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CLAIMS
/
1. A method of pattern formation comprising the

"steps of irradiating light from an effective light source
to a mask, transferring the patCern of the mask onto a
substrate, and forming the pattern on the substrate,
wherein the amount of light emitted from a center portion

_a@qum*
of said effectlve light source is lowered by ajcextain
ameuaﬁ-w1th respect to the amount of light emitted from

the peripheral bortions of the effective light source.

2

The method of pattern formation as set forth-in
~claim 1, whdxein the amounﬁ of the light ed from the
center portion olthe effectiy ight source is lowered by delrheot

2 to 90 percent wi

amoEEE/o%’

the effective light source.

ect to the peak value of the

ight emitted frommthe peripheral portibns of

l)?i The method of pattern formation as set forth in
claim 1 ox-2, wherein the mask is a phase shifting mask.

34 The method of pattern formation as set forth in

mzt\ns
claim 1, whereln the effective light sourxce &5 a fly‘'s eye
q“d ‘rrad“ﬁ'"j ._ P -2‘{2
lens comprising an assembly of a plurality of lenses, ka$

4 A The method of pattern formation as set forth in
claim 1, wherein the region of the center portion of said
effective light source where the amount of light is

lowered: is a region of 20 to 70 percent of the outer
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diameter of the effective light source.

5 5. The method of pattern formation as set forth in
ciaim 1, to the peak ofnthe amount of light at the
peripheral portions of said effective light source appears
at a few points at rotary symmetrical éositions at the

/ : :
peripheral portions of the effective light source.

b 7. . The method of pattern formation as set forth in
ciainxl, wherein the amount of light incident upon the
center portion of said effective light sourcé is lowered
in relation to the peak value of the amount of light
incident upon the peripheral portions of the effective
light source by using aﬁ optical eleﬁent.

y 2 The method of pattern formation aé set forth in
clainlgi wherein the optical elemént is a beam splitter
and/ox prism lens.

g#?. The method of pattern formation as set forth in
¢laim 1, wherein the mask is a phase'shifting mask, the
effective light source is a fly’'s eye lens comprising an
assembly of a plurality of lenses, and the amount of lighﬁ
emitted from a ¢center portion of said fly’s eye lens is
lowered by using a beam splitter and/or prism lens.

4 }&. The method of pattern formation as set forth in
claim 1, wherein the amount of the light incident upon the
ceﬁter-portion of.the effective light source is lowered

with respect to the peak value of the amount of light’
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incident at the peripheral portions of the effective light
source by using a filter having a high transmittance at
the peripheral portions as against the center portion.

0 }¥1. The method of pattern formation és set forth in
claim i,'which lowers the amount of light emitted from the
center portion of said fly's eye lens relative to the peak -
value of the amount of light emitted from the peripheral
portions of the fly's eye lens by using a mechanical
filter having opening porpions corresponding to the
individual lenses of the fly‘s;eye lens and having
diameters of the reiated opening portions larger at the
peripheral portions relative to the centexr portion.

IW.¥2. The method of pattern formation as set forth in
claim 1, which lowers the amount of lighﬁ incident upon
the center portion of said effective light source felative
to the peak value of the amount of light incident upon the
peripheral portions of the effective light source by using
an optical element and optical pérts arranged so that they
can be made to approach orlmoﬁe away from each other in the
light path axis direction. |

L.X3. The method of pattern formation as set forth in
claim‘}gi wherein éhe bptical element is a prism.

p.¥4. The method of pattern formation as set forth in
claim 1, which lowers the ampunt of light emitted from the

center -portion of said effective light source relative to -
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tﬁe peak value of the amount of light emitted from the
peripheral'portions of the effective light éource by
dividing the beam incidegt upon said'efféctive light
sbu;ce Eo two or more beams, irradi&ting the two or ﬁore
divided beams onto said effective light soufce By using a
movable mirror, and utilizing the difference in scanning
speed at respective points of the surface of the effective
light source dependent upon the surface shape of said
movable mirror.

th1%. The method of pattern fd;mat;On as set forth in
claim-&% wherein the diameters qf the_individual lens of
the fly's.eye lens are larger at the center portion than
the peripheral portions,,

