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12 CHANNEL LINEAR LED DRIVER WITH UART/ SPI/ LumiBus™ INTERFACE

1 GENERAL DESCRIPTION

The IS32LT3131A/B/C is a linear LED driver with 12
programmable current sources capable of up to 75mA
each. It supports an external thermal shunt resistor that
dissipates thermal energy away from the LED driver to
minimize thermal stress on the device and maintain a
high output current accuracy. There are three bus
interface options, UART (IS32LT3131A), LumiBus
(1IS32LT3131B) or SPI (IS32LT3131C) used for
individual output control by a host MCU. A configurable
watchdog automatically sets fail-safe modes should the
bus interface loose communication.

Each output can individually support 10-bit PWM
dimming and 8-bit DC current adjustment. The output
channels can be combined to provide a higher current
drive capability, up to 900mA.

For added system reliability, the 1S32LT3131A/B/C
integrates fault detection circuitry for LED string
open/short, single LED short, overcurrent, overvoltage
and over temperature conditions. The fault condition
can be reported by a dedicated fault reporting pin
(FAULTB) and the fault details can be read from the
Fault Flag Registers. Multiple FAULTB pins can be tied
together to disable all IS32LT3131A/B/C devices on the
same parallel circuit to satisfy the “One Fail All Fail”
requirement.

The 1S32LT3131A/B/C is targeted at pixel-controlled
automotive lighting market, such as interior and exterior
animation light. It is offered in a thermally enhanced
eTSSOP-28 package.

2 APPLICATIONS

¢ Automotive LED Lighting
- Animation taillight
- Animation daytime running light
- Cluster display

March 2025

3 FEATURES

¢ Wide input voltage supply from 4.5V to 40V
e Thermal shunt resistor to minimize device thermal
stress
e UART interface (IS32LT3131A), LumiBus interface
(IS32LT3131B), SPI interface (IS32LT3131C) with
LumiBus protocol
- UART/ LumiBus interface compatible with CAN
physical layer, 100kbps~1Mbps baud rate
- SPI supports up to 9MHz
- CRC to ensure robustness of communication
- Support up to maximum 16 addressable devices
(IS32LT3131A/B)
- Watchdog timer to support fail-safe mode
e 12 current source channel outputs
- Up to 75mA per channel set by resistor
- 5% device-to-device output current accuracy
- Channels can be combined for higher current
capability with same current accuracy
- Low headroom voltage of 1.2V (Max.) at 75mA
¢ Individual PWM dimming for each channel
- 10-bit PWM duty cycle setting
- Programmable PWM frequency up to 31.25kHz
- PWM phase control minimizes inrush current
- Current slew rate control and spread spectrum to
optimize EMI performance
¢ Individual 8-bit DC current adjustment on each
channel
e 32-step global DC current setting
¢ Functional Safety-Capable
- Documentation available to aid functional safety
system design
¢ Fault protection with reporting
- Programmable fail-safe modes
- LED string open/short detection
- Single LED short detection
- Overcurrent (ISET pin shorted)
- Overvoltage
- CRC error
- Programmable over temperature current roll-off
- Thermal shutdown
- Programmable fault reporting delay time
- FAULTB pin for hardware fault reporting, allowing
parallel bus connection for “One Fail All Fail” or
“One Fail Others On” options
e Operating junction temperature range (-40°C ~
+150°C)
e AEC-Q100 Qualified with Temperature Grade 1: -
40°C to 125°C
¢ ROHS & Halogen-Free Compliance
e TSCA Compliance
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4 TYPICAL APPLICATION CIRCUIT
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Figure 1 Typical Application Circuit of Multiple IS32LT3131A with External CAN Transceiver for Off-board Long Distance Communication
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Figure 2 Typical Application Circuit of Multiple IS32LT3131A with UART Interface for On-board Communication

Connected to Next 1S32LT3131B
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Figure 3 Typical Application Circuit of Several IS32LT3131B with LumiBus Interface for Off-board Long Distance Communication
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Figure 4 Typical Application Circuit of Several IS32LT3131C with SPI Interface for On-board Communication

Note 1: The capacitors Couri~Couri2 are recommended for most applications. These capacitors must be placed as close to the corresponding
OUTXx pin as possible to optimize the EMI and ESD performance, especially when LEDs are connected to OUTx with long wires. The
recommended value is 1nF~10nF.

Note 2: The thermal shunt mechanism (Rsnunt) is optional. When the power supply voltage does not have significant variation, the thermal shunt
mechanism can be saved by connecting the VINS pin directly to the VIN pin.
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5 PIN CONFIGURATION AND DESCRIPTION

Package Device Pin Configuration (Top View)
FAULTB[ |1 +-----28[ JISET
GND[_] 2/ 127 ]FSMD
R[] 31 126] _]NC
™[ 41 125 ]NC
ADDRO[_| 5 i 124 _]voD
ADDR1[ | 6 ! 123[_]GND
IS32LT3131A viol 7, 522 [Jvins
GND[_| 8! :21:VIN
outi[ o 120 [ JouTtw2
out2[_]10] 119 [ JouTt11
outs[_ 11| 18 [ JouT1o
out4[ |12} 117[_JouTo
outs[ |13, 116 Jours
ouTe[ Juat------ '15 Jout?
FAULTB[ |1 e === 28 [ JISET
GND[_] 2/ 127 ]FSMD
LBUSH[ | 31 126 INC
LBusL[ | 4E 125 ]NC
ADDRO[__| 5 ! 124[_]voD
ADDR1[ | 61 523 —_]GND
eTSSOP-28 S32LT31318 o E : i ' % o
ouTi[]o! Ezo [ JouT12
out2[_]10] 119 | Joutn
outs[ || 18 [ JouTio
out4[ |12} 117[_JouTe
outs[ 13, 116 JouTs
oute[ Juat------ 115 JouT?
FAULTB[ | 1e o= [ JISET
GND[_| 2/ 127 ]FsmD
cs[ 3 126 JNC
sck[ |4 E 125]_]NC
mosi [_| 51 124 _]voD
miso[_| 6! izsjeND
1S32LT3131C vioLJ 7} 22L_Jvins
GND[_] 8! :21:VIN
outi[]o9! 120 [ JouT12
out2[ |10} 119 [ JouTn
outs[ || 118 [_JouTio
out4[ |12} 117 JouTo
outs[ 13, 16 JouTs
oute[ |uut------ 115 JouT?
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PIN DESCRIPTION

No. Pin Description
Open drain fault reporting pin. In the “One Fail All Fail” mode, this

1 FAULTB pin is also an input pin. Pulling this pin low will disable the device
outputs.

2,8,23 GND Ground pin.

3 (IS32LT3131A) RX UART interface receive data pin.

4 (1IS32LT3131A) TX UART interface transmit data pin.

3 (IS32LT3131B) LBUSH LumiBus interface high-level pin.

4 (IS32LT3131B) LBUSL LumiBus interface low-level pin.

5, 6 (IS32LT3131A/B)

ADDRO, ADDR1

Address set. Connect a proper valued resistor from this pin to
GND to assign the address.

3 (IS32LT3131C) CS SPl interface chip select pin.

4 (1S32LT3131C) SCK SPI interface clock pin.

5 (IS32LT3131C) MOSI SPI interface data input pin.

6 (IS32LT3131C) MISO SPI interface data output pin.
Power supply for MISO or TX output. It requires a 1uF X7R

7 (IS32LT3131A/C) VIO ceramic capacitor from this pin to GND, which must be placed
close to this pin.

9~20 OUT1~0UT12 LED output channels.

21 VIN Power supply input. It requires a 24.7uF X7R ceramic capacitor
from this pin to GND, which must be placed close to this pin.
Thermal shunt pin. Connect a proper valued power resistor from
VIN to this pin to shunt the power dissipation on the device. It

29 VINS needs a 24.7uF X7R ceramic capacitor from this pin to GND, which
must be placed close to this pin.
If the thermal shunt mechanism is not implemented, connect both
VIN and VINS pins to the power supply.

o4 VDD 5V internal LDO output. Connect a 4.7uF X7R ceramic capacitor
from this pin to GND, which must be placed close to this pin.

25, 26 . .

7 (1S32LT3131B) NC No connection. Recommend connecting to GND.

27 FSMD Connect different value resistor to GND to select fail-safe mode.

o8 ISET Resistor on this pin to GND sets the maximum output current for
OUT1~0UT12 LED channels.

Thermal Pad MUST be electrically connected to a large GND plane for

optimum thermal dissipation.

Lumissil Microsystems — www.lumissil.com
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6 ORDERING INFORMATION
Automotive Range: -40°C to +125°C

Order Part No. Package QTY/Reel

IS32LT3131A-ZLA3-TR
IS32LT3131B-ZLA3-TR eTSSOP-28, Lead-free 2500

IS32LT3131C-ZLA3-TR

Copyright © 2025 Lumissil Microsystems. All rights reserved. Lumissil Microsystems reserves the right to make changes to this specification and its products
at any time without notice. Lumissil Microsystems assumes no liability arising out of the application or use of any information, products or services described
herein. Customers are advised to obtain the latest version of this device specification before relying on any published information and before placing orders
for products.

Lumissil Microsystems does not recommend the use of any of its products in life support applications where the failure or malfunction of the product can
reasonably be expected to cause failure of the life support system or to significantly affect its safety or effectiveness. Products are not authorized for use in
such applications unless Lumissil Microsystems receives written assurance to its satisfaction, that:

a.) the risk of injury or damage has been minimized;

b.) the user assume all such risks; and

c.) potential liability of Lumissil Microsystems is adequately protected under the circumstances

Lumissil Microsystems — www.lumissil.com 8
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7 SPECIFICATIONS
7.1 ABSOLUTE MAXIMUM RATINGS

Supply voltage, Vinand Vins -0.3V ~ +42V
Voltage at FAULTB pin -0.3V ~ +42V
Voltage at LBUSH, LBUSL pins -20V ~ +20V
Differential voltage between LBUSH, LBUSL pins, (VisusH-ViBusL) -5V ~ +15V
Voltage at CS(RX), SCK(TX), MOSI (ADDRO), MISO(ADDR1), ISET, FSMD, VIO,

VDD pins -0.3V ~ +6V
Voltage at OUT1 to OUT12 pins -0.3V ~ Vins+0.2V
Maximum operating junction temperature, Tivax +150°C
Storage temperature range, Tstc -65°C ~ +150°C
Operating temperature range, Ta=T; -40°C ~ +150°C
Power dissipation, Ppwmax) 3.52W
Package thermal resistance, junction to ambient (4-layer standard test PCB 35.5°C/W
based on JESD 51-2A), 6a '

Package thermal resistance, junction to thermal PAD (4-layer standard test PCB 11.08°C/W
based on JESD 51-2A), 6sp '

ESD (HBM) +2kV

ESD (CDM) +750V

Note 3: Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any other condition beyond those indicated in the operational sections of the specifications
is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

7.2 ELECTRICAL CHARACTERISTICS
Vin= 5V~40V, T,= -40°C ~150°C, the detail refers to each condition description, unless otherwise noted.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Vin Supply voltage 4.5 40 Vv
Vins Supply voltage 4.5 40 \%

Riser= 20kQ, GCC= 0x3F,

SCAx= 0xFF, PWMx= 0x00 13 16 mA

I Quiescent current

Vv VIN undervoltage-lockout
NV threshold

VIN undervoltage-lockout

Voltage falling, IC disabled 3.7 3.9 4.1 Vv

VIN_UVHY hysteresis 170 220 270 mV
Vop VDD output voltage Vin> 5.5V, loo= 60mA 4.55 5 5.25 \Y,
Ioo_ max | VDD output current capability Vin> 5.5V, Vop> 4V 80 mA
Ipp_Lim VDD output current limit Vin> 5.5V, Vop= 2.6V 120 mA
VDD undervoltage-lockout : .
Vbbp_uv threshold Voltage falling, IC disabled 3.5 3.7 3.9 \Y,
VDD undervoltage-lockout
Vbb_uvHY hysteresis 200 mV
Vio TX/MISO power supply input 3 5.5 \%
fosc System clock frequency 31.2 32 328 | MHz
Lumissil Microsystems — www.lumissil.com 9

Rev.C, 03/07/2025



IS32LT3131A/B/C

(LUMISSIL

MICROSYSTEMS

ELECTRICAL CHARACTERISTICS (CONTINUE)

“#” This symbol in the table means these limits are guaranteed at room temp T,= 25°C.

“0” This symbol in the table means these limits are guaranteed at full temp range T,= -40°C~125°C.

Vin= 5V~40V, T)= -40°C ~150°C, the detail refers to each condition description, unless otherwise noted.

Symbol | Parameter Condition Min. | Typ. | Max. | Unit
Output Drivers
Riser= 8.2kQ, GCC= 0x3F, ¢ 3 3
SCA=0xFF, PWM=0xFF, CM=0 ol -5 5
Riser= 20kQ, GCC= 0x3F, ¢ 85 3.5
SCA=0xFF, PWM=0xFF, CM=0 ol -7 7
lout Output current per channel %
Riser= 8.78kQ, GCC= 0x3F, ¢ 3 3
SCA=0xFF, PWM=0xFF, CM=1 ol -5 5
Riser= 87.8kQ, GCC= 0x3F, ¢ 4 4
SCA=0xFF, PWM=0xFF, CM=1 ol -65 6.5
Riser= 8.2kQ, GCC=0x3F, ¢ 3 3
SCAx=0xFF, PWMx=0xFF, CM=0 || .5
Riser= 8.2kQ, GCC=0x10, ¢ 35 3.5
lout device to device SCAx=0xFF, PWMx=0xFF, CM=0 | o | 6.5 6.5
Aloutr | accuracy %
(Alout=1-lout ave/lout 1bEa) | Riser= 8.2kQ, GCC=0x08, ¢ -4 4
SCAx=0xFF, PWMx=0xFF, CM=0 | o | -7.5 75
Riser= 8.2kQ, GCC=0x3F, ¢ 3
SCAx=0xFF, PWMx=0xFF, CM=1 ol -5
o Riset= 8.2kQ, GCC= 0x3F,
Minimum headroom voltage SCA=0xFF, PWM=0xFF, CM=0 0.9 1.2
Vur_min | from VIN to OUTx V
(VIN tied to VINS) Riser= 20kQ, GCC= 0x3F, 06 0.8
SCA=0xFF, PWM=0xFF, CM=0 | )
. Riser= 8.2kQ, GCC= 0x3F,
VIseT ISET pin voltage SCAx=0XFF, PWMx=0xFF 0.96 1.0 1.04 \Y
loz OUTXx leakage current Voutx= 0V, PWM= 0x00 2 MA
Frequency setting= 25kHz 23.5 25 26.5 | kHz
fewm PWM frequency of outputs -
Frequency setting= 200Hz 188 200 212 Hz
Riser= 8.2kQ), GCC=0x3F, 3 3
SCAx=0xFF, PWMx=0xFF, CM=0
Riset= 8.2kQ, GCC=0x10,
lout channel to channel SCAx=0x7F, PWMx=0xFF, CM=0 -3 3
Almar mismatch in one device %
(Alvwar=1-loutx/lout_ava) Riser= 8.2kQ, GCC=0x3F, -5 5
SCAx=0xFF, PWMx=0xFF, CM=1
Riser= 8.2kQ, GCC=0x10, 7 7
SCAx=0xFF, PWMx=0xFF, CM=1
Lumissil Microsystems — www.lumissil.com 10

Rev.C, 03/07/2025




IS32LT3131A/B/C LomIssIL

ELECTRICAL CHARACTERISTICS (CONTINUE)
Vin= 5V~40V, Ty= -40°C ~150°C, the detail refers to each condition description, unless otherwise noted.

Symbol | Parameter Condition Min. | Typ. | Max. | Unit

Protection and Fault Reporting

Tsp Thermal shutdown (Note 4) 165 °C
Tsp_Hys | Thermal shutdown hysteresis (Note 4) 10 °C
ViH_rauits | FAULTB logic “1” input voltage 2.2 Vv
ViL_rauts | FAULTB logic “0” input voltage 0.8 V
Vpp_rauLts | FAULTB pull-down capability Isink= TMA 0.1 0.2 \%
“One Fail Others On”, no fault
" 1 MA
condition
Ike_rauLts | FAULTB leakage current : -
“One Fail All Fail”, no fault
" 2 MA
condition
LED string short detection falling
Vsc_rL threshold Measured at OUTx to GND 0.9 1 1.1 Y
LED string short detection rising
Vsc_Rrs threshold Measured at OUTx to GND 1.1 1.2 1.3 \Y
tsc ITED string short detection deglitch 4 us
time
LED string open detection falling
Voc_rL threshold Measured at (Vins-Voutx) 240 350 | mV
LED string open detection rising
Voc_Rs threshold Measured at (Vins-VouTx) 350 | 460 | mV

LED string open detection deglitch

toc time HS

Single LED short detection

VsLsTH threshold LEDx_SLSTH =03h 4.6 5 5.4 \Y
tssc Sing'le LE_D short detection 9 us
deglitch time
Vove TH | Overvoltage detection threshold Measured at (Voutx-Vins) 0.2 \Y
tove Overvoltage retry time 1.23 s
liseT_oc ISET pin overcurrent detection 170 200 230 MA
Rl [y b R I I Rl I

ADDRESS and FSMD Pins

ADDRO/ADDR1/FSMD pins

46 50 54 MA
source current

laDiFs

ADDRO/ADDR1/FSMD pins

V/TH1_ADIFS threshold-1 0.9 1 1.1 V

ADDRO/ADDR1/FSMD pins

V/TH2_ADIFS threshold-2 1.85 2 2.15 V

ADDRO/ADDR1/FSMD pins

V/TH3_ADIFS threshold-3 2.8 3 3.2 V

Lumissil Microsystems — www.lumissil.com 11
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ELECTRICAL CHARACTERISTICS (CONTINUE)
Vin= 5V~40V, Ty= -40°C ~150°C, the detail refers to each condition description, unless otherwise noted.

