IS32LT3140A

(LUMISSIL

MICROSYSTEMS

A Division of [l

SINGLE CHANNEL 450mA LED DRIVER WITH THERMAL SHUNT RESISTOR

AND SINGLE LED SHORT DETECTION

GENERAL DESCRIPTION

The IS32LT3140A is an automotive-grade high-side
programmable current regulator consisting of a single
output channel capable of 450mA. An external resistor
sets the current level for the single-channel current
source. An optional thermal shunt resistor can be used
to significantly optimize IC power dissipation. It features
an EN pin to enable or shutdown the device. It supports
either PWM dimming via a PWM pin or power supply
modulation (PSM). A resistor divider circuit can be used
on the UV pin to set an external VCC under-voltage
lockout threshold for LED string open and single LED
short fault detection. In addition, the IS32LT3140A
integrates fault protection for a single LED short, LED
string open/short, output overcurrent (not reported),
and over-temperature condition for robust operation.
Detection of these failures is reported by the FAULTB
pin. When a fault is detected the device will disable
itself and output an active low open drain signal.
Multiple devices can have their FAULTB pins
connected to create a “one-fail-all-fail” condition.

The IS32LT3140A 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 channel. The device is offered in a small
thermally enhanced eTSSOP-14 package.
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FEATURES

e Wide input voltage range, 4.5V to 40V

e Single-channel sources up to 450mA

e High-side external resister sets source current

e 18% current accuracy over -40°C ~ +150°C

e Low headroom voltage, max 700mV at 150mA

e Low operating current of 350pA and 5pA in
shutdown

e Optional thermal shunt resistor to optimize IC
power dissipation

e Support for both PWM or PSM dimming

e Programmable VIN under-voltage lockout at PWM
pin

e Fault protection with open-drain flag output:
- Selectable fault actions
- Single LED short
- LED string open/short
- Output overcurrent (not reported)
- Thermal shutdown

e Shared fault flag for multiple device operation to
comply with “one-fail-all-fail” function

e AEC-Q100 Qualified

e Operating temperature range from -40°C ~ +150°C

APPLICATIONS

e Automotive interior/exterior lighting:
- Turn signal light

- Rear lamp
- Dome light
TYPICAL APPLICATION CIRCUIT
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Figure 1 Typical Application Circuit (PSM Dimming Or Non-Dimming Applications)
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Figure 2 Typical Application Circuit with PWM Dimming

Note 1: For PSM dimming application, a high Cy capacitor value will affect the dimming accuracy. To get better dimming performance,
recommend a value of 0.1pF. If no PSM dimming requirement, Cyy can be a larger value.

Note 2: The thermal shunt resistor Rp is only available for applications without EN shutdown, PWM dimming or “one fail all fail” mode fault
protection.

Note 3: The current sense resistor R;ser must be placed as close as possible to VIN and VICC pins on the PCB layout to avoid noise interference.
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PIN CONFIGURATION
Package Pin Configuration (Top View)
o
EN| 1 Tttt 14 |VIN
I |
UV| 2 p 13 |VICC
| |
FMODE[ |3 12 NC
| |
eTSSOP-14 PWM | 4 11 | ouT
‘ | I
SMODE | 5 1 1 10 | NC
] | [
FAULTB | 6 1 19 |SDH
] I |
GND| ‘7 L——--4 8 |SDL
PIN DESCRIPTION
No. Pin Description
Device enable pin. Internally pulled down to GND by a 4MQ (Typ.)
1 |EN resistor. Pull low to shutdown the device. If unused, it must be
connected to VIN pin via 10kQ resistor.
External under voltage lockout threshold setting for LED string open
> |uv and signal LED short fault detection. Pull low will disable the LED open
and single LED short fault detection. If unused, it must be connected to
VIN pin via 10kQ resistor.
3 |EMODE Fault mode set pin. Internally pulled down to GND by a 100kQ (Typ.)
resistor. Connect to VIN pin via a 10kQ resistor to set high.
PWM dimming input. It also can be used for external VIN under
4 (PWM voltage lockout threshold setting. If unused, it must be connected to
VIN pin via 10kQ resistor.
Single LED short fault mode set pin. Internally pulled down to GND by
5 |SMODE [|a 100kQ (Typ.) resistor. Connect it to VIN pin via a 10kQ resistor to
set high.
Open drain 1/0O diagnostic pin. Active low output driven by the device
when it detects a fault condition. As an input (FMODE pin low), this pin
6 |FAULTB will accept an externally generated FAULTB signal to disable the
device output to satisfy the “one fail all fail” function. This pin is
internally pulled up to internal 4.5V (Typ.) LDO by a 50kQ (Typ.)
resistor.
GND Ground.
SDL Single LED short low side detect reference.
9 |SDH Single LED short high side detect reference.
10,12 [NC Not connected.
11 |ouUT Output current source channel.
13 |VICC Current input and current sense pin.
14 |VIN Power supply input and current sense pin.
Thermal |MUST be electrically connected to large GND plane for better thermal
Pad dissipation.
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ORDERING INFORMATION
Automotive Range: -40°C to +125°C

