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‘) X-ray Mask Structure and X-ray Exposing

Method, and Semiconductor Device Manufactured
by Use of X-ray Mask Structure, and Method

for Manufacturing X-ray Mask Structure

BACKGROUND OF THE -INVENTION

Field of the Invention .

The present invention relates to an X-ray mask
structure for use in the manufacture of semicondﬁétor
devices and the like, an X-ray exposing method by the
use of the X-ray mask structure, a semiconductor device
manufactured by the use of the X-ray mask structure,
and a method for manufacturing the X-ray mask

structure.

Related Bgckground Art

In recent years, there has been a tendency that
each line width of patterns on integrated circuits is
reduced as much as 70% in about three years with the
increase of density and processing speed of the
semiconductor integrated circuits. Owing to the
further integration of large capacity memory elements,
the further improvement of the performance of a
printing equipment is also required. Thus, it has
begun to demand a high performance that a transfgrable
minimum line width is 0.3 um or less.

Therefore, a stepper utilizing light in an X-
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ray region (2 to 20 A) as exposure wavelength light is
being developed. An X-ray mask structure for use in
such an X-ray exposing equipment has heretofore |
possessed éuch a constitution as shown in Fig. 19F
formed by a manufacturing process elucidated in Figs.
19A to 19F. In this structure, nothing is formed on
the portioh of an X-ray permeable film having no X-ray
absorber pattern thereon.

In the concrete, reference numeral 21 is a
substrate which will be a supporting frame, and as the
substrate, an Si wafer is often used. As an X-ray

permeable film 22, there is used a thin film having a

. thickness of about 2 pym and comprising silicon nitride,

silicon carbide or the like which is excellent in X-ray
perméability. .

A chromium film having a thickness of 50 A as a
metal thin film 23 for gold adhesion and a gold film
having a thickness of SOO.A as a plating electrodé 24
for the formation of an X-ray absorber are continuously
deposited by EB vacuum deposition, as shown in Fig.
19A.

On the plating electrode 24, a desired fine
resist pattern 25 is formed by means of an electron
rays depictor, as shown in Fig. 19B. The resist to be
used may have a single-layer form or a multi-layer
form.

Next, gold is plated to form a gold film which
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will be an X-ray absorber 26. The résist pattern 25 is
then peeled off, as shown in Fig. 19C.

The portion of the plating electrode 24 ﬂaving
no X-ray aﬁsorber 26 thereon is peeled off by etching
with an argon gas. In this casé, the plating electrode
24 and the X-ray absorber which are both made of gold
are equall& etched, so that the X-ray absorber takes
such a form as represented by numeral 28' in Figﬁ 19D.

Afterward, the portion of the chromium tﬁin
film 23 having no X-ray absorber 26' thereon 1s peeled
off by sputtering-etching with an argon gas or by

etehing with a reactive gas (a chlorine-based gas), as

‘shown in Fig. 1SE.

In the last place, the back of the Si wafer is
etched to form the supporting frame 21, as shown in
Fig. 19F.

In the conventional manufacturing process of
the X-ray mask structu}e, the thickness reduction of
the gold film is large and so the contrast of the X-ray
mask structure is poor, because a sputtering ratio of
chromium is lower as compared with that of gold, when
the portion of the chromium thin film 23 having no X-
ray absorber 26' thereon is peeled off by the
sputtering-etching with the argon gas.

A difficulty in the manufacture process of the
X-ray mask structure resides in that a fine pattérn (on

a level of 0.25 pm) having a thickness of about 0.75 pm
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and a high aspect ratio must be formed to obtain a
desired contrast. It makes the difficulty more _
difficult to form a little thicker gold film in
consideration of a film thickness quantity which is
reduced at the time of the etching of chromium.
Furthermore, in the case of the etching manner using
the reactive gas, the chlorine-based gas 1s used, and
therefore even if the uneven state of the etching is
slight, silicon nitride or silicon carbide which‘is the
X;ray permeable film is inconveniently etched, so that
film thickness unﬁniformity takes place and the film
surface suffers damage. Even in the case of the
sputtering-etching manner using the argon gas, the film
thickness ununiformity occurs and the f;lm surface
suffers damage.

Furthermore, when the metal thin film remains,
this remaining film has little influence on the X-ray
permeability but largely réduces alignment 1ight:
permeability. In the case that the chromium film
having a thickness of 50 A remains, the X-ray
permeability deteriorates as slightly as 0.6%, but the
alignment light permeability (an He-Ne laser) lowers as
largely as 46%.

Moreover, the X-ray absorber can be formed by
etching W or Ta, but in this case, the reactive gases
(mainly comprising fluorine) are used. Most of thesé

gases have a high etching grade for silicon nitride or
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silicon carbide constituting the X-ray permeable film,
so that the film thickness ununiformity takes place and
the film surface suffers damage. For the prevention of
these troubles, a metal thin film for an etching
stopper can be formed, and the film thickness
ununiformity and the damage can be inhibited as much as
the thickmess of the thin fi*m, “but nevertheless the

similar problems are still present.

SUMMARY OF THE INVENTION |

A main object of the present invention is to
provide an X-ray mask structure which can prevent
alignment light from reflecting and which has good
alignment light permeability, and a method for
manufacturing the X-ray mask structure.

Furthermore, another object of the present
invention is to provide an X-ray mask structure which
can solve the problems of the above-mentioned
conventional example, has an X-ray absorber pattern
with a sufficient contrast, even if a metal thin film
is interposed between an X-ray permeable film and a
metal capable of playing a main role as the X-ray
absorber 1n-a manufacturing process of the X-ray mask
structure, and can inhibit most of the film thickness
ununiformity and the damage of the X-ray permeable film
and in which the portion of the X-ray permeable having

no pattern thereon has good alignment light
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permeability; and a method for manufacturing the X-ray
mask structure.

Still another object of the present 1nveﬂtion
is to provide an X-ray exposing method by which a
pattern can be transferred highly precisely to a
material to be exposed, and a highly precise
semiconductor device manufactured by this X-ray
exposing method. .

The above-mentioned objects can be achieéed by
the present invention. That is:

A first aspect of the present invention is
directed to an X-ray mask structure comprising an X-ray
absorber having a desired pattern, an X-ray permeable
film supporting the X-ray absorber, and a supporting
frame for supporting the X-ray permeable film, said X-
ray mask structure being characterized in that a metal
oxXide film is formed on the portion of the X-ray
permeable film having no X-ray absorber thereon. *

A second aspect of the present invention is
directed to an X-ray mask structure comprising an X-ray
absorber having a desired pattern, an alignment mark,
an X-ray permeable film supporting the X-ray absorber
and the mark, and a supporting frame for supporting the
X-ray permeable film, saild X-ray mask structure being
characterized in that a metal oxide film is formed on
at least the portion of the X-ray permeable filmlin the

vicinity of the mark and having no X-ray absorber
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thereon.

A third aspect of the present invention is
directed to an X-ray exposing method which compfises
the step of irradiating a material to be exposed with
X-rays through the above-mentioned X-ray mask
structure.

A fourth aspect of the present invention is
directed to a semiconductor device manufactured by
irradiating a material to be exposed with X—rays“
through the above-mentioned X-ray mask structure to
form a circuit pattern on the material to be exposed.

A fifth aspect of the present invention is
directed to a method for manufacturing an X-ray mask
structure comprising an X-ray absorber having a desired
pattern, an X-ray permeable film supporting the X-ray
absorber, and a supporting frame for supporting the X-
ray permeable film, said method being characterized by
having a process in which after the formation of -an X-
ray absorber ﬁattern, the portion of the X-ray |
permeable film having no X-ray absorber pattern thereon
is oxidized.

A sixth aspect of the present invention is
directed to a method for manufacturing an X-ray mask
structure comprising an X-ray absorber having a desired
pattern, an X-ray permeable film supporting the X-ray
absorber, and a supporting frame for supporting the X-

ray permeable film, said method being characterized by
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having

(a) a process for forming a metal film on the X-ray
permeable film, |

(b) a progcess for forming an X-ray absorber pattern on
the metal film, and

(c) a process in which after the formation of the X-
ray absorber pattern, the portion of the metal film -

having no X-ray absorber pattern thereon is oxildized.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A and 1B illustrate an example of a.mask
structure of the present invention. |

Fig. 2 illustrates another example of a mask
structure of the present invention.

Figs. 3A to 3F illustrate a first example of an
X-ray mask structure manufacturing process of the
present invention.

Fig. 4 shows partial charts of ESCA analysis of
the surface of four thin film.

Figs. 5A to 5E illustrate a second example of
an X-ray mask structure manufacturing process of the
present invention.

Figs. BA to 6F illustrate a third example of an
X~-ray mask structure manﬁfacturing process of the
present ihvention.

Figs. 7A to 7TE illustrate a fourth example of

an X-ray mask structure manufacturing process of the
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present invention.

Figs. 8A to 8F 1llustrate a fifth example of an
x-ray mask structure process of the present 1nveﬁtion.

Figs. 9A to 9E 1llustrate a sixth example of an
X-ray mask structure manufacturing process of the
present invention.

Figs. 10A to 10E illustrate a seventh example
of an X-ray mask structure manufacturing process of the
present invention. :

Figs. 11A to 11E illustrate an eighth example
of an X-ray mask structure manufacturing process of the
present invention.

Figs. 12A to 12G illustréte a ninth example of
an X-ray mask structure manufacturing process of the
present invention.

Figs. 13A to 13E jillustrate a tenth example of
an X-ray mask structure manufacturing process of the
present invention.

Figs. 14A to 14H illustrate an example of an X-
ray mask structure manufacturing process of the present
invention.

Figs. 15A to 151 illustrate a twelfth example
of an X-ray mask structure manufacturing process of the
present invention.

Figs. 16A to 16H 1lllustrate a thirteenth
example of an X-ray mask structure maﬁufacturing.

process of the present invention.
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Figs. 17A to 17E illustrate a fourteenth
example of an X-ray mask structure manufacturing
process of the present in&ention. |

Fig. 18 is a schematic view of an X-ray
exposing equipment. .

' Figs. 19A to 19F illustfate a conventional X-

L4

ray mask structure manufacturing process. -

DETAILED ﬁ?SCRIPTION OF THE PREFERRED EMBODIMENTS

As shown in Fig. 1A (a sectional view) and Fig.
1B (a plan view), an X-ray mask structure of the
present invention is characterized by forming a metal
oxide film 204 on the portion of an X-ray permeable
film 202 having no-X—ray absorber 203 thereon.

In the present invention, the metal oxide film
204 mainly functions to prevent alignment light
(alignment 1light) from reflecting at the time of the
alignment of a material to be exposed to the X-ray mask
structure. |

Furtherﬁore, in the present invention, the
metal oxide film 204 is not interposed between the X-
ray permeable film 202 and the X-ray absorber 203, and
therefore adhesive properties between these films 202
and 203 are excellent, whereby the peeling off of the
X-ray absorber 203 can be prevented.

Here, the thickness of the metal oxide film 204

is preferably from 8 A to 1000 A, more preferably 20 A
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to 800 A so as not to extremely lower the permeability
of the alignment light and so as to exert a further
excellent effect as the reflection preventing fiim. In
addition, the metal oxide film 204 can be made of'an
oxide of a metal element having an atomic number of 35
or less, particularly an oxide of at least one metal
selected from the group consisting of chromium,
titanium, aluminum, zinc, copper and nickel.

The X-ray mask structure of the present
invention preferably has an intermediate layer 205 for
the further improvement of the adhesive properties
between the X-ray permeable film 202 and the X-ray
absorber 203, In addition to the metal oxide film 204,
as shown in Fig. 2 (a sectional view).

In the present invention, the material of the
intermediate layer 205 can be selected, considering not
only the materials of the X-ray absorber 203 and the X-
ray permeable film 202 but also mainly the materfal of
the metal oxide film 204. That is, the intermediate
layer 205 preferably comprises the metal element of the
metal oxide constituting the metal oxide film 204 in
view of the homogeneity of the films (the metal oxide
film 204 and the intermediate layer 205) formed on the
X-ray permeable film 202.

The X-ray absorber 203 which is one
constitutional requirement of the X-ray mask structure

of the present invention can be made of a conventional
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known material, but preferably, it is made of a metal
having an atomic number of 70 or more which has a large
X-ray absorbency, particularly a metal such as |
tantalum, tungsten, lead, gold or platinum.

The X-ray permeable film 202 can be made of one
or an optional combination of Be, B, C, N, Al, Si and
the like through which the.X rays can permeate, but it
1s preferred that the film 202 is made of SiN, SiC or
the 1like in view of Young's modulus, thermal expansion
coefficient, visible permeability and the like. No
particular restriction is put on thé thickness of the
X-ray permeable film, but it is preferably in the range
of 1 to 3 pm, more preferably 1 to 2 um.

In the X-ray mask structure of the present
invention, a supporting frame 201 for supporting the X-
ray permeable film 202 can be formed into an annular
shape generally from single crystal silicon. The
supporting frame may be adhered to be fixed to ai
retaining frame, etc. for reinforcement. As a material
of retaining frame, there can be used glass materials
such as Pyrex, metal materials such as titanium,
stainless steel, etc. or ceramic materials such as
alumina, silicon carbide, etc.

In the X-ray mask structure of the ﬁresent
invention, the metal oxide film is formed at least in |
the vicinity of the alignment mark which is utilized

for the alignment between the material to be exposed
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and the X—réy mask structure, but as shown in Figs. 1A,
1B and 2, the metal oxide film 204 can be formed all
over the surface of the X-ray permeable film 202-except
the portions covered with the X-ray absorber 203. This
constitution is particularly preferable, because metal
film or metal oxide film present in the X-ray absorber
patterned fegion can prevent the positional deviationm °
of the X-ray absorber due to a stress change with time
of the X-ray permeable film attributed to the oxidation
of the X-ray permeable film with X-ray irradiation.
That is, the metal oxide film 204 functions as a
barrier layer for preventing the oxidation with time of
the X-ray permeable film.

