DESCRI PTI ON PLANE PGCSI TI ON DETECTI NG APPARATUS, EXPOSURE APPARATUS
AND DEVI CE MANUFACTURI NG METHOD Techni cal Field 5[0001] The present
invention relates to surface position detecting apparatus, exposure
apparatus, and devi ce manufacturing nethods. Mre particularly, the
present invention relates to detection of a surface position of a
phot osensitive substrate in a projection exposure apparatus used for
transferring a mask pattern onto the photosensitive substrate by 10
| i t hography for manufacturing devices such %i sem conduct or devi ces,
l'i qui d-crystal display devices, ikﬂﬁg Ns, and thin-film
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detecting appfécﬁtnﬂ&rlslﬁ"iiei(?bl e for projection exposure apparatus. In

order to theoretically enhance the detection accuracy of the surface
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detecting apparatus of "the oblique incidence type, it is necessary to

set an angl e apbatatas,denpesiat appeand, oathd edeldt€ Ciiaf 0ok meticiee
| arge (or close to 90). In this case, for avoiding restrictions of
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projecting optical systemand a condensing optical systemin the
surface 25pogiasitim dgae&mtwnaﬁb@rmhsﬁatﬁ int mprojbetiouexpogird epparatype,
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Background Art
[0002] A surface position detecting apparatus of an oblique incidence
15 type disclosed in Japanese Patent Application Laid-open No. 2001-
296105 (Patent Document 1) by the same applicant is known as a
conventional surface position detecting apparatus suitable for projection
exposure apparatus. In order to theoretically enhance the detection
accuracy of the surface position of a detection target surface in this
20 surface position detecting apparatus of the oblique incidence type, it is
necessary to set an angle of incidence of a beam to the detection target
surface large (or close to 90°). In this case, for avoiding restrictions of
the detection target surface on configurations and arrangement of a
projecting optical system and a condensing optical system in the surface

25 position detecting apparatus of the oblique incidence type, it is

suggested that parallelogram prisms with a pair of internal reflection



5fromthe detection target surface (cf. Fig. 7 in Patent Docunent 1).
[ 0003] Patent Docunent 1: Japanese Patent Application Laid-open No.
2001- 296105 Di scl osure of the Invention Problemto be Solved by the

| nvention 10[ 0004] In the conventional surface position detecting
apparatus disclosed in Fig. 7 of Patent Document 1 described above,
however, there appears a relative positional deviation between

pol ari zati on conponents in the beamtotally reflected on the two

mut ual |'y parall%l interﬁ:éiltt reflection surfaces of the projection-side

rhomboi d pri stHriagss parakeh tor pacheother dwhiets il be yeferrad tardiereinefier as

pattern inmage, cannot .be forped on.the detection target surface.
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when the conventional sur position det&cting apparatus 1s’applied

to detection [@003] RutéRCBoBOScht N T larRs¥Paeint (RPTEQIRAST AidSpen No.
substrate) whose surface is coated with a resist,” in 25an exposure

appar atus, it2061-Ra6WdSthat the reflectance for light of a specific
pol ari zati on conponent varies dependi ng upon the thickness of
Disclosure of the Invention
Problem to be Solved by the Invention
10 [0004] In the conventional surface position detecting apparatus
disclosed in Fig. 7 of Patent Document 1 described above, however,
there appears a relative positional deviation between polarization
components in the beam totally reflected on the two mutually parallel
internal reflection surfaces of the projection-side rhomboid prism, so
15 that there is a possibility that any clear pattern image cannot be formed
on the detection target surface. Likewise, there also appears a relative
positional deviation between polarization components in the beam
reflected from the detection target surface and then totally reflected on
the two mutually parallel internal reflection surfaces of the reception-
20 side rthomboid prism, so that there is a possibility that a secondary
image of the pattern can become more unclear.
[0005] On the other hand, when the conventional surface position
detecting apparatus is applied to detection of a surface position of a
wafer (photosensitive substrate) whose surface is coated with a resist, in

25 an exposure apparatus, it is known that the reflectance for light of a

speciiic polarization component varies depending upon the thickness of



the resist layer. As a consequence, the conventional surface position
detecting apparatus tends to nmake a detection error of the surface
position of the detection target surface because of the relative
positional deviations between polarization conponents in the beam
totally 5 reflected on the internal reflection surfaces of the
rhonboi d prisnms and the variation in the reflectance due to the

t hi ckness of the resist |layer on the photosensitive substrate. [0006]
The present invention has been acconplished in view of the above
probl em and dheaspist laydr. t e presssequénveethé coniventiongirsuvfate posiion
surface position detecting apparatus capable of detecting a surface
position of dleiesting iapparatnydendutpanka ehdefegtionceueneyf, thehisieface
restraining infLuengﬁﬁof a relative posjtipnal devjiation between
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projection optical system using the surtace position

appar at us capbbhBofdseASitiveatBstrifeg the surface position of the
detection target surface with high accuracy. [0007] Still another

obj ect of thq0p06bdie prosent invertior bapriwendeceomplditiedain anperof tss a
measuri ng apparatus, and others capable of restraining a relative
posi ti onal debcaei prebbenveshapatigecizaf il pPEenminvertion of td ipghvide a
caused at a total reflection surface of an optical nenber. Still

anot h&® obj edurigeet pesipipas defecting eappasatuss cepahpe oof distentingopt seefhee
appar atus, an adj ust ngnt thod, and ot hers capable of adjusting a
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i ght caused at, a total geflect ifon surface of .%n opt i,cal .rrem%er.
5Means for SJF%WB‘Q&&@W@mO a “relative’ positional deviation between

polatization components caused in a beam totally reflected on an
internal reflection surface of a prism member, on the detection of the
15 surface position of the detection target surface. Another object of the
present invention is to provide an exposure apparatus capable of highly
accurately positioning a pattern surface of a mask and an exposed
surface of a photosensitive substrate relative to a projection optical
system, using the surface position detecting apparatus capable of
20 detecting the surface position of the detection target surface with high
accuracy.
[0007] Still another object of the present invention is to provide an
optical apparatus, a measuring apparatus, and others capable of
restraining a relative positional deviation between polarization
25 components of light caused at a total reflection surface of an optical

member. Still another object of the present invention is to provide an



[0008] In order to solve the above problem a first aspect of the
present invention provides a surface position detecting apparatus
conprising a light projection systemwhich projects a beam from an
oblique direction onto a detection target surface, and a |ight
reception systemwhich 10 receives a beamreflected on the detection
target surface, the surface position detecting apparatus being
adapted to detect a surface position of the detection target surface
on the basis of an output fromthe |light reception system wherein at
| east one of Qtcali gnpangies, eani edjusymerin meathad e ahdl giothers Scapakdet pbn
system conprisgs a total reflection, prismnnenher having an interna
reflection s@dasEInidchIelatise| ywositionalt sdeyiatiagi degtivesBanpolarigation
wherein, for restraining influence of | atJj ve position devi at j on
bet vieen’ pol ardTARPERIEE il PEReR Sire (GEArHAISEAPR I EACP dk 8 iicehe
i nt er nal refuﬁgﬁ{on surface of the total reflection prismnenber, 20
on detection bﬁ& surface position of the detection target surface,
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menber are set so as to satisfy a predeterm néd rel
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whi ch projects a predeterm ned pattern through a projection ~optical
system ont o dightqirofetiontsystens wisth arejects #béant fremposobkqudidirection
conpri si ng: the surface position detecting apparatus of the
first aspect amibch drdecinors targstrduaaeepesidt aohghif receptivhagwstaf whech
predeterm ned pattern_or an _5 exposed surface of the photosensitive
subst 1Bt e r eltg8ERIYES t2 bep@ milgcird oanthspeeleation yigrash, sugtacen thes gurfaes

position of the,detection target surface;, an osi tjoni ng. means
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proj ection op(h
reception system,

wherein at least one of the light projection system and the light
15 reception system comprises a total reflection prism member having an
internal reflection surface which totally reflects an incident beam, and
wherein, for restraining influence of a relative positional
deviation between polarization components of the beam totally reflected
on the internal reflection surface of the total reflection prism member,
20 on detection of the surface position of the detection target surface, a
refractive index of an optical material forming the total reflection prism
member and an angle of incidence of the incident beam to the internal
reflection surface of the total reflection prism member are set so as to
satisfy a predetermined relation.
25 [0009] A second aspect of the present invention provides an exposure

apparatus which projects a predetermined pattern through a projection



result by the surface position detecting apparatus. [0010] Athird
aspect of the present invention provides a device manufacturing

nmet hod conpri si ng: an exposure step of effecting exposure
of the photosensitive 15substrate with the predeterm ned pattern,
usi ng the exposure apparatus of the second aspect; and a
devel opment step of devel opi ng the photosensitive substrate exposed
I n the exposure step. [0011] A fourth aspect of the present

i nvention provides an optical 20apparatus in which an optical nenber
havi ng a t ot atptical kpsteinontowr photesersitve palsstchté to affecptipmalirgtieteof,
wherein a refractive index of the optical nenber and an angl e of

i nci dence of SargPISHIg t he total reflection surface are set so as to

restrain a relative, positional, devjation between pfoéi_lar' zation )
conmponents of | i ghth©suEaes positien dededtmnoppratatussiidhe fgst aspechhich

surface of {heeolical sheber 00121, A THEL sspect of d e, present
reflecgion s Lg}gp%%gﬁ shifaBl oPRiid ﬁﬁ‘é}togéﬁﬁtive substrate relative to the projection
optical system, as the surface position of the detection target surface;
and
positioning means which positions the surface of the
predetermined pattern or the exposed surface of the photosensitive
10 substrate relative to the projection optical system, based on a detection
result by the surface position detecting apparatus.
[0010] A third aspect of the present invention provides a device
manufacturing method comprising:
an exposure step of effecting exposure of the photosensitive
15 substrate with the predetermined pattern, using the exposure apparatus
of the second aspect; and
a development step of developing the photosensitive substrate
exposed in the exposure step.
[0011] A fourth aspect of the present invention provides an optical
20 apparatus in which an optical member having a total reflection surface
is disposed in an optical path,
wherein a refractive index of the optical member and an angle of
incidence of light to the total reflection surface are set so as to restrain a
relative positional deviation between polarization components of light
25 totally reflected on the total reflection surface of the optical member.

[0012] A fifth aspect of the present invention provides an optical



wherei n angl es of incidence of light to the respective N internal
reflection surfaces and refractive indices of respective optical
menbers formng the Ninternal reflection surfaces are set so that a
relative 5 positional deviation between polarization conponents of
light totally reflected on the Ninternal reflection surfaces becones
substantially zero. [0013] A sixth aspect of the present

I nvention provides a neasuring apparatus in which an optical nenber
having a total reflection surface 10is di sposed in_a neasurenent
optical pat h,apparatus vberpeisingNrieteraal fefiectiodexriates heawppticall patinber
and an angle of incidence of neasurenent |ight to the total

refl ection surfacevdrareieanges af ncmdercst ohlightita teataspectpasNt inderak]
devi ati on between pol arj zation conmponents of the neasurenent |ight
totally ref| eetleefiom suracesotnd rafbacdivecindiens eliresnedivs ophiealgpembsars

nmber. [0014] A, t th t o ti [
e . apibriat (in K BaSh BLehSe RERER A SR oat Tl Rl
conpri si ng: ... a,detector .which detects. measurenent |kght  fr t he
measursnent TR PAELR HRvSt AT GOTBGRCRIS AL et Bpaly
reflection s dj [ i t h :
measr enent  15re0edst RS SR, e bl Y UeERbn Pt ucS BRI Rubstgptially
restraining ef(ﬁ.l ative positional deviation between polarization
conponents of the measurenent light totally reflected on the total

reflection sypHagp AkittheaspRet ol thi 8ént MveptibAChioveddsndermedurafpt he
opti cal nenber and an angl é of incidence of the neasurenent light to
the total refdppetdton isowiishemasgticdtmember having a total reflection surface
10 is disposed in a measurement optical path,
wherein a refractive index of the optical member and an angle of
incidence of measurement light to the total reflection surface are set so
as to restrain a relative positional deviation between polarization
components of the measurement light totally reflected on the total
15 reflection surface of the optical member.
[0014] A seventh aspect of the present invention provides a measuring
apparatus which measures a measurement target surface, comprising:
a detector which detects measurement light from the
measurement target surface; and
20 an optical member with a total reflection surface disposed in an
optical path between the measurement target surface and the detector,
wherein, for restraining a relative positional deviation between
polarization components of the measurement light totally reflected on
the total reflection surface of the optical member, a refractive index of

25 the optical member and an angle of incidence of the measurement light

to the total reflection surface are set.



[ 0015] An eighth aspect of the present invention provides a neasuring
apparatus whi ch neasures a neasurenent target surface, conprising:

a light projection system which guides neasurenent light to the
measurenent target surface; 5a |light reception system which receives
t he neasurenent |ight fromthe neasurenent target surface; and

an optical nenber with a total reflection surface disposed in at

| east one of an optical path of the |ight projection system and an
optical path of the light reception system 10wherein, for .
restraini ng a00dbhidncightbi aspestapt thepreseohiryentioarprpvidesiazmeasuming
conponents of the measurenent light totally reflected on the_total
reflection sAHRACEUSIWIIRE TRPASURR @ mMssBaement tatmeh Seiiges, CAMDListng:t he

opti cal nenber and ngl e of incidence. of t.he neasurenent. light to
The total rofleati Guigat Psestion SYSETB oV Rich SHAR Bloeapiorast Ligft 1o (he)

A ninth f Lh t ti id '
appar at e, CorpPrSFRD R FHEE HAFFer | ecti on sur faces I h an opti cal

t h, wh [ s NG ' te t b N
Potorndl refleoti ont DAPY Cop ok anith, o Silr e ERARASH igh

optical nenbegsnf @ethbskirbe {ag{\%@trgﬂ@facéegﬁ&ction surfaces are set so
I . SUTTace,

that a relative 20 positional deviation between polarization

conponents of | i ghtant @btaddlVmembke Gt aabtdl heflbbfioh eifate dRfposed iPat
surfaces becones substantially zero. [0017] A tenth aspect of the

present i nverleasirome of andeptianl pathasfithe [agh prajectiontsystene bhé ahoptical

exposure of a photosensitive substrate wth a 25predeterm ned

pattern, conpratBiofghe light reegptionsysteppar at us of the sixth aspect, the

sevenEB aspect. wherein, for restraining a relative positional deviation between
polarization components of the measurement light totally reflected on
the total reflection surface of the optical member, a refractive index of
the optical member and an angle of incidence of the measurement light
to the total reflection surface of the optical member are set.

15 [0016] A ninth aspect of the present invention provides a measuring
apparatus comprising N internal reflection surfaces in an optical path,

wherein angles of incidence of light to the respective N internal

reflection surfaces and refractive indices of respective optical members
forming the N internal reflection surfaces are set so that a relative

20 positional deviation between polarization components of light totally
reflected on the N internal reflection surfaces becomes substantially
Zero.
[0017] A tenth aspect of the present invention provides an exposure
apparatus which effects exposure of a photosensitive substrate with a

25 predetermined pattern, comprising:

the measuring apparatus of the sixth aspect, the seventh aspect,



the eighth aspect, or the ninth aspect which nmeasures a position of

t he photosensitive substrate. [0018] An el eventh aspect of the
present invention provides a device manufacturing nmethod conpri sing:
5an exposure step of effecting exposure of the photosensitive
substrate with the predeterm ned pattern, using the exposure
apparatus of the tenth aspect; and a devel opnent step of

devel opi ng the photosensitive substrate exposed in the exposure step.
10[ 0019] A twel fth aspect of the present invention provides an

opti cal apparth¢ esghthrgspest, mg:thamihthasspeoh svhigh intedsuresnb gositicspoS ek i n
an optical path and having a total reflection surface; and an

adj usti ng de\ph@éoﬂeﬁﬁl’ia@ngﬁstrﬁ’@-a rel ati ve positional deviation

bet ween pol arization c npoqfnts of |ight totally reflected on the
Cotal reflectlDBISLaT slevesth arpect theeprpserh B1VEHLioaaProvEdase? . devers0]

A thirteenth as t, of theg%rcﬁ?ent ..nvention provides an adjustnent
met hod conprirg?rﬁ'f}tgcwg}ge@e rYBBYFRE- at | east one optical nember

ad) usting & relati 08 poRrHRE e B0, 4o e Bubilius b s (DEPeds iR
at I onst  one “Spriral WIEME Hefshia bRt usHE IRNLRIGRE ppgaratlt®
present i nvepfriRetdiiRULH&S; A adj ust ment et hod conprising: a step of
guiding light to at [east one
a development step of developing the photosensitive substrate
exposed in the exposure step.

10 [0019} A twelfth aspect of the present invention provides an optical
apparatus comprising: at least one optical member disposed in an optical
path and having a total reflection surface; and an adjusting device for
adjusting a relative positional deviation between polarization
components of light totally reflected on the total reflection surface of the

15 at least one optical member.

[0020] A thirteenth aspect of the present invention provides an
adjustment method comprising: a step of disposing at least one optical
member having a total reflection surface, in an optical path; and a step
of adjusting a relative positional deviation between polarization

20 components of light caused at the total reflection surface of the at least
one optical member.

[0021] A fourteenth aspect of the present invention provides an
adjustment method comprising: a step of guiding light to at least one
optical member having a total reflection surface; a step of detecting a

25 relative positional deviation between polarization components of the

light caused at the total reflection surface of the at least one optical



optical nenber having a total reflection surface; a step of detecting
a 25rel ative positional deviation between polarization conponents of
the light caused at the total reflection surface of the at | east one
optical nmenber; and a step of adjusting an angle of incidence of the
light incident to the total reflection surface of the at |east one
optical nenber. Effect of the Invention [0022] In the surface
position detecting apparatus according to the 5 typical aspect of the
present invention, the refractive index of the optical materi al

form ng the tmealberpihdcsistep wi adusenpem angld e imoiencelof Aed dighee
of the incident beamto the internal reflection surface thereof are
set so as to iggtdest jo theetopalodfection maxfacebhtlicont, leattemetyptichbrember.
appears no substantial relative positional deviation between

pol ari zat i on Effegbabtheheentipn he beam totally reflected on the

of o pattern 100208 ﬁﬂzﬂ{%%%’?fﬁeésd&a@g&? z&gééﬂgéaﬁp;a%sz;aozgﬁa;z@ggge
patt e! - e . : ' .
?;?‘)gn%‘éypi i f%@%t%ﬁtﬁ%%g#ﬁsw%%p”ﬁepgﬁﬁr@ﬁaﬁﬁﬁi ;ﬁfqevﬁét@%a%‘%{cﬁﬁﬁe
[0023] 1n ¢ nitoaaid R Wt BET eRsERbR I Fa ety HD B et
the present iiﬁgﬁggh%ﬂtﬁeqﬁéﬁeﬁpbsﬁrﬁ%%h@fifm&%eéﬁbﬁ%hrfabgﬁ@éifeBﬁce

position of t tection target surface estrailning

i nfl uence of i it d hadii ‘bat i i
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conponents caused in 20 th amtotally reflected on t

reflection surd assbstintidie mplatism npostonal orddvidiciet Betwah OfolbHeation
surface position of the detection target surface. Therefore, when the

surfat@ posi tdoompoltends tinnthenheamattomilyf refected eserthe i ivemtl aoflestion
applied to the detectjon of the surface position of the
phot osensi t | VltigBst it & €ensaquUEBCce.oat pleapmujroery dmagpt dLal psitstve s
25in the exp at.us, ,the surface position of the

phot osensi t i %%églf%%de%ﬂ@a taeeed stslachiand aickearsesondary image oh
turn, the patje rf)]attem is formed on a light reception surface (or on a plane
conjugate therewith); therefore, the surface position of the detection
15 target surface is detected with high accuracy.
[0023] In this manner, the surface position detecting apparatus of the
present invention is able to highly accurately detect the surface position
of the detection target surface, while restraining the influence of the
relative positional deviation between polarization components caused in
20 the beam totally reflected on the internal reflection surface of the prism
member, on the detection of the surface position of the detection target
surface. Therefore, when the surface position detecting apparatus of
the present invention is applied to the detection of the surface position
of the photosensitive substrate relative to the projection optical system

25 in the exposure apparatus, the surface position of the photosensitive

substrate can be detected with high accuracy and, in turn, the pattern



surface of the mask and the exposed surface of the photosensitive
substrate can be highly accurately positioned relative to the
projection optical system which enabl es manufacture of good devi ces.
Brief Description of the Drawings 5[0024] Fig. 1 is a draw ng
schematically showi ng a configuration of an exposure apparatus with a
surface position detecting apparatus according to an enbodi nent of
the present invention. Fig. 2 is an optical path diagram
showi ng that a &r oj ecting optical systemand a condensing opti cal
systemin Fi gurficbooh the emagk elnel éimt rexposed urfacei dBshe photosdfisgive3
is a draw ng schematically show ng a configuration between a pair of
pent agonal priibagatencamhbe highlycecqysately @ﬁsﬁwm@dtm}@wdmﬂm projedtiarhe
enbodinment. Fig. 4 is a perspective view show npg a,state in which a
prinmary 15i n@@gwa} S¥stgmatiiigh pagbles el P hEReGACACER oct i on

t t f . Pig. 5 i ' h ticall how
cont | gur at | o F! Deprntionclle BRNERTES'S havi ng 1ive rect angul ar
t Sal |0 - di ' Fig. 6 4 . i
hovi mh a ot dPEPL AT ER Fiotuld Fulriidia i Alvibbtctududgh
| ded | | e f gt dgh >ept | '
1011 820"0n Sl BB | 400,188l L
light receptizBofdihg tSan embodiment of the present invention.

Fig. 2 is an optical path diagram showing that a projecting

optical system and a condensing optical system in Fig. 1 both are
10 telecentric on both sides.

Fig. 3 is a drawing schematically showing a configuration
between a pair of pentagonal prisms in the surface position detecting
apparatus of the embodiment.

Fig. 4 is a perspective view showing a state in which a primary

15 image of a grating pattern 3a is formed on a detection target surface Wa.

Fig. 5 is a drawing schematically showing a configuration of a
light reception slit S having five rectangular apertures Sal-Sa5
elongated in the X-direction.

Fig. 6 is a drawing showing a state in which five silicon

20 photodiodes PD1-PD5 are provided on a light reception surface 14a of a
light reception unit 14 so as to optically correspond to the apertures Sal-
Sa5 of the light reception slit S.

Fig. 7 is a drawing schematically showing a state in which there

appears a relative positional deviation between polarization components
25 in a beam totally reflected on an internal reflection surface of a prism.

Fig. 8 is a drawing showing a relation between a relative

10



Fig. 7 is a drawing schematically showing a state in which there
appears a rel ative positional deviation between polarization
conponents 25in a beamtotally reflected on an internal reflection
surface of a prism Fig. 8 is a drawing showing a rel ati on between a
rel ative positional deviation anobunt A (GHS) between pol arization
conponents caused in total reflection, and a neasured val ue of an AF
surface. Fig. 9 is a partly enlarged view of Fig. 8. Fig.
10 is a drawi ng .showi ng .a_ rel ati on between an angle of 5incidence to
a total ref| eResidpnaldedation amaint &) é@H&) Wﬁ@ﬂ@@éﬂﬂmcrmpommssmt
bet ween pol ari zati,on co ents 11 is a draw ng showi ng a
rel ati onpbet m@éﬁeé 137 é?tﬁg&djwoﬂn%@( aéﬁ%ﬁ“ﬁ@d E’ﬁlu&rﬂf an Al |sgrﬁgag

12" s & arawi ng_ scrfed T AR OB HatkP P& gt | guration in a =

Tl ust rate a range 19 1o a8 f@jéaiﬂ%%@tow% %@s‘f@ﬂ belpleB e BRI of
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amount between polanzatlon components.

Fig. 11 is a drawing showing a relation between a refractive
index of a prism and a relative positional deviation amount between
polarization components.

10 Fig. 12 is a drawing schematically showing a major
configuration in a modification example of the embodiment.

Fig. 13 is a drawing to illustrate a range of incidence angle 9 to
keep the absolute value of relative positional deviation amount A not
more than 0.3 pm, where the refractive index n of a total reflection

15 prism member is 1.45.

Fig. 14 is a drawing to illustrate a range of incidence angle 8 to
keep the absolute value of relative positional deviation amount A not
more than 0.3 pm, where the refractive index n of a total reflection
prism member is 1.5.

20 Fig. 15 is a drawing to illustrate a range of incidence angle 8 to
keep the absolute value of relative positional deviation amount A not
more than 0.3 um, where the refractive index n of a total reflection
prism member is 1.6.

