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ABSTRACT

Today the computer demands more and more advanced features. A Keyboard with the entire backlighting
cannot satisfy all the requirements, individual dimming control including RGB control for each key are
becoming popular. The TLC5951 is a 24-channel, constant-current LED driver capable of driving up to 40
mA per channel. This document introduces a backlight design based on the TLC5951.

Designing With the TLC5951 Multi-Channel LED Driver

A keyboard backlighting design with the TLC5951 multi-channel LED driver is as simple as the application
drawing in Figure 1. Because the TLC5951 multi-channel LED driver is fully integrated, there are few
external components needed for the basic design. The TLC5951 can be cascaded into series depending
on key numbers on the keyboard. The more keys need to drive, the more TLC5951s are needed. The
communication protocol between HID controller and TLC5951 are SPI, refer to the TLC5951 datasheet
(SBVS127) for a detailed description
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Figure 1. TLC5951 Multi-channel LED Driver for Keyboard Backlighting Application Drawing

Figure 2 is a block diagram for TLC5951.

TLC5951 has 24ch output and can support 24ch linear constant current. The 24ch can either be used to
drive 8 groups of RGB LEDs, or it can be used to drive 24 white LEDs depending on the application. The
constant current go through the LEDs can be setting by the resistor on IREF pin.

GSSIN Pin and GSSCK Pin are grayscale data input for PWM dimming, each channel has 12-bit 4096
steps dimming capability.

DCSIN Pin and DCSCK Pin control the function value for the drivers, the TLC5951 can realize individual
analog dimming control if the FC data are changed.
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Figure 2. Block Diagram for the TLC5951 Multi-channel LED Driver
GSCKR, GSCKG, GSCKB is the external reference clock for internal PWM control. In this keyboard
application, it is suggested that tie the three pin together to an external signal. The signal from either an
external crystal oscillator or input from microcontroller should work well in the design.
XBLANK pin is an enable control pin for all the OUT channels. If XBLANK is low, all the constant current
outputs are forced off. If XBLANK is high, all constant current outputs are controlled by PWM grayscale in
the data latch.
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2 Timing Control for LED dimming

There are two ways to dim the keyboard LEDs.
1. PWM diming
2. Analog diming

Figure 3 is an example of using TLC5951 for PWM dimming. The PWM mode can be set as 8-bit, 10-bit,
or 12-bit mode depending on the requirement. GSCKR/G/B should be connected together from external
clock source working in free run mode. After the device initialized, if a new PWM brightness is required,
send the new data through the GSSIN/GSCLK pin, then with a LAT. The LED brightness is changed.
Notice that XBLANK should be low to force all out off during the new data update status.

XBLANK | |

GSSIN Don’t care X New Data update for 24chs X Don’t care

GSLAT |_|

Figure 3. New Data Update for PWM Dimming

In some conditions, analog dimming may be required, the TLC5951 can also realize this dimming method
by sending updated FC data. After the device initialized, if a new PWM brightness is required, just send
the new FC data through DCSIN/DCCLK pin. Then brightness of LEDs is changed in 7 ms. Notice that GS
data should be setting the FFFh for analog dimming.
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Figure 4. New Data Update for Analog Dimming

3 Conclusion

The TLC5951 - 24ch linear LED drivers makes the design of keyboard backlighting easy. The flexible
interface, the advanced dimming method and integrated features helps the user make the best
performance system.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 significant portions of Tl 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. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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