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ABSTRACT:

A novel high step-up converter, which is suitable for a PV cell is proposed in this paper. The proposed
converter is composed of the dual switches structure, the coupled inductor, and voltage multiplier cells
in order to achieve the high step-up voltage gain. The dual switches structure is beneficial to reduce the
voltage stress and current stress of the switch. In addition, two multiplier capacitors are, respectively,
charged during the switch-on period and switch-off period, which increases the voltage conversion
gain. Meanwhile, the energy stored in the leakage inductor is recycled with the use of clamped
capacitors. Thus, two main power switches with low on-resistance and low current stress are available.
As the leakage inductor, diode reverse-recovery problem is also alleviated. Therefore, the efficiency is
improved. This paper illustrates the operation principle of the proposed converter; discusses the effect
of the leakage inductor; analyzes the influence of parasitic parameters on the voltage gain and
efficiency, the voltage stresses and current stresses of power devices; and a comparison between the
performance of the proposed converter and the previous high step-up converters is performed. In the
ordinary voltage step-up situation, the conventional step-up converters, such as the boost converter can
satisfy the voltage step-up requirement. However, in the high step-up situation, the conventional
converter cannot achieve a high step-up conversion with high efficiency by extreme duty cycle or high
turns ratio because of the parasitic parameters or leakage inductance.

Key Words: Dual switches, high step-up converter, switched capacitor, three-winding coupled
inductor, Photo Voltaic System.
voltage output. For that reason, to obtain a high
I. INTRODUCTION voltage gain, many converter topologies were
In recent years, the boost dc/dc converters have reported [3]-[6] for this application. Direct
been widely used to step up the renewable
energy  sources in  various  industrial

applications such as ESS, UPS, and EV etc. In voltage step up wusing high frequency
those applications, boost dc/dc converters transformer is a Simple and easily controllable
generally step up the voltage to the high converter providing high gain. Isolated current
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fed dc-dc converters [7]-[9] are example of this
category. However, these topologies result in
high voltage spikes across the switch (due to
leakage inductance) and large ripple in primary
side transformer current as the turn’s ratio in
the high frequency transformer increases. Most

of the non-isolated high voltage gain dc—dc
power converters employ coupled inductor (to
achieve higher voltage gain) [11] in contrast to
a high frequency transformer used by the
isolated versions. The coupled inductor-based
dc—dc converter has advantages over isolated
transformer-based  dc—dc  converter  in
minimizing current stress, using lower rating
components and simple winding structure.
Modeling procedure of the coupled inductor is
described in [12]. For high power converter
applications, interleaved coupled inductor-
based boost converters [13]-[15] have also
been proposed. Voltage gain of the converter
can be increased without increasing the duty
cycle of the switch by connecting an
intermediate capacitor in series with the
inductor [6]. The intermediate energy storage
capacitor with coupled inductor charges in
parallel and discharges in series with the
coupled inductor secondary.

A demerit of coupled inductor-based
systems is that they have to deal with higher
leakage inductance, which causes voltage
spikes across the main switch during turn-OFF
time and current spike during turn-ON time,
resulting in a reduction of the overall circuit
efficiency. The effects of leakage inductance
can be eliminated by using an active clamp
network shown in [9], which provides an
alternate path to recover leakage energy. But
active clamp network is not as efficient as a
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passive clamp because of conduction losses
across the power switch of the active clamp
network. Active clamp network consists of a
switch with passive components while passive
clamp network [4] consists of passive
components such as diode, capacitor, and

resistor. The passive clamp circuit is more
popular to reduce voltage stress across the
converter switch by recycling leakage energy.
To overcome such disadvantages of the
conventional converters. A closed-loop control
system, a sensor monitors the system output
and feeds the data to a controller that adjusts
the control to maintain the desired system
output and hence remain unaffected to the
external noise sources. A closed loop control
has high reliability, easy implementation and
output short circuit and overload protection.

In this paper, we propose coupled
inductor boost converter that features low
switch voltage stress and high gain. To
achieves high voltage through a coupled
inductor connected in interleaved manner that
charges an intermediate buffer capacitor and a
passive clamp network to recover the leakage
energy. Coupled inductor leads to the
incorporation of ‘“turn’s ratio” into the gain
expression that leads to high efficiency without
increasing the duty ratio. As compared to
existing high-gain dc—dc converters, the
number of passive components used in the
proposed converter is less, which reduces the
cost and improves the efficiency. Though the
proposed converter is applicable to any low
voltage source applications such as solar PV,
fuel cell stack, battery, etc. The typical
renewable energy system is shown in Fig.l.
The system can convert the low voltage from
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the fuel cells source and photovoltaic cells
source into the high voltage via the high step-
up converter, and, then, the renewable energy is
transformed into the load and utility through
the inverter. Therefore, the high step-up
converter is indispensable.