Fig. 16 is a drawing to illustrate a range of incidence angle 0 to

25 keep the absolute value of relative positional deviation amount A not

more than 0.3 pm, where the refractive index n of a total reflection
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Fig. 14 is a drawing to illustrate a range of incidence angle 0 to
keep the absol ute value of relative positional deviation amunt A not
nore than 0.3 gm where the refractive index n of a total reflection
prismmenber is 1.5. 20Fig. 15 is a drawing to illustrate a range of
i ncidence angle 0 to keep the absolute value of relative positional
devi ati on anmount A not nore than 0.3 gm where the refractive index n
of a total reflection prismnmnenber is 1.6. Fig. 16 is a
drawing to illustrate a range of incidence angle 0 to 25keep the
absol ut e val y&issp mamkey igel.posi ti onal deviati on anount A not nore

than 0.3 gm where_the_refractive index n of a total .ref].ect{ion
prism rrenger is 1.7F1& 175 anir@_Wl@g “ﬁngraé\/ﬁﬁ%fnﬁf?oﬁf AgPHeatmpp ke of
application of the .present .invention.,to_.an apparatus for nmeasuring a
surface shapd'BiH NERERR IR 415 ARBATAIS il BIOAETIRS & §Uriace, SHARGIChG?
showi ng an e 0, I ion of the present invention to an

02" IR Rl Rt :

apparatus for e Ition of a detection target surface.

Fig. 19 is a draw ngytpgijk 'aU&xfa%hg s‘ﬁ'&viiﬂgaant &&ﬁgleaof %ﬁaﬁ@&i&l of&ﬂesm
as atotal reflection prismnenber to kegp down rel attve positional
10 devi at i on eERindémadd to APRSHAan fob méMing%@i@gﬁbggim détaldy

reflected on"two total reflecti surfaces. is a partly
enl ar ged vi ewamlet kingfacdl3 and drawing to illustrate a range of
i ncidence angle 0 to keep the absolute value of relative positional
devi ati on amount AFmgt]9isedtdveingtodBusirate anlifefitgus@ 4 tetsagord prisyn
enlarged view of Fig. 14 and drawing to illustrate a range of
i nci dence angisea (otad rkBegtiarhgrians stamben to keepfdaval at relatiye positional
devi a{é on am&é@&atﬁ)nnglgmgg{ %ntaﬂ? %pgégr?ng ?111 light successively totally reflected

on two total reflection surfaces,

Fig. 20 is a partly enlarged view of Fig. 13 and drawing to
illustrate a range of incidence angle 8 to keep the absolute value of
relative positional deviation amount A not more than 0.05 um.

15 Fig. 21 is a partly enlarged view of Fig. 14 and drawing to
illustrate a range of incidence angle 8 to keep the absolute value of
relative positional deviation amount A not more than 0.05 um.

Fig. 22 is a partly enlarged view of Fig. 15 and drawing to
illustrate a range of incidence angle 9 to keep the absolute value of

20 relative positional deviation amount A not more than 0.05 pm.

Fig. 23 is a partly enlarged view of Fig. 16 and drawing to
illustrate a range of incidence angle 6 to keep the absolute value of
relative positional deviation amount A not more than 0.05 m.

Fig. 24 is a flowchart of a method for obtaining semiconductor

25 devices as micro devices.

Fig. 25 is a flowchart of a method for obtaining a liquid-crystal
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Fig. 22 is a partly enlarged view of Fig. 15 and drawing to
illustrate a range of incidence angle O to keep the absol ute val ue of
20rel ative positional deviation amount A not nore than 0 05 pm
Fig. 23 is a partly enlarged view of Fig. 16 and drawing to
illustrate a range of incidence angle 0 to keep the absol ute val ue of
rel ative positional deviation amount A not nore than 0.05 gm Fig. 24
is a flowhart of a nethod for obtaining sem conductor 25devi ces as
mcro devices. Fig. 25 is a flowhart of a nmethod for obtaining a
| i qui d- cryst aflispbiysievaye dex ingier@dewical cro devi ce. Description of
Ref erence Synbols [0025] 1 light source 2 condenser |ens 53 folding
prism4, 5 prOgseriptignaftRefarengesSpmbdls O pent agonal prisns 7, 8
rhonmboi d prisns . 10, 11 condensing optical system 1012
vi brating ni n®025] 1 light source
2 condenser lens
5 3 folding prism
4, 5 projecting optical system
6, 9 pentagonal prisms
7, 8 rhomboid prisms
10, 11 condensing optical system
10 12 vibrating mirror
13 shift & tilt correction prism
14a, 14b relay optical system
15 light reception unit
16 mirror driving unit
15 17 position detecting unit
18 correction amount calculating unit
21 wafer holder
22 holder holding mechanism
23 holder driving unit
20 IL illumination system
R reticle
RH reticle holder
PL projection optical system
W wafer
25 Best Mode for Carrying out the Invention

[0026] Embodiments of the present invention will be described on the

13



13 shift & tilt correction prism 14a, 14b relay optical system 15
light reception unit 16 mrror driving unit 1517 position detecting
unit 18 correction anmount cal culating unit 21 wafer hol der 22 hol der
hol di ng mechani sm 23 hol der driving unit 20IL illum nation systemR
reticle RHreticle holder PL projection optical system Wwafer 25Best
Mode for Carrying out the Invention [0026] Enbodi nents of the present
I nvention wll be described on the

basis of the accompanying drawings. Fig. 1 is a drawing schematically
showing a configuration of an exposure apparatus with a surface
position detecting apparatus according to an embodiment of the present
invention. Fig. 2 is an optical path diagram showing that a projecting
5 optical system and a condensing optical system in Fig. 1 both are
telecentric on both sides. Fig. 3 is a drawing schematically showing a
configuration between a pair of pentagonal prisms in the surface
position detecting apparatus of the present embodiment.
[0027] Fig. 1 and Fig. 2 are depicted without illustration of the
10 configuration between a pair of pentagonal prisms 6 and 9, for
clarification of the drawings. In Fig. 1, the Z-axis is set in parallel with
the optical axis AX of a projection optical system PL, the Y-axis in
parallel with the plane of Fig. 1 in a plane perpendicular to the optical
axis AX, and the X-axis perpendicularly to the plane of Fig. 1. In the
15 present embodiment, the surface position detecting apparatus of the
present invention is applied to detection of a surface position of a
photosensitive substrate in a projection exposure apparatus.
[0028] The exposure apparatus shown is provided with an illumination
system IL for illuminating a reticle R as a mask with a predetermined
20 pattern formed therein, with illumination light (exposure light) emitted
from a light source for exposure (not shown). The reticle R is held in
parallel with the XY plane on a reticle stage (not shown), through a
reticle holder RH. The reticle stage is two-dimensionally movable
along the reticle surface (or the XY plane) by action of an unrepresented
25 driving system, position coordinates thereof are measured by a reticle

interferometer (not shown), and the reticle stage is arranged to be
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basis of the acconpanying drawings. Fig. 1 is a drawing schematically
showi ng a configuration of an exposure apparatus with a surface
position detecting apparatus according to an enbodi nent of the
present invention. Fig. 2 is an optical path diagramshowi ng that a
projecting 5 optical systemand a condensing optical systemin Fig. 1
both are telecentric on both sides. Fig. 3 is a drawing schematically
showi ng a configuration between a pair of pentagonal prisns in the
surface position detecting apparatus of the present enbodi nent.

[0027] Fig. 1cqmeplkdyin positiendepi cted without illustration of the 10

configuration en.a_pair, of pentagonal, prisns 6_and 9, for
clarificati on[oglﬁb\é\ﬁégh?;ép\ﬂﬂhgﬁ DPRtEerp; %m@& i e retigle R travels thiongh the

TR S o | ALl hoRob S B i B LEREY
R B B TR P B o e L D e O
posi tign deteppd Wﬁﬂ@fi@mﬂéd hpeaa%agél%wemn&ﬂooﬂle' %g?e?@idi&& 3P

detection of a surface position o otosensitive substrate In a
proj ecti on exgosipherRarsy at bsldet %Rﬁhg?h@c}@aiﬁs&%uzz anpaIde: ﬁera‘ng' S
provided with an"i'llum nation systemTL for 1llumnating a reticle R

as a mask w tieehgiisselZsuppats 22 @af&&r@déﬂﬁﬁﬂﬂﬁ@@_rsﬁ]b?ort\fsbhﬂs 22a-
illumnpation light (exposure light) emtted froma |ight soOurce for

exposur e (not2Zrhampng Frlsichetnly | tevdRsiyspdre lpdints 3w ahd &2bvarehshiowen XY
plane on a reticle stage (not  shown), through a reticle holder RH
The reticl e stiggd )i movabledveisicallynian [the rbvlitecion),obegetihen rentrol of a
surfa (or th(g XY pl ane) by_action of an unrepresented 25driving
systei}8 pOSi th ﬁ%%V&&%’@%é% hereof are measured by a reticle

contr lf)ﬂ od i ?083@f%Eﬂfs“@%f@téﬁ%itﬁ%#%?ﬁﬁﬁ%ﬁ%g@i Pﬁr@‘%ﬁ%ﬁl ohe
. > . gt . i

eti ol o patt aritiak St o U, SRR Bnb bR B GRF 228 R R W

being a phot gpARg t h¥RIBYOhéMaBism 22 to perform leveling (horizontal

positioning) and Z-directional (focusing) movement of the wafer holder

15 21 and, in turn, leveling and Z-directional movement of the wafer W.
The wafer holder 21 and the holder holding mechanism 22 are further
supported by a wafer stage (not shown). The wafer stage is two-
dimensionally movable along a wafer surface (or the XY plane) and
rotatable around the Z-axis by action of an unrepresented driving

20 system, position coordinates thereof are measured by a wafer
interferometer (not shown), and the wafer stage is arranged to be
controlled in position.

[0031] For suitably transferring a circuit pattern on the pattern surface
of the reticle R into each exposure area on the exposed surface Wa of

25 the wafer W, it is necessary to position a current exposure area on the

exposed surface Wa, within a width of the depth of focus centered on
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5 The wafer Wis nmounted on a wafer holder 21 and the wafer hol der 21
is supported by a hol der hol di ng nmechani sm 22. The hol der hol di ng
mechani sm 22 supports the wafer holder 21 at three support points
22a-22c (anmong which only two support points 22a and 22b are shown in
Fig. 1) novable vertically (in the Z-direction), based on control of
a 10hol der driving unit 23. [0030] In this configuration, the hol der
driving unit 23 controls each of vertical novenents of the respective
support points 22a-22c of _.the hol der, hol dj ng mechani sm 22 to perform
| evel i ng (hor&‘?dma@e plase th’oIE‘PrIB?Je&ﬁanlﬂﬂqagéﬁtéﬁlaPL( PBAYSIh gFcasion
novenment of t waf er hoJder ,15 21 and, in tégrL | evel

Z-directi onfalo MRt 16 PR GRPRIUIG\ATgh e %bﬁdﬁﬂ%kgg@g%m}m
(ot shoan - ReERART Shiage BoSai SRR RN Rle udnl Siioutt A22,
waf er surface d ofyd REKYXe gﬁ%ﬂ‘fén %T%?ﬂé@tso?}i’ilcﬁl %&&u{éﬁ(tﬁﬂ% @fdﬂg 12%11

action of an ‘untepresented driving em  posltron coor

thereof are msell afstewn PLBIRculALE! daEaRR ﬁﬁ%af@é}%géﬁrég%m

waf er stage is arranged to be controdlled in position.

sui tably trangidirectivgabntivesdrit afotheenafedhdlfer Rat firiefosslrhadeveling he
reticle R into each exposure area on the exposed’ surface Wa of 25t he

wafer W it ismdhZedissetiond anposiotibof dhe wafentWeiposplenaited sonag te
exposed surface Wa, within a width of the depth of focus centered on
the i mage pl deespbijietdxposedjsurface Wa ptitlialthe yangaroPihe widévef the focal
occasi on of exposure intqQ each expqsure area. It can be net by the
fol | owi ng opetedth 6 thepeqiestaereopbealisysiimPLeach point in the current

of "tnd0pr of edPPaA Thstioidcsy Sititee PR ARE R Le Rt con et 1
hot dor 21t (PSRN AR R TSN AL Ger g RS Beihertls SOCAdRE g theye
the range of LRS- BpFHoRpRdabh KHHE B MEERARGE SUILARS alfh tn
system PL. 10630320 simclr eCUWA, RBRIEAARERT B W Slifbbe AR

enbodi ment is provided with the surtace positi detecting a ratus

for detecti ngidibairappaatrost tHeopresénteafibodidhétt ik HrobRicUR RN li%ht
exposure area on the ‘exposed surface Wa. Wth reference to Fig. I,

the slifface positd dnfodetpplying datpatiart lightf Irhegenciabethe safedi Wansfi s
provided with a |ight
the wafer W as a detection target surface is coated with a thin film such
as a resist. Therefore, in order to reduce influence of interference due
to this thin film, the light source 1 is desirably a white light source with
a wide wavelength band (e.g, a halogen lamp for supplying
20 illumination light with the wavelength band of 600-900 nm, a xenon
light source for supplying illumination light with a wide band equivalent
thereto, or the like). The light source 1 can also be a light emitting
diode for supplying light in a wavelength band where the resist
demonstrates weak photosensitivity.
25 [0033] A diverging beam from the light source 1 is converted into a

nearly parallel beam through a condenser lens 2 and then the nearly
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15 source 1 for supplying detection light. In general, the surface Wa
of the wafer Was a detection target surface is coated with a thin
filmsuch as a resist. Therefore, in order to reduce influence of
interference due to this thin film the light source 1 is desirably a
white [ight source with a wi de wavel ength band (e.g., a hal ogen | anp
for supplying 20 illumnation light with the wavel ength band of

600- 900 urn, a xenon light source for supplying illumnation |ight

o oo SERRTGRR S BES soBisotiong e il 58S
I h band h ' t t itivity.
25( 0033 A i UEPGH R bR BB Lo SR RS U edirelr Bsn e neo
I 'l A t t.
paral el beartrs T Padsiipaod o BERasri Erstodilinbal dpi fufel of
defl ects the ﬂfearelx? Eﬁ{ealolfe{hfb%ﬂﬁénﬂg%lﬂe?’C%?eﬂfg%r SJ[I‘EEﬁlI‘g intoikpe
racti stve gra f

-Z-direction by re on. trans ing pattern 3a is

formed son t hetaxéitiihgep@tiont GarfdobileRD pBFisHE dlpdtdd ird thd 39-5:‘{51‘&& oh"

which 5 transmitting portions and shiefd portions elongated in the

X-direction ame altdrantedy pryvided\dtdefixed pitchi Xge jPhls6hoskiblé $o abph a
possible to apply a reflective diffraction grating of an uneven shape

or a refl ectiveflagptivei difirpetiaregrating of apfuneven shaperdriorefletive grating
non-reflecting portions being alternately formed, instead of the
transm ssi ve BiEemngvitlat refleslingo poodezy drse ndamyteflactiags portiens Hyeinge

transm ssive gating. pattern . 3a is incident to, a projecting optical
system (4, 5) %6%15 %301511 g}n&tﬁagerdéf’a‘{raasmbssmgr@anmpaém-o t he

opt i cal? Syst ofiEH] B 1BRERsthed b i sbsrbive srubitophGeToRa ia
The proj ect i ngebsticad by Teel sptedl Butendi B HbAR P88 por i
o1 i om Shape vhaSe TongiTadine] y QPtsel (AR AR, TR ploERbE MR
gt 1 nei dent o on0 T he DtTanle S et L DLl (DRRRSCL B8 2

t her eof . I\laneﬁbmjedthm tbnééndingnems gsimh aSchg@@tﬁ)rﬁ@bﬁéi;tﬁ%t lens 5. The
perpendicularly to the optical axis AX1L. [0035] The light through the

first 16r ansni beimhaving pessefahpughetiet me]altinpgoptiea] apticen|4,a5) is thed
inside the pentagonal prism6, is then reflected by a first
reflection subickiantdo a perdagoralqaie .| sThepentagonbleptiod @5 atfoldimg
optical axis AX2 by_.a second reflection surface 6c¢c. The |ight
prism Of a pentagonal prism shape whose longitudinal axis extends
along the X-direction, and has a first transmission surface 6a for directly
transmitting light incident along the optical axis AX1 without refraction
20 thereof. Namely, the first transmission surface 6a is set
perpendicularly to the optical axis AX1.
[0035] The light through the first transmission surface 6a propagates
along the optical axis AXI inside the pentagonal prism 6, is then
reflected by a first reflection surface 6b, and thereafter is again reflected
25 into an optical axis AX2 by a second reflection surface 6c. The light

reflected by the second reflection surface 6¢ propagates along the
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reflected by the second reflection surface 6¢c propagates al ong the
optical axis AX2 inside the pentagonal prism6 and then travels

t hrough a second transm ssion surface 6d, w thout being refracted.
Nanely, the second transmi ssion surface 6d is set perpendicularly to
the optical axis AX2. The pentagonal prism6 is made of an opti cal
material with 5l ow thermal expansion and | ow dispersion like silica
glass and a reflecting filmof alumnum silver, or the like is

formed on each of the first reflection surface 6b and the second
reflection sufBted agts ARSousida the perdaganmarism hend Gen travel déwougn

-Z-di ' I h [ AX] i I |y defl db
S A N M
d [ f W\ this. ti , T .di ti L

s AR B L e RS 05 B
pent soonel gt S5k Bl AR etlad OFLISRERaL Reki i,
as shogn in Fog, tRerrhite REAAEHT bbE ot WBpdrBRPOMICHA LROME o

fromthe pentagonal prism6 is incident to a projection-s
prism 7. [003éfledting THabP hlimiiiusi) siives, G el 1568 Of fonftidpel BBEY bAkhe

pri sm shape having a cross section of a parallelogram shape (or

rhonboi d shapfigst reftettiomesurfavgi Gtushidille saxoad réRecidn sefaderGnged al ong
the X-direction as 20 that of the pentagonal prism6 is. In the
rhomboi d pri §8036] thehis glanner, dhs Mightddcldent if iths t—Z-«aestios silong the
surface 7a perpendicular_to the optical axis AX2 is successively
reflected by QPtisal exss Adel iedeigsly defleeted Ly haipentagopal nrika 6tto keach

Do tha0t i ror SRS Han SHe ORRrBbERaAXalp (he defeetion target surtcs Wa. ©
At this time, the direction of the optical axis AX2 or, therefore, the angle
of deflection by the pentagonal prism 6 is set so that an angle of
incidence to the detection target surface Wa becomes sufficiently large.
Specifically, as shown in Fig, 3, the beam emitted along the optical axis

15 AX2 from the pentagonal prism 6 is incident to a projection-side
rhomboid prism 7.
[0037] The rhomboid prism 7 is a prism of a quadrangular prism shape
having a cross section of a parallelogram shape (or thomboid shape),
and the longitudinal axis thereof is arranged along the X-direction as

20 that of the pentagonal prism 6 is. In the rhomboid prism 7, the light
transmitted by a first transmission surface 7a perpendicular to the
optical axis AX2 is successively reflected by a pair of reflection
surfaces 7b and 7c parallel to each other, then travels through a second
transmission surface 7d parallel to the first transmission surface 7a, and

25 is exited along an optical axis AX21 parallel to the optical axis AX2,

from the rhomboid prism 7. The beam emitted along the optical axis
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25i s exited along an optical axis AX21 parallel to the optical axis
AX2, fromthe rhonboid prism?7. The beamemtted al ong the opti cal
axis AX21 fromthe rhonboid prism7 is then incident to the
detection target surface Wa. [0038] The apparatus is arranged as
follows: in a state in which the detection target surface W is
aligned with the image plane of the 5 projection optical system PL,
the projecting optical system (4, 5) keeps the patterned surface of
the grating pattern 3a (or the exit surface of the folding prism3)
conj ugat e wi t AXdefrem g thombeidgwisme (frisdben Weidenirtohbe Wetastionterget
patterned surfacge of the grating pattern 3a and the detection target
surface Wa ar@&i#angded so as to satisfy the Schei npflug 10 condition

the 1ot oERT GREAATRAAR Sl skl bl LB

tar ge'? sur f ac%&%ﬂiéxﬁrt%&i ﬁuﬁgacﬁr %?%é? |3q‘b%1'%ﬁt iwéh %ﬁ?/éf@tg\e( Hi,jan@) 9% the )
00391 cae i o . opt el - T

8 or o eot  noSHRAIPUpUERISah TS oG paOicBlihE EhicAP e (4, 3) Keepd "
condensi ng | efpg ghipded BErREOHERE ]:ci‘i’igi Iy 8al ®PShe ekit sﬁr%@é %‘T‘Eﬁ@d

bi-telecentric optical system Therefo poi nts* on the patterné

surface of thfldinat ppEnpad Qfdﬁjlﬁ%t@nd/i@loﬁhélgéé@cﬁ&h Ma$e@N stiffice Wa,
detection target surface are kept each at the sane Tragnification
t hr oughout t hEuthetimere? Ghe ydtteered ksarfabe ofihe geathirg Fft&rri Fagendfhé he
grating pattern 3a is accurately formed throughout the entire region
thereof, as stgoptiomtaEgef sutfacerVe e dornged oo as s0 gatisfydhé Scheinapflug
[0040] Referring.again to Fig. 1, the beamreflected on the detection
t ar get Osur f aceonfiatipnBith Tespeatcial thex psojastng sptiest systemt (4 bhe As a

BP;} gglt i gﬁaéﬁﬁgz thc\aM ﬁéhtr Hom Ctne %rétri]r?g O;:E)&ti[e?ﬁl 35 sts acAgurg‘]ccelgr hfocused
throughout an entire pattern image-forming surface on the detection
target surface Wa through the projecting optical system (4, 5).
[0039] As indicated by dashed lines of an optical path in Fig. 2, the
15 projecting optical system (4, 5) composed of the projection condensing
lens 4 and the projection objective lens 5 is a so-called bi-telecentric
optical system. Therefore, points on the patterned surface of the
grating pattern 3a and conjugate points on the detection target surface
Wa are kept each at the same magnification throughout the entire
20 surface. In this way, a primary image of the grating pattern 3a is
accurately formed throughout the entire region thereof, as shown in Fig,
4, on the detection target surface Wa.
[0040] Referring again to Fig. 1, the beam reflected on the detection
target surface Wa into an optical axis AX31 symmetric with the optical
25 axis AX21 with respect to the optical axis AX of the projection optical

system PL is then incident to a reception-side thomboid prism 8. The
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system PL is then incident to a reception-side rhonboid prism8. The
rhonboid prism8, simlar to the rhonboid prism?7, is a prismof a
quadr angul ar pri sm shape having the | ongitudinal axis along the
X-direction and a cross section of a parall el ogram shape (or rhonboid
shape). In the rhonboid prism8, therefore, the light transmtted by
a 5 first transm ssion surface 8a perpendicular to the optical axis
AX31 is successively reflected on a pair of reflection surfaces 8b

and 8c parallel to.each other, thereafter trayels, through a second
transni ssi on @wm%g BaSHapafailat i t?ll?\%f;*?ml DaHERi 5 siS o DR afed

o a1+ AR i Moahe rrang (BB doneidinal diits alons he sRong
th ti | al 3 i i t 1 h .
e nar ookl b A GOS RROLE Dbl drbfY Shind 6P tH0noid
ot et 00" heBER, ABOHR i BEprisl £ MhEfefBr SNETADS MhdfHiliER by

t ar get ssur f acrs¥ranSmmiissbe 80 fake gﬁgﬁe eRaRALR: Pkl ézéﬁc%l%@é‘%)tﬁ‘ﬁ is

optical axis AX3 symretric with t optical axis AXZ wth respect to

the optical anicsedively reflectedaires pabrodiifleectbn usfaes’ Bb.arldn8d Parallel
pentagonal prism9, the light through a first transm ssion surface 9a
per pendi cul artot eachhethept thesdafteri tsavieks thioughce assonte trynsefidsémt edrface a
first reflection 20 surface 9b and a second reflection surface 9¢c and
t her eaf t er t r3d pheallgl dadgharfizsptianamission snface Bagndidnig éxitadchelong an
Z-direction, to, reach a_second transm ssjon surface 9d. The |ight_
through the SU¥AY aktansy eralel darthecwisgl grispdadi fiom the themboid
opti c;b axi s Ax4d iSS then incident in the +Z-direction and along the
optical axis PR nto the 25condensing optical system (10, 11).

eceptan’ oy OUFTL PR ABMEPL BORELAR el SSRGS R N e
bath bet aeen W EE0 & el BEB00H 10 pERREDARP pffst o filyinB & Kok ifn
condensi ng | efiithd to TEaRTERRNIbASI Fkﬁ{é‘gohﬁpﬁﬁﬁﬁ}%%g%%ﬂé‘ﬁ%ﬁﬁﬂsm

axis AX4 into 5 the reception objective™ ens ecte

vi brating m rgical 2ystech (1@vely aNenglynherigltatefsted Onheaddieaidh
the reception condensing lens 11. In the present enbodi nent the

vi braldng mi rierget 2uifaceé Géaiencaderd tpdls¢ bentagonpsl seisre elongthe Reitidant
with the pupil plane of the condensing optical system (10, 11), but,
wi t hout havi rigis AKE symmedtic t withothehbpticalhexisi ASER iwigh niespest th2tlean
be |l ocated at any,position_in the optical path between the detection
target surfac®iifal ang A% ef theayeiemcn eptigal sgstem PLe odndbe ipsntagonsin

13 or in the optical tween the detection target surface and
the fol ding gt sgzgncﬁ)s _Thg "i‘itg?xt ?ﬁroug% a f{f'st transm%ssi%n surfate 9a perpendicular

to the optical axis AX3 is successively reflected on a first reflection

20 surface 9b and a second reflection surface 9¢ and thereafter travels
along an optical axis AX4 extending in the Z-direction, to reach a
second transmission surface 9d. The light through the second
transmission surface 9d perpendicular to the optical axis AX4 is then
incident in the +Z-direction and along the optical axis AX4 into the

25 condensing optical system (10, 11).

