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A High Voltage Gain DC-DC Converter Integrating
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Abstract— The high — voltage gain DC-DC boost
converters are extensively employed in many industry
applications, such as photovoltaic systems, fuel cell
systems, uninterrupted power supplies, electric vehicles,
and high-intensity discharge lamps. In the commonly
employed conventional classical booster, the voltage
stress of the main switch is equal to the high output
voltage; hence, a high-voltage rating switch with high
on-resistance should be used, generating high conduction
losses. In addition, an extremely high duty cycle will
results in large conduction losses on the power device and
serious reverse recovery problems. As a result, the
conventional boost converter would not be acceptable for
realizing high step-up voltage gain along with high
efficiency. In the present work, a novel single-switch high
step-up non-isolated DC-DC converter integrating
coupled inductor with extended voltage doubler cell and
diode—capacitor techniques is proposed. The proposed
converter achieves extremely large voltage conversion
ratio with appropriate duty cycle and reduction of
voltage stress on the power devices

Index Terms— Coupled inductor, diode capacitor,
Voltage gain

I. INTRODUCTION

In recent years, high voltage gain dc—dc boost
converters play more and more important role in many
industry applications such as uninterrupted power supplies,
electric traction, distributed photovoltaic (PV) generation
systems, fuel cell energy conversion systems, automobile HID
headlamps, and some medical equipments [1]-[18]. In these
applications, a classical boost converter is normally used, but
the voltage stress of the main switch is equal to the high output
voltage; hence, a high-voltage rating switch with high
on-resistance should be used, generating high conduction
losses. In addition, an extremely high duty cycle will results in
large conduction losses on the power device and serious
reverse recovery problems. As a result, the conventional
boost converter would not be acceptable for realizing high
step-up voltage gain (V,, > 8Vin) along with high efficiency.
Many non-isolated topologies have been researched to
achieve a high conversion ratio and avoid operating at
extremely high-duty cycle. These converters include the
switched-capacitor types [10], [11], switched-inductor types
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[12], [13], the voltage-doubler circuits [15], [16], the
voltage-lift types [14], [17], and the capacitor—diode voltage
multiplier [18]-[20].All of them can present higher voltage
gain than the conventional boost converter. However, more
switched capacitor or switched-inductor stages will be
necessary for an extremely large conversion ratio, resulting in
higher cost and complex circuit. In this a novel single switch
dc—dc converter with high voltage gain is presented.

The features of the proposed converter are as
follows:
1) The voltage gain is efficiently increased by a coupled
inductor and the secondary winding of the coupled inductor is
inserted into a diode-capacitor for further extending the
voltage gain dramatically;
2) A passive clamped circuit is connected to the primary
winding of the coupled inductor to clamp the voltage across
the active switch to lower voltage level. As a result, the power
devices with low voltage rating and low on-state resistance
Rps(ON) can be selected. On the other hand, this
diode—capacitor circuit is wuseful to increase voltage
conversion ratio;
3) The leakage inductance energy of coupled inductor can be
recycled, improving the efficiency; and
4) The potential resonance between the leakage inductance
and the junction capacitor of output diode may be cancelled.
The proposed converter’s steady-state operational principles
are given in Section II. The circuit performance analysis will
be the aim of Section III, where an approximate dc analysis
(losses neglected) is performed to get the static voltage gain
and voltage stress on power devices. The key parameter
design guidance is presented in Sectiﬂon V.
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Fi ig.[l .1. Circuit structure of the propos‘e’d converter
OPERATIONAL PRINCIPLE OF THE PROPOSED
CONVERTER
Fig. 1.1(a) shows the circuit structure of the proposed
converter, which consists of an active switch Q, an input
inductor L, and a coupled inductor T, diodes D,, D,, and D,,
a storage energy capacitor C; and a output capacitor C, , a
clamped circuit including diode D3 and capacitor C, , an
extended voltage doubler cell comprising regeneration diode
D, and capacitor C; , and the secondary side of the coupled
inductor. The simplified equivalent circuit of the proposed
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converter is shown in Fig. 1.1(b). The dual-winding coupled
inductor is modeled as an ideal transformer with a turn ratio N
(n2 /nl), a parallel magnetizing inductance L,,, and primary
and secondary leakage inductance Ly; and Ly,. In order to
simplify the circuit analysis of the converter, some
assumptions are as follows:

