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Abstract

LED lighting is replacing the conventional lighting system at a very fast pace. RGB LED lighting fixtures offer convenient options of color
changes to enhance our environment. The forward characteristics of Red, Green and Blue LED’s indicate the region of control to produce
acceptable level of light intensities. As the intensity of light produced by an LED is proportional to its forward current, a suitable region is
identified to obtain distinctive colors and to explore the energy saving options. The objective of the paper was to provide a suitable control
for dimming in the linear region as well as in the nonlinear region of the diode graph. The RGB LEDs have been powered from three push
pull converters. Different control methods have been explored and simulated in PSPICE to switch the LEDs as to produce distinctive colors.
Every method seems to have its pros and cons. Eventually Voltage mode control is adopted to provide control over the entire region of the
diode graph which includes both linear and nonlinear regions which will serve the purpose of dimming. Accordingly, a multi-colored lamp
source using RGB LEDs has been designed and the hardware has been developed.
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1. Introduction

As the intensity of light produced by an LED is proportional to its
forward current, a suitable region has been identified to explore
the energy saving options. Usually current mode control schemes
are employed for the operation of LED’s. The aim of the paper is
to explore different methods of control for the operation of LED’s
and eventually adopt a suitable control for the entire region of the
diode graph. The target is to provide a suitable control for the
operation of the RGB LED’s in the linear and the non-linear re-
gion of the forward characteristics of the LED’s for the purpose of
dimming. In this regard a prototype of 42W RGB LED based
lamp source which uses 14 multi-chips RGB LED’s powered by
push-pull converters is developed for commercial lighting applica-
tions.

A typical voltage-current relationship for an RGB LED is shown
in Figl. The forward characteristics indicate the region of control
for the leeway of multi-colors to be obtained. The graph of lumi-
nous flux versus forward current signifies a proportional relation-
ship between them as shown in Figl. White light is a combination
of red, green and blue light. Red, green, and blue (RGB) are the
primary colors of light. Mixing the colors will create new colors.
As we mix more colors, the resultant is lighter color, leading to
white. RGB finds it application in computer screen, TV, and elec-
tronic display device.

Dimming of LED’s can be achieved using pulse width modula-
tion. LED Drivers can also be used to enable color-changing or
sequencing. This can be achieved by dimming a mix of colored
LEDs in an array to change colors. Drivers with dimming capabil-
ity can dim the LED light output over the full range from 100% to
0%. However, the paper employs high frequency dc-dc converters
to power the RGB LED’s and thus signifying the importance of
dc-dc power converters as a favored option in driving high power
LED’s.
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Fig .1: Electrical & Optical Characteristics of RGB LED’s

In the PWM control, the output voltage is sensed using a sensor
and fed back to be compared with the reference signal. The error
generated is fed to a controller and the controller output is com-
pared with a triangular signal. The comparator generates the pulse
which will control the operation of the switch in the converter. By
varying the duty cycle (turn on time) of the switch, the output
voltage can be controlled and in turn we can control the brightness
of the LED. There are two modes of control that are discussed
below

2. Voltage-Mode Control

In this control the output voltage is sensed using a potential divid-
er circuit and it is compared with the desired signal. The Error
amplifier gives out the difference in the two signals and feeds it to
the controller be it P, Pl or PID. The controller output is compared
with a ramp signal using a comparator which generates the pulses.
The pulse width which represents the duty cycle is controlled thus
regulating the output voltage. Fig 2. shows this approach.
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Fig. 2: Voltage Mode Control

3. Current Mode Control

In this control the voltage across a current-sense resistor is regu-
lated which is directly proportional to the LED current as shown
in Fig 3.Then the sensed current is compared with reference value
and is amplified by the error amplifier EA. The final output acts as
the reference of the current comparator. One of the advantages of
using the current loop is inherent current limiting.
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Fig.3: Current Mode Control

No additional circuitry is needed to sense the inductor current as
it is already in place from the current feedback loop. The paper
explores both current mode control and voltage mode control for
the operation of RGB LEDs powered from push pull converter.
Based on the concepts described the importance of the high fre-
quency dc-dc converters to be employed in driving of RGB LED’s
is understood. To drive the RGB LED’s it is necessary to have
three dc-dc converters; each for red, green and blue exploring the
multi-color options.

