2218531 -1- ALI GNVENT AND EXPOSURE APPARATUS FI ELD OF THE | NVENTI ON AND

RELATED ARTS This invention relates to an exposure 5 apparatus for use in

t he manuf acture of senrconductor m crocircuit devices such as integrated
circuits (1Cs), large scal ed integrated crrcurt%%%#ig;%%ggj the like. Mre
particularly, the invention is concerned with a ess and system
inrelation to alignnent and 10 exposyce i n an alignnment and exposure
apparatus called a "mask aligner”. Resolution and alignment accuracy are
basi ¢ pe¢formances required in a mask aligner. Also, the processing ability
(throughput) wll be another 15 essential performance in the point that the
mask aligner is a proddEEGHMENECANBeEXPOSURBCAPPARAEDBher mini aturization
and hi gher capacity of sem conductor devices has forced further’

i nprovenents in the resolution and alignnment accuracy. 20 Wth

t he nrnraturrzatron of devrces there has occurred transition in an
exposure prBEELR QE.THEYT '»N,- LAT 2. there have been

devel oped contact/pr i,mt rro prOJectron type and | ens
proj ection type in tﬁﬁésoFégﬁ Af on@égth §°2§nsF§B°§HH ®repeat type

ner oy of aSPROBRENG, ROZshoL" 4Bothr, RafusRbERRRcok; HBpglonaRaRdLe 11 On

microcircuit devices such as integrated circuits (ICs),

v large scaled integrated circuits (LSIs) and the like.
More particularly, the invention is concerned with a
unique process and system in relation to alignment and

10 exposure in an alignment and exposure apparatus called

a "mask aligner".

Resolution and alignment accuracy are baeic
performances,reduired in a mask aligner. Also, the
processing ability (throughput) will be another
15 essential performance in the point that the mask

aligner is a productive machine. Tendency to further
miniaturization and higher capacity of semiconductor

' devices has forced further improvements in the
resolution énd alignment accuracy.

20 .With the miniaturization of devices, there has
occurred transition in an exposure process adopted in
mask aligners: that is, there have been developed
contact/proximity type, 1:1 mirror projection type and
lens projection type in this order. At present, a

25 step-and-repeat type projection expoSure apparatus

(called a "stepper") using exposure light energy of a

wavelength 350 - 450 nm, becomes prevailing.



e A S AP L B

-2- Further, as an aligner for manufacture of next era devices, such a

st epper which uses a light source that can supply |ight of shorter

wavel ength (for exanple, a stepper using as an exposure beama light 5
having relatively high intensity and short wavel ength of an order of 250
nm such as a |laser beamfroma KrF exciner |aser, for exanple), is
considered as being effective. In this type of nask aligners, higher
precision is required, along with the inprovenments in 10 the resolutjon, in
regard to the pattern overlay or superposition accuracy related to °
overlaying a circuit pattern of a mask or reticle upon a pattern already

formed on a wafer. plptRegads8s0hn1819888r DROM mhAL£ASROBLEOLS AEx@ resOl ution
of 0.5 micron, a pattern overlay accuracy of about 0.15 mcron and an

al i gnnent egacaeetyesl, ahett alstepperorhich wegsi acdighkusougewel opnent of a
uni que alignment systemthat ensures high-precision pattern overlay has
been desi thdt tanasupplgmpight wfesholmter wapedeadtRO (&brgnment  systens
have been proposed in Japanese Lai d- Open Patent Applications, Laid-Qpen
Nos. Sho é%amplez3aanteBpercRsing3as Theexpognrenbeapsackighitscl osed in -~
these Qpublications utilize, for the altgnnent purpose, a_25 wafer chuck
adapt 6d t bavbng rrip&dnedywhigh Bptensilyt ppd. sherkl wanedengkhrk is

provi ded on the wafer chuc%, and by using %n of f-axis nicrosco%e and an X-Y
of an order of 250 nm, such as aser beam from a KrF

excimer laser, for example), is considered'as'being ' '::

effective. In this type of mask aligners, higher

precision is required, along with the improvements in
10 the resolution, in regard to the pattern overlay or
superposition accuracy relatéd to overlaying a circuit
pattern of a mask or reticle upon a pattern already
‘formed on a wafer. In a case of 16 mega-DRAM, for
example, for a resolution of 0.5 micron, a pattern
15 overlay accuracy of about 0.15 micron and an'alignment
accuracy of about 0.1 micron are required. ' - -

Thus, development of a unique alignment system
thgt ensures high-precision patterh overlay has been
desired. In an attempt to meet this, improved
20 alignment systems have been proposed in Japanese Laid~.
Open Patent Applications, Laid-Open Nos. Sho 61-263123
and Sho 62-94932. ' -
_The #lignment systems disclosed in these

publicaéions utilize, for the alignment purp¢se,:a
25 yafer chuck adapted to hold thereon a wafer by

attraction. An alignment mark is provided on the wafer

chuck, and by using an off-axis microscope and an X-Y



-3- stage the relative position of an alignnent mark fornmed on the wafer
and the alignnment mark of ,the' wafer chuck is detected and nenorised in a
menory. After this, the relative position of the alignnment mark of the
waf er 5 chuck and an alignnent mark provided on a reticle is
detecting by using a projection |lens system (provided for the projection
exposure) and the X-Y stage. By this, the positional relationship between
the retjcle and the wafer can be detected. 10 SUMVARY OF THE | NVENTI ON
Accor di to the present invention'a3srep-and-repeat type projection
exposure apparatus for projecting a reticle on different zones of a 15
wor kpi ece in sequence through a projection optical sysfen1 wher ei n
t he appar at ug¢LR8a! S s LG r .hol di reticle
wor kpr ooe. hof Sapcr SHenEPARELVE, Bodikith bE" st BlnbHE " BRLk FoPne) gi ng
the workpi ecgnhphdewasby ahar @ABCALIGAmMEAL! MAkk 6% the watBE gﬂg%g §6€
hol der has a plurality of recording areas each being provided by a
nagnet o- opt i detefeédr aad, mefozipBat 2ahr M fefiBE9i al Aftbhe ERgar di Reear eas
bei ng | ocated around the periphery of the workpiece as it is held by the
wor kpi ece hokddatiwker positliennowedibl ehet agdighmeatadmapirkdofothev@aflee
wor kpi ece hol der so that on each

5 chuck and an alignment mark provided on a reticle is

: detecting by using a projection lens system (brovided for

~ - the projection exposure) and the X-Y stage. By this, the
positional relationship between the reticle and thé-wafer
can be detected.

10

SUMMARY OF THE INVENTION

According to the present invention a step-and-repeat

type projection exposure apparatus for prbjecting a

Eeuica—patern—ef-éﬂ reticle on different zones of a

15 workpiece in sequence through a projection optical

N system, wherein the apparatus includes a reticle holder

for holding the reticle, a workbiecé holder for holding

the workpiece and a movable stage for 'holding the
workpiece holder, is characterised in that:

20 the workpiece holdef has a plurality of recording
areas each being provided by a magneto-optical material,
or a photochromic material,. the recording areas being
located around the periphery of the workpiece as it is
held by the workpiece holdef, wherein the movable stage

25 1is adapted to move the workpiece holder so that on each



-4- of the recording areas an inmage of a mark of the reticle is projected
and thus recorded through the projection opticdl system and detecting
means for detecting the i mages recorded on 5 the recording areas of the
wor kpi ece hol der and neans for determning, on the basis of obtained

dat a, the co- ordinate of +the pattern array on the workpiece for the
st ep- and-repeat exposures of the workpiece. How the invention may be.
carried out will now be 10 descrlafq_by way of exanple only and wthy
reference to the acconpanyi ng drawf ngs i n which: BRI EF DESCRI PTI ON OF THE
DRAW NGS Figure 1 is a schematic and diagrammatic view of an 15 alignnent
and exposure apparatus accordi.ng to an enbodi nent of the present

i nventi onjofi €k erdedSdind | AVeESaEn SRS NG td anf98 U Cend®f Abt porent and
exposure adopted in the alignnment and exposure apparatus of the Figure 1
enbodi mentis 20projectéd guamd 3thus areedweded i thicugpl e peyjedtboneticle -
prepared for an N-th process; -5- Figures 4A and 4B are top plan views,
respecti vedpticshbwsystempadmd and a wafer chuck for the N-th process.

Figure 5 is a schematic and di agrammatic view
‘detecting means for detecting the images recorded on -

5 the recording areas of ﬁhe workpiece holderfand means for
determining, on the basis of obtained data, the co-
ordinate of the pattern array on the workpiece for the
step-and-repeat exposq#gs of the workpiece. .

How the invention may be carried out will now be

10 described by way of example only and with reference to

the accOmpdnying drawings in whichs

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a S§hemétic and diagrammatic view of an

15 alignment and exposure .apparatus according to an

embodiment of the present invention; . ' ' ‘?

