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BOOST/ BUCK-BOOST/ BUCK LED Driver IC with Internal MOSFET

GENERAL DESCRIPTION

The T8382GN is designed to operate as a constant current source for driving high current LEDs. It
is a highly integrated IC with internal MOSFET. It operates in current mode control which provides
a good line transient response. The device can provide an excellent constant current accuracy of +/-
3% typically.

The T8382GN has integrated frequency dithering function which can help to improve the EMI
performance of the LED lighting system. Moreover, the chip has various protections like VIN and
VREG under-voltage, IC over-temperature, LED open circuit, LED short circuit, LED under-current
and LED over-voltage which provide a highly reliable LED lighting solution.

FEATURES

+ 5-60V input voltage range

« Single resistor programmable constant current driver

*  20W output current for Buck-Boost / SEPIC topology

«  30W output current for Buck / Boost topology

+  Excellent constant current accuracy +3% typically

+ 0.1V feedback reference voltage tailor-made for LED application
»  Support Boost/Buck/Buck-Boost/SEPIC configuration

« DC and PWM dimming

¢ On-chip thermal shutdown at 17D

«  Thermal derating by using external NTC

« Dithering in oscillator frequency to simplify the EMI design
*  Cycle-by-cycle current limit

«  Over-current protection

*  Open LED overvoltage indication and protection

e 20pA shutdown current

APPLICATIONS

e High Power LED Driver TOP VIEW BOTTOM VIEW
e LED illuminance

e LCD backlight illumination

e Automotive interior lighting P
*  Automotive Headlights
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PIN DESCRIPTION

Pin No. Pin Name Pin Description
1 VSP Load current sense +ve input
2 VSN Load current sense —ve input
3 PWMOUT PWM gate drive for external p-channel M@SHactive low)
4 FFA Fault indication flag
5 EN Enable chip
6 DIM DC Dimming
7 OSC Frequency set
8 COMP Compensation pin
9 SS Soft start
10 GND Ground Pin. IC ground. Thermal Pad
11 Cs Connect a resistor for the current mode abntr
12,13 SOURCE Internal Power MOSFET Source
14-21 DRAIN Internal Power MOSFET Drain
22 GATE Switch gate drive
23 GND Ground Pin. IC ground. Thermal Pad
24 VREG Internal regulator
25 VIN Main supply
26 ouv Over-voltage and under—yoltagt_—a protection pin, eatrthis pin to the output voltag
of the LED through a resistor divider to detect ¢her voltage and under-voltage
TM Technology, Inc. reserves the right P.3 Publication Date: 24.JLY.2018
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ABSOLUTE MAXIMUM RATINGS

Par ameter Symbol Value Unit
VIN, VSP and OUV pin voltage relative to GND -@3+60 \%
ouv VSP - 5to VSP \%
PWMOUT VSP - 10 to VSP \%
GATE -0.3to +10 \%
DRAIN -0.3 to +60 \%
SOURCE -0.3t0 +5 Vv
VSN VSP - 1V to VSP \%
VREG -0.3to +12 \%
DIM pin voltage relative to GND -0.3to +3.3. V
EN, COMP, and CS pin voltage relative to GND 40.35.5 \%
Junction temperature range , T -40 to +150 °C
enin sy ©
Storage temperature range s T -65 to +150 °C
Junction to case thermal resistance 0 3.5 °C IW
ESD Susceptibility, Except DRAIN & SOURCE Pin.

HBM (Human Body Model) 2 KV
CDM (Charged Device Model) 500 Vv

Notice:
Devices are ESD sensitive. Handling precaution is recommended.

TM Technology, Inc. reserves the right P.4 Publication Date: 24.JLY.2018
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ELECTRICAL CHARACTERISTICS

*Denotes the specifications which apply over the full operating temperature range T; = -40°C to
+125°C, Viy = 12V. Otherwise specifications are at Ta = 25°C, Viy = 12V,