Order Part No. Package QTY/Reel

IS32LT3140A-ZLA3-TR  eTSSOP-14, Lead-free 2500

Copyright © 2021 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
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ABSOLUTE MAXIMUM RATINGS

All pins voltage -0.3V ~ +45V
VIN pin to VICC pin voltage, Vin - Vvicc -0.3V ~ +1V
Operating temperature, Ta=Ty -40°C ~ +150°C
Maximum continuous junction temperature, Tiwmax) +150°C
Storage temperature range, Tstc -65°C ~ +150°C
Package thermal resistance, junction to ambient (4 layer 45.5°C/W
standard test PCB based on JEDEC standard), 8.a '

Package thermal resistance, junction to thermal PAD (4 layer 1.61°C/W
standard test PCB based on JEDEC standard), 8 '

Maximum power dissipation, Pomax 2.75W

ESD (HBM) +2kV

ESD (CDM) +750V

Note 4: 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.

ELECTRICAL CHARACTERISTICS
Ti=Ta = -40°C ~ +150°C, Vin= 12V, the detail refer to each condition description, unless otherwise noted. Typical
values are at T;= Ta= 25°C (Note 5).

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

Power Up Parameter

VIN Supply voltage range 4.5 40 \%

VIN under voltage lockout

Vivio R rising threshold 32 4.0 v
VIN under voltage lockout
Vuvio # | alling threshold 2.2 | 30 v
Iin VIN quiescent current Veww= High, Ven= High, 02 [ 035 | 06 | mA
no fault conditions
Isp Shutdown current Ven= Low 5 10 MA
: Vpwnm= High, Ven= High,
IN_FLT \C/(')':]' dsit‘i’grﬁ"y current in fault Vemope= Low, Vuv= High, 03 | 04 | 06 | mA
FAULTB externally pulled low
. . lout=-150mMA, Vin= 12V,
ton EN high time for IC power up Ven= High 20 40 60 V&
Channel Parameter
lout_Rr Channel output current range | 100% duty cycle -450 -4 mA

Vin= 4.5V to 18V, Ts= Ta =25°C 96 101 106 mV

Current sense voltage (Vin-

Vsense Vin= 4.5V to 18V
Vicc IN= 4. ,
) Ty= Ta = -40°C ~ +150°C 93 | 101} 109 | mV
lout=-10mA 120 150
Minimum headroom voltage, lout= -70mMA 250 400
Vur min | from VIN to OUT (Vsense mV
included) lout=-150mA 430 700
lout= -300mA 800 | 1300
lout_L Output limit current VIN shorted to VICC,VHr=3V -600 mA
Ven= Low, Vour= OV 1 MA
lLeak Channel leakage current :
Vpwm= Low, Ven=High, Vour= 0V 1 MA
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ELECTRICAL CHARACTERISTICS (CONTINUE)
Ti=Ta =-40°C ~ +150°C, Vin= 12V, the detail refer to each condition description, unless otherwise noted. Typical
values are at Ty= Ta= 25°C (Note 5).

Symbol Parameter Conditions Min. [ Typ. | Max. | Unit
. . Enabled/disabled by PWM pin,
tsL E:rl:]rerem rising/falling slew current rise/fall between 8 16 24 us
10%~90%, lout=-300mA
Fault Protect Parameter
. . *Fault must be present at least
Fault detect deglitch time . :
tro_DT (except single LED short) ghls long to trigger the fault 70 130 190 us
etect
. *Fault must be present at least
trD_ss Slnglle LE.D short fault detect this long to trigger the fault 100 200 300 us
deglitch time d
etect
tro_RL Fault release deglitch time 30 60 90 us
FAULTB pin internally pull-
VFAULTB_PU up voltage 4 55 \
RrauLTs FAULTB pin pull-up resistor 50 kQ
FAULTB pin externally pull- : _
VFAULTB_PD down voltage Sink current= 5mA 0.2 04 \
FAULTB pin input high _
VFAULTB_IH enable threshold Vemobe= Low 2 \Y/
FAULTB pin input low _
VFAULTB_IL disable threshold Vemope= Low 0.7 V
OUT pin short to GND rising .
Vscp_r threshold Measured at OUT pin 1.1 1.2 1.3 \%
OUT pin short to GND .
Vsco_F falling threshold Measured at OUT pin 0.82 | 0.865 | 0.91 \
Vob_r OUT pin open rising Measured at (Vvicc-Vour) 70 120 160 | mVv
- threshold
OUT pin open falling
Vob_F threshold Measured at (Vvicc-Vour) 250 320 400 | mVv
Single LED short detection
VssH_TH high side threshold Measured at (VspL-VsbH) 200 230 260 | mV
Single LED short detection Measured at SDL pin, voltage
VssL™ | 10w side threshold falling 080 | 086 | 091 | V
Single LED short detection
VssL_Hy low side threshold Measured at SDL pin 40 80 110 mV
hysteresis
Output retry current in fault _ i i i
IRTR modes Vout= 0V 1.6 1 0.6 mA
Tsp Thermal shutdown threshold | (Note 6) 175 °C
Thy Over-temperature hysteresis | (Note 6) 25 °C
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ELECTRICAL CHARACTERISTICS (CONTINUE)
Ti=Ta =-40°C ~ +150°C, Vin= 12V, the detail refer to each condition description, unless otherwise noted. Typical
values are at To= Ta = 25°C (Note 5).

