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The pa per con sid ers the ef fect of ra di a tion ex po sure on the char ac ter is tics of the
superinsulator phase us ing Monte Carlo sim u la tion of ra di a tion trans port through
superinsulator films. The unique phys i cal prop er ties of the superinsulator state are cap tured
by a 2-D ar ray model of Josephson junc tions to de scribe the struc ture of the ma te rial. Sim u la -
tions were car ried out for dif fer ent film thick nesses, as well as for ra di a tion beams of dif fer ent
ge om e tries. In the as sess ment of ra di a tion re sis tance, the Monte Carlo method of sim u lat ing
the pas sage of ra di a tion through the ma te rial and the de po si tion of en ergy gives good re sults.
Us ing nu mer i cal sim u la tion, along with a pre cise def i ni tion of the prob lem from the point of
view of the char ac ter is tics of the ra di a tion field and the ob served ma te rial en vi ron ment, it is
pos si ble to pre dict the re sponse of thin superinsulator films to ion iz ing ra di a tion. Based on
the ob tained re sults, sug ges tions were given for the pos si bil ity of fur ther ap pli ca tion of
superinsulator ma te ri als in the pro duc tion of elec tronic cir cuits.
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INTRODUCTION

The in creas ing de gree of min ia tur iza tion of elec -
tronic com po nents and the in crease in the con tam i na -
tion of the nat u ral en vi ron ment with ion iz ing ra di a tion 
ac tu al ize the prob lem of the in flu ence of ra di a tion on
elec tronic com po nents and ma te ri als. The study of this 
prob lem is nec es sary to pre dict the elec tronic com po -
nents reliability in the fields of ion iz ing ra di a tion. The
anal y sis of the im pact of ion iz ing ra di a tion on mod ern
ma te ri als is sig nif i cant be cause of the in sight into their
be hav ior dur ing tech no log i cal pro cesses [1-4].

The sta bil ity of the char ac ter is tics of semi con -
duc tor com po nents is es pe cially rel e vant in the case of
semi con duc tor mem o ries in com puter tech nol ogy.
Semi con duc tor mem o ries are mainly made in MOS
tech nol ogy. On this oc ca sion, in su lat ing ma te ri als
play an im por tant role in the pro duc tion of ver ti cal
sep a ra tion lay ers, in su la tion of semi con duc tor and
con duc tive lay ers, and passivation of the en tire layer.
For this pur pose, new in su lat ing ma te ri als are be ing
sought to re place tra di tional ma te ri als, the short com -
ings of which are be com ing an in creas ing prob lem
with each new gen er a tion of in te grated cir cuits [5, 6].

Re cently, it has been dis cov ered that super con duct ing
ma te ri als, un der suit able con di tions, go into a state of
zero con duc tiv ity. Ma te ri als in this state are called
superinsulators [6, 7].

This work is aims to an a lyze the ef fects of ex po -
sure of superinsulators to ion iz ing ra di a tion us ing a
Monte Carlo sim u la tion of the trans port of ion iz ing ra -
di a tion through superinsulator films. Thus, a con clu -
sion can be reached about the ap pli ca bil ity of these
ma te ri als for the pro duc tion of elec tronic com po nents
that should work in the fields of ion iz ing ra di a tion.

EF FECT OF RA DI A TION ON FILMS OF
IN SU LAT ING MA TE RI ALS

Dif fer ent types of in ter ac tion of ra di a tion with
ma te ri als can be di vided into: in elas tic scat ter ing on
elec trons in the shell, in elas tic scat ter ing on the atomic
nu cleus, and elas tic scat ter ing on the atomic nu cleus
[8-10]. In the solid state, the in ter ac tion of ra di a tion
with ma te ri als can lead to the trans fer of in di vid ual
elec trons to the con duc tion zone. The elec tron trans -
ferred to the con duc tion zone par tic i pates in the elec -
tri cal and ther mal con duc tion of the ma te rial. Such an
elec tron, how ever, does not move com pletely freely
since it is acted upon by the elec tric field of the crys tal

