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Abstract - A single switched capacitor high gain boost
quasi-z source converter proposed to coordinate the
separate benefits of quasi-z source converter and switched
capacitor. The single switch proposed converter maintains
low current stress across the switch, lowers the voltage
stress of diodes at output and maintains an excellent voltage
gain across the load unlike other step-up DC - DC converters
with utilizing almost same components like other step-up
DC - DC converters. By maintaining all these, the proposed
converter achieves the maximum efficiency of 92 to 94%
(theoretically and practically) with increased reliability. The
topological provenience, working standard, parameter
choice, and correlation with other DC- DC converters are
exhibited. Finally, both simulations and experimental results
are given to verify the characteristics of the proposed
converter. At long last, the two MATLAB results and
hardware results about are given to check the attributes of
the proposed converter.

Key Words: DC-DC converter, High voltage gain, Quasi-Z-
source network, Switched-capacitor

1. INTRODUCTION

With the advance of modern industrial applications
and the massive exploitation of conventional fossil energy,
environmental pollution and energy shortages are
becoming more and more serious. Therefore, it is
necessary to develop new energy resources such as solar
energy, and wind energy, which are renewable and
environmental protection, to replace the traditional fossil
energy [1, 2]. However, the output voltage of renewable
energy sources tends to be low, and far from the desired
dc-link voltage level of grid-connected inverters. Thus,
there is more and more demand for high step-up DC-DC
converters, and lots of research has been carried out on
this topic. Many other industrial applications, such as TV-
CRTs, X-ray systems, auxiliary power supplies for
electrical vehicles, high-intensity discharge (HID) lamps
for automobiles, also require dc/dc converters with high
step-up voltage conversion ratio [3, 4].

Among the non-isolated DC-DC converter topologies,
the traditional boost converter is one of the most
commonly used topologies for voltage step-up.
Theoretically speaking, its output voltage will be much
higher than the input voltage when the duty ratio
approaches 1. However, the duty ratio is limited when
considering the parasitic parameters of each component.
Therefore, in practical applications, the output voltage

gain of the conventional boost converter is limited, which
often cannot meet the requirements [5-7].

To obtain a higher voltage gain, conventional boost
converters can be connected in series [8]. However, the
whole system will become complicated due to many
components and additional control units, which will
increase its cost and size, degrade its efficiency and
reliability. In addition to cascading, the voltage gain of the
non- isolated DC-DC converters can be increased
effectively by using coupled inductors with an appropriate
turn ratio instead of traditional inductors [9, 10].
However, the energy stored in the leakage inductance is
another problem, which needs to be solved by additional
snubber circuits, leading to high volume, high weight and
low efficiency.

A converter adopting interleaved configuration has
been presented in [11], which can be used to reduce the
voltage and current stress and obtain a high voltage gain.
In [12] and [13], some high step-up DC-DC converters
with voltage multiplier cells have been presented.
Moreover, using switched-inductors to replace traditional
inductors, some non-isolated high step-up converters have
been pro-posed in [14-16]. Similarly, as presented in [17-
22], switched capacitor techniques can also be utilized in
DC- DC converter topologies to achieve high voltage gain.

