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ABSTRACT: This article presents an improved power quality (IPQ) soft-switched diode-driven capacitor (DDC) cell converter for high-
gain DC-DC conversion applications. The modified sixth-order DDC cell converter ofters several advantages over conventional designs,
including a common ground configuration, reduced pulsating source current, non-inverted output voltage, and a high voltage gain of
(1+ D)/(1 — D). A single-capacitor auxiliary circuit is employed to facilitate soft-switching operation by reducing switching stress
and minimizing switching losses. The proposed converter achieves zero-voltage switching (ZVS) and zero-current switching (ZCS)
conditions without significantly increasing circuit complexity or auxiliary component count. Comprehensive steady-state and small-
signal analyses are carried out and validated through MATLAB/Simulink simulations and a 600 W experimental prototype. Experimental
results demonstrate improved efficiency, reduced voltage stress, and enhanced input-side power quality with input current THD limited
to 3% under rated operating conditions. Owing to its simple structure, reduced switching losses, and high voltage gain capability, the
proposed converter is suitable for high-performance DC-DC power conversion applications.

1. INTRODUCTION

igh-gain DC-DC converters are widely used in modern
Hpower electronic applications, such as renewable energy
systems, battery energy storage, electric vehicles, and regulated
DC power supplies. Conventional boost converters are com-
monly employed for voltage step-up applications because of
their simple structure and ease of control. However, achiev-
ing high voltage gain using conventional boost converters re-
quires operation at extremely high duty ratios, which increases
conduction losses, voltage stress, switching losses, and electro-
magnetic interference (EMI) [1, 2].

To overcome these limitations, several high-gain converter
topologies employing switched capacitors, coupled inductors,
voltage multiplier cells, and soft-switching techniques have
been reported in the literature [3-6]. Among these meth-
ods, soft-switching techniques are particularly attractive be-
cause they reduce switching losses and voltage stress while
enabling high-frequency operation with improved efficiency.
Zero-Voltage Switching (ZVS) is achieved when a semiconduc-
tor device is turned ON under zero or near-zero voltage condi-
tions, whereas Zero-Current Switching (ZCS) is achieved when
the device is turned OFF under zero or near-zero current condi-
tions [6]. Nevertheless, many existing soft-switched converters
require multiple auxiliary switches, inductors, resonant tanks,
or complex control circuits, which increase converter complex-
ity and component count [3-5].

The diode-driven capacitor (DDC) cell-based fifth-order
boost converter reported in [9] offers several attractive features,
such as high voltage gain, low input current ripple, common
ground configuration, and non-inverted output voltage. The
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topology is derived from the Single-Ended Primary Inductor
Converter (SEPIC) and utilizes a DDC cell to enhance voltage
gain while preserving improved input current characteris-
tics. However, the converter reported in [9] operates under
hard-switching conditions, resulting in switching losses and
increased device stress at higher switching frequencies.

To address these limitations, this paper presents a soft-
switched DDC cell converter based on the topology reported in
[9]. An auxiliary capacitor (C), connected in parallel with the
main switch, is incorporated to facilitate soft-switching opera-
tion by reducing voltage-current overlap during switching tran-
sitions. The auxiliary capacitor assists in achieving ZVS and
ZCS conditions without significantly increasing circuit com-
plexity or auxiliary component count. Although C partici-
pates in switching transition intervals, its average current over
one switching cycle is zero under continuous conduction mode
(CCM); therefore, the steady-state voltage conversion ratio re-
mains unchanged.

The major contributions of this work are summarized as fol-
lows:

e Development of a soft-switched DDC cell converter de-
rived from the topology presented in [9] by connecting an
auxiliary capacitor C; in parallel with switch S;

e Reduction of switching losses and switching stress using
a single auxiliary capacitor.

e Achievement of ZVS and ZCS operation with minimal
auxiliary circuitry.

e Improved input-side power quality with low source cur-
rent THD.
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e Validation of converter operation through steady-state
analysis, small-signal modelling, MATLAB/Simulink
simulations, and experimental verification using a 600 W
prototype.

The remainder of this paper is organized as follows. Sec-
tion 2 presents the operating principle and steady-state analy-
sis of the proposed converter and also discusses small-signal
modelling and controller design. Experimental validation and
performance analysis are presented in Section 3, followed by
conclusions in Section 4.

