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Abstract. The aspects regarding control strategies for Power Factor Correction (PFC)
converters are investigated. The major control techniques to absorb sinusoidal input currents in
boost PFC's are reviewed and analyzed.

Their extension to other converter topologies is discussed and some experimental results for a
PFC based on the Sepic topology are reported, which allow comparison of converter
performance with different control techniques.

Lastly, some considerations regarding dynamic operation are given, together with information
about control IC's specifically developed for PFC applications.
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INTRODUCTION control techniques. Moreover, the output capacitor is an
efficient energy storage element (due to the high output

The attention devoted to the quality of the currentyoltage value) and the ground-connected switch simplifies
absorbed from the utility line by electronic equipment ighe drive circuit. The main drawbacks of this topology are:
increasing due to several reasons. In fact, a low powdy start-up overcurrents, due to the charge of the large
factor reduces the power available from the utility grid,output capacitor; 2) lack of current limitation during
while a high harmonic distortion of the line current causesverload and short circuit conditions, due to the direct
EMI problems and cross-interferences, through the lineonnection between line and load; 3) difficult insertion of a
impedance, between different systems connected to thmgh-frequency transformer for insulating the input and
same grid. From this point of view, the standard rectifieputput stages; 4) output voltage always greater than peak
employing a diode bridge followed by a filter capacitorinput voltage.
gives unacceptable performances. Thus, many efforts are
being done to develop interface systems which improve the
power factor of standard electronic loads.

An_ideal power factor cor.rector (PFC) _shoglq emulatg a L l{ L ,\D. I£>
resistor on the supply side while maintaining a fairly + 000 A +

regulated output voltage [1]. In the case of sinusoidal Iinev. # v

voltage, this means that the converter must draw a'’

sinusoidal current from the utility; in order to do that, a .

suitable sinusoidal reference is generally needed and the |

control objective is to force the input current to follow, as

close as possible, this current reference.

The most popular topology in PFC applications is certainly

the boost topology, shown in Fig.1 together with a generic PFC

controller. Controller
A diode rectifier effects the ac/dc conversion, while

the controller operates the switch in such a way to proper

shape the input currer@ according to its reference. The

output capacitor absorbs the input power pulsation,

allowing a small rlpp_le of the_output voltagg v . n spite of these limitations, many PFC's based on the boost

The boost topology is very simple and allows low-distorte

. . . . opology have been proposed in the literature. Various
input currents and almost unity power factor with different pology . prop .
control strategies have also been implemented. In the

A

|Iyig.l - Principle scheme of a boost PFC



following, the most popular control techniques arereduced. Moreover, with continuous input current, the

reviewed and compared, in order to highlight advantagediodes of the bridge can be slow devices (they operate at

and drawbacks of each solution, also referring to théne frequency). On the other hand, the hard turn-off of the

availability of commercial control IC's. freewheeling diode increases losses and switching noise,
calling for a fast device. Advantages and disadvantages of
the solution are summarized hereafter.

REVIEW OF PFC CONTROL TECHNIQUES

Advantages

In the following, we will refer to the boost PFC, even if- constant switching frequency;

many of the discussed control techniques can also be used only the switch current must be sensed and this can be

with other topologies. accomplished by a current transformer, thus avoiding

the losses due to the sensing resistor;

Peak current control - no need of current error amplifier and its compensation

The basic scheme of the peak current controller is shown network;

in Fig.2, together with a typical input current waveform- possibility of a true switch current limiting.

[2-6]. Disadvantages

- presence of subharmonic oscillations at duty cycles

greater than 50%, so a compensation ramp is needed;
- input current distortion which increases at high line
voltages and light load and is worsened by the presence
+ of the compensation ramp [4-5];
- control more sensitive to commutation noises.

=TI

o
+ +

The input current distortion can be reduced by changing
= the current reference waveshape, for example introducing a
dc offset, and/or by introducing a soft clamp. These
provisions are discussed in [4] and [5]. In [6] it is shown
that even with constant current reference, good input
current waveforms can be achieved. Moreover, if the PFC
is not intended for universal input operation, the duty-cycle
can be kept below 50% so avoiding also the compensation
ramp.