However, the above DC-DC converters are all very
complex, and the output voltage gain is still not high
enough for many practical applications. Therefore, in
2003, the simple, novel and efficient idea of a Z-source
network was firstly proposed by [23]. The Z-source
impedance network consists of two inductors and two
capacitors, connected in an X-shape. The Z-source network
was firstly applied in DC-AC inverters, i.e., the traditional
Z-source inverter (ZSI) [23], which gives the inverter both
buck and boost conversion ability in a single-stage
topology. Since then, the Z-source network has greatly
advanced due to its distinct advantages, e.g., it utilizes the
shoot-through zero state to realize high voltage gain, no
dead time is needed, and it avoid mis gating-on caused by
the electromagnetic interference (EMI). Therefore, the Z-
source inverter is suitable for renewable power
generation systems, such as, fuel cells and photovoltaic
(PV) applications. Based on the Z-source network, many
publications have been reported to develop the
performance of ZSI, e.g., the improved ZSI in [24] and the
quasi-Z-source inverter (qZSI) in [25-29].
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Especially, the quasi-Z-source inverter, not only retains
the main characteristics of the ZSI, but also has its own
new features, such as continuous input current, low
capacitor voltage stress and a common ground for the
input and output. The Z-source network and the quasi-Z-
source network can also be applied to boost the output
voltage gain of DC-DC converters. In [30], a PWM Z-source
DC- DC converter is proposed, and its output voltage gain
is higher than the traditional boost converter. In [31], a
novel Z-source DC-DC converter is presented, which uses
the Z-source network to replace the traditional inductor in
a conventional boost converter. In [32], based on the
quasi-Z-source network, a modified Z-source DC-DC
converter is proposed, which provides a higher voltage
gain than the converter in [30]. However, the output
voltage-gains of these Z-source DC-DC converters are still
not large enough for many industrial applications, so it
remains a challenge to design higher step-up DC-DC
converters.

In this paper, a novel high step-up quasi-Z-source DC-
DC converter with a single switched-capacitor branch is
proposed and thus named a switched-capacitor quasi-Z -
source converter (SC-qZSC). When the switch is turned off,
the energy transferred from the inductors is used to
charge the capacitors in parallel. When switch is on, the
switched capacitors are connected in series to supply the
load. Therefore, the converter can provide higher output
voltage gain.

The rest of the paper is organized as follows. Section 2
describes the derivation and configuration of the proposed
converter. The operating principle and parameter
selection are presented in Section 3 and Section 4,
respectively. Section 4 also presents the boundary
condition between continuous conduction mode (CCM)
and discontinuous conduction mode (DCM), and the load
ranges of the pro-posed converter under the CCM
condition. It is followed by the comparison with other DC-
DC converters in Section 5. In Section 6 and Section 7, the
simulation and experimental results are presented
respectively to verify the theoretical analysis. Finally, a
conclusion is drawn in Section 8.

2. CONFIGURATION OF PROPOSED CONVERTER

Based on the switched-capacitor converter in Fig -
1[17], and the quasi-Z-Source converter in Fig -2 [32], the
proposed converter is depicted in Fig -3.
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Fig -1: Boost converter with a switched capacitor cell

The basic idea of the proposed converter is using an
additional single switched capacitor branch (C; D:)
combined with another single switched-capacitor branch
(Ci, D1) which is hidden in the quasi-Z-source network to
form a switched-capacitor cell (C;, Cz D;, Dz). As shown in
Fig -3a and Fig -3b, the quasi-Z-source network consists of
inductors L;, Lz capacitors C; C3 and diode D;. By
combining the switched-capacitor cell with the quasi-Z-
source network, the proposed converter can reach a
higher out-put voltage gain. According to the position of
the additional switched-capacitor branch (C; D;), two
kinds of SC-qZSC can be constructed, as shown in Fig -3a
and Fig -3b.

Fig -2: Modified Z-Source DC-DC Converter
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Fig -3a: Proposed Converter (Type -1 model)
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Fig -3b: Type -2 model
3. OPERATING MODES IN PROPOSED CONVERTER

For simplicity, the steady state analysis of the proposed
converter is based on the following assumptions.

1) The power switch S (MOSFET), diodes, load resistors,
inductors and capacitors are all ideal, and the parasitic
effect is ignored.

2) Ly =L; =L and C; = C3 = C in the quasi-Z-source
network, and C; = C; = C in the switched-capacitor cell,
thus C;=C,=C3=_C.