2. MODES OF OPERATION OF SOFT-SWITCHED DDC
CELL CONVERTER AND ITS ANALYSIS

The whole system design is shown in Fig. 1, where the AC to
DC supply conversion is accomplished by a bridge rectifier as
shown in Fig. 2 and then by filters L; and C'y. A soft-switched
boost converter is the next component in the circuit. To get the
required output, closed-loop operation is used to regulate the
primary switch S;. A 6th-order soft-switched DDC cell boost
converter [9] is represented by the circuit’s latter half, exclud-
ing the control section. With the inclusion of the DDC-cell, the
SEPIC’s buck-boost voltage gain function becomes boost while
maintaining its low ripple content characteristic. Fig. 3(a) il-
lustrates a 6th-order soft switched DDC cell boost converter,
and Fig. 4 depicts its ideal waveforms. The suggested circuit
decreases voltage stress across the switch, maintains the abil-
ity of the SEPIC to have minimal supply current ripple, has a
common ground, and has an output voltage that is not reversed.
Fig. 7 depicts the control circuit for the modified DDC cell con-
verter, where the proportional-integral (PI) controller is used to
maintain a constant output voltage.
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Vref
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FIGURE 1. Schematic of system.

2.1. Analysis of Diode Bridge Rectifier

Figure 2 shows the diode bridge rectifier used at the input stage.
The values of the filter inductor L ; and filter capacitor C'y are
calculated as follows.

FIGURE 2. Diode bridge rectifier.
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Input voltage is given as follows

Vin = Vin sinwt

(1)
Vin = 230V/2 sinwt
Filter capacitor (C) is calculated as [10]
I PourV2
Cf max=—r " tanf= L/VIN tan(cos™ ' DPF)
w V;?k wVin \/5 )
C=580nF

where 6 is the change in the angular relationship between the

maximum input voltage and the maximum current of the diode

bridge rectifier, and the line frequency is computed asw = 27 f.

The formula used to determine the maximum filter capacitance

C'tmaa s 18 given in [10]. DPF is the displacement power factor.
Filter inductor (L) is calculated as [10]

1
Lyj=—
I~ an2p20; 3)
Lf = 2mH

The output of the diode bridge rectifier can be calculated as

2V,
Vp ="

m 4)
Vr = 1984V

2.2. Steady State and Time Domain Analysis of DDC Cell Con-
verter

Figure 3(a) depicts the presented converter [9]. Figs. 3(b) &
(c) illustrate how it operates. By adding a diode-driven capac-
itor (DDC) cell that displays a high voltage gain, the typical
SEPIC [8] is basically the basis for the sixth-order boost con-
verter that is being described. Here, the DDC cell’s insertion
converts the SEPIC’s buck-boost voltage gain function into a
boost mode while maintaining the low ripple content charac-
teristic [9]. The converter that is being presented contains six
energy-storing components, which add to the system’s sixth or-
der. These components include four capacitors and two induc-
tors. An additional capacitor (C') is connected in parallel to
the switch and improves power quality and soft switching. Al-
though C participates in switching transition intervals, its av-
erage current over one switching cycle is zero under continu-
ous conduction mode (CCM); therefore, the steady-state volt-
age conversion ratio remains unchanged. Two operating modes
are available for the Soft-Switched 6th-order (DDC) Cell Con-
verter (equivalent circuit shown in Fig. 3(a)): Mode I (equiv-
alent circuit shown in Fig. 3(b)) and Mode II (equivalent cir-
cuit in Fig. 3(c)). For the steady state study of the DDC-driven
soft switch Sth-order converter, the following hypotheses were
made.
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FIGURE 3. (a) Modified DDC cell converter, (b) equivalent circuit of mode-I, and (c) equivalent circuit of mode-II.
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FIGURE 4. Ideal waveform for DDC cell converter.

1. In comparison to the switching time period, the circuit
time constant is very high.

2. Every switching device, controlled and uncontrolled, is
ideal.

3. The voltages of the capacitors are regarded as almost con-
stant.

4. The passive components (R, L, and (') exhibit linear tem-
poral invariance.

5. The inductor operates in the manner of continuous current.

This converter works in two operating modes.

Mode I (0 <t < ton, 0 <t < DTy)

Switch Sy is ON, and DDC cell diode D4, and D45 are OFF.
Its respective equations are as follows.

The voltage (V) across inductor L is given by

Vi = Vr Q)
dly,

L = 6

dion Vr (6)
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The voltage (V1.4) across inductor L is given by

Via = (Vo —Vear — Veaz) @)
dl
g L — (Vo = Vear — Voa) (3
ON

Mode II (to, < t < T3, DTy <t < T}).

Switch S; is OFF, and DDC cell diode Dg4; and Do are ON.
Its respective equations are as follows.

