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Abstract — A circuit technique that reduces
the boost-converter losses caused by the reverse-
recovery characteristics of the rectifier is de-
scribed. The losses are reduced by inserting an
inductor in the series path of the boost switch
and the rectifier to control the di/dt rate of the
rectifier during its turn-off. The energy from
the inductor after the boost switch turn-off is re-
turned to the input or delivered to the output via
an active snubber. The same technique can be
extended to any member of the PWM-converter
family.

I. Introduction

In recent years, significant research and development ef-
forts have been made to come up with a cost-effective
soft-switching technique to improve the performance
of the boost converter. The main reason for such a
keen interest in the boost topology stems from the fact
that the continuous-conduction-mode (CCM) boost con-
verter is the preferred topology for implementing the
front-end converter for active input-current shaping at
higher power levels.

When the boost converter is used as an input-current
shaper, its input is the rectified mains voltage, which,
depending on applications, can be in the 90 Vac to 480
Vac range. Since the dc-output voltage of the boost
converter must be higher than the peak input voltage,
the output voltage of the boost input-current shaper is
generally high. Due to the high output voltage, the con-
verter requires the use of a fast-recovery boost rectifier.
At high switching frequencies, fast-recovery rectifiers
produce significant reverse-recovery-related losses when
switched under “hard-switching” conditions [1]. As are-
sult, “hard-switched” boost input-current shapers need
to be operated at relatively low switching frequencies
to avoid a significant deterioration of their conversion

0-7803-3704-2/97 $10.00 ©1997 IEEE

efficiencies. Employing a soft-switching technique, the
switching frequency and, therefore, the power-density of
the boost, front-end converter can be increased.

So far, a number of soft-switched boost converters and
their variations have been proposed [2] - [5]. All of them
employ an auxiliary active switch with a few passive
components (inductors and capacitors) to form an active
snubber [6] that is used to control the di/dt rate of the
rectifier current and to create conditions for zero-voltage
switching (ZVS) of the main switch and the rectifier.

The boost converter circuits proposed in [2] and [3],
use a snubber inductor connected to the common node
of the boost active switch and the rectifier to control the
rectifier di/dt. As a result of the snubber inductor lo-
cation, the main switch and rectifier in the circuits pro-
posed in [2] and [3] possess the minimum voltage and
current stresses. In addition, the boost switch turns
on and the rectifier turns off under zero-voltage (soft-
switching) conditions. However, the auxiliary switch is
turned on while its voltage is equal to the output volt-
age, and subsequently turned off while carrying a current
greater than the input current. As a result of the aux-
iliary switch “hard” turn-on and turn-off, it dissipates
more power than it would if it were switched under soft-
switching conditions. Nevertheless, the power dissipa-
tion of the auxiliary switch in a properly designed con-
verter is much smaller than that of the main switch be-
cause the auxiliary switch conducts only during switch-
ing transitions. The major drawback of the boost con-
verter in [2] and [3] is caused by the undesirable reso-
nance of output capacitance of the auxiliary switch Cy,
and the snubber inductor, which occurs when the auxil-
iary switch is open and after the current in the snubber
inductor falls to zero. This parasitic resonance gener-
ates an undesirable current through the snubber induc-
tor which increases the conduction losses and upsets the
normal operation of the circuit. To reduce the effect of
this resonance, it is necessary to add a rectifier and a
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saturable inductor in series with the snubber inductor
[3], which increases the component count and cost of the
circuit.