Referring to Fig -3a, when the converter is operating in
CCM, there will exist two operation modes, and the
corresponding equivalent circuits are shown in Fig -4a and
Fig -4b.
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Fig -4a: Mode 1: S, D, on, D; and D; off
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Fig -4b: Mode 2: D;, Dz on, S and D, off

When switch S is on, as shown in Fig -4a, diodes D; and
D; are off due to the reverse parallel connection with
capacitors. The input voltage V; and C; charge L;, and V;
and C; charge L;. Meanwhile, C; and C; are in series with V;
to supply the load through S. By applying Kirchhoff voltage
law, the following steady-state equations can be derived:
VinB =V, + Ve, vip =V + Ve and v B =V, + Vg + V.
When S is turned off, as shown in Fig -4b, D; and D; are on,
D, is reverse blocking, inductor L; charges C;, L, charges
C3, Viand Ly are in series with L; to charge C,, and the load
Ry is powered by capacitor C,. Thus, similar relationships
can be obtained: V,;+V; =0,V,,+V;3=0 and
Vi = Vi1 — Ves + Vi,. By the volt-second balance principle
of the inductor, the average voltage across an inductor is
zero in the steady state. Defining the duty cycle of S as D
=Ton/Ts, where T, is the conduction time of switch S, Ts is
the corresponding switching period. Thus, we have:

b V;
1_2D l e

VCl = Vc3 = (31)

VCZ = I/l + VCl +Vc3 = 7[/[ o

g Vi e (32)

From (3.1) and (3.2), the output voltage V, can be
derived as

2—-D

Vo=VitVa+Ve =775

Vi oo (3.3)
Thus, the output voltage gain G of the proposed SC-
qZSC Type-1 converter can be obtained as:

V, 2-D

v."1=2p "

e (34)

Similarly, for the converter in Fig -3b, when S is turned
on, diodes D; and D; are off, V; and C3 charge L;, and V; and
C: charge L;. Meanwhile, C; and C; are in series with V; and

C3 to supply the load through S. By applying the Kirchhoff’s
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voltage law, the following equations can be obtained.
Those equations are: Vi, =V, +Ve3, Vi, =V, +
Vepand Vy = V; + Vg + Viy + Vs when S is turned off, D,
and D; are on, diode D, is reverse blocking, the inductor L;
charges C; and C; in parallel, L, charges (3, and the load is
powered by capacitor Co. Thus, Vi1 + Ve =0, Vi +V, =
Oand V,, + V3 =0.

By the volt-second balance principle of inductors L;
and Ly, one can obtain:

D
Ver =V =Vez = mVl e e (3.5)
1+D
VO = [/I. + VCl + VCZ + Vc3 = m[[l ...... (36)

Therefore, the output voltage gain G’ of SC-qZSC Type-2
can be derived as:

Vo 14D

e (327)

Comparing the output voltage gain (3.4) with (3.7), it
can be found that the output voltage gain of SC-qZSC Type-
1 is higher than that of SC-qZSC Type-2. That is, G=G'+1.
Therefore, take the SC-qZSC Type-1 as the example to
present a detailed analysis in the rest of the project.

4. PARAMETER SELECTION

Based on the operating principle analysis in Section 3,
parameter selection for SC-qZSC Type-1 will be discussed
in this section. Normally, parameter selection of passive
and active components in a converter mainly depends on
their rated voltages and rated currents. Hence, the voltage
and current stresses of each component will be deduced
first.

4.1.Voltage stress of each component

According to the operating principle analysis in Section
3, when switch S is on, diodes D; and D; are off. From Fig -
4a, the voltage stresses of D; and D, can be obtained as:

1

VDl = VDZ = m‘/l T,

e (A1)

When S is off diodes D; and D, are on, and D, is off.
From Fig -4b, the voltage stresses of S and D, can be
obtained as:

1

VS = VDO b mVl

%)

The output voltage V, and capacitor voltage stresses
have been derived in Section 3.

4.2. Current stress of each component

Based on the ampere-second balance property of
capacitor C, the average current through a capacitor in
steady state is zero, and applying Kirchhoff current law to
capacitors C;, C,, C5 and C, in Fig -4a and Fig -4b have:

- DTs

Ts
(iz1,, = in,,) dt +f (it10g, = lingyy ) dt =0

DTy

DT Ts
f (iL1,, + iL2,, — ling,)dt + f fingpdt =0
0 DT

T.
(_iLlon)dt + f (iLZfo - l"noff) dt = 0

S
DT

(4.3)