The voltage (V1) across inductor L is given by

Vo = Vr+Vear —Wo )
dl
L—" = Vet Vea — Vo (10)
dtorr
Vo = Vpr — Ve (11)
The voltage (V74) across inductor L, is given by
Via = —Vea (12)
dl
i— = Von (13)
dtorr

For stable operation charging of inductor (L) = discharging of
inductor (L)

dIy, dly,

dton 7LdtOFF (14)
(Vo) (DTy) + (Ve +Vear — Vo) (1= D) T, =0 (15)
Vear = Vo — [Vt/(1 _ D)} (16)

The voltage across capacitor Cyy; is given by Eq. (16).
For stable operation charging of inductor (L) = discharging
of inductor (Lg4)

dlrq
L -
dton

(Vo = Vear — Veaz) (DTY) + (=Vea) 1 — D)T; =0 (18)

Simplifying Eq. (17) yields the capacitor (Vqi, Voaz) voltage
dependency on the duty ratio as the two intermediate capacitors
in the mode-2 equivalent circuit are in parallel and charge to the
same voltages, i.e, Vog1 = Vego.

_, dlpa
dtorr

amn

(DVo)
(1+D)

(19)

Vear = Vear =
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Simplifying Eqgs. (19) & (16) gives following voltage gain

Vo (1+D)
Vr ~ (1-D) 0

Now by Egs. (19) & (20), Vo1 and Vg can be expressed in
terms of input voltage

(DVr)

) @2n

Vear = Veaz =

The inductor L draws current from the input voltage (V) while
operating in mode 1, and its ripple current is obtained as
Al = (VTDTt/L) (22)

Likewise, inductor L4 in mode-1 is impressed with Vo — Vg1 —

Veoae level, which is also equal to Vi, so current ripple in Ly
can be obtained as

— (Vp DT,

Alpg = ( T t/Ld) (23)
The input current (I7), which is equal to inductor current
(I1), can be obtained, with the assumption of negligible losses
(VI = Vilp). The source current is obtained as

Ip =1, = [(1 +D) Toyq _ D)] 24)
While the inductor L carries current identical to the capacitors
for DT; time and maintains its average current equal to load
current as shown in Eq. (24), the capacitors (Cy; and Cyo) carry
ripple current with zero average value.

Ip=1Ipq = (VO/R)

The maximum (Ipmaz, ILdmarz) and minimum (Ip.p,
I1.dmin) currents through the inductors (L & L) are obtained
by using Egs. (22) & (23) as

(25)

AL

Ipma = I+ —~ (26)

Ipmax = Ip + (VTDTt/2L> (27)

T = 11— (VrPTifyp) (28)
Similarly,

Itdgmax = I + (VTDTt/2Ld) (29)

Tpamin = I — (VTDTt/ZLd) (30)

The DDC converter’s two modes may be seen to get the ca-
pacitor current expressions for each mode. These expressions
are then used to obtain the ripple voltage expressions across ca-
pacitors C'y1, Cyz, and Cy,., which are provided by

AVear =

(IODTT/Cdl) = AVCdQ (31)

AVoue = (2oPTry, ) (32)
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2.3. DDC Cell Converter Element and Choice of Parameters

MATLAB has been used to simulate the suggested model for
600 watts, and its respective experimental setup has been made.
Switching frequency Fr is 50 KHz. The converter is designed
to boost the voltage from 198.4V to 300 V. Duty ratio can be
calculated from Eq. (19), where Vr = 198.4 V and V; = 300 V.
Duty ratio (D) = 0.203. The design equation listed in Table 1
with its ripple threshold [6] AL, Apg < 30% and Aoy =
Acaz, Age < 5%) are used to calculate the value of energy
storing elements (Cy1, Cy2, Cye, L, and L) at ideal condi-
tions Py = 600w, Vo, = 300V, PoVo = Iy, Ip = 2A,
and Rp = 1509Q. from Eq. 25), Iy = Irq = 2A. From
Eq. (24), source current I = inductor current I, is computed
as 3.03 A, by allowable ripple threshold A, = 0.909 A and
Arpg = 0.6 A. The voltage across Cy; and Cyo can be calcu-
lated from Eq. (21) and V.41 = V.42 = 50.623 V and by al-
lowable ripple threshold A 41 = Acge = 2.54 V. The voltage
across V. is equal to output voltage Vj, Vg, = Vp = 300V by
ripple threshold A4. = 15 V. For soft switching to occur, the
resonant frequency f, must be greater than switching frequency
fr= ﬁ > 50000, C; < 5.06nF.

TABLE 1. Parameter estimation.

