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v-phase structure in Ni-Ga-As thin film system
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When GaAs and Ni layers are deposited onto NaCl single crystals, a single crystal phase of the Ni-Ga-As
ternary system is observed to grow. The presence of sites with a non-zero third index permits to determine the
lattice parameters giving a" = 4.11 A, ¢" = 10.90 A as well as the angle between [101] and [111] vectors

amounting 109°30". Due to the orienting effect of the NaCl substrate, the growth of the y"-phase of the ternary
system with a" = a,, ¢" = 2¢,, turns out to be more energetically favourable, while in massive specimens of the
Ni—Ga binary system, the y-phase ordering under annealing is accompanied by the y'-phase growth with a' =
2a,, ' =c,.

IMpn konnencamun cinoeB GaAs m Ni Ha moxmorpersie no Temrepatypsl 200-400°C monoxpucramuisl NaCl
HaOIroaeTcs POCT MOHOKPUCTANBHOM (a3bl TpoiHOH cucreMbl Ni-Ga-As. Hanuume y3510B ¢ HEHYJIEBBIM
TPETHUM MHIEKCOM JaeT BO3MOXKHOCTH ONpeIeNuTh napamerpsl pemerku a" = 4.11 A, ¢" = 10.90 A, a Taxke
yron Mmexay Bekropamu [ 101]u [ 111 ], pasubii 109°30'. Bnaromaps opuentupytomeMy Biusinuio NaCl-

TIOJIOKKH SHEPTeTHIECKN OoJiee BHITOIHBIM OKa3bIBaeTcsl pocT y'"-(ha3bl TPOWHON CHCTEMBI C Imapamerpamu a'
= ay, ¢" = 2c,, B TO BpeMs KaK B MacCHUBHBIX oOpa3lax JBoHHOH cucTeMbl Ni-Ga ynopsagodeHue y-Gasel npu
OTKHMI'€ COIPOBOXKIAETCS POCTOM Y'-asbl ¢ a' = 2a,, ¢' = ¢y.



Functional Materials 4, No.3 (1997)

v-phase structure in Ni-Ga-As thin film system

S.V.Dukarov

Kharkiv State University, 4 Svobody Sq., 310077 Kharkiv, Ukraine

| Received February 5, 1997

When GaAs and Ni layers are deposited onto NaCl single crystals, a single crystal phase
of the Ni-Ga—-As ternary system is observed to grow. The presence of sites with a non-zero
third index permits to determine the lattice parameters giving a'' = 4.11 A, ¢" =10.90 A
as well as the angle between [TOI] and [TlT] vectors amounting 109°30’. Due to the
orienting effect of the NaCl substrate, the growth of the y’'-phase of the ternary system
with a" = a, ¢’ = 2cy, turns out to be more energetically favourable, while in massive
specimens of the Ni-Ga binary system, the y-phase ordering under annealing is accompa-
nied by the y'-phase growth with a' = 2ay, ¢ = )

ITpu kougencanum cioee GaAs u Ni ma mogorpersie To Temneparypsl 200~400 °C momo-
kpucrasnsl NaCl rabarogaeress pocT MOHOKpHUcTANIbHEON Gasnl TpoitHoit cucremsl Ni-Ga-As.
Hanyune yanos ¢ HeHYJIEBEIM TPETHUM HHIEKCOM [AeT BOSMOMKHOCTD ONPeNeUThL NApAMETPHL
pemeriky @' = 4.11 A, ¢”" =10.90 A, a Tarxsxe yron Mexzgy BexTopamu [101] u [111], pas-
el 109°80'. Brarogaps opuentupyromemy siauaunio NaCl-nognoxky sHepreTudecku Gosee
BHITOZHBIM OKAa3bIBaeTCA POCT Y'-daskl TPOMHOIM cHeTeMEB! ¢ MapaMeTpaMu a = a, ¢ = 2¢,,
B To BpeMs KaK B MACCUBHEIX ofpaanax aBoiiHoil cucremul Ni—Ga ynopagouenue y-dassl npu
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OTIKHTe CONPOBOMXAAeTCA pocToM Y'-haswl ¢ a' = 2ay, ¢ =c,.

An ordering of both primary and secon-
dary solid solutions is known to occur in
many metallic systems at relatively low
temperatures. So, in the nickel-gallium sys-
tem, a variable composition phase y-Ni;Ga, is
formed having a nickel-arsenide type struc-
ture with lattice parameters a, = 3.992 A,
c, = 4.96 A, c/a=1.25 at T > 790 °C [1]. At
lower temperatures, the formation of a low-
temperature phase is observed in these alloys
[2], its structure is identified as that belong-
ing to a superstructure — y-phase of Ni;Ga,
with parameters @' = 2qa,, ¢’ = ¢, [3]-

