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Abstract. In this paper, a novel high-gain transformer-less dc–dc converter is presented. This topology is
acquired by integrating two high-gain cells like quasi-Z source (QZ) and gain multiplier (GM) cells with a
quadratic boost converter. The boosting factor of the proposed topology is increased both in the numerator and
denominator of the voltage conversion ratio, which furnishes ﬂexibility in designing the converter. The cost of
the converter is low due to lesser voltage stress across the devices. Operating principle and steady-state analysis
of the converter are analyzed in continuous conduction and discontinuous conduction modes. Considering the
boundary conduction mode and voltage ripple, the design expression of the passive components is derived. A
suitable duty cycle for realizing higher voltage gain is determined. The performance of the converter is analyzed
and compared to those of similar QZ-based converters. To validate the theoretical study, a 50 W prototype is
implemented and tested.
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1. Introduction
Of late, the widely used power sources are renewable
energy sources like solar, wind, and fuel cells. These
sources are low-voltage sources, which signiﬁcantly require
a high-gain dc–dc converter to boost the source voltage to
the required load level. Moreover, the conventional boost
converter cannot provide high voltage gain without an
intense duty cycle. High duty ratio leads to low efﬁciency,
electromagnetic interference and serious reverse recovery
problem [1]. Considering these problems, many topologies
were offered to solve these issues by reducing the duty
cycle.
In literature, several topologies are derived using various
techniques to achieve high boosting capability [2–10].
Many converters are constructed by employing coupled
inductors [2–4] to acquire high boosting factor. Nevertheless, these topologies suffer from high voltage spike in the
switch due to leakage inductor energy. Moreover, an
additional passive or active clamping circuit is to be added
to alleviate the issue as mentioned earlier. Addition of a
voltage-lift cell to any conventional dc–dc converter
achieves higher voltage gain [5]. However, the voltage
stress across the switch is equal to the output voltage.
Switched inductors are also integrated as symmetrical and
*For correspondence

asymmetrical structures to enhance the boosting factor [6].
This may lead to an increase in volume due to more number
of inductors. Currently, Z-source- and quasi-Z source (QZ)based converters [7–9] are used to increase the voltage gain
and also for bidirectional operation [10]. The main challenges observed in these topologies are limited duty cycles,
which will be addressed in the derived topology by adding
boosting factor in numerator and denominator of voltage
gain formula.
This work confers a high step-up dc–dc converter with
improvement in performance and continuous input current
by the integration of QZ (one inductor, one diode and two
capacitors) and GM (two diodes and two capacitors) cells.
The signiﬁcant features of the proposed topology are as
follows: (i) higher voltage gain compared with [11–13], (ii)
higher maximum duty cycle compared with [14] with
similar QZ structure, (iii) voltage gain boosting factor is
present both in numerator and denominator of the voltage
gain, which gives ﬂexibility in design, which is not
observed in [11–14], and (iv) common ground for input,
switch, and load.
In section 2, the entire description of the proposed circuit
is given. Next, in section 3, the operating principle is discussed with the relevant expressions. The derived topology
is analyzed completely with the design expression for the
components in section 4. To prove the superiority of the
topology, it is compared with a few converters of the
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literature and the results are presented in section 5. Then, in
section 6, hardware results are presented and discussed.
Finally, the inference from the analysis is concluded in
section 7.

2. Circuit description
In this paper an expandable non-isolated high-gain dc–dc
converter is presented with a QZ cell and a gain multiplier
(GM) cell, which is illustrated in ﬁgure 1. Since the converter is proposed with the quadratic converter as the base,
it is named as quadratic quasi-gain multiplier (Q2GM)
converter. It not only has the advantage of expandable
voltage gain but also achieves higher voltage conversion
ratio with low-duty cycle due to the integration of QZ cell.
The circuit comprises three parts in which the second and
third parts are extendable to increase the voltage gain. The
ﬁrst part consists of two inductors (L1 and L2), two diodes
(D1 and D2), and a capacitor (C), which depicts the initial
circuit of the quadratic boost converter. The second part
includes a diode (DQZ1…m), an inductor (LQZ1…m), and two
capacitors (CQZ11…m1 and CQZ12…m2), which illustrates the
QZ cell. GM cell is the ﬁnal part of the proposed converter
and it is added next to the power semiconductor switch,
which involves two diodes (DM11…n1 and DM12…n2) and
two capacitors (CM11…n1 and CM12…n2).

