DESCRI PTI ON 5 DEVI CE PRODUCI NG SUBSTRATE, METHOD OF PRODUCTI ON
THERECF. AND METHOD OF EXPOSURE USI NG SUBSTRATE TECHNI CAL FI ELD The present
invention relates to a silicon wafer used for exanple when producing a 10
sem conduct or device or another device producing substrate, a method of
production thereof, and a nethod of exposude for transferring a mask
pattern using that substrate. BACKGROUND ART When producing an LSI or other
sem conductor device, it is usually necessary to formas much as several
dozen layers of circuit patterns on a silicon wafer or other 15

sem conductor substrate all accurately aligned with respect to each other.
To performng this alignment with a highserprredy, an alignment mark (wafer
mark) is formed together with the circuit pattern at each shot region on
the surface of the sem conductor substrate. Further, when using a stepper
or other exposure apparatus to transfer a mask pattern on the second or

| ater | ayers of the sem conductor substrate, an alignnment sensor provided
at 2 0 t he exposure apparatus detects a predeterm ned alignnent mark
and alig t he RSk ~P b6 i e Ci i i iQn on
t he waf er baserd"L’ oDy
accuracy mark detection,, Jhe alignnment nmark
to be detected into the ‘@etes 5 GO SOSN AR or, so 25
relatively | ow accuracy alignnent detection is perfornmed based on the
circunferenti al -2- shape of the wafer in a pre-alignment step in
advance. To detect position using such a circunferential shape criteria, an
orientation flat or notch or other rEFfSHNICABHIEBD has been provided at the
outer periphery of a conventional sem conductor substrate to pass through
the substrate fronThtpresemritvention selites fresiliani wafenusid fohexanl®when pRIJULRAB a
provi ded 5 at the outer periphery of the substrate in this way has been

used as lithe cr sémicomdcr device Pf Snothdrid3RiTe Produbinig¥abétiie, 4imEASA QD@bdﬂaﬁnﬂ on
and rotational angle of the substrate. A conventional sem conductor

substrate, in tHerdof\ ¥ a th6th6d OF bARFuitbHtransFGHR si’naeﬁgaﬁé?ﬁ_ueiﬂgﬁﬁm Beatah
the substrate for detection of position using the shape criterlia. Vn a
sem conduct or subspaRiEGROUNY AT h such a renoved portion, however, the
stress and 10 strain occurring in the substrate concentrate at the

removed portion dugyag pﬁ'&ﬁlcﬂ&% LSI or other semiconductor device, it is usually necessary to

form as much as several dozen layers of circuit patterns on a silicon wafer or other
15  semiconductor substrate all accurately aligned with respect to each other. To performing
this alignment with a high accuracy, an alignment mark (wafer mark) is formed together
with the circuit pattern at each shot region on the surface of the semiconductor substrate.
Further, when using a stepper or other exposure apparatus to transfer a mask pattern on
the second or later layers of the semiconductor substrate, an alignment sensor provided at
20 the exposure apparatus detects a predetermined alignment mark and aligns the mask
pattern with the circuit pattern in the shot region on the wafer based on the result of the
detection.
At the time of such high accuracy mark detection, however, it is necessary to get the
alignment mark to be detected into the detectable region of the alignment sensor, so

25 relatively low accuracy alignment detection is performed based on the circumferential



processes acconpanyi ng production of the device or during the formation of
a filmwth a high tension. This causes a deterioration in the planarity
around the renoved portion and causes deformation in the in-plane direction
and therefore has had the problem of causing a deterioration in the
properties of the device forned near t hemr&noved portion. 15

Further, in a conventional exposure apparatus, pre-alignnment has been
performed assum ng the existence of an orientation flat or notch or other
renoved por t i oshapesfilegvdftrinagire-alignmerdtstapdn edvace gFedeteétgosition usiagsictbd e
to becone difficult when elimnating such a renoved portion fromthe

sen conduct or  gisdumiferdntial ShhfdrtekiRan Grieftdtioh Nufdfoidh & dher removed pdreion has
present invention was nmade I n consideration of this situation and has as

its object thepgnQybviiaNatthe Sutdeériphery i donVentforabienfitéhdutor Shkirateltd phfie
occurrence of stress and strain due to stress concentrati on and enabling

pre-alignnent, t r J i : L

B ethod of - ex SERERLHE RuRiraf ! Ble Ot B, THE BB S MomGU Ak Rl proditid
substrate. 2 5 To _achd t \VA J t i i
subst r at & acooPdlguieLPerRbel ot B SisEied HF AT HES hoon hEq AFHE ERFRIA i M.
formati on of a depressjon not.passing through the, substrate fr t he front
o back at t hodamiGt ot B R BRRSer bt it dofionel g e il an
area of an extent able to, be used as a mark for pre-alignnment. The

depressi on pr ef er aiSparentiogalseqicandpesar subsiratgoinithiswayiis rsoyided yithiagrmpeyed
the substrate. Note that in the 5 present invention, the "front” and

t he "back" of pertiospassingthroughdhg subatrate forcdetestipn of pesition esimgtheghapergriterialy a

fixed. The surface of the substrate at the side where the depression of the
present i nvent semmicorsductor sebktiate formed withasch & eenioved portinm, howevedghe ssessand nay

al so be forned at the back as well. Further, in the present invention, the
"depr esgioon” nEedis obdtiyrie®ii the kulshbte’rdaceniralodt theahioved pbriodghrinf eheheast r at e
and is used in the sense including a notch, 10 hol | ow, hole, etc. In

the device progidcédies sdebmphmfifig pROAaEEEnEE the déVige 6 RERBIthe for@atib®BE a film With a
possible to easily detect the position of the depression by using a

dark-field i nagj eTii b3 ' 44 ' ' :

i1 erential | RELTSKE THCans ARG cHokstioRln B Ry My RLRO ! peion snd
|'i ke and possi - ahl . :
detectio nI.O Fur .H]ug?% Qﬁfﬁﬁé%‘éﬁg%\/!eggﬂ%ér:% ucl %%rp%ﬁﬁtgf %gﬁréﬂg%ié%ft‘cl}ﬁ?a&{l%&{& 2841%1@ a
Dt e horhiish fBE Bionfea PR B deflce il P e Y0MENLa pab! ™0 S°

15 Further, in a conventional exposure apparatus, pre-alignment has been performed
assuming the existence of an orientation flat or notch or other removed portion passing
through the substrate, so pre-alignment is liable to become difficult when eliminating such a
removed portion from the semiconductor substrate.

DISCLOSURE OF THE INVENTION

20 The present invention was made in consideration of this situation and has as its
object the provision of a device producing substrate resistant to the occurrence of stress
and strain due to stress concentration and enabling pre-alignment, a method of production
of a device producing substrate, and a method of exposure enabling alignment using such a
device producing substrate.

25 To achieve the above object, the device producing substrate according to the



fromthe front to back, so stress concentration occurs |ess easily conpared
with the conventional orientation flat or notch. As a result, the planarity
of the substrate is easily nmintained and the properties of the

sem conductor device built in the substrate are 2 0 I mproved even
during heat processes acconpanying devi ce groduction or during formation of
filme with strong tension. Further, since stress and strain do not easily
occur near the depression, it is possible to forma sem conductor device
etc. with a hi gresentdnventipn ds/charavterized by tiieformstiomof a dépeessiohaiot pissingthivagh the
particularly limted. It my be a single |layer substrate or a single 2 5

| ayer subst r at sulsstratetfeora it 201t 10 basthatahe surfuice of theGubstakd. The Aepra¥sios prferhblyn
films are stacked. -4- Preferably, the substrate is conprised of a

substrat e body hagigh areh BNt bABR|ablety De uStPEHLRAAN ok Bf'ef-ﬁigﬁﬁ&% depfession

substrate body and has the depression forned in the functional |ayer.

