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1. Introduction

Stress control techniques of the channel region have
been actively used to enhance carrier mobility of MOS-
FETs. Naturally, the stress control of silicide film on the
source/drain (S/D) region is also quite important for high
performance transistors. NiPt-silicide has been applied to
advanced MOSFETSs, and it has been reported that the
NiPt-silicide film has tensile stress [1]. However, the in-
fluence of NiPt silicide on the channel stress has not been
sufficiently investigated yet.

For analyzing strain at localized transistor area, trans-
mission electron microscopy has been proposed, however
the stress relaxation is inevitable during thin sam-
ple-preparations [2]. In contrast, Raman spectroscopy is a
powerful tool for channel-stress measurement without sam-
ple destruction. Furthermore, the Raman spectroscopy us-
ing the UV laser with 363.8 nm wavelength is sensitive to
the Si surface because its half penetration depth in Si is
quite shallow (~ 5 nm).

In this paper, we demonstrated the channel stress in-
duced by NiPt-silicide using UV Raman spectroscopy.
Furthermore, we revealed the influences on the channel
stress of annealing methods for silicide formation and P- or
N-type S/D, by analyzing microstructures in silicide using
x-ray diffraction (XRD). Consequently, we propose the
generation mechanism of channel-stress.

2. Experimental Procedure

Figure 1 shows the test structure [3]. The stress at the
channel region was measured by UV Raman spectroscopy
using these structures. Figure 2 shows the schematic proc-
ess flow of sample preparation. In the particular test struc-
ture, NiPt-silicide was formed on P-type and N-type S/D. In
the 2™ annealing, we have three kinds of annealing meth-
ods; conventional rapid thermal annealing (RTA), laser
annealing (LA), and microwave annealing (MWA).

In order to discuss the generation mechanism of channel
stress, we also prepared blanket NiPt-silicide films on
(001)-oriented Si substrate for XRD measurement, which
was performed using Cu Ka source.

3. Results and discussions
Measurement of channel stress by UV Raman spectroscopy

Figure 3 shows the result of the channel stress as a func-
tion of SiO,-gate length (Lg) before and after NiPt-silicide
formed by RTA. Before silicide formation, compressive
stress less than 30 MPa was applied to the channel region
with every Lg pattern. After the silicide formation, tensile
stress is induced at each channel region, and the stress in-
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tensity increases as Lg narrows. It is concluded that the
channel stress can be successfully measured by UV Raman
spectroscopy with the Raman test structure.

Figure 4 shows the stress at the channel region of 200
nm Lg as a function of 2™ annealing methods. The tensile
stress of channel region for P-type S/D sample was higher
than that for N-type S/D sample with every 2™ annealing
method. Furthermore, it is clear that the channel stress
strongly depends on 2™ annealing process conditions.
Microstructure analyses of NiPt-silicide films

NiSi is known to have an orthorhombic MnP- type crys-
tal structure [4]. Figure 5 shows the results of measured
NiPt-silicide crystal orientation to the Si[001] direction by
out-of-plane XRD. Peaks of NiSi(020) and NiSi(013)
planes and the peak shift from the value of strain-free con-
dition were observed [4]. The peak shifts indicate NiSi lat-
tice space changing (Ad), which means the strain of
NiPt-silicide. Ad of NiSi(020) and NiSi(013) with each 2"
annealing method are shown in Fig. 6. The value of Ad of
NiSi(020) was larger than that of NiSi(013), especially with
LA. Furthermore, the peak intensity of NiSi(020) in P-type
film was higher than that in N-type film as shown in Fig. 7.
Consequently, peak intensity of NiSi(101), (002), (200),
(102) and (103) through in-plane XRD in P-type film was
higher than that in N-type film as shown in Fig. 8. Focusing
on Ad of NiSi(200) in Fig. 9, Ad in P-type film was larger
than that in N-type film. Moreover, Ad of LA was larger
than that of RTA and MWA.

Generation mechanism of channel stress

Figure 10 shows the NiSi lattice constants of three (a-,
b-, c-) axes, based on coefficient of thermal expansion
(CTE) [5]. The b-axis of NiSi grains contract due to nega-
tive CTE, and the a- and c-axes of NiSi grains expand due
to a large positive CTE. Figure 11 shows the schematics of
the stress generation model. The NiPt-silicide grains along
b-axis to Si[001] were deformed after annealing [see Green
and Black lines in Fig. 11(a)]. As the a- and c-axes in NiSi
have larger positive CTE compared with the Si substrates,
residual stress in NiPt-silicide generates after annealing.
This residual stress expands Si lattice at channel regions as
shown in Fig. 11(b). This model suggests that low tem-
perature annealing and the reduction of NiSi grains along
the b-axis to Si[001] suppresses the residual stress in
NiPt-silicide.

4. Conclusions

The channel stress induced by NiPt-silicide was inves-

tigated with UV Raman spectroscopy and its generation




mechanism was revealed with XRD. The stress generation
mechanism can be explained by the crystal orientations of
NiSi film and the lattice parameter alteration of NiSi film
as a function of temperature. These analyses are quite valu-
able to promotion of stress-control engineering for high
performance CMOS transistors.
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Fig. 10. NiSi lattice constants of three (a-,

b-, c-) axes as a function of temperature.

Fig. 11. Schematic drawing of channel stress generation model.
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