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ABSTRACT	

Conventional	 boost	 converters	 that	 are	 used	 are	 not	much	 sufficient	 to	 give	 soft	 switching	 as	 result	 switching	 losses	 is	
generated	at	turn	on	and	off	of	switches.	Due	these	losses	the	overall	efficiency	suffers.	To	overcome	from	the	problem	a	new	
interleveled	boost	converter	by	utilizing	zero	voltage	switching	(ZVS)	and	zero	current	switching	(ZCS)	is	introduced	 in	this	
work	module.	It	not	only	reduces	input	current	and	output	voltage	ripple	but	also	it	reduces	the	size	and	cost	of	the	converter	
circuit	by	 implementing	a	 common	 soft	 switching	method.	The	main	achievement	of	 this	 converter	 circuit	 is	 that	a	 single	
switch	 can	 be	 used	 for	 both	 ZVS	 and	 ZCS	 characteristic	 to	 reduce	 switching	 loss	 and	 hence	 efficiency	 is	 improved.	 This	
converter	topology	also	provides	a	large	variation	in	load.	Operation	of	this	circuit	is	divided	into	two	areas	depending	upon	
the	duty	 cycle	of	 the	 converter	 circuit.	One	operating	area	has	been	 introduced	 in	 this	module	with	 its	design	parameter,	
theoretically	analysis,	experimental	data	and	result	after	simulation	is	provided	in	this	work	module	to	get	the	feasible	output.	
Simulation	result	on	varying	 load	 is	conducted	during	experiment	and	 the	result	 is	provided.	Comparison	between	various	
types	of	load	on	this	circuit	is	also	provided	for	better	understanding.	

KEYWORDS:	Soft	switching,	ZVS,	ZCS,	Boost	Converters.	

1. INTRODUCTION	

Day	 by	 day	 the	 rate	 of	 increasing	 electrical	 power	
consumption	 has	 given	 rise	 to	 the	 use	 of	 power	
electronics	 devices	 to	 improve	 the	 quality	 of	 electrical	
power	and	for	its	better	controlling.	Switch	mode	power	
supply	(SMPS)	has	been	taken	in	used	due	to	their	ability	
to	 withstand	 across	 high	 switching	 frequency.	 Another	
advantage	 is	 that	 they	are	smaller	 in	size	and	 lighter	 in	
weight.	

In	 this	 work	 module	 interleaved	 boost	 converter	 is	
presented.	 The	 topology	 proposed	 here	 is	 basically	 a	
combination	of	 two	parallel	boost	converters	with	their	
operating	 time	 is	 180’	 apart	 to	 each	 other.	 In	 this	
converter	 circuit	 soft	 switching	 is	 implemented	 among	
the	 main	 and	 auxiliary	 switches	 with	 characteristic	 of	
both	 Zero	 Voltage	 Switching	 (ZVS)	 and	 Zero	 Current	
Switching	 (ZCS)	 during	 turn	 ON	 and	 turn	 OFF	
respectively.	

One‐off	the	advantage	of	this	converter	circuit	is	the	use	
of	 common	 soft	 switching	 technique	which	 reduces	 the	
size	and	cost	of	converter	circuit.	

The	 process	 of	 switching	 in	 such	 a	 way	 such	 that	 the	
switching	 transition	 occurs	 under	 favorable	 condition,	
i.e.	 device	 voltage	 or	 current	 is	 zero	 is	 called	 as	 soft	
switching.	 In	 hard	 switching	 converters	 power	 device	
used	have	to	be	withstand	high	voltage	and	high	current	
during	 turn‐on	 and	 turn‐off	 process	 which	 give	 a	 high	
switching	loss	and	stress	across	power	devices	

The	 converters	 that	 consist	 of	 combined	 advantage	 of	
PWM	converters	and	resonant	converters	are	called	soft	

switched	 converters.	 In	 soft	 switched	 converters	
resonance	is	utilized	in	fully	controlled	ways	which	were	
not	 done	 in	 resonant	 converters.	 In	 this	 method	 of	
switching	 resonance	are	asked	 to	occur	 just	before	and	
during	turn‐on	and	turn‐off	time	so	that	the	effective	ZVS	
and	ZCS	can	be	achieved.	

1.1	Zero	Voltage	Switching	(ZVS):	

It	 is	one	of	the	techniques	which	is	used	to	provide	soft	
switching	for	the	power	electronics	switches.	ZVS	is	used	
during	 turn	 ON	 of	 switches	 in	 this	 proposed	 work	
module	 to	 improve	 the	 overall	 effectiveness	 of	 the	
converter	for	the	broad	range	of	load.	ZVS	is	most	widely	
preferred	 for	 switching	 of	 MOSFETS	 for	 very	 high	
switching	frequency.	In	this	technique,	the	voltage	across	
the	main	 and	 secondary	 switch	 are	 brought	 to	 be	 zero	
before	gate	voltage	is	applied	across	the	switch	terminal.		

