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ABSTRACT

An advanced hybrid LLC series resonant converter

etc.[1],[2]. D e aggregate extent urges the researchers to improve the more advanced ac/dc
converters, s they should be highly efficient, compact in size, and at rational cost. To
encounter the standagds of harmonic regulation such as, a power factor corrector is generallyneeded.
Because of the benefits of simple circuit topology and ease control, the boost or buck
converters are widely used for power factor correction [3]-[6]. To achieve unity power factor, the
output voltage of both converter should be higher than the amplitude of the acline voltage. The

suggested integrated ac/dc converter comprises of two stages.
The first one is the acto dc conversion and the second one is dc to dc stage. Theboost

converter accomplishes the functionof power factor correction and buck converter controls the dc
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link voltage. Although it’s good performance, the two step operation has two energy conversion
manners, which could produce various losses including switching loss, conduction loss, and magnetic
core loss. Except the buck and boost converter methodologies, the CUK and SEPIC converter are also
used as the power factorcorrectors and regulate the dc voltage. The collectiveform of buck and the
boost converter is CUK converter and the SEPIC converter is the mixture of boost and buck-boost
converter. Advantage of both converter is they have a simple circuit topology since they use only one
active switch and one diode. An unity power factor can be achieved by opggating the boost converter
both at discontinuous conduction mode (DCM) or continuous conducti (CCM). And the buck

ttain the smooth dc

it sources
mode to

ry so the space should be saved
ostly DC to DC converter regulate
urces. The DC/DC converters is usually

e to eddy currents in their cores. DC/DC techniques
uch higher frequencies, requiring only much smaller,

ample, for domestic electronic appliances it is needed to rectify

itch-mode techniques to convert it to high frequency AC at the

C. The entire complex circuit is cheaper and more efficient than

ircuit of the same output. Because of high efficiency and high power

factor theresearchers @We presented many single stage ac/dc converters based on the integration of

PFC stage and a dc t6 dc stage. Comparing with two stage approaches, the single stage method has

advantageof less component count and the circuit topology is simple and the circuit efficiency is
improved with single power conversion process.

CIRCUIT CONFIGURATION AND OPERATION MODES
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Boost Converter Buck Converter

loss andvoltagestress.
In order to reduce the power i

lue of the output voltage and the difference is then
WM signal to the switch of the converter. Here the

iscomposed of L , S1 and Co. The buck and the boost converter are operated at the
highfrequency,fs.The rfactorcorrectionisobtainedbytheboostconverter.Whentheboostconvertero
peratesatthediscontingbus conduction mode (DCM), the average value of the inductor current at
every highswitching
cycleisapproximatelyasinusoidalfunction. Thelowpassfilterisusedtoreducethehighfrequencycurrent.H
encetheboostconvertercanwaveshapetheinputlinecurrenttobesinusoidalandinphasewiththeinputvoltag
e.Otherwise called high power factor and low total harmonic distortion (THDi) is achieved. And
similarly the buck converter regulates the output voltage of the boost converter to supply stable dc
voltage to theload.
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Although, the VGS1 and VGS2 are the two gate voltages obtained from a half bridge gate driver
integrated circuit are used to alternately turn ON and OFF the switches S1 and S2. The two gate
voltages are the complementary rectangular wave voltages. To prevent the active switches from cross
conducting, there is a short non overlap time is called “dead time”. In this period, the VGS1 and VGS2
are at the low level. Neglecting the short dead time, the duty cycle of VGS1 and VGS2 is0.5.

In steady state the circuit operation can be divided in to eight modggthat’s shows in Fig.2. It

shows the equivalent circuit of each operating modes. The rectified v ec represents the low
in operating modes

Mode V (B Mode VI
(9) Mode VII(h) Mode VIII.

A.Mode | (0 <t<tl)

In Mode 1, t ON state, thelpoost inductor current ip is zero and the buck inductor current ib
issupplied by th ink ca r which flows through the S1,D5,Lb, and Co.

When S1 is FF by the gate voltage, vGS1 the mode 1 get started. The time interval
of this mode 1 is the -off transition. At the beginning of this mode 1, ib is diverted from S1 and
get flow through the”output capacitors CDS1 and CDS2. Then CDS1 and CDS2 are charged and
discharged, respectively. The voltage across CDS2 (vDS2) are decreases and to be lower than the
rectified input voltage Vrec, the boost- inductor current ip get starts to increase. When vDS2
reaches—0.7 V, DS2 turns ON and Mode lends.