High step-up
pe/pc

converter

Load/DC
Microgrid

Bidirectional [nverter Load/Utility
pCac

converter

Fig.1. Typical renewable energy system

II. OPERATION PRINCIPLE OF THE
DUAL SWITCHES CONVERTER

Fig.2 shows the circuit topology of the
proposed converter. The equivalent -circuit
model of the three-winding coupled inductor
includes the magnetizing inductance Lm, the
leakage inductance Ly, and an ideal transformer
with primary winding N; turns and two
secondary windings N and Nj3 turns. The
proposed converter consists of two active
switches, five diodes, and five capacitors. The
switches S; and S, share the same operation
signal and one control circuit is needed. The
leakage inductor energy of the coupled inductor
is recycled to the capacitors C; and C,, and the
voltage spikes on the switches are significantly
reduced. This makes low conducting resistance
Rgs(on) of the switches available. Thus, the
efficiency is upgraded and the high step-up
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conversion gain can be achieved. Also, the
voltages across the capacitors C3 and C4 can be
adjusted by the turns ratio of the coupled
inductor. To simplify the circuit analysis of the
proposed converter, the following assumptions
are made:

1) The CapacitorsC;, C,, C3, C4, and Co is large
enough; thus, Vi, Vo2, Ves, Vas, and Vo are
regarded as constant values;

2) The power devices are ideal, but the parasitic
capacitors of the switches are considered;

3) The coupling coefficient of the coupled
inductor k is equal to Lm/ (Lm+Lk), and the
turns ratio of the coupled inductor is N;:N2:Nj3
=1:1:N. The primary winding with N; turns,
two secondary windings with N, and Nj turns
of the ideal transformer with are, respectively,
represented by L;, L, and L3(L; :L, :Ls
=1:1:N).

Fig.2. Circuit configuration of the proposed
converter
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The operating principles for the
continuous conduction mode (CCM) are
analyzed in detail herein. Fig.3 shows the
typical waveforms of the proposed converter
during one switching period. Fig.4 shows the
topological stages of the proposed converter.

The eight operating modes are described as

follows.
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Fig.3. Typical waveforms of the proposed
converter during one switching period

A. CCM Operation

Mode I [ty, t;]: In this transition
interval, the switches S; and S, start to conduct.
Diodes D;, D,, D3, and Do are reverse biased.
Diode D, is forward biased. The current flow
path is shown in Fig4 (a). The leakage
inductance Ly and magnetizing inductance Lm
are charged by the input source Vin. The
inductor L, is also charged by the input source.
The leakage inductor current iy increases
linearly. Due to the leakage inductance, the
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inductor current i;3 and diode current ips
decrease slowly.

Therefore, the voltage of diode D3 is clamped
by input source Vin, clamped voltages V¢, and
Vca; the voltage of diode Do is clamped by
blocking voltagesVes, Vs, and V. The
voltage steps are formed. The output capacitor

Co provides the energy to load R. When the
current ips becomes zero (i.e., iyx =iry), this
operating mode ends.

IE
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(h)
Fig.4. Equivalent circuit of the proposed

converter

Mode II [t;, t;]: In this transition
interval, the switches are still turned on. Diode
D5 is forward biased. Diodes D, D,, D4, and
E: Do are reverse biased. The current flow path is
shown in Fig4 (b). The magnetizing
inductance Lm and inductor L, are charged in
parallel by the input source Vin. Some of the

| E.l.:

energy from the input source Vin transfer to the
inductor L3 to charge blocking capacitor C,
with the input source Vin, blocking voltages
Y Vci, Vs together. The output capacitor Co
provides the energy to load R. When the

* switches are turned off at t =t,, this interval is
finished.

Mode III [t;, t3]: In this transition
interval, the switches are turned off. Diodes Dy,
D,, D4, and Do are reverse biased. Fig.4(c)
shows the current-flow path. The energies of

i the leakage inductance Ly and magnetizing
vife inductance Lm are released to the parasitic
capacitors of the switches, respectively. The
blocking capacitorC4 is still charged. The
- : D, output capacitor Co provides the energy to load
B — R. When the diodes D; and D, are forward
€3] biased at t =t3, this operating mode ends.

