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Abstru*Advence in Light Emitting Diode (LED) lighting
system hrs crcrted e wider epplicetion in en effort to
imprcve conventionrl lighting system. Thc eristence of
elcctrolytic capecitor in LED driver ceusc the lifetime of
thc driver lested everrgely ftve yeers while LEDs can
stend up to l0 yerrs. This paper discusses on the method
used to eliminrte elcctrol5rtic ceprcitors by implement the
ftybeck converter rs e driver. Thc proposed topolory
designed to drivc tOW LED lighdng systcm. The converter
prcduces a constrnt current, 0.7A to drive the LEIh.
Besldec, in order to obtaln a smooth dc outputo film
cepecitor ls edoptcd insteed of electrolytic crplcltor rs r
smoothing cepeciton The propose topologr' detrilcd
dcsrgn end opcntion principlc of the mein circuit errc

presented ln this poper.

KeywordvAC/DC LED driver, flybach @nverter,
datrclyttc capadton

I. INTRODUCTION

Based on Utusan Malaysia dsted 7 November 2012, it
stated that Malaysian government is together in supporting
United Nations in recogrrizing national achievement in creating
lighting system that save eners/ and does not contibute to
pollution. In order to show it supporf Malaysia government
hos decided to ban the use of incandescent bulb. This
regulation will be fully effective in two years tima []. This is
in line with the objective of the National Green Technolory
Policy which was appointed by Ministry of Enerry, Green
Technolory and Water. The objective is to reduce the enerry
usage and at the same time increase economic growth [2]. The
naditional lighting system including incandescent bulbs and
fluorescent lamps is using two different mechanisms for
converting elecrical enersr in order to generate light.
However, these two types of system currently do not give the
best solution in lighting systcm. Incandcscsnt bulbs givc the
lowest luminous efficiency because it use only l0olo of the
elecriciry to light it up and the rest of the electricity will be
converted into heat eners/ [3]. Fluorescent lamps produce light
by converting elec{ricat ener5/ into kinetic en€(S/ of moving
electons. The moving elecfons collide among themselves lhus
generde radiation [3]. However, the mcrcury in this lighting
system is dangerous to both human and environment

eventhough fluorescent lamps offer a low cost system with
high luminous efficiency [3].

At presenl LED lighting has a huge potential in replacing
the haditional lighting system due to its appar€nt topographies
such as low loss enerry, long life time, high luminous
efficiency and safe and geen [4]. Similar to fluorescent lamp
that requires ballast to firnstion, LED lighting also requircs
driver for the purpose of converting the ac line voltage to a
usable enerry. LEDs are best operated with constant curr€nt
based on two reasons. The first reason is to avoid violation of
the absolute maximum cun€nt rating and to avoid from
comprcmising the reliability of the system [5]. Besides, LED
lighting system uses constant cun€nt driver in order to achieve
predictable and match luminous intensity of each LED [5].
LEDs can last longer up to 50,000 hours compared to other
lights including fluorescent lamps which can hold up to 8,000
hours. Neverthelesg there is a problem faced by LED lighting
manufacturer which involve ia driver system.

Presence of electrolytic capacitors in LED driver is the
main problem faced by this system. Electnolytic capacitor is
used to produce high value ofcapacitance on the circuit 16]. In
order to do so, one of the plarcs made of an ionic conducting
liquid known as electrolyte is used as to obtain higher
capacitance per unit volume [6]. In AC/DC converter,
clcctnolytic capacitor is the clcrnent uscd to stabilize thc
difference between input pulsating power to fie output constant
power [fl. In additioq this capacitor is also used to attain low
ripple in the DC link [8]. Although elecrolytic capacitor gives
maximum capacitance per unit volume compared to other types
of capacitor such as polyester film and ceramic capacitor, the
lifespan of an electnolyic capacitor is a bit shorl

The average lifetime of an elecfiolytic capacitor is 10,000

hours at the temperature around 105'C while the other types of
capacitor are above 10,0fi) hours. The temperdure for
elec'holytic capacitor depends on the use of ionic conducting
liquid. As a result, for every l0oC increased, the longevity of
the capacitor reduces by half [9]. Consequently, large
difference between the LED lifespan and its driver leads to the
abolishment of electnolytic capacilor in order to improve the
quality of the current lighting system.

The conventional LED driver (Fig. l) has elccr,olytic
capacitor in order to overcome ripple volrage problem in the

I

amysuzaima mohd shafiee
Pencil



e

system. This will cause the lifespan of the driver to not be the
same as the lifetime of LED.
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Figure L Circuit desigr for a conventional LED driver

There are many types of AC/DC converter, for example
Flybach Buck Boost resonant and matix converter. In this
paper, AC/DC flyback oonverter is chosen to drive an 80W
LED lighting system. Flyback convertar is a type of AC/DC
converter which have inductor split that functions as
tmnsformer. Hence, flyback converter is one of the isolded
converters. Besides that, flyback converter also has a wide
input voltage range because of the presenc€ of transformer
since thc operation relies on the enerry stored in it.

