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A Single-Stage Zero-\Voltage Zero-Current-Switched
Full-Bridge DC Power Supply with
Extended Load Power Range

Praveen K. JainSenior Member, IEEEJo® R. EspinozaMember, IEEE and Nasser A. Ismail

Abstract—A single-stage power-factor-corrected pulsewidth ~ This paper proposes and demonstrates that, by operating
modulation converter with extended load power range is pre- the loadL(C filter in discontinuous mode, the low load power
sented. The topology is based on a zero-voltage zero-current-jimit can be further reduced and, thereby, no-load operation

switched full-bridge (ZVZCS-FB) inverter. Steady-state analysis . . . .
of the topology shows that by operating theLC load fiter in S also allowed. The above feature is achieved without any

discontinuous mode, the dc-link voltage remains bounded and Penalty in the high performance of the power supply. Thus,
independent of the load level. Therefore, the load power range can the scheme presents high input power facts0.08), high

be further expanded, including the no-load operating condition. efficiency (>~85%), and extended load power range (from no
The analysis also shows that the extension of the load power range|gad to full load).

is achieved without any penalty in: 1) the input power factor

(due to the input current waveshaping feature); 2) the converter

efficiency (due to ZVZCS and the single-stage features); and 3)

the load voltage quality (due to the high bandwidth of the phase

control loop). Simulated and experimental results are included to [l. DESCRIPTION OF THEPOWER TOPOLOGY

show the feasibility of the proposed scheme. A simplified scheme of the power supply is shown in Fig. 1.
Index Terms—Discontinuous operating mode, full bridge, high Simulated waveforms for a supply voltagé = 220 V and
switching frequency, phase control, power factor correction, zero |gad powerP; = 200 W are shown in Figs. 2 and 3. To clearly
voltage zero current. show the waveshapes, a low switching frequenty, (= 1.2
kHz) was used. Proper design and control of the converter
|. INTRODUCTION should assure a discontinuous input current (before filtering)

OST electrical systems in the telecommunications fieL& ach|_eve a high power _factor. This condition is obta}lned
y forcing Nauwx = N, (Fig. 1), and by properly selecting

The Si;e?:ri:;gh;ai\gﬁ; hégg:-;f;f_lglae:ec&/ :) ¢ g&werhzl;pg)ﬂﬁj\}},e auxiliary inductot, .. The turns ratio of the transformer
ge-p g pology 7+ 1S Obtained by assuring the desired output volt&gdor

an excellent overall performance. This is due to its zero-inimum supplv voltagel.. - The value of the dedlink
voltage zero-current-switched (ZVZCS) operation—when | pply Y€V min-

is phase-shift controlled—which provides near-zero switchin\crcza;lﬁgcgorricdl“é'f’oo;ta}'\?:ndvg{ugr?gmg‘}he m2a>r<:)/rn)ur2i::|;hnk
losses. A high efficiency is, therefore, obtained. Moreover, ge ripp 9 BVac < 2.5%). Y,

combination with a high switching frequency, high bandwidt&Ee second-order output filteli; Cy is calculated to operate

and high power density can also be obtained [1]-[4]. e load inductorL; in discontinuous mode and to limit the

. . 0
Reference [5] has shown that by adding an auxiliary windin: iig?ﬁﬁfagpgﬁvg ?agg:n value (e.g\V: < 1%), both
(Fig. 1): 1) the input current can be waveshaped and nedia simplified analysis of the converter is done by considering

unity input power factor is thus achieved and 2) the existir}ﬂat: 1) the de-link capacitaFy. and the load capacita?; are

advantages of the'ZVZC.S-FB. topol'ogy are preseryed. Thlfg’fge enough to hold a constant dc-link voltage and load
the power supply is attained in a single stage, which allows

an overall higher efficiency as compared to two-stage powéorltagev“ respectively; 2) the diodP.;, conducts only during

supplies. However, the minimum load power is limited to 0.3 € startup of the power supply (it charges the dc-link capacitor

p.u. due to an excessive dc-link operating voltage below ttg ) gnd 3) allthe components are |deal_. The analysis is done
limit reaking down the operation into four different modes.