3. Operating principle
Figure 2a presents the conﬁguration of Q2GM converter
with one QZ and a GM cell. To study the operating principle of the derived topology, a single QZ cell (DQZ1, LQZ1,
CQZ11, and CQZ12) and a GM cell (DM11, DM12, CM11, and
CM12) are considered. Modes 1 and 2 are deﬁned as the two
operating modes (ON and OFF) of the proposed topology.
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Figure 3 depicts the key waveforms of the derived
topology.
Mode 1: Figure 2b presents the equivalent circuit and in
this interval, switch SW is turned ON. Inductors L1 and
LQZ1 are charged by the input voltage (Vg) and the capacitor
voltage (VCQZ12), respectively. Inductor L2 is charged by
the sum of capacitor voltages (VC and VCQZ11). The output
voltage released to load is the difference of the sum of
multiplier’s capacitor voltage (VCM11 and VCM12) and the
voltage across the output inductor (VLO). The voltage across
the inductors (L1, L2, LQZ1, and LO) for this interval is
given as
VL1 ¼ Vg

ð1Þ

VL2 ¼ VC þ VCQZ11

ð2Þ

VLQZ1 ¼ VCQZ12

ð3Þ

VLO ¼ 2VCM11  VO :

ð4Þ

Mode 2: Switch Sw is turned off in this state. All the
diodes are turned on except diode D1, which is reverse
biased due to the voltage across the inductor L1. In this
state, the diodes (D2, DQZ1, DM11, and DM12) conduct to
transfer the energy stored in the inductors (L1, L2, and
LQZ1) to the GM capacitors (CM11 and CM12). The output
capacitor is charged by the output inductor (LO) and the
multiplier capacitor. When switch is turned off, the voltage
across the inductors (L1, L2, LQZ1, and LO) is expressed as
VL1 ¼ Vg  VC

ð5Þ

VL2 ¼ VC  VCQZ12

ð6Þ

VLQZ1 ¼ VCQZ12  VCM1

ð7Þ

VLO ¼ VCM11  VO :

ð8Þ

Figure 1. Circuit conﬁguration of quasi-quadratic gain multiplier converter.
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Figure 2. Q2GM converter. (a) Proposed circuit (m = 1, n = 1). (b) Mode 1. (c) Mode 2.
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Figure 3. Key waveforms of Q2GM converter.

4. Analysis of the converter in CCM and DCM
Employing the volt–second balance principle on equations
(1)–(8), the voltage conversion ratio is attained. Solving
equations (1)–(3) and (5)–(7), the capacitor voltages are
determined as follows:
Vg
VC ¼
1D
VCQZ11

Vg D
¼
ð1  DÞð1  2DÞ

VCQZ12

Vg
¼
ð1  2DÞ

VCM11 ¼ VCM12 ¼

Vg
:
ð1  DÞð1  2DÞ

ð9Þ
ð10Þ
ð11Þ
ð12Þ

Volt-second balance law on equations (4) and (8) leads to
VO ¼ VCM11 ð1 þ DÞ:

ð13Þ

Substituting equation (12) in (13) and solving gives
voltage gain
GVCCM ¼

1þD
:
ð1  DÞð1  2DÞ

ð14Þ

If the GM cell is even, then the general voltage gain
expression for Q2GM converter is
GVCCM ¼

½ðn þ 1Þ  D
:
ð1  DÞð1  ðm þ 1ÞDÞ

ð15Þ

Similarly, for an odd number of GM cells, the general
voltage gain expression for Q2GM converter is
GVCCM ¼

½n þ D
ð1  DÞð1  ðm þ 1ÞDÞ

ð16Þ

where m is number of GM cells and n is number of QZ
cells.
In DCM operation, modes 1 and 2 are similar to the
operation of the converter in CCM. In mode 3, the capacitor
voltage is released to load and current through the inductor
reaches zero.
Let d1 be the duty cycle of the converter with DCM
operation in mode 1, d2 be the duty cycle of the converter
with DCM operation in mode 2 and d3 be the duty cycle of
the converter with DCM operation in mode 3.
Applying volt–second balance law on the proposed
topology in DCM operation yields


ð17Þ
V g d 1 þ Vg  VC d 2 þ 0  d 3 ¼ 0
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Table 1. Comparison of Q2GM converter with quasi-Z-source-based converter in the literature.

