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Abstract—In this paper design of an active snubber of a step-up
phase shifted full bridge (PSFB) DC-DC converter is presented.
In a step-up PSFB, parasitics like transformer leakage inductance
and secondary rectifier diode capacitances impacts the converter
operation significantly. Rectifier output voltage overshoot due to
these parasitics at the end of free-wheeling to power transfer
state transition is well known. To reduce the voltage stress of
the rectifier diodes, active snubbers are employed. The snubber
switch incurs significant loss. This paper proposes a switching
strategy of an active snubber, consists of a switch in series
with a capacitor, where the device is low frequency switched
and hence reducing loss. Moreover zero voltage turn ON of the
snubber switch is achieved. A systematic procedure is presented
to select the snubber switch frequency, clamp voltage and snubber
capacitance. A 1.5 kW, 400V-1.25V step-up PSFB is built and
tested with the active snubber. Key experimental results are
presented to verify the proposed design and analysis of the active
snubber.

Index Terms—PSFB, active snubber, zero voltage switching
(ZVS), clamp voltage, transformer leakage inductance, device
parasitic capacitance, snubber loss

I. INTRODUCTION

The pulse width modulated (PWM) phase shifted full bridge
(PSFB) converter is widely popular for low to medium power
unidirectional isolated DC-DC applications. The converter has
two switching states- active and zero. In the active state,
power is transferred from input to output port whereas in
zero state current free-wheels in the circuit and no power is
transferred to the output port. A properly designed PSFB can
achieve zero voltage switching (ZVS) of the primary H-bridge
without employing additional snubber. But the parasitics like
transformer leakage inductance, which helps to achieve ZVS
of the primary bridge, forms a resonating circuit with sec-
ondary diode parasitic capacitances at the end of zero to active
state transition. This results in high voltage stress across the
secondary diodes. The problem associated with these parasitics
is significant in case of a step-up PSFB, where the transformer
has significant leakage inductance and the reflected secondary
diode capacitances seen from primary are also high. Hence in
a practical design, a snubber circuit is essential to clamp the
secondary voltage overshoot.

In literature several passive [1], [2] and active [3]–[5] snub-
ber circuits are proposed. The passive snubbers are generally
lossy and have limited voltage clamping ability [1]. Hence
an active clamp is normally preferred. The snubber structure
presented in [3], is simple and widely popular. But the snubber
switch is high frequency (twice the frequency of the H-bridge)
hard switched and incurs significant switching loss. Addition-
ally, the operation of the converter with the snubber does not
consider the influence of circuit parasitics. A proper design
method involving selection of snubber capacitance, clamp
voltage and the snubber switching frequency considering the
parasitic effect is not present in literature.

In this paper a detailed design of an active snubber for a
1.5kW, 400V-1.25kV step-up PSFB is presented. The structure
of the active snubber is same as used in [3]. The contributions
are listed as follows. (a) A low frequency switching scheme of
the active snubber switch is proposed which results in lower
loss in the snubber. (b) ZVS turn ON of the snubber switch is
ensured. (c) A detailed snubber design procedure considering
circuit parasitics is described to determine i) snubber switching
frequency, ii) clamp voltage level and iii) snubber capacitance
value and its RMS current rating.

The paper is organised as follows. Section II describes the
operation of the converter with active snubber considering
parasitic influence. The switching scheme of the snubber is
discussed in section III. Section IV presents the detailed design
of the snubber circuit. Key experimental results are presented
in section V to verify the converter operation.

II. OPERATION OF THE CONVERTER WITH ACTIVE
SNUBBER CONSIDERING PARASITIC INFLUENCE

A PSFB converter along with an active clamp circuit is
shown in Fig. 1a. Considering output filter inductance, the
output port can be modelled as a current sink, Io where Io is
the output current with negligible ripple. In the analysis circuit
parasitics are considered. The primary device and secondary
diode parasitic capacitances are CCE and CD, respectively.
The snubber capacitance is Csnb and snubber device parasitic
capacitance is C ′snb. Csnb is large compared to all other par-
asitic capacitances and hence, treated as a stiff voltage source
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Fig. 1: (a) PSFB with circuit parasitics. Equivalent circuit in- (b) mode IV, (c) mode V. (d) Ideal primary voltage and current
of the HFT. (e) Actual waveforms showing snubber operation considering circuit parasitics. (f) Hardware prototype.