1) The input inductance L, is assumed to be large enough so
that i | is continuous; every capacitor is sufficiently large, and
the voltage across each capacitor is considered to be constant
during one switching period;

2) All components are ideal except the leakage inductance of
the coupled inductor;

3) Both inductor currents i, and iy, are operated in
continuous conduction mode, expressed as C-CCM; the
inductor current ip; is operated in continuous conduction
mode, but the current iy, of the coupled inductor is operated
in discontinuous conduction mode, Whi_’ch is called C-DCM.

Y 2)

Fig.1.2. Equivalent circuits of five operating stages during
one switching period at C-CCM operation

1.1 C-CCM

Based on the aforementioned assumption, the
corresponding equivalent circuits are shown in Fig. 1.2. and
Fig. 1.3. illustrates some key waveforms under C-CCM
operation in one switching period, and The operating stages
are described as follows:
Stage 1 [ty —t;]: The switch Q is conducting at t =t, . Diodes
D,,D; ,and Dy are reverse-biased by V¢;, VetV and Vg —
Vei — Ve, respectively. Only Diodes D, and D, are turned
ON. Fig.1.2.(a) shows the current-flow path. The dc source
Vi, energy is transferred to the inductor L, through D, and Q.
Therefore, the current i, is increasing linearly. The primary
voltage of the coupled inductor including magnetizing
inductor L, and leakage Ly; is V¢; and the capacitor C; is
discharging its energy to the magnetizing inductor L, and
primary leakage inductor Ly, through Q. Then currents ip,,
iLm, and ig; are increasing. Meanwhile, the energy stored inC,
and C; is released toC; through D,. The load R energy is
supplied by the output capacitor C,. This stage ends at t = t;.
Stage 2 [t; —t, ]: In this transition interval, Fig. 1.2(b) depicts
the current-flow path of this stage. Once Q is turned OFF at t=
t; , the current through Q is forced to flow through D; . At the
same time, the energy stored in inductor L; flows through
diode D; to charge capacitor C; instantaneously and the
current ip; declines linearly. Thus, the diodeD, is reverse
biased by V¢, . The diode Dy is still reverse biased by V, —
Veci — Ve, . The energy stored in inductor Ly, flows through
diodeD; to charge capacitor C,. Therefore, the energy stored
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in Ly, is recycled to C,. The irx, keeps the same current
direction for charging capacitor C; through diode D; and
regeneration-diode D,. The voltage stress across Q is the
summation of V¢, and V¢,. The load energy is supplied by
output capacitors Cy .This stage ends when ik, reaches zero
att=t,.
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Fig. 1.3. The key waveforms of the proposed converter at
C-CCM operation

Stage 3 [t,—t;]: During this transition interval, switch Q
remains OFF. Since i; g, reaches zero at t =t,, V¢, is reflected
to the secondary side of coupled inductor T;; thus,
regeneration-diode D, is blocked by V¢; + NV,.Meanwhile,
the diode D, starts to conduct. Fig. 1.2(c) depicts the
current-flow path of this stage. The inductance L, is still
releasing its energy to the capacitor C;. Thus, the current iy,
still declines linearly. The energy stored in Lg; and L,, is
released to C, .Moreover, the energy stored in L,, is released
to the output via n2 and Cs. The leakage inductor energy can
thus be recycled, and the voltage stress of main switch is
clamped to the summation of V¢ and V, . This stage ends
when current iy x; = irx», thus the current ic,= 0 at t = t3.
Stage 4 [t; —t;]: During this time interval, the switch Q,
diodes D, and D, is still turned OFF. Since ic, reaches zero at
t = t3, the entire current of i x; flows through D; is blocked.
The current-flow path of this mode is shown in Fig. 1.2(d).
The energy stored in an inductor L, flows through diode D to
charge capacitor C; continually, so the current iy, is
decreasing linearly. The dc source Vi, L;, L., Lk, the
winding n2, L, and V; are series connected to discharge
their energy to capacitor Cy and load R. This stage ends when
the switch Q is turned ON at t = t,.

