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A New, Soft-Switched Boost Converter
with Isolated Active Snubber

Milan M. Jovanov€, Senior Member, IEEEand Yungtaek Jangviember, IEEE

Abstract—A boost converter which employs an isolated active turned on while its voltage is equal to the output voltage
snubber to reduce the losses caused by the reverse-recoveryand subsequently turned off while carrying a current greater

characteristic of the boost rectifier and the turn-on discharge loss ; ; ; u " awritehi
of the output capacitance of the boost switch is described. The Egig;?oen?pm current, i.e., it operates under *hard” switching

proposed isolated active snubber consists of a coupled inductor, o ) )
clamp capacitor, and ground-referenced n-type MOSFET. The  In the circuits introduced in [5]-[8], thdi/dt rate of the
performance of the proposed converter is evaluated on a 1-kW, rectifier current is controlled by a snubber inductor connected

universal-line-range, boost input-current shaper. in series with the boost switch and the rectifier. Because of
Index Terms—Active snubber, boost converter, power-factor the inductor placement, the voltage stress of the main switch
correction, reverse recovery loss, switching, zero voltage. is higher than that of the circuits described in [2]-[4]. This

increased voltage stress can be minimized by a proper selection
I INTRODUCTION of the snubber-inductance value and the switching frequency
. ) [7]. Both the boost and the auxiliary switches in the circuits
G ENERAI__LY, at higher power Ievels, the continuous;, [5]-[8] operate under ZVS conditions.
co_nductlon-mode boost converter is the prefer_red_ tOPOI'The major deficiency of the boost converters described in
ogy for |mple_ment|ng the front-end converter for ?Ct"’e INpU> —[4] is a severe, undesirable resonance between the output
current shaping. The output voltage of the boost input-curr pacitance of the auxiliary switclg,.., and the resonant

shaper is relatively high, since the dc-output voltage of ﬂ?l"?ductor, which occurs after the auxiliary switch is open and

boost convertgr must be higher than the peak input .VOIta%e snubber-inductor current falls to zero. This resonance
Due to the high output voltage, the converter requires the

e : S adversely affects the operation of the circuit and must be
use of a fast-recovery boost rectifier. At high switching fre-. "~ ; oo )
. o T eliminated. For example, in the circuit introduced in [3], the
qguencies, fast-recovery rectifiers produce significant reverse- . o " o
. B - .. .resonance is eliminated by the addition of a rectifier and a
recovery-related losses when switched under “hard” switchin
conditions [1]. These losses can be significantly reducé
and, therefore, a high efficiency can be maintained, even A
high switching frequencies, by employing a soft-switchin o : :
te?:hnique g freq y ploying 8 The circuits described in [5]-[8] also suffer from a number
So far, a number of soft-switched boost converters and th@f deficiencies. The common drawback of these circuits is

variations have been proposed [2]-[8]. All of them emplogﬁat they require either isolated (high-side) gate drive, if the

an auxiliary active switch with a few passive componenfuXiliary switch is an n-channel MOSFET, or the employment

(inductors and capacitors) to form an active snubber [9] th3t @ P-channel MOSFET, if a nonisolated (direct, low-side)

is used to control theli/d# rate of the rectifier current anddrive is to be used. Both the implementation with an isolated
to create conditions for zero-voltage switching (ZVS) of thgate drive and the implementation with a p-channel MOSFET,
main switch and the rectifier. are less desirable than the implementation with a nonisolated

The boost converter circuits proposed in [2]-[4] use gate drive and an n-channel MOSFET due to the increased

snubber inductor connected to the common node of the bo§§guit complexity and cost. Also, the circuits introduced in
switch and the rectifier to control the rectifieti/d¢. As [6]-[8] require a precise and noise-robust gate-drive timing,
a result of the snubber-inductor location, the main switckince accidental overlapping of the main and auxiliary switch
and rectifier in the circuits proposed in [2]-[4] possess trate drives may lead to a fatal circuit failure due to a relatively
minimum voltage and current stresses. In addition, the bodgfge transient current through the series connection of the
switch turns on, and the rectifier turns off under zero-voltagémultaneously conducting main and auxiliary switches. The

