Phase equilibria of the Ga—Ni—As ternary system
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Phase equilibria were investigated in the Ga—Ni—As ternary system, with particular emphasis on the
regions of technological importance to Ni/GaAs electrical contacts. A 600 °C Gibbs isotherm was
constructed using x-ray-diffraction analysis and electron probe microanalysis of annealed samples.
Additionally, three isoplethgNiAs—GaAs, NiGa—NiAs, and NiGa—GaAsnd a partial liquidus
projection were established using differential thermal analysis and metallography. These data were
utilized to clarify some discrepancies in the literature pertaining to the constitution of the Ga—Ni—
As system, particularly questions about the existence of ternary phases. It was demonstrated that at
600 °C, previously reported ternary phases were actually specific compositions of the binary phase,
NiAs, which exhibits significant ternary solubility. Additional x-ray-diffraction and differential
thermal analysis experiments suggested that superlattice structures based on the NiAs structure may
become stable at lower temperatures. A ternary eutectic reaction was shown to occutat’610

with eutectic point at the composition NigGa, 30ASy 2> The existence of this eutectic reaction has
important ramifications for the development of Ni-based electrical contacts to GaAs because any
metallization scheme with a composition within the region bounded by NiGa, NiAs, and GaAs, as
well as elemental Ni, will experience at least partial liquid formation at temperatures greater than
810 °C. © 1996 American Institute of Physid$$0021-897806)07212-X

I. INTRODUCTION materials’'* Moreover, Lin et al}?*® introduced the con-
cept of using a diffusion path to rationalize phase formation

The fabrication of integrated circuits requires contactssequences in metal/GaAs contacts. Phase diagrams and bulk
with rectifying current—voltage characteristidSchottky  diffusion studies provide the basic information needed for
contact$™? and contacts with linear current—voltage charac-understanding phase stability and interfacial morphology in
teristics and low resistivitiesohmic contacts®>™® To be of metal/GaAs contacts.
practical use these contacts must be reproducible and reli- Owing to its technological importance, the phase equi-
able. Ni has been employed as a component in a wide arrdibria of the Ga—Ni—As ternary system has been studied by
of both Schottky and ohmic metallization schemes in GaAsseveral group$>~!’ These studies, however, have led to a
device technology. For example, NiAl, used as a rectifyingnumber of discrepancies about the system’s actual phase
contact ton-GaAs has been shown to enhance the Schottkgquilibria. As a result of these discrepancies, many of the
barrier height upon annealiffigln addition, Ni-Au—Ge underlying mechanisms of the interfacial reactions in con-
(Refs. 2 and Bis the standard for ohmic contactsneGaAs, tacts between Ni-based metallizations and GaAs are still un-
while Ni—In (Refs. 5 and Band Ni—In—W(Ref. 7 have also  clear. The present study was undertaken to reexamine the
been studied as ohmic contacts meGaAs. Finally, Si— phase equilibria in the Ga—-Ni—As system and resolve these
Ni—-Mg (Ref. 8 compounds have been researched as podliscrepancies.
sible ohmic contacts tp-GaAs.

During the fabrication of GaAs integrated circuits, the
thermal stability of the metal/GaAs contacts during high-
temperature processing steps is an important consideration. Isothermal phase equilibria samples were prepared with
Additionally, the contacts must exhibit long-term reliability commercial semiconductor grade GaAs and elemental pow-
at device operation temperatures. To this end, phase dialers of nickel, gallium, and arsenic, all with purity greater
grams have been demonstrated to be important in the undethan 99.99%. Powder mixtures with total masses of 0.5 g
standing of the reactions between metals and semiconduerere uniaxially pressed into pellets using a pressure of
tors, and in the selection of thermally stable metallization30 000 psi. All pellets were sealed in quartz ampoules evacu-

