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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an X-ray mask
usad in a semiconductor exposure device uging an X-
ray source, a method of manufacturing the X-ray
mask and a semiconductor device manufacturing
method using the X-ray mask.

Description of the Related Art

An example of generslly known X-ray masks
used in X-ray exposure devices is described below.

As shown in Fig. 10, an X-ray mask substrate 50
Is joined to a mask frame 54. The X-ray mask sub-
strate is produced by depositing an inorganic film 52
of SiN or the like on the surface of a silicon substrate
51, removing a portion corresponding to a permeable
film portion 52a by dry etching, and removing a por-
tion of the silicon substrate 51 which corresponds to
the permeable fllm portion 52a by wet etching. A pat-
tern 55 made of an X-ray absorber such as Ta, Auor
the like is pravided on the permeable film portion 52a
in correspondence with a predetermined shape to be
transferred {o a wafer (not shown).

When exposure is performed by an exposure de-
vice to which the X-mask is fitted, the surface of the
X-mask in which the pattern is formed is opposed to
a wafer at a distance of about 30 um. In this state, a
portion of the wafer is exposed to light. When another
portion of the wafer is then to be exposed to light, the
distance between the X-ray mask and the wafer is in-
creased to about 200 um, and the X-ray mask is then
moved to a position corresponding to the other por-
tion. The distance between the X-ray mask and the
wafer is then returned to about 30 um, and the other
portion is exposed.

The step-and-repeat operation is successively
repeated to expose the wafer.

However, during exposure using the above con-
ventional X-ray mask, when the X-ray mask once
separated from the wafer is brought back close to it,
if the X-ray mask is rapidly moved, the gas present in
the gap between the X-ray mask and the wafer can-
not easily escape from the gap and is thue com-
pressed as the X-ray mask is brought close to the wa-
fer. The pressure of the gas belween the X-ray mask
and the wafer is thus increased in correspondence
with the speed of movement of the X-ray mask toward
the wafer. This increase inthe pressure causes adan-
ger of breaking or damaging the permeable film por-
tion serving as a permeable support fiim. Therse is
also the problem that if the speed of movement of the
X-ray mask toward the wafer is decreased for pre-
venting the breakage of the permaable film portion,
the productivlty of the exposure device is decreased.
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' SUMMARY OF THE INVENTION

The present invention has been achieved for
solving the above problems. It is a first object of the
present invention to provide an X-ray mask and a
method of producing the X-ray mask which permits
anincraase in the apsad of movement thereof without
breaking or damaging a permeable film portion and
which increases the productivity of the exposurs
process.

It is a second object of the present invention to
provide a semiconductor device manufacturing meth-
od with high productivity using the X-ray mask and a
semiconductor device manufactured by the method.

Cther objects of the present invention will be
made apparent from the detalled description of pre-
ferred embodimsnts below.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a partially broken-out perspective view
of an X-ray mask in accordance with a first em-
bodiment of the present invention;

Fig. 2 is a drawing showing a process of manu-
facturing the X-ray mask shown in Fig. 1, in which
Fig. 2(A) Is a drawing showing a step of deposit-
ing an inorganic film on a siticon substrate, Fig.
2(B) is a drawing showing a step of removing por-
tions of the inorganic film which correspond to a
permeable film portion and through holes, Fig.
2(C) is a drawing showing a step of removing por-
tions of the silicon substrate from which the inor-
ganic film is removed, Fig. 2(D) is a drawing
showing a step of removing pertions of the inor-
ganicfilmwhich correspond to the through holes,
and Fig. 2(E) is a drawing showing a step of join-
ing a mask frame to the X-ray mask substrate
formed ttwough the steps shown in Figs. 2(A) to
2(Dy;

Fig. 3 is a sectional view of a principal portion
showing the flow of gas when the X-ray mask
shown in Fig. 1 is attached to an exposure device
and is brought close to a wafer;

Fig. 4 Is a partially broken-out perspective view
of an X-ray mask in accordance with a second
embodiment of the present invention;

Fig. § shows a process of manufacturing the X-
ray mask showr in Fig. 4 and is a sectional view
of the X-ray mask taken along a plane passing
through the center of the X-ray mask and parallel
to one side thereof, in which Fig. 5(A) Is a drawing
showing a step of depositing an inorganic film on
a silicon substrate, Fig. 5(B) is a drawing showing
a step of removing a portion of the inorganic film
which corresponds to a permeable film portion
and the circumference thereof, Fig. 5(C) is a
drawing showing a step of remaving the portion
of the silicon substrete from which the inorganic
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permeabl e 1 F‘?'ﬁ% j(g ning a mas me to th% -ray ng. R i)s%}u}w% in Fig. 2(A), the inorganic fiim 2 of SiN
mask substrate manufactured through the steps 5 or the like is first deposited on the surface of the sil-

shown in Figs. 5(A) to 5(D); icon substrate 1.

Fig. 6 is a sectional view of a principal portion Adry stching resist is then coated on the inorgan-

showing the flow of gas when the X-ray mask icfilm 2, and portions of the resist which correspond

shown in Fig. 4 is fitted to an exposure device and to the permeable film portion 2a and the through
is brought close to a wafer; 10 holes 3 ars removed by exposure to form a dry etch-

Fig. 7 is a drawing showing the arrangement of ing mask. As shown in Fig. 2(B), portions on the upper

an X-ray exposure device; side of the inorganic film 2 which correspond to the

Fig. 8 is a drawing showing a semiconductor de- permeable film portion 2a and the through holes 3

vice manufacture flow; are removed by dry etching.

Fig. 9 is a drawing showing a wafer process flow; 75 As shown in Fig. 2(C), portions of the silicon sub-

and strate 1 from which the Inorganic film 2 is removed are

Fig. 10 is a sectional view of a conventional X-ray removed by wet etching to form the permeable film

mask. portion 2a.

As shown In Flg. 2(D), the remaining portions of

DETAILED DESCRIPTION OF THE PREFERRED 20 the inorganic film 2 which respectively correspond to
EMBODIMENTS the through holes 3 are removed to form the through
holes 3. In this way, the X-ray mask substrate 8 is

Embodiments of the present invention are descri- formed. The portions of the inorganic film 2 which are
bed below with reference to the drawings. desirad to be removed may be removed by wet etch-

An X-ray mask in accordance with afirstembodi- 25  ing or mechanical means using a cutter or the like.
ment of the present invention is described below with As shown in Fig. 2(E), the pattern 5 made of an
reference to Fig. 1. X-ray absorber such as Ta, Au or the like is then

The X-ray mask of this embodiment comprises a formed on the lower side of the inorganic film 2 shown
disk-like mask frame 4 having an opening concentsi- in the drawing an the permeable film portion 2, and
cally formed atthe center thereof, andanX-raymask 3o  the through holes 3 are respectively aligned with the
substrate 8 joined to the surface of the mask frame 4 grooves 4a. The X-ray mask substrate 8 is joined to
and having a diameter greater than the diameter of the mask frame 4 in parallel with each other by an ad-
the opening of the mask frame 4. hesive.

Four grooves 4a are radially formed at equal in- When exposure is performed using the X-ray
tervals in the plane of the mask frame 4 whichis 35 mask of this embodiment, as shown in Fig. 3, the X-
joined to the X-ray mask substrate 8, so that the ray mask 10 vertically held by a mask chuck 6 is
grooves 4a connect the internal periphery of the moved to the left of the drawing so as to be brought
mask frame 4 with the external periphery thereof and close o a wafer 7. Atthis time, the He gas presentbe-
communicate with the through holes 3 below. tweean the X-ray mask 10 and the wafer 7 passes

On the ather hand, the X-ray mask substrate 8 <4  through the through holes 3 and the grooves 4a and
comprises a sflicon substrate 1 having an inarganic flows to the side of the X-ray mask 10 and to the mask
film 2 of SIN or the like deposited on the surface chuck 8. Thus the pressure of the He gas present be-
thereof. The central portion of the silicon substrate 1 tween the X-ray mask and the wafer 7 is not in-
is rectangularly removed leaving the inorganic film 2 creased, and if the X-ray mask 10 is raplidly brought
on the side opposite to the junctionplane ofthemask 45  close {o the wafer 7, there is no danger of breaking
frame 4, A permeable film portion 2a (the shadowed the permeable flilm portion 2a serving ag a perme-
portion shown in Fig. 1) comprising the inorganicfilm able support flim,

2 on the side opposite to the junction plane is formed In addition, the formation of the through holes 3
in the central portion of the silicon substrate 1. A pat- and the grooves 4a inthe X-ray mask substrate 8 and
tern § (refer to Fig. 2(E)) made of an X-ray absorber 50 the maskframe 4, respectively, decreases the weight
sych as Ta, Au or the like is provided on the perme- of the X-ray mask 10 and thus decreases the load on
able film portion 2a in correspondence with a prede- a mask conveyance system comprising a mask hand
termined shape to be transferred to a wafer. or the fike in an exposure device. As a result, the

Fourrectangular through holes 3 each serving as mask conveyance system can be decreased in size

a gas passage are formed around the permeablefiim 55 and weight.

portion 2a of the silicon substrate 1 so as to respec-
tively correspond to the grooves 4a formed in the
mask frame 4.

Although, in this embodiment, four through holes
3 and four grooves 4a are formed, the number of
through holes or grooves is not limited to 4, and can



55 made of an X-ray absorber such as Ta, Au or the like S pr ovi ded on i
the perneable filmportion 52a in " This Sheet _Reiiace

correspondence with a predeterm ned shape to be transferred to mm“
(not shown) . When exposure is perforned by an exposure de
which the X-mask is fitged, the surfgsgspfeaf Re X-mask in gwhich pattern
Is forned is opposed to a wafer at a distance of about 30 [err]m

this stateps faRd bdeling®b demand. In addition, the ray absorber such as Ta, Au or the like is formed on

grooves 4a need not be provided, and through holes
may be formed in the mask frame 4 in place of the
groaves 4a, However, when through holes are formed
in the mask frame 4, it is preferable that shielding is
provided to prevent X-rays from leaking from the
through holes.

