‘DESCRI PTI ON METHOD FOR DESI GNI NG SO WAFER AND METHOD FOR MANUFACTURI NG SO
WAFER TECHNI CAL FI ELD [ 0001] The present invention relates to a

nmet hod for designing and manufacturing an SO wafer having an SO | ayer
formed on a buried insulator |layer, and nore particularly to a nethod for
desi gni ng and manufacturing an SO wafer being used in a device fabrication
process or an inspection process in which position control, such as
handl i ng, position detection, positioning, and automatic focusing, of an
SO wafer is-inplenented using reféectetidy ght fromthe SO wafer
BACKGROUND ART [ 0002] In recent years, SO wafers have been used in
device fabrication as sem conductor substrates having a nultilayer film

structure. For exampipe rokabk8Ysy By i €65, wAtah A GRgsionl egrcs, nenori es,
physi cal sensors related to MEMS (M cro- El ectro- Mechani cal - Systens),

bi osensors, and RF devi cesMPHPEAFRBRIEat ¥ BIARHI ng SO wafers.

TECHNICAL FIELD
[0001] ‘

The présent invention relates to a method for
designing and manufacturing an SOI wafer having an SOI
layer formed on a buried insulator layer, and more
‘particularly to a method for designing and manufacturing
an SOI wéfer being used .in a device fabrication process
or an inspection process in which position control, such
‘as handling, position detection, positioning, and
automatic focusing, of an SOI wafer is implemented using

reflected light from the SOI wafer.

BACKGROUND ART
[0002]

In recent years, SOI wafers have been used in
device fabrication as semiconductor substrates having a
multilayer film structure. For example, various devices,
such as CPUs, logics, memories, physical sensors related
to MEMS (Micro-Electro-Mechanical-Systems), biosensors,
and RF devices, are fabricated by,using S0I wafers.
[0003]

As methods for fabricating the SOI wafers; wafer
bonding methods and a SIMOX method are generally known.
An ion implantation delamination method (also referred
to as the SMART-CUT (a registered trademark) method),
which is one of the wafer bonding methods, is proposed
in Patent Document 1. In this method, an oxide film is

formed on at least one of two silicon wafers, at least



[ 0003] As methods for fabricating the SO wafers, wafer bonding

nmet hods and a SI MOX nethod are generally known. An ion inplantation

del ami nation nmethod (also referred to as the SMART-CUT (a registered
trademar k) nethod), which is one of the wafer bonding nethods, is proposed
in Patent Docunent 1. In this nethod, an oxide filmis forned on at | east
one of two silicon wafers, at least O one of hydrogen ions and rare gas

i ons ar e ANl FPEN al AP n2BYr FAEE §RSoAOTST Alfe W EREYA bond wafer)

to formanJonsi r?”éi?ﬂf%ﬁﬁ&gi Bnkhg sl pher ioreofs the walerya fbe) |
ion-inplanted surtace is en brought into close contact with a main
surface afo tthermwthrerientimphanaédr leheaudn tihe oxitwecifaort neandhehe resul t ant

wafer is then del am nated, at_the ion-inpplanted |ayer b rf.orim ng a heat
treat rren_twaeﬁera' téh r%%?@?%?%%driﬁﬁgg% ééoélhte éﬁf(?é%gtr %% than that.
The ion inplantadofcdel aphnat hainmehhedkas A dvaiagesiniebat an SO
wafer having a thin SO layer with a filmthickness uniformty of 10 nm or

| ess can wefqrdditqudlabtheapsddandian addarttegerasritant (w8l afi nat ed
bond waf er, can r eus seyveral tine r - 0004] On the
ot her haﬁc&er} nd%bjﬁaemjéfi}%g@rr%h%g? %Pgﬁién %@@%L&;ﬁaéﬁé%xb en ions are

i npl ant ebd NGy i At RehOr tobaamenlki @an anafearpdionfwren fm bkggen
ion-inplanted layer, a buried oxide film (a BOX Iaéer) is then formed in
the silicanamfer BYOPeriorod Wy arPantees i Haapr bBass atRg hPBh tenperature

of appr‘Oﬁxrgaia%hyaéf@&%e@gﬂiaalt@s%r @ Hdf iy faceaghserhgeuspd as the SOT
| ayer. [0005] , In device fabrication processes using the SO wafers
“fabricat ethdth atheS@bovefaunheringr eséhder GOTabseyre withnaSOilRafer is

det ect ed when handl i ng_t he,wafer, d_positi.on contraol such posi tioni ng
ina z-adi rfee%?i%‘ﬁgifgri“ Iyef?%cnttgg \Rﬁ?rlr?rar%eaﬁﬁ oTHt ?%ef%%%%‘?% mechani sm
to adj ustfappatdesdd ondt he SAvanahbefe iRefdrect eché¢ i gblahioatebebsudf ace of
the SO wafer when the SOT wafer is_irradiated V\jégcelai ggtsti s utilized for

t he pogiﬂ%ﬁﬁﬁxﬁﬂ?op? reused several times to re
[0004]

On the other hand, in the SIMOX method, high
concentration oxygen ions are implanted into the
interior of a silicon wafer to form an oxygen ion-
implanted layer, a buried oxide film (a BOX layer) is
then formed in the silicon wafer by performing an
annealing process at a high temperature of approximately
13005C, and a layer of its surface side is used as the
SOI layer.
[0005]

In device fabrication processes using the SOI
wafers fabricated in the above manner, presence or
absence of an SOI wafer is detected when handling the
wafer, and position control such as positioning in a z-
axis direction is implemented with an automatic focusing
mechanism to adjust a pattern on the SOI wafer.
Reflected light from the surface of the SOI wafer when
the SOI wafer is irradiated with light is utilized for

the position control.



[ 0006] For exanple, an automatic focus adjustnent function using the
reflected light fromthe surface is used in automatic focusing control for
positioning of the SOT wafer before exposure and in control of adjusting a
di stance between a projection Iens and the SO wafer upon exposure in a
phot ol i t hogr aphy operation. The reflected Iight is also utilized for
position control in various other processes (e.g., inspection processes and
bondi ng prtteskes), such as the position detection and the positioning. In

i nspection pro sgg{q%pfge S0T, éﬁggﬁclgg ﬂ%l% %ﬁgﬁgeflected l'i ght
et

fromthe SOT wa er SUrtEce 1S uded |stan ween the wafer and
a probe(Xnnﬁﬁﬂmnawﬁlﬂ@tEhalnefaacae@uﬂa@mﬂxfmdm(mhensmhéamafes so that
the position can be inspected. The inspection @gocesses |nclud§ devi ce

o

pattern iFHEctT oHICRRABEE fASBELN TR ORI i & iP3pet PBAdePéctrification

I nSpecti Qihe S4t5f AgLrL PUBARESE LABBESGIIORn ANth V@&ﬂftfé'ﬂcéfon i nspect i on.
. CI TATI ON LI ST PATENT LI TERATURE [ 0007] Patent Docunent |:Japanese

Unexani nedt Rateing paubmsaanon bEbkaien Nonmezqqgomsl@wvmv Bbel NVENTI ON

SOI wafer upon exposure in a photolithography operation.
The reflected light is also utilized for position
control in various other processes (e.g., inspection
processes and bonding processes), such as the position
detection and the positioning. In inspection processes
of the SOI wafers, intensity of the reflected light from
the SOI wafer surface is used to keep distances between
the wafer and a probe constant and determlne an accurate
position in the wafer so that the p051tlon can be
inspected. The inspection processes include device
péttern inspection, defect inspection, impurity
inspection, electrification inspection, surface

roughness inspection, and work function inspection.

. CITATION LIST
PATENT LITERATURE.
[0007]
Patent Document 1:Japanese Unexamined Patent publication

(Kokai) No.H05-211128

SUMMARY OF INVENTION
[0008]

However, in the position control of the SOI wafer,
utilizing the reflected light, implemented in device ‘
fabrication processes or inspection processes using the
SOI wafers, there has been a problem in that the

reflection rate of irradiation light varies widely due



[ 0008] However, in the position control of the SOT wafer, utilizing
the reflected light, inplenented in device fabrication processes or

i nspection processes using the SOT wafers, there has been a probl'emin that
the reflection rate of irradiation light varies widely due to variation in
the SOT | ayer thickness in a plane of the SOT wafer and the intensity of
the reflected Iight thereby varies so that the above-described_position
control &P teisiomitr BRANSPIbéayApl EREFEESEccdy & 132n¢ Phdditi on,
mechani s S ' \% ut [ 0 [ i 4 oy mechani sns
used n G2 c g, FRR R B e R T S gl e
crystal ) thafrertsy cannods beo uskdt wk hhouab olyei—aig sal tidreat] pas ttheodevi ce

fabricati on processes using the SOTI wafers; and .ot her, nechani sns are needed
to be préﬁ@giﬁi[%%d§F’so wa?ﬁé BF@?@ﬁt%q“hﬂﬁ%?W?W&% acconpl i shed in

view of the.ahaverdescr begh PF pOh eMBe cRRA 18MsORIRMH 2@f tihe JWSsent
invention is to provide a nmethod for designing an SO wafer and a nethod
f or manufeadtamdtnic afoShPlngaded Phat tdwading MRChATI S OASER Lhe refl ection

