;e3e>::; <4<B">6X>T> h5 | LLUM NANCE METER, |LLUM NANCE MEASURI NG METHCD
USI NG THEREW TH AND EXPOSURE APPARATUS BACKGROUND OF THE | NVENTI Oﬁhﬁﬁgmu
of the Invention *GOOOR2* The present inventi an illum

probe for nmeasuring a | evel of ener oy of expo%@lﬂ’ﬂmmﬂmwﬂﬁdi ating on a
substrate stage, and a nethod of measurenents appar at us using
the illum nance probe. Description of the Rel ated %" For manufacturing
sem conductor device elenents, liquid crystal display elenments, inmge

pi ckupydewWResNCEN TRRALE DMINARGTERFA St gafs; MY TR OkiNG Qg WITLRAN

exposure apparatus has been used conventionally to inprint a pattern

fabricated on a reticle byANDGXPOSURIHABPARAPOSuUr e i ght through the

reticle, functioning as a nmasking, onto a photo-sensitive substrate base
represented by a wafer (or glass plate) coated with photo-resist in nornal

cases. The exposure |ight i re appara r
| aser or nercury | anp, gﬁ?ﬁ@%ﬁi@ﬁmﬁ@gﬁg used to ﬂlmmlm“mmmﬂmmr

i | hunkipaBE@e Blivehtiinegr at ed exposure | evel radiating on the phot ogagfsi tive
base. Conventionally, a probe with a pin hole wi ndow and an optical sensor
i s pl aced B présentapentainoelaesitoan Whhanarse pgbe foohdasagng hlevglbemrgearfsi ti ve
base, and th?1 t er body, conprised. by thg glgjobe and the instrunent base is
conneTPeYre ight 1adiating QiA SHETRE sei5ad & Biefier PHIFASHICMGHE AXhERONERAWRERENt s. I n

such a8 oRSfidhin operator must bring the wafer stage within the reach
so t hat g?%e pr o%gbe géﬁg be placed on the wafer stage, nove the wafer stage

underDésoption of e Reelated@at | cs and carry out measurenents of illum nance or

i ntegrated exposure |evel. However, because the design requirenents on the
bug |i nes Honmapefacianng semipprdustos deracerdlaneants; hiquideresial display slemsnisemagsal

t f.th | i I ti | .. jecti t i s, tendi t
bocort iaAgateff LA Renf e By aflon BRPEE e R PR e S PERS "and
t he wabetonhalidgdllyits irkeh PhtehraRRERABN A AR brojdtifPan &lpQide Witk rdigher bus
lines in the cirCuit, requirenents for preciSe alignment and the emergence

of sctherliclg fancpienieg prosuaskingppiy apheto-Seavidveabsatt taberepradested by agefdr orbe

| ocated | ower a%ﬁg t.he exposure(%gglarat us for vibration prevention. 2 1n
the %Fﬁf’]iaﬁ%?o f"@ﬁ_hﬂhgtorrf’%w t5&Gme | arger from productivity _
consi der atfRgpostiifht slaﬁx‘égmcsﬁbﬁﬁpex%%&})ﬁmﬁﬁﬁg%x&&% RLPY ﬂbﬂa&rytlg}ﬁpﬁt eppi ng
action to becohe larger and nove 1h a |lafger area. For these reasons, it
has bedandlumiaacdiprbbe is uset] té datertive ilbyorinadoe or negrmed eapdsyrepdratadiativgz on

il lum nance pr.obe on the x-y stage under the current situation, and

f ur t HEF PRSFsSentifye gpr e pntosal ot erebe M 8 PEMRITaT B Ptk An@Pigr! BREEeTdt m such
oPe ahh@B By ﬂ{é'oﬁé}atoP&Pdaaég%@xi éﬁg% hmgng'tlg%hgt?sgeﬁﬂtg\%tﬁﬁ%? g{aﬁﬁé’ﬁf{@t& ter,

imtation I's tnpose pro g t an s 1 ncreased danger of
t he ogeaipiikedrbyalecpirotednd eyndwutriehtt@se B €ormpétedta thed urpidaes hrobekeperforyi ng t he

: )X ) >,/ Si%lgn%j%hncglgn%usgme%t:s. -ﬁ_lsEuclh I;i\llgggr-%lltgg, the operator must bring the wafer stage within the
reach so that the probe can be placed on the wafer stage, move the wafer stage under the projection
optics and carry out measurements of illuminance or integrated exposure level.

However, because the design requirements on the bus lines in the wafer have become finer in
recent years, numerical aperture of the projection lens (optical projection system) is tending to
become larger while the working distance between the projection lens and the wafer holder is tending
to become narrower.

Also, along with finer bus lines in the circuit, requirements for precise alignment and the

emergence of scanning type exposure apparatus have caused the wafer stage to be located lower in

the exposure apparatus for vibration prevention.



The foregoing problens are resolved in the present invention by adopting
the follow ng structure. That is, the present invention is explai neQiMzﬂﬂz
followmng by affixing reference nunerals to various elenents illustra i
Figs. 1~8. An illum nance neter (8, 21, 31, 41) of the present ilwention is
the illum nance neter for neasuring an energy level of a radiation (L)
illumnating a substrate (W held on a substrate stage (W5T) by neans of a
hol di ng devi ce (substrate holder WT). The meter conprises an instrunent
plate (9, Rne Acantifhe)wifer ipﬂaﬂb%&oﬂﬁn&g&ﬁ/&n;ﬁ-omﬁvig%qsi@&at%ij&@c@nd
attached to a hol der attachnent section-of the holding device on the

subst hat eastdyex-yatagt forproniglingeld stepping Altion24ibgcomd latder amimpbesinwildriera hol der

cl ai npuzg unit of a hol der exchanger which is provided for the purpose of
repl a@Fhg an used hol dui g device w th another hol di ng device; and an

optical sepsor (9a, 23) di sposed on.i instrunent plate for responding to
the radi at |%n.es‘§:ﬁ?ﬁoﬁ%?tm %‘chg emofetfﬁffﬁ]gl?foﬁgler?g%rﬁt(%mo an%lgf ppl)arcgéhéent. i nvention
i's thmmmah&%ré&ronm%@ygmg&naa 1RO slt@ieh, 208 ﬁ@qhéﬁwr@me%\g\%aﬂom%re@rl ng a
substrate ( hel d on a hol di ng device (substrate hol der attached on a
subst mét avkstasymsQitBd perforhesuchetdemtionso Adso, besust e vairkipg distanderanbggomei ng at |
illum nance nmeter (8, 21, 31, 41), for asuring energy | evel by neans of
a cl afhoTFglraiatiop syimpoisd on heyprele hﬁlﬁ»@ ot i PR e ofglmpaﬁ@rng t he

hol di pg: [ WM ne | ] H@E%{ ) ition the illum nance neter
on thg&lgu él%ﬁﬁ%ﬁé@éﬁ@gé@&{%&ﬁ%ﬁ%ﬂ?ﬁ\gﬁ@he e tpé)gylg%géél; and detecting the

radi ati on by nmeans of the illum nance neter to obtain energy information on
the energy level of the radiation. Furthernore, an exposure apparatus of

the present invention is SHMMARYCQH THEANVERNHINure a substrate (W with a
diati .ect i f (8 . of .. h bstrate. Th
10 270 i BieRbine Bk Ao Red Fub b intnylh PRSP B BIENE cevi e

(substfiuge. Nk theMh&etifReMS s Sipldiha S HE o HHlaffiEnSefeRhicd Auitedlsl t he

substrate; and a hol dex exchanger ( 11, 44) which detaches the hol ding
devi cte vanametehentsulbstated ie Fsgsalg®, transports an illum nance neter by neans

of a clanping section ( a)..provided on the.i]Jlum nance neter and

ot ai ns. 1t A e i (rad il - B OEOH Biesa Thea i iy SBERR G g e

subst . t : ekl R i met hod
ot el @Rete) It adhddB (5 by oSt 18 on BRIy "W 1

r adi atWoT) tyanéanpof atiolding devivg Gubdtrate Hohlet BiH). The mewwpsinmisestanénssuinsttr at e hel d
on a hol di ngre’?evi ce (substrate _holder WC attached on a substrate stage