Mode |, (¢, — ¢1) in Fig. 3(c): During this interval, there
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Fig. 1. Simplified scheme of the ZVZCS-FB power supply.

connected input rectifying diodes. Note that the thick lines imansferred to the load flows from the dc-link capacitqy.

Fig. 4 represent the conducting closed loops. and becomes a constant negative peak current in the dc-link
Since N,ux = Npri, the auxiliary winding generates acapacitoricq. [Figs. 2(e) and 3(e)].

voltage equal td/y. that cancels the dc-link capacitor voltage. Mode I, (t; — ¢2) in Fig. 3(c): In this mode, either the top

Thus, the voltage across the auxiliary inductgy,,, becomes switchesS,; and S,; or the bottom switches,s and S 4

only the rectified supply voltage;|. This confirms that energy of the inverter remain on [Fig. 4(b)]. The energy stored in

flows from the ac mains into the auxiliary inductby,,. during the auxiliary inductorL,,, during the previous mode is

this interval. Due to the high switching frequency, the supplytally transferred into the dc-link capacit6x,. as the auxil-

voltage is assumed constant within an arbitrary interval iary inductor current circulates through the dc-link capacitor

[Fig. 3(a)]. Therefore, the auxiliary inductor current expressiofiy, = idcqc) iIn Mode Il [Fig. 3(b) and (e)]. Since the

aux

in this mode becomes stored energy in the auxiliary inductdt,,, depends upon
‘ [vs. the rectified supply voltagév, «|, the positive peak current
UL, k() = T (1) into the dc-link capacitor becomes time variant [Figs. 2(e) and

] __3(e)]. The voltage across the auxiliary induciay,,. in Mode
hence, at the end of the Mode 1, the current in the auxiliajy g lvs| — Ve, thus, the auxiliary current expression is as

inductor L, in the intervalk is found to be [Fig. 3(b)] follows:
; _|U5:k| D Viae — |vs &
{Laux, k max = Lows 2/ow (2) L, k(t) = Lo, k max — % t. (5)

wherew, ; is the average value of the supply voltage in the This mode ends when the auxiliary inductar,_ s cur-

interval k, D is the duty cycle, andf;,, is the switching rent reaches zero. According to Fig. 3(b), this mode lasts

frequency. Note that proper design of the dc-link capacitof . . L
Cd? assgres a near—c%nsptant dc-?ink voltage ; therefopre »,#/(2f~) and using (2), the following expression is found:

the steady-state duty cycle remains constant, which results Vs, 1]
in a peak current in the auxiliary inductor (2) that depends As k=
only upon the supply voltage. Moreover, the peak current in
the auxiliary inductor tracks the sinusoidal waveshape of théhere A, ;. is the normalized period of Mode Il. Equation
rectified supply voltagév;| [Fig. 2(b)]. (6) shows that the duration of this mode is time varying
Similarly, if the load filter capacito€’; is properly designed, along one ac supply period. In order to assure a discontinuous
the load voltagé is constant and, thus, the load filter inductoinput current, the normalized periad; ; (6) must satisfy the
current expression becomes expressioD+A; ; < 1 at any intervak and load conditions.
Using (6), this constraint can be written as

—= D 6
Vdc_|vs,k| ( )

izg(t) = Vel =1 @) X
s Vae > 1D [vs, & (7)
hence, the load inductor current at the end of the Mode | is
defined by [Fig. 3(d)] On the other hand, the load inductor current freewheels
. Vie/ni —Vi D in the secondary of the transformer, which defines a voltage
ULf max = L; 2o (4) across the load filter inductor equal teV;.; therefore, the

load inductor current is given by
where V. is the average dc-link voltage an¥; is the

average load voltage. Note that the peak load inductor current inp(t) = iLf max — Vac

