OB ()*e3e3|—l3<<:11ﬁmmmwmmm -1 ' | MAG NG METHOD FOR MANUFACTURE OF
M CRODEVI CES FI EL ENTI ON AND RELATED ART This i nenti on Gelgiesyg2

generally to an ~..~*Jgiéé¢* | uQ2 i nagi ng nethod for manufacturée of .

m crodevi ces. Mre particularly, in one aspect the invention is concerned
with an i magi ng mmﬂmmﬂmmmmm | lunmination nethod therefor, suitably usable
in formng on a ne pattern of a linewdth of 0.5 mcron or

| ess. The increase i ngodo@+ degree of integration of a sem conductor device
has been accel erated nore and nore and, al ong such trend,-the fine
processi ng technifresNBaMETHES FORMMANEFACPIRE I6F 3t grOPBVECES! arly, the
optical processing technique which is major one of them has been advanced
to a level of submicron region, with the start of a 1 nega DRAM A
representative optical processing machine is a reduction projection
exposur e apppIBLDSOF CRHE eINVENTE D .RELATED nARTt 00 nuch to say that
enhancenent of resolution of this apparatus determ nes the future of the
sem conduct or devi ce. TGbavinventikdn yrel stesnpeneeakhy ©6 amsol uti on of the ..
stepper nmainly relies on enlarging the N.A (nunerical aperture) of an
optical systé&RpgirguRerbad pfey dranwkacbipse 9kt Bhfrodeyviteefonetf@ret he depth
of focus of an optical _systemis in inverse proportion to the square of the

N. A, the enPBFEeRBLETLY. (hR QP& aspech the dmvenhion ifePneREReds

d d dept f f . i d ti f _thi tt ts h beé d
decr eased opl b oL DEMEsnb TS0l 51 SO0 Rlpl L oRaeiRhg Nave been made
the i-1i t i . | i | h h 300
e 11 ine. obngSeshst TBGLASEL b gl olo SeueuEhs ok, bt gogEs Ahan SO0
an optical syLemgafiels SRS NafbufuiVEE 5§, TRPOLER O0x [ fotbe vavel ength.

On the other hand, 1n a way separate froms tening the exposure

wavel ength, a nethod @ReNgnerPIRSEiSERE ABGKeOSE PERPeRERPPSRIoRS A
measure for inproving the resolution. According to this nmethod, a thin film

is formed i naasgmitbndueton déwide has been accelerated more and

more anq; along such trend, "the fine processing
techniques have been improved considerably.
Particularly, the optical processing technique which
is major one of them has been advanced to a level of
submicron region, with the start of a 1 mega DRAM. A
representative optical processing machine is a
reduction projection exposure apparatus, called a
"stepper". It is not too much to say that enhancement
of resolution of this apparatus determines the future
of the semiconductor device.

Conventiocnally, "theé enhancement of resolution
of the stepper mainly relies on enlarging the N.A.
{numerical aperture) of an optical system (reduction
projection lens system). Since however the depth of
focus of an optical system is in inverse proportion to

the square of the N.A., the enlargement of the N.A.



‘transm tting area of a mask which filmserves to provide a phase shiﬂquUN 200;
180 deg. with respect to the other portion. The resolution RP of a stepper *
can be represented by an equation RP = k1T/N. A, and usually the stepper

‘has a k1 factor of a level of 0.7 - 0.8. Wth the nethod using such a phase
shift mask, the level of the k1l factor can be inproved to about O.35.

However, there remain many probl ens Td-realize such phase shift mask

nmet hod. Unsol ved problenms currently remaining are such as follows: (1)
Satisfactory thin filmformng technique for form ng a phase shift film has

ot yel becgSaLghLh Shedont)s SELL LRGN R GEBH! skl 9ot o )

~ ~~~ Z si’'gn of "a Circul ase shift film has

not et dev 0BGl 43)aPEBRNGE "nPB, AaPRLRSEL navoNASEn SHkkR 11 m can not

be applied ereto. (4) I'n respect fp nspection and correction of a
phase shi ftréééxﬁ‘%lfa{:bSéﬁéﬁQéYtﬁécvl?QgQi@nﬁ‘@ﬁ &Pt yghe epbabl i shed. As

stated, there rendl n many problens t
exposure, from the g-line to the i~line or to excimer
laser light of a wavelength not longer than 300 nm.
This aims at an effect that the depth of focus and the
resolution of an optical system can be improved in
inverse proportion to the wavelength.

On the other hand, in a way separate from.
shortening the exposure wavelength, a method using a
phase shift mask has been proposed as a measure fof
improvin@ the resolution. AEbording to this method, a
thin film is formed in a portion of a light
transmitting area of a mask which film serves to
provide a phase shift of 180 deg. with respect to the
other portion. The resolution RP of a stepper can be
represented by an equation RP = klﬁjN.A., and usually
the stepper has a k; factor of a level of 0.7 - 0.8.
With the method using such a phase shift mask, the
level of the k; factor can be improved to about 0.35.

However, there remain many problems to
realize such phase shift mask method. Unsolved
problems currently remaining are such as follows:

(1) Satisfactory thin film forming technique for
forming a phase shift film has not yet been
established.

(2) Satisfactory CAD (computer-aided designing)



realize a phase shift mask nethod. SUMVARY OF THE INVENTION It is an alﬁe’fﬂw 200,
of the present invention to provide a unique and inproved i nmagi ng net hod '
sui tabl e for manufacture of mcrodevices such as sem conductor mcrocircuit
devices. It is another object of the esent invention to provide a

m cr odevi ce manuf acturing met hod whi cit uses such imaging nmethod. It is a
further object of the present invention to provide an exposure apparatus

for manufacture of m crodevices, which uses such inmaging nethod. In

accorcance Wi ddighb@SPeal (il RARAIP I UINC A diighe | s Provided

an i magi ng et imaging a fine pattern havin I near features

extendi ng alggng, YANPNJJet ideverdpasecond directions, characterized by:
providing a |light source 1 a ~u~ 200z -4 having decreased intensity
portions at a cqntjer pefenddngaiot @n pattirmné peeeed siigt dafipped to
intersect with each other at the center and defined along the first and
second di r eclammbt bespegiliied theawtd.l | uminating the pattern with Light
fromthe light source. In accordance with a second aspect of the present

i nvention, therdgdi)s gnoviedpect oot ke dinspesdiivg antli cexrpeicttdon havi ng

| i near features extending in orthogonal first and second directions,

wher ei n t he gfat@ @hases shilfinifiidmed saitils facfior yo Heichndigpenhials madpect to the
pattern, the inprovenents residing in that: the strength of illumnation in
a predet er mve&d esitakd ishednci dence is made greater than that in a first

pl ane of incidence including the first direction and that in a second pl ane
of incidence includiR§ St&t&&cotdedier FEMIR DFPY) REOPIEMS #@ with the first

plane of incidence Rerpendl ¢uligt! Yiask method.

SUMMARY OF THE INVENTION

_It is an object of_ﬁhe present invention to
provide_; unique and improvéd imaging method suitable
for manufacture of microdevices such as semiconductor
microcircuit devices.

It is another object of the present invention
to provide a microdevice manufacturing method which
uses such imaging method.

It is a further object of the present
invention to provide an exposure apparatus for
manufactpre of microdevices, which uses such imaging
method.

In accordance with a first aspect of the
present invention, there is pfovided an imaging method
for imaging a fine pattern having linear features
extending along orthogonal first and second

directions, characterized by: providing a light source



In accordance with a third aspect of the present invention, there hga JUN 2002
provided a nethod of inmaging a fine pattern having |linear features each
extending in a predeterm ned direction, wherein the pattern is illum nated
with light obliquely with respect to the pattern) the inprovenents residing
in that: the illumnation of the patterd-with [ight along a path in a pl ane
of incidence including the f ~ ~~t~ goo, -5 predetermned direction is
substantially blocked; and the pattern is illumnated with light along a
pair of paths which are symmetrical with each other with respect to the

pl ane of inci Hendag Hecxyeesedardndenistiiya pogkicmsagfedt cehtelre present
invention, there is provided an illumnatidn nmethod in image projection,

for illun nat thgredsfi gad oy diysdi aad secgnsaiaxeghdefdned ted by: provi di ng
alight intensity distribg&ion havi ng decreased intensity portions at a
center thereolDERFSEFLr Widh £RFNSOEORT Bt AOGorEPtEXe N A8tiBeFect to

which the original is tq.be placed: These .and qther objects, features and
advant ages ofgkﬁgnggfe%PrFﬁe i §FCR0 é@ﬁﬁ&°ﬁﬁrer5%B§F§ﬁF gon a _
consi deration_of, t follLow n script.ian t eferre odi nent s of
t he present iﬁ?gnﬁggﬁmgg gﬁh %t%%n?&%@%#%n“%&?hH?ﬁg%agggkpgﬁgrﬁégéFamﬁngs.
BRI EF DESCRI PLLONGF THE DRAWNGS * Figure 1 is a schematic view for
explaining the principle of projection of an image of a fine pattern. |,
Figures 2A and 2H are 3ah@eRor@anic@Wed theaPeeldondl kspdeer @fnthiegure 2A
shows a light distribution as provided on a pupil by diffraction [ight from
a conventi onaprgBektafdventiba,2itheheWs saprovided a method of

.-

imaging a fine pattern having linear features
extending in orthogonal first and second directions,
wherein the pattern is illuminated with light
obliquely with respect to the pattemm, the
improv;ments residing in éhat: the strength of
illumination in a predetermined plane of incidence is
made greater -than that in a first plane of incidence
including the first direction and that in a second
plane of incidence including the second direction and
intersecting with the first plane of incidence
perpendicularly.

In accordance with a third aspect of the
present invention, there is provided a method of
imaging a fine pattern having linear features each
extending in a predetermined direction, wherein—the
pattern is illuminated with light obliquely with
respect to the pattern, the improvements residing in
that: the illumination of the pattern with light along

a path in a plane of incidence including the



18 ~IJN 2Cj,~ -6 light distribution as provided on a pupil by diffrﬁgtﬁ(@f”
| ight froma phase shift mask. Figures 3A and 3B show a first enbodi 200
the present invention, wherein Figure 3Ais a schematic view of an exanple

of effective light source as forned on a pupil by zero-th order light in

the' first enbodi nent and Fi gure 3H shows. anot her exanple of effective

| i ght source as fornmed on a pupil by zera®th order light in the first

enbodi ment. Figure 4 is a graph for explaining frequency characteristics of

a projection systemwhich fornms the effective light source of the Figure 3A

exanpl e and 't hgjr e o ARE 4 e SURL T Ol GUVENL LIR) B 3dkedd WHAS SA -

5C show a seco ment of e present I nvention, wherein Figure 5A is

a schematic Vi eWedfp B Al 60d | O EDOSLEE PR B it APl Dpd i tdye second
enbodi ment of the present invention, Figure 5His a front view of a stop

menber used in gadtthss QANINGh ety triaddl FiotH eddh istiesonetmt i ¢ vi ew of

a cross filter used in the second enbodi nent. Figures 6A and 6B show a
third enbodi nendesifedthet@prigsensl any eott i dtciddigteel N Figure 6A is a schematic

view of a projection exposure apparatus according to the third enbodi nent
and Figure 6B is a In accordance with a fourth aspect of the
- present invention, there is provided an illumination

method in image projection, for illuminating a fine
pattern of an original, characterized by: providing a
light intensity distribution having decreased
intenéity portions at a center thereof and on first
and second orthogonal axes with respect to which the
original is to be placed:

These and other objects, features and
advantages of the present invention will become more
apparent upon a consideration of the following
description of the preferred embodiments of the present

invention taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic view for explaining
the principle of projection of an image of a gine
pattern.

Figures 2A and 2B are schematic views,
respectively, wherein Figure 2A shows a light
distribution as provided on a pupil by diffraction

light from a conventional mask and Figure 2B shows a



front view of a stop nenber used in the third enbodi nent. 18 JUG 2

Figure 7 is a fragmentary schematic view of a projection exposure apggaaﬂu%ZQ
according to a fourth enbodi mrent of the present invention. Figure 8 is a
fragnentary schematic view of a projection exposure apparatus according to

a fifth enbodi nent of the present inventi®n. Figure 9 is a fragmentary
schematic view of a projection exposure apparatus according to a sixth

enbodi ment of the present invention. Figure 10 is a fragnentary schematic

view of a prOJECtIOH e re apparatus ac d|n to g ._seventh enbodi nent
of the present } 5% %qﬁ&A${EPI&¥Q¥¥ Rfﬂﬁﬁ1 tic view of a

proj ection expo ar at.us .acc rd|n n th _enbodi ment of the
é%?faﬂéﬁhea ﬁ% f) lﬁaé% §¥§¥¥ @R

pr esent i nventi rag ary SC view of a

proj ection exposure appm&, saCa%anL d'BE Sribuidt f:%rfb%%%%l&ne%ft e

present invention. Figure ematic view o
the present invention, wherein Figure 3A is a

schematic view of an example of effective light source
as formed on a pupil by zero-th order light in the-
first embodiment and Figg;e 3B shows another example
of effective light source as formed on a pupil by
zero-th order light in the first embodiment.

Figure 4 is a graph for explaining frequency
characteristics of a projection system which forms the
effective light source of the Figure 3A example and
that;af a projection sysﬁem of conventional type.

Figures SA - 5C show a second embodiment of
the present invention, wherein Figure 5A is a
schematic view of a projection exposure apparatus
according to the second embodiment of the present
invention, Figure 5B is a front view of a2 stop member
used in the second embodiment, and Figure 5C is a
schematic view of a cross filter used in the second
embodiment.

Figures 6A and 6B show a third embodiment of
the present invention, wherein Figure 6A is a
schematic view of a projeciion exposure apparatus
according to the third embodiment and Figure 6B is a
front view of a stop member used in the third

embodiment.



portion of a projection exposure apparatus according to a tenth enbod'ﬁe*UN 2002
of the present invention. Figure 14 is a schematic view for explaining the

rel ati onship between a pupil of a projection optical systemand an opti cal
integrator. Figures 15A and 15H are schematic views, respectively, each
showi ng the pupil of the projection optical system "9 ~ JUP~ 2002 _8_
Figure 16 is a schematic view of a stiop nenber usable in the present

i nvention. Figures 17A and 17H are schematic views, respectively, each

showi ng the manner of cabling a nercury lanp. Figure 18 is a schematic view

of a main portion of_ a projection exposure apparatus .accqording to a further
enbodi ment of the pF@é@ﬁF ﬁnﬁén?i5&33ﬂﬁﬁ55§§pf§hegﬁ%1f©H1§ﬁé° cRematic
Vi ews, respectivq# expl ai_ni ng the manner iLnsertion.of a pyramd

f .of
Lype. pri SmETRARGEM, SRS UE R AREREAT St AHOTH RGO P oRE . Fi gure 20

'S a SChem%ﬂﬂ%d@ﬁ@%éﬂbfatW@ %resent invention.

Figure 8 is a fragmentary schematic view of a
projection exposure apparatus according to a fifth
embodiment of the present invention.

Figure 9 is a fragmentary schematic view of a
projection exposure apparatus according to a sixth
embodiment of the present invention.

Figure 10 is a fragmentary schematic view of
a projection exposure apparatus according to a seventh
embodimeﬂi of the present invention.

‘Figure 11 is a fragmentary schematic view of
a projection exposure apparatus according to an eighth
embodiment of the present invention.

Figure 12 is a fragmentary schematic view of
a projection exposure apparatus according to a ninth
embodiment of the present invention.

Figure 13 is a schematic view of a main
portion of a projection exposure apparatus according
to a tenth embodiment of the present invention.

Figure 14 is a schematic view for explaining
the relationship between a pupil of a projection
optical system and an optical integrator.

Figures 15A and 15B are schematic views,
respectively, each showing the pupil of the projection

optical system.



portion of a projection exposure apparatus according to a still furdBedUN 2002
enbodi nent of the present invention. Figure 21 is a schematic view of a
mai n portion of a projection exposure apparatus according to a stil

further enbodi nment of the present invention. Figure 22 is a schematic view
of a main portion of a projection exposure apparatus according to a yet
further enbodi ment of the present in&ention. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS For better understanding of the present invention, description
will be made first on details 1 ~JU-1 200 g_of the imaging of a fine
pattern. Figure 1 shows the principle of inmage projection of a fine pattern
6 having a high frecft@ms IPiige Z(gc'?%‘“%l%‘&t"’s%‘\’/e‘? 12 #%9®ns), through a
projection lens system7, The fine pattern 6 which is illum nated along a
di recti on m@m%ﬁdﬁgﬁﬁ?g‘]? % 1B‘rﬁ"e REFIERE REFRBEO diffracts the |ight
inputted thereto. OLf [ | i ght d V. I IC e a zero-th order
diffraction |light, %ﬁ%ﬁ%ed%\ %rﬁg IZvaér:neaapél r%%lF?ré%P%% t ée&%'l rection of
advancenent Lpput L @q@% i rofll i | i ghts such as
positive aﬁ%gé%%gﬁégf ier%sétlg(l;%}b%r [ H%?ﬁ?ﬁgﬁ% t‘J;::J,ﬂ)faf()éd gé;larrpl e, directed
in directi oilh-d feA/Ht fromthe input light. Anpng these diffraction

| ights, those of” particular diffraction orders such as, for exanple, the
Zero-th order diffracdhed 18 gd anscmardtiyeview oedatmadn first order
diffraction lights, are incident on a pupil 1 of the projection |lens system
7. Then, gdetigmsset ng pivirghidheypgpidrd, appesetus gdcomtingli rected to an
i mge plane of the projection | ens system whereby an inage of the fine
pattern 6 ts 4 ofwethen edizodiregrt ppfinthe Ipresest timpeengfidmage f or mati on,

the Iight conponents which are contributable to the contrast of the inmage
are hi gher order di¥iguxes okPA iapdl sL98 faxqcSeheatz WisWsy fine pattern
increases, it raises_a problemthat an %?tical system does not receive

hi gher or eSRRFEI¥RLY onfoT 1&¥RAREP LY the manner of insertion

of a pyramid type prism used in another embodiment of
the present invention. o

Figure 20 is a schematic view of a main
portion of a projection exposure apparatus according
to a still further embodiment of the present
invention.

Figure 21 is a schematic view of a main
portion of a projection exposure apparatus according
to a still further embodiment of the present
invention.

Figure 22 is a schematic view of a main

portion of a projection exposure apparatus according

to a yet further embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

For better understanding of the present

invention, description will be made first on details



-io lights. Therefore, the contrast of the inmage degrades and, ul ﬂ.%ﬂiﬂ @02
the imaging itself becones unattainable. Figure 2A shows a |ight
distribution on the pupil 1 in an occasion where the fine pattern 6 of
Figure 1 is formed on a nmask of conventional type, while Figure 2H shows a
i ght distribution on the pupil 1 in an_ggcasion where the fine pattern 6
is formed on a phase shift mask. In Figure 2A, about a zero-th order
diffraction light 3a, there are a positive first order diffraction |ight 3b
and negative first order diffraction light 3c. In Figure 2H, on the other

hand, due to tg -€ﬁé?ﬁ%@éﬁ“iﬁﬁpfﬁef§néf%a£££9h9 zeroth order diffraction

light 5a is "eXtingu ere are positive and negative first order

diffraction Iights 5b apfg@fe oDl ¥hok8RREI PYihBEpEaSEs Phafbgures 2A and
2H) the following two points nay be rai sed as advantageous effects of a

phase shift nmaskoj@eridhcop anginé saetesh 6rBAVEA§Ya high, FHEQueNSY!

pl ane: (1) In the phase shift mask, the frequency Is decreased to a half.
(2) In the phagpitthf2dnbskabowt zeeverhlonfletodshf rentoaghl aght exists. -
Anot her point to be noted here may be that the spacing a between the

posi tive and negajectidn rkens systemUt.~0FRe- fiinedpattieffhirGcwhbohl ights
upon the pupil plane in the case of the phase shift nask corresponds to the
spaci ng a bet webhumirated calongraedireghionngerhengbcnlayetonthati ve) first
order diffraction light in the case of the conventional type mask. On the
ot her hand, assuefgeeisthereof giiiffractsuthenlbght htnpupted 1thepeto.

conventional type nask, and, the phase shif% type nask show t he sane |,
characteristi cPthfrachier 1igh 5%%??FOB.EV%§¥ inclyde @ zeePehie

the pupi | 1. 19709 $iafednidd FIERtY Shptrhed o theeate ampl i tude:
by STETSa B5EETPLAN 28 efe BOELLLYGRIbESLafiEbadil) BERRLVEnbbt
light, and higher order diffraction lights such as
positive and negative first order diffraction lights,
for example, directed in directions different from the
input light. Among these diffraction lights, those of
particular diffraction orders such as, for example,
the zero-th order diffraction light and positive and
negative first order diffraction lights, are incident
on a pupil 1 of the projection lens system 7. Then,
after passing through the pupil 1, these lights are
directed to an image plane of the projection lens
system; whereby an image of the fine pattern 6 is
formed on the image plane. 1In this type of image
formation, the light components which are
contributable to the contrast of the image are higher
order diffraction lights. 1If the frequency of a fine

pattern increases, it raises a problem that an optical

system does not receive higher order diffraction



whereas in the conventional type mask shown in Figure 2A it is 1:2/ 1@ %VUN'QUU?
I n accordance with one aspect of the present invention, a |light <
distribution simlar to that to be produced by a phase shift type mask can

be produced on the pupil 1. Mre specifically, according to this aspect of
the present invention, in order to assure that, when a fine pattern 6 (nore
particularly, a fine pattern as having-d9%patial frequency that the Kkl

factor is about 0.5, as suggested in the introductory part of the
Specification) is illumnated, a zero-th order diffraction light is

i ncident on the pi at osition off the center of the pupil. 1 while a
~ a ~uN zooz Efgggfffe%@ﬁ egP%Fra% CoffoPtERe oﬁﬁﬂﬁgﬁ%ﬁmﬁﬁﬁbF%i%§9%ﬁ larly

i ncident on a it f.f .t he nter. of th il 1, an optica

ar r angenent i59%$03P325%F313(oé&geggﬁgﬁngfﬁ%ﬁ%ﬁ&% %iﬂﬂé%xnnce that: it has
a light quanthhﬁtqgﬁhgqugion in which, as conpared with the |ight
intensity in each of portions on a pair of'axes passing through the center

of the pupil and extendiiggral 9Rgshanal budiial addAtialordnl eh features...
of the fine pattern and as conpared with with the light intensity in a

portion arounguphe aedheanobcthgipHpiwherbheénkl ghne Matteirny 61 Bfa portion

ot her than these portions is higher. Preferably, there may be produced an
effective |i gitignmer de iisn folrmell bheal ingbk bift eosivientdionaackyplk,t he portions
on the pair of axes passing through the center of the pupil and extendi ng
al ong t he | onghtidei Faguzed2Basbows palight fAdéstuibatdiont oa thee pattern as
well as the light intensity in the portion around the center of the pupil,
are | owered tBeuRBdull isr 8n pPreAasiaphwharef thet fiae ipgittespubcdsi s provi ded,
of zero-th order and first order_ diffraction lights, for exanple (as
produced as afPZ®gA: o8 aj Phagenahish BRSK-tine pattern of a kl factor of
about 0.5, for exanple% ghe zerg-th grder diffraﬁﬁéon | i ght and vne of the
positive and negative FfrELI8FBefAdi PPPUEL RoASFPG Ihe projected on
the pupil 1 ae_ otk of_th ositive_and negativye first ~18 ~u~
2007 - 13 of deBTALEPFREEROh B REN0R” nEOCEE BFbyBnPRALESR BAFHS BFOFEc o
onto the pupilys I S$b | LgAt . d] - L QU el siypslar to that to be
provi ded by ahﬁﬁgggeg P?tigggﬁ,ggnhg enggé%ﬁb%.Eﬁ?gfnogﬁggpresent i nvention
a single |ighgikeagriksonsedgherathe thl paghaki 8, bhetagPbihdde' ra~io of a
pair of diffraction lights at the pupil 1 becones 1:2/?C, different froma
desirabl e anphiahddednat te eheleifetti bar at phhBat sas fat kainall gewbth a phase
shift mask. However, according to the anal yses nade by the inventors of the
subj ect appl i tht poderi dififisabtion f biightt Sat isf Oexteaghishgdd hadgi t udi nal
pattern feature of a mask, such a difference in anplitude ratio can be
subst anti al | ytBe&pensat pasbyivei agd negahdvei fhrstoodeabl i quel y proj ect ed
on the mask (fine patternlt a pair of lights froma pair of |ight sources
di sposed symBtffzartioni thghteotavd HFt ANt ¥speEOmpParingokiet udi nal axis
of the pupil (an axii 9assing 5hrou h_the center of the 8upi| and extendi ng
al ong the | ongPPESi RAI FHELFEr nsh 2R r &8 sEhesfPL 1BMIRG EWENPPRBESLpi | a
pair of |ight tierns.which_ a ical.wth each_other wiih_fespect
to_the Iongitﬂggngg géfgg%fg§h%§$%%?$§ééﬁ% ?ﬁg%c¥8r° e?oPgFﬁﬁ ﬁﬂfgferal
pattern featu f K g i if,ude rati an be
conpensat ed b@sﬁgiﬁg?ﬁagﬁghgl%?gﬁgft%S%gﬂggorgg gghS%riguSry gﬁgthe mask
(fine patternpupgipgianet lights froma pair of |ight