DTy

DT Ts
f (iinon - iLlon - iLzon - Io)dt + J‘ (_Io)dt =0
0

DT

Where i} on, i off and iy on, lin off are the inductor
currents and the input currents when S is on and off,
respectively. Assuming that the inductors are large
enough, and the inductor currents in each operating mode
change linearly, the average inductor current can be
expressed as:

1 DT 1 Ts
L=— | i dt=—— | i dt.. (44
L DTJO Liondt (1—D)TJ {ogy At - (44)

DT

Combining (4.4) with (4.3) obtain:

; 2—1)1
L1 = o
1-2D
o L4 e (45)
l2=1_2p"°

When switch S is turned on, the currents through S and
the output diode D, are:

L __ 14D
ST hHhr1 _on) 0
DA=2D) " ... 46
I,
Ip, = E

When S is turned off, the currents through diodes Dy, D2
are:

I 2-D I
™ a—-pya-20)"
N .
{ I =351

e (£7)

Therefore, the average current flow through switch S
and the diodes over a switching period can be derived as:

2-D

Ipy = 1—2D I,

Inz = Ipg = Iy oo (48)
14D

Is=1—75p"
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Table-1: Voltage and current stresses of the proposed
converter proposed SC-qZSC Type-1

Parameter Voltage Parameter Current
stress stress
€y, C D L 2-D
1, L3 1—2D i 1 m o
1 1+D
C : L
‘ 1 - 2D ‘/l ? 1 _ 2D IO
1 2-D
Di, D : D
' ’ 1 - 2D ‘/l ! 1 _ 2D IO
1
D i Dz and D I
' i—20" |7 ’ 0
1 1+D
S : S

4.3.Parameter selection of inductors

1) Inductors L; and Lz: When switch S is off, the
inductance of L; and Lz, can be derived based on following
differential equation:

_ypdt

L= a, e (4.8)

Where di, is the inductor current ripple during the OFF
state, and dt = (1-D)T; is the duration of the OFF state.
Generally, a larger inductor current ripple will cause a
larger current stress in the switch and diodes. Thus, the
inductor current ripple should be limited to a permitted
range. x,% of the inductor current, di; can be expressed as:

o hdt
Then from Fig -4b, (4.8) and (4.9), we have:
1 - D)TV, 1 - D)TiV,
le( 0)sc1 z=( 0)sc3 . (4.10)
x; %I}, x, %I},

Substituting (3.1) and (4.5) into (4.10), the inductance
L; and L; should satisfy the following equations:

{L D(1—D)(1—2D)R,

(2 —D)2x,%f,
L - D(1-D)(1—-2D)R,
L 2min =1 4 D)2 — D)x,%f; *

It can be observed that for a given load resistance R,
and the duty ratio D, the inductance of L; and L, will be
determined by (4.11) directly.

2) Boundary condition between CCM and DCM: In
order to ensure the proposed converter operates in
continuous conduction mode, the inductor currents (i

irz) should be maintained continuously during a whole
switching cycle, thus

1
[Ll - EAiLl 2 0
? e (412)
[LZ - EAiLZ 2 0

Substituting (4.5) and (4.9) into (4.12), then we have:

|r2L1 _Db@-p)(a-2p)
R, T — (2 -D)?

2L, _D(1-D)(1-2D) "~
(R,T, = (1+D)2-D)

e (4.13)

Because the Z-source network is symmetric, L; = Lz = L.
Therefore, from (4.13), the boundary condition between
CCM and DCM can be expressed as:

2L _ D(1-D)(1 - 2D)
R,T,= (1+D)(2-D)

e (4.14)

N
0.045
0.040 cem DCM
1 00351
& 0030
3
N 0.025
* 0,020
0015
0010
0.005

S

- - - - - - - - - 7
005 0.10 0.15 0.20 0.25 0.30 035 040 045 0.50
Duty Ratio D

Fig -5: Boundary condition K as a function of Duty Cycle D

Denote K=2L/R;Ts, and then, Fig -5 shows a plot of the
critical ratio K as a function of duty ratio D at the CCM and
DCM boundary. From (4.14), we can obtain:

<2Lfs(2 + D —D?)
L= "92p3—-3p2+D

e e (415)

which is the limited load condition for the converter
operating in CCM. The load R, is proportional to the
inductance L in (4.15). Thus, by increasing the inductance
L, the load capacity of the converter can be further
enhanced. Based on (4.15), when the duty ratio D is equal
to 0.204, the maximum load resistance Rimax Can be
derived as (4.16) for CCM operation.