Estimation of value of energy storing elements

L > (VT X D)/(AIL X FT) Cq1 > (Io X D)/(AVOdl X FT)

Lg > (VT X D)/(AILd X FT) Cya > (Io X D)/(AVCdQ X FT)

s = 50000 Cac > (210 x D)/(AVy. x Fr)

From the design equation listed in Table 1, L >
(VrD)/ALF}), L > (198.4 % 0.203)/(0.456 * 50000)
1004 pnH. Lg > (VTD)/ALdFt), Ly > (1984 * 0203)/(06 *
50000) = 1342.5puH, Cy1 = Cq2 > (IyD)/AcirFy).
Cyi = Cgo > (2 %0.203)/(2.54 * 50000) = 3.19uF.
Cde > (20D)/AgcFy), Cde > (2%2%0.203) /(15 % 50000) =
1.08 uF. The values of energy storing elements used in are
specified in Table 2 as follows L = 2mH, L; = 1.35mH,
Cqp = Cyo =4 uF, Cy. = 3uF, and C; = 3nF.

TABLE 2. Parameter values.

Estimation of value of energy storing elements
L =2mH Cq1 =4uF

L, =1.35mH Cao =4 uF
Cy =3nF Cac = 3uF

2.4. Voltage Stress Across Switches

The voltage stress across switch S is calculated from Fig. 3(b),
and the voltage stress across the diode D41 and D4, are calcu-
lated from Fig. 3(a).

The voltage stress across switch Sp is V(-V,41, and the volt-
age stress across the diodes Dy; and Dy are Viog1-Vig.
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FIGURE 5. Modified DDC converter with its respective parasitic ele-
ments.

2.5. Small Signal Model Analysis and Closed Loop Operation

The equivalent circuit with its respective parasitic resistances is
shown in Fig. 5. Using basic circuit rules, the equivalent circuit
shown in Fig. 5 is converted into a set of first-order differen-
tial equations to explain the dynamic behavior of the converter.
These differential equations are now expressed in the standard
state space model as follows, in order to expand the linear sys-
tem theory.

v =[ir ira Ver Vear Vear Vode ]T (33)
u = Vp (34)
Yy = VO = VCdc

Mode I (0 <t < ton, 0 <t < DT})
Switch Sy is ON, and DDC cell diode D4, and D45 are OFF.
Its respective equations are as follows

di . .
Vi, = Ld—f =Vr—rpip — (rs +rc1)ir (35)
di
VLd = L# = VO - VCdl - VCd2 -
(redar + rede +7rd) ind (36)
[ =52 0 P i
0 = 0
2d—1 Od -1 Od
A= | Za _1a P
oy S
Cwe  Cwm 0
1-d
I 0 o 0 0
B=[L+ 0000 0] (50)
13
C=[00000 1] (51)
The transfer function can be obtained as
Gppe (S)=BI[SI—A]"'C (52)
2+a151+a050]
Gppe (S)= [o2e 53
ppc (5) [s6+ 8555+ Bast+ B3s3+B252+ P15t + Pos?] (53)
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dV¢ 1%

ich = C—2 =i — <L 37)
dt rol

. dV; .

ican = Ca dctdl = —iL4 (38)
dV; Vi — W

iciz = Cp—p® = == (39)

Mode II (¢, <t < Ty, (1 — D)Tt <t <T})
Switch S; is OFF, and DDC cell diode D41 and D45 are ON.
Its respective equations are as follows

dI
Vi = L—2— =V + Vea — Vo — 2rpir, — rriz (40)
dtorr
dI .
Via = La——% = —Voa — (roa + 1.4) iva (41)
dtorr
dV Ve
ic1 = C1 dC1 = i, — 4 (42)
t ro1
) dV . .
ica1 = C1 dc1 =i —iLd (43)
t
dV Veoar — Vi
icar = C1=p =g =~ (44)
t rCd2
Average state space model using duty ratio d
= d(Ai1x + Biu) + (1 — d)(Asz + Bau) (45)
= Az + Bu (46)
where,
A =dA1+(1—-d)A, 47)
B = dB1+(1—d)Bs (48)
1-d 7
_1-d 0
—d _1-d
Lg Lg
0 0
0 0 (49)
1 1
erlcdg TCdlch
1 _ I
rca2Cde (TCdzcdc Tocdc) i
where,

oy = 2.87(10)" ) 0y =4.11(10)'7, ap = 1.74(10)*
Bs =1.92(10)*, By = 3.78 (10)*, 5 = 4.62(10)"°