[0042] The condensing optical system (10, 11) is composed of a

20



[ 0043] The |ight having passed through the condensing optical system
15 (10, 11) is then incident to the shift & tilt correction prism 13
having a configuration simlar to the aforenentioned folding prism 3.
The apparatus is arranged as follows: in the state in which the
detection target surface Wa is aligned with the inmage plane of the
projection optical systemPL, the condensing optical system (10, 11)
keeps the 20 detection target surface WA conjugate with an entrance

surface 13a of the shift & tilt rrection prism13, In this nner,
a secondary i¥EGRUYt QEHEC%Y%Q‘?%(iQaWér%r BHON; GERAASHHE Hﬁ%s trdhce

i ont recept | R Hhs 12 44 b FABENLSRls BOVE it oLt gt
ot recept FSherh g Reeodfh Shicctive fons 16 AR EL (BBafiort Bhddensfilf

rectangul ar - leAPQNt UrBerSRire,SAR B mﬁﬁﬂ%@%g@@ﬁ%ﬁ%ﬁg WxANGto

reflected light fromthe detection target sur rough the

conden$i ng ophkgabestici @fﬂi]ﬁe_(clﬂre Jehy 10 BvakBedibd %@ﬂleeaﬁﬁa@ﬁ%frﬁ'i?rqr 12
apertures Sal-Sa5 of the light reception slit S'to enter the shift &

tilt correctianl ravalmaléhg an pP4s] axibeA Hitbeeadl thrpeceptias cSadémsinge
| ight reception slit S corresponds to the nunber of detection points
on the det ectlenn Ifar Jotthe presens evsbodierent fhe ivibiling mirsdrod® ng lodated
state in which the primary image of the grating pattern 3a is forned
on the detectdlod PRSIHER aRmPXbBalply ikeidenbiwifyithe spepibtelene oof the

i Dal - Da he d i 10 f i call
Cort aspond t SRS PO SireR Cif 19350 OHO TGN B b (TeHe1A
S sh in Fi,g, 51T f i to i { h
of “aellct i on i Boe VRS ol o o ISR Bt pily OSSR R e priea "
def ectlon | . . "
Compl | cat i on TR EoVEG! AREAGCACHE UERG ofl PASINES dlorlbl sBitt &
in the nunberilpfeopRicBoh SAsMOI M & i QHéQergir?gg ﬂa@@%tgé%g%efdéttggion

projection optical systemPL and the ent surfac a of

shift & tilt tglegeltg@ﬁh@@wm}g@f@ﬂi@gqm@ﬁged to satisfy the

Schei npflug condition with respect to the condensing optical system
(10, 11). Thd0848f &hei lighthkawingtpasied Whvothtthe cﬂmﬁengihgrbﬁtﬁzal gy gen
surface Wa is aligned with the image plane, the |ight fromthe

grati by patt ddf, ig) isstbeucinentest yo the Egrﬁj&etﬂud'mmuﬁm@riﬁn Enhaviag a
pattern inmage-fqorm ng surface on the prismentrance surface 13a
through t he CORIENEIRRN Gpmiles tosyhe eafg(qm;nuqr)ed foldingomrigmas. The

i ndi cated by dashed l.ines of the optical path in Fig. .2 the ]
25condensi ng APPRTHES 18 ATaEed1 s f@ﬁ?wﬁ's B dRpodels B Vﬁ“%‘?-"%@l@é@ﬁt% c

optical syst E%anzlge{hs%&* Jc%rﬁ"a B 1tg§1e8 nwftﬁeth%egrﬁgéé %rfaﬁearo%etthesgfgjggueonm

optical system PL, the condensing optical system (10, 11) keeps the

20 detection target surface Wa conjugate with an entrance surface 13a of
the shift & tilt correction prism 13. In this manner, a secondary image
of the grating pattern 3a is formed on the entrance surface 13a of the
shift & tilt correction prism 13.

[0044] A light reception slit S as a shield means is provided on the

25 entrance surface 13a of the shift & tilt correction prism 13. The light

reception slit S, as shown in Fig. 5, has, for example, five rectangular
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and conjugate points on the prismentrance surface 13a are kept each
at the same magnification throughout the entire surface. In this
manner, the secondary inmage of the grating pattern 3a is accurately
formed throughout an entire region thereof, on the entrance surface
13a of the 5shift & tilt correction prism 13. [0048] Incidentally,
when a light reception surface is |ocated at the position of the
entrance surface 13a of the shift & tilt correction prism 13, an
angl e of incidence of the beamto the |ight reception surface will be
| ar ge becauseiberdirghdadeba® cdongated) iof thehX-diation t Bhe deflectdadotightd
t ar get surfagg WA is large. In this case, for exanple, when a silicon
a

phot odi ode i they dgtecting targste surdecs Wathinughathe, condensing opsical
o ect§ on wiVPRERAINe 10) GRS OGRS G Lk cberradn a LisAscahthe
ool d_si gnith SReG ot alBrs 10 e S i e LRt pfigBaBs T The
Doty on s kL R o8, Bdttes SaCRE (AP iatd {iEnios b, S
light recept ic@@re%géﬁ@é?% th@?nﬁr‘i'ﬁélaﬂfﬂeﬁe:éﬁfoﬁ ihA2oflf theNgets Qi ddd tﬁ‘g%’ﬂa 'n;

correction prism13 as a folding optical systemis |ocated on a

20 conj ugat e sotfabe tWe. dN@ﬁéfgpm FifF gPthGuioge éf‘étevﬁlt\bhfcﬁstﬁﬁfﬂrirh&yt he
condensi ng optical system (10, 11), as shown in Fig. 1. As aresult,

t he beam i nciicege flthagratieg pptténaﬁa ax farndRl on tlee tbection taneesfiideace
13a of the shift & tilt correction prism13 through the condensing
optical systeNg(d@ectian ppintsédétectieniregions)dDal-Dad o the detection kaxgelf
refraf' ion as 2ban apex ang|e of th‘;&‘ighi ft & tilt correction prism13
(an a é)l e be RetYe epficaihic eomgspond tafhetfive epprurasr fab-Spstim the
emtted along. an optical .,axis AX6.fromithe_gexit, surface 13h. The
exit surf ace%:g%% rp@e@g}n leétr% YU 18 é-o Iﬁ%re%% svhienagne dasiees to
[ 0050] The I, 1.t |.on e optical axi fromthe exi.t
surface 13b 58%%%%% ﬁﬁm%e? iq%t&egﬁ‘ft?(g'bpf)@ﬁs & %A%éeg:t%oq FRERET RiEfRRsnt
to a Wa, it can be realized by simply increasing the number of apertures Sa,
without complication of the configuration in connection with the
15 increase in the number of detection points.
[0046] The image plane of the projection optical system PL and the
entrance surface 13a of the shift & tilt correction prism 13 are arranged
to satisfy the Scheimpflug condition with respect to the condensing
optical system (10, 11). Therefore, in the state in which the detection
20 target surface Wa is aligned with the image plane, the light from the
grating pattern 3a is accurately re-focused throughout an entire pattern
image-forming surface on the prism entrance surface 13a through the
condensing optical system (10, 11).
[0047] As indicated by dashed lines of the optical path in Fig. 2, the

25 condensing optical system (10, 11) is composed of a bi-telecentric

optical system. Therefore, points on the detection target surface Wa
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5 relay optical system (14a, 14b) conposed of a pair of |enses l4a
and 14b. The light through the relay optical system (14a, 14b) forns
conj ugate images of the secondary inmage of the grating pattern 3a and
the apertures Sal-Sa5 of the light reception slit S formed on the
entrance surface 13a of the shift & tilt correction prism13, on a

i ght 10 reception surface 15a of a light reception unit 15. On the

| i ght reception surface 15a, as shown in Fig. 6, five silicon
phot odi odes PD1- PD5 are provided sqQ as to optically correspond to

t he apert ur e§nggonaEafe qo1Rtson thenprisrcaytanss syrface 33agrekppt each at

Lube can 8l SeREHRECHAERGIS TGP TR <R SHERBR ol DS FORBE,
Si th ' th hi f t tiJt. ' '
1355 a fof UG SEOTEAY Upees o dbedtearnn,i if Rectrny pRmel”
13 as a fol e _ _

ot 11t ont 'y 'CRGEREREEh S b RS cr e SRR btk i of the

recepts on amapft SR dRretfiohhiijanghe of incidence of the beamto the
| i ght reception surface 15a. ‘The relay optical system (14a, 14b) is

desirably a ?094&} beddtntallyoRilicerb Egﬁt e epionh SiTatd) ik i18ecatdd dhhe
entrance surface 13a of the shift & filt correction prism 13 and the
li ght recept ipositRur bhte dhrarceesuldsia dBk wiahe shifed tidt satrésion bHism
Schei npflug condition with respect to the relay 25optical system
(14a, 14b). [lBosalangie démeideret abtheebeanhdo ithehight sereptionrsusface vll
having the five apertures Sal-Sa5 is provided on the entrance

surface 13a &¢ Yemge Wﬁ@se&ﬂ_ﬂ Iacideneeanglen Opef ghe beanmte the letectione

Surfalll Y an" HBEEswiTare G811 AREF: byloy S EattloF e@Bmlnvar & Siicon

Namel vy, | f t N ft ti tt

Sa ot red | nPRRBREYF offs el BRaHE tiiglhls HesaptioR, shiffod diq S of "
ti | bt .: h i f iJd ts- t i 13

ind Che ret aisiphed 6T il bR 16 "ol Micby “photehi L VAR hB "Bk R

surface 15a. Q88 | @ill hbté%e {‘%{%niﬁéarﬁh%‘ﬁn th8 Ehﬁ%c@i of %Qgﬁigtfont he

apertures Sal- 10 Sab of g reception slit

i mges SL1- Skhotsdiofl®r fiReefofe t eré Qﬁi_@le@bbmeaﬁ'édli‘f)@é‘ dtHeoBéBHEFhich
PD1- PD5 arranged on the light reception surface 15a of the Iight
receptd on unicoultbsigiitfecanpiydoaten s lightsecasion dmbunbe slit images
SL1-SL5 are formed inside respective rectangul ar reception regions of
the silicon pPHYdIwthespreintrBsboditBetit) i ¢t danfteravioie thike tecensmirt theget
surface Wa i?_ vertically nmoved in the Z-direction and al ong the

1

optical axislight seceptienrapeet des tophe saglessfsingidence afithe deaonitaihy
Lheonitt & EERE Teqsribon iSorase: She IHRGE: B Esen LRRr o 6ok bkl tl 1
R RGBT B8 i T
of 10 gr et 1 SERRERE Lt SRCARREHERC LG nthod  Wh SidC ERIERL Yo' (RO

hot oel ectri ] i }: a t gnt
hopl 1 cation CorAEaEE CRRCA SELARETD, | P o KRGy 1, LoP AL fsff e
surface posi beam ipkiddh® along the optical axis AXS5 to the entrance surface 13a of

the shift & tilt correction prism 13 through the condensing optical
system (10, 11) is deflected according to the same angle of refraction as
25 an apex angle of the shift & tilt correction prism 13 (an angle between

the entrance surface and the exit surface) to be emitted along an optical
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25detection target surface Wa along the optical axis AX of the
projection optical systemPL is detected based on the detected

hori zontal shift anmount. [0055] The following units operate in the
same nmanner as in the apparatus disclosed in Japanese Patent
Appl i cation Laid-open No. 2001- 296105 by the same applicant and thus
t he description thereof is omtted 5 herein: mnor driving unit 16
for driving the vibrating mrror 12; position detecting unit 17 for
perform ng synchronous detection of detection signals fromthe

si | i con phot o#i8dAsPHIoRDEIC gxithsutfaes <l3bk abheiexdt gheface riGth timeset

Cal cul ati ng AFPREPICHAIIE T eRsiel BMSmSbnt and 10 a Zdi recti onal
Ve wi thi n t haCOaRbe Gt e aftar SROMEne BHEhaIte oG, M IBE Sar
hoi der hoi ci gt Cssniey S St 87 e EaREbto BRI R i Giftdld!'S o
Covel i ng and T CBabel st il T Ropidsed b of Seriss Pl
ol ding prism 3 and Shipr oy Cor v oprealSfess (B85 il Mhms
appl i cati on dforfjhigatprigies|of the debendhi9tipeiRcof tie pFAM@SFAREN FeLand

di sclosed in detail in Japanese Patent Application Laid-open No. 6-
20 97045. Theheoapértuneat BahSadnofathe bight akceptéorpestit a§ofiaindel iggimghd
and 9 are disclosed in _detail in Japanese Patent Application

Lai d- open No.ertaee 2siegs. 13a of sheishift fosdt bowectdomgoistn 43, on a light
confi %Jr ation w thout either or hoth, of these pentagonal prisns_6_ and
9. [ 0057[FeF¢PHP: PHESENd SBnBbHA it rereDPent uadnid. prirtheslightl 9

o1 29000 St GRLL ) R BB o B el scLbnn oalLsaly
path between gig ..o provided so as to optically correspond to the apertures Sal-Sas
of the light reception slit S. A CCD (two-dimensional charge-coupled
imaging device) or a photomultiplier tube can also be used instead of
15 the silicon photodiodes.
[0051] Since the present embodiment uses the shift & tilt correction
prism 13 as a folding optical system as described above, the angle of
incidence of the beam to the light reception surface 15a is sufficiently
small, so as to avoid the decrease in the light reception amount due to
20 the angle of incidence of the beam to the light reception surface 15a.
The relay optical system (14a, 14b) is desirably a bi-telecentric optical
system as shown in Fig. 2. The entrance surface 13a of the shift & tilt
correction prism 13 and the light reception surface 15a are desirably
arranged to satisfy the Scheimpflug condition with respect to the relay
25 optical system (14a, 14b).
[0052] As described above, the light reception slit S having the five
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condensi ng optical system (10, 11) and the detection target surface
WA, respectively, to fold the optical path of the incident beamto
the detection target surface Wa and the optical path of the reflected
beam from the detection target surface WA by the actions of the
pentagonal 5 prisnms 6 and 9, whereby the projecting optical system
(4, 5) and the condensing optical system (10, 11) are set
sufficiently away fromthe detection target surface WA. As a
consequence, the configurations and arrangenents of the projectin
gﬁ@ Gb gre

optical syst éperaressyalsgStipprovdad oz thg eptance susfpet die ofthe shift

substantially.free fromt.he strictions of the 10detecti t ar get
surface V. [téb?@]re@ilmgﬂﬁ}ﬁl {fre gﬁ’@%eefﬁ@’ Seft {Hage ﬁg%%gga%mg

F L‘;g':an aSSEaa%f%ﬁr? SRt EORihY aBhates Sivted LEFChiehafe fabeRa IR
Surt ace v, 12 EERRCRRES: FRABELLY EA baeRRGrORRERRERAURY BRI
boam 11 om e dar Gur S PEar et Lrre o Pkl OIS ferkles SR S0

the respecti W et lighs réfeptib sIKOBPRLCE]IPHrsHEL Elé@%iﬁ-&'“ﬁltacorrection

consequence, the pair of pentagonal prisns 6 and 9 are set away from
the detectiomprisai gt agdrfheceelid @ptital hwsfn qadhj ddbatibofachntte li%ht
arrangenents of the pair of pentagonal prisnms 6 and 9 and the holding
menber s t her eedemiom subsealfia.al |y free fromthe restrictions of the
detection target surface Wa. [0059] The surface position detectin
appar at us of [Bﬂﬁbﬁéﬂéﬁtﬂl@mﬁijdﬂﬁémwnsnrﬁlﬁvﬁd@ﬂagﬁstchf thieerpertures Sal-

ot cEl | pat h S8 TS| | GRECAR T Ao 198 o e PeAgsS Il S B oPesl on
Shitt of 1 e BouiesarcYa Ribon fiordibdes PRERIDS snidesstl O the fiaht
Corr bspond: naSrBHESIRARE 52 or'l8 TRl SoBebi Rafl' 1770 P8s appgraius. s

th of the Iy | o ' ' et ;
Dot leati on 5 Curyacia Py, SHICHSREE I LR B MR il 18PKrive
the optical paithngiilat RecdpfiohdepiorResitht sAEonhdledRdes PPt

surface WA. In this case, as described above,” there appears a

rel atlye posifo0s4pWiayiled dercieh waget poitfacd I isoverciealtp mes&d irhtiehe
beamtotally reflected on the two mutually parallel internal
reflection su-flzeedod 7nd abyngfthe heptimabjaxis i AK- of Ghsi giwjeditmboiptical
prism7, so that no clear pattern image can be fow ed on the

det ecti on t asysems it deesegpndsinsvags of phopratiignppttasnileaforapedtamttes,
5) and the condensi ng opti cal syst (10, 11) are telecentric on the
det ection t acHEENSEF %eéga@f%ﬁis Saltilt ggieeiion RHam ht VRERIZOSE & he

Zi;m o? n? Ihg tho'n“z%'n ol Shit o t}tlehgitggt 11!ec igitllo%gtf]ela %gttgrlﬂr I:gr(r:gsspo lel:)ng ‘Zé: fheBb’

20 vertical movement of the detection target surface Wa. In the present

embodiment, an amount of the horizontal shift of the secondary image
of the grating pattern 3a is detected by the principle of the photoelectric
microscope disclosed, for example, in Japanese Patent Application Laid-
open No, 6-97045 by the same applicant, and the surface position of the
25 detection target surface Wa along the optical axis AX of the projection
optical system PL is detected based on the detected horizontal shift
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15rhonboid prisms (7, 8). [0060] Fig. 7 is a drawing schematically
showing a state in which there appears a rel ative positional

devi ati on between pol ari zati on conponents in a beam (a principal ray
passing on the optical axis) totally reflected on an internal
reflection surface of a prism As shown in Fig. 7, when 20 light L
propagates inside the prism70 and is incident at an angl e of

i nci dence over a predeterm ned value to the internal reflection
surface 71, it is totally reflected on the internal reflection
surface 71. ARMEHNE time, the beamtotally reflected on the interna

refl ection sutrf 1 includes a light conponent Ls in an s-polarjzed
state with th@@%ﬁiﬁq égﬁg%ﬂgp‘éﬂué?imﬁﬁénnmtbﬁgsam@ @eneet i28nit dheal

ok e e o0 R SIS 5101
e
0725, 2oL s bt yengn 1o 0 A 08,9l SR8
Po a1 5 o amenascany a1y 08 RERTLe g i b

Goos- Haenchenddtactidn sighaldiremihe, siliben phbeddic@éd PEALPDSY HiebddPof
mutual |y parallel internal reflection Surfaces (7b, 7c) of the

proj ecti on-siate achengmsldfibén ptties mitroradsiesng weik at ;v e@opestibh oaglount
devi ation between the p-polarized |ight conponent and the s-polarized
| i ght conponetficulpting maipéd tor ealchlating e indmatiangatrreciiohaamolat dmd

t he bism reachi 8,the d«it ection target surface Wa, and, in turn,
causesVa rel &t ivBITREeRAl FRITeCiOR aMouRt Becorsary donkeeping theedrsettiomed

2&%2&55 t gﬁ&%&{‘%g@%&% Wao ity né}%ya%tg‘s?%?fdﬁ%ﬁ%ﬁr%ﬁﬁ’éeﬁ 2 e
VWA - [ i . < [,0062| -Sim .

appe)altrts S fg@?ﬁ%@o%ﬁ@%ﬁ%ﬁggﬁsm it%é?}é%g?é ?lﬂftgéji;)z/@f"it%ﬁélgg and I
Tt B nal r ef (CTEOLERE M0 LBAdck BBIdiAE" ScfifnisiE ARl th Shadls B 81d ©
rhonboi d pri iﬁbﬁnﬁtﬁéxﬁrclo?&fcﬁ@ﬁt oyt bhs Z_f'dif'&ttfo?i?l BE@etion ue%@%gnr {r@gd

so as to nmake nore unclear the secondaly inmage of the pattern

on thé5Sent r argfeect levedieg dibZadirddidnahiddvetndrit!df th@wagst hdldePpi sm 13.
In other words, the influence of the total reflection on the internal
reflection sybfa6eIhedBch&mpibhg tdoaditéme phicotershigleatibasrhaddagidem B

25pronotes (or doubles) the relative positional deviation caused

bet ween the folding prism 3 and shift & tilt correction prism 13, and specific

application of the principle of the photoelectric microscope are
disclosed in detail in Japanese Patent Application Laid-open No. 6-
20 97045. The configurations and actions of the pentagonal prisms 6 and
9 are disclosed in detail in Japanese Patent Application Laid-open No.
2001-296105. It is also possible to adopt a configuration without
either or both of these pentagonal prisms 6 and 9.
[0057] In the present embodiment the pentagonal prisms 6 and 9 are
25 provided in the optical path between the projecting optical system (4, 5)
and the detection target surface Wa and in the optical path between the

26



t he secondary inmage of the pattern forned on the entrance surface 13a
by the p-polarized |Iight conponent and the secondary image of the
pattern fornmed on the entrance surface 13a by the s-polarized |ight
conponent. [0063] The surface position detecting apparatus of the
present 5 enbodinent is applied to detection of the surface position
of the wafer Whaving various surface conditions during the
sem conduct or exposure process (e.g., a condition that a structure on
the wafer Wis conposed of plural types of substances or a condition
that a structapndessinghaptioal systen (Hﬁl Ifl) iaqndctbhepdedentionf tangdttsupfaset Woes
10 a_ wafer syrface is in a state

ltil t t .| |, J
i ch 1 esAeDhu Ok rbe) apticainaih Gl itheidant dvese, owden
thera 'S meoatt ! ; it o .
here s varlggn VLot sl ace condpne (66 threis
100l SR BT T8 T S S Ml
fl f i ght . of | f ' j t th

ool & | zeq SR Somsd s WAAERY 8 RGO TRATR 3l theo”
like) varies &ﬁﬂ@ﬂﬁhggb 4 p(q)]s BR%E (YOI il?i LADSet ﬁlﬁ?ﬁﬁntﬁz?@({aﬁeﬁom the

consequence, the sur tion ‘detecting apparatus present

enbodi ment, wetdiiohn ARYeterfaze CWHN! @;maémesaﬁwnb@, the lephYigheatdthsige a
detection error of the surface position of the detectiontarget

surface Wa becmgenmhtd bé theepmtjestingopiitalwystend €4 5 arah tHeet ovetemsinze
pol ari zation conponents caused in the beamtotally reflected on the
i nternal ref lopticebsysemfdded 1) ake sWstarginliysfipe dfor libe rértribdonk pf thens

7; 8 and tge ariation in the reflectance of the ecific
g)ol ari ation SondAEs tSélltifi}C@W%-he variation in thesgur:‘alce
condi ti on of fer Wand the variatjon in the resist .thickness.
70065] ne. ¢ ndoSE] Shtteott B preIFRL RBOGIRETh MO DOIG, PristS 71 ARt § n
recent years, _the gequifenent.s f,or f,l atn of st he, waf e rface are
al so be)éom' f\&r lté%bi O‘Qﬁﬁdtlﬂe eaﬁﬁgénﬁﬁ@sg?we%g‘ezg%@g%
accuracy of f oSt I cam ext I i r.
acouracy of it W BAACROLELOM A5t SAERECHR RS HETBRYcAY HA
excimer | aselohelt (50 Hehazdtl® frithknaad Mk AU iobe0Rultie W

S I nd it ep ?fat

surface tends to b_eco er "a t Ist resent Situation t
we args unabl gedpecdivelypdse dptibdl sieh @Fthe hdébedin 1 theSEEERIEn target

position due to the various surface conditions and the variation™in
the resist turfaoed¥a and the optical path of the reflected beam from the detection
target surface Wa are shifted in parallel by the respective actions of the
rhomboid prisms 7 and 8. As a consequence, the pair of pentagonal
prisms 6 and 9 are set away from the detection target surface Wa and the
20 configurations and arrangements of the pair of pentagonal prisms 6 and
9 and the holding members thereof are substantially free from the
restrictions of the detection target surface Wa.
[0059] The surface position detecting apparatus of the present
embodiment is provided with the projection-side prism member or

25 rhomboid prism 7 dispesed in the optical path of the light projection

system and having a pair of internal reflection surfaces (7b, 7¢) for
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10[ 0066] In the present enbodiment, therefore, the refractive index n
of the optical material form ng each rhonboid prism(7; 8) as a total
reflection prismnenber and the angle of incidence 0 of the incident
beam (principal ray traveling along the optical axis) to the internal
reflection surfaces (7b, 7c; 8b, 8c) thereof are arranged to satisfy
a 15 predeterm ned rel ation, thereby restraining the influence of the
rel ative positional deviation between the polarization conponents of
the beamtotal |y reflected on the internal reflection surfaces (7b,
7c; 8b, 8c) offeding thenpsetichshifinof the epticadpathef dbe éntident béarmhand
surface position of the detection target surface Wa. The bel ow wi | |
descri be the H6| eGeHbioNoSIHR POisERiEMbea BY theanbeitr geisiveli disposed of

the optical material .for each rhonfjoid, prism(7;_8) .and the angle
of i ng i dence WIB?SPPHQIQ&Q rRmﬂ)%WF(‘sgBP @éisghm%vra'? Shife aRiieR) et

o) 0oL e Dl SEL S B L6 Sendiy S5 0oy oo
251e 50Ol kil PAROBEN ATl L8R AL PO BPSH B0

and Eq (2) bebfent HRERE Eidny Ghy detb&s %‘gm&;&ey@@%gg@ 'ﬂi}ls?t%gg,easof

a principal ray to the reflection surface

wavel engt h ofddsbbkd eltoveattibrd et[ﬂ’%ai;]seé rr@Fa‘tM%aés@ﬁ@%alQﬁ%ﬁ%ﬁo@%f&@én

material such as glass. [0068] th 1] tan' = nVn2si n28-
2 5cos ( p- polpolarizatico quomeotdnts 1in 4he. béxih nRealb2Gkflected on the two

mutually parallel internal reflection surfaces (7b, 7¢) of the projection-

10 side thomboid prism 7, so that no clear pattern image can be formed on
the detection target surface Wa. Since the projecting optical system (4,
5) and the condensing optical system (10, 11) are telecentric on the
detection target surface side, principal rays all are incident at the same
angle of incidence to the total reflection surfaces (7b, 7¢, 8b, 8¢) of the
15 rhomboid prisms (7, 8).
[0060] Fig. 7 is a drawing schematically showing a state in which there
appears a relative positional deviation between polarization components
in a beam (a principal ray passing on the optical axis) totally reflected
on an internal reflection surface of a prism. As shown in Fig. 7, when
20 light L propagates inside the prism 70 and is incident at an angle of
incidence over a predetermined value to the internal reflection surface
71, it is totally reflected on the internal reflection surface 71. At this
time, the beam totally reflected on the internal reflection surface 71
includes a light component Ls in an s-polarized state with the direction
25 of polarization along the direction normal to the plane of Fig. 7, and a

light component Lp in a p-polarized state with the direction of
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Lan s 2n cos (s-polarized conponent) (2) [0069] A relative
posi ti onal deviation anmount Ap of reflection of the p- polarized
conponent froma reference reflection position Po in a direction
along the reflection surface (which will be referred to as the
10Goos- Haenchen Shift (OHS) of the p-polarized conponent) is given by
partial differentiation of the phase change of the p-polarized
conponent with respect to 13, 59MP, where the phase change of the
p-pol ari zed conpgnent is defined as p = n/A .cose. Furthernore, a

rel ati ve posinglagieaatierealong the divechion peradfel tefthe glémmobfFighed, and the
s-pol ari zed 15 .conponent fromthe reference ref]|ection position Po in
thg directio Iﬁ?t&%nﬁwméfﬂ é@él%@%hgh‘i £EBWONaAT ER MopRSEe respestively t o

as the CoosHaenchen Shift .{OHS) ..of the s-pplarized conponent), (s,
i ven by pat IS drrBRBiAlEPRBHeL pbitee pAS b {§RNCR nside
s-pol ari zed Ctﬂé% ﬁg?omﬂh respect to p, S9/50, where the phase
change of the 8% 'zed 20conponent is defined as 13 = na. cosO.