Symbol Parameter Conditions Min. Typ. | Max. | Unit
Logic Input
Vi EN, FMODE, SMODE pins 20 Vv
input logic high voltage
ViL _EN, FMQDE, SMODE pins 07 Vv
input logic low voltage
Vuv_iH UV input rising threshold 1.14 1.20 1.3 \%
Vuv_iL UV input falling threshold 1.045 1.1 1.155 \%
Vewm_n | PWM input rising threshold 1.14 1.20 1.3 \%
Vewm_iL | PWM input falling threshold 1.045 11 | 1155 | V
frwm PWM frequency to PWM pin 1 kHz
Delay time of PWM rising _
tpwMm_R edge to 10% output current lout=-100mA 10 17 25 us
Delay time of PWM falling _
trwm_F edge to 90% output current lout=-100mA 15 21 30 us
FMODE and SMODE pins
RPo_MODE | i iernal pull-down resistor 100 kQ
EN pin internal pull-down
ReoEN | esistor 4 MQ

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.

Note 6: Guaranteed by design.
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FUNCTIONAL BLOCK DIAGRAM
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 39 Single LED Short Remove (Auto Recover)
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Figure 41 Single LED Short (Latch Off)
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Figure 43 Single LED Short Remove (Latch Off)

Figure 40 Single LED Short Remove (Auto Recover)
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Figure 44 Single LED Short Remove (Latch Off)
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APPLICATION INFORMATION

The 1S32LT3140A is a programmable linear current
source capable of regulating a constant current up to
450mA. A single resistor Riset is connected across the
VIN and VICC pins to set the output current value. The
current flows from the power supply through the Riser
resistor into the VICC pin and internal current source
and out from OUT pin to LED string. The device senses
the voltage drop on the Riser resistor and an internal
regulation loop drives the output current source to
regulate the voltage drop on the Riset resistor at Vsense.

MN

RISET

Power °
Supply

ngcc

£ o
ouT

VINgﬂ

¥ w

1S32LT3140A

Figure 45 Constant Current Regulation
OUTPUT CURRENT SETTING

The regulated maximum LED current is set by the
current sense resistor Riser. The Riser resistor value
can be calculated using the following equation:

VSENSE
RISET = |— 1)
LED

Where lLep is the desired LED current in Amp and Riset
is in Q. Vsense is current sense voltage, 0.1V typical.

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

When the desired current is high, the power rating also
should be considered. The maximum power dissipation
on the Riser resistor is calculated by:

teo (2

A single high wattage resistor or several small wattage
resistors in parallel can be used to sustain the power
dissipation.

Paiser = Vsense x|

The device is protected from an output overcurrent
condition caused by Riser resistor. The output current
is limited to an lout L value of 600mA for if a low value
resistor is connected to VIN and VICC pins.

DEVICE ENABLE AND SHUTDOWN

The EN pin is an enable input for the device, pull it
higher than Vi1 to enable the device; pull it lower than
ViL to force the device into shutdown mode with an
ultralow quiescent current. If the shutdown mode is
unused, connect the EN pin to the VIN pin via a 10kQ
resistor.

PWM DIMMING

PWM pin controls the current source output source.
The PWM pin voltage should be higher than Vewwm 11 to
enable the output source and lower than Vpwwm 1L tO
disable it. Note that the output fault detection is also
disabled when the PWM pin is low.

An external PWM signal on the PWM pin 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:

ILED_PWM =l ep X Dpyw (3
Where Dpww is the duty cycle of PWM signal.