An X-ray mask in accordance with & second em-
bodiment of the present invention is described below
with reference to Fig. 4.

The X-ray mask of this embodiment comprises a
disk-like mask frame 14 having an opening concentri-
cally formed in the central portion thereof, and a
square plate X-ray mask substrate 18 joined to the
surface of the mask frame 14.

The X-ray mask substrate 18 comprises a sllicon
substrate 11 having an inorganic film 12 formed on
the surface thereof. The X-ray mask substrate 18
aiso has a permeable film portion 12a (the shadowed
portion shown in the drawing) formed in the central
portion thereof. The length of the diagonal of the X-
ray mask substrate 18 Is greater than the dlameter of
the opening of the mask frame 14, and the length of
one side of the X-ray mask substrate 18 is smaller
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the lower side of the inorganic film 12 on the perme-
able film portion 12a shown in the drawing, and the
X-ray mask substrate 41 is joined to the mask frame
14 in paralle} with each other by an adhesive.

During exposure using the X-ray mask of this em-
bodiment, when the X-ray mask 20 vertically heid by
a mask chuck 16 is moved to the left of the drawing
so a8 to bo brought close to a wafer 17, as shown in
Fig. 8, the He gas present between the X-ray mask
20 and the wafer 17 passes through each of the gaps
13 and flows to the mask chuck 18, as shown by ar-
rows in the drawing. Thus the prassure of the He gas
present between the X-ray mask 20 and the wafer 17
ls not increased, and thers is no danger of breaking
the permeable film portion 12a serving as a perme-
able support film even if the X-ray mask 20 is rapidly
brought ciose to the wafer 17.

In addition, since the X-ray mask substrate 18
has a necessary minimum configuration including the
permeable film portion 12a, it is possible to decrease
the weight of the X-ray mask 20 and decrease the
load on a mask conveyance system comprising a
mask hand or the like in an exposure device. The

than the diameter of the opening of themask frame 25  mesk conveyance system can be consequently de-
14. In the state where the X-ray mask 18 is joined to creased in size and weight.

the mask frame 14, the opening of the mask frame 14 Further, since the area of the portion facing the
is thus not closed by the X-ray mask substrate 18, wafer is decreased by decreasing the size of the X~
thereby forming gaps 13 serving as gas passages be- ray mask substrate 18, the flatness of the plane of the
tween the opening and the X-ray mask 18. 30  X-ray mask 20 which faces the wafer 17 can be im-

Since the permeable film portion 12a may be proved,
configured in the same way as that in the first em- Although, in the X-ray mask of the above em-
bodiment, it is not described below. bodiment, the X-ray maak substrate 18 and the open-

The process of manufacturing the X-ray mask of ing of the mask frame 14 have a rectangular shape
this embodiment is described belowwithrefersnceto 35  and a circular shape, respactively, both shapes may
Fig. 5. be interchangad. Any desired shape can be selected

As shown in Fig. 5(A}, the inorganic film 12 of SiN unlees the opening is closed by the X-ray mask sub-
or the like is dsposited on the surface of the silicon strate 18 when the X-ray mask substrate 18 is joined
substrate 11. to the mask frame 14,

Adry etching resistis then coated ontheinorgan- 40 in the X-ray mask of each of the embodiments,
ic film 12, and portions of the resist corresponding to the X-ray mask substrate has gas passages providad
the permeable film portion and the circumference in the perimeter of the permeable film portion so as
thereof are removed by exposure fo form a dry stch- toconnactthe one side of the substrate with the other
Ing mask. As shown n Fig. 5(B), portions of the inor- side thereof. This causes the gas present between
ganic film 12 on the upper side thereof, which corre- 45  the X-ray maskand the waferto pass through the gas
spond to the permeable film portion and the circum- passagee and flow to the other side of the X-ray mask
ference thereof, are removed by dry etching. substrate when the X-ray mask Is moved toward the

As ghown in Fig. 5(C), portiona of the silicon sub- wafer during exposure, without increasing the pres-
strate 11 from which the inorganic film 12 is removed sure batween the X-ray mask and the wafer. Since
are removed by wet stching to form the permeable 50  there Is thus no danger of breaking the permeable
film portion 12a. film portion, it is possible to increase the speed of

As shown in Fig. 5(D), the portions of the inor- movementof the X-ray maskand improve the produc-
ganic film 12 which remain in the circumference are tivity of the exposure device. This is significantly ef-
removed to form the X-ray mask substrate 11. A por- fective for step-and-repeat type exposure. In addi-
tion of the inorganic film 12 which isdesiredtobere- &5 tion, since the weight of the X-ray mask is decreased

moved may be removed by wet etching or mechanical
means using a cutter or the like.
As shown in Fig. 5(E), a pattern 15 made of an X-

by providing the gas passages in the X-ray mask sub-
strate, the mask conveyance system of the exposure
device can be decreased in size and weight.
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the wafer is exposed to |ight. When anot her portion of the wafer i-s then
t0 be exposed to light, the distance between the X-ray nask and the wafer
is increased to about 200 [err]m and the X-ray mask is then noved-.to a
position corresponding to the other portion. The distance between the
X-ray mask and the wafey is then re tg about 30 [efr]m and the

ot her portion |s expos;ed Theggég‘gggrﬁ repeat operdz’itlon S

successi vel y eated to expose t he waf ver durln xposure

resist by
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toward the wefer, the gas presentbetweenthe X-ray 5  X-ray mask toward the wafer and thus has the effect
mask and the wafer can be sffectively made to es- of increasing the productivity. This effect is remark-
cape from the spaces between the X-ray mask and able in stap-and-repeat type exposure in which the
the wafer. operation of bringing the X-ray mask close to the wa-

Further, since gaps are produced between the fer is repoated seversl times.
opening of the mask frame and the X-ray mask sub- 70 A description will now be made of an embodiment
strate, when the X-ray mask is moved toward the wa- of a semiconductor device manufacturing method
fer during exposure, the gas present between the X- employing the above exposure device. Fig. 8 shows
ray mask and the wafer passes through the gaps and a manufacture flow for semiconductor devices (a
flows to the other side of the X-ray maek substrate, semiconductor chip such as [C, LSl or the like, a liquid
without increasing the pressure between the X-ray 15  crystal panel, CCD or the like). In Step 1 {circuit de-
mask and the wafer, Since there [s thus no danger of sign), the clrcuit of a semiconductor device is de-
breaking the permeable film portion, it is possible to signed. In Step 2 {mask manufacture), a mask on
increase the speed of movement of the X-ray mask which the designed circuit pattern is formed is man-
and improve the productivity of the axposura device. ufactured. In Step 3 (wafer manufacture), a wafer Is
Since the X-ray mask substrate has a necessary 20 manufactured using a material such as silicon or the
minimum structurs outside of the circumference of like. In Step 4 (wafer process, which i& cailed pre-
the permeable film portion, the X-ray mask subsfrate process), an actuai circuit is formed on the wafer by
can be decreased In weight, and the mask convey- lithography using the prepared mask and wafer. In
ance systom of the exposure device can be de- Step 5 (assembly, called post-process), a semicon-
creased in size and weight. The smallnessof thearea 25  ductor chip is formed by using the wafer produced in
of the surface of the X-ray mask substrate which Step 4. The post-process comprising the assembly
faces the wafer during exposure permits improve- step (dicing, bonding), the packaging step {chip seal-
ment in the flatness of the surface. ing) and the like. in Step 6 (inspection), tests of the

In the method of manufacturing the X-ray mask semiconductor device formed in Step 5, such as the
substrate, the gas passages are formed byremoving 30  operation confirmation test, the durabiity test and
the inorganic film remainihg in the portions on the the like, are carried out. The semiconductor devices .
other side of the silicon substrate, which correspond completed through the above steps are shipped
to the gas passages, in the same process as that for (Step 7).
forming the permeable film portion. in this way, the Fig. 9 shows the detailed flow of the above wafer
gas passages can easily be formed by addinga sim- 35  procass. In Step 11 {oxidation), the surface of the wa-
ple step of removing the inorganic filmin portions cor- fer is oxidized. Step 12 (CVD), an insulating film is
responding to the gas passages to a conventional formed on the surface of the wafer. In Step 13 {elec-
method of manufacturing an X-ray mask substrate. trode formation), electrodes are formed on the wafer

Adescription will now be made of an embodiment by vapor deposition, In Step 14 (ion implantation),
of an X-ray exposure device for manufacturingasem- 40  ions are implanted in the wafer, Step 15 (resist proc-
iconductor device using the aforementioned X-ray ©88), a sensitizer is coated on the wafer. {n Step 16
mask. Fig. 7 Is a drawing showing the configuration {exposure), the circuit patter on the mask is transfer-
of the X-ray exposure device of this embodiment. In red to the wafer by exposure using the aforsmen-
the drawing, the sheet beam-ke synchrotron radia- tioned exposure device. In Step 17 (development),
tion emitted from a radiation source 20 such as an 45 the wafer exposed Is subjected to development. in
SOR ring or the like is enlarged and reflected by a Step 18 (etching), portions other than the developed
fixed convex mirror 22 In the direction (y direction) resist image are etched. in Step 19 (resist separa-
vertical to the radiation orbital plane so thatthewhole tion}, after etching, the unnecessary resist is re-
exposure region L, can be irradiated. X-rays are ex- moved. These steps are repeated to form a multiple
tracted from the synchrotron radiation 21 reflected S0  clreult pattern on the wafer.
and enlarged by the convex mirror 22, and exposure The above description has been given on prefer-
within the irradiation region is adjusted by a shutter tred embodiments of the present invention, but it will
23 for controlling exposure. The X-rays passing be apparent to those of ordinary skill in the art that
through the shutter 23 are led to an X-ray mask 24 many changes and variations are possible without
held by a mask chuck, The X-ray mask 24 has the 55 departing from the scope of the present invention,
same structure as that of the above-described em- which is to be determined by reference to the append-. .
bodiments. The circuit pattern formed on the X-ray ed claims. -
permeable film portion of the X-ray mask 23 is pro- S
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permits an increase in the speed of movement of the
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The pressure of

sk and the wafer cannot easily
s the X-ray mnmask is brought close to the wafer.
*the& gas between the X-ray mask and the wafer is thus

i ncreased in correspondence with the speed of novenent

-3-

causes a danger of breaking or damagi ng the

as a perneghlss support

1.

