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THREE-CHANNEL LINEAR LED DRIVER WITH INDIVIDUAL PWM DIMMING

AND ANALOG DIMMING

GENERAL DESCRIPTION

The 1S32LT3144 device is a linear programmable LED
driver consisting of three current source output
channels capable of up to 150mA each. It supports
individual PWM dimming control to each channel. A
single resistor sets the maximum current level for all
channels. The outputs can be combined to provide a
higher current drive capability up to maximum 450mA.
A dedicated analog dimming pin can be used for LED
binning or in conjunction with an external NTC to
implement LED over temperature thermal roll-off
protection.

For added system reliability, the IS32LT3144 integrates
fault detection circuitry for LED string open/short circuit,
single LED short circuit, current setting resistor short,
input overvoltage current derating, LED over
temperature thermal roll-off, device junction over
temperature thermal roll-off and shutdown conditions.
Two dedicated fault reporting pins, FAULTB and
FAULTS, are able to report fault conditions: the
FAULTS pin is dedicated to reporting LED short fault.
The fault reporting pins can all be tied together to
disable the device and other 1S32LT3144 devices on
the same parallel circuit to achieve a “one-fail-all-fail”
function.

The 1S32LT3144 is targeted at the automotive market
with end applications to include interior and exterior
lighting. For 12V automotive applications the low
dropout driver can support one to several LEDs on the
output channels. The device is offered in a small
thermally enhanced eTSSOP-16 package.

APPLICATIONS

e Rear light

e Stop or taillight

e Position light

e Daytime running light
e Turn Signal Light

¢ Interior lighting

May 2024

FEATURES

» Wide input voltage range: 5V~40V

e Three output channels with programmable constant
current set by a single resistor

- 10mA to 150mA per channel

-+2%(Typ) current matching by channel
(loutx >30mA)
-1+3%(Typ) current accuracy by device

(loutx >30mA)

- Combined multiple channels or ICs for higher
current capability with same current accuracy

e Low headroom voltage
- Max. headroom: 500mV at 60mA per channel
- Max. headroom: 1.1V at 150mA per channel
¢ Independent PWM dimming per channel
¢ Analog dimming capability
- LED over temperature thermal roll-off
- LED binning
o Fault detection and protection
- LED string open/short
- Independent single LED short detection per
channel
- Dedicated fault pin for single LED short fault
- Current setting resistor short
- Input overvoltage current derating
- Junction over temperature thermal roll-off
- Thermal shutdown

- Shared fault flag for multiple devices operation to
comply with “one-fail-all-fail” function, up to 15
devices

e Operating junction temperature range -40°C to
150°C

o AEC-Q100 Qualified with Temperature Grade 1:
-40°C to 125°C

e RoHS & Halogen-Free Compliance

e TSCA Compliance
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TYPICAL APPLICATION CIRCUIT
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Figure 1 Typical Application Circuit
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PIN CONFIGURATION

Package Pin Configuration (Top View)
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PIN DESCRIPTION

No. Pin Description
1 VCC Power supply pin.

Enable and shut down pin. It is also used for fault undervoltage lockout (UVLO)
2 EN voltage threshold setting for LED string open and signal LED short fault

detection. If unused, it should be connected to VCC pin.

3~5 PWM1~PWM3

PWM input and channel ON or OFF. Connected to VCC pin if PWM dimming is
not used. Connected to GND if the corresponding channel is not used.

Fault reporting pin. Active low output driven by the device when it detects a fault
condition (except single LED short fault). As an input, this pin will accept an

6 FAULTB externally generated FAULTB signal to disable the device output to satisfy the
“one fail all fail” function. Leave floating if not used.

7 FAULTS Single LED short fault reporting pin. Active low output driven by the device
when it detects a single LED short fault condition. Leave floating if not used.
Analog dimming pin. The output is full current when the pin voltage is above 2.3V.

8 ICTRL Analog dimming is achieved when the pin voltage varies between 0.6V ~ 1.9V.
Recommend a 10nF X7R type capacitor close to this pin for noise decoupling. It
cannot be left floating. If unused, it can be connected to VCC pin.

9 ISET Resistor on this pin to GND sets the maximum output current for channel
OUT1~0OUT3.

10 GND Ground pin.

11~13 | SENS1~SENS3

String voltage sense for single LED short fault detection. Connect to OUTx if not
used.

14~16 | IOUT3~IOUT1

Current output pin. Connect to SENSx if not used.

Thermal Pad

Must be connected to GND with sufficient copper plate for heat sink.
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ORDERING INFORMATION
Automotive Range: -40°C to +125°C

Order Part No. Package QTY

IS32LT3144-ZLA3-TR 2500/Reel
IS32LT3144-ZLA3 eTSSOP-16, Lead-free 96/Tube

Copyright © 2024 Integrated Silicon Solution, Inc. All rights reserved. ISSI reserves the right to make changes to this specification and its
products at any time without notice. ISSI 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.