B.Mode 11 (t1 < t<t2)
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In Mode 11, voltage vDS2 is maintainedat —0.7 V by the antiparallel diode DS2. After the short
dead time, the gate voltage, vGS2 turned ON the switch S2. If the on resistance of S2 is small, most of
ib current will flow through S2 in the direction from its source to drain. By neglecting this small value
of vDS2, the voltages across Lb and Lp are equalto
vb (t) =)o
vp (t) = Vrec (t) = Vm |sin (2zfL {)|

the time interval of
linearly from zer

C.Mode 111 (2 < t<t3)
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increasing. Since the buck converter is designed’to
of thismode.

D.Mode 1V (13 < t<t4)

In this mo egation, S2 remains ON to carry boost inductor current ip. Because buck
inductor current ib is , the buck converter is at “OFF” state and the output capacitor Co supplies
the current to load. Wihen S2 is turned OFF by the gate voltage vGS2 , Mode IV ends.

E.Mode V (t4 < t<t5)
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ning OFF S2. For
maintaining flux balance in Lp,ip will be divert: S1 and CDS2 when
the switchS2is turned OFF. CDS1 and
inductor current ib is zero at the begi

F.Mode VI (t5 < t<t6)
At the beginnd
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, respectively,

ib rises to become higher thagethe buc

G.Mode VII (16 < t<t7)

In operation Mode V11, ib is higher than that of ip. Here there are two loops for ib . Parts of
ib are equal to ip and flow into the boost converter, while the rest flow through switch S1 . The current
direction in switch S1 is changed naturally, i.e., from drain to source. The voltage and the
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current equations for vp,vb,ip, and ib are the same as (5)—(8).Buck inductor current ib increases
continuously, while boost inductor current ip keepsdecreasing. The circuit operation enters next mode
as soon asip decreases tozero.

H.Mode VIII (7 < t<t8)

out 0.7 V by the inductor current. Then, the

clamp the active voltage at nearly zero voltage.

ration. The reason for operating the buck converter

d ib decreases. It should be noted that the ip rises in

, ib could be keep higher than ip. On this condition, the circuit
e Modes Il and 1V, and gate voltage vDS1 is maintained at about
diverter from S2 toS1 .CDSL1 is discharged at the high voltage of
Vdc, resulting a s rrent and high switching losses.
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CIRCUIT ANALYSIS

According to the operating modes in the previous section,
it can be clearly seen that the antiparallel diode of the active switch of one converter serves as the
freewheeling diode of the other converter. Therefore, the two converters can be analyzed separately.

. Boost-Converter-Type Power-FactorCorrector
The boost-inductor current ip increases from zero and reaches then
Mode
. Practically, the frequency of the input line voltage, fL, is
It is reasonable to consider that the rectified input voltage
cycle. The peak values of boost inductor current ip can
ip. peak 1) = Vm |sin 27t £)
(2 — to)
Lp

= Vm|sin Qafo)| T:

ip start to decreas n be rewritten from

Where T is the high-ﬁ ichi i beginning of Mode V, boost inductor current

i; (f) = Vu [sin (2.'}‘.- 3l T:

ation of the interval during which the boost inductor current ip
decreasesfrom th value'to zero is described by

to, oft (£) = 0.5 TV |sin (2L 8)|

Vic— Vi [sin 2t £)|

In order to operate the boost converter at discontinuous mode (DCM), tp,off (t) must always be less
than the half of the switching period
tp,off (t) <0.5Ts.

Combining above two equations, the gate voltage Vdc should be high enough to ensure the
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discontinuous conduction mode (DCM )operation over an entire input line-frequency cycle, as
follows:

Vdc >2Vm.

It is noted that the peak values of boost inductor current ip follow a sinusoidal envelope. The
average value of

ip over a high-frequency cycle is given by

Ip (£) = (0.5Tx+ to, o (). ip. peak

6]

27
After substituting the equations

(f) = Vm|sin 2aftd)| - 1
8. Ly f° =1 Jsin(2aft?)
k

Po=gyVm? .y

& Lpfs

Since the input voltaggi§ pu

tion of index k is calculated, by using above equations. As shown,
high power facto ed at a high-valued k. The index k should be higher than
2. In this situation, ctor is better than 0.99.

. BuckConverter
For discontinuous conduction mode ( DCM) operation, buck inductor current ib rises from zero.

