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Abstract

The surface diffusion in Cu-Sn thin films was investigaled
in the temperature range of H0-180°C by transmission electron
microscopy ond  X-ray microanalysis technics. The =zaomples were
prepared by thermal evaporation in vacuum (1079 Torr) on gloss sub-
strates. Copper films were deposited at 350°C and then Sn films
were  deposited on copper al room  lemperalure. The Lhickness
of the samples ranged between 2500 and 4000 A. The diffusion
parameters, namely the diffusion coefficient and activation energy
were determined. It wos established that these parameters depend
upcnt the thickness of Sn films. By changing the Sn film thickness
from 700 to 1400 A, the coefficient of surface diffusion changes
by two orders of magnitude and the activation energy changes
by L2 eV,

Trek poschunc Licn

The tugh inlerest to stedy the diffusion procets in thin Tilms is stimulated
by the wide applications in microelectiaonics ol moftilayer strectures (1,2) surface
maes transport presents a geeal importancr betause laysred stroctures are generally
dizpased on @ eomman substrate wilk micron dparcings fram esch othar. From w
praciical point  of wvicw, detailed stedy ol leteral  &ffusion peocess in owliilayer
slructures  can considerably  reduce their  dimensions and  inceease  their reliasality
erwl Hig Lime (3-3),

In the pther =ide, the siwdy of sueface diffusion qives valuable infocmation
about  the strecture, =aipce microreli=f, surlace errny  @nd the  interaction ol
arkoibed atoms wilh fibms surface (6-90

Experimentad

In this work the soeface diffusion in Cu=5n thin fidms was studied by X-rey
microanalysis and Eransinission election microscopy terboics, The samples were ple-
pared by thesmal evaporation (oo eacoum (10 Tarr), Copper  fllms  were  deposilad
al 353080 on glaws sybstrates. The So films were deposited si rodin temperalors on
proviously ewvaporated Co filrms by using 8 special mesk prepared by photodithography
an order 1o oblain a sharp edge of the Sn o dim Fig 1),
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o
The thickness af Cu-5n samples was taken in the renge of Z500-4000 A, The
samples were annealed in vacuum (109 Tare] in the temperature ramge of S=180°C.

The strcluce of the [lilms was studicd by bronsmissian electfon microscope
STEM-Z00]1 with an opersting accrlerating voltage al 150 KV,

The distribution of Sn on the suiface of the Cu film waos studied by M-ray
microenglysis method (0] wing a Mictoscan-4 {operating  accelerating  weltuge =

2% KV and cutrent thiough the samale = R0°7 AL

Fesults mnd Discussion

Far large surface srees of Cu sd Sn companents in the direction of diftusion
[x) (& conditicn which is satisfied In aur expariment: samples dimensiona: 2,102 m
1072 m, axtersion of diffusion zone = 5077 m), the problem of migration of aSor-
bhed stams on the susface becomes arnalagaus b2 tha diffusion pooblemy o infinitless
bady. The distribution of adatoms [n) along the = exis is given by tho ereocs integral

L
n & g (= ) dy (1}
=
Fa'| Egr
wert, [y, = coeificient ol surfece diffusion

P - Eime

The concenlralion gradient of adatoms can be detetmined by the Tollawing
E[ITESSHAT

ﬂ rn-n o }

—_ P
a7 -l 4Dt

The gquanlity of diffused Sn stoms {q) thraugh the wunit of length which is
perpendicular Lo the diftusion Mow, for a time t, can be erpiesed g

(2)

n D1 3
Ing = In (o] - — (3]
Far 4Dt
Since the variation of intensity A1 Is proportional to the change of eencentration
¢ Lhen
R
g el I AL oax, La)

x
Untensity | reters to the characteristic cadintion of 5n obteined esgerbnentallyl, ie.
0 8 praportiongl ta fhe Area 5 wndar the distribution cuiee I = =l
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Fig.l. Farm of investigated sasples
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Typical curves of 5n distribution ate shawn in Fig (2). It is clear that Sa
5 diffused along the surface of the Cu film,

fFrom the curves In S (x) whete So€ g, one can determine the coeflicient of
wrisce diffusion D, according ta equation (3) and fig (3). The activation energy
Lg was determined by the square methad

Obtained experimental resulls ase given in Table 1. We can remark that for
different temperatutes and sample thicknesses the parameters of surface diffusion
satisfy . Archenius relation Fig. (&4). In eddition, by changing the Sn film thickness
trom 700 to 1200 X, the coefficienl of surlace diffusion changes by two arders
of magnitude and the activatien energy changes by 0.2 eV (tahle 1).

The large dependance of E4 upon the film  thickness is associated with Lhe
dependance of the grain size upan the thickness. This is verifled experimentally
by TEM studies which gave an average value of the groin size (Lg) increasing with
the thickness (Lg incressed trom 5103 m 10 261077 m for  Sa  files ranging  frem
700 to 1200 & thick).

A camparison between the values of surface, grain boundary and bulk ciffusion
parameters is given in Table 2. It is clear from the table that D, and Dgp are much
highet tan D.. This can be explaincd by the fact that atoms located an the sutface
and on the grain baundaries have less number of neighbour atoms than those atams
oxisting inside bulk of the material. Thacetare, less wnergy |5 required Lo activate
sutface stoms than energy required for bulk atoms.

Conclusion

The surface ditfusion In thin filns of binary systesn Cu-Sn was studied by
transmission electron mictoscope and X-tay microsnalysis method, The  diffusion
parameters (Dy &nd E;) were determined. It was established that the surface diffusion
coefficient (Dg) and the activation energy (E5) depend  wpon  the  thickness of Sa
films. By changing the Sa film thickness from 700 to 1200 &, D, changes by two
arders of magrituie and €, changes by N2 eV.
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Table 1: Surface Diffusion Parameters in Cu-5n Thin Tilms

Sl T (o) Dy (en? /2) £y (ev) |
180 450077
= 2000 A 150 1,:«..10'9
Cu -10
d = 700 A 120 B,53.10 0,41 « D05
= -10 S
90 3,21.10
180 6.52.10"0
= 2000 A 150 196.00""°
cu -‘l
d_ = 900 A 120 9,28.10 0,52 + 0,05
50 2,3810" "
180 1.2>.w"°
= 2000 A 150 3,770° 1"
cu _’1
= 1400 A 120 1,03,10 DA3 + D05
imn _12 —
90 2,29.10
Table 2
Sample D (cm*/s) Eq (eV) T (°C) Refercoce
Cu-5n 10
thin films Dy ¥ 210 0,63 180 Present wark
Cu-5n i3
thin films Dgp = 210 0,96 180 /107
Cu-5n
Manacrystal | D~ 200722 2 180 /Mazf

D

5
Dub
D

v

= Surface dilfusion caeflicient

- Bulk diffusion coetficient

- Grein-boundary cffusion coefficient

[n = Activation energy

d - Fidm thickness