(1) In the phase shift mask, the frequency.is
decreased to a half.
(2) In the phase shift mask, no zero-th order
diffraction light exists.
Another point to be noted here may be that

the spacing a between the positive and negative first



'~ ~ ~u~~ z00z 14 sources disposed symetrically with each ot her wﬁﬂ JUN 2002
respect to a lateral axis of the pupil (an axis passing through the center
of the pupil, extending along the |ateral pattern feature and being

per pendi cular to the longitudinal axis of the pupil) so as to produce a

pair of light patterns which are symetrical wth each other with respect

to the lateral axis of the pupil. For-resolving a nmask pattern having

| ongi tudi nal and | ateral pattern features, two illum nation |ight beans,
for exanple, may be used and projected obliquely to th~-nmask so as to
produce an effecti-ve |ight source having, on the pupil, a light quantity

di stri buti oronderh i ffmacisforpddightd upgnstthe irunil tHengim itheensity at
t hose positions: which are symmetrical with each other with respect to the

center of tasauRf ) thePhse skt mrek peresrpds itstthei s passi ng
t hrough the center of .the pupil and extending w_th an angle of about 45
deg. with r@é&?éetnsétbc?ft‘fﬁge&% 2erddh ofdgy lught ﬁ”lcﬂrﬁ%‘?ati on |ight
beans, . for exanpl.e be used d projected obliguely to.the mask so as '~
to produce é??sgfq"f’evcpt %ﬁeqﬁetg‘h € oﬁlﬁyhﬁ%,gﬁﬁﬁfglﬂ%ﬁﬁgg fyht quantity
distribution tdd o il ol dMULIAIS Qosuhshantially the same