[0070]5The r gp@m@{é}esat FaRade jﬁlﬁ%ﬁ N 43FRHBRS aRunf*SA Cbetiien

refl ections respective polarization conponents are represg}ﬁ ed

by Eq (3) anbifdzdtfon RehP¥neheSREGId h Yhe [t holaMBt Reffdcted on the

internal reflection surface 71 of the prism 70 is called a Goos-Haenchen
Shift. In this way, the total reflection on the two mutually parallel
internal reflection surfaces (7b, 7¢) of the projection-side rhomboid
10 prism 7 causes a relative positional deviation between the p-polarized
light component and the s-polarized light component with respect to the
detection target surface Wa in the beam reaching the detection target
surface Wa, and, in turn, causes a relative positional deviation between a
pattern image formed on the detection target surface Wa by the p-
15 polarized light component and a pattern image formed on the detection
target surface Wa by the s-polarized light component.
[0062] Similarly, there appears a relative positional deviation between
polarization components in the beam totally reflected on the two
mutually parallel internal reflection surfaces (8b, 8c) of the reception-
20 side thomboid prism 8 after reflected by the detection target surface Wa,
so as to make more unclear the secondary image of the pattern formed
on the entrance surface 13a of the shift & tilt correction prism 13. In
other words, the influence of the total reflection on the internal
reflection surfaces (8b, 8c) of the reception-side rhomboid prism 8
25 promotes (or doubles) the relative positional deviation caused between

the secondary image of the pattern formed on the entrance surface 13a
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= tan O (n2sin20 + sin 2 - 1) s- all rt-gn 2 sin29 -1

5(s-pol ari zed conponent) (4) [0072] Wien a difference A between the
rel ative phase deviation ambunts of the p-polarized |ight conmponent
and the s-polarized |ight component of the reflected rays in the
perpendi cul ar direction (GoosHaenchen Shift (OHS)) is determined from
these, the following relation 10 of Eq (5) holds because the relative
phase devi ati on anount OHS between the reflections of the respective
pol ari zation cor{gonent s in the direction al ong{_l the reflection surface
i s given by Ap thagp-palarizedslipht componeasy @y the s@cﬁ:@ﬂialiy Foragehos fthe )
reason, the differepce of Ais made between the optical 15axes of the
p- pol ari zed |P96F?Ena%ﬂmq¢e0§-%| gritgeee sughee lda bypihesepolatized Hght 6)
bel ow [ 0074] 4Mat h 3
omponent.
[0063] The surface position detecting apparatus of the present
5 embodiment is applied to detection of the surface position of the wafer

W having various surface conditions during the semiconductor exposure

process (e.g., a condition that a structure on the wafer W is composed of

plural types of substances or a condition that a structure on the wafer W

itself is composed of multiple types (multilayer structure)). In general,

10 a wafer surface is in a state in which it is coated with a resist. Under
such circumstances, when there is variation in various surface
conditions (e.g., there is variation in thickness of a layer formed on the
wafer or there is variation in a property such as purity of a material
forming the layer) or when there is variation in resist thickness, the

15 reflectance for light of a specific polarization component (e.g., the p-
polarized light component, the s-polarized light component, or the like)
varies depending upon these variations.

[0064] As a consequence, the surface position detecting apparatus of
the present embodiment, without any extra countermeasures, is likely to

20 make a detection error of the surface position of the detection target
surface Wa because of the relative positional deviation between the
polarization components caused in the beam totally reflected on the
internal reflection surfaces (7b, 7c; 8b, 8c) of the thomboid prisms (7;
8), and the variation in the reflectance of the specific polarization

25 component due to the variation in the surface condition of the wafer W

and the variation in the resist thickness.
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Atan 01 A-1) cos ftlin2sin20-1 n2si n2G+si n20-1 (6) [ 0075]
Therefore, the relative positional deviation anount A between 20t he
pol ari zati on conponents caused by one total reflection (internal
reflection) in the prism(7; 8) can be represented by Eq (6) above.
Therefore, the condition for nullifying the relative positional

devi ati on between the polarization conponents in total reflection,
I.e., the condition for zeroing the relative positional deviation
amount A (CGoosHaenchen Shift (GHS)) between the pol arization .
conponent s cd¥98d]iss the pavjcclon cxiposhrd patierns hdoome Bapet EndbBhemin

enbodl ment, (RECRLY Pt g SeAHURIoRToHOn fngs oo WAk wRTAcecRial

(D ool o8 SaRab Sha AL Rk Tor RS

(5012611 0 USRS, 6f B Sl pfhede e BEodiye sRUBBLIL B

R N el T T N T

surfaces (7b,laddy 1i8ht s8Gice, the thickness of the resist on the surface tends to
become smaller and it is the present situation that we are unable to
disregard the detection error of the surface position due to the various
surface conditions and the variation in the resist thickness.

10 [0066] In the present embodiment, therefore, the refractive index n of
the optical material forming each rhomboid prism (7; 8) as a total
reflection prism member and the angle of incidence 8 of the incident
beam (principal ray traveling along the optical axis) to the internal
reflection surfaces (7b, 7c; 8b, 8c) thereof are arranged to satisfy a

15 predetermined relation, thereby restraining the influence of the relative
positional deviation between the polarization components of the beam
totally reflected on the internal reflection surfaces (7b, 7¢; 8b, 8c) of the
thomboid prism (7; 8), on the detection of the surface position of the
detection target surface Wa. The below will describe the relation to be

20 satisfied by the refractive index n of the optical material forming each
rhomboid prism (7; 8) and the angle of incidence 0 of the incident beam
(principal ray along the optical axis) to the internal reflection surfaces
(7b, Tc; 8b, 8c).

[0067] Now, phase changes ¢p, ¢s of the p-polarized component and

25 the s-polarized component at each internal reflection surface (7b, 7c¢, 8b,

8c) as a total reflection surface are represented by Eq (1) and Eq (2)
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15 of the rhonboid prism(7; 8). As a result, a clear primary inmage
of the pattern is formed on the surface Wa of the wafer Was a
detection target surface and a clear secondary imge of the pattern
is formed on the entrance surface 13a of the shift & tilt correction
prism13; in turn, the surface position of the detection target
surface WA can be detected wi th 20hi gh accuracy. [0078] Accordingly,
t he exposure apparatus of the present enbodinent is able to highly
accurately detect the surface position of the exposed surface Wa of
the waf er (phealeve tiespectivelyubdraratels ay anglerf incalengse fefceprinsipal cay
detecting appar atus cagabl e of detecti nﬁ;the surface position of

25t he det ect i intheaieglection suataseilf 1= I8 5P Be.chithe ywavekength mfi therlighto
hi ghly accurate osition th attern surface of the reticle (mask)
R and the e@@%&ﬁ%ﬁé@&@e@ﬁ%{oﬁ@ QRtieal mgteEphiychas glathe

proj ection opt, PL. [0079] Wen the surface position

det ecting ap@?pgsijﬁéﬁhﬁ?e present enbodi nent is applied, for
exanple, to the detection of the surface 5 position of the

phot osensi tive substrat engrnz zdgt_efti on of the surface position of
the mask in theag sure apparatus_ It is preferable in terns of
practical use that2the magni todé (absolute value) of the relative

positi®dnal deviation amount A between (Prdopsizedicompanentbnpbhent s
caused in one total reflection should be kept, for exanple, not nore

than 10 0.3 pm Nanely, }Ifi‘é’?—l—h?‘aﬁﬂa ratus satisfies Condition (8)
bel ow, there aris@s no aefistal @robl emin the detection of the
surface positigﬁlo ﬁ"l"é'"p‘h‘O‘t‘O‘S‘ETT%‘T‘i‘VG substrate, the detection of
the surface positién of the &% and so on..In Conditio E}@B
however, the unit of the wavel ength A (ETPQT W?@Bwe@g[ 0] [Math
5] Atan 0 %033] SA?cﬁatiw}é Ilaositional deviation amount Ap of reflection of the p-

polarized component from a reference reflection position Py in a
direction along the reflection surface (which will be referred to as the
10 Goos-Haenchen Shift (GHS) of the p-polarized component) is given by
partial differentiation of the phase change ¢ of the p-polarized
component with respect to B, 6¢/0p, where the phase change of the p-
polarized component is defined as B = n/A-cosf. Furthermore, a
relative positional deviation amount As of reflection of the s-polarized
15 component from the reference reflection position Py in the direction
along the reflection surface (which will be referred to as the Goos-
Haenchen Shift (GHS) of the s-polarized component) is given by partial
differentiation of the phase change ¢ of the s-polarized component with
respect to B, O¢/OB, where the phase change of the s-polarized
20 component is defined as § = n/A-cosd.
[0070] The relative positional deviation amounts Ap, As of the

reflections of the respective polarization components are represented by
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n2 0 + silcos 00.3 (pn) n2 -1 (8) [0081] Let us explain here why it
is preferable in terns of practical use that the nagnitude of the

rel ative positional deviation amunt A (Goos- Haenchen Shift (CHS))
bet ween the pol ari zati on conponents caused in 20 total reflection
shoul d be not nore than 0.3 gm The required condition for accuracy
of focus detection AF (surface detection and focus neasurenent) is
that it should be smaller than the depth of focus of the projection
optical systemPL, and for recent |arge-NA projection |enses (focal
dept h: about BOO3 randEqi(dsbslow,respectivelypr esent status that a

25per m ssi bl | f AF error due to the resist thickness should be
I egs posi ﬁpﬁdﬁﬁ Th'gﬂﬂlggl on anmpbunt A between the pol arization
conponents and when the relative positional deviation amount A

bet ween t he pol arié?tion conponents is not nore than 0.2 pm the
change amount of =AFL nggenes approximately 30 rim Wen
the error is 530 Fm s.harfein’maimargin of about 20 rimwi th respect
to the mininumrequisite amount of 50 ri m(psublatites cpraponént)i s ﬁ)
equi valent to an Al neasurenent error when an AF optical system has
chromati c aberrat 58” due toya manufacturing error. Therefore, even

with the errodgdue=te : besra i(ﬁﬁsiﬁé@sedinﬁ}ﬂlh)E
manuf act uri ng err 8F, atanlsint@ wbasur nt can be al ways i npl enent ed
wi th high accuracy as long as the relative positional deviation

anount3 A between the polarization cofppotrizedicomednemty e tn 0.2 pm
[0072] When a difference A between the relative phase deviation
amounts of the p-polarized light component and the s-polarized light
component of the reflected rays in the perpendicular direction (Goos-
Haenchen Shift (GHS)) is determined from these, the following relation
10 of Eq (5) holds because the relative phase deviation amount GHS
between the reflections of the respective polarization components in the
direction along the reflection surface is given by Ap — As.
A= cos0 x (Ap — As) (5)
[0073] For this reason, the difference of A is made between the optical
15 axes of the p-polarized light and the s-polarized light, as represented by
Eq (6) below.
[0074] [Math 3]

A

Atand 1
= 3 — —-1|-cosé@
ﬁ-\/nlsinzg_l nisin*f+sin’6-1 -
(6)
[0075] Therefore, the relative positional deviation amount A between
20 the polarization components caused by one total reflection (internal

reflection) in the prism (7; 8) can be represented by Eq (6) above.
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[ 0085] Now, let us consider the relationship to be satisfied by the
refractive index n of the optical material form ng the rhonboid prism
15 (7; 8) and the angle of incidence U of the incident beamto the
internal reflection surfaces (7b, 7c; 8b, Sc) in accordance with nore
specific fornms. Fig. 10 is a drawing showing a relati on between an
angle of incidence to a total reflection surface and a relative
positional deviation anount between polarization conponents. In Fig.
10, the vertical axis 20 represents the relative positional deviation
amount A ( gmTheseforentheocenditiani fon mdhfiongihe ralativerositbonal alevidtioni s
the angle of .incidence O () .to,the total refl|lectiqn syrface. [0086]
The sign conREhVEsH &@r nqlarization i mperents ofhl tofrly iretlediPranbint the i s

defined as faoll . t.he relati,ve positional deviatj.on amunt, Ajs
25p0si Li ve WHORCHHRN £} ZF)08 19 BIEAYE BORORR] SetiaH OB ATBHALERDS s
and p-pol ari | kght are,in the positional relationship
o Far 3 (el SR RO bl Rhiih bR bR BhetE Bl B
p- pol a¢i zed |y} : j ve positional deviation
am)unt‘[gA is r#e)%g%?l\q;e %en%ﬁleaﬂ%@pﬁoﬁgﬂgée%wi ght conponent Lp is

i nside the sggg{yg] I'%Rdh 4)ght conponent Ls. The sane also applies to
Fig. 11 and 5Figs. 13 to 16 described below. [0087] Fig. 10 shows the
rel ati on between tl@'ﬁfi}@éi-{depe@ angle 0 an ¥ he rel ative positional
deviation anount A in a case where the refractive index n of the
optical mater[DGV7T tn ihagredeat prtodihent . the sefractve ades) n iof the 4fptiaad
where the center wavelength Xc of used light (detection light) 10 is
750 nm W t h mefesiabdoening thegrhomoboidherismet &; a%eas adotabmeBectiars prism
occur_at the incidence angle U of about 430 and.,the relative

posi t1&nal dévembenAnG MuRela afrineidenge Siatithe ncidege hasavioHecatsyal
d i th,i i i ngj.d Ufromthe total
oi| octi on arGRECHRGRIERD [1hei erite ThiGFe SOt SR gp (P PubsdEHaLY Satisty
i mately, 53, -the relative .l i 14 devi at i t AL
o o el SRS R PRRL e BheBY] B AR e
: [ ' ° net U
kel 0 R T
[0088] In thigagprRallMENedBe szeﬂbe%téi\ﬁéﬂeﬂeﬂ%Qan?éﬁrﬁEeéJg% Jﬁ% Qg} gEp

20 changed, the value of relati've positional deviation

vari egs for t ke theBoinbeidpries (;ami).e WUs Hseidardedr el Fifagd bf aid
(7) described above, however, there is no substantial change in the
val ue of i ncipdtieaeisfighediomthd hefac Wa oftheosafer ONals dldsteatibw target
amount A of O, even with change in the center wavel ength Xc of used
light. In otlisarface and a clear secondary image of the pattern is formed on the

enfrance surface 13a of the shift & tilt correction prism 13; in turn, the

surface position of the detection target surface Wa can be detected with
20 high accuracy.

[0078] Accordingly, the exposure apparatus of the present embodiment

is able to highly accurately detect the surface position of the exposed

surface Wa of the wafer (photosensitive substrate) W, using the surface

position detecting apparatus capable of detecting the surface position of
25 the detection target surface with high accuracy, and, in turn, to highly

accurately position the pattern surface of the reticle (mask) R and the
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25wor ds, the value of incidence angle U at the relative positional
deviation amount A of O is substantially independent of the center
wavel ength I ¢ of used light. [0089] In the present enbodi nent, as
descri bed above, where the rhonboid prism(7; 8) is made of the
optical material with the predeterm ned refractive index n, the

i ncidence angle O of the incident 5 beamto the internal reflection
surfaces (7b, 7c; 8b, 8c) can be determ ned so that the relative
posi tional deviation agount A between the polarization conponents of
the beam tot aﬂﬁﬁpsﬁ‘gfsl’-‘ééﬂlmééd%yof Bee ivaier | relatfvesta tlam peojettior ontivs]
7c; 8b, 8c) of %hefg;isn1becones approximately zero, i.e., so that

t he absol ute VAl e the rel ative positional deviation 10 amount A

b . f | t han .0. 3 d f er abl t

more than 0. A0ROY hed teetfsnppsiion BoleRfie pays & e PraRE
o et e FomeEryg. ) ; .

variaci on of SHRORRC AR, 2os G AP 1o e SRRl AT bpefpcs

o o 2 oo ; P . . !

the 15d0r ect nEeh of hpoiRirye Sutfiate GRURE detcctldl oflie SGFoS"

rel ation bet wegitidgherftied haski iehengestle dpiRirRiukSmiantefeple ¢h 3binye

posi tional deviation anount between pol ariZzati on conponents. In Fig.
11, the vertiafabractical nspr #senhs itadat {absoles i vHlgelabf ddei Adlindve
anount A (pm between pol arization 20 conponents and the horizontal
axi s the ref rmsitiamsli defdrtion dmbhst dpthetabendherpalbrifation rpntenents
prism Fig. 11 shows the relationship between the refractive index n
and the rel ateisedspne total reftactioni heuldrbe keph fonexarpkes neharose then

i nci dence an 8to tofal reflection surface_.is 45 and where_the
cente 0 wavel %tm% I‘g@mﬁi}’ed""fl% rﬂeie i 3PPAEBUR matipfies Conditian d&d dalew,

e onor o R BB B2 AR A AR

of the photosensitive substrate, the detection of the surface position of

the mask, and so on. In Condition (8), however, the unit of the
wavelength A of light is um.
15 [0080] [Math 5]

Atané ( 1

_1]. p
zr?sin?@—1 \ #’sin’ G+sin* 61 l) cos& < 0.3 (um)

(&)

[0081] Let us explain here why it is preferable in terms of practical use
that the magnitude of the relative positional deviation amount A (Goos-
Haenchen Shift (GHS)) between the polarization components caused in
20 total reflection should be not more than 0.3 um. The required
condition for accuracy of focus detection AF (surface detection and
focus measurement) is that it should be smaller than the depth of focus
of the projection optical system PL, and for recent large-NA projection
lenses (focal depth: about 300 nm or less), it is the present status that a
25 permissible width of AF error due to the resist thickness should be less
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index n from1l.45 and the relative positional deviation amount A
beconmes approximately zero at the refractive index n of about 1.73.
As the refractive index n further increases fromabout 1.73, the

rel ative positional deviation anount A becomes negative and the
magni t ude 5t hereof nonotonically increases. [0091] In this case, the
val ue of relative positional deviation amunt A also changes for the
sane refractive index n wwth change in the center wavel ength Xc of
used light, whereas the value of refractive index n at the relative
posi tional déhamtilonnammwonsiderdtian béother embst arffigald shdve hastgte. of n
the present enbodi nent, as described above, where the rhonboid prism
(7: 8) is corfiegge &d AB measaved vakhte against jlange nfirasist thiekness, where
predet erm ned, i ncidence angle. 0. tqQ the internagl reflectjon surfaces
(7b, 7c: 8b, UBE)TEITthE POSHIRNAL ASIRGR ATt Ae DRYPIthermclarization

el ati ve. posi ORIl ik i ierTCATLBRR R a0k 9es

conmponent s of t ed beam becones approxi mately zero,
i.e., go thatth% %dg}gég%%%{ﬁaq lﬁ@' of the relative positional deviation

amount A bec : ln t

af orenmenti on ggg%ngéng)é? S gl\,]/\lnail%]d %@&QQ@&% ﬁ%oﬂ %gﬁ%UyS'to a
reflection syefiscafckdéss din hdbe 18 vadbBofli SPASRE 410 Lie iR Rl Wwaddr Hat h
to guide the light fromthe projecting optical system (4, 5) through

t he pent agonaimaig mi&randepé’tﬁiin%mﬁﬂﬂi dhorpeforidmeet b8 ddilectfbaning
target surface WA and to guide the light fromthe detection target
surface Wa ttsysiggh t NMéherh st pricknesd ‘enibstinghp eviddgofiald rmiinMig. t o
t he 25condensing, optical system (10, 11). There are, however, no
parti t@il ar r &sitris@pperantdromiibe doaming thatithe AHmyesmied veluewaalhave a

reflection sugfaces,,. but_ it is also, possjble, for, exanple, to adopt
a confi gurat icgﬁngq:, %acﬁtt{q,\éeqsoi&aqn PEPPE AU S0 sliir thec @¥orsB cape. 3lpis

di d,j h i cal , h in.Fig., 12.. [.L0093 h
o 11 ont 1 on tEEiee ShedRpd Tt 1S -FRGHE #Noied& gten cubog: A
tical t I | A0 | i 31
path Tol o ng IovvEsh Bhe PRIAHAER (SRBYEE S PP RIS BT Ree P
from the det qed i gn, t argahoHEACE Widko BUEAN! HEAYEN i dbbanalY
prism32 as a pa 'foFgl ng prismto the condensi ng optical system

g f10i hiéa) . 1t dehicvhe hithat additacyl ZhieSrel@Bie bB&iohhh detiatihUshbatd an

between the polarization components is more preferably kept not more
than 0.2 pm, as represented by Condition (9) below.