The X-ray mask structure of the present
invention preferably has the metal oxide film also on
the surface of the X-ray absorber. When the positional
precision of pattern is measured by means of light wave
interference system coordinate measuring equipmeﬂt,
etc. and some displacement 1s found from the design
value for the mask pattern, the absorber pattern
surface may be subjected to oxidation treatment to
change slightly the inner stress of the absorber
pattern, thereby correcting the displacement. The
meﬁal oxide film thus formed on the surface of the X-
ray absorber functions to prevent the stress change
caused by the oxidation with time of the X-ray

absorber. That is, the metal oxide film is
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particularly preferable in that it funétions as an
oxidation barrier layer of the X-ray absorber to'
thereby prevent the positional deviation of the X—ray
absorber aftributed to the stress change with time.

Also in this case, the haterial of the metal
oxide film is preferably an oxide of a metal element
mainly conétituting the X-ray absorbér in view of the
homogeneity with the X-ray absorber.

Next, reference will briefly be made to an X-
ray exposure method using the above-mentioned X-ray
mask structure.

Fig. 18 is a schematic view of an X-ray
exposing equipment, and reference numeral 8 1is an
exposure chamber. Numeral 1 is a Be port, and 9 is an
exhaust port. The exposure chamber 8 is shut out from
an X-ray generation source by Be, and in the chamber,
exposure can be achieved in any state such as an
atﬁosphere of the air, vacuum or He. Reference ﬁﬁmeral
2 is a mask stage, numeral 3 is an alignment aetecting
portion, 4 is an X-ray mask structure, 5 is a wafer (a
semiconductor substrate) which is a member to be
exposed, 8 1s a wafer chuck, and 7 is a wafer stage.

The X-ray mask structure 4 is mechanically set
in an approximately predetermined direction by the use
of an alignment pin, an orientation flat or the ;ike,
and then adsorbed by the mask stage 2. The wafer 5 is

similarly set on the wafer chuck 86, and a relative
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positional relation between the X-ray mask structure 4

and the wafer 5 is determined in accordance with an

. indication from the alignment detecting portion é.

Afterward,, the wafer 5 is exposed to X rays.

Next, reference will be made to a manufacturing
method of the X-ray mask structure of the present
invention. The method for manufacturing the X-ray" mask
structure of the present invention is characterized in
that after the formation of an X-ray absorber pattern,
tﬁe portion of the X-ray permeable film having no X-ray
absorber pattern thereon is oxidized. Another method
for manufacturing the X-ray mask structure of the
prresent invention is characterized by having
(a) a process for forming a metal film on the X-ray
permeable film,

(b) a process for forming an X-ray absorber pattern on
the metal film, and

(c) a process in which after the formation of the X-
ray absorber pattern, the portion of the metal Tilm
having no X-ray absorber pattern thereon is oxidized.

As an oxidation treatment process which is used
in the present invention, there can be preferably used
any one of an oxygen plasma treatment, an oxygen ion
injection treatment and a heat treatment in an oxygen
atmosphere.

Furthermore, as a metal thin film formed

between the X-ray permeable film and a metal which
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plays the main role as the X-ray absorber on the X-ray
permeable film, any kind of metal can be used
irrespective of its application, so long as its ﬁetal
oxide in the state of the thin film obtained by the
above-mentioned oxidation treatment has the high
permeability of visible light or infrared rays for use
in alignmeht.

The thickness of the metal thin film is :
preferably from 8 A to 1000 A, more preferably 20 A to
800 A so as to inhibit the noticeable deterioration of
the X-ray permeability, depending upon an application.
Since this kind of metal thin film has little influence
on the X-ray permeability, there is no problem, even if
it remains. Moreover, if the metal thin film is
oxidized, the deterioration of the alignment light
permeability can be prevented. Thus, even if the metal
thin film is not peeled off and so it remains in the X-
ray mask structure, there is not a conventional ﬁroblem
thiat the alignment light permeability deteriorates on
the portion having no pattern thereon. |

The material of the above-mentioned metal thin
film is preferably a metal having an atomic number of
35 or less, and the metal thin film made of such a
metal material has a low X-ray absorbency on the whole
and therefore it scarcely affects the X-ray
permeability. In order not to lower the alignment

light permeability, the metal thin film is oxidized
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without peeling. When a Cr film having a thickness of
50 A is oxidized with oxygen plasma, the permeability
deteriorates merely slightly, depending upon thé
selected alignment light. In the case of an He-Ne
laser (6328 A), 1t deteriorates as much as 1.5%, and in
the case of a semiconductor laser (8300 A), it
deterioratés as much as 0.5% as compared with a
substrate having a thickness 6f 2 pm and comprising SiN
only. Thus, the metal thin film can be made of any
metal, so long as it is selected from the metals having
the atomic numbers of 35 or less in compliance with an
application. However, the preferable metal oxide, when
being in a thin film state, has the high permeability
of the visible light or the infrared rays used in the
élignment. Particularly preferable examples of the
metal for the metal thin film include chromium,
titanium, aluminum, zinc, copper or nickel. The
thickness of the metal thin film is 1,000 A or léss,
preferably 100 A or less_éo as to inhibit the
noticeable deterioration of the X-ray permeability,
depending upon its application.

In the method for manufacturing the X-ray mask
structure of the present invention, the above-mentioned
oxlidation treatment is carried out at least in the
vicinity of the alignment mark.

Furthermore, in the method for manufacturing

the X-ray mask structure of the present invention, an
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oxidation treatment process of the X-ray absorber may
be contained for the purpose of providing oxidation
barrier layers for the X-ray absorber. “

As. the material of the X-ray absorber, there
can be used a metal having an atomic number of 70 or
more which possesses a large X-ray absorbency.
Preferable.examples of the metal include tantalum,
tuﬁgsten, gold and platinum. These metals are scarcely
oxidized, but if treated with high energy, they can be
oxidized on the surfaces thereof. It has been
confirmed by an ESCA measurement that even gold which
is a noble metal can be oxidized. Prior to the
oxidation treatment, a posiﬁion strain quantity of the
pattern is measured, and the oxidation is carried out
simultaneously with the abéve-mentioned oxidation

treatment to minimize the position strain quantity.

EXAMPLES

Next, the present invention will be described
in more detail in reference to examples shown in
drawings.

Example 1

Figs. 3A to 3F illustrate as sectional views
the first example of an X-ray mask structure
manufacturing process according to the present
invention.

As a material of a substrate 11 which will be a
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1 supporting frame, an Si wafer is often used, and in
this example, an Si wafer having a diameter of 3 inches
and a thickness of 2 mm was used. This substraté was
set on a piasma CVD equipment. 1In the first place,

5 back pressure was reduced to 2 x 10° Torr, and 5 scem
of a 10% silane gas diluted with hydrogen and 20 sccm
of an ammoﬁia gas were fed through a hole perforated in
a lower electrode. The substrate 11 was heated up to a

%%é temperature of 250°C and a high-frequency power of 20 W
10 was then applied under a pressure of 5 x 107 Torr to
form an X-ray permeable film 12 of silicon nitride
having a thickness of 2 um.
A gold film having a thickness of 500 A which
would be a plating electrode 14 for the formation of an

15 X-ray absorber, and a chromium film having a thickness
of 50 A as a metal thin film 13 for adhesion were
continuously deposited by an EB vapor deposition, as

shown in Fig. 3A. A material of the metal thin film 13

s
i
Fon

I

is a metal capable of improving adhesive strength such
20 as Ti, Al, Sn or Zn.
An electron rays resist PMMA (trade name OEBR-
1000, made by Tokyo Oka Kogyo Co., Ltd.) was applied
thereonto, and a desired fine resist pattern 15 was
then formed by means of an electron rays depictor, as
25  shown in Fig. 3B.
Next, plating was carried out at 50°C at a

current density of 1 mA/cmzby the use of a gold sulfite
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plating solution (trade name Neutronex 309, made by
EEJA) to form a gold film which would be an X-ray
absorber 16. Aftgrward. the resist pattern 15 w;s
peeled off with an exclusive peeling solution, as shown
in Fig. 3C.

Thg portion of the plating electrode 14 having
no X-ray absorber 16 thereon was peeled off by means of
an RIE equipment.

Back pressure was reduced to 1 x 107 Torr, and
20 sccm of an argon gas was fed and 200 W was'then
applied under 5 x 102 Torr to carry out etching. Since
the plating eiectrode 14 and the X-ray absorber were
both made of gold, they were equally etched, so that
the X-ray absorber took a conformation denoted by 16°'
in Fig. 8D.

Furthermore, 20 sccm of an oxygen gas was fed
to the same RIE equipment and 130 W was then applied
under 5 x 1072 Torr, so that the portion of the metal
thin film 13 having no pattern thereon was converted
into chromium oxide 17 with oxygen plasma, as shown in
Fig. 8E.

In the last place, the back of the Si wafer was
etched at 110°C with a 30% by weight aqueous potassium
hydroxide solution to form a supporting frame 11, ‘as
shown in Fig. 3F.

In order to confirm that the film obtained by
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oxidizing the metal thin film 13 in Fig. 3E in such a
manufacturing process was chromium oxide, the surface
of the oxidized film was analyzed by ESCA. Forifhe
following four kinds of films in addition to a sample
for comparison, the analysis was carried out. Fig. 4
shows partial charts containing peaks of Cr.

(i) The film 17 in Fig. 3E obtained by
oxidizing the metal thin film 13.

(2) The metal thin film 13 in Fig. 3D (after

~ the portion of the plating electrode 14 having no

pattern thereon was peeled off).

(8) The untreated silicon nitride film 12.

(4) The silicon nitride film in Fig. 3E after
the metal thin film 13 was peeled off.
| From the observation of Fig. 4, it is apparent
that Cr was not present in the film (3). In the film
(4), there was a small peak at the same position as in
the film (2), and therefore it seemed that Cr reﬁained.
In fact, the measurement was made after the film was
exposed to air, and thus Cr on the outermost surface
was slightly oxidized. In the case of the film (1), a
peak shifted toward the side of higher energy, which
indicated that chromium was further oxidized, as
compared with these two films (3) and (4). The films
(1) and (4) had about the same values of light
permeability, but according to the values measured by

ESCA, the film (4) only had the same Si peak as in the
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film (3). Thus, it was confirmed from the foregoing
that in the film (1), chromium oxide was still present
in contrast to the film (4) from which the metaliihin
film 13 waé peeled off.

As described above, chromium of the thin film
for adhesion was oxidized without etching, and thus,
there could be prevented the thickness decrease of the
gold thin film which was the X-ray absorber 16' and the
generation of the film thickness ununiformity of
silicon nitride constituting the X-ray permeable film.
Furthermore, owing to the presence of chromium oxide 17
in the portion having no pattern thereon, the
deterioration of the permeability was inhibited. That
is, in the case of X rays, the deterioration of the
permeability was only 0.6% and in the case of an He-Ne
laser (6328 A) for use in alignment, that of the
permeability was 1.5%, and so there was no problem.

Example 2 —

Figs. 5A to 5E illustrate as sectional views
the -second example of an X-ray mask strucfure
manufacturing process according to the present
invention.

As a material of a substrate 31 which will be a
supporting frame, an Si wafer is often used, and in
this example, an Si wafer having a diameter of 3 inches
and a thickness of 1 mm was used. This substrate was

set on a plasma CVD equipment. In the first place,
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back pressure was reduced to 1 x 107 Torr, and 10 scem
of a 10% silane gas diluted with hydrogen and 10 scem
of a methane gas were fed through a hole perforafed in
a lower eléctrode. The substrate 31 was heated up to a
temperature of 850°'C and a high-frequency power of 50 W
was then applied under a pressure of 5 x 103 Torr to
form an X~fay permeable film 32 of silicon carbide
having a thickness of 2 pm.

Afterward, the film was set on a two-
dimensional sputtering equipment, and after back
pressure was reduced to 2 x 10 Torr, 10 sccm of an
aréon gas was fed ﬁhereto and a high frequency power of
100 W was then applied at a substrate temperature of
150°C under a pressure of 10 x 102 Torr to form a
chromium film having a thickness of 200 A which would
be a metal thin film 33 for an absorber etching
stopper. Furthermore, 500 W was continuously applied,
thereby forming a W £ilm of 8000 A in thickness thch
would be an X-ray absorber 36, as sﬁown in Fig. BA.

As a material of the metal thin film, any metal
can be used, so long as it is such as to bhave some
differénce of an etching grade as compared with a metal
for the X-ray absorber.

The back of the Si wafer was etched at 110°C
with a 30% by weight aqueous potassium hydroxide -

solution to form a supporting frame 31, as shown in

Fig. 5B.
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P1Q (trade name, made by Hitachi Chemical Co.,
Ltd.) which would be a lower resist layer and SNR
(trade name, made by Toyo Soda Mfg. Co., Ltd.) wﬁich
would be an upper resist layer containing Si were
applied thereonto, and a desired fine resist pattern 35
was then formed by an electron rays depictor and an RIE
equipment..as shown in Fig. 5C. -

Next, W which would be an X-ray absorberras was
etched by means of an RIE equipment. After back
pressure was reduced to 1 x 10 Torr, 50 sccm of a CFy
gas was fed and 200 W was then applied under 5 x 1072
Torr to etch W. Since scarcely etched with the CF, gas,
chromium wés not damaged, so that the X-ray absorber
took a conformation represented by 36', as shown in
Fig. 5D. The resist pattern 35 was etched
simultaneously with the étching of W, but its remaining
portion was peeled off with an exclusive peeling
solution.