Ich are s

intensity at 0Se positions: trical with each other with

respect to the centerol,pfﬁ]ﬁ@eo L I 24d A@'é}%%d% lt@xﬁatlg%ﬁ onga rl ~

~~~ first axis passing through the center o e pup extending with

an angl e of i Hht ¢80 onMtHe TRARAGCH ! GH@hvaR ibn@ietyprd (11) with a

pair of portions of substantially the sane intensity at those positions:

whi ch are swasy ramilthd tphaac sHifertyd hask sHapatie sanide center of

the. pupi |, which are |located along a second axis passing through the center
of the pupi Ichancobetrdsdiing iw tdespecingice thie yomitti®m .defhadi tils respect to
the first axis, and which are at substantially corresponding |ocations with
respect to tihe ghififerfengsithanebaetivadn ifs Mdte patdicand tindensittar of the
pupil. - A first enbodiment of the present invention will be explained with
ref erence t @it SFPIAtAGE SHstiiduGiP-ivpere the sveid 4 -1 i dm
distribution_ of zeroth order diffraction |ight on_the pupil .1 of Figure 1,

whi | e Fi gur &8 RUASE Shifs masiuSharbrinfigre €8 fhe soetddude a pupi |

plane. In ”}:eatqroavg.mn ng t eenozteez%-atth Ior'dsera} %%%Iilt;ive first order

and negative first order diffraction lights is 0:1:1,
whereas in the conventional type mask shown in Figure
2A it is 1:2/m:2/K.

In accordance with one aspect of the present
invention, a light distribution similar to that to be
produced by a phase shift type mask can be produced on
the pupil 1. More specifically, according to this
aspect of the present invention, in order to assure
that, when a fine pattern 6 (more particularly, a fine
pPattern as having a spatial frequency that the k;
factor is about 0.5, as suggested in the introductory
part of the Specification) is illuminated, a zero-th
order diffraction light is incident on the pupil 1 at

4 position off the center of the pupil 1 while a



denoted at x is a lateral axis of the pupil (an axis passing throul;la JHY 2002
center of the pupil and extending along a |lateral pattern feature); denoted
at y is a longitudinal axis of the pupil (an axis passing through the

center of the-pupil, extending along a |ongitudinal pattern feature and
bei ng perpendicular to the x axis); and denoted at 2a, 2b, 2c and 2d are
portions of an effective |light sourtk2- -16 In these two exanples, the

effective light source has a distribution generally consisting of four
portions. Each portion (light pattern) has a distribution of circular

shape. If the radius_of the pupil]. 1 is 1.0) the pupil center is at the
origin of didoreremnt ed‘aﬁﬁr"i’q:l"ef‘?(?alr?ogl?t ﬁ%?%ﬁ@? h‘g" % Hoyonal coordi nate
axes, then in the-Figure.3A exanple the centgrs of the portiaons 2a, 2b,-2c
and 2d ar SRR ?’r%‘?@: (?}?%,p‘bs.’fsﬁ?n (9€£.4%l?e0991f§)e?r (°’!0 > -0.45) and

0.45, -0.45), dth dj tJ S0 t Fi 3H
<(axarrpl e, t?#’@eﬁf’erésn g?‘;ﬁ]ééégo%ﬁ%%%%g ﬁgr‘y& ‘éln%edeC#J;rpepo:qu%%gr Sosi tions
0.34, 0.3 = 1 03 - 4); apitD: 34), dth -
gadi us of sZeQa':(:: (%‘gfr%'?%lnp?sf%g.%%&r‘ﬁécef?lgac?'l 2/%@% ?as%‘(;i hcée) ac)corginng tg
this enbodiymiii ¢y desdribretod Nd Rali cheds tdsmpuidd wil@nare divided into

four quadrants by the x and y axes defined on the pupil plane, as stated
above, each;qior tiRfeditbin 26ack Gf porepdngash i pory espaiigig one of the
guadrants and al so these portions are defined in~a symetrical relationship
and defi ngshddidepetitismidly tHe czaritent hef the thupil camd leptndingdere, the x
and y axes for the division of the quadrants correspond to x and y axes,
for exanpl&lonsebongitudinakbsanh bdteral pagrtetredesatunes gfattthes n and t hey
correspond to the directions of elongation of |ongitudinal and | ateral
pattern fefing ezattern mr&. as compaged| withjwith the Aghte shape of the
effective |light source according to this enbodinment is deternmined in
speci fic cOHERRBIEY i bh dIPPREL A rEWRA t YPRrCeniRY (hithe PHREY at er al
pattern features .of a fine patiern whose i e is.to rojected, and it
is featuri‘;?fd HIeRH AP TeRR Centh R R TR 1Y e‘%ﬁ*ﬁﬂ&?” tions 2a - 2d
are just-on. _45 i jon iTecty | axes
passi ng tfﬁ%’ﬁ% orgﬁgisc(ejlbl @?éi(‘)f 'ﬁll(eé%f)%"{ﬁ' a%%%%%%neg R%nac{%uéag%l es of 45
deg. W th LESRRRlCA yd NP1 gAMby O wHLRI AR 1L AHERSUG an

I ght I ght

effective source, a |
at each of the portions on the pair of axes passing
through the center of the pupil and extending along
the longitudinal and lateral pattern features of the
fine pattern as well as the light intensity in the
portion around the center of the pupil, are lowered to
about zero.

When such an effective light source is
provided, of zero-th order and first order diffraction
lights, for example (as produced as a result of
illumination of a fine pattern of a k; factor of about
0.5, for example), the zero-~th order diffraction light
and one of the positive and negative first order
diffraction lights ﬁay be projected on the pupil 1

whereas the other of the positive and negative first



source -(secondary |light source) having the sane shape . and the-gbBEJUN 2002
relationship,-with respect to the x and y axes, as that illustrated may be
provi ded on a plane optically conjugate with the pupil 1 and four
illumnation Iight beans fromthe provided |light source may be projected
obliquely to a fine pattern at the same angle of incidence and al ong two
ort hogonal pl anes of incidence (each twh3Fight beans in a pair). This
assures that: linear pattern features extending along the x axis are

illum nated obliquely by the |ight beans projected along the paths which
are symretrical _with each other. Wth respect to.th a f.lncidence

i ncl udi ng theORdﬁRiQ}EgﬁFFgl??nﬁbghPspﬁ??eﬁﬁ P@g%ﬁﬁggbeg?%ﬁ |%§9 long the y
axis are illumnate bli gque b i gh a Legt ong the paths
whi ch are synﬂEPPFEgﬁngPﬁoegﬁﬁ %?%2? &'~1ghgglggﬁgsgbi§ ﬁ?%ﬁ{respect to

t he plane of incide .Lpc i t i L3obk tpptat &he four
portions 2a éﬁshflgﬁglégfég %ggrl?gh?hggu?gebﬁaggogggg?aﬁ?ial?ﬁésthe sal ve
intensity. If _the,i Si i nges, any defocus of a wafer during. --
the printing fhé?éop%gﬂfo%xeig%pﬁggbgagses deformati on of the inage of a
circuit pattern. For thieSihedfenpraseher ahbenthent ausinglem sghton |ight
beans are so set as to provide the sane intensity. As regards the intensity
di stribution ghafagh ekedh€okouhepdlinmtnafdon,2dhei emphythdedeatiai ned as
desired. For exanple, it may be a - uniformintensity distribution wherein
the whol e rang¢ aspafraofedkffeactionrlighksy asethenguPihi oPAFPReENSity

di stribution wherein the peak is only at the center. This neans that the
four illum natli:@u®.i g fleaent Fugmt akderFimiable PEPH trAeaZabifafte with the

formof an effective |ight source to be provided, the pupil: 1., As an
exanpl e, whi | & :ilnsimidagnedithast aenhattadnabde F”&%g‘ Bt PPﬁsgf FB&EFve 1ight

source are separated from each other and thuys no | i ght e .S .produced
in a portion SeFk- t BOWeVEE f GGFoﬁgF‘ﬁgord’f?, q:?‘r‘lz'e af‘&.}ly%%& F‘lgé%sbgf ltf’ﬁe
effective light source nay_ be forned.,t . i QUO LN i ntervention
of | ower inteﬁ§WF§tHr§hg%p§$FePHé?e%ﬁeggggfr|thgﬁnq?sﬁ?%eyhgﬁ each of the
four portions 28, s Z04f. 'dhe ¢EEBILiNG 1d MUndiQdiRdIS pAkkern 1 ~ JUI Pt

0~ shape.

~0~~ -19 Li mi €% ci'r ¢ul ar wever, It is desirable that,

independent | y [of tHe saRe palshe spBhes daff ddierdcdiinDamplarader the gravity
centers of théir intensity distributions are in a symmetrical relationship

and are on theg A% dafh Bl 'REItanT Wy remeaisdted by xsimng,yasxes, .as in
t he exanpl es of Figures 3A and 3B. For further enhancenent of resolution,
i.e., in an atirmiidht agopie opldqualyargeisttest an the magh (fine
pattern), a pair of lights from a pair of light
sources disposed symmetrically with each other with
respect to a longitudinal axis of the pupil (an axis
passing through the center of the pupil and extending
along the longitudinal pattern feature) so as to
produce on the pupil a pair of light patterns which
are symmetrical with éach other with respect to. the
longitudinal axis of the pupil; and that for resolving
a lateral pattern feature of the mask, the difference
in amplitude ratio can be compensated by using, as the
light to be projected obliquely on the mask (fine

pattern), a pair of lights from a pair of light



effective |ight source adapted to provide a system of |ower Kkl Ieve‘ﬂ,ﬁ Ui 8002
seeri fromthe conparison of Figure 3A with Figure 3H that the gravity

center position of each portion 2a, 2b, 2c or 2d of the effective |ight
source in each quadrant displaces away {gromthe center of the pupil 1 and,

as aresult, the dianmeter of each independent portion 2a, 2b, 2c or 2d in
correspondi ng quadrant decreases. Illustrated in Figures 3A and 3H are two
types of effective |ight sources e.zpected. In practical design, an

effective light source simlar to these two types may be used, since, if

‘" t t ! f he effective |ight
ot R B (ERGRERLRY Slghiet ShalCril o5

gquantity, for y |t t p f n ence in design
of the opticalSé sten) cégﬁég ai %kgﬁh§§,%§§3§ﬁéa? 6%§ égthat poi nt 18
JUPd 2002 -20 HEQ@nBYthQ%ub’ﬂV%BEOEénté} sttﬂgeg I:Qg ek?ahdl g the -

coordi nate and t he pupi l shown in Figures 3 eac of a pair of

portions 2a agdodg thcha&@&aunphhﬁeihrSéaﬁﬁﬂetQh&dbggﬁgrant5
respectively, and which are spaced fromeach other has a circul ar shape and

a radi us g angerpehlid¢cadntretoptbet longitgdinalyarest 6f pbei puphd) of the
first and-second portions 2a and 2c are at coordinates (p, p) and -(-p,
-p), respectisel gs ﬁnenr@duderesaﬁis afeléﬁhaiaabterb§ whiFbf §réig the
followi ng conditions: 0.25 < p < 0. 15 <qg<0.3- 1t is to-be noted
that the S|ze53ﬁ8356§F?#oW16P eaeh BFh?ﬁe“+EhaFﬂFH§chFP|BHS 2b and 2d in
the second and fourth uadr n%% are diternlned naturally fromthe symetry
of themto théak SFFFOE 153° ScPFR*the first and third quadrants. Al so,

it has been found t hat . _even_i ase ch pprti ol of the effective
| i ght source has a shaggrofﬁgpgvﬁgﬁ g m@Qﬁuﬁaf ﬁ%pgav 3U2h as, for exanpl e,

triangul ar, or ;peelanaskan, aeﬁgiapgy bhecabgveesondLLi oggoshoul d be

sati sfi ed. case e radius of"a circle C|rcunscr|8|ng each portion

may be used aﬁlwﬁlﬁawenohg ht! Behi®, ef@ffpé:@émdﬁ @wnmag FLOWEES &fgand 3H
each quantity 1s near the mddl e of t he range defined by the correspondi ng

condi tion. Thgrgyaeteh eplefurl@ndogtn@ymebRNgE b8 €E€PpREEREE &pON a

desired ~~ ~a~~ zn~.a. -21 linewdth of a fine pattern which is required

to be effective light source having, on the pupil, a light
quantity distribution with a pair of peaks of
substantially the same intensity a£ those positions:
which are symmetrical with each other with respect to
the center of the pupil, and which are located along a
first axis passing through the center of the pupil and
extending with an angle of about 45 deg. with respect

v to the X and Y axes. Also, four illumination light

beams, .for example, may be used and projected
obliquely to the mask so as to produce an effective
light source having, on the pupil, a light quantity
distribution with (i) a pair of portions of
substantially the same intensity at those positions:

which are symmetrical with each other with respect to

the center of the pupil, and which are located along a



projected by a used optical system (illum nation system projection s;[sa e oo
In a currently used stepper, an effective |ight source has a peak at a b
center (x) y) - (0, 0) of a pupil 1. In this type of apparatus, it is said
that the coherence factor (Qlevel) is 018 or 0.5,.and this nmeans that it

has an effective light source distribution having a radius of 0.3 or 0.5

about the center of the pupil 1. According to the anal yses made by the
inventors, it has been found that: if an effective |ight source is

posi ti oned cl osfitot tdvei pupassimagt ehrofigh thanpéeter fof heha' phpikland in a
range not greater than 0.1, it provides an advantage that when defocus

occurs a high cextemdingawibe aetangbe afii Abgutnidedeg d with respesvel y

wide linewdth (a linewdth to which the above-described k1 factor is not

less than 1). Hedwetkg X strt AdR%PS 3R abidht Wi BAL? PIhePHBREEECRE cur s

di m ni shes quickly as the kl_factor becones, close to 0.5. If the kl factor

goes beyond 0.fjsubstential LREhe RaRGntPRERSLEY AL itRRR®is lost fully.
What i t ired tly is_t i t |n_def f
2t 5 ki factor FeRAFTone PSR T e s tnet BRGAY TR SAe e R HBEA °f actor-
I's at about th'P?%ggﬁﬁ’tBhEh@rgéﬁﬂgP ?é @ﬂeeﬁﬁﬁfilvﬁhiéﬁﬁﬁréogég :&4l] acent

a f ging.~ -

to the pupil cen as an adverse effect on e lm ( . conpar ed
therewith, the ofd6cti VeebdtiitanDrsEs HBNE NENEEETH JESCTddIote Wi & €16 erence
to the first enbodinent has a small kl factor. For the imaging in respect

to a kl factor gfpaboadOeptendifdovi€RSannangyvansaoassist e§d egég of
retaining a high contrast when defocus occurs.. Since in the exanple' of

Fi gure- 3A each with heeppedt ots Rse -fPodsbf axhe, eddd@cthieh lapdhtassource i s

| ocat ed outwardly, as conpared with those of the Figure 3H exanple, it

provi des a supesubstémghallequencgspiradingelosations wittiparespedt td he

Figure 3H exanple. It is to be noted that, in a portion of the effective

| i ght source sptkedraiwmyof reesibtonps Pt that £ rst Rxvefandisthegentar i stic

is such that, up to a kl factor of about 1, the depth of focus is

nai nt ai ned subs®antP@IPYPEE- a constant | evel. Figure 4 shows the

rel ati onship between the,rgsolutiaon and-the depth of focus,in a case where

Bhe exanpl e of Figure 3Hi l%iﬁ%@%"‘?’o“‘%ﬂ@i?gi € REFFET He&‘f‘ﬂg’t’a“m A of
.5, the cal cul atjpn i N ' i op L t sin a

range sati sfyi n@%ﬁ?%%%%{%‘?%ﬁ?ﬁ%%ﬁ?%é 8‘?‘5?%6%% iésEvm iofnéj't he

depth of focus {OL&fAMEEIarLIEN Cshbkd: al ?gﬂf%ﬁ‘%ﬂﬁﬂféé.é@ ero-

rel ati onshi p between the Tesol ution and the de focus in the case of

the conventionath @t d{Efradeon ligi%aoﬁwf{@rﬁﬁ%mall rét igigurethi,l €

curve H depicts the relationship ~n~ -23 between the resol ution
and t he depth ofhfbeusidurés EB cslsewsfatdestriuei &B ekaftectivethe |imt

of the depth of focus of a stepper which may be practically admtted is set
to be equal to Lighwisowrce tdreretprpil mplané.resolution is 0.52 micron in
the case of the
In the drawings, denoted at 1 is a pupil;

denoted at x is a lateral axis of the pupil (an axis

passing through the center of the pupil and extending

aloné a lateral pattern feature); denoted at y is a

longitudinal axis of the pupil (an axis passing

through the center of the-pupil, extending aléng a

longitudinal pattern feature and being perpendicular

to the x axis); and denoted at 2a, 2b, 2¢c and 24 are

portions of an effective light source.



conventional nethod. As conpared,- in the case of the Figure 3H exan"ﬂlaa,JUFJ 2007
the resolution is inproved to about 0.4 mcron. This corresponds to an ST
i nprovenent of. about 30 $ in ternms of ratio, which is considerably |arge
inthe field to which the present invention pertains-. In effect, a

resol ution of about 0.45 (kl factor) is easily attainable. The present
invention in this aspect differs fromésat can be called a "ring

illum nation method" wherein no effective Iight source is fornmed at the

pupil center, in that: on the pupil 1, the effective |ight source has a

peak neither on the is nor on the y axis corresponding to the direction

of the | ongitudinal I>S‘at o2 §*@MBL ashe the @fflegtdmecddghdat ure of the

fine patter Thi s, s foy, the.reason that, if the effective |light source

has a peak so%r‘]; ﬁ%e%xAsta} gfl(ie'rtrtlleé%}%&igf,netfr?ellé’oﬁt"?‘a"’&ts':&f“gaﬁfi Y& degr ades

| argely an | ak d . f i t ohtai_nable. It has been
confirnmed ﬁgﬁgﬁﬁ%'reggggtggngﬁé #%%é%tpigﬁgng n%@f & fine pattern mainly
consi sti ng Qfs¢QAMHti¢H 3 3 elal. pattern teatures, the present .

i nvention aséhres formation gguhgglggaf%b zig~t- 4r§ﬁ§Pﬁa82 & € nproved

I mage qual plpias 1ceepar,ed WhEhpE?ﬁﬁ QQEQEQa?EeaQyth%eoghﬁgniBlunination

nmet hod. The [ight quantity (light intensity) in each pri C|paF portion of

the effect icoerdiglites @ndcenefl xt Bad- yPe&e8NhreNtaB! b2RnBRYnRE € ther uniform
or non-uni formsuch as a GausSi an distribution. Figures ™A, 5H anrl 5C show

a second erbodiddpateohxele phesebh theeFigapeaBd ekbuplieatBea seni conduct or
devi ce manufacturing exposure apparatus arranged to project an inmage of a
fine pattefBnterscOdr §hecoontibnan2aspddbt - 3t ahd Rdvewki a8. theDenoted in
the drawings at 11 is _a ultra-high pressure Hg |anp having its |ight

em tting pBPEREACHSsHOsha - aP-450ir6t0¢48al Opdbht 6FO0aASel +Opdbal
mrror~l~2; %e?gtig at 1g 21, 25 and 27 are deflecting mrrors; and

| denot ed afP¥5(Ps%3n &Rp&3dr e2BntRB| radinsepf enabtpartionossis a fiel d

| ens; denobeg at .16 gth selecting interference filter; denoted

I t's g.mavel g
at 17 is a ¢foss RD %ﬁe tFare aefsT¥9FPLer t ERS ceRbeEs af theis a stop

mber havj t ep i -~ dat 19 i tical
i ogr at of PRESEREC) 5 | Bt 2 R v gLy FRCERR) SpBLERRs L0 SERona focal
depos g4

point of thesgh|ipLocak, Mhryey, 1259 ang 2 22 are |enses of a
first imaging Igns systen1(£0,g§2). Denot ed a€£33p?§§g'half mrror,;

denot ed at-@4343, aaf@skhagriifee &£Ve&8nhaYtPIoR {E§CHapgul ar aperture for
defining a region of ~18 au~ ~~~~
The effective light source according to this

embodiment is featurized in that: when the pupil plane
is divided into four quadrants by the x and y axes
defined on the pupil plane, as stated above, each
portion 2a, 2b, 2c or 24 is defined in corresponding
one of the quadrants and also these portions are
defined in a symmetrical relationship and defined
independently of each other, without overlapping. -
Here, the x and y axes for the division of the
quadrants correspond to x and Y axes, for example,
used for the design of an integrated circuit pattern

and they correspond to the directions of elongation of

longitudinal and lateral pattern features of a mask.
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-25 illumnnation on a reticle; denoted at 26 and 28 are | enses of a second
i magi ng | ens system (26, 28); and denoted at 30 is a reticle having forned
thereon an integrated circuit pattern mainly consisting of |ongitudinal and
| ateral pattern features (grid-like linear features) of a minimumlinew dth
of about~2 mcrons. Denoted at 31 is -g-feduction projection |lens system
for projecting the circuit pattern of the reticle 30 in a reduced scal e of
1:5; denoted at 32 is a wafer coated with a resist; denoted at 33 is a
waf er chuck for holding the wafer 32 by attraction; and denoted at 34 is an
X-Y stage for supportirpg Shapeaber thBUel ra3+ae QSigHt My@AERle in x and y
directions of an X-Y coordi nate systemdefined in the exposure apparatus in
relation to hbeo¥dYngyt age thiienembddaned iis Ve erwH ndaatim having forned
thereon a light blocking filmw th an aperture 35a at its center; denoted
at 36 is a capeerdfliavicopsidezpeibnr eff aheediredtivittyp ofur f ace; denoted at
37 is a photoelectric converter provided in the casing 36; and denoted at
38 is a mrraongitaldinala andnjateralopat tease rf datiugrefse rafitét iinenot shown) ---
for neasuring the anount of novenent (x axis) of the wafer.stage 34.

Denot ed at 4paittean whiesepligegendspitat behpriodgctesh.ec@dkedti i&d aperture,
which is disposed at a position optically equivalent to the |ight receiving
surface of tHheagngdeesy i thade, tF’Pké"el“H?@rlﬂ &fe e fowr Gifigelsdans -~ 8
JUPa Zp(Z -26 enmnati fr the are overl apped one Denoted at 41 is a

li ght passedPPREIRDSI 2 i ngﬁnplaéﬁeJHﬁF Lo éct4%‘r %qgen%et?ftlﬂ?é opti cal
integrator 1 on.another on,th | ate _40.. cQndensi | e for.collecting
R the-aper t GFEBORIIREEE0s, 1008 B Bhla o PR ne Tase T vl
known in the_art I i ks a el Gl i~ desi gned
W th referenggetgeéﬁgﬁtéﬁ%gﬁghkgga?cgo%%?%%?@%?ﬁggx ﬁgt on |F%hf§a

pattern featyras apd.l 3iehdlreRBpber Rof RRURCRNY E&ﬁti ety @eigard al ong

t hese axes, respectively. Wen such a reticle is introduced into a

proj ecti on expopHoRivdPd RSN elitecetive aiightdlstraten a2 ightcl e stage
with reference to x and y axes of an X-Y coordi nate systemdefined in the
exposur e appsavatree,  (seldonidaeyoltibhgosaurdeyi dravders tife isamer athaplee pl aced
exactly or substanttally aligned with the x and y axes of the exposure
appar at us. Absd. tihec saime XeYattiapeshdp,WwwWidth xesremt ito diheced amdls yan X-Y
coordinate systemwi th x and y axes along which the XY stage is novabl e.
These x and $XBRes asf thed X1Yustzgéedr mage HegRIPWisiese anx & PLEner
substantially corresponds to the x and y axes of the exposure apparatus.
Thus) when a°9P&iic@ldy; £oniygade Hithe thiey T ysual |y the

Grect o1 o\ ARG el 2 LaLatol B8 \HT AP e roticl e are
source may be projected obliquely to a fine pattern at
the same angle of incidence and along two orthogonal
planes of incidence (each two light beams in a pair).
This assures that: linear pattern features extending
along the x axis are illuminated obliquely by the
light beams projected along the paths which are
symmetrical with each other with respect to the élane
of incidence including the x axis; while linear
pattern features extending along the y axis are
illuminated obliquely by the light beams projected

along the paths which are symmetrical with each other



alignment with the x and y axes defined in the exposure apparatus, 18 JUN 2002
respectively, or wwth the x and y axes along which the X-Y stage noves. A
structural feature of this apparatus resides in the filter 17 and the stop
menber 18 disposed in front of the intedBator 19. As shown is Figure-5H,
the stop nenber 18 conprises an aperture stop with a ring-Ilike aperture,
for blocking the |ight near the optical axis of the apparatus, and it
serves to define the size and shape of an effective |light source on the
pupi |l plane of the projection |lens system 31. The center of the aperture is
aligned with the opii axLs pparatus.., On the other hand, as shown
in Figure SC;wfﬁ% ?%F§§%t1§bc8§%rﬁggggf§§rQﬁglFFPFSrénﬁngﬁngrggﬁi¥posed,
as a whol e, igxfsgrosslike shape. These four ND filters serve to attenuate
the intensity of light, projected to four zones in the ring-like aperture
of the stop nenber 18, 1Byid0impdoPalte EhﬁﬁetB@UEo&9nﬁ§r€Qbh§5Qﬁnd
respectively to the portions on the pupil plane of the projection |ens
system 31 whigh gortheneriactide IoghtpsbiteeonavbesybsbdnyiaXey
correspondi ng respectively to the directions of the |ongitudinal and

| at eral pattethefsanarestefsihe.relfctbhe3dntensieansaviot bhangekter 17, the
light intensity at the central portion of a secondary |ight source as
formed at theany gheferistéhgasvafereduringethat pgintdngldharsendll as the

|'i ght intensity along the x and_y axes%.intersecting w th each other at
the center offeheex ar§arsghtdefRFratigpeoht thaudPadeand, 2as a result,

the light intensity of the effective |ight source alon he _, and y axes
on the pupi | GASFEL bEFHEE T 0] kT Pt BrE=85Shent 54T PEARL¥ oHIST EARF The

ticle 30 i d .retjcl t h Th pecti t
51 my be. dest HERFEROT cbuBt T8t RFe PO ERr At HB BFERGPR 5h i The
| ected by t i Th i j i . 20,

22 76, 28] SPeoiineiry oy FSefF B PECLABOL O SpE BUEL BT |
I ntegrator 19, anthihie,pupid nf;%]@f'ep&fti&?spﬁgj ec&&pn_i{exﬂ&ysx§tem 31 in an

optically conjugate relatio Ip, while tie second 1maging [ ens system
(26,.28) is setermSRid afs tdel 9@, t oEdgRamb1é Neiappayupe @f the blade
device 24 and the circuit pattern of the reticle 30 in an optically

conj ugat e r elati fowsini intekel hf atlies thelveei @4 wbhapeiseshé owholeghandé ocki ng
pl ates each having a knife-edge |ike end and each bei ng novabl e

i ndependent | yisofatt tee pedierde vl a9t d alhaw bej aseepmmnbforhe si ze of the
aperture in accordance with the size of the integrated circuit pattern on
the reticle JQtent PodistriitiQrivhesdinbrbekPadk piatenly abnthelled in

response to a signal froma conputer (.not homn% rovi ded for, the overal
control of t "&%ﬁa’r attdds AFPAHERAL e ?‘Fl‘éra %f‘i“ﬁ’r%aﬁ:’?%p}i'ﬁ‘ied ri8

JUf ~ Q002 -2%>to t he rq;icle 30. used. Wile_not shown in the draw ngs, the
exposure apparatus 1% ecﬁﬁepﬁ’ea_tflvﬁut% ZO3BY %Peaﬁ??ﬁﬁ?%%? kS g&be % be used
for aligning ftofi-% ISt 'a?x' %ﬁ%é‘iﬂi\{} glgi edt%agr%gee%ﬁxgg%gvfgg@rﬁus as wel |

as an off-axis i gnment” scope di esl e projection ns system

31.) for alighen@ugia Waf ens3aniMddukSEReCknt Pet e #10fd CbRbS@imdrie hal f

mrror 23 serves to reflect a portion of light fromthe integrator 19, and
the ' the four portions of th effective light source are

separated from each other and thus no light pattern is
produced in a portion other than the four portioms,
the four portions of'the effective light source hay be_
formed to be continuous with the intervention of lower
intensity light patterns.

The distribution (shape) of each of the four

portions 2a - 2d of the effective light source is not



reflected light is projected through the aperture of the Iight bl ockdBglUN 2009
plate 40 and is collected by the condensing |l ens 41 upon the quartered
détector 42. The detector 42 has a light receiving surface disposed to be
optically equivalent to the pupil plane of the projection | ens system 31,

and a ring-like effective light source-da$-forned by the stop nenber 18 is
projected on this light receiving surface. Each detector section of the
detector 42 produces a signal corresponding to the intensity of I|ight

i mpi ngi ng on the surface of that section. integrating the output signals

of the sectiohdméteghtodat et¥eriay shapent cfjeweves. signas FGﬁlFﬁgle

openi ng/ cl osi ng contrql of .the. shutt 15 is obtainable. The c onents 35
-p37 d?sposedtgﬁtthén 99e§?§@§1§4°%r§§Fd§h€pﬁea§ﬁﬁiﬁ&"&ﬁff P&r%gganination

of the perforpance_of the_illupipalion.system above .t eticle 30. For the
exam nati on o?gFﬁep?fF%%sﬁa %ngg éfgvﬁﬁ%vcgﬁ gr§3§f53§Fé%; the X-Y stage

34 moves to aiﬁ’éﬁﬁ@&%g”M‘EQJ:PB&E&HPGE%DEQC% ts%?_mn@?‘iﬁ‘é%ilng unit at a

position just ow the projection I'ens system n this neasuring unit, ..
light emanati pg)bt9Bhbhepi Ahanapat bANtnaY sl ¢8) gad.r aaghictgonkewirnge pl ane
of the projection lens system 31l is direcfed through the aperture 35a of

the gl ass pl atgspbctnto ttige apeindr¢ aketheagagnnghab ekamphespbdt oel ectric
converter 37. The light receiving plane of the aperture 35a is placed at

t he i mage pl anggpoest BAnamd 3Be projection | ens system 31 and, if
necessary, by using an unshown focus detecting system ~a sensor of well
known type, fox detectFeoy fhethevetnbénchoentf of I2soduties) dsewel| as a
measuring unit provided in the X-Y stage 34, the level of the aperture 35a

in the directi®n2Bf 2t HPRpt1e AR LRI oft AETABFEFPLNTs OFaPhOPLAFUBt ed. The
glass plate 35_is attached to the casi

36, dth i 6 h f d
therein an ap®ffGFEI%E Fi?ERFC?na?aggegx5%2P§%v§ﬁ%§%gggﬁiﬁﬁg%3ni?rrg so
d that,th f.th i 36 _is.displ | th t
of the gl ase BPUFE By tYFhact it rESPRBARE. thie CRIRRRARE P Y he cat ng 36
5 praced al gyghze SRGULON Ay 68 HHENche dlality Wt ane side of

the projection FTens system arge an whi ch I's spaced

sufficiently f50m1i8e diMOe PP d fal €84l t 2calbrt R IJfIhher €cei Vi ng
pl ane of the aperture of the casing 36, the sanme |ight distribution as

-31 provi ded epfébeivePiigit adutie tDe BEBHEGadE aArANFiypIladiBs3 hway
produced. In this enbodi nent, such neasuring unit is not used. How the
measuri ng unifroms tipe bEntserd off [thdepupsr Lbadd, ateer anirelswldf,etdrce t o an
enbodi nent to be described hereinafter. In this enbodinent: through the
function of t@Gbameterrofl zaghl indepengentnborti®n &R .efdsctd @1 i2§ht source
having a generally ring-1ike shape but having decreased intensity portions,
i ncl udi ng f out™ ZEe PO BHETARKkcICEERLESSoNdi ng to the directions of

the longitudinal and lateral patiern features_of t eticle 3fl, as

compared Wth the int "’tsfrc#)tef Dt htFUpEet ?&@?gsdﬁen %n the
types of effective light sources expected. In
practical design, an effective light source similar to
these t_wo types may be used, since, if the gravity
center position of each portion of the effective light
source is too far from the center of the pupil 1, a
problem of decrease of light.quantity, for example,
may result (in the respect of convenience in design of
the optical system).