Figure 2 is a flow chart shbwing-the-sequence of

alignment and ekpoéure adopted in the alignment and
exposure apparatus of the Figure 1 embodiment;

20 Figure 3 is a schematic top plan view of a reticle

prepared for an N-th process;
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5 of an alignnent and exposure apparatus according to anot her enbodi nent
of the present invention. Eigure 6 is a fragnentary section of a wafer
chuck. Figure 7 is a fragmentary view showing a 10 magnetic field producing
means. Figure 8 is a representati on showi ng the manner of erasing a
magnetic i mage by the nmagnetic field producing neans. Figure 9 is a
schemati c and di agrammtic view 15 of ~2m al i gnnent and exposure appar at us
according.to a further enbodi nent of the present invention. DESCRIPTI ON COF
THE PREFERRED EMBODI MENTS Figure 1 shows an alignnment and exposure 20

appar atus accordi ng ey ztéé siheﬁgdigeﬂeoéoéﬂﬂ &£l i nvention. The
S

mai N assenbly of the exposire systemis carri y a SUriace plate 1

Di sposed on fé&e%ﬁif@ﬁ,_plg{&dﬁg} % awavpéler%rgc} gg%?fa#;i&méné goaptid to

support 25 a wafer chuck 3 and a wafer 4, on t chuck 3 by .
attraction, N Pysu@yy, in a plane (X-Y plane) perpendicular to an optica
axis AX of a projection ~-6- lens system5 and in a direction (Z-axis

direction) along the migurals add Sa AScherdCivvadd GilafpCantdtase feierd t hereon
an optical mrror 6 on which a beam7 froma laser interferoneter 70 is
proj ect ed, wiferaabyalignment and exposure apparatus according to
another embodiment cf the present invention.
Figure 6 is a fragmentary section.of a wafer
chuck. |
Figure 7 is a ffagmentary view showing a
10 magnetic field producinc ﬁeéns.
Figure 8 is a representation showing the
manner of erasing c magnetic image by ﬁhe magnetic
field producing means.
| Figure_g is a schematic and diagrammatic view
16 of an alignment and exposure apparatus according to a

further embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 shows an alignment and expocure
20 apparatus according to a first embodiment of the
present invention. |
' The main assémbly of the exposure system is
carried by a surface plate 1. Disposed on the surface
plate 1 is a wafer stage 2 which is adapted to support
25 a wafer chuck 3 and a wafer 4, held on the chuck 3 by
attraction, for movement in a plane (X-Y plane)

perpendicular to an optical axis AX of a projection



5 the anmobunt of novenent of the wafer stage 2 can be neasured in a known
manner. Al so, the position coordinate of the wafer stage 2 in the X-Y

pl ane can be detected accurately. 1In response to a signal as produced by
the interferonmeter 70, the novenent of the 10 wafer stage 2 through a
specified distance can be controlled in a known manner. D sposed above the
projection | ens system5 is a reticle 9 which is held by a reticle holder
8. The reticle holder 8 is novable'in a plane parallel to the X-Y plane.
Di sposed above 15 the reticle 9 is an illunmination optical system °?
generally denoted at reference A. Wen light is supplied to the reticle 9

fromthe §bhynspatemn s0RMAECAN BY Fie®ctdonl (ZUbkiBatieeationyed on the
reticle 9 can be transferred by projection onto a resist or 20 photoresist
| ayer forgkéngnthbeoptfiealdaxilr axgh the padpecsttagel 2nhasystem 5. The
illum nation optical system A conprises a |ight source 10 such as a super
Hg | anp, forméedt thelreod aandptiernll ediseerl® onl@hpchvadbeamo 7uni fornly 25
illumnate the surface of the reticle 9 with Iight supplied by the |ight
source 10fremdaf laserafntexfemometerod is pnaiestedevwledeby bend or

defl ect the -7- light. Shutter 16.is provided to_control the exposure.
The sétonbhanampiptdofomeveiient ofsthe1yafpy shagad2t Fansbeond nirror 15
are arranged to gogpera e.. o ' -

fmeasured in a known manné;. " Also, the poéition |
coordinate of the wafer stage 2 in thé-x-Y:plane can be '::
detected accurately. in response to a signal as
produced by the interferometer 70, the movement of the
10 wafer stage 2 through a specified'distandé can be
controlled in a known manner. bisposéd above the
projection lens é&stem 5 is a reticle 9 which is held
by a reticle holder 8. The reticle holder 8 is.movable
in a plane parailel to the X-Y ﬁiané. 'DiSpoéed.above'
15 the reticle 9 is én i1lumination_optica1 system
generally denoted at feferénce A. When light is
supplied to the reticle 9 from the illumination optical
system, a circuii.pattern formed on the reticle 9 can
be transferred by'projéction onto a resist or
20 photoresist layer formed on the wafef 4, through the
projection lens system 5.
The illumination opfical sysfem A-comprises a
‘light source 10 such as a super Hg lamp, first to third
condenser leﬁses Ti - 13 provided to uniformly |
25 illuminate the surface of the reticle 9 with-liéht.
. supplied by the light source 10, and first and second

mirrors 14 and 15 pro#iaed to bend or deflect the .
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with each other to define, at a position denoted at B5 in Figur€ 1, a

pl ane which is optically conjugate with a pattern bearing surface 17 of the
reticle 9 (a surface facing the projection |l ens system5). By disposing an
appropri ate maski ng nmenber such as at 20 on the plane B, only a desired
portion of the reticle 9 10 can be illumnnated. The selective illum nation
usi ng such a masking bl ade means 20 is_known in the art, as disclosed in

U S. Patent No. 4,474,463, for exanple. In this enbodi nent, four

i ndependent |y novabl e bl ades are used as the bl ade neans 20, the bl ades
bei ng 15 adapted to be actuated by a driving circuit 72 to variably define

a desired angéﬁt‘:'! e $lutestapgul 8r pebep@edDisPesatrel 0sRet axpbeupeoj ection
|l ens system5 1s an off-axis alignhnment optical system C having an 20

optical axis AX whifhei Sepondl 488 tRit@lecopdiensérakenses 1Reapdoj ection
| ens system 5. The alignnment optical system C is-arranged such that |ight
enanati ng fr®namd hehe@geacbadpm22rbs tbnaeet azredgbsl docondpasatg nirror 23
and a condensing lens 24 and, after being directed 25 by way of a first
pol ari zat i owith aeaclBlotbehatdé defive, 28t anpoBitionvdeneked2ataBd a
swingable mrror 27, it inpinges on the wafer 4 surface or a gorgion.of t he
waf er cRuckis Eigureel , danplaneavhighi asFpgtiicallyTrenpngate, ¥ikBcted from
the surface goes along its oncom_ng path and, aft%r Reigg reflected or
transmtted@ pattern bearing surface 17 of the reticle 97 (a
\ s surface facing the projection lens system 5). By
disposing an apprdpriate masking member such as at 20
on the plane B, only a desired portion of the reticle 9
10 can be illuminated. The selective illumination using
such a masking blade means 20 is known in the art, as
disclosed in U.S. Patent No. 4,474,463, for example.
In this embodiment, four independently movable blades
are used as the blade méans 20, the blades being
15 adapted to be actuated by a driving circuit 72 to
variably define a desired aperture of rectangular
shape.
Disposed close té the”projection lens system 5
is an off-axis alignment optical system C having an
20 optical axis AX! which is parallel to the optical axis
of the projéction lens system 5. The alignment optical
systém C is arranged such that light emanating from a
halogen lamp 22 is concentrated by a édndensing mirror
23 and a condensing lens 24 and, after being directed
25 by way of a first polarization plate 31, a half mirror

25, an objective lens 26 and a swingable mirror 27, it

impinges on the wafer 4 surface or a portion of the
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by the swingable mrror 27 and the objective Iens 26, 5 it I's deflected
upwardly, at a right angle, by the half mrror 25. Thus, through a relay

|l ens 28, the light illumnates a reference mark plate 310, whereby a
pattern provided on the wafier 4 surface or the chuck 3 surface is once
| maged on the reference mark plate 310. 10 Erector 32 is adapted

to image, on the surface 30 of an-Brage pickup tube 29, a reference mark

formed on the reference mark plate 310 and the image of the pattern-of the

wafer 4, for exanple. Second polarization plate 33 is disposed bet vitn t he

erector 15 32 and the |nag pi ckup tube 29. Thus. only the |ight having

been polﬁﬁfiédchﬁca Br 84E éFﬁvn@&nﬂFFéc?Foﬂocaﬁ BégPESelvedTB? t he i mage

pi ckup t he a n tical stem,C provides a

pol ari za +%ﬂ nfﬁgggﬁgég %ﬁﬁm th sur%a@ﬁgﬂﬁ?§ ?iBﬂ?tﬁ inage pi ckup tube 29

are tran t g Cess 73, in.
SHkbhEdg E&?ﬁ Bn8, G¥eét Lalgao#g?gsceaa &2 g@gﬂg %gfa&

whi ch the |nage o] e reference mar € referen ate 310, an

| mge ofyan.ali gRiRg bﬂ8r§19§6£959 Bdtegemﬁéféﬁélgﬁdlggslﬁg e of a

nagnetlc 5 pattern orne on the c uck deséribed later)
can be piecf§Sééfléeﬁeaxﬁ?ﬂhﬁdl&heat”ﬁgﬁiﬁﬁecﬁﬁélag syreuéth;ifls oper abl e

