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Effect of condensation conditions on phase
formation in thin two-layer Ni/GaAs films
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The temperature and structure state of substrate (NaCl poly- and single crystals) are shown to influence the
structure of phases formed as a result of interaction between Ni and GaAs layers. In films on polycrystal
substrates, polycrystal phases with structures similar to the y-, y'-, NiAs, Ni;Ga, phases in Ni-Ga and Ni-As
systems are formed besides the amorphous one. Single crystal substrate exerts an orienting influence resulting
in the energetically favourable growth of the hexagonal phase of the triple system with parameters a,= a,, ¢, =
2cy.

[Tokazano, yTO TemrepaTypa W CTPYKTYPHOE COCTOSHHE MOMIOXKKH (mmonu- u MoHokpucramioB NaCl)
OKa3bIBaeT BIMSHHME Ha CTPYKTYpy (a3, oOpasyrommxcs mpu B3aummopencrBuu cioeB Ni m GaAs. Ha
TTONMKPHUCTAIUTMIECKHX TTO/UIOKKAX B TUIEHKAX, HApsAy ¢ aMOp(hHOH, 00pa3yloTcs MOIUKpHCTAIIHIECKUE (Da3bl,
CTPYKTYpa KOTOPHIX MOA00Ha (a3zam y-, ¥'-, NiAs, Ni;Ga,, B cuctemax Ni-Ga, Ni-As. MoHOKpHCTaIDTHYECKAs
TIOJIOKKA OKa3bIBAeT OpPHEHTHpYIOLIEEe JEHCTBE M NPUBOAUT K DHEPreTHUYECKH OoJsiee BBITOJHOMY POCTY
reKcaroHanbHoi (asbl TPOHHON CUCTEMBI C MAPAMETPAMHU dy= Ay, Cyr = 2Cy.
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The temperature and structure state of substrate (NaCl poly- and single crystals) are
shown to influence the structure of phases formed as a result of interaction between Ni
and GaAs layers. In films on polyerystal substrates, polycrystal phases with structures
similar to the y-, y'-, NiAs, NigGa, phases in Ni—Ga and Ni—As systems are formed besides
the ameorphous one. Single crystal substrate exerts an orienting influence resulting in the
energetically favourable growth of the hexagonal phase of the triple system with parame-

ters @y = a, o= 2CY.

IToxasaro, 4T0 TemMnepaTypa H CTPYKTYPHOE COCTORHUE MOJJIOMKHM (IIOAM- ¥ MOHOKDHC-
tannoe NaCl) oxazriBaer BMufHUE HA CTPYKTYPY hasd, ofpasywomiuxcs OPH B3aUMOJCHCTRUM
croes Ni u GaAs. Ha nmonukpHeTaIINYeckUX MOLNOMKEX B [UIEHKAX, HADAAY C aMOppHO,
O0PASYIOTCH LTOAMKDUUTAIIMYECKHe (Padbl, CTPYKTYPA KOTOpbIX nogobua gasam y-, v', NiAs,
NigGa, s cucremax Ni—Ga, Ni—As. MoHOKDHCTARNAMYECKAA HORJOMKA OKA3LIBAET OPHMEHTH-
pyoiee tefersue 4 UPUBOAHMT K SHEPTeTHUYSCKH O0JNee BLITOAHOMY POCTY FEKCEIOHAJbLHON
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The growth of phases forming due to in-
teraction between thin layers of distinet sub.
stances being in contact is known to be af-
fected appreciably by temperature, material
and structure state of the subsirate (amor-
phous, poly- or single crystal) whereon those
layers are deposited. In [1], the study of
phase interaction between thin (30 nm) GaAs
films and variable-thickness (from 3 to
50 nm) Ni ones is described. The substrate
(polycrystalline NaCl film) temperature was
20 and 400 'C when GaAs was condensed and
400 °C when Ni was deposited. Various phases
of the ternary Ni-Ga-As system similar to
those of binary Ni-Ga and Ni-As ones were
observed to be formed depending on the con-
tacting GaAs and Ni layers thickness as well
as on the substrate temperature during the
condensation (20 or 400 °C).
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a, c

¥ v = QCT

Since the structure of forming phases
may be influenced not only by the substrate
temperature but also by its structure {single
crystal or polyerystal), it is of interest to
trace the phase growth in bilayer Ni/GaAs
films depending on its structure state
within a wide temperature interval. In this
work, structures of above-mentioned bilayer
films were studied on NaCl single crystal
cleavages and on polycrystalline NaCl films
at different temperatures.