According to the investigations on that point



pupi |l plane of the projection |lens system 31; by neans of the iII;LPn%yydﬂmz
system (11, 12, 14, 15, 105, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27
and 28), the circuit pattern of the reticle 30 is illum nated with uniform
illum nance; and an image of the circuit pattern is projected by the
projection | ens system 31 upon the wafer 32, whereby the inage of the
circuit pattern is transferred (printe®-onto the resist of the wafer 32

The effect of such projection exposure is as has been descri bed

herei nbefore and, with light of i-line, a fine pattern of 0.4 mcron can be

xanpl ot ho H44a &Y (e APYHIEO Erg Ltz dmert £ SR P A" ¢ di sposed
in front of the inte t y..be dispqgsed. just.afte e
i nt egrator, Cpoa‘?’fﬁi’w % Iacl'yrpéltg’ge Ipé'g)g%ﬁi gﬁ %‘?‘“&'}1 ’i'g olrﬂq:illceaqslslzayﬁc%nrﬁ u%d;{t e wth

t he pupi l pliafqeeaog,}:it‘giﬁréar%}'qg;dgo_rbdrqﬂ%é&ysjaergt I.rzéfew%tg%{)alae §top nenber 18

which is shown 1n e i's used I n a. ment, to be

described | ghet , £ B DendiS@h dd) gudRldried | Fedictilely | thla Whiddd the stop
menber 18. I%%gures 6A and 6H show a third errbolscﬁcrrelnt 3:‘ t he prelsent

i nventi on Wiixe dfacstdiiesm @Il hefr $RiF e rdicdulardestiape Eaifsact uring
proj ection exposure apparatus wherein an inmage of a fine pattern is

proj ect ed i nreadings danaed vi £ the reEnted godiltel qrieS(@davitwerdentier | n t he
drawi ngs, correspondi ng el enents or those el ements having correspondi ng
functi ons apasidsions) Rfjthes HiAst Bd secawhgioatinng (22 sode 2cef er ence
nuneral s. Conparing the apparatus of this enbodinent wth that of Figures
5A - 5C, therXeraerceprdintates dm.t ) |and d—rn that regpegtdmelh Figure 6H,
the aperture. of the stop nmenber 18 conprises four separate apertures; in

pl ace of th&h@dbIMD Fefuids argyrbainahle MY satdstring e 17¢ and 17d
correspondiﬁg)res ectiveh¥.tp t he separate apertures of the stop menber 18
are used; andPH P PIGHEMSsm 13 is inserted between the nirrors 12
and 14. In this errbodd et th<eoo%t put of the '~ 8 Jln ~~~2 -33 quartered
detector 42 is used not onﬁffor ‘the opening/closing control of the shutter

15 but also for a drfd eyent pusrppe or Ppurposes. Additionally, the
measuring unit (35 = %%% S %)se?.)%eNow, referring minly to the differences

of the presel mihlizetotdn RPYLEHNE AHPPIRYion ¥ \edthrgeous

features of the pre~ent enbodinment wll be expl ai ned.
of the remaining portions 2b and 2d in the second and
fourth quadrants are determined naturally from the
symmetry of them to the portions 2a and 2c in the
first and third quadrants. Also, it has been found
that, even in a case where each portion of the
effective light source has a shape other than a
circular shape, such as, for example, triangular or
rectangular, preferably the above conditions should be
satisfied. 1In such case, the radius of a circle -
circumscribing each portion may be used as the value
of g. In the examples shown in Figures 3A and 3B,
each quantity is near the middle of the range defined

by the corresponding condition. The quantities of p

and q may change in dependence upon a desired



" L~

If the integrator 19 is illumnated wwth Iight fromthe Hg | anp 11, .\'\A&IJHIMZHGZ
using the prism13, the filters 17a - 17d and the stop nenber 18, then a
secondary iight source having a light quantity distribution, like a

Gaussi an distribution, with a high peak at its center ~is fornmed on the

light exit surface of the integrator_|9. Since the light exit surface of

the integrator is optically conjugaI%lmﬁth the pupil plane of the

projection | ens system 31, an effective |ight source having a peak of |ight
gquantity distribution, at the center of the pupil, is fornmed on this pupi

I . As ' h i pb ffecti | i gl to b d i
Phi's aspoct LOT 1 RER oF Bebrt - Thest ToRT Bl 18 FedPie Y o ‘quantity
di stributi i t i | fﬁ%hm , 1t
nleieg!sagylgg"#é@%&%geﬁkﬁ%di%ﬁg?ingsgﬁgéﬁg(or |on£rg{t(r)ﬁrp{ﬁe Icenlt Zr of the

i nt egrator menber 18 is disposed sinply in front
of the int® ra?dé}rpzi agyﬁi?gée}@téﬁgg JUN ~~n~ -34 portion of the light from
the Hg lanp is intefgeptodriattiyussédest Of ad Eramaydty is large. In
consideration thereof, in the present enbodi nent the pyram d-like prism 13
i S i nterposgght Usdubdé etiasg he mddi pit cal cantanr (2 ) Q0 @) tde

illum nance distribution on the optical integrator 19. The Hg lanp 11 is so
di sposed taapupis 1ighInethisitypoporfi appavates dest vig saik thatst f ocal

poi nt position of the elliptical mrror 12, and the light emanating from

t he Hg | anphd Icoheirerte cfactpmhy( @ Heeeed) pis did 3 o (S, 120G thishsf or med by
the prism13 into four~light beans deflected in different directions. These
four |ightmeeRssthet iefhaetan eifeeeive r}bghtl SQUKFe each the position of

the shutter 15. If the shutter 15 [s opepn,.the |i eans ate incident on
the filterdiBtrRPEINR R3Ying ﬁ&aé*fési? n%'%cﬂﬁ)cﬂ%‘gtag@%eq ted out of

he enitted |]gh _of th Lamp 11, f ing the b
por  or mancESRFEE HeE DERT R bh § en SURTEITG I i (R hEIBLADIE of an | mage

of the retycl . i t Sl Jr); of . the wafer 32. The
f our Iightﬁjgeghn%]}r?‘gerﬁ%gg:f ?’h ((ar?;?i %%2?‘%‘%1‘?%&9 ’h)el i®ld | ens 105

and then @f@&@ﬁﬁf@ﬁléé@ﬁe L@ podith of&BREMde Bloy £pidi ch are

i nportant conponents of this enbodi ment. These four filters serve as a

correcti ngﬁampscéx@tefrﬁkf@ﬂ dEngighti fluamd i i esvedl fthad qur |ight beans

substantial ly 9 8 JUN 2~~2 -35 uniformto thereby correct the symetry in

| i ght quantahyge ohof ogiteppst i tisn F. 1 heiefpreotides ldamglddwemtage as fornmed on

light exit surface of the integrator 19 and thus that as forned on the

pupi | . pl atlsabfwhére ¢efypars iarcdrnsa dybglene@itrddt agrudigrent of the |ight

quantity attenuating function of each filter is-desired, different-types of

ND filtersTebgined ppaibriedin ofegaxd 9|2 cFeltiveky tMide my be used

sel ecti veldi/,. Alternatively, each filter ma bg}g)rovi ded by an interference
e

filter andtiBgWigthi G ntineridihdtnarh M defTIRE e filter,
the interf filt be tilted t ffect th dj ust t. Th t
menber 18 TECEYLek® (HEE (IRHS SR bEamtaTOret neH (ATERASE 17d. A
h in Fi f j whi ch
corr esponcef O rEThab L€ Ak GEEDESs Sodfts| iy AR Yuliety U] Be N €
one- {0- 0neag chid | PISldror Wikoddie L168ET 86 0. 599 Ife idfaininat ed wi th four

| i ght beans fromthe four apertures of the stop nenber 18, whereby a.n

effective fa@fdr SQdES OSHER 86, SO a Ns i Ot ecakde Ak ydwsdndi ng to the
apertures of the stop nmenber 18, is fornmed on the light exit surface of the

i nt egr at orofl9%amnimidieision ése Puply. pl whet of s tiest fE@jiaedd on | ens system
31. Usually, the apertures of the stop nenber 18

currently is the improvement in.defocus performance at

a kj factor level not greater than 0.6 and, in cases

where the k; factor is at about this level, the

presence of an effective light source adjacent to the

pupil center has an adverse effect on the imaging.



each may have a shape correspondi ng the outer QL8 JUN 2002 - 36 18 JUN me

configuration of each of small |enses constituting the integrator 19. If,
therefore, each snmall lens of the integrator has a hexagonal sectional
shape) each aperture may be formed with a hexagonal shape |ike the
sectional shape of the small lens. The light fromthe optical integrator 19

goes by way of the lens 20, the mirrof221, the lens 22 and the half mrror
23 to the blade device 24. Here,. the light beans fromthe | enses of the
integrator 19 are superposed one upon another on the plane of the bl ade
devi ce 24, whereby t&e bl ade d&v'ce 24 1 s iIIuniEgteg,mjtT_uBiform

i |luni nance. Al so, tHh® H3TP2are? bhesevwithyetheoefiPFLiveat p8PLi on of each

light b f i h i bl ocki
ol are 20-1soPRTEE far il upden Ao FERThEE R Bat 8 EnER 8. 8k ng Chrough ¢ he
aperture Offipgtléﬂgéépﬁﬁ§g1?§%f$3%§%?9 kS fQE%ﬁQEEdFB¥ %Hg | ens 41 on the

quartered detector 4 . ng %hroug the aperture of the blade
devi ce 24 isndlbiRnet ofl PYspder 6Ok {Oradtér| §8SaBButt hes M fEOr 27 and the. .
lens 28 to the reficle 30. Since thetaperture of the blade device 24 and

the circui tppaviges i ddeartdgsdes 30fpect | Of apetRineay! ¥ Koghugat e
relationship, the |ight beans fromthe | enses of the integrator 19 are

super posed emetuast wheh hd@efoahsocootutse reinceeindOthdhdsamphe reticle 30
is illumnated with uniformillum nance, and an i nmage ~1 ~ JUU ~nn2 -37
of the ciroof tFpgurer3h cdacheof ethel poBOioss p2aj ec2ddobythée proj ection

| ens system 31. The detector sections of the quartered detector 42
correspond eEfeetiveclight sourcechsrhecapedteuhwasdlyheasffective |ight
source such as shown in Figure 3A) and_each section is able to detect'the

li ght quant$eWPRFeR MhtR obhese ki Hee Pt TrEh FRJePRABERL | dtof the ot hers.

B nbi ni th t put f.all t ti , t i [ cl i t
For the. shRTeride® R FiRSEIFECriel ZESHREReY LeReraRErRbEFEF e85 Ch the of her
s By 8, L0 5 L S Bc gy noal e

proportion © guantitie spect of the

effective lﬁc?ﬁédsf’l‘ﬁ?e £2ny gf%{é?gﬁzgf.fﬁée?feﬁglétggéyfgg%ﬁngggrége det ect or

sections of e quarfered d i s ef anced reliability

of the unbadpdic€d CAVRHK- £ rAIf el pds 81 | QB+ | PRe dgsssied | ater. The shape
of the effective light source formed on the pupil plane of the apparatus

cor r espondsci@rabte siePic of s thech ERgt Atwp 989.a k{iceatberiotegrator 19
itself is provided by a conbination-of snmall |enses, in a mcroscopic'sense
the |ight calomttl, ditss rddpith of dfodine &5 frecinva@ihedght source conprises a
conbi nation of discrete ones each corresponding to the shape of each I|ens.
However, irsWPeberbsably Atenseonstanghiewehntity distribution t ~ J~1~
?.002 -38
Figqure 4 shows the relationship between the

resolution and the depth of focus in a case where the

example of Figure 3B is applied to an i-line stepper

having a N.A. of 0.5, the calculations having been

made on assumption that the defocus in a range

satisfying the contrast of an optical image of 70 % is

within the depth of focus (tolerance). Curve A in.the

drawing depicts the relationship between the

resolution and the depth of focus in the case of the

conventional method (0" = 0.5) using a conventional

reticle, while curve B depicts the relationship



such as shown in Figure 3Ais provided. In this enbodinent, the |ight 18 JUN N
quantity nonitor neans (23 and 40 - 42) and the neasuring unit (35 - 37)
are used to check the light quantity distribution of the effective |ight
source. To this end, the X-Y stage 34 is noved to place the nmeasuring unit
(35 - 37) to a position-just below the projection |lens system31. In this
measuring unit, light emanating fromthe illum nation system and reaching
the i mage plane of the projection |l ens system 31l is directed through the
aperture 35a of the glass plate 35 arm 3he aperture of the casing 36 to the
phot oel ectric converter 37. -The light receiving plane of the aperture 35a
is placed at the inmage plane position~of the projection |lens system 31. The
glass plate 35 is attached to . the 36, an escribed, the casing

t, casj
36 has an apSMEee &b rceesrﬂlé’rtltoﬁ’eraé’(ﬁif %en q‘?ﬁék é%grﬁg‘?%’s 4 t&suring unit
is so arranged th he .,apert ure of t casi 6 .S di.splac le to the
aperture of girﬁ'usee g‘?agasésheplbgitgg‘”:tfs 3§y ezi‘aﬁ)“ g‘aee‘t erfr:’lpntghae alrsrlt)"gln A%\h@ﬁgl | 1 um nati on
is provided i tde dd iR ié,%t?em fort Ha, HPHHIBN the top of
the casing %&o#por‘%ﬁgg‘rﬁaof %gr? f ectrgvce Pllkag}ht S(%&:‘ ce s%ac]ﬁlr}as shown in
Fi gure 3A arfamit¥éyideheth® ezl Stipe. Dinddvompaitdd e the casing
36 can be changed, as the aperture of the blade device 24. By changi ng the
si ze and/ or il tSPere¥olution ik~10< 52nwicrith tite Wperdayges 4 tRans of a
driving system (not shown), it is possible to detect each of the four
portions of ddmveaftfienidlvendtngidt. Sy conpaispkndantthe ddaddheodttms s or,
alternatively, it is possible to detect the four portions of the effective
| i ght sourcFignmndE edanple,other remed uttin plotiopraved dca@ahomrtt er 37 has
a light receiving portion of-an area sufficient to receive all the |ight
passi ng t hr Sudgh miragper thhis THFrEsRANA S|t Ap | iRRra®nant tdfe area of the
light . receiving portion of the photaqgelectric converter 37 is too |arge

and the resfF&aRe RadPetiedmsc off refd %l diGh &S SrasideraRidtes, a
condensi ng l.ens ma i nserted-between the gl ass plate 35 and the

phot oel ectrilf’rcﬁ?n\}él?c&e %3&[161 g8| MEAER e ipgﬁﬁsqmr rﬁr’t‘??é‘%pc@'fture 35a of
the glass p w ThieS | ect t C ea of- the |ight

recei ving p%%t&f\toaﬁl%osf' tk@ Sﬁggggl’e%t \rfieegotcié{nver goriI %%’%q{(} f;bn'e")‘;seb ¥ nprove
t'he~r esponsg Ry 3Chigl ledlsiGy E¥thAfabi1d. desired, the uniformess of the

il lum nance on the inmage plane can be neasured by noving the X-Y stage 34
along the image pl angnahigr@sbakdiingdma aipeard Wi Pladgertcasifie b in a
state for concurrent detection of all the four portions of the effective

| i ght sour c&robh&hadsdan bk @aasedesemriofg tilQ Jnigldt igmmadthod nt ensi ty)
in each portion of the effective |ight source obtained through cooperation
of the novemdbmiredin tnive effeictgves liightc amwaesl i4 themedtputhe ~18 JUN 2002
- 40 of correspondi ng one of the detector sections of the quartered

det ect or 42papitheentlegni aat tbatsy onethhe RuPiNafbpl \the [ faakiog ectric
converter 37 at the X-Y stage 34 side is used as a reference detector for 5
cal i br at i on 1d@hthSogFcsuhast at ReakuIdhar /it ddteox AxisThiar 81 ows stabl e

nonitoring any change with tine qof the effecfive light squrce. Then, any
unbal ance i rfr?‘lei Fhex ﬁaﬁf’irtrﬁsBPnfiﬁé‘gpgﬁﬂti ‘%‘fret%° Pgitqﬂ'\?e | i ght source

can be dEteﬁ%%%iQ%dqg%qsngt%Qg feature or the lateral pattern

feature of the fine pattern. This is for the reason
that, if the effective light source has a peak on the
x axis or the y axis, the contrast of an image ‘
degrades largely and thus a large depth of focus is
not obtainable. It has been confirmed that, in
respect to the image projection of a fine pattern
mainly consisting of longitudinal and lateral pattern

features, the present invention assures formation of



10 quartered detector 42 or the photoelectric converter 37, and Iigi‘]tﬂ JCPN 2002
quantity matching of the portions of the effective light source can be done
by using the filters 17a - 17d. __ In this enbodi nent: through the function

of 15 the stop nenber 18 shown in Figure 6H, an effective |ight source not
havi ng any peak of |ight quantity distjégytion on the x or y axis,
corresponding to the directions of the ngi tudi nal and | ateral pattern
features of the reticle 30, or at the pupil center 20 (optical axis), is
defined by zero-th order light on the pupil plane of the projection |ens
system 31, | 1 NS | ' ' system
(11, 12, 13%1]{44%’"%&;%{%1 : 01‘}8]?&1%9!?%%, 21, %A%SC&*Z%&%Z&]S%%%W 27 and
28), the circgidt Rt LI ma®ie Ay tiee reing! £1 Bonisatidnimeeied. with uniform
i1l um nance. Thus, an image of the circuit pattern is projected by the
projection | ens systemrid 1ght tditant ity QiYROAridendiey) Ih odex eby the
I mge of the circuit pattern is transferred to the resist of the wafer 32.
The effect ofpsirdigsbjpettbon exdoshe eef Seatsi vasl pet) sasoce hefl the :
herei nbefore with reference to Figures 3 and 4 and, with the use of |ight
of i-line, ardreserpatinventiorn).mpy be rdicther cumi frm exo mbwd-wri fdwmr esi st
of the wafer 32 sharply and stably. Figure 7 is a fragnentary schematic
view of a fousueh Rl FRwEsHn (desprHaekioR nventi on, which is an inproved
formof the sem conductor device manufacturing projection exposure

appar atus of Figure 6.FHFRreS etfent2 AE Yurthow @r$e8M%hdi ng to the Figure
6 enbodi nent are denoted py the sane reference nunerals--as of Figure 6. In
Che drawi ng, SARSEEESS 3 PAe PARTTRE HOVATILLL P8 A TURE S  denot ed at

12 is an ell'é&df@ﬂnductor device manufacturing exposure appafatus

arranged to project an image of a fine pattern in
accordance with an aspect of the invention.

_ Denoted in the drawings at 11 is a ultra-high
pressure Hg lamp having its light emitting portion
disposed at a first focal point of an elliptical
mirror "12; denoted at 14, 21, 25 and 27 are deflecting
mirrors; and ldenoted at 15 is an exposure control
shutter. Denoted at 105 is a field lens; denoted at
16 is a wavelength selecting interference filter;
denoted at 17 is a cross ND (neutral density) filter;
denoted at 18 is a stop member having a predetermined
aperture; denoted at 19 is an optical integrator
having its light receiving surface disposed at a
second focal point of the elliptical mirror 12; and
denoted at 20 and 22 are lenses of a first imaging
lens system (20, 22). Denoted at 23 is a half mirror;
denoted at 24 is a masking blade device having a

rectangular aperture for defining a region of



mrror. In this exanple, light emanating fromthe elliptical nirroruiﬂ WJUN 2002
di vided by a conbi nati on of beam splatters (51 - 53). Mirre specifically, in
order to provide an effective |light source having four portions such as
shown in Figure 3A, the light emanating fromthe elliptical mrror 12 is

di vi ded sequentially by neans of a firgt beam splatter 51 and a second beam
splatter 53. Denoted at 52 is a deflé@ ing mirror for deflecting the |ight
path. The second beam splatter 53 is disposed obliquely across the |ight
paths of the two |ight beans as divided by "~ ~ JUN 2~ -42 the first beam
splatter Si, A \ o . diyi-dge.e t t lniag ms advanci ng
al ong t he sﬁégpg%?%faghdﬁgw%néggxgggé g%?ﬁ%%ﬁ %%pgﬁ?ﬁgﬁ 2? gggh of the two
i ght beansin asdigreq! iseon@r BRAEIAYl dlnisO shidt ew1ql6 , 0kghheadrawi ng. The
remai ning portion of each of the two'light beanms, not deflected, goes al ong
the sheet ofehBeedr a¥ B9, igsai keistnat dviAgniforiiedophiezabnsyat em (not
shown) is-disposed on the path of that portion of |ight as deflected by the
second beamjgplediratedSdirandt batteyns madnlef lcerisimtdngi oéct t hat portion -
of light along a path parallel to the path of [ight not deflected by the
second beamisphdtudinalnandi 3ateralepatihermefieatareshd gpdadmidipeatters 5l

and 53 and the mrror 52 as well as the unshown mrror optical ~system the
|'i ght path iléingiaxi deadtiures)f ofr a mindmup Adneridth Gfgboyst'Bs are then
conbined so as to forma secondary light source with a |light distribution
such as shomﬁcﬁﬁnﬁhguPGnQAFdoﬁttﬁg F?gﬁfIEQPFt§§PfQEPjSthHE AP&grator 19

As a result, on the pug | plane of the proj.ecti | ens tem 31, an
effective | YRS FPEe PEQIREINGnEhE Fr:l'rﬁdd&r é:a%%e]@ f r*\g’&. On the two
di vi ded |ight . paths i.ch_are .present t shee f e_drawi ng, relay
| enses 6la §ﬁ5Q§§§ Sbgl&i§p6§8§Fe§e§§8§?iSEF¢:Q$hE§%°Fe a§q|§?§§§ 6la and

02a serves L0.G3lerethata Lidhl Deatl Bdvndng 00 Lhed Gapeel i ve

pat hs, on the 3 integrator 19. Since the insertion of the
first beam gpbich! ¢orCRIMIng ¢hel GagBTe 32N INtHte3adt3loh;| anat h bet ween
these two light paths, the relay |lenses 6la and 61b are slightly different
from each otgaglotidd Ta@SPRCt st @nt I¥6 vSistidgfal Ife rahgoa-tiogaltheergiter This is

al so the case with an additional pair of relay ' |enses (not shown)

whi ch- ar e dichipeke@3oandhdeiagr movabilghtinpat lend notdiglemtions bifieadr awi ng.
Denoted at 63 is a shutter which can be controll ed (opened/cl osed) for each
of the four X-Yyltodmdmate eyisten kieftimeddamtdyd ieapesnrel and 53. Denot ed
at 16a and 16b are mavelen%th selecting filters disposed on the_two divided
| i ght pat hs 2appaspdas Jal yelagiion fce theedoft SHirdhe HeOteds athdSdr awi ng.
Wil e not shown in the drawing) simlar filters are 3!5 sed on the two

light pat hs dhicFiass Rdten Havd nghdarmad e thiohithg?

. ese filters each

. the i-li lJ h I ,
2o Uhe 111t EroRing gaam, waSa A ABRRnae 72 o, el ber T ang 170 ate
filters & SRAsE QN diad U3 d WalldP UL dd iasldlddizaliani ng, each

for adjusti t quantity 1-~ a corresponding portion of the

effective |ijght YIsufaddl l@ndtield @S A g i prAbakdtiad wo | i ght paths
not included in the sheet of the drawing. These filters have a simlar

function as nvdyrdr Igrvidet® in ke Wadiiy BEcaHidBatred NGB8 ~t 8
JUN 20Q -44 In this enbodinent, the light path to the integrator is divided

into four ang & afirddrs whEadDAs taheompieegret wf i Jased ded by a conbi nation
of four small integrators. Because of the relationship of superposition of

| i ght pat hs,indrdof ¢nome tee mattorsholde) dink Idpsyring |the @aoyat @ft he

drawi ng. Since the ' .

movement (x axis) of the wafer.stage 34. Denoted at
40 is a light blocking plate having a predetermined
aperture, which is disposed at a position optically

equivalent to the light receiving surface of the blade

24 so that, like the blade 24, the light beams
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structure after the integrators is simlar to that of the preceding

enbodi nent, further description will be omtted for sinplicity. Figure 8 is
a fragmentary schematic view of a fifth enbodi nrent of the present

i nvention, showi ng a~ sem conductor device manufacturing projection
exposure apparatus-wherein an image of a fine pattern is projected in
accordance with a nethod of the preseni;gnvention’. In the apparatus of
this enbodi ment, the position of an effective light source is changed with
time to thereby forman equivalent effective |ight source as of that shown
in Figure 3Ais fornmed on the pupil plane, and the image of a circuit
pattern is prerefiaeilhgl frémgthe Bensée 6fctretspticabspnbegnatén 1hose of

t he precedi ng enbodi nents are denoted by the sane reference nunerals.

Thus, denot edaze b¥eriappetlt onehupbnparether 6y thepplateocd@d at |Z is an
elliptical mrror; denoted at 14 is a deflecting mrror; denoted at 15 is a
shutter; denoDedotedl8ti 4laisagctondensingclensgfor| cetleatibngenoted at 19
is an a ~uN Zoo2 -45 optical integrator. The unshown fortion, after the -
proj ection | eddgbyspanpsd, thasughetbanarertuse PE BReo119RE precedi ng
enbodi ments. An inportapt feajure of this enbodjpept resides in . that a flat
par al | el pIatQl?fﬂgﬁgcﬁg?gengéébfﬁgwf?ﬂ°F?ﬁnaFsk%?§50§e3u3f$%§eqhe
i-ntegrator 19. Ehe §aral|e| plate 71 is_disposed obliquely to the optical
axis of the i PEYFHRREron optical system and it is swingable to change the

angle with respect to hgei%gggg?ikﬁﬁgﬁziﬁsthglg§£ra£§galﬁg ghift the

optical axis. This neans t e integrator 19 17s obServed through the

flat--parallel;pbaie gattbERNbENE rEticie gﬂa§kgeist&ssiga@@rﬁafﬁ 19
appears noving up and down or left and right with the sw nging novenent of

the parallel plo#ke®esbe tB bbthogsaaP! 8xeshechdraihates) a6 tats so
supported that it can be noved al so rotationally about the optical axis.

Therefore, byileagatuanahlypaoverg féetones! 4ed phdérallpabtéenretaining its
inclination of a predeterm ned angle to the optical axis, upon the pupi

pl ane of the @eatecresonfl the pattemn3éxténdsaposgi bheseoapesce a single
effective light source at a desired position on a circunference of a
certain radi ugesppstivelyem ¥henoparhap meticleups| irntrednged Fntact ual
exposure operation, the parallel plate-71 is noved and, when the single

effective |i gk PFOIPEELEBNBEPPEURS(RBPRERLESs| EN8nrethelat15 tRARCRE the

arallel plate is fixed 8 JUN 200 -46
P P on a reticle g%age with reéérence to x and y axes of

an X-Y coordinate system defined in the exposure
apparatus, with the orthogonal design axes of the
reticle placed exactly or substantially aligned with
the x and y axes of the exposure apparatus. Also, the
the X-Y stage on which a wafer is placed has an X-Y
coordinate system with x and y axes along which the X-
Y stage is movable. These x and y axes of the X-Y
stage are designed to be exactly or substantially
corresponds to the x and y axes of the exposure
apparatus. Thus, when a reticle is placed in the
exposure apparatus, usually the directions of
longitudinal and lateral pattern features of the

reticle are placed in exactly or substantially



and the exposure is effected for a predetermined tinme period. Such18 JUN 2[]02
operation is executed four tines so as to provide a single |light source at
each of the four portions of the effective |ight source as shown in '
Figure 3A and, then, the exposure of one shot area (of the wafer) is
conpleted. In this enbodinent, the Hg lanp 11 is used as a light source. If
a light source of pulse em ssion type sugh~.as an exciner |aser is used, the
parallel plate 71 nay be noved uninterruptedly and the exposure control may
be such that the light source is energized when the parallel plate 71 comnes
to a predeterm ned position. In such case, conveniently an exciner |aser is
used as a |igmlionmenrt aniith heheck iand of axgstdafingd tire theallel plate 71
about the optical axis nay be selected to be matched with the enission
repetition frcR¥ROTYCSf APPRIRKYEF nereIRAGHIVely arptkih cthe ix Andat | aser
emts at 200 Hz, then efficjent, ex re is attainable by so controlling

t he number of ?’E%I?f?%swﬁc?h@epg'?lﬁa% ;Wa%rat the effective |ight

source di splaces to an adjace drant in response to each |ight

em ssi on. \B\here the sys e%gfgg%‘?%ﬁgé%an%%rﬁ H%ﬁe @“&ﬁ rftﬁ%a’éqq?‘bﬁ:ti 8e li ght
source displa A i t i i, aht r or tdons

(diust ri blut Pong’fésalz&%g;f%%e ?nﬁﬁéﬁiﬁgﬂorﬁﬁﬁﬁﬁj "f%e‘boepupli ~are provided

by the |ight efesgysdd Ofh OFFot bt Nehe AR 00 ¢ p Source
and, therefore, I sis easy to set, at the %gagn%ﬁye%'siaﬁg}hée emnective

light source FEGUANSHEO Hife SEEGY aidiberals RGP Ide i/ Rigerthaae. This is
the very reason why the filter 17, used in the precedi ng enbodi nents for
correction of staptwitiand i tingflike afdmenire,e §010H1ERIMRE thes 11ght

provi ded. Referring back to the drawing, the |ight passing through the
paral | el pl at en€dr gihes dptiegl cixis |ahhe? apparatiusyi ramd iA3 sexdes | ens 74,
and it illumnates the reticle 30 uniformy. Since the first inmaging
optical systerf@siREine tthe ppizednd) shansliofe s effaenttivesddght thi s

enbodi nent, a bl ade device 74 separate fromthe bl ade device 24 of the
precedi ng enbdtAHER £ sthf RERd Rlane o H dihghRrdesddan kems reticl e 30.

The bl ade devi ce 74- a simlar, structure and a simlar function as of
t hose of the ﬁmgﬁte %ﬁe e eSithe freiiirg ds @ld gmedy wdthcan be

changed in ac d . Wi h the si of_-the circui tern. forped_on the
reticle 30. Tfltceﬂem'ad}?%’ré% %’Eelrs{/eosf tzt%‘er SRS é’lsm)sb"g% & r?g"h;?&'r glgﬁﬁ'of t he

|l ight inputte Sip) . I v ¢ ] digect portion
of the input Idel‘ggﬁto anﬂ%%#&rq%aszﬁt)’i ﬁenoefﬁilﬁ%rrf 137?0%!;0"@6;@%%& f@k‘ﬁo&'gre

control . Denoted GrSAn o SUEAIMRISdE Ss A0t A, Al ofBgks a pinhol e

pl ate which is disposed at a position optically equivalent to that of the
reticle 30. Lighte fsinipd he TheSOfolb IND Cﬁ'l't@!i'tse%le_li%e th3 atiingd®e - 48 the

condenser |ens 75 upon the pinhole plate 76, and |ight passing through the
pi nhol e pl at e th@ iisntrezrsitwe cb bl iyhthotpadajleetiedr 47 folite zpheisodat €RGOr 77

produces a signal corresponding to the intensity of light inpinging on it.
On the basis ofindnliks prerture wfsHhen stopomeabeaf 18he bypadr at @8ocontrol s
t he opening/closing of the shutter 15. It is to be noted here that, since
in this enbodi¥rentThase Lann zanass sanresponshirespectd vieilyhtogthatity ratio
of the portions of the effective |ight source he phot odetector 77 may be

t
of a type ot hdIPTH:ANS JuariemitPide®dans of| thenprodesddionedensuhi | e an

effective IIghstys‘ce.m'Bl which portions include four points on the x

and y axes corresponding respectively to the
directions of the longitudinal and lateral pattern
features of the reticle 30. By means of this filter
17, the light intensity at the central portion of a
secondary light source as formed at the light emitting

surface of the integrator 19 as well as the light



source nmuch as shown in Figure 3A is defined on the pupil plane oﬂﬁh’yN 2007
projection lens system 31, the circuit pattern of the reticle is
idlumnated with uniformillum nance. Thus, an image of the circuit pattern
of is projected by the projection | ens system 31, whereby the i mage of the
