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Linear spread of gallium over thin films of Ag—Au—Ga ternary alloys with continously
varying concentrations along quasi-binary sections of the ternary diagram has been stud-
ied. The observed concentration dependence of the spread zone size is attributed to
structural changes occurring in alloys and resulting in an unmonotonous dependence of
the spread motive force on the alloy composition.

HccnepoBano nuHeliHOe pacTeKaHVe TAJIUA IO HOBEPXHOCTH TOHKWUX ILIEHOK TPOMHBIX
CILIABOB cepebpo-30JI0TO-TAJIIMII ¢ HEIPEePHIBHO U3SMEHAIOIIEHCA KOHIeHTpaIueil BAOJIEL KBa-
3UOMHADHBIX CeueHMIl TpOitHON ruarpaMmul. OBHAPYIKeHHAR HEMOTOHHAS 3ABMCUMOCTb Da3-
Mepa 30HBI PACTEKAHHSA OT KOHLEHTPALMH OOBACHAETCA BIHNSHNIEM IPOMCXOAANIMX B CIJAa-
BAX CTPYKTYPHBIX W3MEHEHWH, IPUBOAAIIMX K HeMOTOHHOH 3aBHCHMOCTH JIBIIKYIIEH CHJIBL

) pacTeKaHMsd OT COCTAaBa CILJIaBAa.

Wettability is one of important physico-
chemical characteristics of various materi-
als. The spreading of a liquid (unrestricted
wetting) is known to be defined by a combi-
nation of interphase surface energy values,
oy on interfaces between a solid (1), a lig-

uid (2) and a medium (3) expressed as
AG = 013 — G119 — Ga3 &3]

where Ac is the motive force for the spread-
ing process [1]. It is of interest to study the
spreading of melt droplets over surfaces of
thin films of alloys. Gallium spreading over
thin films of silver-gold and silver-gallium
alloys within a wide concentration range
was investigated in [2, 3]. The concentra-
tion dependence of the spread zone X was
shown to have a very unmonotonous charac-
ter (the linear spreading was studied char-
acterized by the spread region size in the
direction perpendicular to the boundary of a
strip-shaped melt film). This points to a un-
monotonous character of concentration de-
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pendences of ,,; values of those define, in

turn, the dimension X [1].

This work presents the investigation re-
sults of gallium spreading features over
thin films of ternary silver-gold-gallium al-
loys. In [4], ternary alloys were obtained by
evaporation and subsequent deposition of
mentioned metals onto a system of sub-
strates placed at different heights with re-
spect to three evaporators positioned in ver-
tices of an equilateral triangle; by that
means, the same film thickness was at-
tained on all substrates thus eliminating
the possibility of size effect manifestation
in the wetting and spreading [5, 6] due to
o;;, dependence on the layer thickness [7]. In

contrast, the ternary alloys were obtained
in this work by condensation onto a flat
extended substrate, while components were
evaporated from two sources. Therewith, a
set of ternary alloys with a continuous con-
centration variation can be.obtained on the
substrate by varying the number of compo-
nents on each evaporator and their masses,
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Fig.1. Concentration triangle position in z—¢
plane. Points N, and N, designate boundaries
of sections corresponding to concentrations
of alloys on an infinite substrate.

similarly to the known S.A.Vekshinsky
method. An advantage of that technique
consists in that the composition of ternary
alloys obtained does not correspond to arbi-
trary points within the concentration trian-
gle, as in [4], but it represents a portion of
a straight line, namely, of a quasi-binary
section of the ternary system diagram. This
allows to construct the property-composi-
tion relationships for ternary alloys on a
plane as in the case of binary ones. Since it
is reasonable to prearrange the composition
of films to be obtained, it is necessary to
relate compositions of alloys being evapo-
rated from two evaporators to the required
position of the above-mentioned straight
line inside the concentration triangle.

Let granules of metals i=1, 2, 8 of
masses m;, be placed on each evaporator k =

1, 2. In this case, ternary alloys formed on
a substrate after the components interaction
will have concentrations lying between
points N,, N, (see Fig.1) related to concen-
trations corresponding to those of alloys
placed on evaporators, no matter what is
the law of condensates distribution in depth
for various points of the substrate. If the
evaporation occurs from both evaporatots,
then alloys of initial compositions are not
formed on a restricted substrate.