t. (8)
i1.f max 1S independent of the intervél This constant energy Ly
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. - Fig. 3. Zoom-in of the waveforms shown in Fig. 2. (a) Supply voltagg (
Fig. 2. Waveforms for the power supply shown in Fig 1. (2) Supply voltagg,q cyrrent 4,). (b) DC-link voltage 4.) and auxiliary inductor current
(?s) and current4s). (b) DC-!lnk voltage ¢4.) and auxiliary mductor current (ir...). (c) Transformer primary voltager{.) and current &..). (d) Load
(iLq,)- (©) Transformer primary voltagev{c) and current f). (d) Load \5if3ge ;) and load filter inductor current{ ). (€) DC-link voltage ¢q.)
voléaégel@lli and load filter mc:(uctc);r((;:)urrenégf)l. (e) (Dg:-lln(l; |voléage €dc)  and de link capacitor currentid 4.), and (f) load voltage i) and load
and dc-link capacitor curreni q.). (f) Load voltage ¢;) and load capacitor it tit: ). V. = 220 V‘ dP = 200 W
current {c5). Ve = 220 V and P = 200 W. capacitor currentig). V. and :

L L ) ) In order to assure a discontinuous load inductor current
Mode Ill, (2 — #3) in Fig. 3(c): Like in the previous irs, the normalized period\; (9) must satisfy the expression

mode, either the top switcheS,, and S, or the bottom 5y A, < 1 at any load condition. Using (9), this constraint
switchesS,3 and S,4 of the inverter remain on [Fig. 4(C)]. can pe written as

This mode ends when the load inductor currgnt(8) reaches Vi

zero. According to Fig. 3(d), the load inductor current ng > VCD. (10)
decays for a period given by\;/(2fs,,) and using (4), the !

following expression is found: Mode 1V, (¢35 — ¢4) in Fig. 3(c): Like in the previous mode,

either the top switcheS,; andS,, or the bottom switche§ 3
andSg, of the inverter remain on [Fig. 4(d)]. This mode ends
_ Vae/nte — VID. (9) when either the switcheS,, and S,4, or S, and Sg3, are

A
: Vi switched on and a symmetrical period begins. This mode lasts
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1— D — Ay [Fig. 3(d)]. Note that, in this mode. energy flows The maximum duty cycle),,., is within the ranged.2 <
from the load filter capacito€; into the loadR;. Duax < 0.8 and the normalized switching frequendy,,
always satisfies,,, > 1; therefore, (17) can be approximated
I1l. DESIGN EQUATIONS by

The proper operation of the power supply is assured by T~ /6
the appropriate selection of the transformer turns ratiacthe L0014 Do
auxiliary inductor L., the dc-link capacitor”y., and the . . . .
load filter L ;C;. thus, the auxiliary inductor expression (16) can be written as

_ DZ,.V? /6

L max ' s min
aux —

2fSLU‘Pl max 0'1 + Dmax '

(18)

A. The Turns Ratia,; of the Transformer (19)

The load boundary conditio® + A; = 1 is obtained at . .

minimum de-link voltag&Vae i, Maximum duty cycleD,,.,, - 1he DC-Link CapacitoCic

and minimum supply voltag&’ ,.;,. Note that, although the The average input poweF,,, over one ac mains period is

duty cycleD is constant within one ac mains period, it dependsqual to the load poweF;. However, the instantaneous input

upon the supply voltag®, and load power leveP;. Using power waveform contains a large second harmonic, which, in

(10), the load boundary condition can be expressed as  turn, generates a second harmonic of voltage across the dc-link

Vite wmin capacitorC,.. The dc-link capacitor is, therefore, designed to

= Dmax- (11) limit the second harmonic amplitude to a given small value

) N and, thus, a constant duty cyde operation is obtained. The
Using (7), the load boundary condition can also be expressg@ximum variation of energy in the ac mains is
as