Neglecting the short transition of turning OFF switch S2 , the rising time of buck inductor current ib
is equal to 0.5Ts. Then, the ib has a peak value that is equal to
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ib, peak = (Vic— Voi Is
2L

The buck inductorcurrentib starts to decrease, when the switch S1 is turned OFF. The time
durationforbuck inductor current ib decreasing from the peak value to zero is givenby
For the DCM operation, th,off should be less than 0.5Ts. This leads to

Vdc <2Vo

Fig. oretical waveT@ms of the proposed converter.
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As shown in Fig. 3, buck inductor current ib IS with a triangular waveform and its
averagevalue can be derivedby

i5=(0.5T:+ thoff) @ pesk
2T:
= (Vic - Vo)VecT:
SLET%

At the steady-state operation, the average value of buck inductor ib will
current

B=L=Us
R.
By combining above all equations, the formulaofLbfor di
(DCM)operationisderived asfollows:
L.’J:(Vdc— VD)V&:T.'

= (Vac— Vo)Vec
B 1F T

DESIGN EXAMPLE AND

both buck and
The circuit
ICircuit Specifications
110 Vrm s £ 10%, 60Hz

50kHz
OutputPower, P 60W
OutputVoltage, Vo 216 V (= 3.6 V x 60) Output Current,lo
0.28 A
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Iiep (A)
0.3 =
0.25
0.2
0.15
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0.05
0

2 ¥V
Vien (V)

Fig. 4. VI curve of tested LED,

A. Parameters Design

quency. Here, the natural

are determined to be Lm = 2.16
mH ,Cm = 0.47 uF.

B.DimmingOperation

" ST L6599N

Css  VBOOT

2IDELAY  HVG i3

_Fig. 5. Control circuit.
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In this prototype circuit, 60 LEDs are connected in series, and then, more voltage change is
needed to dim the light emitting diode (LED). It makes the series-connected LEDs can be easily
dimmed by the voltage control. The closed-loop control circuit that mainly consists of a double- ended
controller (L6599) for half-bridge topology and a photo coupler (PC817). The L6599 provides a pair
of gate voltages with fixed dead time (0.3 us) to drive both the active switches. Output voltage
regulation is achieved by modulating the switching frequency. The feedback signalof the output
voltage is transferred to the pin 4 of L6599 through the phototransistor of thgoptocoupler to modulate
the switching frequency. The output voltage is varied by adjusting vartable resistor VR1 for
dimmingLED.

Figs. 6-19 shows the voltage and current waveforms tha

1 (o . b 0 0rE (Fg W)
wivin|  aoowsn] 200k Soimatv|Alo 47
000vont]  2000Act] 8030 At 25045 0kdis|Edge  Paaihe
r

3202013 123047 AM

Fig. 6. Waveforms of vin , iin, and ip (vin : 200 V/div, iin, ip : 2 A/div, time: 5 ms/div)
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active switches, which are
voltage, respectively.As s

ith proposed integrated circuit, a two-stage boost and buck
d with the same circuit specification as the proposed circuit. At 50-
sure efficiency of the two-stage circuit i$90.7%.
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, time: 10 us/div).
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(@) the peak point and (b) the zero-crossing
00V/div, iS1,iS 2: 2 Aldiv, time: 5 us/div).

w=@== Power Factor, pf wfll= THDi  ==g@ig= Circuit Efficiency, n

7(%) THDI (%)
100+ 50 5

80 + 40 A

60 4 30 A

40 A 20 A1

20 A 10 4

0- 0 -

10 20 30 40 S0 60
B[P, raicavatue (%0)

Fig. 10. Measured power factor, THDI, and circuit efficiency for different output power.
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The measured curves of the power factor, THDI, and circuitefficiency over a load ranges from
30% to 100% rated power are shown in the Fig. 10. Power factor is close to unity over the wideload
range, while THDi increases dramatically when the output power is less than 50% of rated power.
Since the output power is inversely proportional to the switching frequency, more circuit losses would
happen at light load. The circuit efficiency drops to 0.84 at 30% rated power.

CONCLUSION

The high-efficiency integrated ac/dc converter that combines the boost ¢ and a buck converter
through eachof the

ZVS. It assures high circuit efficiency. The boost converter i
conduction mode( DCM)to perform the function of powe
link voltage should be two times higher than that

converter further regulates the dc-link voltage to obtaj
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