Delay	 time	 provided	 to	 switch	 also	 plays	 an	 important	
role	to	achieve	ZVS	condition.	For	proper	achievement	of	
ZVS	the	delay	time	must	fulfill	the	criteria	below	

ሺܶ݀ሻ݁݉݅ݐ	ݕ݈ܽ݁ܦ ൌ 	
గ

ଶ
ݍ݁ܮ√ ൈ 		݁ܥ 	 (1)	

1.2	Zero	Current	Switching	(ZCS):	

Zero	 current	 switching	 means	 the	 current	 through	 the	
switch	is	prior	reduced	to	zero	amperes	before	switch	is	
being	either	turn	ON	or	turn	OFF.	It	is	another	technique	
which	 is	 associated	 in	 the	 process	 of	 soft	 switching	 of	
power	electronics	switches.		

ZCS	 can	 be	 achieved	 	 during	 turn	 OFF	 by	 when	 the	
switch	 current	 is	 brought	 to	 zero	 before	 removing	 the	

SHAHBAZ ALAM et al. 
DATE OF PUBLICATION: NOV 01, 2014

ISSN: 2348-4098 
VOLUME 2 ISSUE 7 SEP-OCT 2014

INTERNATIONAL JOURNAL OF SCIENCE, ENGINEERING AND TECHNOLOGY- www.ijset.in 1559



gate
no	a

Excl
fall	 i
appl
of	Z
swit
and	

Fig.	

The	
conn
topo
The	
swit
mor
soft	
conv
the	o
fig.2
capa
capa
MOS
prov
Zero
prop
nam

2.1	O

The	
type
elect

The	
divid
this	

D	=	(

e	 signal	 that	 i
any	flow	of	ca

usion	of	 swit
in	 switching	
lying	ZCS	in	t
CS	during	 tu
tching	 is	 obta
that	is	given	

2.1.	Structural

proposed	cir
nected	 two	 b
ology	 hence	
aim	to	repre
tching	 so	 tha
e	increased	e
switching	

verter	which	
overall	cost	o
.1	shows	a	re
acitor	 Cres,	 re
acitor	 conne
SFET	switche
vide	 resonan
o	Voltage	Swi
per	 boosting
mely	Lb1	and	L

Operating	M

operating	m
es	depending
tronic	switch

two	 operat
ded	on	the	be
converter	is	

(	Vout	─	Vin	)	∕	V

is	being	appl
rriers	in	the	s

tching	 losses
losses	 durin

the	converter
urn	ON	 time	 i
ained.	Howev
by	

l	diagram	of	pr

rcuit	above	 i
boost	 conver
the	 operatio
esent	the	abo
at	 reliable	 ou
efficiency.	Th
for	 both	
	 further	 help
of	the	topolo
esonant	circu
esonant	 indu
cted	 across	
es	S1	and	S2	a
nt	 way	 to	 ac
itching	and	Z
g	 two	 boost	
Lb2.		

Mode:	

mode	of	 the	 c
	upon	the	du
hes	connected

ting	 mode	 o
ehalf	of	duty	
given	by:	

Vout			 	

lied	during	 tu
switch	of	the

s	during	 turn
ng	 turn	 ON	 t
r	circuit.		By	im
in	 resonant	 c
ver	 the	 reson

roposed	circuit

is	a	 combina
rters,	 as	 it	 is
on	 of	 work	 i
ove	circuit	is	
utput	 can	 be	
he	circuit	app
parallel	 con
ps	 in	 reducin
ogy.	The	prop
uit	which	cons
uctor	 Lres	 	 an
the	 paralle

and	the	helpi
hieve	 the	 fu
Zero	Current	
inductor	 is

circuit	 is	 clas
uty	cycle	of	th
d	in	the	topol

of	 the	 propo
cycle	(D).	Th

urn	ON,	mea
	converter.	

n	OFF	 time	a
time	 is	 seen	
mplementati
converter	 ide
nant	 frequen

t	of	interleaved
and	Ze

tion	of	paral
s	 a	 interleav
is	 symmetric
to	provide	so
achieved	 wi

plies	a	comm
nnected	 boo
ng	 the	 size	 a
posed	circuit	
sist	of	resona
d	 the	 parasi
l	 of	 the	 ma
ng	switch	S3	
unction	 of	 bo
Switching.	F
	 taken	 in	 u

ssified	 into	 tw
he	main	pow
ogy	

osed	 circuit	
he	duty	cycle	

(3)	

ans	

nd	
by	
on	
eal	
ncy	

߱

W

߱
in
ca

2

d	boost	conver
ero	Current	Sw

llel	
ved	
cal.	
oft	
ith	
on	
ost	
nd	
in	
ant	
tic	
ain	
to	
oth	
For	
use	

wo	
wer	

is	
of	

W
Vo

In
m
H
sw
ch

2.
(w

Th
to
50

Be
so
as

1.