[I. METHoDotoGY

Literature review

The aim of this paper is to deal with problems associated
with electrolytic capacitors which currently give negative
impact to the whole LED lighting system. In order to uncover
the objective ofthis project, literature review has been made to
identifr the real problems associated to the current LED
lighting system.

In addition, the other technique used is reviewing all
material related to the topic to enhance the knowledge about
the project and problems encountered. Among the material
used includes books, journal and technical paper ftom various
professors from various universities and articles from web that
discuss on electolytic capacitor, LED lighting system, LED
driver and problem faced by the system.

After identifying the problem related to the electrolytic
capacitor in the driver circuit, new AC/DC flyback converter
is selected for the purpose of driving the 80W LEDs.
Electrolytic capacitor which was used as a smoothing is
replaced by polyester film capacitors connected in parallel to
increase the value of the polyester capacitor. Equation (l) is
the calculation for parallel connected capacitors. The circuit is
simulated using PSIM and TINA software which are the tools
used to analyrc, desigrr and simulate circuits for power
electronics and motor contol.

The next step is modeling the software simulation by
preparing tools and work space. The hardware prototype
obtained the similar resuh achieved by the simulation part.
Troubleshooting is done when there is any difference in the
results achieved in hardware part compared to software
simulation.

M, BAsIc oPERATIoN oF FLYBACK CoNVERTER

Flyback converter with transformer is very popular for
power supply designs below 100W to 150W. The advantages
stated above made this converter fit the design procedue to
drive LEDs. Fig. 2.1 shows the basic circuit design for a
flyback @nverter.
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Figure 2.1 Basic flyback converter

The schematic of a flyback converter is constructed by
buck-boost converter and is added with an inductor split, in
which one is a primary side and another one is a secondary side
that represents a transformer [10] tll]. During the switch on
condition, current increase in the primary winding and
magnetic enerry is stored in inductor, Ll I U. During switch
off condition, the only way for the primary inductor, L1 to
tuansfer the enerry stored since the tansformer wants to sustain
the magnetic flux is by inducing voltage to the secondary side
of inductor, L2Il27. Now, the voltage at the secondary side is
high enough to forward bias the diode, D.

Flyback convefier has different circuit configuration for
each of is operation. Assume that the MOSFET is used as a
switch. Fig. 2.2(a) shows when switch is closed (Mode-l), the
current at the primary side rises linearly when the input supply
voltage appea$ across the primary winding inductance, Lr [3].
The current in the magrretizing inductor increases from zero
until its proportional to the instantaneous AC line voltage [3].
This causes voltage induce over the secondary winding and the
polarity as indicated [12]. Thus, diode is now in reverse biased
condition. The secondary side currently can be assumed not
connected as no current appears on that side [2].

$\

N1: N2

Figure 2.2(a) Equival€nt circuit ard cunent path during Mode-l

Mode-2 of the circuit operation starts when the switch is
open after conducting for some time. The primary path is now
is not completed and cause the voltage polarities across the
secondary windings reverse [3]. Diode is now in forward
biased and allows current flow in secondary part of the
converter as shown in Fig. 2.2(b).
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Figure 2.2(b) Fauivalent circuit and cunent parh during Mode-2

In discontinuous conduction mode, see Fig. 2.2(c), diode
which connects in series with the winding will stop conducting
because of both the emf at the secondary winding as well as

current reduce to zero. This happens after the magnetic field
energ/ complaely transfers to tle output [3]. Yet, the load
continues to produce a steady voltage. This is due to the
relatively large output filter capacitor [3].
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Figure 2.2(c) Equivalent circuit and current path during Mode3

IV. CIRCUIT DESIGN

An AC/DC flyback converter has been designed to drive an
80W LED lighting system. The input supply is 240Y ac and the
desired output to drive the system is I lOV and 0.7A. As shows
in Fig. 3.1, the desigrred converter is using inductor split to
reduce the voltage from 240V to 120V. This element acts as a
step down transformer. In addition, in order to achieve the
objective ofthis research, the electrolytic capacitor is replaced
by polyester film capacitor. Although the capacitance value of
polyester film capacitance cannot compete of the electrolytic
capacitor, it can be achieve by connecting the polyester filrn
capacitors in parallel. As basic circuit operation, connecting
capacitor in parallel can increase the value ofcapacitance. This
is proved by Eqn. 1.