4. Methodology and Implementation

As we are looking for a Multi-Color Lamp Source, the high power
RGB LED‘s are used. They are available in common CATHODE
or ANODE as shown in Fig.4. Edixeon RGB LED’s were chosen
for the load. The LED model selected was EDERTB-1EA1-AB16.
The forward characteristics of the Edixeon RGB LED are shown in

down and a diode bridge rectifier with a capacitor filter is used to
get DC power for the LED’s. To regulate the DC voltage given to
the LED a high frequency dc-dc power converter is used. The con-
trol process is suitably employed to achieve required compensation
and enable the stability of the system under varying circuit condi-
tions. Similar set of three schematics is developed to drive the RGB
LED’s. A typical LED Driver comprises of the power source, pow-
er converter and a sensing device. Buck converter was the first
choice but since LEDs are sensitive devices, isolation is required.
For bucking action, commonly used isolated topologies are Fly-
back, Forward and Push-pull converters. Since Flyback and For-
ward converters utilize unidirectional core excitation, both these
topologies were not preferred. Push pull which employs bidirec-
tional core excitation is preferred. So the transformer can be signif-
icantly smaller, for the same power level. Furthermore, the switch
drive circuits have a common point. Compared to the full bridge
configuration, in push pull converter only one switch is turned on
at a time which solves the problem of timing issues. Moreover, the
push pull topology has been documented to have very high effi-
ciencies. The parameters considered in the design of converter are
the input voltage Vs, output voltage Vo, output current lo and out-
put power Po. Since the loads to the converter are RGB LED’s, an
individual converter is required to drive the array of red, green and
blue LED’s separately. Therefore, three converters are developed
depending on the forward voltages of RGB LED’s and the pattern
in which these LED’s are connected. Since, 4-pin RGB LED’s are
used; the only method of connecting these LED’s is two in series.
Thus, the output voltage specifications for the converters are dou-
ble the forward voltage.

The various parameters considered in the design of three converters
to drive red, green and blue LED’s are depicted in Table 1 below.

Table 1: Specifications of Push-Pull Converter for RGB LED’s

PARAMETERS RED BLUE GREEN
Input Voltage Vs 16-24-28V 16-24-28V 16-24-28V
Output Voltage Vo 4.4V N 6.8V
Switching Frequency fs 25kHz 25kHz 25kHz
Output Current lo(max) 350mA 350mA 350mA
Output Current lo (min) 3mA 3.3mA 4mA
Output Current Ripple 10% 10% 10%
Output Voltage Ripple 0.8% 0.8% 0.8%
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Fig. 4: RGB LED’s in common CATHODE and common ANODE

The available standard AC voltage is 230V and the LED’s require
a lower DC voltage for operation. Hence, the AC voltage is stepped

4.1. Different Control Schemes

The different control schemes are simulated in PSpice and veri-
fied.

4.1.1. Current Mode Control Scheme (CMC)

The circuit schematic for the current mode control is shown in
Fig.5. for Green LEDs. A similar approach is followed for the
converters driving Red and Blue LED’s. A current sense resistor is
placed in the high line side of the LED load. The voltage across
the current sense resistor is sensed by means of a differential am-
plifier. This sensed signal is compared with the reference voltage
which is proportional to the desired current. The current mode
control scheme proves to be a well-suited method for the operation
of the LEDs in the useful operating area from the simulated re-
sults. But in our arrangement of LED’s, the LEDs are connected in
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Fig. 5: Circuit schematic of CMC.

Parallel branches. In CMC we need to place a ballast resistor in
each string which will lead to lower efficiency. So, we go for a
combination of both current mode and voltage mode control in the
next section.

