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Power Factor Preregulators Based on Combined
Buck-Flyback Topologies
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Abstract—The limitation imposed on the achievable power  In order to overcome this limitation, two step-down topolo-
level by the IEC 1000-3-2 standard in buck-derived power factor gjes are proposed which include a main buck converter and an
preregulators, is overcome by using a combined buck-flyback 5 ,yjjiary flyback stage. The latter is used to absorb current even
power stage. Two different step-down converters are proposed | . Se L S L in buck toris i
in this paper, which incorporate an auxiliary flyback stage. The ur_lng e I_me n erva§ Inwhich the maln _UC : converteris in-
auxiliary stage uses the same switch of the main converter, plus active. In this way, the input current distortion is reduced, thus
an additional power switch commutated at the line frequency. increasing the useful power range. Differently from the scheme
As compared to a simple buck rectifier, with this solution the proposed in [4], the auxiliary flyback stages considered in this
harmonic content of the absorbed line current, at a given power qry yse the same switches of the main converter for the modu-

level, can be reduced, thanks to the resulting increased conduction lati d . | inale additi [ line-f
angle of the input rectifier bridge. ation and require only a single additional line-frequency-com-

Experimenta| results based on a 1 kW prototype are reported to mutated switch. Moreover, in one of the proposed Solutions, the
validate the theoretical analysis of the proposed topologies. auxiliary converter can be rated for a fraction of the total power.

Index Terms—AC-DC converters, buck converter, electromag- !N the first part of the paper, the operation of a buck-type pre-
netic compatibility, flyback converter, power factor correction. regulator is reviewed and the maximum power for which the IEC
1000-3-2 standard harmonic limits are met is calculated for dif-
ferent voltage conversion ratios and modulation strategies. Suc-
cessively, the two proposed combined buck-flyback topologies

FF-LINE converters connected to the utility grid, whichare presented and suitable design criteria are given.

supply equipment having a rated current lower than Lastly, the paper presents simulation and experimental results
16A/phase, must provide a reduced input current harmonidiich confirm the theoretical expectations.
content, so as to comply with international standards like the
IEC 1000-3-2 [1]. High-quality rectifiers based on the boost Il. REVIEW OF BUCK-BASED PREREGULATORS

topology have already been widely analyzed in the literature g pasic scheme of a buck converter used as a preregulator

and are also commonly used in the industry due to their inherelkh o\ in Fig. 1. It consists of a diode bridge rectifier followed
advantages over other topologies, i.e., simplicity, input curre&t, a standard buck converter.

filtering due to the input inductance, almost unity power factor’ oq in boost-based preregulators, the output capacitor filters

when working in CCM (continuous conduction mode) Withyg |o\y-frequency components of the input power. However, un-
average current mode control [2], [3]. On the other hand, thge the hoost converter, the converter shown in Fig. 1 is able to
lack of any limitation of the inrush current at start-up and Qfayy cyrrent from the line only when the input voltage is greater
short-circuit protection calls for additional provisions, "ke[han the output voltage. As a consequence, notches appear in the

a series switch, which increase cost and complexity of th&e o rrent around zero crossing of the line voltage, causing dis-
complete rectifier. Moreover, the output voltage is constrainggo.

to be higher than the peak input voltage (il€,,= 380400 V In the following analysis of the low frequency harmonic con-

for universal input voltage range). tent of the line current generated by this kind of converter, two
The use of buck-type power factor preregulators (PFP'§kferent modulation strategies will be considered, i.e., constant-

allows to overcome the aforementioned drawbacks at tfgrent reference (also called input-current-clamping) and si-
expense of a greater input current distortion, both at line apflssiqal-current reference. The advantages of using constant-
switching frequency. The low frequency distortion in the lin@ ,rrent reference are the reduced current stresses of the power
current arises from its unavoidable notches around the zeigmiconductors and the limited current level around the peak

crossings of the line voltage, causeq by the inability of the bugk ihe line voltage, which could partially compensate for the
converter to draw current when the instantaneous input volt k-clipping effect of conventional diode-capacitor rectifiers.

is lower than the output one. As a consequence, the power tAafhe other hand, a sinusoidal-current reference allows, for the

a buck-type preregulator can handle while still complying withy me yoltage conversion ratio, a higher input power without ex-
the IEC 1000-3-2 standard is limited. ceeding the harmonic limits.