Integrated Silicon Solution, Inc. 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 Integrated Silicon Solution, Inc. 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 Integrated Silicon Solution, Inc is adequately protected under the circumstances

Lumissil Microsystems — www.lumissil.com 4
Rev. C, 05/08/2024



1S32L.T3144

LUMISSIL

MICROSYSTEMS

ABSOLUTE MAXIMUM RATINGS (NOTE 1)

VCC pin voltage -0.3V ~ +45V
ISET pin voltage -0.3V ~ +7V
Other pins voltage -0.3V ~ Vce-0.3V
Operating temperature, Ta=T, -40°C ~ +150°C
Maximum continuous junction temperature, Tuwmax) +150°C
Storage temperature range, Tstc -65°C ~ +150°C
Package thermal resistance, junction to ambient (4-layer standard test PCB 45 4°C/W
based on JEDEC standard), 6.a )

Package thermal resistance, junction to thermal PAD (4-layer standard test PCB 1.617°C/W
based on JEDEC standard), 6.p )

Maximum power dissipation, Pomax 2.75W

ESD (HBM) +2kV

ESD (CDM) +750V

Note 1: 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 conditions beyond those indicated under Recommended Operating Conditions
is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

Ty=-40°C ~ +150°C, Vcc= 12V, the detail refers to each condition description. Typical values are at T,= 25°C (Note

5).
Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Power Supply
Vee Supply voltage range 5 40 V
Vuvio VCC undervoltage lockout | Voltage falling 4.1 4.5 V
VCC undervoltage lockout
VuviLo_Hy hysteresis 200 mV
lcc Quiescent current All PWMx=EN=high, loutx= -100mA 25 3.5 4.6 mA
Isp Shutdown current Ven= 0V 15 MA
| Shutdown current in fault PWMx=EN=high, FAULTB=low, 14 2 mA
CCFAULT | mode (from VCC) Vce= 5V to 40V, loutx= -100mA '
. Vce> 5V, loutx= -60mA,
tox Start-up time current rises to 50% 200 | us
Current Regulation
lour Regulated output current Each channel -150 -10 A
range Three channels in parallel mode -450 -30
Output current limit per .
lout L channel ISET pin grounded -240 mA
loutx= -10mA, Ty= 25°C -3 3
loutx=-10mA, T,=-40~125°C -4 4
loutx= -30mA, Ty=25°C -2 2
Channel_to_channel IOUTX: '30mA, TJ: '40~125°C -4 4
Alout cH . %
matching (Note 2) lourx= -100mA, T= 25°C 2 2
loutx= -100mA, T,=-40~125°C -3.5 3.5
loutx= -150mA, T,=25°C -2 2
loutx= -150mA, T)=-40~125°C -3.5 3.5
Lumissil Microsystems — www.lumissil.com 5
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ELECTRICAL CHARACTERISTICS (CONTINUE)
Tu=-40°C ~ +150°C, Vcc= 12V, the detail refers to each condition description. Typical values are at Ty= 25°C (Note
5).

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
loutx= -10mA, TJ=25°C -3.5 3.5
loutx= -10mA, T,=-40~125°C -6
loutx= -30mA, TJ=25°C -3
loutx=-30mA, T,=-40~125°C -6
Alout pe | Device accuracy (Note 3) %
loutx= -100mA, Ty= 25°C -2.5 2.5
loutx= -100mA, Ty= -40~125°C -3.5 3.5
loutx= -150mA, T,= 25°C -2.5 2.5
loutx= -150mA, Ty=-40~125°C -3.5 3.5
Viser_rer | ISET pin reference voltage 1.15
VHR_MIN
voltage lours= -60mA per channel 026 | 05
el 0, o]
Currcint rising from 10% to 90% at 6 12 29
loutx= -60mA
Current rising slew time —
Current rising from 10% to 90% at
_ 12 25 45
loutx=-150mA
fot Current falling from 90% to 10% He
urrcint alling from o to o at 10 20 35
loutx= -60mA
Current falling slew time -
Current falling from 90% to 10% at
_ 12 20 35
loutx= -150mA
EN, PWMx AND ICTRL
Vien | ENPinlogicinputiowlevel | o1y gisapled 07 | v
for outputs
View | EN Pinlogic input high OUTx enabled 2 v

level for outputs

EN pin input low threshold
Viten_rr | for LED string open and Detection disabled 2.49 \%
single LED short detection

EN pin input high threshold
Vinen_rLt | for LED string open and Detection enabled 2.5 2.6 2.7 Vv
single LED short detection

EN pin input hysteresis for
Vuys_rir | LED string open and single 75 110 145 mV
LED short detection

PWMXx pins input low

ViLpwm threshold OUTx disabled 129 | 1.35 | 1.41 \%
PWMx pins input high
ViHPWM threshold OUTx enabled 1.34 1.4 1.46 \%
PWMx pins input
VHys_pwm hysteresis 50 mV
Lumissil Microsystems — www.lumissil.com 6
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ELECTRICAL CHARACTERISTICS (CONTINUE)
Tu=-40°C ~ +150°C, Vcc= 12V, the detail refers to each condition description. Typical values are at Ty= 25°C (Note