Mode IV [t3, t4]: In this transition
interval, the switches are turned off. Diodes D,
D,, and D3 are forward biased. Diode Do is
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reverse biased. Fig.4 (d) shows the current-flow
path. The energies of the leakage inductance Ly
and magnetizing inductance Lm are released to
the clamped capacitor C; and energy of the
inductor L, is transferred to the clamped
capacitor C,. The blocking capacitor C4 keeps
charging. In addition, due to the leakage
inductance, and the diode current ip; keeps
flowing though diode Dy; therefore, the voltage
across the diode Dy is clamped by the blocking
voltage V4. The output capacitor Co provides

the energy to load R. When the currents ip3, ic3,
and 1r3 decrease to zero at t =t4, this operating
mode ends.

Mode V [ts, ts]: In this transition
interval, the switches are turned off. Diodes Dy,
D,, and Do are forward biased. Diodes D3 and
D, are reverse biased. The current-flow path is
shown in Fig.4 (e). The energies of the leakage
inductance Ly and the magnetizing inductance
Lm are released to the clamped capacitor C;and
the energy of inductor L, is transferred to the
clamped capacitor C,. The diode current ip,
increases almost at a constant slope. The input
source Vin, three-winding coupled inductor,
and the blocking voltage V¢4 are connected in
series to charge the output capacitor Co and
provide energy to the load R. When the diode
current ip, 1s equal to diode current ip, (i.e.,
capacitor current decreases to zero) at t =ts, this
operating mode is finished.

Mode VI [ts, tg]: In this transition
interval, the switches are turned off. Diodes Dy,
D,, and Do are forward biased. Diodes D3
andD4 are reverse biased. The current-flow
path is shown in Fig.4 (f). The operating mode
is almost the same as Mode V except that the
capacitorC2 is discharged instead of charged.

www.ijiemr.org

When the diodeD4 is forward biased at t =t
this operating mode ends.

Mode VII [ts, t7]: In this transition
interval, the switches are turned off. Diodes Dy,
D,, D3, and Do are forward biased. Diode D, is
reverse biased. The current-flow path is shown
in Fig4 (g). The energies of the leakage
inductance Ly and the magnetizing inductance
Lm are released to the clamped capacitor C;.
The inductor L, and the capacitor C, are
connected in parallel to discharge the energies
to the load and the output capacitor Co.

Meanwhile, the input source Vj,, inductors
L;and L,, as well as the blocking voltage Vca
provide energy to the output capacitor Co and
the load R. The output diode current ip, drops
almost at a constant slope. In addition, the part
energy of the inductorL2is transferred to the
capacitor C3. When the diode currents ip; and
ipp are equal to zero t =ty, this operating mode
ends.

Mode VIII [t;, tg]: In this transition
interval, the switches are turned off. Diodes Djs
and Do are forward biased. Diodes D;, D,, and
D, are reverse biased. The current-flow path is
shown in Fig.4 (h). The leakage inductance Ly,
the magnetizing inductance Lm, the input
source Vin, the inductor Ljs, the blocking
voltage V¢4, and the clamped capacitor voltage
V; are connected in series to provide energy to
the output capacitor Co and the load R.
Meanwhile, capacitor Cs keeps charging.

The voltages across the diodes D; and
D, are clamped by the windings of the coupled
inductor and the clamped capacitors C; and C,.
Therefore, the voltage steps of diodes D; and
D, are formed, and the voltage drops of the
switches are obtained. The output diode current
ipo drops linearly. When the output diode Do is
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reverse biased at t=tg, this operating mode ends.
When the switches are turned on, the new
switching period begins.

III. PERFORMANCE ANALYSIS OF THE
PROPOSED CONVERTER

A. Voltage Gain Expression

When the proposed converter operates
in the switching-on state, the following
equations can be found in Fig.4 (b):

I’FL — A.’LEH (1)

I’;L;.. = {1 - 'I‘} 1i’i]n 2)
At modes V—VII, the energies of the leakage
inductors are released to the capacitors C1 and
C2. According to Tang et al, the duty cycle of
the released energy can be approximately
obtained

D.=2(1-D)/(N+1) 4

By using the volt—second balance
principle on the leakage inductance Lk and
magnetizing inductor Lm, the voltages of Ly
and Lm are found as

Vi, = DEV, /(1= D)

“4)
VL# =] [1 - A] (\ { 1) I"rin/ (2 (1 B D)) (5)
Vi, = NDkVia/(1=D)

The voltages of capacitors C;, C,, Cs, and C4
can be expressed as

Ve, = NDkV,, /(1 - D) (7)

