DESCRI PTI ON METHOD FOR PRODUCI NG AND METHOD FOR DESI GNI NG SO WAFER

TECHNI CAL FI ELD [ 0001] The present invention relates to a nethod for
desi gni ng and nanufacturing an SO wafer having an SO |ayer forned on a
buried insulator layer, and nore particularly to a nethod for designing and
manuf acturing an SQL wafer suitable for photolithography that is to be
performed after manufacturing. BACKGROUND ART [ 0002] In recent
years, SO wafers have been used in device fabrication as sem conductor

- substrates having a nultilayer-hhhg%f%gﬂﬁ£ure. For exanpl e, various

devi ces, such as CPUs, | ogics, . physical sensors related to MEMS
(M cro-El ectro-Mechani cal - Systens), bi osensors, and RF devices, are
fabricated by uMETHOBOFORaPRORBUICINGO@BP METHOD ERR MESAGNENGor fabricating
the SO wafers, wafer bonding ”EﬁﬁﬁdﬁAﬁﬂg a SIMOX nethod are generally
known. An ion inplantation delamnation nethod (also referred to as the
SMART- CUT (a registered trademark) nethod), which is one of the wafer
bondi ng nmet hods, is proposed in Patent Document 1. In this nmethod, an oxide
filmis formegearaktkeast one of two silicon wafers, at | east one of

hydrogen ions and rare gas ions are inplanted into a main surface of one of
t he mafers“%@lﬂond wafer) to.forman ion-inplanted | ayer in the interior of

t he The present invention relates to a method for
designing and manufacturing an SOI wafer having an SOI
layer formed on a buried insulator layer, and moie
particularly to a-method for designing and manufacturing
an SOI wafer suitable for photolithography that is to be

performed after manufacturing.

BACKGROUND ART
- [0002]

In recent years, S0I 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~Medhanical—Systems), biosensors,
and RF devices, are fabricated by using SOI 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 6ne of two silicon wafers, at. least
one of hydrogen. ions and rare gas ions are implanted
into a main surface of one of the wafers (a bond wafer)

to.form an ion-implanted layer in the interior of the




wafer. The ion-inplanted surface is then brought into close contact with a
mai n surface of the other silicon wafer through the oxide filmand the
resultant wafer is then delam nated at the ion-inplanted | ayer by
perform ng a heat treatnment at a tenperature in the range of 300C to 600C,
or nore than that. The ion inplantation del am nati on nmethod has an
advantage in that an SO wafer having a thin SO layer with a film

t hi cknesgat@isicf or mheyieh-1fpneneked ess feae hes resdi lyrdaditt cated and an
advantage_in that the del am nated bond wafer_can be reused_ several tines to
reduce cB3PSe[ GOOARCT with @ nai@ stheratandt FhetAEDSFMOX AEPROd, hi gh
concentrhi:n PXYGERH Ahe e ddPl A efhd M. Lhes Lt ghiOlaotyaisi i con
wafer to form an oxygen i1on-inplanted |layer, a buried oxide film (a BOX

| ayer) i sheheneflamimd tagl tate t€id i igonm waf eanbyd peayernPrg an anneal i ng
process at hi gh tenperature of approximtely 1300 nd | ayer of its
sur f ace QFEEOFEQGQéﬁ e%%¢i3§§%q r?t[%EkﬁﬂgeragugéA?Beeﬁge pattern is
then forpgdgenctche et waf epobabrbeahgdei Rhbhe tabeve maRNgoLn I n this case,
the feature size of pattern exhibits a wide range of pattern sizes froma
rel ati velyrlange tdioye dedtarema Fign yaeiethodh MEVSRR REAYEV{e88 dRd the like to
afinep rn.faQr I . | at | 0g{,£S, N L nd the |ike
t hat havghége%ns?gﬁfﬁﬁggﬁ?F%ngﬁ%ﬁﬁ§§%yggﬁg?%l?%k%grggﬁg?awﬁﬁéﬁlis one of

t he nost thipahkant yrideessas, used-f®rnpad t et &is§ oc amt benreaddauf act ure of

various devi ces, has been used to form devi ce patterns.of , various, design
rul es. [gééé Catedaanql?ga FUERE Wi h- PRk Fgth? a?ﬁ?3t§%d§&9%nn ag

wavel engl;h rbromag Wesiddiesdd Huve egi oni hes ardeepauktr avisel.et |ight (DW)
region is used as the wavel ength of an exposure light utilized for a

phot ol i t h8§P4phy operation. Mre specifically, the exposure |ight
wavel engt h usegnhﬁhgigtk%rc%_@dejggqg{digﬁMé &g@hggs:ggaﬁules and so on.
Fon, 3k

For exanple, in e case of forration of arelative arge size pattern
such as tbecabave tnent iconerkiVEMS, s aa per copyaharp haviongha& wavel engt h of 436
nmor 365 nmi,s used. An exciner |aser hgving a wavel ength of 248 nmor 193

nmis used It Fhél & St " o9F ck° ARE NBRoPFEIC™ o Pexmapl e. It can

be t houghtnphihatcan 184fdemes ubiFaviobeliabi ghtm( EWVBoONaviaRe g wavel engt h of
13.5 nmw Il be used as the eX£osure l'ight in future. [0007] For the

pur pose Gheinnpiosviaty i rd e gt hicon f o2 AR EyPEf P&R TokBgE ot he pattern
exposed |0 er, e i ]Qﬁgﬁl posi ng
devi ce t%gp%félgg%éﬁgg%gﬁﬁ?%gagd?g$%apéﬁggggg§géi%gdggﬁg re E%%?ﬁén el enent

array ingBkudicog anpl W alaiviey off nmivd ayueterens sdéhat asedeashtoperable to
control the reflection direction of an illum nation |light and controlling
i || umi natdn 1@¥&% but i on by adjusting reflection angles of the mrror

el ement s (g@parately fromeach other. Patent Document 2 al so discloses use
of an exposure |ight wavel ength of 248 nmor 193 nm and use of the SO

waf er as a waf &r dsiybjcec Ped tteg pHet dihehofpappg. on the SOI wafer

fabricated in the above manner. In this case, the
feature size of pattern exhibits a wide range of pattern
sizes from a relatively large size pattern for used in
MEMS, RF devices and the like to a fine pattern for used
in the latest CPUs, logics, memories and the like that
have been significantly shrunken. Photolithography,
which is one of the most important processes used for
pattern formation in manufacture of various devices, has
been used to form device patterns of various design
rules.

[0006]



Cl TATI ON LI ST PATENT LI TERATURE [ 0008] Patent Docunent 1:Japanese

Unexam ned Patent publication (Kokai) No.H05-211128 Patent Docunent

2: Pamphl et of International Publication No.W2006/ 085626 SUMVARY OF

| NVENTI ON [ 0009] In the above-descri bed photolithography operation
in a device manufacturing process, there has been a problemin that the
reflection rate of the exposure light varies widely due to variation in the

SO |ayer thicknesscbRaanpkana tof ke SQAtuwwed e3iandatdiesd nbepsaty of
exposure to a resist thereby varies so that unevenness of exposure is
cr eat ed. WAFed onedll tErPhta eF s Bris ri hgh aniephPRebA 8hPPEPare created in a

devel oped  RaLtarl.. ¢ hergly resw ting Ly asdiLEgreacenkn ke 1developed
pattern fromthe correspondi ng designed pattern. A difference from design
may al soolfe agr eatpedsuine patdter nuf ot ¢ d ofoof at heo SO iwhberaphlyi ch is

per 1 1o, SABSQL, SLeps. sl a5 et ng,LLm gt Rl o, and fon

char act efjstd 16Hhg{PAYd herein is changed according to the
design rules and so on. For example, in the case of
formation of a relatively large size pattern such as the
above mentioned MEMS, a mercury lamp having a wavelength
of 436 nm or 365 nm is used. An excimer laser having a
wavelength of 248 nm or 193 nm is used for the latest
CPUs, logics, and memories, for exmaple. It can be
thought that an extreme ultraviolet light (EUV) having a
wavelength of 13.5 nm will be used as the exposure light
in future. |
[0007]

For the purpose of improving line width uniformity
of an image of the pattern exposed to a light on the
wafer, Patent Document 2 discloses an exposing device
that is provided with a digital micro device as a
reflection element array including a plurality of mirror
elements that are each operable to control the
reflection direction of an illumination light and
controlling illumination distribution by adjusting
reflection angles of the mirror elements separately from
each other. Patent Document 2 aléo discloses use of an
exposure light wavelength of 248 nm or 193 nm and use of

the SOI wafer as a wafer subjected to photolithography.

