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Abstract—A single-inductor dual-output (SIDO) buck—boost
power factor correction (PFC) converter operating n critical
conduction mode is proposed in this paper. By mulplexing a
single inductor, each output of the SIDO buck-boostonverter
can be regulated independently. Compared with a caentional
two-stage multiple-output converter, the SIDO buckboost PFC
converter benefits from significant overall cost saing, small size,
and lightweight. Moreover, the efficiency of the IDO buck—
boost PFC converter can be improved due to singldéage power
conversion. The control strategy and characteriste of the
proposed converter are analyzed. The efficiency, peer factor,
total harmonic distortion, and output accuracy areverified using
the experimental results.

Index Terms— Critical conduction mode (CRM), power factor

correction (PFC), single-inductor dual-output (SIDO), single
stage, time multiplexing (TM ).
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to-dc converters suffers from lower efficiency ahdjher
volume and cost. However, the single-stage PFCeartevcan
achieve high PF and output current or voltage egn at the
same time [8], [9]. Hence, it has drawn more andremo
attention in recent years.

A fly back PFC converter with multiple secondanndings is
a typical single-stage multiple-output convertehewe only
one output can be well regulated. Multiple secopaéndings
in the transformer lead to cross-regulation duele@kage
inductance, forward voltage drop of diodes, andieser
resistance of the windings [10]. Moreover, onlytage output
regulation can be achieved, while multiple curreatputs are
hard to regulate independently. In order to achiavieighly
accurate regulation of multiple-output converterghe
magneticamplifierpostregulator approach is appief 1] and
[12], but it still requires multiple inductors amdndings.

A single-inductor multiple-output (SIMO) converteith only

MULTIPLE-OUTPUT ac/dc power converter has beenOne inductor benefits from significant overall casiving,

electronics and LED lighting [1]-[3], such as meltel
voltage supply systems, current balancing for mldtiLED
string driving, RGB LED lighting, etc. IEC 61000Z¢lass C
for lighting equipment establishes a strict requieat for the
input current harmonic content of power converfétsPower
factor correction (PFC) is usually used to provédsinusoidal
input current. Hence, research of multiple-outpefti@a power
converter with low cost and high power factor (PiB)
important.

In order to achieve a high PF and to accuratelyletg the
output voltages or currents of a multiple-output/dac
converter, a conventional multiple-output ac/dc eow
converter consisting of two-stage power converssoutilized,
as shown in Fig. 1, where the PFC preregulatorigesvthe dc

suitable and cost-effective solutions for multiplgput power
supplies. SIMO dc/dc converters in mobile applmathave
been studied in recent years [13]-[17]. In somelineff
applications, such as LED lighting, single-stage CPF
converters are preferred. A single-stage buck—bdis€
converter has the advantage of low cost and highwikch
make it widely applied in single-output no isolatgdneral
lighting applications [18]. In this paper, a noggigle-inductor
dual output(SIDO) buck-boost PFC converter opegafim
critical conduction mode (CRM) is proposed. Its tcoh
strategy and corresponding characteristics are yaedl
Independent regulation of each output can be aedi@v this
converter by multiplexing a single inductor. Comgzhmith a
conventional two-stage multiple-output convertke, proposed
converter benefits from significant overall costing, small

bus voltagev bus and parallel-connected dc-to-dc regulator$ize, lightweight and high power conversion efinmg due to

are used to regulate the output voltage or outprreat from
Vbus [5]

The circuit configuration of the multiple-output/dc converter
shown in Fig. 1 is complex and suffers from highstcavith
multiple inductors and controllers required [6]]. [Moreover,
the two-stage power conversion with PFC pre-reguland dc-

single stage power conversion. The proposed casvedn
also be easily extended to realize the SIMO bucksb®FC
converter to fulfill different system requirements.

This paper is organized as follows. In Sectiothé SIDO
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Buck—boost PFC converter is proposed and analyZéd.
design considerations and analysis are describe8eition
. The experimental results including efficienci?F, total
harmonic distortion (THD), and output regulatiorca@cy are
given in Section IV, and Section V summarizes thiectusion
drawn from the study.
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Fig. 1. Block diagram of a conventional multipletmut ac/dc power converter
with a high PF.

Fig. 2.Proposed SIDO buck-boost PFC converter.(@veP stage. (b)
Controller

[I.LPROPOSED SITO BUCK BOOST PFC CONVERTER

From the Fig.2(a),the power stage of the SITO humdst
converter consists of a diode bridge Dbridge; gutrfilter
consisting of Lf and Cf; five switch networks castgig of
Q1,0Q2,Q3,Q4,and Q5 and their corresponding sersstoes
Rs1,Rs2 , and Rs3;four freewheeling diodesD1,Dam8D4;
a time multiplexing inductor L; and three outputteii
capacitors C1,C2, and C3.Q2,Q3,Q4, and Q5 areithe t
multiplexing control switches of each output. Thétsh Q1 is
always in on condition. When Q2 IS Turned on and i®3
turned off, the converter transfers power to ouuand when
Q2 is turned off and Q3 is turned on, the convetrt@nsfers

power to output A. For the third output the swit@# is turned
on and Q5 is turned off that time the capacitort@es the
charge .After charging the capacitor the switchi€dirned off
and the switch Q5 is turned on, the converter femagpower to
the output C.