2.

3.
4.

By
op
As
m

r=	1/√	Lr	Cr			

Where,	

߱r	 is	 the	 re
nductance	of	
apacitance	of	

. OPERAT

rter	with	havin
witching.	

Where,	 D	 =	 D
oltage	suppli

n	this	work	m
mode	 of	 ope
owever	 the	 c
witching	 timi
hanged	durin

.2	 Operatio
when	Duty	cy

he	principle	o
opology	of	bo
0%	is	illustra

efore	going	o
ome	 assump
ssumptions	a

. The	powe
in	use	are	

. The	Boost
(Lb1	=	Lb2

. Main	switc

. The	outpu

y	 the	 switch
peration	in	th
s	 the	 conve
modes	 is	 disc

	 	 	

esonant	 freq
the	resonant
f the	resonant

IONAL	PRIN

ng	characterist

Duty	 Cycle	 o
ed,	Vout	=	Con

module	we	ha
ration	 which
circuit	 topolo
ing	 of	 power
ng	both	mode

onal	 Analys
ycle	is	less	t

of	operation	
oost	converte
ated	in	this	se

on	operationa
ption	 taken	
are:	

r	electronics	
ideal.	
t	 inductors	 n
).	
ches	pose	sam
ut	capacitor	u

hing	 configur
his	topology	a
rter	 is	 of	 in
cussed	 and	

	(2)	

quency,	 Lr	
t	 converter,	C
t	converter.	

NCIPLE	

tic	of	both	Zero

of	 the	 conve
nverter	outpu

ave	focus	ligh
h	 is	 being	
ogy	will	 rem
r	 electronics	
.	

sis	 of	 Prop
than	50%):	

of	the	above	
er	with	duty	
ection	of	work

al	analysis	it	
during	 the	

	switches	an

namely	 Lb1	 a

me	duty	cycle
used	is	ideal	in

ration	 there	
according	to	
nterleaved	 h
the	 other	 s

is	 the	 reso
Cr	 is	 the	reso

o	Voltage	Switc

erter,	 Vin	 =	 I
ut	voltage.	

ht	only	on	the
discussed	 be

main	 same	bu
switches	 wi

posed	 Topo

presented	ci
cycle	D	 less	
k	module.	

is	to	be	note
operation.	 T

d	the	diode	t

nd	Lb2	 are	 e

e.	(D1	=	D2).
n	nature.	

are	 14	 mod
switching	tim
hence	 only	 s
seven	 modes

onant	
onant	

	

ching	

Input	

e	one	
elow.	
ut	 the	
ill	 be	

ology	

ircuit	
than	

ed	for	
These	

taken	

equal.	

es	 of	
ming.	
seven	
s	 are	

SHAHBAZ ALAM et al. 
DATE OF PUBLICATION: NOV 01, 2014

ISSN: 2348-4098 
VOLUME 2 ISSUE 7 SEP-OCT 2014

INTERNATIONAL JOURNAL OF SCIENCE, ENGINEERING AND TECHNOLOGY- www.ijset.in 1560



sym
mod
MOD

MOD
prop
mod
swit
diod

The	

tab		=

Whe

T	=	T

T	=	T

	

The	

tbc	=	

metrical	 to	
des	that	illust
DE	G.	

DE	A	[ta	–	tb]:
posed	 circuit
de	 all	 the	ma
tch	 S3	 are	 in
des	 D1,	 D2	 a

time	interval

=	(D1	–	0.5)	T	

ere,	

Total	time	pe

Ton	+	Toff.									

time	period	o

(Lr	/	Vo)	*	Iin

previous	 sev
trated	in	this	

	The	circuit	r
t	 for	 the	 op
ain	 switches	
n	 conducting	
and	 the	 reson

Fig.	2.4.	

l	of	this	mode

																								

eriod	of	the	sw

																								

Fig.	2.5

of	this	mode	

																																						

ven	 modes.	
section	are	fr

represented	i
peration.	 In	
S1	 and	 S2	 a
state.	 Howe
nant	 diode	 D

Equivalent	cir

e	is	given	by	t

																					(4

witch.	

