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ADJUSTABLE LED DRIVER
Check for Samples: TL4242-Q1

FEATURES » Short-Circuit Proof
+ Qualified for Automotive Applications + Reverse-Polarity Proof
e AEC-Q100 Test Guidance With the Following DRJ (QFN) PACKAGE KTT (SFM) PACKAGE
Results: (TOP VIEW) (TOP VIEW)
— Device Temperature Grade 2: —40°C to
105°C Ambient Operating Temperature PWM D1 181
Range for QFN package ST j)g: Exposed :7(: NC @
. Th |
— Device Temperature Grade 1: —40°C to GND [©3l r?gga :e(: Q
125°C Ambient Operating Temperature REE ;)4: lscD
Range for SFM package =~ |7/~ {234 567
— Device HBM ESD Classification Level H1C NC — No internal connection

— Device CDM ESD Classification Level C3B
e Adjustable Constant Current e
up to 500 mA (+5%) ' T STWREFT @
e Wide Input-Voltage Range up to 42 V
e Low Dropout Voltage
e Open-Load Detection
e Overtemperature Protection

PWM GND D

DESCRIPTION

The TL4242-Q1 is an integrated adjustable constant-current source, driving loads up to 500 mA. One can adjust
the output current level through an external resistor. The device design is for supplying high-power LEDs (for
example, OSRAM Dragon LA W57B) under the severe conditions of automotive applications, resulting in
constant brightness and extended LED lifetime. The device comes in the DRJ (QFN) package. Protection circuits
prevent damage to the device in case of overload, short circuit, reverse polarity, and overheat. The device
provides the connected LEDs protection against reverse polarity as well as excess voltages up to 45 V.

The integrated PWM input of the TL4242-Q1 permits LED brightness regulation by pulse-width modulation
(PWM). The high input impedance of the PWM input, allows operating the LED driver as a protected high-side
switch.

An external shunt resistor in the ground path of the connected LEDs senses the LED current. A regulation loop
holds the voltage drop at the shunt resistor at a constant level of 177 mV (typical). The selection of the shunt
resistance, Rreg, sets the constant-current level. Calculate the typical output current using the equation:

VREF

Qe = Rrer

where Vger is the reference voltage (typically 177 mV) (see Reference Electrical Characteristics). The equation
applies for Rgge = 0.39 Q to 10 Q.

The output current is shown as a function of the reference resistance in . With the PWM input, One can regulate
the LED brightness through the duty cycle. Also, PWM = L sets the TL4242-Q1 in sleep mode, resulting in a very
low current consumption of < 1 pA (typical). The high impedance of the PWM input (see ) permits the use of the
PWM pin as an enable input.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Copyright © 2010-2012, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas !

Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
A appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

ORDERING INFORMATION®

Ta ORDERABLE PART NUMBER® TOP-SIDE MARKING
—40°C to 105°C TL4242TDRJRQ1 4242T
—40°C t0 125°C TL4242QKTTRQ1 TL4242Q

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl
web site at www.ti.com.
(2) Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.

PIN FUNCTIONS

NO.
NAME DESCRIPTION
DRJ KTT
D 5 6 Status delay. To set status reaction delay, connect to GND with a capacitor. For no delay, leave
open.
GND 3 4 Ground
NC 7 N/A No internal connection
PWM 1 2 Pulse-width modulation input. If not used, connect to I.
Q 6 7 Output
REF 4 5 Reference input. Connect to a shunt resistor.
ST 2 3 Status output. Open-collector output. Connect to an external pullup resistor (Rpy,Lup = 4.7 kQ).
| 8 1 Input. Connect directly to GND as close as possible to the device with a 100-nF ceramic capacitor.
Ths;z]al - - Solder the thermal pad directly to the PCB. Connect to ground or leave floating
Figure 1. FUNCTIONAL BLOCK DIAGRAM
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ABSOLUTE MAXIMUM RATINGS®
over operating free-air temperature range (unless otherwise noted)