circuit pattern is transfeFred to the resist of the wafer. The effect of
such projection exposure is as has been,descri bed herei nbefore, and a fine
pattern of 0.4 mcron can be recorded oh the resist of the water 32 sharply
and stably. Figure ~9 is a fragnmentary schematic view of a sixth enbodi nent

of the preseg%gégggg&ig?gngtﬁpgggpgyﬁeglggggucig£%gg¥%€ﬁngﬁgy{ﬁcturing

projection e ure 9" appar at us I nmage of a fine

pattern is prQieChefeirNagCencdannteW bR enaeLbOIn iy NEsghESENt i NVeNtion.
In this enbo&inent, a KrF exciner |aser Bl (center wavel ength 248.4 nm and

bandwi dt h 0. Q3urce,0ar8nhtténuacddaana, | agha sesure, th@origmt features '
reside in that: since the exciner laser 81 is of pul se em ssion type, no
shutter is prigtefsdtgndft hheegfbeativeohight ssudoecaldmguthetke actuati on,
control of the laser itself; and, since the laser itself is equipped with a
filter and tRadbyndwedt anotheaperiliphanesofiathevkrgiectivw el emst h
selecting filter is provided. The beamsplitters 51 and 53, the mrror 52,
the filter 1Byskem Bé iAtd§FapVAted.have a sinilar function as those of the

enmbodi nrent shown in Figure 7. The Sortion Sfter the jntegrator 19 is of a
simlar structure as SHBWRSFHCER Y 18 DeEX DI FEREIFER SEFFR ection | ens

t t sh i ided b | b i ith tt
) vavel sngt h 2R ShoKTo” aAHC CBRRTSTPHGROF 87| P8 That h RofERbent) I the
avel el _ i 1
b oduct i on_ eqgeERefiu B Easpatl PACILLAD, 8 IPIENRY (e llIBOEYS oo
ANy pr oposaligshay bECLELgEEeal byl EnBCEETEELYIEO O SDEGKI Gyl ern. To

this nent, an incoherency applying unit position after is

\slolittter 8;0%@&:5@ imB§ingWehe HperemBdezas 22; hoyy tzpy edwesd he  ~1 ~
set as—to place the light emitting surface of the
integr?%or 19 and the pupil plane of the projection
lens system 31 in an optically conjugate relationship,
while the second imaging lens system (26, -28) is so
set as to place the edge of the aperture of the ﬁlade
device 24 and the circuit pattern of the reticle 30 in
an optically conjugate relationship. The blade device
24 comprises four light blocking plates each having
a knife-edge like end and each being movable
independently of the others so as to allow adjustment
of the size of the aperture in accordance with the
size of the integrated circuiﬁ pattern on the reticle
30. The position of each light blocking plate is
controlled in response to a signal from a computer

(not shown) provided for the overall control of the

apparatus, and the size of the aperture is optimized



-50 speckle in an illumnation optical systemusing an excimer | as p Mm 2002
provi sion of an effective light source in accordance with the presen
invention is r essentially conpatible to them and various known nethods

may be used. In consideration of this, details of the unit 82 are-omtted
here. In this enbodinent: while an effective light source such as shown in
Figure 3A is defined on the pupil préﬁk‘of the projection | ens system 31
through the illustrated illum nation optical system (17, 19, 51) 52,-53 and
82), the circuit pattern of the reticle is illumnated with

niform-illum I e.pf. the cir i's projected
gylthe p:ojg%tﬁ fenggg§s %%?QMH§P86§'¥H§ 9ﬁ§&1H§§H§Le CIFLUIF pgttern
is transf er&ggw%lqgg hetﬁésé:?{:oﬂgré r%,er EIé“{)eﬁ ﬂe é\&,‘{ﬁ;éed)fms‘ﬁpg proj ection

exposure is-as been descr ore, fine pattern of 0.3 -

0.4 micron £ap; bfe’ELOFARER O sddbe St W¥ed M MIgnih hdvep! y and

stably. .Figure 10 is a fragnentary schenmatic view of a seventh enbodi nent

of the presgeh&:néeaolanthmgﬁ\aw £ tHP sk rapaddtusa@gar at us of the
si xth enmbodi ment shown in Figure 9. In this enbodinment, laser light froma'”

| aser gl iswélyiaedannobf+axis |agignimesdype disfpassd desigee pyranid-1ike
prism VWile in the apparatus of Figure 6 a transm ssion type pyramd-1like
prism 13 isthe' pgojestinn-lesy syated G311 Hot iajigning dihen wafler sane ef f ect
is attainable by using reflection type one. As a matter of course, the
structure o$2tﬂ%§ha§9%2?c%ft?rﬁp%w¥§i%ﬁlqrﬁﬁwnlon can be realized by using

| t hi gh t th | e Kr F I
ised ne a Pight sour£Be WabfIBugiod i samins etxﬁaqTSre#laﬁﬂFPe Caser S e
conver ter GROHIORZPE pﬂ&ﬁf i b@}ﬁmeﬁ‘;%taegﬁerﬁa%%%ylddm s Il 62 The
ar rangenent b, LRgeRYS 80hd- LL kG ofdSHld il il a:IeOAru gefldgect i on

surfaces th are or an effective |light

source suchygs shonp BﬂogiiﬁﬁebfgiefﬁotJHaFEQ”éollected by the
condensing lens 41 upon the guartered detector 42.
The deteétor 42 has a light receiving surface disposed
to be optically equivalent to the pupil plane of the
projection lens system 31, and a ring-like effective
light source as formed by the stop member 18 is
projected on this light receiving surface. Each
detector section of the detector 42 produces a signal
corresponding to the intensity of light impinging on
the surface of that section. By integrating the
output signals of the sections of the detector 42, an
integration signal for the opening/closing control of
the shutter 15 is obtainable.

The components 35 - 37 disposed on the X-Y

stage 34 provide a measuring unit for examination of
the performance of the illumination system above the

reticle 30. For the examination of the illumination



r
position of the projection | ens system (not shown). Denoted at 93 araa JUN nn9
mrrors for deflecting the |ights as divided and reflected by the

reflection surfaces of the prism92. The portion after the mrrors 93 has a
simlar structure as of the apparatus of Figure 9, whereas the portion

after the integrator 19 has a simlar structure as of Figure 6A, except for

t hat the unshown~projection |lens systeygdis provided by a | ens assenbly
designed with respect to a wavel ength 248.4 nm and consisting of silica

(-mai n conponent). Also in this enbodinent: while an effective ' |ight

source such as shown in Figure 3A is defined on the pupil plane of the

proj ection |epsteyst e A-Y stagh Ihemovdsutio &t ededettermiaiedon opti cal

system '18 JUN ~00~ -52 (17, 19) 91, 92, 93 and 82), the circuit pattern

of the reticpesition| teri phace e Measuring ivditratasc Postitdeon an i mage of

the circuit pattern of is projected by the projection |ens system 31,

wher eby t he Juagebelow Hehe i REGAqctian dans Sustemsddrr ed™ $hdi®e resi st of

the wafer. The effect of, K such, pQr.ojection exposure isigj has ggn descri bed

her ei nbef or MeAFHT LY | WR1bat gymanating) Lrop the, idipmiBatdon jed on the
ist df th f 3 h ) d stably. .Fi i f t

Schemat | ¢ vi SYELRR R ERRHRLAD I ameas RYRS, ok She BAOISETAND shovi ng
th f f ] dugt i j j i

another torm 9 Sseg%fgﬂ 3 :Pé gﬁ%’é&eec{mor n'¢Had re‘?:‘t%%te' QgL GEoSUr €

appar at us wh R8P n rmage o I he I S profected 1 n accordance

W th a et hoghglel U6s N LN 38 MR agld) tited SETRAM Ealdlinga3g) || UMM Al i on
%n e

systemusing a b of trbers 101 1s shown. The fiber bundle 101 has a

light entrangg tHef pRELEEFEOSELL AdorveddEdt i Wgleealighitght from a _
ultra-high pressure Hg lanp 11 is focused by an elliptical mrror 12. Light

beans are propegihyingthlang ot ehe idpesturel e id pdaiced at tthe | i ght
entrance surfaces of the integrators 19. The end portion of the fiber

bundl e r enot emégenplare upositivmlodhrides pro jertiam lehs siystem 31t he end
portion at the light exit surface thereof, is branched into four bundles
corr espondi ngnd espEcrecessazy, thie ysing @an wishawn docast degectdng Q19 JUN
2002 -53 source shown in Figure 3A. Filiters 17 are di sposed at the exits of
the fiber bufustem fRspersey <l welsh knpwisttima. fon dgteckias ithees in the

portion of the effective light source, -The optical arrangenent, of ~the
remai ni ng pot@reh of the "o&)%“a?aﬁuss‘?%fﬁﬁeo\/iaéd" AFe S IS ARGt ure as

o e B8 B EaRRLH TP, AN e 30" AR ™ 1o L
oL cond P8 958, i ecls Wiy iCAO S | e
source). the apparatus may be adjusted. The glass plate 35 is

attached to the casing 36, and the casing 36 has

formed therein an aperture as described. In this

example, the measuring unit is so arranged that the

aperture of the casing 36 is displaceable to the

aperture of the glass plate by a predetermined amount.

The aperture of the gasing 36 is placed at such .

location at which the N.A. at- the image plane side of

the projection lens system 31 is large and also which

is spaced suffic;ently from the image plane. As a

result, at the light receiving plane of the aperture

of the casing 36, the same light distribution as



The detector sections of the quartered detector 102 correspond to tﬁg%?nhjé
of the four integrators 19, respectively. In this enbodi nent: while n2
effective light source such as shown in Figure 3A is defined on the pupi

pl ane of the projection |lens system 31, the circuit pattern of the reticle
is illumnated with uniformillum nance; and an inage of the circuit
pattern of is projected by the projectioldllkens system 31, whereby the inmage
of the circuit pattern is transferred to the resist of the wafer. The
effect of such projection exposure is-as has been descri bed herei nbefore,
and a fine pattern.qf 0.4 m.cr n_be recorded on the resist of the wafer
32 sharply andPEPXBaﬁé EPQEP% %%pﬁg BQFFﬁgﬁﬁnF%?yPEQH%ﬁ%&?E @?%ﬁ/of '18

JUN . ?.002 -54 g _ninth eqhodjnept. af the esent._ i pventjon how ng anot her
exanpl e of senfggnﬁ&cgérnggice ngﬁdfagPUEFhﬁ PR XBTRure appar at us

wherei n an |naggagﬁrgnglggigaagehat!ng&OJgﬁé&d&ﬁélﬁg§§§£§@§ehaggllsa net hod
.._ of the present invention. In this enbodiment, an 111 umnation systeniis
provi ded- by usitBgpba Bkédakiily G begBtiBed’ £8fer Wi thi fefademde . td/l tra- hi gh
pressure Hg | anps 1la and 11b are used. However, it is a possible
alternative toansembadénentietol heedeandibed Coasd inkfiteér ] aser optica

system that is, an optical systemfor a parallel beamof small divergence
angle. ~ - -Wiile not showthisi emhedilment ngtivemeglsethd fampetrjmsidl on, f our
ultra-hi gh pressure, | anps are used in~this enbodi nent. Light beans from
these four Hg FhfpSithesrld apdchbe st memberTHdh tame dfifgatiyesses t hrough
a wavel ength selecting interference filter 16 and four filters, for the

adj ust ment of FEgRE ﬁg‘éﬁFFt ha¥ipg 2ngepera}bnsrigigtlidkershane vt i ght

source, and is receivgd b¥ thg Ln %grators 19. The optical arrangenent
after the inteQfatBysCI6TFRSEFniPEFITHEY RRT TGOS e 1B ng fOWFar at us, and
an effective |] SQUr syc S, S Lo Figure 3A i.,s fqrned on the pupi
pl ane of the p%gf}%gtﬁg}gngﬁ%ng g’i}gt%mgg%g ‘I:I‘fqrsﬁs%é:ir%dcﬂ% it % mbodi ment, an

i mage of the chfsgbtiPRstSEN ' i ]8C t he wafer,
wher eby the i mage oflthe cirggétiéggféﬁéf%éi:%hﬁ;?%€%%§i~%L t%%g the reticle
is transferredségrarésosttré tbei vpd edg, e &infftle it iy Of ection

exposure is as has been described hereirnbefore, an a fine pattern of 0.4

micron can be tetemsiety oof ttikerethed porifvmsiafier deFined voaRtestably. In

t he sem conductor devi ce manufacturing projection exposure apparatus having
been descri bedpupil heldne eghi the piejectiorgaeny syistidre 3af:f @8t meanki ght
source on the pupil plane is fixed. However, as described in the :

i ntroductory poftikm bfluminspien fsxstiem1l,hd 2parldnetld, A0Sepdésenting the
center position of_ each portion of the effective light ' source and the
parameter q repfeskhtihdy t#@ rabi A2 of23, 24, 25, 26, 27 and 28),

the circuit pattern of the reticle 30 is illuminated
with uniform illuminance; and an image of the circuit
pattern is projected by the projection lens system 31
upon the wafer 32, whereby the image of the circuit
pattern is transferred (printed) onto the resist of
the wafer 32. The effect of such projection exposure
is as has been described he;einbefore and, with light
of i-line, a fine pattern of 0.4 micron can be
recorded on the resist of the wafer 32 sharply and
stably.

While in this example the filter 17 and the



each portion or the radius of a circle circunscribing it as mell<f§1ggg 0
shape of each portion of the effective light source are to be optim ZHZ
accordance with a circuit pattern which is the subject of the projection
exposure. In consideration thereof, it is desirable to arrange the system
so that in each enbodi nent the paraneters p and g, for exanple, are nade
changeabl e. By way of an exanple, in gg enbodi nent which uses the stop
menber 18, a stopnenber having a variable aper-ture shape may be used
therefor or, alternatively, different stop nenbers having apertures of

di fferent shapes may be prepared. Further, the apparatuses described

hereinbeforstagemémeéf ﬁsra&aedﬂggaééatyﬁefPSnt 48 oAl 2Pegrdfor

sem conduct or devices. However, the invention is not limted to the

proj ecti on g%, agheyBgayobeadispbsgaatgdtCateett tR@tivtogrdtet, is, the
invention is applicable to nmany cases wherein an image of an article having
a ~fine patpareigalakyycansastoogtobnl engehuils neptbealllnt eral pattern
features, is to be projected through an optical system Further, while in__
t he appar at eeagugaser widt hkbeepnbélopdanbeofntbe projectiom bgnscal system
conprises a lens system the invention is applicable also to a case where a
mrror systewystemusédd t Fersher, 8t stepfunember 1§Hwhich hes o$hRWRIt uses

descri bed herei nbefore uses light of i-line or Iaser_light of wavel ength
248. 4 nm f oint BagpFBgEByABLLEi BRedt AR &pBhi EQLRPPPYLiment hetP R ent

i nvention does not depend on the wavel-ength. Th an_e |l e, the
:nxent:on iQeﬁﬁﬁﬁpegbﬁétFE'amggnpﬁoﬁﬁﬁgtg? ﬁ%Q?gitﬂgiﬁ?a£?€r Yy projection
exposur e apparatus iLc s _Ligh -LLne (436 nm. As described in the
foPegoing,p ﬁ}%ﬁﬁhlngﬁgtggﬁ 8¥°§ éﬁggﬁgi%béffgctiven?ight source on a

pupi [ of ‘an | TRe bt g EGLLAN6RPLAATEEOUALE™S Bl HPGGAsfedt e Pat e

havi ng a-very high frequency can be projected wmth a simlar resolution as

attai nabl e \f‘.’ihrehHQ'eQEﬁ%fei%%BEiBBSKhi‘Eﬁ’ 150BNEPhERt bxXampid o Sinple process

as conpared wth use of the phase shift nask. 18 JUN ~flfl2 -s~ As

descri bed, %Qﬁi@b_ﬁaﬁﬂﬁ:oirnuémii::énmhﬁﬁfééﬁ:ﬂrﬂngaﬁi‘b?&:ﬂioﬂoéﬁpééhfé\e

necessary resolution for and the directdonality of a pattern of a

senm conduct @pparatus wherein an image of a fine pattern is
projected in accordance witﬁ a method of the present
invention.

_In the drawings, corresponding elements or
those elements having corresponding functions as those
in Figures S5A ~ 5C, are denoted at the same reference
numerals. Comparing the apparatus of this embodiment
with that of Figures 5A - 5C, the former differs from
the latter in that: as shown in Figure 6B, the
aperture.of the stop member 18 comprises four separate
apertures; in place of the cross ND filter, four
separate filters 17a, 17b, 17c¢ and 174 corresponding
respectively to the separate apertures of the stop
member 18 are used; and a pyramid-like prism 13 is

inserted between the mirrors 12 and 14.

In this embodiment, the output of the



integrated circuit and proposes selection of an optinmumillum nati o.q )

nmet hod, best suited to the spatial frequency and the directionality(ﬂ l“%?mn
pattern. Sonme enbodi nents to be descri bed bel ow have an inportant feature
that: in order to nmeet the sem conductor integrated circuit manufacturing
processes including steps of a maxi mum nunber not |ess that 20 twenty), an
illumnation device has a conventiongl, illumnation systemand a

hi gh-resolution illum nation system Which can be easily interchanged.
Figure 13 is a schematic view of a main portion of an enbodi nent of the
present invention. Denoted at 11 is a Iight source such as a ultra-high
pressure HguhaPred He CaEFHE €42 NAY i Hged t emzt 4y point di sposed
adjacent t0 a first focal point of an el |pt|c mrror 12. The |ight
emanat i ng §penh§ecl ddind lcbst£61 | 6£1 €Re byhtdeer! 15 Mutad1 46 rfey 12.
Denoted at 14 is a mrror for deflecting the |light path, and denoted at
15-is a shatdefférent ipatpoge tée purpdsésy. of Addigthitormddsyr nokhener et hr ough.
Denoted at 150 is a relay | ens system which serves to collect the |ight
fromthe Hgeaswpind mm(b@n c3T) i hsegsedor. |19, through a wavel ength

selecting filter g JUN 2d02 -58 16. The optical integrator 19 is
provi ded by snal | |mesr%\f¢wmtwmmm|m| iffexennesiafri bed | ater.
In this enbodi ment, the optical integrator .. may be illumnated in

accor dancethft Aresen rembodinent 5o P%W%??Wgrﬁwl%nfas /' Kohl er
illum nation method". it ma be that the Ii exi t rtion of the
el |i pti cal 347 PpEROeWS ﬁ%&ﬁ%‘"’iﬁ?t HheirTesent é?d?lg?c{}rmafg: wavel engt h
sel ecting |Iter 16 s{grves to select and pass light of a necessary

wavel ength t conponents (e.g. iline or_g-line), out of

t he' wavel ength co ephs ng%%gg %69h19f{§r@.iﬂ§n£% 1t’lh Denoted at 12

is a stop shape adj ustl ng ne sel ect1ng nean Sl ect | ng intensity

di stributipigRt £Hsn sacé)rxﬂ?rymhg,gm SPLERSUL &ﬂn@cun@tﬁmx& he shape of a

stop, and it conprises a urality of stops provided in a turret

ar rangerre_n{;heTbgleéii-gfsry@g_ NE7®eind StHé SPOSE Inéhiy 181€ thdd Gl integrator,
nore particularly, adjacent to the light exit surface ‘19b of the i ntegrator

19. The stegcohépey arl gist | sgureaitedviiy servight anslteicfy pr edet er mi ned ones
of small |enses, constituting the optical integrator 19, in accordance with

the shape disthibutiem; albike 18. Galaseign distidibutidmdiwiert ,a by using the
stop shape adjusting nenber 18, an illum nation nmethod suitable for the
shape of ahpghtepesk oit alts "qenten D9-~Lormed sem e dulkahtr aexittegrated circuit

to be exposed (to be descri bed Iater} is selected. Details of the
surface of the integrator 19. Since the light exit

surface of the integrator is optically conjugate with
the pupil plane of the projection lens system 31, an
effective light source having a peak of light quantity
distribution, at the center of the pupil, is formed on
this pupil plane. As described hereinbefore, the
effective‘light source to be used in this aspect of
the present invention is one as having a light
quantity distribution with no peak at the pupil center
and, therefore, it is necessary to block the light
impinging on a portion about the center of the
integrator 19. If, however, the stop member 18 is

disposed simply in front of the integrator 19, a large



selection of small lenses will be described later. Denoted at 21 is, o009
mrror for deflecting the light path, and denoted at 122 is a |l ens aﬁ%tluﬁ

for collecting the |ight passing through the adjusting nmenber 18. The | ens
system 122 plays an inportant role for the control of uniformess of
illumnation. Denoted at 23 is a half mrror for dividing the |ight from

the lens system 122 into a transmtted light and a reflected light. O

these lights, the light reflected by3#he half mirror 23 is directed through
a' lens 138 and a pinhole plate 40 to a photodetector 42. The pi nhole

plate 40 is disposed optically equivalent to that of ; pattern to be

exposed (printed), %h [ hobe | ate is detected by for the qgntrol of the
amount of po&tisP 8 ?Hg ghﬁ Fefrﬁﬁ)?hﬁtﬂﬁ $3EPt 1 BnIBEREEFRYRA30 having a

d the |ight [ t h tect 4 b Denoted at 24
'S a maski AGmCBRAnLEE| 1BPRd8 aboVED, SUARELFE BostEFER. t HEP oot 1o ad) ust ed
b ¢ dri vi Ny . . . ;
pattern of cpha-pefEfansFhepRoPcl i HE)pkPaRRE LHAREGUIRE kel B RO O

denot ed at (30035314 RS pr18KS1 S sUeREEHoBbAZTubE BetbsroRe and denoted at
28 is a |l ek systemal |l of which serve to illumnate the reticle 30, placed

on a retickeispageai3dirvbkhllhto comtfolrUthd09Zlumdnangdt fromthe Hg
| anp. Denoted at 31 is a projection optical systemfor projecting and

i magi ng thgigairtieunioh bhethet opticd) ipvtegravatel932. The-wafer 32 is
attracted to and -' held by a wafer chuck 33 and, also, it is placed on an
X-Y stage 34 whose Pbei Hgohamp tbnisobdedibposednthat iHts$ akight
interferoneter 136 and an unshown controller. Denoted at 38 is a mrror
mount ed onemidtinyg ppzagdopscoincides| withnghei §hrstripcaherointer
interferonmeter. In this enbodi nent, through the adjusting nenber 18, a
secondary PPg§AtisBuPEethe edliRBlicel (RETFPFNLZexPRAstRE R%bh side of the

ical i he 1igh i f f the j i
i sposcd | ARRESADRCAFPY B Bgal 8P okt PRRSRPRLAFERE (R BB | pl ane 3la of
h ' [ ' . 3 , 25, 26, 27
and 2o, Tk LoRRCERFoni BERET Tt cBER P bB RE TR efiem T, (1

secondary E%%%fg?ggggﬁg%?ingﬂgddg@l%g@egugkz?g%ﬁggeéﬁa of the projection

optical sys ng now to Frgure e relationship between the

pupi | plang;3&cehiohle PTHESEtEQGrOPi§ﬁ€|béaﬁéeakélréﬁﬂbéféa|%%ht exit
surface 19b of the optical integrator 19 will be expl ai ned. e shape of

the effectithe Wighbrseydr afdageb6hMeHeOPosN€ibHPbE Phénshuwtitepf the
projection optical system 31 corresponds to the shape of the optical
i ntegrator 159. Eifgtthe &AushewslShis, open, | théhkightvweams hereshape of
incident on the filter 16. By this filter 16, the i-
line component is selected out of the emitted light
spectrums of the Hg lamp 11, for ensuring the best
performance of the projection lens system 31 for the
projectiop of an image of the reticle 31 on a resist
(photosensitive layer) of the wafer 32.
The four light beams from the filter 16 pass
through the field lens 105 and~then impinge on the
filters 17a - 17d, respectively, which are important
components of this embodiment. These four filters
serve as a correcting means for making the light

quantities of the four light beams substantially



~ 8 ~~~ 2002 -61 the effective light source inmage 19c of the Iighﬂ?gxuup ﬂWQ
surface 19b fornmed on the pupil plane 31la of the projection optical syste

31 is illustrated superposedly. For standardization, the dianeter of the
pupil 3la of the projection optical systemis taken as 1.0 and, in this
pupil 3la, the light exit' surfaces of the small |enses constituting the
optical integrator 19 are inmaged to P?o@vide the effective . light source
imge 19c. In this enbodi nent, each small |ens of the optical integrator 19
has a square shape. _Here, the orthogonal axes which are the ngjor
directions to be used in desigq%ggea pattern of a sem conductor integrated

circuit, arénifQEh B WPIRPY RELeCHHERR smratibid ddF¥spond to the
maj or directions. of the.pafit d.on the reticle 30, respectively, and
al so subst aF#FAFTY ¢ Erfe(g%%néé?%]{é)ég‘s%fr ?i"o‘?ée‘ﬁjo‘ff'gi]tm%al and | at er al
sides) of the outer_c | oM at i retiel e vi ng a square shape.
As descri beTP A aa(ss |€6¥v%%1 %oﬁfnbﬁ] %‘Eﬁt asrg‘ir','tc %euchoﬁ i/ﬁfdhe orthogonal axes
used |0t he, RalPLiof P GMATLREL | EREONLS [ Fodndll! by EHE PRI Ned 1 Lhe
proj ecti on exposure apparatus wth respect to ich areticle is to be

pl aced on thfas&tdfl enhSipasjedtton 1ies Xspditbny FXES KOTAERIUMEAY X and y
axes al ong which the X-Y stage 34 is noved. The high-resol ution

i |'1um nati opf syBé erigiovguan®ity Jabténtating -fithdtiohast gt or nance
particularly when the kl factor as described has a | evel near 0.5. In

consi der at i fil vér t1s sdesiredi sdeffexent ntypesraliVD tihid teesst miagt i on by t he
adjusting nmenber 18, only those |ight beans passing through particul ar ones
of small | enseprepared 6T earhi Hilbtentse tat shew nay &e jysed
accordance~wi th the shape of the pattern on the reticle 30 surface, are
used for theelectivekyi onrbiermativelyy eagh Mty M%ally, the

selection of snmall .| enses |s, so_nmade as_}{p assurge that the |Jjght passes
t hose regi oREC%HARH LY AR 1%F%ﬁ%e§%%c%ff’cﬁ?’br?}ict’?’bﬁ’ﬂ&’i’éd% system 31,
ot her than the cen&ral reqi on th€re€f.iF+ ur es 15A %15Htre schemati c
views of thEPHUBFIY FISFROFIESS 195 et | RTSF T RICS fftneSesult of

| ecti f | ght j - ' th L1
of the opti taFSPRFERhay ot TR BEF L AOERd U e A e S et ing

menber 18. ééﬁﬁg{ﬁbﬁg_these drawi ng, the painted area corresponds to the
i ght bl ocking region while the non-painted areas correspond to the regions

through which tha | ifhé pespesembefUI® 2&feSreystid Mfdeqtigree | i ght source
i mge on the pupil plane 31la to be defined in an occasion ere, for a

pattern, theeshsetiomnshei fhltespertato W ch Adheshican| i iKiure requi red
correspond to the x and y axes, respectively. Assumi ng now that the circle
represent i n§Bt htheugtop phembe81h8i Bas four ~circwkdxr apertures

which correspond to the four light beams from the

filters 17a - 17d, in a one-to-one relationship.

Thus, the integrator 19 is illuminated with four light

beams from the four apertures of the stop member 18,

whereby an effective light source such as shown in

Figure 3A and corresponding to the apertures of the

stop member 18, is formed on the light exit surface of

the integrator 19 and thus on the pupil plane of the

projection lens system 31.

Usually, the apertures of the stop member 18

each may have a shape corresponding the outer



-63 expressed by: x2 + Y2 =1, the following four circles are consi Rgd'
(x-1)2 + y2 _ 1 x2 + (y-1)2 - 1 {x+1)2 + y2 - 1 x2 + (y+1)2 - | Hy SkesEN 2002
four circles) the circle representing the pupil plane 31la is divided into
eight regions 101 - 108. In this enbodinent, an illum nation system having

hi gh resolution and | arge depth of focus in respect to the x and y

directions, can be assured by preferentially selecting a group of snal

| enses present in even-nunbered regi ond6-nanmely, the regions 102, 104) 106

and 108, so as to pass the light through the selected small |enses. Thus,

as an exanple, a stop 18b or 18c illustrated in Figure 16 is selected and

=00 3 s e FLRRat o R STt FuRth iR GRS Be f88us chief |y
Wih regard §02cpatberf of fer Slialiyfhye W deod i ot dipdidye Whey ef o7 e

whet her such™'sma enses are to be selecte is a matter of choice

whi ch may b?ﬁ@é&f&%&é%w &O5OL Vi d &t Forbdl IéH{dbd, 0 daerprinted. 1n the

exanpl e of Figure 15A, those sm enses around the center are excluded ..

and, thus, thgertude WayWe Pofred G f10TarBkkRidditdl \whdpedlixeothee i s

substantially equivalent to that shown in Figure 3A. It is to be noted here
that the outsectimual ishrapd dfictloptsmalll iXdregr ator 19 is bl ocked, against
I'ight, within the illum nation system by means of an integrator hol ding
means (not shown). A'Bme light giraes e\ epiiddi; idtegdedorerl Sugdesst andi ng
of the relationship between the small -l enses and the pupil plane 31la of the
proj ection opyiway &f/sthenlEns (2 pthe Imbtror 2lha thed lens @2f @adi ve | i ght
source image 19c of the optical integrator 19 are illustrated superposedly.
_ Figure 15HtBeOMALEMESERD| 23 ofo rehe rPkade feviceth Locadiedie witdee hi gh
resolution is required with [éggrd to a ttern with featuyres extending in

45 deg. di rel:’&?'bﬁs‘?eq}?"’kef’{%. elﬁﬁs?fr eﬂﬁ,&nqqgerart@ratligoﬁéﬁi p between
|t eqrator 1 9PE POTIR 7S P et ke Ple 8. tom o8B 1 on, the
(ol 10 { Oy 48 ch e bty Sy e el 015 Rl | (x-1/)
e ) aen (8 s o Plflited e P renflglitinag 1o | Bhe
contri but abl get9ed € reflect a portion of each light beam from

each leps of the integrator 19, and the light blocking

plate 40 is illuminated with the reflected light.

Light passing through the aperture of the light

blocking plate 40 is collected by the lens 41 on the

quartered detector 42.

The light passing through the aperture of the

blade device 24 is airected by the mirror 25, the lens

26, the hirror 27 and the lens 28 to the reticle 30.

Since the aperture of the blade device 24 and the -

circuit pattern of the reticlé 30 are in an optically

conjugate relationship, the light beams from the

lenses of the integrator 19 are superposed one upon

another, also on the reticle 30. Thus, the reticle 30

is illuminated with uniform illuminance, and an image



~ ~ ~u~ zoos -65 enhancenent of resolution of a pattern with featulg§JUN M2
45 deg. are odd-nunbered regions, that is, the regions 111, 113, 1 and
117. Hy preferentially selecting those small |enses of the optical

i ntegrator which are present in these regions, for the pattern with
features of 45 deg. and a kl factor of a level of about 0.5, the depth

of -focus increases considerably. Thusyy.as an exanple. a stop 18d such as
shown in Figure Ib is selected and the projection exposure is effected.
Figure 16 is a schematic view of interchangeable stops 18a --18d of the
adjusting nenber 18. As illustrated; a turret type interchanging structure
is used. Ther fenétciSian tlimtite s af When refiailer30 WS grojected very fine,