Symbol | Parameter Condition Min. | Typ. | Max. | Unit
UART Interface (IS32LT3131A Only)
ViH_rx | RXlogic “1” input voltage 2 \%
ViLrx | RX logic “0” input voltage 0.7 V
VoL_tx | TX low level output voltage Isink= SMA 0 0.3 \Y,
Vor1x | TX high level output voltage lsource= -5MA 8/ o Vio | V
lke_uart | TX, RX leakage current TX high-z state -1 1 A
Cin_rx | TX, RX input capacitance TX high-z state (Note 4) 5 10 pF
LumiBus Interface (IS32LT3131B Only)
] VBusH, RLoap= 50Q) to 65Q 2.75 3.5 4.5 V
Vo pom | Dominant output voltage
Visust, RLoap= 50Q to 65Q 0.5 1.5 2.25 \
. VisusH and Visust, 0.5x
Vo res | Recessive output voltage RLoap= open 2 Voo 3 \
Dominant, RiLoap= 50Q to 65Q 15 2 3
Dominant, RLoap= 45Q to 70Q 1.4 2 3.3 \
Vo piF Differential output voltage Dominant, RLoan= 2240Q 1.5 5
(ViBUSH-VLBUSL)
Recessive, RLoap= 60Q -120 12 v
m
Recessive, RLoap= open -500 50
Driver symmetry RLoap= 60Q,
Vsu (VisusH+VisusL)/Vop operating frequency 1MHz 09 | 1.0 | 11 WV
DC output voltage symmetry Dominant or recessive, )
Vsvm_pc (Vop-ViBusH-ViBusL) RLoap= 60Q 400 *400 | mV
Vem Common mode voltage range -10 12 Vv
Recessive state differential input (VisusH-VisusL),
VRECIN | \oltage ~10V Vows 12V -3 05 1V
Differential receiver threshold (ViBusH-ViBusL),
VIHOF | \oltage “10V= Vews 12V 05 | 07 1 091V
Differential receiver threshold (VisusH-ViBusL),
Vivs_oiF voltage hysteresis -10V=Vcems 12V 200 mv
Dominate state differential input (ViBusH-ViBusL),
Voo |\ oitage -10V< Vews 12V 0.9 8 |V
LBUSH pin,
| -3V< Visusks 18V 115 ) -60 mA
lo pom | Dominant output current L BUSL i
pin,
-3V< Visusi< 18V 60 | 115 | mA
lo res | Recessive output current Visusk= VisusL= -12V to 12V -5 +5 mA
Lumissil Microsystems — www.lumissil.com 12
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ELECTRICAL CHARACTERISTICS (CONTINUE)
Vin= 5V~40V, T,= -40°C ~150°C, the detail refers to each condition description, unless otherwise noted.

Symbol | Parameter Condition Min. Typ. | Max. | Unit
RIN_H (SLlrégdgﬁn;g;j input resistance -2V< Vigushs 7V 6 50
Rin_L (SLIB%EE ':)?r?)d input resistance -2V< Vigusts 7V 6 50 kQ
Ro | Differential input resistance %2 xiszi 77\\// 12 100
Mgin I2n><p(L|'_I\’t|r:_e|iI§t|sjc):/e(’lg|] Na_:cllll?r:’?_L) VisusH= VisusL= 5V -3 3 %
lke_can | Unpowered leakage current VisusH=VieusL=5V, Vin=0V 0 30 MA
toom x| Dominant time-out 1 2 3 ms
SPI Interface: SCK, MISO, MOSI, CS (IS32LT3131C only)
Vi Logic “0” input voltage 0.6 V
ViH Logic “1” input voltage 2.4 V
Vo MISO high level output voltage Isource= -5SmA Vi0-0.3V Vio V
VoL MISO low level output voltage Isink= 5MA 0 0.3 V
I Logic “0” input current Vineut= OV (Note 4) 5 nA
IiH Logic “1” input current Vineut= Vio (Note 4) 5 nA
ADC (10-Bit)

Vreranc | Reference voltage 1.8 \%
DNL Differential nonlinearity (Note 4) -5 +5 | LSB
INL Integral nonlinearity (Note 4) -8 +8 | LSB

RESADC | Quantization steps 1024 LSB

ADCERR | Quantification error -0.5 +0.5 [ LSB
tconv Min. conversion Time (Note 4) 25 &
Lumissil Microsystems — www.lumissil.com 13
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7.3 DIGITAL INPUT SPI SWITCHING CHARACTERISTICS (NOTE 4)

Symbol Parameter Min. Typ. Max. Units

fork Clock frequency - 9 MHz
tsLcH CS active set-up time 34 ns
tsHcH CS not active set-up time 17 ns
tsHsL CS detect time 167 ns
teHsH CS active hold time 34 ns
teHsL CS not active hold time 17 ns
teH Clock high time 34 ns
teL Clock low time 34 ns
teLen Clock rise time 9 ns
tereL Clock fall time 9 ns
toven Data in set-up time 7 ns
teHpx Data in hold time 9 ns
tsHaz Output disable time 34 ns
teLav Clock low to output valid 39 ns
teLax Output hold time 0 ns
taLaH Output rise time 17 ns
taHaL Output fall time 17 ns

Note 4: Guaranteed by design.
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8 TYPICAL PERFORMANCE CHARACTERISTICS
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10 APPLICATION INFORMATION
10.1 OVERVIEW

The IS32LT3131 is an automotive 12-channel LED driver with multiple bus interfaces for accessing individual control
of each LED string. Each current source channel is capable of up to 75mA and supports both individual channel
current adjustment and PWM dimming. The output current and PWM duty cycle of each channel can be individually
configured through the bus interface. Multiple output channels can be combined in parallel to create a higher LED
current channel. The unique thermal shunt resistor (power shunt) mechanism utilizes an external power resistor to
shunt IC power dissipation to minimize thermal stress on the device.

For added system reliability, the IS32LT3131 features various fault protections, including LED string open, LED
string shorted, single LED shorted, overvoltage, overcurrent (ISET pin shorted), over temperature, CRC error and
watchdog timeout (fail-safe modes) conditions for robust operation. Detection of these failures is reported by a
dedicated reporting pin, FAULTB. There are also dedicated flag bits in registers for each failure which can be read
back by the external host MCU through the bus interfaces. To optimize EMI performance, the IS32LT3131 features
spread spectrum on the internal PWM base clock to spread the total electromagnetic emitting energy into a wider
range that significantly degrades the peak energy of EMI. In addition, the output current source ON/OFF transitions
during PWM dimming have a proper slew rate control and programmable phase delay to mitigate EMI and power
supply inrush current.

The 1S32LT3131 provides three types of interfaces, UART (1S32LT3131A), LumiBus (IS32LT3131B) and SPI
(IS32LT3131C), between a host MCU and multiple slave 1S32LT3131 devices. The device address can be
configured by the two address pins (IS32LT3131A/B only). The interfaces receive data to control all output channels
and send back fault information to the host MCU. The LumiBus interface allows long distance off-board
communication between boards in same lamp module (as shown in Figure 39). While the UART and SPI interface
allow on-board communication. The UART interface along with an external industrial-standard CAN transceiver also
enables long distance off-board communication with a host MCU placed outside of the lamp module (as shown in
Figure 40). Based on the CAN physical layer, it can achieve excellent EMS and EMI performance. The embedded
CRC correction can ensure robust communication in automotive environments. These interfaces are easily
supported by most MCUs available in the market.

To further increase robustness, the device will automatically switch to a fail-safe state in case of the communication
loss, for example, host MCU failure or communication cables broken. The device supports different fail-safe modes
which can be configured by the FSMD pin.

CANH LBUSH
PHY 3 1S32L.T3131B
CANL LBUSL
RX | | X ConslgEtVOItage
MCU
v DC-DC LED Strings
BAT Converter
MCU and Power Board LED Board
Lamp Module

Figure 39 LumiBus Interface for Long Distance Intramodular Communication
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Figure 40 UART Interface with External CAN Transceiver for Long Distance Intermodular Communication

10.2 POWER SUPPLY
10.2.1 VIN UNDERVOLTAGE-LOCKOUT (UVLO)

The IS32LT3131 features an undervoltage-lockout (UVLO) function on the VIN pin to prevent unintended operation
at too low input voltages. UVLO threshold is an internally fixed value and cannot be modified. Entering UVLO wiill
reset all the registers to their default value. The device is disabled when the VIN voltage drops below Vin uv and
resumes normal operation when the VIN voltage rises above (Vin_uv+Vin_uvhy). Due to the LBIST (Logic Built-in Self-
test) and device address detection, all registers are accessible 20ms after UVLO is released.

10.2.2 INTERNAL 5V LINEAR REGULATOR (VDD)

The 1IS32LT3131 device integrates an internal linear regulator (LDO) with 5V (Typ.) and loo_max current to power the
internal analog and digital circuits, including internal LumiBus transceiver (IS32LT3131B). During operation, the
internal circuit will draw transient high current from this linear regulator. Therefore, a 4.7uF low ESR, X7R type
ceramic capacitor is necessary from VDD pin to GND, it must be placed as close to VDD pin as possible. This linear
regulator also has the UVLO feature. The device is disabled when the Vop voltage drops below Voo uv and resumes
normal operation when the VDD voltage rises above (Voo_uv+Vop_uvry). Entering UVLO will reset all registers to
their default value. An Ipp_uim current limit on VDD pin protects the 1S32LT3131 from VDD output overload or short-
circuit conditions.

For 1S32LT3131B device, do not power high current external devices using the VDD pin since the internal LumiBus
transceiver will draw high continuous current during communication.

10.2.3 VIO VOLTAGE SUPPLY

The positive voltage rail of the UART interface (IS32LT3131A) and SPI interface (1IS32LT3131C) are supplied with
the VIO which must be connected to the same power supply as the MCU or CAN PHY. The VIO pin can be
connected to the device VDD pin if a 5V MCU or CAN PHY is interfaced to the IS32LT3131A/C.

It requires a 1uF low ESR, X7R type ceramic capacitor from this pin to GND, which must be placed close to this pin.

Viacw
Vee
MCU/ MCU SPI
CAN PHY UART
IS32LT3131A
1S32L.T3131C
Figure 41 VIO Voltage Supply
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10.2.4 THERMAL SHUNT TOPOLOGY

For any linear constant current LED driver, its power dissipation can be calculated by multiplying the voltage drop
across the driver by the current flowing through it. This value is expressed in watts.

e Ve ———> . VesPl——— Vg —————>

Vin E E Vin E E
L VIN ouT L’V\/\'_ VIN ouT
Rs
LINEAR LINEAR
LED DRIVER LED DRIVER
(a) (b)

Figure 42 Linear LED Driver Power Dissipation

As shown in Figure 42(a), the thermal dissipation of the driver can be calculated by the following equation:

Poriver = Vur X loyr = (Vin = Vsrring) X lour (1)

According to the above equation, a higher input voltage will result in greater thermal dissipation. A power resistor,
Rs, can be added to shunt some thermal away from the driver. As shown in Figure 42(b). The resultant driver thermal
dissipation becomes:

Ppriver = Vur X loyr = (Vin = Rs X loyr — Vsrring) X lour (2)
Note: The device’s internal circuit current consumption, lin is negligible compared to lout. Hence, lvinis equal to lour.

A large Rs value is able to significantly derate the power dissipation on the driver at high input voltage levels.
However, for automotive applications, the nominal battery voltage can vary from 9V to 16V. A large Rs value will
result in insufficient operating Vur headroom voltage at low input voltages resulting in a drop of the lout output
current. To address this, the 1S32LT3131 has two current input paths through the VIN and VINS pins. VIN is
connected directly to the power supply and VINS is connected to the power supply via a thermal shunt resistor,
RsHunt, in series as shown in Figure 43.

V

= e VIN ouTL
42&:; LWV'NS “ ..
4.7pF=L .
ouTL2 R R
1S32LT3131 R R
R R

Figure 43 Thermal Shunt Mechanism

This thermal shunt mechanism is enabled by setting the TST_EN bit in the CONFIG register (00h) to “1”. It ensures
the input current flows through the VINS path as much as possible (the maximum is 23/24 of total output current).
However, when the input voltage, Vi, is at a low level, the thermal shunt resistor Rsnunt limits the input current
through the VINS path so the major input current (the maximum is 23/24 of total output current) flows through the
VIN path directly to ensure sufficient Vir headroom voltage for the driver to maintain a constant output current.
When the input voltage Vin increases, the device gradually transfers more input current from the VIN path to the
VINS path. The higher the Vin voltage level, the more current flows through the VINS path. So the Rshunt can
significantly shunt thermal dissipation away from the driver at high input voltage level to ensure the junction
temperature of the driver remains at a reasonable level.

Note that when the thermal shunt mechanism is implemented, the maximum regulated current through either VIN
path or VINS path is 23/24 of total output current. To optimize the dynamic response of the thermal shunt regulation,
connect a X7R ceramic capacitor Cvins (not less than 4.7uF) from the VINS pin to GND.

As shown in Figure 44, the IS32LT3131 has different operating areas when using the thermal shunt mechanism.
Within the Low Headroom Area, the input voltage is too low. Even though most input current flows through the VIN
path, the headroom voltage is insufficient to reach the setting value. So, the power dissipation of the driver is small.
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When the input voltage rises above (Vout max+1.5V), the transition voltage Vtr splits the operation into two areas:
Thermal Shunt Area and Thermal Increasing Area.

Transition Point

A V1r
1
Jmmmmmm e ———————
A
S &
= 1
S| Vourmax*l5V  Rsuuyt 1
2 1
a 1
. 1
o 1
2 1
[e]
o P |
o ' > Vi
)
.4_).<_Thermal_>:<_ Therm_al —
' Low ! Shunt ' Increasing
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Figure 44 Power Dissipation Distribution With Thermal Shunt Resistor
10.2.4.1 Thermal Shunt Area

All output currents are in constant regulation mode only when the input voltage is greater than Vour max+1.5V. As
the input voltage increases, the input current starts to be gradually transferred from the VIN path to the VINS path.
Therefore, the power dissipation on Rshunt increases and the power dissipation of the driver is maintained at a
reasonably low level. The VINS path current can be calculated by:

ViN-VouTr max—1.5V (3)

lyins = R
SHUNT

Where, Vout_max is the maximum voltage of all OUTx pins and 1.5V is the typical dropout voltage from VINS to the
OUTx pin.

So the VIN path current is:
Iyiy = 321 lourx — Ivins) + Iy (4)
Where, In is the power supply quiescent current and x is the 1 to 12 output channels.

The power dissipation on the Rshunr resistor is:

2
_ (vin—Vour Max—1.5V)
Pspynr = RSHUNT (5)

The power dissipation on IS32L.T3131 is:

2
VIN—V, -1.5V
P3131_TSA = VIN X (22162:1 IOUTx + [IN) - ( - ORZZZI:: ) B 29162=1(10UTX % VOUTX) (6)

10.2.4.2 Thermal Increasing Area

When the input voltage is equal or greater than the Transition Voltage Vtr, most of the input current (23/24 of total
output current) will flow through Rsnunt into VINS pin. The power dissipation on the Rsnunt resistor is constant while
the power dissipation on the driver increases linearly. VTr voltage point can be adjusted by the resistance value of
RsHunT:

23
Vrr = Rsyynt X PR Yxiiloyrs + Vour max + 1.5V (7)

The maximum regulated current flow through the VINS path is 23/24 of the total output current, and the remaining
1/24 of total output current continues flowing through the VIN path.

To optimize the power dissipation on the driver, the RsHunt value should be chosen to make sure the V1w is equal
to the maximum input voltage Vin_wmax:

ViN Mmax—Vour max—1.5V (8)

R =
SHUNT 23 w12
—24X2x=1 louTx

The power dissipation on the Rsnunt resistor is constant at maximum value:
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23
PSHUNT_MAX = (Z X 22162=1 IOUTX)Z X RSHUNT (9)

The power rating of Rsnunt should be carefully considered. A single high wattage resistor or several small wattage
resistors in parallel can be used to sustain the power dissipation.

The power dissipation on IS32LT3131 is:

23
P3131 714 = Vin X 21 lourx + Iiv) — (; X Y221 Tourx)? X Rsuunt — 2x21Uourx X Vours) (10)

The larger the RsnHunt value with low Vin results in a lower dropout voltage from the VINS to OUTx pins. Since the
LED string open protection is achieved by detecting this dropout (refer to the “LED STRING OPEN DETECTION”
section), a large Rsxunt value could falsely trigger the LED string open protection when the input voltage Vin is at a
low level. To prevent falsely triggering, a proper fault undervoltage-lockout voltage threshold Vrir uv should be
programmed by the FLT_UV register (02h). The recommended can be calculated as:

1
Veir_uv 2 Rspunt X 5 X Y¥21 loyrx + Vour max + 1.5V (11)

When PWM dimming is implemented, the PWM off-time must not be less than 400ns to ensure the normal operation
of the thermal shunt mechanism.

