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A Flicker-Free Electrolytic Capacitor-Less AC–DC
LED Driver

Shu Wang, Xinbo Ruan, Senior Member, IEEE, Kai Yao, Siew-Chong Tan, Senior Member, IEEE,
Yang Yang, and Zhihong Ye

Abstract—The electrolytic capacitor is the key component that
limits the operating lifetime of LED drivers. If an ac–dc LED driver
with power factor correction (PFC) control is allowed to output a
pulsating current for driving the LEDs, the electrolytic capacitor
will no longer be required. However, this pulsating current will in-
troduce light flicker that varies at twice the power line frequency. In
this paper, a configuration of flicker-free electrolytic capacitor-less
single-phase ac–dc driver for LED lighting is proposed. The con-
figuration comprises an electrolytic capacitor-less PFC converter
and a bidirectional converter, which serves to absorb the ac com-
ponent of the pulsating current of the PFC converter, leaving only
a dc component to drive the LEDs. The output filter capacitor
of the bidirectional converter is intentionally designed to have a
large voltage ripple, thus its capacitance can be greatly reduced.
Consequently, film capacitors can be used instead of electrolytic
capacitors, leading to the realization of a flicker-free ac–dc LED
driver that has a long lifetime. The proposed solution is generally
applicable to all single-phase PFC converters. A prototype with
48-V, 0.7-A output is constructed and tested. Experimental results
are presented to verify the effectiveness of the flick-free electrolytic
capacitor-less ac–dc LED driver.

Index Terms—Driver, electrolytic capacitor, flicker, light-
emitting diode, power factor correction (PFC).

I. INTRODUCTION

L IGHTING is an important aspect of energy consumption.
Currently, it consumes 25% of the world’s total electric en-

ergy production [1]. Naturally, the innovation for green energy-
saving lighting has become an important pursuit throughout
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the world. New light sources should be highly efficient, en-
ergy conserving, pollution free, and be able to simulate natural
lights [2]. Light-emitting diode (LED) has all the properties of
the aforementioned. It has been rapidly developed over the last
few years and is gradually becoming a market leading product
in some applications, e.g., in mobile products and backlighting
of LCD panels [3], [4]. Currently, the applications of LED light-
ing are mainly concentrated in two aspects. One aspect is for
low-brightness illumination, for example, the screen backlight-
ing of notebook computers and mobile phones, and the other is
for high-brightness illumination such as general lighting, vehi-
cle lighting, and backlighting of large television panels [5], [6].
The efficiency of conventional LED drivers involving resistor-
based current limiters, linear regulators, and charge pumps is
very low [7], [8]. Switching power supplies can achieve a high
efficiency, high power density, and high control accuracy, which
make them ideal candidates as high-power LED drivers [9].

For single-phase LED drivers that utilize an ac input source,
power factor correction (PFC) control must be imposed in the
driver to achieve a high power factor to meet relevant harmonic
standards, e.g., IEC61000-3-2 [10]. In the case of unity power
factor, a pulsating power (since the input current is enforced to
be varying sinusoidally in phase with the input voltage) will be
seen at the input side of the driver, while the output power is
typically made constant to drive the LEDs. To balance out the
instantaneous power difference between the pulsating input and
the constant output, a storage capacitor with large capacitance
is required, regardless if the LED driver adopted is of cascaded
structure or single-stage structure. Typically, for storage capac-
itors with such a large capacitance, electrolytic capacitors will
be used. The lifetime of an electrolytic capacitor is about 5
000 h [11]. On the other hand, the estimated useful lifetime of
LEDs is about 50 000 h [12]. It is general expectation that LED
drivers should have a life expectancy close to the lifetime of
LEDs. For stand-alone LED drivers, the electrolytic capacitor
is found to have the highest failure rate among all components,
which makes it the main component limiting the lifetime of the
LED driver [13]. Additionally, the use of electrolytic capacitor is
also a hindrance toward achieving a high overall power density
design of the driver.