[0083] [Math 6]

Atanf [ 1 . p<02(
aNntsin? @1 \ n’sin® f+sin’ 01 cosd < 0.2 (yam) o
20 [0084] The fellowing will describe why it is preferable in terms of

practical use that the magnitude of the relative positional deviation
amount A (Goos-Haenchen Shift (GHS)) between the polarization
components caused in total reflection should be kept not more than 0.2

pum. The change of AF measured value is proportional to the relative
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10 projection condensing lens 4 and the reception condensing | ens
11, corresponding to Fig. 3. [0094] In the nodification exanple of
Fig. 12, the light emtted along the optical axis AX1 fromthe
projecting optical system (4, 5) is incident to the path folding
prism31l. In the path folding prism31, the light 15 through a first
transm ssion surface 3la is totally reflected on a total reflection
surface 3 I b, passes through a second transm ssion surface 31c, and
is then emtted along the optical axis AX2 fromthe path folding

pri sm 31. Thepdsitidnal elevidtizsh ahongt Alteeteptn ¢l palrizatidd congioriches aal h
folding prism31 is incident to the detection target surface Wa. 20
[ 0095] The | iwhen r #i¢ ertletival pogitidnel odeviafilonaxamow3, Awtetiweers the
symmetric with the optical axis AX2 with respect to the optical axis
AX of the prddatizasicpempancrizds aef moreihan B pa, doe changeamgetnt of
surface Wa is,then incident to the path folding prism32. In the path
fol di ng pri s-Bineggee ivﬁﬂle PRCOIM 2R ITOSUYACY gpr@'ﬂ- t henihe egar is

f 32a i |y 25refl I fl [ f. 32b,
henhsses DL AABoLAEELAL Rl o G B R
-.aX . .
em t'?ed al oggbgﬁilgltgp I 8921%3% id)iqyi%@@#l?hiuaﬁmqf gq(ﬂ’i%agléﬂtr F% r?ln?,iﬁ?s
h Cnei d . . _
tho. modi 11 ot SR ReBPBRER S ADLCFuica Sy ek hos chbatcRialdh |
optical materdqul td arMapgfidheiRatdirdro! ditRgerd, S HitBHe 8fof d L f)

reflection prismnenber and the angle of incidence 0 of the ght to

the total refcheshiatio sibeiaden( aubed SBE) thbemenfufacteringt &forassfable
substantially satisfy the relation of Eq (7), whereby the surface

posi t1®n of theaste¢raent can bambwiysimphoeentad evith hiptdateriedasidny 48 gh
accuracy, while 10 restraining the influence of the relative_

posi tional déhe aeladive posional evpaticn i ameusn Ac baperemitke quistzhation
the totally reflected Jight on the total reflection surface (3 |b;
32b) of the SRERPISNE IwFgimers hen.032m. on the detection of the

surface, posi fRs PSR el eeid Sty ot st ace e, 10007 1 oyt

refractive index n of the optical material forming the rhomboid prism

15 (7; 8) and the angle of incidence € of the incident beam to the internal
reflection surfaces (7b, 7c; 8b, 8c¢) in accordance with more specific
forms. TFig. 10 is a drawing showing a relation between an angle of
incidence to a total reflection surface and a relative positional deviation
amount between polarization components. In Fig. 10, the vertical axis

20 represents the relative positional deviation amount A (um) between
polarization components and the horizontal axis the angle of incidence 0
(°) to the total reflection surface.
[0086] The sign convention for the relative positional deviation amount
A is defined as follows: the relative positional deviation amount A is

25 positive when the totally reflected s-polarized light component Ls and

p-polarized light component Lp are in the positional relationship of Fig.
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15 target surface WA with high accuracy while restraining the

i nfluence of the relative positional deviation between polarization
conponents caused in the light totally reflected on the total
reflection surface (3 | b; 32b) of the path folding prism (31, 32), on
the detection of the surface position of the detection target surface
WA, the refractive index n of the 20 path folding prism (31, 32) and
the incidence angle 0 of the incident light to the total reflection
surface (3 I'b; 32b) can be determ ned so that the relative positional
devi ati on amjufer wherethe empalirézasblight eeimponeniohy tnside tife ppeldrizpd:
totally reflected on the total reflection surface (3 |b; 32b) becones
appr oxi mat el yl&aérgpmponent &'@it tae telpdivep pesitioaal dleyiatmmormamt A is
rel ative positiopal d

vi ati on apgount Agggtmeen the polarizatio
conponent s c&G88EVe nWBRR 8t BrPolazed dighh eampemant Brlsek‘bﬁ’ré? 1€ nt
nmore than O. m and. preferabl t more than 0,.2 .[0098] ,The
Tol Toni ng wi BOHIBR BRY SoRfRhEhET ! | Aile MRS A Brplics B Fign Ll dnd
absol i e val é).f13ttla)elff ﬁéfctri.b\éﬁ M§W| onal devi ati on amount A between

t he polariza o conmponents caused in one total reflection becones

not 5 nore thang P BP0 Mdviks eaRUaiddbétreenths 26diH¥Scd ¥ ghfg{ he

total reflection prismnenber, wth reference to Figs. . Fig.
13 shows a r etlativerpdietismandéetion! ahbwe ROSI hi @l wien Bid psfraiment
A by one total reflection and the incidence angle O in a case where
the refracti wedexndext theobptited material fefrnfigd thenprsins(e.gertita plasd). %5
and 10 where the center wavelength Xc of light is 750 nm It is seen
from Fi g. 13li4faand hwhererthe oehtdrmeide megthake b uBedritghb édatetticm light)
approxi mately from48 to 90, in order, to satisfy Condition (8) while
the aldbol ut elvdbams With refesanopdogogi 10.dhaltomevellgation siamsitn opcur

bet ween the pol arizati,on conponents. caused._in one total ,reflection is
kept not m)réfltge fcidenpes aﬁgfe %jléjfl AePie fide a%ﬂéleor&gﬁa%omﬂ%@n en

Lo0oo] Fi g - SHotiscaRondl A Bk el s PoPBRnEI hertaley Bien
n o case wnidoi Y BRECIEE ahfle £ o O R MR AERET SRR,
menber is 20 ?mﬁﬁgnw%h%lé bes}fcf‘cﬂgefealéﬁé’se Egﬁﬂ:f}ér?%%d&égfﬂ“ Qﬂ% e:’e%tirzr;gg

nm It is seen fromFig. T4 that the range ceé ang

be sef5to bepappiodkl Nddwatiod rafbdR 1O HRBemed AFdOkirhtebAldcsdY as the
Condition (8) while the absolute value of the Trelative "positional
devi ati on amnsiterceednptenot figrtlpsl dnezatdsorfremaboant 335 atigedeldtivene
total reflection is kept not

positional deviation amount A becomes negative and the magnitude

thereof monotonically increases.

[0088] In this case, when the center wavelength Ac of used light is
20 changed, the value of relative positional deviation amount A varies for

the same incidence angle 6. As apparent from Egs (6) and (7)

described above, however, there is no substantial change in the value of

incidence angle 0 at the relative positional deviation amount A of 0,

even with change in the center wavelength Ac of used light. In other
25 words, the value of incidence angle 9 at the relative positional deviation

amount A of 0 is substantially independent of the center wavelength Ac
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25more than 0.3 pm The incidence angle 0 is about 52 when the
relative positional deviation anobunt A is approximately zero. [0100]
Fig. 15 shows a relation between the relative positional deviation
anount A by one total reflection and the incidence angle 8 in a case
where the refractive index n of the total reflection prismnenber is
1.6 and where the center wavelength Xc of light is 750 nm It is seen
5 fromFig. 15 that the range of incidence angle O may be set to be
approximately from42 to 90, in order to satisfy Condition (8) while
t he absol ut e ofaksgd lightt he rel ative positional deviation amunt A

bet ween the pogl arization conponents caused in one total reflection is

kept not mor dU08 Ip. theymresand emdodament, asryldesoribed aahmve, 40heteethe he

10rel ati ve positional deviatiogn anount. A is_approxi

t el .
[0101] Fig. T8O RUSE) 47} ofy DSt AR Ofetheo opiicol patstial ovah the
devi at i b t al | ti the i i.d . 0
o en andiBtetRingtl T ftrle, irilex T 5 InPlEptt anefto P QaBs dRotient m
m i 1. for li t 4 750
tis 2een 1 roﬁ“ﬁﬁé.%ﬂ%ﬁa eﬂ%@%‘ﬁ%ﬁ@%@ (e Jéﬁﬁi:ggar?&ﬁ&%" Y
be set 10 be BRI et 1h0 FeRiveonSBiiond] A6 B od QA Yermeen

Condition (8) while the absolute val Ive positiona

devi ati on anaistpoladaitiesorhpendet B bk W OB R0 e
total reflecti otrila is kept notﬁrmre t han O%Ht}% he |E€e| denggéjlgrtlég}flgpo
is about 46 wbkéfectibe siffhetafThy @b, Bepodthalppbat baw roﬁrhéteg{
approxi mately zero. [0102] The aforenentioned enbodi nent "descri be

t he exanpl e izerehi.eh soltbatiposhscdutzppaine taftheas] apivevpabtidond tdevigtéon
single surface position detecting apparatus, but, w thout having to
be i fited t Ao A hecoweacionrxpmpley nah meredihand B wimhand enofe a
plurality of supface 25positiqn detecting_apparatus according to
need.In this fﬁ'ﬁ[{;eégg]éfappgﬁﬁ?lieo ey He  Hpphsaedramntie Wr%h@ﬁ”rﬁhﬁ ed

based t he , det [ LS _in.. i,el d bet det
et of a1 I9LRetr FRiabgal e sl GORGal dExPaeT-S RRRTRAJR 6 on

field of a secaftihAcH AL ihQBeAK! 851k WaltPRRAhEPs mounting error

of the rhomboid prism (7; 8) or the like will cause little influence on the

15 detection accuracy.
[0090] Fig. 11 is a drawing showing a relation between the refractive
index of the prism and the relative positional deviation amount between
polarization components. In Fig. 11, the vertical axis represents the
relative positional deviation amount A (pm) between polarization

20 components and the horizontal axis the refractive index n of the optical
material forming the prism. Fig. 11 shows the relationship between the
refractive index n and the relative positional deviation amount A in a
case where the incidence angle 6 to a total reflection surface is 45° and
where the center wavelength Ac of used light is 750 nm. With

25 reference to Fig. 11, the relative positional deviation amount A in the

positive range monotonically decreases with increase in the refractive
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[0103] The aforenentioned enbodi ment was the application of the 5
present invention to the detection of the surface position of the
phot osensitive substrate in the projection exposure apparatus, but
the present invention can also be applied to detection of a surface
position of a mask in the projection exposure apparatus. The

af orenenti oned enbodi nent was the application of the present
invention to the 10 detection of the surface position of the
photosensitive substrate in the projection exposure apparatus, but
the present iindentn ofioman .4 smddhaprslatice tnestanad t donatin amonhtade
position of Zgaordinary detecﬁion tar%gé surface. [.0104] The

af or ement i oneWCORSIRPRIAEIRASLY FeTa mb| the teilipstive index nofpkaignl.73.

hormal Lo t B Rargek ORI U SreeRe BonuraeR D3 Shegssve °
f . Ho i t -havj be limted to thi h t
SR oSt AT OAG DBeh I Skt (I yBESRER
in vvh|§h an QHEfZega?lrn%{BﬁfcaWytiﬁc%agéﬁ. al reflection surface is
a nt “optica

di sposed in measur ene path and nore conmmonly to an

optical appanabos] A MR e ihe Ilhéfﬂf &Pﬁ%@d&iﬁ@nf} dRh@iod St AON

surface is disposed in an optical path. Specifically, the present

i nvention is aAgpthesitseforahanaarPrsiotivel dtderenssit BitarieSkil fiRCEeriHaPe
of a detection target surface as shown in Fig. 17 or to an apparatus

for measuri ngvavelesgthianobiised fgtiet wheiean thanvghie sfirdfeativeaindex n at

t wo- di nensi onal position of a detection target surface al ong

i n-surface dithectalatine) positimebnddviation. ameunt [ xd5) has trive sobstentiaing
apparf(ius shown in Fig. 17, measurenent light froma |light source 41

travet® throskangey i hitheaesen embrdunenly ascdegosibsfeabovry whetecHie
(opt 1 onl - menBPTRCE] PHSERIs By Recehthmete dolly wieet GEhe Renre ¢ o
toral refl ectrsiEti i dRE AETE P o et Pa bR B peal
measar ement 1oe 1391 S5 bef S R AT 58" Flosl BB Hrog B e

then inci denthbiipid Yt g'ﬁ,f $PEan 88 RdintiRkd ré%”iﬁﬁf toreldiVe ﬁéﬁﬁBhEb

having a 10 configuration simlar to that of the total reffection

opti ced nenbeleviddion BRoMBaNbERRRN the Pulatigdtidd Yompbheskeast 8 thailR/
reflection surfaces (not shown) of the total reflection optical

menber 45 tr agfbstet vezmg bezohieghdppresanaichy zem, i ica] seyhhethet@bsiidtd s
then incident to an i nage detector 47, for exanple, |ike a CCD

15[ 0106] | n tualae aphdhat tedativenepdsiiconid ndeviptioht amoubt nAgbequues,i for)

of the measurenent light to_the i mage detector 47 varies with change
in the hei ghtexaamle,im%mﬂrqﬂh@n&zm-i on target surface 44 where the

ot act | on 1 anBEP2L iR e Fam TR iaecE P OHi B SIGHe on ok o5 ot
' 29 four total reflection surfaces (7b, 7¢; 8b, 8c) are disposed in the optical
path to guide the light from the projecting optical system (4, 5) through

the pentagonal prism 6 and the rhomboid prism 7 to the detection target

surface Wa and to guide the light from the detection target surface Wa

through the rhomboid prism 8 and the pentagonal prism 9 to the

25 condensing optical system (10, 11). There are, however, no particular

restrictions on the number and arrangement of total reflection surfaces,
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20 surface positions) is neasured by measuring incidence positions of
t he measurement light to the inmage detector 47 while changing the

i nci dence position of the neasurenent light to the detection target
surface 44 by two-di mensi onal novenent of the detection target
surface 44 along the in-surface directions, or while changing the

i nci dence 25position of the neasurenment light to the detection target
surface 44 by action of a vibrating mrror or a polygon mrror in the
| i ght-sendin optical system42. The surface shape of the detection
target surfacutqis ig plsropobwibles fotesampile,ntonadoptar configyralioanint wdich
occurs a relative p&sﬁiﬁi onal dfvi at%fn bet ween_ pol ari zation _
conponent s i FYhEt ectign weiqesn €31 34 arsrdispasadiin che optispt pathy
menbers 43, 45, .;e.d., ih case 5 where there is a thin filmon the
detection tar®y Oﬁ#%ﬁkg'i% or in a case where the detection target

surface 44, nagoBal 3 Al Ak Rop LOUTHTSE ool B, 1 SYELRGE
botvean por art Sl SRS Wylct® (45521 $RAPATHIGRAN nbfidi Bign 31
reflected in dshe ﬁhﬂ{ #0108 bASH HiRPA&E&o 81 Surfsbe 92 a2l Fﬁé‘ﬁgﬁ

nmeasur enment of the surface shape of the detection target surface

the refracti vieoinndex det@itiohhmrﬁeﬂ alirfhed |W§ti30%uid@ﬁi ﬁﬁbu%l?@@ﬁﬁnglﬁar 45
and the incidence angle 0 of the incident light to the Total
reflection syriscé? san uéh deldingipnizd: so thdabnddiming bpticalesyzeaht(ilopal
devi ation amount A 15 between the polarization conponents of the

li ght totallylllef lbds ewtey thatWigotladl isr depietad ovithuptti dlastratobeof 4
45 bet:é)rres approxiately zero, .i.e., sq that the absol ute val ue of
the rePati ve PRHCHoBNSPIGRISING il8ns fmsudt the macntien eordepsing ilen ildn
conponents caused in.,one tatal reflection becones, for exanple, not
more than 0. SWFAPIRANESCF B03r ef erabl y not nore than 0.2 [0108] In

1 um natt on 19G2PEHRLHE SORMRABo chtimpts of JRR oy Mo light Pl Aoy’
oot cal " oyst (R BpIRAPAERAR1 Ml 3 pRGLLAL oplO Sy3fer 0h.PhissBident
a total 25refthagkl Qth Sldiagepriaf- 3 TherRs paeMeatidd ghbmt 91 e light

reflected on a
15 through a first transmission surface 31a is totally reflected on a total

reflection surface 31b, passes through a second transmission surface
31c, and is then emitted along the optical axis AX2 from the path
folding prism 31. The light emitted along the optical axis AX2 from
the path folding prism 31 is incident to the detection target surface Wa.
20 [0095] The light reflected along the optical axis AX3, which is
symmetric with the optical axis AX?2 with respect to the optical axis AX
of the projection optical system PL, by the detection target surface Wa is
then incident to the path folding prism 32. In the path folding prism
32, the light passing through a first transmission surface 32a is totally
25 reflected on a total reflection surface 32b, then passes through a second

transmission surface 32¢, and is emitted along the optical axis AX4
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total reflection surface 54a of the path folding prism54, for
exanple, like a triangular prismillum nates a detection target
surface 55. The neasurenent |ight reflected by a mark (not shown)
provi ded on the detection target surface 55 is again incident to the
path fol ding prism54. The neasurenent light totally reflected on the
total reflection surface 5 54a of the path folding prism54 then
travel s through the objective optical system52 and the half mrror
53 therein to enter an i mage detector 56, for exanple, like a CCD.
[0109] In thdromather path AdpmpaprismsAdwn The Eglt edsttedabordg dnes optical
mar ks on the detection target surface 55 and, therefore, positions of
the 10 det ectaxéh AZdgétons utheapeatlsSolding- piismnS2otmalthgrpgneident tof thehe
detection target, syrface 55 al ong_in-surface directions) are neasured
based on an SUREEESINESRtCA SYS’%%I@&IQd@et or 56. The position of the

cetect ] On BB P R SRR Lo [F AP A L T asp ey,
comongrts, . 2ok e lhab FSPASE RSl Bl 04919 1 o
nature. [011( %ﬂgﬁcﬁ%rgﬁﬁéﬂf A B %btdsngrl‘e gF iﬁéiﬁ%xgnget §’ %? ”cl?é‘ligﬁf gf&{ehe

surface 55 wi accuracy while re al'ning I"Uente

rel ative posigé a8 aty WeSr, | [ QRN %&ﬁqqﬁ,ed
in the 20 Ii é%%a@?gitlgl Iy rgﬁelltflggecggd by t)ﬁgﬂeg%qfﬁﬁ%oélégisﬁg pri %% 54, 0

the nmeasur emgatis®f thd aehoRnt b@nqu("/PbewH@{eBytt&n sﬁﬁﬁ@ﬁgao%ﬁidrﬁqﬁ e
the refractive index n of the path folding prism54 and the incidence
angl e U of t kieteativindemget! sugfdcet Wa ban bet ddtectedl | weithiligh siccthmey, S4dlecan
be determ ned so that the relative positional deviation amount A

bet wekh t he pestzaihing theninfEenepofidm elafive hesitiogat dedatvn petweédretieed
by the path folding, pri sm54 becones .apﬁlr oxi matelf%/ zero, i.e., so
that the abs (ﬂol],ﬁrézagm@rgpomfgs caused in the totally reflected light on the total

reflection surface (31b; 32b) of the path folding prism (31; 32), on the

detection of the surface position of the detection target surface Wa.
[0097] In other words, for detecting the surface position of the detection
15 target surface Wa with high accuracy while restraining the influence of
the relative positional deviation between polarization components
caused in the Jight totally reflected on the total reflection surface (31b;
32b) of the path folding prism (31; 32), on the detection of the surface
position of the detection target surface Wa, the refractive index n of the
20 path folding prism (31; 32) and the incidence angle 0 of the incident
light to the total reflection surface (31b; 32b) can be determined so that
the relative positional deviation amount A between the polarization
components of the light totally reflected on the total reflection surface
(31b; 32b) becomes approximately zero, i.e., so that the absolute value
235 of the relative positional deviation amount A between the polarization

components caused in one total reflection becomes, for example, not
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rel ative positional deviation amount A between the pol arization
conmponents caused in one total reflection becones, for exanple, not
nore than 0.3 pmand nore preferably not nore than 0.2 pm [0111] As
descri bed above, when a detection target surface has a thin 5 film
affecting polarization, or a polarizing property, the Goos-Haenchen
Shift will arise at an internal reflection surface (total reflection
surface) disposed in an optical path (an illum nation optical path, a
detection optical path, or the like); therefore, to prevent
occurrence thmosothani4.3ipsn pndfrrombpreferabhppotaporathany).2etmt he
refractive index of the optical 10 nmenber formng the internal
reflection sUPP98k Rheofcalowmgl will descriee & genge afidncidencenghgled where

i nci dence to Ehe i nt erna | ectjon surface (total reflection

surface). [o0fRopbpaie¥ 10 hegglatiyerositional sestntiomprapvrird behivesn i n
oS L 10 S e e B SRl aELSD (LoD Bl ST )R
and the ang) bt Pl B hohii Hhfbdd ot %'trgﬁﬁ' “*?eeﬁ% eg%fehéf‘ﬁ%eiﬁotaf“s
bosi t1 onal desregito G HeHIRES itk f‘%feééé%‘%efc’"ﬁﬁ e onfe- 2
surface. Howeygiys yirélafiBh Hawbeﬂ the ratie ﬂdsfﬂérf‘a‘ﬂ d%@h ﬂi’fnsambﬁnﬂ AW so

possi ble to use, for exanple, a tetragonal prism 61 having

nut ual | y oppagrdtdial akfleefide crdoths Unhtidense ampdd ®Mini 4 datsg wﬁ&e the
(generally, two total reflection surfaces not parallel to each

other), as artfinefive dhlextn wf fird sotahwefiectiomptishe demeeniisel 4heand
refractive index n of the prismand incidence angles 01 (00 < 01 <
90) 25@nd 02 wlere the cenpy)watelengthdenf lighths %56 e s seendtom Fig.
reflection surfaces so as tq . keep snmall_a relative positional

devi ati on anﬂén afﬁhmange @gua@léemaﬁ angle § gnay Betsst te becagpyienatelyal

the sum a1+ Jomofst 18 9, I 8ep 881 eonaCanlinan (8h vatsufee AbSGlEis e
2t 1115t abalof SEL LD L TERE 12, Bnb o bRl b
polarization components caused in one total reflection is kept not more
15 than 0.3 pm. The incidence angle 0 is about 53° when the relative
positional deviation amount A is approximately zero.
[0099] Fig. 14 shows a relation between the relative positional
deviation amount A by one total reflection and the incidence angle 6 in a
case where the refractive index n of the total reflection prism member is
20 1.5 and where the center wavelength Ac of light is 750 nm. It is seen
from Fig. 14 that the range of incidence angle 6 may be set to be
approximately from 45° to 90°, in order to satisfy Condition (8) while
the absolute value of the relative positional deviation amount A between
the polarization components caused in one total reflection is kept not

25 more than 0.3 um. The incidence angle 0 is about 52° when the

relative positional deviation amount A is approximately zero.
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Stotal reflection surface 61b. [0113] In this case, the relative
positional deviation anmount finally caused in the |light after the
successive total reflections on the two total reflection surfaces 6la
and 61b, Al2 = AL + A2, is represented by Eq (10) below. The first
termon the right hand side in Eq (10) corresponds to 10 the
rel ative positional deviation anmobunt 41 caused at the first total
reflection surface 6la and the second termon the right hand side
corresponds to the relative positional deviation amunt A2 caused at
t he second t 40a00} #ig.ectS oshows faceelsiitm pétidetn [that belZlivd Spasitidnal
tan 0, 1 74n2sin20,n2 sin2 + sin2 - 1 1cos Atm02 1 1 COCS 92
71. 1, 22si n2 Gleymigimamepnt Aiby onetotal reflection and the incidence angle 8 in a
case where the refractive index n of the total reflection prism member is
1.6 and where the center wavelength Ac of light is 750 nm. It is seen
5 from Fig. 15 that the range of incidence angle 8 may be set to be
approximately from 42° to 90°, in order to satisfy Condition (8) while
the absolute value of the relative positional deviation amount A between
the polarization components caused in one total reflection is kept not
more than 0.3 um. The incidence angle 0 is about 49° when the
10 relative positional deviation amount A is approximately zero.
[0101] Fig. 16 shows a relation between the relative positional
deviation amount A by one total reflection and the incidence angle 0 in a
case where the refractive index n of the total reflection prism member is
1.7 and where the center wavelength Ac of light is 750 nm. It is seen
15 from Fig. 16 that the range of incidence angle 8 may be set to be
approximately from 39° to 90°, in order to satisfy Condition (8) while
the absolute value of the relative positional deviation amount A between
the polarization components caused in one total reflection is kept not
more than 0.3 um. The incidence angle 6 is about 46° when the
20 relative positional deviation amount A is approximately zero.
[0102] The aforementioned embodiment described the example in
which the exposure apparatus was provided with the single surface
position detecting apparatus, but, without having to be limited to this,
the detection field can be divided with use of a plurality of surface
25 position detecting apparatus according to need. In. this case,

calibration among the apparatus can be implemented based on the
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(10) [0115] In order to restrain the influence of the relative
posi ti onal deviation between polarization conponents of the totally
reflected light on the detection accuracy or the |like, the idea of

t he af orenenti oned enbodi ment to keep the relative positional

devi ati on anmount caused at 20 one total reflection surface 0.3 pm or
less is applied to the relative positional deviation amount Al 2
represented by Eq (10), and Condition (11) below with the upper limt
of 0.3 pmX 2 = 0.6 pmand the lower [|imt of -0 3i.tmx 2 =-0.6
gm i s obt ai netétesticn cenudistinon adbmenxen éedd betwesn kalgpéatprsirald of heirst
rel ative positignal deviatjon amount Al 2 finally caused in the |ight
after the suctéisepositiendetesting apparstusnanthe delgction field «ffi 2 secantd
surfaces 6la and 61b. .5 0&16%, Math 8] (11) [0117] In a specific
nuneri cal exalpiase RASEIE E¢ECHRE ARP S:prism 61 is made of silica

01710 the i nD1OSHTE AlFrbRrimRd pryodimea’ s i ARaHERTGRere tihe
he revati ve ety SRR E I B e e BRBRE o ot
reflection mc’?&%éﬁ%é SuB&rAS ik o gﬂn)geétﬂﬁl %ﬁbgﬂ%ﬁ%ﬁ%ﬂﬁlh 0?@& the

deviation a caused at the sec tot al n surface 6lb
is -0.21 pm fhas&ltVinvéMeon ehAltalyebeapplicanal dededtic bPA PRUBHAion
caused at the first 15 total reflection surface 6la and the relative
positional dexfl avhavk 'ﬁ’mvhmﬁrdﬁ%cﬁamm@oamret fspazenend Thet gforébhiehddn
surface 61b cancel each other and the relative positional deviation
amount Al 2 f iemabodinuends &chsi the happliaptionafafethe heresentc disedntion doakhe
reflections on the twg total reflection surfaces 6la and 61b becones
+0. 2719m  whidetegtipmet the serfepepositar of the phoisensitivenstbsaate in the
nuneri cal exanpl e,, where the tet ragongl prism6l is made of silica

gl ass with tHEOKRESHORCBXRRSUIR APPapailis,) buk theypsesent Havention can also be

applied to detection of a surface position of an ordinary detection target

2

surface.
[0104] The aforementioned embodiment was the application of the
15 present invention to the detection of the surface position (position along -
a normal to the detection target surface) of the detection target surface.
However, without having to be limited to this, the present invention can
also be applied, for example, to a measuring apparatus in which an
optical member with a total reflection surface is disposed in a
20 measurement optical path and more commonly to an optical apparatus
in which an optical member with a total reflection surface is disposed in
an optical path. Specifically, the present invention is applicable to an
apparatus for measuring a surface shape of a detection target surface as
shown in Fig. 17 or to an apparatus for measuring a position of a
25 detection target surface (a two-dimensional position of a detection target

surface along in-surface directions) as shown in Fig. 18.
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i nci dence angle 01 to the first total reflection surface 6la is 500,
and where the incidence angle 02 to the second total reflection
surface 61b is 60, the relative positional deviation anmount Al caused
at the first total reflection surface 6la is +0.155 pm and the

rel ative positional deviation amount A2 caused at the second total
reflection surface 61b is -0.136 5 pm Nanely, the relative
positional deviation anount Al caused at the first total reflection
surface 6la and the relative positional deviation anount A2 caused at
t he second t 40405} éf ltee tiemsudng fapperadibsoannah Fgceh7,anhasurement Hght
relative positional deviation amount Al 2 finally caused in the |ight
after the sudbasstJightotarcs &l tevelsnidrowgh raehgl{tasqnﬁmg apsicak system 10

surfaces 6la and 61b becones +0.0 pm. whi.ch i s not re than 0.05
pm [0119] | AP¥jecidas ephipel orgtami %gra@ﬁ]és angidenigiora @taﬂ%ﬂesﬁen optical
t et ragonal 61 wi th.the | ection

as a tO][ al Irotr%#l?slgbﬁ foptinal o %g&t%tﬁ%rrgﬁECQMW%s ggﬁf(&'},%% B g,d
o, bt Ay, G SR W,
Pl ght. to.t he QL ERERn" Skl a0k ShbWr] oOF dhe PoTpl' sblleclon Upktar

surface) may fhampet &fINigafles Cirdfdd #LAPdSHEREibn L fAkdtChFade 44. The
positional deviation anount finally caused in Iight 20 after

successi ve t ghédsui@hkat lighnsefdectad Mrifiad detecdbntiaigt suefdcecdd @ then
surfaces (N total reflection surfaces: Nis an integer of 2 or nore)

i n one pol yganaidept it m totpd neflattign cpticapmenabemdSibior)exaimple hhaving 2,
the relative positional deviation anpunt AiN finally caused in the
li ght1@fter wcoaligutattersisimilantathated] Gt iodalsradlectine apticel atember 43.

of | (12) | 012He TipeREEIen d BtE JorDREIfETIenR A EelAct oo eAcRE (08!

posi i onal dey ot o) RE'SEPR. R0 AL B3LA0 T SAMRPAS TSR ikl Wight
receiving optical system 46 and is then incident to an image detector 47,
for example, like a CCD.