rate of |jght du . the.variation._i er. +hickn b pl ane of
t he SOT ﬁg é?u?dﬁﬁégl% ?b? e@?EFESFS%yEFﬁﬁgggﬁ%gyp%%éﬁé?%n?%?l%E83301-mafer
posi ti on stierjlreolcr yos hprwabpeest cahnbhe Her esaad windlent & dmeisgt o provi de a
met hod for. designjng an SOT wafer and a .nmethod for nanufactU£h§g an 501

waf er t hétltéﬁw%ﬁﬂ% el okher daUtFRoA2RY 1SR Y PRGEF T° oMt P9I “hEchani sis

used in deyi Ge FARL I Cahi0PL RELCRSSES NAlsr POt Sha P 0E§SEES Using bul k
silicon wafers. [0010] To achieve this object, the present invention

provi des rerapettadl. f or desi gni ng an SOT waf er having an SOT | ayer fornmed on
a buried .dﬁﬂﬂ tor layer, the SO wafer being to be used in a device
fabrication process or an inspection process including a process of
controlling a pos tgras&it thev&etivafl easonddeamiasilteedfin view of

the above-described problems, and an object of the
present invention is to provide a method for designing
an SOI wafer and a method for manufacturing an SOI wafer
that enable the variation in the reflection rate of
light due  to the variation in the SOI layer thickness in
a plane of the SOI wafer to be inhibited, thereby
improving precision of the SOI-wafer position control.
Another object of the present invention is to provide a
method for designing an SOI wafer and a method for
manufacturing an SOI wafer that enable cost reduction by
sharing position control mechanisms used in device
fabrication processes br inspection processes using bulk
silicon wafers;

[0010]

To aéhieve this object, the present invention
provides a method for designing an SOI wafer having an
SO0I layer formed on a buried insulator layer, the SOI
wafer being to be used in a device fabrication process .
or an inspection process including a process of

controlling a position of the SOI wafer on the basis of



intensity of reflected |light fromthe SOT wafer when the SOT wafer is
irradiated with Iight having a wavel ength X, the nethod conpri sing
designing a thickness of the buried insulator |ayer of the SOTI wafer on the
basis of the wavelength X of the Iight for Use in the process of
controlling the position. [0011] When the thickness of the buried

i nsul ator, | ayer of the SOT wafer i s designed on the basis of the wavel ength

X of the Intfits¥or eEerehlerbepr éﬁé@éc S ®b ity I99 g’ AR JossRi b as above,
SOT w _ : - . | e inhibiti n-as (
an e ﬁﬁefelgef%ggﬁgﬁg%dc t}?})tag“te%eﬁ \r}gérxpiﬁdf o4 ngéggné%' tion in

the refl ection Tate of latton int ayer

t hi cknesslendudiened ¢oppoivemegt def ighe ngr ecitdiiorkrafs g hef psé ti on control
when controlling. the position of the SO fer. In additi,on, - th

reflecti ]?Jaﬁcg Jf’?ﬁ‘_”r%?ﬁel?éﬁ@d°§O|%r\ﬁafsé%\f8%fﬁfenre Gth ?obab%lseq%?val ent to
that for &duldesidihgen. \Ther ehar & ghite rdai gned iSOk nafroeaabl es shari ng
of position control nechanisns used’in the device fabrication process and
t he i nspetnitorp bk begsshaspagisibul-k silicon wafer to reduce cost in the
devi ce f d]?ﬁ]tl on process and the inspection process. [0012] In

t he net hod, e thickness of the buried insulator |ayer of the SOT wafer
can be desi ghedirasy actditckheksetsb sdét thkybngiaad eéxpudsgicon layer

d=(1/2)x(2¢c/ n)xA, wherein d represents the thickness of the buried
i nsul at oro¥ dyt¢ STy epfegents dz st AV ERNdEET ThetBtri ed i nsul ator

layer, a%xﬁéf&?&ﬁ%eﬁt Srapnar RiHar ¥ 0sidd & itH&GSFocess of
controlling the position as above, an SOI wafer car be
designed which enables inhibition of the variation in
the reflection rate of the light due to the variation in
the S0I layer thickness and hence improvement of the
precision of the position control when controlling the
position of the SOI wafer. In addition,  the reflection
rate for the designed SOI wafer can be made to be
equivalent to that for a bulk.silicon. Therefore, the
deigned SOI wafer enables sharing of position control
mechanisms used in the device fabrication process and
the inspection process using a bulk silicon wafer to
reduce cost in the device fabrication process and the
inspectioﬁ process.
[0012]

In the method, the thickness of the buried
insulator layer of the SOI wafer can be designed as a
thickness d satisfying an expression d=(1/2)x(A/n)xA,
wherein d represents the thickness of the buried
insulator layer, n represents a refractive index of the
buried insulator layer, and A represents an arbitrary
positive integer.

[0013]

When the thickness of the buried insulator layer



[ 0013] When the thickness of the buried insulator |ayer of the SO wafer
is designed as a thickness d satisfying an expression d=(1/2)x(X/ n)xA,
wherein d represents the thickness of the buried insulator |ayer, n
represents a refractive index of the buried insulator |ayer, and A
represents an arbitrary positive integer as above, the thickness of the
buried insulator |layer of the SO wafer can be concretely designed on the

basi s of athehmEeritfex bF dnsiongdt apor Gbé GkResFe hositih Bt rol, and
the SO waf be_desi i ch b fegt i ye inhibiti f th :
e ooy oof] R R Lcat BIPTAVALD ERSOVASEELoE B RRRLRA Lo ot 1o

vari ati o't n the TefTect ‘ e variation in the
SA | ayertiindlokares so fivhiglne clontietll inguihéoposiatyieon of rddpereS@htvwafar. [ 0014]

In the method, the buried inpsujator | ayer can be any one of(g ilicon oxide
fiim a SV TS rHRESY] P CARACATEPT ¢BRUORIT & i 1HRS dF a | ani nat ed
i nsul-at orpd/ayese 08 NBY aspac ULy bayek ithernedleger as aldokRn, Wiea various
insulator filns, such as any one of a silicon oxide film a silicon nitride
film andhraddinesorobxynetbundéedi inpudpten drivieat &f ithsulEbrvadger forned
as a multilayer thereof, . ar s th Uk j l.ator | ayer, the SO

waf er caﬁxﬁéﬁaes?%ﬁﬁéék %%hsgﬁgﬁﬁgg Phhﬁggtpg%gg#qﬁﬁ§55%riation in the

reflecti gmvaten@inhthectighé dughtorbheuar iatl itor igbdikei SO | ayer
t hi ckness when controlling the pasition of the,SCI(yafer in aCCﬁrdance W th
the presdftnGiRlentddh. tRe0I8F Watfer cpR PRe deBEd Wil Bt PRGHEST s

pref erablyrisadi 48 1hRibE 90bnWoENtWRI G AiRe i MBfEle IfefTsadi ghed.
rate of the light due to the variation in the SOI layer
thickness when controlling the position»of the SOI wafer.
[0014]

In the method, the buried insulator layer can be
any one of a silicon oxide film, a silicon nitride film,
and a silicon oxynitride film, or a laminated insulator
layer formed as a multilayer thereof.

Even when various insulator films, such as any one
of a silicon oxide film, a silicon nitride film, and a
'silicon oxynitride film, or a laminated insulator layer
formed as a multilayer thereof, are used as the buried
insulator layer, the SOI wafer can be designed which
enables inhibition of the variation in the reflection
rate of the light due to the variation in the SOI layer
thickness when controlling the position of the SOI‘wafer
in accordance with the present invention.

[0015]

In the method, visible iight is preferably used as
the light with which the SOI wafer is irradiated.

Using inexpensive visible light as the light with
which the SOI wafer is irradiated is preferable because
this enables cost reduction in the device fabrication

process and the inspection process.