Preferably, E szre‘fé&gﬁf?'riﬁ&rﬂlﬁqywa&a?pﬂt bk ﬁﬁ%u??@?ﬁgﬂneﬁ §£ megﬁbs?&??s. tg{pg% fiat YORE

pref erably, functional layer s conprise 'ng

st acked t he . t.hew ) ' v body and a semi conduct or

| ayer st ;ggked ggég%tgﬁ‘geﬁ@ %’c@goﬁgﬁhéﬁ‘?#&?ﬁﬁ 98 ﬂTeasS%Pt.rﬂﬁaﬁeJﬁgf‘?’ﬁf‘éncl‘?B‘iﬂaﬁﬂ are
such a function l.ayer.is c ed "silicon-on-insulator” (SO) structure
substrate. By B&o%el t’?’dﬂyaéﬁ%%h%g §W§?fe;5’£§]§? W&s‘f‘ﬂ? atigs I‘V‘qﬁgeé;éﬁﬁeéﬁ%ﬂf:ﬁ’ér
| ayer, it is possible tg nin%'rrié‘f,the stress_concentration due to the

provi sion of t RESEHYRERUPR is fopmed i5treatsdeas das freafsbethe depressionnay alse bie farmetle
outer periphery of the substrate. 10 When providi ng depressions at a
plurality of | 8tthebaskasavell. furthes, in the prespntdnyension; the "defisessiont’ eeans any sort of
conpatibility with substrate having the conventional plurality of notches

i s ensured. Thdepressionnsd passingthehmgh the gubstlate iandjissusbd inr the serdse dnelading atnotchhe
present invention is that of a device producing substrate covered on its
surface Wi t h ahollow, Hold, gtc. char act eri zed 15 by the formation of an
orientation flat or notch at part of the thin film The device producing

substrate is pref el evide Pdubib Slibstrhfe REBIMEOIHEprABE Snvali6e: it ispBSsible to
nmet hod of producing a device produci ng substrate according to the present

i nvention co ”pé:isﬁ? erecl t'll)lg ?Bsiﬁ&g Bf i dngne iOPb u&#ﬁ’?tdhﬁcoﬁgldgﬁé@%g gﬂ:sc%rgﬁrcgfzope

surface of a subsirate y and a sec step o ormn

part of the 20y an oiaﬁgﬁér ?ﬁ%ﬁatioﬂ%ﬁﬁéa'dﬁﬁér@:@&ﬁ?&%&?rg gef c?t(?:s'csz:gge %hﬁt%ag)g;ﬁg{u% ;SS Z

a step of coating the ace o uncti ofia _ .
material to f Oﬁﬁhﬁnﬁ%%to(ﬁﬁ&ﬁf(et An\ﬁepols‘salﬁ%rtb p%rtgrtn? Bre(-);li i e%?tys%dtopl?he result of the

15 detection. Further, in the device producing substrate according to the present invention, the

depression used for the pre-alignment is formed so as not to pass through the substrate
from the front to back, so stress concentration occurs less easily compared with the
conventional orientation flat or notch. As a result, the planarity of the substrate is easily
maintained and the properties of the semiconductor device built in the substrate are

20 improved even during heat processes accompanying device production or during formation
of films with strong tension. Further, since stress and strain do not easily occur near the
depression, it is possible to form a semiconductor device etc. with a high accuracy even
near the depression.

The substrate is not particularly limited. It may be a single layer substrate or a single

25 layer substrate on the surface of which a single or multiple layers of thin films are stacked.



surface of the photosensitive |layer by a pattern corresponding to the
depression, a step of devel oping the photosensitive |ayer which has been
exposed, and a step of using the mask 25 pattern of the devel oped
phot osensitive |layer to etch at |east part of the functional |ayer to

-5- formthe depression. Preferably, the-féinctional |ayer conprises an
insulating filmstacked on the surface of the substrate body and a

sem conductor | ayer stacked on the surface of the insulating |layer and the
sem conduct or Pryeiblysthe sabisadtetio corapriscidof adabstessbaly dnd a faactimal agedstadked

| ayer 5 using the insulating |layer as an etching stopper |ayer to stop
the etching atof iR siHfhdersTahO§ubistigtebody had hakdtht dysressidl fohaedl the fidiohilnayer.
step conprises a step of formng an insulating l'ayer on the surface of a

first nmonocr ysi’n%ﬁég&lflg,stﬁif:‘ Bfstratefbod iS4 Gico mbRSH éi_ﬁe ButRate. Kﬁdré BRALEMS! then

the surface of t ating layer, a step of .bonding a secon

[ 1 . s t
ronocr ot o || i k1 Sk dn UL 6 BRSO, 06 bt
115t rogoct vt bl LS SReEh S et oS R SPRRBES B b8 B IHAA B
I f d ' t hi ck .. By.this . pethod, it i ible t
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stacked on the surface of another nonocrystalline substrate 15 _through
an i nsul ati ng PRyiling pdegressiog passipg threugly epdy thersemyicondueter lagers #ds pasibile tne
substrate at the side opposite to the insulating layer is polished by

cheni cal nechaminimiizegbé steéss egnceRtratidredye toltke priovisionsafahe depressionconpri sed of
a step of inplanting oxygen ions so as to give a peak of the distribution
of concentration oOné¢ bemorgduprésyions may jpe pravided aftheoyreresbeiphenyi ofehle sitstrite.
fromthe surface of the nonocrystalline substrate for formng the 2 0

substratie bodywiifl peovidiag depresicis at b pRirhlitg of Netatiomsdtitie GutbOsbriphtdyest thon

i npl antation to cause the oxygen ions inplanted at a position of a

predet erm ned gipRirite | donpatibBity withaGBstfite hdVinSHE ThhvtinBoRA Plurh Bty IFaidtches 1sY

bond with the elenents of the nonocrystal constituting the substrate body
to forman insygtdigng layer. It is possible to easily produce an SO
substrate having a nonocrystalline thin film stacked on the surface of

?EiOts hﬁ;t ggogg yaéla'ﬂ'xei Dest I%an ofa deVQi('S'eb B}oﬁﬁct:igg Exﬁlars‘f}%%hacé‘é‘rd%n%% ltl’?é Ii)rggerllt & eerrltic? is
that of a device producing substrate covered on its surface with a thin film, characterized
15 by the formation of an orientation flat or notch at part of the thin film. The device producing
substrate is preferably an SOI wafer.

To achieve the above object, the method of producing a device producing substrate
according to the present invention comprises a first step of forming a functional layer on the
surface of a subsﬁate body and a second step of forming a depression at part of the

20 functional layer.

Preferably, the second step comprises a step of coating the surface of the functional
layer with a photosensitive material to form a photosensitive layer, a step of exposing the
surface of the photosensitive layer by a pattern corresponding to the depression, a step of

developing the photosensitive layer which has been exposed, and a step of using the mask

25 pattern of the developed photosensitive layer to etch at least part of the functional layer to



-6- To achieve the above object, the nethod of exposure according to the
present invention conprises a step of using a device producing substrate
formed at the surface of the substrate with a depression not passing

t hrough' the substrate fromthe front to back and detecting the position of
the depression, a step of aligning the substrate based on the 5

detected position of the depression, and a step of exposing the aligned
substrate. The position of the depression on the substrate is preferably
detected by t hdomibthegiepreéssion.dence illuni nation system BRI EF DESCRI PTI ON OF
THE DRAWNGS In the attached draw ngs, 10 Fig. 1Ais a plan view
of a wafer accor di Pgefeabhy) tRtancticNay & conl}Rises AFRBAlali Vﬁﬂﬁ sﬁacefdrﬁche $EFAR of

a front view of the wafer, Figs. 2A and 2B are sectional views of

portions show mge ﬁi%sﬁd%@ﬁ@hfaﬂi aﬁéiﬁic cﬁ&ﬁﬁi F sBEQA th9 Qur?iceto?ﬁlevﬂgtﬁﬁnr}%lﬁyer

Figs. 3A to 3E are sectional views rtlons OW Ng an exa

I
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f s.an en] ar
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Fig. 4, Figs. 6A are schematic perspective views of the process of
production of & g @¥Etor di ng to anot her enbodi nent of the present
invention, Figs. 7A and 7B are schematic perspective views of the process

of production of aPgieiblyathedirst siep casnprises » sten of famingrminswiating biyet orethe
present invention, and 2 5 Figs. 8Ato 8C are schematic

perspective vi euﬁaqgfofmrﬁsqanmtadﬁnmuw; ostewédf farming-arplanmizatiomger o the
to still another enbodi nent of the present invention. BEST MODE FOR

CARRYI NG QUT ThiirfaceiEN ibulBidglayer hstepiofbending B ¥esvnt @ionoctystalléneaBstaitd fRform
i n detail based on enbodi nents shown in the drawi ngs. 5 A wafer 1

shown i noFi gs. theAubsieatd Bodyeh theisuifa GThé PRnSBMHER 1476R AHE W REpDE PolisiRhS the

surface of the first monocrystalline substrate at the side opposite to the insulating layer to
process the first monocrystalline substrate to a semiconductor layer of a predetermined
thickness. By this method, it is possible to easily produce an SOI substrate having a
monocrystalline thin film layer stacked on the surface of another monocrystalline substrate

15 through an insulating layer. Preferably, the surface of the first monocrystalline substrate at
the side opposite to the insulating layer is polished by chemical mechanical polishing.

