
 
 

 

 

On	the	va
1.25	MeV	
	
N.	Elsheikh	1
	
1College	of		Sc
2Renewable	E
3College	of	Sci
	

A R T I C L E 	

Article	history
Received	25	M
Received	in	re
15	September
Accepted	15	S

Keywords:	
Mono‐crystal
60Co	γ‐irradia
Photovoltaic	p

		
1.	Introduc

*Mono‐c
part	 of	 silic
developed	a
a	number	 o
high	 reliabi
al.,	 2013;	 W
2012).	 Con
exhibit	 good
which	 occup
of	the	electr

However
sensitive	 to	
photons.	 S
degradation
solar	 cells	 u
2008;	Schar
facts	 have	 a
radiation	se
and	 civili
measuremen
60	 Co	 γ‐indu

                 
* Correspondin
Email	Address:
https://doi.org
2313‐626X/©	
This	is	an	open
(http://creativ
	

Inte

ariation	of	
V	60co	γ‐irra

1,	*,	E.	Elbeshi

cience	and	Arts
Energy	Program
ience,	Departm

I N F O 	

y:	
May	2016	
evised	form	
r	2016	
September	201

line	silicone	so
ation	
parameters	

tion 

rystalline	 sil
on	 solar	 cell
and	mostly	us
of	 advantages
lity,	 noiseles
Wen	 et	 al.,	
nventional	 m
d	 spectral	 re
pies	 the	 400
romagnetic	sp
r,	 mc‐Si	 so
high‐level	 ra
Several	 stud
n	 of	 photovo
under	 60	 Co	
rf,	1960,	 Jung
added	 a	 new
nsitive	comp
ian	 applica
nts	were	carr
uced	 effects	

                  
ng	Author.		
	nassreldeen.els
g/10.21833/ijaa
2016	The	Autho
n	access	article	u
vecommons.org/

Internati

ernationa
Jour

photovolt
adiation		

ir	1,	M.	Abdall

s	in	Al	‐Mikhwa
m,		Energy	and	
ment	of	Physics,	

16	

olar	cells	

licon	 (mc‐Si)
l	 family	 and	
sed	solar	cell
s	 like	 low	ma
ss	 and	 eco‐fr
2012;	 Singh	
mc‐Si	 solar	
esponse	 to	 v
‐800	 nm	wav
pectrum.		
olar	 cells	
adiation	 such
dies	 have	
oltaic	 param
γ‐irradiation
ga	and	Enslow
w	 member	 t
ponents	impo
ations.	 In	
ried	out	to	re
on	 the	 outp

              

sheikh	@yahoo.c
s.2016.09.001	
ors.	Published	by
nder	the	CC	BY‐N
/licenses/by‐nc‐n

ional Journal of Adv

Contents 

l Journal o
rnal homepage: h

taic	param

la	1,	O.	Gassim

h,	Department
Earth	Sciences
	Sudan	Univers

	 A B S T R

This	 wo
paramet
solar	cel
power	a
cell	with
(I‐V)	 and
and	afte
and	159
have	a	 s
quality	a
circuit	 c
efficienc
	
©	2016	T
BY‐NC‐ND

)	 solar	 cell	 i
one	 of	 the	 f
ls	because	it	
aintenance	 c
riendly	 (Cuce
and	 Ravind
cells	 genera
isible	 radiati
velength	 reg

are	 extrem
h	 as	 60	 Co	 γ‐
reported	
eters	 for	 mc
n	 (Tuzon	 et	
w,	1959).	Th
to	 the	 group
rtant	in	milit

this	 wo
e‐investigate	
put	 photovolt

com	(N.	Elsheikh

y	IASE.		
NC‐ND	license	
nd/4.0/)	

vanced and Applied

 

lists available at 

of Advanc
http://www.scien

 