Let us use a Cartesian co-ordinate system
z—t positioned so that its origin coincides
with one vertex of the concentration trian-
gle (for example, with 1, Fig.1) while the
abscissa axis, lies along one side of the
latter (1-3). Then, the equation for the
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straight line passing through points N; and

"N, can be written as

2z =At + B. (2)

Cartesian co-ordinates of any point lying
inside the concentration triangle are related
to concentrations of a ternary alloy corre-
sponding to that point:

2=1¢y8in60°, t =1 -¢; — cyc0860°. (3)

Using (38) for points N; and N,, we ob-
tain parameters for straight line (2)

B VB(ca2 = €97)

" [2(c1y — €19) + €gy — Cgol’
_ VBlegi(1 - e1p) — 51 = €q]
T [2(epn e F o —Cppl

(4)

Concentrations of ternary alloys formed
at various points (x, y) of the substrate are
defined by evaporated metal masses, m;,
and the condensate distribution laws de-
pending on the evaporator type; they are
described by expressions

o= (mjy + Pmyy)
l Zmil + BZmiz’

where PB(x,y) is a function, its specific form
depending on the condensate thickness dis-
tribution law over the substrate. At the
same time, parameters of the straight line
(2) after substitution of expressions (5) into
(4) are independent of B(x,y) and governed
only by evaporated metal masses:

\lg[mzzzmil — My Myl (6)

[@myq +myy) Y omyy — (2myy + mzz)me

(3)

\]§[m21m32 — Myl

[@my; + my)y myy = (@my, + myg)y m,)]

So, straight lines passing through one of
the triangle vertices, for example, through
1 (corresponding to the case when one of
metals is positioned on one of evaporators,
i.e. k = 1), are characterized by parameters
A=\8my,/(myy + 2myy), B=0, 0 < <60 "

(p = arctg A). Sections parallel to the side

1 -~ 2 correspond to the same concentration

of component 3 on both evaporators, i.e.
M31 _ M3

= = C3.
(mgy +mgy +myy) (Mg + myy +myy)
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Fig.2. Portions of quasi-binary sections of
Ag-Au-Ga system diagram corresponding to
studied alloys.

At m,y = mgy = 0, end points of the straight
line portion lie on the triangle sides, in that
case, A = \]§, B= —\f§c3, ¢ = 60°.

To perform the spreading experiments,
ternary Ag-Au—-Ga alloys (in what follows,
Ag is designated as 1, Au as 2, Ga as 3) of
variable composition with concentrations
varying smoothly along corresponding sec-
tion were obtained by evaporation and con-
densation on glass plates under 1074 Pa
pressure. Alloys corresponding to the por-
tions of sections through the triangle ver-
tex 1 (portions 1, 2, 8, 4 in Fig.2) at angles
@ =17 (1), 30" (2, 8), 50° (4) to the axis 1-3
were used in this work. The alloy concentra-
tions were calculated using the relationship
(5). If the substrate is so positioned that
the line connecting both evaporators and co-
incident with the y axis direction goes
along the substrate length, the expression
for B takes the form

B = RZ + (x2 + y® 9 )
R2 + (L - \x2 +y2)2| ’

where R is the distance from evaporators to
the substrate, L is that between evaporators
projected into (0,0) and (0,L) points of the
substrate, corresponding to concentration in
N, and N, points (see Fig.1). The expres-
sion (7) corresponds to the used law of con-
densate distribution on a flat substrate
under metal evaporation from small-area
flat directional evaporators.

Mass ratios of metals being evaporated
were Mgy Mgy :Mgze= 3.3:1:2.38 (1),
17.2:1:1(2), 2.85:1:1(8),19.3:44:1
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(4), i.e. silver was evaporated from one
source and gold and gallium in various ra-
tios from another one. The total condensate
thickness at various substrate points (0, y)
deviated from the averaged one (80 nm)
within 5 to 20% for all ternary alloys
films. Therewith, dependences c¢; = f;(0,y)

turn out to be nearly linear.