CITATION LIST
PATENT LITERATURE
[0008]

Patent Document 1:Japanese Unexamined Patent publication



The present invention was acconplished in view of the above-descri bed
problens, and its object is to provide a nethod for designing an SO wafer
and a nethod for manufacturing an SO wafer that enable the variation in
the reflection rate of the exposure light due to the variation in the SO

| ayer thickness of the SO wafer and hence variation in the exposure state
of aresist to be inhibited in a photolithography operation. [0011]

To achi eygolkhiis ofj.exts-A1e g9 esent invention provides a nethod for
designing an SO wafer that has an SO er formed_on a_bhuried insulator

| ayer and3tentsHacames ¢t ksl ¢k h‘b@r%‘b\%?“@\ﬁhoaﬁle?ﬁééﬁﬁé‘tllroélht havi ng a
wavel eng 1o conpri sing designing a thickness of the buried

i nsul at orrN%I g“ygﬁolb?f/%e SO wafer on the basis of the wavel ength X of the
exposur e SUMYARY [CXOT2JVENTION When the thickness of the buried insulator

| ayer of tr& O wafer is designed on the basis of the wavel ength A of the
exposure S)r?t as above, an SO wafer can be designed which enabl es

i nhi bltlon of thetuar habiven de e defdrstd o Kad eaphyt Bgeexposure |ight
due to the variation in the SO |ayer thickness and hence inhibition of the

vari ati ol B 9% isgonure atatelng pheceesi sthakenhelie bEIsst ¢l i t hogr aphy
ti J f. b o t th
opera IO%ifo%l%?r{ [%%%%anﬁQereS%e%?LSﬁE?ﬁ eBti‘hltﬁ% 8@4&%‘%’} ormation w

hi gh precision. e thickness of the buried
i nsul at orl ilgaytervaofidshey i@ 1 wed e t@nvh)mdesbgned aheaStOh] dkness d
satisfyin pr esents, the

an expression d=(1/2)x erei
t hi cknes$™d kt“r?esp SHurt & RIRARF at lil%tyé H\A?@ﬁr @Egntt 3 AR X e i ndex of

the buried ingidaty d@yaerﬁesafgtﬁtmepée epLsial abbichrary positive integer.
When the thickness of the buried insulator |ayer of the SO wafer is

desi gned ernmwrm%se}cp@emrefw ngraatespr e%ér @nréﬁ(ll/CZ) r@@zlzﬁﬁr)nxA
wher ei n % repr.esent S thr cknl?eSﬁ_:lo(Ij1 ghgrgg |nn%ul Tv%rlo n

represents a rr’fgracrr e |n ex o urred i nsul‘at or ayer and A
repr esentos tade raf bitharsb pose db vei hat eges ds fadbaeveced He tdhieckness of the

buried insul ator |ayer of the SO . wafer can be  concyetel esigned on the
basi s of Y& WaRAs &t orreﬁgceﬁpeeareswgﬁen@t .Oreiszr&ifyercgr t he

phot ol i t hegranhy. operatdQihegnd £:hey SR sYgfiehaGaR1B8 be created
in pattern formation of the SOI wafer, which 1is
performed by subsequent steps such as etching, film
formation, and ion implantation, thereby resulting in
variation in device electric characteristics.
[0010]

The present invention was accomplished in view of
the above-described problems, and its object 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 the exposure light due to the
variation in the SOI layer thickness of the SOI wafer
and hence variation in the exposure state of a resist to
be inhibited in a photolithography operation.

[0011]

To achieve this object, the present invention

provides a method for designing an SOI wafer that has an

SOI layer formed on a buried insulator layer and is



desi gned whi ch enables inhibition of the variation in the reflection rate
of the exposure light due to the variation in the SO |ayer thickness and
hence inhibition of the variation in the exposure state of the resist when
t he photolithography operation is perfornmed on the SO wafer. [0014]

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 at osuiayen o adredras A MHddtayey thenegh. exposureEu@ghwhen vari ous
insulator films, such as any one of a silicon oxide film a silicon nitride

film antteaisid iccomvmdandtii de fillennekhed| apipai ednpgngdgragdd dayer f or med
as a mul til;ayef Lhereaqfy . ale used; as, {he,buihed i Bgukakosdayelse t he SO
waf er canhﬁexﬁleesisgﬁde% v%elc elna(ﬁl es Llln%?%?t?'og gf the variati onei n the
reflecti om radee refsithe xpposurevd ighgtdue 06 the vapbauren liightthe SO | ayer
t hi cknesio%r]% hence inhibition of the variation in the exposure state of
the resi s%tlt he phot ol i t hography operation in accordance with the present

invention. [004Bkn the thEWKREIMYE tHderPFESENinAVERbLONapERVi des a
met hod for manufacturing an SOT wafer that has an SO |ayer forned on a

buri ed i wsultdorSQlayerfandt $ sdewst gadfleonoEhphbesiist Régldishy with an
exposure _light having vel ength X the t hod, conpri_si he steps of:
desi gni néi’aé’%q‘rﬁncgaﬁ}sg‘s O% V‘V?rhee YT n"réllj %{Erg?sl 8%?8?’%1‘ atnhg%gtOT waf er on the
basi s of wafe el engtde A grodd thiei expesuabeeki ghhibtiitliioned ff arhd he

phot ol ithogrr,aphy that is to %Se{?erfor med on thﬁ SOT waf er ggq}r

manuf act 0 H@tjéjrﬂj Faprheats T’l}:o%dfaﬁﬁf 8?_ th&t SRS HE sad GQyer forned
on the buypiedd nyil afor;dayes having the deskaneditdindaiessq [0016]

Wth the manufacturing nmethod including the steps of: designing a thickness

of the bdeingd iinsullatoron ayertioé vasisOionafiar the P AFASIS Tiathe
maveleng%&.%ﬂg %égast when the photolithography operation is
performed on the SOI wafer and enables pattern formation
with high precision.
[0013]

In this 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.

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(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 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 exposure light utilized for the
photolithography operation, and the SOI wafer can be



exposure light utilized for the photolithography that is to be perforned on
the SOT wafer after manufacturing; and fabricating the SO wafer that has
the SOT | ayer forned on the buried insulator |ayer having the designed

t hi ckness as above, the SO wafer can be manufactured which enabl es
inhibition of the variation in the reflection rate of the exposure |ight
due to the variation in the SO |ayer thickness and hence inhibition of the
vari ati ogeish ghke @HIRSUIE H1ate iofh e 1681 st vhenviheapheholiint hogr aphy
operation is performed on the SO wafer and enables pattern formation with
hi gh preéhsi seflegdizin rate off Hheheemppeiaet Livhl #BEhdE, thRe thi ckness of
the buri I | at or_ l.ayer t a e Lgned as a thickness
d sati sfglgﬁglggﬁOgix%rnestgeonsﬁ:(ﬁ%grf%&%\?%(%S%hée}rl(gi }rllggélreepresents t he

t hi cknessnafibtihe dhurdfedHensed witzori drayet |, the reppesentssaatef pdctihee i ndex of
the buried insulator |ayer, and A represents an _arbitrary positive integer.
When ther@ﬁi%l?né’@senoft,}{enéﬂbiﬁq]elotl?%g‘?%}il%rOP%&%FB? t Re P& RSt i s

