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A Forward Converter Topology Employing a
Resonant Auxiliary Circuit to Achieve Soft
Switching and Power Transformer Resetting

Youhao Xi Member, IEEEand Praveen K. Jajrirellow, IEEE

Abstract—This paper presents a forward converter topology specifications of the advanced digital systems. The most serious
that employs a small resonant auxiliary circuit. The advantages problem with the RRF is the difficulty to drive the synchronous

of the proposed topology include soft switching in both the main qtifier (SR). In addition, the RRF loses soft switching at light
and auxiliary switches, recovery of the leakage inductance energy, load. When soft switchi,ng is lost. the so-calléﬁ/2)CV2

simplified power transformer achieving self-reset without using - . -
the conventional reset winding, simple gate drive and control loss related to the MOSFET switch inherent capacitors would

circuit, etc. Steady-state analysis is performed herein, and a design be excessive at high switching frequencies. Since this power

procedure is presented for general applications. A 35-75-Vdc to |oss dissipates directly into the switch, it would cause thermal

5 Vdc 100-W prototype converter switched at a frequency of 200 55151ems on the main switch, even when the conduction losses

kHz is bw_lt to verify _the design, and 90% overall efficiency has b ligiibl liaht load. Th | h ink

been obtained experimentally at full load. ecome negligible at light C?a : us, a large heat sink may
have to be used to handle this thermal problem.

The ARF overcomes many of the RRF’s drawbacks—it op-
erates at a constant frequency and it is easy to use self-driven
SRs. However, a saturable inductor is normally added to achieve
I. INTRODUCTION zero-voltage switching (ZVS). ZVS may also be achieved by

N TELECOM and computer systems, the forward convertg?wering the magnetizing inductance of the power transformer,

topology has been widely used as the dc power suppliesf §tead of using the saturable inductor, but this increases con-
low-voltage and high-current applications with a power lev uction losses due to the increased magnetizing current. Circu-

up to 250 W. It employs a single power switch but it has hig} ting current in the clamp circuit results in additional conduc-

o ; ion losses.
output current capability, low output voltage ripples, and loW . . ]
input rms current. In addition, it is well understood in industry, Other major drawbacks include: 1) the ARF loses ZVS at

Soft-switching techniques are normally used in these applic!%g.-m Ioac:; 2”) iélreguir(ejst.the }/arif:]ble pulf/e\llvidth gatitng-pattjersn
tions to achieve high efficiency, high power density, and I0\¥\/' hcon roha el ela |me.oL ne rese dc'amphS\ﬁlt(; . ar; 21
electromagnetic interference. or the n-channel clamp switch its gate drive shall be isolate

In recent years, some soft-switching forward topologiggom the main switch, and for the p-channel clamp switch it

; : i tive bias voltage to turn off.
have been developed, among which are typically the reson5rgU!Ires a nega
reset forward (RRF) [1]-[3], the active reset/clamp forward he SRF overcomes most Qravybacks (.)f the RRF and ARF.
(ARF) [4]-[19], and the self-reset forward (SRF) [20]. Thesk €mploys a simple auxiliary circuit to achieve self-reset of the

topologies not only achieve soft switching but also simplify thRower transformer and ZVS of the main switch independent of

forward power transformer by removing the conventional resluf-rrt'(:.J anq !oa_d condmons: Besides, the_ gating of the aumhgry
witch is in fixed pulse width and there is no need of gate drive

winding. A simplified transformer may increase the powe? lation. Thi v simplifies the desi f | and
density of the converter in addition to reduce its manufacturi@?vzt'coi?éuits's greatly simplifies the design of control and gate

costs. However, these topologies have some drawbacks. . . oo .
The RRF has to be operated with switching frequency modu-However, in the SRF, the auxiliary switch is turned off in hard

lation to optimize its performance, otherwise the voltage stre \entchl_ng,_al_"nd the energy of the leakage mduct_an_ce in the aux-
on the main switch would be too high. Because the switchié?@ry circuit is not recoyered. These problems Ilmlt overall ef-
ripples and harmonics vary with the variable switching fr ieiency and the operating frequency to not very high. The aux-

quency, they become very hard to filter out to meet the noi%ﬂ@ry circuit employs a small flyback-type transformer to store
' the discharged energy from the snubber capacitor, hence, the

auxiliary transformer needs extra processing in manufacturing
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Fig. 1. Proposed ZVS forward converter topology.

