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An Enhanced Non-Isolated DC-DC Converter With High
Voltage Gain Capability for Efficient Power Conversion

Krishna VELMAJALA and Srinivasa Rao SANDEPUDI

Abstract—This paper introduces an enhanced non-isolated
DC-DC converter with high voltage gain capability for efficient
power conversion. The proposed configuration achieves signifi-
cant voltage gain with minimal components, ensuring optimal
performance under various operating conditions. In particular,
it maintains a common ground between the input and output,
enhancing safety and reliability. Furthermore, the design of-
fers high efficiency, balanced voltage and current distribution,
reduced stress on switching devices, and effectively minimizes
voltage fluctuations. These attributes make it a highly suitable
solution for various power conversion applications. The paper
provides a comprehensive analysis of converter key waveforms,
operating principles, steady-state behavior, and design equations.
The voltage conversion ratio, as well as voltage and current stress,
is derived and compared with other converters in the literature.
To validate the proposed converter design, a 400 W prototype was
developed and successfully tested, demonstrating efficient voltage
conversion from 32V to 400 V.

Index Terms—Common ground, high voltage gain, reduced
current stress, reduced voltage stress, switched capacitor and in-
ductor.

I. INTRODUCTION

GH gain DC-DC converters are crucial in various ad-

vanced applications, including DC microgrids, elec-
tric vehicles, uninterruptible power supplies, fuel cells, and
photovoltaic (PV) systems [1]. These converters are broadly
classified into two categories: non-isolated and isolated types.
Non-isolated DC-DC converters that utilize active switched
inductor (ASL) technology [2] achieve higher step-up voltage
gains compared to those based on switched capacitor (SC)
techniques. However, conventional ASL converters exhibit
limited voltage amplification capability [3]. To enhance volt-
age gain, several topologies have been developed that inte-
grate ASL with passive switched capacitors (PSC) [4]-[9]. In
addition, auxiliary switches have been introduced to further
improve increased voltage gain [10]. Although these configura-
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tions effectively increase the voltage gain, they also require ad-
ditional gate-drive circuits, thereby increasing the system size,
cost, and control complexity. Moreover, these designs expose
the auxiliary switches and output diodes to significant voltage
stress [11], [12]. A major limitation of ASL converters [4]—
[12] is their high sensitivity to parameter variations, leading
to increased voltage and current stress across circuit elements,
uneven current distribution among identical components,
and, in some cases, the absence of common grounding. The
resonance circuit formed by the switch drain-source capacitor
and inductors induces voltage oscillations across the switches,
contributing to elevated voltage stress and reduced efficiency.
To address voltage distribution challenges, some designs incor-
porate SC networks [13], [14]; however, this modification can
compromise the converter step-up voltage gain. Furthermore,
the lack of common ground between the input and output stag-
es intensifies electromagnetic interference (EMI) issues, which
negatively impact the reliability and longevity of renewable
energy sources such as fuel cells and PV systems.

DC-DC converters with high voltage gain and common ground
are highly recommended for fuel cell and solar applications,
as they effectively address key operational challenges [15].
However, these converters typically function within a limited
duty cycle range, making them particularly susceptible to duty
cycle variations, which can compromise operational stability.
In search of better designs, [16] introduces an innovative
SEPIC-based converter for fuel cell applications. This design
incorporates a single switch and a greater number of circuit
elements but lacks common ground. Alternatively, [17] and [18]
propose a common ground ASL/PSC hybrid voltage quadruple
converter, which employs two switches and fewer circuit com-
ponents. Despite these advancements, the converters presented
n [16], [17], and [18] still face several notable challenges.
These include lower voltage gain, elevated inductor currents
requiring components with higher ratings, increased voltage
and current stress on switches and diodes, uneven current dis-
tribution among identical components, and an overall reduction
in efficiency.

