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Abstract; Now a day’s the rate of energy generated by the
renewable energy sources are increasing rapidly. More popular
source form these sources is the photovoltaic system source, but
this photovoltaic system is now also most costly and a research
work is going on to reduce the cost and increase efficiency of
photovoltaic system. boost dc-dc converter system is developed
for to convert dc power in to the dc and also boost dc output.
Due to less no of switches, complicity of converter has been
reduced. However the conventional boost converter capabilities
are limited.Hence ,in this work, we have proposed a new
topology based a Z-source configuration to interface the pv
system .The boosting capability of conventional boost dc —dc Z-
source converter is limited.Hence to overcome the limitations of
conventional Z-source boost dc-dc converter, a modified version
of Z-source boost dc-dc converter is proposed with stronger
voltage boost capabilities. The performance of the proposed
converter for photovoltaic application is successfully verified
using Matlab Simulation.

I. INTRODUCTION

Nowadays the use of power is increased because of the
increased population and use of more number of
electronic equipments among which some will be high
power rated devices. So there is a demand for large
amount of power generation in these days and even it will
keep increasing in the future generation. So technologies
are developed to generate the large amount of power
using the available sources of energy in the nature, which
is cost efficient and environmental friendly. The
renewable energy sources are available in the form of sun,
wind, tidal, biomass and others. Using sun as the source
of energy photovoltaic systems are developed. But the
output obtained from the photovoltaic panels is of low
value, so there is a need of step up of the output voltage
from the PV panels. Because the low value voltage cannot
be provided to the inverters. Hence the design oh step up
dc-dc converters is most. important in PV systems. Till
now, many voltage-boost topologies have been explored,
namely voltage multiplier, switched-inductor, switched.

capacitor, coupled-inductor, voltage. lift, and cascaded,
boost techniques. But these methods are all not simple
and have less efficiency and more costs. Many DC-DC
converters can either buck or boost the voltages. The
converter fed with voltage will buck the voltage and boost
when fed with the current. The Z source converters are
those which can do both buck and boost operation and
these inverters found applications as active filters to
improve the quality of power. The required output
obtained from these inverters by varying the shoot
through duty ratio. Mitigation of voltage sags can be done
using these inverters as they boost the voltage and they
provide reliability, flexibility, and reduced harmonics. By
controlling the shoot through period makes the z source
converter to produce the voltage higher than the line
voltage and because of this they are used in compensation
of voltage when there is reduction of voltage level in
power systems[2]. The Z Source inverter has become a
more interested stream because of its buck-boost.
inversion capability. Along with the aforementioned.
advantages, the original ZSI also has. some drawbacks,
such as discontinuous. input current, high voltage. stresses
and limited boost, factor 1/(1-2Ds) (Ds is the shoot-
through duty cycle). On top of that, the dc, voltage source
and the inverter bridge do not share a same ground. To
overcome. such limitations in the original ZSI, various
novel impedance-source network, topologies have been
presented in numerous works done by various authors.
Among the changed Z-source. network topologies,
quasiZ-source network is a simple but efficient solution.
The proposed converter in this paper has some additional
features compared to the traditional Z-source topology,
like continuous input. current, and reduction in capacitor,
voltage stress. The hybrid two quasi z source boost dc to
dc converter is the combination of the two different QZS
networks The traditional z source inverters have some
disadvantages among them discontinuity in the current is
significant and also the voltage stress on the capacitors
and to overcome such drawbacks different combination L
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and C circuits are formed namely quasi z source
networks.

Quasi z source network has both current fed topology and
voltage fed topology which is similar to the z source
network. Disadvantages with the z source converter are
discontinuity of input.current, greater.voltage stress on
Switch is more. The Lf-Cf output filter is used to reduce
ripple in the output.current and load voltage respectively
[2]. In the reference [21] & [22] authors have used the
MPPT algorithm to obtain the maximum power while
harnessing the solar energy.

IN THE last several years, with the tension of global
fossil en- ergy, the renewable energy power systems,
which are mainly on the photovoltaic (PV) power
systems, are developing rapidly. In a PV power system,
the output voltages of the PV panels are usually low and
vary widely under the influences of weather and
environment, therefore a step-up stage is often demanded
[1]-[3]. The two-stage systems are shown in Fig. 1, which
consist of step-up dc—dc converters and inverters. The
unregulated low dc voltage of PV panels, which cannot be
provided for inverters, must be boosted and regulated
through the high-gain converters. Then, the step-up
converters output regulated high dc voltage to the grid-
connected inverters.

