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Battery Operated Soft Switching Resonant
Buck—Boost LED Driver With Single
Magnetic Element

Farhad Pouladi

Abstract—A simple buck-boost LED driver suitable for battery
operated applications with limited input voltage level is presented
in this paper. Soft switching performance is provided for the main
switch via a resonant circuit to improve the converter efficiency.
The incorporated auxiliary switch also performs under zero voltage
switching condition. Both power switches can be driven with a
simple gate drive circuit, so, the additional switch does not add
any driving complexity. In addition, only one magnetic element is
utilized in the proposed LED driver which contributes to circuit
simplicity and lower weight and size. Also, all diodes turn OFF at
zero current switching which eliminates the reverse recovery losses
and improves efficiency. A laboratory prototype converting 12 V
input voltage to 32 V output operating at 26 W output power is
implemented and tested to verify the effectiveness of the proposed
LED driver.

Index Terms—Buck-boost, coupled inductors, LED driver,
resonant circuit, soft switching.

I. INTRODUCTION

LLUMINATING sector forms a considerable share of en-
I ergy consumption, so, emerging new energy efficient illu-
minating technologies is much appreciated. LEDs seem to be
proficient solution in diverse illuminating applications due to
their compact size, higher efficiency, environment friendliness,
and higher lighting efficiency. As a result, LEDs are pervasively
being employed in different lighting systems from traffic lights,
automobile, and home lighting to displays of portable electronic
devices and TV screens [1].

LEDs need to be fed by a constant current and their bright-
ness can be controlled by their average forward current [2].
Thus, a de—dc switching power converter is necessary to pro-
vide the required regulated current for LEDs. Tailored to the
application, LEDs are usually connected in series and parallel
configurations to satisfy the lighting requirements [3]. Due to
the vast emerging portable electronic devices and applications, a
wide area of novel LED applications including battery-driven or
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offline systems is created, where, the input power and available
space are limited. Hence, in such applications, parameters of ef-
ficiency, component count, simplicity, weight, and size are vital
in circuit design. Consequently, a de—dc LED drive stage with
high efficiency, simple structure, and compact size is greatly
valued. Some devices use LEDs in different colors. Since LEDs
with altered colors have different threshold voltages, it is desir-
able for the driving converter to have this flexibility to provide
distinct output voltages for LEDs with various colors.

Many converters have been proposed for driving LEDs in
literature [4]-[12]. In some portable systems, the input bat-
tery voltage is not large enough to provide the required for-
ward voltage of multiple series-connected LEDs, so, boost con-
verter is widely employed [4]-[6]. In other applications, buck
and buck—boost converters are the frequent employed structures
[71-[12].

A boost LED driver with a novel control method is presented
in [13], which can drive 10 series connected LEDs from a single
3.6-5.5 V input battery. The new combined pulsewidth modu-
lation (PWM) and pulse frequency modulation control method
achieves reasonable efficiency from light load to heavy load con-
dition. But the power switch is hard switched. A tapped inductor
boost converter is presented in [14] to provide constant output
current for LEDs. Soft switching performance is achieved for the
power switch and reverse recovery problem of the output diode
is alleviated. However, voltage spikes created by the leakage
inductance of coupled inductors, limits the achieved efficiency
and operating power while increases switch voltage stress. In
[15], a boost LED driver is proposed for battery-operated sys-
tems with multiple output to provide uniform current for multi-
ple paralleled LED strings. Through time multiplexing control,
separately optimized voltages are provided for each LED string.
But two additional switches are required for each LED string
which adds circuit complexity, and the main switch performs
under hard switching condition. Another boost converter is pre-
sented in [16] for LED driving with dimming control circuit
in which the brightness of LED string is adjustable with dig-
ital dimming scheme, and the load transient response is fast.
However, the hard switching operation is the converter main
shortcoming. A dc—dc boost converter for LED drive is pre-
sented in [17]. A passive snubber is used in this structure and
zero current switching (ZCS) turn-ON condition is provided for
the power switch, also, the voltage gain is double that of the con-
ventional boost converter which is advantageous where the input
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battery voltage is low. However, two magnetic cores are utilized
which increase circuit volume. A two channel LED driver is
proposed in [18] with integrated half bridge-boost structure and
coupled inductors. Current uniformity is automatically obtained
by a simple dc-blocking capacitor, and zero voltage switching
(ZVS) operation is achieved for both switches. In addition, the
drive structure is extendable and multiple LED channels can be
driven. However, the applied series dc blocking capacitor re-
duces the converter gain and therefore to achieve the required
voltage gain, high turn ratio of coupled inductors is necessary.
Also, the power is processed twice since boost and half bridge
converters are in series. A two phase interleaved LED driver
is presented in [19] with reduced input current ripple which
is desirable for the input battery lifetime. But the large series
electrolyte capacitor employed in the power path can reduce the
converter lifetime and efficiency. Also, switches perform un-
der hard switching condition, and two separate magnetic cores
are employed that increase circuit weight and volume. A buck—
boost dc—dc converter topology is introduced in [20] in which
soft switching performance is provided for all active elements,
however, three switches are employed and resonant capacitor
voltage stress is relatively high.