1	

meters	of	m

m	1,	A.	Gamal	2

t	of	Physics,	Al‐B
s	Council,	Sudan
sity	of	Science	a

R A C T 	

ork	 explores	 t
ters	of	a	mono
l)	geometry	w
nd	100mW.cm
h	an	active	area
d	 (P‐V)	 charac
r	 irradiation	w
6mR,	respecti
significant	 effe
and	performan
current	 (Isc),	
y	(η)	are	found

The	Authors.	Pub
D	license	(http:/

is	 a	
first	
has	
ost,	
e	 et	
dra,	
ally	
ion,	
gion	

mely	
‐ray	
the	
c‐Si	
al.,	

hese	
p	 of	
tary	
ork,	
the	
taic	

h)	

pa
sou

2.	

pro
ma
res
19
are
wh
Mo
by	
en
sol

en
an
ele
lat
im
no
sili
(Lo
an	
to	
(Se

d Sciences, 3(9) 201

Science‐Gate  

ed and Ap
nce‐gate.com/IJA

mono‐cryst

,	A.	Konda	3	

Baha	University
n	Academy	of	S
and	Technology

the	 effects	 of	
‐crystalline	sil
as	instrument
m‐2	light	intens
a	of	10cm×5cm
cteristics	were
with	different	6
vely.	The	resu
ct	 on	 the	pho
nce	of	the	solar
maximum	 ou
d	to	be	decreas

blished	by	IASE.	T
/creativecommo

rameters	of	a
urce‐Solar	ce

Gamma	ray	

The	 passag
oduces	 elect
aterial.	Most	
sult	 of	 the	 C
59).	 Pair	 pro
e	 negligible	 i
hich	 we	 are
otta,	2000).	T
the1.25MeV

ergized	 elect
lar	cell	by	me
These	 γ‐ind
ergies	rangin
d	 transfer	 e
ectron‐atom	s
ttice	sites	and
mparted	to	the
rmal	site	and
icon,	 this	 m
oferski	and	R
electron	mu
the	 struck	 a
eitz	and	Koeh
	
ௗܧ ൌ

ଶ௠೐

ெమ

ா೟
௠೐

16, Pages: 1‐5 

pplied Scie
AAS.html 

talline	silic

ty,	Al‐Baha,	Sau
Sciences,	Khart
y,	Khartoum,	S

60Co	 γ‐irradia
licone	solar	ce
ed.	It	consists	
ity,	and	a	mon
m.	At	room	tem
e	 determined	
60Co	γ‐exposu
ults	demonstra
tovoltaic	para
r	cell.	The	open
utput	 power	 (
sed	with	gamm

This	is	an	open	a
ons.org/licenses

a	mc‐Si	solar
ell)	geometry

displacemen

ge	 of	 gamm
trons	 and	 se
of	 the	 electr
Compton	 Eff
oduction	 and
in	 the	 range	
e	 concerned;
Thus	the	disp
V	 60Co	 γ‐ra
trons	which	
eans	of	Comp
duced	 electro
ng	upward	to
energy	 to	 a	
scattering	ev
d	a	certain	am
e	atom	in	ord
d	create	a	va
minimum	 en
Rappaport,	19
ust	have	 in	o
tom	 is	 relate
hler.,	1958):	

೟

௖మ
ሺܧ௧ ൅ 2݉௘ܿ

 
 ences 

con	solar	c

udi	Arabia	
toum,	Sudan	
Sudan	

ation	 on	 the	
ell.	A	suitable	(
of	a	halogen	la
no‐crystalline	s
mperature,	the	
under	 illumin
re	doses;	532m
ated	 that	γ‐exp
meters	 and	 it	
n	circuit	voltag
(Pm),	 fill	 facto
ma	exposure	do

access	article	un
s/by‐nc‐nd/4.0/

r	cell	using	su
.		

nt	damage	

ma	 rays	 thro
econdary	 pho
rons	 are	prod
fect	 (Junga	 a
d	 the	 photoe
of	 photon	 e
	 1.25	 MeV	
placement	dam
ays	 comes	
are	 produce
pton	Effect.			
ons	 have	 a	
o	0.8	MeV	(S
lattice	 atom	
vent.	Atoms	a
mount	of	ene
der	to	displac
acancy‐inters
ergy	 Ed	 is	
958).	The	ene
rder	 to	 impa
ed	 to	Ed	 by	 t

