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GROWTH AND MICROSTRUCTURE OF SELF-ORGANIZED CoSi,-Si IN SITU EUTECTIC COMPOSITE

WZROST I MIKROSTRUKTURA SAMOORGANIZUJACEGO SIE KOMPOZYTU EUTEKTYCZNEGO CoSi,Si

The aim of the study was to determine the type of the CoSi,-Si eutectic in sifu composite microstructure in function of the
growth rate value. All growth processes were carried out using a directional crystallization technique with the Bridgman method
at the constant value of the temperature gradient equals 170K/cm. The influence of the growth rate on eutectic microstructure
was examined. The range of applied growth rates was (20 500)um/min. The prepared samples were investigated using light
microscopy (OPTON interference microscope, Nikon alphaphot 2) and scanning electron microscopy (SEM). Phase composition
analysis was carried out using PHILIPS PW 1130 diffractometer. It was ascertained that an application of growth rates of 100
pm/min or lower allows to receive the continuous lamellar character of the CoSi-Si in situ composite microstructure. For
growth rates from the range of (100 500)um/min microstructure of the CoSi,-Si in situ composite takes broken-lamellar form
in parallel sections and at the 500pum/min value of growth rate the transition of oriented microstructure type into irregular is
observed.
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Celem badari byfa charakterystyka mikrostruktury kompozytu eutektycznego CoSi,-Si in situ w funkcji predkosci wzrostu.
Wszystkie procesy wzrostu przeprowadzone zostaly przy uzyciu techniki kierunkowej krystalizacji z wykorzystaniem metody
Bridgmana przy statej wartosci gradientu temperatury, wynoszacej 170K/cm. Badano wptyw predkosci wzrostu na mikrostruk-
turg otrzymywanej eutektyki. Zakres stosowanych predkosci wzrostu miescit si¢ w przedziale (20-500)um/min. Przygotowane
prébki badano przy uzyciu mikroskopii §wietlnej (mikroskop interferencyjny OPTON, Nikon Alphaphot 2) i elektronowej
mikroskopii skaningowej (SEM). Analiza sktadu fazowego zostala przeprowadzona przy pomocy dyfraktometru polikrysta-
licznego PHILIPS PW 1130. Wykazano, iz zastosowanie predkosci wzrostu réwnych 100um/min, badZ nizszych, pozwala
otrzymac mikrostruktur¢ kompozytu CoSi,-Si o charakterze ptytkowym. Dla predkosci wzrostu z przedziatu (100 500)um/min
mikrostruktura sprzgzonych faz CoSi»/Si na przekroju wzdluznym wykazuje liczne nieciaglosci, natomiast przy predkosci 500
pm/min obserwuje si¢ przejScie zorientowanej mikrostruktury w nieregularng.

1. Introduction influence on the resistance of the InSb semiconducting

matrix that are embedded into.

The metal-semiconductor eutectic in situ composites
obtained using directional crystallization techniques are
interesting and excellent materials in respect of many
special physical properties. That kind of materials pos-
sesses many advantages as simple processing technique,
high thermodynamic stability of constituent phases, reg-
ular phases distribution, high microstructure controlla-
bility or strong anisotropic performance [1]. The one of
the first commercial applications of the oriented eutec-
tic in situ composite in microelectronic have been the
InSb-NiSb field plates [2]. In this case the high conduc-
tivity NiSb metallic fibres increase the magnetic field

*

Since few last years the intensive studies concerning
the MeSi;-Si eutectic in situ composites (Me = Ti, Cr,
Co, Ta, W) have been conducting. The TaSi,-Si compos-
ite obtained using Czochralski as well as electron beam
floating zone technique is a favorable field emission ma-
terial due to relatively low work function, good electron
conductivity, and three dimensional array of Schottky
junctions grown in the composite spontaneously [3, 4].
So it is an ideal candidate for field emission array cath-
ode in the newest FED (Field Emission Display) tech-
nology.
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However there is not much data in a literature con-
cerning the CoSi,-Si eutectic in situ composite that also
belongs to aforesaid type. The cobalt disilicide (CoSi5)
thin films have already found wide application in ad-
vanced silicon technology of very large scale integration
systems (VLSI and ULSI) [5]. In this case a key pa-
rameter that determines the ability of the silicide to be
grown epitaxially on silicon is the lattice mismatch of the
silicide to the single crystal silicon substrate, 7, which
is defined as:

n = (Gsiticide — Gsi)/asi,

where agjiciqe is the lattice parameter of the crystalline
plane of the silicide that is lattice matched to silicon and
as; is the lattice parameter of silicon. For good quality
epitaxial films, the lattice mismatch between the sili-
cide and the silicon substrate is typically less then 3%
[6]. Among other things the relatively low value of the
CoSi,/Si lattice mismatch coefficient (7 = 1,2%) makes
the CoSi, promising candidate for metallic phase in the
metal semiconductor eutectic in situ composite.

