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Thermal oxidation of tantalum silicide in O, and H,0
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Thermal oxidation of TaSi, in dry oxygen and steam has been investigated. 0.3-um-thick films of
tantalum silicide were deposited by cosputtering on high resistivity {111) silicon and oxidized
silicon wafers. After a crystallization anneal in argon, the films were oxidized in dry O, or steam at
1000 and 1100 °C. In all cases oxidation was observed. For TaSi, deposited on Si, only the growth
of SiO, was observed, indicating that the Si diffused through TaSi, before oxidation, and TaSi,
remained intact. In the case where TaSi, was deposited on Si0O,, it was actively involved in the

oxidation process, resulting in the formation of SiO, and Ta,O;.

PACS numbers: 81.60. — j

Continual advancements in integrated circuits techno-
logy are resulting in smaller device dimensions and increased
chip area. Because of this, the interconnection lines have
become very long, and the time delays associated with the
parasitic capacitance and resistance can become apprecia-
ble. Thus, even with small and therefore very fast devices,
"the overall performance of a large circuit could be seriously
affected by the RC delays of the interconnections.' Proper
selection of material within the constraints of fabrication
technology can result in minimization of RC delay time.
Polycrystalline silicon has been used in this situation, but its
high resistivity results in very high RC delay time. Compo-
sites of polycrystalline silicon and silicides of Mo, W, T1, and
Ta have been proposed as alternatives to polycrystalline sili-
con.

In a multilayer interconnection technology, the layers
incorporated early in processing are required to be able to be
thermally oxidized in O, and H,O. Several investigations
have been made which study the thermal oxidation of these
silicides, and it has generally been found that silicides of W,
Mo, and Ti are thermally oxidized in O, and H,0 am-
bients.?"® However, some controversy exists about the kinet-
ics of the oxidation of TaSi,. Murarka et al.® observed that
the oxidation of TaSi,/poly-Si composite structure occurs
readily in H,O, but is negligible in an O, ambient. Our prior
work,” and that of others,®? to the contrary indicate that
oxidation occurs in both ambients. In this work we have
attempted to obtain a better understanding of the oxidation
behavior of TaSi,.

The TaSi, films were deposited by simultaneous rf di-
ode sputtering of Ta and Si from high-purity targets. The
details of the technique are described in the literature.'® The
data presented here are for 0.3-um-thick silicide films, de-
posited on high resistivity (111) oriented silicon and oxi-
dized silicon wafers. Auger electron spectroscopy and elec-
tron microprobe analysis indicated that in the as-deposited
films the atomic ratio between Si and Ta was approximately
2:1. X-ray diffraction analysis showed no specific peaks of
Ta, Si or TaSi,, indicating that the as-deposited films were
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amorphous. Therefore, prior to the oxidation the samples
were annealed at the oxidation temperature (1000 or
1100 °C) in argon for 10 min to homogenize and crystallize
the structure of TaSi,. The annealing resulted in polycrystal-
line films of TaSi, free of any marked preferred orientation.
Following the anneal, the samples were oxidized according
to three different conditions: (1} 60 min in dry O, at 1000 °C;
(2) 60 min in dry O, at 1100°C; (3) 10 min in steam (Ar
bubbled through 95 °C H,0) at 1000 °C. Following the oxi-
dation, the wafers were annealed for 10 min in Ar and slowly
pulled out of the furnace. The oxidized samples were exam-
ined by Auger electron spectroscopy, x-ray diffraction, and
scanning electron microscopy.

In all cases, i.e., in O, and H,O ambients and on TaSi,/
Si and TaSi,/SiO, structures, thermal oxidation was ob-
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FIG 1. X-ray diffraction pattern of the oxidized tantalum silicide films.
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served. The scanning electron micrographs showed that the
resulting surface was very rough for the oxidation of TaSi,/
SiO, samples, and in some cases cracks and lifting of the
films from the substrate was observed. The surface was con-
siderably smoother in the case of TaSi,/Si oxidation and no
cracks or lifting was observed.