conventional reset winding. Unlike the previous SRF, the aux — ; erval 6 1112131 4 |5l 6 oD
iary circuit in the proposed topology uses a small forward-tyg PR o -
auxiliary transformer that does not require an air-gapped co gating of O, ON % E L ON ¢
Steady-state analysis is performed herein to understand [} . E Lo
operation of the circuit and to provide guidance for design. &*ine°foi . ' ON ' . ' |
prototype of 100 W, 35—-75 V to 5 V converter operated at 2( S | current iy I Soltage : |
kHz is built to prove the concepts of the proposed topolog drain| P\ G ,.:/'\-\ _______ 3 A AN
About 90% overall efficiency is obtained experimentally at ful °“v‘;1°t':gz‘:)df VAR ! | ;/_
load over the entire range of the input voltage. : L/ﬁ: i 5 . /;r>
SR .
Il. CIRCUIT DESCRIPTION drai“L\ Pl 1] voltage i
current and /“‘\ i’/ i E Up )\ E
Fig. 1 shows the proposed ZVS forward converter topology.  o!2ee °f \{ I y ,” \ -
has two functional subcircuits: the power circuit that is the san N\ /‘; Lo b ;?\
as the conventional forward converter and the resonant auxili: AN b b
circuit. output] P P b
The power circuit consists of: 1J,. the simplified power  inductor[ | =53 i [T T
transformer with a magnetizing inductantg and a turns ratio i N A E | A P >
of k; 2) Q1 the main switch; 3)D,; and D, the output recti- A 5 | ! |
fiers; 4) L, andC, the output filter; and 5}, the load. oot /lr/”—r/—r\:: _x
The auxiliary circuit consists of: 1)),, the auxiliary switch; ‘ 5 i T -+
2) Csup, @ snubber capacitor for the main switch,;I3) a cur- magnetiZi“_gA i | | L iy
rent limit inductor that is inserted into the secondary sid&of ~ ™™ " | | i4+— | \ P
4) L, andC, a resonant tank; ), a center-tapped auxiliary °“"emg’l}\?;\i P oo (L
transformer with a turns ratio f,; and 6)D; andD, two aux- i; ; : : — —H
iliary rectifiers. | P P L
The auxiliary circuit fulfills a threefold function: 1) it pro- i ZalN — 4
L b B ts 16 4+T,

vides ZVS of the main switcky; at both turn-on and turn-off,
thereby eliminating the switching losses@f; 2) it provides
zero-current switching (ZCS) of the auxnlary SWIICCBQ_ at ~ Fig. 2. Key waveforms of the proposed converter topology in steady-state
turn-on and ZVS at turn-off, thereby removing the switchingperation.

losses of),; and 3) it resets the transformér.

time—»

have negligible Rds(on),; and 5) the capacitors, inductors, trans-
formers, and diodes are ideal devices.

During the last interval of the previous switching cyaig,

Fig. 2 shows key waveforms that highlight the operating pri@nd Q- are off, D,; is reverse biased, and, is in the free-
ciple of the proposed topology. In steady state, each switchingpeeling mode to give a path to the output inductor current. No
cycle can be divided into six intervals. current flows in the auxiliary circuit.

