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Provide High-Current Outputs

Michael Day PMP - Portable Power DC-DC Applications

ABSTRACT

This application report describes how to use the TLC5922, TLC5923, and TLC5924 to
drive high-current LEDs. These ICs are designed to provide 16 individually controllable
constant-current sinks. However, the 16 outputs can be connected in parallel to
increase the current drive capability. Paralleling the outputs of these ICs allows the
TLC5922, TLC5923, and TLC5924 to drive high-power LEDs such as the OSRAM
Golden DRAGON™ and LUMILEDS Luxeon series of high-current LEDs.

The Texas Instruments family of TLC5922/23/24 constant-current LED drivers provide up to 80 mA of
constant-current sink for driving multiple LEDs. These LED drivers provide features such a 1% current
matching, 7-bit dot correction, controlled inrush current, error detection, and a 30-MHz data bus, and are
ideal for applications such as large-screen LED displays, LED signboards, and LED backlighting.

High-current LEDs such as the OSRAM Golden DRAGON™ require up to 500 mA of forward current and
provide a high-intensity light output that is used in applications such as automotive lighting, reading lamps,
architectural lighting, LCD and TFT backlighting, and marker lights. The TLC5922/23/24 can be configured
to provide the higher currents required to drive these types of LEDs. The IC’s output stage consists of a
current mirror, which closely resembles a constant-current source. As with current sources connected in
parallel, the TLC5922/23/24 outputs can be connected in parallel to achieve a higher current drive
capability. The total drive current is the sum of the individual drive currents. When connected in parallel,
each output can be individually programmed to sink different currents. provides examples of the
maximum LED drive current with different numbers of paralleled outputs. Note that the maximum LED
current is determined by the number of paralleled outputs times 80 mA.

Table 1. Maximum LED Drive Current With Different Numbers of Paralleled

Outputs
Paralleled LED Current Range Number of LEDs
Outputs (mA) per TLC5922/23/24
1 0-80 16
2 0-160 8
3 0-240 5
6 0-480 2
8 0-640 2
16 0-1280 1
Golden DRAGON is a trademark of OSRAM Opto Semiconductors.
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shows a TLC5922/23/24 configured to drive four Golden DRAGON white LEDs. Because each
output is capable of 80 mA, paralleling four TLC5922/23/24 outputs allows the IC to drive each LED with
up to 320 mA. The TLC5923 allows the user to control LED brightness with either analog or PWM
dimming. R1 sets the maximum current per channel to 80 mA.
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Figure 1. TLC5922/23/24 Configuration Driving Four White LEDs

shows each TLC5922/23/24 output current as well as the total current through D1. The LED
current is equal to the sum of the output currents. Each output is programmed with a dot correction value
of 127, which drives the full 80 mA per channel. The LED is programmed to full brightness with these
settings.
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Figure 2. TLC5922/23/24 Output Current and Total Current Through D1

shows the LED programmed to 30% brightness with analog dimming. Using analog dimming, the
DC current through the LED is reduced to 30% of the maximum value. Full current is 320 mA,; therefore,
30% dimming is achieved by setting the current to 30% x 320 mA = 96 mA. This is also equivalent to
programming each output to 24 mA. Analog dimming with the TLC5922/23/24 is achieved by programming
each channel’'s dot correction to a value less than 127. The correct dot correction value is calculated with
Equation 1f

| x 127
Dot Correction = -Qut = 24MA X 127 _ 354

Imax 80 mA

1)
This dot correction value is rounded down to 38.
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Figure 3. LED Programmed to 30% Brightness
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also shows the LED programmed to 30% brightness with analog dimming. In this example, not alll
output currents are equal: OUTO = 40 mA, OUT1 = 40 mA, OUT2 = 16 mA, and OUT3 = 0 mA. Each

output’s dot correction values, which are calculated with Equation 1], are listed as follows.
« OUTO =64

« OUT1=64

e OUT2=25

« OUT3=0

This example shows that output currents do not need to be equal to generate the desired LED current.

Both analog dimming examples show that the sum of the currents in the paralleled outputs equal the total
LED current.
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Figure 4. 30% Analog Dimming — Unequal Output Currents

shows the LED programmed to 30% brightness with PWM dimming. PWM dimming is achieved
by driving the LED with 100% current for part of the PWM period and with 0% current for the remainder of
the period. The ratio of the time with 100% current to the total PWM period is the duty cycle. LED
brightness is directly proportional to the duty cycle. PWM dimming with the TLC5922/23/24 is achieved by
first programming the dot correction to 127, which sets the outputs to full current. Next, a PWM signal is
applied to the BLANK pin to turn the outputs on and off. This drives the LED with 320 mA for part of the
time and with 0 mA for the rest of the time. LED brightness is proportional to the duty cycle of the BLANK
signal because the human eye averages the pulsed LED brightness. The PWM frequency must be above
60 Hz so that the pulses are not visible to the human eye. Most systems use PWM frequencies between
200 Hz and several kHz. Note that the BLANK signal controls all outputs; so, multiple LEDs cannot be
dimmed to a different brightness with PWM dimming. If PWM dimming of multiple LEDs is required,
consider using the TLC5940 or TLC5941. These ICs provide both analog and PWM dimming.
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The preceding examples show that the TLC5922/23/24 outputs can be paralleled to achieve higher drive
capabilities. They also show the ICs’ capability to provide both analog and PWM dimming.
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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.

Tl 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 Tl
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 Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl 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 Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl 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. Tl is not responsible or liable for
such altered documentation.

Resale of Tl 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. Tl 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

Low Power Wireless www.ti.com/lpw Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless
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