In order to extend the expected lifetime of LED drivers, the
electrolytic capacitor should be removed from the circuits. One
approach of achieving this is through a new driver topology,
which uses magnetic energy storage instead of electrolytic-
capacitor-based storage [14], [15]. While such a possibility has
been demonstrated, it was found that such an approach leads
to the tradeoff of a significant increase in the size and weight
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of the driver. Another approach of eliminating electrolytic ca-
pacitor is through the alleviation of the pulsating component of
the input power by sacrificing the input power factor [15]–[18].
The basis of these methods is to intentionally distort the in-
put current such that there is little low-frequency power-ripple
component being generated at the input, and hence, there will
be little low-frequency ripple reflected at the output voltage.
Consequently, the required storage capacitance can be reduced
to the extent that long-lifetime capacitors such as film capacitors
or ceramic capacitors can be used instead of electrolytic capac-
itors. The third approach is through the insertion of an active
filter to isolate the energy storage capacitor from the input and
output terminals of the driver. This will allow the presence of a
larger capacitor voltage ripple (while maintaining a fairly con-
stant output voltage at the driver), which means that the required
capacitance can be reduced and be replaced by nonelectrolytic
capacitors [19]–[23]. However, the drawbacks of these meth-
ods include having an overall lower efficiency, increased circuit
complexity, and a higher cost. The three approaches mentioned
previously are applicable to LED drivers which drive the LEDs
using a constant current.

Apart from the use of constant current, pulsating current can
also be used to drive LEDs. Based on the experimental inves-
tigation reported in [24], within the linear operating range of
the LED’s flux-versus-current characteristic, the average out-
put flux is approximately proportional to the average value of
the driving current and is independent of the frequency of the
driving current. What this means is that the ac variation of the
current will have no effect on the average illumination gener-
ated by the LED. Building on this principle, a type of electrolytic
capacitor-less single-stage LED driver is proposed in [25]. The
proposed solution allows the actualization of an LED driver
that concurrently achieves unity power factor and a potentially
longer lifetime as it contains no electrolytic capacitor. However,
the output current of this proposed electrolytic capacitor-less
LED driver is pulsating with a large ac second-harmonic ripple
component that is varying at twice the power line frequency
(hereon known as second-harmonic ripple). When passed into
the LED, the pulsating current is directly converted into pul-
sating light of the same frequency. As the frequency of this
pulsating light is higher than that of the human visual persis-
tence, the human minds will not be consciously aware of the
light flicker. However, in environments where light flickers, the
human visual system has to constantly adjust itself to maintain
the clarity of the images at the retina. Prolonged activities will
severely strain the human eyes and causes great fatigue to the
individuals working in such environments [26]–[28]. Therefore,
the use of such electrolytic capacitor-less LED drivers, which
produce pulsating current to drive the LEDs, may not be suitable
for many applications.

In view of this, the objective of this paper is to propose a
flicker-free electrolytic capacitor-less single-phase ac-dc LED
driver, which converts the ac power source into a constant direct
current for driving high-brightness LEDs, e.g., in general illumi-
nation applications, etc. Since the proposed LED driver contains
no electrolytic capacitor, it potentially has a much longer life-
time than conventional LED drivers. Note that the proposed

Fig. 1. Flicker-free electrolytic capacitor-less ac–dc LED driver. (a) Schematic
diagram. (b) Key waveforms.

driver adopts the concept of active filter, which has been pre-
viously applied for alleviating harmonics in power electronics
systems [19]–[23]. Here, the idea of alleviating the second-
harmonic ripple in LED systems using active filter is demon-
strated using a bidirectional buck/boost converter. The focus of
this paper is the coverage of the theoretical work and the provi-
sion of practical guidelines in designing such a filter, both the
converter and its control, which were missing from the literature.

In Section II, the concept of the flicker-free electrolytic
capacitor-less ac–dc driver is presented. In Section III, the topol-
ogy and control of the flicker-free electrolytic capacitor-less
ac–dc driver are discussed. In Section IV, the relationship be-
tween the voltage ripple and the output filter capacitance of the
bidirectional buck/boost converter is discussed. The experimen-
tal results of a 48-V, 0.7-A output prototype are presented in
Section V. This is followed by the conclusions in Section VI.

II. CONCEPT OF FLICKER-FREE ELECTROLYTIC

CAPACITOR-LESS AC–DC DRIVER FOR LED LIGHTING

Fig. 1(a) shows the schematic diagram of the proposed flicker-
free electrolytic capacitor-less ac–dc LED driver. It comprises
a PFC converter, a bidirectional converter, a filter capacitor Co ,
and a filter inductor Lo . The filter inductor Lo is connected in
series with the LED string, and it acts as a low-pass filter in pre-
venting the harmonics at the switching frequency from flowing
through LEDs. The filter capacitor Co provides a low impedance
path for the switching-frequency harmonic current ripples of is
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and ib to flow through. It must be emphasized that the function of
the filter capacitor Co is different from the conventional storage
capacitor as it filters only the high-frequency harmonic ripples,
and not the second-harmonic ripple. Therefore, Co is very small,
which offers the possibility of adopting film capacitors or ce-
ramic capacitors instead of electrolytic capacitors. The absence
of electrolytic capacitor will significantly increase the lifetime
of the PFC converter. Fig. 1(b) shows the key waveforms of the
flicker-free electrolytic capacitor-less ac–dc LED driver when
the input power factor is unity.