ܿଶሻ;		

 
 

cell	under	

Photovoltaic	
(light	source‐	
amp	of	500W	
silicone	solar	
forward	bias	
ation,	 before	
mR,	1064mR	
posure	doses	
controls	 the	

ge	(Voc),	short	
or	 (FF)	 and	
oses.	

nder	the	CC	
/).	

uitable	(light

ough	 matter
otons	 in	 the
duced	as	 the
and	 Enslow.,
lectric	 effect
nergies	with
(Kwon	 and
mage	caused
about	 from
d	within	 the

spectrum	 of
tatler,	1971)
through	 an

are	bound	 to
ergy	must	be
ce	it	from	its
titial	pair.	 In
about	 13eV
ergy	Et	which
art	energy	Ed
the	 following

t	

r	
e	
e	
,	
t	
h	
d	
d	
m	
e	

f	
)	
n	
o	
e	
s	
n	
V	
h	
d	
g	



For	silicon,	E

3.	Gamma	d

The	 pho
produced	 fr
effect	and	p
below	0.1	M
the	 gamma	
effect.	Pair	p
if	 the	 gamm
corresponds
electron	 (K
scattering	
intermediat
to	 10	 MeV	
incoming	ga
with	 respec
imparts	a	po
which	 then	
Motta,	2000

In	 this	 w
possesses	an
in	 the	 range
Compton	 s
suggests	tha
result	 of	
displacemen
of	 gamma	e
of	24	eV	are
from	(Kwon

	

Fig.	1:	Dis
Compton	sca

4.	 Effect	
performanc

The	 per
materials	 is
radiation	pa
lattice,	 whi
These	 defec
the	 materia
lifetime	 (Ho
Alexander,	
parameters	

Elsh

Et,	is	about	0.

displacemen

oton‐induced	
rom	 Compto
pair	productio
MeV,	the	dom
ray	 with	 m
production	 is
ma	 ray	 energ
s	 to	 twice	 th
Kwon	 and	
is	 the	 pre
te	gamma	ray
in	 metals.	

amma	ray	 is	
ct	 to	 its	 in
ortion	of	its	e
becomes	 the

0).	
work,	 the	 em
n	average	en
e	 of	 energies
scattering	 is
at	most	of	the
Compton	 E
nt	 cross‐secti
energy	at	disp
e	presented	i
n	and	Motta,	2

splacement	cro
attering	at	the	

of

of	 displace
ce	

rmanent	 da
s	 caused	 by
articles	with	
ch	 are	 displ
cts	 degrade	
al	 and	 partic
ovel,	 1975;	
2003;	 Hor
of	 silicon	 s

eikh et al/ Intern

14MeV.	

nt	cross‐sect

energetic	 el
on	 scattering
on.	For	gamm
inant	mode	o

material	 is	 th
s	energetical
gy	 exceeds	 1
he	 rest	 mas
Motta,	 20

edominant	
y	energies,	 ra
In	 Compton	
deflected	by
cident	 direc
energy	to	the	
e	 recoil	 elect

mployed	 60Co
ergy	of	1.25M
s	 (0.1‐10MeV
s	 predomin
e	electrons	ar
Effect.	 Comp
ions	 in	 silico
placement	 th
n	Fig.	1.	The	
2000).	