Usi ng i nexpensive visible light as the light with which the SO wafer is
irradiated is preferabl e because this enables cost reduction in the device
fabrication process and the inspection process. [0016] Furt her nore,
the present invention provides a nethod for manufacturing an SOT waf er
having an SOT |ayer fornmed on a buried insulator |ayer, the SOT wafer being
to be used in a device fabrication process or an inspection process"

i ncl udi ngl® ¥rbcess of controlling a position of the SOT wafer on the basis

of intensity of. reflect | i.ght 0, e-ggg r ] e SOl wafer is
irradiated_mﬁtﬁm?ﬁﬁﬁﬁﬁﬁhg?négga %%ﬁ%%gtﬁ ,n¥?égng¥ﬁgéd%%nﬁﬁising t he.
steps of melgsdPni g mahhf skvessnef ahheoliuwiagd ri mswliatprard e§@F of the SOT
waf er on the basis of the wavelength X of the light for USﬁ #%Ethe process

of controtd¥ey THENYPOsPRi BnCUEhEprBERSS tB&I G RSt fted on the SOT
waf er af ter; mnuf act unkog: 18N habtk beatrhpg ithe 196l praf&@ds hayi ngnt he SOT

| ayer formed on the buried insulator |ayer having the designed thickness.
[0017] inspediidntprecnmnsaf astlindaggmet poddess wfi mpnteo bt &pg af

s g L Pk LR LA e O et o

the basi X" i"giit Yor “use in the pr of

control | irgrider $@siignn Ehah tBet gole wiaFRiremedredon sdie SEHewalsr after
manuf acturing; and fabricating the SOT wafer having the SOT |ayer formed on
the buri edriadinbedrvibhel inhvi hgvine desiegiedndiltiknesdie dredordwaf er can

be manuf L C nabl.es Lrhi Bibi;on iQfy the ek donoFnehe refl ection
rate of ?ﬁ%ﬂ§§gﬁ¥Q%u€h§o§?hg variatﬁoﬁaﬁﬁ t'he SOT | ayer thickness and hence
i nprovendntroédt hespleatosi dbayek blie thesiClowadmit ror Wkenbedhsr offl i ng t he

position of the SOT wafer. Ln addition, the reflection rate for the
manuf act ur %iﬁe%%?%icgnOBet d 19'tbé%&yﬁ%ﬁﬂ%ﬁntQ?)Q¥8ﬁe?8r°§ bul k

silicon. Jdhetednl engt bRenpBEiagbur ed nSObafeys epabb@stshiaei ng of position
control nechani sns used in the device fabrication process and the
i nspect i oMMk YRRREeAsPAGERCHEPR wiRificdor e may Fadtice1 285t 2PH the devi ce

fabricatipn, progess apfet B8 RSB RV iRIPGESS 50T layer formed on
the buried insulator layer having the designed thickness.
[0017]

With the manufacturing method including the steps
of: designing the thickness of the buried insulator
layer of the SOI wafer'on the basis of the wavelength A
of the light for use in the process of controlling the
position that is to be implemented on the SOI wafer
after manufacturing; and fabricating the SOI wafer
having the SOI layer formed on the buried insulator
layer having the designed thickness, an SOI wafer can be
manufactured which enables inhibition of the variation
‘in the reflection rate of the light due to the variation
in the SOI layer thickness and hence improvement of the
precision of the position control when controlling the
position of the SOI wafer. In addition, the reflection
rate for the manufactured SOI wafer can be made to be
equivalent to that for a bulk silicon. Therefore, the

manufactured SOI wafer enables sharing of position



[0018] In the nethod, the thickness of the buried insulator |ayer of the
SO wafer can be designed as a thickness d satisfying an expression
d--(1/4x(k/n)xA, wherein d represents the thickness of the buried insulator
| ayer, n represents a refractive index of the buried insulator |ayer, and A
represents an arbitrary positive integer. [0019] When the thickness
of the buried insulator |ayer of the SO wafer is designed as a thickness d
sati sfyi P ek predsibhsys (4pedxi2LERFxAeVivaer & rd PBsents the

t hi cknes i i a repr t ive i ndex of
t he buri ?ﬁcn%s%ea% %eﬁ%ﬁ%ekbe ?égg%?sﬁgﬁ,—%ﬁ% ﬁ%%e%%g?%ﬁ{/e i nt eger
as above,wafreer tin ckevbsse ofosheibutheddermdukattab diapari of phecsed waf er can
be concret e({y desj gned on the basis of the wavel engthof the light for use
in the p&stti RPOFELANAPTRES®Y waf er can be manufactured which

enabl es gff@cgjve inhibition of the variation in the reflection rate of the
| ight due to the variation in the SO |ayer thickness when controlling the
posi tion of thénsthenafedthod, 00203 thickness of the buried

insulator layer of the SOI wafer can be designed as a
thickness d satisfying an expréssion d=(1/2)x(A/n)xA,
wherein d represents the thickness of the buried
insulator layer, n represents a refractive index of the
buried insulator layer, and A represents an arbitrary
positive integer.

[0019] '

When the thickness of the buried insulator layer

of the SOi wafer is designed as a thickness d satisfying
.an. expression d=(1/2)x(k/n)xA, wherein d represents the
thickness of the buried insulator layer, n represents a
refractive index of the buried insulator layer, and A
represents an arbitrary positive integer as above, the
thickness of the buried insulator layer of the SOI wafer
can be concretely designed on the basis of the
wavelength A of the light for use in the position
control, and the SOI wafer can be manufactured which
enables effective inhibition of the variation in the
reflection rate of the light due to the variation in the
SOI layer thickness when controlling the position of the
SO0I wafer.

[0020] ‘

In the method, the buried insulator layer can be
any one of a silicon oxide film, a silicon nitride film,
and a silicon oxynitride film, or a laminated insulator
layer formed as a multilayer thereof.

Even when various insulator films, such as any one



In the nethod, the buried insulator |ayer can be any one of a silicon oxide
film a silicon nitride film and a silicon oxynitride film or a |am nated
i nsul ator layer formed as a nmultilayer thereof. Even when various insul ator
films, such as any one of-a silicon oxide film a silicon nitride film
and a silicon oxynitride film or a lamnated insulator |ayer forned as a
mul tilayer thereof, are used as the buried insulator |ayer, the SO wafer
can be medukactidriadmtixiientblies andibiepPanndt rikle Vdritat i ih the

refl ectiqn,r.ate of e |ight.d to_the sation si r

t hi cknes%l\%ﬁgcr?%cc?ﬁgtk}rn&eﬁin%@t leﬂgbsclgfi %nlgﬁaggtgggdalﬁ%é}lv%e%ﬁ%éﬁ?%?esent
inventi ofFodROREs a multilafyde tréhedf, vhsebleedd gyt titse prefeesdbl y used as
the light with which the.SOT wafer is irradiated. Usi ng | nexpensi ve
vi si bl e ARGt et e YSgnt ERE t POhnVeheEhea8 %&P&uﬁascwl‘r%%i‘g?le‘dhi s

pref er ably él%qce%ui%ﬁi%&fé@%PStHQS%aEQQHEUnO'ln' e devd gei dabri cati on
process and the inspection process. [0022] An aspect of the present
i nvent i omaite & isthwdl fort ndwef et bthenyaaa aSdpnwdfrertiihaiOf slavebe used in

t he devi fabricati,on process. ot _the.inspecti.on proce ' ing a
process %1%1(,@ G 11K ac%%gf?%gﬁngf %Pﬁep% ttv\l/a e&nonac[%%%ﬂg%glgg of
i ntensityiah refd ectesedt ghhvénemphhe SOT wafer when the SOT wafer is

irradiated with |ight having a wavel ength X. This method includes the steps
of : desi d¥i%%g Ja t hi ckness of the buried insulator layer of the SO wafer on

the basis of the wayelgngtfy X pfstihe.! 198kl 95 SR At NG, RINLLSSs Of
controlling the position that 1s i nplenented on the SOT wafer after

manuf act whiend;igirid b i wlat chgthhe SSOT wadfeer iavimpdhet SOT | ayer forned on
(he Dl ot LIS ALer Rl ARG, Lo st anng L diessg s, pgnod can,
in the refdieat i rede whréheiki ghtraduetical tine prasfatilobei bethas8O | ayer
t hi ckness and hence . . .

this enables cost reduction in the device fabricatilon

process and the inspection process.

[0022]

An aspectvof the present invention is a method for

manufacturing an SOI wafer that is to be used in the

device fabrication process or the inspection process

including a process of controlling a position of the SOI

wafer on the basis of intensity of reflected light from

the SO0I wafer when the SOI wafer is irradiated with

light having a wavelength A. This method includes the

steps of: designing a thickness of. the buried insulator

layer of the SOI wafer on the basis of the wavelength A

of the light for use in the process of controlling the

position that is implemented on the SOI wafer after

manufacturing; and fabricating the SOI wafer having the

SOI layer formed on the buried insulator layer having

the designed thickness. The method can therefore

manufacture an SOI wafer that enables inhibition of the

variation in the reflection rate of the light due to the

variation in the SOI layer thickness and hence



i nprovenent of the precision of the position control when controlling the
position of the SO wafer, such as position detection, positioning, and
automatic focusing. In addition, the SO wafer nmanufactured in the above
manner can nmake the reflection rate equivalent to that in a state where a
bulk silicon is irradiated with the |light having the wavel ength X and
enabl es use of position control nechanisns used in the device fabrication
process dmptrvy anpecef ophprpresssiishngfathel Rosiiltiiceh GfEefol As a resul t,

t he cost ¢can be red d in_the Vi fabricati s and,t

i nspecti 3 e|51r occoer%ts?othg%lﬁfl— %&ggﬂkgﬁlﬂa@%m lﬁg I[W(?%gﬁs' Eps'IC;I G lis a
di agr am ghemigigt heet@stilén pf passtiuhahigon sefd auteatdion arongitge SO

| ayer thickness, the buried insulator |ayer thickness, and the reflection

rate; - In addigion; sthe gP@Er WA sRolPRY taIE WSl ot Y M(F ati on of the

reflecti Qidrhe I A RSPERL LriBeCYRn! ablen ddh @ e | @ycenidi ckness in
the range from 20 to 4000 nmwhen being irradiated with |ight having a

wavel engtim X% oft838 wingre a bulRl 6113 dos & sdilagraahh atrohi wgth heheesul ts of
Exanpl e and Conparative Exanpl e, FIG 4 is a diagramshow ng the
resul t of &M mARGonte ‘t’ggeigfl%& PoAN At AR r‘bss%e%f to the variation
in an SOpdsvelod b skpess réchahikess ushan 40Ahameaiese bei ng irradi at ed
with light having a

fabrication process or the inspection process using a
bulk silicon wafer. As a result, the cost can be
reduced in the device fabrication process and the

inspection process.