(BT) Platei® 24etZntl te bripterchianged with dhedigldingr deyiog ardttaghed & alplder paF ReRice net er
(8, 22,. . . I section
(9b, TR el uRERH I sl E AL BN bRl o B e e AR e by
t he chBolpérrBnpaRiunidf & Bolp@ekdhanger hizh id provitedefoctie plrbee obreplatiag snilssti r at e
stage; obtaining energy infornmation of the radiation by detecting the

r adi abolding dpviee witfeanpthpifiel ding dsricrand an opfiselrepiona e dispasedphiig &riBer fr om
t he Sulbéat rate Scﬁx‘%%g b é'hteo cl anpi ng section; attaching the substrate hol der
on thB? J%rsrgﬁpglg élb%ra %béli tioning the substrate on the substrate hol der
and; cal i i ahdRgreda ARAHRKing AEthOBasHE g[)fe&nt Reentigdlisdid RAhddFoRSERNS e W t h
the detected energy information. Furthernore, a hol ding device of the

pr es eatergyl levebof 4 rediaticn ithmeinhtdigai snpstrate\ W) deldon atholdiigrigviee ultssateholde W . The

devi ce conpri ses a holdin i t hat. hol ds the substrate and is
inter m@%%nﬂﬁ‘ébﬁ%%ﬁa%ﬁ&g&éu%& é‘\é;g%d cqupgisest pS\RﬁF@ﬁp(?rgn%\/abl ein a

t wo- diyjrensi e; ' | ( i ; hol di ng
sect | DR P e e e R AR e
whi ch24§ opihe NivdeshntOmete exdighgste hélding pévaeiwith thé illunsiadcdradteli togogitém ce Wit h

anot her hol di ng device. As described above, in the present invention, since
t he i Meullimminansemetst en the subishiate stegede mepsraibe ensreyHeavel; epddeteching thegadialien i on, t he
substrate hol.der.. can be exchanged easi.ly and the nechani Qr_t he exchange
can bl HEAPE L EanGs melie e e rRen o i dhars gvel ChidresiEn o
connect i orgy i Lot b QoRE, %Eél%{d B 110 BreSént frldEntiRh RXRMpplndiS Mrie@Posud@es not

i nfer di ngrlll\soqlongF ‘exa tnees ) suéh t]hgrte 'nt IS quite a%)equate iT the shape
and skagtwaé (Wheith B sddiato® niprbate intige ofa pitfeavofamashosthe ofibstrite. Theo conponent s
to be exchanged for, i.e., wafer and wafer holder, so that the exchange
process can be carried out using the wafer exchanger arm of a wafer
transport system ~ 1 APR 2002 4 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1

is an overall schematic diagramof the illum nance neter, a nmethod for
measuri ng




I Il urni nance and an exposure apparatus using the illwninance neter. Fig. 2
Is a perspective view of an illum nance neter and a system for neasuri

i I'l um ' nance based on the use of the illumi nance neter in Enbodine 1%1:5%29&
3 is a perspective view of an illum nance neter and a system for neasuring

I Il um nance using a hol der exchanger “of the exposure apparatus in

Enbodinent 1. Fig. 4 is a perspective view of an illum nance neter and a
system for using the illrzm nance neter in Enbodinent 2. Fig. 5is a

or . : : : ' : :
!OI I alron ar?gg Cér‘rl:e{1 l\gére%?\ Enn%%%nt 2’.6&1& g.g%@?g(sgb%?g%r?%@elfem% ﬁéﬁtﬁgjo%ﬂﬁ%- waf er
type bubstng aaRce ametheld thywhbéarare trftachdder ex¢hiniper (1 Net4) Wwhidhdaradheetheablemgand a

waf er st.a%;) of the exposure apparatus in Enbodinent 4. Fig. 7 is
per s pé&tdeionythe gubstratesiagel rangparisias dlumsnasee meler by meanhofh danpingseatpn (Ble

i1l um,pance. net e t.he expos apparatus .in Enbodiment 4. Fjg. 8 is a
rovvcnh me"lﬁireng8‘?\{]‘5§L\’Hﬂ?aé‘c%‘?1%teh%‘%§%‘g&:@ﬁ&] I Wé@c&gg ng based on
the ugRqof ofithEsublilal i @fb%teggth@fadﬁfioﬁ.he present invention. DESCRIPTION CF
THE PREFERRED EMBODI MENTS Enbodi ment 1 An illurninance neter in Enbodi ment
|, a met hduribémmodes ar éxpostkgmethbdiofithd praest iavedtians e peshoddoeppasimidls based on
the use of the illum nance neter, with reference to Figs. 1~3. In these

di agr &ipstrate SV bwine edigtiprsto dmprintap raggsof ¢ patism e praski petheisehisirate beldere 2 to an

optical,;praiectliaon t to.an illuninance M9 t robe; PL to a
proj eg‘%lfh%%g%vﬁ% ((%aSU%%E(flgve}gggnﬁ? e tﬁ[&g ?%%ee(%ﬁd We@oic rgfg st age.

Fi 9. theSlpysf tAnsehmeah ilimih8¥é Mbtef (8E210YE U th nRbSHAHHE BRAEy 18%el By ReRis@EL | ON
exposure systemusing the present | iTdm’nance meter. Thé projection

ex pos & clemping seation (Rby 2happroilehon e Hiymitmoce weter; regnoyimgdhd migingRlayive binther et i cl e
stage RST and .illumnating the reticle RST uniformy with a radiation

eni t t S4MPINg frelpn E’)Pﬁé‘gﬁ?%‘e ﬁ*“&ﬁ’i‘ance metpr 9&15&’ SHFATAREDERNIERENSEEY o proj ect an

| mage;of e Ak SliRidh Y b EAtRINARLAR Vi hEEmRAl AeBh8icnip RSt rat e) W

illuminance meter from the substrate stage by the clamping section; attaching the substrate holder on

the substrate stage; positioning the substrate on the substrate holder and; calibrating a sensor for
measuring the radiation in accordance with the detected energy information.

Furthermore, a holding device of the present invention is the holding device for holding a
substrate (W). The device comprises a holding section (WC) that holds the substrate and is
interchangeably disposed on a substrate stage (WST) which is movable in a two-dimensional plane;
and a clamping section (WB) disposed on the holding section for coupling with a holder clamping
unit of a holder exchanger which is provided for the purpose of replacing an used holding device with
another holding device.

As described above, in the present invention, since the illuminance meter or the substrate
holder has the clamping section, the substrate holder can be exchanged easily and the mechanism for
the exchange can be miniaturized.

It should be noted that “same size”, mentioned in connection with following description of
the present invention, does not infer dimensional exactness, such that it is quite adequate if the shape
and size of the instrument plate are similar to those of the two components to be exchanged for, i.e.,
wafer and wafer holder, so that the exchange process can be carried out using the wafer exchanger

arm of a wafer transport system.



coated with a photo-sensitive material through a protection opticaly system
PL. In the present projection exposw e apparatus, the exposure IigIOt"IAPR 2[][]2
emttéd fi~omthe exposure light source 1 is reflected by a mrror ML is
entered in the illum nation optical system?2. The illum nation opti cal

system 2 is conprised by: a relay lefls 2a; an optical integrator (flyeye

| ens and others) 2b for honobgeni zing the exposure light IL; a mrror M; an

i nput lens (not shown) for injecting the exposure light IL in the optical

i ntegrator 2b; a relay,

i t he exposure light IL
output fiomthe int egr%#%ﬁ@%tf@@%%a condenser | ens 2c.

