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'SPECIFICATION

TITLE OF THE INVENTION
DRY ETCHING METHOD OF METAL

OXIDE/PHOTORESIST FILM LAMINATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

‘The present invention relétes to a dry etching
method and specifically to a method of étching of a metal
oxide film such as an indium tin oxide (hereinaftér'
referred to as ITO) film with a gas comprising mainly
hydrogen iodide gas without producing non-volatile
substances and removing a remaining photoresist film
formed thereon for forming a pattern by etching at high
speed.without damaging the metal oxide film which is the
base coat.
2. Description of the Related Art

.An ITO thin film which is.one of metal oxide thin
films is used for pixel electrodes.of a liquid crystal
display, and a placing method thereof includes a top ITO
method in which an ITO thin film is placed at the front
side of TFT and a bottom ITO method in which ITO is
placed at the back side. In either case, a finer

processing technique is required, and patterning is
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required to provide an ITO thin film with an area
prescribed for the electrode and to place it in a
prescribed position. A wet etching method using acids
such as hydrochloric acid, aqua regia and ferric chloride
is mainly used at present, énd-further finer processing
has been required in accordance: with demands for high
definifion of a liquid crystal display.

In accordance with demands for high definition, a
processing width has to be reduced to, for example, 4 um
or less and to about 1.gm in the near future. If wet
etching is used, demands for such fine processing can not
be met. 1In division processing of a pixel electrode, a
partition is placed between adjacent one-unit pixels, and
this partition prevents an image from transferring from
adjacent pixels. By reducing a width of this partition
part as much as possible, an area of a pixel electrode

can be enlarged, -but this requires fine etching

processing. In the top ITO method in which an ITO thin

film is placed at the front side of TFT, a wet etching

method has a high risk of cutting a metal aluminum wiring

‘layer, and this causes a reduction in the yield.

Accordingly, a dry etching method has been adopted.
Further, there is a problem in wet etching in that
etching residues float and remain on a device.

Accordingly, an etchant has to be frequently exchanged,



10

15

20

25

which results in consuming the etchant in a large
quantity.

For these reasons, wet etching is substituted by
dry etching, and it is considered that dry etching will
become the mainstream as well in etching of ITO in the
future.

With respect to dry etching for metal oxides as a
main substance, dry etching of ITO with hydrogen iodide
gas 1is reported in Joﬁrnal of Electrochemical Society (J.
Electrochem. Soc. Vol. 136, No. 6, June 1989) to show
good results.

'Further, an example in which dry etching of zinc
oxide (Zn0O) was carried out with hydrogen iodide gas is
reported in Ultrasonic Symposium (IEEE 1982 Ultrasonics
Symposium Proceedings, 346 1982) held in 1982.

- These reports show that hydrogen iodide gas is
suitable for dry etching of metal oxides such as ITO aﬁd
Zno. |

Usually used as dry etching of ITO is an RIE
(reactive ion etéhing) method in which etching is carried
out by placing a substrate on a power electrode uSing a
capacitance coupling type high-frequency power source of
13.5é MHz. |

Gases used for dry etching include a mixed gas of

methane (CH,) and hydrogen (H,), chlorine (Cl,) gas and
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hydrogen bromide (HBr) gas. However, methods that use
these gases have problems in that there is a great
possibility that the etching capacity may depend on the

system and that a range in which good etching

characteristics are obtained is narrow and the etching

speed is slow. Further, there is also a problem in that
residual substances remain on a substrate. Residual
substances are particularly problematic when a mixed gas
of methane and hydrogen is used or when methane and argon
gas are used. When this methane-baséd gas is used, a
resist used as a protective coat in dry etching of ITO
turns into non-volatile substances and scatters to the
circumference to become residual substances, which are
problematic.

In contrast with this, an etching method using
hydrogen iodide gas is characterized in that dependéncy
on the éystem is small and the etching speed is fast_as
compared with that of the gas'systems described above.
Further, it is at least characterized in that residual
substances do not remain at least on a substrate, and
therefore the etching method using hydrogen iodide gas is
becoming the mainstream at present.

Dry etching of ITO with hydrogen iqdidé gas is
disclosed in Japanese Patent Application Laid-Open No.

Heli 5-251400. Also, it is disclosed in'Japanese Patent
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Applicatidn Laid-Open No. Hei 6-151380 that etching can
be carried out with a mixed gas of hydrogen iodide'and
BCl,. Further, it is disclosed in Japanese Patent
Application Laid-Open No. Hei 8-97190 that when argon gas
is used in a mixture with hydrogen iodide gas, the
etching speed is as high as 800 to 900 A/minute. It is
disclosed as well that no residue remains on a substrate
and very good etching is possible.

However, as dry etching is carried out with
hydrogen iodide gas, yellow,and white non-volatile
substances begin to stick to the wall of an apparatus.and
finally hinders etching per se.

Accordingly, after carrying out etching a certain
number of times, a chamber is opened.to wipe off yellow
and white nbn-volatile substances stuck therein with
alcohol based volatile chemicals.

In carrying out etching with a gas comprising
mainly hydrogen iodide gas, a photoresist comprising a
polymer is coated onto ITO to protect a pattern. This
photoresist becomes firm after etching with plasma of
hydrogen iodide and exerts great efficacy on maintaining
its shape though fhin. Accordingly, dry'etching with
hydrogen iodide is expected to show a good characteristic
as well in processing the shape, so that dry etching is

becoming more important.
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On the other hand, a conventional photoresist
comprises .a polymer and can readily be removed with
plasma of oxygen gas in the samé may as dry etching.
However, a photoresist exposed to plasma of hfdrogen
iodide gas is hard.to be removed by .etching with
conventional'oxygen plasma. A method of dry etching with
hydrogen iodide gas does not become effective for the
origihal purpose of patterning of a metal oxidé film as
long as such photoresist can not be effectively removed.

Japanese Patent Application Laid-Open No. Hei 8-
146466 gives one solution to this problem. In this
method, a photOresist is used for patterning processing
of ITO, and hydrogen iodide is used for etching of ITO.
in fhis patent application, etching processing is
finished by that the photoresist is peeled by wet etching
after exposed to oxygen. This is due to that after
etching with hydrogen iodide gas, an iodine element
sticks to a photoresist surface and a large amount of

iodine is put into the photoresist so that the

photoresist f£ilm is prevented from being removed by

oxygen etching.
Accordingly, it is difficult to carry out all

etching steps including removal of a photoresist by a dry



10

15

20

method.

An object of the present invention is to provide a
method of carrying out etching without producing non-
volatile substances in dry etching to darry out improved
dry etching of metal oxides with hydrogen iodide gas and

facilitating removal of a photoresist.

SUMMARY OF THE INVENTION

Intensive investigations continued by the present
inventors in order to solve the problems described above
have resulted in developing a method in which the non-
volatile substances described above are inhibited from
being produced by etching a metai oxide with a gas
comprising mainly hydrogen iodide obtained by mixing with
fluorine gas and fluorine-based compound gases (fluorine-
based gases) and/or nitrogen gas and nitrogen-based
compound gases (nitrogen-based gases) and in which after
etching of a metal oxide with a gas comprising mainly
hydrogen iodide gas, a photoresist comprising a polymer
required for patterning is efficiently removed by etching
with a gas prepared by mixing a fluorine-based gas and a
nitrogen-based gas with oxygen gas, and thus the present

inventors have come to complete the present invention.
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As a result, it has come to contribute to a rise in the
productivity sharply.
That is, the present invention relates to:

(1) a dry etching method for a metal oxide/photoresist
film laminate in which a metal oxide film is processed by
dry etching with plasma of a gas containing hydrogen
iodide at a pressure ranging'from 0.1 to 50 Pa with a
photoresist film being used as a maék and then the
photoresist film 3is removed with plasma of a gas
containing oxygen at a pressﬁre ranging from 0.1 to 1000
Pa to carry out circuit patterning in the metal oxide
film, wherein the gas containing hydrogen iodide is
prepared by mixing hydrogen iodide with at least one gas
selected from the group consisting of a group consisting
of fluorine gas and fluorine-based compound gases and a
group consisting of nitrogen gas and nitrogen-based
compound gases,

(2) a dry-etching method for a metal oxide/photoresist
film laminate as described in the above item (1), wherein
a range in which X, and Y. satisfy is prescribed by

equations (1), (2) and (3):

0.0004 = X, + Y2 < 0.045 (1)

v

Xer 0 : (2)

iv
o

YNI (3)
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wherein a volume flow rate of hydrogen iodide gas is
designated as Gg; a volume flow rate of a gas selected
from the group consisting of fluorine gas and fluorine-
based compound gases is designated Gg:; a volume flow
rate of a gas selected from the groﬁp consisting of
nitrogen gas and nitrogen-based compound 'gases is
designated as Gy;; and a volume flow ratio X;,; is defined
by X;; = Gy /Gy, and a volume flow ratio Y,, is defined by
Y = Gy/Gu .
(3) a dry-etching method for a metal oxide/photoresist
film laminate as described in the above item (2), wherein
a range in which Z., éatisfy is prescribed by an equation
(4):

0.02 < Z,, < 0.15 (4)
wherein a wvolume flow rate of hydrogen iodide gas is
designated as Gy: é volume flow rate of a gas selected
from the group consisting of fluorine-nitrogen-based
compound gases 1is designated as G;;; and a volume flow
ratio Z,,; is defined by Z,; = Gp/Gur
(4) a dry etching method for a metal oxide/photoresist
film laminate as described in the above item (1) in which
a metal oxide film is processed by dry etching with a gas
containing hydrogen iodide as described above and then a
photoresist film is removed with plasma of a gas

containing oxygen at a pressure ranging from of 0.1 to
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1000 Pa, wherein the gas containing oxygen is prepared by
mixing oxygen with at least one gas selected from .the
group consisting of a group consisting of fluorine gas
and fluorine-based compound gases and a group consisting
of nitrogen gas and nitrogen-based compound gases,

(5) a dry etching method for a metal oxide/photoresist
film laminate as described in the above item (4), wherein
a range in which X, and Y,, satisfy is prescribed by

equations (5), (6) and (7):

