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Abstract

This topology presents simple, economical and novel control power factor correction for driving High-brightness LEDs
based on Boost converter. Nowadays, HB-LEDs are discussed noticeable lighting instrument because of their great
Longevity, Varicolored, and Compatible with Environment. It works by sampling of input and output voltage and current in
boost converter, whereupon, improving the input power factor and reduction the line current’s Total Harmonic Distortion
(THD). Recently, power factor correction (PFC) has become an essential part of new power supply designs. Proposed
converter shows a power supply for HB-LED which could work under a large AC input voltage range and obtains high
power quality. It is a single stage, low cost and high efficiency. The UC3854 with fast control loop is used to improve power
factor and enabling the PWM dimming. We tested the novel control method by simulating and built both converters in the

laboratory and final results compared to open loop converter.
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Introduction

Utilization of power switching converter has become common
method for designing a power supply. The main issue on these
kinds of converters is the irregularity in current and voltage
output'. Nowadays, manufacturers of lighting fixtures produce
the high brightness light emitting diodes (HB LEDs) with high
efficiency output above 100 Lumens/Watt>. These LED lamps
have more advantages such as lower cost, color variety and high
luminance intensity. Hence, among the many artificial lighting
devices, these are likely to be the best choice for illuminating
purposes3'5.

The drivers of these lamps for output powers over 25W have to
be compatible with the requirements of TEC61000-3-2°. The
Proposed topology makes the HB-LEDs supply to achieve Class
C regulations of the same requirement. Obtaining a high PFC is
possible by some passive and active circuits '. Equation-1,
below, shows relation between power factor and THD'.

P.F= COS(/); (1

[, THD?

Where ¢ is the phase angle difference of the voltage and

current waveforms? Mathematically, the input voltage of the
duly converter is AC whereas its output is DC, to feed LED, as
shown in the diagram of figure-1.

This circuit is simple, cheap; in which an IC with power factor
correction close to one is newly applied. Finally, results of
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tested driver are discussed and compared with IEC 61000
standards.
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Block diagram of DC/DC converter power factor correction
circuit

Analysis of the circuit

Figure-2 shows a boost converter circuit®, the mode of dimming
control for LED could be rendered through analog or pulse
width modulation (PWM) methods'?. Analog dimming method
is not proper for HB-LED lamps because of color variation and
accurate current control. Therefore PWM dimming is described
in this paper. As shown in figure-3, the IC applied in this
topology is UC3854 . This chip has two functions, fist, to
stabilize output voltage by sampling output voltage and to
modify switch timing and second, to control voltage phase and
current phase by changing PWM.

The designed circuit consists of a power MOS switch M1, an
inductor L, and a Schottky diode D1 directly connected with the
load LEDs, the current sampling resistor R, and the resistors
Rp and R are used to regulate output voltage, as shown in
figure-4.
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Circuit diagram of Boost converter
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The circuit of HB-LEDs driving with Boost PFC
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The experimental circuit of HB-LEDs driving with Boost PFC

Figure-5 and figure-6 show line voltage and line current with
and without PF correction. This topology has two feedback
loops, to fix range of output voltage and correction PF.

Results of Simulation

The boost converter with PFC is designed and simulated by
PSIM software as shown figure-4.

Figure-5 shows the voltage and current input waveforms of the
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open loop converter. Figure-6 demonstrates the waveforms of
converter with PFC circuit and Figure-7 illustrates the output
voltage waveform.

Figure-5 shows the power factor using boost converter circuit
without any PF correction to be about 0.78 with THD of 45%.
Figure-6 shows the power factor using boost converter circuit
with PF correction to be about 0.997 with THD of 11.3%.
Figure-7 shows the output voltage to be about 53V.
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Input voltage and current waveforms without PFC
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Figure-6
Input voltage and current waveforms with PFC
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Qutput voltage waveform with PFC

Example design and experimental results

In this section, an LED constant current driver with high power
factor is designed and built according to the following details:
Input voltage: AC, 18 — 36V (nominal 25V), LED string
voltage: DC 53V, LED current: 350 mA, Expected efficiency:
90% , P.F: 0.997, Switching frequency: 40 kHz

The load is made of 16 High power LEDs 1 W at 350mA.
Figure-8 shows the circuit of modeling load"’.

So, Equation-2 shows relation between voltage and current of
the load:

Vb =RpiIp+V,; 2
Where: Vp. Voltage of the LED load, Rp;: Dynamic resistance,
Ip. Current load, V,;: Threshold voltage.

The LEDs have to be chosen standard because of they have not
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the variation of forward voltages. The boost topology driving IC
UC3854 with an input DC supply, Voltage range for IC
UC3854 is from 15V to 40V and the schematic diagram shown
in figure-4. This circuit is used to drive 16 HB-LED with a 3.3V
working voltage. Equation-3 shows output voltage of the load.
Vo = N (RDi ID + VYi) = RD ID + Vy (3)
Where Vg is the load output voltage and N is the number of
LEDs.

The close loop circuit of boost with FPC set up as shown in
figure-4. The circuit component values used in experimental of
the circuit consist of : Vin =36V, L =1 mH, Co = 100pF, R1 =
560 kQ, R2 =92 kQ, R3 = 68 kQ, R5 =20 kQ3, R4 =R6 =22
kQ, C1 =227 nF, and C2= 1 nF and C3 =270 pF.

Figure-9 and figure-10 display the input voltage and current
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waveforms of the boost converter with and without PFC; output
voltage is shown as figure-11

The theory and experimental result of the boost converter
without and with PFC based on the IC UC3854 are presented in
table-1, we can compare both circuits by this table.

The input current harmonics of boost converter without and
with PFC are shown in figure-12.

Table-1
Simulation and Experimental Results
Simulations Labm“atory
Experiments
Boost Boost Boost Boost
converter converter
without cqnverter without co.nverter
PFC with PFC PFC with PFC
Cos @ 0.78 0.997 0.78 0.999
THD 45% 11.3% 50% 11.5%

) 'H' 10.00ms
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Figure-13 Corroborates the
compatible with IEC 61000-3-2.

input current harmonics has

Finally, the PFC and power circuit module are set up in the fiber
as shown figure-14. The results show, to achieve power factor to
be unit.
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Figure-8
(Left) Equivalent circuit of an LED: Linear model, (Right)
Qutput dc current equivalent circuit.
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Figure-9
The experimental Input voltage and current waveforms boost converter without PFC
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Figure-10
The experimental Input voltage and current waveforms boost converter with PFC
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Figure-11
The experimental output voltage waveform boost converter with PFC
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Figure-12
Input current FFT Boost converter with and without PFC
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Figure-13
Harmonic content of the input current, showing the results obtained and the limits stated in the IEC 61000-3-2 Regulations
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(a) Showing PFC is unit

Figure-14

Lo L &L

-
——— Y -

P R

The circuit setup of closed loop Boost with FPC

Conclusion

HB-LEDs constant current drive circuit with high power factor
is present in this topology. The control method is applied by IC
UC3854. This circuit provides PFC in the boost converter. The
boost topology which could drive HB-LEDs with a large AC
input voltage range is designed and tested. The measured results
on the laboratory prototype show a high efficiency of 90%, high
power factor 0.999 at, a good low-frequency harmonic
reduction.
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