Applications with a large power supply voltage variation, should utilize the thermal shunt mechanism to minimize
thermal stress on the IS32LT3131 device. There is no need for the thermal shunt in applications with a steady power
supply voltage. When the thermal shunt mechanism is not implemented, set the TST_EN bit in the CONFIG register
(00h) to “0” and connect both of VIN and VINS pins directly to the power supply and the Cvins capacitor can be
omitted.

VIN
}E VIN ouT1
423}2; VINS . o o
ouTL2 h £\ h £
1S32L.T3131 R R
h £\ h £\

Figure 45 Thermal Shunt Mechanism Unused

10.3 OUTPUT CURRENT SETTING

The full DC output current (lout_ru) for each channel is simultaneously set by the resistor (Riset) from the ISET pin
to GND. The value for this current set resistor is computed using the following equation:

If the CM bit in the CONFIG register (00h) is set to “0”:
Loyr ry = Zii: X 614.4 (12)

(8.2kQ < Riser = 62kQ)
If the CM bit in the CONFIG register (00h) is set to “1”:

Loyr ry = % x 87.77 (13)

(8.2kQ < Riser < 62kQ)

Where, Viser = 1V (Typ.). Riser is in Q and lout_ru is in Amp. When the target current is lower than 10mA, setting
CM bit to “1” can get better current accuracy.

Itis recommended that Riset be a 1% accuracy resistor with good temperature characteristic to ensure stable output
current. Riser must be placed as close to the ISET pin as possible on PCB layout to avoid noise interference and
ground bounce. The device is protected from an output overcurrent condition caused by Riser resistor. The output
current is reduced to 17mA (Typ.) if the ISET pin is shorted to ground or if the Riset resistor value is too low.
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When Riser is fixed, the DC output current for each channel can be 32-step programmed by the GCC[5:0] bits in
the GC_CTRL register (01h). Furthermore, based on the GCC[5:0] setting, each channel also supports individual
256-step programmable DC output current adjustment. This feature can be used to set binning values for output
LEDs or to calibrate the LEDs to achieve high brightness homogeneity based on external visual system to further
save binning cost. The 8-bit Scaling Registers SCAx (10h~1Bh) individually set the DC output current of each
channel.

GCC[5:0] and SCAXx control the OUTx current (loutx) as shown in the following equation:

GCcC SCAx
I =1 X — 14
oUTx OUT_FU 32 256 ( )

Where, x is from 1 to 12 for different output channel.
If GCC[5:0] <31 (01 11117),
GCC=Y5_,D[n]-2" (15)
If GCC[5:0] = 32 (“10 0000"), GCC=32.
F;)geux_?;n_ple: assume GCC[5:0] = 0x05 and SCA1 = 0x80. GCCJ[5:0] = 31 so GCC = 5. Then the DC output current
(0] IS

5 128
= X—=X—
IOUTl IOUT_FU 32 256 (16)

If GCC[5:0] = 0x2F and SCA1= 0x80, GCCJ[5:0] = 32 so GCC=32. Then the DC output current of OUT1 is:

32 128
= X—=X—
IOUTl IOUT_FU 32 256 (17)

If any channel(s) are unused, please connect the corresponding OUTx pin(s) to the VINS pin directly to avoid false
fault detection and set the corresponding PWM and scaling registers to “0x00” to turn off output(s).

Veat vl VINS OUT12
CVINS__
Dl% LmFI ouTL
B il VTV :
CINA .
l ouUT11
wR h 23
1S32L.T3131 YR - ¥R
h £ h 2\

Figure 46 Example of OUT12 Unused

10.4 PWM DIMMING

The 1S32LT3131 integrates independent 10-bit PWM generators for each output channel. The output current for
each channel is turned on and off by the PWM generator. The average current of each output channel can be
adjusted by the PWM duty cycle to control the brightness of LEDs. The PWM Registers (20h~2Eh) individually set
the PWM duty cycle of each channel.

The frequency of the PWM dimming is programmable by the PWMTICK register (46h) and PRESCALE register
(47h). The maximum PWM frequency can be up to 31.25kHz (Typ.). Due to slew rate control of the output current
rising and falling, a high frequency PWM signal has a shorter period time that will degrade the PWM dimming
linearity. Therefore, a low frequency PWM signal is good for achieving better dimming contrast ratio. At a
100Hz~500Hz PWM frequency, the dimming duty cycle can be varied from 100% down to 1% or lower. Select the
frequency of PWM dimming based on the minimum brightness requirement in application.

The PWM dimming is enabled/disabled by the DC_PWM bit in DC_PWM_SEL register (05h). When the DC_PWM
bit is set to “1”, the PWM generators are disabled, and all outputs are DC current which is given by equation (14).
When the DC_PWM bit is set to “0”, the PWM generators are enabled to dim the LEDs by its duty cycle:
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lourx_pwm = lourx X Dpwmx (18)

Where, Dewwix is duty cycle of each channel independently programmed by PWM Registers (20h~2Eh):

Yo—oD[n]-2"
Dpwux = ngT (19)

10.4.1 PWM PHASE DELAY AND CLOCK PHASE SHIFT

To mitigate the input transient current and power supply ripple, the 1S32LT3131 features PWM phase delay and
clock phase shift schemes. When both of PWM phase delay and clock phase shift are disabled (Phase Control
register (04h) is set to “0x00”), all channels are simultaneously turned on at the beginning of each PWM cycle that
draws large current from power supply and leads to high voltage ripple on power supply rail. As shown in below
Figure 47.
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Figure 47 PWM Phase Delay Disabled and Clock Phase Shift Disabled

The 1S32LT3131 divides the 12 output channels into 6 groups to perform PWM phase delay and clock phase shift,
OUT1/0UT2 as group 1, OUT3/0OUT4 as group 2, ...OUT11/OUT12 as group 6. When only the PDE bit in
PHASE_CTRL register (04h) is set to “1”, the phase delay is enabled, and each group is successively turned on
with an interval delay time toeLay of 1/6 PWM period (1/fewm) from the beginning of each PWM cycle. For each group,
two channels are simultaneously turned on. That mitigates the voltage ripple on the VIN power supply rail. As shown
in below Figure 48.
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Figure 48 PWM Phase Delay Enabled and Clock Phase Shift Disabled

The PS1~PS6 bits in PHASE_CTRL register (04h) respectively enable/disable the PWM clock phase shift of group
1 ~ group 6. When the PWM clock phase shift is disabled (PSx bit is set to “0”), two channels in the corresponding
group are simultaneously turned on at the beginning of the PWM cycle. As shown in below Figure 49.
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1/fF'WM —>

A

OUTODD_> <'tON

OUTeven € torr P

A

Simultaneously Turn On Resulting In
High Power Ripple

Figure 49 Clock Phase Shift Disabled

When the PSx bit in PHASE_CTRL register (04h) is set to “1”7, the PWM clock phase shift of the corresponding
group is enabled. The PWM duty cycle of odd number channel in the corresponding group counts from beginning
of PWM cycle while PWM duty cycle of even number channel in the corresponding group counts in reverse from
ending of PWM cycle. The PWM rising edge and falling edge cancel the voltage ripple on the VIN power rail. As
shown in below Figure 50.
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Figure 50 Clock Phase Shift Enabled

When the PHASE_CTRL register (04h) is set to “Obx1111111”, both of PWM phase delay and clock phase shift are
enabled and the voltage ripple on the VIN power rail is further minimized that also optimizes the EMI performance.
The PWM operation sequence of all groups is shown in below Figure 51.

<— 1/fPWM —>
—» Clock Phase 1

out: || | |

Clock Phase 2 €—

ouT, ] [ [

—>» Clock Phase 1

OUT, | N

Clock Phase 2

_ L
e I JLJL

: : —» Clock Phase 1:
OUTy, _I —I
Clock Phase 2 €=

OUT [ [

-« > <« >

toeLay=1/(6>%fowwm)

Figure 51 PWM Phase Delay Enabled and Clock Phase Shift Enabled
10.4.2 PWM SPREAD SPECTRUM

To optimize the EMI performance, the 1S32LT3131 includes a spread spectrum feature on the PWM base clock.
Spread spectrum can spread the total electromagnetic emitting energy into a wider range that significantly degrades
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the peak energy of EMI. With spread spectrum, the EMI test can be passed with a smaller size and lower cost filter
circuit. Spread spectrum is enabled/disabled by the SSCEN bit and the frequency is selected by the SSF[1:0] bits
in the SSCCFG register (43h). When the spread spectrum function is enabled, the PWM frequency must be set to
at least two times of the spread spectrum frequency to avoid flickering issue.

10.5 FAULT PROTECTION
10.5.1 FAULT REPORTING

For added system reliability, the 1IS32LT3131 integrates various fault detections for LED string open/short, single
LED short, overvoltage, overcurrent (ISET shorted), over temperature, CRC error and watchdog timeout (fail-safe
modes) conditions. The open drain pin FAULTB can be used as a fault status reporting. If any fault occurs, the
corresponding bitin FLT_TYPE_L or FLT_TYPE_H registers (5Ah or 5Bh) will be set to “1” and the FAULTB pin will
go low after a delay time (programmed by FT[3:0] bits in FLT_CONFIG register) to report fault condition. When it's
monitored by a host MCU, a pull-up resistor Rrpu (10kQ recommended) from the FAULTB pin to the supply of the
host MCU is required.

IS32LT3131 supports both “One Fail All Fail” and “One Fail Others On” fault action modes which can be selected
by OFA[1:0] bits in FLT_CONFIG register (51h). In the “One Fail All Fail” mode, if any channel encounters a fault
then all other normal channels will be turned off. The FAULTB pin supports both input and output functions. In the
“One Fail Others On” mode, if any channel encounters a fault then all other normal channels will keep normal
operation. The FAULTB pin supports output functions only.

VHOST
g 1S32L.T3131
Repy %
HOST FAU LTBx > Fault
I Handling
=

Figure 52 Host Monitors The Fault Reporting

In the “One Fail All Fail” mode, the FAULTB pin supports both input and output functions. Externally pulling FAULTB
pin low will disable all outputs, so the FAULTB pin is not allowed to float in this mode. An external pull-up resistor,
Rrpu, must be added to pull up FAULTB pin high for normal operation. The recommended resistor value is 10kQ.
For lighting systems with multiple IS32LT3131 devices which requires the complete lighting system be shut down
when a fault is detected, the FAULTB pin can be used in a parallel connection. A fault output by one device will pull
low the FAULTB pins of the other parallel connected devices and simultaneously turn them off. This satisfies the
multiple devices “One Fail All Fail” operating requirement.

10.5.2 LED STRING OPEN DETECTION

The LED string open detection is enabled by setting the ODE bit in FLT_DET_EN register (50h) to “1”. Then the
LED string open detection is active after VIN voltage rising above a setting fault undervoltage-lockout voltage
threshold VeLt_uv, which can be programmed by FLT_UV register (02h). This helps prevent a false fault detection
due to insufficient power supply voltage, such as power up transients. If any LED string is open, the corresponding
OUTx pin will be pulled up close to VINS by its internal current source. When Vin>VrLt uv and the dropout voltage
from the VINS pin to the OUTx pin, (Vins-Voutx), falls below the LED string open detection voltage, Voc rL, and
persists for longer than a deglitch time (typical 4us), the LED string open protection will be triggered. The
corresponding fault flag bits in OPEN_FLTL or OPEN_FLTH register (54h or 55h) and the OPENF bit in
FLT_TYPE_L register (5Ah) will be set to “1”. The FAULTB pin will go low after the delay time (programmed by
FT[3:0] bits in FLT_CONFIG register) to report the fault condition. The faulty channel will reserve a 4mA retry current
for recovery detection. If the fault action mode is “One Fail All Fail”, all other normal channels will be turned off. If
the fault action mode is “One Fail Others On”, all other normal channels will keep normal operation.

No matter in which fault protection mode, the device recovers to normal operation and the FAULTB pin will go back
to a high impedance after the delay time (programmed by FT[3:0] bits in FLT_CONFIG register) once the open
condition is removed, (Vins-Vourtx) rising above the LED string open detection voltage, Voc_rs. The corresponding
fault flag bit in OPEN_FLTL or OPEN_FLTH register (54h or 55h) will reset to “0”. However, the OPENF bit in
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FLT_TYPE_L register (5Ah) is latched, which means it cannot automatically reset to “0” after open condition being
removed but must be cleared by the host MCU writing it back to “0”.

When PWM dimming is implemented, the LED string open detection is only enabled during PWM ON phase. If the
PWM on-time is less than the deglitch time (typical 4us), the device does not report any LED string open fault.

10.5.3 LED STRING SHORT DETECTION

The LED string short detection is enabled by setting the SDE bit in FLT_DET_EN register (50h) to “1”. If any LED
string is shorted, the corresponding OUTx pin voltage will be pulled down close to zero. When the OUTx pin voltage,
Vourtx, falls below the LED string short detection voltage, Vsc_r. and persists for longer than a deglitch time (typical
4us), the LED string short protection will be triggered. The corresponding fault flag bits in SHORT_FLTL or
SHORT_FLTH register (52h or 53h) and the SHORTF bit in FLT_TYPE_L register (5Ah) will be set to “1”. The
FAULTB pin will go low after the delay time (programmed by FT[3:0] bits in FLT_CONFIG register) to report the
fault condition. The faulty channel will reserve a 4mA retry current for recovery detection. If the fault action mode is
“One Fail All Fail”, all other normal channels will be turned off. If the fault action mode is “One Fail Others On”, all
other normal channels will keep normal operation.

No matter in which fault protection mode, the device recovers to normal operation and the FAULTB pin will go back
to a high impedance after the delay time (programmed by FT[3:0] bits in FLT_CONFIG register) once the short
condition is removed, Vourtx rising above the LED string short detection voltage, Vsc_rs. The corresponding fault flag
bit in SHORT_FLTL or SHORT_FLTH register (52h or 53h) will reset to “0”. However, the SHORTF bit in
FLT_TYPE_L register (5Ah) is latched, which means it cannot automatically reset to “0” after short condition being
removed but must be cleared by the host MCU writing it back to “0”.

When PWM dimming is implemented, the LED string short detection is only enabled during PWM ON phase. If the
PWM on-time is less than the deglitch time (typical 4us), the device does not report any LED string short fault.

10.5.4 SINGLE LED SHORT DETECTION

The single LED short detection is enabled by setting the SLSDE bitin FLT_DET_EN register (50h) to “1”. Then the
single LED short detection is active after VIN voltage rising above the fault undervoltage-lockout voltage threshold
VeLt_uv. This helps prevent a false fault detection due to insufficient power supply voltage, such as power up
transients. The single LED short detect threshold Vs.sth of each channel is individually programmed by the
corresponding LEDx_SLSTH[4:0] bits in LEDx_SLS registers (30h~3Bh). If single LED of any string is shorted, the
corresponding OUTx pin voltage will drop down. When the OUTx pin voltage, Vour, falls below single LED short
detect threshold, VsLsth, and persists for longer than a deglitch time (typical 9us), the single LED short protection
will be triggered. The corresponding fault flag bits in SLS_FLTL or SLS_FLTH register (56h or 57h) and the SLSF
bit in FLT_TYPE_L register (5Ah) will be set to “1”. The FAULTB pin will go low after the delay time (programmed
by FT[3:0] bits in FLT_CONFIG register) to report the fault condition. If the fault action mode is “One Fail All Fail
(single LED short latches all outputs off)”, all channels will be latched in completely off state until next power cycle
or set the OFA[1:0] bits to “10” or “11”. If the fault action mode is “One Fail All Fail (single LED short auto recover)”,
all other normal channels will be turned off and the faulty channel will reserve a current for recovery detection. The
reserved current can be either normal current or 4mA (Typ.), which can be set by the SLSHCR bit in FLT_CONFIG
register (51h). If the fault action mode is “One Fail Others On”, all other normal channels will keep normal operation.

Besides the “One Fail All Fail (single LED short latches all outputs off)” mode, the device recovers to normal
operation and the FAULTB pin will go back to a high impedance after the delay time (programmed by FT[3:0] bits
in FLT_CONFIG register) once the single LED short condition is removed, Vourx rising above the LED string short
detection voltage, VsLsth. The corresponding fault flag bitin SLS_FLTL or SLS_FLTH register (56h or 57h) will reset
to “0”. However, the SLSF bit in FLT_TYPE_L register (5Ah) is latched, which means it cannot automatically reset
to “0” after single LED short condition being removed but must be cleared by the host MCU writing it back to “0”.

When PWM dimming is implemented, the single LED string short detection is only enabled during PWM ON phase.
If the PWM on-time is less than the deglitch time (typical 9us), the device does not report any single LED short fault.

10.5.5 OVERVOLTAGE PROTECTION

There is an inherent body diode from each OUTx pin to VINS pin. If any OUTx pin voltage exceeds the VINS pin
voltage, for example either OUTXx pin is shorted to VIN or VINS pin shorted to GND, a high current could flow through
the body diode that may lead to permanent damage to the device. To protect that, an overvoltage detection is
integrated to monitor the voltage from each OUTx pin to VINS pin, (Voutx-Vins). The overvoltage detection is enabled
by setting the OVE bit in FLT_DET_EN register (50h) to “1”. If (Voutx-Vins) exceeds the overvoltage protection
threshold Vove_th and persists for longer than a deglitch time (typical 20us), the device will turn off all outputs for
1.15s (Typ.). The corresponding fault flag bits in OVP_FLTL or OVP_FLTH register (58h or 59h) and the OVPF bit

Lumissil Microsystems — www.lumissil.com 31
Rev.C, 03/07/2025



IS32LT3131A/B/C LomIssIL

in FLT_TYPE_H register (5Bh) will be set to “1”. The FAULTB pin will go low after the delay time (programmed by
FT[3:0] bits in FLT_CONFIG register) to report the fault condition. The device will recover to normal operation once
the 1.15s (Typ.) timer has expired. Under sustained overvoltage condition, the device operates in hiccup mode,
attempting to recover every 1.15s (Typ.).

