, _ abcdef e3ePD 6TPYP~ 4 ,~' ~1'~~ ~~Z - 1  EXPOSURE METHOD AND EXP{SUREN)
APPARATUS 5 I nvention relates to an exposure nethod and
exposure apA mmummmmmm is enployed in the manufacture of mcrodevic

such as sem cond ar el ements, thin-filmmagnetic heads, and liquid /9
crystal dlsplay e enents 10 BACKGRCUND]ART I n-the photollthographlc
process, of the processes for the manufacture of sem conductor
elenents ﬁmmmmmmmmﬁ apparatus for transferring a patterns forned on a
mask or ret

15_pattern§#8&gE?Fg§ﬁto resist, frequent use is

made of a st eppsocoer redu0|ng and t he retlcle patterns on shot
areas of the wafer. As_steppers, the s -and-repeat _t i ch repeatedly
exposes the reticle paF¥%?§§R§nMBﬂEOQh6F825x§P§HR§fAPﬁéBﬁgpﬁcle patterns at
one tinme then noves the wafer and exposes another reticle patterns at one
time and, recently, fromthe viewpoint of expanding the exposure range or

| nprovi ng the exposure performance, the step-and-scan type which repeatedly

~~7 25 synchr ondZECHND@AR SFIERBD mask and wafer for scanning "1l 14 ~~~E
~ta~ 2 and illumnation by slit light of a rectangular or other shape to

sequensti al | y exprise phesenteifvention yrelatest bonanuexpssuvrel mefhwvds t he
waf er for scan exposure of another shot area have been devel oped and , 5

put into conikdCéRpos§Pe hpphbatast WREEhOE sCER giayedaaﬁartﬁteuses the
iI'lum nation optical systemillumnates the wafer coated with the photo

resist throughndPg-PRSE 52" AEEr¥hEYikBE BEERChE BaMiGLRAURKCR" appropriate

anount of
elements, thin-film magnetic heads, and liquid crystal

display elements.
10 BACKGROUND ART
In-the photolithographic process, one of the
procesges for the manufacéﬁre of semiconductor
elements, as an exposure apparatus for transferring a
patterns formed on a mask or reticle (reticle
15 patterns) to a photo resist, frequent use is made of a
stepper for reducing and projecting the reticle
patterns on shot areas of the wafer.
As steppers, the step-and-repeat type which
repeatedly exposes the reticle patterns on one shot
20 area of the reticle patterns at one time then moves
the wafer and exposes another reticle patterns at one
time and, recently, from the viewpoint of expanding
the exposure range or improving the exposure
performance, the step-and-scan type which repeatedly

25 synchronously moves the mask and wafer for scanning



10 exposure in accordance with the sensitivity of the photo-resip@ ggg 7nn
thereby sel ectively photosensitizes the photo resist so as to-form i e
patterns having shapes corresponding to the reticle patterns for one | ayer
(latent inmages before devel opnent or patterns 15 after devel opnent). As the
device patterns to be forned on a wafer,,there are generally periodic
patterns periodically repeating |lines and spaces (L/S), dense patterns
densely crowded with small di stances between adj oi ning 20 patterns,

i sol ated patterns.arranged relatiyely.i.sol ated_from Qther tterns such as
ones const 1 B0PngLpEPEBRERSR b sl BaBRroRE. 2ahor AR Her pat ter ne

m xed together, In response to the.d qgnd for increasing 25 mniaturization
in recent yeaFg?reFLBP ﬁ&ssﬁggﬁnﬁﬁﬂg Y §XpPPsg,shot _are -QQBQh%)shorten

t he wavel ength of the light source_or increase the nunerical aperture of
the projecti WALBEri EBPNsFUCERFSANCAYIMOVES, thegWatfedofen &Fakchnol ogy has

been devel oped for inproving the , ,. 5 resolution or depth of focus by the
use of the pkapesynef ofnanbtbesf sposyiagieag havehbeensdeviedopad @nd of the
mask for shifting the phase of light or annular illumnation, snal

a-illumnatipat tmdof cemmelrcdiailnaisieqn, etc. alone or in conbination. 10

These high resolution technol ogi es, however, differ in effectiveness

dependi ng--on theppahbgentypaBeot! ekpovude apphtath@ess @R €, in the case

of a dense patterns, light is diffracted fromthe mask to a specific

discrete d'r?iihﬁ?nﬁ@q8h°#§E§chﬁ?s?%%QEPHHQEmi%Et%% LHP YRt 1 on of a
snmall a 1lfu e

phase shift reticle an m nati on nmay used reduce the

breakdoun of cbligcRalteRn hIRgRAU 1 48" QBRI N il dngey depth of

focus. As oppose he C i SOl patterns,- t is
diffracted fro thﬁ nask.Oﬁer a_ 20 broad continuous.r%%ﬁe, SO th%Eeffect of
the high resYthfi GRet EERMGLEGPALEINS PYr 300 APRFOR S 1t SRt ©

10 exposure in accordance with the sensitivity of the

photo -resist and thereby selectively photosensitizes

the phéto resist so as to;form device patterns having

shapes corresponding to the reticle patterns for one

layer (latent images before development or patterns
15 after development).

As the device patterns to be formed on a wafer,
there are generally periodic patterns periodically
repeating lines and spaces (L/S), dense patterns
densely crowded with small distances between adjoining

20 patterns, isolated patterms arranged relatively
isolated from other patterns such as ones consfituting
peripheral circuit portions, and various other
patterns mixed together.

In response to the demand for increasing

25 miniaturization in recent years, effort has been made



patterns and a |large depth of focus cannot be obtained. Thereforley Blierfilz
appl yi ng such high resolution 25 technol ogy, when simultaneously exposing
and form ng 14 ' BEv ~~~~2 - 4 dense patterns and isol ated patterns, the
common depth of focus ends up beconming relatively small. Therefore it was
difficult to handle the increasing mniafurization of patterns. Therefore,
in the past, . 5 an exposure nethod for form ng the device patterns by
suitably partitioning the deV|ce patterns to be formed so as not to overlap

and separate ing |t| Le y.a roprlate amount s of
exposure in EEcEREReR shervRRELehaBR: Pel Bt 1Ene’ 3RS BEane ¢ ve
substrate has been g ﬁosed for exanpl e, see _Japanese ,Unexam ned Patent
Publ i cati on tRGKkER§eNBhe nyBeFignl aprriure: AStREI PXRISEEAON v expl ai ned
with reference to FIG 11A FIG 11B, and FIG 11C. In 15 these figures,

t he shaded pePEieal §ﬁ§ﬁﬁmhelplQﬁ@thﬂéwrBpghn5359iﬂﬁéﬁ§ while the

non- shaded portions show the light transmtting portions. Note that in the
fol | owi ng expéchnology hasi beansdewedlopetl fopoimprovingsitde i s used as a
photo resist and device patterns 20 conprised of dense patterns 91c and
i sol at 6d pattesokufionasrstepthi bfFfGcuslbyathefl aseed fotheh@haalecr coat ed
W th the photo resist. First, as shown in FIG 11A a first reticle forned

with reticl espaktenasheQnBE §Q€v@filﬁgn§epﬁﬁk'&eéﬂifQé§} ak @‘ar&h@rfes
correspondi ng to the dense patterns ~~~ - t he

devi ce pattetns Aagkarhi0BhiRiRk’ LA BHaBAL be' 11988 LY _fhgiagsting the

portions forne e I'so ate patt rns 9 vice patterns and

their vicini e st 5 appropriate
amount o exphSiPERBLLbR- oRRRLE LaadRiRReyIdhe motitledun (1 F G 118, a
second reticl forne W th ? retiicle pattern rlsed of a light

i nterruptingt géPPéPﬁ 9Bt GC 8L Ry 9He°ﬁwﬁg56 0 corresponding to

t he dense patterns 91c_of the deV|ce patters_and their V|C|n|ty and an

i sol atdd patternTh 3§§bh69har§§868tééﬂré?ﬁaﬁaﬂﬁglﬁértH@WP§GFat 58t ern 92¢

of the device patterns is used to expose the photo
in effectiveness dependlng on the pattern shape, line

g

w1dth,\etc. For example, in the case of a dense H
patterns, light is diffracted from the mask to a
specific discrete direction and lowers the resolution,
15 so a combination of a phase shift reticle and small o-
illumination may be used reduce the breakdown of the
pattern image due to defocus and obtain a large depth
of focus. As opposed to this, in the case of isolated
patterns, light is diffracted from the mask over a
20 broad continuous range, so the effect of the high
resolution technology is smaller compared to the dense
patterns and a large depth of focus cannot be
obtained.
Therefore, even if applying such high resolution

25 technology, when simultaneously exposing and forming



resi st by an appropriate anmount of exposure as 15 determ ned by Lis,u‘ﬁﬁ
sensitivity. By this, the sane region on the photo resist is exp ed“g ‘b%
By partitioning the device patterns to be fornmed into dense patterns 91c
and isolated patterns 92c in this way, providing a reticle formed with
reticle 20 patterns having the correspgn?ing dense patterns 9l1la and anot her
reticle formed.with reticle patterns having the corresponding isol at ed
patterns 92b, and using high resolution technology suited to fornmation of

these patterns for separately transferrin nd 25 form ng the patterns, it
s possi bl o SERSENPEGECERS ad jSolafednPRsteIng, [he. common,deBH| ut | on

overall. Here, when expaosing and form ng_fine gatterns, the Iine wi dths of
t he patter nsPEhBAGRS dBBAEoUPaPEEOR1BLr FRLa%kdNSAY SM@ddngdherefeod®s, change
of amount of . 5 exposure, synchronization accuracy of the stages, etc.

These errorsitayadediffganytditei dendlet theydnemerisdingr ror occurring
repeatedly wth-exhibiting a particular trend and random error occurring
random y w thoniatupibatiog afyppaterasl.ar tTiewefdte i intthe pads®f such
error by sone nmethod or another woul d be advantageous in inproving the

accuragy andahnexgesupe meehbldnEBes Forhihbe theyidesikd pRitterny Rd. Wile
sone of above conventional exposure nethods proposed doubl e exposure by

appropri ate gﬂmsgggga}iiﬂeﬁ%@et e detspd g‘a%t@fnfshw%rziie E‘ﬁ{etdy of the

photo resist, the e patterns”and isolated patterns of t evi ce

patterns forped far u - al | si_nal e . re. Therefore,

t here was noggi??ﬁbgﬁcg°g§g§%¥a§ngig?%ébg%a¥ﬁgyrg%&?%ﬁ%ﬁpgﬁl he 20 random
error fromthe_usual e posur e net hod _of form ng device patferns by a single
exposur e andpaﬁgégﬁ8pﬁﬁi8ﬁ GET0Re §éFPBFHP§H8§§ APEYUNS S Stdom error coul d
not be prevented. Further, since they substantially perfornmed 25 exposure a
singl e time, SFREFBIRad Nt RECHTGINESH WHAh the sensifiyity of the

10 photosensitive substrate has been proposed (for

example, see Japanese Unexamined Patent Publication

TR

(Kokai) No. 2-166717). = :
This method will be briefly explained with
reference to FIG. 11A, FIG. 11B, and FIG. 11C. In
15 these figures, the shaded portions show the light
interrupting portions, while the non-shaded portions
show the light transmitting portions. Note that in the
following explanation, it is assumed that a positive
resist_is used as a photo resist and device patterns
20 comprised of dense patterns 91c and isolated patterns
92c as shown in FIG. 11C are formed on the wafer
coated with the photo resist.
First, as shown in FIG. 11A, a first reticle formed
with reticle patterns comprised of dense patterns 9la

25 of shapes corresponding to the dense patterns 91c of



focus error, a type of systematic error stenmng fromthe unevenpgsi:?fﬂ$?e
waf er surface and the positional dependency of the focus, caused! thewd iy
def ocus portions to becone thinner or thicker with a certain trend 5 based
on the pattern shapes etc. and thereby preventing achi evenent of
appropriate and regular |line w dths. Tbii was a particul ar problemfor

i solated patterns where there is a renmarkabl e tendency for the Iine w dths
to becone thinner due to defocus. 10 Further, since they perforned exposure

twi ce by the propti ate unt of .exposu as. determ.ned by . .the
sensitivity Bsgtﬂgebﬁ8t8a?ggF§F,apﬁiéeifﬁé%aﬁﬂﬁﬁfrgptéQﬁb &%ﬁﬂnmwed W th
formati on of device patterns by a single expaosure was necessary, a |longer
time was 15 PeBufPEJPFBEeptdREshRgPORRACNFe tOTTEdWilthe Yheser " or ot her

| i ght source could not be reduced. DI SCLOSURE OF THE | NVENTI ON Accordi ngly,
an obj ect of 1sadapedspattprnenPrencifsthe deyice pa&texngodns tdeimt the
time of exposure and 20 formfine patterns wwth a food accuracy. Anot her

obj ect of theipirgtyt isnusetli tn expbser étlecphblte Clesigds byn dn ne wi dt hs of
device patterns due to defocus and realize line widths close to the line

wi dt hs 5i n t heppasprobtexpmsunt bY elkpobare based 2n fis all patterns. 14

.~~~~tut _ g _ Astill other object of the present invention is to inprove
the processi ggngpee¢iey.exposure and reduce the costs. 1. To achieve the
above objects, according to the __ 5 present invention, there is provided

an exposure et higctor aOLALOA dRVEGE PIbEr 0 sBRAPIUININS ARG

substrate, conprising overlaying and transferring a p

appr opr 1 at e, T8 ABUREC 3P Lo RRE SR b CHBLAPAtnRd By T en i1 vi Ly of

sensitivity of the
phot osensitivye substrate to forn1th% devi ce patterns. )
interrupting pattern 91b for protecting the portions

10 corresponding to the dense-patterns 91c of the device
patterns and their vicinity and an isolated pattern
92b ofua shape corresponding to the isolated pattern
92c of the device patterns is used to expose the photo
resist~by an appropriate amount of exposure as

15 determined by its sensitivity. By this, the same
region on the photo resist is exposed twice.

By partitioning the device patterns to be formed
into dense patterns 91c and isolated patterns 92c in
this way, providing a reticle formed with reticle

20 patterns having the corresponding dense patterns 9l1a
and another reticle formed with reticle patterﬁs
having the corresponding isolated patterns 92b, and
using high resolution technology suited to formation

of these patterns for separately transferring and

25 forming the patterns, it is possible to achieve an



Since the nmethod of the present invention overlays and transfers he
plurality of patterns by an anmount 15 of exposure smaller than thé U e
appropri ate anmount of exposure as determ ned by the sensitivity of the
phot osensitive substrate, the random error occurring randomy w thout
exhibiting any particular trend can be rgduced by an averagi ng effect and
therefore the 20 exposure accuracy can be-i-unproved and fine patterns can
be formed with a good accuracy The net hod of the present invention is

effective | osu accuracy of patterns of all types of
shapes  and f g@xﬁ%%?%“éﬁﬁn ?F3§fand 25 transfer a plurality of periodic

patterns of 14 s~ "~ L1, Z substantlall t he sane_ shapes as
t he device paIteﬁ?@?tdw%%nf%¥H%ﬂln@u?P%e?°rm%ngs ﬁB@sPﬂFEeFBSovEPPay and
transfer a plurality of isolated patterns of substantially the __ 5 sane

shapes as thbimewidthatefr ket pabternsnebangs duesteayariqugarticul ar, it
is possible to add auxiliary patterns to at | east one isolated pattern to
transfer it esreordewsk astaechandg dbi igecusj schahgbeofimamopassplfil e to form
i sol ated patterns using high 10 resolution technol ogy effective for
transfer of eepssupajteynchronizatibheaccaracg eschhexpeages,aemney the
plurality of exposures is perforned by an anmount of exposure smaller than

the approm'@lﬁ@s@”@ﬂﬁér@fmsypBéUfsuQﬁl?f)dﬂGi&éH‘ ifdob¥yERemaensi tivity of
t he photosensitive substrate, it is not necessarily esSential to set the

i ne mndths Qﬁréfe°ée&¥£¥gé¥fggéég§?§¥IQlﬁﬁﬁékﬂ§E$£%§§|Qf t he resol ution

limt as in the case o patterns ng auxiliary
atterns and rforn ur ipgle._ti bv.the_a rlate amount
Pr exposur o PAREPERLEE HASnALRRA FEnBaR' RSy biFNaY ihdr £ aRERE

arrangenent, etc auxi liar attern is therefqre 055|ble to
e The, rwSHReeloptbiby %aahﬁa?f ﬁerrﬁca érrEFSPFlveF§lF‘F-€i‘| 308 i n 25

terms_of conpatibility === ther, since each exposure
amonglfhe pl@fa$REY 6¥r6§pB¥uF@§e|@eBBPﬂoPﬁeanﬁyhﬁﬁ WRB&A: BEF exposur e

advantageous in improving.the accuracy and increasing

o)

the fiﬁeness of the device patterns formed. :
While some of above conventional exposure methods
proposéd double exposure by appropriate amounts of
15 exposure as determined by the sensitivity of the photo
resist, the dense patterns and isolated patterns of
the device patterns formed were formed by
substantially a single exposure. Therefore, there was
no difference at all in terms of the reduction of the
20 random error from the usual exposure method of forming :
device patterns by a single exposure and deterioration
of the pattern shape due to random error could not be
prevented.
Further, since they substantially performed

25 exposure a single time, there was the problem that



smal l er than the appropriate amount of exposure as determ ned bqqthﬁq rrn
sensitivity of the photosensitive , 5 substrate, it becones possibl'¢ to
partition the device patterns to be fornmed on the photosensitive substrate
so as not to overlap, increase the processing speed conpared with the
conventional exposure nethod of exposing; each of the partitioned patterns
by the 10 appropriate anmount of exposure, use a relatively |ow output |ight
source, and-Feduce the hardware costs. 2: To achieve the above objects,

according to p t Ln i Qn, LS P i.de osyre met hod
for formng ﬁé€$%eég§§?érhs¥§§gagghg&ggéﬁgFiFvé9¥égsgggﬁpgég,%gg rising
transferring on to the ghoto enﬁitiv% subst%ate fias and s§%pnd Q?tterns
havi ng subst GRei WPEVERRESSRE LRgpWaIgl PRETACE aRdphheePRS1EIOPARLt said
patterns of the sane shape are overlaid to formthe device patterns. 20 In
the present HRDERLEBRY §En§§ef¢P§PsanGagééénBhSapﬁéPﬁ§sh£ﬂﬁE&°§§tterns of
the sane shapes as the device patterns are transferred on to the

phot osensi ti ¥e bepemeatbinperhar phickenswatht Becextaishireandare overl ai d..
the randomerror of the overlaid 25 portions is reduced by the averaging

ef fect 5and, baddd-~on' the~patteth shhpesf ete. ahd ¢hewebwye accuracy can be

i nproved and fine patterns can be forned with a good accuracy. The nethod
of the preseptevanenhyoichiefbheati ve hgp'wpmuitegahaer;@gm&tﬂ g igecuracy of
patterns of all a_ 5 types of shapes and can nake the first and second
patterns hav{ ns t n t h Fes as the

devi ce patte?%§t§§°bgh?grﬁ§§.éFggfﬁggii?? Pgb%%ggigfzaggcﬁgke the first and

second pat t e ps. Dk ngngl Bhed PIL! o7 03800899 AU For Rl e ns to

at | east one e fIrs Second-p ns. IS na it "becones

ible t ' t tt i.th d b [ hi gh
asol ut on_t bERROHSTSRET FBL BRTOmR,EhiPRRE: BReof S AREACRE or s, 15 Rot e

that the exposure conditions in the transfer .
10 Further, since they performed exposure twice by the

appropriate amount of expesure as determined by the

e

sensitivity of the photo resist, twice the amount of :
exposure compared with formation of device patterns by
a single exposure was necessary, a longer time was
15 required for processing, and the cost of the laser or
other light source could not be reduced.
D OoSu ION
Accordingly, an object of the present invention is
to reduce the random error at the time of exposure and
20 form fine patterns with a good accuracy. :
Another object of the present invention is to
reduce the changes in line widths of device patterns
due to defocus and realize line widths close to the
line widths in the case of exposure by the best focus

25 for all patterns.



of the first patterns and the transfer of the second patterns arg q@p rep
particularly limted and nay be the sane or different. The amounts Bf!
exposure, however, may beset so that the sum of the anmounts of exposure 20
given to the photosensitive substrate at the tinme of transfer of the first
and second patterns becones the approprigte amount of exposure as

determ ned by the sensitivity of the photosensitive substrate. In this
case, the anmounts of exposure at the tinme of transfer 25 of the first and

d tt . 4 p~lv~ az=2 -.1 tantiall
cqual . Fartner, SnERiCheSkkE BRaschy o chp Brreshy davBRE TR S WG ffer”
it is possible to nakg t he exposure conditions of the photosensitive
substrate di APBFEXE 5REcPROSHSEHDI SPEED 2Tt EXROSHTE ?é%orﬁf" % erns. As

t he exposure conditions in this-case, it is possible to use ones including
i I'1um nati ontB8nBPELENs of the first and second patterns. 3. To achieve the
above objects, according to the 10 present invention, there is provided an
exposur e net hed- Tor atbievegthevaboveavbdestson agcprdimgets tihee substr-ate
t hrough a projection optical system conprising a step of overlaying and
transf & ri ngpeesthe phoeatdosn,t ithereulist pxosideds tanmrekposuyrel patterns 15
having changes in line widths of pattern inmages due to positions in a
direction of meRBoapirbogalfoaiiingoidevieep paitdeirng owWtd PHotsdmyitifvedpposi te
trends to formsaid device patterns. For exanple, when the surface of the

phot osensi ti ¥gpg@ratlst a8 ﬂi%iﬁgfng@ﬁgﬁgngﬂa?gogggfmi@péhe best

focus position of the pattérns b propriate

| i i dths | : be.i. LLhe 1] | f th
por i ons. not PAETAREHot PACIEARC AR She ERer st ity 0. "

positions, b%%°§% Q%EE%Qerogfﬂygﬂngless than the appropriate

10 amount of exposure as determined by the sensitivity of
the photosensitive substrate to form the device «
patterns. 'j
Since the method of the present invention overlays
and transfers the plurality of patterns by an amount
15 of exposure smaller than the appropriate amount of
exposure as determined by the sensitivity of the
photosensitive substrate, the random error occurring

randomly without exhibiting any particular trend can

be reduced by an averaging effect and therefore the

20 exposure accuracy can be-improved and fine patterns
can be formed with a good agcuracy.
The method of the present invention is effective in
improving the exposure accuracy of patterns of all
types of shapes and for example can overlay and

25 transfer a plurality of periodic patterns of



14 Jt'w ~~2 - 13 depending on the amount of offset (anount of dpioguzpan
fromthe focal plane in the direction of the optical axis of the prbj' dff%n
optical system so do not becone the appropriate line widths. 5 By

enpl oyi ng the nmethod of the present invention, this point is inproved. That
is, the first patterns and the second pajterns are patterns exhibiting
opposite trends in the changes in line wdths of the pattern i mges as
determ ned by the position in the 10 direction of the optical axis of the

proj ection oRij ince th re_qverlaid f.or transfer, by having
the line mﬁd?ﬁégg%n?%gigg}ggﬁsgggFt?gﬁgggfaghgh rg%gF%Frgﬁig rns be
formed thicker or ghinn r due to the defocus at the time of transfer of the
15 first patFBrﬁ? ﬂﬁmﬁg'forned exhi biting an opposite trend due to the
sanme defocus at the time of transfer of the second patterns, these cancel
each other out tBuftheryiat WFdpPR§SsébdsetpoovrElRynand drassfert Be best
focus position and therefore the changes in line 20 w dths of device

patt er ns- accpimpaa}iby oflangedaitedf patteras b sabtstadtialWMyr ehepecifically,
when the photosensitive substrate is offset fromthe focal plane of the
proj ectsi on opameakhapekteds ithei depise bhetegnevesl de Formed.t mansfer on to
t he photosensitive substrate first 1 ~~~;a~<2 - 14 patterns where

the line wﬁdthssoeaséeiathe&achma&esikoage o8B ibhe RboteRensitive
substrate beconme thinner than the device patterns and a second pattern

where the |iQﬁxmﬁﬂh??aPEtEQ%nQakheﬁQ'EQQQ%SE %rqﬁglgﬁehh atterm to

phot osensitive subs e becone thicker than the device patterns. Mre

The Tirst pAEFARREckaytoRonAadoREs RALRArt BYnEoang 4 Sodnd pht terne.

may 10 be nmagde dense attgéns to be parthally overlaid on the isol ated
patterns. AcPEFOMRA§ PBSFaSL& ER FOTM,&SpLaLeR: PRYFEFDS 4Sdng highen the
exposure conditions are the sanme, isolated patterns tend to becone thinner
in |idd w dt Fegnéutdonetechaclpgy efdessdveafosr fransfer of dense

s

patterns. -
Fu;ther, since each exposure among the plurality of s

exposures is performed by an amount of exposure
smaller than the appropriate amount of exposure as

15 determined by the sensitivity of the photosensitive
substrate, it is not necessarily essential to set the
line widths of the auxiliary patterns in consideration
of the resolution limit as in the case of forming
device_patterns by adding auxiliary patterns and

20 performing exposure a single time by the appropriate
amount of exposure. There are few restrictions 6n the
line width, shape, arrangement, etc. of the auxiliary
patterns. It is therefore possible to handle the high
resolution technology in use relatively flexibly in

25 terms of compatibility.



15 tend to beconme thicker in line wdth. By overlaying these, it is
possible to formisolated patterns close to the appropriate |irekwldtHsn?
Note that the patterns other than isolated patterns overlaid with the first
patterns anong the second 20 patterns serving as the dense patterns in this
case are auxiliary patterns not.contribytjng to the formation of device
patterns. Further, the exposure conditions in the transfer of the first
patterns and the transfer of the second 25 patterns are not particularly
limted and may Qe e As e~ ~r,.n, 14 ~~ ~1 a 2 - .15 .sane .qr different.
The anounts of eEBB%BFE{ ﬁ&%&?e??cﬁanQQSEEF apopg g, o %ﬁd&yiﬁ amount s
of exposure %iven to the photosensitive substrate at the tine of transfer
of the first SXRASUEESndSpRELECTRGLYmed AReUNt of axpositet e anount of
exposure as determ ned by the sensitivity of the photosensitive substrate.
In this casesmaideznishans the approprdaie ameountmefrexpaswreasof the first
and second patterns may be set to be becone substantially equal. 10

Furt her, whedetkeemdaed byethef stemsiftivdityand sheophotaisensitsive ffer, it i.s
possi ble to make the exposure conditions of the photosensitive substrate

different begubemrrhite,l itsSbeldined pozddbiecard padititiibn Ahd ReveXdeosur e
conditions in this case, it is possible to 15 use ones incl uding

i 11 uninati onyaeRdirhisORS P tHEmldd Tn AME THACRYE RRLHEVE substhihtashi eve the
above objectsS, according to the present invention, there is provided an
exposure apparatus r form evisce: - er, : t%§§¥§ﬂtive
substrat e--t%&oh&hngﬁp}fgj ggﬂ[e:igna dptlﬁlggfé%tsstfst% ?Jgg%per%%sli% ol der _for
arranging first and .second patterns at. an.object plane qf %bg proj ection
opti cal systgﬁfnggrteﬁlaf“”%hr ﬁeaﬁ(?nsvg n@&tteé‘rpr?é,u%%él}qﬁ}%g tterns of the
sanme shapes as the device 25 patterns,, are sel ecti velsy prog ected on the
exposing each of the partitioned patterns by the

10 appropriate amount of exposure, use a relatively low

output- light source, and reduce the hardware costs.
2;2 To achieve the above objects, according to the

present invention, there is provided an exposure

method for forming device patterns on a photosensitive

15 substrate, comprising transferring on to the
photosensitive substrate first and second patterns
having substantially the same shapes as the device
patterns so that said patterns of the same shape are
overlajd to form the device patterns.

