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Introduction

Sub-quarter-micron CMOS devices require low-resistance
self-aligned silicide (Salicide) on the poly-Si gates and
source/drain (S/D) regions (1, 2]. Although TiSi, films
generally have low resistivity and high process adaptabil-
ity, it is difficult to form low-resistance and narrow TiSi,
films on the narrow poly-Si lines [3]. It has been re-
ported that low-resistance TiSi, films can be fabricated
by the selective silicon deposition and subsequent pre-
amorphization (SEDAM) process [4]. However, it is dif-
ficult to grow high-quality Si film formed by selective
epitaxial growth %SEG), because SEG-Si film formation
is very sensitive to the Si-surface condition. Thus, it
is important to clarify the Si-SEG condition in order to
form uniform and low-resistance TiSi, films with a low
junction leakage current.

In this paper, the Si-SEG process is investigated in
terms of the SEG-Si film quality on the S/D regions. The
relationship between Ti/SEG-Si thickness ratio and TiSi,
sheet resistance is also investigated to form a uniform and
a low-resistance TiSi, film.

Experiments

The salicided CMOS devices were fabricated using the
Ti-SEDAM process, as listed in Table 1. After the S/D
formation with ion-implantation (I/I) and rapid thermal
annealing (RTA), the SiO, film was etched by either the
‘dry’ or the ‘wet’ process. Then the thermal flushing and
the S5i-SEG were carried out by the cold-wall UHV-CVD
system. That can selectively deposit Si films on both the
n* /p* poly-Si gate and the n* /pt S/D regions with the
same thickness and without severe dopant diffusion into
the SEG-Si film [5]. After the Si-SEG, pre-amorphization
As I/1 was carried out into the SEG-Si film in order to en-
hance the Ti-silicidation on narrow Si lines. Then Ti film
was deposited, and the 2-step RTA process was carried
out to form the Ti-salicide film.

Results and Discussion

Figure 1 shows an SEM photo of a SEG-Si film sur-
face with the ‘dry’ process. A large number of pits were
observed in the SEG-Si films on S/D regions. In partic-
ular, the cross-sectional photo of one of these pits was
observed by XTEM, as shown in Fig. 2. This XTEM
photo shows that a pit grown during the Si-SEG process
is generated from a very small region on the Si surface.
In order to observe pit influence in S/D regions, junction
leakage current between S/D and well regions was eval-
uated in Fig. 3. The reverse current of nt/p junction
with a lot of pits increases considerably with increasing
Ti thickness. It can be easily speculated that this leakage
current increase is caused by the shallower junction be-
low the pit, as shown in Fig, 4. Therefore, it is necessary
to eliminate the pits to form a low-leakage pn junction
with TiSi; film.

To clarify the pit generation mechanism, impurity depth
profile was observed. The carbon contamination layer
(~ 2E19 em—3) is formed between SEG-Si film and Si
substrate with the ‘dry’ process, as shown in Fig. 5.

Therefore, it can be speculated that a pit bottom on the
Si surface consists of carbon-contaminated layer which
is generated by SiO; dry etching process in CHF3 and
Oz gases and is not removed by the DHF dipping and
the thermal flushing. In order to eliminate the pits, we
carried out carbon-less ‘wet’ etching process. The carbon
concentration in the ‘wet’ process is smaller than that in
the ‘dry’ one between the SEG-Si and the Si substrate,
as shown in Fig. 5. By using this clean process, no pits
are observed in the SEG-Si film, as shown in Fig. 6.

Figure 7 shows the reverse current dependence on the
S/D sheet resistance with the ‘dry’ or the ‘wet’ process for
p*/n and n*/p junctions. The reverse current increases
with decreasing the sheet resistance for the n* /p junction
with the ‘dry’ process, because the n* /p-junction depth
is shallower than the p*/n one. In contrast, no reverse
current increase is observed for both the pt/n and the
n' /p junctions with the ‘wet’ process.

The stable formation of low-resistance silicide film on
narrow n* and p* poly-Si lines is another key issue for
CMOS devices fabrication. Figure 8 shows that the sheet-
resistance dependence on the Ti/SEG-Si thickness ratio
on n* and p* poly-Si. When the Ti/SEG-Si ratio is
less than 1.0, the sheet resistance and their standard de-
viations are considerably small. In contrast, when the
Ti/SEG-Si ratio is more than 1.0, the standard devia-
tion values are very large. These large deviation val-
ues are caused by poor silicidation and agglomeration of
TiSi; film, especially at the poly-Si line edge, as shown in
Fig. 9. For a 0.75 Ti/SEG-Si ratio, the TiSi, film sheet-
resistance values are lower than 6 /0, and the standard
deviations are sufficiently small, for n* and pt poly-Si
electrodes down to the width of 0.14 um, as shown in
Fig. 10.

Finally, good Ip-Vp characteristics for 0.2 pm nMOS-
FET and pMOSFET are obtained, as shown in Fig, 11.
Therefore, Si-SEG with the ‘wet’ process and salicide pro-
cess with Ti/SEG-Si thickness ratio control are suitable
for high-drivability sub-0.25 ym CMOS devices.

Conclusion

The Ti-salicide process for sub-quarter-micron CMOS
devices was investigated. The number of pits in the
SEG-Si film was suppressed by SiO, wet etching before
the SEG-Si film formation. The good pn junction char-
acteristics was achieved for uniform SEG-Si film with
‘wet’ process. Furthermore, when the Ti/SEG-Si thick-
ness ratio was less than 1.0, the TiSis sheet resistances
and their standard deviations became considerably small
(< 6 Q/0) on the 0.14 ym n* and p* poly-Si.
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Table 1: Salicide process flow with ‘dry’ and ‘wet’ pro-
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