In the circuits introduced in [4] and [5] the di/dt rate
of the rectifier current is controlled by a snubber induc-
tor connected in series with the boost switch and the
rectifier. Because of this placement of the inductor, the
voltage stress of the main switch is higher than that
of the circuits described in [2] and [3]. This increased
voltage stress can be controlled by the size of clamp ca-
pacitor Ce. A larger Cc results in a reduced stress.
Both the boost and auxiliary switches in the circuits in
[4] and [5] operate under ZVS conditions. However, to
achieve ZVS of the boost switch with the implementa-
tion in [4], a significant energy needs to be circulated in
the resonant circuit consisting of the snubber inductor
and clamp capacitor Cc. This circulating energy also
increases the current stress of the rectifier. The imple-
mentation in [5] does not circulate the energy, but the
boost rectifier in this circuit suffers from an increased
voltage stress caused by the parasitic resonance between
the junction capacitance of the rectifier and the snubber
inductor used to control its di/dt rate. As reported in
. [5], even with a heavy RCD snubber across the rectifier,
* the voltage stress of the rectifier is more than 600 V for
a converter with a 400-V output. As a result, the imple-
mentation in [5] requires a rectifier with a higher voltage
rating, which has a detrimental effect on the conversion
efficiency and cost.

The technique described in this paper reduces the
reverse-recovery related losses of the boost rectifier by
controlling the di/dt rate of the rectifier current with
a snubber inductor connected in series with the boost
switch and rectifier in the same way as in [4] and [5]. The
series connection of the auxiliary switch and the clamp
capacitor, which is used to provide the discharging path
of the snubber inductor current (energy) when the main
switch is turned off, can be connected to any dc point
such as output, input, or ground. The connection to the
converter input or output requires an n-type MOSFET,
while the ground connection needs to be implemented
with a p-type MOSFET. The parasitic ringings caused
by the interaction of the junction capacitance of the rec-
tifier and the snubber inductor used to control its di/dt
rate are eliminated by a clamp diode connected between
the anode of the boost rectifier and ground. As a re-
sult, the voltage stress on the rectifier in the proposed
technique is limited to the output voltage. Finally, this
technique can be extended to any other non-isolated or
isolated converter topology.

Fig. 1: Proposed boost power stage.

II. Principle of Operation

The circuit diagram of the boost converter which em-
ploys the new technique for reverse-recovery-loss reduc-
tion is shown in Fig. 1. The circuit in Fig. 1 uses n-
type-MOSFET auxiliary switch S1 and clamp capacitor
Cc connected in series to discharge the energy stored in
snubber inductor Ls to the output after S1 us turned
off. Diode D¢ is employed to eliminate the parasitic
ringings between the junction capacitance of D and in-
ductor Lg by clamping the anode of D to ground.

To simplify the analysis of operation, it is assumed
that the inductance of boost inductor L is large so that
it can be represented by constant-current source I;,, and
that the output-ripple voltage is negligible so that the
voltage across the output filter capacitor can be repre-
sented by constant-voltage source V. The circuit dia-
gram of the simplified converter is shown in Fig. 2. In
addition, it is assumed that in the on-state, semiconduc-
tors exhibit zero resistances, i.e., they are short circuits.
However, the output capacitances of the MOSFETs and
the reverse-recovery charge of the rectifier are not ne-
glected in this analysis. To further facilitate the expla-
nation of operation, Fig. 3 shows topological stages of
the circuit in Fig. 2 during a switching cycle, whereas
Fig. 4 shows the power-stage key waveforms. It should
be noted that because the junction capacitance of boost
rectifier D has been neglected for the time being, clamp
diode D¢ is not shown in Fig. 3 since it never conducts.

As can be seen from the timing diagrams for the boost
and auxiliary switches in Fig. 4, the switches never con-
duct simultaneously. In fact, the proper operation of the
power stage requires appropriate dead times between the
turn-off of boost switch S and turn-on of auxiliary switch
S1, and vice versa.

Before boost switch S is turned off at t = Tp, the
entire input current I, flows through inductor Lg and
switch S. At the same time, rectifier D is off with a re-
verse voltage across its terminals equal to output voltage
Vo. Auxiliary switch S1 is also off, blocking the volt-
age Vo + Vi, where V¢ is the voltage across the clamp
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Fig. 2: Simplified circuit diagram of boost power stage
_ showing reference directions of currents and voltages.

capacitor.