The following assumptions are made to simplify the steady-
state analysis: 1) the input voltaljg, the rated output powd?,, - ntervall i <t <t»)
and the nominal output voltagé, are all constant; 2, < 1, At the beginning of this interval), is turned on in ZCS be-
and L,, > L,; 3) L, andC, are infinite; 4) the switches causel,, is in series with it. The equivalent circuit of this in-

I1l. OPERATING PRINCIPLE AND STEADY-STATE ANALYSIS
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Fig. 3. Equivalent circuits seen from the primary side. (a) Interval 1. (b) Interval 2. (c) Interval 3. (d) Interval 4. (e) Interval 5. (f) Interval 6.

terval is shown in Fig. 3(a), and the following equation governsy a; 1 0 1 N ugr(t1) — Vi
the drain-to-source voltage;; of (21 during this interval: az | _ 0 w1 0 wo Gar (t1)
as -w? 0 , w3 0 , a1 (t1)
d*uq () d?ug (1) ay 0 —wiy 0 —wy gy (t1)
a—r T B pEE uq1(t) = Vg (1) (5)

wherea = L,C,L.Cspy,, 8 = L.Cory + L.C, + L,C,, and
Lo = k?LyLp/(K*Ls + Ly,).
The solution of (1) is determined by

udl(t) = Vd + a1 coswl(t — tl) + a9 Sinwl(t — tl)

+as cos w2(t — tl) + ay sin u)2(t — tl) (2)
where
1 [28+2B? - 4a
w1 =7 (3)
2 o
_ 2 _
wzl\/?ﬂ 2/ — da @
2 «

whereu,; (t1) and its derivatives (1), ta1(t1), andu g (¢1)
are the steady-state initial conditions. These initial conditions
can be obtained by an iterative process like Newton—Raphson
method.

Similarly, u,, the voltage across,,, is governed by

d*ug(t) d?ug(t)

12 + ua(t) = (1 — ka)Va.

+ (6)
Its solution has a form similar to (2).

Aresonant current througt,, L., T, and@ starts to build
up and dischargeS;,;,, and it is determined by

p _ dua(t)
ia(t) = Cq Fra

()
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This current carries half of the discharged energy ovér.tand

L,, and feeding the rest back to the input dc linedjjaandD,,; .
As C,;, dischargesyy; starts to decrease arg, starts to

see a positive voltage as soonwag becomes lower thai;.

The core of the power transformer starts magnetizing, and the

magnetizing current starts to rise as governed by

dim(t) _ Vd — udl(t)
d L,

8
Seen from the secondary side, the positive voltage forward

asesD,;, and the secondary current is determined by

dis(t)  Va—Va(t)
dt kL,

9)

It is seen from (9) that., only allows the secondary current

to rise slowly. This secondary current is reflected back into t
primary side and it intends to charge,;,. The value ofL,
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1,2: Csup =12 nF
3,4: Cop =16 nF
5,6: Cynp =20 nF
Solid line: L, = 0.5 uH
ash line: L, = 0.3 pH
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.4. Example of design curves for selectihg, as a function of’.,.1,, L,
andD ,.x. In this exampleV,; max = 60V, f; = 200 kHz, andD;,, = 0.2.

shall be so selected that this reflected current is lower than the
auxiliary current. ThusCs,, can be discharged completely by The reversed, discharge<’,. Through7, andD, i, feeds

the end of this interval.

B. Interval 2 {» < t < t3)

At the beginning of this interval,;, is discharged com-
pletely. Fig. 3(b) shows the equivalent circuit of this interval.
Forced byL,, the resonant current must continue in the

the energy stored i@, during the first two intervals back to the
input dc line. This fulfills the total recovery of the discharged
energy fromCyyy,.

As i, isreversed(), sees a negative drain current. Therefore,
Q> can be turned off under ZVS at or shortly aftee= ¢3, as
its body diode can give a path 19 and this clampg),’s drain

same direction. It is found that the resonant current is now go¥eltage at zero.

erned by
iq(t)

[a(ta) + kaVa]
X \/?Sin w3 (t — t2) + i (t2) cosws(t —t2) (10)
wherew; = 1/V/L,C,.