5-16. The method of pattern formation as'set_forﬁh in
clain\£5, wherein, in the fly’s-eye'lens,.the'diémeters of
the individual lens at the center portion are made 1.1 to
3 times the diameters of the individual lenses at the
peripheral portions,

IL,}V- The method of pattern forma;ion as set forth in
claim 1, which, when a single exposuré time is T, passes
the light through a first filtex with a higher
transmittance at the peripheral por:idnS'than the center
poertion.for a time of 0.0é X T ﬁo 0.95 x T and passes the
light ;hrouéh a second-filter-or hot passes the light

through any filters in the remaining exposure time,

NO. 0293 P 7/28
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thereby lowering the amount of light from the center
portion of the effective light source relative to the peak
value of the amount of light emitted from the peripheral
portions of the effective light source in just a single
éxpoéure time.

IQ;LB. An apparatus for pattern formation irradiating
light from an efféctive light source to a mask,
transferring the pattern.of tﬁe mask onté a subs;rate, and
forming the pattern on the substrate, comprising a light
intensity distribution correcting means for lowering the
amount of light emicted from a center portion of said

s 1o QO,K::;! )
effective light source by ‘ -with respect to

the amount of light emitted from the peripheral portions

of the effective light source.

19 The apparatus for pattern formation as set forth

in ¢laim 18, erein the light intensity distri

correcting means i@ means for loweri

he amount of the

d d !-‘hﬁt

light emitted from the ¢ ftion of the effective

light source by 2 to ith respect to the peak

—

value of the afount of light emitted from the peripheral
port'oné.of the effective light source.
(g:Zﬂi The apparatus for pattexn formation as set forth
in ¢laim gg, wherein the mask is a phase shifting mask.
W 2T, The apparatus for pattern formation as.set forth

in claim ¥8, wherein the effective light source 45 a fly’s
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. o ) e ey el
eye lens comprising an assembly of a plurality of lensesk
s .
w.42. The apparatus for pattern formation as set forth
in ¢laim ﬁg; wherein the region of the center portion of
said effective light source whére the amount of light is
lowered by the light. intensity distribution correcting
means 1s a regioh of 20 to 40 percent of the outer diameter

of the effective light source.

0, 43 The apparatus for pattern formation as seﬁ forth
in claim ;%, wherein the peak of the amount of light at the
peripheral portions of said effective light source appears
at a few points at rotary .symmetrical positions at the
peripheral portions of the effective light source.

3}J%4. The apparatus for pattern formation as set forth
in claintix} wherein the light intensity distribution
correcting means has an optical element which lowers the
amount of-light incident upon the center portioﬁ of the
effective light source in relation to the peak value of
the amounﬁ of light incident upon the peripheral portions
of the effective light source.’

3. 25 . The apparatus for patte;n formation as set forth
in clainx%i, wherein the optical element is a beam
splitter and/or a prism lens.

. 26-. The apparatus for pattern formation as set forth

. \3 : . . T
in claim I8, wherein the light intensity distribution

correcting means. has a filter having a high transmittance
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~at the peripheral portions as against the center portion.

15-21f The apparatgs for pattern formation as set forth
in clain\é;, wherein the light intensity distribution
correcting means has a mechanical filter, which mechanical
filter has opening por;ions corresponding to the
individual lenses of the fly’'s-eve lens and has diameters
of the related opening portions larger at the peripheral
portions relative ;o the center portion.

H.&8- The apparatﬁs for pattern formation as set forth
in claim 43, wherein the light intensity distxibution
correct%pg means has an opticél element and optical parts
arranged so that they c¢an be made_to approach or move away
from this optical element in the light path axis
direction,

iﬁﬁﬁ?f The apparatus fbr pattern formation as set forth
in claim §%, wherein the optical element is a prism.

R.30. The apparatus for pattern formation as set forth
in claim-fg; wherein the light intensity distribution
correcting means further has means for dividing the beam
incident upon said effective light source to two or more
beams, a movable mirgor for irradiacing the two or more
divided beams onto said effective light source, and scan.
means fér lowering the amount of light emitted from the
center portion of said effgctive light source relative to

/

the peak value of the amount of light emitted from the
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pe;ipheral portions of the effective light source by using
the difference in scanning speed at respective points of
thelsurface of the effective light source dependent upon
the surface shape of said movable mirror.

