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The aim of this pa per is to ex am ine the in flu ence of neu tron and gamma ir ra di a tion on
the dis si pa tion fac tor and ca pac i tance of ca pac i tors with polycarbonate di elec trics. The 
op er a tion of ca pac i tors sub ject to ex treme con di tions, such as the pres ence of ion iz ing
ra di a tion fields, is of spe cial con cern in mil i tary in dus try and space tech nol ogy. Re sults 
ob tained show that the ex po sure to a mixed neu tron and gamma ra di a tion field causes
a de crease of ca pac i tance, while the loss tan gent re mains un changed.
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IN TRO DUC TION

Di elec trics used as ca pac i tor in su la tors have a
wide range of phys i cal and struc tural char ac ter is tics
which give rise to dif fer ences in their elec tri cal be hav -
iour. Some of the most im por tant char ac ter is tics of a
di elec tric ca pac i tor are its po lar iza tion prop er ties,
elec tri cal con duc tiv ity, power losses, and di elec tric
strength (max i mum elec tric field strength it can with -
stand with out break ing down). Ex po sure to ra di a tion
is among the fac tors which may in flu ence these char -
ac ter is tics. The ef fects of ion iz ing ra di a tion on di elec -
trics used as ca pac i tor in su la tors may re sult in sig nif i -
cant changes of ca pac i tor per for mance within an
elec tri cal cir cuit.

The trend of us ing com mer cial off-the-shelf
(COTS) cir cuits in sat el lite and space craft sys tems,
and the in ev i ta bil ity of al ter na tive di elec trics, such as

poly mers re plac ing the SiO2, ne ces si tate an eval u a tion 
of the per for mance of such ma te ri als in ra di a tion en vi -
ron ments. Their prop er ties can be crit i cal for the per -
for mance of the de vice in a high-ra di a tion en vi ron -
ment, re gard less of the cir cuit ar chi tec ture [1, 2].

RA DI A TION EF FECTS IN POLY MER
DI ELEC TRICS

Fig ure 1 gives a sche matic dis play of ion iz ing ra di -
a tion ef fects in poly mer ma te ri als. The in flu ence can be
di vided into two phases. In the first phase, gamma pho -
tons give rise to sec ond ary elec trons by way of Compton
scat ter ing and pho to elec tric ab sorp tion. Neu tron in duced 
nu clear re ac tions give rise to al pha par ti cles which go on
to pro duce delta elec trons along their tracks. Sec ond ary
elec trons pro duced by the gamma and neu tron ra di a tion
fur ther in ter act with poly mer macromolecules, caus ing
their ion iza tion and ex ci ta tion [3, 4].

In the sec ond phase, the re lax ation of ex cited
mol e cules and lo cally formed ion iza tion clus ters re -
sults in the for ma tion of large amounts of free rad i cals.
Highly re ac tive free rad i cals cause the de struc tion of
poly mer chains, ei ther by chain scission (ran dom rup -
tur ing of bonds) or cross-link ing (for ma tion of large,
three-di men sional mo lec u lar net works). As a re sult of
chain scission, low-mo lec u lar-weight frag ments, gas
evo lu tion, and unsaturated bonds may appear [5].

Free rad i cals formed dur ing ir ra di a tion can sur -
vive for sev eral weeks be fore re com bin ing. The ra tio
of re sul tant re com bi na tion, cross-link ing, and chain
scission de pends on the chem i cal com po si tion and
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mor phol ogy of the poly mer, to tal ra di a tion dose ab -
sorbed, and the rate at which the dose was de pos ited.
Un like polytetrafluoroethylene, poly propy lene, or
polymethyl-meth ac ry lates, the phys i cal prop er ties of 
a polycarbonate re main vir tu ally un changed at low ab -
sorbed doses (<105 Gy). This oc curs de spite the rel a -
tively large chem i cal trans for ma tions and ex tremely
long life times of the formed free rad i cals [6, 7].

Sta bi li za tion tech niques, aim ing to in crease ra -
di a tion tol er ance of poly mers, make use of com pounds 
act ing as free rad i cals and elec tron scav en gers. Free
rad i cal scav en gers are ca pa ble of gen er at ing a large
num ber of hy dro gen rad i cals which ter mi nate free rad -
i cals pro duced in the poly mer by ra di a tion. Elec tron
scav en gers de gen er ate into rad i cal/ion pairs upon col -
lid ing with a high-en ergy elec tron. This mech a nism
re duces the en ergy of sec ond ary elec trons and can,
thereby, re duce the dam age caused by ra di a tion in
poly mers. The com bi na tion of both elec tron and rad i -
cal scav en gers in poly mers pro duces a com plete pro -
tec tive ef fect. Al though elec tron scav en gers help sta -
bi lize the poly mer macromolecule, they nev er the less
can not pre vent the for ma tion of rad i cals. These rad i -
cals must still be ter mi nated with the help of free rad i -
cal scav en gers [6, 8].

Many im por tant phys i cal and chem i cal prop er -
ties of poly mers – such as mo lec u lar weight, chain
length, en tan gle ment, polydispersity, branch ing, and
chain ter mi na tion – can be mod i fied with ra di a tion.
These struc tural changes al ter the elec tri cal prop er ties
of poly mers used as di elec trics in ca pac i tors, af fect ing
the loss tan gent and ca pac i tance [6].

