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FIELD OF THE INVENTION AND RELATED ART 

This invention relates to an exposure apparatus 
and, more particularly, to an X-ray exposure appara-
tus using synchrotron radiation X-rays (SR X-rays) for s 
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- 10 
veloped which apparatuses are able to transfer and 
print a fine pattern, or a 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 15 

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. 20 

SUMMARY OF THE INVENTION 

In such SR-X ray exposure apparatus, uniform X-
ray exposure amount has to kept upon the surface of 2s 

a substrate being exposed. However, there ls 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- so 
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 (tDt and rotation) of the 35 
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 40 

thereof is taken in an x-axis direction, It is necessary 
to p~ition, very precisely, the reflection surface of 
the mirror in the three axial directions (x, y and z) as 
well as rotational directions (wx, wyand wz) about the 
three axial directions, respectively. 45 

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

It is another objects of the present invention to 
provide a semiconductor device manufacturing meth- 50 

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 55 

taken in conjunction with the accompanying draw-
ings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic view of the general ar­
rangement of a SOR exposure apparatus according 
to an embodiment of the present invention. 

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 CJf the mirror unit of the 
second embodiment. 

Figure 9 is a fragmentary view of the mirror unit. 
Figure 10 Is a fragmentary view of the mirror unit. 
Figures 11A and 118 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 138 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

trolling circuit 
Figure 17 ls a perspective view of a mirror unit ac­

cording to a third embodiment of the present inven­
tion. 

Figure 18 ls a side view ofthe 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 248 are fragmentary views, re­
spectively, of the mirror unit 

Figure 25 is a schematic 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 perspe~lve view of a mirror unit ac­

cording to a fourth embodiment of the present inven-
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tion. · 
Figure 29 is a side view of the mirror unit of the 

fourth embodiment. 
. Figure 30 is a fragmentary and side view of the 

mirror ·unit Of the fourth embodiment. 
Figures 31A and 31 B are· fragmentary view9 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 unit ac­

cording to a fifth embodiment of the present inven­
tion. 

Figures 34A and 348 are fragmentary views of 
the mirror unit · 

Figures 35 and 36 each Is a fragmentary 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 39 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 showinQ the general ar­
rangement of a semiconductor manufacturing SOR 
exposure apparatus, a SOR ring 91 for generating 
synchrotron radiation light is disposed In a SOR ring 
chamber encircled by a hexagonal radiation shield 
wall 92. Six beam ducts 93 are provided so as to ex­
tract the radiailon 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 ducta. Each beam duct guides an SRX­
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 thl~ 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 
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connected to a mirror support 106 disposed above 
_the chamber 105. Shutter unit S disposed adjacent to 

. an end of the mirror 101. has ita driving means sup-
ported by an upper wall of the vacuum chamber 105 • 

. Bel!Ows 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 10-1 - 10-10 (Torr)) within the vacuum chamber 
105. Namely, the clearance between the mirror sup­
port 104 and the opening of the vacuum chamber 105 
is s.ealed 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 ofthe 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 ls integrally fixed to a housing 202 which 
supports the mirror supports 106 rectUinearly mov­
ably In the y-axis direetlon 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 "¥«' 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 "¥«' and "wz• adjusting screws 204. 

The reference frame 301 ls 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 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 forward end 
portion, along the z-axls direction, of the bottom sur­
face of the reference frame 301. 

The main frame 401 serves to support the bottom 
of the vacuum 5-threu ration 
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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 oft he vacuum chamber 
105 when its inside pressure is decreased from a nor­
mal pre&Sure to a vacuum ambience pressure (e.g. 
about 10-1 -10-010Torr)) to thereby prevent 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 bottom of the 
main frame 401. On the other hand, the mirror 101 ls 
supported by a mirror attitude adjusting means com­
prising 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 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
ciproeally In the transverse direction (x-axis direction) 
of the mirror 101, along a pair of x-guide rans 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 they axis can be ad­
justed 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 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. Ion pump 701 and NEG 
pump 702 are disposed in the inside of the supporting 
table structure B (comi)rislng the upper and lower ta­
bles 501 and 601) and just below the vacuum cham­
ber 105. 

The initial positioning of the mirror 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. and 601 of the supporting table structure 
B in the manner described herelnbefore. 

If the relative position of the SR X-ray beam and 
the reflection surface of the mirror 101 changes dur­
ing the exposure operation due to vibration, a change 
in temperature or fluctuation of SR X-ray beam itself, 
the locking device of the mirror support 106 is re­
leased and the y-axis driving motor 110 is driven in re­
sponse to an output of the X-ray position sensor 112 
to thereby move the mirror 101 in the y-axis direction. 
After re~ving the non-uniformness of illumination in 
the exposure region on a wafer in this manner, t.he 
mirror support 106 is locked again by the locking de-

vice. The control circuit provided for such mirror pos­
ition control is such as shown In Figure 6. If the rela­

. tive position of the SR X-ray beam and the reflection 
surface of the mirror is not stable, the locking mech-

5 . anlsm may be normally released to allow thatthe mir­
ror 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 
10 greater detail. 

As illustrated in Figures4 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 

1s 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 mesh engaged with a ball nut 
1004 formed atthe central rod-like portion of the mir-

20 rorsupport 106. In response to actuation of the y-axis 
motor 110, the ball screw 1002 rotates to move the 
ball nut 1004 upwardly of downwardly. This causes 
the mirrorsupport 106, integral with the ball nut 1004, 
along the y-axis direction. The housing 202 is fixed to 

25 the tilt plate 201 by means of four connecting plates 
1005, and the fine adjustment in the wx and wz direc­
tions can be effected by this tilt plate 201. The y-axis 
rectilinear guide 203 which serves as the guide 
means for rect.Ulnearly movably supporting the mirror 

30 support 106, comprises four y-axis rectilinear guides 
203 which are disposed between the housing 202 and 
the opposite ends ofthe central rod-like portion of the 
mirror support 106. Each y-axis rectilinear guide 203 
has sufficient rigidity such that, when the mirror sup. 