(soft-switching) conditions. However, the auxiliary switch igircuit introduced in [5] does not suffer from the overlapping
gate-drive problem because it actually requires an overlapping

Paper IPCSD 98-71, presented at the 1998 IEEE Applied Power Electrorgme drive for proper operation. Finally, the circuit in [6] suf-
Conference and Exposition, Anaheim, CA, February 15-19, and approvi;aeq,S from yet another major drawback caused by the parasitic
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the Industrial Power Converter Committee of the IEEE Industry Applicatiof€sonance between the junction capacitance of the rectifier

turable inductor in series with the snubber inductor [3],
ich degrades the conversion efficiency and increases the
mponent count and cost of the circuit.

Society. Manuscript released for publication October 6, 1998. and the snubber inductor, which significantly increases the
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Corporation, Research Triangle Park, NC 27709 USA. voltage stress of the rectifier. As a result, implementation in [6]
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Fig. 1. Boost power stage with isolated active snubber. -

2. Simplified circuit diagram of the proposed boost power stage showing

. L . Fig.
increases the cost of the circuit and reduces its convers@?érence directions of currents and voltages

efficiency.

In this paper, a technique which improves the perfor-
mance of the boost circuit using the same approach asffyerse-recovery charge of the rectifier are not neglected in
[5]-[8] but employs only n-channel MOSFET's is presentedhis analysis. The circuit diagram of the simplified converter
This technique reduces the reverse-recovery-related loseshown in Fig. 2. As can be seen from Fig. 2, for the sake of
by controlling thedi/dt rate of the rectifier current with a analysis, the coupled inductor is modeled with the magnetizing
coupled-inductor snubber, the primary winding of which i§1ductancels and the ideal transformer which has a turns ratio
connected in series with the boost switch and rectifier. Rf n = N1/N2, where N, and N, are the numbers of turns
addition, the energy stored in this coupled inductor is us&f the coupled inductor’s primary and secondary windings,
to discharge the output capacitance of the boost switch to zé@spectively.
prior to the switch turn-on, thus eliminating its capacitive turn- To further facilitate the explanation of the operation, Fig. 3
on switching loss. The series connection of the auxiliary switahows the topological stages of the circuit in Fig. 1 during a
and the clamp capacitor, which is used to provide the dischagyvitching cycle, whereas Fig. 4 shows its key waveforms. It
ing path of the snubber inductor current (energy) when tiséould be noted that, because the junction capacitance of boost
main switch is turned off, is connected to the output througikectifier D is neglected in this analysis, clamp diofle: is not
the secondary winding of the snubber inductor. Because in tetsown in Fig. 3, since it never conducts.
circuit arrangement the main and auxiliary switches are notAs can be seen from the timing diagrams for the boost and
connected in series, the converter is not susceptible to failuesxiliary switches in Fig. 4, the switches never conduct simul-
due to the accidental, transient overlapping of the main ataheously. In fact, the proper operation of the power stage, i.e.,
auxiliary switch gate drives. The technique described in thike operation which reduces reverse-recovery-related losses
paper using the boost converter topology can be extendedatad enables soft switching, requires appropriate dead times

any other nonisolated or isolated converter topology. between the turn-off of boost switchand turn-on of auxiliary
switch S1, and vice versa. Before main swit¢his turned off
Il. PRINCIPLE OF OPERATION att = 1y, the entire input curreni;,, flows through inductor