Symbol Description Conditions Min.| Typ. | Max. | Unit
Supply and Reference
Vovp Fixed Output Over- Measured at VSP with respect
. 65.5 A%
voltage Protection to ground
Vin Operating voltage range ¥ 15 60 \Y
Vinuv VN under voltage Vi~ Decreasing 4.25| 4.52 A
Vi~ under-voltage
AVinuv hysteresis 260 mV
Operating quiescent f.«c = 430kHz; Capacitor load =
Io current 1000pF at gate pin 2.5 3 mA
Torr Shutdown current IC shutdown by 20 26 LA
VEen < VEN oFF
VR&EG Regulation pin voltage |Vin=12V, Iggg=-10mA ¢ 65| 7.3 8 Vv
VREGUV VREG under voltage  |Vgrgg Decreasing 3.8 4.2 \Y
Vrec under-voltage
AVrecuv hysteresis 350 mV
VREGCL VR&Eeg current limit VgEeg short to GND ¢ | -25| B2 mA
Oscillator and Soft Start
Rosc = 3.3ke 1000 kHz
Oscillator frequency Rosc = 6.8ke 500 kHz
ose-diner (with Dither ON) Rosc short to GND 430 kHz
Rosc = open 80 kHz
Oscillator frequency
f. (with Dither OFF) Rosc short to GND 384 kHz
Oscillator frequency 80 1000| ki
range
Iss Soft start current Current out of pin 11 LA
The Upper limit of the
VRAMPUP Soft Start Ramp Up 1.8 \Y
Voltage Active Region

TM Technology, Inc. reserves the right
to change products or specifications without notice.
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Symbol Description Conditions Min.| Typ. | Max. | Unit
LED Current Sense and Control
Differential input EN=High,
Vio voltage (Active) VSP - VSN 97 | 1001 103 | mV
LED Over current EN=High,
VoclED ihreshold VSP - VSN 1501 167 182 mV
DC Dimming Control .
VbimMax for Full Brightness DC voltage on the DIM pin 2.3 Vv
DC Dimming Control .
VpiMMIN for Gate Driver OFF DC voltage on the DIM pin 0.07| 0.11 | 0.15 Vv
Gate Drive Output and Internal MOSFET
Rosc = open
Tr Turn-On Rise Time Loading Cap=2.2nF 30 ns
(from 10% to 90%)
Rosc = open
Tr Turn-Off Fall Time Loading Cap=2.2nF 30 ns
(from 10% to 90%)
VoL Output low level . 0.2 Vv
Vou Output high level i VREG A%
DumiN b Maximum duty cycle ¢+ | 88| 92 96 %
Drain-to-Source On- _
Roson Resistance Ves=V 60 me
Switch Current Sense and Amplifier
Switch over-current
Vswocr protection threshold 440| 500 | 560 | mV
voltage
Acs Voltage Gain 4 VIV
Igiass Input Bias Current -24 | -32 -40 LA
Logic Inputs and Outputs
EN pin chip enable ..
VENfON vol tage VEN rising . 2 AY/
VEN OFF EN pin disable voltage . 0.8 \Y
tpis Disable time fosc = 430kHz 38 ms
Fault output (Open  |I,,=1.2mA,
FFA Drain) fault not asserted 0261V

TM Technology, Inc. reserves the right
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Fault output FFA sink |V=0.4V,
Teracsivg) current fault not asserted 08| 17 mA
Symbol Description Conditions ‘Min. ‘ Typ. ‘ Max. | Unit
Dither Generator
fSPREAD Dither Frequency Range|% of switching frequency +/-12 %
Slope Compensation
_— Sawtooth current added to
I ope Slope Injection Currer{tCurrent sense (CS) pin -97 A
Protection
. At start up,
trR Fault blank timer fose = 430kHz 2.4 ms
LED short protection
VSCL Voltage Vsp - VOUV 260| 300 330 mV
LED open protection
VocL voltage Vsp- Vouv 108 1.2 | 134, V
PWMyy PWMOUT Under- VSP Decreasing 5 | 55 \Y%
voltage
PWMyuys PWMOUT Hysteresis 0.56 \Y
Over-temperature Measured at junction, * o
Tso warning threshold* temperature increasing 170 ¢
T Over-temperature Measured at junction, " 35 o°C
SDHYS hysteresis* recovery = Tsp-Tsphys

+ Function is correct but parameters are not guaranteed.

** At VIN equals 5-6V and >50V, the part only guarantees GATE pin switghiut not guarantee
to follow the electrical parameters.

*Parameters are not tested at production and guaranteed by design,edaatext and process

control.

FUNCTIONAL DESCRIPTION

T8382GN is a constant current LED driver which can be configured as a Boost, Buck-Boost, Buck
or SEPIC converter. It depends on the user’s choice of the number of LEDs on the output. Typical
converter application circuits of T8382GN are shown in the next section.