The exposu E . -'uﬁﬁdﬁ]-i QN I em?2 is
entered int 'Ileli%h\/%: %EEI'}%EIPE}?FCA{I%@EQE?QU C e&;}%}%%éa%g‘%&gdﬁgﬁea t@ passi ng
t hr ougiluniihece fid adlegpdsuretabgarguiigiie: illingitinck knetes. entered in the projection

optical systemPL, and is radiated on the wafer Wthrough several |enses
conpri si ng Fignd isansrseedtive miewsf pridlimingaeeangterandia systemsfonmeasnrngillominahes reticl e
R on T'bhe sugjf ace%qu .hhe. V\/afertwﬁbghgc{.eti ﬁl e stage RST is disposed on top
of a PEEHEP hepseyd the fyminansretet yEgbedingentd) ¢ R i's held on its top surface
by vacuum $Hcs ifher &rﬁv@aﬁewﬁnmmlaﬁ&_trha&?méaag%nﬁ@m%%ﬁwgmmah&eon_ed In
a two di nensional” plane (x-y plane) which is perpendi cular To the optical
axi s wobing Abolddrlexchanget bthe eyposuwrabpparat énkmbedimentio- posi ti oni ng of the
reticle R by neans of a reticle _stage notor 3. Here, the position of the
reticle statfed Reperspectiynxiewof pyilypwiancsaelenspd Asysies 19F usng the dluminance

interf : 2 nonitoring a reflected beamreflecting froma noving
m rroﬁegegqfllg@é%ﬁg%ﬁ?he reticle stage RST. The wafer Wis placed on a wafer

hol'der \\H a5 id Spetdpcide ORw M W fllaMminthe@dfetMfiid & st fr dind@t Nndshnust ed in
three directions (x-, y- and z-directions). Here, the position of the wafer
st age NW&T i} mbegamgnty. pl ane is constantly being nonitored by the |aser
interfero er.4b .t hat asures th osition of the |aser beamreflected
from t he mota RE TRETOF HE6 Rk Ecr i AT PaRe Qi B T badBr Qe ot age. veT
i's noViaghihdhcSintRPard®A WIS WBt 6f thSEH38RdBpatu? irASERIdth& 4t 0 the measured
positional values of the interferoneter 4b so as to carry out successive
exposur e offig Aés Eaptave view of heilmafimncéhetercod dimethgd far using tteolweihired

eat nethod of .exposi.ng the wafer W Al so, a focusing system

t ep- and-
iorergr ?lgeé‘?ﬂr‘)ggeﬁxﬁﬁ’ﬁ‘%é?ﬂafa&ﬁ%ép O‘B%l%’grﬁ‘d a detector part 6b is provided above
the wafer §{age MRTudha Rk 6l eﬂ?&g%%ﬁﬁc%ﬂ&c%?ﬂ%rﬁegﬁufagﬁgﬂgﬁé dWmso that

the projection part 6a emt an’incident beamat an o gle to the
Si . u~aseofalie ithiveinaade@tictéAbf tn grekdneinbbaaionr ef | ected fi ~om

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiment 1

An illuminance meter in Embodiment 1, a method of determining illuminance and an
exposure apparatus based on the use of the illuminance meter, with reference to Figs. 1~3.

In these diagrams, reference numeral 1 relates to an exposure light source; 2 to an optical
projection system; 8 to an illuminance meter; 9 to a probe; PL to a projection optical system; WST to
a wafer stage; and WH to a wafer stage.

Fig. 1 shows a schematic view of the overall arrangement of a projection exposure system
using the present illuminance meter.

The projection exposure system operates by holding the reticle (masking) R on the reticle

stage RST and illuminating the reticle RST uniformly with a radiation emitted from an exposure light



~ 1 APR 2002 the surface of the wafer Wis detected by the detector part 6b
so as to determne the height of the wafer Waccording to the refI@c!e&pR 2002
si'gnal and to nove the wafer stage WST in the appropriate direction to

adj ust the focus of the projection optical systemPL. Further, an

i Ilumi nance level sensor 7 is disposéd on the wafer stage WST to neasure
transmttance of the reticle R and other optical paraneters. The

il lum nance | evel sensor 7 has a light receiving siu~'ace that is |arger

than the sjze of the illumnation region radiating on the wafer stage WST
so as SP‘EC%LSSB‘IS@ Rl‘gleﬁ@pgp?geﬁgapﬁ@ﬁqn *eag‘ﬁ‘?aﬁ’?gtqn e Opf "‘ta?Fé (Substgt®) Mat i on

l'ight. 1 r k j the wafer stage W ST
SO the(l:'? ﬁ\gﬁl@%ﬁ{%@&k gﬁ\éetrﬁ\%}lﬁllea?&hgﬁg‘gfq g@%ﬁgﬁbgﬁﬁg%ﬁ?ﬁmhance neter 8 can be
instal | ed oftht PRsiep@fecidntdBoie appaatic a eﬂgoshféQigﬂﬂLQhﬁﬂMﬂiﬂ th¥\Ekpodirat i s,
as shown in Fig. 2, the illum nance neter is used to determine a | evel of
ener gyigbtfsourbe] sx¢flsstad by b imgginer M Lisentdied in thg illuminatien opticalrsyd¢rh . means of t he
optical sensor. 9a provided on the wafer holder WH_nounted on the wafer

stage WST, antlurinatignapticalsysten 2dscomprisisebyoa welayileng 2e+78 opitd btgera®nsor 9a and

a net ' a: | 1. wvIhe i s made
't RoEH S NBE SOTR MO Rink o Bpurd AT, BREEE VIS AR Bor S TN
r ecei shavgh) férigenting theierpdsti LightTL éx the epticahin®@ratdn 2b; atrélgy leas(ner shownaor opt i cal

sensor. 9a whose sensi ngLar ea Is sufficiently large to receive refracted
rays iferupiag te penesurs lightdl autmetfoemihe dyegratend oprlm)retirle Ripnd gcopdsaser sas 2ens and

Further « a1t Sxppri o I Riepa s P B P fcatvign 21 et hBSRS™ ne
\fgf er hBialof e réfdld stagP RO ARG ftkipassiiahloBREhY refitle ) e RkSHIEre IBht ID)iSQier&l Cabl e
a connected to the external neter body 10 is provided for sending

det ecftiedie piogatdnsoptical systenmBL.eand Foatiiatddon thtwafet Withiough ssyenablenses ymsismgn i n
Fig. 2, is a so-called reference, neter for. majntaini t | evel, . of

det ept%eedﬁ%frﬂee PRCBY Y E6my 300 TS TR AL e Pl Rk Qe Siriose O‘gﬁ?iwf‘_ EW esul ts
obtai ned bypi Rgclk Eﬁgﬂ‘%gﬁlllfcﬁsgbé%ﬁ oh to}%%?éticl.z: g%éegﬁgtﬁhbxgxp%ﬂfg reRgRINS heli N

results obtal ned byt m nance neter cal’i bration operation is
per f oomisltop eufasel by edcuym(soctio, far examile. The refixlaspieR ST canrteipotidoned ihetwbet ect i on
precision of the illum pance | evel sensor 7. By sharing the results

pr odudieensional Riang (x-Y plane Mdich isregrendicylardp dreronacapas %frﬂéenlﬁu@;(ﬁ%@mr&wal

appar g',%]slt@?ﬁ)r g?%g-gﬁégtﬁ]ogﬁ_\{gﬁoﬁl&etmetlﬁ iogm%mgio\fg petigfg 5@ % 2BiP5. exposure are made

i nt er changea e vari ous exposure apparadtuses. As shovv~i ul Fig.
3, the expokiy theppfadnadfdse reticld diige RST ipEataniBtnwmitfofeddy Medagest aaxehanger
(attachui g/ detachi ng mechani sm hol der transport nechanism_ 11 on a colum
12 of ntgEremgiesshby mongoring areflontag begm sgilsetingtfipsn a mgying siserPedgedenttbexchangi ng

t he holtggrstai gﬁlerldi ng the wafer holder WH and the probe 9 on the wafer stage
WeT. THe KEFuer exchanger 11 is provided for the pwpose of replacing an

used waf er TROWERF WK plcdd orrdWiBieioldep e thaolk deéd off waGitagk WS Eaglaé oft he
waf er hol der WH, the probe 9 having the sane size as the wafer hol der WH

can alsiog bdustedin dpesr digetiank 6-ooand ZFhikeoteissr hol der 11 i s designed so that
t he hol der ¢l appi ng,.unit, 14 can b ved al ong the x-quide secti 15 b
pUshi ng. € néese PBpastarptte Wi Npee rdon oo Rakseinslndy bate SRt iye .
Pl UNg e 1480hteFEONRIer h@ﬁ%ﬁg&%ﬁ}e@é bt oPihelidier BaheENLRl 48 MEn8ling Ne probe