Further, the first step may be comprised of a step of implanting oxygen ions so as to

give a peak of the distribution of concentration of the impurity at a position of a
predetermined depth from the surface of the monocrystalline substrate for forming the

20 substrate body and a step of heat treating the substrate body after ion implantation to cause
the oxygen ions implanted at a position of a predetermined depth from the surface of the
substrate body to chemically bond with the elements of the monocrystal constituting the
substrate body to form an insulating layer. It is possible to easily produce an SOI substrate
having a monocrystalline thin film stacked on the surface of another monocrystalline

25 substrate through an insulating layer by this method as well.



according to the present invention is a so-called silicon-on-insul ator

(SA) structure silicon wafer. As shown in Fig. 1B, the wafer 1 of the
present enbodinent is provided with a substrate body 3 conprised of a
nmonocrystalline silicon substrate having a thickness of 0.6 to 1 nmor so.
On the surface of the substrate body 3 is $taeked an insulating |ayer 4 10
conprised of silicon dioxide (SiC)) having a thickness of 0.1 to 100 [err]m
or so and for exanple a sem conductor |ayer 5 conprised of a

monocrystal i ne si Mocrhickayierabooy objgctathiehaiaiesBexpbsite dcdddding 1 e prédent’S
shown in Figs. 1A and 1B, the outer periphery of the wafer 1 of the present

embodi ment i s fieon BbhPrises AP Fsing!d dévid%ﬁfédlﬁﬁlsgﬁl?mg forRidki ths% Surface of

(corresponding to 15 the depression in the pre I nvention
pass through omle/subbSats 5t ; I
O the vt or 1 Meubdfus SAMERDHLOh nofikBbiR (LA R B ol IR o BYEK

notch or orien I . i nventi onal fer.. The conyent. onal
not ch, however taﬁ{l lsi&?%tirlréée g)ggl{e@g?%ﬁﬁggér Ybdg eptq{%pggh%ﬂﬁgtg§t8¥@seg\p&t ©
its total_thickness,, whi.le e notch 2 of the present enbqdi nent is forned
in only the sehle%tﬁﬁ %flh?n ?%E‘e dgpqeﬁ?‘é‘f’ agd gstep %%%‘S‘e Iaﬁ%‘?d Suhstrate The

t hi ckness of abouyt, 0.01% of the total thickness of the wafer as a whol e and
therefore diff&PHHPR &'ﬁé’ﬁP‘S?Sﬁl?P omthe sybstrate is refsrablydatected bipthgroblique incidence
concentration due to the existence of the notch 2 is remarkably |ower than
that of a convdmigalien systedr substrate and the mechanical strength of the
wafer 1 near the notch 2 is alnost the sane as that of other regions.
Therefore, the 25 BRIEFUMISCRIPTIONORATHEDRAWINGSM stress concentration or
stress and strain near the notch 2 even -8- after a heat treatnent
process etc. and iIn the apaciridldrevings,f orma circuit pattern with a high
accuracy even in the shot region near the notch 2 at the tinme of exposure

by an exmosure apprgE\tlASs alplin{ V6w of @ waféieackbrdingdb afR %&%Wgﬁfhfﬁ?%ﬁf ow

wafer 1, it is possible to detect the position of the relative
notch 2 using {Rengoanpl e dark-field imaging type 5 m croscope-with an
oblique incidence illumnation or differential interference mcroscope with

an oblique inciden hl:um j | i ke for alignment based on the
outer shape cri terlﬁg (h)?l%lﬂlga\%#‘g&o?@%/&@%ﬁstanti ally the same nethod as in
the past. Next, angex nat hgn_wl|. be pmade of an exanpl e of the nethod of
production of the &gﬁ%iﬂ%@&meﬁh%@‘qwqﬁ@g@ﬂwo& 198 3p expmplep) thg op
with reference_to Fi In this enbodi nent, the case of

produci ng the BOFeS BEQZ%‘Fég%\ﬁ#@F WafeSy the bonding method will be
expl ai mig Figs. 3A to 3E are sectional views of key portions showing an example of the
production of production of the wafer following Fig. 2B,
Fig. 4 is a schematic view of the configuration of a projection exposure apparatus for
projection exposure of the wafer shown in Fig. 1,
Fig. 5 is an enlarged plan view of observation fields of wafer detection systems
20 shown in Fig. 4,
Figs. 6A to 6C are schematic perspective views of the process of production of a
wafer according to another embodiment of the present invention,
Figs. 7A and 7B are schematic perspective views of the process of production of a

wafer according to still another embodiment of the present invention, and

25 Figs. 8A to 8C are schematic perspective views of the process of production of a



[First Step] As shown in Fig. 2A, an insulating |ayer 4 conprised of
silicon dioxide etc. is fornmed on the surface of a first nonocrystalline
substrate 50 conprised of a silicon nonocrystalline 15 waf er. The

i nsul atiing layer 4 may be forned by thermal oxidation of the surface of the
substrate 50. Further, it may be formed by7depositing on the surface of the
substrate 50 a thin filmof silicon dioxide, silicon nitride, etc. by CVD.
The thickness of the insulating layer 4 is not particularly limted, but is
about 0.1 to 1GAfdracedrding o still anctidredibodihent bf thegyresehsinvastiononsi dered to
directly bond a second nonocrystalline substrate 54 2 0 conprised of a

silicon monocryst aBESTMOPBFORIGARRYINGOUTETHBTN®BNTON he i nsul ati ng
| ayer 4, but in consideration of the ease of planarization and the ease of

bonding, in the praseRs %ﬁ?@%ﬁﬁ%nuéd r,ﬁr 3 é@hmm@fal%é@a@émﬁgmhsms

fornmed on the surface 6} e I nsulating 4. The planarization |ayer 52

is formed for siting a polycrystalline silicon or |ow

mel ti ng point gﬁ%r%ﬂ?efnﬁpﬁiﬁa B exarrpl e, aBPSGfilmetc.) by CVD on the
surface qQf the 25 i nsul atin r 4 he. surface 52

pl anari zati on I ayef“@";‘itj ’ff)%ﬂé’ﬁ“ﬂ& ddllg%cbﬁ,mngag)th ‘%ﬂcﬁw‘ﬁmﬁs“&f?a&
deposi tion. left, in that state, bonding o{ tle second gol E%é stalli ne
substrate 54 mmoadlast £ PFESERHINVERHOR 43 pqscal eﬂsrrrenaneeéw tog i dRlistracre silico
surface 52a of the planarization |ayer 52 is polished chemi cal, .
nechani cal pol Wafgrngs shovwm in Kigrl B, sheywates i of gheepr Wbﬁnb%é@é@“ﬁé’r%ﬂd%mtha

novenment between a polishing pad and polishing object in 5 t he presence
of a pol i shi ngsuhgtrate body Broomprised off snmonocsystaliine silinon substrate hawning@pdhickhéss of 0.6
agent and the mechanical function of the polishing pad and thereby enabl es
good pl anari zatd bmnobr st0Onothé yurface®f shecsubslirdté bodyn8 éssstadked an irsnlaging eyler 4t ep
differences. The polishing agent is not particularly limted, but for

exanpl e 19 | i COBorﬂiaﬁ’stdﬁsﬂﬁbﬂ q{]ha'm 024 tHicknessséfaR1 ﬁfl@moseoammr
di spersed in a solution of potassiumrhydroxide and adjusted in pH or

al um na 10 eﬂn%lé hseMROHECLON 18 §\§r rPrf&e@ o?Q}déhb&'}sthhn@ RilRSh ‘I’dy%ir HQV]ﬁ@ gnt

(for exanple, hydrogen peroxide solutio and adjustéed in pH may "be used

Not e that the not partrcularly limted, but a porous
pol yur et hane f(@g%me%%g&%i@g‘o&sso ed. As a result of the poI i shing by CWP,

the surface of the nariz 2 beco that surface
and the surface ongﬁE ﬁitgs%&#/@é’ttgﬁ)]‘ﬁ’ép %tgegfﬁqg tqﬁ

bonded t oget her od of hondin | ydes t ho srve
ond et hod nEmbRSREt o wiEA el fHeTsh Vidhess w0 flggezrrea A
possi bl e between t he surface of the supstrate 54 and the surface of the

pl anari 28 i on heydepression in e PEFRAAIAVENSIOR) SO as to pass through only the semiconductor layer

5 arranged at the topmost layer of the wafer 1. This notch 2 has a cutaway area of the
same extent as a notch or orientation flat formed in a conventional wafer. The conventional
notch, however, is formed so as to pass through the wafer substrate over its total
thickness, while the notch 2 of the present embodiment is formed in only the semiconductor
20 layer 5 of the topmost layer having a thickness of about 0.01% of the total thickness of the

wafer as a whole and therefore differs remarkably in that point.