Stage 5 [ty —t5]: The main switch Q is turned ON at t, . During
this transition interval, diodes D;D; , and D, are
reverse-biased by V¢i, VetV and Vg — Ve — Vi, |,
respectively. Since the currents i; and i, are continuous,
only diodes D, and D, are conducting. The current-flow path
is shown in Fig. 1.2(e). The inductance L, is charged by input
voltage Vi,, and the current i increases almost in a linear
way. The blocking voltages V¢, is applied on magnetizing
inductor L, and primary-side leakage Ly, so the current iy
of the coupled inductor is increased rapidly. Meanwhile, the
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magnetizing inductor L, keeps on transferring its energy
through the secondary winding to the output capacitor Cy and
load R. At the same time, the energy stored in C; is discharged
to the output. Once the increasing ijx; equals the decreasing
current i, and the secondary leakage inductor current iy,
declines to zero at t = ts, this stage ends.
1.2 C-DCM

To simplify the C-DCM analysis, all leakage inductances
of'the coupled inductor are neglected. The coupled inductor is
modeled as a magnetizing inductor L, and an ideal
transformer. The equivalent circuits for each subinterval are
shown in Fig. 1.4.The key waveforms of the proposed
converter are shown in Fig.1.5. There are four main stages
during one switching cycle and detailed operation of each
case is presented next.
Stage 1 [ty —t;]: During this time interval, Q is turned ON.
Diodes D, and D, are conducted but diodes D,, D3, and D, are
blocked by V¢i, Vet Ve, and Vo —VC1 — Vi, respectively.
The current-flow path is shown in Fig. 1.4(a). The inductance
L, is charged by input voltage Vj,; thus, the current iy,
increases linearly. The energy from capacitor C; transfers to
magnetizing L, and current iy, increases linearly.
Meanwhile, capacitor C; is charged through the secondary
winding coil n2 by capacitors C; and C,. The output capacitor
C, provides its energy to load R. The clamped diodeD; is
biased forward when the main switch Q is turned OFF at t =t
, and this stage ends.
Stage 2 [t;—t, ]: At t =t; , the switch Q is turned OFF,
resulting in a current commutation between the switch Q and
diode D; immediately. During this transition time interval,
diodes D, and D, are turned OFF because they are respectivel
anti biased by V¢, and Vy — V¢, — V¢, , and other diodes ar£
conducting. The current-flow path is shown in Fig. 1.4(b). The
dc sources Vi, is series-connected with inductor L; and
transfer their energies to the capacitor C; through D; . The
capacitors C, is charged by the magnetizing inductor L, via
D; . Similarly, the dc source V;,, inductor L;, magnetizing
inductor L, and capacitor C; are series connected to transfer
their energy to capacitor Cy and load R. This stage ends when
the rising current ic3 equals to current ip ,, att =t, . At the same
instant, the diode Dj is reverse biased att =t,

a)Stage 3 [t, —t3]: During this time interval, the switch Q, D, and

D, remain turned OFF. The diodes D, and D, are still turned
ON. Since ic, reaches zero at t, , the coupled inductor
transfers energy to the output, and diode D; is also blocked.
The current-flow path is shown in Fig. 1.4(c). The dc source
Vi, and the input inductor L, are still connected serially to
charge capacitor C; . Thus, the current i;; continues to
decrease. Meantime, the primary and secondary sides of
doubled-inductor are serially connected, and serially
connected with Vs, delivering their energy to the output
capacitor Cy and load R. This stage ends when the current iy,
reduces to zero at t = t.
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Fig.1.5. The key waveforms of the proposed converter at C-DCM operation

Stage 4 [t; — t4 |: During this transition time interval, the
switch Q and the diode D, is still turned OFF. Meanwhile, the
primary and secondary currents of the coupled inductor have
run dry at t;. Therefore, the diode D; is still blocked by
Vci1tVey, and only diode D is conducting for continuous iy ;.
The current-flow path is shown in Fig. 1.4(d). The capacitor
C, is still charged by the energy stored in L; and dc sources
Vi Since the energy stored in L, is empty, the energy stored
in Cy is discharged to load R. This stage ends when Q is turned
ON at t = t;, which is the beginning of the next switching
period.