															(5)	

5.	Equivalent	c

is	given	by	‘tb

																															(6

The	 switchi
rom	MODE	A

in	fig.	2.1.	is	t
this	 operati
nd	 the	 helpi
ever	 the	 pow
Dr	 are	 revers

rcuit	of	the	pro

tab	and	that	is

4)	

circuit	of	the	pr

bc’:	

6)	

ng	
A	to	

the	
ing	
ing	
wer	
ed	

bi
th
be

I

oposed	convert

s:	 M
w
im
th
tr
co
ha
sw
th
de

	

roposed	conve

W

Vo
cu

iased	 and	 b
hrough	 the	m
e	equal	to	zer

In	this	mode	
the	main	s

ter	topology	in

MODE	B	 [tb	 tc
with	 the	 help
mportant	 role
he	 energy	 s
ransferred	 to
onverter	 sec
appens	due	 t
witch	in	this	
he	 resonant	
ecrement	in	t

erter	topology	

Where,	

o	 =	 output	 vo
urrent	

behaves	 as	 i
main	 switches
ro	when	the	p

the	Zero	Volt
switch	S2	wh

n	the	operating

c]:	 Resonant	
ping	 switch	 i
e	 in	 this	mod
stored	 in	 t
o	 the	 load	 co
ction	 through
to	 the	presen
mode.	At	tim
inductor	 w
the	resonant	

for	operating	m

oltage	 of	 the

in	 position	
s	 are	 less	 tha
prior	mode	en

tage	Switchin
hen	this	ends	

g	mode	A.	

inductor	 con
in	 the	 topolo
de	 of	 operat
that	 inducto
onnected	 at	 t
h	 the	 powe
nt	off	 conditi
me	tc	the	diod
will	 turn	 off	
inductor	cur

mode	B	

e	 converter	 c

off.	 The	 cu
an	 zero	or	 it
nds.	

ng	is	achieved
at	time	t	=	tb

	

nnected	 in	 s
ogy	 plays	 a	
ion.	 In	 this	m
or	 namely	 L
the	 output	 o
r	 diode	 Dr.	
ion	of	 the	he
de	connected	
due	 to	 lin
rent.		

circuit,	 Iin	 =	 I

rrent	
t	may	

d	by	
.		

series	
very	
mode	
Lr	 is	
of	 the	
This	
lping	
with	
early	

	

Input	

SHAHBAZ ALAM et al. 
DATE OF PUBLICATION: NOV 01, 2014

ISSN: 2348-4098 
VOLUME 2 ISSUE 7 SEP-OCT 2014

INTERNATIONAL JOURNAL OF SCIENCE, ENGINEERING AND TECHNOLOGY- www.ijset.in 1561



MOD
conn
the	e
the	
tran

	

The	
is:	

Tcd	=

Whe

Cs2	 i
swit

The	

Tde	=

Whe

MOD
the	p
store

DE	C	[tc	–	td]	
nected	with	 t
energy	stored
parasitic	 cap
nsferred	to	th

time	interva

=	π	√	(Lr	*	C*	

ere,		

is	 the	parasit
tch	S2.	

time	interval

=	(	Cs2	*	Vo	)	/	

ere,	ILB2	is	the

DE	E	[te	‐	tf]	:	
power	diode	
ed	in	the	reso

:	At	the	star
the	 resonant
d	in	the	seco
pacitor	 (Cs2)	
he	resonant	in

Fig.	2.6

al	 in	this	mod

Cs2)		∕	(	C	+	Cs2

tic	 capacitor	

Fig.	2.7

l	of	this	mode

(	ILB2	‐	Io)							

e	current	thro

when	the	pr
Dr	is	turned	
onant	induct

rting	of	this	m
t	 inductor	 is	
nd	boost	ind
of	 the	 helpin
nductor,	reso

6.	Equivalent	c

de	 is	given	by

2)																						

connected	a

7.	Equivalent	c

e	is	given	by	“

																									

ough	the	boos

evious	mode
on.	In	this	m
or	is	transfer

mode	the	dio
turned	off	 a

ductor	(Lb2)	a
ng	 switch	 S2
onant	capacit

circuit	of	the	pr

y	“tcd”	and	th

						(7)	

cross	 the	ma

ircuit	of	the	pr

“	tde	”	which	i

		(9)	

st	inductor	2.

e	ends	at	time
mode	the	ener
rred	to	the	lo

ode	
nd	
nd	
2	 is	
tor	

an
of
on
vo
ou

roposed	conve

hat	

ain	

C	

C	

M
co
to
D
tu

roposed	conve

s:	

