: F-13-TT-00043
AT

AR
FIHERE

PSS (HAGE

Program Title (in English)
FHES (HAGE

Username (in English)
AriE4 (A AGE

Affliation (in English)

: HUE BRSE
: Satomi Tajima

TR EFIH LW MEMS e Si v F s

: Plasmaless Si etching for MEMS sacrificial layer removal

A EBRRF TR Y 7 X~ T T8t v 7 —

: Plasma Nanotechnology Research Center,

Graduate School of Engineering, Nagoya University

1. 3% (Summary) :

The generation of F by the reaction of F2 + NO
- F + FNO plays a crucial role to perform chemical
dry etching of Si. However, the loss of F by the
reaction in the gas phase F + NO - FNO and by
the reaction between F and Si surface leads to the
significant Si etch rate reduction when the Si was
placed at the downstream of the F2 and NO gas
mixing point. In order to apply this chemical dry
etching method to the large-scale Si wafer MEMS
sacrificial layer etching to replace the conventional

XeF2 etching [mbbotson et al. J. Appl. Phys. 56 (1984) 29391, the
etch uniformity across the wafer must be
guaranteed by designing the F2 and NO gas mixing
method.

In this study, we evaluated the loss of F while
varying the process parameters such as the gas
mixing point-sample distance, d, and the process
pressure, P. The MEMS structure and line and
space patterns fabricated at Toyota
Technological Institute with the support of
Nanotechnology Platform Program to measure the
vertical and lateral etch rates, Ev, and Ei, of Si.

were

2. FEBr (Experimental) :

The MEMS structure and line and space patterns
of Si samples were fabricated by Professor Minoru
Sasaki at Toyota Technological Institute as a part of
Nanotechnology Platform Program. Ar/NO/10%Fs
at the total flow rate of 107 sccm was introduced in
the process chamber while varying the P between
100 ~ 1000 Pa, and the d from 30 to 70 mm during
the process time of 5 min. E£v and ErL of Si were
measured by scanning electron microscopy (SEM).
The mean free path, A4, and the number of collisions,
n, between the gas mixing point and the sample
surface were calculated based on the P and d. The
relationship between the FEv, Fr, and n were
studied to elucidate the effect of F loss due to
collision in the gas phase and the reaction at the Si
surface.

3. FER L E% (Results and Discussion) :

Figure 1 shows the relationship between the Ev
and n calculated from P and d. Evincreased linearly
proportional to the n up to ~ 4000 (Region (I)). Then
the Ev gradually decreased at 4000 < n < 5500 by the
function of ~1/d2 (Region (II)). When n > 5500, the
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Fig. 1 Relationship between the vertical etch rate, E,, and
the number of collisions between the gas mixing point
and the sample, n. Two experimental parameters were
varied, one was the pressure, P, and the other was the
distance between the sample and the mixing point, d.

significant drop of Evwas observed (Region (III)) with
the increase of P and d. Preliminary, we have been
considering that the F generation is increased by the
reaction of F2 + NO = F + FNO (Region (I)) but as the
n increased, the F is lost at the gas phase by the
reaction of F + NO = FNO (Region (II)). The further
increase of n leads to the complete loss of F in the gas
phase as well as the encapsulation of adsorption site
at the Si surface with NO and FNO (Region (II)).
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