to detect the -9- "positional “rel ationship of "the wafer alignnment mark or
the magngirgopapser NTHash thQOﬁgﬁeéeﬂéﬂéaﬁléan 28h¢.the light
illuminates a reference mark plate 310, whereby a- :;
pattern provided on the wafer 4 surface or the chuck 3.
surface is once_imagéd on the reference mafk plate 310.
10 Erector 32 is adapted to.image, on the surface
30 of an image pickup tube 29,:a raference_mark formed
on the reference mark plate 310 and the image oflthe
pattern of the wafer 4, for examplé,:_Second
polarization plate 33 is disposed between the erector
15 32 and the image pickup tube 29. ‘Thus, only the light
having been polarizéd in a_p:edetefmined direction can _
be received by the image pickup tube 29. Namely, the \J
alignment optical system é provides a polarization
‘microscope. _
20 Signals from tha image ﬁickup tube 29 are
transﬁitted through a CCU 71 to an image processing
circuit 73, in‘which the image of the reference mark of
the reference mark plate 310, an image of an alignment
mark pattern of the wafer 4 and an image of a magnetic
25 pattern férmed on the chuck 3 (which will be.described

later) can be processed. For example, the image

processing circuit 73 is operable to detect the

LIV P
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reference mark plate 310. At a portion of the wafer chuck 3 surface, 5
which is outside a wafer 4 as it is attracted to the chuck 3 (nanely, the
portion of the wafer chuck 3 that does not contact the wafer 4), there is
provi ded a protrusion 40 whose surface has a height, - with respect to the
direction of the optical axis AX, which is 10 substantially equal to the
hei ght of the wafer 4 surface. The s@rface of the protrusion 40 is covered
wi th a magneto-optic recording material 106. As an exanple, the :
magnet odapti c recording nmaterial may be nade of a well-known rare earth

transition netal alloy. 15 . I n a magnet o-optic recording nmateri al
nornal |y tpesditievalonedptingsbip; of $he wagerr gliopmentyfagk oxy.
upwardly). If, however, an inversive nagn%tic field 8e. . downwar d
magnet i ¢ f thedmagnekip pagtesn: Hdthafher Se56ERPRCPPEF iﬁg erial and 20
where a |ight energy IS squlied Lgereto, t here occurs inversion of .the
direction SPEREGREE ParKoR1I8kBy 2h0such portion that has been exposed to
the light. Thus, thete_a S a ti t ( (P defined by a
change in a nagnetig%dgnﬁgﬁ%lﬁﬁafgﬁgﬂ%r8§F§§HE§§%§ §5Qg%?§ﬁgﬁ in which the
magnetigat | gn_i s nopmal. .and_a 4 QN Jigh 1Whiseh Jelhe 2R @R ttloZ #hieON IS -
reverséﬁ, #ﬁgc'hﬁg Pgﬁkéggbgtrggﬁktgn sélgggérSEd fhrough t he - 10-

alignment gphigak §RaARRTYG MReC pot@idvh 04 @he?wafer chuck 3 that
g,; does not contact the wafer 4), there is provided a-
| protrusion 40 whose surface has a height, with rgspect
to the direction of the optical axis AX, which is
10 substantially equal to the height of the wafer 4
surface. The surface of the protrusion 40 is covered
with a magneto-optic récording material 106. As an
example; the magneto-optic recording material may be-
made of a well-known rare earth transition metal alloy.
15 In a magneto-optic recording material,
normally the-direction of magnetization is uniformly
1 54 aligned (e.g. upwardly); If, however, an inversive
magnetic field (e.q. downﬁard magnetic field) is
applied to the magneto-optic recording material and
20 where a light energy is supplied thereto, there occurs
inversion of the direction of magnetigation only in
such portion that has been exposed to the light. Thus,
there appears a magnetic pattern (a pattern defined by
a change in a magnetic domain) that is provided by a
25 portion in which the magnetization is normal and a
portion in which the magnetization is reversed, the

thus formed pattern can be observed through the
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pol ari zati on m croscope. Further, when an intense magnetic field inversive
to that applied during the recording (e.g. an 5 upward magnetic field) is
applied to the magneto-optic recording material, the magnetization returns
toits initial normal state. Thus, wth this type of recording nmaterial,
both the witing of a pattern and the erasing of the recorded pattern are
possi ble. 10 Figure 6 is-qpofragnentary section of a wafer chuck .3
usable in this enbodi ment. Although many varieties of arrangenents are
usabl e as the neans for producing weak magnetic lines of force (nagnetic
field) for formation of such a magnetic inmage, in this 15 enbodi nent use is
made of aabtgmmenbhtopbinal spahenwhi ¢hickh cobetifewtes ahe wafer chuck 3.
This allows that the systemis kept continuously ready for formation of a
magnet i c PARfelzakienmigEP8EOPRer et 0, use of a coil or otherw se causes a
possibility of 20 generation of heat due to an elecaé%él_urrent supplied te

the coil and the r FEPﬁﬁcewFﬁEréﬁfgntﬁ%s%fm%ﬁﬁﬁﬁﬁﬁ gnet neans is
i nexpensi ve and. sure. JThe wafer. chuck 3 is provided.at its wafer holding
sur f ace iTYERELES Ea FRaEoarBlagd Fning 1BE ediiaho {6180 88 per phoral
Pon 8 e RSk RO REIOT 5o TLGHL08 FRE iy RSALUTSr OF P1ns
formed i n.d OGr&{WE matBLIERY Bn¥ehS8indtization returns to its
initial normal state. Thus, with this type of ; _ :;
. recording material; both the writing of a pattern and |
the erasing of the recofded-patterﬁfare possible.
10 Figure 6 is a fragmentary section of a wafer
chuck 3 usable in this embodiment. Although many
varieties of arrangements are usable as the means for
producing weak magnetic iines of force'kmagnetic field)
for formation of such a magnetic image, in this
15 embodiment use is made of a permanent maghet-meéns
which is embedded in the wafer chuck 3. This allows ;
that the systen is keptlcontinuously readyffdr
formation of a magnetic image. As7c0ntraéted thereto,
use of a coil or otherwise causes alpossibility of
20 generation of heat due to an electric current supplied
to the coil and the resistance thereof. Use of a
permanent magnet.means~is-inexpensive and sﬁre.'
The wafer chuck 3 is provided at its wafer
holding surface with a seal surface 101 of ring-like
- 25 shape, formed at peripheral portion of the chuck, and
an inside pin-chuck means haﬁing a number-gf'pins 102, °

The pin-chuck means is evacuated to vacuum through.a



can be attracted to the chuck and the flatness of the wafer can be
corrected. Disposed around the wafer chuck 3 is aring 5 105 which is
coupled to the chuck 3 by bolts 104 . On the surface of the ring 105 a
magnet o-optic recording material 106 is fornmed in-a |layer structure by an
evaporation or sputtering process. As described hereinbefore, the position
of the surface of the 10 recording watlerial wth respect to the direction
of the optical axis AX of the projection lens 5 is substantially the sane
as the surface position of the wafer 4. The ring 105 is formed with a
groove to which 15 a permanent magnet 107 is bonded. The permanent nmagnet
107 has N-Beﬁﬁggavavtgoépﬁermsérﬁnaﬁbescbypbs whereby| avdafesrr ¢, as

illustrated, sp th th er manent net produces nagnetic¢c |jines of force
4ncbecabbrBrER BHE

(109) as d& ntPi hBe. chneky apfakbrt fiagness1ef - fheoo so
di sposed th

w%# its nagnetic Iigea of force denoted at 109 intersect the
recor di ng $OFfEcE2Br PEPn&EORRGREPB: optic recording material |ayer 106

approxi mat el y perpeﬁgéﬁgégéLgr?ﬁhguEﬁe7w§?§%sFgﬂgﬁgggiéﬁ?gkfld produci ng 25

means which is provi ( e projec et Fi gure 7,
denot ed; at 1881lyh$ch TBYBShbEed tolthe chuck 3 by bolts 104 . .On : '

the surface of the ring 105 a magneto-optic recording

material 106 is formed in a 1ayer_étructure by an -

~ evaporatibn:or sputtering process. As described
Q hereinbefore, the position of the surface of the -

10 recording material with respect to the direction of the
optical axis AX of the projection lens 5 is
substantially the same as the surface position of the
wafer 4.

The ring 105 is formed with a groove to which

15 a permanent magnet 107 is bonded. The permanent magnet
107 has“Nﬁpoles at its ﬁpper part and S-poles at its.