VIN

The VIN is the power supply voltage pin for the supply to the control tio¢tdi8382GN. The pin
has an UVLO function, once voltage on the pin reaches 4.78V; the IC is restdyt tihe operation.
When the voltage on this pin falls below 4.52V, the IC will be shutdown.

(Note: A bypass capacitor must be connected close between this pin and GND.)

P.7 Publication Date: 24.JLY.2018
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VREG

To provide a filtered output and to ensure the regulator is stable, a 2.2uF or above ceramic capacitor
is required to be connected between VREG and GND. The ceramic type should be a quality type
such as X5R, X7R, or X8R. The VREG pin voltage is for driving the internal switching MOSFET.
Normally, at 12V VIN, the VREG voltage is 7.3V typically. The UVLO point of the VREG is
around 4.2V. Once the VREG is under 4.2V, the gate driver will be turned off and it will resume
back to normal when the VREG voltage rises back to around 4.55V.

Output LED current setting

The output LED current is determined by a combination of the LED seamstor R, .. the LED
current threshold voltage, .V, (100mV). For example, to program a 1A output current, the sensing
resistor will be

100mV

SENSE —

=0.1Q

Rsense /ohm Rsense vs. LED Current
0.4

0.35
0.3
0.25

0.2

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50
LED Current /A
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Frequency Dithering

T8382GN has an internal frequency dither function to improve the EMI peafa@nof the system.
The internal frequency is hopping in a small frequency range to reduce the radiatiomatctiiegs
frequency which simplifies the EMI design. The dither frequency range is ~ +/- 12%lgypical

Enable Pin Function

The enable pin is to control the IC on/off operation. When the enable pullési down over the
disable time that stated in the datasheet (~16340 clock cycles aduolalent 38ms at switching
frequency 430 kHz), the IC will completely shutdown and enter into the shutchmde. The IC
current consumption reduces to nearly/0This pin can also be used as direct PWM input for

LED dimming.

Switch current limit and over-current protection

T8382GN has a switch current limiting function. When the CS pin voltagdhes the current limit
threshold (~0.5V), the IC begins to count for the switch over current. thacgwitch over current
is over 8 clock cycles, the IC will enter into hiccup mode. The hicooglenturns off the gate driver
for 8192 clock cycles. After the hiccup mode, the IC will resume to tmofor the switch over

current, if the switch over current stills exist and over 8 swittlsiock cycles, the IC will go to the
hiccup mode again. Of course, if the switch over current condition remdnet; twill resume to

normal operation. The switch over current limit equation is shown below.

Slope Compensation

The slope compensation is to prevent subharmonic oscillations at dutg gyedger than 50% in
continuous current conduction mode. A current source is provided at the CGSgpgaatooth from

0 to 97pA. An external resistorR., connected between the CS pin and the source connection of
the MOSFET, is used to program the appropriate voltage level totkeaddope compensation for
correct use with the appropriate topology and set up conditions that have been adopted.

TM Technology, Inc. reserves the right P.9 Publication Date: 24.JLY.2018
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PWMOUT Under-voltage

During startup, the VSP pin voltage is going to ramp up. When this voltagedex 6V, the
PWMOUT will not provide any gate driving voltage to turn on a high side PM@&n the VSP
pin voltage exceeds 6V, the PWMOUT driver turns on and begins to provide a tongath for
the output LED. The PWMOUT will be disabled when the VSP pin voltagpsddown to 5.5V
(voltage hysteresis around 0.5V).

Fixed Over Voltage Protection

The T8382GN has a fixed over voltage protection which is implemented &S#in. Once the
VSP pin voltage over around 65.5V, the IC will stop the gate driver and the output voltady@pvil
The hysteresis for the fixed over voltage protection is around 5V. Oneeltage on the VSP falls
below around 60.5V, the IC will resume the switching on the gate driver.