5).
Symbol | Parameter Conditions Min. Typ. | Max. Unit
Delay time between PWM . .
topwm_R rising edge to 10% of lours Two LEDs in series 20 45 us
Delay time between PWM . .
topwm_F falling edge to 90% of lourx Two LEDs in series 20 45 V&
VicTRL Analog dimming range 0.6 1.9 \%
Analog dimming fully on
VICcTRL_FU threshold 2.3 \%
ICTRL pin derates output _
VIcTRL_10 current by 10% Riser= 3.05kQ 1.75 \Y
ICTRL pin derates output _
VicTRL_90 current by 90% Riser= 3.05kQ 0.59 \Y
FAULTB Pin
ViLFLTB FAULTB logic input low level 0.7 Vv
ViHFLTB FAULTB logic input high level 2 Vv
VoLrLT FAULTB and FAULTS logic Tested with 500pA external 0.7 v
output low level pull-up
V. FAULTB and FAULTS logic Tested with 1pA external > Vv
OHFFLT | output high level pull-down
FAULTB and FAULTS pin
VR pu internal pull-up voltage 3.3 v
bp | PAULTB and FAULTS strong | o 1104 o to 5V 500 | 1000 | 1400 | uA
pull-down current
by | PAULTB and FAULTS weak | b 1104 down to ground 32 | 8 17 | uA
pull-up current
Protection
VSEns_TH tshlfglsi)élzms detection voltage VEN> VIHEN_FLT 1.34 1.4 1.46 \Y
ILke SENSXx pins leakage current Vsensx= 3V 500 nA
1 2 3 ms
tens Single LED short circuit During PWM dimming, count
detection deglitch the number of continuous 7 8 | Cycles
cycles when Vsensx< Vsens_TH
Vovin | VCC overvoltage threshold %’;f“t current derates by 192 | 206 | 22 Y,
VVCC overvoltage derating Output current derates from
Vovre range 90% to 60% 16 v
LED string open detection (Vcc - Vourx) voltage falling
Voco voltage and Ven> VIHEN_FLT 50 116 180 mv
LED string open detection (Vee - Vourtx) voltage rising
Voco_nvs hysteresis and VEn> VIHEN_FLT 90 180 300 mv

Lumissil Microsystems — www.lumissil.com
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ELECTRICAL CHARACTERISTICS (CONTINUE)
Tu=-40°C ~ +150°C, Vcc= 12V, the detail refers to each condition description. Typical values are at Ty= 25°C (Note

5).
Symbol | Parameter Conditions Min. Typ. | Max. Unit
1 2 3 ms
toco LED string open detection | During PWM dimming, count the
deglitch number of continuous cycles 7 8 | Cycles
when (Vcc - Voutx) < Vocp
Vsco LED string short detection Me_asured at OUTx pin, voltage 0.7 0.78 0.86 v
voltage falling
LED string short detection
Vscb_Hys voltage hysteresis 120 200 280 mV
IrTR Fault retry current 3 mA
ms
tsco LED string short detection | pyring PWM dimming, count the
deglitch number of continuous cycles 7 8 | Cycles
when Voutx< Vscp
ISET pin resistor short
Riset_sc detection FAULTB goes low 1.55 1.89 2.3 kQ
Thermal Monitor
Tsp Thermal shutdown (Note 4) 175 °C
Thermal shutdown °
Tsp_Hys hysteresis (Note 4) 15 C
Thermal roll-off activation o o
Tro temperature 90% of loutx (Note 4) 153 C
Thermal roll-off current o/ /o
IrRo_ISR derating slew rate (Note 4) 3.5 %/°C
Iro_min Thermal roll-off minimum (Note 4) 20 %

current

Note 2: lave= (lout1 + loutz + louts)/3, Alour_cv= (loutx-lave)lave
Note 3: ISETTING is the target current set by RISET- AIOUTﬁDE= (IOUTx'ISETTING)/ISETTING
Note 4: Guaranteed by design.

Note 5: Limits are 100% production tested at 25°C. Limits over the operating temperature range verified through either bench and/or tester
testing and correlation using Statistical methods.

Lumissil Microsystems — www.lumissil.com
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FUNCTIONAL BLOCK DIAGRAM
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 42 LED Short
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Figure 44 LED Short (PWM Dimming)
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Figure 46 Single LED Short
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Figure 48 Single LED Short
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Figure 50 Single LED Short (PWM Dimming)
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Figure 52 Single LED Short (PWM Dimming)
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Figure 51 Single LED Short Remove (PWM Dimming)
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Figure 53 Single LED Short Remove (PWM Dimming)
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APPLICATION INFORMATION

The 1S32LT3144 is a three-channel constant current
LED driver with individual PWM dimming, designed
for a single string or multiple strings of high brightness
LEDs in automotive lighting applications. A single
resistor Riser is able to simultaneously set the output
current of all output channels, up to 150mA per
channel. A high-side current source output
architecture allows common-cathode LED string
connection to ground. So, the application only
requires a single return wire instead of one return wire
per LED string that a driver with low-side current sink
output architecture would need. The advanced
control loop allows high accuracy between channels
and devices. A separate PWM pin can be used to dim
or enable/disable each channel. A proper DC voltage
on the analog dimming pin, ICTRL, can
simultaneously configure the output current of all
channels. The 1S32LT3144 monitors various fault
conditions and reports on the FAULTB and FAULTS
pins.

OUTPUT CURRENT SETTING

The regulated maximum output current (up to 150mA)
from each output channel is simultaneously set by the
current setting resistor Riser. The Riset resistor value
can be calculated using the following equation:

Rygpp = LISETEEE 5 415 — 0.13 (1)

Ioyr+0.22
(3.04kQ < Riset < 46.56kQ)

Where lout is the desired output current of each
output channel in mA and Riset is in kQ. ViseT_reF is
the ISET pin reference voltage, 1.15V typical.

It is recommended that Riser be a 1% accuracy
resistor with good temperature characteristic to
ensure stable and precise output current. On the PCB
layout, this Riser resistor must be placed as close to
ISET pin and GND pin as possible to avoid noise
interference and ground bounce.

