Application Brief
Controlling an RGB LED Using TPLD with a Single Input
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What is RGB?

When LEDs of different colors are close together, the light from the LEDs can blend together to seem to create a
color array when viewed by a human. Designers using this property can create the rainbow of colors using three
LEDs, each of a different color — red, green, and blue. One method to convert the three separate colors into one
merged color is the use of the HSV (hue, saturation, and value) color model. This model describes the results of
combinations of different relative power values of red, green, and blue light sources.

Color result

Relative
brightness

Figure 1. Power-Conscious HSV Model

Typically, to control and RGB light source, a designer can use three inputs to the LED: one to control each color.
This can be an issue in systems with small MCUs or limited available control pins, or systems where the control
signals need to be driven a long distance from the controller. It also complicates LEDs meant to be controlled
directly by a user, as the user needs to effectively send three signals to control a single output.

Using TI's Programmable Logic Devices (TPLD), designers can convert a single control signal to an RGB value.
By leveraging TPLDs’ configurability, a user can implement an RGB control method that fits into their unique
system. A few simple examples of possible control methods are shown below.
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Continuous Sweep Control Method

This control method sweeps the RGB LED through a continuous power-conscious HSV pattern, as shown in
Figure 2. Note that this control method follows the power-conscious HSV model shown in Figure 1.
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Figure 2. Power-Conscious HSV Model on TPLD

When the TPLD input receives a pulse, this input stops the sweep and the LED stays at whatever color it held
when the input signal was detected. It holds this color until it receives a new pulse, as shown in Figure 3.
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Figure 3. Continuous Sweep RBG Control Method Output

This method works well for a human controlled system, as it is simple for the user to select from a range
of colors with no other user-interface. The InterConnect Studio (ICS) design of the continuous sweep control
method is shown below. Groups 0 and 1 are equivalent to the circuit shown to create the blue output.
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Figure 4. Continuous Sweep RBG Control Method in ICS

Rotating LED Control Method

This control method allows the designer to control each color one at a time. On a high input pulse, one of the

red, green, or blue LEDs increases in relative power, looping back to 0 once the max potential power is reached.
When the next input pulse is sent, this pulse controls the next color in the RGB sequence, looping back to red

after blue. Figure 5 illustrates channel 1 showing the input, and the other channels showing the RGB outputs.

AW\ TELEDYNE LECROY

i
P1:ddelav(C1.C2)
760.7677 ms

T Tbase  -5.96 s§Ingger (SDLE)
500mVidiv | 500 mV/div 00 mV/di 500 mV/div 2.00s/div Stop 2195V
1.350Vofst | 1.575V ofst | .u=ti6300Vl| -1.610V ofst 2MS 100 kS/s [Edge Positive

Figure 5. Rotating LED Control Output
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This method works well for an MCU controlled system, which can easily keep track of the current LED color
and can calculate the durations required of the pulses to change to the desired color. While this method can
cycle through an array of colors to reach the goal color, with an MCU controlling the input pulse, this method
can be easy to cycle through colors faster than a human can perceive to arrive at the desired color. Unlike the
continuous sweep example, which outputs at a consistent brightness, this method also allows the designer to

control the brightness of each LED independently. The InterConnect Studio (ICS) design of the rotating LED
control method is shown in Figure 6.
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Figure 6. Rotating LED Control Method in ICS
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Designing for a System

The two examples shown above are meant to be baselines to be built off of, if desired. There are many
improvements and features that can be added to a controller to make this baseline more compatible with the
designer’s system. For example, a smart button can be added to the inputs of the system so that, if the input is
held high for long enough, the system can reset into a known state.
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Figure 7. Smart Button in ICS

Implemented into the Rotating LED Control schematic, the smart button output can reset the flip-flops and PWM
generators to the system’s initial condition. The ICS design of the rotating LED control method with added reset

functionality. In this design, the smart button outputs high once the input has been high for slightly longer than a
complete LED cycle.
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Figure 8. Rotating LED Control Method With Reset in ICS
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Adding this to the control scheme allows an MCU to regain control over the LED if necessary, making the

LED easier to control electronically. If the MCU needs to reset, the LEDs can be forced back to the start-up
conditions. A scope shot showing power-averaged outputs of the rotating LED control design with added reset
functionality is shown in Figure 9. Note that the RGB outputs reset to startup conditions after a long input pulse.
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Figure 9. Rotating LED Control Method With Reset Output

Another use of a smart button on the input of the rotating LED control design is to allow for the change in which
color is being controlled using a short pulse. The (ICS) design of the rotating LED control method with added

channel select functionality is shown in Figure 10. In this design, the smart button outputs high once the input
has been high for longer than about one fourth of a complete LED cycle.
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Figure 10. Rotating LED Control Method With Channel Select Feature in ICS

In this design, the LED brightness only changes after a short delay on a high input, so brief input pulses can
rotate through the LEDs without affecting the output.
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A scope shot showing the power-averaged outputs of the rotating LED control design with added channel select
functionality is shown in Figure 11. Note that the blue output does not change due to a short pulse, allowing the
controller to move from the green output to the red output.
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Figure 11. Rotating LED Control Method With Channel Select Feature Output

TPLD allow a designer to customize their control scheme to meet the unique constraints of their system using
only a single device. This can reduce the total design size and offer unique benefits to the system, such as
limiting the tax on the MCU to control the outputs or simplifying the user-facing interface. For more information
on TPLD, visit the TPLD1202 product page or ask our engineers a question on the TI E2E™ Logic Support
Forum.

Trademarks
All trademarks are the property of their respective owners.

SCPAQ77 — MARCH 2025 Controlling an RGB LED Using TPLD with a Single Input 7

Submit Document Feedback
Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com/product/TPLD1202
https://e2e.ti.com/support/logic-group/logic/f/logic-forum
https://e2e.ti.com/support/logic-group/logic/f/logic-forum
https://www.ti.com
https://www.ti.com/lit/pdf/SCPA077
https://www.ti.com/feedbackform/techdocfeedback?litnum=SCPA077&partnum=

IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI’'s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
Tl products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2025, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

	Trademarks