MIN  MAX| UNIT

Vee  Supply voltage range @ -42 45| Vv

D -0.3 7 \Y
\ Input voltage range PWM -40 40 \%

REF -1 16 \Y
Vo Output voltage range Q -1 4 v

ST -0.3 40 \Y

PWM 1| mA
lo Output current range REF 2| mA

ST 5| mA
T, Virtual-junction temperature range -40 150| °C
Tstg Storage temperature range -50 150 °C

Human-body model (HBM) AEC-Q100 Classification Level 1500

H1C
ESD Electrostatic discharge rating Machine model (MM) AEC-Q100 Classification Level M3 200 \%

Charged-device model (CDM) AEC-Q100 Classification

Level C3B 1000

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to the network ground terminal.

THERMAL INFORMATION

1 TL4242-Q1
THERMAL METRIC® UNIT
DRJ (8 PINS) KTT (7 PINS)

03a Junction-to-ambient thermal resistance 39 31.6

Bctop Junction-to-case (top) thermal resistance 315 34.7

038 Junction-to-board thermal resistance 155 8.2 CIW
Wit Junction-to-top characterization parameter 0.3 0.7

Wig Junction-to-board characterization parameter 15.6 8.2

B3chot Junction-to-case (bottom) thermal resistance 1.8 0.7

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

RECOMMENDED OPERATING CONDITIONS

MIN MAX UNIT

Vee Supply voltage 4.5 42 \%

Vst Status (ST) output voltage 16 \%
Vpwm PWM voltage 0 40 \Y

Cp Status delay (D) capacitance 0 2.2 uF
Rrer  Reference (REF) resistor 0 10 Q

Ta Operating free-air temperature, QFN -40 105 °C

Ta Operating free-air temperature, SFM -40 125 °C
Copyright © 2010-2012, Texas Instruments Incorporated Submit Documentation Feedback 3
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OVERALL DEVICE ELECTRICAL CHARACTERISTICS

over recommended operating free-air temperature range, V, = 13.5 V, Rger = 0.47 Q, Vpymp, Ta = —40°C to 105°C (QFN),
Ta =—-40°C to 125°C (SFM), all voltages with respect to ground (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
lqr Supply current Vg=6.6V 12 22| mA
lqore  Supply current, off mode PWM =1L, T;<85°C 0.1 21 pA

OUTPUT ELECTRICAL CHARACTERISTICS

over recommended operating free-air temperature range, V|, = 13.5 V, Rger = 0.47 Q, Vpyyn, Ta = —40°C to 105°C (QFN),
T =—40°C to 125°C (SFM), all voltages with respect to ground (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
Vo—-Veer V=66V 357 376 395
Vo -V =6.6V,R =10 168 177 185
lo Output current Q REF REF mA
Vo — Vrer = 6.6 V, Rggr = 0.39 Q 431 454 476
Vo-Vrer=5.4V1t07.8V,V|=9V1016V 357 376 395
lomax ~ Output current limit Rrep=0Q 600 mA
Vgr Drop voltage Ig = 300 mA 0.35 0.7 \%

(1) Vo — Vger equals the forward voltage sum of the connected LEDs (see ).

PWM INPUT ELECTRICAL CHARACTERISTICS

over recommended operating free-air temperature range, V, = 13.5 V, Rgrer = 0.47 Q, Vpyyyp, Ta = —40°C to 105°C (QFN),
Ta = -40°C to 125°C (SFM), all voltages with respect to ground (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VpwM,H High-level PWM voltage 2.6 \%
Vewm,L Low-level PWM voltage 0.7 \%
Ipwm,H High-level PWM input current Vpwm =5V 220 500 pA
lpwm,L Low-level PWM input current Vpewm =0V -1 1| pA
tpwm,ON Delay time, turnon 70% of lgnom, See Figure 7 0 15 40| s
tpwm,OFF Delay time, turnoff 30% of lgnom, See Figure 7 0 15 40| s