The device is protected from an output overcurrent
condition caused by Riser resistor. The output current
is limited to an lout_L value of 240mA (Typ.) for cases
when a low value resistor is connected to ISET and
GND pins or ISET pin is shorted to ground.

EN PIN

The EN pin is an enable input for the device, pull it
lower than Vien to force the device into shutdown
mode with an ultralow shutdown current; pull it higher
than Vinen to enable the device, but the fault detection
of the LED string open and single LED short is not
enabled until increasing the EN pin voltage to higher
than ViHen_rt. When the EN pin is brought below
ViLen_rLt, the fault detection of the LED string open
and single LED short is disabled. Therefore, a proper
resistor divider (Ruv1 and Ruvz) connected from VCC

pin to EN pin can set a fault UVLO function for LED
string open and single LED short fault protection,
which can prevent insufficient Vcc falsely triggering
LED string open and single LED short detection. The
fault UVLO voltage threshold is programmed by the
resistor divider.

VBatlery

VCC

EN

IS32L.T3144

Figure 56 Fault UVLO Setting

_ Ryyi+Ryv2
VUVLO_FLTF = VILEN_FLT X R (2)
Uv2
_ Ryyit+Ryv2
VUVLO_FLTR = VIHEN_FLT X Ruva (3)

It is recommended to set Vuvio rLTF at least 0.5V
higher than the LED string voltage. Choose Ruv1 and
Ruv2 to be 1% accuracy resistors with good
temperature characteristic to ensure a stable and
precise detection. On the PCB layout, this resistor
divider must be placed as close to EN pin as possible
to avoid noise interference.

The EN pin is high-voltage tolerant. If the shutdown
mode and fault UVLO function are unused, directly
connect the EN pin to the VCC pin. However, due to
the inherent parasitic ESD diode across the EN pin
and VCC pin, if a voltage applied on EN pin is possibly
higher than the VCC pin voltage at any time, a series
resistor (recommended value is 10kQ) is required to
limit the current flowing into it. This series resistor is
recommended to be added in most applications.

PWM DIMMING

The device features a separate PWM dimming control
pin for each output channel. PWM pin control the
corresponding output channel. The PWM pin voltage
should be higher than Vipwwm to enable the
corresponding output channel and lower than ViLpwm
to disable it. If any output channel is unused, tie the
corresponding PWM pin to ground to disable it and
connect the OUTx pin to the corresponding SENSx

pin.
An external PWM signal on the PWMx pins can be
used to modulate the output current to dim the LED
light output. The PWM dimming LED current is based
on the PWM signal’s duty cycle and can be calculated
by the following Equation:

lour_pwm = lour X Dpwm (4)

Where Dpeww is the duty cycle of PWM signal.
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The recommended frequency range of the external
PWM signal is 100Hz~1kHz and the duty cycle can
be from 0 to 100%. Due to the output’s current slew
rate control for EMI consideration plus the
propagation delay time from PWM rising edge to the
output activity, a lower frequency PWM will provide a
better dimming linearity and contrast ratio.

All PWMx pins are high-voltage tolerant. If the PWM
dimming of any channel is not implemented, directly
connect its corresponding PWM pin to the VCC pin.
However, due to the inherent parasitic ESD diode
across PWMx pin and VCC pin, if a voltage applied
on PWMx is possibly higher than the VCC pin voltage
at any time, a series resistor (recommended value is
10kQ) is required for each pin to limit the current
flowing into it. This series resistor is recommended to
be added in most applications.

vBa"ery
D,
o £ vee OUTI
™ TR oUT2
= R
PWMI ouT3 :l o
PWM2 SENS3 R WY
SENS2 Ros| Row® WR
T WwwW
1S3201.T3144 T
L "
B RAETE SENS1 > 1

Figure 57 Example of No PWM Dimming and OUT3 Unused
VCC UNDERVOLTAGE LOCKOUT

The 1S32LT3144 features an undervoltage lockout
(UVLO) function on the VCC pin to prevent
indeterminate operation at low input voltages. The
UVLO threshold is an internally fixed value and
cannot be adjusted. The device is enabled when the
Vcc voltage exceeds (Vuvio+Vuvio ny) (Typ. 4.3V)
and disabled when the Vcc voltage falls below Vuvio
(Typ. 4.1V).

Besides this internal, fixed UVLO, it may be desirable
to externally set a higher UVLO threshold for some
applications. The PWMXx pins have precise threshold,
which can be wused to define an external
undervoltage-lockout (UVLO) function for its
corresponding output channel with a resistor voltage
divider between VCC and GND with the center
connected to the PWMx pin. As shown in Figure 58.

VBanery
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on]

N

VCC

PWMKx

Rpwm

IS32L.T3144

Rpwmz

Figure 58 External UVLO Defined by PWMx Pins

The external UVLO threshold voltage can be
computed by the following equations:

_ Rpwmi+Rpwm2

Vyvioexr = ViLpwm X Ruva ()
_ RpwMi+RpwMm2

Vuvio exe = Vinpwm T Rewmz (6)

The corresponding output channel is enabled when
the Vcc voltage exceeds Vuvio exr, and disabled
when the Vcc voltage falls below Vuvio exr.

It is recommended that Repwm1 and Rewmz be 1%
accuracy resistors with good temperature
characteristics to ensure a precise detection. On the
PCB layout, this resistor divider must be placed as
close as possible to the corresponding PWM pin to
avoid noise coupling into the UVLO detection.

