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DESCRIPTION

ETCHING METHOD

Technical Field
[0001]

The present invention relates to an etching method.

Background Art
[0002]

Semiconductor manufacturing processes include a process
of etching a laminated film having silicon oxide layers and
silicon nitride layers laminated on top of each other using
an etching gas with a resist, an organic film, or a carbon
film as a mask. For example, PTL 1 discloses a method for
etching the laminated film using an etching gas containing
1,3,3,3-tetrafluoropropene, an additive gas, and an inert gas.
However, the bond energy of the Si-N bond is lower than that
of the Si-0 bond. Therefore, the etching rate of the silicon
nitride layer is higher by about 1.2 times than the etching
rate of the silicon oxide layer.

[0003]

Therefore, when deep etching forming a through-hole with
a high aspect ratio of an aspect ratio exceeding 20 is applied
to the laminated film, the rate at which the silicon nitride
layer is etched in the planar direction orthogonal to the
thickness direction is higher than the rate at which the

silicon oxide layer is etched in the thickness direction.
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Therefore, there has been a possibility that the silicon
nitride layer is excessively etched in the planar direction,

which causes abnormalities in the etching shape.

Citation List
[0004]
Patent Literature

PTL 1: JP 2012-114402 A

Summary of Invention

Technical Problem
[0005]

It is an object of the present invention to provide an
etching method capable of controlling the etching rate of a
silicon nitride layer and the etching rate of a silicon oxide

layer to be approximately equal to each other.

Solution to Problem
[0006]

In order to solve the above-described problem, one aspect
of the present invention is as described in [1] to [4] below.

[1] An etching method includes an etching process of
treating a body to be treated including a laminated film
having a silicon oxide layer and a silicon nitride layer
laminated each other with an etching gas containing a
halocarbon compound containing carbon, bromine, and fluorine
to etch both the silicon oxide layer and the silicon nitride

layer.
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[0007]

[2] The etching method according to [1] above, in which
the halocarbon compound is at least one of
dibromodifluoromethane and bromopentafluoroethane.

[3] The etching method according to [1] or [2] above,
in which the etching gas further contains an inert gas.

[4] The etching method according to any one of [1] to
[3] above, in which the etching is performed using a plasma
gas obtained by plasmolyzing the etching gas in the etching

process.

Advantageous Effects of Invention
[0008]

When the body to be treated including the laminated f£ilm
having the silicon oxide layer and the silicon nitride layer
laminated each other is etched by the etching method of the
present invention, the etching rate of the silicon nitride
layer and the etching rate of the silicon oxide layer can be

controlled to be approximately equal to each other.

Brief Description of Drawings
[0009]

FIG. 1 is a cross—-sectional view of a body to be treated
explaining an etching method according to one embodiment of
the present invention; and

FIG. 2 is a graph illustrating the relationship between

ICP power and the etching rate.
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Description of Embodiments
[0010]

One embodiment of the present invention is described
below. This embodiment gives an example of the present
invention and the present invention is not limited to this
embodiment. This embodiment can be variously altered or
modified and such alternations or modifications may also be
included in the present invention.

[0011]

An etching method of this embodiment includes an etching
process of treating a body to be treated including a laminated
film having silicon oxide layers (SiOx layer) and silicon
nitride layers laminated on top of each other with an etching
gas containing a halocarbon compound containing carbon,
bromine, and fluorine to etch both the silicon oxide layers
and the silicon nitride layers.

[0012]

When the body to be treated including the laminated film
having the silicon oxide layers and the siliconnitride layers
laminated on top of each other is etched by the etching method
of this embodiment, a ratio of the etching rate of the silicon
nitride layer to the etching rate of the silicon oxide layer
([Etching rate of silicon nitride layer]/[Etching rate of
silicon oxide layer]) can be arbitrarily controlled in the
range of 0.8 or more and less than 1.5 depending on the etching
conditions. Therefore, the etching method of this
embodiment can control the etching rate of the siliconnitride

layer and the etching rate of the silicon oxide layer to be
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approximately equal to each other. The ratio of the etching
rate of the silicon nitride layer to the etching rate of a
silicon oxide layer is preferably set to 0.9 or more and less
than 1.2.