II. EXPERIMENTAL PROCEDURE
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ated to 10“ Torr. The pellets were first annealed at 600 °C At 600 °C five intermetallic phases exist in the Ga—Ni
for 10 d, and then pulverized, pressed, and resealed in quarkinary: NiGa; NiGa;, ¥'-NijsGay; NiGa; and NjGas. In-
ampoules. The pellets were then reannealed at 600 °C for Idrmation about their crystal structures is located in Table II.
d. After the second annealing the samples were quenched With the exception of NiGa, the ternary solubilities of the
ice water and cut in half. One of the halves was pulverizedhases found in this study are consistent with what was ob-
and analyzed using a Nicolet/STOE x-ray diffractometer opserved by other§’ NiGa was found to possess a smaller
erating in the Bragg—Brentano mode. The other half wasange(1l at. % of As solubility than was reported by Zheng
mounted in epoxy and metallographically cross sectioned foet all’ (~10 at. %. In Zhenget al’s study of phase compo-
compositional analysis, which was done with an Applied Re=sition by electron probe microanalysiEPMA), the grain
search Lab SEMQ electron microprobe using wavelengthsize of the NiGa phase was less thanukf. This small grain
dispersive spectroscogyVDS) of x-rays. size could lead to large inaccuracies in the composition mea-
For the isoplethal phase equilibria samples, master intersurement by allowing the electron probe to interact with
metallic alloys were prepared prior to the differential thermalgrains of neighboring phases.
analysis (DTA) experiments by weighing the desired The only compound that forms from Ga and As is GaAs
amounts of elemental metal piec&al with purity greater with the zinc-blende structure. At 600 °C EPMA shows a
than 99.99%and sealing them in quartz ampoules evacuateanaximum solubility of 2 at. % Ni in GaAs. This is larger
to 10 * Torr. These master alloys were annealed at 600 °Ghan what was found by other researchers using secondary
for 3 days to allow the elements to react, and then homogion mass spectroscopy.
enized at 1200 °C. Next, the alloys were slowly cooled to At 600 °C the Ni—As binary consists of four compounds:
600 °C and held there for several weeks to eliminate anWNisAs,; Nij;Asg; NiAs; and NiAs,. Their crystal structures
possible segregation before being quenched to room tenare also given in Table Il. NAs, and Ni;Asg were found to
perature. DTA samples with total masses of 30—50 mg werbave a small range of ternary solubility in the Ga—Ni—As
prepared by combining intermetallic master alloys, GaAsternary system, which is consistent with previous wbrk.
pieces, and elemental metal pieces to produce the desirddiAs, however, exhibited a much larger solubility than was
composition. All DTA samples were sealed in quartz am-reported in prior studie®:’
poules and annealed following the same procedure used in
preparing the master alloys. A Perkin—EImer DTA 1700 sys-B. Absence of previously reported ternary phases

tem was used to carry out the experiments. The DTA data The discrepancies found in the literature about the Ga—

were taken during the heating mode to prevent uncertaintyir,u\“_AS ternary system's phase equilibria at 600 °C center

reaction temperature due to undercooling. To obtain the r(.aéround the existence of ternary phases. Zhehgl” and

action temperatures three heating rates were used: 2 °C/m|g,andset al?° both identified a single ternary phase with the

5 °C/min; and 10 °C/min. The data were then extrapolated O4eal L . t he T oh
a heating rate of 0 °C/min. Temperature readings were calidea composition NGas (denoted as the T phase by

. Y Zhenget al); Guerin and Guivarcf reported five ternar
brate_d using both an Al standard and a Au_standard, W'tl\bhasgs. In contrast to these earlier stuzies, the present ?/nves-
a_\lumma utilized as the reference sample during data colle igation shows there is at most one ternary phase, located
tion. near they’'-Ni;sGa, binary, at 600 °C. All the other reported
ternary phases were shown to be specific compositions of the
NiAs solid solution which has extensive solubility in the
ternary.