- Available commercial IC's for the peak current control are
= the ML4812 (Micro Linear) [3] and TK84812 (Toko).
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Average current control

Another control method, which allows a better input
current waveform, is the average current control
represented in Fig.3 [4,7-10]. Here the inductor current is
sensed and filtered by a current error amplifier whose
output drives a PWM modulator. In this way the inner
current loop tends to minimize the error between the
average input currenyiand its reference. This latter is
obtained in the same way as in the peak current control.
The converter works in CICM, so the same considerations
done with regard to the peak current control can be

As we can see, the switch is turned on at consta@Pplied.

frequency by a clock signal, and is turned off when the sum

of the positive ramp of the inductor current (i.e. the switctfidvantages

current) and an external ramp (compensating ramp) reaches Constant switching frequency;

the sinusoidal current reference. This reference is usualty N0 need of compensation ramp; . _

obtained by multiplying a scaled replica of the rectified line  control is less sensitive to commutation noises, due to
voltage v times the output of the voltage error amplifier, ~ current filtering;

Fig.2 - Peak current control scheme

which sets the current reference amplitude. In this way, the
reference signal is naturally synchronized and always
proportional to the line voltage, which is the condition to
obtain unity power factor.

better input current waveforms than for the peak current
control since, near the zero crossing of the line voltage,
the duty cycle is close to one, so reducing the dead
angle in the input current [4].

As Fig.2 reveals, the converter operates in Continuoudisadvantages

Inductor Current Mode (CICM); this means that devices
current stress as well as input filter requirements are

inductor current must be sensed;



- a current error amplifier is needed and its conpensatiom order to avoid too high switching frequency, the switch
network design must take into account the differentan be kept open near the zero crossing of the line voltage
converter operating points during the line cycle. so introducing dead times in the line current. An analysis of

the power factor as a function of these dead times can be

This control technique is becoming very popular andound in [16,17]. A control IC which implements this

detailed design criteria can be found in [4,7,8,10]. Mangontrol technique is the CS3810 (Cherry Semiconductor)

control IC's are available from different manufacturers{19].

UC1854/A/B family (Unitrode) [7,10,12], UC1855

(Unitrode) [11], TK3854A (Toko), ML4821 (Micro

Linear), TDA4815, TDA4819 (Siemens), TA8310 ﬁ, &%, ftflt%\ D Iy
(Toshiba), L4981A/B (SGS-Thomson) [13], LT1248 [14], + + . +
LT1249 [15] (Linear Technology). v, f; A s CL==V SR,
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Fig.4 - Hysteresis control scheme

Borderline control
In this control approach the switch on-time is held constant
Fig.3 - Average current control scheme during the line cycle and the switch is turned on when the
inductor current falls to zero, so that the converter operates
at the boundary between Continuous and Discontinuous
Hysteresis control Inductor Current Mode (CICM-DICM) [20]. In this way,
Fig.4 shows this type of control in which two sinusoidalthe freewheeling diode is turned off softly (no recovery
current referencespl e Iy ref are generated, one for the losses) and the switch is turned on at zero current, so the
peak and the other for the valley of the inductor currentommutation losses are reduced. On the other hand the
According to this control technique, the switch is turned omigher current peaks increase device stresses and
when the inductor current goes below the lower referenceonduction losses and may call for heavier input filters (for
lv ref and is turned off when the inductor current goesome topologies).
above the upper referencg fef giving rise to a variable This type of control is a particular case of hysteretic

frequency control [16-18]. control in which the lower referencey fef is zero

Also with this control technique the converter works inanywhere.