As i, flows, the body diode of); starts to conduct and this
clamps the drain voltage @}, at zero, hence&), can be turned
on under ZVS condition at any time during this interval.

On the other hand,, feeds some energy that was stored i
L, andC, back to the input dc line vid, andD,; .

During this interval, it is found that

Uq(t) = [ua(t2) + kaVa] cosws(t — t2) + iq(t2)

[La .
X FSlnwg(t—tQ)—kaVa. (11)

Now, asug; is zero,L,, sees a constant voltadg, and the

The magnetizing inductoL,, continues to see a constant
voltage. Then, the magnetic current is increasing linearly, and
so is the secondary curreit

D. Interval 4 ¢, < t < t5)

At the beginning of this interval the secondary current
reaches the value of the currentlip, that is,

(14)

ﬁhe current througt,» decreases to zero ad},, becomes re-
verse biased. From now on, the power circuit transfers the power
from the input to the load in the same way as in a conventional
forward converter. Fig. 3(d) shows the equivalent circuit of this
interval.

During this interval;, continues until it decays to zero. Be-
causd)), is already off, this resonant current stops flowing. The
magnetic current is increasing linearly as it still sees a constant
voltage.

magnetizing current start rising linearly, and so does the sec-

ondary curreni,.

C. Interval 3 ¢3 <t < ty4)

At the beginning of this interval, reaches zero and it start
to reverse its direction. Fig. 3(c) shows the equivalent circuit
this interval.

It is found that

Ua(t) =[ua(t2) — kaVa] cosws(t — t3) + ko Va

ia(t) = — [ua(t2) — kaVa] z

12)

I, (13)

sinws(t — t3).

E. Interval 5 ¢ <t < tg)

At the beginning of this interval the control circuit determines
that the duty ratio of), is completed to regulate the output

Svoltage and?; is turned off.Cj,;, slows down the rate of rise
§f ua1 and this helps to achieve a nearly ZVS turn-off(@f.

Fig. 3(e) shows the equivalent circuit of this interval.
ug1 NOW starts to rise as determined by

P,

kV,

[

C's nb

Uq1 (f) =Vy—V;cos w4(t — t5) + sin w4(t — i’5)
(15)

wherew, = 1/v/L.Cqpp.
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Whenug4, rises above the value &f;. L,, starts to see a neg- TABLE |

ative voltage. Thus, the magnetizing current starts to decrease g&'NC!PAL COMPONENTS ANDPARAMETERS OF THEPROTOTYPECIRCUIT
seen from (8) and this sets off the demagnetizing process. 1°

. . . . arameter value/selection arameter value/selection
negative voltage is coupled to the secondary sidé,.céndi, B 7 35,75V E I/C 12 ul/

H d min> " in—max 4 0’ “o 'J-H 400“'F
also starts to decrease. Because the currehy is almost con- 13 T00W 0, IRE640*
stant,D,; is forced to conduct. Bot®,; andD,» now conduct ’ (V,=5V,I=20A)
simultaneously and this puts, directly across the secondary ~p_/D__ 0.2/0.40 D,/D, MTP75N05*
transformer winding. Therefore, is now governed by . 200kHz 0, IRF510

o P L, 490pH k, 1:7
is(t) = =Vgy [ —= sinwy(t — t5) + ~2 coswy(t —t5). (16) k 3:1 L 0.3pH
L, 0 D,. 0.1 0, IRF634
C.p 16nF D, D, HFAOSTB
F. Interval 6 ¢g <t < t1 + T%) L/C, 1.5uH/66nF Controller UC3855AN

inni is | * Two in parallel.
At the beginning of this interval, reaches zero and, Wo mn parate

reaches the peak value, @f; (¢5). Blocked byD,;, is cannot
continue. Thus, onhyi.,, and C,,, now undergo a new reso-
nance. AsL,, still sees a negative voltage, the magnetizin
current continues to decrease. Fig. 3(f) shows the equivali
circuit of this interval.