Accordingly, the stress concentration due to the existence of the notch 2 is
remarkably lower than that of a conventional wafer substrate and the mechanical strength
of the wafer 1 near the notch 2 is almost the same as that of other regions. Therefore, the

25 wafer 1 does not suffer from stress concentration or stress and strain near the notch 2 even



if there is sone roughness, but to inprove the properties of the device
built into the SO substrate etc., it is preferable not to use an adhesi ve.
As met hods not using an adhesive, 20 t he heat bondi ng net hod,

el ectrostati c bondi ng net hod, the anodic bondi ng nethod, etc. are known. To
bond substrates w thout using an adhesive,8the planarity of the bonded
surfaces is inportant. At the tine of bonding, heat treatnent is perforned
for exanple at 1000 to 1100[err] Cfor 2 to 3 hours or so. The connection
bet ween t he sulfsdriaticastiréatmestquroceds big. dndedit spossiblefto fdrm & tirauipatigriowith a high
hi gh tenperature heat treatnent, the connection 25 bet ween t he

substrates becsﬁwﬁac?%v&ﬂﬁ the SIfte $6iOH nér ltIxsteh D anghe tidSiaskpbstre by an &8posure
dehydrogenati on of the silanol groups. Note that when the planarization

layer 52 is COS@;‘a%ﬁﬁs‘é’ Pﬁm %, %&ihﬁﬁgﬁ-h@rﬁmﬁ i€y 1, 9 is ?g&ilﬁ@i& Qﬁgﬁghe

t he substrates ower . bondi ng the substrate 50 and

bstrate 54 | )] [ J f fq: . first
cubstrate i | Roddhty! o8 MoV R o i ol B
RREEIRE TERCRT IR RN A RIS e

insulating layer_ 4. The polishing at this tinme, as well ma¥ be performed by
the above CVP. K28 obHaye ingidepcariumnaion 3nd Hedikedor nt based onythe opfer shape
is not limted to the above enbodinent. It is also possible to obtain this
by the SI MOX (eritgtin af therwaler 1oy substapfiplivthesame asijpthepRSbf i npl anti ng
oxygen ions to give a peak of the distribution of concentration of the
inpurity at a posi Nexthawéxplanation atiB brimmsd of ap ekarhple of theanethod af prodfictidneof the
nonocrystalline substrate to be the substrate body 3. By heat treating the

substrat e bodywafeafitaecortding to the present erabodiment stepploy step ndthirefepaice té Fig. 2xygen
ions inplanted at a position of a predeterm ned depth fromthe surface of

the subgiprat e bodymihisheiBodahént, e kascdfiplodueiglthe SOI str@dteRBRdfer Dby tHittbonding
nonocrystalline silicon constituting the substrate body 3 to formthe

insul ating | aYEl%thﬁd%H%ieﬁgﬁixﬁﬁ. silicon dioxide etc. Further, when
conprising the sem conductor |layer 5 shown in Fig. 1B by a polycrystalline

silicon etc., the ﬁj}lts'tgépfrgrface of the substrate body 3 conprised of the
silicon nonocrystat etc. y be formed successively with an insul ating

evapor at ont - sput t 5 FREYR i BE b e eer? iR o PRFUE B R B i
N R A Se—
sem conductor |ayer 5 conprised of nonocrystalline silicon rather than
pol ycrydfal | i nwaksy| Thedpsulating layer 4 may be formed by thermal oxidation of the surface of the
substrate 50. Further, it may be formed by depositing on the surface of the substrate 50 a
thin film of silicon dioxide, silicon nitride, etc. by CVD. The thickness of the insulating layer
4 is not particularly limited, but is about 0.1 to 100 wm in this embodiment.
It may also be considered to directly bond a second monocrystalline substrate 54
20 comprised of a silicon monocrystalline substrate etc. on the surface of the insulating layer 4,
but in consideration of the ease of planarization and the ease of bonding, in the present
embodiment, first a planarization layer 52 is formed on the surface of the insulating layer 4.
The planarization layer 52 is formed for example by depositing a polycrystalline silicon or

low melting point oxide film (for example, a BPSG film etc.) by CVD on the surface of the

25 insulating layer 4. The surface 52a of the planarization layer 52 formed by CVD is a rough



[ Second step] 2 5 Using the SO structure wafer 1 obtained in
the first step, next, as shown in Fig. 3B, the surface of the topnost
sem conductor layer 5 is coated with a resist 6 serving as a photosensitive
material for formng a photosensitive |layer. Note that the resist 6 may

al so be coated only partially at a small-r2gi-on on the surface of the

sem conductor layer 5 including the region in which the notch is to be
formed. Here, the resist 6 is assuned to be 5 a positive type. A not shown

exposure appar girfiee }i%hﬂﬁﬁﬂ' dbfosRid0 Heft e that@hRTbohddi: ¢fiRe E&BhE polycHyRfillltnd he
notch is desired to be provided through a correspondi ng mask pattern. Next,

the resist 6 i udeuglsaRAFId Be eméﬁgm%ﬁéitﬂﬁg%&ﬂ b®o AL, e .Iniﬁ‘fﬂcgg%a of

region 7 in the resist 6 as shown 1 n Fig. , as shown in Fig. 3D,
the partially i is : . 1 el eliRg .
sem conductor ?‘gﬁa\rﬁg‘gd@i lﬁ%gg ilig&gsﬁg?ﬁicg?@?%%%&gf %ﬂlasmn‘ééﬁﬂlﬁbeflgra
etching the si]Jigcan copstituting the semc uctor laver is,used. .. s e
Theref or e, -t heleFTAVETRIRY cries PeutthpPaneig Peiein & e iiihe i #fitisping objectin
present under the sem conductor |ayer .becones the etchipng stopper.|ayer
and the Cont rofie@resenge @ta&ﬂiﬁ@ngﬁgénéo gaas Auidhe chemigal ﬁugctﬁl%r%th? belishingagent
extremely rough. Further, the side etching characteristic in the in-plane

di recti on needanshhg meshanical function 9 therppdishing pad and: theraby eaghles gepd planasization of
pre-alignnment by the outer shape criteria (about 10 gin), so an extrenely

i nexpensi ve wenotenbhfingstep differences, utyeten glohali stepdiffarenaehi he poliskingagerntiis not
Fig. 3D), a renoved portion 9 is forned in the silicon layer 5. Next, as
shown in Fig. pdricilady limied budorexample slicom diexile Bigf powddreof alpartichesizeodd od
portion 9 becones a shallow notch (depression of the present invention) 2
and the wafer 40 gmQispersed i #8olutiofrbfpotadshin? AfdroRide andl @djised ilNpH ®r afidtink N

t he above enbodi nent, the bonding technique shown in Figs. 2A and 2B is

~used topr oduce?xhaaivzg dﬁlt disdrsasin WabRition ofﬁﬂ%ﬂd&iﬁ‘?%ég@{fgﬁf@%a?ﬂ%lﬁ, lig%r&gﬁ,ﬁm?d-

I'n the present tion, however, it is also possibl otch or
oot o0 ) b3 8B ) oS0 SONET AL N LR L
boded, {hen, g EaP BB AR BN o A i L 09 L0 oD
As a result of the polishing by CMP, the surface of the planarization layer 52
becomes flat. Next, that surface and the surface of the second monocrystalline substrate 54

15 are bonded together. The method of bonding includes a method using an adhesive and a
method not using it. In the method using an adhesive, good bonding is possible between the
surface of the substrate 54 and the surface of the planarization layer 52 to be bonded even
if there is some roughness, but to improve the properties of the device built into the SOI
substrate etc., it is preferable not to use an adhesive. As methods not using an adhesive,

20 the heat bonding method, electrostatic bonding method, the anodic bonding method, etc.
are known. To bond substrates without using an adhesive, the planarity of the bonded
surfaces is important. At the time of bonding, heat treatment is performed for example at
1000 to 1100° C for 2 to 3 hours or so. The connection between the substrates is secured
by the bonds of the silanol groups. In high temperature heat treatment, the connection

25 between the substrates becomes strong because of siloxane bonds caused by



and 1B. [Method of Exposure] Next, an explanation will be given of an
exanpl e of exposure of the mask pattern on 5 the wafer 1 of the
present enbodi nent shown in Fig. 1 with reference to Fig. 4 and Fig. 5. As
t he exposure apparatus for the wafer 1, any of an optical exposure
apparatus using ultraviolet light etc. as 1®e-exposure energy beamor a
charged particle beam exposure apparatus perform ng exposure using an

el ectron beametc. may be used, but here the explanation will be made of an
exanpl e of use dehydrogemation of thesilarel igrcups. NGLe Shut @vhiA [tle plankrizatiéh layer 52 is
Figure 4 shows the overall schematic configuration of a projection optical
system used f OkompHgedbfea B{ascﬂlawmenelﬁpffatuﬂq fo BEnREREE UE ﬁf%ﬁm{a?ek%—%% niddg

present enbodinent is provided with an 11l um nation optical system

f%ﬁQt ?iet:i e 12 AR i bt B0 difsfaiy] 1l e egjaﬁ;r}ﬁiiﬁg?g)?% _2%?%3?.5’3#?5'
150 Fayt, | oo EShARed AR Fihot ARG FEN] i e sEREpan iR O

The reticle 12 is

[ anst orrod 1 o iR ier i RURREAS chiain AF ST pititereates  bviog pemivanducor layer

projection optical syste L. under this exposure light. The wafer to be
exposed is hel d °8H’PE%%‘§ &&lvglﬂltﬁ'é‘rmﬁ‘wcwt ligs silcasyonan isswatinglayen4. I'he polishing
The wafer holder 14 is secured on a sanple table 15. The sanple table 2 0
15 is positionéﬂtmsrﬁ@%adeﬁ]éﬁlﬁymerfyﬂbgbhﬁlWﬂwCM%\ge 16. The position of
the sanple table 15 (wafer) is detected by a noving mrror 17mon the

sanpl e tabl e 15 andNogathatthe methosidfor pbtainirigthe Sl estrudtire wifer #lds st tlingivedsb afneal

is input to the main control system 40 for overall control of the operation
of the appar at abowesmbodimeén. It Beslswipassibldne abedih Hiis by HBBIMOX (sdpardih /by

control system 40, the stage drive system 18 controls the operation of the

waf er 230 srhpigated Oxygden) bittliod GFImPRALAX dRPeR io toWide APéak &fmedikmbgﬁon of
processi ng system al i gnnent - 13 - sensor 19 is arranged at the side

t of th brReht ' btion' ' L
part o e pr @dnﬁ:@hir&ﬁbn%ﬁth&ﬁﬁpdzrgf hgﬂhcgmon 448HRhLa éﬁﬂﬁﬁtﬁgﬁt@e A the

the position of the wafer mark | nt mar on the warer € expose
d i t : | ' trol t 40. T
maincont ol sheramsighioe ubeiicie sEihe lbslrcbily Tul ned Hehthe Y SHERaRnd
f detection. s e t L 1] f f Kk waf
hrough the. a1 Eitenimelanlet THSFheahlE L Ralke MR bTeeionS bebagene: pedivrta
mark falls wthin

the wafer by the out i per that the vaf
e obser vat i oo EiTngs SeH S (R suARCeR e pubpeie SR deBrmicaly heRdPiohticr

15 elements of the monocrystalline silicon constituting the substrate body 3 to form the

insulating layer 4 comprised of silicon dioxide etc.