To address these limitations, this study presents an ad-
vanced non-isolated DC-DC converter featuring high volt-
age gain capability, achieved through an active switched
inductor/capacitor network. This innovative design effec-
tively overcomes the challenges associated with existing
topologies while enhancing voltage gain, efficiency, and
operational stability.
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Fig. 1. Converter configuration showing. (a) Proposed converter. (b) Current path in state-1. (c) Current path in state-2. (d) Current path in state-3.

II. OPERATION OF PROPOSED CONVERTER

Fig. 1(a) illustrates the circuit diagram of the proposed con-
verter configuration. The design incorporates two inductors (Z,
and L,), five diodes (D,-D;s), two switching devices (S,,, and
S..»), and five capacitors (C,—C5). In this configuration, the duty
cycle of the switches is represented by the variable d, while F;
denotes the switching frequency.

A. CCM Operation

In continuous conduction mode (CCM), the converter un-
dergoes two distinct operational states within one cycle.

1) State-1 (0 — dT): During State-1, the switches (S,,; and S,,,)
and the diodes (D, and D,) conduct, while the diodes (D,, D,
and D) remain in an OFF state. Fig. 1(b) illustrates the current
flow within the converter during this phase. In this state, the
voltage across the inductors is equal to the input voltage. During
same time, the capacitors (C; and C;) discharge, facilitating the
charging of the capacitors (C, and C,). Meanwhile, the capacitor
(Cs) delivers its stored energy to the load. By applying Kirch-
hoff’s Voltage Law, the following equations can be derived.

Vi =Vu=Veo =V =V =V
Vi, =V, M
V=V

2) State-2 (d7,- T,): During State-2, the switches (S,,, and
S..») and diodes (D, and D,) remain OFF, while diodes (D,, D,,
and Ds) conduct. Fig. 1(c) illustrates the current flow in this
operational phase. In this state, the input is connected in series
with the inductor (Z,) and capacitor (C)). In addition, the induc-
tor (L,), inductor (L,), capacitor (C,), and capacitor (C;) form
another series network. Finally, the inductor (Z,) and the capac-
itor (C,) establish a series connection, discharging through the
load and the capacitor (Cs). Fig. 2(a) illustrates the waveform

of key components during the CCM states. Applying Kirch-
hoft’s Voltage Law, the following equations can be derived.

Vo=V =Va=Vo =V = Ve + Vs
Vio =V + Ve = Vs @
Vo = V(:s

B. DCM Operation

In discontinuous conduction mode (DCM), the voltage across
the inductors (L, and L,) drops to zero before the end of the
switching cycle, resulting in the operation being divided into
three distinct phases. Since the first two DCM operating states
closely resemble those in CCM, this section exclusively exam-
ines the third state of DCM.

1) State-3: When the current in inductors (L, and L,) reaches
zero, the voltage across them also drops to zero, marking the
onset of this operational state. As a result, all semiconductor de-
vices transition to an OFF state. During this state, the capacitor
(C;) releases its stored energy to the load. Fig. 2(b) illustrates
the waveform of key components during the DCM states.

III. ANALYSIS OF PROPOSED CONVERTER

A. CCM Operation

The waveform of the critical components in CCM states is
illustrated in Fig. 1(b), Fig. 1(c), and Fig. 2(a).

1) Voltage gain (M): Using flux balance across inductors, the
converter capacitor voltages and voltage gain (M) are obtained:

_ Vin _ (2 - d)Vin
VCI - (1 —d) ’ VCZ - (1 —d) ;
V — 3Vin V — (4 - d)Vin ( )
ST (1-d)’ % (1-4d)
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Fig. 2. Operating waveforms. (a) CCM. (b) DCM.

The voltage gain of proposed converter is given as

_G6-4d
- (1 —d) (4)

2) Voltage stress: The following are the voltage stress results
of semiconductor devices from Fig. 1(b) and Fig. 1(c).

V.
szl = sz2 = (1 _md)
V.
Vir =Vis = (1 _md) (5)
2V
Vip =V =V = r";i)

3) Inductor current: The inductors current is determined by
applying the charge balance principle across the capacitors.