2Lf,
= 5024E e (4:16)

Lmax

Therefore, the proposed converter will operate in
continuous conduction mode regardless of the duty ratio D
as long as the load R;, satisfies R, <Rpmax.
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Fig -6: Comparison CCM load ranges between the
proposed converter and the conventional Z-Source DC-DC
converter

Moreover, a comparison of the CCM load range has
been made between the proposed converter and the
conventional Z-source DC-DC converter in [30], as shown
in Fig -6, for which the switching frequency fs is set to
50kHz. It can be seen that the load range of the proposed
SCqZSC Type-1 converter is much wider than that of the
conventional Z-source DC-DC converter with the same
inductance.

4.4.Parameter selection of capacitors

1) Capacitors Cy, Cz and Cz: From the above analysis,
when switch S is on, the capacitor voltages Vci and V¢, are
in series with the input voltage V; to power the load R;.
However, because the sum of V¢, Vez and Vi is a little
higher than the output voltage V,, there will exist a small
voltage ripple AVc on the capacitors at the switching
frequency. In order to limit AV¢ to a small range, a
permitted fluctuation range Xc¢% of capacitor voltage V¢ is
introduced here.

During the ON state of switch S, capacitors can be
designed based on the following differential equation:

I, dt

= e e (417
€= (4-17)

where I¢ on is the capacitor current when S is on; dt=DT;
is the ON time of S, and dve=xc%Vc. Now Icion = Iinon - 111,
Icz2.on =111+ 112 - linon, and I¢z on = - 113, SO substituting these
three equations into (4.17) leads to:

2) Output filter capacitor C,: Similarly, when S is off,
the output diode (D,) will be reverse blocking. Therefore,
the current flow through capacitor C, will be equal to the
output current I,. Thus:

0 - - CEDITT
Avey  xc %V

L)'

where dt = (1-D)T;. Substituting (3.3) into (4.19), the
capacitance of capacitor C, can be obtained as:
. - (1-D)(1 —-2D)I,
2= D)xc%Vif;

e e e one (4.20)

4.5. Parameter selection of switching devices:

Generally, the parameters of diodes and MOFETs can
be selected according to their voltage and current stresses,
which have been summarized in Table-1.

5. COMPARISON WITH OTHER DC CONVERTERS

5.1. Comparison of output voltage gains

N
30
Proposed Converter —»
2 25 Conventional Z-Source DC-DC—
3
o Converter
220
3 3-Z-Boost Converter,
S
215 DIESC-SC Converterin [19]
3
5 ) .
3 1 Symmetrical hybrid SL
Converter
5
———————————)

005 010 015 020 025 030 035 040 045 050
Duty Ratio D

Fig -7: Comparison of output voltage gains

The output voltage gain of the proposed SC-qZSC Type-

(D? —-D + 11, 1 is plotted in Fig -7as a function of the duty ratio D, and
G = W compared with the 3-Z-network boost converter in [6], the
(1—2D)I symmetrical hybrid switched-inductor converter (SH-SLC)
) = 0—0 e e (4.18) in [16], the converter in [19] (the turns ratio of the
xcWVifs coupled inductor is set to 1), the high step-up converter
L C, = (2 -D)l, with double inductor energy storage cell based switched-
xc %V, fs capacitors (DIESC-SC converter) in [20] and the
conventional ZSC in [30] (Table-2).
Therefore, the capacitance of C;, €z and C3 can be
designed by (4.18) directly.
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Table-2: Comparison of the number of components

the SH-SLC converter and the DIESC-SC converter. This is
due to the proposed converter has higher boost ability. It
can be observed that the proposed converter only has a
slightly higher switching current stress than DIESC-SC
converter when G is larger than 5, but lower than the
other three DC-DC converters.