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

UNDER VOLTAGE LOCKOUT (UVLO)

IS32LT3140A features an under voltage lockout (UVLO)
function on the VIN pin to prevent misoperation at low
input voltages. The UVLO threshold is an internally
fixed value and cannot be adjusted. The device is
enabled when the Vin voltage exceeds Vuvio_r (Typ.
3.2V), and disabled when the Vin voltage falls below
Vuvio F (Typ. 3.0V).

Besides this internal, fixed UVLO, it may be desireable
to externally set a higher UVLO threshold for some
applications. A precise UVLO threshold voltage can be
set by using a resistor voltage divider between VIN and
Gnd with the center connected to the PWM pin.

VBattery

1S32LT3140A

Figure 46 External UVLO for VIN
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The external UVLO threshold voltage can be computed
by the following Equations:

R +R
_ PWM1 PWM 2
VUVLO_EXTF _VPWM_IL X R 4)
PWM 2

R +R
_ PWM1 PWM 2
VUVLO_EXTR _VPWM_IH x R (5)
PWM 2

The output source is enabled when the Vv voltage
exceeds VuvLo_exTr, and disabled when the Vin voltage
falls below VuvLo extr.

It is recommended that Rrpwmi 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 PWM pin to avoid noise
coupling into the UVLO detection.

The PWM pin is a high impedance input. If the PWM
pin is unused, connect it to the VIN pin using a 10kQ
resistor.

POWER SUPPLY MODULATION (PSM) DIMMING

The 1S32LT3140A can support Power Supply
Modulation (PSM), which implements LED dimming by
pulse width modulation of the power supply rail. The
IS32LT3140A’s closed loop stability is not affected by
PSM operation. To get better dimming linearity, the
recommended PSM frequency should be in the range
of 100Hz to 300Hz (200Hz Typ.) and the input capacitor,
Cvin, should be of a low value (0.1uF Typ.) to ensure
rapid discharge during PSM low periods. In PSM
dimming applications, the external UVLO should be
used to improve the dimming accuracy. It is
recommended for the Vuvio_extr threshold voltage to
be about 0.5V higher than the LED string voltage.

THERMAL SHUNT MECHANISM

IS32LT3140A is a linear constant current regulator
subject thermal dissipation. The device begins current
regulation when the voltage drop on the output source,
called headroom voltage Vur, exceeds the min
headroom voltage Vur min,. The power dissipation on
the device will be proportional to the headroom voltage
and LED current I.ep.

A Division of [l
i < Veense > |
AN
RISET
Power VlNgg ggVICC .............
Supply A

1S32LT3140A

Figure 47 Voltage Drop
P3l40A = (VIN _VSENSE _VLED) X IOUT :VHR X IOUT (6)

Note that the VIN quiescent current consumption is
negligible and ignored in this calculation.

With a given LED string voltage (Viep) and output
current (I.eo), the higher the input voltage the larger the
power dissipation on the IS32LT3140A. In automotive
applications, the nominal battery voltage range is about
9V to 16V. However, electrical and radio-frequency
disturbance frequently occurs in the vehicle
environment that results in the supply voltage jumping
over 16V.Ina load dump condition the supply voltage
could rise well above 40V. So the thermal management
on device should be carefully considered when the
output current is high, such as I.ep 2 200mA.

To optimize the thermal resistance on the
IS32LT3140A, an external power resistor (Rp) can be
connected in parallel with the output current source to
shunt some thermal energy away from the device..

AN
Riser
P VIN VICC
o o L g 0
\ A _>g3 Rp§ e
o OUT
IOUT !!&
W e
1S32LT3140A h £\
v

Figure 48 Thermal Shunt Resistor

When using an Re power resistor, the internal
regulation loop of IS32LT3140A still will drive the
current source to regulate the voltage drop on the Riset
resistor to Vsense. As shown in Figure 49, the
IS32LT3140A has different operating areas when using
a power resistor. When the Vin is low, the headroom
voltage Vwr is insufficient for constant LED current
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regulation. If the Vin rises above (Viep+Vhr_miN), the
transition voltage Vin_outorr splits the operation into two 4 VIN_OUTOFE
areas: Constant Current area and Current Increasing = :
area. B VLED+_VHR7MIN
IS
2
A e —
1 VIN70UTOFF § ~ P3140A_Without Shunt Resistor ‘_}' -
: = :
. (5]
lieo / %
- : a
S —=
= T > Vin
=3 Y R : l—>e— Constant 5 Current
© - ogr - Low Headroom  Current Increasing
¥
~ \- Figure 50 Power Distribution vs. Power Supply Voltage
. ;
VIN . .
l—pe— Constant —p-¢ Current The normal operating area is the Constant Current area,

Low Headroom Current Increasing

Figure 49 Current Distribution vs. Power Supply Voltage
Constant Current Area:

With a given Riser value and a proper Rp shunt resistor,
the LED current ILep in this area is regulated by
IS32LT3140A to be constant and can be calculated by
the following Equation:

\Y
— _ " SENSE
ILED_IRP+IOUT_ R (7)
ISET

Where, Irp is the current through the Rp shunt resistor
and lout is the output current of the current source.