9 along the x-direction, an can be retracted to a standby position by
pul | i mgrrotda fixed evthe whiEr ftageoMSTar d. Al so, by pushing the z-lever 16
downward, the holder clanping unit 14 is noved along the z [%ui de section

17, and t hdhowpisr stags Wel ismoed i siepshy disevaerstage mekor P gearding ©odhe he ¢l anpi ng
iti b t.Chi t -] I - . Fwther,
gofr: Clrn%fa].%]_r%ﬁcﬁ%glslgn% gﬁyes (rai]’g}% I%tﬁ%e\elf:n Tg‘u@r Aﬁ)rgotap% Gceaﬁ'y Gt sﬁécgfél\fe 9%?5 %‘P@e wWther

_ I's provi SO as' 1o %v touchi ng the
AF coygtfert HiPthe SRR aRBRAIRAS ifedb-cARASE —%nd—Mg:@a[tﬁIeﬂr@Hléﬁé){Eﬂhg Bk walkr i on in

x-y plane (A-adjustnent) is performed by rotating the x-lever 13 in
8- di r ect i orlsoJafocuarigsystam cdaprised by prdjectipn pirebéaand e defectomzat dbys provided ng t he

-l ever 13 about it is, .and i t he hookin ectjon 14a of the hol der
o1 anpibeyedie watastaes WV hio cRarally dHBStARMeR 6ing Weloh Votie P RlsHionoRT She

I i . i ent th
it or Pl IR RaR AP0 SiLaidio Sl ATUR AN 0P and MBI FCBESHER ' 0=

the wafer holder WH or the probe 9 using the hol der exchanger 11 is as
foll ows: the hol der exchanger 11 is attached to the colum 12 of the
exposure appa~~attis, the vacuum hol ding the wafer holder WH on the wafer
stage WST is cut for detachnment, the wafer holder WH is noved to the

cl anpi ng position using the x-lever 13, and the hol der exchanger 11 is

| onered to the clanping position using the z-lever 16. Next, the clanping

. B Y y" o




To measure illum nance or integrated exposure |evel on the wafer surface
using the illum nance neter 8 after excha~~ging the wafer hol der MWAW 2002
the probe 9 using the hol der exchanger 11, the wafer stage WST is noved
fromthe hol der exchange position to the | ower section of the projection
optical systemPL so that the |ight réeceiving window 9c is positioned in a
desired position within the illumnation region, so as to radiate the
illumnation Iight on the wafer stage WST through the illum nation opti cal

system 2 d the projection optical systemPL. At this tine, exposure |ight
ent er Hh‘“gs‘l?fnlaﬁed’lﬁ 5 wa \ﬁﬂsrﬂﬂ?\ﬁe@gy fhe detgetRp @b spragtade lae h@@ﬁ@ﬁ&‘e 9a, and

Sent (20 g ASREAL TR PAGRCEH shioiSe TR e AT R P 5 °

i 11 umdianion to Bpeeds Gochber thé Esie@fonloBtcaldydempioc is several tens of
m croneters, the method of nechani cal positioning on the wafer stage WST

descri bed dbohe, dnsllesinepse dyeksefisor 7 sl disposed on the wafalseg®@WIST to neasukd umi nat i on
region with sufficient precision. Accordingly, in this enbodinent, because
T T unitRaREes of e tehrls & A Offer @f&wﬂrpalﬁ@e@rso%% e FYe) shReRs gt i av ng

the s . S q%lfgizgr AR i ek I d by
exchaﬁgg%lng g?ﬁlg&%méﬁagglﬁlg%ﬁ%%n V\,iotf wgtﬂ e prtltgggeg@' nﬁgﬁﬁglgto'ﬁg%#%gg gxchanger
11 on WBE sy\@fte enableag dettifiline thé Blusieliad level dP@E ilNGfindfieedgto posi tion the probe
manual |y on the wafer stage WST and the probe 9 can be positioned on the

. ! p
waf er st agehpwnriesheldenWhiis detachably figbpsest encthe afier stanep¥ST aethet the rrpke

EnboaienEesTRREl o athe i RRAE R b AR bRt it RO s RRRE S 1"
di f f engafdr heREEWPO ditaBiRtas dhdvwh th PRy, § Ahd ifithande QIiF]e'?ér 3 i.?T ned %Rileleﬁﬁine aerRer 9a

itself in Enbodinent 1 has the sane size as the wafer holder WH, but the

i || umienergy ef theexposzd light IErdadngerthe Yafn® Hrmenps dithé otieal semor 23aoddeda
separate ne r of robe, 22, as_sho i Fig. 4, .aid the qgptical sensor
23 is Oé}tﬂﬁea‘ﬁ%gg’o{cgrgﬁ{g'ﬁ%‘ﬁ%?“ b WaRT 1588 Wi hnand ?Sf@n@gseéﬁéw Heragr wH In
ot her r i i : 4 Si ze as
R L S R R TR b T LA
of t hén e chige 42 as @i vhfar hoklet WAJul ai shaped optical sensor 23 inserted in a
cavity section 24b formed in the center region of the adapter 24. 0 ~ APR
2f1 02" The Uppes thaprebecthase lightaecspimecsindane s thexgntesreginn so@atithesenter ofht
except, i n. Jalels I r . I 1 el &
connecapeogtl%aggfl %OZ @%re (e)"érgs og'ﬂ};g ai%q% s()%qerngilsairgé tt{) Fbgéglvgfegr%%%grq%%%%%%ﬁﬁg e% body
10. ThemetdapimruRdNA) 8f e BfofedMeh 18aCind €He witkingdibaned] Wil Heldpoded dir€ctlyi t y
section 24b to the periphery for enbedding the cable 1 Ca. In this
enbodibsiomtthe wadawde. Frthep psherae bleck{dyaping watign) Shia fdhedipok enfheyafsor 23
and the er_of, the sal Si as..the fer .hol der i sed tq attach
ot haSiBt LS buioch Pooi T of e PR SE AL £ bl L omlgt PR e

( _ % can Che romthe
adapt efietedbodP10 i pRovided ERséndiripGieRbled STEIHE to RISMrOOBNIGE, and there is no need
to'fabricate the sensor itself iii the same size as the wafer holder WH
Enbodi ment TheTlheniharicemeteaB.cboweindrig. 2, is haorcalled caferamsg sneter figy nrréntiinidg thed

exposyre apparatus in Enhodjnment 3 w || be_explained with reference to Fig.
5. " EntjoH SHORECO Tl S g TBRERSA 15¥etsensor 7.404 E BN aineg by dient . The pr obe
22 inj ' PAVRILIS, O | BRALOY thafhAtdantk Rletd tical
censor TE e B P TS ch RO AR h e oRARE MY BRI e SR
body ZX@litiritichwgkratiorcia péréorihe@periodiehllye(ohdea wdek for example) wrhahitaid thel deteEidnodi ment

3 transmts electrical signals gi nf ormati on regar di?r}gqthe, exposure |ight
ener gyrectsianff thedllupinanes levelsgaser 7.2By sharipgthe sesulispradugedhlydhe dlumpsneegpeder pody