Fig.2 (b) shows the control loop of the SITO budest PFC
converter with three constant output currents. F&32, and
Rs3 are series connected with the switch Q1, Q#, @8,
respectively, and heir common point is set as $ignaund.
The average freewheeling current of the inductorefach sub
converter in a half line cycle is equal to the esponding
output current, and it can be detected as the batpuent for
control.Vsl, Vs2, and Vs3 are the sense voltagessasense
resistors Rsl1, Rs2, and Rs3, produced by inductewheeling
currents iQ2,iQ1,and iQ3.The average of Vsl and iga%ed
as the output current information for each outps®.\6 used as
the cycle by cycle current limit signal for over rant

protection. The comparators compare the voltage
COMPIJi](i=1,2) compare veli](i=1,2) with saw-toosignal to
generate reset signals vrel and vre2 for timing

multiplexing(TM) selector S1,respectively,vel are\are the
compensated error voltages between each outputeder@nce
current vreffi](i=1,2).The time multiplexing sigf@MsS) is
divided by 2 frequency the RS flip flop is high. élfzero
current detection (ZCD) signal of the inductor igem as the
input to the set terminal of the RS flip flop. TAED signal,
which is coupled by the auxiliary winding of thealirctor from
the two outputs, also reflects as the output veltafprmation
.Over voltage protection (OVP) will be triggeredhem the
output voltage is higher than the set Value of ¢batroller.
The voltage of the auxiliary winding (zero crosseattion) will
change to negative, when the inductor is decreasesro. The
SITO buck boost PFC converter operates in variequiency
with ZCD. The gate signal is given to the switchings
controllers. The gate pulse g4 and g5 are sambheag2 and
g3.And | is given to the Q4 division signal of tR& flip flop
output, is used to control the output. When TMSeef) is
selected by Sland ioa will be regulated
Vrefl/Rs1;similarly,when TMS=0,iob is regulated
Vref2/Rs2.The saw-tooth generator(reset) is zerenm@1 is
turned off and will be set again when the Set teainbf and
Q5 switches

to
as

III.LDESIGN CONSIDERATION AND POWER FACTOR
ANALYSIS

In this section, the SITO buck-boost PFC convenfegrating
in CRM mode. This mode is analyzed under following
assumptions.

1) All the components are shown in the Fig.2

2) Switching frequency is higher than the line frexcy.
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3)input voltage is a rectified sine wave, that
Vin,rec(t)=|vin(t)|=vp|sin(wL(t)|,where vp is thenplitude of
the sine wave.

4) The output voltages voa, vob and voc are cohsthay
have ac ripple in the steady state.

5) The bandwidth of the PFC converter in the cdrbop is
usually much lower than the rectified line frequenc

6) The error voltage of three outputs is constaithiw each
half of the line cycle.

The PF of the SITO buck-boost PFC converter canti&ined
as

sin? wi
k-+sin Luf

\/_ f sin2
k242 sin wl‘+sm wi

By using MATLAB Fig.4 shows the PF of the SITO buck
boost PFC converter, its shows that by increaseahe of k,
power factor will be close to 1.

d(wt)

The value of k is determined by k1,k2 antdetA=02 and it is
defined as the power ratio of Po,A,Po,Band Po,cbingu
MATLAB,The relationship of PF ,k1,k2 antl ..PF will be
seriously affected wheh increases. It clearly tells that k1 is
equal o k2.
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Fig. 3. Block diagram of
converter with a high PF.

a conventional multipleput ac/dc power

;
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Figure 3 Circuit Parameters Of The Buck-Boost Ple@verter

A 30.75-W prototype of the proposed CRM SITO buckot
PFC shown in Fig.2 is built to verify the theorati@nalysis.
Each output current of the proposed CRM SITO bundsb

isPFC is constant. The prototype parameters of SIFEGskhown

in Table I. The voltage is varying from 100 o 24GcV
According to the analysis L is designed as,t8Qf and Cf
are used to provide switching noise attenuatiord Also it is
used to achieve low displacement angle betweenirpet
voltage and current .A low frequency requires a low off
frequency of the input filter, it will automaticglincrease the
size of the filter. Here Lf and Cf is filter. Hetd and Cf are
.designed as 1mH and 220nF considering a wide wygitage

Variable | Definition value

Vin Input voltage 100_240Vac

R, Rated load resistor of 3002
output A

1oa Cwrrent of output A -0.2A

Ry Rated load resistor of 3002
output B

igh Cwrrent of output B -0.25A

R, Rated load resistor of 30082
output C

1, Cwrrent of output C 0.78A

L Inductor 180uH

Ls Input filter inductor 1mH

Cr Input filter capacitor 220nF

C1.Ch Output filter capacitor 220uH

Cs Output filter 800uH

Cy Output filter 500uH

D,.D,.D; | Diode ES2T

Dy

Figure.4. Shows The Vin And
Converter At 110v

lin Waveforms Of The Sito BuckeBb Pfc
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Figure.5 Voltages of Sub Converter
Figure.6 Currents of Sub
ABAndC

converter And

AB

V.CONCLUSION

A SIDO buck—boost PFC converter operating in CRM leen
proposed in this paper. Detailed control strategglysis and
design considerations have been presented. Eapht@an be
regulated independently in this converter by miding
single inductor.
multiple-output ac/dc converters, the proposed lsistage
multiple-output ac/dc converter benefits from siigaint
overall cost saving, small size, and light weightt® device.
Experimental results have been presented to véwfyanalysis
results and to demonstrate the advantage of thpoped
converter. Although only the dual-output conversediscussed
in detail in this paper, the proposed converter lbaneasily
extended to realize SIMO PFC converters with diffier
topologies to fulfill different system requirements
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