An X-ray mask comprising:

asubstrate;

a permeable film portion provided on one
side of said substrate and being permeable to X-
rays;

a mask pattern formed on said permeable
film portion; and

gas passages provided around said mask
pattern and connecting said side of said sub-
strate with an opposing side thereof,

An X-ray mask according o Claim 1, wherein said
substrate compriges silicon,

An X-ray mask according to Claim 1, wherein said
permeable fim portion comprises an inorganic
film deposited on a surface of sald substrate,

An X-ray mask according to Claim 3, wherein said
inorganic fllm comprises SiN.

An X-ray mask according to Claim 1, further com-
prising a mask frame, an opening provided in said
mask frame communicating with said gas pas-
sages,

An X-ray mask according to Claim 5, wherein said
opening comprises grooves radially formed in a
surface of said mask frame that is joined to said
X-ray mask, so as to communicate with said gas
passages.

An X-ray mask accordiﬁg to Claim 1, wherein said
mask pattern comprises a circuit pattern of a
semiconductor device.

An X-ray mask producing method comprising:
depositing an inorganic film on a surface
of a siiicon substrate;
remaving first portions of said inorganic
film on one side of said silicon substrate, which

- first portions corregpond to a desired permeable

film portion and gas passages in a perimeter of
said permeable film portion;

removing portions of said sficon sub-
strate, which portions correspond to said perme-
able film portion and said gas passages; and

removing second portions of sald Inorgan-
ic film on an opposing side of said silicon sub-
strate, which second portions correspond ta said
gas passages, to form said gas passages $o0 as
to connect the one side of said silicon substrate
with the opposing side thereof.

An X-ray exposure device comprising:
a radiation source ermtting X-rays;
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of the X-ray masketoward the wapissz2ipa$ i NCrease igy the pressure
pernmeable fil mportion serving

amask chuck for mounting an X-ray masik;

optical means for applying the X-rays
emitted from said radiation source to said X-ray
mask so as to transfer a mask pattern to a wafer
by exposure;

wherein said X-ray mask comprises:

a substrate;

a permeable film portion provided
onand at a side of said substrate and transmitting
X-rays;

a mask pattern formed on said per-
meable film portion; and

gas passages provided around said
magk pattern so as fo connect said side of said
substrate with an opposing side thereof.

A semiconductor device manufacturing method
by X-ray exposure compriging:

a first step of disposing a wafer and an X-
ray mask on which a circuit pattern is formed in
a predotermined positional relation therebetw-
een; and

a second step of transferring the circuit
pattern to the wafer by exposure of the X-ray
mask to X-rays;

wherein the X-ray mask comprises:

a substrate;

a permeable film portion provided
on an at & side of the substrate and transmitting
X-rays;

a cireuit pattern formed on the per-
meable film portion; and

gas passagos provided around the
clrcult pattern so as to connect the side of said
subsfrate with an opposing side thereof.

A method according to Claim 10, wherein said
tirst step Includes a step of bringing the circuit
pattsrn of the mask close to the wafer.

A method according to Claim 10, wherein said
first and second steps are repeated to fransfer by
exposure the circuit pattern to each of a plurality
of reglons of the wafer.

A samiconductor device manufactured by a man-
ufacturing method comprising:

a first step of disposing a wafer and an-X-
ray magk on which a circuit pattern is formed in
& predetermined positional relation therebetw-
aen; and

a gecond step of fransferring said circuit
pattern to sald wafter by exposure of said X-ray
mask to X-rays;

wherein said X-ray mask comprises

a substrate;

a permeabie film portion provided on said
substrate and transmitting X-rays;

escape fromthe gap



i problemthat if the speed of novenent of the X-ray
K L1 H’mmiﬁ Es decreased for preventing the breakage of the
per meab’i e ¢f | bm spos

," the productivity of the exposure device is

decr eased. SUMVARY OF THE | NVENTI ON The present
I nvention has been achieved for soIV|nq t he above probl ens. It is a
first object of the présent i nvent %P |“6w de an X-ré§ mask and a

met hod of producing the X-ray mask which permts an increase in the speed
of novenent theﬁémkmﬁﬁwdmaéﬁ%ﬂﬂ@%r damagi ng a pernmeable film portion

and whi ch HfC‘FB ag“pmﬁ"?'emngsa}écﬁc\énof t he exposure process.

paitern 80 as fo connect the side of said substrate
with an opposing side thereof. s

14. A semiconductor device according fo Claim 13,
wherein gaid first step includes a step of bringing
said circuit pattern of said mask clese to said wa-
fer. . 10
15. A semiconductor device according to Claim 13,
wherein sald first and second steps are repeated
by exposure to fransfer said circuit pattern to
each of a plurality of regions of said wafer. 15

16. A X-ray mask characterised by one or more gas
pasaages for the release of gas pressure when
sald mask is used in a step-and-repeat operation.

47. A mask as claimed in Claim 16, wherein said
mask comprises a pattern bearing substrate and
a mount and wherein at least one passage is pro-
vided through said substrate and at least one
communicating passage is provided in said 25
mount.

18. Amask as claimed in either of Claims 16 or 17,
wherein X-ray screening means is provided in
said one or more gas passages for preventing X- 30
radiation escaping via said one or more gas pas-
sages.

19. Amask as claimed in Claim 17 and 18, wherein
said at least one passage and said atleastone 35
communication pagsage meet at an intersection.

20. A mask as claimed in Claim 16, wherein said
mask comprisea a pattern bearing substrate and
& mount wherein said one or more gas passages 40
are constituted by one or more through-passages
in said mount.

21. Amask as claimed in Clalm 20, wherein sald pat-
tern bearing subsfrate is mounted over an over- 45
size aperture provided in sald mount, overlap of
sald subsirate and sald aperture being incom-
plete and effecting the provision of said one or
more through-passages.

22. A mask as claimed in any of Claims 16 to 21,
wherein there is a plurslity of gas passages,
these being arranged symmetricaliy relative to a - ———
pattern portion of said pattern bearing substrate.
This Sheet Has
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It is a second object of the present invention to provide a seniconductor
devi ce manufacturing nethod with highproductivity using the X-ray mask and

a® semi conductor devi ce manufact ured by the nethod. O her objects of
the present invention will be nade apparent fromthe detail ed description
of preferred enbodinents bel ow. EP 0 532 211 A1 -4-

BRI EF DESCRI PTI ON OF THE DRAW NGS
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Fig. 1 is a partially broken-out perspective view of an X-ray mask in
agcordance wth a first enbodi nent of the present invention; Fig. 2
is a drawi ng showi ng a process of nanufacturing the X-ray nask shown in
Fig. 1, in which Fig. 2(A) is a drawing showing a step of depositing an
inorganic filmon a silicon substrat gpofshfbit144B) is a draw ng show ng a
"step of renoving portions of the inorganic filmwhich correspond to a
perneable film portion and through holes, Fig. 2(C) is a drawing show ng
a step of renoving portions of the silicon substrate fromwhich the
inorganic filmis renoved,”" Fig 2(D) is adrawing show ng a step of

renmovi ng portions of the inorganic filmwhich correspond to the through

FIG. 2(A)

FIG. 2(B)
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holes, and Fig. 2(E) is a drawing showing a step of joining a mask frane
tQ the X-ray mask substrate formed through the steps shown in Figs. 2(A)

to 2(D); Fig. 3 is a sectional view of a principal portion show ng
the flow of gas when the X-ray mask shown in Fig. 1 is attached to an
exposure device and i s brought clos%P%g? & Fig. 4is a
partially broken-out perspective vie ray mask in accordance with

a second enbodi rent of the present |nvent|on

FIG 3
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Fig. 5 shows a process of manufacturing the X-ray mask shown in Fig. 4 and
ig a sectional view of the X- ray mask taken al ong a plane passing through
the center of the X-ray mask and parallel to one side thereof, in which
Fig. 5(A) is a drawing showing a step of depositing an inorganic filmon a
silicon substrate, Fig. 5(B) is adr _ngmngastep of renmpbving a
portion of the inorganic filmwhich corrstgbg'a ds to a perneable film
portion and the circunference thereof, Fig. 5(C) is a drawing showing a
step of renoving the portion of the silicon substrate fromwhich the
inorganic filmis renoved, Fig. 5(D) is a draw ng

This Sheet
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showi ng a step of renmoving the circunference of the perneable film
partion, and Fig. 5(E) is a drawing showing a step of joining a mask frane
to the X-ray mask substrate manufactured through the steps shown in Figs.