N. M. Kartalovi}, et al., The In flu ence of Ra di a tion on the Char ac ter is tics of ...
194 Nuclear Tech nol ogy & Ra di a tion Pro tec tion: Year 2023, Vol. 38, No. 3, pp. 194-201

* Cor re spond ing au thor, e-mail: tstojic@mas.bg.ac.rs



lat tice. In the case of in su lat ing ma te ri als, for the cre -
ation of new free elec trons, it is nec es sary to in vest en -
ergy greater than about 9 eV (since 8.9 eV is the width
of the for bid den zone of amor phous SiO2). The mass
mi gra tion of elec trons into the con duc tion zone leads
to the break down of the in su la tor. In prac tice, how -
ever, trans fer ring a larger num ber of elec trons into the
con duc tion zone re quires a higher ra di a tion en ergy.
This en ergy is about three times greater than the width
of the for bid den zone of the in su la tor. This amount of
ra di a tion en ergy is a con se quence of en ergy dis si pa -
tion to other mech a nisms (intrazonal ex ci ta tion of
elec trons, vi bra tional ex ci ta tion of the crys tal lat tice
and scat ter ing on atomic nu clei) [10-12].

Elas tic scat ter ing of the in ci dent ra di a tion on the
nu clei leads to the ejec tion of at oms from their po si -
tions in the crys tal lat tice. The in flu ence of the crys tal
lat tice on the pro cess of dis place ment of at oms de ter -
mines the en ergy thresh old of this pro cess. The dis -
place ment of at oms from their po si tions in the crys tal
lat tice leads to ma te rial dam age. The re sult ing va cant
place in the crys tal lat tice is called a va cancy. When the 
dis placed atom oc cu pies a place in the space be tween
the lat tice nodes, the so-called in ter sti tial atom is
formed. An in ter sti tial atom and a va cancy form a
Frenkel pair.

Along their paths, re coiled at oms lose en ergy in
two ways: by ion iza tion and by dis place ment of other
at oms. Start ing from the pri mary ejected atom, new
dis placed at oms ap pear branch ing through the ma te -
rial form ing a dis lo ca tion tree. Non-ion iz ing dis place -
ment in ter ac tions dom i nate near the end of the path
(when the last 10 % of the en ergy of the pro cess is con -
sumed). Thus, at the ends of the branches of the dis -
place ment tree, a re gion with a high con cen tra tion of
Frenkel de fects is formed, which is called a zone clus -
ter. The cas cade orig i nat ing from one pri mar ily
ejected atom usu ally con tains two to three zone clus -
ters with lon gi tu di nal di men sions of about 5 nm, fig. 1. 
The en tire dis place ment tree with the fi nal clus ters is
formed in about 1 ns. De fects cre ated in this way along
the path of the dis placed at oms form the ba sis of ra di a -
tion dam age in side the in su la tor [13, 14].

The first ma te rial in which the superinsulator
phase was ex per i men tally es tab lished was ti ta nium
nitride (TiN), made as a nanometer film on a SiO2 sub -
strate [15]. The SiO2 layer was formed on the sil i con
sub strate by ther mal ox i da tion, while the TiN layer
was ob tained by chem i cal va por-phase de po si tion.
Fig ure 2 shows a cross-sec tional mi cro graph of the
struc ture ob tained with a high-res o lu tion trans mis sion
elec tron mi cro scope (HRTEM).

