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This pa per in ves ti gates the out put char ac ter is tics of pho to vol taic so lar cells work ing in hos tile 
work ing con di tions. Ex am ined cells, pro duced by dif fer ent in no va tive pro ce dures, are avail -
able in the mar ket. The goal was to in ves ti gate sta bil ity of elec tric char ac ter is tics of so lar cells,
which are used to day in pho to vol taic so lar mod ules for charg ing re charge able bat ter ies
which, cou pled with bat ter ies, sup ply var i ous elec tronic sys tems such as ra dio re peat ers on
moun tains tops, air planes, mo bile com mu ni ca tion sta tions and other re mote fa cil i ties.
Charg ing of re charge able bat ter ies re quires up to 25 % higher volt age com pared to nom i nal
out put volt age of the bat tery. This pa per pres ents re sults of re search of so lar cells, which also
ap ply to cases in which con tin u ous power sup ply is re quired.
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IN TRO DUC TION 

To day's fast tech no log i cal ad vance ment re lies
on de vel op ment of elec tronic com po nents. Great ad -
vance ments were achieved in min ia tur iza tion of elec -
tronic de vices turned into in te grated cir cuits [1-6].
These de vices tend to have a lower power re quire -
ment, which en ables use of power sup plies of lower
out puts, such as pho to vol taic (so lar) cells and mod -
ules. This has en abled wider use of pho to vol taic (PV)
so lar cells in power sup plies. PV so lar cells are of ten
ex posed to var i ous forms of ra di a tion (e. g. on sat el -
lites or spacecrafts, as well as in in stal la tions and sys -
tems in in ac ces si ble places and lo ca tions af fected by
nat u ral di sas ters). There fore, ex ten sive re searches are
con ducted with the goal to study the in flu ence of ra di -
a tion to so lar cells char ac ter is tics [6-12], as well as
with the goal to de velop so lar cells that have greater re -
sis tance to ra di a tion [13-15], i. e., where the in flu ence
of ra di a tion to out put char ac ter is tics is less ex pressed.
Re search ers pre sented in this pa per take into ac count
an other un fa vor able in flu ence, the re duced in so la tion
of cells.

Meth ods used for in ves ti ga tion of so lar cells sta -
bil ity dur ing their ex ploi ta tion con sisted of re cord ing

the cur rent-volt age (I-V) char ac ter is tics of so lar cells,
with vari a tion of fol low ing pa ram e ters: so lar cell type, 
il lu mi na tion in ten sity, type of ra di a tion, en ergy and
dose of ra di a tion. Mea sure ments have been con ducted 
with and with out pres ence of ra di a tion source. In flu -
ence of neu tron and gamma ra di a tion in ten sity on the
deg ra da tion level of sil i con so lar cells char ac ter is tics
was an a lyzed on re duced level of cells il lu mi na tion.
Deg ra da tion of the so lar cells open cir cuit volt age in
the ra di a tion field was an a lyzed sep a rately, since it is
ex tremely im por tant for pro vid ing con tin u ous power
sup ply for both the backup re charge able (ACCU) bat -
ter ies and elec tronic and elec tric de vices.

DE GRAD ING EF FECT OF NEU TRON
RA DI A TION TO SI SO LAR CELLS 

Neu tron ra di a tion is one of the main rea sons for
ra di a tion dam age of elec tronic sys tems in gen eral.
Since neu trons are rel a tively heavy elec tri cally neu tral 
par ti cles (1840 times heavier than elec trons), in stead
to ion ize at oms or mol e cules, they col lide with at oms
from semi con duc tor lat tice, so that they dis place or
move the whole at oms from their lo ca tions within the
lat tice and such at oms take in ter sti tial po si tions within
the crys tal. This leads to the dis ar range ment or the cur -
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va ture of the lat tice's lo cal struc ture. The ini tial place
where the atom was lo cated is called va cancy. The
moved atom is called in ter sti tial atom and the pair in -
ter sti tial-va cancy is called Frenkel de fect [1-3].