Further, when comprising the semiconductor layer 5 shown in Fig. 1B by a
polycrystalline silicon etc., the entire surface of the substrate body 3 comprised of the
silicon monocrystal etc. may be formed successively with an insulating layer 4 comprised of

20 silicon dioxide and a semiconductor layer 5 by evaporation, sputtering, CVD, etc. In terms
of the properties of the device built into the surface of the SOI structure wafer 1, however,
the semiconductor layer 5 stacked on the insulating layer 4 is preferably a semiconductor
layer 5 comprised of monocrystalline silicon rather than polycrystalline silicon.

[Second step]

25 Using the SOI structure wafer 1 obtained in the first step, next, as shown in Fig.



system provided with a pre-alignnent nmechanism 22 is arranged in the side
direction of the wafer stage 16. 10 The pre-alignnment nechani sm
22 is conprised of a stage able to be noved finely two-dinensionally in the
transl ational direction and a turntable. Above the mechanism 22 are
provided with three wafer detection systedd 38 to 32 of oblique incidence
illum nation systemimging type. The inmaging signals of the wafer
detection systens 30 to 32 are supplied to an i nage processor in the nain
control syst en3BGhe hiufice of theltbpmvsiseiicdatdaadi laperiHis coated Syitht 2R%iS06 Asing as a
dark-field i maging type mcroscope so as to be able to detect the position

of a | ow step gHodsRhff¢SmaRFAI %}foﬂniﬁ‘ﬁ‘hbﬁotbglﬁlsﬁﬁv@%ye‘ﬁmﬁé tHH8 HRGeS NG M4 Talr?HB

3% and 32 are ordinary bright field inaeging type m’croscopes. Further,”i
mochan; sm 22,  THe SR pirEP A bl gion or Eabr i CorRubBF F58L

systens 30 to 32 are positioned.at .the peripheral es he 2

wafer 1. Fi gurBeaoR REREG IR ShdRig s REl e R GE B ol 5T Prumed o,
to-32a on the pre-al i"gnrregt r@ghani sm 22 and .t he vva({ er 1. The . not C,9 2 of
the wafeP 1 faf PSS HPH 4 AL YOFESFRPTEH2RAEANS BHICd (RFxPRsS HET BBHS ons
of the wafer 1 fall within the other observation fields 31la and 32a.
Further, the nisist @ @hereghe agteh isdesiied iodeprerided Huonghy rorgesponding magk pafigrn.
corresponding to the inmage in the observation field 30a to detect the two-
- 14 - di mensi onal Npgstheiresist §fis denelopedite remmav the pettion $ogtesponging torthe regians
the i magi ng signals corresponding to the imges in the other observation
fields 3la and7 Bithe resisd 6tasshowhin Bigs8€i ons 33B and 33C in the radial
direction of the edges of the wafer 1. Based on these results of detection,

the main control shekteas showadn Fig 3D, thiepartiallynerioved pesisad isusedfas b gasRfer 5
al i gnnent nechani sm 22. As shown in Fig. 4, a wafer handler 23 and a | oad

slider 2@ pr OVétdlﬁﬂ% ‘e Sencdrdastonayer’s. AvtRe BAR\GE dRfetdling @ didhaht sustaBR foNélching

|l eft side of the iTlustrated pre-alignnment nmechani sm 22. Next, an

expl anati on wi i ol BOAlring e QRFIARURD Uk s b, MREGbrel il indliRiny 18PNt

10 enbodi nent 1s out si de the exposure apparatu
cx005e by e RN FuBEA oL St U RO el Bl e
PO 1,00, P2, O B T2 Mo 5 HE ik th D ARG R e
extremely rough. Further, the side etching characteristic in the in-plane direction need only
15 be an accuracy of an extent required in the pre-alignment by the outer shape criteria (about
10 xm), so an extremely inexpensive wet etching technique may be used. Due to this, as
shown in Fig. 3D, a removed portion 9 is formed in the silicon layer 5.
Next, as shown in Fig. 3E, the remaining resist 6 is peeled off, whereby the removed
portion 9 becomes a shallow notch (depression of the present invention) 2 and the wafer 1
20 shown in Figs. 1A and 1B is formed.
Note that in the above embodiment, the bonding technique shown in Figs. 2A and
2B is used to produce an SOI structure wafer 1, then a shallow notch 2 is formed. In the
present invention, however, it is also possible to form a notch or orientation flat the same as

in the past by a conventional known method at the outer periphery of the first

25 monocrystalline substrate 50 to be bonded, then use the above-mentioned bonding



i mage information (inmaging signal) of the outer shape and notch 2 of the
wafer 1 is supplied 15 t hrough the wafer detection systens 30 to 32 to
the main control system 40. The nmain control system 40 finds fromthis

i mage i nformation the two-di mensi onal coordi nates (WK W) of the center of
the wafer 1 and the rotational angle Wo-ahd fTnds the error of these val ues
fromthe target values at the tine of pre-alignnent. Further, the main
control system 40 corrects the position of the wafer 1 in the transl ational
direction and te¢tmolagyeo iobtairn are8QI str@ture wafertsoas g farhethp netch |2 showerin Figs. 1A
mechani sm22 so that the error falls within a perm ssible range to conpl ete
the alignnent.an8B.wafer 1 aligned by the pre-alignnment nechanism 22 is
transported by a | oad arm 21 novable along a | oad slider 20 and placed at a
position P3 on tth@ﬁ&{oﬂE&ﬂﬁﬁrc 4. After the wafer 1 is picked up and held
on the wafer holder 14, the position of a 2 5 predet erm ned wafer mark

formed together w N%kt,laaéxséi%gasngggﬁ Al ﬁ@gfv@ﬁ o?‘?ﬁ g#an'gge gPEfﬁbE@x@ of¥he mask pattein on

the alignnment senso on the“resu tection, the accurate

Bt oni ngdthe wif 84 ¥ PRl bSO ol s g ¥ b Sty o pl U i g 5

the shot regio f the wafer thrqugh rojection.optical system PL.for
exposure. 5 As e Sxpiult targtys Ot Berathe £isbl SEan OB i A Rising e
notch 2 of the topnpst |ayer of the wafer 1 shown in Figs. | A and 1B, a
waf er detecti dﬂtrgg;g{%g h3% HSFFROSYEF ROSTER PRI AR Fﬂ@%ﬁ%ﬁ#ﬁ@%&&a@wm h
an oblique incidence illumnation is used. The notch 2 is deenmed to be a
step di f f er encaPPAEfUS peFfoRMinZbasun using Ry cloptrorobenit ele| may b¢ psed, butdergithe
position of the notch 2 can be detected at a high accuracy by the wafer
det ecti on systexpladatigswilDbe made oppoemhpleof wsewf ag ioptieal phajectivmexposuse apparatus.
al i gnnment nmechanismis provided with a transm ssion illumnation type

m croscbPe as a wdfigurediessheositionowyall soiiematic bordfigutrajondiffafprojection oyick] systehal
not be detected. Note that in the observed fields 31a and 32a of Fig. 5,

the edge of thaetMddrasxpdsurs. Ashosindl Figd, tm&:(?osmesmm&sw@f the besseri@intsoldiént
systens 31 and 32 may al so be transmssion illumnation types. 15

The present | ny8pviddd with AP ilunifAddathptital §SteALPVSnBRRg A RRposIACI SR RoBRe, a

nodified in various ways within the scope”of the invention.” For exanple, in

the el er 1 Akl e fod DRRARSWrioTHe AHONBTAOR tf RRH i AulPS T he?