5(A) to 5(D); Fig. 6 is a-sectional view of a principal portion
showi ng the flow of gas when the X-r apossgds1Ahown in Fig. 4 is fitted to
an exposure device and is brought close to a wafer; : Fig. 7is a
drawi ng showi ng the arrangenent of an X-ray exposure device; Fig. 8

is a drawi ng showi ng a sem conductor device nmanufacture flow,

FIG. 5(A)
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- 6- Fig. 9 is a drawing show ng a wafer process flow, and

Fi.g. 10 is a sectional view of a conventional X-ray nmask. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Enbodi ments of the present
i nvention are described belowwth reference to the draw ngs. An
X-ray mask in accordance with a fi rshggﬁ%‘uﬁent

FIG 6
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of the present invention is described belowwth reference to Fig. 1.

The X-ray mask of this enbodiment conprises a disk- [|ike mask frane 4
havi ng an opening concentrically fornmed at the center thereof, and an
X-ray mask substrate 8 joined to the surface of the mask frame 4 and
having a dianmeter greater than the dig qg% 118{ the opening of the mask
frame 4. Four grooves 4a are radi y tornmed at equal intervals in
the plane of the nmask frame 4 which is joined to the X-ray mask substrate
8, so that the grooves 4a connect the internal periphery of the mask
frame 4 with the external periphery thereof and comunicate with the

t hrough hol es 3 bel ow
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On the other hand, the X-ray mask substrate 8 conprises a silicon
s&gbstrate 1 having an inorganic film -7-
2 of SiNor the |like deposited on the surface thereof. The central portion
of the silicon substrate 1 is rectangularly renoved | eaving the inorganic
film2 on the side opposite to the {/%3 '%n plane of the mask frame 4. A
perneable fil mportion 2a (the shado %% 78T on shown in Fig. 1)
conprising the inorganic film2

CIRCUIT WAFER
DESIGN MANUFACTURE
(STEP 1) (STEP3)
MASK
MANUFACTURE
(STEP2)
1
WAFER PROCESS
(PRE-PROCESS)
(STEP4)
‘ _
ASSEMBLY
{POST PROCESS)
{(STEPS5)
INSPECTION
(STEP6)
SHIPMENT
(STEP7)
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on the side opposite to the junction plane is formed in the central
pgrtion of the silicon substrate 1. A pattern 5 (refer to Fig. 2(E))
made of an X-ray absorber such as Ta, Au or the like is provided on the
perneable filmportion 2a in correspondence with a predeterm ned shape to
be transferred to a wafer. Four, cggﬁapgﬂlar t hrough hol es 3 each
serving as a gas passage are forned arou e perneable filmportion 2a
of the silicon substrate 1 so as to respectively correspond to the grooves
4a fornmed in the mask franme 4. The process of manufacturing the X-ray
mask of this enbodinment is described belowwith reference to Fig. 2.

As shown in Fig. 2(A), the inorganic film2 of SIN or the like is first

deposited on the surface of the

FIG 9
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silicon substrate 1. A dry etching resist is then coated on the
and portions of the resist which correspond to the

iworganic film?2

perneable filmportion 2a and the through holes 3 are renoved by exposure

to forma dry - 8- et chi ng mask. As
side of the inorganic film2

shown in Fig. 2(B), portions on the 4#%
whi ch correspond to the perneabl e fF 488" ¥A1on 2a and the through holes 3

FIG 10
PRIOR ART

52a 54
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1

are renoved by dry etching. As shown in Fig. 2(C), portions of g arr
‘Ssi;licon substrate 1 fromwhich the inorganic film2 is renoved are
renoved by wet etching to formthe perneable film portion 2a. As
shown in Fig. 2(D), the remaining portions of the inorganic film2 which
respectively correspond to the through holes 3 are renoved to formthe

t hrough holes 3. In this way, the X-ra} mask substrate 8 is forned.

The portions of the inorganic film2 which are desired to be renoved nay
. be renoved by wet etching or nechanical neans using a cutter or the |iKke.

As shown in Fig. 2(E), the pattgrnLd omdes®f IWENEIONay absorber such as
Ta, Au or the like is then forned
X-RAY MASK AND SEMICONDUCTOR DEVICE MANUFACTURING METHOD

USING THE SAME

RQUN N
vention
The present invention relates to an X-ray mask used
in a semiconductor_exposure device using an X-ray
source, a method of manufacturing the X-ray mask and a

semiconductor device manufacturing method using the X-
ray mask. _
Description of the Related Art

An example of generally known X-ray masks used in
X-ray exposure devices is described below.

As shown in Fig. 10, an X-ray mask substrate 50 is
joined to a mask frame 54. The X-ray mask substrate is
produced by depositing an inorganic film 52 of SiN or
the like on the surface of a silicon substrate 51,
removing a portion corresponding to a permeable film
portion 52a by dry etching, and removing a portion of
the silicon substrate 51 which correséonds to the
permeable film portion 52a by wet etching. A pattern

55 made of an X-ray absorber such as Ta, Au or the like

is provided on the permeable film portion 52a in
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on the | ower

perneable filmportion 2,

side of the inorganic film2 shown in the draw ng on the
and the through ™ holes 3 are respectively aligned

with the grooves 4a. The X-ray mask substrate 8 is joined to the nask
frame 4 in parallel with each other by an adhesi ve. When exposure is
performed using the X-ray mask of this enbodi ment, as shown in Fig. 3,

X-ray mask 10

vertically held by a mask @huck 6 is noved to the |eft

correspondence with a predétermined shape to be
transferred to a wafer (not shown).

When exposure is performed by an exposure device to
which the X-mask is fitted,. the surface of the X-mask in
which the pattern is formed is opposed to a wafer at a
distance of about 30 um. In this state, a portion of"
the wafer is exposed to light. When another portion of
the wafer is then to be exposed to light, the distance
between the X~-ray mask and the wafer is increased to
about 200 {m, and.the X-ray mask is then moved to a
position corresponding to the other portion. The

distance between the X-ray mask and the wafer is then

returned to about 30 um, and the other portion is
exposed.

The step-and-repeat operation is successively
repeated to expose the wafer,

However, during exposure using the above
conventional X-ray mask, when the X-ray mask once
separated from the wafer is brought back close to it, if
the %4ray mask is rapidly moved, the gas present in the
gap between the X-ray mask and the wafer cannot easily
escape from the gap and is thus compressed as the X-ray
mask is brought close to the wafer. The pressure of
the gas between the X-ray mask and the wafer is thus

increased in correspondence with the speed of movement

REPLACEMENT SHEET
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of the drawing so as to be brought close to a wafer 7. At this tine, the
He gas present between the X-ray mask 10 and the wafer 7 passes through
the through holes 3 and the grooves 4a and flows to the-side of the.X-ray
mask 10 and to the mask chuck 6. Thus the pressure of the He gas present
between the X-ray mask and the wafer 7 is not increased, and if the X-ray
mask 10 is rapidly brought close to the Wafer 7, there is no danger of
breaki ng the perneable filmportion 2a serving as a pernmeabl e support
film In addition, the formation of the through holes 3 and the

grooves 4a in bbet?ferﬁir‘rﬂ’ﬁsiﬁa&db@é%@ﬁ@ thanshidie, maskd rizvgrehse in
respectively, decreases the weight of the X-ray mask 10 and thus decreases

the | oad on a fRekpressure causes a danger of breaking or damaging the X
permeable film portion serving as a permeable support
film. There is also the problem that if the speed of
movement of the X-ray mask toward the wafer is decreased
for preventing the breakage of the permeable film

portion, the productivity of the exposure device is

decreased.

MMA F v

The present jinvention has been achieved for solving
the above prdblems. "It is a first object of the
present invention to provide an X-ray mask and a method
of producing the X-ray mask which permits an increase in
the speed of movement thereof without breaking or
damaging a permeable film portion and which increases
the productivity of the exposure process.

It is a second object of the present invention to
provide a semiconductor device manufacturing method with
high productivity using the X-ray mask and a
semiconductor device manufactured by the method.

Other objects of the present invention will be made
apparent from the detailed deséription of preferred

embodiments below.
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conveyance system conprising a mask hand or the like in an exposure

devi ce. As a result, the nmask conveyance system can be decreased in size
and wei ght. Al t hough, in this enbodiment, four through holes 3 and
four grooves 4a are fornmed, the nunber of through holes or grooves is not
limted to 4, and can be changed according to demand. In addition, the
grooves 4a need not be provided, and throdyh holes may be forned in the

mask frame 4 in place of the grooves 4a. However, when through holes are
formed in the mask frane Lt i N W

Fig. 1 is a partially broken—-out perspective view
of an X-ray mask in accordance with a first embodiment
of the present invention;

Fig. 2 is a drawing showing a process of
manufacturing the X-ray mask shown in Fig. 1, in which
Fig. 2{(A) is a drawing showing a step of depositing an
inorganic film on a silicon substrate, Fig. 2(B) is a
drawing shoﬁing a step of removing portions of the
inorganic film which correspond to a permeable film
portion and through holes, Fig. 2(C) is a drawing
showing a step of removing portions of the silicon
substrate from which the inorganic film is removed, Fig-
2(D) is a drawing showing a step of rémoving portions- of
the inorganic film which correspond to the through
holes, and Fig. 2(E) is a drawing showing a step of
joining a mask frame to the X-ray mask substrate formed
through the steps shown in Figs. 2(A) to 2(D);:

Fig. 3 is a sectional view of a principal portion
show;ng the flow of gas when the X-ray mask shown in
Fig. 1 is attached to an exposure device and is brought
close to a wafer;