Fig. 2(a) shows a typical filtered line current waveform of
Manuscript received October 13, 1998; revised August 30, 1999. Recothe converter, obtained by using a sinusoidal-current reference,
mended by Associate Editor, J. Thottuvelila , _ which gives the lowest possible current distortion. A typical fil-
The authors are with the Department of Electronics and Informatics, Un|veir— di f f f .
sity of Padova, Padova 35131, Italy (e-mail: giorgio.spiazzi@dei.unipd.it). L€r€d INput current wavetorm for constant-current reference Is
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we can see, with this type of modulation the load power cannot
exceed some hundred Watts.

For higher voltage conversion ratios the dead angje
increases, thus increasing the input current harmonic content.
Note the peaks in the curves of Fig. 3(a) which occur at 50 and
71.5% of duty-cycle revealing some harmonics cancellation at
Fig. 1. Buck-based power factor preregulator. these duty-cycle values. Results obtained with other idealized

input current waveforms are given in [5].

As can be seen, in both cases, the input current remains zerfhe curves end for a duty-cycle equal to 85% in order to re-
until the input voltage becomes greater than the output ongain within the Class A specifications (for higher duty-cycles
Clearly, the dead anglé; = wt, at the beginning and at thethe input current waveform belongs to Class D).
end of the line half-period is a function of the voltage conver-

sion ratioMM, i.e., B. Sinusoidal-Current Reference
_— ; Using a sinusoidal-current reference, the maximum input
04 = sin™ (M), M = o (1) power achievable tends to infinity a&/ approaches zero,
9 because the average input current becomes a pure sinusoid. An-

wheref]g is the line voltage peak. The initial limited slope c)falyzing an ideal truncated sinusoidal waveform [approximation

the input current is unavoidable since the inductor current c3hthe réal behavior shown in Fig. 2(a)], as the one given by
increase with a slope limited by:,~,)/L, which is very low (3), the input current harmonic content is given by (4) and (5)

at the beginning of the conduction phasg €lose tol,,). AL
A comparison between the current z%ectrum and the limitsi,(6) = { Lolsin(9)] for6a +hr < 6 < (h+1)m — b

imposed by IEC 1000-3-2 standard for Class A (Class D equip- 0 for —04 + hm <6 < 04 + hrr

ment limits are the same for a power greater than 600 W) shows h=0,1,2 .- 3)

that the Buck PFP solution, for this particular output power

and voltage conversion ratio, does not meet the standards for

high-order harmonics. Thus, it becomes interesting to find the I i . F F=| 2604 | sin(264)
. . l_peak —4g " L', - -—+ (4)
maximum power that a Buck-based PFP converter can deliver T T
while satisfying the standards for different voltage conversion 2I, |sin[(n +1)84] sin[(n — 1)64]
ratios. Iy peak = — | — p—
n=3,57---. (5)

I1l. ANALYSIS OF THE CURRENT ABSORBED BY A BUCK
PREREGULATOR The peak of the average input current can be found from (4)

This section is dedicated to the analysis of the line current h4Rd the power balance, and tumns out to be

monic content of the Buck PFP, both for constant and sinusoidal s 2P, 1
current reference, and is aimed at determining the maximum 1, = U F 6
g

output power which can be delivered to the load while meeting _ _ .
the IEC-1000-3-2 standard requirements. In the following anal- The plot of the maximum input power calculated in the same
ysis, the mark over the variables stands for averaging in the m&@nditions of Fig. 3(a) is reported in Fig. 3(b).

ulation period. Combined sinusoidal- and constant-current reference tech-
niques can be used in order to gain some advantages of both
A. Constant-Current Reference approaches. In this case the maximum power achievable lays

As we can see from Fig. 2(b), the average input current cBftWeen the corresponding curves of Fig. 3(a) and (b).

be approximated by a square wave, for which the peak harmonli\s A c A c
currents are given by . ANALYSIS OF THE CURRENT ABSORBED BY A COMBINED