Converters
Proposed
Ref [11]
Ref [12]
Ref [14]
Ref [13]

Voltage
gain
1þD
ð1DÞð12DÞ
2
34D
2D
12D
1þD
13D
6
1D

Switch voltage
stress
Vg
ð1DÞð12DÞ
Vg
34D
Vg
12D
½1þDVg
13D
2Vg
1D

Total number of passive components
Volumetric comparison
Number of inductors
Number of capacitors

Max duty
cycle

No of
diodes

Total component
count

Continuous input
current

Extendable
topology

0.5

5

16

Yes

Yes

0.75

3

11

Yes

No

0.5

6

16

Yes

Yes

0.33

6

12

Yes

Yes

1

7

18

No

Yes

Ref [11]

Ref [12]

Ref [14]

Ref [13]

Proposed

2
4

2
7

3
4

3
7

4
5

Figure 4. Graphical comparison. (a) Voltage gain vs duty cycle. (b) Voltage gain vs duty cycle in the range 0.35–0.5. (c) Spider wave
diagram for comparison. (d) Loss distribution for Q2GM converter (100 W).

ðVC þ VCQZ11 Þd1 þ ðVC  VCQZ12 Þd2 þ 0  d3 ¼ 0

ð18Þ

VCQZ12 d1 þ ðVCQZ12  VCM11 Þd2 þ 0  d3 ¼ 0

ð19Þ

ð2VCM11  VO Þd1 þ ðVCM11  VO Þd2 þ 0  d3 ¼ 0: ð20Þ

Solving equations (17)–(20), the voltage conversion ratio
in terms of d1 and d2 is derived:
VO 2d12 þ 3d1 d2 þ d22
¼
:
Vg
d22  d1 d2

ð21Þ
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Rearranging equation (21) and solving it yields the
expression for d2:
d2 ¼

2d1 Vg
:
VO  V g

ð22Þ

The average current through the diode (D2) is equal to
ð1 þ d1 ÞVO
Vg d 1 d 2
¼
RO ð1  2d1 Þ
2L1 fs

where KL is the critical inductance and is equal to 2L1fs/R0.

4.1 Stresses on the semiconductor devices
To analyze and derive the voltage and current stresses on
the semiconductor devices, the key equations are acquired
by considering the operation of the topology in CCM.
When the switch SW is in conducting state, the applied
reverse voltage (VD2, VDQZ1, VDM1, and VDM2) and their
average currents (ID2, ID3, IDM1, and IDM2) are obtained to
choose the diodes (D2, D3, DM1, and DM2):
Vg
GV V g
; VQZ1 ¼ VDM11 ¼ VDM12 ¼
1D
1þD

ID2ðavgÞ ¼ GV IO ð1  DÞ2 ; IDQZ1ðavgÞ
¼ ð1  DÞðGV IO ð1  DÞ  ICQZ11 Þ


IO
 ICQZ11  IO :
IDQZ1ðavgÞ ¼ ð1  DÞ
1  2D

ð25Þ

ð26Þ

VD1 ¼

VSWðmaxÞ

ð29Þ

2GV Vg
1þD

ð30Þ

ID1ðavgÞ ¼ GV IO D:

ð31Þ

4.2 Passive components design
The inductance value to operate the converter in CCM is
determined using the boundary conduction mode (BCM).
The value of inductor depends upon switching frequency
(fs), duty cycle (D), and load resistance (R0). Inductor’s (L1,
L2, L3, and LO) value can be obtained using the following
formula:
L1 [

R0 ð1  DÞ2 ð1  2DÞ2 D ..
R0 ð1  DÞð1  2DÞD
; . L2 [
2
2ð1 þ DÞ fs
2ð1 þ DÞ2 fs
ð32Þ
L3 [

R0 ð1  2DÞD ..
R0 ð1  DÞD
; . LO [
2
2ð1 þ DÞfs
2ð1 þ DÞ fs

ð33Þ

The capacitor value (C1, C2, C3, CM1, CM2, and CO) is
obtained by the following expressions, which depend upon
voltage ripple (DVC), switching frequency (fs), and duty
cycle (D):
I0 ð1 þ DÞD
I0 ð1 þ DÞD
; C2 ¼
;
fs ð1  2DÞDVC1
fs ð1  2DÞDVC2
I0 D
C3 ¼
fs ð1  2DÞDVC3
C1 ¼

ð27Þ

The maximum voltage stress across the switch and RMS
current are acquired to select the suitable switch:
Vg
¼
ð1  DÞð1  2DÞ

rﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ð3  D2 ÞD
:
1D

Similarly, the reverse voltage (VD1) and their average
currents (ID1(avg)) are obtained to choose the diodes (D1)
during their operating modes:

ð23Þ

Merging equations (22) and (23), we can acquire the
voltage gain of the proposed converter in DCM operation:
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
8d12 ð12d1 Þ
VO 1  1 þ KL ð1þd1 Þ
ð24Þ
¼
Vg
2