desi gned as +&t RigkRess.,d satisfying an expression d=(1/2)x(2L/ n)xA,
wherein d represents the thickness of the buried insulator |ayer, n
representl90d4rlefractive index of the buried insulator layer, and A
represents an arbitrar ositive integer as e hi.ckngss of the
buri ed insul at g? F%{?eF“%&E‘Ot eté(.e)'l'bvl\%a lger({ lcnasnua%acele/%%n%gz?%l %/g eglggned on the
basi s of ahRe onrvelengtdy ki @fn thei @xppsune hi ght igbhl hzedifder filen,

phot ol i t hogr aphy operation, and the SO wafer_can be manufactured which
enabl es PARY Bi Sidr M (R V5 54¢ obl R/ t RE Pef PBERPGRS AFE VIR % Me exposure

light due_te.,the vardatdap jmihe L g¥eL  khi ckness and hence inhibition
of the varaity%ti on ﬁ|{ﬁ'ralerthe exposure ?s?%e of tﬁe resi st when the

phot ol i t hogr apByeopehan orrioyserifrornistt @n fheng| Diuglaf es. ahg0 08k I n

t he manuf cturi.r]1 net hod, ., th .ﬁ]l{ri ed i $sul ator Ir%{%r £4an b%nacpy one of a
silicon &% de Fiii°h FFt9con Hit rid@* 1 FRf" BAGACSi Mitcdh Shitride film

or a | amgsnatiedr nsuhatori dayer 1horsedaasanifukedl ayetnlbheredayer Even
when various insulator filns, such as any one of a silicon oxide film a
silicon ACEREde &5 |anMEke B2 6T T i ERATORYNni EFPIESEA @S &M% Qnistht ed

i nsul at or; |- ayier f0rmRd as &, dubbi| @yer -t Benest, qake gheed (a5 dihe buri ed
i nsul at or- Sayer, t he SO’ m%er can %e ﬁanuf act ur ec? v?kl%'ll ch enabl es inhibition
of the vamiadtliegn dmhithet i@f | eCttloa varéadfionhenexpeswmed Idaghitordue to the

variation in t A | ayer thickness .and, hence inhi.bi.t.i on .of .t,he vari ation
in the eXpdsur St[%ﬁ & O?‘ﬁ%er}gjsggf PRt hig FRGt SETRIGAbHY opet

ol'i thography operation in
accor dange Witdydhe- i esedd s | avenheoBe [0818fition of the

variation in the exposure state of the resist in the
photolithography operation in accordance with the
present invention.

[0015]

Furthermore, the present invention provides a
method for manufacturing an SOI wafer that has an SOI
layer formed on a buried insulator layer and is suitable
for photolithography with an exposure light having a
wavelength A, the method comprising the steps of:
designing a thickness of the buried insulator layer of
the SOI wafer on the basis of the wavelength A of the
exposure light utilized for the photolithography that is
to be performed on the SOI wafer after manufacturing;

and fabricating the SOI wafer that has the SOI layer



In the inventive nethod for manufacturing an SO wafer that has an ail

| ayer forned on a buried insulator |layer and is suitable for

photol it hography with an exposure |ight having a wavelength 2',, at | east
the steps of: designing the thickness of the buried insulator |ayer of the
SO wafer on the basis of the wavel ength A of the exposure light utilized
for the photolithography operation that is to be perfornmed on the SO wafer
af t er mamgkactuonngheaand fiadr | aadu gt s hel Sk r wad et niyhahehds stihees8O | ayer
formed on the buried insulator |ayer having the designed thickness are

i ncl udedth‘-Fﬁém@étShod can therefore nanufacture the SO wafer which enables
i nhi bItICE the variation in the reflection rate of the exposure |ight
due to the varlatlon in the SO |ayer thickness and hence inhibition of the
variation in tWethxphsumwﬁamminm®m¢tiwmm1m phet 8LEpPBRogr aphy

operatlonls per.for,med o SO wafer, and enales t ernformatlon W th
hi gh prefitsi &% Sllgﬁllé’cﬁjlafp%}f%frh%s?e? eClf oRUF &t gﬁatclolrght %% which the

SO waf ep, fmapuf agfurede by dhe ps eseaisi 8feﬂﬁéowab§l§2ﬁl§‘@§1€¢ ean the made to
be equivalent to that in the case of a bulk silicon (a silicon single:

cryst al ) exPesUsrceddrmth i nviehtd 290 t Fes Blas ah@BOéhtaa%ﬁPQge Ghat Het
phot ol '”&%%%p@én%%'}%édo ec«%ﬁé‘eséf"&gﬁﬁsa?fa %hﬁahﬁ%'a%tt il 4 hi ckness of

a filmfor preve tlng ref i on, exposure conditions an so on) for the
buI kK siliagan fmlbmme;i ik & hmuI whferathen. hBRI EReDESCRIIEMEAN OF DRAW NGS

0020 FI G ad howi ng the result rrulat on of a
Eel at} on T&TRG 9Fe sl? -d %‘Ri@gé\ﬁr ?ﬁ?éeﬁu F‘é’gtngnggﬁ Cat (%

thi cknesgp ianghddhe afseuk%:\Fé Ontlﬁélt goinyhhercasa ok &a\f@\f@lce;rt&tem of 193 nm
FIG 2 is a diagramshowi ng the result of a simulation of a relation anong

the SO Majeh ehiadkmesssinhhel bueiedfi hbal Hesdalkaper ltnhltclfll@ness and the
reflectionhate ; o'}l tl{‘et Sa5E e%xgtggggpggft 448 ny G 3 is a diagram

shovmngthe resu a sinulation o i'on anong t e sa | ayer
t hi ckneSSr,arltah:e_dmr:nedtkheﬂsmm bayéayehithhneksessd amehdche refl ection rate
in the C%%%fﬁléﬁ&?%%%%%%r%é@lggﬁog in the exposure state of the
resist when the photolithography operation is performed
on the SOI wafer and enables pattern formation with high
precision.
[0017]

In the manufacturing method, the thickness of the
buried insulator layer of the SOI wafer can be designed
as a thickness d satisfying an expression

=(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. |

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(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 as above, the

thickness of the buried insulator layer of the SOI wafer



FIG 4 is a diagramshowi ng the result of a sinulation of a relation anong
the SO |ayer thickness, the buried insulator |ayer thickness, and the
reflection rate in the case of a wavel ength of 436 nm FIG 5is a
di agram showi ng the result of nmeasurenment of the reflection rate with
respect to the variation in the SO |ayer thickness when being exposed to
an ArF | aser having a wavelength of 193 nmm FIG 6 is a diagram 1l and

Conpar at ibwe bxampne: G 1y des dyrth@gsam Ze apds Conpar ahkve Exanple FIG 8 is
a diagram 3 and Conparative Exanple FIG 9 is a diagram 4 and Conparative
Exanpl e walediengtihed of thehespnpsute 1Dyht shoi hge@héor the

photolithography operation, and the SOI wafer can be
manufactured which enables inhibition of the variation
in the reflection rate of the exposure light due to the
variation in the SOI layer thickness and hence
inhibition of the variation in the exposure state of the
resist when the photolithography operation is performed
on the S0I wafer.

[0018]

In the manufacturing 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 variocus 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 manufactured which
enables inhibition of the variation in the reflection
rate of the exposure light due to the variation in the
SOI layer thickness and hence inhibition of the
variation in the exposure state of the resist in the
photolithography operation in accordance with the
present invention.

[0019]

In the inventive method for manufacturing an SOI
wafer that has an SOI layer formed on a buried insulator
layer and is suitable for photolithography with an
exposure light having a wavelength A, at least the steps
of: designing the thickness of the buried insulator
layer of the SOI wafer on the basis of the wavelength A
of the exposure light utilized for the photolithography



3; showing the 4; and FIG 10 is a schematic view show ng an
exanpl e of an SO wafer being desi gned and manufactured by the nethod for
desi gni ng and nmanufacturing an SOT wafer of the present invention.