Is forned at e topnost silicon layer as s

thﬁl a'?ﬁnt:;ol g)(/é 'o%n:% f&ﬁ%‘lrﬁ?‘(’s)‘% gﬁ)es (r)sgtﬁ:lalesy;[s%ni) if (éxgﬁneq‘ 14124 Bg'an%e‘né}%mjyligﬁlpti-r}gys and g-
15 rays, etc.). The reticle 12 is held on a reticle stage 13 for positioning the reticle. The image
of the pattern of the reticle 12 is transferred to the shot region of the wafer (not shown)
through the projection optical system PL under this exposure light.
The wafer to be exposed is held on the wafer holder 14 by vacuum or by
electrostatic force. The wafer holder 14 is secured on a sample table 15. The sample table
20 15 is positioned three-dimensionally by the wafer stage 16. The position of the sample
table 15 (wafer) is detected by a moving mirror 17m on the sample table 15 and an outer
laser interferometer 17. The detection signal is input to the main control system 40 for
overall control of the operation of the apparatus as a whole. Based on the control signal of

the main control system 40, the stage drive system 18 controls the operation of the wafer

25 stage 16. Further, as one example, an off axis type image processing system alignment



20 of silicon dioxide etc. and formthe sem conductor |ayer 5 over it.
In this case, as shown in Fig. 6C, a wafer 1A formed with a hollow 2A as a
depression in the surface of the sem conductor layer 5 at the portion
corresponding to the notch 9A of the insulating |ayer 4 is obtai ned. The
hol | ow 2A of the wafer I A also has a simildr action as the notch 2 of the
waf'er 1 according to that enbodinent. 2 5 Further, as shown in
Figs. 7A and 7B, by using the resist 6 to successively etch the - 16 -
sem conduct or deaydr195s aftahged avthetsidegpaktoofatie grojeetibo opri¢ad systean®PieThpaligriment 9B
and then renoving the resist, it is possible to produce a wafer 1B forned

Wi th a notch 2@npsasil degectsthe ye&itionbHthe h&fmqmggﬁmt mad¥)@in the MatkribiBe
insulating |ayer 4. This notch 2B of the wafer 1B also has a simlar action

as the notch ZelbsddyndBbetiesthefeat o} e defRclibiPtoARe iR control SARAUDPTe milh®
notch 2 forned tst e wapgresl shown fn Fi gs.l 1A and 1B(,:°nhgwever, I's cm

shal | ower than_t for | f ' ' so the
ef fect of easi%oéﬂ?h%%%twéé? 1%1'§ntg§gr reggc}gﬁe:}(ﬁ;osgér%%s?%?aﬁ &ure%"ﬂtefﬁf&t?&t%ﬂ'e
present {nvention,,..as.s i n. Fi 8 not.ches 2 D .and 2E may. be .
D ovi dedat the.t oBRBEE B PhBa S aler JaC ST piaer sichef e fEp Rt Rres 19 n
(three in Fig. 10 .. 8A) contiguouys with the outer peripheral edge of {he
wafer 1C. O  cOifr%ey), s Resrsary foprepiign %N@ﬁr Y tﬁgovtm f CRI2 §A quhfewafter
sem conductor layer 5, but even the insulating |ayer 4 may be provided and
not ches nay bempikdfallswithinthe gbservationifield phthe aignmgns seasor 34 rEhesefproap wafer loader
this case, by providing the notches 2C to 2E so as to be asymetrical, that
is, so as not systehepmvidedwithmpresalighment medhanisinod? istalrangastindhe sifie divectionfof the
1C, it is possible to 15 prevent erroneous recognition of the

di rection of owafenstage dh of the wafer 1C. Further, as shown in Fig. 8B, a
notch 2F simlar to an orientation flat may be provided at the

semi conggct or | ayerh&pre@ignﬁ]@nﬁthé&anishﬁzw\ﬁfcﬁmﬁﬂﬁbdﬁfiﬁ@geﬁb@é@l’ﬁe BoRingnt

retains conpatibility to a certain extent wwth a conventional wafer

provi ded with Qp. @inleaSbaillyom the fhnsldidlal direction and s iirhi@ble. ABovd\ @M dcRatisg 22
8C, a small hole 2G passing through only the sem conductor |ayer 5 nay be

vaf or 1. Tho SFBENRIATR AL RIS lln St AP P00 BARLPInoRRAEe hnliiion
the present | oSt e 4B ThElmdeififighlgtfis U WARLbF iy ARES & Huiel

for exanple may b substrate havi a _notch a .
P g{lppﬁe(:? to anblmage processor 1n_n & main contro& system 40. Further, the wafer detection

-

15 syStem 30 has a dark-field imaging type microscope so as to be able to detect the position
of a Jow step difference mark etc., while the other wafer detection systems 31 and 32 are
ordinary bright field imaging type microscopes. Further, in the state with the wafer 1
shown in Fig. 1 placed on the pre-alignment mechanism 22, the observation fields 30a to
32a of the wafer detection systems 30 to 32 are positioned at the ‘peripheral edges of the
20 wafer 1.

Figure 5 shows the relationship between the observation fields 30a to 32a on the
pre-alignment mechanism 22 and the wafer 1. The notch 2 of the wafer 1 falls within the
observation field 30a, while the edge portions of the wafer 1 fall within the other
observation ficlds 31a and 32a. Further, the main control system 40 processes the imaging

25 signal corresponding to the image in the observation field 30a to detect the two-



- 17 - part of at |east one layer of a substrate conprised of a silicon or
gal lium arsenic (GaAs) or other sem conductor substrate body on which is
formed one or nore thin films. Further, even in an ordinary sem conductor
substrate conprised of a silicon nonocrystalline substrate, it is possible
to produce a substrate having a shal | ow=nd#ch-or 5 ot her depression
according to the present invention by thinly shaving the area near the
surface. Further, in the above enbodi nments, a shall ow depressi on was

provi ded over dimensibhalgositionbf flerdentef 33 Aof tef mrtcle? dnd ptesiepthe smaging sipndls
for the pre-alignnent, but it is also possible to nake the majority of the
surface of thecoMspondingiORheinages in the dviter absevatichTields 31apmdj32a té détectithé he
portion contiguous with the peripheral edge of the wafer, and use that

proj ection forpqifmd38BrAE3BC iPéhd B aRedtidf oP i &Igks 6 the walféH 10 BaSéd Gibthese
concentration wWll not be invited and further pre-aliganent will be easy.

Further, int oIV oW cTelo] \ d‘@n?x ' t | .
the lit hograp%s‘g ep, ciﬁt&gtg%g‘%ﬁ‘oﬁkﬁg%%{e%‘; a m;tﬂ%g‘b%ggnn'ggx‘t@%gﬁ?{‘??g&%ée
| aser beam at rt 1 .0f pthe wafer using a repair use YAG | aser or

ot her | a%er pr%&'ﬁnselr’gﬁmﬁlbaﬁés?%g%‘s. - 18 - CLAIMS 1. A device producing
substrate conpri si a supstrate b a . functional

| ayer provided wi tfﬁgﬁl%’ﬂbwi‘g%ﬁ%&%@p&??&ﬂd%%ﬁdr%‘ﬂﬁ%o Brrqquqgwslgb%ﬁaat e
body. 2. The devi dyci t t faorth i | ai , wherei
Che. Funct i onal STy CHeARE b e SEbids e pidp af e Musiratoepribiggment —
produci ng substrate as set forth in claim2, wherein the 10

functional | aymechagisgb?dbri sed of an insulating | ayer stacked on the surface
of the substrate body and a sem conductor |ayer stacked on the surface of
the insul ati ng | ayNext, an explanation wilk bp made of thy apetadion amntil the wefier I ofi thb presemtny

one of clains 1 to 3,
10 embodiment is fed from the outside of the exposure apparatus and exposed by the

exposure apparatus. First, a wafer 1 transported from for example a resist coater or other
.apparatus is temporarily held at the position P1 on the handler 23. Next, the wafer 1 is
transported from the handler 23 to a position P2 on the pre-alignment mechanism 22. The
image information (imaging signal) of the outer shape and notch 2 of the wafer 1 is supplied
15 through the wafer detection systems 30 to 32 to the main control system 40. The main
control system 40 finds from this image information the two-dimensional coordinates (WX,
WY) of the center of the wafer 1 and the rotational angle WO and finds the error of these
values from the target values at the time of pre-alignment. Further, the main control system
40 corrects the position of the wafer 1 in the translational direction and the rotational angle
20 through the pre-alignment mechanism 22 so that the error falls within a permissible range to
complete the alignment .
The wafer 1 aligned by the pre-alignment mechanism 22 is transported by a load
arm 21 movable along a load slider 20 and placed at a positién P3 on the wafer holder 14.
After the wafer 1 is picked up and held on the wafer holder 14, the position of a

