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In-situ high temperature X-ray diffraction study
of Co/SiC interface reactions
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In situ experiments on the Co/SiC interface reaction were carried out with a high
temperature X-ray diffractometer capable of measuring the X-ray diffraction pattern in 1-4s
using an imaging plate. The kinetic formation processes of the interface reaction layer were
measured in short-period exposure experiments with the apparatus. The time-temperature
phase diagram of Co/SiC in N, was determined. Co,Si and CoSi were formed at the Co/SiC
interface between 921 and 1573 K in N,. The formation of CoSi obeyed the parabolic rate
law. The value of the activation energy was 95 kJ/mol. The results of thermal expansion
coefficient measurements suggest that when a sample is cooled to room temperature,
compressive strain caused by CoSi occurs on SiC. © 1999 Kluwer Academic Publishers

1. Introduction posited on the substrate by means of vacuum deposi-
SiC has been interested in the electronic device at higtion at 1x 102 Pa. The thickness of the thin film was
temperature and in severe environments [1]. There0.5um.
fore, it is important that the elementary processes of Fig. 1 shows a schematic of the high temperature X-
metal/SiC interface reactions are investigated. In thigay diffractometer [8, 9] which consists of a Seemann-
work, we focused our attention on interface reactiondBohlin camera [10] and an imaging plate (IP) [11]. Be-
of Co and SiC, because Cosilicide has been widely usedause the Seemann-Bohlin camera is a parafocusing
in VLSI technology for contacts and/or interconnectscamera which produces high intensity diffraction lines
in silicon-based devices [1]. The interface reactions ofand the two-dimensional IP has good X-ray sensitiv-
Co/SiC have been investigated by several researcheity, this high temperature system can record complete
[1-7]. All of them concentrated on carrying out mea- diffraction patterns in 1-4s. Using Cu X-rays at 54 kV
surements after the reaction, lisituexperiments are and 260 mA filtered by a Ni filter, a peak intensity of
necessary to reveal the elementary reaction processesapproximately 8000 counts is obtained from the (11 0)
detail. In these experiments, X-ray diffraction methodsreflection ofx-Fe using a 2s exposure [8, 9].
have an advantage for observation of crystal structure The samples were heated from room temperature to
changes during the interface reaction. between 871 and 1573 K at a rate of 60 K/min, held
In this paper, we descrilia situ experiments on the there for 1 h, and cooled to room temperature. This
Co/SiC interface reaction, which were carried out withtemperature process was performed in Whein situ
a high temperature X-ray diffractometer [8, 9], capablemeasurements were carried out with repeated exposures
of measuring the X-ray diffraction pattern in 1-4s using(exposure time: 2s) during the heating process.
an imaging plate to elucidate the elementary formation
processes of the reaction layer, the relationship between
time and temperature in the phase transformation, th8. Results and discussion
activation energy of the reaction layer, and the thermaB.1. Formation of reaction layer
strain relationship between the reaction layer and thédexagonal type Co changed to cubic type Co (high
substrate (SiC). temperature phase) during heating ip &hd only cu-
bic type Co existed at 871 K. Fig. 2 shows the change of
the X-ray diffraction patterns of Co/SiC held at 921 K in
2. Experimental procedure N». There are dead angles at the center of the diffraction
Polycrystallinex-SiC (6H) [sintering additives; B, C: patterns, because the apparatus uses two sheets of IP.
Toshiba Corporation] was cut into pieces measuringCo,Siwas found, and the intensity of the £3) diffrac-
20mmx 10 mmx 0.5 mm. These were polished with tion peaks increased with time. There was a diffraction
a diamond whetstone and cleaned in acetone for uggeak of C obtained by the dissolution of SiC. There
as substrates. A Co [purity 99.99%] thin film was de-were diffraction peaks of the polymorph of SiC. This
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Focusing circle The above observations suggest that the reaction
Seemann-Bohlin camera formulas are 2Cg- SiC— C0,Si+ C, CoSi+ SiC—
2CoSi+ C and Cot+ SiC— CoSi+ C, where CegSi
was formed a little. A model of these reactions is
shown in Fig. 6. The diffusion path between SiC and
Co is thought to be Si€> Co,Si+ C— Co, but CeSi
changes to CoSi at high temperature. Because the dif-
fusion path between SiC and Ni éfNi,Si and6-
Ni,Si (high temperature phase &Ni,Si) growth in

the experiments of Ni/SiC conducted by Fujimura and
Tanaka [12] was SiG> §-Ni,Si+ C — Ni, buté-Ni,Si
changed t@-Ni,Si at high temperature.
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Figure 1 Schematic of the high temperature X-ray diffractometer [8, 9]. history of the thickness of the CoSi layer at each tem-
perature was calculated. It was assumed that the thick-
ness of the CoSi layer formed from all of the deposited

existed from the beginning and was not formed dur-Co corresponds to the integrated intensity of (21 1) re-

ing the heating process. Fig. 3 shows the change of thiéection in CoSi when the reaction layer of CoSi was