The discussion evaluates the following three areas: the Both Zhenget al!” and Sandet al?® found the T phase
assessed Gibbs isotherm at 600 °C; the absence of previoudly possess a crystal structure that is intermediate between
reported ternary phases; and the eutectic reaction enclosedtimat of NiAs (B8;) and that of NjIn (B8,), therefore, it was
the ternary region NiAs—GaAs—NiGa, and its effect on con-termed theB8, 5 structure by Zhengt al. It is important to
tact formation. note that the T phase is isostructural with the high-
temperature phasey-Ni;Ga, found in the Ga—Ni binary
system, as will be discussed later. Zhemgal's work

To determine the Ga—Ni—As Gibbs isothermal phaseshowed that at 600 °C, the T phase was not a ternary exten-
diagram at 600 °C, 17 samples were prepared. These samplgisn of the y'-Ni;;Ga, solid solution phase because of the
were limited to compositions containing less than 50 at. %existence of a two-phase field along theNi,;Ga,—T-phase
As and less than 53 at. % Ga, since this is the region ojoin. However, neither Zhengt al. nor Sand<et al. proved
technological importance for the reactions in Ni/GaAs con-that the T phase was not a ternary extension of the NiAs
tacts. The gross compositions of the samples and the comp¢B8,) phase. Zhenget al. prepared no phase diagram
sitions of the coexisting phases are given in Table I. Figure samples with compositions lying between the reported T
shows the phase diagram determined using these samplgdiase and NiAs. Sandx al's work was based upon trans-
with dashed lines showing equilibria not determined by ex-mission electron microscop§f EM) analysis of reacted Ni/
periments but inferred from the phase rifleThe ternary GaAs couples, and therefore did not address the question of
range of homogeneity of thg'-Ni,;sGa, phase has also been the phase relationships between the T phase and NiAs.
depicted using dashed lines. The reasons for this are ad- Guerin and Guivarct used x-ray-diffraction(XRD)
dressed in Sec. Il B. analysis to investigate the phase relationships of the Ga—

IIl. RESULTS AND DISCUSSION

A. Assessed Gibbs isotherm at 600 °C
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TABLE I. Gross sample compositions, phases identified by metallography and x-ray diffraction, and compo-
sitions of phases as determined by EPMA.

Sample composition&t. %) Phase compositions by EPM@t. %
Phases by
Sample no.  Nickel Gallium Arsenic X ray Nickel Gallium Arsenic
GNA-1 22.6 54.8 22.6 GaAs 0.7 50.8 48.5
Ni,Gag 40.9 58.5 0.0
GNA-2 29.8 40.3 29.8 GaAs 2.6 49.8 47.6
NiGa 49.2 50.2 0.6
NiAs 51.6 18.6 29.8
GNA-3 42.5 15.0 42.5 GaAs a a a
NiAs a a a
GNA-4 53.0 41.0 6.0 NiGa 46.2 53.8 0.6
NiAs b b b
Ni:Gay 59.9 29.2 10.9
GNA-5 56.1 4.9 39.0 NiAs 51.6 5.1 43.3
Niq;Asg 58.1 2.6 39.3
GNA-6 63.7 5.9 30.4 NiASg 58.7 2.0 39.3
NiAs 62.5 12.2 25.2
NizAs, 70.0 1.1 28.9
GNA-7 69.0 155 155 NiAs 66.8 23.4 9.8
NisAs, 72.1 4.9 23.0
Ni;Ga 74.8 20.0 5.3
GNA-8 65.5 25.3 9.2 NiAs 66.0 25.1 8.9
GNA-9 79.6 10.2 10.2 NAs, 73.1 2.0 24.9
Ni;Ga b b b
Ni 85.4 13.1 1.5
GNA-10 63.0 13.0 24.0 NiAs 63.9 13.0 23.6
NizAs, 66.0 9.1 25.0
GNA-11 60.0 20.0 20.0 NiAs 61.0 20.1 18.9
GNA-12 57.8 15.6 26.6 NiAs a a a
GNA-13 54.9 9.8 35.3 NiAs a a a
GNA-14 52.8 5.6 41.6 NiAs a a a
Niy;Asg a a a
GNA-15 50.0 0.0 50.0 NiAs a a a
GNA-16 60.0 23.5 16.5 NiAs 62.0 23.4 14.6
GNA-17 60.0 27.1 12.9 NiAs 62.2 23.6 14.2
Ni;Gay 61.5 28.9 9.6

a8Sample not probed.
bGrains too small to be probed.