.	

e	te	
rgy	
oad	

co
po
sw
sw
w

	

nd	the	parasi
f	the	circuit.	
n	when	 the	 v
oltage	 across
utput	voltage

erter	topology	f

is	the	equiva

=	Cr	+	Cs2 							

MODE	D	[td	‐	t
onnected	acro
o	the	value	of
r	 connected	
urn	on	at	the	t

rter	topology	f

onnected	to	t
ower	diode	D
witch	 S2	 is	 n
witched	ON	a
will	turned	off

itic	capacitor
In	this	mode
voltage	 acros
s	 the	 resonan
e	Vo.	

for	operating	m

alent	capacita

																								

te]	:	In	this	m
oss	the	helpin
f	output	volta
with	 the	 res
time	te.	

for	operating	m

the	output	of	
Dr.	The	proces
not	 triggered
at	time	t	=	tf	a
f.	

r	of	the	secon
e	the	power	d
ss	 the	main	 s
nt	 capacitor	

mode	C.	

ance	which	is	

																								

mode	the	para
ng	switch	is	g
age.	After	that
sonant	 induc

mode	D.	

the	converte
ss	will	contin
d	 ON.	 	 The	 s
and	at	time	th

nd	main	swit
diode	D2	will	
switch	 S2	 and
will	 reach	 to

	

given	as		

						(8)	

asitic	capacito
gradually	cha
t	the	power	d
ctor	 is	 seen	 t

	

er	topology	b
nue	till	the	he
switch	 S2	 wi
he	power	diod

tch	S2	
turn	
d	 the	
o	 the	

or	Cs3	
arged	
diode	
to	 be	

y	the	
lping	
ill	 be	
de	Dr	

SHAHBAZ ALAM et al. 
DATE OF PUBLICATION: NOV 01, 2014

ISSN: 2348-4098 
VOLUME 2 ISSUE 7 SEP-OCT 2014

INTERNATIONAL JOURNAL OF SCIENCE, ENGINEERING AND TECHNOLOGY- www.ijset.in 1562



The	

tef	=	

Whe

tae	is

And,

DkT	
cond
this	

The	
and	

tf1	=	

time	interval

0.5	T	–	tae	–	D

ere,		

s	the	time	inte

,		

is	 the	 time	
ducting	 with	
time	period	t

time	interva
that	is:	

Lr	*	(Io	/	Vo)		

Fig.	2.8

l	of	this	mode

Dk	T																		

erval	betwee

period	 at	 w
main	 switch
the	switch	S2	

Fig.	2.9

l	of	this	work

																									

Fig.	2.1

8.	Equivalent	c

e	is	given	by	“

																					(1

n	the	time	of

which	 the	 hel
h	 S1	 also	 con
will	be	in	off

9.	Equivalent	c

king	period	i

													(12)	

0.	Equivalent	c

circuit	of	the	pr

“	tef	”	which	is

10)	

f	ta	to	te.	

lping	 switch	
nducting	 but	
f	condition.	

circuit	of	the	pr

s	given	by	“	t

circuit	of	the	p

roposed	conve

s:	

is	
at	

Th

IL

M
di
fr
th
th
th
de

roposed	conve

tf1”	 Fo
re
va
de
Cs

proposed	conve

erter	topology	f

he	resonant	i

r	(tf)	=			ILr	(te)

MODE	 F	 [tf	 ‐
ivided	into	tw
rom	[t1	‐	tg].	In
he	 resonant	 i
he	value	of	th
hrough	 the	
ecreases	to	ze

erter	topology	f

or	 the	 time	
esonant	 indu
alue	 and	 th
ecreases	 to	z
s2,	Lr	and	Cr.

erter	topology

for	operating	m

inductor	curr

)																								

tg]	 :	 In	 this	
wo	parts.	One
n	the	time	int
inductor	 grad
he	boost	indu
power	 diode
ero	at	time	re

for	operating	m

interval	 [t1	
ctor	persist	
he	 voltage	
zero	due	 to	 t

	for	operating	

mode	E.	

rent	in	this	m

																					(1

mode	 the	 w
e	is	from	[tf	–	
terval	of		[tf	–
dually	 increa
ctor	(Lb2)	cur
e	 D2	 is	 ID2	
eaches	to	valu

mode	F.	

‐	 tg]	 the	 cur
to	 increase	 t
across	 the	
the	effect	of	 r

mode	F.	

