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(64 X-ray exposure apparatus.

An X-ray apparatus Is disclosed which in-
cludes a mirror (2) having a reflection surface,
for expanding an X-ray beam (1) in a predeter-
mined direction, a detecting device (8a, 8b) for
detecting a relative positional relationship be-
tween the X-ray beam and the reflection surface
with respect to a direction perpendicular to the
reflection surface, and an adjusting device (6) . |
-for adjusting the relative position of the X-ray ‘
beam and the reflection surface on the basis of

- the detection. Also disclosed is an exposure
apparatus and a semiconductor device man- !
ufacturing method using the X-ray apparatus. L
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transferring and printing a pattern of a mask onto a
substrate such as a wafer.
With increasing degree of integration of a semi-

_conductor device, exposure apparatuses using syn-

chrotron radiation X-rays (SR X-rays) have beer de-
veloped which apparatuses are able to transfer and
print a fine pattern, or 2 minimum linewidth 1/4 mi-
cron, for manufacture of a DRAM of 100 megabits or
more. The practicalization of such exposure appara-
tus has been advanced largely by improvements in an
exposure system of the hype that the SR-X ray beam
of a sheet-beam shape emitted from an Synchrotron
Orbital Radiation (SOR) ring is diverged by a convex
mirror in a direction perpendicular to the orbit plane
of the SOR ring.

SUMMARY OF THE INVENTION

In such SR-X ray exposure apparatus, uniform X-
ray exposure amount has to kept upon the surface of
a substrate being exposed. However, there is a ten-
dency that the strength of SR-X rays at the emission
point on the SOR ring attenuates with time. This nec-
essitates continuous nonitoring of X-ray shrength
during the X-ray exposure operation as well as con-
trolling the moving speed of an exposure controlling
shutter device, adjacent to the substrate, in response
to the change in the X-ray strength.

Also, it is necessary to precisely control the rela-
tive position and the attitude (tilt and rotation) of the
mirror relative to-the sheet-beam like X-ray beam
from the SOR ring. More particularly, where the di-
rection of advancement of the sheet-beam like SR-X

‘ray beam is taken in a z-axis direction, the thickness

thereof is taken in a y-axis direction and the width
thereof is taken in an x-axis direction, it is necessary
to position, very precisely, the reflection surface of
the mirror in the three axial directions (x, y and z) as

well as rotational directions (wx, wy and wz) aboutthe -

three axial directions, respectively.

It is an object of the present invention to provide
an improved exposure apparatus that assures more
precise pattern printing operation.

It is another objects of the present invention to
provide a semiconductor device manufécturing meth-
od based on such an exposure apparatus as above.

~ These and other objects, features and advantag-
es of the present invention will become more appa-
rent upon a consideration of the following description
of the preferred embodiment of the present invention
taken in conjunction with the accompanying draw-
ings.
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Figure 2 is a perspective view of a mirror unit ac-
cording to a first embodiment of the present inven-
tion.

Figure 3 is a side view of the mirror unit of the first
embodiment.

Figure 4 is a fragmentary and side view of the
mirror unit.

Figure 5 is a fragmentary and sectional view of
the mirror unit.

Figure 6 is a block diagram of a control circuit.

Figure 7 is a perspective view of a mirror unit ac-

| cording to a second embodiment of the present inven-

tion.

Figure 8 is a side view of the mtrror unit of the
second embodiment.

Figure 9 is a fragmentary view of the mirror umt

Figure 10 is a fragmentary view of the mirror unit.

~ Figures 11A and 11B are schematic views, re-
spectively, of a portion of the mirror unit.

Figure 12 is a schematic view of a portion of the
mirror unit. '

Figures 13A and 13B are schematic views, re-
spectively, each showing a portion of the mirror unit.

Figure 14 is a diagrammatic view of a cooling wa-
ter flow system.

Figure 15 is a diagrammatic view of a vacuum
evacuation system.

Figure 16 is a block diagram of a pressure con-
frolling circuit.

Figure 17 is a perspective view ' of a mirror unit ac-
cording to a third embodtmant of the present inven-
tion.

Figure 18 is a side view of the mirror unit of the
third embodiment.

Figure 19 is a fragmentary and side view of the
mirror unit. '

Figure 20 is a fragmentary and sectional view of

~ the mirror unit.

Figure 21 is a schematic view of a portion of the
mirror unit.

Figure 22 is a fragmentary and sectional view of
the mirror unit. _

Figure 23 is a fragmentary and sectional view of .
the mirror unit.

Figures 24A and 24B are fragmentary views, re-

_ spectively, of the mirror unit.

Figure25is a schematlc view of a portion of the
mirror unit.

Figure 26 is a schematic view for explaining the
position control of the mirror.

Figure 27 is a block diagram of a control circuit.

Figure 28 is a perspective view of a mirror unit ac-
cordmg to a fourth embodiment of the present inven-
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Figure 29 is a side view of the mirror unit of the
fourth embodiment.

_Figure 30 s a fragmentary and side view of the
mirvor unit of the fourth embodiment.

Figures 31A and 31B are fragmentary views of
the mirror unit. _

Figures 32A - 32D are schematic views for ex-
plaining the structure of flange means.

Figure 33 is a perspective view of a mirror unitac-

cording to a fifth embodiment of the present inven-
tion.

Figures 34A and 34B are fragmentary views of
the mirror unit. _

Figures 35 and 36 each is afragmentary and sec-
tional view of the mirror unit.

Figure 37 is a schematic and diagrammatic view
of the general arrangement of a sixth embodiment of
the present invention.

Figure 38 is a schematic view of a portion of the
sixth embodiment of the present invention.

Figure 38 is a flow chart of semiconductor device

manufacturing processes.
Figure 40 is a flow chart of a wafer process.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

_ Referring to Figure 1 showing the general ar-
rangement of a semiconductor manufacturing SOR

‘exposure apparatus, 2 SOR ring 91 for generating

synchrotron radiation light is disposed in a SOR ring
chamber encircled by a hexagonai radiation shield

wall 92. Six beam ducts 93 are provided so as {0 ex-

tract the radiation light out of the SOR ring chamber
toward an exposure chamber. Around the radiation
shield chamber 92, there are six X-ray mirror unit 94
and six exposure apparatuses 95, corresponding to
the six beam ducts. Each beam duct guides an SR X-
ray beam of sheet beam shape which is then expand-
ed by a corresponding mirror unit 94 including an X-
ray reflection mirror, whereby the beam is shape into
a desired beam shape. The thus shaped beam is di-
rected to a corresponding exposure apparatus 95. In
that exposure apparatus 95, the introduced SR X-
rays are used as an exposure energy for transferring
and printing a pattern of a mask onto a wafer.

Figure 2 is a partially broken perspective view
showing details of the mirror unit of this embodiment,
and Figure 3 is a side view thereof wherein a detector
unit and a shutter unit are demounted. '

Convex mirror 101 having a facing-down reflec-
tion surface defined by a partial cylindrical surface,
is held by a mirror holder 102 which is mountably and
demountably fixed to a holder supporting plate 103.
The plate 103 is fixed to a lower end of a mirror sup-
porting rod (coupling means) 104 which extends
through an opening of a vacuum chamber 105 and is

there is a

of a ﬁgsr ﬁegg exposed. However, [
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the chamber 105. Shutter unit S disposed adjacent to

“an end of the mirror 101 has its driving means sup-
_ portgd by an upper wall of the vacuum chamber 105.
_Bellows 107 is disposed between a peripheral portion

of the opening of the vacuum chamber 105 and a
flange portion of the mirror supporting rod 104. The
rod 104 is tiltable and is movable, upwardly and down-
wardly, without damaging the vacuum ambience (e.g.
about 10-7 - 10-19 (Torr}) within the vacuum chamber
105. Namely, the clearance between the mirror sup-
port 104 and the opening of the vacuum chamber 105

~ is sealed by the bellows 107.

The vacuum chamber 105 is provided with beam
connection bellows 111a and 111b at its opposite
sides, and these bellows are coupled to SR X-ray
ducts (not shown), respectively, so as to introduce
into the vacuum chamber the SR X-rays, emitted from
the SOR ring to the irradiation chamber. '

An end of the holder supporting plate 103 holds
an X-ray position sensor (X-ray position detecting
means) 112 which serves to detect any relative dis-
placement of the SR X-ray beam, introduced from the
beam connecting bellows 111a into a vacuum cham-
ber 105, relative to the mirror 101 and in the y-axis
direction.

The mirror support 106 can be moved reciprocal-
ly in a direction (y-axis direction) perpendicular to the
reflection surface of the mirror 101 by means of a
combination of a ball nut and a ball screw which is
driven by a y-axis driving motor (driving means) 110.
Tilt plate 201 is integrally fixed to a housing 202 which
supports the mirror supports 108 rectilinearly mov-
ably in the y-axis direction through the cooperation
with a y-axis rectilinear guide {(guide means) 203. The

*tilt plate 201 is fixed to a flat reference frame 301 by

means of three "wx" and "wz" adjusting screws 204,
such that the direction and angle of the tilt of the tilt

‘plate 201 relative to the reference frame 301 can be

adjusted by the "wx" and "wz" adjusting screws 204,

The reference frame 301 is supported by & pair
of bearing devices 302 disposed at the opposite ends
thereof, rotatably around a longitudinal axis (z axis) of
the mirror 101, Each bearing device 302 is fixed to a'
central part of an L-shaped rod 303 having its oppo-
site ends mesh engaged to the top of a skeleton type
main frame 401. _

The rotating angle of the reference frame 301
around the z axis can be adjusted by a cam mecha-
nism which is driven by a wz driving motor 304. After
such rotation adjustment, a locking screw 305 is fas-
tened whereby the reference frame 301 is fixed rela-

tive to the main frame 401. Detector unit D is mount--

ably and demountably provided in the fofward end
portion, along the z-axis direction, of the bottom sur-

~ facs of the reference frame 301.

The main frame 401 serves to supportthe bottom

of the vacuum 105 throu i
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As illustrated in Figure 3, the vacuum chamber - M2,
105 is held within the main frame 401 by means of the Next, the mirror support will be explained in
L-shaped members 402 fixed to the bottom of the 10  greater detail.
main frame 401. On the other hand, the mirror 101 is As illustrated in Figures 4 and 5, the y-axis driving
supported by a mirror attitude adjusting means com- motor has its rotational shaft coupled to a ball screw
prising the tilt plate 201 and the reference frame 301, 1002 through a coupling 1001. The ball screw 1002
supported at the top of the main frame, through the is, atits opposite end portions, rotatably supported by
mirror supporting rod 104 and the mirror support106. 15  a radial bearing 1003a and a thrust bearing 1003b
Next, a supporting table structure B for support- which are integral with the housing 202,

"ing the main frame 401 will be explained. The sup- The ball screw 1002 has a screw portion formed
porting table structure B comprises an upper table at its center which is mesh engaged with a ball nut
501 of flat frame shape and a lower table 601 of skel- 1004 formed at the central rod-like portion of the mir-
eton frame shape. The main frame 401 ismovablere- 20 ror support 106. In response to actuation of the y-axis
ciprocally in the transverse direction (x-axis direction) motor 110, the ball screw 1002 rotates to move the
of the mirror 101, along a pair of x-guide rails 502a ball nut 1004 upwardly of downwardly. This causes
and 502b provided on the upper table 501. The move- the mirror support 1086, integral with the ball nut 1004,
ment of the main frame 401 in the x-axis direction is " along the y-axis direction. The housing 202 is fixed to
provided by manually rotating an x-axisfeedingscrew 25  the tilt plate 201 by means of four connecting plates
503 mounted on the upper table 501. _ 1006, and the fine adjustmentin the wx and wz direc-

The upper table 501 is supported on the lower ta- tions can be effected by this tilt plate 201. The y-axis
ble 601 rotatably around its vertical central axis (y rectilinear guide 203 which serves as the guide
axis). The rotating angle around the y axis can be ad- means for rectilinearly movably supporting the mirror
justed by a cam mechanism which isdrivenbyawy 380  support 108, comprises four y-axis rectilinear guides
driving motor means 602 which is a third driving 203 which are disposed between the housing 202 and
means having a driving motor as a drive source. The the opposite ends of the cenfral rod-like portion of the
lower table 601 has legs 603, the length of each of mirror support 106. Each y-axis rectilinear guide 203
which can be adjusted to adjust the direction and the . has sufficient rigidity such that, when the mirror sup-
angle of tiit of the lower table, i.e., the tilt of thesup- 35  port106 moves in the y-axis direction with the ball nut
porting table structure B and the main frame 401 rel- 1004 in response to rotation of the ball screw 1002,
ative to the floor surface. lon pump 701 and NEG side movement is prohibited and precise positioning
pump 702aredlsposed intheinside ofthe supporting is assured.
table structure B (comprising the upper and lower ta- There is provided a locking device for locking the
bles 501 and 601) and Just below the vacuumcham- 40  mirror support 108 relative to the tilt plate 201 in re-
ber 106. sponse to setting a fresh y-axis position of the mirror

The initial positioning of the mirror is executed by support 106 through the drive of the y-axis driving
adjusting the tilt plate 201 and the reference frame motor 110. This locking device comprises a rod clamp
301 of the above-described mirror attitude adjusting 1007, a locking rod 1008, a rod support 1009 and a
device A, the mainframe 401 andthe upperandlower 45 locking bolt 1010. After the mirror support 106 is
tables 501 and 601 of the supporting table structure moved to a fresh y-axis position, the locking bolt 1010
B in the manner described hereinbefore. _ is fastened to lock the mirror support at that position.

if the relative position of the SR X-ray beam and Additionaity, there is provided cooling means for
the reflection surface of the mirror 101 changes dur- preventing degradation of dimensional precision due
ing the exposure operation due to vibration, achange 50  to heat generation in the y-axis driving motor. This
in temperature or fluctuation of SR X-ray beam itself, cooling means comprises a cooling medium fiow pas-
the locking device of the mirror support 106 is re- sageway 1011 disposed adjacent to the sliding shaft
leased and the y-axis driving motor 110 is driven inre- portion of the mirror support 106 and a cooling me-
sponse to an output of the X-ray position sensor 112 dium flow passageway 1012 provided to the y-axis
to thereby move the mirror 101 inthe y-axis direction. 5  rectilinear guides 203 of the housing. By means of the
‘After removing the non-uniformness of illuminationin ~~ cooling medium supplied from a cooling water pipe
the exposure region on a wafer in this manner, the 1013, any temperature rise in the mirror support 106,
mirror support 106 is locked again by the locking de- the y-axis rectilinear guides 203 and the housing 202
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can be prevented. :

The cooling means may be used also as means
for preventing thermal damage of the y-axis rectili-
near guide 203 and the structural portion around it
during the baking process in a case where such a bak-
ing process is required so as to improve the vacuum
level of the vacuum chamber prior to execution of the
exposure operation. ' _

The mirror supporting rod 104 held by the mirror
support 106 is inserted into the vacuum chamber 105
through the opening where the bellows 107 is provid-
ed. The holder supporting plate 103 for mountably
and demountably holding the mirror holder 102, is
fixed to the lower end of the mirror supporting rod

104, Disposed at the upper end of the mirror support
108 is a counter bellows 108 which Is provided be-

tween it and the top plate 109, coupled integrally with
the vacuum chamber 105 by a partition wall 105a.
The counter bellows 108 has the same diameter of
cross-sectional area as the bellow 107. The inside
pressure of the counter bellows 108 is reduced fo a

~ vacuum level by means of a vacuum pipe 108a,

whereby any pressure imbatance to be applied to the
mirror support 106 can be removed such that any

degradation of precision of the y-axis position due to -

a change in atmospheric pressure can be prevented.
Also, it has an advantage of reducing the driving force
of the y-axis driving motor 110.

With the arrangement described hersinbefore,
any deviation of the relative position of the reflection
surface of the mirror and the path of the X-rays dur-
ing the exposure operation due to vibration, a change
in temperature or fluctuation of SR X-rays, can be de-
tected and compensated. Thus, it is possible to pre-
vent non-uniformness in illuminance and thus to as-
sure uniform exposure of the surface of a substrate.

Next, a second embodiment of the present inven-
tion will be explained. The general structure of this

_ embodiment is like that of the first embodiment.

Figure 7 is a partially broken perspective view

" showing details of the mirror unit of this embodiment,

and Figure 8 is a side view thereof wherein a detector
unit and a shutter unit are demounted. The same ref-

efence numerals as of those of Figures 2 and 3 are

assigned to corresponding elements.
Convex mirror 101 having a facing-down reflec-
tion surface defined by a partial cylindrical surface,

is held by a mirror holder 102 which is mountably and

demountably fixed to a holder supporting plate 103.
The plate 103 Is fixed to a lower end of a mirror sup-

* porting rod (coupling means) 104 which extends

through an opening of a vacuum chamber 105 and is

- connected to a mirror support 106 disposed above

the chamber 105. Shutter unit S disposed adjacentto
an end of the mirror 101 has its driving means sup-
ported by an upper wall of the vacuum chamber 105.
Bellows 107 is disposed between a peripheral portion
of the opening of the vacuum chamber 105 and a
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flange portion of the mirror supporting rod 104. The
rod 104 is tiltable and is movable, upwardly and down-
wardly, without damaging the ultra-high vacuum am-
bience within the vacuum chamber 105. Namely, the
clearance between the mirror support 104 and the
opening of the vacuum chamber 105 is sealed by the
bellows 107.

The vacuum chamber 105 is provided with beam’
connection bellows 111a and 111b at its opposite
sides, and these bellows are coupled to SR X-ray
ducts (not shown), respectively, so as to introduce
into the vacuum chamber the SR X-ray, emitted from
the SOR ring to the irradiation chamber.

Counter bellows 108 has its lower end fixed to the
upper portion of the mirror support 106. The upper
end of the counter bellows 108 is fixed to the bottom
surface of the top plate 109 which is integrally cou-
pled to the vacuum chamber 105 through a wall plate
105a. The inside space of the counter bellows 108 is
reduced to a vacuum level by means of a vacuum pipe
108a which is communicated with a vacuum source.

The mirror support 106 can be moved reciprocal-
ly in a direction (y-axis direction) perpendicularto the
reflection surface of the mirror 101 by means of a
combination of a ball nut and a ball screw (not shown)
which is driven by a y-axis driving motor 110. Tilt plate
101 is integrally fixed to a housing 202 which sup-
ports the mirror support 106 rectilinearly movably in
the y-axis direction through the cooperation with a y-
axis rectilinear guide 203 having a cooling medium
flow passageway. The tilt plate 201 is fixed to a flat
reference frame 301 by means of three *wx" and "wz"
adjusting screws 204, such that the direction and an-
gle of the tilt of the tiit plate 201 relative to the refer-
ence frame 301 can be adjusted finely by the "wx" and
"wz" adjusting screws 204.

The reference frame 301 is supported by a pair
of bearing devices 302 disposed at the opposite ends
thereof, rotatably around a longitudinal axis (z axis) of
the mirror 101. Each bearing device 302 is fixed to a
central part of an L-shaped rod 303 having its oppo-
site ends mesh sngaged to the top of a skeleton type
main frame 401.

The rotating angle of the reference frame 301
around the z axis can be adjusted by a cam mecha-
nismwhich is driven by a wz driving motor (first driving
means) 304. After such rofation adjustment, a iocking
screw 305 is fastened whereby the reference frame
301 Is fixed relative to the main frame 401. Detector
unit 801 is mountably and demountably provided in
the forward end portion, along the z-axis direction, of
the bottom surface of the reference frame 301.

~ Themain frame 401 serves to supportthe bottom
of the vacuum chamber 105 through the cooperation
with a pair of L-shaped members 402. Each member
401 is made of a material having small rigidity and it
serves to absorb deformation of the vacuum cham-
ber 105 when iis j i res froma
THIS SHEET HAS BEE
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As illustrated in Figure 8, the vacuum chamber

105 s held within the main frame 401 by means of the

L-shaped members 402 fixed to the bottom of the
main frame 401. On the other hand, the mirror 101 is

'supported by a mirror supporting device (mirror sup-

porting means) A comprising the tilt plate 201 and the
reference frame 301, supported at the top of the main
frame, through the mirror supporting rod 104. -

Thus, the vacuum chamber 105 and the mirror
supporting device A are coupled to the main frame
through separate coupling members, respectively. As
a result, it is possible to execute the y-axis position
adjustment (y-axis adjustment) through of the mirror
101 the mirror support 106, the rotational adjustment
(wz adjustment) around the z axis through the refer-
ence frame 301 and the tilt adjustment (wx and wy ad-
justment) through the tilt plate 201, very precisely
without being affected by the weight or deformation
of the vacuum chamber 105. Also, the transmitting
portions of these adjusting mechanisms can be made
simple and small in size.

Next, a supporting table structure B for support-
ing the main frame 401 will be explained. The sup-
porting table structure B comprises an upper table
501 of flat frame shape and a lower table 601 of skel-
eton frame shape. The main frame 401 is movable re-
ciprocally in the transverse direction (x-axis direction)
of the mirror 101, along a pair of x-guide rails 502a
and 502b provided on the upper table 501. The move-

ment of the main frame 401 in the x-axis direction is

provided by manually rotating an x-axis feeding screw
503 mounted on the upper table 501.

The upper table 501 is supported on the lower ta- :

ble 601 rotatably around its vertical central axis (y

. axis). The rotating angle around the y axis can be ad-

justed by a cam mechanism which is driven by a wy
driving motor means (second driving means) 602. The

lower table 601 has legs 603, the length of each of '

which can be adjusted to adjust the direction and the

- angle of tilt of the lower table, i.e., the tilt of the sup-

porting table structure B and the main frame 401 rel-
ative to the floor surface. lon pump 701 and NEG
pump 702 are disposed in the inside of the supporting
table structure B (comprising the upper and lower ta-
bles 501 and 601) and just below the vacuum cham-
ber 105.

Through the adjustment of the supporti_ng table
structure B in the manner described above, with re-
spect to the vacuum chamber 105 and the mirror sup-
porting device A held by the main frame 401 itis pos-
sible to execute the adjustment of tilt relative fo the
floor surface, the adjustment of rotational angle
around the y axis {wy adjustment) and the adjust-
ment of x-axis position (x-axis adjustment), very pre-
cisely. Also, the thus adjusted position and attitude

arrangenent of a SOR exposure appar at us accordlng

uni tg according to E’p({mﬁhﬂrbodl ment of 4ghe pr
Figure 3 Is a side view of

ure 4 is afra

10

15

20

26

30

35

Figure 1 is a schematlc vi ew of

Figure 2 is a per

he mrror uni-t of.

As illustrated in Figure 9, the detector unit 801

_comprises a parallelogram frame (to be described lat-
‘er) and a detector table 802. The detector table 802

is fixed to a table supportting rod 803 which is insert-
ed into the vacuum chamber 105 through an opening
formed in the side wall of the vacuum chamber 105.
The table supporting rod 803 extends through the va-
cuum chamber 105 and its opposite ends are con-
nected to the lower ends of holding rods 804, respec-
tively. The upper ends of these holding rods 804 are

. connected to the opposite ends of a supporting arm

805 which extends laterally above the vacuum cham-
ber and in paraliel to the table supporting rod 803.

Thus, the table supporting rod 803, the holding rods

804 and the supporting arm 805 provide the paralle-
logram frame. The supporting arm 805 is integraily
fixed fo a ball nut supporting member 806. The sup-
porting member 806 holds a ball nut mesh engaged
with a ball screw 807, and it is slidable along a guide
rail 809, provided integrally with the reference frame
301, in a direction (x axis) transverse to the path of

SR X-rays.

In response to actuation of an x-axis driving mo-
tor (third driving means) 810 supported by the refer-
enceframe 301, the supporting arm 805 moves along
the guide rail 809 in the x-axis direction together with
the table supporting rod 803 extending through the
vacuum chamber 105. On the detector table 802, an

X-ray detector 811 or a displacement sensor 812 (Fig-

ure 12) is mounted demountably. The clearance be-
fween the supporting arm 805 and the opening inthe
side wall of the vacuum chamber 105 is sealed by de-
tector bellows 813a and 813b. Also, a cooling medium
flow passageway 803a is provided within the table
supporting rod 803.

For the "wy" and "wz" adjustment while the x-ray

- detector (X-ray detecting means) 811 is mounted on

the detector table 802, a pair of slit edge members
814a and 814b (Figure 10) which are detection assis-
tance members are used. Each of these slit edge
members comprises a plate-like maim member 8001,
a left and right slit members 8002 and 8003 fixed to
the lower end of the main member 8001, and an in-
terstitial member 8004 disposed between the left and
right slit members. By the interstitial member 8004,
the clearance L between the left and right slit mem-
bers is determined. The lower edges 8002a and
8003a of the left and right slit members 8002 and

~ 8003 have been subjected to high-precislon finishing

treatment.
Next, the manner of "wy" adjustment using the X-

' ray detector 811 and the siit edge members 814a and

814b will be explained.
Initially, the mirror holder 102 for holding the mir-
ror 101 is demounted from the holder supporting plate
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103, and then the slit edge members 814a and 814b
are mounted to the front and rear ends of the holder
supporting plate 103, respectively, by using bolts.
Thereafter, the x-axis driving motor 810 is actuated to
stop the detector table 802, carrying therson the X-
ray detector 811, on a straight line correcting the slits
ofthe slit edge members 814a and 814b (Figure 11A).
Then, the pressure of the vacuum chamber 105 is re-
duced and SR X-rays are introduced. The wy driving
motor 602 is actuated to rotate the upper table 501,
and the wy driving motor 602 is stopped when the out-
put of the X-ray detector 811 becomes highest.

The "wz" adjustment may be effected as follows.

As illustrated in Figure 11B, the y-axis driving mo-
tor 110 is actuated to move upwardly the siit edge
members 814a and 814b held by the holder support-
ing plate 103. They are stopped at such position that
the upper half of the light receiving surface of the X-
ray detector 811 is blocked by the slit edge members
814a and 814b against impingement of X-rays. Then,
the x-axis driving motor 810 is actuated to move the
detector table 802, carrying thereon the X-ray detec-
tor 811, reciprocally in the x-axis direction and, while
monitoring change in the output of the X-ray detector
811, the wz driving motor 304 is actuated to rotate the
reference frame 301. When the output of the X-ray
detector 811 moving in the x-axis direction with the

‘rotation of the reference frame 301 becomes un-

changed, the wz motor 304 is stopped and the refer-
ence frame 301 is locked to the main frame 401 by the
locking screw 305, By doing so, the wz direction of the
SR X-ray beam can be reproduced in the wz direction
of the reference frame, namely, in the running direc-
tion of the detector table 802. Thus, there is no nec-
essity of measuring the "wz" again.

The "wz" adjustment of the tilt plate in a case
where the mirror damaged by X-ray exposure is re-
placed, together with the mirror holder, by a fresh mir-
ror may be carried out with the displacement sensor

' 812 mounted on the detector table 802, in place of the

X-ray detector 811 (Figure 12). In that occasion, the
vacuum chamber is opened to the atmosphere and
the mirror holder 102 holding the mirror 101 is fixed
to the holder 103. While moving the displacement
sensor 812, disposed below the reflection surface of
the mirror 101, in the x-axis direction, the change in
distance to the facing-down reflection surface of the
mirror 101 is measured. The "wx" and "wz" adjusting
screws 204 of the tilt plate 201 are rotated sothatthe

change in distance is converged to zero. This adjust-

ment does not need introduction of SR X-rays.

Next, the process of initial positioning prior to

execution of the exposure operation will be ex-
plained. .
After the tilt adjustment usmg the legs 603 of the

lower table 601 and the "x" adjustment of the main -

frame 401 using the feed screw 503, the beam cor-

- recting bellows 111a and 111b are coupled to the SR
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justment using the legs 603 of the lower table is car-
ried out again, to therehy set the reflection surface of

" the mirror 101 at a predetermined reflection angle.

Thereafter, the SR X-rays are introduced into the
vacuum chamber 105 and, by using the detector unit
801, the rotational adjustment of the lower table 501
using the wy driving motor 602 as well as the rotation-
al adjustment of the reference frame 301 usingthe wz
driving motor 304 are carried out. Finally, any posi-
tional deviation of the mirror reflection surface in the
y-axis direction is detected by using the X-ray posi-
tion sensor 112, and the y-axis driving motor 110 is
actuated to execute the "y" adjustment of the mirror
support 106. The mirror support 106 is then fixed to

the tilt plate 201.

After completion of such initial positioning, the
detector unit 801 is demounted and the exposure op-
eration is started. e

if the reflection surface of the mirror is damaged
seriously by the X-ray exposure, the mirror replace-
ment may be effected.

For such mirror replacement, the mirror 101 is re-
placed together with the mirror holder 102. After this,
the tilt of the tilt plate 201 is adjusted by means of the
"wx" and "wz" adjusting screws 204 while the running
direction of the detector table 802 and the mirror re-
flection surface are adjusted on the basis of measur-
ing the amount of "wz" adjustment through the dis-
placement sensor with the detector unit 801 being
mounted.

Next, the shutter unit S provided in the apparatus
of the present embodiment as well as the coocling wa-
ter supplying system and the vacuum evacuation sys-
tem will be explained.

As illustrated in Figures 13A and 13B the shutter
unit S has a plate-like main member 903 which com-
prises a pair of plate-like members 901a and 901b
connected by bolts 802 to each other. The plate-like
members 901a and 901b defines a groove between
their adjoining surfaces by which groove a cooling
pipe 804 is held. The cooling pipe 904 is disposed
along the periphery of the main member 903. At the
center of the upper portion of the main member 903,
the cooling pipe is bent upwardly and is inserted into
a hollow supporting rod 905. The maim member 903
has a rectangular opening 906, adjoining its lower
edge. During the X-ray exposure operation or upon
the X-ray detection by the detector unit 801, the
sheet-beam like SR X-ray pass through this opening.
At the upper and lower ends, the supporting rod 905
sealingly and fixedly holds the cooling pipe 904. The
supporting rod 905 can be moved along the longitu-
dinal axis by means of a pinion rack mechanism 907a
which is driven by a motor 907 supported by the top

" wall of the vacuum chamber 105. The clearance be-

tween the supporting rod 905 and the opening of the
vacuum chambelj 105 is sealed by a bellows 208. Im-
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The cooling water supplying system is such as
shown in Figure.14. As the cooling water, constant
temperature water which is temperature-controlled to
23°C is used. To each of the three systems of the mir-
ror holder, the detector unit and shutter unit, and the
y-axis driving system, there is provided a set of a stop

valve V1, a flow rate controlling valve V2 and a flow

meter F by which the flow of optimum flow rate is as-
sured. _

_ The vacuum evacuation system is such as shown
in Figure 15. Below the vacuum chamber 105, there
are provided a non-vacuum deposition type getter
pump (NEG pump) and an ion pump for attaining a
pressure not higher than 10-9(Torr). Also, as shown in
Figure 1, a view port 909 is formed at the center of

‘the bottom surface of the vacuum chamber 105, for
allowing direct observation of the mirror 101 when

the SR X-rays are introduced. For direct measure-
ment of the attitude of the mirror 101, an autocollima-
tor can be mounted.

To the right side of the vacuum chamber 105 as
seen from the SOR ring, a primary vacuum applying
system is connected. More particularly, a turbo mo-
lecular pump TMP and a rotary pump RP are connect-
ed to this side. A Pirani gauge PG is interposed be-
tween the turbo molecular pump and the rotary pump.
On the opposite side, an ion gauge EG and a vacuum
potentionneter QG can be mounted. Also, on the back

- side, leakage piping means is connected. The con-
nection is in the order of a port, a stop valve, a filter,
a safety valve, a three-way valve, nitrogen and air.
The filter serves to prevent contamination of the in-
side of the vacuum chamber due to impurities con-

- tained in the nitrogen or air. The safety valve serves
to prevent a pressure increase in the vacuum cham-
ber beyond the atmospheric pressure,

An electric system for controlling the driving mo-
tors and the pumps is accommodated in a rack. At

" least the attitude controlling system is demountably
mounted, and the position of the mirror can be con-
trolled by remote control. By disposing the operating
means outside a radiation shield wall and by handiing
the operating means disposed outside the radiation
shield, it is possible to avoid exposure of an operator
to the SR X-ray radiation.

~* For connection to the SOR ring or for prevention
of contamination of the mirror by the SR X-rays, it is
necessary to maintain ultra~high vacuum within the
vacuum chamber. To this end, at the time of starting
practical use of the apparatus, a backing operation
may be required. If a heating means is mounted to the
outside wall of the vacuum chamber 105 and the va-
cuum chamber is heated by this heating means, there
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this, at the time of the baking operation, the cooling
water may be flown through the passageways in the
mirror y-axis driving system and the shutter driving
system to thereby protect the driving means.