21,
L, =1, = (6)

4) Current stress: The following section presents the RMS
current stress imposed on capacitors and semiconductor devices.

1,
I, =1, =1;=1, = m
o I, \Vd
cs )
21,

ISW] :ISWZ = = (7)

(1-dyVvd

]o
Iy, =1, =

\Vd

I,

Iy =1y =1 = Td)
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B. DCM Operation

The converter works in all three states in DCM. Fig. 2(b)
illustrated the circuit conditions and important waveforms for
DCM operation.

1) Voltage gain (Mpy): The derivation of the voltage gain
in DCM begins with evaluating the peak inductor currents at-
tained during Stage-1 and Stage-2 of the switching cycle

; Vin
[ e = L—dﬂ Stage-1
®
— 7.
inmk = %dl Ts Stage-z

Since the peak inductor currents attained during Stage-1 and
Stage-2 are equal, the relationship between d; and d can be es-
tablished accordingly

4V. d
d = n
AT ©)

Furthermore, the relationship between the peak inductor cur-

rent and the load current can be expressed as follows
i 2V,

Lpeak

2 4R, (19)

From (9) and (10), the voltage gain expression in DCM an
be derived as

2
R
M, =4+ \[16+ 95 (11)

DCM L F

s

It can be observed that the voltage gain in DCM depends
not only on the duty cycle d, but also on the inductance L, the
switching frequency F, and the load resistance R,.

2) Boundary condition: In boundary conduction mode (BCM),
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Fig. 3. Boundary conduction.

the currents through the semiconductor devices de- crease
to zero at end of each switching period. The inductor current
should be greater than half of ripple inductor to operate in CCM
operation.

AL (12)

1> 5

By substituting above equation

Time constant(ﬁ ) > (13)

Based on (13), the boundary condition versus duty cycle for
the converter is illustrated in Fig. 3.

C. Voltage Oscillation Mitigation Across Switches

For optimal converter performance, the drain-source capac-
itance of the MOSFETs (C,; and C,,) and the inductance val-
ues (L, and L,) should be equivalent. However, any parameter
imbalance between C,;, C,, L,, and L, can lead to resonance,
increasing voltage stress. Since precise parameter matching
is practically unattainable, resonance-induced voltage stress
inevitably occurs, as discussed in [3]-[8]. To mitigate this effect,
the proposed converter incorporates capacitor C, in parallel
with C,; and capacitors C, and C; in parallel with C,, as illustrated
in Fig. 1. This configuration maintains a stable and uniform
voltage across the switches and inductors, effectively minimizing
resonance-induced voltage stress despite inevitable parameter
variations.

D. Inductor Design

Current ripple (Ai;), duty cycle (d), switching frequency
(F), and average current through the inductor are some of the
crucial variables that affect the inductance design. To guarantee
CCM operation, the proper inductance values must be selected.

Ryd(l —d)
> otV )
' Z 25~ d),F,
2 (14)
Ryd(1 - d)
> oty )
> = (5~ d)o, F,
Al
i

o

L

where ripple current J, =

E. Capacitor Design

Voltage ripple (AV¢), duty cycle (d), switching frequency
(F,), and voltage across capacitor are some of the crucial vari-
ables that affect capacitance design.

(5-d) (5-4d)
= =
CZ S RE T 0-doRE
(5 -d) (5 -d)
= =
C 36 R,F -G 4 -d)6_R,F, (15)
d
; -
€ ZSRE
AV,

where ripple voltage J_ =
C

IV. MODELLING OF PROPOSED CONVERTER

The dynamical characteristic of the proposed power con-
verter are scrutinized utilizing a state-space model (SSM),
wherein the currents flow through the inductors and the voltag-
es across the capacitors are considered as state variables. The
state variable matrix is delineated in (12) and (13). The SSM
is constructed for both the ON and OFF states of the switch-
ing devices. The following equations formulation presents the
state-space equation that governs the converter's operation over
a complete switching interval.