The eutectic microstructure can exhibit many
geometrical forms. It can be regular-lammelar,
regular-rod-like, irregular, complex regular,
quasi-regular, broken-lamellar, spiral and globular. In
respect of the specific mass transport ahead of a sol-
id/liquid interface of growing phases this type of mate-
rials is known as self-organized microstructure eutectics
[7]. The first theoretical description of the coupled lamel-
lar growth of eutectics has been proposed by Jackson
and Hunt (J-H theory) [8]. The J-H theory being origi-
nally not precise in many respects has been repeatedly
revised by many authors [9, 10, 11]. The one of the latest
modification of the J-H theory proposed by Wotczynski

[12] consists in introduction of a new model for the
formation of a concentration field ahead of growing reg-
ular lamellaes with respect to the solid/liquid interface
shape.

During directional solidification process of the eu-
tectic in situ composites except the materials parameters
two basic technological parameters as growth rate, v and
temperature gradient, G have fundamental influence on
eutectic preparation. In case of regular eutectic growth
both parameters decide on interlamellar spacing, A4 [13].
In order to obtain a specified microstructure type of such
composites it is necessary to determine values of men-
tioned variables. Because of strong influence of both
variables on the eutectic microstructure it is necessary
to establish one of these parameters as constant.

Therefore the aim of the study was to determine
the type of the CoSi,-Si eutectic in situ composite mi-
crostructure in function of the growth rate value.

2. Experimental

The preparation of the CoSi,-Si eutectic ingots was
carried out in a vertical quartz reactor in a helium pro-
tective atmosphere (99.999%) at the pressure of 1 atm
[14, 15]. As a starting materials Si (99.999%) and Co
(99.8%) were used. In order to melt the charge an in-
duction generator was used. The starting materials were
melted in conical point bottom alumina crucible with
circular section. After homogenization process that was
carring out at the temperature of 1500°C and the time of
2 hours the crucible with the melt was pulling down to
lower temperature zone. An optical pyrometer was used
to measure the temperature of the melt. Tab. 1 presents
listing of the selected samples discussed in this paper.

TABLE 1
Listing of the selected samples obtained using Bridgman technique
- s Growth Temperature
Sample No. Chemlc:}l composition Components masses [g] Charge rgte grggi:nt
at. %]} mass {g] [wm/min] [K/cm]
Co Si Co

1 7,7 12,57 20,27 20

2 7.55 12,33 19,88 50

3 22.5 77.5 7,65 12,56 20,217 100 170

4 7,55 12,33 19,88 500

5 7,65 12,56 20,21 100/500

First of all the obtained ingots were cut using a
spark-erosion SMD SERVOMET machine. Then the
samples were mechanically polished on vibration polish-

ing machine in an Al,Os slurry and chemically etched
in deionized water 30% KOH solution at the temper-
ature of 80°C and time of 5 sec in order to remove



the Si phase and reveal a microstructure of the CoSi,
matrix. Prepared in this way specimens were submitted
to metallographic observations conducted using Nikon
Alphaphot-2 light microscope. Phases in the prepared
specimens were identified by X-ray diffraction using
PHILIPS PW 1130 X-ray diffractometer with radiation
CuK, and wavelength 1=1,54056A. Besides, the chem-
ical microanalysis studies also were performed. In or-
der to this the scanning electron microscope of Jeol
JMS-6480 equipped with an EDXS spectrometer was
used.

