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Report:

The aims of this experiment were to investigate fingt stages of the silicide formation and the
development of the roughness linked to this foromati

Metal silicides are widely used as contacts andraannections in very large-scale integrated (VLSI)
circuits because they can decrease the contastarese and thus increase the speed of the deVihesNi
monosilicide (NiSi) is the most promising candid&ge future CMOS. With the continuous scaling doafn
devices, the silicide thickness should be decreasedit becomes important to understand and cottieol
first stages of the silicide formation. Furthermarery shallow junctions are needed for the futumasistors
and it is more and more critical to control thegbness of the silicide/silicon interface. Indeeel tbughness
of this interface can lead to unacceptable leakagent in CMOS [1].

The fundamental mechanisms of the silicide fornmatice still not fully understood. Due to the preati
interest of silicides in the microelectronic indystthe solid-state reaction between a thin meka &nd Si
has been analysed extensively [2], [3]: for reklivilarge thicknesses of silicides (several tens of
nanometers), the formation is sequential and uscalhtrolled by diffusion with a parabolic growtate [4].
However, recent synchrotron experiments [5] havewhthe formation of transient phasessSii2, NizSi2)
with very short lifetime (~30 s) that is not in acdance with the usual sequence of phase formdtmmlow
thicknesses, the growth should also be controlledhe interfacial reaction and other phenomena like
nucleation, lateral growth, and stress should cdytalay an important role [6].

Experimental method

We have reported from former experiments at ESRBMIO5 (see report n°30785-A and the report for
MA-15), that Dbr technical reasons, the detector movement wastabte during the fast scans. It was also
not possible to record simultaneously x-ray diffi@ec and reflectivity. In June 2006, the stabildy the
detector was improved using a counterweight, betvilicuum set-up was not enough efficient and miost o



our samples have beaxidized. Between June and December, we have &bdca new cover, able to
content the BMO5 furnace and to prevent from vacleakages.

Ni, Pd and Ni(Pt) thin films with thickness rangifipm 10 to 50 nm were deposited on Si(100) and
Si(111) at L2ZMP.In situ reflectivity measurements were performed with tamisheating rates and during
isotherms at different temperatures below 500°& wacuum chamber. A new specific vacuum chamber was
used andHhe vacuum measured in the chamber was at ledsmb@r.A thermocouple was used to control
the heating element and another thermocouple wamtact with the sample. The contact between the
thermocouple and the sample has also been imprévedximum of 20°C/min heating rate was used.

Results
Isotherm annealings were performed on Ni/Si(100RtWSi(100) and Pd/Si(111).
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Figure 1. In-situ experiments on 40 nm Ni(13%Pt) depositadSg§100)1.a) RRX curves obtained on BMO5 during sotherm
heat treatment a&260°C. One scan takes 1 minute. The first scaasideposited, after 12 min, the temperature is taiaed at
260°CLl.b) XRD curves recorded at the L2ZMP, during a tempeeatamping between 100°C and 400°C with a ste@8€10ne
scan takes 5 minutes.
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Figure 2: Inverse FFT of the RRX curves of figure 1.a; thakaround 400 A corresponds to the total stacktigss ; the two
other peaks correspond to the Ni film that decrgamed to the NEi phase that increases.

As a first result, we have shown in Fig.1 (a), XRR curves obtained on BMO5 during an isotherm
treatment at 260°C for 40 nm of Ni (13%Pt) depasiia Si(100). The evolution of the curves is notiobs
to interpret. To characterise the present phasBf) Are needed. In situ XRD experiments recordetthet
L2MP on the same sample during a temperature ragriggtween 100°C and 400°C with a step of 10°C are
shown in Fig. 1(b). The evolution of the intensiiythe peaks, characteristic of the phases is gnethe
levels of the colors (from red, highest instensityblue, lowest intensity). We can follow with tperature,
the consumption of Ni, with the accumulation ofifPthe Ni that has not been consumed (the peak snove
towards lowest angles) and the appearance of tBegliase. Thanks to the program we have develogped
treat the reflectivity curves by fast Fourier trfamsn, we have obtained the results shown in figW2 can
clearly follow the evolution of the thicknessedloé different layers:



- around 404}, the peak corresponds to the total stack thicknes
- after 10 min, th&\i film decreases (from 400 A to 0) and to theNiphase increases.

Conclusion

These experiments are very encouraging and haea gice results that are analyzed at the presast ti
When rugosity is not too high, when the vacuumugeis enough sufficient, the reflectivity is a verfficient
tool to determine the formation kinetics of thimTs.
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