0 o I 44 9 0
L,
I (1-d) —(1-d)
i 0 0 0 00 A F
L2 _
K d 04 5 50 o 0
Va| | © (Cld)
-1 1-
.| =L _ 0 00 0 0
VLZ - Cz Cz *
5 (1-d) -1
=L 9 00 o 0
VC3 C3 C3
Ve | U=d)  —a
=d 0 00 0 0
R C, C,
Ves (1-d)
- -1
c. 0 0 00 0 o
11 11
L~ - 1 1
) ey "o T te)
1y,
111
(= 4 — — 1
; o te T
L2
. 1
Ve VCI(LI )
~ |+ 4 (16)
Ves 0
) 0
VC3 _1
A VL4(T)
Ve 12
R Vo ——
Vc5 LS(LQ)
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Fig. 4. Open loop frequency response.
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Ve,
(7)=0000001) (17)
IA/C3
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where " represents small ac variation.
The proposed converter open-loop transfer function G, (s) is
given below.

V,  8.1694e%(s*— 137.15+2.802e9)(s? +12.265 + 6.442¢°)
d(s) ~ (s+10.59)(s> + 3.581s + 2.853¢")(s> — 1.669s + 6.123¢)

(18)

To appraise the dynamical performance of the system, an
analysis based on small-signal frequency response is executed.
Fig. 4 illustrates the open-loop frequency response transfer
function. To ascertain the converter optimal operation, a pro-
portional-integral-derivative (PID) controller is meticulously
designed and integrated, with the intent to secure the requisite
phase and gain margins is illustrated in Fig. 5. The PID con-
troller was designed using the Ziegler-Nichols tuning method,

which involved determining (K,) and (P,) by analyzing the
system stable oscillatory response. Based on these values, the
proportional, integral, and derivative gains were calculated fol-
lowing Ziegler-Nichols formulas.

V. PERFORMANCE COMPARISON

The proposed converter performance parameters are rigor-
ously compared with other converters recorded in the liter-
ature, as presented in Table I. The comparison is based on
current stress, component count, common grounding (G.,,),
voltage gain, voltage stress, and resonance across switches
(V). Fig. 6 illustrates the voltage gains versus duty cycle,
voltage and current stress of converters [3], [4], [6], [7], [8],
[13], [14], [16], [17], and proposed converters using the gain
formula described in Table I. When compared to the converters
in the literature, the proposed converter performance is better.

VI. EXPERIMENTAL ANALYSIS

The converter is meticulously designed, fabricated, and
rigorously tested to assess its performance and effectiveness.
Gating pulses were generated using the DSP LAUNCHXL-
F28379D processor. Fig. 7 illustrates the converter experimen-
tal setup, while Table II provides a detailed specification of the
components used.

At an operating point of M = 12.5, with an input voltage
(V) of 32V, the output voltage (V,) and current (/) are mea-
sured to be 400 V and 1 A, respectively. Fig. 8 illustrates the
experimental waveforms of V, Vi, Vs, and I,. Under these
operating conditions, V, =400V, Vi, =308V, V=277V, and
1,= 1A, respectively. Fig. 9 illustrates the experimental wave-
forms of V,, V¢, I, and I, ,. Average currents via inductors
L, and L, are 5.88 A each under these operating conditions, but
the voltages across capacitors V., and V¢, are 124 V and 92V,
respectively. Fig. 10 illustrates the experimental waveforms of
Vi, and V.. The experimentally measured voltages across