REFERENCE (REF) ELECTRICAL CHARACTERISTICS

over recommended operating free-air temperature range, V|, = 13.5 V, Rger = 0.47 Q, Vpyyn, Ta = —40°C to 105°C (QFN),
T =—-40°C to 125°C (SFM), all voltages with respect to ground (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
Vrer Reference voltage Rrerp=0.39Qto1 Q 168 177 185 mVv
IRer Reference input current Vger = 180 mV -1 0.1 1| pA
4 Submit Documentation Feedback Copyright © 2010-2012, Texas Instruments Incorporated

Product Folder Links: TL4242-Q1


http://www.ti.com/product/tl4242-q1?qgpn=tl4242-q1
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVS732C&partnum=TL4242-Q1
http://www.ti.com/product/tl4242-q1?qgpn=tl4242-q1

i3 T
III\EI)S(”?FS{UMENTS TL4242-Q1

www.ti.com SLVS732C —JULY 2010—-REVISED OCTOBER 2012

STATUS OUTPUT (ST) ELECTRICAL CHARACTERISTICS

over recommended operating free-air temperature range, V, = 13.5 V, Rger = 0.47 Q, Vpymp, Ta = —40°C to 105°C (QFN),
Ta =—-40°C to 125°C (SFM), all voltages with respect to ground (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vi Lower status-switching threshold ST=L 15 25 mV
VigH Upper status-switching threshold ST=H 30 40| mv
Vst Low-level status voltage Ist = 1.5 mA 0.4 \%
Is.k  Leakage current Vgr=5V 5/ pA

STATUS DELAY (D) ELECTRICAL CHARACTERISTICS

over recommended operating free-air temperature range, V|, = 13.5 V, Rger = 0.47 Q, Vpyyn, Ta = —40°C to 105°C (QFN),
T =—40°C to 125°C (SFM), all voltages with respect to ground (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
tstu  Delay time, status reaction Cp =47 nF, ST H-L 6 10 14| ms
tstity Delay time, status release Cp =47 nF, ST L—H 10 20| ps

Copyright © 2010-2012, Texas Instruments Incorporated Submit Documentation Feedback 5
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TYPICAL CHARACTERISTICS
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Figure 2. Figure 3.
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APPLICATION INFORMATION

Figure 6 shows a typical application with the TL4242-Q1 LED driver. A supply current adjusted by the Rggr
resistor drives the three LEDSs, preventing brightness variations due to forward voltage spread of the LEDs. An
appropriate duty cycle applied to the PWM pin can compensate through software for the luminosity spread
arising from the LED production process. Therefore, it is not necessary to select LEDs for forward voltage or
luminosity classes. The minimum supply voltage calculates as the sum of the LED forward voltages, the TL4242-
Q1 drop voltage (maximum 0.7 V at an LED current of 300 mA), and the maximum voltage drop at the shunt
resistor Rgep of 185 mV.

VBAT o—e—lI RO
Sl
Microcontroller
L
RADJ GND I 10 pF 10 kW

ST PWM
I Q
TL4242-Q1 Wy
REF
4 LED
~A Dragon
GND D
1 <
47 nF
l 1
= = 0.47 WS o
0.25 W " REF

Figure 6. Application Circuit

The status output of the LED driver (ST) detects an open-load condition, enabling supervision of correct LED
operation. A voltage drop at the shunt resistor (Rgegg) below 25 mV (typical) detects an LED failure. In this case,
the status output pin (ST) goes low after a delay time adjustable by an optional capacitor connected to pin D.

Figure 7 shows the functionality and timing of ST and PWM. One can adjust the status delay through the
capacitor connected to pin D. Delay time scales linearly with the capacitance, Cp:

C

tSTHL,typ = ﬁ X 10 ms
C

Cstinyp = ﬁ X 10 us
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Figure 7. Function and Timing Diagram

Stoplight and Taillight Application

For many automobiles, the same set of LEDs illuminates both taillights and stoplights. Thus, the LEDs must
operate at two different brightness levels, full brightness for the stoplight and 10% to 25% brightness for the
taillight. The easiest way to achieve the different brightness is dimming by pulse-width modulation (PWM), which
holds the color spectrum of the LED over its whole brightness range. The maximum current that passes through
the LED is programmable by sense resistor Rggr.

