to rapid thermal changes, a

programmable thermal current foldback feature is included to reduce power dissapation at high junction

Ten = —

121.7Vtemp + 228.32

TEMP_PIN Voltage VS Tth

temperature
< Pull up Pull down =
|(setting)

o [90%

=

n

=)

L

—' —

= [

= | per °C

[1b] |

E

3

O

5

E.

3 | 50%

S 4 y
I i
I I
I I
| 1

Tith) Tith) + 20T T (shutdown)
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Single LED Short

Normal operation region

T N x Vf,min

e Vf,max -- maximum forward voltage of LED used @
©
e Vf,min -- minimum forward voltage of LED used 9
. . e o VsnsxR____
* N -- number of LED used in a string S
o
e R--resistor divider ratio o (N-1) x Vf,max
wl
)

e Vsns -- internal reference voltage of comparators
Short circuit region

Example — Philips SnapLED 70&150:

Single LED Shorted

3 L VyaxtVvin
VuaxtVivin @
Vyax =2 * 2.91V = 5.82V Vyax =3 * 2.91V = 8.73V
Vi =2 *2.43V =4.86V Vyun =3*%2.43V =7.29V
Vg = 2.91V Vypage = 2 * 2.91V = 5.82V
Ve = 2.43V Vyue = 2% 2.43V = 4.86V

. . . 13 TEXAS
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LED Short Diagnostic

Different OEMs have different requirements on exterior LEDs’ operation when different LED short conditions
happen.

TPS92630 has a dedicated fault pin (FAULT_S) for single LED short failure and general fault pin (FAULT),
which allow the maximum flexibility based on all requirements and application conditions

e When a Single or more LED are shorted (Vout still over

0.9V) in a string [A & B] VIN

1) FAULT_S will pull low and MCU will be reported IOUT]
with the failure, the faulted channel will remain HOUT3
sourcing current. Actions will be taken by MCU v 7 N
to turn off channels through EN/PWM pin, or e 1
ignore. TPS92630 - . ¥ Y

VSNS2 E E

2) No MCU: if FAULT_S is floating, no action will be — Favrts Wb
taken. If FAULT_S is tied to FAULT, all output —| FauLT ? L
channels will be shut down together VSNS1

= When an entire string of LED is shorted (Vout <0.9V) %

[C], FAULT will pull low and all channel will be turned
off. When FAULT pin is tied high, only faulted channels
will be shut down.

- - - i3 TEXAS
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Full Diagnostic

Table 1. Fault Table("®

Judgement Condition

Diagnostic _—— -
. = - s FAULT and - : Failure Self-
Failure Mode Detection Channel Detection TDut!JutI Action FAULT 59 Device Reaction Removed Clearing
VIN Voltage Status Mechanism erminais
Extemnally Failing strings tumed off, Toggle EN,
pulled high other channels on power cycle
Short circuit: Voumn < Toggle ENM,
1 or several LED strings Vo =5V on pav FAULT Pulled low Floating All strings turned OFF power cycle Mo
Externally Toggle ENM,
ulled high All strings stay ON Wer cycle
Single-LED short i J 9 Sy pOWer &
circuit: Vivsnsy < Toggle EN,
1 or several LED strings Vo =9V Oon 1222V FAULT_S Fulled low Floating All sfrings stay ON power cycle Mo
Externally
pulled high All strings stay ON
Failing string stays ON,
Open load: Vian — Vioumg other channels turned
1 or several LED strings Vo =5V Oon <100 mYy FAULT Pulled low Floating OFF Yes
Extemally
pulled high All strings stay ON
Failing string stays ON,
Short to battery: Viany — Yiourg other channels tumed
1 or several LED strings Vo =5V On or off =100 m¥y FAULT Fulled low Floating OFF Yes
Externally
lled high
Temperature pufed ha Temperature <
Thermal shutdown Vg =2V On or off =170°C FAULT Pulled low Leave open All strings turned OFF 155°C Yes
Temperature All strings with Temperature <
Thermal foldback Vo =5V On or off =110°C MIA None MNIA reduced current 100°C Yes
= K
Reference resistor Reer = 57 KQ
open or shorted or _ Toggle EN,
pe Vg =5V On or off Rper <= 350 O FAULT Pulled low MNIA All strings turned OFF power cycle No

(1) With diagnostic terminals FAULT and FAULT _S tied high extemally, pullup must be strong enough to override internal pulldown.
(2) To achieve single-LED short circuit to turn off all strings, FAULT_S and FAULT terminals must be connected together.

