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ABSTRACT

Light Emitting Diodes (LEDSs) are fast replac-
ing incandescent lamps and CFLs in most of the
developing nations. The reason can be attributed
mainly to the enhanced lifetime and less energy
consumption as compared to the other mentioned
types. However one important aspect needs atten-
tion, the impact of driver on LEDs. LEDs are cur-
rent controlled devices and hence emit maximum
light with increase in current input to the device.
This feature, boost up the light output but it increas-
es the junction temperature of the device. Hence
additional heat sinks are required to vent out the
excessive heat generated due to increase current in-
put to the LEDs. Those additional heat sinks are at
times difficult to accommodate. So, designers have
made arrangements to vent out the heat from the de-
vice. This is achieved by designing fins. Howev-
er this arrangement is not suitable in places where
the ambient temperature is more than normal. Thus,
design of LED driver with controlled current in-
put is essential in order to maintain the thermal li-
mit of the device. Secondly, the AC-DC LEDs dri-
ver circuits, which are available in the market, are
seldom equipped with input power factor and THD
improvement circuitry as prescribed in IEC61000-
3-2. This is essential for maintaining the energy ef-
ficiency of the nearest utility services and in ad-
dition also improves on the current drawn by the
device. The following work envisages these issues
and proposes corrective driver circuit based on two
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different driver topologies, buck-boost topology and
flyback topology. Both these topologies are pro-
posed in order to address the aspects of power quali-
ty and its impact on the life of the device. The simu-
lation were done using Green Point simulation tool
from On Semiconductors.

Keywords: driver, junction temperature, AC-
DC converter, power factor, total harmonics distor-
tion (THD)

1. INTRODUCTION

Liu and Yang in 2009 demonstrated different
driver topologies for LEDs. The work was aimed
at improved performance of the device by choosing
proper driver topology. In fact it defined the inher-
ent aspect of compatibility issues of LED driver cir-
cuits with respect to the device characteristics [1].

In the year 2010 a LED driver with buck boost
topology and inherent power factor correction was
proposed by Aguilar. The significant aspect of the
driver circuit was it was able to improve the input
power factor to close to unity. The biggest disadvan-
tages of this topology are: (a) the LED drive current
is modulated at twice the utility frequency and (b)
in the discontinuous mode of operation (DCM) the
operation increases component stress levels thus af-
fecting the life of the device [2,3].

In 2011, a non-isolated buck converter with
power factor correction was investigated to over-
come the shortcomings of the earlier proposed cir-
cuit both for continuous current and discontinuous
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Fig.1. Proposed design of Buck Boost LED Driver using IC FLS0116

current mode of operation. In fact the proposed dri-
ver was designed for constant current drive with im-
proved power factor. However it also increased the
switching stress thus affecting the life of the LED
lighting system [4].

The work done by Hu, Huber and Jovanovic
in 2012 on a single-stage flyback power factor cor-
rection (PFC) circuit with a variable boost induct-
ance for high brightness LED applications for the
universal input voltage 90V-270V addressed the li-
mitations of the conventional single-stage PFC fly-
back with a constant boost inductance. Accord-
ing to the proposed method the IEC61000-3-2
class C and corresponding Japanese standard JIS
C61000-3-2 class C line-current harmonic limits
were satisfied [5].

Further to this paper, the work done by Bhim
Singh in 2012 deals with the PFC improved power
quality based LED lamp driver. The proposed dri-
ver consists of a PFC Cuk DC-DC converter, which
operates in continuous conduction mode (CCM)
to improve the power quality at input AC mains [6].

In 2013 Cheng et. al. [7] has proposed a sin-
gle-stage LED driver with interleaving PFC cir-
cuit for street-lighting applications. The circuit in-
tegrates an interleaved boost PFC converter with
a half-bridge-type resonant converter into a sin-
gle-stage converter. The presented AC-DC resonant
converter uses interleaving methods to achieve in-
put-current shaping, and possesses soft-switching
functions on two active power switches to reduce
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their switching losses in order to increase the cir-
cuit efficiency. The proposed LED driver features
low levels of input-current ripple, reduced switch-
ing losses, high power factor, low total harmonics
distortion (THD) of input current and reduced com-
ponents [7].

In 2014 the work done by researchers investiga-
ted the harmonics generated from LED driver and
means to mitigate it. A low pass filter is proposed
to suppress the harmonics complying with the pre-
scribed standards. Again a work done by Sreem-
allika in 2014 on a comparative analysis of the AC-
DC Converter topologies with Active Power Factor
Correction for LED applications is presented by Jet-
tanasen and Pothisarn in 2014.

The present work emphasizes on the aspects
of power factor and THD analysis in two diffe-
rent driver topologies: buck boost and flyback dri-
ver circuit. The proposed circuit offers a compara-
tive study for the two different topologies for LED
driver. The output waveform for both the topologies
offers an insight to the life of the device. The driver
circuit emphasizes on controlling the T-point tem-
perature and controlling the current delivered to the
LEDs.