In [4], electron diffraction study results
have been given for structure of phases
forming due to the interaction of thin
(about 10 nm) nickel and gallium arsenide
films deposited onto the NaCl single crystal
surface at two temperatures (room one and
T =400 °C) and with various thicknesses
ratio values. Later, similar studies have
been performed on phases forming at the
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interaction of nickel and gallium arsenide
layers having a constant thickness under
various temperature conditions in the
course of nickel condensation. In both cases,
a series of electron diffraction patterns con-
tains a reflections system typical for a sin-
gle crystal phase positioned in vertices of
rhombs having the angle ¢ = 110’ between
their sides. Site nets given in [5, 6] for re-
ciprocal lattice planes in cubic and hexago-
nal crystals positioned in vertices of rhombs
corresponding to various arrangements of
the crystal planes with respect to the pri-
mary beam direction have been used to in-
terpret the electron diffraction patterns ob-
tained in above investigations. So, nets con-
sisting of rhombs are observed for fcc crys-
tals oriented with [110] and [111] directions
along the primary beam or for bee ones ori-
ented with [111] along that beam. However,
vertex angles of corresponding rhombs are
72°82' and 60° for fcc crystals or 60° for bee
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Fig.1. Sites (e) arrangement scheme in the
reciprocal lattice plane of a hexagonal crystal
perpendicular to [121] direction. Sites corre-
sponding to the double diffraction [6] (+) are
positioned along straight lines (1) and (2);
reflections absent in the electron diffraction
pattern ( ) are arranged along the line (3).

ones, i.e. they differ from experimental
data. Thus, it is unlikely that reflections on
electron diffraction patterns obtained for
double-layered Ni-GaAs films are related to
diffraction on fce or bee lattices.

We have considered the reciprocal lattice
site nets corresponding to experimentally
observed reflections in vertices of rhombs
and probable to exist in the case of hexago-
nal crystals. It is just the nets perpendicu-
lar to [011], [121], [211] directions that
meet the above conditions. Rhombs are
formed if |lT;l and IIT;| are chosen drawn from

the reciprocal lattice coordinates origin to
sites with indices (011), (111), (101), (101),
(111), (011) for directions along the primary
beam [011], [121], [211], respectively
Reflections nearest to the primary beam
differing in interplanar distance values d,
and dy (d; = 3.29 A, d{=8.89 A and d, =

2.89 A, dj =2.94 A for two sample series)

have been used to determine the hexagonal
lattice parameters a and ¢ separately Indi-
ces were ascribed to those reflections ac-
cording to ones given on nets for various
reciprocal lattice planes [5], and then the
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Fig.2. Lattices conjugation scheme in the re-
ciprocal space when the [001] normal to the
basis plane of a hexagonal crystal coincides
with the [100] direction of cubic NaCl and
GaAs crystals. e NaCl, GaAs {100}, °
7-Ni;Ga, [001], A  y-NiyGa, [011].

hexagonal lattice parameters @ and ¢ have
been determined and angles between rhomb
sides have been calculated.

The results obtained for two sample se-
ries mentioned above are presented in
Table 1. That is, d; and d, values are ob-
tained by electron diffraction pattern proc-
essing for samples having a gradient of the
Ni layer thickness along the substrate, the
condensation being performed at the sub-
strate temperature 400 °C. While d; and d,

values are determined for films deposited
on the substrate where a longitudinal tem-
perature gradient from 100 to 500 °C was
provided prior to the Ni layer condensation,
layer thicknesses over the substrate length
were approximately constant. Calculated
values of angles ¢ between rhomb sides are
also given in Table 1 Comparison of the
observed and calculated data on those an-
gles allows to conclude that they are related
to films oriented with [121] direction (or
with [211] one identical with the former)
along the primary beam. Fig.1 shows the
net of the reciprocal lattice sites positioned
in the plane normal to [121] direction. A

Table 1
[uvw] (hik1l) (hokyly) d,=829A dy,=2.89A d,=889A d,=294A
a(A) e(A) ® ad) | oA @
011 100 111 3.80 6.04 99 ° 3.91 " 5.90 96°49’
121 101 012 4.00 10.40 11030’ 4.14 10.22 109°87
211 102 011 4.00 10.40 110°80° 4.14 10.22 10987
356 Functional materials, 4, 3, 1997
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Fig.3. Lattices conjugation scheme in the recipro-
cal space when the [121] direction of hexagonal
crystals coincides with the [100] one of cubic crys-
tals. ¢ NaCl, GaAs [100], ©  y-NizGa, [121],
A y'-NigGa, [121], ¢ v Nig(GaAs), [121].

more broad field of site indices is shown in
this figure than in [5], allowing to give
indices to all reflections on electron diffrac-
tion patterns obtained in this work. Indica-
tion data are summarized in Table 2.

The crystal lattice parameters have been
refined using reflections from planes with
large indices. Experimental values of dis-
tances R for long-range reflections were. cor-
rected for in accuracy of the formula
Rd=LMR ~R(1-A), A=8x2/8, x =tg 20 =
R/L, L=860mm, 2L\ =66.54 A-mm). For
(306) and (125) reflections, d values 1 12
and 0.97 A have been obtained, respec-
tively The following crystal lattice parame-
ters values have been determined from the
above data. a = 4.11 A, ¢ =10.09 A, ¢/a =
2.46, the angle ¢ between (101) and (111)
planes is 109°30° The obtained a and ¢ val-
ues are related to lattice parameters of
Ni—-Ga system vy-phase by ratios a = a, ¢ =
2¢.. The calculated ¢ angle value coincides
ac:l,ually with that observed on diffraction
patterns (see Table 1).

