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White Light LED Driver With Gradual Dimming

S.K. Loo, Michael Day Power Management Products/Portable Power DC-DC Applications

ABSTRACT

Many consumer products using white light LEDs for illumination and backlighting provide
gradual LED illumination at turnon and turnoff. This gradual illumination is usually achieved
with the aid of a microprocessor that provides PWM dimming control. This circuit uses the
Texas Instruments TPS61040 white light LED driver to provide gradual illumination at turnon
and turnoff without the use of a microprocessor.

The following circuit generates a 10 mA constant current to drive up to 6 white LEDs for portable
applications such PDAs and digital cameras. The input operating range is 1.8 V to 6 V, which
covers two-cell alkaline and NiMh inputs (1.8 V~3 V), three-cell alkaline and NiMh inputs

(2.7 V~4.8 V), and single-cell Li-lon inputs (3 V~4.2 V). This boost converter uses R1 to set a
constant current through the LEDs. A detailed description of this circuit can be found in the
TPS61040 data sheet (SLVS413).
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Figure 1. Constant Current LED Drive Supply

The circuit shown in Figure 1 instantly produces the maximum programmed load current at
turnon and instantly goes to zero current at turnoff. The circuit shown in Figure 2 slowly (1-2
seconds) increases and decreased the LED brightness at turnon and turnoff. Only a slight
madification of the original circuit is required to produce this effect.
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Figure 2. Additional Components Provide Gradual Turnon and Turnoff of LED Current

Upon application of the enable signal, R3 slowly charges C3, which slowly turns on Q1. The
TPS61040 is immediately enabled through D2. During turnon, the initial resistance from FB to
ground is extremely high, limiting the LED current to 0 mA. As Q1 slowly turns on, the effective
resistance gradually drops. The drop in resistance directly correlates to a rise in LED current.
The LEDs transition from 0% brightness to 100% brightness in 1-2 seconds, depending upon
the time constants chosen. Figure 3 shows the relevant waveforms during turnon.
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Figure 3. Waveform D
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When ENA goes low during turnoff, D2 prevents C4 from discharging. The TPS61040 remains
enabled until C4 discharges through R5. While the TPS61040 is still enabled, C3 begins to

discharge through R3 and R4. As the available base current to Q1 drops, the effective

resistance of Q1 starts to increase. The LED current drops in proportion to the increase in the
total resistance seen by the FB pin. Figure 4 shows the relevant waveforms during turnoff.
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Figure 4. Waveforms During Turnoff

At turnon, there is a short delay between the ENA signal going high and the start of the current

flowing through the LEDs. This occurs because Q1 does not start to conduct until its base

voltage reaches approximately 0.7 V. The addition of a 3.3 kQ resistor, R6 shown in Figure 5,
causes the base voltage to immediately jump to about 0.5 V at turnon. This reduces the start-up

delay from 500 ms to about 100 ms. Turnon and turnoff waveforms with R6 added are shown in
Figure 6 and Figure 7.
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Figure 5. Modification to Reduce Turnon Delay

ENA

1+

Q1 Base Voltage

2>}

No period
found

€2 Freq
= Hz
\ ]

un .
LED Current
(5 mA/div) C2rbuty -
. Wwfm does not:
3+

Output Voltage

44

Chi 5.00V S 500my

Ch3 10.0mve Chd 100V

A\ cross ref -

By

Figure 6. Reduced Delay Turnon
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Figure 7. Reduced Delay Turnoff

This application report has shown how to provide a gradual turnon and turnoff of white light
LEDs without the use of microprocessor control.
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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 subjectto 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 Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

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

Tl 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 Tl 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.
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