15 [0106] In this apparatus, the incidence position (image position) of the
measurement light to the image detector 47 varies with change in the
height position of the detection target surface 44 where the
measurement light is incident. Therefore, the surface shape of the
detection target surface 44 (distribution of heights at respective in-

20 surface positions) is measured by measuring incidence positions of the
measurement light to the image detector 47 while changing the
incidence position of the measurement light to the detection target
surface 44 by two-dimensional movement of the detection target surface
44 along the in-surface directions, or while changing the incidence

25 position of the measurement light to the detection target surface 44 by

action of a vibrating mirror or a polygon mirror in the light-sending
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the detection accuracy or the |like, the idea of the aforenentioned 5
enbodi mrent to keep the relative positional deviation anbunt caused at
one total reflection surface 0.3 gmor less is applied to the

rel ative positional deviation anount AIN represented by Eq (12), and
Condition (13) belowwith the upper limt of 0.3 pmx N = 0.3N gm and
the lower limt of -0.3 pmx N =-0.3N pmis obtained as a

condi tional 10 expression for keeping small the relative positional
deviation amount AiN finally caused in the light after the successive
total reflectopitn] epstetre4N t Ghalsuritck shapoof the deteetion fAgeRiurfadet 44
10] N1 -0.3N(pn) ltan E 1 Goss 0.3N (pm_  2-41n2 sin 19" -1 n2
si n2si n2 Ca -cennot felBicapwed3withuhighe reBracy Widro therh aadatgs taorddative
limted to one optical, nenber, the present invention can al so be
applied to a BpRsiEendl; degratiop: ibehwesr npRIAEZAtOR yedmpoReRifein tthat t9tRk
refractive ingﬁg na_ of g{\éﬁtlic rrenber.ff)rm' th -th total
reflection sUFF&EEORS it EisWtabysticchpn Qptical mfmliers)*3a dd» i IhdiC8shce
angl e (0 < . Q' 5 = flnci | ] ght t -th _total
ol ecti on s o Paeahite s 8 UM of cht BEIEEh il inidied 19, Rl e id e
posi tional deyiatl L al i ' after

successi ve t?{ég?:%;gﬁd%%ﬁgﬁiﬁg pﬁaggglai yp%fléliﬁt;?g#g%gf | ection
surfaces (N t[oyal] TRl BehdiRtheStHe at®sce Shdpe @Ptﬂe‘”‘&é’t@@ﬁoﬂftm%efjéufﬁéee)-
In this case, the relative positional devration amount amftinally

caused in theid iveikth Mgk elcchifiys wiiRsdstainiapather fflepte wisthenrdlfeyeN
total reflection surfaces in the plurality of optical nmenbers is

represent ed kposhtopdl1dyvihdbnvbetween polarization components caused in the

10 light totally reflected in the total reflection optical members 43, 45, on
the measurement of the surface shape of the detection target surface 44,
the refractive index n of the total reflection optical members 43, 45 and
the incidence angle 8 of the incident light to the total reflection surfaces
can be determined so that the relative positional deviation amount A

15 between the polarization components of the light totally reflected by
each total reflection optical member 43, 45 becomes approximately
zero, i.e., so that the absolute value of the relative positional deviation
amount A between the polarization components caused in one total
reflection becomes, for example, not more than 0.3 pum and more

20 preferably not more than 0.2 um.

[0108] In the measuring apparatus shown in Fig. 18, measurement light
from an illumination system 51 is reflected by a half mirror 53 in an
objective optical system 52, and is emitted from the objective optical
system 52 to enter a path folding prism (optical member with a total
25 reflection surface) 54. The measurement light totally reflected on a

total reflection surface 54a of the path folding prism 54, for example,
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[0124] [Math 11] (14) [0125] In order to restrain the influence of
the rel ative positional deviation between polarization conponents of
totally reflected light on 10 the detection accuracy or the like, the
i dea of the aforenentioned enbodi nent to keep the relative positional
devi ati on anount at one total reflection surface 0.3 pmor less is
applied to the relative positional deviation anount Al N represented
by Eq (14), and Condition (15) belowwith the upper limt of 0.3 |am
X N=0.3Npmand the lower limt of 15 -0.3 pmx N =-0.3N pmis

obt ai ned as dilcoadiiangnbir prigm disirdnatesra Heptiog t Isutfaee r3dl. at Thve
positional deviation amount AN finally caused in the light after the
successi ve t onagsuremiest thight sretlectedeb 4 mnaik (radtl xdEIwmhpmmﬂade;m the
[0126] [Math 12] 20 Adan al -0.3N Ca rn). ) cos ea 0.3No,
7r411a2 si n2 detegtionytapeesisypfaca 56 1§|agzlrommcient(tqshe p@thzfmidmgmm §4no

oot of er abl oS TEASUTHGoORER [QIANY TSHoGSHCP o 18] Teection surfac
5 S4a of the path folding prism 54 then travels through the objective
optical system 52 and the half mirror 53 therein to enter an image
detector 56, for example, like a CCD,
[0109] In the measuring apparatus shown in Fig. 18, positions of marks
on the detection target surface 55 and, therefore, positions of the
10 detection target surface 55 (two-dimensional positions of the detection
target surface 55 along in-surface directions) are measured based on an
output from the image detector 56. The position of the detection target
surface 55 cannot be measured with high accuracy when there is a
relative positional deviation between polarization components in the
15 total reflection in the path folding prism 54 in a case where the detection
target surface 55 has polarizing nature.
[0110] For measuring the position of the detection target surface 55
with high accuracy while restraining the influence of the relative
positional deviation between polarization components caused in the
20 light totally reflected by the path folding prism 54, on the measurement
of the position of the detection target surface 55, the refractive index n
of the path folding prism 54 and the incidence angle 9 of the incident
light to the total reflection surface 54a can be determined so that the
relative positional deviation amount A between the polarization
25 components of the light totally reflected by the path folding prism 54

becomes approximately zero, i.e., so that the absolute value of the

48



"-0.3 pmor nore" and to set the lower limt of Condition (9) to
"-0.2 gmor nore." Wien the relative positional deviation ambunt is
smaller than the lower Iimt of Condition (8), it will unfavorably
result in bringing the foll ow ng di sadvantages: the apparatus cones
to have a 5 configuration of oblique incidence with a | arge incidence
angl e; the optical nenbers such as prisnms becone conplicated and

| arge in scale; the entire apparatus al so becones conplicated and

|l arge in scale. On the other hand, when the relative positional

devi ati on anuglativies positioeal tdewintidre Amoent | AmiHetebeCotish t palarigdion i t
wi |l unfavorably result in 10 enhancing the tendency of |ncrea5| ng

t he i nci dencecaRpPRentn Qaﬁéeicqur@‘ﬁ(&ﬂﬁ oeflestionb becpraes, nfor devaceple, not

enhancing the ten ened/ of rra g the o {al cal menbers such as prisns
conpl i cat ed éﬁﬂrqgﬁa@ ,angg |r€0r%pr@ 918 Wt@ﬁmﬁ@ﬂr{bzm tendency

25101561 “he T0T0L] 45 ARR IR e by detactien Hnder sihas Ew thin
L oe pm? Fﬁf‘géﬁﬁéiﬂ% $igichS br g HolfoRl mope@f%s%&‘e’s}- fa
0. 05 pm or SRS bfisChish i pfgrﬁ HLANBERRC HIACK AR R @P%agﬁ)e

det ecti on whi ena I I ng Si I'on and conpac cat’

optical nmenmbefispsed ﬁpaﬁ%ﬁi@aql@thb@ﬂeimm fAdhtd ibaﬁlc;@thb '&%

preferably satisfied in order t'o enable h|g er-a ura
det ecti on whidpticahahbth, ng ﬁleniﬁllké)f itarefcre, &n r@&fémaﬁbhfrbﬁé’é ti%?e@lf I’E fge

opti cal nenbers and apparat us 0129] [I\/at 13] 25 1 - 0.05 (pn)
tan 61 1 x- preferalsien®o Oapipropriatelp 62t $he2refracfive omdex0 of5tHeo @bncai
10 member forming the internal reflection surface (total reflection surface)
and the angle of incidence to the internal reflection surface (total
reflection surface).
[0112] Incidentally, the aforementioned embodiment shown in Figs. 1
to 3 uses the parallelogram prisms (thomboid prisms) each having the
15 two mutually parallel total reflection surfaces, as the total reflection
prism members. The refractive index n of the prisms and the angle of
incidence 6 of the incident light to each total reflection surface are
determined so as to keep small the relative positional deviation amount
A caused at each total reflection surface. However, without having to
20 be limited to this, it is also possible to use, for example, a tetragonal
prism 61 having two mutually opposed total reflection surfaces as
shown in Fig. 19 (generally, two total reflection surfaces not parallel to
each other), as a total reflection prism member, and to determine the
refractive index n of the prism and incidence angles 6, (0° < 6; < 90°)
25 and 6, (0° < 6, < 90°) of incident light to the two total reflection

surfaces so as to keep small a relative positional deviation amount
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(16) [0130] The below wi Il describe a range of incidence angle O
where the absolute value of the relative positional deviation anount
A between the pol arization conponents caused in one total reflection
beconmes not 5 nore than 0.05 gm wth change in the refractive index
n of the total reflection prismnenber, with reference to Figs. 20 to
23 conesponding to Figs. 13 to 16. Fig. 20 is a drawi ng show ng a
partly enlarged view of Fig. 13, and shows the rel ation between the
rel ative positional deviation anount A in one total reflection and

t he inci dencefinaldy eatsed il @h¢ hight afer woecessiveetatel reftdctivas ididte twof
the total reflectign prismnenber is 1.45 and where the center

wavel engt h ?L@t@lfreﬂﬁgﬁ@n isyrfases dha and 6ilb, seethd som/gi-§ A, 2 the a¢latihe
range of incidence angle B can be set to be approximately from52 to

55, in order PETHERASISVIARRIATIBIT CucpUsed retheashinial ctigngeriece
Lo oneat 5 coolRind NS BobRan R e ibnth Smtsiot Aadeungt B thseooibe.
0131] Fi [ i howi tl | d vi f

o L el et Rt S g o 10 B B P e haert 1 oral
devi at i t i t (! . t o i 0
'n'the case wearal Traag8 st The (Bl pORRE |81 DL AARER2AENEy
pri sm nenber d:f5¢d 5nang 1WheHeet fke §§£Ee§§iv\éf%ﬁmgg&&iaffs S ahd 805 tbt%b

750 nm It is seen fromFig. 21 that the range I ncidence angle

can be set t arefiectipnrsaxfaced 61y ahd GT62Ap=19 DBy, ifepraientdd®hpBY 3Dy
Condition (16) while the absolute value of the relative posi‘tional

devi ati on anthelowA BEterSest tetm quotterdiglat hanl fde anity €r0)scarpespedds fo
one total reflection is kept not nore than 0.05
10 the relative positional deviation amount A; caused at the first total
reflection surface 6la and the second term on the right hand side
corresponds to the relative positional deviation amount A, caused at the
second total reflection surface 61b.

[0114] [Math 7]

A = Atan 6, 1 . p
= , , ~1 |- cos
? rtsin?g -1 | #*sin? @ +sin® 4 1 :
Atan & 1
+ 2 ~11-
ﬂan sin® g, —1 [nzsin26’2+sin2 g,—1 ) cos&,
15 (10)

[0115] In order to restrain the influence of the relative positional
deviation between polarization components of the totally reflected light
on the detection accuracy or the like, the idea of the aforementioned
embodiment to keep the relative positional deviation amount caused at
20 one total reflection surface 0.3 pm or less is applied to the relative
positional deviation amount A, represented by Eq (10), and Condition

(11) below with the upper limit of 0.3 um % 2 = 0.6 um and the lower
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pm [0132] Fig. 22 is a drawing showi ng a partly enlarged vi ew of
Fig. 15, and shows the relation between the relative positional

devi ation anount A in one total reflection and the incidence angle O
in the case where the refractive index n of the total reflection
prismnenber is 1.6 and where 5 the center wavel ength Xc of light is
750 nm It is seen fromFig. 22 that the range of incidence angle O
can be set to be approximately from46.5 to 53, in order to satisfy
Condition (16) while the absolute value of the relative positional
devi ation a t of b8t3vpen *the pbloauinziatodained msaneonditioaslsexhressione
total reflectjon is kept not nore than 0 05 10Rm [0133] Fig. 23 is a
drawi ng showi ¥y kegpang |spalhithe gelative epesotfiommlgdevigtion manamva ot finally
rel ati on bet ween éhe el.ative positional, deviatign amount A in one
total reflectiatedn tPRAIEH: AReEREe SUFRFEVS il nRBceE Wity dotal

refractive ind of the total reflection prismnenber is 1.7 and
where 15 the r@iﬁfgpn\ﬁ&[}gpgﬂéi%aﬂ@%éb light is 750 nut It is seen from
Fig. 23 that i nci dence angle 0 can be set to be

appr ox?matel M?glﬁ[ﬁg&lﬁ{]o 500, in order to satisfy Condition (16)
whi l e the absol ute val ue 1; the rel ative positional deviation anount
A between the pobairkyzati enl_?.__c.ah.sgd_j_n_@;ecgsgt al reflection
is kept not nore than Oa::?%siﬁbﬂgml {;ﬁ_’t}@ﬁﬁ-@ﬂﬁﬁlaﬂ y,) in the case where

light is successively t tably r[eflecte on a plyrality of total
reflection surfaces+i il cal—penber, the juppsyy, Id 6% f
Condi tion (13) can be:;s&inztaa—(}). %Sﬂ?ﬂﬁénﬁ%ﬂl). OgN pm and thé | ower

limit thereof to -0.05 pin x N = -0.05N pm whereby 25Conditiofl1}17),
which is nore preferable than Condition (13), is obtained as a

condi tional dRpiékdnonhspeniiie mawnenicpl exghmpnleavberathe tetigonalaptism 61
detection while enabling sinplification and conpactification of the
optical nenbdf SNEHE %tjpﬁg%t 3ss pidpe F"Pﬁ@ﬁl‘@f}ndex n = 1.45, where the

incidence angle 0; to the first total reflection surface 61a is 47°, and

10 where the incidence angle 0, to the second total reflection surface 61b is
70°, the relative positional deviation amount A; caused at the first total
reflection surface 61a is +0.48 pm and the relative positional deviation
amount A; caused at the second total reflection surface 61b is —0.21 pm.
Namely, the relative positional deviation amount A; caused at the first

15 total reflection surface 61a and the relative positional deviation amount
A; caused at the second total reflection surface 61b cancel each other
and the relative positional deviation amount A;; finally caused in the
light after the successive total reflections on the two total reflection
surfaces 61a and 61b becomes +0.27 wm, which is not more than 0.3

20 pum.

[0118] In another numerical example, where the tetragonal prism 61 is
made of silica glass with the refractive index n = 1.45, where the

incidence angle 0; to the first total reflection surface 61a is 50°, and
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A tan Oal - 0.05N (4enz), 4722 sin2 ea -1 722 sin2 Ca + sin 2 Ca
-1C0SCa 0. 05N(um) 5(17) [0136] Similarly, in the case where light is
successively totally reflected on a plurality of total reflection
surfaces in a plurality of optical nenbers, the upper limt of

Condi tion (15) can be set to 0.05 pmx N = 0.05N pmand the | ower
limt thereof to -0.05 pmx N = -0.05N pm 10whereby Condition (18),
which is nore preferable than Condition (15), is obtained as a

condi tional expression for enabling higher-accuracy and stabl er

detecti on whi bieenely iietericariniold egtd B2 s@eﬁng gcsm?f%ﬂefé%i@gtéu%cefmmg

Jryna2. i na. 80 theaslmivespaditional Heaticn Ainotns AreadsaBtE i Hian]
(18) [0138] In the present invention the OHS caused at a plurality of

t ot al reflection surface 61a is +0.155 pm and the relative positional deviation

amount A, caused at the second total reflection surface 61b is —0.136

5 um. Namely, the relative positional deviation amount A; caused at the

first total reflection surface 6la and the relative positional deviation

amount A; caused at the second total reflection surface 61b cancel each

other and the relative positional deviation amount Ay, finally caused in

the light after the successive total reflections on the two total reflection

10 surfaces 61a and 61b becomes +0.019 um, which is not more than 0.05

.

[0119] In the description with reference to Fig. 19, the tetragonal prism

61 with the two total reflection surfaces was used as a total reflection

prism member, and the same idea can also be generally applied to cases

15 using a polygonal prism having two or more tota] reflection surfaces.

Namely, the refractive index n of the prism and the incidence angle 8a

(0° < 8a < 90°% a = 1-N) of incident light to the a-th total reflection

surface (internal reflection surface) may be determined so as to keep

small the relative positional deviation amount finally caused in light

20 after successive total reflections on a plurality of total reflection

surfaces (N total reflection surfaces: N is an integer of 2 or more) in one

polygonal prism (generally, an optical member). In this case, the

relative positional deviation amount Apy finally caused in the light after

the successive total reflections on the N total reflection surfaces is

25 represented by Eq (12) below.
[0120] [Math 9]
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reflection surfaces is controlled by properly setting the incidence
angle and the refractive index form ng each total reflection surface,
but it is 20 also possible to control the Goos-Haenchen Shift (CHS)
anount, by maki ng the incidence angle of at |east one optical nenber
with a total reflection surface (one or nore of optical nenbers
having a total reflection surface) adjustable by an adjusting device
and changi ng the incidence angle to each total reflection surface to
adj ust the Goos- Haenchen Shift (OHS) ampunt. In this case, the

adj usting device caqvbe arranged so as to be able to manual ly or
automatical ly %gjus theﬂ§§nﬁtal nmber, Hut it smglefe able to

[
e he o P B0, R P R T ARE T T | ?’%& on
is such that a detecting device detects |ight having passed each
and others 1 J09P15dR S6teH geairBniks CRIRISEOhhG sl ogon
dot oct onsi qitatdp Gefert PRidatzatigR EraShedt) BF sty e Rbisd it ony
[ ght spl i tting neeEiBpadupack QRCURTINE Mo, QST BEHE 4lrihinidfed °
detect§r si d%rﬁ!f:odi'ii‘i’eﬂﬁﬁlskéb%) frRbRyAi oéiﬁaﬁal}lgévéoéggg alargcﬁ%rﬁeféghgﬁ at

device (detector or the like) for detecting t

(OHS) anpunt dre thiabesfecticn istrfate ARBi G@l oPdkds $PhpplibY thh®cbRAMIve
splitting nmenber. Driving devices (adjusting devices) are arranged to

i ndependent | ypasitedral elevivtiore amecit ey papieséaledi g Bor (12)paiB Cond&lon
based on the output fromthe detecting device (detector or the |ike),
and the angl e(é%gelqw:m&n&@ apparilihit afd).8 hen reBiye O3 N gim andithe lower
refl ection surface (g | b, 32b)_of the respective path 20 fol ding
prisms (31, 3t §fc U4 Wdr el Mdepdhddhtiny isr obtirecbiaser conditighat he
drivi g devi ces ' mount of the

e(’ad ust i devi ces),, ,whereby the OHS
ent i L aEpar SWEEY ?@r E‘?‘SB’@& He t&e[@iq{?%’e ?H%‘t’é’%ﬁbgﬁwﬁﬁﬁﬁp@ﬂ%ﬁ%
- (sen conduct draanriE SaERREdh TEE e Rt We it Gk (R rilicdihg,n
devi ces, thi %éNthtigﬂgéﬁﬁf}E%et c.) through a process of

illumnating a reti ma e illum nation apparatus
[0122] [Math 10]

¥ Atan@ 1
~03N () < 4
; m/nz sin® @, -1 n*sin’ @, +sin’ a,-1

uIJ- cos@, < 0.3N (um)
15 (13)
[0123] Furthermore, without having to be limited to one optical
member, the present invention can also be applied to a plurality of
optical members in such a manner that the refractive index na of an
optical member forming the a-th total reflection surface (internal
20 reflection surface) and the incidence angle 8a (0° < 0a <90°; a= 1-N) of
incident light to the a-th total reflection surface may be determined so as

to keep small the relative positional deviation amount finally caused in

the light after successive total reflections on a plurality of total
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(illum nation step) and exposing a photosensitive substrate with a
transfer pattern fornmed in a mask, by the projection optical system
(exposure step). The below wi ||l describe an exanple of a nethod for
obt ai ni ng sem conduct or devices as mcro devices by formng a 5
predetermned circuit pattern in a wafer or the like as a

phot osensitive substrate by neans of the exposure apparatus of the
enbodi nent, with reference to the flowhart of Fig. 24. [0141] The
first step 301 in Fig. 24 is to deposit a netal filmon each wafer in
one | ot. The redlactionepurfnesi(N tatahppllsctiomphuntacess N is antintdgee of @ or
metal filmon each wafer in the I ot, The subsequent step 303 is to
use the ex posme)appré\'tgﬂ%@%@f thenislatbis positivieali deviatiorameyubAn Enelly
transfer an i nmage .of pattern on a mask .into each shot area on each
wafer in the f EﬁHPo@)&rﬁl lhfeaﬁ%]ﬂ pucssssyeitetal refleetionsopn the N total

exposure apparatus. The.subseguent si. 04.is to performdevel o nt

of "the phot or EaledtiopsEfEER ih s LS ohepiedl analer A iErreserisy Bos

is to gerfor { ing the resist pattern on each wafer in the

| ot asBa masﬂt,("ag%gjgﬁlg%by to forma circuit pattern corresponding to

the pattern opibhg [Mﬁﬁ’ﬂi n each shot area on each wafer.