VD2 ¼

ISWðrmsÞ

IO
¼
ð1  2DÞ
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CM1; CM2 ¼

ð28Þ

I0 D
I0 D
; CO ¼
:
fs DVCM1
fs DVCO

ð34Þ

ð35Þ

Table 2. Correlations for 2, 3, …, n gain multiplier cell conﬁguration.
Number of gain multiplier cells Voltage conversion ratio Voltage stress on switch Voltage stress on diodes Maximum duty cycle
2
3
n.. (n is even)
n.. (n is odd)

3D
ð1DÞð12DÞ
3þD
ð1DÞð12DÞ
ðnþ1ÞD
ð1DÞð12DÞ
nþD
ð1DÞð12DÞ

Vg
ð1DÞð12DÞ

2V D

g
VD1¼ ð1DÞð12DÞ

Vg
VD2¼ ð1DÞ
Vg
VDQZ1¼ ð12DÞ
Vg
VDM11¼ ð1DÞð12DÞ

0.5
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Table 3. Correlations for 2, 3, …, m quasi-Z source cell conﬁguration.
Number of quasi-Z source cells Voltage conversion ratio Voltage stress on switch Voltage stress on diodes Maximum duty cycle
Vg
ð1DÞð13DÞ
Vg
ð1DÞð14DÞ
Vg
ð1DÞð1ðmþ1ÞDÞ

1þD
ð1DÞð13DÞ
1þD
ð1DÞð14DÞ
1þD
ð1DÞð1ðmþ1ÞDÞ

2
3
m

2V D

0.33

g
VD1¼ ð1DÞð1ðmþ1ÞDÞ

Vg
VD2¼ ð1DÞ
Vg
VDQZ1¼ ð1ðmþ1ÞDÞ
Vg
VDM11¼ ð1DÞð1ðmþ1ÞDÞ

0.25
1
m

Table 4. Speciﬁcation of prototype.
Vi
12 V
L1
10 lH
CM11
1 mF

Vo
39.9 V
L2
25 lH
CM12
1 mF

fs
10 kHz
LQZ1
40 lH
CO
1 mF

D
40%
LO
60 lH
m and n
1 cell

5. Comprehensive comparison of Q2GM converter
Table 1 is proffered in order to present a comparative study
between already derived QZ converter and Q2GM topology. In this comprehensive comparison, voltage conversion
ratio, voltage stresses on semiconductor devices, maximum
duty cycle, total component count, possibility in extension
of voltage gain, and the presence of continuous input current are considered. Figure 4 illustrates the graphical
comparison of Q2GM converter with topologies [11–14]
reported in the literature. The proposed topology has higher
voltage gain compared with the converter in [11–13] unlike
the topology in [14], which is presented in ﬁgure 4a.
However, the gain of converter [14] is high for D \ 0.3
compared with the derived topology. Moreover, the maximum gain of converter [14] is just 13, which is very less
compared with the suggested converter. From Table 1, it is
also noted that the total component count of converter [11]
is less compared with other converters. However it achieves
the voltage gain of 11.66 with the duty of 0.707, which is
very high and it leads to electromagnetic interference and
serious reverse recovery problems. Furthermore, to perform
volumetric comparison, the number of passive components
(L and C) is compared to that in the proposed topology. It is
noted from the study that all the topologies considered for
comparison have more or less equal number of passive
components. However, it has lesser number of passive
components compared with the converter in [13]. In converter [13] the gain of the converter is just 11 for 0.45 duty
cycle whereas for the proposed topology it is greater than
25, which is depicted in ﬁgure 4a.
In order to highlight the superiority of the proposed
topology, the voltage conversion ratio is further analyzed