The lour linearly decreases following Vin rising while the
Ire linearly increases due to the increase in Vur. The Irp
is proportional to the headroom voltage Vur and can be
calculated by the following Equation:

V Vin =V -V
| oo = FI;R _ VN SEFl;SE LED  (g)
P P

The power consumption on the Rp shunt resistor is:

2
PRP — |RP2 % RP — (VlN _VSENSE _VLED) 9)

Re

The output current of the current source is:

(VIN _VSENSE _VLED) (10)
RP

IOUT = ILED_IRP = ILED_

The power consumption on IS32LT3140A is:
Pisoa = lour XVig = (ILED - IRP)>< (VIN —Veense _VLED) (11)

Note that the VIN quiescent current consumption is
negligible and ignored in this calculation.

where the Rp power resistor shunts much of the thermal
energy away from IS32LT3140A, especially at high Vin.
The thermal shunt mechanism significantly optimizes
the device’s thermal performance.

It is recommended to select a properly sized wattage
resistor for Rp. A single high wattage resistor or several
small wattage resistors in parallel can be used to
sustain the power consumption at high Vin voltage
supply levels.

Constant Increasing Area:

If the Vin is high enough to meet Irp=ILED, the lout will
be regulated to zero mA, which means all LED current
flows through the Rep resistor and the current source is
completely off.

VIN _OUTOFF = ILED x RP +VSENSE +VLED (12)

Where, Vin_outorr is the Vin resulting in lout= OA. The
power consumption on 1S32LT3140A will also
decrease to zero.

If the Vin continues to rise over Vin_outorr, the current
source of IS32LT3140A will remain in the off state and
the LED current will no longer be constant but will
linearly increase following the Vin increase, which will
be decided by:

_M

ILED_INC = R (13)

ISET + RP

Where Vin>Vin_outorr and lLep_inc is the LED current in
Current Increasing area.

To achieve a constant current over the power supply
voltage range, choose an Rp shunt resistor value so
that Vin_outorr is never less than the maximum power
supply voltage. So the Re shunt resistor value should
be calculated using the maximum power supply voltage
VIN_MAX:

The power consumption distribution of the v v vV

IS32LT3140A and the Rp shunt resistor are shown in R. — _IN_MAX ~ ViED T VSENSE v

Figure 50. P | (14)
LED
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The Vin_max means the maximum voltage which is
possible to apply on the VIN pin. For a 12V automotive
system, the Vin voltage can range between 9V to 16V.
However, a higher Vin value can be used for passing
extreme condition tests, such as a one minute burn-in
test at 24V or 28V power supply. In this case, the
Vin_max should be 24V or 28V. The load dump test is
another extreme condition, which could raise the supply
voltage up to 40V. If calculating the Re value according
to the load dump voltage, the Rp value will be too large
which will significantly degrade the thermal shunt effect
in the normal operation voltage range of 9V to 16V. So
a lower voltage rating TVS diode should be considered
to be used upstream to clamp the maximum voltage
appearing on the VIN pin.

Note the current through the Re shunt resistor is always
present and CANNOT be shut off by the IS32LT3140A.
Therefore, the Rp shunt resistor should not be
implemented if EN shutdown mode, PWM dimming and
“one fail all fail” mode fault protection are to be used
since they require turning off the output current. Only
dimming method when using Rp shunt resistor is power
supply modulation (PSM).

FAULT PROTECTION AND REPORTING

For robust system reliability, the IS32LT3140A
integrates the detection circuitry to protect various fault
conditions and report the fault conditions on the
FAULTB pin which can be monitored by an external
host. The fault protections include LED string
open/short, single LED short, output over-current (not
reported) and thermal shutdown. The FAULTB pin is an
open drain structure with an internal 50kQ (Typ.)
resistor pulled up to an internal 4.5V (Typ.) LDO so it is
allowed to float. The FAULTB pin will go low when the
device enables fault detection and detects a fault
condition. Refer to Table 1 and 2.

The FMODE is fault protection mode set pin. If the
FMODE pin is set high (connected to VIN via a 10kQ
resistor), the fault protection is in ‘one fail other on’
mode, see Table 2; the FAULTB pin supports output
function only. If the FMODE pin is set low (connected
to GND), the fault protection is in ‘one fail all fail’ mode,
see Table 1; the FAULTB pin supports both input and
output functions. Externally pulling FAULTB pin low will
disable the output. For lighting systems with multiple
IS32LT3140A drivers which require 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 “one fail
all fail” operating requirement.