The sub strate on which the film of the
superinsulator ma te rial is made, as well as the lay ers
that can be de pos ited over it, can have an im pact on the
ra di a tion re sis tance of the superinsulator when it is ex -
posed to a mul ti di rec tional ra di a tion field. If, as in fig.
2, it is a SiO2/Si struc ture, the ra di a tion ef fects re lated

to the in ter face of these two lay ers are im por tant. Ra di -
a tion dam age in the ox ide layer in cludes three
phe nom ena: ap pear ance of charge trapped in the ox -
ide, in crease in the num ber of traps on the in ter face,
and in crease in the num ber of traps in side the ox ide.
The to tal trapped charge in the ox ide af ter ir ra di a tion
is, most of ten, pos i tive. In this case, the sur face traps
can freely ex change charge with the sil i con sub strate.
As a re sult, their sign de pends on the ap plied volt age.

By choos ing the ap pro pri ate ma te rial for the lay -
ers sur round ing the superinsulating film, it is pos si ble
to achieve its ra di a tion hard en ing. This means that the
tech nique of mak ing ra di a tion-re sis tant superinsulator 
films should be sought in com bi na tion with re duc ing
the thick ness of the superinsulator film and the ap pro -
pri ate se lec tion of ma te ri als sur round ing it.

Nanometer-thick superinsulator films (which
en able their in su lat ing prop er ties) should be re sis tant
to ra di a tion dam age by dis place ment of at oms, since
these dam ages are of mi cron di men sions, which
should not effect such thin films.

In the case of mas sive in su la tors, dis place ment
trees with ter mi nal clus ters are lo cated in side the in su -
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Fig ure 1. Dis place ment tree with fi nal clus ters [13, 14]

Fig ure 2. The HRTEM mi cro graph of the cross-sec tion
of the struc ture used to study the superinsulator phase of
the TiN film [15]



la tor. The same hap pens with in su lat ing films (lay ers)
made of clas sic in su lat ing ma te ri als, since their thick -
ness is many times greater than 5 nm to have re sis tance 
to the oc cur rence of overvoltage [15]. How ever,
superinsulator ma te ri als per form re li able in su la tion
with films of nanometer di men sions. This char ac ter is -
tic should make them re sis tant to ra di a tion dam age by
dis place ment of at oms, since within their vol ume, a
larger num ber of dis place ment trees with ter mi nal
clus ters can not be formed.

Vol u met ric dam age in the in su la tor can also oc -
cur as a re sult of nu clear re ac tions. Heavy charged par -
ti cles emit ted in such re ac tions can them selves pro -
duce vol u met ric dam age (and can also be come
im pu rity at oms). How ever, the ap pear ance of sec ond -
ary elec trons and im pu rity at oms due to nu clear re ac -
tions has a neg li gi ble ef fect on the char ac ter is tics of in -
su lat ing ma te ri als com pared to dis place ment dam age.

NU MER I CAL SIM U LA TION OF
RA DI A TION TRANS PORT THROUGH
A SUPERINSULATOR FILM

In this work, the Monte Carlo method was used
for the nu mer i cal sim u la tion of the ef fects of ra di a tion
on superinsulator films. The sim u la tion of the pas sage
of par ti cles through a ma te rial is based on the sto chas -
tic na ture of col li sion pro cesses. At each col li sion, a
par ti cle loses en ergy which the Monte Carlo pro ce -
dure is de ter mined from the ap pro pri ate dis tri bu tion.
On its way, the par ti cle loses en ergy up to some thresh -
old en ergy at which it is con sid ered ab sorbed. The en -
ergy ab sorbed in a given vol ume of ma te rial changes
its char ac ter is tics, and the re sult ing changes af fect the
pas sage of par ti cles in sub se quent his to ries of the
over all pro cess [16, 17].

The Monte Carlo method is based on the nu mer i -
cal sim u la tion of ran dom vari ables based on their
known dis tri bu tions. The pro cess of ob tain ing a ran -
dom vari able from its dis tri bu tion func tion, or prob a bil -
ity den sity func tion, is called sam pling the value of a
ran dom vari able. For this pur pose, ei ther the func tion
in ver sion method the re jec tion method or the com pen -
sa tion method is used [18]. Sam pling a ran dom vari able
us ing the method of in ver sion of the dis tri bu tion func -
tion is the most ad van ta geous, but it is prac ti cally pos si -
ble only when the an a lyt i cal form of the in verse func -
tion is known. Un der this con di tion, the value of the
ran dom vari able is ob tained by re plac ing the cor re -
spond ing dis tri bu tion ob tained by the ran dom num ber
gen er a tor with the in verse value of the func tion [19]. If
the dis tri bu tion func tion is not in vert ible, the von
Neumann re jec tion method is ap plied [20].