BRIEF DESCRIPTION OF DRAWINGS
(00231

FIG. 1 is a diagram showing the result of a
simulation of a relation among the SOI layer thickness,
the buried insulator layer thickness, and the reflection
rate; .

FIG. 2 is a diagram showing the result of a
simulation of the reflection rate with respect to the
variation in an SOI layer thickness in the range from
2000 to 4000 nm when being irradiated with light having
a wavelength A of 633 nm;

FIG. 3 is a diagram showing the results of Example
and Comparative Example;

FIG. 4 is a diagram showing the result of a
simulation of the reflection rate with respect to the
variation in an SOI layer thickness of not less than
4000 nm when being irradiated with light having a
wavelength A of 633 nm;

FIG. 5 is a diagram showing the result of a

. simulation of a relation among the wavelength, the SOI
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wavel ength X of 633 nm FIG 5 is a diagramshowing the result of a
sinmulation of a relation anong the wavel ength, the SOTI | ayer thickness,
and the reflection rate; and FIG 6 is a schematic view show ng an
exanpl e of an SO wafer being designed and manufactured by the nethod for
desi gning and manufacturing an SO wafer of the. present invention.

DESCRI PTI ON OF EMBCDI MENTS [ 0024] Hereinafter, enbodi nents of the
present i@k itoniainespe dedcthpedefbacting peésentichvention is not

limted to'the%%ngqu§“§“§%hematic view showing an example of

an SOI wafer being designed and manufactured by the
method for designing and manufacturing an SOI wafer of

the. present invention.

DESCRIPTION OF EMBODIMENTS
[0024]

Hereinafter, embodiments of the present invention
will be described, but the present invention is not
limited to these embodiments.

Conventionally, in the SOI-wafer position control
utilizing the reflected light, such as position
detection, positioning, and z-axis positioning by
automatic focusing, implemented in device fabrication
processes or inspection processes using the S0I wafers,
there has been a problem in that the reflection rate of
irradiation light varies widely due to the variation in
the SOI layer thickness in a plane of the SOI wafer and
the intensity of the reflected light thereby varies.
This affects the SOI-wafer position control such that
the position control cannot be implemented accurately.
In addition, mechanisms such as the above-described
automatic focusing and positioning mechanisms used in
device fabrication processes and inspection processes
usind bulk silicon wafers cannot be used without being
altered in the device fabrication processes and
inspection processes using the SOI wafers, and other
mechanisms are therefore needed to be prepared.

[0025]

In view of this, the present inventor repeatedly

and keenly conducted studies to solve the problem. The

present inventor focused attention on the wavelength of
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Conventionally, in the SO -wafer position control utilizing the reflected
i ght, such as position detection, positioning, and z-axis positioning by
automati c focusing, inplenented in device fabrication processes or

i nspection processes using the SO wafers, there has been a problemin that
the reflection rate of irradiation light varies widely due to the variation
in the SO |ayer thickness in a plane of the SO wafer and the intensity of

the ref| ecighlt | fghtushetebyhoarpestivhi soatredt dnchdhsothet e Positi on
control sgeh é‘%ﬁl‘&d%ﬁé&i%ﬂ%%%g% gﬁﬁ“%_tig%gét@%l QTRNLEG ACLypatel y. In
mec as the above- e

addi tion, ani Sns " Suc escri automati c focusing and
posi ti onikgrweshathsnsonsedyen derytkeebabrincattihen ypridcessies ammkce nspecti on

processes using bulk silicon wafers cannot be used wthout. being altered in
the devi @t fhabyikaten E?%c&@é’@%eéﬁagi ﬁgﬁe&?‘ieo I%Ae%uk%ﬁ% the SOT

wafers, apgi){ f hey s FRRbaRi 308 ahankherefore needed to be prepared. [0025]
In view of I's, the present inventor repeatedly and keenly conducted

studies tb0@oble the problem The present inventor focused attention on the

wavel engt h of ight. far use in the position.contral t | ckness of
t he buried insd’llfaclg'orl I%/%“r's a%laesf%ﬁlg ea%t ﬁgerg gﬂtulcigr@%glt v(\)/e%griflt e SA |ayer

t hi cknessrangt1be rvetleehi eRer ake€lektlioghtraderot hei yiey ededigt e and t he
buried insul ator layer thickness are charjzged. [ 0026 , FIG 1 shows
the resul$0bflaverstiiifkirss HPepheOleMALHhT BARIPTHEI rdfl ection rate of

l'ight andy{ f"erQQlF'Bﬁ{ﬁiehh&ﬁ%ﬂ%%%o‘ﬁh%y%g wefanse gachr-baving a different

buried insulator layer thickness are irradiated wwth a HeNe | aser having a
wavel engt hrXa ©f a683 withThe Hedlei dkiser ihattimey refiacelengtihate 8 represented
by a shadge, of col ﬁ@?in FIG.1 and _a, col or c_LIeo er to jte. exhibits a higher

reflecti of ¥ at®: ®, VthebuPled™ Rl 486 GBS i aé tsllﬁ i con oxide film
(a BOX fil&readftblisphehr athidee oMdeM dis ih 461G. 1 and a color
closer to white exhibits a higher reflection rate. Here,
the buried insulator layer is a silicon oxide film (a
. BOX film), and its refractive index is 1.46.

It can be seen from the relation among the buried
insulator layer thickness, the SOI layer thickness, and
the reflection rate in FIG. 1 that the reflection rate
does not vary (the color exhibiting the reflection rate
does not vary) with respect to the variation in the SOI
layer thickness when the buried insulator layer .
thickness is approximately 217 nm and 434 nm.

This value of the reflection rate is equivalent to
a reflection rate in a state where the buried insulator
layer thickness is zero, i.e., in a state where a bulk
silicon is used (See arrows in FIG. 1).

[0027]

FIG. 2 shows the result of the simulation of the
reflection rate with respect to the variation in an SOI
layer thickness in the range from 2000 to 4000 nm when
an SOI wafer having a buried insulator layer of a 144-nm

thickness silicon oxide film is irradiated with the HeNe
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It can be seen fromthe relation anong the buried insulator |ayer

t hi ckness, the SO |ayer thickness, and the reflection rate in FIG 1 that
the reflection rate does not vary (the color exhibiting the reflection rate
does not vary) with respect to the variation in the SOT | ayer thickness
when the buried insulator |ayer thickness is approximately 217 nm and 434
nm This value of the reflection rate is equivalent to a reflection
rate in daﬂeﬂehaw&ngaakma%@lée@thnkubét683lamer t hi ckness is zero, i.e
in a state where a,bul k .sil nJgs [0027]
FIG 2 shows tﬁé %%%E] I&ﬁ% §%nu %Id%égg ?%BBM@ F%c?ﬁg%e%;te wth
respect twoiddiey e atd Otlhdz nvani $Olohayear thhi clkilessyiar tirei¢langes f rom 2000
to 4000 nm when an SOT wafer having a buried insulator I%ye of a 144-nm

t hi cknesstsithe okt HenfePatreli irpdracaden of (e Ne Efé%rer havi ng a
wavel engt hofy 633 NRye laser/ wﬁQR“@hb@thg thidiedefl ection rate varies
wi dely due to the variation in the SO layer thickness. In the position
control|dmﬁtmmbmmmb@nlmhEhSCplaaéepfwﬁhH 6@@ H@N@HﬁxﬂherQWEmlﬁﬁére is

t hi ckness dlstr butjon_jn_the ane of . th aye e arises a
problem|q13?ﬁﬁ STt iR’ t%cg BHQIE& % Qﬁ 4eﬁ%§ g ness,
variationdyer efh eekedss] gmarwt@aﬁl Y, rleer,c’ddMifgICﬂ eﬂﬁtél@ii’eyt ed-1i ght
intensity or excessive reflected-light intensity nay occur with respect to
a positidn§n thHespibhelontt hefsertpdydi ghthdmdiRPSHof é2Sing an error of

t he pomlé ML £onfL o efiggggh Li ht 1£Q%n@r%ﬁ?%b&“B@%ﬁf"wi@@tht on the
basi s of ese results t ctlng a filmthi'ckness that is properly
deS|gned:ﬂ$Hpé®E mgvelﬁogihmbnlnghthbophﬂﬂg|qftﬂhﬁéﬁﬂlwba2$rp05|tlon
control tq§?thickness.of t he buriedEIQ ul ator ger gf Ehf SO waf er
enabl es t Y atToh°f it tHe®Pef&8E & et W oF Y_EE RYen t hough the

SO |ayerjddugkness varies, thereby brlnglng the present invention to
conpl eti on.