[0013]

The type of the halocarbon compound containing carbon,
bromine, and fluorine is not particularly limited and at least
one of dibromodifluoromethane (CBrzF2) and
bromopentafluoroethane (C,BrFs) is usable.

The etching gas may contain inert gas together with the
halocarbon compound. By performing etching while causing
the inert gas to coexist, the silicon oxide layer and the
silicon nitride layer can be selectively etched with a high
etching rate with respect to a mask. The type of the inert
gas is not particularly limited and helium (He), argon (Ar),
neon (Ne), krypton (Kr), xenon (Xe), and nitrogen (Nz) are
mentioned. These inert gases may be used alone or in
combination of two or more kinds thereof.

[0014]

An etching method adopted in the etching process is not
particularly limited and a plasma etching method of
performing etching using a plasma gas obtained by
plasmolyzing an etching gas can be adopted.

Examples of the plasma used for the etching include
Capacitively Coupled Plasma (CCP), Electron Cyclotron
resonance Plasma (ECP), Helicon Wave Plasma (HWP),
Inductively Coupled Plasma (ICP), Surface Wave Plasma (SWP),

and the like.
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[0015]

The etching method of such an embodiment is usable in
a process of forming a through-hole extending in the thickness
direction in a laminated film in which a large number of
silicon nitride layers and silicon oxide layers are
alternately laminated on a substrate, which is one process
in a process of manufacturing a three-dimensional NAND flash
memory, for example.

An example of a method for etching a body to be treated
including a laminated film having silicon oxide layers and
silicon nitride layers laminated on top of each other by the
etching method of this embodiment to form a through-hole in
the laminated film is described with reference to FIG. 1.
[0016]

FIG. 1 is across—-sectional view of the body to be treated
in which a through-hole 9 is formed in a laminated film 5.
The body to be treated is configured so that the laminated
film 5 in which a large number of silicon nitride layers 3
and silicon oxide layers 2 (three layers of each of the silicon
nitride layer and the silicon oxide layer 2 in the example
of FIG. 1) are alternately laminated is provided on the
semiconductor substrate 1. The silicon oxide layer 2 of the
laminated film 5 is laminated immediately on the
semiconductor substrate 1.

On the silicon nitride layer 3 of the top layer of the
laminated film 5, a mask 7 in which a pattern is formed is

placed. When etching is performed by the etching method of
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this embodiment, the laminated film 5 exposed from the mask
7 is etched, so that the through-hole 9 is formed.
[0017]

The etching method of this embodiment can control the
etching rate of the silicon nitride layers 3 and the etching
rate of the silicon oxide layers 2 to be approximately equal
to each other. When the through-hole 9 is formed in the
laminated film 5, it is suppressed that the silicon nitride
layers 3 exposed to the inner surface of the through-hole 9
are excessively etched in the planar direction (direction
orthogonal to the thickness direction). Therefore, even
when deep etching forming the through-hole 9 with a high
aspect ratio of an aspect ratio exceeding 20 is applied to
the laminated £film 5, the through-hole 9 can be formed without
causing collapse of the laminated structure of the laminated
film 5 or abnormalities in the etching shape as illustrated
in FIG. 1.

[0018]

The present invention is described in more detail giving
various test examples below.
[Test Example 1]

A test piece was obtained by forming a silicon nitride
layer on an Si substrate by a plasma chemical vapor deposition
method. The film thickness of the silicon nitride layer was
set to 500 nm. Inductively coupled plasma etching (ICP
etching) was applied to the test piece to etch the silicon
nitride layer. The etching conditions are as follows.

[0019]
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Etching device: ICP etching device RIE-200iP
manufactured by Samco Inc.

Etching time: 120 seconds

ICP power: 200 W, 500 W, or 800 W

Bias power: 200 W

Pressure: 2 Pa

Etching gas: Mixed gas of 1 part by volume of
dibromodifluoromethane and 9 parts by volume of argon

Etching gas flow rate: 100 SCCM

When the etching was completed, the film thickness of
the silicon nitride layer was measured using an ellipsometer
M-550 manufactured by Jasco Corp. Then, the etching rate of
the silicon nitride layer was calculated by dividing a
difference in the film thickness before and after the etching
by the etching time.