0.05 £ X, + ¥, = 6.0 (5)
Xpo = O _ (6)
Yo = 0. (7)

wherein a volume.flow rate of oxygen gas is designated as
G,; a volume flow rate of a gas selected from the group
consisting of fluorine gas and fluorine-based compound
gases 1is designated Gg,:; a volume flow rate of a gas
selected from the group consiéting of nitrogen gas and
nitrogen-based compound gases 1s designated as G,,; and a
volume flow ratio X,, is defined by X,, = G /G,, and a
volume flow ratio Yy, is defined by ¥y, = Gy /G, .,

(6) a dry-etching method for a metal oxide/photoresist
film laminate as described 1n the above item (5), wherein
a range in which Z,, satisfy is prescribed by an equation

(8)

0.05 < Z,, < 3.0 _ (8)
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wherein a volume flow rate of oxygen gas is designated as
G,; a volume flow rate of a gas selected from the group
consisting of fluorine-nitrogen-based compound gases is
designated as Gg,: and a volume flow ratio Zmolis defined
bY Zpo = Gewo/Go

(7) a dry-etching method for a metal oxide/photoresist
film laminate as described in the above item (1) in which
a metal oxide film is processed by dry etching with a gas
containing hydrogen iodide as described above and then a
photoresist film is removed with plasma of a gas
containing oxygen ét a pressure ranging from 0.1 to 1000
Pa, wherein said photoresist £ilm is exposed to palsma of
oxygen gas at a pressure ranging from 0.1 to 1000 Pa
after the dry etching of said metal oxide film has been
carried out, and then said photoresist film is removed
with plasma of a gas containing oxygen as described in
any of the above item (4) to (6),

(8) a dry etching method for a metal oxide/photoresist
film laminate as described in the above item (1) or (4)
in which plasma is produced at a pressure ranging from
0.1 to 50 Pa in a dry etching 'chamber .after the metal
oxide/photoresist £ilm léminate has been taken out f£from
the dry etching chamber, wherein said plasma is prbduced
by using at 1least one gas selected from the group

consisting of a group consisting of fluorine gas and
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fluorine-based compound gases and a group consisting of
nitrogen gas and nitrogen-based compound gases,

(9) a dry etching method for a metal oxide/photoresist
film laminate as described in the above item (1), wherein
the surface of the inside of a dry etching.chamber is
maintained  at a temperature ranging from 60 °C or higher
to 300 °C or lower,

(10) a dry etching method for a metal oxide/photoresist
£ilm laminate as described in the above item (1), wherein
a gas containing hydrogen iodide'contains at least one
gas selected from the group consisting of helium, neon,
argon, krypton, xenon and hydrogen,

(11) a dry etching method for a metal oxide/photoresist
film laminate as described in the above item (1) or (4),
wherein said metal oxide film is any of ITO (indium-tin-
oxide), tin oxide and zinc oxide.

Thg present invention has made it possible to carry
out uninterruptedly dry etching processing of a metal
oxide film represented by ITO film by inhibiting a non-
volatile substance from being produced in an apparatus in
dry etching of a metal oxide film or removing it, which
has been difficult to do. Further, it became possible to
remove uninterruptedly a photoresist in the same

apparatus.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows an experimental system ﬁsed in the
present invention, wherein'a.part surrounded'b& dotted
lines is an area where a non-volatile substance sticks.

In Fig. 1, 11 is an etching chamber, 12 is a rotary
pump, 13 is a turbo-molecular pump, 21 is a loading
chamber, 31 is a substrate transporting table, 41 is a
substrate transprinting rod, 51 is a subétrate, 61 is a
high-frequency power electrode, 71 is a high-frequency
grounding electrode and 81 is a gate valve.

Fig. 2 shows vapor pressure curves of hydrogen
iodide gas (HI), hydrogen fluoride gas (HF), iodine gas
(I,) and water (H,0), and vapor pressure data of InI,.

Fig. 3 is a drawing in which the etching speeds of
ITO and the amounts of non-volatile substances produced
are plotted against the feed ratio of nitrogen
trifluoride gas to hydrogen iodide gas.

Fig. 4 shows the measured data of the etching
speeds and the stuck amount of the non-volatile
substances when the flow rate of hydrogen iodidé gas is
fixed to 10 sccm, and nitrogen gas and fluorine gas are
allowed to flow at a flow rate falling in a raﬁge of 0 to
3 sccm respectively, wherein mark (O's represent points
where the etching speed is maintained at 1000 A/minute or

more, and mark @'s represent points where the etching
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" speed is less than 1000 A/minute; and the small numerals

written above mark O's represent the stuck weight of the
non-volatile substance per unit area at the points.

Fig. 5 shows a range in which a non-volatile
substance can be inhibited from being produced without
reducing the dry etching speed with a gas which contain
hyarogen iodide gas, a fluorine-based gas and a nitrogen-
based gas. An X axis shows a rafio of the flow rate of
fluorine base gas to that of hydrogen iodide gas, and a Y
axis shows a ratio of the flow rate of nitrogen base gas
to that of hydrogen iodide gas, wherein a part marked
with oblique lines shows an effective range in the
present invention.

Fig. 6 is a drawing shdwing the relation of a gas
belonging to the group consisting of fluorine gas and
fluorine-based compound gases and a gas belonging to the
group consisting of nitrogen gas and nitrogen-based
compound gases with fluorine-nitrogen-based compound
gases.

Fig. 7 is a draﬁing showing a range in which a
photoresist film remaining after dry etching of a metal
oxide in a metal oxide/photoresist film laminate with a
gas which contain oxygen gas, a fluorine-based gas and a
nitrogen-based gas can effectively be :emoved by etching.

An X axis shows a ratio of the flow rate of the fluorine-
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based gas to that of oxygen gas, and a Y axis shows a
ratio of the flow rate of the nitrogen-based gas to that
of oxygen gas, wherein a part marked by oblique lines

shows the range of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An ITO film used for display electrodes of a liquid
crystal display (hereinafter referred fo as LCD) is
formed on a substrate such as a glass plate and subjected
to patterning by etching. Dry etching has been used for
this patterning, and hydrogen iodide has been uéed as an
etching gas.

An original purpose in dry etching is to process a
substance subjected to etching into a desired form, and a
method of making use of a photoresist is generally used
for this purpose. A photoresist is coated on a metal
oxide such as ITO to form a thin layér having a thickness
of 10 um or less by a method such as spin coating; and
then a pattern is formed_through an exposing step using
visible or UV rays, a developing step and a
heating/baking step to carry out etching of a substrate
layer such as ITO which is a target of etching. After
ﬁinishing of etching, peeling by a wet method or etching
with oxygen plasma or chlo;ine plasma is carried out fo

remove a remaining photoresist. A photoresist is
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suitably selected in consideration of substance which is
a target to be processed.

In carrying out dry etching of a metal oxide
represented.by'ITO, a photoresist comprising a polymer is
used. Performances required for this photoresist are
that it can be coated_evenly_on’é substrate which is a
processing target to form a thin layer having a thickness
of 10 um or less and that it has a characteristic
capable of drastiqally changing its bonding state with
ease by radiation with light or X-rays. Further, an -
unnecessary part has to be readily removed by means of
such as developing. Also, it is an important point to
have a characteristic of enduring dry etching of a metal
oxide.

When ITO that is one of the metal oxides is a
processing target, a positive photoresist, for'example,
is used. Usually used is a photoresist comprising
alkali-soluble novolak resin and a naphthoquinone diazide
compound that is a sensitizer. Fufther, it 'is also one
of the means to carry out processing with an acrylic
photpresist. This is because they endure plasma of
hydrogen iodide gas and dry etching of ITO can be carried
out at a minuteness of several um without breaking a
form thereof.

A photoresist is removed by a wet method, but
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plasma of oxygen gas is used as a dry method using plasma
in many cases. Oxygen is excited and dissociated by
plasma to cut polymer chains of a photoresist, whereby
volatile substances such as carbon dioxide and water are
produced to remove the photoresist. In addition, there

is an advantage that oxygen plasma itself is less liable
to damage ITO that is a substrate layer for a photoresist.

It is observed that in carrying out dry etching
with hydrogen iodide gas, a photoresist comes to havé a
characteristic of dry etching resistance and ITO itself
has a good etching form in accordance with the intended
pattern. On the other hand, it becomes difficult to
remove the photoresist by etching with oxygen plasma at
an after-treatment step. _

This is deemed to be due to that not only etching
of a photoresist itself with plasma of hydrogen iodide is
not carried out but also iodine contained in hydrogen
iodide sticks to the photoresist to resﬁlt in providing
it with a characteristic of plasma resistance. Further,
it is considered that iodine itself is taken into the
photoresist.

That is, it is considered that when iodine sticks
to a photoresist, a substance in which iodine itself is
bonded to oxygen is produced by plasma, and a part which

is hard to volatilize is formed on the photoresist, so
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that etching is inhibited. Further, it can be estimated
that when iodine is taken into a photoresist, iodine
itself functions as a binder in the polymef chain and
gives a characteristic of plasmé resistance. This is
deemed to be due to that though oxygen produces volatile
carbon dioxide and water by reacting with carbon and
hydrogen which constitute a polymer to oxidize its
cpnstitutional molecules, an oxygen iodide-based compound
which is considered to be produced when oxygen reacts
with iodine is a substance having less volatility, so
that.etching with oxygen is no lpnger'effective.

Accordingly, things to bé done in order to carry
out dry etching of the photoresist containing iodine is
to put iodine itself back to a volatile substance.
Iodine molecule gas and hydrogen iodide.gas are volatile,
and if iodine can be changed into those substances,
iodine can be removed from the photoresist. Accordingly,
etching of the photoresist containing iodine becomes |
possible.

When dry etching of a metal oxide with hydrogen
iodide is repeatedly carried out, yellow and white
residual substances stick to walls and the viewing port
in the apparatus. Furthér, if this sticking substance
accumulates, the etching speed is reduced, and finally

the etching stops. Accordingly, just when it is found
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that the residual substances are produced, it is
necessary to stop the operation, open the apparatus to
the atmospheric air and then wipe off the residual
substances stuck to the apparatus with alcohol-based
volatile chemicals.

When this residual substance is taken out and left
standing in the air, it turns into a sticky liquid
substance and finally becomes a transparent liquid.

This residual substance is analyzed by means of XPS
(X-ray photospectroscopy), and it is confirmed that a
high peak value is present in the vicinity of 446 eV,
which shows the presence of trivalent indium. Further, a
peak value showing the presence of monovalent indium is
confirmed as well at 445 eV, but this is small.