By =3.55(10)"°, By = 1.48(10)*, By = 2.93(10)*

The open-loop pole-zero (P-Z) map of the DDC cell-driven
converter is shown in Fig. 6. The fact that all 6 poles of the
DDC cell-driven converter (shown by crosses) are on the left

WWwWw.jpier.org
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FIGURE 6. Pole zero plot for DDC cell boost converter.
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FIGURE 7. Control circuit for 6th order soft switched DDC cell boost
converter.
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FIGURE 8. Pole zero plot for DDC cell boost converter.

side of the y axis validates the Routh-Hurwitz stability crite-
rion. Using the PI controller seen in Fig. 7, the tuned PI con-
trollers are used in a cascaded voltage control loop. The DDC
cell converter transfer function is provided by Eq. (53), which
represents an open-loop stable system.

The open-loop transfer function of the complete system em-
ploying control is shown in Fig. 8, and the open-loop transfer
function of the complete system is calculated as

W.

TFDD0(S) = (Wpl + ;) X Gppc(S) (54)
B [x3s®+x25" +x18" +x05’]
TFppc(S)= [s7+0650+055°+ 0454+ 0353+ 0252+ 18] (53)
where x5 = 7.365(10)", xo = 1.622(10)"°,

X1 = 441(10)°, xo = 3.798(10)%, 6 = 7.64(10)",

55 = 1.92(10)°, 64 = 2.73(10)", 65 = 2.187(10)",

8y = 9.602 (10)%°, & = 2.291 (10)*.

The bode-plot corresponding to the DDC cell converter is
shown in Fig. 9. The stability of the DDC cell converter and
control system is demonstrated by the gain and phase margins
obtained from the Bode diagram, and the closed-loop system
achieves a gain margin of 78.9 dB and is a closed loop as well
as an open-loop stable system.

217

Bode Diagram

System: T
Gain Margin (dB): 78.9
At frequency (rad/s): 6.53e+03
Closed loop stable? Yes

=50

10°? 10! 10° 10’ 10° 10 10° 10

10°
Frequency (rad/s)

FIGURE 9. Bode plot of closed loop soft switched DDC cell boost con-
verter.

2.6. Efficiency Analysis

This section discusses the detailed efficiency analysis of a mod-
ified DDC cell converter with parasitic resistance, thus formu-
lating the actual voltage gain and power loss across different
components.
Applying volt-Sec balance on Inductor L
(VL) (DTy) + (VL) (1= D) Ty =0
From Egs. (35) & (40)

(Vp —rpip — (rs +7re1)in) (d)
+ (VT —rpip — (7’5 + T01)iL) (1 — d) =0 (57)

(56)

(1—=d)VoirRy — Vr

Vea = T4 (58)
where,
Ry=d(rp+rs+rc)+(1=d)2rp+rr) (59
Applying volt-Sec balance on inductor L,
(Vo) (DTy) 4+ (VL) (1= D) Ty =0 (60)

From Egs. (36) & (41)
(Vo = Vear — Veaz — (rcar + reaz + ria) ina) (DTy)

+ (*VCdl — (T‘Cdl + TLd) iLd) (1 — D) Ty =0 (o1)
dVy +ipqRo
= 62
Vear T+ d (62)
where,

Ry =d(rcai +rca2 + rra) + (1 —d) (2rcar +ra) (63)

The actual gain of the converter is calculated from Eqgs. (58) &
(62)

oo (%) - <(1+d)iL(11%1+d§1V; d) z'LdR2> )

Figure 10 shows the variation of voltage gain with duty ratio
under different load conditions.

To further assess practical performance, a power-loss study
of the 600 W prototype is conducted. The modified DDC cell
converters’ power loss and its estimation are shown in Table 3.

WWwWw.jpier.org
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TABLE 3. Total power loss and estimation.

Classification Estimation Value (W) | Percentage
MOSFET Conduction loss STI2 msTs 3.6 19.40
Switching loss Psw 51+ Psw,p 1.08 5.83
Diode Conduction Loss S ID rmsTD 8 43.12
Inductor loss S IR rmsTL 1.9 10.24
Capacitor loss S IZ msTe 2.1 11.32
Core losses + gate driver 0.5 2.69
miscellaneous 1.37 7.385

Voltage gain v/z Duty ratio for different
loads

] ]
Le] [ay%

Voltage Gain
[ue)

—
‘v/

-
=

—

0.25 0.3 0.4
Duty Ratio
200W 300w

—— S00W —— G00W

0.1 0.15 0.2 035

——Tdeal
400

FIGURE 10. Voltage gain versus duty ratio for different load conditions.