Table-3: Stress comparison in the same V;, I, and G

Topologies [Inductors |Capacitors Diodes |Switches
Symmetrical

hybrid-SL 4 1 7 2
converter

Converter in .1-c0upled 4 4 1
[19] inductor

DIESC-SC 4 2 9 1
Converter

3-Z-network

boost 2 5 4 1
converter

Proposed 4 3 1
Converter

The ideal expressions for the output voltage gains are
given in Table 3. And all these five converters are non-
isolated DC-DC topologies. From Fig -7, it can be observed
that the output voltage gain of the proposed converter is
higher than that of the other four converters for all duty
ratios in the range (0, 0.5).

5.2. Comparison of the number of components

Table-2 shows the comparison of the number of
passive and active components used in these five
converters. From this table, it can be seen that the total
number of components used in the proposed converter is
no more than in the other four DC-DC converters.
Therefore, compared with these four topologies, the
proposed converter can provide higher output voltage
gain by using the same or similar active and passive
components.

5.3. Comparison of stresses

In this section, the voltage and current stresses of these
five converters are compared under the same DC input
voltage Vi, input current I;,, and output voltage gain G. The
stresses on components of these five DC-DC topologies
have been summarized and tabulated in Table-3.

The comparison of the output diode voltage stress for
these five converters is depicted in Table-3. It can be seen,
for producing the same output voltage gain G, the
proposed converter has lower output diode voltage stress
than the SH-SLC converter and the 3-Z boost converter.
Although it is a little higher than the DIESC-SC converter
and converter in [19], it requires one less inductor and
one less capacitor than DIESC-SC converter and one less
diode than the converter in [19]. It can be seen that the
proposed converter has lower switching voltage stress
than the 3-Z boost converter. However, when the output
voltage gain G is larger than 5, it will be a little higher than

Converter . IESC 7 -
Topologies {ybrid SL sc nh[19] vost Proposed
Voltage 1+3D 2+D 2+D 1+ D\? 2-D
gain 1-D 1-D 1-D (1—1)) 1-2D
Voltage

@ (1 ; 26 -1V,
Liress  of Q+6)V |1+6), + 6V, Gv, (26 -1,
switches 2 3 3 3
Current ) g - vy
stress  of 6+ Dl (6= Dl Ly ( +1 )Ii G =Dy,
switches 2G G G G
Voltage of o
butput 1+6)V, a+ov, (1+6V 6, (26 - 1),
diodes 3 3 3
Voltage of I 1y, Ja+6w, (146 NG-1)y |26-1V,
diodes 4 3 3 2 3
nductor (G + 3)1;,, Il_n ! G+ \/E)Iin G - DI,
current 4G G in s -

6. SIMULATION RESULTS

The simulation parameters are selected as per the
design conditions in Section 4: Input voltage V; = 10V,
capacitors C; = C; = C3 = 330uF, inductors L; = L, = 220uH,
output filter capacitor C, = 330uF, with switching
frequency f; = 30KHz, rated output power Py, = 64W and
R:. = 1KQ. The simulation circuit in MATLAB shown in Fig -
8.

1]

R
EERNEAR

Fig -8: MATLAB simulation circuit for proposed converter

The simulation results are shown in Fig -9a, 9b and 9c.
The three graphs each show, from top to bottom, the
simulated waveforms for the drain-source voltage of
switch S, the voltage of diode D; (or D7), the currents in L;
and L, the voltages of C; (or C3) and C, and the output
voltage V.
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Fig -9a: Duty cycle D = 0.2

Fig -9c: Duty cycle D = 0.4

As shown in Fig -9a, 9b and 9c, the converter operates
in CCM and includes two operating states. When the duty
ratio is equal to 0.2, the capacitor voltages V¢; (or Vez) is
about 3.3V and V¢ is about 16.67V, and the output voltage
V, is about 30V. When the duty ratio is 0.3, the capacitor
voltage V¢r (or Vez) is 7.5V, Ve is 25V, and the output
voltage is 42.5V. When the duty ratio is 0.4, the capacitor
voltage V¢; (or Vez) is 20V, Ve, are 50V, and the output
voltage is 80V. These are all in accordance with the
theoretical values calculated from [1], [2], and [3].