Ni—As system. By analyzing single-crystal samples theylished by each research group appear to be essentially iden-
identified a series of five ternary phases, whose phase field&al; only the indexing schemes adopted by the two research
extended roughly along a line between the binary phasegroups are different.

NiAs and y'-Ni,;sGa. Two of the phases had crystal struc- The present investigation shows that the T phase is not a
tures of theB8 type. The remaining phases possessed hexernary phase in the Ga—Ni—As system at 600 °C. Rather, at
agonal superlattice structures based onBBestructure. One this temperature the previously reported T phase is merely a
of these superlattice phases, denoted phase B, was found $pecific composition of the NiAs solution phase, which has a
include the composition NGaAs. This is in contrast to the wide range of homogeneity in the ternary region. Further-
findings of Zhenget al. and Sandst al, who did not find  more, in the present study it has been found that the extent of
any indication of aB8 superlattice structure at this compo- the NiAs solution phase field comprises four of the five ter-
sition. Additionally, a second ternary superlattice phasenary phase fields identified by Guerin and Guivarc’h.
found by Guerin and Guivarc’h, denoted phase C, was founamples GNA-15, 14, 13, 12, and {Table ) were made

to exist over a composition range of J&is,_,As,, where along the NiAs—T-phase join. All of these samples except
0<x<0.5. According to Zhengt al,, however, this phase is GNA-14 were found to have single-phase XRD patterns;
not a ternary phase but is an extension of the binary phasiese single-phase patterns could be indexed based on a hex-
v'-Ni;sGa. The powder XRD patterns of the phase pub-agonal unit cell.
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FIG. 1. The Ga—Ni—As Gibbs isotherm at 600 °C.
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FIG. 2. Unit cells of theB8, andB8, 5 crystal structures.

(NiAs), two of these sites are occupied by As atoms and the

other two are vacant.

In theB8,5 crystal structure

The existence of this extensive NiAs solid solution can(y-Ni;Ga&), two of the interior sites are occupied by Ga at-
oms and the other two are half-filled by Ni atoms. It is there-
type crystal structuregFig. 2). These structures have four fore possible for a solid solution phase to extend continu-
ously from NiAs to y-Ni;Ga, by the replacement of As

be rationalized based on an analysis of the hexagB®gal

potential interior lattice sites. In thB8, crystal structure

TABLE II. Crystal structures, lattice parameters, and temperature stability of the binary compounds.

Phases

Crystal structure

Lattice parametars)

Temperaturg°C)?

GaAs
Ni;Ga
NisGa

¥'-NiysGay

NiGa
Ni,Ga

NisAs,

Niy;ASg

NiAs

NiAs,(B)

cubic, ZnS¢F8, B3®
cubic, CyAu, CP4, L1,¢
orthorhombic, RiGa;, 0C16

monoclinic, NisGay, mC44°

cubic, CsClcP2, B2"
trigonal, NbAl5, hP5, D5,5"

hexagonal, NjAs,, hP42
tetragonal, Nj;,Asg, tP76
hexagonal, NiAshP4, B8,™

orthorhombic, Feg oP6, C18"

a=0.56538
a=.3585F
a=0.75F
b=0.678
c=0.3758

a=1.3822
b=0.7894
c=35.88°

a=0.28955
a=0.4054
c=0.4882

a=0.681%
c=1.2506

a=0.6870
c=2.1810

a=0.3619
c=0.5034

a=0.47572
b=0.57950
c=0.35442

1238()"
1212(p)¢
741(pd)®

680(pd)"

1220(¢)"™e
895(p)"

998(c)’

830(p)'

970(c)’

600(edP<T<825(p)

%Classificationst, p, ed and pd denote congruent, 'Reference 34.
peritectic melting, eutectoid and peritetic
decomposition, respectively.

bReference 27.
‘Reference 28.
‘Reference 29.
®Reference 30.
'Reference 31.
9Reference 32.
"Reference 33.
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IReference 35.
KReference 36.
'Reference 37.
"Reference 38.
"Reference 39.
°Reference 40.
PReference 41.
9Reference 42.
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FIG. 4. Differential thermal analysis heating curve ofGiaAs.