(3) Pulling FAULT and FAULT_S high externally changes the behavior of the device reaction. If not externally forced high, the device pulls
the terminals low based on the failure mode.
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Two Brightness Level for Tail/Stop

Tail

Stop
»l el -
Ll Ll
1L L
Stop I VIN Tail I VIN
> >
10UT1 IOUT1
10UT2 IOUT2
EN 10UT3 i“ EN IOoUT3
PWM1 VSNS3 M N PWA VSNS3 M
PWM2 g * * z -
TPS92630 NAVAAVAY PWAL TP502630 sy
PWM3 ST M PWM3 T
FAULT.S TLC355- TATLTS
A4
VSNS1 4% — vpp VSNS1 4§
REF REF
Rref Rref <~
GND TEMP g Rrefl GND TEMP 1
i l ~
Vref x Gi

Rref //Rstop

i3 TEXAS
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Parallel Connection for Multi IC or Multi Channel

Voat

i
-

EN

PWMI
PWA2
PWAL3

TFAULT

TP592630

1]

FAULT 5

10UT1
10UT2
10UT3

V5N53

VENE1

B

s
;

——F  EN

FWMI1

FWAD - TPg01630
—| PWM3

I Pt
TAULT 5

IOUT1
IoUT2
I0UT2

VENE3

VENE2

|
i

|||—§

Vbat

EN
FWM1
FWM2
FWM3
FAULT

FATLI S

IOUT1 |—
IOUT2
I0UTS

V5NE2
TPS92630 %

VENS2

VENSL

|||— g

.

1l

EN
FWMIL
FWM2
WAL
TFATLT
TATLT S

VIN
IOUT1
IOUT?
IOUT3
VSNS3
TP392630

VSNS1

VSNE1

TEMP

|||—g

G

K’ W K

i Wk K
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High Side Driver for PWM Dimming

High-Side Dimming

Viy————®

If system has no MCU or PWM, you can <

T
-

VIN

. : o R1 S
use high side driver to do the dimming — ouT
directly. When use the high side driver R2 lout2
to do PWM dimming, resistor divider il EN ouT3 )8
must be put in the PWM Pln |r.1 Fase of PWM1 VENS3 R
the current over shot during rising PWM PWM2 IR
TPS92630-Q1 = .
edge. PWM3 l AR
Firstly, you need to measure the Vin FAULT VSNS2 4
voltage when high side signal is low, FAULTS < L 4
Vinl. il 1
. . R1 Vinl + 0.1 SNS
Then get the ratio for R1/R2 is: — = T g L >
_ “"R2 1.178%0.95 <
F|n.aIIy you can choqse t.he suitable REF —R| J7
resistor for the application. . TEMP ‘,L REF%%
3
N
. . . i3 TEXAS
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TPS92602 - 2 channel High Side Current Sense Switching LED Driver

Features Applications
: ﬁ}iﬁ?\}ggﬁ:é“ﬂed 4~ 40V (45V abs. max.) * Head Light — Daytime Running Light, High Beam, Low Beam
' ’ ’ * High Brightness LED Application | vear
Output Voltage: 4~ 75V (80V abs. max.)
. Each channel is fixed frequency current mode controller
with integrated slope compensation, operating 180C out of
phase — Y
. Each channel can work independently to support multi DIAG L T 3
topology including buck, boost, buck-boost, SEPIC, Flyback COMPL IsNS1 tl %y
. Each Channel Const. Current Loop and Const. Voltage Loop @ :
. Linear Analog Dimming with high side current sense CHANNEL i E
»  150mV or 300mV Sense Voltage (EERPOM option) oTRLL :::1 o
»  +/-6mV offset (achieving ~ 4% or 2% LED current accuracy) vouT] %N
PWIN1 PWMO1| @ 3

. Linear PWM Dimming with integrated high side PMOS-FET
Driver: 200Hz to 2KHz

. Internal voltage reference (2.2V +/-5%) for Vout Sense in
Const. Voltage Loop

. Integrated low side NMOS-FET driver

. Programmable switching frequency (100 ~ 600kHz) and
external synchronization

OVFB1
PGND1

\elo}

TPS92602 VBAT
RT
| I
(4]
DIAG2

o B,
<
HL 1
4

. Dedicated DIAG output pin for each channel Diagnostic o GDRV2 }q = %3
»  Pulllow for LED Open and Output Over Voltage (Const. Voltage ISNS2 -
Loop and Auto-recovery) E @ S
»  Pull high for Output Short Circuit to GND and Output Over T CHAQNEL 4
C.urrent . . . . . ICTRL2 E;; M
> Linear monitoring LED current during non-failure condition > VOUT2 %\
. Protection s R e @ 3
»  Input Under Voltage (Auto-recovery) & Over Voltage Protection PGND2

»  Thermal Shutdown (Auto-recovery)
. Operating Junction Temp. Range: -40 Cto +150 C
. Thermally enhanced PWP package (HTSSOP - 28)

<’7
e
¢

<¢—|{AGND
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Head Light Control Unit