}qéﬁb. The apparatus for pattern formation as set forth
in claim fé, wherein the diameters of the individual lens
of the fly's-eyé lens are larger at the center portion as
against the peripheral portions.

20.32. The apparatus fér pattern formation as set forth
in clain\ﬁa, wherein, in the fly’'s-~eye lens, the diameters
of ghe individual lenses at the center portion are 1.1 to
3 times the diameters of the individual lenses at the
peripheral portions. |

31.-33. The apparatus for pattern formation as set forth
in claim gg; wherein the lighﬁ inﬁensity distribution
correcting means also has

a first filter wiéh a higher transmittance at
the peripheral portions than the center portion and

a switching means for switching between a state
passing light through the first filter for a single
exposure time and a state performing exposure without
passing through the first filter.

2.3%. The apparatus fbr pattern formation as set forth
in claim 55, which further has a second fiiter:with a

'distribution of transmittance different from the first



20. JUL. 1996 10:10 NO. 0293 P, 12/28

72
filter and causes the light to pass through the second
filter in the state perfoxming exposure without passing

/

through the first filter.

3% _

35. The apparatus for pattern formation as set forth
. , %g 3} o . :
in claim or ¥4, wherein the switching means has a
rotary disk on which at least the first filter is mounted
and a drive means for driving the rotation of the rotary

disk.

yﬁaé. The apparatus for pattern formation as set forth
L) 39, :
in claim 33 or 34, wherein the switching means has at
slide mechanism enabling at least the first filter to move

slidably.

25 . 3. The apparatus for pattern formation as set forth
. 2 3L o
in claim 83 or 34, wherein the switching means has an
optical shutter type optical material whose transmittance
of light changes according to the voltage applied.

3?3&. A method of production of a semiconductor device
comprising the steps of irradiating light from an
effective light souxce to a mask, transferring the pattern
of the mask onto a substrate, and forming the pattern on
the substrate, wherein the amount of light emitted from a
center portion of said effective light source is lowered

a4 Qo0 puant . |
by a—cartain-ameunt with respect to the amount of light

emitted from the pexipheral portions of the effective

light source.
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39. The method of production of a semficonductor \\

device as set foXth in claim 38, wheTein the amount of the

_ fehn d
light emitted from th ceng portion of the effective /‘dt&L

light source is lowered by \2 to 90 percent with respect to

the peék valué of the amount of\light emitted from the
periplieral portions of the effectiv -

2ﬁf&Q. The method of éroduction of a semiconductor
device as set forth in claim ;t, wherein the mask is a

light source.

phase shifting'mask.

33,44, The method of production of a semiconductor
: W .
device as set forth in claim 38, wherein the effective
eand '
light source Ts a fly’'s eye lens comprising an assembly of

and ioadiadrs oo ey {mg
a plurality of lense%w
gt%%. The method of production of a semiconductor
device as set forth in cléiﬁ ;&, wherein the region of the.
center portion of said effective light source where the
amount of light is lowered ig_é region of 20 to 40 percent
of the outer diameter of the effective ligﬁt source.

40

43, The method of production of a semiconductor
device as set forth in c¢laim 37, wherein the peak of the
amount of light at the peripheral portions of said

effective light source appears at a few points at rotary

symmetrical positions at the peripheral portions of the

effective light source.

AH .

"84 . The method of production of a semiconductor
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. -
device as set.for;h in claim 38, wherein the amount of
light incident upon the center portion oflsaid effective
light source is lowered in relation to the peak 'value of
the amount of light inc;dent upon the peripheral portions
6f the effective-light source by using an‘optical element.
4&35. The method of production of a semicénductor
device as set forth in claim'&i{,wherein the optical
element 1s a beam splitter.and/or prism lens.
éz. The method of production of a sémicbnductOr
device as set forth.in clainthi wherein the amount of the
light incident upon the center portion of the effective
light source is lowered with respect to the peak value of
the amount of light incident at the peripheral portions of
the effective light source by using a filter having a high
transmittance at the peripheral portions as against the

center portion.