St lower part, as illustrated, so that the permanent
.C magnet produces magnetic lines of force.(109) as

depictéd by broken lines. The permanent magnet 107 is
20 so disposedJEhat its magnetic lines of force denoted at .
109 intersect the recqrding.surf;ce of the magneto-
optic recording material layer 106 approximately
perpendicqlarly.
Figure 7 shows a magnetic field producing
26 means thch is provided about the projection lens
system 5. |

In Figure 7, denoted at 201 is a magnetic
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field produci ng means which conprises a magnetic head. The magnetic head
201 is used to erase a magnetic inmage recorded on the magneto-optic
recording material 106. The sequence of erasing a magnetic imge is 5 such
that: First, the wafer stage 2 is displaced so as to bring such portion of
t he magneto-optic recording material 106, in which a magnetic inmage is
formed, to a site below the erasingomagnetic head 201. As shown in Figure
8, electric current is then supplied by a 10 driving circuit 701 to-a coi
202 of the magnetic head 201, whereby nagnetic lines of force are prbﬂuced
at an iron core 203 which is provided inside the coil 202. Mire
speci fi c&lileyd prodbuging Gmeanize wilieht comperisesna maghledie thieadugh t he coil :
202 so that N-pole is 15 defined at the nagnetic head 201 side. Nanely, the
coi |l 202The sagngiticdheada2dir dst hsed\Ntpokrase dcfmpgogtdic timagehuck 3 side
of the core 203 while S-pole is defined at an end portion of the core 203 .
renot e fresoried;pncithe magneto-epgiest recrrfdagomaterdali 4083 sufficiently
i ntense as conpared with the gg%netic,lines of fgrce_of t he permanent

magnet 107, it ovélCoRedveREe Qi SERS1NTNHBsMEFNLLLCe 18RI dSper manent
107 ' nbedd ,thin the chuck 3, . h that tic i f
TOOnS | Ghe BB STOSASRR L Bt SRS 2. ot Y 11 ©

bst ant i al . icularly t . - Iy Qi terial |
A0St A0 b8! bEaRE UG BRARH, R, 10B FRRGEB-BRLE SacLang el aver
material 106, in which a magnetic image is formed, to a ;;/

site below the erasing'magnéti#-hea@ 201. As shown in
Figure 8, electric current is then supplied by a

10 driving circuit 701 to a coil 202 of the ﬁagnetic head
201, whereby magnétic lines of force are produced at an
iron core 203 whicﬁ is provided ;nSide-the coil 202.

More specificaliy, in Figure 6, the electric

current is flown through the coil 202 so that N-pole is

15 defined at the magnetic head 201 side. Namely, the
coil 202 is energized to assure that N-pole is defined ;
at the chuck 3-side of the core 203 while S-pole is
defined at an end portion of the core 203 remote from
the chuck 3. If the magnetic lines of force is

20 sufficiently intense as compared with the magnetic
lines of force of the permanent magnet 107, it
overcomes the magnetic lines of force of the permanent
magnet 107 being embedded within the chuck 3, such that
magnetic lines of force inverse to those by the

25 permanent magnet 107 is formed-substantialiy
perpendicularly to the magneto—optic recording material

layer'106. As a result, the magnetic image can be.



-13> erased. In Figure 6, only one magnetic field (nmagnetic lines of force)
produci ng neans 201 is illustrated. Actually, however, a plurality of such
produci ng nmeans 5 nay preferably be provided around the projection | ens
system 5. In that case, only a slight novenent of the stage is sufficient
to quickly erase a magnetic inmage forned at any site on the wafer chuck 3.
Referring nowto the flow chart of Fi ‘e 2 10 and the top plan view of a
reticle of Figure 3 as well as top plan “views of a wafer and a wafer chuck
of Figures 4A and 4B, an exanple of the sequence of alignment and exposure
that can be adopted in the exposure apparatus of the present invention wll
be 15 expl appgdegAssum ng now that the alignnent.and exposure procedur e
which is just going to be explained pertains to an N-th process for

executing the patteranngighren ey dhlyaytie afagidics @tieddnduaigoretdeyi ce,
Figure 3 just 20 shows a reticle 50 for the NNth process. In Figure 3, in a
portion 52 Mheb ofir fespe)dpricdurisny ineans r&01s ury duddistgatredact ual devi ce
pattern region 51, there are provided wafer automatic alignment marks

(cal | ed " AAAotnk3ly ,5Bowavers;3R wlivsialdty of muaks @roducings neansess or
processes following the N-th process. Although these marks 53L and 53R can
be used ®achayspxekerrbly be prsvdded agsnd theyyradesiian & di ng

system 5. In that case, only a sllght movement of the
1\ stage is sufficient to quickly erase a magnetic image
formed at any site on the wafer chuck 3.
Référrihg now to the flow chart of Figure 2
10 and the top plan view of "a reticle of Figure 3 as well
as top plan views of a wafer énd a wafer chuck of
Figures 4A and 4B, an example of the sequence of
alignment and exposure that can be adopted in the
exposure apparatus of the present invention will be
15 explained. |
Assuming now that the alignment and exposure
procedure which is just going to be explained pertains
to an N-th process for executing the patterniné of an
N-th layer of each semiconductor device, Figure 3 just
20 shows a reticle 50 for the N-th pfoCess. In Figure 3,
in a portion 52 which corresponds to a scribe line
surrounding an actual device pattern region 51, there
are provided wafer automatic alignment marks (called
“"AA marks") 53L and 53R which are to be used in 'a
25 process or processes following the N-th process.
Although these marks 53L and 53R can be used each as a

mark to be projected upon a magneto-optic recording



-14- material |ayer provided at a peripheral portion of a wafer chuck, in
thi s enbodi nent those marks 55D, 55U, 55L and 55R, which are fornmed in such
region that corresponds to a range outside the actual device 5 pattern
region 51 (52) and inside the effective exposure region 54 (effective view
field of the projection lens system5), are used for the pattern recording
to be nade on the magneto-optic recofding material |ayer 106 provided on
the chuck 3. 10 In the flow chart of Figure 2, first a wafer 60
havi ng been subjected to an (N-1)-th process is placed on and held by’the
waf er chuck 3 by attraction (Step 101). Figure 4A shows this state. In

Fi gure 4Aategritadndidyssr matdwirden Git ax rpepeicpleralheodficon 6 &xe 15 t hose
actual device areas (shot areas) having been fornmed up to the (N-1)-th
process. wafien [ghual, Ha |thiss epbodigrenth hose martksidAe Silbas, there are
waf er AA marks 62 for the N-th process, having been prepared during the
precedi n@3¥r G S5By WiHich 35a, foranefhtin rscth Kegken ddittton t he

magnet o-optic recoydi.ng material |ayer 4Q at the peripheral portion of the
waf er ch r?.-sPﬁ&n%t &9 foFange ﬁﬁ’tf%/’diﬁ : ta‘,"%]er‘{%&"r?ar ks 62 provided at
| east cat _t spaced Sit det ected thr h t |ignment optical system
C, ang t 58 &t rf&?-lc%ﬁ g(r%ezs) rad}‘gt‘r’b%‘a‘ﬁ %{'gedﬁéfee%ll‘% a 0 direction so
that { he UJaallon- s ol 150 e ddife VO AP ¥ il ' ¢Rd e 60 1s aligned

with a predeterm ne er ence.
projection lens system 5), are used for the pattern _ -

recording to be made on the magneto-optic recording
material layer 106 provided on the chuck 3.
10 N In the flow chart of Figure 2,_first a wafer
60 having been subjected to an (N-1)-th process is
placed on and held by the wafer chuck 3 by attraction
(Step 101). Figure 4A'shows this“;tate. In Figure 4a,
rectangular patterns 61 arrayed on the wafer 60 are
15 those actual device areas (shot areas) having been .
formed up to the (N-1)-th process. 1In the scribe lines .
between those_actual devicé areas, there are wafer AA
marks 62 for the N-th process, having been prepared.
during the preceding brocess. At this time, no pattern
20 is formed on the magneto-optic. recording material layer
40 at the peripheral portion of the wafer chuck 3.
| At Step 102 in the.flow chart, ﬁafer AA marks
62 provided at least at two spaced sites are detecﬁed.
through the alignment optical system C, and the wafer
25 chuck 3 is rotationally adjusted in. a @ direction so
that the direction of array of the shot areas on the

wafer 60 is aligned with a predetermined reference.



-15- direction of the apparatus (for exanpl'e, an X-axis direction). As the
wafer array direction is aligned with the reference direction, the 0
position of the wafer 4 is fixed. Since the operation necessary for 5 this
is substantially the same as.that of prealignment made in a conventional

st epper by using an of f-axi s mcroscope, descrlptlon of details wll be
omtted here. O course, detected va Fes ([err]) related to each wafer. AA
mark position as the wafer 0 position S 10 fixed, as well as the
coor di natie position (xi, yi) of the stage 2 at each corresponding time are
menori zed through the image processing circuit 73, the | aser interferoneter

70 and a C*ﬁ&%%ﬁgféﬁ 8f”%ﬂ8r¥ Qra@“? gﬂafnék¥ pik, ShRPx1Q#isf Ormation of a

15 magnetic™l I mages BPEXEcU s end, the wafer stage 2 is

moved sequ &%f?éu?h? Pr ﬂéekﬁgtﬁgfékt§§r£9nd¥r¥ce9§ht 1enaw§ﬁdanat e) having

been sel ecte ormat1on of magnetic images, wherein at each site the

shutter 16 &EtﬁpeﬂsdereQéﬁ@éekoéeemaﬁn eneke pbs2@ioh bffetheticle 50 to
l'i ght, whereby through the projection | ens system5 nmagnetic inmages of the

exposed al i gapept 4Anpgkgikedar esincaethenopepatiohentedsparyi forof the
magnet o-optic recording material |ayer 40 provided on the wafer chuck 3.:
Until exposthes ok subStpnedeldynthedsamebes &hatcofppeeadignmentstep and

exposure" is repeated. Of course, the coordinate position (EXJ, Eyj) -of the
st age at eamadexpnsareongentlonal stepper by using an off-ax

kg’ microscope, description of details will be omitted
here. Of course, detected values (Aui, Avi) related to
each wafer AA mark position as the wafer'o position is

10 fixed, as well as the coordinate position (xi, yi) of
the stage 2 at each corresponding.time are memorized '
through the image processing circuit 73, the laser
interferometer 70 and a CPU 74 into a memoif 75.