The present inventor thought on the basis of these
results that selecting a film thickness that is properly
designed for the wavelength A of light for use in the
SOI-wafer position control as the thickness of the
buried insulator layer of the SOI wafer enables the
Variation in the reflection rate to be avoided even
though the SOI layer thickness varies, thereby bringing
the present invention to completion.
[0029]

FIG. 6 shows a schematic view of an example of the
SOI wafer being designed and manufactured by the method
for designing an SOI wafer and the method for
manufacturing an SOI wafer of the present invention. As
shown in FIG. 6, in the SOI wafer 10, the SOI layer 1 is
formed on the buried insulator layer 2 on the base wafer
3, which is a supporting substrate.
[0030]

In order to design an SOI wafer being used in the
device fabrication process or the inspection process

including the process of controlling the position of the
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[ 0029] FIG 6 shows a schematic view of an exanple of the SO wafer
bei ng desi gned and manufactured by the nethod for designing an SO wafer
and the nethod for manufacturing an SO wafer of the present invention. As
shown in FIG 6, in the SO wafer 10, the SO layer 1 is fornmed on the
buried insulator layer 2 on the base wafer 3, which is a supporting
substrate. [0030] ‘ In order to design_an SO wafer being used in the
devi ce f a5l cafion prioeeksobt kaeinasperavenepsddeds isv@Quditg the process

of controldding dhe;dasétign, obothei oplguaban Wddudight havimg a

wavel ength A, such as position detection, positioning, and focusing, in the
met hod f oretdesl gingleni O ngader SOT whEepr eferthd prawddh, the thi ckness

of the buried . nsulator Jayer of th fer js designe e basis of
t he wavel'dhgiH X 1br a?kﬁee ﬁ%ﬁ{m%ﬁ%hoghggt ﬁ%r\%éar(% a qsouﬁlﬁorgh]g&%?l ection
rate due df tihe o i@dfOp 18 8861 §RRdl ayerhhirelgiessof sciiahi bited.

Mre specifically, the buried insulator |ayer thickness can be designed as
a thi cknesyveal esadtlsflying bine ekpglesspoahdEhat2)hEx/ 1Rt Wgier B nt e

represents, AN LU ekhess ghoths PHE G- LaRUA! o @¥ETsol 1opoesent s the
efractive index of the buried insulator layer, and A represents an
arbi traryhpicsinteve integeibited.

More specifically, the buried insulator layer
thickness can be designed as a thickness d satisfying an
expression d=(1/2)x(A/n)xA, wherein d represents the
thickness of the buried insulator layer, n represents
the refractive index of the buried insulator layer, and
A represents an arbitrary positive integer.

[0031]

Designing the thickness of the buried insulator
layer of the SOI wafer in this manner realizes design of
the SOI wafer that enables inhibition of the variation
in the reflection rate of the light due to the variation
in the SOI layer thickness, that is, inhibition of the
variation in the intensity of the reflected light due to
the variation in the SOI layer thickness when the SOI-
wafer position control is implemented. The designed SOI
wafer therefore enables improvement of the precision of
the SOI-wafer position control, such as position
detection, positioning, and automatic focusing, thereby
ensuring reliable position control.

' Also, when the SOI wafer designed in the above
manner is used, the reflection rate can be made to be
equivalent to a reflection rate in a state where a bulk
silicon (or a bulk silicon on which a film identical to

that formed on the SOI surface is formed) is irradiated

with the light having the wavelength A. As a result,
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[ 0031] Designing the thickness of the buried insulator |ayer of the
SOT wafer in this manner realizes design of the SOT wafer that enables
inhibition of the variation in the reflection rate of the light due to the
variation in the SOT |ayer thickness, that is, inhibition of the variation
in the intensity of the reflected light due to the variation in the SO

| ayer thickness when the SO wafer position control is inplenented. The
desi gned w3Oh \@gfsdrgnateridiorEObnadfes; | Wﬁﬁb@é‘#@ﬁ\tsrofsqq@e & di%i on of the
301 wal o RS SANLAL SHEMBS L POSLE LA Aehackian, RASA! aai ng. and
aut omat i cufocu5| ng ere %’/ ens | @ position control

Al so, whemet l&l%xﬁ@'é vﬁ]@flﬂelsi@meﬂronesbeaabb\ielsmteron splusceebst he
reflection rate can be made to be equi vaL)ent to reflectlfn rate in a

state whéiSdny Bul sy I?’%Johc‘(%rwéf%ﬁl RaBi Pc&FSh J\K)m%)n[ 2'Ffmidentical to
that for @%ﬁ%ﬁ%&&iﬂréyr&@@ﬁoh% Heragdh 1ice ddd adiralediad itghdde | ght

havi ng t wavel engt h As a result, "with designed the SO wafer,
mechani sl sudeaside autbhasi GOSDCM§dm1@tam poslﬁhﬂ)rﬁ%‘gl%cham snms, used

in the device fahrication [0Cess, ndInSpetI n ulk -
silicon ert Ean Be %%‘ae?ﬁ %B.aL feermsé?s|ctc;°|lc())(r?1l (FP{ $§ &%%H%tgggl ng

al tered. sbe wdesgned SO wafer al so enabl es cost reductl on in the device
fabri catl o rocess and the inspection process using the SOT wafer. [0032]

In the ! the buried insulator layer can be any one of a silicon oxide
film a S' I conNickyd gfee‘ﬂdcm t‘FWéj @u?iéac%s%}é@b&f Il%eyeff |48n O @ | ami nat ed
i nsul ator |ayer forned as a | ayer thereof. When the buried

i nsul at orarlyayere it thessLicoononitiei dd 1fi,|l m O?rllsW@redhlbW,fﬁﬁt Fiid®,film as
above, the url e i nsul at or . r. thi ckness d g ing the
SeMeSbip e s GrAfiy aybr t har T ol PRtE R

refracti v& fayer Es We e s |con oxi de

film layeﬂ rfdﬂft@ed:a§§ of nthhe ihagienatted iawst)) at or | ayer formed of a
plurality of buried insulator layers, the thicknesses of the buri ed

i nsul ator | ayel&emnylise Rinekedesngheatetchaitdt thd 5 ctctCdxn) of the

buried pitride film or silicon oxynitride film as above, the

buried insulator layer ‘thickness may be designed by
using the refractive index of the buried insulator layer
as well as the silicon oxide film.

In the case of the laminated insulator layer
formed of a plurality of buried insulator layers, the
thicknesses of the buried insulator layers may be each
designed such that the product (dxn) of the buried
insulator layer thickness and its refractive index is
calculated at each buried insulator layer in the
laminated insulator layer and the sum of the products of
all layers satisfies the expression (1/2)xAxA. For
example, when the laminated insulator layer has two
layers, it may be designed so as to satisfy an
expression dlxnl+d2xn2=(1/2)xAxA, wherein dl and nl
represent the thickness and refractive index of a first
buried insulator layer respectively and d2 and n2
represent the thickness and refractive index of a second

buried insulator layer respectively.
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i nsul ator layer thickness and its refractive index is cal culated at each
buried insulator layer in the lam nated insulator |ayer and the sum of the
products of all |ayers satisfies the expression (1/2)x2cxA. For exanple,
when the | am nated insulator |layer has two |ayers, it nmay be designed so as
to satisfy an expression dl xnl +d2xn2-(1/2) xXxA, wherein dl and nl represent
the thickness and refractive index of a first buried insulator |ayer
respecti M@033dnd d2 and n2 represent the thickness and refractive index of

a_second bur | edLsuhahored Ayl NSSPEGA! ¥EL1a (L0033l ors are B vhen

various buried insula l'ayers are used as escrl above, the present
i nventiomg eﬁsmmsalg@vef ahe SPkewaher iy eanhiicn thdwa Mareat i on i n the

reflection rate of the |light _due to the variati the, S
t hi cknessl&SEHIHeO S rﬁ’ﬁb?@%dwé\ﬁ%ﬁ E’éfnf”%&f:ﬁ & ﬁ’é‘o%t?lsqqﬁrbﬁl%gkﬁ%e SO waf er

in the d%ﬂeeé@ibm C@ét@%@reﬁ@sm@m the iSRe Wy ROT&sSin [ 0084] When
the SO wafer is designed such that inexpensive visible light will be used

as the |isght Jfa},rems@llﬂknhesSC)anvvéEerlnﬂJ!GQque(ﬂlV@‘(ﬁﬂrQﬂntJt"fP\blS@' waf er that
craes G OTELL AT LhESHEVLSR Lo A1 I ek, Aol igy! pecton
an SO wgsces tahedptleéemhsba\teﬁlbm@mddséae descri bed.

[0034]

When the SOI wafer is designed such that
inexpensive visible light will be used as the light for
use in the SOI wafer position control, the SOI wafer
that enables cost reduction in the device fabrication
process and the inspection process can be obtained.
[0035] .

Next, the method for manufacturing an SOI wafer of
the present invention will be described.