LED STRING OPEN PROTECTION

The LED string open detection is enabled if the UV pin
voltage is above its rising voltage threshold, Vuv 1, and
disabled if below its falling voltage threshold, Vuv_i.. A
proper resistor divider (Ruvi and Ruv2) connected from

VIN pin to UV pin can set a UVLO function for LED
string open protection, which is to prevent insufficient
Vin falsely triggering LED string open and single LED
short detections. The UVLO voltage threshold is
programmed by the resistor divider.

Vgatte ry

IS32LT3140A

Figure 51 UVLO for LED String Open/Single LED Short Detection

Ruvi + Ruv,
VUVLO_ e = Vou L = lR—UV (15)
uv 2
Ruvi + Ruva
VUVLO_ Frr = Vv B Re WL__V2 (16)
Ruva

It is recommend to set Vuvio_rLtF at least 0.5V higher
than the LED string voltage. Choose Ruvi 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 UV pin as possible to avoid noise
interference. If the UV pin is unused, connect it to VIN
pin via a 10kQ resistor.

If the LED string is open, the OUT pin will be pulled up
close to VICC pin voltage by the current source. If
Vin>Vuvio_rLTr and the VICC pin to OUT pin voltage
drop, (Vvicc-Vour), falls below the open LED detect
voltage threshold, Vop_r, and persists for longer than
the deglitch time trp_pt, the LED string open protection
will be triggered and FAULTB pin will go low to report
the fault condition. The output source will reserve a
small current Irtr for recovery detection, ignoring the
PWM input.

The device will recover to normal operation and
FAULTB pin will go back to high once the open
condition is removed, (Vvicc-Vour) rising above the
open LED detect voltage threshold, Vop F.

LED STRING SHORT PROTECTION

The LED string short condition is detected if the OUT
pin voltage is lower than the short detect voltage
threshold, Vsco r. Once short condition occurs and
persists for longer than the deglitch time trpo_pt, the LED
string short protection will be triggered the FAULTB pin
will go low to report the fault condition. The output
source will reserve a small current Irtr for recovery
detection, ignoring the PWM input.

The device will recover to normal operation and
FAULTB pin will go back to high once the short
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condition is removed, OUT pin voltage rising above the
short detect voltage threshold, Vscp r.

SINGLE LED SHORT PROTECTION

The IS32LT3140A supports signal LED short detection
by the SDH and SDL pins. The detection is
enabled/disabled by UV pin as well to prevent
insufficient Vin falsely triggering. Please refer to Figure
51 and Equations 15 and 16.

1S32LT3140A

SDH
D
CMP1
Single + [«

LED Short
Fault
Detection

A

D

CMP2 SDL
+

VssL_TH

Figure 52 Single LED Short Detection

IS32LT3140A integrates two precise comparators to
monitor and implement single LED short detection. The
comparator CMP1 monitors the voltage difference
between SDL pin and SDH pin, (VsoL-VspH), and the
comparator CMP2 monitors the voltage from the SDL
pin to GND, VspL. In case of Vin>VuvLo FLTr and either
(VspbL-VspH) is greater than the internal high-side
voltage threshold Vssu_th, Or VspL drops below the
internal low-side voltage threshold Vss._tH and persists
for longer than the deglitch time trp_ss, the single LED
short protection will be triggered and the FAULTB pin
will go low to report the fault condition.

In the application, the SDL pin is connected to the
anode of the bottom LED and the SDH is connected to
OUT pin via a proper resistor divider; Figure 53 (A). The
device uses the input voltage of the SDL pin, the
forward voltage of the bottom LED, as the reference
voltage of the CMP1 to monitor the SDH pin voltage. In
case of any upper LED is shorted, the SDH pin voltage
Vspn Will drop down. If it drops below VspL but greater
than Vssu_th and persists for longer than the deglitch
time trpo_ss, the single LED short protection will be
triggered and the FAULTB pin will go low to report the
fault condition. The resistor divider ratio can be
calculated by:

Ry =(N-1) xRy, (17)

Where N is the number of LEDs in series. It is
recommend that Rsp: and Rspz be 1% accuracy
resistors with good temperature characteristic and total
resistance is greater than 100kQ to ensure stable and
precise detection. On the PCB layout, this resistor
divider MUST be placed as close to SDH pin as
possible to avoid noise interference.