	

mode	is	taken	

11)	

working	 perio
t1]	and	anoth
–	t1]	the	curre
ases	 till	 it	 ach
rrent.	The	cur
which	 grad
ue	of	t1.	

	

rrent	 through
to	attain	 the	
main	 switc
resonance	am

	

as:	

od	 is	
her	is	
ent	in	
hieve	
rrent	
dually	

h	 the	
peak	
h	 S2	
mong	

SHAHBAZ ALAM et al. 
DATE OF PUBLICATION: NOV 01, 2014

ISSN: 2348-4098 
VOLUME 2 ISSUE 7 SEP-OCT 2014

INTERNATIONAL JOURNAL OF SCIENCE, ENGINEERING AND TECHNOLOGY- www.ijset.in 1563



At	ti
S2	is

The	
whic

t1g	=

And	
and	

The	
is:	

Tgh	=

Whe

Tag	is

2.3	V

As	 t
volta
inpu
prov
incre

Volt

ime	tg	the	dio
	switched	on

time	interva
ch	is:	

	π	/	2߱1	=	(π

the	total	tim
that	is:	

time	interva

=	0.5	T	–	tag					

ere,		

s	the	time	per

Voltage	conv

the	 proposed
age	we	 achie
ut	is	supplied
vides	 higher	
eases	the	con

age	conversio

de	DS2	conne
.	

al	of	this	work

π	/	2)	(√Lr	*	(C

me	interval	of

Fig.	2.1

al	of	this	mod

																								

riod	between

version:	

d	 topology	 is	
eve	 by	 this	 c
d,	however	th
output	 volta
nversion	rate

on	=	(Vo	/	Vin

cted	across	t

king	period	i

CS2	+	Cr))									

f	 this	mode	 i

1.	Equivalent	c

de	is	given	by

																	(15)

n	time	ta	and	t

boost	 topolo
converter	 is	 l
he	proposed	c
age	 but	 also	
.	

n)																							

the	main	swit

is	given	by	“t

										(13)	

is	given	by	“t

circuit	of	the	p

y	“tgh”	and	th

)	

tb.	

ogy	 the	 outp
larger	 than	 t
circuit	not	on
soft	 switchi

																		(16

tch	

t1g”	

tfg”	

Tf

M
ac
re
co
to
tu
th

roposed	conve

hat	

put	
the	
nly	
ng	

6)	

Vo

W

D

An

Dk

	

3

In
to
R

3.

fg	=	Lr	*	(Io	/	V

MODE	 G	 [tg	 ‐
cross	 the	 ma
esonant	 capa
onnected	acro
o	 achieve	 ZC
urned	off.	The
his	mode	due	

erter	topology	

o	/	Vin	=	1	/	(1

Where,	

1	is	the	duty	c

nd,	

k	is	the	duty	c

. SIMULAT

n	 this	work	m
opology	 is	 d
2009b.	

.1 Simulatio

Vo)	+	(π	/	2)	(

th]	 :	 This	 m
ain	 switch	 S
acitor	 equals	
oss	the	switc
CS	 condition	
e	main	switch
to	the	diode	

for	operating	

1	–	(D1	+	Dk))

cycle	of	main

cycle	of	switc

TION	AND	I

module	 the	 s
done	 through

on	by	MATLA

(√Lr	*	(CS2	+	C

mode	 starts	 w
2	 and	 the	 vo
to	 zero	 and	
ch	S2	is	turned
the	 main	 s
h	S2	pose	ZVS
DS2	connecte

mode	G.	

)																								

n	switch	S1.	

ch	S3	when	S2	

TS	RESULT

simulation	of
h	 the	 MATL

ABTM.	

r))																				

when	 the	 vo
oltage	 across
the	 power	 d
d	on.	In	this	m
switch	 S1	 ca
S	characteris
ed	across	it.	

	

																					(1

is	off	and	S1	i

T	

f	 proposed	 ci
LABTM	 of	 ver

	(14)					

oltage	
s	 the	
diode	
mode	
an	 be	
tic	in	

17)	

is	on.	