swl» sw2*
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TABLE I
CompPARISON OF DC-DC CONVERTERS
Converter [6] [8] [4] [3] [7] [13] [14] [16] [17] [18] Proposed
S/D/L/C 2/4/3/5 2/5/2/5 2/2/3/3 2/4/3/1 2/3/2/3 2/2/2/4 2/4/2/4 1/5/3/7 2/5/2/5 2/4/2/4 2/5/2/5
M (5-4d) S+d)  (1+3d) (1+2d) B +d) (1+d) B+d) (2+2d 4 4-d) (5-d)
(- (A-a9 (A-4 (Q-& (-4 (-4 (-& (-a (A-4 (-4 (1-4d
V,atd=0.7and V, =32V 4586 608 330.6 256 394.6 181.3 394.6 362.6 426.6 352 458.6
Vi 1 1 1 1 1 1 1 1 1 1 1
v, S-d  G+d G+d (1+2d (G+d (I+d)  G+d (2+24d) 4 (4-d) (5-d)
Vi 2 2 2 @2 +d) 2 1 2 1 1 2 2
8 G-d G+d) @B+d (1+2d (G+d (+d) (G+d) (2+2d) 2 @G-d  (5-4d)
Ve B+d)  (B+d) (1+d _ 2 1 2+4d 1 Q+d) (B-d (4-4d
v G- (-4 G+d B +d) 2 B+d)  (2+2d) 4 @4-d (5-9
I 3 3 (1+d) 1 2 1 2 2 +2d) 3 2 2
1, (I-& (-4 (I-4 (Q-a (1-d (I-g (d-a (A-d (-4 (-4 (1-d)
I, 2 +d) (1+4d) 2 2 (1+d) (1+d) (1+4d) (1 +3d) (1+d) 2 2
1, dl-d) dl1-dy dl-d) dl-dy dl-d dl-d) dl-d dl-d dl-d) dl-d d(-d
I 1 1 1 1 1 1 1 1 1 1 1
Vs (-4 (A-d4 (-4 (I-4 (1-4d (I-4 (A-d4 (-4 (I-4 (-4 (I-d)
o No No No No No No No No No Yes Yes
. Yes Yes Yes Yes Yes No No No No No No
30 1.5
” —e—[6] ——[8] —o—[6] —o—[8] o—[4]
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Fig. 6. Comparison of proposed converter. (a) Voltage gain vs duty cycle. (b) Max. V,/ V, vs voltage gain. (c) Max. [, / I, vs voltage gain. (d) Max. /,,/ I, vs voltage gain.

switches are V,, = V,,,=92 V.

Fig. 11 illustrates the experimental waveforms of V7, and
V.. The experimentally measured voltages across diodes are
Vo =92V, and V},, = 184 V. Fig. 12 illustrates the experi-
mental waveforms of Vy,;, 7, and V5. The experimentally
measured voltages across diodes are Vj,, =184V, V,, = 184V,
and Vs = 92 V. The voltages across all semiconductor devices

remain significantly lower than the output voltage under all op-
erating conditions.

Fig. 13 illustrates the initial transient responses of the output
voltage and current in closed-loop operation. Furthermore, to
evaluate the converter anti-interference capability during load
variations, a load step change experiment was conducted. In
this test, the converter output power alternates between 400 W



198

CPSS TRANSACTIONS ON POWER ELECTRONICS AND APPLICATIONS, VOL. 11, NO. 2, JUNE 2026

Fig. 7. Experimental setup.

TABLE II
CONVERTER SPECIFICATIONS

Driver
Circuit

—
20us/div

Main = 6.25 M

Component Rating/Value
Input voltage 32V
Inductors 0.5 mH
Capacitors 100 pF, 200 puF
Load 400 Q
Switching frequency 25 kHz
Switches IRF300P226
Diodes STTH61W04S
PID Values K,=0.002,K =2

K, =2e%, N, = 20000

Wain : 6.25 M ms/div

_'_/VVU

100 V/div

% Vo, 200 Vidiv

_p Ve 200Vidiv

el 1AMy

Fig. 8. Experimental results: V,, Vi, Vs, and 1.

and 200 W while consistently maintaining an output voltage
(V,) of 400 V. The output current at 200 W is observed to be
half that at 400 W. The experimental results of this assessment
are illustrated in Fig. 14.