The SR X-rays are introduced into the vacuum
chamber during the normal operation, and there is a
possibility that any gas absorbed in a metal or the sur-
face of the mirror is excited and released to deterior-
ate the vacuum level. If the SR X-rays impinge on the
mirror when the vacuum level is low, contamination
may occur. Also, the decrease in vacuum level has an
adverse effect on the SR light sourcs. In order to pre-
vent this, two gate valves provided at the front and
rear beam ports, communicated with the vacuum

" chamber, are automatically closed when the vacuum
"level in the vacuum chamber becomes lower than

10-3 (Torr) (Figure 16). More specifically, the vacuum
level is measured by means of a vacuum gauge
mounted to the vacuum chamber, and the measured
value is continuously transmitted to a central process-
ing unit CPU. Ifthe vacuum level becomes lower than
the level 10-3, the CPU supplies an instruction signal
to actuators of the valves 1 and 2 to close them. In
this manner, the inside of the vacuum chamber is iso-
lated from the beam line, and simultaneously the im-
pingement of SR X-rays to the mirror is stopped. By
this, the gas release from the mirror can be prevented

_and contamination can be avoided.

With the arrangement of the present embodi-
ment as described above, the attitude of the refiec-
tion surface of the misror relative to the path of the
SR X-ray beam can be adjusted while monitoring its
relative position. Therefors, it is possible to adjustthe
mirror attitude very easily and very precisely. Also, -

~ the structure can be made simple and small in size,

leading to reduction in cost.

Next, another embodiment of the present inven-
tion will be explained. The general arrangement of
this embodiment is similar to that illustrated in Figure
1. _

Figure 17 is a partially broken perspective view
showing details of the mirror unit of this embodiment,

. and Figure 18 is a side view thereof wherein a detec-

tor unit and a shutter unit are demounted. The same
reference numerals as of those of Figures 2 and 3 are
assigned to corresponding elements,

Convex mirror 101 having a facing-down reflec-
tion surface defined by a partial cylindrical surface,
is held by a mirror holder 102 which is mountably and
demountably fixed to a holder supporting plate 103.
The plate 103 is fixed to a lower end of a mirror sup-
porting rod (coupling means) 104 which extends
through an opening of a vacuum chamber 105 and is
connected to a mirror support 106 disposed above
the chamber 105. Shutter unit S disposed adjacent to
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an end of the mirror 101 has its driving means sup-
ported by an upper wall of the vacuum chamber 105.
Bellows 107 is disposed between a peripheral portion
of the opening of the vacuum chamber 105 and a
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: bottom surface of the reference frame 301.

The main frame 401 serves to supportthe bottom
of the vacuum chamber 105 through the cooperation
with a pair of L-shaped members (coupling means)

flange portion of the mirror supporting rod 104. The ~ 5  402. Each member 402 is made of a material having
rod 104 s tiltable and is movable, upwardly and down- small rigidity and it serves to absorb deformation of
wardly, without damaging the vacuum ambience the vacuum chamber 105 when its inside pressure is
within the vacuum chamber 105. Namely, the clear- decreased from a normal pressure to a vacuum am-
ance between the mirror support 104 and the open- bience pressure (e.g. about 107 - 10-1° (Torr)) to
ing of the vacuum chamber 105 is sealed bythe bel- 10 thereby prevent distortion of the main frame 401.
lows 107. As illustrated in Figure 18, the vacuum chamber
The vacuum chamber 105 is provided with beam 105 is held within the main frame 401 by means of the
connection bellows 111a and 111b at its opposite L-shaped members 402 fixed to the bottom of the
sides, and these bellows are coupled to SR X-ray main frame 401, On the other hand, the mirror 101 is
ducts (not shown), respectively, so as fo introduce 75  supported by a mirror supporting device Acomprising
into the vacuum chamber the SR X-rays, emitted from the tilt plate 201 and the reference frame 301, sup-
the SOR ring to the irradiation chamber. : ported at the top of the main frame, through the mir-
Counter bellows 108 has its lower end fixed to the ror supporting rod 104. :
upper portion of the mirror support 106. The upper Thus, the vacuum chamber 105 and the mirror
end of the counter bellows 108 is fixed fo the bottom 20  supporting device A are coupled to the main frame
surface of the top plafe 109 which is integrally cou- ~ through separate coupling members, respectively. As
pled to the vacuum chamber 105 through a wall plate "a result, it is possible to execute the y-axis position
105a (Figure 19). The inside space of the counter bel- adjustment (y-axis adjustment) through of the mirror
lows 108 is reduced to a vacuum level by means of a -101 the mirror support 1086, the rotational adjustment
vacuum pipe 108a which is communicated withava- 25 (wz adjustment) around the z axis through the refer-
cuum source. ence frame 301 and the tilt adjustment (wx and wy ad-
The mirror support 106 can be moved reciprocal- justment) through the tilt plate 201, very precisely
ly in a direction (y-axis direction) perpendicular to the without being .affected by the weight of deformation
reflection surface of the mirror 101 by means of a of the vacuum chamber 105. Also, the transmitting
~ combination of a ball screw 1002, driven by ay-axis 30  portions of these adjusting mechamsms can bemade
driving motor 110 (first driving means having a driving ~ simple and small in size.

- motor as a drive source), and a ball nut 1004 fixed to Any imbalance of pressure between the mirror _
the housing 202. Tilt plate 201 is integrally fixedtoa ~ support 106 and the mirror 101 disposed in the va-
housing 202 which supports the mirror support 106 ~ cuum chamber 105 can be canceled by retaining the
rectilinearly movably in the y-axis direction through 35 'same vacuum level within the counter bellows 108
the cooperation with a y-axis rectilinear guide 203. and, therefore, the power of the y-axis driving motor
The tilt plate 201 is fixed to a flat reference frame 301 110 and the wz driving motor 304 can be reduced.
by means of three "wx and wz" adjusting screws 204, Next, a supporting table structure B for support-
such that the direction and angle of the tilt of the tiit ing the main frame 401 will be explained. The sup-
plate 201 relative to the reference frame 301 canbe 40  porting table structure B comprises an upper table
adjusted finely by the "wx and wz" adjusting screws 501 of flat frame shape and a lower table 601 of skel-
204, eton frame shape. The main frame 401 is movable re-

The referenoe frame 301 is supported by a pair of ciprocally inthe transverse direction (x-axis direction)

. bearing devices 302 disposed at the opposite ends ‘of the mirror 101, along a pair of x-guide rails 502a
thereof, rotatably around a longitudinal axis (zaxis)of 45 and 502b provided on the upper table 501. The move-
the mirror 101. Each bearing device 302 is fixedto a ment of the main frame 401 in the x-axis direction is
central part of an L-shaped rod 303 having its oppo- provided by manually rotating an x-axis feeding screw
site ends mesh engaged to the top of a skeleton type 5§03 mounted on the upper table 501.
main frame 401. - The upper table 501 is supported on the lower ta-

The rotating angle of the reference frame 301 50  ble 601 rotatably around its vertical central axis (y
around the z axis can be adjusted by a cam mecha- axis). The rotating angle around the y axis can be ad-
nism which is driven by a wz driving motor 304 (sec- Jjusted by a cam mechanism which is driven by a wy

- ond driving means having a driving motor as a drive driving motor means 602 (third driving means having
source. After such rotation adjustment, a locking a driving motor as a drive source). The lower table 601
screw 305 is fastened whereby the reference frame 55  has legs 603, the length of each of which can be ad-
301 is fixed relative to the main frame 401. Detector " justed to adjust the direction and the angle of tiltofthe
unit D is mountably and demountably provided in the lower table, i.e., the tilt of the supporting table struc-
forward end portion, along the z-axis direction, of the ture B and the main frame 401 relative to the floor
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the positioning of a fresh mirror can be attained.

~Next, the process of initial positioning prior to Next, the structures of the mirror support 106,
execution of the exposure operation will be ex- the tiit plate 201, the reference frame 301, the main
. plained. frame 401 and the upper and lower tables 501 and
* After the tilt adjustment using the legs 603 of the 601 will be explained in detail.
- lower table 601 and the "x" adjustment of the main '
frame 401 using the feed screw 503, the pressurein 10 (1) Mirror Support
the vacuum chamber 105 is reduced and the beam o :
connecting bellows 111a and 111b are coupled to the As {llustrated in Figures 19 and 20, the y-axis
SR X-ray beam ducts (not shown). In this state, the driving motor has its rotational shaft coupled to a ball
tilt adjustment using the legs 603 of the lower table " screw 1002 through a coupling 1001. The ball screw
is carried out again, to thereby setthe reflectionsur- 15 1002 is, at its opposite end portions, rotatably sup-
face of the mirror 101 at a predetermined reflectlon ported by a radial bearing 1003a and a thrust bearing
angle. 1003b which are integral with the housing 202.
After a radiation shielding wall (not shown) is set, The ball screw 1002 has a screw portion formed
the SR X-rays are introduced into the vacuum cham- at its center which is mesh engaged with a ball nut
ber and the detector wit D is used to detect any posi- 20 1004 formed at the central rod-like portion of the mir-
tional deviation between the SR X-ray beam and the ror support 106. In response to actuation of the y-axis
reflection surface of the mirror 101 with.respect to motor 110, the ball screw 1002 rotates to move the
the wy and wz directions. On the basis of the detec- ball nut 1004 upwardly or downwardly. This causes
tion, the rotational adjustment of the upper table 501 the mirror support 106, integral with the ball nut 1004,
-using the wy driving motor 602 and the rotational ad- 25 along the y-axis direction. The housing 202 is fixed to
justment of the reference frame 301 using the wz driv- the tilt plate 201 by means of four connecting plates
ing motor 304 are carried out. Finally, by using the X- 1005, and the fine adjustment in the wx and wz direc-
ray position sensor 112, the positional deviation of tions can be effected by this tiit plate 201. The y-axis
the mirror reflection surface in the y-axis direction is rectilinear guide 203 which semes as the guide
detected, and the y-axis driving motor 110 is actuated 30 rmeans forrectilinearly movably supporting the mirror
to execute the y-axis adjustment of the mirror sup- support 106, comprises four y-axis rectilinear guides
port 108. The mirror support 106 is then fixed to the 203 which are disposed between the housing 202 and
tilt plate by a locking device (to be described later). the opposite ends of the central rod-like portion of the
" After completion of such initial positioning, the mirror support 106. Each y-axis rectilinear guide 203
detector unit D is demounted and the exposure oper- 35  has sufficient rigidity such that, when the mirror sup-
ation is initiated. - port 106 moves in the y-axis direction with the ball nut
If the relative position of the SR X-ray beam and 1004 in response to rotation of the ball screw 1002,
the reflection surface of the mirror 101 In the y-axis side movement is prohibited and precise posltloning
direction changes during the éxposure operation due is assured.
tovibration, a change in temperature or fluctuationof 40 There is provided alocking device for locking the
the Sr X-ray beam, the locking mechanism of the mir- mirror support 106 relative to the tilt plate 201 in re-
ror support 106 is released and the y-axis driving mo- sponse to setting a fresh y-axis position of the mirror
tor 110 is actuated in response to the output of the X- support 106 through the drive of the y-axis driving
‘ray position sensor 112 to move the mirror 101 in the motor 110. This locking device comprises a rod clamp
y-axis direction (denoted by an arrow) (Figure 26). 45 1007, a locking rod 1008, a rod support 1009 and a
After removing the non-uniformness in illumi- locking boit 1010. After the mirror support 106 is
nance in the exposure region of a wafer in this man- moved to a fresh y-axis position, the locking boit 1010
ner, the mirror support 108 is held fixed again by the is fastened to lock the mirror support at that position.
locking device. The control circuit for the y-axis driv- Additionally, there is provided cooling means for
ing motor 110 is such as illustrated in Figure 27. §0  preventing degradation of dimensional precision due
If the mirror reflection surface is damaged seri- to heat generation in the y-axis driving motor. This
ously by X-rays, the feed screw 503 may be rotated cooling means comprises a cooling medium flow pas-
manually to dispiace the mirror in the widthwise di- sageway 1011 disposed adjacent to the sliding shaft
rection. This allows using a frash reflection surface portion of the mirror support 106 and a cooling me-
area and enables continued exposure operationwith- 55  dium flow passageway 1012 provided to the y-axis
out replacing the mirror. Thus, the whole width of the rectilinear guides 203 ofthe housing. By means of the
mirror can be utilized. " cooling medium supplied from a cooling water pipe
For the mirror replacement, the mirror 101 is re- 1013, and temperature rise in the mirror support 106,
10 THIS SHEET HAS BEEN
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The cooling means may be used also as means
for preventing thermal damage of the y-axis rectili-
near guide 203 and the structural portion around it
during the baking processin a case where such abak-
ing process is required so as to improve the vacuum
level of the vacuum chamber prior to execution of the
exposure operation.

The mirror supporting red 104 held by the mirror
support 108 is inserted into the vacuum chamber 105
through the opening where the beliows 107 is provid-

ed. The holder supporting plate 103 for mountably

and demountably holding the mirror holder 102, is
fixed to the lower end of the mirror supporting rod

104, Disposed at the upper end of the mirror support

106 is a counter bellows 108 which is provided be-
tween it and the top plate 108, coupled integrally with
the vacuum chamber 105 by a partition wall 105a.
The counter bellows 108 has the same diameter or
cross-sectional area as thie bellows 107. The inside
pressure of the counter bellows 108 is reduced to a
vacuum level by means of a vacuum pique 108a,
whereby any pressure imbalance to be applied to the
mirror support106 can be removed such that any deg-

radation of precision of the y-axis position due to a’

change in atmospheric pressure can be prevented.
Also, it has an advantage of reducing the driving force
of the y-axis driving motor 110.

(2) Tilt Plate

As described, the tilt plate 201 is fixed integraily
to the housing 202 and supports the y-axis rectilinear
guide 203. it comprises a T-shaped plate-like member
and, as shown in Figure 21, itis fixed to the reference
frame 301 for free tilt adjustment, by means of the
“wx" and "wz" adjusting screws 204 of plate-like mem-
bers provided at three sites.

More specifically, each "wx" and "wz" adjustmg
screw 204 has a spherical sliding bearing 2001 which
is held by a bearing housing 2002 provided at the
opening portion of the tilt plate 201. Screw portion
203 provided at the lower end of the adjusting screw
204 is mash engaged with a nut 2004 which is held
at the top of the reference frame 301.

When the mirror 101 is replaced by afresh mirror,'
together with the mirror holder 102, where the refiec-

tion surface of the mirror 101 is damaged by the X-

ray exposure, the function of adjusting the tiit plate

201 through the "wx" and "wz" adjusting screw 204 is

used for fine adjustment of the reflection angle or

cancellation of a small positional deviation of the mir-

ror reflection surface due to a machining error or as-
- sembling error of the fresh mirror or mirror holder.
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(3) Reference Frame

unit

The reference frame 301 has a flat frame shape
having a central opening. As described, the reference
frame is supported at the tope of the main frame 401
by means of the L-shaped rod 303, rotatably about
the z axis. The housing 202 integral with the tilt plate
201, the y-axis rectilinear guide 203 and the mirror
support 106 holding the mirror supporting rod 104
are suspended from the central opening of the refer-
‘ence frame 301 toward the vacuum chamber 105. For
the initial positioning of the mirror 101, the detector
unit D for sensing SR X-rays is demountably mounted
to the bottom of the reference frame 301.

The reference frame 301 has a bearing device
302 which comprises ball beanng means 3001 and a
rotational shaft 3002 disposed in the central portion
of the L-shaped rod 303 (Figure 22). The mechanism
for rotating the reference frame 301, supported by the
bearing device 302, around the z axis comprises an
eccentric cam 3004 rotated by a wz driving motor 304
(Figure 18) supported by a motor support 3003, acam
follower 3005, a supporting flange 3006 fixed to the
reference frame to support the cam follower 3005,
and a spring 3007 for pressing the eccentric cam
against the cam follower. Motor support 3008 for sup-
porting the wz driving motor 304 is integral with the
main frame 401 (Figure 23). As the wz driving motor
304 rotates, the cam follower 3005 moves upwardly
or downwardly with the rotation of the eccentric cam
3004, and the reference frame 301 rotates around the
bearing device 302 through the supporting flange
30086. This is called "wz adjustment®. Then, in this
state, four locking screws 305 provided atthe corners
of the reference frame 301 are rotated so as to lock
the reference frame. Each locking screw 305 has it
screw portion 3009 mesh engaged with a locking nut
3010 which is integral with the reference frame 301,

"and its lower end extends beyond the bottom surface

of the reference frame. By rotating the locking screws
to cause their lower ends to engage with the top sur-
face of the main frame, the relative position of the ref-

" erence frame 301 and the main frame 401 is fixed.

(4) Main Frame

The main frame 401 rotatably supports the refer-
ence frame 301 through cooperation with the L-shap-
ed rod 303 which is fixed to the top thereof. On the
other hand, the main frame 401 supports the vacuum
chamber 105 in its inside space through cooperation
with the L-shaped member 402. The main frame 401 -
is supported on the upper table 501 for adjustment in
the x-axis direction. More specifically, as shown in
Figures 24A and 24B, a pair of guide groove members
4001 are forced at the opposite sides of the bottom
surface of the main frame 401, and these gulde
groove member sl
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for moving the main frame along the guide rails 502a
and 502b comprises a screw rod 4003 engaging with
a nut 4002a of a nut member 4002 which is fixed to
the bottom surface of the mainframe 401, and itisro-
tatably supported by a bearing 4004a of a supporting
plate 4004 which is fixed to the uppertable 501. Stop-
pers 4004b are provided at the opposite sides of the
bearing 40044, for preventing motion of the x-axis

‘feed screw 503 in the x-axis direction. As the x-axis

feed screw 503 is rotated by a handle 4005, the nut
4002a moves along the screw rod 4003 whereby the

main frame 402 is moved along the x-axis guide rails_ :

502a and 502b in the x-axis direction.

If the reflection surface of the mirror is damaged
seriously by the X-ray exposure, it is possible to move
the mirror reflection surface in its widthwise direction
by moving the main frame in the x-axis direction, as
described hereinbefore. Thus, without replacing the
mirror, the X-ray exposure operation can be executed
uninterruptedly while using a fresh reflection surface

~ area. That is, until the whole width of the mirror is

damaged, the reflection surface of the mirror can be
used effectively. '

{5) Upper Table

As described hereinbefore, the upper table 501
supports the mainframe 401 movably in the x-axis di-
rection along the x-axis guide rails 502a and 502b.
The bottom of the upper table is rotatably supported
on the lower table 601, for rotational adjustment
around the y axis. As shown in Figure 9, the engaging
surfaces 501a and 601a of the upper and lower tables
501 and 601 have been subjected to high precision
smoothing freatment and, by supporting the upper
weight through the air supplied from a pressurized air
pipe 5001, the rotation of the upper table 501 relative
to the lower table 601 is allowed temporally. The up-
per table 501 has a supporting plate 5002 fixed in the
x-axis direction to its bottom surface, which plate
holds a ring-like guide 5003 at its center. The guide
5003 rotatably engages with a pillar-like member
6001 projecting at the center of the upper surface of
the lower table 601. Thus, as the upper table 501 is
lifted slightly by the pressurized air from the lower ta-
ble 601, the upper table 501 can be rotated around
the pillar-like member 6001 of the lower table 601.

The mechanism for rotating the upper table 501
relative to the lower table 601 comprises a wy driving
motor 602 (Figure 17), a worm gear 6002 rotated by
the wy driving motor 602, a worm wheel 6003, a disc
6005 with an eccentric cam 6004, and a cam follower
6008 having a radial slot for slidably engaging the ec-
centric cam 6004. As the wy driving motor 602 held by
the lower table 601 rotates, the cam follower 6006
fixed to the upper table 501 rotates with the rotation
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t he general
(6) Lower Table

As described, the lower table 601 supports the
upper table 501 rotatably around the y axis. The lower
.table has fourlegs 603 at its lower end, and the length
of each leg can be adjusted by means of a screw
mechanism, for example. With this adjustement of
the length of each leg, the lower table 601, namely,
the whole apparatus, can be tilted in a desired direc-
tion relative to the floor surface (Figure 17). More
specifically, during the initial positioning of the mirror
and after completion of the wy adjustment of the up-
per table, the x adjustment of the main frame, the wz
adjustment of the reference frame 301 and the wx
and wz fine adjustment of the tilt plate (all being done
in the horizontal state), the lengths of the legs 603 are
adjusted to minutely rotate the lower table 601 around
the x axis to set a desired mirror reflection angle (10
~ 30 mrad). With such very simple adjusting mecha-
nism, the reflection angle of the mirror can be setpre-
cisely.

With the arrangement of the present embodi-
ment as describe above, it is possible to position the
mirror very precisely without damaging the vacuum
ambience in the vacuum chamber which accommo-
dates the mirror for expanding the SR X-ray beam or
without being affected by a change in pressure or de-
formation of the vacuum chamber, for example.
Therefore, it is easy to attain uniform exposure
amount in a predetermined region of a substrate and,
as aresult, itis possible to assure high precision print-
ing of a fine pattern through the SR X-ray exposure.
Also, the structure of the exposure apparatus as a
whole can be made simple and compact, leading to
reduction in cost.

Since the position adjustment of the mirror sup-
port, the reference frame and the upper table which
needs irradiation of X-rays can be executed through

" remote control of driving motors, high safety is as-

sured. Also, by canceling non-uniformness in illumi-
nance due to vibration, a temperature change or fluc-
tuation of the SR X-ray beam during the exposure op-

~ eration, it is possible to print a pattern on the while

surface of a substrate (e.g. wafer) very precisely.

Additionally, it is possible to avoid damage or
degradation of the precision of the mirror supporting
device due to heat generation in the driving means or
fo heat transmission during the baking operation for
the vacuum chamber.

Next, a fourth embodiment of the present inven-
tion will now be explained. The general arrangement
of this embodiment is similar to that shown in Figure

-t

Figure 28 is a partially broken perspective view
showing details of the mirror unit of this embodiment,
and Figure 29 is a side view thereof wherein a detec-
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directed, is held by a mirror holder 102 which is mountably and

demountably fixed to a holder supporting plate 103,
The plate 103 is fixed to a lower and of a mirror sup-
porting rod 104 which extends through an opening of
a vacuum chamber 105 and is connected to a mirror
support (mirror supporting means) 106 disposed
above the chamber 105. Shutter unit 801 disposed
adjacent to an end of the mirror 101 has its driving
means supported by an upper wall of the vacuum
chamber 105. Bellows 107 is disposed belween a per-
ipheral portion of the opening of the vacuum chamber
105 and a flange portion of the mirror supporting rod
104. The rod 104 is tiltable and is movable, upwardly

" and downwardly, without damaging the vacuum am-
bience within the vacuum chamber 105. Namely, the
clearance between the mirror support 104 and the
opening of the vacuum chamber 105 is sealed by the
beliows 107.

The vacuum chamber 105 is provided with beam
connection bellows 111a and 111b at its opposite
sides, and these bellows are coupled to SR X-ray
ducts (not shown), respectively, so as to introduce
into the vacuum chamber the SR X-rays, emitted from
the SOR ring to the irradiation chamber.

Counter bellows 108, having the same cross-
sectional area as the bellows 107, has its lower end
fixed to the upper portion of the mirror support 106.
The upper end of the counter bellows 108 is fixed to
the bottom surface of the top plate 109 which is inte-
grally coupled to the vacuum chamber 105 through a
wall plate 105a (Figure 30). The inside space of the
counter bellows 108 is reduced to a high vacuum level
by means of a vacuum pipe 108a which is communi-
cated with a vacuum source.

The mirror support 106 can be moved reciprocal-
ly in a direction (y-axis direction) perpendicularto the
reflection surface of the mirror 101 by means of a
combination of a ball screw 1002 driven by a y-axis
driving motor (first driving means) 110 and a balf nut
{not shown) provided integrally with the mirror sup-
port 108. Tiit plate 201 is integrally fixed to a housing
202 which supports the mirror support 106 rectili-
nearly movably in the y-axis direction through the co-
operation with a y-axis rectilinear guide 203. The tilt
plate 201 is fixed to a flat reference frame 301 by
means of three "wx and wz" adjusting screws 204,
such that the direction and angle of the tilt of the tilt
plate 201 relative to the reference frame 301 can be
adjusted finely by the "wx and wz" adjusting screws
204,

The reference frame 301 is supported by & pairof
bearing devices 302 disposed at the opposite end
thereof, rotatably around a longitudinal axis (z axis) of
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around the z axis can be adjusted by a cam mecha-
nism which is driven by a wz driving motor (second
driving means) 304. After such rotation adjustment, a
locking screw 305 is fastened whereby the reference
frame 301 is fixed relative to the main frame 401. De-
tector unit D is mountably and demountably provided
in the forward end portion, along the z-axis direction,
of the bottom surface of the reference frame 301.
The main frame 401 serves to supportthe bottom
of the vacuum chamber 105 through the cooperation
with a pair of L-shaped members (coupling means)
402, Each member 402 is made of a material having

“small rigidity and it serves to absorb deformation of

the vacuum chamber 105 when its inside pressure is
decreased from a normal pressure to vacuum ambi-
ence pressure (e.g. about 10~7 - 10-1°(Torr)) to there-
by prevent distortion of the main frame 401.

As {llustrated in Figure 29, the vacuum chamber
105 is held within the main frame 401 by means of the
L-shaped members 402 fixed to the bottom of the
main frame 401, On the other hand, the mirror 101 is
supported by a mirror supporting device (mirror sup-
porting means) A comprising tilt plate 201 and the ref-
erence frame 301, supported at the top of the main

. frame, through the mirror supporting red 104.

‘Next, a supporting table structure B for support-

" ing the main frame 401 will be explained. The sup-

porting table structure B comprises an upper table
501 of flat frame shape and a lower table 601 of skel-
eton frame shape. The main frame 401 is movable re-
ciprocally in the transverse direction (x-axis direction)
of the mirror 101, along a pair of x-guide rails 502a
and 502b provided on the upper table 501. The move-
ment of the main frame 401 in the x-axis direction is
provided by manually rotating an x-axis feeding screw
503 mounted on the upper table 501.

The upper table 501 is supported on the lower ta-
ble 601 rotatably around its verticat central axis (y
axis). The rotating angle around the y axis can be ad-
justed by a cam mechanism which Is driven by a wy
driving motor means (third driving means) 602. The
lower table 601 has iegs 603, the length of each of
which can be adjusted to adjust the direction and the
angle of tilt of the lower table, i.e., the tilt of the sup-
porting tabie structure B and the main frame 401 rel-
ative to the floor surface. lon pump 701 and NEG
pump 702 are disposed in the inside of the supporting
table structure B (comprising the upper and lower ta-
bles 501 and 601) and just below the vacuum cham-
ber 105.

Next, the moving mechanism for moving the main
frame 401 in the x-axis direction will now be ex-
plained.

| THIS SHEET HAS BEEN
| REPLACED




*

to a correspondi ng exposure apparatus 95. In that exposure appgt. e&sHa?l?éenReplac‘

the introduced SR X-rays are used as an exposure energy for tra
ahd printing a pattern of a mask onto a wafer. Fi gure'r, ﬂglﬂ[’ﬂ"’

partially broken perspestive
enmbodi nent ,

this

face of the main frame 401, and these guide groove
members slidably engage with x-axis side rails 502a

titude again, the required operation is simple.
" Neit, a fifth embodiment of the present invention

.will be explained. The general arrangement of this

14

y

View siepisag1zsAxi | s of the rgérror
and Figure 3 is a side view thereof - wherein a detector

uni t and a ghybhen Al o35 o5 FRHA Ml
2 T aci ng- g e e v} AR e o

embodimegﬂi%{rﬁﬁ%r El:gle[ fllis inFiptiteD
2 Hidfelds ¥ a goié Vi a main portion
of a mirror unit according to this embodiment. Mirror
1 is demountably held by a mirror holder 2 which is de-

and 502b, respectively, provided on the top surface 5 . mountablyfixed to a supporting plate (mirror support-
. of the upper table 501 which serves as table means. ing means) 3 with boits (not shown). The supporting
' X-axis feed screw 503 for moving the main frame plate is fixed integrally to lower ends of a pair of sup-
along the guide rails. 502a and 502b comprises a - porting rods 4. Each rod 4 is provided by a hollow pipe
screw rod 4003 engaging with a nut 4002a of a nut member into which a mirror cooling water pipe 5 is in-
‘member 4002 which is fixed to the bottom surfaceof 10  serted, from the upper end of the rod 4. The water
the main frame 401, and it is rotatably supported by pipe 5 extends through the throughbore 3a (Figure
a bearing 4004a of a supporting plate 4004 which is 35) of the supporting plate 3 and is communicated
fixed to the upper table 501. Stoppers 4004b are pro- with a cooling medium passageway (to be described
vided at the opposite sides of the bearing 4004a, for later) which is provided in the mirror holder 2.
preventing motion of the x-axis feed screw 503 inthe 15 The bottom surface of the mirror holder 2 has
x-axis direction. Athe x-axis feed screw 503 is rotated been subjected to high precision flattening treatment.
by a handle 4005, the nut 4002a moves along the . Also, an indium film is interposed between it and the
screw rod 4003 whereby the main frame 402 is moved top surface of the mirror 1 to assure good heat trans-
along the x-axis guide rails 502a and 502b in the x- mission, ensuring enhanced mirror cooling effect.
axis direction. 20 Themirror holder 2 and the supporting plate 3 are dis-
If the reflection surface of the mirror is damaged posed inside a vacuum chamber 6, and the support-
seriously by X-ray exposure, it is possible tomove the ing rod 4 extends through an opening formed at the
mirror reflection surface in its widthwise direction by top wall of the vacuum chamber 6 and is connected
moving the main frame in the x-axis direction, as de- to a supporting mechanism disposed outside the va-
scribed hereinbefore. Thus, withoutreplacingthemir- 25  cuum chamber. The supporting mechanism compris-
ror, the X-ray exposure operation can be executed es a mirror support 9 which is movable reciprocally in
uninterruptedly while using a fresh reflection surface a vertical direction along a guide 8 integral with the
area. That is, until the whole width of the mirror is tiit plate 7, and a driving motor 10 for moving the mir-
damaged, the reflection surface of the mirror can be ror support 9 along the guide 8. The tiit plate 7 is mesh
used effectively. o 30 engaged with areference frame 12 by means of three
Since the movement of the main frame 401 ca adjusting screws 11, By rotating these screws 11, the
es displacement .of the vacuum chamber 105 in the direction and the angle of tilt relative to the reference
x-axis direction together with the mirror 101, there frame 12 can be adjusted.
occurs positional deviation between the opening of The mirror holder 2 comprises a plate-like main
the vacuum chamber 105 and the beam duct (not 35 member 14 with an inside cooling medium fiow pas-
shown) for retaining vacuum ambience in the X-ray sageway 13, a pair of leaf spring supports 15 fixed to
~ path. If this positional deviation is beyond such range the bottom of the main member 14, and a plurality of
as can be absorbed by flexure of the beam connect- leaf springs 16 fixed to the lower ends of the supports
ing bellows 111a and 111b, the mounting flange 113" 15, The mirror 1 is supported with its reflection sur-
of each connecting bellows fixed to the peripheryof 40 face facing down, while being pressed against the
the opening of the vacuum chamber 105 may be re- main member 14 by the resilient forces of the leaf
placed by an eccentric flange 113a (Figure 32B) or an springs 16. _
eccentric flange 113b (Figure 32C). When the mirror is going to be mounted on the
Each of these eccentric flanges 113a and 113b main member 14, the mirror position so adjusted that '
has opening and fixing means to the beam connect- 45  a straightline connecting two abutment members 17,
ing bellows, at a position which is eccentric with re- for example, becomes paralle! to the wy direction of
- spect to the opening of the vacuum chamber 1085. the mirror 1 (namely, the direction of a minor line of
With the arrangement of the present embodi- a cylindrical surface) as seen from the rectilinearly
ment as described above, the entire width of the re- guiding direction of the guide 8 (Figure 33).
flection surface of the mirror can be used effectively 50 When the mirror holder 2 is going to be mounted
by moving the mirror in its transverse axis direction to the supporting plate 3, the positioning is effected
together with the vacuum chamber. Therefors, the by abutting the abutment members 17 of the holder
lifetime of each mirror can be prolonged and, thus, 2 against the abutment surface of the supporting
the frequency of mirror replacement can be reduced.  plate 3. Here, pre-adjustment may be effected so that
Also, since it is not necessary to adjustthe mirrorat- 55  the direction of the abutment surface of the support-

ing plate 3 is aligned with the direction of the SR X-
ray beam. Thus, by the abutment, the wy direction of
the mirror can be aligned with the direction of the SR
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cover 19 (Figure 34B) for protectmg the mirror 1 may
be attached to the mirror holder by using a screw 20,
to thersby prevent damage of the mirror reflection
surface.