Afterward, in an ion injector, oxygen ions were
injected at an oxygen ion concentration of 10”-10”
ions/cn@ at 10-20 KV to convert the portion of the metal
thin film 33 having no pattern thereon into chromium
oxide 37, as shown in Fig. 5E. When the ion injection
is used at the suitably selected ion concentration and
accelerating voltage, even the relatively thick film
can be oxidized. Therefore, the metal thin film may be

formed so that chromium oxide may have such a thickness
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as to become a reflection preventing film (630 A in the
case of an He-Ne laser). '

As described above, the metal thin film éf
chromium wﬁich was an etching stopper was oxidized
without peeling, and thus, there could be prevented the
generation of the film thickness ununiformity of
silicon cafbide constituting the X-ray permeable film.
Furthermore, owing to the presence of chromium o%ide 37
in the portion having no pattern thereon, the
deterioration of the permeability was inhibited. That
is, 1n the case of X rays, the deterioration of the
permeability'was only 2.3% and in the case of an He-Ne
laser (6328 A) for use in alignment, that of the
permeability was 5.0%, and so there was no problem.

Example 3

Figs. B6A to 6F illustrate as sectional views
the third example_of an X-ray mask structure
manufacturing process according to the present
invention.

As a material of a substrate 41 which will be a
supporting frame, an Si wafer is often used, and in
this example, an Si wafer having a diameter of 3 inches
and a thickness of 2 mm was used. This substrate was
set on a plasma CVD equipment. In the first place,
back pressure was reduced to 2 x 107 Torr, and 5 scem
of a 10% silane gas diluted with hydrogen and 20 sccm

of an ammonia gas were fed through a hole perforated in
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a lower electrode. The substrate 41 was heéted up to a
temperature of 250°C and a high-frequency power of 20 W
was then applied under a pressure of 5 x 1073 Toff to
form an X-ray permeable film 42 of silicon nitride
having a thickness of 2 pm.

Next, the back of the Si wafer was etched at
110°C witﬁ a 30% by welight aqueous potassium hydroxide
solution to form a supporting frame 41, as showngin
Fig. 6A.

A gold film having a thickness of 500 A which
would be a plating electrode 44 for the formation of an
X-ray absorber, and a titanium film having a thickness
of 50 A as a metal thin film 43 for adhesion were
continuously deposited by an EB vapor deposition, as
shown in Fig. 6B.

An electron rays resist PMMA (trade name OEBR~
1000, made by Tokyo Oka Kogyo Co., Ltd.) was applied
thereonto, and a desired fine resist pattern 45 ﬁas
then formed by means of an electron rays depictor, as
shown in Fig. 6C.

Next, plating was carried out at 50°C at a

current density of 0.5 mA/cn@ by the use of a gold

_sulfite plating solution (trade name Neutronex 309,

made by EEJA) to form a gold film which would be an X-
ray absorber 48. Afterward, the resist pattern 45 was

peeled off with an exclusive peeling solution, as shown

in Fig. 8D.
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The portion of the plating electrode 44 having
no X-ray absorber 46 thereon was peeled off by means of
an RIE equipment. |

Back pressure was reduced to 1 x 107 Torr, .and
20 sccm of an argon gas was fed and 200 W was then
applied under 5 x 102 Torr to carry out etching. Since
the platiné electrode 44 and the X-ray absorber were -
both made of gold, they were equally etched, so ?hat
the X-ray absorber took a conformation denoted by 46"
in Fig. 6E.

Next, a heat treatment was carried out at 100°C
in an oxygen atmosphere to convert the portion of the
metal thin film 43 having no pattern thereon into
titanium oxide 47, as shown in Fig. 6F.

As described above, titanium of the metal thin
film for adhesion was oxidized without peeling, and
thus, there could be prevented the thickness reduction
of the gold film which was the X-ray absorber 46" and
the generation of the film thickness ununiformity of
silicon nitride constituting the X-ray permeable film.
Furthermore, owing to the presence of titanium oxide 47
in the portion having no pattern thereon, the
deterioration of permeability was inhibited. That is,
in the case of X rays, the deterioration of the
permeability was only 0.3% and in the case of an He-Ne
laser (6328 A} for use in alignment, that of the

permeability was 1.0%, and so there was no problem.
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Example 4

Figs. 7A to 7E illustrate as sectional views
the fourth example of an X-ray mask structure i
manufacturing process according to the present
invention. .

As a material of a substrate 61 which would be
a supportiﬁg frame, an Si wafer was used. A silicon
nitride film having a thickness of 2 pm was formed in
the same manner as in Example 3 to obtain an X-ray
pérmeable film 62. |

A nickel:film having a thickness of 200 A as a
metal thin film 63 which would be a plating electrode
for fhe formation of an X-ray absorber was deposited by
an EB deposition, as shown in Fig. 7A.

An electron rays resist PMMA (trade name OEBR-
1000, made by Tokyo Oka Kogyo Co., Ltd.) was applied
thereonto, and a desired fine resist pattern 85 was
then formed by means of an electron rays depictof; as
shown in Fig. T7B. .

Next, plating was carried out at 50°C at a
current density of 0.5 mA/cm? by the use of a gold
sulfite plating solution (trade name Neutronex 309,
made by EEJA) to form a gold film which would be an X-
ray absorber 66. Afterward, the resist pattern 65 was
peeled off with an exclusive peeling solution, as shown
in Fig. 7C.

Afterward, in an ion injector, oxygen ions were
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injected at an oxygen ion concentration of 10m~10n
ions/cm? at 10-20 KV to convert the portion of the metal
thin film 63 having no pattern thereon into nickel
oxide 87, és shown in Fig. 7D.

As described above, the mnickel film which was
the metal thin film for adhesion was oxidized without
peeling, ahd thus, there could be prevented the
thickness reduction of the gold film which was the X-
ray absorber 66' and the generation of the film
thickness ununiformity of silicon nitride constituting
the X-ray permeable film. Furthermore, owing to the
presence of titanium oxide 87 in the portion having no
pattern thereon, the deterioration of permeability was
inhibited. That is, in the ¢ase of X rays, the
deterioration of the permeability was only 4.2% and in
the case of an He-Ne laser (6328 A) for use in
alignment, that of the permeability was 5.0%, and so
there was no problem.

In addition, when'exposed tq_the X rays, the
thickness reduction of the X-ray absorber was slight,
so that a sufficlient contrast could be obtained, and
thus a hligh precise semiconductor chip could be
prepared.

Example 5

Figs. 8A to 8F illustrate as sectional views
the fifth example of an X-ray mask structure

manufacturing process according to the present
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invention.

As a material of a substrate 51 which will be a
supporting frame, an Si wafer is often used, and in
this example, an Si wafer having a diameter of 3 inches
and a thickness of 2 mm was used. This substrate was
set on a plasma CVD equipment.

| Iﬁ the first place, back pressure was reduced
to 2 x 10 Torr, and 5 scem of a 10% silane gas diluted
with hydrogen and 20 sccm of an ammonia gas were fed
through a hole perforated in a lower electrode. The
substrate 51 was heated up to a temperature of 250°C
and a high-frequency power of 20 W was then applied
under a pressure of 5 x 10 Torr to form an X—fay.
permeable film 52 of silicon nitride having a thickness
of 2 pm.

A gold film having a thickness of 500 A which
would be a plating electrode 54 for the formation of an
X-ray absorber, and a chromium film having a thiékness
of 50 A as a metal thin film 53 for adhesion were
continuously deposited by an EB vapor deposition, as
shown in Fig. 8A. A material of the metal thin film 53
is a metal capable of improving adhesive strength such
as Ti, Al or Zn.

An electron rays resist PMMA (trade name OEBR-
1000, made by Tokyo Oka Kogyo Co., Ltd.) was applied
thereonto, and a desired fine resist pattern 55 was

then formed by means of an electron rays depictor, as
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shown in Fig. 8B.

Next, plating was carried out at 50°C at a
current density of 1 mA/cm? by the use of a gold sulfite
plating soiution (trade name Neutronex 309, made by
EEJA) to form a gold film which would be an X-ray
absorber 56. Afterward, the resist pattern 55 was
peeled off with an exclusive peeling solution, as shown
in Fig. 8C. The portion of the plating electrode 54
having no X-ray absorber 56 thereon was peeled off by
means of an RIE equipment. Back pressure was reduced
to 1 x 10 Torr, and 20 sccm of an argon gas was fed
and 200 W was then applied under 5 x 102 Torr to CArry
out etching. Since the plating electrode 54 and the X-
ray absorber were both made of gold, they were equally
etched, so that the X-ray absorber took a conformation
denoted by 56' in Fig. 8D.

Furthermore, the back of the Si wafer was
etched at 110° with a 30% by weight potassium hydroxide
to form a supporting frame 51, as shown in Fig. 8E. At
this time, a patterﬁ position strain quantity of the X-.
ray absorber 56' was measured by means of a light wave
Interference system coordinate measuring equipment, and
it was 0.3 pm. Oxidizing conditions were selected
taking this strain quantity into consideration.

In the last place, 20 sccm of an oxygen gas was
fed to the same RIE equipment, and 200 W was then

applied under 5 x 1072 Torr, so that by oxygen plasma,
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the surface portion of the X-ray absorber 56' was
converted into gold oxide 57 and the portion of the
metal thin film 53 having no pattern thereon was:
converted into chromium oxide 58, as shown in Fig. 8F.
It is difficult to oxidize gold, but when larsge enérgy
is applied, the uppefmost surface can be only oxidized.

As understood from the above, when chromium of
the thin film for adhesion was oxidized without
etching, there could be prevented the thickness
decrease of the gold thin film which was the X-ray
absorber 56' and the generation of the film thickness
ununiformity of silicon nitride constituting the X-ray
permeable film. Furthermore, owing to the presence of
chromium oxide 58 in the portion having no pattern
thereon, the deterioration of permeabiiity was
inhibited. That is, in the case of X rays, the
deterioration of the permeability was only 0.6% and in
the case of an He-Ne laser (6328 A) for use in
alignment, that of the permeability was 1.5%, and so
there was no problem. In addition, when the position
strain quantity of the X-ray absorber 56' was measured
again by means of the light wave interference system
coordinate measuring equipment, it decreased to 0.03 pm
(the 1imit of measurement). Thus, the product can be
used as a highly precise X-ray mask struciure.

Example 6

Figs. 9A to 9E illustrate as sectional views
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the sixth example of an X-ray mask structure
manufacturing process according to the present
invention.

As, a material of a substrate 71 which will be a
supporting frame, an Si wafer is often used, and in
this example, an Si wafer having a diameter of 3 inches
and a thickness of 1 mm was used. This substrate was
set on a plasma CVD equipment. In the first plaqe,
back pressure was reduced to 1 x 10 Torr, and 16 scem
of a 10% silane gas diluted with hydrogen and 10 scem
of a methane gas were fed through a hole perforated in
a lower electrode. The substrate 71 was heated up to a
temperature of 650°C and a high-frequency power of 50 W
was then applied under a pressure of 5 x 103 Torr to
form an X-ray permeable film 72 of silicon carbide
having a thickness of 2 pm.

Afterward, the film was set on a two-
dimensional sputtering equipment, and after back
pressure was reduced to 2 x 1078 Torr, 10 sccm of an
argon gas was fed thereto and a high frequency power of
100 W was then applied at a substrate temperature of
150°C under a pressure of 10 x 1072 Torr to form a
chromium film having a thickness of 200 A which would
be a metal thin film 73 for an absorber etching
stopper. Furthermore, 500 W was continuously applied,
thereby forming a W film of 8000 A in thickness which

would be an X-ray absorber 76, as shown in Fig. 9A. As
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a material of the metal thin film 73, any metal can be
used, so long as it is such as to have some difference
of an etching grade as compared with a metal fof;the
X-ray absorber. _

The back of the Si wafer was etched at 110°C
with a 30% by weight aqueous potassium hydroxide
solution to form a supporting frame 21, as shown in
Fig. 9B. PIQ (trade name, made by Hitachi Chemigal
Co., Ltd.) which would be a lower resist layer ahd SNR
(trade name, made by Toyo Soda Mfg. Co., Ltd.) which
would be an upper resist layer containing Si were _
applied therédnto,'and a desired fine resist pattern 75
was then formed by an electron rays depictor, as shown
in Fig. 9C.

Next, W which would be an X-ray absorber 76 was
etched by means of an RIE equipment. After back
pressure was reduced to 1 x 10 Torr, 50 sccm of a CF4
gas was fed and 200 W was then applied under 5 x 1072
Torr to etch W.

Since scarcely etched with the CFy gas, chromium
was not damaged, so that the X-ray absorber took a
conformation represented by 76', as shown in Fig. 9D.
The resist pattern 75 was etched simultaneously with
the etching of W, but its remaining portion was peeled
off with an exclusive peeling solution. At this time,
a pattern position strain quantity of the X-ray )

absorber 76" was measured by means of a light wave
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interference system coordinate measuring equipment, and
it was 0.5 um. Oxidizing conditions were selected
taking this strain quantity into consideration.

20 sccm of an oxygen gas was fed to the same
RIE equipment, and 130 W was then applied under 5 x 107
Torr, so that by oxygen plasma, the surface portion of
the X-ray absorber 76' was converted into tungsten
oxide 77 and the portion of the metal thin film 73
having no pattern thereon was converted into chrdﬁium
oxide 78, as shown in Flg. 9E.