In this pa per, a stan dard pseudorandom num ber
gen er a tor was used. The used gen er a tor met the con di -
tions: gen er a tion of a se ries of pseudorandom num bers
uni formly dis trib uted in the in ter val (0, 1), reproducibility,

por ta bil ity and high speed. The TRIM mod ule (trans port
of ions in mat ter) of the pro gram pack age SRIM (Stop ping 
and range of ions in mat ter) was used, which en abled the
cal cu la tion of the en ergy loss of in ci dent ra di a tion through
ion iza tion, phonon ex ci ta tion of the lat tice and dis place -
ment of ma te rial at oms [21]. When cal cu lat ing the SRIM
cas cade dam age of dis placed at oms, four types of events
are dis tin guished: col li sion with dis place ment, pro duc tion
of va can cies, col li sion with re place ment of at oms and ap -
pear ance, of in ter sti tial at oms. The SRIM as sumes that the
ma te rial is at ab so lute zero tem per a ture be fore ra di a tion
ex po sure, which makes this pro gram suit able for con sid -
er ing ra di a tion ef fects in superinsulators since they ex ist
only at ex tremely low tem per a tures. The anal y sis of
break ing up of Coo per pairs in superinsulator is lands dur -
ing the pas sage of ra di a tion was per formed by re plac ing
the ion iza tion en ergy of ma te rial at oms with a value cor re -
spond ing to the dis so ci a tion en ergy of a Coo per pair. The
ion beams in the sim u la tions were cho sen to match the ra -
di a tion fields in which elec tronic com po nents are of ten
found. For ma te ri als in space craft and sat el lites, hy dro gen, 
he lium and iron ion beams are the most im por tant, while
phos pho rus, bo ron and ar senic are most of ten used for the
tech no log i cal pro ce dures of im plant ing ions with the aim
of dop ing.

RESULTS

Fig ure 3 shows the dis tri bu tion of dis placed Ti
and N at oms (re coil dis tri bu tion) in a 5 nm thick TiN
superinsulator film ir ra di ated with beams of bo ron,
phos pho rus, ar senic and iron ions.

Fig ure 4 shows the ion iza tion en ergy losses of
in ci dent ions and re coils (dis placed Ti and N at oms) in
a 5 nm thick TiN superinsulator film ir ra di ated with
beams of bo ron, phos pho rus, ar senic and iron ions.

Fig ure 5 shows the par ti cle tracks for an in ci dent
beam of 105 iron ions with an en ergy of 10 keV in a
TiN superinsulator film with a thick ness of 20 nm.

Fig ure 6 shows the re sults for an in ci dent beam
of 104 pro tons with an en ergy of 10 keV in a TiN
superinsulator film with a thick ness of 5 nm.

Sim u la tion of ra di a tion trans port shows, how -
ever, that for cer tain types and en er gies of ions in ir ra -
di ated superinsulator films, a large num ber of dis -
placed at oms oc curs. The num ber of dis placed at oms
is di rectly pro por tional to the in ci dent ra di a tion flux,
i.e., to the num ber of ions whose trans port is mon i -
tored in the Monte Carlo sim u la tion. Ion iza tion losses
of in ci dent and dis placed ions cor re spond to the break -
ing of Coo per pairs in superinsulating is lands. The
sim u la tion re sults also show that part of the ra di a tion
en ergy is con verted into the en ergy of lat tice phonon
ex ci ta tions.