ANALOG DIMMING

The 1S32LT3144 also offers an analog dimming
function on input pin, ICTRL, whose dimming voltage
range is 0.6V to 1.9V. The output current of all
channels can be simultaneously regulated by the
ICTRL pin voltage. If the ICTRL pin is pulled up above
1.9V, analog dimming is disabled and the output
current is given by Equation (1). When the ICTRL pin
voltage is driven below 1.9V, VictrL will proportionally
regulate the output current as given by the following
Equation:

VICTi:;‘(/).44-V (7)
Note that the relative current accuracy decreases with
the decreasing current sense voltage threshold due
to the offset of the internal circuit. Therefore, the
recommended minimum analog dimming level is
around 30%.

Loyt ictre = lour X

Tour_ictre

A

100% |-=-====--=-==------

50%

10% |-

/)

0 0.59vV 1.17V 1.9v

» VICTRL

Figure 59 Analog Dimming Graph

Never leave the ICTRL pin floating. The ICTRL pin is
high-voltage tolerant. If the analog dimming function
is notimplemented, connect the ICTRL pin to the VCC
pin. However, due to the inherent parasitic ESD diode
across ICTRL pin and VCC pin, if a voltage applied
on ICTRL pin is possibly higher than the VCC pin
voltage at any time, a series resistor (recommended
value is 10kQ) is required to limit the current flowing
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into it. This series resistor is recommended to be
added in most applications.

VBanery
D,
VCC
o |
“10kQ ICTRL
I1S320.T3144

Figure 60 ICTRL Pin Unused

It is recommended to add a 10nF ceramic capacitor
from the ICTRL pin to GND to bypass any high
frequency noise, especially if the analog voltage level
comes from a long copper trace. This 10nF capacitor
should be placed as close to the ICTRL pin as
possible. The following are some application
scenarios for use of the analog dimming function.

LED Binning:

The ICTRL pin can be used to fine tune the output
current during mass-production. LEDs are typically
sorted into various bins of different luminous intensity
and forward voltage. To correct the brightness
deviation during mass-production, the mean output
current can be adjusted by adjusting the voltage level
on the ICTRL pin. As shown in Figure 61, fix the
Rictre1 value and solder different value Rein resistor
to adjust and maintain the same lumen output across
different LED bins. This Re resistor can be placed on
the LED board.
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Cin == é
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F' 1S321.T3144
VREF RlCTRLl §
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RBIN

10nF T
< - 1_ GND

Figure 61 Analog Dimming For LED Binning
Over Temperature Thermal Roll-Off:

The ICTRL pin can also be used in conjunction with a
NTC thermistor to provide over temperature current
roll-off protection for the LED load or the system. As
Figure 62.

VBattery
.
o L vee
I RREF
F' IS32L.T3144
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= RICTRLZ IC’I‘RL
Cicrre _|
Rure 10nF —|—
SS 1 GND

Figure 62 |ICTRL Pin with NTC for Thermal Roll-Off Protection

For example, assume the desired current roll-off
temperature threshold is Tr and the NTC thermistor
resistance is Rntcr at this temperature (Rntcr can be
found in the NTC thermistor datasheet), then RictrL1
and RictrL2 can be calculated by:

R _ (RnTcrtRicTRL2)X(VREF—1.9V) 8
ICTRL1 = LoV (8)

For a given NTC thermistor, the RictrL1 resistor will
adjust the current roll-off temperature threshold. The
larger RicTrL1 the lower the current roll-off temperature
threshold. The RicTrL2 resistor is optional to be used
to adjust current derating slope. The larger RictrL2 the
flatter the current derating slope. If RicTrL2 is not used,
tie the NTC thermistor directly to ICTRL pin.

IOUT

A

Roll-off Slope
VictrL = 1.9V

Figure 63 NTC Thermal Roll-Off Protection

The NTC thermistor should be placed next to the
component to be monitored. Such as the LED board,
driver board and so on.

Dual Brightness Level Output:

In automotive applications, some lamps require a dual
brightness output. For instance, the daytime running
light (DRL) and the position light (POL) can both use
the same LED string, since these two lamps won’t be
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active at the same time. The DRL is active in the
daytime, while POL is active with lower brightness in
the nighttime. Two brightness levels are selected by
two independent power supply rails. The analog
dimming can be used for this dual brightness output
function.

As Figure 64, when the input logic to the GATE of the
MOSFET Qu is high, Rictris resistor is shorted by Q.
The output current is determined by the resistor
divider Rictru1 and Rictrez. If the GATE of the switch
Q1 is pulled low, the output current is determined by
the resistor divider Rictri1, Rictri2 and Rictris the
result is a higher brightness.

vBattery

D,

c vCC
" I Rger
1S32L.T3144
Vrer RI(‘,TRLI§
Low = Ricriz
Brightness Ql._, '\é\/\: ICTRL
°—h Ricrnis % 1'55"FL=|=
High 1 GND
Brightness ==

Figure 64 ICTRL Pin for Dual Brightness Output

To implement analog dimming by the ICTRL pin, it
needs a precise reference voltage source, Vrer,
which can be derived from the VCC by a TL431
device. The recommended Vrer value is 4V~5V.