Thus, the design of the step-up dc—dc converters is very
important to the PV power systems. So far, various
voltage-boost techniques have been greatly explored, such
as the voltage multiplier [4], switched inductor [5],
switched capacitor [6], coupled inductor [7], voltage lift
[8], and cascaded boost [9] techniques. However, these
techniques are all complex with low efficiency and high
costs.

DC DC
PV Grid

DC AC

Fig..1. Two-stage PV power systems.
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Fig. 2. Z-source inverter

The concept of Z-source network was first proposed by
Peng [10]. As shown in Fig. 2, the Z-source network is an
X-shaped impedance network, which can be applied to
dc-ac, dc—dc, ac—ac, and ac—dc power conversion. The Z-
source inverter (ZSI) can utilize the shoot-through state
which is not allowed in the traditional voltage-source
inverters to boost the voltage. In addition, the buck
voltage inversion ability is also retained. The ZSI has
rapidly become a research hotspot because of its buck—
boost inversion ability. Though with the aforementioned
advantages, the original ZSI also has some drawbacks,
such as discontinuous input current, high-voltage stresses,
and limited boost factor 1/(1-2DS ) (DS is the shoot-
through duty cycle). Moreover, the dc voltage source and
the inverter bridge do not share a common ground. To
overcome the limitations in the original ZSI, various
novel impedance-source network topologies have been
presented in numerous studies [11]-[24]. Among the
modified Z-source network topologies, quasi-Z-source
network is a simple but efficient solution [11]-[13]. It can
be seen from Fig. 3 that the quasi Z-source inverters
(gZST) can be classified into continuous current gZSI and
discontinuous-current qZSI. For easier referencing, their
impedance networks are, respectively, referred to as
quasi-Z-source network | and quasi-Z-source network I1.
The two proposed quasi-Z-source networks have the same
boost factors as the traditional Z-source network, which
are 1/(1-2DS ), but they have some advantages over the
traditional Z-source network, such as continuous input
current, common ground between the voltage source and
the inverter bridge, and reduced capacitor voltage stress.

At present, the studies on Z-source networks mainly focus
on the field of dc-ac power conversion, while the
application of Z-source networks in dc-dc power
conversion is still a gap to fill. Therefore, this paper
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applies the Z-source networks to dc—dc converters with
their boost abilities, and proposes a family of hybrid Z-
source boost dc—-dc converter, which is obtained by
combining the traditional Z-source/quasi-Z-source
networks in different ways. As a result, the integrations of
the Z-source/quasi-Z-source networks enhance the boost
abilities of the obtained hybrid Z-source networks and
retain all the advantages of the traditional Z-source/quasi-
Z-source networks. Due to the aforementioned
advantages, the proposed converters are very suited for
PV power systems, where the dc—dc converter with high
step-up ability is often demanded. Like the traditional Z-
source network, the proposed hybrid Z-source networks
also can be applied to dc-ac, ac-ac, and ac—-dc power
conversions.

Quasi-Z-Source Network I

-

(b)

Fig. .3. Quasi-Z-source inverters. (a) Continuous-current
gZSl. (b) Discontinuous-current qZSl.

of Z-source networks in dc—dc power conversion is still a
gap to fill. Therefore, this paper applies the Z-source
networks to dc—dc converters with their boost abilities,
and proposes a family of hybrid Z-source boost dc—dc
converter, which is obtained by combining the traditional
Z-source/quasi-Z-source networks in different ways. As a
result, the integrations of the Z-source/quasi-Z-source
networks enhance the boost abilities of the obtained
hybrid Z-source networks and retain all the advantages of
the traditional Z-source/quasi-Z-source networks. Due to
the aforementioned advantages, the proposed converters
are very suited for PV power systems, where the dc—dc
converter with high step-up ability is often demanded.
Like the traditional Z-source network, the proposed

hybrid Z-source networks also can be applied to dc-ac,
ac—ac, and ac—dc power conversions.

4.2 CONFIGURATION OF THE PROPOSED
CONVERTER

Three new hybrid Z-source dc—dc converters are
presented in this paper, which can be categorized as
hybrid two-quasi-Z source boost dc—dc converter, hybrid
three-quasi-Z-source boost dc—dc converter, and hybrid
Z-source/quasi-Z-source boost dc— dc converter. The
topologies of these converters are presented in the
following sections.

