2 ) An s 20039 % FATEsHE =2A

N €2 TINEE MXE AT OD ST Lol SSa4
elolel”, M7|H™, Yukihiro Shimegaki

‘ol Atci & XFSRERE, “"University of Tokyo, Department of Materials Engineering

% E

Flow modulation chemical vapor deposition process has been reported as an alternative way to
obtain low resistivity, low residual chlorine content and good step-coverage titanium nitride film.
Flow and concentration characteristics in a vertical FMCVD reactor are analyzed by using
computational fluid dynamics method. The results show that 1.0 second as Cl reduction period is too
short and there is still TiCl 4 gas above the holder at the end of the period. Time variation of
TiCls gas conceniration on the holder shows that at least 3.0 second is necessary as Cl reduction

time for the sake of film characteristics.
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Fig. 1 Reactor shapes for the FMCVD process. Fig. 2 Gas flow sequence for the FMCVD process.
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Table 1. Specific heat and Lenard-Jones parameters for the gas species.

Cp (J/kg-K) o (A) e/k (K)

TiCl, 10064 3.7 78.6
NH; 2158 2.92 481

Ar 520.6 333 136.5
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Fig. 3 Stream function at steady state in the reactor.

Fig. 4 TiCl, concentrations after it is introduced in the
reactor, the time is 0.1, 0.5 and 1.0s from the
top.
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Fig. 5 TiCl, concentrations during the Cl reduction
period, the time are 1.1, 1.5, 2.0 and 3.0s
from the top (0.1, 0.5, 1.0 and 2.0s after TiCl, is blocked off).
is blocked off).

Fig. 6 NH; concentrations at the time of 1.1, 1.5 and
2.0s from the top (0.1, 0.5 and 1.0s after TiCl,
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Fig. 7 Time variation of TiCl, concentration at the
center of the holder in the case of 1.0s-supply,
3.0s-reduction and 1.0s-supply.
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