1.1. Proposed driver circuit
The existing LED drivers are basically boost

converter, which drives the LED with a higher vol-
tage than specified. It is understood that the light
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Fig.2. Input waveform of the buck boost driver

output of the LEDs is related to the current delive-
red to the device. In order to increase the light out-
put, some of them drive in more current into the
device thereby resulting in rise in junction tempera-
ture and, ultimately, in device failure [8-13].

The proposed design for Buck Boost convert-
er LED driver is shown in Fig.1. The basic objec-
tive of this design is to maintain a steady output
current to drive the LEDs without affecting the life-
time [8-10]. The buck boost driver has been de-
signed without isolation from mains. This has been
done because electrical insulation reduces ther-
mal dissipation. Moreover, since heat sink is not
electrically grounded, so chances of EMI genera-
tion cannot be ruled out. Further, as the electrical
components are not mounted directly on the heat
sink, hence the driver may be used in a non-isolat-
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ed mode. The switching frequency is 50 kHz. The
simulation is done through Websim, Green Point,
On Semiconductor.

1.2. Start-up Analysis

In the successive start up analysis the input and
output waveforms are observed in Fig.2 and Fig. 3
respectively. As evident from Fig.3, the output vol-
tage varies between 16.5 V to 27.70V against the in-
put voltage of 90V and 270V respectively. Further,
from Fig.3 it is also understandable that the current
varies between 0.6A to 0.8A at the input voltage of
90V and 270V respectively. The input power factor
and THD analysis for the same cases are tabulated
also. As observed from Table I it complies with the
prescribed standards [11]. The efficiency of the dri-
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Fig.3. Output waveform of the LED buck boost driver
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Fig.4. Proposed Flyback LED driver circuit with NCL30000

ver circuit is 84.81 %. The maximum and minimum
THD, and power factor are presented in Table I
against the variable input of 90V and 270V.

1.3. LED driver- flyback topology

In the subsequent discussion the aspect Flyback
type of LED driver is also simulated and analysed,
Fig.4. The flyback is chosen to improve the pow-
er factor and THD within the limits as prescribed
by the standards [11]. Moreover, it also aims to im-
prove the efficiency of the system for the range of
input voltage level, 90V — 270V. The THD ana-
lysis for the range of operating volatge is shown
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Fig.5.Input waveform of the LED flyback driver
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in Table 2, Figs.5,6. As observed, the power fac-
tor at 90V is 0.998 both for low and high output.
The power factor at 270V is 0.993 and 0.992 for
low and high output respectively. The minimum
THD, at 90V is 6.38 % at 90V and 12.13 % at 270V.
Again, the maximum THD, is 6.9 % and 12.55 %
for 90V and 270V respectively. The switching fre-
quency is 31.6kHz. The efficiency of the driver cir-
cuit is 86.7 %.

It is observed from Table 2 that the THD con-
tent for the proposed driver and the total harmo-
nic content is within the presribed limits as suggest-
ed in IEC-61000-3-2 and the power factor is close
to unity to be equal 0.93. This is implicative that
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Fig.6. Output waveform of the LED flyback driver
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Table 1. Power factor and THD analysis for the buck boost driver

Power Factor and THD [0\ 270V
Power Factor at low Output 0.928 0.933
Power Factor at High Output 0.930 0.912
THD)viny LEDs with full driving current 7.38% 10.13 %
THD)vax) LEDs with full driving current 59 % 11.57 %

Table 2. THD analysis of flyback LED driver

Power Factor and THD 9oV 270V
Power Factor at low Output 0.998 0.993
Power Factor at High Output 0.998 0.992
THDminy LEDs with full driving current 6.38 % 12.13 %
THD)vax) LEDs with full driving current 6.9 % 12.55 %

the current drawn by the device is not indicative of
any damage to the junction temperature of the de-
vice [15-17].

2. CONCLUSION

From the above set of obtained simulation re-
sults it can be inferred that the short comings of the
earlier design is addressed to an large extent and the
driver circuit is capable of delivering power at con-
stant current and constant voltage in the proposed
buck boost driver circuit. Similarly the output cur-
rent in the flyback topology is almost constant with
5 % peak to peak ripple. In addition to these the ma-
ximum and minimum T-point temperature for both
the driver circuit is 40 °C and 55 °C. This protects
the device from excessive rise in junction tempe-
rature and, thus, the life of the LEDs is prolonged.
Moreover, the THD and harmonic content of the
proposed circuit is also addressed and within the
prescribed limits as per the standards [11]. With im-
provement in the input power factor the utility shall
inject less reactive current into the system. The sys-
tem efficiency is improved to a large extent and the
use of LED shall not implicate the problems for
a low power factor device.
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