CICM. The principle scheme is shown in Fig.5. The instantaneous
input current is constituted by a sequence of triangles

Advantages whose peaks are proportional to the line voltage. Thus, the

- no need of compensation ramp; average input current becomes proportional to the line

- low distorted input current waveforms. voltage without duty-cycle modulation during the line

Disadvantages cycle. This characterizes this control as autbmatic

- variable switching frequency; current shapétrtechnique.

- inductor current must be sensed; Note that the same control strategy can be generated,

- control sensitive to commutation noises. without using a multiplier, by modulating the switch



on-time duration according to the output signal of the
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Fig.6 - Discontinuous current PWM control scheme

Advantages

- constant switching frequency;

- no need of current sensing;

- simple PWM control;

Disadvantages

- higher devices current stress than for borderline
control;

- input current distortion with boost topology.

Fig.5 - Borderline control scheme

Advantages
- no need of a compensation ramp;
- no need of a current error amplifier.
- for controllers using switch current sensing, switc
current limitation can be introduced;
Disadvantages
- variable switching frequency; EXTENSION TO OTHER PFC TOPOLOGIES
- inductor voltage must be sensed in order to detect the
zeroing of the |pductqr current, . . Although boost PFC's are the most diffused, other
- for COI’]FI’O”EI’S_I.I’] which the SW.'tCh cyrrent IS Sensedt:onverters like flyback, Cuk and Sepic are well suited for
control is sensitive to commutation noises. PFC applications. All of these overcome some of the
problems encountered with the boost topology: for
xample, they allow high-frequency insulation, voltage
tep-up and step-down as well as start-up and overload
protection. For these converters, some of the above control
techniques have been proposed, with proper modifications
to suit the different topology characteristics. We will first

Discontinuous current PWM control analyze the flyback PFC, which is the simplest solution for

W.'th. this approach, the mter_nal current loop is COmpleml)l’solated converters, and then Cuk and Sepic structures.
eliminated, so that the switch is operated at constant

on—umi and fligquelncg. (se(ta_ Fig.6) [21(—1271: With (;heFI back PEC

Clggvl\ir etrh_wor I?gl Itn rllsgon |nu|(|)us cont uction Tote The first control strategy proposed for this converter was
( ), this controf technique aflows unily power 1actory,. - piseontinuous  current  PWM control[21-23].
when used with converter topologies like flyback, Cuk an

Sepic. Instead. with the boost PEC this techni ccording to this technique, the converter draws a
epic. Instead, with the Doost IS lechnique CauseR, isoidal current with no need of duty-cycle modulation,
some harmonic distortion in the line current [24].

i.e. at constant on-time and switching frequency. This very

A control IC specifically developed for this type of control

is the ML4813 (Micro Linear) [22]. Note, however, that

every PWM controller for dc/dc converters can be used to
erform this control.

Specific control IC's are: TDA4814, TDA4816, TDA4817,
TDA4818 (Siemens), SG3561 (Silicon General), UC185
(Unitrode) [12], MC33261, MC33262 (Motorola), L6560
(SGS-Thomson) [13].




simple approach is convenient for low-power applicationstequirements, but the high current stresses on the devices
while for medium power levels it is better to operate tha@emain.

converter incontinuous conduction modéCCM), thus
reducing the current stresses in the switch. For this
purpose, the so calledharge Controlcan be used, which . C
is illustrated in Fig.7 [28]. o= = l )
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With this technique, the switch is turned on at constant S voltage RPFY

frequency by a clock signal. Then, the choppered input | erroramplifier.
current j, is sensed and integrated by capacitgr @hen ) b) ]
the voltage across+€ which is proportional to the charge F19-8 - a) PFC Cuk converter, and b) PFC Sepic converter
fed by the input generator in a switching period, reachedith discontinuous current PWM control

the sinusoidal reference, the switch is turned off and

capacitor G is reset in order to be ready for the next ) ]

commutation cycle. In this way, the average input current iSh€ input current ripple can be further decreased by
forced to follow the sinusoidal reference even if theEXploiting another feature of Cuk and Sepic topologies, i.e.
converter works in CCM. With this control, subharmonicth® Possibility to magnetically couple the two inductors
oscillations can appear, depending on line and loakf®:27]- In this way, the two inductors can be wound on the
conditions. To get rid of them a suitable compensatin§2@Me magnetic core reducing size and cost and, by a proper
ramp must be added, which however increases the inpti©ice Of the magnetic structure parameters, the high
current distortion. In [28] no external ramp was used, but §&guéency current ripple can be “steered” from one winding

higher value of the magnetizing inductance was chosen IR the other.

