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A Single-Switch AC-DC LED Driver Based on a
Boost-Flyback PFC Converter With Lossless Snubber

Sin-Woo Lee and Hyun-Lark Do

Abstract—A single-switch ac—dc light-emitting-diode (LED)
driver based on boost-flyback power factor correction (PFC) con-
verter with a lossless snubber is proposed. In the proposed LED
driver, the boost PFC module is designed to be operated in the
discontinuous-conduction mode to achieve a high power factor.
The dc—dc flyback module is designed to provide input—output
electrical isolation to improve safety. The lossless snubber circuit
clamps the peak voltage spike of switch to a low voltage and the
leakage inductor energy is recycled via the dc-dc flyback mod-
ule. Additionally, a low-voltage-rating capacitor can be used as the
dc-bus capacitor because some of the input power is directly con-
ducted to the output; the remaining power is stored in the dc-bus
capacitor. Therefore, the proposed LED driver can provide a high
power factor and a high power conversion efficiency. These results
are verified for an output of 48 V and 2 A for the experimental
prototype.

Index Terms—Boost-flyback converter, LED driver, lossless
snubber, power factor correction (PFC).

1. INTRODUCTION

ECENTLY, with the advances in light-emitting-diode
R(LED) technology, LEDs have drawn much interest in
a wide range of lighting applications. Compared to conven-
tional lighting device such as fluorescent lamps, LEDs have
many advantages: lower power consumption, longer lifetimes
(typically 80 000 h), higher optical efficiency, higher contrast
ratios and superior environmental safety [1]-[5]. Therefore,
many studies of LED drivers (to replace conventional fluo-
rescent lamp systems) have been produced. To operate LEDs,
ac—dc or dc—dc converters are used in LED drivers to satisfy
the demand for high efficiency, low cost, and low size. Espe-
cially, for an ac input voltage, the active power factor correc-
tion (PFC) circuit must produce little harmonic pollution and a
high power factor.

To achieve electrical isolation to improve safety, the conven-
tional flyback converter is widely used in LED drivers. How-
ever, an additional RCD snubber is needed because of high
voltage spikes from the main switch because the leakage in-
ductance resonates with the parasitic output capacitance of the
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MOSFETs [6]-[12]. The flyback LED driver in [9] was pro-
posed to reduce switching losses and recycle the leakage induc-
tor energy. Another flyback LED driver, which has low voltage
stress and low output current ripple because of its interleaved
structure, was proposed in [11]. However, this driver has several
drawbacks such as requiring many components, a large size,
and complex control. Neither of these LED drivers is suitable
for tightly regulated output voltage because of the absence of
a buffer capacitor. Most single-stage converters do not have a
buffer capacitor.

Two-stage-type LED drivers are suitable for tightly controlled
output voltages because they utilize a dc-bus capacitor, which
reduces the difference between the input power and the out-
put power [12]. However, these LED drivers have two switches
and two control circuits in each stage; therefore, they are usu-
ally large size, have a large components, are more expensive,
and are less energy efficient. To overcome these problems, the
two-stage LED driver is modified to become a single-stage
LED driver by sharing a switch with both stages [13]-[18].
A boost or buck—boost converter for PFC and a flyback con-
verter are integrated in a single stage in [13]-[15]. Boost and
a buck-boost PFC circuits are widely used because they can
provide a high power factors using a simple structure and a
simple control circuit. In [16]-[18], several single-stage LED
drivers, which use half-bridge LLC converters at the dc—dc stage,
are presented. In the half-bridge LLC converter, soft-switching
operation of the power switches reduces switching loss
and increases efficiency.

