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In part 1 of this series, we discussed a few challenges associated with a color-tunable, dimmable light-emitting
diode (LED) light source and the various advantages and disadvantages of dimming methods such as analog,
pulse-width modulation (PWM) and shunt FET dimming.

In this installment, we will discuss the need for high PWM frequency as well as high resolution in stage-lighting
applications, along with a design in the Tl Designs reference design library that helps solve system-level
challenges.

PWM Frequency and Resolution

In order to avoid video banding issues, the LED’s PWM modulation frequency will have to be well above the
shutter speed of high-end cameras and video cameras (approximately 30kHz). At the same time, higher PWM
resolution enables wide color-gamut generation, which could help bring out the best color performance. The
DMX512 communication interface used for stage-lighting applications supports both 8- and 16-bit PWM modes.
Using the 16-bit mode with true 16-bit resolution can bring out the best possible color performance for this end
equipment.

Consider a microcontroller operating with a clock frequency of 60MHz. With a 16-bit PWM module, the
achievable PWM resolution will be around 12 bits when setting the PWM frequency at 2kHz. If you increase

the PWM frequency to 30kHz, the effective PWM resolution will fall to around 11 bits. Theoretically, if the
microcontroller can operate at a much higher clock frequency, then the PWM resolution can be higher. But

that is not an efficient way. Microcontrollers such as the TMS320F28027 have a unique PWM peripheral called
high-resolution PWM (HRPWM) that enables true 16-bit resolution — even at PWM frequencies as high as 50kHz
while operating the microcontroller at a clock frequency of 60MHz. Figure 1 lists few PWM frequency settings
and the corresponding PWM resolution possible using the regular PWM module and HRPWM module. This
clearly shows the advantage of higher resolution achieved using HRPWM over the regular 16bit PWM module.

PWM Freq Regular Resolution (PWM) High Resolution (HRPWM)
90 MHz SYSCLKOUT

(kHz) Bits % Bits %
20 121 0.0 18.1 0.000
50 10.8 0.1 16.8 0.001
100 98 0.1 15.8 0.002
150 9.2 02 15.2 0.003
200 8.8 0.2 14.8 0.004
250 8.5 03 144 0.005
500 7.5 06 134 0.009
1000 6.5 1.1 124 0.018
1500 59 1.7 11.9 0.027
2000 55 22 114 0.036

Figure 1. Comparing Standard PWM and High-resolution PWM Resolution
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A Tl Reference Design for a Color-tunable RGBW LED Luminaire

The 100W High-Resolution 16-Bit Color-Tunable 0.15% Dimmable RGBW LED Luminaire Reference Design
demonstrates the finest range of color control of individual RGBW LED strings, with >16 bits of PWM resolution
while supporting PWM modulation frequencies as high as 30 and 50 kHz. This reference design enables the
development of highly efficient color-tunable LED luminaires capable of wide color-gamut generation with trillions
of colors, while at the same time being imperceptible to high-end cameras and video broadcast equipment.

Figure 2. Color-tunable Dimmable RGBW LED Luminaire Reference Design

This TI Design supports three different LED current control methods such as analog, PWM-based enable and
disable of buck current controller and Shunt FET type. For color control and dimming you can use either one of
these or combination of these methods to get the best dimming range and color tunability. LED constant current
control IC LM3409 with constant off-time (COFT) control enabled highly linear dimming range with excellent
contrast ratio. The use of C2000 microcontroller with HRPWM feature enabled achieving both high resolution
and high PWM frequency which is needed in applications like “Stage lighting” and “Architectural Lighting”.

Additional Resources

* Read how cameras react differently to images lit with PWM-dimmed LEDs in the article “Rolling, rolling,
rolling ...”

* Read the Power Designer article, “Dimming Techniques for Switched-Mode LED Drivers”

* Learn more about how a High Resolution Pulse Width Modulator (HRPWM) of C2000 Microcontroller works
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