The device recovers to normal operation and the FAULTB pin will go back to a high impedance after the delay time
(programmed by FT[3:0] bits in FLT_CONFIG register) once the overvoltage condition is removed. The
corresponding fault flag bit in OVP_FLTL or OVP_FLTH register (58h or 59h) will reset to “0”. However, the OVPF
bit in FLT_TYPE_H register (5Bh) is latched, which means it cannot automatically reset to “0” after overvoltage
condition being removed but must be cleared by the host MCU writing it back to “0”.

10.5.6 OUTPUT OVERCURRENT (ISET PIN SHORT)

The device is protected from an output overcurrent condition caused by the Riser resistor. All output current is limited
to 110mA (Typ.) in case of the ISET pin is shorted to ground or too low a value Riser resistor is connected to ISET
pin. If the condition persists for longer than the deglitch time (typical 1us), the ISET pin short detection will be
triggered. All output current will be reduced to 17mA (Typ.). The ISETSF bit in FLT_TYPE_L register (5Ah) will be
set to “1” and the FAULTB pin will go low after the delay time (programmed by FT[3:0] bits in FLT_CONFIG register)
to report the fault condition.

Once the resistance from the ISET pin to GND resumes to a normal range, all channels will recover to normal
operation and the FAULTB pin will recover to a high impedance after the delay time (programmed by FT[3:0] bits in
FLT_CONFIG register). However, the ISETSF bit in FLT_TYPE_L register (5Ah) is latched, which means it cannot
automatically reset to “0” after ISET short condition is removed but must be cleared by the host MCU writing it back
to “0”.

10.5.7 THERMAL SHUTDOWN

In the event that the junction temperature exceeds Tsp (Typ. 165°C), all output channels will go to the OFF state
and the TSDF bitin FLT_TYPE_L register (5Ah) will be set to “1”. If the TRE bit in TEMP_SEN register (03h) to “1”,
the FAULTB pin will go low after the delay time (programmed by FT[3:0] bits in FLT_CONFIG register) to report the
fault condition. At this point, the device presumably begins to cool off. Any attempt to toggle the channels back to
the source condition before the device cooled to below (Tsp-Tsp_Hys) (Typ. 155°C) will be blocked and the device
will not be allowed to restart. The FAULTB pin will recover to a high impedance after the delay time (programmed
by FT[3:0] bits in FLT_CONFIG register) once the device cools down. However, the TSDF bit in FLT_TYPE_L
register (5Ah) is latched, which means it cannot automatically reset to “0” but must be cleared by the host MCU
writing it back to “0”.

10.5.8 THERMAL ROLL-OFF PROTECTION

The device integrates thermal shutdown protection to prevent the device from overheating. In addition, to preventing
the LEDs from flickering due to rapid thermal changes, the device also includes a programmable thermal roll-off
feature to reduce power dissipation at high junction temperatures.

The output current will be equal to the set value loutx as long as the junction temperature of the device remains
below thermal roll-off temperature threshold TS which can be programmed by the TS[1:0] bits in the TEMP_SEN
register (03h). If the junction temperature exceeds the temperature threshold TS, the output current of all channels
will begin to linearly reduce following the junction temperature ramping up until thermal shutdown. The TF bit in
FLT_TYPE_L register (5Ah) will be set to “1”. If the TRRE bit in TEMP_SEN register (03h) to “1”, the FAULTB pin
will go low after the delay time (programmed by FT[3:0] bits in FLT_CONFIG register) to report the fault condition.
The percentage of the output current before thermal shutdown is also programmable by the TROF[1:0] bits in the
TEMP_SEN register (03h).

The output current will resume to the set value loutx and the FAULTB pin will recover to a high impedance after the
delay time (programmed by FT[3:0] bits in FLT_CONFIG register) once the junction temperature cools down below
the thermal roll-off temperature threshold TS. However, the TF bit in FLT_TYPE_L register (5Ah) is latched, which
means it cannot automatically reset to “0” but must be cleared by the host MCU writing it back to “0”.
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Figure 53 Thermal Roll-off Protection

By mounting the 1S32LT3131 device on the same thermal substrate as the LEDs, use of this feature can also limit
thermal dissipation of the LEDs.

Fault Action Table (Both Normal State And Fail-Safe State)

Fault Type Detection Conditions Actions Fault Flags FA;JiIr_]TB Recovery
Vin<Vin_uv Turn off all channels and Vin>(Vin_uv+Vin_uvhy)
Supply UVLO or - reset all registers to - - or
Voo<Voo_uv default value Voo>(Vob_uv+Voo_uvky)
Faulty channel outputs
PWM pulse width| OFA[1:0] # 11 |[4mA and other channels
LED string Vin>Veur uv greater than 4us off OPEN_FLTL/ (Vins-Vour)>Voc_rs
and OPEN_FLTH Pull low . £
open (Vins-Vour)<V (Typ.) and Faulty channel outputs OPENF bit Write OPENF bit to “0
INSTYOURJ=YOC Ll ODEbit=1 | OFA[1:0] = 11 |4mA and other channels
on
Faulty channel outputs
LED string Z\:deﬁusﬁgnwii? OFA[1:0] # 11 glfrPA and other channels SHORT_FLTL/ Voun>Vsc rs
Vourx<Vsc FL SHORT_FLTH| Pull low Write SHORTF bit to
short - (Typ.) and Faulty channel outputs SHORTF bit “0"
SDE bit=1 OFA[1:0] = 11 |4mA and other channels
on
Power cycle or set
] OFA[1:0] = 0x |All channels off OFA[1:0] to “10"/“11”
Single LED Vi Ve oy P\r'ggﬂtepr“tlﬁznwédtsh SLS_FLTU/ Write SLSF bitto 0"
ot and g (Typ,) and " Faulty channel outputs | SLST FLTH | Pull low
Vour<VeLsh SLS)gJIé bits 1 OFA[1:0] = 10 [reserve current and other |  S|SF bit VourcVsLsth
channels off Write SLSF bit to “0”
OFA[1:0] = 11 [All channels keep on
Overvoltage (Voutx- Longer than 20pus (Typ.) deglitch |Turn off all channels and 8\\//|;_[I§t-‘lr'll_—|/ Pull low (Vourx-Vins)<Vove TH
g Vins)>Vove_tH time and OVE bit =1 retry after 1.15s (Typ.) OVPF bit Write OVPF bit to “0”
ISET pin to GND
ISET pin loutx limited to Longer than 1ps (Typ.) deglitch [All channels reduced to . resistance resumes to
short 110mA (Typ.) time 17mA (Typ.) ISETSF bit Pull low normal range,
(Overcurrent) yp- yp- Write ISETSF bit to
“0"
Thermal . Pull low T:<(Tsp-Tsp_Hvs)
shutdown To>Tso - All channels off TSDEBIt | TRE=1) | Write TSDF bit to “0"
Thermal . All channels linearly . Pull low T,<TS
roll-off T>TS TROF[1:0] # 00 reduce output current TF bit (TRRE=1) | Write TF bit to “0”
Calculated CRC Increments CRC Error
CRC error does not match - Count register CRCEF bit Pull low | Write CRCF bit to “0”
CRC data 9
Communicati|  Watchdog Reswp=30kQ, 51kQ or 68kQ e i safe modes CMWF bit | Pulllow | Write CMWF bit to “0”
on loss times out and no error-free communication
Loopback PWM duty cycle DUTYF_L/ Deviation drops within
verifiF():ation deviation exceeds VFYEN bit =1 - DUTYF_H Pull low preset tolerance
preset tolerance LPBF bit Write LPBF bit to “0”

Note 5: OPENF, SHORTF, SLSF, OVPF, ISETSF, TSDF, TF, CRCF, CMWF and LPBF bits are latched. Even though the fault conditions are
removed, they cannot automatically reset to “0” but must be cleared by the host MCU writing it back to “0”.
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10.6 ADC OPERATION

The IS32LT3131 device includes an integrated 10-bit ADC with fifteen multiplexed input channels (CHO~CH14).
First input channel (CHO) is connected to the internal 1V reference voltage. The second input channel (CH1) is
connected to the internal PTAT which can be used for junction temperature measurement. The third input channel
(CH2) is connected to the internal 5V linear regulator (VDD) via a 1/4 resistor divider. The remaining twelve input
channels (CH3~CH14) are respectively connected to the OUTx pin via a 1/13 resistor divider. Setting the ADCEN
bit in ADCCFG register (62h) to “1” enables the ADC block. The CHSEL[14:0] selects the desired input channels
for ADC measurement. Writing the SADC bit in ADCCTL register (63h) to “1” starts the ADC measurement and
clears ADCCYC_F hit to “0”, and resets all ADC result registers (65h~7Dh) to default value if the ADCRST bit in
ADCCTL register (63h) is set “1”. The selected input channels are periodically measured in turn. As long as all
selected channel measurement are completed and all ADC results are available, the ADCCYC_F bit will be set to
“1”. Their 10-bit results are independently stored in the ADC result registers (65h~7Dh). If the LOOP bit in ADCCTL
register (63h) is set to “0”, all selected channels will only be measured once. If the LOOP bit is set to “1”, the ADC
will continuously measure all the selected channels all the time.

The reference voltage for the ADC is Vrerapc = 1.8V (Typ.). The ADC operating frequency is 1IMHz.

When PWM dimming is implemented, the ADC samples/holds the OUTx pin voltage for a period time, which is
programmed by ADCSHI[1:0] bits in ADCCFG register (62h), after each PWM rising edge with 3us (Typ.) delay time
then ADC conversion starts. To get a more stable result, the ADC measures multiple PWM cycles, which is
programmed by the ADCCYC_T[1:0] bits in the ADCCTL register (63h) and stores the average value into the
corresponding result register.

ADC Result
—_—

ADC_VREF[9:0
Vrer (1V) —P»] CHO VReFADC | — . |

(Typical 1.8V) ADC_VPTATI[9:0
Verar — P CHL | = = |
| ADC_VDD[9:0] |

Vop/4 —P»| CH2 ADC >

| Aoc_voutipo) |

Vour/13 —» cH3

Vourl13 —»| CH14 | ADC_VOUT12[9:0] |

ADCCLK
CH_SEL[14:0] (1MH2)

Figure 54 ADC Block
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START

Select ADC channels, CHSEL[14:0]
Enable ADC, “ADCEN” bit= “1”
Set ADC sample hold time, ADCSH[1:0]
Set ADC cycle sampling period, ADCCYC_T[1:0]

|

Set “LOOP” bit = “0”
Set “ADCRST” bit
Start ADC, “SADC” bit= “1”

ADC result is valid

reading for host MCU,
65h~7Dh register

END

Figure 55 ADC Programming Sequence of Single Mode

START

Select ADC channels, CHSEL[14:0]
Enable ADC, “ADCEN” bit= “1”
Set ADC sample hold time, ADCSH[1:0]
Set ADC cycle sampling period, ADCCYC_T[1:0]

|

Set “LOOP” bit= “1”
Set “ADCRST” bit
Start ADC, “SADC” bit = “1”

ADC result is valid

reading for host MCU,
65h~7Dh register

Figure 56 ADC Programming Sequence of Loop Mode

10.7 COMMUNICATION INTERFACES
10.7.1 UART INTERFACE (IS32LT3131A ONLY)

The host MCU can communicate with the IS32LT3131A device using a Universal Asynchronous Receiver and
Transmitter (UART). The UART communication process uses a command and response protocol (LumiBus protocol)
mastered by the host MCU to write and read the registers to and from each IS32LT3131A device. The IS32LT3131A
UART interface utilizes half-duplex communications (transmit and receive cannot overlap). A tri-state buffer drives
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the TX pin, it is recommended to place an external pull-up resistor (Rpu, 10kQ typical) on the RX input return line of
the host MCU. This allows multiple IS32LT3131A devices to share a common pair of TX and RX signals by
connecting all IS32LT3131A TX lines together and all IS32LT3131A RX lines together. The baud rate can support
100kbps~1Mbps.

VM CcuU

e ii=il

X i >
VMCU
MCU UART e e UART
Rey
TX RX RX
X , DJ —4
1S32LT3131A IS32LT3131A
#1 #N

Figure 57 UART Interface Connection to a MCU

Additionally, the physical TX and RX connections of IS32LT3131A can be joined together through an industrial-
standard CAN transceiver (CAN PHY). This has the added advantage of protection from shorts to battery and/or
shorts to ground on the cables and/or harnesses between the host MCU board and the IS32L.T3131A board. The
CAN physical layer has excellent EMI and EMS performance with long distance off-board connection.

VCAN

e =

VCAN
CAN B OO CAN
MCU PHY * PHY | Re
CAN Physical
= X Layer X
RX 1S32LT3131A IS32LT3131A
#1 #N

Figure 58 UART Interface with Industrial-standard CAN Transceiver Connection

10.7.2 LumiBus INTERFACE (IS32LT3131B ONLY)

The IS32LT3131B integrates LumiBus, which is compatible to an industrial-standard CAN transceiver (CAN PHY).
The LumiBus interface can communicate with the industrial-standard CAN transceiver by connecting the LBUSH
and LBUSL to the CAN bus. Therefore, the host MCU can control the IS32LT3131B devices via LumiBus interface
through a CAN transceiver. The integrated high-speed transceiver of LumiBus interface can support
100kbps~1Mbps baud rate.

The internal LumiBus transceiver converts the single-ended input (TX) of an internal UART interface from internal
LumiBus protocol handling circuitry to differential outputs for the BUS lines (LBUSH and LBUSL). The LumiBus
transceiver reads differential inputs from the BUS lines (LBUSH and LBUSL) and transfers this data as the single-
ended output (RX) of the internal UART interface to internal LumiBus protocol handling circuitry. This internal UART
interface is identical as 1S32LT3131A’'s UART interface and both uses the LumiBus protocol.

Like the industrial-standard CAN termination, resistors should be used to terminate both ends of the LumiBus bus.
The termination may be on the cable or in a node. The recommended value of Rter1, Rrerz and Crer are 62Q and
4.7nF.
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CANH Reers LumiBus LumiBus
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RX LBUSL 1S32L.T3131B 1S32L.T3131B
#1 #N
Figure 59 LumiBus Interface Connection
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Figure 60 LumiBus Interface Timing

10.7.3 UART DATA FORMAT (IS32LT3131A/B)

High

Logic 1
ST%RT/< Bit 0 >< Bit 1 >< Bit 2 >< Bit 3 >< Bit 4 >< Bit5 >< Bit 6 >< Bit 7 >/STOP
Low L Logic 0

Figure 61 UART Data Byte Format

The UART operates with one start bit, eight data bits (LS bit first) and one stop bit. Above Figure 61 shows the
waveform for an individual byte transfer on the UART. A logic “1” state occurs when the device drives the line to
high voltage. A logic “0” state occurs when the device drives the line to ground. Below Figure 62 shows actual data
bytes with UART data format.
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< 0xD9 >
High Logic 1
START Bit 0 Bit1 Bit 2 Bit3 Bit 4 Bit5 Bit 6 Bit7 STOP
“0” “1” “0” “0” “1” “1” “0” “1” “179 “1”
Low Logic 0
High Logic 1
START Bit0 Bit1 Bit 2 Bit 3 Bit4 Bit5 Bit 6 Bit7 STOP
“0” “0” “1” “1” “0” “O” “1” “0” “0” “l”
Low Logic 0
< 0x26

Figure 62 UART Data Transaction Example

The baud rate of UART communication can be 100kbps to 1Mbps which is synchronized by the baud rate of the
SYNC byte of the BUS Reset command. UART uses 32x over-sampling on the incoming asynchronous RX signal.
Between UART data bytes, at least one bit is required as a STOP bit.

10.7.4 SPIINTERFACE (IS32LT3131C ONLY)

The host MCU can communicate with the 1IS32LT3131C device using a SPI interface which consists of four signals:
CS, SCK, MOSI and MISO. The SPI BUS allows connection to multiple IS32LT3131C devices by star connection
(one individual CS per device, while SCK, MOSI, MISO are common). The SPI transfer data packet size is 8-bit and
the maximum SCK frequency supported by IS32LT3131C is up to 9MHz. The SPI transaction is initiated by the host
MCU on the falling edge of CS. While CS is low, the input data present on the MOSI pin is sampled by the
IS32LT3131C device on the rising edge of SCK, MS bit first. The output data is asserted on the MISO pin by

IS32LT3131C device at the falling edge of SCK, MS bit first. The host MCU SPI port must be configured to match
this operation.