If the en ergy of the in ci dent neu tron is high
enough, such neu tron may trans fer enough en ergy to the
atom that it dis placed from the lat tice, so that this atom
may dis place other at oms from the lat tice. With high-en -
ergy neu trons, such phe nom e non may con tinue in cas -
cades and form de fects within the lat tice struc ture.

Fi nally, all the moved at oms loose en ergy un til
ther mal bal ance in the lat tice is ac com plished. Some of 
these at oms come to the lo ca tions of iso lated va can -
cies, and that re-es tab lishes the lo cal struc ture of the
lat tice. Some of the at oms are com bined with doped at -
oms or at oms of im pu ri ties and form sta ble de fects.
These de fects are elec tri cally in ac tive, so that they do
not rep re sent re com bi na tion cen ters or traps. How -
ever, mo bile va can cies may be com bined with at oms
of im pu ri ties, do nor at oms or other pres ent va can cies,
so that they may cre ate tem per a ture sta ble de fects.
Such de fects, called the de fec tive com plexes, rep re -
sent ef fec tive re com bi na tion cen ters or traps lead ing
to change of re sis tance [4, 5].

Be fore they be come the par tic i pants in for ma -
tion of de fec tive com plexes, va can cies are mo bile and
rep re sent a good re com bi na tion po ten tial for catch ing
mi nor ity car ri ers. Dur ing a very short pe riod af ter the
be gin ning of neu tron im pulse, such va can cies are to a
great ex tent re spon si ble for sig nif i cant re duc tion of
the life pe riod of mi nor ity car ri ers. This ef fect de cel er -
ates fast due to the re cov ery hap pen ing within the ma -
te rial, so that this pa ram e ter reaches its as ymp totic, re -
duced value very fast.

EX PER I MEN TAL WORK

Ex per i men tal part of this work is based on re cord -
ing cur rent-volt age (I-V) char ac ter is tics of so lar cells,
with vari a tion of mea sur ing pa ram e ters: so lar cell type,
il lu mi na tion type, il lu mi na tion in ten sity, ra dio ac tive ra -
di a tion type, en ergy and dose of ra dio ac tive ra di a tion.
Sil i con so lar cells on the ba sis of mono-crys tal and
poly-crys tal sil i con have been used in the ex per i men tal
mea sure ments. Mono-crys tal sil i con sam ples have
been des ig nated with E4 and D4, while poly-crys tal sil i -
con sam ples have been des ig nated with A, D2, and F3.
Sam ples were sub jected to the ac tion of ra dio ac tive ra -
di a tion in the form of point source of neu trons and the
source of gamma ra di a tion (60Co). 

Point source of neu trons Pu-Be was used as the
source of neu tron ra di a tion [16]. A con fig u ra tion was
used in which the sam ples were in di rect con tact with
neu tron source, while the max i mum dose rate ac com -
plished was dD/dt = 0.36 mGy/h. Mea sure ment of the
in ten sity of neu tron ra di a tion equiv a lent dose were per -
formed by Dineutron de vice of the French com pany
Nardeux. Sam ples sub jected to neu tron ra di a tion ab -
sorbed the dose up to 200 mGy.

Two 60Co sources were used as the source of
gamma ra di a tion. Ab sorbed dose of mono-crys tal sil i con 
sam ples ranged up to 490 Gy, while the ab sorbed dose of
poly-crys tal sil i con sam ples ranged up to 5825 Gy. 

All mea sure ments were per formed un der
well-de fined con di tions. Level of il lu mi na tion was
reg u lated by the dis tance from the source and con -
trolled dur ing mea sure ment by cal i brated stan dard cell 
and LEYBOLD lux-me ter (sen sor F = 0.76). Sam ple
tem per a ture was reg u lated by ther mo cou ple. Mea -
sure ments of volt age and out put cur rent were con -
ducted by an a logue multi-me ter Iskra Ml 7045 and
dig i tal multi-me ter Metron M890C.