DESCRI PTI ON OF EMBODI MENTS [ 0021] Herei nafter, enbodi nents of the
present invention will be described, but the present invention is not
limted to these enbodi nents. Conventionally, in the

phot ol i t begraphyroperat i1aN d4d Be davi Eerhadr bsathensproqgaser bifera has been
a problemin that the reflection rate of the exposure |ight varies w dely
due to tRENVERICAITGRT/n Ak BATIERekng hFkneSs VATETplthRé &PSthe SO wafer

and the .int it exXPOSIH gskgt 1L bgrebyvaLies so that
unevennestgréo%%?x;%iﬁre S cregqtﬁegc.ﬁ%s%% resuh, a gi Fferalg%ce in the
devel opethavesicstt hpatdesrimrfadnt i hekcos s espendinngudedi. gn@depattepn may be

- created and a difference fromdesign may_ also_be created in._pattern

f or mat i off 0¥ t@ﬁéfeétea?waé}qg%ﬁ%éi%’%e%/?gyﬁﬁﬁeﬁyw 68§e&3&?tle_sst eps such as
et chi ng, ifinlimiftargmatd Orsnang + o4 i sl 2Rt ahboRert Bereby resw tymg in
variation in device electric characteristics. [0022] In view of

this, thé&hsr es@usyny rtdit répradtedtye andrkeeaPy édndhet &®Isthvdi®s to sol ve
(he”roblem The resenic) e pr [ oEyseatentiao on 4 wavel enot o

t he exposure t and I'nsul ator layer and
si mul at e xtdoes ured atticdre bef weesn tdei SO whayerhehpbbkneds ténd tadphy ef | ecti on

rate of the exposure light when the wavelength of the expasure |ight and
the buri OPSTHALIICH oS | OXpR L kNRsERGr Eoéhgﬁgsa. apgo%ﬂa%oies

pattern formation with high precision. In addition, the
reflection rate of the light to which the SOI wafer
manufactured by the present invention is exposed can be
made to be equivalent to that in the case of a bulk
silicon (a silicon single crystal). The present
invention thus has also an advantage in that
photolithography conditions (the thickness of the resist,
the thickness of a film for preventing reflection,
exposure conditions and so on) for the bulk silicon can

be used without alteration.

BRIEF DESCRIPTION OF DRAWINGS
[0020]

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 in the case of a wavelength of 193 nm;

FIG. 2 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 in the case of a wavelength of 248 nm;

FIG. 3 is a diagram showing the result of a

simulation of a relation among the SOI layer thickness,



FIG 1 shows the result of the sinulation of the relation between the
reflection rate of the exposure light and the SO |ayer thickness when SO
waf ers each having a different buried insulator |ayer thickness are exposed
to an ArF | aser having a wavel ength k of 193 nm The variation in the
reflection rate is represented by a shade of color in FIG 1 and a col or
closer to white exhibits a higher reflection rate. It can be seen

from t he thel aliarANRRG 1t burd gd- insit it oss | ayes theckaesscttibe SO | ayer
t hi ckness, and the reflection rate in FIG 1 that the reflection rate does

not vary retlke igolthe asicnial my e ratgidetebndPatMdoes not vary) with
respect to thegyarigtign,i &i%@%aﬁosﬂo%%[g tJHGeCkﬂees%ﬁW@P fhe buried
p

i nsul ator layer fhickness s approximately 62 nm 124 nm and 186 nm
[0024] simulakliGn »Shows tdte sresarthén@f tineaSQr elregerothtieénesfs,ecti on rate

with respect to the variation jn the SO I%%(Ser t hi c%gess en.an SO wafer

havi ng a thar P& e diistord 1 4y er 2 ¥9 ckmeSERoPS 1482 Hm S &XpoSEF 18 the ArF

| aser havi;ng g wavel engid of d9%MAMength orfAg38hawn in FIG 5, when the
SO layer thickness is equal to or Iess than 30 nm the reflection rate

varies widely 8G€-t8 tiseavariagitieon sheowinw Sdie | ey lthpEkness. Wien the
phot ol i t hagr aphy operati.gn is rf.orned wih t ArE _|aser. o0 SA wafer
havi ng am§%s ra%“@r ho?fizktﬁleessr% %?)tlngnr?oFwaésg,wﬁhéeg ngzcurteo gthge?e of a

phot or esivsiriapfldredit atdhescurfager of hibenS6k water belierefeorpe st | es

accordi ngE to a position in a plane of the 501 Ia%(%r when there is thickness
di st ri butticoRli Afhe g end Bf 1R he SRVEAFRITRaRG tHiPs "euses the difference

in the devel opgdgresi gl %at&i%rd}a%fts%{o»@ﬁnf%@ f&om tbeodesikgngd cpat t ern.
As a result, the variation in characteristics of devices being fabricated

i s inducédand@28jparative Theampkseht i nventor thought on the basis of

these results t sel.ecting a film.thickness th b s pr.epetl signed. for
t he wavel engt htEQEOf S7t he &(p e isgkh?wh??I?}%%drgt%krﬁ?gspgt %é(%}é g%re in the

phot ol i t rogiaphyoraperadien @sahpeet hi ckness of the buried insul ator |ayer
of the SOT wafer enables the variation in the refleition rate tq be avoided
even though th&18a 8 dyert (HiadkiessShalr1ee. thRer prBseRt O Furt her

conduct ed sjjpil@ti,ons, @ne experiiengs in various conditions and carefully
exam ned them thereby bringing the present invention to conpletion.
[ 0026] FIG. 9 is a diagram showing the results of Example
4 and Comparative Example 4; and
FIG. 10 is a schematic 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
[0021]

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

Conventionally, in the photolithography operation
in a device fabrication process, there has been a
problem in that the reflection rate of the exposure
light varies widely due to the variation in the SOI

layer thickness in a plane of the SOI wafer and the

10



FIG 10 shows a schematic view of an exanple of the SOT wafer being

desi gned and manufactured by the nethod for designing an SO wafer and the
nmet hod for manufacturing an SO wafer of the present invention. As shown in
FIG 10, in the SO wafer 10, the SO layer 1 is formed on the buried

i nsul ator layer 2 on the base wafer 3, which is a supporting substrate.

A wavel ength in the range fromthe visible Iight region to the DUV region

is used astkhewavelrengldh Afrd he, exposte i bt ghheWbbli zaditar stthe
phot ol i t hogr aphy "operation being perforned on the SO wafer 10. The

wavel engtthaits vagpieopesat ¢lfy et nels actorltAg tAStherteattivedsi ze on the
SO mafeﬁi%%é%g%ég)fgltﬂéxgggel?gﬁgt$%Qképegggﬁggﬂe%gng%g%gn'ng an SO

waf er of "Theé present I nvention, cknes uri ed i nsulator |ayer
of the SObrwalfsgionds rdesigieshean ddiet basisapf béherwavekengidh aX of the
exposure |light such that the variation in the reflection rate of the

exposur e WG ArE tfF PhelSBrTation 3HhSe hee Serepafer 1ehPekESE i s i nhi bit ed

to desi 0,300 pafier: i d@bl e £0F, theLBAOLO! LhograRhy nyi th the exposure

i ght having the wavel eng re specifically, the buried

i nsul at osub@peuartii ckivass sarh bes destlghed, asiant foskassond saxd sfyi ng an

expression _d=s(1/.2) x(X/.n) xA,,  wherein d represents_the _thickness of the
bur 1 od | RO AUBH ALY o0y 1ebF EUeht s THECE P At FUSLATASE O the buri ed

i nsul at ogehayey o 1antt A & epiesent sSragrachitrary positive integer. [0028]
Desi gning the thickness of the buried insulator |ayer of the SOl wafer in
this manné0242dal i zes design of the SO wafer that enables inhibit of the

variation in the tetlectd anat el Sheexpostentbohtcgugchaivhe variation

in the SO layer thickness and henc Ibit of the varration in the
exposur e astdatke eofl t heonrdsitsed whiemdtide phosollivehobeaphhpdper.at iTéve i s
performed on the SO fer_and enab{gs Qattern f%rnatio mﬁtqlhigh

e ength o

precisioﬁ;esen inventor focused attentlon on t wave

the exposure light and the thickness of the buried
insulator layer and simulated the relation between the
SOI layer thickness and the reflection rate of the
exposure light when the wavelength of the exposure light
and the buried insulator layer thickness are changed.
[0023]

FIG. 1 shows the result of the simulation of the
relation between the reflection rate of the exposure
light and the SOI layer thickness when SOI wafers each
having a different buried insulator layer thickness are
exposed to an ArF laser having a wavelength A of 193 nm.
The variation in the reflection rate is represented by a
shade of color in FIG. 1 and a color closer to white
exhibits a higher reflection rate.

