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Abstract

This paper proposes an input-series-output-parallel connected ZVS full bridge converter with interleaved control for
photovoltaic power conditioning systems (PV PCS). The input-series connection enables a fully modular power-system architecture,
where low voltage and standard power modules can be connected in any combination at the input and/or at the output, to realize
any given specifications. Further, the input-series connection enables the use of low-voltage MOSFETs that are optimized for a very
low RDSON, thus, resulting in lower conduction losses. The system costs decrease due to the reduced current, and the volumes
of the output filters due to the interleaving technique. A topology for a photovoltaic (PV) dc/dc converter that can dramatically
reduce the power rating and increase the efficiency of a PV system by analyzing the PV module characteristics is proposed. The
control scheme, consisting of an output voltage loop, a current loop and input voltage balancing loops, is proposed to achieve
input voltage sharing and output current sharing. The total PV system is implemented for a 10-kW PV power conditioning system
(PCS). This system has a dc/dc converter with a 3.6-kW power rating. It is only one-third of the total PV PCS power. A 3.6-kW
prototype PV dc/dc converter is introduced to experimentally verify the proposed topology. In addition, experimental results show
that the proposed topology exhibits good performance.
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I. INTRODUCTION

In recent years, photovoltaic DC/DC converters have be-
come a crucial part of power conditioning systems (PCS) [2],
[3]. Considering that the output characteristic of a photovoltaic
cell has a wide voltage range, depending on the operating
conditions of a photovoltaic cell, the DC/DC converter needs
to have a wide input voltage range to regulate the constant
output voltage. In addition, a high rated voltage power switch
(MOSFET) for DC/DC converters is necessary in order to
be compatible with the high maximum output voltage of a
photovoltaic cell. The choice of devices that can withstand
such high DC voltage stress is limited and the cost is usually
very high. It is thus necessary to reduce the voltage stresses
of the switching device by utilizing an input series connection
[8], [9]. Input series connections have many advantages such
as:

- Enabling the use of MOSFETs with low voltage ratings,
which are optimized for very low resistance (RDSON ).

- MOSFETs can be used instead of IGBTs for high in-
put voltage applications. Hence, the switching frequency and
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power density of such systems can be increased.
- Possibility of interleaving to reduce filter ratings and to

improve transient performance.
This paper proposes an input-series-output-parallel con-

nected ZVS full bridge converter with interleaved control
for photovoltaic power conditioning systems (PV PCS). This
paper examines the proposed topology by employing two
modules and shows that it dramatically enhances the energy
efficiency from low to high load conditions by reducing the
required power level for the DC/DC converter by one-third of
conventional DC/DC converters. This idea was first introduced
in [11]. A 3.6kW prototype of a PV DC/DC converter is
introduced to experimentally verify the proposed topology.

II. A NOVEL TOPOLOGY FOR PV CONVERTERS

The proposed novel topology is shown in Fig. 1 [11]. The
input photovoltaic cell voltage is connected to the anode of a
DC/DC converter rectifier diode. Then the DC link (inverter
input) voltage is expressed as follows:

VDC = VC + VPH (1)

where VDC is the DC link voltage, VC is the output of the
DC/DC converter and VPH is the photovoltaic cell voltage.

The low power rated isolated full bridge DC/DC converter
generates the difference in voltage between the PV module
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Fig. 1. The proposed PV PCS with the novel DC/DC converter.

Fig. 2. The proposed converter efficiency flow diagram.

voltage and the required DC link voltage of the inverter. How-
ever, since the DC/DC converter must not generate the whole
required voltage in the proposed topology, the required power
capacity of the DC/DC converter is reduced dramatically.

The advantages of the proposed topology are as follows:
- High efficiency under a wide load range.
- Uses a low voltage rated power switch.
- Requires only one-third the power level of conventional

DC/DC converters.
An efficiency flow diagram is shown in Fig. 2. The proposed

converter’s efficiency is expressed as follows:

ηnew = Q+ (1−Q)× ηc (2)

Q =
PS − PC
PS

(3)

where, ηnew is the efficiency of proposed converter, PS is the
total system power, PC is the DC/DC converter power, ηC is
the efficiency of the proposed converter and Q is the ratio of
the direct power over the total power.

III. PROPOSED DC/DC TOPOLOGY FOR PV PCS
A. ISOP Topology

Fig. 3 shows the proposed DC/DC converter, which uses
an isolated phase-shifted ZVS full bridge converter as the
basic module. The input PV module voltage is connected to
the anode of the DC/DC converter rectifier diode. Therefore,
the DC/DC converter must not generate the whole required
voltage in the proposed topology. It consists of a series-
connected two module isolated full bridge DC/DC converter
with the interleaving technique, which enables a reduction in
the inductor ripple current. Fig. 4 shows the interleaved output
current waveform. The phase shift between DC/DC module #1
and module #2 is 90 degree. The ripple of the output current is
half of each module’s current and the frequency is twice that
of one module. Therefore, it can be shown to reduce filter
ratings and improve transient performance.

Fig. 3. The proposed ISOP full bridge DC/DC converter.

Fig. 4. The interleaved output current waveform.

B. Controller

Fig. 5 shows the proposed DC/DC converter controller
which consists of a simple voltage and a current loop. The
modules are controlled by interleaved switching signals, which
have the same switching frequency and the same phase shift.

Where VM1 is the input voltage of full bridge #1, VM2 is
input the voltage of full bridge #2, VPH is the PV module

Fig. 5. Block diagram of the proposed ISOP converter controller.
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Fig. 6. The small-signal equivalent circuit of two ISOP ZVS full bridge
converter.

voltage, VDC is the DC link voltage (inverter input voltage),
VC is the converter output voltage (VC = VDC − VPH),
VDC REF is the reference voltage of the DC link, VCON REF

is the reference voltage of the converter output and IDC is the
DC link current. The proposed DC/DC converter controller
only keeps a DC link voltage.