30 as Jllustrated in Fi 5 h i er . . e

ncor AP RY el Rpds e appartR sidnwt 15 BB eivkh Bl ST BROIRAE ¢ e
el ect _ﬁh&fé|mt§rb1%ﬂ?$a%lefdhﬁjﬁgftﬂé®aﬁ&§s'eﬁﬁdsu§% 4used to digital signals; a light
emtting el enment (sending nechanisn) 34b for sending converted signals

ext er nal | y Asshowh heFig/ Diteerpesuteapparatncs firth@4aovideiwiilt sholder pphargal  secti on;
and a power section 34c conprised by a batterﬁ-for fuppkying el ectrical
pover (@ching/dejpghinganechargBropdsT tqugporineshar et acqorey 12 of it expfuiche | i ght
emtting elenent 34b. Also, the external neter body 30 is provided with a

| ight detecting element (receiving neans) 30a for receiving light signals
fromthe light emtting el enent 34b, and the |light detecting elenent 30a is
di sposed in a location suitable for receiving light signals emtted from
the probe 32 positioned on the wafer stage WST. Here, the exposure
apparatus in this enbodinment is provided with a wafer stage WST for
nounting and transport of the probe 32 of the illum nance neter 31. In this
enbodi ment, exposure light injected olio the optical sensor 23 is convened

. o o o - o Al ™~




of the probe 32, and enabling accurate signals to be transnutted because
digitized optical signals are used as comuni cati on nmedi um thereﬁﬁ éPR Zmn
| esseni ng adverse effects caused by el ectromagnetic interference. Al so,
because the A/D converter circuit 34a, the light emtting el ement 34b and

t he power section 34c are housed i nsi’de t he adapter 34, overall shape of
the probe 34 can be nade the sane as the wafer holder WH so as to be

i nt erchangeable with the wafer holder WH In this enbodinent, a

phot o-el ectrjc .deyice for .chargi he tter a.s anegl fo xanpl e,
oy b@PhERS oE A and Phsoase o e BBk Hicsenstt e bR Ghe mibe 2y
occupigGhvardrResORigcCal sensor 23. Battery can be changed before or
concurrently mﬁ%h t aki ng energy neasurenents using the optical sensor 23,
by utilizi Mye héldererttanggpdhalpravided bsralidpuirse efreplgyngdn dsbeweikplagder Vi ght .
Such an arrangenent_ elim nates the task of battery charging, and the probe
32 cartitdgnetheryele bolder W and, mstspdidhegeaferfolden Wb themreohs %%nvméleéﬁlpes ure
appar at us... Enbodi nen The i.l |l um nan neter, illum nance measuring net hod
and ef%ggsut}]%wg%%éﬁ?&ﬁf bS&Haﬂ%’ﬂ?edﬁ‘EW‘rﬁ- be explained with reference to
Figs. 6 andhd wafePRQad:Te N dedightidlsh @abthe hORR R RIRT 4 bar Be hbBedfaRnk @ g
points. T he exposure apparatus in Enbodi nent has one wafer stage 28

whi | e xtdvideaszqtios IIf by pysheug dlteuslevan 1 Eirizbelk-divention dholmaisn Rigdduintikths plagger §tot uct ur e

conprised by, t waf er stages T1, W5T2, as shown in _Fig. 6. Another
differ %‘walchgsmawﬂanpf ém?g‘?rhéﬁfr H qrithe Pﬁ&@l?é‘l@gﬁ%&x'@%g%%d gradess t he

waf er [ ']-Eg@ . .[Q{[,g. 42 is conprised by an

opti ca &Etgﬁ{sooa\réﬁfg%d\?ﬁlﬁg%?ﬁ@is n%xi?vgltepg% h%g'vvafer W arid at |east one of
the waf er sflagespishing the,z-Web 1@ dGaivaad; Sy Hsiidatianping beit 1Pis asove@hlbngsie £-he

waf er W The doubl e stage structure has been disclosed in a Japanese Patent

Appl i &ide sastiorr] 7, end the peies haldes WH aethe popbe 8 sayoie lovered toghe dampiag posgfontbye

tical 43 is shiel ded fromligh t at the |ight
W neloqP ek o8 s | Conhe Bl Sow et obpo A B atp S el b8 ot er na
et er pRAd as (@ 2vdidoBIRAKHERIColer (ot oy ARAEON Lenltiie. BHROSUFQmRARAT Al US

operates as follows. The wafer stages WST T2 can be noved i ndependently
i n t woetdiamensiyplame fhadudtase) i§ poforsbdyptagiog thhatlewehid i Godieciaf. er st age WST1
is used to.exposure. awafer, W the other wafer sta 2,.1s.used for
exchangi ng ThuagkposdaVFiek e Sap o mee i S gt e abor R85 el ar m
44a Ofusﬂigﬁle%(glﬁﬁg deORfiel4a O MRHSIHG h{éﬁﬁxﬁ%!f&rﬂﬂe W& SoldeARAPEY the ﬁ%ﬁé"@n' sm
illum nance neter transport nmeans) 44.” In a manner simlar to the case of
expositebock onatfesianyfying bleck soghto lockahe alampgjnghavltquet4Boven)itsppesit theovated i n a
specific spof on the fer stage (WSTI or WST2) by neans of a pre-alignnent
devi cd°ldRh ONrBrobe hIQmMAOPEREodi nent al so, because the size of the Iight
recei ving w i } : can be

posi 1 onad i el Schtilsihe Ll hoRler DHEARFHBES wlAPRARE TR

il g umeRétiahgen 11 8@k lloas: thékolded bxxhagkabies asdchgl tb ke cpluamal2 of dieerposdevi ce.

Therefore, in this enbodinent, |oss_of productivi t%, caused by intennption
due t GPPREEN e Yacuym holdingsthe wafer hoider S op thewvaterisiags) eiTéﬁ@lééor&éme@P% t wo

waf er st T WBT Lo . i f..1he other,
vl o ot GRERNEN 1 AELRch B GOk o L APYS NP PEUAENE et e ot
beC&U?e@cHaB%rﬂ)[Qb@wé}gd@fthéél;ﬁn}bmépﬂﬁtiaﬁﬂﬁﬁgtﬁ@'iz@éveﬂ%.haS_the sane size as the
wafer W it enables to easily exchange the wafer Wwith the probe 42 on the

waf er st ageNewsTR clasipig block (dlahping kesticerWB proviged an theeujsr phywheard of the bessl aced
with a water W i ces suc S tical nsor and signal .process

ci r cuipy Sﬁ‘élopggﬁ\f ng‘f’ é"@yef) H"l&ﬂé’s}a/éﬁ‘ é"f‘m f‘bﬁjwﬁﬁgigg#q ¥ B‘Eﬁl&pﬂ;‘.mq ‘Evafg oul d be
not ed o L ' j ' T i At (1) h~
he. i 1Bt WEDS SREERGRG i 3RS 1RSSOI SEMSIMINARI i L1y,

22, 2%okigyebyt hitlingaliex-fiverd 3ashile fleatitg flerwafal hdkler WH sotha g-1dver Bhaliledocklie pr obe
to be interchangeable with the wafer hol der WH using the hol der exchanger 1
|, butreleased gidhippeint anddbe wyfer hodder WHisidataehed bireqtating A ¥-levenig daitheprosie  t he
probes.in. these enbodi nrents may have the sane size as the wafer Wso that
pr obe/ ggp“exchange may be can-ied out using a wafer transport nechatusm
such as the wafer | oader. Al so, in Enbodinent 4, the probe 42 of the

illum nance neter 41 may have the sane size as the wafer holder WH so that
probe/ hol der exchange on the wafer stages WST1, WST2 nay be carried out
usi ng the hol der exchanger 11. (2) In Enbodinent 3, signals are transmtted
using infia-red radiation using light emtting el ement 34b and |i ght
detecting el ement 30a, but other methods of w reless transm ssion based on
0 ~ APR 2002 12 electrical waves may al so be used. However, infi-a-red
transm ssion of signals is preferable in terns of avoiding el ectromagnetic

