1S32L.T3124A/B/C/D/E/F

QUAD CHANNEL, LINEAR LED DRIVER WITH FAULT REPORTING

AND DYNAMIC HEADROOM CONTROL (DHC)

GENERAL DESCRIPTION

The IS32LT3124 is a linear programmable current
regulator consisting of 4 output channels capable of up
to 150mA each. Individual external resistors set the
maximum current level for each channel. The outputs
can be combined to provide a higher current drive
capability up to 600mA (Max.).

The 1S32LT3124 features Dynamic Headroom Control
(DHC) with an optional external PMOS FET to
minimize IC thermal stress when the supply voltage
exceeds the LED string forward voltage. It includes two
modes for different output power: Shunt Regulator
mode and Series Regulator mode. It can operate with
power supply modulation (PSM) for applications
requiring dimming without use of the EN pin.

For added system reliability, the [S32LT3124
integrates fault detection circuitry for open/short circuit
and over temperature conditions. The fault pins (FLTB)
can all be tied together to disable the device and other
IS32L.T3124 devices on the same parallel circuit.

To handle all these different fault detection and
reporting features, the 1S32LT3124 has six different
versions: A, B, C, D, E and F. All of them can support
the above features. See table 1 for the major
difference. In 1S32LT3124A/B/D/E, if any fault
condition occurs, all output currents will be disabled. In
IS32LT3124B/C/E/F, individual ISET pin for each LED
channel is redefined as individual PWM dimming
control, thus ISET open detection function is removed.
The EN pin of IS32LT3124B/C/E/F is featured as the
enable signal of the internal fault reporting block. See
Table 4 for complete fault listing.

The IS32LT3124 is targeted at the automotive market
such as interior accent lighting and exterior tail lighting.
It is offered in a thermally enhanced eTSSOP-16
package.

APPLICATIONS

e Automotive LED driver

e RGBW automotive ambient lighting
e Tail light

e Turn light

e Daytime running light
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FEATURES

e 5.0V to 28V input supply voltage range
- Withstand 42V load dump

e Four output channels can source up to 150mA
each
- Four current set resistors
- +5% output current accuracy
- Low dropout voltage of 1V (Max.) at 100mA
- Combined for higher current capability with same
current accuracy

e PWM dimming and shutdown control input
- 100Hz~300Hz power supply modulation (PSM)

- 100Hz~1kHz individual dimming via resistors of
ISETx pins (IS32LT3124B/C/E/F only)

e Optional Dynamic Headroom Control (DHC) with
an external PMOS FET to minimize IC thermal
stress
- Shunt regulator mode for heavy load
- Series regulator mode for light load

e Additional external UVLO (Under Voltage Lockout
Threshold) is programmable via EN pin
(IS32LT3124A/D only)

e Fault protection and reporting
- Externally enable/disable fault
(1S32LT3124B/C/E/F only)

- Programmabile fault reporting output delay time
- Fault condition disables all output
(IS32LT3124A/B/D/E only)
- Parallel fault connection (one-fail-all-fail)
- LED string open/short
- Single LED short (Conditional, 1IS32LT3124B/C/D
only)
- ISET pin short
- ISET pin open (1IS32LT3124A/D only)
- Over temperature
e AEC-Q100 Qualified
e Operating temperature range (-40°C ~ +125°C)

reporting
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Table 1 Major Difference Of Different Versions

Outx Pin Short To . . .
. 8 q Support LED String Fault Protection Action
MEtEIE Ll G 'I\'/hreshold Voltage (See Table 4 For More Details)
SCD
IS32LT3124A |PSM dimming or Simultaneous dimming by EN pin Typ. 1.22V 21 LED(s) One channel fails all channels off
IS32LT3124B |PSM dimming or Individual dimming by ISET resistors Typ. 4.8V One channel fails all channels off
1IS32LT3124C [PSM dimming or Individual dimming by ISET resistors Typ. 4.8V > (Vscp_max*+Vsco_Hy) One channel fails all channels on
1IS32LT3124D [PSM dimming or Simultaneous dimming by EN pin Typ. 4.8V One channel fails all channels off
IS32LT3124E |PSM dimming or Individual dimming by ISET resistors Typ. 1.22V 21 LED(s) One channel fails all channels off
1IS32LT3124F |PSM dimming or Individual dimming by ISET resistors Typ. 1.22V 21 LED(s) One channel fails all channels on
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Figure 1 Typical Application Circuit
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Figure 2 Typical Application Circuit (Several Devices in Parallel Share One External PMOS FET)
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Figure 3 Typical Application Circuit (Several Devices in Parallel without External PMOS FET)
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Figure 4 Typical Application Circuit with Additional Switches driving Riser Individual PWM Dimming (1IS32LT3124B/C/E/F only)
When PWM Generator is Far Away from Device
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Figure 5 Typical Application Circuit With Open Drain I/O driving Riser Individual PWM Dimming (IS32LT3124B/C/E/F only)
When PWM Generator is Close to Device

Note 1: The C; and Cycc are fixed value.

Note 2: For PSM dimming application, high Cycc capacitor value will affect the dimming accuracy. To get better dimming performance,
recommend 0.1pF for it.

