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The wetting of nickel films deposited onto (111) face of GaAs single crystals with island lead ca-
densates has been studied. The wetting angle, 6, is found to depend on the Ni film thickness, ¢, and to
change within the limits defined by wetting of pure GaAs (t—0, 6=120°) and compact-state nickel wet-
ting (#>20 nm, 6~20°). The change of 6 is explained as due to the surface heterogeneity arising as a result
of chemical interaction between nickel film and gallium arsenide and of nickel dissolution in the liquid

lead.

W3ydyeHo cMmauyMBaHHE OCTPOBKOBHIMH KOHAEHCATaMH CBHHIA IUICHOK HHUKENS, HAHECEHHBIX Ha
MOHOKpHUCTa/LT apceHnaa ramwus (rpaub (111)). YeranoBneHo, 4To KpaeBoit yros 6 3aBUCHT OT TOJNIIMHEIL
t menku Ni W H3MeHseTcs B KpallHHX IIpefesiaX, COOTBETCTBYIONIMX cMadMBaHuIO uuctoro GaAs
(t—0, 6=120°) 1 cMayMBaHMIO HUKEIs B KOMIAKTHOM cocTostHum (1>20 HM, 0~20°). 3menenue O
0OBSICHSACTCSI TETEPOreHHOCTHI0 CMauMBAaeMOH TTOBEPXHOCTH, BO3HHUKAIONIEH B pe3yibTaTe XUMUYECKOTO
B3aMMOJICHCTBHS IUICHKH HUKEJIA C apCEHUOM TaJUTHsl U PACTBOPEHHUS HUKEIIS B XKU/IKOM CBHHIIE.

Today, a growing number of uses are being
found for materials evolved on the basis of ultia-
finely dispersed systems. In this connection,
studies of phase interactions regularities in such
materials determining their functional characta-
istics, become of ever more interest. The island
films form a convenient object to investigate the
contact interaction of phases in a highly-
dispersed condition. It was found previously that,
in highly-dispersed systems, the wetting is -
pended, both on liquid droplet size [1,2] and on
thickness of the substrate film which may be free
[2,3] or form an intermediate layer on the surface
of a bulk body [2,4—7]. In systems with such an
intermediate layer, as its thickness () increases, a
smooth transition occurs from the wetting of the
pure substrate to that of the film material in the
bulk state. The critical thickness corresponding
to the complete shielding of bulk substrate by the
thin film was found to be of 3 to 10 nm for non-
interacting systems and to increase considerably
as the mutual dissolution or chemical interaction
of components takes place [2,4-7].

In this work, presented are the results of we-
ting study in the triple system "lead microdio-
plets — nickel film of variable thickness — GaAs
single crystal".

The experimental samples were prepared in
the vacuum of 10 Pa by thermal evaporation of
metals and condensation onto polished and
cleaned (111) faces of GaAs single crystals. The
substrate temperature was maintained at 670 K
during the experiments what ensured the conden-
sation of nickel according to vapor-crystal
mechanism, while that of lead, according to va-
por-liquid one. The evaporators and substrate
positions were fitted so that, in one experiment, a
series of samples could be obtained having the
Ni film mass thicknesses from 1 to 50 nm and
those of Pb order of 10 mkm. After the condan-
sation was completed, the samples were cooled
in vacuum to the room temperature and studied
by means of the optical microscope MIM-8M.
The wetting angles (0) were measured by the
chipping method [8] on crystallized droplets of 5
to 20 mkm size. At a fixed Ni film thickness
value, the measurements were made for 15 to 30
droplets of various size and the results obtained
were averaged.

Fig.1 shows microphotos of Pb particles on
Ni/GaAs substrate illustrating changes in the
morphology of film structure. It is seen that n-
crease in the underlayer thickness results in
amalgamation of Pb islands at a constant mass
thickness of lead films and in transition from the
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Fig.1. Microphotos of lead particles on nickel films
of various thicknesses: 1 nm (a), 4 nm (b), 10 nm
(c), 30 nm (d) deposited onto GaAs (x 400).

spherical particles (that are usually observed in
the case of poor wetting) to labyrinth-type far-
mations which are characteristic for the liquid
phase spreading over a surface.