The input voltage is defined as

vin(t) = Vm sin ωt (1)

where Vm is the amplitude of the input voltage and ω is the
angular frequency of the input voltage. Here, ω = 2π/Tline ,
where Tline is the line period of the input voltage.

When unity power factor is achieved, the input current is a
sinusoidal waveform that is in phase with vin , i.e.,

iin(t) = Im sin ωt (2)

where Im is the amplitude of the input current.
From (1) and (2), the instantaneous input power can be derived

as

pin(t) = vin(t)iin (t) = Vm Im sin2 ωt =
Vm Im (1 − cos 2ωt)

2
= Pin(1 − cos 2ωt) (3)

where Pin = Vm Im /2 is a constant value representing the am-
plitude of the instantaneous input power.

In the proposed configuration, the output voltage Vo that is
applied across the LEDs is a constant dc voltage. Since the cur-
rent flowing through the filter inductance Lo is dc and contains
no ac variation, the voltage across Lo is nearly zero, comprising
only a small negligible dc value equivalent to the multiplication
of the current and the dc resistance of the inductor. Thus, the
voltage in Co is almost equivalent to Vo .

Assuming that the converter is ideal with no power loss, and
that the capacitor Co is somehow incapable of energy storage,
the instantaneous output power of the converter will be equiva-
lent to the instantaneous input power. With this assumption, the
current i′o will be

i′o(t) =
po

Vo
=

Pin

Vo
(1 − cos 2ωt). (4)

From (4), it is obvious that i′o contains an ac second-harmonic
ripple current that varies sinusoidally at twice the line frequency.
If i′o is allowed to directly drive the LEDs, the generated light
from the LED will contain flicker at twice the line frequency.
However, in the proposed configuration, the bidirectional con-
verter provides the current flow path for the second-harmonic
ripple. To achieve this, ib is made equal to the second-harmonic
ripple component of i′o , i.e.,

ib(t) = −Pin

Vo
cos 2ωt. (5)

Fig. 2. Circuit topology of the flicker-free electrolytic capacitor-less ac–dc
LED driver.

Therefore, the driving current io will be

io(t) = i′o(t) − ib(t) =
Pin

Vo
. (6)

From (6), it can be seen that the driving current io is purely
dc, indicating that there will be no flicker from the generated
light.

III. TOPOLOGY AND CONTROL OF FLICKER-FREE

ELECTROLYTIC CAPACITOR-LESS AC–DC LED DRIVER

A. Topology of the Flicker-Free Electrolytic Capacitor-Less
AC–DC LED Driver

The PFC converter illustrated in Fig. 1(a) can be of any con-
verter topology as determined by the required application based
on the necessary output voltage or output power, etc. In the
case of general consumer or industrial lighting where both the
output power and voltage of the LED driver are very low, a
flyback converter may be adopted as the PFC converter. In this
study, the flyback converter is designed to operate in discon-
tinuous current mode (DCM) so that the switching frequency
is constant, which is helpful in the design of the transformer
and also that the reverse recovery of the secondary diode D can
be avoided. Also, here, the bidirectional buck/boost converter
is chosen as the active filter for its simplicity. A topological
overview of the proposed flicker-free electrolytic capacitor-less
ac–dc LED driver made up of the PFC flyback converter and the
bidirectional buck/boost converter is shown in Fig. 2.

B. PFC Flyback Converter

The application of PFC flyback converter in LED drivers has
been reported and discussed in detail in [25]. Here, we briefly
reiterate its operating principle to allow us to better explain our
proposed LED driver.

When a flyback converter operates in DCM, the peak and
average values of the primary current ip in a switching cycle
are, respectively

ip pk =
Vm |sinωt|Dy

Lpfs
(7)

ip av =
1
2
ip pkDy =

Vm |sinωt|D2
y

2Lpfs
(8)
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Fig. 3. Waveforms of primary current, secondary current, and output current
of the PFC flyback converter.

where Dy is the duty cycle of switch Q, fs is the switching
frequency, and Lp is the primary inductance of the transformer.