20 In the present invention, since first and second
patterns having patterns of .the same shapes as the
device patterns are transferred on to the
photosensitive substrate so that patterns of the same
shapes are overlaid, the random error of the overlaid

25 portions is reduced by the averaging effect and,



.6~."~ tti - 16 photosensitive substrate and a position adjustei ﬁp{,ﬁ
adjusting the relative positions of the projected i mages of thé st Ly
second patterns with the photosensitive substrate so that patterns of the
same __. 5 shapes are overlaid and transferred on the photosensitive
substrate. The projection exposure appanrgtus of the present invention is an
apparatus for working the nethod of the present invention. First, the

hol der arranges one 10 of the first and second patterns at the object plane

si de-of the gj.ection tical syste th osi.tion adj r. adjusts the
relative pos?%?%ﬁgoﬁF’tﬁgepﬁﬁPgéﬁgﬁ ghﬁ&ﬁgcngSHe%Sf1&h§%%%ﬁgg d second
patterns with, the photosensitive substrate, then, or 15 during this,

transfer andféRBoBaFteIpé ﬁéPfBFﬁéﬂFmﬁexV}tphé H8PGeACSERSTes the ot her of
the first and second patterns at the object plane side of the projection
optical system The methedonafatihgspeesgatuinyentdopelist efdesddviei s of the
projected i mage 20 of the other of the first and second patterns with the
phot osensi t i impsoishgatbe ekposure documgcyhs, patiesher ocfndldxposure are_
performed, whereby the overlaid portions having the sane shapes in the

proj ecsed i magpesobft bhapesstndndanemake pakt €irst2andeses®ndie device
pattern. 14 ~! p~f s~2 - m The overlaid portions having the sane shape

in the transpattednsMe9Ingf defgef pattednd 5¢CeaMBsRANdEII @A educed in
random error due to the averaging effect resulting fromthe two exposures

and are . 5 LEREONRHpE hUC AR HEITKObakhEAIARES e Goitlier the |1 ne

wi dths of the device patterns. Further, e portions other than the .
over a1 Bt OnSRELukRs, 1875 HARS hhel BB, bR LRl RbTaRR of (e firs
second patterns having isolated patterns and add
10 auxiliary patterns to at least one of the first and
second patterns. This makes it becomes possible to s
form isolated patterns wiéh a good accuracy by using .
high resolution technology effective for transfer of
dense patterns.
15 Note that the exposure conditions in the transfer
of the first patterns and the transfer of the second
patterns are not particularly limited and may be the
same or different. The amounts of exposure, however,
may be_set so that the sum of the amounts of exposure
20 given to the photosensitive substrate at the time of :
transfer of the first and second patterns becomes the
appropriate amount of exposure as determined by the
sensitivity of the photosensitive substrate. In this

case, the amounts of exposure at the time of transfer

25 of the first and second patterns may be set to be



10 anount of exposure conpared with the portions having the sane shape and
do not _contribute to the devel opnent, so the auxiliary patterns1§agvge£3p
freely forned in shape or line width. Fine patterns can be fornmed by )
suitabl e selection fromthe viewpoint of the 15 trends in the change in
line width due to defocus. BRI EF DESCRI PJI QN OF THE DRAWNGS FIG 1 is a
view of the overall, schematic configuration of an exposure apparatus of
the present invention; 20 FIG 2Ais a view of--f-first reticle patterns of
a first enmbqdi nent of. the pr nt _invention; FIG 2B is a view of second
reticle patt qﬁ??ﬁSRQEFanﬁﬁgifyéﬁﬂb hent of the present invention; FIG
2C is a view of the shapes of device patterns_25 of {he first enbodi mnent of
the present invdMitdier, when fhe en£,12t1_.e§ LI e R1TSt 4230 §PEPPEhanges
in pattern [ine wdths due to the amount of defocus of the first enbodi nent
of the prescattennsitdbifer Gt 408 iRossSihIe &9 makeskRPeSXBPSHIEst reticle
5 patterns of a second enbodi nent of the present invention; FIG 4B is a

vi ew of the cdmjiesiaris sef ovive rphotdosepait evessalbsthateednfifierabbddi nent of
the present invention; 10 FIG 4Cis a view of the shapes of device

patterss of HeéwrsEt Oflte efbesH NBatt@fns hendr e6€vhdi patterns. KsCGcheA is a
view of the shapes of first reticle patterns of a third enbodi nent of the

present inveddddlird Scdhdiit PBns SiR YhEW Sdséheighapegogbipgeond reticle
patterns of the third enbodi nent of the present invention;, FIG 5Cis a

view of the slaneseols dovigengali ipengls shecbhutdigbogimegh of the

present invention; . is aviewo shapes of first reticle
g?tiﬁ;nzhgge r%%y;%g%ﬁ%g$§%$g$%t€érﬁgg_p{esent i nvention; FLG. 6B is a view
3. To achieve the above objects, according to the
10 present invention, there is provided an exposure
method- for forming device -patterns on a photosensitive
subsﬁrﬁte through a projection optical system,
comprising a step of overlaying and transferring on
the photosensitive substrate first and second patterns
15 having changes in line widths of pattern images due to
positions in a direction of the optical axis of the
projection optical system of opposite trends to form
said device patterns.
For example, when the surface of the photosensitive
20 substrate is uneven, the portions present at the best
focus position of the patterns being transferred
become the appropriate line widths if the random error
can be ignored, but the line widths of the portions
not at the best focus positipn, that is, present at

25 defocus positions, become narrower or thicker

‘o



patterns of the fourth enbodi nent of the present 25 invention; 14 ~~ '~
a~~2 - 19 FIG 6Cis a view of the shapes of device patterns dit th8! g0 th
enbodi ment of the present invention; FIG 7Ais a view of imge intensity
distribution on a wafer in the case of exposure using the patterns _y 5 of
FIG 6A; FIG 7Bis a viewof imge intgnsity distribution on a wafer in
the case of exposure using the patterns™of FIG 6H FIG. 7Cis a view of

i mage intensity distribution 10 on a wafer in the case of overlay exposure
usi ng the patter-ns of Fl 6A and FI -G 6H, FIG 8A.s vi ew of the
shapes of fi@?PePQFPHIQHpghFePWQuGF fopfgﬁe§nﬁéﬁpﬁgﬁt° GWSdsent
invention; 15 FIG 8B is a view of the shapes of second reticle patterns of
the fifth enfsamrERe &PCRRePpRBScARn thAReAlrestippcoizthes optiicdd of t he
shapes of device patterns of the, fifth enbodi nent of the present

i nvention; 28xksGfonhespzojestion- opkigali sYSteM y s sor ek i on on a wafer
i n the case of exposure using the patterns of FIG 8A, FIG 9B is a view of
i mage i nt ensbegoniesthebappropriazendfine widths.case of exposure using the_.
patterns 25 of FIG 8B; p~r ~ 14 - 20 FIG 9Cis a view of inmage
intensigy distri bgt bﬁpl@gi@\g\/\@h@r met hode oFatheObresenita) niepasiong usi ng the
patterns of FIG 8A and FIG 8B; FIG 10A is a view of the shapes of first
reticle _ Sthakl BpincOlis? ipHoleaTDatiaRPHls Olerld @ ihisks Ficadipnt [ on: FI G
10Bis a view o he shapes second reticle patterns of the sixth

enbodi ment Ofarr%ih%hgr §e88hd PLGVLNY st Patrells 'ekpi@U’ the shapes of

devi ce patter
opposite trends in the changes in line widths of the
pattern images as determined by the position in the

10 direction of the optical axis of the projection

optical system. Since these are overlaid for transfer,

[N

by having the line widths—at the defocus portions of :
the transferred patterns be formed thicker or thinner
due to the defocus at the time of transfer of the
15 first patterns and be formed exhibiting an opposite
trend due to the same defocus at the time of transfer
of the second patterns, these cancel each other out to
give line widths close to the line widths at the best
focus position and therefore the changes in line
20 widths of device patterns -accompanying changes in :
focus can be reduced.
More specifically, when the photosensitive
substrate is offset from the focal plane of the
projection optical system, it is possible to overlay

25 and transfer on to the photosensitive substrate first



of a-sixth enbodi ment of .the present invention;, FIG 11Ais a view of -the
shapes of first reticle patterns of the related art; FIG 11B i N W .of
t he shapes of second reticle 15 patterns of the related art; and FIG 11C
is a view of the shapes of the device patterns of the related art. BEST
MODE FOR WORKI NG THE | NVENTI ON An,expLaqqtign will be given next with
reference to 20 the attached drawi ngs to--explain the present invention in
further detail. ._[Overall Configuration] First, an explanation will be

gi ven of the overall configuratiqn of . rojection_exposure apparatus of 25
The. onbodi moRRECBENELEDRTESEHE HiPEntiOTRR PF thE Parter Lnddes o
reference to FIG 1. FIG 1 shows the schematic configuration of a

proj ecti on ekpEBBAcCRpEALaPBOtOFeNRAtIVEp BARFITAXS LEFOMEsithgnReTef | ect i on
and refraction systemas a projection optical system ._, 51In FIG 1,

i | 1um nati onthhRghthel deyipe patiternsuand Rasecondgpatderm ahemneom an

exci mer |aser light source 2 controlled in state of em ssion by an exposure
control systehellinedefidehsedfatthe gpetitech dmadesr dorhedndn ahehes a first
illumnation system4. In the 10 present exanple using an exciner |aser

| i ght sour cepBotdgenkstivede stbst radielbelcofCithlizdikiedn thageheot having a
device for narrow ng the wavel ength band, that is, a band broadeni ng | aser

i ght sourceggfiaB KaErexqnismer laser having a half width of the oscillation
spectrum 15 of nore"than 100 pm (wavel ength 248 nn). As the |ight source

f , h L, sl i bl et d [ I l'i gh
ource of an’ ar PVEYE) RREEHEIERINGUReks eHeT gRvIRE AR 4D WREDC it

157 i bl.e_t t al | ight 2 . _YAG |
nar mon, c. GenePERER. 5P GRPLtGR FRTESEARy Shen TS o BAR R FAR C. ot e

that the progection gptical system PL of the
e made isolated patterns and the second patterns may

10 be made dense patterns to be partially overlaid on the
isolated patterns. According to research by the
presenf inventors etc., when the exposure conditions
are the same, isolated patterns tend to become thinner
in line width due to defocus, while dense patterns

15 tend to become thicker in line width. By overlaying
these, it is possible to form isolated patterns close
to the appropriate line widths.

Note that the patterns other than isolated patterns
overlajd with the first patterns among the éecond

20 patterns serving as the dense patterns in this case
are auxiliary patterns not .contributing to the
formation of device patterns.

Further, the exposure conditions in the transfer of
the first patterns and the transfer of the second

25 patterns are not particularly limited and may be the

o 1g



present enbodinent is a reflection and refraction opti cal syste?1 i ran
(catadioptric systen) conbining a 25 plurality of reflection optﬁcaLJ 22
el enents i ncl udi ng 14 . ~1"~~ a~~2 - 22 concave mrrors having
reflection surfaces nade aspherical and other mrrors and refraction
optical elements such as lenses, but Lt.gey_also be a projection optical
system conprised of only a (f 5 pIurallgy refraction optical elenents.
In this case, the exposure illum nation Ilght is narrowed to a wavel ength

ool uoa & padie S5 AErEERHP, Sprie’ AndnRE GRS ekbhBUrel, | HOWATERS" 5V 6T

swi tching nmechanismfor switching the quantjty of the illum nation |ight
when changln@aYhEec%ﬁEréﬂthFéchﬁ £uB- e§|FBS amEuNLS) oft SXROSYTeUN nat i on
optical system optical integrator (rod integrator or fly-eye |lens), etc.
Further, at gheeBntestbf phakesensikavesspbs Faﬁﬁléﬁlﬁﬁﬁlﬁﬁﬂ§y§ﬁen14 IS

formed a secondary light source for distributing the illumnation light IL
pl anarly. Attraesfennefotheéofimstoandf sehondepattierns| bgcomesuthe i s .
arranged a switch revolver 5 for illumnation system aperture stops for

swi t chisng 20appPpsgryateodfiouhtusitnakpbsureoadi Hetegmifled by thée surface of
the switch revolver 5 are fornmed the ordinary circular aperture stop, a

so-cal | ed mséﬁsﬁélﬂk?%@aﬁh@n pABebERNhE 1849B eqmﬁ;ﬁ% Ofrr@ ¢iljral ity of
apertures offset fromihe ogti cal aX|s an annul ar 25 shaped aperture stop,

and a smal | 8a¥é|“€h€p§hbgh%s o%4e osure 3%, theS tifeOdC ¥PnsTRY: Oof 2

smal | circul ar aperture en sw tching the aperture stop of the

illum nation_gy 1 Lllu i,on h of, the first-
i || umi nation® iygbgnkﬁrg% aﬁﬂtgh§§BQOPP%£FE§% %gygﬁéhtl ofq i ght becones
| argest in synchronization

%ecome substantially equal.

10 Further, when the densities of the first and second

patterns differ, it is possible to make the exposure

" i

conditions of the photosensitive substrate different i
between the first pattern and second pattern. As the
exposure conditions in this case, it is possible to

15 use ones including illumination conditions of the
first and second patterns.
4. To achieve the above objects, according to the
present invention, there is provided an exposure
apparatus for forming device patterns on a

20 photosensitive substrate through a projection optical
system, comprising a holder .for arranging first and
second patterns at an object plane of said projection
optical system so that first and second patterns,
including patterns of the same shapes as the device

25 patterns, are selectively projected on the



with the switch 6. The operation of the switch-6 is controlled by the
exposure control system1,-while the operation of the exposure t4ngldl ;o0
system1l is controlled by a main 10 control system 7 for overall control of

the operation of the- apparatus . __ Here, a planar |ight source (above
secondary |ight source) conprised of a glaurality of |ight source inages is
formed at the em ssion side focal plane of 15 the fly-eye | ens serving as
the em ssion plane of the first illumnation system4. Further, the fly-eye

lens is arra at _the.surface piI | ane) whi.ch has. a si on side
focal bl ane RAPERSFDSLE Y4 5RPRLTAtA AT, ABP8 e S A0 1us befo S5 ¢ o n
surface of the 20 reticle Reéob j.ect plane 0~ projection optical system PL)
in the illunPAdbpEAngpthearedpdiye positdong,ofetthe prajigcsied e, by
changing the aperture stop by the switch 6, it becones possible to change
at | east oneimhgeleofhipe £n¢s§|z@doﬁepn@ds@@aﬁ@am@|quh Wwurce, 25 that
is, the intensity distribution of the 14 J~~~J ¢c~~~12 - 24 illumnation
Iight | L on phetbBeensdt iveassbstmatiease Chat (pagitarms iaf tihe iddmen nati on__
optical system in accordance with the pattern of the reticle R Note that
the Fowier thapegkoaiepbeegliaid add Hramsfairred oS thgical systemis
conjugate with the Fourier transform plane (pupil plane) of the-pattern

pl ane of the hggbgggs@thget@%bg@ygaglon optical systemPL. In the present

exanpl e, the I mage- of the secondary Ilght source is forned on the Fourier

i um natdon - THE B?Pﬁ%ﬂ%;%ﬁ%%@u | EERRsRNRE B lﬁee% uri nati on’
5% th the | dP3ERE30R dst {a%ﬁve%%“ SR ML AN AR 19 i ot on
o formed by A05nBESBRSIS e TGRE: idise &%‘é?‘ré‘%%@%iér@eaﬁ%%ﬂ
signal obtained by photoelectric conversion of the 20 illumnation |ight at

the -ilft egr aCdr tdenddirsy janid second patterns at the object plane

side of the projection optical system, the position

T

adjustér adjusts the relative positions of the :
projected images of one of the first and second
patterhs with the photosensitive substrate, then, or
15 during this, transfer and exposure are performed.
Next, the holder arranges the other of the first and
second patterns at the object plane side of the
projection optical system, the position adjuster
adjusts the relative positions of the projected image
20 of the other of the first .and second patterns with the
photosensitive substrate, then, or during this;
transfer and exposure are performed, whereby the
overlaid portions having the same shapes in the
projected images of the first and second patterns

25 become the device pattern.



supplied to the exposure control system 1. The relation betmeen1qheuu 30
detection signal and the ampunt of exposure on the wafer is neasuréd ahd
stored in advance. The exposure control system 1l nonitors the 25 cunul ative
anount of exposure on the wafer by the 14 . ~G~~J t:~~2 - 25 detection
signal . The detection signal is used for-nornalizing the output signals of
the various sensors using the exposure ﬁllunination light I'L. The
illumnation light IL passing through the beam., 5 splitter 8 illum nates

the illumnation_field stop system(reticl.e blind syste 11 .t hrqugh t he
second iIIuninatFBﬁ 8¥§F@ﬁ%§o¥°¥ﬁ&° Fah@v&PganﬁhSQ%E%F%%PqJﬁ?i(AQMﬁnation
field stop s¥sten111 i's conjugate with the incidence p]ane of the fly-eye

lens in the tyapsferred dmagss f e &irst and iseceRd Rathemsl d st op
system 1l is illumnated by an illum nated area simlar in sectional shape
with the | enerel sednucedofint irandop @raorediie Tiee the wvierading fiel d stop
system 11 is divided into a novable blind and fixed blind. 15 The fi xed
blind is compfifeett akesalftiined firom dthe dwohaxpoguresamh@rtear aperture,
while the novable blind is conprised of two pairs of novabl e bl ades novabl e

in thesscan d.h\FQ@Rrieﬂ_n iane hieo Rceedacy oFC then stfapgdie imiliudimg Hire shape and
size (wdth) of the illumnated 20 area on the reticle are determ ned by

the fixed bl hhde FHatHYdH en idedice PRYAEAE ! grlug(trexﬁfagf: Ir%hé;fe?hgngt .

operated to gradually close the aperture of the

and end of t be, SGRRCEARNY Snaiihd oRUEaT o o0 L 1R ik |4t from

striking the reglions oth an t he sho eas e 1 nherently , ~~1 Vv
L~~2 - 26 exposed., e that specj f.ic-configyration Qf the illum nation
field stop s?@?@ﬁw Hﬂ%‘%i‘&@i’ﬁ%&&% STEIEB, Ot LIEFR AN The

di sclosure of that U S. patent is _adopted aslpart of the description of
this second patterns (auxiliary pattern 1

S) receive a smal
10 amount of exposure compared with the portions having
the same shape and do not.contribute to the
develoément, so the auxiliary patterns can be freely
formed in shape or line width. Fine patterns can be
formed by suitable selection from the viewpoint of the
15 trends in the change in line width due to defocus.
R CR ION OF THE DRAWINGS
FIG. 1 is a view of the overall, schematic
configuration of an exposure apparatus of the present
invention;
20 FIG. 2A is a view of first reticle patterns of a
first embodiment of the present invention;
FIG. 2B is a view of second reticle patterns of the
first embodiment of the present invention;

FIG. 2C is a view of the shapes of device patterns

25 of the first embodiment of the present invention;



5 specification in so far as the donmestic |aws of the country dz igp t @chq0r
country elected by this international application-allow The opéerattonto
the novable blind in the illumnnation field stop system 11 is controlled by
the 10 drive 12. Wen synchronously scanning the reticle and wafer--~s
explained later by a stage control systgg 13, the stage control system 13
synchronously drives the novable blind in the scan direction through the
drive 12. The illumnation light IL passing through the 15 illum nation

field stop syst 1 pasge hrou hird il lum i.on.syst 4 to
illumnate the ?g%%angufgrgi%FﬁWi%gtgagﬁggg 18 nggggnpgﬁpérﬁgghiface

(1 ower surfage) of e reticle a unifaormillym nation distribution.
The pl ane ofg‘é%rEﬂgﬁﬂﬁnﬁmaf‘n‘z'o°§hg£§89&5| 9hiEhgy ToF St MR ImEtar i on 1 el d
stop system 1l is conjugate with the pattern surface of the reticle R The
fixed blind P§ BREaRERACERQ}NVEBMIPRE conj ugate plane in the direction of
the optical axis (is defocused). The shape of the illumnated area 15 25 is
defined by the aBEEtuéd o6 ahviewxed bthenghapes4of-fursg-re2ticle  Bel ow, .
t he explanation will be given taking the X axis in the plane parallel to

t he pattt ern pattermsobft heseebndl emBodinener péndheulpriesentt he paper surface
of FIG 1 and the Z-axis perpendicular to the pattern ,r 5 surface of the

reticle R AintBhgibhse, the illum nated area 15 on the-reticle Ris a
rectangular region long in the X-direction.-At the tinme of scan exposure,

the reticle R |speqansgdisl hhvigaPes! the GRSpks! 4F BRLERAALRRLad N Lhe +Y

direction or -Y 10 direction. That 1s, the sCan direction is set to the

Y-di rection. patt i i is d_agr 1 e reticle Ris
reduced by aP%?nggfigﬁ ﬁégn%gfgggi%hbgg?ggbg Pgr%gfh I%%e ?ﬁ, 1/5, etc.)
t hrough a doubbg %? sided (or one side at wafer side) telecentric

proj ection obPl q 89$ten1PL and focused and projected on the exposure

region 16 of the_wafer Wsurface
g QO F%g. 4C is a vgew of the shapes of device patterns

of the second embodiment aof the present invention;

FIG. 5A is a view of éhe shapes of first reticle
patterns of a third embodiment of the present
invention;

15 FIG. 5B is a view of the shapes of second reticle
patterns of the third embodiment of the present
invention;

FIG. 5C is a view of the shapes of device patterns
of the_third embodiment of the present invention;

20 FIG. 6A is a view of-the shapes of first rgticle
patterns of a fourth embodiment of the present
invention;

FIG. 6B is a view of the shapes of second reticle
patterns of the fourth embodiment of the present

25 invention;



coated with the photo resist. The projection optical systemPL has a
circular field. The pattern surface of 20 the reticle Ris arrarder)iht; P
first plane (object plane), while the exposure _surface of the wafer W(for
exanple, the front surface) is arranged at a second plane (inmaging plane).
Further, the illum nated area of the ilkgmnation light IL is defined as a
25 rectangul ar shape (slit shape) extending along a 14 .~ "~ ~~~2 - 28
direction (X-direction) perpendicular to the scan direction (Y-direction)
of the reticle d fer Win the_cprcular fiel f the projection

opti cal systen15fﬁgy &ﬁel?l?uﬂfﬁgt?Bn£é?efﬁag?ﬁpogygFgﬁFflgég X8§ . 5

blind). Note that the specifjc _¢onfiguratjon of the projection optical
system PL ofoﬁl%?elf?grgﬁre@QaﬁﬁPGnHiQEIBBEdPFﬁsﬁaﬁaRB ENBEORAN ned Pat ent
Publication (Kokai) No. 9-246140 (and the corresponding U S. Patent
Application No. DBE818868sfal eewnofhiBAge, inbensdky. dIRErdby&iosdur es of
t hat Japanese publication and U -S. patent are adopted as part of the
description oi é4hwafepeinftheat canei afsexpasuae tbéndothbet patitamnsof t he
country designated or country elected by this international application
al l ow. 515 ThefreiccleaR is held on the reticle stage 17. The reticle stage
17 is carried via an air bearing on a guide extending in the Y-direction on

the reticle suppptg, 18p 15€ar oLig! Sf_sli.ﬁﬁﬁe11n€éﬁs§.€§“d_%%ﬁ:ibh%ibﬁti cle
support 18 through the linear notor in the Y 20 direction at a constant

speed and i s, provy tEh LUS -hani Leh. just the
posi tion of ?ﬂegrg??grgaﬁ FﬁatEgg§-é?$§%P?§ﬁ?aYp§?P§2tﬁ%n%ggﬁ%&?%tation
direction (8 giéggtiggl. A nmoving mrror-19mfixed to an end of the reticle
stage 17 and®fa *23"fnterferoneters (not shown except for ‘Y-axis) 19
fixed 14 J~.'"~J_~L~~'"2 - 29 |, , ) , ) ) .

FIG. 7C is a view of image intensity distribution

10 on a wafer in the case of overlay exposure using the

‘e

patterns of FIG. 6A and FIG. 6B;

FIG. 8A is a view of the shapes of first reticle :
patterns of a fifth embodiment of the present
invention:

15 FIG. 8B is a view of the shapes of second reticle
patterns of the fifth embodiment of the present
invention;

FIG. 8C is a view of the shapes of device patterns
of the_fifth embodiment of the present invention;

20 FIG. 9A is a view of"image intensity distribution
on a wafer in the case of exposure using the pafterns
of FIG. 8a;

FIG. 9B is a view of image intensity distribution
on a wafer in the case of exposure using the patterns

25 of FIG. 8B;



to a not shown columm are used to neasure the positions of the iztiq e,.
stage 17 (reticle R) in the X-direction and Y-direction by a re I¢tﬁguﬂ2
power of about 0.001 ~cmat all tines. The rotational angle of 5 the
reticle stage 17 is al so neasured, the neasured values are supplied to the
stage control system 13, and the stage g@ntrLol system 13--controls the
operation of the linear notor etc. on the reticle support 18 in accordance
wi th the neasured val ues supplied. 10 On the other hand, the wafer Wis
hel d on a wafer | exdl:t.hro a 3 ol; T e t:ahle 21 is
pl aced on a mafe?fgfaaé ﬁ,gwgggg ??gaa%?grlgﬁgaéq§ ?gﬂgﬁgﬁg}€§¥61guide
of the platen_23 through an.air _bearing. Further, the wafer stage 22 is
desi gned 15 PB BeWAERL &0 I0&nCARE ?Fe%vgﬁ eﬁﬁaﬂﬁg¥%Z?%ﬁn%i st ant
speed by a linear notor._ in the Y-direction and to step in the X-direction.
Furt her, theP@hternst 8deFIS.n8d pod FIGnt 8Bt a z- stage nechani sm noving
the wafer table 21 in a predetermned range in the Z 20 direction and a
tilt mechani sm (F&@el 1A rschaNniiew) ofdithst shgpese ofi |firgtglnetdicehe waf er .
table 21. The nmoving mrror 24mfixed to an end of the wafer table 21 and

| aser it erf paanerassofnat sdlxinhn embodimendr of- ahies pragentxed to a not shown
colum are used to 25 neasure the positions of the wafer table 21 (wafer W
Ju~4 - 30 iAnteatXodi;rection and Y-direction by a resolving power of about
0.001 ~cmat all tinmes. The rotational angle of the wafer stage 21 is al so

nmeasured. The negsgredopalides iewsSeRPithed shapee oft 3R iIretidesSyst em
13, and the stage control system 13 controls the operation of the |inear

notor etc, f rg&férék;ﬁisng,ft t}_@levv%f- thSte"i’(ﬂa%d%iénr% %cftc%reh@n&i&ﬂe%go&n‘{] t he neasured

val ues suppl thé time of Scan exposure, rol 10 system 7
sends the stage cgntrql system 13 an exposure start-command. |In response-to
this, the st addeCsACrd system 13 nekes the wafer-Wengage in a scan notion

in the Y-direction at _a speed VW through the wafer stage 22 in
synchridhi zati on #W€n dRE dEaR Vo Tofthenshapes of device patterns

of a -sixth embodiment of the present invention; s
FIG. 11A is a view of:the shapes of first reticle :
patterns of the related art;
FIG. 11B is a view of the shapes of second reticle
15 patterns of the related art; and
FIG. 11C is a view of the shapes of the device
patterns of the related art.