Fig. 4 is a partially broken-out pefspective view
of an X-ray mask in accordance with a second embodiment

of the present invention;
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- 10 - preferable that shielding is provided to prevent X-rays from

keaking fromthe through hol es. An X-ray mask in accordance with a
second enbodi nent of the present invention is described below wth
reference to Fig. 4. The X-ray nmask of this enbodi nent conprises a

di sk- like mask franme 14 having an opening concentrically formed in the
central portion thereof, and a square ’ppafe X-ray mask substrate 18 joi ned
to the surface of the nask frame 14. The X-ray nask substrate 18

conprises a silicon substrate 11 having an inorganic film 12 formed on the
surface thereof. Fiphe XSh@ysmaslkerogessr afemaguipssuasg the X-ray

mask shown in Fig. 4 and is a sectional view of the X-
ray mask taken along a plane passing through the center
of the X-ray mask and parallel to one side thereof, in
which Fig. 5(A) is a drawing showing a step of
depositing an inorganic film on a silicon substrate,
Fig. 5(B) is a drawing showing a step of removing a
portion of the inorganic film which corresponds to a
permeable film portion and the circumference thereof,
Fig. 5(C) is a drawing showing a step of removing the
portion of the silicon substrate from which the
inorganic film is removed, Fig. 5(D) is a drawing
showing a step of removing the circumference of the
permeable film portion, and Fig. 5(E) is a drawing
showing a step of joining a mask frame to the X-ray mask
substrate manufactured through the steps shown in Figs.’
5(A) to 5(D);

Fig. 6 is a sectional view of a principal portion
showing the flow of gas when the X-ray mask shown in
Fig. 4 is fitted to an exposure device and is brought
close to a wafer;

Fig. 7 is a drawing showing the arrangement of an
X-ray exposure device;

Fig. 8 is a drawing showing a semiconductor device

manufacture flow;
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a perneable filmportion 12a (the shadowed portion shown in the draw ng)
formed in the central portion thereof. The length of the diagonal of the
X-ray mask substrate 18 is greater than the dianmeter of the opening of the
mask frame*14, and the length of one side of the X-ray nask substrate 18
is smaller than the dianeter of the opening of the mask frane 14. In the
state where the X-ray nmask 18 is joined-t® the mask frane 14, the opening
of the mask frame 14 is thus not closed by the X-ray nask substrate 18,
thereby form ng gaps 13 serving as gas passages between the opening and
the X-ray mask 1Big. 9 is a drawing showing a wafer process flow;

and

Fig. 10 is a sectional view of a conventional X-ray

mask.

Embodiments of the present invention are described
below with reference to the drawings.

An x-raf mask in accordance with a first embodiment
of the present invention is described below with
reference to Fig. 1.

The X-ray mask of this embodiment comprises a disk-
like mask frame 4 having an opening concentrically
formed at the center thereof, and an X-ray mask
substrate 8 joined to the surface of the mask frame 4
and having a diameter greater than the diameter of the
opening of the mask frame 4. |

Four grooves 4a are radially formed at equal
intervals in the plane of the mask frame 4 which is
joined to the X-ray mask substrate 8, so that the
grooves 4a connect the internal periphery of the mask
frame 4 with the external periphery thereof and
communicate with the through holes 3 below,

On the other hand, the X-ray mask substrate 8

comprises a silicon substrate 1 having an inorganic f£film
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Since the perneable filmportion 12a may be configured in the sane way as

t.hat in the first enbodinent, it is not described bel ow. The process
of manufacturing the X-ray nask of this enbodinent is described below wth
reference*to Fig. 5. As shown in Fig. 5(A), the inorganic film12 of

SiN or the like is deposited on the surface of the silicon substrate 11.
A dry etching resist is then coated onthe “inorganic film 12, and portions
of the resist

2 of SiN or the like deposited on the surface thereof.
The central portion of the silicon substrate 1 is
rectangularly removed leaving the inorganic film 2 on
the side opposite to the junction plane of the mask
frame 4. A permeable film portion 2a (the shadowed
portion shown in Fig. 1) comprising the inorganic film 2
on the side opposite to the junction plane is formed in
the central portion of the silicon substrate 1. A
pattern 5 (refer to Fig. 2(E)) made of an X-ray absorber
such as Ta, Au or the like is provided on the permeable
film portion 2a in correspondence with a predetermined
shape to be transferred to a wafer. |

Four rectangular through holes 3 each serving as a
gas passage are formed around the permeable film portion
2a of the silicon substrate 1 so as to respectively
correspond to the grooves 4a formed in the mask frame 4,

The process of manufacturing the X-ray mask of this
embodiment is described below with reference to Fig. 2.

As shown in Fig. 2(Aa), the inorganic film 2 of SiN
or thg like is first deposited on the surface of the
silicon substrate 1.

A dry etching resist is then coated on the
inorganic film 2, and portions of the resist which
correspond to the permeable film portion 2a and the

through holes 3 are removed by exposure to form a dry
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corresponding to the perneable filmportion and the circunference thereof
are renmoved by exposure to forma dry etching nask. As shown in Fig.
5(B), portions of the inorganic film 12 on the upper side thereof, which
correspond to the perneable filmportion and the circunference thereof,

are renoved by dry etching. As shown in Fig. 5(C), portions of the
silicon substrate 11 fromwhich the inordarmic film12 is renoved are
renoved by wet etching to formthe perneable film portion 12a. As

shown in Fig. 5(D), the portions of the inorganic film 12 which remain in
the circunf er estoBrire masoovedid sHowmMith® 151 2 BYgSboshshsabe Lthe A

portion of the inorganic film 12 which is desired to be renoved
upper side of the inorganic film 2 which correspond to
the permeable film portion 2a and the through holes 3
are removed by dry etching..

As shown in Fig. 2(C), portions of the silicon
substrate 1 from which the inorganic film 2 is removed
are removed by wet etching to form the permeable film
portion 2a.

As shown in Fig. 2(D), the remaining portions of
the inorganic film 2 which respectively correspond to
the through holes 3 are removed to form the through
holes 3. In this way, the X-ray mask substrate 8 is
formed. The portions of the inorganic film 2 which are
desired to be removed may be removed by wet etching or
mechanical means using a cutter or the like.

As shown in Fig. 2(E), the pattern 5 made of an X-
ray absorber such as Ta, Au or the like is then formed
on the lower side of the inorganic film 2 shown in the
drawing on the permeable film portion 2, and the through
holes 3 are respectively aligned with the grooves 4a.
The X-ray mask substrate 8 is joined to the mask frame 4
in parallel with each other by an adhesive.

When exposure is performed using thelx-ray mask of
this embodiment, as shown in Fig. 3, the X-ray mask 10

vertically held by a mask chuck 6 is moved to the left
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- 12 - may be renoved by wet etching or nechanical neans using a cutter
or the I|ike. As shown in Fig. 5(E), a pattern 15 made of an X- ray
absorber such as Ta, Au or the like is formed on the |ower side of the
inorganic film12 on the perneable filmportion 12a shown in the draw ng,
and the X-ray nmask substrate 11 is joined éo the mask frame 14 in

of the drawing S0 as to be brought close to a wafer 7.
At this time, the He gas present between the X-ray mask
10 and the wafer 7 passes through the through holes 3
and the grooves 4a and flows to the side of the X-ray
mask 10 and to the mask chuck 6. Thus the pressure of
the He gas present between the X-ray mask and the wafer
7 is not increased, and if the X-ray mask 10 is rapidly
brought clqse to the wafer 7, there is no danger of
breaking the permeable film portioé 2a serving as a
permeable support f£ilm.

In addition, the formation of the through holes 3
and the grooves 4a in the X-ray mask substrate 8 and the
mask frame 4, respectively, decreases the weight of the
X-ray mask 10 and thus decreases the load on a mask
conveyance system comp?ising a mask hand or the like in
an exposure device. As a result, the mask conveyance
system can be decreased in size and weight.

Although, in this embodiment, four through holes 3
and four grooves 4a are formed, the number of through
holes or grooves is not limited to 4, and can be changed
according to demand. In addition, the grooves 4a need
not be provided, and through holes may be formed in the
mask frame 4 in place of the grooves 4a. However, when

through holes are formed in the mask frame 4, it is
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parallel with each other by an adhesive. During exposure using the
X=ray mask of this enbodinent, when the X-ray nmask 20 vertically held by a
mask chuck 16 is noved to the left of the drawing so as to be brought
close to a wafer 17, as shown in Fig. 6, the He gas present between the
X-ray mask 20 and the wafer 17 passes through each of the gaps 13 and
flows to the mask chuck 16, as shown by #Prows in the drawing. Thus the
pressure of the He gas present between the X- ray nask 20 and the wafer 17

i's not increaseffeférdblehede | shiBPaflgnoels ophrd¥iQaki ng the perneable film
portion 12a serving as a perneable support filmeven if the X-ray mask 20

is rapidly brougtgveritose t X+thweysvafdm Nbaking friohm at@d thadughi Re2ekhe
X-ray mask substrate 18 has

An X-ray mask in accordance with a second
embodiment of the present invention is described below
with reference to Fig. 4.

The X-ray mask of this embodiment comprises a disk-
like mask frame 14 having an opening concentrically
formed in the central portion thereof, and a square
plate X-ray mask substrate 18 joined to the surface of
the mask frame 14.