35 port 106 moves in the 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 assured. 

There is provided a locking device for lock.Ing the 
40 mirror support 106 relative to the tllt plate 201 in re­

sponse to setting a fresh y-axis position of the mirror 
support 106 through the drive of the y-axis driving 
motor 110. This locklng device comprises a rod clamp 
1007, a locking rod 1008, a rod support 1009 and a 

45 locking bolt 1010. After the mirror 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 for 
preventing degradation of dimensional precision due 

so to heat generation In the y-axis driving motor. This 
cooling means comprises a cooling medium flow pas­
sageway 1011 disposed adjacent to the sliding shaft 
portion ofthe mirror support 106 and a cooling me­
dium flow passageway 1012 provided to the y-axis 

65 rectilinear guides 203 oft he 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 rectlllnear guides 203 and the housing 202 
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can be prevented. 
The co0llng 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 ease where such a bak- s 
ing process is required so a8 to Improve the vacuum 
level ofthe vacuum chamber prior to execution of the 
exposure operation. 

The mirror supporti.ng rod ·104 held by the mirror 
support 106 is inserted into the vacuum chamber 105 10 

through the opening where the bellows 107 is provid-
ed. The holder supporting plate 103 for mountably 
and demouotably 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 15 

106 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 20 

pressure of the counter bellows 108 Is reduced to a 
vacuum level by means of a vacuum pipe 108a, 
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 25 

a change in atmospheric pressure can be prevented. 
Also, it has an advantage of reducing the driving force 
of the y-axis driving motor 11 O. 

With the . arrangement described hereinbefore, 
any deviation of the relative position of the reflection 30 

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 illumlnance and thus to as- 35 
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 ia llke that of the first embodiment. 

Figure 7 la a partially broken perspective view 40 

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
erence numerals as of those of Figures 2 and 3 are 
assigned to corresponding elements. 45 

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 support_ing plate 103. 
The plate 103 Is fixed to a lower end of a mirror sup- 50 

· 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 
an end of the mirror 101 has its driving means sup- 55 

ported by an upper wall ofthe vacuum chamber 105. 
Bellows 107 is disposed between a peripheral portion 
of the opening of the vacuum chamber 105 and a 

5 

flange portion of the mirror supporting rod 104. The 
rod 104 ls tlltable and Is movable, upwardly and down­
wardly, without damaging the ultra-high vacuum am­
bience within the var.uum 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) perpendicular to 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 ls 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 tilt plate 201 relative to the refer­
ence frame 301 can be adjusted finely by the "wX' and 
WWZ:- adjusting screws 204. 

The reference fi'ame 301 is supported by a pair 
of bearing devices 302 disposed atthe 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 fi'ame 301 
around the z axis can be adjusted by a cam mecha­
nism which is driven by awz driving motor(flrstdriving 
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. Detector 
unit 801 is mountably and demountably provided in 
the forward end portion, alongthez-axis direction, of 
the bottom surface of the reference frame 301. 

The main frame 401 serves to support the bottom 
ofthe 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 its i from a 
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normal pressure to a ultra-high vacuum ambience 
pressure to thereby prevent distortion of the main 
frame401. 

As illustrated in Figure 8, the vacuum chamber 
105 is held within the main frame 401 by means ofthe 
L-shaped members 402 fixed to the bottom of the 
mainframe401. On the other hand, the mirror101 is 
. supported by a mirror supporting device (mirror sup. 
porting means) A comprising the tilt plate 201 and the 
reference frame 301, supported atthe top ofthe main 
frame, through the mirror supporting rod 104. 

Thus, the vacuum chamber 105 and the mirror 
supporting device A are coupled to the main trame 
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 tlltadjustment (wxand 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 they 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 Band the main frame 401 rel­
ative 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 ta­
bles 501 and 601) and just below the vacuum cham­
ber 105. 

Through the adjustment of the supporting 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 fi'ame 401 it is pos­
sible to execute the adjustment of tilt relative to 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 

(rotational angle, direction and angle of tilt) can be 
maintained stably. 

Next, the detector unit will be explained in detail. 
As illustrated in Figure 9, the detector unit 801 

5 . comprises a parallelogram frame (to be desa1bed 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. 

10 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 
15 805 which extends laterally above the vacuum cham­

ber and in parallel 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 integrally 

20 fixed to 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 

25 .SRX-rays. 
In response to actuation of an x-axis driving mo­

tor (third driving means) 810 supported by the refer­
ence frame 301, the supporting arm 805 moves along 
the guide rail 809 in the x-axis direction together with 

30 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
tween the supporting arm 805 and the opening in the 

35 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 
40 ·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, 

45 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-

50 bars is determined. The lower edges 8002a and 
8003a of the left and right slit members 8002 and 
8003 have been subjected to high-precision finishing 
treatment 

Next, the mannerof"wy• adjustment using theX-
55 ray detector 811 and the slit edge members 814a and 

814b will be explained. 