As described above, the metal thin film of
chromium which was an etching stopper was oxidized
without peeling, there could be prevented the
generation of the film thickness ununiformity of
silicon nitride constituting the X-ray permeable film.
Furthermore, owing to the presence of chromium oxide 77
in the portion having no pattern thereon, the
deterioration of permeability was inhibited. That is,
in the case of X rays, the deterioration of the
permeability was only 2.3% and in the case of an He-Ne
lager (6328 A) for use in alignment, that of the
permeability was 5.0%, and so there was no problem. In
addition, when the position strain quantity of the X-
ray absorber 76' was measured again by means of the
light wave interference system coordinate measuring
equipment, it decreased to 0.05 pm. Thus, the pféduct

can be used as a highly precise X-ray mask structure.
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Example 7

Figs. 10A to 10E illustrate as sectionaliviews
the seventh example of an X-ray mask structure
manufacturing process according to the present
invention.

As a materlal of a substrate 81 which will be a
supporting frame, an Si wafer is often used, and in
this example, an Si wafer having a diameter of 3.:inches
and a thickness of 2 mm was used. This substrate was
set on a plasma CVD equipment. In the first place,
back pressure was reduced to 2 x 10® Torr, and 5 scem
of a 10% silane gas diluted with hydrogen and 20 sccm
of an ammonia gas were fed through a hole perforated in
a lower electrode. The substrate 81 was heated up to a
temperature of 250°C and a high-frequency power of 20 W
was then applied under a pressure of 5 x 10% Torr to
form an X-ray permeable film 82 of silicon nitrige
having a thickness of 2 um. Next, the chk of tﬁe Si
wafer was etched at 110°C with a 30% by weight aqueous
potassium hydroxide solution to form a supporting frame
81, as shown in Fig. 10A.

Afterward, the film was set on a two-
dimensional sputtering equipment, and after back
pressure was reduced to 2 x 107 Torr, 10 scem of an
afgon gas was fed thereto and a high frequency power of
100 W was then applied at a substrate temperature of

150°C under a pressure of 10 x 10 Torr to form a
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chromium film having a thickness of 100 A which would
be a metal thin film 83 for an absorber etching .
stopper. Furthermore, 500 W was continuously apﬁlied,
thereby forming a W film of 8000 A in thickness which
would be an X-ray absorber 86, as shown in Fig. 10B.
As a material of the metal thin film 83, any metal can
be used, éo long as it is such as to have some
difference of an etching grade as compared with a metal
for the X-ray absorber.

An electron rays resist PMMA (trade name OEBR-
1000, made by Tokyo Oka Kogyo Co., Ltd.) was applied
thereonto, and a desired fine resist pattern 85 was
thén formed by means of an electron rays depictor, as
shown in Fig. 10C.

Next, W which would be the X-ray absorber 86
was etched by means of an RIE equipment. After back
pressure was reduced to 1 x 107 Torr, 50 scem of a CFy
gas was fed and 200 W was then applied under 5 .><"-—'1()"2
Torr to etch W. Since scarcely etched with the CF, gas,
chromium was not damaged, so that the X ray-absorber
took a conformation represented by 86’, as shown in
Fig. 10D. The resist pattern 85 was etched
simultaneously with the etching of W, but its remaining
portion was peeled off with an exclusive peeling
solution.

At this time, a pattern position strain

quantity of the X-ray absorber 86' was measured by
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means of a light wave interference system coordinate
measuring equipment, and it was 0.3 pm. Oxidizing
conditions were selected taking this strain quanfity
into consideration. Next, a heat treatment was carried
out at 100°C in an oxygen atmosphere, whereby the
outermost surface of the absorber 86' was converfed
into tungsfen oxide 87 and the portion of the metal
thin film 83 having no pattern thereon was convegted
into chromium oxide 88, as shown in Fig. 10E. As
understood from the above, chromium constituting the
thin film for adhesion was oxidized without peeling,
and thus, there could be prevented the thickness
reduction of gold constituting the X-ray absorber 88
and the generation of the film thickness ununiformity
of silicon nitride constituting the X-ray permeable
£ilm. |

Furthermore, owing to the presence of chromiﬁm
oxide 88 in the portion having no pattern thereoé. the
deterioratioﬁ of permeability was inhibited. That 1is,
in the case of X rays, the deterioration of the
permeability was only 0.3% and in the case of an He~Ne
laser (6328 A) for use in alignment, that of the
permeability was ;.0%, and so there was no problem. In
addition, when the position strain quantity of the X-
ray absorber 86' was measured again by means of the
light wave interference system coordinate measuring

equipment, it decreased to 0.05 pm. Thus, the product
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can be used as a highly precise X-ray mask structure.

Example 8

Figs. 11A to 11E illustrate as sectional views
the eighth’ example of an X-ray mask structure
manufacturing process according to the present
invention.

As a material of a substrate 91 which would be
a supporting frame, an Si wafer was used, and a silicon
nitride film having a thickness of 2 pm was formed as
an X-ray permeable film 92 in the same manner as in
Example 7.

A nickel film having a thickness of 200 A as a
metal thin film 93 which would be a plating electrode
for the formation of an X-ray absorber was deposited by
an EB vapor deposition, as shown in Fig. 11A. An
electron rays resist PMMA (trade name OEBR-1000, .made
by Tokyo Oka Kogyo Co., Ltd.) was applied thereonto,

and a desired fine resist pattern 95 was then fofmed by

. means of an electron rays depictor, as shown in Fig.

11B.

Next, plating was carried out at 50°C at a
current density of 0.5 mA/cm? by the use of a gold
sulfite plating solution (trade name Neutronex 309,
made by EEJA) to form a gold film which would be an X-
réy absorber 96. Afterward, the resist pattern 95 was
peeled off with an exclusive peeling solution, as shown

in Fig. 11C. Afterward, the back of the 8Si wafer was
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etched at 110°C with a 30% by weight aqueous potassium
hydroxide solution to form a supporting frame 91, as
shown in Fig. 11D. At this time, a pattern posifion
strain quantity of the X-ray absorber 96 was measured
by means of a light wave interference system coordinate
measuring equipment, and the measured maximum strain
quantity was 0.2 pm. Oxidizing conditions were
selected taking this strain quantity into
consideration.

In the last place, in an ion injector, oxygen
ions were injected at an oxygen ion concentration of
1016-1017 ions/cm? at 20-30 KV, whereby the outermost
éurface of the absorber 96 was converted into gold
oxide 97 and the portion of the metal thin film 93
having no pattern thereon was converted into nickel
oxide 98, as shown in Fig. 11D. When the ion injection
is used at the suitably selected ion concentration and
accelerating voltage, even the relatively thick film
can be oxidized. Therefore, the metal thin film may be
formed so that nickel oxide may have such a thickness
as to become a reflection preventing film (690 A in the
case of an He-Ne laser).

As described above, nickel of the thin film was
oxidized without peeling, and thus, there could be
pfevented the thickness reduction of gold constituting
the X-ray absorber 96 and the generation of the film

thickness ununiformity of silicon nitride constituting
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the X-ray permeable film. Furthermore, owing to the
presence of nickel oxide 97 in the portion having no
pattern thereon, the deterioration of permeabiliiy was
inhibited.” That is, in the case of X rays, the
deterioration of the permeability was only 4.2% and in
the case of an He-Ne laser (6328 A) for use in
alignment, that of the permeability was 5.0%, and so
there was no problem. In addition, when the position
strain quantity of the X-ray absorber 96 was measured
again by means of the light wave interference system
coordinate measuring equipment, it decreased to 0.03 pm
(the 1limit of measurement). Thus, the product can be
used as a highly precise X-ray mask structure.

Example 9

Figs. 12A to 12G illustrate as sectional views
the ninth example of an X-ray mask structure
manufacturing process according'to the present
invention.

As a materlal of a substrate 101 which will be
a supporting frame, an Si wafer is often used, and in
this example, an Si wafer having a diameter of 3 inches
and a thickness of 1 mm was used. This substrate was
set on a plasma CVD equipment. In the first place,
back pressure was reduced to 1 x 107 Torr, and 10 sccm
of-a 10% silane gas diluted with hydrogen and 10 sccm
of a methane gas were fed through a hole perforated in

a lower electrode. The substrate 101 was heated up to
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a temperature of 650°C and a high-frequency power of 50
W was then applied under a pressure of 5 x 107 Torr to
form an X-ray permeable film 102 of silicon carbide
having a thickness of 2 pm.

Afterward, the film was set on a two-
dimensional sputtering equipment, and after back
pressure w?s reduced to 2 x 1078 Torr, 10 scem of an
argon gas was fed thereto and a high frequency power of
100 W was then applied at a substrate temperature of
150°C under a pressure of 10 x 107 Torr to férm a
chromium film having a thickness of 50 nm which would
be a metal thin film 103 for an absorber etching .
stopper. Furthermore, 500 W was continuously applied,
thereby forming a W film of 800 nm in thickness which
would be an X-ray absorber 106, as shown in Fig. 12A.
As a material of the metal thih film 103, any metal can
be used, so long as it is such as to have some
difference of an etching grade as compared with 5 metal
for the X-ray absorber: The back of the Si wafer was
etched at 110°C with a 30% by weight aqueous potassium
hydroxide solution to form a supporting frame 101, as
shown in Fig. 12B.

PIQ (trade name, made by Hitachi Chemical Co.,
Ltd.) which would be a lower resist layer and SNR
(trade name, made by Toyo Soda Mfg. Co., Ltd.) which
would be an upper resist layer containing Si were

applied thereonto, and a desired fine resist pattern
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105 was then formed by an electron rays depictor, as
shown in Fig. 12C.

Next, W which would be an X-ray absorbef-los
was etched’ by means of an RIE equipment. After back
pressure was reduced to 1 x 10 Torr, 50 scem of a CF,
gas was fed and 200 W was then applied under 5 x 1072
Torr to etch W. Since scarcely etched with the CF, gas,
chromium was not damaged, so that the X-ray absorber
took conformations represented by 106' and an alignment
mark 107, as shown in Fig. 12D. The resist pattern 105
was etched simultaneously with the etching of W, but
its remaining portion was peeled off with an exclusive
peeling solution. A protective £ilm 109 was formed
with a novolak resist (trade name AZ-1370SF, made by
Tokyo Oka Kogyo Co., Ltd.) on a circuit pattern
portion, as shown in Fig. 12E.

Afterward, 20 sccm of an oxygen gas was fed to
the RIE equipment, and 200 W was then applied unaer 5 x
102 Torr, so that by the irradiation of oxygen plasma,
the portion of the metal thin film 103 having no
alignment mark thereon which would be used for
alignment was converted into a chromium oxide film
having a thickness of 63 nm which would be a reflection
preventing film 108, as shown in Fig. 12F. The
rémaining portion of the protective film 109 was peeled
off with an exclusive peeling solution, as shown in

Fig. 126G.
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As described above, the portion of the metal
thin film of chromium as an etching stopper on which
any alignment mark was not formed and which woula be
used for the alignment was oxidized without peeling to
form the reflection preventing film, whereby there
could be prevented the reflection of alignment light,
the generafion of the positional deviation of tungsten
constituting the X-ray absorber 106°' due to the stress
or its change of chromium oxide, the thickness
reduction of the tungsten film, the generation of film
thickness ununiformity in the range of silicon carbide
constituting the X-ray permeable film usable for the
alignment, and the damage of the f£ilm surface.

This X-ray mask structure was set on an
exposure chamber 8 (Fig. 18), and alignment was then
carried out by the use of the alignment light from an
He-Ne laser (633 nm). As a result, a stable alignment
light permeability could be obtained, and the précise
alignment could be attained. In addition, when exposed
to the X rays, the thickness reduction of the X-ray
absorber was slight, so that a sufficient contrast
could be obtained and the generation of the positional
deviation could be prevented, and thus a highly precise
semiconductor chip could be prepared.

Example 10

Figs. 13A to 13E illustrate as sectional views

the tenth example of an X-ray mask structure
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manufacturing process according to the present
invention.

As a material of a substrate 111 which will be
a supporting frame, an Si wafer is often used, and in
this example, an Si wafer having a diameter of 3 inches
and a thickness of 2 mm was used. This substrate was
set on a piasma CVD equipment. In the first place,
back pressure was reduced to 2 x 10 Torr, and 5 scem
of a 10% silane gas diluted with hydrogen and 20 sccm
of an ammonia gas were fed through a hole perforated in
a lower electrode. The substrate 111 was heated up to
a temperature of 550'0 and a high-frequency power of 20
W was then applied under a pressure of 5 x 103 Torr to
form an X-ray permeable film 112 of silicon nitride
having a thickness of 2 um.

A nickel film having a thickness of 55 nm as a
metal thin film 113 which would be a plating electrode
for the formation of an X-ray absorber was deposited by
an EB vapor deposition, as shown in Fig. 13A. The back
of the Si wafer was then etched at 110°C with a 30% by
weight aqueous potassium hydroxide solution to form a
supporting frame 111, as shown in Fig. 13B. An
electron rays resist PMMA (trade name OEBR-1000, made
by Tokyo Oka Kogyo Co., Ltd.) was applied thereonto,
and a desired fine resist pattern 115 was then formed

by means of an electron rays depictor, as shown in Fig.

13C.
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Next, plating was carried out at 50°C at a
current density of 0.5 mA/cm’ by the use of a gold
sulfite plating solution {trade name Neutronex 369,
made by EEiA) to form a gold-film which would be an X-
ray absorber 116 and an alignment mark 117. Afterward,
the resist pattern 115 was peeled off with an exclusive
peeling soiution, as shown in Fig. 13D.

In the last place, in a focusing ion injector,
oxygen ions were injected at an oxygen ion
concentration of 10¥-10Y ions/cm? at 60-70 KV, whereby
the region of the metal thin film 113 on which the
alignment mark was not formed and'which would be used
for the alignment was oxidized to form a nickel oxide
film having a thickness of 69 nm as a reflection
preventing film 118, as shown in Fig. 13E.