Experimental data for the wetting of polycrys-
talline Ni films on GaAs substrate by island Pb
condensates are given in Fig.2. Similar to triple
systems with an intermediate layer studied before
[2,4-7], the wetting angle varies here within a
range defined by limiting cases of lead wetting of
pure gallium arsenide (—0, 6~120°) and that of
massive nickel (#>20 nm, 6~20°). However, as
seen from Fig.2, the change of wetting in the
Pb/Ni/GaAs system can be subdivided into two
stages. First, the wetting angle diminishes to an
intermediate value 6=75°, then a plateau on 6(¢)
relationship is observed which was not found for
similar systems studied previously. Further, the
wetting angle changes again and attains the value
corresponding to the Pb/Ni system. Comparison
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Fig.2. The wetting angle change as depended on the
Ni film thickness in Pb/Ni/GaAs system.

of the data obtained with results related to anab-
gous Pb/Ni/Si and Pb/Ni/NaCl systems [6,7] d-
lows the conclusion that the wetting angle
change in the Pb/Ni/GaAs system is associated
with formation of well-wettable compounds on
the Ni film / GaAs single crystal interface as well
as with nickel dissolution in the liquid lead.
Based on this reasoning, the 0(7) relationship
shown in Fig.2 can be subdivided into four re-
gions where various states of the surface under
wetting are realized,these regions being corte-
sponding to ¢ ranges 0—6 nm (A), 6—14 nm
(B), 14—18 nm (C) and ¢ 18 nm (D). Two of
these regions are transient ones and, within
those, the wetting takes place on surfaces having
various degrees of heterogeneity occurring due to
chemical compounds formation (region A) and
dissolution of nickel in liquid lead (regionC).
Thus, the mechanism of the wetting angle
change in the Pb/Ni/GaAs system can be pr-
sented as follows. At /=0, the wetting angle
0=20° corresponds to the pure GaAs wetting.
The condensation of nickel on the GaAs surface
results in islands formation of a chemical can-
pound wettable with lead better than pure GaAs.
In A region, as the amount of deposited nickel
increases, grows the part of surface coated with
that compound what causes a smooth reduction
of the wetting angle value down to 6~75°. Then
the compound film becomes continuous (i.e.
shields the substrate completely), and the wetting
stops to change (region B). However, only a lim-
ited nickel amount may react with substrate at
the time of an experiment. Therefore, beginning
at a certain film mass thickness /<14 nm, an un-
reacted nickel layer remains on the substrate; up
to t~14 nm, that layer dissolves completely in
lead, and at #~14 nm, some part of it is retained
on the substrate. This causes a surface heteroge-
neity and, therefore, the transient region C arises.
At £>18 nm (region D) the nickel film becomes
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3MouyBaHHS CBHHIIEM TOHKHX ILTiBOK Hikei0 Ha GaAs

M.T.I'naokux, C.B./lykapos

BuBueHO 3MOYyBaHHS OCTPIBIEBHMH KOHAEHCATaMH CBHHIIO IUIBOK HIKENTIO, HAaHECEHHX Ha
MOHOKpHUCTaIK apceHiny ramito (rpaub (111)). BeranoBneHo, 1o kpaiioBuit Kyt 0 3ae:KUTh Bill TOBLIMHH
¢t IDTIBKY HIKENIO Ta 3MIHIOEThCS y KpaifHIX MekaX, IO BIANOBINAIOTH 3MOdYyBaHHIO 4ncToro GaAs
(t—0, 6=120°) i 3MOYyBaHHIO HiKeII0 B KOMHAakTHOMY ctaHi (£>20 HM, 0~20°). 3miHa O MOsSCHIOETHCS
TeTepOTeHHICTIO 3MOYYBaHOI MOBEPXHi, SIKa BUHUKAE B Pe3yJbTaTi XIMIYHOI B3aeMOJii IUIIBKH HIKEJIO 3
ApPCEH1IOM TrajJIifo Ta PO3UYMHEHHS HIKEIIO B PIIKOMY CBHHIII
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