II. STEADY-STATE PERFORMANCE ANALYSIS OF
THE PROPOSED CONVERTER

2.1 C-CCM Operating Conduction

To simplify the analysis, the leakage inductances of
the coupled inductor are neglected in the steady-state
analysis. Also, the losses of the power devices are not
considered. Only stages 1 and 3 are considered for C-CCM
operation because the time durations of stages 2, 4, and 5 are
short significantly. At stagel, the main switch Q is turned ON,
the inductor L, is charged by the input dc source V;,, and the
magnetizing inductor L,, is charged by the voltage across C;.
The following equations can be written from Fig. 3.2(a):

ViEVin ey

VLm= VC 1. (2)
And the voltage of the switched capacitorC; can be expressed
by

Ves=NVertVertVes 3)
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During stage 3, the main switch Q is in the OFF state, the
inductor L; and magnetizing inductor L, are discharged,
respectively. The voltages across the inductor L, and L,, can
be obtained by

VeV Ve “4)
Vin=—Ver (%)
VomVert(NH D) VertVes . (6)

Using the inductor volt-second balance principle to the
inductor L; and magnetizing inductor L,, the following
equations can be expressed as:

T

DT 5

J Vi, dt+ J Vg —Voadt=0 (7)
o DT,

oT. Te

f b dt+ J‘—'P:dtzlil (®)
o DT,

From (1)—(8), the voltages across capacitors C;, C,, and Cs
are derived as follows:

b,  (A-DW
Fo = — = Q
B 71_Dp 24N ()
v = DV,, DY 10
BT 1-D)y 24N a0
(N+1-DNW,, (N+1-DN,
= = — = (11)
(1-D) 24N

Substituting (9)—(11) into (6), dc voltage gain MC-CCM is
obtained as
i _2+N 12)
Vi (1-DY ¢
Fig. 2.1 demonstrates the relationships between the voltage
gain and the duty cycle in the conventional quadratic boost
converter, reference [32] converter, and the proposed
converter at CCM operation. One can see that the proposed
converter can realize higher voltage gain with the same duty
cycle and turns ratio of the coupled inductor. According to the
description of the operating stages and neglecting the voltage
ripple on the clamp capacitor, the maximum voltage stress of
the main switcEr can be derived by

]

Mg _com =

Vitress—g = 21N (13)
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Fig. 2.1. Voltage gain comparison of the proposed converter,
the conventional quadratic boost and reference [32]
converter.
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Fig. 2.2. Voltage stress reduction comparison of the main
switch

The comparison of the main switch voltage stresses between
the conventional quadratic boost converter, reference [32]
converter, and the proposed converter is shown in Fig. 4.2.In
the conventional quadratic boost converter, the voltage stress
of the main switch always equals to the output voltage. The
main switch voltage stress of reference [32] is determined by
duty cycle and the turn ratio of the coupled inductor, which is
far lower than the output voltage with increasing duty ratio.
Fortunately, the voltage stress of the main switch in the
proposed converter is only determined by the turn ratio of the
coupled inductor and the output voltage. One can see that the
voltage stress of the switch decreases sharply with increasing
turns ratio. Thus, the high-performance active switch can be
used here to improve the efficiency. The voltage stress on the
diodes are giver:lr by

Vin (1-ID)
Vetrezz—m “1-0 2 N b (14)
DV D
Verress—wz ~ m _m W (15)
T LI?‘ 1 T
Vitress—pz = m BN AL (16)
. _AEN, (4N a7
stress—p0 T (]
(1-In* 2+N
, A+ NW,, (A+0)
Vetrezs-or = (1— D)2 =7 ry '° (18)

In terms of the operating principles, the current ripples on the
input inductor and magnetizing inductor are expressed as

DTV,
A, =—— (19)
Ly
DT.V,
Ay = —— (20)
Ly

Since the average currents of ic, ic3 and icy are zero in the
steady state, the average currents that flow through D,,D, and
the magnetizing inductor are, respectively, equal to the
average value of iy. The current stresses on power devices are
can be derived as