order to reduce to a negligible value the time interval ifPPServing that the input stages of Cuk and Sepic
which the subharmonic oscillations appear. converters resemble that of a boost one, it seems natural to
apply other control techniques initially developed for boost
Cuk and Sepic PFC PFC's. 'In parUcngr, for medlum- and high-power
aPpllcatlons, CCM is more convenient and the average

These topologies are less popular as PFC due to thei . :
hi : current control seems attractive for its good performances.
igher complexity as compared to boost or flybac

. he problem is the design of a large-bandwidth internal
structures. Like the flyback converter, they draw a : : . .
. . : L . current loop in order to obtain low-distorted input current.
sinusoidal input current, when working in DCM, with no =~ . :

: . It is shown in [29], that, differently from the boost

need of duty-cycle modulation [25-27]. In this case the . . . :
. . ; converter, with Sepic and Cuk topologies the gain of the
simple discontinuous current PWM controtan be

profitably applied as shown in Fig.8. With these POWer stage depends strongly on instantaneous input
; . voltage, and the presence of undamped complex poles and
converters, however, input current can be continuous even

in DCM [25], which happens when the freewheeling diod&eroes makes difficult the design of a stable control. To

D : overcome these problems, a suitable damping network is
current, which is the sum of the two inductor currents .
zeroes. With a proper choice of the two inducance valueheeded’ which properly shapes the current loop transfer
N ! . F’unction without introducing significant losses [29]. With
the input inductor current can be continuous even if th

diode current is discontinuous. This reduces the input filter is provision, a standard P1 controller in the current loop




ensures the desired phase margin in any operatirfgpr this purpose, it is sufficient to multiply the current
condition. reference by a signal proportional to the load current.
A valuable approach to improve the converter dynamic
performance is given by the sliding-mode control. In [34]
CONSIDERATIONS ON PFC DYNAMIC RESPONSE this control technique was applied to a high-quality
rectifier based on the Cuk topology, resulting in a good
As previously mentioned, the sinusoidal input waveform ofrade-off between the needs for increasing response speed
a single-phase PFC causes an input power fluctuatiand reducing input current distortion and output voltage
which, in all the mentioned topologies, is absorbed by thapple.
output filter capacitor. Consequently, the output voltagén Fig.10, the principle scheme of the converter is shown.
contains a ripple term at twice the line frequency, which i§he sliding-mode control, acts in such a way to keep close
going to affect the input current waveform if the outputto zero, by an hysteresis control, a functiprwhich is a
voltage loop has not a band well below the line frequenclinear combination of input current and output voltage
(typically 20Hz) [30,31]. For this reason, the response oérrorsgj, g,,. Thus, the relative value of the two coefficients
the output voltage to line and load transients is poor. IKi and K, determines which variable (input current or
[32] various modifications of the basic voltage loop areputput voltage) is more tightly regulated.
proposed to overcome this problem: in particular the use of
notch filters, sampling networks and the so called

"regulation band approach" are proposed in order toQ_iL lf R +=f1 Cil* R _I}
remove the low frequency output voltage ripple from the :

feedback signal. R S\ﬂ g D GTViSh
A completely different approach was followed in [33] s - -

where a ripple-feedback cancellation scheme was

employed to speed up the controller at the expense of a

much greater control complexity (need of knowledge of

output power and output capacitor value and additional

computations). Ly i .