oss‐sections	in
displacement	t
f	24	eV	

ed	 atoms	

amage	 in	 t
y	 collisions	 o
the	atoms	 in
laced	 from	
the	 transpor
cularly	 the	 m
Messenger	 a
iushi,	 2000
solar	 cell	 suc

ational Journal of

ion		

lectrons	 can	
g,	 photoelec
ma	ray	energ
of	interaction
he	 photoelec
ly	possible	o
.02	 MeV,	 wh
s	 energy	 of	
000).	 Comp
mechanism	
anging	 from	
scattering,	

y	a	certain	an
ction,	 and	 th
electron	at	r
tron	 (Kwon	 a

	 gamma	 sou
MeV,	which	f
V)	 within	wh
ant.	 This	 f
re	produced	a
pton	 scatter
on	 as	 a	 funct
hreshold	 ene
data	was	tak

	silicon	for	the
threshold	ener

on	 solar	 c

the	 solar	 c
of	 the	 incid
n	 the	crystall
their	 positio
rt	 properties
minority	 carr
and	 Ash,	 19
).	 Photovolt
ch	 open	 circ

of Advanced and A

2	
 

be	
tric	
gies	
n	of	
tric	
only	
hich	
an	
ton	
at	
0.1	
the	
ngle	
hus	
est,	
and	

urce	
falls	
hich	
fact	
as	a	
ring	
tion	
ergy	
ken	

	
e	
rgy	

cell	

ells	
dent	
line	
ons.	
s	 of	
rier	
986;	
taic	
cuit	

vol
ou
str
(Yu
al.,
20
car
sol

cel
me
ind
ter
pa
γ‐r

5.	

me
sol
for
Fig
Si	
ma
wa
ref
cel
wa
the
for

Applied Sciences,

ltage	 (Voc),	 s
tput	power	(
rongly	 depe
ukahe,	 2014)
,	 2004;	 Imai
07)	have	rep
rrier	 life	 tim
lar	cells.	
This	work	e
ll)	 geometr
easurements	
duced	displac
rms	 of	 varia
rameters;	Voc
ray	exposure	

Instrumenta

Schematic	d
easuring	the	p
lar	cell	under
r	the	light	sou
g.3.	The	solar
solar	 cell	 w
anufactured	b
as	a	500	W	h
ference	wher
ll	 axis	 and	 is
as	fixed	at	y=2
e	solar	cell.	T
r	photons	of	t
	

Fig.	2:	Schem

	

Fig.	3:	A	phot

 3(9) 2016, Pages

short	 circuit	
(Pm),	fill	facto
nd	 on	 min
).	 And	 sever
izumi	 et	 al.,
ported	that	a	
me	 reduce	 th

examine	a	su
ry	 and	 de
carried	out	t
cement	dama
tion	 of	 mc‐S
c,	Isc,		Pm,	FF	a
doses.		

ation	

diagram	 for	 t
photovoltaic	
r	test	is	show
urce‐solar	cel
r	cell	under	te
with	 an	 act
by	Leybold.	T
alogen	lamp.
re	 the	 y‐axis	
s	 directed	 up
20	cm	above	
This	will	prov
the	light	sour

matic	diagram	f
current	meas

tograph	for	the
geome

s: 1‐5 

current	 (Isc
or	(FF)	and	e
nority	 carrie
ral	 authors	 (
	 1997;	 Guse
decrease	in	
he	 electric	 p

uitable	 (light	
escribes	 a	
to	characteriz
age	on	a	mc‐S
Si	 solar	 cell	
nd	η	with	res

the	circuit	co
output	param

wn	in	Fig.	2.	A
ll	geometry	w
est	was	a	com
tive	 area	 of
The	employed
.	In	a	Cartesi
coincides	w
pwards,	 the	
the	active	su
vide	a	900	 in
rce	(Fig.	3).	

for	the	circuit	u
surements	

e	(light	source‐
etry	

c),	 maximum
efficiency	(η),
er	 life	 time
(Alurralde	 et
eynov	 et	 al.,
the	minority
properties	 of

source‐solar
series	 of

ze	the	60Co	γ‐
Si	solar	cell	in
photovoltaic
spect	to		60Co

onsidered	 for
meters	of	the
A	photograph
was	shown	in
mmercial	mc‐
f	 10cm×5cm
d	light	source
an	system	of

with	 the	 solar
light	 source

urface	area	of
ncident	angle

	
utilized	for	

	
‐solar	cell)	

m	
,	
e	
t	
,	
y	
f	

r	
f	
‐
n	
c	
o	

r	
e	
h	
n	
‐
m	
e	
f	
r	
e	
f	
e	



The	 ha
uncomplicat
require	 only
lamp	bulb	is
(SBE)	 for	 s
provides	 a	 v
(Irwan	 et	 al
measured	 to
AM1.5	 solar
solar	cell	(K
measured	 u
sensitivity	
systems	 an
irradiation,	
average	ene
multimeters
and	 current
resistor	(0‐1