3. Results and discussion

The metallographic observations of prepared sur-
faces showed that the growth rate has a significant in-
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fluence on morphology of the CoSi,-Si eutectic in situ
composite. A series of the CoSi,-Si in situ composite
growth processes conducted at the constant value of tem-
perature gradient (170K/cm) allows to characterize the
microstructure in function of the growth rate value from
the range of (20-500)um/min. An application of growth
rates of 100um/min or lower allows to receive the contin-
uous lamellar character of microstructure (Fig. 1). In this
case the structure of received composite takes the form
of the silicon channels embedded into the CoSi, matrix.
Microphotographs parallel to the growth direction (Fig.
1 a, c¢) shows a continuous character of both coupled
phases regularly arranged in the entire ingot volume.
However the cross-section microstructure (Fig. 1. b, d)
exhibits an undetermined shapes of the silicon channels.

Fig. 1. SEM images of the CoSi,-Si eutectic in situ composite microstructure parallel (a, ¢) and transverse (b, d) to the growth direction

(Sample No. 2)
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The samples received using growth rates of 100pm/min
and lower, exhibiting the regular continuous lamellar
character of microstructure were the subject of the av-
erage interlamellar spacing 4 measurement. Because of
the undetermined shapes of the silicon channels of cross

sections the measurement had a statistical character de-
pendent on the parallel sections lamellaes arrange. It was
ascertained that the interlamellar spacing A is proportion-
al to the applied growth rate (Fig. 2) but the character
of this dependence is nonlinear.

A=5,0£0,3um |
EWMENE

Fig. 2. Comparison of the average CoSi,-Si eutectic lamellar spacing A in function of the growth rate according to values: (a) 100pum/min
(Sample No. 3), (b) 50um/min (Sample No. 2), (c) 20um/min (Sample No. 1);

An application of growth rates not much higher
than 100pm/min causes interruptions in lamellar growth
in the parallel section. The microstructure in this case
takes the form of broken lamellaes. The result of the
further growth rate increase is the floating decrease of

the longitudinal dimension of broken lamellaes. At the
500pm/min value of growth rate the transition of orient-
ed microstructure type into irregular is observed (Fig.
3).

Fig. 3. Microstructure of the CoSi,-Si eutectic in situ composite parallel (a) and transverse (b) to the growth direction (Sample No. 4)



In order to test the influence of a spontaneous growth
rate change during the solidification process on mi-
crostructure a growth process with application of two
considerably different growth rates values have been
conducted. The solidification process in this case was
begun with growth rate of 100pm/min and terminated
with growth rate of 500pm/min. Fig. 1 shows a mi-
crostructure in function of the growth rate. The growth
rate change boundary is marked on the microphotograph
by a white dashed line. The change of the growth rate
caused the direct transition of oriented continuous lamel-
lar microstructure into irregular and undetermined type
(Fig. 4).
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Fig. 4. Microstructure of the CoSi»-Si eutectic in situ composite in
function of the growth rate, parallel to the growth direction (Sample
No. 5)

From the point of view of most microelectronic ap-
plications a more interesting microstructures would be
the regular shapes ones first of all in respect of repeata-
bility of the obtained structures. The regular shapes seem
to be well-suited i.e. for the photonic crystal applica-
tion [7]. The lamellar shape would be more appropri-
ate for one-dimensional crystals and the rod-like shape
for two-dimensional crystals. So it would be favourably
to acquire the regular shapes of the silicon channels
cross-sections in the CoSi;-Si eutectic composite. In or-
der to do this it would be necessary to conduct the se-
ries of growth processes at the constant value of the
growth rate to determine the microstructure in function
of the temperature gradient. It would be also favourable
in respect of the temperature gradient influence on in-
terlamellar spacing examination.

However the irregular or complex-regular shapes as
kind of percolated structures may have potential in the
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field of metamaterials, for example, in creating materials
with giant dielectric constant [16].

4. Conclusions

The CoSi,-Si eutectic in situ composite using the
directional crystallization technique with the Bridgman
method was obtained. It was ascertained that an ap-
plication of growth rates of 100um/min or lower at
the constant value of the temperature gradient equals
170K/cm allows to receive the continuous lamellar char-
acter of the CoSi»-Si in situ composite microstructure.
The cross-sections morphology of the silicon channels
embedded into CoSi,-Si matrix in this case exhibits an
undetermined shapes. The average interlamellar spacing
A is proportional to the applied growth rate but the char-
acter of this dependence is nonlinear.

For growth rates from the range of (100-500)um/min
microstructure of the CoSi,-Si in situ composite takes
broken-lamellar form in parallel sections and at the
500pum/min value of growth rate the transition of ori-
ented microstructure type into irregular is observed.
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