Integrated Silicon Solution, Inc. — www.issi.com
Rev. A, 01/02/2019



1S32L.T3124A/B/C/D/E/F

PIN CONFIGURATION

Package Pin Configuration (Top View)
EN[[1®----- - 16[__Jvicc
HRSET[ | 15[ Jouri
ERC | 14 Jour2
vce
eTSSOP-16 -

12| Jour4
11| |FLTB
10 ]FLTD

|

|

|

|

|

! |
13 [ Jouts
|

|

|

|

|

|

|

[—
N
=
-
p—
R N SN I AW

PIN DESCRIPTION

No. Pin Description
Device enable pin. Pull low to disable all the outputs. Input
IS32LT3124A/D a PWM signal will achieve all channels simultaneous
dimming.
1 EN - : :
Internal fault flag report enable pin. Pull it low to disable
1IS32LT3124B/C/E/F |fault reporting, the output currents and the response to a
fault remain functional except FLTB is not pulled low.
With the external PMOS FET, connect a resistor to VICC pin to set the maximum
2 HRSET .
working headroom for the current sources.
ERC Gate driver of external PMOS FET to achieve dynamic headroom control.
VCC Raw supply voltage.
_ Resistor on this pin to GND sets the maximum output
IS32LT3124A~F current for channel OUT1~OUT4.
5~8 ISET1~ISET4 The internal ISET open detection is removed. Therefore,
1S32L T3124B/C/E/F P.WIVII d|mm|ng and current adjust via ’Fhe resistors qf ISETx
pins is feasible. Float the ground terminal of the resistor to
turn off the corresponding output and ground to turn on.
9 GND Ground pin.
10 FLTD Resistor on this pin to GND sets the fault reporting output delay time.
Fault reporting output pin. Active low. Internally pulled up to 4.5V by a resistor. It
11 FLTB is also an input pin (IS32LT3124A/B/D/E only). Pulling it low will disable all output
currents.
12~15 OUT4~0UT1 | Output current source for Channel 4~Channel 1.
16 VICC Regulated LED string voltage from external PMOS FET.
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/Reel

IS32LT3124A-ZLA3-TR
IS32LT3124B-ZLA3-TR
IS32LT3124C-ZLA3-TR
IS32LT3124D-ZLA3-TR
IS32LT3124E-ZLA3-TR
IS32LT3124F-ZLA3-TR

eTSSOP-16, Lead-free 2500

Copyright © 2019 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
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ABSOLUTE MAXIMUM RATINGS

VCC, VICC, EN, ERC, HRSET -0.3V ~ +42V (Note 3)
OUT1~ 0OUT4 -0.3V ~ Vycct0.3V
ISET1~ISET4, FLTD, FLTB -0.3V ~ +7.0V
Operating junction temperature, Tao=T, -40°C ~ +125°C
Maximum continuous junction temperature, T max) +150°C

Storage temperature range, Tstg -65°C ~ +150°C
Power dissipation, Ppwax 2.12W

Junction Package thermal resistance, junction to ambient (4 47 1°C/W

layer standard test PCB based on JESD 51-2A), 6, )

Package thermal resistance, junction to thermal PAD (4 layer 1.62°C/IW
standard test PCB based on JESD 51-8), 8,p )

ESD (HBM) +2kV

ESD (CDM) 750V

Note 3: The device can operate at 42V continuously subject only to thermal dissipation limit.

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

Valid are at Vo= 12V, T,= -40°C ~ +125°C, typical value at 25°C, unless otherwise noted.
Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Power Up Parameter
Vee Supply voltage range 5 28 Vv
lcc VCC supply current Riset= 20kQ, Vpr= 1V 8 10 12 mA
VCC supply threshold voltage -
Vuvo (when device logic is enabled) Voltage rising 43 | 45 | 47 v
Vuvio ny | VCC supply voltage hysteresis 0.2 0.25 0.3 \
| Shutdown current in normal Vee= Viee= 12V, Rrp= 20kQ, 08 11 13 mA
sb mode (IS32LT3124A/D only) EN= Low, Ta= 25°C ' ’ ’
Shutdown current as FAULTB _ _ oy _
lsorr | pin externally pulled low o= Yioo= 123, SR TR TLTBS| 10 | 135 | 15 | ma
(IS32LT3124A/B/D/E only) » TFLTD A
t Startup turn on time lour= -150mMA, Vce= Vicc= 12V, 20 s
ON (IS32LT3124A/D only) Ven> 1.23V (Note 5) H
The low time of EN pin to
tsp shutdown the IC 20 38 60 ms
(IS32LT3124A/D only)
tec Power cycle ON (minimum) (Note 5) 0.1 ms
Channel Parameter
VIsETx The ISETx voltage 1 \
ISETx pin short circuit detection .
ViseT sc threshold Voltage falling 100 200 250 mV
ISETx pin short circuit detection
VISET_ScHY | threshold hysteresis 50 100 | 150 | mV
lout Output current per channel Riserx= 20kQ, Vpr= 1V -105 | -100 -95 mA
lour & Output current per channel 150 10 mA
- range
lout L Output limit current -220 | -190 | -160 mA
Integrated Silicon Solution, Inc. — www.issi.com 7
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1S32L.T3124A/B/C/D/E/F