1.45
1.4 . .
 1.35 v'-Ni sGay, as was suggested by Zheagal 1’ According to
© 13 — Guerin and Guivarc’h, phase C has@?24c B8 superlattice
1-122 = structure. As has been discussed by Zheinagl. the structure
50 55 60 65 70 of the y'-Ni;sGa, while technically monoclinic, is very

similar to that of a 2Xc B8 superlattice. Indeed, Zheng
et al. pointed out that, in the past, such a superlattice struc-
ture has mistakenly been ascribed to the phaddi,;Ga, by
FIG. 3. Lattice parameters of the NiAs solid solution phase as function of Nimore than one researcher. Even Guerin and Guivarc’h have
composition. speculated that phase C might actually be an extension of
v'-Ni;5Ga into the ternary region. Nevertheless, Guerin and
Guivarc’h claimed to have successfully indexed all peaks of
atoms with Ga atoms and the half-filling of the vacant inter-a powder XRD pattern of phase C based onae<2c B8
stitial sites with Ni atoms. superlattice structure, whereas Zhegtgal. could not satis-
Based on structural arguments, it is reasonable that factorily index a few weak peaks of the pattern according to
continuous solid solution may form between NiAs andthe y'-Ni;sGa, structure.
v-Ni;Ga,. However, in the Ga-Ni binary system the XRD patterns obtained in the present investigation were
v-Ni;Ga, phase is only stable above 680 °C, where ansimilar to those published by Guerin and Guivarc’h and
order—disorder transition ofy'-Ni;sGa to 9-NisGa,  Zheng et al. Unfortunately, Guerin and Guivarc’h did not
occurs?! Therefore, at 600 °C the ternary homogeneity rangendex their published diffraction pattern or publish a listdof
of the NiAs phase closely approaches, but cannot reach, thepacings, making a rigorous comparison with their XRD pat-
Ga-—Ni binary because tH&8-type phase is not stable in the terns difficult. Overall, then, it was not possible to conclude
Ga-—Ni binary at this temperature. whether one indexing scheme is superior to the other. Fur-
The extensive ternary solubility of the NiAs phase is notther XRD investigations of this phase are warranted in order
unique to the Ga—Ni—As system. It may also be seen in théo resolve this issue.
Sn—Ni—As ternary systeRf,where at 800 °C there exists a While it is clear that the only ternary phase that could
continuous solid solution between NiAs and;8i,. It is  exist in the Ga—Ni—As system at 600 °C is phase C, this is
noteworthy that NjSn, is isostructural withy-Ni;Ga,. not necessarily the case at lower temperatures. Swénson,
In Fig. 3 the lattice parameters of the NiAs solid solutionusing differential scanning calorimetfpSC), observed a
phase are plotted as a function of Ni composition. The latticesolid-state reaction between 450 and 460 °C in samples with
parameters of all samples prepared for this study that exhita nominal composition of NGaAs. In the present investiga-
ited the NiAs phase are included in this figure. The fact thation, the existence of this reaction was confirmed by DTA on
these lattice parameter data follow Vegard’'s law with in-sample GNA-11, which has the gross composition of
creasing Ni content is consistent with solid solution behav-Ni;GaAs. The solid-state reaction is clearly evident in the
ior. The unit-cell volume of the NiAs phase is also shown toDTA thermograph depicted in Fig. 4.
increase continuously with increasing Ni composition. The  Figures %a) and 5b) show a comparison of XRD pat-
increase may be explained by the fact that as one goes froterns taken of the GNA-11 sample after being subjected to
the B8, structure to thé8, s structure the number of atoms different heat treatments. Figuréabis taken from a sample
per unit cell increases from four to five. which was quenched, whereas Fi¢b/as from a sample that
The present investigation does not conclusively answewas slowly cooled. The quenched sample exhibits the dif-
the question of whether phase C found by Guerin andraction pattern of a single phase with tB8, 5 crystal struc-
Guivarc’h'® is a ternary phase or a ternary extension ofture. While the diffraction pattern of the slowly cooled