The circuit diagram of the boost converter which emls and switchS. At the same time, rectifieD is off with a
ploys the isolated active snubber for reverse-recovery-lg&y/erse voltage across its terminals equal to output volkage
reduction is shown in Fig. 1. The circuit in Fig. 1 uses Auxiliary switch S, is also off, blocking the voltagés — Ve,
coupled-inductor snubber, the primary winding of which WhereVc is the voltage across clamp capacitd:.
is connected in series with the boost switch and rectifier, toAfter switch S is turned off att = 1o, the current which
control thedi/dt rate of the rectifier when boost switchi Was flowing through the channel of the MOSFET of switth
is turned on. In addition, the series connection of groundeg,diverted to the output capacitance of the switChss, as
n-channel-MOSFET auxiliary switch;, clamp capacitof’, shown in Fig. 3(a). As a result, the voltage across swich
and secondary windingV, of the coupled inductor is usedstarts to increase linearly due to the constant charging current
to discharge the energy stored in the inductor to the outplit- At the same time, voltagep across boost rectified starts
after S; is turned off. DiodeD¢ is employed to eliminate decreasing toward zero. Since during the time interval rectifier
the parasitic ringing between the junction capacitageof Vvoltage vp decreases fronts to zero, the voltage across
rectifier D and the snubber inductor by clamping the anodgductor Ls is zero (due to constant curref,), auxiliary-
of D to ground. switch voltageuvs, stays constant &t — V-. When voltage

To simplify the analysis of operation, it is assumed thacross switchS reachesVo, rectifier D starts conducting,
the inductance of boost inductdr is large, so that it can be as shown in Fig. 3(a). AfteDD starts conducting, auxiliary-
represented by constant-current soufgeand that the output- switch voltagewvs, starts decreasing frorip — V- toward
ripple voltage is negligible, so that the voltage across thero. Because inductor curreiit, continues to charg€oss
output filter capacitor can be represented by constant-voltagféer vs reachesVy, vs continues to increase abové,,
sourceVy. Also, it is assumed that, in the on-state, semicowgausing the current through inductdsrs to start decreasing
ductors exhibit zero resistances, i.e., they are short circuitkle to a negative voltage across its terminals, as shown in
However, the output capacitance of the MOSFET’s and tlég. 4. This topological stage ends @at= 77, when voltage
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} % Fig. 4. Key waveforms of the proposed boost power stage.
If the transistor of switchS; is turned on prior tat = 73,

(9) inductor currentiy, . will continue to flow aftert = 73 in
Fig. 3. Topological stages of the proposed boost power stage. the opposite direction through the closed transistor of switch
S1, as shown in Fig. 3(c). During this topological stage, the

energy stored in clamp capacito¢: during interval[1; —T73] is

vs, reaches zero, i.e., when the antiparallel diode of swit¢Bi,rned to the inductor in the opposite direction. This interval
Sy starts conducting. At that moment, the remaining induct@hgs att = 77, when auxiliary switchs; is turned off.

currentiy; is diverted into clamp capacitafc: through the  \when, att = 73, 5, is turned off, clamp-capacitor current
magnetic coupling of windingsV, and N, as shown in ;. stops flowing. Because the current through windiNg
Fig. 3(b). During the time intervals the clamp-capacitor curreff ;. — ¢, the reflected current into windingv; is also
ﬂOWS its magnitude is given bje: = (N1/Na)ir, = nirg,  zero, andiLS is forced to flow through output capacitance
i.e., it is proportional to snubber-inductor curremt;. Also, (,.¢ of boost switchS, as shown in Fig. 3(d). Also, at
at t = 7, main-switch voltagevs reaches the maximum of 4 — T3, the voltage of auxiliary switcts; and boost-rectifier
Vo + (N1/N2)(Vo — Vi), as shown in Fig. 4. currenti , abruptly increase from zero tid, — Ve, and from
During the topological stage shown in Fig. 3(b), inducto, to 1., + I, respectively. Since in this topological stage
currentzy,, continues to decrease as the energy storeflgin i1, discharge€’oss, boost-switch voltages decreases from
continues to be transferred into clamp capaaiter(Fig. 4). If v, (N1 /N,)(Vo — Vi) toward zero. At the same timéy
the capacitance af'c is large, capacitor voltag€c is almost  increases toward zero arig decreases towarfl,,, as shown
constant, and inductor curreift,, as well as capacitor currentjn Fig. 4.
ic, decrease linearly. Otherwiséz; andic decrease in @ \whethervs will decrease all the way to zero depends on
resonant fashion. This topological stage ends-atZs, when the energy stored in inductdts at¢ = Ty. If this energy
ic reaches zero, and the antiparallel diode of auxiliary SWlthél |arger than the energy required to discha@ﬁss from
51 stops conducting. To achieve ZVS §f, it is necessary to v, 1 (N1/N2)(Vo — V) down to zero, i.e., if
turn on the transistor of switcli; beforet = 13, i.e., while 2
its antiparallel diode is conducting. In Fig. 4, the MOSFET of Ls[LL (t=T)] > ECOSS Vo + &(Vo —Ve) (1)
switch Sy is turned on at = 15. 2 N2