¢ ¢ Py HIID ]-'|' k 'H(].—L
":('1 = L('z = lllit-HfJ'.,u: {( 2“ )_ m )]

8)
]I-"r}” = L:'i-.!l + 1’1-] + ]I-’f} .;5 + 1’:‘-5
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_ 24 Dk+ DN -DNk-D+2Nk_

2(1-D) 9)
According to (7)—(9), collecting the terms, the
voltage gain can be expressed as

Vo Vo4V, +Ve, +Ve, +Vi

T Vi
2N DV(L5-03K)+ (L3k-03)
fall 1-D (10)
g_Yo _2+N D(N+1)

% T =B i3 an

Hn In
[-D 9+ N+(N+1)D

Vii=Va=Vn=Vn=

(12)
r Nl’?n — - "
Vps = D= NV,/(24 N+ (N+1)D)
(13)
i i (N+1)Vy (N+1)V,
Vps = Vpo =

=D 24N+(N+1)D 14
f;:m(u.n] = m/{l_D} (15)

Ipi(ts.tr) = Ip2(t2.t:)=Lo/De g
Then, based on the capacitor charge

balance, during the time interval [ty, t], the
average current of capacitorClcan be written as

Il“l[l‘u.f:] — I(J{(-D (17)

Therefore, the currents of secondary-
side N3 of the coupled inductor can be obtained

Inaitg.ta1 = fm{D (18)
Ingjts ts] = Lo/ (1= D) (19)

During the time interval [tp, tg], while
using KCL, at junction points of the primary
side Njof the coupled inductor, diode D; and
capacitor Cy, the average current of the leakage
inductor can be expressed
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Ip,jts4 = (N43) L/ (2(1 = D)) 5

3t j—l__D_ I_%ﬁ’l
Nl 4 Mo = Nl = M =f et -y pe
5 = =T
|r l.'- 5 — &1 ] 47
+ Molvag )+ Nlg gy i = =
L |
2D Liﬁlﬂ I ;"gukﬁ
Iy =L 2D+ N+ DN) /(D (1-D) e P
.H[fu.m =4 : & / - L= | e
22 e = al
Then, the RMS values of the switches
S, and S, are Fig.5 shows the matlab/Simulink model of
proposed system
DTg ; 9
Ijpyis-s, = \/i [ (-!i_\'l[fn.f!] + %—(].:’:ML + 3—fit)
@D+ N+DN) . /K WIN+DN I T e S r———
:J—EmtﬁF—uf§+)+m—ﬁﬁja—+5 iEVEE SRR =T e VR R (n Y Vi

DT: 2
1 - ” Al \°
mm%=wﬁf (fn-0381+ 51

_2D4+N+DN,  — [K>

Fig.6 shows the simulation waveforms of
proposed system like diode voltages and

dt = I,V +1 switch voltages.
2D(1-D) 12 23)
MNLDINHLY) 5V | R A N
M= -0 - T
* ({Rp+(AN+6)R.) | Rp+NR
1+RLA+H”‘;B+ IH(I—U} L ‘I' “ED L (24)
Where

A=(N+ND+3D)(N+ND +99)/ (RD“ ‘D)g)

) Fig.7 shows the output voltage of proposed
B =(N+ND+D+1)(N+ND+2D+1)/(RD(1- D)) converter

1 N4D(4]-221-D)
r{ 1]

AR L g

(25)

IV. MATLAB/SIMULINK RESULTS
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Fig.8 shows the proposed converter with grid
connected system

Fi9 sows thrid outputs of grid voltage and
gris current

V. CONCLUSION
The paper introduces
control of high step up dual switch converter
with coupled inductor and voltage multiplier
cell for secondary grid connected applications.
An additional control freedom is provided by

closed loop

the voltage multiplier cell to achieve extremely
high voltage conversion ratio and to minimize
the current ripple. The energy stored in the
leakage inductance of the coupled inductor is
recycled by using switched capacitors. The
voltage stress across the main switch is
reduced. Here the gate signals are generated
using PWM control schemes. The proposed
converter operated under open-loop & closed
loop manner. The proposed converter has
successfully implemented an efficient high

www.ijiemr.org

step-up conversion the voltage
multiplier module. The interleaved structure
reduces the input current ripple and distributes
the current through each component. In

addition, the lossless passive clamp function

through

recycles the leakage energy and constrains a
large voltage spike across the power switch.
Meanwhile, the voltage stress on the power
switch is restricted and much lower than the
output voltage.
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