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Abstract:

Lattice, electronic and radiative components of thermal eonduc-
tivity are caleulated for thin indium films. The effect of thickness
of the indium thin film on the estimated values of thermal conducti-
vity are considered. It was found that the main contribution of
heat transfer mechanizm s due to both phonons and electrons,
whereas that due to phatens is very small indeed.

I:I.m-ul.l:!l_iru_':-

The effect of structural paremeters on electlrical propertles of thin indiuom
lilms on glass subitrates has besn investigated i [1]). Where il was Tound Lhat the
electricnl behaviour showead discontimsety at sbaut 70 nr. 1L owas found  Ehal almost
cplical properties follow the same pattern [2,3).

In the previous articles [2,3] this behaviour was sliributed bo the discontnuaous-
continmagus  Tilm transitiore AL the seame Lime optical constents and tha enelgy  lass
functions of thin indium Tilms on mica were reported [&], It wos generally observed
that & resonable valess of bulk properties could be oblained by invesligating  the
cantinuows 1ilms {lilms of thicknesses highar Lthan 70 mm.

On the other hend the thermeol propertioes ol condecting  and sernicanducling
materiels have been regorted [5-8). According to our knowladge  Lhese data  for
thim [n films mre almost abssne,

The wlm of this article is Lo investigate the electrical and thermal progorties
of thin In films on mica substeate, and dizcuss the mechanisms of Ehermal conducli-
wily in these flims

E:I-:Er:n'mc-ru: ik

In thin Films of different thicknesses in the range frem 15 to 100 nm were
progared by thermal eyosporatiore The pressure boefope avaporation was  1.33 x |Lr-5|:'=.|,
and the purity ol indium was 9999582, Thg deposilion rate wes 0.5 nmds Bog roximntly,
The thickness of In films was measured Oy the multiple beam Fizreau fringe method(9].
The resistivity was measoied by ohtaidng 1-V curves,
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Results and Disoussion:

The dependence of resistivity (p) on thickoess (1) is given in Fig. 1 where
it decrenses by increasing the film thickness as the usual behaviaut,

However, it reveals Lhat this dependence 101 thicknessss less and higher thon
66 nm follow different patterns.

In other words In films on mica and glass =ubstrates have s common Dehaviour.
T'o clarify this behaviout 9 vs 1 was plotted as shown in Fig. 2, in which it is cleas
that the separation belween the two thickness rtegions is sharply observed, The
obtained results ate found to fit with [F-5] theory [10). The busk properties obtained

by extrapolation of the lwo thickness regions are given in table 1,

Toble 1: Values of bulk resistivity (po) and the mean frge path (lo)

Bulk_resistivity (S infum Mean free path (le) in A®
curve {a) cutve (b) curve (a) curve (b)
asx10" 125%10°8 1384 2666

It was clear that the values of region a (contineous lilms) are mate ecceptable
than that obtained in region b (discantineous filmsl.

The electronic part of thetmal canductivity (kcl wes  calculated sccarding to
Wiedmann-Franz telation (1]

% = LT
" o
whaie Lg-Latenz number, g”-tha electrical conductivity snd T-absolute Llemperature.

The cruclustion of )e is complicaled due ta the fact thal the exact value
of Ly is not always svsilable. Bul 8t temperstures higher than 300 K, the sbove
telation could be applied, where L, is constant and the scaltering s elastic [12]).

Fig. 3 reveals the Increase of )e with thickness. However it follows 8 given
pattern in thickness range & and different paltetn-range b, This behavicur s in
feir agreement with the data obtained by El-Ocker [3) amd [i-Ocker el-al [&],
for the =ame samples, whera it was concluded that it was nol posstile ta oblain
reasonable  results using Drude theory Tor any thickness Jess then €6 nm. In such
a case they concluded that the conditions of Drude which should be obeyed by
bulk solids are not satistied in films of low Lhickness Thiz is In agreement with
the enhanced metalic behaviour for indiun flilms of thicknesses higher than && nm
on mica substrate.
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Fig{3): Relaticn between thermal conductivity (A] and tha film thickness [t
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The lattice thermal conductivity (Ap wBs determined according to the relstion

wheie
Cv- sbeclllc heat capacity at canstant valume
V= velority of sound
Rnd E -~ phanan mesn free path.
The values of A[was odtalned wsing the data of [13), The estimation af | was
found to be sbout 5.5 A® which gives phanon thermal conductivity of 1.88 wm~' K-1,

This sccepteble value shaws that the sharing of phonens in thermal conductivity
cannat be neglacted in In thin films,

The contributien of photens in thermal conductivity in thess films was calcula-
ted using the data reparted in [4] for the complex refractive index. The farmuls
wied [14])

4 o*n® T 1L g .
= ——— , lar oglicaly thin samples
phaton 5
1+—C1
4
where ol - optical absorption coeflficient
& - Stefan-Bollzman constant
n - refractive index
T - absclute temperature,
and t - thickness

The dependence of /\),‘ an thickness s shown in Fig. 3. It is cleat that
the radiative part of_thermal conduclivity is quite small with respect to the contribiy-
ticns of )a and %l' p, Qecieases  gmpidly  with  thickness and can be neglectad
8l thicknass of tegion a i.e. the samples become opsque ot abaut 66 nm,

The above arguments make it possible lo assume that the thermal properties
#s long as optical and electiical properties follow common pattern. In gther words
it is more llkely to assume that the physical prepeclies of thin In {ilms show drastic
varigtion at aboul 66 nm, These vaslations should be correlated with the discortineous-
continesus  film  transition. A conclusion which was obtained for thin In tilms on
amorphous glass substrate,
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