When multiple IS32LT3131C devices are connected to the SPI bus, pulling all CS pins low can write data to all
IS32LT3131C devices. Due to SPI bus conflict, the read transmission cannot be implemented this way.

tSHSL
s . /
tCHSL‘ tsich ‘ ten tCHSH‘ | 1shoH
SCK ’
tD\-’CH tCHCL tCL | ItCLCH
tCHD)(
MOSI )( MSB IN )(:X X:X: :X:X LSB IN X:X
MISO High impedance
Figure 63 SPI Write Timing
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Figure 64 SPI Read Timing
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Figure 65 SPI Writing N Bytes of Data to IS32LT3131C
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Figure 66 SPI Reading N Bytes of Data from 1IS32LT3131C
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Figure 67 SPI Special Command Writing to IS32LT3131C

10.8 LumiBus PROTOCOL

The communication uses the LumiBus protocol which is a UART-based protocol supported by most MCUs. The
communication process of all three interfaces uses a command and response protocol mastered by the host MCU
to write and read the registers to and from each 1S32LT3131 device. This means that the IS32LT3131 device never
initiates traffic on the network. The LumiBus protocol maps the registers into an address space on each device. The
host MCU uses the LumiBus protocol to initiate a communication transaction by sending a command frame. This
command frame addresses either one 1S32LT3131 device directly or broadcasts to all IS32LT3131 devices on the
network. This addressing may cause a response frame to be sent back from the slave 1S32LT3131 device
depending on the command type of the command frame. There are four types of commands:

1) BUS Reset Command: resets the UART/ LumiBus BUS (SPI interface does not support)
2) Write Command: writes data from host MCU to IS32LT3131 device(s)

3) Read Command: reads data from specific IS32LT3131 device to host MCU

4) Special Command: specifies IS32LT3131 device(s) to implement specific function.

There is no response frame following a broadcast write command frame. Therefore, only two types of response
frames exist that an 1S32LT3131 device sends back to the host MCU: Write Acknowledge (if enabled) and Read
Response.

10.8.1 COMMAND FRAME TYPES
10.8.1.1 BUS Reset Command Frame (IS32LT3131A/B Only)

The host MCU can reset the device UART/ LumiBus and LumiBus protocol state machine at any time by sending
BUS Reset command. The BUS Reset command consists of reset signal and SYNC byte (0x55). The reset signal
includes at least 150pus break low and a logic high break delimiter (2us~100us). Upon receiving the bus reset signal,
the LumiBus protocol state machine of all IS32LT3131A/B devices on the bus will be reset to a known-good state.
The bus reset signal must be followed by a SYNC byte with desired baud rate (within 100kbps to 1Mbps) to
synchronize the baud rate to all IS32LT3131A/B devices. The subsequent communication must use the same baud
rate. With this synchronization approach, the cost of an external crystal oscillator is saved. To avoid clock drift over
time and ambient temperature, it's recommended to periodically send a BUS Reset Command to the
IS32LT3131A/B devices.

———— ResetSignal —— i < SY“’E‘)SSSBXE >
High S5 Logic 1
= 15048 ae-toos | START [ BUO | BICL | BEZ ) BRI ) BRE LS| S ST | S
Low 55 Logic 0
— BreakLow —— > € D?I:s‘:rer_»

Figure 68 BUS Reset Command

Upon system power up, the host MCU must initialize the interface bus by sending a BUS Reset Command before
communication. This BUS reset operation also can be optionally performed by the host MCU for several application
scenarios: (1) upon system power up, (2) communication watchdog times out, (3) communication fault is detected.

Note that the BUS Reset command only resets the interface state machine (including stored communication baud
rate). It does not reset the registers and does not halt normal LED PWM operation. 1S32LT3131C SPI interface
does not support the BUS Reset Command.

10.8.1.2 Write Command Frame

The Write Command Frame is comprised of the following sequence.
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C“ﬂfé; ame | Device ID Start d?;gs'ster Data 1 Data N CRC_L CRC_H
(One Byte) (One Byte) (One Byte) (One Byte) (One Byte) | (One Byte) | (One Byte)

10.8.1.3 Acknowledge Frame (IS32LT3131A/B Only)

If the ACKEN bit is set to “1” in the SYSCFG register (40h), the addressed device transmits an acknowledge back
to the host MCU upon a successful single device write. The Acknowledge Frame is comprised of a single byte
(ACK=0x7F) as the following sequence. IS32LT3131C SPI interface does not support acknowledge function.

ACK
(OX7F)

10.8.1.4 Read Command Frame

The Read Command Frame (transferred by the host MCU) is comprised of the following sequence.

CMD Frame Header
(One Byte)

CRC_H
(One Byte)

Device ID
(One Byte)

Start Register Address
(One Byte)

CRC_L
(One Byte)

A successfully addressed 1S32LT3131 device then transfers back the appropriate Read Response Frame.

The Read Response Frame is comprised of the following sequence.

RSP Frame Header
(One Byte)

Data 1
(One Byte)

Data N
(One Byte)

Device ID
(One Byte)

CRC_L
(One Byte)

CRC_H
(One Byte)

10.8.1.5 Special Command Frame
The special command specifies the IS32LT3131 device to implement specific function which includes:
1) Update Command

This special command is used for below scenarios:

¢ Update the configuration of the PWM registers data and Scaling registers data into output stages at the next
PWM boundary after this command is issued.

¢ Update the configuration of the PHASE_CTRL register (04h).
¢ Update the configuration of the DC_PWM_SEL register (05h).
2) Registers Reset Command
Resets all registers to default value, excluding the PWR bit in SYSCFG register (40h).

The Special Command Frame is comprised of the following sequence:

CMD Frame Header
(One Byte)

Device ID
(One Byte)

CRC_L
(One Byte)

CRC_H
(One Byte)

One complete command frame can be received successfully even if the bytes in the frame are not sent continuously.
10.8.2 TRANSACTION FRAME DESCRIPTION

The command frames include the following byte types:

1) Frame Header Byte

2) Device ID Byte

3) Start Register Address Byte

4) N Data Byte(s) (N = 1~16, 32)

5) CRC Bytes (CRC_L and CRC_H)

6) Acknowledge Byte (ACK)

10.8.2.1 Frame Header Byte
The Frame Header Byte identifies the transaction as either a write/read command frame or a response frame. In
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addition, the Frame Header Byte indicates how many data bytes are being written/read or responded. The number
of data bytes to be written/read or responded can be 1~16 or 32.

Frame Header Type D7 D6 D5 D4:D0
CMD Frame Header FRM_TYPE WIR BCON CMD
RSP Frame Header FRM_TYPE RSVD RSVD RSP
The fields shown in the Frame Header Byte above are described in the table below.
Value (BIN) Description
Frame type configuration bit:
FR?thT;;PE 0 Response frame sent back from the IS32LT3131 device to host MCU
1 Command frame sent from host MCU to the 1IS32LT3131 device
Write/read configuration bit:
(\é\i/t/lz) 0 Write command frame
1 Read command frame
Broadcast command configuration bit:
BCON 0 Single device write or read.
(Bit5) y Broadcast write. The Device ID Byte must be OxBF to broadcast to all
IS32LT3131A/B devices. Broadcast only accepts write command
Specify transmit data length for write/read command frame:
00000 ~ 01111 | 1 byte ~ 16 bytes of data length
CMD 10000 32 bytes of data length
(Bit4:0) | special commands (W/R bit must be set to “0”):
11000 Update Command. Valid for both single device and broadcast write
11110 Registers Reset Command. Valid for both single device and broadcast write
Specify transmit data length for response frame:
(BF;S“F:’O) 00000 ~ 01111 | 1 byte ~ 16 bytes of data length
10000 32 bytes of data length

Note that SPI command doesn’t support broadcast command frame. The BCON bit must be set to “0” for SPI
communication.

10.8.2.2 Device ID Byte
D7 D6 D5 D4:D0

p[1] p[0] 1 DEV_ID [4:0]

IS32LT3131A/B supports a maximum of 16 slave devices. The Device ID Byte specifies the device of the destination.
There are five DEV_ID bits, one reserved bit and two parity bits. The parity bits for the Device ID Byte are calculated
with the equations below:

p[1] = ~(dev_id[1] » dev_id[3] * dev_id[4] * 1)
p[0] = dev_id[0] * dev_id[1] * dev_id[2] * dev_id[4]

The DEV_ID [4:0] of each 1S32LT3131A/B device is determined by the two address pins of ADDRO and ADDR1. As
following mapping for the Device ID Byte.

For a broadcast command of UART and LumiBus interfaces (IS32LT3131A/B), the DEV_ID[4:0] must be Ob 11111,
otherwise the broadcast command will be invalid.

For SPI interface communication (IS32LT3131C), the DEV_ID[4:0] must be 0b 11110, otherwise the command will
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be invalid.

Device Address Decoded Table:

Raoo (kQ) Rao: (kQ) | Bit[7:5] (BIN) | Bit [4:0] (BIN) Device ID Byte (HEX)
0 0 001 00000 20
0 30 011 00001 61
0 51 111 00010 E2
0 68 101 00011 A3
30 0 011 00100 64
30 30 001 00101 25
30 51 101 00110 A6
30 68 111 00111 E7
51 0 101 01000 A8
51 30 111 01001 E9
51 51 011 01010 6A
51 68 001 01011 2B
68 0 111 01100 EC
68 30 101 01101 AD
68 51 001 01110 2E
68 68 011 01111 6F
i i 101 1 (For broadcas'?cFommand only)
- - 1l 11110 (For 1S32LT3131C SPI only)

10.8.2.3 Start Register Address Byte

The LumiBus protocol allows up to 32 successive register locations from the addressed register to be written or
read by a single command frame. The Start Register Address Byte is single byte which specifies the first register
being written or read. The Start Register Address byte is only present in Write and Read Command transactions,
not in Read Response and Special command transactions

10.8.2.4 N Data Byte(s)
The Frame Header Byte specifies the number of data bytes to be included in the frame.
10.8.2.5 CRC Bytes (CRC_L and CRC_H)

The host MCU sends command to the 1IS32LT3131 using CRC-16-IBM standard for CRC checksum calculation,
which will cover the whole frame bytes, e.g., Frame Header Byte, Device ID Byte, Start Register Address Byte, N
Data Bytes. Lower byte first followed by higher byte. The CRC Bytes allow detection of errors within the transaction
frame. The device increments the CRC Error Count Register (5Ch) each time a CRC error occurs on an incoming
command frame and the CRCF bit in FLT_TYPE_L register (5Ah) will be set to “1” and the FAULTB pin will go low
to report fault condition after the delay time (programmed by FT[3:0] bits in FLT _CONFIG register).

The CRCF bit in FLT_TYPE_L register (5Ah) is latched, which means it cannot automatically reset to “0” when no
CRC error occurs but must be cleared by the host MCU writing it back to “0”. Once the CRCF bit is cleared, the
FAULTB pin will go back to a high impedance after the delay time (programmed by FT[3:0] bits in FLT_CONFIG
register).

The CRC bytes are also calculated by the addressed device during its Read Response. The CRC bytes are then
appended to the end of the read data, lower byte first followed by higher byte. This allows the host MCU to check
the read data coming from the 1S32LT3131 device for any transmission errors. The following is a reference CRC
checksum C code for a transmission to the 1IS32LT3131 devices.
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Uint16 crc_16_ibm (Uint8 *buf, Uint8 len)
{

Uint16 crc = 0;
Uint16 I;
while (len--)

cre "= “buf++;
for (1=0;1<8; |++){
crc = (crc>> 1) N ((crc & 1) ? 0xa001 : 0);
}
}
return crc;

}

Upon reading data from the 1IS32LT3131 device, the host MCU should calculate and compare the CRC to determine
whether valid data was received. When IS32LT3131 sends back CRC bytes to the host MCU, the calculated CRC
bytes must be bit-reversed before comparison to the received CRC bytes. The following is a reference code to
perform received CRC bit reversal.

Uint8 reverse_byte(Uint8 byte)

{
// First, swap the nibbles
byte = (((byte & 0xF0) >> 4)| | ((byte & OxOF) << 4));
// Then, swap bit pairs
byte = (((byte & 0xCC) >> 2) | ((byte & 0x33) << 2));
// Finally, swap adjacent bits
byte = (((byte & 0xAA) >> 1) | ((byte & 0x55) << 1));
// We should now be reversed (bit 0 <--> bit 7, bit 1 <--> bit 6, etc.)
return byte;
}

The following is a reference code for checking the read data against received CRC bytes.

bool is_crc_valid(Uint8 *rx_buf, Uint8 crc_start)
{
Uint16 crc_calc; // Calculated CRC
Uint8 crc_msb, crc_Isb; // Individual bytes of calculated CRC
// Calculate the CRC based on bytes received
crc_calc = crc_16_ibm(rx_buf, crc_start);
crc_Isb = (crc_calc & OxOOFF);
crc_msb = ((crc_calc >> 8) & 0x00FF);
// Perform the bit reversal within each byte
crc_msb = reverse_byte(crc_msb);
crc_Isb = reverse_byte(crc_Isb);
// Do they match?
if((*(rx_buf + crc_start) == crc_Isb) && (*(rx_buf + crc_start + 1) == crc_msb))

return TRUE;
else

return FALSE;

}

10.8.2.6 Acknowledge Byte
The Acknowledge Byte (“ACK”) consists of a single byte (ACK=0x7F):

ACK is sent back by the addressed 1S32LT3131A/B device only if the ACKEN bit is set to “1” in the SYSCFG register
(40h) and only if the write is successful. A successful write yields no CRC checksum error or parity errors. Note that
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the acknowledge is only valid for single device write transaction of IS32LT3131A/B. The SPI interface of
IS32LT3131C does not support the acknowledge function.

10.8.2.7 Turnaround Time

When considering back-to-back data transfer, the turnaround time (additional time required between the end of the
previous byte stop bit and the beginning of the next byte start bit) is required, that means a finite amount of dead
time must be inserted between two bytes or two command frames. As the requirement shown in Figure 69~73. It's
recommended to use dual stop bits mode for the UART interface.

Write/Read/Special
Command Frame

7 Byte Turnaround Time S~
e . > 1 bit DAY
_.-7 Byt Turnaro.und Time N
- >1 bit ! ! S~
/,/ [ e ] | | \‘\\
CMD Frame Header Device 1D Start Register Address | | CRC_H
(1 Byte) (1 Byte) (1 Byte) (1 Byte)

\ |
\

\
- \\ !
)
:>< B|T5>< B|T6>< B|T7y STOP) :\STARTA BlTOX BlTlX B|T2>< BlTSX:
- ] ] -

Figure 69 Turnaround Time Between Byte and Byte of Write/Read/Special Command Frame

Read Response Frame

- Byte Delay Time Sso
L7 : <1 bit Y
.- Byte Delay Time \\

- <1 bit ! ! S~
/,’, e | | \‘\\
RSP Frame Header Device ID Datal | | CRC_H

(1 Byte) (1 Byte) (1 Byte) (1 Byte)

\ ]
N |

\
]
- \\ 1
[
:>< BITSX BITGX BIT7>/ STOPI :\START/< BITOX BITlX BITZX BIT3><:
- ] ] - -

Figure 70 Delay Time Between Byte and Byte of Read Response Frame

Response Delay Time Bus Turnaround Time
< 9 bits >2 bits
> >
| | | |
Read Command Read Response Next Command
Frame Frame Frame

Figure 71 Turnaround Time Between Read Response Frame and Next Command Frame

Bus Turnaround Time
> 2 bits
: :

Write Command Frame
(ACKEN=0)

Next Command Frame

Figure 72 Turnaround Time Between Write Command Frame and Next Command Frame (ACK Disabled)
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Response Delay Time Bus Turnaround Time
< 9 bits > 2 bits
D — >

Write Command Frame
(ACKEN=1)

ACK (0x7F) Next Command Frame

Figure 73 Turnaround Time Between ACK and Next Command Frame (ACK Enabled)
10.8.3 COMMUNICATIONS EXAMPLES

The total number of transmitted bytes depends on the specific task being performed. The examples below show the
sequence of transmitted bytes for a given transaction.

Example 1: Single Device Write of 3 Bytes

Write to Device ID=0x05 (Device ID with parity = 0x25, Rapo=30kQ, Rap1=30kQ): beginning at register 20h,
PWM1_H=0x1F, PWM2_H=0x2F, PWM3_H=0x3F.

Byte Types Number of Bytes
CMD Frame Header Byte 1
Device ID Byte 1
Start Register Address Byte 1
Data Bytes 3
CRC Bytes 2
Total 8
Command Frame
Interface ]
CMD Frame | . .o p | StartRegister | .1 | pata2 | Data3 | CRC_L | CRC_H
Header Address
UART/ 0x82
LumiBus | (0b10000010) 0x25 0x20 Ox1F Ox2F Ox3F 0x35 0xC3
SPI 0x82 OxFE 0x20 Ox1F Ox2F Ox3F 0x51 0xDO
(Ob10000010)

Acknowledge from addressed device (if enabled ACKEN bit for IS32LT3131A/B)

Acknowledge Frame

ACK

OX7F

Example 2: Single Device Read of 2 Bytes

Read from Device ID=0x03 (Device ID with parity = 0xA3, Rapo=0Q, Rap1=68kQ): beginning at register 5Ah, read
FLT _TYPE_L and FLT_TYPE_H

Byte Types Number of Bytes

CMD Frame Header Byte
Device ID Byte

Start Register Address Byte
CRC Bytes
Total

AN |Rr|R |k
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Command Frame
Interface
CMD Frame Header Device ID | Start Register Address CRC L CRC_H
UART/ 0xC1 (0b11000001) 0XA3 OX5A OXA9 0x37
LumiBus
SPI 0xC1 (0b11000001) OxXFE Ox5A 0x91 OxA7
Read Response: FLT_TYPE_L=0x00, FLT_TYPE_H=0x00
Byte Types Number of Bytes
RSP Frame Header Byte 1
Device ID Byte 1
Data Bytes 2
CRC Bytes 2
Total 6
Command Frame
Interface
RSP Frame Header Device ID Data 1 Data 2 CRC L CRC H
UART/ 0x01
LumiBus (0b00000001) 0XA3 0x00 0x00 Ox8F Ox7B
0x01
SPI (0b00000001) OxFE 0x00 0x00 0x06 0x30

Example 3: Broadcast Write of 3 Bytes

Broadcast write to all devices (fixed Device ID with parity = OxBF): beginning at register 10h, SCA1=0x0F,
SCA2=0x1F, SCA3=0x2F

Note: for SPI interface, single device write transaction with pulling all CS pins low can broadcast data to all
IS32LT3131C devices.