1 \/_ 1/4Fs 1 (fem—1)/4
Ve ¢ min P E=— 2‘/9 min 12 s = s'bs = s ‘I‘S c T .
domin > T (12) AE /0 R Tl B
whereV; i, IS the minimum rms supply voltage. Taking (12) (20)

at the limit, which is equivalent to considering the ac boundary
condition @+As,k — 1)’ in combination with (11), the turns The maximum dc-link Voltage oscillation is found at maxi-
ratio n, of the transformer is mum load power; .., and minimum supply voltag¥; min.
This condition is attained at maximum duty cycle,,,.
Duax  V2V; min (13) Therefore, using (15), (19), and maximum load poeh,ax
1 = Dinax Vi at minimum supply voltageV; ,.;,, the expression for the
maximum variation of energy in the ac mains (20) can be

ny =

B. The Auxiliary InductorL,,,,

written as
The auxiliary inductorL,., is calculated to supply the D2 Ve
maximum load powerP; .. at minimum supply voltage AFE, pax = %\PQ (22)
V, min- This condition is attained at maximum duty cycle auxf3ufon
D,..x. The average input power is where
l/fsu 1 fan—1 1 (fsn_l)/4
Psu = fsu / Usisdt = Z Us,kis,k (14) \IJQ =~
0 fsn k=0 sn k=0
where f,,, is the ac mains frequency,, is the normalized sin(27k/ fsn)* /6

(22)

switching frequency s, = 2fsw/ fsu), andi, j is the average
input current in the intervak [Fig. 3(a)]. Using Fig. 3(a),
iL... = |is|, and (6), the expression féy , is found to be

1 — (1 — Dyox)|sin(27k/ fs1)] 0.1 + Dpax |

The maximum duty cycléD,,.,. is within the ranged.2 <
D,.x < 0.8 and the normalized switching frequendy,,

P D? Us ke (15) always satisfied;,, > 1; therefore, (22) can be approximated
ok 4Lauxfsw 1- |Us,k|/vdc ' by
If the converter is assumed lossless, the average input power Uy ~ 3.66 (23)
P,, equals the load poweP,. Thus, using (14), (15), and 1+ 44.45D 0%

maximum load powerP; ... at minimum supply voltage

- ' L thus, the expression for the maximum variation of energy at
V, min, the auxiliary inductor expression is found to be

the ac mains side (21) is finally obtained as
D2 V2
_ 2

Laux — max s min \Ijl (16) B DIQHH.XV; in 3.66
2fSLUB max AE9 max — Lauxfgufsn 1 + 44'45Dnlax- (24)
where . . .

P On the other hand, the maximum variation of energy in the
o 1 ' sin(2rk/ fon)? (17) dc-link capacitorC,. can be expressed as
1= 7 - .
sn 1 - 1 - Dmax S1 2 k sn

fon &= ( ) sin(27mk/ fon )| AEdc max = 3CucViiigh — 3CacVi tow- (25)
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The maximum dc-link peak-to-peak voltage [Fig. 2(e)], which TABLE |
is obtained at minimum dc-link voItagEde —_— is given by PARAMETERS USED IN FiGs. 2, 3, 5,AND 6. x: PROPOSEDOPERATING MODE
AViec max = Vdchigh — Vaclow [Fig. 2(e)]. Therefore, using

S . ly volt V,=85~265V
(12) at the limit, (25) can be written as SUPPLy VOTlage Tanse :
supply frequency Sfu=60Hz
AFEgc max = Cac \/5‘/5 min AVie max- (26) load power range P;=25~250W
1= Dinax load voltage V=48V
Finally, if the converter is assumed lossless, then switching frequency for=12KkHz
AE, max = AFE4. max: Thus, using (24)' and' (26), the max. duty cycle Dy = 0334 (Fig. 7)
expression for the minimum dc-link capacit6f,. is found )
to be turns ratio n,=1.256 (13)
1 D2 Vv 959(1 — D auxiliary inductor Lyyx=1.62mH (19)
. 9259(] —
Cyc = max 25 min ( - max) . (27) de link capacitor Cy.= 880 uF 27)
Avdc max Lauxfsufsn 1 + 44-40Dmax Case A Case B*
D. The Load Second-Order Filtdt ;C/ LC inductor L=183mH Ly=1.28 mH (29)

