
1 TPS60230 Characteristics:

Application Report
SLVU165–MAY 2006

TPS60230 White LED Charge Pump Used in Smart Phone
Displays, LCD Backlight, and Keyboard Lighting
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ABSTRACT

The TPS60230 is a complete solution for driving up to five white light-emitting diodes
from a single-cell Li-ion battery or power source up to 6.5 V. The device is optimized for
white LED supplies in backlit color display applications. The reference design and
applications examples shown in this guide describe typical applications such as smart
phone display, LCD backlight, and keyboard lighting applications.

• Regulated Output Current With 0.4% Matching
• Drives up to 5 LEDs at 25 mA Each
• LED Brightness Control Through PWM Control Signal
• High Efficiency by Fractional Conversion With 1x and 1.5x Modes
• 1 MHz Switching Frequency
• 2.7-V to 6.5-V Operating Input Voltage Range
• Internal Softstart Limits Inrush Current
• Low Input Ripple and Low EMI
• Overcurrent and Overtemperature Protected
• Undervoltage Lockout With Hysteresis
• Ultra-Small 3mm x 3mm QFN Package
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2 TPS60230 Reference Design

2.1 Bill of Materials

TPS60230 Reference Design

The reference schematic shown in Figure 1 contains the TPS60230 high-efficiency charge-pump-based
LED driver. It is designed to operate from a single-cell Li-ion battery, and drive up to five white LEDs at up
to 20 mA each. Efficiency is improved by switching between a 1.0x and 1.5x mode, based on the input
voltage.

Figure 1. TPS60230 Reference Schematic

Qty Ref Des Description Size Mfr Part Number

2 C1, C4 Capacitor, ceramic, 1.0µF, 6.3V, X5R, 10% 603 TDK C1608X5R0J105KT

2 C2, C3 Capacitor, ceramic, 0.47µF, 10V, X5R, 10% 603 TDK C1608X5R1A474KT

5 D1–D5 Diode, LED, White, 30mA 1210 Lumex SML-LX2832UWC-TR

2 J1, J2 Header, 2-pin, 100 mil spacing, (36-pin strip) 0.100 × 2 Sullins PTC36SAAN

2 JP1, JP2 Header, 2-pin, 100 mil spacing, (36-pin strip) 0.100 × 3 Sullins PTC36SAAN

1 R1 Resistor, chip, 7.87kΩ, 1/16W, 1% 603 Std Std

1 U1 IC, white LED charge pump current source 0.80 × 0.80 TI TPS60230RGT

1 — PCB, 1.55 in × 1.195 in × 0.062 in Any HPA047

2 — Shunt, 100 mil, black 0.100 3M 929950-00
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3 Sample Circuits for Various WLED Applications Using the TPS60230

VIN

C1+

C1−

C2+

C2−

EN1

EN2

GND

VOUT

D1

D2

D3

D4

D5

ISET

0.47 �F

0.47 �F

1 �F

1 �FVIN = 2.7 V
to 6.5 V

Typical Smartphone DisplayPGND

VIN

C1+

C1−

C2+

C2−

EN1

EN2

GND

VOUT

D1

D2

D3

D4

D5

ISET

0.47 �F

0.47 �F

1 �F

1 �F
VIN = 2.7 V

to 6.5 V

6 k� V = 0 mV to
600 mV

PGND

Sample Circuits for Various WLED Applications Using the TPS60230

The design in Figure 2 shows a typical application of a smart phone display with the resistors connected in
parallel. This method can also be used to connect a Liquid Crystal (LC) display with only two connections
for the white LEDs.

Figure 2. Smatphone Circuit

The following design, Figure 3, shows how the ISET pin can be used to connect an analog DC signal in
the range of 0 mV to 600 mV for analog dimming of the white LEDs. With the device enabled, the LED
current varies linearly with respect to the signal into the 6-kΩ resistor. To clarify, a 0-mV signal provides
the maximum current. As the signal into the 6-kΩ resistor increases, the LED current decreases until it
reaches 0 A, and the signal reaches 600 mV.

Figure 3. Analog Dimming
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Sample Circuits for Various WLED Applications Using the TPS60230

The design shown in Figure 4 is a typical application using 2 white LEDs and 6 green LEDs for LCD
backlight and keyboard lighting. The TPS60230 can be used to power any kind of LED, making it possible
to mix white LEDs with color LEDs which have a lower forward voltage. The LED with the highest forward
voltage (typically the white LED) has to be connected to D1, because the output voltage of the charge
pump is regulated in such a way as to keep the voltage drop from D1 to GND at 400mV.

Figure 4. LCD Backlight and Keyboard Lighting
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI’s terms
and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI’s standard warranty. Testing and other quality control techniques are used to the extent TI
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right,
copyright, mask work right, or other TI intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by TI regarding third-party products or services
does not constitute a license from TI to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of information in TI data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. TI is not responsible or liable for
such altered documentation.

Resale of TI products or services with statements different from or beyond the parameters  stated by TI for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. TI is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security

Telephony www.ti.com/telephony

Video & Imaging www.ti.com/video

Wireless www.ti.com/wireless

Mailing Address: Texas Instruments

Post Office Box 655303 Dallas, Texas 75265
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