Al
IDI.[FE:F:) =I,;+ 2 (21)
Alyy
ID:[FEEF:j =I,;+ 2 (22)
DT,V
Tpaipeny = fo | 7; (23]
=~m
21,
IDr[Fer.'icj = (24)
21
Togipeay = 75 (23)
(Peai) 1i—D ’
Algy DT Vey

Lotpeais = Ipsrpeaiy + limezeaiy = Is +—— + o +

2L,
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When the switch Q is OFF, the average current stresses which
flow through capacitors C; and C; can be estimated as

1+N DT[1—D7%15
levorfy = Toa ™ ER Iyt 22, (2 .:f:ru @7
rl:![o,r',r'j =1 (28)

By using the ampere-second principle on capacitors C; and Cs
, the following equations can be expressed as:
T

J‘ Tespomy dt + J Ieyoprdt =0  (29)
i} DT,

Ty T,

J‘ Tczomdt + J Ieagoprydt =0 (30)
o oT;

Substituting (27),‘ (28) into (29) and (30), the following
equations are derived when the switch Q is ON:
2+ N DT.(1 - D)W,

J P
com) ¥ L1 — Dy T 2L.(2 + N)D
1-D0
(32)

According to the current-balance principle on capacitor C,,

the following equation can be expressed as:
oT: s

(31)

Tezpony = Tozpomy ™ D Iy

J‘ Iezpom At + J Ieyoprdt =0 (33)
(] DT,
The average current stress on the capacitor C, is
approximated as the switch Q is OFF
leacorry = 1o (34)

2.2 C-DCM Operating Condition
In C-DCM operation, there are four stages. The key
waveforms are shown in Fig. 1.5. During the time of stage 1,
the switch Q is turned ON, and only diodesD, and D, are
turned ON. The following equations can be written as:

Vii=Vi (3 5 )
VLmZVc] (3 6)
V=NV, =Ves-Ver-Ve (37)

During the time of stage 3, switch Q is turned OFF, and only
diodes D; andD, are conducting. The voltage levels across
inductorZ, and magnetizing L,, and secondary winding coil n2
are given as follows:

Vii=Vin-Ve Voo £V " (38)
cz c1 — ¥p
=Ny 69
NV, + ¥, - 1
_ (Vez (41 o) (40)

m N+1
During the time of stage 2, the output voltage V), can be
expressed as

Vo=Vt Vet (N+1) Ve, (41)
If D_is defined as the duty cycle of the magnetizing inductor
current from peak point ramped down to zero. By applying
the volt-second balance principle to the inductor L,
magnetizing inductor L,, and the secondary side of winding
coil n2, the following equations are derived:

o7, [D+D77;
[ Modts [ va-vude=0 G2
o T,
oT [(D+D T
Voo + ¥ =1
Ty i ————dl — 0143
J‘ g1 Ul + J‘ Vil (43)

o DT
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o7, [D+DT;

NVez + Ve — 1)
f (Ve — Ve — Vil dt + f N1l
o DT,

From (38)—(44), the voltages of C;, C,, C;3, and D_ are

obtained
£
Va = 1= ;] (45)
. DV, 6)
BT n-oyo
(N +1)D + D]V,
Ve = — 47
e {1-DD _ (47)
" % 2+NM@+D) i
+ C_DEM_F[?!_ {I_DJD- ( :]
D= D(2 + NV, 49
T WRQA-D) -2 + Ny,

The peak value of magnetizing inductor current Iyp is

expressed by
Ve DT.Vin

limg =7 == 10D (30)
m rr': - :]

Since the average currents through capacitors C,, C;, and C,
are zero in a steady state, the average current values of ip;, ip,,
and ip, are, respectively, equal to the average of 7, , and

.Ier.p

S = Iy (31)

Since I, = V, /R, substituting (50) and (51) into (49) obtains
the voltage gain of the proposed converter in C-DCM as
follows:

Ipg =lgry =1 =

[ ” ” R
| 2 2 _
w @ +N]+_\I{2+Nj +202Q2 +N)

Me _pew = Ve 2(1- D)

Where f5 is the switching frequency.