S ODE_FOR WO NG T INVENTION

An_explanation will be given next with reference to

20 the attached drawings to-explain the present invention
in further detail.
[Overall Configuration]
First, an explanation will be given of the overall
configuration of a projection exposure apparatus of

25 the embodiments of the present invention with



15 reticle Rin the Y-direction though the reticle stage 17. The ECﬂq,spgzd
vw of the wafer Wis set to p~V2 using the projection nagnificat1 notid #P8m
the reticle Rto the wafer W Further, the projection optical systemPL is
held 20 in the upper plate of tlre-U shaped columm 25 projecting fromthe
base plate 23. It projects a slit inmageogtc. at an angle to the plurality

of neasurenent ' points of the surface of the wafer Wat the side part in
the X-direction of the projection optical system PL 25 and outputs a
plurality of i I orres di ng o~k k=2 2 .31 to positions
of the pIuraf%?%yg?é%gggu?£ﬁéné'pg?ﬁfsﬂiﬁh?ﬁé épﬁiﬁggfﬁgﬁl focus position).

i o Bue LocLdenseetIBS BUL ' pRRuaLySHhLaRuB e agbatieNg B o

the nulti-point AF sensqgr 26 are supplied to a_focys tilt control system
27. The focuthei$tepoARdofCapst¥RE2SAPHIE ERELLEEAOTPAELL i on and
inclination angle of the surface of the wafer Wfromthe plurality of focus
signal s and teppatkionheysbemessl asprojrationt ppticade systenel system 13._
Note that -t-he specific configuration of the nulti-point AF sensor 26 is
di scl osed i n- JapEneBEG Unkyati henliRatéoh Pightcili compKaked) oo pués283403
and its corresponding U S. Patent No. 5448332. The disclosures of that 15
Japanese pubiasetri DighBdeliftefatedin ahcerdefbedlaserallight sdardescription
of this specification in so far as the donestic |aws of the country
designated oy egHprbY18HCehedthY el BieSehREgABAl bgnahn dRpbistdle on al low. 20
The stage control syst-em 13 drives the Z-stage nmechanismand tilt
mechani smin f he.s [ S jti gn and
céﬂﬁgéé’i‘ ﬁ&g%ﬁgﬁt %@t ggf};%fce& St gP%&‘iQ&fﬂ% MY 4

i nclination ang OCuUs posi tion-and Tnclination angl e of
the imagi ng plane of.the_projecti, optical system PL 25 fqund in advance.
Due to this,gﬁseﬁeaﬁPFﬁgasgékS% ii&gm}nggiog2§ys%em : %n the

10 present example using an excimer laser light source 2,

use is-made of a natural oscillation laser not having

ta

a deviée for narrowing the wavelength band, that is, a
band broadening laser light source of an KrF excimer
laser having a half width of the oscillation spectrum
15 of more than 100 pm (wavelength 248 nm). As the light
source for exposure, however, it is possible to use a
band broadening laser light source of an ArF excimer
laser (wavelength 193 nm) or F, laser (wavelength 157
nm) or _possible to use a metal vapor laser light
20 source, YAG laser harmonic generator, or emission line -
lamp such as mercury lamp, etc.
Note that the projection optical system PL of the
present embodiment is a reflection and refraction
optical system (catadioptric system) combining a

25 plurality of reflection optical elements including



- 32 exposure, the surface of the exposure region 16 of the wafgr Wi 507
controlled to match with the imgi ng pl ane of the projection opticaT system
by the auto focus systemand auto |leveling system 5 Further, an off-axis
system al i gnnent sensor 28 is fixed to the side surface of the +Y direction
of the projection optical System-PL. A tiye Linme of alignment, the alignnment
sensor 28 detects the positions of alignnent marks attached to the shot 10
areas of the wafer Wand supplies the detection signal to the-alignnent

signal pr oceégfleagg. FI?‘%O Isi glragq_lrﬁ#[ gjregg@ct [ely ac%%eingﬁdséjppl ied with the

measur enment ues o e laser rometers . I gnment signa
processor 29 cal cul.ates _the ¢ ordinates in Ege %%ﬁfta e coqrdinate system
(X, Y) of a REPEPIHEAR BBCeOEFY MRS A& &S cg:llglr{hloqtrfuc asur enent
val ues of the_laser interferoneters and supplies themto the nmain control

system 7. ThElemEegEs:c8YCH 3%t 4 NF&SamP% Wt MW 219% RS G} di nate system
determ ned by the X 20 coordi nate and Y-coordinate of the wafer table 21
measur ed by prejegtdon ppsdicadosysdien zomprisediaf @ty & system 7 finds_
the coordinates of the shot areas on the wafer Wby the stage coordi nate
systemq X, Yplurahittie ofoarefinaattdonofogtheadupmilamshtsaf dn neris 25 and
supplies themto the stage control system 13. The 14 ~t~"'~1 ~~~2 - 33

stage controkasgst emel 2xposure Sllkmimeaiidrorl iafhtt hiss wairowddigso 22 at the
time of scan exposure of the shot areas based on the coordi nates suppli ed.

Further, a fidyelangt bafRI@altMhanddf id e abr Qxample thecyed gy f abl e 21.
Various fiducial marks serving as the positional reference of the alignnent

sensors and refe @C%irr%ttl q_q_ti -foqlc_ g J(féser lI(or t he

reflection rate oOf thé wafer AT e orn§§63%&¥ﬁg surtace o Qf e fiducial
et ect i ng 11 GEPEREer oriagnel & Mot it SUEMAL Ay s LRI he
10 switching mechanism for switching the quantity of the
illumination light when changing the coherence factor
(so-cailed o-value) of thé illumination optical
system, optical integrator (rod integrator or fly-eye
lens), etc. Further, at the emission plane of the
15 first illumination system 4 is formed a secondary
light source for distributing the illumination light
IL planarly. At the plane of formation of the
secondary light source is arranged a switch revolver 5
for illumination system aperture stops for switching
20 among various illumination conditions. At the side
surface of the switch revolver 5 are formed the
ordinary circular aperture stop, a so-called modified
illumination aperture stop comprised of a plurality of

apertures offset from the optical axis, an annular

25 shaped aperture stop, and a small o-value aperture

[



projection optical system~L is attached to the top end of the rolﬁg
optical system PL. The detection signal of the reflection |ight ed
system 30 is 15 supplied to an self neasurenent device 31. Under the
control of the main control system 7, the self neasurenent device 31
nmonitors the amount of reflectance (reflgction rate) of the wafer W
nmeasures the illum nation evenness, neasures the spatial inmge, 20 etc. --
The reticle stage 17 in-this enbodi nent may sinultaneously fix and hold a

plurality of reticles R (first reticle R S nd.reti » Under the
control of tf °Et§8§PE&ﬁ%PoP%sﬁsggﬁﬁisFliF%gg§i?@%ﬁ%“f%‘ ?d%t il e anong

t he pIurallt retlch and R2 14 ~~. e~ ~.~ - selectlvely at
a predeternl 8n|FwaﬁF &PﬂoﬁhﬁogPFFGHrei FPPanp5§qj¥$} Qﬁﬁ%ﬂq In this
state, scan exposure is perfornmed by the em ssion of pulse |laser light.~t a
sui tabl e oscPYP&EMentheedddnainatdan fwitchingy Mephanigfeof itha source 2
under the control of the exposure control systeml in relation wth the
field (apert filesti_dihypminationt sysitlelmudi st ser ticheldd st djhagy sthem 11 and t he
sensitivity of the photo resist etc. and by the rel ative novenent of the
waf er & and gdanelitgl efRldght deicomelse lapged tuitesyinhremiizadiodf the
stage-control system 13 sa-that the substantive anpbunt of exposure on the
waf er t~ becques the apiked isgat e anount of exposure. Note that the above
proj ection exposure apparatus 15 is a step-and-scan type, but the exposure

apparatus to “hi%HetB?eEﬁﬁiﬁﬂtoE”%ﬁ%V%Q&tbﬁ %DBE'%@dﬁidTTédIH?‘%HLtC’the

above exposure apparatus and may al so be applied to a step a repeat type

projection e a s nlrr A ti ery Furt her,
20 the |nven;é|§§?1’gkg§:‘ Fsog' a%%ltl%g‘d to%lﬁedug% g’pr o] & |on ype scan
exposuxe apparatus u5|n oyrce _an erat EM/(extrene
ul travi ol et) SPGRETRaFP %§r & &%ﬁ %@a i §ﬁ&554ﬂiq N X-ray region

(wavel ength 5 to 15 nmor so 25 for exanple, 13.4 nn1or 11 5 nmor a
| aser 18 asnacontrol system for overall control of the operation

of the- apparatus. -
ﬁefe, a planar light ;ource (above secondary light

source) comprised of a plurality of light source
images is formed at the emission side focal plane of

15 the fly-eye lens serving as the emission plane of the
first illumination system 4. Further, the fly-eye lens
is arranged at the surface (pupil plane) which has an
emission side focal plane which is in a Fourier
transform relation with the pattern surface of the

20 reticle R (object plane of projection optical system
PL) in the illumination optical system (4, 10, 14,
etc.). Therefore, by changing the aperture stop by the
switch 6, it becomes possible to change at least one

of the shape and size of the secondary light source,

25 that is, the intensity distribution of the



14 J~'~~J ~;~2 - 35 |light source or an X-ray scan exposure appar {gs Qﬁgz
the proximty type. [First Enbodi nent (Formation of Dense Pattern ﬁh‘k'

| sol ated Patterns)] 5 An explanation will given first of the case of
form ng dense patterns and isol ated patterns having periodicity as device
patterns with reference to FIG 2A F|LG,,2B, and FIG 2C Note that FIG 2A
and FIG 2B show reticle patterns formed on the reticle. The 10 shaded
portions show |light interrupting portions, while-the non-shaded portions

show the light ,transpmtti rtjpons.  Fl 2C.shows the device patterns to
be Tor med of L +bFREASBHOPNLLAB bV P R Fbe SRARE ISP ERREOE Ry R LA oS
(projections), while_the 15 non-shaded portions show_ spaces (depressions).

] port )
Assunme that GBYP:: BARPE)ndncERfr iddumépathangeRrEdcaat E¥SFEM1dand
isolated patterns 42c as shown in FIG 2C as conponents are fornmed on a
waf er W coat @@cordangepwsth thei pattpssi efveheerpsirleaRi-n§oxe20
predeterm ned sensitivity. In this case, a first reticle RL and second
reticle R2 fbhatdthet louhdéeroktiransfigrmepilahe pat thendliauminapiemar ed. That
is, as shown in FIG 2A, the first reticle RLis formed with reticle

patterss conpptsedl2bysteficigsecpatjugate ¢ighothehapayiesr reapeFdrtg to the
14 ~~~~J ~2 - 36 dense patterns 41c of the device patterns and dense

patterns singhgpet @gﬁ{sﬂﬁgmaﬁesab&e&ﬂé g&tagh{*ﬁgaglé B3t k@lens 42a of shapes

corresponding to the Tsolated patterns 42c o evice patterns plus a

R Cas hovkorRokpct il B! BB ettTon opkibhy, bRl 2Lt (REHEL] of ¢

d tt 41b_of _sh di the d t 41c of th
dovi ce. pat { CPRESERA FEBRELEa FDepaRRaFNEL43h0PSCRATALYc Om B Epondi ng Lo the

i sol at ed , . .
source 1s formed on the Fourier transform plane in the
10 projection optical system PL for so-called Keller
illumination. -

Th; illumination lighé—IL passing through the
illumination system aperture stop set by the switch
revolver 5 strikes the beam splitter 8 with the large

15 transmittance and small reflectance. The illumination
light reflected at the beam splitter 8 is received at
the integrator sensor 9 formed by a photo diode or
other photoelectric sensor. The detection signal
obtained by photoelectric conversion of the

20 illumination light at the -integrator sensor 9 is
supplied to the exposure control system 1. The
relation between the detection signal and the amount
of exposure on the wafer is measured and stored in

advance. The exposure control system 1 monitors the

25 cumulative amount of exposure on the wafer by the



patterns 42c of the device patterns. The first reticle RL and t?% q&goa&
reticle-R2 are fixed and held on the reticle stage 17. Note that 'id Jhi'- 2
exanpl e, the dense patterns 4la and 41b and the isolated patterns 42a and
15 42b are fornmed by the sanme conditions respectively (line width, pitch,
duty, etc.) Further, the isolated pattepgs 42a and auxiliary patterns 43a
conprise line and-space patterns having a pitch of twice the |ine wdth Df
the isolated patterns 42a and a duty ratio of 20 1:1. - First, the stage
control syst 13. controls the reticle position_adjustnent chani smetc.

of the retic £%§?5b3n1§l98aietTﬁﬁed?#ﬁgglPBtP&ggagllﬁtu§e8rg§§ternined
illum nation gosition injtial position 25 of scan start) and determ nes
the nunber oROERPLLEIRI the Qﬂﬁgut;5l9n51§7°fp5p§e¥aSFOPﬁesﬁpﬁﬂﬁﬁnation
light IL to be irradiated at each point in the exposure region on the wafer
W (phot o r estgingtbhehegposnsepiliumanationelighst Iketicle R1 is to be
transferred so as to give a 5 substantial anount of exposure at the wafer W
of ~ of the apprTpei al Pumimahionf léghbslLepassdngethroadhbyhehbeamnsitivity
of the photo resist coated on the wafer W The nunber of exposure pulses is
prefergbly seplieter Beaslumnhfatiesi gHe nuTGALnatipdl Feeldegtioped 10 for the
cunul ati ve anount of exposure at the points in the e-~posure region to

becone substapstanm! yrégyele bhdhd §gstaﬂ)_cwvltﬁssb_\4§hditﬁter islielon@n of |ight
on the exposure region to becone substantially uniformand so that the

cunul ative ampynhiphibAnEysiBat 21 #hkY pianEBbENa s réhlRment! dee
F X that 1s, 't F a

aperpr!ate anount of exposure, | , ] e contrg cyragy Fr thg
val e Nt e PRE: heparbeiioB REREA SERE MRBeR B3° 2%, SeRis R e “one of
t he pIuraIit%}génggerture 20 stog;pgﬁor exampl e, the_annul ar shaped

aperture sto felBGLHERCEP ofsEhecfdd-PYeadeBSddfcdnFi th t he

patterns of the first reticle RL, is arranged in the optical path of

i1l umlfati onfaratt héluminasierp systrm ﬁkl@gﬁn&ﬂﬂﬁmlMB§HPmIﬁuﬁﬂited from

the selected 25 aperture stop is detected by the integrator sensor 9.
stop system 11 is illuminated by an illuminated area

similar in sectional shap;_with the lens elements of
the fly-eye lens. The illumination field stop system
11 is divided into a movable blind and fixed blind.

15 The fixed blind is comprised of a fixed field stop
having a rectangular aperture, while the movable blind
is comprised of two pairs of movable blades movable in
the scan direction and non-scan direction of the
reticle. The shape and size (width) of the illuminated

20 area on the reticle are determined by the fixed blind.
The movable blind is operated to gradually open and
operated to gradually close the aperture of the fixed
blind at the start and end of the scan exposure. This

prevents the illumination light from striking the

25 regions other than the shot areas to be inherently

ta



14 J~t~~J a,~2 - 38 Further, the average intensity of the iII;nirlEquq02
light IL is determ ned based on the nunber of exposure pul ses HH e &+t
appropri ate anmount of exposure (in the exanple, ~ of the sane) and the
variable light 5 nechanismin the first illumnation system4 is adjusted
in accordance with the average intensityg The variable Iight nmechanism has
a turret plate with a plurality of NDfilters affixed with different
transmttances (attenuation rates). One ND filter 10 selected in accordance
with the preyj d rm v i nt [PV rra in the optical
path of 111 uhiRasedn  RREeC tRRY, & RbR8isaR; EORC R e B G % e
variabl e light_ nmechapi.sm are_di scl osed for anpl e .i n_Japanese Unexam ned
Pat ent. Publ | ChHRBAAE510RoEFH NG TOB: Y5698 Sid Lend a5 PEER I H 20, o

Pat ent No. 5627627. The _disclosures of that Japanese publication and U S.
patent are aBapeBE He-paft34a0rn&hgedderperyreortt ibats Yed iREHEN in so
far as the donestic |aws of the country designated or country 20 el ected by
this internatlsi adaptegphscparsnodl tbe descriptionn afhdhisesent exanple, the
exposure control system 1 controls the voltage applied to the exciner

| aser |5 ght spect€idatdbar dnngovdharage) the domelstiadjlawsrerfi tife t he
oscillation intensity of the 25 illumnation light IL and enable fine

adj ust ment otountfy, desighated-dr cdAntiie elliceed by ahilshe il um nation
light IL by use with the variable |ight nechani smover a broad range. Next,
the main CO”EBQErPXEESKhi ggb&q@%x-@ﬁ-g&ﬁgque or both of the oscillation
frequency of the [aser _~, Iightlby the excinmer laser light source 2 and

the movement speggleoboLBg4aLeLy $A0Rc02e BER % Wil the intensity

(mean val ue) of € excCiner [asér for the first scan exposure. Next, the

stage control, stem 13 cqntrals.the 10 reti.cl e position.adjystnent
mechanismet(’:.lié‘*”‘f"f"h‘-:fJ‘Pé‘t&C"Eie’-l §F§§bs¥?tﬁg'§§t1?h§9¥§£§l}?43 XJgiﬁ& at a
predeterm ned illum nation position and perform a second scan exposure so
as toXfi ve ad¥dEst ddri HheRnSyRChFrnousdyuseanning the setide and the

wafer -as explained later by a stage control system 13,

‘a

the stége control system 13 synchronously drives the :
movable blind in the scan direction through the drive
12. The illumination light IL passing through the
15 illumination field stop system 11 passes through a
third illumination system 14 to illuminate the
rectangular illuminated area 15 of the pattern surface
(lower surface) of the reticle R by a uniform

illumination distribution. The plane of arrangement of

20 the movable blind of the-illumination field stop
system 11 is conjugate with _the pattern surface of the
reticle R. The fixed blind is arranged away from the
conjugate plane in the direction of the optical axis
(is defocused). The shape of the illuminated area 15

25 is defined by the aperture of the fixed blind.



15 appropriate anmount of exposure as determ ned by the sensitiﬁlty of .Lhe
photo resist coated on the wafer Win the sane way as above. T ils Jter @&l he
device patterns 41c and 42c given the appropriate anmount of exposure by the
two exposures on the wafer W Note 20 that the inmages transferred by the
auxiliary patterns 43a are exposed by ~gf {he_appropriate anount of
exposure, so do not renmain after developnent. FIG 3 is a view of the

rel ati on between the anount of defocus and the pattern |ine width

(dependency of 2 te lin iLdth on_f.Qeus). fi.Qur.e shaws .t he 14
J~r~~J a~'2 - 40Eeﬁ§§m E:ﬂce)f e%‘&r]fgpgttr’llggl S’Tfﬁgl' ?Satgi-ggll%ni &%3‘&?1%%% ’é’ase of
using a KrF exciner laser of a wavelength of 248 nmas the |ight_ source,
using an ann@F&f P GRENRLADE BRG eqs}'é"t SR P YrFe ST aSH @ ure NA of
0.60, a 5 a-value of 0.75, and an annular ratio of 2/3, and formng L/S

| i nes (densetpgt FetAsieoR And RerpeRdH-cdRn itee thea ARRST WY fRf®ach and
isolated lines (isolated patterns) of a line width of 180 nm Note that a
simlar trengfnEfGhe lcand ddreed-axilse perpendistlaretol ChehgattsErny as the
| ight source i-rays or g-rays froma contiguous em ssion |ight-source, an
ArF exd ner bas€acer off2 thesaretialeEW.| ixghtthisvitrignegn tdeci | | ati on spectrum
in the soft X-ray region. In the figure, the horizontal axis shows the

armount 15 of jdehednatedhrdahals ioh the reftfizdle R a9 the-suttdggdidocus (best
focus) position, while the vertical axis shows the pattern line width (nm.

Furt her, theﬁ@gﬁbgeq_lggw iBY e ¥-&fitvick dlgms Gl }g.{ﬁ{{g&% ozé:;gé%uﬁr he change

inline w dt nse "patterns 1n the case o e by the
met hod of th r t odj 1 as. t e erns in

t he case of %(’)‘g)gszﬁeéip?sﬁ%r glebrE;?'r%lh"}(e(’iqbrrgtléhosé’al g?%%lg:ﬁles%ﬁstpdee%}cﬁo ?réeliﬁ), whi | e
the curve shq by the letter (.doyhl e), shagws the change in [ine w dth of
ool ared 25 pdpminated Bred a3, 5 et lesion B e et hod 14 16 2
~~~2 - 41 of_ the present enbodi nent. The curve shown by the letter S

(singl’® shoRTERE1ORandeath 45 mdhe HARHIAILEFIAY Ity i i¥he he case of

a single exposure as in the prior art. Note that the first and second focus
Y-direction. — s

Tﬁé pattern in the il;uminated area 15 on the i
reticle R is reduced by a projection magnification B
(B is for example 1/4, 1/5, etc.) through a double-
15 sided (or one side at wafer side) telecentric
projection optical system PL and focused and projected
on the exposure region 16 of the wafer W surface

coated with the photo resist. The projection optical

system PL has a circular field. The pattern surface of

20 the reticle R is arranged -at a first plane (object
plane), while the exposure surface of the wafer W (for
example, the front surface) is arranged at a second
plane (imaging plane). Further, the illuminated area
of the illumination light IL is defined as a

25 rectangular shape (slit shape) extending along a



5 positions in the case of two exposures are assuned to be equa1 ﬁ$-9ann
inthe figure, the change in line wdth of dense patterns (L/S) l(llueLgo"u
def ocus tends to be one becom ng gradually thicker. In the case of two 10
exposures as well, substantially the same trend is exhibited in change as
with single exposure. As opposed to thigg the change in line wdth of
isolated patterns (S) due to defocus in the case of single exposure tends
to beconme one of relatively rapid 15 thinning. The range of allowance of

focal error .0f fQcC fOr, syrl lizne Wi r becones
within a pr eégf‘g%gi"ﬁgd (grﬁgﬁgﬁéoﬁgnégr&%ntggglull,ar}b&w ?:trrlltét %(raéaglase of
isolated patterns (D) in the case of double exposure b he t hod of the
present 20 eh‘bSSFﬁéﬁ%‘, (Fﬁglc?ﬁ&ﬁ'd@ni)n-o&i %S%&Wcaﬁe%t %ﬁ’éf‘@(ﬁ% tends to be
one of relatively gradual thinning. It is possible to reduce the change in
line wi dth ahB BBesFBreular fdedssef: AdedPFonestiod @Ptdrdd {YHheMhe case
of single exposure. 25 That is, in dense patterns (L/S) and isol ated 14
~~~J ~2 - 42PLpbyt thes il3Ipminag iomafjed d stope syistemild: H fired o def ocus _.
exhi bit opposite trends. Therefore, by perform ng first exposure using the
first reticl pliadingNoele thatpaheespecidipr iconfj guyatdiord gfatthes ns _, 5
plus auxiliary patterns to formdense patterns, then performng second
exposur e- usi ﬁﬁoﬁﬁéti@%OB?tri%fdlC|s§7s|t@1ﬁ B, io¥OlFatRd 1pald &i0YS eB¢angsld 0 gi ve
the appropriate anpunt of exposure by these two exposures, taking note of
the overlaidgiisehabed RY beifihedd Urdkaindd FRRROPYIIGATEHNAL (hi ck
patterns are forned and, in"the second exposure, sonewhat thin patterns are
formed. The N ign i,Gths j . ond exposures
due to the a?rt&)}g%gq‘ﬁf ef ()95(1325?\@(:1%?26(@9’26;\?%%& OE%EL&LF{O%%J‘??P%%? ore it is
possible to é? obtain gn overall_ |i % ] t% close ot Iirmavwdth at best
focus. I n FI E2tgnt; AP %Qniﬂp‘aﬁ(£ﬁ 7 flﬁﬁi? i MR up to 20 nm
fromthe line width 180 nm it is |earned that the depth of focus obtained
in thd%irst 12§79xpdhe disglasuresy afmthad daPangneh R igakion

and U.S. patent are adopted as part of the description

T

of thié specification in so far as the domestic laws :
of the country designated or country elected by this
international application allow.