as having a kl factor of not less than 1, is to be printed. The first stop
18a has t hepygative Stregeaticomsians syrererdional illum nation system known
in the art, and which serves to bl ock, against |light, the outer portion of
smal | Lens group of Thee detectdlr iseaigonsorofl heTimmantgredi8a - 18d are

t hose added in accordance with the present invention. Generally, in an ..

i 1 uni nat i odetgetern 4D rcor AFRAND| (RSRAC T iNe It ieh tfyuo repazatet | s

nt e at or BRTEHPTS OO A ETATT R MG o RGPSE SUhOFEVEs 1 oquired in
s an oxamt s AR R0t s e (AR 16 R my e
0.5: “viner oL PHE SR it 810 A P B BBSBUR  on, al ¢ hough. s |

| enses aroum?éé:ﬁﬁg c?%rr ?iﬂg)to&ﬁﬁ%. t B €cdnth % iGRP & H Yuipaitishose snal |

| enses presen e of a maxi mimradius of 0.75 on the pupi

pl ane (the gadius ©He tdertiviid, R OPehihg Ad1udihgd Rl ¥oee used. For

this reason, the size of the optical integrator 19 as well as the-effective
di anet er of thdeshhttet NS i cdh Bsteehfedtiwd exemiescriibed d preferably

determ ned while taking into account both the conventional type and the
hi gh-r esol utépeinyesBore. On the other hand, by mutually
comparin& the outputs of thejéections, any unbalance
in proportion of the light qﬁantities at the
respective portions of the effective light source can
be checkéd. Here, calibration among the detector
sections of the quartered detector 42 is effective for
enhanced reliability of the unbalance check. Such
calibration will be described later.

The shape of the effective light source
formed on the pupil plane of the apparatus corresponds
to the shépe of the integrator 19. Since the
integrator 19 itself is provided by a combination of
small lenses, in a microscopic "sense the light
quantity distribution of the effective light source
comprises a combination of discrete ones each
corresponding to the shape of each lens, However, in

a macroscopic sense, a light quantity distribution



Also, it is preferable that the light intensity distribution at tﬁkﬁlgg”tmmz
entrance surface 19a of the optical integrator 19 has a sufficient size *
such that it functions. sufficiently even if a stop 18 is inserted. The
possibility of blocking the outer small |enses with the stop 18a is because
of the reason described above. Thus, as an exanple, there nay be a case
wherein, although at the optical inte@-ator 19 side a maxi mumradius 0.75

is grepared, the stop 18a choices regions within a radius of 0.5. 8y

determ ning the shape of a stop in consideration of the specificness of a

pattern of a 8 Juld Z .- 67 sem conductar, integrated circuit to be
printed, a§"cﬁ§‘sgl% b'%'(?,w”i f"%)?lﬁéﬁ'?i §I‘\e 18, PZP¥3ABE -t he exposure appar at us
best suited for that t.ern, sel.ection.qf sto be nmade
automatically in reéﬁgﬁég t%mgggﬁgﬁ&t'aﬁﬁﬁiéngioﬁﬁgnggﬁﬁuter, provi ded for

overall CORlfaledyf ddlfs®YBASUNA ABP! 0YS an LHS! hEREHrifg whigure 16 15 an

exanpl e ofﬁlé}op shape adj ust1 ng nmenber ornmed wt stops. In this

exanpl e, anone HBfy Y vHedPol Bheck! fheCignkeqaghettgd- As a matter of .
course, the nunber ‘of stops may be |ncrease3 easi'ly. There is a case

wher ei n t hgiRaR-1HAithionTeESthe effeltivenalight sbapges Wrbhthiig sel ection of
a stop. In consideration of this, in this enbodi nent, such non-uniformmess

in illum naice ame Y istelge 3d] ust edvied adj pdbcegthiembasarsygt em 122,
Such fine adjustnent can be done by adjusting the spacing between

const i t uentuniend&S of 3I7he tbepspogdtdoniIvsitnbehewdthecprofectiome optica
axis. Denoted at 151 is a driving mechani smfor displacing one or nore
constit uentlérensxstem e LdAs thHy) st agaspringhanilj usighhit of the lens
system 122 may be effected_ in accordance with the selection.of the stop. If
desired, te@anatding from the id1Nminatd oy FYStemcaPd e iBdot her, in
response the change of the st shape. I n that occasion, _different |ens
systens ea dﬂFﬁEbéH&Pﬁg°&o%£ﬁepF§ﬁ§C§999eiFT§25ﬁﬁ§eﬂe3f $. ~ Ju ~ 20t

&
osofehar o aod Vbt She! ASBiBixe! 354 BWVoRE ks chogege 11
35 and tﬁg aperture of the casing 36 to the
photoelectric converter 37. The light receiving plane
of the aperture 35a is placed at the image plane
position of the projection lens system 31. The glass
plate 35 is attached to the casing 36 and, as
described, the casing 36 has an aperture at a center
thereof. In this example, the measuring unit is so
arranged that the aperture of the casing 36 is
displaceable to the aperture of the glass plate 35 by
a4 predetermined amount. When illumination is provided
with the illumination system of this embodiment, on
the top of the casing 36, four portions of an .
effective light source such as shown in Figure 3A are
Provided. The size and shape of the aperture of the
Casing 36 can be changed, as the aperture of the blade

device 24, By changing the size and/or the shape of



sfop shape. In this enbodi nent, as described, the shape of stop is n
;‘h@f ﬂm e'mm

so as to select an illumnation systemsuited to the characteristic
pattern' ot a sem conductor integrated-circuit. Al so, an inportant feature
of this enbodi ment resides in that) when an illum nation systemfor high

resolution is set, in general formof the effective light source) the |ight
source itself is divided into four regd®ns. An inportant factor in this
case is the balance of intensity in these four regions. However, in the
arrangenment shown in Figure 13, there is a case wherein the shadow of a

cable to the Hg |l anp 11 adversely affects this balance. Therefore, in an
i || uni nat i orthe ARGRYUFE RYyP 1% DA RHYERY Srstems {(FOthSRR¥Ndhown i n
Fi gure 15A or. 15B i s used

it js desi | t_th t t hat
the |inear sthelBdi 106 AL RURE G S a8 SAOP o Phds wi -
th I f, ical ] ' i nst
gt Nor e UbaTEeRv ot dopfe risHenhafelof, I8TERRSE "0

11la shoul d be.e ﬂg}gﬁ 141, T i i h in Figure _.
17A. In the |’g)tjére 1 1!elxaé1 I'e?& onlét/h%g()smré)%n&%%%%ﬁgpgb?%fhe cable 1la
shoul d be exjsdashflofRNUFAtivd 1d8ht sokeMalth ohgeRecbnt 0 the x and
y directions. In this enbodinent, preferably the direction of extension of

t he cabl e ofthidcotied atandtHe pHotgsikdir e Yonvertey B7e halgaage of the
stop. Figure 18 is a schematic view of a main portion of another enbodi nent

of the presenight 'reguisnimgmporithorrs\ofi-em arda guffitlent tthe sane as t hat
of Figure 13 in respect to the projection exposure of a pattern which is
not very fineecakvealinghe dightetrassing [Wepudhathe, aperithgeoBher hand,
for the projection exposure of a fine pattern with a k-i factor about 0.5, a
stop such asofHdwh gkass glatel 3% or I5Hhes nese ofedhien 14ghdr dance with the
directionality of the pattern, as described in the foregoing.__In this case,

however, sineceheing foihign miyrhe Phatesdisctis conveetergl) ighe
gl;];lis?ijg?g%/i S{P%?ﬁ’t%"sfaq’?%g%@%%éeh?ﬁh%aﬁ%i%igggﬁ gﬁ;édl tno assure
Crpor tant 1 cSkErEACEY srahey daiiden  d e TR A P el HeE: B8e The
el liptical niﬁéé)ﬁfé]‘%%é%f %'q]er r raéé'%lyg}ﬂe |30l gbga@ produced from a

portion near an electro theultra- pressure lanp 11 is _
reflected bypﬁ%ﬁo?io%ﬁﬂfié%oﬂéfﬁr 13y @hdtdingiet eheiQht! BeoRyrani d-1ike

prism 61 where I ght source inmages, corresponding to the four

surfaces  léhd Apedidre IBLUBHHAIGIHES A d1d 99. ampikorged on a pl ane
including a second focal point of the elliptical mrror 12. Lens system 162

can be inseréfflectivyd aoe msdudee o sarsyes teintlie),l ilghtdireeceivihg | i ght so
that the four |ight source inages correspond respectively to four separate
| i ght transmpextien pof tihen phuftoglectrigeraanvent®r. 37n tohithegebydi nent, t he
pyram d-like prismto be inserted should be placed with specific

improve the' response characteristic. Further, if

desired, the uniformness of the illuminance on the

image plane can be measured by moving the X-Y stage 34

along the image plane while holding the aperture of

the casing 36 in a state for concurrent detection of

all the four portions of the effective light source.

The result of measurement of the light
quantity (intensity) in each portion of the effective

light source obtained through cooperation of the

movement of the casing 36, is compared with an output



orientation. For a stop of a shape such as shown in Figure 15A, eaﬁghri1?e
bet ween adj acent surfaces of the prism 61 should be placed in alig o ] 2002
with the x or y-direction (Figure 19A). For correction of a change in the

i magi ng relationship of the optical system%®ue to the insertion of the

prism in the systemof Figure 18 the | ens system 150 di sposed after the
shutter 15 is replaced by the lens system|62 sinultaneously with the

i nsertion of thefpcoxmesPondiagobherofiantle detactase selctienshef! that
transmtting regions of the stop are on the x and y axes,'as in the Figure
15H exanpl e, eacmmart@yedodetiestori 44 at tbe villlhmimgitdonofsystemdegdewi t h
respect to the x and y axes (Figure 198). Also in this case, the lens 162

is used in pl ac¥agelyhe thenPheyeedartsdcr genverkercdir a&t itbg &fYi nagi ng
relationship. A pluraljty of pyram d-1ike prisnms nay be prepared in
accordance wi t hstRgenFfo&idss 1s; ysed as g yeferepse Aetectpar €8T Figure 20

i h i i f i i f h nbodi h
e TR T e R
6 i i , i i 19. |
(e SLiucture ol | 833 ey o PROhARRB,AAS. OB BBl 4R
surface of the fikePlisctheTeibtkeifeotsbhie aRuteal | ahearangy 19 Here, a

case wherein a stop such as shown in ure 'S used 1'$ consi dered. Wat

IS a probleminyna3 Rce?3n00 jight! BahntDeYe oifS tRelipbir®i BREC o NLABX MUM
effective dianeter of light as required on the optical integrator 19,

bet ween a case wWigecitiviehaighepsblackocafiopecakitettled byUmeanki 68 BRéhod as
described is used and a case wherein one of the stops I8b - 18d for the

hi gh-r esol uf§ on guarterd idetestoredRi srushe. photokilectriedconnertes
consideration of this, the |lens system65 is provided by a zoom opti cal
system so as to3feetanthdighingeantitivametehing bifgithe Pomtdonseofli thet er of
light fromthe ultra-high pressure Hg lanp 11 is determ ned definitely
by-the |ight exieffieetiiven ldighthsourreperbabenidoner by2 usdng thet he zoom
optical system 65 of this enbodi nent assures control of the |ight beam

di aneter in accddd%@E® W’@h-ad 7@l umi nation nethod used. Thus, the |ight
?tlllzatlon effICIGﬁCy 'n m%&%vggbodiment: through the function of

n
n

15 the stop member 18 shown in Figure 6B, an effective
light source not having any peak of light quantity
distribution on the x or y axis, corresponding to the
directions of the longitudinal and lateral pattern
features of the reticle 30, or at the pupil center

20 (optical axis), is defined by zero-th order light on
the pupil plane of the projection lens system 31,
while on the other hand, by means of the illumination
system (11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22, 23, 24, 25, 26, 27 and 28), the circuit pattern of

25  the reticle 30 is illumin;ted with uniform
illuminance. Thus, an image of the circuit pattern is

projected by the projection lens system 31 upon the



. | | 38 JUN W
v1l$ JUN 2002 -72 The controllability of the size or the intensity
distribution of the light on the optical integrator 19 is inportant, also
in a case wherein the Il ens system 150 of the Figure 13 systemfornms, on the
"" light entrance surface 19a of the gptegrator 19, an inmage of the Hg | anp
I, not an image of the light exit portion of the elliptical mrror 12.
Thus, for the control of the light intensity distribution on the integrator
19, the Hg waferi32el vhexgbpethi shhaged fil g ¢iwcwit ipattemn siso that it
is defocused Wth respect to the Iight entrance surface 19a of _the opti cal
i ntegrat or tfanffgured2tojthe resitehtof thewaferm 3&i n Peetebfect a further
enbodi nent of the present jinvention. An inportant feature of this
enbodi nent efssweR PFRISGEiOR (PXRRNTE leiAt s heen Hesghtbethtensity

enses, 1t hahepeHEBRERRE CHFEh FefSrantn 3 TpHEss 1 ATthel cPlihi ng, donot od
t 171 i { i£h ds to t | t o, d ted

21615 o SEON B eSS R TRIE 1oF B e e PR TR 0 1o
tical int i t t] tifal

ht cgrat or TTRRE SRAmRE CHERdEE b (tha Yes tHE LR BIREEIET. | (it ng

the first optifdiyi MEUREWI 172 and passing a relay lens 173, are
super posed %élefgp%n anotleiléer %n a second opti cal 18 JUN 2002 -73

integrator 174. As ap{g@sHé!70f{stdi Sragmetd S Bdldm NanRERawlict 14 bution is
provi ded on the |light entrance surface 174a of the second opti cal

i ntegrator fddrthfenbodiment esfdiiyg wrdmshtraimverst 1ot ,f eMndY |18 nance
distribution is not provided on the optical integrator 19 (as an exanpl e,

t he di stri bati bmprevéd kfoxm (@fisshansemnicondugton ddhveded n the | evel at the
center is high), it is necessary to finally determ ne the shape of the stop
for the hi ghanefacturing iprefretidn exprsure @pparatfus)qfefigunes, for
ex~aple. In the present enbodinent, on the other ' hand, since the weight
(the |ight @uan?gﬁye%%mémt%dDQFE#Q#?QNH eArrespondiing |thddhe i s even, the
contrast of_jmage gerfornance can be controlled easily. Further, in this
embodi ment , FHPEEE © opibredinent Rredpnotad hsdde isang npfesencessary to pay

a specific atte 6h to érﬁécable as described with reference to Figures

ti
17A and 17FP“@?83#§ 22 ° %%ﬂ%ﬁ%tic view of main portion of a further
enbodi ment of pr eseni{ll@l}(gn {_&nﬁnén &&%&%{t%!l?%s t% ‘:hl&g:,\dr_lﬁ1 dle 181 is

provided in front of the optical htegr . iI'S exanpl¥e, the zone
o oo he GEAPREHEQ St sS4kl o L cont s of o,
adj usting tRers@ACi Nfn Ot ] dead1 &N DKt | A i ®rom the

elliptical mirror 12 is divided by a combination of

beam splitters (51 - 53). More specifically, in order

to provide an effective light source having four

portions such as shown in Figure 3A, the light

emanating from the elliptical mirror 12 is divided

sequentiaily by means of a first beam splitter 51 gnd

a second beam splitter 53. Denoted at 52 is a

deflecting mirror for deflectiné the light path. The

second beam splitter 53 is disposed obliquely across

the light paths of the two light beams as divided by



18 JUN 2002 74 fiber bundle 181, as branched into four. In order toﬁkg JUN Zmﬁ
provide a distribution for a conventional type illum nation system the
spacing of the four fiber bundles 18la ~ 181d is narrowed. In order to

provide a distribution corresponding to that shown in Figure 15A the

spacing of the fiber bundles 18la - 181d i S wi dened by a

pr edet er mi ned--anount. Such adjustnent4ds effected in accordance with

a stop 18 used. In the latter case, rotation of the fiber bundles 181.a

-'181d is al so necessary. In some exanpl es described herei nbefore, one

ul tra-high pressure | anp- havi ng been frequently used is used. However,

as-a matter e ddFiste Pedfe spldddRr iddve@bi Y SeHYRS EHi1% V% to a case
loed o a 11T RAAHE TP S e ST \AHHATI i FHTHI R 1oy st om uses
Mtegrator 1 e, drg et Fdu® [dindn KEB/ o Bs SR o el 2P
o foctive. | "t Heddtt 4oV B bl i Wld e MRl 20 108 e D vt ded ™
easily. A thaugh idrf ke Mawiel) exilaidakh Wiy RIiVACR @achese

enbodi ments. in the high-resolution illumnation systemthe balance of the
four portionst aaferaid Midnt dedindy, it defil dctddp@destalobignéhe ' 18 JUN
~0~2 -75 details of nonitoring the distributions of the four portions of

t he ef fecti whddtghif ther drasingf, tase itdmsstradfedcor Reatimxgrt he di stri bution
have been descri bed herei nbefore, description of themis omtted here.
Further, whidmtical sosdeant{oditrsitayrof itshali gposedhton mhenpadh olfie st-op
means is inserted at a position after the optical integrator,- it may be

di sposed i n thathipasitiome ofhiddghdt @ deflactac dwnmahe second keame

illum nation géften1there is a plane which is optically conjugate with the

optical intepktider ke A6 pafyed dpfeflsrtsdd fiasst thasonme
nbodi t f th i ti d ib h i f i d
W th the f 5 RAREETBE Ha Gt BIERSh S FAFD FAL RIS thE RSB PErn on &
ticl t 2 i -] i i Lted to that
battern i o SHOITHRY FEAREP P bnd hadond il BhIKRRET M o

apparat us ofy (il Qi 42301 U, Olhe S5 to*}ertfhét et @FqELRRAL §10ha4hg3pr esent

invention provide an advantage that: for exposure of a pattern which is not

very fine, g onMeNIigNRr idd WE RALII0R S Wi MnsMowRe mi3edrat it IS, whereas
for_exposure of a fine pattern, while using an illum nation system which

assures hi ghogtadiuigy@ten,t Rha ITyHt P dfs ldighidequanitiot ¥oulkt 1S possible
to obtain a Large depth of focus. Wile the invention has been descri bed
W th 18 JUN @t baths. These light paths are then combined so

as to form a secondary light source with a light

distribution such as shown in Figure 3A, on the light

exit surface of the integrator 19. As a result, on

the pupil plane of the projection lens system 31, an

effective light source such as shown in Figure 3A is

formed.

On the two divided light paths which are
present on the sheet of the drawing, relay lenses 6la
and 62a are disposed, respectively. These relay

lenses 6la and 62a serves to collect the light beams,

advancing along the respective paths, on the



-76 reference to the structures disclosed herein, it is not confiﬁkﬁ JUNtﬂMQ
details set forth and this application is intended to cover such

nodi fications or changes as nmay conme within the purposes of the

i nprovenents or the scope of the follow ng clains. 18 JUN 2002 "

CLAIMS: 1. A nethod of formng an image of a fine pattern having |inear
features extending in orthogonal first add-second directions, for the

manuf acture of m crodevices, said nmethod conprising the steps of:
illumnating the pattern (30) with light froma |light source (11-19)) said

| i ght source having an intensit¥ di stribution such that the portions at a
center thereof 1B4895ATPE 82 - andinee oklleaknsentipneaft thenfirsedear t h each
other at the center and defined along the first and second directions
respectively i§P&é€F85s€8“Fﬁsc6n$%$f BRNGRt ANpBPLAEAL BRTRNEERIHMt source
ot her than the _center rtiop and. th orfions . along the first_and second
axes; wherein Qﬁ?ﬂeﬁpgﬁﬁegﬁufﬁ% ﬁ%%fig@éh?OUEhgeE?Pﬁﬁsféfiﬁf éﬁ% zc, 2d)
havi ng subst ant i al t S Loht L] Ly ing. . @disiributed in four
guadr ant s defiﬁgg ébtEgec§g¥%#£gﬂdd¥ﬁ%8?§bétfgﬁa gg%@n%g%§%5%§tmmerein an
i mage of the || UL &t} ' o} PHRLL4 ( a jection
opti cal systenkggkfégngsmﬁgéegﬁp%ﬁeéﬁ% g@éuﬁ%%igﬁbé} %é%é%#ﬁigg?%98ystem
defined by x and ¥ija¥esnextgsdi wotr! #RJaliAetibhal pafly SGEOREL &Y rections and
intersecting at a center of the pupil) and that a radius of the pupil is 1,
coordi nates of 1eaBesr $not shewih pushBERt ap8sdfsposed oo, the Paiy dep. -P)
and (p, -p), wherein OZS < p < 0.6, the intensity distribution of the

| i ght source, thghti pathsitaot showh hEnophecdkrasysgem bei ng arranged so
that said |inear features produce diffracted Iight in which the zero order
i ght travel s substantiBehgtedl gt obdiisedyshetbervehicht¢an g tern and of
whi ch substantially only light of zero order and of one of the first orders
passes throughconérpdppf (epened/clesed) ofiosf eaghdof neke fourdiight ne
pattern. 1 ~ JUG 2002 ~s_ 2. A nethod according to Claim1, wherein each
of the sectionbep®s BrPYEded By Ehe beam splitters 5k and ®ihod according
to daim1l or 2, wherein ;Ee iq&e %gties of tge center_porfiion and the
portions al ongPeREtEAr &t 1A an aRES YREeLPPIER fetetin%ro. 4. A

met hod accordi pgst0Q iml [ ej i i gh ource is forned by
a light sourceeg%%efgigﬁ?ﬁ%f?%ﬁg%ﬁe?%g?géyé?gﬁgégi%?é#éuﬁ%ﬁhﬁ# (i),an
optical integrabapotihelayi Bien4f phEEEhY! OH BHE!SbCa Yk Biild ON
emtting surface, for receiving with sal I ght receiving surface |ight
froma pri maryakhqhsgsouwaﬂam@oélé&h&mgiahehé_eaewﬁv?,' 'Qﬂﬁnta} provide a
plurality of light béans fromsaid Iight emtting-surtface, (1i1) stop
means (18, FigfiGAkrBavcagaispbsédesn UtRe HwsPDEgEt aplaaseihich Qe of said
| ight receiving surface and said |ight emtting sur~ace~of said optical

i ntegrator (19hotooflethseshéet fofirtlsecdransng-a) TREse 2611 ¥ehs adachai d | i ght
source. 5. A nethod according to Caim1l) 2 or 3, wherein said |light source
is formed by askerxyles touestrant theéuithinteonomponent eytstafntte ch i ncl udes
(i) an optical integrator (19) having a light receiving surface and a |ight
em tting surfadéghtofrpmctheiBg lwmp, sﬁ$dtg¢gﬁ%115%§e46/i% the face |ight
froma primary |ight source and dividing the received light to provide a
plurality of | PFRCePdRAseFPBALBaRY- | | BRECERAL BENYT3uURRACKIP AFL (ii) stop

e (L P10 Tkl oSL8RRal 55 PEE PO OSSR S0
ntegrator (191 g debing hhe Lou 266! ha%asteRy ERE PondYudllesd d |1 oNt
in a corresponding portion of the effective light
source. Similar filters are disposed on the two light
paths not included in the sheet of the drawing. These

filters have a similar function as of the filters 17a

- 17d of the preceding embodiment.



_-79 _ 6. A projection exposure apparatus far projecting an inmage 01 8a~mN 2002
pattern of an original (30) on a workplace (3Z) for the manufacture of

m crodevi ces, said apparatus conprising: a light source (I1); an X-Y stage
(34) for supporting thereon the workplace ( 32 ) and bei ng ~uovabl e al ong

7~ and Y directions in an R Y coordinate systemdefined in said apparatus;

a first illumnation optical system-@#2-19~) for fornming a secondary |ight
source with light fromsaid |light source, said secondary |ight source

having an intensity distribution such that the portions at a center thereof

and on first and se onﬂ:é\axes“_gefi.ned to 'bnt ir_sect W th eacg other at the
center and defined aFbrgith&™ROGATEPLyi e 1dFBT. PREBLLR: EBBIy i s decreased

in conparison wth the AP he light ' source.other than the center
portion and“tr{ﬁ@rﬁt){rotrl o"nsg%;l Jol(rzilg%%t %&t i (r%gtutgﬁﬁdSe§8ﬁd%§igs;reiﬁﬂni | | umi nati on
optical sy m, cé.gl)t s o b : aAt WO At Q. Of t riginal (30)
wth Iight%%ro%&gg fgﬁ#sggﬁggnggn gaap?§Fg§%%§%88p§ch§ugysten1(31) for
proj ect i ng qan1tihg MRIddtdAe ( 3Bkcalisemade tik rBeaRebh8hDpi bFuni nated with ..
the |ight fomsaid 1 ght source, wherein said intensity distribution of
sai d secondagfs rposfitt islioFe 1iightupathBat ondiydtwecendagyatbedt 198ur ce
conprises four sections (2a, 2b, 2c) Zd) having substantially the sane

I'i ght i nt eagid M 9dndre Hdilugtdated dnt ethei Arhaihgquaginsesthefi ned by the
center and the first and second axes, and wherein an i mage of the secondary
| i ght sour serustmre] efited dineo intpgpritofs) isf sgmidlapr bpethatnobHpti cal
system (31), and wherein, on the assunption of a coordinate system defi ned
by X and Y tiveeprecestidichemblogiigenite furthezndesccintianreéilope ' 18 JUN
2002 _8a_ and intersecting at a center of the pupil, and that a radius of
the pupil egiktedodiod FdmPdistt¥enters of the four sections (2a, 2b, 2c,

2d , ol P o) I (L o PO d -p), i,n 0,25 0.6. 7.
An) ag[)gr <(51!to uspézch)r giFﬁgg‘F&( 50 d’ism%zs ?%\ggﬂég‘@?ﬁ%é&ﬁheg%gbgevgﬁ‘ﬂt‘;f)l?%<has a

di 1 5,.< < Q. 3. A di { i 6 7
wher o n 1 nd Lk eepdleRnt B, tne BeRRL LR RS E8h Mo g &' Kl ong ¢ b
first d | - . di t
Qaimo 7 ot Qe HaatiedoburIhg. pio1s8e AR RESAECOT ] D, °

Nt ensi i eg 08 9Ad LHUTIBCbn0lRabeos 7R £2RL Bikeegfidigrans for adjusting

a ratio of Intensities of said four sections. 10) An apparatus

accor di ng td3etivad i niicRirBandled vd@he @l @ethoal Beesna préséntntensity

di stribution sensor (~2, 102) nounted to said illum nation optical system
(20-2S). linwvemtdmaratus according to C aim 10, wherein said detector has
a second intensity distribution sensor (37) adjacent an image plane of said
proj ection optical dSiysttdme agparetmst lod thienembodimehtsatbef our sections
are detected by said first and second intensity distribution sensors) and a
result of Fesditigrofofsand efiflestive: ddghty sguscei Bt changedswithi42  102) is
corrected on the basis of said sensing of said second intensity

di stributi dim&iyrthergby £orman, aeniyialenic e5fgckdveolegBtm 9, wherein

id detector includ intensity distributi 32), di d
0] acent AR 39 A6 B SN SPoERSBRS gt 48 TereRareR At T T - 10y
2002

pupil plane, and the image of a circuit pattern is
projected: In Figure 8, the elements corresponding to
those of the preceding embodiments are denoted by the
same reference numerals. Thus,. denoted at 11 is a
ultra-high pressure Hg lamp; denoted at 12 is an
elliptical mirror; denoted at 14 is a deflecting
mirror; denoted at 15 is a shutter; denoted at 16 is a

wavelength selecting filter; and denoted at 19 is an



- si 13. An apparatus according to any of Clains 6 to 1Z, wherein ’ea ?yN 20[]2
first illumnation optical systemincludes (i) an optical integrator “(I9)
having a |light receiving surface and a light emtting surface, for
receiving with said |ight receiving surface light fromsaid |ight source
and dividing the received light to provlgg_a plurality of |ight beans from
said light emtting surface, and (ii) aperture stop (18, Fig. 6A} having
four apertures disposed adjacent to one of said |light receiving surface and
said light emtting surface of said optical integrator (19) to define the

tour Sections §28ic2b)ideegZilod! SAid kiMibwS N6 £ on Lt A ARAT At US

according to any of Clains 6 to 12) wherein said first illumnation optical

system i ncl ude?réﬁécano@piéﬁglsjr@t_&@ﬂ_rai Orhéd Hndayamg sthidhire as _
receiving__surface and a light-emtting surface, for receiving with said

| i ght recei vi ngf sthé apeetedirig femiocimehts ght source and dividing the
received light to provide a plurality of Iight beans fromsaid |ight
emttZng surface, and (&An)importpant feateog ¢f7this emiodimEntcr oss-1i ke
shage di sposed adj acent to one of said |ight receiving surface and said

| i ght emittingresidesctn othatial HiRt cﬁﬁraﬂ}%bral@?e (7b)whischidig ne the four
sections (2a, Zb) Zc, Zd) of said light source. 15. An apparatus accordi ng

to any of O aiMevePbie withkipeiis JisPesed i aftennfhpie AT Sy st ~~n
Tort sour e antEhstptehiFlate el dispcaod (b lidbnin 1 e fohe - o ¢
Goai e 6 to 130P8AERD RRLE e N A rundfar (B BRR QML 00 it | 020,
and a socond obb £ ShEiaaniEid (GUGE| Ok Mngl b ARG £l SOV O
"I B, 11 11~ £R8~opt$lal ORki Sl ad LIS PAtH] Jto ?éﬁiféﬁhé“!bpﬁ&l@ilat us

according to any of " Clainms 6 to 1Z) wherein sald first illumnation optical

system i ncl udegx@sbeaphsd| hddrey €Hdkl, I8k nhdlinfégrHtds tiig g i ght from
said first light source into four beans, . and an optical integrator (19)

i Ilum nat ed byobsegvéa@uthbeadis . tHS. £ Vet -apprablel platy ding fronCltdem 17,
wherein said beamsplitter includes a bundle of fiber (101, 181) integrated
at a side recerethgleh?0|sige, arhe dintegrertdr al$i appdamsnmavioly tdpe | i ght
emts. 19. An apparatus a.cc~rding to Claim17, wherein said beamsplitter

i ncl udes a pyranfiddewnped beftmndyight wikh apherswinging mavemento C ai m
17, wherein said light source is a |aser 81% .. and sai d beamsplitter (82)
nmakes the fourobethi® Patdhtekmlate 71, aéfba Risisexampbati tdhe o A ai m 20,

wherein said | aser_(8 | S an_excinmer |laser. ZZ. An apparatus according t
any o:‘ a a: s Bafﬁlgi,%)ﬂjﬂﬁ%i'ﬁl%f?i?‘é‘?p?ﬁ:%mﬁ o‘ﬁé)cﬁ?fqg’ﬁ ﬁdelm oY

(12-19, 71) for the, four sectiqns 2b. . 2¢c.. zd), sequentially (Fig. 8).
b3 Ao apphr ar heERcRSFAFEPSERE PG Fe Rbefar g r Bk dare 1Y,
source incl udeg,a i f j ar i Clﬁfé . o 11C, 11d)
and an opti cal B?'n%‘gg?g?%}ré{]lga? 1&? %%g%%fﬂ%"ﬂ méle;'g?zld "éf/iqt%e_ primary
light sources. r2dai AMngPPEE A AS1 AFEOISH "W r9 S ehdtLidiE idiesdid |1 ght
source has four primary |ight sources (1l1la, 11b, 1l1c, 11d; FI'g. 12). ~
JUN ~~~~ -a3 the optical axis, upon the pupil plane of the

projection lens system 31 it is possible to place a

single effective light source at a desired position on

a circumference of a certain radius, spaced from the

optical axis (pupil center). For actual exposure

operation, the parallel plate 71 is moved and, when

the single effective light source comes to a desired

position, the attitude of the parallel plate is fixed



JUN 200;

18
Z5. An apparatus according to any of Claima 17 to 21, Z3 and 24, wherei
said optical integrator has four sections (19a) 19b, 19c, 19d) separately
di sposed from each other. 26. An apparatus according to any of Clains 6 to
13, wherein said first illum nation optical system has an opti cal