Subsequently, at Step 103, formation of a

15 magnetic image or images is execﬁted. To this end, the
wafer stage 2 is moved sequentially to preséleétéd
sites (on X-Y position coordinate) having been selected
for formation of magnetic images, whereih at each site
the shutter 16 is opened to expose alignment marks 55

20 of the reticle 50 to light, whereby through the
projection lens system 5 magnetic images of the exposed
alignment marks 55 are formed in a preselected portion
of the magneto-optic recordiﬁg material layer 40
provided on the wafer chuck 3. Until exposures of a

25 predetermined number are completed, the "step'and
exposure" is repeated. Of'cohrsé,'the coordinate

position (Exj, Eyj) of the stage at each exposure is



-16- read and stored into the nenory 75. The selection of the rmagnetic
‘image formng alignment marks 55D, 55U, 55L and 55R of the reticle 50, for
printing an image at an appropriate position on the magneto-optic recording
5 material |ayer 40, is nade under the influence of the masking bl ade
means 20. Also, the masking bl ade neans 20 is used to prevent that any
effective shot area on the wafer isjgxposed during the exposure of the
magnetic i mage form ng marks 55D - 55R The magnetic 10 i mages forned as a
result of these exposures are illustrated in Figure 4B. In this enbo#i ment,
as shown in Figure 4B, four exposures may be nmade to form ei ght nmagnetic

i mage mameadhml sipped irdwerthé edemaaryd 75 ghtTheoraelewtign I t he chuck, as
viewed in this Figure. At Step 104, by usin the aI| nment optical systemC

and the Ité@eﬂnagneé?lf@rmearfoﬁmln%@ me Dyvadr®ld ¢ i mage mark
65j as well as the SItIOﬂ of each waf er AA mark 62i
(i R §§12 rgi 55R jof rreh%mﬁtlﬁlé 90+ @RMYing An Wage @ty and,

cach LSP%&L%@%%%%%%‘H%%E%?' onhe Xn{a#%gﬁ?awy Dot didids. and ¢he
pref cPanB e o et e 111 TR S, LT RE e o te
mn'numm.asklng blade_means.zo. _Also, the_masking_blade means
20 is used to prevent that any'effective”shot area on \J'
the wafer is exposed duxing-the eXposure of the
magnetie image'ferming marks SSD ~ 55R. The magnetic
10  images fofmed as a result of these exposures are |
illustrated in Figure 4B, | |
In this embodiment, as.shown in Figqure 4B,
four exposures mayhbe made to form eight_magnetic_image
marks 65 at upper,; lower, left and right pqrtions of
15 the chuck, as viewed in this Figure. 
At Step 104, by using the alignment optical
system C and_the laser interferemeﬁer 70, the position
of each magnetic image.mark 65j (j = L, R, U, D ee.) as
well as the position of each wafer AA mark 62i (i =1,
20 2, 3, ...), namely, (Auj, AV]) aﬁd (Aui, Avi), are
detected and, additionally, the Qoordina;efposition
(xj, vi) (xi, yi) of the stage at each corresponding
time is read. Here, the magnetic image_marks and the
wafer AA marks may be read in any deéired_order;
25 However, it_is preferable to so dete:mine the order as
to reduce the total time to the minimun.

It is to be noted here that the number of.



It is to be noted here that the nunber of -17- wafer AA marks to be
detected, the nunber of shots for printing nagnetic imges, the nunber of
marks to be selected as the subject of printing, the nunber of magnetic

i mages to be detected, the tinmes of detecting 5 operations to be nmade for
each magnetic inage and the like, during Steps 102 - 104, should be
determ ned in accordance with the requi%ed overlay precision for the N-th
process. Thus, as regards the wafer AA marks at Step 10 104, for exanple,
t he maxivum nunber is that of all the marks of all the shot areas. As for
the m ninum on the other hand, use of the data at Step 102 may be

consi dered iwaS@PfEARaRErRS 61 PE aetétee@)t theuatimbeat of hgnhousber of
detections at Step 104 nay be nade zero. 15 I'n this enbodi nent,

at sone of tfer speixstikgcmadwsit ber bmadpes pr the t temben] ef t nanksagoi becati on .
of the projection lens systemb5 and any O error of the reticle 9 can be
checked. Al sselectednasotbessubjeahyofoprinbing,ethernvhbehneofafer 4 in the
direction of the 20 optical axis can be detected by detecting contrast of

t he magnet i gragigleic f brageankd cbe Mderebed psthe ohpnest pHndatgchbingnde on
the basig of the data obtajined at Steps 102 - 104, for determ nation of .the
actual aPrayReRREIoRE tefbeBade fayieachmegnaticsimroerand)tha t he

waf er, whic . : . . R
r]like, during Steps 102 - 104, should be determined in

k;, accordance with the reqguired overlay precision for the

N-th process.
Thus, as regards the wafer AA marks at Step

10 104, for example, the maximum number is that of all the
marks of all the shot areas. As for the minimum, on
the other hand, use of the data at Step 102 may be
considered in some case as being suff;cient, such that
the number of detections at Step 104-may be made zero.

15 _ In this embodiment, at some of the steps
described hereinbefore, the projection magnification of
the projection lens system S and any © error of the
reticle 9 can be checked. Also, in some odcasion, any
positionai error o% the wafer 4 in the direction of the

20 optical axis can be detected by detecting contrast of
the magnetic image, for example.

At Step 105, computation may be made on the
basis of the data obtained at Steps 102 - 104, fqr
determination of the actual array coordinate of the

25 device patterns (shot areas) on the wafer, which
coordinate is to be used in the "step-and-repeat”

exposure at a later stage. While, also in this case,



Pant

coordinate is . to be used in the "step-and-repeat" exposure at a later
stage. Wiile, also in this case, the coordinate can be calculated in
vari ous ways, basically, such coordinate systemthat has been obtained
during the formation and detection of the magnetic i nmages nay be used as a
reference to correct 5 the coordinate data of the wafer AA mark. Then, at
Step 106, sequential stepw se movengats of the wafer stage 2 acconpani ed by
exposures are nade in accordance with the coordinate of the device pattern

array as determned at Step 105. 10 : In this occasion, the ‘ffasking
bl ade nmeans 20 is used to restrict the illumnation range by t he

i | | um natthen dooyidtinatec leanhdie tdad.culladednéin saxdiiogist ways,be directed to the
circuit pattern surface 17 of the reticle 9 but the illumnation light is

prevent ebasdcaldmbeueh ¢ooxcioate syiwkemadheti dasmbgenfor ni ng al i gnnent
mar ks 55 of the retlcle 9. At Step 107, the nagnetlc |na%@f havi ng been

formed i PP¥ained Gw m?Qnﬁﬁﬁﬂﬂiiﬂﬂ Seseqtiom@fethg 40 on the wafer-
chuck 3 are ergse Wher e th 20 er chu 3 itself rovided with a
sul t ab] o BEEGLHS 359@@ BT it B o SR BSe0 0 SRTBERY 6 Step 106
an’ eras & ahlsé»% a%t&”?é R a"a%”‘ R MRS A sl T, the
above- de%%erQ%Gwa%@@Uéﬁtlal stepwise movements of the wafer
stage 2 accompanied by exposures are made in accordance &J'
with the codfﬁinate of the device pattern atray as
determined ct-Step 105.

10 ' In this occasion, the masking blade_means 20
is used to restrict the illuminaﬁion range by the
1lluminatlon llght, such that the illumination . 1lght
can be d1rected to the circuit pattern surface {7 of
the reticle 9 but the illumination light is prevented

16 from being directed to the magnetic imade_forming
alignment marks 55 of the reticle 9;

At Step 107; the magnetic images having been
formed in a portion of the magneto—optic recoxrding
material 40 on the wafer chuck 3 are erased. Where the

20 wafer chuck 3 itself is pro?ided with a suitable

l_cgasing means, the magnetic image may be erased before
Step 106 or, alternatively, it may be erased in the
course of Step 105 or 106.