First, the thickness of the buried insulator layer
of the SOI wafer is designed on the basis of the
wavelength A of light for use in the SOI-wafer position
control that is to be implemented on the SOI wafer after
manufacturing such that the variation in the reflection
rate due to thé variation in the SOI layer thickness is
inhibited, in the same manner as the above-described
method for designing an SOI wafer of the present
invention. |
[0036]

More specifically, the buried insulator layer
thickness can be designed as a thickness d satisfying
the expression d=(1/2)x(A/n)xA, wherein d represents the
thickness of the buried insulator layer, n represents
the refractive index of the buried insulator layer, and

A represents an arbitrary positive integer.
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First, the thickness of the buried insulator |layer of the SO wafer is

desi gned on the basis of the wavelength A of |ight for use in the

SA -wafer position control that is to be inplenmented on the SO wafer after
manuf acturing such that the variation in the reflection rate due to the
variation in the SO |ayer thickness is inhibited, in the same manner as

t he above-descri bed nethod for designing an SO wafer_of the present

invention. [00¥8Kt, the SO evasinetifl A Ying thee Pl ed?¥Agultat or | ayer
thi Ck“eS%O@gﬁKP%@%f&daiﬁgh%%%slggé@t byl Rg et R RXRIHASHE ON

d---(1/2)X erein d represents t thi ckness of the buried
i nsul at or3,l ayeirch nLg epresemdstihe sebsactiee sdéEabofidaiedwrd ed i nsul at or

| ayer, and A represents an arbitra psitive integer. xt, the
SOT waf elsq‘ﬂ'rhd\}} n%IG(he?SO'II_rP Ayt ég}?lgjr%{il%'tghebﬁg‘ilgéfnieﬁsguloﬁgr | ayer 2
on the base wafered i MUTHbS BaSHPPOr t kNGhsUbSliaiRd ithifabidsat ed as

shown in FIG 6. In the fabrication, the thickness of the buried insul ator
| ayer 2 i[9Gk desi gned thickness. [0037] The SOT wafer 10 can be

fabricated, f orrh%x%rml eWap%/F ]Hcyra ?ﬁfg 'nggr]gwggt'%aé\r/]\%ioghe&\%g‘ﬁgiel icon single

crystal wafers are prepare ase wa the Vaf er, the
buri ed i nsultatoorodmyetg 2ndaNbagihhehabayvewdesiigriecrt hicknless is formed on

t | t [
at east one of thesalers, the base yafer,3 i hondsg [ o, the, bopd vafer.

bond wafer, the buried insulator layer 2 having the

above designed thickness is formed on at least one of

the wafers, the base wafer 3 is bonded to the bond wafer,
and the bond wafer is thinned.

[0038]

.The thinning step for forming the SOI layer 1 of
the SOI wafer 10 can be performed by grinding and
polishing, or the ion implantation deiamination method.
The ion implantation delamination method is a technique
for obtaining an SOI wafer, for example, as follows: a
silicon oxide film is formed on at least one of two
silicon single crystal wafers; at least one of hydrogen
ions and rare gas ions are implanted from the surface of
one of the wafers (the bond wafer) to form a micro
bubble layer (an enclosed layer) at the close vicinity
of the surface in the interior of the bond wafer; the
ion-implanted surface of the bond wafer is then brought

‘into close contact with the other wafer (the base wafer)
through the silicon oxide film; a heat treatment (a
delamination heat treatment) is then performed to
delaminate the bohd wafer as a thin film such that the
microbbubble layer becomes a cleavage plane (a
delaminated plane); and a heat treatment (a bonding heat

treatment) is further performed to firmly bond the two
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[ 0038] The thinning step for formng the SOT | ayer 1 of the SOT
wafer 10 can be perfornmed by grinding and polishing, or the ion

i mpl ant ati on del am nati on nmethod. The ion inplantation del am nation nethod
is a technique for obtaining an SOT wafer, for exanple, as follows: a
silicon oxide filmis forned on at | east one of two silicon single crystal
wafers.; at_|east one_of hydrogen ions and rare gas ions are inplanted from
t he surfa‘i:ﬂelwom%lwl@h@rmré?sweﬁﬁéSbéﬁaev‘eél@éfr-) £8 £OImY"@5%%ro bubbl e

| ayer (a %pﬁ# sed e a 05e UGl R 1 face in the
interiorqb t % %o%%f§a$%%;ﬁ?kggig%?ﬁngFgﬁigﬁk%hﬁﬁgégég%ﬁfhe bond wafer is
‘then broughtfénmtiotgl ose benbhthinetihwihe otehiert iwaf eragd Hey balse wafer)

through the siljcon oxide fil .a _heat treatnent (a del am nation heat
treatnent%m?ia?%%ElﬁEr?SEﬁ@ang%188lgﬁ&ﬁ&@e the bond wafer as a thin film

such that the Rigr,bubbler | ayesthescosesad skeavage aplpaned a del am nat ed
plane); and a heat treatnment (a bonding heat treatnent) is further

per f or recheec¥dinfytpohbet BOIt Wefesi brdow diarflicasdtal wafers toget her.
An SOT ma{§6 @ﬁving athin SO layer with very high thickness uniformty
can be obtained with relative ease by the ion inplantation delam nation

met hod. Méatu st et gt tleat sent saffay be theéms applnesd according to the

SOT wafer bejng fabricated. [0039] Manufacturing the SOT fer in this
manner r &% 3 2 AaRaRERGHE L6 Otfh%thﬁ%fWéar{eﬁgﬁhaeEa%rll%gy\?ﬁhi bition of the

variation;in; phei baf becthenvhatieabnt he lrghtr deeed©i dMerypei gkion in the
SOr | ayer thickness, that is, inhibition of the variation in the intensity
of the refhectedhti ghe doethe viaeleddioat iigh e tHel SBIYEAyer thickness when

t he SOT-waf er Lti ontrol, ; it LN, PPt oni ng, _
and aut oma }%k$§§ﬁéigga%slFﬁpﬁgﬁéﬁggﬂ%?hggiéhg%CYggi%g%éﬁcé?igﬁ'process and
t he i nspetitons ptgcess ththeedasiogred 1ISGhtwalwes tdetled overeatlbes in

i mprovenent of the precision of the SO -waf er_posjition coptrol, thereby
ensur i ng e SBF o1pYSFt FBA chaREsolRen the SOTwater posPtion

control, such as position detection, positioning, and
automatic focusing is implemented in the device
fabrication process and the inspection process. The
designed SOI wafer therefore enables improvement of the
precision of the SOI-wafer position control, thereby
ensuring reliable position control.

Also, when the SOI wafer manufactured in the above
manner is used, the reflectioh rate canibe made to be
equivalent to a reflection rate in a.state where a bulk
silicon is irradiated with the light having the
wavelength A. As a result, with the manufactured SOI
wafer, mechanisms, such as the automatic focusing and
positioning mechanisms, used in the device fabrication
process and the inspection process using a bulk silicon
wafer can be used without being altered in the SOI-wafer
position control. The manufactured SOI wafer also
enables cost reduction in the device fabrication process
and the inspection process using the SOI wafer.

[(0040]
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Al so, when the SOT wafer manufactured in the above manner is used, the
reflection rate can be made to be equivalent to a reflection rate in a
state where a bulk siliconis irradiated with the |light having the

wavel ength k. As a result, with the manufactured SOT wafer, mechanisns,
such as the automatic focusing and positioning nechani sns, used in the
device fabrication process and the inspection process using a bulk silicon
waf er can be udedtwet hedthdsbi ridrealltusrieat i inswbasox - Waver pesi Picon control

The manuf act ur ed waf er al so_enables_cost i i ; ice
fabricatﬁﬁﬁ'6?5%é§émﬁﬁ%lfﬁ%o?n%§%%?i%ﬁf%fogegéﬁggghg%tté §%iq%g§g?. [ 0040]
In the neipdy dihei dun i egyndspl @gofilayesrcanlbaiaaytcondofulatsdti con oxi de

film a silicon nitride film_and a silicon oxynitride film or a | am nated
i nsul at orl d¥gferf Fgreb R as? vt 1 pE§Er ChREREST . Wien the buri ed

i nsul ator | ayeg,.i I ATENE Fi{m0or skl Le@ns@xyRiskyide film as
above, the burﬁgg%ikgh Z?%P’anéﬂgq%éﬁinesgynay'be dengnedoby using the
refracti wel tmidex fofln her bailedohnsylatbrideydr las aseldbare t H&i | i con oxi de

film [0Q41]. , I n the case .the | am nated ipsul ator .l ayer formed of -
a pIurm:ﬁ%ﬂ%ﬁdtﬁﬂ?%&ﬁ?%gu%%¥8F ?Q§EPE?S§smﬁgé ﬁlﬁ%fl Qﬁénb¥he t hi cknesses
of the bl%i'sji@ﬂ%iiﬂ%”ﬁé@fa&@Y@éSiﬂa¥xb@fe@ﬁE desiigned msiich tdwat 1 & perpr oduct
(dxn) of the buried insulator layer thickness and its refractive index is
cal cul at &b atelelacts bur¢ et i hsanaPdi-deaférdM-n the | aninated insul ator |ayer
and the s¢564g]the products of all |ayers satisfies the expression

(1/2) xXxA. _
. In the case of the laminated insulator layer

formed of a plurality of buried insulétor layers, as
described above, the thicknesses of the buried insulator
layers may be each designed such that the product (dxn)
of the buried insulator layer thickness and its
refractive index is calculated at each buried insulator
layer in the laminated inéulator layer and the sum of
the products of all layers satisfies the expression
(1/2) xAXA.

