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lon beaminduced modifications of physical and ehemical properties. of
hane boen widely smudied in recent years providing a large body of
enval data [13).

In particular it has been shoom that beam-induced modifications miay dra-

electrical propenics (6, 7] and the che-
‘modification of biocompatibility [8], can be dra-
i of chain configurstion (L.,

ity ion mass and encrgy and the toral ion curreat) in consection with the
of the polymeric target allows the control of the tatal amount of
deposined cncrgy, the relative importance of energy depostion mechanisms (.,
collisional impulse tzansfer and electronic interactions), the penctration depth
and the track area [13]
For an ion of given encrgy and mass, an uscul parameter has been shown
to be the total ion dose, a5 it is a measure of the wtal deposited encrgy per ion.
thdwdmn(hm;mmmmimmmdm-bom.mnd
deposited encrzy will be different. However, for projectiles having energy in the
| m(dummuwumum&wmmﬂmfmm
.amjmﬂn).mhmnﬂ:picmuu{&cmhniuuufd-mwmdphyﬁml
* modifications can be elshoratcd just in terms of the tol ion dose [14].
Figure | summarizes the relationship between ion fluence, type of predo-
minant chemical modification and related physical propertics. A relatively orde-
ved succession of the modification events is apparen, going from very low up
10 high ion fluences.
In particula, on the basis of general considerations about the mean ion




solubility

Fig. 1 - Qualitive wends of bon Bumce va. (ypical chemical reactions s related physical
propertics [adapted from ref. 14],

truck radius (roughly 12 nm for keV ions) we may idenify three main dose regi-
mes in rems of the progressive covering of the surface with the primary physi-
aal tracks,

The first fluence regime includes the single teack cvents, in which there Is
B0 overlap among, the distinet modificd regions and a very low densiy of che
mical modifications is being produced. The related fluence range berween 107
and 5x10° ionw/cos®. Within this fluence range the chemical events which
involve the most of modifications arc dchydrogenation and chain rupture, which
in tum induce crosslinking and chain scissions. These beam-induced mod
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el affect the Molecular Weighe Distribution (MAVD) s well us the
. cs, including the enthalpy of melting and the related

particulur, figute 2a seports the Gel Permeation Chromatograms (GPC) for
ample before irradiation und afier 5 x 10Y ions/cne, The figure shows the
o main clfccts on the MW. induced by the inadiation, ie., the formation of

she schaclogily impor clble gl phae. Eridencs b
ped that the ate of prod cross links depends cssentially upon the

At higher flucnce (recoud regime, roughly between 1% 10 and 10 fons/

1) other characteristic events become detecuable. In particular, the chemical
of the monomer units is heavily modified. Hence, the basic pattems of

sion include the depletion of small stsble melecules (often inchiding
present in the polymer structure), reduction or oxidation reactions,
of the aromatic rings, eic (1, 1625 As an example of the process,

- beam-induced madifications of N 1¢ chemical state in PMDA-ODA polyi-

for N 15 bands with 3 keV Ar° irradistion. The initial imidie moiery is deple-
ted, us it is fgured out from the decreasc of relaied N 1s component, while
%ﬂ;}nm species (incuding pyridinelike species, iminic groups und tertiary

are formed with a peculiar evolution in time. The transformation of the
mitrogen specics is accompanied by the deplerion of ritrogen (probably by loss

rocesses. The existence of such an *incubstion” Auence is a quite
Mmmﬁm,mm.mmmfmmﬂ;wdm
confirming that the evolution of 3 polymeric system in the considered fluence
temme s chaacterized by selavely simple and wlldoined prinary rescions

i following catustrophic degradation, what we o define n “mild

Wmllﬂum:ﬂme:mdme‘mcmnbtmlhemaﬁﬂmn{m
pertics relared to the local local electronic seructure of the monomer unit ke