The response speed to line variations may also be affected %(]L ik, Vi
L

Sliding mode
controller

by the way in which the current reference is obtained. In TR e
fact, when the peak input voltage increases, the peak input ‘ - ;
current should decrease in order to draw constant power; if ! et L=

the sinusoidal shape is obtained directly from the rectified T
input voltage as said before, the reference signal moves in

the wrong direction when the line voltage changes, callin§i9-10 - Scheme of the high-quality rectifier Cuk converter
for a heavy compensating action by the voltage errofith sliding mode control

amplifier. The most common solution to this problem
consists in a feedforward action from the input voltage, as

. . A
shown in Fig.9. A
2.5
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Fig.11 - Line current and output voltage at start-up for the
Fig.9 - Line feedforward sliding-mode controlled Cuk converter
Here, a simple low pass filter provides a voltage
proportional to the RMS input voltage; this signal is themAs an example of converter dynamic behavior, Fig.11
squared and used in the multiplier to divide the currenteports line current and output voltage at start-up: the
reference. This compensates for input voltage transientsurrent distortion during the transient, caused by the high
even if the feedforward action is not instantaneous due w®@rror voltageg,, is the price for the faster output dynamic,
the low pass filtering. but, in the steady state, a good current waveform is
In the same way a feedforward action from the output loadchieved.
can speed up the dynamic behavior during load transients.



CONTROL IC's between the energy transfer capacitof énd the two
inductances, the power factor is close to unity at nominal
In table 1 commercially available control IC's for PFCconditions and decreases for high line voltages and light
applications are summarized [35]. Some of the recerbad currents, as shown in Fig.13.
average current control IC's include line voltage
feedforward (UC1854/A/B family, UC1855, L4981/A/B)
and load feedforward (L4981/A/B).

v

Tab. 1. Power Factor Controller IC's 200

Constant frequencyML4812 (Micro Linear)
peak current TK84812 (Toko)
control
Constant frequencyUC1854/A/B family (Unitrode)
average current |UC1855 (Unitrode)

control TK3854A (Toko)

ML4821 (Micro Linear)
TDA4815, TDA4819 (Siemens)
TA8310 (Toshiba)

L4981A/B (SGS-Thomson) _ e i .
LT1248, LT1249 (Linear Tech.) Fig.12 - Rectified input voltage and filtered input current of

CS3810 (Cherry Semic.) the PFC Sepic converter in DCM (rated conditions)

200

100

Hysteretic control
Borderline control | TDA4814, TDA4816,

1

TDA4817, TDA4818 (Siemens) ——
SG3561 (Silicon General) 095 ——
UC1852 (Unitrode) PF 0.9 : ZZ:::
MC33261,
MC33262(Motorola) 035 e
L6560 (SGS-Thomson)
Two stage PFC | UC1891/2/3/4 family (Unitrode) - - - o o
with TK65030 (Toko) OUTPUT POWER
average-current
control Fig.13 - Power factor vs. output power for different input
Two stage PFC [ ML4819 (Micro Linear) voltage values
with peak-current [ TK84819 (Toko)
control
Buck-boost ML4813 (Micro Linear) The second prototype, working in CCM with average
constant frequency current control, was rated at 300W [29]. Fig.14 reports the
automatic control waveforms of rectified line voltage and current, at different

load conditions. The input current waveform is less
distorted than in the previous case. Accordingly, the power

As far as the borderline control is concerned thgactor increases. This latter, is also reported in Fig.15 as