Obtain the maximum current, lomax, that passes through the LEDs by the following expression:

L VRer

Qmax RREF

For example, if Rger equals 1 Q, as Ve is a fixed value range from 168 mV to 185 mV, lgmay Should be 168 mA
to 185 mA.
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Figure 8. Stoplight and Taillight Application Circuit

Figure 8 shows the application circuit of the stoplight and taillight including an automotive-qualified timer,
TLC555-Q1, the duty cycle of which is programmable by two external resistors. One can see that driving the
STOP signal high pulls the PWM pin constantly high, creating 100% duty cycle. Thus the LEDs operate at full
brightness. When the TAIL signal is high, the LEDs operate at 25% brightness because the TLC555-Q1 timer is
programmed at a fixed duty cycle of 25%.

Thermal Information

This device operates a thermal shutdown (TSD) circuit as a protection from overheating. For continuous normal
operation, the junction temperature should not exceed the thermal-shutdown trip point. If the junction temperature
exceeds the thermal-shutdown trip point, the output turns off. When the junction temperature falls below the
thermal-shutdown trip point, the output turns on again.

Calculate the power dissipated by the device according to the following formula:
P=(V,-Vg)xlg+V,xlg

In the formula, V, represents the input voltage of the device, Vg stands for the output voltage, and |5 means the
output current of LED and Iy is the quiescent current dissipated by the device. The very small value of g
sometimes allows one to neglect it.

After determining the power dissipated by the device, calculate the junction temperature from the ambient
temperature and the device thermal impedance.

PCB Design Guideline

In order to prevent thermal shutdown, T; must be less than 150°C. If the input voltage is very high, the power
dissipation might be large. Currently there is the KTT (DDPAK) package which has good thermal impedance, but
at the same time, the PCB layout is also very important. Good PCB design can optimize heat transfer, which is
absolutely essential for the long-term reliability of the device.

* Maximize the copper coverage on the PCB to increase the thermal conductivity of the board, because the
major heat-flow path from the package to the ambient is through the copper on the PCB. Maximjum copper is
extremely important when there are not any heat sinks attached to the PCB on the other side of the package.

 Add as many thermal vias as possible directly under the package ground pad to optimize the thermal
conductivity of the board.

» All thermal vias should be either plated shut or plugged and capped on both sides of the board to prevent
solder voids. To ensure reliability and performance, the solder coverage should be at least 85 percent.

Copyright © 2010-2012, Texas Instruments Incorporated Submit Documentation Feedback 9
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REVISION HISTORY

Changes from Revision B (September 2012) to Revision C Page

e Added Stoplight and Taillight Application section

e Added Thermal INfOrMAatION SECHON ........cccuiiiiiiieiiie ittt ettt st b e e st s b e e s et e sbe e e b e e s be e s e e sineeree e
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Changes from Revision A (August, 2012) to Revision B Page
*« Removed package column in ordering information table. ............ooiiiiiiiiii i 2
¢ Manually appended mechanical data, thermal pad data, and package option addendum .............ccccooiiiiieieinniiieeee e, 7
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TL4242QKTTRQ1 DDPAK/ KTT 7 500 330.0 24.4 10.6 | 15.8 4.9 16.0 | 24.0 Q2
TO-263
TL4242TDRJRQ1 SON DRJ 8 1000 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2

Pack Materials-Page 1
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TL4242QKTTRQ1 DDPAK/TO-263 KTT 7 500 340.0 340.0 38.0
TL4242TDRJRQ1 SON DRJ 8 1000 210.0 185.0 35.0
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Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com

www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

TI E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

Wwww.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

e2e.ti.com
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