4.2.1 Hybrid Two-Quasi-Z-Source Boost DC—
DC Converter
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Fig. 4. Hybrid two-quasi-Z-source boost dc—dc converter.
The hybrid two-quasi-Z-source boost dc—dc converter is
shown in Fig. 4, which consists of a hybrid two-quasi-
Zsource network (L1-D1-C1-C2-L2—C3-D2—C4-L3),
an active switch S, an output diode D3, and an output
capacitor C5. It can be seen from Fig. 4 that the proposed
hybrid Z-source network is obtained by replacing an
inductor L2 in the quasi-Z-source networkl | with the
quasi-Z-source network Il, which adds an inductor L3,
two capacitors (C3 and C4), and a diode D2 to the quasi-
Z-source network 1. The hybrid two-quasi-Z-source
network has higher step-up ability (voltage gain M = 1/(1
— 3Ds)) than that of the quasi-Z-source network | (M =
1/(1 — 2Ds)) and inherits the merits of the quasi-Z-source
network |, such as continuous input current and common
ground between the input and output.

4.2.2 Hybrid Three-Quasi-Z-Source Boost DC-DC
Converter
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Similar to the aforementioned topology, the proposed
hybrid Z-source network in this section is the integration
of the quasi-Z-source network | and quasi-Z-source
network Il. Fig. 5 shows the hybrid three-quasi-Z-source
boost dc—dc converters. It can be noticed that the
proposed hybrid z source network
(L1-C1-D1-C2-L2-D2-C3—C4-L3—C5-D3—-C6— L4)
is obtained by replacing all the inductors (L1 and L2) in
the quasi-Z-source network | with the quasi-Z-source
network I1. In addition to the hybrid three-quasi-Z-source
network, the proposed converter employs an active switch
S, an output diode D4, and an output capacitor C7.
Though the voltage gain (M = 1/(1 — 4Ds)) of the
proposed converter is higher than that of the hybrid two-
quasi-Z-source boost dc—dc converter, it draws a
discontinuous current from the dc voltage source.

Quasi=Z=Source Network [
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Fig. 5. Hybrid three-quasi-Z-source boost dc—dc

converter.
\
1

—
=

Fig. 6. Improved hybrid three-quasi-Z-source boost dc—dc
converter.
To smooth the input current, a simple improvement on the
proposed converter is shown in Fig. 6, where dc voltage
source is placed in series with the inductor L1. However,
the voltage gain of the improved hybrid three-quasi- Z-
source boost dc—dc converter is not influenced by the
modification, which is the same as the hybrid three-quasi-
Z-source boost dc—dc converter. In addition to the high-

voltage gain and continuous input current, the improved
hybrid three-quasi Z-source network provides a common
ground between the input and output.

4.2.3 Hybrid Z-Source/Quasi-Z-Source  Boost
DC-DC Converter
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Fig. 7. Hybrid Z-source/quasi-Z-source boost dc—dc
converter.

This section proposes a hybrid Z-source network which
combines the original Z-source network with the quasi-Z-
source network Il. As shown in Fig. 7, the proposed Z-
source network(L1
—C1-D2-C2-1L2-C3—-C4-L3-C5-D3-L4— C6) replaces
the inductors (L1 and L2) in the original Z-source
network with the quasi-Z-source network 1. Additionally,
the proposed converter comprises an active switch S, two
diodes (D1 and D4), and an output capacitor C7. Like the
traditional Z-source network, the hybrid Z-source/quasi-
Z-source network has a symmetrical structure, and the
step-up ability (M = 1/(1 — 4Ds)) of the propose hybrid Z-
source network is similar to that of the hybrid three-quasi-
Z-source network.

43 OPERATING PRINCIPLES OF THE
PROPOSED CONVERTERS
The operating principles of the proposed converters are
analyzed in this section. For analytical purposes, the
following conditions are assumed.

1) All the components are ideal.

2) 2) All capacitors are so large that the capacitor

voltages can be treated as constant.
3) All the proposed converters operate in CCM.
4.3.1 Hybrid Two-Quasi-Z-Source Boost DC-
DC Converter
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Fig..8. Key waveforms of the hybrid Z-source networks.

The operation principles of the proposed converters are
similar to that of the novel Z-source dc—dc converter [25].
Fig. 4.8 shows the key waveforms of the hybrid Z-source
networks. The operation states of all the proposed
converters can be divided into two states: state 0 and state
1.