After switch S 1s_turned oﬂ' at 1 = To, the current
which was flowing through the channel of the MOS-
FET is diverted to the output capacitance of the switch,
C.ss, as shown in Fig. 3(a). As a result, the voltage
across switch S starts linearly increasing due to the con-
stant charging current I;,. During this stage, auxiliary-
switch voltage vg; decreases from Vo + Vg towards zero,
while boost-switch voltage vs increases from zero to-
wards Vo + Vi (Fig. 4). . When voltage across switch
S reaches V,, rectifier D starts conducting, and the cur-
rent through inductor Ls starts decreasing due to a neg-
jﬁlve voltage across its terminals, as shown in Fig. 4
“This topological stage ends at ¢ = 77, when voltage vs
reaches Vo + V¢, and the antiparallel diode of switch
S1 starts conducting. At that moment, the remaining
inductor current iy, is diverted into clamp capacitor Cc,
and switch voltage vs is clamped to Vp + Vi, as shown
in Fig. 3(b). -

Durmg the topological stage shown in Fig. 3(b), in-
ductor current iz, continues to decrease as it discharges
to clamp capacitor Ce (Fig. 4). If the capacitance of
Cc is large, capacitor voltage vc is almost constant,
and inductor current iy decreases linearly. Otherwise,
iz, decreases in a resonant fashion. As i 1 decreases, rec-
tifier current ip increases at the same rate because the
sum of iz + ip is equal to constant input current I;,.
This topological stage ends at t = T3, when iy reaches
zero and the antiparallel diode :of auxiliary switch S1
stops conducting. To achieve ZVS of S1, it is necessary
to turn on the transistor of switch S1 before t=T3, i.e.,
while its antiparallel diode is eonducting. In Fig. 4, the
MOSFET of switch S1 is turned on at t=T5.

If the transistor of switch S1 is turned on prior to
t=T3, inductor current iy will continue to flow after
t=T3 in the opposite direction through the closed tran-
sistor, as shown in Fig. 3(c). At the same time, rectifier
current ip will continue to increase at the same rate, ex-
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~ Fig. 3: Topological stages of boost power stage.

ceeding the input-current level I;,, Fig. 4. During this
topologxca.l stage, the energy stored in clamp capacitor
Cc during interval [T} - T3] is returned to the inductor
in the opposite direction. This interval ends at t=T,
when auxiliary switch S1 is turned off.

After S1 is turned off, mductor current iz, cannot flow
anymore through clamp capacrtor Ce. Instea,d it con-
tinues to flow through output capac1tance C,ss of boost
switch S, as shown in Fig. 3(d). Since iz, discharges C,,,,
boost-switch voltage vg decreases from Vo + Ve towards
zero, At the same time, iz increases toward zero and i D
decreases toward Iin, as shown in Fig. 4.

Whether vs will decrease all the way to zero depends
on the energy stored in- inductor L at t=T,. If this en-
ergy is larger than the energy required to drscha.rge Coss
from Vo + V¢ down to zero, i.e., if

, EL[iL(t = T4)]2 2 §Cosa(v0 + VC_)2> , ey
then vg will reach zero. Otherwise, vg will not be able
to fall to zero, and will tend to oscillate around the Vin
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Fig. 4: Key waveforms of boost power stage.

level if boost switch S is not turned on immediately after
vg reaches its minimum.

Assuming that inductor energy is more than enough
to discharge C,ss to zero, vs will reach zero at t=T5,
while inductor current iy, is still negative. As a result,
the antiparallel diode of S will start conducting as shown
in Fig. 3(e). Because of the simultaneous conduction
of the antiparallel diode of S and rectifier D, constant
output voltage Vp is applied to inductor Lg so that in-
ductor current i, increases linearly toward zero (Fig. 4).
To achieve ZVS of switch S, it is necessary to turn on
the transistor of switch S during the time interval [T
- Tg] when the antiparallel diode of S is conducting. If
the transistor of S is turned on during this interval, iy
will continue to increase linearly after t=T§, as shown
in Fig. 3(f). At the same time, rectifier current ip will
continue to decrease linearly. The rate of ip decrease is
determined by the value of Lg inductance because

dip Vo
= =, 2
dt Lg ( )

To reduce the rectifier-recovered charge and the asso-
ciated losses, a proper Ls inductance needs to be se-
lected. Generally, a larger inductance, which gives a

lower dip/dt rate, results in a more efficient reduction
of the reverse-recovery-associated losses [1].