ircuit	
rsion	

SHAHBAZ ALAM et al. 
DATE OF PUBLICATION: NOV 01, 2014

ISSN: 2348-4098 
VOLUME 2 ISSUE 7 SEP-OCT 2014

INTERNATIONAL JOURNAL OF SCIENCE, ENGINEERING AND TECHNOLOGY- www.ijset.in 1564



T

SY

In

Ou

Du

Sw

Bo

Re

Re

M

Table	4.1.	Co
simu

YMBOL	

nput	Voltage	

utput	Voltage	

uty	Cycle	

witching	Frequen

oost	Inductors	

esonant	Inducto

esonant	Capacito

ain	Switches	

omponents	a
ulate	the	pro

PARAM

Vdc	

Vo	

D	

ncy	 fs	

Lb1	,	Lb2	

r	 Lres	

or	 Cres	

S1	,	S2	

Fig.	4.1.	E

and	their	par
oposed	circu

METER SPEC

120V	

390V	

D<	50

50	kH

2.4	m

10	µH

1.5	nF

IRF84

Equivalent	circu

rameter	for	
uit	

IFICATION

to	250V	

0%	

Hz	

mH	

H	

F	

40	

Fig.	4.2.	C

uit	of	proposed

	

Lo

Th
lo
is
Lo

Lo

	

Current	throug

d	topology	in	S

Helping	Switch

Power	Diode

Helping	Diode

Output	Curren

Output	Capacit

Output	Power

oad	Current	

he	 output	 of
oad.	When	the
	 obtained	 as
oad.	

oad	Current

gh	the	load	

SIMULINK.	

h S3	

D1	,	D

Dres	,	

t Io	

tor Cout	

Pout	

t and	Voltage

f	 the	 convert
e	dc	source	is
s	 the	 voltage	

t:	

IR

D2	 HF

Dr1	,	Dr2	 HF

0.4

47

15

e:	

ter	 is	 conne
s	applied	then
and	 current

RFP460

FA08TB60

FA08TB60

4A	to	1.0	A

70	µF

50 to	300	W	

cted	 with	 th
n	the	graph	b
t	 characterist

	

	

he	 RL	
below	
tic	 of	

SHAHBAZ ALAM et al. 
DATE OF PUBLICATION: NOV 01, 2014

ISSN: 2348-4098 
VOLUME 2 ISSUE 7 SEP-OCT 2014

INTERNATIONAL JOURNAL OF SCIENCE, ENGINEERING AND TECHNOLOGY- www.ijset.in 1565



In	 the	 above	 figure	 the	 load	 current	 is	 achieved	 is	
approximate	 value	 of	 0.468	 A	 while	 the	 input	 voltage	
feed	to	the	circuit	 is	V	dc	of	value	190	V.	 It	 is	clear	that	
the	output	we	achieve	is	free	from	ripple	which	denotes	
the	effectiveness	of	the	circuit	used	in	this	topology.	Due	

to	 the	 use	 of	 high	 value	 of	 resistance	 the	 current	 is	 in	
limited	order	and	is	under	excepted	value	which	ranges	
from	0.4A	to	1.0	A	

Load	Voltage:	

	

	

Fig.	4.3.	Voltage	across	the	load	

The	above	figure	shows	the	output	voltage	characteristic	
of	 load	 connected	 across	 the	 output	 of	 the	 proposed	
converter	topology.		

This	 voltage	 waveform	 of	 load	 is	 achieved	 when	 the	
supply	 to	 the	 converter	 circuit	 is	 feed	 at	 190	V	dc.	 The	
load	 connected	 at	 the	 output	 is	 RL	 type	 in	 which	 the	
resistance	 of	 load	 is	 about	 800Ω	 and	 inductance	 about	
500mH.	 The	 load	 voltage	 achieved	 through	 the	
conversion	 is	 about	 376V	 which	 satisfy	 the	 duty	 cycle	
ratio	of	the	converter	topology.	Absence	of	ripple	 in	the	
output	 gives	 raise	 the	 effectiveness	 of	 the	 topology	
which	can	be	treated	as	better	result	of	conversion.		

From	equation	(3);	

D	=	(	Vout	─	Vin	)	∕	Vout	

D	=	(376	–	190)	/	376		

D	=	0.49	=	49%	<	50%																																														 (28)	

Equation	(28)	satisfy	the	mode	of	operation	of	proposed	
circuit	topology	presented	in	this	work	module,	the	duty	
cycle	 ratio	 from	 the	 equation	 states	 that	 the	 analysis	
done	in	the	work	module	and	all	the	assumption	that	has	
been	taken	is	totally	right.	

On	 the	 other	hand	 the	 voltage	 conversion	 ratio	 for	 this	
proposed	topology	is	given	by	equation	(16)	and	(17).	

From	equation	(16)	and	(17);	

Voltage	conversion	=	(Vo	/	Vin)	

=		376	/190	

Vo	/	Vin	=	1	/	(1	–	(D1	+	Dk))	=	376	/	190		

≈	1.98		 	 																							 	 	 (29)							

Equation	(29)	shows	the	voltage	conversion	ratio	of	the	
proposed	 topology	 which	 is	 also	 satisfied	 by	 the	
equation	derived	earlier	in	this	work	module.	