4.3.1.1 State 0: The equivalent circuit of the proposed
converter operates in state 0 is shown in Fig. 9(a). During
this state, the switch S is ON, while diodes D1-D3 are
OFF. Assuming that TO = DT is the interval of state 0 in a
switch cycle T, where D is the duty cycle. The voltage
source Vin and capacitor C2 discharge the energy to
inductor L1. Inductors L2 and L3 are charged by
capacitors C1, C3, and C4.

L: 1
+ v = G
N 5 oy By
Ly i T w i
li f

Vi G Ve

(b}

Fig. 9. Equivalent circuit of the hybrid two-
quasi-Z-source boost dc—dc converter. (a) State
0. (b) State 1.

According to Kirchhoff’s Voltage Law (KVL), the
voltages across inductors L1 — L3 can be expressed as

vt = Via + Voz, vra = Ver + Vew, veg = Ver + Ves g
Due to the symmetry of the quasi-Z-source network Il (L2
= L3, C3=C4), we obtain

Vpa = Vs, Voga = Vg
L2 L3+ ¥O3 4 @)

2) State 1: The equivalent circuit of the proposed
converter operates in state 1 is shown in Fig. 9(b). During
this state, switch S is OFF, while diodes D1-D3 are ON.
Assuming thatT1 = (1 — D)T is the interval of state 1 in a
switch cycle T. Capacitors C1-C4 store energy, whereas
the voltage source Vin and inductors L1-L3 discharge the
energy to the load R
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vy = Vin — Ver, vpa +vps = —Vea

Ves + Ve = Vea, Vo = Vor + Vez. g
By applying the voltage—second balance principle to the
inductors L1 and L2 (or L3) from (1)—(3), we have

. 1-2D. 2D
Ver = 1—3D Vin, Voo = 1-3D Vin

. . D - 1 i

Ves = Veu = m'ﬁu- Vo = mhn- @

Thus, the voltage gain M of the proposed converter can be
expressed as

V, 1
View 1 — 3D
(5)

From (5), we know that the step-up ability of the
proposed hybrid Z-source network is higher than that of
the traditional Z-source/quasi-Z-source network and the
switched-inductor quasi-Z-source network [17].

4.3.2 Improved Hybrid Three-Quasi-Z-Source Boost
DC-DC Converter

Because the hybrid three-quasi-Z-source boost dc—dc
converter and the improved hybrid three-quasi-Z-source
boost dc— dc converter have the same voltage gain, we
take the latter as an example to analyze. The improved
hybrid three-quasi-Z-source boost dc—dc converter also
has two operation states: state 0 and state 1.

4.3.2.1 State 0: Fig. 10(a) shows the equivalent circuit of
the proposed converter operates in state 0. During this
state, switch S is ON, while diodes D1-D4 are OFF.
Capacitors C1—C6 discharge the energy to inductors
L1-L4. By applying KVL to Fig. 10(a), the following
equations can be derived:

M=

_I.H
wt
r)
0
¥, 4w = Ve woo Ve
i e
L ! L
I ! 0 n, 0 0,
| oy bt ny -
F Yy — _Va [
Y T A

O Vo

(b)
Fig. 10. Equivalent circuit of the improved
hybrid three-quasi-Z-source
boost dc—dc converter. (a) State 0. (b) State 1.

4.3.2.2 State 1: Fig. 10(b) shows the equivalent circuit of
the proposed converter operates in state 1. During this
state, switch S is OFF, while diodes D1-D4 are ON.
Inductors L1-L4 transfer energy to capacitors C1-C6 and
the load R. The following equations can be obtained
according to the equivalent circuit in state 1:

vy = Vi = Ve, o2 = =Vea, v o = =Vey

Vos + Ves = Veu Vor +Voa =Veg Vo =Ves +Veu. (g

By applying the voltage—second balance principle to the
inductors L1-L3 (or L4), we have

1 =3D
Vor = ——=Vu, Vo2 = Vo5 = Vop,= —=au
rl ) ( ( 0 )
1 =2D 2D |
Vog = ==V, Veu = Viay Vo =+ Via.
o™ T IoD [-4D™ (9)
The voltage gain M of the proposed converter is
M=o L
Vin 1 — 4D
(10)
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It can be seen from (10) that the boost ability of the
proposed hybrid Z-source network is stronger than that of
the hybrid two-quasi-Z-source network. Moreover, they
have the same advantages.
4.3.3 Hybrid Z-Source/Quasi-Z-Source Boost DC-DC
Converter
The hybrid Z-source/quasi-Z-source boost dc—dc
converter has two operating states: state 0 and state 1.
4.3.3.1 State 0: Fig. 11(a) shows the equivalent circuit
diagram for state 0. During this state, the switch S is ON,
while diodes D1-D4 are OFF. All the capacitors
discharge the energy to all the inductors. The following
equations can be derived because of the symmetries of the
Z-source network (C3 = C4) and quasi-Z-source network
IN(L1=L2=L3=1L4,C1l=C2=C5=C6)