Further, a composition thereof is analyzed by ICP
(inductively coupled plasma) emission analysis to confirm
peaks showing the presence of a lot of iodine (I) and of
indium (In).

Non-volatile substances produced in etching of ITO
with hydrogen iodide are cqncentrated on specific-.
portions in the apparatﬁs. This is as.shqwn in Fig. 1.
It is confirmed that a large part of them is produced
along the circumferential part of the plasmalgeneration
portion.

In contrast with this, since non-volatile
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substances are not produced in portions exposed to plasma,
it is considered that though a non-volatile substance has
a possibility of being produced everywhere, when the non-
volatile substance sticks to_the portions exposed to
plasma, for example, they receive the energy of electron
and ion contained in the plasma and volatilizes again, so
that they are prevented from sticking.

Further, since a large pért of the non-volatile
substance is present along the'circumferential part of
the plasma generation portion, it is inferred that this
non-volatile substance accumulates after flying around
the circumference of the plasma.

The reasén why hydrogen iodide is used for etching
of ITO is that indium triiodide (InI,), which is deemed
to be produced during etching, is a substance that has a
high vapor pressure and very easiiy vaporizes.
Accordingly, it can be deemed that stuck substances
originate from InI, as well.

Investigations through literatures have resulted in
finding that the Antoine eqﬁation is very effective for
estimating vapor pressures, and the vapor pressures of
iodine and hydrogen iddide.are estimated from this
equation. The results are shown in Fig. 2. The measured
vapor pressure data of InI, are plotted in Fig. 2 as well.

As is apparent from the results shown in Fig. 2,
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jodine has considerably low vapor pressures. Accordingly,
it can be considered that iodine itself becomes a binder
for volatile substances such as InI, and reduces markedly
their vapor pressures to produce non-volatile substances.

From the results described aboVe, the present
inventors have considered that this non-volatile
substance is a substance comprising mainly InI, and it is
away from a strong influence exerted by plasma to be
polymerized with water (H,0), iodine and iodine-based
radicals and hence to increase in its apparent.molecular
weight. |

The reason for this is deemed to be the following
mechanism in dry etching of ITO with hydrogen iodide.
That is, dry etching per se is a chemical reaction
between ITO and hydrogen iodide making use of plasma, and
therefore a chemical equation in this etching is as
follows:

'In,0, + 6HI — 2InI, + 3H,0

This is a case in which tin itself is considered to
be an iﬁpurity in ITO and the reaction is considered on
the basis of indium. Two moles of InI, and 3 moles of H,0
are produced from one mole of ITO. Both InI, and H,0 are.
substances having high vapor pressures and therefore
easily volatilize and come present in plasma in large

quantities.
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Meanwhile, the same consideration can be applied to
tin, and the following chemical equation can be given:

SnO, + 4HI — SnI, + 2H,0 + 0.50,

Further, hydrogen iodide itse;f, iodine radicals
and iodine ions which are produced by dissociation of
hydrogen iodide are present as well in large quantities.

InI, which is a volatile substance produced by dry
etching is present in plasma. However, this InI, has
such a pretty large molecular weight as 495.4 (Indium has
an atomic weight of 114.8, and iodine has an atomic
weight of 126.9). The reason why InI, having such a
large molecular weight has a high vapor pressure is that
this compound has a relatively low polarity and is not
likely to form an association state between InI,
molecules.

Iodine radicals produced by dissociation of
hydrogen iodide, iodine molecules produced after the
dissociation and H,0 are present in plasma, and InI,
itself receives the energy of the plasma. To be concrete,
it passes through collisions with electrons and ions or
collisions with radicals. It can absorb a lot of-energy
in the plasma and therefore does not lose its volatility.
However, it is considered that if it is only a little
away from the plasma, it forms an association state based

on the intermolecular force with substances such as H,0,
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iodine molecules and iodine-based ions and radicals to
become a further larger compound and eventually it loses
its volatility to stick to the wall of the apparatus as a
non-volatile substance.

Accordingly, if a chemical substance required for
preventing this association state from being formed is
fed such that InI, can be discharged to the outside of
the apparatus without causing association, non-volatile
substances can be prevented from being produced without
hindering the intended dry etching of ITO from going on.

That is, InI, floating as a substanée having a high
vapor pfessure in the circumference of plasma bonds by
virtue of a weak intermolecular force to iodine-based
radicals, iodide molecules and H,0 molecules each of
which floats similarly and these substances act as a
binder to produce a non-volatile substance comprising
mainly InI,. Accordingly, if this binder is separated
from InI,, the non-volatile substance can be prevented
from being produced. In this regard, the present
inventors found that some specific reactive gases were
effective.

A typical substance which prevents an aséociation
state is, for example, a fluorine-based compound.
Preferred are nitrogen trifluoride (NF,;) and chlorine

trifluoride (ClF,), which have a high capability to
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produce many fluorine radicals in plasma. The reason why
these nitrogen trifluoride (NF,) and chlorine trifluoride

(C1F,) are effective for removing, that is, vaporizing

" again non-volatile substances is that they can reduce

intermolecular forces of substances which remain in an
association state to lose volatility and bring them back
again to highly volatile substances such as InI,, iodine
and H,O.

The present inventors considered that if these
fluorine-based compound gases are mixed with hydrogen
iodide gas to carry out similarly dry. etching with plasma,
dry etching of ITO might go on without producing non-
volatile substances. Then, nitrogen.trifluoride of
almost the same amount as that of hydrogen iodide was
used as the fluorine-based compound gas to carry out
etching of ITO. As a result, not only non-volatile
substances were certainly inhibited from being produced
but also dry etching of ITO stopped.

This can be inferred as follows. Ions and radicals
produced f£from hydrogen iodide, which is effective for
allowing dry etching of ITO with plasma to go oﬁ, cause
competitive reactions with ions and radicals produced by
dissociation of these fluorine-based compounds. It is
considered that this has prevented hydrogen iédide gas

from dissociating in a vapor phase and resulted in
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providing no active species sufficient for causing the
reaction required for dry etching of ITO.

Taking this result into consideration, the present
inventors continued intensive investigations into the
conditions under which a non-volatile substance could be
prevented from being produced. As a result, it was found
that a non-volatile substance could be prevented from
being produced under a certain condition without
inhibiting dry etching of ITO from going on.

The presence of fluorine-based radicals given by a
fluorine-based compound gas is presumed to relate closely
to an etching speed of ITO. A reactive gas selected as
the fluorine-based compound gas, an amount of which has a
capability to produce fluorine-based radicals in a range
of one time to a certain number of times of an equivalent
of the indium element produced by etching is used in a
mixture with a gas containing hydrogen iodide gas.

If the amount of these fluorine-based radicals
produced is smaller than one time of the eduivalent of
the indium element produced by etching, an association
state can not sufficiently be prevented from being formed
to produce a non-volatile substance. Also, in a range in
which the amount of radicals produced by excitation and
dissociation of this reactive gas exceeds a certain

number of times of the equivalent of the indium element,



10

15

20

25

the above radical amount is in excess to prevent dry
etching of ITO. | |

As a matter of fact, however, it is difficult to
restrict the amount of the fluo;ine-bésed radicals by its
ratio to the equivalent of the indium element produced by
etching. The reason for this is that.after én exposing
area of ITO to be subjected to etching is prescribed, the
required amount of the fluorineQbased radicals has to be
determined and this is acéompanied with complicated
factors in operation. In addition, a iarge part of the
surface of ITO in etching is coated with a photdresist
and therefore the exposing area of ITO is small.

Accordingly, the amount of the reactive gas is
experimentally determined.by the amount of hydrogen
iodide gas fed. In this case, attention is paid to the
presence of iodine.

That is, an amount of the gas for inhibiting a non-
volatile substance from being produced without
controlling etching of ITO in a practical rénge is
experimentally determined.

With respect to a gas to be selected as the
reactive gas, nitrogen trifluoride (NF,), chlorine
trifluoride (ClF,) and sulfur hexafluoride (SF,) are
preferably selected as substances producing fluorine-

based radicals.
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The etching method of the present invention
including an apparatus used in the present invention
shall specifically be explained below.  An apparatus used
for etching is shown in Fig. 1. The apparatﬁs used in
the present invention is of a load lock system, and
etching can be advanced without exposing the main frame
of etching chamber 11 to the air by taking in and out a
substrate from loading chamber 21. Substrate 51 is
placed on power electrode 61. Shown in Fig. 1 is an
apparatus using high-frequency parallel plate
capacitance-coupling type discharge electrodes called RIE.
However, the present invention shall not be restricted to
this apparatus.

In Fig. 1, shown by enclosing with dotted lines are
places where non-volatile substances produced are liable
to stick when dry etching of ITO is carried out by a
method not based on the.present invention.

Results obtained by carrying out dry etching with
this gas providing fluorine-based radicals and fluorine-
based ions are explained in the examples described later.
Shown in Fig. 3 are results obtained by studying changes
in the etching speed and changes in the weight of a test
piece placed in the etching apparatus when a mixed gas of
nitrogen trifluoride (NF3) and hydrogen iodide is used

and the mixing ratio is changed optionally. It is
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apparent from the results shown in Fig. 3 that there is a
proper quantity in the ratio of nitrogen trifluoride
mixed with hydrogen iodide and that when the amount of
nitfogen trifluoride is smaller than this propér quantity,
a lot of non-volatile substances stick though dry etching
goes on. Further, it is observed that when the amount of
nitrogen trifluoride is larger than this proper quantity,
the non-volatile substances are inhibited from being
produced but dry etchipg is inhibited as well from going
on.

It has been found from the results shown in Fig. 3
that in order to inhibit the non-volatile substances from
being produced without preventing etching of ITO in a
practical range, it is desirable to set the feed ratio of
nitrogen trifluoride to hydrogen iodide to a range from
0.02 or more to 0.15 or less.

The results obtained shall be éxplained in more
details. When etching was carried out under a condition
that nitrogen trifluoride was not fed while the feed
amount of hydrogen iodide was maintained at 10 sccm
(standard cm®/m), the étchiﬁg speed was 1300 A/minute.

In contrast with this, the etching speed was almost 1300
A/minute when the feed ratio of nitrogen trifluoride to
hydrogen iodide was set to 0.1, and when the feed ratio

was 0.15 or less, the high etching speed exceeding 1000
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A/minute could be maintained while the etching speed was
reduced to some extent.