The study procedure was as follows. The
gallium arsenide film was condensed onto
the substrate at room temperature; then, a
temperature gradient (90-500'C) was cre-
ated along the elongated plate (substrate
suppoert) and Ni layer condensed. The evapo-
ration and condensation were performed in
oil-free vacuum 107% Pa. The mutual
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arrangement of evaporators and subsirate
allowed to obtain bilayer films at the mass
ratio mp;iMgaas = 1:1 corresponding to the
composition (atomic per cent) 55.2:22.4:22.4,
that is, approximately Ni,;GaAs. Films
cooled in vacuum down to room tempera-
ture were separated from the substrate and
studied using transmitting electron diffrac-
tion method. Electron diffraction patterns
from phases forming at the interaction were
identified using standard methods as well
as by comparison of experimental data with
interplanar distances sets for known phases
of double systems Ni-Ga, Ni-As, Ga-As. Nets
of reciprocal lattice sites presented in [2]
for variously oriented cubic and hexagonal
crystals were used to identify point-type
diffraction patterns.

Consideration of electron diffraction pat-
terns from polycrystalline films correspond-
ing to the composition Ni, sGaAs show that at
T = 100 to 150°C those patterns contain
strong halos from the amorphous phase and
very blurred lines with d = 2.05 and 1.80 A
(for fee Ni, dyq; = 2.08 A, dggg = 1.76 A). At
higher substrate temperatures, a set of lines
is observed which are identified as those be-
longing to & hexagonal phase of Ni-As type.
Therewith, the lattice parameter a of the ter-
nary system hexagonal phase varies smoothly
from 3.80 to 3.67 A and the ¢/a ratio from
1.32 to 1.36 as the temperature elevates from
220 to 310 °C, the value of ¢ lattice parame-
ter remaining constant (¢ = 5.0 A). In Ni-As
and Ni-Ga systems, hexagonal phases with
the same lattice types y-NigGa, and NiAs
have lattice parameters a, = 4.00 A, ¢y =
4.98 A, ey/a, = 1.25 and ayjpe = 3.62 A,
tnias = 203 A, cyjas/Cniae = 1.39, respec-
tively. Halos from the amorphous phase are
present in diffraction patterns along with
diffraction lines from hexagonal phases.
The diffraction pattern undergoes substan-
tial changes at the substrate temperatures
from 820 to 500 °C. As calculations have
shown, the diffraction lines set corresponds
in this case to formation of a mixture of two
phases: one with lattice parameters close to
those of the ordered hexagonal y'-Ni;Ga,
phase (@ = 4.95 A, ¢ = 7.96 A) and another
cubic one with a = 11.30 A that is close to
the value for NijGa, (@ = 11.414 A) [3]; see
Table 1.

Another situation is observed in films
condensed on the single-crystal NaCl sub-
strate, At T = 200 to 300 °C, a system of
point reflections is observed positioned in
vertices of rhombs with angles between
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Table 1. Identification data for phases
forming at Ni and GaAs layers interaction
(mNI = mGaAs) at 355 °C.

No. i d, A [ (hkD) | a, A | (hkD) | a, A | c, A
1 4.65 | 211 [11.39
2 4.11 220 [11.60| 101 5.11
3 3.73 | 221 |11.19
4 3.45 | 311 |11.44 | 200 | 7.96
5 3.24 | 222 |11.22
6 3.10 | 320 |11.17| 111 4.95
7 2.65 330 (11.24
8 2.23 | 500 |11.15|
9 1.99 | 440 |11.26; 220 | 7.96
10 1.80 | 620 |11.38| 212 4.98
11 1.68 | 630 |11.27| 302 4.93
12 1.63 444 111.29( 401 7.96
13 1.55 720 11.28 222 4.95
14 1.33 | 822 {11.24 330 | 7.95
15 1.29 | 832 111.32| 412 | 7.97
16 1.26 | 840 |11.27] 421 4.95
17 1.17 § 932 |11.80 332 | 7.96
18 1.15 1 940 [11.38| 422 | 7.95
19 1.08 | 952 |11.33| 521 | 7.97
200 | 1.06 | 871 [11.31
21 1.03 | 954 [11.82] 611 | 7.93
Averaged values: |11.30 7.96 | 4.95

