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Interaction of Ga layers with thin films of AgAu alloys with variable Au content
(2-62 % by mass) are shown to result in formation of AgAuGa ternary phases having
lattices similar to those observed in binary systems: y-AgGa, y-AuGa, AuGa, AuGa,. As the
Au concentration in the binary AgAu alloy increases, the transitions are observed from the
single-phase region to the double- and triple-phase ones and then the double-phase one
again (phase types y-AgGa — y-AgGa + AuGa(AuGa,) — y-AgGa + — y-AuGa + AuGa,

- — 1-AuGa + AuGa,).

Hoxrasapo, uTo IpM BaamMmozelicTeum ciroee Ga ¢ TOHKHMH IJIeHKaMu citasos AgAU
nepemennofi xouumentTpauuu (2-62 mac.% Au) obpasyrorca Gassl TPoHHOH cHCTEeMBI
AgAuGa ¢ peumieTkamm, 10 THUNY CXOAHLIMH ¢ HAOJAIOLaeMBIMH B JBOHHBEIX CHCTEMAax:
v-AgGa, y-AuGa, AuGa, AuGa,. IIpu ysesunveHun KoHueHTpauum AU B ZBOHHOM cIIaBe
AgAu nabarofaerca Iepexoln OT oZHogasHo# obracTHm K ABYX-, TPeX- K CHOBA B AByx(as-
syl (pasn Tuna y-AgGa — y- AgGa + AuGa(AuGa,) —» v -AgGa + — y-AuGa + AuGa,
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- y-AuGa + AuGay).

The solid surface wetting by a liquid
phase is known to be determined by the
ratio of interphase surface energies on the
solid-liquid-environment interfaces [1]. In
systems where an interaction takes place, as
for example metal pairs Ga-Ag, Ga—Au, the
wetting is affected considerably by dissolu-
tion, diffusion processes, chemical reactions
on the solid-melt interface, etc. In [2, 3],
data are presented on the interaction of
thin Ga layers with Ag, Au and some AgAu
alloy films. It has been shown [2] that in
the thin-film Ga-Ag system where the Ga
interaction with Ag results in formation of
the AgGa y-phase, an unrestricted wetting
(spreading) is observed while no wetting at
all takes place in the Au-Ga system. The
wetting of AgAu alloy thin films by Ga is of
a non-monotonous character [4]. The pur-
pose of this work is to study the Ga inter-
action with thin films of AgAu alloys in a
wide range of composition variations result-
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ing in changes of the interphase surface
energy on the Ga—AgAu interface.

The Ag-Au alloy films were prepared by
the consecutive evaporation of Ag and Au in
107% Pa vacuum from two separate sources
and their condensation onto extended glass
plates where a NaCl layer was deposited pre-
liminarily. Then, after one day of exposure
at ambient temperature (for homogenization
and formation of variable alloy content
along the substrate), a 20 nm thick Ga
layer was condensed onto the film surface.
The concentrations of components in bilayer
(AgAu) and three-layer (AgAuGa) films were
calculated using the laws of the condensate
thickness distribution on the substrate. To
provide a more smooth concentration
change in the bilayer Ag—Au films, three
sets of samples were studied where the com-
ponent masses corresponded to different
Mpg © My, ratio values: 22:1 (1), 4.65:1 (2)
and 1.39:1 (3). In that manner, the bilayer
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Fig.1. Mutual arrangement of oblique coordi-
nates cpg, Cays Cgg Of concentration triangle
Ag-Au-Ga and orthogonal coordinates z, ¢
and concentration relationships of studied
ternary Ag-Au-Ga alloys: Ga + AgAu (2-8 %
Au) (1); Ga+ AgAu (12-24 % Au) (2);
Ga + AgAu (25-62 % Au) (8).

Ag-Au films were obtained exhibiting the
concentration intervals along the substrate
(2-9), (8.8—-32) and (25-62) % Au by mass.
The calculated concentration relation-
ships in three-layer AgAuGa films for three
film sets (1), (2) and (3) are presented in
Fig.1. To construct these plots, a 2, ¢ coor-
dinate system was used associated with Ag,
Au, Ga concentrations by expressions
2 =10cp,;8in60° ¢t = 1 — cpq — cp,c0860°. It is
seen from Fig.l that the concentration de-
pendences for the prepared ternary alloys
Ga—-Ag-Au are-shaped as straight lines hav-
ing different slopes with respect to the ¢
axis: @7 = 8.4°, @y = 30.8°, @3 = 54.9°.
The structures of ternary Ga—-Ag-Au films
corresponding to compositions presented in
Fig.1 were studied. The films were separated

