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The Si-TaSiy eutectic in situ composite, which has highly-aligned and uniformly-distributed TaSis fibers in the
Si matrix, can be obtained when the solidification rate changes from 0.3 to 9.0 mm/min. It is very interesting
that one or two TaSiy fibers are curved when the solidification rate reaches 6.0 mm/min, although it is very
brittle in general. The formation mechanism of the curved fiber is discussed and mechanical properties of
the TaSiy fibers are examined by nanoindentation. It is found that the hardness and the elastic modulus of
the bended TaSi; fiber are much higher than that of the straight TaSis fiber. Moreover, the reasons why the
mechanical properties of the straight TaSi, fiber are different from that of the curved TaSis fiber are discussed.
This can be ascribed to internal stress which results from mismatch of the thermal expansion coefficients of
the two phases and different crystallographic orientations.
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1. Introduction

TaSiy is one of the attractive candidates for mi-
croelectronic industry due to good electron conduc-
tivity, relatively low work function and good combi-
nation with Sil'™3l. Si-TaSi, eutectic in situ com-
posite is one kind of promising field emission mate-
rials. Ditchek et al.[*5! have successfully prepared
the Si-TaSis eutectic in situ composite by Czochralski
technique. The Si-TaSiy eutectic in situ composites
with better field emission properties have been ob-
tained by electron beam floating melting (EBFZM)
technique on the basis of Czochralski method at a so-
lidification rate R=0.3~9.0 mm/min[6]. Typical mi-
crostructure of the Si-TaSiy is shown in Fig. 1(a). It
can be seen that the TaSiy fibers are straight com-
monly. It is very interesting to observe that one or two
TaSiy fibers are curved when the solidification rate
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reaches 6.0 mm/min as shown in Fig. 1(b). As is
known, TaSiy has the C40 structure, low fracture
toughness and ductility at low temperature, and less
elastic anisotropy!!). Therefore it is very brittle in
general. This phenomenon arouses our interest. In
the present experiment, the mechanical properties
of the TaSis fibers are studied by nanoindentation.
Novel nano-indentation technology, which can record
the continuous load-depth history in micro/nano scale
precisely, has been widely used for investigating me-
chanical properties of carbon fibers, films, coatings
ete.™ 9. The present investigation can help us know
this material well and provide some guidance on the
fabrication of the Si-TaSis field emitter arrays syn-
chronously.

2. Experimental
The longitudinal section of the Si-TaSis eutectic

prepared at the solidification rate R=6.0 mm/min is
mechanically polished, and the average surface rough-
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Fig. 1 Microstructure of the TaSis fibers embedded in the Si matrix: (a) typical straight fibers; (b) curved TaSis

fiber at the solidification rate R=6.0 mm/min

ness of each polished specimen was less than 100 nm.
Then the sample is etched with a HF /HNOg corrosive
to expose the TaSis fibers. The tiny zone in which the
bended TaSis fiber exists is located by HITACHI S-
570 scanning electronic microscopy (SEM) and cut by
diamond chipper. The indentation tests are made by
using a Nano Indenter DCM with a Berkovich triangu-
lar diamond indenter at a loading rate of 0.05 mN/s.
The location precision of the nanoindentaion is 2 nm,
the diameter of the TaSis fiber is in the neighbour-
hood of 0.74~0.82 um!'%). Therefore, the results are
credible.

3. Results and Discussion
3.1 Formation mechanism of the curved fibers

A possible explanation for the formation of the
curved fiber is the difference between thermal ex-
pansion coefficients of the Si and TaSis phases (Si:
2.6x1076 K112 TaSiy: 14.0x1076 K—1[3]), This
mismatch can result in tensile stresses within the
material. In addition, the temperature gradient of
EBFZM equipment has been calculated to be 350—
500 K /cm!™, the high temperature gradient may eas-
ily induce stresses as well'®/. Therefore, the high
strains are the most probable reasons of the TaSis
fibers bending if a high speed of crystallization is ap-
plied (R=6.0 mm/min). It is well known that convec-
tion is inevitable during the directional solidification.
Therefore, the fiber is curved when it grows from the
liquid, the convection and the high strains make the
fiber curved. Further investigation of the formation
mechanism of the curved TaSis fiber is still needed.

3.2 Mechanical properties

All nanoindentation analyses are based on the

Oliver and Pharr method™®l. The hardness (H) is
determined from the peak load (Ppax) and the pro-
jected area of contact A., as shown in the following

equation
Pmax

1
e )

The reduced elastic modulus (F,) can be obtained by
the following equation:

B, = S(m)"? /2(Ac)"* (2)

H =

where S is the slope of unloading curve, A, is the pro-
jected area of contact. The area function for a perfect
Berkovich tip is given as!!”]

A. = 24.5h% (3)
The contact depth h. is expressed as

-Pmax
dp/dh

where dP/dh is stiffness, i.e. derivative of the power
law fit to the unloading curve and evaluated at the
maximum load, Py ax is the maximum load, A is the
maximum depth. ¢ is the tip shape constant which is
equal to 0.72 for a conical tip. The load-displacement
curves of the TaSis fibers are shown in Fig. 2.

In Fig. 2, it is evident that the recovery of the
straight TaSiy fiber is much slow compared with that
of the bended TaSis fiber. This demonstrates that the
straight fiber undergoes plastic deformation, whereas
the bended one undergoes the elastic-plastic defor-
mation. In the present experiment, both the loading
and unloading curves are continuous and consistent.
Any discontinuities which would have indicated inter-
facial debonding, cracking, pop-in or pop-out during
the test do not appear. As shown in Fig. 2, the max-
imum indentation depth of the bended TaSiy fiber is
smaller than that of the straight TaSiy fiber.
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