Where an erasing means is to be annexed to

25 the wafer chuck 3 1tse1f .the above—described magnetlc
head 201 may be embedded within the chuck. 1In such

structure, a magnetic image can be erased at any wafer



head 201 may be enbedded wi thin the chuck.- In such -structure,. a.fagnetic

| mge can be erased at any wafer -19- stage position, wthout noving the
stage 2. Further, such an enbedded magneti c head nmay be used al so for
production of a nmagnetic field for formation of a magnetic inmage. 5

The alignment procedure is not limted to the described one. Nanely, what
Is to be made in this enbodinent, after fixation of the O position of the
wafer, is.that: (1) Each of presel ect®®-alignment marks on a wafer 10 4 is
introduced into a view field of the alignment optical systemC, and a data
of the detected position of the mark as well as a data of the stage
position at a corresponding tine are stored. as inforgztion; gzé Magneti c

i mage mark ditagf pRattiens withauh nevipg othe 8299 0<1 ¢ i HHrEher - _

si mul t aneous| y .t herew.t h. . a.data concer ni th osition, of ' the stage at
that time | SUH &1 GRUSIASEMISIEHS FrId, naY PRI LRAAECE cach

optical sys e of 4 WG5S PARE YR OHRBLR BETRT DT

optical syst'em cted posiiron o e i mage mark
as well as "i‘na%‘?%é:i% itnkly%é)osition of the stage at that time are stored_ as
nd (3) By

i nf or mati on; sing the data obtained at (1) and (2), the
coordinage of the actppl LeidtfeRlipLsFfedSOlifIEM limited to the
described one. Namely, what is to be made-ih this
'k/' embodiment, after fixation of the 0 position of the
wafer, is that: | |
(1) . Each of preselected alignment marks on a wafér
10 4 is introduced into.a viéw field of the aligh%ent
optical system €, and a data of the detected positién
of the mark as well as a data of the stage position at
a corresponding'time'are stored as information;
(2) Magnetic image mark of the reticle is formed
15 at a preset position and, simultaneously therewith, a
w . data concerning the position of the stage at that time
is detected and memorized, while, on the other hand,
each magnetic image mark is introduced into the view
field of the alignment optical system C and a data of
20 the detected poSition of the image mark as well as a
data of the position of the stage at that time are
stored as information; and
(3) By using the data obtained at (1) and (2), the
coordinate of the actual device pattern (shot area) |
25 array for the “stép énd exposure" is calcﬁlated.

The order of these processings is not

important. Further, it is sufficient that a magnetic



"25 array for the™™step and exposure" is calcul ated. The order of "these
processings is not inportant. Further, it is sufficient that a nmagnetic
-20- imge is erased before the succeeding formation of a fresh magnetic
image in the same region. Wth the alignnment process described above, the
waf er stage 2 has to be noved frequently. If, 5 therefore, the process is
executed exactly in accordance mﬁtbzébe sequence of the flow chart of
Figure 2, the total anobunt of novenent of the wafer stage 2 becomnes ‘l.arge
(i.e. the time for novenent becones long), with a result of prol onged
processing 10 tine per one wafer. Actually, therefore, since the positions

of wafer gldfdnEdlelPidd bOrHLe IEHECEEECEEEI MG LR EioMSoPfa MRgNELi C
i mages to be formed and detected are predeterm ned, an appropriate sequence

may pref efrdBly rdgietilet fidgaecint the esune t&giéne for noving the stage,
and this can be easily programed by using a CPU. In accordance with the
al i gnment and expasitle tippasibigsmehttberopess odvsentiosk nesdve al t hough it
uses an off-axis alignment system the inconveniences in 20 respect to
preci si orthehawafms skege | Ve s etio convmoveédntrequentipe af evi at ed
significantly and, therefore, the precision can be inproved significantly.
Furt h8r, thrrefoxea thecprecead it atecuted exrctiynvin :

' accordance with the sequence of the flow chart of
Figure 2, the total amount of movement of the wafer -
stage 2 becomes large (i.e. the time for movement
becomes long), with a result of prqlonged processing

10 time per one wafer.

Actually, therefore, since the positions of
wafer alignment marks to be detected and the positions
of magnetic images to be formed and detected are
predetermined, an appropriate sequence may preferably
15 pe determined to reduce the time for moving the stage,
and this can be easily programmed by using a CPU.

In accordance with the alignment and exposure
apparatus of the present embodiment, although it uses
an off-axis alignment ;ystem, the inconveniences in
20 respect to precision that has been involved

conventionally can be alleviated significantly and,
therefore, the precision can be improved significantly.
Further, there is a specific advantage that the above-
descfibéd effects can be accomplished without any weak
25 point inherent to the system and without a particular .

obstruction to embodying the structure.

As contrasted to the foregoing embodiment,; a



descri bed effe¢t§'Can”bé'acCo%ﬁTTéhed'Wﬁfhde any ‘weak 25 pointi'nherent to
the system and wi thout a particular obstruction to enbodying the structure.
As contrasted to the foregoi ng enbodi nent, a -21 - magneto-optic
recording material may be replaced by a photochronlc material. Wiere a
photochromic material is used, there are advant ages that a particul ar
condition of using a magnetic field fg witing is not 5 necessary and
that, since the photochrom c material dRows accumul ati on type reaction,
even ifskhe exposing energy is low, an inmage can surely be forned although
a prolonged tine is necessary Further, as regards the erasing, an inage

can easi 'y hg Reased b ISERe-a8al Baekdatl by HAeptddl gyl v, vhere a

phot ochrom C &ri af not necesSary to provide the off-axis

alignment o, bEBEh%&&&%”hQEe%ihﬂg awRQKRr hZ Bhicteckroh?eCaRterdalr adi tional
of f-axis alTgnnent scope or an ordinary m croscope may be used. 15

On the othejghagdd,! theFadaekoadRbntag@E0tHahd apagttichluged in the
f or egoi ng embodi ment has no energy accumul ati on property and, when the

optical eneggydpeionnoE hsﬁagbacﬁagﬁekﬁneflbhanfarcatuaungcﬁstnoal val ue,
no magnetic inmage can be forned. Thus, it is necessary 20 to set the

i || um ndhcenetekbaryr aad &hiatg Isinke &m@nphb¢QCMEgmicumh&eeiaﬂ a sufficient
| evel. In consideration of this, although the
shows accumulation type reaction, even if the exposing
\_ energy is low, an image can.surely be formed although a
prolonged time is necessary. Further, as regards the
erasing, an image can easily be erased by using heat or
10 yhite light. Additionally, where a photochromic
material is used, it is not necessary to provide the
off-axis alignment optical system by using a :
polarization microscope. A traditional off-axis
alignment scope or an ordinary microscope may be used.
15 On the other hand, the magneto-optic recording
material used in the'foreéoing embodiment has no energy
accumulation property and, when the optical energy per
‘unit time becomes lower than a certain critical value,
no magnetic image can be formed. Thus, it is necessary
20 to set the illuminance of the irradiating light upon
the image surface at a sufficient level.

In consideration of this, although the
structure may become somewhﬁt complicated, it may be
preferéble thét, as shown in Figure 5 which represents

25 5 second embodiment of the present invention, an
optical energy which is stronger than that of the

regular exposure illumination light, is



structure may becone sonewhat conplicated, it nay be preferable that, as
shown in Figure 5 which represents 25 a second enbodi nent of the present

i nvention, an optical energy which is stronger than that of the regul ar
exposure illumnation light, is -22- concentratingly applied to the
magnetic image formng mark portion. More specifically, in the exanple of
Figure 5, a mrror 90 which can be ed, for the regular exposure, to
direct the light froma light 5 so@fce 91 to the illum nation optical
system A, is nade retractable, such that for formation of a magnetic* nmage
the mrror 90 is retracted to a position as depicted at reference nuneral

90" . This ahbe 59% we \thQEEdf EB”EBQ?gLéIHQQEiEOEhS%?g%ohﬁiflbr ectly 10

i nt r oduced Bers are provi separ at e ght emanati ng

from the &abﬁréobewﬂ d'ﬁ@ﬁé' ¥pBtoiFeehedyyPen thesexaﬁbléoas 95 of the
reticle 9 upper surface at which nmagnetic inmage form ng alignnment marks are

provi ded. righter sat avaliyrokhoof wheeh 8annbg heed) EvkegHed close to the

maski ng bl ade nmeans 20, so that the wafer chuck 3 is indirectly |rrad|ated

and exposedghbathexpoghtefr oo dheetkbéhe 22ghy Fapmod amghpti cal

arrangfnent di sposed downstream of the masking surface 95 with respect to

the path sburcghfl teutheedlliminatpbacopbiicadi systhw Ajbdssmede a separate

| aser |ight source for producing light of high intensity may be

retractable, such that for formation of a magnetic

image the mirror 90 is retracted to a position as ' "t

depicted at reference nuﬁérél 90'. -This allows that

the light f:om the light.50urce 91 is.directiy

10 introduced to fibers 92, which are provided separately,

the light emanating from the fibers-being'directly
projected upon those portions 95 of the reticle 9 upper
surface at which magnetic,image'forming alignment marké
are provided. Alternatively, the fibers 92 may be

15 extended close to the masking blade means 20, so that
the wafer chuck 3 is indirectly.irradiated and exposed
to the light from the fibers 92 by way of an optical
arrangement disposéd downstream of the masking surface
95' with respect to thé path of light. Further, in.