Single Stage Architecture

> Every LED String is directly driven out of the battery voltage
> Different Topologies depending on length of the LED String required

> Single Stage conversion offering highest Efficiency

Boost

SEPIC

Buck
Buck

~oto

r

@

Motor Driver
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Head Light Control Unit

Single Stage Architecture Basics

LED String 3 |—D

Vear Boost &
Boost to Battery
Sepic &
Flyback
+ single inductor only
Boost

Boost to Battery

Sepic

Flyback

+ efficiency ~ 90-95%

+ single inductor only

+ no conductive path from input to output

+ Vear_max<>Vstring (Buck Boost)

+ no conductive path from input to output

+ Vear_max<>Vstring (Buck Boost)

Tl Information — Selective disclosure

LED String 4 |—D

- Vgar wax < VstrinG

- conductive path from input to output

- high side current sense required

(limiting max LED string voltage to IC spec.)

- conductive path from input to output

- 2 inductors required

- current limitation (typ. 1-2A)
- efficiency ~ 85 — 90%

- transformer required

- lower efficiency than Boost

[/
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Head Light Control Unit

Generic LED Driver Topologies

Vear Vear Vear Vear
! Hf—» %
— — — — ' —
o o o o Q o Q
% ) % ) S |
© © © © | © =
N N N N > L N > L
o o o) o o
o o o) o T o)
=y iy = y 2 ¥ = u
N N N B N N
B
VA g | : 3
] : : :
\ ] | ] | ] | J
| | | |
Buck to Battery Boost Boost to Battery Sepic Flyback
(Buck) (Buck-Boost)
Veat> VstrinG Veat < VstrinG Vear <> VstriNG Veat <> VstriNG Veat <> VstriNG

Legend
=)

Tl watios o [l s QI oveioomen: [ concert | I Rmes  &A)
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Value Proposition

Features

Benefits

2 channel independent switching LED driver

Save PCB space and more cost effective

Support all kinds of topology -- Buck, Boost, Buck-
Boost, SEPIC and Flyback

Offer design flexibility for customer to meet differenet
requirements

Linear Analog Dimming with high side current sense

Saving PCB wire for low complexity, low cost and low risk
in system design

Linear PWM dimming through high side PMOS-FET

Easy for system design and can protect the device and
LED when Output short circuit and Over current happen

Dedicated DIAG pin

Feedback short and open status, and also measure LED
current during normal condition

Smoothly switching between Constant Current and
Constant Voltage when output LED Open

Protect device and LED when LED open or short to
battery, also auto recover when the fault is removed
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Functional Block Diagram

\"l!ar\l:

TPS92602-Q1

Vi

)

r

VDD

LD VCC
Int FET

RT |_| Osc
{1 ar
I T PLL
Rf_':s.::?:
Ce
1
come 1
v_",a‘ |
Ry
PWMIN []

———————— e

T g . b
o] c
- i
\ LED
I LOO I 1 wvcc —
int. FET LI_"1
| Cyee
1
]
1
1
& ‘\Aﬁ. ll| P
I; i =g
—l 1 = O_SME
A A I'I'| ISP‘ ]
Wi L} *
| wvour
1
\ rL PWMO H
@_ T = me
4 B
w Cver- h=
g @ current ;’
Detact
'1‘ GDRV |:
T Il Y
AL ISMS
L
<[~ 100mv I Za
= Flone
l SNE .i
L
R
OVEB ,i‘ OWE_B
T
— 22V =
> Row B A
— 075V l

P

W A
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Package and Pin Assighment
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s " o7g (1000 COMP1 [T ]2 TPS92602A-Q1 27 [ T 1 VOUT1
ARRAARRAAARAAS i ovrBt LT3 r————— 26 -7 isnt
0 5 RTCI]4 | | 25 |1 1sP
™ Yo v | us im 015 Now / L DIAGI L5 | : 24 | T 1 PGND1
e T A GND [T ]6 | | 23 |1 1snst
(¥ cage e pwming LT |7 | Themal | 5 -1 GpRv1
Seoling Plane Pad |
HHHHHHHHHHHHH ' i — VNCI]s | (@enpy | 21 |73 vee
. L X o J L PWMIN2 CT] 9 | | 20 .13 GDRv2
OVFB2 [T |10 | 19 T 1 ISNS2
r : e ICTRL2 [T_J 11 : : 18 T 1 PGND2
“LuLLl:ﬂ:LE:LtL::LEL:LL__}. Sealing Piane J# “_—‘ . AL coMpP2 [ 12 —————— 17 17 1sP2
1.20 A 005 =\ (A0 DIAG2 [T ] 13 16 "1 1 ISN2
PWMO2 1| 14 15 .11 vouT2
i3 Texas




Thank you.
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