ELECTRICAL CHARACTERISTICS (CONTINUE)
Valid are at Vo= 12V, T,= -40°C ~ +125°C, typical value at 25°C, unless otherwise noted.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Alg/lg Channel current matching Risetx= 20kQ -3 3 %
Leakage current per channel _ _ _
leac (1532 T3124A/D only) EN=Low, Vour= 0V, Voe= 28V 1] A
Viurser max | The maximum headroom set (Note 5) 30| V
Vurser | Headroom voltage set accuracy |Ryr= 2kQ (Note 6) 081012 \Y
o RiseTx= 20kQ (Note 6) 1.0
VHR Minimum headroom voltage \%
RiseTx= 13.3kQ (Note 6) 1.3
lere ERC pin current capability (Note 5) 40 MA
Fault Protect Parameter
VELTD Fault delay pin voltage 1.23 \Y
trLtD Fault delay time RrLtp= 20kQ 9 9.6 [10.5]| ms
RrLr FLTB pull up resistor (Note 5) 50 kQ
Veaurts | FAULTB pin voltage Sink current = TmA 04 | 06 \
FAULTB pin high enable
VeauLte H | threshold Voltage rising 2.5 \
(IS32LT3124A/B/D/E only)
FAULTB pin low disable
Veauts L | threshold Voltage falling 1 \Y
(1IS32LT3124A/B/D/E only)
. . Fault must be present at least this long
tep Fault deglitch time to trigger the fault detect 20 | 40 60 us
OUTx pin short to GND Measured at OUTx |IS32LT3124A/E/F | 1.15|1.22(1.30
Vseo  ihreshold ltage fall v
resno voltage falling IS32LT3124B/C/D | 45 | 48 | 5.0
i IS32LT3124A/E/F | 150 | 250 | 350
Vsco_ny SUTX pin short to GND Measured at OUTx mV
- ysteresis 1IS32LT3124B/C/D | 150 | 200 | 250
Vob OUTx pin open threshold Measured at (V\cc-Voutx) decreasing 150 | 220 | 300 | mV
Vob vy | OUTX pin open hysteresis Measured at (V\cc-Voutx) 50 | 120 | 200 | mV
Tsp Thermal shutdown threshold (Note 5) 165 °C
Thy Over-temperature hysteresis (Note 5) 25 °C
Logic Input EN
VEN TH Input enable voltage threshold | Voltage rising 1181123128 V
Viy Input hysteresis 20 | 40 | 70 | mV
fowm PWM frequency 1 kHz
ISET PWM dimming turn on The time between Risgr grounding and
tiser oyt | delay time (IS32LT3124B/C/E/F |output current reaching 90% maximum 3 7 11 us
only) (Note 5)
ISET PWM dimming turn off The time between Rser floating and
tisetr pLy2 | delay time (IS32LT3124B/C/E/F |output current reaching 10% maximum 04 4 7 [V
only) (Note 5)
Note 5: Guarantee by design.
Note 6: It is a recommended value to ensure a better line regulation.
Integrated Silicon Solution, Inc. — www.issi.com 8
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FUNCTIONAL BLOCK DIAGRAM
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TYPICAL PERFORMANCE CHARACTERISTICS
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APPLICATION INFORMATION

The IS32LT3124 is a 4-channel linear constant current
regulator capable of sourcing 150mA per channel. The
device integrates one EN input control and four output
currents with individual current set resistors; one for
each of the four output current channels. The device
can operate with a Power Supply Modulation (PSM)
input at the VCC pin input. To minimize device thermal
stress, an optional external shunt resistor and PMOS
FET can be driven by the 1S32LT3124 to share the
power dissipation. FLTB pin can be used in a parallel
combination to disable multiple 1S32LT3124A/B/D/E
devices once a fault condition is detected by any one
of the devices (One-Fail-All-Fail).

UNDER VOLTAGE LOCKOUT (UVLO)

IS32LT3124 features an under voltage lockout (UVLO)
function for the VCC pin. This is an internally fixed
value and cannot be adjusted. The device is enabled
when the VCC voltage rises to exceed Vyyio (Typ.
4.5V), and disabled when the VCC voltage falls below
(VUVLO'VUVLoiHY) (Typ 425V) For the |S32LT3124A/D,
the EN pin can be used to set additional UVLO via a
resistor divider. Please refer to the EN PIN
OPERATION section for more details.

OUTPUT CURRENT SETTING

The regulated LED current (up to 150mA) from each
channel is individually set by its corresponding
reference resistor (Risetx). The programming resistors
may be computed using the following Equation (1):

R :\I/ﬂxzooo (1)

ISET
out

(13.3kQ<R\s£71<200kQ) and Viser=1V (Typ.)

It is recommend that Risetx be a 1% accuracy resistor
with good temperature characteristic to ensure stable
output current.

The current outputs can be connected in parallel for a
combined 600mA or can be left unused as required.
Several channels combined in parallel will have the
same current accuracy as the independent channel.

In case of some channels are unused, please follow
Table 2 to configure the corresponding ISETx and
OUTXx pins.

Table 2 Unused Channel Configuration

Devi Unused ISETx | Unused OUTx
evice ; )
Pins Pins
IS32LT3124A/D Floating Connect to VICC
Connected to
1S32LT3124 Floating used OUT (refer
B/C/E/F )
to Figure 65)

Note: for IS32LT3124A/D, when the ISET pin is
floating and the corresponding OUT pin is tied to VICC,

the ISET open fault will be ignored and the channel will
be recognized as unused.

15
Risen 5 OuUT1
ISET1 14
Riserz 6 ouT2
Risers 7 ISET2 OouT3 3
ISET3 12
= e ouT R ¥R ¥R
1S32L T3124B/C/E/F L PR
oo 12 ¥R ¥R ka

Figure 65 [S32LT3124B/C/E/F Unused Channel Configuration
(OUT4 Unused)

EN PIN OPERATION
IS32LT3124A/D:

EN is the device enable pin. The EN voltage must be
higher than Vegy_t4 to enable all outputs and lower than
(VEN_TH'VHY) to disable them.

The EN pin of the IS32LT3124A/D can accept a PWM
signal to implement simultaneous dimming of all LED
strings. The average LED current for each channel can
be computed using the following Equation (2).

e = Dpyny X SET 4 2000 2)

ISET
Dpwm is PWM dUty CYC|e and VISET=1V (Typ)

So as to guarantee a reasonably good dimming effect,
the recommended PWM frequency range is 100Hz ~
1kHz. Driving the EN pin with a PWM signal can
effectively adjust the LED intensity. The PWM signal
voltage levels must meet the EN pin input voltage
levels, (Ven tv-Vhy) and Ven tw. Note: because of the
40ps (typ.) fault deglitch time tep, the PWM on-time
should be greater than 40us to avoid undetermined
fault response.