6 

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 thereon the X- 6 

ray detector 811, on a straight line correcting the slits 
of the 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 tabJe 501, 10 

and the wydriving motor602 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 11 B, the y-axis driving mo-

tor 110 is actuated to move upwardly the slit edge 15 

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, 20 

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 26 

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-
enceframe 301 ls locked to the main frame 401 bythe so 
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 ts no nec-
essity of measuring the "wz• again. 36 

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 
812mountedonthedetectortable802, in place of the 40 

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 
sensor812, disposed below the reflection surface of 4S 

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 ofthe tilt plate 201 are rotated so thatthe 
change in distance is converged to zeri>. This adjust- · so 
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. 

Afterthe tilt adjustment using the legs 603 of the ss 
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 

7 

X-ray beam ducts (not shown). In this state, the tilt ad­
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 l0wer table 501 
using the wy driving motor 602 as well as the rotation­
al adjustment of the reference frame 301 using the wz 
driving motor 304 are_ carried out. Finally, any posi­
tional deviation of the mirror reflection surtace 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 

det8ctor unit 801 is demounted and the exposure op­
eration is started. 

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 tnt plate 201 ts 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 "wr' 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 cooling wa­
ter supplying system and the vacuum evacuation sys­
tem will be explained. 

As illustrated In Figures 13Aand 138, the shutter 
unit S has a plate-like main member 903 which eom­
prlses a pair of plate-like members 901a and 901b 
connected by bolts 902 to each other. The plate-like 
members 901 a and 901 b defines a groove between 
their adjoining surfaces 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 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 d.iection 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 
seallngly 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 ofthe 
vacuum chamber 105 is sealed by a bellows 908. Im-
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mediately after completion of the X-ray exposure op­
eration or the X-ray detecting operation, the motor 
907 is actuated to move the maim membei' 903 down 
to block the SR X-rays, whereby damage of the mirror 
is reduced. 

The cooling water supplying system is such as 
shown In Figure 14. As the coollng water, constant 
temperature water which Is temperature-controlled to 
23 °C is used. To each oft he 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 shQwn 
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 higherthan 1()-4t(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 frorri 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 
potentlonneter 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 syatern for controlling the driving mo­
tors and the pumps Is accommodated in a rack. At 
least the attitude controlllng 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 handling 
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 

is a possibility of causing dai:nage of such portion not 
resistive to heat, as the ball screw portion of the y­
-axis driving system, for example. In· consideration of 
this, at the time of the baking operation, the cooling 

5 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 

10 possibilitythatanygasabsorbedinametalorthesur-
face of the mirror ls excited and releas8d 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 

1s adverse effect on the SR light source. 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 

20 1 ~(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 ls continuously transmitted to a central process­
ing unit CPU. If the vacuum level becomes lower than 

25 the level 1~. 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 

30 this, the gas release from the mirror can be prevented 
and con1amination can be avoided. 

With the arrangement of the present embodi­
ment as described above, the attitude of the reflec­
tion surface of the mirror relatlve to the path of the 

35 SR X-ray beam can be adjusted while monitoring its 
relative position. Therefore, it Is possible to adjust the 
mirror attitude very easDy and very precisely. Also, 
the structure can be made simple and small in size, 
leading to reduction in cost. 

40 Next, another embodiment of the present inven-
tion will be explained. The general arrangement of 
this embOdiment is simHar to that Illustrated in Figure 
1. 

Figure 17 ls a partlally broken perspective view 
45 showing details ofthe 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. 

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

55 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. ShutterunltS 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 vaa.ium chamber 105. 
Bellows 107 is disposed between a peripheral portion 
of the opening of the vaa.ium chamber 105 and a 
flange portion Of the mirror supporting rod 104. The 5 

rod 104 Is tlltable and is movable, upwardly and down­
wardly, without damaging the vacuum ambience 
within the vacuum chamber 105. Namely, the clear­
ance between the mirror support 104 and the open-
ing of the vacuum chamber 105 is sealed by the bel- to 
lows 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 15 

into the vacuum chamberthe SR X-rays, 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 20 

surface of the top plate 109 which is integrally c<>u-
pled to the vacuum chamber 105 through a wall plate 
105a (Figure 19). The inside space of the counter bel-
lows 108 is reduced to a vacuum level by means of a 
vaa.ium pipe 108a which is communicated with a Va- 25 

cuum source. 
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 screw 1002, driven by a y-axis 30 

driving motor 110 (first driving means having a driving · 
motor 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 mirror support 106 
rectillnearly movably in the y-axis direction through 35 

the cooperation 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 Ht of the tilt 
plate 201 relative to the reference frame 301 can be 40 

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 4S 

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 referenee frame 301 60 

around the z axis can be adjusted by a cam mecha-
nism which Is driven by a wz driving motor 304 (sec-
ond driving means having a driving motor as a drive 
source. After such rotation adjustment, a locking 
screw 305 is fastened whereby the reference frame 55 

301 is fJxed relative to the main frame 401. Detector 
unit D is mountably and demountably provided In the 
forward end portion, along the z-axis direction, of the 
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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) 
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 a vacuum am­
bience pressure (e.g. about 101 - 10-10 (Torr)) to 
thereby prevent distortion of the main frame 401. 

As illustrated in Figure 18, the vacuum chamber 
105 ls held within the main frame 401 by means of the 
L-shaped members 402 fixed to the bottom of the 
mairi frame 401. On the other hand, the mirror 101 is 
supported by a mirror supporting device A comprising 
the tilt plate 201 and the refei'ence frame 301, sup. 
ported at the top of the main frame, through the mir­
ror supporting rod 104. 