A Division of [l
A
1S32LT3140A R
R
(A)
ouT
10kQ
SDH | R
1S32LT3140A A 23
SDL
h £
GND .
(B)

Figure 53 SDH and SDL Connection

Both Vspn and VspL are equal to a single LED forward
voltage in normal operation. However, the LED forward
voltage always has deviation from part to part, even
within same batch LEDs. If the deviation is greater than
VssH_TH, the single LED short protection may be falsely
triggered in normal operation. To prevent that, choose
Rsp1 value to be a slightly smaller than the result of
Equation (17) and verify:

(Vf_MIN x(N-1) +Vf_MAx )X Rsps
Rsp1 + Rps

(18)

Vf_MAX Vssu _TH_MIN

(Vf X (N=2)+Vy )X Rsps
Rsp1 * Rspy

19)

Vf_MIN_ VSSH_TH_MAX (
Where Viwmax and Viwmn are the maximum and
minimum LED forward voltage. Vssh tH Max and
Vssu_tH_min are the maximum and minimum VssH_TH.
Note that all LEDs in the string must be of same type,
mixed type of LEDs will defeat the functionality of single
LED short detection.

In the case of the bottom LED shorted, the SDL pin
voltage VspL will drop below Vss. th and persist for
longer than the deglitch time tro_ss, the single LED short
protection will be triggered and the FAULTB pin will go
low to report the fault condition. The SMODE pin is for
configuring the output state during the single LED short
fault condition.

In “one fail all fail” mode (FMODE pin low):

Lumissil Microsystems — www.lumissil.com
Rev. A, 02/08/2021

20



IS32LT3140A

(LUMISSIL

MICROSYSTEMS

A Division of [l

If the SMODE pin is set low (connected to GND), the
output source will reserve a small current Irtr for
recovery detection, ignoring the PWM input. The
remaining LED will be slightly visible. The device will
recover to normal operation and FAULTB pin will go
back to high once the single LED short condition is
removed. In the event of the slight light is not allowed,
set the SMODE pin high (connected to VIN via a 10kQ
resistor), then the single LED short protection will latch
the output source at off state until power cycle or
toggling EN to reset.

In “one fail other on” mode (FMODE pin high):

In most applications, the SMODE pin should be set high
(connected to VIN via a 10kQ resistor) to meet “one falil

other on”. The remaining LEDs will keep normal current.

The FAULTB pin will go back to high once the single

LED short condition is removed.

When the single LED short protection is unused, SDH
and SDL pins must be connected together to OUT pin
via a 10kQ resistor. As Figure 53 (B).

THERMAL SHUTDOWN

In the event that the junction temperature exceeds Tsp
(Typ. 175°C), the output source 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 channel back to the
source condition before the IC cooled to below (Tsp-THy)
(Typ. 150°C) will be blocked and the IC will not be
allowed to restart. The FAULTB pin will recover to high
once the IC has cooled down.

Table 1 Fault Actions Description of “One Fail All Fail”

Vemope = LOW (ONE FAIL ALL FAIL)

UV Pin Fault Type Fault Condition Output State FAULTB Pin (with input function) Recovery
LED string open or .
OUT short to VIN Disabled
Pull low
LED string short or Ny Ignores the PWM input, outputs (If the FAULB pins of multiple VeV,
<Vyv 1 | OUT short to GND OUTYSCh.F Irt= for recovery detection | devices are connected together, all OUTTVSCD.R
B devices will be off)
Single LED short Disabled
Over temperature T>Tsp Off T3<(Tsp-Thy)
LED string open or K Ignores the PWM input, outputs R
OUT short to VIN | (Vviee-Vour)<Voo Irrr for recovery detection (Vvice-Vour)>Voo ¢
LED string short or Ny Ignores the PWM input, outputs Vi V.
OUT short to GND ouT=YscoF Irrr for recovery detection Pull low OUT~VSCD_R
Ignores the PWM (If the FAULB pins of multiple (VspL-Vspm)<VssH_tH
_ input, outputs Irrr | devices are connected together, all or
>V V. = low '
o Single LED short (VspL-Vspr)>Vss 1 SHOPE for recovery devices will be off) Vspr>(Vsst_th+VssL_n
ingle sho or VepL<Vss. h detection v)
Vsmope = Power cycle or
high Latched off toggle EN pin
Over temperature T>Tsp Off T3<(Tsp-Thy)
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Table 2 Fault Actions Description of ‘One Fail Other On’
Vemone = HIGH (ONE FAIL OTHER ON)
UV Pin Fault Type Fault Condition Output State FAULTB Pin (without input function) Recovery
LED string open or .
OUT short to VIN Disabled
Pull low
LED string short or Ignores the PWM input, outputs (If the FAULB pins of multiple devices
<Vuv i | OUT shortto GND Vour<Vsco IrTr for recovery detection are connected together, other devices Vour>Vsco g
- will be on)
Single LED short Disabled
Over temperature T>Tsp Off Ti<(Tsp-Thy)
LED string open or g Ignores the PWM input, outputs g
OUT short to VIN (Vvice-Vour)<Von_r IrTr fOr recovery detection (Vwice-Vour)>Von
LED string short or Ignores the PWM input, outputs
OUT short to GND Vour<Vsco ¢ IrTr fOr recovery detection Vour>Vsco g
Ignores the PWM Pulllow )
VSMODE = input, outputs IrTr (If the FAULB pins of multiple devices
SVuv 1 low for recovery are connected t_ogether, other devices (VspL-VspH)<VssH TH
- ; (VspL-VspH)>VssH_H detection will be on) or
Single LED short or VsoL<Vss. 1 Vsor>(Vsse tHtVss
Vsmope = Keeps normal L_HY)
high output
Over temperature Ts>Tsp Off Ta<(Tsp-Thy)
THERMAL CONSIDERATIONS 3
T
The package thermal resistance, Bua, determines the 5| eTSSOP-14 N
amount of heat that can pass from the silicon die to the =
surrounding ambient environment. The 6ia is a s
measure of the temperature rise created by power = 2
dissipation and is usually measured in degree Celsius =
per watt (°C/W). The junction temperature, Ty, can be -‘Qﬂ 15 N
calculated by the rise of the silicon temperature, AT, the 5 \
power dissipation on I1S32LT3140A, P3140a, and the 2 1
package thermal resistance, 8,a, as in Equation (20): o \\
Ty =Ty +AT =T, + P04 X0 (20) 05 N
The Ps10a is descripted in the “Thermal Shunt 0
Mechanism” section. -40 -15 10 35 60 85 110 135 150
When operating the chip at high ambient temperatures, Temperature (<)