The linear increase of i should stop at t=T%, when i,
reaches the input-current level I;,, and rectifier current
ip falls to zero (Fig. 4). However, due to the resid-
ual stored charge, rectifier current ip starts flowing in
the reverse direction, as shown in Fig. 3(g), producing
an overshot of the switch current over the I;, level, as
shown in Fig. 4. Without Lg, this reverse-recovery cur-
rent would be many times larger. Once the rectifier
has recovered at t=T%, the entire input current I;,, flows
through switch S (Fig. 3(h)), until the next switching
cycle is initiated at t=T5.

Besides the stored charge that needs to be recovered
before a fast-recovery rectifier can block voltage, the
rectifier possesses a junction capacitance. This capac-
itance was neglected in the previous analysis of opera-
tion. However, in a practical boost circuit, this unde-
sirable, parasitic capacitance has detrimental effect on
the characteristics of the circuit because it increases the
voltage stress of the rectifier [5].

The junction capacitance of the rectifier affects the
circuit operation after rectifier D in Fig. 2 has recovered
at t=T3 (Fig. 4). Namely, after stored charge has been
removed from D, junction capacitance Cp of D needs
to be charged to the steady-state voltage V. However,
because Cp and Lg form a series-resonant circuit, as
shown in Fig. 5(a), the voltage across Cp (rectifier volt-
age) and the current trough Lg will resonate as shown
in Fig. 5(b). The resonance is dampened by the on resis-
tance of the MOSFET of switch S and losses in inductor
Ls. The amplitudes of the voltage and current oscilla-
tions are given by

Voiok) = Vo, 3)
e, =ve - Yo (4)
Lpk) — 7 /“‘"“‘“LS/CD J

where Z, = {/Lg/Cp is the characteristic impedance
of the Lg-Cp resonant circuit. Generally, the charac-
teristic impedance is large because of a relatively small
Cp, which is typically in a ten-picofard range. As a re-
sult, the energy stored in the Lg-Cp resonant circuit is
also small. However, the resonance doubles the voltage
stress of the rectifier because it pulls node A in Fig. 5(a)
to-Vo.

The parasitic resonance of the Lg-Cp circuit can be
eliminated by clamping the voltage of node A to the
ground by diode D¢, as shown in Fig. 6(a). In Fig. 6(a),
when the voltage of node A reaches zero, i.e., when the
reverse voltage on rectifier D reaches Vp at t=T3, diode
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Fig. 5: Effect of junction capacitance of rectifier D: (a)
topological stage of converter immediately after t=Tj;
(b) rectifier voltage vp and inductor current iy wave-
forms.

D¢ clamps the voltage of node A to zero by taking over
current flowing through Lg, as shown in Fig. 6(b). In an
ideal (lossless) power stage, current iz, which circulates
in the Lg-D¢ loop, will stay constant at the value given
by Eq. 4 until the main switch is turned off at t=Ty,
Fig. 6(c). However, in a practical converter, current ¢,
will decay according to

dig/dt = _[VF(DC) + (RDS(on) + RLS)iLL (5)

where Vp(pc) is the forward voltage drop of clamp diode
D¢, Rps(on) is the on resistance of the MOSFET of
switch S, and Ry s is the winding resistance of inductor
Lg. Generally, the power dissipated during iy circula-
tion through the Lg-Dc¢ loop is negligible because of
a small value of circulating current. With diode D¢,
the reverse voltage of main rectifier D is the same as in
the “hard-switched” converter, i.e., it is equal to output
voltage Vo.