at % Ni
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Two-Thet:
@ wo-theta FIG. 6. The NiAs—GaAs isoplethal section.
6004 Y -
5003 3 possible that the superlattice phases found by Guerin and
3 3 Guivarc’h formed from the NiAs solution phase during slow
2 400 o 2 cooling are not thermodynamically stable at higher tempera-
£ ] > - 3 tures. It is also important to note that Guerin and Guivarc’h
E 300 3 samples were annealed at 800 °C, and the constitution of the
3 . 1 Ga—Ni—As system, especially in terms of the range of ho-
200 o = 1 mogeneity of NiAs, may be somewhat different at that tem-
3 (=] -~ F.
7 r
‘ y y ' ' ' ' C. Eutectic reaction enclosed in the ternary region
30 40 50 60 80 0 ) ) :
70 %0100 NiAs—GaAs—NiGa and its effect on contact
(b) Two-Theta formation

FIG. 5. X-ray-diffraction patterns of a sample with the nominal composition The temperature at which a liquid will first form can
of NigGaAs. (8) Quenched from 600 °C, shows the existence of a singleplay an important role in the processing of electrical con-
phase with the_BBl_gtype crystal structurelb) Slowly cooled from 600 °C, tacts. As was shown by Jan and co—worRersing Ni/In/Ni
shows a possible superlatti&S3, stype crystal structure. Peaks that could . ..
not be indexed are labeled with af contacts, the formation of a liquid phase can greatly change
the contact’'s morphology and reaction kinetics. This section
examines the formation of liquid phases in the ternary re-
sample is similar to that of the quenched sample, it contain§ions of technological importance for Ni/GaAs contacts.
additional weak diffraction peaks which cannot be indexed ~DTA was used to investigate three isoplethal sections:
according to th881.5 Crysta| structure. NiAs—GaAs, NiGa—NiAs, and NiGa—GaAs, which are
The present investigators were unable to index the difshown in Figs. 6, 7, and 8, respectively. Figure 6 demon-
fraction pattern of the slowly cooled sample, however, fromstrates that the NiAs—GaAs isopleth is a pseudobinary, ex-
its general appearance it seems to be a superlattice based Riting eutectic behavior with liquid formation at 910
the B8, s crystal structure. The DTA and XRD data imply =5 °C. Figure 7 shows that a ternary eutectic reaction,
that at low temperaturebelow 600 °Q at least one NiAs- L—NiAs+NiGa+GaAs, exists close to the NiGa—NiAs
type superlattice phase exists in the Ga—Ni—As system. Evioin. At 42 mol % NiAs complete melting occurs 820 °C.
dence of a superlattice structure has also been seen in TEM
diffraction patterns of reacted Ni thin films on GaAs under
certain low-temperature (below 400°Q annealing o| DTA data points
conditions®* Alternately, it is also possible that the solid- 3%
state reaction is the result of the extension of the order—(:} 1200
disorder transition ofy’-Ni;3G& to y-NizGa, which occurs 5,4, \

©

in the binary at 680 °C, extending into the ternary. £ NiGa+L o L

The probable existence of one or more low-temperatureg * ||
B8-type superlattice phases in the Ga—Ni—As system mays %o N T % ’.ﬂxo/ij
explain in part the formation of ternary phases observed by gy lIN80% é\‘l‘:ﬁ“’ 2 Z N
Guerin and Guivarci® They fabricated samples which NG *NIAS NG+ Niw + Gus|" CaAs +L \(;aAs\
were homogenized at 1000 °C and slowly cooled to 800 °C. 7%, 20 w0 ~ e 30 00
The samples were then either quenched or slowly cooled to  Niga mole % NiAs NiAs
room temperature, with many of their samples employed in
single-crystal XRD analysis being slowly cooled. Consider-
ing the observations made in the present investigation, it is FIG. 7. The NiGa-NiAs isoplethal section.
548 J. Appl. Phys., Vol. 80, No. 1, 1 July 1996 Ingerly et al.
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Ga'

The same ternary eutectic reaction shown in Fig. 7 causes the
first liquid phase formation along the NiGa—GaAs jdkig.
8). Along the NiGa—GaAs join the lowest temperature atFIG.' 9. A partial liquidus projection within the NiGa—NiAs—GaAs ternary
which a single phase liquid region exists is 960°C. region.