Thus, the vaa.ium 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 of deformation 
of the vacuum chamber 105. Also, the transmitting 
portions of these adjusting mechanisms can be made 

· simple and small in size. 
Any imbalance of pressure between the mirror 

support 106 and the mirror 101 disposed in the va­
cuum chamber 105 can be canceled by retaining the 
·same 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 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 lowerta­
ble 601 rotatably around its vertical· central axis (y 
axis). The rotating angle around they axis can be ad­
justed by a cam mechanism which Is driven by a wy 
driving motor means 602 (third driving means having 
a driving motor as a drive source). The lower table 601 
has legs 603, the length of each of which can be ad­
justed to adjustthe direction and the angle of tilt of the 
lower table, I.e., the tilt of the supporting table struc­
ture B and the main frame 401 relative to the floor 
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surface. Ion pump 701 and NEG pump 702 are dis­
posed 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. 

Next, the process of initial positioning prior to 
execution of the exposure operation will be ex­
plained. 

After the tilt adjustment using the legs 603 of the 
lower table 601 and the ·~ adjustment of the main 
frame 401 using the feed screw 503, the pressure in 
the vacuum chamber 105 is reduced and the beam 
con~ecting bellows 111a and 111b are coupled to the 
SR X-ray beam ducts (not shown). In this state, the 
tilt adjustment using the· legs 603ofthe10\Yer table 
is carried out again, to thereby set the reflection sur­
face of the mirror 101 at a predetermined reflection 
angle. 

After a radiation shielding wall (not shown) is set,· 
the SR X-rays are introduced into the vacuum cham­
ber and the detector wit D Is used to detect any posi­
tional deviation between the SR X-ray beam and the 
reflection surface of the mirror 101 with respect to 
the wy and wz directions. On the basis of the detec­
tion, the rotational adjustment of the upper table 501 
·using the wy driving motor 602 and the rotational ad­
justment of the reference frame 301 using thewz driv-
ing 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 motor 110 is aetuated 
to execute the y-axis adjustment of the mirror sup­
port 106. The mirror support 106 is then fixed to the 
tilt plate by a locking device (to be described later). 

· After completion of such initial positioning, the 
detector unit D is demounted and the exposure oper­
ation is Initiated. 

If the relative position ofthe 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 mir­
ror support 106 ls released and the y-axis driving mo­
tor 110 Is actuated in response to the output of the X­
ray position sensor 112 to move the mirror 101 In the 
y-axis direction (denoted bY an arrow) (Figure 26). 

After removing the non-uniformness in illumi­
nance in the exposure region of a wafer in this man­
ner, the mirror support 108 is held fixed again by the 
locking device. The control circuit for the y-axis driv­
ing motor 110 is such as illustrated in Figure 27. 

If the mirror reflection surface is damaged seri­
ously by X-rays, the feed screw 503 may be rotated 
manually to displace the mirror in the widthwise di­
rection. This allows using a fresh reflection surface 
area and enables continued exposure operation with­
out replacing the mirror. Thus, the whole width of the 
mirror can be utilized. 

·For the mirror replacement, the mirror 101 is re-

placed together with the mirror holder 102. Then, 
only through the adjustment of the tilt of the tilt plate 
201 using the "wx• and "wz• adjusting screw8 204, 
the positioning of a fresh mirror can be attained. 

5 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. 

10 (1) Mirror Support 

As illustrated In Figures 19 and 20, the y-axis 
driving motor has its rotational shaft coupled to a ball 
screw 1002 through a coupling 1001. The ball screw 

15 1002 ls, at its opposite end portions, rotatably sup­
ported 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 mesh engaged with a ball nut 

20 1004 formed at the central rod-like portion of the mir­
ror support 106. In response to actuation of the y-axis 
motor 110, the ball screw 1002 rotates to move the 
ball nut 1004 upwardly or d0wnwardly. This causes 
the mirror support 108, integral with the ball nut 1004, 

25 along the y-axis direction. The housing 202 is fixed to 
the tilt plate 201 by means of four connecting plates 
1005, and the fine adjustment in the wx and wz direc­
tions can be effected by this tilt plate 201. The y-axis 
rectilinear guide 203 which semes as the guide 

so . means for rectilinearly movably supporting the mirror 
support 106, comprises four y-axis rectilinear guides 
203 which are disposed between the housing 202 and 
the opposite ends of the central rod-like portion of the 
mirror support 106. Each y-axis rectilinear guide 203 

35 has sufficient rigidity such that, when the mirror sup-
. port 108 moves in they-axis direction with the ball nut 

1004 In response to rotation of the ball screw 1002, 
side movement is prohibited and precise positioning 
is assured. 

40 There is provided a locking device for locking the 
mirror support 106 relative to the tilt plate 201 in re­
sponse to setting a fresh y-axis position of the mirror 
support 106 through the drive of the y-axis driving 
motor 110. This locking device comprises a rod clamp 

45 1007, a locking rod 1008, a rod support 1009 and a 
locking bolt 1010. After the mirror 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 for 
so preventing degradation of dimensional precision due 

to heat generation in the y-axis driving motor. This 
cooling means comprises a cooling medium flow pas­
sageway 1011 disposed adjacent to the slidlng shaft 
portion of the mirror support 106 and a cooling me-

55 dium flow passageway 1012 provided to the y-axis 
rectilinear guides 203 of the housing. By means of the 

10 

· cooling medium supplied from a cooling water pipe 
1013, and temperature rise In the mirror support 106, 
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the y-axis redilinear 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 rectlll­
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 1 OS 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 
106 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 or 
cross-sectional area as the bellows 107. The Inside 
pressure of the counter bellows 108 is reduced to a 
vacuum level by means of a vacuum pique 1088, 
whereby any pressure imbalance to be applied to the 
mirror supportl06 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 Integrally 
to the housing 202 and supports the y-axis rectUinear 
guide 203. It comprises a T-shaped plate-like member 
and, as shown in Figure 21, it is 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• adjusting 
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 ls replaced by a fresh mirror, 
together with the inlrror holder 102, where the reflec­
tion surface of the mirror 101 is damaged by the X­
ray exposure, the function of adjusting the tilt 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 a• 
sembling error of the fresh mirror or mirror holder. 
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(3) Reference Frame 

The reference frame 301 has a flat fi'ame 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 fi'ame 301. 