The main member 14 of the mirror holder 2 has
a supply port 21 and a discharging port 22 both com-
municated with the cooling medium flow passage
means 13. After the mirror holder 32 is fixed to the
supporting plate 3, the ends of the mirror cooling pipe
5 are coupled to the supply port 21 and the discharg-
ing port 22. In other words, the supply port 21 and the

discharging port 22 each has a structure that allows

connection of the mirror cooling pipe 5 thereto. 20 For demounting the mirror holder 2, the boits by
Next, the supporting plate 3 and the supporting which the mirror holder 2 is engaged with the sup-
rod 4 will be explained in greater detail. porting plate 3 are loosened. After this, the mirror
As illustrated in Figure 35, the lower end of each holder 2 is moved downwardly and, subsequently,
supporting rod 4 is fixed to an end of a coupling mem- the bolts 29 are loosened to separate the beliows
ber 23. The other end of the coupling member 23is 25 flange 28 from the holder flange 30.
fixed integrally to the top surface of the supporting As described, the mirror replacement can be exe-
plate 3. Bellows 24 is provided between the coupling " cuted by mounting and demounting the mirror holder
member 23 and the opening of the vacuum chamber 2, holding the mirror 1, to and from the supporting
6, such that the supporting rod 4 can be tiited and plate 3 by using bolts. Thus, the replacement opera-
moved up and down without damaging the vacuum 3¢ tionis easy. Additionally, the positioning of the mirror
ambience (e.g. about 10-7 - 10-19 (Torr)) of the va- to the supporting plate 3 is attainable through the
cuum chamber 6. The enlarged-diameter lower end abutment member 17 of the mirror holder 2. Thus, for
portion of the mirror cooling pipe § has an O-ring 25 the attitude adjustment after mirror replacement,
held thereto. Into each of the supply port 21 and the only fine adjustment of a fresh mirror and a holder is
discharging port 22, an O-ring 25 is inserted. 35 necessary fo cancel a machining error. Also, such
The coupling member 23 has an inside flange 26 fine adjustment can be accomplished only by adjust-
projecting inwardly of the supporting rod. This flange ing again the tilt of the tilt plate 7 through the adjust-
26 is connected to an end of an inside bellows 27. The * Ing screw 11. Further, the connection of the cooling
inside bellows 27 has a bellows flange 28 at the other medium flow passageway 13 of the mirror holder 2
end thereof. The bellows flange 28 is connectedtoa 40  with the cooling pipe 5 is inserted into the supporting
holder flange 30 fixed to the peripheral portions of rod 4 can be assured easily only by press-fitting the
the supply port 21 and the discharging port 22 of the O-ring 25 of the pipe § into the supply port 21 or the
holder. The pressure in each of the inside space of the discharging port 22 of the mirror holder 2.
inside bellows 27 and the inside space of the support- With the arrangement of this embodiment descri-
ing rod 4 is reduced to a low vacuum level, as com- 4  bed above, the mirrorreplacement can be easily exe-
pared with that in the vacuum chamber 8, by means cuted without damaging the reflection surface of a
of a vacuum pipe {not shown) connected to the dis- fresh mirror to be used in the vacuum chamber and
charging port. This assures improved reliability of without the necessity of complicated re-adjustment of
maintaining the vacuum ambience in the vacuum ~ position. Also, where the mirror holder is provided
chamber 6. That is, by evacuating the inside spaceof 50  with a cooling medium flow passageway, a mirror
the supporting rod 4 in addition tothe vacuum sealing cooling pipe can be connected thereto in the manner
through the inside bellows 27, the sealing effact is en- thatassures a high reliability in respect to maintaining
hanced. Also, this provides an advantage of prevent- a vacuum ambience of the vacuum chamber.
ing leakage of cooling water from the O-ring seal 25 : Next, a sixth-embodiment of the present inven-
into the vacuum chamber 6. 55  tion will be explained. The general arrangement of
~ The operation of mounting and demounting the this embodiment is similar to that illustrated in Figure
mirror holder 2 to and from the supporting plate 3 may 1. ' '
be executed in the following manner. Figure 37 is a schematic view of this embodi-
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ing the abutment members 17 against the abutment

~ surface of the supporting plate 3. Then, by using the

bolts inserted into the holes 18, the mirror holder 2
and the supporting plate 3 are fixed to each other. Af-

. ter this, the cover 19 is demounted.

The mirror cooling pipe 5 is inserted into the sup-

porting rod 4, from its top end. By engaging the O-

rings at its free ends with the supply port 21 and the
discharging port 22 of the mirror holder 2, the con-
nection of the mirror cooling pipe 5 and the cooling
medium flow passageway 13 of the mirror holder 2 is
accomplished (Figure 35).
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and the openi ng of the vacuum chanber
The vacuum chanber
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its opposite sides,

An
ment. SR X-ray sheet beam (‘? is expanded by amirror
(cylindrical mirror) 2 in a direction perpendicular to

. the orbit of a SOR ring, whereby an expanded beam

3 is produced.
The cylindrical mirror 2 is held by a mirror holder

4 which is demountably supported by a holder sup-

porting plate 5. The cylindrical mirror 2, the mirror
holder 4 and the holder supporting plate 5 are dis-
posed in a vacuum chamber (not shown) having a
high inside vacuum ambience. Driving device 6 which
serves as a mirror driving means for supporting the
holder supporting plage 5 and moving the same inthe
y-axis direction, is dlsposed outside the vacuum
chamber.

Fixed to an end of the holder supporting plate 5
is a sensor holding member 7 which, as shown in Fig-
ure 38, holds X-ray detectors (first and second X-ray
detectors) 8a and 8b disposed in series in the y-axis
direction. Each of the detectors 8a and 8b serves to
detect X-rays in a predetermined region adjacent to
the upper or lower edge 1a or 1b of the SR X-ray
sheet beam, and it produces an output current la or
1b proportional o the detected X-rays. As an exam-
ple, a PIN diode made of a semiconductor material
such as Si may be used as the X-ray detector 8a or

- 8b.

The output currents la and b of the detectors 8a
and 8b are applied to a control circuit (operation cir-
cuif) 9. The control circuit 9 comprises current-to-vol-
tage converters 10a and 10b for transforming the out-
put currents la and Ib into voltages Va and Vb, and ad-
der 11a for adding the voltages Va and Vb, a subtrac-
tor 11b for subtraction of these voltages, a divider 12
for calculating the ratio (Va-Vb)/(Va+Vb) of the out-
puts of the subtractor 11b and the adder 11a, a com-
parator 13 for comparing the output of the divider 12
with a reference level, and a controller {control
means) 14 for controlling the y-axis driving device 6

in accordance with an output *e" of the comparator

13.

More specifically, the output "e” of the compara-
tor 13 is precisely in a proportional relationship with
the relative positional deviation between the reflec-
tion surface of the cylindrical mirror 2 and the SR X-

‘ray sheet beam, and the controller 14 controls the y-

axis driving means 6 in accordance with the output "e"
of the comparator 13 whereby the relative positional
deviation can be canceled automatically.

On the other hand, the output of the adder 11a
of the control circuit is applied from an output terminal
15 to an operation circuit 16 whereby a signal repre-
senting the X-ray strength is produced. This signal is
used to control the shutter controlling means 17 of the
shutter in an exposure chamber.

Since the relative position of the sheet beam 1
and the cylindrical mirror 2 is controlled automatically
and is maintained unchanged, any displacement of
the sheet beam 1 in the y-axis direction does not

105 i s seal'ed by

105 is provided with beam connection bell ows, en R lace
and these bellows are coupl ed to SR ,”l ,"
regpectively, sogpysiPizgAlr oduce into the l

emtted fromthe SOR

of the hol der supportin
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the bel ;0

ring to the irradi atlon

I at e
cause di I ment of %he?iight receiving surface of

the X-ray detector 8a or 8b held integrally by the cyl-
indrical mirror 2. Therefore, the output current of the
detector 8a or 8b is not affected by the displacement
of the sheet beam in the y-axis direction, but it is al-
ways held in a proportlonal relationship with the X-
ray strength.

This means that the signal inputted to the oper-
ation circuit 18 is exactly in a proportional relation-
ship with the X-ray strength and, therefore, it is pos-
sible to avoid a change in exposure amount of a sub-
strate in the exposure chamber by controlling the
shutter contral means 17 in accordance with the out-
put of the operation circuit 16.

In place of applying to the operation circuit 16 the

" output signal of the adder 11a as a signal represent-

ing the X-ray strength, the shutter control means may
be controlled on the basis of one of the outputs of the
current-to-voltage converters 10a and 11b.

With the arrangement of this embodiment descri-
bed abovs, the X-ray strength can be measured pre-
cisely without being affected by noise or displace-
ment of the X-ray beam in the y-axis direction. As a
result, it is possible to control the shutter means very
precisely, in response to a change in the X-ray
strength. Thus, uniform exposure of a substrate can
be attained easily.

Also, there is no necessity of using an electrode
plate in the exposure chamber, for measurement of
the X-ray strength. Additionally, no high-voltage pow-
er source is required. This contributes to reduction in
size of the exposure apparatus and to enhancement
of safety.

Next, an embodiment of the present invention
which is applied to a semiconductor device manufac-
turing method utilizing an exposure apparatus ac-
cording to one of the preceding embodiments, will
now be explained.

Figure 39 is a flow chart of the sequence of man-
ufacturing a semiconductor device such as a semi-

" conductor chip {e.g. IC or LSI), a liquid crystal panel

or a CCD, for example. Step 1 is a design process for
designing the circuit of a semiconductor device. Step
2 is a process for manufacturing a mask on the basis
of the circuit pattern design. Step 3 is a process for
manufacturing a wafer by using a material such as sil-
icon. '

Step 4 is a wafer process which is called a pre-
process wherein, by using the so prepared mask and
wafer, circuits are practically formed on the wafer
through lithography. Step 5 subsequent to this is an
assembling step which is called a post-process
wherein the wafer processed by step 4 is formed inito
semiconductor chips. This step includes assembling
(dicing and bonding) and packaging (chip sealing).

- Step 6 is an inspection step whersin operability
_ check, durability check and so on of the semiconduc-

tor devices produced by step 5 are carried out. With
THIS SHEET HAS BEEN
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hoI ds an X-ray position sensor (X-ray position detecting nmeans) 112 which

ser i Sheot HheBeanRepltgd el ati ve di spl acement of the SR X-ray beam
mtr:ﬂ l“ m“u“e beam connecting bellows 1l1la into the vacuum chanber
105 rror 101 and axi s direct

ror support 10? can be noved ép%%@.’%e?m ly in a di ré{t'i on (y-axis
direction) perpendicular to the reflection surface of the mrror 101 by
means of thesepmetssemsemioondubtordeljcasiarefinishednd a 4o ali apparatuspopsriiindto pitheriof plgimp 1 2. o
y-axi s daridyheygrershippad (Sfﬁpcml ving neans) 110. Ti | furthergamprisitgrmeans forprojegting|theX-ray
fixed to aFigwadp ip Soarchegy showing defalls/of thet he ni r r bsem, expadedty saidpinpeRen arfiFeRpe v

movabl y Vaferpressy 1%'"&?’?"@8?’1W§smfeﬁgh the cB8f#thtion with a y-axis
rectili nidizipg &F‘H@‘;‘;‘g‘ﬁ?‘ﬂfé’ ﬁ‘é&?’?s'&aﬁﬁ%pm"rhe Bt il 4 Rlate

ess for forming sulating film on the wafer sur- apparatus according to claim 4, further com-

face. Step 13 is an electrode forming process for
forming electrodes on the wafer by vapor deposition.
Step 14 is an ion implanting process for implanting
ions to the wafer. Step 15 is a resist process for ap-
plying a resist {photosensitive material) to the wafer.
Step 16 is an exposure process for printing, by expos-
ure, the circuit pattern of the mask on the wafer
through the exposure apparatus described above.
Step 17 is a developing process for developing the ex-
posed wafer. Step 18 is an etching process for remov-
ing portions other than the developed resist image.
Step 19 is a resist separation process for separating
the resist material remaining on the wafer after being

10

15

prising control means for controlling irradiation of
the article with the X-ray beam.

6. An apparatus according to either of claims 1 or 2,
further comprising means for projecting the X-ray
beam, expanded by said mirror, to a mask and for
transferring a pattern of the irradiated mask onto
a wafer.

7. An apparatus according to claim 6, further com-
prising control means for controlling the exposure
of the wafer with the X-ray beam.

subjected to the etching process. By repeatingthese 20 8. An apparatus according fo claim 1, further com-
processes, circuit patterns are superposedly formed prising computing means for computing the X-ray
on the wafer. strength on the basis of the detection by said de-~
While the invention has been described with ref- tecting means.
erence to the structures disclosed hersin, it is not con- . ' : _
fined to the details set forth and this applicationisin- 25 9. - An apparatus according to claim 1, wherein said
tended to cover such modifications or changes as detecting means includes an X-ray detector.
may come within the purposes of the improvements
or the scope of the following claims. 10. An apparatus according to claim 9, wherein said
detecting means includes first and second X-ray
30 detectors which are disposed in series in the di-
Claims rection perpendicular to the reflection surface of
_ said mirror.
1. An X-ray apparatus, comprising: _ ‘
a mirror having a reflection surface, for ex- 11. An apparatus according to claim 2, wherein said
panding an X-ray beam in a predetermined direc- 35 " adjusting means includes first driving means for
tion; rotationally moving said mirror around a first axis
) detecting means for detecting a relative extending along the path of the X-ray beam, and
positional relationship between the X-ray beam second driving means for rotationally moving said
and the reflection surface with respect to a direc- mirror around a second axis perpendicular to the
tion perpendicular to the reflection surface; and 40 reflection surface of said mirror.
~ adjusting means for adjusting the relative .
position of the X-ray beam and the reflection sur- 12. An X-ray apparatus, comprising:
- face on the basis of the detection. a reduced pressure chamber;
' a mirror having a reflection surface and
2. An X-ray apparatus, comprising: 45 being-dispased in said chamber, for expanding an
amirror having a reflection surface, for ex- X-ray beam in a predetermined direction;
panding an x-ray beam in a predetermined direc- a supporting mechanism disposed outside
tion; : said chamber, for supporting said mirror; and
' detecting means for detecting the attitude a frame for supporting said chamber and
of the reflection surface relative to the X-ray %0 said supporting mechanism.
beam; and - ' _
_adjusting means for adjusting the attitude 13. An X-ray apparatus, comprising:
- of the reflection surface relative to the X-ray a reduced pressure chamber;
beam on the basis of the detaction. a mirror having a reflection surface and
. 55 being disposed in said chamber, for expanding an
3. Anapparatus according to either of claims 1 or 2, X-ray beam in a predetermined direction;
further comprising a radiation source for produc- a supporting mechanism for supportmg
ing the X-ray beam. , said mirror;
17
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201 is fixed to a flat
wz" adj usting screws 204, . _
the direction and angle of the tilt of the tilt plate
agpysieergiy the "wx" angy " wz"

The reference frane 301 is supported by a pair of
6%p05| t €,

-0-

to the reference franes301 can be
screws 204.

bearing
around &

. Step 19 is a resist separation process for separating

such that

evi ces 302

and gﬁ?ﬁ,@ 8 (sta%? fgﬁlgets a;t'e inis

Figure 40 is a flow chart showing detfails of the
wafer process. Step 11 is an oxidation process for ox-
idizing the surface of a wafer. Step 12 is a CVD proc-
ess for forming an insulating film on the wafer. sur-
face. Step 13 is an electrode forming process for
forming electrodes on the wafer by vapor deposition.
Step 14 is an ion implanting process for implanting

ions to the wafer. Step 15is a resist process for ap-
plynng a resist (photosensitive material) to the wafer. -
Step 16 is an exposure process for printing, by €xpos-

ure, the circuit pattern of the mask on the wafer

through the exposure apparatus described above.

Step 17 is a developing process for developing the ex-
posed wafer. Step 18 is an etching process for remov-
ing portions other than the developed resist image.

the resist material remaining on the wafer after being
subjected to the etching process. By repeating these
processes, circuit patterns are superposedly formed
on the wafer.

While the invention has been described with ref-

erence o the siructures disclosed herein, it is notcon-
fined to the details set forth and this application is in-
tended to cover such medifications or changes as
may come within the purposes of the improvements
or the scope of the following claims.

Claims

1. An X-ray apparatus, comprising:

a mirror having a reflection surface, for ex-
panding an X-ray beam in a predetermined direc-
tion;

detecting means for detecting a relative
positional relationship between the X-ray beam
and the reflection surface with respect to a direc-
tion perpendicular to the reflection surface; and

adjusting means for adjusting the relative
position of the X-ray beam and the reflection sur-
face on the basis of the detaction.

2. An X-ray apparatus, comprising:

amirror having areflection surface, for ex-
panding an X-ray beam in a predetermined direc-
tion; '

detecting means for detecting the attitude.

of the reflection surface relative to the X-ray
beam; and

adjusting means for adjusting the attitude
of the reflection surface relative to the X-ray
beam on the basis of the detection.

3. An apparatus according to either of claims 1 or 2,
further comprising a radiation source for produc-
ing the X-ray beam.

-This Sheet Has Been R laced
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7.

reference frame 301 by neans of

201 reI at [ ve
adj usting

grr‘l gp%arta g ge%gr]:hhg to e|tther 3 da%s 1or2,

further comprising means for projecting the X-ray
beam, expanded by said mirror, to an articie tobe
irradiated. .

An apparatus according to claim 4, further com-
prising control means for controlling irradiation of
the article with the X-ray beam.

An apparatus according to either of claims 1 or 2,

“further comprising means for projecting the X-ray

beam, expanded by said mirror, to a mask and for

 transferring a pattern of the irradiated mask onto.

10,

11.

12

a wafer.

An apparatus according to claim 6, further com-
prising control means for controlling the exposure

_of the wafer with the X-ray beam.

An apparatus according to claim 1, further com-
prising computing means for computing the X-ray -
strength on the basis of the detection by said de-
tecting means.

An apparatus according to claim 1, wherein said
detecting means includes an X-ray detector.

An apparatus according to claim 9, wherein said
detecting means includes first and second X-ray
detectors which are disposed in series in the di-
rection perpendicular to the reflection surface of
said mirror.

An apparatus according to claim 2, wherein said
adjusting means includes first driving means for
rotationally moving said mirror around a first axis
extending along the path of the X-ray beam, and
second driving means for rotationally moving said
mirror around a second axis perpendicular to the
reflection surface of said mirror. -

An X-ray apparatus, comprising:

a reduced pressure chamber;

a mirror having a reflection surface and
being disposed in said chamber, for expanding an

~ X-ray beam in a predetermined direction;

a supporting mechanism disposed outside

_said chamber, for supporting said mirror; and

a frame for supporting said chamber and

_ said supporting mechanism.

13.

An X-ray apparatus, comprising:

a reduced pressure chamber;

a mirror having a reflection surface and
being disposed in said chamber, for expanding an
X-ray beam in a predetermined direction;

a supporting mechanism for supporting
said mirror;
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axis) of the mrror 101. Each bearing device 302 is fixed to a central

part of an L-shaped rod 303 having its opposite ends nesh engaged to the
top of a skeleton type main franme 401. _ The rotating angle of the
reference frame 301 asdund the z axEposesmzbazadj usted by a4cam nechani sm
which is driven by a wz driving notor 304. After such rotation adj ust ment ,

a locking scr e\gﬁ%péfo'r ﬁﬁ ha%%rﬁby the r &Eﬁ&%ﬁﬁn&r %Qﬂa fay bt d
rel ative t tector unit e raflection sur-
Gemount bl yoFaEe .lna:hL o HGof] @ PO U1 O atémm.t L onecton aur
di rection, e in¥uirB&ibh PiRsverkidgdfcpati of tRE I € er Bid®8sid df 34I® dedldfion; and The
mai n franme x@dbea Ves to support t he . botg om of t hﬁnj&&iﬁ@'!ﬂ”é‘)@ﬂaﬁm exdanded by
through the ‘cooperation with a pair of L-shapa® niRdER6 & thasksd. as ktfitsfer a pattern
14. A semiconductor device manufacturing method of the mask onto the wafer.
usable with a mask and a wafer as well as a mir-
ror with a reflection surface for expanding an X-
ray beam in a predetermined direction, said 70
method comprising the steps of:
detecting the relative position of the X-ray
beam and the reflection surface of the mirrorin
a direction perpendicular to the reflection sur-
face; 1§
adjusting the relative position of the X-ray
beam and the refiection surface on the basis of
said detection; and
projecting the X-ray beam, expanded by
the mirror, to a mask so as to transfer a pattern 20
of the mask onto the wafer.

15. A semiconductor device manufacturing method
usable with a mask and a wafer as well as a mir- ~
ror with a reflection surface for expanding an X- 25 '
ray beam in a predetermined direction, said
method comprising the steps of:
detecting the attitude of the reflection sur-
face of the mirror relative to the X-ray beam;
adjusting the attitude of the reflectionsur- 30
face of the mirror relative to the X-ray beam on
the basis of said detection; and
" projecting the X-ray beam, expanded by
the mirror, fo a mask so as fo transfer a pattern
of the mask onto the wafer. 35

16. Asemiconductor device manufactured by using a
mask and a wafer as well as a mirror with a re-
flection surface for expanding an X-ray beamin -
a predetermined direction and in accordance 40
with a method which.comprises the steps of:
detecting the relative position of the X-ray
beam and the refliection surface of the mirror in
a direction perpendicular to the reflection sur- _—
face; _ 45 ' This Sheet Has Been Replaced

adjusting the relative position of the X-ray I I"II |III" l"l |I| ||I

beam and the refiection surface on the basis of
said detection; and
projecting the X-ray beam, expanded by
- the mirror, to a mask so as to Iransfer apattern 50
of the mask onto the wafer. :

17. A semiconductor device 'manufactur_ed byusinga
mask and a wafer as well as a mirror with a re-

flection surface for expanding an X-ray beamin &5 l “II" I“" ||I|I " |“|
a predetermined direction and in accordance ' -
* C L M S *

with a method which comprises the steps of:
detecting the attitude of the reflection sur-

18
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menber ‘402 is made of a material having small rigidity and it serves to
absorb deformation of the vacuum chanber 105 when its inside pressure is
decreased from a nornmal pressure to a vacuum anbi ence pressure (e.qg.
about 10[err] - 10[err] (Torr)) tot vent -

-10-  distortion of the main frarreeﬁgw.’pﬁ As |Ilustrated in.
Figure 3, the vacuum chanber 105 is held within the main frame 401 by
means of the L-shaped menbers 402 fixed to.the bottom of the

SOR RING
CHAMBER

. EXPOSURE
CHAMBER

FIG. |

Sheet Has Been R laced
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main frame 401. On the other hand, the mrror 101 is 'supported by a mrror
attitude adjusting neans conprising the tilt plate 201 and the reference

f-rame 301

supported at the top of the main frane, through the mrror

supporting rod 104 and the mrror sugpeédo 17dR8. ' Next, a
supporting table structure B for supporting the main franme 401 will be

expl ai ned. The

. supporting table structure B conprises an upper table

501 of flat franme shape and a | ower table 601 of @ skeleton frane shape.
The main franme 401 i s novabl e reciprocally in the transverse direction

(x-axis

direction) of the mrror 101, along a pair of x-guide rails

502a and 502b provided on the upper table 501. The novenent of the main
frame 401 in the x-axis  direction is prOV|ded by nanually rotatlng an

X-axi s

l0g 223 203 109 108a
305 1O 02

303\ {108 | {[(/ 204 o1
302 0 [ABS<204 305

108\ le 300 |,
107 t—a4ol
105 304
901 ' —801
N 802
H—103
- L -102
101

909)

[ £

501"
112

~602
+—60I

~701

702

4

603 y

wz

wx

F ' G. 2 ' ' ’I'hls Sheet Has Been Replaced .

LT

" THIS SHEET HAS BEEN
REPLACED




feedi ng screw 503 nounted on the upper table 501. The upper
table 501 is supported on the |ower table 601 rotatably around its
vertical central axis (y axis). The rotating angle around the y axis can
be adj usted by a cam nechanismwhich_ is driven by a w =~ driving notor

- means 602 which is a third driving nEaf 840 178 A3, ng a driving notor as a
drive source. The | ower ' 1 table
601 has |l egs 603, the Iength of each of which '

- This Sheet Has Been R

T
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can be adjusted to adjust the direction and the ang
table, i.e., the tilt of the supporting table stru
frame 401—+relativetoe—the—+loor surface. |lon punp
are disposed in the_inside of the sugpesdoiiPgazt abl e

t he upper dH§S B leed 501 and 601) and just b
105. o Ium positioning of the mrro
adjusting th I 01 and the reference fra

above-described mrror

attitude adjusting device A

le of tilt of the | ower
cture B and the main
701 and NEG punp 702
structure B (conprising
el ow t he vacuum chanber
r is. executed by '
ne 301 of the

the main franme 401 and

-

— g

resy

N/
7l .
:/!I'égggﬁhxﬁ

the upper and | ower tables 501 and 601 of ”16 supporting table structure B
i n tthe manner described herei nbef@QOS | FOO®: rel ative position
. of the SR X-ray beam 202 1013 j 1001 108a
AV { 109
| ' 108 201
‘08 o L\\\\\\\\\(‘
A=
1002 1008
AL______ N a . +A'
10041 1010
1007
| 106
W 7777 A 8
\ ~N
T “io7 109
-104
FIG. 4
1011
203
21912 1907

ol lg fean
1002~ ' \“\_\\‘ 104
1012 101} 106
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and the reflection surface of the mrror 101 changes during the exposure
operation due to vibration, a change in tenperature or fluctuation of SR
X-ray beam itself, the |ocking device of the mrror support 106 is

rel eased and the y-axis driving m)t.OEPﬁ&t%Et\%riven in response to an .
output of the X-ray position sensor "1 - er eby nove  t lhisrShéet Bas BtéhReplaced

the y-axis direction. After renoving the non-uniformmess of leHmumlm)ml

in the exposure region on a wafer in this "manner, the mrro
i's | ocked again by the .

6

FlG.

—={ CONTROLLER I—-— ACTUATOR I——— MIRROR

POSITION
SENSOR

-+

SOR
LIGHT
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| ocki ng device. The control circuit provided for such mrror—pes+tion

control is such as showmn in Figure 6. |If the reIati*&s osition of the SR
X-ray beam and the reflection surface of the mrror’i : gplacedn e

| ocki ng mechani sm may be normal |y rcEr®s4dcd7s A2 al | ow ﬂﬂiﬁﬁmm ; 101 is
controllably displaced to a suitable position in res . t put of
the x- ray position sensor 112. Next, the mrror support will be
explained in greater detail. As illustrated in Figures 4 and 5,

. the y-axis driving notor has its rotational shaft coupled to a ball. screw
1002 t hrough a coupling 1001. The ball screw 1002 is, at its opposite end
portions, rotatably supported by a radial bearing 1003a and a thrust

og 203 10g108a ‘
305 / |10 /202 |
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beari ng 1003b which are integral with the housing 202. The bal |
screw 1002 has a screw portion forned at its center which is nesh engaged
with a ball nut 1004 fornmed at the central rod-like portion of the mrror
support 106. In response to actuatigpg %%g y-axis nmotor 110, the ball
screw 1002 rotates to nove the ball nut 1004 upwardly or downwardly. This
causes the mm{s@ﬁeﬁm@@gntmgl%d integral with the ball nut 1004, along the
y-axis directio 202 is fixed to the tilt plate 201 by neans -
of four connecﬂ“@ﬂl%ﬂ]!ﬂﬂﬂoa and the fine adjustnment in the wx and wz
directions can this tilt : '

202 110
1080 los 105q |
\ l 204 201
™ 301
| 3Q2 103 -ﬁ 303
loz\j A
ol | ) \
B 3 B oot s _a_',.,,; 105
- R RN “upebepiirveupeppine-u
SR XE ﬂ' ) ﬁ:\_E ---------- _]" E
e’ | 447 3 Hib
,",IF —é
1n2- 3
e %:‘503 402
% 502b
. 501
) \ ™
702 602 N~70]
T~so0i

FIG. 8
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-13- " plate 201. The y-axis rectilinear guide 203 which serves as the
gui de neans for rectilinearly novably supporting the mrror support 106,
conprises four y- axis rectilinear guides 203 which are di sposed between
the housing 202 and the opposite endgppgotﬁ@wentral rod-1ike portion of
the mirror support 106. Each y- axis rectilinear gui de 203 has suffieient
rigidity such that, when the mirror support 106 nnveahkgmg % cen

direction with the ball nut 1004 in response to rotat “%crew
1002, side novenent is prohibited and precise p03|t|o lmm

There is-provided a | ocking device for

- 806 808 |
sio 308 ¢ 809

\
o/
q
813a
7777, —105

803a 802 811 813b

FIG. 9
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| ocking the mrror support 106 relative to the tiltT—Dptate—28+-in-response

to setting a fresh y-axis position of the mrror s rt 106 through the

drive. of the y-axis driving notor 110. This | ocking g m‘ke ¢dses a
ng bolt
1010. After the mrror support 106 |s noved to a fri ' sition,

rod clanp 1007, a locking rod 1008, 2pbash 17 pgppOrt 1
the locking bolt 1010 is fastened to | ock the mrror support at t at

=1

posi tion. Additionally, there is provided cooling nmeans for
preventing degradation of dimensional precision due to heat generation in
the y-axis driving notor. This cooling means conprises a cooling medi um.

flow passageway 1011 di sposed adj acent to the slidi ng shaft portion of
the mrror support 106 and a cooling nmedi um

q o /814b |
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-14- fl ow passageway 1012 provided to the y-axis rectilinear guides 203
of the hOUSimﬁmmB&fﬁ?ﬁaﬁR&Emafhe cool i ng nmedi um supplied froma cooling
t he

wat er pi pe 1Q: jature rise in the mrror support 106,
y-axis rectili EHMI]”EMB and t heplosssizaa2202 can be prevent ed.
' d al so as neans for preventing thermal danmage

The cooling
of the y-axis rectilinear guide 203 and the structural portion around it

during the baking process in a case where .

&

103

907
. '\ _ S0la
105 902 901b
—908
903
904
902 [ A 902
A .
i FI1G. I13B
Coem—— -
906 .
904 A | |
FI1G. I13A |
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such a baking process is required so as to inprove the vaeuum-level of the
vacuum chanmber prior to execution of the exposure operation. The
mrror supporting rod 104 held by the mrror support 106 |sTT"ﬂ§1quftI®slBedatR @placed
t he vacuum chanber 105 through t he epes4iowgsalere the bell ows

provided. The hol der supporting plate 103 for mountably and ”,”m

" holding the mirror holder 102, is fixed to the lower end of the mrr
supporting rod 104. Disposed at the upper end of the mirror support 106 is

a counter bellows 108 which is provided between it and the top plate 109,
coupled integrally with the vacuum chanber 105 by a partition wall 105a.