Y Y o - \ - P T L a ~



(6) I'n each of the enbodi nents presented above, the illum nance neter (8,
21, 31, 41 ) is designed so that, when the illum nance neter havi @g r &hfb
t he sane size as the wafer holder (or wafer) is placed on the waf 1&%
WST (or wafer holder WH), the thickness of the illum nance neter is

sel ected such that the top surface (&r incident surface) is at about the
sane height as the surface of the wafer W Therefore, by placing the wafer
stage WST at a specific height, the sui~ace of the illum nance neter wll

be at abou the h as. t he Iane of .the projectjon optical
Syst em for HEEh RS Qi berer Mo Do gioaee isaperef rnanes. °F
illu um nance
met emhggﬁ)%ge pos?‘?l?gazlgglsm&e%out ?ﬁﬁéﬁ %QIIUHIE%? {hEt@v a%ggé gﬁla%gngté@%sg#e of the
proj epdsitioning Heivefdr holdet WIH.by det er mi ning t he he| ght of the illum nance

meter surface and noving the wafer stage WST vertically to the sanme hei ght
accor di ng Teomepurerusinesrece sitderated expostreAPRI orptbe wafsr chgd@ of the

exposuyr e. appar SJds n limte ctor VIC ductlon O her
abs HEiaRE e el faveng Bt OB L RE e arooe S5 pa el ool

pat t epfadgl 11| 18 Wlafty SEYSHAT 191'n§Gl=,|d%’onPf'f’19ﬁ%ld&r&xélﬁﬁé@ﬂb%hﬁfo tgé RAE; Rbes or
for produm ng thin magnetic heads. (8) The Tight source of the o
exposuifftke prpjeeticatoptical EystehePIpscethﬁme lighvreodivingiwindywioo &l pesiéionedrimy desired  addi ti on
to g-line (436 nr%, i-line (365 nm, KrF exciner |aser (248 riin ArF

exci r Psttiopagibin thaggmyggion lrcglon,asg & tO(rq@wte HgyLlungingtionfght,gp é‘}e weaferisage dptli cal
syste dit

YSt OB oML AR AP IR A A0 BB LM PTRLIAL LG de BT 1 on

tore roeC|orfo I cal
syst e?ﬂ bre@h thidugxthe QIRIoW deidétcdled tin ha WpticalehsoaSa, %ﬂﬁﬁil‘gnzils?geﬂérateﬂfay
include quartz and fluorite for transmtting extrene ultraviolet radiation,
and fmcorldmgltaéepnqmdofmfrwssuﬁr ledhk are sént by theinetgrhady d 0 Syeughitke ablerl@dfo acti ve

1) R iensirinare Teoue hedin o e nad SR e B age.

ei t hefhe efiiol %an%@rfaﬁféal@éﬁlﬁoxﬁﬁ?ﬁﬂh@@aﬁ} §aRORET BERribedlabéve TRARE ol ¥
| evitated type based on a Lorentz force or a reactance force may be used.

The splagesthorpyobb@ irathg illuddehtiby peioblvath soficiest medd@ge al ong guide rails or a

gui del ess type with no guides. 12 en,  a pl anar S to used for
stage novi ﬁgcq&%%lw&ﬁer%wﬁw V\QW@PP%CCW?%‘GIS Héfhembeﬁﬁgﬂﬁt) or the

ar mat yi 6 Akd mitsr Hal ng?ﬂe sGile G ﬁshﬁe @%@ﬂﬁﬂdeﬂiﬁq{ tgﬁ@ g@tp{kﬁk 9§ RRROL ppf the

magneti c uiut or arniture unit ma I nstall’ I'ng surface
( bas exchiinginpahswatgeholder WA “ﬂ'thﬂqer}ﬁﬁt&:t%mngfthrrlmﬁegemhmbleﬂ dmythet Wa"emge ment of
the wafer stage may be di ssipated nmechanically to the floor (grqund

t hr oudf T B oPFTaier degs Rethset © pogidonythe probs mignyaHy an Hs i sleeiSd and IAIBpI i cation,
o bos Y A Bliollonhc\ e kipe BT BLRARRIith BEARILARN! 5 apPlicable to an

exposBre appar Arus lﬁgv SUER
,  Embodiment 2

The illuminance meter, illuminance measuring method and exposure apparatus in
Embodiment 2 will be explained with reference to Fig. 4.

Embodiment 2 differs from Embodiment 1 in the following point. The optical sensor 9a itself
in Embodiment 1 has the same size as the wafer holder WH, but the illuminance meter 21 in
Embodiment 2 has an optical sensor 23a as a separate member of a probe 22, as shown in Fig. 4, and
the optical sensor 23 is attached to an adapter 24 of the same size as the wafer holder WH.

In other words, the probe 22 is comprised by an adapter 24 of the same size as the wafer
holder WH and a clamping block (clamping section) 24a as a part of the probe 22, and a rectangular

shaped optical sensor 23 inserted in a cavity section 24b formed in the center region of the adapter 24.



( 14) The reactant force generated by the novenment of the reticle stage may
be di ssipated nechanically to the floor (ground) through the flam ng
menber's, as disclosed in a Japanese Patent Application, First Publ UchtARR 2002
Hei 8-330224. The present invention is applicable to an exposure apparatus
havi ng such a structure. ( 15) As dedcri bed above, the exposur e apparat us
of the present invention is manufactured by assenbling various sub-systens,
that include the various structural elements disclosed Il11 the clains of

t he present_inventign, as, to maintain the required . degrees of

nechani cal ,* & MERY FY ‘I’Ofi ?jOHS‘ﬁ%liS@’éPrﬂ ipshpd @%G&C&pwgﬁcgmt@ﬁymw achi eve
the r i : 5. i ri . at us
assentr ) s ATt A TR wit SR 18 ek o i h gt bRy o B BhHRuing RIS

i nspead thenderdpotBtdENt steps to assure optical precision of the optical
systens, nechani cal precision of the nechanical systens, and electrical
preci si on die adpptes P4 basr) gredve ssphereis. exiagdingriiom thefcavibseetigpddbtatheyst em i s

preceded b SS l.i ng of various sub-systenms to respective specification,
so thffnﬁl}?é'@&%e@ap‘@g ﬁ%l?l?aﬁ?s may be assenbl ed by nutual connections of
sub- syst ey, ialkinTBEARRI Ao KONTERLLABE rofiid e lorRbEBlh6R] Cirouits
and connections assoclated with pressure piplng. en t?’ue final assenbly of
subsy sitlgne of the canaesiga deuwater dpidear WHLIS uded tccatagh ®©tiechptical @énsord3athe sptivasy st ens
are adjusted within_ the operating environment of the overall adjustnents to
assur 8n§9ied3pan by detached Gom die agdppser gﬁ HIse B capyiag aut gther measarepients A herd on f or
Lhe eXpaSHLEIRRRLALISRNPHLA PR, BEKd QL TER, Ldpsheaproom envi ronment . (
16) A’sem conductor device 1S pro uéed by The exposure’ apparatus of the

pr esemmboaM@nt 3 on according to a typical flowhart shown in Fig. 8,
represented by: step 20l to design functions and capabilities of the

devi ce; st dpe duminancepmetdn dhminanesikeasyringanetkadrand expdserk eppasatesindi ng to t he

desi gn; .ste 3.1.0 produce . wafers framsilicon ingot; step 204 to process
t he m&?réqumgeegg}”&hﬁg&?l@mte‘ﬁ@”ﬂbfe&%FEp-lgg'discri bed to inprint the pattern on
the wafer usiginidies GHRRTHEEARRANATYSh the EEBwRED kR ol © g device (such

as dicing, bonding, packaging and other processes); and step 206 to inspect
t he afsdoilinedt Zenverts inciddnt Hghf\BiRrA08dating ozt optisal sdraorPBdntb stectAval isighalsini nance
met er whi ch neasyres an energy | evel of radiafion jllum nating a
subst PAY% aFfeteR! teﬂieéxtgﬁﬁgmﬁfswdgﬂ‘i&éwﬁa@% Oagphile e Lymipsnerapeieiedl n

compr iEﬁingi'én(fﬁ?% {rgé:hlggggﬁficaﬁ’éi%’icaﬁ é%@or%tié)ﬂ%%&[#ﬁ%?ﬁ?%&)o\ﬁ%fe@%lﬁtgﬁe | g devi ce

and attac er att nt sectl ice on the
subst ppficl shage3 bairflaaediifalsie ti nteter bbdyc3? 6 dlptead miFidi5a hol der cl anpi ng
wit of a hol der exchanger W uch is provided for the purpose of replacing
an used holl#ptigy theagppier 3%1@ Hie RERDE A& InCApPes ey can nygtep U At sensor
di spo i t r i L0.5al.d £ad] ation. An