Then, considered again was why a marked effect
could be confirmed when using nitrogen trifluoride gas
that is a fluorine-based compound gas to be effective as
the reactive gas. The nitfogen trifluoride gas is
characterized in that it contains a nitrogen atom as well
as fluorine atoms. It is estimated from the fact that
not only a fluorine radical is effective but also a
cooperative action of a nitrogen atom as a radical or an
ion with a fluorine-based radical may bring about a large
effect on inhibiting a non-volatile substance from being
produced.

Then, a mixture of fluorine gas and nitrogen gas
was allowed to flow together with hydrogen iodide gas to
be used for etching of ITO to confirm an effect on
inhibiting a non-volatile substance from being produced,
and it was confirmed that a large effect was brought
about on inhibitiﬁn of the production of a non-volatile
substance. |

In Fig. 1, enclosed with dotted lines are places
where non-volatile substances produced when dry etching
of ITO is allowed to go on only with hydrogen iodide gas
are liable to stick. Test pieces were placed.at the

places for the purpose of collecting the non-volatile
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substances, and a glass substrate on which ITO was formed
in a thick layer was placed on the power electrode. Then,
dry etching was carried out with a gas obtained by mixing
hydrogen iodide gas with fluorine gas and nitrogen gas,
and the etching speeds of ITO and the amounts of the non-
volatile substanceé stuck to the test pieces were
actually plotted to therebj obtain Fig. 4.

In the present invention, in addition to the
fluofine gas and the nitrogen gas described above,
fluorine-based compound gases, nitrogen-based compound
gases and gases containing both fluorine elément and
nitrogen element in a molecular structure (fluorine-
nitrogen-based compound gases) can be used as well.

As the first reactive gas, a gas containing these
gases and hydrogen iodide is defined as:

(a) a gas containing hydrogen iodide gas and at least
one gas selected from the group consisting of a group
consisting of fluorine gas and fluorine-based compound
gases and a group consisting of nitrogen gas and
nitrogen-based compound gases, Or

(b) a gas containing hydrogen iodide gas and at least
one gas of gases containing both fluorine element and |
nitrogen element in its chemical structure (fluorine-
nitrogen-based compound gas).

Flowing conditions of the gas for the purpose of
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carrying out dry etching of ITO with inhibiting non-
volatile substances from being prbduced are obtained from
the results shown in Fig. 4;

A range satisfied by X, and Y, is prescribed by

equations (1), (2) and (3):

0.0004 < X, % + ¥,;2= 0.045 (1)
X, = O _ (2)
Y.= 0 (3)

wherein a volume flow rate of hydrogen iodide gas is
designated as Gy : a volume flow rate of a gas selected
from the group consisting of fluorine gas and fluorine-
based compound gases is designated as Gg;; a volume flow
rate of a gas selected from the group consisting of
nitrogen gas and nitrogen-based compound gases is
designated as G,;; and volume flow ratios X, and ¥,, are
defined by Xy = Gp; /Gy and Yy = G /Gy, respectively.
This range is distinctly shown in Fig. 5.

Next, in the case of fluorine-nitrogen-based
compound gas, a range satisfied by 2., is prescribed by
equation (4):

0.02 = Z,, < 0.15 (4)
wherein a volume flow réte of hydrogen iodide gas is
designated as G,;; a volume flow rate of a gas selected
from the group consisting of fluorine-nitrogen-based

compound gases is designated as Gﬁuﬁ and volume flow
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ratio Z;, is defined by Z;y; = Gpy:/Gur-

In the above description, attention has to be paid
to that the fluorine-nitrogen-based compoﬁnd gases belong
to the group consisting of fluorine gas and fluorine-
based compound gases as well as the group consisting of
nitrogen gas and nitrogen-based compound gases.

In the preéent invention, the gas belonging to the
group consisting of fluorine gas and fluorine-based
compound gases includes fluorine gas, nitrogen
trifluoride gas, chlorine trifluoride gas, sulfur
hexafluoride gas, ethane hexafluoride gas and tetracarbon
octafluoride gas. lThe group consisting of nitrogen gas
and nitrogen-based compound gases inciudes nitrogen gas,
ammonia gas, dinitrogen oxide gas and nitrogen
trifluoride gas. The nitrogen trifluoride gas is a
fluorine-nitrogen-based compound gas and belongs to the
group consisting of fluorine gas and fluorine¥ﬁased
compound gases as well as the group consisting of
nitrogen gas and nitrogen-based compound gases. This
relation is specifically shown in Fig. é.l_In this
drawing, nitrogen trifluoride gas belongs to the
overlapped part of two aggregations.

Accordingly, the fluorine-nitrogen-based compound
gases are included in G, as well as Gy; in equations 1 to

3, so that it applies to both volume flow ratios X;; and
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Y, and is a gas'which should doubly be calculated.
To explain this in detail, the volume flow ratio
Zey Of the fluorine-nitrogeﬁ-based compound gas to
hydrogen iodide gas is prescribed by equation (4):
0.02 = Z,; = 0.15 (4)

and corresponds to X, and Y, in equation (1):

0.0004 < X, 2 + ¥, 2= 0.045 (1)
That is,
Zen: = Xpr
and
Zeyr = Y2

Accordingly, in the case of the upper limit of the
equation (1), a value of Z;; = 0.15 is substituted for X,
and Y,; in equation (1), and then

Zon © + Bpwp © = 0;152 + 0.15* = 0.045
Thus, it can be found that the équations are effective
without any inconsistency.

Similarly, in the case of the lower limit in the
equation (1), a value of Z,; = 0.02 is substituted for X
and Y,, in equation (1), and then

Zogr 2 + gz 2= 0.02% + 0.02*> = 0.0008
and the value thus obtained is in the range of the
equation (1).

Accordingly, it is understood that fluorine-

nitrogen-based compound gas represented by nitrogen



10

15

20

25

- 34 -

trifluoride gas for which equation (4) is satisfied
satisfies equation (1) at the same time.

Next, considering that heating the wall of an
etching chamber might be able to raise the volatility, a
heater was placed in an etching chamber and maintained at
85°C, and then inspection of the state of a non-volatile
substance sticking to the heater portion results in
finding a range in which the non¥volatile substance was
drastically reduced. |

Then, the range was minutely confirmed by
experiments, and as a result, etching processing could be
carried out while the production of a non-volatile
substance is controlled without preventing etching of ITO
by heating the wall of the apparatus under the condition
that a flow rate of a fluorine-based gas to a flow rate
of hydrogen iodide gas is 0.02 to 0.22 in terms of a
volume flow ratio.

However, when the flow rate of a fluorine-based'gas
to the flow rate of hydrogen iodide gas is smaller than
0.02 in terms of a volume flow ratio, the fluorine-based
gas provides a small effect on inhibition of producing a
non-volatile substance. Though etching goes on in this
range, a non-volatile substance cannot be inhibited from
being produced. Further, when the flow rate of fluorine

gas to the flow rate of hydrogen iodide gas is larger
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than 0.22 in terms of a volume flow ratio, the fluorine-
based gas provides a large effect on inhibition of
producing the non-volatile substances. However, etching
is inhibited. In other words,.while a non-vplatile
substance is hard to produce in this range, the etching
stops. Accordingly, the flow rate of fluorine-based gas
to the flow rate of hydrogen iodide gas is suitably in a
range of 0.02 to 0.22 in terms of a volume flow ratio.
In this case, however, the wall of the apparatus is
preferably heated.

A heating condition for accelerating inhibition of
producing a non-volatile substance is as follows. That
is, a function to elevate an inside surface temperature
of the apparatus to 60°C or higher is preferably provided.
In particular, heating to 100°C or higher is effective
for vaporizing InI, and iodine molecules which are main
constitutional substances of a non-volatile substance.

However, heating to 300°C or higher is not
preferred. This is because heating to 300°C or higher
reduces trivalent InI, by heat energy and converts it to
monovalent InI having a low vapor pressure.

It is preferred to provide a function to elevate
the inside surface temperature of the apparatus to 60°C
or higher and carry out etching under a condition that

the surface is not heated to 300°C or higher.
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As described above, it is observed that when dry
etching is carried out with hydrogen iodide gas,.a
photoresist has a dry etching resistance, and ITO itself
has a good etching form in accordance with the designed
pattern. On the other hand, it becomes difficult to
remove a photoresist by etcﬁing with oxygen plasma at an
after-treating step. |

This is deemed to be attributable to that etching
of the photoresist itself can not be carried out with
plasma of hydrogen iodide and that iodine contained in
hydrogen iodide sticks to the photoresist, so that it is
provided with plasma resistance. Further, it is
considered that iodine itself is taken into the
photoresist.

Gas capable of turning iodine back again to a
volatile substance includes fluorine gas and fluorine-
based 6ompound gases (fluorine-based gases), nitrogen gas
and nitrogen-based compound gaseé (nitrogen-based Qases),
and fluorine-nitrogen-based compound gases.

Then, the present inventors found that a second
reactive gas containing oxygen as well as the gas
described above is very excellent for removing a
photoresist containing iodine molecules.

That is, the second reactive gas containing okygen

gas comprises:
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(a) a gas containing oxygen gas and at least one gas |
selected from the group consisting of a group consisting
of fluorine gas and fluorine-based compound gases and a
group consisting of nitrogen gas and nitrogen-based
compound gases, Or |

(b) a gas containing oxygen gas and fluorine-nitrogen-
based compound gases.

A mixing ratio of the gas corresponding to (a) to
oxygen gas 1s as follows.

The volume flow rate of oxygen gas in the second
reactive gas containing oxygen is designated as G,; and
the volume flow rate of the gas selected from the group
consisting of fluorine gas and fluorine-based compound
gases is designated as Gy, and the volume flow rate of
the gas selected from the gfoup consisting of nitrogen
gas and nitrogen-based compound.gases is designated as

Gyo. Volume flow ratios X,, and Y, are definéd'by Xeo =

' Ggo/G, and Y, = Gu,/G,, respectively. Then, a range

satisfied by X, and Y, is prescribed by:
equation (5)

0.05 < Xpo + Yo < 6.0 - (5)
equation (6)

Xeo = O : ' -~ (6)
and equation (7)

Yo = O (7)
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This range is shown in Fig. 7.