Byte Types Number of Bytes

CMD Frame Header Byte 1
Device ID Byte 1
Start Register Address Byte 1
Data Bytes 3
CRC Bytes 2
Total 8
Command Frame
Interface ] :
CMD Frame Device | Start Register Datal | Data 2 | Data 3 CRC L CRC H
Header ID Address = -
UART/ OxA2
LumiBus (0b10100010) OxBF 0x10 OxO0F Ox1F Ox2F Ox71 0xB6
SPI 0x82 OXFE 0x10 OXOF | Ox1F | Ox2F OX4A 0xD9
(Ob10000010)

Example 4: Broadcast Registers Reset Command (Special Command)
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Broadcast Registers Reset Command to all devices (fixed Device ID with parity = OxBF):

Byte Types Number of Bytes
CMD Frame Header Byte 1
Device ID Byte 1
CRC Bytes 2
Total 4

Command Frame

Interface
CMD Frame Header Device ID CRC L CRC _H
UART/ OxBE
LumiBus (0b10111110) OxBF 0x30 0x10
Ox9E
SPI (0b10011110) OXFE OxE9 OxEO
Example 5: Broadcast Update Command (Special Command)
Broadcast Update Command to all devices (fixed Device ID with parity = OXBF):
Byte Types Number of Bytes
CMD Frame Header Byte 1
Device ID Byte 1
CRC Bytes 2
Total 4
Command Frame
Interface
CMD Frame Header Device ID CRC L CRC H
UART/ 0xB8
LumiBus (0b10111000) OxBF 0x33 0xBO
0x98
SPI (0b10011000) OxFE OxEA 0x40
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10.9 DEVICE FUNCTIONAL MODES

The I1S32LT3131 device operates in one of several states.

Watchdog Timeout

v

Clear CMWF bit

Power Up
owo!| T ! Fail-safe Mode 1

Released e = T (VrHeaors<VEsmp<VTHz_ap/Fs [€ 7 -
_,_.--""’---; - or RFSMD:30kQ) :
T v |
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o i
,»""/ 7 f i
Initialization State | ™. T i i
~ _ el Ve ! |
=~ < el S R
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Figure 74 Operation States
10.9.1 INITIALIZATION STATE

Upon power up and released from UVLO, the device operates in initialization state. In this state, all registers are
reset to default values and all outputs are in off state. The device is waiting for master to control it through the
interfaces.

10.9.2 NORMAL STATE

In normal state, the digital circuitry controls the 1IS32LT3131 outputs by accepting interface commands and by
monitoring and responding to real-time events on the inputs associated with the analog and power circuitry. This
allows dimming of the LED outputs using the registers settings.

10.9.3 FAIL-SAFE STATE

This state allows the user to preset the outputs’ state if the communication is broken. The device integrates a
communication watchdog timer that operates based on the system clock pulse. The tap point, programmed via
CMWTAP register (41h), defines the timing of the communication watchdog timer (a 25-bit counter). By default, the
tap point is set to bit 22, which means the device requires 2722 system clock cycles for the communication watchdog
timer to time out. If the communication watchdog times out (no error-free communication is successfully received
for the programmed number of system clock cycles), the device will enter fail-safe state which includes three modes,
Mode 1 ~ Mode 3.

The FSMD pin is used to configure the fail-safe modes. When the resistor Rrsmp is connected to the FSMD pin, the
internal laors (typical 504A) current source creates a voltage on the FSMD pin, Vrswp. The device compares the
Vesmp With internal different reference voltage levels (VTh1_aosrs, VTHz_aprs and VThs_apsrs) to determine the fail-safe
mode. It also allows to externally apply proper voltage on the FSMD pin to either choose or change the fail-safe
mode. Refer to the Fail-safe Mode Setting Table.
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1S32L.T3131

Fail-safe
Handling

Figure 75 Fail-safe Mode Setting

When 0V<Versmp<VTH1_apiFs, Of Rrsmp=10kQ, the internal communication watchdog is invalid, and the fail-safe mode
is disabled. The outputs are always controlled by the scaling and PWM registers (10h~2Eh).

When VT1H1_aprs<Vrsmo<VTH2_aDFFs, OF Rrsmp=30kQ, the internal communication watchdog is active, and the fail-safe
mode is Mode 1. If the watchdog times out, the device will enter fail-safe Mode 1 and the outputs will be determined
by the DEFAULT registers (07h~0Fh). The CMWEF bit in FLT_TYPE_L register (5Ah) will be set to “1” and the
FAULTB pin will go low after the delay time (programmed by FT[3:0] bits in FLT_CONFIG register) to report the
fault condition. To quit from the fail-safe mode to normal state, the CMWF bit in FLT_TYPE_L register (5Ah) must
be cleared by the host MCU writing it to “0”. The watchdog timer will be reset and the FAULTB pin will go back to a
high impedance after the delay time (programmed by FT[3:0] bits in FLT_CONFIG register).

When V1h2_ap/Fs<VFsmp<VTH3_aDFs, OF Rrsmp=51kQ, the internal communication watchdog is active, and the fail-safe
mode is Mode 2. If the watchdog times out, the device will enter fail-safe Mode 2 and all outputs will be forced into
completely off. The CMWEF bit in FLT_TYPE_L register (5Ah) will be set to “1” and the FAULTB pin will go low after
the delay time (programmed by FT[3:0] bits in FLT_CONFIG register) to report the fault condition. To quit from the
fail-safe mode to normal state, the CMWF bit in FLT_TYPE_L register (5Ah) must be cleared by the host MCU
writing it to “0”. The watchdog timer will be reset and the FAULTB pin will go back to a high impedance after the
delay time (programmed by FT[3:0] bits in FLT_CONFIG register).

When V1h3 abrs<VEsmp<5V, or Rrsmp=68kQ, the internal communication watchdog is active, and the fail-safe mode
is Mode 3. If the watchdog times out, the device will enter fail-safe Mode 3 and all outputs will be forced into almost
fully on (with 98% PWM duty cycle). The CMWEF bitin FLT_TYPE_L register (5Ah) will be set to “1” and the FAULTB
pin will go low after the delay time (programmed by FT[3:0] bits in FLT_CONFIG register) to report the fault condition.
To quit from the fail-safe mode to normal state, the CMWF bit in FLT_TYPE_L register (5Ah) must be cleared by
the host MCU writing it to “0”. The watchdog timer will be reset and the FAULTB pin will go back to a high impedance
after the delay time (programmed by FT[3:0] bits in FLT _CONFIG register).

In the fail-safe modes, the fault protections also are valid, including LED string open/short, single LED short,
overvoltage, overcurrent (ISET shorted), and over temperature.

Note that the device must be re-initialized after quitting from the fail-safe mode to normal state.

Fail-safe Mode Setting Table

FSMD Pin Fail-safe Mode LED State In Fail-safe Mode
o R 0K isabled '
VTH1_Ag/:§¥;z’\ﬂ=%<o\ll(gz_AD/Fs Mode 1 Determined by Default Registers (07h~0Fh)
VTH2_A8/:SFQ<F\S/AF;’1D5<1Y£3_AD/FS Mode 2 All Completely Off
VTFSSF/;DI/ZI;SMZ\;%SQAKDSSV Mode 3 All On with 98% PWM duty cycle

10.10 PWM DUTY CYCLE LOOPBACK VERIFICATION

To enhance its operation reliability, the IS32LT3131 integrates a loopback verification circuit with twelve multiplexed
inputs to monitor the PWM duty cycle of output channels. The twelve input channels (LPBCH1~LPBCH12) are
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respectively connected to each current source output stage. The VFYCHSEL[3:0] bits in VFYCTL register (F1h)
selects the desired input channel for PWM duty cycle monitoring. Setting the VFYEN bit in VFYCTL register (F1h)
to “1” enables the loopback verification and clears VFYRDY bit in the VFYCFG register (F2h) to “0”. Once the
verification is completed, the VFYRDY bit will be set to “1” and the PWM duty cycle measurement result is stored
in the PWMDUTY_H (F5h) and PWMDUTY_L (F6h) registers. The loopback verification circuit compares the
measurement result with the PWM duty cycle setting value in the PWM buffer. If the deviation is out of the tolerance,
preset by the TOLERANCE[4:0] bits in the VFYCFG register (F2h), the corresponding loopback fault flag bit in
DUTYF_L or DUTYF_H (F3h or F4h) and the LPBF bit in FLT_TYPE_H (5Bh) will be set to “1”. The FAULTB pin
will go low after the delay time (programmed by FT[3:0] bits in FLT_CONFIG register) to report the fault condition.

The corresponding loopback fault flag bit in DUTYF_L or DUTYF_H (F3h or F4h) will reset to “0” and the FAULTB
pin will go back to a high impedance after the delay time (programmed by FT[3:0] bits in FLT_CONFIG register)
once the deviation drops within the tolerance. However, the LPBF bit in FLT_TYPE_H register (5Bh) is latched,
which means it cannot automatically reset to “0” after tolerance fault condition disappears but must be cleared by
the host MCU writing it back to “0”.

The tolerance, preset by the TOLERANCE[4:0] bits in the VFYCFG register (F2h), should not be set too low,
especially at high PWM frequency applications. Otherwise, the loopback fault would be falsely triggered due to the
accuracy of the PWM duty cycle measurement. To ensure valid loopback verification result, the minimum tolerance
available for selected PWM frequency can be calculated by:

2USsX1024
2psx1024 4

Toleranceyy = ”’% (20)

Where tpww is the period time of the selected PWM frequency in ps.

For example,

Assume the selected PWM frequency is 10kHz (trwm=100us), the minimum tolerance should be:
2us X 1024

3
100us
Toleranceyy = #4 = 4.37
So, the TOLERANCE[4:0] must be set to not less than 5.
Updat
PWM | commana.| PWM PWM Lowto 1 1
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Figure 76 Loopback Verification Block

10.11 THERMAL CONSIDERATIONS

The package thermal resistance, B4a, determines the amount of heat that can pass from the silicon die to the
surrounding ambient environment. The 8,a is @ measure of the temperature rise created by power dissipation and
is usually measured in degree Celsius per watt (°C/W). The junction temperature, Ty, can be calculated by the rise
of the silicon temperature, AT, the power dissipation on IS32LT3131, Ps131, and the package thermal resistance, 6ua,
as in Equation (21):

T]=TA+AT=TA+P3131X6]A (21)
The Pa3131 is descripted in the “THERMAL SHUNT TOPOLOGY” section.

When operating the chip at high ambient temperatures, or when the supply voltage is high, care must be taken to
avoid exceeding the package power dissipation limits. The maximum power dissipation at Ta=25°C can be
calculated using the following Equation (22):
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150°C-25°C
PD(MAX) = 01—A (22)
So,
150°C — 25°C
PD(MAX) = 355°C/W ~ 3.52W

for eTSSOP-28 package.

Figure 77, shows the power derating of the 1IS32LT3131 on a JEDEC board (in accordance with JESD 51-5 and
JESD 51-7) standing in still air.

AN
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Temperature (°C)

Figure 77 Dissipation Curve (eTSSOP-28)

In the thermal shunt application, the Re will share quite a lot power dissipation; therefore its package power rating
should be sufficient to prevent heat run away.

When designing the Printed Circuit Board (PCB) layout, double-sided PCB with a large copper area on each side
of the board directly under the IS32LT3131 and the thermal shunt resistor. Multiple thermal vias, as shown in Figure
78, will help to conduct heat from the exposed pad of the IS32LT3131 and the thermal shunt resistor to the copper
on each side of the board. To avoid the heat buildup, the thermal shunt resistor should be spread out on the PCB
board with some distance from IS32LT3131.

I

guuduiuiuguiuy

Figure 78 Board Via Layout For Thermal Dissipation
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11 REGISTERS
11.1 REGISTER MAP
ADDR REG NAME D7 D6 D5 D4 D3 D2 D1 DO DEFAULT