Cr = Ct+ Cz+ C3 (1)

l!{

Figure 3. I AC/DC flyback converter with elimination of eleclmlytic capacitor

As flyback converter requires a switch to operate,
MOSFET is connected to the primary side of the circuit and
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this element controlled by pulse width modulation (PWM)
signal. The switching period for this circuit is set to 0.02ms
with switching frequency 50kHz. In order to have a constsnt
voltage during switching cycle, switching frequency of flyback
converter is designed to be much greater than the AC line
frequency [3].

As AC/DC converter contribute to ripple in the both
voltage and current, it had been set that the acceptable ripple
for the output current is only 8% ofthe desired value. These
calculations determine the range for output current that able to
drive the lighting system.

r,rnt^*=t-(#.t)
Thus,

0.644A s tdc<0.756A

Hence, the output voltage is in the range between l0l.2V
until ll8.8v and the adequate value ofcurent that enough to
drive this lighting system is between 0.644A to 0.756A.

V. RESI.JLTANDDISCUSSION

The designed circuit is simulated by TINA software in
order to determine whether the circuit fulfilled all requirements
to drive 80W LED lighting system. The line inductor, L and
capacitor C1 is connected to the ac side and functioned as a
filter and eliminate the distortion appear in the input current.
Fig 3.2(a) and (b) shows the input current waveform
respectively before and after the LC filter.

Figure 3.2(a) The waveform for input current before LC filter

TABLEI. CIRCUITPARAMETER

Input voltage 240Y rcl50112

Switching Frequency,l 50kllz

O$put voltage I l0v
Output Pow€r 80w

Tum ratio l:n, a l:0.5

Resistor, R 150c)

By refening to Fig. 3.3, the output voltage is I18.26V and
the ouput current is 0.739mA. Table II. show the values for
both voltage and current flowing through the designed circuit.

Figure

TABI.E II.

converter TINA

VOLTAGE AND CURRENT VALUE USING TINA SIMULATION

Figure 3.2(b) The waveform for input current after LC filter

Capacitor C2 and C3 indicate the total value of five 10pF
and four 6.8pF polyester film capacitors connected in parallel
respectively.

Figurc 3.4 The switching waveform of MOSFET

Figure 3.4 shows switching waveform of the MOSFET.
The switching period of the MOSFET is 0.02ms.
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Figure 3.5(b) CrQut cut€nt wavdorm of the flyback circuit

Figurc 3.5(a) indicates the input and output voltage
wavefonn for the flyback converter. The ripple output voltage
is between 95V to 108V. LED driver is an AC/DC converter
which requires constant current output to drive LEDs. In Fig.
3.5(b), it is clearly illustrated the ouput current waveform that
gives 0.64A md 0.72A as the minimum and the ma:<imum
output curr€nt respectively. Table Itr demonstrate the average
and RMS value for both ouput voltage and current The values
obtained using Psim software.

TABLE M. AVERAGE AND RMS VALLIE FOR OUTPUT VOLTAOE AND
CI'NRENT

Voltrgc, V Currcnl I

Avcregc 107.KV 0.716A

RMS l I1.23V 0.742A

VI. coNcLUSIoNS

In spite of the long lifetime of LEDs, the relatively short
lifetimes of the LED driver due to the existence of electrolytic
capacitors in the driver circuit limit the lifespan of overall LED
lighting system. In order to solve this problem, an AC/DC
flyback convefter without electrolytic capacitor is desigted to
drive the 80W LEDs. The electrolytic capacitors have been
replaced by polyester film capacitors which connected in
parallel for the purpose of smoothing the output voltage and
current. The desired ouQut current, 0.7A and voltage; I lOV
was successfully achieved within the acceptable ripple value.
The circuit operation, features and results have been illustrated
in this paper. The simulation results prove that the proposed
topology works as a good solution that can be implemented
since there is a high demand from consumers. Apart fiom that,
its advantageous fcatures which are long-lasting, hiSh
brightness and reliable is seen as good solution in replacing the
raditional lighting system for residential areq heavy industry
and even hard and dangerous zone.
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The most difficult part in designing flyback converter is the
tansformer. In this project, finding a suitable transformer is
hard since the suppliers normally have a few types of
tansformer in their stocks. However, the primary, Lo and
secondary magnetizing inductor, L" can be determined using
Eqn. (2) and (3) by assuming V6 is 0.7V and Vm is lOV [4].

" 
=u:l? Q)f"x Ip

Lo = L"Nls G)

where Ia and I is the average and peak MOSFET current
respectively. I, that can bc calculate using Eqn (5).

4 =Yo 
t--va 

= zzr.4v (4)

thus,

Pn = VJ" = 10Ie * VdIo + Po G)
Substituting [a= Isin F4n (5) gives

80.49
l" = ffi= O.3994

2t"lp=T=1.6A (6)

Hence, by substiturc I, in Eqn. (2), the primary magnetizing
inductor is l.39mtl.
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