6.	Measurem

The	 forw
solar	 cell,	 b
were	 meas
source	 was	
cell	 under	
performed	w
It	is	importa
a	short	time
the	cell	tem
of	 Voc,	with	
efficiency	 of
Mertens,	19
maximum	v
the	voltage	
measuremen
approximate
resistance	w
were	 record
short‐circuit

At	this	p
the	 60Co	 γ‐s
the	 active	 a
irradiated	
correspondi
mR,	1064	m
of	each	expo
and	the	light
including	 Is
measuremen
irradiation.	
60Co	γ‐irrad
of	maximum
factor	 FF.	 A
including	 th
FF)	 were	 ca
generated.		

On	 the	 b
parameters	
circuit	volta
can	 be	 calc
performanc
expressed	a

Elsh

alogen	 lam
ted	 and	 co
y	 easy	 powe
s	widely	used
solar	 simulat
very	 stable	 a
l.,	 2015).	 The
o	 be	 100	mW
r	 radiation	 o
Khan	et	al.,	20
using	 a	 pyra
19.8μV/W.m
nalyzer	 type
a	60Co	γ‐ray	
ergy	of	1.25m
s	were	used	t
t	 while	 vary
1KΩ).	

ments	proce

ward	 bias	 I
before	 and	 a
ured	 at	 roo
used	 to	 uni
test	 and	

within	15	mi
ant	to	carry	o
e	scale	(~0.25
perature,	as	
a	 relative	 re
f	 about	 0.4%
86).	The	vari
value	(1KΩ)	a
(V)	were	rec
nt	 conditio
e	 the	 ope
was	then	decr
ded	 for	 diffe
t	current	Isc	c
point,	the	ligh
source	 was	 l
area	 of	 the	
for	 1	 hr,	
ing	exposure
mR	and	1596	
osure	time,	th
t	source	is	tu
c	 and	 Voc	 w
nts	 proced
The	 I‐V	char
diation	were	u
m	 power	 (Vm
At	 this	 point
he	 maximum
alculated	 and

basis	 of	 the	 I
like	 short	

age	(Voc),	fill	f
culated.	 The
e	 parameter
s;	

eikh et al/ Intern

mp	 bulb	 is
onvenient	 to
r	 supply	 uni
d	in	solar	bea
tor	 applicati
and	 smooth	
e	 light	 sourc
W.cm‐2.	 This	
over	 the	 act
010).	The	ligh
anometer	 ty
m‐2,	 connecte
e	 HTSolar3
source	of	ac

meV	was	utiliz
to	record	the
ying	 the	 valu

edure	

‐V	 character
after	 60Co	 γ‐
om	 temperat
iformly	 illum
the	 measu

inutes	 in	roo
out	the	measu
5	%	hour)	to
this	will	resu
eduction	 in	 l
%	 K‐1	 (Van	Ov
iable	resistor
and	both	the	
orded.	At	R=
ons,	 the	
n‐circuit	 va
reased	in	ste
erent	 settings
correspondin
ht	source	was
located	 at	 th
Si	 solar	 cell
2hrs	 and

es	were	calcu
mR,	respecti
he	60Co	γ‐	sou
urned	on.	The
were	 recorded
dure	 before
racteristics,	b
used	to	dete
mp,	 Imp)	 and	 c
t,	 the	 output