EX PER I MEN TAL RE SULTS AND
DIS CUS SION

Polycarbonate di elec tric ca pac i tors used in this
re search had a cus tom ary ex tended foil de sign with
metallized elec trodes.

Polycarbonate ca pac i tors used in the  ex am i na -
tion of  ra di a tion tol er ance had the nom i nal ca pac i tance
of 1 mF, nom i nal im ped ance of 1014 W, and nom i nal loss 
tan gent of 15×10–4. The ca pac i tors were ex posed to a
mixed neu tron and gamma (n+g) field from a 252Cf
source, en cap su lated in the form of Cf2O3. The mass of
the used 252Cf radionuclide was 2.265 mg, its spe cific
neu tron and gamma emis sion rates 2.34×106 (mg s)–1

and 5.3×109 (mg s)–1, re spec tively. The av er age neu tron
en ergy of the 252Cf source was 2.14 MeV, av er age
gamma pho ton en ergy 0.88 MeV. All post-ir ra di a tion
mea sure ments of ca pac i tance were per formed at a fixed 
volt age fre quency of 100 kHz.

Polycarbonate ca pac i tors were ex posed to three
dif fer ent lev els of to tal neu tron and gamma fluences
(Fn and Fg, re spec tively), given in tab. 1, in as cend ing
or der. Each fluence level is marked by a num ber (nF)
shown in the first col umn.

Val ues of ca pac i tance mea sured im me di ately af -
ter ir ra di a tion are pre sented in fig. 2. The graph shows
the de crease of the mea sured ca pac i tance with fluence
level num ber nF, i. e. with the rise of fluence. The ca -
pac i tance was mea sured again 120 hours af ter ir ra di a -
tion. The ob tained val ues were all close to the nom i nal
ca pac i tance, lead ing to the con clu sion that the ef fects
of ra di a tion had mean while been re versed.
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 Fig ure 1. Ion iz ing ra di a tion ef fects in poly mer ma te ri als

Ta ble 1. Val ues of neu tron (Fn) and gamma (Fg) fluences
used for polycarbonate ca pac i tor vs. the fluence level
num ber

nF Fn [1010 cm–2] Fg [1013 cm–2]

1
2
3

3.55
7.10

10.66

8.66
17.3
26

Fig ure 2. Ca pac i tance C of the polycarbonate ca pac i tor
ver sus the fluence level num ber



As op posed to ca pac i tance, no mea sur able in flu -
ence of n + g    ra di a tion on the loss tan gent has been de -
tected.

The de crease of ca pac i tance of polycarbonate ca -
pac i tors when ex posed to n + g. ra di a tion can be ex -
plained by the for ma tion of ionic struc tures in side the di -
elec tric vol ume. A higher con cen tra tion of ions in the
di elec tric causes a greater in flu ence of ionic po lar iza tion
on the di elec tric con stant of the ma te rial, lead ing to the
de crease of ca pac i tance. In ad di tion, the lo cal elec tric
field of ionic struc tures per forms a par tial screen ing of
the ca pac i tor’s elec tric field, al beit the change in the ca -
pac i tance at trib uted to the screen ing is rel a tively small. A
per ma nent pres ence of ionic struc tures in side the di elec -
tric can cause its di elec tric strength to de crease and thus
ac cel er ate the ag ing of the ca pac i tor [6, 8].

The re vers ibil ity of the ob served ra di a tion ef fects
is a re sult of the re com bi na tion pro cesses in side the
polycarbonate di elec tric. The fact that the ef fects were
re versed af ter a pe riod of time shows that the ab sorbed
doses were not high enough to pro duce per ma nent
changes in the mo lec u lar struc ture of the di elec tric.

CON CLU SIONS

The re sults of re search on ra di a tion har di ness of
ca pac i tors with solid polycarbonate di elec trics were
pre sented in this pa per. It was shown that the ex po sure
to a mixed neu tron and gamma ra di a tion field causes a
de crease of ca pac i tance in polycarbonate ca pac i tors.
Ra di a tion ef fects in the polycarbonate in su la tor were
re vers ible at fluence lev els used for this pa per, but may 
lead to a per ma nent deg ra da tion at higher doses, ac cel -
er at ing the ag ing of ca pac i tors. Fur ther re search

should ad dress the com bined ef fects of high tem per a -
tures and ra di a tion ex po sure, as well as sta bi li za tion
tech niques for the hard en ing of polycarbonate di elec -
trics to ra di a tion.
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EFEKTI  ZRA^EWA  U  POLIKARBONATNIM  KONDENZATORIMA

Ciq ovog rada je da ispita uticaj neutronskog i gama zra~ewa na faktor gubitaka i
kapacitivnost kondenzatora sa polikarbonatnim dielektricima. Rad kondenzatora izlo`enih
ekstremnim uslovima, kao {to je prisustvo jonizuju}eg zra~ewa, od posebnog je zna~aja za vojnu
industriju i tehnologiju svemirskih letelica. Dobijeni rezultati pokazuju da izlagawe
kombinovanom poqu neutrona i gama zraka dovodi do smawewa kapacitivnosti polikarbonatnih
kondenzatora, dok tangens ugla gubitaka ostaje nepromewen.

Kqu~ne re~i:  polikarbonat, kapacitivnost, neu tron, gama zra~ewe, efekat zra~ewa