q%g. The method of broduction of a sémiCOnductor
device as ‘set forth in claim ‘4\’{&, which lowers the amount
of light emitted from the center portion of said fly’s eye
lens relative to the peak yalue of the amount of light‘
emitted from-the peripheral portioné of the fly’s eye lens
by using a mechanical filter having opening portions
corresponding to the individual lenses of the fly’s-eye

lens and having diametexs of the related opening portions

laxger at the peripheral portions vrelative to the center
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portion.
45- o
8. The method of production of a semiconductor
2 |

device as set forth in claim 38, which lowers the amount
of light incident upon thF center portion 6f said
effective light source relative to the peak value of the-
amount of light incident upon Ehe peripheral portions of
the effective light source by using an optical element ang
optical parts arranged so that they can be made to
apﬁroach or move away from-thié ﬁrism in the light path.
axis direction. |
9. The method of production of a semiconductor
device as set forth in claim éé? wherein the optical

element is a prism.

'“§0: The method of_produgtion of .a semiconductor
device as set forth in clainr3é, which lowers the amount
of light emitted from the center portion of said effective
light source relétive to the peak value of the amount of
light emitted from the peripheral portions of the
effective light source by dividing the beam incident upon
said effective light source to two or moxre beams,
irradiating the two or more divided beams onto said
effectiye light source by using a movable mirror, and
utilizing the difference in scanning speed at respective

points of the surface of the effective light source

dependent upon the surface shape of said movable mirror.
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531, The method of production of a semiconductor
%3

device as set forth in claim %1, wherein the diameters of
the individual.lens of the fly’s eye lens are larger at
the center portion'than the peripheral portions.

: 'SéT The method of productiqn of a semiconductor
device as set forth in claim 3, wherein, in the ﬁiy's.eye .
lens, the diametérs of the individual lens at the center
portion are made 1.1 to ¥ times the diameters of the
individual lenses at thé peripheral portions.

‘55? The method of production of a semiconductor
device as set forth in claim ;é, wﬁich, when a'siﬁgle
exposure time is T, passes the light through a first.
filter with a higher ﬁransmittance at the peripheral
portions than the center portion for a time of 0.05 x T to
0.95 x T and passes the light through a second filter or
not passes the light through any filters in.the remaining
exposure time, thereby lowering the amount of light from
the center portion of thé effective light source relative
to the peak value of the amount of light emitted from the

peripheral portions of the effective light source in just

a single exposure time.
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PATTERN_FORMATION METHOD AND METHOD AND APPARATUS FOR

PRODUCTION OF A SEMICONDUCTOR DEVICE USING SAID METHOD

ABSTRACT OF THE DISCLOSURE

A pattern formation method and method and apparétus
for productaion of a.semiéonductor device using that method
which irradiate light from a light source to a phase
shifting mask through ajfly's—eye lens comprised of an
assembly of a plurality of lenses, trénsfer the pattern of
the phase shifting mask 6nto the substrate, and form the
pattern on the substrate, wherein the amount of light made
incident upon the center EOrtion of the fly’s-eye lens is
lowered by 2 to 90 percent, preferably 10 to 90 percent,
further preferably 20 to 80 percent or 20 to 60 percent,
relative to the amount of light incident upon the

peripheral portion of the fly’s-eye lens.

Eignn 6
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CLAIMS

1. A method of pattern formation comprising the steps of
irradiating light from an effective light source to a mask,
transferring the pattern" of the mask onto a substrate, and
forming the pattern on the substrate, wherein the amount of light
emitted from a center portion'of said effective light source is
lowered by 2 to 90 percent with respect to the amount of light
emitted from the peripheral portions of the effective light
source. :

2." The method of pattern formation as set forth in claim
1, wherein the mask is a phase shifting mask.

3. The method of pattern formation as set forth in claim

1, wherein the effective light source means a fly ‘s eye lensa
comprising an assembly of a plurality of lenses and irradiating

the effective light by passing a light through the fly‘s eye

lens.