It can be seen from (8) that if Dy and fs are kept constant in a
half-line cycle, the input current will be proportional to the input
voltage, thereby automatically achieving unity power factor.

Next, the peak value of the secondary current is

is pk = nip pk =
nVm |sin ωt|Dy

Lpfs
(9)

where n is the turns ratio of the primary to secondary windings
of the transformer.

From (9) and the relationship of the primary and secondary
inductances in terms of the turns ratio, i.e., Lp /Ls = n2 , the
corresponding duty cycle of the reset time for the secondary
current to fall to zero is

Dr =
Lsis pk

VoTs
=

Vm |sinωt|Dy

nVo
(10)

where Ls is the secondary inductance of the transformer.
From (9) and (10), the average value of the secondary current

in a switching cycle can be expressed as

is av =
1
2
is pkDr =

V 2
m D2

y sin2 ωt

2VoLpfs
=

V 2
m D2

y

4VoLpfs
(1 − cos 2ωt) .

(11)
The waveforms of the primary and secondary currents are de-
picted in Fig. 3. It can be seen that the secondary current has
a large ripple, and it contains large harmonics at the switching
frequency. The presence of Lo and Co form the output filter,
which remove most of the high-frequency harmonic ripples in
the secondary current, leaving only the dc current, the second-
harmonic ripple, and minimal high-frequency ripples in i′o .

As Lo and Co have little effect on the second-harmonic ripple,
the average value of i′o is equal to the average value of the
secondary current, i.e.,

i′o = is av =
V 2

m D2
y

4VoLpfs
(1 − cos 2ωt) . (12)

The average value of output current over a half-line cycle can
be derived as

Io =
2

Tline

∫ T l in e /2

0
i′odt =

V 2
m D2

y

4VoLpfs
. (13)

The input power is

Pin =
2

Tline

∫ T l in e /2

0
(Vm |sin ωt| ip av)dt. (14)

Next, the substitution of (8) into (14) yields

Pin =
V 2

m D2
y

4Lpfs
. (15)

Thus, the duty cycle with respect to the input power can be
expressed as

Dy =
2

Vm

√
PinLpfs. (16)

The substitution of (16) into (7) and (9), respectively, yields

ip pk = 2

√
Pin

Lpfs
|sin ωt| (17)

is pk = 2n

√
Pin

Lpfs
|sinωt| . (18)

It can be obtained from (17) and (18) that when the input
power is constant and that efficiency is 100%, the peak values
of the primary and secondary currents of the flyback converter
will be constant irrespective of the input voltage.

As previously mentioned, within the linear operating range of
the LED’s flux-versus-current characteristic, the average output
flux of the LED is approximately proportional to the average
value of the driving current. Here, the average value of the
driving current is taken as the control variable to regulate the
output flux of the LEDs. The schematic diagram of the controller
for the PFC flyback converter is shown in the top portion of
Fig. 4. Io ref is the reference current and io is the feedback
signal. However, io is a dc current, which cannot be sensed
through galvanic isolation. From Fig. 2, it can be seen that the
average value of the secondary current is is equal to the average
output current, and that is is a current pulsating at switching
frequency. Therefore, by sensing is with a current transformer
circuit consisting of T2 , Dct , and Rct , and, then, filtering the
sensed current signal using the filter comprising Rf 1 and Cf 1 ,
the desired feedback signal can be obtained.

The sensed current signal and current reference are sent to the
error amplifier E/A1, and the output signal of the error amplifier
is compared with the sawtooth carrier signal. The output signal
of the comparator is sent to pin “R” of the RS flip-flop, to
generate the driving signal of switch Q.

C. Bidirectional Buck/Boost Converter

To produce a pure dc current for driving the LEDs, the in-
put current ib of the bidirectional converter must be equal to
the second-harmonic ripple of i′o . The schematic diagram of the
controller for the bidirectional buck/boost converter is shown in
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Fig. 4. Control schematic diagram of flicker-free electrolytic capacitor-less
ac–dc LED driver.

the bottom portion of Fig. 4. The sensed current, isf , is filtered
by Rf 2 and Cf 2 to produce isff . Information on the second-
harmonic ripple is then extracted from isff by the filter compris-
ing Cf 3 and Rf 3 .