20 place of using the fibers 92, a separate laser light
source for producing light of high intensity may be .
provided to allow that the portions 95 of the reticle
upper surface may be irradiated and exbosed-with the
laser beam from such a laser source. .

25 Further, as the light source 91 shown in -

Figure 5, a KrF excimer laser may be used. ‘Namely,

where the invention is to be embodied in an excimet



erovided to allow that the portions 95 of the reticle upper surface nay-bé'”"mw

I rradi ated and exposed with the | aser beam from such a | aser source. 25
Further, as the light source 91 shown in Figure 5, a KrF exciner |aser may
be used. Nanely, where the invention is to be enbodied in an excimer

-23- |l aser stepper, each magnetic inmage can be printed while continuously
novi ng a mafer stage 2, without stopping the sane. Nanely, what can be
called a-"flash on the fly" process m8$-be used, to reduce the time and to
5 i nprowe the throughput. An exciner laser is a pulsed laser, and its pul se

duration is about 20 nsec/pls. |If the stage noves at a speed of 100
nmm sec, thep for 20 nsec it runs throygh,0.02 mcron. Thu &%_ does not
occur a 10 b?ﬁﬁFeﬁFSPperaﬁécplBﬁgneﬂP olmﬁﬁFIEaPh e B ual

d he "flash h Kk

the art. i SSRRELASOReLRoARYEEBLA FRSCFnaEaBRe 2at ME"BHES SEOPPADR 2i n ¢ ar get
t whi h t h " t

Bl o- i r cct R BBEa, “HADREY, TphE Bariks cRIIBAE MR WD the. 1 | bt o

the moment pf,p agggagl sHANGVBE ubba, ' thazhafie! Bie! I mePLARETS whi ch may be

adopted in t is only 4duc at the exposure I's made during a
subst antd al 3 hHhpBvRekhad troagnpatsage of the stage through a certain

t ol erance region N
An excimer laser is a pulsed laser, and its
N pulse duration is about 20 nsec/pls. If the stage
moves at a speed of 100 mm/sec, then for 20 nsec it
runs through 0.02 micron. Thus, there does not occur a
10 problem of "“image flow". Also, while the exposure of
actual device pattérns according to the "“flash on the
fly" process, as is known in the art, is based on the
possibility that the stage passes a certain target
boint which is predetermined at least with respect to
15 two axis-directions of an X-Y coordinate; and the;"'
exposure.is executed just at the moment of'passage;"
However, the "flash on the fly" process which may be.
adopted in this embodiment is only such that the
exposure is made during a eubstantial time period of
20 passage of the stage through a certain tolerance region
of a certain range and it is sufficient that the
coordinate position of the stage just at the moment Qf
exposure is read by using a laser interferometer.
Therefore, clearly it can be executed very easily as
25 compared with the former.
The KrF exeimer laser Stepper shown in Figﬁre'

5 includes a band narrowing means which may comprise an



~of a certain range and it is suff|C|ent t hat the coordlnate p05|t|on of the
stage just at the nonent of exposure is read by using a | aser
interferoneter. Therefore, clearly it can be executed very easily as 25
conpared with the forner. The KrF exciner |aser stepper shown in Figure 5

i ncl udes a band narrow ng means which may conprise an -24- etalon or a
grating, for exanple, and which is E rovided within the |ight source device
91. By this band narrowi ng neans, T &-pandwi dt h [err] of the KrF | aser can

be narrowed to an order of [err] = 0.05 nm Further, the 5 projectiolflens
system 5 is provided by plural Iens el ements all of which are made of Si Q2,
and the p | e emg t u et t the KrF
naer nolEPAFSh R 4PQRREXALETEDE BURREEY, Gnd UhiEhrab! Yrbvancsl ¢ |

Figure 9 §chid CPRERI i gnk! s&heéeaaeaibanwnt 89JeRXROBYKE appar at s
according to a third efbodinent of the present”invention. Like nunerals are

assi gned Afri&WSRgChEARBY SthavbatasiathanPbeCceheerpeNdaBaxf gag!l i ons as of
t hose shown in Figures 1 and 5. Also, 15 for sinplification, the

i [l um natbenmaptowad BysarnolAdes dfagﬁaanatosahhy | Funsheat edheFor the sane
reason, sone elenments of an off-axis alignment scope C are not illustrated.
V%lIefihepso@getibnohpnsssgsaemosanszarovideﬂcbgsp&peaaslensthe fore90|ng
enbodi nent,
elements all of which are made of Sioz, and the
projection leps-system is adapted to sufficiently . o/
transmit the KrF laéer beam of a wavéiength ﬁ_qf an
order of_ﬂ = 248.4 nm. |
10 '~ Figure 9 is a schematic view of an alignment
and exposure apparatus according to a third embodiment
of the_present invention. Like numerals are assigned
to those elements having similaé'or cbrresﬁonding
functions as of those shown in Figures 1 and 5. Also,
15 for simplification, the illumination optical system A
is diagrammatically illustrated. For the same reason,
some elements.of.an off-axis alignment scope C are not
illustrated. While the.scope C comprises a
polarization microscope as in the foregoing embodiment,
20 no mirror such as at 27 for deflecting the optical path
is used.

An important feature of the present embodiment
resides in éhat a reticle alignﬁenﬁ scope B is utiiized
to illuminate a magnetic image forming alignment mafk

25 53 of the reticle 9, whereby a magnetic image of the
mark is formed in a portion of the magneto-optic

recording material layer provided on a wafer chuck -3..



20 no mirror such as at 27 for deflebting the optical path is used. An

I nportant feature of the present enbodinent resides in that a reticle

al i gnnent scope Bis utilized to illum nate a magnetic i nage form ng
alignment mark 25 53 of the reticle 9, whereby a magnetic inmage of the mark
is forned in a portion of the magneto-optic recording material |ayer

provi ded on a wafer chuck 3. -25--2Bhe reticle alignnent scope B includes
a stop 120 for restricting the range of illum nation, an image pickup

devi ce 0 and an objective optical system 140, and is operable to extract
a portion of the 5 photoprinting light fromthe illum nation optical
system A (for exanp/The aetdcdienad ignrenthsnope ®o indlydiesare skopeticl e
alignment mark or marks, not shown. Then, through the objective optical

syst em 140, 2GFormxgs tariatiag dhe jxangs Ml‘-\'f’g-lﬂéqi?%i @Bedm@gey 10 the

W Th rbspeloies devies 110 a0k Ao pieFiseaaRbIaR) pYAEeh A0 ne
Che.post 1| BAOAS RpraRie $b SRt 75 B CIAPL 5 Fiogned) . The obj ccti ve
0Pt oot ShEReh el S3Rh, Bl R TR g BB o (pattern
system A (for example, an excimer laser beam), to
U illuminate a reticle alignment mark or marks, not
shown. Then, through the objective.optica} system 140,
an image of the reticle alignment mark is.picked up by
10 the image pickup device 110, and any deviation of the
reticle alignment mark with resﬁéci to a reference
provided at a stationary portibn of the exposure
apparatus is detected. On the basis of the result of
detection, the position of the reticle 9 can be
15 adjusted (aligned).
The objective optical system 140 is movable or
'translatable_along the surface (pattern bearing
surface) of the reticle 9. Thus, regardless of the.
position of the reticle alignment mark, the same can be
20 detectéd by the optical system 140. . In this
embodiment, after completion of the reticle 9
alignment, the position of the objective optical system
140 is changed to allow illumination of a magnetic
image forming mark 53. Then, with the light from the
25 reticle alignment scope, the mark 53 is illuminated
and, through the projection lens system 5, an image of

the mark 53 is projected upon a magneto-optic recording



position of the reticle alignnent mark, Thé same can bé 20 detected by the
optical system 140. In this enbodinent, after conpletion of the reticle 9
alignnment, the position of the objective optical system 140 is changed to
allowillumnation of a magnetic inage formng mark 53. Then, with the
light fromthe 25 reticle alignment scope, the mark 53 is illum nated and,
t hrough the projection | ens systemzg-an inmage of the mark 53 is projected
upon a nagneto-optic recording -26-- material layer provided on the wafer
chuck 3. By this, a magnetic inmage is fornmed in a portion of the nageto-
optic recording material |ayer. The reticle-to-wafer alignnent using the
t hus f or nectemigrietlayermpgmoviatedoord thelavafeentchwtk y3i n Bhetkisp way as
havi ng been described with reference to the foregoi ng enbodi nents.
Ther ef or @ migetin iimagdcrdoxmed i apoxtibme®. the nagretddbodi nent,
‘the thus formed nmagnetic inmage can be used for neasurenent of the distance.
10 bet wedPtdst ixegorddng deatereipk olaxer on Thesretiekenrorfene off-axis
al i gnment scope C. The distance be% ween_these optical axes is called a
"base |i feigment ysinghdhg thippriorned yRMIRLLS ARAR O3 BR exposure
apparatus_that includ an, of f-axis aliqgnnment,-scope .15 such as at C. That
is, | sd'?r‘#. GRS AL A e ARE W%ﬁea%plé?‘ﬁrg‘% B¥eRn ali gnment mark on
a wafer 4 ds a8l e Wt a2k Al A e dSOYRI eSS Fndn fRd
Therefore, description thereof will be omitted here. : ]
In this embodiment, the thus formed magnetic
image can be-used for measurement of the distance
10 between optical.axes-of the projection lens system 5
and the off-axis alignment scope C. The distance
between these optical axes ‘is called a "base line" and
it is one of important system parameters in an exposure
apparatus-that includes an off-axis alignment scope- S
15 such as at C. That is, in such exposure apparatus
usually the position of an alignment mark on a wafer 4
is detected through an off-axis alignment scope C and
then a wafer stage 2 is displaced, in accordance with a
preset value for the distance between the optical axes,
20 to position the wafer 4 with respect to the position
whereat a pattern is to be projected through the -
projection lens system 5. Actually, however, the
distance between the optical axes is variable with
time. Thus, it is desirable to accurately detect the
25 change in the distance or the changed distance between