The load inductot ; is calculated to assure a discontinuous ~ £C capacitor G=120uF G=120uF 3D

operating mode under all load and ac mains conditions. The
load capacitorC; is designed to keep bounded the load
voltage ripple. From Fig. 3(d), at the load boundary conditior;&
D+ A; =1, itis found

. The DC-Link Voltagd’;. Range

The dc-link capacitorCy. is designed to limit the dc-

Vi (1— D) (28) link voltage ripple to a given value for both continuous and
4fswly discontinuous load inductor current. Thus, the average supply
gurrent in an arbitrary intervak can be expressed by (15)
regardless of the load inductor current mode. Therefore, the
generalized average input power expression (14) using (15)

Iy =

where I ¢ is the inductor average current. From (28), th
maximum load inductot ; expression is found to be

V2 can be expressed as
4f5wPl max D2 \/_
. . . P, = —FV2V,V, ¥ 32
The maximum load voltage ripplAV; .. Occurs at maxi- AL pise fow de®3 (32)

mum load powel; ,,,,. and maximum supply voltagg, ...
o . : where
In order to simplify the analysis, a maximum load voltage
ripple AVy max, Which is achieved at maximum load power Vav, 1 Jon—1 Sin(27k/ fon)?

P, max and minimum supply voltagé’, in, is introduced. VY3 = : . (33)
This last condition is attained in continuous mode and, there- Vac on (=5 1= v2Va/Vaclsin(2rk/ fon)

fore, the following expression is valid: The dc-link voltageV,. is always greater than the peak

) v, supply voltage and the normalized switching frequerfcy
AVimax = 5579 - (1= Dinas)- (30) always satisfie,, > 1; therefore, (33) can be approximated

sw S in the ranged < v/2V,/Vi. < 0.8 by
From (30) and (29), the minimum load capacitdy ex-
pression is given by . 0.48v/2V;/Vac . (34)
1 —0.91V2V, / Vi
C, = Pl max ) (31) . o
T 8L VIAV] In continuous mode, the duty cycle satisfies
Vi
IV. THE OPERATING REGION OF THE POWER SUPPLY D= Ve n- (39)

In this paper, the operating region is associated with the
value of the dc-link voltagd/y. as a function of the load
power P, and supply voltageV, obtained in steady state.
In order to evaluate it, a case study is analyzed for both P 1 V2V,VE 0482V, Ve
continuous and d.|§cont|nuous load inductor current operating < s« = Ao fow? Vae  1— 09132V, Vi’ (36)
modes. The conditions are as follows:= 48 V, V; ,,in = 85,

Vemax = 265V, Py in = 26 W, and P 0 = 250 W. A If the converter is considered lossless, (36) shows that, for a
low switching frequency fs., = 1.2 kHz) is used to clearly given supply voltagé’;, the dc-link voltagéd/,. depends upon
illustrate the waveforms. The component values have bede load power leveP, = P,,,. The values ofV,. that satisfy
calculated following the design criteria given in Section I11(36) are plotted in Fig. 5(a). They correspond to the operating
The values are shown in Table I. region of the power supply in continuous mode. On the other

Replacing the duty cycle expression (35) into the supply
average expression (32) yields
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As expected, Fig. 5(b) shows that, in discontinuous mode,

Disc. <—t—> Continuous

1500 the dc-link voltageV,. is independent of the load power
Vv 7 level F;,. On the contrary, it depends upon both the load
de 9 power level P, and supply voltageV, in continuous mode

1200 B Al R S - : [Fig. 5(a)]. Moreover, at low power levels, the continuous

operating mode may require an excessive dc-link volfége
[Fig. 5(a)]. Therefore, to reduce the voltage stress across the
900 » i — dc-link capacitor, the proposed converter is recommended to
V= 265} operate in the discontinuous output current mode.