The reference frame 301 has a be,aring device 
302 which comprises ball bearing 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 motorsupport3003, a cam 
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 ro1ates, 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 
3006. This is called "wz adjustmem-. 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 ofthe main frame, the relative position ofthe 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 fi'ame 401 
is supported on the upper table 501 for adjustment in 
the x-axis direction. More specifically, as shown in 
Figures 24Aand 248, a pair of guide groove members 
4001 are forced at the opposite sides of the bottom 
surface of the main frame 401, and these guide 
groove member sl · · · 
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rails 502a and 502b, respectively, provided on the top 
surface of the upper table 501. X-axis feed screw 503 
for moving the main fi'ame along the guide rails 502a 
and 502b comprises a screw rod 4003 engaging with 
a nut 40028 of a nut member 4002 which is fixed to 
the bottom surface of the main frame 401, and it is ro­
tatably supported by a bearing 4004a of a supporting 
plate 4004 which is fixed to the upper table 501. Stop. 
pers 4004b are provided at the opposite sides of the 
bearing 4004a, 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 niovably in the x-axis di­
rection along the x-axis guide raHs 502a and 502b. 
The bottom of the upper table is rotatably supp0rted 
on the lower table 601, for rotational adjustment 
around they 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 1reatment 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 fable 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 eccenbic cam 6004, and a cam follower 
6006 having a radial slot for slidably engaging the ec­
centric cam 6004. As the wy driving motor602 held by 
the lower table 601 rotates, the cam follower 6006 
fixed to the upper table 501 rotates with the rotation 

of the eccentric cam 6004. 

(6) Lower Table 

s As described, the lower table 601 supports the 
upper table 501 rotatably around they axis. The lower 
table has four legs 603 at its lower end, and the length 
of each leg can be adjus~ by means of a screw 
mechanism, for example. With this adjustement of 

10 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. 

15 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 ofthe legs 603 are 
adjusted to minutely rotate the lower table 601 around 

20 the x axis to set a desired mirror reflection angle (10 
- 30 mrad). With such very simple adjusting mecha­
nism, the reflection angle ofthe mirrorcan be set pre­
cisely. 

With the arrangement of the present embodj.:. 
25 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-

30 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 a result, it is possible to assure high precision print­
ing of a fine pattern through the SR X-ray exposure. 

35 Also, the structure of the exposure apparatus as a 
whole can be made simple and compact, leading to 
reduction In cosl 

Since the position.adjustment ofthe mirror sup­
port, the reference fi'ame and the upper fable which 

40 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. 

4S eratlon, 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 

so to 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 

55 1. 
Figure 28 Is a partially broken perspective view 

showing details of the mirror unit of this embodiment, 
and Figure 29 ls a side view thereof wherein a detec-
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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

tio~ 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 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 between a per­
ipheral portion ofthe opening ofthe 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 
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 chamberthe SR X-rays, emitted from 
the SOR ring to the irradiation chamber. 

Counter bellows 108, having the same cross­
sectional area as the bellowa 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 109whlch Is inte­
grally coupled to the vacuum chamber 105 through a 
wall plate 105a (Figure 30). The inside space of the 
counter bellows 108 ls 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) perpendicular to 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 ball nut 
(not shown) provided Integrally with the mirror sup­
port 106. Tilt plate ~1 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 w 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 w adjusting screws 
204. 

The reference frame 301 is supported by a pair of 
bearing devices 302 disposed at the opposite end 
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. · 

5 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 (second 
driving means) 304. Aftersuch rotation adjustment, a 
locking screw 305 is fastened whereby the reference 

10 frame 301 is fix8d relative to the main frame 401. De­
tector unit D is mountably and demountably provided 
in the forwan:I end portion, along the z-axls direction, 
of the bottom surface of the reference frame 301. 

The main frame 401 serves to support the bottom 
15 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 

20 decreased from a normal pressure to vacuum ambi­
ence pressure (e.g. about 10-1 - 10-10 (Torr)) to there­
by prevent distortion of the main frame 401. 

As illustrated in Figure 29, the vacuum chamber 
105 is held within the main frame 401 by means of the 

25 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)Acomprising tilt plate 201 and the ref­
erence frame 301, supported at the top of the main 

ao . frame, through the mirror supporting rod 104. 
Next, a supporting table structure B for support­

ing the main frame 401 will be explained. The sup­
porting table structure B ccimprises an upper table 
501 of flat frame shape and a lower table 601 of skel-

35 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 

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

The upper table 501 ls supported on the lower ta­
ble 601 rotatably around its vertical central axis (y 
axis). The rotating angle around they axis can be ad-

45 justed by a cam mechanism Which Is driven by a wy 
driving motor means (third 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-

50 porting table structure B and the main frame 401 rel­
ative 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 ta­
bles 501 and 601) and just below the vacuum cham-

55 ber105. 