At full load, the observed peak load efficiency of 97% is equal
to a total power loss of

Poutput

Pioss = — Poutput = 18.55 W (65)

where P}, is the summation of all losses from the parasitic
component of the modified DDC cell converter.

Switching losses are estimated as there is a small overlap be-
tween voltage and current waveforms in the experimental setup,
and conduction losses account for most of the total power dis-
sipation.

MOSFET switching loss is calculated as

Powsi = (o) VarIs) (b + 1) i (66)

where ¢, is the rise time, and ¢¢ is the fall time of voltage and
current across switch
Psy,s1 = (1/2> (52 x 3.02) (80 x 10_9) 50000 = 0.36 W
(67)
Diode switching loss is calculated as
Psw,pa1 = Psw,pi2 = Qrr Va1 [t (68)

where @), is the reverse recovery charge of diode

Psw,pa1 = Psw,.paz = (70 x 1072) 102 x 50000 (69)
Psw.pa1 = Psw,pa2 = 0.36 (70)

Total switching loss across the diode is
Psw.p = 0.72w (71
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Power loss distribution

MOSFET Conductionloss | NN 10.40%

M 5.83%
I ;12
I 10.24%

Capacitorloss [ 11.32%

Switchingloss
Diode Conduction Loss

Inductor loss

0 2.69%

7 30%

Corelosses+gate driver

migcellaneous

FIGURE 11. Power loss distribution for the presented converter.

Figure 11 illustrates that diode conduction loss, which accounts
for approximately 45% of the total losses, is the primary source
of power loss in the converter. Duty ratio for switch is mini-
mum, which increases the conduction time of diode, and is the
primary cause of loss. The conduction losses of the MOSFET
are around 20%, since the converter’s operational duty ratio
is minimal. The losses across the capacitor and inductor are
around 10% and 11%, respectively.

Vo

Vr (24 + P, ) 7

’[7:

Figure 12 shows the efficiency of the DDC cell converter
with varying load. Experimental efficiency at 600 W is 97%
while theoretical efficiency is 98.1%.

% Efficiency v/s Output Power (W)

=
=
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ficiency
Oy
(=]

o)
Ch

%
o
o

400 600

Output Power (W)

500

[
=
[=3

300

=& Theoretical Efficiency (%%) Experimental Efficiency (%)

FIGURE 12. %efficiency v/s output power.
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TABLE 4. Comparative evaluation of semiconductor stress, efficiency, and auxiliary components.

S No. | Reference Voltage stress Efficienc Power | Auxiliary circuit Component count
T Switch Diode Y rating |[Q|L|C|d T
1. [5] S Vola, » Vola, » VDol, 96% 200W [0]2]2]3 7
2. [11] Vol e Vo = Vrly, a, 96% 3KW [ 21203 7
3. [12] 3V Vrl, 97.5% | 150W |2 [3|1]1 7

51,82
4. [13] Vo, Vol, 94.7% | 300W [2[2[0|3 7
5. [14] Hnz _ yp Volag,s s 96% ISKW [2[1]|2]2 7
S1,82
6. [15] Vo— L Vol, 97% IKW |1]2]3]2 8
S1
8. [16] Vo — Vrl,, Vol, 98% 300W [ 1]2]3 (2 8
(1+n2)V 14+n3) V|
9. [17] Tl TrEa 9524 | 200W |0 3|43 10
\% \%
10. (18] R se P 97.3% | 150W |0 |5|1 |4 10
Mooy | ) GEEste) ) GEESEL) L 967% | 100W | 1] 23 |2 8
S1 52 1 2
12. 20 Vr. Yz , Mz 95% 300W |0 [1]1]2 4
[20] =Dl D g dods 1P Ny ds dg ’
13. DDC Vo — Veal,, Voar = Vidla,, ay, 97% 600W [0 [0[1]0 1

*d = Diode, D = duty ratio, () = controlled Switch, L = inductor, C' = capacitor, 7" = total auxiliary component.

2.7. DDC Cell Driven Soft Switched Converter Differential Fac-
tors

Table 4 presents a comprehensive comparison between the pro-
posed DDC-cell converter and several recently reported high-
gain DC-DC converter topologies. From the comparison, it
can be observed that the proposed converter achieves a high
conversion efficiency of 97% while operating at a power rat-
ing of 600 W. One of the most notable advantages of the pro-
posed topology is its significantly reduced auxiliary compo-
nent requirement. Unlike many existing converters that rely on
multiple auxiliary inductors, capacitors, switches, and diodes
to realize soft-switching operation, the proposed converter uti-
lizes only a single auxiliary capacitor. As a result, the overall
converter structure becomes much simpler and easier to imple-
ment. The reduced component count also minimizes gate driv-
ing complexity, control circuitry requirements, converter vol-
ume, and overall system cost.