BucCK-FLYBACK PREREGULATOR
4IREF

-cos(fy). 2) In this section a modified PFP structure is considered where
an auxiliary Flyback converter is parallel connected with the
In practice, the input current waveform has an equivalentain Buck preregulator. The resulting combined structure can
dead angle greater thay due to the limited inductor current be schematically represented as in Fig. 4. The use of this struc-
slope when the current starts to flow. The duration of thisire as a PFP offers some advantages compared to the simple
operation mode depends on input and output voltages dBudck PFP, as is shown in the following.
inductance values. As we have seen, the dead angle of the input current strongly
From (2) itis possible to find the maximum input power thaaffects the maximum power delivered by a conventional con-
the buck converter can deliver without exceeding the standargster. Thus, by allowing current absorption during the time in-
(IEC 1000-3-2 Class A equipment). The results are shown t@rvals in which the main buck converter is inactive, the max-
Fig. 3(a) as a function of the voltage conversion ratio for an inpumum power achievable can be greatly increased. A possible
voltage level of 230 ¥,\s (as requested by the standards). Aenplementation of this principle is presented in [4] where the

In_peak =
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Fig. 2. Filtered line current waveform of the buck preregulator: (a) sinusoidal-current reference and (b) constant-current reference.
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Fig.3. Maximum input power as a function of voltage conversion tafid’, = 230 Vrwus): (@) constant-current reference modulation and (b) sinusoidal-current
reference modulation.

stage is needed, thus increasing the cost of the converter. In this

lg(le) R— 12(9). work instead, different solutions are considered, which integrate
] * -{1 Buck X I the buck and the flyback stages, thus reducing the components’
Grid g count.
- PFP . .
— . However, independently from the selected topology, a typical
— Load filtered input current waveform for this combined PFP, is shown
L ( ) in Fig. 5 (in case of sinusoidal-current reference). As we can see,
Auxiliary the sinusoidal reference peak value for the flyback operation
Flyback is kept intentionally lower than that for the buck operation, in
Converter or_dgr to limit t'he power handled by thg flyback stage to the
minimum required to satisfy the harmonic standards and, at the
Fig. 4. Schematic of the combined buck-flyback PFP. same time, not to worsen the peak current stress of the main

converter switch.

proposed topology includes, besides the main buck converterThe harmonic analysis of the line current can be performed on

an auxiliary parallel flyback converter feeding the same load" idealized waveform, which approximates the behavior shown

exactly as in Fig. 4. This auxiliary power stage is activated onK/f Fig. 5. The expression for the idealized currentis givenin (7)

in the interval of the line period in which the main converter is .
<f< -

idle and thus can be designed to handle a power which is justg (§) = { IgJ sin()| - forfa+hm < 6 < (h+1)m —ba

small fraction of the total input power. One of the drawbacks klg|sin(@)| for —0g+ hr <60 < 6y + hr

of the solution given in [4] is that a complete second power h=01,2,--- @)

7
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Itis important to note that similar results can be obtained also
: ] for the constant reference current. However, in this case, for the
Flyback | same power, a greater utilization of the flyback stage is needed
ioperation in order to comply with the standards. Moreover, the maximum
power is in any case limited, because of the square-wave shape
of the absorbed current [see Fig. 3(a)]. More information about
this modulation technique can be found in [4].

In order to simplify the analysis carried out in the following
\‘ sections, some modifications of the classical relations of PFP’s

| Flyback
operation:

Buck
operation

are needed to take into account the modified input current wave-

’ , , , form shown in Fig. 5. In particular, since the converters in Fig. 4

0 64 n/2 n—64 store negligible energy at line frequency, the average output cur-
6=at renti»(6) can be calculated from power balance as

Fig.5. Simulated filtered line current waveform for the buck-flyback converter e U f in2(0
in case of sinusoidal-current referende= 0.25). wa(6) = Pin(f) _ Yglg S (9)
Us Us

wherek is the ratio between the sinusoidal reference peak ValHﬁ’]erea — 1 during buck operation and =  during flyback

for the flyback operguon and the sinusoidal ref_erence peakval&?eration. As a consequence, the apparent load seen by the con-
for the buck operation. Note that, fér= 1, the ideal absorbed verter results

current becomes a pure sinusoid.

As far as the analysis results are concerned, the expressions
derived in the Buck PFP analysis remain essentially valid, pro-
vided that the facto#" is modified as

_26a(1-F) (1= F) sin(26,)

s s

«@ (13)

U, Ry

re(6) = 2(0) " 2 sin?(6) E

(14)

which differs from the usual form for the presence of correcting
(8) factorso andF.