Further, a mixing ratio of the gas corresponding to
(b) to oxygen gas is as follows.

The volume flow rate of oxygen gas in the second
reactive gas containing oxygen is designated as G,, and
the volume flow rate of the fluorine-nitrogén-based
compound gas is designated as Gg,. Volume flow ratio Zeno
is defined by:

Zevo = Gevo/Go
Then, a range satisfied by 2Z,, is preferably prescribed

by equation (8):

IA

0.05 =< Z,, < 3.0 (8)

Attention has to be paid to the same, és stated in
the item of the first reactive gas. The
fluorine-nitrogen-based compound gas contained in the
second reactive gas is a gas belonging to both of the gas
selected from the group consisting fluorine gas and
fluorine-based compound gases and'thé gas selected from
the group consisting nitrogen gas and nitrogen-based
compound gases. If calculation is carried out based on
Xpo = Zpy and Y, = Z;, in equation 5, the upper and lower
limits of equation 8 are adapted to those of equation 5.

Oxygen is required to cut bonds of a polymer to

form volatile gas. However, when an amount of oxygen gas

is more than the limit of the present invention while
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containing the reactive gas, the cutting of the bonds of
the polymer can readily be done but iodine itself can not
volatilize, so that dry etching of a photoresiét dan nbt
be allowed to effectively go on. In contrast with this,
when an amount of oxygen gas is less than the limit of
the present invention, the polymer chain itself can not
be cut, so that dry etching of the polymer does not
effectively go on in this case either.

Also, when the substrate itself is heated to 250°C
or lower, the removing of a polymer by etching can be
allowed to effectively go on. The substrate itself is
heated préferably from 60°C or higher to 200°C or lower,
more preferably from 80°C or higher to 150°C or lower.

In general, a photoresist has é heat resistant
temperature of about 150°C but if iodine is taken
thereinto with iodine plasma, it has a property to endure
higher temperatures.

Since a photoresist containing iodine has etching
resistance, it becomes a very preferred photoresist
material from a viewpoint of pattern formation. That 1is,
the photoresist f£ilm thinner than conventional ones can
sufficiently play its role and can sufficiently function
to form its patterning.

Accordingly, etching'which is advantageéus in terms

of productivity can be carried out by making a
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photoresist polymer film itself thinner to make up for a
reduction in the etching speed that is caused by iodine
contained therein, the photoresist-removing speed.

Then, found as a method by which etching is
advanced while making the best use of this advantageous
point on processing was a method in which dry etching
with plasma of hydrogen iodide gas is carried out for
etching a metal oxide coated thereon with good etching
being possible without destroying the shape of the
photoresist and the photoresist is removed by a dry
method using plasma without resérting a wet method and
further in which dry etching can be carried out while a
non-volatile substance produced.during dry etching is
reduced to the utmost at any place of a dry etching
chamber.

One aspect of the present invention is to mix .
hydrogen iodide with a gas containing at least one gas
selected from the group consisting of a group.consisting
of fluorine and fluorine;based compound gases and a group
consisting of nitrogen and nitrogen-based compoﬁnd gases
to prepare the first reactive gas which is used at a
first dry etching step of a metal oxide to thereby make
it possible to reduce the production of a non-volatile
substance to the utmost and then to similarlj mix oxygen

with a gas containing at least one gas selected from the
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group consisting of a grdup consisting-of fluorine and
fluorine-based compound gases and a group consisting of
nitrogen and nitrogen-based compound gases to prepare the
second reactive gas which is used for removing a
photoresist film at the second dry etching step.

Further, it has been found that as a method for
removing efficiently a photoresist containing iodine
after carrying out the first step of dry etching of a
metal oxide with the first reactive gas, the metal
oxide/photoresist film laminate is once ekposed to plasma
of oxygen gas and then the photoresist film is removed
with the second reactive gas containing oxygen at the
secoﬁd etching step, whereby etching processing of the
metal oxide/photoresist film laminate becomes possible at
higher speed. This method is also included in the
present invention.

The first etching gas is used for inhibiting a non-
volatiie substance to the utmost from being produced in
dry etching with a gas comprising mainly hydrogen iodide.
The second reactive gas is used for making it easy to 
remove a photoresist into which iodine is taken or in
which iodine sticks on a surface by etching with oxygen
plasma. The step of exposing to oxygen plasma, which is
interposed between the first dry etching step and the

second dry etching step, becomes very effective for
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finishing more quickly the second dry etching step.

Though these two reactive gases have almost the
similar constituents, their roies seem to be
contradictory to each other. The role of the first
reactive gas resides -in the inhibition of production of a
non-volatile substance polymerized with an iodine element
being a binder and advances good etching without non-
volatile sﬁbstances. On the other hand, the second
reactive gas has a role to accelerate an action of
etching of a photoresist so as to volatilize iodine
against the action of inhibiting a polymer photoresist
from being decomposed into volatiie componénts with
iodine taken in as a binder at the firsf step.

A test for removing a photoresist by etching shall
be explained. An acrylic resiﬁ and an acrylic monomer
were used for a photoresist and coated on an ITO film.
Then, it was subjected to irradiation with UV rays,
developing treatment and solidification by heating and
baking in the pattern form according to conventional
methods, and then etching with oxygen plasma was tried.

An etching speed exceeding 2000 A/minute under a pressure

- condition of about 13 Pa was obtained, and a satisfactory

performance was shown.
Next, in order to confirm an effect of hydrogen

iodide plasma, a photoresist film was formed on an ITO
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film and then exposed to plasma of hydrogen iodide to
remove ITO and then etching was carried out with oxygen
to find that the etching speed was reduced sharply and
was as much slow as less fhén 100 A/minute.

Then, nitrogen trifluoride as fluorine-nitfogen-
based compound gas was mixed as a reactive gas with
oxygen gas to thereby confirm an etching effect on a
photoresist film. The photoresist film used here was the
one after subjecting to dry etchihg by exposing to plasma
of a gas containing mainly hydrogen iodide. A mixing
ratio of nitrogen trifluoride as the reactive gas to
oxygen gas is 1 : 2, that is, volume flow ratio Zeo OF
nitrogen trifluoride gas to oxygen gas in the second
reactive gas containing oxygen gas is 0.5.

An etching speed of about 700 A/minﬁte for the
photoresist film was obtained, and therefore etching of
the photoresist containing iodine af high speed, which
had not been achieved by plasma etching only with oxygen,
became possible. |

Further, in order to remove more quickly a
photoresist film by dry etching after dry etching of ITO
with a gas containing hydrogen iodide, the photoresist
film was first exposed to plasma of oxygen and then
subjected to etching with a gas obtained by mixing oxygen

gas with nitrogen trifluoride as a reactive gas. Also in
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this case, volume flow ratio Z., of nitrogen trifluoride
gas to oxygen gas in the second reactive gas is 0.5. 1In
etching of the photoresist film exposed to hydrogen
iodide plasma with the second reactive gas containing
oxygen gas, an etching speed exceeding 1000 A/minute
could be obtained.

| In this case, if a photoresist is exposed in

advance to'oxygen plasma, a small amount of the non-

- volatile substance sticking to the wall of an etching

chamber turns into a substance having higher non-
volatility by oxygen plasma to thereby be stabilized, and
as a result, it is prevented from sticking again to the
photoresist.

Accordingly, in carrying out dry etching of a metal
oxide comprising mainly ITO/photoresist film laminate,
provided are the first step of carrying out dry etching
of a metal oxide with plasma of the first reactive gas
containing hydrogen iodide and the second step of
rehoving a photofesist by etching with plasma of the
second reactive gas containing oxygen gas, and further a
step of exposing to plasma of oxygen gas is interposed
between the first step and the secoﬁd step, whereby dry
etching of thé metal oxide/photdresist laminate can be
qarried out at high speed;

The reactive gases used at the first step and the
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second step havé to satisfy the flow conditions described
above (equations 1 to 8).

A suitable gas as the reactive gas of the present
invention includes nitrogen triflﬁoride as a
fluoriqe-nitrogen—based compound gas. Fluorine-based
gases include fluorine, chlorine trifluoride, sulfur
hexafluoride, ethane hexafluoride and tetracarbon.
Nitrogen-based gases include nifrogen, ammonia, hydrazine,
dinitrogen oxide and nit;ogen monoxide.

A pressure condition suitable for carrying out dry
etching of ITO with hydrogen iodide is in a range of 0.1
Pa to 100 Pa, more preferably 0.5 Pa to 20 Pa. When the
pressure is lower than the lower limit a gas itself is
mainly exhausted, and the amount of gas sufficient for
forming discharge with paraliel plate type discharge
electrodes based on RIE can not be maintained in the
apparatus. Further, dissociation is accelerated by
plasma under the pressure condition higher than the upper
limit, and as a result, the formation of a non-volatile
substance is more accelerated. This results in a
reduction in the dry etchin§ speed and therefore is not a
preferred state. Further, anisotropic etching which is
the characteristic of RIE becomes difficult, and good dry
etching characteristics can not be provided.

Further, heating of the wall and the inspection
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hole of a chamber used for etching brings about preferred
effects as well. Etching of a photoresist is
successively carried out after the finishing of etching
of ITO itself, and the state that the wall of the_chamber.
is heated from 60°C or higher to 300°C or lower is very
effective as well at the etching Step of a photoresist
with the second_reactive gas. The wall of the chamber is
heate¢ more preferably from 80°C or higher to 200°C or
lower.

The method disclosed above can sufficiently inhibit
a non-volatile substance from being produced without
preventing etching of a metal oxide from going.on in dry
etching of a metal oxide/photoresist film laminate.
However, the first reactive gas is effective for
inhibiting dry etching of a metal oxide from going on
while it is effective for inhibiting a non-volatile
substance from being produced, and therefore operation in
a suitable range of its amount is réquired. Even if this
méthod is used, it is difficult to continue to operate :
dry etching while completely inhibiting a nén-volatile_
substance from being produced. ”Non-volatile substances,
though only a little, stick to the wall of a dhamber, and
necessity to remove these non-volatile subsfances arises
during continuing operation over a long period of time.

Then, as a method for enabling to remove easily a
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non-volatile substance after removal of a metal
oxide/photoresist £ilm laminate, which is a target of dry
etching, from a chamber, the present inventors have
developed a method in which the third reactive gas is fed
to the dry etching apparatus to produce plasma to thereby
remove a non-volatile substance.