[0042] |

Even when various buried insulétor layers are used
as described above, the present invention realizes
manufacture of an SOI wafer by which the variation in
the reflection rate of the light due to the variation in
the SOI layer thickness can be inhibited when
controlling the position of the SOI wafer.

[0043]

When the SOI wafer is manufactured such that
inexpensive visible light will be used as the light for
use in the SOI-wafer position control, the SOI wafer
that enables cost reduction in the device fabrication
process and the inspection process can be obtained.

Also, when position control of an SOI wafer with the
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[ 0042] Even when various buried insulator |ayers are used as

‘descri bed above, the present invention realizes manufacture of an SO wafer

by which the variation in the reflection rate of the Iight due to the
variation in the SOL | ayer thickness can be inhibited when controlling the
position of the SO wafer. [0043] When the SO wafer is manufactured
such that inexpensive visible light will be used as the light for use in
the SO - \ﬁal’rréracﬁosmt v ot rRﬂOtQW%ETlMFe?OFhQPoéﬁéﬁlté@% ¥ eduction .

in the dgy %ggﬁ 14 Gaf l%{blpén?e%éédf{lﬁq £Qs ggﬁgt' B AQGESH, can be

obt ai ned. Al en posi‘tion cont er wth the surface on

whi ch a plmtaa:sxsns|et>4pzmuﬂa)rofbrmtndz$idsl’ogcaphpel av@ppiladedbyl suserrm%ment ed in

t he devi rcjre fabricatiogn process, S gée of a |st e avoi ded by use
r

of | ow en@¥GFNFTSDI%E 9 Jajs‘?”ﬁle 8i éFFSﬁlla C]{l(%“ On the

ot her handgsghen the buried insulator Iayer thi ckness has been det er m ned,
a wavel ength X satisfying the expression 6-(1/2)xXxA is selected as a
control wavel efigt Bh¥ pohexsdand f ot nghe p’@@ﬂ?@nléévééftloén Lay®d the |ike

the S f t t t hi d, { th
(o1 octi OR TS Sfld A% TH VAT F SETBRC Pl Ser o et Tt HAeeeidn be-

i nhi bi t ed nan@ ddie Jgfdrecd 1y 2 ploex L ans bee MBEEtOalbe ae@uintalcant to that for
a bulk silicon, simlarly wi.th the above descript.ion.

wavelength A for use in focusing, position detection,

and the like in the SOI-wafer position control. By this

method, the variation in the reflection rate due to the

-variation in the SOI layer fhickness can be inhibited

and the reflection rate can be made to be equivalent to

that for a bulk silicon, similarly with the above

description.

FIG. 5 is a diagram showing the result of the
simulation of the relation among the wavelength A, the
SOIL layer thickness, and the reflection rate when the
buried insulator layer thickness is 145 nm. In the
simulation, the buried insulator 1ayer is a silicon
oxide film, and its refractive index n is 1.46. As
shown in FIG. 5, it can be seen that the variation in
the reflection rate due to the variation in the SOI
layer'thickness is substantially eliminated when the
wavelength A is approximately 426 nm, which satisfies
the expression d=(1/2)xAxA. Accordingly, light having a
wavelength A of 426 nm can be used for the position
control of the SOI wafer with the buried insulator layer
having a thickness of 145 nm.

[0045] _

In the embodiments described above, the silicon

oxide film, the silicon nitride film, and the silicon

oxynitride film are exemplified as the buried insulator
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FIG 5 is a diagramshow ng the result of the sinulation of the relation
anong the wavel ength X, the SO |ayer thickness, and the reflection rate
when the buried insulator |ayer thickness is 145 nm In the sinulation, the
buried insulator layer is a silicon oxide film and its refractive index n
is 1.46. As showmn in FIG 5, it can be seen that the variation in the
reflection rate due to the variation in the SO |ayer t,hiﬁé_{g SS IS

subst ant iL&VSF - nilRatdd WHET T He VNI ERYRh KOVEVERpr R° 3&? 426 nm

whi ch satd;sti.e e [ + o rdi glah- | 1@htndnavi ng a
wavel engiflﬁstfg(dso?n a4t&2é6 Oﬁ%(n%lgﬁ?b%@ﬁrgjég%ﬁ%%héésgéﬁﬁ |qosg (cor?fhr ol of tér:)g SOr

waf er w tsluchhesburfied Znéul abasOsl, ayperd Wavdngaa taickies seradlavied nm [ 0045]
In the enbodi ments descri bed above, the silicon oxide film the silicon
nitride film and the silicon oxynitride filmare exenplified as the buried
i nsul atorfpolsayer 2. In the present invention, however, insulator filns nade
of high permttivity materials (high-k filnms) such as H 02, Zr02, La203,
and Ti 2 can alke p&csepitoyieweposwill be mpgepsesit iGtdmtion will be

T PSRt TR L R by St 0 s = and Corpay ot ve
Comparative Example, but the present invention is not
limited this example.

[0047]
(Example)

| The method for designing an SOI wafer and the
method for maﬁufacturing an SOI wafer of the present
invention were applied to design and manufacture an SOI
wafer being subjected to a photolithography operation in
the device fabrication process, in which automatic
focusing control was implemented utilizing light having
a wavelength A, for positioning of the SOI wafer before
éxposure. The wavelength A of the light used herein was
633 nm. The thickness d of the buried insulator layer
(the BOX layer) was designed to be 217 nm, which
satisfies the expression d=(1/2)xAxA, and the SOI wafer
was manufactured. The reflection rate of the light when
the manufactured SOI wafer was irradiated with the light
having a wavelength A of 633 nm was evaluated.
[0048]

The evaluation result is given in FIG. 3.
Referring to FIG. 3, it can be seen that the reflection
rate with respect to the variation in the SOI layer
thickness did not vary but stayed constant. This
constant reflection rate was 0.35, which was equivalent

to that when a bulk silicon was irradiated with the

light having the wavelength A. On the other hand, it
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(Exanpl e) The met hod for designing an SO wafer and the nmethod for
manuf acturing an SO wafer of the present invention were applied to design
and manufacture an SO wafer being subjected to a photolithography
operation in the device fabrication process, in which automatic focusing
control was inplenented utilizing |ight having a wavel ength A for

positionin f the SO, wafer before exposure.  Th vel engt.h A of the |ight
used heré?ia%l \%éfs P 2 She h?*&%niéEeg"an ﬁébﬁai SH RS At or 1 ayer (the

BOX | ayem) g designed t o beidd 7otk whtehreablesfti es thiee expression
d=(1/2) AXA, and the SOT wafer was manufactured. The reflection rate of the
| i ght whem ik imenufracthe e30 B0 aviatet hivasneppadiedtied Widehe i ght having
a wavel ertgbt of 633 nm was eval uat ed. [0048] The eval uation result
is givenin G 3. Referring to FIG 3, it can be seen that the reflection
rate wth respeek tatidhe tiar i Bdd o ng ¢het 561 wagerthehi ckness did not vary
but stayed constant. This constant reflection %e was %35, whi ch was

equi val efdftlenanedundnh B euPRNEERFESE /as Ol MadiSh ed* Wit the Iight having

the mve%@&%&%éﬁyoéﬁgfagilegu I is §aRchaiseenndhatut duhtiihe

| at er - de arative Exanple, the reflection rate with respect to
the vari didomsing tdentSGh1 | ager behiiokiegent®d ed th delgh $1004031The

automati ¢ . fqcusing control, was then_i npl enent t red SO
waf er i nCAttthCrWoto }rrphojgl?af)ﬁrﬁeOngataﬁgr?ma%%a%%ecggﬁJtr?get e a%?%érrrgti c
f ocusi ng feantysd  Gam beuirpkenmerbed caint behiegtp Ipnead sidrhowt baisgpoint in

time, an automatic focusing nmechanismfor use in a bulk silicon can be
enpl oyed 3itHR# - bei ng al tered. It can be accordingly confirned that

the method for (qesignifiy Al Shi g1 6T c8nd; theamethed iy m@mg@ct uring an

SO wafer of the present 1nvention realize design and manufacture of the
SOT waf erf dthate @bl ®g #heSPhhivbifeiromnof thve metrliied i BxCin t he

manufacturing an SOI wafer of the present invention
realize design and manufacture of the SOI wafer that
enables the inhibition of the variation in the
reflection rate of light due to the variation in the SOI
layer thickness and hence the position control with
improved precision when controlling the position of the
SO0I wafer. The designed and manufactured SOI wafer also
enables cost reduction by sharing the position control
mechanisms used in the device fabrication process and

the inspection process using a bulk silicon wafer.

(Comparative Example)

An SOI wafer was manufactured in the same manner
as Example except that the thickness d of the BOX layer
was designed to be a thickness of 144 nm not satisfying
the expression d=(1/2)x(A/n)xA, and the reflection rate
was evaluated in the same manner as Example.