F=]1

Therefore, the harmonic content of the line current can be V. COMBINED BUCK-FLYBACK IMPLEMENTATIONS

expressed as in (9) and (10) The first proposed converter topology which implements the

I peak :_fg F 9) scheme of Fig. 4 is shown in Fig. 7. Diode bridglél_eD4),
of (1 k . 1o . 1 switch S; and component®)s, I. andC form the main buck
o ) [sinl(n + 1)8a] _ sin(n —1)64] power stage, while the remaining components constitute the
™ n+1 n—1 auxiliary flyback converter. One important difference with re-
n=3,957:-. (10) spect to the solution proposed in [4] is that the flyback stage
xploits the same switch of the buck convertgr)(to perform
Elfe modulation, while switcly 4 is operated at line frequency

In_peak =

The peakfg of the average input current is again given by (6

Comparing (4) with (8) and (9), the peak of the fundament order to enable and disable the auxiliary flyback converter.

component of the input current absorbed by the flyback Stag%?;sode D¢ was added in order to prevent the discharge of the
given by

output capacitor during the flyback operation.
kfg ] Another possible topology implementing the scheme of Fig. 4

Iiay = o | =264 + sin(264)]. 1) s depicted in Fig. 8. It represents a modified tapped-inductor
ggck converter in which a diodBg and an auxiliary line com-
Mmutated switchS 4 are added. The principle of the converter’s
operation is similar to that of the preceding scheme. W#ign
is kept closed, the converter becomes a flyback stage in which
diode D¢ acts as rectifying diode. Instead, whén is open
. . . the converter operates in a conventional tapped-inductor buck

. A pIoF OT this power.ratllo asa functpn of the voltage CONVeISED mode. The latter, behaves very similarly to a standard buck,
sion ratio is reported in Fig. 6(6.1) for d|fferen_t val'u.es of ParaMii the exception of the current waveform in the windings. In
eterk. These curves show that M is not too high, itis possible fact, during the switch on-time, the current in the two wind-

to design a converter for whatever power level is needed, wh SN, andA; is the same and increases with a slope equal to

keeping the power rating of the auxiliary stage at a small fra@g_Uo)/L, while during the switch off-time, the input current

t'o_rllhOf the ‘0‘5." F::9W96f-b how th . hievab eroes, and currer$ steps up to maintain the flux continuity

ith t(;curves mt 'g'f F( )Z O;N etrr?axnl”n;{rtn_power%? |tev3 IIT the core. As a consequence, the voltage conversion ratio, for
Wi € converter T Fig. <. From this plot 1S possIbie 10 A€yt 0us conduction mode (CCM), modifies as
rive, for given input and output voltages, the value of parameter

Thus, the ratio between the power handled by the flyba
stage and the total input power is simply given by

Pﬂy _ Il_ﬂy

= . 12
Ptot Il_peak ( )

k which ensures input current harmonics complying with the U, d(6)
standards. Then, the plots of Fig. 6(a) allow to find the power m(6) = ug(6) 1—d(6) (19)
rating of the flyback stage components. I+ ———

n
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Fig. 6. (a) Normalized power of flyback stage as a function of output voltage conversion\fafiw different values of parametérand (b) maximum input
power as a function of voltage conversion ratibin case of sinusoidal-current reference.
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Fig. 7. Proposed combined buck-flyback converter (solution A).

Fig. 8. Proposed combined buck-flyback converter (solution B).

whered(#) is the duty-cycle and = N,/ is the turns ratio. The inductor value can then be calculated from the desired

The switch current and voltage stresses become maximum current ripple
U, M
is(6) =U 1 n+m(0) 1-—m(6) 1+n L:72f7,‘(1—M) (20)
vs\W) =5 rp(@) n+1 2Lfs n+ m(6) g e
(16) where
~ Uo A
s (0) =uy(6) + —. (17) py = ok max 1)
n ZIL
The maximum instantaneous inductor current, which coin-
VI. DESIGN GUIDELINES cides with the primary switch current stress, can be calculated

. . . . from (18) and (19).
In the following, suitable design guidelines for the two buc 2) Capacitor: As usual, the output filter capacitor is se-

based power factor preregulators are given. The convertershci\év&ed from the constraint regarding the low-frequency outout
in Fig. 7 is indicated as solution A, while that shown in Fig. 8 is 9 9 9 y outp

indicated as solution B. voltage ripple. The latter is Qerlved.by integrating th(:T capacitor
current over part of a half-line period. The expression for the
A Solution A capacitor current is as follows:
1) Inductor: The peak of the average inductor current can ic(0) = i2(0) — L. (22)

be calculated from (13) by letting = /2, i.e., The worst case peak-to-peak voltage ripple is given by