As described above, the region of the metal
thin film on which the alignment mark was not formed
and which would be used for the alignment was onl&
oxidized without peeling to form the reflection
preventing film, whereby there could be prevented the
reflection of alignment light, the positional deviation
of the X-ray absorber 116 of gold due t6 the stress or
its change of nickel oxide, the thickness reduction of
the gold film, the generation of film thickness
ununiformity in the region of silicon nitride
constituting the X-ray permeable film which would be

used for the alignment, and the damage of the film
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surface.

This X-ray mask structure was set on an
exposure chamber 8 (Fig. 18), and alignment was fhen
carried out by the use of the alignment light from an
He-Ne laser (633 nm). As a result, a stable alignment
light permeability could be obtained, and the precise
alignment-could'be attained. In addition, when exposed
to the X rays, the thickness of the X-ray absorber was
not decreased, so that a sufficient contrast could be
obtained, and the positional deviation could also be
prevented. In consequence, a highly precise
semiconductor chip could be prepared.

Example 11

Figs. 14A to 14H illustrate as sectional views
the eleventh example of an X-ray mask structure
manufacturing process according to the present
invention.

As a material of a substrate 121 which will be
a supporting frame, an Si wafer is often used, and in
this example, an Si wafer having a diameter of 3 inches
and a thickness of 2 mm was used. This substrate was
set on a plasma CVD equipment.

In the first place, back pressure was reduced
to 2 x 10% Torr, and 5 scem of a 10% silane gas diluted
with hydrogen and 20 sccm of an ammonia gas were fed
through a hole perforated in a lower electrode. The

substrate 121 was heated up to a temperature of 250°'C
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and a high-frequency power of 20 W was then applied
under a pressure of 5 x 107 Torr to form an X-ray
permeable film 122 of silicon nitride having a ”
thickness of 2 um.

Afterward, this substrate was set on a
sputtering equipment, and a chromium oxide film 128
having a tﬁickness of 57 nm and constituting a part of
a reflection preventing film was formed, as shown in
Fig. 14A. The resist was patterned into a shape of a
scribe line corresponding to the peripheral portion of
a circuit pattern, and then etched to form a part 128’
of the reflection preventing film having the scribe
line shape. The remaining resist, if any, was peeled
off, as shown in Fig. 14B.

A gold film having a thickness of 50 hm which
would be a plating electrode 124 for the formation of
an X-ray absorber and a chromium film having a
thickness of 5 nm as a metal thin film 123 for adhesion
were continuously deposited by an EB vapor deposition,
as shown in Fig. 14cC.

An electron rays resist PMMA (trade name OEBR-
1000, made by Tokyo Oka Kogyo Co., Ltd.) was applied
thereonto, and a desired fine resist pattern 125 was
then formed by means of an electron rays depictor, as
sﬁown in Fig. 14D. Next, plating was carried out at
50°C at a current density of 1 mA/cmzturthe use of a

gold sulfite plating solution (trade name Neutronex
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309, made by EEJA) to form a gold film which would be
an X-ray absorber 126 and an alignment mark 127.
Afterward, the resist pattern 125 was peeled off“with
an exclusive peeling solution, as shown in Fig. 14E.
The portion of the plating electrode 124 on

which the X-ray absorber 126 and the alignment mark 127
were not fbrmed was peeled off by means of an RIE
equipment. After back pressure was reduced to 1 x 107
Torr, 20 sccm of an argon gas was fed thereto and 200 W
was then applied under a pressure of 5 x 102 Torr to
carry out etching. Since the plating electrode 124,
the X-ray absorber 126 and the alignment mark 127 were
all made of gold, they were equally etched, so that the
X-ray absorber and the alignment mark took the
conformations of 126' and 127', as shown in Fig. 14F.
| Afterward, 20 sccm of an oxygen gas was fed to
the RIE equipment, and 200 W was then applied thereonto
under 5 x 107 Torr and thus the laminate was irrédiated
with oxygen plasma, whereby the portionm of the metal
thin film 123 having no pattern thereon was converted
into chromium oxide, with the result that a chromium
oxide film having a thickness of 63 nm was formed as a
reflection preventing film 128" in addition to the
previously formed film 128', as shown in Fig. 14G.

' In the last place, the back of the Si wafer was
etched at 110°C with a 30% by weight aqueous potassium

hydroxide solution to form a supporting frame 121, as
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shown in Fig. 14H.

As shown in Fig. 14H, the chromium oxide film
was formed all over the portion of the X-ray perheable
film haviné no pattern thereon. However, since the
chromium oxide film was as thin ‘as 7 nm, the positional
deviation of the X-ray absorber 126' was not brought
about by the stress or its change of the film. The
portion of the mefal thin film 123 on the scribe line
having no alignment mark thereon functioned as the
reflection preventing film together with the previously
formed chromium oxide. Furthermore, the thickness
reduction of the gold film which was the X-ray absorber
128' could be prevented.

This X-ray mask structure was set on an
exp;sure chamber 8 (Fig. 18), and alignment was then
carried out by the use of alignment light from an He-Ne
laser (633 nm). As a result, a stable alignment light
permeability could be obtained, and the highly pfecise
alignment could be.attained. In addition, when exposed
to the X rays, the thickness of the X-ray absorber was
not decreased, so that a sufficient contrast could be
obtained, and the positional deviation could also be
prevented. In consequence, a highly precise
semiconductor chip could be prepared.

Example 12 _

Figs. 15A to 15H illustrate as sectional views

the twelfth example of an X-ray mask structure
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manufacturing process according to the present
invention.

As a material of a substrate 131 which will be
a supporting frame, an Si wafer is often used, and in
this example, an Si wafer having a diameter of 3 inches
and a thickness of 2 mm was used. This substrate was
set on a piasma CVD equipment. In the first place,
back pressure was reduced to 2 x 10° Torr, and 5 scem

of a 10% silane gas diluted with hydrogen and 20 sccn

‘of an ammonia gas were fed through a hole perforated in

a lower electrode. The substrate 131 was heated up to
a temperature of 250°'C and a high-frequency power of 20
W was then applied under.a pressure of 5 x 10‘3 Torr to
form an X-ray permeable film 132 of silicon nitride
having a thickness of 2 pm.

A gold film having a thickness of 500 A which
would be a plating electrode 134 for the formation of
an X-ray absorber and a chromium film having a |
thickness of 50 A as a metal thin film 133 for adhesion
were continuously deposited by an EB vapor deposition,
as shown in Fig. 15A. A material of the metal thin
film 133 is a metal capable of improving adhesive
strength such as Ti, Al or Zn. An electron rays resist
PMMA (trade name OEBR-1000, made by Tokyo Oka Kogyo
Co., Ltd.) was applied thereonto, and a desired fine
resist pattern 135 was then formed by means of an

electron rays depictor, as shown in Fig. 15B.
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Next, plating was carried out at 50°C at a
current density of 1 mA/cm’ by the use of a gold sulfite
plating solution (trade name Neutronex 309, maderby
EEJA) to férm a gold film which would be an X-ray
absorber 136 and an alignment mark 137. Afterward, the
resist pattern 135 was peeled off with an exclusive
peeling soiution, as shown in Fig. 15C.

The portion of the plating electrode 134 on
which the X-ray absorber 136 and the alignment mark 137
were not formed was peeled by means of an RIE
equipment. After back pressure was reduced to 1 x 1079
Torr, 20 sccm of an argon gas was fed thereto and 200 W
was then applied under a pressure of 5 x 1072 Torr to
carry out etching. Since the plating electrode 134,
the X-ray absorber 136 and the alignment mark 137 were
all made of gold, they were equally etched, so that the
X-ray absorber and the alignment mark took the
conformations of 136" and 137', as shown in Fig. “15D.

A protective film 138 was then formed on a
circuit pattern portion by the use of a novolak resist
(trade name AZ-13T7T0SF, made by Tokyo Oka Kogyo Co.,
Ltd.), as shown in Fig. 15E. Furthermore, 20 sccm of
an oxygen gas was fed to the RIE equipment, and 200 W
was then applied under a pressure of 5 x 107 Torr, with
the result fhat the portion of the metal thin film 133
on a scribe line having no alignment mark thereoﬁ was

oxidized with oxygen plasma to form a chromium oxide
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film 139, as shown in Fig. 15F.

Afterward, the protective film 138 was peeled
off with an exclusive peeling solution, as showﬁ in
Fig. 15G. ‘Alternatively, an inorganic film of 8104 or
the like may be formed as the protective film 138 by
sputtering or the like, and it may be maintained as the
protective-film for the X-ray mask. In the last place,
the back of the Si wafer was etched at 110°C with a 3%
by weight aqueous potassium hydroxide solution to form
a supporting frame 131, as shown in Fig. 15H. Fig. 151
shows a plan view of the constitution of Fig. 15H.

In such an X-ray mask structure as in Fig. 15H,
the portion of the metal thin film for adhesion of
chromium on the scribe line on which the alignment mark
was not formed was only oxidized without etching, and
therefore there could be prevented the thickness
reduction of the gold film which was the X-ray absorber
136°', the generation of the film thiékness ununiformity
of silicon nitride constituting the X-ray permeable
film on the scribe line, and the damage of the film
surface. This X-ray mask structure was set on an
exposure chamber 8 (Fig. 18), and alignment was then
carried out by the use of alignment light from an He-Ne
laser (633 nm). As a result, a stable alignment light
permeability could be obtained, and the highly precise
alignment could be attained. In addition, when exposed

to the X rays, the thickness of the X-ray absorber was
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not decreased, so that a sufficient contrast could be
obtained. In consequence, a highly precise
semiconductor chip could be prepared.

Example 13

Figs. 16A to 16H illustrate as sectional views
the thirteenth example of an X-ray mask structure
manufactufing process according to the present
invention. 7

As a material of a substrate 141 which will be
a supporting frame, an Si wafer is often used, and in
this example, an Si wafer having a diameter of 3 inches
and a thickness of 2 mm was used. This substrate was
set on a plasma CVD equipment. 'In the first place,
back pressure was reduced to 2 x 10 Torr, and 5 scem
of a 10% silane gas diluted with hydrogen and 20 sccm
of an ammonia gas were fed through a hole perforated in
a lower electrode. The substrate 141 was heated up to
a temperature of 350°C and a high-frequency powef of 20
W was then applied under a pressure of § x 107 Torr to
form an X-ray permeable film 142 of silicon nitride
having a thickness of 2 pm.

A gold film having a thickness of 500 A which
would be a plating electrode 144 for the formation of
an X-ray absorber and a titanium film having a
thickness of 50 A as a metal thin film 143 for adhesion
were continuously deposited by an EB vapor deposition,

as shown in Fig. 16A. Next, the back of the Si wafer
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was etched at 110°C with a 30% by weight aqueous
potassium hydroxide solution to form a supporting frame
141, as shown in Fig. 16B. An electron rays resist
PMMA (trade name OEBR-1000, made by Tokyo Oka Kogyo
Co., Ltd.) was applied thereonto, and a desired fine
resist pattern 145 was then formed by means of an
electron rays depictor, as shown in Fig. 16C.

Next, plating was carrilied out at 50°C at a
current density of 1 mA/cm@ by the use of a gold éulfite
plating solution (trade name Neutronex 309, made by
EEJA) to form a gold film which would be an X-ray
absorber 146 and an alignment mark 147. Afterward, the
resist pattern 145 was peeled off with an exclusive
peeling solution, as shown in Fig. 16D.

The portion of the plating electrode 144 on
which the X-ray absorber 146 and the alignment mark 147
were not formed was peeled'by means of an RIE
equipment. After back pressure was reduced to 1 x 107
Torr, 20 sccm of an argon gas was fed thereto and 200 W
was then applied under a pressure of 5 x 102 Torr to
carry out etching. Since the plating electrode 144,
the X-ray absorber and the alignment mark were all made
of gold, they were equally etched, so that the X-ray
absorber and the alignment mark took the conformations
of 146' and 147', as shown in Fig. 16E. A proteqtive
film 148 was then formed on a circuit pattern portion

by the use of a novolak resist (trade name AZ-1370SF,
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made by Tokyo Oka Kogyo Co., Ltd.), as shown in Fig.
18F.

Furthermore, a heat treatment was carriéa out
at 100°C 1h an oxygen atmosphere, and a region of the
metal thin film 143 on which the alignment mark was not
formed and which would be used for the alignment was
oxidized to form a titanium oxide film 149, as shown in
Fig. 16G. The protective film 148 was peeled off with
an exclusive peeling solution, as shown in Fig. 16H.
Alternatively, an inorganic film of S1i0y or the like may
be formed as the protective film 148 by sputtering or
the like, and it may be maintained as the protective
film for the X-ray mask.

As described above, the region of the metal
thin film of chromium for adhesion on which the
alignment mark was not formed and which would be used
for the alignment was oxidized without etching, and
therefore there could be prevented the thickness
reduction of the gold film whiéh was the X-ray absorber
146', the generation of film thickness ununiformity in
the range of silicon nitride constituting the X-ray
permeable film which would be used for the alignment,
and the damage of the film surface. As in Example 12,
this X-ray mask structure was set on an exposuré
chamber, and alignment was then carried out by the use
of alignment light from an He-Ne laser (633 nm)! As a

result, a stable alignment light permeability could be
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obtained, and the highly predise alignment could be
attained. In addition, when exposed to the X rays, the
thickness of the X-ray absorber was not decreasea. S0
that a sufficient contrast could be obtained. In
consequence, a highly precise semiconductor chip could
be prepared.