11 g g SRR lR! B biteal RN EGRLTY EACLAIA", 1T,
abl e felembs: (bentiR GhbaRgieh)\34b For SerldBlgdbm@rieiigi drierrallg fibmliees/Texphatger .  An

illum nance neter according to claim1, wherein said instrument plate and
sai d ketudi g Tgenisperipheiad sestien fed apower seghon Sdsicamprisedby adatiesy. far evwp rudes
from Hectica %crwr\]/grl to H’Leeroipgcha? g%so?fﬁ ,t tﬂee A/D converter circuit 34a and the light emitting element
34b.
Also, the external meter body 30 is provided with a light detecting element (receiving means)
30a for receiving light signals from the light emitting element 34b, and the light detecting element 30a
is disposed in a location suitable for receiving light signals emitted from the probe 32 positioned on
the wafer stage WST. Here, the exposure apparatus in this embodiment is provided with a wafer
stage WST for mounting and transport of the probe 32 of the illuminance meter 31.

In this embodiment, exposure light injected into the optical sensor 23 is converted to electrical

signals, which are converted to digital signals in the A/D converter circuit 34a, and the converted



instrunent plate. 4. An illum nance neter accordvig to claim1, wherein

said uLStrument plate is provided with a holding section so as to et APR 7002
attached on a substrate stage by neans of vacuwn suction. s. An illum nance
meter according to claim1l; wherein said instrunment plate is provided with

a wireless transnittuzg device for edternally transmtting information
related to |l evels of radiation energy obtained by an optical sensor. 6. An
illum nance nmeter according to claim1, wherein said illumnance neter is

provided with a battery and a photo-electric verter for charging,the

Do t esigg Mirdemprintiseh Bt ehCaig et b R ane and dg

i1 um t § 1 i ndi vi . Xposur e
|1 ght Pba e ReE B Aol tahdh 46, B0 0 Eorhilt oA I RRTRSN LK P Beblod
iildigodual energy levels are interchaligeable anong the plurality of

exposure apparatuses. =~ 0 1 APR 2002 16 A nethod for neasuring an energy

| evel of aAcemdingly.able id wneaessaiyror zansmistinglighesignalscthembyafapibiatihgbandbing ce
attached on ubstz-ate stage, conprising the steps .of: t.l-ansporting an
11 nPrRBE0REE 810 70 e SR PP B s et SR EHoR b et or
exchangiingcddifuohioh BEAHRY iHERbWelBnhP falels URAAAGR4 ﬁsgtegar&ﬂ%@afa tion the
illum nance neter on the substrate stage to neasure an ener evel ; and
det ecintdrfprenied. dAls@ Becatiseahe AD conaerser citcuiti3da, ithel light snaining elvrteat 34bandliicai n ener gy
i nformation on_the ener(g]#l evel of said radiation. 9. A method according to

cl ai mPewengprtion pAe phousedinpif)the pdapter &4, ioverathshanseidhemrpls 34 canbgmedeitheut by
means _Qf . a .haql der, C er i.ch IS prLovi de ose of replacing
an uséad“%a&ﬂ‘l%aggé‘é’gflércm t%\gneolf’ re(#]arf%?bg?%’lg %g%%e@h&%ﬁ%fnet hod accordi ng
to' clai m 8m wRehMbAn®Al, Sphos-Blechi¢ 86videes: chitging dR%afler§ ABlaPpanépfum chucki ng
of an illum nance neter on a substrate stage. 11. A nethod according to
cl ai megampkh evap be pesiticedrintatowtibuen the surfane dliibkeaslaptersidawt ofcupied by the optical
transm ssign_of ener.qy inf@ge tion on elaéejr | evel s determi ned. 12. A

I ,

met hoS5UCdr BRYFGY ¢35 Richmer8OCIRi oF ey WP AR Fares et Erm Ay i e s
| ndi VAl sofRPs 06y httA SOl AR BsdrbHRlenGB) b RLlbAR fgth! ural ity of

exposur e apparatuses so that said individual "energy | evels can be used

i nt er chang8adil an aammgemehhadinphatesald thsk o batexypdarging, apithe probstscantadntinde tret hod

according.to claim8, wherein said method fiu they includes a step of
det er MOHS @ba prolonged period of time in the exposwe apparatus.

Embodiment 4

The illuminance meter, illuminance measuring method and exposure apparatus in
Embodiment 4 will be explained with reference to Figs. 6 and 7.

Embodiment 4 differs from Embodiment 1 in the following points. The exposure apparatus
in Embodiment 1 has one wafer stage 28 while the exposure apparatus in Embodiment 4 has a
double-stage structure comprised by two wafer stages WST1, WST2, as shown in Fig. 6.

Another difference is that, in Embodiment 1, the probe 9 has the same size as the wafer
holder WH but in Embodiment 4, the probe 42 is comprised by an optical sensor 43 having the same
size as the wafer W, and at least one of the wafer stages WST1, WST2 can accommodate probe 42 as
well as the wafer W. The double stage structure has been disclosed in a Japanese Patent Application,
First Publication, Hei 10-163097.

The top surface of the optical sensor 43 is shielded from light except at the light receiving
window 43a, and a cable 10a is connected for sending signals to an external meter body 10, as in

Embodiment 1.
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tasks independent of the other, i.e., the wafer/probe exchange task and the wafer exposure task. Also,
because the probe 42 of the illuminance meter 41 has the same size as the wafer W, it enables to
easily exchange the wafer W with the probe 42 on the wafer stage WST2 using the wafer loader 44.
When the probe 42 is replaced with a wafer W, devices such as optical sensor and signal processing
circuit can be fabricated on the wafer using photolithography.

It should be noted that the present invention includes the following variations.

(1) In the illuminance meters 8, 21, 31 presented in Embodiments 1~3, probes 9, 22, 23 have
the same size as the wafer holder WH so as to enable the probe to be interchangeable with the wafer
holder WH using the holder exchanger 11, but, as demonstrated by the illuminance meter 41 in
Embodiment 4, the probes in these embodiments may have the same size as the wafer W so that
probe/wafer exchange may be carried out using a wafer transport mechanism such as the wafer
loader.

Also, in Embodiment 4, the probe 42 of the illuminance meter 41 may have the same size as
the wafer holder WH so that probe/holder exchange on the wafer stages WST1, WST2 may be
carried out using the holder exchanger 11.

(2) In Embodiment 3, signals are transmitted using infra-red radiation using light emitting

element 34b and light detecting element 30a, but other methods of wireless transmission based on
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The present invention may also be applied to a proximity type exposure apparatus, in which
the projection system is not used, and the masking and the substrate are in close contact during the
exposure process for imprinting the making pattemn on the substrate.

(6) In each of the embodiments presented above, the illuminance meter (8, 21, 31, 41) is
designed so that, when the illuminance meter having roughly the same size as the wafer holder (or
wafer) is placed on the wafer stage WST (or wafer holder WH), the thickness of the illuminance
meter is selected such that the top surface (or incident surface) is at about the same height as the
surface of the wafer W. Therefore, by placing the wafer stage WST at a specific height, the surface of
the illuminance meter will be at about the same height as the focusing plane of the projection optical
system for measuring the exposure light IL.