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

11



[ 0029] The results of the sinulations of the relation between the
SO | ayer thickness and the reflection rate of the exposure light with
respect to the buried insulator |ayer thickness when the SO wafers were
exposed to the exposure |ight having a wavelength X are given in FIGS. 1 to
4 and Table 1. In the simulations conducted herein, silicon wafers were
used as the base wafers, silicon oxide filnms were used as the buried

i nsul at ogpkayekss The a'p@cﬂcﬁ@ﬂrﬂa\’fﬁalid{'mefﬁn,oﬁihembllréﬁd iBsuhator |ayers
were given in Table 1. As descri bed above, FIG 1 shows the
simul ati 6A02ddult when the ArF | aser having a wavel ength X of 193 nm was

used. As shown.in F t variationdn t J&fd ectd ate with respect
to the variatig%afng$%8%§81QﬁgyngtlﬁcEﬁ%§§%?§lsu stant?2T$y el i m nat ed
when t herktiieed iions Waateor il tdy ere 4 cknessths appiokinat ehy thep&Silti ve

multiple of 62 nm Here, the positive Itigle.of 62 nnxi% equal to a value

obt ai ned 1By ethd NeeirEsst SHL/3) xq&F M5t (983679 @ PUCLpfG 2 shows the

si mul at i @R shasYltr \M&g&a e bases baving ﬁn%geéﬁFg%ath@f t248 nm was
used. As shown in FlI 2, the variation in the reflection rate with respect

to the variFatleger mavhaSAT wayekenditckpéssPsnBubst antial ly el i mi nated
when the buried insul ator er- t hi,ckness i j ositive
gﬁ ﬁﬁgwn in E&%{Gﬁ,swgﬁﬂé?ﬁﬁl§bfpf%g%£ngﬁ§L¥n?FB

mul tiple of 82 e simu Ion resu when i-1ine
of a mer aur ¥ duanp gl s svasedengd hnoX, ot h86beinewas oused.teAs shown in

FIG 3, the variation in the reflection rate wth respect to the variation
in the SORIL&Fer flck s §Q SidsTaht#aiPY &l AfRated ¥4 he buried

i nsul at ok pliayere LNi ClyRRSS die FARNAX MBLE) ¥agh POShELYEiBH! tispl € of 123.8 nm
FIG 4 shows the sinulation result when g-line of a mercury lanp having a
wavel engple rX cgfme4B6virrh wese useld. 1 dseshomnainSPEGHadert B@Ward @t ion in the

reflecti rate mﬁtﬁ respect t e varjiation in.th 4 t{gckness is
substant%QFI3%¥9ﬁﬁ ékﬁ%ﬁﬁwpfh%gbﬁ?i%a ?ﬁgﬁYaFgF %giéﬁ é%é1ﬁ%ss is

appr oxi mattelay phpesidd e nbpipée 06 448. Bubtiace of théhewusiante:EU havi ng
a wavel ength X of 13.5 nm (not shown), the variatiqon in the rg%%ection rate
Wi th respéer Heane afarsatioreTAlEhetS0r Payer PR cknésPAE Qbstantial Iy

el i m nat g nhen the durged, i asukat of LAYEknbBCkNasS WA @pproxi mtely a
positive nultiple of 6.9 nm _

the plane of the SOI layer, and this causes the

difference in the developed resist pattern after

exposure from the designed pattern. As a result, the

variation in characteristics of devices being fabricated

is induced.

[0025]

The present inventor thought on the basis of these
results that selecting a film thickness that is properly
designed for the wavelength A of the exposure light
utilized for resist exposure in the photolithography
operation 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. The p£esent inventor further conducted
simulations and experiments in various conditions and
carefully examined them, thereby bringing the present

invention to completion.

12



[ 0031] Table 1 summarizes the above results. As shown in the
results, designing the buried insulator |ayer thickness d so as to satisfy
t he expression d=(1/2)x(X/ n)xA ensures a constant reflection rate of the
exposure |light w thout being affected by the variation in the SOT |ayer
t hi ckness, and the constant reflection rate can be nmade to be equivalent to
areflection rate in a state where the buried insulator |ayer thickness is
zero, i.€0026] a state where a bulk silicon is used. [0032] (Table 1)
SINULATICN SINULATICN SI MULATI ON_ SI MULATI ON SI MULATION 1
10 shows a schematilic 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. 10, in the SOI wafer 10, the S0I layer 1
is formed on the buried insulator layer 2 on the base
wafer 3, which is a supporting substrate.
A wavelength in the range from the visible light
region to the DUV region is used as the wavelength of
the exposure light utilized for the photolithography
operation being performed on the SOI wafer 10. The
wavelength is appropriately determined according to the
feature size on the SOI wafer 10 and so on.
[0027]
In the method for designing an SOI wafer of the
present invention, the thickness of the buried insulator
layer of the SOI wafer is designed on the basis of the
wavelength A of the exposure light such that the
variation in the reflection rate of the exposure light
due to the variation in the SOI laYer thickness is
inhibited to design an SOI wafer suitable for the
photolithography with the exposure light having the
wavelength A.
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.
[0028]

Designing the thickness of the buried insulator

layer of the SOI wafer in this manner realizes design of

13



2 3 '4 5 WAVELENGTH X OF 193 248 365 436 13.5 EXPOSURELI GHT (am

the SOI wafer that enables inhibit of the variation in
‘the reflection rate of the exposure light due to the
variation in the SOI layer thickness and hence inhibit
of the variation in the exposure state of the resist
when the photolithography operation is performed on the
SOI wafer and enables pattern formation with high
precision.

[0029]

The results of the simulations of the relation
between the SOIvlayer thickness and the reflection rate
of the exposure light with respect to the buried
insulator layer thickness when the SOI wafers were
exposed to the exposure light having a wavelength A are
given in FIGS. 1 to 4 and Table 1. In the simulations
conducted herein, silicon wafers were used as the base
wafers, silicon oxide films were used as the buried
insulator layers. The refractive indexes of the buried
insulator layers were given in Table 1.

As described above, FIG. 1 shows the simulation
result when the ArF laser having a wavelength A of 193
nm was used. As shown in FIG. 1, the variation in the
reflection rate with respect to the variation in the SOI
layer thickness is substantially eliminated when the
buried insulator layer thickness is approximately a
positive multiple of 62 nm. Here, the positive multiple
of 62 nm is equal to a value obtained by the expression
(1/2)x(A/n) xA.

[0030]

FIG. 2 shows the simulation result when a KrF
laser having a wavelength A of 248 nm was used. As
shown in FIG. 2, the variation in the reflection rate
with respect to the variation in the SOI layer thickness

is substantially eliminated when the buried insulator

14



REFRACTI VE | NDEX OY 1.5628 1.50E6 1.4746 1.4667 0.9765 BURI ED | NSULATCOR

layer thickness is approximately a positive multiple of
82.2 nm.

FIG. 3 shows the simulation result when i-line of
a mercury lamp having a wavelength A of 365 nm was used.
As shown in FIG. 3, the variation in the reflection rate
with respect to the variation in the SOI layer thickness
is substantially eliminated when the buried insulator
layer thickness is approximately a positive multiple of
123.8 nm.