B. The Duty CycleD and Performance Indexes Range

The duty cycle D and the total load inductor current
300 » o conduction timeD + A; for the operating region are plotted
in Fig. 6(a) and (b), respectively. It can be seen from Fig. 6(a)
that the load powef; can be effectively controlled by means
0 P, of the duty cycleD. Fig. 6(a) also shows that the maximum
0 55 110 165 220 duty cycle D,,. is achieved at minimum supply voltage
a) V, min @nd maximum load powd?; ,,,... From Fig. 5(b), these
@) conditions lead to minimum dc-link voltage. Fig. 6(b) confirms
that these conditions are achieved in the load boundary condi-
Discontinuous & Cont. tion D+A; = 1. Therefore, the assumptions used to determine
L the transformer turns ratin, and the auxiliary inductoL .,
Ve ; expressions in Section Il are thus confirmed.
1200 B R S T Fig. 6(c) plots the dc-link voltage peak-to-peak rippé7..
‘ It can be seen that the maximum dc-link voltage ripple
AV max IS achieved at minimum supply voltagg; .,
and maximum load poweF; ... Therefore, the assumptions
used to determine the expression for the minimum dc-link
capacitor Cy. in Section lll are, thus, confirmed. In this
paper, the maximum dc voltage ripple has been limited to
1% AVic max = 5.21 V) of the maximum dc-link voltage
(Vdc max = 021 V)
Finally, Fig. 6(d) depicts the load voltage ripple. It can
be seen that the maximum load voltage rippd/; ... iS

1500

900

600

321 o4
470 o

300

180

0 " ' i i | B achieved at minimum supply voltagé; ,.,;, and maximum
0 55 110 165 200 220 load power P, ... Fig. 6(d) also confirms that the load
b) voltage ripple AVy L. IS achieved at the load boundary
(b) condition. Therefore, the assumptions used to determine the

Fig. 5. Operating region of the power supply (shaded area). (a) Continu&épressmn fo_r the minim_um load CapaCiﬁF in Sec_tion i
mode (Case A in Table 1). (b) Discontinuous mode (Case B in Table@): ( are also confirmed. In this paper, the dc voltage ripple at the

simulated operating point in Fig. 2.) boundary condition has been limited to 1% max = 480
mV) of the load voltage I = 48 V).
hand, in discontinuous mode, that is, the proposed operating

mode, the following expression is valid: C. The Maximum Duty Cycl®,,... Selection
D? Ve Ve Section Il assumes that the maximum duty cyblg.. is a
P = — -V . (37) .
AL ¢ fow | . known parameter. The value is usually chosen large enough so

6tlhat the peaks of the supply current are minimized. However, it

ﬁ/%ﬁ be shown that the maximum duty cycl8,, .. defines the

maximum dc-link voltagé/,. % in Fig. 5(b), which restricts

the maximum duty cycleD,,,.

{Vdc 3 V}i Jav. Ly  0.48V2V,/Vy (38) Expression (38) is valid in any operating point of the power
Ny Y § supply. According to Fig. 5(b), the maximum dc-link voltage

1 - Laux 1-— 091\/5‘/5/‘/(1‘3 '
. . . Vie max 1S achieved at maximum supply voltagg ..
The load power leveF; is not present in (38). This ShOWSTherefore, (38) can be written as

that only the supply voltag¥; defines the dc-link voltag¥.. y
The values ofV,. which satisfy (38) are plotted in Fig. 5(b). Ydcmax Yo _ Ly 0.96V" i/ Ve max

They correspond to the operating region of the power supply ny Nt Laux Lauxl — 0.91v/2V, wmin/ Ve max
in discontinuous mode. (39)

Since the converter is considered lossless, the aver
supply power (32) equals the load average power (37). T
yields in discontinuous mode
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Fig. 6. Operating ranges of relevant variables and indexes of the power supply as a function of the load power. (a) Duty cycle. (b) Total load inductor
current conduction timelp + A;). (c) Dc link voltage ripple. (d) Load voltage ripple(}simulated operating point in Fig. 2.)