In this paper, a single-stage ac—dc LED driver based on a
boost-flyback PFC converter with a lossless snubber is proposed.
Because the proposed LED driver is based on the boost-flyback
structure, it achieves a high power factor based on the boost
PFC, which is operated in the discontinuous-conduction mode
(DCM). Additionally, the proposed LED driver provides elec-
trical isolation due to the dc—dc flyback module. And, because
the lossless snubber circuit is used, the leakage inductor energy
is recycled into the de—dc flyback circuit and the peak voltage
spike in the main switch is clamped to a low voltage. More-
over, the dc-bus capacitor is divided into two capacitors, i.e., the
snubber capacitor and another dc-bus capacitor. Additionally,
some of the input power is directly delivered to the output; the
remaining power is stored through the snubber diode. Hence,
the energy conversion efficiency is improved and a voltage of
dc-bus capacitor is also reduced. In conclusion, the proposed
LED driver can provide a high power factor and achieve a high
power conversion efficiency. A theoretical analysis and an ex-
perimental prototype of the proposed LED driver are presented
to verify the PFC and efficiency improvement.



1376

g
i o, |
i - !
1 ¥
_______________ ] - -y C, * ’Lﬁ\l
e L [ b ! v :
I ———T00 — P+ £ L 1 Y.
| | el |V o D, o
| L A A 1 : I I
T, S I
I : | Ty (NG N=mcd) 1
I v fa . | I
| I | L = Ca- |
| |- e
513 I
| A A 1 I
I | ]
\ !
e e LY/ |

DC-DC Flyback Circuit
with lossless snubber

Fig. 1.  Circuit diagram of the proposed LED driver.
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Fig. 2. Equivalent circuit diagram of the proposed LED driver.

II. OPERATING PRINCIPLE
A. Circuit Description

A circuit diagram of the proposed LED driver is shown in Fig.
1. The input line filter consists of Ly and Cy. The boost PFC
circuit is composed of the boost inductor L;, the main switch
S1, and the reverse-blocking diode D, (which blocks reverse
current through the boost inductor for DCM operation). The dc—
dc flyback circuit includes the coupled inductor T}, the shared
(common) switch S, the de-bus capacitor Cy., the output diode
D,, the output capacitor C,, and the lossless snubber circuit
composed of Ly, Cy, and D;.

In order to describe to parasitic component of circuit parts
for theoretical analysis, an equivalent circuit diagram of the
proposed LED driver is shown in Fig. 2 (the input line filters
and the bridge diode are not included). The input voltage is
expressed as the rectified line voltage Vi, ; it is considered to
be constant value during a switching period. The capacitor Cg;
is the parasitic output capacitance of S;. The coupled inductor
T, has a magnetizing inductor L,, and a leakage inductor Lj
with a turn ratio of n:1 (n = N,,/N;). L;, is assumed to be much
smaller than the L, . According to the volt—second balance law,
since the average inductor voltage should be zero at the steady
state, the voltages across the C; and Cy. should be equal to V..
The capacitances of C;, Cq., and C, are large enough that their
voltages are considered to be constant.
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Fig.3. Key waveforms of the proposed LED driver.

B. Model Analysis

Figs. 3 and 4 show the theoretical waveforms and operating
modes of the proposed LED driver during a switching period T’
which can be divided into six operating modes.

Before 1, the main switch S; and the output diode D, are
turned off. The parasitic output capacitance of S; is discharged
because of the drain-source voltage oscillation between (L, +
Li)//Ly and Cgy. The magnetizing inductor current it , and the
snubber inductor current iy are the same as the freewheeling
current ig,, (Which is a constant).

Mode 1 [ty, t1]: Atty, Sy is turned on and D, is reverse-biased.
Therefore, the boost inductor voltage V14, is equal to Viy. iy,
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Fig. 4.