sides @ = 110°. Analysis of different nets of
reciprocal lattice sites given in [2] shows
that those reflections correspond to a sin-
gle-crystalline phase with hexagonal lattice
oriented by [121] direction along the elec-
tron beam, i.e. normal to the substrate
plane. Plane indices corresponding to reflec-
tions on diffraction patterns are presented in
Table 2. The crystal lattice parameters calcu-
lated using long-range reflections (taking into
account the inaccuracy of the equation rd =
LA, where r is the reflection, d is the interpla-
nar distance, LA is the instrument constant, L
is the effective distance from the sample to the
photography plate, A is the wavelength), are
found to be @ = 4.11 A, ¢ = 10.09 A.

Thus, if the hexagonal polycrystalline
phase of ternary Ni-Ga-As system (on poly-
crystalline NaCl substrates) at 320-400°C
substrate temperatures has a structure simi-
lar to that of the ordered y'-Ni;Ga; (2 = 2a.,
c=cy) a reciprocal relationship between the
parameters (a? " Oy Oy = 267) is observed

in the single-crystal phase deposited on NaCl
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Table 2

d(A) (hEl)

3.39 101, 111, 101, 111
2.94 012, 012

1.77 128, 123

1.72 202, 222, 203, 222
1.47 024, 024

1.32 391, 321, 811, 311
1.12 125, 125

0.97 036, 036, 432, 482

single crystal. Since all other conditions ex-
cept for the substrate structure were the
same, it is just the orienting action of the
substrate (NaCl single erystals) that is like
to be the reason for the growth of the phase
with such parameters.

If the [121] direction is positioned along
the normal te the substrate (cleavage plane
(100) of NaCl), indices for the plane (hkI) of
the hexagonal system parallel to the sub-
strate one can be determined. In contrast to
the cubic system, (Ak#) plane indices in this
case do not coincide with those of the nor-
mal to it, [uvw], and can be determined
from equations pairs (Cn) = 0 and (Bn) = 0
where n = wa + vb + we is the normal
vector and vectors C and B lie in the per-
pendicular plane {akl) and are equal to C =
b/k —a/h, B=¢/I — a/h respectively. From
two equations, ratios between indices v:u
and w:u and indices of {(hk!) plane perpen-
dicular to them can be determined [4]. It
follows from the relationship

wow = 2k + kb + 208/ 2(a2 /¢

that A =2u - v, k=20 — u, { = 2¢/a?. In this
case, [uvw] = ([121], (c/a? = 6.02 and
(hEI) = (014).

Let us consider the conjugation of hexago-
nal and cubic lattices in the direct and recipro-
cal spaces. The particles arrangement in the
hexagonal lattice with ¢ = 4.11 A, ¢ = 10.09 A
{i.e. when a = a,, ¢ = 2¢,, where v-phase of
Ni;Ga, has a lattice of nickel arsenide type) is
taken into account. If a plane (014) perpen-
dicular to the [121] direction is arranged
within a hexagonal lattice with doubled period
along ¢ axis, the shortest distances between
atoms of the same kind in that plane posi-
tioned in [[010]] (1), [[001/4]] (2), [[110]] (3),
[[101/4]] (4) sites, amount l|ris =|ry,l=a,
Iryol = Irggl = Irogl = YaZ + (¢/4}% and form a

net of parallelograms with sides 4.82 A and

46

O

X

e

7 Q X X
o . o = 4

Fig.1. Scheme of lattices conjugation between
cubic NaCl and hexagonal (v, ¥', ¥') phases in
the direct space: O, x are Nat, Cl” ions in the
plane perpendicular to [100] direction; A, ¢
are metal atoms in y-NiyGa, and v ”-NixGa}Asz
lattices ([121]][100]); &, @ are metal atoms
in y-Ni;Ga, and v'-Ni;Ga, lattices in the basal
plane ({100]([100]).