The IC has an internal fixed VCC UVLO set at Vyy.o,
4.5V (Typ.). However, it may be desirable to externally
set UVLO to track the number of LED’s used in the
string. For PSM dimming application, the higher UVLO
will track the PSM off time to get more accurate PSM
dimming. The EN pin can be used to set a VCC under
voltage lockout threshold via a resistor divider.

VBallery

vCC

EN
IS32L.T3124

Figure 66 EN Pin Set External UVLO

The UVLO threshold voltage can be computed using
the following Equation (3):
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R.., + R,

Vcc uvLO :VEN ™ X = 3)
- - R

EN2

IS32LT3124B/C/E/F:

The EN pin is fault reporting enable pin, when pulled
low to disable fault reporting, the output currents and
the internal IC fault action operate normally but no fault
output is generated. The EN voltage is higher than
Ven_th to enable fault reporting (FLTB low output) and
lower than (Ven to-Viuy) to disable all fault reporting
(FLTB low output).

In some applications, the IS32LT3124A/B/C/D/E/F with
a resistor divider from VCC as Figure 66, helps prevent
false LED open detection due to the LED string losing
its headroom voltage, such as when VCC rises up from
zero during power up or PSM dimming. The
recommended Vcc yvio setting level is:

VCCfMIN 2Vccfuvm 2VOUTJ\/le +VHRSET (4)

Where, Ve win is the minimum VCC voltage, Vout max
is the maximum forward voltage of 4 LED strings and
Vurset is the setting minimum headroom voltage (refer
to DYNAMIC HEADROOM CONTROL section).

DYNAMIC HEADROOM CONTROL (DHC) AND
THERMAL CONSIDERATIONS

The power dissipation of a linear constant current LED
driver depends on the ratio of the output and input
voltages. When the input and output voltages are
determined, an increase in output current will increase
power dissipation on the driver IC and it can be
calculated by the following Equation:

PIC = (VCC _VOUT)X IOUT :VHR X IOUT (5)

Where, Vyr is the headroom voltage, which is the
voltage drop on the OUTx pin. Due to the limited driver
IC power rating, a typical linear constant current LED
driver cannot be used for high current applications. To
solve this power dissipation issue, [S32LT3124
features a Dynamic Headroom Control (DHC) function
which splits the power dissipation among the driver IC
and external components to significantly minimize the
driver IC thermal. This enables the IS32LT3124 to
support up to 600mA total output current with
acceptable heat, independent of the output to input
voltage ratio.

vccC

VICC

HRSET

ERC
IS32LT3124

Figure 67 DHC Circuit

The DHC can be configured into two modes: Shunt
Regulator mode and Series Regulator mode. The
Series Regulator mode is recommended for the
application of <300mA total output current and the
Shunt Regulator mode is good for >300mA application.
The basic circuits of both modes are the same
however R, value decides the operating mode. To
optimize the stability of the PMOS FET control loop,
please use the fixed value for them: C;=22nF and
CVICC:O-1 |JF

VCC
o
1S32L.T3124 g
3 H
ERC > ¥ SR, | Voror
HRSET I_“_
Cy 4_
Rur 220F Must be >5V
vice e
16 = Cuicc
0.1uF
VHR_ MIN l
ouT1 Vv
OouUT2| 14 4 4
—C® o
OUT3 | 13 oy
—® Ao
ouT4 L
L3588
5 ¥
GND — 1 =

Figure 68 DHC Operating
Series Regulator Mode:

Choose 1kQ value for Ry and the DHC circuit will
operate in Series Regulator mode. The integrated
circuit compares the minimum headroom voltage of all
four output channels against the headroom setting
Vurser, Which is set by the resistor Ryr from the
HRSET and VICC pins, and dynamically drives the
external power PMOS FET to maintain this minimum
headroom voltage always equal to Vyrser. As Figure
69 shows, the minimum headroom voltage will appear
on the channel with the maximum LED string forward
voltage. Therefore, the output voltage of the Series
Regulator, Vycc, can be calculated by the Equation (6)
and (7):

VVICC = Vour Mmax +VHRSET (6)
VHRSET = RHR X l (7)
2000

Where, Vour wax is the maximum voltage of four OUTx
pins.

According to Equation (6), once the LED strings are
determined and the input voltage is sufficient higher
than Vyicc, the Vycc is constant if Ryr is fixed. No
matter how high the input voltage is, the headroom
voltage of each channel is constant all the time, so the
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power dissipation on 1S32LT3124 is constant as well
(lcc current is negligible and ignored in following
calculation). However, it can be programmed by the
Vurser setting; the higher Vyrser the larger power
dissipation on 1S32LT3124. The remaining power
dissipation is dropped on the external PMOS FET.
Their power consumption can be calculated by:

4
Piog = Z(Vwcc —Vour) % lourx  (8)
x=1

Pomos = Vee =Vuiee ) X lror 9)

Where, |1or is the total current of all output channels.