15 The reticle R is held on the reticle stage 17. The
reticle stage 17 is carried via an air bearing on a
guide extending in the Y-direction on the reticle
support 18. The reticle stage 17 can scan over the
reticle support 18 through the linear motor in the Y-

20 direction at a constant speed and is provided with an
adjustment mechanism which .can adjust the position of
the reticle R in the X-direction, Y-direction, and
rotation direction (6 direction). A moving mirror 19m
fixed to an end of the reticle stage 17 and laser

25 interferometers (not shown except for Y-axis) 19 fixed



obt ai ned by the second exposure (D) by the nethod of the preseqt eEpodthnt
can be increased up to 340 nm Note that FIG 3 shows the case vhevel

line width of the reticle patterns (isolated patterns) 42a 25 fornmed on the
first reticle RL used for the first 14 JG ~~J ,~2 - 43 exposure and the
line wwdth of the reticle patterns (isobated patterns) 42b fornmed on the
second reticle R2 used for the second exposure are made to match with
each-ot her and the amount of first exposure and anmobunt 5 of second
exposure are €,~40 apriate u f The |ine w dths
of the patteF§§g4 gtaﬁggggbegghgﬁeh?irg?g?egkcﬂgag?ﬁgﬁgjfzcond reticle R2
may be changed or.adjusted.to_beco di.fferent fromeach ot.her, the anount
of first expBgﬁ}{élgﬂ Sﬁogh‘t& 5F fﬁiﬂgefé}ﬁgeejgoéﬁle ]1‘?:[37" BQ Hadds or
adjusted to becone different frqom each other; the_two nmay be changed or

adj usted in fnH&FerELan; 8RIsE~AAZLCEIATFPE a3 resRd VAR F™MTFwP oy t he
letter D becones a straight line_in the horizontal direction, and thereby
the depth of akgutqgfu80kaymbatnadd tdmeSer Ther gottatignadeanglie af ne wi dt hs,
nunbers, arrangenent, etc. of the isolated patterns 43a are not limted to
t he abdve. |tbhehretiale ategedilldgisoaflse mealsadedf, tthe messatednbodi nment,
it is possible to reduce the line width 20 error of isolated patterns-based
on the focusvalues asessaﬁpmbacwr the @itageo contrdlnesstaine.13,0f the
surface of the wafer W(photo resist). Further, according to the present
invention, ihanHStAkSetBgeScln®rol sedten 1ReoMIYNLHHY cperatidgd ned 25
bel ow. 14 J~r~V E~~2 - 44 That i according to the present enbodi nent,

S,
since exposupe LAeihABIPRLMCRY BIPUHES 12k 1R8O Vit Afs P

appropriate anount of exposure as term ned

accordance with the measured values supplied. -
10 On the other hand, the wafer W is held on a wafer
table 21 through a wafer holder 20. The wafer table 21 *
is plaéed on a wafer stagérzz, while the wafer stage .
22 is placed on a guide of the platen 23 through an
air bearing. Further, the wafer stage 22 is designed
15 to be able to scan and step on the platen 23 at a
constant speed by a linear motor in the ¥Y-direction
and to step in the X-direction. Further, the wafer
stage 22 has built into it a Z-stage mechanism moving
the wafer table 21 in a predetermined range in the Z-
20 direction and a tilt mechanism (leveling mechanism) 3
adjusting the tilt angle of the wafer table 21.
The moving mirror 24m fixed to an end of the wafer
table 21 and laser interferometers (not shown except

for Y-axis) 24 fixed to a not shown column are used to

25 measure the positions of the wafer table 21 (wafer W)



by the sensitivity of the photo resist coated on the ,_ 5 wafer VV”th,
random error occurring randomy w thout exhibiting any particulbﬁ il a2 s
reduced by the averaging effect. Here, if assum ng that-the random error

for the focus is normally distributed by 3a=F (~,un) where the 10 standard
error is a, the probability of random_erpor _due t~-single exposure ending

up out of the range of F (~cn) is 1% (0.01). As opposed to this, the

probability of randomerror ending up out of the range of F (~cm) in double

exposures as.we [ :01%.(:0. 01 15 : .+ ~Thi h that jt is

e et ¢ ifokbe RrdiBaehiPon aptortdlrdttiol' sy geEeTind 1 Tty of 99%
i n doubl e exposure qccurs far a_range of qQccyrrence with a probability of
90% i n si ngl BOWREoSHr 8PoRkal - 081 uleatapdd Games. Hhe Hatatienad f or i ng
exposure 20 twice, when considering the error up to 3a, it is possible to
consi der a maggleuad shexwafernetaber @l is iadspodsasurad dhén that the
random error conponent is reduced to 2/3 by the doubl e exposure. Therefore,
the effect dmeasurednstaiuesr arecsuppd ieddtoedhet Istazfe exquiale accur acy

i nproved, and fine patterns forned 14 JG-J c~~~2 - 45 wth a good
accuracgy. Nokgsteat 18 thd mwhehetdagle coatpodseyistardd mortrdle first and
second anounts of exposure in the doubl e exposure are nmade anounts of ~ of

the appropri ghe opePadiBuNbfothexNanead mbtoy it 0Foreldracting fHeom t he
vi ewpoi nt of reducing randomerror. It is however not necessarily essential

for-the fi rsbg%@? %g‘él&@d 23! nfa%c%frd%%%sw&%ht %tt{?;&[?élrsu fx}ahﬁ.{esam“”t of

exposure nmay be nm arger than the second or second anmount of 10
exposure may be ﬁad%tlarger than the first. In this caser--they may be
di stributed §8PPraf%nhe sumof the first.and second amounts~of exposure

mat ch t he appropriatﬁ ampunt of exposure. Further, the line widths of the
reticle patterns®istBeatifg 2, sGRD FEPPEUIE r SO M@ YR CORFEHe second

reticle R2 do not necessaril have to be the sane and
10 system 7 sends the stage control system 13 an exposure

start command. In response to this, the stage control s
systeﬁ‘13 makes the wafer;W engage in a scan motion in ;
the Y-direction at a speed Vw through the wafer stage
22 in synchronization with the scan motion of the
15 reticle R in the Y-direction though the reticle stage
17. The scan speed Vw of the wafer W is set to B-V2
using the projection magnification p from the reticle
R to the wafer W.
Further, the projection optical system PL is held
20 in the upper plate of the -U-shaped column 25 -
projecting from the base plate 23. It projects.a slit
image etc. at an angle to the plurality of measurement
points of the surface of the wafer W at the side part

in the X-direction of the projection optical system PL

25 and outputs a plurality of focus signals corresponding



can be made different. In this case, the amount of first exposuL$ ﬂg?.ﬁﬁz
anount of second exposure can be nmade different in relation wth't B

wi dth. 20 Further, the dense patterns conprised of the isolated patterns
42a and auxiliary patterns 43a on the first reticle RL are not limted in
pitch or duty ratio to the above condiLtkgns_and need not be |ine-and-space
patterns, that is, the interval between the isolated 25 patterns 42a and
auxiliary patterns 43a and the 1 ~Jlr~J ~~(~2 - 46 interval between the

adj oi ning auxi| | eLps a I ai;:ned above,
by using th:§%eéﬁ%%tg$£%héEpFége ?ﬁéﬁggﬁgﬁgﬁtﬂ?égﬁggﬁF8§C?8§§§§t grns,
random 5 error is reduced and_the changes in line wdth of, the isalated
patterns duet®% %é?bfﬁggé?g 2585P§s§85?%§8n9hekpeg§p&ﬁP8nl@&ﬁgﬁgcﬁade
further higher. A microdevice produced using-this nethod has a_suitable,
uniforn1|inetMPﬂt%uéﬁa‘PngﬁpéPF8ﬁ°FHscﬁﬁpﬁgFeKP§FF&§?f§GrNGPélﬁﬂat in the
present enbodi nent, the first exposure was perforned using the first
reticle Rl, @hilBFtHeengserdnd2éxpssprevidedpelher pduradity ofe fostsnd N
reticle R2. As opposed to this, however, the sane effect can be obtai ned
even i B perfeighapst fieoh5Sther muleippsint BY skassec@6bd aret isupplR2dand t he
second exposure by the first reticle RL. Note that it is also possible to
formthe rettel & petusrasishevntirdlFepstem and Fhe foBuentile same reticle.
Further, the illum nation conditions, that is, the shape or size of 20 the

above secondggytib@hbyseemCe7( Fih@B8SkEhe ¢behs Pekii®iodf anld um nation |ight
IL) may al so be nmade different between the first reticle RL and the '

second ret i ch g R0y, 986000 FIORY HRA SGELUR! 30 b RRes Raldegs)] 25 An

expl anati on € grven rext of e case of
the plurality of focus signals and supplies the

10 results found to the stage control system 13. Note

that the specific configuration of the multi-point AF

Ia

sensora26 is disclosed in-Japanese Unexamined Patent .
Publication (Kokai) No. 6-283403 and its corresponding
U.S. Patent No. 5448332. The disclosures of that
15 Japanese publication and U.S. patent are adopted as
part of the description of this specification in so
far as the domestic laws of the country designated or
country elected by this international application

allow._

20 The stage control system 13 drives the Z-s@age
mechanism and tilt mechanism in the wafer stage 22 so
that the supplied focus position and inclination angle
match with the focus position and inclination angle of
the imaging plane of the projection optical system PL

25 found in advance. Due to this, even during scan



form ng dense patterns having periodicity as device patterns mn eJeL%?ce
to FIG 4A, FIG 4B, and FIG 4C Note that FIG 4A and FIG 4B h

reticle patterns forned on the reticle. The shaded portions 5 show |i ght
interrupting portions, while the non-shaded portions show the |ight
transmitting portions. FIG 4C shows thgodevice patterns to be formed or
formed on the wafer W The shaded portions show |ines (projections), while
t he non-shaded portions show t he 10 spaces (depressions). Assune that

device patterns co do he dens atterns 51c_as sh i Fl G 4C as
conponents af&P ?Bpﬁg ﬁe S%ﬁ%@FemP%ogpgdeﬁppﬁuE p&t OWE éuﬁﬂﬁtlve
resi st) having _predeterm ned sensitivit 15 .In thls case, a first reticle

RL and seconWaferi ¥ éspeopsrrdded &R M@ CPOI‘”I% eréﬂacﬂlélgpé’cltaé’rens are
prepared. That is, as shown in FIG 4A the first reticle RLis forned with
reticle patt@fn§h§09§pﬂ§§§19ﬂ @@ﬁgéaéaﬁﬂéﬁﬁm bya the sdweLasis esponding to
the 20 dense patterns 51c of the-device patterns. The second reticle R2, as
shown in Fl GsydBemi snflormtd Wevielisg slyeteat.t erns conpri sed of dense
patterns 51b of shapes corresponding to the dense patterns 51c of the

devi ce spat t er ns. Fipehér, sanr ofifi-akd sRiyatem Ad iganment dznseid Qe ils2 are
fixed and held on the reticle stage 17. 1 ~~G~ ~2 - 48 Note that the

condi tions fggxbar eat cae gfldteh%u&&‘tatc%r&i ahe gnllifeRitidhesak for the
first reticle RL and second reticle R2. First, the stage control system 13

controls the i n nt i of the reticle
5‘05%%%9?' rs %ﬁ:‘a‘i g@%—%’ﬁ‘aﬁ. A%Ege%” tsﬁieeéfncf

stage 17 to Eet t retlcl t a predeterm ne .
sare vy oo PRESPRESE o iBsartaRRAY SRrERS 7o SREAT il ha] ust s ne 10 or
'aser. |1 ght BOBAEAENS Bhd e HEREaR: epaes aoharhd e Hotge 221 n
relation with the field etc. due to the |Ilun1nat|on field stop
10 areas of the wafer W and supplies the detection signal
to the alignment signal processor 29. The alignment
signal-processor 29 is supplied with the measurement
values of the laser interferometers 24. The alignment
signal processor 29 calculates the coordinates in the
15 stage coordinate system (X,Y) of a wafer mark detected
from the detection signal and measurement values of
the laser interferometers and supplies them to the
main control system 7. The stage coordinate system
(X,Y) means the coordinate system determined by the X-
20 coordinate and Y-coordinate of the wafer table_21
measured by the laser interferometers 24. The main
control system 7 finds the coordinates of the shot
areas on the wafer W by the stage coordinate system

(X,Y) from the coordinates of the supplied wafer mark

25 and supplies them to the stage control system 13. The

ta



system 11 to performfirst exposure so as to give a 15 substant'gl,gqnmﬂﬁ
of exposure at the wafer Wof ~ of the appropriate anount of exg sdre &%
determ ned by the sensitivity of the photo resist coated on the wafer W
Next, the stage control system 13 controls the 20 reticle position

adj ust mrent nmechanismetc. of the retigI?3st§ge 17 to set the_second reticle
R2 at a predetermned illum nation position and, in the same ' way as
above, perfornms second exposure so as to give a substantial anmount of
exposure at the wafer Wof ~ of 25 _the appropriate anpynt of_ exposure as
det er mi ned b§tade¢ coptro ds¥§t9m4g3 Fﬂgtggi§iFh?i??s&FlpﬁeoﬁhGP@ resi st
coated on the wafer W This fornms the device patterns 51c given the
appropri at e dabent sbagexpdsarethe thmedefibseaBxpspaparencthé&hgafer W 5
According to the nethod of the present enbodinent, since the first and
second_reticsbetfareed baskdt he sheecpartdénasear euppddedor - doubl e exposure
by anobunts of ~ of the appropriate anount of exposure as determ ned by the

sensitivity of therphetp aegigticiflcmatrdmembehermatier affigeds too form
device patterns with_an appropriate anmoun~_of exposure, random error

occurrisng Fa@ﬁ@”%&f&&tEQHleeé@Lbbhk&@ué”fiﬁﬁ&&h@“hﬁ&k%r%@Qﬁihgr%ﬁuced by
the averaging effect. Details of the reduction of the randomérror were

expl ai ned i“FﬁghEBEiEE6§Ele%EggEEEEE’o%ot '!Blﬁﬁnﬁghkt%%n O Ay e that in

the nethod o present e iment, the tirst-and second anounts of
exposure in the t X res.are_made-anounts.of ~ of the appraqpriate
amount of expatarencd BREIRE iBnC st ACRROHOEY DY an Fardy Y A ve
fromthe viemgoint reduci ng random err It is Eomever not necessarily

f r.
essential foF ?hEefgﬁgFlQHdré €oRd RABuNALEE WoRESs dPEMES PRt &Re The first

amount of exposure may be made | arger than the second or the second anount
of exposure Fayfpee29intbe fadyedialhmarknmempest FM.n Fugthezas@® they may be

10 reflection light detecting-system 30 detecting flux
etc. reflected from the wafer W side through the
projection optical system™PL is attached to the top
end of the projection optical system PL. The detection
signal.of the reflection light detection system 30 is

15 supplied to an self measurement device 31. Under the
control of the main control system 7, the self
measurement device 31 monitors the amount of
reflectance (reflection rate) of the wafer W, measures
the illumination evenness, measures the spatial image,

20 etc. T

The reticle stage 17 in -.this embodiment maf
simultaneously fix and hold a plurality of reticles R
(first reticle R1 and second reticle R2). Under the
control of the stage control system 13, it positions

25 one reticle among the plurality of reticles Rl and R2



~ 4 ~~;~~~ ~c2 - 50 distributed so that the sumof the first aE? ngoq@a
anounts of exposure match the appropriate anount of exposure. Furt “the
line widths of the reticle patterns 5 51a and 51b of the first reticle Rl
and second reticle R2 do not necessarily have-to be the sane. They nay be
made different fromeach other.--In thig,case, the amount of first exposure
and-the anount of second exposure may be& made different in relation with
the 10 line widths. Further, in the present enbodinent, two reticles, that
is, the first {eticie R1 gnd t he sgcond rgttiie R2, .are usedt.This is

ef fective wheBlREkIFGLY hated pBLEAETETHAREAOASLEMAPRFARE PPEMEARDN ot her,

but it 15 is also possible to use either _reticgle for the first exposure and
second expos(#RitiplcPefatipBt PE| 8CARY ¢t eFRsTBASWALARCEI 8C3BA and FIG 4B
may al so be forned on the sanme reticle. [Third Enbodi nent (Formation of

| sol at ed Patespasyfe2dspecfprmadt bynthel pmhgsgpneninpuil sef las€rcase of
formng isolated patterns as device patterns with reference to FIG 5A

FIG 5B, andlifgkx &€ aNetie¢thbak bkGillAtaod ErequeBcyhdwomethe e patterns_
formed on the reticle. The shaded portions show | ight 25 interrupting

portioms, whikeihmbe 198eghadgHtPebuikeBS2 uhded~thel conZrolSbf Ehew the
light transmtting portions. FIG 5C shows the device patterns to be forned

4 B (R T R e o
FIG 50 as coaBsacare ATath]rug sk Enks I o H et A el st
rron reti ol vRbbmndlsBBgnsRecERERATAIIY; Al Rt RPN P BF et o1 o
patterns areand by the relative movement of the wafer W and

10 reticle R at a suitable speed under the control of the

stage control system 13 so-that the substantive amount

o,

of exposure on the wafer W becomes the appropriate :
amount of exposure.
Note that the above projection exposure apparatus
15 is a step-and-scan type, but the exposure apparatus to
which the present invention is applied is not limited
to the above exposure apparatus and may also be
applied to a step-and-repeat type projection exposure
apparatus or a mirror protection aligner etc. Further,
20 the invention may be also applied to a reduction
projection type scan exposure apparatus using as a
light source an SOR generating EUV (extreme
ultraviolet) light having an oscillation spectrum in
the soft X-ray region (wavelength 5 to 15 nm or so),

25 for example, 13.4 nm or 11.5 nm or a laser plasma



prepared. That is, as shown in FIG 5A the first reticle RL is %05
reticle patterns conprised 15 of dense patterns forned by patte1 % a“
shapes corresponding to the isolated patterns 52c of the device patterns
plus a plurality of auxiliary patterns 53a in their vicinity. The second
reticle R2, as shown in FIG 5B, is forg% with reticle patterns conprised
20 of patterns 52b of shapes -correspondi-ng to the isolated patterns 52c of
the device patterns. The first reticle RL and the second reticle R2 are
fixed and held on the reticle stage 17. Note that the isolated patterns 52a

and 52b are &x9BF| §OURESS ke A XrE W STAM SXPOSHES: FHRATA NS (0 | t he
conditions for 14 J~~~ ar~2 - 52 formation of the dense patterns
conpri sed of thRePro8ilBisY B¥PEerns 52a and auxiliary patterns 53a are
assunmed to be the same as the dense patterns (42a, 43a)_explained with
reference to the[First Bmbodiment 3JFoEmMatipn) offFDegise Plad tetrage agwht r ol
system 13 controls the reticle position adjustnent nmechanismetc. of the
reticle staggsdlatedseattleenlsiynst reticle Rl at a predeterm ned
illumnation position (initial position 10 of scan start) and suitably

sel ect g and adj ughseg @a%tli%hwqfnt ke venCiflirgid OF frnROueiye/ off the |aser
l'ight by the excimer laser light source 2 and the novenment speed of the

vafer stage 28riningCghis@ piildrnae - fdell‘éoqtaQ:edj#aﬁ’Eéfﬂle Hay4g nation

field stop system Il an per I rst expos so as to gl

substanti al f; SUr f r ;P% |ate
anount of exggggrgélgsltgzt%%r lrz%eglé' %;’Q‘t t\e@én(;%ns IVIt i E\&ﬁoto Tesi st
coated on th r. W,_Next,. the st e._contr ten1 3 controls the 20
reticle posi gﬁ'ugpﬁeﬁpqﬂg 3 <ﬁ%QH1 éh Qékﬁﬁéﬂ? to set

t he_second retlcle R2 at. a predeternlned illumnation position and perforns

' second expd8ufbo¥o redicd eyiRatterif fogmadom i irediicheodhe at the

wafer Wof ~ of the appropriate amount 25 of exposure as determ ned by the
sensi tlidvity &haded port4jons-show light interrupting portionms,

while -the non-shaded portions show the light
transmitting portions. FIG. 2C shows the device
patterns to be formed or formed on the wafer W. The
shaded portions show lines (projections), while the
15 non-shaded portions show spaces (depressions).
Assume that device patterns comprised of the dense
patterns 41c and isolated patterns 42c as shown in
FIG. 2C as components are formed on a wafer W coated
with a_photo resist (positive resist) having a
20 predetermined sensitivity.
In this case, a first reticle Rl and second reticle
R2 formed with the following reticle patterns are
prepared. That is, as shown in FIG. 2A, the first
reticle Rl is formed with reticle patterns comprised

25 of dense patterns 4la of shapes corresponding to the



- 53 photo resist coated on the wafer Win the sane way as abox .ngi§m2
fornms the device patterns 52c given the appropriate anount of e gosurelby
doubl e exposure on the wafer W Note that the inages transferred by the 5
auxiliary patterns 53a are exposed by ~ of the appropriate anmount of
exposure, so do not remain after develoggent. I n dense patterns and

i solated patterns, the changes_in the™l ‘e Wi dth due to defocus exhibit 10
opposite trends in the sane way as explained in the first-enbodi nent, so by
perform ng exposure using the first-reticle RL having reticle patterns
conpri si ng déeBEepBAtErRBST HlReBbyPPsOLNLES BéFF@FHg 88 depsequxiliary
patterns 53a, then perform ng exposure using 15 the second reticle R2
havi ng t he ipathesuspaiméias sebtbe dense patserns 4gpr dormede bynount of
exposure by the doubl e exposure, taking note of the overlaid isolated
patterns, inpabeethssd2axpdsshapesonrentraspbhddikgpabt ¢hes isod atedred and, in
the second exposure, 20 sonewhat thin patterns are-fornmed. The changes in
line widths petpeefst hgcf besrthénae%&@enga%agw plugue pdulrfag jayount of
def ocus cancel each other out and therefore it is possible to obtain an

overal Ig Iine°§Lg?Eig?Q?gCE§FEQ§?§i?E&gﬁﬁtQh@&rb%ibihgﬁ > and 25 possible to

i ncrease the J ~2 - 54 Note that the |line w dths

of the reticle p@%&fﬁgéngarEgggﬁg 8?’?E§ Eh%%& &%t%&hq B%’uggp for the

first exposure an I'’ne-w e reticl & patterns formed on

the second reticle R2 used, f.or the 5 -second-exposure not necessarily
have to matc °§ﬂ88nﬂ§t§erﬁ§d§l& p]aé‘.?gﬁln_s E&F‘Pﬁp &9 r?f(rjéeé‘(sieon with the |ine

wi dt h or independent-lé it-is possible to nade the first_ anount of
exposure andPRkEeEBEoAdbaRSuSNapeSe £ETEEPORAANG: & the deNSfye | ess than
the 10 appropriate anount of exposure as determ ned by the sensitivity of
t he photo rephatterBg ddcngft ithe device pasdienins @ad dsadatddicrease t he
dept h of focus.
10 patterns 42b of shapes corresponding to the isolated
patterns 42c of the device patterns. The first reticle
Rl and the second reticle R2 are fixed and held on the
reticle stage 17. Note that in this example, the dense
patterhs 4la and 41b and the isolated patterns 42a and
15 42b are formed by the same conditions respectively
(line width, pitch, duty, etc.) Further, the isolated
patterns 42a and auxiliary patterns 43a comprise line-
and-space patterns having a pitch of twice the line
width of the isolated patterns 42a and a duty ratio of
20 1:1. T
First, the stage controcl system 13 controls the
reticle position adjustment mechanism etc. of the
reticle stage 17 to set the first reticle Rl at a

predetermined illumination position (initial position

25 of scan start) and determines the number of exposure



Further, the line w dths, nunbers, arrangenent, etc. of the auxiliary
patterns 65a are not linited to the 15 above. In this way, acddrdiU“rb,.t‘@fthe
nmet hod of the present enbodinent, it is possible to reduce the error in
line width of the isolated patterns due to focus error as systematic error
due to the unevenness etc. of the 20 wagjer W (resist) surface:-Further, if
perform ng doubl e exposure according to the nethod of the present

enbodi ment, in the sane way as explained in the above ' first enbodi nent,

D Ao St Lo 25k EANS, PRSI A POl S B 000, B aaRELic v 2 rend

t~2 - 55 |nproved and fipe patterns can be forned th a ood accuracy.
Note that iRt HRAGR RIHIL chbo PﬁEﬁ¥P°?%EefF?%%°BxﬁBSE Eveorned usi ng
the first reticle Rl, 5 while the second exposure _was perforned using the
second retic(phdto pesbpbbstd vhichithenpaktern efetBanfi&ftect can be
obt ai ned even if performng the first exposure by the second-reticle R2 and
the second erg@uicle BY ibetbdi bettransféerdd. sdloae thagive as al so 10
possible to formthe reticle patterns shown in FIG 5A and FIG 5B on the

same xsticl esubsitafeial t &fouht USENEkpOsSucendtt thaswaligrbw odEdg oiff f er ent
between the first reticle RL and second reticle R2. For exanple, it is

possible 10 yfe pASPHL ateshibadt: 15 8ApbYELeSkaPaLeErARAWaby | | uni nati on
of the first reti 1 and use a circular shaped aperture stop fo

ordi nary il!yﬁgn%%hgggg%éEQ efﬁg —§£bc SSE%t EYLtBEr o |thhe second

exposure using t efic I'So patterns 2b of FIG 5B), it

T adi ot ng ¥REF Funfhe RomS ?réﬁ%'?fP§?H§ %h¥éﬁ%?§329?%% PRPENs el ative
to the direction of the optic axi s _of the i on optlcal system PL
for each poi fgtikotAk §§ﬁ§§uF§er@¢P6ﬁuBnnP % Vﬁsfg REEELERSt t he

curmul ative focus nmethod suitable for a ) )
10 for the cumulative amount of exposure at the points in

the exposure region to become substantially equal,
that is, the cumulative déstribution of light on the
exposure region to become substantially uniform and so
that the cumulative amount of light substantially

15 matches with % of the appropriate amount of exposure,
that is, the control accuracy of the cumulative amount
of light becomes less than a predetermined allowable
value. Note that before determining the number of
exposure pulses, one of the plurality of aperture

20 stops (for example, the annular shaped aperture stop)
on the switch revolver, selected in accordance with
the patterns of the first reticle Rl, is arranged in
the optical path of illumination and the intensity of

the illumination light IL emitted from the selected

25 aperture stop is detected by the integrator sensor 9.