Efficiency is a vital metric for assessing the converter's per-
formance, necessitating individual component evaluation. The
power loss distribution is computed using thermal analysis on
the PSIM software platform, adhering to the converter specifi-
cations.

Inductor Loss: The majority of power loss in the inductors
arises from their parasitic series resistance, which can be evalu-

=
o S Ve 200 V/div
/VH 200 V/div
Fig. 9. Experimental results: Ve, Ve, I, and 7, ».
Main : 6.25 M 20us/div
[_.\/' Vi 100 V/div
100 V/div

R

Fig. 10. Experimental results: V,,, and V..

Main : 6.25 M m
/—T/' 100 V/div
VDz 100 V/div
\— \—:

Fig. 11. Experimental results: V,, and V.

ated using the RMS current flowing through them.
(19)
(20)

Py,

rLIRms L

=05W

oss, L

P (Total loss in inductor)

Capacitor Loss: The majority of power loss in the capacitors
arises from their parasitic series resistance, which can be evalu-
ated using the RMS current flowing through them.

PLoss,C = rC Ilzlms,C (21)
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Zoom1 = 312.5 k 100ms/div

v, 200 V/div /

HH P

THiTT—— I

1 amp/div

Fig. 13. Experimental results during closed loop operation: Initial operation.

P (Total loss in capacitor): 7 W (22)

Switch Loss: The total power dissipation in the switch con-
sists of both switching and conduction losses, which are eval-
uated using the RMS and average current flowing through the
device.

Plose =P

Switching,sw

+P

conduction,sw

(23)

0SS,SW

PLoss, SW = OSFS (tr + tf) IAvg, SW sz, ON + rswlizims. SW (24)

P, =0475W (25)

Total losses in switches)

Diode Loss: The overall power loss in diodes arises from the
forward voltage drop and conduction loss, which depend on
the internal resistance of the device. These losses can be quan-
tified using the following equations.

P Loss,D =P, Forward drop, D +P, conduction, D (26)
PLOSS, D = VFD If\vg, D + rDllzlms, D (27)
P (Total losses in diodes) = 568 W (28)

The overall losses of the converter are obtained as follows.
Pl s = 13.66 W (29)

The above losses doesn’t take miscellanies losses into ac-

100ms/div

Zoom1 : 312.5 k
.

i

/ [, 1 amp/div

Fig. 14. Experimental results during closed loop operation: Step change in load
operation.
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L
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80%
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Fig. 15. Experimental efficiency vs output power.

count which is an important factor when it comes to practical
matters. Therefore, the total loss in converter is

P Total losses P Losses +P

miscellanies loss

—13.66 W+3W (30

The converter efficiency is obtained as follows:

400

- - — 0,
Neomers = 400 + 16.66  100=6% (1)

Fig. 15 illustrates the experimental efficiency of the con-
verter with a voltage gain of M =12.5. The highest experi-
mental efficiency, 96.5 %, was achieved with a output power
of 300 W with a voltage ratio of 12.5. Fig. 16 illustrates the
power loss distribution at output power of 400 W, indicating
that the capacitors experience the highest losses, followed by
the diodes.

VII. CoNCLUSION

This paper presents a comprehensive analysis of an en-
hanced non-isolated DC-DC converter with high voltage gain
capability, designed for efficient power conversion. The pro-
posed design offers several key advantages, including im-
proved voltage gain, increased efficiency, and reduced inductor
currents, enabling the use of components with lower ratings.
In addition, it minimizes voltage and current stress on both
diodes and switches, contributing to overall system reliability.
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Fig. 16. Losses distribution at 400 W output power.

The converter features common grounding, ensures uniform
current distribution among identical components, and effec-
tively suppresses voltage oscillations across power switches.
Experimental results validate the superior performance of the
proposed converter compared to other designs documented in
the literature. The duty cycle was carefully optimized to main-
tain a stable output power of 400 V, achieving an exceptional
efficiency of 96.5% at 300 W with a voltage gain of 12.5.
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