[0020]
[Test Example 2]

The etching rate of the silicon oxide layer was
calculated in the same manner as in Test Example 1 except that
a test piece was obtained by forming a silicon oxide layer
having a film thickness of 2000 nm in place of the silicon
nitride layer on an Si substrate.

[0021]
[Test Example 3]

The etching rate of the silicon nitride layer was
calculated in the same manner as in Test Example 1 except that

the type of the halocarbon compound in the etching gas is
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changed to carbon tetrafluoride (CF4) from the
dibromodifluoromethane.

[0022]

[Test Example 4]

The etching rate of the silicon oxide layer was
calculated in the same manner as in Test Example 2 except that
the type of the halocarbon compound in the etching gas is
changed to carbon tetrafluoride (CF4) from the
dibromodifluoromethane.

[0023]
[Test Example 5]

The etching rate of the silicon nitride layer was
calculated in the same manner as in Test Example 3 except that
the etching gas was changed to a mixed gas of 1 part by volume
of carbon tetrafluoride, 8 parts by volume of argon, and 1
part by volume of oxygen gas.

[0024]
[Test Example 6]

The etching rate of the silicon oxide layer was
calculated in the same manner as in Test Example 4 except that
the etching gas was changed to a mixed gas of 1 part by volume
of carbon tetrafluoride, 8 parts by volume of argon, and 1
part by volume of oxygen gas.

[0025]

[Table 1]
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IPC power Etching rate (nm/sec)

Halocarbon compound (W) Silicon nitride layer | Silicon oxide layer Ratio
200 1.97 1.68 117

Dibromodifluoromethane 500 2.30 2.38 0.97
800 1.93 2.13 0.91

200 2.37 1.68 1.41

Carbon tetrafluoride 500 3.30 2.29 1.44

800 3.13 2.33 1.34

Carbon tetrafluoride 200 0.80 0.82 0.98

(mixed with oxygen gas) 500 0.90 0.68 1.32

[0026]

The results of the test examples are illustrated in Table
1 and the graph of FIG. 2. The “Ratio” in Table 1 is a ratio
([Etching rate of silicon nitride layer]/[Etching rate of
silicon oxide layer]) of the etching rate of the silicon
nitride layer to the etching rate of the silicon oxide layer.
As is understood from Table 1 and the graph of FIG. 2, when
the type of the halocarbon compound in the etching gas was
the carbon tetrafluoride, the etching rate of the silicon
nitride layer was higher than the etching rate of the silicon
oxide layer. Meanwhile, when the type of the halocarbon
compound in the etching gas was the dibromodifluoromethane,
the etching rate of the silicon oxide layer and the etching
rate of the silicon nitride layer were approximately equal
to each other (see the column of “Ratio” of Table 1).
[0027]

By the use of the mixed gas of carbon tetrafluoride, argon,
and oxygen gas as the etching gas, the etching rate of the
silicon nitride layer can be reduced. However, there is a
problem that the etching rate as the entire laminated film
having the silicon oxide layers and the siliconnitride layers

laminated on top of each other greatly decreases.
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Furthermore, when oxygen is mixed, a mask, such as photoresist,
is easily etched in the etching of a pattern substrate.
When the dibromodifluoromethane is used, the etching
rate of the silicon oxide layer and the etching rate of the
silicon nitride layer can be controlled to be approximately
equal to each other without reducing the etching rate as the

entire laminated film.

Reference Signs List
[0028]
1 semiconductor substrate
2 silicon oxide layer
3 silicon nitride layer
5 laminated film
7 mask

9 through-hole
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CLAIMS

1. An etching method comprising:

an etching step of treating a body to be treated including
a laminated film having a silicon oxide layer and a silicon
nitride layer laminated each other with an etching gas
containing dibromodifluoromethane to etch both the silicon
oxide layer and the silicon nitride layer, wherein

the etching step includes performing etching using a
plasma gas obtained by plasmolyzing an etching gas, and

a ratio of etching rate of the silicon nitride layer to
etching rate of the silicon oxide layer is 0.9 or more and

less than 1.2.

2. The etching method according to Claim 1, wherein

the etching gas further contains an inert gas.

3. The etching method according to claim 1 or 2,
wherein the body to be treated includes the laminated film
in which a plurality of the silicon nitride layers and a
plurality of silicon oxide layers are alternately laminated

is provided on a semiconductor substrate.