14 J~,J~ ~~~2 - 56 scan exposure apparatus is for exanple di8ﬁ|03qq 1
Japanese Unexam ned Patent Publication (Kokai) No. 4 277612 an hi el &
corresponding U S. Patent No. 5194893 and Japanese Unexani ned Patent
Publication (Rokai) No. u. 5 6-314646 and its corresponding U S. Patent No.
5742376. The disclosures of that Japanegg publications and U S. patents are
adopted as--part of the description of this specification in so far as the
donestic | aws of the country designated or country 10 elected by this

i nternational ap I| t|on rnatl n of

w, [-Fouy F-
| sol ated Pattern Tf ﬁﬁ’eﬁﬁ?aﬁXFF ﬁea%P?eBsngVVBEEﬁéfg &?@ of

form ng |solated patterns as device patterns with 15 reference to FIG 6A
FIG 6B, andlight EE ifofeterminedcbagrdapd Ebe NEBPEFOoRL &XRASHLSt t er ns
formed on the reticle. The shaded portions show |ight interrupting
portions, whphdseBeandntbradpproprinsesannent: BE ExXpEsSUnearddMm ttheng
portions. FIG 6C shows 20 the device patterns to b~ -formed or forned on
t he waf er W eXhmpikad&dofiotheosamehownd the ¢prdjabde ddght while the ..
non- shaded portions show spaces (depressions). Assune that device patterns

conpri & ng thechaaliamedn2%heatfliests iddamdnationn siystleimG4 G6 as conponents
are 14 J~'v ~2 - 57 formed on a wafer Wcoated with a photo resi st

(positive reaa%hstEavmgaeeeéefa%@ RAYnSeRE hivéirage lihtdnssitsasehed first
reticle Rl and”second reticle R2 formed with the followng reticle patterns

are 5 prepar @Qr 3 'l§. S oAU 5ish 'ﬁ' 9 6§g§?§%p§tternr lifle RLis

formed with r-e ?e pa erns conprlse s torned- by

patterns 62a es Go ndlng at atterns 62c of the
devi ce patte grgﬁ&% 8% ﬁ‘@l .Sfr%@ 3 Iﬁxg(ray %{kﬁgﬁ%f%%a in their
vicinity. Specifically, the line wi dth of the |splated patterns 62a_is 0.18
Vim 0.18 ~chFRRFBLftapsesuattanpatitferitesida Sne ﬁgﬂré;} T a space of

10 selected in accordance with the previously determined
average intensity is arranged in the optical path of s
illumiﬁation. Note that the specific configuration s
etc. of the variable light mechanism are disclosed for
example in Japanese Unexamined Patent Publication

15 (Kokai) No. 6-252022 and the corresponding U.S. Patent
No. 5627627. The disclosures of that Japanese
publication and U.S. patent are adopted as part of the
description of this specification in so far as the
domestic laws of the country designated or country

20 elected by this international application allow.
Further, in the present example, the exposure control
system 1 controls the voltage applied to the excimer
laser light source 2 (charging voltage) to enable
adjustment of the oscillation intensity of the

25 illumination light IL and enable fine adjustment of



0.18 ~cm (light transmtting portion) fromthese. The second reticle R2 = as
shown in FIG 6B, is 15 formed with reticle patterns conprised Idf JUdl 302
relatively spare periodic patterns, fornmed by patterns 62b of shapes
corresponding to the isolated patterns 62c of the device patterns plus
auxiliary patterns 63b at the two sidgsggnol as dense as the dense patterns
of the 20 first reticle RL. Specifically, the line wdth of the patterns
62b is 0.18 ~cm the sane as the line width of the isolated patterns 62a of
the first regycl 2_= Ln 1.t AL pattern 3b .are forned
at a space d#hé.gggggﬁgfﬁiaﬁgkb%a§%¥$ﬂ§?ﬁggégrF?gﬁg)§§5%&r§ﬁ?tﬁ%g@. The
first reticle RL and ~~ ~2 reticle R2 are fixed and

t d 4 ] - 58
hel d on the FB?iE?ElnggeiggﬁgFWFgﬁ?nﬁﬁ@ OV&Le2cBRPAGI T8P9€em 13 control s

the reticle position adjustnent nmechanismetc. _of the reticle stage 17 to
set the first relie¥te Haeamainscppegelcfkfhen | FUALARLY0AIIYSESI on
(initial position of scan start) and suitably selects and adjusts one or
both of the oseibtabobth 6fetbenogcillabdonafrequepty f the dasierer | aser
| i ght-source 2 and the novenent speed of the wafer stage 22 in relation
with tbe fieliigh® bycthduextamelrelakkernidghitosohireled 2stamd $het em 11 to
perfor-mfirst exposure sa_as to give a substantial anmount of exposure at

the-~rafer Wetemeft bPeeaPBEORhkAlAfaIDERhgRl 20X RS e adS odekArH ned by
the sensitivity of the photo resist coated on the wafer W 15 Next, the

stage CO”tr0%hé¥§?€€h§§tg°?héﬁhsvhﬂﬁéﬁebkckﬁep%§bkhgﬁ 3Qsles! Pyt mechani sm

etc. of the reticle stag 7/ to set the second reticle R2 at a

predet er mi negd, L| kunipaL] it and perforns a second_exposure so as to
give a substgH%igﬁgggnéhgﬂogggbggggdsure at the wafer Wof- ~ of the

phot o eei ot coaNERConthRoShARE CORFROLNEVELRR Jey CRBCaRdse hRIi o forms the
devi ce patterns 62c given the appropriate anount of exposure by the double
exposdpe reticle position adjustment mechanism etc. of the
reticle stage 17 to set the second reticle R2 at a :
predet;rmined illuminatiogrposition and perform a -
second scan exposure so as to give a substantial
amount of exposure at the wafer W of % of the
15 appropriate amount of exposure as determined by the
sensitivity of the photo resist coated on the wafer W
in the same way as above. This forms the device
patterns 41c and 42c given the appropriate amount of
exposure by the two exposures on the wafer W. Note
20 that the images transferred by the auxiliary patterns :
43a are exposed by % of the appropriate amount of
exposure, so do not remain after development.
FIG. 3 is a view of the relation between the amount

of defocus and the pattern line width (dependency of

25 pattern line width on focus). The figure shows the



25 on the wafer W Note that the inmages transferred by 14 J~'~~j,;2~i 59
the auxiliary patterns 63a and 63b are exposed by ~ of the applép bdtéﬂz
anount of exposure, so do not renmain after devel opnment. In dense patterns,
the change in the line width due 5 to defocus tends to becone one becom ng
thicker. In periodic patterns which areagparser than this, the change in
the line width cane to-defocus tends to be one becom ng thinner than the
dense patterns. Therefore, by performng first exposure using -the 10 first
reticle having reticle patterns_conprised, of dense-peridi ¢ patterns forned
by i sol at ed 5§§ngng 6§§mﬂﬁ8§188xpgrﬁr§P659F&rﬁ@ggfa}nt%%F ﬁ%ﬁ@b i ng
second exposure usinﬂ the second_reticle having._reticle patterns conprised
of periodic PERGrAsKEE e¥gameE; laR8E PheadWAVELS r‘?sfo(?f‘wt P& &S st
reticle Rl) formed the isolated patterns 62b plus auxiliary patterns 63b so
as to give thBeappgbpr FavECErDUSLNGF aBx pOBYAAIL Y 1ANEIAYIERN e exposur e,
taking note of the overlaid isolated patterns, in the first exposure, 20
sonmewhat thi oktpaalesystenmr off ar mutezndali apertugec didd ofkfohid,e,a patterns,
thinner _than the first are forned. The changes in |ine widths due to the
first gnd sesofdl@spefunedsjuando anhanandant raft idebdc 2y 33r amiver aged and
therefore it is possible to obtain an overall line 25 width close to the

line width akobshgl 94S1anes (4énsel parérhsd of5Q 1AESWiGtH @ridicrease
the depth of focus” FIG 7A, FIG 7B, "and FIG 7C are views of the

di st ri but i ony ofol HagRN B! hyORalche Al SsoWatlod? 13U (fobrafr dpcus

positions. F ws the 5 distribution of 1mage Intensity
exposi ng and g%ﬁnsfsrrl g

t he _peri.adic pat t ) in FIG 6A,
G 78 showB ERBERRY: PRoA Haneo Mty et 128, 3, Hote THAYd
similar trend may be considered to be exhibited even

10 when using as the light source i-rays or g-rays from a

continuous emission light-source, an ArF excimer laser

ole

or Fz'iaser, or EUV light -having an oscillation :
spectrum in the soft X-ray region.
In the figure, the horizontal axis shows the amount
15 of defocus (nm), that is, the offset from the optimal
focus (best focus) position, while the vertical axis
shows the pattern line width (nm). Further, the curve
shown by the letters L/S (line/space) shows the change
in line width of dense patterns in the case of double
20 exposure by the method of the present embodiment )
(about the same as the dense patterns in the case of
double exposure by the method of the present
embodiment), while the curve shown by the letter D
(double) shows the change in line width of isolated

25 patterns in the case of double exposure by the method



when exposing and transferring the periodic patterns shown in rIGi,Sa, 3nd
FIG 7C shows the distribution 10 of image intensity conbi ning fndUinail

~f -perform ng exposurs_using the first reticle RL, as shown in FIG 7A,
pattern inmages are fornmed on the wafer Wwith a low intensity at the
portions corresponding to the light intgrrupting portions 62a 15 and 63a of
the reticle patterns and a high intensity at the portions corresponding to
the light transmtting portions. Further, if perform ng exposure using the

second reticl atterns are formed with a_low intensity.at the portions
correspondinagtggﬁhgrgﬁengﬁ ehme pt&h& F8FV o oggbigh b of the
reticle pattern and a high_intensity at the portions corresponding to the
li ght transnifEERE Bol iBAde)| £hpvst ShQ FHaATEHRS dip&s Widtdsiofg the first
reticle RL and second reticle R2, as shown in FIG 7C, 25 pattern inages
are fornmed odschateds patwewnshia the case4jof-a-single-BXpoplre @sensity at
portions of the wafer Wcorresponding to the reticle patterns 62a and 62b
and a hi gh i ihenbet prabrogrer. pNotel ahat Dheclfdmstntandn secioad dioanis h the
intensity portions enables formation of the isolated 5 patterns 62c shown
in FIGs 6C. pokettibak tihethieneasediof @iwot kposiirese ap# taggumedlad or ned on
the first =eticle-Rl used for the first exposure and the line width of the
reticle pattgenggfigh.forned on the second reticle R2 used for the 10 second
exposure do not necessarily have to match and may b~ nmade different.
Further, in rel aglko Lth.the L Ldt-h o ar - ndentl: i 4 sible
to make the firs baﬁgyﬁ'# (#1 g%gogﬁﬁ\grgﬁdtpﬁ;cggg ndqum)ll%g[e olv}fldé%p%gﬁre
different in_a range_less t the 15 apprqQpriate ampunt of exposure as
et er i ned bSPRE DOTLRERR (B/50 EHE Sib s Peuts =iy din e &V T e
possible to &urther increase .the depth of focus. Further, the Iine w dths,
nunbers, arr SRGEMERE, JEpduaddy; fhigkern-i &ny £S5 9B34"hd 63b are not
limted 20 to the above. - In this way, according to the nmethod of the
presertl enbo@XREFULSSt aSs Weddai HubsTENtd@ldy (he &ams G5end fé ' wi dth of

the isolated patterns due to focus error as systematic error due to the
unevenness eexhibfitede in change as with single exposure. As

«

opposed to this, the change in line width of isolated :
patterns (S) due to defocus in the case of single
exposuie tends to become one of relatively rapid
15 thinning. The range of allowance of focal error (depth
of focus) for ensuring the line width error becomes
within a predetermined allowable range is small, but
in the case of isolated patterns (D) in the case of
double_ exposure by the method of the present
20 embodiment, the change in line width due to defocus :
tends to be one of relatively gradual thinning; It is
possible to reduce the change in line width and
possible to increase the depth of focus even from the
case of single exposure.

25 That is, in dense patterns (L/S) and isolated



25 wafer W(resist) surface. Further, if performng 14 J~~d Y=~y 16
doubl e exposure according to the nethod of the present enbodi mJ;ll‘[ j%'li”\{] "?@e