25 predetermined wafer mark formed together with a shot region on the wafer is detected by



wherein the depression or projection has an area of an extent which can be
used 15 as a mark for pre-alignnent. 5. The devi ce producing
substrate as set forth in any one of clains 1 to 4, wherein the substrate
body is a silicon nonocrystalline substrate. 6. The device producing
substrate as set forth in any one of clai & 1-to 5, wherein the depression
- or projection is forned at |east at part of the outer 20 peri phery of
the substrate. 7. A nmethod of production of a device producing substrate
conprising: a theaEgnhémRBemsor 19, Bdsed of tiewesilt oidetedtian cthe accurdte positibmofthefshet
substrate body and a second step of form ng a depression or projection at

part of the 25pgion onftHé‘%fe‘i”i% calaNgfed. I&extﬁ)ﬁﬂé"ﬂ‘i SRl thie wFQdL ¢he Siited infage of
devi ce producing substrate as set forth in claim 7, wherein "t he second step

conprises: a I r6466
phot osensi ti VZ{hQP tfec%?r% ?%Fkggh%ﬁg{tgégn@{)ft@g?#a%ﬂ ﬂ Oﬁ%ﬁtﬂap

a step of exp05| ?hgﬂ surfa(% of the photosensitive |ayer by a pattern
correspondi ng Ve p?ﬂgggq or projection, a step of devel oping the

phot osensitive | ayer which h been ex ed, an - 19 - _a_step of SI n

a mask pattern of h@‘ﬁ@%l%%&@rﬁfﬁﬁ‘g ﬁ@ﬂ"’%é" aﬂfﬂﬁh"t%"t@f%ﬂfile tBB‘Rgft ?’f
of the functional |ayer to formthe depression or projectigon. 9. The net hod
of production &f “ﬁ’f?!é\/ﬁhéémﬂp@‘éﬂ?cﬂﬁ@ngt}%sﬁl“é@fg detectign systgm A0daving a dagk-geld
8, wherein the functional |ayer conprises an_insulating filmstacked on the
surface of t heimaging tyne mi¢sospppemithansblique ingidenes illumjngtion: iscised e nofeh 2 is
surface of the insulating |ayer and the sem conductor substrate is etched

to formthe degeeseditohe astep differencepmankewith @ substantinlly ssifiorovreflectivity, satherposition
using the insulating |layer as an etching stopper |ayer to stop the etching
at the surf aceofthe héweh 2ranbadetegtel ay £high accuracy by the wafer detection system 3. As

10 opposed to this, since the conventional alignment mechanism is provided with a
transmission illumination type microscope as a wafer detection system, such a step
difference mark could not be detected. Note that in the observed fields 31a and 32a of
Fig. 5, the edge of the wafer 1 is detected, so the corresponding wafer detection systems
31 and 32 may also be transmission illumination types.

15 The present invention is not limited to the above embodiment and can be modified in
various ways within the scope of the invention.

For example, in the wafer 1 according to the embodiment shown in Figs. 1A and
1B, a notch 2 is formed at only part of the topmost silicon layer S, but as shown in Figs.
6A to 6C, it is also possible to provide a notch 9A at just the insulating layer 4 comprised

20 of silicon dioxide etc. and form the semiconductor layer 5 over it. In this case, as shown in
Fig. 6C, a wafer 1A formed with a hollow 2A as a depression in the surface of the
semiconductor layer 5 at the portion corresponding to the notch 9A of the insulating layer 4
is obtained. The hollow 2A of the wafer 1A also has a similar action as the notch 2 of the
wafer 1 according to fhat embodiment.

25 Further, as shown in Figs. 7A and 7B, by using the resist 6 to successively etch the



10. The method of production of a device producing substrate as set forth
in any one of clains 7 to 9, wherein the first step conprises: a step of
formng an insulating layer on a surface of a first 15 nonocrystal |l i ne
substrate, a step of formng a planarization |ayer on the surface of the
insulating |ayer, a step of bonding a secd@bd fonocrystalline substrate to
formthe substrate body on the surface of the planarization layer, and 2 0
a step of polishing the surface of the first nonocrystalline substrate at

the side opposichficdrdutiofdyess hid ind@latiny Riyet 4 tdfopaabSrentifvell ipbfion 9B and then
nonocrystalline substrate to a sem conductor |ayer of a predeterm ned

thickness. 11. eﬂaﬁiﬂ%hg %is?,fit RRkisE it&Pro%c@a darrae PHACYGIRY WHIE PSS

set forth in clial m erein‘the surtace of the first nonocrystall

by chem cal . mofoubn ARy 8 sepicoRBRA b ferrSurd e AL o A VHE, o B8 o G
Fi st stap conbriet (B e asmidtadholiR oA Bt BRe! Lol b e
o e oo Sl AR 2Tt S e A D A Bt
substrate for formng the substrate body and a step of heat _treating the

substrat e bodyshalewer tham thenetchdB formed i theavafer 11 shoyyn, indrigi Gasoithp eldept o8 at

the position of the pre determ ned depth from 20 the surface of the
substrat e bodyeasingshestresakoncepatibnis greatdrenent s of nonocrystal constituting
the substrate body to forman insulating |ayer. 13. A nethod for detecting
a position of a suBstheatin tloprpseans inventiorg as siiasirr int Kig R4l ynotches BCCPD) and 2E may
provi ded a functional |ayer, said nethod conprising: 5 a
step of detectbégrotidedsdt theaspribst SerfiphidiictordiyedS ap b phaalityf Idcatiomy(thrée i Big.
functional |ayer and a step of detecting the position .of the substrate

based oot he dgApednmigutiasSkith &ié diteripAphRr &I3e bPtheGlaflF TT.A0f éddise, Adwevine

met hod as set forth i'n claim 13, wherein the position of the
notches penetrating through not only the semiconductor layer S, but even the insulating
layer 4 may be provided and notches may be provided in only the insulating layer 4 (Same
below). In this case, by providing the notches 2C to 2E so as to be asymmetrical, that is,
so as not to be at equiangular intervals about the center of the wafer 1C, it is possible to

15 prevent erroneous recognition of the direction of orientation of the wafer 1C.

Further, as shown in Fig. 8B, a notch 2F similar to an orientation flat may be
provided at the semiconductor layer 5. Due to this, the wafer 1D of the present
embodiment retains compatibility to a certain extent with a conventional wafer provided
with an orientation flat.

20 Further, as shown in Fig. 8C, a small hole 2G passing through only the
semiconductor layer 5 may be provided at a region not contiguous with the outer:
peripheral edge of the wafer 1E. The area of the hole 2G is approximately the same extent
as the area of the notch 2.

Further, while not shown, the substrate according to the present invention is not

25 limited to an SOI structure wafer and for example may be a substrate having a notch at



10 depression or projection on the substrate is detected by the
oblique incidence illumnation system 15. A device produci ng substrate
having a thin filmfornmed on its surface, wherein a depression or
projection is formed at part of the thin film 16. The devi ce producing
substrate as set forth in claim1, whereid7the 15 devi ce produci ng
substrate is an SO wafer. 17. The device producing substrate as set forth
in claim15, wherein the thin filmincludes a sem conductor |ayer. 18. The
devi ce produci pugt cfldy iastére lager of b shisstdate comprisad of 4 Silicodior galllum tabsenite(Gads) or
produci ng substrate includes a substrate body, an 20 i nsul ating | ayer

stacked on t hepthé depficon@hctoNSubstHite body on RAh is Fo¥hed cheBr eUr6l tifih Glmb.ayer
stacked on the surface of the insulating |layer and the thin filmincludes

sai d insulating | aggfhefSes &WWW@&ﬁuc{o%ﬁﬂﬁstraﬂe%onB}%e&%ﬂ Ei?icon
produci ng substrate as set forth in-any one of clains 1 to 25

%5 The %h%&?@i@?@? %‘S"gﬁﬁ‘%l F*E%‘*S%?LZ*QE’?‘E%%%LS s & et 9*“% ?Vt'ﬂ’%‘%f
7 . .
The ot had as QB QTR Acosra ) B ShsnehEinedbn DoAY RS B4 P BBl nt o

a sem conductor Jayer. 30 22. The net hod as set forth inclaim
13, wherein sat@%nctional |ayer includes an insulating |ayer stacked on
t he surface of the_substrate body and a sem conductor |ayer stacked on the
surface of the i nsEirgier.ig theghove cobodimeatsa shallpwadepsessiongyasiprovided ayenasmall
wherei the depression includes an orientation flat, notch, or hole. 24.
The met hod as area atfpart df theywefeaand that d¢mcasmused>fq;rthespmvgal?unmeapbutitéﬂ alsmi ng
said substrate at a predeterm ned position based on the detected position
of the subst r apassible to make the majorizp of thesetfadbffthe wetep asicpgssion, deaelashinat e
aligned through the alignnent step set forth in claim24 with a

predet eLol ned pajecasmat th6 portionRbhitgudus withethe beriphi¢rdl Rigeofiby waterPindugeahatng
said substrate wth a predeterm ned pattern using the exposure step set
forth in clai nydrction for pre-alignment. So long as the projection is thin, stress concentration will not
be invited and further pre-alignment will be easy.
Further, in the above embodiments, the notch was provided at the wafer in the

lithography step, but a shallow notch may also be formed by emitting a laser beam at part

15 of the wafer using a repair use YAG laser or other laser processing apparatus.



