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Abstract—This paper presents a novel resonance based mod-
ulation strategy for a full-bridge current-fed isolated DC/ DC
converter for high voltage applications. Output regulation is
obtained using variable frequency modulation on the primary
side to compensate for line and load variations. A two-step
method is used for current commutation and usage of active
clamp based snubbers are avoided. Circuit operation under
different operating modes in steady state are described in detail.
Closed form expression for the converter gain and other values
of interest are derived using state plane concepts. The presence
of a discontinuous conduction mode is discussed and the mode
boundary is identified. Design steps for arriving at the component
values of the converter based on set of specifications is discussed.
Proposed concept, operation and derived closed form expressions
are validated through simulation.

I. INTRODUCTION

One of the major area in which isolated current-fed DC/
DC converters are used is high voltage industrial applications
like medical X-ray imaging, radio frequency generation, lasers
etc. [1]. This type of converter is suited for these application
due to the absence of an output inductor and because they
do not have flux imbalance problem of the isolation High
Frequency Transformer (HFT) [2]. Current-fed converters
have been demonstrated to be the topology of choice for
power generation from Distributed Energy Resources (DER)
like solar photovoltaics, fuel cells etc. [3]. Another area of
application of current-fed topologies is integration of DERs
into DC microgrids [4]. HFTs are used to achieve the dual
benefit of providing galvanic isolation and required converter
turns ratio [5]. Among the different topologies proposed for
these converters, the full bridge version is most suitable for
the power levels upto a few kWs. Pulse Width Modulation
(PWM) on the primary bridge results in hard switching and
voltage spikes during the switching transitions require special
clamping circuits for operation [6]. Phase shifting on the
primary with Dual Active Bridge (DAB) topologies have
been proposed to address these issues [7]. Quasi-resonant
based variable switching frequency modulation strategies are
proposed in [2], [8]. This paper presents a full-bridge current-
fed DC/ DC converter topology that employs a new resonant
tank configuration. A resonant based novel control strategy
is proposed. The exact analysis without the First Harmonic

Approximation (FHA) is done along-with determination of
the boundary between Continuous Conduction Mode (CCM)
and Discontinuous Conduction Mode (DCM). Design steps for
selection of the resonant component is discussed. Simulations
results are presented to validate the concept.

II. STEADY STATE ANALYSIS

This section presents the steady state analysis of the con-
verter. The analysis is divided into the following sub-sections
(a) Circuit operation (b) Converter gain and (c) Output char-
acteristics and discontinuous conduction mode

A. Circuit Operation

The architecture of the proposed converter is shown in Fig 1.
Before getting into the operation of the converter, the per-
unitization base quantities used for the purpose of analysis
are defined in Table I.

TABLE I: Per-unitisation base parameters

Description Formula
Base current, Ib Is

Base impedance, Rb

√
Lr

Cr

Base voltage, Vb IbRb

Base frequency, fo 1
2π

√
LrCr

The presented analysis is similar to the exact analysis of
voltage-fed parallel resonant converter [9]. The current source
is realized with a DC source in-line with an inductor, Ls

as shown in Fig 1. Primary devices, Q1 to Q4 are switched
in complimentary fashion to generate a square wave current,
is exciting the Cr − Lr resonant tank network as shown
in Fig 2. A two-step modulation technique is utilized to
ensure that the resonant capacitor, Cr is not shorted in the
commutation process of the primary devices. As seen in Fig 2,
the commutation of devices Q1 to Q4 is performed in a
two-step method wherein the devices in a leg that’s going
to conduct the current are turned ON before the conducting
devices are turned OFF.

The response of the Cr − Lr resonant tank to the applied
square wave current input, is is a function of the base or978-1-5386-9316-2/18/$31.00 © 2018 IEEE

Authorized licensed use limited to: J.R.D. Tata Memorial Library Indian Institute of Science Bengaluru. Downloaded on August 13,2024 at 09:41:25 UTC from IEEE Xplore.  Restrictions apply. 



Q1

D1

RESONANT TANK

Ls
RECTIFIER AND FILTER

CURRENT-FED INVERTER BRIDGE

is

A

B

Vs

Is

D
0

1

Q1 Q3

D3

D
0

3

Q2 Q4

D2

D
0

2

D4

D
0

4

Cr
Lr

iL

vC

1 : n

D5

D6 D8

D7

V

Cf

R

I

ir

vAB

Fig. 1: Proposed topology for resonance based current-fed DC/ DC converter

resonant frequency, fo and the switching frequency of the
primary bridge, fs. The secondary diode bridge, D5 to D8

rectifies the reflected inductor current, ir. Average value of
ir flows into the load resistance, R and the output filter
capacitance, Cf filters the high frequency component in the
rectified current. The rectifier input voltage, vAB can be
modeled as a current dependent voltage source of magnitude
V .
Table II describes the per-unitized circuit parameters that
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Fig. 2: Modulation of the primary devices in the current-fed resonant
DC/ DC converter

TABLE II: Per Unit (PU) converter parameters.