same way as explained in the above first enbodi nent, the random error
occurring randomy w thout exhibiting any particular trend is reduced by 5
the averaging effect. Note that in the present enbodiment, the first
exposure was performed using the first réeticle RlL, while the second
exposure was perforned using the second reticle R2. As opposed to this,
however, the_ 10 sanme effect. can _be obtain even if .performng the
first--exposB?gt8§n?th§ec%R& Fbanges g3 gﬂ& ﬁﬁ@esg g&ﬁ% e by the
first reticle RL. Note that it is also possible to formthe reticle
patterns sho@RIPRuf| exhgRisngrpreiteptegnds. TheTefoxiesl &Y Further, the 15
illumnation conditions may be nmade different between the first reticle Rl
and second rperépempng Earséxgrposuret usdngosdeplfdrsd agHigliehe annul ar
illumnation method to both the first and second reticles Rl and R2 and
make at | eashavmngoretlhiel20patneras cempriSialg dsoflatedepatitereiser and
i nner dianeter) and annular width_different in accordance with the
condi tisons oplhsr Haki®haey phetednsetd EFobirte dendleh paRitietihs eithen bet ween
the first reticle Rl and second reticle R2. This can be realized by
provi di ng 25 ki tgh Y% T g - |l ; 14 J~,"' al
~~~2 - 63 aBE??S?@hggoS?gﬁﬁkh%§P§Fp?§r3%#5 tE%gg?%C%%gagﬁﬁhﬁgf!ratio and
annul ar w dt t 1 ak0 4t I ~-enhodi osj tive r.esi st was
used as the gﬁggggrggﬁéﬁkgguggfge?§ggggoggigFg%?behggﬁ%%ﬁéﬁﬁﬁF%gﬁ%%sist and
formisol ated_space patterns (depression such as contact .hol es at
posi ti ons coFW8EBgn8'n§xP8sPﬁ %@b%i@@& ggptgﬁﬁgs&ifs'[ﬁé#HWQEﬁﬁﬁﬁinent
(Formation of Isol ated Pattennsa] ) i

of the overlaid isolated patterns, in the first

10 exposure, somewhat thick patterns are formed and, in

LY

the second exposure, somewhat thin patterns are
formed. The changes in line widths between the first :
and second exposures due to the amount of defocus
cancel each other out and therefore it is possible to

15 obtain an overall line width close to the line width
at best focus.

In FIG. 3, for example, if allowing a line width
error up to *20 nm from the line width 180 nm, it is
learned that the depth of focus obtained in the first

20 exposure (S) is *250 nm and the depth of focus
obtained by the second exposure (D) by the method of
the present embodiment can be increased up to *340 nm.

Note that FIG. 3 shows the case where the line
width of the reticle patterns (isolated patterns) 42a

25 formed on the first reticle Rl used for the first



An explanation will be given next of the case of 10 form ng iso ﬁﬂ
patterns as device patterns with refer-ence to FIG 8A FIG - SB lFlf-'&z
8C. Note that FIG 8A and FIG 8B show reticle patterns fornmed on the
reticle. The shaded portions show light interrupting portions, while the
non- shaded portions 15 show the light trhgnsmtting portions. FIG 8C shows
the device patterns to be fornmed or forred on the wafer W The shaded
portions show the spaces (depressions) whi l e t he non-shaded portions show
the lines (proj ectlonsé sunme that device patterns conprised of the

i sol at ed pat BEPARUTScaBd Ehﬁm%lpﬁ FF@$h8€fa§h€oEﬁBﬁ€ﬁFSP§F§3F8§ned on a

waf er Wcoated with a photo ' resist (negative resist) having a

pr edet er ni netiisehated vpayterns)nsghi §ormed, op thesseFendcretRelend second
reticle 14 J~~'J e~~L~2 - 64 R2 formed with the following reticle
patterns areRprepadefior Thhe seconteekppsureearel mae to fmatwhdwiithh reticle
patterns conprised of relatively dense periodic patterns fornmed by patterns
(light 5 trasachtathgrpandi ehe) amdanef oghdpestcexpespeediand amouune i sol at ed
patterns 72c of the device patterns plus auxiliary patterns (light

transnmist t i NgoPOE&EONS) efBositet HOEr mhKR Si QQSthSpagg, g3lilae the Iine wdth
of the isolated patterns 72a is 0.18 ~cm 0.09 ~cm 10 aUX|I|ary patterns

73a are for nggds @% a°fp%$§°%érg 22Re™ Ehglhga&PEPBSrEH ?§F%§§%|on) from

t hese. The second reti ,- as s omn I'n with reticle
atterns co S 0] eL o rser a attern
b the 15 11 et fa; a7B Rt thE, RELEE, PR RRR R ahgnBebRRE RS
portions) 72h_of sh pes, corr ondi.n sol ate terns 72c of the
dovi ce pattegﬂsmﬁ’u B RniRnkr, BEnandistea B, eppgﬁsﬂ#?eﬁ&n&orfﬁoahs) 73b
at the,two sides ecifically, the line width of the 20 isol ated patterns
72b is--~. 183a€h]OFgérsaﬁﬁeaémPHBtlPﬁef%Fth36P°§H€e|§6ﬂa@@9%ﬂﬁ xns 72a

of the first reticle RL. 0.09 ~cmauxiliary patterns 73b are formed ' at a
space 1l8f 0. 338cendh expgaurenmayr bgt chgngedt ponef jussed: fesdbecome

different from each other; the two may be changed or

[

adjusted in inter-relation so that, in FIG. 3, the .
curve shown by the letter D becomes a straight line in
the horizontal direction, and thereby the depth of

15 focus may be made further larger. Further, the line
widths, numbers, arrangement, etc. of the isolated
patterns 43a are not limited to the above.

In this way, according to the method of the present

embodiment, it is possible to reduce the line width

20 error of isolated patteriis based on the focus error as
systematic error due to unewvenness etc., of the
surface of the wafer W (photo resist). Further,
according to the present invention, it is also
possible to reduce the random error as explained

25 below.



25 First, the stage control system 13 controls the 14 Jt~~J ~f% ﬂ$@530
reticle position adjustnent nmechanismetc. of the reticle stage 17 &8
the first reticle RL at a predetermned illum nation position (initial
position of scan start) and suitably selects and adjusts one or 5 both of
the oscillation frequency of the |laser Lijght by the exciner laser Iight
source 2 and the novenent speed of the wafer stage-22 in relation wth the
field etc. due to the illumnation field stop system 11 to performfirst

o "~ of the appribft ath AUTRTIbRS a&% Qﬁﬁgﬁﬁééaﬁ’fe%?ﬁé%%ﬁm kel tivity

of the photo Fesist copat n thg W Next, the_stage contrql system
13 control s $RROFREF LR BﬁE??FBﬁ aHYﬁg?nEXtaWEEH§ﬁ|9§1@F osyre; RE 15

reticle stage 17 to set the second reticle R2 at a predeterm ned

i |1 um nati onkpefi thenappropEiabeABesbhdoéxpBpasareoags desegmined
substanti al anount of exposure at the wafer Wof ~ of the appropriate
amount of exppsthe sensiitivitypedfbyhehphetasresistycohtedeod0thleot o resi st
coated on the wafer Win the same way as above. This forns the device

patterBs 72cwgfeenw} hehappangomaeerapoodtudtinypeandembdy wiehdawbl e
exposure on the wafer W Note that the inmages transferred by the auxiliary

patterns 738eﬁﬂﬂb1§bn§r§n§X§Q§€ﬂchar ¢teRa iberaaﬁ&earbgtenenount of
exposure, so do not remain ~~~~ ~~E~2 - 66 after developnment. In

relatively dg@égaﬁgﬁgogffeggtterns the change in line width due to defocus
tends to becone o ecom ~ thicker. In relatively sparse periodic 5

patterns, the c i t ends t.o_be.one becom ng
t hi nner than thgﬁgggsefﬁeéggﬂﬁ%g%aFggs éﬁeTﬁ%pégérgrrB§ ngfgpﬁlng first
exposure usi a first retjcle haV|n reticle_patterns c%nprlsed of

rel atively dggggspé?iBﬁFEaEthQFﬁ§rF RLed BY BY=Fsérm) cWhSxe: &8s pl us
auxiliary patterns, then perfor-m ng second exposure--using a second
reticl@ haV|ﬁ@aﬁéﬁFél@rEQFtéFn§rc§HﬁrP§@EaBF1#£YaP¢v€P9d§ﬂaﬁ§€°r

due to-single exposure ending up out of the range of
*F (um; is 1% (0.01). As opposed to this, the
probability of random error ending up out of the range
of *F (um) in double exposures as well is 0.01% (0.01

15 X 0.01). This shows that it is sufficient to deem the
occurrence of random error with a probability of 99%
in double exposure occurs for a range of occurrence
with a probability of 90% in single exposure, that is,
the range of 2c. That is, by performing exposure

20 twice, when considering the error up to 3¢, it“is
possible to consider a magnitude of 2/3. Therefbre, it
is possible to deem that the random error component is
reduced to 2/3 by the double exposure. Therefore, the
effect due to random error can be reduced, the

25 exposure accuracy improved, and fine patterns formed



periodic patterns fornmed by isolated patterns plus auxiliary patgermﬁ 6@2as
to give the appropriate 15 anmount of exposure by the double exp u#é,“
taking note of the overlaid isolated patterns, in the first exposure,
somewhat thick patterns are formed and, in the second exposure, patterns
thinner than the first are formed. The gwanges in line wdths due to the 20
first and second exposures due to the anmount of defocus are averaged and

therefore it is possible to obtain an overall line width close to the line
wi dth at best.:facys Ressials . to increase the depth of focus. 25 FIG
9A, FIG 98,&5%5 EI&?BgC are&gigﬁs of the 14 J~~~ ~~~ 2 - 67 distribution

of i nmage intensi n f plyrakit f C itiqQns. FIG
9A shows t he dis&¥F§uFﬁg§ g% %ﬁﬁﬁ@gkﬂggngﬁt3hﬁhéﬁ%ﬁf%§égﬁﬁﬁh dnsferring
the dense patterns shown in FIG. 8A, FIG 5 9B shows the distyihution of

i mage intensF%? %ﬁ§ﬁteﬁﬁggﬁﬁ§°§ﬁda@P&H§§ePﬁ ﬁﬁﬂﬂﬁ@rﬁéﬁQMﬁﬂ?|éQ&Hi%w shown
in FIG 8B, and FIG 9C shows the distribution of image intensity conbining
the two. |f PEPPEREENGrexpPaser amesints ofe ’f iofsthee@RPLOIXLAE) as shown in
FIG 9A, pattern images are fornmed on the wafer--Wwi th a high intensity at
porti orss cor emepatdodg expoishugrd.i Jitist isnmoisttt iefif qudritvieorfrodhend 73a of
the reticle patterns in accordance with the light wwdth and with a | ow
intensity atviewpodnt dF ceduedpyndiangion drfied. gt iistirweydyd ngtportions.
Further, if perform ng exposure using the second reticle R2, pattern inages
are formed V\hbbe%_slairgll_}ﬁ Rls@eitii 1atf oFO D TS Y& P el oA tfindudifcd i ght
transmtting portions 72b and 73b of the reticle 20 pattern in accordance

with the |iobl whlbaudad o ke OWrd @I rdlurOldf Whdhiresandi ng to

the light interrupting portions. per.f orm ng osufr e usi'ng the

first reticl d cond.reticle s, sho in E 9 pag tern
i mges are f gF 5&‘3%% lt%ﬁ“g% ftélrear\Nq;\ﬂet E%é: O%dlf r~\~gbe~~%~e§ o_%ds aa%%‘iz’}}ne%
hnt ens1I ()t y at egcg%s%?:ret Im%rglrs bceormraedsep (?Lrég:!gne% tt?'xatnhethe first. In this

case, -they may be distributed so that the sum of the

s

first.and second amounts of exposure match the

M,

appropriate amount of exposure.
Further, the line widths of the reticle patterns

15 4la and 41b of the first reticle Rl and the second
reticle R2 do not necessarily have to be the same and
can be made different. In this case, the amount of
first exposure and the amount of second exposure can
be made different in relation with the line width.

20 Further, the dense patterns comprised of the i;olated :
patterns 42a and auxiliary patterns 43a on the first
reticle Rl are not limited in pitch or duty ratio to
the above conditions and need not be line-and-space
patterns, that is, the inte;val between the isolated

25 patterns 42a and auxiliary patterns 43a and the



reticle patterns 72a and 72b and at a low intensity at other port{qgsi )
Devel opnment in relation with the intensity portions enabl es forAa i ‘off 3#
the isolated 5 patterns 72c shown in FIG 8C. Note that the line w dth of
the reticle patterns 72a fornmed on the first reticle RL used for the first
exposure and the line width -of the retigde_patterns 72b formed on the
second reticle R2 used for the 10 second exposure do not necessarily have
to match and may be-made different. Further, in relation with the |ine

wi dth or independently, .it is.R0ssihle t. Ihﬁ ;'r @gaﬁﬂt exposure
and the secoﬂ'%%gﬁgl&h‘t %&t“}u%?&s?ﬁ}ee %M@‘% r r?‘gf%tess aqfé){ he 15
appropriate anount of exposure as determ ned by the sensitivity of the

phot o resistmagyb@bm%9QI9¥£¥QQEQF§ possible to further increase the depth
of focus. Further, the line widths, nunbers, arrangenent, etc. of the
auxiliary patter ?s EXpladidme3irbavendy usdinedheo nerhodk abdthe -- In this
way, according to the nethod of the present enbodinent, it is possible to
reduce the epresent lembodimirnt dfo tfoem siswitesl gattterns, diendaemf ocus error,
as systematic error due to the unevenness etc, of the 25 wafer W (resist)
surfaces Furtdiator iifs pedumed rghd the dhanges-~ih -1fite wiodtth coxiosur e
according to the method of the present enbodinment, in the sane way as

expl ai ned i n jlgtA aAteRl patteiine il it e fddifs rarel Hasreds@ELUsd i ng
randonly without exhibiting any particular trend is reduced by 5 the
averagi ng ef figd rdaditfiSlon tdih ild WHIR SRR KON {{0s, RY be made
different between the first reticle Rl and the second reticle R2. Note that
in the present. agkﬁ j s { r.st:.ex %gf r i the first
reticle RI, I ghtr%e]tgsre%%‘ﬁc dex‘%%lsﬁgﬁfv\%gsq‘ber %c?ﬁtge%gu%r?%éf?%e e
second-reticle R2. opposed to this, however, 1he sanme effect,can be

bt ai ned. everthEaRt FoR HELTHE 39 sif SHRIUIE b7 (FASREERILF LI AT e R2 and
t he second exposure by the first reticle RL.. Note that it is also 15

possi bt® to for mite tatelid e RrRseHognhodment g AR L H¥E 8B on the

same reticle. Further, in the present enbodiment, a negative
exposure was performed using the first reticle R1,

by

while £he second exposure-was performed using the N
second reticle R2. As opposed to this, however, the
same effect can be obtained even if performing the
15 first exposure by the second reticle R2 and the second
exposure by the first reticle R1l. Note that it is also
possible to form the reticle patterns shown in FIG. 2A
and FIG. 2B on the same reticle. Further, the
illumination conditions, that is, the shape or size of
20 the above secondary light-source (intensity )
distribution of illumination light IL) may also be
made different between the first reticle R1 and the
second reticle R2.
[Second Embodiment (Formation of Dense Patterns)]

25 An explanation will be given next of the case of



resi st was used as the photo resist, but it is possible to use quom‘« im@z
resist and formisol ated 20 space patterns (depressions) such as cont act
hol es at positions corresponding to the isolated patterns 72c. [Sixth
Enbodi nent (Formation of Periodic Patterns)] An explanation will be given
here, referring to FIG 10A, FIG 10B_gnd EIG 10C of the case where 25
formng as the device patterns periodic patterns 8lc 14 Ju~~J ~~~2 - ~o0
of one line and three spaces so that the interval (space) between adjoi ning

patterns (lines) .becanes thr tinmes _the pattern.i.ne wdth. Note that FIG
1o and i G To5BiBAAeREE BeE et ey i mer snir 2T dd diy RS shaded

portions show the |ight interrupting portions while the non-shaded portions
show the |i gEPWP&%WPﬁhngeE@r‘%nGﬁs.tWIFéG'ldé'sﬁcﬁ% 4Ry ARA & Gratterns to

be fornmed or forned on a wafer W The shaded portions show |ines

(proj ections4f,. Hoitlee thatt FdGrodss idde & Isor t4iBoshosh@Eetsighl®s (depr essi ons).
Assune that device patterns conprised of the periodic patterns 8lc as shown
in FIG 10C pattemsndotrmesl enf dheedeticd ervaffye \Shawked porttioms phot o
resist (positive resist) having a predeterm ned 15 sensitivity. In this

case, & firsihoat 1agatRintRd ragrdng pRirtdons2 winreednd tdoddghdded ow ng

reticle patterns are prepared. That is, the first reticle RL is formed with

reticle patt oL i6ABPShIRA the RPNt it&a'ﬂsﬁitjtgﬁgo“p&({i@ﬁﬁs.e_m.t efcrs forned
by- periodic patterns 8la of shapes corresponding to the.periodic patterns

81c of the doui corr g .
lc of the dgyly E%tg[e%t%hce%“ l?)a(cﬁ&:z’d?r% I%ttf%’r%%ég%?r af@:ﬁﬂ’eéoorpo”'ons

bet ween t hese. tet ary patterns are the sane in |line

wi dth as the 25 perd odi tterns a, Wwhile the ri odic patterns 8la 1
s L0255 My BRI A Ske Bl sHbh A chas' doubi e che
line width and constitute |ine-and-space patterns giving a duty ratio of

1: 1. The secdRFOIECEIORsSRa, WhdilenhSRE inenmsadaspqrtions show “the

10 spaces (depressions).

Assume that device patterns comprised of the dense
patterﬁs 51lc as shown in‘;IG. 4C as components are
formed on a wafer W coated with a photo resist
(positive resist) having predetermined sensitivity.

15 In this case, a first reticle Rl and second reticle
R2 formed with the following reticle patterns are
prepared. That is, as shown in FIG. 4A, the first
reticle Rl is formed with reticle patterns comprised
of dense patterns 5la of shapes corresponding to the

20 dense patterns 5lc of the -device patterns. The second
reticle R2, as shown in FIG, 4B, is formed with
reticle patterns comprised of dense patterns 51b of
shapes corresponding to the dense patterns 51c of the

device patterns. The first reticle Rl and the second

25 reticle R2 are fixed and held on the reticle stage 17.

‘a



5 formed with second reticle patterns conprised of a periodic pﬁé;ﬁp@smﬁib
of shapes corresponding to the periodic patterns 81lc of the dev W
patterns. The first reticle RL and the second reticle R2 are fixed and held
arranged on the reticle stage 17. Note that 10 the periodic patterns 81b
are exactly the same in conditions of fggmation (1-ine width, pitch, etc.)
as the periodic patterns 8la: First, the stage control system 13 controls
the reticle position adjustnment nechanismetc. of the 15 reticle stage 17
to set the first reticle Rl at.a.predeterpin Ll Luginagion sition
(initial podY¥OntRAtLUs %?%éf?lgﬂﬁ %Ft§%¥§ggé+gc$§ ghﬁ BaﬁﬁsFBSone or
both of the oscillatjon frequency of the laser |ight by_the_exciner |aser

| i ght sourceaQGaﬂﬂmﬁ%%tﬂ%WeﬁﬁﬁtséBeSB%EdtB? ?hEsRaFﬁFlégﬁgBI-EQdin rel ation
with the field etc. due to the illumnnation field stop system 11l to perform
first exposusecerdaxetichevR2a substantial amount of exposure at the wafer
Wof ~ of the appropriate amount of exposure as determ ned by the 25
sensitivity of thergbptvtheestagecoantdobnsystemaldrcontrols4thet ~~J a~2 -
72 Next, the stage control system 13 controls the reticle position

adj ust gent neebpPienpesttioh hAgusthentemetnanidm eecsebft khesecond reticle
R2 at a predet@mned illum nation position and perforns 5 second exposure

S0 as to giVpefjsybsiengbal7appugbtotnexpepyteratikthe wafar Wof -~ of the
appropriate anount of eXposure as determ ned by the sensitivity of the

phot o resi st gt edrRiinbies 1RLR5 YL Brt BBs $29Bn"RYn 3% 18R0KB s 1 o fOr S the

devi ce patte given approp nt of exposure by this

doubl e exposugre_on_th er Note.that-t i S ansferred by the

auxi liary pa?fe?ﬁ§n8§ga§?g'e§§%§£d£§§gL 5f ?ﬁs ggggog%&agé g#ﬁhnt of

exposure, so_¢do not remain after deyel opnent, 15 In dense patterns, the

change in thélF?FeemPaﬂﬁmﬁﬂé't6td§F658§RYeﬁ8%eFBSbQB mB9dHE S5 OO ng

thicker. In sparser periodic patterns, the change in the_|line width due to

def ocd§ t endartbBobBcefetBreoBEédARRGORNERREHENRYN OLhEDGeARESFat t er ns.

Therefore, by 20 performng first exposu~e-using a first reticle having

reticle pattéigbtcbypthei rycdmezelpaerelnghtosoudcey 2pandodihe patterns plus s

auxiliary patterns, then perform ng second exposure using a second reticle -
movement speed of the wafer stage 22 in relation with .

the field etc. due to the illumination field stop
system 11 to perform first exposure so as to give a

15 substantial amount of exposure at the wafer W of % of
the appropriate amount of exposure as determined by
the sensitivity of the photo resist coated on the
wafer W.

Next, the stage control system 13 controls the

20 reticle position adjustment mechanism etc. of the
reticle stage 17 to set the second reticle R2 at a
predetermined illumination position and, in the same
way as above, performs second exposure so as to give a
substantial amount of exposure at the wafer W of % of

25 the appropriate amount of exposure as determined by



havi ng periodic patterns and giving the appropriate 25 anmount of gﬁpﬁsqhz
by the doubl e exposure, taking note 1 ~,1G~~ ~~02 - 73 of k% wyerrai d
periodic patterns, in the first exposure, sonmewhat thick patterns are
formed and, in the second exposure, patterns thinner than the first are
formed. The changes in line widths due 4@ tbhe 5 first and second exposures
due to the anount of defocus are averaged and therefore it is possible to
obtain an overall line width close to the line width at best focus and

possi bl e- o LRGT £ae;Lie00Le Bhel BRito 1ehilel Boaelnomaay di ng to the

met hod of th resen ment”, i osSibl'e-t o reduce e line wdth
error-of the riodi c_patterns based .on.the focus errqQr as systenatic error
due to uneveﬂgggg f FﬁésmgPEPSmﬁgﬁeéﬁgﬂFesBﬁggséﬁsFéﬁFhéﬁvéﬁz ing to
the 15 met hod of theﬁgresent enbaodi ment, since doubl e exposure is
performed, tABPFARESATEr ABPUSEC BLr BHHOBRESo RNy L ROWP L& FHRASUTS any

particular trend is reduced by the averaging effect in the sane way as
expl ai ned wi en tBeewafies Wo the above first 2 0 enbodiment . -- Note that
the line widths of the reticle patterns 8la and 81b of the first reticle R1L
and sedond reti checor@ndotnotheemesbadi bf hLheepreseat: lemboalimenthey nay be
made different fromeach other. In this case, the 25 anount of first
exposur e andstiheeaghentigbtsandndecohd rleticles—formed wittpatig e nay be
made different in relation with the line widths. The |ine w dths, nunbers,

arrangenent, sghe pattefasadre hald it Aoup12@xPodulrd By MndtfhtsL the
abQve. 5 Further, in this enbodinent, the first éxposure was perforned

?ﬁgngezgﬁdfié?}g[g%k%b%AgppW%5E&aE2Fai%%%&do&xg&i%@%fﬁﬂﬁém”fOr”Ed using

determined by the sensitivity of the photo resist

10 coated on the wafer W so as to form device patterns
with an appropriate amount of exposure, random error
occurring randomly withou; exhibiting any particular
trend is reduced by the averaging effect. Details of
the reduction of the random error were explained in

15 the first embodiment, so will be omitted here.

Note that in the method of the present embodiment,
the first and second amounts of exposure in the two
exposures are made amounts of % of the appropriate
amount of exposure. Such an exposure method is

20 extremely effective from-the viewpoint of reducing
random error. It is however not necessarily essential
for the first and second amounts of exposure to match.
The first amount of exposure may be made larger than

the second or the second amount of exposure may be

25 made larger than the first. In this case, they may be



opposed to this, however, the sane effect can be obtai ned even ifj!a an
performng the first exposure' by the 10 second reticle R2 and Jﬁé &écb"
exposure by the first reticle RL. Note that it is also possible to formthe
reticle patterns shown inFIG 10A and FIG 10B into the sane reticle.
Further, it is also possible to nake theg | Lum nation conditions for the
first reticle RL 15 and second reticle R2 different. For exanple, it is
possi bl e use the annular illum nation nethod for the first reticle RL and

t he ordi nary 4l \ ;0 d r e d g.etd.cl e the

annul ar ill u%&%gg%ﬁ%r%gt %gg?h gr 5 %t ﬁh?lngsf?i%;hs%t fg'n tseaglon ézy&#gti cles R1
and R2 and nake a& | east _one of th ngﬁpar ratio.aqg aqul r width

di fferent i n2BEBBF§aRde SPORYRe MR e 'S SPREOPST A5h A3 Bhs o\(qepi tch etc.)
Not e that the enbodi nents expl ai ned above were 25 described to facilitate
t he under st aR#PREWEL+the 1 ~ JGV ~~@ - 75 present invention and were
not described to limt the present invention. Therefore, the el enents

di scl osed in theFubtherentde ddmes widdhsdefatheyastgelo@dIFit@inons and
equi valents falling under the 5 technical range of the present invention.
For exdmpl e, 5ila &nd Shdve ferdedifimsts retielde Rl edhd seamd atetsigise wer e
formed by 'first and second exposures, but the present-invention is not
limted to tRi2sdol hots n¥ces sy Havied. ool dmé eanwal tRieys myy Ik nor e
(three or nore) exposures. Further, the size and shape-of the patterns,

the-wavel engifagef dliftgeremt SN GacH RHUELTETIL &hidPiddl & () of the
projection optical system the shape of the aperture (field stop) of the

|| um nat | on 0RGGalo S YRR Slfhelie M LM ankudd B4 Gbddnd he above and
can be nodified in any manner. “Further, the conditions, tor exanple, the
intensity distribution of .the expaos. illum pation light. defined by the
aperture st oﬁx@f"stuﬁ'(,? WOI%F“@(%%%%H%i%l%l%rgc%lrﬁ%érv‘?i ght

sour ce that, is, aonlJy the illum nation conditions, were nade different
bet we line widths.

Further, in the present embodiment, two reticles, :
that ié, the first reticl; Rl and the second reticle :
R2, are used. This is effective when making the
exposure conditions different from each other, but it
15 is also possible to use either reticle for the first
exposure and second exposure. Note that reticle
patterns shown in FIG. 4A and FIG. 4B may also be
formed on the same reticle.
[Third Embodiment (Formation of Isolated Patterns)]
20 An explanation will be given next of the case of
forming isolated patterns as device patterns with
reference to FIG. 5A, FIG. 5B, and FIG. 5C. Note that
FIG. 5A and FIG. 5B show reticle patterns formed on

the reticle. The shaded portions show light

25 interrupting portions, while the non-shaded portions



the first scan exposure and the second scan exposure, but it is flﬁﬁm ,h
possi ble to make other conditions different, together with the 141 Al nalf2 on
conditions 25 or alone, such as the nunerical aperture NA defined by t 4
J~~~J ~~02 - 76 the variable aperture stop arranged at the pupil plane of
the projection optical systemPL, the _usg of the cunulative focal nethod
novi ng the i nmagi ng pl ane of the projection optical system PL and wafer W
during 5 the exposure in a direction along the optical axis disclosed in

Japanese Unexanj.n Pat e Rubli i (Kakai. . AT S, Pat ent

No. 5194893) 555%ﬁﬁsniég%n&?wﬁ‘iéﬁ@seR?ﬁ&%ﬁ'gﬁ-afffgﬁ- %’%%&%le’sl\lo. 6314646
_(U.S. Patent No. 5742376), and the use of gn 10 optical filter (so-called
pupi | filter FREhIRYLRE PArteSPs: KO- St Eozmegn oadoamedt g &l it ude
transm ttance, phase, etc:%@of the i maging flux generated fromthe reticle
pattern and WREEK| Hut Theafhpdedy pert iongnShew dHESS diREeIest RS )oal syst em
15 (Fourier transformplane). Further, it is possible to use at |east one
of the reticWbipet tbennoheshmadedt pord ipinssishowd thecspdaesticl es as spati al.
frequency conversion type (Shi buya-Levenson type), edge enhanc, ~ng type,
hal ft orse type¢depressiiensphase shift 20 pattern or conmbine with the phase
shift pattern at |east one of the nodified illum nation nethod for changi ng

the shape or sizgsghmehenaecaedace pathlernssedmpdisednyattine focus net hod,
and pupil filter. In the above first to sixth enbodinents, it is also 25

possible 10 3d8hatElCpatdeenee sol WsARHeR NI RIS sclhg ! ~—Q2 _ —

first and second reticCle patterns on to one ot area on the wafer, then

maki ng t he a tr ferring f t d e
patterns onmghgbﬁ§%§Q§h§ eaFggig? 8 %dop%eFkgﬁgégﬁ%ﬁggﬁgglJgﬁ%g’ t he

st ep- and- scan_syste ar, . step-and-repeat .syste tp . successjvely transfer
first reticl Eeﬁéﬁ%eg]ﬁés tﬁé’r?pé:ielﬁllsz}SI glaé’ e?s{Rﬁﬁ tter%h‘s"f% the second
reticle pattern to ,all of the shot areas on the wafer. In particular, the
latterlQ s ad¥&REAGEYESYion the- point of 10 keeping the reduction of the

t hroughput to a m ni mum ) . ) _
In- this case, a first_reticle Rl and second reticle .

R2 formed with the follow;ng reticle patterns are
prepared. That is, as shown in FIG. 5A, the first
reticle Rl is formed with reticle patterns comprised
15 of dense patterns formed by patterns 52a of shapes
corresponding to the isolated patterns 52c of the
device patterns plus a plurality of auxiliary patterns

53a in their vicinity. The second reticle R2, as shown

in FIG, 5B, is formed with reticle patterns comprised

"W

20 of patterns 52b of shapes corresponding to the»
isolated patterns 52c of the device patterns. The
first reticle Rl and the second reticle R2 are fixed
and held on the reticle stage 17. Note that the
isolated patterns 52a and 52b are exactly the same in

25 formation conditions. Further, the conditions for



when- changi ng the conditions between the first exposure and sec?nd .
exposure. |If adopting the present invention as expl ai ned above, ﬂhébﬂah@ m
error at the time of exposure is 15 reduced and fine patterns can be forned
with a good accuracy. Further, the change in line width of the device
patterns due to defocus may be reduced aid g line width realized close to
the line wi dth when exposing by the best focus over the entire pattern. 20
Further, the processing-speed of the exposure can be ~. nproved and the cost
can be reduced. |n.additi en form.n evice patter avi ng dense
patterns and%PEBPgﬁgg Bgt?anggnFﬁeP@&ﬁﬁ%ﬁgdgﬁﬁﬁrg%epgfﬁit‘ be enl ar ged
and the resolution can be raised. 25 Note ,that instead of a fly-eye |ens
arranged i n difelated patteyng pda and,JuxddiidryoPAtESTNS) S3dmaLe 1 od
integrator may al so be used or a conmbination of a fly-eye |ens and rod
i nt egrat or nagspmeds&q. benthe saggsas tthe demsenPaft@r®s Hdxan i nci dence
pl ane substantially 5 nmatching with the Fourier transformplane in the
i |'lum nation4dpt)i explajsedmwind aeferiencieortopitinee finisdt amhcdimentonj ugat e
with the pattern surface of the reticle Rin the illumnation optica
systems Ther ¢Face, 2he illumnation field stop system 11 10 (fixed blind
and novable blind) are arranged in proximty to the em ssion_plane of the
rod integrator, phirke;t ReeaBealge eonited10Byshem Q80lovitoliss tiid anged in
proximty to the incidence plane of the rod integrator or is arranged at
t he Fourier r l\ane 4« %@ﬁ-~ u : WL rod
i ntegrator a%(r?%ragp'i%cggé%ﬁlg&r 'fahd(é’& t eéﬁ:r g{/eg:?l\%rﬁ? \Ké/}?'used 1.T[Hole? the nodified
illum nation_or .chan of e.,a-value.ete,, but for. exagple it _is also
possible to ek CQ‘F ?’%3 £ éﬁet‘f’os(%:t ﬁ:&ﬁ Cférgyf.erﬁe%&r @d-a-tbeﬁ ween t he
excinmer laser |ight squrce .2 _and the optical .integrataor novable and change
the intensit P~ ETBdEsh W WHDAE Y Yo ReSL teN | G ok RESHEGWence pl ane
of the optical integrator. Further, by further arranging a pair of 25
coni cdll0 pri sPE ESRNCEFRFtAt anke Suifieblyopelectssiand adpusts pne.or . 79
fromat |east one optical elenment and adjusting the

both.of the oscillation frequency of the laser light s

by the‘excimer laser light source 2 and the movement :
speed of the wafer stage 22 in relation with the field
etc. due to the illumination field stop system 11 and
15 performs first exposure so as to give a substantial
amount of exposure at the wafer W of % of the
appropriate amount of exposure as determined by the
sensitivity of the photo resist coated on the wafer W.
Next, the stage control system 13 controls the
20 reticle position adjustment mechanism etc. of Fhe B
reticle stage 17 to set the. second reticle R2 at a
predetermined illumination position and performs
second exposure so as to give a substantial amount of
exposure at the wafer W of % of the appropriate amount

25 of exposure as determined by the sensitivity of the



interval relating to the direction of the optical axis of the a%r QL,
t4lol 2302

axicons, the illumnation light on the incident surface of the lo

integrator may be 5 changed to an annul ar shape with an illum nation
density higher at the outside than at the center. This enables the
intensity distribution of the illum natiggn Light to be changed on

the-em ssion side focal plane in the case of a fly-eye lens and on the
Fourier 10 transforn1p|ane of the illum nation optlcal system set between

t he em ssion ne and he ¢ nt egr at or..  Further,
even if the B u5e§§s 883§ﬁ8|P8r b? Vﬁgaﬁrg ﬁ§r§%|IF3WFn§?Voﬁ IS changed
to nodified illumnation_(for examp annular 15 il lum,nation), the | oss

of light of %h%v?rlﬁhiﬁafPBHSIFBﬁtdSVéﬁﬁ RALRCERE CRSNGEVERNtHE greatly
reduced and the high throughput can be maintained. Further, the projection
optical systeppPPPPFhgteeamonntr aft PEROSYEEchYCcEREPlec@XPOSYNe) o0& plural ity
of 20 refraction optical elenents or a reflection system conprised of only
a plurality therwafertWonNopei thhtetbreimagesd tiransifer nedy bye tie

equal -magni fication or enlargenent type. Note that the reflection and
refracti on tygeRipiergchhbiegnki 63k ax&teﬁpaaydbbya%yOEStmb an optical
system having at |east a beamsplitter 1~ Je~—~~~ ~~~ - 80 and a
concave nyrrg?p @BE@CEmBGnQprCékp@%ﬁ%@nt%o a0 %BE'%%haﬁmﬁ%%@éEaV'ng a
concave mrro mrror wthout using a beanlsplltter as the reflection
opti cal elenggg @@ gin FIG 1, and-an optical 5 systemarranging a
plurality of Iron opti cal elenents and two reflection optical

el enents (at Iea t qne_ of ich being a_concave rror) such as disclosed
in US. Patent NO §?§§§283Q£E6Pﬁh8Pg ﬁﬁ823&88e99ttﬁ5 i %%.nay al so be
applied 10 to rolectl n exposur, pparatus far transferrlng circuit
patterns to ﬁh@P§§§ %HbEBPaié esH g gﬁﬁfép defocus, exhdRite a reticle--or

mask in addition to a projection exposure apparatus used for the production
of a 3éni conapeesitel EFeRds nqlhe SaPst WaYdespleaplaimedhiin fihen magnetic
head, and inmaging elenment (CCD etc.). Here, an exposure apparatus using DUV

(di stant ult favssl-empoHiglent ,VSEVvaaemfmrmlinga\ﬂnplosm)rel ugtitngetthe general |y
use a transm ssion-type reticle and -

first reticle R1 having reticle patterns comprising .

‘e

dense patterns formed by isolated patterns 52a plus
auxiliary patterns 53a, then performing exposure using

15 the second reticle R2 having the isolated patterns 52b
so as to give the appropriate amount of exposure by
the double exposure, taking note of the overlaid
isolated patterns, in the first exposure, somewhat
thick patterns are formed and, in the second exposure,

20 somewhat thin patterns are formed. The changes in line ‘
widths between the first and second exposures due to
the amount of defocus cancel each other out and
therefore it is possible to obtain an overall line
width close to the line width at best focus and

25 possible to increase the depth of focus.



uses silica glass, fluorine-doped silica glass, 20 fluorite, qnﬁgNugmz
fluoride, crystallized quartz, etc. as the reticle substrate. rther,

EUV exposure apparatus uses a reflection type nask, while a proximty type
X-ray exposure apparatus or mask projection systemelectron ray exposure