Open and short LED protection

The open and short LED protection is implemented by placing a resistor divittex oatput of the
converter (VSP) with respect to the LED negative terminal. Thedetl sensing voltage is
compared with the VSP voltage and formad/ which shown in below picture. If the voltage

difference is over 1.2V for more than 2 clock cycles, the LED strifigoestreated as over voltage
condition. Then, T8382GN will stop the gate driving voltage to the internal EEDSand entering
into a hiccup mode. The hiccup mode will turn off both the gate driver arfeMiiMOUT for 8192
clock cycles. The IC gate driver will turn on again if the over volfagé has been removed after
the hiccup period. Normal voltage difference of VSP - OUV iswwitiround 0.3V to 1.2V. If the
over voltage stills exist after the hiccup period, no gate driver sigiflatoming out and the IC
continues to count 8192 clock cycles for the hiccup mode again.

RSENSE P .

Open
Voltage

KK KK KK

If the voltage difference is less than around 0.3V for 32 clock cydies {ae fault blanking time at
IC startup, the blanking time is typically 1024 clock cycles), the LEIDb& treated as an output
under voltage condition. T8382GN will stop the gate driving voltage to the internal MOSFET
Note:

For 430kHz,

o 1024 clock cycles equivalent to 2.4ms.
[} 8192 clock cvcles eauivalent to 19ms.

TM Technology, Inc. reserves the right P. 10 Publication Date: 24.JLY.2018
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Output current adjustment by external DC DIM control voltage
The DIM pin can be driven by an external dc voltage, as shown, to adjustitfhe current to a
value below the one programmedmRy, .

DC PIM T8382
GND

GND

+Note that the DIM pin turns on voltage is 0.2V, 100% brightness settingspords to DIM pin
above 2.3V. The DIM pin voltage < 0.16V, the LED controller will stop the gate driver.

LED Current
JmA
2500
2000
1500

1000

500

0 0.5 1 1.5 2 2.5
DIM Voltage /V
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Reverse Supply Protection
Protection for the T8382GN is provided by an external low current diode between the VBAT and
the VIN pin, as shown in the picture below. This can prevent damaging the IC under revernge batter
condition. Also, additional of isolation MOSFETS, it is possible to provide reverseybatter
protection to the switching elements and the LEDs. The additional MOSFETSs should beemhnnect
as shown in picture below, with the drain to the supply and the source to the source connection of
the original isolation MOSFET.

Back to back P-
channel Isolation
MOSFETs

VBAT[ | _L

Diode for reverse battery

protection. To prevent \/=

reverse voltage damaging
the IC.

Over-temperature Protection

If the chip temperature exceeds the over-temperature threshdtell7OC), the IC will stop the
gate driving. When the IC is shutting off, the IC’s temperature will begin to drop. Once the
temperature drops around 185the temperature hysteresis iS@¥5ypically).The IC will resume to
start switching again.

TM Technology, Inc. reserves the right P. 12 Publication Date: 24.JLY.2018
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Output current adjustment by PWM control

« Directly driving EN input
A pulse-width-modulation (PWM) signal with can be applied to the EN gsnshown below, to
adjust the output current to a value below the one programmed y R

VEN PWM

—EN
| | T8382
GND

ov

« Drivingthe EN input from a microcontroller
Another possibility is to drive the device from the open drain output ofceocontroller. The
diagram below shows one method of doing this:

MCU EN' 18382
GND

I
ad

If the NMOS transistor inside the microcontroller has high drapac#ance / source capacitance,
this arrangement can inject a negative spike into EN input of the T83&2@Ncause erratic
operation. The addition of a schottky clamp diode (cathode to EN) to ground &mslomaf a
series resistor (10K) will prevent this.

PWM Switching Frequency = 100Hz
Switching Frequency = 430kHz

LED Current /mA
2500

2000

1500
GO
RETURN

1000

0 01 02 03 04 05 06 07 08 09 1
PWM Duty

PWM Dimming at 100Hz achieves 100: 1 Dimming Ratio.
Testing Condition: Vin =12V, LED voltage and full load current = 15V, 2A.

TM Technology, Inc. reserves the right P. 13 Publication Date: 24.JLY.2018
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TYPICAL APPLICATION CIRCUITS

The T8382GN can be configured as Boost, Buck, Buck-Boost and SEPIC. Theteppboauits

are shown below:
VBAT

j ]

==

osc J
| voLtace
FFA uvLo | ReEcuLATOR
FAULT
DETECT )

CONTROL

L L, T
MV

Boost Converter which is for VBAT < VLED

Note: VLED must be less than MOSFET rating.