III. Design Considerations

As described in the previous section, to achieve ZVS of
switches S and S1, it is necessary to turn on the transis-
tors of the switches during the intervals in which their
antiparallel diodes are conducting. To make the an-
tiparallel diode of S1 conduct after switch S is turned

T -5 e ]
<f|> ot }—Qﬂ <]>

Fig. 6: Elimination of junction-capacitance effect of
rectifier D: (a) topological stage of converter with clamp
diode D¢ during [T3 - T3] interval; (b) topological stage
of converter with clamp diode D¢ during [T3 - T3*]
interval; (c) rectifier voltage vp, inductor current i,
and clamp-diode current ipc waveforms.

off at t=Tp in Fig. 4, voltage vs needs to increase to
Vo + Vc. Since C,,; of switch S is charged through a
series connection of a large boost inductor (represented
by current source I;,) and inductor Lg (Fig. 1), there
is plenty of energy to charge C,;; up to Vp + V¢ even
for very low input currents. However, to discharge Cp,s
to zero and subsequently achieve ZVS of switch S after
S1 is turned off (t=T4 in Fig. 4), only energy stored in
Lg is available because the boost inductor current I,
at t=T4 flows through rectifier D. According to Eq. 1,
the energy in the inductor can be increased by increas-
ing the inductance of Ls or inductor current iz (t = Ty).
Since ir(t = Ty) = ir(t = T1) = I}, due to the re-
quired charge balance on clamp capacitor C¢, and since
ir(t = Th) = I, ~ Iy if duration of the commutation
interval [To-T7] is short compared to the off-time interval
[To-Tg), the only design variable for the stored energy
is Ls. The minimum Lg is determined from the desired
dip/dt rate to control the rectifier recovered charge ac-
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cording to Eq. 2. Therefore, to achieve ZVS at light
loads, i.e., for small I;,, a relatively large value of Lg
. is required. If Lg is too large, the di/dt rate of the in-
ductor current will be very slow, which will limit the
maximum switching frequency and/or maximum out-
put power. Therefore, in a practical design, Ls should
be selected to be larger than the minimum Lg which
gives the desired dip/dt rate, but not too large to limit
the switching frequency and/or maximum output power.
Although, for such an Ls selection, no ZVS of S may be
possible, the switching loss of S would be reduced be-
cause S would be turned on with a voltage lower than
Vo + Ve

As can be seen from Fig. 4, the voltage stresses of
switches S and S1 are the same and equal to Vo + V.
Compared to the “hard-switched” boost converter, the
boost-switch stress in the proposed converter is higher
for the amount of clamp voltage V. To keep the voltage
stress of switches S and S1 within reasonable limits, it
is necessary to select properly clamp-voltage level V¢ by
selecting a proper value of clamp-capacitor Cec.

From Fig. 4, it can be seen that clamp capacitor C¢
is charged with current iy, from t=T; to t=T3. Since
ir(t = Th) = I}, =~ I;,, and since the duration of the
"time interval [T}-T3] is approximately one-half of the off-
time of main switch S, the relationship between clamp
voltage V¢, inductor current iz, and clamp-capacitor
value C¢ can be expressed as

I; "~ 2Lsfskn
LS(l—D)T5/2_ 1-D (6)

Ve =

where D is the duty-cycle of main switch S, T is the
switching period, and fg is the switching frequency.
Since for a lossless boost power stage,