Ko
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then vs will reach zero. Otherwiseys will not be able to output (load) current, it is easier to satisfy the ZVS condition
fall to zero and will tend to oscillate around th&, level if in (1) at heavier loads than at lighter loads. As a result, at light
boost switchS is not turned on immediately after; reaches loads, switchS does not operate with ZVS. On the other hand,
its minimum. auxiliary switch S; operates with ZVS in virtually the entire
Assuming that inductor energy is more than enough toad range, because it uses energy stored in boost indiictor
dischargeCpss to zero, vs will reach zero att = 73, which is much larger than that stored in snubber induéter
while inductor currentiy, is still negative. As a result, theto discharge its output capacitance.
antiparallel diode ofS will start conducting, as shown in To reduce the reverse-recovery-induced losses,difiét
Fig. 3(e). Because of the simultaneous conduction of thate of the majority of today’s fast-recovery rectifiers should
antiparallel diode o5 and rectifierD, constant output voltage be kept below approximately 100 A¢ [1]. Generally, slower
Vo is applied to inductorLg, so that inductor currenty, rectifiers require slowerii/dt¢ rates than faster rectifiers to
increases linearly toward zero (Fig. 4). To achieve ZVS afchieve the same level of reduction of the reverse-recovery-
switch S, it is necessary to turn on the transistor of switth related losses. As a rule of thumb, the practical range of
during the time intervalZs — T5], when the antiparallel diode snubber inductancés is from 2 to 20uH.
of S is conducting. If the transistor of is turned on during  As can be seen from Fig. 4, the voltage stress of main switch
this interval,i 1, will continue to increase linearly after= T, Sis Vo + (VN1 /N2)(Vo — Vo), whereas the stress of auxiliary
as shown in Fig. 3(f). At the same time, rectifier currépt switchS; is (14+N2/N1)Vo—Ve. Therefore, the voltage stress
will continue to decrease linearly. The rate of thedecrease of main switchS in the proposed converter is higher for the

is determined by the value dfs inductance because amount of V1 /N2)(Vp — V) compared to the corresponding
dip Vo stress in the conventional, hard-switched boost converter. To
7 _L—s' 2 keep the voltage stress of switchgsnd.S; within reasonable

N _limits, it is necessary to properly select clamp-voltage level
To reduce the rectifier-recovered charge and the associ

losses, a propetLs inductance needs to be selected [6]. From Fig. 4, it can be seen that, frotn= 77 to t = T3
Generally, a larger inductance, which gives a lowép/dt  clamp capacitorCe is discharged with currenic which
rate, results in a more efficient reduction of the reversgys 5 constant slope dfc:/dt = (N1 /N2)2(Vo — Ve)/Ls.
recovery-associated Iosses [1]. ‘ Therefore, sinceic(t = T1) = (Ny/Na)ip (t = T1) =
The linear increase af;, should stop at =77, whenir, (N, /N,)I¥ ~ (N1 /N,) 1, and since the duration of the time
reaches the input-current levkl,, and rectifier currenip falls  interval [T; — 73] is approximately one-half of the off-time of

to zero (Fig. 4). However, due to the residual stored chargggin switchss, clamp-capacitor voltagé: can be expressed
rectifier currentip starts flowing in the reverse direction,gg

as shown in Fig. 3(g), producing an overshoot of the switch
current over thd;, level, as shown in Fig. 4. Withouts, this Ve =
reverse-recovery current would be many times larger. Once the
rectifier has recovered at= T3, the entire input current;,
flows through switchS [Fig. 3(h)], until the next switching
cycle is initiated att = 5.