It is found that

Gating
*+,f O,

_____ QA o

uq1(t) = Vg — [uar(ts) — Vgl cosws(t — t5) SRR S
e Ly, . P 17 P \\A\‘/currcnl/// g

Timlls)y g Snwsli=ts) AN | 7 S~

wherews = 1/v/L,,,Csnb-
As seen from (8), the demagnetizing of the powertransformlgr . . .

. L . ig. 6. Simulation results of the magnetizing current of the power transformer.
core continues as Iong @51 '_S hlgher thanV;. Since th(_:" €S- conditions:V, = 50 V, fs = 200 kHz, andP, = 90 W. Vertical scales:10
onance ofL,, and C,,, in this interval has comparatively aV/div for gating signal, 0.5 A/div for magnetizing current. Timingu2/ div.
much slower frequency due to the large value gf, the rate

of change ofug; during this interval is low. This keepsa, hough the auxiliary circuit herein is a different one. Thus, how

staying abové/; for a considerable duration of time such th ?oachieve optimal operating point of flux of the power trans-

the volt-second product of.th.e demagneyzmg Process Is ablPTqrmer will not be repeated in this paper. Neither is the design
balance that of the magnetizing process in the previous mtervE S

of this switching cycle, and this guarantees the resetting of t or the power circuit addressed herein, as it is a conventional

Stward circuit that has been extensively discussed in the liter-
power transformer.
During this interval,D,; is in freewheeling of the total cur-

ature.
rent in L,. At the end of this interval this switching cycle is The d_eS|gn of the aux_|I|ary circuit is given below for genen.c

) a SDl|c:at|ons. The following parameters are assumed known: 1)
completed and another cycle starts to repeat the above intervals. L . . )
dmin aNdVy 1. the minimal and maximal input voltage,; 2)
Diax and D y,;, the maximum and minimum duty ratio 6f;
3) fs the switching frequency; 4}.,,, the magnetizing induc-
From the above analysis, it is shown that the magnetizitgnce off;.; 5) k the turns ratio off;.; 6) V,,, the nominal output

current behaves in almost the same way as it does in [20], @bltage; and 7)P, the rated output power.

IV. DESIGN PROCEDURE
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Fig. 7. Experimental waveforms of the main switch. (a) Low line full lo&d & 35 V, P, = 90 W). (b) High line full load {; = 55V, P, = 90 W). (c)
Low line light load (/4 = 35 V, P, = 30 W). (d) High line light load {; = 55 V, P, = 30 W). Top traces: gating. Bottom traces: drain voltage. Switching
frequency:f, = 200 kHz. Scales—uvertical: 5 V/div for gating signal, 20 V/div for drain voltage; horizontgisAdiv.

A. Selection 0D, B. Selection of’,;,

To overcome the drawbacks of the ARF, the auxiliary switch To successfully reset the power transformer without over-
in the proposed topology is switched with a fixed duty ratio. Thetressing the main switchyy; shall always be kept higher than
auxiliary switch duty ratio has influence on the voltage stress bf; throughout Interval 6. This means the resonance of Interval
the main switch. It is because the resetting of the power trarsshall be longer than one-quarter of its resonance cycle. There-
former core requires balanced volt-second product of the mdgre, the minimumCy,,;, shall be limited by
netizing and demagnetizing process. Since the auxiliary duty 5
ratio steals some time, it reduces the time allowed for demag- C.\ > 4(L ~ Daux — Din)

snb =
netizing, then the main switch will suffer from a higher voltage L

stress. _ _ In addition, C,,;, must be big enough to guarantee ZVS
 ltis found th&_lt the maximum voltage stré§s.x is approx- tyrn-off, From (15), it is seen thaf.,, determines the rise
imately determined by time of the drain-to-source voltage &, at turn-off. Limiting

T Dpin ugq1 below V,; within the required rise time,, Cs,;, should be
Vpean = (1 T2 T Do - D) Vimax (19 limited by