The counter bellows 108 has the sane v:lla. r ross-sectional area as
the bellows 107. The inside pressure A%§$%§r bell ows 108 is

F :FLOW METER \ VALVE Vi: STOP VALVE

|~ PIPING

MIRROR HOLDER
{j -
DETECTOR SHUTTER (COMMON) |
| /{ Va2 _ Vi
s O

Y-STAGE DRIVING SYSTEM

V3 :BYPAS VALVE

COOLING
WATER -
SUPPLYING
DEVICE
FIG. 14
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reduced to a vacuum | evel by nmeans of a vacuum pi pe
- 15- 108a, whereby any pressure inbal ance to be applied—to
support 106 can be renoved such that any degradation of pregi
y-axis position due to a change in gpgs@AR€A2C Pressure can~--

Al so, it has an advantage of reducing the driving force of t
driving notor 110. Wth the arrangenent descrlbed h

themrror
heat a%f tn placed

AlIR
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GV

=
g
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any deviation of the relative poSition of the reflection surface of the
mrror and the path of the X-rays during the exposure—opefaffeﬂ—due—Le—

vi bration, a change in tenperature or fluctuation of S can be
detected and conpensated. Thus, it iesp@s®arPAL to pre S @ss
in illumnance and thus to assure uniform exposure of t

o

substrate. Next, a second enbodi nent of the pr

wi |-l be expl ai ned. The general structure of this enbodinment is |ike that
of the first enbodinent. Figure 7 is a partially broken
perspective view showing details of the mirror unit of this enbodinent,
and Figure 8 is a side view thereof wherein a detector unit and a shutter
unit are denounted. The sane ref@pence nunerals as of those of Figures 2

and 3 are assigned to correspondi & w
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el ement s. Convex mirror 101 having a facing-down reflection
surface defined by a partial cylindrical surface, is held by a mrror

hol der 102 which is -16- nount abl y
and denountably fixed to a hol der sugpgskiogazp! ate 103. The plate 103 is
fixed to a lower end of a mrror supporting rod (coupling neans) 104 which
extends through an opening of a vacuum chanber 105 and is connected to a
mrror support 106 di sposed above

: F'G. '7 : -ThisSheetHasBeenRePa d
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t he  chanber 105. Shutter unit S disposed adjacent to an end of the mrror
101 has its driving neans supported by an upper wall of the vacuum chanber
105. Bellows 107 is disposed between a peripheral portion of the opening
of the vacuum chanmber 105 and a fl| angros5uzs An of the mrror supporting
rod 104. The rod 104 is tiltable and is novable, upwardly and downwardly,
w t hout damagi ng the ultra-hi gh vacuum anbi ence within the vacuum chanber
105. Namely, the clearance between the mrror support 104 and the opening
‘of the vacuum chanber 105 is seal ed by the bellows 107. The
vacuum chanber 105 is provided with beam connection bellows 11la and 111b
at its opposite sides, and these bellows are coupled to SR X-ray ducts
(not -shown), respectively, so as to introduce into the vacuum chanber the
SR X-rays, emtted fromthe SOR
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ring to the irradiation chanber. Counter bellows 108 has its

| oner end fixed to the upper portion of the mrror support 106. The upper
end of the counter bellows 108 is fixed to the bottom surface of the top
plate 109 which is integrally coupl ERlo54 7a2vacuum chanber 105 through a
-17- wal | plate 105a. The inside space of the counter bellows 108 is
reduced to a vacuum |l evel by neans of a
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3

vacuum pi pe 108a which is conmmunicated with a vacuum source. The
mrror support 106 can be noved reciprocally in a direction (y-axis

i rection) perpendicular to the reflection surface of the mrror 101 by
means of a conbination of a ball nutERnS40A7®ARZ] screw (not shown) which is
driven by a y-axis driving notor 110. Tilt plate 201 is integrally fixed
to a housing 202 which supports the mrror support 106 rectilinearly
novably in the y-axis direction through the cooperation with a y-axis
rectilinear guide 203 having a cooling medium flow passageway. The tilt
plate 201 is fixed to a flat reference frame 301 by neans of three "wx"
and "wz" adjusting screws 204. such that the direction and angle of the
tilt of the tipPO4l “W:;:g to the reference frane 301 can

201 302 30!
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be adjusted finely by the "wx" and "wz" adjusting screws 204.

The reference frane 301 is supported by a pair of bearing devices 302

i sposed at the opposite ends thereof, rotatably around a | ongitudinal
axis (z axis) of the mirror 101. EJEMOPWAT8AY device 302 is fixed to a
central part of an L-shaped rod 303 having its opposite ends nmesh engaged
‘to the top of a skeleton type main frane 401. '

-18-
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13

The rotating angle of the reference frame 301 around the z axis can be

adj usted by a cam nmechanism which is-driven by a wz driving notor (first
driving neans) 304. After such rotation adjustnment, a |ocking screw 305
is fastened whereby the reference fr&R# 8A25 fixed retative to the main
frame 401. Detector wunit 801 is nmountably and denmountably provided in the
forward end portion, along the z-axis direction, of the bottom surface of
the reference frane 301. The main frane 401 serves to support the
bottom of the vacuum chanber 105 through the cooperation with a pair of

L- shaped nenbers 402. Each nenber 02 I's made of a material having small

rigidity and it serves to absorb rmation of th gcuum . chanmber 105
when its inside pressure is decreas rom a norna] pressa&glto a

ul tra-high vacuun1anb|ence _~
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\ r . ,// 502b
\
sooz\\\k\_ - | 6006
50015\_~_\f>\ 6004
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pressure to thereby prevent distortion of the main frane 401. As

illustrated in Figure 8, the vacuum chanber 105 is held within the main
frame 401 by nmeans of the L-shaped nenbers 402 fixed to the bottom of the
main frame 401. On the other hand, tEROS#¢178A2101 is supported by a mirror
supporting device (mrror supporting neans) A conprising the tilt plate
201 and the reference franme 301, supported at the top of the main frane,
through the mrror supporting rod 104. ~Thus, the vacuum chanber

105 and the mrror

FIG 27
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-19- supporting device A are coupled to the main franme through separate
coupling nenbers, respectively. As a result, it is possible to execute
the y-axis position adjustnment (y-axis adlustnent) t hrough of the mrror
101 the mrror support 106, the rotafEP8?9178Must nent (wz adj ustnent) |
around the z axis through the reference frame 301 and the tilt adjustnent
(wx and w adjustnent) through the tilt plate 201, very precisely wthout
- being affected by the weight or deformation of the vacuum chanber 105.

Al so, the transmtting portions of these adjusting nechani snms can be nade

sinple and small in size. Next, a supporting table structure B
for supporting the main frame 401 will be explained. The
106 203 ;09 /108a )
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supporting table structure B conprises an upper table 501 of flat frane
shape and a | ower table 601 of skeleton frane shape. The nmain frame 401 is
novable reciprocally in the transverse direction (x-axis direction) of
the mirror 101, along a pair of x-guFRi@5401Z8A2 502a and 502b provi ded on

t he upper table 501. The novenent of the main frane 401 in the x-axis
direction is provided by nmanually rotating an x-axis feeding screw 503
nount ed on t he upper table 501. '~ The upper table 501 is supported
on the lower table 601 rotatably around its vertical central axis (y
axis). The rotating angle around the y axis can be ' adjusted by a cam
mechani sm which is driven by a wy
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- 20- driving notor nmeans (second driving neans) 602. The |ower table
601 has |l egs 603, the length of each of which can be adjusted to adjust
the direction and the angle of tilt of the lower table, i.e., the tilt of
t he supporting table structure B and EPlOS40BA2f rane 401 relative to the
floor surface. lon punp 701 and NEG punp 702 are disposed in the inside of
the supporting table structure B (conprising the upper and |ower tables
501 and 601) and just below the vacuum .chanber 105. Through t he
adj ustment of the supporting table structure B in the manner descri bed
above, with '

g @(”'//402

_— 601
702 :
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LY

respect to the vacuum chanber 105 and the mrror supporting device A held
by the main frame 401 it is possible to execute the adjustnment of tilt
relative to the floor surface, the adjustnent of rotational angle around
the y axis (wy adjustnent) and the agpgsigEdha Of X-axis position (x-axis
adjustnment), very precisely. Also, the thus adjusted position and .
altitude (rotational angle, direction and angle of tilt) can be maintained

st ably. Next, the detector unit will be explained in detai
As illustrated in. Flgure 9, the detector unit 801 conprises a
'parallelogran1frane (to be described later) and a detector table 802. The
detector table 802 is fixed to a tabl e sSupporting rod 803 which is
1 4ol
502a~ | )
4001 -
P 4002

50— . 4003

400447
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-21- I nserted into the vacuum chanber 105 through an opening formed in
the side wall of the vacuum chanber 105. The tabl e supporting rod 803
extends through the vacuum chanber 105 and its opposite ends are connected
to the |ower ends of holding rods 80EPOSMYEARi vely. The upper ends of

t hese hol ding rods- 804 are connected to the opposite ends of a supporting
arm 805 which extends |laterally above the vacuum chanber and in parallel
'to the table supporting rod 803. Thus, the
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tabl e supporting rod 803, the holding rods 804 and the supporting arm 805
provide the parallelogramfranme. The supporting arm805 is integrally
fixed to a ball nut supporting nenber 806. The supporting nenber 806

hol ds a ball nut mesh engaged with aEB@P4O1IRARY 807, and it is slidable
along a guide rail 809, provided integrally with the reference franme 301,
in a direction (x axis) transverse to the path of SR'X- rays.

In response to actuation of an x-axis driving notor (third driving neans)
810 supported by the reference frane 301, the supporting arm 805 noves
along the guide rail 809 in the x-axis direction together with the table
supporting rod 803 extending through the vacuum chanber 105. On the
detector table 802, an X-ray detector 811 or a displacenent sensor
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*

812 (Figure 12) is nounted denountably. The cl earance between the
supporting arm 805 and.-the opening in the

-Q2- side wall of the vacuum changepséizsiag seal ed by detector bell ows
813a and 813b. Also, a cooling nediumflow passageway 803a is provided
within the table supporting rod 803. ‘For the "wy" and "wz"

adj ustnent while the x- ray detector (X-ray detecting neans) 811 is
mounted on the detector table 802, a pair of slit edge.nenbers
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-814a and 814b (Figure 10) which are detection assistance nmenbers are used.
Each of these slit edge nenbers conprises a plate-like mai mnmenber 8001, a
left and right slit nmenbers 8002 and 8003 fixed to the |ower end of the
mai n nmenber 8001, and an interstiti afP0p9#BRA2 8004 di sposed between the
left and right slit nenbers. By the interstitial nenber 8004, the .
clearance L between the left and right slit nenbers is determ ned. The
| ower edges 8002a and 8003a of the left and right slit nenbers 8002 and
8003 have been subjected to high-precision finishing treatnent.
Next, the manner of "wy" adjustnment using the X-ray detector 811 and the
slit edge nenbers 814a and 814b w Il be expl ai ned. Initially,
the mrror holder 102 for holding the mrror 101 is dermounted fromthe
hol der supporting _ '

3

24 -
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plate 103, and then the slit edge nenbers 814a and 814b are nounted to the
front and rear ends of the holder supporting plate 103, respectively, by
using bolts. Thereafter, the X-axisgglyksgqpgagotor .810 is

REPLACEMVENT SHEET o 2 1
FEB 1997 : - 23- actuated to stop the detector
tabl e- 802, carrying thereon the X-ray detector 811, on a straight line
connecting the slits of the slit edge nenbers 8l4a and 814b (Figure 11A).
Then, the pressure of the vacuum chanber 105 is reduced and SR X-rays are
i ntroduced.
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The wy driving notor 602 is actuated to rotate the

the w driving notor 602 is
811 becones highest.

foll ows.

The "wz

110 is actuated to nove upwardly the

by the hol der
t hat the upper
811 is bl ocked by the

X-rays. Then, the x-ax
~ detector table 802, carrying
- in the x-

t

upper table 501, and

st opped when the output of the X-ray detector
" adjustnent may be effected as
As il lustrated i nEF9gM0ree A2 B,

the y-axis driving notor

slit edge nenbers 814a and 814b held

recei ving
slit_edge ne

e X-ra\ detector 811

supporting plate 103. They are stopped at such position
hal f of the |ight

surface of the X-ray detector
¢l 814b agai nst i npi ngenent
actuated to nove the

reci procally
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axis direction and, while nonitoring change in the output of the X-ray
detector 811, the wz driving notor 304 is actuated to rotate the reference
fyame 301. Wen the output of the Xepas4sitreaat or 811 noving in the x-axis
direction with the rotation of the reference frame 301 becones unchanged,
the wz notor - 24- 304 is stopped
and the reference frarre 301 is locked to the main frame 401 by the | ocking
screw 305. By '

'ClRCUIT DESIGN I \_NAFER MANUFACTURE]
l (STEP I) (STEP 3)
MASK MANUFACTURE
(STEP 2)

l

WAFER PROCESS
(PRE - PROCESS)

(STEP 4)

FASSEMBLY PROCESS
| (POST-PROCESS)

(STEP 5)
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(STEP 7)
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doing so, the wz direction of the SR X—ray'bean1can be reproduced in the
€tion of the reference frane, nane in the running direction of
tfhe/’c/letector table 802. Thus, ther@ﬂ%‘“ﬂd%essity of measuring the "wz"
agaln The "wz adjustnent of the tilt plate in a case where the
mrror damaged by X-ray exposure is replaced, together with the mrror
hol der, by a fresh mrror nay be carried out with the displacenent sensor
812 nmounted on the detector table 802, in place of the X-ray detector 811
(Figure 12). In that occasion, the vacuum chanber is opened to the
~atnosphere and the mrror holder 102 holding the mrror 101 is fixed to
the holder 103. While noving the displacenent sensor 812, disposed bel ow

the reflection surface of the mrror 101, in the x-axis direction, the
change in _

' ' RESIST
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di stance to the facing-down reflection surface of the mrror
nmeasured. ~ The "wx" and "wz" adjusting screws 204 of the tiljt e
are rotated sqQ that- the change in distance is converged to . Thi's
adj ust nent does not need introduction of SR X-rays. ty

process of initial positioning prior to execution of the exjposure
operatiron will be explained. : After the tilt ad] '

the | egs 603 o - - 25-

X-RAY EXPOSURE APPARATUS

FIELD OF THE INVENTION AND RELATED ART
This invéntion relates to an exposure
apparatus and., more partiéularly, to an X-ray exposure
: épparatus using synchrotron radiatioq-x-rays {SR X~
'rays) for trahsferring and printing a pattern of a
mask ontO'a_substraté sﬁch as a wafer.

. wWith increasing degree of integration of a
semniconducter device, exposure apparaluses using
sfnchrotron radiation X-rays (SR X—rays) have been
déveloped_which apparatuses are able to transfer and
print a fine pattern, of a minimum linewidth 1)4
micron, for manufacture of a DRAM of 100 megabits or
more. The practicalization of such exposure apparatus

has been advanced largely by improvements in an

exposure system of the type that the SR-X xay beam of

e
L,

a sheet-beam shape emitted fram an Synchrotron Orbital
Radiation (SOR) ring is diverged by a convex mirror in
a direction perpendicular to the orbit _plane of the

SOR ring.

SUMMARY OF THE INVENTION

In such SR-X ray exposure apparatus, uniform
X-ray exposure amount has to be kept upon the surface
of a substrate being exposed. However, there is a

tendency that the strength of SR-X rays at the



of the lower table 601 and the "x" adjustnent of the main frame 401 usi ng

the feed screw 503, the beam connecting bellows 1l1la and [:E
to the SR X-ray beam ducts (not shown). In this state, t { hgﬂﬁ%§ﬁ¥”§HﬁiT

adj ustment using the legs 603 of the lower table is carrijed out again, td
thereby set the reflection surface of the mrror 101 at replqt @Y 1997
refl ection angle. Thereafter, the SR X-rays are | ntroduced into
t he vacuum chanber 105 and, by using tlpe detector unit 80, ~tteTorariona
adjustnent of the lower table 501 wusing the wy driving nofor 602 as wel |

n e m—————

as the rotational adjustnment of the reference frame 301 using the wz .-
driving notor 304 are carried out. Finally, any positional deviation of
the mrror redmission point ave the (SOR wing athemEAtian withidtimd 2d by
Hstng: This necessitates continnous monitoring of X-ray
strength during the X-ray exposure operation as well
as controlling the moving speed of an exposufe
controlling shutter device, adjacent to the substrate,
fin response to the change in the X-ray strength.
Also, it is necessary_to preciéely control
the relative position and the attitude (tilt and
rotation) of the mirror relative to the sheet-beam
like X-ray beam from the SOR ring. More particularly.
where the direction of advancement of the sheet-beam
like SR-X ray beam is taken in a z-azis direction, the
thickness thereof is taken in a y-éxis direction and
the width thereof is taken in an x-axis direction, it
is necaséary fo position, very precisely, the
reflection surface of the mirror in the three axial .
directions (x, y and %) as well as rotational
directions (wx, wy and wz) about the Lhree axial
directions,'resﬁectively.
It. is an ohject of the present invention to
provide an improved expasure apparatus that assures
more precise pattern printing operation. .
Tt is ancother objeét of the present invention
to provide a semiconductor device manufacturing method
based on such an exposure apparatus as above.

These and other objects, features and

advantages of the present invention will become more



the X-ray position sensor 112, and the y-axis driving notor 110 is

actuated to execute the "y" adjustnent of the mrror supporg—386—iH
mrror support 106 is then fixed to the tilt plate 201. REPLACHMENI SHEET

conpletion of such initial positioning. the detector unit 801 TS denounied
and the exposure operation is started. If the ref| ecté Fegﬁgye
of the mrror is danmaged seriously by the X-ray exposure, tjhe nz?por i
repl acenent may be affect ed. -Rar such mrror repla#c At—thre

mrror 101

apparent upon a consideration of the following
description of the preferred embodiments af the present
invention taken in conjunction with the accompanying

drawings.

"BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic view of the genearal
arrangement of a SOR exposure apparatus according to
an embodimént of the present invention.

Figure 2 is a perspective view of a mirror
unit according to a first embodiment of the présent
iﬁvention.

Figure 3 is 2 side view of the mirror unit of
the first embodiment.

figﬁre 4 is a fragmentary and side view of
the mirror unit.

Figuré 3 is a fragmentary and sectional view
of the mirror unit.

. Figure 6 is a block diaggﬁp.of a control
circuit. . .

Figure 7 is a perspective view of.a mirror
unit according to a second embodiment of the present
invention.

Figure 8 is a side vie& of the mirror unit of
the seéond embodiment.

Figure 9 is a fragmentarcy view of the mirror



- 26- I's replaced together with the mrror holder 102. After this, the

tilt of the tilt plate 201 is adjusted by neans of the "wx{]j

M)

adjusting screws 204 while the running direction of the dete

LAURMENT SHEET

and the mrror reflection surface are adjusted on the basip pf_neasuring

t he anobunt of "wz" adjustnment through the displacenent sensof
detector unit 801 being nounted. Next, the shuttler

2it IFER4997
unit S

provided in the apparatus of the presggt enbodi ment as welfl as the

cool i ng wat er supplying system and thé“vacuum evacuation skyst

emwill be

expl ai ned. As illustrated in Figures 13A and 13B, the shutter -

unit S has a plate-like main nmenber 903 which

Figure 10 is a fragmentary view of the mirrxor

Figures 11A and 11B are schematic views,

respectively, of a portion of the mirror unit.

Fiqure 12 is a schematic view of a portion of

=%he mirror unit.
Figures 13A and 13B are schematic views,
respectively. each showing a portion of the mirror

unit.

Figure 14 is a diagrammatic view of a cooling

water flow system.

Figure 15 is a diagrammatic view of a vacuum

evacuation system.

Figure 16 is a block diagram of a pressure

controlling circuit.

_Figure 17 is a perspective view of a mirror’

unit according-to a third embodiment of the present

invention.

Figure 18 is a side view of the mirror unit

of the third embodiment.

Figure 19 is a fragmentary and side view of

the mirror unit.

Figure 20 is a fragmentary and sectional view

of the mirror unit.

Figure 21 is a schematic view of a portion of

the mirror unit.

Figure 22 is a fragmentary and sectional view



conprises a pair of plate-like nmenbers 90la and 901b conn:ﬁERLgﬁE'ﬂ
902 to each other. The plate-like nenbers 90la and 901b d N
bet ween their

SHEET

adj oi ni ng surfaces by which groove a cooling gi pe 904

S

hel d. The cooling pipe 904 is disposed along the periphery df Z heFERi 1997

menber 903. At the center of the upper portion of the nai lenber 903,

t hy

—~6D

cooling pipe is bent upwardly and is inserted into a hol | gw —SUpportTTy
mai n menber 903 has a rectangul ar openi ng 90¢, adjoi ning |ts

rod 905. The
| ower edge.

detection by
t hrough this

-During the X-ray exposure §perat|on or upon the X-ray

the detector unit 801, the sheet-beam I|ike SR X-rays pass

openi ng. At the
of the mirror unit.

Fiqure 23 is a fragmentary and sectional view
of the mirror unit. |

Figures 24A and 24B are fragmentary views,
respectively. of the mirr;r unit.

Figure 25 is a sﬁhemétic view of a portion of
the mirror unit.

Figure 26 is a schematic view for explaining
the position control of the ﬁirrgr. ]

Figure 27 is a block diagram of a control
circuit.

Figure 28 is a perspective view of a mirror
unit according to a fourth embodiment of the present
invention.

Figure 29 is a side view of the mirror unit
of the fourth embodiment.

Figure 30 is a fragmentary and side view of
the mirxor unit of the fourth embodimgnt.

Figures 31A and 31B are fragmentary views of
the mirror unit.

Figures 32A - 32D are schematic views for
explaihing the structure of flange means.

Figure 33 is a perspective view of a mirror
unit according to a fifth embodiment of the present

invention.

Figures 34A and 34B are fragmentary views of

the mirror unit.




-27- upper and | ower ends, the supporting rod 905 seal i ngl yjnbstgh
hol ds the cooling pipe 904. The supporting rod 905 can be noye] t

| ongi tudi nal axis by neans of a pinion rack nmechani sm 907a i n%is

driven by a notor 907 supported by the top wall of the vacuymjc Hb@fﬁhﬁﬂ?
The cl earance between the supporting rod 905 and the openin vacuum
chanber 105 is sealed by a bellows 908. Imediately after c¢npletion of
the X-ray exposure operation or the X.gay detecting operation,

907 is actuated to nove the mai m nenber 903 down to bl ock the SR X-rays,
wher eby danage of the mrror is reduced. .

22

Figures 35 and 36 each is a fragmentary and
sectional view of the mirror unit.

Figure 37 is a schematic and diagrammatic
view of the general arrangement of a sixth embodiment
of the present invention.. |

Figure 38 is a schematic view of a portion of
the sixth embodiment 6f the present-invention.

Figure 39 is a flow chart of semiconductor
device maﬂufacturing processés.- ’

Figure 40 is a fiow chart of a wafer process.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Figure 1 showing the general
arrangement of a semiconductor manufacturing SOR
exposure apparatus., a SOR ring 91 for generating
synchrqtron radiationilight.is disposed in a SOR ring
chamber encircled by a hexagonal radiation shield wall
92. Six beam ducts 93 are provided so as to extract
the radiation light out of the SOR ring chamber toward
an expoéure chamber. ‘Around the Ttadiation shield
cﬁamber 92, there are six X-ray mirror unit 94 and six
exposure apparatuses 95, corresponding to the six beam
ducts. Each beam duct guides an SR X-ray beém of
sheet bheam shape which is thén expanded byl a
corresponding mirxror unit 94 including an X-ray
reflection mirror, whereby the beam is shaped into a

desired beam shape. The thus shaped beam is directed



The cooling water supplying systemis such as shown in Figure
cooling water, constant tenperature water which is tenperaturé¢
to 23 [err]Cis used. To each of the three systens of the m
the detector unit and shutter unit, and the y-axis driving sy$
I's provided a set of a stop valve V1, a flowrate controlling
a flowneter F by which the flow of optimumflow rate 1is assu
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The vacuum evacuation systemis such as+ghown in Figure 15.
vacuum chanber 105, there are provided a non-vacuum deposition
punmp (NEG punp) and an ion punp for attaining a pressure not

10[err] (Torr). Also, as shown in Figure 1, a view port 909 is
the center of tdhe hmizmssponding exposure apparatus 95. In that

type getter
hi gher than
fornmed at

exposure apparatus 95, the introduced SR X-rays are

used 3as an exposure energy for transferring and

printing a pattern «of a mask onto a wafer.

Figure 2 is a partially broken perspective

view showing details of the mirror unit of this

’embodiment, and Figure 3 is a side view thereof
wherein a detector unit and a shutter unit are
demounted;

.Convex mirror 101 having a facing-down

reflection surface defined by a partial cylindrical

surféce, is held by a.mirror holder 102 which is

-mountably and demountahly fixed to a holder supporting

plate 103. The plate 103 is fixed to a lower.end

mirror supporting rod (coupling means) 104 which

of a

‘extends through an opening of a vacuum chamber 105 and

is connected to a mirror support 106 disposed above

the chamber 105. Shutter unit S disposed adjacent to

an end of the mirror 101 has its driving means

supported by an upper Qall of the vacuum chamber 105.

Bellows 107 is disposed between a peripheral portion

of the opening of the vacuum chamber 105 and a flange

portion of the mirror supporting rod 104. The rod 104

is tiltable and is movable, upwardiy and downwardly.

without damaging the vacuum ambience (e.g.l about 107

- 10”10 (Torr)) within the vacuum chamber 10S.

Namely, the clearance between the mirror support 104



- 28- surface of the vacuum chanber 105, for allow ng dire:BEPﬁk@EﬂEﬂfiSHEET'
of the mrror 101 when the SR X-rays are introduced. For di}|efT -
measurenent of the attitude of the mrror 101, an autocoIIiTa.og fgﬂﬂﬁ%%V
nount ed. To the right side of the vacuum chamber 1p5 S

fromthe SOR ring, a primary vacuum applying systemis connpcted—Mre |
particularly, a turbo nolecular punp TMP and a rotary punp RP are '
connected fo this side. A Pirani gauggst i s interposed bet Ween

and the opening of the vacuum chamber 105 is sealed by
the bellows 107.

The vacuum chamber 105.is provided with beam
connection bellows 1l1lla and 1llb at'its opposite
sides, and these bellows are coupled to SR X-ray ducts
=(not shown), respectively, so as to introduce into the
vacuum chamber the éR X~-rays, emitted from the SOR
ring to the irxradiation chamber. _

| An end of the holder supporting plate 103
holds an X~ray position sensor (X-ray position
detecting'means) 112 which serves to detect any
relative displacement of the SR X-ray beam, introduceﬁ
from the beam connecting be;lows 111a into the vacuum

 chamber 165,lre1ative to the mirror 101 and in the y-
axis direction.

'Thelmirror support 106 can be moved
reciprocally in a direction (y-axis direction)
perpendicular to the reflection surface of the mirror
101 by means-of a combination of a ball nut and a
ball scfew which is driven by a y-axis driving motor
(&riving means) 110. Tilt plate 201 is integrally
fized to a housing 202 which supports the mirror
suppdrt 106 rectilinearly movably in thé y-axis
direction thraugh the cooperation with a y-axis
rectilinear guide (guide means) 203. The tilt plate
201 is fixed to a flat reference frame 301 by means of

three "wx" and "wz" adjusting screws 204, such that




the turbo nol ecul ar punp and the rotary punp. On the opposite side, an ion
gauge EG and a vacuum potentioneter OG can be nounted. e
si de, | eakage piping neans is connected. The connection |9‘§5?&$§Fﬁ <

a port, a stop valve, a filter, a safety valve, a three- watve e
nitrogen and air. The filter serves to prevent contam nat oi] %

I nsi de of the vacuum chanber due to inpurities contained i _hg It @gﬁ
or air. The safety valve serves to prevent a pressure incr '

vacuum chanber beyond the atnospheri c9pressure. n electric
system for controlling the driving notors and the punps i skaccommodared™Tn
a rack. At least the attitude controlling systemis denountably nounted,
and Loe hos Yl dirddHAdH A anf3l B EAR'W30PRePYNOWRIE GRGLEC! - BY

201 relative to the reference frame 301 can be

adjusted by the "wx" and "wz" adjusting screws 204.
The reference frame 301 is supported py a

pair of bearing devices 302 disposed at the opposite

‘ands thereof, rotatably around a iongitudinal axis (z
axis) of the mirror i01. Each bearing device 302 is
- fixed to a centrai part of an L-shaped rod 303 having
its opposite ends mesh engaged to the top of a
skeleton type main frame 401.

The rotating angle of the reference frame 301
arcund the z axis can be adjusted by a cam mechanism
which is driven by a wz driving motor 304. After such
rotation adjustment, a locking screw 305 is fastened
whereby the reference frame.361 is fixed relative to
the meiﬁ frame 401. Detectof unit D is mpuntably and
&émountably provided in the forward end.portion, along
the z-axis direction, of the bottom surface of the
reference frame 301.

The main frame 401 serves to support the
bottom of the vacuum chamber 105 through the
cooperation with a pair of L-shaped members 402. Each
member 402 is made of a material having small rigidity
and it serves to absorb deformation of the wvacuum
chamber 105 when its inside pressure is decreased from
a normal pressure to a vacuum ambience pressure (e.g.

about 10~7 - 10-010 (Torr)) to thereby prevent



operating neans outside a radiation shield wall and by handll
operati ng neans di sposed outside the radi ati ol

peplf

is possible to avoid exposure of an operator to the SR X-ray rhdi ati on.
For connection to the SOR ring or for prevention of contaninpatjod PFRD @I

mrror by the SR X- rays, it is necessary to maintain ultra-

gh vacuum

CVENT SHEET

W thin the vacuum chanber. To this end, at the tinme of startjng practrtat

use of the apparatus, a baking

-10-

distortion of the main frame 401.

As illustrated in Figure 3, the vacuum
.chamber 105 is held within the main frame 401 by means
of the L-shaped members 402 fixed to the bottém of the
main frame 401. On the other haﬂd, the mirror 101 is
_ :supported by a mirror attitude adjusting means
.comprising the tilt plate 201 and the reference frame
301, supported at the top of the main frame, through
the mirror supporting rod 104 and the mirror support
106.

Next, a supporting table structure B for
supporting the main frame 401 will be explained. The
supporting tablé structure B comprises an upper table
S01 of flat fFame shape and a lo§§r table 601 of
skeleton frame shape. The main frame 401 is movable
reciprocally.in the transverse direction (x-axis
direction) of the mirror 101, along a pair of x-guide
rails 502a and 562b provided on.the upper table 501. |
The movement of the main frame 401 in the x-axis
directiaon is provided by manually roéating an x-axis
_feeding screw 503 mounted on the upper-fable 501. |

The upper table 501 is supported on the lower
table 601 rotatably around its vertical central axis
(y axisj. The rotating angle around the y axis can be
adjusted by a cam mechanism which is driven by a wy
driving motor means 602 which is a third driving means

having a driving motor as a drive source. The lower



operation may be required. If a heating neans is nounted to
wal | of the vacuum chanber 105 and the vacuum chanber is hed
heating neans, there is a possibility of causing damage of

not resistive to heat, as the ball screw portion of the y-a

[ SN St dasrrnsr.
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system for exanple. In consideration of this, at the tinmeot-the-hakin
operation, the cooling water may be flown through the passageways in-the
mrror y-axis driving systemand the shutter driving system
protect the driving neans. -Ithe SR X-rays are introduced into

t he vacuum chanber during the nornmal operation, and there is a
possibility that any gas absorbed in a netal or the surface of the mrror

s exci ted and gl egspthde 18 W0 b8 LBBUAHY AR Le dsdile SR XTays

can be adjusted to adjust the direction and the angle

of tilt of the lower table, i.e., the tilt of the

supporting table structure B and the main frame 401

relative to the fioor surface. Ion pump 701 and NEG
éump 702 are disposed in the inside of the supporting
‘table structure B (comprising the upper and lower

. tables 501 and 601) and just below the vacuum chamber
105.

The initial positioning qf the mirroi'is
executed by adjusting the tilt plate 201 and the
reference frame 301 of the above-described mirror

"attitude_adjusting device A, the main-frame 401 and
the upper and lower tables 501 énd 601 of the
supporting table struéture B in the manner_described
hereinbefare. |

-If the relative position of the SR X-ray beém
and the reflection surface of the mirror 101 chanées
during the exposure opervation due to vibration, a
change in temperature of fluctuation of SR X-ray beam
itself, the locking device of the mirror support 106

is released and the y-axis driving motor 110 is driven

in response to aﬁ output of the X-ray position senmsor

112 to thereby move the mirror 101 in the y-axis

direction. After reinoving the non-uniformness of

illumination in the_exposure region on a wafer in this

maaner, the mirror support 106 is locked again by the



I mpi nge on the mrror when the vacuumlevel is low, contam
occur. Also, the decrease in vacuum |evel has an adverse eff
| ight source. 1In order to prevent this, tw gate val ves prov
- 30- the front and rear beam ports, comrunicated with the
chanber, are automatically closed when the vacuumlevel in the] vacuum
chanber becones lower than 10[err] (Torr) (Figure 16). Mre ppecitically,
t he .

-12-

locking device. The control circuit provided for such
mirror position control is such as shown in Figure 6.
If-the relative position of the SR X-ray beam and the
reflection surface of the mirror is not stable, the
locking mechanism may be Qormally released to allow
=that the mirror 101 is controllably displaced to a
‘suitable position in response to the output of the X-
ray position sensor 112.

Next, the mirror support will be explained in
greater detail.

As illustrated in Figures 4 and 5, the y-axis
driving motor has its rotational shaft coupled to a
ball screw 1002 through a coupling 1001. The ball
screw 1002 is, at its opposite end portions, rotatably
supported by a radial bear;ng 10033 and a thrust
bearing 1003b which are integral with the housing 202.