apparatus etc. 25 use a transm ssion tLygg nask (stencil mask, nenbrane 1
4 ~! :wd ~~@ - 81 nask) and use a silicon wafer as the mask substrate.
Note that as the light source, instead of using an exciner |aser etc., it
is al so possible u oL, ex e Lof par regi EERVARSY region
single 5 mavelengéﬁeIEQ%? Fpghiqggi ?gahgré%1gﬂ5F§g§g%ﬁ%b &%f%#glaser or

fi ber |aser lified,by f exanpl e_an .erhi or_bath erbi and yttrium
doped fi ber gg% F?F@Fdaﬁﬂ gg’? ?ﬁggﬁaF%ﬁF eoglr‘{]ai FES %;?rc elri{g}rr? t he

wavel ength to ultraviolet |ight'using a 10 nonlinear, Qptical crystal. For
exanpl e, if EKBOSYEP| RBE| ShendiBeeidarnss ofndhg ﬁﬁ?&éi%uﬂ§§ﬁﬁ § aser is
made a range of 1.51 to 1.59 Vim an 8th harnonic of an oscillation

wavel engt h i A2bh&ormedeonf theo sesgondo refisd eg RRoMs adafiaghithef an 15
oscillation wavelength in the range of 151 to 159 nmis output. In
partic® ar, Btcohd exppsuxze do natenecgsisardilyndavendd matoh rantye of 1. 544
to 1.553 Vim ultraviolet light of an 8th harnonic in the range of 193 to

194 nm that mhg, be wadel @igifersuhst Fnrithldry, A0 e atdom asidthatheof an ArFr
excinmer |laser, is obtained. If the oscillation wavelength is nmade one in

the range of 11na/yhiath 8¢ indepdndedtiql,elitighpdafs i1y hayqenic in the
range of 157 to 158 nm that IS, a wavélength substantially the, sane as

that of an Fg,25 LS DL N8 s urk Arythe) g i
he osci 11al 58 GacEreRBeRnts o, ¥boserl 4t che ssethd ouilr'dqs’ )

T4 AT © BB gR YR SR b GRS 147 10 160 T

10 appropriate amount of exposure as determined by the

sensitivity of the photo resist. By doing this, it is

ta

possibie to further increase the depth of focus.
Further, the line widths, numbers, arrangement, etc.
of the auxiliary patterns 65a are not limited to the
15 above.
In this way, according to the method of the present
embodiment, it is possible to reduce the error in line
width of the isolated patterns due to focus error as

systematic error due to the unevenness etc. of the

20 wafer W (resist) surfaces -Further, if performing
double exposure according to the method of the present
embodiment, in the same way as explained in the above
first embodiment, the random error occurring randomly
without exhibiting any part;cular trend is reduced by

25 the averaging effect, the exposure accuracy is



5 wavel ength is made one in the range of 1.099 to 1.106 Vim ultraviol et
light of a-7th harnonic in the range of 157 to 158 nm that is, 1d JUN 202
wavel ength substantially the same as that of an F2 laser, is obtained. Note
that as the_single wavelength oscillation laser, a-~ttrium 10 doped fi ber

| aser is used. 'Fhe sem conductor devicgsi s.produced through a step of
design of the functions and performance of the circuit, a step of
fabrication of a reticle based on the design step, a step of transferring a
pattern of aj j5Cl n [Waly) p a fnatau | ai ned in
t he above en%%gfég%?é,Sgas$28@ggggggghgl?a?i%élgggﬁgddpgﬁﬁg% Sggﬁgging,
etc.), and ap.i.n ction step. Further, the exposure apparatus of the
present 20 e 88?§§¥f may be produced by assenbling an illum nation optical
system and a projectiop optical systemco ised of a plurality of optical
el enents in the QQBSsﬁﬂétabBaFg?ugrﬁﬁﬁygagggﬂaFWSPﬁvnﬁgﬁpgﬂEgﬁ adj ust nent ,
attaching the reticle stage or wafer stage 25 conprised of a _|arge nunber
of mechani caP¥Xpasuset washperformegd ugingekphes fi&sipgaticde Fddy and
connecting wiring and piping, and further perform ng overall adjustnent

(el ect 5i cal whjilet kbet seconfli expoisureowasppeatosmedensing Ndee t hat t he
exposure apparatus is desirably 5 manufactured in a clean roomcontrolled
in tenperatusecand cketdpdesR2et as Apposkdt ite thisgnhoufevidrs dilsc| osure of

, Tapanese Patent Application No. 9-3688230 filed on Decenber 26, 1997,

i ncl udi ng t hgampeeifffieedt caf, bel ab¥hin@daevieds iflPerFdralisid ate are

i ncorporated here by reference in its entirety. 14 . ~"~~ ~Q - 84
CLAIMS 1. ANe¥BRSURBoBRIEORy! Ghel QbR 2eldinee malkdl Ll dkoond .
phot osensitive substrate, coXpr|S|ng a step of overlaying and transferring
on the photo Lt.Lye, su r gl j attern i.nclydi pattern
of shape as §2g85g5¥cg§pa§%b?hggﬁdgg&éééghélﬁa Pg%htﬁgﬁPﬁﬁgg%héﬁgﬁ%ive
perloqkflty bgs%i &%d%%e%%k%? H@ ?%%EGT% patterns shown in FIG. 5A

and FIG. 5B on the same reticle. Further, the

Ta

illumination conditions may be made different between
the first reticle Rl and second reticle R2. For
example, it is possible to use an annular shaped

15 aperture stop for annular illumination of the first
reticle Rl and use a circular shaped aperture stop for
ordinary illumination of the second reticle R2.
Further, in the second exposure using the second

reticle R2 (isolated patterns 52b of FIG. 5B), it is

20 possible to adopt the so-called cumulative focus
method of irradiating the illumination light IL at a
plurality of positions relative to the direction of
the optical axis of the projection optical system PL
for each point in the exposure region on the wafer W.

25 Note that the cumulative focus method suitable for a



2. An exposure nmethod for formng a device pattern on a phOtosfﬂshWNV?WZ
substrate, conprising a step of overlaying and transferring on Vit Lo

t he- phot osensitive substrate a first pattern including the sane pattern of
shape as the device pattern and a second pattern including a pattern denser
than the first pattern. 3. An exposure mgthod for formng a device pattern
on a photosensitive substrate through a projection optical system
conprising a step of overlaying and transferring on the photosensitive

SubStrate o LLAR! GRBRLEER. WREADALRe o GH1° ke, DALEATRTge for o or
second Pl eqt AHLSh LSk Recare L chet (han Uhe oy e patiery wnen ihe

the projection system 4. An exposure apparatus which forns a device

pattern on azﬁﬁéﬁaséﬁgiﬂFﬁeC§E§§FPQPé}n80Hp§PsPﬁ&?né A9 -d Sl 34 %ch

sel ectively arranges, on a light path of exposure, a first pattern

i ncl udi ng t hendadappaeser Unekagltiaed Ratent Fabldeatdomer(Kodad:-)a Noscond

pattern including a pattern having substantive-periodicity in a

predet & m ned-311646i andsd tishabrirespondinhgatd Sse®aténraNcer ns are

transferred on the photosensitive substrate and a position adjuster which

adj usts the sehaBige Phe Uik oslurisOodC tddt RERhede Pidlfidadiciyl second

patterns with the photosensitive substrate so that the first pattern and

the second pghlegpnsca anngﬁegf@(3&Qg$égL%$§&§ﬁ&§qﬁpqjﬁpe phot osensitive
IC orns a

substrate. 5. An expoSure appar at us evice pattern a

phot osensi ti r.at.e ri sing:. A -hql.der .whi i y arranges,

on a light pé?ﬁags'%‘%%ésg efyﬁgsf i%Prsét%lggtc?gcrl%%l r%‘\g{]tﬁ{]r%qt ﬁa(e;st s%lerée pattern of
shape as the device pattern _and a secqnd patt.ern ingcludin attern denser
Chan the 11 SPESEA! 1u5 Aathe, ey HRs 1GmANA of (S o

transferred on the photosensitive substrate and a positiqn - adjuster which

adj ustld t he FEStRFe bodhdiSoAdterngtdiodale @RPIGAE 10N 3d W r st and second
patterns with the photosensitive substrate so that the first pattern and

t he second patt elFouzithpEmbpdiment Fermazdioneofedselaties phot osensitive :
substrate and 14 ~~~~~ d ~~02 - 86 a position adjuster which adjusts the
Jelative posPataesnsi) Jproj ected i mages of the first and second patterns .
wi th the photosensitive substrate so that the first _ pattern and the

second pattern can esplawnatliand wild-bd i@EREREMNEd PT e Pudosamsitive
substrate. 6. An exposure apparatus which forns a device pattern on a

phot osensi ti ¥@radb3t HaldatedRPdttidtts adetBlceatit saiLalitiel y arranges,

on a light path of- exposure, a first pattern and a second pattern so that -
the fiysst angdetRendePdd ¢t e WIS ,! %@@fdﬁ.e-w.ormseﬁie/e :
substrate, a projection systemwhich projects a pattern in a |light path of

exposure On i PRA Q3ENSId Ve SUlialy At s A A 00SLLd b Aglyster whi ch

adjusts rel ative positions of proje i‘mage second

L

the reticle. The shaded portions show light
interrupting portions, while the non-shaded portions
show the light transmitting portions. FIG. 6C shows
20 the device patterns to be formed or formed on Fhe :
wafer W. The shaded portions show lines (projedtions),
while the non-shaded portions show spaces
(depressions).
Assume that device patterns comprising the isolated

25 patterns 62c as shown in FIG. 6C as components are



patterns with the photosensitive substrate so that the first pat JUN Ldﬂ
the second pattern can be overlaid and transferred on the photosen3| I've
substrate, wherein the first- and second patterns are respectively a
pattern which line widths of the pattern inage formed on the photosensitive
substrate becone thinner than the deviceggpaLtern and a pattern which they
becone thicker than the device pattern when the photosensitive substrate is
of fset froma focal 14 ~~~I ~~02 - a~ plane of the projection system 7.

An exposure @P?ﬁéatgﬁ st%?krfﬂrE%a%%dcbﬁkﬂ'ﬁ %rafggfggfecond pattern

I ncludes a pattern not present the deviCe p ern exposure
apparatus as , set .forth in wher ei,n at |.east one q%_t e first

pattern and {Rgsé &Xﬁdrﬁﬁﬂﬁg% %%g’ 9pﬁ§§8 §ﬁFFF ‘exposur e

met hod as set forth jn clam ein: the flrst pattern and t he second
pattern are trandPefhéd S?sﬁn PIﬁ&ﬁﬁﬁa?ﬁ&ﬁcﬂéaﬁﬂtﬁPGh&ﬁQ?Wﬁ(ﬁ &cliG1eh system
on the photosensitive substrate and the first pattern and the second

pattern are RRaformedewish the feddowdmg werdcdehpataarnmase different
illumnation conditions. 10. An exposure method as set forth in claiml,
wher ei 15 an apweparefl.eThasuris ,atast shownnenoff IiG.abf,erthef fiilmst i rst pattern
and an anount of exposure at the tine of transfer of the second pattern are

different. ltetAnlexpasuse furriredd withs atetfielieh pattemisncomprhiareri n t he
changes in line-widths of pattern inmages in accordance with positions in

the directi ogfolenBeOphittdrndXiforiled By Paditeiins0s 2%y YeBNpds proj ecting
the first and second patterns on the photosen3|t|ve substrat'e exhibit

opposite trepds BebWRa e of ihe! lsdkéﬁga'p£€%¥¥%s—é¥%-of the

device patterns and a plurality of auxiliary patterns

10 63a in their vicinity. Speéifically, the line width of
the isolated patterns 62a_is 0.18 um. 0.18 um line
width;auxiliary patterns ;3a are formed at a space of
0.18 um (light transmitting portion) from these.

The second reticle R2, as shown in FIG. 6B, is

15 formed with reticle patterns comprised of relatively
spare periodic patterns, formed by patterns 62b of
shapes corresponding to the isolated patterns 62c of
the device patterns plus auxiliary patterns 63b at the
two sides, not as dense as the dense patterns of the

20 first reticle R1l. Specifically, the line width of the
patterns 62b is 0.18 um, the same as the line width of
the isolated patterns 62a of the first reticle Rl.
0.12 yum line width auxiliary patterns 63b are formed
at a space of 0.39 um (lighp transmitting portions)

25 from these. The first reticle Rl and the second



and second patterns. 12. An exposure nethod as set forth in cle14nij Vit
wherein the phase shift pattern includes one of any of a spatial frequency
nodul ati on type, an edge enhancenent type, and a hal ftone type. 13. An

exposure nethod as set forth in claim8, wherein: the first and second

patterns are projected by an illum natigg beamthrough a projection system
on to the photosensitive substrate and - the phase shift pattern is
transferred on the photosensitive substrate by illumnation by nodified

illum nation Vi LLLugi i b regqi 0 . i l..pl ane -of the
proj ection s§§?§§$§o€9i%%%ugbggaagﬂgpﬁ?gglngﬁgeo?e?%gﬂgrgf% i g'systen1
14. An exposure pethod set forth in claim?9 erein. the different

i Ilunination conﬁfF?angﬁﬁcF ageaﬁoﬁiﬁPiaF¥g¥Fpuignﬁ?P&ﬁoéén € on havi ng
an illum nation beamregion-on _a pupil plane of the projection system

i ncl udi ng. anT8piFial Pagision pAduELBRBEt MERLAPIEBLELd 2Inddie i ed
illumnation condition having an illum nati on beamregi on on the pupi

pl ane of thergtidfdet sbageyifetoneeti sbeudingtt retdpiliec®L ati @ of the

proj ection system 14 ~L'~~ ~0Q2 - 89 15. An exposure nethod as set
forth isn cl appedérevingnednillhaminastiopapbsinion i(lindmiiadt gpdsitden t he
ordinary illumnation condition and the second pattern is illum nated under
the nodifiedokl kgghnathet )cand Eudkabl§ séleexBOoande ad5uzad dheSr forth in
claim15, wherein the second pattern is a dense pattern partially overlaid
with the fi rBBtHaBE‘eE?e EaZEiﬁtia%’iBﬁng%g%hEgd oS the! 1@idh ri%hcd aim 10,
wherein the anounts of exposure are detéerm néd i n accordance th line

widti-s of tRe LhLSL.AIhLer 7300 1nteeaudcery! S chd ufbdithRsur e met hod

as set forth
speed of the wafer stage 22 in relation with the field

10 etc. due to the illumination field stop system 11 to

perform first exposure so_as to give a substantial

amount of exposure at the-wafer W of % of the :
appropriate amount of exposure as determined by the
sensitivity of the photo resist coated on the wafer W.
15 Next, the stage control system 13 controls the
reticle position adjustment mechanism etc. of the
reticle stage 17 to set the second reticle R2 at a
predetermined illumination position and performs a
second_exposure so as to give a substantial amount of
20 exposure at the wafer W of ¥ of the appropriate amount -
of exposure as determined by the sensitivity of the
photo resist coated on the wafer W in the same way as
above. This forms the device patterns 62c given the
appropriate amount of exposure by the double exposure

25 on the wafer W. Note that the images transferred by



9, wherein the different illumnation conditions include a firgy mgquMgd
illumnation condition having an illum nati on beamregion on a pupil plane
of the projection systemnot including an optical axis of the projection
systemand illumnating a first region on the pupil plane and a second
nmodi fied illum nation condition having ag iLlum nation beamregion on the
pupi | plane of the projection systemnot including the optical axis of the
projection systemand illumnating a second region on the pupil plane

different fr the _fir reai.on. . 19...An p r t fordh in
claim 14 ~8E§ Qﬁﬁéi-ﬁgg %%é;?’e\ﬂ? reGi3r? t >e8 %ﬁtﬁs{%fgt%%r@s%ﬁ% Il{lrﬁ at ed
under the first nodified _ illum nation condition andé%ﬂe econd pattern is
'l uni nat ed GRBeAPPREPESASR) AORNE &F SPORITE &P AhdIdy GrERSE An
exposure nmethod as set forth in claim19, wherein the first pattern

i ncl udes an RE5PAt 88VEAOPERthavi ng t he same shape as the device pattern
and an auxiliary pattern provided at the periphery of the isolated pattern.
21. An exposure &gt Hetses padteirmst,h the changelgn wihe diine widtdh dns fi ed
illumnation condition includes an annular illum nation condition and the
first rodified deforusattiedidsc aadiddcomenthe becaiory tmidikered Id | um nati on
condition differ in at |east one of an annular ratio and annul ar w dth of

the annul ar plrigiqiat ipattedhs AhiDHATY SpRidedd Bfars&hid) tthd n claim 1,
wherein: the first patter~i i.s a pattern of substantially the same shape

as the devicenaaifeerin 2 UG AU TRid & dercediid&idE It e partial Iy

overlaid with 't first pattern. 23. An exposure nethod as set forth in

clai m 1, whetgieh jeinfis el T (i AR DAALAIS are 14 I

Therefore, by performing first exposure using the
10 first reticle having reticle patterns comprised of

dense -periodic patterns formed by isolated patterns

N

62a plﬁs auxiliary patterns 63a, then performing .
second exposure using the second reticle having
reticle patterns comprised of periodic patterns
15 (sparser than the dense patterns of the first reticle
Rl) formed the isolated patterns 62b plus auxiliary
patterns 63b so as to give the appropriate amount of
exposure by these double exposure, taking note of the
overlaid isolated patterns, in the first exposure,
20 somewhat thick patterns are formed and, in the_second :
exposure, patterns thinner than the first are formed.
The changes in line widths due to the first and second
exposures due to the amount of defocus are averaged
and therefore it is possible to obtain an overall line

25 width close to the line width at best focus and



- 91 forned on different masks. 24. An exposure nethod as set, foffh ..
claim1, wherein the first pattern and the second pattern are‘h%hﬁé ﬁﬁ&%n
the sane mask. 25. A nethod for manufacturing a device conprising
transferring a device pattern on a workpi ece using an exposure nethod as
set forth in claiml. 26.. An exposure ggparatus as set forth in claim4,
wherein the second pattern includes a pattern not present in the device
pattern. 27. An exposure apparatus as set forth in claim4, wherein at

| east one of the.fiLrst p r nd.th 0 rn is a phase shift
pattern. 28.pﬂﬁgééggs&Peihégggg%bgh§§%§§&%fg&tﬁ%%%ﬁklain14, wherein: the
first pattern and_the_second pattern are transferred by an illum nation
beam t hrough a pfofectPonfdFst gﬁ’oﬁ“@thﬁho?gs&’Fﬁ i ss@%sttrhaﬂ e and the
first pattern-and second pattern are transferred on the photosensitive
substrate undéftyibpeien ofl LIWdeaing:ensdtd Qrofdie 3rfex, wdfosdure
apparatus as set forth in claim4, wherein an anount of exposure at the
time of tranpfleradfityheff iflosuspposdiicasd T Gnmidntshews the ~~' ~—~ ~~02 - 92
exposure at the time of transfer of the second pattern are different. 30.
An exp@sure dppardbutian €t imageh iintensdity 4heshExpasirdye axdtinges in |ine
w dt hs of pattern imges in accordance with positions in the direction of
an optical axrangfelrtenldl @heCigedi ot denseepaytdirand istpwheid iFxt. and
second patterns on the photosensitive substrate exhibit opposite trends
between the fgh, SEiand 7%6%%@%&@&1&1&&&%:@@%&@%&&@&@et forth

inclaim2, wherein the second patters--includes a pattern not present in

the device p r ” %E%Q h,i i.m 2, wherein
at | east one%%%t %gp?ﬂ i%rl'sr{tsn pa?{éfﬁgngsn gﬁsgcél_oe; eéaﬁéelfmn é]as%é% ase shift
pattern. 33. ALERANSHIZ."RECHA Y. "R Yhdub Yt Bistrivution

10 of image intensity combining the two.

If performing exposure using the first reticle R1,
as sho&n in FIG. 74, patt;rn images are formed on the
wafer W with a low intensity at the portions
corresponding to the light interrupting portions 62a

15 and 63a of the reticle patterns and a high intensity
at the portions corresponding to the light
transmitting portions. Further, if performing exposure
using the second reticle R2, patterns are formed with
a low intensity at the portions corresponding to the

20 light interrupting portions 62b and 63b of the reticle
pattern and a high intensity at the portions
corresponding to the light transmitting portions.

If performing double exposure using the first

reticle Rl and second reticle R2, as shown in FIG. 7C,

25 pattern images are formed on the wafer W with a low



wherein: the first pattern and the second pattern are transferris By ?n
illum nati on beamthrough a projection system on the--photosenéi el 2002
substrate and the first pattern a-nd second patterns are transferred on the

phot osensitive substrate under different illum nation conditions. 34. An
exposure nethod as set forth in claim2giwherein an amount of exposure at
the time of transfer ~~Bb~ - 93 of the first pattern and an anount of

exposure at the tinme of transfer of the second pattern are different. 35.

An exposure hod. t_f i.n_¢l aj er.el s.n line

wi dt hs of pagﬁé?ﬁg%ﬁiggg Pﬂgééggfdgﬁcgh%;ﬁ%fggsﬁngﬁ%%%#qﬁ§;ﬂ§ &tion of
an optical axjs of the projection ste n_pr.,oj.ecting.the first and
second patt eFR€ Bﬁt%ﬁgepHB%B§EH§i§§ eagghgggaﬁgdeﬁhﬁﬁﬂ IBFEBSEEY: r ends
between the first and second patterns. 36. An exEosure nmet hod as set forth
in claim32 akheEBPR PAELABSe DRVELOPRENE AN| KE GGé§noH@t@ft§ﬁy of a
spatial frequency nodul ation type, an edge enhancenment type, and a halftone
type. 37. Animkensity perhdédnaseseblesr fhrmatdbai mf3zhenwisodiated he first

and second patterns are projected by an illum nation beamthrough a
proj ectsi on spatearns 6Qct Bhowhotiaseusi.t b¢e substrate and the phase shift
pattern is transferred on the photosensitive substrate-~y illum nation by

modi fied illum ngbtenthayi efealink! WIHRAL beNthearetaalen pak targdi | pl ane
of the projection systemnot including an optical axis of the projection
system 38. ABae¥pemube gd ragstelrakIbiR-RA Gs@amedd tifeera@idad he
different_illuﬁinapion 8gﬁgppionss .12 JI.7~P ~0~2 7f94 incﬁﬁ'g an
ordinary i || ughaghi-anafiandhtl 9308a%iAGNR! LhumraRGq0 hapdiagl on on a
pupi |l plane 0 e projection systemincluding an optic axis of the
projection s em and . a nodified ill.um nation_conditi hayi ng an
iIIuninationggéa%bF@SFoﬂ“o%hFhéeﬁﬁﬁélrﬁF&ﬁ eoPEtH§e8r3¥Eb$¥5h syst em not
including the optical axis of the projection_system 39. An _exposure mnethod
as setlOf ort hSPROBAaE¥POSure do not necessarily have to match and

may be made different. Further, in relation with the

1y

line width or independently, it is possible to make

i LY

the first amount of exposure and the second amount of
exposure different in a range less than the
15 appropriate amount of exposure as determined by the
sensitivity of the photo resist. By doing this, it is
possible to further increase the depth of focus.
Further, the line widths, numbers, arrangement, etc.
of the_ auxiliary patterns 63a and 63b are not limited
20 to the above. - :
In this way, according to the method of the present
embodiment, it is possible to reduce the error in line
width of the isolated patterns due to focus error as
systematic error due to the'unevenness etc. of the

25 wafer W (resist) surface. Further, if performing



38, wherein the first pattern is illuninated under the ordinaryl 4 JUN 7302
illumnation condition and the second pattern is illum nated under the
nodified illum nation condition. 40. An exposure nethod as set forth in
claim 39, wherein the second pattern is a dense pattern partially overlaid
with the first pattern. 41. An exposureghethod as set forth in claim 34,
wherei n anounts of exposure are determned in accordance with Iine wi dth of
the first pattern and the second pattern. 42. An exposure nethod as set

forth in claim wherein the differe L Lum 130N £C it i.ncl udi ng
a first nndi??%%f?l?ﬁﬁ?ﬁgfﬁoﬁc88ﬁ8?ﬁﬁoﬁghg Fn@hgﬁgpl Sngﬁgt%gﬁg%g§nlregion
on a pupil plane_ of the projection systemnot includin optical axis of
t he projecti%ﬂb%9§?§ﬂ¥angni#SﬁnﬁﬁﬁFi ayaaFiF§Pi?éBP§nl% %%§J§59V5002 - 95
on the pupil plane and _a second nodified illumnation condition_having an
i || umi nat i onfBbESH PREPEAMEAty hENBUFARABRAREIBE PREUSEIPGC LRGBSt em not
including the optical axis of the projection systemand illumnnating a
second regi owibhouheepbpblitpngnanygi phetégularotrend fisr fedusgdopy 43. An
exposure nmethod as set forth in claim42, wherein the first pattern is

i11um sat ed undeavebegingsesffedicl.ied illum nation condition and the second
pattern is illum nated under the second nodified illumnation condition.

44. An exposure gBtBoghat $A! ther peesBne! anBbd3meWtsr @hle tfigshd rst pattern
i ncludes an isolated pattern having the sane shape as the device pattern

50 o EeosbFRSeRERLed eSS sty B e sloriad sdlalec pattern
HTum nati on,gondi £/,2N sLRGHAIE% R uFe " Wad' pellfdPindd W31 ng did ' on and
second reticle R2. As opposed to this, however, the
10 same effect can be obtained even if performing the
first -exposure by the second reticle R2 and the second s
exposu;e by the first ret;cle Rl. Note that it is also ;
possible to form the reticle patterns shown in FIG. 6A
and FIG. 6B on the same reticle. Further, the
15 illumination conditions may be made different between
the first reticle Rl and second reticle R2. For
example, it is possible to apply the annular
illumination method to both the first and second
reticles Rl and R2 and make at least one of the
20 annular ratio (ratio of outer diameter and inner )
diameter) and annular width .different in accordance
with the conditions of formation of the pattern (line
width, pitch, etc.) between the first reticle Rl and

second reticle R2. This can be realized by providing

25 the switch revolver 5 with a plurality of annular



the first nodified illum nation condition and the second nDdififg 2002
illumnation condition differ in at |east one of an annul ar rat gﬁ&“
annul ar width of the annular illumnation. 46. An exposure nethod as set
forth in claim 2, 14 J~~ 2002 - 96 wherein: the first pattern is a
pattern of substantially the same shapegas Lhe device pattern and the
second pattern is a pattern to be partially overlaid with the first

pattern. 47. An exposure nethod as set forth in claim2, wherein the first
pattern and the_secgn attern,are f.Qr n_di £feren _An
exposure netﬂBﬂrggrgegtBB tHLFH 8|§%%Fg?gRﬁngi%e§ﬁ§ %?#%?ﬁ%%géé}n and the
second pattern are fqQrned on the s%ne mask.- 49. A nethod for manufacturing
a device conﬁ?FéPn@ngraHQPgPFiW¢d§ devi ce pattern on a workpi ece using an
exposure nethod as set forth in claim2. 50. An exposure gpparatus as set
forth in clai m 5FuRkBeElr ninhEhecPERGEPEt CBPRIIAEN decd ROFAHH VS not present
in the device pattern. 51= An exposure apparatus as set forth in claimb5,
wherein at | eestistnwasousede aki the photer resigtiyhduwdeddndpattern is a
phase s-hift pattern. 52. An exposure apparatus as set forth in claimb5,
wherei 15 t he pbestibpet ter nsand hlegatdvenadesdisteandarforinm desflatesti by an
illumnation beamthrough a 14 J~~ 2002 _ 97 _ projection systemon the
phot osensi ti ¥pasebphtaeensnd depsislivhshaisehn adnddnitaceawlespait ern are
transferred on the photosensitive substrate under different illum nation

condi tions. gésie&o%pesm_smrﬁtgu%aa%n%etisfoqrateed bt S 6der ei n an

anount of exposure at the time of transfer of the first pattern and an

amount of exposuf;3tn' BibliThedt (FRHMR 1Y oG sHAGHUE BUEA P U1

erent

An explanation will be given next of the case of
10 forming isolated patterns as device patterns with

reference to FIG. 8A, FIG. 8B, and FIG. 8C. Note that

FIG. BA and FIG. 8B show reticle patterns formed on :
the reticle. The shaded portions show light
interrupting portions, while the non-shaded portions
15 show the light transmitting portions. FIG. BC shows
the device patterns to be formed or formed on the
wafer W. The shaded portions show the spaces
(depressions), while the non-shaded portions show the
lines (projections).
20 Assume that device patterns comprised of tbe :
isolated patterns 72c as shown in FIG. 8C as
components are formed on a wafer W coated with a photo
resist (negative resist) having a predetermined
sensitivity.

25 In this case, a first reticle Rl and second reticle



54. An exposure apparatus as set forth in claim5, wherein the qhanges 7302
in-line widths of pattern inmages in accordance with-positions in the
direction of an optical axis of the projection systemwhen projecting the
first and second patterns on the photosensitive substrate exhibit opposite
trends between the first and second pattggrns. 55. An exposure nethod as set
forth in claim3, wherein at | east one of the first pattern and the

second _pattern is a phase shift pattern. 56. An exposure nethod as set

forth in claj wher el. n; h LISt _pa Iy n C pattern are
transferreda%g]gﬂrpp uW%ﬁgtFB% g@;;P?ﬁPguéﬁ%&E%%ngbQ%%%E§3§¥En1on t he
phot osensitive substrate and the first patter.n_and.the second, pattern are
14 JAN 2002 BrQBaFPQnsF‘SPFe&SontPﬁef&ﬁ& oEETatLe, Rl s BOFmES,

different illumnation conditions. 57. An exposure _nethod as set forth in
cl ai m 3, wheFeLAcAR RASGRENSS compsised f wedatiivwelyr deanf®fer of the first
pattern and an anount of exposure at the tine of transfer of the second
pattern are pefrfiodént paS8erns dopmedr bynpatteras ddiighdrth in claim55, .
wherein the phase shift pattern includes one of any of a spatial frequency

modul ats on typansmitedag eoraioswynt?2aypE shapes larfMempordimy to9. An
exposure nethod as set forth in claimb55, wherein: the first and second

patterns are¢peojigehadcdy pakt tidrngmmat ioFn tb@méﬂrdwgﬁﬁarﬁ getdsPn system
on to the photosensitive Substrate and the phase shift patternis

transfer red giyhheapYoLaReRsirs YQ M tiraldatit d g HdIA i ik Py Sl i ed

illum nation having l'um nat’i o eamregion o pupi | plane of the

20T o Lon SYSLEGAR, VR Sy ) ol e Rt ggn Sytem
the isolated patterns 72a is 0.18 um. 0.09 um
10 auxiliary patterns 73a are formed at a space of 0.225
um (light interrupting portion) from these.

Thé second reticle Rz; as shown in FIG. 8B, is
formed with reticle patterns comprised of periodic
patterns, sparser than the periodic pattern of the

15 first reticle R1l, formed by patterns (light
transmitting portions) 72b of shapes corresponding to
the isolated patterns 72c of the device patterns plus
auxiliary patterns (light transmitting portions) 73b
at the_ two sides. Specifically, the line width of the

20 isolated patterns 72b is-0.18 um, the same as the line
width of the isolated patterns 72a of the first
reticle Rl1. 0.09 um auxiliary patterns 73b are formed
at a space of 0.315 um (light interrupting portions)

from these.

25 First, the stage control system 13 controls the

o



56, wherein the different illum nation conditions include an orﬂ&n ny ﬂm%
ane

illumnation condition having an illum nati on beamregi on on a pupl pf
of the projection systemincluding an optical axis of the 14 ~~'"t,J 2002
99 projection systemand a nodified illum nation condition having an

illum nation beamregion on the pupil _plgane_of the projection system not
including the optical axis of the projection system 61. An exposure nethod
as set forth in claim®60, wherein the first pattern is illum nated under

the ordinary_illumnation.condit.ion d n at is illum nated
under the nnﬁ?¥%83EiP§ﬁ§£ﬁ§3igHJESHﬁF??oW?ggﬂiiﬁﬁ g%%dsé eqﬂgﬁhod as set
forth in claim57, w-rerein_the annunhs %7-expos%ne arﬁédeternined in
accor dance WERIFLReSHRERNL 70fOt FELE FREt LhEPreFRTAfdS R &dcdnd pattern.
63. An exposure nethod as set forth in claim56, wherein the different

i I | uni nat i onpEBABLErBABedndldymigas irn, PPSASAPR ddniitigd PLSidH%ondi ti on
having an illum nation beamregion on a pupil plane of the projection
syst em not i afl adangs&arypt and switabdy skedepts| and adinsdiscmnen®r
illumnating a first region on the pupil plane and a-second nodified

i I'lum mati onbeendofi ehehagiciglatiohl fregaeney b&Eatheediaseron itght pupi

pl ane of the projection systemnot including the optical axis of the

proj ection sygt eReaBdciimerTAdkirNd ighteeoFceeQ andoRhd tioaidntp! ane

different fromthe first region. 4 ~~'~ ~O2 64. An exposure nethod as
set forth i ”s%leéh”b@c)’th\é/“%.ra‘%!e'} fst&%gfe' B9t iRaeqhi iich WiltHTdid &d drder the
ordinary illumnation condition and the second pattern is illum nated under

th dified_illuni [ iht.iQn. A h tyr]
devi o6 compr FEPRGUIPARE! S Mg SR aR T A ShoEL B A ¥ g an

exposure ”EtB%%f%%m? Erg%r%gpbgure so as to give a substantial

10 amount of exposure at the wafer W of % of the
appropriate amount of expasure as determined by the
sensitivity of the photo éesist coated on the wafer W.

Next, the stage control system 13 controls the
reticle position adjustment mechanism etc. of the

15 reticle stage 17 to set the second reticle R2 at a
predetermined illumination position and perform second
exposure so as to give a substantial amount of
exposure at the wafer W of ¥ of the appropriate amount
of exposure as determined by the sensitivity of the

20 photo resist coated on the wafer W in the same way as
above. This forms the device patterns 72c given the
appropriate amount of exposure by the double exposure
on the wafer W. Note that the images transferred by

the auxiliary patterns 73a and 73b are exposed by % of

25 the appropriate amount of exposure, so do not remain



claim3. 66. An exposure apparatus as set forth in claim®, mhef$| %@2

| east one o-~--the first pattern and the second pattern is a phase= “shi
pattern. 67. An exposure apparatus as set forth in claim®6, wherein: the
first pattern and the second pattern are transferred by an illum nation

beam t hrough a projection systemon thegghotosensitive substrate and the

first pattern and second pattern are transferred on the photosensitive

substrate under different illum nation conditions. 68. An exposure

apparatus as th.iLn im6, wherein an anount of exposure at the

time of tran@fg?ro eYﬁ%°PP§§? pattern and an anDunt of exposure at the tine
n are different

of transfer of the second r
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periodic patterns formed by isolated patterns plus
auxiliary patterns so as to give the appropriate
15 amount of exposure by the double exposure, taking note
of the overlaid isolated patterns, in the first
exposure, somewhat thick patterns are formed and, in
the second exposure, patterns thinner than the first
are formed. The changes in line widths due to the
20 first and second exposures due to the amount of
defocus are averaged and therefore it is possible to
obtain an overall line width close to the line width
at best focus and possible to increase the depth of

focus.

25 FIG. 9A, FIG. 9B, and FIG. 9C are views of the
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109@2Z& () - 410928 ()-210%8& ()-0" 10%& () gRduy7/ 10Zy10%& ()-

109@2& ()-y: 1092& ()- &109Z& ()-9409@& ()- '9409%& ()- 10Z ? s dE7/
102y810%& () - f 109%Z& () - 910%Z& () - glocyz&' ()-S 10%&Z& ()-"109%& ()- j AaB7/

}gi%aég}???&g&éggg 1?#@&98@&% %QAi égfflons corresponding to the i
e L D R e s
dEbC 10zZy" 10%6& ()-F109%3& () -Ff,: 110%& () - #10%6&

#10%G& () - - 1058T( POrpABBE - Development in relation w1th the

10Zy0! 109%63& () - Y( 1096 () - 3, &mMLO0% () - #1096&' () -
!10%@&}()-!#1@%?p§i@Y-ng&iN@s enables formation of the isolated
5 patterns 72c shown in FIG. 8C.
Note that the line width of the reticle patterns

72a formed on the first reticle Rl used for the first