the optical axes,

In this embodiment, in accordance with the

>



then a wafer stage 2 is displaced','in'aéébrﬁance W th a préset value for
t he di stance between the optical axes, 20 to position the wafer 4 with
respect to the position whereat a pattern is to be projected through the
projection |lens system5. Actually, however, the distance between the
optical axes is variable with time. Thus, it is desirable to accurately
gdetect the 25 change in the distance_g?_the changed di stance between the
optical .axes. In this enbodinent, in cordance with the -27- data
concernig the distance between the optical axes, having been nenorized in
preparation, the wafer stage 3 is displaced to introduce a nmagnetic inmge,

formed in agpeht beacahglhgl gmnafi%tamec Dol thel Bptical biess wafer

chuck 3, into the view of the off-axis alignnent scope C. Then, the

position of hhhengopaeh mehtRdced ih pReparhtion RhedwaFed Bedgecierence
provided in the alignment scope Cis detected. On the basis of the-
detection , ikhaigpllaced &oednteodhcel@ tagnetie Haawegn formedptinca axes
can be corrected and thus the current distance can be detected exactly. In
accor dance pbrhidheofir ¢éhenmaignedoi-opiicasecasrdinghdayerbeoan tiescri bed, a
waf er chuck for holding a wafer by attraction is provided with a recording
15 |ayé nwd€ewf chiwck Sxarplte, thenwjew £igdd ofr dbher @ffgandiserial or a
photochrom c material. One or nore _

alignment scope C. Then, the position of the magnetic

kq/ image with respect to a predetermined reference
provided in the alignment scope C is detected. On the
basis of the detection, tﬁé'data related to the
10 distance betwéen-the optical axes can be éorrected and
thus the current distance can be detected exactly.
In accordance with rhg'present inveﬁtion, as
has hitherto been deséribed; a wafér chuck for holding
a wafer by attraction is proﬁided with a recording
15 layer made of, for example, a magneto-optic recording
material or a photochromic material. One or more
alignment marks of a reticle are transferred through a
projection system onto this recording layer and, on the
basis of a positional relationship between the
20 transferred image of the alignment mark and an
alignment mark provided on the wafer, the reticle-to-
wafer alignment or the alignment of each shot area of
the wafer to the reticle caﬂ be made exactly.
Accordingly, regardless of a wafer process,
25 high-precision alignment is always assured.
Since the magneto-optic recording material or

the photochromic material is such a recording material



alignment marks of a reticle are transferred . through a projection system
onto this recording |layer and, on the basis of a positional relationship
between the 20 transferred i mage of the alignnent mark and an ali gnnent
mark provided on the wafer, the reticle-to- wafer alignnent or the

al i gnment of each shot area of the wafer to the reticle can be nmade

exactly. Accordingly, regardl ess €28a wafer process, 25 high-precision
alignnent is always assured. Since the nmagneto-optic recording materi-al or

t he photochrom c material is such a recording materi al -28- that w1 ows )
both the witing and the erasing, there_is ad§?ecific advant age that the

r ecor di righaat2tIeys et the cirFebag 2 thoREasingy |thexd e basis of
th t at f | ] t K i t f t d
| ayer ofa SRRGLTTG ATAT Fage "Dhgt (R crétnr i BT R it ast of the

i mage), anv.error_ in.fhe magnification of a projection |ens system any
error i é%%ﬁa?%é%ﬁ#%% “(0) direction of areticle, any error in 10 the

di stance (base |if gl £ t hén 0Pt %Sﬁ%.'(%hé _rpcag{é)jﬁtéﬁ)n | ens syst ern.

and an off-axis m croscope, ahy error 1n the position o e wafer with

respect i diRet MELEk Olndbe L6 OP4ASHAr A Sorio 10 dBHEIG ON | ens system

(i.e., focus error), and the like can be 15 detected.
layer of a wafer chuck (i.e., by detecting the position
or cohtrast of the image), any error in the
magnificatidn of-a projection lens sjstem, 3hy_error in
the rotational (0) direction of a feticle, aﬁy error in

10 the distance (base line) between the optical axes of et

the projeéti_oh l.ens systen and an .off-.axi;s. microscope,

any error in the position.cf the wafer with respect to

the direction of the opéical axis of_ﬁhe-projection

lens system (i.e., focus error), and:thé like can be

15 Jetected.

20 _ oy

25




20 -29- CLAIMS 1. A step-and-repeat type projection exposure apparatus
for projecting a reticle on different zones of a workpiece in sequence
through a projection 5 optical system wherein the apparatus includes a
retd cl e holder for holding the reticle, a workpiece holder for holding the
wor’kpi ece and a novabl e stage for hol di ng the workpi ece hol der, _
characterised in that: the workpiece holder has a plurality of recording 10
areas each being provided by a magn_eté)g- optical material, or a photochromc
materi alh= the recording areas being I‘ocated around the periphery of the
workpi ece as it is held by the workpi ece holder, wherein the novable stage
I s adapted to nove the workpi ece holder so that on each 15 of the recording
areas an inaggaamMsa mark of the reticle is projected and thus recorded
through the projection optical system and detecting neans for detecting
the images rdcor ded streg-mmd-anspetith & i€ g fed oG ae Mgiafaan
means 20 for determ ning, on the basis of obtained data, the co- ordinate
of the patt efiorampngjent it Gretdvbiaes paictethe Sl retich Ve paald ifEanes of
t he wor kpi ece.

zones of a workpiece in sequence through a projection

5 optical system, wherein the apparatus includes a reticle
holder for heolding the reticle, a workpiece holder for
holding the workpiece and a movable stage for holding the
workpiece_holder, characterised in that:

the workpiece holder has a plurality of recording
10 areas each being provided by a magneto-optical material,
or a photochromic material, the recording areas being
. located around the periphery of the'workpiece as it is
held by the workpiece holder, wherein the movable stage
is adapted to move the workpiece holder so that on each

15 of the_recording areas an image of a mark of the reticle

w is projected and thus recorded through the projection
optical system; and |

detecting means for detecting the images recorded

on the recording areas of the workpiece holder and means

20 for determining, on the basis of obtained data, the co-
ordinéte of the pattern array on the workpiece for the

step-and-repeat exposures of the workpiece.
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-30- 2. Apparatus as clained in claim 1, in which the recording

areas are | ocated on the workpi ece hol der. 3. Apparatus as clained in
claim 1, in which the 5 recording areas are | ocated on the workpi ece
itself. 4. An apparatus according to any one of clains 1 to 3, wherein

there are four alignnment patterns |ocated substantially equidistantly
~around the wafer holding 10 nmeans. 5. An apparatus according to any

previous claim wherein the surfage_ of said recording | ayer s
set at substantially the sane level as the surface of the f§
waf er. 6. An apparatus according to any previous claim wherein

said recording layer is fornmed in a ring-like shape on said wafer hol ding
means. 2027%. Apparaipe atass cdadaedi ndn t @ladmy 1pr edinosdhichl &b wherein
sai d apparatus further includes an erasing neans for erasing an

al i gnnent regerddng axeas dae locateshion theomdrkpilesgeholger. - 31 - 8. -
An exposure apparatus or nethod substantially as described with reference
to the drawngs. 11111111 111111 11111111111111127* C L M S ~*

3. Apparatus as claimed in claim 1, in which the

5 recording areas are located on the workpiece itself.

4. An appératus according to any one of claims 1 to 3, ~
wherein there are four alignment paﬁterns- located
substantially equidistantly around the wafer holding
10 means.
5. An apparatus according to any previous.qlaim, wherein
the surface  of said recording layer is set at
substantially the same level as the surface of the
15 wafer.
v,

6. An apparatus according to any previous claim,
wherein said recording layer is formed in a ring-like

shape on said wafer holding means.

20
7. An apparatus according to any previous claim,
wherein said apparatus further includes an erasing means
for erasing an alignment pattern recorded on said -
recording layer.

25
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8. An exposure apparatus or method substantially as

described with reference to the drawings.
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