4.11 A, the angle between r;, and a being
64.76" (or a net of isosceles triangles). Cor-
responding nets for y and v’ phases consist
of parallelograms with sides 4.0 and
6.38 A, 7.98 and 21.38 A and angles 71.79"
and 79.25°, respectively. Therewith, the
(001) plane in y phase and (041) for v’ one
are perpendicular to [121] direction.
Conjugation of nets in the direct space
for NaCl, y-phase of Ni;Ga, 7y’-phase, y’'-
phase of the ternary system is presented in
Fig. 1. When constructing the scheme, the
most favoured particles arrangement is ac-
counted for at the a (or &) axis of the hex-
agonal lattice coincident with [110] direc-
tion of cubic NaCl crystal, because for NaCl
av2/2 = 3.99 A what is close to the ob-
served a parameter for vy, v’, v” phases. The
most unfavourable arrangement is charac-
teristic for y-NigGa, particles positioned
over opposite-signed ions of NaCl. It follows
from eleciron diffraction patterns identifi-
cation that the growth of the y” phase of
the ternary system is more energetically fa-
vourable. In this case, it coincident sites
along [110] NaCl, particles of the growing
phase distant at |ry| = 4.82 A from each

Functional matertals, 5, 1, 1998
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Fig.2. Scheme of lattices conjugation in the
reciprocal space when [121] direction of hex-
agonal crystals is coincident with [100] of
cubic ones: @ are NaCl, GaAs [100], O is
v-NisGa, [121], A is y'-NiyGa, [121], ¢ is
vy ”-Ni,Ga, [121].

other are positioned in points halving ap-
proximately the distances along the facet
diagonal. An arrangement similar to the
above is observed for y-Ni;Ga, particles
when its [001} is oriented along [001] NaCl.

Fig. 2 shows the conjugation of recipro-
cal lattices for y-NijGa,, v -phase, y”-phase
of the ternary system w:th reciprocal NaCl
lattice when [121] of y. ¥, ¥” phases is
oriented parallel to [001] of NaCl. It is seen
from the Figure that also in this case better
conjugation conditions with NaCl substrate
are observed for hexagonal y”-phase of
Nix(_':':ayASz while they are ‘deal for y-NiyGa,.

Experiments have shown however that ef-
fect of two factors, namely, a trend of
v-phase to the ordering at temperatures
from 200 to 400 °C and an orienting action
of NaCl substrate, result in that the
¥ “-phase growth is more energetically fa-
vourable as compared to that of v’ phase in
a bulk condition.

Thus, structure of phases forming at in-
teraction of thin Ni and GaAs layers is af-
fected both by the substrate temperature
during the condensation and by its struc-
ture state (single- or polyerystalline NaCti).
Polycrystalline films exhibit structures
identical to those observed in binary sys-
tems y-NigGa,, NiAs, Ni;Ga,, depending on
the substrate temperature. When the latter
elevates, the growing polyerystalline phase
of the ternary system shows a progressive
variation of the ¢/a ratio from 1.32 to 1.36.
At higher temperatures, an ordering is ob-
served where a = 2a7, ¢ = ¢, similar to the
binary Ni-Ga system. On single-crystalline
substrates, a single crystal phase with pa-

rameters a, - = ay, ¢, - = 2CT is grown under

the same conditions.
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IIpo BIMB yMOB KoHAeHcauii Ha ()a30yTBOpPEHHT B
TOHKMX JBomapoBHX miaiskax Ni/GaAs

I.II.N'pebennux, M.T.Madxux, C.B. lyxkapos

Noxasano, nIo TeMm daTypa i CTPYKTYPHHE CTaH HiARIAKKH (moni- ta mMomokpucTanie
NaCl) smnueawTs Ha CTPYKTYDY $as, 10 YTBODIITHES npu Baaemogil mapie Ni i GaAs. Ha
HonikpucTaniuHMX NIZKAMZKAX B OTIBKAX, NODAL 3 aMOP(IHOW, YTBOPIKTHCA NOJIKpHC-
TaliuHi (hasM, CTPYXTYpa AKuX noigibHa o dasz v-, v, NiAs, Ni;Ga, B cmeremax Ni—-Ga,
Ni—As. MonokpucTaziyHa -LIKA&IKA TPOABAHS OpieHTYIOuy Al | UPHBAIUTL 10 eHepreTHY-

HO Biapmr BHLIZHOIO poCTY .eKCAMOHANRHOI (hasu moTpilinel cucTeMu a3 TapaMeTpaMu &, . = d.,

Cyn = 2'37-
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