The con se quences of ra di a tion for superinsulating
films are man i fold. The space charge cre ated by dis -
placed ions oc cu py ing internodal (in ter sti tial) po si tions
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af fects the charge en ergy of Josephson junc tions, which
ex ist be tween superinsulating is lands in the gran u lar
struc ture of superinsulators. Such a change in the charge
en ergy of Josephson junc tions re sults in a change in the
col lec tive Cou lomb bar rier.

Monte Carlo sim u la tion re sults for TiN films
show that, al most al ways, dis place ments of Ti at oms
are dom i nant over dis place ments of N at oms. In ter sti -
tial Ti at oms form a pos i tive vol ume charge, so their
pres ence re duces the charge en ergy. This is ex tremely
im por tant since the superinsulator state can only ex ist
if the charge en ergy is greater than the ther mal en ergy
(kBT, where kB is the Boltzmann con stant and T is the
ab so lute tem per a ture), which is a con di tion that is vi o -
lated in case of greater ra di a tion dam age. By vi o lat ing
the ra tio of charge en ergy and ther mal en ergy, kBT, the
con di tions are cre ated for the superinsulator film to go
into a state with ther mal ex ci ta tion of charge car ri ers,
which trans lates their cur rent-volt age char ac ter is tic
from dou ble ex po nen tial to ex po nen tial.

Ion iza tion losses cal cu lated based on of Monte
Carlo sim u la tion re fer to the gen er a tion of elec -
tron-hole pairs in the nor mal phase of the ma te rial, but
in di cate the pos si bil ity of a sig nif i cant break ing of
Coo per pairs, when the en ergy of ion iza tion is re -
placed by the dis so ci a tion en ergy of a Coo per pair. In -
ci dent and dis placed ions can lead to a suf fi ciently
large num ber of dis so ci a tions of Coo per pairs to vi o -
late the ba sic con di tion of superinsulator be hav ior,
that is, the ex is tence of global phase co her ence of pairs 
through out the ma te rial sam ple.

The in verse phe nom e non of superinsulators is
the phe nom e non of su per con duc tiv ity. In the lit er a -
ture, the phe nom e non of su per con duc tiv ity is ex -
plained by Coo per pairs of elec trons. Such an in ter pre -
ta tion is ac cept able and is re duced to paired elec trons
of op po site spin at the min i mum po ten tial en ergy.
Such a pair of elec trons can not en ter into any in ter ac -
tion that would have to re sult in a change of en ergy
since their quan tum me chan i cal state does not al low
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Fig ure 3. (a)-(d) Dis tri bu tion of dis placed T and N at oms in a 5 nm thick TiN film ir ra di ated with a beam of (a) 104 bo ron ions of
en ergy 10 keV, (b) 104 phos pho rus ions of en ergy 50 keV, (c) 103 ar senic ions of en ergy 50 keV, and (d) 103 iron ions of en ergy 100
keV. The unit along the ab scissa, which cor re sponds to the depth in side the film, is the ang strom (1 Å = 0.1 nm)



any pro cess of chang ing any quan tum num ber be cause 
they are fixed at a min i mum value. This in ter pre ta tion
of su per con duc tiv ity is just a spe cial case of the Pauli
prin ci ple. This in di cates that the ap pear ance of
superinsulators can also be ex plained by the Pauli
prin ci ple. Such an in ter pre ta tion would start from the
idea that in a superinsulator there is an ex tremely small 
num ber of paired elec trons that can not ex change
quan tum num bers with other elec trons that are also
tightly paired with op po site spins. From such a model
fol lows the con clu sion that su per con duc tors and
superinsulators rep re sent a di rect con se quence of the
Pauli prin ci ple of the pro hi bi tion of in ter ac tion, i. e.,
pro hib it ing en ergy ex change with changes in con duc -
tiv ity and re sis tance [22, 23].