[0142] Thereafter, ‘devices such as sem conductor devices are 20

manuf act ured t hrough steps including formation of circuit patterns in

upper | ayers. 'Izge ageve- detmrd ped seni condugtor device yranufacturing

met hod pennits Fupm ites W-ebs@xtrenel y
t

& T ogﬁzn_—@?‘ﬁz_ i
fine circuit patterfiZrhisgh €hrd S$+30)- 305 are

Gaptit.

arranged to performthe respective steps of deposition of net a(1950n
the wafer, application of the resjst onto the netal film exposure,
devel opnent, EHdSdtlahordsr butrestrains the cifeiesce cofmghe i rsfativeatposhional
process may be.npdified as follows: prior to these_steps, an_oxide
filmof sili 1pidon SehueED ROlREZaliangompones of totellyHeflesiss) liglht omt o

and t hereafter,.the,steps of

the sihicon oxide fil. . xposure,
devel brrent , dgg‘rteghghga%ﬁ]ga%%rqri e dike @Foﬁﬁﬁ] th@‘eeﬁ Sgegtioned
appar at us of i I nuf a r i qui d-crystal
o Spl 2y devi 1 aeGERa B30 TE 18459 SBRMSREL HeRafop At L Rk et
(circuit patt : enpRa A, l,at epr
substrates). I%El%gggirlrp efa(gg g’@ng%ﬁgg lleﬁé tq%i)agﬁggget%wl IIC%%@?}EZ ((:)rsji%)élgl
bel ow wi th r ed&/igi6e abdunb A { lrepeRanted b 9149 3nd Ooddi

pattern form nglst ep 401 is Iﬁg execut eq;g quclzgf’l%gg (B%‘g‘%lgffltj(ﬁgggglﬁﬁi
step of transhehrthagigpepdihigref 03 amimask oML INauBhAid geNidwérVBmit of
substrate (a gl ass substrate coated with a resist or the |like) by
nmeans1df the ekposmr ¥ NMppartaBiNspiof is bbtadbeml es entaditiend]. efression for
photol i thography step results in form ng a predeterm ned pattern

i ncludi ng a |keeginguspell G relative positional deviation amount Ay finally

caused in the light after the successive total reflections on the N total
reflection surfaces.

[0126] [Math 12]

N
—03N(um)<y, a
20 . a=l J'I-\/naz Sil‘l2 9,, -1

Atané 1 I 8 <03N
— -c ot .
n sin? 4, +sin’ 4, -1 G (4 )
(15)

[0127] There is no lower limit set in the aforementioned Conditions (8)

and (9), but it is preferable to set the lower limit of Condition (8) to
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15 el ectrodes and others on the photosensitive substrate. Thereafter,
t he exposed substrate is processed through each of steps including a
devel opnent step, an etching step, a resist renoving step, etc.
whereby the predeterm ned pattern is formed on the substrate,

foll owed by the next color filter formng step 402. 20[0144] The next
color filter formng step 402 is to forma color filter in which a

| ar ge nunber of sets of three dots corresponding to R (Red), G
(Geen), and B (Blue) are arrayed in a matrix pattern or in which
sets of filterd.3fumremose't ipeso oét Re IoweardinB @f Eonditipe@)ito "HO2
hori zontal scan line direction. After the color filter form ng step
402, a cel | 24B¥ERBr§-ng Wihep thezelative pesiitanal deviatioslamaeisdsbmiatigr

Gsi ng the SuBCERSTE TGeh A BF SCLGHAR ARG, Shotidh ADBBIORRMEGSHIE e
Pri tor form g S BE GiS2tollgring: FisrQvaaas, (F ABHESS] fOrHES GniAYch
tep 483, the. ] iquid- : bhd :
o 8o o B! ol T e s e

et ween the Sﬂgﬁta [ e
pattern form ng s'!t[%@%ﬁgﬁhﬁgﬁﬁ%ﬁéﬁﬁggﬁmgﬁ%ﬁg&g%ﬁgncso?%’r
filter form ndewnte 4PRarathe akelQUHEEN coMmpUbicaSaRMlbdth SE4B. 4 1 S

to attach vari ous conponents such as electric circuits and backlights

for display dherdhérmarad, when deseitivdpbditivhel devistieh apragl i kngled
crystal 10 cell) to conplete the |iquid-crystal display device. The

above- descr i Bban rheuicweudiony ofCouliton (99, i guilldunfaetrablydiespltain
device permts us to obtain the | igu_i d-crystal display device with
extreh®ly firfétheneiag theatanslensy aof hingreasingo thapinciderceAlangle in the.
A surface position detecting.apparatus conprising a |ight projection
syst em whi ch EERLL0Ty Oségﬂ*cﬂeomc NGBy PRbancng dbe ft%fﬁ?ﬁ‘élﬁﬁfcp%maklﬂg

25 beam r of | B8 colichl AERAR ik pb Hioaiguhnlitad S0 Sl ealeernd
o q ; ; q ¢

Posi t1on of (RLge, ERPRIAhYS AL, ARARHAR. BF Wi e e , Biemates

fromthe |i g@orﬁeﬁwédtg_ﬂ%sf%%ﬁﬂ sufigrein at |east one of the |ight

proj ection system and
15 [0128] The upper limit of Condition (8) is set to "+0.3 um or less," but

it is preferable to set the upper limit of Condition (8) to "+0.05 pm or
less" and to set the lower limit of Condition (8) to "—0.05 um or more,"
in order to enable higher-accuracy and stabler detection while enabling
simplification and compactification of the optical members and
20 apparatus. Namely, Condition (16) below is preferably satisfied in
- order to enable higher-accuracy and stabler detection while enabling
simplification and compactification of the optical members and
apparatus.
[0129] [Math 13]

~0.05(um) <

Atané ( 1
"5 m/nz sin? @—1

-11. <
n’sin’ 6 +sin’ 6~ 1 1) cost < 0.05 (sam)
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10 reception systemconprises a total reflection prism nenber
including an internal reflection surface which totally reflects an

i nci dent beam and wherein, for restraining influence of a

rel ative positional deviation between polarization conponents of the
beamtotally reflected 15 on the internal reflection surface of the
total reflection prismnenber, on detection of the surface position
of the detection target surface, a refractive index of an optical
material formng the total reflection prismnenber and an angl e of

i nci dence of the incident beamto the internal (BEf)l ection surface of
the total reflection prismnenber are set so as to 20satisfy a

pr edet er mi ned G804t ¥inbelow willdestribe aurange ofposidenon angtee twimye the

di t laim 1, wh int t qt al flecti [
monber e mad St AR PEUIS FERS BPHPDA e HRuRr CEiavh ddbTERPRGRS ve
i ndex, d . ... Wwh int | e .of inci f. the incident
beam {0 the Z2SATEPHER CERPOREILG FUGTY ABCOBF PHD eBlegtionepresgiromot

. b . . _ t he 1 el ati
osi 11 anal devPat ht BEf et Bbe MY itacive @slel BF ondoBLam
totally refl aeiRden oty WURbEA iftPldreidnopto T4{ 3RF1o%33 Lhiftelitiriing
reflection prismnenber becones substantially zgro. 5 e

surface posi tioMigdel 2¢bi160 HpanOtisye AERMEERGWIY: &/l In
t he total reflectgidon prism rrer%ber IS arran%]ed tor%o al | eréle#‘$%dé\?%§fe _

i nci dent beanof Rigdd6t atd ahpweddiernslatien asgheemithé N@lABRC SokRidnak
internal reflection surface, and wherein the refractive index
of the opti cadevisfien amovndriimeneHotal aeflectiad badttheingidesce gl in s
determ ned so that an anount of the 10 relative positional deviation
bet wedB t he brataseatvheie clhgpeftantiveoindeze nhefntheotatnl yefledticmc peignon
the internal reflectiqgn surface of the total reflection_ prism nenber
becones substBFIDEL I1§/(izdr£§6né where thg cenigs V@Yﬂ%héﬁﬁﬂlﬂglﬁ 1§6t58chmng

? 2??23} ﬂ; ?glclglg :3%%1 %r%n? lﬁg.ofﬁ" tl’?gt tfllearianrrgse %)f tir?ci ’em\:,\e’:h iar(fg esea E:ellrf ieessét %ohe

be approximately from 52° to 55°, in order to satisfy Condition (16)
while the absolute value of the relative positional deviation amount A

15 between the polarization components caused in one total reflection is
kept not more than 0.05 pun.
[0131] Fig. 21 is a drawing showing a partly enlarged view of Fig. 14,
and shows the relation between the relative positional deviation amount
A in one total reflection and the incidence angle 8 in the case where the

20 refractive index n of the total reflection prism member is 1.5 and where
the center wavelength Ac of light is 750 nm. It is seen from Fig. 21
that the range of incidence angle 6 can be set to be approximately from
24.5° to 56°, in order to satisfy Condition (16) while the absolute value

of the relative positional deviation amount A between the polarization

25 components caused in one total reflection is kept not more than 0.05

pm.
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15[ Math 16] 2 tan 01 1) cos .5 0.3 (pm g.in2sin20n'sin + sin' -1
where A. (pm is a wavelength of the beam n the refractive index of
the total reflection prismmenber, and 8 (0 < 0 < 90) an angle of
i ncidence of an axial principal ray incident to the internal
refl ection 20surface. 5. The surface position detecting
apparatus according to any one of clains Ito 3, which satisfies the
following relation: [Math 17] 2 tan0 ( 1 -0.05 (gm1) cos0.05 (MO
71-1/122 sin2 0 -1 n2 sin2 0 + sin2 0-1 where A (pm is a
wavel engt h of[01 B2] begn2?2 os altrawiig showirg hndetly ehldrped tvidwlof Fig, 15,
reflection prismnenber, and 0 (00 < 0 < 90) an angle of incidence of
an axi al pri reidpgiowsatne retatitanbetveeentbeimlativegositidnad cleviaticsuamhaust
56. The surfac osition detecting apparatus according to an
A ?n gne total reflection anc? thepﬁmdence angle 6 in the case where the
refractive index n of the total reflection prism member is 1.6 and where
5 the center wavelength Ac of light is 750 nm. It is seen from Fig. 22
that the range of incidence angle 6 can be set to be approximately from
46.5° to 53°, in order to satisfy Condition (16) while the absolute value
of the relative positional deviation amount A between the polarization
components caused in one total reflection is kept not more than 0.05
10 pm.
[0133] Fig. 23 is a drawing showing a partly enlarged view of Fig. 16,
and shows the relation between the relative positional deviation amount
A in one total reflection and the incidence angle @ in the case where the
refractive index n of the total reflection prism member is 1.7 and where
15 the center wavelength Ac of light is 750 nm. It is seen from Fig. 23
that the range of incidence angle 6 can be set to be approximately from
43.5° to 50°, in order to satisfy Condition (16) while the absolute value
of the relative positional deviation amount A between the polarization
components caused in one total reflection is kept not more than 0.05
20 pm.
[0134] Similarly, in the case where light is successively totally reflected
on a plurality of total reflection surfaces in one optical member, the
upper limit of Condition (13) can be set to 0.05 pm x N = 0.05N um and
the lower limit thereof to —0.05 pm x N = —0.05N pm, whereby
25 Condition (17), which is more preferable than Condition (13), is

obtained as a conditional expression for enabling higher-accuracy and
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one of clainms 1 to 3, wherein the total reflection prism nenber

i ncludes N internal reflection surfaces, the surface position
detecting apparatus satisfying the following relation: 10[Math 18] 1
0.3N(4 in) E , tan 00 ) cos ea 0 .3N 02 in) gn2 sin2 CGa -1 n2
sin2 0,,, +sin2 Ca -1 where A (pnm) is a wavel ength of the beam
n the refractive index of the total reflection prismnenber, and Ca
(0 < Ca <90) an angle of incidence of an axial principal ray
incident to an a-th internal reflection 15surface. 7. The
surface posi tstabler deteetiongwhilp asrablisgadapildicatoh aranyodpectficaioy 68 1
to 3, wherein the total reflection prismnenber includes N internal
refl ecti on suhtapisal members and appatdtes.sur f ace position detecting
appar at us satisfgin the following 20relation: [Math 19] Ntan Gal O
. 05N 02. n2)i@13,]&g@5hd4lc 0.05N04. yril n2 sin2 ea -1 n2 sin2 Ca
+sin2 CGa -1

Y, Atané 1
~0.05N (um) < 2
) ,,z,,;: ;;.\/nl sin®@, ~1\ n"sin’ 6, +sin* 4, -1

—1)-cose,, < 0.05N (zm)

5 (17
[0136] Similarly, in the case where light is successively totally reflected
on a plurality of total reflection surfaces in a plurality of optical
members, the upper limit of Condition (15) can be set to 0.05 pm x N =
0.05N pm and the lower limit thereof to —0.05 pm x N = —0.05N um,

10 whereby Condition (18), which is more preferable than Condition (15),
is obtained as a conditional expression for enabling higher-accuracy and
stabler detection while enabling simplification and compactification of

the optical members and apparatus.

[0137] [Math 15]

i Atand, 1
—0.05N(u m) SZ — s —
a=l ﬂ.Jna sin 9:1"'1 2, 81 ga +51n ga—l

(18)
[0138] In the present invention the GHS caused at a plurality of total

- IJ ¢0s@, <0.05N(um)
15

reflection surfaces is controlled by properly setting the incidence angle
and the refractive index forming each total reflection surface, but it is
20 also possible to control the Goos-Haenchen Shift (GHS) amount, by
making the incidence angle of at least one optical member with a total
reflection surface (one or more of optical members having a total
reflection surface) adjustable by an adjusting device and changing the

incidence angle to each total reflection surface to adjust the Goos-

58



where A, (gm is a wavelength of the beam n the refractive index of
the total reflection prismnenber, and Ga (0 < Ca < 90) an angl e of
i nci dence of an axial principal ray incident to an a-th internal
reflection surface. 8. The surface position detecting
apparatus according to any one of clains 1 to 7, wherein the |ight
projection systemconprises a 5 projection-side prism nmenber

i ncluding an internal reflection surface which effects a substanti al
parall el shift of an optical path of an incident beam as the total

reflection prilsenohentSiift €GHS) amouthergithid bmvel tghbdfisaapidediceSyst em
conprises a reception-side prismnenber arranged corresponding to the
proj ecti on- siteapanged 50 asrboriber abledtd nedrmdilygomautomaticsdly adfukecid on
surface which effects a substantial parallel shift of an optical path
of an i nci derfiptisehimamben byt itdistprefarablettarepniigue the edjuating ideviast sd
reflection prism rrerg;ler. . Ei The s%rfac_e osition detecting
appar at us ac@8ri@ilsRls taaytanaticallcadingisthe ansios] mgnebesi n Lp Maisicagata

5 p’f Ry E@tsfeﬁs‘%e%‘;%ﬁﬁ éﬁ?agﬁq#ﬁi&?aﬁfﬁa‘@?% Stechibebut erforar febt
§ ondensi ng optiVi% pé?s%?iﬁﬂvéﬁcﬁﬁotaﬁ THEREEREP e e AARIRE S fine
pr edet er mi ned ec P E*6fgof Snt el 3RRER o WiE e Bopldfally et an
secondary i rgériéﬁe@&%&idﬂeﬂe@hﬁ)ﬁt geﬂsy‘ affBRht ! @g&w%ﬁ Nutput

condensi ng optical system the surtace’positi on detecting
appar at us detigfgrimgionn€a sletdaa pigshl,i orirdle bighatlebethd dike) AF-GRL the

surface on the basis of an output fromthe detection unit.

10 detecting device.
[0139] For example, in the embodied form shown in Fig. 12, a light
splitting member (half mirror or the like) is located on the detector side
of the lens 10 (above the lens 10) and a detecting device (detector or the
like) for detecting the Goos-Haenchen Shift (GHS) amount is disposed

15 in an optical path split by the beam splitting member. Driving devices
(adjusting devices) are arranged to independently incline the respective
path folding prisms (31, 32), based on the output from the detecting
device (detector or the like), and the angles of incidence of light to the
respective total reflection surfaces (31b, 32b) of the respective path

20 folding prisms (31, 32), are adjusted independently of each other
through the driving devices (adjusting devices), whereby the GHS
amount of the entire apparatus can be properly set.
[0140] The exposure apparatus of the above-described embodiment can
manufacture micro devices (semiconductor devices, imaging devices,

25 liquid-crystal display devices, thin-film magnetic heads, etc.) through a

process of illuminating a reticle (mask) by the illamination apparatus
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2510. An exposure apparatus which projects a predeterm ned pattern

t hrough a projection optical systemonto a photosensitive substrate
to effect exposure thereof, conprising: the surface position
detecting apparatus as set forth in any one of clains 1 to 9, which
detects a surface position of a surface of the predeterm ned pattern
or an exposed surface of the photosensitive 5substrate relative to
the projection optical system as the surface position of the
detection target surface; and posi tioni ng neans which positions
the surface ofilluiméngticestep)rianed epposiagna Oﬁhm@em@iﬁﬁé eshistiaiacegitef a

t he photosensitive substrate relative to the projection optical
system basedransfer gattem iformedrimsal mably, biyetteuptejeetigoipticah system
detecti ng appar at us. 11. A device manufacturing nethod
conprising: (eXposy® sxpbsukike el otilledesstiberay exampler of afmethed for
phot osensitive substrate.with the predeterm ned pattern, using.the
exposure appa?ebgﬁﬁjén%sses@%cmwri ﬁ?%?flcé?ﬁ MRS OMIgHRY deyicee\ndl dPHEHE st ep

ERELEGEU N P S TR M SRR Lt
including a toalafeeh GGEdR o e AGfodTe %ﬁ&%’f‘lfsdof BhePBm BBk &kt R
reference to the flowchart of Fig. 24,
[0141] The first step 301 in Fig. 24 is to deposit a metal film on each
wafer in one lot. The next step 302 is to apply a photoresist onto the
10 metal film on each wafer in the lot. The subsequent step 303 is to use
the exposure apparatus of the above embodiment to sequentially transfer
an image of a pattern on a mask into each shot area on each wafer in the
lot through the projection optical system of the exposure apparatus.
The subsequent step 304 is to perform development of the photoresist
15 on each wafer in the lot and the next step 305 is to perform etching
using the resist pattern on each wafer in the lot as a mask, and thereby to
form a circuit pattern corresponding to the pattern on the mask, in each
shot area on each wafer.
[0142] Thereafter, devices such as semiconductor devices are
20 manufactured through steps including formation of circuit patterns in
upper layers. The above-described semiconductor device
manufacturing method permits us to obtain the semiconductor devices
with extremely fine circuit patterns at high throughput. The steps 301-
305 are arranged to perform the respective steps of deposition of metal
25 on the wafer, application of the resist onto the metal film, exposure,

development, and etching, but it is needless to mention that the process
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wherein a refractive index of the optical nenber and an angle of 20

i nci dence of light to the total reflection surface are set so as to
restrain a relative positional deviation between pol ari zation
conponents of light totally reflected on the total reflection surface
of the optical nenber. 13. The optical apparatus according
to claim 12, wherein the optical nenber is nade of an optical

mat eri al having a predeterm ned 25refractive index, and wherein the
angl e of incidence of the light to the total reflection surface of

the optical nrebdre hedidd sofdlleis: PricaTouhéseddtepd)enrddiaé g of silicon
posi ti onal deviation between the pol arization conponents of the |ight

totally refl dstfodmed omdhe ovalkr,retésst isothenvafricd ofitot the sifitos alxide
menber becones substantially zero. 514. The optical apparatus
accor di ng to f&lnai and theseafie thatstens ehexpdsues doveldpneniynendg etaing iaom:
[Math 20] 1) cas.,0 0.3 (pn) A tan0Ol where X (pn) is a
wavel engt h ofcatrﬁédloiuéht , N the refractive index 10of the optical

rerbers 29 QuhfaT i SOboe e sle) L T Sebelh Bl b s
manufacture a liquid-crystal display device as a micro device by
forming predetermined patterns (circuit pattern, electrode pattern, ete.)
on plates (glass substrates). An example of a method in this case will
be described below with reference to the flowchart of Fig. 25. In Fig.

10 25, a pattern forming step 401 is to execute a so-called photolithography
step of transferring a pattern of a mask onto a photosensitive substrate (a
glass substrate coated with a resist or the like) by means of the exposure
apparatus of the above embodiment. This photolithography step
results in forming a predetermined pattern including a large number of

15 electrodes and others on the photosensitive substrate. Thereafter, the
exposed substrate is processed through each of steps including a
development step, an eiching step, a resist removing step, etc. whereby
the predetermined pattern is formed on the substrate, followed by the
next color filter forming step 402.

20 [0144] The next color filter forming step 402 is to form a color filter in
which a large number of sets of three dots corresponding to R (Red), G
(Green), and B (Blue) are arrayed in a matrix pattern or in which sets of
filters of three stripes of R, G, and B are arrayed in the horizontal scan
line direction. After the color filter forming step 402, a cell

25 assembling step 403 is executed. The cell assembling step 403 is to
assemble a liquid crystal panel (liquid crystal cell) using the substrate
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15. The optical apparatus according to claim12 or 13, which
satisfies the followng relation: [Math 21] 15 tan O ( n2 s - 0.05
(pn) ,n2 s 1) cos 0 :5 0.05 (pn) rt-Vin2 0-1in" 0 + sin20 -1

where A, (pnm) is a wavelength of the light, n the refractive index of
the optical menber, and 0 (0 < 0 < 900) an angle of incidence of an
axial principal ray incident to the total reflection surface.

16. The optical apparatus according to claim12 or 13, wherein 20t he
optical nenber includes N total reflection surfaces, the optical

gpltog;] aégs_ i af: %ngétge .r%c.ﬁtftsf&iﬂr;c)@vﬁamm@b@éih@@ in IepAttd] for@irgdNétep 401, ZN

the color filter obtained in the color filter forming step 402, and others.

[0145] In the cell assembling step 403, the liquid crystal panel (liquid

crystal cell) is manufactured, for example, by pouring a liquid crystal

5 into between the substrate with the predetermined pattern obtained in

the pattern forming step 401 and the color filter obfained in the color

filter forming step 402, The subsequent module assembling step 404

is to attach various components such as electric circuits and backlights

for display operation of the assembled liquid crystal panel (liquid crystal

10 cell) to complete the liquid-crystal display device. The above-

described manufacturing method of the liquid-crystal display device

permits us to obtain the liquid-crystal display device with extremely fine

circuit patterns at high throughput.
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a-Vn2 sin2 CGa -1 n2 sin2 +sin2 eic -1 where X (p.m is a
wavel ength of the light, n the refractive index of the optical

menber, and Oa (00 < Ga < 90) an angle of incidence of an axi al
principal ray incident to an a-th total reflection surface.

17. The optical apparatus according to claim12 or 13, wherein 5the
optical nenber includes N total reflection surfaces, the optical
apparatus satisfying the followng relation: [Math 23] A tan &l
-0.05NO.t nO5_ E costia 5 0.05Ng in) g.1 n2 sin2 ea -1 n2 sin2 8,7
+sin2 0. -1 where X (p. m OIsABvMavel ength of the light, n
the refractive index 10of the optical nenber, and Ga (0 < Ga < 90) an
angl e of incidence lof Ansuafical ppsitioni getbctimgy spparatentcotprising-4 hight
total reflection surface. . 18. An optical apparatus conprising
N i nternal rdmogetiosnsystarnaskichiproiestoptbeeal frpat #n ohligre direatigh esitmf

I ncidence of light to the respective N jinternal 15 reflection |
surfaces and &€ t}e%?n\;@’%ehé?ﬁg »cdrpightrqogptigpsystem mnelereceivsd ng

Lhe N ntor nal R a0 s B a0se e Bl sotal rel aLe oson
reflected on jdigedhd AbBhiiihs bEhIS SRSt bBfRP LGRS p3URRh0E Rl 'Y
detection target surface on the basis of an output from the light
reception system,
wherein at least one of the light projection system and the light
10 reception system comprises a total reflection prism member including
an internal reflection surface which totally reflects an incident beam,
and
wherein, for restraining influence of a relative positional
deviation between polarization components of the beam totally reflected
15 on the internal reflection surface of the total reflection prism member,
on detection of the surface position of the detection target surface, a
refractive index of an optical material forming the total reflection prism
memEer and an angle of incidence of the incident beam to the internal
reflection surface of the total reflection prism member are set so as to
20 satisfy a predetermined relation.
2. The surface position detecting apparatus according to claim
1, wherein the total reflection prism member is made of an optical
material with a predetermined refractive index, and
wherein the angle of incidence of the incident beam to the

25 internal reflection surface of the total reflection prism member is

determined so that an amount of the relative positional deviation

63



2019. The optical apparatus according to claim 18, which satisfies
the followng relation: [Math 24] Ntan Ocl -0.3My in) E , ) cos
ea 0.3NCu in) 0=3 zsin2 G -1 na2 sin2 + sin2 -1 where X (pm is a
wavel ength of the light, na a refractive index of an optical nenber
formng an a-th internal reflection surface, and Ca (00 < Ga < 90) an
angl e of incidence of an axial principal ray incident to the a-th

I nternal reflection surface. 20. The optical apparatus
according to claim 18, which 5satisfies the following relation: [Math

25] NAtari.1 b&\&éﬂ%eiﬁﬁlaﬂzat\iﬂ%rg‘régﬁ%&lfg%%ﬂ tH9 beah Fg%’lg ﬁ'@%l?@tlgﬁgon 1

nal sin2 + sin.2 Ca -1 ( I's a wavel er
light, na a rigtr aféinee refdedoRfsiatacerbf ck tRAbesfldRion PeisAD rAethBer

internal reflection surface, and Ca
becomes substantially zero.
3. The surface position detecting apparatus according to claim
5 1, wherein the total reflection prism member is arranged to totally
reflect the incident beam incident at a predetermined angle of incidence
to the internal reflection surface, and
wherein the refractive index of the optical material forming the
total reflection prism member is determined so that an amount of the
10 relative positional deviation between the polarization components of the
beam totally reflected on the internal reflection surface of the total
reflection prism member becomes substantially zero.