FAULT PROTECTION AND REPORTING

For robust system reliability, the 1S32LT3144
integrates the detection circuitry to protect various
fault conditions and report the fault conditions on the
fault reporting pins, FAULTB and FAULTS, which can
be monitored by an external host. The fault reporting
pins will go low when the device detects a fault
condition. FAULTS is a dedicated fault reporting pin
for single LED short fault condition and the FAULTB
is for general fault conditions, including LED string
open/short, current setting resistor short and thermal
shutdown. Both fault reporting pins have an internal
weak current source Ipu pulled up to an internal
voltage source Vrit_pu (Typical 3.3V) and an internal
strong current sink lep pulled down to ground. As
shown in Figure 65.

Verre 1S3201.T3144

IPU $
X
lI’D

FAULTB

Fault
Logic

VevLr_ru

Figure 65 FAULTB and FAULTS Pin Internal Circuit

The FAULTB pin also supports and input function. As
long as the FAULTB pin voltage drops below the logic
input low level ViLrLTs, no matter if it is pulled down by
an external circuit or the internal pull-down current
sink lpp, all output channels (excluding the failing
channel) will be turned off to satisfy the “one fail all
fail” operating requirement. For lighting systems with
multiple 1S32LT3144 drivers 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 system “one fail all fail” operating
requirement. The allowed fault reporting parallel pin
(FAULTB and FAULTS) connection is up to 15
devices.

FAULTB FAULTB
FAULTS FAULTS
IS32L.T3144 IS32L.T3144
#1 #2

Figure 66 FAULTB/FAULTS Parallel Connection

If the FAULTB pin is externally forced high (for
example, pulled up by a 1kQ resistor to VCC) so that
the internal pull-down current sink Ipp of fault actions
is not capable to pull the FAULTB pin below the logic
input low level ViLrLTs, the fault actions (including LED
string open/short fault) will keep other channels
normal operation that satisfies the “one fail other on”
operating requirement. Refer to Table 1 for detailed
fault actions.
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Figure 67 Externally Forced FAULTB High
LED STRING OPEN PROTECTION

The LED string open detection is enabled if the VCC
pin voltage is greater than Vuvio_rLTR, and disabled if
the VCC voltage drops below VuvLo_FLtF.

In case of any LED string is open, the corresponding
OUTXx pin will be pulled up close to VCC pin voltage
by the current source. When Vce> Vuvio_rutr and the
VCC pin to OUTx pin voltage drop, (Vcc-Vourx), falls
below the LED string open detection voltage, Voco,
and persists for longer than the deglitch time toco
(2ms when PWM is 100% on or one PWM on-time is
more than 2ms, or seven continuous PWM duty
cycles when in PWM dimming mode), the FAULTB
pin will go low to report the fault condition. The open
channel will stay on and the other channels will be
turned off due to the FAULTB pin low, that satisfies
“one fail all fail” condition. If the FAULTB pin is
externally forced high, the other channels will remain
turned on that satisfies the “one fail other on”
condition.

The device will recover to normal operation and
FAULTB pin will go back high once the open condition
is removed, (Vcc-Vourx) rising above the LED string
open detection voltage, (Voco+Vocp_Hys).

Note that the device can detect a LED string open if
the string forward voltage of the LED string is close to
or greater than the VCC voltage. When the input
voltage Vcc is lower than Vuvio ritr, the device
shields LED string open fault detection. Even though
a LED string open fault occurs, the device does not
report the fault with the FAULTB pin.

LED STRING SHORT PROTECTION

The LED string short condition is detected if any one
of the OUTx pin voltage is lower than LED string short
detection voltage, Vsco. Once a short condition
occurs and persists for longer than the deglitch time
tsco (2ms when PWM is 100% on or one PWM on-
time is more than 2ms, or seven continuous PWM
duty cycles when in PWM dimming mode), the
FAULTB pin will go low to report the fault condition
and the faulty channel will reserve a small current Irtr
for recovery detection. The other channels will be turn
off due to the FAULTB pin low, that satisfies “one fail
all fail”. If the FAULTB pin is externally forced high,
the other channels will remain turned on that satisfies
the “one fail other on” condition.

The device will recover to normal operation and
FAULTB pin will go back to high once the short
condition is removed, the OUTx pin voltage rising
above the LED string short detection voltage,
(Vsco+Vscp_Hys).

OUTx

R
IS32LT3144 % | stine

X Shorted

Figure 68 LED String Shorted
SINGLE LED SHORT PROTECTION

The 1S32LT3144 supports independent single LED
short detection for each channel, which is enabled if
the VCC pin voltage is greater than VuvLo FLTR and
disabled if the VCC voltage drops below Vuvio FLTF.
There are three comparators (CMPx) inside the
device used to monitor each LED string voltage with
external resistor dividers connected to the SENSx
pins.

IS321L.T3144

Single LED
Short Fault
Detection

’ —\ﬁk Single
& I LED
Shorted

Vsens_ti =

Figure 69 Single LED Short Detection Circuit

In case of Vcc> Vuvio_rLTrR and any one of SENSx pins
voltage drops below the internal reference Vsens_tH
persists for longer than the deglitch time tsens (2ms
when PWM is 100% on or one PWM on-time is more
than 2ms, or seven continuous PWM duty cycles
when in PWM dimming mode), the FAULTS pin will
be latched in low state to report the fault condition but
no other action results. The FAULTS pin latched low
is not self-clearing, a toggling of EN or power cycle is
required to clear FAULTS.