exposure and the line width of the reticle patterns
72b formed on the second reticle R2 used for the

10 second exposure do not necessarily have to match and
may be made different. Further, in relation with the .
line width or independentiy, it is possible to make
the first amount of exposure and the second amount of
exposure different in a range less than the

15 appropriate amount of exposure as determined by the
sensitivity of the photo resist. By doing this, it is
possible to further increase the depth of focus.
Further, the line widths, numbers, arrangement, etc.
of the auxiliary patterns 73a and 73b are not limited

20 to the above. - - :

In this way, according to the method of the present

embodiment, it is possible to reduce the error in line
width of the isolated patterns due to focus error as

systematic error due to the unevenness etc. of the

25 wafer W (resist) surface. Further, if performing
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conditions may be made different between the first
reticle Rl and the second reticle R2.
Note that in the present embodiment, the fi;st
exposure was performed using the first reticle R1,
10 while the second exposure was performed using the
second- reticle R2. As opposed to this, however, the
same effect can be obtained even if performing the
first exposure by the second reticle R2 and the second
exposure by the first reticle Rl. Note that it is also
15 possible to form the reticle patterns shown in FIG. 8A
and FIG. 8B on the same reticle.
Further, in the present embodiment, a negative
resist was used as the photo resist, but it is
possible to use a positive resist and form isolated
20 space patterns (depressions) such as contact holes at
positions corresponding to the isolated patterﬂs 72c.
[Sixth Embodiment (Formation of Periodic Patterns)]
An explanation will be given here, referring to

FIG. 10A, FIG. 10B, and FIG. 10C, of the case where

25 forming as the device patterns periodic patterns 8lc

TR I
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~".dYNC 10 h! 10Z 10Z 10Z: 10%Z& () - 2109Z& ( %;@&O&I 10928 (s109Z& () - 3&
10928 () - . ethree. timeyneheopRtieshcEipe. wid teg @")1910%% ()-19%40%

7 7& ()- @&0@&&.()- /| ///010dEYNC 10 h'lO%G& () flO%G& ()-&L0%= () -
31098 () - y! A0GRIG) - 10BYEhow) retdodeCpasgexgsidormed on a

h!, &10%G& () - #1098 () - 3! &10%G& () -! LYA0Y&' ()-S10%3e& ()- & 109%6& ()-1112@et
22dEYN€ 10 reticle. The shaded portions show the light

h! 2GL0%&' () - 0! 10%6&' ()-.109%6& () -y, z109%&' () - L*310%6& () - F(3109%6&' () - 223=3
q3r353t33Xnbih&@rbh%&@ﬂgzpbftlbﬁg %H®1&0€he; non-shaded portions

10%6&" ()-910%& () - 610% 10%6&" () - 3333%1[ 44dEnbC 10
h!flo%E&f()'gﬁg%@@hé)llght transmitting portions. FIG. 10C shows
the device patterns to be ﬁofmed or formed on a wafer
W. The shaded portions show lines (projections), while
10 the non-shaded portions show spaces (depressions).
Assume that device patterns comprised of the
periodic patterns 8lc as ;hown in FIG. 10C as
components are formed on a wafer W coated with a photo
resist (positive resist) having a predetermined
15 sensitivity.
In this case, a first reticle Rl and second reticle
R2 formed with the following reticle patterns are
prepared. That is, the first reticle Rl is formed with
reticle patterns comprised as shown in FIG. 10A of
20 dense patterns formed by periodic patterns 8la of
shapes corresponding to the.periodic patterns 81lc of
the device patterns and auxiliary patterns 82a added
to portions between these. Note that the auxiliary

patterns B2a are the same in line width as the

25 periodic patterns 8la, while the periodic patterns 8la

‘o
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and held arranged on the reticle stage 17. Note that
10 the periodic patterns 81b are exactly the same in

conditions of formation (line width, pitch, etc.) as

TR

the éeriodic patterns 8la. :
First, the stage control system 13 controls the
reticle position adjustment mechanism etc. of the
15 reticle stage 17 to set the first reticle Rl at a
predetermined illumination position (initial position
of scan start) and suitably selects and adjusts one or
both of the oscillation frequency of the laser light
by the_excimer laser light source 2 and the movement
20 speed of the wafer stage 22 in relation with the field :
etc. due to the illumination field stop system 11 to
perform first exposure so as to give a substantial
amount of exposure at the wafer W of % of the
appropriate amount of exposure as determined by the

25 sensitivity of the photo resist coated on the wafer W.
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U& ()-¥%l0% gecond exposure so as to give a substantial amount of
exposure at the wafer W of % of the appropriate amount
of exposure as determined by the sensitivity of the
photo resist coated on the wafer W in the same way as
above. This forms the device patterns 8lc given the
10 appropriate amount of exposure by this double exposure
on the wafer W. Note that-the images transferred by :
the auxiliary patterns 82a are exposed by % of the .
appropriate amount of exposure, so do not remain after
develdbment.
15 In dense patterns, the change in the line width due
to defocus tends to become one becoming thicker. In
sparser periodic patterns, the change in the line

width due to defocus tends to become one becoming

thinner than the dense patterns. Therefore, by

L X}

20 performing first exposure using a first reticle having
reticle patterns comprising.dense patterns formed by
periodic patterns plus auxiliary patterns, then
performing second exposure using a second reticle
having periodic patterns and giving the appropriate

25 amount of exposure by the double exposure, taking note
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the second exposure, patterns thinner than the first

are formed. The changes in line widths due to the

5 first and second exposures due to the amount of

defocus are averaged and therefore it is possible to

obtain an overall line width close to the line width

at best focus and possible:to increase the depth of

focus.

10 In this way, according-to the method of the present
embodiment, it is possible- to reduce the line width
error-éf the periodic patterns based on the focus
error as systematic error due to unevenness of the
wafer W (resist) surface. Further, according to the

15 method of the present embodiment, since double
exposure is performed, the random error occurring
randomly without exhibiting any particular trend is
reduced by the averaging effect in the same way as
explained with reference to the above first

20 embodiment.

Note that the line widths of the reticle patterns
8la and 81lb of the first reticle Rl and second reticle
R2 do not necessarily have to be the same. They may be
made different from each other. In this case, the

25 amount of first exposure and the amount of second

[ N



ULO%Z& () -! Y0%EES ()- %d0%& ()- 10Z 10Z 10Z; 9109%&Z& () - 9&109%Z& §) JA7ZAN)
[RI[aB @10 UL109Z& ()- F10%Z& ()-S, MLO9Z& ()-"10%Z& () -

109%& () -!Dy10%ZZ& ()-[[[\$\\\ = @10 U H $109%& ()-M 6 $L09XNXN&E ()-M $10%8
S& ()-M!10%& ()- 109&Z& ()-'10%Z& ()-\\1] d]]]’\z[<_@10 U

71008 ()-4100&& ()-12 .1 10% (& ()-!.! 10%& ()-IN

Y(s10%& ()-Y(s10%Z& () - "D'SATAUNVAarhAr="@ 10 U

y109®& ()-yl109B& ()-!Y¥d0%-& ()- 10Z 10Z 10Z@

109&Z& () - 8&9109%&Z& () - "N\ % E~ Y109B& 0%3 (),my 10988 () -
10988 () - L098EPPS bk 1598 g  made é@ﬁeaen @0 TELAGIRE (¥Lth the

10%CBCB& () - 10%&' ()- " 109B& () “121098& () - @0%3&' ()-"""a)aMaadE~ @ 10

U . 1098& () - tineomedthse+ Thepdine. wi @Pm&f@ﬁB&a(r)na#wm () -
aaaabQbbbbdE:/ 10B 10B;

@ouBe& ()-81ewd& Of- sagoa@&'i@iamlm&'e(rpsz BeeBare ot logE& €d Usbbbbe. cecx
Y:/ 10B'109%Z& ()- yl0%Z& ()-y 10%Z& ()-yyl0o@& ()-f109%Z& ()-9d09%Z& () -
10Becccd: dl ddHE: Abave.

10B" 1092& () -1 109%Z& () - St 1092& () - F& 109@Z& () - 1092Z& () - SF" 109Z& () - ddeHe~ee
eaB / HIB (10%Z&r(rtHb Q%d& EhiklelPédiment, the first exposure was
1109%&Z& ()-! Y09XX&' () -10%&Z& ()-le"fXffffgdE: / 10B

performed using the first reticle R, while the second

exposure was performed using the second reticle R2. As
opposed to this, however, the same effect can be
obtained even if performing the first exposure by the

10 second reticle R2 and the second exposure by the first

‘a

reticle R1l. Note that it is also possible to form the
retici; patterns shown in-FIG. 10A and FIG. 10B into :
the same reticle. Further, it is also possible to make
the illumination conditions for the first reticle Rl
15 and second reticle R2 different. For example, it is
possible use the annular illumination method for the
first reticle Rl and the ordinary illumination method
for the second reticle R2 or use the annular

illumination methods for both the first and second

20 reticles Rl and R2 and maKe at least one of the
annular ratio and annular width different in
accordance with the pattern formation conditions
(pitch etc.)

Note that the embodiments explained above were

25 described to facilitate the understanding of the
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device patterns were formed by first and second
exposures, but the present- invention is not lim;ted to
this. It is also possible to form device patterns by
10 more (three or more) exposures. Further, the size and
shape of the patterns, the wavelength of the light .
souréé} the numerical ape;ture (NA) of the projection
optical system, the shape of the aperture (field stop)
of the illumination optical system, etc. are also not
15 limited to the above and can be modified in any
manner.
Further, the conditions, for example, the intensity

distribution of the exposure illumination light

defined by the aperture stop of the revolver 5 (shape

20 or size of secondary light source), that is, only the
illumination conditions, were made different between
the first scan exposure and the second scan exposure,
but it is also possible to make other conditions
different, together with the illumination conditions

25 or alone, such as the numerical aperture NA defined by
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(Kokai) No. 4-277612 (U.S. Patent No. 5194893) or

Japanese Unexamined Patent»Phblication (Kokai) No. 6-

314646 (U.S. Patent No. 5742376), and the use of an
10 optical filter (so-called pupil filter) changing part

of the optical characteristics (amplitude

ia

transmittance, phase, etcs) of the imaging flux .
generated from the reticle pattern and distributed at
the pubil plane of the projection optical system
15 (Fourier transform plane). Further, it is possible to
use at least one of the reticle patterns formed at the
first and second reticles as spatial frequency
conversion type (Shibuya-Levenson type), edge

enhancjing type, halftone type, or other phase shift

20 pattern or combine with the phase shift pattern at
least one of the modified illumination method for
changing the shape or size of the secondary light
source, cumulative focus method, and pupil filter.

In the above first to sixth embodiments, it is also

25 possible to adopt the sequence of transferring the
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first and second reticle patterns on to one shot area
on the wafer, then making the wafer step and
transferring the first and second reticle patterns on
the next shot area or to adopt the sequence of using

5 the step-and-scan system (or step-and-repeat system)
to successively transfer first reticle patterns, then
similarly successively transfer the second reticle
pattern to all of the shot»éreas on the wafer. In
particular, the latter is advantageous in the -point of

10 keeping the reduction of the throughput to a minimum

Ta

when - -changing the conditions between the first
exposure and second exposure.
If adopting the present invention as explained

above, the random error at the time of exposure is
15 reduced and fine patterns can be formed with a good

accuracy. Further, the change in line width of the

device patterns due to defocus may be reduced and a

line width realized close to the line width when

exposing by the best focus over the entire pattern.
20 Further, the processing speed of the exposure can be )

improved and the cost can be reduced. In addition,

when forming device patterns having dense patterns and

isolated patterns, the common depth of focus can be

enlarged and the resolution can be raised.

25 Note that instead of a fly-eye lens arranged in the
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the reticle R in the illumination optical system.
Therefore, the illumination field stop system 11

10 (fixed blind and movable blind) are arranged in
proximity to the emission_plane of the rod integrator, .
whilé";he aperture stop oé the revolver 5 is arranged
in proximity to the incidence plane of the rod
integrator or is arranged at the Fourier transform

15 plane (pupil surface) set between the rod integrator
and reticle R.

Further, the revolver 5 was used for the modified

illumination or change of the oc-value etc, but for

example it is also possible to make at least one

20 optical element arranged-between the excimer laser
light source 2 and the optical integrator movable and
change the intensity distribution of the illumination
light on the incidence plane of the optical
integrator. Further, by further arranging a pair of

25 conical prisms (axicons) at the light source 2 side
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density higher at the outside than at the center. This
enables the intensity distribution of the illumination
light to be changed on the emission side focal plane
in the case of a fly-eye lens and on the Fourier
10 transform plane of the illumination optical system set
between the emission plane and reticle R in the case 4
of a rod integrator. Further, even if the o-value is :
made smaller or the ordinary illumination is changed
to modified illumination (for example, annular
15 illumination), the loss of light of the illumination
light along with the change can be greatly reduced and
the high throughput can be maintained.

Further, the projection optical system PL may be a

refraction system comprised of only a plurality of

20 refraction optical elements or a reflection system
comprised of only a plurality of reflection optical
elements and further may be an equal-magnification or
enlargement type. Note that the reflection and
refraction type projection optical system may be any

25 of an optical system having at least a beam splitter
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'10%&'g) -y system arranging a plurality of refraction optical
elements and two reflection optical elements (at least
one of which being a concave mirror) such as disclosed
in U.S. Patent No. 5788229.
Further, the present invention may also be applied
10 to a projection exposure apparatus for transferring
circuit patterns to a glass substrate, silicon wafer, s
etc. to produce a reticle—-or mask in addition to a :
projection exposure apparatus used for the production
of a semiconductor element, liquid crystal display,
15 thin film magnetic head, and imaging element (CCD
etc.). Here, an exposure apparatus using DUV (distant
ultraviolet) light, VUV (vacuum ultraviolet) light

etc. generally use a transmission type reticle and

uses silica glass, fluorine-doped silica glass,

20 fluorite, magnesium fluoride, crystallized quartz,
etc. as the reticle substrate. Further, an EUV
exposure apparatus uses a reflection type mask, while
a proximity type X-ray exposure apparatus or mask
projection system electron ray exposure apparatus etc.

25 use a transmission type mask (stencil mask, membrane
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fiber amplifier and use the harmonic obtained by
converting the wavelength to ultraviolet light using a
10 nonlinear optical crystal.
For example, if the o§cillation wavelength of the
single wavelength laser is made a range of 1.51 to
1.59 um, an 8th harmonic of an oscillation wavelength
in the-range of 189 to 199 nm or a 10th harmonic of an
15 oscillation wavelength in the range of 151 to 159 nm
is output. In particular, if the oscillation
wavelength is made one in the range of 1.544 to 1.553
um, ultraviolet light of an 8th harmonic in the range
of 193.to 194 nm, that is, a wavelength substantially
20 the same as that of an AYF excimer laser, is obtained.
If the oscillation wavelength is made one in the range
of 1.57 to 1.58 um, ultraviolet light of a 10th
harmonic in the range of 157 to 158 nm, that is, a
wavelength substantially the same as that of an F,

25 laser, is obtained.
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of 157 to 158 nm, that is, a wavelength substantially
the same as that of an F, laser, is obtained. Note that
as the single wavelength oscillation laser, a -yttrium-
10 doped fiber laser is used.
The semiconductor device is produced through a step ‘
of design of the functions and performance of the i
circuit, a step of fabrication of a reticle based on
the désign step, a step of transferring a pattern of a
15 reticle on a wafer using an exposure apparatus
explained in the above embodiments, a step of assembly
(including dicing, packaging, etc.), and an inspection
step.
Further, the exposure apparatus of the present
20 embodiment may be produced by assembling an :
illumination optical system.and a projection optical
system comprised of a plurality of optical elements in
the exposure apparatus body and performing optical

adjustment, attaching the reticle stage or wafer stage

25 comprised of a large number of mechanical parts to the
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1. An exposure method for forming a device pattern on

a photosensitive substrate, comprising a step of overlaying
and transferring on the photosensitive substrate a first
pattern including the same pattern of shape as the device
pattern and a second paﬁiérn having substantive periodicity

in a predetermined direction.

2. An exposure method for forming a device pattern on
a photosensitive substratg, comprising a step of overlaying
and transferring on the photosensitive substrate a first
pattern including the same pattern of shape as the device
patterﬁ and a second pattern including a pattern denser than

the first pattern.

3. An exposure method for forming a device pattern
on a photosensitive substrate through a projection
optical system,

comprising a step of overlaying and
transferring on the photosensitive substrate a first
pattern which line widths of the pattern image formed
on the photosensitive substrate become thinner than
the device pattern and a second pattern which they

become thicker than the device pattern when the
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of the projection system.

4. An exposure apparatus which forms a device
pattern on a photosensitive substrate, comprising:

a holder which selectively arranges, on a light path
of exposure, a first pattern including the same pattern of
shape as the device pattern and a second pattern including
a pattern having substantive periodicity in a predetermined
direction so that the first and second patterns are
transferred on the photosensitive substrate and

a position adjuster which adjusts the relative

Ia

positions of projected images of the first and second
patterns with the photosensitive substrate so that the £
first pattern and the second pattern can be overlaid and

transferred on the photosensitive substrate.

5. An exposure apparatus which forms a device
pattern a photosensitive substrate, comprising:

a holder which selectively arranges, on a light path
of exposure, a first pattern including the same pattern of
shape as the device pattern and a second pattern including

a pattern denser than the first pattern so that the first

‘e

and second patterns are transferred on the photosensitive
substrate and a position adjuster which adjusts the
relative positions of projected images of the first and
second patterns with the photosensitive substrate so that
the first pattern and the second pattern can be overlaid

and transferred on the photosensitive substrate and
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transferred on the photosensitive substrate.

6. An exposure apparatus which forms a device
pattern on a photosensitive substrate, comprising:

a holder which selectively arranges, on a light
path of exposure, a first pattern and a second pattern
so that the first and second patterns are transferred
on the photosensitive substrate,

| a projection system which projects a pattern in
a light path of exposure on the photosensitive
substréte, and

a position adjuster which adjusts relative
positions of projected images of the first and second
patterns with the photosensitive substrate so that the
first pattern and the second pattern can be overlaid
and transferred on the photosensitive substrate,

wherein the first and second patterns are
respectively a pattern which line widths of the
pattern image formed on the photosensitive substrate
become thinner than the device pattern and a pattern
which they become thicker than the device pattern when

the photosensitive substrate is offset from a focal
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wherein at least one of the first pattern and the
second pattern is a phasékéhift—pattern.

9. An exposure method as set forth in claim 1,
wherein:

the first pattern and the second pattern are
transferred by an illumination beam through a
projecﬁion system on the photosensitive substrate and

the first pattern and the second pattern are
transferred on the photosensitive substrate under
different illumination conditions.

10. An exposure method as set forth in claim 1,
wherein an amount of exposure at the time of transfer
of the first pattern and an amount of exposure at the
time of transfer of the second pattern are different.

11. An exposure method as set forth in claim 1,
wherein the changes in line widths of pattern images
in accordance with positions in the direction of an
optical axis of the projection system when projecting
the first and second patterns on the photosensitive

substrate exhibit opposite trends between the first
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wherein:
the first and second'patterns are projected by
an illumination beam through a projection system on to
the photosensitive substrate and
-- the phase shift pattern is transferred on the
photogénsitive substrate by illumination by modified
illumination having an illumination beam region on a
pupil blane of the projection system not including an
optical axis of the projection system.
14. An exposure method as set forth in claim
9, wherein:
the different illumination conditions include
an ordinary illumination condition having an
illumination beam region on a pupil plane of the
projection system including.an optical axis of the
projection system and a modified illumination
condition having an illumination beam region on the
pupil plane of the projection system not including the

optical axis of the projection system.
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15, wherein the second pattern is a dense pattern
partially overlaid with the first pattern.

17. An exposure method as set forth in claim
10, wherein the amounts of exposure are determined in
accordance with line widths of the first pattern and
the second pattern. )

18. An exposure method as set forth in claim
9, wherein the different illumination conditions
include a first modified illumination condition having
an illumination beam region on a pupil plane of the
projection system not including an optical axis of the
projection system and illuminating a first region on
the pupil plane and a second modified illumination
condition having an illumination beam region on the
rupil plane of the projectioen system not including the
optical axis of the projection system and illuminating
a second region on the pupil plane different from the
first region.

19. An exposure method as set forth in claim
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and an auxiliary pattern provided at the periphery of
the isolated pattern.
21. An exposure method as set forth in claim
18, wherein: -
the modified illumination condition includes an
annular illumination condition and
the first modified illumination condition and
the second modified illumination condition differ in
at least one of an annular ratio and annular width of
the annular illumination.
22. An exposure method as set forth in claim 1,
wherein:
the first pattern is a pattern of substantially
the same shape as the device pattern and
the second pattern is a pattern to be partially
overlaid with the first pattern.
23. An exposure method as set forth in claim 1,

wherein the first pattern and the second pattern are
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26. An exposure apparatus as set forth in claim
4, wherein the second pattern includes a pattern not
present in the device pattern.
27; An exposure apparatus as set forth in claim
4, wherein at least one of the first pattern and the
second pattern is a phase shift pattern.
28. An exposure apparatus as set forth in claim
4, wherein:
the first pattern and the second pattern are
transferred by an illumination beam through a
projection system on the photosensitive substrate and
the first pattern 'and second pattern are
transferred on the photosensitive substrate under
different illumination conditions.
29, An exposure apparatus as set forth in claim
4, wherein an amount of exposure at the time of

transfer of the first pattern and an amount of

'
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wherein the second patterm--includes a pattern not
present in the device pattern. ¢
32. An exposure method as set forth in claim 2,
wherein at least one of the first pattern and the
second pattern is a phase shift pattern.
33. An exposure method as set forth in claim 2,
wherein:
the first pattern and the second pattern are

transferred by an illumination beam through a

projection system on the photosensitive substrate and
the first pattern and second patterns are
transferred on the photosensitive substrate under
different illumination conditions.
34. An exposure method as set forth in claim 2,

wherein an amount of exposure at the time of transfer
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substrate exhibit opposite trends between the first

and second patterns.
36. An exposure method as set forth in claim
32, wherein the phase shift pattern includes one of
any of a spatial frequency modulation type, an edge
enhancement type, and a halftone type.
37. An exposure method as set forth in claim
32, wherein:
the first and second patterns are projected by
an illumination beam through a projection system on to
the photosensitive substrate and
. the phase shift pattern is transferred on the
photosensitive substrate by illumination by modified
illumination having an illumination beam region on a
pupil plane of the projection system not including an
optical axis of the projection system.

38. An exposure methed as set forth in claim

33, wherein the different illumination conditions
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pupil plane of the projection system not including the
optical axis of the projection system.

39. An exposure method as set forth in claim
38, wherein the first pattern is illuminated under the

ordinary illumination condition and the second pattern

is il}luminated under the modified illumination

LI Y

condition. - :

40. An exposure method as set forth in claim
39, wherein the second pattern is a dense pattern
partially overlaid with the first pattern.

41. An exposure method as set forth in claim
34, wherein amounts of exposure are determined in
accordance with line width of the first pattern and
the second pattern.

42. An exposure method as set forth in claim
33, wherein the different illumination conditions
including a first modified illumination condition
having an illumination beam region on a pupil plane of
the projection system not including an optical axis of

the projection system and illuminating a first region
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43. An exposure method as set forth in claim
42, wherein the first pattern is illuminated under the
first modified illumination condition and the second
pattern is illuminated under the second modified
illumination condition. - K
44. An exposure method as set forth in claim :
43, wherein the first pattern includes an isolated
pattefn having the same shape as the device pattern
and an auxiliary pattern provided at the periphery of
the isolated pattern.
45. An exposure method as set forth in claim
42, wherein:
. the modified illumination condition includes an
annular illumination condition and
the first modified illumination condition and
the second modified illumination condition differ in
at least one of an annular ratio and annular width of

the annular illumination.

p 46. An exposure method as set forth in claim 2,
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formed on different masks.

48. An exposure method as set forth in claim 2,
wherein the first pattern énd the second pattern are
formed on the same mask. -

49. A method for manufacturing a device
comprising transferring a device pattern on a
workpiece using an exposure method as set forth in
claim 2.

50. An exposure apparatus as set forth in claim
5, wherein the second pattern includes a pattern not
present in the device pattern.

51, An exposure apparatus as set forth in claim
5, wherein at least one of the first pattern and the
second pattern is a phase shift pattern.

52. An exposure apparatus as set forth in claim
5, wherein

the first pattern and the second pattern are

transferred by an illumination beam through a
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different illumination conditions.
53. An exposure apparatus as set forth in claim
5, wherein an amount of exposure at the time of
transfer of the first pattern and an amount of
exposure at the time of transfer of the second pattern
are different.
54. An exposure apparatus as set forth in claim
5, wherein the changes in-line widths of pattern s
imageé in accordance with-positions in the direction s
of an optical axis of the projection system when
projedfing the first and second patterns on the
photosensitive substrate exhibit opposite trends
between the first and second patterns.
55. An exposure method as set forth in claim 3,

wherein at least one of the first pattern and the

second_ pattern is a phase shift pattern.

56. An exposure method as set forth in claim 3,
wherein:
the first pattern and the second pattern are
transferred by an illumination beam through a
projection system on the photosensitive substrate and

the first pattern and the second pattern are
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58. An exposure method as set forth in claim
55, wherein the phase shift pattern includes one of
any of a spatial frequency modulation type, an edge
enhancement type, and a halftone type.
59. An exposure method as set forth in claim
55, wherein: -
the first and second patterns are projected by
an illumination beam through a projection system on to
the photosensitive substrate and
the phase shift pattern is transferred on the
photosensitive substrate by illumination by modified
illumination having an illumination beam region on a
pupil plane of the projection system not including an
optical axis of the projection system.
60. An exposure method as set forth in claim
56, wherein the different illumination conditions
include an ordinary illumination condition having an

illumination beam region on a pupil plane of the

projection system including an optical axis of the

ia
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61. An exposure method as set forth in claim
60, wherein the first pattern is illuminated under the
ordinary illumination conditions and the second
pattern is illuminated under the modified illumination
condition.
62. An exposure method as set forth in claim
57, wherein the amounts of-exposure are determined in
accordance with line widths of the first pattern and
the second pattern.
63. An exposure method as set forth in claim
56, wherein the different illumination conditions
including a first modified illumination condition
having an illumination beam region on a pupil plane of
the projection system not including an optical axis of
the prqQjection system and illuminating a first region
on the pupil plane and a sécond modified illumination
condition having an illumination beam region on the
pupil plane of the projection system not including the
optical axis of the projection system and illuminating

a second region on the pupil plane different from the

first reqion.
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66. An exposure apparatus as set forth in claim
6, wherein at least one of the first pattern and the
second\pattern is a phase-shift pattern.
67. An exposure apparatus as set forth in claim 6,
wherein:
the first pattern and the second pattern are
transferred by an illumination beam through a
projection system on the photosensitive substrate and
the first pattern and second pattern are
transferred on the photosensitive substrate under
different illumination conditions.
68. An exposure apparatus as set forth in ciaim 6,
wherein an amount of exposure at the time of transfer
of the first pattern and an amount of exposure at the

time of transfer of the second pattern are different.
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