The result is given in FIG. 3. Referring to FIG.
3, it can be seen that the reflection rate varies from

0.12 to 0.58 at its maximum in the range between an SOI
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reflection rate of light due to the variation in the SO |ayer thickness
and hence the position control with inproved precision when controlling the
position of the SO wafer. The designed and manufactured SO wafer al so
enabl es cost reduction by sharing the position control mechani sns used in
thF device fabrication process and the inspection process using a bulk
silicon wafer. (Conparativ | e) An SO fer s .manuf act ured
in the sé@%mc%eﬁaﬂﬁl Eéggg@ﬁt apflaf OPfe i crkrﬁgs§e§\ll\/a§§tt]‘r?@ BOX | ayer
was desi ?%eé%t% ReodbA S EKDESE Ohp1d4nDd A0 ;33U NG, A ity B essi on
d=(1/2)x n) XA, and the re |ECtI8n rate was evaluated in the sanme manner
as Exanplmmre with fTéepeesute hsrgfveatianFrete3 ofR&F-a3Tifftd FIG 3, it
can be s%eurhtthsai Ihenreflection rate varies from0.12 to 0.58 at its

maxi mum inthe THhge  bet ween an SO | ayer thi ckness of 2000 nm and 4000
nm The refdsxtion rate in Conparative Exanple has a difference of 50% or

nore with respect to a reflection rate of 0.35 for _a bulk silicon. [0050]
Therefore, whed NEFeIRFES 1 i 'GRER OHR® OPOF B L API ERBAERG d1F the SO wafer having

the buri %%gﬂl’bt?ﬁéeﬁ*%%?l&ﬁﬁﬁet BbekRase (Nek v i Nt dild @) &A1 Xhr the

variation in ection rate increases Wwth respect to a position in a
pl ane of Ide=1SAhiayeeswhaott bate sifyitki qkn@9sc (di/st)rifhuttilan in t he pl ane of

the SOT layer. 209 hecRLr 2LeLA8 POl AN GUULSL ) Seiforpoyoded. [0051]

to a position in a plane of the SOI layer when there is
thickness distribution in the plane of the SOI layer,
and the error of the position control is compounded.
[0051]

The result of the reflection rate for SOI wafers
having the same BOX layer thickness as Comparative
Example and an SOI layer thickness of 4000 nm or more is
given in FIG. 4. Referring to FIG. 4, it can be seen
that the reflection rate varies by approximétely +10% in
the range up to an SOI layer thickness of approximately
7000 nm. Accordingly, the designing method and the
manufacturing method of the present invention are
greatly useful under conditions of Example, particularly
in the range up to an SOI layer thickness of
approximately 7000 nm.

[0052]

It is to be noted that the present invention is
not limited to the foregoing embodiment. The embodiment
is just an exemplification, and any examples that have
substantially the same feature and demonstrate the same
functions and effects as those in the technical concept
described in claims of the present invention are

included in the technical scope of the present invention.
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The result of the reflection rate for SO wafers having the same BOX | ayer
thi cknesses Conparative Exanple and an SOT |ayer thickness of 4000 nm or
nore is given in FIG 4. Referring to FIG 4, it can be seen that the
reflection rate varies by approximtely 10%in the range up to an SO |ayer
t hi ckness of approximtely 7000 nm Accordingly, the designing nethod and
the manufacturing method of the present invention are greatly useful under
condi tions of Exanple, particul arl$§LAGMEhe range up to an SO |ayer

t hi ckness of approximately 7000 nm [0052] It is to be noted that
the present invention is not Iimted to the foregoing enbodi nent. The

embodi ment_ i s k\UﬁTet%dewldésji@Hrgﬁ,ar@r@bmya@éannhesntghah save
substantially the sane feature and denonstrate the sane functions and
ef fects davdsined hentachartadl topeépEodeddrrbed e A MR t he

present invention.are inelyded Lo t .cal; Sc sent
|nventi0§81Qﬂjﬁ%ﬁ?estggnggh%dhggrB%e%?%%?ﬁéﬂéﬁ%s \ﬁgiﬁhﬁae?ﬁg an SOT
| ayer forimegh &t obusiete s asiuhaladihgyer proke sSOo finafcert el nignd o2 be used in

a device fabrication process or _an inag %t%on.pro%gss i ncl diqgfa process
r

of contr 95t R&itrenSet YRsSEOoM 85 th& Toad & thtEhsity of

reflected.ddghte £40m fhe ST Wafer swheRalrhe SBennaliry oI ivdsstaied with
| i ght having a wavel ength X, the nethod conprising

irradiated with light having a wavelength A, the method
comprising

designing a thickness of the buried insulator
layer of the SOI wafer on the basis of the wavelength A
of the light for use in the process of controlling the

position.

2. - The method for designing an SOI wafer according to
claim 1, wherein the thickness of the buried insulator
layer of the SOI wafer is designed as a thickness d
satisfying an expression d=(1/2)x(%/n)xA,'wherein'd
represénts the thickness of the buried insulator layer,
n represents a refractive index of the buried insulator.

layer, and A represents an arbitrary positive integer.

3. The method for designing an SOI wafer according to
claim 1 or claim 2, wherein the buried insulator layer
is any one of a silicon oxide film, a silicon nitride
film, and a silicon oxynitride film, or a laminated

insulator layer formed as a multilayer thereof.
4. The method for designing an SOI wafer according to

any one of claims 1 to 3, wherein visible light is used

as the light with which the SOI wafer is irradiated.
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designing a thickness of the buried insulator |layer of the SOT wafer on the
basis of the wavelength X of the light for use in the process of
controlling the position. 2. The method for designing an SOT wafer
according to claim1l1, wherein the thickness of the buried insulator |ayer
of the SO wafer is designed as a thickness d satisfying an expression
d--(1/2)x(X/ n)xA, wherein d represents the thickness of the buried

i nsul at o5 .| ayeR, mathepr ésentsina flasftracitiovea i ek wafenehpuingdarnsul at or

| ayer, a A represents an arbitrary,positive in r. 3..T t hod for
desi gni ngg n l§@% oémeacgcod} o n%ufjog%l %\P?ﬁl%ag?rcl&gg%rz %\Xﬁe:%fget he buried
i nsul at ok, zlfayehdih@nb B Wied Bl icasvoxskdeabirightdosi ldrearesd tride film
and a silicon oxynitride film or a lamnated insulator |layer formed as a
mul til ayer eerecieediomheriddd $oFldesNgnAngrareSE Afafer according to

any one of clains 1 to erei neviglbkgt! |9kt i $used asdihe dfght with
whi ch th%ogé'lr%vxl/anj’ﬁelgg i E|§orsr:%a |%r§e§? tgé %Smet %o%rforn manuf actluri ng an SO
waf er havingnan t§Obf ayefldotaddl bght bupinedhienSOilamrf draydren tthize SO waf er

being to be used in a device fabricatiqgn process or an inspect icgnxprocess
i ncl udi n§OF pradeds st vf L epnt o £FnY L& pddititodt ot the STV RafBP “Bn’the basis

of intensify e Rl &Gtedisightcfisogthe 86T wafer when the SO wafer is
irradiated with |ight having a wavel ength X, the nethod_conprising the

steps of: desdesiige iy B idHinkheset ofhe heubipfed"SHI@ S or | ayer of the
SOT wafer, on the Si s t he wavel th_X.of | i {n the
process &fayc%nterfolhﬁ %gS(ﬁ]ew%ggft?8n$gghga5’rl%cé)tsfgecbhé% g’g‘i‘{éof %&?ﬁp%”enent ed on
t he SOT waf ethafleshirefwf acsar ingthangrocess ofalrardategindetisal waf er
having the SO, | ayer. forned on the buri e?? i nsul.at or

| havi h
desi gned AGRIdKRIEs te BRRCFRENBE I PEr tRard &@tpd‘rein}?d‘ta% eé%’r %I 2§OE ©

wafer after manufacturing; and
fabricating the SOI wafer having the SOI layer
formed on the buried insulator layer having the designed

thickness.

6. The method for manufacturing an SOI wafer
according to claim 5, wherein the thickness of the
buried insulator layer of the SOI wafer is designed as a
thickness d satisfying an expression d=(1/2)x(A/n)xA,
wherein d represents the thickness of the buried
insulator layer, n represents a refractive index of the
buried insulator layer, and A represents an arbitrary

positive integer.

7. The method for manufacturing an SOI wafer
according to claim 5 or claim 6, wherein the buried
insulator layer is any one of a silicon oxide film, a
silicon nitride film, and a silicon oxynitride film, or
a laminated insulator layer formed as a multilayer

thereof.
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according to claim5, wherein the thickness of the buried insulator |ayer

of the SO wafer is designed as a thickness d satisfying an expression
d-(1/2)x( X/ n)xA, wherein d represents the thickness of the buried insulator
| ayer, n represents a refractive index of the buried insulator |ayer, and A
represents an arbitrary positive integer 7. The nethod for manufacturing
an SO wafer according to claim5 or claim®6, wherein the buried insul ator

| ayer is8any ofibeofesho ifoon mexivdadtiumng & | $@bnvWafeEide film and a
silicon oxynitride fil or_a |l amnat Lnsul gt or .| r, fardmg as a

mul ti | ay8F OREESr to & eor}?et%gac?%lrﬁ?m%u?gc?ﬂri('qulléa@aéﬁ‘ns waf ee‘? accor di ng
to any oneq@ft Glsaiused 49 the Whegiet nwitsi bhechi ghte isOlusedas the |ight,

with which the SOT wafer is irradi at ed.
irradiated. ,
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