Operating modes.

can be derived as follows:
— ‘/Yill
Ly
The total voltage across both components L,,, and Ly, is V..
Therefore, the voltage V. is divided into Vi, and Vi, which
are given by Vyq.L,,/AL,,+ Ly) and Vy.Ly/L,,+ L), respec-
tively. ir,, and ipy can be obtained using
Vdc
Lm + Lk
The snubber inductor voltage V1 is equal to —Vg.. i1 can
be derived as follows:

i (t) (t —to). ey

Itm () = i (t) = Itw + (t—to). )

_Vdc
—(t —1p).
I (t —to)

At the end of this mode, iy, i1,m, iLk, and iy arrive at the
maximum or minimum current as follows:

iLl(t) = Ifw + (3)

Vi
ILb(max) = be011 (4)
Vac
ILm(max) = ILk(max) - Ifw + mTon (5)
Ve
Ini(miny = I + Tld(Ton (6)

where T, is the turn-on time which is the time interval between
to and t;.

Mode 2 [t;, t2]: Atty, S; is turned off and the parasitic output
capacitor Cg; begins to charge. Because Cg; is assumed to be
very small, the interval between #; and t» is very short. irp, irm,
and iz are considered to remain at constant values; (irp(max)>
iLm(max)7 and iLl(IIliIl)’ feSPeCtiVel}’)- Vib, Vim, and Vp; are
considered to linearly increase with very large slops.

Mode 3 [#2, t3]: At t2, when Cg; charges up to 2V, the
snubber diode D; is forward biased and begins to conduct.

Maode 5 Mode 6

Therefore, the main switch voltage Vs, is clamped to 2V, by
D . The current flowing into D, is determined by i, + iLx-if1-
In this mode, the current of leakage inductor is absorbed by the
capacitors C; and Cq.. Since Ly, is assumed to be very small,
the time interval between #, and 3 is short.

Because V1), is given by —(2V4. — Viy), iLp can be derived
as follows:
_(2‘/;10 - Vvin)

Ly

Vim and Vi are —nV, and —(V4. — nV,), respectively.

Therefore, i1, and ir; can be obtained using

iLb (t) = ILb(max) + (t - t?) (7)

. —nV,
1L m (t) = ILm(max) + 3 . (t - t2) (3)
. . —(Vge —nV,
ZLk(t) = lLk(max) =+ %(t - t?) )
k
Because V1 is Vye, ir1 can be derived as follows:
. . \%4
i21(t) = i1 gin) + (). (10)
1

At the end of this mode, i1, irx, and iy; arrive at middle or
minimum currents as follows:

B 2‘/; B ‘/;n

ILb(mid) = ILb(max) + %TLk (11)
—(Vae — 77/‘/0

ILk(min) = ILk(max) + %TLL( (12)
Vae

Ip1(mid) = Io1(min) + TiTLk (13)

where 77 is the leakage inductor discharging time, which is
the time interval between #, and 3.

Because the output diode D, is turned on in this mode,
ip, arrives at the maximum current with a very large
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slope as follows:

—nV,

m

IDO(max) =n <ILm(max) + Tix — ILk(min)) . (14

Mode 4 [t3, t4]: When Dy is turned off, this mode starts. In
this mode, Vi1,, V71 and Vi are expressed as follows:

Vii = nV, — Vix (16)
Ly — in — o C L
Vi = p,elo =W —n¥o Z Vi)l gy

Lyl
where 1/L, = (1/Ly) + (1/Ly) + (1/L,).
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TABLE I
VOLTAGE AND CURRENT STRESS ON THE COMPONENTS
OF THE PROPOSED LED DRIVER

Component Voltage stress Current stress

Si 2Vie Ity (max) + ILm(max) —IL1(min)
Dy, Vae +nVy = Viy It (max)

D 2Vqe Iy (max) =101 (min)

D, Vo + Vaeln ALy (max) T Iom (max) =1L 1(min))

iLb, Ir1, and ik can be obtained using

—(nV, + Vae — Vixk — Vin)

i t) = I mi +
Lb( ) Lb(mid) I

X (t — t3) (18)
; nV, — Vi
i1 (0) = Tigmia) + — 7 (E = 1) (19)
) nVoLy — Vvin —nV, —Vi.)L
ZLk(t) = ILk(min) + L, oLsp ( LbLlLko dc) 1