The third reactive gas characterized by comprising
a fluorine-nitrogen-based compound gas or a gas in which
fluorine-based gas and nitrogen-based gas are mixed in an
optional volume proportion is used as a cleaning gas for
removing a non-volatile substance in a chamber.

'When it was tried to remove a non-volatile
substance with nitrogen trifluoride.gas as a fluorine-
nitrogen-based compound gas, a very good cleaning effect

could be confirmed. When nitrogen trifluoride was used

after hydrogen iodide was used for dry etching of ITO for

2 hours, a non-volatile substance could be removed up to
the state suéh that the non-volatile substance was
scarcely left aftgr 2 hours.

Either a fluorine-based gas or a nitrogen-based gas.
can be used alone as the third reactive gas.

However, it is more effective in terms of removing
a non-volatile substance to use a mixture_of fluorine-
based gés and nitrogen-based gas rather than to use them

alone.
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A degree of remdving a non-volatile substance can
be confirmed by analyzing the composition of substances
stuck to a test piece for allowing a non-volatile
substance to stick thereto. For example, after placing
an SUS plate in a dry etching chamber, a non-volatile
substance produced by generating plasma of hydrogen
iodide gas with ITO being placed on an electrode is
collected. The composition of the collected non-volatile
substance can be determined by meaﬁs of AES (Auger
elecfron spectroscopj) and ICP-ES (inductively coupled
pPlasma emission spectroscopyf.

Subsequently, while leaving the produced non-
volatile substance'in the dry etching chambér as it is,
plasma of the third reactive gas is produced, and then
the composition of the non-volatile substance stuck to
the test piece is determined, whereby a change in the
non-volatile substance.can be confirmed.

Thelcomposition of the non-volatile substance
itself comprised mainly In (indium), I (iodine) and Si
(silicon). Silicon was detected because é'silicon-based
gas had been used in a large quantity in the dry etching
chamber, but it has no relation with the present
invention.

The stuck amount of the non;volatile substance

could be reduced sharply by exposing this non-volatile
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sﬁbstance to plasma of nitrogen trifluoride, which was
the third reactive gas. With respéct to the composition,
particularly In and I could be reduced sharply. Further,
Sn (tin) contained in ITO could be reduced sharply as
well. However, the contents of oxygen and carbon did not
change. On.the other hand, a peak of fluorine which was
considered to be attributable to an influence of nitrogen
trifluoride was detected.

The similar tendenéy could be confirmed as well
when fluorine gas and chlﬁrine trifluoride gas were used.

The first reactive gas containing hydrogen iodide
as the principal component may be mixed with an inert gas
such as helium, neon, argon, krypton or xenon. They can
collide.against electrodes, particularly high-frequency-
power electrodes, with positive ions and therefore can be
expected to raise the etching speed of dry etching and to
improve the anisotropic etching performance.

Further, the first reactive gas containing hydrogen
iodide as the principal component may be mixed with
hydrogen. However, it is not preferred that hydrogen gas
dilutes hydrogen iodide gés to reduce dry etching
performances of hydrogeﬁ jodide gas. The volume amount
thereof is 10 times tb hydrogen iodide gas or less.

It is one aspect of the present invention as well

to perform the function of producing reactive radicals
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from a reactive gas with the same apparatus provided with

- a mechanism to produce plasma for carrying out etching.

Installation of new facilities having the function of
producing reactive radicals results in enforcing a load
on the ekisting_apparatus and therefore is not a
preferred method. The present invention is characterized
in that the function can be achieved by feeding the
existing apparatus with a gas.

The etching apparatus of the present invention is
characterized in that a frequency applied to high-
frequency electrodes ié from 1 MHz or more to 150 MHz or
leés, more preferabiy from 5 MHz or more to 80 MHz or
less and most preferably from 13.56 MHz or more to 50 MHz
or less. When the frequency applied to the high-
frequency electrodes is faised, an amount of radicals
produced increases. Accordingly, the raising of the
frequency results in enabling to elevate the dry etchiné
speed of ITQ.- . |

However, as the frequency applied to the high-
frequency electrodes is elevated, the self bias voltage
is reduced. As a result, an amount of positive ions
colliding against a substrate is cbntrolled, so that a
phenomenon of a reduction in the dry etching épeed is
observed. Accordingly, the suitable frequency applied to

the high-frequency electrodes is restricted.
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EXAMPLES

The present invention shall more specifically be
explained'below with reference to examples.
Exahple 1

An ITO thin film substrate having a thickness of 1
ul formed by magnetron sputtering was placed on an power
electrode of an apparatus equipped with capacitance-
coupling type high-frequency electrodes, and vacuumizing
was carried out. After obtaining a vacuum of 1 X 102 Pa
or less, hydrogen iddide gas and nitrogen trifluoride gas
were allowed to flow to carry out dry etching. In order
to calculate accurately a dry etching speed, a polyimide
tape was adhered to the ITO thin film substrate, and the
dry etching speed was calculated from the difference
between the thicknesses observed before and after the dry
etching.

Etching conditions:

Substrate _ ' placéd on power electrode side
Frequency _ ' 13.56 MHz (RF)

RF eleétric power 200 W

Electrode area 78.5 cm?

Pressure in 7. Pa

apparatus

Gas flow rate hydrogen iodide gas 10 scem

nitrogen trifluoride gas - 0 to 2 sccm
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Etching time 5 minutes
Wall temperature foom temperature at the initial
stage

Dry etching was carried out for 5 minutes under the
conditions described above at flow rates oflnitrogen
trifluoride in a range of 0 to 2 sccm to calculate the
dry etching speeds. The results thereof are shown in Fig.
3.

Under a condition that nitrogen trifluoride gas was
not allowed to flow, that is, when only hydrogen iodide
gas was used and the flow rate of nitrogen trifluoride
gas was 0 sccm, a dry etching speed of 1300 A/minute was
obtained. Next, as the flow rate of nitrogen trifluoride
gaé was increased while the flow rate of hydrogen iodide
gas wés kept fixed, the dry etching speed of ITO was
reduced. However, a dry etching speed of 1300 A/minute
could be maintained at flow rates of nitrogen trifluoride
gas in a range of up to 1.5 sccm. Then, thé flow rate of
nitrogen trifluoride gas was raised to 2 sccm, so that
the dry etching speed was reduced tq almost O A/minute;
The flow rate of nitrogen trifluoride gas was increased
further moré but.dry etching was no longer advanced.
Example 2

The apparatus equipped with capacitance-coupling

type high-frequency electrodes was used as waé the case
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with Example 1. In Example 2, howe#er, to make the
production of a non-volatile substance and the effect of
inhibiting the production clear, a glass plate was placed
on a power electrode of the high-frequency electrodes,
and 20 pieces of ITO pellets having a diameter of 1 cm
used for an EB evaporation device were arranged so that
the area of exposed parts became about 25 cm?. Then,
vacuumizing was carried out. After obtaining a vacuum of
1 X 10? Pa or less, hydrogen iodide gas and nitrogen
trifluoride gas were allowed to flow to carry out dry
etching. Further, an SUS test piece was adhered to a
place where a non-volatile substance would stick to an
apparatus wall with a polyimide tape tq carry out dry
etching for a prescribed time, and then the weight was
determined.

The tesf piece of SUS has a surface area of about 3
cm?, and both ends thereof were fixed with a polyimide
tape, so that the area of the exposed part was controlled
to 2 cm®’. The test piece of SUS'has a thickness of 0.3 mm.

A Sartorius-made electron balanée capable of
measuring up to 0.01 mg was used for determining the
weight.

Etching conditions:
Substrate placed on power electrode side

Frequency . 13.56 MHz (RF)
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RF electric power 200 W

Electrode area 78.5 cm’

Pressure in - 7 Pa

apparatus

Gas flow rate hydrogen'iodide gaé 10 sccm

nitrogen trifluoride gas 0 to 2 sccm

Etching time 2 hours

Wall temperature room temperature at the initial
stage

Dry etching was carried out for 2 hours under the
conditions described above at flow rates of nitrogen
trifluoride gas inla range of O:to 3 sccm. In measuring
the weights, the polyimide tape was removed, and the
weights per unit aréa obtained by dividing the weights of -
a non-volatile substance by the exposed area of SUS were
plotted. .

Under a condition that nitrogen trifluoride gas was
not allowed to flow, that is, when only hydrogen iodide
gas was used and the flow rate of nitrogen trifluoride
gas was 0 sccm, the weight of a non-volatile substance
per unit area was 0.32 mg/cm’. However, the non-volatile
substance was reduced sharply by feeding nitrogen
trifluoride gas at 1 sccm and could not be found with
eyes. This was measured by means of an electron balance

to find that it was 0.04 mg/cm’. This is an almost
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negligible amount of the non—volafile substance produced.
Further, as the feed amount of nitrogen trifluoride gas
was increased, the non-volatile substance could not be
found, and the weight was almost zero.

The results obtained in Example 1 and Example 2
were summarized, and the dry etching speeds of ITO and
the amounts of the non-volatile substances produced were
shown in Fig. 3 by plotting. The feed ratio of nitrogen
trifluoride gas to hydrogen iodide gas is marked on the
axis of abscissa. It could be found from this Fig. 3
thét the combination of hydrOQen iodide gas and nitrogen
trifluoride gas accelerated etching of ITO but a range
effective for inhibiting the non-volatiie substance to
the utmost from being produced was present. It could be
confirmed that the above range was 0.02 to 0.15.

Example 3

As was the case with Example 1 and Example 2, an
ITO thin film substrate having a thickn;ss of 1.5 un
formed by magnet:on sputtering was placed on a power
electrode of an apparatus equipped with capacitance-
coupling type high-frequency electrodes, and then
vacuumizing was carried out. After obtaining a vacuum of
1 X 1072 Pa or less, hydrogen iodide gas, nitrogen gas
and fluorine gas were aliowed'to flow to carry out dry-

etching. In order to calculate accurately the dry
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etching speed, a polyimide tape was édhered to the ITO
thin film substrate, and the dry etching speed was
calculated from the difference between the thicknesses
observed before and after the dry etching.