00h CONFIG TST_EN RSVD cM PFS RSVD 0b 00000000
01h GC_CTRL RSVD GCC5:0] 0b 00111111
02h FLT UV RSVD | FLT_UV[4:0] 0b 00000010
03h TEMP_ SEN TRE TRRE RSVD TROF[L:0] TS[L:0] 0b 00000000
04h PHASE_CTRL RSVD PS6 PS5 ‘ PS4 PS3 Ps2 PS1 PDE 0b 00000001
05h | DC_PWM_SEL RSVD DC_PWM | Ob 00000000
06h Reserved - -
07h DEFGCC RSVD | DEFDC_PWM | DEFGCC[5:0] 0b 00000000
08h DEFLED_L DEFLED(8:1) 0b 00000000
09h DEFLED_H RSVD DEFLED(12:9) 0b 00000000
0Ah DEFPWM_G1 DEFPWM2([3:0] DEFPWML(3:0] 0b 00000000
0Bh DEFPWM_G2 DEFPWMA4([3:0] DEFPWMB3(3:0] 0b 00000000
och DEFPWM_G3 DEFPWMB([3:0] DEFPWMS(3:0] 0b 00000000
oDh DEFPWM_G4 DEFPWMBS(3:0] DEFPWM?7(3:0] 0b 00000000
OEh DEFPWM_G5 DEFPWML0[3:0] DEFPWMO(3:0] 0b 00000000
OFh DEFPWM_G6 DEFPWM12[3:0] DEFPWM11[3:0] 0b 00000000
10h SCAL SCAL_DATA[7:0] 0b 11111111
11h SCA2 SCA2_DATA[7:0] Ob 11111111
12h SCA3 SCA3_DATA[7:0] Ob 11111111
13h scA4 SCA4_DATA[T:0] 0b 11111111
14h SCA5 SCAS_DATA[7:0] 0b 11111111
15h SCA6 SCAG_DATA[7:0] 0Ob 11111111
16h SCA7 SCAT7_DATA[7:0] 0Ob 11111111
17h ScA8 SCA8_DATA[7:0] 0Ob 11111111
18h SCA9 SCA9_DATA[7:0] 0b 11111111
19h SCA10 SCAIL0_DATA[7:0] 0b 11111111
1Ah SCA1L1 SCALL DATA[7:0] 0b 11111111
1Bh SCA12 SCAL2_DATA[7:0] 0b 11111111
20h PWML_H PWML_DATA[9:2] 0b 00000000
21h PWM2_H PWM2_DATA[9:2] 0b 00000000
22h PWM3_H PWM3_DATA[9:2] 0b 00000000
23h PWM4_H PWM4_DATA[9:2] 0b 00000000
24h PWML/2/3/4_L PWM4_DATA[L:0] PWM3_DATA[L:0] PWM2_DATA[L:0] PWML_DATA[L:0] 0b 00000000
25h PWM5_H PWM5_DATA[9:2] 0b 00000000
26h PWM6_H PWM6_DATA[9:2] 0b 00000000
27h PWM7_H PWM7_DATA[9:2] 0b 00000000
28h PWM8_H PWM8_DATA[9:2] 0b 00000000
29h PWMS/6/7/8_L PWM8_DATA[L:0] PWM7_DATA[L:0] PWM6_DATA[L:0] PWM5_DATA[L:0] 0b 00000000
2Ah PWM9_H PWM9_DATA[9:2] 0b 00000000
2Bh PWM10_H PWM10_DATA[9:2] 0b 00000000
2ch PWM11_H PWM11_DATA[9:2] 0b 00000000
2Dh PWM12_H PWM12_DATA[9:2] 0b 00000000
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ADDR REG NAME D7 ‘ D6 D5 D4 D3 D2 D1 ‘ DO DEFAULT
2Eh | PWM9/10/11/12_L PWM12_DATA[1:0] PWM11_DATA[1:0] PWM10_DATA[1:0] PWM9_DATA[1:0] 0b 00000000
30h LED1_SLS RSVD LED1_SLSTHI[4:0] 0Ob 00000000
31h LED2_SLS RSVD LED2_SLSTHI[4:0] 0Ob 00000000
32h LED3_SLS RSVD LED3_SLSTHI[4:0] 0Ob 00000000
33h LED4_SLS RSVD LED4_SLSTH[4:0] 0Ob 00000000
34h LED5_SLS RSVD LED5_SLSTH[4:0] 0Ob 00000000
35h LED6_SLS RSVD LED6_SLSTH[4:0] 0Ob 00000000
36h LED7_SLS RSVD LED7_SLSTH[4:0] 0Ob 00000000
37h LED8_SLS RSVD LED8_SLSTH[4:0] 0Ob 00000000
38h LED9_SLS RSVD LED9_SLSTH[4:0] 0Ob 00000000
3%h LED10_SLS RSVD LED10_SLSTH[4:0] 0b 00000000
3Ah LED11_SLS RSVD LED11_SLSTH[4:0] 0b 00000000
3Bh LED12_SLS RSVD LED12_SLSTH[4:0] 0b 00000000
40h SYSCFG RSVD I ACKEN I RSVD PWR 0Ob 00000000
41h CMWTAP RSVD CMWTAP [2:0] 0b 00000100
42h Reserved - -
43h SSCCFG SSCEN RSVD SSF[1:0] 0b 00000000
44h Reserved - -
45h Reserved - -
46h PWMTICK PTBASE [1:0] PTCNT [5:0] 0Ob 00000000
47h PRESCALE PRESCALE [7:0] 0Ob 00000000
48h Reserved - -
50h FLT_DET_EN RSVD OVE RSVD ‘ SLSDE ‘ RSVD ‘ SDE RSVD ODE Ob 11001111
51h FLT_CONFIG RSVD SLSHCR FT[3:0] OFA[1:0] Ob 11001111
52h SHORT_FLTL SHORT_FLT(8:1) Ob 00000000
53h SHORT_FLTH RSVD ‘ SHORT_FLT(12:9) 0Ob 00000000
54h OPEN_FLTL OPEN_FLT(8:1) 0Ob 00000000
55h OPEN_FLTH RSVD ‘ OPEN_FLT(12:9) 0b 00000000
56h SLS_FLTL SLS_FLT(8:1) 0b 00000000
57h SLS_FLTH RSVD ‘ SLS_FLT(12:9) 0b 00000000
58h OVP_FLTL OVP_FLT(8:1) 0Ob 00000000
59h OVP_FLTH RSVD OVP_FLT(12:9) 0b 00000000
5Ah FLT_TYPE_L TF CRCF ISETSF | CMWF TSDF ‘ SLSF SHORTF OPENF | Ob 00000000
5Bh FLT_TYPE_H RSVD LPBF OVPF 0Ob 00000000
5Ch CERRCNT CERRCNT [7:0] 0Ob 00000000
60h CHSEL_L CHSEL[7:0] 0Ob 00000000
61h CHSEL_H RSVD ‘ CHSEL[14:8] 0b 00000000
62h ADCCFG RSVD ADCEN RSVD ADCSH][1:0] 0b 00100010
63h ADCCTL ADCCYC_F ‘ ADCCYC_T[1:0] LOOP SADC ADCRST RSVD 0Ob 00000000
64h Reserved - -
65h ADC_VREF L RSVD ‘ ADC_VREF[1:0] 0b 00000000
66h ADC_VREF_H ADC_VREF[9:2] 0b 00000000
67h ADC_VPTAT_L RSVD ADC_VPTAT[1:0] 0Ob 00000000
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ADDR REG NAME D7 | D6 ‘ D5 | D4 ‘ D3 ‘ D2 ‘ D1 | DO DEFAULT
68h ADC_VPTAT H ADC_VPTAT[9:2] 0b 00000000
69h ADC_VDD_L RSVD ‘ ADC_VDDJ[1:0] 0b 00000000
6Ah ADC_VDD_H ADC_VDDI[9:2] 0b 00000000
6Bh Reserved - -
6Ch Reserved - -
6Dh Reserved - -
6Eh Reserved - -
6Fh | ADC_VOUTI_H ADC_VOUT1[9:2] 0b 00000000
70h | ADC_VOUT2_H ADC_VOUT2[9:2] 0b 00000000
71h | ADC_VOUT3_H ADC_VOUT3[9:2] 0b 00000000
72h | ADC_VOUT4_H ADC_VOUT4[9:2] 0b 00000000
73h ADC—V(ZULT 123 ADC_VOUTA4[1:0] ADC_VOUT3[1:0] ADC_VOUT2[1:0] ADC_VOUT1[1:0] 0b 00000000
74h | ADC_VOUTS5_H ADC_VOUT5[9:2] 0b 00000000
75h | ADC_VOUT6_H ADC_VOUT6[9:2] 0b 00000000
76h | ADC_VOUT7_H ADC_VOUT7[9:2] 0b 00000000
77h ADC_VOUT8_H ADC_VOUT8[9:2] 0b 00000000
78h ADC—V%ULT 567 ADC_VOUTS[L:0] ADC_VOUT7[L:0] ADC_VOUT6[L:0] ADC_VOUTS[L:0] 0b 00000000
79h | ADC_VOUT9_H ADC_VOUT9[9:2] 0Ob 00000000
7Ah | ADC_VOUT10_H ADC_VOUT10[9:2] 0b 00000000
7Bh | ADC_VOUT11_H ADC_VOUT11[9:2] 0Ob 00000000
7Ch | ADC_VOUT12_H ADC_VOUT12[9:2] 0b 00000000
7Dh ADCE\IOI%TE—N— ADC_VOUT12[1:0] ‘ ADC_VOUT11[1:0] ‘ ADC_VOUT10[1:0] ‘ ADC_VOUT9[1:0] 0b 00000000
FOh BSTSTA RSVD ‘ FAIL FINISH | Ob 00000000
Flh VFYCTL VFYCHSEL[3:0] ‘ RSVD VFYEN 0b 00001000
F2h VFYCFG RSVD ‘ VFYRDY ‘ TOLERANCE[4:0] 0b 00011111
F3h DUTYF_L DUTYFLT(8:1) 0b 00000000
F4h DUTYF_H RSVD ‘ DUTYFLT(12:9) 0b 00000000
F5h PWMDUTY_H PWMDUTY[9:2] 0b 00000000
F6éh PWMDUTY_L RSVD PWMDUTY[1:0] Ob 00000000

Note 6: “RSVD” means “Reserved”.
11.2 REGISTERS DEFINITION
Configuration Register — Read/Write
ADDR | REG NAME D7 D6 D5 D4 D3:D0 DEFAULT
00h CONFIG TST EN | RSVD | CM PFS RSVD 0b 00000000
TST_EN Thermal shunt mechanism enable
0 Disable
1 Enable
CM Current multiplier
0 Output current range of 10~75mA
1 Output current range of 1.5~10mA
When the target current is lower than 10mA, setting CM bit to “1” can get better current accuracy.
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PFS PWM frequency setting for thermal shunt mechanism
0 High PWM frequency (PWM frequency > 2kHz)
1 Low PWM frequency (PWM frequency < 2kHz)

To get better thermal shunt effect during PWM dimming, properly set the PFS bit according to the PWM frequency
selection.

Global Current Control Register — Read/Write

ADDR | REG NAME D7:D6 D5:D0 DEFAULT
01lh GC_CTRL RSVD GCC[5:0] Ob 00111111
GCCx Simultaneously adjusts the output current of all channels by 32-step. Refer to the “OUTPUT

CURRENT SETTING” section for more details.

Fault UVLO Setting Register — Read/Write
ADDR REG NAME D7:D5 D4:D0 DEFAULT

02h FLT_UV RSVD FLT_UV[4:0] Ob 00000010

FLT_UVx Set UVLO threshold VrLr_uv for the LED open fault detection and single LED short fault detection to
prevent false fault triggering due to insufficient power supply voltage:

Verr v (V) = Za=oD[n] - 2" + 6 (21)
If the thermal shunt mechanism is implemented:
1
Verruv (V) 2 Rspunr X 57 X X221 lourx + Vour max + 1.5 (22)

Refer to the “THERMAL SHUNT TOPOLOGY” section for more details.

If the thermal shunt mechanism is not implemented:

Verrov (V) 2 Vour max + 1.5 (23)
Temperature Sensor Setting Register — Read/Write
ADDR REG NAME D7 D6 D5:D4 D3:D2 D1:D0O DEFAULT
03h TEMP_SEN | TRE | TRRE RSVD TROF[1:0] TS[1:0] Ob 00000000
TRE Thermal shutdown FAULTB pin reporting enable
0 Do not report
1 Report (FAULTB pin pulls low)
TRRE Thermal roll-off FAULTB pin reporting enable
0 Do not report
1 Report (FAULTB pin pulls low)
TROF Percentage of output current before thermal shutdown happens
00 100% (Default)
01 75%
10 55%
11 30%
TS Thermal roll-off start temperature point
00 140°C (Default)
01 120°C
10 100°C
11 90°C
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Phase Control Register — Read/Write
ADDR REG NAME D7 D6 D5 D4 D3 D2 D1 DO DEFAULT

04h PHASE_CTRL | RSVD | PS6 PS5 PS4 PS3 PS2 PS1 PDE | Ob 00000001

PDE PWM Phase delay enable
0 Disable
1 Enable (1/6 PWM cycle time delay)

PSx PWM clock phase shift enable (PS1 is for OUT1 &OUT2, PS2 is for OUT3 & OUT4...)
Disable. Both channels PWM counting from beginning of PWM cycle

1 Enable. Odd number channel PWM duty cycle counts from beginning of PWM cycle while even number
channel PWM duty cycle reversely counts from ending of PWM cycle

The configuration of this register must be updated by the “Update Command”.

DC_PWM Select Register — Read/Write

ADDR REG NAME D7:D1 DO DEFAULT
05h DC_PWM_SEL RSVD DC_PWM Ob 00000000
DC_PWM DC or PWM output select for all outputs
0 PWM dimming. PWM duty cycle is determined by PWM registers 20h~2Eh
1 DC output. PWM dimming is disabled, and all outputs are DC current (loutx)

The configuration of this register must be updated by the “Update Command”.

Fail-safe Mode 1 Default Registers — Read/Write

ADDR | REG NAME D7 D6 D5 | D4 | D3 | D2 | D1 | DO | DEFAULT
07h DEFGCC RSVD | DEFDC_PWM DEFGCC[5:0] Ob 00000000
08h DEFLED_L DEFLED(8:1) 0b 00000000
09h DEFLED_H RSVD DEFLED(12:9) 0b 00000000
0Ah | DEFPWM_G1 DEFPWM2[3:0] DEFPWM1[3:0] 0b 00000000
0Bh | DEFPWM_G2 DEFPWMA4[3:0] DEFPWM3[3:0] 0b 00000000
0Ch | DEFPWM_G3 DEFPWM6[3:0] DEFPWMS5[3:0] 0b 00000000
0ODh | DEFPWM_G4 DEFPWMS[3:0] DEFPWM?7[3:0] 0b 00000000
OEh | DEFPWM_G5 DEFPWM10[3:0] DEFPWM9[3:0] 0b 00000000
OFh | DEFPWM_G6 DEFPWM12[3:0] DEFPWM11[3:0] 0b 00000000

When Vtr1_aprs<Vrsmp<VTHz_aprFs (0or Rrsmp=30kQ) and the watchdog times out, the device will enter fail-safe Mode
1. In the case, the outputs will be determined by these Default Registers (07h~0Fh).

DEFDC_PWM DC or PWM output select for all outputs

0 PWM dimming. PWM duty cycle is determined by DEFPWM registers 0Ah~0Fh
1 DC output. PWM dimming is disabled, and all outputs are DC current (Ipyrx prr =
loyr_Fu X M)-

32

DEFGCCx Simultaneously adjusts the output current of all channels by 32-step.
If DEFGCCI5:0] < 31 (“01 11117),

DEFGCC = Y}>_,D[n] - 2™ (24)
If DEFGCCJ5:0] = 32 (“10 0000”), DEFGCC=32.
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DEFLEDXx
0

Individually Enable/disable OUT1~0UT12
Disable

1 Enable (the corresponding DEFPWMXx register must not be “0x00”)

DEFPWMXx
The duty cycle

So, the output

Individual 16-step PWM duty cycle setting to OUT1~OUT12

Doerpwmx can be computed by:
Y=o Dln]-2"
16

(25)

Dpgrpwmx =

current of each channel will be:
DEFGCC

lourx_perpwm = lour_Fu X X Dpgrpwmx (26)

Scaling Registers — Read/Write

ADDR | REG NAME D7:DO DEFAULT
10h SCA1l SCA1 DATAJ[7:0] Ob 11111111
11h SCA2 SCA2_DATA[7:0] Ob 11111111
12h SCA3 SCA3_DATA[7:0] Ob 11111111
13h SCA4 SCA4_DATA[7:0] Ob 11111111
14h SCA5 SCA5_DATA[7:0] Ob 11111111
15h SCA6 SCA6_DATA[7:0] Ob 11111111
16h SCA7 SCA7_DATA[7:0] Ob 11111111
17h SCA8 SCA8_DATA[7:0] Ob 11111111
18h SCA9 SCA9_DATA[7:0] Ob 11111111
19h SCA10 SCA10_DATA[7:0] Ob 11111111
1Ah SCAl11 SCA11l DATAJ[7:0] Ob 11111111
1Bh SCA12 SCA12 _DATAJ[7:0] Ob 11111111

SCAx_DATAXx Individual 8-bit DC output current adjustment to OUT1~OUT12. Refer to the “OUTPUT
CURRENT SETTING” section for more details.

The configuration of these registers must be updated by the “Update Command”.
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PWM Registers — Read/Write

ADDR | REG NAME D7 D6 D5 D4 D3 D2 D1 DO | DEFAULT
20h | PWM1_H PWM1_DATA[9:2] Ob

— — : 00000000
21h | PWM2_H PWM2_DATA[9:2] Ob

— — : 00000000
22h | PWM3_H PWM3_DATA[9:2] Ob

— — : 00000000
23h | PWM4_H PWM4_DATA[9:2] Ob

— — : 00000000
24h | PWM1~4_L | PWM4 DATA[L:0] PWM3_DATA[1:0] | PWM2_DATA[1:0] |PWM1_DATA[1:0] oooggooo
25h | PWM5_H PWM5_DATA[9:2] Ob

- - : 00000000
26h | PWM6_H PWM6_DATA[9:2] Ob

- - : 00000000
27h | PWM7_H PWM7_DATA[9:2] Ob

- - : 00000000
28h | PWM8_H PWM8_DATA[9:2] Ob

— — : 00000000
20h | PWM5~8_L | PWM8_DATA[1:0] PWM7_DATA[1:0] | PWM6_DATA[1:0] |PWM5_DATA[1:0] oooggooo
2Ah | PWM9_H PWM9_DATA[9:2] Ob

- — : 00000000
2Bh | PWM10_H PWM10_DATA[9:2] Ob

- - : 00000000
2Ch | PWM11_H PWM11 DATA[9:2] Ob

— — : 00000000
2Dh | PWM12_H PWM12 DATA[9:2] Ob

— — : 00000000
2Eh |PWM9~12 L| PWM12 DATA[1:0] | PWM11 DATA[1:0] | PWM10_DATA[1:0] | PWM9 DATA[1:0] oooggooo

PWMx_DATAx Each output has individual 10-bit to modulate the PWM duty cycle by 1024-step. Refer to the
“PWM DIMMING” section for more details.

The configuration of these registers must be updated by the “Update Command”.
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ADDR REG NAME D7:D5 D4:D0 DEFAULT

30h LED1 SLS RSVD LED1_SLSTH[4:0] 0Ob 00000000
31lh LED2_SLS RSVD LED2_SLSTH[4:0] Ob 00000000
32h LED3_SLS RSVD LED3_SLSTH[4:0] 0b 00000000
33h LED4_SLS RSVD LED4_SLSTH[4:0] 0Ob 00000000
34h LED5_SLS RSVD LED5_SLSTH[4:0] 0Ob 00000000
35h LED6_SLS RSVD LED6_SLSTH[4:0] 0Ob 00000000
36h LED7_SLS RSVD LED7_SLSTH[4:0] 0Ob 00000000
37h LED8_SLS RSVD LED8 SLSTH[4:0] 0Ob 00000000
38h LED9_SLS RSVD LED9_SLSTH[4:0] 0Ob 00000000
39h LED10_SLS RSVD LED10_SLSTHI[4:0] 0Ob 00000000
3Ah LED11_SLS RSVD LED11_SLSTHI[4:0] 0Ob 00000000
3Bh LED12 _SLS RSVD LED12_SLSTHI[4:0] 0Ob 00000000

LEDx_SLSTHx Programe the single LED short detect threshold Vsisth:

Vasru(V) = 5 x Ba=oDIn] - 2" + 1) (27)
The maximum VsistH is 30V (Typ.).
Refer to the “SINGLE LED SHORT DETECTION” section for more details.

To achieve proper single LED short detection and avoid false triggering, the VsLsth should be programmed according
to the minimum and maximum of the LED forward voltage:

(N =1) X Vg yax < Vspsru < N X Vg yn (28)

Where, N is the number of LEDs in the string. VF max and Ve min are the maximum and minimum forward voltage of
a single LED.

System Configuration Register — Read/Write

ADDR | REG NAME D7:D6 D5 D4:D1 DO DEFAULT
40h SYSCFG RSVD ACKEN RSVD PWR Ob 00000000
ACKEN Acknowledge enable (IS32LT3131A/B only)
0 No acknowledge is transmitted following successfully received writes
1 Acknowledge (0x7F) is transmitted following successfully received writes
PWR This bit is reset to 0 upon power-up (released from UVLO). It may be written to a “1” by the host MCU.

Reading this bit allows the host MCU to detect if there has been a power cycle. Note that the Registers
Reset Command cannot reset this bit.

0 A power cycle has occurred since the last write to a “1”

1 No power cycle has occurred since the last write to a “1”

Communications Watchdog Timer Tap Point Register — Read/Write

ADDR REG NAME D7:D3 D2:D0 DEFAULT
41h CMWTAP RSVD CMWTAP [2:0] Ob 00000100
CMWTAPX This 3-bit value selects the tap point (i.e., bit number, starting from 0) on the 25-bit
communications watchdog timer to establish the timeout condition. The system clock frequency
is 32Mhz (Typ.).
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CMWTAP [2:0] Watchdog Timeout Time

7 2725 SYSCLK (typical 1048.6ms)
6 2724 SYSCLK (typical 524.3ms)
5 2723 SYSCLK (typical 262.1ms)

4 (Default) 2722 SYSCLK (typical 131ms)
3 2721 SYSCLK (typical 65.5ms)
2 2720 SYSCLK (typical 32.8ms)
1 2719 SYSCLK (typical 16.4ms)
0 2718 SYSCLK (typical 8.2ms)

If the fail-safe mode is enabled (VTH1_abFrs< Vrsmp< 5V), the host MCU must send out first command within 2722
SYSCLK upon power up. Otherwise, the device will enter fail-safe mode.