However, even if the illuminance meter has other thickness value, the surface of the
illuminance meter can be positioned at about the same height as the image plane of the projection

optical system by determining the height of the illuminance meter surface and moving the wafer stage

WST vertically to the same height according to the measured result.
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aser and x—rays reflective/refractive systems or refractive systems (reticle is also made of a

reflective type material) may be used.

based

(11) If linear motors are to be used in wafer stage and reticle stage, either air-levitated type

on air bearings, or a magnetically levitated type based on a Lorentz force or a reactance force

may be used. The stages may be a guided type that moves a stage along guide rails or a guideless

type with no guides.

(perm

(12) When a planar motor is to be used for stage moving mechanism, either the magnetic unit

anent magnet) or the armature unit is installed on the stage, and the other component of the

magnetic unit or armature unit may be installed on the moving surface (base) of the stage.

(13) The reactant force generated by the movement of the wafer stage may be dissipated

mechanically to the floor (ground) through the framing members, as disclosed in a Japanese Patent

Application, First Publication, Hei 8-166475. The present invention is applicable to an exposure

apparatus having such a structure.

(14) The reactant force generated by the movement of the reticle stage may be dissipated

mechanically to the floor (ground) through the framing members, as disclosed in a Japanese Patent

Application, First Publication, Hei 8-330224. The present invention is applicable to an exposure

apparatus having such a structure.

(15) As described above, the exposure apparatus of the present invention is manufactured by

assembling various sub-systems, that include the various structural elements disclosed in the claims of

the present invention, so as to maintain the required degrees of mechanical, electrical and optical
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assembling of various sub-systems to respective specification, so that the exposure apparatus may be
assembled by mutual connections of sub-systems involving mechanical connections, wiring of
electrical circuits and connections associated with pressure piping. When the final assembly of sub-
systems into an exposure apparatus is completed, individual sub-systems are adjusted within the
operating environment of the overall adjustments to assure overall precision of the exposure
apparatus. Assembly operation for the exposure apparatus should be performed in a cleanroom
environment.

(16) A semiconductor device is produced by the exposure apparatus of the present invention
according to a typical flowchart shown in Fig. 8, represented by: step 201 to design functions and
capabilities of the device; step 202 to produce a masking pattern (reticle) according to the design; step
203 to produce wafers from silicon ingot; step 204 to process the wafers according to the procedure
described to imprint the pattern on the wafer using the exposure apparatus; step 205 to assemble a
device (such as dicing, bonding, packaging and other processes); and step 206 to inspect the

assembled device.
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1. illuminance meter which measures an energy level of a radiation illumninating a substrate
held on a substrate stage by means of a holding device, comprising;
an instrument plate to be interchanged with the holding device and attached to a holder
attachment section of the holding device on the substrate stage;
a clamping section which couples with a holder clamping unit of a holder exchanger which is
provided for the purpose of replacing an used holding device with another holding device; and

an optical sensor disposed on the instrument plate for responding to said radiation.

2. An illuminance meter according to claim 1, wherein said illuminance meter is able to be

interchanged with a holding device by the holder exchanger.

3. An illuminance meter according to claim 1, wherein said instrument plate and said holding
device have a same size, and said clamping section protrudes from an external periphery of the

instrument plate.

4, An illuminance meter according to claim 1, wherein said instrument plate is provided with a

holding section so as to be attached on a substrate stage by means of vacuum suction.

5. An illuminance meter according to claim 1, wherein said instrument plate is provided with a
wireless transmitting device for externally transmitting information related to levels of radiation

energy obtained by an optical sensor.

6. An illuminance meter according to claim 1, wherein said illuminance meter is provided with

a battery and a photo-electric converter for charging the battery.

7. An illuminance meter according to claim 1, wherein said illuminance meter is used to
determine individual energy levels of exposure light emitted from a plurality of exposure apparatuses

so that said individual energy levels are interchangeable among the plurality of exposure apparatuses.



10109%&' () - YF109%& ()-Y10%& ()-L 109 ()-Yz 10% ()-10%& ()- FAEVK@'!
10. 109&' () - +#109%&' ()-&H#109%& ()-"109& ()-!'!109% ()-VYI 10%& ()-P VWX?(I"’DAPR 2002
19" 109B& ()-3 10 10 10: S#10%&' () - 8f #10%&' () - Y7109%&' () - 1, #10%& () EnbC !
1109B& () - 109B& () -S109B& ()-109B&' () - 109B& () - Ff 109B& () -t TXdEmbC !
1, Fl'1098& () - MLOYB&' () - @ 10%B& () -"1Q8B& () - &10%B& () -1 10%8& () - cddEmbC !
1, 109B& ()-* 109B& ()-,S) @109B& () - Z109B& () -, L$! 109B& () -
109B& ()-:"qrsdE:/ 10B 10Bl: 109B& ()-8 109B& ()- @" 109B&' () -
3-109B& ()-13"109B& ()-,0"109B& ()-st4xY:/ 10B, !'10% U& ()-,"10% U& ()- 10%
U& ()-S10% U&' ()-110% U& ()- (10% U& ()-F 10B ]dE:/ 10B, | 10%
8. A method for measuring an energy level of a radiation illuminating a substrate held on a
holding device attached on a substrate stage, comprising the steps of:
transporting an illuminance meter by means of a clamping section of the illuminance meter;
exchanging the holding device with the illuminance meter to position the illuminance meter
on the substrate stage to measure an energy level; and
detecting said radiation by means of the illuminance meter to obtain energy information on

the energy level of said radiation.

9. A method according to claim 8, wherein positioning of said illuminance meter is carried out
by means of a holder exchanger which is provided for the purpose of replacing an used holding

device with another holding device.

10. A method according to claim 8, wherein said method further includes a step of vacuum

chucking of an illuminance meter on a substrate stage.

11. A method according to claim 8, wherein said method further includes a step of wireless

transmission of energy information on energy levels determined.

’ 12. A method according to claim 8, wherein said illuminance meter determines individual energy
levels of exposure light emitted from a plurality of exposure apparatuses so that said individual

energy levels can be used interchangeably among the plurality of exposure apparatuses.

13. A method according to claim 8, wherein said method further includes a step of determining
positional information with respect to a direction of emission of radiation; and a step of adjusting a

position of the illuminance meter according to results of said positional information.

14. An apparatus which exposes a substrate with a radiation to project an image of a pattern of a
mask on the substrate, comprising:

a substrate stage;
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an illuminance meter by means of a clamping section provided on said illuminance meter and retains

said illuminance meter on a holder attaching section of said substrate stage to detect said radiation.

15. A method for exposing a substrate with a radiation to imprint an image of a pattern of a mask
on said substrate held on a holding device attached on a substrate stage, comprising the steps of:
transporting an illuminance meter having an optical sensor responsive to said radiation by
means of a clamping section provided on the illuminance meter;
removing said holding device by means of the clamping section so as to position and retain
said illuminance meter on the substrate stage;
obtaining energy information of said radiation by detecting said radiation with said
illuminance meter;
detaching said illuminance meter from the substrate stage by said clamping section;,
attaching said substrate holder on the substrate stage;
positioning said substrate on the substrate holder and;
calibrating a sensor for measuring said radiation in accordance with the detected energy

information.

| 16. A method for making semiconductor devices by exposing a substrate using the method of

exposure according to claim 15, and producing semiconductor devices from the exposed substrate.

17. A holding device which holds a substrate, comprised by:

a holding section that holds the substrate, the holding section is interchangeably disposed on a
substrate stage which is movable in a two-dimensional plane; and

a clamping section disposed on the holding section for coupling with a holder clamping unit
of a holder exchanger which is provided for the purpose of replacing an used holding device with

another holding device.