MEA SURE MENTS OF CUR RENT-VOLT AGE
CHAR AC TER IS TICS

Cur rent-volt age (I-V) char ac ter is tics of so lar
cells rep re sent the ba sic and the most of ten used
method for char ac ter iza tion of so lar cells. I-V char ac -
ter is tics en able fast and sim ple way to ob tain a great
num ber of data re gard ing both out put and fun da men tal 
pa ram e ters of so lar cells.

Cell sur faces vary both at dif fer ent types of used
cells and within the same type (group) of sam ples, so
that all the val ues of cur rents at I-V curves are scaled to 
unit sur face, i. e., these are pre sented in the form of
sur face cur rent den sity J.

Stan dard mea sur ing con fig u ra tion was used for
mea sure ment of I-V curves. I-V curves were re corded
at dif fer ent lev els of il lu mi na tion (be tween 30 W/m2

and 350 W/m2). I-V char ac ter is tics were re corded at
white light and mono chro matic light (so dium SOX
lamp un der low pres sure). All I-V mea sure ments were
per formed be fore the first ir ra di a tion and right af ter
each ir ra di a tion step.

Anal y sis of the mea sure ment re sults is given
through the anal y sis of in flu ences of var i ous types of ra -
dio ac tive ra di a tion on out put char ac ter is tics of so lar cells.

RE SULTS OF MEA SURE MENTS
AND ANAL Y SIS 

The re sults – pa ram e ters of so lar cells be fore and 
af ter the ra di a tion by gamma and neu tron source are
given in sub se quent sec tions. Re sults pres ent de pend -
en cies of se ries re sis tance Rs, open-cir cuit volt age Voc

and short-cir cuit cur rent den sity Jsc on re ceived ra di a -
tion doses. Re sults were ob tained un der dif fer ent il lu -
mi na tion lev els.

Sam ples sub jected to neu tron ra di a tion

Char ac ter is tics of se ries re sis tance de pend ing on 
the re ceived dose of neu tron ra di a tion for the sam ples
E4 and D4 are shown in figs. 1 and 2, at three and two
lev els of cell il lu mi na tion, re spec tively. In crease of the 
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value of se ries re sis tance is ob vi ous for the sam ple E4
with lower re ceived doses, while with higher doses the 
value is prac ti cally con stant, at lower lev els of il lu mi -
na tion. On sam ple D4, re duc tion of the value of se ries
re sis tance is no ticed af ter the ini tial in crease. Such be -
hav ior in di cates that the max i mum con cen tra tion of
de fec tive con di tions has been reached.

Char ac ter is tics of open cir cuit volt age Voc de -
pend ence on the re ceived dose of neu tron ra di a tion for
the sam ples E4 and D4, re spec tively, at two lev els of il -
lu mi na tion, are de picted in the figs. 3 and 4. Very small
drop of the Voc value is char ac ter is tic tor these sam ples.

Sam ples sub jected to gamma ra di a tion

Char ac ter is tics of the short cir cuit cur rent den -
sity Jsc vs. re ceived dose of gamma ra di a tion for the
sam ple E2, at two lev els of il lu mi na tion, are plot ted in
fig. 5. Changes of val ues for Jsc are not con sis tent or
ex pressed sig nif i cantly. 

In fig. 6, de pend ence of the open cir cuit volt age
on the re ceived dose of gamma ra di a tion for the sam -
ple E2, at two lev els of il lu mi na tion, is pre sented. A

small in crease is no ticed af ter re ceived cu mu la tive
doses of 10 Gy and 100 Gy, then a drop of value for
Voc, and af ter the next step of ra di a tion there were no
changes of Voc val ues.
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Fig ure 1. Se ries re sis tance vs. re ceived dose of neu tron
ra di a tion for sam ple E4

Fig ure 2. Se ries re sis tance vs. re ceived dose of neu tron
ra di a tion for sam ple D4

Fig ure 3. Open cir cuit volt age vs. re ceived dose of
neu tron ra di a tion for sam ple E4

Fig ure 4. Open cir cuit volt age vs. re ceived dose of
neu tron ra di a tion for sam ple D4

Fig ure 5. Short cir cuit cur rent den sity vs. re ceived dose
of gamma ra di a tion for sam ple E2



Char ac ter is tics of the open cir cuit volt age de -
pend ing on the re ceived dose of gamma ra di a tion for
the sam ple A, at four lev els of il lu mi na tion, are plot ted
in the fig. 7. As in the pre vi ous two cases, there is a
sharp drop of Voc value af ter the first step of ra di a tion
and less sig nif i cant drop of Voc value af ter the sec ond
step of ra di a tion.