The X-ray mask substrate 18 comprises a silicon
substrate 11 having an inorganic film 12 formed on the
surface thereof. The X-ray mask substrate 18 alsoc has
a permeable film portion 12a (the shadowed portion shown
in the drawing) formed in the central portion thereof.
The length of the diagonal of the X-ray mask substrate
18 is greater than the diaméter of ;he opening of the
mask frame 14, and the length of one side of the X-ray
mask substrate 18 is smaller than the diameter of the
openihg of the mask frame 14. In the state where the
X-ray mask 18 is joined to the mask frame 14, the
opening of the mask frame 14 is thus not closed by the
X-ray mask substrate 18, thereby forming gaps 13 serving

as gas passages between the opening and the X-ray mask

18.
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a necessary mni mum configuration including the pernmeable filmportion
12a, it is possible to decrease the weight of the X-ray mask 20 and
decrease the load on a mask conveyance system conprising a mask hand or

t he - 13 - i ke in an exposure device.
The mask conveyance system can be consequently decreased in size and
wei ght . Further, since the area of lhe-portion facing the wafer is

decreased by decreasing the size of the X-ray

Since the permeable film portion 12a may be
configured in the same way as that in the first
embodiment, it is not described below.

The process of manufacturing the X-ray mask of this
embodiment is described below with reference to Fig. 5.

As shown in Fig. 5{(A), the inorganic film 12 of SiN
or the like is deposited on the surface of the silicon
substrate 11.

A dry étching resist is then coated on the
inorganic film 12, and portions of the resist
corresponding to the permeable film portion and the
circumference thereof are removed by exposure to form a
dry etching mask. As shown in Fig. 5(B), portions of
the inorganic film 12 on the upper side thereof, which
correspond to the permeable film portion and the
circumference thereof, are removed by dry etching.

As shown in Fig. 5(C), portions of the silicon
substrate 11 from which the inorganic film 12 is removed
are removed by wet etching to form the permeable film
porti?n 12a. |

As shown in Fig. 5(D), the portions of the
inorganic £ilm 12 which remain in the circumference are
removed to form the X-ray mask substrate 11. A portion

of the inorganic film 12 which is desired to be removed
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mask substrate 18, the flatness of the plane of the X- ray mask 20 which
faces the wafer 17 can be inproved. Al t hough, in the X-ray nask of

t he above enbodinent, the X-ray mask substrate 18 and the opening of the
mask frame 14 have a rectangul ar shape and a circular shape, respectively,

bot h shapes may be i nterchanged. Any desired shape can be sel ect ed
unl ess the opening is closed by the X-ray2mask substrate 18 when the
X-ray mask substrate 18 is joined to the mask franme 14. In the X-ray

mask of each of the enbodi nments, the X-ray nmask substrate has gas passages

e e he B, BE" EEREGEa0Ey UG, ELLRAN, B/ Ap0Rii 400 sfhc donfgnec
a cutter or the like.

As shown in Fig. 5(E), a pattern 15 made of an X-
ray absorber such as Ta, Au or the like is formed on the
lower side of the inorganic film 12 on the permeable
film portion 12a shown in the drawing, and the X-ray
mask substrate 11 is joined to the mask frame 14 in
parallel with each other by an adhesive.

During exposure using the X-ray mask of this
embodiment, when the X-ray mask 20 vertically held by a
mask chuck 16 is moved to the left of the drawing so as
to be brought close to a wafer 17, as shown in Fig. 6,
the He gas present between the X-ray mask 20 and the
wafer 17 passes through each of the gaps 13 and flows to
the mask chuck 16, as shown by arrows in the drawing.
Thus the pressure of the He gas present between the X~
ray mask 20 and the wafer 17 is not increased, and there
is no danger of breaking the permeable film portion 1l2a
serving as a permeable support film even if the X-ray
mask’ 20 is rapidly brought close to the wafer 17.

In addition, since the X-ray mask substrate 18 has
a necessary minimum configuration including the
permeable film portion 12a, it is possible to decrease
the weight of the X-ray mask 20 and ¢ecrease the load on

a mask conveyance system comprising a mask hand or the
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thereof. This causes the gas present between the X-ray mask and the wafer
to pass through the gas passages and flowto the other side of the X-ray
mask substrate when the X-ray nmask is noved toward the wafer during
exposure, W thout increasing the pressure between the X- ray nmask and the
wafer. .Since there is thus no danger of breaking the perneable film
portion, it is possible - 13 - - 14 - to

i ncrease the speed of novenent of the X-ray nmask and

like in an exposure device. The mask conveyance system
can be consequently decreased in size and weight.

Further, since the area of the portion facing the
wafer is decreased by decreasing the size of the X-ray
mask substrate 18, the flatness of the plane of the X-
ray mask 20 which faces the wafer 17 can be improved.

Although, in the X-ray mask of the above
embodiment, the X-ray mask substrate 18 and the opening
of the mask frame 14 have a rectangular shape and a
circular shape, respectively, both shapes may be
interchanged. An desired shape can be selected unless
the opening is cicsed by the X-ray mask substrate 18
when the X-ray mask substrate 18 is joined to the mask
frame 14.

In the X-ray mask of each of the embodiments, the
X-ray mask substrate has gas passages provided in the
perimeter of the permeable film portion so as to connect
the one side of the substrate with the other side
thereof. This causes the gas present between the X-ray
mask and the wafer to pass through the gas passages and
flow to the other side of the X-ray mask substrate when’
the X-ray mask is moved toward the wafer during
exposure, without increasing the pressure between the X-
ray mask and the wafer. Since there is thus no danger

of breaking the permeable film portion, it is possible




| nprove the productivity of the exposure device. This is significantly
ef.fective for step-and-repeat type exposure. In addition, since the

wei ght of the X-ray mask is decreased by providing the gas passages in the
X-ray mask substrate, the mask conveyance system of the exposure device
can be decreased in size and weight. I n addi tion, when the grooves
are radially formed in the surface of The# nask frane which is joined to
the X-ray mask substrate so as to conmunicate with the gas passages so
that when the X-ray nmask is noved toward the wafer, the gas present

bet ween t he XHFapnersiasenhdhehsperst @f omvepentf béctheeKyramdeask 8sdape
fromthe spaces between the X-ray mask and the wafer. Furt her, since
gaps are proddﬁgﬁfqﬁg\Hggngqguct1v1ty of the exposure device. This

is significantly effective for step-and-repeat type
exposure. In addition, since the weight of the X-ray
mask is decreased by providing the gas passages in the
X-ray mask substrate, the mask conveyance system of the
exposure device can be decreased in size and weight.

In addition, when the grooves are radially formed
in the surféce of the mask frame which is joined to the
X-ray mask substrate so as to communicate with the gas
passages so that when the X-ray mask is moved toward the
wafer, the gas present between the X-ray mask and the
wafer can be effectively made to escape from the spaces
between the X-ray mask and the wafer. |

Further, since gaps are produced between the
opening of the mask frame and the X-ray mask substrate,
when the X-ray mask is moved toward the wafer during
exposure, the gas present between the X-ray mask and the
wafer passes through the gaps and flows to the other
side of the X-ray mask substrate, without increasing the
pressure between the X-ray mask and the wafer. Since
there is thus no danger of breaking the permeable film
portion, it is possible to increase the speed of
movement of the X-ray mask and improve the productivity

of the exposure device. Since the X~ray mask substrate

REPLACEMENT 8t
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opening of the mask frame and the X-ray nmask substrate, when the X-ray
mask is noved toward the wafer during exposure, the gas present between
the X-ray mask and the wafer passes through the gaps and flows to the
other side of the X-ray mask substrate, w thout increasing the pressure
between the X-ray mask and the wafer. Since there is thus no danger of
breaking the perneable film portion, it 5 possible to increase the speed
of novenent of the X-ray mask and inprove the productivity of the
exposure devi ce. Since the X-ray mask substrate

has a necessary minimum structure outside of the

circumference of the permeable film portion, the X-ray

mask substrate can be decreased in weight, and the mask

conveyance system of the exposure device can be

decreased in size and weight. The smallness of the

area of the surface of the X-~ray mask substrate which

faces the wafer during exposure permits improvement in

the flatness of the surface.

In the method of manufacturing the X-ray mask
substrate, the gas passages are formed by removing the
inorganic film remaining in the portions on the other
side of the silicon substrate, which correspond to the
gas passages, in the same process as that for forming
the permeable film portion. In this way, the gas
passages can easily be formed by adding a simple step of
removing the inorganic film in portions corresponding to
the gas passages to a conventional method of
manufacturing an X-ray mask substrate.

A description will now be made of an embodiment of
an X-ray exposure device for manufacturing a
semiconductor device using the aforementioned X-ray
mask. Fig. 7 is a drawing showing the configuration of
the X-ray exposure device of this embodiment. In the

drawing, the sheet beam-like synchrotron radiation

emitted from a radiation source 20 such as an SOR ring

26 FEB 1997
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has a necessary m ni num structure outside of the ci rcunference of the
perimeable fil mportion, the X-ray mask substrate can be decreased in
wei ght, and the mask conveyance system of the exposure device can be.
decreased in size and weight. The smallness of the area of the surface of
the X-ray mask substrate which faces the wafer during exposure permts
i nprovenent in the flatness of the surfack - In the nethod of
manuf acturing the X-ray nask - substrate, the gas passages are fornmed by
renoving the inorganic filmrenmaining in the portions on the other side
of the silicorrstbest ldke, ishietlatgeteapangetaethed by a fixed convex

mirror 22 in the direction (y direction) vertical to the

radiation orbital plane so that the whole exposure

region L, can be irradiated. X—-rays are extracted from

the synchrotron radiation 21 reflected and enlarged by

the convex mirror 22, and exposure within the

irradiation region is adjusted by a shutter 23 for

controlling exposure. The X-rays passing through the

shutter 23 are led to an X-ray mask 24 held by a mask

chuck. The X~-ray mask 24 has the same structure as

that of the above-described embodiments. The circuit

pattern formed on the X-ray permeable film portion of

the X-ray mask 23 is projected on a silicon wafer 25

coated with a resist by step—and-repeat type exposure.