" The bali screw iGOZ has a screw portion

formed at its center which is meéh engaged with a-ﬁall
nut 1004 formed at'the-cent:al rod-like portion of ﬁhe
mirror support 106. In réspogse_;o actuation of the
y—-axis motor 110, the ball screw 1002 rotates to move
the ball nut 1004 upwardly or downwardiy. This causes
the mirror support 106, integra1 with the ball nut
1004, aloﬁg the y-axis direction. The housing 202 is
fixed to the tilt plate 201 by means of four
Eonnecting plates 1005, and the fine adjustment in the

wx and wz directions can be effected by this tilt




vacuum | evel is neasured by means of a vacuum gauge nounted to the vacuum
chanber, and the neasured value is continuously transm ttedpt . ral

processing wunit CPU. If the vacuum | evel becones | ower than RERLA Eﬁggg
10[err], the CPU supplies an instruction signal to actuator e .
1 and 2 to close them In this manner, the inside of the vac uragh?.g&e{gis
I solated fromthe beamline, and simnultaneously the i nping f 37
X-rays to the mirror is stopped. By this, the gas rel ease fir

the mrror

can be prevented and contam nation cantdre avoi ded.

Wth the
arrangenent of the present enbodi nent as descri bed above, : '

the reflection surface of the mrror relative to the path of the SR X-ray N

beam can be 981 4ed ooyl | And YPUdid Mecds13deSli i 203 WienTher efore, i
serves as the guide means for rectilinearly movably
supporting the mirror support 106, comprises four v-
axis rectilinear guides 203 which are disposed between
the housing 202 and the oﬁéosite ends of the central

o :rod—like portion of the mirror support 106. Each y-
axis rectilinear guide 203 has sufficient rigidity
such that. when the mirror support 106 moves in thé Y-
axis direction with the ball nut 1004 in response to
rotation of the ball screw 1002, side movement is
prohibited and precise positioning is aséured.

Thére is proyided a locking device for
locking the mirror supéort 106 relative to the tilt
plate 201 in response to setting a fresh y-axis
position of fhe mirror support 106 through thé drive
of the y-axis driving mﬁtor 110. This locking device
comprises a.rod claﬁp 1007, a locking rod 1008, a rod
support 1009 and a locking bolt 1010. After the
mirror support 106 is movéd to a fresh y-azis
position, the lockinglbolt 1010 is fastened to lock
the mirror support at fhat position.

Additionally, there is provided cooling means
for preventing degradation of dimeﬁsional precision

" due to heat generation in the y-axis driving motor.
This cooling means comprises a cooling medium flow
passageway 1011 disposed adjacent to the sliding shaft

portion of the mirror support 106 and a cooling medium



adjust the mrror attitude very easily and very precisefy Al so, the

structure can be nade sinple and small in size, leading t -
cost . Next, anot her enbodi nent of the present iiﬁFgggﬁﬂmgﬂTl

expl ai ned. The general arrangement of this enbodiment is bifilar to that
illustrated in Figure 1. 2-BFEB 1997
Figure 17 is a partially broken perspectlve vi ew showi ng details of the
mrror unit of this 14—

flow passageway 1012 provided to the y-axis
rectilinear guides 203 of the housing. By means of
the cooling medium supplied from a cooling water pipe
1013, any temperature rise in the mirror support 106,
the y-axis rectilinear guides 203 and the housing 202
:can be prevented. '

The cooling means may be used also as means
for preventing thermal damage of the y-axis
rectilinear guide 203 and the structural portion
around it during the baking proéess in a case where
‘'such a baking process is required so as to impro%e the
vacuum level of the vacuum chamber prior to execution
sf the exposure oéeration.

The mirror supporting rod 104 held by the
mirror support 106 is inserted into the vacuum chamber
105 through the opening where the bellows 107 is
provided. The holder supporting plate 103 for
mbuntab%y and éémountably bholding thelmirror holder
102, is fixed to the lower end of the mirror
supporting rod 104. Disposed at the uppér end of the
mirror support 106 is a counter bellows 108 which is
provided between it and the top plate 109, coupled
integrally with the vacﬁum chamber 105 by a partition
‘wall 105a. The counter bellows 108 has the same
diameter or cross-sectional area as the bellows 107.
The inside pressure of the counter belldws 108 is

reduced to a-vacuum ;evel by means of a vacuum pipe



enbodi ment, and Figure 18 is a side view thereof wherein
and a shutter unit are denounted. The sane reference nu

of- Figures 2 and 3 are assigned to correspondi ng el enent
Convex mirror 101 having a facing-down reflection surfacs
partial cylindrical surface, is held by a mrror holder

plate 103 is fixed to a | ower end of a_ irror supporting o _
means) 104 which extends through an oﬂéhlng of a vacuun1chanber 105 and
I's connected to a mrror support 106 di sposed above the chanber 105.
Shutter unit S disposed adjacent to an end of the mrror 101 has its

driving nmeansyo8aPPRhbLebPYaRy prESSullinpdlahide @F beMappaTRE £405.
the mirror support 106 can be removed such that any
degradation of precision of the y-axis position due to
?a change in atmaspheric pfessnre ¢can be prevented.
Also, it has an advantage:of reducing the driving
=force of the y-axis driving motor 110.

With the arrangement described hereinhefoie.
any deviation of the relative position of the
reflection surface of the mifror and the path of the
X-rays during the ezposure operation due to wvibration,
a change in temperature or fluctuation of SR X-rays,
can be detected and compensated. Thus, it is possible
to prevent non-uniformness in illuminance and thus to
assure unifofg_exposure of the surface of a substrafe.

Next, a second embodiment of the present
invention will be explained. The general structure of
this embodiment is like that of the first embodiment.
' Figure 7 is a partially broken perspecfiQe
view showing details of the mirror unit of this
embodiment, and Figure 8 is a side view thereof
wherein a detector unit and a shutter unit are’
demounted. The same reference numeralé.as of those of
Figures 2 and 3 are assigned to corresponding
elements. '

Convex mirror 101 having a facing-down
reflection surface defined by a partial cylindrical

surface, is held by a mirror holder 102 which is



Bel | ows 107 is disposed between a peripheral portion of the_g !
vacuum chanber 105 and a flange portion of the mrror suppREAL]
The rod 104. is tiltable and is novable, upwardly and downjape
damagi ng t he vacuum anbi ence within the vacuum chanber 105 ,.ge
cl earance between the mrror support 104 and the opening of t§h

chanber 105 1is sealed by the bellows 107. The vaquum.c

is provided with beam 6= 132-

mountably and demouhtably fixed to a holder supporting
plate 103. The plate 103 is fixed to a lower end of a
mirror supporting rod (coupling means) 104 which
extends through an opening of a vacuum chamber 105 agd
is connected to a mirror support 106 disposed above

_céhe chamber 105. Shutter unit S disposed adjacent to
‘an end of the mirror 101 has its driving means
supported by an upper wall of the vacuum chamber 105:
Bellows 107 is disposed betwéen a peripheral portion
of the opening of the vacuum chamber 105 and a flange
éortion of the mirror supporting rod 104. The rod 104
is tiltable and is movable, upwardly and downwardly,
without damaging the ultra-high vacuum ambiernice within
the vacuum chamber 105. Namely, the clearance between
the mirror support 104 and the opening of the vacuum

' chamber 105 is sealed by the bellows 107.

The vacuum chamber 105 is providéd with beam
connection bellows lila and 111lb at its opposite
sides, and these bellow§ are coupled to SR X-ray ducts

" {not shown), respectively, so as to introduce into the
vacuum chambér the SR X-rays., emitted from the SOR
ring to the irradiation chémber.

Counter bellows 108 has its lowef end fixed
to the upper portion of the mirror support -'106. The
upper end of the counter bellows 108 is fixed to the
bottom surface of the top plate 109 which.is

integrally coupled to the vacuum chamber 105 through a



connection bellows 11l1a and 111b at its opposite sides,
are coupled to SR X-ray ducts (not shown), respectively,
i ntroduce into the vacuum chanber the SR X-rays. emttedq
ring to the irradiati on chanber. ' Count er bel | oW
| ower end fixed to the upper portion of the mrror suppoyt|l
end of the counter bellows 108 is fixed to the bottom sulf&c
plate 109 which is integrally coupled tP

wal | plate 105a (Figure 19). The inside %bace of the coynter
I's reduced to a vacuum |l evel by neans of a vacuum pi pe 108a-w
comuni cated with a vacuum source. The mrror support 106 can-be

moved wall plate 105a. The inside space of the counter
bellows 108 is reduced to a vacuum level by means of a
vacuum pipe 108a which is communicated with a vacuum
source. |
The mirror suppdrt 106 can ﬁe.moved
reciprocally in a direction (y-axis direction)
perpendicular to the reflection surface of the mirror
101 by means of alcombination of a ball nut and a ball
screw (not shown) which is driven'by a"y-axis driving
motor 110. Tilt plate 201 is iﬁéég&ally fizxed to a
housing 202 which supports the mirror support'los
rectilinearly movably in the y-axis direction through
the cooﬁeration with a i—axis rectilinear guide 203
- having a coouling medium flow passageway. The tilt
plate 201 is fixed to a flat reference frame 301 by
means of thfée "wx" and "wz® adjusting screws 204, .
éuch that the direction and angle of the tilt of the
tilt plate 201 relative to the reference frame 301 can
be adjusted finely by the "wx" and "wz" adjusting
scre@s 204..
The reference frame 301 is supported by a

- pair of bearing devices 202 disposed at the opposite
ends thereof, rotatably around a longitudinal axié {z
axis) of the mirror 10l. Each bearing device 302 is
fixed to a central part of an L-shaped rod 303 having
its opposite ends mesh engaged to the top of a

skeleton type main frame 401.



reciprocally in a direction (y-axis direction) perpendicu
“reflection surface of the mirror 101 by nmeans of a conbina REBL B
screw 1002, driven by a y-axis driving notor 110 (first driving neans
having a driving notor as a drive source), and a ball nut 10 4# i‘xggatﬁg'i
the housing 202. Tilt plate 201 is integrally fixed to a hquging 202 which
supports the mrror support 106 rectilinearly novably in the '
di rection through the cooperation mﬁthl _y-axis rectilinear
The tilt plate 201 is fixed to a flat reference frane 301 b
three "wx and wz" adjusting screws 204, such that the

The rotating angle of the reference frame 301
around the z axis can be adjusted by a cam mechanism
which is driven by a wz driving motor (first driving
means) 304. After such rotation adfustment, a locking
screw 305 is fastened whereby the reference frame 301
‘is fixed relative to the main framé 401. Detector
"unit 801 is mountably and demountably provided in the
forward end portion, along the z-axis direction, of
the bottom surface of the reference frame 301.

The main frame 401 serves to support the

' 5ottom of the vacuum chamber 105 through the
cooperation with a pair of L-shaped members 402. Each
member 402 is made of a material.having small rigidity
and it serves fo absorb deformation of the vacuum
chamber 105 wﬁen its inside pressure is decreased from
a normal pressure to a ultra-high vacuum ambience
pressure to thereby prevent distortion of the main
frame 401. |

As illustrated in Figqure 8, the vacuum
chamber 105 is held wifhin the main frame 401 by mé;ns
of the L-shaped members 402 fixed to the bottom of the
main frame 401. On the other hand, the mirror 101 is
supported by a mirror-supporting dévice {(mirror
supporting means) A comprising the tilt plate 201 énd
the reference frame 301, supported at the tap of the
main frame, through the'mirror supporting rod 104.

Thus, the vacuum chamber 105 and the mirror



- 33- direction and angle of the tilt of the tilt plate'201 I el at-i-e
the reference frane 301 can be adjusted finely by the "wx REPLM@HMENT
adj usting screws 204. S

The reference frane 301 is

pair of bearing devices 302 disposed at the opposite ends|thergeof

rotatably around a longitudinal axis (z axis) of the mrr
bearing device 302 is fixed to a central part of an L-shape
having its opposite ends nmesh engaged

frane 401.

134,

The rotating angTbébf the reference fr

d By a
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o the top of a skeg eton type main
~38t—around

the z axis can be adjusted by a cam nmechanism which is driven by a wz
driving notor 304 (second

supporting device A are coupled to the main frame
through sepafate coupling members, respectively. As a
result, it is possible to execute the y-axis position
adjustment (y-axis adjustment) through of the mirror

101 the mirror support 106, the rotational adjustment

_=sz adjustment) around the z axis through the

‘reference frame 301 and the tilt adjustment (wx and wy

adjustment} through the tilt plate 201, very precisely
without being affected by the weight or deformation of
the vacuum chamber 105. Also, the transmitting

portions of these adjusting mechanisms can be made

simple and small in size.

Next, a supporting table structure B for
supporting the main frame 401 will be explained. Thé
supporting table structure B Comprises an upper table
501 of flat frame shape and a lower table 601 of
skeleton frame sﬁape.' The main frame 401 is movable
reciprocally in the transverée direction (x-axis
direction) of the mirror 101, slong 3 pair of x-guide
rails 502a and 502b provided on the upper table S0l.
The movement of the main frame 401 in the x-axis
direction is provided by manually rotating an x-axis
feééing screw 503 mounted on the upper table 501.

The upper table 501 is supported on the lower

‘table 601 rotatably around its vertical central axis

(y axis). The rotating angle around the y axis can be

adjusted by a cam mechanism which is driven by a wy

SHEET
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driving neans having a driving notor as a drive source. .A R&PLAGENENT SHEET‘

-

rotation adjustnment, a locking screw 305 is fastened wher the referenc
frane 301 is fixed relative to the nain frame 401. Detect upiqt FEB 1997
nount abl y and denountably provided in the forward end port§ oh, along t he
z-axis direction, of the bottomsurface of the reference fta
The main frame 401 serves to support the bottomof the vac un1chanb
through the cooperation with a pair of é shaped nmenbers (cOUpTing nmeans)
402. Each nember 402 is made of a rmaterfar having small rigidity and it

serves to absorb deformation of the vacuum chanber 105 when its inside.-
pressure is decreased froma normal pressure to a )

driving motor means (second driving means) 602. The

s e e AT

lower table 601 has legs 603, the length of each of
which can be adjusted to adjust the direction and the
angle of tilt of the lower table, i.e., the tilt of
the supporting table structure B and the main frame
401 relative to the floor surface. Ion pump 701 and
"NEG pump 702 are disposed in the inside of the
supporting table structure B (comprisipg the upper and
lower tablés,SOl and 601) and just below the vacuum
chamber 105.
| Through the adjustment of the supporting
table structure B in the manner described above. with
respect to the vacuum chambér 105 and the mirrox
supporting device A held by the main frame 401 it is
possible fo execute the adjustment of tilt relgtive to
the floor surféce, the adjustﬁent of rotational angle
around the y axis (wy adjustment) and the adjustment
.of x-axis position (x-axis adjﬁstment}, very
precisély. Alsg, the thus adjusted posiéion and -
altitude (rotational angle, direction and angle of
tilt) can be maintained stably.
Next, the detector unit will be explained in
detall.
As illustrated in Figure S. the detector unit
801 comprises a parallelogram frame {(to be described
later) and a detector table 802. The detector table

802 is fixed to a table supporting rod 803 which is



- 34- vacuum anbi ence pressure (e.g. about 10[err] - 10[ ert}—Fe+tT) 'E £T '
t hereby prevent distortion of the main frame 401. REPLAGEM&%# e é

in Figure 18, the vacuum chanber 105 is held within the naijn

means of the L-shaped nenbers 402 fixed to the bottom of tRe gaFB

401. On the other hand, the mrror 101 is supported by a mjrrior éusg

device A conprising the tilt plate 201 and the reference fr

supported at the top of the main frane,zahrough the mrror upporting rod

104.

inserted into the vacuum chamber 105 through an
opening formed in the side wall of the vacuum chamber
105. The table supporting rod 803 extends thfough the
vacuum chamber 105 and its opposite ends are connected
to tne 1ower ends of hold1ng rods 804, respectively.

;The upper ends of these holding rods 804 are connected
to the opposite ends of a supporting arm 805 which
extends laterally above the vacuum chamber and in
parallel to the table support1ng rod 803. Thus, the
table supporting rod 803, the holding rods 804 and the
supporting arm 805 provide the parallelogram frame.
The supporting arm 805 is inteﬁrally-fixed to a ball
nut supporting member 806. 'Thé supporting.meqber 806
holds a ball nut.mesﬁ engaéed with a ball screw 807,
and it is slidable'aiong a guide rail 809, provided
inﬁegrally with the reference frame 301, in a
directibn (x axis} transverse to the path of SR X-
rays.

In response to actuation of an x-axis driving
motor (third driving means) 810 supported by the
reference frame 301. the Suppofting arm 805 moves
along the guide rail 809 in the x-axis direction
together with the table supporting rod 803 extending
through the wvacuum chamber-los. On the detector table
802, an X-ray detector 811 or a displacemeﬁt sensor
812 (Figure 12) is mounted demountably. The clearance

between the supporting arm 805 and the opening in the



Thus, the vacuum chanber 105 and the mrror supporting device A.aLe

coupled to the main franme through separate coupling nenbers, ﬁgppﬁ@EN@ﬁFthF?
As a result, it is possible to execute the y-axis position

(y-axis adjustnent) through of the mrror 101 the mrror suppogt 1 bqg 7.,
rotational adjustment (wz adjustnent) around the z axis throdg FE 9
reference frame 301 and the tilt adjustnent (wx and wy adjus nt) through
the tilt plate 201, very precisely mnthout bei ng affected byjthe weight or
deformati on of the vacuum chanber 10572#4rso, the transmttin
t hese adj usting nmechani sns can be nmade sinple and small in size.

Any i nbal ance of pressure between the mirror support 106 and the mrror’

101.di sposed pal NGaY 3CHEMen&"IURGhn ORadBl oS I A A &Y 4Pt 31 NI Ng the

sane

detector bellows 813a and 813b. Also, a cooling
medivm flow passageway 803a is provided within the
table supporting rod 803.

For the 'ﬁy“ and'“wz' adjustment while the x-

-ray detector (X-ray detecting means) 811 is mounted on

" the detector table 802, a pair of slit edge members
8142 and 814b (Figure 10) which are detection
assistancé members are used. Each of these slit edge
members comprises a plate-like maiﬁ member 8001, a
left and right slit members 8002 and 8003 fixed to the.
lower end of the main member 8001, and an interstitial
member 8004 disposed between the left and right slit
members. By the interstitial member 8004, the
clearance L between the left and right slit membefs is
determined. The lower edges 8002a and 8003a of the- -
left and right slit member; 8002 and 8003 have been
subjected to high-precision finishing treatment.

Next, the manner of "wy” adjustment using the
X-ray detector 811 and the slit edge members 814a and
814b will be explained.

Initially, the mirror holder 102.for holding
the mirror 101 is demounted from the holider supporting
plate 103, and then the slit edge members 8l4a and
814b are mounted to the front and rear ends of the
holder supporting plate 103, respectively, by using

bolts. Thereafter, the x-axis driving motor 810 is



- 35- vacuum |l evel within the counter bell ows 108 and, trﬁﬁ.kéﬁgyﬁﬁﬂé§ﬂ§ET '

power of the y-axis driving notor 110 and the wz driving nytqr 304 _can b
reduced. Next, a supporting table structure B for uﬁbdrFEBgmﬁ e
main frame 401 will be explained. The supporting table strdctiure B
conprises an upper table 501 of flat frane shape and a | owgr table 601 of
skel eton frane shape. The main frane 401 is novable reciprdcally in.the .

transverse direction (x-axis )
: ~23-

actuated to stop the detector tahle 802, carrying
thereon the X-ray detector 811, on a straight line
connecting the slits of the slit edge members 814a and
814b (Figure 11A). Then, the pressure of the vacuum
chamber 105 is reduced and SR X—raysla:e introduced.
.'%he wy driving motor 602 is actuated to rotate the
‘upper table 501, and the wy driving motor 602 is
stopped when tﬁe output of the X-ray detector €11
becomes hiéhest. . )
The "wz® adjustment may be effected as
follows.
As illustrated in Figure 11B, the y-axis
driving motor 110 is actuated to move upwardly the
-s1il edge members 8142 and 814b held by the holder
supporting plaﬁe-103. They are stopped at such
position that the upper haif of the light receiving "
surface of the X-ray detector 811 is blécke¢ byftne
slit edge members 81l4a and 814b agéigst impingement of
X-rays. Then, the x-axis dri#ing motor 810 is
actuated to move the detector table 802, carrying
thereon the X-ray detector 811, recipraocally in the x-
axis direction and, while monitoring change in the
output of the X-ray detector 811, the wz driving motor
304 is actuated to rotate the reference frame 301.
When the output of the X-ray detector 8ll moving in
the x-axis direction with the rotation of the

reference frame 301 becomes unchanged, the wz motor



direction) of the mrror 101, along a pair of x-guide rails_502a—aﬂd—562ﬁ“"1'
provided on the upper table 501. The novenent of the main f] §§ﬁﬁﬁ§§ﬁFﬁE » EE‘
X-axis direction is provided by manually rotating an x-axi$ rf eedlng"scréW
503 nmounted on the upper table 501. The upper tabhe’S?%. ? 1997
supported on the lower table 601 rotatably around its vertijcal én Fgl
axis (y axis). The rotating angle around the y axis can be |

cam nmechani smwhich is driven by a wy agrlwng not or means

driving neans having a driving notor 45 a drive source). T tabte
601 has |legs 603, the |length of each of which can be adjusted to adjust
the direction and the angle of tilt of the lower table, i.e., the tilt of

the supporting, 4ablsg r%’iﬁ%ﬁ%wdetﬁg %fatlsngg' #r0h8M8040%s" ghekbye 1o the

fl oor surface. 1on pu
to the main frame 401 by the lock1ng screw 305. By

doing so, the wz direction of the SR X-ray beam can be
reproduced in the wz direction of the refe;ence frame,
namely, in the running direction of the detector table
1802. Thus, there is no necessity of measuring the
"wz" again.

_The "wz" adjustment of the tilt plate in a
case where the mirror damageﬁ'by'XJray exposure is '’
replaced, together with the mizrror holder, by a fresh
mirror may be carried out with the displacement seansor
812 mounted on the detector table 802, in place of the
X-ray detector 811 (Figure 12). In that occasion. -the
vacuum chamber is opened to thé"atmdﬁpheré aﬁd the
mirror holder 102 holding the mi;for 101 is fixed to
the holder 103. While ﬁoving the displacemeﬁt sensof
812, dispésed below the reflection surface of the
mirror 101, in the x-ax;s direction, the change in
distance to fhe fading-down'feflection surface of the
mircor 101 is measured. The "wx" and "wz* adjusting
screws 204 of the tilt piate 201 are rotated so that
the'change in distance is coanverged to zero. This
adjustment does not need introduction of SR X-ravs.

Next, the process of initial positioning
prior to execution of'the exposure operation will be
explained. '

After the tilt adjustment using the legs 603



di sposed in the inside of the supporting table structure

con I
upper and | ower tables 501 REPLA@@Q#ﬁﬁ'SHEQf
601) and just bel ow t he vacuum chanber 105. Next{, {THE process ol
initial positioning prior to execution of the exposure operat%g FE’BIB pe
expl ai ned. After the tilt adjustnent using the ljed 3" of the
| oner table 601 and the "x" adjustnent of the main frane ¢4 Hs+Ag—tire
feed screw 503, the pressure -25-

of the lower table 601 and the *x" adjustment of the
main frame 401 using the feed screw 503, the beam
connecting bellows 1lla and 1l11lb are coupled to the
SR X-ray beam ducts (not shown). In this state, the
tilt adjustment using the'leés 603 of the lower table
-is carried out again, to thereby set the reflection
surface of the mirror 101 at a predetermined
reflection angle. |
' Thereafter, the SR'x-rafs are introdﬁced into

the vacuum chamber 105 andg, bf using the detector unit
- 801, the rotational adjustment of the lower table 501
using the wy driving motox 602 as well as the
rotational adjﬁstment of the reference frame 301 using
the wz driving motor 304 are carried out. Finally,
any positionél deviation of the mirror réflection_
surface in the y-axis direction is detected by using.
the X-ray position sensor 112, and_the y~axis driving
motor 110 is actﬁated to execute the "y" adjustment of
the mirror support 106. The mirror sﬁépbrt 106 is
then fixed to the tilt plate 201.

After completion of such initial positioning,
the detector unit 801 is demounted and the exposure
operation is started.

If the reflection surfﬁce of the mirror is
damaged seriously by the X-ray exposure, the mirror
replacement may be effected.

"For such mirror replacement, the mirror 101



in the vacuum chanber 105 is reduced and the beam conne RFHbA@ﬁﬁﬁfhl?ﬁgﬁ
and 111b are coupled to the SR X-ray beam ducts (not shéwg). "~ In thIS

state, the tilt adjustnent using the |l egs 603 of the |lo %?RIFE |
carried out again, to thereby set the reflection surfac rror ]
at a predetermned reflection angle. After a ra '

wall (not shown) 1is set, the SR X-rays are introduced irnto t he vacuum
chanber and the detector unit D is used4g. detect any post+tfomar devi ation
between the SR X-ray beam and the reflection surface of the mrror 101
with respect to the w and wz directions. On the basis of the detection,
the rotational adjustnment of the upper table 501 using the wy driving

nmot or 602 and t&erepbactdotogethgnseiemtitie wivrarehelderelORane 301 using

After this, the tilt of the tilt plate 201 is adjusted:
by means of the "wx" and “"wz" adjusting screws 204
while the running directiod of the detector tahle 802
and the mirror reflection surface are adjusted on the
'basis of measuring the amount of "wz" adjustment
through the displacement sensor with the detec¢tor unit
801 being mounted.

Next, the shutter uhit § provided in the
apparatus of the present embodiment as well as the
cooling water supplying system and the wvacuum
evacuation system will be explained. _

As illustrated in Figures 13A and 13B, the
shutter unlt S has a plate-11ke main member 903 which
comprises a palr ‘'of plate-like members 90la and S01b
connected by bolts 902 to each other. The plate-like
members 90la and 901b defines a groove between their
adjoining sqrfaces by which groove a cooling pipe 904

-is held. The cooling pipe 904 is disposed along the
periphery of the main member 903. At the center of
the upper portion of the maim member 903, the cooling
pipe is bent upwardly and is inserted into a hollow
supporting rod 905. The maim member 903 has a
rectangular opening 906. adjoiniﬁg its lower edg_e.
During the X-ray exposure operation or upon the x—r;y
detection by the detector unit 801, the sheet-beam

like SR X-rays pass through this opening. At the



the wz driving notor 304 are carried out. Finally, by wusing the X-ray
position sensor 112, the positional deviation of the mrror reflection
surface in the y- axis direction is detected, and the y-axjps deivi-fg

-37- motor 110 is actuated to execute the y-axis adjust maﬁEELAﬁEMEM SHEET
mrror support 106. The mrror support 106 is then fixed t¢ 1 Tt prat e

by a |l ocking device (to be described |later). Afteric | e 4 f
such initial positioning, - %n? fésq@mp

-27- .

upper and lower ends, the supporting rod 905 sealingly
and figedly holds the cooling pipe 904. The
supporting rod 905 can be moved along the longitudinal
axis by means of §.pinion rack mechanism 907a which is

‘ driven by a motor 907 supéorted by the top.wall of the
vacuum chamber’ 105. The clearance between the

: supporting rod 905 and the'opening of the vacuum
chamber 105 is sealed by a bellows 908. Immediately
after completion of the ¥X-ray exposure operation or
the  X-ray detecting operation, the motor 907 is
actuated to move the maim mewmber 903 down to block the
SR X-rays. whereby damage of the mirror is reduced.

The coeling water supplying sjstem is suéh as
shown in Figure 14. As the cooling water, constant
femperature water which is temperature-controlled to
23 °¢ is used. To each of the three systems'of the -
mirror holder, the detector unit éﬁd shutter unit, and
the y-axis driving system, ‘there is p;ovided a set of
a stop valve V1, a flow rate controliling valve V2 and
a flow meter F by which the flow of optimum flow rate
is assured. |
The vacuum evacuation system is such as shown

in Figure 15. Below the vacuum chamber 105, there are
provided a non—vacuuh depositioﬁ type getter pump (NEG
'pump) and an ion pump for attaining a pressure not
higher than 10~7 (Torr). Also, as shown in Figure 1,

a view port 909 is formed at the center of the bottom .



. . - ot REPLACTRIENT SHEET
the detector unit Dis denounted and the exposure operation'fs.ini'tiated. =, ¢}
If the relative position of the SR X-ray beam and the reflettjon surface
of the mrror 101 in the y- axis direction changes during theleZdbdﬁﬁkﬁﬁ?
operation due to vibration, a change in tenperature or flufptpation of the
SR X-ray beam the | ocking mnechanismof the mrror support'ﬁOB I's released
and the y-axis driving notor 110 is actuated in response tp_the output of
the X-ray position sensor 112 to nove he mirror 101 in the y-axis
direction (denoted by an arrow (FigJ?"ZG). After renoving the
non-uni formmess in illum nance in the exposure region of a wafer in this

manner, the mrror support 106 is held fixed again by the |ocking devi ce.
The control cihephtefOf ¢HE Yacuum chamber 105, for allowing direct

observation of the mirrbr 101 when the SR X-rays ar;a
introduced. For direct measurement of the attitude of
the mirror 101, an autocollimator can be mounted.

To the right side of the vacuum chamber 105
=$s seen from the SOR ring, a primary vacuum applying
:system is comnected. More particularly. a turbo
molecular pump TMP and a rotary pump RP are connected
to this side. A Pirani gaugé:PG is interposed between

the turbo molecular pump and the rotary pﬁhp. On the
cpbosite side, an ion gauge EG and a vacuum |
potentiometer QG can be mounted. 'Also, on the back
side, leakage piping means is connected. The
connection is in the order of a port, a stop valve, a
filter, a safety valve, a three-way valve. nmitrogen
and air. The filter serves to prevent_contéminat;on=
of the inside of the vacuum chamber due to impurities
coqtained in the nitragen or air. The safety'vaIQe
serves ta prevent a pressure increase.ig the wvacuum
.chamber beyond the atmoséheric pressure.

An electric system for Controliing the

driving motors and the pumps is accommodated in a

rack. At least the attitude controlling system is
demountably mounted, and the position of the mirror.
can be controlled by remote control. By disposing the
operating means outside a radiation shield wall and by

handling the operating means disposed outside the



axis driving notor 110 is such as illustrated in Figure 27 tofs,

the mrror reflection surface is danaged seriously by X-ray REPLhﬁEﬁ&E& Skt{l

screw 503 nay be rotated manually to displace the mrror in e wWrdtRW se

direction. This allows using a fresh reflection 1 1997

- 38- surface area and enabl es conti nued exposure operatidn \ZthEEP

replacing the mrror. Thus, the whole wdth of the mrror dan-be—utit+zed
-29 -

radiation shield, it is possible to avoid exposure of
an operator to the SR X-ray radiation.

For connection to the SOR ring or for
prevention of contamination of the mirror by the SR X-
rays. it is necessary to méintain ultra—ﬁigh vacuum

.within the vacuum chamber. To this end, at the time
of starting practical use of the apparatus, a hakiné
operation may be required. If a heating means is
mounted to'the outside wall of the vacuum chamber 105
and the vacuum chamber is_heated by this heating
means, there is a possibility of causing damage of
such portion not resistive to heat, as the ball screw
portion of the y-axis driving system, for eiample..'ln
consideration of this, at the time of the baking
operation, the cooling water may be flown through the

' passageways in the mirror y-axis driving system and...
the shutter driving system tb thereby protéct the_
driving heans.

. The SR X-rays are introduced into the vacuum
chamber during the normal operation, and there is a
possibility that any gas absorbed in a metal or the
surtace of the mirror is excited and released to
deteriorate the vacuum level. If the SR X-rays
impinge on the mirror when the vacuum level is low,
contamination may occur. Also, the decrease in vacuum
level has an adverse effect on the SR light source.