13 

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

1
1

1
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As shown in Figures 30 and 31, a pair of guide 
groove members 4001· are formed on the bottom sur­
face of the main frame 401, and these guide groove 
members slidably engage with. x-axis side rails 502a 
and 502b, respectively, provld8d on the top surface 5 

of the upper table 501 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 a nlJt 4002a of a nut 
.member4002which is fixed to the bottom surface of 10 

the main frame 401, and it is rotatably supported by 
a bearing 4004a of a supporting plate 4004 which Is 
fixed to the upper table 501. Stoppers 4004b are pro-
vided at the opposite sides of the bearing 4004a, for 
preventing motion of the x-axis feed screw 503 in the 15 

x-axis direction. A 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 ls moved 
along the x-axis guide rails 5028 and 502b in the x-
axis direction. 20 

If the reflection surface of the mirror is damaged 
seriously by 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 de-
scribed hereinbefore. Thus, without replacing the mir- 25 

ror, the X-ray exposure operation can be executed 
uninterruptedly whUe using a fresh reflection surface 
area. That is, untH the whole width of the mirror is 
damaged, the reflection surface of the mirror can be 
used effectively.. . so 

Since the movement of the main flame 401 caus­
es displacement of the vacuum chamber 105 in the 
x-axis direction together with the mirror 101, there 
occurs positional deviation between the opening of 
the vacuum chamber 105 and the beam duct (not 35 
shown) for retaining vacuum ambience In the X-ray 
path. If this positional <!aviation is beyond such range 
as can be absorbed by flexure of the beam connect-
ing bellows 111a and 111b, the mounting flange 113 
of each connecting bellows fixed to the periphery of 40 

the opening of the vacuum chamber 105 may be re­
placed by an eccenbic flange 113a (Figure 328) or an 
eccenbic flange 113b (Figure 32C). 

Each of these eccenbic fla.nges 113a and 113b 
has opening and fixing means to the beam connect- . 45 

ing. bellows, at a position which is eccenbic with re­
spect to the opening of the vacuum chamber 105. 

With the arrangement of the present embodi­
ment as described above, the entire width of the re-
flection surface ofthe mirror can be used effectively 50 

by moving the mirror in its transverse 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 necessary to adjust the mirror at- 55 
titude again, the required operation is simple. 

NeXt, a fifth embodiment of the present invention 
will be explained. The general arrangement of this 

14 

embodiment is similar to that illustrated In Figure 1. 
Figure 33 is a perspective view of a main portion 

of a mirror unit according to this embodiment Mirror 
1 is demountably held by a mirror holder2 which is de­
mountablyflxed to a supporting plate (mirror support­
ing means) 3 with bolts (not shown). The supporting 
plate is fixed integrally to lower ends of a pair of sup­
porting rods 4. Each rod 4 ls provided by a hollow pipe 
member into which a mirror cooling water pipe 5 is in­
serted, from the upper end of the rod 4. The water 
pipe 5 extends through the throlighbore 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 mirror holder 2. 

The bottom surface of the mirror holder 2 has 
been subjected to high precision flattening treatment. 
Also, an indium film is interposed between it and the 
top surface of the mirror 1 to assure good heat trans­
mission, ensuring enhanced mirror cooling effect. 
The mirror holder2 and the supporting plate 3 are dis­
posed inside a vacuum chamber 6, and the support­
ing rod 4 extends through an opening formed at the 
top wall of the vacuum chamber 6 and is connected 
to a supporting mechanism disposed outside the va­
cuum chamber. The supporting mechanism compris­
es a mirror support 9 which is movable reciprocally in 
a vertical direction along a guide 8 integral with the 
tilt plate 7, and a driving motor 10 for moving the mir­
rorsupport9 along the guide 8. The tfft plate 7 is mesh 
engaged with a reference frame 12 by means of three 
adjusting screws 11. By rotating these screws 11, the 
direction and the angle of tilt relative to the reference 
frame 12 can be adjusted. 

The mirror holder 2 comprises a plate-like main 
member 14 with an lnsic;le cooling medium flow pas­
sageway 13, a palrofleafspring supports 15fixed to 
the bottom of the main member 14, and a plurality of 
leaf springs 16 fixed t9 the lower ends of the supports 
15. The mirror 1 is supported with its reflection sur­
face 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 that 
a straight tine connecting lwo abutment members 17, 
for example, becomes parallel· to the wy direction of 
the mirror 1 (namely, the direction of a minor line of 
a cylindrical surface) as seen from the rectilinearly 
guiding direction of the guide 8 (Figure 33). 

When 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 abutment surface of the supporting 
plate 3. Here, pre-adjustment may be effected so that 
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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X-ray beam. After completion of st.lch positioning, 
bol1s are Inserted Into holes 18 to fix the mirror holder 
2 and the supporting plate 3 to each other as de8cri­
bed herelnbefore. During transportation of the mirror 
holder 2 holding the mirror 1 as well as during the op­
eration for fixing the mirror holder 2 and the support­
ing plate 3 to each other in the described manner, a 
cover 19 (Figure 348) 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 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 ofthe mirror cooling pipe 
5 are coupled to the supply port 21 and the discharg­
ing port22. In otherwords, the supply port 21 and the 
discharging port 22 each has a structure that 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 fixed to an end of a coupling mem­
ber 23. The other end of the coupling member 23 Is 
fixed integrally to the top surface of the supporting 
plate 3. Bellows 24 Is provided between the coupling 
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 
ambience (e.g. about 10-7 - 10-10 (Torr)) of the va­
cuum chamber 6. The enlarged-diameter lower end 
portion of the mirror cooling pipe 5 has an 0-ring 25 
held thereto. Into each of the supply port 21 and the 
discharging port 22, an 0-rfng 25 Is inserted. 

