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FIM OBSERVATION OF THE POLYETHYLENE TUNGSTEN. SYSTA

Polymer égeing processen of a polymerfhetal system in the presence of
the electric field originste moeily in the trensition regiocn between a
metal and s polymer, Generally, the ugeing process pay be regarded in me-—
LY caBes &S & peéuliarity of the pelymer/metal interface, The hitherto
prevailing inveatigations indicate that the polymer ageing proceases may
be influenced both by impérfections of the cryatel structure of the in-
terface region including the presence of microfimsures sdd by charge
transfer and accumulation processes from the metal into polymer. The lat-
teT pr&cesses are Irequently discuased by-the adoption of the band con-
cepts developed for semiconductors. Se far, ne theoretical model has been
formulated for the polymer/metal contect,

The ides of this work was to use the melted phase deposition methed
and a field emiseitn iip as the metal substrate which haes the form of a
‘needle aﬂd to examine the polymer coatinge and possivly the interface by
means cf the field-ion microscopy (FIN), The polyethylene/tungsten system
wag Cchogen, 4 field ijon microscope enables examining structure and dafects

of B series of metals, alst some semiconductors, by directly viewing
the sﬂrfaceratomé and vacancies, The high electiric field wnich is present
at the tip surféce and freguently pecpmfs a disadvantage in the case of
some metsls and seniconductors under imsging, could be useful as one of
the working factors in investlgation of e dielectirle polymer,

A conventionsl glass FIM apparatus was used and it ensured obtaining
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an ultimate vacaum at 10°C Pa level in the absence of polysthylene (PE)
gource in-the FIM tuheﬁ.;éE’or‘soft type was‘depaaited ontnrtungaien tips
by thermal spreading ufxmelted PE in vauuum from g source located on the
tip embedment up the Iip apex distant ca. 1,5 mm from the sourte 1ncation.
The tezperature of the deposition of ?E On'm the tungsten tip was not di-
rectly measured on FIK experimznx, and we egtimate it was in the range
420 ¥ %0 550 X, During the course of FE dep031t10n the presaure {in the
space of the measuring Bayarde-Alpert gauge) ofeasionally rose up 1o some
10™¢ Pe. Hydrogen field-ion imaged were pnotograpniéélly recorded via an
externsl image intensifier type TZ2001 EﬁI, England,

in essential problem in %his isvestigetion was whether it is pOssible
to deal with a dielectric like PL in the field-ion mieroscope, The obser-
vation of the PEZ—covered tungsten tips, mmde botk in the helium and hy-
drcgen FIX modes, snowed an emorpnous-liice field-ion patterns. Photos
1 & and b have been faken during the course of one nydrogen FI¥ runs typi-
cal for a very wide renge of imaging voltages 29 =V to 7 kV, A series of
such hydrogen FIM patierns were obteined after the deposition of PE on to
the subgtrate purlface and also after either a charge rearrangemeni Oor So-
me kind of stimulstior process of the polymer had cecured at s voltage of
ca. 3C &V. In fact, no field-ion image appeared up 1o this stimulation
voliage, though so-:allqd lthe best image voltage" in hydroged iméging
ses wag found to confine in the range 19 k¥ %6 20 kv for this tungsten
+ip prior to the loading the FIE tube with the PE source. Then, after the
stizulstion had oceourred, s series of Hydrogen FIM imagés of +the covered
surface were oggerved in inis mnomalously wide range of imaging voltages
below 30 k7. _

Suck e ’"ster6°ls:type behaviour ¢nd1cafés that the polymer cheins we=
re either aaintalned on the tip »vr being drawn up on the metal tip surfa-
ce at very nigh voliages mpplied, Tet us provisionally consider the hypo-
thegig of thke gtizulaiion of the PE layer taking into account that each
bright poirt in the FII pattern ik & site at which tne h;gnest intensity
of the electric field locally exists. lipgt likely the observed eXfect is
not essocisted with breé&&own ginece in that case evaporation of the ta-
terial and depletion of the very substrate should octur..Instead, weak
evidence for Tield desorption or field evaporation was ebserved up to vol=

tages in excess of twice "the best image voltage™ in the helium FIM ope=-
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ration mode in the case of gome other PE tungsten semples [1],

Puoto 1. FI® patterns of P3 tungsten
a = imazing voltage 14 XV, b = imaging volitage 29 iV

£lso, & nysteresis-type run should not be present in tne case of hreas-~
down, Op the other hand, we believe that the imeging behavicur and the
obtained patterne give no evidence for possible cozplete decomposition
of the polymer ahd the penstration of carben atoms into tungsten lattice,
Tharse transport through the adleyer shculd oveccur only in certain specl-
fic sites or paths. It would be iﬁteresting 1o assume thet the apperent

—

similerity of the observed hysteresis-type dependsnce of the rli image
intensity versus the imaging voltage and the well «nown S-curve Jor se-
miconductore in the hish electrie fields is not accidenital. Jhis zaight
reflect, thus, the relation between the microgeometry of tone Fl. sanpie
and the electronphonon interaction in the polymeriayer, I this is irue,
the FIL technigques would give the pessibility of the understanding of the
behgviour of polymers irp the high electric field, particularly zs a funce
tion of the deposition technology.

In conclusion, we regerd that this preliminary work shows thet the ap-
plication of the field ion microscopy technigues to investigations of po=
lymer/metal systems may yield interesting results with respect o ageing
processes. 1t has been found that field-lon imaging appeéars when a cere

tain velue of the stimulating voltage has been reached, This wvalue is
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upexpectedly high and the range of imaging voltages applied is anomelous-

ly wide in comparison to a metal/metal or meial/semiconductors systems,
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