All the samples were analyzed by the x-ray diffraction
technique in which the film texture was obtained by measur-
ing the diffracted intensity of an x-ray beam at twice the
angle of incidence of the beam from a 20-keV copper radi-
ation. The results are shown in Fig. 1. In the case of TaSi,/Si
samples, only TaSi, diffraction peaks were observed, where-
as for TaSi,/Si0, samples, additional diffraction peaks of
Ta,O5 were also observed. No other phase of tantalum sili-
cide was observed. By comparing the diffraction profiles at
1100 °C oxidation with the 1000 °C oxidation it can be de-
duced that at the higher oxidation temperature in the case of
TaSi,/Si0, samples, the intensity of TaSi, diffraction peaks
reduced and those of Ta,O; increased. No Ta,O, formation
could be detected in any of the annealed but not yet oxidized
samples. The diffraction patterns of the annealed but not yet
oxidized samples were very similar to those shown in Fig. 1
for TaSi,/Si samples and are therefore not reproduced here.

The samples were further examined by the Auger sput-
ter profiling technique, and the results are shown in Figs. 2
and 3. It can be seen in both the figures that the bulk of the
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FIG. 2. Auger sputter profiles of tantalum silicide films deposited on (111)
silicon and oxidized at (a) 1000 °C in dry O, for 60 min, (b) 1000 °C in H,O
for 10 min, and (c) 1100 °C in dry O, for 60 min.
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oxidized layers contains only silicon and oxygen, and within
the resolution of the Auger spectrometer, no tantalum could
be measured in the grown films. By comparing these Auger
profiles to those of known SiO, thermally grown on silicon,
it was confirmed that the grown films were indeed stoichio-
metric SiO,. It is evident that TaSi, can be thermally oxi-
dized in dry oxygen with and without the presence of free
silicon underneath. Considerable broadening of the TaSi,/Si
and TaSi,/SiO, interface can be served in Figs. 2 and 3 and it
increases with the thickness of the grown SiO,. This broad-
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FIG. 3. Auger sputter profiles of tantalum silicide films deposited on oxi-

dized silicon at (a) 1000 °C in dry O, for 60 min, (b) 1000 °C in H,O for 10
min, and (¢) 1100 °C in dry O, for 60 min.
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ening could be partly attributed to artifact of the measure-
ment technique, but partly also to interface roughening, as
also pointed out by Razouk et al.®

By combining the results of x-ray diffraction and Auger
sputter profiling, certain conclusions can be drawn regard-
ing the mechanism of oxidation. For the oxidation of TaSi,
deposited on silicon (Fig. 2), as the oxidation proceeds, the
entire layer of TaSi, is displaced towards the substrate with-
out any change in its thickness. From the x-ray diffraction
results, we concluded earlier that no change in the crystal
structure of the TaSi, was observed. This indicates that as
long as free Si is available underneath the silicide, Ta is not
oxidized at all. At the temperature of oxidation, Si is highly
mobile in other silicides®™ and it is reasonable to assume that
it diffuses rapidly in TaSi, also. Thus, as the oxidation pro-
ceeds, silicon diffuses through the TaSi, and is oxidized by
O, or H,0. The composition of TaSi, remains unchanged.

The situation is more complex if free silicon is not avail-
able. From the Auger sputter profiling (Fig. 3) it can be seen
that a layer of SiO, is grown on top of the silicide; however,
the x-ray diffraction analysis (Fig. 1) shows that formation of
Ta, Oy is accompanied with that of SiO,. Since no free silicon
is available for oxidation, it is reasonable to assume that tan-
talum silicide is oxidized into Ta,0s and SiO,

TaSi, + 0,—»Ta,0s + Si0,.

A similar reaction should take place with H,O. Similar reac-
tions have been observed in the oxidation of WSi,,>?
MoSi,,'" and TiSi,” deposited on SiO,. Since no tantalum
was detected in the bulk of the grown SiO,, the Ta,O; prob-
ably remains at the interface, or right next to it in the silicide
layer. As the oxidation proceeds, more Ta,Qs is formed as
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the x-ray diffraction results show (Fig. 1).

In general, these results are similar to the oxidation of
other silicides®™ but differ from the observation of Murarka
et al.,® where no oxidation of TaSi,/Si was observed in dry
O,. In that case, the silicide was formed by depositing Ta on
Si and then sintering. This could have resulted in a silicide of
different properties.

In summary, we have shown that TaSi, can be thermal-
ly oxidized in dry O, and H,O at 1000 and 1100 °C. If free
silicon is present underneath the TaSi,, it diffuses through
the silicide and is oxidized to produce SiO,. In the other case,
where no free silicon is present, TaSi, is directly oxidized to
form SiO, and Ta,0s.
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