Vo Lim 1
Ve To - 1-D’ @

Eq. 6 can be expressed as

Vo \?
Ve =2Lsfslo (—) . (8)
Vin
According to Eq. 8, Vi is maximum at full load I7}%®
and low line V;7". Therefore, for known Vo, I3°%,
Vimin | Lg, and fs, the value of C¢ can be determined
for the desired maximum clamp-voltage level V¢.
Finally, in input-current-shaping applications the in-
put voltage of the boost power stage is the rectified line
voltage, while the output voltage is a dc voltage greater
than the peak of the line voltage. Due to the varying in-
put voltage and constant output voltage, the duty cycle
of a boost converter used in these applications varies in

a wide range. It is maximum at close to 100% when line
voltage is low (around zero), and it is minimum at the
peak of the line voltage. However, when the line voltage
is around zero, the energy in the boost inductor is small
even with the switch duty cycle close to 100%. As a
result, after switch S in Fig. 1 is turned off, the stored
energy in the boost inductor is insufficient to charge out-
put capacitance Cyss of S up to Vo + Ve and conduct the
antiparallel diode of auxiliary switch S1. Consequently,
when the MOSFET of switch S1 is turned on, clamp ca-
pacitor C¢ discharges to Cos;s. Because C¢ 3> Couss, Cc
discharge is small during a switching cycle. However, the
voltage of Cc can discharge significantly if the described
conditions persist for many switching cycles. Since the
proper operation of the circuit in Fig. 1 requires that
clamp voltage Vi be always positive so that it can reset
the core of Lg, voltage Vo must be prevented from be-
coming negative. To accomplish this, a diode (typically
the Schottky type) may need to be added across clam
capacitor Cg¢.

IV. Topology Variations

Generally, the series connection of auxiliary switch S1
and clamp-capacitor C¢ can be connected to any dec-
voltage point in the circuit. As a result, the proposed
technique for reduction of the reverse-recovery-related
losses can be incorporated in a number of different ways.
Figure 7(a) shows the implementation with the clamp
circuit connected to the input, whereas Fig. 7(b) shows
the implementation with the clamp circuit connected to
the ground. Both implementations in Fig. 7 control the
reverse-recovery-related losses by controlling the dip /dt
rate of rectifier D in the same fashion as the implementa-
tion in Fig. 1. However, the implementation in Fig. 7(a)
returns the energy of inductor Lg to the input, and also
reduces the current stress of the filter capacitor Cp be-
cause current 77, does not flow through Cp.

The implementation in Fig. 7(b) uses a P-type MOS-
FET for auxiliary switch. Since this MOSFET is ref-
erenced to the ground, non-isolated gate drive can be
used for both switches. However, this implementation
requires a clamp capacitor with a substantially higher
voltage rating than the implementations in Figs. 1 and
7(a). The maximum voltage across capacitor Cc in N-
type MOSFET implementations in Figs. 1 and 7(a) is
Ve, whereas the corresponding voltage in the P-type
implementation in Fig. 7(b) is Vo + V¢.

Figure 8 shows the boost converter implementation
with inductor Lg in the rectifier D branch (lead) in-
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Fig. 7: Variations of boost converter implementations:
(a) clamp circuit connected to input; (b) clamp circuit
connected to ground.
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Fig. 8: Boost converter implementations with inductor
Ls shifted from switch S branch (lead) to rectifier D
branch (lead).

stead of in the switch S branch (lead) as in Fig. 1. The
operation of this circuit is the same as that of Fig. 1,
except that inductor current iy is the same as rectifier
current ip (when D is conducting), instead of being the
same as ig (when S is conducting), as in the circuit in
Fig. 1. The circuit in Fig. 8 can also be implemented
with the clamp circuit connected to the input or ground,
as in Fig. 7. ‘

V. Experimental Results

To verify the operation and evaluate the performance
of the proposed technique a 500-W (400 V/ 1.25 A),
prototype dc-dc converter for an input-voltage range
from 120 Vdc to 350 Vdc was built using the follow-

ing components: switch S - IRFP460 (Harris); rectifier
D - MUR860 (Motorola) or RHRP860 (Harris); aux-
iliary switch S; - BUZ80A (Motorola); boost induc-
tance L=0.475mH (Philips 783E-608 core, 3F3 material,
4 mm gap, 80 turns of AWG#17); snubber inductance
Ls=14 pF (Micrometal T106-2 toroidal core, 31 turns of
AWGH17), clamp capacitance Cc =2x0.47 uF / 400 V
(polypropylene); and output filter capacitance Cp= 470
pF / 450 V. The control circuit was implemented with
the UC3842 IC PWM controller and the Harris HIP2500
driver which is used to provide the proper gate-drive sig-
nals for the main and auxiliary switches.