Another important advantage of the presented converter
is the reduced voltage stress across the semiconductor de-
vices. The voltage stress across the main switch is limited
to Vp-V.q1, whereas the voltage stress across the diodes is
restricted to Vog1-Vig. Due to this reduced stress profile,
lower voltage-rated semiconductor devices can be employed,
which directly contributes to lower conduction losses, re-
duced switching losses, and improved overall efficiency. In
comparison, several converters reported in [11,14,17,19]
experience relatively higher switch or diode voltage stress and
often require additional passive or active clamping networks
to protect the devices. Furthermore, some topologies achieve
soft switching at the expense of increased circuit complexity
and higher auxiliary component count, which may reduce
reliability and increase implementation difficulty.

Although certain converters, such as the topology presented
in [16], demonstrate slightly higher peak efficiency, they op-
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erate at substantially lower power levels and require a greater
number of auxiliary components. Similarly, other converters
achieve acceptable efficiency but suffer from either high com-
ponent count, increased device stress, or limited power capabil-
ity. In contrast, the proposed DDC-cell converter offers a well-
balanced trade-off among efficiency, voltage stress reduction,
circuit simplicity, and power handling capability. The combi-
nation of high efficiency, reduced semiconductor stress, min-
imal auxiliary circuitry, and medium-to-high power operation
makes the proposed converter highly suitable for practical re-
newable energy systems, battery charging applications, electric
vehicle power interfaces, and other high-gain DC-DC conver-
sion applications requiring efficient and reliable operation.

3. VALIDATIONS AND RESULTS

This section evaluates the effectiveness of the modified DDC
cell converter using MATLAB/Simulink results and experi-
mental setup results.

Steady state simulation results are shown in Fig. 13 and
Fig. 14. Switch’s current and voltage are shown in Figs. 13(a)
and (b), respectively. ZCS for the switch S; is achieved as
the current across the switch is made zero and after that the
voltage across the switch starts to rise. ZVS is also achieved
by the switch as the voltage across the switch is zero before
the current across it starts to increase. The theoretical voltage
stress and current stress on switch S7 are 52 V and 3.25 A, Sim-
ilarly, Figs. 13(c) and (d) show the current and voltage across
the Diode Dy, respectively; Dy also achieves ZVS and ZCS;
and its theoretical voltage stress is 102 V.

Figures 14(a) and (b) show the current and voltage across
the diode D42 respectively; D40 also achieves ZVS and ZCS;
and its theoretical voltage stress is 102 V. Figs. 14 (¢) and (d)
show the output voltage and current, respectively, andVj, is held
constant at 300 V, delivering 2 A current to 150 €2 resistive load.

WWwWw.jpier.org



PIER C

Baig and Singh

@ 4 T T T T T T T T
SR N N T T
- 4 L L I L I L L I
b) ZCS ZVS ZCS ZVS
~ 60F T T I T \ I T T I 3
SR | ] G O
= 30— —
> 0 . : . . . . . i
(©)
L P LT T P T o S T T
-—1§ 3’ iLI I“:LI 1 |):~LL' I‘ICLL 1 1 1 1 1 :
(d) ZVS ZCS ZVS ZCS
S : ; : : ; ;
g Sr L—l |_I_,_J |_,_/ LL~__| LL\-\_l_*
> -100= | | | | 1 | | L | =
1.7941 1.7942 1.7943 1.7944 1.7945 1.7946 1.7947 1.7948 1.7949  time(s)
FIGURE 13. (a) Current through S; (I351), (b) voltage across S1 (Vs1), (c) current through D41 (Ipa1), and (d) voltage across Daz (Vpaz2)-
@ \ \ T T | T
R N L s "IH U
= 1 =
a
I L L I I \ 1 L 1 I ]
VAR 7CS VAR 7CS
(b) : : : : : : : :
- 0
>
RN P
= = ——
> -100 = | 1 1 1 1 1 1 1 =
©) 4
< 2
- 0 ! ! 1 !
(@) 329 T T T T T
Z_ 300
>
280 1 \ ! ! I ! 1 1

1.7941 1.7942 1.7943 1.7944

1.7945

|
1.7946 1.7947 1.7948 1.7949  time(s)

FIGURE 14. (a) Current through Dd2 (Ipa2), (b) voltage across Dd2 (Vpa2), (¢) output voltage (Vp), and (d) output current (o).