4. The surface position detecting apparatus according to any

one of claims 1 to 3, which satisfies the following relation:

15 [Math 16]
Atan@ 1
-1 |-cosf8 0.3
x\/nzsinzﬂwl(nzsmz*g"‘sng—f J o wm)

where A (um) is a wavelength of the beam, n the refractive index
of the total reflection prism member, and 9 (0° < 8 < 90°) an angle of
incidence of an axial principal ray incident to the internal reflection
20 surface.
5. The surface position detecting apparatus according to any
one of claims I to 3, which satisfies the following relation:
[Math 17]

—0.05 (o) < Atan g [ 1

antsin?6—1 \ nPsin? @+sin* 9 -1 -"1) - cos8 < 0.05 (um)
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10(0 < Ca < 900) an angle of incidence of an axial principal ray
incident to the a-th internal reflection surface. 21. A
measuri ng apparatus in which an optical nenber including a total
reflection surface is disposed in a nmeasurenment optical path,
15wherein a refractive index of the optical nenber and an angl e of

i nci dence of measurenent light to the total reflection surface are
set so as to restrain a relative positional deviation between

pol ari zati on conmponents of the neasurenent light totally reflected on

the total reflecti qphgent gﬁﬁn%%fa Wé%elb?ﬂgitl?éft}{%; n ARl VR AU NI

appar atus whi ch nmeasures asurenent "target surface, conprising:

a detector whaftthedptalcicslettion Wrkie Mherhbe)tand @170¢ Reg reggty aeRkle of
target surface; and an optical nmenber with a total

reflection suntaleacdipasexkiainpainciad pty cimkident tobiewkramaheeflection
measurenent target surface and the detector, wherein, for
restrai ni ng 8WEIC&t i ve positional deviation between pol ari zation
conponents of the asurenent light totally reflected on the total
refl ec?ion surface %f i SBHEre HOSHE Eetecking canmeeaty eceabng dp ame

optical nmenber and .an angl e, of. i nci dence .of .the nmeasurenent |ight 5to
the total refqR6cet GAIREy %ﬁgb ‘ﬁb"é’e%&e total reﬂg@t_lor;\pﬁg@smpp%r é\léfgﬁfi%‘?( us
whi ch neasur s :a._neasuwenent t et surface, conprising: a

l'i ght proj ecteiﬁdﬁte trgﬁl'egﬁ?%ﬁu 87 ®es neasur enent light to the

measur ement target §ULhAGEe position detecting apparatus satisfying the following

relation:
10 [Math 18]
y Atan@, 1
—03N(um) < ] ~1l <0.
) gﬂ:\/nz sin* 8,1 [nz sin® 8, +sin’ 8,1 cosf, <0.3N(u m)

where A (um) is a wavelength of the beam, n the refractive index
of the total reflection prism member, and 6a (0° < 6a < 90°) an angle of
incidence of an axial principal ray incident to an a-th internal reflection
15 surface.
7. The surface position detecting apparatus according to any
one of claims 1 to 3, wherein the total reflection prism member includes
N internal reflection surfaces, |

the surface position detecting apparatus satisfying the following

20 relation:
[Math 19]
¥ Atand 1
~0.05N(um)< , oot <o
K6, [nz Sin? g, +sin? 6, -1 1) c0s8, <0.05N ()

where A (um) is a wavelength of the beam, n the refractive index

of the total reflection prism member, and 8a (0° < 6a < 90°) an angle of
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10a light reception system which receives the nmeasurenent |ight from
t he neasurenent target surface; and an optical nenber with a
total reflection surface disposed in at | east one of an optical path
of the light projection systemand an optical path of the |ight
reception system 15wherein, for restraining a relative positional
devi ati on between pol ari zati on conponents of the neasurenent |ight
totally reflected on the total reflection surface of the optical
menber, a refractive index of the optical nenber and an angl e of

i nci dence of ihbRlcABAHRBAA Z%fziﬁ!sﬁ&)ahiaaf hRid&itab d%ﬁékl?%t%&{hl%ﬂé%&ﬁq of

the optical nmenber are set. 4. "The “measuri ng apparat us accordi ng
to claim?22 aurge. sai d neasuring apparatus neasuring a position of
t he neasurenent target surface. 25. The nmeasuring

appar atus accordi n§.t dlled airfe? positiy demictingegparatng appatiag us any
measuring a surface position of the nmeasurenment 25target surface.
26. The measumengf aifiexsat de Acwbeuimghe dight girajeetionrsy’m saimprises a
measurng apparatus negsuring a surface shape of the neasurenent
tar get® sur f aﬁmectwn-sﬁ@ pnmemﬁ@i@a inelydim anaintemat sellentinp swriags

ol ative pos PRERATE e op BraBHAbeRRBEr Al QPHSaagh of ajBHeRT
. ti i nd f th tical
menor and t e dareneork s RN Tt A ekt B e [ Toht 1o the
I fl ' ; ' : d )
ol ation o o SWHSER HEHREL Bt fn Sraf SoteRell & R EP TR e e

grot ICLZ: ”Bnaggﬁailfgs?ﬁ Aémbreaghiodd CRRIhEAINEE W Shel PrdjBlforRbid®N prism
10 member and including an internal reflection surface which effects a
substantial parallel shift of an optical path of an incident beam from the
detection target surface, as the total reflection prism member.
9. The surface position detecting apparatus according to any
one of claims 1 to 8, wherein the light projection system comprises a
15 projecting optical system which forms a primary image of a
predetermined pattern on the detection target surface, and
wherein the light reception system comprises a condensing
optical system which condenses the beam reflected on the detection
target surface, to form a secondary image of the predetermined pattern,
20 and a detection unit which detects the secondary image of the
predetermined pattern formed through the condensing optical system,
the surface position detecting apparatus detecting the surface
position of the detection target surface on the basis of an output from the
detection unit.

25 10. An exposure apparatus which projects a predetermined

pattern through a projection optical system onto a photosensitive
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havi ng a predeterm ned refractive index, and wherein the angle
of incidence of the measurenent light to the total reflection surface
of the optical nenber is set so that an anobunt of the relative
positional deviation between the polarization conmponents of 15the
measurenent light totally reflected on the total reflection surface
beconmes substantially zero. 29. The neasuring appar at us
according to any one of clains 21 to 28, which satisfies the
following relation: [Math 26] 20 A. tan 01 1 ) co0s0.3 (gm trin2

sin2 0-i 772 sﬁi'b@irafé*’toséﬁéct'e%posqre theﬂ%?,r(f‘or@riéiﬁ Is a wavel ength of
refr 0

t he measurement light, n the active I ndex the optical nenber,

and 0 (0 < 0 < 900)h&@BuEhe oditiohHetdtenpeaarais ax el fobft MCABRbnd 8Y
incident to the total reflegtion surface. Iﬁf 30. The rreasuri ng

appar at us accdaiind te Gnwhicte detectt @ sarfade tppsitfon Wi € Buskice séf €
the follow ng relation:
predetermined pattern or an exposed surface of the photosensitive
5 substrate relative to the projection optical systein, as the surface position
of the detection target surface; and
positioning means which positions the surface of the
predetermined pattern or the exposed surface of the photosensitive
substrate relative to the projection optical system, based on a detection
10 result by the surface position detecting apparatus.
11. A device manufacturing method comprising:
an exposure step of effecting exposure of the photosensitive
substrate with the predetermined pattern, using the exposure apparatus
as set forth in claim 10; and
15 a development step of developing the photosensitive substrate
exposed in the exposure step.
12.  An optical apparatus in which an optical member including
a total reflection surface is disposed in an optical path,
wherein a refractive index of the optical member and an angle of
20 incidence of light to the total reflection surface are set so as to restrain a
relative positional deviation between polarization components of light
totally reflected on the total reflection surface of the optical member.
13. The optical apparatus according to claim 12, wherein the
optical member is made of an optical material having a predetermined

25 refractive index, and

wherein the angle of incidence of the light to the total reflection
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[Math 27] -0.05 (fon). 2 tan 61 1 n' sin=0 + sin" -1 1] cos 0.05
(gm irdn'sin 21  5where X (gm is a wavel ength of the nmeasurenent
light, n the refractive index of the optical nenber, and 0 (0 < 0 <
90) an angle of incidence of an axial principal ray incident to the
total reflection surface. 31. The neasuring apparatus
according to any one of clains 1021 to 28, wherein the optical nenber
i ncludes N total reflection

surface of the optical member is set so that an amount of the relative
positional deviation between the polarization components of the light
totally reflected on the total reflection surface of the optical member
becomes substantially zero.

5 14. The optical apparatus according to claim 12 or 13, which

satisfies the following relation:

[Math 20]
Atané 1
—1]-cos#<03
Ew/nzsinlt?—l[stin29+sin29—1 J°°S (m)

where A (um) is a wavelength of the light, n the refractive index
10 of the optical member, and 0 (0° < 8 < 90°) an angle of incidence of an
axial principal ray incident to the total reflection surface.
15. The optical apparatus according to claim 12 or 13, which
satisfies the following relation:
[Math 21]

—0.05 (m) <
15 ) Jr-\/n?'sin29—-1

s ( nlsin?‘{?—ll-sinzé—l B 1] €036 < 0.05 (um)
where A (um) is a wavelength of the light, n the refractive index
of the optical member, and 8 (0° < 6 <90°) an angle of incidence of an
axial principal ray incident to the total reflection surface.
16. The optical apparatus according to claim 12 or 13, wherein
20 the optical member includes N total reflection surfaces,

the optical apparatus satisfying the following relation:

[Math 22]
4 Atan @ ( 1
_O.SN nm < a _1 ] 9 SOBN
wm gﬁr\/nzsinzéa-—lansin29a+sin29‘,—l 695% (ke )
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surf aces, t he measuring apparatus satisfying the foll ow ng
relation: [Math 28] -0.3N(2 m) :5_ L -12 1) cos Oa 0.3N(tz in) z-sin2
ean= sin ea + sin' QGa l1l5where X (pm is a wavel ength of the
nmeasurenent light, n the refractive index of the optical nenber, and
Ca (0 < Ga < 90) an angle of incidence of an axial principal ray
incident to an a-th total reflection surface. 32. The
nmeasuri ng apparatus according to any one of clains 2021 to 28,
wherein the optical nenber includes N total reflection surfaces,

t he neasuring appan sat I ol ]
1 - 0.05N(AL m). 5. et % gisy‘é‘ ??a casegt@ %@%b&‘“ﬁ ‘%%PCW?H@&%?
n2 sin2 +si nZfOe-dptical member, and Ba (0° < 8a < 90°) an angle of incidence of
an axial principal ray incident to an a-th total reflection surface.
17. The optical apparatus according to claim 12 or 13, wherein

5 the optical member includes N total reflection surfaces,

the optical apparatus satisfying the following relation:
[Math 23]

3, Atand, 1
...0.0SN(,um)SZ — — —
P an sin*@, -1\ #" sin” &, +sin” g, -1

—lj-cosé?d < 0.05N(u m)
where A (um) is a wavelength of the light, n the refractive index
10 of the optical member, and 8a (0° < 8a < 90°) an angle of incidence of
an axial principal ray incident to an a-th total reflection surface.
18. An optical apparatus comprising N internal reflection
surfaces in an optical path,
wherein angles of incidence of light to the respective N internal
15 reflection surfaces and refractive indices of respective optical members
forming the N internal reflection surfaces are set so that relative

positional deviation between polarization components of light totally

reflected on the N internal reflection surfaces becomes substantially

ZErO0,
20 19. The optical apparatus according to claim 18, which
satisfies the following relation:
[Math 24]
Atan g, 1
—0.3N < ~1{-cos8 03N
) < g ;z:Jn sin®4, -1 ["az sin® 6, +sin* @, -1 } o (wm)

where A (um) is a wavelength of the light, na a refractive index
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where X (um is a wavel ength of the neasurenment light, n the
refractive index of the optical nenber, and OGa (0 < Ga < 90) an angle
of incidence of an axial principal ray incident to an a-th total
reflection 5surface. 33. A neasuring apparatus conprising N
internal reflection surfaces in an optical path, wher ei n angl es
of incidence of light to the respective Ninternal reflection
surfaces and refractive indices of respective optical nenbers 10
farmng the Ninternal reflection surfaces are set so that a relative
posi tional deyf & Rﬁﬁcél%éﬁ’%r BTz bR iGRIMANRAESSH shffgéé, dot @ |y
reflected on the internal reflection surtfaces becones substantially
zero. (0°<Ba< QME] afl mgz@ashfcﬁ&@c@mm@ 1@@1@@8&'} 1§ iheidehatgn
33, which 15satisfies the following relation: [Math 30] tan Qal -
0.3N(g in)i) theseth infernal reNction stinface] fl sin2 0. -1 n?sin2 + sin2
Cc, -1 where X (p is a wavel ength of the light, na a
refractive i ndex of0an Eﬁi@i oaticale rappardtus nicegrdimga 1o helammnerl8al which
reflection surfage, anp Qa .20(0, < Ca < 90) an angl e of incidence of
an axial prirefigaes theollowingaelationi he a-th internal reflection
surface. d§%§'The measuri ng apparatus according to claim 33,

whi ch satisfﬂé@a ]follomﬁng rel ation:

N
~0.05N(um) < 3 — 21k, [ 1

—1|-cosé, <0.05N
o=t Jz"/naz gin® ga -1 Hal Siﬂ2 Bﬂ +Si.1?l.2 ga -1 J @ (‘u m)

where A (um) is a wavelength of the light, na a refractive index
of an optical member forming an a-th internal reflection surface, and 8a

10 (0° < 6a < 90°) an angle of incidence of an axial principal ray incident to
the a-th internal reflection surface.

21. A measuring apparatus in which an optical member
including a total reflection surface is disposed in a measurement optical
path,

15 wherein a refractive index of the optical member and an angle of
incidence of measurement light to the total reflection surface are set so
as to restrain a relative positional deviation between polarization
components of the measurement light totally reflected on the total
reflection surface of the optical member.

20 22. A measuring apparatus which measures a measurement
target surface, comprising:

a detector which detects measurement light from the
measurement target surface; and

an optical member with a total reflection surface disposed in an

25 optical path between the measurement target surface and the detector,

70



[Math 31] -0.05N(jtni) tan eal 1 cos Eia O .05NOz in) niln: sin" Ca
- na2 sin" ea + sin' 6la -1 where k (pin) is a wavel ength of
the light, na a refractive index of an optical nenber formng an a-th
internal reflection surface, and Ga (0 < Ca < 90) an angl e of

i nci dence of an axial principal ray incident to 5the a-th internal
reflection surface. 36. An exposure apparatus which effects
exposure of a photosensitive substrate with a predeterm ned pattern,
conprising: the neasuring apparatus as set forth in any one of clains

21 to 35, which meaghEes aopgsithifheh feheﬁi@gééiﬁeﬁéﬂ béMatisH Rkhaks -
d : an exposure

1037. A device manufacturing nethod Tonprisin

step of effectdladzenee Dongpdientd of RhO rRSANBENEliEHD Sth By Ttz gt hie
predeterm ned pattern, using the exposure apparatus as set forth In

cl ai m 36; andhe total reflection sarfdey eiffchewntical eendbergdaveliapting ithdex of
phot osensitive substrate 15exposed in the exposure step. 38.
An optical apparopties] seempbersamd)an angle af incidencepof thel meestremedit $ighs ed
in an gptical path and [ncjuding a total reflection surface; and an
adj ust Png deviedBe ipliat ke SI'EACEAIB SRl e positi onal deviation

bet ween pol ari zati % copgponents of | ight toflaﬁ_ll y reflected on
. measuring apparatus which measures a measurement

target surface, comprising:
a light projection system which guides measurement light to the
measurement target surface;

10 a light reception system which receives the measurement light
from the measurement target surface; and

an optical member with a total reflection surface disposed in at
least one of an optical path of the light projection system and an optical
path of the light reception system,

15 wherein, for restraining a relative positional deviation between
polarization components of the measurement light totally reflected on
the total reflection surface of the optical member, a refractive index of
the optical member and an angle of incidence of the measurement light
to the total reflection surface of the optical member are set.

20 24. The measuring apparatus according to claim 22 or 23, said
measuring apparatus measuring a position of the measurement target
surface.

25, The measuring apparatus according to claim 22 or 23, said
measuring apparatus measuring a surface position of the measurement

25 target surface.

26. The measuring apparatus according to claim 22 or 23, said
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20the total reflection surface of said at | east one optical nenber.
39. The optical apparatus according claim 38, conprising: a
detecting device which detects the relative positional deviation

bet ween the pol ari zati on conponents of the light totally reflected on
the total reflection surface of said at |east one optical nenber,
based on the 25light having traveled via the total reflection surface
of said at |east one optical nenber, wherei n the adjusting
device adjusts said at |east one optical menber, based on output

i nformation fmemurhgy dppeetineneRvtios. a surface shapéoof the MpB4digétent
apparatus according claim38 or 39, wherein 5the adjusting device

changes an angigetebrfaoei dence of the light incident to the total

refl ection surface of said at |east one optical nenber. 41.
The optical apparats éﬂtﬂ)mﬁaﬁ‘grmg apparane astousling e % ove 44, claims
wherein an opt.i cal ght incident to or exited fromthe total
reflection s&fa%e’lfgfw %ﬁeép,afon EsRIERE BPurnes qfetﬂiﬂezrelqjmﬁgsnmalan

100bj ect with ol arj zi n ert . An adj ust nent
et hod® conpr 14§ %@ béiw @‘8 C}i?}ﬁl%fﬁﬁ%} n@OIEPOP%@@t Oélnea‘i?blﬁ%’alo

e LP%S%@%@@@%&P@%@% S0 P o o el St 3o YR8 Sngl™
15pol ari zat i Qjf i eRARE Wr$hO mld AEmEALEES A Bt IeRbetiSl bEFhLSTe

surface of
set so as to satisfy a predetermined relation.

28. The measuring apparatus according to any one of claims
10 21 to 27, wherein the optical member is made of an optical material
having a predetermined refractive index, and
wherein the angle of incidence of the measurement light to the
total reflection surface of the optical member is set so that an amount of
the relative positional deviation between the polarization components of
15 the measurement light totally reflected on the total reflection surface
becomes substantially zero.
29. The measuring apparatus according to any one of claims

21 to 28, which satisfies the following relation:

[Math 26]
Atand 1
~1]-cos0<03
xJn23m2§_1(nzsin29+sin29-1 Jcos (sm)

20

where A (um) is a wavelength of the measurement light, n the
refractive index of the optical member, and 6 (0° < 6 < 90°) an angle of
incidence of an axial principal ray incident to the total reflection

surface.
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said at | east one optical nmenber. 43. The adj ustnment net hod

according to claim42, further conprising: a step of detecting the

| i ght having traveled via the total reflection surface of said at

| east one optical nenber. 2044. The adjustnent nethod according to

claim42 or 43, further conprising a step of letting the |ight

incident to or exited fromthe total reflection surface of said at

| east one optical nenber, travel via an object with a polarizing

property. 45. An adjustnent method conprising: 25a step of guiding

light to at least Qgue OPhéd dasiBRBSIpdastuY HobBrding Abadny 6he & ¢i8ins

surface; a step of detecCti'ng a relative positional

devi ati on betXetn2®okhidhzaitisiss derfidering refatiohe |1 ght caused at the

total reflection surface of said at | east one optical nenber; and a

step of adjudiMatly 2] angl e of incidence of the light incident to 5the

total reflection surface of said at |east one optical nenber.

46. The adj ust t t hod di to cl aim45, fulkther conprising a
J g%g}{é‘%g el g a n g

step of lettiT el /—T“m??_ ;;Wi 5 a1 b €8¢ € 81081 (4em)
reflection surface of s&V& 3P t'east one optical nenber, travel via an
ob) eCtSWi th a pol a%}{é@% Pﬁr% elrstay wavelength of the measurement light, n the
refractive index of the optical member, and 6 {0° <8 < 90°) an angle of
incidence of an axial principal ray incident to the total reflection
surface.
31. The measuring apparatus according to any one of claims
10 21 to 28, wherein the optical member includes N total reflection

surfaces,

the measuring apparatus satisfying the following relation:

[Math 28]
J Atané 1
—03N{(um) =< a 1l
w "Z“;”'\/nz sin* g, -1 (”2 sin®@, +sin? @, -1 IJ cos®, <0.3N(um)
15 where A (um) is a wavelength of the measurement light, n the

refractive index of the optical member, and 0a (0° < 6a < 90°) an angle
of incidence of an axial principal ray incident to an a-th total reflection
surface.

32. The measuring apparatus according to any one of claims

20 21 to 28, wherein the optical member includes N total reflection

surfaces,

the measuring apparatus satisfying the following relation:
[Math 29]
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& Atnd, | 1
~0.05N (i m)< o
( ).Z;Jr\/nzsinz@-—l&nzsin29a+sin29a—-l

-—1} cos@, £ 0.05N (e m)

where A (um) is a wavelength of the measurement light, n the
refractive index of the optical member, and 0a (0° < 8a < 90°) an angle
of incidence of an axial principal ray incident to an a-th total reflection
surface.

33. A measuring apparatus comprising N internal reflection
surfaces in an optical path,

wherein angles of incidence of light to the respective N intemal
reflection surfaces and refractive indices of respective optical members
forming the N internal reflection surfaces are set so that a relative
positional deviation between polarization components of light totally
reflected on the N internal reflection surfaces becomes substantially
Zero.

34. The measuring apparatus according to claim 33, which
satisfies the following relation:

[Math 30]

Y qwmng, | 1
—0.3N(um) < < —1i-cosf, <03N(um
NP P mpewe ot W e ) e

where A (pm) is a wavelength of the light, na a refractive index
of an optical member forming an a-th internal reflection surface, and 6a
(0° <6a < 90°) an angle of incidence of an axial principal ray incident to
the a-th internal reflection surface.

35. The measuring apparatus according to claim 33, which

satisfies the following relation:

[Math 31]
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—0.05N(um) <y

Y Atamd, [ 1
2 .2
axl EJna sin‘g, -1

—1|-cosf, <0.05N
n, sin® 8, +sin®@, -1 J o08%% ()

where A (1m) is a wavelength of the light, na a refractive index
of an optical member forming an a-th internal reflection surface, and 8a
(0° < 0a < 90°) an angle of incidence of an axial principal ray incident to
the a-th internal reflection surface.

36. An exposure apparatus which effects exposure of a
photosensitive substrate with a predetermined pattern, comprising:

the measuring apparatus as set forth in any one of claims 21 to
35, which measures a position of the photosensitive substrate.

37. A device manufacturing method comprising:;

an exposure step of effecting exposure of the photosensitive
substrate with the predetermined pattern, using the exposure apparatus
as set forth in claim 36; and

a development step of developing the photosensitive substrate
exposed in the exposure step.

38. An optical apparatus comprising: at least one optical
member disposed in an optical path and including a total reflection
surface; and an adjusting device which adjusts a relative positional
deviation between polarization components of light totally reflected on
the total reflection surface of said at least one optical member.

39. The optical apparatus according claim 38, comprising:

a detecting device which detects the relative positional deviation
between the polarization components of the light totally reflected on the
total reflection surface of said at least one optical member, based on the

light having traveled via the total reflection surface of said at least one
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optical member,

wherein the adjusting device adjusts said at least one optical
member, based on output information from the detecting device.

40. The optical apparatus according claim 38 or 39, wherein
the adjusting device changes an angle of incidence of the light incident
to the total reflection surface of said at least one optical member.

41. The optical apparatus according to any one of claims 38 to
40, wherein an optical path of light incident to or exited from the total
reflection surface of said at least one optical member passes via an
object with a polarizing property.

42. An adjustment method comprising:

a step of disposing at least one optical member including a total
reflection surface, in an optical path; and

a step of adjusting a relative positional deviation between
polarization components of light caused at the total reflection surface of
said at least one optical member.

43, The adjustment method according to claim 42, further
comprising: a step of detecting the light having traveled via the total
reflection surface of said at least one optical member.

44, The adjustment method according to claim 42 or 43,
further comprising a step of letting the light incident to or exited from
the total reflection surface of said at least one optical member, travel via
an object with a polarizing property.

45.  An adjustment method comprising:

a step of guiding light to at least one optical member including a

total reflection surface;
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a step of detecting a relative positional deviation between
polarization components of the light caused at the total reflection
surface of said at least one optical member; and

a step of adjusting an angle of incidence of the light incident to
the total reflection surface of said at least one optical member.

46. The adjustment method according to claim 45, further
comprising a step of letting the light incident to or exited from the total
reflection surface of said at least one optical member, travel via an

object with a polarizing property.
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