Description Formula
Resonant capacitor voltage, mC

vC

Vb

Inductor current, jL iL
Ib

Switching frequency, F fs
fo

Rectifier current, j nir
Ib

Rectifier voltage, m vAB

nVb

Angular half-period, γ π
F

Output voltage, M V
nVb

Converter gain, J I
Ib

shall be used in the analysis of the current-fed resonant DC/
DC converter. In steady state operation, over one cycle of the
switching current is, 4 operating modes of the circuit shall
be observed based on the polarity of applied current, is and
inductor current, iL. Fig 3 plots the variation of key circuit
parameters as a function of the normalized angle, θ. The zero
state in the current excitation, is is not shown in this figure as
this time period is negligible in comparison with the switching
time. m(0) and j(0) are the initial conditions of the capacitor
voltage, mC and inductor current, jL as shown here. As long
as jL < 0, the rectifier voltage, m remains at −M because
diodes D6 and D7 are in conduction. At the instant, θ = α,
when jL = 0, diodes D5 and D8 come into conduction and
m changes to M from −M . Due to the presence of the diode
bridge, the load characteristics can be modeled as a current
dependent voltage source. At the instant, θ = γ, the primary
devices are switched as per the modulation explained in Fig 1
and is changes to −1 from +1. The remaining two modes
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Fig. 3: Steady state waveforms of current-fed resonant DC/ DC
converter over one switching cycle

of operation of the circuit are symmetrical to the previously
described modes with a change in the initial conditions of
the circuit. Analysis of these 4 modes is carried out by using
the reduced equivalent circuit of the converter reflected on
the primary side of the transformer as shown in Fig 4. The
following sections describe the different equivalent circuits in
each of the operating modes and the relevant state equations.
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Fig. 4: Equivalent circuit of the current-fed resonant DC/ DC con-
verter for analysis

1) Mode 1: As seen in Fig 3, the source current, is of
magnitude +1 is applied to the resonant tank in this mode of
operation. The per-unitized equivalent circuit during this mode
of operation is shown in Fig 5.

1

mC

jL(< 0)

−M
m

is

Fig. 5: Equivalent circuit of the current-fed resonant DC/ DC con-
verter in Mode 1

The state equations of the converter in this mode of are
given in Eq(1) and Eq(2).

dmC

dθ
+ jL = 1 (1)

djL
dθ

−M = mC (2)

2) Mode 2: As seen in Fig 3, the source current, is remains
at magnitude +1 in this mode of operation. The resonant
inductor current changes it’s polarity to positive from negative.
The per-unitized equivalent circuit during this mode is given
in Fig 6.
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Fig. 6: Equivalent circuit of the current-fed resonant DC/ DC con-
verter in Mode 2

The state equations of the converter in this mode are given
in Eq(3) and Eq(4). dmC

dθ
+ jL = 1 (3)

djL
dθ

+M = mC (4)

3) Mode 3: The source current, is changes it’s polarity to
−1 from +1 in this mode of operation as shown in Fig 3.
The resonant inductor current remains positive during this
mode. The per-unitised equivalent circuit during this mode
of operation is given in Fig 7.

−1

mC

jL(> 0)

M
m

is

Fig. 7: Equivalent circuit of the current-fed resonant DC/ DC con-
verter in Mode 3

The state equations of the converter in this mode are given
in Eq(5) and Eq(6). dmC

dθ
+ jL = −1 (5)

djL
dθ

+M = mC (6)

4) Mode 4: As seen in Fig 3, the source current, is
remains at magnitude −1 in this mode of operation. The
resonant inductor current changes it’s polarity to negative from
positive. The per-unitized equivalent circuit during this mode
of operation is given in Fig 8. The state equations of the
converter in this mode are given in Eq(7) and Eq(8).

dmC

dθ
+ jL = −1 (7)

djL
dθ

−M = mC (8)
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Fig. 8: Equivalent circuit of the current-fed resonant DC/ DC con-
verter in Mode 4

B. Converter Gain

The variation between capacitor voltage, mC and inductor
current, jL shown in Fig 3 can be plotted with respect to
each other to get the state plane portrait of the converter.
This is shown in Fig 9. The 4 operating modes described
above are highlighted in Fig 9. As shown in Fig 4, average
value of rectified inductor current, |jL| flows into the load. The
converter gain is arrived at by getting a closed form expression
for this current as given in Eq(9). The expression for j(θ) is
written from Eq(3) and Eq(5). This is substituted in Eq(9) to
arrive at Eq(10).