In this paper, a buck—boost soft switching LED driver suit-
able for battery operated purposes is proposed. One magnetic
element is adopted which decreases the circuit volume. The
proposed converter can perform both in boost and buck modes,
so it has the flexibility to drive LEDs with different colors.
Also, when LEDs are cold, the total required forward voltage
may exceed the battery voltage level, and when they are warm,
the forward voltage can be decreased to below battery voltage
level. In such cases, having simultaneous buck and boost ca-
pabilities is highly valuable. In addition, the circuit structure
is such that both switches can easily be driven with a simple
gate-driver by adopting a P-MOS as the auxiliary switch, so,
the additional power switch does not add any driving circuit
complexity. Moreover, additional LED string can be driven by
adding a third winding to the coupled inductors core.

The rest of this paper is organized as follows. In Section II,
the proposed circuit is introduced and its structure and oper-
ating principles are explained. The steady state analysis and
design guideline are covered in Section III. In Section IV, the
control method is discussed and a thorough performance com-
parison between the proposed converter and other counterparts
is provided in Section V. Section VI deals with the experimental
results and finally, conclusions are discussed in Section VIIL.

II. PROPOSED BUCK-BOOST LED DRIVER

The proposed LED drive converter is shown in Fig. 1. This
converter is derived by applying some modifications on the
basic buck converter. The buck converter inductor is replaced
with coupled inductors. The secondary winding of the coupled
inductors is placed in series with the output diode. A resonant
circuit is added in series with the primary winding containing
a resonant capacitor C, and a power switch in parallel with the
capacitor. As a result, soft switching condition is provided and
the converter can perform both in buck and boost modes. If the
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Fig. 2. Equivalent circuit of the proposed LED driver.

auxiliary switch remains OFF at all times, the converter operates
in the buck mode, and if it performs alongside the main switch,
the converter operates in the boost mode. Thus, the proposed
converter can be employed in battery operated LED applications
where the total forward voltage tolerance of LED strings may
fluctuate due to temperature changes of LEDs.

The equivalent circuit of the proposed LED driver is illus-
trated in Fig. 2, in which, the coupled inductors are modeled
by an ideal transformer with primary and secondary windings
N; and N, a magnetizing inductance L,,, and equivalent sec-
ondary leakage inductance L. The main switch is @)1, which
is unidirectional in current through the input diode D;, C,
is the resonant capacitor, (), is the auxiliary switch, D, is
the auxiliary switch anti-parallel diode, D, denotes the out-
put diode, and C, is the output capacitor. At steady state, the
proposed converter has six different operating modes which
are explained as follows. The main waveforms of the proposed
LED driver are shown in Fig. 3, and the current path of the
converter in each operating mode is depicted in Fig. 4. To sim-
plify the converter analysis, all semiconducting elements are
considered ideal and the output capacitor is large enough so
that its voltage can be assumed constant in a switching cycle.
Prior to the first operating mode, all semiconducting elements
are in OFF state and the output load is being fed by the output
capacitor.