integrator (19) includi'ng an array of |enses and an aperture stop (_18)
di sposed adj acent the optical integraggt and having four apertures
corresponding to four sections of the secondary |ight source, and wherein
an edge of the apertur0O extends along a cross-section of the |lens of said
| ens array. 27. An apparatus according to any of Clains 6 to 13, wherein
said first iehdutheaexposopei tal e§fected(£8r18)predetpabined50imaf swit ching
t he secondary |ight source having the four sections to another secondary
| i ght sour ceerd@dng SMchnEpesationi isrewecnbaddfonsr timesr 8m asat of said
i ght source (Fig. 16). 28. An apparatus according to_C aim?27, wherein
said first itPl 8FPNiBPoA SHPPELEI 139ht cRPRESE aakeeRdRi OF tBe fawy for

l ectively i ti h tical th first d d t .
Stops (10a, POREYLORSPAg BRCRERECELRe: LigBRGRABFED PROSPARBDR Ly
di stributi f t i.ght . 29. A ' to Caim 28,
whorei n- - SBAGUFE, Py 2PPr ubAS | BRe oSEPesirE BF AhH-SRSR "BERF St nt or ot of
(19) |nclud%%% an salha othggéﬁﬁg.and said first and second aperture stops

(1%$a, 19b) are inser eésacro ~optical path adjacent the optical
integrator) and the-gdgenief ehB8aimeAt aeﬂesrigomggpf%géeéséa G $xt ended

al ong a |l ens crass- section of "18 J1JN 200 | ens array. 30. An
appar at us agCqigh®gsbarekdi M£8a _Mlgne! Sosntd bfrphlse! emisgidpn optical
systemincludes a zoomlens (65) illum nating an optical integrator (19)
with ,) |ighiypler eiichaiad phi grtYmbrghasepuisecusad( vherparakberl first and
second aperture stops (18a, 18b) are inserted across the optical path

adj acent t helapei ddl mayt bgr moved (Engnt@truptedly amndabtheretpsswoxordi ng to
any of Clainms 23 to Z9, wherein said first illumnation optical system

i ncl udes- a ppngriod- paye bgr supgh(that thectightaseureesishenepgized path) for
splitting light fremsaid |ight source-into four beans (Fig. iB). 32. ~An
appar at us a ﬁﬁ@-Péreﬂéﬁﬁ1Bl?t%hZFeFﬂméﬁiH°f?r%¥e¢$ﬁﬁmmiaﬁ¢on optica

system i ncl udes two | ens sgsgens g150,-1621 inierted across the optical
path al t er nRO8LFiOR - nd8r FBFYt FBfCwni FRNYRBIBHF }’riﬂ%h%’b_%ﬂm%’r‘i%ﬁ%%l). 33. An

di i 27, .28 2 wh i d fi illum i

oht cal syetamiREl ae8 ABERNPORTER: BharBhe RFFTeR &F) Fafet onm sard
i | e _LRtq.f i d i d f

i ber bund o (18 §8-pd1sy’ BibeR°7EapalE, e oBERMEPaRis Bhay R (o Tou!

recei ving sigdgbcd@d t8PBEAREHCREdAL EANtnENERL bBToR! FEpéflBion2) . 34. An

apparatus according to Clains 27, 28 or 29) further conprising a correcting
optical systfadubaty &%2khkOexefmeecihBari| | AB 8AneRampleiNifOs Mty
occurring when the secondary |ight source having four sections is swtched
to anot her ssedndaser! egitssatr200 Hz3 dhkn ffici8ht agpodsgre I8 fferent
intensity distribution. 35. An apparatus according to Caim 3~, wherein

sai d correctatrmpimahlec dly spstenthallinpgenbe( f@fbenvofibrevalutitprisie opti cal
path. 36. An apparatus according to Caim35, wherein said first

i |1 um nati ofopthec argdednpiptepthatl thateffacbive 1bight | eeureR ed by |i ght
fromsaid |ight source, and said novable lens (122) in an optical path of

the light fromRlcespitican pdiegeatoAupdopnt in response to each

light emission.

Where the system is arranged so that a single
effective light source displaces with time, the
effective light source portions (distributions) as
defined in different portions of the pupil are

provided by the light energy from one and the same
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device pattern on a workpiece using a nethod of form ng an i mage as defi ned
inany of Clains 1 to-5, and nanufacturing a m crodevices fromthe

pri nt ed~wor kpi ece. 38. A m crodevi ces manufacturing nethod) including a
step of printing a device pattern on a workpi ece using an apparatus as
defined in any one of Clains 6 to 36, using the light source of four
sec~lions (2a, 2b, 2c) 2d), and nmanufact4®+ng a m crodevices fromthe
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embodlments is not used in this embodiment, a blade
device 74 separate from the blade device 24 of the
preceding embodiments is provided in the neighbourhood
of the reticle 30. The blade device 74 has a similar
structure and a similar function as of those of the
blade device 24, and the size of the aperture thereof
can be changed in accordance with the size of the
circuit pattern formed on the reticle 30.

. The mirror 73 serves to reflect almost all
the portion of the light inputted thereto, but it also
serves to transmit and direct a portion of the.input
light to a light quantity ménitor, provided for
exposure control. Denoted at 35 is a condenser lens,
and denoted at 76 is a pinhole plate which is disposed
at a position optically equivalent to that of the

reticle 30. Light from the mirror 73 is collected by
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apparatus wherein an image of a fine pattern is
projected in accordance with a method of the present
invention.

In this embodiment, a KrF excimer laser 81
(center wavelength 248.4 nm and bandwidth 0.03 - 0.05
nm) is used as a light source. Important features °
reside in that: since the excimer laser 81 is of pulse
emission type, no shutter is provided and the exposure
control is done through the actuation control of the
laser itself; and, since the laser itself is equipped
with a filter and the bandwidth of laser light is
narroweé; no wavelength selécting filter is provided.
The beam splitters 51 and 53, the mirror 52, the
filter 17 and the integrato; 19 have a similar
function as those of the embodiment shown in Figure 7.
The portion after the integrator 19 is of a similar
structure as shown in Figure 6A, except for that a
projection lens system (not shown) is provided by a
lens assembly designed with respect to a wavelength
248.4 nm and consisting of silica (main component).

In the excimer laser 81, the laser light has
high coherency and, therefore, it is necessary to
suppress production of a speckle pattern. To this
end, in this embodiment, an incoherency applying unit
82 is provided at a position after the light is
divided by the beam splitter group (51 - 53). while

many proposals have been made as to how to remove the
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speckle in an illumination optical system using an
excimer laser, the provision of an effective light
source in accordance with the present invention is
essentially compatible to them, and various known
methods may be used. In consideration of this,
details of the unit 82 are.omitted here.

In this embodiment: while an effective light
source such as shown in Figure 3A is defined on the
pupil plane of the projection lens system 31 through
the illustrated illumination optical system (17, 19,
51, 52,53 and 82), the cir;uit pattern of the reticle
is illum;nated with uniform-illuminance. Thus, an
image of the circuit pattern of is projected by the
projection lens system 31, whereby the image of the
circuit pattern is transferred to the resist of the
wafer. The effect of such projection exposure is as
has been described hereinbefore, and a fine pattern of
0.3 - 0.4 micron can be recorded on the resist of the
wafer 32 sharply and stably.

-Figure 10 is a fragmentary schematic view of
a seventh embodiment of the present invention, which
is an improved form of the apparatus of the sixth
embodiment shown in Figure 9.

In this embodiment, laser light from a laser
81 is divided into four light beams by a reflection
type pyramid-like prism. While in the apparatus of

Figure 6 a transmission type pyramid-like prism 13 is



~1K10% U U& ()-L 10% U& ()-y10% U& ()->s{dE~ @ 1l 10% U& ()-/
-~ @0% U& ()-3,10% U& ()- & 10% U& ()-F( 10% U& ()- 9pgr sxnbCl
10 U 10 U 10 U9 10% U& ()-3710% U& () - S5s10% U& () -3  10%

-51-

used for the light division, the same effect is
attainable by using reflection type one. As a matter
of course, the structure of this aspect of the present
invention can be realized by using a ultra-high
pressure Hg lamp but, in this example, a KrF excimer
laser is used as a light source. The laser light
emanating from the laser 81 is transformed into ‘an
appropriate beam diameter by means of an afocal beam
converter 91 and, after this, it enters a pyramiﬁ;like
prism 92. The arrangement of the pyramid-like prism
is so set that four reflection surfaces thereof are
orientéh to define, as a result, an effective light
source such as shown in Figure 3B, at the pupil
position of the projection lens system (not shown).
Denoted at 93 are mirrors for deflecting the lights as
divided and reflected by the reflection surfaces of
the prism 92. The portion after the mirrors 93 has a
similar structure as of the apparatus of Figure 9,
whereas the portion after the integrator 19 has a
similar structure as of Figure 6A, except for that the
unshown'projection‘lens system is provided by a lens
assembly designed with respect to a wavelength 248.4
nm and consisting of silica (main component).

Also in this embodiment: while an effective
light source such as shown in Figure 3A is defined on
the pupil plane of the projection lens system 31

through the illustrated illumination optical system
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Thus, an image of the circuit pattern of is projected

by the projection lens system 31, whereby the image of

the circuit pattern is transferred to the resist of

the wafer. The effect of such projection exposure 1is

as has been described hereinbefore, and a fine pattern

of 0.3 - 0.4 micron can be recorded on the resist of

the wafer 32 sharply and stably.

Figure 11 is a fragmentary schematic view -of

an eighth embodiment of the present invention, showing

another fbrm of semiconductor device manufacturing

projection exposure apparatus wherein an image of a

fine pattern is projected in accordance with a method

of the present invention.

In this embodiment, an illumination system

using a bundle of fibers 101 is shown. The fiber

bundle 101 has a light entrance surface disposed at a

position whereat light from a ultra-high pressure Hg

lamp 11 is focused by an elliptical mirror 12. Light

beams are propagated through the fibers and are

directed to the light entrance surfaces of the

integrators 19. The end portion of the fiber bundle

remote from the ultra-high pressure Hg lamp 11, that

is, the end portion at the light exit surface thereof,

is branched into four bundles corresponding

respectively to the portions of the effective light
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effective light source. The optical arrangement of
the remaining portion of the apparatus is provided by
the same structure as that of the Figure 8 embodiment.
However, as a photodetector for the light quantity
monitoring, a quartered detector 102 is used to detect
the balance of light quantities from the fiber bﬁndles
(i.e. four portions of the secondary light source and
thus four portions of the effective light source).
The déiector sections of the quartered detector 102
correspond to the exits of the four integrators 19,
respectively.

In this embodiment: while an effective
light source such as shown in Figure 3A is defined on
the pupil plane of the projection lens system 31, the
circuit pattern of the reticle is illuminated with
uniform illuminance; and an image of the circuit
pattern of is projected by the projection lens system
31, whereby the image of the circuit pattern is
transferred to the resist of the wafer. The effect of
such projection exposure 1s-as has been described
hereinbefore, and a fine pattern of 0.4 micron can be
recorded on the resist of the wafer 32 sharply and
stably.

Figure 12 is a fragmentary schematic view of
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a ninth embodiment of the present invention, showing
another example of semiconductor device manufacturing
projection exposure apparatus wherein an image of a
fine pattern is projected in accordance with a method
of the present invention.

In this embodiment, an illumination system is
provided by using a plurality of light sources. 1In
this example, ultra-high pressure Hg lamps lla and 11lb
are used. However, it is a possible alternative to
use an excimer laser and to construct a laser optical
system, that is, an optical system for a parallel beam
of small divergence angle. ™

-While not shown in the drawing because of
superposition, four ultra-high pressure Hg lamps are
used in this embodiment. Light beams from these four
Hg lamps enter a concave lens 103. Then the light
passes through a wavelength selecting interference
filter 16 and four filters, for the adjustment of
light quantities in the portions of the effective
light source, and is received by the integrators 19.
The optical arrangement after the integrators 19 is
similar to that of the Figure 11 apparatus, and an
effective light sourée such as shown in Figure 3A is
formed on the pupil plane of the projection lens
system 31. Thus, also in this embodiment, an image of
the circuit pattern of the reticle 31 is projected on

the wafer, whereby the image of the circuit pattern of
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the reticle is transferred to a resist of the wafer,
The effect of such projection exposure is as has been
described hereinbefore, an a fine pattern of 0.4
micron can be recorded on the resist of the wafer,
sharply and stably.
In the semiconductor device manufacturing
projection exposure apparatus having been described in
the foregoing, the arrangement of the effective light
source on the pupil plane is fixed. However, as .
described in the introductory portion of the
Specification, the parameter p representing the center
positiéb of each portion of the effective light
source and the parameter q-representing the radius of
each portion or the radius of a circle circumscribing
it as well as the shape of each portion of the
effective light source are to be optimized in
accordance with a circuit pattern which is the subject
of the projection exposure. In consideration thereof,
it is desirable to arrange the system so that in each
embodiment the parameters p and gq, for example, are
made changeable. By way of an example, in an
embodiment which uses the stop member 18, a stop.
member having a variable aperture shape may be used
therefor or, alternatively, different stop members
having apertures of different shapes may be prepared.

Further, the apparatuses described

hereinbefore are those for the manufacture of
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to many cases wherein an image of an article having a
fine pattern mainly consisting of longitudinal and
lateral pattern features, is to be projected through
an optical system. -

Further, while in the apparatuses described
hereinbefore the image projecting optical systeﬁ
comprises a lens system, the invention is applicable
also to a case where a mirror system is used therefor.

1 Still further, while the apparatuses
described hereinbefore uses light of i-line or laser
light of wavelength 248.4 nm for the image projection,
the abplicability of the present invention does not
depend on the wavelength. Thus, as an example, the
invention is applicable to a semiconductor device
manufacturing projection exposure apparatus which uses
light of g-line (436 nm).

As describéd in the foregoing, through
formation of a specific effective light source on a
Pupil of an image projection optical system, an image
of a fine pattern having a-very high frequency can be
Projected with a similar resolution as attainable with

4 phase shift mask and, conveniently, with a simple

Process as compared with use of the phase shift mask.
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As described, the present invention has paid
a particular note to the necessary resolution for and
the directionality of a pattern of a semiconductor
integrated circuit and proposes selection of an -
optimum illumination method, best suited to the
spatial frequency and the directionality of that
pattern. )

Some embodiments to be described below have
an important feature that: in order to meet the .
semiconductor integrated circuit manufacturing
processes including steps of a maximum number not less
that 20 thenty), an illumination device has a
conventional illumination sfstem and a high-resolution
illumination system which can be easily interchanged.

-Figure 13 is a schematic view of a main
portion of an embodiment of the present invention.
Denoted at 11 is a light source such as a ultra-high
pressure Hg lamp, for example, having its light
emitting point disposed adjacent to a first focal
point of an elliptical mirror 12. The light emanating
from the.lamp 11 is collected by the elliptical mirror
12. Denoted at 14 is a mirror for deflecting the
light path, and denoted at 15-is a shutter for
limiting the quantity of light passing therethrough.
Denoted at 150 is a relay lens system which serves to
Collect the light from the Hg lamp 11 on an optical

integrator 19, through a wavelength selecting filter
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lenses arrayed two-dimensionally, to be described

later.

In this embodiment, the optical integrator 19 .-

may be illuminated in accordance with either a

"ecritical illumination method" or a "Kohler

illumination method". Alsc, it may be that the light

exit portion of the elliptical mirror is imaged on the

optical integrator 19. The wavelength selecting

filter 16 serves to select and pass light of a

necessary wavelength component or components (e.g. i-

line or g-line), out of the wavelength components of

the light from the Hg lamp 11.

Denoted at 12 is a stop shape adjusting

member (selecting means for selecting intensity

distribution of the secondary light source), for

adjusting the shape of a stop, and it comprises a

pPlurality of stops provided in a turret arrangement.

The adjusting member is disposed after the optical

integrator, more particularly, adjacent to the light

exit surface 19b of the integrator 19. The stop shape

adjusting member 18 serves to select predetermined

ones of small lenses, constituting the optical

integrator 19, in accordance with the shape of the

integrator 19. Namely, in this embodiment, by using

the stop shape adjusting member 18, an illumination

method suitable for the shape of a pattern of a



F10% | & () -s$10%4& () -10%4| & ()-10%t| & ()-pp+qq, s-s. s/ s; sxmbC 10 ,1800? %IW
h& ()- 104| 104| 104|s0 10%} & ()- S)10%| & ()-ss':10%t & ()-%0%}| & y-, i
sS@G& uuuxxaB7C 10 hy#10% h& ()-"10% h& ()-!| S#109%$h$h&' ()-s10% h& ()-s $10%
y& ()-, ,10% h& () - xxxxxxyEByymN #10%3 & () -

1096& () - @O0%& () - 109 ()--109%% ()-9' 10%&' ()-m 10 h 10

hyyyygzzzdEmN #10%3 10%&' () - @OYG&'-EP~10%=&' () -

10968 ()-109%& ()-s109%&' ()-z({,}}}}}}~uj _@*10' 109B& ()- 10G 10G

10G 0 $109%6&" () - i $1096& () - !'i 109 () -

l ZY0% 7& () - ~~~dBj §?10L&$10%BB&T()-OLIQ%B&T( - Zs$10%

& () - s$109RSERise oF) integEated ciceydt toobpugxppsed (teobs

described later) is selected. Details of the
selection of small lenses will be described later.

Denoted at 21 is a mirror for deflecting the -ee
light path, and denoted at 122 is a lens system for
collecting the light passing through the adjusting °
member 18. The lens system 122 plays an important
role for the control of uniformness of illumination.
Denoted at 23 is a half mirror for dividing the liéht
from the lens system 122 into a transmitted light and
a reflected light. Of these lights, the light
reflectéﬁ by the half mirror 23 is directed through a
lens 138 and a pinhole plate 40 to a photodetector 42.
The pinhole plate 40 is disposed at a position
optically equivalent to that of a reticle 30 having a
pattern to be exposed {(printed), and the light passing
the pinhole plate is detected by the photodetector 42
for the control of the amount of exposure (based on
control of the shutter 15).

Denoted at 24 is a masking mechanical blade
device, and the position thereof is adjusted by means
of a driving system (not shown) in accordance with the
size of a pattern of the reticle 30, to be expose&.
Denoted at 25 ia a mirror, denoted at 26 is a lens
system, denoted at 27 is a mirror, and denoted at 28
is a lens system all of which serve to illuminate the

reticle 30, placed on a reticle stage 137, with the
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light from the Hg lamp.

Denoted at 31 is a projection optical system
for projecting and imaging the pattern of the reticle
30 upon a wafer 32. The wafer 32 is attracted to and
held by a wafer chuck 33 and, also, it is placed on an
X-Y stage 34 whose position is controlled by means of
a laser interferometer 136 and an unshown controller.
Denoted at 38 is a mirror mounted on the X-Y stage 34,
for reflecting light from the laser interferometer.

In this embodiment, through the adjusting
member 18, a secondary light source is formed at thé
light exit surface 1%b side 5f the optical integrator
19, and the light exit surfaée of the integrator 19 is
disposed in an optically conjugate relationship with
the pupii plane 3la of the projection optical system
31 through the elements 21, 122, 25, 26, 27 and 28.
Thus, an effective light source image corresponding to
the secondary light source is formed on the pupil
prlane 3la of the projection optical system 31.

Referring now to Figure 14, the relationship
between fhe pupil plane 31 of the projection optical
system 31 and the light exit surface 19b of the
optical integrator 19 will be éxplained. The shape of
the effective light source as formed on the pupil
plane 3la of the projection optical system 31
corresponds to the shape of the optical integrator 19.

Figure 14 shows this, and in the drawing the shape of
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surface 19b formed on the pupil plane 3la of the

projection optical system 31 is illustrated
superposedly. For standardization, the diameter of
the pupil 3la of the projection optical system is
taken as 1.0 and, in this pupil 31la, the light exit
surfaces of the small 1ensé§ constituting the optical
integrator 19 are imaged to provide the effective .
light source image 19¢c. 1In this embodiment, each
small lens of the optical integrator 19 has a square

shape.

Here, the orthogonal axes which are the major
directions to be used in designing a pattern of a
semiconductor integrated circuit, are taken on x and y
axes. Tﬁese directfons correspond to the major
directions of the pattern formed on the reticle 30,
respectively, and also substantially correspond to the
directions (longitudinal and lateral sides) of the
outer configuration of the reticle 30 having a square
shape. As described and as is well known in the art,
usually tﬁe orthogonal axes used in the pattermn
designing correspond to x and y axes defined in the
pProjection exposure apparatus with respect to which a
reticle is to be placed on the reticle stage. Also,
the x and y axes correspond to x and y axes along
which the X-Y stage 34 is moved.

The high-resolution illumination system shows
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as described has a level near 0.5. In consideration

of this, in this embodiment, through the restriction

by the adjusting member 18, only those light beams

passing through particular ones of small lenses of the

optical integrator 19, as selected in accordance ‘with

the shape of the pattern on the reticle 30 surface,

are used for the illumination of the reticle 30. More

specifically, the selection of small lenses is so made

as to assure that the light passes those regions of

the pupil plane 3la of the projection optical system

31, otﬁér than the central?fegion thereof.

Figures 15A and 158 are schematic views of

the pupil plane 3la, respectively, each showing the

result of selection of those light beams passing

particular ones of the small lenses of the optical

integrator 19 made by the restriction by the adjusting

member 18. In each of these drawing, the painted area

Corresponds to the light blocking region while the

Nlon-painted areas correspond to the regions through

which the light passes.

Figure 15A shows an effective light source

image on the pupil plane 3la to be defined in an

Occasion where, for a pattern, the directions with

Tespect to which the resolution is required correspond

to the x and y axes, respectively. Assuming now that

the circle representing the pupil plane 3la is
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expressed by:
x2 4 yz = 1,
the following four circles are considered:
(x-1)2 + y2 = 1
x% + (y-1)2 = 1
(x+1)% + 2

x2 + (y+1)2

1

1 -

By these four circles, the circle
representing the pupil plaﬁe 3la is divided into eight
regions 101 - 108.

In this embodiment, an illumination system
having ﬁ}gh resolution and iérge depth of focus in
respect to the x and y direétions, can be assured by
preferentially selecting a group of small lenses
present in even-numbered regions, namely, the regions
102, 104, 106 and 108, so as to pass the light through
the selected small lenses. Thus, as an example, a
stop 18b or 18c illustrated in Figure 16 is selected
and the projection exposure is effected. Those small
lenses around the origin (x = 0, y = 0) have a large
effect in enhancement of depth of focus chiefly with
regard to a pattern of a relatively wide linewidth
and, therefore, whether such small lenses are to be
Selected or not is a matter of choice which may be
determined in accordance with a pattern to be printed.

In the example of Figure 15A, those small

lenses around the center are excluded and, thus, the
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formed effective light source is substantially
equivalent to that shown in Figure 3A. It is to be
noted here that the outside portion of the optical
integrator 19 is blocked, against light, within the
illumination system by means of an integrator holding
means (not shown). Also, in Figures 15A and 15B; for
better understanding of the relationship between the
small lenses and the pupil plane 3la of the projection
optical system 31, the pupil plane 31la and the
effective light source image 19c of the optical
integrator 19 are illustrated superposedly.

i Figure 15B shows a;-example of restriction in
an occasion where high resoiution is required with
regard to a pattern with features extending in + 45
deg. directions. Like the case of Figure 15A, the
relationship between the pupil 3la and the effective
light source image 19c¢c of the optical integrator 19 is
illustrated. For a + pattern, under the same

condition, the following four circles may be drawn

superposedly on the pupil 3la:

(x-1/¥Z)% + (y-1¥2)% = 1

(x+1/42)2 + (y-1/42)% = 1 -
(x¢1/Y2)% + (y+1/42)% = 1 -

(x-1/v/2)2 + (y+1/2)% = 1,

and, like the example of Figure 15A, the pupil 3la is
divided into eight regions 111 - 118. In this

occasion, those which are contributable to the
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enhancement of resoclution of a pattern with features

of + 45 deg. are odd-numbered regions, that is, the

regions 111, 113, 115 and 117. By pfeferentially

selecting those small lenses of the optical integrator .-
which are present in these regions, for the pattern

with features of + 45 deg. and a kl factor of a level

of about 0.5, the depth of focus increases

considerably. Thus, as an example, a stop 18d such as

shown in Figure 16 is selected and the projectioﬁ

exposure is effected.

Figure 16 is a schematic view of
interchangeable stops 1l8a f-18d of the adjusting
member 18. As illustrated, a turret type
interchanging structure is used. The first stop 18a
is used-when a pattern which is not very fine, as
having a k; factor of not less than 1, is to be
printed. The first stop 18a has the same structure as
in a conventional illumination system known in the
art, and which serves to block, against light, the
outer portion of small lens group of the optical
integrator 19. The stops 18a - 18d are those added in
accordance with the present invention.

Generally, in an illumination system for high