m	 output	 valu
d	 (P‐V)	 chara

‐V	 character
circuit	 curr
factor	(ff)	an
e	 fill	 factor	
r	 for	 solar	 ce

ational Journal of

s	 inexpens
o	 operate	 a
its.	 The	 halog
am	experime
ions	 because
spectral	 out
ce	 intensity	w
value	 simula
tive	 area	 of	
ht	intensity	w
ype	 HT303N
ed	 to	 a	 so
00.	 For	 γ‐
ctivity	1mCi	a
zed.	Two	dig
e	output	volt
ue	 of	 a	 varia

ristics	 of	 mc
‐ray	 irradiati
ture.	 The	 li
minate	 the	 so
urements	 w
om	temperatu
urements	wit
	avoid	elevat
ult	in	a	decre
light	 convers
verstraeten	 a
r,	R	was	set	to
current	(I)	a
1KΩ,	within	
voltage	 w

alue	 Voc.	 T
ps.	Both	I	an
s,	 including	
g	to	R=0.			
s	turned	off	a
he	 y=5cm	 abo
l.	 The	 cell	 w
	 3	 hrs.	 T
ulated	 to	be	5
ively.	At	the	e
urce	is	remov
e	data	for	I	an
d	 following	
e	 60Co	 γ‐
before	and	af
rmine	the	po
calculate	 the	
t	 power	 val
ues	 (Pmp=	 Voc
acteristics	 w

ristics,	 Solar	
rent	 (Isc),	 op
d	efficiency	(
(FF)	 is	 a	 k
ells	 and	 can	

of Advanced and A

3	
 

ive,	
and	
gen	
ents	
e	 it	
tput	
was	
ates	
the	
was	
	 of	
olar	
‐ray	
and	
gital	
age	
able	

c‐Si	
ion,	
ight	
olar	
were	
ure.	
thin	
ting	
ease	
sion	
and	
o	its	
and	
our	
will	
The	
d	V	
the	

and	
ove	
was	
The	
532	
end	
ved	
nd	V	
the	
‐ray	
fter	
oint	
fill	
ues	
c	 Isc	
were	

cell	
pen	
(	η)	
key	
be	

at	
op
res
a	s

wh
cir

7.	

7.1
irr

sol
exp
we
Fig
Imp
val
all	
by	
of	
cha
com
γ‐r
det
res
in	
an
inc
oth
pro

F
c

Applied Sciences,

ܨܨ ൌ
௏೘೛ூ

௏೚೎ூ

	
Where	Vmp	a
a	maximum	
en	 circuit	
spectively	(B
solar	cell	is	gi
	
ߟ ൌ ௏೚೎ூೞ೎ிி

௉೔೙
		

	
here,	Isc	is	the
rcuit	voltage	a

Results	and	

1.	 Effects	 o
radiation	on

The	 forward
lar	 cell,	 bef
posure	 doses
ere	measured
g.	4.	In	comp
p	 values	 befo
lues	were	de
exposures,	w
4.2%,	2.5%	
the	 outp

aracteristics	
mparison	 to	
ray	 exposur
teriorated	by
spectively.	Th
one	hand,	 re
d	 P‐V	 chara
creasing	 of	 g
her	 hand	 d
oposed	(light
	

Fig.	4:	The	illum
cell	irradiated	w

unde

 3(9) 2016, Pages

ூ೘೛

ூೞ೎
																				

and	Imp	are	th
power	 point
voltage	 and
hat	et	al.,	201
ven	by;	

																								

e	short	circui
and	Pin	is	the	

discussion	

of	 illumina
	the	I–V	and

d	bias	 I‐V	ch
fore	 and	 af
s;	 532	 mR,	 1
d	at	 room	 tem
arison	to	the
ore	 60Co	 γ‐r
eteriorated	by
while	the	Imp	
and	6.8%,	re
put	 power	
are	 reported
the	output	p
re	 doses,	
y	approximat
he	results	rep
e‐confirm	 the
acteristics	 of
gamma	 expo
demonstrate	
t	source‐solar

minated	I‐V	ch
with	1.25	MeV
erAM1.5	illumin

s: 1‐5 

																								

he	voltage	and
t,	 and	 Voc	 an
d	 short	 circ
14).	The	effic

																									