In order to prevent this, two gate valves provided at



For the mrror replacenent, the mrror 101 is replaced to
mrror holder 102. Then, only through the adjustnent of t
tilt plate 201 using the "w" and "wz" adjusting screws 2
positioning of a fresh mrror can be attained.

structures of the mrror support 106, the tilt plate 201.
frame 301, the main frame 401 and the upper and | ower tablfs

2\ FES 197

ref erence
1 and 601

will be explained in detail. (1) ngﬁgr Suppor t As
illustrated i'n Figures 19 and 20, the y- axis driving notor has its
rotational shaft coupled to a ball screw 1002 through a coupling 1001.
The ball screw 1002 is, at its opposite end portions, rotatably

the front and rear beam ports. communicated with the
vacuum chamber, are automatically closed when the
vacuum level in the vacuum chamber becomes lower than
1072 (Torr) (Figure 16). More specifically, the
vacuum level is measured gy means of a vacuum gauge

_=&ounted to the vacuum chémber, and the measured value
‘is continuously transmitted to a central processing
unit CPU. 1If the vacuum level becomes lower than the
level 10“9, the CPU supplies;an instruction signal to
actuators of the valves 1 and 2 to close them. In
this manner, the inside of the vacuum chamber is
isolated from the beam line, and simultaneously the

. impingement of SR X-rays to the mirror is stopped. By
this, the gas ;elease froﬁ the mirror can be érevénted-
and contaminstion can be avoided. |

| ﬁifh the arrangement.of the present
embodiment as described above, the attitude of the
reflection surface of the mirror relative to the path
of the SR X-ray beam can be adjusted_ﬁhiie monitoring
its relative position. Therefore, it is possible to
adjust thg mirror attitude very easily and very |
precisely. Also. the structure can be made simple and
small in size,_leading to reductiaon in cost. |
Next, another embodiment of the present

invention will be explained. -The general arrangement
of this embodiment is similar to that illustrated in

Figure- 1.



supported by a radial bearing 1003a and a thrust bearing 1003b which are
integral with the housing 202. The ball screw 1002 has a screw

portion formed at its center which is nmesh engaged with a bﬁEELéGEM§NQOSHEEf

formed at the central rod-like portion of the mrror suppof
response to actuation of the y-axis notor 110, the ball schfe v1002 Hﬁﬁéfs
to nove the ball nut 1004 upwardly or downwardly. This caugeq

- 39- the mrror support 106, integggi_mﬁth the ball nut

Figure 17 is a partially broken perspective
view showing.details of the mirror unit of this
embodiment, and Figure 18 is a side view thereof
wherein a detector unit and a shutter unit are
demounted. The same refefénce aumerals as of those of

_:%igures 2 and 3 are assigned to corresponding
'elements.

Convex mirror 101 having a facing-down
reflection surface defihpd by a partial cylindrical
surface, is held by a mirror holder 192 which is
mountably and demountably fixed to a holder supporting
plate 103. The plate 103 is fixed to a lower end of a
mirror supporting rod (coupling means) 104 which
extends througﬁ an opening of a vacuum chambef ;05 and
is connected to a mirror support'los dispo#ed above |

the chamber 105. Shuttér unit S disposed adjacenf to
ah end of the mirror 101 has its driving means
'suppdrted by an.uéper wall of the vacuum chamber 10S.
Bellows 1067 is disposed between a peripheral portion
of the opening of the vacuumlchamber 105 ‘and a3 flange
portion of the mirror supporting rod 104. The rod 104.
is tiltable and is movabie. upwardly and downwardly,
without damaging the vacuum ambience witnin the vacuum
chamber 105. Namely., the clearance between the mirror
support 104 and the opening of the wvacuum chamber 105
is sealed by the bellows 107.

The vacuum chamber 105 is provided with beam



1004, along the y-axis direction. The housing 202 is flxe to—t-hHe--t1 '
pl ate 201 by neans of four connecting plates 1005, and the‘ﬂEﬁkAﬁ&Nﬁﬁh;SHﬁET
in the wx and wz directions can be effected by this tilt e~2017 The
y-axis rectilinear guide 203 which serves as the guide nea s fqé FEB 1997
rectilinearly novably supporting the mrror support 106, c ri és F@Lr y-
axis rectilinear guides 203 which are di sposed between the Rg—202-atre
t he opposite ends of the central rod-like portion of the m{ror support

106. Each y- axis rectilinear guide 233-has suffi ci ent rigi gty —such
that, when the mirror support 106 noves in the y- axis direction with the
ball nut 1004 in response to rotation of the ball screw 1002, side :

moverrent 1S RLOMBHGH A RELGIIS BAY 1198 B¢ LR BDihStte Ther e

is provided a I g device
sides, and these bellows are coupled to SR X-ray ducts

{not shown), respectively, so as to introduce into the
vacuum chamber the SR X-rays. emitted from the SOR
ring to the irradiation cﬂamber.
’ Counter bellows 108 has its lower end fixed

| "to the upper portion of the mirror support 106. The
vpper end of the counter bellows 108 is fixed to the
bottom surface of the top plate 109 wﬁich is
integrally coupled to the wvacuum chamber 105 through a
wall plate 105a (Figure 19). . The inside space of the
counter bellows 108 ié_reduced to a vacuum level by
means of a vacuum pipe 108a which is communicated_with
a vacuum source. |

The mirror suppoxrt 106 can be moved.

reciprocally in a direction (y-axis direction)
perpendicular to the reflection surface of the mirror
101 by means of a combination of a ball scfew LOOZ.
driven by a y—éxis driving‘motor 110 (firsf @rivin;
means having a driving mo£oz-as a drive source). and a
ball nut 1004 fixed to the housing 202. Tilt plate
201 is integrally fixed to a housing 202 which
supports the mirreor support 106 rectilinearly movably
in fhe y-axis direction through the cqoperation with a
y-axis rectilinear guide 203. ' The tilt plate 201 is '

fixed to a flat reference frame 301 by means of three

"wx and wz" adjusting screws 204, such that the



locking the mirror support 106 relative to the tilt plate 201 in response
to setting a fresh y-axis position of the mrror support 106 through the
drive of the y-axis driving notor 110. This | ocking device conprises-a

rod clanp 1007, a locking rod 1008, a rod support 1009 and REPUQQEMENﬁtSHEET
1010. After the mrror support 106 is noved to a fresh y-axif (

the I ocking bolt 1010 is fastened to lock the mrror supportia

posi tion.
- 40-
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Addi tionally, therfaijs provi ded cooling naaqg% 1 FEB 1997

direction and angle of the tilt of the tilt élate 201
relative to the reference frame 301 can be adjusted
finely by the "wx and wzf adjusting screws 204.

The reference frame 301 is supported by a
pair of bearing devices 302 disposed at the opposite
:énds thereof, rotatably around a longitudinal axis.(z
axis) of the mirror 101. Each bearing device 302 is
fixed to a central part of an L-shaped rod 303 having
its.oppo$f£e ends mesh engagéd to the top of a
skeleton type main frame 401.

The rotating angle of the reference frame 301.
around the z axis c#n be adjusted by a cam mechanism
which is driven by a wz driving motor 304 (second
dfiving meanslﬁaving a driving motor as a dfive

source. After such rotation adjustment, a locking

screw 305 is fastened whereby the reference frame 301

is fixed relative to the main frame 4G1. Detector

unit D is mountably and demountably provided in the
forward end portion, along the z-axis direclion, of
the bottom surface of the reference frame 301.

The main frame 401 serves to support the
bottom 0of the vacuum chamber 105 through the.
cooperation with a pair of L—shaped members (coupling
means) 402. Each member 402 is made of a material
having small.rigidity and it serves to absorb
deformation of the vacuum chamber 105 when its inside

pressure 1s decreased from a normal pressure to a
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for preventing degradation of dinensional precision due to heat generation.
In the y-axis driving notor. This cooling neans conprises 0 '

fl ow passageway 1011 di sposed adjacent to the sliding shaf E ﬁ@ﬂgﬁEEdSHEET
the mrror support 106 and a cooling nmedium flow passageway 1012 provided
to the y-axis rectilinear guides 203 of the housing. By medns of y FEB 1997
cool ing medi um supplied froma cooling water pipe 1013, any tenperature
rise in-the mrror support 106, the 1§§XIS rectilinear guides—2037anid t he _
housi ng 202 . can be prevent ed. The cooling nmeans nay be used also—-
as neans for preventing thermal damage of the y-axis rectiTTnear guide’
203 and the structural portion around it during the baklng process in a
case where vacuum ambience pressure (e.g. about 10

(Torr)) to thereby prevent distortion of the main
frame 401. | |
As illustrated in Figure 18, the vacuum
chamber 105 is held within the main frame 401 by means
‘of the L-shaped members 402 fixed to the bottom of the
‘main frame 401. On the other hand, the mirror 101 is
supported by a mirror supporting device A comprising
the tilt plate 201 and the 'réfereni‘:c frame 301,
supperted at the top of.the main frame, through the
mirrorx sﬁpporting rod 104.
| Thus, the vacuum chamber 105 and thé mirror
supportihg device A are coupled to the main frame
through separate coupling members, respectively. As a
. result, it isfpossible to execute the y-axis position
adjustment (y-axis édjustment) through of the mirror..
101 the mirror support 106, the‘rotational adjustgent
(wz adjustmeﬂt) around the z axis through the
reference frame 301 and the tilt édjustment (wx and wy
adjustment) through the tilt plate 201. very precisely
without bging éffécted by the weight or deformation of
the vacuum chamber 105. Also, the transmifting.
portions of these adjusting mechanisms: can be made
simple.and small in size.
Any imbalance of pressure between the mirrar
support 106 and the mirror 101 disposed in the vacuum

chamber 105 can be canceled by retaining the same




such a baking process is required so as to inprove the vacuymlevel of the

vacuum chanber prior to execution of the exposure operation.REPLAprENTTgﬁEET
I NSet+ea—i-ht

mrror supporting rod 104 held by the mrror support 106 is

t he vacuum chanber 105 through the openi ng where the bel |l owd

U ITeO

107 is
provi ded. The hol der supporting plate 103 for nountably and denﬁhﬂt553y997

hol ding the mrror holder 102, is fixed to the |ower end of {tRe_m

[ror

supporting rod 104. Disposed at the upger end of the mrror |support 106 is

a counter beLIoms 108 which is provided between it and the tep-plate--109— .-

coupl ed

vacuum level within the counter bellows 108 and,
therefore, the power of the y-axis driving motor 110
and the wz driving motor 304 can be reduced.
Next, a supporting table structure B for
supporting the main frame 401 will be explained. The
_:éﬁpporting table structure B comprises an upper table
"501 of flat frame shape and a lower table 601 of
skeleton frame shape. The main frame 401 is movable
reé{pfocaliy in the transverse direction (z-axis
direction) of the mirror 101, along a pair of i-guide
rails 502a and 502b provided on the upper table S501.
The movement of the main frame 401 in the x-axis
direction is provided by manually rotating an x-axis
feeding screw 503 mounted on the upper table 501.

The Jpper table 501 is supported on thé lower
table 601 rotatably around ité vertical central axis.
(y axiS).” The rotating angle around the y axis can be

adjusted by a cam mechanism which is driven by a Qy
driving motor means 602 (third driving means having a
driving'motor és a drive source). The lower table 601
has legs 603, the length of eéch of which can be
adijuslied to édjust the digrection and the angle of till
of the lower table, i.e., the tilt of the supporting
table structure B and the main frame 401 relative to
the floor surface. Ion pump 701 and NEG pump 702 are
disposed in the inside of the supporting table

structure B (comprising the upper and lower tables 501




-41- integrally with the vacuum chanber 105 by a partition wall 105a.

The counter bellows 108 has the sanme dianeter or cross-sectional area_aS.e
the bellows 107. The inside pressure of the counter bello T SHEET
reduced to a vacuum | evel by neans of a vacuum pi pe 108a, r
pressure inbal ance to be applied to the mrror support 106}cén be renoy
such that any degradation of precision of the y-axis position gug FEB
change i n atnospheric pressure can be pgevented. Al so, it Rag an advant age
of reducing the driving force of the y-axis driving motor A10—"7(2y Tilt
Pl ate : - -

and 601) and just below the vacuum chamber 105.

Next, the process of initial positicning
prior to execution of the exposure operation will be
explained. |

After the tilt adjustment using the legs 603
‘of the lower table 601 and the *"x" adjustment of the
main frame 401 using the feed screw 503, the pressure
in the vacuum chamber 105 is reduced and the beam
connectin§ hellbws 1l1la and 1;1b are coupled to the
SR X~ray beam ﬁucts {hot shown). In this state, the
tilt adjustment using the legé 603 of the lower table
is carried out again, to thereby set the reflection
surface of thg mirror 101 at a predetermined
reflection angie.

| After a radiation snié.ldi_ng wall (not shown)

is.set, the SR X-fays are introduced into the vacﬁumn
chamber and the detector unit D is used to defect‘any

' positional deviation between the SR ¥-ray beam and the
reflection surface of the mirror 101 with respect to
the wy and wz directions. On the basis of the

| detection. thé rotational adjustment of the upper
table 501 usin§ the wy driving motor 602 and the
rotational adjustment of ?he_reference frame BOi using
the wz driving motor 304 are carried out. Finally. by
using the X-ray position sensor 112, the positional
deviation of the mirror reflection surface in the y-

axis direction is detected, and the y-axis driving



As described, the tilt plate 201 is fixed integrally to the housi ng 202

and supports the y-axis rectilinear guide 203. It conpris
plate- |ike nmenber and, as shown in Figure 21, it is fixed
reference frame 301 for free tilt adjustnment, by neans of
"wz" adjusting screws 204 of plate-like nenbers provided
More specifically, each "w" and "wz" adjusting screw 204
sliding bearing 2001 which is held by a bearing housing 2(

REM; SHEET

he "wx" and

Lt t 1 4eFEBt 1887
hgs a spherica
02 provided at
03 provided at

the opening portion of the tilt plate-33t. Screw portion 3

the lower end of the adjusting screw 204 is nesh engaged with a nut 2004

which is held at the top of the reference frane 301.
motor 110 is actuated to execute the y-axxs adj

of the mirror support 106. The mirror support

~

ustment

106 is

then fixed to the tilt plate by a locking device (to

be described later).

" After completion of such initial positioning,

- sthe detector unit D is demounted and the exposure

gperation is initiated.

If Lthe relalive position of the SR X-ray beam

and the reflection surface of the mirror 101 in the y-

aXiS direction changes during the exposure operation

due to vibration, a change in temperature or

fluctuation of the SR X-ray beam, the locking

mechanism of the mivrotr support 106 is released and

the y-axis driving motox 110 is actuated in response’

:'to the output of the X-ray position sensor 112

to move

the mirror 101 in thé.y4axis direction (denoted by an

arrow) (Figure.26).

After removing the non-uniformness in

illuminance in the exposure region of a wafer in this

manner, the mirror support 106 is held fixed again by

the locking device. The control circuit for the y-

axis driving motor 110 is such as illustrated in

Figure 27.

1f the mirxror reflection surface is damaged

- seriously by X-rays, the feed screw 503 may be

rotated

manually to displace the mirror in the widthwise

direction. This allows using a fresh reflection




-42-

20p i FERS

i

fine adjustnment of the reflection angle or cancellation pf{a small
deviation of the mrror reflection surface du 0~a nmachi ni ng
error or assenbling error of the fresiggurror or mrror hol der,

posi tional

When the mirror 101 is replaced by a fr ST ARECEN EET
together with the mrror holder 102, where the. reflecti ng x&%ﬂ;éﬂ
mrror 101 is damaged by the X-ray exposure, the functign lof adjust

tilt plate 201 through the "wx" and "wz" adjusting scre

e
h
r

surface area and enables continued exposure operation
without replacing the,mirrof. Thus, the whole width
of the mirror can be utilized. |

For the mirror replacement, the mirror 101 is

replaced together with the mirror holder 102. Then,

,bnly through the adjustment of the tilt of the tilt

plate 201 using the "wx" and "wz* adjusting screws
204, the positioning of a fresh mirror can be
attained.

Next, the structures of the mirror support
106, the tilt plate 201, the reference frame 301, the
-main frame 401 and the upper and lower tables 501 and

601 will be explained in detail.

(1) Mirror Support |
As illustrated in Figures 19 and 20,-the Y-
axis driéing motor has its rotational shaft coupled to

a ball screw 1002 through a coupling 1001. The ball

screw 1002 is, at its oppdsite end porfions. rotatably

supported by a radial bearing 1003a and a thrust
hearin§ 1003b which are integral with the'housing 202.
The ball screw 1002 has a-scréw portion
formed at its center which is mesh engaged wifh a ball
nut 1004 formed at the central'rod-like portion of the
mirror support 106. In response to actuation of the
y-axis motor 110, the ball screw 1002 rotates teo move

the ball nut 1004 upwardly or downwardly. This causes



(3) Reference Frane The reference frane 301 has aj
shape having a central opening. As described, the referenc

ERLAGENERT SHEET

supported at the tape of the main frane 401 by neans of th -shaped rod
303, rotatably about the z axis. The housing 202 integral Mijth2thFER 1997
plate 201, the y-axis rectilinear guide 203 and the mrror} Jupport 106

hol ding the mrror supporting rod 104 are suspended from tjhe cenfral
opening of the reference frane 301 tew®9~d the vacuum chanber. 105, For the
initial positioning of the mrror 101, the detector unit D for sensing SR
X-rays is denmountably nmounted to the bottom of the reference frame 301.
The reference frane 301 has a bearing device 302 which conprises bal

beari ng meandTs0M ZERK SURRAL i 106al a3owathi sheskallnnpfe central
portion

1004, along the y-axis direction. The housing 202 is
fixed to the tilt plate 201 by means of four
connecting piates 100S, and the fine adjustment in the
wx and wz directions can be effected bf this tilt
plate 201. The y-axis rectilinear guide 203 which
“Qerveé as the guide means for rectilinearly movably
suppdrting the mirror Support 106, comprises four y-
axis rectilinear guides 203 which are disposed between
the housing 202 an@-the opposite ends of the central
rod-like portion of the mirror support 106. Each y-
axis rectilinear guide 203 has sufficient rigidity
such that, when the mirror support 106 moves in the y-
axis direction with thé pall nut 1004 in response to
rotation of the ball screw 1002, side movement is
prohibited and precise positioning is assured.

There is=provided'a_lééking device far
locking the mirror support 106 relative to the tilt
plate 201 in response to setting é fresh y-axis
position of the mirror support lbﬁ'through-the driﬁe
of the y-axis driving motor 110. This locking device
comprises a rod clamp 1007, a lockiﬁg rod 1008, a rod -

" support 1009 and a locking bolt 1010. After the
wirror support 106 is moved to a fresh y-axis
position, the locking bolt 1010 is fastened to lock
the mirror support at that position. '

Additionally. there is provided cooling means




-43- of the L-shaped rod 303 (Figure 22). The nechanish1.R&PLRG£§EﬁﬂqSHEET :

the reference frane 301, supported by the bearing device 332, around the z

axis conprises an eccentric cam 3004 rotated by a wz dri vi
(Figure 18) supported by a notor support 3003, a cam follo

A

supporting flange 3006 fixed to the reference franme to supporb—+he—cam

foll ower 3005, and a spring 3007 for pressing the eccentri

cam agai nst

-40-

for preventing degradation of dimensional precisian

due to heat generation in the y-axis driviang motoerx.

This cooling means comprises a cooling medium flow

passageway 1011 disposed adjacent to the sliding

shaft

portion of the mirror supéért 106 and a ceooling medium

flow passageway 1012 provided to the y-axis
rectilinear guides 203 of the housing. By means
the cooling medium supplied from a cooling waterxr

- 1013, an? temperature rise in-the mirror support

of

pipe
106,

- the y-axis rectilinear guides 203 and the housing 202

can be prevented.

' The cooling means may be used also as means

for preventing thermal damage of the y-axis

rectilinear guide 203 and the structural portion

around it during the baking process in a case where

such a baking process is required so as to improve the

vacuum level of the vacuum chamber prior to execution

of the exposure operation.

The mirroxr supporting rod 104 held by the

mirror support 106 is inserted into the vacuum chamber

105 through the opening where the bellows 107 is

provided. The holder supporting plate 103 for

mountably and demountably holding_the mirror holder

102, is fixed to the lbwer end of the mirror

supporting rod 104. Disposed .at the upper end of the

mirror support 106 is a counter bellows 108 which is

provided between it and the top plate 109, coupled



the camfollower. Mtor support 3008 for supporting the wz driving noior.
304 is integral with the main frame 401 (Figure 23). As the ﬁﬁgmmgnw SHEET
notor 304 rotates, the camfoll ower 3005 noves upwardly or ANGE-H-

with the rotation of the eccentric cam 3004, and the referepcg franﬁgggéw
rotates around the bearing device 302 through the supporting {l @nbef .
This is called "wz adjustnent”. Then, in this state, four |¢cking screws -
305 provided at the corners of the refgrence frame 301 are fotated so as

to lock the reference trame. Each |ocking screw 305 has it dcrew .portef
3009 nmesh engaged with a locking nut 3010 which is integral with'the
reference frame 301, and its |ower end extends beyond the bottom surface

of the referbntegtalhy. wiih theitvanpurheharbemd0Scbywa partidioa t heir

| ower ends to engage with the top surface
wal 0Sa. The counter bellows 108 has the same

diameter or cross-sectional area as the bellaws 107.
The inside pressure of the counter béllows 108 is
reduced to a vacuum level by means of a vacuum pipe
ioaa, whereby any pressure imbalance to be applied to
‘the mirror support 106 can be removed such that any
degradation of precision of the y-axis position due to'
a chaﬂge in atmospheric pressure can be prevented.
Also, it has an advantage of reducing the driving

force of the y-axis driving motor 110.

~(2) Tilt Plate
As described, the tilt platé 201 is fixed
«-rintegrallf to‘the pousing.zoz'and supports the y-axis
rectilinéar guide 203. It comprises a T-shaped plage—.
like member and, as shown in Figure 21, it is fixed to
the reference frame 30i for free tilt adjustmént.-by
means of the "wx"* ang wz ! adjustihg screws 204 of
plate-like members provided at three sites.

- _More specifically, eéch “wx" and "wz" .
adjusting screw 204 has a sphérical slidiﬁg bearing
2001 which is held by a bearing housing 2002 provided
at the opening portion aof the tile plate 201. Screw
portion 203 provided at the lower end of the adjusting
screw 204 is mesh engaged with a nut 2004 which is

held at the top of the reference frame 301.




of the main franme, the relative position of the réferende frame 301 and
the main frame 401 is fixed. -44.-

(4) Main Frane The main franme 401 rotatably-SUDportﬂyggggE%MLJ;Sl

reference franme 301 through cooperation with the L- shaped rb
Is fixed to the top thereof. On the other hand, the main frajpe 1997
supports the vacuum chanber 105 in its inside space through gop F&%

with the L-shaped nmenber 402. The mai n-42-ame 401 is

When the mirror 101 is replaced by a fresh
mirror, together with the mirror holder 102, where the.
reflection surface of the mirror 101 is damaged by the
X-ray exposure, the function of adjusting.thé tilt
plate ‘201 through the “"wx" and ez adjustin§ screw
=é04 is used for fine adjustment of the reflection
"angle or cancellation of a small positional deviation
.af the mirror reflection surfaée due to a machining
error or assembling error of-the fresh mirror or

mirror holder.

{3) Reference Frame

The reference'frame 301_ha§ a flat frame
shape having a central opening. _As described. the
reference frame is supported'at the ﬁope of the main
frame 401 by means of the L-shaped rod 303. rotatably
about the_z.axis. The housing 202 integral with the
tilt plate 201, the y-axis rectilinear guide 203 and
the mirror support 106 holding the mivror supporting
rod 104 are suspended from the central'opening of thé
reference frame 301 toward the vacuum chamber 105.
For the initial positioning of the mirror 101, the
detector unit D for semsing SR X-rays is demountably
mounted to the bottom of the reference frame 301.

.The reference frame 301 ﬁas a bearing device
302 which comprises ball bearing means 3001 and a

rotational shaft 3002 disposed in the central portion



supported on the upper table 501 for adjustnent in the x s i
AEPLALEMEST, S

More specifically, as shown in Figures 24A and 24B, a pai

@ |

menbers 4001 are formed at the opposite sides of the bottjorfi surface of
the main frame 401, and these guide groove nenbers slidally qaqagggwmgﬂ
the top

x-axis guide rails 502a and 502b, respectively, provided lon

surface of the upper table 501. X-axis feed screw 503 for \AmL)

e TRl n

frame al ong the guide rails 502a and 50 conprises a scrlew rod 4003

engaging with a nut 4002a of a nut menber 4002 which is fIrXed to the
bottom surface of the main franme 401, and it is rotatably supported by a
beari ng 4004a of a supporting plate 4004 which is fixed to the upper table

501. Stopper Sof 40R4br 2 RapeSVESIEBEE (FYARPED )2 Théehethabliem bearing

4004a, for preventing notion of the x-axis

for rotating the reference frame 301, supported by the
bearing device 302, around the z axis comprises an
eccentric cam 3004 rotated by a wz driving motor 304
(Figure 18) supported by a.motof support 3003, a cam
:follower 3005, a supporting flange 3006 fixed to the
'reference frame to support the cam follower 3005, and
a spr;ng 3007 for pressing the eccentric cam against
the cawm foilower.' Motor sppﬁort 3008 for suppqrting
the wz driving motor 304 is integral with the main
frame 401 (Figure 23). As the wz driving motor 304
rotates, the cam follower 3005 moves upwardly or
downwardly witﬁ the rotation of the eccentric cam
3004; and the‘reference frame.301 rotates around the.
bearing'device 302 through the supporting flange 3006.
This is called "wz adjustment™. Then, in this state,
four locking screws 305 provided at the._corners of the
- reference frame 30l are rotated so as to lock the
reference‘tfame. Each ijocking screw 305 has it screw
portion 3009 mesh engaged with a locking nut 3010
which is integral with the reference fran;e 301, and
its lower end extends beyond the bottom surface of the
reference frame. By rotating the locking screws to
'cause their lower ends to engage with the top surface
of the main frame, the relative position of the

reference frame 301 and the main frame 401 is fixed.



feed screw 503 in the x-axis direction. As the x-axis feed]§
rotated by a handl e 4005, the nut 4002a noves al ong the scri
whereby the main frame 402 is noved al ong the x-axis guide
-45- and 502b in the x-axis direction. If the r '
surface of the mrror is damaged seriously by the X-ray expésure, it iS__ e
possible to nove the mrror reflection surface inits

-44-

(4) Main Frame
The main frame 401 rotatably supports the

reference frame 301 through cooperation with tpé L~
shaped rod 303 which is fixed to the top thereof. On
tbe other hand, the main ffame 401 supports the vacuum
'éhamber 105lin its inside space through cooperation
with the L-shaped member 402. The main frame 401 is
supported on the upper table S01 for adjustment in the
x~axis direction. More specifically, as shown in
Figures 24A and 24B, a pair of guide groove members
4001 are formed at the opposite sides of the bottom
surface of the main frame 401, and these guide groove
members slidably engage with x-axis guide rails 502a

' and 502b, resgectively, provided on the top surfacé of
tﬁe upper table 501. Xfaxis feed screw 503 for-moving
the main frame along the gﬁide réils 502a andISOZb
comprises a screw rod 4003 engaging with a nut 4002a
of a nut membér 4002lwhich is fixed to the bottom
‘"surface of the main frame 401, and it ié rotatably
supported by a béaring 4004a of a supporting plate
4004 which is fixed to the upper table SU0l. Stoppers
4004b are provided at the opposite sides of the
bearing 4004a, for preventiﬁg,motion of the x-axis
feed screw S03 in the x-axis diréction. As the x-axis
feed screw S03 is rotated by a handle 4005, the nut
40023 moves along the screw rod 4003 whereby the main

frame 402 is moved along the x-axis quide rails 502a



w dt hwi se direction by noving the main frame in the x- a
descri bed herei nbefore. Thus, wthout replacing the mrr
exposure operation can be executed uninterruptedly whilelu |qﬁ
reflection surface area. That is, until the whole w dth loff t é
damaged, the reflection surface of the mrror can be used €

(5) Upper Table As descri bed herei nbefore, the upper table 501

mrror

supports the main frane 401 novably in the x-axis directi atong t he
x-axis guide. rails 502a and 502b. ~The¥¥ttom of the upper table is
rotatably supported on the |lower table 601, for rotational adjustnent
around the y axis. As shown in Figure 9, the engaging surfaces 50la and

60la of the uppersdid | QWeKe !2PLE5s direction.

If the reflection surface of the mirror is

damaged seriously by the X-ray exposure, it is
possible to move the mirror reflection surface in its
widthwise direction by moving the main frame in the x-
=axis direction, as described hereinbefore. Thus,
without replacing the mirror, the X-ray exposure
operation can be executed uninterruptedly while using
a fresh reflection surface area. That is, until the

whole width of the mirror is damaged, the reflection

surface of the mirror can be used effectively.

(5) Upper Table
As described hereinbefore, the upper table

501 supports fhe main frame 401 moQably'in the x-axis
direction along the x-axis guide rails 502a and 502b.
The bottom of the upper table is rotatably supported
on the lower table 601, for rotational adjustment
around the y axis. As shown in.Figure 9, the engaging
surfaces 50la and 60la of the uppér and lower tables

- 501 and 601 have been subjected to high precision
smoothing treatment and, by supporting the upper
weight through the air supplied from a pressurized air
‘pipe 5001, the rotation of the upper table 501
relative to the lower table 601 is allowed temporally.
The upper table 501 has a supporting plate 5002 fixed

in the x—axis direction to its bottom surface, which
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501 and 601 have been subjected to high precision snoothing treatnent and,
by supporting the upper weight through the air supplied from '
air pipe 5001, the rotation of the upper table 501 relative
table 601 is allowed tenporally. The upper table 501 has a suppgortiThg
plate 5002 fixed in the x-axis direction to its bottom surfade, 14C

- 46- plate holds a ring-like guide 5003 at its center. The uy\gé gg&ﬂy
rotatably engages with a pillar-1ike ngqggr

plate holds a ring-like guide 5003 at its center. The
guide 5003 rotatably engages with a pillar-like member
6001 projecting at the center of fhe upper surface of
the lower table 601. Thus. as the upper table 501 is
lifted slightly by the pressurized air from the lower
table 691, the upper table 501 éan be rotated around
the pillar-like member 6001 of the lower table 601.
The mechanism for rotating the upper table
SG1 relative to the lower table 601 comprises a wy
driving motor 602 (Figure 17), a worm gear'GOOZ
rotated by the wy driving motor 602, 3 worm wheel
6003, a disc 6005 with an ecceﬁtric cam 6004, and a
~cam follower 6006 having a radial slot for slidably
engaging the gc;gntric cam 6004. As thg wy driving
motor 602 held by the lower tablé 601 rotates, the cam
follower 6006 fixed to tpé upper iable'SOI rotates -

with the rotation of the eccentric cam 6004.

{6) Lower Table

As described, the lower table 601 supports
tge uppef table 501 rotatably around the y axis. - The
lower table has four 1¢§s 603 ét its lower end, and
the length of each.leg_can be adjusted by means of a
screw mechanism, for example. With this adjustment of
the length of each leg; the lower table 601, namely,
. the whole apparatus, can be tilted in a desired

direction relative to the floor surface (Figure 17),



6001 projecting at the center of the upper surface of the loyer table 601
Thus, as the upper table 501 is lifted slightly by the pressufi N

fromthe lower table 601, the upper table 501 can be rotatedja REP?A FNEﬂlw§ﬂ—ET
pillar-like menber 6001 of the |ower table 601. The nrngfnlggb gé
rotating the upper table 501 relative to the |ower table 601 {cq 1937
wy driving notor 602 (Figure 17), a worm gear 6002 rotated by ifhe w
driving notor 602, a worm wheel 6003, -##%H sc 6005 with an ecdgentric cam
6004, and a .camfollower 6006 having a radial slot for slida i
the eccentric cam 6004. As the wy driving notor 602 held by the | ower

table 601 rotates, the cgﬂ1%£ollomer 6006 fixed tqQ the uQBer tabke 501
rotates with YPEE rSREF] IR LY hftivkhithe: iadhigdopositioning o

the mirror and after completion of the wy adjustment

of the ﬁpper table, the x adjustment of the main
frame, the wz adjustment of the reference frame 301
and the wx and wz fine adiustment of thé tilt plate
7ia11 being done in the horizontal state), the lengths
"of the legs 603 are adjusted to minutely rotate the
. lower tablé 601 around the x axis to set a desired
mirrér reflection angle (10 - 30 mrad). With such
very simple adjusting mechanism, the reflection angle

of the mirror c¢an be set precisely.

With the arrangement of the present
embodiment as describe above, it is possible to
position thé mirror very precisely without damaging
the vacuum ambience in the vacuum chamberx whiéh_
accommodates the mirror for expanding the SR X-ray
bgam or without being affected by,a.chahge.in pressure
or deféfmation of ;Pg vacuum chamber, for example.
Therefore, it is easy to attain uniform exposure
amount in ; predetermined region of a substrate .and,
as a result, it is possible to assure high precision
printing of a fine_pattern through the SR X-ray
exposure. Also, the structurelor the exposure
apparatus as a whole can be made simpie and compact.
leading to reduction in cost.