The ISOP connection is well suited for applications with
high input voltages and high load currents. The proposed
DC/DC converter’s input voltage consists of two series. As a
result, it should have an input voltage balancing controller for
each DC/DC module. Each individual converter, in addition
to the input voltage balancing controller that adjust the PWM
value, is such that the converter input voltages are equal
without each having a current control loop [9]–[11].

C. Small-Signal Analysis of the Proposed Topology

The small-signal analysis presented in this paper uses the
fact that the phase shift ZVS converter is a buck derived
topology. A description of the circuit operation consist of the
effective duty cycle d, the output filter inductor iL, the leakage
inductance Llk, the input voltage Vin(= VM1 +VM2) and the
switching frequency fs. The small signal transfer functions
of this converter, therefore, will depend on Llk, fs, and the
perturbations of the filter inductor current îL, the input voltage
v̂in, and the duty cycle of the primary voltage d̂.

Fig. 6 shows a small-signal equivalent circuit of a two
module ISOP (Input Series Output Parallel) ZVS full-bridge
converter system. In this figure, the overall small-signal model
can be realized by adding two input voltage feedback loops
to a common voltage and current control loop. The small-
signal circuit model of each module is a basic phase shift
ZVS full bridge PWM converter. This system has an additional
input capacitor voltage control loop when compared to a
conventional current mode controlled system. However, the
input voltage balancing control loop has little effect on the
entire system loop [10]. Therefore a small signal model of the
proposed ISOP system is the same as a conventional phase
shift full bridge ZVS converter.

The current loop gain Ti is determined by:

Fig. 7. The overall loop gain of proposed four ISOP converters.

Ti = FM ·Ri ·Hi(s) ·Gdi(s) (4)

where Gdi(s) is the control-to-output current transfer function.
Ri and FM1, FM2 are the equivalent current gain and the
modulator gain, respectively. Hi(s) represents the sampled-
and-hold effect in the current loop.
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Once the current loop is designed, the current loop closed
power stage can be treated as a new power stage for the voltage
loop. The system loop gain is defined as follows:

Tv = Hv(s) ·
FM ·Gdv(s)

1 + FM ·Ri ·Hi(s) ·Gdi(s)
(6)

For Hv(s), an integrator plus one pole and one zero
compensator are defined as follows:

Hv(s) =
Kv(1 + s/ωZv)

s(1 + s/ωPv)
(7)

Fig. 7 shows the designed overall loop gain Tv which has
a wide control bandwidth with a suitable phase margin (50◦).

IV. MEASUREMENT RESULTS

Table 1 shows the specifications for the proposed DC/DC
converter. The basic topology is the zero voltage switching
(ZVS) method. The switching device is a CoolMOS MOSFET.
The input voltage is PV cell voltage, the output voltage means
the output voltage of an isolated DC/DC converter and the DC
link voltage means a summation of the PV cell voltage and
the converter output voltage.

Fig. 8 shows the proposed 3.6kW PV DC/DC converter.
The photovoltaic cell voltage range is 4008̃00V. The DC link
voltage is 630V. Fig. 9 shows the experimental results of the
interleaving operation between the upper and lower module.
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TABLE I
THE SPECIFICATION OF THE PROPOSED CONVERTER.

Classification Descriptions
Input PV Cell voltage 400∼800V

Converter output voltage 0∼230V
DC link voltage 630V

Switching frequency 33.333kHz
Rated power 3.6kW

Fig. 8. The 3.6kW prototype PV DC/DC converter.

Fig. 10 shows the waveforms of the primary transformer
current, the voltage, the photovoltaic module voltage and the
DC link voltage. When the PV cell voltage is 450V the DC
link voltage is 630V.

Fig. 11 shows the efficiency curve between a conventional
converter and the proposed converter with respect to the load
condition and cell voltage. It dramatically enhances the energy
efficiency from the low to high voltage conditions.

V. CONCLUSIONS

In this paper, a ISOP connection topology is proposed for
photovoltaic DC/DC converters with very high efficiency. The
advantages of the proposed topology are as follows:
• High efficiency (Flat efficiency curve) under wide PV cell

voltage and load ranges.
• Uses a low voltage rated power switch (series-connected).
• Need only 30% of the power level of conventional DC/DC

converters.

Fig. 9. Upper and lower module primary transformer voltage
(CH1, 2 : 200V/div.), Upper module primary transformer current
(CH3 : 10A/div.), Output inductor current (CH4 : 5A/div.).

Fig. 10. PV cell voltage (CH1 : 200V/div.), DC link voltage
(CH2 : 200V/div.), Primary transformer current (CH3 : 10A/div.),

Transformer voltage (CH4 : 200V/div.).

Fig. 11. Efficiency of the proposed DC/DC converter with respect to PV
output voltage.

A simple controller with an input voltage control loop has
been proposed for the ISOS-connected converter for photo-
voltaic power conversion systems. The input series connection
has significant advantages such as the possibility of using
MOSFETs efficiently for high input voltage applications.

Small-signal analysis shows that an equivalent phase shift
ZVS full bridge converter module can be used in the control
loop design process in spite of the input voltage control loop.
Also a suitable 3.6kW DC/DC converter design is presented
based on a full bridge ZVS converter. The performance of the
proposed scheme has been verified by experimental results.
It can also improve the efficiency of converters for other
renewable energy applications with a high input voltage.
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