X (t — tg). (20)

At the end of this mode, if arrives at each middle current as
follows:

T (mia) = Tuk(ta). (2D

Then, iry, iz, and ir,, flow through the coupled inductor
T, to the secondary side. Thus, the output diode current ip, is
expressed as follows:

—(nV, + Vae — Vixk — Vi)
Ly

—nV, +Vix . —nV,
t—t3).
+ A + . }( 3)

Equation (22) shows that the boost inductor current iy}, flows
through the coupled inductor 7} to the output diode D,,. There-
fore, some of the input power is directly delivered to the load.

Mode 5 [t4, t5]: At 14, the boost inductor current i}, reaches
zero. Therefore, the reverse-current-blocking diode Dj, is turned
off. Thus, the output diode current ip,, decreases linearly with a
slope of — (nV, + Vypx)/Ly —nV,/L,,.

The voltage nV, is divided into V7, and Vi, which are nV,
Li/ALy + L) and nV, Ly/AL; + L), because the total voltage
across both components L, and L; is equal to nV,. i1 and irx
can be obtained using

iDo(t) = IDo(max) + TL{

(22)

o (1)
L+ Ly o

At the end of this mode, if,,, irx, and ir; arrive at the free-
wheeling current as follows:

Itw = It (t5) = Ini(ts) = I (ts).

Mode 6 [t5, ts]: When the output diode current ip, reaches
zero, this mode starts. Therefore, the output diode D, is turned
off. In this mode, the freewheeling current Iy, flows through Ly,
Ci, Ly, Cqc, and L,,. Then, Vg; nonlinearly decreases with the
oscillation between Cg; and L//(L,, + Ly).

ir1(t) = iLk (t) = ILk (mia) + (23)

(24)
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TABLE I
SELECTED PARAMETERS AND COMPONENTS OF THE LABORATORY PROTOTYPE
Component Value Description
Input filter Ly 1.29 mH EI3329S, Liz wire (32/¢0.12)
Cy 0.1 uF 630V
Input capacitor, Cj, 0.57 uF 630V
Bridge diode, Dy ridge BR-KBL406 600 V/4 A
Boost inductor, L, 350 nH EI3329S, Lizwire (32/¢0.12)
Revers-blocking diode, Dy, RHRP3060 600 V/30 A ultra-fast diode
Main switch, S; SPP20N60C3 650 V/20.7 A, Ras_yy=0.19 0
Snubber circuit Dy BYR29X-800 800 V/8 A ultra-fast diode
Ly 761 pnH EI3329S, Liz wire (32/¢0.12)
C 47 uF 450 v
DC-Bus capacitor, Cq 47 uF 450 vV
Coupled inductor, Ty L, = EI3329S, Liz wire (15/00.10)N1 \/, \ !,
758 pH Ly = | pH N, :N, :N, = (32/00.12)N1 , \I\N ,
48T:16T:6T
Output diode, D, RF2001T3D 300 V/20 A ultra-fast diode
Output capacitor, C, 470 nF x3 100 V
Control IC KA7552 PWM controller
Two linear constant LED current circuit Sa1. Sao IRF540 100 V/28 A, Rys_,, = 0.077 Q
Op-Amp LM2904 Dual operational amplifier
LED module LS-P5W11-H-STAR 5 W, White, CCT:5500
ITI. DESIGN PROCEDURE 1 (Ton + Tu1)
= lihpk—FF—
To simplify mathematical analysis for the design procedure, 2 s
the leakage inductor L, and the parasitic output capacitor Cg1, Vin pk D2T, |sin(wt)|
which have small enough to be ignored, are not considered. - 27, Vin ok - - (28
b 1— VietnV, |Sln(wt>|

A. Input Current and Power Factor

The theoretical waveforms of rectified input line voltage
[vin (7)], rectified input current [ii, (t)|, and boost inductor current
iLp(¢) in one line period are shown in Fig. 5. The line voltage
vin (f) is given by

Vin (t) = V;n.pk Sil’l(2’/Tth)

where the Vi, i is the peak input voltage and f7 is the line
frequency. To simplify the notation, phase angle wt can be sub-
stituted for 27f7, .