Besides the stored charge that needs to be recovered be
fast-recovery rectifie) can block voltage, the rectifier pos- Vo I 1
sesses a junction capacitance. This junction capacitance was Via = Io “1-D (4)
neglected in the previous analysis of operation. However, in
a practical boost circuit, this capacitance interacts with tf8) can be written as
snubber inductance causing an undesirable parasitic ringing 9
qf the reptif_igr voItage after the rectifier has recovered. T_his Vo — Ve = 2<&>Lsfsfo <@) ) (5)
ringing significantly increases the voltage stress of the rectifier M Vi

[6]. As explained in [7], the ringing can be completely It should be noted that the voltage conversion ratio of the

\(j\l/l_;rrl]ma}ted bé. tge Dadd|tt;]on Ofltd'Od@tC’ shofvvg 'ntF'g't_lf'_ boost converter with the active snubber can be described by
ith clamp diodeLc, the voltage stress of boost rectiliet,, voltage conversion ratio of the ideal conventional boost
D in the proposed circuit is the same as in the convention

. A Bonverter given in (4) only if the commutation time &f,
hard-switched converter, i.e., it is equal . from rectifier D to switch S, i.e., time intervallz — 17> shown

in Fig. 4 is much shorter than switching peridg. Otherwise,
besides duty cycl®, the voltage conversion ratio of the boost
As explained earlier, to achieve ZVS of main switéh converter with the active snubber is a function of snubber
it is necessary that the energy storedlig at the moment inductancelLgs, load currentl,, and switching frequencys,
auxiliary switchS; is turned off be larger than or equal toas described in [8]. As it will be shown in the next section, as
the energy required to discharge output capacitarices of long as thelL s inductance is selected to minimize the reverse-
switch S from Vi + (N1 /N2)(Vo — V) down to zero. Since recovery-related losses, and not to maximize the ZVS range,
the energy stored il s is proportional to the square of thecommutation timeA7T = 17 — T is always much shorter

(N2/Ni)lin _Vo—2<xi>LSfSIin 3)

Vo — L =
T 1= D)Ts)2 1-D

where D is the duty-cycle of switchs, Ts is the switching
period, andfs is the switching frequency. Since, for a lossless
l%)r%st power stage,

Ill. DESIGN CONSIDERATIONS
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Fig. 5. Experimental 1-kW universal-input-range boost power stage with isolated active-clamp snubber.

than Ts and, therefore, (4) accurately models the voltage Finally, it should be noted that the control of the proposed
conversion ratio of the proposed circuit. boost converter can be implemented in the same way as
According to (5), théV, — V= is the maximum at full load in its conventional hard-switched counterpart, as long as an
I(maxy @nd low line Vi, miny. FOr given input and output additional gate-driver circuit is provided. Specifically, in the
specifications, i.e., for givet,max), Vinmmin), @and Vo, the input-current-shaping applications, the proposed converter can
voltage stresses on the main and auxiliary switches can lie implemented with any known control technique, such as

minimized by minimizing the(N; /N2)Lgs fs product. average current, peak current, or hysteretic control.
It should be noted that the leakage inductance of the
inductor in Fig. 1 needs to be minimized, since it resonates IV. EXPERIMENTAL RESULTS