Notel @ option for safety protection
Note2 : option for high precision PWM dimming

TM Technology, Inc. reserves the right P. 14 Publication Date: 24.JLY.2018
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i<
/T
Note l
Note]EIIIIIIIIIIIIIIII: :IIIIIIIIIIII M W
vear [ 1M —g}u—u—u—u—ujdmw—
% : : SN WY WY
] A A
L =
e VREG /" VIN EN/N GATE DRAIN
osc W/ \IJ
VOLTAGE CONTROL
FFA —I REGULATORI:r | LOGIC | _|
SOURCE A A
ouv
Buck Converter which is for VBAT > VLED
Note: VBAT must be less than MOSFET rating.
Notel : option for safety protection
Note2 : option for high precision PWM dimming
TM Technology, Inc. reserves the right P. 15 Publication Date: 24.JLY.2018
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=L

— EN/™ GATE DRAIN

osc “ :l/ N N
VOLTAGE CONTROL
FEA uvio REGULATOR LOGIC ._l
FAULT
DETECT )

'\L SOURCE
N\ a
dk R Q L=
S Compensarion SO o jG ND -
cs + (&)

-8V wrt VSP

ONJOFF PWMOUT

DIMMING

LED_OC

ON/OFF
DIMMING

VSP

\|/\15N

SOFT DIM
START CONTROL

Buck-Boost which is for VBAT < VLED or VBAT > VLED.
Note: VBAT +VLED must be less than MOSFET rating.

Notel : option for safety protection
Note2 : option for high precision PWM dimming
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VIN M ENMY

osc Y/ N
VOLTAGE CONTROL

FFA | uvLo I— REGULATOR LOGIC

— IMING
VvsP l
one
SOFT DIM
ouv START CONTROL

1| roense

g

NN—— W\

IHH

"3

S\ DIM comp

=

SEPIC which is for VBAT < VLED or VBAT > VLED.

Note: VBAT +VLED must be less than MOSFET rating.

Notel :
Note2 :

option for safety protection

option for high precision PWM dimming

NPV VD%
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PACKAGE INFORMATION

Package Type: PQFN26L

‘ % D1 0 B COMMON
b oo § v INCH
o5 — ' 2 ¢ TMIN. | NOM. | MAX. | WIN. | NOM.| MAX.
1g - 519 A | 1.000 | 1.100 | 1.200 | 0.0334 | 0.0433 | 0.0472
@(PIN—1)-7__.‘/+\, b | 0.150 | 0.250 | 0.350 | 0.0059 | 0.0098 | 0.0138
= \/ | B c | 0.103 | 0.203 | 0.303 | 0.0041 | 0.0080 | 0.0113
‘E | D 6.250 6.400 6.550 0.2461 [ 0.2520 | 0.2579
_ - T r DI | 5.900 | 6.000 | 6.100 | 0.2323 | 0.2362 | 0.2402
+ | = Detial "A" D2| 2.475 | 2.625 | 2.775 | 0.0974 | 0.1033 | 0.1093
‘ B D3| 1.775 | 1.925 | 2.075 | 0.0699 | 0.0758 | 0.0817
H =h E | 4.250 | 5.400 | 5.550 | 0.1673 | 0.2126 | 0.2185
= 514 E1| 4.900 | 5.000 | 5.100 | 0.1929 | 0.1969 | 0.2008
d _ Ez| 3.350 | 3.500 | 3.650 | 0.1318 | 0.1378 | 0.1437
e I A 9 E3 | 3.700 | 3.850 | 4.000 | 0.1457 | 0.1516 | 0.1575
7 13 c e | 0.650 | 0.750 | 0.850 | 0.0256 | 0.0295 | 0.0335
.
| / / 0.200 / /| o.0079
i 0.1015 BS 0.0040 BSC
‘3 W oo IHQ){— k | 0.200 | 0.350 /  |o.o79 [o.o38 |
k1] o. . . .
SRV “ =< 0.300 | 0.450 /| oous |oo77 | /
6% k —314 L | 0.050 | 0.200 | 0.350 [0.0020 | 0.0079 | 0.0138
_ —k - [_ ¢ | 1.050 | 1.200 | 1.350 | 0.0413 | 0.0472 | 0.0531
*:_j | o | L nal = [ 9° 12° 15° 9° 12° 15°
4:f | Da— D3 7[: g1 a4 7° 10° 4° 7° 10°
= >t 0
i [f Detial "A"
— r,
15 —— r \M_ 519
P
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