7. EXPERIMENTAL RESULTS

A prototype of the proposed converter shown in Fig -
10 was built to verify the steady state analysis in Section 3.
The experimental parameters were chosen to match the
simulation parameters given in Section 6.

The semiconductor switch S (Type: IRFP250N) is
driven by the UC3525 basic board with driver IR2101, and

three MBRF30H150CT diodes are used for D;, D; and D,.
The ON resistance rps of switch S is 0.075Q.

Fig -10: Prototype of the proposed converter

The experimental waveforms of the proposed
converter with a regulated DC input voltage source V; =
10V, are shown in Fig -11a, 11b and 11c. From the top to
the bottom, in each graph, the waveforms are the driven
voltage of switch S, V¢s; the current of inductor Ly, ir1; the
current of inductor Ly, i;»; the capacitor voltages V¢ (or
Ve3) and Viz; and the output voltage V,. As shown in Fig -
11a, when the duty ratio D = 0.2, the measured values of
capacitor voltages and output voltage are V¢; = Vez = 2.3V,
Vez = 15.5V, and V,=27.2V, while the theoretical values are
Ve1 =Vez =3.3V, Ve = 16.67V, and Vo= 30V. As shown in Fig -
11b, when the duty ratio D = 0.3, the measured values of
capacitor voltages and the output voltage are V= Viz =
5.2V, V2 = 22.8V, and V, = 38.1V, while the expected values
are Ve; = Vez = 7.5V, Ve = 25V, and V, = 42.5V. Fig -11c
shows the experimental waveforms when D = 0.4, the
measured values of capacitor voltages and the output
voltage are V¢ = Vgz = 16.8V, Ve = 45.1V, and Vo= 70.3V,
while the theoretical values are V¢; = Vez = 20V, Vez = 50V,
and V,= 80V. The comparison between theoretical values
and measured values is given in Fig -12. It shows there are
some differences between the measured values and
theoretical values, which are mainly caused by the
equivalent series resistance (ESR) of each component and
the forward voltage drop of diodes.

In order to take the parasitic parameters of passive and
active components into consideration, we assume that the
forward voltage drops on diodes are Vp, the parasitic
resistances of the inductors are r;, the equivalent series
resistances (ESRs) of capacitors are rc, and the equivalent
drain-to-source on-resistance of switch S is rps.

The efficiency of the proposed converter under the
condition of V; = 10V, duty ratio D = 0.2 to 0.4, R, = 10002
was measured, and a comparison between the measured
and the theoretical predicted efficiencies is presented in
Fig -13. It can be seen that by increasing the value of the
duty cycle the measured efficiency of the proposed
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converter is reduced, and the difference between the
calculated and experimental results is increased. The
reason is that by increasing the duty cycle the conduction
power losses on devices will be increased, too. This fact
applies to all kinds of converters based on impedance
source network.
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Fig-11a: Duty cycle D = 0.2
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Fig -11b: Duty cycle D = 0.3
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8. CONCLUSION

Based on the respective merits of the switched -
capacitor converter and the quasi-Z-source converter, a
new high step-up quasi-Z-source DC-DC converter with a
single switched-capacitor branch was proposed in this
paper. The operating principle analysis, parameter
selection, the boundary condition between continuous and
discontinuous conduction mode (CCM and DCM), and the
comparison with other existed high step-up DC-DC
converters have been presented in detail. Finally, both the
simulations and experimental results are given to validate
the effectiveness of the proposed converter. In comparison
with other existed high step-up DC-DC converters, the
proposed converter provides higher output voltage gain,
lower voltage stress across the output diodes, and lower
current stress across the switches. Thus, the efficiency and
reliability of the pro-posed converter can be improved,
which implies that it would be suitable for high step-up
voltage conversion applications, such as TV-CRTs, X-ray
systems, high intensity discharge lamps for automobile
headlamps, as well as grid connection of renewable energy
sources. This work was supported by the Key Program of
National Natural Science Foundation of China (No.
51437005).
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Fig-11c: Duty cycle D = 0.4
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