In Fig. 5, the boost inductor L; operates in DCM with con-
stant duty during one line period. The peak boost inductor cur-
rent iry, pk (¢), which follows the input line voltage v, (f) can be
obtained using

(25)

Vin (£)

Vin () nV, + Vae —
Ton =
Ly Ly

where Vi, () is the rectified line voltage |vi,(f)|, and T}, is the
discharging time of the boost inductor which is the interval
between #; and 4. T, has a constant value (because of the fixed
duty ratio during one line period) to supply the output power for
a constant output voltage. From (26), T;; is obtained using

B Viu (1)
- nV, + Vie —

Ity px = Tn (26)

T

DTy 27)

Viu(t)

where D(= T,,/T5) is the duty cycle.
The input current i;,, (7) is the average boost inductor current
irh.ave (1) during the switching period T as follows:

lin (t) = Z.Lb.avg (t) = iLb(Ton).avg + iLb(le).avg

The average input power in a half-line cycle can be calculated
as

1 T V;n k2D2T5
-Pin: - in (€ 'intdt:.pi
+ [ on@in (e = 2P
T 102
S t
x / V?mk(” ) g @)
0o 1-— e |sin(wt)]
The power factor can be expressed as
P 2P
PF = V2 (30)

‘/rmslrms Vin.pk % foﬂ iinz (t)dt

where Vi, and I;,,5 are the RMS values of the input voltage
and current, respectively.

B. Output Current

To obtain 749, the maximum magnetizing inductor current
I . (max) 18 given by

Vie nV,
I = Ity + —Ton = Ity + —T1, 31
Lm(max) fw + Lm fw + Lm d2 ( )
Vdc
Ty = —DT, <Tyg = (1 - D)TS (32)
nVo
From (32), the following equation can be obtained:
nV,
D< —"—. 33
=W+ Vi 49

The output diode current ip,(f) for one line period is shown
in Fig. 5. The output current /, is the average output diode D,
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Fig. 7. Laboratory prototype circuit diagram of the proposed LED driver. (a) Laboratory prototype ac—dc circuit diagram. (b) Two linear constant LED current
circuit.

current ig, .ve (7) in the half-line period which is expressed as — Va2
do.avg p P +-—4d¢ p21, —o. (35)
L anV, Ly
I, = ipo.avg (t) = ;/0 n(iLn(Tdl).avg — {L1(Td2).ave From (35), I;,, can be obtained. Because ig..v,(f) should be
5o zero, V4. has a constant value that is always higher than Vi, ,x
FiLan(Td2).avg)dE = nVinpi” DT because of the structure of the boost converter in the PFC circuit.
miasave 2w Ly, From (29), (34), and (35), assuming that P;, is equal to P,,,
. /7r sin? (wt) ot and following equation can be obtained:
- w
o Viae+nV, — V;n.pk |SIH(Wt)| v 2‘/in4pk2Le
de = —F7 75 %
Va2 Va2 7Ly (Vac +nV,
44 prpoy A prr (34) ( )
4V, Ly 4Vo Ly, i sin® (wt)
X / v - dwt. 36)
0o 1-— —Vdr‘izkvo [sin(wt)|