Spread Spectrum Register — Read/Write

ADDR REG NAME D7 D6:D2 D1:D0 DEFAULT
43h SSCCFG SSCEN RSVD SSF[1:0] Ob 00000000
SSCEN Spread Spectrum Enable
0 Disable
1 Enable
SSFx Spread Spectrum Frequency
00 125Hz (default)
01 250Hz
10 500Hz
11 1kHz
PWM Frequency Setting Registers — Read/Write
ADDR REG NAME D7:D6 D5:D0 DEFAULT

46h PWMTICK PTBASE [1:0] PTCNT [5:0] Ob 00000000

47h PRESCALE PRESCALE [7:0] Ob 00000000
PTBASEXx PWM Base Frequency Select
00 31.25kHz (Default)
01 488.3Hz
10 244 1Hz
11 122Hz
PTCNTx/PRESCALEXx PWM Frequency Setting
The PWM frequency is calculated by following equation:

PTBASE PRESCALE
PWM = Bronrer < 255 (29)
Where,
PTCNT = Y3_o,D[n] - 2" (30)

And, if PRESCALE[7:0] > 0 (“Ob 0000 0000”),
PRESCALE =¥ _,D[n] - 2" (31)
If PRESCALE[7:0] = 0 (“Ob 0000 0000”), PRESCALE=255.

For example: assume PTBASE[1:0] = 0x00, PTCNTI[5:0] = 0x00 and PRESCALE[7:0] = 0x08. Then the PWM
frequency is:
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o = e X == 977Hz (32)
Fault Detection Enable Register — Read/Write
ADDR REG NAME D7 D6 D5 D4 D3 D2 D1 DO DEFAULT

50h FLT DET EN | RSVD | OVE | RSVD | SLSDE |RSVD | SDE | RSVD | ODE | 0Ob 11001111
OVE Overvoltage Detect Enable
0 Disabled
1 Enabled
SLSDE Single LED Short Detect Enable
0 Disabled
1 Enabled
SDE Short Detect Enable
0 Disabled
1 Enabled
ODE Open Detect Enable
0 Disabled
1 Enabled
Fault Configuration Register — Read/Write

ADDR REG NAME D7 D6 D5:D2 D1:D0 DEFAULT

51h FLT_CONFIG RSVD SLSHCR FT[3:0] OFA[1:0] Ob 11001111

SLSHCR Single LED short output current reduction of the faulty channel
0 No reduction
1 Faulty channel output current reduced to 4mA (Typ.)
FTx FAULTB pin action delay time setting
0000 32us 1000 7.8125ms
0001 64us 1001 15.625ms
0010 128us 1010 31.25ms
001 256us (Default) 1011 62.5ms
0100 512us 1100 0.125s
0101 1.024ms 1101 0.25s
0110 2.048ms 1110 0.5s
0111 4.096ms 1111 1s
OFAXx “One Fail Others On” or “One Fail All Fail” fault action mode setting
0X “One Fail All Fail” (single LED short latches all outputs off)
10 “One Fail All Fail” (single LED short auto recover)
11 “One Fail Others On”
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Fault Flag Registers (52h~59h — Read only, 5Ah and 5Bh — Read/Write)
ADDR REG NAME D7 D6 D5 D4 D3 D2 D1 DO | DEFAULT
. Ob
52h SHORT_FLTL SHORT_FLT(8:1) 00000000
. Ob
53h SHORT_FLTH RSVD SHORT_FLT(12:9) 00000000
. Ob
54h OPEN_FLTL OPEN_FLT(8:1) 00000000
) Ob
55h OPEN_FLTH RSVD OPEN_FLT(12:9) 00000000
i Ob
56h SLS_FLTL SLS_FLT(8:1) 00000000
) Ob
57h SLS_FLTH RSVD SLS_FLT(12:9) 00000000
. Ob
58h OVP_FLTL OVP_FLT(8:1) 00000000
. Ob
59h OVP_FLTH RSVD OVP_FLT(12:9) 00000000
Ob
5Ah | FAULT_TYPE_L | TF CRCF |ISETSF | CMWF | TSDF | SLSF |[SHORTF|OPENF 00000000
Ob
5Bh | FAULT_TYPE_H RSVD LPBF | OVPF 00000000
SHORT_FLTx LED string short fault flag for each OUT1~0UT12
0 No LED string shorted
1 LED string shorted
OPEN_FLTx LED string open fault flag for each OUT1~0UT12
0 No LED string open
1 LED string open
SLS_FLTx Single LED short fault flag for each OUT1~0UT12
0 No single LED shorted
1 Single LED shorted
OVP_FLTx Overvoltage fault flag for each OUT1~0OUT12
0 No overvoltage
1 Overvoltage
TF Thermal roll-off fault flag
0 No thermal roll-off
1 Thermal roll-off
ISETSF ISET pin short fault flag
0 No ISET pin shorted
1 ISET pin Shorted
CRCF Interface communication CRC fault flag
0 No CRC Failure
1 CRC Failure
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CMWF Communication watchdog timeout fault flag

0 No watchdog timeout

1 Watchdog timeout

TSDF Thermal shutdown fault flag

0 No thermal shutdown

1 Thermal shutdown

SLSF Single LED short fault flag. Any output occurs single LED short, this bit will set to “1”.
0 No single LED shorted

1 Single LED shorted

SHORTF LED string short fault flag. Any output occurs LED string short, this bit will set to “1”.
0 No LED string shorted

1 LED string shorted

OPENF LED string open fault flag. Any output occurs LED string open, this bit will set to “1”.
0 No LED string open

1 LED string open

OVPF Overvoltage fault flag. Any output occurs overvoltage, this bit will set to “1”.

0 No overvoltage

1 Overvoltage

LPBF Loopback fault flag. Any output occurs loopback verification failure, this bit will set to “1”.
0 No loopback verification failure

1 Loopback verification failure

The FLT _TYPE_L and FLT_TYPE_H registers are latched. Even though the fault conditions are removed, they
cannot automatically reset to “0” but must be cleared by the host MCU writing it back to “0”.

CRC Error Count Register — Read/Write

ADDR | REG NAME D7:D0 DEFAULT
5Ch CERRCNT CERRCNT [7:0] 0b 00000000
CERRCNTXx CRC error count register

This register value is incremented each time a CRC error is received. This register may be read by the MCU and
then written back to “0” to clear the count. The CERRCNT value saturates at “OxFF”; it does not wrap back to 0
when it reaches “OxFF”. The CERRCNT register is not automatically cleared when a BUS reset command is
received. It must be cleared manually by writing it back to “0”. Note that the CERRCNT register can be written to
any 8-bit value. This is intended for diagnostic purposes.

ADC Input Channels Select Registers — Read/Write

ADDR REG NAME D7 D6 D5 D4 D3 D2 D1 DO DEFAULT
60h CHSEL_L CHSEL[7:0] Ob 00000000
61h CHSEL_H RSVD CHSEL[14:8] Ob 00000000

CHSELXx ADC sampling channels select.
0 Not selected
1 Selected

The ADC has fifteen multiplexed input channels (CHO~CH14) which can be individually selected by the
CHSEL[0]~CHSEL[14] bits. As below table. Multiple channels can be selected which will be periodically measured
in turn.
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Input Channel Select Bit Channel No. Input Signal Setting
CHSEL[0] CHO Vrer (1V)
CHSEL[1] CH1 Verar
CHSEL[2] CH2 Vop/4
“0” = Not Selected

CHSEL[3] CH3 Vouri/13 “1” = Selected
CHSEL[4] CH4 Vout2/13
CHSEL[14] CH14 Vout12/13

ADC Configuration Register — Read/Write

ADDR REG NAME D7:D5 D4 D3:D2 D1:D0O DEFAULT
62h ADCCFG RSVD ADCEN RSVD ADCSH][1:0] | Ob 00100010

ADCEN ADC enable

0 Disabled

1 Enabled

ADCSHx ADC sample/hold time setting

00 Invalid

01 ADC sample/hold time = 2us

10 ADC sample/hold time = 4us (Default)

11 ADC sample/hold time = 8us

ADC Control Register (D7 — Read only, D2~D6 — Read/Write)

ADDR | REG NAME D7 D6:D5 D4 D3 D2 D1:D0| DEFAULT

63h ADCCTL ADCCYC_F | ADCCYC_T[1:0] | LOOP | SADC | ADCRST | RSVD | 0b 00000000

ADCCYC_F ADC sampling finished flag
0 ADC sampling in progress, ADC result is not valid
1 ADC sampling finished, ADC result is valid reading for host MCU

ADCCYC_Tx ADC cycle sampling period

00 ADC Cycle sampling for 2 PWM cycles (Default)
01 ADC Cycle sampling for 4 PWM cycles

10 ADC Cycle sampling for 8 PWM cycles

11 ADC Cycle sampling for 16 PWM cycles

To get more stable and precise result, OUTx voltage is always sampled for multiple PWM cycles to calculate the
average value.

LOOP ADC sampling mode
0 ADC single conversion
1 ADC continuous conversion

If the LOOP bit set to “0”, all selected channels will be only measured once. If the LOOP bit is set to “1”, the ADC
will repeat the measurement of all selected channels all the time.
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SADC Start ADC measurement
0 ADC measurement stops
1 ADC measurement starts

Please set ADCEN bit at first, then set SADC bit, otherwise ADC cannot measure voltage.

ADCRST Reset all ADC result registers (65h~6Ah, 6Fh~7Dh) to default value when ADC measurement
starts

0 Not reset

1 Reset

ADC Internal Reference Voltage Result Registers — Read only

ADDR REG NAME D7:D2 D1:D0 DEFAULT

65h ADC_VREF_L RSVD ADC_VREF[1:0] Ob 00000000
66h ADC_VREF_H ADC_VREF[9:2] Ob 00000000

ADC_VREFx The ADC result of the internal reference voltage.

Zh=oDln] 2"
Veer(V) = 20—22 X VrErapc (33)

Where, Vreranc is the reference voltage of the ADC, typical 1.8V.

ADC PTAT Result Registers — Read only

ADDR REG NAME D7:D2 D1:DO DEFAULT
67h ADC_VPTAT L RSVD ADC_VPTAT[1:0] 0b 00000000
68h ADC_VPTAT_H ADC_VPTAT[9:2] 0b 00000000

ADC_VPTATXx The ADC result of internal PTAT voltage.

This result can be used to estimate the device junction temperature by following equation:

Ln=qDln]2"
(=0 _——— xy —-1.065)
Ty(°C) = —1 2P0 405 (34)

0.0037

ADC 5V LDO Result Registers — Read only

ADDR REG NAME D7:D2 D1:D0 DEFAULT
69h ADC_VDD_L RSVD ADC_VDDI[1:0] 0b 00000000
6Ah ADC_VDD_H ADC_VDD[9:2] 0b 00000000

ADC_VDDx The ADC result of internal 5V LDO voltage.

This result can be used to calculate the 5V LDO voltage by following equation:

Zh=oDln]2"
Vs(V) = 20722 X Vrgrapc X 4 (35)
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ADC Output Voltage Result Registers — Read only

ADDR REG NAME D7 D6 D5 D4 D3 D2 D1 DO DEFAULT
6Fh ADC_VOUT1_H ADC_VOUT1[9:2] Oooggooo
70h ADC _VOUT2_H ADC_VOUT2[9:2] 00083000
71h ADC_VOUT3_H ADC_VOUT3[9:2] oooggooo
72h ADC_VOUT4_H ADC_VOUT4[9:2] 00088000
73h ADC_VOUT1~4 L | ADC_VOUT4[1:0] | ADC_VOUT3[1:0] | ADC_VOUT2[1:0] | ADC_VOUT1[1:0] 00083000
74h ADC_VOUT5_H ADC_VOUT5[9:2] 00088000
75h ADC_VOUT6_H ADC_VOUT6[9:2] 00083000
76h ADC_VOUT7_H ADC_VOUT7[9:2] oooggooo
77h ADC_VOUT8_H ADC_VOUT8[9:2] 00083000
78h ADC_VOUT5~8 L | ADC_VOUTS8[1:0] | ADC_VOUT7[1:0] | ADC_VOUT6[1:0] | ADC_VOUT5[1:0] 00083000
79h ADC_VOUT9_H ADC_VOUT9[9:2] 00088000
7Ah ADC_VOUT10_H ADC_VOUT10[9:2] 00083000
7Bh ADC_VOUT11_H ADC_VOUT11[9:2] 00088000
7Ch ADC _VOUT12 H ADC_VOUT12[9:2] 00083000
7Dh |ADC_VOUT9~12_L| ADC_VOUT12[1:0] | ADC_VOUT11[1:0] | ADC_VOUT10[1:0] | ADC_VOUT9[1:0] 00088000

ADC_VOUTx The ADC result of each OUTx pin voltage.
This result can be used to calculate the OUTx pin voltage by following equation:
Vourx(V) = Z—ngz[zlzn X Vrgpapc X 13 (36)
LBIST State Register — Read only
ADDR REG NAME D7:D2 D1 DO DEFAULT
FOh BSTSTA RSVD FAIL FINISH 0b 00000000
FINISH LBIST state flag

0
1

FAIL
0
1

LBIST in progress
LBIST finished

The device will do Logic Built-in Self-test (LBIST) upon UVLO being released. When it is finished, this flag will be
set to “1”.

LBIST result

Pass
Failure

This result is only available after LBIST has finished, FINISH bit set to “1”. In case of LBIST result is failure, the
device is defective and cannot be used.
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Loopback Control Register — Read/Write

ADDR REG NAME D7:D4 D3:D1 DO DEFAULT
Fih VFYCTL VFYCHSEL[3:0] RSVD VFYEN 0Ob 00001000
VFYEN Loopback verification function enable
0 Disabled
1 Enabled

VFYCHSELX Loopback verification channel select

The PWM duty cycle loopback verification circuit has twelve multiplexed inputs to monitor the PWM duty cycle of
output channels. The twelve input channels (LPBCH1~LPBCH12) are respectively connected to each current
source output stage. As below table. Only one channel can be verified at a time.

VFYCHSEL[3:0] Input Channel Selected Input Signal
0 LPBCH1 PWM signal from output stage of OUT1
1 LPBCH2 PWM signal from output stage of OUT2
2 LPBCH3 PWM signal from output stage of OUT3
11 LPBCH12 PWM signal from output stage of OUT12
12~15 Invalid -

Loopback Configuration Register (D5 - Read only, D0~D4 - Read/Write)

ADDR | REG NAME D7:D6 D5 D4:D0 DEFAULT
F2h VFYCFG RSVD VFYRDY TOLERANCE[4:0] Ob 00011111
VFYRDY Loopback verification state flag
0 Verification in progress
1 Verification finished

TOLERANCEXx Loopback comparison tolerance setting

Preset PWM duty cycle deviation tolerance between the measurement result and the PWM duty cycle setting
value in the PWM buffer.

Tolerance = Y4_,D[n] - 2" x4 +3 (37)
Loopback Fault Flag Registers — Read only
ADDR REG NAME D7 D6 D5 D4 D3 D2 D1 DO DEFAULT
F3h DUTYF_L DUTYFLT(8:1) Ob 00000000
F4h DUTYF_H RSVD DUTYFLT(12:9) 0b 00000000
DUTYFLTx Loopback fault flag for each OUT1~OUT12
0 No loopback failure
1 Loopback failure
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Loopback PWM Duty Cycle Registers — Read only
ADDR REG NAME D7 D6 D5 D4 D3 D2 D1 DO DEFAULT
F5h PWMDUTY_H PWMDUTY[9:2] Ob 00000000
F6h PWMDUTY_L RSVD PWMDUTY[1:0] Ob 00000000

PWMDUTYXx

The PWM duty cycle measure result of the selected channel.
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12 CLASSIFICATION REFLOW PROFILES

Profile Feature

Pb-Free Assembly

Preheat & Soak
Temperature min (Tsmin)
Temperature max (Tsmax)
Time (Tsmin to Tsmax) (ts)

150°C
200°C
60-120 seconds

Average ramp-up rate (Tsmax to Tp)

3°C/second max.

Liguidous temperature (TL) 217°C
Time at liquidous (tL) 60-150 seconds
Peak package body temperature (Tp)* Max 260°C

classification temperature (Tc)

Time (tp)** within 5°C of the specified

Max 30 seconds

Average ramp-down rate (Tp to Tsmax)

6°C/second max.

Time 25°C to peak temperature

8 minutes max.
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Figure 79 Classification Profile
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13 PACKAGE INFORMATION
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14 RECOMMENDED LAND PATTERN

eTSSOP-28

4,370 1.27Q

2,750

Joonoouinonoo
Hmuuuﬁ‘u’uum

6T

Note:
1. Land pattern complies to IPC-7351.
2. All dimensions in MM.

3. This document (including dimensions, notes & specs) is a recommendation based on typical circuit board manufacturing parameters. Since
land pattern design depends on many factors unknown (eg. user’s board manufacturing specs), user must determine suitability for use.
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