The coupling member 23 has an Inside flange 26 
projecting Inwardly of the supporting rod. This flange 
28 is connected to an end of an Inside bellows 27. The 
inside bellows 27 has a bellows flange 28 at the other 
end thereof. The bellows flange 28 Is connected to a 
holder flange 30 flXed to the peripheral portions of 
the supply port 21 and the discharging port 22 of the 
holder. The pressure In each of the Inside space ofthe 
inside bellows 27 and the Inside space of the support­
ing rod 4 is reduced to a low vacuum level, as com­
pared with that in the vacuum chamber 6, by means 
of a vacuum pipe (not shown) connected to the dis­
charging port This assures improved reliabffity of 
maintaining the vacuum ambience in . the vacuum 
chamber 6. That is, by evacuating the inside space of 
the supporting rod 4 In addition to the vacuum sealing 
through the Inside bellows 27, the sealing effect is en­
hanced. Also, this provides an advantage of prevent­
ing leakage of cooling water from the 0-ring seal 25 
into the vacuum chamber 6. 

The operation of mounting and demounting the 
mirror holder2 to andfrom the supporting plate 3 may 
be executed In the following manner. 

The mirror holder 2 with the lower surface of the 
mirror 1 being protected by the cover 19, is moved to 
a position below the supporting plate 3, and the bel­
lows flange 28 of the supporting plate Is coupled to 

s the holder flange 30 by using the bolts 29 (Figure 36). 
Subsequently, the mirror holder 2 ls lifted toward 

the supporting plate 3 and it is positioned by engag­
ing the abutment members 17 against the abutment 

· surface of the supporting plate 3. Then, by using the 
10 bol1s 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-

1s rings at its he 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 
accomplish8d (Figure 35). 

20 For demounting the mirror holder 2, the bol1s by 
which the mirror holder 2 is engaged with th~ sup­
porting plate 3 are loosened. After this, the mirror 
holder 2 is moved downwardly and, subsequently, 
the bolts 29 are loosened to separate the bellows 

25 flange 28 from the holder flange 30. 
As described, the mirror replacement can be exe­

. cuted by mounting and demounting the mirror holder 
2, holding the mirror 1, to and from 'the supporting 
plate 3 by using bolts. Thus, the replacement opera-

30 tlon Is easy. Additionally, the positioning of the mirror 
to the supporting plate 3 Is attainable through the 
at>Utment member 17 of the mirror holder 2. Thus, for 
the attitude adjustment after mirror replacement, 
only fine adjustment of a fresh mirror and a holder is 

35 necessary to cancel a machining error. Also, such 
fine adjustment can be accomplished only by adjust­
ing again the tilt of the tilt plate 7 through the adjust­
ing screw 11. Further, the connection of the cooling 
medium flow passageway 13 of the mirror holder 2 

40 with the cooling pipe 5 ls inserted into the supporting 
rod 4 can be assured easily only by press-fitting the 
0-ring 25 of the pipe 5 Into the supply port 21 or the 
discharging port 22 of the mirror holder 2. 

With the arrangement of this embodiment descri-
46 bed above, the mirror replacement can be easily exe­

cuted without damaging the reflection surface of a 
fresh mirror to be used in the vacuum chamber and 
withoutthe necessity of complicated re-adjustment of· 
position. Also, where the mirror holder is provided 

so with a cooling medium flow passageway, a mirror 
cooling pipe can be connected thereto In the manner 
that assures a high reliabffity In respect to maintaining 
a vacuum ambience of the vacuum chamber. 

Next, a sixth· embodiment of the present inven-
55 tlon will be explained. The general arrangement of 

this embodiment is slmUar to that illustrated In Figure 

15 

1. . 
Figure 37 is a schematic view of this embodi-
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ment. SRX-raysheetbeam 1 is expanded by a mirror 
{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 5 

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 10 
serves as a mirror driving means for supporting the 
holder supporting plage 5 and moving the same in the 
y.:.Sxis direction, is disposed outside the vacuum 
chamber. 

Fixed to an end of the holder supporting plate 5 · 15 

is a sensor holding member 7 which, as shown in Fig-
ure 3S, holds X-ray detectors (first and second X-ray 
detectors) 8a and Sb disposed in series In the y-axis 
direction. Each of the detectors 8a and Sb serves to 
detect X-rays in a predetermined region adjacent to 20 

the upper or lower edge 1a or 1b of the SR X-ray 
sheet beam, and it produces an output current la or 
lb proportional to 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 25 

Sb. 
The output currents la and lb of the detectors 8a 

and Sb are applied to a control circuit (operation cir­
cuit) 9. The control circuit 9 comprises current-to-vol-
tage converters 1 Oa and 1 Ob for transforming the out- 30 

put currents la and lb 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 11 b and the adder 11a, a com- 35 

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 
1a ~ 

More specifically, the output •e• of the compara­
tor 13 is precisely in a proportional relationship with 
the relative positional deviation between the refl8c­
tion surface of the cylindrical mirror 2 and the SR X-
ray sheet beam, and the controller 14 controls the y- 45 

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 so 
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 55 

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

This means that the signal Inputted to the oper­
ation circuit 16 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 control means 17 in accordance with the out­
put of the operation circuit 16. 

In place of applying to the operation circuit 16 the 
outputsignal 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 above, the X-ray strength can be measured pre­
cisely without being affected by noise or displace­
ment ofthe 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 easny. 

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 ls 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 C:rystal 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, circuils 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 ls formed Into 
semiconductor chips. This step includes assembling 
(dicing and bonding) and packaging (chip sealing). 
Step 6 Is an Inspection step wherein operability 
check, durability check and so on of the semiconduc­
tor devices produced by step 5 are carri h 
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these processes, semiconductor devices are finished 
and they are shipped (step 7). 