Since the position adjustment of the mirrar



(6) Lower Table As described, the lower table 601 supports

upper table 501 rotatably around the y axis. The |ower tabt Uy
| egs 603 at Jﬂggpﬁigb M

neans of a

17) .

v
o

its lower end, and the length of each |eg can b

screw nechani sm for exanple. Wth this adjustnent| of the i
| ength of each leg, the |lower table 601, nanmely, the whol e pppapag B 1967
be tilted in a desired direction relatjve to the floor surffc %F

-47-
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support, the reference frame and the upper table which
needs irradiation of X-rays can be executed through
remote control of driving motors, high safety is
assured. Also. by canceling non-uniformness in
illuminance due to vibration, a temperature change or
'%luctuation of the SR X-ray beam during the exposure
operation., it is possible to print a pattern on the
while surface of a substrate (e.g. wafer) very
precisely. o

Addifionally, it is possible to avoid damage
or degradation of the precision of the mirror
supporting deviEe due to heat generation in the
driving means or to heat transmission during the
baking opérétion for the vacuum.chamber.

Next, a fourth embodiment of the present
invention will now be explaiﬁed. The general
arrangement of this embodiment is similar to that.
shown in Figure 1. |

Figqre 28 is a-partially broken_perspective
view showing details of the mirto£ unit of thié
embodiment, and Figure 29 is a side view thereof
wherxein a Aetector unit and a shutter unit are
demounted. The same reference numerals as of those of
Figures 2 and 3 are assigned to correspondiﬁg
elemgnis.

Convex mirror 101'having a facing-down

reflection surface defined by a partial cylindrical




e

More specifically, during the initial positioning of the mrr
conpletion of the w adjustnent of the upper table, the x
the main frame, the wz adjustnent of the reference frane
and wz fine adjustnment of the tilt plate (all being done iinithe h%r@fgﬂﬂau
state), the lengths of the legs 603 are adjusted to mnute]y r%ﬂatg' he

| ower table 601 around the x axis to set a desired mrror fetl |
(10 - 30 nrad). Wth such very sinple adjusting nechanism {the reflection
angle of the mirror can be set precisetdr Wth genent
of the present enbodi ment as descri be above, it is possible to position
the mrror very precisely wthout damagi ng the vacuum anbi ence in the

vacuum chanber whilell ;s held by a mirror holder 102 which is

CRGRMRIT oo |

-and~The wx

mountably and demountably fixed to a holder supporting
plate 103. The plate 103 is fixed to a lower end of a
mirror suppdrting rod 104 whicﬁ extends through an
opening of a vacuum chamber 105 and is connected to a
mirror support {(mirror supporting means) 106 disposed

- above the chamber 105. Shutter unit 801 disposed
adjacent to an end of the mirror 101 has its driving

. means supported by an upper wall of the vacuum chamber
105. Bellows 107 is disposed between a peripheral
portion of the opening of the vacuum chambér 105 and a
flange portion of the mirror.suﬁporting rod 104. The
rod 104 is tiltable and is movable, upwardly and
-dbwnwardly, w;thout damaging the'vacuum ambience
within the vacuum chamber 105. Namely, the clearance
between the mirror support 104 and.the opening of theé
vacuum cnambér 105 is sealed by the i)el}ows 107.

The vacuum chamber 105 is provided with beam
connection bellows 1llla and 111b at its opposife
sides, and these bellows are couﬁled'to SR X-ray ducts
{not shown), respectively, so.as to introduce into the:
vacuum chamber the SR X-rays, emitted from the SOR
ring to the irradiation chamber.

" Counter bellows 108, having the same cross-
sectional area as the bellows 107, has its lower end
fixed to the upper portion of the mirroxr support 106.

The upper end of the counter bellows 108 is fixed to

_ vt



accommodates the mrror for expanding the SR X-ray beam or w thout being

affected by a change in pressure or deformation of the va

exanple. Therefore, it is easy to attain uniform exposure

2
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predeterm ned region of a substrate and, as a result, it [sjpossible to
assure high precision printing of a fine pattern through {he QR" FEBMSS?
exposure. Also, the structure of the exposure apparatus a$ § whol e can be
made sinple and conpact, |eading to reduction in cost. SImce [ he
posi tion adjustnent of the mrror -50-

the bottom surface of the top plate 109 which is
integrally coupled to the vacuum chamber 105 through a
wall plate 105a (Figure 30). The inside space of. the
counter bellows 108 is reduced to a high vacuum level
by means of a vacuum pipe 108a whigh is communicated
-with a vacuum sovurce.

The wirror support 106 can be moved
rec;procally in a direction (y-axis direction)
perpendicular to the reflecfion.surface of the mirror
101 by means of a combination of a bali screw 1002
driven by a y-axis driving motor (first driving means)
110 and a ball nut {not shown) provided integrally
with the mirror support 106, Tilt plate 201 is.
integrally fixed to a housing 202 which supports'the
mirror supéoff 106 rectilinearly movably in thé-y—axis
direction through the cooperation with a y-axis

. rectilinear guide 203. The tilt plate 201 is fixed to
a flat reference frame 301 by meéns of three "wx and
wz" adjusting screws 204, such that fhe direqtion and
angle of the tilt of the tilt plate 201 relative to
the reference frame 301 Caﬁ be adjusted finely bﬁ the
"Wwx and wz" adjusting screws 204.

The reference frxame 301 is sﬁpported by.a
pair of bearing devices 302 diséosed at the opposite
- ends thereof, rotatably around a longitudinal axis.(z
axis) of the mirror 101.l Each bearing device 302 is

fixed to a central part of an L-shaped rod 303 having
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- 48- support, the reference franme and the upper table which needs
i rradi ation of X-rays can be executed through renote control e J”‘EEE\
notors, high safety is assured. Also, by canceling non-unif SH
iIlum nance due to vibration, a tenperature change or fluct O

SR X-ray beam during the exposure operation, it is possible té F Blﬁw
pattern on the while surface of a substrate (e.g. wafer) ve Eﬁi gely
Additionally, it is possible to avoid damage or degradation of_,he,—ﬂ~
precision of. the mirror supporting deke due to heat generafion in the
driving neans or to heat transm ssion during the

its opposite ends mesh engaged to the tap of a
skeleton type main frame 401.

The rotating angle of the refefence frame 301
.around the 2z axis can be adjusted by a cam mechanism
which is driven by a wz driving motor (second driving

_f:means) 304. After such rotation adjustmeht. a locking
* screw 305 is fastened whereby the réference frame 301
is fixed'relative to the main frame 401. Détector
unit b is mountably and dem&ﬁntably provided in the
forward'end portion, along the z-axis direction, of

the bottom surface of the reference frame 301.

The main frame 401 serves to support the
bottom of the vacuum chamber 105 through the
cooperation with a pair of L-shéped members (coupling
means ) 402. Each member 402 is made of a matefial
hﬁving small rigidity and it serves to absorb
deformation of the vacuum chamber 105 when its inside
pressure is decreased f£rom a‘normal pressure to a
vacuum ambience pressure (e.g. about 1077 - 10710
kTorrJ) to thereby prevent distortion of the main.
frame 401.

As illustratéd in Figure 29, the vacuum
chamber 105 is held wilhin the main frame 401 by means
of the L-shaped members 402 fixed to the bottom of the
main frame 401. On the other hand, the mirror 101 is
supported by a mirror supporting device (mirror

supporting means) A comprising the tilt plate 201 and



baki ng operation for the vacuum chanber. Next, a fourth
enbodi nent of the present invention will now be expl ai ned..—

arrangenent of this enbodinment is simlar to that. shown |REPLQ Mvﬂf bﬁtt

Figure 28 is a partially broken perspective view show ng det

15 of the™

mrror unit of this enbodinent, and Figure 29 is a side VI 23n3g81§ﬂ

wherein a detector unit and a shutter unit are denopunted.

reference nunerals as of those of Figures 2 and 3 are aSS|g d-t-oe
corresponding elenents. - Comb2¢ mirror 101 having a facing- domn

reflection surface defined by a partial cylindrical

the reference frame 301, supported at the top of the
.main frame, through the mirror supporting rod 104.

Next, a supporting table structure B for
supporting the main frame-401 will be explained. The
supporting table structure B comprises an upper table
. 501 of flat frame shape and a lower table 601 of

'skeleton frame shape. The main frame 401 is movablc
reciprocally in the transverse direction (zx-axis
direction) of thé mirror 101: along a pair of x-guide
rails 502a and 502b provided on the upper table 501.
The movement of the main frame 401 in the x-~azis
direction ;s provided by manually rotating an x-axis
feeding screw 503 mounted on the uppef.table 501.

The upper table 501 is supported on the lower
tabie 601 rotatably around its vertlcal central axis’
{y 2xis). The rotating .angle around the vy axis can be
adjusted by a cam mechanisa which is driven by a wy
driving motor means (third driving means) 602. fhe
lower table 601 has legs 603, the length of each of
'whicp can be adjusted to.adjust the direction and the
angle of tilt of the lower table, i.e.. the tilt of
the supporting table struéture B and the main frame
401 relative to fhe floor surféce._ Jon pump 701 and
NEG pump 702 axe disposed in the inside of the
supporting table structure B (éOmprising the upper and

lower tables 501 and 601) and just below the vacuum
chamber 105.



- 49 - surface, is held by a mirror holder 102 whic
demountably fixed to a holder supporting plate 103.

an opening of a vacuum chanber 105 and is connected toj}a gggrpﬁﬁ$&

' [ [ 1 Shutter _tingt
801 di sposed adjacent to an end of the mrror 101 has ift
supported by an upper wall of the vacuum chanber 105.
di sposed between a peripheral portion5&F-the opening of
105 and a

vacuum chanber

Next, the moving mechanism for moﬁing the
main frame 401 in the x-axis direction will now be
explained.

As shown in Figures 30 and 31, a pair of
.guide groove members 4001 are formed on the bottom

: -surface of the main frame 401, and these guide groove

- members slidably engage with x-axzis guide rails 502a

and S02b, respectively, provided on the top surface of
the upper table S01 which serves as table means. X-
axis feed screw 503 for moving the main frame along
the guide rails 502a and 502b comprises a screw rod
4003 engaging with & nut 4002a of a nut member 4002
which is fixed to the bottom surface of the main frame
40;, and it is rotatably supported by a bearing 4004a
of a suﬁporting plate 4004 which is fixed'to the upper
table 501. Stoppers 4004b are provided at the
opposite sides of the bearing 4004a, for preventing
motion of the x-axis feed screw'503 in the #-axis
direction. Aé the x-axis feed sérew 503 is rotated by
a handle 4005, the nut 40022 moves along the screw rod
4003 whereby the main frame 402 is moved along thé P
axis guide rails $02a and S02b in the x-axis
direction.

Lf the reflection surface of the mirror is
damaged seriously by the x-raf exposure, it is
possible to move the mirror reflection surface in its

widthwise direction by moving the main frame in the x-



flange portion of the mrror supporting rod 104. The rod 104 is tiltable
and is novable, upwardly and downwardly, w thout damagi ng

anbi ence within the vacuum chanber 105. Nanely, the cleara QEPL& S
mrror support 104 and the opening of the vacuum chanber 145 s Seal ed b¥
the bell ows 107. The vacuum chanber 105 is provi degd mﬁ% pgHmad
connection bellows 1l1la and 111b at its opposite sides, anditheSe bell ows
are coupled to SR X-ray ducts (not shown), respectively, so{as-to—"
introduce into the vacuum chanber the-$® X-rays, emtted frpmthe SOR
ring to the-irradiation chanber. Count er bel | ows 1088aving the
same cross- sectional area as the bellows 107, has its lower end fixed to

Lo upper porLign g Lhe. " 9L SUBROLhad BeredliSo B! ST he counter

without replacing the mirror, the X-ray exposure

operaﬁion can be executed uninterruptedly while using
a fresh reflection surface area. That ig, until the
whole width of the mirror is damaged, the reflection
surface of the mirror can be used effectively. |

Since the movement of the main frame 401
causes displacement of the vaduum chamber 105 in the
x-axis direction together_wi%h the mirror 101, there
occurs positionai deviation between the copening of the
vacuum chamber 105 and the beam duct (not shown) for
retaining vacuum ambience in the -X-ray path. I: this
positional deviation is beyond such range as can be '
absorbed by flexure of the beam conaecting bellows
-llla'aﬁd 1115. the mounting flange 113 of each |
connecting bellows f;xéd to the periphery of the
opening of the wvacuum chamber 105 may be replaced by
an eccenﬁric flange 113a (Figure 323) or an eccentric
flange 113b (Figure 32C).

' Each of these accentric flanges 113a and 113b
has opening and fixing means to the beam connecting
bellows, at a position which is eccentric with reépect
td the opening of the vacuum chamber 10S.

With the arrangemenf of the ?resent
embodiment as described above, the entire width of the
reflection surface of the mirror can be used

.effectively by moving the mirror in its transverse
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| evel

source.

the bottom surface of the top plate 109 which is
coupled to the vacuum chanber 105 through a wall plate 10b%aj(Fgure—30)~
The inside space of the counter bellows 108 is reduced tofa hzg 'ﬁﬁiiﬁﬁ
by neans of a vacuum pi pe 108a which is conmuni cat ef u
The mrror support 106 can be noved rec}p uuu..y -2

direction (y-axis direction) '
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axis direction together with the vacuum chamber.
Therefore, the lifetime of each mirror can be
prolonged and, thus, the frequency of mirror

replacement can be reduced. Also, since it is not

‘npecessary to adjuét the mirrar attitude again, the

required operation is simple.

' Next, a fifth embodiment ef the present
invenrion will be explained; The éeneral arrangement
of this embediment is similar to that illustrated ia
Figure 1.

Figure.33,is a perspective view of a main
portion of a mirror unit according to this embodiment.
Mirror 1 is demoﬁntably held by a mirror holder 2

which is demountebiy fized to a supporting plate

(mirror_sﬁpporting means) 3 with bolts (not shown).

The supporting plate is fixed integrally to lower ends

.of a pair of supporting rods 4. Each rod 4 is

provided by a hollow pipe member into which a mirror -
cooling water pipe 5 is inserted, from the upper end
of the rod 4. The water pipe 5 extends through the
throughbore 3a (Figure 35) of the supporting plate 3
and is ‘communicated with a cooling medium passageway

(to be described later) which is provided in the

~mjrror holdex 2.

The bottom surface of the mirror holder 2 has
been'subjected to high precision flattening treatmenf.

Also, an indium film is interposed between it and the



perpendicular to the reflection surface of the mrror 101 by neans of a
conbi nation of a ball screw 1002 driven by a y-axis driving notor (first

driving neans) 110 and a ball nut (not shown) provided ijf&grall P
the mrror support 106. Tilt plate 201 is integrally fixg%ﬁﬁéﬁgﬁgﬁﬁiggﬂiET
202 which supports the mrror support 106 rectilinearly |jmgvably in the
y-axis direction through the cooperation with a y-axis [rgct2 lli pEar19gpi de

k]

203. The tilt plate 201 is fixed to | at reference frgmg 301 by neans |of
three "wx and wz" adjusting screws '~ such that the dijr€ttion andmmanélé
of the tilt of the tilt plate 201 relative to the referdnce frame 301 can
be adjusted finely by the "wx and wz" adjusting screws 204. The

reference fragp 30krheeSHPPORS Gl Mo 1 A Tas¥udde Yool HEE ces 302 di sposed
at the opposite

transmission, ensuring enhancéd mirror cooling effect.
The mirror holder 2 and the supporting plate 3 are
disposed inside a3 vacuum chamber 6,_§nd the supporting
rod 4 extends through an ébening formed at the top

R wall of the vacuum chamber 6 and is connected to a
supporting mechanism disposed outside thé vacuum‘
_chamher- The supporting mechanism comprises a qifror
‘support 9 thcn'is mavable reciprocally in a vertical
direcfion along a guide 8 integral with the tilt plate
7. and a driving motor 10 for moving the mirror
support 9 along the guide 8. The tilt plate 7 ié mesh
engaged with a reference frame 12 by means of three
adjusting screws 11. By rotating these screws li. the .
direction and the angle of tiit relative to the |
reference frame 12 can be adjusted.

The mirror holde;'z comprises a'platg-like
main member 14 with an inside cooling medium flow
‘Passageway 13, a pair of leaf spring supports 15 fixed
to the bottom of the main member 14, and a plurality
of leaf sérings 16 fixed to the lower ends of thel
supports 15. The mirror 1 is supported with its
reflection surface facing down, while being pressed
against the main member 14 by the resilient forces of
the leaf springs 16.

When the mirror is going to be mounted on the

main member 14, the mirror position so adjusted thaf a



ends t hereof,

303 havi ng

-51- |ts p ngs
mesh engaged to the top of a skeleton type main frame 401. fq ?E @9?1_ e

rotatably around a |ongitudinal axis (z' LﬁE@LA@ENEﬁH'SHEEB

101. Each bearing device 302 is fixed to a central part] gfamL-shape

rotating angle of the reference frame 301 around the z fadis-can-
adj usted by a cam nechanism which is driven by a wz drijvi ng notor
driving means) 304. After such rotation adjustnent. a |leeking

(second

~57-

straight line connecting two abutment members 17, for
example, becomes parallel ta the wy direction of the
amirror 1 (namely, the direction of a minox line of a

cylindrical surface) as seen from the rectilinearly

_guiding direction of the guide 8 (Figure- 33).

ﬁhen the mirror holder 2 is going to be
mounted to the supporting plate 3, the positioning is
effected by abutting the abutment members 17 of the
holder 2 against the abutmeﬁt surface of the
supporting plate 3. Here, pre-adjustment may be
effected so that the direction of the abutment surface
of the supporting plate 3 is aligned with the

direction of the SR X-ray beam. Thus, by the

- abutment,-the wy direction of the mirrbr can be

' aligned with the direction of the SR X-ray beam.

- After completion of such positioning, bolts are

insérted'into"holes 18 to fix the mirror holder 2. and
the supporting plate 3 Lo each other as described

hereinbefore. During transportétion of the mirror

holder 2 holding the mirror 1 as well as during the

'operation for fixing the mirror holder 2 and the

supporting plate 3 to each other in the described
manner, a cover 19 (Figure 34B) for protecting the
mirror 1 may be attached to the mirror holder by using

a screw 20, to thereby prevent'damage of the mirror

. reflection surface.

The maim member 14 of the mirror heolder 2 has



screw 305 is fastened whereby the reference frame 301 s [fg nggt v
the main frame 401. Detector wunit Dis nountably and de i

in the forward end portion, along the z-axis direction,
surface of the reference frame 301. The main fr
support the bottom of the vacuum chanber 105 through the boper ati on w tlh
a pair of L-shaped nenbers (coupling neans) 402. Each ne 2027178 nade
of a material having small rigidity and it serves to absofb deformation

the bottom
49y FED/ESH

of the vacuum chanber 105 when its insig88- pressure is decreased froma
normal pressure to a vacuum anbi ence pressure (e.g. about "10[err] -
10[err] (Torr)) to thereby prevent distortion of the main frane 401.
As illustrated in Figure 29, the vacuum
a supply port 21 and a discharging port 22 both
communicated with the cocling medium flow passage
means 13. After the mirror holder 32 is fixed to the
supporting plate 3, the ends of the mirror cooling
"pipe S are coupled to the supply port 21 and the
discharging port 22. In other words, the supply port
21 and the discharging port 22 each has a structure
fh@t allows connection of the mirror cooling pipe 5
‘thereto. | .
Next, the supporting plate 3 and the
supporting rod 4 will be explained in greater detail.
As illustrated in Figure 35, the lower end of
each supporting rod 4 is fiiéd to an en¢ of a coupling
member 23. The other end of the couplgng member 23 is
fixed integrélly'to the top surface of the supporting
plate 3.  Ee11ows 24 is provided between the coupligé
member 23 and the. opening of the vacuum chamber 6,
such that the supporting rod 4 can be tilted and moved
up and.down_without damaging the vacuum aﬁbience ({e.qg.
about 10~7 - 10710 (Torr)) of the vacuum chamber 6.
The enlarged-diameter lower end portion of the mirror
cooling pipe S has an O-ring 25 held thereto.. Into
each of thé supply port 21 and the dischargiﬁg pbrt
22, an O-ring 25 is inserxted.
The coupling member 23 has an inside flangé

26 projecting inwardly of the supporting rod. This

flange 26 is connected to an end of an inside bellows



chanber 105 is held within the main frame 401 by nmeans of t
menbers 402 fixed to the bottomof the min frane 401. On tihe
101 is supported by a mrror supporting device (Jmirror

the mrror

-supporting neans) A conprising the tilt plate 201 and 2 { FEB 1997
-52- the reference frane 301, supported at the top of th mai n frane,
t hrough the mrror supporting rod 104, Next, a supportiTng table

structure B for

-59-

27. The inside bellows 27 has a bellows flange 28 at
the other end thereof. The bellows flénge_28 is
connected to a holder flange 30 fixed to the

perxipheral portions of the supply port 21 and the

discharging port 22 of the holder. The pressure in
" each of the inside space of the inside bellows 27 and

" the inside space of the supporting rod 4 is reduced to

2 low vacuum level, as compared with that in the
vacuum ch#mber 6. by means of a vacuum. pipe (not
shown) connected to the discharging port. This
assures improved reliability of maintaining the vacuum
ambience in the vacuum chamber 6. That is, by
e?acuating'the inside space of the supporting rod 4 in
addition to the vacuum sealing through the inside
bellows 27, fhe.Sealing effeét is enhanced. Also,
this provides an advantage of preventing leakége of

cooling water from the O-ring seal 25 into the vacuum

_chambei 6.

Tﬁe operation of mounting and demounting the
mirror holder 2 to and from the supporting plate'B may
be executed in’ the f0110wing‘manner.

The mirroi holder 2 with the lower surface of
the mirror 1 beigyg protected by the cover 19, is movéd
to a position below tLhe supporting plate 3, and the
bellows flange 23 of the suppértihg Plate is couvpled
to the holder flange 30 by using the bolts 29 (Figure
36)..



———————t—

supporting the main franme 401 will be expl ained. The sup '

structure B conprises an upper table 501 of flat frame shRbP|ACBMENTOSBEET

tabl e 601 of skeleton frane shape. The main frame 401 is vabte

reciprocally in the transverse direction (x-axis directign f,t hhd O
% heFER Y

101, along a pair of x-guide rails 502a and 502b provi ded

table 501. The novenent of the main franme 401 in the x-aXi $—direction i$§
provided by manually rotating an x-axis feeding screw 503 nounted on the
upper table 501. The upper tgolke 501 is support ed—on—tiet+ower—

table 601 rotatably around its vertical central axis (y axis). The .
rotating angle around the y axis can be adjusted by a cam nechani sm whi ch
is driven by a w driving notor neans (third driving nmeans) 602. The

| ower table 601 has | ipbstgfienttiy.| dhgt migrogabiolder 2 is lifted

toward the supporting plate 3 and it is positioned by
_engaging the abutment members 17 against the abutment
surface of the supporting plate 3. Then, by using the
bolts inserted into the holes 18, the mirror.holder 2
.and the supporting plate 3 are fixed to each other.
" After this, the cover 19 is demounted.
The mirfor cooling pipe 'S is inserted into
' the supporting rod 4, from its top end. By engaging
thelo-rings at its free ends with the sdpply port 21
and the discharging port 22 of the mirror holder 2,
the coannection of the mirror cooling piée S and the
cooling medium .flow passageway 13 of the mirror holder
2 is accomplished (Figure 35).

For éemounting the mirror holder 2, the bolts
by which the mirror holder 2 is engaged with the
supporting plate 3 are loosened. After this, the
mirror holder 2 is moved downwafdly.and. subsequently,
the bolts 29 are locosened to separate the bellows
flange 28 from the holder flange 30.

As described, the mirror replacement can be
executed by mounting and demounting the mirror holder
2, holding the mirror 1, to and from the supporting
plate 3 by using bolts. Thus, the reélacemenf
operation is easy. Additionaliy, the positioning of
the mirror to the supporting plate 3 is attainaﬁle

through the abutment member 17 of the mirror holder 2.



| ower tabl e,

main frame 401 relative to the floor surface. lon punp 70
702 are disposed in the inside of the supporting table strugtu
(conprising the upper and |ower tables 501 and 601) and |
vacuum chanber 105. i

Next, the noving mechani smfor noving the

l.e., the tilt of the supporting table struc

-61-

Thus, for the attitude adjustment after mirror

replacement, only fine adjustment of a fresh mirror

‘and a holder is necessary to cancel a machining error.

Also, such fine adjustment can be accomplished only by

adjusting again the tilt of the tilt plate 7 through

- the adjusting screw 1ll. Further, the connection of

the cooling medium flow passageway 13 of the mirror
holder 2 with the cooling pipe 5 inserted into the

supporting rod 4 can be assuied easily only by press-

‘fitting the O-ring 25 of the pipe 5 into the supply

port 21 or the discharging port 22 of the mirror
holder 2. |

With fhe afrangement of this eg?ogimént
described above, the mirror replacement can be gasily'

executed without damaging the reflection surface of a

fresh mirror to be used in the vacuum chamber and

without the necessity Qf compiicated re-adjustment of
éosition. “Alsc, where the mirror holder is provided
with a cooling medium fibw passageway, a mirror
cooling pipe can be connected thereto in the manner.
that assures a high réliability in respect to
maintaining a vacuum ambisnce of the vacuuﬁ chamber.

Next, a sixth embodiment of the present
invention will be expl;ined. The general arrangemént
of this embodiment is similar to that illustrated in
Figure 1.

Figure 37 is a schematic view of this



main frame 401 in the x-axis direction will now be expl ained. As
shown in Figures 30 and 31, a pair of guide groove nenbers 4001 .are forwet—1
on the bottom surface of the main frane 401, and these guid EQLAQEMEET SHEH

menbers slidably engage with x-axis guide rails 502a and 5Q2ls
respectively, provided on the top surface of the upper tablle ﬁg& m?kgﬁQQ?
serves as table neans. X- axis feed screw 503 for noving tHhe i

along the guide rails 502a and 502b conprises a screw rod 400 L g
with a nut 4002a of a nut nenber 4002-6& ch is fixed to thel bottom surface

of the main frame 401, and it is rotatably supported by a bear+reg—40064a
of a supporting plate 4004 which is fixed to the upper table 501. Stoppers

4004b are provided at the o%P05|te si des of the bearlng 4004a for
preventi ng odiment. -ray sheet beam 1 is expande

mirror (cylindrical mirror) 2 in a direction
perpendicular to the orbit of a SOR ring, whereby an
expanded beam 3 is produced.

The cylindrical Airfor 2 is held by a mirror
zholder 4 which is demountably supported by a holder
"supporting plate S. The cylindrical mirror 2, the
.mirror holder 4 and tﬁe holder suppo:ting plate 5 are
dispoéed iﬁ a vacuum chamber (not shown) having a high
inside vacuum ambience. Driving device 6 which serves
as a mirror driving weans for supporting the holder
supporting plate 5 and mpving the_same_id the v-axis
directién, is disposed outside the vacuum chamber.

Fike¢ to an end of the holder supporting
plate 5 is a-sensbr'hoiding member 7 which, as shown
in Figure 38, holds X-ray detectors (first and second
X-ray detectors) 8a and 8b diSpoéed in series in’ the
y~-axis direction. gach of thé detectqrs 8a énd Sb
serves to detect X-rays in a predetermined region’
adjacent to the upper or lower edge la or 1b of the SR
X-ray sheet beam; énd it produces an output current Ia
or Ib proportional to the detected X-rays. As an
example, a PIN diode made of a semiconductor material
such as Si may be used as the X-ray detector 8a or 85.

The output currents Ia and Ib of the
detectors 8a and 8b are applied to a comtrol circuit

(operation circuit) 9. The contrel circuit 9



noti on of the x-axis feed screw 503 in the x-axis di rect pon:~As T DEXS GRS
feed screw 503 is rotated by a handle 4005, the nut 4002 aRﬁBh&%tfégﬁﬁigS@Ef
screw rod 4003 whereby the main frame 402 is noved along|tfE X" axis |

21 8 ‘

€N Itb

guide rails 502a and 502b in the x-axis direction.
reflection surfafe of the mirror is danmaged seriously byft
exposure, it is possible to nove the mrror reflection syr
wi dt hwi se direction by noving the main frane in the x-

-63-

comprises current-to-voltage converters 10a and 10b
for transforming the output currents Ia and Ib into
voltages Va and Vb, an adder lla for addiﬁg the
voltages Va and Vb, a subtractor 1lbh for subtraction
_df these voltages, é divider 12 for calculating the
;ratio (Va-V¥b)/(Va+Vb)} of the outputs of the subtractor

" 11b and the adder lla, a comparator 13 for comparing
the'butput of the divider 12 with a reference level,
and a controller (control me;ns) 14 for controlling |
the y-axis driving device 6 in accordance with an
output "e" of the coﬁparator 13.

More spécifically, the output "e" of the

" comparator 13 is precisely in a proportionall

_ rélatioﬁship with the relative positional deviation

-_between the reflectiqn.surface_of the cylindrical
mirror 2 and the SR X-ray sheet beam, and the
controller i4 controls the y-axis driving means 6.in
accbréance witn the 6utpgt "e"* of the-cémpa:ator 13
whereby the relative positional deviation can.bé
canceled automatically.

On the other hand, the output of the adder
llq.of the control circuit is applied from an output
terminal 15 to an operation circuit 16 whereby a
signal representing the X-ray strength is produced.
This signal is used to controi the shutter controlling
means 17 aof the shutter in an exposure chamber.

Since the relative position of the sheet beam




-54- axis direction, as described her ei nbef ore. Thus

T P2 190 4 L.a.CLng
the mrror, the X-ray exposure operation can be executeo‘Rﬁﬁ_’-aﬂf'g?éﬁi s
while using - a fresh reflection surface area. That is, unfif ThHe ~Wwhol e
width of the mirror is damaged; the reflection surface o] h? FE@W"‘
be used effectively. Since the novenent of the f 1

causes di spl acenent of the vacuum chanber-105 in the x-aki s—git+eettorm
together with the mrror 101, there occurs positional deyiation between

t he opening of the vacuum chanber 105-&4€ t he beam duct {mot—shown) 1 or
retaining: vacuum anbi ence in the X-ray path. If this positional deviation
i s beyond such range as can be absorbed by flexure of the beam connecting
bel | ows

1 and the cylindrical mirror 2 is controlled
automatically and is maintained unchanged, any
displacement of the sheet beam 1 in the y-axis
direction does not cause displacement of the light
receiving surface of the i—ray detector 8a or 8b held -
integrally hy the cylindriéal mnirxror 2. Therefore,
the ontput current of the detector 8a or 8b is not
affected by the displacement of the sheet beam in the
y-axis direction, but it is always held in a
proportional relationship with the X-ray strength.

' This means that the signal inputted to the
operation circuit 16 is exactly in é proportional
relationship with the'x-ray strength and, therefore,
it is pOQSIble to avoid a change in exposure amount of
a substrate in the exposure chamber by controllxng the
shutter control means 17 in accordance with the output
of the operation circuit 16. . |

_ . In place of applying to the operation cir;uit
16 the outpuf signal of the édde; l1la as a signal
representing the X-ray stréngth, the shutter control
- means may be confrolléd on the basis of one of the

outputs of the current—té~Vo1tage converters 10a and
11b. |

With the arrangement of this embodiment
described above, the X-ray stféngth can be measured
precisely without being affected by noise or

displacement of the X-ray beam in the y-axis



111a and 111b, the nounting flange 113 of each connecting #prhﬂbtﬁhﬁedvﬂ"~3"
the periphery of the opening of the vacuum chanber 105 nmay

an eccentric flange 113a (Figure 32B) or an eccentric flange %ﬁﬁ FEROWBZ
320) . Each of these eccentric flanges 113a and 113b| has openi ng
and fixing nmeans to the beam connecting bellows, at a posit{i Gar—whrcirTSs

repl aced by

eccentric wt

h respect to the opening of the vacuum chanber] 105.

Wth the arrangenment of the present enbodi nent as describe PovVeE, the

entire w dth.
effectively b

of the reflection surfaceé®f the mrror can be used
y nmoving the mrror in.its transverse

REPLACEMENT SHEET

direction. As a result, it is possible to control the
shutter means very precisely, in response to a change
in the X-ray strength. Thus, uniform exposure of a
substrate can be attained eaéily.