The X-ray exposure device of this embodiment

permits an increase in the speed of movement of the X-

ray mask toward the wafer and thus has the effect of

increasing the productivity. This effect is remarkable

in step-and-repeat type exposure in which the operation

of bringing the X-ray mask close to the wafer is

repeated several times.

A description will now be made of an embodiment of
a semiconductor device manufacturing method employing

the above exposure device. Fig. 8 shows a manufacture

flow for semiconductor devices {(a semiconductor chip
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gas passages, in the sane process as that for formng the perneable film
portion. In this way, the gas passages can easily be forned by adding a
sinple step of renoving the inorganic filmin portions corresponding to

t he gas passages to a conventional nethod of manufacturing an X-ray mask
substrate. A description will now be nade of an enbodi nent of an
X-ray exposure device for manufacturing &7 seni conductor device using the
af orenenti oned X-ray mask. Fig. 7 is a drawing showi ng the configuration
of the X-ray exposure device of this enbodi nment. In the draw ng, the
sheet beam | i kuSyn@fir 8€r oRSEadt athenlileed ta ebiqy bin XY Atk Solr&R 20

such as an SOR ring ) . . .
or the like). In Step 1 (circuit design), the circuit
of a semiconductor device is designed. In Step 2 (mask

manufacture), a mask on which the designed circuit
pattern is formed is manufactured. In Step 3 {(wafer
manufacture), a waéer is manufactured using a material
such as silicon or the like. In Step 4 (wafer process,
which is called pre-process), an actual circuit is
formed on ﬁhe wafer by lithography using the prepared
mask and wafer. In Step 5 (assembly, called post-
process), a semiconductor chip is formed by using the
wafer produced ir. Step 4. The post-process comprising
the assembly step (diciné, bonding), the packaging step
{chip sealing) and the like. In Step 6 (inspection),
tests of the semiconductor device formed in Step 5, such
as the operation confirmation test, the durability test
and the like, are carried out. The semiconductor

' devices completed through the above steps are shipped
{Step 7).

Fig. 9 shows the detailed flow of the above wafer

process. In Step 11 (oxidation), the surface of the
wafer is oxidized. Step 12 (CVD}), an insulating film
is formed on the surface of the wafer. In Step 13

{electrode formation), electrodes are formed on the

wafer by vapor deposition. In Step 14 {ion
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- 16. - or the like is enlarged and reflected by a fixed convex mrror 22
in the direction (y direction) vertical to the radiation orbital plane so
t hat the whol e exposure region L[err] can be irradiated. X-rays are
extracted from the synchrotron radiation 21 reflected and enlarged by the
convex mrror 22, and exposure within the jirradiation region is adjusted
by a shutter 23 for controlling exposure: 181ne X-rays passing through the
shutter 23 are led to an X-ray mask 24 held by a nask

implantation), ions are implanted in the wafer. Step
15 (resist process), a sensitizer is coated on the
wafer. In Step 16 (exposure), the circuit patter on
the mask is transferred to the wafer by exposure using
the aforementioned exposure device. In Step 17
(development), the wafer exposed is subjected to
development. In Step 18 (etching), portions other than
the developed resist image are etched. in Step 19
(resist separation), after etching, the unnecessary
resist is removed. Thése steps are repeated to form a
multiple circuit pattern on the wafer.

The above description has been given on preferred
embodiments of the present invention, but it will be
apparent to those of ordinary skill in the art that many
changes and variations are possible without departing
from the scope of the present invention, which is to be

determined by reference to the appended claims.
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chuck. —Fhre—X—+ay—+mwask—24 has the sane structure as that of the

above- de ' i | heot S, The circuit - pattern fornmed on the X-ray
perneabl%ﬂm PRt iDEi Al the X-ray mask 23 is projected on a silicon
waf er 25'%€ Tl a'sresi st by step-and-repeat type exposure. The

X-ray exposure device of. this enbodinent_ _permts an increase in the speed
of novenent of the X- ray mask toward"t h& Wafer and thus has the effect of

i ncreasing the productivity. This effect is remarkable in
step-and-repe%é#@%ag exposure in which the operation of bringing the X-ray
mask close to fer is repeated several tines. A description

w [l now be made of an_enbodi ment of a sem conductor device manufacturing
met hod enpl oyi hg AR X-ray mask comprising:

a substrate;

a permeable film portion provided on one side
of said substrate and being permeable to X-rays;

a mask pattern formed on said permeable film
portion; and

gas passages provided around said mask pattern and
connecting-said side of said substrate with an opposing
side thereof.
2, An X-ray mask according to Claim 1, wherein said
substrate comprises silicon.
3. An X-ray mask according to Claim 1, wherein said
permeable film portion comprises an inorganic film
deposited on a surface of said substrate.
4. An X-ray mask according to Claim 3, wherein said
inorganic film comprises SiN.
5. An X-ray mask according to Claim 1, further
comprising a mask frame, an opening provided in said
mask;frame communicating with sdid gas passages.
6. An X-ray mask according to Claim 5, wherein said
opening comprises grooves radially formed in a surface
of said mask frame that is joined to said X-ray mask, so

as to communicate with said gas paséages.
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t he above exposure device. Fig. 8 shows a manufacture flow for

sem co i (a sem conductor chip

- 17 - such as _ or the like, a liquid crystal panel, CCD or the
li ke) . Jmlmﬁimgmmbl t design), the circuit of a seniconductor device
I's desi gieserst RIS (mask manufacture), a mask on which the designed

circuit patternis forned is manufactur@® - In Step 3 (wafer
manuf acture), a wafer is manufactured using a nateri al

7. An X-ray mask according to Claim 1, wherein said
mask pattern comprises a circuit pattern of a
semiconductor device.

8. An X-ray mask producing method comprising:

depositing an inorganic film on a surface of a
silicon substrate;

removing first portions of said inorganic film on
one side of said silicon substrate, which first portions
correspond to a desired permeable film portion and gas
passages in a perimeter of said permeable film portion;

removing portions of said silicon substrate, which
portions correspond to said permeable film portion and
said gas passages; and

removing second portions of said inorganic film on
an opposing side of said silicon substrate, which second
portions correspond to said gas passages, to form said
gas passages so as to connect the one side of said
silicon substrate with the opposing side thereof.
9. An X-ray exposure device comprising:

a radiation source emitting X-rays:;

a mask chuck for mounting an X-ray mask;

optical means for applying the X-rays emitted from
said radiation source to said X-ray mask so as to
transfer a mask pattern to a wafer by exposuﬁe;

wherein said X-ray mask comprises:

REPLACEMENT SHEET
26 FEB 199

s oS AR A Je £ SR aoS



such as silicon or the I|ike. In Step 4 (wafer process, which is called
pre-process), an actual circuit is formed on the wafer by lithography

usi ng the nd waf er. In Step 5 (assenbly, called post-
process) glﬂﬂn{lﬁm“uﬁﬂﬂmchl pis fornmed by using the wafer produced in
tep 4. T & peosttprocess *conprising the_ assenbly step (dicing, bonding),
the packagi ng step (chip sealing) and™t = Tike. In Step 6 (inspection),
tests of the sem conductor device fornmed in Step 5, such as the operation
confirmation test, the durability test and the like, are carried out.
The sem conductor devices conpleted through the above steps are shi pped
(Step 7). Fiag substh@es ;t he detailed fl ow of the above wafer

& permeable film portion provided on and at a side
of said substrate and transmitting X-rays;

a mask pattern formed .on said permeable film
portion; and

gas passages provided around said mask pattern so
as to connect said side of said substrate with an
opposing side thereof.

10. A semiconductor device manufacturing method by X-
ray exposure comprising:

a first step of disposing a wafer and an X-ray mask
on which a circuit pattern is formed in a predetermined
positional relation therebetween; and

a second step of transferring the circuit pattern
to the wafer by exposure of the X-ray mask to X-rays;

wherein the X-ray mask comprises:

a substrate;

a permeable film portion provided on an at a side
of the substrate and transmitting X-rays;

a ‘circuit pattern formed on the permeable film
portion; and

gas passages provided around the circuit pattern so
as to connect the side of said substrate with an

opposing side thereof.
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process. In Step 11 (oxidation), the surface of.the waf er is oxidized.
St.ep 12 (CVD), an insulating film is fornmed on the surface of the wafer.

Lgp?’; egeéﬁumﬁuﬁmllﬂﬂmr gaaidfo?i)bnel ectrodes are fornmed on the wafer by

18 - i mptant at'i oM), *i ohs are inplanted in the wafer. Step 15 (resi st
process), a sensitizer is coated on the %&fer. In Step 16 (exposure),
the circuit patter on

11. A method according to Claim 10, wherein said first
step includes a step of bringing the circuit pattern of
the mask close to the wafer.

12. A method according to .Claim 10, wherein said first
and second steps are repeated to transfer by exposure
the circuit pattern to each of a plurality of regions of
the wafer.