Exémple 14

Figs. 17A to 17E illustrate as sectional views
the fourteenth example of an X-ray mask structure
manufacturing process according to the present
invention. |

As a material of a substrate 151 which would be
a supporting frame, an Si wafer was used. A silicon
nitride film having a thickness of 2 pm was formed as
an X-ray permeable film 152 in the same manner as in
Example 13.

A nickel film having a thickness of 20 nm as a
metal thin film 153 which would be a plating electrode
for the formation of an X-ray absorber was deposited by
an EB vapor deposition, as shown in Fig. 17A. An
electron rays resist PMMA (trade name OEBR-1000, made
by Tokyo Oka Kogyo Co., Ltd.) was applied thereonto,
and a desired fine resist pattern 155 was then formed
by means of an electron rays depictor, as shown in Fig.
17B.

Next, plating was carried out at 50°'C at a

current density of 0.5 mA/cm2 by the use of a gold
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sulfite plating solution (trade name Neutronex 309,
made by EEJA) to form a gold film which would be_an X~
ray absorber 156. Afterward, the resist patterﬁ 155
was peeled;off with an exclusive peeling solution, as
shown in Fig. 17C. Afterward, the back of the Si wafer
was etched at 110°C with a 30% by weight aqueous
potassium hYdroxide solution to form a supporting frame
151, as shown in Fig. 17D.

In the last place, in a focusing ion injector,
oxygen ions were Injected at an oxygen ion
concentration of 10'-10! ions/cm? at 40-50 KV, whereby
a region of the metal thin_film 153 on which the
alignment mark was not formed and which would be used
for the alignment was converted into nickel oxide 159,
as shown in Fig. 17E. The utilization of the focusing
ion injector technique permits omitting the preparation
and fhe pee;ing of a protective film. Furthermore,
when. the ion injection is used at the suitably sélected
ion concentration and accelerating voltage, even the
relatively thick film can be oxidized. Therefore, the
metal thin film may be formed so that nickel oxide may
have such a thickness as to become a reflection
preventing film (690 A in the case of an He-Ne laser).

As described above, the region of the metal
thin film of nickel on which the alignment mark was not
formed and which would be used for the alignment was

oxidized without peeling, and therefore there could be
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prevented the thickness reduction of the gold film
which was the X-ray absorber 156, the generation of
film thickness ununiformity in the range of siliéon
nitride coﬁstituting the X-ray permeable film which
would be used for the alignment, and the damage of the
film surface. As in Example 12, this X-ray mask
structure ﬁas set on An exposure chamber, and alignment
was then carried out by the use of alignment light from
an He-Ne laser (633 nm). As a result, a stable —
alignment light permeability could be obtained, and the
highly precise alignment could be attained. 1In
addition, when exposed to the X rays, the thickness of
the X-ray absorber was not decreased, so that a
sufficient contrast could be obtained. In consequence,

a highly precise semiconductor chip could be prepared.
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WHAT IS CLAIMED IS:

1. An X-ray mask structure comprising an X-ray
absorber having a desired pattern, an X-ray perméable
film supporting the X-ray absorber, and a supporting
frame for supporting the X-ray permeable film,

said X-ray mask structure being characterized
in -that a hetal oxide film is formed on the portion of
the X-ray permeable film having no X-ray absorber

thereon.

2. The X-ray mask structure according to Claim

1 wherein the metal oxide film has a thickness of 8 A
to 1000 A.

3. The X-ray mask structure according to Claim
1 wherein the metal oxide film comprises an oxide of a

metal having an atomic number of 35 or less.

4. The X-ray mask structure according to Claim
3 wherein the metal is at least one selected from the
group consisting of chromium, titanium, aluminum, zinc,

copper and nickel.

5. The X-ray mask structure according to Claim
3 wherein the X-ray absorber has an oxide film of a

metal having an atomic number of 70 or more.
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6. The X-ray mask structure according to Claim
5 wherein the metal having an atomic number of 70 or
more is at least one selected from the group conSisting

of tantalum, tungsten, platinum, gold and lead.

7. The X-ray mask structure according to Claim
1 wherein an intermediate layer is formed between the
X-ray permeable film and the X-ray absorber, and the
metal oxide film is an oxide of a metal constituting

the intermediate layer.

8. The X-ray mask structure according to Claim
7T wherein the metal oxide film has a thickness of 8 A
to 1000 A.

9. The X-ray mask structure according to Claim
7 wherein the metal oxide film comprises an oxide of a

metal having an atomic number of 35 or less.

10. The X-ray mask structure according to
Claim 9 wherein the metal is at least one selected from
the group consisting of chromium, titanium, aluminum,

zinc, copper and nickel.

11. The X-ray mask structure according to
Claim 9 wherein the X-ray absorber has an oxide film of

a metal having an atomic number of 70 or more.

——
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12. The X-ray mask structure according to
Claim 11 wherein the metal having an atomic number of
70 or more is at least one selected from the groﬁp
consisting. of tantalum, tungsten, platinum, gold and

lead.

13! An X-ray mask structure comprising an X-
ray absorber having a desired pattern, an alignment
mark, an X-ray permeable film supporting the X—réy
absorber and the mark, and a supporting frame for
supporting the X-ray permeable film,

said X-ray mask structure being characterized
in that a metal oxide film is formed on at least the
portion of the X-ray permeable film in the vicinity of

the mark and having no X-ray absorber thereon.

14. The X-ray mask structure according to
Claim 13 wherein the alignment mark is formed on;the

metal oxide film.

15. The X-ray mask structure according to
Claim 13 wherein the metal oxide film is formed on the

portion of the X-ray permeable film having no alignment

mark

thereon.

16. The X-ray mask structure according to
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Claim 13 wherein the metal oxide film has a thickness

of 8 A to 1000 A.

17. The X-ray mask structure according to
Claim 13 wherein the metal oxide film comprises an

oxide of a metal having an atomic number of 35 or less.

18. The X-ray mask structure according to
Claim 17 wherein the metal is at least one selected
from the group consisting of chromium, titanium, -

aluminum, zinc, copper and nickel.

19. The X-ray mask structure according-to
Claim 17 wherein the X-ray absorber has an oxide film

of a metal having an atomic number of 70 or more.

20. The X-ray mask structure according to
Claim 19 wherein the metal having an atomic number of
70 or more is at least one selected from the group
consisting of tantalum, tungsten, platinum, gold and

lead.

21. The X-ray mask structure according to
Claim 13 wherein an intermediate layer is formed
between the X-ray absorber and the X-ray permeable
film, and between the alignment mark and the X—réy

permeable film.
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22. The X-ray mask structure according to
Claim 21 wherein the metal oxide film has a thickness
of 8 A to 1000 A.

23. The X-ray mask structure according to
Claim 21 wherein the metal oxide film comprises an

oxide of a'metal having an atomic number of 35 or less.

24. The X-ray mask structure according to
Claim 23 wherein the metal is at least one selected
from the group consisting of chromium, titanium,

aluminum, zinc, copper and nickel.

25. The X-ray mask structure according to
Claim 23 wherein the X-ray absorber has an oxide film

of a metal having an atomic number of 70 or more.

26. The X-ray mask structure according to
Claim 25 wherein the metal having an atomic number of
70 or more is at least one selected from the group

consisting of tantalum, tungsten, platinum, gold and

lead.

27. An X-ray exposing method which comprises
thé step of irradiating a material to be exposed with X
rays through an X-ray mask structure described in any

one of Claims 1 to 286.

e
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28. An X-ray exposing method which comprises
the step of irradiating a material to be exposed with X
rays through an X-ray mask structure described in any
one of Claims 1 to 26, after alignment is carried out
between the mask structure and the material to be

exposed.

29. A semiconductor device manufactured by
irradiating a material to be exposed with X rays:
through an X-ray mask structure described in any one of
Claims 1 to 26 to form a circuit pattern on the

material to be exposed.

30. A semiconductor device manufactured by
irradiating a material to be exposed with X rays
through an X-ray mask structure described in any one of
Claims 1 to 26, after alignment is carried out between
the mask structure and the material to be exposed,

thereby forming a circuit pattern on the material to be

exposed.

31. A method for manufacturing an X-ray mask
structure comprising an X-ray absorber having a desired
pattern, an X-ray permeable film supporting the X-ray
absorber, and a supporting frame for supporting the X-
ray-permeable film, said method being characteriéed by

having a process in which after the formation of an X-
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ray absorber pattern, the portion of the X-ray
permeable film having no X-ray absorber pattern thereon
is subjected to an oxidation treatment.

32. The method for manufacturing an X-ray mask
structure according to Claim 31 wherein the oxidation

treatment is an oxygen plasma treatment.
33. The method for manufacturing an X-ray mask
structure according to Claim 31 wherein the oxidation

treatment is an 6xygen ion injection treatment.

34. The method for manufacturing an X-ray mask

‘'structure according to Claim 31 wherein the oxidation

treatment is a heat treatment in an oxygen atmosphere.

35. The method for manufacturing an X-ray mask
structure according to Claim 31 which has a procéss in
which the surface of the X-ray absorber pattern is

subjected to an oxldation treatment.

36. The method for manufacturing an X-ray mask
structure according to Claim 35 wherein the oxidation

treatment is an oxygen plasma treatment.

37. The method for manufacturing an X-ray mask

structure according to Claim 35 wherein the oxidation

— ————
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treatment is an oxygen ion injection treatment.

38. The method for manufacturing an X-ray mask
structure according to Claim 35 wherein the oxidation

treatment is a heat treatment in an oxygen atmosphere.

39. The method for manufacturing an X-ray mask
structure according to Claim 35 wherein the oxidation
treatment of the X-ray permeable film and the oxidation
treatment of the X-ray absorber are carried out in one

process.

40. A method for manufacturing an X-ray mask
structure comprising an X-ray absorber having a desired
pattern, an X-ray permeable film supporting the X-ray
absorber, and a supporting frame for supporting the X-
ray permeable film, said method being characterized by
having
(a) a process.for forming a metal film on the X-ray
permeable film,

(b) a process for forming an X-ray absorber pattern on
the metal film, and

(¢) a process in which after the formation of the X-
ray absorber pattern, the portion of the metal film
having no X-ray absorber pattern thereon is subjected

to an oxidation treatment.
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41. The method for manufacturing an X-ray mask
structure according to Claim 40 wherein the oxidation
treatment is an oxygen plasma treatment.

42. The method for manufacturing an X-ray mask
structure according to Claim 40 wherein the oxidation

treatment is an oxygen ion injection treatment.

43. The method for manufacturing an X-ray mask
structure according to Claim 40 wherein the oxidation

treatment is a heat treatment in an oxygen atmosphere.

44. The method for manufacturing an X-ray mask
structure according to Claim 40 which has a process in
which the surface of the X-ray absorber pattern is

subjected to an oxidation treatment.

45. The method for manufacturing an X-ray mask
structure according to Claim 44 wherein the oxidation

treatment 1s an oxygen plasma treatment.

46. The method for manufacturing an X-ray mask
structure according to Claim 44 wherein the oxidation

treatment is an oxygen ion injection treatment.

47. The method for manufacturing an X-ray mask

structure according to Claim 44 wherein the oxidation
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treatment is a heat treatment in an oxygen atmosphere.

48. The method for manufacturing an X-ray mask

structure ACcording to Claim 44 wherein the oxidation

treatment of the metal film on the X-ray permeable film

and the oxidation treatment of the X-ray absorber are

carried out in one process.
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ABSTRACT OF THE DISCLOSURE

An X-ray mask structure comprises an X-ray
abéorber having a desired pattern, an X-ray permeable
film supporting the X-ray absorber, and a supporting
frame for supporting the X-ray permeable film. The X-
ray mask structure has a metal oxide film formed on the
portion of the X-ray permeable film having no X-ray

absorber thereon.
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X-RAY MASK STRUCTURE AND X-RAY EXPOSING METHOD, AND
SEMICONDUCTOR DEVICE MANUFACTURED BY USE OF X-RAY MASK
STRUCTURE, AND METHOD FOR MANUFACTURING X-RAY MASK
STRUCTURE ’ ’

1 ABSTRACT OF THE DISCLOSURE

An X-ray mask structure comprises an X-ray
absorber having a desired pattern, an X-ray permeable
film suppo;ting the X-ray absorber, and a supporting

5 frame for supporting the X-ray permeable film. The X-
ray mask structure has a metal oxide film formed on the
portion of the X-ray permeable film having no X-ray

absorber thereon.

10

THIS SHEET HAS BEEN
R.EPLACL D




AhOREE O ) a /sy

RN o v

———————

eet Has Been Replaced

T

" wherein the metal having an atomic number of 70
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What is claimed is:
1. An X-ray mask structure comprising:
an X-ray absorber having a masking patternm;

an X-ray permeable film for supporting the X-ray
absorber on one surface of the X-ray permeable
ftlm;

a sapporting frame for supporting the X-ray permea-

ble film; and

2 metal oxide film formed on a portion of the one

surface of the X-ray permeable film having no
X-ray absorber thereon.

2. The X-ray mask structure according to claim 1,
wherein the metal oxide film has a thickness of 8 Ato
1000 A.

3. The X-ray mask structure according to claim 1,
wherein time metal oxide film comprises an oxide of 2
metal having an atomic number of 35 or less. _

4. The X-ray mask structure according to claim 3,
wherein the metal is at least one selected from the group
consisting of chromium, titanium, aluminam, zinc, cop-
per and nickel.

5. The X-ray mask structure according to claim 3,
Wwherein the X-ray absorber has an oxide film of a metal
ha.vmg an atomic number of 70 or more.

6. The X-ray mask structure according to claim §,
wherein the metal having an atomic number of 70 or
more is at least one selected from the group consisting
of tantalum, Tungsten, platinum, gold and lead.