J =
1

γ

∫ α+γ

α

j(θ)dθ (9)

J =
1

γ

{{∫ γ

α

1dθ +

∫ γ+α

γ

−1dθ
}
−
{∫ γ+α

α

1.dmC

}}
(10)

Eq(10) can be further simplified to arrive at the expression
given below which equates the J with the angular half-period,
γ which in-turn is a function of the operating frequency, F

[−M; 1] [M; 1]

[M;−1][−M;−1]

[m(0); j(0)]
!ot = 0
!ot = 2γ

α

α
β

β

[−m(0);−j(0)]
!ot = γ

Mode 1

Mode 2

Mode 3

Mode 4

[m(α); 0]

[−m(α); 0]

mC

jL

Fig. 9: State plane portrait of the current-fed resonant DC/ DC
converter

and the intermediate load dependent voltage, m(α) shown in
Fig 3.

Jπ

2F
= φ+m(α) (11)

where,

φ =
β − α

2
(12)

In order to arrive at the closed form solution for J , trigonomet-
ric identities are utilised to eliminate common terms. Fig 10
shows the positive portion of jL which is averaged to arrive
at J .

Equating the angles subtended as shown Fig 10 in with the
initial condition m(0) and using other identities, relationship
in Eq(13) is arrived at. Similarly, initial conditions on j(0) are
equated and further simplifications results in the expression
for m(α) given in Eq(14). Substituting m(α) from Eq(14) in
Eq(11), we have the final expression for the converter gain
of the current-fed resonant DC/ DC converter. The other pa-
rameters of interest, m(0) and j(0) can now be derived based
on the existing relationships as given in Eq(16) and Eq(17).
This completes the derivation on the important parameters that
define the operation of the converter in the CCM mode.

m(α) cos
π

2F
cosφ = − sinφ

{
cos

π

2F
+M sin

π

2F

}
(13)

m(α) = − sinφ

cos
π

2F

(14)

J =
2F

π

{
φ− sinφ

cos
π

2F

}
(15)

j(0) = −M
sinφ

cos
π

2F

(16)

m(0) = −(M2 − 1) tan
π

2F
(17)
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Fig. 10: Trigonometric identities applied on the state plane portrait
to arrive at steady state converter gain
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C. Output Characteristics and Discontinuous Conduction
Mode

The output characteristics of the parallel resonant current-
fed DC/ DC converter shall be plotted by varying the load
for different operating frequencies and finding the current
gain at each operating point as given in Eq(15). During the
steady state operation of the converter, m(α) is the capacitor
voltage at the boundary of mode 1 and mode 2. For diodes
D5 and D8 to start conduction, m(α) must be greater than
M . If under certain load condition m(α) < M , these diodes
shall be reverse biased and the output load shall be decoupled
from the input. This introduces a DCM in the operation of
the converter. The boundary of operation between the CCM
and DCM modes in the output characteristice of the converter
can be found by equating m(α) with M and solving for the
applicable operating point, Mcrit as given in Eq(18)

Mcrit = −1

2
sin

π

F
+

√
sin2

π

2F
+

1

4
sin2

π

F
(18)

The output characteristics of the current-fed resonant DC/
DC converter is shown in Fig 11. The ”black” trace represents
Mcrit boundary between CCM and DCM for different values
of switching frequency, F . The state plane portrait of the con-
verter in the DCM mode of operation is shown in Fig 12. The
discontinuous portion of the inductor current is highlighted
during which there’s a linear rise in the capacitor voltage along
it’s axis. There’s no closed form expression for the converter
gain in DCM mode of operation.

III. DESIGN AND SIMULATION RESULTS

The following sections delve into the design steps of the
converter to meet the required design specifications. Simula-
tion results are provided to validate the topology.

A. Design Steps

The design is based on the specifications given in Table III.
Design implies determination of the values of Lr, Cr and

0.0 0.8 1.6
0.0

1.0

2.0

DCM Region

F = 0:6

F = 0:7

F = 0:8

F
=
1
:2

F
=
1
:3

F
=
1:4

M

J

Fig. 11: Output characteristics of the current-fed resonant DC/ DC
converter
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Fig. 12: State plane portrait of the current-fed resonant DC/ DC
converter in DCM

turns ratio, n as shown in Fig 1. The first design choice
made is in the selection of the resonant frequency, fo. Since
the proposed topology is derivative of the parallel resonant
control structure, the behavior of the converter is valid in the
range 0.5 < F < 2 [9]. Based on this and from the design
specification, fs,max = 100kHz, the resonant frequency fo
will be 50kHz.