X-ray diffraction patterns of Co/SiC held at 1173 K completely formed. However, in this calculation, the

in N,. The intensity of the Cg5i diffraction peaks de- effects of thermal expansion were ignored, since the

creased with time, and the €9 diffraction peaks dis- values were compared with those obtained in thermal

appeared at about 30 min. The CoSi diffraction peak$reatment experiments performed by other researchers.

appeared at about 15 min, and the intensity of the CoSThe relationship between the square of the thickness

diffraction peaks increased with time. Note that Co co-(x) of CoSi layers at each temperature and ti)eg

existed at this temperature. Fig. 4 shows the change afhown in Fig. 7. It is apparent that the parabolic rate

the X-ray diffraction patterns of Co/SiC held at 1573 K law (x? = Kt; K: rate constant) [13] is upheld.

in N,. The intensity of the Co diffraction peak disap- SinceK is proportional to the diffusion coefficient,

peared withtime, and all Co changed to CoSi after about

23 min. Fig. 5 shows a time-temperature phase diagram logK = 0.4343Q/RT) + A,

of Co/SiC in Nb.. Note that these results were obtained

under the experimental conditions in this work. Ac- where 0.4343 is the conversion constant from natural

cording to the experiments conducted by Poetal. logarithms to common logarithmg is the activation

[6], Co silicide and C coexist. Therefore it is thought energy,R is the gas constari, is the temperature and

that the same phenomenon, i.e., the coexistence of CAis aconstantQ is obtained from the gradient of Idg

silicide and C, occurred in this work. and 1. Fig. 8 shows the relationship between ldg
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Figure 2 Change of the X-ray diffraction patterns of Co/SiC held at 921 K jn Glo,Si was found, and the intensity of the £3i diffraction peaks
increased with time.
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Figure 3 Change of the X-ray diffraction patterns of Co/SiC held at 1173 K jn The C@Si diffraction peaks disappeared at about 30 min. The
CosSi diffraction peaks appeared at about 15 min. Note that Co coexisted at this temperature.
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Figure 4 Change of the X-ray diffraction patterns of Co/SiC held at 1573 KinAI Co changed to CoSi after about 23 min.
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Figure 5 Time-temperature phase diagram of Co/SiC in N

and 17 for the growth of CoSi in our experiments. The
value of Q was 95 kJ/mol.Q value for CoSiz layer
growth in the experiments of Co/SiC (1173-1423 K) in
Ar conducted by Noget al. [2] was 106 kJ/mol, which
is close to our value. Their reaction layer differs from
our that, because our work was performed in N

TABLE | Thermal expansion coefficients evaluated from the lattice
constants of SiC, Co and CoSi, which were calculated from the X-ray
diffraction patterns at different temperatures. Reference values [14-16]
are shown for comparison

Thermal expansion coefficienk (10~4/K)

Material

(System) a c Reference
«-SiC (Hexagonal) 0.07 0.06 0.05[14]
Co (Cubic) 0.16 — 0.16[15]
CoSi (Cubic) 0.15 — 0.15[16]
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Figure 6 Formation model of the reaction layer at Co/SiC interface in N
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Figure 7 Relationship between the square of thickne3s{CoSilayers
at each temperature and tintg. (The parabolic rate law is upheld.
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Figure 8 Relationship between lo and 17 for the growth of CoSi.
Activation energy was estimated as 95 kJ/mol.

3.3. Strain at interfaces

(1) The kinetic formation processes of the interface
reaction layer were measured by short-period expo-
sure experiments with a high temperature X-ray diffrac-
tometer.

(2) The time-temperature phase diagram of Co/SiC
in N> was determined. G&i and CoSi were formed
at the Co/SiC interface between 921 and 1573 K
in N». The elementary reaction processes were
2Co+ SiC— Cq,Si+C, CoSi+ SiC— 2CoSi+C
and Co+ SiC— CoSi+ C, where CeSi was formed
a little. Note that these results were obtained under the
experimental conditions in this work.

(3) The formation of CoSi obeyed the parabolic rate
law. The activation energy was 95 kJ/mol. This value
is close to the value of Noggt al [2], but their re-
action layer was CgBis. It is thought that the mis-
match is caused by the difference of experimental atmo-
sphere.

(4) The results of thermal expansion coefficient mea-
surements suggest that when a sample is cooled to room
temperature, SiCis compressed by CoSiatthe interface.
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