4. The method of pattern formation as set forth in claim
1, wherein the region of the centef portion of said effective
light source where the amount of light is lowered is a region of
20 "to 70 percent of the outer diameter of the effective light
source. /

5. The method of pattern formation as set forth in claim 1,
to the peak of the amount of light at the peripheral portions of
said effective light source appéars at. a few points at rotary
symmetrical positions at the peripheral portions of the effective
light source. | '

6. The method of pattern formation as set forth in claim 1,
wherein the amount of light incident upon the center portion of
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said effective light source is lowered in reiation to the peak
value of the amount of light incident upon the peripheral
portions of the effective light source by using an optical
element . '

7. The method of pattern formation as set forth in claim 6,
wherein the optical element is a beam splitter and/or prism lens.

8. The method of pattern formation as set forth in claim 1,
wherein the mask is a phase shifting mask, the effective light
source is a fly’s eye lens comprising an assembly of a plurality
of lenses, and the amount of light emitted from a center portion
of said fly’s eye lens is lowered by using a beam gplitter and/or
prism lens. '

9. The method of patternfformation as set forth in c¢laim 1,
wherein the amount of the light incident upon the center portion
of the effective light source is lowered with respect to the peak
value of the amount of light incident at the peripheral portions
of the effective light source by using a filter having a high
transmittance at thé peripheral portions as against the center
portion. '

10. The method of pattern formation as set forth in c¢laim
3, which lowers thé_amount of light emitted from the center
portion of said fly’s eye lens relative to the peak value of the .
amount of light emitted from the peripheral portions of the fly's
eye lens by using a mechanical filter having opening portions
corresponding to the individual lenses of the fly’s-eye lens and
having diameters of the relatgd opening portiong larger at the
peripheral portions relative to the center portion.

11. The method of pattern formation as set forth in claim
1, which lowers the amount of light incident upon the center
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portion of gaid effective light source relative to the peak value
of the amount of light incident upon the peripheral portions of
the effective light source by ueing an optical element and
optical parts arranged so that they can be made to approach or
move away from each other in the light path axis direction.
.

12. The method of pattern formation as ‘set forth in claim

11, wherein the optical element is a prism.

13. The method of pattern formation és set forth in claim
1, which lowers the amount of light emitted from the center
portion of said effective light source relative to the peak value
of the amount of light emitted from the peripheral portions of
the effective light source by dividing the beam incident upon
said effective light source to two or more beams, irradiating the
two or more divided beams onto said effective light source by
using a movable mirror, and utilizing the difference in scanning
speed at respective points of the surface of the effective light

- source dependent upon the suxrface shape of said movable wmirror.

14. The method of pattern formation as set forth in clalm
3, wherein the diameters of the individual lens of the £ly’'s eye

lens are larger at the center portlon than the perlpheral
portions.,

15. The methpd of pattern formation as set forth in claim
14, wherein, in the fly’s eye lens, the diameters of the
individual lens at the center portion are made 1.1 to 3 times the
diameters of the individual .lenses at the peripheral portions.

16. The method of pattern formation as set forth in claim
1, which, when a single exposure time is T, passes the light
through a first filter with a higher transmittance at the
peripheral pdrtions than the center portion for a time of 0.05
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x T to 0.95 x T and passes the light through a second filter ox

not passes the light through any filters in the remaining

exposure time, thereby lowering the amount of light from the

center portion of the effective light source relative to the peak
- value of the amount of light emitted fxom the peripheral portions
" of the effective light source in just a single exposure time.

17. An apparatus for pattern formation irradiating light
from an effective light source to a mask, transferrihg the
pattern of the mask onto a substrate, and forming the pattern on
the substrate, comprising a light intensity distribution
2 correcting means for lowering the amount of light emitted from
a center portion of asaid effective light source by 2 to 90
percent -with respect to the amount of light emitted from the
peripheral portions of the effective light source.

18. The apparatus for pattern formation as set forth iﬁ
claim 17, wherein the mask is a phase shifting mask.

19. The apparatus for pattern formation as set forth in
claim 17, wherein the effective light source means a fly's eye

lens comprising an assembly of a plurality of lenses and

irradiating the effective light by pasgging a light through the
fly's _eye lensg. :

20. The apparatus for pattern formation as set forth in
claim 17, wherein the region of the center portion of said
effective light source where the amount of light is lowered by
the light intensity distribution correcting means is a region of
20 to 40 percent of the outer diameter of the effective light
source.