If the FAULTS pin is externally tied to the FAULTB pin,
the FAULTS pin will pull the FAULTB pin low to turn
off all output channels (including the faulty channel) to
satisfy the “one fail all fail” operating requirement.

T FAULTB
FAULTS

IS321.T3144

Figure 70 FAULTS Tied to FAULTB for “One fail all Fail”

To achieve proper single LED short detection and
avoid false triggering, the resistor divider, Rs1 and Rsz,

Lumissil Microsystems — www.lumissil.com
Rev. C, 05/08/2024

23



1S32L.T3144

LUMISSIL

MICROSYSTEMS

should be chosen according to the minimum and
maximum of the LED forward voltage:

Rg¢1 + Rs
(N = 1) X Vp_max < Vsgns.ru X R
9)

Where, N is the number of LEDs in the string. Ve_max
and Vr_min are the maximum and minimum forward
voltage of a single LED.

< N X VF_MIN
52

It is recommended that Rst1 and Rs2 be 1% accuracy
resistors with good temperature characteristics to
ensure a precise detection. On the PCB layout, this
resistor divider must be placed as close as possible
to the corresponding SENSx pin to avoid noise
coupling into the single LED short detection.

When multiple output channels are combined to
provide a higher current to one LED string, the SENSx
pins can share one resistor divider for single LED
short fault detection.

OUT1
ouT2
OouT3

IS32L.T3144

% Ry
SENS3

oW o

SENS2
SENS1

Figure 71 Single LED Short Detection Circuit of Multiple
Channels in Parallel

When the input voltage Vcc is lower than Vuvio frLTF,
the device shields single LED short fault detection.
Even though a single LED short fault occurs, the
device does not report the fault with the FAULTS pin.

All SENSx pins are high-voltage tolerant. If the single
LED short protection of any channel is unused, the
SENSx pin should be directly connected to its
corresponding OUTx pin. Figure 72 shows connection
when the single LED short protection of the OUT3 is
unused.

ouT3
SENS3

w o

IS321.T3144 L

Figure 72 SENS3 Pin Unused Example
ISET PIN SHORT PROTECTION

The device is protected from an output overcurrent
condition caused by Riser resistor. Each output
channel current is limited to an lout_L value of 240mA
in case of the ISET pin is shorted or too low value

resistor (<Riset_sc) is connected to the ISET pin. If the
condition persists for longer than fault detection
deglitch time (typ. 40us), the ISET pin short protection
will be triggered. All output channels will be latched in
off state and the FAULTB pin will go low to report the
fault condition.

Both ISET pin short fault protection and reporting are
not self-clearing a toggling of EN or power cycle is
required.

VCC OVERVOLTAGE CURRENT DERATING
PROTECTION

In automotive applications, the nominal battery
voltage range is about 9V to 16V. However, electrical
and radio-frequency disturbance frequently occur in
vehicle environment that results in the supply voltage
jumping over 16V. Such as load dump case, it could
raise up the supply voltage over 40V. High input
voltage results in large power dissipation on the
device. The 1S32LT3144 integrates a VCC
overvoltage current derating protection to avoid
thermal runaway on the device.

In case the VCC voltage exceeds the internal
overvoltage threshold, the device will start to
gradually reduce the output current down by
50%x*lout (Typ.), following the increasing Vcc. As
shown in Figure 73.

IOUT
A

100%
90%

60%
50%

0 Vovia

Figure 73 Vc Overvoltage Protection
VCC overvoltage current derating protection won’t be
reported via fault reporting pins.

THERMAL SHUTDOWN

In the event that the junction temperature exceeds
Tsp (Typ. 175°C), all output channels will go to the
OFF state and FAULTB pin will pull low to report the
fault condition. At this point, the IC presumably begins
to cool off. Any attempt to toggle the channels back to
the source condition before the IC has cooled to
below (Tsp-Tsp_nvs) (Typ. 160°C) will be blocked and
the IC will not be allowed to restart. The FAULTB pin
will recover high once the IC has cooled down.

THERMAL ROLL-OFF PROTECTION

The device integrates thermal shutdown protection to
prevent the device from overheating. In addition, to
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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 temperature.

The output current will be equal to the set value lout
as long as the junction temperature of the IC remains
below the programmed thermal roll-off activation
temperature threshold. If the junction temperature
exceeds the threshold, the output current of all
channels will begin to reduce at a rate of about typical
3.5% of lout per °C until 20% (Typ.) of lout following
the junction temperature ramping up. Thermal roll-off
protection is not reported by the fault reporting pins.

By mounting the 1S32LT3144 device on the same
thermal substrate as the LEDs, use of this feature can
also limit the dissipation of the LEDs.

IOUT
A

100%
9% p====mmm————

=9 (3.5%x Iouy) / °C
|

20% f========——===-

e e =

TRO TSD

Figure 74 Junction Thermal Roll-off
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Table 1 FAULT ACTION TABLE