FIG. 4 shows the simulation result when g-line of
a mercury lamp having a wavelength A of 436 nm was used.
As shown in FIG. 4, the variation in the reflection rate
with respect to the variation in the SOI layer thickness
is substantially eliminated when the buried insulator
layer thickness is approximately a positive multiple of
148.6 nm.

When using EUV having a wavelength A of 13.5 nm
(not shown), the variation in the reflection rate with
respect to the variation in the SOI layer thickness was
substantially eliminated when the buried insulator layer
thickness was approximately a positive multiple of 6.9
nm.

[0031]

Table 1 summarizes the above results. As shown in
the results, designing the buried insulator layer
thickness d so as to satisfy the expression
d=(l/2)x(%/n)xAAensures a constant reflection rate of
the exposure light without being affected by the
variation in the SOI layer thickness, and the constant
reflection rate can be made to be 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.
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LAYER

1/ 2n
[0032]
(Table 1)
SIMULATION | SIMULATION | SIMULATION | SIMULATION | SIMULATION
1 2 3 : 4 5
WAVELENGTH A OF 193 248 365 436 13.5
EXPOSURE LIGHT
(nm)
REFRACTIVE INDEX OF 1.5628 1.5086 1.4746 1.4667 0.9765
BURIED INSULATOR
LAYER
A/2n 62 82.2 123.8 148.6 6.9
[0033]

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.

When the buried insulator layer is the silicon
nitride 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
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62 82.2 123.8 148.6 6.9 [0033] In the nmethod, the buried insulator

| ayer can be any one of a silicon oxide film a silicon nitride film and a
silicon oxynitride film or a lam nated insulator |ayer forned as a

mul til ayer thereof. When the buried insulator layer is the silicon
nitride filmor silicon oxynitride film as above, the buried insul ator

| ayer thickness may be designed by using the refractive index of the buried
i nsul at obulrayer iasuleldoms] dher sitddgont oxede. film In the case of the
Ianinateﬂ igsglator | ayer fornmed of a plurality of buried insulator |ayers,
the thickidssds of the buried insul ator | ayers may be each desi gned such

that the prOdU@he(Q%@EeﬁE tihe Ruriiced ddisiul atorgd fyer &higkness and its
refractive index is calculated at each buried insulator layer in the

| ani nat eduiifdlat G107 aipefre anfb® hehslupd bEheteaphpdbyt ghéfhalthe ayers
Isﬁts'uls‘;'t oYar ltge 3% ress't%” (%He%%(%n F%%S’X(g?pjcﬁe ‘é‘@ NsLhe ha ?’{at ed
yer ayers, ey bé desrgned S0 as to |sfy an
expre35|@medh&nhjﬁﬂxnﬁbﬁédﬁbMW£n wheredn tdhyandthlckness can be
inhibited in the photolithography operation and the
variation in the exposure state of the resist can be
thereby inhibited, even when various buried insulator
layers are used as described above.
[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 the exposure light utilized for
photolithography that is to be performed on the SOI
wafer after manufacturing such that the variation in the
reflection rate of the exposure light due to the
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.

Next, the SOI wafer 10 having the SOI layer 1
formed on the buried insulator layer 2 on the base wafer
3, which is a supporting substrate, is fabricated as

shown in FIG. 10. In the fabrication, the thickness of
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represent the thickness and refractive index of a first buried insulator

| ayer respectively and d2 and n2 represent the thickness and refractive

i ndex of a second buried insulator |ayer respectively. [0034] The
present invention realizes design of a suitable SO wafer for

phot ol i t hography by which the variation in the reflection rate of the
exposure light due to the variation in the SOT | ayer thickness can be

i nhi bi t ednien e phatRldtheyr aphyeOPLr 84 i Ohe ands i heedathatiker sisn t he
exposure state of the resist can be thereby inhibited, even when various
buri ed i n9@3atlor | ayers are used as described above. [0035] Next ,

the nmethod for Hgnggeckg%eggl%n %% \gﬁfgb Cﬁﬁéﬁe fggsgggmgpgentlon\mll

be descri bed. the ness e buried T nsulafor |ayer of
t he SOT W@feme:bdhﬂmqyumbﬂﬁbdthtwmiehotwbhelmmueheeghhab t he exposure

l'ight utilized for photolithogr that is to be perforned on the SO
waf er af C&F Sk@ruf” QHﬁrﬁf%nRﬁﬁﬁﬁ%% t her varfabPof Fﬁegf n rate of

the expogung lvaagf*&tr Adugd b yarh ati9acEn1hher SO hlaaxe@ ttlmeckness s
inhibited, in the sanme manner as the above-described nethod for designing

an SO m@ﬂa@weofdetmegrmiasfémclfmmtl@nfome%]m at leaptr enspedifically, the
buried insul at ayer. thickness_can,be d i d.as t
31 t H\reaqrrers eche rbaas? 1‘7%§ka]3n)lXA V\%%% 3 6}1e t-Bocr@ f%ﬁe

satlsfy|ﬁ expr'ession erein represents

t hi cknessinef tirhe Hund echiasul atonihayer, n represents the refractive index
of the buried insulator layer, and A represents an arbitrary positive

i nteger. [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 delamination 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 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 bond wafer as a thin film such that the
micro bubble layer becomes a cleavage plane (a
delaminated plane); and a heat treatment (a bonding heat
treatment) 1is further performed to firmly bond the two
silicon single crystal wafers together. An SOI wafer
having a thin SOI layer with very high thickness
uniformity can be obtained with relative ease by the ion

implantation delamination method.
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Next, the SOT wafer 10 having the SO layer 1 fornmed on the buried

i nsul ator |ayer 2 on the base wafer 3, which is a supporting substrate, is
fabricated as shown in FIG 10. In the fabrication, the thickness of the
buried insulator layer 2 is the designed thickness. [0037] The SO
wafer 10 can be fabricated, for exanple, by the bonding nmethod in which two
silicon single crystal wafers are prepared for the base wafer 3 and the

bond wafer, th@h@U&bﬁdihgiah%ggﬁohaﬂ@la%ih@a\ei% thec ehoven geségned
thickness is forned on at |east one of the wafers, the base wafer 3 is
bonded t eatslye alpoind iwdfler acmrattee dondrovafef thet hhhfkaSspoogglthe The

t hi nni ng ep for form t Q. layer,1. of . er 10 can be

perf or negggye&ryienrdiar%{natﬁ% p%ﬁ? st egr %r%dthsé ?%Eg%ﬁpqg\r%?&ti on del am nati on
met hod. Phe fleaabirpltantad edel @aninathothoet hod manafbechmicgae afor

obt ai ni n% an SO wafer, for exanple, as follows: a silicon oxide filmis
fornmed oRCdt Wod&dt Ind vt I i toreRthglte crystal wafers; at |east one
of hydroqeér@) igqns and rare gas ions are inplanted fromthe surface of one of
the wafers (3the bond wafer) to forma mcro bubble |ayer (an encl osed

| ayer) at the Fhoseuegi tieaitt y refa e tsumfaacecd nthéie appeiedr of the wafer;

the ion-inplant.ed surface the_bond wafer_js.then brought into close
contact Wit HE Dt ert%}/%f%él ("f%%e)f)gg%l@\%f é?krtlﬁfagﬁ)&h the silicon oxide

film a heat tmeatmeRt uadndeltad il o heatid relel senbhnes then perforned to
del am nate the bond wafer as a thin filmsuch that the m cro bubble |ayer

beconmes & e@ldarsy st ERe fur et int hat edi prane) SOdndad StedtP% r eat nent (a
bondi tr: i t f - i dthet il
ondi ng E%%%olrlﬁdeﬁsﬁg%%%}%eﬁ _%%bié%& \%gggglk%}h' LE ¥rRond the two silicon

single crystal wa having a thin SO layer with
very hi givatrhiackines st runiferm f yecahoberabeabfiedhwi exposivats Vel Bese by t he
ion inplantation del am natjon nethod. The .ion i nplantation

del am na?%u@n Gkt - a@s“éa%?l gﬁa ﬁ%}hﬂ?yﬁfcﬁﬁahcgmes 4

ot 101 of t he

t hi ckness Bfcd hennSA 1 4 ayero anghd hea BOXcl ayernanthel & xpaydurculgdye pref er abl e
to be used in the nethod for manufacturing an SO wafer of the present
i nventi ot [WgEBglesist whemrilesPhehplitbagkerty PRPIFE ¥Hen-Sppl i ed

accordin%éf%éJM%éxghw@ﬁgrS@fiﬁgféﬁbéhaagﬁgbles pattern formation

with high precision. As a result, variation in device
patterns formed by developing after exposure in the
photolithography operation or by subsequent processes
(e.g., etching, film formation, and ion implantation)
can be substantially eliminated, thereby achieving
device patterns as designed.
[0040]