21. The apparatus for pattern formation as set forth in
claim 17, wherein the peak of the amount of light at the
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‘peripheral portions of said effective light source appears at a
few points at rotary symmetrical positions at the peripheral
portions of the effective light source.

. /

22. The apparatus for pattern formation as set forth in
claim 17, wherein the light intensity distribution correcting
means has an optical element which lowers the amount of light
incident upon the center portion of the effective light source
in relation to the peak value of the amount of light incident
upon the peripheral positions of the effective light source.

23. The apparatus for pattern formation as set forth in
claim 22, wherein the optical element is a beam splitter and/or
a prism lens.

24. The apparatus for pattern formation as set forth in
claim 17, wherein the light intensity distribution correcting
means has a filter having a high transmittance at the peripheral
portions as against the center portiom,

25, The apparatus for pattern formation as set forth in
‘claim 19, wherein the light intensity distribution correcting
means has a mechanical filter, which mechanical filter has
opening portions corresponding to the individual lenses of the
fly’'s-eye lens and has diameters of the related opening portions
larger at the peripheral portions relative to the center portion.

26. The apparatus for pattern formation as set forth in
claim 17, wherein the light intensity distribution correcting
means has an optical element and optical parts arranged so that
they can be made to approach or move away from this optical
element in the light path axis direction.

/

27. The apparatus for pattern formation as set forth in
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claim 26, wherein the optical element is a prism.

28. The apparatus for pattexn formation as set forth 'in
claim 17, wherein the light intensity distribution correcting
means further has means for dividing the beam incident upon said
effective light source to two or more beams, a movable mirror for
irradiating the two or more divided beams onto said effective
light source, and scan means for lowering the amount of light
emitted from the center portion of said effective light source
relative to the peak value of the amount of light emitted from’
the peripheral portions of the effective light source by using
N\ the difference in scanning speed at respective points of the
surface of the effective light source dependent upon the surface
shape of said movable mirror.

29. The apparatus for pattern formation as set forth in
claim 19, wherein the diameters of the individual lens of the
fly's-eye lens are larger at the center portion as against the
peripheral portions.

30. The apparatus for pattern formation as set forth in
claim 29, wherein, in the fly’s-eye lens, the diameters of the
individual lenses at the c¢enter porfion are 1.1 to 3 times the
diameters of the individual lenses at the peripheral portionms.

31. The apparatus for pattern formation as set forth in
claim 17, wherein the light intensity distribution correcting
means also has '

a first filter with a higher transmittance at the peripheral
portions than the centex portion and

a switching means for switching between a state passing
light through the first filter for a single exposure time and a
state performing exposure without passing through the first
filter.
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32, The apparatus for pattern formation as set forth in
'claim 31, which further has a second filter with a distribution
of transmittance different from the first filter and causes the
light to pass through the second filter in the state performing
exposure without passing through the first filter. .

- 33. The apparatus for pattern formation as set forth in
claim 31 or 32, wherein the switching means has a rotary disk on
which at least the first filtef is mounted and a drive means for
driving the rotation of the rotary disk. '

_ 34. The apparatus for pattern formation as gset forth in
dlaim 31 or 32, wherein the switching means has at slide
mechanism enabling at least the first filter to move slidably.

35. The apparatus for pattern formation as set forth in
claim 31 or 32, wherein the switching means has an optical
shutter type optical material whose transmittance of light
changes according to the voltage applied.

36. A method of production of a semiconductor device
compriging the steps of irradiating light from an effective light
gsource to a mask, transferring the pattern of the mask onto a
substrate, and forming the pattern on the subtsrate, wherein the
amount of light emitted from a center portion of said effective
light source is lowered by 2 to 90 percent with respect to the
amount of light emitted from the peripheral portions of the
effective light source. ‘

_ : / |

37. The method of production of a semiconductor device as
set forth in claim 36, whexein the mask is a phase shifting mask.

38. The method of production of a semiconductor device as
gset forth in claim 36, wherein the effective light source means
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a fly’'s eye lens comprising an assembly of a plurality of lenses

and irradiating the effective light by passing a light through
the flv‘'s eye leng.