In conjunction with the three isoplethal sections, addi-
tional DTA analysis of samples with compositions within the
NiGa—NiAs—GaAs region were used to construct a schelv' CONCLUSION
matic liquidus projection(Fig. 9). The liquidus projection The technological importance of Ni-based alloys in
shows a ternary eutectic reactidn,~NiGa+NiAs+GaAs, forming electrical contacts to GaAs makes the phase equilib-
occurring at the composition of NidGa, 30ASy 2o The eutec-  ria of the Ga—Ni—As system important. However, in the cur-
tic occurs at 81&5 °C and represents the lowest temperatureent literature there are a number of discrepancies concerning
at which a liquid will form within the region bounded by this system, primarily pertaining to the existence of ternary
NiGa—NiAs—GaAs. phases. This study was compared to other researchers’ earlier

The existence of this eutectic reaction in the Ga—Ni—Asphase equilibria studies on the Ga—Ni—As system in order to
ternary system has significant consequences for the developesolve these discrepancies.
ment of Ni-based contacts to GaAs. Any metallization The phase equilibria at 600 °C in the Ga—Ni—As system
scheme whose composition lies within the region boundedvere established by XRD and EPMA. The most important
by NiGa, NiAs, and GaAs, including the reaction products ofresult of the present investigation was the demonstration that,
Ni/GaAs, will exhibit at least partial melting upon exposure at 600 °C, NiAs possesses extensive solubility and the pre-
to temperatures greater than 810 °C. Even phases with relaiously reported ternary phases were actually specific com-
tively high melting points, such as NiGa, will react with positions of the NiAs binary phase. The wide range of ho-
GaAs above 810 °C to form some liquid phase. mogeneity of NiAs may be rationalized based on an analysis

Based upon the results of the present investigation andf the crystal structures of NiAs angNi;Ga,, both having a
those of previous researchers, a complete sequence of redexagonaB8-type crystal structure. However, it is still not
tions between thin films of Ni and GaAs may be specified aslear whethery’-Ni,;Ga, possesses extensive solubility or if
a function of annealing temperature. It is well documentech ternary phase exists close to the Ni—Ga binary. Using DSC
that the first phase to form in a Ni/GaAs couple has theand DTA, a solid-state reaction was found to occur at 450 °C
composition NjGaAs?>?*%> As is demonstrated in the in samples with compositions of MsaAs. From a compari-
present study, this is not a ternary phase but rather is a speen of XRD patterns of quenched and slowly cooled
cific composition of the solution phase NiAs. J&iaAs will Ni;GaAs, it appears that this solid-state reaction may corre-
continue to grow in Ni/GaAs diffusion couples, provided un-spond to the formation of a low-temperature superlattice
reacted Ni remain& Once the Ni is completely consumed, phase. This possibility could account for some of the experi-
Ni;GaAs will itself be consumed in a reaction with GaAs, mental observations of other researchers.

forming NiGa and As-rich NiAs ternary solution To study liquid phase formation, DTA data were used to
phas€®?*?This represents a state of thermodynamic equi<onstruct isoplethal sections along the NiGa—NiAs, NiAs—
librium, based on the present study. GaAs, and NiGa—GaAs joins. In addition to the isoplethal

However, the afore-mentioned reaction sequence is validections, a partial liquidus projection within the NiGa-—
only for temperatures below 810 °C. According to the NiAs—GaAs region was given. A ternary eutectic reaction
present investigation, at 810 °C the presence of the eutectic—NiGa+NiAs+GaAs was detected at 81® °C and the
reaction alters the phase equilibria of the Ga—Ni—As systencomposition of the eutectic point was estimated to be
such that the NiGa and As-rich NiAs solution phase will Nig 4,dGa 30ASy 2> This ternary eutectic point is the lowest
react with GaAs, forming a ternary liquid phase. temperature at which liquid formation will occur within the
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