TDA4816, L6560, MC34261 control IC's employ a function of output power and input voltage.
multiplier to provide the upper current reference as shown

in Fig.5, while the UC1852 has an adjustable switch 32(/)] vy [3A]
on-time and therefore does not need switch current TN N
detection. // 2 \\ // 2\
200 \ //C:-::: I\ 2
/AN ) \
EXPERIMENTAL RESULTS //' b) “‘\Q\ / \\\
S \ \ / \»MM'W'«W
. . 100 / /“”‘M W"“\ \\ / " PE=095 hY \\ 1
In the following, experimental results taken on two PFC / W\ /S S\
Se i ( 1 f / T N%‘\ ‘\ e T ‘M\“ \\
pic converters are reported, one witlscontinuous (/7 NN VP ar v NN |
current PWM controland the other wittaverage current o NV~ \\\\fﬂ”’ W o
control. The first prototype, rated at 100W, employs the 0 4 8 12 16 ms

magnetic coupling concept to reduce the input current o _ _
ripple [27]. Fig.12 reports the waveforms of rectified lineFig- 14. Rectified input voltage and filtered input current
voltage and current. In spite of some low frequency?f the PFC Sepic in CCM measured gj=220Vyyg and

oscillation on the input current, due to the resonancifferent output power: a) 300W, b) 150W, c) 75W.
(Corresponding power factor is also indicated)
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Fig.15. Power factor vs. normalized output power for

different input voltage values

. _ .16
In this paper, several control techniques specifically
developed for PFC boost converters are analyzed. For each
control strategy advantages and drawbacks are highlightic} )

15 -

CONCLUSIONS

and information on available commercial IC's is given.

Extension of these control techniques to other PFC
topologies are discussed and some experimental results
based on a PFC Sepic converter with different controlg ~ 5 Canesin, |. Barbi,

methods are reported.

Lastly, considerations regarding the PFC dynamic response

are given.

1-

19 -

REFERENCES

S. D. Freeland, Input Current Shaping for
Single-Phase ac/dc Power ConverteBhd Thesis,
Part Il, CalTech, 1988.

M. K. Nalbant, J. Klein, "Design of a 1kW Power
Factor Correction Circuit'," PCIM Conf. proc., 1990,
pp. 17-24.

J. Klein, M. K. Nalbant, "Power Factor Correction -

Incentives, Standards and Techniques'," PCIM Cont,,, _

proc., 1990, pp. 26,28-31.

C. Zhou, M. Jovanovic, "Design Trade-offs in

Continuous  Current-mode  Controlled  Boost

Power-Factor Correction Circuits',"” HFPC Conf.

proc., 1992, pp. 209-220.

R. Redl, B. P. Erisman, "Reducing distortion in Peak-

Current-Controlled Boost Power-Factor Correctors,”, , _

APEC Conf. Proc., 1994, pp. 576-583.

D. Maksimovic, "Design of the Clamped-Current
High-Power-Factor Boost Rectifier,” APEC Conf.
Proc., 1994, pp. 584-590.
C. Silva, "Power Factor
UC3854," Application Note, Unitrode Integrated
Circuit.

R. Redl, L. Balogh, "RMS, DC, Peak, and Harmonic
Currents in High-Frequency Power-Factor Corrector
with Capacitive Energy Storage," APEC Conf. Proc.,
1992, pp. 533-540.

L. Balogh, R. Redl, "Power-Factor Correction with
Interleaved Boost Converters in Continuous-Inductor-

10 -
11 -

12 -

13-

14 -

20 -

2
Correction with the

Current Mode,” APEC Conf.
168-174.

B. Andreycak, "Optimizing Performance in UC3854
Power Factor Correction Applications,” Unitrode,
Products & Applications Handbook, 1993/94.

J. Bazinet, J. A. O'Connor, "Analysis and Design of a
Zero Voltage Transition Power Factor Correction
Circuit,” APEC Conf. Proc., 1994, pp. 591-597.
Unitrode, "Products & Applications Handbook,"
1993-94.

SGS-Thomson Microelectronics, "Power Switching
Regulators,” Designer's Booklet, St1 edition,
September 1993.

Linear Technology, "New Products Catalog and
Selection Guides," Fall/Winter 1993.

Linear Technology, "New Products Catalog and
Selection Guides," Spring/Summer 1994.

Proc., 1993, pp.