charged at clamp voltage, VC . L is the total series connected
inductance including transformer leakage inductance, referred
to primary side. The effective primary device capacitance
CP = 2CCE . Effective secondary capacitance referred to
primary is CS = n2(2CD + C ′snb). The devices and diodes
have parasitic capacitances of same order. Hence in case of
a step up PSFB, CS � CP . The dynamics due to CP and
L is neglected here. For ideal operation of the PSFB, the
transformer primary voltage (vp) and current (ip) are shown in
Fig. 1d over a switching cycle (Ts). Due to circuit parasitics,
the active snubber comes in operation at the end of every
zero to active state transition. Over Ts, two such transitions
take place. Due to symmetry, only one transition with snubber
operation is discussed here and is marked with blue circle
in Fig. 1d. Key waveforms during the transition considering
the effect of circuit parasitics are shown in Fig. 1e. G1,2 are
the gating signals of the switches S1,2. A brief discussion on
the different modes of operation during the transition is given
below.

a) Mode-I (t0 < t < t1): Before t0, S2 and S4

were ON. S2 and D4 were conducting ip and the converter
was in free-wheeling state. At t0, S2 is turned OFF. The
device capacitances and the transformer leakage inductance
forms resonating circuit. ip charges and discharges the device
capacitances of S2 and S1 respectively. All 4 diodes in the
secondary are in conduction and hence link voltage vl = 0. At
t1, when vp rises to Vdc, this mode ends. Due to fast dynamics
the interval is considered negligible and primary current ip
does not change much. The primary current can be expressed

as in (1).

ip(t1) ≈ ip(t0) = −nIo +
Vdc√
L/CS

(1)

In ideal operation the magnitude of ip remains same as the
reflected load current (nIo) in the zero state. During active to
zero state transition, (unlike the ideal operation as shown in
Fig. 1d) due to secondary parasitic capacitance (CS) the pri-
mary current ip falls to a value given in (1). The discussion of
active to zero state transition considering secondary parasitics
and the derivation of (1) are beyond the scope of this paper.

b) Mode-II (t1 < t < t2): At t1, D1 is forward biased
and starts conducting. As the applied voltage (vp) across L
is against the direction of ip, the magnitude of ip decreases
linearly with a slope Vdc

L . In this mode vp = Vdc and vl = 0.
This mode ends when ip becomes zero. ip can be given as in
(2).

ip(t) = ip(t1) +
Vdc
L

(t− t1) (2)

The duration of this mode, tII is given as in (3).

tII = (t2 − t1) ≈

(
nIo −

Vdc√
L/CS

)
L

Vdc
(3)

In this mode, S1 is turned on when D1 is in conduction to
ensure ZVS.

c) Mode-III (t2 < t < t3): ip changes its direction and

increase linearly with same slope
Vdc
L

. S1, S4 is in conduction.
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Fig. 2: Switching strategy of the active snubber

vl still remains zero. This mode ends at t3 when ip reaches
nIo. The duration of this mode is given as in (4).

tIII = (t3 − t2) =
nLIo
Vdc

(4)

d) Mode-IV (t3 < t < t4): At t3, diodes D6, D7 stop
conducting and are reverse biased. L and Cs form a resonating
circuit. The equivalent circuit is shown in Fig. 1b. The link
voltage and primary current are given as in (5).

vl(t) = nVdc[1− cos (ω2(t− t3))]

ip(t) = nIo +
Vdc√
L/CS

sin
(
ω2(t− t3)

) (5)

where ω2 =
1√
LCS

. This mode ends at t4 when vl reaches

VC . The snubber diode Dsnb is forward biased and vl is
clamped at VC . With out the active snubber, vl will rise to
2nVdc. For a practical design VC is slightly higher than nVdc.
Hence, the duration of this mode is given as in (6).

tIV = (t4 − t3) ≈ π
√
LCS

2
(6)

Solving (5), the primary current at t4 is given as in (7).

ip(t4) = nIo + ∆I

∆I =

√
VC
n

(
2Vdc −

VC
n

)
CS

L

(7)

e) Mode-V (t4 < t < t5): In this mode the equivalent
circuit is shown in Fig. 1c. The applied voltage across L
is nVdc − VC which is against the direction of ip. ip falls

linearly to nIo (at t5) with a slope
VC − nVdc

nL
. Through out

the duration the snubber capacitor is charged through Dsnb.
The primary current (ip) and the link voltage (vl) is given as
in (8).

ip(t) = ip(t4)− VC − nVdc
nL

(t− t4)

vl(t) = vCs(t) =
VC
n

(8)

The duration of this mode is given as in (9).

tV = (t5 − t4) = L
ip(t4)− nIo
VC/n− Vdc

=

√
VC(2nVdc − VC)LCS

VC − nVdc

' nVdc
√
LCS

VC − nVdc

(9)

when (VC − nVdc) � nVdc. The snubber current is given

as iAS =
ip
n
− Io. At t5, iAS = 0 and Dsnb is reverse

biased. After this mode, vl(t) oscillates around nVdc with an
amplitude of (VC − nVdc) as shown in Figure 1e. In some
of the active states, to discharge Csnb, Ssnb is turned ON in
mode V. The switching strategy of Ssnb is discussed in next
section.