Figure 40 is a flow chart showing detaffs of the 
wafer process. Strip 11 is an oxidation process for ox-
idizing the surface of a wafer. Step 12 is a CVD proc- 5 

ess for forming. an insulating film en 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 15 is a resist process for ap. 10 

plying a resist (photosensitive material) to the wafer. 
Step 16 ls 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- 15 

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 
subjected to the etching process. By repeating these 20 

processes, circuit patterns are superposedly formed 
on the wafer. 

While the invention has been "described with ref­
erence to the structures disclosed herein, it is not con-
fined to the details setforth and this application is in- 25 

tended to cover such modifications or changes as 
may come within the purposes of the Improvements 
or the scope of the following claims. 

30 

Cl alma 

1. An X-ray apparatus, comprising: 
a mirror having a reflection surface, for ex-

panding an X-ray beam in a predetermined dlrec- 35 

tion; 
detecting means for detecting a relative 

positional relationship between the X-ray beam 
and the reflection surface with respect to a dir8c-
tion perpendicular to the reflection surface; and 40 

· adjusting means for adjusting the relative 
position ofthe X-r&y beam and the reflection sur-

. face on the basis of the detection. 

2. An X-ray apparatus, comprising: 4S 

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

detecting means for detectJng the attitude 
of the reflection surface relative· to the X-ray 50 

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 or2, 
further comprising a radiation source for produc­
ing the X-ray beam. 
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4. An apparatus aecording to either of claims 1 or 2, 
further comprising means for projecting the X-ray 
beam, expanded by said mirror, to an article to be 
irradiated. 

5. An apparatus according to claim 4, further com­
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. 

8. 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. 

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

10. 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. 

11. 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 Sl!rface of said mirror. 

12. 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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these processes, semiconductor devices are finished 4. An apparatus according to either of claims 1 or 2, 
and they are shipped (step 7). further comprising means for projecting the X-ray 

Figure 40 is a flow chart showing details of the beam, expanded by said mirror, to an article to be 
wafer process. Step 11· is an oxidation process for ox- irradiated. 
idizing the surface of a wafer. Step 12 is a CVD proe> 5 
ess for forming an insulating film on the· wafer sur- s. An apparatus according to claim 4, further com-
face. Step 13 is an electrode f9rming process for prising control means for controlling irradiation of 
forming electrodes on the wafer by vapor deposition. the article with the X-ray beam. 
Step 14 is an ion implanting process for implanting 
ions to the wafer. Step 15 is a ·resist process for SP- 10 8. An apparatus according ·to either of claims 1 or 2, .. . .• ~ 

·further comprising means for projecting the X-ray plying a resist (photosensitive material) to the wafer. ,, 
Step 16 is an exposure proc:_essforprintin,g. by expos-: beam, expanded by said mirror, to a mask and for 

·· .. ure, the circuit patter~ of the mask on the wafer •.. transferring a pattern of the irradiated mask onto. 
through the exposure apparatus described above. a wafer. 
Step 17 is a developing process for developing the ex- 15 

posed wafer. Step 18 is an etching process forremov- 7. An apparatus according to claim 6, further com-
ing portions other than the developed resist image. prising control means for controlling the exposure 
Step 19 is a resist separation process for separating . . of the wafer with the X-ray beam. 
the resist material remaining on the wafer after being 
subjected to the etching process. By repeating these 20 a. An apparatus according to 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 herein, it ls not con-
fined to the details set forth and this application Is In- 25 9. An apparatus according lo 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-

Cl alms rectlon 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 lo a direc- mirror around a second axis perpendicular to the 
lion perpendicular lo the reflection surface; and 40 reflection surface of said mirror. 

adjustJng 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 disposed rn said chamber, for expanding an 

a mirror having a reflection surface, for ex- X-ray beam in a predetermined direction; 
panding an X-ray beam in a predetermin8d 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 50 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 detection. a mirror having a reflection surface and 

55 being disposed in said chamber, for expanding an 
3. An apparatus according to either of claims 1 or 2, X-ray beam ir:t a predetermined direction; 

further comprising a radiation source for produc- a supporting mechanism for supporting 
ing the X-~y beam. said mirror; 
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a frame for supporting said chamber and 
said supporting mechanism; and 

a moving mechanism for moving said 
frame in a direction transversing the path of the 
X~beam. 5 

14. 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-
ray beam In a predetermined direction, said 10 

method comprising the steps of: 
detecting the relative position of the X-ray 

beam and the reflection surface of the mirror in 
a direction perpendicular to .the reflection sur-
face; 15 

adjusting the relative position of the X-ray 
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 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 ofthe reflection sur- so 
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, to a m~k so as to transfer a pattern 
of the mask onto the wafer. 35 

16. A semiconductor device manufactured by using a 
mask and a wafer as well as a mirror with a re­
flection surface for expanding an X-ray beam in 
a predetermined direction and In accordance 40 

with a method which.comprlses the steps of: 
detecting the relative position of the X-ray 

beam and the reflection surface of the mirror In 
a direction perpendicular to the reflection sur-
face; · ~ 

adjusting the relative position of the X-ray 
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 50 

of the mask onto the wafer. 

17. A semiconductor device manufactured by using a 
mask and a wafer as well as a mirror with a re-
flection surface for expanding an X-ray beam in 55 

a predetermined direction and in accordance 
with a method which comprises the steps of: 

detecting the attitude of the reflection sur-

18 

34 

face of the mirror relative to the X-ray beam; 
adjusting the attitude of the reflection sur­

face ofthe mirror relative to the X-ray beam on 
the basis of said detection; and 

projecting the XMray beam, expanded by 
the mirror, to a mask so as to transfer a pattern 
of the mask onto the wafer. 
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