' Fer

* L= b

LT Ve
-y Y
L, Pl
L
¥
0, ey + M- n,
= S =
o :
I
! Ot
+ + +
] Ve Frs L) [y =i 1
Y L=
Aot *e
| i
- Vs
+* I{. = +
[ i

(b}
Fig. 11. Equivalent circuit of the hybrid Z-
source/quasi-Z-source boost
dc—dc converter. (a) State 0. (b) State 1.

Upp =V =ty =y

Ver = Vea = Vs = Veg, Vey = Ve
1 2 '3 O YOS 4 (11)
As shown in Fig. 11(a), we have
vy = Vpa + Ves.

(12)

4.3.3.2 State 1: Fig. 11(b) shows the equivalent circuit
diagram for state 1. During this state, the switch S is OFF,
while diodes D1-D4 are ON. The voltage source Vin and
inductors transfer the energy to the capacitors and the
load R. The following relationships can be obtained:
vr1 = — Ve, Vin = Vea — Voo — Ve
Ve = Veoz + Vea — Vi

(13)
By applying the voltage—second balance principle to the
inductors L1, we have

Ve Vi | ! b !
C1 = ¥F2 = V5 = Y6 J.__”.Jlu.
1 — 2D 1
Ves =Vou= — =V, Vo = ———=Viu-
1 — 4D 1 — 4D (14)
Thus, the voltage gain M of the proposed converter is
M=te o L
1':, 1 — 4D (15)

Even though the hybrid Z-source/quasi-Z-source network
has the same boost ability as the improved hybrid three-
quasi-Zsource network, it does not provide the continuous
input current and common ground between the input and
output.

4.3.4 Impact of Component Losses on Output Voltage
In fact, the losses of each component could affect the
step-up performances of the proposed converters. We
assume that the dc resistances of the inductors are rL, the
forward voltage drops of the diodes are VD , the on
resistance of the switch is rs, and the average input
current is lin. For the hybrid two-quasi-Z-source boost
dc—dc converter, the output voltage Vo can be expressed
as

v 1 . 1-D-2p*-2p
o= . m = = T inTL
1-3D 1 —5D0+ 607 .
30?2 20D 41102 —4DF
- —_—fry - —V).
[=5D+6D* " T 1-5D+6DF U (16)

For the improved hybrid three-quasi-Z-source boost dc—
dc converter, the output voltage Vo is

. 1 . 4
1,-, = 1 — 4D1'::|_ 1 — 4D-{'::|FI.
12D 1(1 - D).
- ——Iyrs — ——Vp.
1 — 4D =40 gy

For the hybrid Z-source/quasi-Z-source boost dc—dc
converter, the output voltage Vo is
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. 1 ) 4
V. = mlau - mfauu
16D, 41 -D)
J. — -I.II'-: inT% 1 — -If] 0.
(18)

6. PHOTOVOLTAIC TECHNOLOGY

A PV array consists of a number of PV modules,
mounted in the same plane and electrically connected to
give the required electrical output for the application. The
PV array can be of any size from a few hundred watts to
hundreds of kilowatts, although the larger systems are
often divided into several electrically independent sub
arrays each feeding into their own power conditioning
system.

Photovoltaic’s is the field of technology and
research related to the devices which directly convert
sunlight into electricity using semiconductors that exhibit
the photovoltaic effect. Photovoltaic effect involves the
creation of voltage in a material upon exposure to
electromagnetic radiation.

The photovoltaic effect was first noted by a
French physicist, Edmund Becquerel, in 1839, who found
that certain materials would produce small amounts of
electric current when exposed to light. In 1905, Albert
Einstein described the nature of light and the photoelectric
effect on which photovoltaic technology is based, for
which he later won a Nobel prize in physics. The first
photovoltaic module was built by Bell Laboratories in
1954. 1t was billed as a solar battery and was mostly just a
curiosity as it was too expensive to gain widespread use.
In the 1960s, the space industry began to make the first
serious use of the technology to provide power aboard
spacecraft. Through the space programs, the technology
advanced, its reliability was established, and the cost
began to decline. During the energy crisis in the 1970s,
photovoltaic technology gained recognition as a source of
power for non-space applications.