III. SWITCHING STRATEGY OF THE SNUBBER SWITCH

The switching frequency of the primary H-bridge is fs =
1

Ts
. The frequency of the rectified diode bridge output is 2fs.

Normally, the snubber switch Ssnb is kept OFF. At the end of
every zero to active state transition, the snubber diode comes in
conduction for the duration (t5−t4). Hence Csnb is charged at
a cycle of 2fs. Csnb is discharged to load through Ssnb, when

it is turned ON. Ssnb has a switching frequency fsnb =
1

Tsnb

such that
2fs
fsnb

= k where k > 1. Here, k is termed as snubber

frequency factor. Ssnb is switched in synchronized with the
primary devices such that, it is kept ON for the duration of
one active state over Tsnb (see Fig. 2). GSsnb

is the gating
pulse of Ssnb.

To ensure ZVS turn ON of Ssnb, the gating pulse is delayed
and is applied in mode V when Dsnb is conducting. As Ssnb

is ON, after t5, iAS becomes negative (see Fig. 3b). The load
current Io is supplied by both the snubber and the primary
bridge. ip continues to fall linearly as in mode V with same
slope. At t′5, ip becomes zero and iAS = −Io. The diode
bridge, D5 − D8, is reverse biased. The snubber capacitor
continues to supply Io for rest of the active state which ends
at t6 when S4 is turned OFF.

IV. SNUBBER DESIGN

This section presents a systematic approach to select k, VC
and Csnb. From the above discussion, nVdc < VC < 2nVdc.
In a normal switching cycle, when the snubber switch is kept
OFF, Csnb is charged through the snubber diode Dsnb in the
interval (t5−t4) as shown in Fig. 3a. At every kth cycle when
snubber switch is ON, iAS is shown in Fig. 3b. In this cycle,
Csnb is charged during the duration (t5−t4) and is discharged
between t5 and t6. At t6, the snubber switch is turned OFF
and also the primary devices are switched to initiate the power
transfer to free-wheeling state transition.

5449

Authorized licensed use limited to: J.R.D. Tata Memorial Library Indian Institute of Science Bengaluru. Downloaded on August 13,2024 at 09:48:06 UTC from IEEE Xplore.  Restrictions apply. 



Fig. 3: Current through the snubber capacitor- (a) at a normal switching cycle when snubber switch is OFF, (b) at every kth

cycle when snubber switch is ON

From Fig. 3, total charge accumulated over k numbers of
switching cycle, QCHG, is given as

QCHG =
1

2

k∆I

n
tV (10)

In kth cycle, charge supplied by Csnb (QDCHG) is given by
area under iAS between t5 and t6 (Fig. 3b).

QDCHG =
1

2
Io(tZ − tV ) + Io(T − tZ) (11)

Where tZ and T are given as in (12).

tZ =

(
nIo + ∆I

)
L

VC/n− Vdc

T =(t6 − t4) ' dTs
2
− tII − tIII − tIV

=
dTs
2
− 2nIoL

Vdc
+
√
LCS −

π
√
LCS

2

(12)

At tZ , ip becomes zero and Csnb starts delivering Io. At steady
state, using charge balance following equation can be written.

ktV ∆I

2n
= Io

(
T − 1

2
(tZ + tV )

)
(13)

Solving (13), VC is given as

VC =
−b−

√
b2 − 4ac

2a
(14)

where a, b and c are given as in (15).

a =− kCS

n2

b =
2kVdcCs

n
− dTsIo +

4nLIo
2

Vdc
+ (π − 2)

√
LCSIo

c =dTsnVdcIo − 3n2LIo
2 + (4− π)

√
LCSnVdcIo

(15)

Equation (14) relates VC and k. All other parameters including
parasitic capacitance Cs and inductance L are assumed to be
known at the beginning of this design. In this design, a critical
clamp voltage, V ∗C , is considered when tZ = T (see Fig. 3b).
The actual choice of the clamp voltage (VC) is such that VC >
V ∗C . VC∗ is found by equating tZ = T and is given as-