A

|
|
- |
|
.g |
< ]
2 |
@ |
[a) PMOS FET :
] Power !
2 |
2 Vvice Dissipation !
|
]
\ IS32L.T3124 |

1 Power Dissipation ! - lnput

' »
i¢«—><«— Constant Current Area —>' Voltage

Low Headroom Area

Figure 69 Power Dissipation Distribution in Series Regulator Mode
Shunt Regulator Mode:

In the Series Regulator mode, the headroom voltage is
constant however the external PMOS FET must
support any excess voltage. When the total output
current exceeds 300mA, the Vx| power dissipation on
the PMOS FET may be excessive. To prevent thermal
run away, the Shunt Regulator mode could be
considered. Choose a proper value (lower than 1KQ)
for Ry, DHC circuit will operate in Shunt Regulator
mode which manages the power dissipation among
the 1S32LT3124, external PMOS FET, and the shunt
resistor R;. R1 sharing the power dissipation will
significantly minimize the power dissipation on the
PMOS FET.

Transition Line

A Vi
[}
|
S i
s |
% Vvice Ry :
2 |
o ] |
- | |
3 1 !
o | |
o \ : IS32LT3124
]
pd N o Input
H ] 7 Voltage
l{—):(— Constant — ;—leadro?m — oltag
' Low Headroom N ncreasing
Headroom Area Area

Area

Figure 70 Power Dissipation Distribution in Shunt Regulator mode

As Figure 70 shows, the power dissipation has
different distribution in different areas. When the input
voltage is higher than Vycc, the transition line (V1gr)

splits it into two areas: constant headroom area and
headroom increasing area.

In the Constant Headroom Area, the DHC circuit
regulates the minimum headroom voltage equal to
Vurser, Same as the Series Regulator mode. So the
1IS32LT3124 power dissipation is constant:

4
P = Z(Vwcc —Voun) * lour (10)
x=1

While the PMOS FET and R; share the remaining
power dissipation which will vary following the input
voltage. Their power dissipation in the Constant
Headroom Area can be calculated by:

_ 2
PRl — (VCC R\/V|CC) (1 1)
1

V.. =V,
Pomos = (ltor _%)X Vee —Vice) (12)

1

The power dissipation of the PMOS FET peaks at the
center point of (V1r-Vvicc) and decreases to zero at
V+r. The transition point Vg can be adjusted by the R,
value:

Vig =Viice + R X logr (13)

Beyond the transition line Vir is the Headroom
Increasing Area. DHC is no longer effective since the
PMOS FET is off. PMOS FET has no power
dissipation anymore and the power dissipation is solely
shared by 1S32LT3124 and R,. The power dissipation
of R1 becomes constant while the power dissipation of
the 1S32LT3124 starts to increase following the input
voltage. Their power dissipation in the Headroom
Increasing Area can be calculated by:

4
P Z(Vcc = lior xR =Vour) X loury ~ (14)
x=1

xR (15)

PR] = ITOT

Pomos =0 (16)

1

In the Headroom Increasing Area, the system relies on
the thermal shutdown protection feature of the
1IS32LT3124. Select a proper R1 value so the Constant
Headroom Area covers the desired operating voltage
range. For instance, the required operating voltage
range is 9V~16V. The VICC should be set below 9V
and set Vg above 16V.

ISSI has a downloadable Excel spread sheet to
calculate the power dissipation of these key
components: [1S32LT3124, PMOS FET and shunt
resistor. In the Shunt Regulator mode, the shunt
resistor R, sustains plenty of power dissipation at high
input voltage. Please make sure the R; has sufficient
power rating to avoid thermal stress of the resistor.
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Several large package resistors in parallel should be
used for R;.

EXTERNAL PMOS FET SELECT (OPTIONAL)

The PMOS FET must be chosen with its drain voltage
rating Vps greater than the Transient Voltage
Suppressor (TVS) clamp voltage of the load dump
protection. The 1S32LT3124 integrates a 15V
overvoltage protect circuit to clamp the voltage
between VCC and ERC pins for PMOS FET gate
protection purpose. So the gate to source maximum
voltage rating Vgs of the PMOS FET should be greater
than 15V to avoid accidental damage. And its current
rating should be greater than the total current of all
channels. Moreover, the static drain to source on
resistance (Rps on) of the PMOS FET should be
considered. It affects the minimum voltage drop across
VCC to VICC:

VDROPiMIN SVCCfMIN _VVICC (17)

VDROBMIN = RD570N ><(Ioun +loyn +loun + IOUT4) (18)

Where, Vcc min is the minimum input voltage.

In addition, because the PMOS FET doesn’t have an
over temperature protection mechanism, the power
rating of the PMOS FET should be carefully
considered to sustain the maximum power dissipation
on it. A PMOS FET with a big thermal PAD and low
thermal resistance is preferred, such as a D-PAK or
SOT-223 package. When several devices are
connected in parallel to share one PMOS FET (as
Figure 2), all the output currents of those devices
without PMOS FET should be calculated together as
the total current thru the PMOS FET.

The DHC function is not necessary for the IS32LT3124
in low current applications. Such as when the total
output current is much lower than 300mA. If not used,
the external PMOS FET can be omitted and VICC
should be tied to VCC pin, and leave HRSET and ERC
pins floating (as Figure 3).

HEADROOM SETTING

As previously stated, the headroom voltage is set by
the resistor Ry from the HRSET and VICC pins:

VHRSET = RHR X l (19)
2000

The IS32LT3124 internally limits the maximum Vyrset
to 3.0V (typical) to ensure reasonable thermal on the
IS32LT3124. A headroom voltage setting of 1.5V~2.5V
is recommended for most application.

To maintain the normal operation of the internal
detection circuit and the dynamic head room control,
the VICC voltage must be set above 5V, otherwise the
DHC circuit will be abnormal and the Vg min cannot be
maintained at set value.

v
RHR X [mj +VOUT7MAX > 5V (20)

Therefore in low LED string voltage application, e.g.
one RED LED with around 2V forward voltage, some
appropriate value power resistors in series with LED
strings should be used to increase the maximum
voltage of four OUTx pins. The power resistor value Rp
can be calculated by:

Vwcc _VOUT ~ MAX

5V _VOUT ~ MAX

>R, > (21)

IOUTﬁX IOUTﬁX

Where, Vour wax is the maximum voltage of four OUTx
pins without any power resistor and loyt x is the
current of this channel.