The ef fect of phonon ex ci ta tion of the ma te rial
in creases the ef fec tive tem per a ture of the phonon en -
vi ron ment. Ex cited phonon modes, which are sup -

pressed at the low tem per a tures nec es sary for the ex is -
tence of the superinsulator state, are re-es tab lished by
the ef fect of ra di a tion. Such phonon ex ci ta tions me di -
ate the en ergy ex change pro cesses that ac com pany the
tun nel ing of Coo per pairs be tween is lands, which re -
sults in the ap pear ance of a tun nel ing cur rent and the
break ing of the superinsulator state.

The ob tained re sults show that the break ing of
Coo per pairs and the dis place ment of ma te rial at oms
be come more pro nounced with the in crease in the
thick ness of the superinsulator film. The break ing up
of Coo per pairs is mostly con trib uted by re coiled at -
oms (more than in ci dent ions). Dis placed at oms sig -
nif i cantly af fect the phonon ex ci ta tion of the crys tal
lat tice of the superinsulator film ma te rial.

Un like the ef fects pro duced by the dis place ment
of the at oms of the ma te rial, which are, for the most
part, of a per ma nent char ac ter, dis so ci a tion of Coo per
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Fig ure 4. (a)-(d) Ion iza tion losses of in ci dent ions and dis placed Ti and N at oms in a 5 nm thick TiN film ir ra di ated with a beam of
(a) 104 bo ron ions of en ergy 10 keV, (b) 104 phos pho rus ions of en ergy 50 keV, (c) 103 ar senic ions en ergy 50 keV, and (d) 103 iron
ions en ergy 100 keV. The unit along the ab scissa, which cor re sponds to the depth in side the film, is the ang strom (1 Å = 0.1 nm)



pairs and phonon ex ci ta tion are tran sient ef fects and
they af fect the prop er ties of superinsulator films only
while the ra di a tion lasts.

DISCUSSION AND CONCLUSION

The pa per an a lyzed the ef fect of ex po sure of the
superinsulator phase on ra di a tion trans port through
superinsulator films us ing Monte Carlo sim u la tion.
The pro ce dure was suc cess ful. It has been shown that
nanometer-thick superinsulator films are gen er ally
im mune to the pas sage of high-en ergy ion iz ing ra di a -
tion. In ad di tion, nu mer i cal sim u la tions of the pas sage
of ra di a tion through films of superinsulating ma te rial
show that for cer tain en ergy ranges, fluxes and types
of ra di a tion, sig nif i cant ef fects can be ex pected even at 
very small ma te rial thick nesses. The o ret i cally, it
proved pos si ble to ex plain how ra di a tion ef fects af fect
the prop er ties of superinsulator films. The space
charge formed by ions dis placed by the pas sage of ra -
di a tion can af fect the charge en ergy of Josephson junc -
tions, and thus the col lec tive Cou lomb bar rier of the
ar ray. The sta bil ity of the superinsulator state de pends
on the value of the charge en ergy. If in the ir ra di ated
superinsulator this en ergy be comes less than the ther -
mal ex ci ta tion en ergy, the con di tions for the sur vival
of the superinsulator phase are vi o lated and the
superinsulator film passes into a state of ther mal ac tive 
re sis tance with an ex po nen tial de pend ence.

Ra di a tion can also lead to a sig nif i cant break ing of
Coo per pairs in the superinsulator phase. The dis so ci a -
tion of a larger num ber of Coo per pairs can dis rupt the
phase co her ence that is es tab lished in superinsulators
through out the ma te rial sam ple. In this way, the ba sic
con di tion for the ex is tence of a superinsulator phase is
lost. Phonon ex ci ta tions of the lat tice of the ma te rial have 

no ef fects at low tem per a tures, but when ra di a tion passes
through the superinsulator film, they can be come ap par -
ent. In this way, the pro cesses of en ergy ex change are re -
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Fig ure 5. Par ti cle tracks for an in ci dent beam of 105 iron
ions with an en ergy of 10 keV in a TiN film with a thick ness
of 20 nm. The darker traces cor re spond to Fe ions, while the 
lighter traces are the tra jec to ries of dis placed Ti and N ions. 
The unit along the ab scissa axis, which cor re sponds to the
depth in side the film, is ang strom (1 Å = 0.1 nm)