Figure 9 shows the measured key waveforms at full
power for input voltage V;,=150 Vdc. From the ig
waveform in Fig. 9, it can be seen that at turn-on,
the reverse-recovery-induced current spike through the
switch is completely eliminated. Also, from waveform
Vps, 1t can be seen that for the operating conditions
of Fig. 9, the switch is turned on at zero voltage. The
maximum voltage of the main switch is approximately
440 V, implying that the clam-capacitor voltage is ap-
proximately 40 V. It also should be noted that rectifier-
voltage waveform vp is ringing free because of the ef-
fective clamping action of clamp diode D¢. As a result,
the maximum reverse voltage across rectifier D is equal
to the output voltage, i.c., 400 V. Generally, due to the
absence of ringings and abrupt transitions in the semi-
conductor voltage and current waveforms, the EMI per-
formance of the converter is expected to be improved.

The solid lines in Fig. 10 show the measured efficien-
cies of the experimental, boost power stage at full power
as functions of the input voltage for implementations
with two rectifiers with different reverse-recovery char-
acteristics. The RHRP860 (Harris) rectifier exhibits a
faster reverse-recovery characteristic than the MURS60
(Motorola) rectifier. For comparison purposes, Fig. 10
shows the measured efficiencies for the two rectifiers
without the active snubber (dashed lines). As can be
seen from Fig. 10, without the active snubber, the effi-
ciency of the implementation with the MURS60 rectifier
is the lowest, ranging from 92.4% at low line to 98%
at high line. The corresponding efficiency of the imple-
mentation with the faster RHRP860 rectifier is slightly
higher, z.e., it is in the 94.2%-98.3% range. For both im-
plementations, the efficiency at low line, where the input
current is maximum, is the lowest because the reverse-
recovery-related losses as well as conduction losses of
semiconductor components are the highest. With the
active snubber, the efficiencies of both implementations
are significantly improved (96% to 99% range). More-
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Fig. 9: Measured key waveforms of experimental

converter with MURBSG60 rectifier at Po=500 W and
Vin=150 Vdc.

over, the differences between the efficiencies with the
two rectifiers are less than 0.4% throughout the entire
input-voltage range. In fact, with the active snubber,
the effect of the reverse-recovery speed of the rectifier
on the efficiency is practically eliminated. A slightly
higher efficiency of the RHRP860 implementation with
the active snubber compared to that with the MUR860
rectifier can be attributed to a slightly lower forward-
voltage drop of the RHRP860 rectifier.

VI. Summary

Operation and design guidelines for an active-snubber
technique which reduces the reverse-recovery-related
losses in high-voltage, high-power boost converters are
presented. The technique employs a snubber inductor
connected in series with the boost switch and rectifier
to control the di/dt rate of the rectifier current during its
turn-off. The energy from the snubber inductor after the
boost switch turn-off is returned to the input or deliv-
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100 T ] T ;
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95 e
oa| . 2 N
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93 = snubber lo = 1.25 Adc
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o s
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INPUT VOLTAGE [Vdc]
Fig. 10: Measured, full-power efficiencies of experi-

mental converter with (solid lines) and without (dashed
lines) active snubber as functions of output power for im-
plementations with MURB60 and RHRP860 rectifiers.

ered to the output via the active snubber. By connecting
a clamp diode between the anode of the boost rectifier
and ground to eliminate the parasitic ringing between
the junction capacitance of the rectifier and the snub-
ber inductor, the stress of the rectifier is minimized. The
proposed technique was verified on a 500-W (400-V /
1.25-A) prototype boost converter. The same technique
can be extended to any member of the PWM-converter
family.
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