7. The X-ray mask structure according to claim 1,
wherein an intérmediate Jayer is formed between the
X-ray permeable film and the X-ray absorber, and the
metzl oxide film is an oxide of a metal constituting the
intermediate layer.

8. The X-ray mask structure according to claim 7,
wherein the metal ox:de film has a thickness of 8 A to
1000 A.

9. Tth-z:g:ymaskstmctureaccordmgtoclmm‘I,
wherein the metal oxide film comprises an oxide of a
metal having an atomic number of 35 or less.

10. The X-ray mask structure according to claim 9,

wherein the metal is at least one selected from the group
consisting of chromium, titanium, aluminum, zinc, cop-
per and nickel.

11. The X-ray mask structure awordmg to claim 9,

wherein the X-ray absorber has an oxide film of a metal

having an atomic number of 70 or more.
12. The X-ray mask structure aocording to claim 11,

of tantalum, tungsten, platinum, gold and lead.

18 AUG 1997




ed
Al Ll

\\\\\\\\\\\ \\\\\\\\\\ %\

13. An X-ray mask structure according to claim 1,
wherein (i) the X-ray permeable film supports the X-ray
absorher on an upper surface of the X-ray permeable
film, (ii) the supporting frame supports the X-ray per-
meable film from a lower surface of the X-ray permea-
ble film and (jii) the metal oxide film is formed on the
upper surface of the X-ray permeable film and on the
portion having no X-ray absorber thercon.

14. An X-ray mask structure comprising:

an X-ray absorber having a masking pattern;

- an alignment mark;
an X-ray permeable film for supporting the X-ray
: absorber and the mark on a surface of the X-ray
permeable film;

a supporting frame for supporting the X-ray permea-

ble film; and

a metal oxide film formed on at least 2 pornon of the

surface of the X-ray permeable film in the viciaity
of the mark and having no X-ray absorber thereon.

15. The X-ray mask structure according to claim 13,
whetem the metal oxxde film is formed on the portion of

P’ x-ray permeable film having no alignment mark
/ 16. Thc X-ray mask structure according to claim 14,
* wherein the metal oxide film has a thickness of 8 A to
1000 A.

17. The X-ray mask structure according to claim 14,
wherein the metal oxide film comprises an oxide of a
metal having an atomic number of 35 or less.

18. The X-ray mask structure according to claim 17,
wherein the metal is at least one selected from the group
counsisting of chromium, titanium, aluminum, zmc, cop-
per and nickel.

" 19. The X-ray mask structure according to claim 17,
wherein the X-ray absorber comprises an oxide film of
a metal having an atomic number of 70 or more.

20. The X-ray mask structure according to claim 19,
wherein the metal having an atomic number of 70 or
more is at least one selected from the group consisting
of tantalum, tungsten, platinum, gold and lead.

21. The X-ray mask structure according to claim 14
further comprising an intermediate layer formed be-
tween the X-ray absorber and the X-ray permeable film,
and between the alignment mark and the X-ray permea-
ble film.

22. The X-ray mask structure according to claim 21,
wherein the metal oxide film bas a thickness of 8 Ato
1000 A.

23. The X-ray mask structure according to claim 21,
wherein the metal oxide film comprises an oxide of a
metal having an atomic number of 35 or less.
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24. The X-ray mask structure according to claim 23,
wherein the metal is at least one selected from the group
‘conmsisting of chromium, titanium, aluminum, ziac, cop-
per and nickel.

25. The X-ray mask structure according to claim 23,
wherein the X-ray absorber comprises an oxide film of
a metal having an atomic number of 70 or more.

26. The X-ray mask structure according to claim 25,
wherein the metal having an atomic number of 70 or
more is at least one selected from the group cousisting
of tantalum, tungsten, platinum, gold and lead.

27. The X-ray mask structure according to claim 14,
wherein the alignment mark is formed on the metal
oxide film.

28. An X-ray mask structure according to claim 14,
wherein (i) the X-ray permeable film supports the X-ray
absorber on an upper surface of the X-ray permeable
film, (i) the supporting frame supports the X-ray per-
meable film from 2 lower surface of the X-ray permea-
ble film and (iif) the metal oxide film is formed on the
upper surface of the X-ray permeable film and on the
portion having no X-ray absorber thereon.

29. A semiconductor device manufactured by irradi-
ating a material to be exposed with X-rays through an
X-ray mask structure comprising (i) an X-ray absorber
having a masking pattern, (i) an X-ray permeable film
supporting the X-ray absorber on one surface of the
X-ray permeable film, (iii) a supporting frame support-
ing the X-ray permeable film and (iv) 2 metal oxide film
formed on a portion of the surface of the X-ray permea-
ble film having no X-ray absorber thereon.

30. A semiconductor device according to claim 29,
wherein (i) the X-ray permeable film supports the X-ray
absorber on an upper surface of the X-ray permeable
film, (ii) the supporting frame supports the X-ray per-
meable film from a lower surface of the X-ray permea-
ble film and (i) the metal oxxdc ﬁlm is formed on the

upper surface of the X-ray permeatie film and on the
portion having no X-ray absorber thereon.
31. A method for manufacturing an X-ray mask struc-
ture comprising:
forming an X-ray absorber including a masking pat-
tern, an X-ray permeable film supporting the X-ray
absorber on one surface of the X-ray permeable
film, and a supporting frame supporting the X-ray
permeable film; and

thereafter subjecting a portion of the one surface off REPLA

the X-ray permeable film having no X-ray absorbe:
pattern thereon to an oxidation treatment.
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32. The method for manufacturing an X-ray mask
structure according to claim 31, wherein the oxidation
treatment is an oxygen plasma treatment.

33. The method for manufacturing an X-ray mask
structure according to claim 31, wherein the oxidation
treatment is an oxygen ion injection treatment.

34. The method for manufacturing an X-ray mask
structure according to claim 31, wherein the oxidation
treatment is a heat treatment in an oxygen atmosphere.

35. The method for manufacturing an X-ray mask
structure according to claim 31, further comprising
subjecting the surface of the X-ray absorber pattern to
an oxidation treatment.

36. The method for manufacturing an X-ray mask
structure according to claim 35, wherein the oxidation
treatment is an oxygen plasma treatment.

37. The method for manufacturing an X-ray mask
structure according to claim 35, wherein the oxidation
treatment is an oxygen ion injection treatment.

38. The method for manufacturing an X-ray mask
structure according to claim 35, wherein the oxidation
treatment is a heat treatment in an oxygen atmosphere.

39. The method for manufacturing an X-ray mask
structure according to claim 35, wherein the oxidation
treatment of the X-ray permeable film and the oxidation
treatment of the X-ray absorber are carried out in one
process.

40. A method according to claim 31, wherein (i) the
X-ray permeable film supports the X-ray absorber on an
upper surface of the X-ray permeable film, (if) the sup-
porting frame supports the X-ray permeable film from a
lower sarface of the X-ray permeable film and (iii) the
subjecting step comprises subjecting a portion of the
upper surface of the X-ray permeable film having no
X-ray absorber pattern thereon to an oxidation treat-
ment.

4L A method for manufacturing an X-ray mask struc-
ture comprising: ' .

forming an X-ray absorber including 2 masking pat-

tern, an X-ray permeable film supporting the X-ray
absorber on one surface of the X-ray permeable
film, and a supporting frame supporting the X-ray
permeable film;

forming a metal film on the one surface of the X-ray

permeable film;
forming an X-ray absorber pattern on the metal film;
and. .

thereafter, subjecting a portion of the one surface of
the metal film having no X-ray absorber pattern
thereon to an oxidation treatment. .

42. The method for manufacturing an X-ray mask
structure according to claim 41, wherein the oxidation
treatment is an oxygen ion injection treatment.

43. The method for manufacturing az X-ray mask
structure according to claim 41, wherein the oxidation
treatment is a heat treatment in an oxygen atmosphere.
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44. The method for manufacturing an X-ray mask
structure according to claim 41, further comprising
subjecting the surface of the X-ray absorber pattern to
an oxidation treatment.

45. The method for manufacturing an X-ray mask
structure according to claim 44, wherein the oxidation
treatment is an oxygen plasma treatment.

46. The method for manufacturing an X-ray mask
structure according to claim 44, wherein the oxidation
treatment is an oxygen ion injection treatment.

47. The method for manufacturing an X-ray mask
structure according to claim 44, wherein the oxidation
- treatment is a heat treatment in an oxygen atmosphere.

48. The method for manufacturing an X-ray mask
structuce according to claim 44, wherein the oxidation
treatment of the metal film on the X-ray permeable film
and the oxidation treatment of the X-ray absorber are
carried out in one process.

49. The method for manufacturing an X-ray mask
structure according to claim 41, wherein said oxidation
treatment step comprises producing an oxide film of the
metal, in order to increase permeability of at least align-
ment light.

50. The method for manufacturing an X-ray mask
structure according to claim 41, wherein the oxidation
treatment is an oxygen plasma treatment.

51. A method according to claim 41, wherein (i) the
X-ray-permeable film supports the X-ray absorber on an
upper surface of the X-ray permeable film, (i) the sup-
porting frame supports the X-ray permeable film from a
lower surface of the X-ray permesble film, (iii) the
metal film is formed on the upper surface of the X-ray
permeable film and (iv) the subjecting step comprises
subjecting a portion of the upper surface of the metal
film having no X-ray absorber thereon to an oxidation
treatment.

52. A semiconductor device manufactured by irradi-
ating a material to be exposed with X-rays through an
X-ray mask structure comprising (i) an X-ray absorber
having a masking pattern, (i) an alignment mark, (iii) an
X-ray permeable film supporting the X-ray absorber
and the mark on a surface of the X-ray permeable film,
(iv) 2 supporting frame supporting the X-ray permeable
film and (v) a metal oxide film formed on at least a
portion of the surface of the X-ray permeable film in the
vicinity of the mark and having no X-ray absorber
thereon, to form a circuit pattern on the material to be
exposed.
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§3. A semiconductor device according to claim 52,
wherein (i) the X-ray permeable film supports the X-ray
absorber and the mark on the upper surface of the X-ray
permeable film, (i) the supporting frame supports the
X-ray permeable film from a lower surface of the X-ray
permeable film and (iii) the metal oxide film is formed
on the upper surface of the X-ray permeable film and on
at least the portion in the vicinity of the mark and hav-
ing no X-ray absorber thereon.

S4. An X-ray exposing method which compnses a
step of irradiating a material to be exposed with X-rays

. through an X-ray mask structure comprising () an
X-ray absorber having 2 masking pattern, (ii) an align-
ment mark, (iii) an X-ray permeable film supporting the
X-ray absorber and the mark on a surface of the X-ray
permeable film, (iv) a supporting frame supporting the
X-ray permeable film and (v) a metal oxide film formed
on at least a portion of the surface of the X-ray permea-
ble film in the vicinity of the mark and havmg no X-ray
_absorber thereon. B

55. An X-ray exposing method according to claim 54,
wherein (i) the X-ray permeable film supports the X-ray
absorber and the mark on the upper surface of the X-ray
permeable film, (it) the supporting frame supports the
X-ray permeable film from a lower surface of the X-ray
permeable film and (jii) the metal oxide film is formed’
on the upper surface of the X-ray permeable film and on
at least the portion in the vicinity of the mark and hav-

. ing no X-ray absorber thereon.

56. An X-ray exposing method which comprises a
step of irradiating a material to be exposed with X-rays
through an X-ray mask structure comprising (i) an
X-ray absorber having a masking pattern, (ii) an align-
ment mark, (jif} an X-ray permeable film supporting the
X-ray absorber and the mark on 2 surface of the X-ray
permeable film, (iv) a.supporting frame supporting the
X-ray permeable film and (v) a metal oxide film formed
on at least a portion of the surface of the X-ray permea-
ble film in the vicinity of the mark and having no X-ray
absorber thereon, after alignment is carried out between
the mask structure and the material to be exposed.

57. An X-ray exposing method according to claim S6,
wherein (i) the X-ray permeable film supports the X-ray
absorber and the mark on the upper surface of the X-ray
permeable film, (i) the supporting frame supports the
X-ray permeable film from a lower surface of the X-ray

permeable film and (jii) the metal oxide film is form

on the upper surface of the X-ray permesble film and op NEFLACEMENT SHEET |
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58. A semiconductor device manufactured by irradi-
ating 2 material to be exposed with X-rays through an
X-ray mask structure comprising (i) an X-ray absorber
having a masking pattern, (ii) an alignment mark, (i) an
X-ray permeable film supporting the X-ray absorber
and the mark on a surface of the X-ray permeable film,
(iv) a supporting frame supporting the X-ray permeable
film and (v) a2 metal oxide film formed on at least a
portion of the surface of the X-ray permeable film in the
vicinity of the mark and having no X-ray absorber
thereon, after alignment is carxied out between the mask
structure and the material to be exposed, thereby form-
ing a circuit pattern on the material to be exposed.

§9. A semiconductor device according to claim 58,
wherein (i) the X-ray permeable film supports the X-ray
absorber and the mark on the upper surface of the X-ray
permeable film, (ii) the supporting frame supports the
X-ray permeable film from a lower surface of the X-ray
permeable film and (jif) the metal oxide film is formed
on the upper surface of the X-ray permeable film and on
at least the portion in the vicinity of the mark and hav-
ing no X-ray absorber thereon.

60. An X-ray exposing method which comprises a
step of irradiating a material to be exposed with X-rays
through an X-ray mask structure comprising (i) an
X-ray absorber having a masking pattern, (i) an X-ray
permeeble film supporting the X-ray absorber on one
surface of the X-ray permeable film, (iii) a2 supporting
frame supporting the X-ray permeable film and (iv) a
metal oxide film formed on a portion of the one surface
of the X-ray permeable film having no X-ray absorber
thereon. '

61. An X-ray exposing method according to claim 60,
wherein (i) the X-ray permeable film supports the X-ray
absorber on an upper surface of the X-ray permeable
film, (ii) the supporting frame supports. the X-ray per-
meable film from a lower surface of the X-ray permea-
ble film and (iii) the metal oxide film is formed on the

r,pper surface of the X-ray permeable film and on the
portion having no X-ray absorber thereon.