Linear spread of gallium from a 0.4 mm
wide strip of 70 nm thickness positioned
along the y axis was studied. The strip was
obtained by gallium evaporation and con-
densation onto the glass substrate with a
ternary alloy film deposited using a slit dia-
phragm pressed to the film surface. Prior
to the gallium source application, the ter-
nary alloy film was subdivided into trans-
verse 2 or 3 mm wide bands for convenience
of subsequent X measurements. This al-
lowed to obtain data on the spread zone
size, X, over surfaces of 20 to 80 various
alloys in each section in the course of the
same experiment and thus to construct de-

pendences X = f(cy,¢5,¢3). Those relations
X = f(y) = f(cq,¢95¢3) allow, in turn, to judge
the concentration dependences of the spread
motive force, Ao [1]. Values of X were meas-

ured to within #1.48-10~2 mm. The measure-
ments were performed at a room tempera-
ture. Judging from microinterference pho-
tos made using MII-4 microscope, the
spread region had a constant thickness and
a step at the spreading zone boundary.

Fig.3 presents X = f(y) dependences for
(4) and (3) portions of ternary alloy sections
shown in Fig.2. The dependences for (2) and
(1) portions are of a similar shape. It is
seen from the curves of Fig.3 that depend-
ences X = f(y) are very unmonotonous with
both strong and weak maxima. (The latter
having an appearance of inflexion points;
moreover, their presence causes an asym-
metric run of X = f(y) dependences near
strong maxima).

Concentration data for Ag-Au-Ga ternary
alloys corresponding to maxima on X = f(y)
curves in all studied sets are presented in the
Table. It is to note that, as in the case of
gallium spread over binary alloy surfaces (Ag-
Ga, Ag-Au [2, 3]), weak maxima correspond to
atomic compositions n/(Z + 1), where Z = 12,
n=1,2,8..,n/(Z+1)=Cp, +Cg,; that is,
they point probably to the formation of a

.cluster structure in substrate alloys based

on the FCC lattice in three-component solid
solutions. If, in a binary solid solutions A—
B clusters, based on A lattice with the coor-
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Fig.3. Linear spread zone size relations for
gallium drops over thin films of Ag-Au-Ga
alloys corresponding to portions ¢ (a) and d
(b) (see Fig.2).

dination number Z are formed at electron
concentrations n/(Z + 1) = Cg, then for a
ternary solid solution
n/(Z+1)=Cg+Cy,. Therewith, the same
n/(Z + 1) value, for example, 15.838 % (n =
2), corresponds to ternary Ag—Au-Ga alloys
lying on various sections, ¢ =30" and
¢ = 50°, where totals of impurity concentra-
tions, Cp, and Cg,, are in different ratios
(see Table). The same is valid also for other
n/(Z + 1) values. _

As it follows from the Table, some max-
ima (including strongest ones) on X = f(y)
curves do not fit compositions n/(Z + 1) at
Z = 12. This is like to be associated with
formation of phases in corresponding ter-
nary alloys having a higher surface energy
Ojp, that results in an increase of the spread

at n=ng+ng,

motive force Ac and, consequently, of the
. spread zone size. A similar effect was ob-
served under gallium spreading over surfaces
of binary alloys where the maximum spread
was found to occur within the zone of inter-
metallic phases existence having lattices of
gamma-phase type (silver-gallium system)
and on the cubic phase of AuGa, type.
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Table.
e C, at.% n/(Z+),|  Xx
Cag | Cau | Cea | Cau t+ * X1.4n31.1110h2’
Ga
17 146.3| 7.1 |46.6| 53.7 | 53.85 58
17 139.8| 8.0 |52.7| 60.7 | 61.52 44
30193.0/1.9|5.1| 7.0 7.60 70
30)88.3| 3.0 8.7 | 11.7 - 140
30{84.3| 4.0 111.7} 15.7 15.38 69
30|68.3| 8.3 123.4] 81.7 | 30.76 67
30(63.2| 9.6 {27.2| 36.8 | 88.46 93
30152.7(12.8|35.0f{ 47.3 | 46.10 159