Note: the approach of adding the series power resistor
is only available for IS32LT3124A/E/F versions. The
IS32LT3124B/C/D using the series power resistor
would falsely trigger short fault protection and latched
all outputs off. So 1IS32LT3124B/C/D only can drive the
LED string with the forward voltage >
(Vsco_maxtVscp_Hy)-

DYNAMIC HEADROOM CONTROL (DHC) SHARING

To save the cost and PCB space in some application,
several devices can be connected in parallel to share
one PMOS FET (as Figure 2). This scheme is
available for both the Series Regulator and the Shunt
Regulator modes. The IC connected to system voltage
(Supervisor) must connect one output channel (with its
ISET pin left floating) to the HRSET pin of the next
device (with ECR pin floating and same value Ryr as
the supervisor). The supervisor IC's DHC circuit will
manage the power dissipation of the devices without
PMOS FET along with itself. In this way, the power
dissipation on the PMOS FET and R; should be
carefully considered to make sure its junction
temperature won’t exceed its maximum rating in
extreme ambient temperature. This approach is
suitable for applications with low per channel current.

POWER SUPPLY MODULATION (PSM) DIMMING

The 1S32LT3124 can support Power Supply
Modulation (PSM), which implements LED dimming by
pulse width modulated on the power supply rail. The
1IS32LT3124 closed loop stability is not affected by
PSM operation with or without an external PMOS FET.
The HRSET and ERC controls can respond within the
tec period when the supply VCC threshold voltage to
properly drive and bias the PMOS FET in a linear
fashion. To get better dimming linearity, the
recommended PSM frequency should be in the range
of 100Hz to 300Hz (200Hz Typ.) and the input
capacitor, Cycc, should be low value (0.1uF typical) to
ensure rapid discharge during PSM low period.
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FAULT REPORTING OPERATION

For robust system reliability, the 1S32LT3124
integrates the detection circuitry to protect various fault
conditions and report the fault by the FLTB pin which
can be monitored by an external host. The FLTB pin is
internally pulled up to 4.5V by a resistor Rg 1 and so it
can be left floating, or unconnected. The FLTB pin will
go low when the device enables fault detection and
detects a fault condition such as LED string open,
short to GND, thermal shutdown, or ISET pin
open/short (refer to Table 4). For IS32LT3124B/C/E/F,
the fault detection and actions are always active,
however the FLTB reporting is not active until EN pin
voltage rise above Vgy ty. For the 1S32LT3124A/D,
ISET open fault detection is disabled when the voltage
of the OUTx pins are not floating or grounded, unused
OUTx pins should be tied to VICC for unused purpose.

In PSM dimming application, with a fault condition, the
fault reporting will be reset as VCC voltage goes low.
So the external fault reporting monitor should checking
cycle by cycle, and keep at least 100uys monitor
blanking time after VCC rising up to prevent some
spurious fault as shown in Figure 71.

Monitor Period Monitor Period
—» | E—»
VCC High + +

VCC Low \ ¥
100ps Blanking Time

Figure 71 External Fault Reporting Monitor During PSM Dimming
FAULT REPORTING DELAY TIME SETTING

The [S32LT3124 supports programmable fault
reporting delay time, as shown in Table 3. A fault
reporting delay time is used to introduce a delay to the
FLTB output signal when detecting a device fault
condition. This delay is meant to avoid detecting and
reporting a spurious fault.

Table 3 Fault Delays

FLTD Pin State Report Fault Delay Time
GND 40us
ReLtp= 5kQ 4.65ms
Rrp= 20kQ 9.60ms
RrLto= 250kQ 85.5ms
Floating 340ms

The delay time can be computed using the following
Equation (22):

(ms)=3.3xR
Note: When FLTD pin is grounded, the fault delay time

tFLTD FLTD X 104 + 3 (22)

will be limited to a minimum value, 40us. Except for
being grounded, the Rr 1p value must be = 5kQ.

FLTB PARALLEL INTERCONNECTION

FLTB is a fault reporting output pin and it also is an
input pin (IS31FL3124A/B/D/E only). Externally pulling
FLTB pin low will disable all the output channels. For
LED lighting systems which require the complete
lighting system be shutdown when a fault is detected,
the FLTB pin can be used in a parallel connection with
multiple IS32LT3124A/B/D/E devices as shown in
Figures 2 and 3. A detected fault output by any device
will pull low the FLTB pins of the other parallel
connected devices and simultaneously turn them off.
This satisfies the “One-Fail-All-Fail” operating
requirement.

LED STRING OPEN DETECTION

Detection of an open-load condition occurs when the
measured voltage across any one of the four OUTx
pins to VICC is lower than Vop. When this condition is
present for longer than the fault deglitch trp, then

IS32LT3124A/D:

It turns off all of the other channels. The FLTB pin goes
low after fault delay time.

IS32LT3124B/E:

It turns off all of the other channels. If Ven>Ven_th, the
FLTB pin goes low after fault delay time.

IS32LT3124C/F:

It keeps all the other channels normal working. If
Ven>Ven 1w, the FLTB pin goes low after fault delay
time.

The device recovers after deglitch time tgp as removal
of the open condition and FLTB goes back high.

LED STRING SHORT-CIRCUIT DETECTION

The LED string short circuit is detected if the measured
voltage across any of OUTx pin drops below OUTx pin
short to GND threshold, Vgcp.