62. An X-ray exposing method which comprises a
step of irradiating a material to be exposed with X-rays
through an X-ray mask structure comprising (i) an
X-ray absorber having a masking pattern, (i) an X-ray
permeable film supporting the X-ray absorber on one
surface of the X-ray permeable film, (iii) a supporting
frame supporting the X-ray permeable film and (iv) a
metal oxide film formed on a portion of the one surface
of the X-ray permeable film having no X-ray absorber
thereon, after alignment is carried out between the mask
structure and the material to be exposed.
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63. An X-ray exposing method according to claim 62,
wherein (i) the X-ray permeable film supports the X-ray
absorber on an upper surface of the X-ray permeable
film, (i) the supporting frame supports the X-ray per-
meable film from a lower surface of the X-ray permea-
ble film and (iii) the metal oxide fibm is formed on the
upper surface of the X-ray permeable film and on the
portion having no X-ray absorber thereon.

64. A semiconductor device manufactured by irradi-
ating a material to be exposed with X-rays th]:‘}o,ugh an
X-ray mask structure comprising (i) an X-ray absorber
having a masking pattern, (ii) an X-ray permeable film
supporting the X-ray absorber on ane surface of the
X-ray permeable film, (iii) 2 supporting frame support-
ing the X-ray permeable film and (iv) a metal oxide film
formed on a portion of the one surface of the X-ray
permeable film having no X-ray absorber thereon, after
alignment is carried out between the mask structure and
the material to be exposed, thereby forming a circuit
pattern on the material to be exposed.

65. A semiconductor device according to, claim 64,
wherein (i) the X-ray permeable film supports the X-ray
absorber on an upper surface of the X-ray permeable
film, (i) the supporting frame supports the X-ray per-
meable film from a lower surface of the X-ray permea-
ble film and (iif) the metal oxide film is formed on the
upper surface of the X-ray permeable film and on the
portion having no X-ray absorber thereon.
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What is claimed is:
1 An X-ray mask structure comprising:
ar X-ray absorber having a masking pattern;

aa X-ray permeable film for supporting the X-cay
absorber on one surface of the X-ray permeable
film;
S a supporting frame for supporung the X-ray permea-
R ble film; and
—_— a metal oxide film formed on a portion of the one
surface of the X-ray permeable film having no
X-ray absorber thereon.
2. The X-ray mask structure according to claim 1,
wherein the metal oxide film has a thickness of 8 Ato
1000 A.
! 3. The X-ray mask structure according to claim 1,

' wherein the metal oxide film comprises an oxide of a
metal ha.vmg an atomic numiber of 35 or less.

4. The X-ray mask structure according to claim 3,
wherein the metal is at least one selected from the group
cansisting of chromium, titanium, aleminam, zinc, cap-
per and aickel.

. 5. The X-ray mask structure according to claim 3,
Wwherein the X-ray absorber has an oxide film of 2 metal
bavmganatonnc namber of 70 or more.

. 6. The X-ray mask structure according to claim §,
wherein the metal having an atomic number of 70 or
more is at legst one selected from the group consisting

of tantalum, tungsten, platinum, gold and leaqd.

7.‘I‘heX-mymaskstmctureaccordmgto claim 1,
wherein an intérmediate layer is formed between the
X-ray permeable film and the X-ray absorber, and the
metal oxide film is an oxide of a metal constituting the

N intermediate layer.

8. The X-ray mask structure according to claim 7,
whereznthemetalondeﬁlmhaszthxcknessofSAto
1000 A.

9. The X-ray mask structure according to claim 7,
wherein the metal oxide film comprises an oxide of a
mgtal having an atomic number of 35 or less.

10. The X-ray mask structure according to claim 9,
whemnthemeulxsatlastonesdecﬁedfmmthegronp
consisting of chromium, titanium, aluminum, zinc, cop-

+ per and nickel
1L‘I'heX-raymaskstmctureaccordmgtochxm9_
wherein the X.ray absorber has an oxxdeﬁlm.ot'ameml
havmganal:omxc number of 70 or more.
I‘hex-raymzskstmcmreaccotdmgtoc!annll.
" wherein the metal having an atomic number of 70 or
more is at least one selected from the group coasisting
of tantalum, tungsten, piatinum, gold and lead.:
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13. Aan X-ray mask structure according to claim 1, : " -
wherein (f) the X-ray permeable film supports the X-t:iy REPLACF‘MENT SHEET
absorbar on an upper surface of the X-ray permeabile
film, (ii) the Suppgpr:ing frame supports the X-ray per- 03 APR 1998
meable flm from a lower surface of the X-ray permea-
ble film and (iii) the metal oxide film is formed on the
upper surface of the X-ray permeable film and on the
portion having no X-ray absorber thercon.

14. An X-ray mask structure comprising:

an X-ray absorber having a masking pattern;

an alignment. mark;

an X-ray permeable film for supporting the X-ray

absorber and the mark on a surface of the X-ray
permeable fiim;

a supporting frame for supporting the X-ray permea-

ble film; and

a metal oxide film farmed on at least a portioa of the

surface of the X-ray permeable film in the vicinity
of the mark and having no X-ray absorber thereon

15, The X-ray mask structure according to claim 14,
wherein the metal oxide film is formed on the portion of
the X-ray permeable film having no alignment mark
. thereon.

16. The X-ray mask structure according to claim 14,
wherein the metal oxide film has a thickness of 8 A t1©
1000 A.

17. The X-ray mask structure according to claim 14,
wherein the metal oxide flm comprises an oxide of a
metal having an atomic number of 35 or fess.

18. The X-ray mask strucrure according to claim 17,
wherein the metal is at least one selected from the group
coasisting of chromium, titanium, aluminum, Znc, cop-
per and nickal '

" 19. The X-ray mask structure according to claim 17,
wherein the X-ray absorber comprises an oxide film of
a metal having an atomic aumber of 70 or more.

20. The X-ray mask structure according to claim 19,
wherein the metal having an atomic number of 70 or
more is at least one selected from the group consisting
of tantalum, tungsten, platinum, gold and lead.

21. The X-ray mask structure according to claim 14,
further comprising an intermediate layer formed be-
tween the X-ray absorber and the X-ray permeable film,
and between the alignment mark and the X-ray permea-
ble film.

22. The X-ray mask structure according to claim 21,
wherein the metal oxide film has a thickness of 8 A to
1000 AL

23. The X-ray mask structure according to claim 21,
wherein the metal oxide film comprises an oxide of a
metal having an atomic number of 35 or less.
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24. The X-ray mask structure according to claim 23,
wherein the metal is at least one selected from the group
consisting of chromium, titanium, alumizum, zinc, cop-
per and aickel.

25. The X-ray mask structure according to claim 23,
wherein the X-ray absorber comprises aa oxide film of
a metal having an atomic number of 70 or more.

26. The X-ray mask structure aecordmg to claim 25,
wherein the metal having an atomic number of 70 or
more is at least one selected from the group coasisting
of tantalum, tungsten, platihum, goid and lead.

27. The X-ray mask structure according to claim 14,
wherein the alignment mark is formed on the metal
oxide film.

28. An X-ray mask structure according w claim 14, -
wherein () the X-ray permeable film supports the X-ray
absorber on an upper surface of the X-ray permeable
film, (ii) the supporting frame supports the X-ray per-
meable fllm from a lower surface of the X-ray permea-
ble film and (id) the metal oxide film is formed on the
upper surface of the X-ray permeable film and on the
portion having no X-ray absorber thereon.

29, A semiconductor device manufactured by irradi-
ating a material to be exposed with X-rays through an
X-ray mask structure comprising (i) an X-ray absorber
having 2 masking pattern, (i) an X-ray permeable film
supporting the X-ray absorber on one surface of the
X-ray permeable film, (iif) a supporting frame support-
ing the X-ray permeable film and Gv) 1 metal oxide film

formed on a portion of the one surface of the X-ray permea-
ble film having no X-ray absorber thereon.

30. A semiconductor device according to claim 29,
wherein (i) the X-ray permeable film supports the X-ray
absorberonanuppersnrt’aceofthc X-ray permeable
film, (i) the supporting frame supports the X-ray per-
meablefim from a lower surface of the X-ray permez-
ble film and (iii) the metal oxide film is formed on the

upper surface of the X-ray permeanie film and on the
portion having no X-ray absorber thereon, to form a
circuit pattern on the material to be exposed.
31. A method for manufacturing an X-r«y mask scuc-
ture comprising:
forming an X-ray absorber including a masking pat—
tern, an X-ray permeable film supporting the X-ray
absorber on one surfiace of the X-ray permeable
film, and 2 supporting frame supporting the X-ray
permeable film; and
thereafter subjecting a portion of the one surface of
the X-ray permeable film having 00 X-ray absorber
pattern thereon to an oxidation {reatment.
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63. An X-ray exposing method according to claim 62,
wherein (i) the X-cay permeable film supports the X-ray
absorber on an upper surface of the X-ray permeable
film, (i) the supporting frame supports the X-ray per-
meable flm from a lower surface of the X-ray permea-
ble filth and (fii) the metal oxide film is formed on the
upper surface of the X-ray permesble film and on the
portion having no X-ray absorber thereon.

64. A semiconductor device manufactured by irradi-
ating a material to be expased with X-rays through an
X-ray mask structure comprising (i) an X-ray absorber
having a masking pattern, (i) an X-ray permeable fiim
supportng the X-ray absorber on one surface of the
X—ra.y permeable film, (iii) a supporting frame sapport-
ing the X-ray permable film and (iv) a metal oxide flm
formed on a portion of the one surface of the X-ray
permesble flm having no X-ray absorber thereon, after
alignment is carried out between the mask structure and
the material to be exposed, thereby forming a circuit
pattern on the material to be exposed.

65. A semiconductor device according to, claim 64,
wherein (f) the X-ray permeable film supports the X-ray
absorber on en upper surface of the X-ray permezble
film, (if) the supporting frame supports the X-ray per-
meable film from a lower surface of the X-ray permea-
ble film and (fif) the metal oxide film is formed on the
upper surface of the X-ray permesble film and on the
portion having no X-ray absorber thereon.
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X-RAY MASK STRUCTURE AND X-RAY EXPOSING METHOD, AND
SEMICONDUCTOR DEVICE MANUFACTURED BY USE OF, X-RAY MASK
STRUCTURE, AND METHOD FOR MANUFACTURING X-RAY MASK
STRUCTURE

ABSTRACT OF THE DISCLOSURE
An X-éai mask structure comprises an X-ray
absorber having a desired pattern, an X-ray permeable
film supporting the X-ray absorber, and a supporting
frame for supporting the X-ray permeable film. The X-
W ray mask structure has a metal oxide film formed on the
portion of the X-ray permeable film having n& X-ray

absorber thereon.

Figure 1A
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24. Thé X-cay mask sructuce accacding to claim 23,
wherein the metal is a¢ least one selected from the group
consisting of chromium, titanium, alumizum, 23C, cop-
per and aickal .

25. The X-cay mask strucrure according to chim 23,
wherein the X-cay absorber comprises ag oxide flm of
a metal having an atomic aumber of 70 or mare.

26. The X-ray mask structure according to claim 25,
whersin the metal having an atomic aumber of ?Q-Ot
more is at least ope selected from the group consisung
of antalum, tmgsten, platnum, goid and lead.

Z7. The X-ray mask structure according to claim 14,
wherein the alignment mark is formed on the metal
axide film. .

28. An X-cay mask structure according to claim 14, -
wherein (7) the X-ray permeable fim supporss the X-cay
absorber on an upper surface of the X-ray permeable
e . flm, (§) the supporting fame supports the X-ay per

meable fim from z lower surface of the X-ay permed-
ble filmt and (i) the metal oxide flm is formed on the
upper surfice of the X-ray permenble film and oz the
pordozn kaving o X-ray absorber thereon. L
29. A semicanductor device manufactured by Tadi-
ating a matesial to be exposed with X-rys through an
X-ray mask structure comprising () an X-ray absorber -
kaving a masking pattern, (i) an X-ray permeable flm
'mpponiggd:cx-ayabsntbconmsn:&nepfthe
- X-ray permeable film, () 2 sapporting frame sapports. .
ing the X-ray permesble film snd () 1 metal'oxide film
formed on a portion of the oné surface of the X-ray permeable
film having no X-ray absorber tllereox"to'foi‘m a circuit pattern
on the material to be éxposed. -
30. A semiconductar device ﬁrdins to ﬁg
wherein () the X-zy permesble Glm Supports
had qun’uppcm&ceof&cx-urﬁwh
film, (&) the supporting frame supports the X-ray per-
" meable fim from a lower surface of the X-ray permea-
bie film and (i) the metal oxide film is formed ca the

'upper surface of the X-ray permesbie Hlm and on the,
|portion having no X-ray absorber thereon.

~ 3L A'merhod for manufacturing an X-rdy misk stie- W
ture comprising: ) .. - _

‘forming an X-ray absocber is mg:ﬁnmzi.p:;
tern, an X-tay permeable supporaag

absorber on oae surfice %?Ehe X-cay permeable

film, and a supporting frame supporting the X-cay

permeable film; and -, ¢ the - e

eceafter subjecting a portion @ one surface - .

- the X-;;u pfr:xeagl: gl.;n having 06 X-cay absocber REPLACEMENT SHEET

pattern thereoun to an oxidation treatment.
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