~

s = 1 1 p A
I = i5(0)lo=r/2 = 37 (18) Auo = 5= [(m = 201)(I2 = 2Lo) + I> sin(261)]  (23)
Wherefg is given by (6) and (8). The maximum value of itsWherew is the line angular frequenmfg is the peak value of
instantaneous current ripple results 22(6), and
Yo

(1— M). (19) 6 =sin! < Lo ) . (24)

A'L‘L max — A7JL|0=7\'/2 = _[2

Lf,
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CapacitorC is then selected from (23) based on the desired During the flyback mode, instead, assuming DCM operation,
output voltage ripple. the switch current stress is given by (29), where the current slope
3) Transformer Turns RatioThe selection of the trans- Say is now
former turns ratio is a trade-off between voltage and current

switch stresses; in particular, during flyback operation the Say(6) = uy(6) _ u,y(6) (1+n)? (32)
maximum switch voltage stress is given by Ly L
which is much higher as compared to that of the buck operation.
i max(0) = 1is(04) = ug(6a) + M U, = <1 + &) U, As far as the switch voltage stress is concerned, it i_s given by
Ny Ny (17) calculated fop = /2. From all the above equations the

(25) following converter design procedure can be outlined.

_ _ _ _ ~ 1) Given the nominal power and voltage conversion ratio,
while, during buck operation, the maximum voltage stress is ~ the minimum value of: is calculated which makes com-
limited to U, N _ pliance with the standards.

~4) Transformer Magnetizing Inductandg,: Assuming @  2) The value of turns ratia is selected from the desired
discontinuous conduction mode of operation (DCM) for the  gyitch voltage stress.

auxiliary flyback stage, the main switch current stress, during 3) The inductor value is calculated from the desired switch

the flyback mode, is given by current stress in the buck mode (31).

. 4) The maximum switch current stress during the flyback

i5(0) = Say(0) d(0)Ts (26) mode is checked: if it is lower then the value given by

(31) a higher value of can be selected; in the other case,

whereSg, (6) is the current slope given by a lower value of: should be chosen, thus increasing the
voltage stress, or a higher current stress should be ac-
Sy (6) = ug(9). @7) cepted. An optimum design should give the same current

Y L, stress during both flyback and buck modes.

] ] o 2) Capacitor: It is selected following the same guidelines
The average input current during the flyback operation is g ,tlined for the first proposed converter [see (22)—(24)].
Itis worth noting that the proposed solutions present different
19(0) = is(6) () = kI,|sin(6)|. (28) advantages and drawbacks. Solution A is more complicated but
2 offers the possibility of limiting the active component current
@nd voltage stresses to that of a simple buck converter. Solution
B instead, is topologically simple, but increases the component
voltage stress to the level of the incorporated flyback converter;
N N P the voltage stress, therefore, must be carefully controlled by a
is max = 05(600) = \[2kL, [ sin(60)|Say (00T (29) oroper design.
Finally, as far as a comparison with boost preregulators is

from which the transformer magnetizing inductance can b, emed, the following aspects regarding the buck-type pre-
found by imposing a switch current stress equal to that Cal%’gulators must be taken into account

lated during the buck operation.

Thus, from (26)—(28), the maximum switch current stress r
sults

1) The required EMI filter is heavier as compared to the

. boost PFP’s due to the high-frequency chopped input cur-

B. Solution B rent; consequently, their overall efficiency may turn out to
1) Inductor: Differently from the previous case, in the con- be lower.

verter shown in Fig. 8, buck and flyback operating mode are 2) The required output capacitor value, for a given relative

achieved using the same power stage components. As a conse- output voltage ripple and output power, is higher as com-

guence, some degrees of freedom in the converter design are pared to the boost PFP’s, because of the higher output

lost. In particular, the inductor valug and the turns ratia current (consequence of a lower output voltage) as well

now determine current and voltage stresses during both buck as of the reduced value of curren{f) during flyback

and flyback operation. Thus, during buck mode, the switch cur-  operation [see (13)]. Moreover, for applications in which

rent stress can be found by substituting the voltage conversion the hold-up time is an issue, the low output voltage of the

ratio buck preregulators calls for a much higher capacitor value

U, M as compared with the boost PFP’s to get the same stored

M) =0 = Tsnd)] (0)  energy

and the apparent load expression (14) into (16), thus obtaining VII. EXPERIMENTAL RESULTS

the following equation fof = = /2: The lastly proposed topology (solution B) has been experi-

mentally tested. A converter having the specifications and pa-
2 nt+tM 4 1-M < 1+n )} (31) rameters listed in Table | was built in order to verify the theo-
Ry n+1 2Lfs \n+M retical expectations.