from the substrate, transferred onto copper

gauze and examined using transmission elec-
tronography. The electron diffraction pat-
terns were interpreted using the standard
structure analysis methods and taking into
account that in the ternary Ga-Ag-Au sys-
tem, phases with lattices identical with those
being formed in binary Ag-Ga and Au-Ga
ones are probable to be formed. In the bulk
Ag-Ga system state, two hexagonal phases

exist: the AgGa y-phase (a = 7.767 &,
¢=2.8778 A) and the high-temperature f-

phase (a = 2.8869 A, ¢ = 4.6753 &) [6]. In
the Au-Ga system, the following phases
exist: Au,Ga, (~AugGa; hexagonal lattice,

a=17.724 &, ¢ = 8.751 &), Au,Ga (rhombic
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lattice of PdéAs type, a = 8.199 A,

b=18.028 &, ¢ = 6.998 &; high-tempera-
ture, being formed at 7T = 350°C), AuGa

(the MnP type lattice, a = 2.874 A,

b=6.267 A, c=284214), yphase (an
electron compound with the electron concen-
tration 21/13, the lattice is not described),

Au,Ga (the TigNi lattice, a = 2.874 X,

¢ = 9.426 A) [6-9].

For all known phases of binary systems;
the interplane distance sets were calculated
which were used to interpret the electron
diffraction patterns obtained.

Ga interaction with Ag-Au alloys at Au
contents from 2 to 8 % by mass results in
formation of a phase with hexagonal lattice
having parameters close to the AgGa

y-phase ones and amounting to a = 7.72 A,

¢ =288 A. As the Au concentration in-
creases, along with lines of the ternary sys-
tem y-phase, a line set (reflections from
planes with interplane distances dj;; 3.45;

2.14; 1.81; 1.60; 1.85 A) is observed which
can be ascribed with the same probability
either to a phase with the MnP lattice or to
that with the AuGa, type one. In the last
case, the most intense lines are those result-
ing from the reflection from (111), (200),
(310), (311) planes with interplane dis-

tances 8.507; 2.148; 1.92; 1.831; 1.358 A.
The phase with the lattice of MnP type
(AuGa) is characterized by the line set cor-

responding to interplane distances 3.42 A

(010), 2.14 & (211), 1.60 & (004), 1.35 &
(222).

At Ga interaction with AgAu alloys hav-
ing Au concentration from 12 to 24 % by
mass, three phases are observed: those with

v-phase type lattices AgGa, AuGa, and a

cubic phase (a = 11.17 A). The phase with
the AuGa, (CaF,;) type lattice exhibits,
along with intense (111), (220), (810),
(311), (400) lines, a set of weaker ones with
intensities proportional to 16(f; — 2f,)2
where f;, f; are atomic function of electron
scattering by gold and gallium atoms, re-
spectively. These lines are due to reflections
from (200), (222), (321), (420) planes with

interplane distances 3.04; 2.18; 1.82; 1.35 A.
The reflections ascribed to the cubic lattice

with the parameter a = 11.17 A were suc-
ceeded to be indexed due to that the phase
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Table 2
dorp (hkl) a, & (hkl) a &
3.50 (111) 6.06 - -
3.05 (200) 6.10 - -
2.55 - - (420) 11.40
2.81 - - (422) 11.3
2.15 (220) 6.08 - -
1.83 (331) | 6.07 - -
1.76 (222) 6.09 - -
1.62 (821) 6.05 (444) 11.20
1.51 (400) 6.04 (642) 11.30
1.39 (331) 6.06 - -
1.36 (420) 6.08 - -
1.23 (422) 6.03 . - -

Baper = 6.07 Qgper = 11.3

Table 1
yrp (hkI) o & | @A) a &
3.77 | (300) | 11.8 - -
345 | - - (111) 6.0
2.78 | (400) 11.2 - -
2.61 | (330) | 11.1 - -
2.50 | (420) | 11.18 - -
2.28 | (422) | 11.18 - -
2.18 (510) | 11.11 - -
2.16 | (511) | 11.2 - -
2.12 | (520) | 11.4 - -
1.97 | (440) | 11.10 - -
1.88 | (600) | 11.30 - -~
1.80 - - 811) | 6.00
1.59 | (550) | 11.20 - -
1.50 | (642) | 11.20 - -
1.39 | 800y | 11.10 | (331) | 6.00
1.87 - - (420) | 6.12
1.34 | (653) | 11.20 - -
1.29 | (622) | 11.21 - -
1.25 | (840) | 11.18 | (422) | 6.12
1.22 | (842) | 11.18 - -
1.20 | (664) | 11.20 - -
1.15 | (763) | 11.15 - -
1.08 | (1022) | 11.20 | (440) | 6.11

