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ABSTRACT: A single switch Z-source dc-dc converter is proposed in this paper. When compared to the conventional
Z- source dc-dc converter, the proposed converter can provide high voltage gain and low voltage stress of switch and
the impedance network capacitor and also operates with wide range of load. The proposed Z-source dc-dc converter not
only has lower cost but also has lesser weight and size. The operating principle and parameter design is explained.
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LINTRODUCTION

The single switch Z-source impedance network was firstly proposed by F. Z. Peng in 2002 [1]. Applying this
impedance network into the circuit makes it obtain buck-boost conversion ability and high reliability [2-7]. Therefore,
the Z-source inverter is very suitable for the renewable energy systems which are usually required to convert the low dc
input voltage to the high dc output voltage, such as fuel-cell and photovoltaic. As mentioned in [10], both the improved
Z - Source and Quasi Z - Source are derived from the traditional Z - Source . Considering the voltage-fed type as an
example, Figure 1(a) shows the connection way between the original X-shape Z-source network and the voltage
source. By shifting the position of the voltage source, the input part of the Quasi Z - Source and improved Z — Source
are shown in Figure 1(b) and Figure 1(c) respectively. In Figure 1(a), the original X-shape Z-source network is actually
a two-port impedance network. While in Figure 1(c), the combination of diode D with the X-shape Z- source network
can be regarded as a one-port impedance network.

Figure 1. (a) traditional Z-source inverter; (b) quasi-Z-source inverter and (c) improved Z-source inverter.
IL.LPROPOSED WORK

The impedance network as in the inverter is applicable for other three types of power converters too, i.e. dc-dc, ac-ac
and ac-dc converters. As this insertion makes the converter achieve high voltage gain, a series of Z-source and quasi-
Z-source dc-dc converters have been proposed in [11], and a traditional Z-source dc-dc converter is shown in Figure 2
[12]. However, high capacitor voltage stress, poor load capacity or high switch voltage stress are the drawbacks of Z-
source dc-dc converters. Therefore, as referred to the improved Z-source inverter in [8], a modified Z-source dc-dc
converter based on one-port impedance network as seen in Figure 1(c) is proposed. As shown in Figure 3, the proposed
converter has lower switch and capacitor voltage stress and wide load-range compared with the traditional Z- source
dc-dc converter in [12]. The circuit analysis, voltage relationship and parameter design of the proposed converter are
explained. Simulation and experimental results are provided to verify the validity of the proposed converter.
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Figure 3. Proposed single switch Z-source dc-dc converter

It can be seen from Figure 3 that the proposed Z-source dc-dc converter consists of an input voltage source V;, an one-
port impedance network, a diode D,, a switch S, an output filter capacitor Cr and a load R;. The network consists of two
identical capacitors (Cj, C,), one diode D, and two identical inductors (L;, L,). The network is in series with the input
voltage source, thus the input voltage can share the common ground with the output.

Before the circuit analysis, the following assumptions are made.

1. All components are ideal;

2. The converter is operating in the continuous conduction mode (CCM);

3. The control strategy of switch S is Pulse-Width-Modulation (PWM).

The switching period is denoted by 7§ and duty ratio of switch S by d. According to the on-off state of switch S and
diodes D,, D,, the proposed converter has three operating modes in a switching period, which are shown in Figure 4. vg
is the drain to source voltage of switch S; V, is the output voltage; i; is the input source current; ip; and ip, are currents

of diodes D; and D,, respectively.

Due to the symmetry of the network (C,=C,, L =L,), the following equations can be established.

(1)
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Figure 4. Three operating modes of proposed converter, Figure 5. Key waveforms of proposed
converter

(2)

where vy and iy, are the voltage and current of the one-port impedance inductor; v and i are the voltage and current of
the one-port impedance capacitor.

[Mode 1] Switch S is on and diodes D,, D, are off. From Figure 4(a), there are two voltage loops in the converter,
where inductor L, is charged by input voltage V; and capacitor C,, L, is charged by input voltage V; and capacitor C;.
Thus, the inductor current i1 is increasing linearly and the following equations can be derived.

:.'. = _fc'
£)}
{'..- =2, :

v, =F +v, (4)
vy =V +2v, (3)

In addition, the load Ry is supplied by capacitor C;. The key waveforms of this mode are shown in the interval [#, #,] in
Figure 5. This mode is end when switch S is turned off and the duration time is dT.