4.1.2. Current Mode and Voltage Mode Control Scheme

Fig.6: Circuit Schematic of CMC and VMC

It is evident that current mode control can be used for dimming
purpose effectively. But in order to explore other approaches a
combination of both the schemes was attempted. In this approach
Current mode control scheme is restricted only to the nonlinear
region of operation and Voltage mode control (VMC) is employed
in the linear region of the diode graph. The circuit schematic is as
shown in Fig 6.When the reference voltage is in the nonlinear
region, the comparator turns on a transistor connecting the current
mode control scheme. The voltage across the current sense resistor
is sensed by a differential amplifier and compared with the refer-
ence which is done by the error amplifier. When the reference
voltage is in the linear region, the comparator sends signals which
turns off the transistor disconnecting the current mode control
scheme. The transistor connecting the voltage mode control
scheme is turned on. Now the voltage across the resistor in the
potential divider is sensed and compared with the reference which
is the voltage mode control method. Dimming can be done with
this method but because of the complexity involved, this technique
is not considered.

4.1.3. Voltage Mode Control Scheme (VMC)

The next approach is to go for voltage mode control to operate the
LEDs in the useful operating area. Now both the nonlinear and the
linear region of operation will be managed by only voltage mode
control. This method was finalized for hardware design. So here
the design steps are discussed in detail and it is finally shown that
voltage mode control suffice the operation of the LEDs in the
useful operating area. The three Push-Pull dc-dc converters re-
quired to drive the RGB LED’s are simulated for Transient analy-
sis in PSPICE for the open loop conditions to verify the design
constraints as discussed in Table 1.

For closed loop, PI controller is adopted which provides zero
steady state error with respect to a step input.
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Where Kp is the proportional gain and Ki the integral gain.
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A simple Type 1 PI controller is shown in Fig.7. The output volt-
age is observed for different variations in input voltage and chang-
es in the load. The PI controller is robust enough to maintain the
output voltage constant in both the cases. All the parameters re-
quired for the closed loop conditions are designed and tested for
different load variations and circuit conditions. The complete circ-
uitries involving the push-pull converter with controller to drive
Green LED’s is shown in the Fig 8.
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Fig. 7: Type 1 PI controller
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Fig. 8: Circuit Schematic of VMC.

The output voltage is sensed and is compared with a reference
voltage. The differential error amplifier gives the difference be-
tween the two voltages as error signal. The Pl controller outputs
the error signal to the comparator. The error and the ramp signals
are compared by the comparator which generated pulses to the
MOSFETs. The ramp has a frequency of 25 kHz same as the
switching frequency

5. Result Analysis

5.1 Simulation Results

The simulation results are shown for Green LEDs in Fig.9, Figl0
and Fig 11. The results obtained match with the design con-
straints. Similar waveforms are observed for Red and the Blue
LEDs as well. The results of the closed loop conditions for con-
verter driving Red and Blue LED’s designed are also verified.
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6. Conclusion

The work targeted the entire region of useful operating area in the
forward characteristics of RGB LED’s. During the course, the
paper has explored several control schemes to attain dimming. The
work took shape by utilizing various simulations tools and then
spawned to existence by development of a suitable hardware unit.
The results obtained validate the proposed notion of commercial
lighting. These results are persuasive with the design constraints
of the push-pull converters aimed at driving the RGB LED’s. The
hardware results are also conclusive towards the projected objec-
tives of the work. These results signify the prominence of the pro-
posed concept being valid. The option of making the driver more
sophisticated can be looked into in the future to incorporate ease
of use. Higher switching frequencies allow the use of smaller pas-
sive components. A modern LED driver intended for portable
applications should be able to switch at frequencies of up to 1
MHz, so the future work may consider higher value of switching
frequency to reduce the size. Although the push-pull converter
used to power the RGB LED’s have a numerous advantage; the
source current is discontinuous. The utilization of the source being
poor affects the power factor and hence a different high frequency
dc-dc topology could be explored in future space.
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