Bper = 11.19 Qgper = 6.06

has the single-crystal structure in some
cases. -
The reflexes arranged in vertices of a

square network correspond to reflections

from planes with d;;, values 2.78; 1.97; 1.40;

0.925; 0.88 A. When the cubic lattice is ori-
ented so that the [001] direction is parallel to
the normal to the film plane, the reflexes
observed can be indexed as those correspond-
ing to reflections from (h00), (hhO), ete.,
plane types. We have taken into account that
in the ternary system, as well as in the bi-
nary Au-Ga one, a Hume-Roserie y-phase can
be formed having a complex cubic lattice
based on the tripled cubic lattice of the sol-
vent. Therefore, we have ascribed indices
(400), (440), (800), etc., to those reflections.
As a result, the parameter of the single-crys-
tal cubic lattice turned out to be from 11.17
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to 11.30 & (at ap, = apg = 4 A). Thus, com-
positions of the films arranged on the curve (2)
in Fig.1 correspond to the three-phase region.
Ga interaction with Ag—Au alloys at Au con-
tents from 25 to 62 % by mass results in for-
mation of three-component alloys Ga—-Ag-Au

" with compositions corresponding to the curve

3 (Fig.1). These relate to the biphase region
of the ternary diagram and contain a mixture
of phases with AuGa, type lattices, a = 6.06

to 6.07 A, and a complex cubic one with

a = 11.2 to 11.3 A. Table 1 contains calcu-
lated data for the Ga-AgAu system with
(20-40) % Au by mass that are typical for
the whole concentration range. As the Au
concentration in alloys characterized by the
curve (3) increases, the number of diffraction
lines due to AuGa, type phase grows (weaker
(200), (222), (321), (420), etc. reflections
appear) while the line number due to
v-AuGa Hume-Roserie phase diminishes,
that is seen from Table 2 presenting the
calculation data for Ga—-AgAu alloys con-
taining 50 to 60 % of Au. Note that this
trend is typical for alloys with compositions
corresponding to the curve 2, too. Thus,
Ga-AgAu alloys according to the curve (3)
are related to the biphase region.

Thus, the electronographic examination
of the phase composition for alloys formed
under interaction of about 20 nm thick gal-
lium layers with thin films of silver-gold
alloys with continuously variable composi-
tion in the range from 2 to 62 % Au by
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mass have shown that the phases being
formed under that interaction have lattices

similar to those observed in two-component -

systems Au-Ga, Ag-Ga, namely, y-AgGa,
y-AuGa, AuGa,, AuGa. When the composi-
tion varies according to the curve (1),
Fig.1, the transition from the single-phase
to biphase region is observed. The alloys
with compositions corresponding to the
curve (2) belong to the triphase region. At
higher Au contents (curve 8), the layer in-
teraction results in formation of a mixture

of two phases.
The structure changes found do not

allow to interpret the oscillation character
of Ga spreading on the AgAu alloy surface
observed in [4] as a phenomenon due only to
changes of the interphase energy on the
drop (Ga)-substrate (AgAu) interface.
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HocaigxenHa B3a€MOJil B TOHKOIJIIiBKOBiM
cucremi Ga~-AgAu

B.M.Andpownos, 1.I1.I'pe6ennux, C.B.Jyrxapos

Iloxazano, mio mpu Bsaemoxii mrapiB Ga 3 TomxkmMu miiekamu cmiiaBis AgAU sminmoi
KoRmeHTpanii (2-62 mac.% Au) yrsopwiorsea (asu motpifinoi cueremu AgAuGa 3 rpaTka-
MH, noai6HuME THM, o icHYIOTH B mOoABiftHux cucremax: y-AgGa, y-AuGa, AuGa, AuGa,.
Ilpn s6inbmenni xoHneHnrTpauii Au B mozpifimomy cmnasi AGAU cnocrepiraeThes mepexij Bix
oxHodasnoi obnacti mo ABOX-, TPROX- i 3HOBY gmo aBodasmoi (dhasu Tuny y-AgGa —
Y-AgGa + AuGa(AuGa,) — y-AgGa + y-AuGa + AuGa, — -AuGa + AuGa,).
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