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Abstract. This paper proposed an alternative configuration to produce a high voltage gain of boost
converter composed of two stages of quadruple fly-boost converter. The low input DC voltage of 20V
boosted up by two-cascade boost converter with the same duty ratio of 0.5 provided the voltage output 40V
and 80V respectively. During turn off, an energy stored in an inductor transferred to secondary winding with
turn ratio of 3.1, provided the voltage across the inductor secondary winding and then multiplied with
quadruple circuit. The total output voltage of the proposed converter was the combination of the voltage from
three sections that was 800V. To verify this concept, the voltage gain limitation of conventional boost
converter and an 800V 100W cascade quadruple fly-boost converter has been analyzed, designed, and tested.
The resulted indicated the duty cycle of the proposed converter at full load was 0.59. The efficiency of the
proposed cascade quadruple fly-boost converter was 83.27% and a voltage regulation, controlled with close
loop PWM of the proposed converter was 2.7% respectively.
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1. Introduction

The use of an energy conversion device has imposed severe demand for an energy crisis today in order to
converse energy, produced from many types of renewable sources that trend is constantly growing. The
boost converter is popular for many designers. However, even if the conventional boost converter can
provide a high voltage gain by utilizing an extremely high duty cycle but it is too complicated to archives the
voltage gain more than 10 because of an ESR of its inductor. With very high duty cycle, a nonlinear voltage
characteristic occurs and difficult to regulate a high output voltage of converter. Thus, most of the
conventional boost converter cannot realize high voltage step-up due to the narrow allowed duty cycle [1]-
[5].

The low circuit efficiency, from which the high duty cycle operation for high voltage gain, can be
improve with the cascade boost converter as shows in Fig.1. Although, circuit in Fig.1 offered a choice of
design in order to acquire a high voltage gain of boost converter, operated on linear characteristic curve but it
also did not cover many applications that require very high voltage. This paper would like to introduce an
alternative method to archive a higher voltage gain with the basic configuration shows in Fig.2. There are
two circuit sections in the proposed configuration to achieve high voltage gain ratio.
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Fig.1: Circuit configuration of cascade boost converter.
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Fig.2: Circuit configuration of the proposed converter

2. Proposed Circuit Analysis

In this paper, basically, there are two main sections of the proposed converter circuit, boost section and
quadruple fly-boost section, which can be explain in two parts below.

2.1 Limitation of Boost Converter

Fig. 3(a) illustrates the basic boost converter with load connected. For a steady state analysis, assuming
the inductor’s current and capacitor’s voltage are constant, the energy across an inductor during each period
is equal to zero and the voltage transfer function is

Vo 1 (D)

Vs (1-D)

Ignore any losses to simplify the analysis; the power input is equal to an output power, then the inductor
current express as [6]-[7]

I =—Yo__ (2)
(1-D)Ry

The boundary inductance and the optimal output capacitance for a desired ripple voltage of conventional
boost converter is equal to [6]
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Fig.3: Boost configuration analysis
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Where, Dy, is the minimum duty cycle of the converter at the maximum input voltage and equal to

n VS (max)

In practical designing, the ideal model of boost converter in Fig.3 (a) becomes the circuit in Fig.3 (b), the
inductor’s losses will be added through an equivalent series resistance or Rgsg, and we found

0=(D(Vs — 1, Res)) = ((1=D)(Vg Vs + 1, Regr)) (5)
Simplify Eq. (4) and substituting I, of Eq. (2) into Eq. (5), we get
V =V, L(l— D)+(1—R|EDS;ROJ (6)
Hence, the voltage transfer function becomes
Vo 1 ™
Vs (1-D)+_ R

(1-D)Ry

Eq. (7) clearly shown that the inductor’s ESR will limit a voltage gain of conventional boost converter,
especially for a duty cycle more than 0.75. However, in order to stabilize the output voltage and easier to
compensate the controller of the boost converter, the conventional boost converter, have to be operated in the
linear region for each curve in Fig.4, which is in the range from 0 to 0.6 as shown in Fig.4.
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Fig.4: Voltage gain versus duty cycle

2.2 A Proposed Converter Verification
In an attempt to verify, a proposed converter of the limitation analyses mentioned above, a prototype of
the cascade quadruple fly-boost converter as shown in Fig.2 is described as follow.