13. A semiconductor device manufactured by a
manufacturing method comprising:

a first step of disposing a wafer and an X-ray mask
on which a circuit pattern is formed in a predetermined
positional relation therebetween; and

a second step of transferring said circuit pattern
to said wafter by exposure of said X-ray mask to X-rays;

wherein said X-ray mask comprises

a substrate;

a permeable film portion provided on said substrate
and transmitting X-rays;

a circuit pattern formed on and at a side of said
permeable film portion; and

gas passages provided around said circuit pattern
so as to connect the side of said substrate with an

opposing side thereof.
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the mask is transferred to the wafer by exposure using the aforenentioned

exposure devi ce. . In Step 17 (devel opnent), the wafer exposed is

subj ect ejl“ﬂl“lg EIL In Step 18 (etching), portions other than the
devel ope et ched. in Step 19 (resist separation), after
et chi ng, the © unnecessary resist is renovyed. These steps are repeated to
forma nultiple circuit pattern on the er. The above description
has been given on preferred enbodinents of the present invention, but it
will be apparent to those of ordinary skill in the art that many changes

and variations ja#.e ROSSdii Condidnst Sppcd | AgcofdDnyt 86 schpemof 18he
present invention, which is to be determ ned by reference to the appended
cl ai ns. wherein said first step includes a step of bringing
said circuit pattern of said mask close to said
wafer. |
15. A semiconductor device according to Claim 13,
wherein said first and second steps are repeated by
exposure to transfer said circuit pattern to each of
a plurality of regions of said wafer.
16. An X-ray mask characterised by one or more gas
passages for the release of gas pressure when said_
mask is used in a step-and-repeat operation.
17. A mask as claimed in Claim 16, wherein said
mask comprises a pattern bearing substrate and a
mount and wherein at least one passage 1is provided
through said substrate and at least one
communicating passage is provided in said mount.
18. A mask as claimed in either of Claims 16 or 17,
wherein X-ray screening means is provided in said
one or more gas passages for preventing X-radiation
escaping via said one or more gas passages.
19. A mask as claimed in Claim 17 and 18, wherein
said at 1least one passage and said at least one
communication passage meet at an intersection.
20. A mask as claimed in Claim 16, wherein said

mask comprises a pattern bearing substrate and a
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- 19 -

per neable—fi+tmmporti on provi ded on one side

per neab
portion

CLAI VE:

1. An X-ray mask conprising: a substrate;

- 24 -

mount wherein said one or more gas passages are
constituted by one or more through-passages in said
mount. '
21. A mask as claiméd in Claim 20, wherein said
pattern bearing substrate is mounted over an
oversize aperture provided in said mount, overlap of
said substrate and said aperture being incomplete
and effecting the provision of said one or more
through-passages.

22. A mask as claimed in any of Claims 16 to 21,
wherein there is a plurality of gas passages, these
being arranged symmetrically relative to a pattern

portion of said pattern bearing substrate.

26 FEB w9/
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connecting said side of said substrate with an opposing side thereof. 2.
An X-ray mask according to Claim1l, wherein said substrate conprises
silicon. 3. An X-ray mask according to Claiml,. mherelq,sand,kquneabre
filmportion conprises an inorganic film gep03|ted on a surface 0 sard
substrate. 4. An X-ray mask according‘t3 QA aim3, wherein.sai'd’! Jﬁorganac
filmconprises SIN. 5. An X-ray mask according to Claiml, further

conprising a mask frank-RAANMASKE AND GERTCONDUSTOR DEVECE] MANUFAKTURINGE
comuni cating with said gas passages. 6. An X-ray nmask according to Caim

5, wherein said opening conpriseMEJHODWSING AHWEaBANE fornmed in a surface

ABSTRACT OF THE DISCLOSURE

An X-ray mask has a mask frame in which the central
portion thereof is removed to form a concentric hole,
and four grooves are radially formed in the surface of
junction with a silicon substrate. On the other hand,
a permeable film portion on which a pattern is provided
is formed in the central portion of the silicon
substrate, four through holes being formed in the
perimeter of the permeable film portion in
correspondence with the grooves. During exposure of a
wafer, when the side of the permeable film portion is
moved toward the wafer and brought close to it, the gas
preSent between the wafer and the X-ray mask passes
through the through holes and the grooves and flows from
one side of the X-ray mask on which the permeable film
portion is provided to the other side of the X-ray mask.
Thus the pressure between the wafer and the X-ray mask
is not increased. This permits an increase in the
speed of movement of the X-ray mask without breaking the
permeable film portion and improvement of the

productivity of an exposure device.

FIGURE 1.
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of said mask franme that is joined to said X-ray mask, so as to communicate

wi.th said gas passages. - 20 - 7. An X-ray mask according to
Claim 1, wherein said mask pattern conprises a circuit pattern of a

sem conduct or devi ce. 8. An X-ray mask produci ng nmet hod conpri sing:
depositing an inorganic filmon a surface of a silicon substrate,;

FIG |
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renoving first portions of said inorganic filmon one side of said

sil1icon substrate, which first portions correspond to a desired
permeabl e filmportion and gas passages in a perineter of said perneable
filmportion; removi ng portions of said silicon substrate, which
portions correspond to said perneable film portion and sai d gas
passages; and renmovi ng second tions of said inorganic filmon

an opposing side of said silicon substrete, which second portions
correspond to said gas passages, to formsaid gas passages so as to

connect the one side of said

silicon substrate with the opposing side

t her eof . 9. An X-ray exposure device conprising: a radiation

source emtting X-rays;

FIG 2 A
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a mask chuck for nmounting an X-ray mask; obtical means for applying

the X-rays emtted from said radiation source to said X-ray nmask so as
to transfer a mask pattern to a wafer by exposure; wherein said
X-ray mask conpri ses: - 21 - a
substrat e; a perneable filmportion provided on and at a side of

said substrate and transmtting X-ray

FIG 3
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a mask pattern formed on said perneable film portion; and gas
passages provided around said mask pattern so as to connect said side of
said substrate with an opposing side thereof. 10. A sem conductor device

manuf acturi ng nmethod by X- ray exposure conpri sing: a first step of
di sposing a wafer and an X-ray mask on which a circuit pattern is forned
in a predeterm ned positional relation therebetween; and a second
step of transferring the circuit patt®ern to the wafer by exposure of the
X-ray mask to X-rays; wherein the X-ray mask conpri ses: a
substrate;
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a perneable filmportion provided on an at a side of the substrate and
transmtting X-rays; acircuit pattern forned on the perneable film
portion; and gas passages provided around the circuit pattern so as
to connect the side of said substrate with an opposing side thereof.

- 22 .
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11. A nmethod according to Caim210, wherein said first step includes a
step of bringing the circuit pattern of the mask close to the wafer. 12.

A net hod according to Claim 10, wherein said first and second steps are
repeated to transfer by exposure the circuit pattern to each of a
plurality of regions of the wafer. 13. A sem conductor device

manuf actured by a manufacturing nethod conpri sing: a first step of
di sposing a wafer and an X-ray mask on@hich a circuit pattern is forned
in a predetermined positional relation therebetween; and a second
step of transferring said circuit pattern to said wafter by exposure of

said X-ray mask to X-rays;

FIG 6
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wherein said X-ray mask conpri ses a substrate; a perneable film

portion provided on said substrate and transmtting X-rays; a
circuit pattern forned on and at a side of said perneable filmportion
and gas passages provided around said circuit pattern so as to

connect the side of said substrate with an opposing side thereof.
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14. A sem conductor device according to Caim13, wherein said first step
includes a step of bringing said circuit pattern of said mask close to
said wafer. 15. A sem conductor device according to daim1l3, wherein
said first and second steps are repeated by exposure to transfer said
circuit pattern to each of a plurality of regions of said wafer. 16. An
X-ray mask characterised by one or nore gas passages for the rel ease of
gas pressure when said mask is used i?a st ep- and-repeat operation. 17. A
mask as clainmed in Claim116, wherein saflid mask conprises a pattern bearing
substrate and a nount and wherein at |east one passage is provided

FIG 9
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REPEAT STEP19
-l
(REPLACEMENT SHEET

26 FEB 1997




L

t hr augh sai d substrate and at | east one communi cati ng passage
is provided in said nmount. 18. A nask as clained in either of Clains 16 or
17, wherein X-ray screening neans is provided in said one or nore gas
passages for preventing X-radiation escaping via said one or nore gas
passages. 19. A nmask as clained in Caim17 and 18, wherein said at |east
one passage and said at |east one comunication passage neet at an
intersection. 20. A mask as clainmed in gtzin116, wherein said mask
conprises a pattern bearing substrate an

FIG |10
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- 24 - nount wherein said one or nore gas passages are constituted by
one or nore through-passages in said nount. 21. A nmask as clained in
Claim 20, wherein said pattern bearing substrate is nounted over an
oversize aperture provided in said nmount, overlap of said substrate and
said aperture being inconplete and effecting the provision of said one or
nore through-passages. 22. A mask as clainmed in any of Clains 16 to
21, wherein there is a plurality of gas passages, these

8

FIG 8

Vo CIRCUIT . WAFER
DESIGN MANUFACTURE
(STEP 1) (STEP 3)
MASK
MANUFACTURE
(STEP 2) :
WAFER PROCESS
(PRE -PROCESS)
(STEP4)
1
ASSEMBLY
{POST PROCESS)
(STEPS)
() ' i
INSPECTION
(STEP )
3
- SHIPMENT
(STEP7)




g arranged symmetrically relative to a pattern ~portion of said pattern
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TEXT OF THE ABSTRACT

iy

X-RAY MASK AND SEMICONDUCTOR DEVICE MANUFACTURING METHOD
USING THE SAME

An X-ray mask has a mask frame (4) in which the central portion thereof is removed to form a
conceniric hole, and four grooves (4a) are radially formed in the surface of junction with a
silicon substrate (1), On the other hand, a permeable film portion (2a) on which a pattern is
provided is formed in the central portion of the silicon substrate, four through holes (3) being
formed in the perimeter of the permeable film portion in correspondence with the grooves
(4a). During exposure of a wafer, when the side of the permeable film (2) portion is moved
toward the wafer and brought close to it, the gas present between the wafer and the X-ray
mask passes through the through holes (3) and the grooves {4a) and flows from one side of the
X-ray mask on which the permeable film portion (2a) is provided to the other side of the X-
ray mask. Thus the pressure between the wafer and the X-ray mask is not increased. This
permits an increase in the speed of movement of the X-ray mask without breaking the
permeable film portion and improvement of the productivity of an exposure device.
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