Etching conditions:

Substrate | placed on power electrode side

.Frequency 13.56 MHz (RF) |

RF electric power 200 W

Electrode area 78.5 cm®

Pressure in 7 Pa

apparatus

Gas flow rate hydrogen iodide gas 10 sccm
nitrogen gas 0 to 3 sccom
fluorine gas 0 to 2.5 sccm

Etching time 10 minutes

Wall temperature rooﬁ temperature at the initial
stage

A dry etching speed of 1300 A/minute was obtained
under a condition that only hydrogen iodide gas was
allowed to flow. Further, the flow rates of nitrogen gas

and fluorine gas were changéd while the flow rate of

'hydrogen iodide gas was kept fixed to determine the -

respective dry etching speeds. The results of the
etching speeds thus obtained are shown in Fig. 4, wherein

a point having a dry etching speed of 1000 A/minute or
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more is marked with O, and a point having a dry etching
speed of less than 1000 A/minute is marked with @. As a
result, it could be confirmed that points where as the
nitrogen gas flow rate and the fluorine gas flow rate
increased, the dry etching speed was reduced, were
present distinctly.

Simply showing these‘points, etching speeds of 1000
A/minute or more could be confirmed in a range shown by:

(nitrogen_flow rate)? + (fluorine flow

rate) 2 £ 4.5 sccm?
Examble 4

The apparatus equipped with capacitance-coupling
type high-frequency electrodes was used as was the case
with Example 3. In Example 4, however, in order to make
production of a non-volatile substance and the effect of
inhibiting the production clear, a glass plate was placed .
on a power electrodé of the high-frequency electrodes,
and 20 pieces of ITO pellets having a diameter of 1 cm
used for an EB evaporation device were arranged so that
the area of e#posed parts including side areas became
about 25 cm?’. Then, vacuumizing was carried out. After
obtaining a vacuum of 1 X 10 Pa or less, hydrogen
iodide gas, nitrogen gas and fluorine gas wefe allowed to
flow to carry out dry etching under the following

conditions. Further, an SUS test piece was adhered to a
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place where a non-volatile substance would stick to an
apparatus wall with a polyimide tape to carry out:dry
etching for a préscribed time, and then the weight was
determined.

The test piece of SUS has a surface area of 3 cm?,
and both ends thereof were fixed with a polyimide tape,
so that the area of the exposed part was controlled to 2
cm?’. The test piece of SUS has a thickness of 0.3 mm.

The Sartorius-made electron balance capable of
measuring up to 0.01 mg was used for determining the

weight.

Etching conditions:

Substrate placed oh power electrode side

Frequency 13.56 MHz (RF)

‘RF electric power 200 W

Electrode area | 78.5 cm?

Pressure in 7 Pa

apparatus

Gas flow rate : hydrogen iodide gas 10 sccm
nitrogen gas 0 to 3 scecm
fluorine gas - 0 to 2.5 sccm

Etching time 90 minutes

Wall temperature - room temperature at the initial
étage

Dry etching was carried out for 5 minutes under the
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conditions described above at flow rates of nitrogen gas
in a range of 0 to 3 sccm and flow rates of fluorine gas
in a range of 0 to 2.5 sccm. The results are summarized

in Fig. 4. In the figure, a small numeral which is

- written above mark O is a weight of a non-volatile

substance stuck to the SUS substrate which is the test
piece and is shown in a unit of mg/cm?, by weight per
unit area.

A non-volatile substance of 0.32 mg/cm® was
obtained under a condition that only hydrogen iodide gas
was allowed to flow. Further, the flow rétes of nitrogen
gas and fluorine gas were changed while the flow rate of
hydrogen iodide gas was kept fixed to determine the
amounts of the non-volatile substances stuck to the
respective SUS substrates.

Wheﬁ only fluorine gas of 1 sccm was used othér
than hydrogen iodide gas, the stuck amount of the non-
volatile substance was 0.27 mg/cm’ and certainly reduced,
though slightly.

In contrast with this, the amount of a non-volatile
substance produced was 0.16 mg/cm’ under the cohdition
thatlin addition to hydrogen iodide gas, only nitrogen
gas was allowed to flow at 1 sccm and was more preferred
result from a viewpoint of inhibiting a non-volatile

substance from being produced.
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Further, the weight of a substance stuck to the
test piece heated to 80°C was measured to find that the
weight was furthér reduced.

The results obtained by measuring the weights of
thé non-volatile substances stuck to the samples heated
to 80°C were written with small numefals at the right
side of mark O’s. Uhder the condition that the fluorine
flow rate-was 1 sécm and the nitrogen flow rates were 0.5
sccm or 1 sccem, the amounts of the non-volatile
substances were 0.08 mg/cm®’ and 0.02 mg/cm?, réspectively,
which weré smaller values than those obtained when no
heating was applied thereto, and heating to 80°C worked
effectively.

Further, wheﬁ only nitrogen gas was allowed_to.flow,
heating was effective as well, and the weight of the'non-
volatile substance was 0.06 mg/cm’ at a flow rate of .1
sccm of nitrogen gas, ﬁhich'was less as compared with no
heating.

Summarizing these resﬁlts, it could be confirmed
that the effect of controlling the production of the non-
volatile subStances was exerted in the following range.
That is, |

0.04 scem® = (fluorine flow rate)? +

(nitrogen flow rate) *

Further, it was found that the effect was exerted as well
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on a reduction in the non-volatile substances in. the case
of nitrogen- gas alone or fluorine'gas alone. Summarizing
the two facts described above,. it could be confirmed that
the effect was exerted in the ranges of:

fluorine flow rate = 0 sccm

nitrogen flow rate = 0 sccm

Further, heating the wall of the chamber could
reduce the amount of the non-volatile substances produced
sharply.

Thus, from the results obtained in Example 3 .and
Example 4, the range in which fhe dry etching speéd of
1000 A/minute or more is provided and wh.ich is effective
for controlling the product.ion of the non-volatile
substances to the utmost is given as follows. That is,

0.04 sccm®* = (nitrogen £low rate)? +

(fluorine flow rate) > £ 4.5 sccm®

and
fluorine flow rate = 0 sccm
nitrogen flow rate = 0 sccm
Example 5

A solution prépai:ed by dissolving 0.5 g of a
photoresist which is a mixture comprising an acrylic
résin and an acryl monomer in 2.5 g of acetone was coated
by spin coating to form a thin_ layer on a 10 cm-square

substrate which is provided with an ITO thin film having
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a thickness of 0.3 ul formed on a glass substrate by
magnetron sputtering. This was maintained for 20 minutes
at a temperature of 80 °C for drying and then irradiated
with UV rays accordiﬁg to a prescribed pattern. The
photoresist used is a negative type. Subsequently, after
subjecting it to developing treatment in a 1 % solutioh
of disodium carbonate (Na,CO;), it was further maintained
for 10 minutes at a temperature of 80 °C for fixing. The
photoresist having a pattern thus formed had a thickness
in a range of 1.1 to 1.2 um.

The substrate in which a polymer resist was thus
formed on ITO was placed on a power electrode of an
apparatus equipped with capacitance-coupling type high-
frequency electrodes, and vacuumizing was carried out.
After obfaining a vacuum of 1 X 10 Pa or less, a gas
obtained by mixing nitrogen trifluoride gas in a
proportion of 10 % with hydrogen iodide gas was allowéd
to flow to carry out dry etching under the conditions
shown below. In order to calculate accurately a dry
etching speed, a polyimide tape was adhered to the ITO
thin film substrate, and the dry etching speed was
calculated from the difference between the thicknesses
observed befbre and after the dry etching.

The ITO thin film substrate used for etching was

prepared on a glass substrate by sputtering using a
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target of ITO. The target used for sputtering had a

composition'of 90 % of In,0, and 10 % of SnO, and was

prepared by direct current discharge.

Etching conditions:

placed on power electrode side

Substrate

Frequency 13.56 MHz (RF)

RF electric power 200 W

Electrode area ' 78.5 cm?

Pressure in 40 Pa

apparatus

Gas flow rate hydrogen iodide gas - 10 sccm

nitrogen trifluoride gas 1 sccm

Etching time

Wall temperature

5 minutes
room temperature at the initial

stage

Further, plasma etching was carried out with a

mixed gas of oxygen gas and nitrogen trifluoride gés.

The conditions of the plasma are as follows.

Etching conditions:
Substrate
Frequency

RF electric power
‘Electrode area
Pressure in

apparatus

placed on power electrode side
13.56 MHz (RF)

200 W

78.5 cm’

40 Pa
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Gas flow rate oxXygen gas 8 sccm

Gas flow rate nitrogen trifluoride gas 4 sccm

Etching time 10 minutes |

Wall temperature room temperature at the initial
stage

As a result, the photoresist was almost removéd by
etching, and etching of ITO was carried out according to
the pattern. The photoresist had an etching speed of
about 700 A/minute.

Example 6

Further, oxygen plasma treatment was carried out
between an etching step of ITO which was the first step
and an etching step of a photoresist which was the second
step. The conditions of the oxygen plasma treatment are

as follows.

-Oxygen plasma conditions:

Substrate | placed on power electfode side
Frequency - 13.56 MHz (RF)
'RF electric power 200 W
Electrode area 78.5 cm?
Pressure in 40 Pa
apparatus
Gas flow rate oxygen gas 10 sccm
Etching time 2 minutes

Wall temperature room temperature at the initial
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stage

As a result, the photoresist was almost removed by
etching, and etching of ITO was carried out according to
the pattern. The photoresist had an etching speed of
abéut 1000 A/minute.
Comparative Example 1

Etching of ITO with hydrogen iodide gas was not
carried out, and only the etching speed of a photoresist
with oxygen plasma was measured. The etching conditions
with the oxygen plasma were the same as in Example 5,
except that nitrogen trifluoride gas Was not used.

The same substrate as in Example 5 was used, which

was prepared by spin coating of acryl-based photoresist

on ITO. The etching speeds obtained with the oxygen
Plasma are as follows: ‘
oxygen plasma tiﬁe 3 minutes: 2300 A/minute
oxyden plasma time 5 minuies: 2400 A/minute
It was confirmed that the photorésist'itself
containing no iodine had a high etching speed exceeding
2000 A/minute with the oxygen plasma. |
Comparative Example 2
Etching with hydrogen iodide gas was.carried out in
the same manner as in Example 5. Héwever, the
phbtorésist was tried to be removed only with oxygen

plasma. The conditions of the oxygen plasma were the
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same as in Example 5, except that nitrogen trifluoride
gas was not used.