IS32LT3124B/C/D:

After Ven>Ven_tH, when any of OUTx pin voltage drops
below Vscp (typical 4.8V) and is present for longer than
the fault deglitch time tgp, 1S32LT3124B/D will turn off
all the other channels and reserve 4mA in faulty
channel for recovery detection purpose, while all
channels of 1S32LT3124C will continue sourcing
current. And the FLTB pin goes low after fault delay
time. The channel recovers after deglitch time tgp upon
removal of the short condition and FLTB goes back
high.

Since Vscp of IS32LT3124B/C/D is higher than one
LED forward voltage, it only can drive the LED string
with the forward voltage > (Vscp wax*Vsco_ny) then it is
possible to detect both LED string short (as Figure
72-1) and single LED in multi-LEDs string short
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detection with appropriate forward voltage LEDs (as
Figure 72-2).

VSCD=4.8V
OUTx
R
Whole
(1) | 1s32LT3124B/CID R |string
) Shorted
VSCD:4.8V

OUTX |
R .
(2) | 1S32LT3124B/C/D N :] simgle
R Shorted

Figure 72 1S32LT3124B/C/D LED Short Detection

To achieve single LED short detection, please ensure
that a single LED short can reduce the LED string
voltage below Vscp min- So the LED string voltage must
be set within the range of:

(VSCDiMIN +VfJ\/uN) >Vstrine >VSCD7MAX (23)

Where, Vscp max and Vgep min is the maximum and
minimum value of the OUTx short detect threshold,
Vi min is the minimum forward voltage of the LED.

IS32LT3124A:

After the device being enabled (Ven>Ven tH), When any
of OUTx pin voltage drops below Vgcp (typical 1.22V)
and is present for longer than the fault deglitch time trp,
it will turn off all the other channels. The FLTB pin goes
low after fault delay time. The channel recovers after
deglitch time t;p upon removal of the short condition
and FLTB goes back high.

IS32LT3124E:

When any OUTx pin voltage drops below Vscp (typical
1.22V) for longer than the fault deglitch time trp, it turns
off all the other channels. If Ven>Ven 11, the FLTB pin
goes low after fault delay time. The device recovers
after deglitch time trmp upon removal of the short
condition and FLTB goes back high.

IS32LT3124F:

When any OUTx pin voltage drops below Vscp (typical
1.22V) for longer than the fault deglitch time tgp, all
channels will continue sourcing current. If Ven>Ven 1w,
the FLTB pin goes low after fault delay time. The
channel recovers after deglitch time trp upon removal
of the short condition and FLTB goes back high. Note:
An LED short will cause a larger headroom voltage on
the faulty channel that may significantly increase the
power dissipation on IS32LT3124F, especially in high
output current applications.

Since Vg¢p of IS32LT3124A/E/F is lower than one LED
forward voltage, it can only detect OUTx short to GND
condition, as Figure 73.

Vscp=1.22V
OUTx
] Whole
IS32LT3124A/E/F * String
R Shorted

Figure 73 IS32LT3124A/E/F LED Short Detection
ISET OVER CURRENT OR SHORT DETECTION

The device is protected from an output overcurrent
condition caused by ISETx pins. When a too low value
resistor is connected to any ISET pin but pin voltage
still is above Viser sc (typical 0.2V), the corresponding
channel current will be internally limited at 190mA
(typical). If an excessive low value resistor is
connected or accidental short circuit to pull ISETx pin
voltage below 0.2V, the corresponding channel will be
turned off with fault reporting after fault delay time tr 1p
and IS32LT3124A/B/D/E will turn off the other
channels as well, while 1S32LT3124C/F will keep the
other channels operating normally. The device
recovers after deglitch time t;p upon removal of the
fault condition and FLTB goes back high.

ISET OPEN DETECTION AND INDIVIDUAL PWM
DIMMING

IS32LT3124A/D:

If ISETx pin is open and Vegny > Ven 1w, all output
channels will be turned off and FLTB will go low after
fault delay time trtp to report fault condition. The
device recovers after deglitch time trp upon removal of
the open condition and FLTB goes back high. Due to
this protection, [S32LT3124A/D cannot support
individual ISETx PWM dimming. However, if the ISET
pin is floating and the corresponding OUT pin is tied to
VICC, the ISET open fault will be ignored and the
channel will be recognized as unused.

IS32LT3124B/C/E/F:

In these two devices, the ISETx pin open detection is
removed, then ISETx pin is able to implement the
individual PWM dimming to the corresponding output
channel. When ISETx pin is floating, the corresponding
OUTXx is turned off. Ground it via a resistor (Rsetx) to
enable the output source. Refer to Figure 4 and 5.
When the PWM generator is far away from the device,
use Figure 4 approach to prevent noise coupling due
to the long trace. When the PWM generator is close to
the device, use open drain structure 1/0 of the MCU to
directly control each ISETx pin. Since Push-pull 1/Os
will force current into ISETx pins, only open drain
structure I/Os are acceptable.

With this individual PWM dimming, the LED current is
inversely proportional to the source PWM duty cycle
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(due to the open drain inversion). That is, when the
source PWM signal is 100% duty cycle, the output
current is minimum, ideally zero, and when the PWM
signal is 0% duty cycle, the output current is maximum.
LED current is computed using the following Equation
(24).

l,=0-D,,)x V'i x 2000 (24)

ISET

Note: because of the 40us (typ.) fault deglitch time tgp,
the PWM on-time should be greater than 40us to avoid
undetermined fault response.