Char ac ter is tics of the open cir cuit volt age vs. re -
ceived dose of gamma ra di a tion for the sam ples D2
and F3, re spec tively, at two lev els of cell il lu mi na tion,
are de picted in figs. 8 and 9. An ini tial sharp drop of
Voc value is no ticed with these sam ples also, as well as
less sig nif i cant drop of Voc value af ter the last step of
ra di a tion.

CON CLU SIONS

Re search de scribed in this pa per was fo cused on
study ing ra di a tion in flu ences to changes of out put
elec tri cal char ac ter is tics of so lar cells (open cir cuit
volt age Voc, short cir cuit cur rent den sity Jsc and se ries

re sis tance Rs) in con di tions of poor in so la tion, on sil i -
con so lar cells that are avail able in the mar ket.
Ex per i men tal work con sisted of the prep a ra tion of
sam ples from avail able cells, their sort ing and mea sur -
ing of I-V char ac ter is tics with the most im por tant pa -
ram e ters of cells that were the sub ject of the re search.
The goal of mea sur ing was to test sta bil ity of out put
elec tri cal char ac ter is tics of so lar cells. Since there is a
great in no va tive tech no log i cal com pe ti tion in this
field to day (there are more than 20 dif fer ent in no va tive 
ap proaches with equal chances in the fu ture mar ket),
these re sults are im por tant also for eval u a tion of the
qual ity of used so lar cells. Re gard ing the ap pli ca tion
of PV so lar de vices, these are very im por tant, es pe -
cially for ap pli ca tion of so lar cells in de vices and sys -
tems at lo ca tions with dif fi cult work ing con di tions. It
re fers pri mar ily to the pres ence of ra dio ac tive ra di a -
tion and poor in so la tion, es pe cially in ac ci den tal con -
di tions when it is nec es sary to pro vide the re quired
elec tri cal power sup ply for tele com mu ni ca tion sys -
tems, il lu mi na tion and oth ers. The re sults of this pa per
show that the tech no log i cal level of used so lar cells is
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Fig ure 6. Open cir cuit volt age vs. re ceived dose of gamma 
ra di a tion for sam ple E2

Fig ure 7. Open cir cuit volt age vs. re ceived dose of
 gamma ra di a tion for sam ple A

Fig ure 8. Open cir cuit volt age vs. re ceived dose of
 gamma ra di a tion for sam ple D2

Fig ure 9. Open cir cuit volt age vs. re ceived dose of
 gamma ra di a tion for sam ple F3



such that they are able to pro vide charg ing cur rent for
ACCU bat ter ies with which they are cou pled for con -
tin ual op er a tion, if the charg ing sys tem is de signed ac -
cord ing to the be hav ior of the open cir cuit volt age Voc

that is graph i cally pre sented here.
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STABILNOST  KARAKTERISTIKA  SOLARNIH
 ]ELIJA  ZA  KONTINUALNO  NAPAJAWE

U radu se razmatraju izlazne karakteristike fotonaponskih solarnih }elija u uslovima
rada u poqima nuklearnog zra~ewa. ]elije kori{}ene u eksperimentu bile su komercijalne,
proizvedene od razli~itih proizvo|a~a. Ciq rada je bilo ispitivawe stabilnosti elektri~nih
karakteristika koje se koriste kao solarni (fotonaponski) moduli za puwewe akumulatora, koji
formiraju izvore napajawa za razli~ite sisteme kao {to su radiooperatori, repetitori, mobilne
komunikacije i sli~no.

Kqu~ne re~i: solarna }elija, elektri~na karakteristika, neutronsko zra~ewe, gama zra~ewe