BCM Operating Condition

If the input current through L; of proposed converter is

operated in boundary-condition mode, the boundary inductor

L, can be derived as

D(1-DYyYR

U2+ N

When the current through L,, of the proposed converter is

operated in boundary-condition mode, the boundary

magnetizing inductor L,z can be depicted by
D1 - DR

(53)

L — o4
mE2(2 4+ N (54
2 X ]64
'r—rr:ﬂ
-§ I
l'.”f
0 . : . g
0 0.2 04 0.6 0.8 1
Duty cycle

Fig. 2.3. Boundary condition of the proposed converter with

N=2.
The relationship between the L;g and the duty cycle, the load,
the switching frequency, and the turn ratio are plotted in Fig.
4.3. Once the L, is higher than L5 , the inductor L; will be

www.ijerm.com
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operated in the continuous conduction mode. As shown in
Fig. 2.3, if the L,, is larger than L5, the coupled inductor will
be operated in the continuous conduction mode. In the
practical application, one can make a micro adjustment.

III. KEY PARAMETER DESIGN GUIDANCE

3.1 Input Inductor L; Selection
For renewable dc low-voltage sources such as PV array or
fuel cell, the lower input current ripples are usually required,
so the design guidance of the proposed converter employed in
C-CCM is given, and the input inductor L, is designed to
make that the input current ripple is approximately 15% of the
average ipput current, which is derived by

L =——0 55
LS AL (53]

3.2 Turns Ratio and Magnetizing Inductor of
Coupled Inductor Selection

In the proposed converter, the coupled inductor stores
energy like an inductor. Therefore, the coupled inductor
should be designed like a fly-back transformer. The turns ratio
of the coupled inductor determines the switch duty cycle, and
the voltage, current stresses of power devices, which is
obtained by
N —Efl—D]:—7

Vi

If the switch duty cycle is selected, the turns’ ratio of the
coupled inductor can be calculated and the power device
voltage/current stress can be easily carried out. As a result, the
power devices will be chosen easily by considering some
acceptable voltage and current margins. Usually, the duty
cycle should be less than 0.7 to reduce conduction loss of the
converter. However, if the duty ratio is too small, the
increasing turn ratio will lead to larger volume of the coupled
inductor and boundary magnetizing inductance. Furthermore,
the bigger magnetic core leads to more energy loss. As a
result, a compromise should be made to optimize the turns
ratio of the coupled inductor for a given voltage gain. In
practical applications, the turn ratio from 1 to 3 is more
appropriate for the proposed converter. In this project, the
designed feature of the proposed converter is mainly operated
in C-CCM. In practical applications, the theoretical boundary
magnetizing inductance can be designed at 30-45% full load
by equation (54).
3.3 Active Switch and Diodes Selection

The voltage/current rating of the active components can be
obtained from (13)—(18), and (21)—(26). In practice, voltage
spike usually could be produced during switch transition
process because of the effect of the leakage inductance and
parasitic capacitor. Besides, the spike voltage also could be
generated due to stray inductance and capacitance existing in
practical PCB.Therefore, regarding the aforementioned
effects of the circuit and traces, the voltage/current rating of
the selected power devices will usually be more than 150% of
the calculated value
3.4 Considerations of the Capacitor Design
To suppress the voltage ripple on the clamp capacitor C, and
the switched capacitor C; to a tolerant range is main
consideration. Hence, the estimated capacitances depend on
the equations (57) and (58).Where AV is the maximum
tolerant voltage ripple on the capacitors C;, C,, Cs, or Cy

(36)
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2Ppax
Cz— 57
= Vi, (7
P
Cx> 58
= Vo AVLLE, (58)

In practice, the equivalent series resistor (ESR) of an
aluminum electrolytic capacitor will be smaller as the
capacitance increases, so the capacitor is usually selected to
be larger than the calculated value during converter operation.
3.5 Analysis of Theoretical Efficiency