39, The method of production'of a semiconductor device as
gset forth in claim 36, wherein the region of the center portion
of said effective light source where the amount of light is

lowered is a region of 20 to 40 percent of the outer diameter of

the effective light source.

40. The method of production of a semiconductor device as
set forth in claim 35, wherein the peak of the amount of light
at the peripheral portions of said effective light source appears
at a few points at rotary symmetrical positions at the peripheral
portions of the effective light source.

41. The method of production of a semiconductor device as
set forth in claim 36, wherein the amount of light incident upon
the center portion of said effective light source is lowered in
relation to the peak value ofithe amount of light incident upon
the peripheral portions of the effective light source by using
an optical element. '

42. The method of production of a semiconductor device as
set forth in claim 41, wherein the optical element is a beam
splitter and/or prism lens. '

43. ‘The method of production of a semiconductor device as
set forth in claim 36, wherein the amount of the light incident
upon the center portion of the effective light source is lowered
with respect to the peak value of the amount of light incident
at the peripheral portions of the effective light source by using
a filter having a high transmittance at the peripheral portions
as against the center portion.

!
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44. The method of production of a semicondﬁctor device as
set forth in claim 38, which lowers the amount of light emitted
from the center portion of éaid fly’s eye lens relative to the
peak value of the amount of light emitted from the peripheral
portions of the fly’s eye lens by using a mechanical filter
having opening portions correspoﬁding to the individual lenses
of the fly’s-eye lens and having diameters of the related opening
portions larger at the peripheral portions relative to the center
portion.

~ 45. The wmethod of production of a semiconductor device as.
set forth in claim 36, which lowers the amount of light incident
upon the center portion of said effective light source relative
to the peak value of the amount of light incident upon the
peripheral portions of the effective light source by using an
optical element and optical parts arranged so that they can be
made to approach or move away from this prism in the light path
axis direction. '

46. The method of production of a semiconductor device as
set forth in claim 45, wherein the optical element is a prism,

47. The method of production of a semiconductor device as
set forth-in claim 36, which lowers the amount of light emitted
from the center portion of said effective light source relative
to the peak value of the amount of light emitted from the
peripheral portions of the effective light source by dividing the
beam incident upon said effective light source to two or more
beams, irradiating the two or more divided beams onto said
effective light source by using a movable mirror, and utilizing
the difference in scanning speed at respective points of the
surface of the efifective light source dependent upon the surface
shape of said movable mirror.
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48. The method of production of a semiconductor device.as
set forth in claim 38, wherein the diameters of the individual
lens of the fly’s eye lens are larger at the center portion than
the peripheral portions. '

49. The method of production of a semiconductor device as
get forth in claim 48, wherein, in the fly’s eye lens, the
diameters of the individual lens at the center portion are made
1.1 to 3 times the diameters of the individual lenses at the
peripheral portions.

50. The method of production of a semiconductor device as
set forth in claim 36, which, when a single exposure time is T,
passes the Jlight through a first filter with a higher
transmittance at the peripheral portions than the center portion
for a time of 0.05 x T to 0.95 x T and passes the light through
a second filter or not passes the light through any filters in
the remaining exposure time, thereby lowering the amount of light
from the center portion of the effective light source relative
to the peak value of the amount of light emitted from the
peripheral portions of the effective light source in just a

~ single exposure time. |
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PATTERN FORMATION METHOD AND METHOD AND APPARATUS FOR

PRODUCTION QOF A SEMICONDUCTOR DEVICE USING SAID METHOD

ABSTRACT OF THE DISCLOSURE

A pattern formation ﬁethod and method and apparatus -
for production of a semiconductor device using that method
which irradiate light froﬁ a light source to a phase
shifting mask through a fly’'s-eye lens comprised of an
assembly of a plurality of lenses, transfer the pattern 6f
the phase shifting mask onto the substrate, and form the
patterh on the substrate, wherein the amount of light made
incident upon the center portion of the fly's-eve lens is
lowered by 2 ﬁo 90 percent, preferably 10 to 90 percent,
further preferably 20 to 80 percent or 20 to 60 percent,
relative to the amount of light incident upon the

peripheral portion of the fly’s-eye lens.

Pigure 6