For proper operation of the bidirectional converter, the volt-
age vC dc of the capacitor Cdc must be set higher than the voltage
of Co . A closed-loop must be included in the controller to en-
force this. The voltage of Cdc is sensed and compared with the
voltage reference VC dc ref , , and the amplified error signal vvr is
obtained. The sum of ib ref and vvr with the weighted resistors
Rc3 and Rc4 , respectively, is used as the current reference of ib .
The output signal of the error amplifier E/A2 is compared with
the sawtooth carrier, and the output signal of the comparator is
sent to the RS flip-flop. The signal from pin “Q” is the drive
signal of switch Q1 . The drive signal of Q2 is the inverse of Q1 .

IV. DESIGN OF THE BIDIRECTIONAL CONVERTER

The design of the PFC flyback converter with the filtering
inductor Lo and capacitor Co can be found in [25]. In this paper,
only the design of the bidirectional converter will be discussed.
Note that the bidirectional converter and design procedure dis-
cussed here is general and applicable to all PFC converters, and
is not limited to the PFC flyback converter.

A. Output Filter Capacitor

The inductor current of the bidirectional converter, i.e., ib , is
controlled to be equal to the second-harmonic ripple of i′o . From
(5), we have

ib = −Io cos 2ωt (19)

where Io = Pin /Vo = Po /Vo . Then, the instantaneous input power
of the bidirectional converter is

pbb(t) = VC oib = Voib = −VoIo cos 2ωt = −Po cos 2ωt
(20)

where VC o is approximately equal to Vo .
The waveforms of the instantaneous input power pbb , induc-

tor current ib , and output filter capacitor voltage vC dc of the

Fig. 5. Waveforms of instantaneous input power, inductor current, and output
filter capacitor voltage of the buck/boost converter.

buck/boost converter are depicted in Fig. 5. It can be seen that
Cdc is charging from time Tline /8 to 3Tline /8 with vC dc increas-
ing, and discharging from time 3Tline /8 to 5Tline /8 with vC dc
decreasing. Consequently, the minimum and maximum values
of vC dc occur, respectively, at Tline /8 and 3Tline /8.

The energy charging Cdc from Tline /8 to 3Tline /8 is

ΔEC dc(t) =
∫ t

T l in e /8
pbb(t)dt =

∫ t

T l in e /8
(−Po cos 2ωt)dt

=
Po

ω
sin2

(
ωt − π

4

)
. (21)

ΔEC dc can also be expressed as

ΔEC dc(t) =
1
2
Cdcv

2
C dc(t) −

1
2
CdcV

2
C min . (22)

Substitution of (22) into (21) leads to

1
2
Cdcv

2
C dc(t) −

1
2
CdcV

2
C min =

Po

ω
sin2

(
ωt − π

4

)
(23)

where VC min is the minimum voltage of the capacitor Cdc .
From (23), we have

vC dc(t) =

√
2Po sin2 (ωt − (π/4))

ωCdc
+ V 2

C min . (24)

By the substitution of t = 3Tline /8 into (24), the maximum
voltage of the capacitor Cdc can be derived as

VC max =
√

2Po

ωCdc
+ V 2

C min . (25)

The average voltage of Cdc can be approximated as

VC dc =
VC min +VC max

2
=

VC min +
√

(2Po/ωCdc) + V 2
C min

2
.

(26)
To ensure the proper operation of the bidirectional converter,

the instantaneous voltage of Cdc must always be higher than the
input voltage of the converter, i.e.,

vC dc(t) > Vo. (27)

With Po = 35 W, Vo = 48 V, ω = 2π × 50 rad/s, and VC min set
at 48 V, the values of VC max and VC dc can be calculated from
(25) and (26) as a function of Cdc , and be plotted as shown in
Fig. 6. It can be seen from the figure that VC max increases as Cdc
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Fig. 6. Plots of VC m ax , VC m in , and VC dc as functions of Cdc .

reduces. To have Cdc practically realized using film capacitors
or ceramic capacitors, its value must be minimized to the extent
where there is availability of such components and will lead to
an enlargement of the value of VC max . A high VC max induces
a high voltage stress on the two power switches, Q1 and Q2 ,
of the bidirectional converter. This forms the lower limit to the
permissible value of Cdc . Furthermore, note that while Cdc is
intentionally designed to have a large second-harmonic voltage
ripple to reduce its capacitance, the ripple appears only at the
output of the bidirectional converter and does not exist in the
output voltage Vo of the LED driver.