C. Analysis of the DC-Bus Voltage
where 1/L, = (1/Ly) 4+ (1/L,,).

The dc-bus capacitor current i () for one line period is shown : . .
Equation (36) shows that V. is not influenced by the load

in Fig. 5. This current consists of ir,,, iy, and ir; in one

switching period T. condition.
The average dc-bus capacitor current ig v, (#) in the half-line
period is expressed as D. Design of the Inductors Ly, Ly, and L,
™ From (29), assuming that the efficiency of the proposed LED
idc.avg(t) = l/ (iLm(T(,]i).an — iLb(Td1).ave driver is 100%, i.e., P;, = P,, the boost inductor L; should be
T J0 determined as
+ 7;L1(Td2).avg - Ifw)dt L, = Mll_kaDQ /ﬂ sin2 (wt) ot an
*D? - Vi :
= Ity + Vac DT, — Vinpi” D7T 2nPfs Jo 1 — i |sin(wt)|
2Lm 27TLb

i . where f; is the switching frequency. By substituting n = 3, Vi
y / sin” (wt) dwt =100v2V, Vae = Vyi [V]. fs = 50 kHz, P, = 100 W and D =
0 Vac +nV, — Viypi [sin(wt)] 0.45 in (37); thus, L, = 355 uH is obtained.
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From (36), L. can be determined as F. Direct Power Transfer

In the conventional boost-flyback PFC converter, the input
_ Vae ower is transferred to the dc-bus capacitor. And then, this

L.= . p p
Vinpk” g sin? (wt) stored energy is transferred to the load by the flyback dc—dc

P dwt gy y y
wLy (Vi +nV, Vin pk . module. In the proposed LED driver, some of the input power
b\ Vdc 4 01— p |Sln(wt)‘ prop put p

Vie +nV, is directly transferred to the load by the flyback dc—dc module

(38)  with lossless snubber, and the remaining power is stored in the
L. = 407 uH is calculated by substituting n = 3, Vyx = dc-bus capacitors.
100v2V, Vae = Vi [V], V, =48 V and L, = 355 puH in (38). From (34), the output power can be obtained by
Fig. 6 shows the relationship between L, and L. for different

values of turn ratio n. L; and L,, can be calculated from the P = VoI, = 1V Vinpic> D> T,
following relation 1/L, = (1/Ly) + (1/L,,). Therefore, if L, is o o 21 Ly,
equal to L,,, Ly = L,, = 815 puH is obtained. T sin? (wt)
X / - dwt
o Vac +nV, — Viy px [sin(wt)]
E. Voltage Stress of Devices N ( 1 N 1 > Vo2 DR (39)
—t—\W .
In the proposed LED driver, the maximum voltage across S; 4Ly ALy, ¢

is clamped to 2Vj.; the maximum voltage occurs for a very
short time. Thus, the approximate average voltage stress on S;
is assumed to V4. + nV,. The other voltage and current stresses

on the components of the proposed LED driver are shown in Piivect = Pout — (L + L) Vi 2 DT, (40)
Table L. 4Ly ALy

Therefore, the directly transferred power, Pqiyect , 1 €xpressed
as follows:
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By substituting P, = 100 W, n = 3, D = 045, V4. =
Vor = 100v2V, Ly = L,, — 815 pH, Ty = 20 us, and V,
= 48 V into (40), the directly transferred power is calculated
as 38.6503 W.

IV. EXPERIMENTAL RESULTS

To verify the steady-state performance and theoretical analy-
sis of the proposed single-switch ac—dc LED driver based on the
boost-flyback PFC converter with a lossless snubber, a labora-
tory prototype with the following specifications is implemented
and tested:

1) input line voltage range vi, = 100-230[V,.];

2) input line frequency f; = 60 Hz;

3) output voltage V, =48 V;

4) output current [, =2 A;

5) output current ripple Al, = 2[%];

6) switching frequency f; = 50 kHz;

7) measured THD 16.28[%] at 100[Vac],

230[Vac].

