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Introduction
sub-quarter-micron cMos devices require low-resistance

gelf-aligned silicide (Salicide) on the p;lt!,-Si sates and
sourceftlr_ain (S-/D) regions lL, Zl, Althorigh T-iSi2 films
gengrqlly_ have low resistivity and high prociss adaptabil-
i^$r, it is difficult to form low-resistancsand natrrow TiSi2
films on the narrow poly-Si lines [3]. It has been re
ported that low-resistance Tisi2 filmi can be fabricated
by the. selective silicgg _$eposition_ and subsequenr pre.
g4orphization (SEDAM) process [4]. Howevef, it is^dif_
ficult to grow high-quality Si film'formed bv' selective
gpitaxial 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 TiSi2 films with a low
julction leakage current.

In this paper, the Si-SEG pt'ocess is investisated in
terms of the SEG-Si film qualitv on the S/D resiJns. The
relationship between Ti /sEG- Si t hicknesi rat io"and risi2
sheet resistance is also investigated to form a uniform and
a low-resistance TiSi2 film.

The salicided CMoti*ilHT* fabricated using the
Ti-SEDAM process, as_listed in Table L. After the"S/D
formation with lon-lmplantation (I/I) and gapid lhermal
annealing (HIA), ttie ^SiOz 

film wa's 
"t.n"a 

Ui eiiher the
'9wl.ofll9 'wet' proces-s. Thgn the thermal liushing and
the Si-SEG were carried out by the cold-waU UHV-"CVD
system. That can selectivelv deposit Si films on both the
n*/p+.po.ly-Si gate and the n+/p+ S/D regions with the
same thickness and without severe dbpant"diffusion into
the SEG-Si film [5]. After the Si-SEG, pre-amorphization
As I/I was carried out into the SEG-Si hh in ori"r to en-
hance the Ti-silicidation on na,rrow Si lines. Then Ti film
was deposited, and the 2-step HnA 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 S7D regions. In partic-
ular, the _cross-sec_tional photo of one oT these pils was
observed by XTEM, as ihown in Fig. 2. This XTEM
photo shows that a pit grown during Ihe Si-SEG process
!s gen_erated from a very small regi5n on the Si surface.
In order to observe pit iirfluence in-s/D reqions, iunction
leakage current between S/D and wb[ reg-iorrr niar eval-
uated in Fig. 3. The reverse current of n+ /p iunction
Iith a.lot of pits increases considerably wit6'in"creasing
Ti thickness. It can be easily speculated that this leakagE
current increase is caused b-y the shallower junction bL
low the-pit, as_shown in lig.-4. Therefore, it is necessary
to eliminate the pits to foim a low-leakage pn junction
with Tisi2 film.

To,clarify the pit ggneration mechanism, impurity depth
profile was observed. The carbon contamination laver
(- 2E19 crr-t) is formed between SEG-Si film and Si
substrate with the 'dry' process, as shown in Fig. 5.
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Table 1: Salicide process flow with 'dry' and 6wet' pro-

matl0n

鏡電淋滞織芦
rTttbn  l↓

|↓
SID III (As 30 keV, BF2 20 keV)
R]ヽ (1000°C10 secin N

g ln gases ×

＝
）DHF dipping             ‖ ↓

thermal ttuShing(750°σ3mれ )
Si‐SEG(650°
pre-amo{phization
Ti-silicidation ↓ |↓
metallization

■ 滅7′os′′わ″

sirigitti。 ″

Fig. 1: SEM photo of SnC-
Si film surface with 'dry'
process for nMOSFET.
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Fig.2:XTEM photo of pit
in Fig。 1.

Reverse bias voltage Vr M

Fig. 3: Reverse current depen-
dence on the Ti thickness for n+ /p
junction with'dry' process.

Fig。  6: SEM photo of SEG―
Si ■lm ηttth `wet' process for
nMOSFET.  ‐

Leakage'current
FiS. 4z Schematic images of
leakage current origin caused by
pit.
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Fig. 5: SIMS depth prcttles with
`dry'or`wet'process.
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Fig. 9: Schematic images of TiSiz filmfor-
mation on poly-Si gate for (a) Ti/SEG-Si
< 1.0 and (b) TilSEG-Si > 1.0.

FiS. 7z Rnverse current depen-
dence on S/D sheet resistance withtdry'or twett process.

FiS. 8: Sheet resistance and stan-
dard deviation dependence on Ti/SEG-
Si thickness ratio.
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Fig. 11: ID_VD chalracteristics for
n]ⅥOSFET and pMOSFET.
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Fig。  10: Sheet resistance depen―

dence on■+poly―Si and p+poly― Si
line宙 dth.
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