Mode 1 (g, t1): This mode begins by turning ¢); and @, ON
at ZCS due to the leakage inductance. D, is conducting while
Ds is reverse biased. The magnetizing inductance current I,
increases linearly as described by (1). This mode ends when @,
is turned OFF

Vi

I () = 7t M

The initial condition of the magnetizing inductance current
needed for the next mode can be calculated as below
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Fig. 3. Main waveforms of the proposed LED driver.
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ILm (tl) - ! tl - Il- (2)
L,

Mode 2 (t1, t9): At ty, @Q, turns OFF under ZVS due to C,.
A resonance starts between L,, and C,., which increases the C,
voltage (V) and this mode ends when D, starts to conduct.
The following equations are obtained for this mode:

I () = Crwy Vigsinfwy (t — t1)] + I1 cos[wy (t —t1)] (3)

Vor (t) = Vin [1 4 wity sinfw; (8 — t1)] — cos[wy (t — t1)]]
4)
! )
W = ——.
VO, Ly,

Mode 3 (t2, t3): At to, the C, voltage increases to a point
that forward biases D,. The current increment in D5 is gradual
because of Ly, and the C,. voltage is still increasing. The current
through @); is declining while the coupled inductor secondary
side current is rising. Then the primary side current changes
its direction and increases until it reaches Lj, current while
C, voltage is declining. At the end of this mode, () current
descends to zero and this mode ends. The main equations of this
mode are as below, considering n’ L,, >> Ly

Lyswo Iy .
Ve (t) = % sinfw, (t — t)]
-1 in
4 Vot (= DVin ©)

n
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LI
ILm (t) = 12 - nfz 2 [1 — COS[WQ (t — tg)]]
‘/;J _‘/in
(A 7
oL (t—t2) )
n
Wy = —m——— (3)

Vv CTLKS

where I, is the initial condition for L,, in this mode, and is
approximately equal to I; due to large value of L,, and short
duration of the second mode.

Mode 4 (t3, t4): At t3, Dq current reaches to zero and D,
turns OFF at ZCS and the associated reverse recovery problem
is removed. Also, Qi is turned OFF under ZCS condition and
switching losses are decreased. The resonance between C,., L,,,
and Ly, continues until C,. voltage reaches zero at the end of this
mode. The change in current direction of primary side and ZCS
turn OFF of the switch occur almost at the same moment because
secondary leakage current is relatively large and its current is
almost zero at the end of this mode. The following equations
are established through this mode:

y= = 2 ©
T OVInG,  (n—1)
I (t) = I3 coslws (t — t3)]
+ LO (V3 — V,)sinfws(t —t3)]  (10)
Ve (t) = (Vs = V;) cosfws (t — t3)]
— L 13 Sin[u&(t—tg)}—‘r‘/o. (11)

C,

In which I3 and V3 are the initial conditions of L,, and C, at
t3 which are calculated by considering t = t3 in equations (7)
and (6), respectively

n—1
I3 - ILm (tJ) -

VE& = VCT (t3)-

I (12)

13)

Mode 5 (t4, t5): Atty, the voltage across C',. reaches zero and
@, antiparallel diode D, starts to conduct. The output voltage is
applied across L,, and L, and their current decreases linearly
to zero by the end of this mode. Following equations can be
obtained for this mode:

Ve (t) =0 (14)

_ Y%
(n—1)Ly,,
In which I, is the initial condition of L,, at the beginning

of this mode which is obtained from (10) in the fourth mode at
t =1y

Ip, (t) =1y — (t—t4). (15)

Ll = ILm(t-/l)- (]6)

Mode 6 (5, tg): At t5, L,, current becomes zero and D,
along with D5 turn OFF under ZCS condition, so their reverse
recovery problem is alleviated. All semiconductor devices are in
OFF state, and the LED load is supplied by the output capacitor.
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(d)

Fig. 4.

L,, current and C,. voltage are zero throughout this mode. Next
switching cycle begins when @); and @), are turned ON.

III. STEADY STATE ANALYSIS
In this section, the design procedure of the proposed converter
is presented.

A. Designing the Magnetizing Inductance

When both switches are conducting, V;, is applied across L,
and the energy stored in L,, can be obtained as below

1
ELm = §Lmlzm (17)
1 Vi ?
—— _m
ELm - 2Lm (Lm DQaT> (18)

where Dy, is the duty cycle of the auxiliary switch. When @,
is turned OFF, a resonance occurs between L,, and C, which
transfers L,, energy into C,.. Also, additional energy is absorbed
during this resonance which can be neglected since resonance
duration is very small in comparison to D¢, T". This energy then
is transferred to the output by C).. So, the stored energy in L,,
multiplied by the switching frequency is almost equal to the
power delivered to the output

1 (Vi ’ 15
§Lm (LmDQaT> f - Poul - E (19)
L o_wenbhm,
m W ( )