The selected parameters and components of the laboratory
prototype, which are based on the above design specification,
are listed in Table II. The laboratory prototype (proposed LED

24.62[%] at
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Experimental waveforms at vi, = 230[Vyc]. (@) Vin, fin, and Vg, (b) vgs1, vs1, iny and ik, (¢) ir1,vpo» and ip,, (d) vip, AV, and iLgp .

driver) circuit diagram and two linear constant-LED-current
circuits are shown in Fig. 7. To drive the LED at a constant
current, two linear constant-LED-current circuits [shown in Fig.
7(b)] are included; they drive at a current of 2 A (each driver
provides irgp = 1 A).

Figs. 8(a) and 9(a) show the experimental waveforms of v;,,
iin, and Vg, at 100[V,.] and 230[V,. ], respectively. These data
show that a high power factor is achieved because the phase
of the input current is similar to that of the input line voltage.
However, i;, is not perfectly sinusoidal because this distortion
depends on the ratio of V;,, 1 /(Vq. +nV,); this distortion will be
reduced because of the relatively high dc-bus voltage. Figs. 8(b)
and 9(b) show the experimental waveforms of veg1, vs1, iv1,, and
ipx at 100[V,.] and 230[V,.], respectively. These results show
that L; operates in DCM for PFC. At a high input voltage, the
leakage inductor discharging time is shorter than the low input
voltage condition because voltage across the leakage inductor
is higher. Figs. 8(c) and 9(c) show the experimental waveforms
of iz, vpo, and ip, at 100[V,.] and 230[V,.], respectively.
Because the output current ip, is discontinuous, the reverse-
recovery problem of the output diode is alleviated. Therefore,
all of the inductors operate in DCM. Moreover, these results
show that direct power transfer is achieved. Figs. 8(d) and 9(d)
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()

Measured efficiency, power factor, and dc-bus voltage. (a) Efficiency and power factor according to input line voltage v, at 100 W. (b) Efficiency under

different output power P, at 100[V,] and 230[V,]. (c) DC-bus voltage under different output power P, at 100[V,.] and 230[V,].

show the experimental waveforms of v;,, AV,, and ipgp at
100[V,.] and 230[V,.], respectively.

Fig. 10(a) presents a comparison between the efficiency and
power factor of the proposed LED driver and those of the
conventional boost-flyback PFC converter. The efficiency and
power factor were measured at 100 W for different input line
voltages. In the measured efficiency, the losses of two linear

regulator are not included. To obtain a fair comparison, the con-
ventional converter is designed with the same specifications and
operating modes as the proposed LED driver. Because of the di-
rect transfer of power and recycling of leakage inductor energy,
the proposed LED driver achieves a higher efficiency than that
of the conventional converter. The power factor of the proposed
LED driver is similar to that of the conventional driver for the
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Fig. 11.

Photograph of the prototype.

same PFC operation. However, because the snubber capacitor
absorbs the leakage inductor’s energy, the dc-bus voltage (which
is the same as the snubber voltage in the prototype) is higher
than that of the theoretical analysis. Therefore, the power factor
of the proposed LED driver is slightly higher than that of the
conventional converter. The efficiency and dc-bus voltage tra-
jectory of the proposed LED driver under different output power
P, at 100[V,.] and 230[V,.] are shown in Fig. 10(b) and (c),
respectively. Fig. 11 shows a photograph of the prototype.

V. CONCLUSION

A single-switch ac—dc LED driver based on a boost-flyback
PFC converter with a lossless snubber has been proposed. Using
the boost PFC circuit in DCM operation, a high power factor is
achieved. In the dc—dc flyback circuit, because of the lossless
snubber circuit, the peak voltage stress of the switch is clamped
and the leakage inductor energy is recycled. The dc-bus capaci-
tor is split into two capacitors (because the snubber capacitor is
used). Additionally, a low-voltage-rating capacitor can be used
because some of the input power at the boost inductor is di-
rectly conducted to the output. Therefore, the total efficiency
is improved. The performance of an LED driver prototype has
been experimentally evaluated at an output current of 2 A and
an output voltage of 48 V.
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