To limit the maximum voltage stress to 150% of the maximum Co > P,
input voltage,D... shall be limited by b = YV Vi

(21)

(22)

Daux <1 = (14 7)Dpin. (19)  However, the rise time should not exceed the gap left by
d 2Dmax and D, in one cycle. Otherwise the resetting time

within the auxiliary duty time:D,... shall not be too small to would be reduced and the voltage stress on the power trans-

avoid large discharging current. It is reasonable to select fgémer would be increased. This limits the maximum value of
minimum D, above 50% of the limit of (19), i.e., Canb DY

1 — (1 + 71')D i Po
1= U+ ™) Pmin Copy < ——2 (1
> : (20) S TAAT

On the other hand, the dischargingaf,;, shall be complete

Daux Z - 2Dmax - Daux)- (23)
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Fig. 8. Experimental waveforms of the auxiliary switch. (a) Low line full lo&gd & 35 V, P, = 90 W). (b) High line full load V; = 55 V, P, = 90 W). (¢)
Low line lightload (/; = 35V, P, = 30 W). (d) High line lightload ¥; = 55V, P, = 30 W). Switching frequencyf. = 200 kHz. Top traces: gating. Middle
traces: drain voltage. Bottom traces: drain current. Scales—vertical: 5 V/div for gating signal, 20 V/div for drain voltage, 5 A/div for draiphorizental: 0.5
s/ div.

C. Selection of_., whereAlI, is the swinging range of the magnetizing current.
L. has two functions: 1) to limit the rise of the secondary In addition, L reduces the effective duty ratio by Interval 3,

current in Intervals 1 and 2 in order to achieve ZvVSpfand S S€enin (9) and (14}, should also be limited by
2) to chargeCy,;, and pullug; up to an enough magnitude to Vo
achieve resetting of the power transformer as seen from (15). L, < ~dmin’o

To achieve ZVS, the current throudh shall not exceed the kfsPo
auxiliary current throughout Intervals 1 and 2, otherwisgy,
will not be completely discharged. This requires that

Ag (26)

whereA is the allowable reduction of the effective duty ratio.
Usually, this reduction should be less than 0.1.

Vd maxDaux
> _fmaxtraux .
L.z kfsLupea (24) D. Selection of., andC,

wherel, ..k iS the peak current through the auxiliary circuit, -I(;O grL:arantee a strong rlesonanthc::rl;enlt such that It: IS ;‘ble
Ipeak, t0 be determined below, shall be lower than the primaf§ 41 argel,y, in Interval 1,0, shall be large enough an

full load current to reduce conduction losses in the auxilia (1) which is the voltage across, at the.begmmng qf In-
circuit. erval 1 shall be very low. Le€,,, be the internal drain-to-

However, the large value df, may pullug, up to an exces- SPUrce capacitor of)2, and note that’,s andC, are in se-

sive level and, thus, drive the power transformer into saturatidfiS ©© _sharem. Assoummg the residual voltagg a_cro§§, or
due to excessive dc bias current [20]. Assuig, is the mag- Y (f1), iS1ess than 1% afay(t1), theC, shall be limited by the
netizing current corresponding to allowable flux dendRty.. following equation:

in the core beyond which the core will be saturated. ThHen,

shall be limited by Ca > 100C,ss. (27)

Conb Vi nax T Lind2ax — Lin(Imax — ALy, )? However,C, shall not be too large to limit the size and cost of
I2 (25) the part.