resolution, an advantageous result is obtainable to a
high spatial frequency when a region of the optical
integrator which is, on the pupil plane, outside of

the size as required in the conventional type
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illumination system, is also used. As an example, in
the conventional type illumination system it may be
preferable to use those small lenses which are present
within a radius of 0.5; whereas in an illumination
system for high resolution, although small lenses
around the center are not used, there is a case
wherein those small lenses present within a circle of
a maximum radius of 0.75 on the pupil plane (the .
radius of the pupil plane is 1) should preferably be
used.

For this reason, the size of the optical
integrat@r 19 as well as theféffective diameter of
the illumination system, for-example, should
preferably determined while taking into account both
the conventional type and the high-resolution type.
Also, it is preferable that the light intensity
distribution at the light entrance surface 19a of the
optical integrator 19 has a sufficient size such that
it functions sufficiently even if a stop 18 is
inserted. The possibility of blocking the outer small
lenses with the stop 18a is because of the reason
described above. Thus, as an example, there may be a
Case wherein, although at the optical integrator 19
Side a maximum radius 0.75 is prepared, the stop 18a
Choices regions within a radius of 0.5,

By determining the shape of a stop in

COnsideration of the specificness of a pattern of a
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semiconductor integrated circuit to be printed, as

described, it is possible to arrange the exposure

apparatus best suited for that pattern. The selection

of stops may be made automatically in response to a “es

signal applied from a computer, provided for overall

control of the exposure apparatus. Illustrated in °

Figure 16 is an example of stop shape adjusting member

18 formed with such stops. In this example, any one

of four stops 18a - 18d can be selected. As a mafter

of course, the number of stops may be increased

easily.

_ There is.a case wherein the non-uniformness

in illumination changes with the selection of a stop.

In consideration of this, in this embodiment, such

non-uniformness in illuminance can be finely adjusted

by adjusting the lens system 122. Such fine

adjustment can be done by adjusting the spacing

between constituent lenses of the lens system 122 in

the direction of the optical axis. Denoted at 151 is

a driving mechanism for displacing one or more

constituent lenses of the lens system 122. The

adjustment of the lens system 122 may be effected in

accordance with the selection of the stop. 1If

desired, the lens system 122 as a whole may be

replaced by another, in response the change of the

stop shape. In that occasion, different lens systems

each corresponding to the lens system 122 may be
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prepared and, in a turret fashion, they may be
interchanged in accordance with the selection of the
stop shape.
In this embodiment, ag described, the shape -
of stop is changed so as to select an illumination
system suited to the characteristics of the Pattern- of

a semiconductor integrated"circuit. Also, an

An important factor in this case is the balance of
intensity in these four regionms. However, in the
arrangement shown in Figure 13, there is a case
wherein the shadow of a Cable to the Hg lamp 11
adversely affects this balance. Therefore, in an
illumination Ssystem for high resolution wherein the
stop means shown in Figure 15A or 15B is used, it is
desirable to set the arrangement So that the linear
Zone COorresponding to the shadow of the cable
Coincides with those small lenseg of the optical
integrator which are blocked against light.

More Specifically, inp the Figure 153 exaﬁple,
Preferably the cable 1la should be extended in the x
or y directions, such as shown in Figure 17A. 1p the

Figure 158 example, on the other hand, preferably the
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with respect to the x and y directions. In this
embodiment, preferably the direction of extension of
the cable of the Hg lamp may be changed in response to
the change of the stop.
Figure 18 is a schematic view of a main
portion of another embodiment of the present
invention. The system of ?igure 18 is the same as
that of Figure 13 in respect to the projection
exposure of a pattern which is not very fine, as

having a k; factor not less than 1. On the other

hand, for the projection exposure of a fine pattern

with a kg factor about 0.5, ‘a stop such as shown in
Figure 15A or 15B is insertéd in accordance with the
directionality of the pattern, as described in the
foregoinﬁ. In this case,~however, since the system of
Figure 13 simply blocks the light, the efficiency of
use of the light from the Hg lamp 11 decreases. In
consideration of this, the embodiment of Figure 18 is
arranged to assure effective use of light.

To this end, in the system of Figure 18, as
am imporfant feature a pyramid-like prism 61 can he
inserted between the elliptical mirror 12 and the
mirror 14. The light beam produced from a portion
near an electrode of the ultra-high pressure Hg lamp
11 is reflected by the elliptical mirror 12, and then
it enters the pyramid-like prism 61 whereby four light

source images, corresponding to the four surfaces
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constituting the prism, are formed on a plane
including a second focal point of the elliptical
mirror 1l2. Lens system 162 can be inserted in place
of the lens system 150, to direct the light sc¢o that .-
the four light source images correspond respectively
to four separate light transmitting portions of an
inserted stap. -
In this embodiment, the pyramid-like prism to
be inserted should be placed with specific .
orientation. For a stop of a shape such as shown in
Figure 15A, each ridge between adjacent surfaces of
the éiism 61 should be plEced in alignment with the x
or y direction (Figure lgh). For correction of a
change in the imaging relationship of the optical
system due to the insertion of the prism, in the
system of Figure 18 the lens system 150 disposed after
the shutter 15 is replaced by the lens system 162
simultaneously with the insertion of the prism.
On the other hand, in a case where the light
transmitting regions of the stop are on the x and y
axes, ‘as in the Figure 15B example, each ridge of the
prism is set with angles of t+ 45 deg. with respect to
the x and y axes (Figure 19B). Also in this case, the
lens 162 is used in place of the lens system 150 for
the correction of imaging relationship.
A plurality of pyramid-like prisms may be

prepared in accordance with the number of stops



10Z 10Z 10Z! MLO%Z&' () - Z"10%Z& () - MLO%Z&' () - 410%Z&f()-#lo%z&f(xvﬂfjﬁh
dEYNC 10 S&10%G& ()-3, & 10%& () - SY 2002
F;O%E&f()-@EﬁlO%Et&'()-SF9-10%E&'()-&'10%E&'()- Uttx ####t#Hxnb C
109" 10%Z& ()-f 10G 10G 10GSl: 109 ()-1 81l0%& ()- @B"10%& ()- S
$1096G& () - ##\ $3% % %dENHC  10910%Z& () - @O0%&' ()-LZ"10%
& ()-LZ"10%Z& ()-LZ"109%Z& ()-f9l0%Z& (371 W80R&I' S' z' a?nbC
10! 9l +- 109K () - 91 +- 109%&Z& () -93"10%Z& ()- @
s$10%&' ()-3910%Z& ()-L10%Z& ()-z' (((((((g)bC 10!&$10%r& ()-T
10%m& ()-L-10%m& ()-'10%% ()-f 10Z

prepared.

Figure 20 is a schematic view of a main
portion of a further embodiment of the present
invention. This embodiment differs from the Figure
13 embodiment in the structure of a lens system 65,
imaging on the optical integrator 19. In this
embodiment, the lens system 65 forms an image of the
light exit surface of the elliptical mirror 12 on the
optical integrator 19. Here, a case wherein a stop
such as shown in Figure 16 is used is considered.
What is a problem in this occasion is that there is a
difference in maximum effeéfive diameter of light as
required on the optical infegrator 19, between a case
wherein the stop 18a for conventional illumination
method_as described is used and a case wherein one of
the stops 18b - 18d for the high-resolution
illumination system is used.

In this embodiment, in consideration of this,
the lens system 65 is provided by a zoom optical
system so as to meet the change in diameter of light.
Since the diameter of light from the ultra-high
pressure Hg lamp 11 is determined definitely by the
light exit portion of the elliptical mirror 12, use of
the zoom optical system 65 of this embodiment assures
control of the light beam diameter in accordance with

an illumination method used. Thus, the light

utilization efficiency is improved.
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The controllability of the size or the
intensity distribution of the light on the optical
integrator 19 is important, also in a case wherein the
lens system 150 of the Figure 13 system forms, on the ”
light entrance surface 19a of the integrator 19, an
image of the Hg lamp 11, not an image of the light
exit portion of the elliptical mirror 12.

Thus, for the control of the light intensity
distribution on the integrator 19, the Hg lamp ifself
may be displaced along the optical axis so that it is
defocused with respect to the light entrance surface
19a of:the optical integréior 19.

- Figure 21 is a schematic view of a main
portion of a further embodiment of the present
invention. An important feature of this embodiment
resides in that, in order to assure uniform light
intensity distribution on the optical integrator as
well as even weight of the small lenses, the optical
integrator is used in duplex. In the drawing, denoted
at 171 is a lens system which corresponds to the lens
system 150, denoted at 16 is a wavelength selecting
filter, and denoted at 172 is a first optical
integrator. 1In accordance with the function of.an
optical integrator, light beams emanating from from
the small lenses constituting the first optical

integrator 172 and passing a relay lens 173, are

Superposed one upon another on a second optical
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integrator 174. As a result of this, a uniform

illuminance distribution is provided on the light

entrance surface 174a of the second optical integrator

174. T

If in the preceding embodiments a uniform
illuminance distribution is not provided on the
optical integrator 19 (as an example, the distribution
is like a Gaussian distribution wherein the level at
the center is high), it is necessary to finally‘
determine the shape of the stop for the high-
resolu%ion illumination on the basis of experiments,
for eg;mple. In the preséﬁt embodiment, on the other
hand, since the weight (tﬁe light quantity supplied
therefrom) of the small lenses is even, the contrast
of ima§e performance can be controlled easily.
Further, in this embodiment, double optical
integrators are used, it is not necessary to pay a
specific attention to the cable as described with
reference to Figures 17A and 17B.

Figure 22 is a schematic view of main portion
of a further embodiment of present invention. In this
embodiment, a fiber bundle 181 is provided in front of
the optical integrator 19. -In this example, the zone
of the optical integrator to be irradiated is
controlled by means of a spacing adjusting mechanism
182 and a driving mechanism 183 therefor, for

adjusting the spacing of adjacent end portions of the
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illumination system, the Spacing of the four fiber
bundles 181a - 1814 is narrowed. 1In order to provide .
a distribution corresponding to that shown in Figure
154, the spacing of the fiber bundles 181a - 1814 is
widened by a predetermined~amount. Such adjustment is
effected in accordance with a. stop 18 used. In the
latter case, rotation of the fiber bundles 181a - 181da
is also necessary.

In some examples described héreinhefore,'one
ultra~h§gh Pressure Hg lamg"having been frequently
used is used. However, as 'a matter of course, the
present invention is applicable also to a case where
Plural light sources are used or, alternatively, an
excimer laser is used as a light source. In an
occasion wherein an illumination system uses an
excimer laser, it is possible that the position of
laser on the optical integrator is SCanned with time.
In that case, by changing the range of scan in
accordance with the type of a circuit pattern to be
printed, an effective light source (image) such as
shown in Figure 15 can be pravided easily.

Although it has not been explained with
reference to these embodiments, in the high-resolution
illumination System the balance of the four portions

generally divided by the stop is important. Since
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portions of the effective light source or of the
manner of correcting the distribution have been
described hereinbefore, description of them is omitted
here.

Further, while in these embodiments of the-
present invention the stop means is inserted at a
position after the optical integrator, it may be
disposed in front of the integrator. As an
alternative, if in the illumination system there is a
plane which is optically conjugate with the optical
inteé?ator, the stop may be disposed on such plane.

In some embodiménts of the present invention
described hereinbefore, in accordance with the
finepéss or the directiocnality, for example, of a
pattern on a reticle to be projected and exposed, an
illumination system suited to that pattern is selected
to thereby assure an optimum exposure method and
apparatus of high resolution. Further, these
embodiments of the present invention provide an
advantage that: for exposure of a pattern which is not
very fine, a conventional illumination system can be
used at it is; whereas for exposure of a fine pattern,
while using an illumination system which assures high
resolution with a small loss of light quantity, it is
possible to obtain a large depth of focus.

While the invention has been described with
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reference to the structures disclosed herein, it is not
confined to the details set forth and this application

is intended to cover such modifications or changes as

may come within the purposes of the improvements or the

scope of the following claims.
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CLAIMS:

1. A method of forming an image of a fine pattern
having linear features extending in orthogonal first
and secaond directions, for the manufacture of
microdevices, said method comprising the steps of:

illuminating the pattern (30) with light from
a light source (11-19), said light source having an
intensity distribution such that the portions at a
center thereof and on first and second axes defined to
intersect with each other at the center and defined
along the first and second dirsctions respectively is
decreased in comparison with paortions of the light
source other than the center portion and the portions

along the first and second axes;
wherein said light source comprises four

sections_(2a, 2b, 2c, 2d4) having substantially the
same light intensity and being distributed in four
gquadrants defined by the center and the first and
second axes;

_wherein an image of the light source is
projected onto a pupil (1) of a projection optical
system (7), and

wherein on the assumption of a coordinate
system defined by X and Y axes extending along the
first and second directions and intersecting at a
center of the pupil, and that a radius of the pupil is
1, coordinates of centers of the four sections are (p,
p). (-p. P} (-p. -p) and (p, -p), wherein 0.25 < p <
0.6, '

the intensity distribution of the light
source, the fine pattern and the optical system being
arranged so that said linear féatures produce
diffracted light in which the zero order light travels
substgntially only abhliquely relative to the pattern
and of which substantially only light of zero order
and of one of the first orders passes through the
pupil for the formation of said image of said fine
pattern.

gl
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2. A method according to Claim 1, wherein each
of the sections has a radius g, and 0.15 < g < 0.3.

3. A method according to Claim 1 or 2, wherein
the intensities of the center portion and the portions -
along the first and second axes are approximately

Zero.

4. A method accarding to Claim 1, 2 or 3,
wherein said light source is formed by a light source
and illumination optical system which includes (i) an
optical integrator (19) having a light receiviang
surface and a light emitting surface, for receiving
with said light receiving surface light from a primary
light source and dividing the received light to
pravide a plurality of light beams from said light
emitting surface, and (ii) stop means (18, Fig. 6A)
having four apertures disposed adjacent to one of said
light receiving surface and said light emitting
surface of said optical integrator (19) to define the
four sections (2a, 2b, 2c, 24) of said light source.

5. A method according to Claim 1, 2 ar 3,
wherein said light source is formed by a light source
and illumination aptical system which includes (i) an
optical integrator (19) having a light receiving
surface and a light emitting surface, for receiving
with said light receiving surface light from a primary
light source and dividing the received light ta
provide a plurality of light beams from said light
emitting surface, and (ii) stop means (17, Fig. S5a) of
cross;like shape disposed adjacent to one of said
light receiving surface and said light emitting
surface of said optical integrator (19) to define the
four sections (2a, 2b, 2c¢, 2d) of said light source.
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6. A projection expaosura apparatus for

projecting an image of a pattern of an original (30)

on a warkpiaece (32) for the manufacture of

microdevices, said apparatus comprising:

a light source (1I);

an X-Y stage (34) for supporting therson the
workpiece (32) and being movable along X and Y
directions in an X-Y couordinate system defined in said
apparatus;

a first illumination optical system (12-19)
for forming a secondary light source with light from
said light source, said secondary light source having
an intensity distribution such that the portions at a
center thereof and on first and sacond axes defined to
intersect with each other at the center and defined
along the X and Y directions,-raspectively is
decreased in comparisaon with the portions of the light
source other than the center-portion and the portions
along the first and second axes;

.an illumination optical system (20-28) for
illuminating the pattern of the original (30) with
light from said light source; and

a projection optical system (31) for
projecting on the workpiece (32) an image of the
pattern illuminated with the light from said light
source,

wherein said intensity distribution of said
secondary light source is such that said secondary
light sodrce comprises four sections (2a, 2b, 2c, 24)
having substantially the same light intensity and
being distributed in four guadrants defined by the
centef and the first and second axes, and

wherein an image of the secondary light
source 1is projected onto a pupil (1) of said
projection aptical system (31), and wherein, on the
assumption of a coordinate system defined by X and Y
axes extending along the first and second directions
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and intersecting at a center of the pupil, and that a
radius of the pupil is 1, coordinates of centers of
the four sections (2a, 2b, 2c¢, 24) are (p, pP)., (-p,
p), (-p, -p) and (p, =-p), wherein 0.25 < p < 0.6.

7. An apparatus according to Claim 6, wherein
each of the sections has a radiuvus g, and 0.15 < q <
0.3.

8. An apparatus according to Claim 6 or 7,
wherein the intensities of the center portion and the

portions along the first and second axes are
approximatealy zero.

9. An apparatus according to Claim 6, 7 or 8§,
further comprising a detector (42. 37) for detecting
the intensities in said four sections (2a, 2b, 2c,
2d), and means for adjusting a ratic of the
intensities of said four sections.

10.  An apparatus according ta Claim 9, wherein
said detector includes a first intensity distribution
sensor (42, 102) mounted to saild illumination optical
system (20-28).

11. An apparatus according to Claim 10, wherein
said detector has a second intensity distribution
sensor (37) adjacent an image plane of said projection
optical system, wherein the intensities of said four
sectigns’are detected by said first and second
intensity distribution sensors, and a result of
sensing of said first intensity distribution sensor
(42, 102) is caorrected on the basis of said sensing of
said second intensity distribution sensor (37).

12. An apparatus according to Claim 9, wherein
said detector includes an intensity distribution
sensor (37) disposed adjacent an image plane of said
projection optical system (31).
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13. An apparatus according to any of Claims 6 to

12, wherein said first illumination optical system

includes (i) an optical integrator (19) having a light

receiving surface and a light emitting surface, far

receiving with said light receiving surface light from

said light source and dividing the received light to )
provide a plurality of light beams from said light

emitting surface. and (ii) aperture stop (18, Fig. B6A)
having four gpertures disposed adjacent to one of said
light receiving surface and said light emitting
surface of said optical integrator (19) to define the
four sectians (2a, 2b, 2c, 2d4) of said light source..

14. An apparatus accarding to any of Claims 6 to
12, wherein said first illumination optical systen
includes (i) an optical integratar (19) having a light
receiéinéisurface and a lightjémitting surface, for
receiving with said light receiving surface light from
said light source and dividing the received light to
provide a plurality of light beams from said light
emitting surface, and (ii) an aperture stop (17, Fig.
SA) of crass-like shape disposed adjacent to one of
said light receiving surface and said light emitting
surface of said optical integrator (19) to define the
four sections (2a, 2b, 2c¢, 2d4d) of said light source.

15: An apparatus according to any af Claims 6 to
14, wherein said first illumination optical system
includes an elliptical mirror (12) for reflecting
light from a lamp as said light source and an aoptical
integrator (19) illuminated by the light reflected by
said elliptical mirror. )

16. An apparatus according to any of Claims 6 to
13. wherein said first illumination optical system
includes a first optical integrator (172) illuminated
by light from said light source, and a second optical
integrator (174) illuminated by light from said first
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optical integrator (Fig. 21).

17. An apparatus according to any of Claims 6 to

12, wherein said first illumination optical system
includes a beam splitter (101, 181, 61) for splitting

light from said first light source into four heams,
and an optical integrater (19) illuminated by said
four beams.

18. An apparatus according to Claim 17, wherein
said beam splitter includes a bundle of fiber (101,
181) integrated at a side receiving the light and
divided at a side from which the light emits.

19. An apparatus according to Claim 17, wherein
said beam splitter includes a pyramid-shaped prism
(6l). - -

20. An_apparatus according to Claim 17, wherein

said light source is a laser (8l1), and said beam
splitter (82) makes the four beams incoherent.

21. An apparatus according to Claim 20, wherein
said laser (B8l) is an excimer laser.

22. An apparatus according to any of Claims 6 to
12, wherein said first 1llumination optical system
(12-19, 71) forms the four sections (2a, 2h, 2¢, 2d4)
sequentially (Fig. 8).

23. An apparatus according to any of Claims 6 to
12, wherein said light source ingludes a plurality of
pPrimary light sources (lla, 11b, llec, 11d) and an
optical integrator (19a, 19b, 19c, 19d4) illuminated by
the primary light sources.

24. An apparatus according to Claim 23, wherein
said light source has four primary light sources (lla,
1lb, 1llec, 114; Fig. 12).
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corresponding to four sections af the secondary light
source, and wherein an edge of the aperture extands
along a cross-section of the lens of said lens array.

27. An apparatus according to any of Claims 6 to
13, wherein said first illumination optical system
(12-19) isncapable (50) of switching the secondary
light source having the four sections to another
secondary light source having an intensity
distr;butibn different frowm that of said light saurce
(Fig. 16).

28. An apparatus according to Claim 27, wherein
said first illumination optical system has a mechanism
(50, 18) for selectively inserting across the optical
path first and second aperture stops (18a, 18b) having
openings caorresponding to the intensity distributions
af the light scurces.

29. An apparatus according to Claim 28, wherein’
said first illumination optical system has an optical
integratoer (19) including an array of lenses, and said
first and second aperture stops (18a, 18b) are
inserted acrass the optical path adjacent the aptical
integrator, and the edges of the first and second
apertures are extended along a lens cross- section of
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the lens array.

30. An apparatus according to Claim 28, wherein
said first illumination optical system includes a zoom
lens (65) illuminating an optical integrator (19) with
light from said primary light source, and wherein said
first and second aperture stops (l8a, 18b) are
inserted across the optical path adjacent the aptical
integrator (Fig. 20). _

31. An apparatus according to any of Claims 23‘to
29, wherein said first illumination optical system
includes -2 pyramid-like prism (61), insertable acrass
the optical path, for splitting light from said light
source into four beams (Fig. 18).

32. An apparatus according to Claim 31, wherein
said first illumination optical system includes two
lens systems (150, 162) inserted across the optical
path alternately in interrelation with the pyramid-
shapeé Prism (61).

33. An apparatus according to Claims 27, 28 or
29, wherein said first illumination aoptical system
includes a beam splitter for splitting light from said
primary light source into four beams, and said beam
splitter includes four fiber bundles (18la, 181b,
181c, 181d) which are unified at a light receiving

side, and separated at a light emitting side (Figy.
22).

34. An apparatus according to Claims 27, 28 or
29, further comprising a correcting optical system
(151, 122) for correcting illuminance non-uniformity
accurring when the secondary light source having four
sections is switched to another secondary light source

48 JUN 2002



18 JUN 2092

- 85 -

having a different intensity distribution.

35. An apparatus according to Claim 34, wherein
5a2id correcting optical system has a lens (122)
movable along the optical path.

36. An apparatus according to Claim 35, wherein
s5aid first illumination aptical system an optical
integrator (19) illuminated by light from said light
source, and said movable lens (122) in an optical path
of the light from the optical integrator (19).

37. A microdevices manufacturing method,
including a2 step of printing a device pattern on a
workpiece using a method of forming an image as
defined in any of Claims 1 to -5, and manufacturing a
microdevices from the printed:workpiece.

38. A microdevices manufacturing method,
including a step of printing a device pattern on a
workpiece using an apparatus as defined in any one of
Claims 6 to 36, using the light source of four
sections (Z2a, 2b, 2c, 24), and manufacturing a
microdevices from the printed workpiece.