27. A detection apparatus that detects a position of a substrate conprised—,

10 of_ a substrate body on which is provided a RuglhanlsiEye , sadl
det ection apparatus--eenprising: an observation systemthat observes

a
depression or projection formed in the functional [l Bywsriraeid: s25det: -t‘(’)’rpaﬁ‘}ﬁia'b"a' '

t he pos
obser vat koncsyst ém 28 The detection appar at us ag&etstréfoorthpéwderaimnz-g?d 2
Q

is el ect\ \ mmw d to the observatilén syspEhChEn() paid -get'@ppsed =+

strate based on the resul[] Blachger vaticon-bytotiged -

ok

wherein the observati on system observes QIAIME pr 0N Ofpr-Bf-ect+or—by—tie
oblique incidence illumnation system 2 0O 29. The detection

apparatus as set fprthaideviet prddudiig sbstfald Whéreinth @pr&kiontnod Passing!tRrbuph tHes
up an i nage of the depression or projection. 30. The detection apparatus as

set forth in clibkdiedSonthRiRIn 1B iORHAEN 3 8 Btk Ghd btigles 2

dark-field i maging type m croscope. etection apparatus as set
forth in claim 27,,wh | ' ser ' |

first observation %‘ystﬁe‘rﬁ‘% pﬁ‘zi?é g{?s%g%r}%gulf%rg f§5¥@0@%§%§£§%§%¥%§%gﬁs age
second observation sysfemthat observe n ed of sai.d .suhstrate. . The
ot ecti of appals somerie SR gk Body wiis bsfomjiee FAOSEAIRS g of e
observation system.includes a dark-field imgjn ype 3 m cr oscope
and observes s¥batrajebpdyan S&ﬁe S?%?%mfﬂﬁn?fgi“ﬁge é‘f\"cHBWg‘ﬂ'@r'i nci dence

i Ilum nation system and i magi ng system and said second observation system

i ncl udes a bri ght -3 el the gagraprodyeing substrgtecasset forh ip slaim Ze whesein hgdunationply
the oblique incidence illum nation system and i magi ng system 33. The
det ect i on appalapenis comaprised df@ntifsulating(layemsdgkeddnethe swfacsiof thkesubstrate body and a
i ncludes a processor for finding error information for a predeterm ned

target positi osenitomincdr aybsstacked onabeshrface ofitheriasuldtingdhyewbser vat i on usi ng
the first and 5 ' second observation systens. 34. The detection

apparatug as set fart hTheAdeticBprotlucingsubfatC et forihiig adf ofié bOEIERIN 1 €€3,i ce
that drives the substrate to said target position based on said
wherein the depression has an area of an extent which can be used as a mark for pre-
alignment.
5.  The device producing substrate as set forth in any one of claims 2 to 4,
wherein the substrate body is a silicon monocrystalline substrate.
15 6.  The device producing substrate as set forth in any one of claims 1 to 5,
wherein the depression is formed at least at part of the outer periphery of the substrate.
7. A method of production of a device producing substrate comprising:
a first step of forming a functional layer on the surface of a substrate body and
a second step of forming a depression at part of the functional layer.
20 8.  The method of production of a device producing substrate as set forth in claim
7, wherein the second step comprises:
a step of coating the surface of the fuﬂctional layer with a photosensitive

material to form a photosensitive layer,

a step of exposing the surface of the photosensitive layer by a pattern

25 corresponding to the depression,
This Sheet Has Been Replaced
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error information. 35. The detection apparatus as set forth in claim27,

wherein said 10 functional Iayer includes a sem conductortayer—36.
The detection apparatus as set forth in claim?27, wherein saj ctional

| ayer includes an insulating |ayer stacked on the surface Of’lw ﬂm

body and a sem conductor |ayer stacked enl®he-surface of the U ’7”"[

| ayer. 15 37. The detection apparatus as set forth in cl&int *
27, wherein said depression includes an orientation flat, notch, or hole.

38. An exposure appar adﬁég@ﬂﬁ@fel@ﬁﬂglhe@h&@h@ﬁiﬁv@ﬂaﬁbﬁﬂﬁcﬂim&&xS:Qioséd}rahﬂ in
any one of clainms 27 to 37 and an exposure nechanismthat exposes with a

predet ermned pattern é@t’bﬁo_ﬁu&ngamaslspmérﬁafﬁleaiebaaﬁsh Piviedndtivé Rer BT at
of detection by said detection apparatus. 39. A device produced by exposing

sai d predeter egslqg)]ag%tfh%r &fbxﬁﬁagelstUl}éﬁﬁ HeSae fjéssgl?mt he exposure apparat us

set forth in c An expoOsure appara or exposing with a

Gl acked & fancttondn 1 TySiheigaERroueRt 3 dibe WPl GofRa¥ af el b

proj ecti Sn, jsaérd%l?g.%ar atus conprising: an observation systemthat observes
essi o

sai d dep Poj ection and a pre-alignment mechani smthat pre-aligns
the substrate based on 30 . the result of observation _ by the
observation system 41thefpnctiopgldayer gemprisesan inslating flmestagked on thegefage gf the

sai d observation systemis an oblique incidence illumnation system and
i magi ng syst ensubstrate bpdy agha semigandustos dayer saeked an the surface®f thehaswpting layergd
sai d observation systemincludes a first observation systemthat observes a
depr essi on or proj ect itha semitoadutardaykr dbhetchedtpiform shesdeprassihnin thiesemicondactor
edge of said substrate, said first observation systemincludes a dark-field
i magi ng type Slayer using the isabyiag dydr abacetvkiag sdpperdeyur &s stop theodtcling peihk isarface
usi ng the oblique :
10 of the insulating layer.
10. The A method of production of a device producing substrate as set forth in
any one of claims 7 to 9, wherein the first step comprises:
a step of forming an insulating layer on the surface of a first monocrystalline
substrate,
15 a step of forming a planarization layer on the surface of the insulating layer,
a step of bonding a second monocrystalline substrate to form the substrate
body on the surface of the planarization layer, and
a step of polishing the surface of the first monocrystalline substrate at the side
opposite to the insulating layer to process the first monocrystalline substrate to a
20 semiconductor layer of a predetermined thickness.
11. The method of production of a device producing substrate as set forth in
claim 10, wherein the surface of the first monocrystalline substrate at the side opposite to

the insulating layer is polished by chemical mechanical polishing.

12. 'The method of production of a device producing substrate as set forth in any

25 one of claims 7 to 9, wherein the first step comprises: .
' This Sheet Has Been
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incidence illum nation systemand inaging system and said second

T —

observation systemincludes a bright-field inmging type m-eroscope and
observes the edge by the oblique incidence illum nation sys jIagi ng
system” 10 43. The apparatus as set fort “‘“\3 b ﬂ“‘\\“ rein
said functional layer includes an insul ai2@ |ayer & 'Oyt Ne surface
of the substrate body and a seni conductor |ayer stackk&d ‘on the surface of
the insulating layer. 44. A nethod for detecting a position of a substrate
conprising the steps ohstepof implanting oxygtflicis so @ give @-prlak SP fiRMistABiitton of

i ncl uding a depression or projection formed on the substrate, the

depressi on or H ' nﬂﬁh’- faggdm i | ot

substrate wt hrcgﬁ(l:eg{srg‘rl&géefaﬁ]“ andﬂgaétt cti ngq%fﬁéﬁ%%g%ﬁ%érﬁ ﬁl’tﬁ%ﬂ% gﬁag%g?the
based on the d in claim44,
wherein the péﬁc&%&%ﬁ@ﬁ{e&%ﬁ%ﬁ@&%ﬁﬁ@ ggfsgrﬁ?rtgagé Pé\d%g&{‘aunct i onal | ayer

I ded . b dy., of |.d b 46.. Th hod. f h
"n ol & m 45, “wher oi n_1 AEGPIRREH SRl B OIS hobCaner 45, PR SRugrbe

47. The thod as set forth ip clai mA46, erein the substrate i s nade of
an SO er. nggeneions 1m1§1ant ?ttl?ﬁgowH@\ﬁ/ﬂE@rgngqq%m cph fromy the surface of the
wherein the pre-alignment mark is formed by irradiating the substrate with
a YAG | aser. 48ubsiraechodydo chemisallpbendewith elsmestisinf mprocrystajsonstituting thaisnbstrate
substrate at a predeterm ned position based on the detected position of the
substrate by t iredyrisfiord apdesulatingflayen. cl ai m 44, and 3 0 exposi ng
sai d substrate aligned through the step of aligning with a predeterm ned
pattern. 50. A net#3d &fmpthodofexmsaredoumipeisingy exposi ng a substrate with a
predeterm ned pattern using the nethod for exposure set forth in claim49.

a step of using a device producing substrate formed at the surface of the
10 substrate with a depression not passing through the substrate from the front to back and
detecting the position of the depression,
a step of aligning the substrate based on the detected positioh of the
depression, and
a step of exposing the aligned substrate.
15 14. 'The method of exposure as set forth in claim 13, wherein the position of the
depression on the substrate is detected by the oblique incidence illumination method.
15. A device producing substrate having a thin film formed on its surface, wherein

an orientation flat or notch is formed at part of the thin film.

16. The device producing substrate as set forth in claim 15, wherein the device

"

20 producing substrate is an SOI wafer. T
een Replaced
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