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 (21):

150°C -25°C

PD(MAX): (21)
0JA
So,
150°C - 25°C
o) = peeciw o @)
for eTSSOP-14 package.
Figure 54, shows the power derating of the

IS32LT3140A on a JEDEC board (in accordance with
JESD 51-5 and JESD 51-7) standing in still air.

Figure 54 Dissipation Curve (eTSSOP-14)

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 1S32LT3140A and
the thermal shunt resistor. Multiple thermal vias, as
shown in Figure 55, will help to conduct heat from the
exposed pad of the I1S32LT3140A 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 IS32LT3140A.
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Figure 55 Board Via Layout For Thermal Dissipation
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CLASSIFICATION REFLOW PROFILES
Profile Feature Pb-Free Assembly
Preheat & Soak o
Temperature min (Tsmin) ;ggog
Temperature max (Tsmax) 60-120 seconds
Time (Tsmin to Tsmax) (ts)
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
i ** \withi o ifi
Tlme'('tp) . within 5°C of the specified Max 30 seconds
classification temperature (Tc)
Average ramp-down rate (Tp to Tsmax) 6°C/second max.
Time 25°C to peak temperature 8 minutes max.
Sum:vlierlszTc UserTPSTc
: T \
\
T, -5°C
ﬂ‘ tH 1 L‘i UsertP4>l\
ﬁ To T [ ‘3\ch -5°C
Max. Ramp Up Rate = 3°Cls /@P_
@ Max. Ramp Down Rate = 6°C/s J
S T * — 1]
5 \
2
¥
@ ts
|_
25
h—————Time 25°C to Peak
Time —=>
Figure 56 Classification Profile
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PACKAGE INFORMATION

eTSSOP-14
D
14 8 j [ 8 D1 14
LT I LT
E1 E E2
J ,——‘\ /\
/ \ SEE T
DETAIL 'A’
foonoyr N\ S LUUUl U
7 SN— — |~b —{065}— 1
TOP VIEW END VIEW BOTTOM VIEW
SYMBOL MILLIMETER a2
MIN NOM | MAX
A — — 1.20 s —Te / \ l'\
A Tow | — o eeunuininininininin T
A2 0% | oso Lo SEATING PLANE Al
D 4.90 500 | 5.10
o T T =1 = + SIDE VIEW
E 4.30 | 4.40 | 4.50 t
E1 6. 40BSC GAUGE PLANE |/ ;
E2 L5 | — | — 0.25 A
L 0.45 [ 0.60 [ 0.75 ':1 00 REF —] NOTES:
b 018 | — | 0% ' 1)The thermal pad shows different
$ g 2: —— DETAIL 'A’ shape among different factories.
< - = 2)Controlling dimension:mm
I LN S 3)Reference document:JEDEC MO-153
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RECOMMENDED LAND PATTERN

eTSSOP-14

—

1.27mm

1

4.37Tmm 3.15mm

S UUlyuLL
T

0.65mm

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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