For quadruple multiplied circuit, the value of each capacitor is equal to [7]-[9]

41 o) ; TVS,max Dmin (8)

C,= VAC,peak :VL,tUﬂ =

n

VAC . peak x f tof'f

The output voltages of three sections in previous analysis, A, B and C in Fig.2 have to combination
together. Thus, a high voltage output of the proposed converter is equal to Vag+Vpc+Vcs and then

V 5.51 5.51
Vo =—>—+|aV —220 4 lav —220 )
out (1 _ D)z |: AC, peak fsan :| |: AC, peak fsan :|

3. An Experimental Verification

The laboratory prototype of a high gain quadruple fly-boost converter, constructed with the key circuit
parameters designed as follow: Converter power rating is 100W, Converter estimate efficiency is 80%,
Converter normal input voltage is 20V, Converter output voltage is 800V and Converter switching frequency
is 150 kHz. First, for the boost converter section, the duty ratio of both boost converter was set to 0.5 for a
normal input voltage in order to operate in the linear curve region, which produces the output voltage of 1%
and 2" boost converter from Eq.(1) is 40V and 80V respectively. The 150 kHz switching frequency provide
a period of 6.66uS. The converter output inductor and capacitor for 200 mV ., ripple voltage are 133uH and
2uF for the first boost converter and 266pH and 2pF for the second boost converter respectively. Peak
voltage across L; and L, in Fig.2 from Eq.(8) is 20V and 40V respectively. The turn ratio of both inductors
(Np/Ns) set to 3.1 and capacitor in each stage of quadruple circuit is set to 1 uF. The total output voltage from
the proposed converter in this paper obtains from

V= [4-20-3.0]- | OO 1m0 v 5 v = [440-G.0)]- | S22 Q12D g 9y
150k - 14 150k 11
Vo= —2 _ _gov D>V, = 24342+491.42+80 = 814.84 V
(1-0.5)
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In Fig.5 represent the drain-source voltage of power switch and full load inductor current of the first and
second boost converter at 150 kHz respectively, resulted the duty cycle of the proposed converter at full load
is 0.59.
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Fig.5: Top: Full load Inductor current, Bottom: Vg of 1** and 2™ boost converter.

The measurement of a time to steady state of the proposed converter for a high voltage output of 800V
shows in Fig.6 (a) with 100 mS/div. Finally, Fig.6 (b) represent the measured of output voltage of the
proposed converter versus the power output delivered to the load and efficiency of the converter versus the
output power of the high gain cascade quadruple fly-boost converter circuit, proposed in this paper.
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Fig.6: Time to steady state, output voltage and efficiency of the proposed converter

4. Conclusion

Base on a 20V to 800V 100W prototype converter, experimental results demonstrate that the proposed
cascade quadruple fly-boost converter provides a gain of 40 and the duty cycle of the proposed converter at
full load is 0.59 that allows the converter operated in linear region (D<0.6). A time to complete for an output
capacitor’s charging of 800V at no-load connected is 300 mS as shows in Fig.6 (a). However, finally, the
voltage regulation of the proposed cascade quadruple fly-boost converter, controlled by PWM technique is
2.7% and the maximum efficiency of the converter is 83.27% at full load.

In conclusions, an alternative method to provide the high gain step-up converter for high voltage high
power applications, called cascade quadruple fly-boost converter, proposed, designed and tested in this paper.
Results confirm that the proposed configuration, cascade quadruple fly-boost converter, is suitable for high
voltage gain applications.
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