The	 above	 two	 figure	 shows	 the	 output	 current	 and	
voltage	waveform	of	the	converter	circuit	which	feed	the	
output	power	to	the	load.	All	the	result	discussed	above	
is	totally	right	and	simulated	correctly	to	achieve	proper	
accuracy.	

After	 getting	 the	 behaviour	 of	 load	 current	 and	 voltage	
the	 simulation	 parameter	 will	 now	 focus	 on	 the	
behaviour	 of	 switches	 during	 simulation	 of	 this	 work	
module.	 For	 switches	 soft	 switching	 is	 implemented	
that’s	why	next	section	is	fully	dedicated	to	the	switching	
behaviour	of	switches.	

Switching	characteristic	of	switch	S1.	

When	 the	 input	 dc	 voltage	 source	 is	 applied	 then	 it	
reaches	to	switch	S1	via	the	boost	inductor	Lb1.	The	input	
that	 the	 switch	 is	 feed	 is	 with	 pulse	 generator	 with	
switching	 frequency	 of	 50kHz	 and	 the	 input	 voltage	
through	the	dc	source	of	190	V.	

	

Fig.	4.4.	Switching	characteristics	of	S1	with	voltage	at	top	
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The	 above	 figure	 shown	 is	 the	 switching	 characteristic	
one	 of	 the	 helping	 or	 auxiliary	 switch,	 S3.	 In	 the	 above	
graph	the	position	of	ZVS	and	ZCS	 is	shown.	The	ZVS	 is	
achieved	 for	 switching	 on	 the	 switch	 while	 ZCS	 is	
achieved	when	switch	is	going	to	be	off.	

Due	 to	 the	high	voltage	 stress	present	on	 the	 switch	S3	
the	configuration	of	the	switch	is	different	than	the	main	
switches.	 Before	 ZVS	 condition	 the	 voltage	 across	 the	
switch	 is	 brought	 to	minimum	 value	 and	 that	 time	 the	
value	 of	 current	 across	 the	 switch	 is	 seen	 to	 be	
maximum.	

In	the	above	figure	it	can	be	illustrated	easily	that	during	
ZCS	 condition	 the	 switch	 current	 is	 minimum	 and	 the	
voltage	across	the	switch	is	maximum	and	hence	the	ZCS	
characteristic	 is	 achieved	 during	 switching	 off	 the	
switch.	

Characteristic	of	output	Capacitor.	

The	 output	 capacitor	 is	 connected	 across	 the	 output	 of	
the	 converter	 circuit	 of	 the	 proposed	 topology.	 It	 is	
placed	parallel	to	the	load	which	somehow	used	as	filter	
capacitor	to	reduce	the	harmonics	in	the	output.	

	

Fig.	4.7	Voltage	characteristics	of	output	capacitor	(Cout)	

The	voltage	across	the	output	capacitor	is	noted	same	as	
that	 of	 the	 load.	 	 Capacitance	 of	 output	 capacitor	 is	 of	
470µF	and	the	voltage	across	the	capacitor	is	376	V.	The	
waveform	 achieved	 is	 symmetrical	 to	 the	 voltage	
waveform	of	the	load.	

Power	Output	

The	output	power	of	the	converter	circuit	for	a	particular	
load	is	given	by:	

Pout	=	Vout	*	Iout				 	 	 	 	 (30)	

Where,	

Vout	=	Output	Voltage.	

Iout	=	Output	Current.	

The	load	connected	across	the	output	terminal	of	load	is	
RL	 type	 having	 resistance	 of	 800Ω	 and	 inductance	 of	
500mH.	

Then	from	equation	(30);	

Pout	=	376	*	0.47	

=	177	watt.	

The	power	output	is	in	expected	range	and	hence	satisfy	
the	operation	of	converter	circuit.	

4. CONCLUSION	

In	 this	 work	 module	 the	 interleaved	 boost	 converter	
topology	has	been	presented.	The	proposed	topology	can	
work	 on	 both	 modes	 of	 operation.	 However	 the	 load	
characteristic	 and	 the	 voltage	 conversion	 of	 the	
converter	 have	 been	 discussed	 which	 shows	 that	 the	
converter	fulfils	the	requirement	that	is	needed.		

The	 soft	 switching	 is	 achieved	 successfully	 for	 main	
switches	 and	 the	 presence	 of	 resonant	 inductor	 and	
resonant	 capacitor	 along	 with	 auxiliary	 switch	 with	
parasitic	capacitor	provides	resonant	way	to	achieve	ZVS	
and	ZCS	condition.	
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