with the output capacitance of boost switshand auxiliary  The performance of the boost converter with the isolated
switch 5y after the switches are turned off at= T, and active snubber was evaluated on a 1-kW (375 V/2.67 A),
t = Ty, respectively. If the leakage inductance is excessivgniversal-line-range (90-265,)) power-factor-correction cir-
the parasitic resonances can increase significantly the voltag@ operating at 80 kHz. The component values of the
stress of the switches. The leakage inductancé ofcan be experimental circuit are shown in Fig. 5.
minimized by using the bifilar winding technique. It should be Boost inductorL was built using Magnetics toroidal core
noted that the energy contained in these parasitic resonance{;;(@ﬂ Mu 77439-A7, two cores in parallel) and 55 turns
much lower than the rated avalanche energy of today’s MOgt AWG#14, whereas snubber inductdrs was built with
FET's. Consequently, these parasitic resonances do not cayg@jnetics toroidal core (MPP 55550-A2, two cores in parallel)
a device failure, even if the peak voltage of the resonancesyjgh N, = N, = 9 bifilarly wound turns of AWG#14.
clamped by the breakdown voltage of the devices. Howevethe measured leakage inductanceInf was 250 nH. The
the resonances might have a more dramatic effect on the E@dhntrol circuit was implemented with the average-current PFC
performance. controller UC3854. The TC4420 and TSC429 drivers are used
In input-current-shaping applications, the circuit in Fig. 1o generate the required gate-drive signals for the main and
needs an additional rectifier to prevent the voltage acroggxiliary switches, respectively.
clamp capacitoCc from exceedingVo. Namely, due to the  with the selection ofLs = 4.7 pH, the di/dt turn-off
varying line voltage and constant output voltage, the duty cydlgte of the rectifier was limited tdip/dt = Vo/Ls = 80
of the boost-converter input-current shaper varies. It is clogg,s. In addition, the minimum voltage of clamp capacitor
to 100% around the zero crossings of the line voltage, aag., which occurs at the minimum line voltage and full load,
it is smallest at the peak of the line voltage. When the lingas limited to approximately 325 V. Wit (min) = 325 V,
voltage is around zero, the energy stored in the boost inducthe maximum voltage stresses on the switches were limited to
is small, even with the switch duty cycle close to 100%. A8V, — Vi (piny = 425 V.
a result, after switchS in Fig. 1 is turned off, the inductor  Also, it should be noted that, fats = 4.7 :H, the longest
stored energy is not sufficient to charge output capacitancecginmutation time off,, from D to S, which occurs at full
Coss of § up to Vo 4+ V= and force the conduction of theload and low line, isAT = 1% — T = 16(max) s/ Vin(min) =
antiparallel diode of auxiliary switcty;. Since around zero (2.67 A)(4.7 zH)/(90 V) = 0.14 us. Since this commutation
crossings of the line voltage antiparallel diode%fdoes not time is much shorter than the switching period of 128
conduct, the auxiliary switch does not turn on at zero voltagg) describes the voltage conversion ratio of the experimental
and, consequently, capacitOf- does not discharge. However,converter with an accuracy better than 2%.
every time the MOSFET of; is turned on, clamp capacitor Fig. 6 shows the gate-drive, main-switch drain-to-source,
C¢ is charged for a brief duration of switch; conduction. and boost-rectifier voltage waveforms of the experimental
Since around line-voltage zero crossings; is only charged, converter operating at the minimum lin&® = 90 V.,,.)
clamp capacitor voltag&: will increase. IfV exceedsV;, and full power of 1 kW. As can be seen from Fig. 6(a), the
no reset voltage for the core of the coupled inductor will beoltage stress on the main switch is less than 425 V, whereas
available, and the core would saturate. To previéntfrom the maximum boost-rectifier reverse voltage is 375 V, i.e., itis
exceedind/y, clamp diodeD, should be added to the activeequal to output voltagé&y,. Also from Fig. 6(b), which shows
clamp, as shown in Fig. 5. an enlarged turn-on transition of the waveforms in Fig. 6(a),
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of the line voltage. Note that the maximum possible output power for the

Lo zero\roitage implementation without the snubber is limited to 700 W.