it	current,	Vo
incident	ligh

ation	 and	 6
d	P‐V	charact

aracteristics	
fter	 various	
1064	 mR	 an
mperature	a
e	voltage	Vmp
ay	 irradiatio
y	approximat
values	were	
espectively.	T
with	 volt

d	 in	 Fig.	 5.	 A
power	values
the	 Pmp	 v
tely	9%,	7.4%
ported	in	Fig.
e	deterioratio
f	 the	 solar	
osure	 values	
the	 feasibi
r	cell)	geome

aracteristics	o
V	photons	at	va
nation	conditio

																		(1)

d	the	current
nd	 Isc	 are	 the
cuit	 current
ciency	(η)	for

																		(2)

oc	is	the	open
ht	power.	

60Co	 γ‐ray
teristics		

of	the	mc‐Si
60Co	 γ‐ray

nd	 1596	 mR,
nd	 shown	 in
p	and	current
ons,	 the	 Vmp
tely	1.5%	for
deteriorated
The	variation
tage;	 (P‐V)
As	 shown,	 in
s	before	 60Co
values	 were
%	and	13.6%,
.	4	and	Fig.	5,
on	of	 the	 I‐V
cell	 due	 to
and	 on	 the
ility	 of	 our
etry.	

f	mc‐Si	solar	
arious	doses,	
on	

	

t	
e	
t	
r	

)	

n	

y	

i	
y	
,	
n	
t	
p	
r	
d	
n	
)	
n	
o	
e	
,	
,	
V	
o	
e	
r	

	



Fig.	5:	The	i
cell	irradiat

u

7.2.	 Effect
irradiation	

The	 vari
parameters;
circuit	curre
doses	are	re
(FF)	 and	 ef
parameters	
the	values	o
was	 found	 t
photovoltaic
exposure	do
shown	 in	
deteriorated
0.85%	 for	
respectively

As	repor
by	 approxim
while	 the	η	
dose	 532mR
two	 exposu
deterioratio
damage	on	t
solar	cells.	

8.	Conclusio

This	 wo
displacemen
variation	 of
bias	 (I‐V)	
measuremen
temperature
geometry	w
lamp	 of	 5
intensity,	an
active	area	
ray	 source	
1.25meV	 w

Elsh

illuminated	P‐V
ted	with	1.25	M
nderAM1.5	illu

s	 of	 illum
	on	Voc,	Isc,	

iations	 of	 m
;	 open	 circu
ent	(Isc)	with	
eported	in	Fig
fficiency	 (η)	
under	 invest

obtained	befo
that	 the	 deg
c	parameters
oses;	532	mR
Fig.	 6,	 The
d	 by	 appro
Voc,	 and	 3%
y.		
rted	 in	Fig.	 7
mately	 3%	 f
values	deter
R	 and	 approx
ure	 doses.	 T
on	 effect	 of	 6
the	photovol

ons	

ork	 characte
nt	damage	on
f	 photovoltai

characteri
nts	 were	
e.	 A	 suitable
was	instrumen
500W	 powe
nd	a	commer
of	10cm×5cm
of	 activity	 1

was	 utilized.	

eikh et al/ Intern

V	characteristi
MeV	photons	a
umination	con

ination	 and
FF	and	η		

mc‐Si	 solar	 ce
uit	 voltage	 (
respect	to	ga
g.	6.	While	tho
are	 reporte
tigation	were
ore	60Co	γ‐ray
gradation	 of	
s	is	dependen
R,	1064	mR	an
e	 Voc	 and	 I
ximately	 1.5