B. Selecting Coupled Inductors Turns Ratio
The maximum voltage of C,. can be extracted from mode 3
as below
I V, + (n —
L Vo (
Crwoy n
where I; can be calculated from (2). At the end of third mode,

t3, the primary side current, which is the same as C,. current but
in reverse direction, equals to the secondary side current, so the

DVi

VCrfmax = (21)

Operating modes of the proposed converter. (a) Mode 1. (b) Mode 2. (c) Mode 3. (d) Mode 4. (¢) Mode 5. (f) Mode 6.
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6]
following equations can be obtained:
Irrs(ts) = —Ior(t3) (22)
1
Iips(t) = ﬁ(l — cosfws (t — 13)]) (23)
I, (t) = I cos|ws (t — t2)]. (24)

By substituting (23) and (24) into (22), following equation is
extracted:
1

1—n’

cos(wats) = (25)
From (25) it can be derived that n should be selected greater
than 2.
L,, is discharged during the fifth mode in a linear manner.
From (15), in order for L,, to be fully discharged, following
condition should be satisfied:

V,
(n—1)L,

Duration of the fifth mode should be designed in a way that
L,, has enough time to be discharged. Hence, duration of the
fifth mode is designed to be almost equal to a quarter of switch-
ing period. Further reduction in the duration of this mode results
in high current peak of the output diode. Also, I, is almost equal
to I3 which is calculated from (12). So, (26) can be rewritten as

V, y T - n—1
(n=1)L, 4~ =n
By doing some simplifications, the upper limit for n can be
obtained as (28). Regarding the fact that this upper limit is

calculated for the designed values of [; and fifth mode duration
and should be recalculated for other desired design scenarios

- 2+ A+ VA% +4A
n
- 2

t> 1. (26)

1. Q7

(28)

Vv, T
A=

4IILm

Also, looking at (11), since the amplitude of the first term
is much smaller than the amplitude of the second one, the

: (29)
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following equation should be satisfied for complete discharge
of C,:

m

I3 sin[wg (t — t3)} >V,. 30)

"
Substituting /3 from (12) in (30), and also using (5), (30) can
be rewritten as below, and another limit for » is achieved

—1
L,nwl”n L>v, 31)
melll
_— 32
" T =V, ©2)

C. Designing Resonant Capacitor

A switching period consist of six different time intervals from
ty to tg as below

T = to1 +tia +tag +t34 + tas + ts6 (33)

in which t,,,, is t, — t,,,. to1 is the time through which L,, is
charged and is decided based on the output power and is the same
as D, T, and is considered about 40% of the switching period,
T,w. Resonance takes place during intervals ¢i5, to3, and ¢34
by which ZCS condition is provided for the main switch. This
resonance should happen very fast, hence, the frequency of these
three resonances should be designed to be about ten times of
the switching frequency. Thus, the total duration of resonances
can be designed to be about 10% of Ty. C, is charged during
t19 and to3, then is discharged during ¢34 from its peak value to
zero. t45 is the interval in which L,, is discharged linearly and
is designed about a quarter of the switching period. Finally a
guard time, t56 is considered to ensure the mentioned processes
are completed, and can be designed between 15% and 30%
of Tyw.

C, should be discharged to zero from approximately its peak
to zero value during the fourth mode. So, equalizing (11) with
zero and doing some simplifications would result in

. ) = nV, C,
sin(wsty) = -V,
From (9) ws is calculated, and with the assumption that C'.
is discharged from its peak value to zero during ¢34, as well as
considering total duration of resonances to be about 0.17,, t34
is approximately 0.057%,. Hence, C, can be calculated from
(35) where I, is obtained from (2)

[(n—1) sin(wgt4)11]2Lm
(nV,)? '

(34)

C = (35)

D. Voltage Gain

The proposed converter operates in DCM mode, and its volt-
age conversion ratio can be calculated by equalizing the output
power with the power stored and transferred using L,,, as in
(19). So by rearranging (19) and doing some simplifications,
the DCM voltage gain can be calculated as follows:

Vou R,
ot _ D
Ve 9

T (36)

Mpem =
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Fig. 5. General control method of the proposed LED driver.