Figure 20 shows the hardware implementation of the DDC
cell converter. The DBR is used to convert AC voltage into
DC voltage, which is then supplied to the MOSFET module. A
50 kHz switching signal is generated using dSPACE DS1104 to
drive switch S;.

Experimental steady state results are shown in Fig. 15 and
Fig. 16. Is1, Vs1, Ipg1, and Vg1 results are shown in Fig. 15,
respectively, and their soft switching operation is also shown.

During Mode-1, before the main switch .S is turned ON, the
auxiliary capacitor C; discharges through the body diode of the
MOSFET. This discharge path reduces the voltage across the
main switch nearly to zero before the gate pulse is applied. Con-
sequently, the switch turns ON under near-zero-voltage condi-
tions, thereby significantly reducing turn-on switching losses.

During Mode-II, when the main switch is turned OFF, the
auxiliary capacitor C; begins charging and gradually diverts the
current away from the switch. As a result, the current through
the switch decreases close to zero before complete turn-off oc-
curs, thereby minimizing the overlap between voltage and cur-
rent during switching transition. This controlled charging and
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discharging action of C; reduces switching losses, suppresses
current spikes, and alleviates reverse recovery stress in the
auxiliary diodes, leading to improved efficiency and smoother
switching transitions.

Ipa2, Vpae, and V, results are shown in Fig. 16, while soft
switching operation of diode D5 is also shown. The voltage
stress (experimental setup) across the switch and diode are 64 V
and 102V, respectively. The output voltage is held constant at
300V, validating the theoretical expectation. Due to negligi-
ble overlap of voltage and current waveforms, switching losses
across the diode and switch are evaluated in Table 3.

The modified DDC cell converter also improves the power
quality on the input side, and its respective power quality an-
alyzer result is shown in Fig. 17. The input stage of the DDC
cell converter is derived from the SEPIC converter topology.
The input inductor L helps improve the input current profile
and power quality, thereby reducing THD.

By Power Quality Analyzer, the total harmonic distortion is
3.00%, which satisfies the IEEE-519 standard. The input side
voltage profile and current profile are shown in Fig. 18. The
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FIGURE 16. Experimental setup results I pa2, Vpaz, and Vo.

input current (I;,,) is shown in Fig. 18(b), which is sinusoidal
as (Vi) shown in Fig. 18(a).

Experimental waveforms indicate that the input current re-
mains nearly sinusoidal with THD limited to approximately
3%. However, a phase displacement between input voltage and
current is observed due to the reactive behavior of the input fil-
tering and converter dynamics, resulting in an input power fac-
tor of approximately 0.8.
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To further assess the performance of the presented converter,
dynamic results with variation of load voltage are shown in
Fig. 19, in which the converter is subjected to the variation of
load current. Load current is changed from 2 A to 1 A, and 1}
reaches a peak voltage of 306 V and settles down to 300V in
200 ms. Further load current is changed from 1 A to 2 A, and
Vi reaches a reduction to 295V and settles down to 300V in
180 ms. Vj settles down to 300 V in both cases.
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TABLE 5. Steady state performance at different loads.

Load Power Output Voltage Output Current Efficiency Input Current THD Power
(W) V) (A) (%) (%) Factor
200 300 0.67 85.4 3.8 0.74
300 300 1 91 3.5 0.76
400 300 1.33 93.6 32 0.78
500 300 1.67 95.7 3.1 0.79
600 300 2 97 3 0.8
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Steady state performance for different loads is shown in Ta-
ble 5.

4. CONCLUSION

This article presents a modified DDC converter for high-gain
DC-DC conversion applications. The proposed converter
achieves a high voltage gain of (1 + D)/(1 — D) while main-
taining a common-ground configuration, reduced pulsating
source current, and non-inverted output voltage. A single
auxiliary capacitor is employed to facilitate soft-switching op-
eration with reduced switching stress and minimized switching
losses without significantly increasing converter complexity.
Detailed steady-state analysis, small-signal modelling, and
dynamic analysis under load variation are carried out to validate
the converter performance. Experimental verification using a
600 W prototype demonstrates a peak efficiency of 97% with
reduced semiconductor voltage stress. Experimental wave-
forms confirm soft-switching operation with only a small over-
lap between switch voltage and current during switching transi-
tions, resulting in reduced switching losses and smoother com-
mutation characteristics. In addition, the converter achieves
improved input-side power quality with input current THD
limited to 3%, satisfying the IEEE-519 harmonic standard re-
quirements. The experimentally observed input power factor
is nearly 0.8 under rated operating conditions due to the phase
displacement between the source voltage and current.
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