Also, there is n6 necessity qf using an
electrode plate in the exposure chamber, for
measurement of ihe x-:ay strenygth. Additionally, no
high-voltage power source is reguired- This

contributes to reduction in Size of the exposure

.apparatus and to enhancement of safety.

Next, an embodiment of the present invention
which is applied to ‘a semiconductor device

manufacturing method utilizing an exposure apparatué

_accordlng to one of the precedlng embodiments, w1ll

' .now be egplalned.

Figure 39 is a flow chart of the sequence of

manufactu:ing'a semiconductor device such as a

semiconductor chip (e.g. IC or LSI), a liquid cxrystal

panel or a'CCD( for example. Step 1 is a design-.
process for designing the circuit of a semiconductor

device. Step 2 is a process for manufacturing a mask

an the basis of the circuit pattern design. Step'3 is

a process for maﬁufacturing a wafer by using a
material such as silicon.

Step 4 is a wafer process which is called a
pre-process wherein, by using the so prepared mask and

wafer, circuits are practically formed on the wafer




- 55- axis direction together with the vacuum chanber. Therefore, the
lifetinme of each mrror can be prolonged and, thus, the { 2

mrror replacenent can be reduced. Also, since it is not R..EEQEME&?}SHEET
adjust the mrror attitude again, the required operationji$ sinple.
Next, a fifth enbodiment of the present invention will be exgl hirED.1997The
general arrangenent of this enbodinent is simlar to tha | lustrated in
Figure 1. Figure 33 is a perspective view of a jmin portion of a
mrror unit according to this enbodi nee6sé-

through lithography. Step 5 subsequent to this is an
" assembling step which is called a post-process wherein
the wafer processed by step 4 is formed inta
semiconductor chips. This step includes assembling
(d1c1ng and bonding) and packaging (cth sealing).
'Step 6 is an inspection step wherein operablllty
check, durability check and so on of the semiconductor
devices produced by step 5 are carried qut. With
these processes, semiconductar devices ére finished
and they are shipped (step.7).

Figure 40 is a flow chart showing details of
the wafer process. Step 11 is an oxidation process |
for oxidizing the surface of a wafer. . Step 12 is a
CVD process for forming an insulating film on the

wafer surface. Step 13 is-én’elecfrodé forming
process for forming electrodes'oh the wafer by vapof“
deposifion. Step 14 is an ion implanting process. for
implénting ions to the wafér, Step 15 is a resist
proceés for apélying a2 resist (photosensitive
material) to the wafer.  Step 16 is-an exposure
process for printing, by exposure, the circuit pattern
of the mask on the wafer through the exposure
. apparatus described above. Stép 17 is a developing
process for developing the expoéed wafer. Step 18 is
an etching process for removiné portions other than
the developed resist image. Step 19 is a resist

separation process for separating the resist material



Mrror 1 is denmountably held by a mrror holder 2 which
fixed to a supporting plate (mrror supporting means) 3
shown). The supporting plate is fixed integrally to | owe
of supporting rods 4. Each rod 4 is provided by a holl ow

pRp ragnt
which a mrror cooling water pipe 5 is inserted, fromthe up?e?eggg of
the rod 4. The water pipe 5 extends through the throughbdre f

of the supporting plate 3 and is conmunicated with a cool

S|

Ffids  of a pai

i ng medi um

passagemay (to be described later) whigp is provided in tt mrror hol der
The bottom surface of the mirror holder 2 has been subjected
to hi gh precision flattening treatment. Also, an indiumfilmis interposed

between it and the
remaining on the wafur after being subjected

to the

etching process. By repeating these processes,

circuit patterns are superposedly formed on t

he wafer.

While the invention has been described with

5 reference to the structures disclosed herein,

it is not

* confined to the details set forth and this application

" is intended to cover such modifications or changes as

may come within the purposes of the improvements or the

scope of the following claims.




-56- -56- top surface of the mrror 1 to assure good he A ﬁﬁk
ensuring enhanced mrror cooling effect. The mrror hold vﬁ_ ]
supporting plate 3 are disposed inside a vacuum chanber @, and t he
supporting rod 4 extends through an opening fornmed at thejt mmﬂEB 89t e
vacuum cha ected to a supporting nechani dlsposed
out si de thMﬁMﬂH”ﬂ“ﬂﬂm The supporting nechani smconplisSes™a mrror
support 9 which i s ndvabl e*reciprocally in a vertical

- 68 -
CLAIMS:

1. An X-ray apparatus, comprising:
a mirror having a reflection surface, for -

expanding an X-ray beam in a predetermined

W

_ . direction;
detecting means for detecting a relative
pos;tional relationship betwééh-the X~ray beam and the
reflection sufface with respect to a direction
10 perpendicular to the reflection surface; énd
adjusting means fdr adjusting the relative
position of the X-ray beam and thé réflection surface

on the basis of the detection.

15 - 2. An X-ray apparatus, comprising:-

a mirror having a. refléction surface, ' for
expanding an X-ray -beam .,in_' a predetermihed.
direction;

detecting means for detecting the attitude of the

20 reflection surface relative to the X-ray beam; and
adjusting means for adjustlng the attitude of the
reflection surface relative to the X-ray bean on the

basis of the detection.



direction along a guide 8 integral with the tilt pl ate 7 andadr|V|ng

notor 10 for noving the mrror suprLL_Q_aLQng_Lhe_guLd —Hhe—t1 —
7 is nmesh engaged with a reference fra PLAE 5] HﬁET
screws 11. By rotating these screws ]HIJI uwuilluﬂ tu and t Hg~angre of
tilt relative to the reference frane Fflﬂeﬁg'?'
mrror holder 2 conprises a plate-like main nenber 14 mnth %Jide

cooling nediumflow passageway 13, a pair of leaf spring su -5—3-5—~f-t-xed™
to the bottomof the main menber 14, and a plurality of |eaf springs 16

=

fixed to the |l ower ends of the sup ts 15. The mrror 1 is-supported wth
its reflection surface facing down, whi | e bei ng pressed against the nai'n

menber 14 by the resgid 'ﬁﬁafﬂ@%&ﬁonﬁ% lRPleitd " &F Waims 1 or

2, further comprising a radiation source for producing

the X-ray beam.

S 4. An apparatus according to either of claims 1 or
2, further comprising means for projecting the X-ray
beam, expanded by said mixror, to an  article to be

irradiated.

10 5. An apparatus according to claim 4, further
comprising control means for controlling irradiation

of the article with the X-ray beam.

6. An apparatus according to either of'l claims 1 or
15 | 2, .further comprising means fof: p_roﬁecting the X-ray
'bea'm, - expanded by said mirror, to a mask and- for
transferring a pattern of the irradiated mask onto a

- wafer.

20 7. An apparatus according to claim 6, further
comprisixig control means for controlling the exposure

of the wafer with the X-ray beam.



When the mrror is going to be nounted on the main nenber 14, the mrror
position so adjusted that a : '

57
strai ght |ine connecti-ng—two—abutrent—menbers 17, for exanpl|REM: T 7]
parallel to the wy dw Ii | Hﬂ irror 1 (nanely, the dijr ¢“§@§§§L§%ﬁ?T
mnor line of a cyliuigigﬂﬂ! ﬂ' ﬂ r;s seen fromthe rectil| neagl,y
gui ding direction of "tdiecgUiden Fisgure 33). When it eﬁﬂﬂrfgﬁ‘997

hol der 2 is going to be nounted to the supporting plate 3, tlhe-positiioning
S -

T : —
8. An apparatus according to claim 1, further
comprising computing means for computing the X-ray
strength on the basis of the detection by said

detecting means.

9. An apparatus according to claim 1, wherein said

detecting means includes an X-ray detector.

10. Aﬁ apparatus according to claim 9, wherein said
10 detecting means includes first and second X-ray
detectors @ which are disposed in .series in the
direction perpendicular to the refleqtion surface §f

said mirror.

15 ;1. -Aﬁ'aﬁparatus éﬁcording to claim 2, whereiﬁ said
| adjusting means inqiudes first driving 'means - for
rpﬁationally moving said mirror around a first axis
extending along the path of the X-ray beaﬁ, and second
driving means for .rotatidnally: ﬁoving said mirror

20 * around a second axis perpendicular to the :eflection'

surface of said mirror.

12. An X-ray apparatus, comprising:
a reduced pressure chamber;

25 ' a mirror having a reflection surface and being




effected by abutting the abutment nenbers 17 of the hold 3§§ﬂ2@f&ﬂﬂ£&i§WEET
abut ment surface of the supporting plate 3. Here, pre-adjlds - e
effected so that the direction of the Hml _ . of| tjhe supporting|
plate 3 is aligned with the direction mmmmmﬂbe m| Thus FEB, 19%7e
abutnment, the wy direction of the mirrof can be™ alsigned Wth the directidn
of the SR X-ray beam After conpletion of such positioning, Dolts are
inserted into holes 18 to fix the mrror holder 2 and thejlsupporting plat
3 to each other as described hereinbefore. During transportation of the

mrror holder 2 holding the mrror éhas wel | as during the operation for
fixing the mirror holder 2 and the pporting plate 3 to each other in the

described manngy . 3:68VEh 4914 FbthiSes Pod YnglrndiF A9 L8y beam

in a predetermined direction;

a supporting mechanism disposed outside said
chamber, for supporting said mirror; and
5 ; a frame for supporting said chamber and said

supporting mechanism.

13. An X-ray apparatus, cémprising:
a reduced pressure chamber;

10 a mirror having a reflection surfgce and 5eing
disposed in said chamber, for expanding an.x-ray beam
in a predetermined direction;

a suppoiting mechanism for ' supporting said
@irrbr;,

15 " a frame for Sﬁpporting 'said- chambef_ aﬁd said

sdpportingfmechahism} and
a moving mechanism forx moving said frame in a

direction transversing the path of the X—ray_beaﬁ.

20
14. A semiconductor device manufactﬁring method
usable with a mask and a wafer as well as é mirror:
with a reflection surface for expanding an X-ray beam
in a predetermined direction, said method comprising

25 the steps of:




mrror 1 may be attached to the mrror hol der by using é
t her eby prevent damage of the mirror reflection surface.
mai m menber 14 of the murror holder 2 has

- 58- a supply port 21 and a dischamﬁing port 22 both cofmmiini,c

Lm After the mrro
. -of the mrror c

the cooling nedium fl ow-f’pﬁm mmm&
fixed to the supporting pPie A

- 72 -

crew 20...10

DO

102d

Lnhg

[REPLACEMERTNS

e e gt =

b FEn'he/ l f |

detecting the relative position of the X-ray

beam and the reflection surface of the mirror in a

direction perpendicular to the reflection surface;

adjusting the relative position of the X-ray.

5 " beam and the reflection surface on the basis of said

detection; and

projecting the X-ray beam, expanded by the

mirror, to a mask so as to transfer a pattern of the

mask onto the wafer.

10
15. A semiconductor device manufaéturing method
usable with a mask and a wafer as well as a mirror
with a reflection surface for expanding an X-ray beéﬁ
in a predetermined direction, said method comprising .
15 - the steps of: .
‘detecting the attitude of the reflection surface
of the mirror relative to the X-ray beam;
| édjuSting the atﬁitude of.#he:reflection surface
of the mirror relativé to the X-ray beam on the basis
20 -of said detection; and

projecting the X-ray beam, expanded by the

mirror, to a mask so as to transfer a pattern of the-

mask onto the wafer.



pipe 5 are coupled to the supply port 21 and the discharging port 22. In
other words, the supply port 21 and the discharging port 22 each has a
structure that allows connection of the nirror cooling pipe 5 the.et S

Next, the supporting ptate—3—and the supporting rod 4 mnll;b% x “@HSHEEX
greater detalu | lustrated in Figure 35, the | OV rd - of"“”'
each supportl’ mlmu""m#mm to an end of a coupling nenbg 3 Té@
ot her end of t'hefcoupl¥ ng ne 23 is fixed integrally to

of the supporting plate 3. Belloms 24 is provided between t counllnn
menber 23 and the opening of the va m chanmber 6, such that} the

supporting rod 4 can be tilted and noved up and down wit houtl_danagi-rg—tteE=""

vacuum anbi ence; §e. 9. A2094h; dRistor RS Indr¥ddduila W WY

mask and a wafer as well as a mirror with a reflection
surface for expanding an X-ray beam in a
predetermined direction and. in accordance with a -
5 -~ method which comprises-che steps of:
detecting the relative position of the X-ray
beam and the reflection surféce of the mirror in a
dircction perpendicular to the refléction surface;
adjustlng the relative position of the X-ray
10 beam and the reflection surface on the basis of said
detection; and . |
pfojecting the ZX-ray beam, expanded by the
mirror, to a mask so as to_transfe; a pattern of the

mask onto the wafer.

15
17. A sémiconductcr.device_maﬁufactured by dsing a
mask and a wafer as well as a mirrcr with a-fefleccion
surface for expandlng an X-ray beam in a predetermlned
direction and in accordance with a method which

20 * comprises the steps of:
| détecting the attitude of the reflection
surface of the mirror relative tc the X-ray beam;
adjusting the atcitude' of the refiection
surface of the mirror relative to the X-ray beam on

25 "the basis of said detection; and



The enl arged-di aneter |ower end portion of the mrror cool R
an Oring 25 held thereto. Into each of the supply port 2 _
di scharging port 22, an Oring 25 is inserted. couplina i*
menber 23 has an inside flange 26 projecting inwardly of -the sﬂpboFEﬁ §97 i
rod. This flange 26 is connected to an end of an inside bekl ows i
-59- 27. The inside bellows 27 has a bellows flange 28 atf the other end

MBHRaSHE:

thereof. The bellows flange 28 is

- 74. -
projecting the X-ray beam, expanded by the
mirror, to a mask so as to transfer a pattern of the

mask onto the wafer.

__________;_____~_

N



connected to a holder flange 30 fixed to the peripheral pqrilonSTUﬁjthe
supply port 21 and the discharging port 22 of the hol der.|it S b
each of the inside space of the inside bellows 27 and the

t he supporting rod 4 is reduced to a |ow vacuum|level, as
that in the vacuum chanber 6, by neans of a vacuum pipe (
connected to the discharging port. This assures inproved -
mai nt ai ni ng the vacuum anbi ence in thg-vacuum chanber 6. {That is, by
evacuating the inside space of the supporting rod 4 in addition to The
vacuum seal ing through the insﬁhﬁﬂLﬁﬁﬁﬁﬂﬂglﬂﬁé&ﬂﬂé sealing effect is
enhanced. Al so, thIS prOV|des an advantage of preventing |eakage of
cool i ng wat ABILRA [ PESEHASURE | nto t he vacuum chanber 6.

An X-ray apparatus is disclosed which
includes a mirror having a reflection surface, for
expanding an X-ray beam in a predetermined direction,

S a detecting device for detecting a relative positional
relationship between the X-ray beam and the reflection
surface with respect to a direction perpendicular to
the reflection surfacc, and an adjusting device for
adjuéting the relati?e positién of the X-ray beam and

10 the reflecfion surface on thé basis of the detection.
Also disclosed is an ezposure.apparatus and a
semiconductor device manufacturing method using the X~

ray apparatus.

FIGURE__ 37



The operation of nounting and denmounting the mrror holdér_2 to and from

the supporting plate 3 nay be executed in the follow ng r

The mrror holder 2 with the |lower surface of the mrror

by the cover 19, is noved to a position below the support

the bellows flange 28 of the supporting glate I's coupl ed
6) .

flange 30 by using the bolts 29 (Figure
-60-

SOR RING
CHAMBER

EXPOSURE
CHAMBER

FIG. |

ESLAGEMENT, &

—+

g plate 3, ang

o 2 e PED 997

-




PLAGEIRERT o1

i

it
Subsequently, the mirror holder 2 is lifted toward the su B‘ ~plate 3
and it is positioned by engaging the abutnment nenbers 17 4g | %@ 1997
abut ment surface of the supporting plate 3. Then, by usin th &5

i nserted into the holes 18, the mrror holder 2 and the suppprti

are fixed to each other. After this, the cover 19 is denouft ed.

1R

The mirror cooling pipe 5 is |nserted 1o the supporting Lod—4—FromriTs
top end. By engaging the Orings at its free ends with the supply port 21

and the discharging port 22 of the mrror holder 2, the comnection of the

mrror cooling pipe 5 and the cooling nediumflow passageway 13 of the
mrror holder 2 is acconplished (Figure 35). For denounting the
mrror holder 2, the bolts

305 ”0 202
- 30 1 ' 204
303\ (108 01
104 305
N X>T—301
107 g 40
'05\ ' ) 1-304
901 N\ - ~—=801
N 802
103
_ > 102
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—112
—1~602
—60]
~701

Zy

702 |
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by which the mirror holder 2 is engaged with the supporting plate 3 are
| oosened. After this, the mrror holder 2 is noved downward '
subsequently, the bolts 29 are | oosened to separate the bel @Efgﬁﬂé SEEET.
epl acemernt—
> :
the mrror 1. to and fromthe supporting” plate 3 by using bol s? il]'m@?@ze
repl acenent operation is easy. Additionally, the positioning

fromthe holder flange 30. As described, the mrro
mrror to the.supporting plate 3 is attainable through the {abutment nenber

can be executed by nmounting and dermuntgng the mrror hol de
17 of the mrror hol der 2.

1o
10_5202 109 1050 -
o\ h | [ e
~ 301
302 103" 'ﬁ —JﬁJ/sos
102 Ny — e —302
To] I ISR N — 105
srx | ISR
—.—.9.} ﬂ ’;‘:’u‘\‘e —————————— -3 E ———
Hia” | 41 - b
112-" = 13
. . 503 402
*02¢ [ g J\%o!
e \502b
-l 4 501
) ™
702 602 701
Tso0i




-61- Thus, for the attitude adjustnent after mrror

fine adjustnent of a fresh mrror and a holder is necessar
machi ning error. Al so, such fine adjustnment can be acconpli
adjusting again the tilt of the tilt plate 7 through the adju tlng scr?&h
11. Further, the connection of the cooling nediumflow passhg m@y\ Bf

the mirror holder 2 with the cooli.ng gi-fe™ inserted into the} supporti
rod 4 can be assured easily only by press-

fitting the Oring
pipe 5 into the supply port 21 or the discharging port 22 of the
hol der 2.
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descri bed above, the mrror replacenent can be easily execu

i.fhout.

damagi ng the reflection surface of a fresh mrror to be

Ip| ACEMENTY SHEE

—

chanber and w thout the necessity of conplicated re-adjust

position. Al so, where the mrror holder is provided wth {aicooli n% ”ﬁg un
fl ow passageway, a mrror cooling pipe_can be connected tlhere2 4 FE&

5

e UT

)

manner that assures a high reliabilify®in respect to maiintfai ni ng_a_vacudm
anbi ence of the vacuum chanber. Next, a sixth er;tfdi ment of the
present invention will be explained. The general arrangenent—gf—it-his
enbodinment is sinmlar to that illustrated in Figure 1. Fi gure 37

is a schematic view of this

= ACTUATOR }—={ MIRROR

CONTROLLER

FIG.

POSITION
SENSOR

e

SOR
LIGHT




-62-
(cylindrical
ri ng, whereby an

enbodi nent .

mrror) 2 in a direction
expanded beam 3 i s produced.

per pe

ndi cular to the

SR X-ray sheet beam 1l is expanded by a ‘mrror

Ep oS

mrror 2 is held by a mirror holder 4 which is-dennuntably st@ipported by a
hol der supporting plate 5. The cylindrigal mrror 2, the il g% h PEBERSA
and the hol der supporting plate 5 are~ dl sposed in a vacuumjchanber, (not
shown) having_a hi gh inside vacuum anbi ence. Driving devic B—whiciserves”
tos 223 109-108a ~
305 110 //202
| 204
303 08 201
302 204
: 104 305
107 7 AR
| 40|
' o 802
5 102
10}
909
501 |
—~112
—~602 5
J 160l
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~701
702 |
603 y -

wz
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FIG. ;7




as a mrror driving nmeans for supporting the hol der
noving the sanme in the y-axis

chanber .
sensor

in the

sem conduct or
8b.

mat eri al

y-axis direction.
X-rays in a predeterm ned region
1b of the SR X-ray sheet beam and it produces an out put
proportional- to the detected X-rays.
such as S

di recti on,

Fixed to an end of the hol der supporti
hol di ng menber 7 which, as shown
detectors (first and second X-ray detectors) 8a and 8b dils
Each of th2 defectors 8a and 8b
adj acent to the upper or

As an

in Figure 38, hol\f%

exanpl e,
may be used as the X-ra
The output currents la and |Ib of the

supborting plate 5 and

detectors 8a and 8b are

applied to a control circuit
' 1O |
202 | 109 105a
. 7 30!

: 302 03 | A= 303
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e ———— T
(operation circuit) 9. The control circuit 9 et ACEMENT SHEETH
-63- conprises current-to-voltage converters 10a an OFn
transform ng the output currents la and Ib into voltage$ Va and at
adder 1l1la for adding the voltages Va and Vb, a subtradgt ¢r 211.bFEBr a7
subtraction of these voltages, a divider 12 for cal cullatling the '

(Va-Vb)/ (Va+Vb) of the outputs of t e &ubtractor 11b gn e adder 11a, {a

conparator 13 for comparing the output of the divider {12 w
| evel , _ : '

arc 806 808 8098 ,
N S B A

O

1 — 14

. ‘masﬂ / ] 40|
E E [ I — - l—~—805
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and a controller (control neans) 14 for controlling the yl
device 6 in accordance with an output "e" of the conparator

More specifically, the output "e" of the conparator 13 is

p
proportional relationship with the relative positional devi EW%EMEMI%EET

the reflection surface of the cylindric mrror 2 and the
beam and the controller 14 controls tHe y-axis driving nedns 62iln FEB 1997
accordance with the output "e" of the conmparator 13 mhereby[ the relative

posi ti onal deviation can be canceled automatically.

hand, the output of the adder 1la of the control circuit f

axis driving

X-ray shee

On the ot her
S

a_p_p_L_L_ed frnm_

an output termnal 15 to an operation circuit 16 whereby a signal

representing the X-ray strength is produced
. 8l14b
o ’ o V7
| _—so0t
- 8004
® Q.

FIG. IIA  FIG.

1B



This signal is used to control the shutter controlling means 17 of the
shutter in an exposure chanber. Since the relative position of
t he sheet beam - 64- 1 and the

cylindrical mrror 2 is controlled automatically and is nmafj 3 :
unchanged, any displ acenent of the Shﬁﬁ beam 1 in the y-a R m@?ﬁﬁhﬁnﬁﬁﬂ

does not cause displacement of the lig Teceiving surface of the X-raé
detector 8a or 8b held | 2 1 FEB 1997




integrally by the cylindrical mrror 2. Therefore, the
the detector 8a or 8b is not affected by the displacens
beamin the y-axis direction, but it is always held in
rel ationship with the X-ray strength. Thi s neahs t?a ﬁﬁﬁe
I nputted to the operation circuit 16 exactly in a pr{ i onal
relationship with the X-ray strength gﬁd therefore, it
avoid a change in exposure amount of a substrate in the exposure

by controlling the shutter control neans 17 in accordance t he output
of the operation circuit 16. In place of applying to the
operation circuit 16 the output signal of the adder 1la as a signal

representing the X-ray strength, t ntrol neans nay be
controlled on the basis of one of pe i%%%;ﬁ}fhfg
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outputs of the current-to-voltage converters 10a and |lb. . Wth
the arrangenent of this enbodi nent described above, the X-ray strength can

"~ be nmeasured precisely w thout being affected by noise or qTﬁEﬂmT %THEET

the X-ray beamin the y-axis
direction. As aresult, it is possibleto control the shutter\Jrreans very

precisely, in response to a change inh ?‘ue'X—ray strength. fTh sg UrpED 997
exposure of a |

Sv
BL

GV

TMP
RP

|
1'><1L. .
FI1G. I5

oz o #
s
Sa 8
5 . :
og =
S5 fY
-0 S

MEGP




substrate can be attained easily.

usi ng an

X-ray strength. Additionally, no high-voltage power sourcsd

1S~ B At —of—the,
; REPLAGEMEAFTd SHEET
i FEB1997,
leding.

a flomfgﬁg}t of

This contributes to reduction in size of the exposure apy
enhancenment of safety. hbxt,gﬁn,enbodinent of thd

i nvention
utilizing

enbodi ments, -will now be expl ai ned. Figure 39 i9
t he sequence of nmanufacturing-a sem conductor device such
sem conductor chip (e.g. I1Cor LSI), aliquid crystal panel or a CCD,

exanpl e.

el ectrode plate in the exposure chanber, for neg

which is applied to a senicbfiductor device many
an exposure apparatus according to one of the pf

by

fg

ed

Al'so, there is no necessity of

Step 1 is a design.
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process for designing the circuit of a seniconductor devi ce. Step 2 is a.“_b‘

design. Step 3 is a process for manufacturing a wafer by | -
mat erial such as silicon. Step 4 is a wafer pr.oces
called a pre-process wherein, by usin he so prepared nash
circuits are practically fornmed on the wafer )
-66-

f f ' k he basi f th ' it ' -
process for manufacturing a nmas on the basis of the C|rcuu5£ﬁ AGEM%&{
s iw

hich is |

Ing {WRERI1997
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t hrough |ithography.

formed into

Step 5 subsequent to this is an
which is called a post-process wherein
sem conduct or chi ps.

t he waf er

(dicing and bondi ng) and packagi ng (chip sealing).

I nspection step wherein operability
devi ces produced
sem conduct or devices are finished
Figure 40 is a flow chart show ng det
Step 11 is an oxi dation .process

t he sem conduct or
t hese processes,

(step 7). :
waf er process.
of a wafer. Step 12 is a
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deposi tion.
the wafer. Step 15 is a resist
(phot osensitive
process for printing, by exposure,
the wafer through the exposure

devel opi ng process for devel op
etching process for renoving porti

Step 14 is an ion inplanting processfor

material) to the wafer.

inplanting lons to

process for applying a resis
Step 16 is an expd
t.he circuit pattern of
app_a[ié-u_s descri bed above.
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-67- remai ning on the wafer after being subjected to the
et ching process. By repeating these processes, circuit patt

Lns. are

superposedly forned on the wafer. ‘While the inventi
been described with 5 reference to the structures disclosed he
I S not confined to the details set forth and this applicatiq
I ntended to cover such nodifications Grlahahges as may cone
pur poses of the inprovenents or the scope of the follow ng d
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- 68 - CLAI MS: 1. An X-ray apparat us, cdnpri si ng:

a mrror having a reflection surface, for 5 expa
X-ray beam in a predet er m ned di rection;
detecting neans for detecting a relative "~
rel ati onshi p between the X-ray beam and the refledgtijon. s éﬁf
with respect to a direction 10 = 1$etpendicular to thed r&f g gr??
surface; and adj usting neans for adjusting he i
position of the X-ray beam and the reflection surface on the basis
of the detectiion. : 8132

N

FIG. 24A
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15 2. An X-ray apparatus, corrpfi si ng: a nirror havi ng

a reflection surface, for expandi ng an X-ray beat
i direction; det ecting nean REB&;AW%NI_@&_ET

pr edet er mi ned

the attitude of the 20 reflection surface relative to t e]“X ray eam
and adjusting neans for adjusting the attitude ¢f 1 1997
reflection surface relative to the X-Tay® begamon the - del o? ?
det ecti on. - 69 -
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3. An apparatus according to either of claims 1 or "~ 2, further

conprising a radiation source for producing the X-ray beam 5

4, An apparatus according to either of clains 1 or H QT SHEET
conprising nmeans for projecting the X-ray beam expandgti-ib: g

mrror, to an article to be - irradi at ed. 10 5. An

apparatus according to claim 4, f #AQ her conprisin é:or;ttoﬂr '''' '&397
means for controlllng irradiation of the article with thé X-ray

beam 6. An apparatus according to either of C|aIﬂS 4 or 15

2, further conpr|5|ng means for projecting the X-ray ibeanl gt

expanded by said mrror, to a mask and for
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transferring a pattern of the irradiated nmask onto a

' 20
7. An apparatus according to claim 6, further gﬁﬁbACER F
control neans for controlling the exposure of the wafef wth t#EMT SHE]
X-ray beam : :
REPLACEMENT SHEET o1 - 70 - le| 71 ER 197
apparatus according to claim 1, fu?}her conprisingiconmputing |
means for conputing the X-ray 'strength on the basis of: the

~ detection by said
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detecting neans. 5

9. An apparatus according to claim1, .wherein
sai d detecting neans includes an X-ray detector. 10. An
apparatus according to claim9, wherein said 10 detecting means
includes first and second X-ray detectors which
in series in the di rection perpendlcular to the ref @EﬁlkﬁgWFNT SHtE
surface of said mrror. 15 = 221¢%, An apparatus accprding to’
claim?2, wherein said adj usting neans includes first d?'%”ﬂgﬁ 1297
means for ' rotationally nmoving said mirror around a firist axi's
extendi ng al ong the path of the X-ray beam and second eH-+-vH-Rg——
means for rotationally noving said mrror
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20- around a second axis perpendicular to the reflection

surface of said mrror. 12. An X-ray apparatus, conpri sing:

a reduced pressure chamber; 25 a mrror having a pefteet+on
surface and being -~ 71{ REPLACEMENT SHEET
di sposed in said chanmber, for expanding_ an X-ray beam inoa

predeterm ned direction; sUpporting nechanisn1di?30$%%<w97

out si de sai d
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chanber, for supporting said mrror; and 5

a frame for

supporting said chanber and said supporting nmechani sm
13. An X-ray apparatus, conprising: a reduced essure
chamber; 10 a mrror having a reflection surface "’W@PL%EWNT SHEET

di sposed i n said chanber,
predeterm ned direction;
supporting said
chanber and " said supporting mechani sm and
movi ng- mechani smfor noving said frame in a

for expandln%g?n X-ray beam
mrror; 15

directid

supporting necha |sn1 for
a frame for s[} ord ilndEBs 1893 l

a

n transversing

the path of the X-ray beam
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20 14. A seniconductor device manufacturing method

usable with a mask and a wafer as well as a mrror wth a
refl ection surface for expanding an X-ray. beam in a
predeterm ned direction, said nethod conprising 25 t he_.sieps of:

- 72 - ~detecting the relative position of the
beam and the reflection surface of the AYror in a d rEP AMNT SHEET
perpendi cular to the refl-ection surface; 2

h { FEB 1997

CFI1G. 32C

e

FlG 32D



adjusting the relative position of the X-ray 5 beam and the

reflection surface on the basis of said detection; and

projecting the X-ray beam expanded by the mrror, to a nask so as

to transfer a pattern of the mask onto the wafer. 10

A sem conductor device manufacturing nethod usabl e 'PMACEyEmHQSHEET
and a wafer as well as a mrror = 28jth a reflection surffdce for
expandi ng an X-ray beam in a predeterm ned direction,s%uﬁ1np{@ogo7
conprising 15 the steps of: detecting the atjtijtude of
reflection surface of the mrror relative to the X-ray b&any ===
adjusting the attitude of the reflection surface of t mrror

relative to the X-ray beam on the basis
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beam.

20 of said detection; and projecting the X-ray

expanded by the mrror, to a mask so as to transfer a j
t he mask onto the wafer.

- 16. A sem conductor device manufactured by using a

mask and a wafer as well as a mrror with a reflection $
for expandi ng an X-ray beam tnm7a" pr edet er m ned
and in accordance with a 5 met hod whi ch conprises the-step$
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detecting the relative position of the X-ray beam and the reflection

surface of the mrror in a direction perpendicular to the reflection
surface; adjusting the relative position of the~Xetay—10 .
beam and the reflection surface on the basis of said RERIACEMENT SHEET
and projecting the X-ray beam expanded by | tfre

mrror, to a mask so as to transfer a~p&Btern of the naSqun%Qgiag?
wafer. 15 17. A seni conduct or devi ce nanuf act ured hy*u%rﬁﬁ'é”

mask and. a wafer as well as a mrror wwth a reflection : wsurface.for—
expandi ng an X-ray beamin a predeterm ned direction and in
accordance with a nethod which 20 conpri ses the steps of

detecting the attitude of the reflection
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T

surface of the mirror relative to the X-ray beam ' adj usting

the attitude of t he reflection surface of the mrror relative
to the X-ray beamon 25 the basis of said detection;zﬁThFP CEMENT SHEFT
- 74 - projecting the X-ray beam expanded by the | =ity

so as to transfer a pattern of the ngsgsopto t he wafer.
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CIRCUIT DESIGN
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1)

MASK MANUFACTURE
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WAFER MANUFACTURE']
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WAFER PROCESS
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