Fig. 2 - MWD for & peatly moncdisperse PS il (W, = 35 000) befiore () and sher Boerbare
dument (— with 100 keV, 3 % 10 He' em?. For drrwing clarity the curves hive been height
sormalized (adapted froen ref. 15].

figure 4 reports the modification of the optical properties of polpethersulione
(PES) films irvadisted with 150 keV Ar’ at fluence ranging between 1 x 104 and
1% 10* ions/car’. The analyical technique employed in this case is Reflection
Electron Energy Loss Spectrascopy (REELS), u technique able 1o extract the
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of the relative concentrarion of N-coatsining groups in ion irradiated
The deta are desived: by the peak analysis of the N s bunds in XPS specir.

furictions of the sampled layers from the Inelastic Loss Function [14,

ﬂampoﬂlll to point out that the optical properties are substuntially

modified before th conductivity is changed in a substantial way. This

meammampm“mwmmmm
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which are severely affected only at higher fluence.

Jluence regime may be defined 15 a regime of reimplantation. At
mmﬂmmlouwmamhmmmxm.mh-mm
several rimes, so that the initial *mild" chemistry products have been furtherly
 modified several times. Characteristic examples of modification involve the dec-
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wrical propesties (6, 7, 27], the diffusion barrier properties (28, 291 and the 1ri.
bological behaviour (11, 12, 30).

The modification of elcctrical conductiviry is particularly interesting in view
of the relared techaological applications. Figure 5 reports the charscreristic rise
in conductivity duc to MeV ion irradiation in polyphenylencsulphide (BPS) [7),
Analogous results are obuined by irradinting with keV or MeV ions various
polymers, including PMDA-ODA (Kapton) 116, 17), polyvinylpyridine, pely.

acbazole, polyvinylehloride, etc. [1, 2, 23). The resistivity drops suddenly
around 23 x 10" jons/em? for ions of encrgy in the range of 10°-10’ keV. The
onset of the electrical conduction being a function of the ion energy for McV
ions, The doping effect due to the implanted ions has been found 10 be relai.
vely negligible, excepted for experiments performed at relatively low energy with
30-50 keV Na', CI" ions in polymers like polyparaphenilenc (PPP) and PP,

Ar*150 keV —=PES
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. - Resulis of conductivity messmements on poly (pbenshone walfide) irradised wih 5.6
le.D!ZMrV Li (o), SDMz\'IlDL)'IJIthFU) 25 MeV | (@), 28 MeV Si (W),
for comparison arc 0.20 MeV Br () and 010 MeV as ()

from ef. 71
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which show different clectrical behaviour (ie., p versus o doping effect) [31)
The cffict is quite general, the main Limitation remaining however the relatively
low conductivity achieved, lying in the range of the amorpbous carbons. The
structure of the conducting phase remains still uncertain as well s the nature
of the conduction mechanism. In particular, & first poiat of view propose that
the conducting phase is formed of graphitic islands “mmersed* in a non-con
dugting maiety [4, 7], while a second way of thinking proposes that the cog
ducting phase may consist of 2 quasi-homogeneous conducting materials, mainly
formed of amorphous earbon phases [16, 17, 21]

Recent reporis have siressed the imporance of the modification of the
siechanical propertics [11, 12, 30] which ean be achicved in this flucncs regime
A general agreement has been reached on the fact that the hardened phases are

a
TEFLON  TEFZELMYLAR Fa-CrNl

Fig. 6 - Modficaion, o the hardacss for throe polymers, irmcimed with single fon beass and
“with multple beans. The ol dose per single fon i 1x107 font/er” lacpted from s, 01
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formed by amarphous carhon moleties. Recent results show that impor-

T condlsion, the present summary intends 10 draw the sticntion on the
of fon beam irradiation mmhumn—omwumun-l

brinle” material as

dfxﬁ-gly modified. inducing new exciting properties and. involving, some

. possibilies of nevw technological applicaions, especially promssing in
based on integration of diffcrent functions in the same material
effective panerning processes, essily achioved by wsing highly focused

beams.
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