The solar cell is the elementary building block of
the photovoltaic technology. Solar cells are made of
semiconductor materials, such as silicon. One of the
properties of semiconductors that makes them most useful
is that their conductivity may easily be modified by
introducing impurities into their crystal lattice. For
instance, in the fabrication of a photovoltaic solar cell,
silicon, which has four valence electrons, is treated to
increase its conductivity. On one side of the cell, the
impurities, which are phosphorus atoms with five valence
electrons (n-donor), donate weakly bound valence
electrons to the silicon material, creating excess negative
charge carriers.

On the other side, atoms of boron with three
valence electrons (p-donor) create a greater affinity than
silicon to attract electrons. Because the p-type silicon is in
intimate contact with the n-type silicon a p-n junction is
established and a diffusion of electrons occurs from the
region of high electron concentration (the n-type side)
into the region of low electron concentration (p-type
side). When the electrons diffuse across the p-n junction,
they recombine with holes on the p-type side.

However, the diffusion of carriers does not occur
indefinitely, because the imbalance of charge immediately
on either sides of the junction originates an electric field.
This electric field forms a diode that promotes current to
flow in only one direction.

Ohmic metal-semiconductor contacts are made
to both the n-type and p-type sides of the solar cell, and
the electrodes are ready to be connected to an external
load. When photons of light fall on the cell, they transfer
their energy to the charge carriers. The electric field
across the junction separates photo-generated positive
charge carriers (holes) from their negative counterpart
(electrons). In this way an electrical current is extracted
once the circuit is closed on an external load.

SUNLIGHT
FRONT
ANTL REFLECTIVE CONTACT

COATING

SPECIALLY TREATED
SEMI.CONDUCTOR ™
MATERIAL

(

BACKE CONTACT

Fig: 12. photovoltaic system
(B) PV CELL MODEL
The equivalent circuit of a PV cell is shown in Fig.4.3. It
includes a current source, a diode, a series resistance and
a shunt resistance.
R I

- ()

~
L
<

O
Fig 13. PV cell equivalent circuit.

In view of that, the current to the load can be given as:
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V+ Rgl V+ Rgl T T T T
qa( NKTS )) _1) _ ( RS; )
(4.1) : i i . ;
In this equation, Igis the photocurrent, Lsis the ’ . . : .
reverse saturation current of the diode, q is the electron ; '
charge, V is the voltage across the diode, K is the i | | i i ‘ ‘ i
Boltzmann's constant, T is the junction temperature, N is N ' ‘ ' ' ‘ ! '
the ideality factor of the diode, and Rsand Rshare the series

I =L, - Is(exp

i

o s
T
1

and shunt resistors of the cell, respectively. As a result, s o - &
the complete physical behavior of the PV cell is in Fig.16:VC1,vC2,V0 (Charging and Discharging
relation with Igh, Is, Rsand Rspfrom one hand and with two voltage)

environmental parameters as the temperature and the solar
radiation from the other hand.

7. SIMULATION RESULTS s ,

Dr Fig.17:VGS(gate pulses)
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Fig.14: Hybrid three-quasi-z-source ’[_[ : I be
mm Fig. 18: Hybrid two-quasi-z-source
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Fig.20:.VC1,VC2,V0(Charging and Discharging voltage) "",':‘ig_25: VCl;VCZ,VO(Charging and Diécharging
N— ‘ ‘ ' f ’ . voltage)
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Fig.21:VO0 (output voltage)

Fig.26.: VGS (gate pulses)
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Fig.22:VGS (gate pulses) 1

E j Fig.27:.V0 (output voltage)

®
D 8. CONCLUSION

- i & L [o—1 A family of hybrid Z-source boost dc—dc converters for PV
; , 1 é Fho7] power systems has been presented in this paper. The proposed
| f E converters use the hybrid Z-source networks, which are obtained
= by combining the traditional Z-source networks. Apart from the
high step-up abilities, the proposed hybrid Z-source networks

retain all the advantages of the traditional Z-source networks,
such as continuous input current, reduced capacitor voltage
Fig.23:.PV_Hybridthree_quasi-z-source stress, and common ground between the voltage source and the
* ' ' * L inverter bridge. The topologies, operating principles, and
1 comparison with other Z-source networks are presented in this
paper. Finally, the simulation and experimental results verify the
features of the proposed converters.
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