- C. Zhou,Design and Analysis of an Active Power

Factor Correction Circuit M. S. Thesis, Virginia
Polytechnic Institute and State University, Sept. 1989.
C. Zhou, R. B. Ridley and F. C. Lee, "Design and
Analysis of a Hysteretic Boost Power Factor
Correction Circuit,” PESC Conf. Proc., 1990, pp.
800-807.

"A Unity Power Factor
Multiple Isolated Outputs Switching Mode Power
Supply Using a Single Switch," APEC Conf. Proc.,
1991, pp. 430-436.

CSC Cherry Semiconductors, "Power Conversion IC
Data Book," 1992.

J. S. Lai, D. Chen, "Design consideration for Power
Factor Correction Boost converter Operating at the
Boundary of Continuous Conduction mode and
Discontinuous Conduction mode', APEC Conf, proc.,
1993, pp. 267-273.

M. J. Kocher, R. L. Steigerwald, "An AC-to-DC
Converter with High Quality Input Waveforms,"
IEEE Trans. on Industry Applications, Vol. 1A-19,
No. 4, July/August1983, pp. 586-599.

J. Lo Cascio, M. Nalbant, "Active Power Factor
Correction Using a Flyback Topology," PCIM Conf.
Proc., 1990, pp. 10-17.

R. Erickson, M. Madigan, S. Singer, "Design of a
Simple High-Power-Factor Rectifier Based on the
Flyback Converter,” APEC Conf. Proc., 1990, pp.
792-801.

K. H. Liu, Y. L. Lin, "Current Waveform Distortion
in Power Factor Correction Circuits Employing
Discontinuous-Mode Boost Converters," PESC Conf.
Proc. 1989, pp. 825-829.

D. S. L. Simonetti, J. Sebastian, F. S. dos Reis, J.
Uceda, "Design Criteria for Sepic and Cuk
Converters as Power Factor Preregulators in
Discontinuous Conduction Mode," IECON Conf.
Proc., 1992, pp. 283-288.

M. Brkovic, S. Cuk, "Input Current Shaper using Cuk
Converter," INTELEC Conf. Proc., pp. 532-539,
1992.



27 - G. Spiazzi, L. Rossetto, "High-quality Rectifier based30 - R. B. Ridley "Average Small-Signal Analysis of the
on Coupled-Inductor Sepic Topology," PESC Conf. Boost Power Factor Correction Circuit" VPEC
Proc., 1994, pp. 336-341. Seminar Proceedings, 1989, pp. 108-120.

28 - W. Tang, Y. Jiang, G.C.Hua and F.C.Lee, "PoweB1 - D. S. L. Simonetti, J. Sebastian and J. Uceda, "A
Factor Correction With Flyback Converter Emploing Small-Signal Model for Sepic, Cuk and Flyback
Charge Control", APEC Conf. Proc., 1993, pp. 293- Converters as Power Factor Preregulators in
298. Discontinuous Conduction Mode", PESC Conf. Proc.,

29 - G. Spiazzi, P. Mattavelli, "Design Criteria for Power 1993, pp. 735-741.

Factor Preregulators Based on Sepic and CuB2- J. B. Williams, "Design of Feedback Loop in Unity
Converters in Continuous Conduction Mode," to be Power Factor AC to DC Converter,” PESC Conf.
presented at IAS Annual Meeting, October 2:994, Proc., 1989, pp. 959-967.
Denver, Colorado (USA). 33- M. O. Eissa, S. B. Leeb, G. C. Verghese, A. M.
Stankovic, "A Fast Analog Controller for a
Unity-Power-Factor AC/DC Converter,” APEC Conf.
Proc., 1994, pp. 551-555.
34 - L. Rossetto, G. Spiazzi, P. Tenti, B. Fabiano, C.

Licitra, "Fast-Response High-Quality Rectifier with

Sliding-Mode Control,” APEC Conf. Proc., 1993, pp.

175-181.

R. Redl, "Power Factor Correction in Single-Phase

Switching-Mode Power Supplies - An Overview," to

be publisced in the special issue of the International

Journal of Electronics on switching-mode power

supplies.

35