Fig ure 6. (a)-(c) Re sults for an in ci dent beam of 104 
pro tons of en ergy 10 keV in a 5 nm thick TiN film; (a) dis -
tri bu tion of dis placed ti ta nium and ni tro gen at oms, (b)
phonon en ergy losses of in ci dent ions and dis placed Ti
and N at oms, and (c) dis tri bu tion of va can cies cre ated by
dis place ment of Ti and N at oms. The unit along the ab -
scissa axis, which cor re sponds to the depth in side the
film, is the ang strom (1 Å = 0.1 nm)



stored, which en ables the tun nel ing of Coo per pairs,
which leads to the loss of the superinsulator phase. In
con trast to the ef fects pro duced by dis place ment of lat -
tice at oms that lead to sta ble dam age, dis so ci a tion of
Coo per pairs and phonon ex ci ta tion are tran sient ef fects
that af fect the super-in su lat ing prop er ties of the ma te rial
only while the ir ra di a tion lasts.

Com pared to in su la tors that are mainly used for
mak ing pla nar cir cuits, for mak ing com po nents in mi cro -
elec tron ics and for po lar iz ing mi cro elec tronic cir cuits,
superinsulator ma te ri als ex hibit a higher de gree of ra di a -
tion re sis tance. Con sid er ing that the ap pli ca tion of
superinsulator ma te ri als could solve the prob lem of leak -
age cur rent, which is the lim it ing ef fect of fur ther min ia -
tur iza tion of in te grated cir cuits, superinsulator films
should gain wide ap pli ca tion. As in the case of su per con -
duc tors, the main prob lem is to reach the superinsulator
phase at higher tem per a tures. A more de tailed un der stand -
ing of the phys i cal char ac ter is tics of the superinsulator
phase, in clud ing ra di a tion ef fects, con trib utes sig nif i -
cantly to the achieve ment of this goal.

Fur ther re search on ra di a tion ef fects in
superinsulators should be fo cused on the char ac ter is tics
of more com plex struc tures in which superinsulator films 
would be found. Also, a tech nique for hard en ing
superinsulator films should be de vel oped, to en able their
ap pli ca tion un der con di tions of ex po sure to ra di a tion that 
could dam age the con di tions of the superinsulator phase
or com pletely abol ish them.
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UTICAJ  ZRA^EWA  NA  KARAKTERISTIKE  SUPERIZOLATORSKIH  FILMOVA

U radu je analizirano dejstvo izlagawa zra~ewu na karakteristike superizolatorske
faze primenom Monte Karlo simulacije transporta zra~ewa kroz superizolatorske filmove.
Jedinstvene fizi~ke osobine superizolatorskog stawa obuhva}ene su modelom 2-D niza
Xozefsonovih spojeva za opis strukture materijala. Simulacije su sprovedene za razli~ite
debqine filmova, kao i za snopove zra~ewa razli~itih geometrija. U proceni radijacione
otpornosti, Monte Karlo metod simulacije prolaska zra~ewa kroz materijal i deponovawa
energije daje dobre rezultate. Numeri~kom simulacijom, uz precizno definisawe problema sa
stanovi{ta karakteristike poqa zra~ewa i  posmatrane materijalne sredine, mogu}e je izvr{iti
predikciju odziva tankih superizolatorskih filmova na jonizuju}e zra~ewe. Na osnovu dobijenih
rezultata date su sugestije za mogu}nost daqe primene superizolatorskih materijala u izradi
elektronskih kola.

Kqu~ne re~i: jonizuju}e zra~ewe, superizolatorski film, radijaciona otpornost