[Mode 2] As shown in Figure 4(b), switch § is turned off and diode D; is forward biased. The following equations are
established.
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i, =—i.
6)
{{m =2i, :
v, ==, )

v, =V +2v, (8)

The capacitors C, and C, are charged from inductors L, and L,, respectively. Then the inductor current i is decreasing
linearly. The corresponding waveforms of this mode are shown in interval [#, 5] in Fig. 5. However, voltage vs is
smaller than the output voltage V,, thus diode D, is off. Due to the input voltage source is in series with the one-port
impedance network, the input current ; equals to zero. It is equivalent that the one-port impedance network is isolated
from both the voltage source and the load. Once the voltage vs increases to be greater than V,, diode D, will conduct
and mode 2 will be end.

[Mode 3] Switch S is still in off state, but both diodes D; and D, are on, as shown in Figure 4(c). Thus, equation (7) is
still established and the following equations are derived.

.“l =i =, 9)
hm =2i,-,

Vo=vs =T + 2, (10)

Therefore, the one-port impedance network inductors not only charge the capacitors (C;, Cs), but also supply the output
capacitor C; and load Ry with the input voltage source V;. The inductor current i is still decreasing linearly. The
corresponding waveforms of this mode are shown in interval [#,, #3] in Figure 5. Mode 3 is end when switch § is turned
on again in the following switching period. Thus, the duration time of modes 2 and 3 is (1-d)T.

III. VOLTAGE RELATIONSHIP
Due to the large capacitance of capacitor and the high switching frequency, the capacitor voltage v can be assumed to
be a constant value V. According to the operating principle of the proposed converter, the inductor voltage v equals to

Vi+Vc when switch S is on and equals to —V when switch S is off. Applying the volt-second balance for the inductor,
we have

(Vi+ Ve)dTg + (~Ve)(1—d)Tg=0 (11)
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Then,

d

Ve= :
1 -2d

(12)

Combining (12) with (10), the voltage gain G of the proposed converter can be derived as

G:L": |
V, 1-2d

(13)

Denote Fs as the drain to source voltage of switch § when switch S is off. Then, the following equation
can be obtained.

From (12), (13)and (14). it is found that the operating range of the duty cycle d s from 0 to 0.5.

A comparison between the proposed converter and the traditional Z-source de-de converter in [12]
has been presented m Tab. 1. It can be found that the proposed converter has higher voltage gain than
the traditional one under the same duty ratio d. lower capacitor and switch voltage stress than the
traditional one under the same output voltage V5. Therefore, the cost and size of the proposed Z-source
de-de converter has been largely reduced.

Tabulation I. Comparison between the proposed converter and the traditional Z-
source de-dc converter:

Voltage Proposed Z-source de-de Traditional Z-source de-de

¢ converter converter
v, 1 v 1-d y
1-2d -2d '

d . I-d .

Ve Vo=dl —V =V

‘ 1-2d ' "° 1-2d4 '

Ve ! V.=V, ! / :—I I
1-2d 1-2d ~ 1-d
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V. SIMULATION RESULT

The proposed converter is verified by MATLAB/Simulink. The simulation parameters are: =20V,
d=0.3, f=100kHz, the rated output power Pn—=50W and Ri=50Q. The capacitor voltage V=15V
based on (12), the output voltage F;=50V based on (13). Set x%=15%, the minimum inductance
Loi=280pH is derived based on (19). Set x¢%=1%, the minimum capacitance Crgp=501F is derived
based on (25). Therefore, nductance I=280uH and capacitance C=100pF are selected in simulation.
The output capacitance Cris 100uF as well.

The simulation result is shown in Figure 7(a). As can be seen that the capacitor voltage 7c is about
15V, output voltage ¥} is about 50V and switch voltage ¥ is about 50V, which are accord with the
theoretical value.

By changme the duty ratio d to 0.4 and load Rr. to 30092 while the other parameters are unchaneed.
Based on (22), the proposed converter will still operate in CCM. The comresponding simulation result
is shown i Figure 7(b). It is obviously that the inductor current fi, is continuous; the voltage Fe is
about 40V, voltage 7 1s about 100V and voltage 75 1s about 100V which are agree with the theoretical
analysis as well.

01 01 01 01 01 0.10010.10010.10010.10010.1001 01 o1
1(s) 1(s)
(a) ((b)
Figure 7. Simulation results of the proposed converter: (a) d=0.3, R;=50Q, (b) d=0.4, R;=300Q.

VI. CONCLUSION

A single switch Z-source dc-dc converter is proposed in this paper. The circuit analysis, parameter design and load
capacity of the proposed converter have been illustrated in detail. The validity of the proposed converter has been
verified by simulation. It can be concluded that the proposed single switch Z-source dc-dc converter can obtain high
voltage gain with lower voltage stresses of switch and the impedance network capacitor. Moreover, it has the
advantages of wide-range load, low cost and high power density. Therefore, the proposed Z-source dc-dc converter is
suitable for the renewable energy systems which needs a high voltage gain converter to boost their low input dc voltage.
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