Here, if Cdc is chosen as 20 μF, then from Fig. 6, one can
obtain VC min = 48 V, VC dc = 82 V, and VC max = 115 V. By set-
ting reference voltage of the controller at VC dc ref = 82 V, Cdc
will be regulated at an average voltage of VC dc = 82 V and it
will contain a voltage ripple with minimum amplitude of VC min
= 48 V and maximum amplitude of VC max = 115 V at full
load. These are the key parameters representing the worst case
operating condition for the design of Cdc = 20 μF. Keeping all
parameters constant, a higher adopted value of VC dc ref , which
makes VC min> 48 V, VC dc> 82 V, and VC max> 115 V, will not
affect the proper operation of the converter since VC min> Vo

= 48 V. Similarly, a reduction of the output load current, e.g.,
during dimming, will not affect the proper operation of the con-
verter since VC min> Vo = 48 V, VC dc = 82 V, and VC max<
115 V. Finally, a reduction in the output voltage of the driver
Vo < 48 V (and therefore a reduction in the output power since
the current is regulated as a constant), e.g., in the event of an
LED failure or when an LED is overheated, will also not af-
fect the proper operation of the proposed converter since VC min
> 48 V> Vo , VC dc = 82 V, and VC max < 115 V. Note that the
proper operation of the driver is achieved for all scenarios by set-
ting the VC dc ref at a fixed value greater than the value of VC dc
given in Fig. 6. There is no requirement for adjusting VC dc ref
in any situation. In the experimental prototype, VC dc ref is set
at 110 V, giving Vcdc = 110 V, VC min = 85 V, and VC max =
136 V at full load.

B. Buck/Boost Inductor

Two factors must be taken into consideration when choosing
the value of the buck/boost inductor Lb . One is to ensure that
the inductor current is capable of tracking the current reference,

Fig. 7. Plot of the minimum input inductance.

Fig. 8. Photograph of the prototype of the flicker-free electrolytic capacitor-
less ac–dc LED driver.

and the other is that the inductor current ripple should be small.
The buck/boost inductor should be as small as possible for fast
current tracking speed. However, a smaller inductor will result in
a larger current ripple. The choice of the inductance is, therefore,
a balance between these tradeoffs.

Here, the buck/boost inductor current ib needs to track the
second-harmonic ripple, which is 100 Hz for an ac source with
a line frequency of 50 Hz. The switching frequency of the bidi-
rectional converter is chosen as 100 kHz, which is much higher
than the 100 Hz. So, in this case, it would be sufficient to choose
the value of the buck/boost inductor with sole consideration to
the inductor current ripple. The current tracking speed will be
proficiently satisfied since the required tracking signal is rela-
tively much slower at 100 Hz. Note that there is no relationship
entangling the choice of the switching frequencies of the bidi-
rectional buck/boost converter and the flyback converter. Both
are independent of one another.

As the two power switches of the bidirectional converter op-
erate in a complementary manner, the flow of the buck/boost
inductor current is bidirectional, which means that the bidirec-
tional converter is operating in continuous current conduction
mode. Thus, the relationship of the input and output voltages of
the bidirectional converter can be expressed as

vC dc(t)
VC o

=
1

1 − dQ1(t)
(28)

where dQ 1 is the duty cycle of Q1 .
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Fig. 9. Waveforms of input voltage, input current, primary current, and secondary current of flyback converter at full load. (a) 90-V input; (b) 220-V input; and
(c) 264-V input.

Fig. 10. Waveforms of input voltage, input current, primary and secondary current of flyback converter at half load. (a) 90-V input; (b) 220-V input; and (c)
264-V input.

From (28), we get

dQ1(t) = 1 − VC o

vC dc(t)
. (29)

When Q1 is turned ON and Q2 is turned OFF, the voltage across
the buck/boost inductor is VC o . This voltage causes the inductor
current to increase. The inductor current ripple can be expressed
as

ΔiL =
VC o

Lb
dQ1(t)Ts2 (30)

where Ts2 is the switching period of the power switches Q1 and
Q2 .