Gain
3.33
C
470 lF
Switch
IRF520

PO
50 W
CQZ11
470 lF
Microprocessor
dspic30F2010

R0
32 X
CQZ12
470 lF
Optocoupler
TLP250

and compared for the duty cycle in the range 0.35–0.5. In
this comparative study, converter [14] is not considered
because the maximum duty cycle is 0.33. It is noted from
ﬁgure 4b that the Q2GM topology has wide variation in
voltage gain for the duty cycle in the range 0.35–0.5
compared with the converter in [11–13]. Figure 4c depicts
the comparison of the proposed topology with other converters in terms of four performance metrics. This analysis
is carried with the following speciﬁcations: Vg = 12 V,
Vo = 140 V, Po = 100 W, and voltage gain = 11.66. From
that study, it is observed that the Q2GM converter is better
compared with the converters taken for comparison. With
the afore-mentioned rating, loss distribution for the derived
topology is calculated and presented in ﬁgure 4d. The
parasitic elements considered for the analysis are rds(on)= 75 mX, tr = 43 ns, tf = 33 ns, rL1 = 1.8 mX, rL2= 2.95 mX, rQZ1 = 20.5 mX, rLO = 15 mX, Vf = 0.5 V,
rf1,2 = 5 mX, rfQZ1,DM1 = 2.5 mX, rCQZ1,CM11 = 98 mX,
and rCO = 9 mX. The theoretical efﬁciency of the derived
topology for the chosen rating is 90%.
Correlations for 2, 3, …, n number of GM cells in terms
of voltage conversion ratio, the voltage stress on switch and
diodes, and maximum duty cycle of the proposed topology
are provided in Table 2. It is observed in the table that the
voltage stress across the power semiconductor devices
(switch and diodes) is independent of the number of GM
cells. An interesting feature that ought to be noted is that
the maximum duty cycle is not affected with an increase in
GM cells. Table 3 illustrates similar correlations for 2, 3,
…, m number of QZ cells. It is noted from this table that the
voltage stress on devices changes according to the number
of QZ cells. Moreover, the maximum duty cycle is reduced
with increase in QZ cells.
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Figure 5. Test results. (a) Photograph of the set-up. (b) Input and output voltage with gate pulse (D = 0.25). (c) Switch SW voltage.
(d) Diode (DQZ1) voltage. (e) Diode (D1) voltage. (f) Inductor (L1) voltage. (g) Inductor current. (h) Capacitor (C, CQZ12, CM11) voltage.
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6. Test results
To validate the feasibility of the suggested high-gain dc–dc
converter, a 50 W laboratory set-up is implemented and
tested. Table 4 gives the speciﬁcations and the values of
components for hardware set-up implemented in the laboratory. Based on the equations derived in section 4 for
voltage and current stresses across the semiconductor
devices, the switch and diodes are selected. A keysight
4-channel digital storage oscilloscope is used to observe the
output of the laboratory prototype. The implemented laboratory prototype is depicted in ﬁgure 5a.
The input voltage and the corresponding output voltage
for the gain of 3.33 according to equation (14) are presented
in ﬁgure 5b. The duty cycle of the prototype is 0.25, which
is observed in ﬁgure 5b from switching gate pulse. It can be
observed from ﬁgure 5c that the voltage stress across the
switch is approximately 32 V for m = 1 and n = 1, which
proves the theoretical study. The waveforms of the voltage
across the switch and diodes (D1 and DQZ1) are presented in
ﬁgure 5c–e, respectively. These waveforms prove that the
derived topology has lesser voltage peaks in the diodes,
which are far less than the output voltage of 40 V. The
inductor voltage and current waveforms are illustrated in
ﬁgure 5f and g, respectively. The capacitor voltage waveforms are also observed and presented in ﬁgure 5h, which
have minimal stress compared with the converters reported
in the literature.

7. Conclusion
A high-gain QZ-based dc–dc converter is proposed. In
addition, a GM cell is added to increase its boosting
capability. The most attracting features of the derived
topology are as follows:
• High boosting capability both in numerator and
denominator of voltage conversion ratio.
• Addition of a cell (QZ and GM) determines the
boosting factor of the derived topology. The boosting
factor is improved in the numerator with the increase
in GM cell. Addition of a QZ cell increases the
boosting factor in the denominator.
• Addition of a GM cell keeps the voltage stress across
the power semiconductor devices and capacitors
unchanged.
• The most favorable duty cycle of Q2GM converter is in
the range 0.35–0.5.
• Voltage stress across the power semiconductor devices
is less than the output voltage.
• It provides continuous input current.
A detailed study on the derived topology is carried out
and discussed. To highlight the superiority of the topology,
a comprehensive comparison is done with similar topologies reported in the literature. A 50 W set-up is synthesized
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in the laboratory to validate the theoretical study. The
suggested topology with the aforementioned advantages is
a more appropriate option for many applications like a fuel
cell, renewable energy system, automotive headlamp, and
uninterruptable power supply.

List of symbols
CCM
Continuous conduction mode
DCM
Discontinuous conduction mode
M
Number of gain multiplier (GM) cells
N
Number of quasi-Z source (QZ) cells
Gv-ccm Voltage gain in CCM
QZ
Quasi-Z source
GM
Gain multiplier
Q2GM Quadratic quasi-gain multiplier
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