Replacing the turns ratio (13), auxiliary inductor (19)pf the MOSFET's. In this paper, the supply voltage ranges
and load inductor (29) expressions into (39), the followinffom 85 to 265 and 600 V MOSFET's are used; therefore, a

expression is obtained: maximum duty cycleD,,,., of 0.33 is selected (Fig. 7).
2
0 48 \/Q‘/S max
1-D V2V, min L1lo 1 Ve max V. EXPERIMENTAL VERIFICATION
") Ve max Wy V2V5 max To verify the behavior and analysis of the proposed oper-
1-091——— . . .
Ve max ating mode, a prototype power supply was built and tested in

(40) the laboratory. Table | shows the conditions of the tests and
the component values; however, a higher switching frequency
The values ol yc max and Dyyax that satisfy (40) are plotted f,,, = 128 kHz was used. This allowed the use of smaller
in Fig. 7 for different supply voltage ranges. From Fig. 7, thiiltering components. Specifically, using (19) and (29), the
following conclusions can be drawn: 1) the maximum dc-linkuxiliary inductor and load filter inductor values are reduced
voltage Vi max does not depend upon the load voltdgeand to L... = 15 pH and Ly = 12 pH, respectively. The
power level P, and 2) for a given maximum dc-link voltagecapacitive components can also be further reduced. In this
Vie max, the maximum duty cycleD,... can be selected implementation, the dc-link capacitor and the load capacitor
upon the supply voltage range. In practical applications, thealues areCy. = 390 puF (27) andC; = 390 uF (31),
maximum dc-link voltageVy. max IS limited by the voltage respectively.
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TR1: 150 V= ) TR3: 50 V= Fig. 9. Power supply experimental waveforms far=90 V, P, = 50 W,
TR2: 1.0 A= 5.00 ms/div TR4: 1.0 A= and fs. = 128 kHz. TR1: supply phase voltage<). TR2: dc-link voltage
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: : Fig. 10. Power supply experimental waveforms oy = 90 V, P, = 50
Fig. 8 shows the ac mains and load waveformslfor= 9_0 W, and fsw = 128 kHz. TR1: inverter ac voltagev{.). TR2: inverter ac
V and F; = 50 W. These waveforms show that the inputurrent (..). TR3: load voltage ). TR4: load filter inductor currenti ).

current after filtering (Fig. 8, TR2) is near sinusoidal and in

hase with the supply phase voltage. Therefore, a near unit . . .
iFr)1put power is acEiZ\)//eEI g s%ce the ac current remains positive after switchigsor S 3

Figs. 9 and 10 show additional waveforms of the powé’}re switched off, their turn-on is done at zero voltage. Both
supply. The corresponding simulated waveforms are shofgstures contribute to reduced switching overall losses. The
in Fig. 3. The supply line current before filtering is shown ifP@d filter inductive current waveform (Fig. 10, TR4) confirms
Fig. 9, TR3, which, neglecting the high-frequency oscillation&!€ operation of the load stage at discontinuous current.

it corresponds, to the auxiliary inductor current (Fig. 9, TR4). Fig. 11 shows the variation of the dc-link voltadq. as

It is evident from this figure that the input current operates @ function of the load powet’. The tests were done at
discontinuous mode. Fig. 10 shows that the inverter ac curraigty low power, where the continuous load inductor current
(Fig. 10, TR2) is discontinuous. This comes from the fact thaperating mode requires a high dc-link voltage [Fig. 5(a)]. It
the supply current is discontinuous. Therefore, switchgs is evident from Fig. 11 that the dc-link voltagé,. remains
and S,4 are turned on at zero current. On the other handpunded and independent of the load pow@r Finally,
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Fig. 12. DC power supply efficiency;{ as a function of the load power.

Fig. 12 shows efficiency tests for different load power leve
and supply voltages. Although the power supply requires
transformer that includes a third winding, the power supp
offers efficiency values near 90% as a result of the zero-volta
zero-current feature of the topology.
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