30 (48.7|13.8(38.1} 51.3 - 171

30 [43.9(14.7(41.4| 56.1 | 53.85 158
30/40.7|15.5/43.8| 52.3 | 61.52 121
50|84.6| 9.3 [6.1| 15.4 | 15.38 75
50 |83.59.9 | 6.6 | 16.5 | 15.38 78
50 |82.4(10.7/6.9| 176 | - 89
50|77.7/13.6/8.7| 22.3 | 28.0 103
50 |70.118.2[11.7| 22.9 | 30.76 56

Thus, the use of quasi-bidimensional sec-
tions when studying the wettability of ter-
nary alloys by liquid melts allows to reveal
alloy compositions exhibiting a "good” and
"poor” wettability. So, Ag-Au-Ga alloys
having compositions corresponding to the
section ¢ = 17° are wetted by gallium consid-
erably worse than those corresponding to
certain portions of sections with ¢ = 30° and
50°. Moreover, the dependence X = f(y) is
found to have an unmonotonous run.

To explain an unmonotonous (oscillating)
character of concentration dependences of
various physical properties of binary solid
solutions, a macroscopic clusterization
based on atomic crystal groups of discrete
composition was supposed to occur [8].
Since, in our case, the spread zone size is
defined by the spread motive force, Ao, it is
just the interphase surface energy o,z that
can be supposed to have such an oscillating
character with respect to the composition
within the region of continuous solid solu-
tions for Ag—-Au-Ga ternary system. The
cluster structure within limits of the first
coordination sphere may result in such os-
cillations at atomic concentrations equal to

Functional materials, 4, 3, 1997
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n/(Z +1), where n/(Z +1) = Cp, + Cg, for.
Ag-Au-Ga ternary system.

References

1. B.D.Summ, Yu.V.Gorynov, Physico-Chemical
Principles of Wetting and Spreading, Khimia,
Moscow (1976) [in Russian].

2. 1.P.Grebennik, Adgezia Rasplavov i Paika Ma-
terialov, No.25, 34 (1991).

3. V.M.Andronov, I.P.Grebennik, V.A.Sherstyuk,
in: Metastable Phase States: Thermophysical

- O

Propertiés and Relaxation Kinetics, V.2,
Sverdlovsk (1989), 101 [in Russian].

. I.P.Grebennik, P.A.Gabusu, Adgezia Raspla-

vov i Paika Materialov, No.32, 34 (1995).

. N.T.Gladkikh, L.K.Grigor’eva, S.V.Dukarov

et al., Fizika Tverdogo Tela, 31, 13 (1989).

. LP.Grebennik, Ukr. Fiz. Zk., 25, 497 (1980).
. S.N.Zadumkin, Kh.B.Khokonov, Fiz. Metal. i

Metalloved., 13, 696 (1962).

. L.G.Ivanov, A.F.Sirenko, V.M.Andronov, Kh.A .Ro-

khas, Ukr. Fiz.Zh., 30, 1853 (1985).

Oco6auBocTi po3TikaHHA rajgilo Mo MOBEePXHi TOHKHX
NIiBOK CIIAaBiB cucTeMH cpifio-3odoTo-rajxiu

B.M.Andponos, 1.I1.I'pe6ennux, C.B.Jyrxapoe

Hocnimxeno ninifiHe poaTikaHus raniio mo moBepXHi TOHKUX IIIBOK HOTPifiHEMX cnaasis
cpibio-sonoTo-raniil 3 KoHIleHTPALIi€I0, AKA HellePePBHO 3MIHIOETHCA B3JOBXK KBasiGiHapmumx
nepeTnHiB notpiiinol Aiarpamu. Buspiena HeMOHOTOHHA 3ajieXKHicTh po3Mipy 30HM PpoB3Ti-
KaHHA Bif KoHUHeHTpaulii, sKa IOACHIOETHCA BHJMBOM CTPYKTYPHHX 3MiH, INo BifOyBaroThCsA
B CHJIABAX T4 IPUSBOLATL SO HEMOHOTOHHOL 3aJjieKHOCTI pyuliiiHoi cUJIM POSTIKaHHS Bif

CKJIay CIIABY.
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