E. Voltage Stress

The maximum reverse voltage endured by the main switch is
equal to

Vo
n—1"

Vor = Vin + 37)

The voltage stress across the auxiliary switch is equal to the

maximum voltage of C,. which can be derived from (21)
VQa = Vor—max- (38)

Maximum reverse voltage across the input and output diodes
are

(39)
(40)

IV. CONTROL METHOD

One of the advantages of this proposed LED driver is that
the added auxiliary switch for creating soft switching condition
does not impose driving circuit complexity. The general control
methodology can be observed in Fig. 5 that the LED string
current is sensed by the R.nse and is compared with a reference
value in a PWM IC which regulates the output pulsewidth . Since
both switches turn ON simultaneously and the main switch would
remain ON for a fixed portion of time after the auxiliary switch
turns OFF, they can both be driven with one driving signal. In this
scheme, the main switch is a p-channel MOSFET and the auxiliary
switch is an n-channel one. The required duty cycle produced
by PWM IC is adjusted for the auxiliary switch which controls
the output power, and the output PWM pulse is amplified via a
current buffer and drives the auxiliary switch. This same pulse
is also amplified and applied to drive the main switch, so both
switches trigger on at the same time. When the driving signal
becomes low, @), is turned OFF, but, ()1 should remain ON for
a specific portion of time. This time delay is produced by the



POULADI et al.: BATTERY OPERATED SOFT SWITCHING RESONANT BUCK-BOOST LED DRIVER WITH SINGLE MAGNETIC ELEMENT

TABLE I
COMPARISON BETWEEN THE PROPOSED CONVERTERS AND THOSE
PRESENTED IN [17]-[19]

Proposed
Proposed converter
17
Symbol (17] [18] (191 converter (without
input diode)
Number of
Switches ! 2 2 2 2
.S Oft. Yes Yes No Yes Yes
switching
Number of
magnetic 2 1 2 1 1
cores
Efficiency at
26W output 93%  89.5%  93.1% 90.3% 92.9%
power

added RC circuit which is designed based on the required delay.
This way, after @), is switched OFF, the RC circuit keep ()1 ON
for the required time delay.

V. PERFORMANCE COMPARISON

The proposed converter is compared with some other similar
drivers presented in [17]-[19] as can be observed in Table I.
Compared to [17], although the proposed converter has an extra
switch, but only one magnetic core is incorporated which de-
creases the circuit volume and weight. In addition, the auxiliary
switch in the proposed converter provides soft switching con-
dition for both switches. But, in converter of [17], the switch
turns OFF under hard switching condition. Furthermore, the in-
ductor used in series with switch, causes voltage spike at switch
turn OFF. In the proposed converter, both switches can be driven
with a simple gate driver by employing p-type MOSFET along
with the n-type. Compared with [19], the proposed converter
has the advantages of soft switching performance and fewer
magnetic cores. Although the proposed converter and the con-
verter presented in [18] have the same number of switches and
magnetic cores and both feature soft switching performance, the
proposed converter possesses simpler gate drive and also, power
is processed twice in [18]. Also, the efficiency of the proposed
converter is compared with the ones presented in [17]-[19] using
simulation analysis in PSPICE software under the same oper-
ating condition. Input voltage is 12 V, output voltage is 32 V,
output power is 26 W, and the operating frequency is 100 kHz.
Exactly the same power MOSFETs and diodes are used for all
the converters so that the comparison would be completely fair.
IRF540 is used as MOSFETs and MBR3045CT is selected for
diodes. Only inductor and capacitor losses are ignored since
these losses are relatively small. Also, it should be noted that
the semiconductors used for the implemented prototype were
not available in PSPICE libraries, so alternative elements were
chosen in simulation analysis. As can be observed in Table I,
converters proposed in [17] and [19] and the proposed converter
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TABLE II
ELEMENTS USED FOR THE IMPLEMENTED PROTOTYPE

Parameter Symbol Value
Input voltage Vin 12V
Output voltage Vout 32V
Output power P, 26W
Switching frequency f 100kHz
ndueianee L suH
Turns ratio n 3
Main switch [ SUM()IQI?POG-
Auxiliary switch O SQJAO4EP
Input diode D, V15P45S-M3
Output diode D, V8P10
Resonant capacitor C, 47nf/5S0V
Output capacitor C, 10uf/50V

without the input diode, have almost the same efficiency, and
converter in [18] has the lowest efficiency among the converter.
If the output load is fixed, the input diode can be omitted from
the proposed converter which improves the overall efficiency by
about 2.6%. But, regarding the application for which the con-
verter is designed, LED 7-segment displaying different digits,
the output load varies, and at light loads, a small portion of power
returns to the input battery. Thus, the input diode is maintained
to prevent any potential damage to the input battery. It should
be noted that even with the input diode remaining, the pro-
posed converter still has high efficiency. Converters presented
in [17]-[19] operate in CCM which leads to larger inductors in
comparison with the proposed converter which operates in DCM
and uses a small inductor. Operation in CCM would result in
reduced conduction losses, but at the cost of larger inductors.
Also, converters [17] and [19] use two separate magnetic cores
which increases size, volume, and losses, while the proposed
converter uses a single magnetic element.