TABLE III: Design specifications of current-fed DC/ DC

Description Value
Input voltage, Vs 48V

Output voltage, V 400V

Output power, Po 1kW

Max switching frequency, fs,max 100kHz

In order to arrive at the design values of the resonant tank
components, a design choice on maximum per-unit current
gain, Jmax and maximum load voltage, Mmax is made by
optimization on the device stresses, RMS currents and voltages
in the resonant elements. Based on the chosen value of Mmax,
the transformer turns ratio is found from the specifications to
be n = Ns

Np
= 103

10 . From Jmax and Mmax the value of base
impedance, Rb = 2.02Ω is arrived. From Rb and resonant
frequency, fo tank inductance is calculated as Lr = 6.4μH
and tank capacitance, Cr = 1.6μF . This completes the design
of current-fed DC/ DC converter.

B. Simulation Results

In order to validate the design, the rated operating point
is chosen and the converter is simulated to validate the
operation and the derived closed form expressions. Assuming
negligible losses in the converter and from the specifications
of input voltage, Vs and Po we can arrive at the base current,
Ib =

Po

Vs
= 20.83A. The calculated load resistance at the rated

operating condition is R = V 2

Po
= 160Ω. From the known

base quantities, Ib and Rb, Vb is found which in turn is used
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to obtain the PU output voltage in the given operating point,
M = 0.75. The load quality factor is, Q = R

n2Rbp
= 0.75.

Assuming negligible losses in the converter, we can apply
power balance between input and output in Fig 1 and say that
VsIs = V I . From this equality and the operating conditions
provided, the current gain of the converter can be found to be
J = M

Q = 1.0 . From the values of M and J , the PU switching
frequency of the converter, F = 1.1 is arrived at by solving
Eq(15) recursively. This corresponds to a switching frequency
of fs = F ∗ fo = 55kHz. The converter is now simulated
using LTSpice at this operating point. The waveforms of
the resonant capacitor voltage, vC in Fig 13(a) and inductor
current in Fig 13(b), iL are as predicted in Fig 3. The rectifier
input voltage, vAB in also shown in Fig 13(b) indicating the
output voltage level of 400V . Table IV provides a comparison
between the predicted values as per the derived closed form
expressions and the values seen in the simulation. It can be
seen from this table that there’s a good correlation between
the analysis and simulation results.

TABLE IV: Comparison of analytical and simulation results

Quantity Analytical Simulation

Output Voltage, V 400.0V 400.6V
vC(0) = m(0) ∗ Vb -114.8V -113.2V
iL(0) = j(0) ∗ Ib -44.69A -45.20A
vC(α) = m(α) ∗ Vb 111.2V 111.3V

0:0

30:0

−30:0

−15:0

15:0

0:0 6:0μ2:0μ 4:0μ t(s)

0:0

200:0

−200:0

−100:0

100:0

i s
(A

)

is

v
C
(V

)

vC

vC(0)

vC(α) Is = 20:83A

α

2πfo

(a)

0:0

80:0

−80:0

−40:0

40:0

0:0 6:0μ2:0μ 4:0μ t(s)

0:0

500:0

−500:0

−250:0

250:0

i L
(A

)

v
A
B
(V

)

iL

vAB

iL(0)

V = 400V

α

2πfo

(b)

Fig. 13: Simulation of the current-fed resonant DC/ DC converter at
the rated operating point (a) Waveform of the input switching current,
is and resonant capacitor voltage vC (b) Waveforms of the resonant
inductor current, iL and secondary AC voltage vAB

Simulation of the converter under the DCM mode of oper-
ation was also carried out to validate the converter behaviour.

Fig 14 shows iL and vAB under this condition. The linear rise
of the rectifier input voltage when the inductor current is zero
validates the DCM mode as predicted in Fig 12.
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Fig. 14: Simulation of converter under DCM operation. iL and
secondary AC voltage vAB indicating DCM.

IV. CONCLUSION

This paper introduces a current-fed isolated DC/ DC con-
verter topology with a novel resonant tank circuit for high volt-
age applications including renewable energy integration. The
proposed resonant based modulation and exact analysis of the
different operating modes is described in detail. Closed form
expressions for the converter gain is derived. The presence of a
discontinuous conduction mode and the mode boundary in the
output characteristics is discussed. Simulation results validate
the operation and presented analysis.
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