The substitution of (29) into (30) gives

Lb =
(vC dc(t) − VC o) VC oTs2

vC dc(t)ΔiL
. (31)

If we let ΔIL max = 0.3 A and Ts2 = 10 μs, the substitution
of (24), Cdc = 20 μF, VC min = 85 V, VC o ≈ Vo = 48 V, and
Io = 0.7 A into (31), will generate data that allow us to plot the
curve of the minimum buck/boost inductor in a half-line cycle
as given in Fig. 7. From the figure, the minimum buck/boost
inductor is 0.998 mH. In this study, we choose Lb = 1.1 mH.

V. EXPERIMENTAL VERIFICATION

In order to verify the validity of the proposed flicker-free
electrolytic capacitor-less ac–dc LED driver, a prototype, as
shown in Fig. 8, has been built and tested. The specifica-
tions of the prototype are as follows: input voltage: Vin = 90–
264 VAC /50 Hz; output voltage Vo = 48 VDC ; output current

Io = 0.7 A; switching frequency of the flyback converter
fs1 = 200 kHz; switching frequency of the bidirectional con-
verter fs2 = 100 kHz. The power devices and components of the
flyback converter are as follows: turns ratio of the transformer
(core is RM10, and the primary and secondary winding are 14
turns and 7 turns, respectively) is n = 2; primary inductance Lp

= 80 μH; filter capacitor Co = 0.47 μF (metalized polyester film
capacitor, C212A474 J); filter inductor Lo = 30 μH (core is iron
powder TN20/13/6, and the winding is 26 turns); power switch
Q is FQPF6N60; secondary diode D is RHRP860; and the con-
troller IC is UCC3843. The power devices and components of
the bidirectional converter are as follows: Lb = 1.1 mH (core is
RM10, and the winding is 52 turns); Cdc = 20 μF (metalized
polyester film capacitor, C212E106J); power switches Q1 and
Q2 are FQPF2N60; and the controller is made up of UCC3843,
CD4011, and IR2110.

Figs. 9 and 10 show the waveforms of the input voltage, input
current, primary current, and secondary current of the flyback
converter at full load and half load, respectively. As shown in
the two figures, for different input voltage and load, the input
current is always in phase with the input voltage. Also, the peak
values of the primary and secondary currents of the PFC flyback
converter are kept relatively constant at different input voltage.

Fig. 11(a) and (b) shows the waveforms of the secondary cur-
rent i′o , buck/boost inductor current ib , LED current io , and volt-
age of the capacitor Cdc at full load and half load, respectively.
It can be seen from both the figures that the second-harmonic
ripple in i′o is absorbed by the bidirectional converter, leaving
a relatively pure dc current to drive the LEDs. Thus, the output
flux of the LEDs will contain no flicker.
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Fig. 11. Waveforms of i′o , input current, LED current, and filter capacitor
voltage. (a) Full load and (b) half load.

Fig. 12. Efficiency plot of the proposed driver including and excluding the
bidirectional buck/boost converter operating at full-load condition for different
input voltage.

Fig. 12 shows the efficiency plot of the proposed LED driver
with the PFC flyback converter and the bidirectional buck/boost
converter operating at full-load condition. The efficiency of the
driver averages at around 87% for the entire range of input
voltages. Without the bidirectional buck/boost converter, the
efficiency of the LED driver averages at around 90%. From
this measurement, it can be deduced that the incorporation of
the bidirectional buck/boost converter into the LED driver to
eliminate light flicker introduces a 3% loss of power.

VI. CONCLUSION

In order to increase the lifetime of LED drivers to better
match the lifetime of LEDs since they exist as an integrated

product, the electrolytic capacitor in conventional LED drivers
must be removed. The single-stage PFC converter that uses puls-
ing current to drive LEDs allows the removal of the electrolytic
capacitor at the expense of introducing light flicker at twice the
power line frequency. A single-phase high power factor flicker-
free electrolytic capacitor-less ac–dc LED driver, which con-
sists of a PFC flyback converter and a bidirectional buck/boost
converter, has been proposed in this paper. The bidirectional
converter buffers the instantaneous power difference between
the input and output of the driver, producing only a constant
current to drive the LEDs. To greatly reduce the capacitance, so
that long-lifetime capacitors such as film capacitor or ceramic
capacitor can be used, the capacitor voltage of the bidirectional
converter is intentionally designed to have large ripple. As no
electrolytic capacitor is required, the proposed LED driver can
achieve a longer lifetime than conventionally possible. Concur-
rently, since the driving current is a pure dc constant current, the
problem of flickering is also avoided. The experimental work
and results validated the effectiveness of the proposed flicker-
free electrolytic capacitor-less ac–dc LED driver.
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