VI. EXPERIMENTAL RESULTS

In order to evaluate the effectiveness of the proposed scheme
in practical condition, a laboratory prototype of the proposed
converter is implemented. The input voltage, as the standard
value of the batteries, is 12 V which is converted to 32 V at 26
W output power. The switching frequency is selected 100 kHz.
From (20), the value of the magnetizing inductance is calcu-
lated 5 pH and from (35) C, is 47 nF/50 V. The input diode
is V15P455-M3 while Ds is selected V8P10. From (25), (28),
and (32), n is selected 3. The main switch is SUM110P06-08L.
and the auxiliary switch is SQJAO4EP. Complete specifications
of the implemented prototype are listed in Table II.
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Fig. 7.  Efficiency of the proposed LED driver.

The drain-source voltage of the main switch )1 as well as
its drain-source current waveform is shown in Fig. 6(a). As can
be seen, before turn-OFF instant, drain-source current descends
to zero then (), drain-source voltage begins to increase, so,
ZCS condition is realized for J; which considerably decrease
switching losses. The voltage stress across ()1 is almost equal
to the output voltage. Since, (J; current is identical to the Dy
current, ZCS turn OFF for both Q; and D; is achieved and no
reverse recovery is observed for D;. The primary side current
(I,) along with C,. voltage which is the same as (), voltage,
are shown in Fig. 6(b). As can be observed, due to the primary
leakage inductance, the current increase in (0, which is the same
as I, is gradual and this switch turns ON softly. Also, the @,
antiparallel diode, D, , turns OFF under ZCS which removes the
reverse recovery losses of this diode. Also, when @), triggers on,
C, is fully discharged, so, (), turns ON under ZVS condition.
The voltage and current waveforms of the output diode, D-, are
depicted in Fig. 6(c) which shows ZCS turn ON and turn OFF of
D5 which has eliminated the reverse recovery losses. The in-
put and output voltage waveforms are observable in Fig. 6(d). A
uniform constant voltage is provided for LEDs at the output, and
the boost topology provides enough voltage for multiple LEDs

(d)

Experimental results of the prototype converter. (a) VDS-Q1, IDS-Q1. (b) VCr, Ip. (c) VD2, ID2. (d) Vout, Vin (2.5 us).

Oscilloscope

DC power supply

Buck-boost LED

N 26W LED load
driver

Fig. 8. Photograph of the implemented proposed LED driver.

in series and parallel configurations even when the input voltage
level is insufficient. The efficiency of the proposed converter is
shown Fig. 7. The achieved efficiency for the proposed converter
with the input diode is 90% at nominal load, and the achieved
efficiency at full load condition for the proposed converter with-
out the input diode is 93.1%. As mentioned before, because of
the variable output LED load, the input diode is maintained in
order to prevent any returned power to the input battery.
The experimental setup is shown in Fig. 8.

VII. CONCLUSION

A buck-boost type dc—dc converter for battery driven LED
driving applications is presented in this paper. A resonance cir-
cuit consisting of the magnetizing and leakage inductance of
the coupled inductors and a capacitor paralleled with an ac-
tive switch is employed to create ZCS condition for the main
switch ZVS for the auxiliary switch which reduces switching
losses. One magnetic element is utilized in this converter which
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simplifies the circuit structure. All diodes turn OFF at ZCS and
the associated reverse recovery losses are alleviated. The pro-
posed LED driver can perform in both buck and boost modes,
and can provide the required voltage for LEDs with different col-
ors. Having simple structure, low component count, soft switch-
ing performance, and buck and boost mode flexibility make this
converter a good candidate for LED drive applications where
the input voltage source and available space are limited, high
efficiency is required and LEDs with different colors can be
driven. The experimental results show satisfactory performance
of the proposed scheme in practical use.
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