%S max — Uo
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TABLE |
CONVERTER PARAMETERS

Ug = 176+264 VrMS Up=185V Po=1000 W

L =580 uH C =2.680 uF fs =50 kHz
n=038
Tek Stop: 25,0kS/sl 12

0

1

~N

.
"\

S ——
Chl S060mV & Ch2 10.0mv<k M2.00ms Line \ -310V
a)
Tek Stop: 5.00kS/s 42 Acgs

M )'.li'nkL'l%e 1 "

Math2 10.008 200 H2

b)

TABLE I
LINE CURRENT HARMONICS

Harmonic Order Buck Buck+ 1IEC

[ARMS] Flyback 1000-3-2

[ARMS] [ARMS]

1 4.695 4.650

3 1.930 1.195 230
5 0.374 0.160 1.14
7 0.560 0.335 0.77
9 0.162 0.035 0.40
11 0.278 0.175 0.33
13 0.082 0.050 0.21
15 0.166 0.110 0.15
17 0.040 0.025 0.13
19 0.088 0.065 0.12
21 0.016 0.010 0.11

when the integral of the switch current reaches a suitable sinu-
soidal reference (after that the integrator is reset) [6]. To imple-
ment such control, a standard PFC controller like the MC34261,
which is normally used in boost PFC’s designed to operate at
the boundary between continuous and discontinuous conduction
modes, was employed with some external circuitry.

The converter was tested at first in the tapped inductor buck
PFP configuration. The outcoming filtered line current is shown
in Fig. 9(a) together with the line voltage. The distortion in the
voltage waveform is due to the impedance of the transformer
used to connect the converter to the grid. The spectrum of the
line current is shown in Fig. 9(b). Note that in the following
measurements the input voltage amplitude is set to 23Q
as requested by the standards. As it is possible to see, the line
current exhibits a noticeable low frequency distortion due to the
dead-zone around the voltage zero crossings.

Nevertheless, as is confirmed by Table Il which reports the
amplitude of the first 19 harmonics, it is only the 15th harmonic
which is above the limitimposed by the IEC 1000-3-2 standard.
This basically depends on the output voltage level which, being
fairly low with respect to the line voltage peak amplitude, al-

Fig. 9. (a) Line voltage [100 V/div] and current [5 A/div] during bucklows a quite large conduction interval for the buck converter.
operation and (b) spectrum of the line current—top line corresponds to Py higher output voltage levels this may no longer be the case

dBArys [10 dB/div].

and lower order harmonics can be expected to exceed the stan-
dard limits.

A charge control is used in order to force a sinusoidal av- The filtered input current waveform during operation of both
erage input current for both buck and flyback operation moddsjck and flyback stages is shown in Fig. 10(a) together with its
i.e., the input currentis sensed and integrated cycle by cycle. Bpectrum [Fig. 10(b)]; as it is possible to verify in Table I, the
main switchS; is turned on at constant frequency and turned ofonverter now complies with the standards.
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imum input power level, depending on the required voltage con-
version ratio. Exceeding such power limit implies the violation
of the IEC 1000-3-2 standards, normally in the high order har-
N\ monic range.

/ The use of combined buck-flyback preregulators allows to ex-
j/

Tek Stop: 25.0kS/s SrB ACQS,
t t

tend the power handling capability of such rectifiers by drawing

current from the input during the whole line period.

\ \ Experimental results taken from a converter prototype based
\ .

2 W NORRE REAR ARSI~y EARE RARRN RAARE RERRS RARME on one of the presented buck-flyback topologies demonstrate

\ / / b the validity of the proposed solution.
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Fig. 10. (a) Line voltage [100 V/div] and current [5 A/div] during
buck-flyback operation and (b) spectrum of the line current—top lin
corresponds to 24 dBf&\s [10 dB/div].

VIIl. CONCLUSION

The use of buck-type converters as power factor preregu
tors is limited by their inherent input current distortion to a ma