Moreover, since 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 used, photolithography conditions such as thickness
design of a film used in the photolithography operation,
e.g., a resist film, a film for preventing reflection,
and a topcoat film (in the case of immersion
photolithography) can be identical to those used for the

bulk silicon, and this enables simplification of the
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Manuf acturing the SO wafer in this manner realizes manufacture of the
suitable SO wafer for photolithography that enables inhibition of the
variation in the reflection rate of the exposure light due to the variation
in the SO |ayer thickness and hence inhibition of the variation in the
exposure state of the resist when the photolithography operation is
performed on the SO wafer and enables pattern formation with high

preci sion, As a result, variation in device patterns forned by devel opi ng
after expoSire ith o9& Fm’otol i t hogr aphy operation or by subsequent processes
(e.g., etiohiang, filmformation, and ion inplantation) can be substantially
elimnated, ther ebg achi evi ng deV| ce patterns as designed. [0040]

Moreover, si ncént hder BRF8EF of heabe e be SHide ¢ RVequrd Igﬁt to a
ref'ectlg X{%tn% ¥ & S&ﬁtjgcaweaﬁ@e bl ¥ Sidi §9§J1é:eh altewl@es@ll 160N on whi ch

afilmi ical to that forned on the SO surface is formed) is "used,
phot ol i t hogr a&ptwy lciarndi tqm&tsm:dte abilmi cknessldssighedf iastillahassed in the

photol it ra ation, resist film a filmfor preventing
reflecti gﬁ% zfp&%ar”{)eé{)caosat a gl H%y?’ﬁe takeo %f i mrer si on phot ol i t hogr aphy)
can be identic@hehothRoserused iffuthe buldy st | isotheandltibbs enabl es

sinplification of the photolit hographg [ 0041 In the nmethod, the
buri ed i AddImds Tiayerotahi becamyoevelbfigesfiilton toRi #& %99 a silicon

pioride Lhdm AN ayag}réf%&g@wﬂ& BL! BLsQbnddl 3 nalied, insul ator 1 ayer

formed as a t here buried i1 nsul ator layer is
the sili G:@rfmaicttrjjxde frider o5 stthe c}o)lmrDaglnunsudietblrl ma ytehe dsurieeldl | nsul at or

| ayer thicknes y. be deSl ned, using the refractive index of the buried
i nsul at oS 537& S;EL%/%CPYP %F%l g%ﬁ(i con oxide film [0042] As
descri bed pafome, in the case of the laninated insulator layer formed of a

plurality of buried insulator layers, the thicknesses of the buried
i nsul at or | ayeRs Wy drd hesk lhdssd grigel B hca pat Of hEnpr ealidat@en) of the

oo o0 4 T A o L SkpE s an LA achefareader o caloulated oL
t he producisiloftat |1dwayes s slati shie&nthees 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.

[0043]

The present invention realizes manufacture of the
suitable SO0I wafer for photolithography by which the
variation in the reflection rate of the exposure light
due to the variation in the SOI layer thickness can be
inhibited in the photolithography operation and the
variation in the exposure state of the resist can be
thereby inhibited, even when various buried insulator
layers are used as described above.

[0044]
In the embodiments described above, the silicon

oxide film, the silicon nitride film, and the silicon
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expression (1/2) AxA. [0043] The present invention realizes

manuf acture of the suitable SO wafer for photolithography by which the
variation in the reflection rate of the exposure |light due to the variation
in the SO |ayer thickness can be inhibited in the photolithography
operation and the variation in the exposure state of the resist can be

t hereby i nhi bited, even when various buried insulator |layers are used as

describegx. QY& Eo%ﬁih are exé fﬂ%ﬁ iﬂﬁ%“ﬁu? é&ri §913@8¥e’ the
e ?l§ﬁ1 4% de f1 ﬁ

silicon oOX the silicon tri m and the silicon oxynitride
filmareleyeapbi.figd aket beebenited nivesuliaingr Heawsere 2, imsthetpresent

i nvention, h , | at filns made of high 1t1ivi i al
(1 gh- k. FILHIS) Tedeh ode THED2 P2z L LAB05, Mt b CahOAr o b Eipl oyed.

EXAVPLE EQO45SLs Hfo,, 708, priesent hLAventboncah! h1be Beremppegicli.cal Iy
described below with reference to Exanpl es and Conparative Exanpl es, but
the present invention is not limted these exanples. [0046] (Exanple 1)

EXAMPLE
[0045]

The present invention will be more specifically
described below with reference to Examples and
Comparative Examples, but the present invention is not
limited these examples.

[0046]
(Example 1)

An SOI wafer suitable for photolithography with an
exposure light having a wavelength A was manufactured by
the method for designing an SOI wafer and the method for
manufacturing an SOI wafer of the present invention.

The reflection rate with respect to the variation in the
SOI layer thickness was evaluated when the manufactured
SOI wafer was exposed to the exposure light having the
wavelength A. In Example 1, the wavelength A of the
exposure light was 193 nm, and the buried insulator
layer thickness designed on the basis of the wavelength
A was 124 nm (See Table 1).

[0047]

The evaluation result is given in FIG. 6.
Referring to FIG. 6, it can be seen that the reflection
rate with respect to the variation in the SOI layer
thickness did not vary but stayed constant. On the
other hand, it can be seen that, in the later-described
Comparative Example 1, the reflection rate with respect
to the variation in the SOI layer thickness varied

widely.
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An SO wafer suitable for photolithography with an exposure |Iight having a
wavel ength X was manufactured by the nethod for designing an SO wafer and
the nethod for manufacturing an SO wafer of the present invention. The
reflection rate with respect to the variation in the SO |ayer thickness
was eval uat ed when the manufactured SO wafer was exposed to the exposure
| i ght having the wavel ength X In Exanple 1, the wavel ength X of the

exposur e lightlyﬁéaéggeng%%gpgiﬁgﬁgﬁg%h%grhg%uE%%QrﬂH@“ﬂeﬁﬁg&kness

desi gned on the basis of e wav was 124 nm (See Table 1). [0047]
The eval gati abstgathty b8 govewadfrerFla@d GhReferirodgiéo FIG 6, it can be

seen that the reflection rate with re pekgt to thetvariatjton in the SOT
| ayer thP@RHESSTYFdNAoB VAR BIGtE St f%/écF st et - oh" YA “6PRer hand, it can

be seen that, ;bnqkhe ghatelr descldRad Lomparaid veu Exappbesdr theeref | ection
rate with respect tothe variation in the SO |ayer thickness varied

wi dely. for photpfl itawdyerdaooradicthgilyer orts ryed ‘t’%é@f—”tﬁ@sﬁréflﬁéd for
desi gni ng_gn SOt vafer. and f he method, for, mRoutacs urjngan 8() I wafer of

t he pres reall esi gn and manufacture of the suitable SO

waf er fopnhphetekhblegpaphyupeand when tie SOtisafen destyred and

manuf actured by the invention is used in the gh%téol ithggr aphy operation,
p

t he vari &BLeRCitA OPh& arted [Odethilth $ER RS OFC t hidl Gr&°l FGft due to the

variatiog,i.n ,the qaish, hayersdhickpess: gaacbesknbhhi bediandptikeavariation in
t he exposure state of the resist” can be thereby inhibited. The SO wafer
al so enabhés tpat tverni aftdramatirort vt téxpe garpr eciseonl LOB48EsEBtanples 2 to