Once the major components’ parameters are chosen, the
efficiency of the converter can be estimated based on
considering the parasitic resistive components. Some specific
variable symbols of all parasitic components are assumed as
follows: rp; is the ESR of the input inductor L, ; ry; and 1y
represent ESR of the primary and secondary windings of the
coupled inductor; rq is the on-state resistance of the switch Q;
rci, Tez » and res denote, respectively, the ESR of capacitors
Ci, C,, and Cs ; Vipi, Vep,Vips, Veps, and Veps are the
forward voltage drop of D;,D,,D3,D,4 , and Ds , respectively;
I'pi, Iy, b3, Ips , and rps are, respectively, the forward
resistance of Dy,D,,D;,D, , and Ds . According to previous
work [28], [36], the theoretical efficiency is found by

=7 HJBJ+A —a, +A,
~ v [(2#2D+D7 2D D)Vt O7 DWWVt Vo

Ay=-- [(2D)DA+NHDND) e+ 1D rpr i |

L

A= [ D-N)er D200 e e)+H{ 1D sestrestons o trrte ]

_ ttrestrpg | (HN)D(IINDHD ND ey reptros

As R (1-TV°R ]

Efficiency

0 02 0.4 06 0.8 1
Duty ratio
Fig. 3.1. Calculated efficiency 1 versus duty cycle for
different parameters

Fig. 3.1 plots the calculated efficiency under three operating
conditions. One can see that the theoretical efficiency is
improved slightly with increasing turns ratio of the coupled
inductor. But the efficiency will be decreased dramatically
when the duty ratio is larger than 0.7. Therefore, the turn ratio
can be designed as higher as possible under appropriate duty
cycle range if only efficiency is desired. However, it should be
noticed that the increasing turn ratio will result in larger
volume of the coupled inductor and boundary magnetizing
inductance. Furthermore, the bigger magnetic core leads to
more energy loss. As a result, a compromise should be
considered to optimize overall the system’s performance.

IV. RESULTS AND DISCUSSIONS

4.1 Parameters considered:
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The following parameters are considered for the proposed
converter

1) TABLE 6.1
Components Parameters
Input voltage Vi, 20V
Switching frequency f, 40 KHZ
Magnetizing inductor Ly, 200uH
Leakage inductor Lgi/Lka 1.7 uH
Input inductor L; 60 uH
Power MOSFET Q FQP34N20
Dr/Do Diodes FFPF20U50
D, /D;/D;(Diodes) 20ETF02
Ci(capacitor) 470 pF /100v Fig.4.4 Voltage stress of Diodes Vp;, Vpa, Vs, Vi, Vo in
Cy(capacitor) 47 pF /100v
Cj3(capacitor) 47 uF /250v
Cy(capacitor) 470 pF /600v
4.2 SIMULATION DIAGRAM
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Fig.4.1. Simulation Diagram of Proposed Converter
The simulation is performed for various duty ratios and for
different turns’ ratio to clearly understand their effect on the
performance of the converter.

Fig.4.5.WaVef0rmS OfVin, ILla ICI: Icz, Ic3, VO in D-CCM

4.3 SIMULATION RESULTS
The following are the various voltages and currents obtained
across the network elements when duty cycle is 0.5 and

transformation ratio 13/7.

SECESES SRS

Fig.4.7.Wavef0rms of Vgs ,ICI, Icz,Ic(), in D-CCM

Fig.4.3.Waveforms of Vg ,Ici, Ica,lc3, in C-CCM
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Fig.4.8.Voltage stress of Diodes Vpi, Vo, Vps, Vpr, Vo in
D-CCM

CONCLUSION

For non isolated high step-up industry applications, a novel
high-voltage gain converter is introduced in this paper, which
combines a quadratic boost converter with coupled inductor
and diode—capacitor techniques. A clamped-capacitor circuit
is connected to the primary side of the coupled inductor, the
voltage stress of the active switch is reduced greatly and the
clamped capacitor also transfers the primary leakage energy
to the output. At the same time, a diode-capacitor circuit is
integrated with the secondary winding for further extending
the voltage gain greatly. Furthermore, the energy of secondary
leakage inductor can be recycled and the turned off voltage
spikes on the main switch are suppressed. In addition,
compared with some active clamp or three-level counterparts,
only one MOSFET is required to simplify the circuit
configuration and improve the system reliability, and the
proposed converter maintains the advantage of continuous
input current.
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