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A-1-1 A New Chemical Dry Etching
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Recently, the plasma technique with freon gases has been developed for etch-

ing of poly-8i, Si0O, and Sij3N, films in IC fabrication processes.(l) This tech-

nique, however, has some drawbacks due to the immersion of the samples into the

plasmas. In order to overcome the problems, we studied the construction of ap-

paratus, and have developed a new method for chemical dry etching.

In this paper, we describe important fea-
tures of this method and discuss the etching
mechanisms involved. CT
Figure 1 shows the schematic of the experi-
mental apparatus. The feature is a separation
of a reaction region from a rf discharge region.

The discharge region is constructed using an

Fig. 1

Al,03 tube and a pair of perforated Al electrodes.

Figure 2 shows the variation in the etch rate
of poly-Si as a function of the distance from one of
the electrodes. The rate decreases abruptly with
increasing the distance under the condition of CF,
discharge, while the rate becomes almost constant
throughout the reaction vessel when O, is added to
CFy, in spite of the glow is completely disappeared
in the vessel. These characteristics suggenst the
formation of a highly excited species of a long
lifetime by relatively high powered discharge of
a CFy-02 mixture.

The etch rate for samples in the reaction ves-
sel depends upon the ratio of the flow rate of 0O,
to that of CFy, qoz/qCF4. As seen in Fig. 3, the
etch rate for poly-Si has a maximum at qoz/qCF4%l.
On the other hand, the rate for SiO; is much lower
than for poly-Si and is almost constant along a
wide range of this ratio.

From an another experiment, it was found that

the activation energies for etching reaction on
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Fig. 3 Etch rate vs. gp,/q for
different rf inputs. 0277Cr,



poly-Si and 5i0; are 1.1 kcal/mol and 4.2 kcal/mol,
respectively. This suggests that the etch rate of
Si0p is limited by the reaction rate on the surface,
whereas that of poly-Si is mainly determined by mass
flow rate of the active species on the surface.
Gases in the vessel under etching conditions

were measured using a Veeco GA-4 residual gas ana-
lyzer.

Figure 4 shows the ion current variation as

a function of qoz/qcF4 for some typical mass ions.

The ion current of mass number 47,66 (COF, fraction}(z)

reaches a maximum when qDZ/qCF4%1. This tendency
coincides well with the characteristic of the poly-
Si etching shown in Fig. 3. Figure 5 indicates the
relationship between the amount of COFy and area of
poly-Si in the similar apparatus to Fig. 1. As al-
ready reported,(3) the rate decreases with increasing
the area. Accordingly, the COF; is closely related
to the reactive species.

Finally, the pressure dependence on the etch
rate of poly-Si with a constant flow of the gases and
a constant discharge condition were measured. The
experiment showed that the rate is in proportion to

2, as shown in Fig. 6.

P
From these experiments, it may be concluded that
the reactive species in the new method differs from
those in the conventional gas plasma processes. The
advantages of this method are as follows: (i) Photo-
resists are not damaged during etching processes be-
cause the reaction vessel is maintained at room tem-

perature, and so finer resolution is attained.

(ii)

Power: 300W ./«‘:
CFy: 4cc/min 03
3
o Coy
[
el
+
g
5 i [T "
il ; S
— ‘{r/n—‘. =gy cF.t
QU N roee___ CF3
B P My
@ inYy. —ye—
b It /. Soe, 47 (M/e)
H 10l < s, ol Aol
3] j M 66 (M/e)
& g
° IS pmmmnd S Y.
S | -
1 CFZ
X
d
b
0 1 _2
q0,/dcry Fatio
Fig.

4 Ton current vs. qu/qCF4

for some characteristic mass

numbers.
50
oo el e e

§ cr3
§ P
2201 gk
3 . 8iF3y
g -
£ Yo
- 10l « - D_——_““w—v
£ . M/e=47
o T
" 51 T—,
=] Demy
© =66
& CFPy4: 5cc/minM/e7
] 05: decc/min

2| Power: 150W

S ISP RIS TN S,

Fig.

rent of CFy7,

The process does not cause any degradation of the elec-

trical properties of IC's due to bombardment by charged

particles.
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