To explain ¢ and ¢ values obtained for
the single crystal phase of the ternary sys-
tem under consideration and the reasons of
its growth with [121] direction perpendicu-
lar to (001) plane of the NaCl substrate, an
orienting effect of the latter is to be ac-
counted for The growth in [121] direction,
in contrast to [001] one that is more typical
for hexagonal crystals, might be associated
with a smaller angular and linear misfit
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between lattices of the growing phase and
of the substrate. Therewith, it is just the
lattice dimension increase along the ¢ axis
that turns out to be more favourable ener-
getically, in contrast to the increase along
the a axis as it is the case in the course of
Y -phase ordering in a bulk Ni—-Ga system
[3], since the latter causes an increase of
the size misfit between the growing phase
lattice and the substrate ome. This conclu-
sion follows from the lattices conjugation
schemes (see Figs.2 and 3) constructed
using their reciprocal spaces oriented in a
certain manner In Fig.2, vertex points of
the square net belong to the reciprocal lat-
tice sites of NaCl crystals when the [100]
direction is perpendicular to the single crys-
tal cleavage plane where GaAs and Ni layers
are deposited. In the same scale, points des-
ignated as (e), (°) and (A) corréspond to sites
of the reciprocal lattice for GaAs (at the
identical orientation), for y and y'-phases
with NiAs type lattice (¢/a = 1 25 for y and
0 625 for y) oriented with [100] direction
normal to the substrate, respectively The
reciprocal lattice sites for hexagonal phases
form a rhombic system with the angle
¢ = 60° between sides, no matter what is the
¢/a ratio. In those cases, the conjugation of
hexagonal and cubic phase lattices seems to
be very unfavourable. Fig.3 shows similar
constructions in a reciprocal space when
hexagonal y and y lattices as well as y"’ one
observed in this work are oriented with
[121] direction parallel to [100] of NaCl and
GaAs. Lattices of the hexagonal (y-) phase
and cubic (GaAs, NaCl) crystals turn out to
be oriented in the best manner A calcula-
tion evidences that, if the ¢/a ratio is 1 25,
the angle between (101) and (111) planes
(i.e. between the reciprocal lattice vectors
drawn to sites with the same indices) is
90.77° This results in an almost ideal con-

Table 2.

d(A) (hkl)

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

177 123, 123

172 202, 222, 202 , 222
1.47 024, 024
1.32 321, 321, 311, 311
112 125, 125
0.97 036, 036, 432, 432
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jugation between the cubic lattice and the
hexagonal one.

A different picture, however, is observed
in experiment. In the ternary Ni~Ga-As sys-
tem, the y’ phase with a hexagonal lattice
(c/a = 2.46) is formed rather than one
based on the y-NizGa, lattice. It follows
from Fig.3 that the conjugation of y" lattice
and the cubic one is more favourable at
[121]([100] than that of y and the cubic
(NaCl) one. Consequently, the growth of an
ordered y' phase with a doubled period
along ¢ axis is more favourable energeti-
cally that that of ¥ one having the doubled
period along a axis.

Thus, the hexagonal y'-phase of Ni-Ga-As
system with a gallium-arsenide type lattice
having parameters a = 4.11 &, ¢ = 10.09 A
(c/a = 2.46) is observed to be formed under
an interaction of GaAs and Ni layers depos-

ited onto NaCl single crystals at the sub-
strate temperatures from 200 to 400 °C.
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Crpyxrypa y-¢pasu B TonkomaiBkosiii cucremi Ni-Ga—-As

C.B.Jyxapos

ITpu xoumercanii mapis GaAs i Ni ma migirpiti go TemnepaTypu 200—400 ‘C monOKpucTAIM
NaCl criocrepiraetbea picr MonokpucTanbHol dasu morpitimoi cucremu Ni-Ga—-As. Hassmicrs
By3JiB 3 HeHYJBOBUM TpeTiM iHZeKCOM Aa€ MOXKJIMBiCTL BUSHAYNTU NAPAMETPHU IpaTKu a’' =
4.11 A, ¢” =10.90 A, a Takox KyT Mix BexTOpaMu [TOI] i [TII], Axui gopieuioe 109°30°

8aBAAKM  opieHTyHOUOMY

ey  NaCl-nmigxaagxu

eHepreTU4YHO Oinbil  BUrigHEM

BUABJASETBCA picT y'-dasu norpiiiHol cueremu 3 napamerpamu a4 = a., ¢’ = 2cy, B TOH wvac

v

AK y MacuMBHHUX 3paskax nopsiiiHoi cucremu Ni—-Ga snopsaxyeanus y-dasu mpu Bignami

CYIIPOBOMIKYETHCS pocTOM Y'-dasu 3 mapaMerpamMu a’' = 2ay, ¢ =c

358

v

Functional materials, 4, 3, 1997



	Page 1
	Page 2
	Page 3
	Page 4