VC
∗ = nVdc +

−b1 +
√
b21 − 4a1c1

2a1
(16)

where a1 = T 2

L2 + CS

L , b1 = − 2n2TIo
L and c1 = n4Io

2 −
n2Vdc

2CS

L . Now plugging VC∗ in (13), corresponding critical
value of k, k∗ is given as

k∗ =
n4I2oL

CSV ∗C(2nVdc − V ∗C)
(17)

For a choice of VC > V ∗C , corresponding k is estimated from
(14), where k > k∗. The choice of VC should also satisfy
nVdc < VC < 2nVdc and nVdc � (VC − nVdc).

Now for the selected VC and k, the snubber capacitor can
be chosen as follows. A predefined voltage ripple (∆VC) as a
percentage of VC is considered.
The voltage ripple of the snubber capacitor is expressed as

∆VC =
QDCHG

Csnb
. Hence the capacitance value (Csnb) can be

given as

Csnb =
1

∆VC
QDCHG (18)

The current through the snubber capacitor is shown in Fig. 3.
The RMS current of the snubber capacitor is given as in (19).

I2AS =
2V 3

dcCS

3nTs(VC − nVdc)

√
CS

L

+
2I2o
kTs

(
dTs
2

+
4n2LIo − 3nVdc

√
LCS

3(VC − nVdc)

)
− 2I2o
kTs

(
2nLIo
Vdc

+
(π − 2)

√
LCS

2

) (19)

V. EXPERIMENTAL RESULTS

TABLE I: Operating condition

Output power (P ) 1.5kW
DC input (Vdc) 400V
DC output (Vo) 1.25kV

HFT turns ratio (n) 4
Switching frequency (fs) 20kHz

A 1.5kW hardware prototype of 400V-1.25kV step-up PSFB
is built and tested in the laboratory (see Fig. 1f). The operating
conditions are given in Table I. The transformer secondary to
primary turns ratio (n) is 4. The converter is operated with 0.85
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duty ratio (d) and has output current Io = 1.5kW
1.25kV = 1.2A. It

is switched at fs = 20kHz. The measured parasitics of the
converter are given as follows-L = 141.6µH , CS = 4.59nF .
Using (16) and (17), estimated V ∗C = 1829.7V and k∗ = 4.53.
In the design, clamp voltage is chosen as VC = 2006V, hence
VC > V ∗C . Using (14), estimated k = 15 and thus k > k∗.
The experimentally measured VC = 1867V . The error is less

TABLE II: Snubber parameter

Clamp voltage (VC ) 2006V
Snubber frequency factor (k) 15

Snubber capacitor (Csnb) 0.5µF

than 7%. Considering 5% peak-peak ripple in VC , using (18),
estimated Csnb is 0.5µF which is also used in the experiment.
The snubber parameters are tabulated in Table II. 2500V, 2A
IGBT IXGT2N250 is used for Ssnb. 3300V, 0.3A SiC diode
GAP3SLT33-214 is employed as Dsnb. Fig. 4a experimentally
verifies the converter operation with active snubber presented
in Fig. 1e. During the duration tV snubber is acted and vl
is clamped to VC . Fig. 4b verifies switching scheme of Ssnb.
When Ssnb is ON, vl is clamped to VC throughout the active
state. It is clear from the figure that k = 15 is considered here.
Special measurement technique involving step-down (4 : 1)
transformer with series capacitor is employed to measure high
link voltage (vl). Hence the magnitude of the scope waveform
of vl is 4 times lower than the actual value and has AC
component.

(a)

(b)

Fig. 4: Experimental results- (a) Operation of the active clamp
in a switching cycle (Ts), (b) low frequency operation of the
active clamp switch.

VI. CONCLUSION

This paper presents a detailed design procedure of an
active snubber for a step-up phase shifted full bridge (PSFB)
converter. In case of a step-up PSFB, parasitics like secondary
diode capacitance, transformer leakage inductance influence
significantly the operation of the converter. The snubber is
designed considering these non-idealities. The snubber active
switch is switched at 2

15 times the switching frequency of
the converter and the turn ON ZVS of the snubber switch is
ensured. Thus the loss in active snubber is reduced. The design
gives the value and RMS current of the snubber capacitance,
the switching frequency of the snubber switch and the clamp
voltage. The snubber operation is verified in a 1.5kW, 400V-
1.5kV PSFB hardware prototype.
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