Vi switching ) ]
[200 V/div] VZh g
S : . the maximum line (265 Y.), the efficiency improvement at
(e e 1 KW is 0.3%. However, at the minimum line, the implemen-
-v‘=9o-v tation without the active snubber cannot deliver more than
v, : p|:=1 kW approximately 700 W due to the thermal runaway of the diode
[200 Vidiv] | 1,=80kHz caused by excessive reverse-recovery lossegcAt 700 W,

14

S : L the active snubber improves the efficiency by approximately
Ch1 ™~ 200%" ~ WiW 20,0V M 250ns Cha X~ 200V 3%, which translates into approximately 30% reduction of the
losses. Furthermore, at the same power levels, the temperatures

_ _ _ ) ~ of the semiconductor components in the implementation with
Fig. 6. Oscillograms  of - gate-drive Vs and Vs ), boostswitch the active snubber are significantly lower than those in the
drain-to-source () s), and boost-rectifiery(;,) waveforms at low line (90 . . .
Vac) and full power (1 kW). (a) 5¢s time base. (b) 250-ns time base. 'mpler_ner‘tanon_W'thOUt the SnUbber- _

As indicated in Fig. 7, at the maximum line (265.Y and

) . full power (1 kW), the case temperatures of the boost rectifier
it can be seen that boost switéhturns on when the voltage 5nq poost switch in the implementation with the snubber
across itis zero. As a result of the ZVS$fits turn-on output- 5.6 T, = 32 °C andTs = 29 °C, respectively, whereas

capacitance discharge loss is eliminated. Eor= 4.7 iH, the  the corresponding temperatures in the implementation without
experimental converter can operate with ZVS down to 30% @e snubber ard,; = 40 °C andTs = 33 °C. Similarly,
the full load at the minimum line voltage. at the minimum line voltage (90 \) and full power, the
From theVps and Vpp, waveforms in Fig. 6 it can also beectifier and switch temperatures in the implementation with
seen that the leakage inductancelof does not cause anyihe snubber aré;, = 48 °C andTs = 42 °C. As can be seen
noticeable ringings, since the energy stored in the leakage ffsm Fig. 7, the implementation without the snubber cannot
ductance is very small. Namely, at full load, the energy store@jiver the full power of 1 kW at the minimum line because
in the leakage inductance is approximatelyLu.(Io)* = 0.5  the rectifier becomes thermally unstable at approximately 700
(250 nH)(2.67 Aj = 0.125 ;iJ because the leakage inductanogy. |n fact, for the implementation without the snubber, the

is minimized by using the 1:1 turns ratio and the bifilafamperature of the boost rectifier i, = 55 °C at 600
winding technique. W, which is significantly higher than the temperature of the

Fig. 7 shows the measured efficiencies of the experimengattifier (1, = 48 °C) in the implementation with the snubber
converter with (solid lines) and without (dashed lines) thgt 1 kw.

isolated active snubber at the minimum and maximum line

voltages as functions of the output power. As can be seen

from Fig. 7, for both line voltages, the active snubber improves V. SUMMARY

the conversion efficiency in the entire measured power rangeAn active-snubber technique which reduces the reverse-

(300 W-1 kW). Nevertheless, the efficiency improvement igecovery-related losses and reduces the capacitive-discharge
more pronounced at the minimum line and higher power levetsyn-on switching loss of the boost converter has been de-

where the reverse-recovery losses are greater. Specificallysaibed. The snubber consists of a coupled inductor, clamp

(b)
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capacitor, and ground-referenced, n-channel MOSFET. Th~
operation and performance of the proposed technique w
verified on a 1-kW universal-line-voltage-range boost inpu
current shaper. The results of the experimental evaluati
have shown that the proposed active-snubber technique !
significantly extend the maximum power range at which
fast-recovery rectifier can be reliably applied.
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