THERMAL SHUTDOWN

In the event that the die temperature exceeds 165°C,
all four output channels will go to the ‘OFF’ state and
the FLTB pin will go low if Ven > Ven 1h. At this point,
the IC should begin to cool off. Any attempt to enable
one or all four of the channels before the IC has cooled
to < 140°C will be ignored by the IC.

THERMAL CONSIDERATIONS

When operating the [1S32LT3124 at high ambient
temperatures, or when driving high load current, care
must be taken to avoid exceeding the package power
dissipation limits. The major power components are IC,
PMOS FET and shunt resistor. Therefore their
temperature should be carefully calculated and
considered.

In the application with the DHC function, the power
dissipation of these three components is described in
the “DYNAMIC HEADROOM CONTROL (DHC) AND
THERMAL CONSIDERATIONS” section.

In the application without the DHC function, the power
dissipation on the IS32LT3124 can be computed by:

P3124 ~ Vcc X I cc + Z (Vcc _VOUTx ) X I OUTx (25)

The maximum power dissipation of the 1S32LT3124
and PMOS FET can be calculated using the following
Equation (26):

— TJ(MAX) _TA (26)

D (MAX) 9
JA

Where, Tymax) is the maximum operating junction
temperature which can be found from their datasheets,
Ta is the ambient temperature, and 6, is the junction
to ambient thermal resistance. P304 should not exceed
PD(MAX).

For 1S32LT3124, the recommended maximum
operating junction temperature, Tymax), is 125°C and

SO0 maximum ambient temperature is determined by
the junction to ambient thermal resistance, 0.

Therefore the maximum power rating at Ta= 25°C is:

125°C -25°C
== 2.12W
PMAO T 47.1°C /W
Figure 74, shows the power derating of the

IS32LT3124 on a JEDEC boards (in accordance with
JESD 51-5 and JESD 51-7) standing in still air.
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Figure 74 1S32LT3124 Dissipation Curve

The PMOS FET maximum power rating can be
achieved by the same calculation method.

In the Shunt Regulator mode, R4 will share quite a lot
power dissipation. 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 1S32LT3124
(eTSSOP-16 package), PMOS FET and the shunt
resistor must be used. Multiple thermal vias, as shown
in Figure 75, will help to conduct heat from the
exposed pad of the 1S32LT3124, PMOS FET and
shunt resistor to the copper on each side of the board.
The thermal resistance can be further reduced by
using a metal substrate or by adding a heat sink. To
avoid heat buildup, these power components should
be spread out on the PCB board with some distance.

OO0
Jutuuuut

Figure 75 Board Via Layout For Thermal Dissipation
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Table 4 DIFFERENT FAULT ACTION OF 3 TYPES

= 1IS32LT3124A/D IS32LT3124B/E IS32LT3124C/F
Fault Type | Fault Condition Auto Recovery
Voltage Faulty Other Other Faulty Other
Channel Channels FLTB FEWIE] CIEE Channels FLTB Channel | Channels FLTB
ISETx open ISETx pin current Off Enabled off Enabled ISETx pin cur'rent
close to zero goes back high
ISETx pin voltage ISETx pin voltage
ISETx short Off Off Off Enabled
X sho <Viser sc nable >(Viser_sctViser _schy)
LED strin Device shutd . . .
<VEN_TH open 9 (VICC'VOUTX)<VOD A”ec\li::?msell; a(l?éNQf'f ngh Off Off ngh Off Enabled ngh (V|CC-VOUTX)>(VOD+VOD7HY)
OUTx short to Reserve 4mA for Enabled
GND Vour<Vsco recovery detection Off (Note 7) Enabled Vour>(Vscot+Vsco_nv)
Th |
shutti;g]vin T>Teo All channels are off All channels are off T<(Tsp-Thy)
ISETx open | 'SETX pin current Off off Off Enabled | High Off | Enabled | High ISETx pin current
close to zero goes back high
ISETx pin voltage ISETx pin voltage
ISETx short Off Off Off Off Off Enabled
X sho <ViseT_sc navle >(Viser_sc*ViseT_schy)
LE? N9 | (Viee-Vour)<Voo off off Pull low off off Off | Enabled (ViceVoun)>(Voo*Vop_v)
>Ven P aflar delay Pull low Pull low
FLTD- after delay after delay
Reserve 4mA
OUTx short to Reserve 4mA for time trurp. | Enabled time tryro.
GND Vourx<Vscp for recovery Off recovery detection Off (Note 7) Enabled Vour>(Vsco+Vsco_v)
detection
Thermal T,>T. All channels are off All channels are off All channels are off T,<(Tsp-Thy)
ShUtdOWn J SD J SD™ I HY

Note 7: The faulty channel keeps normal sourcing, but the LEDs are off due to the string is shorted.
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CLASSIFICATION REFLOW PROFILES

Profile Feature Pb-Free Assembly
Preheat & Soak_ _ 150°C
Temperature min (Tsmin) 200°C

Temperature max (Tsmax)

Time (Tsmin to Tsmax) (ts) 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.
Su|'.>plieerZTc UserTPSTc

\

Te \i

Te 5°C

ppli th | L— UserlPAFI\

=

—o T, -5°C

(1
T - ) B
Max. Ramp Up Rate = 3°Cls tI:_j\
Max. Ramp Down Rate = 6°C/s |
¥
——t -
Tamax
¥
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e

Temperature —

25

b——— Time 25°C to Peak

Time —>

Figure 76 Classification Profile
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PACKAGE INFORMATION
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RECOMMENDED LAND PATTERN

eTSSOP-16
0.65
mm
S S 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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REVISION HISTORY

Remove tube packing

Revision Detail Information Date

0C Initial release 2018.03.01
0D Update EC and Performance Characteristics 2018.09.20
A Update to final version 2018.12.12
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