Ly <
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The reversed, in the auxiliary circuit during Intervals 3 and 100 F—"x
4 should complete its negative half cycle of resonance. Hence,
as seen in (13), the following equation should be satisfied: _
D2 . ?i 20 :________;-»—-——;H.
min )
La S 7r2f320a ' (28) é ““_A 2
On the other hand, as seen from (7) and (19),should be “«E 80 # Propoasd fopology
selected of a large value in order to reduce the magnitude of the m Previous SRF in [20]
resonant current and hence the conduction losses in the auxilian A Hard switching topology
circuit. 70 - ' i i
In order to achieve ZVS i), ugy; Must reach zero in In- 33 40 + >0 &
terval 1. By letting (2) be zero, the value bf, can be found by Input voltage ¥y (V)
numerical method. It is seen from (1)—(5) that the valud.pf @)

is dependent 0@, Ly, and D, . Fig. 4 shows an example

of the design curves to selekt,. 100
E. Selection of’, -
The turns ratids, of T, should be small to limit the reflected ?
voltage of V; seen by the discharging curreiyt Otherwise, 2
this voltage, which tends to stap in Interval 1, would become § 80 |
significant,C,,, could not be completely discharged, and ZVS & * Proposed topology
would be lost inQ; m Previous SRF in [20]
' A Hard switching topology
i 70
F. Selection of)> 20 40 60 80 100
A switch with low on-resistance and low inherent capacitance The output power (W)
should be selected fa@p,. The voltage rating of)» should be (b)

the same ag). The current rating is determined by (10). Fig. 9. Overall efficiency of the proposed converter topology. (a) Efficiency

) versus input voltage at full load (90 W). (b) Efficiency versus output power
G. Selection oD,; and D> under fixed input voltage (45 V).

D, and Do should be fast-recovery diodes. Their voltage
rating should be higher thanl2,,.., and their current rating before the drain voltage starts to rise, ZVS is always achieved

should be higher thaéfSCsnde max- in @1 under all these conditions.
Fig. 8 shows the experimental waveforms of the auxiliary
V. EXPERIMENTAL AND SIMULATION RESULTS switch@- under different operating conditions. Itis seen clearly

A prototype of a 5-V 100-W circuit operated at 200 kHz ha%hnz[ezr(;ﬁ ttr?;rs]-eOZoir;?tigxs tum-off are always achievedin
been built. The CI'I’CUIt is shown in Fig. 5 and the circuit param- Fig. 9 shows the experimental results of the overall efficiency
eter.s. are shown n Table I. It employ§ self-driven synchronoHﬁder different operating conditions. In Fig. 9(a), it is shown
r_e_ct|f|ers reported in [21]. The_gat_e drives for synchronous "fhat the proposed topology has about 90% efficiency over entire
tifier D, are generated by a winding coupledtq and forD ,»

by a winding coupled td., . Qs helps to quickly turn ofiD,». input voltage range. The efficiency drops slightly at both ends of

. . . the range. Above all, the proposed topology has about 2%—-3%
tlgggrzﬁ(;l:ls)the excessive negative gate voltage whepis off better efficiency at full load than the previously published ZVS
02

The averaged current-mode control is used as the contfr%rlWard topology in [20].

scheme for the prototype converter. A Unitrode controller
UC3855 is employed to implement the control. This controller
produces two gate drives, one of which is the modulatedThe proposed forward converter topology employs a small
pulsewidth drive for the main switch, and the other is the fixe@sonant auxiliary circuit and a simplified power transformer,
pulsewidth drive for the auxiliary circuit. Other controllers camnd it achieves soft switching in both the main and auxiliary
also be used, however, a small circuit must be added to genesatiiches and fulfills power transformer self-reset without the
the required auxiliary gate drive. use of the conventional reset winding. Therefore, high-power

Fig. 6 shows typical simulation results of the magnetizingonversion efficiency at high switching frequency can be
current. The magnetizing current returns to the same point aftdtained at reduced costs. The breadboard prototype converter
each cycle, i.eT,. achieves self-reset. proves the concepts of this paper and has shown about 90%

Fig. 7 shows the experimental results of key waveforms of tloeerall efficiency at full load. It can be concluded that the
main switch@; under different operating conditions. Becausproposed topology is a promising solution to low output voltage
at turn-on the gating signal comes after the drain voltage haigh output current and power level up to 250 W applications
already dropped to zero, and at turn-off it withdraws completeig advanced telecom and computer systems.

VI. CONCLUSIONS
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