EN Pin | Fault Type | Fault Condition Fault Reporting Pin Outputs State Recovery
LED string Disabled
open
Externally forced Failing string ogtputs IrTr for
high recover¥ .detecttlonglrljd other
. strings sta Voutx>
LEDsting | v/ r<vseo | FAULTB _ STINgs =5y ouTx
short Failing string outputs Irtr for | (Vsco+Vscp_ny)
Floating, goes low | recovery detection and other
strings turned OFF
Single LED .
short Disabled
ISET pin to GND Externally forced P |
<VIENFT| |SET short | resistance < | FAULTB high Al strings turned OFF toowlerc:lc ‘Tn
RiseT_sc Floating, latched low 99 P
h | Externally forced Ti<
erma high i ’
shutdown Ts>Tsp FAULTB : All strings turned OFF (Tso-Tsp_vs)
Floating, goes low
Thermal roll- Output current of all channels

off Ts>Tro - - linearly decreases toward Tu<Tro
zero following Ty increasing

VCC Output current of all channels
Vee>VovTH - - linearly decreases toward Vee<VovtH

overvoltage 50% following Vcc increasing

Externally forced

- All strings stay ON
LED string high 9s stay (Voc-Vours) >
(Vee-Voutx)<Vocp | FAULTB — :
open Floating. qoes low | Failing string stays ON and (Voco+Vocp_Hy)
9.9 other strings turned OFF
Externally forced Failing str;ng outputs :jRTR}:OI’
high recover;t/. etecttlon SRJ other
i strings sta >
LED string Vourx<Vsco FAULTB g y Voutx
short Failing string outputs Irtr for | (Vsco+Vscp_ny)
Floating, goes low | recovery detection and other
strings turned OFF
) Externally forced Power cvele
Single LED |y c.<Vsens i | FAULTS high All strings stay ON yeie,
short - toggle EN pin
Floating, latched low
>VHEN_FLT Ext v f g
ISET pin to GND Xiernally force =) |
ISET short | resistance < | FAULTB high Al strings turned OFF toowlzrglc ‘Tn
Rise_sc Floating, latched low 99 P
™ | Externally forced Ti<
erma high i ’
shutdown Ts>Tsp FAULTB : 9 All strings turned OFF (Tso-Tso, vs)
Floating, goes low
Output current of all channels
Thermal roll- linearly decreases toward
off T»>Tro ) ) Iro_imin following T To<Tro
increasing
VCC Output current of all channels
overvoltage Vee>VovtH - - linearly decreases toward Vce<Vovth
9 50% following Vcc increasing
Lumissil Microsystems — www.lumissil.com 26

Rev. C, 05/08/2024



1S32L.T3144

LUMISSIL

MICROSYSTEMS

THERMAL CONSIDERATIONS

The package thermal resistance, 0.a, determines the
amount of heat that can pass from the silicon die to
the surrounding ambient environment. The 6ia is a
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 IS32L.T3144, P3144, and the
package thermal resistance, 8ia, as in following
equations:

P3144 = Vee X Iee + 2321(Vee = Vigpx) X loyr (10)
and,
T']:TA+AT:TA+P3144><6]A (11)

Where, Icc is the IC quiescent current, Vieox is the
voltage of the OUTx pin to ground, lout is the output
current of OUTx pin and Ta is the ambient
temperature.

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:

_ 150°C-25°C

PD(MAX) - T (12)

So,
Pouany = 150°C°— 25°C
45.4°Cc/wW
for eTSSOP-16 package.

~ 2.75W

Figure 75 shows the power derating of the
IS32LT3144 on a JEDEC board (in accordance with
JESD 51-5 and JESD 51-7) standing in still air.

eTSSOP-16

Power Dissipation (W)

.1 N

- AN

N

-40 -15 10 35 60 85 110 135 150

Temperature (°C)

Figure 75 Dissipation Curve

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 IS32L.T3144
and the thermal shunt resistor. Multiple thermal vias,
as shown in Figure 76, will help to conduct heat from
the exposed pad of the 1S32L.T3144 and the thermal
shunt resistor to the copper on each side of the board.

OO0
Uity

Figure 76 Board Via Layout For Thermal Dissipation
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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.

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

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

Max 30 seconds

Average ramp-down rate (Tp to Tsmax)

6°C/second max.

Time 25°C to peak temperature

8 minutes max.

P
{ Supplier TP 2T,
\ UutTp =T,
1
1 ‘.I
L]
\ Te 1
1
T T, 5C
e o |
I
T
i o
Max. Ramp Up Rate = 3°Cls
Max. Ramp Down Rate = 6°Cls
1]
- I
a— Tsmax Preheat Area
© I
E.
@ s
n‘ Tlmln
£ !
@ ts
-

25
Time 25°C to Peak

Time =

Figure 77 Classification Profile
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PACKAGE INFORMATION

eTSSOP-16

o

100000

o
—
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BOTTOM VIEW
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gu=in ininizinininll T
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DETAIL ‘A’
joonony \ S
1 : 2
TOP VIEW END VIEW
SYMBOL MILLIMETER s

MIN NOM MAX
A — — 1.20
Al 0.00 bl 0.15
A2 [os0 [ o090 [1ros ﬁ
D 4.90 | 500 | 5.10 . i

SEATING PLANE

D1 Lo — | & GAUGE PLANE |// ;
E 4.30 4.40 4,50 02570 Vi
El 6. 40BSC ’ =
E2 1.50 — — ': 1.00 REF —=
L 0.45 | 0.60 | 0.75
: z ;(9) — | 030 NOTES: DETAIL 'A
- ow | — Tom| 1)The thermal pad shows different
0 o & shape among different factories.
al 0.10 2)Controlling dimension:mm

233-570-249 Rev.B

3)Reference document:JEDEC MO-153

SIDE VIEW
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RECOMMENDED LAND PATTERN

eTSSOP-16

0.65

mm

——|:| 1.45mm
5.65mm 3.00mm
0.35mm [-—
3.00mm

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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