Etching of ITO was effectuated, but removal of the
photoresist scarcely went on. However, the difference in
a level could be observed, and the etéhing speed
estimated from the difference in a level was about 100
A/minute. "This etching speed was an unsatisfactory
result for commercial use.

Comparative Example 3

Pellets 6f ITO were provided in the same manner as
in Example 2 to carry out a test of dry etching with a
gas comprising mainly hydrogen iodide gas.‘ Further, a
test piece of\SUé was provided as.well-in the same manner
as in Example 2, and a non-volatile subétance produced
fhereon was measured for its composition by means of AES
and ICP.

Etching conditions:

Substrate _ placed on power electrode side
Frequency 13.56 MHz (RF)

RF electric power 200 W

Electrode area 78.5 cm’

Pressure in 27 Pa

apparatus

Gas flow rate hydrogen iodide gas 10 sccm

Etching time '2 hours
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Wall temperature room temperature at the initial
stage

The results obtained by measurement are shown in
Table 1. It can be found from these'results that the
main components are In and I._
Example 7

Third reactive gas was used to carry out a test for
confirming the effect of removing a non-volatile
substance produced. The test was carried out in the same
way as in- Comparative Example 3.

The selected gas for the reactive gases were
nitrogen trifluoride gas, fluorine gas and chlorine )
trifluoride gas; and the test was carried out as well

with sulfur hexafluoride gas. Only the case where

‘nitrogen trifluoride gas was used is shown the cleaning

conditions as follows, but the conditions for the other
gases are the'same except that the gases.are different.
However, only when chlorine trifluoride was used, the
wall temperature of the chamber was set to 120 °C.

Cleaning conditions: -

Substrate placed on power'electrode side
Frequency . 13.56 MHz (RF)

RF electric power 200 W

Electrode area o 78.5 cm’

Pressure in 27 Pa
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apparatus
Gas flow rate nitrogen trifluoride gas 10 sccm
Etching time 2 hours
Wall temperature foom temperature at the initial

stage
The analyticél results of the compositions of the
non-volatile substances are shown in Table 1.
Incidentally, the total is not 100 %, and the
balance corresponds to substances which are not
identified and are composed of elements included in

neither hydrogen iodide nor the third reactive gas.



Table 1

In Sn I 0 Si F S C Cl

Non-volatile matter
Comparative
Example 3 23.6 | 3.4 14.5 {12.3 |31.2 0.0 0.0 1.2 0.0
Example 7
Reactive gas
NF, 3.9 0.5 3.2 {11.2 |18.6 2.7 . 1.0 .
F, 4.1 . 2.9 |10.3 |12.3 2.6 . 0.7 .
C1F, 120°C 3.8 | 0.4 |2.4|7.5|8.9] 29| 0.0 1.4]|o0.
SF, 21.3 | 2.8 [12.1 {10.6 {11.5 | 2.7 1.1 | o.

Remark

unit: vol %
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What is claimed is:

1. A dry etching method for a metal oxide/photoresist
film laminate in which a metal oxide film is processed by
5 dry etching with plasma of a gas containing hydrogen
iodide at a pressure ranging from 0.1 to 50 Pa with a
photoresist film being used as a mask and then the
photoresist film 1is removed with plasma of a gas
containing oxygen at a pressure ranging from 0.1 to 1000
10 Pa to carry out circuit patterning in the metal oxide
film, wherein the gas containing hydrogen iodide is
prepared by mixing hydrogen iodide with at least one gas
selected from the group consisting of a group consisting
of fluorine gas and fluorine—based compound gases and a
15 group consisting of nitrogen gas  and nitrogen-baséd

compound gases.

2. A dry etching method for a metal oxide/photoresist
film laminate as described in claim 1, wherein a range in

20 which X, and Y, satisfy is prescribed by equations (1),
(2) and (3): |

0.0004 = X,,” + Y,,° = 0.045 (1)
X;; = O ' (2)
Yg £ 0 (3)

25 wherein a volume flow rate of hydrogen iodide gas is
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designated as Gy:; a vélume flow rate of a gas' selected
from the group consisting of fluorine gas and fluorine-
based compound gases 1is designated Gn;‘ a volumé flow
rate of a gas selected fi'om the group consisting of

nitrogen gas and nitrogen-based compound gases is

designated as Gy;; and a volume flow ratio X, is defined .

by X;; = G /Gy, and a volume flow ratio ¥Y,; is defined by
YNI = NI/GHI'
3. A dry etching method for a metal oxide/photoresist

film laminate as described in claim 2, wherein a range in
which Z.,, satisfy 1s prescribed by an equation (4):
0.02 = Z,; < 0.15 - (4)

wherein a volume flow rate of hydrogen iodide gas is

designated as G,: a volume flow rate of a gas selected

from the group consisting of fluorine-nitrogen-based
compound gases is designated as Gg,;; and a volume flow

ratio Zp; is defined by Z;; = Gpy/Gyr-

4. A dry etching method for a metal oxide/photoresist
film laminate as described in claim 1 in which a metal
oxide film is pi:'oc_essed by dry etching with a gas
containing hydrogen iodide as described in claim 1 and
then a photoresist film is removed with plasma of a gas

containing oxygen at a- pressure ranging from 0.1 to 1000
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Pa, wherein the gas containing oxygen is prepared by
mixing oxygen with at least one gas selected from the
group consisting of a group consisting of fluorine gas
and fluorine-based compound gases and a group consisting

of nitrogen gas and nitrogen-based compound gases.

5. A dry etching method for a metal oxide/photoresist
film laminate as described in claim 4, wherein a range in
which Xg, and Y., satisfy is prescribed by equétions (5),
(6) and (7):

0.05 = X,o + ¥ = 6.0 - (5)

£
]

v
o

(6)
(7)

wherein a volume flow rate of oxygen gas is designated as

<
-

v

o

G,; a volume flow rate of a gas selected from the group
consisting of fluorine gas and fluorine-based compound
gases is designated G,,; a volume flow rate of a gas
selected from the group consisting of nitrogen gas and
nitrogen-based compound gases is designated as Gyg,: and a
volume flow ratio X,, is defined by X,, = Gg/G,, and a

volume flow ratio Y,, is defined by Y,, = Gy/Go,-

6. A dry etching method for a metal oxide/photoresist
film laminate as described in claim 5, wherein a range in

which Z., satisfy is prescribed by an equation (8): _



10

15

20

25

- 73 - O )
* ¢ L l‘!l s x

0.05 = Zpo = 3.0 . (8)
wherein a volume flow rate of oxygen gas is designated as
G,; a volume flow rate of a gas selected from the group
consisting of fluorine-nitrogen-based cbmpound gases is
designated as G;,: and a volume fiow ratio Z;, is defined

bY Zgy = Geno/Go-

7. A dry etching method for a metal oxide/photoresist
film laminate as deécribéd in-claim 1 in which a metal
oxide. film is processed by dry etching with .a gas
qontaining hydrogen iodide as described in claim 1 and
then a photoresist film is removed with plasma of a gas
containing oxygen at a pressure ranging.from 0.1 to 1000
Pa, wherein said photoresist film is eXposed to plasma of
oxygen gas at a pressure ranging 'from 0.1 to 1000 Pa
after the dry etching of said metal oxide film has been
carried out, and then said photoresist film is removed
with plasma of a gas containing oxygen as described in

claim 4.

8. A dry etching method for a metal oxide/photoresist
film laminate as described in claim 1 in which'of a metal
oxide film 1is processed by dry etching with a gas
containing hydrogen iodide as described in claim 1 and

then a photoresist film is removed with plasma of a gas
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containing oxygen at a pressure ranging from 0.1 to 1000
Pa, wherein said photdresist film is exposed to plasma of
oxygen gés at a pressure ranging from 0.1 to 1000 Pa
after the dry etching of said metal oxide film has been
car-riéd out, and t_hén said photoresist film is removed
with plasma of a gas containing oxygen as described in

claim 5.

9. A dry etching method for a metal oxide/photoresist
film laminate as described in claim 1 in which a metal
oxide film is processed by dry etching with a gas
containing hydrogen lodide as described in claim 1 and
then a photoresist film is removed with plasma of a gas
containing oxygen at a pressure ranging from 0.1 to 1000
Pa, wherein said photoresist film is exposed to plasma of
oxygen gas .at a pressure ranging from 0.1 to 1000 Pa
after the dry etching of said metal oxide film has been
carried out, and then said photoresist film is removed
with plasma of a gas containing oxygen as described in

claim 6.

10. A dry etching method for a metal oxide/photoresist
film laminate as described in claim 1 in which plasma is
produced at a pressure ranging from 0.1 to 50 Pa in a

dry-etching chamber after the metal oxide/photoresist
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film laminate has been taken out from the'dry etching
chamber, wherein said plasma is produced by using at
least one gas selected from the group consisting of a
group consisting of fluorine gas and fluorine-based
compound gases aﬂd a group consisting of nitrogen gas and

nitrogen-based'qompound gases.

11. A dry etching method for a metal oxide/photoresist
film laminate as described in claim 4 in which plasma is
produced at a pressure ranging from 0.1 to 50 Pa in a dry -
etching chamber after the metal oxide/photoresist f£film
laminate has been taken out from the dry-etching chamber,
wherein said plasma is produced by using at least one gas
selected from the group consisting of a group consisting
of fluorine gas and fluorine-based compound gases and a
grbup consisting of nitrogen gas and nitrogen-based

compound gases.

12. A dry etching method for a metal oxide/photoresist
film laminate as described in claim 1, wherein the
surface of the inside of a dry 'etéhing chamber is
maihtained.at a temperature ranging from 60 °C or highér

to 300 °C or lower.

13. A dry etching method for a metal oxide/photoresist
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film laminate as described in claim 1, wherein a gas
containing hydrogen iodide contains at least one gas

selected from the group consisting of helium, neon, argon,

'krypton, xenon and hydrogen.

14. A dry etching method for a metal oxide/photoresist
film laminate as described in claim 1, wherein said metal
oxide film is any of ITO (indium-tin-oxide), tin oxide

and zinc oxide.

15. The dry-etching method for a metal

oxide/photoresist film laminate as described in claim 4,
wherein said metal oxide film is any of ITO (indium-tin-

oxide), tin oxide and zinc oxide.