%,	 3.15%	 an

7,	 the	FF	valu
for	 all	 60Co	 e
riorated	by	7
ximately	 7%
The	 results	
0Co	 γ‐induce
taic	paramet

erizes	 the	 6

n	mc‐Si	solar	
ic	 parameter
istics	 and	
carried	 o

e	 (light	 sou
nted.	It	consi
er	 and	 100
rcial	mc‐Si	so
m.	 	For	 irrad
mCi	 and	 ave
The	 results	

ational Journal of

ics	of	mc‐Si	sol
at	various	dose
dition	

d	 60Co	 γ‐r

ell	 photovolt
(Voc)	 and	 sh
amma	expos
ose	for	fill	fac
ed	 in	 Fig.	 7.	
e	normalized
y	irradiations
mc‐Si	 solar	
nt	on	the	gam
nd	1596	mR.
Isc	 values	 w
5%,	 0.7%	 a
nd	 6.7%	 for	

ues	deteriora
exposure	 dos
7.7	 for	 expos
%	 for	 the	 rest
re‐confirm	
ed	 displacem
ters	of	the	mc

60Co	 γ‐indu
cells	in	term
rs.	 The	 forw
the	 rest	

out	 at	 ro
rce‐	 solar	 c
ists	of	a	halog
0mW.cm‐2	 li
olar	cell	with
iation,	a	 60Co
erage	 energy
confirmed	

of Advanced and A

4	
 

	
lar	
es,	

ray	

taic	
hort	
ure	
ctor	
All	
d	 to	
s.		It	
cell	

mma	
.	As	

were	
and	
Isc,	

ated	
ses,	
ure	
t	 of	
the	

ment	
c‐Si	

ced	
s	of	
ard	
of	

oom	
cell)	
gen	
ight	
h	an	
o	γ‐
y	 of	
the	

sig
da
cel

53
ele
Th
1.5
det
Co
we
13
det
0.8
res
det
exp
7.7
for
deg

Applied Sciences,

gnificant	 imp
mage	 on	 ph
lls.		
	

Fig.	6:	Variatio

Fig.	7:	Variati

As	 the	 60Co
2mR,	 1064	 a
ectric	proper
he	 Vmp	 value
5%	 for	 all	
teriorated	 by
nsequently,	
ere	 deteriora
.6%,	 respect
teriorated	 b
85%	 for	 Voc,
spectively.	 O
teriorated	 b
posure	 doses
7	for	exposur
r	 the	 rest	 o
gradation	of	

 3(9) 2016, Pages

pact	 of	 60Co	
otovoltaic	 pa

on	of	normaliz
exposure

ion	of	normaliz
exposure

	
o	 γ‐	 exposu
and	 1596	 m
ties	of	mc‐Si
s	 were	 decr
exposures,	
y	 4.2%,	 2.5%
the	 maximu
ated	 by	 appr
tively.	 The	
by	 approxim
,	 and	 3%,	 3
On	 the	 othe
by	 approxim
s,	while	 the	
re	dose	532m
of	 two	 expos
photovoltaic

s: 1‐5 

γ‐induced	 d
arameters	 of

zed	Voc	and	Isc	w
e	doses	

zed	FF	and	η	w
e	doses	

re	 doses	 ar
R,	 a	 deterior
	solar	 cell	w
reased	 by	 ap
while	 Imp	 v

%	 and	 6.8%,	
um	 output	 p
oximately	 9%
Voc	 and	 Isc	 v
mately	 1.5%,
3.15%	 and	 6
er	 hand,	 the
mately	 3%	 f
η	 values	 det

mR	and	appro
sure	 doses.	
	parameters	

displacement
f	 mc‐Si	 solar

with	60Co	γ‐	

with	60Co	γ‐	

e	 increased;
ration	 of	 the
was	observed.
pproximately
values	 were
respectively.
ower	 values
%,	 7.4%	 and
values	 were
,	 0.7%	 and
6.7%	 for	 Isc,
e	 FF	 values
for	 all	 60Co
teriorated	 by
oximately	7%
In	 terms	 of
for	the	mc‐Si

t	
r	

	

	

;	
e	
.	
y	
e	
.	
s	
d	
e	
d	
,	
s	
o	
y	
%	
f	
i	



Elsheikh et al/ International Journal of Advanced and Applied Sciences, 3(9) 2016, Pages: 1‐5 

5	
 

solar	cell	under	60Co	γ	irradiation,	the	results	are	in	
good	agreement	with	the	available	literature.	
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