4) - The conditions qf..the vel.en 2. t X i ght and the
buried i fi§t gteo%hiea?f@ry tltﬂ%c]ﬁfe %g\gegéhgengga&onw?%er b%glsg gggpggsv\avel ength k
i n Exanpbatewer e cahangesh tolyaluglh eptbeisebhection rate in the same
manner as in Exanple 1 (See Table 1). In Exanple 2, the wavel ength k was
248 nm and the buried insulator |ayer thickness was 164.5 nm |In Exanple 3,
t he vvavel[%@qtiggxx was 365 nm and the buried insulator |ayer thickness was
123.8 nm In anple 4, the wavel ength A, was 436 nm and the buried

i nsul at or( Elxayexl etshixckiess) was 148.6 nm [ 0049]

The conditions of the wavelength A of the exposure
light and the buried insulator layer thickness designed
on the basis of the wavelength A in Example 1 were
changed to evaluate the reflection rate in the same
manner as in Example 1 (See Table 1). 1In Example 2, the
wavelength A was 248 nm and the buried insulator layer
thickness was 164.5 nm. In Example 3, the wavelength X
was 365 nm and the buried insulator layer thickness was
123.8 nm. In Example 4, the wavelength A was 436 nm and
the buried insulator layer thickness was 148.6 nm.

[0049]

The evaluation results are given in FIGS. 7 to 9.
Referring to FIGS. 7 to 9, in all of these examples, the
reflection rate with respect to the variation in the SOT
layer thickness did not vary but stayed constant. The

results exhibited the same tendency as Example 1.

[0050]
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The evaluation results are given in FIGS. 7 to 9. Referring to FIGS. 7 to
9, in all of these exanples, the reflection rate with respect to the
variation in the So' |ayer thickness did not vary but stayed constant. The
results exhibited the same tendency as Exanple 1. [0050] (Conparative
Examples 1 to 4) An SO wafer was manufactured in the same manner as
Exanples 1 to 4 except that the buried insulator |ayer thickness d was

desi gned (ngng%r%tti@je(:'ﬁ@;% nQt satd s@yi ng the expression d=(1/2)x(2c/n)xA,

and the reflection rate was evaluated in the same manner as Exanple 1. In
Conpar ati ve Exanpbellyafhe basi ednudsudtatrerd ligydrhe Hakhasznp@s 145 nm | n

Conparative _Exanples .2 to 4, the buried insulator |ayer i.ckness was 200
nm as ?ﬁ@“@?&l ts B & GiXeEP #kﬁ@h%%%rifdl?{]é%(alrlrl%ga%to FIGS. 6 to

9, it canazherseen dbrlss id o R atdved Bxanptes dhiokdeskhaorefl ection rate
wWith respect to the variation in the SO |ayer thickness varied w dely.

[0051] satisfPHergeftdree cxpivers then plrot bl £ 1 hobfabhy: opedathen is performed
on the i?r%f\}%fce&riopla\gar{% the burigd i éuﬁgt gﬁ%l aygL Lbhekness not satisfying

(1/2)x( the exposure state of t toresist applied to the
surface @kaipdeSA. waheConprires iace di:dimyld ol 2 Posibeohedn a pl ane of the

SOT | ayer, when there is thickness distribution ipn the plane.of the SO

| ayer, aﬁﬂlsﬁlﬁiastocradsaé’_sert ﬁg“dﬁhﬁ%?%n‘ﬁ%si nghgmdevgﬁlo%%lag?légfe‘é%’epat tern after
exposur e ghramitdie e an patd esnr i d@05Rkulator 1hielsthacheoroet ed that the
present invention is not limted to the foregoi ng enbodi nent. The

enmbodi memesi £00ugm.an exenplification, and any exanpl es that have
substantiall'y the sang,featyre and denp %éﬂt € 108 §?‘WER%PQ£H_9(?S and
ni ca

effects as those’in gﬁe teC concept” described in clains of the
present itrvemdun are inclidecan nbé hgetachhbeal iscopepefratherepr esent
Inventlo%kamples 1 to 4, the reflection rate with respect to the
variation in the SOI layer thickness varied widely.
[0051]

Therefore, when the photolithography operation is
performed on the SOI wafer having the buried insulator
layer thickness not satisfying (1/2)x(A/n)xA , the
exposure state of the photoresist applied to the surface
of the SOI wafer varies according to a position in a
plane of the SOI layer when there is thickness
distribution in the plane of the SOI layer, and this
causes the difference in the developed resist pattern
after exposure from the design pattern.

[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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CLAIMS 1. A nmethod for designing an SO wafer that has an SO |ayer forned
on a buried insulator layer and is suitable for photolithography with an
exposure |ight having a wavel ength X, the method conpri sing

designing a thickness of the buried insulator |layer of the SO wafer on the
basis of the wavel ength X of the exposure light. 2. The nethod for
designing an SO wafer according to claim1, wherein the thickness of the
buried insulator layer of the SO wmpfglgis designed as a thickness d
satisfying an expression d=(1/2)x(X/ n)xA, wherein d represents the

t hi ckness of the buried insul ator Iayer n represents a refractive index

of' the huried insulator. |ayer, and A ent arbitrary positive
integer. *-3. The™ ﬁﬁbﬁgdfﬂ?r §8di9ri Ny aéhpsré%s ks i %gg?o claim1 or

accor

claim 2, geheneiya:t e id ath isuhat &d i@y@:[awramayemeaﬁﬁ assilicon oxide
film a silicon nitride film and a silicon oxynitride fil or a | am nat ed
i nsul at osuidpdrlef mwwellrﬁmglre%y YheR edh. eXROSAIRet A o

manuf act uri ng an SO fer .t sanS donaburled

i nsul at or*3Vayer Gar Ve\g(asr}.ﬂtt}eb ot(c)%i {:ﬁxgrap%yg‘e th an exposure |ight
havi ng a wavel ensgtibnXngt he trhxaidkmrescmrqﬁltshmgommneeetepsubator desi gni ng
a thickness of the buried insulator |ayer of the SO vvafegﬁ on t e basi s of

the waveléygtth & dihq ROTexfoser O i Ghe G??l‘-?z@é f8F tRY ogr aphy

that is & tteleoeergygxpfg on; the. SO wafer after rranufacturlng, and
fabricating the SO wafer that has the SO layer formed on the buried

i nsul ator | ayer having the designed thickness. 5. The nethod for
nanufact%rlng %ﬁesggﬂﬁ%d 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(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.

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. A method for manufacturing an SOI wafer that has
an SOI layer formed on a buried insulator layer and is
suitable for photolithography with an exposure light
having a wavelength A, the method comprising the steps
of:

designing a thickness of the buried insulator
layer of the SOI wafer on the basis of the wavelength A
of the exposure light utilized for the photolithography
that is to be performed on the SOI wafer after
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according to claim4, wherein the thickness of the buried insulator |ayer
of the SOT 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
| ayer, n represents a refractive index of the buried insulator |ayer, and A
represents an arbitrary positive integer. 6. The nethod for manufacturing
an SO wafer according to claim4 or claim5, wherein the buried insulator

layer s any fane (}fl %SI ddgon oxide film a silicon nitride film and a
silicon oxynitri il or a lam nated insulator |ayer forned as a
mul til ayer thefebtlcatlng the SOI wafer that has the SOI layer

formed on the buried insulator layer having the designed

thickness.

5. The method for manufacturing an SOI wafer
according to claim 4, 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.

6. The ﬁethod for manufacturing an SOI wafer
according to claim 4 or claim 5, 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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