METHOD FOR MANUFACTURI NG SO WAFER [Detai |l ed Description of the Invention]

[ Techni cal Field] [0001] The present invention relates to an SO
waf er having an SO | ayer whose thickness is increased by growing a silicon
epitaxial layer on the SO |ayer of the SOT wafer serving as a substrate,
and to a manufacturing nethod thereof. [Background Art] [0002] As a
nmet hod for fabricating an SOT wafer, a wafer bonding nethod and an SI MOX
met hod are gener al | WMEKEEGR, FORe MANUFAGRIFRING SSLNWAFER a net hod of
bonding, e.g., two silicon wafers through an oxide filmw thout using an
adhesi ve, increasing bonding strength by a heat treatnment (1000 to 12000,
and tdhen/[D%fﬁwjﬁw aditmpbickness tofe anevavaf esnbased on, e.g.,

grindi ng/ polishing or, etching, and this technique is advantageous in that
crystall i[ﬁﬁwndfcatglheﬁs@diayer or reliability of a buried oxide film (a BOX
| ayer) iiog@qi]val ent to that of a regular silicon wafer but disadvantageous
inthat filmthickness uniformty of the SO layer has a limt

(appr oxi mat el yThe3 pmestemtosir) vemdi pnsredstteiss ta gin ssdkeveddrsili con wafers

are usedhgggn%aggfqaifrfagéroagoggTE%yéﬁﬁe490991increased by

growing a silicon epitaxial layer on the SOI layer of

the SOI wafer serving as a substrate, and to a
manufacturing method thereof.

[Background Art]

[0002]

As a method for fabricating an SOI wafer, a wafer
bonding method and an SIMOX method are generally known.
The wafer bonding method is a method of bonding, e.g.,
two silicon wafers through an oxide film without using
an adhesive, increasing bonding strength by a heat
treatment (1000 to 1200°C), and then reducing a film
thickness of one wafer based on, e.g.,
grinding/polishing or etching, and this technique is
advantageous in that crystallinity of the SOI layer or
reliability of a buried oxide film (a BOX layer) is
equivalent to that of a regular silicon wafer but
disadvantageous in that film thickness uniformity of the
SOI layer has a limit (approximately 0.3 um at most)
and its cost is high since two silicon wafers are used
for manufacture of one SOI wafer.

[0003]

Further, Patent Document 1 suggests an ion
implantation and delamination method (which is also
called a smart cut (a registered trademark) method) as
one of the bonding methods. This method is a method of

forming an oxide film on at least one of two silicon



Further, Patent Docunent 1 suggests an ion inplantation and del am nation
nmethod (which is also called a smart cut (a registered tradenmark) nethod)
as one of the bonding nmethods. This nethod is a nethod of form ng an oxide
filmon at |least one of two silicon wafers, inplanting at |east one type
sel ected from hydrogen ions and rare gas ions into one main surface of one
wafer to forman ion inplanted |layer in the wafer, then closely attaching
the ion mafletedimptfacenandtodeatdi mruriaee srleréest Heiosili con waf er
t hrough the, oxide fi d reafter r i a t at a

t enper atE1 giro(ﬁegbd%%%n %ggcr%?%a |s;ﬁleorrpﬁeeirrlg%?a?g?emgg%efsye%é%P%]Fﬁ nation
at the i omd &t edo | Ayem, aand orhiisnpied hioeld hasyesupéni dhiet wdffrereasi |y
fabricating a thin SO wafer having SO layer filmthickness uniformty of
10 nm or SHEToW HRE SVpRF FBFPEY Y r*fhreeds‘?rhgl’f\‘/fPILaHE? ntHat e D Wt er nore

than oncg.tiq aghi £y€e acEeddet ib@MdM LOSfcoh 0P94Er throuddh te other hand
the SIMOX nethod is a nethod of inplanting high-concentration oxygen ions

into a siokicen fwafrer 20df bherer fhepyarel LIrnipoant bgattayacatdrnt hen
performng annealin rocessi a hi gh f.enperature of approximtely
1300C toafgcoramr]%?%‘?faeﬁuﬁﬁi 82 gi%lomE(g"Bé% gry&rf) 3 f{”tﬂéersi licon wafer for
usi ng a kaygreratihe sdré&acecsi de lasniaatSdnl ayetheAivhougtp namgdct ur e

based on_the SIMOX nethod is_easy, the BOX | ayer formed fromthe oxygen ion
i npl ant eddY&fer 3rd rat 71 REGHOCo e DR hD5E C¥urPagéSdyer and cannot be

formed at . deep HosiLioni Al sbite Waisr ,ha'a\npmgegég hBGkeasdiing, a thi ckness of

a surface layer device region is difficult. Furtherndre, the fornmed BOX
| ayer does intdndmyeurai flensétgonffi gilrfatnomr avell dhi snaetshuge: rhiase ia yir awback

that a perfect dielectri trength voltage that is_th reatest nrerit when
usi ng an 80" KT agh% é%g?{?&“%&ﬁﬂ gjaotrll%nwa ?ErmPgeth%lnyaoo t%i'hed. [0005]
Meanwhi | gchaldshoughreqt bt eknSOh wafsar. having an SO | ayer whose film

thickness falls within the range of several pmto several-ten pmis a very

useful waP&O%lor a bipolar device or a power device, it is known that

fabricating a Ri,gh,quald f a gl ssdiffkewlty ewen though
t he bondi ng ne?hogh%s?#gﬁ%%g%?%d?%& E&ﬁdﬁﬁﬁ%d t?}e snmart Ocut nmet hod.
That is hepdusd inderbondcogeretred ivsi nryden giondi agitpola sti nigceeeds

bondi ng a wafer having an oxide fi.l mand bar fer, caryyi,ng out a
bondi ng Wé‘gtaert rtéDa%ﬂ? At ?f@f@@norloébd\}[@faalﬁ eger?é{%'ngf‘“é{itﬁ&%ng and
pol i shi NgcRFRGESISI NG iRe2ht Agnpa deydiath S hanepht Regprassuvnd hence the

process beconmes conplicated and inproving filmthickness uniformty of the
SO | ayerppgoxamatth ¥¥i £8P 0°C Ghot herot heburded] 9nidaséion tlReBOFart cut

met hod, i‘ay%irﬁk’l‘%?st@é é‘{‘%fgo | auete o %&?tl?%ﬂgeg 9%@%‘1 U gdepth where
ion inplantation’is possible F|.e., an acceleration voltage of an ion
i npl ant asuafadeyicie)e as naxi B0M degelrer athilorhovodh agenu§aapprexi matel y 200

keV in general inplantation devices,, and an SQ | r _havi ng. a thickness of
appr oxi nﬁt‘?‘é*lega PR TP X cBATHE obtSai SRRy - [F?B@GF%% 139ex ¢ ckmed

from the oxygen ion implanted layer is restricted to the
outermost surface layer and cannot be formed at a deep
position of the wafer, and hence increasing a thickness
of a surface layer device region is difficult.
Furthermore, the formed BOX layer does not have a dense
configuration, and this method has a drawback that a
perfect dielectric strength voltage that is the greatest
merit when using an SOI wafer as a device fabrication
wafer is hardly obtained.
[0005]

Meanwhile, although a thick SOI wafer having an



[ Patent Docunent 1] Japanese Patent Application Laid-open No. 5-211128

(1993)

slip dlslocagkgplngng 8%e$%§a&r%ﬁ :&ﬁ’ Loyige g pRAY ACturddg gt hod

[ Pat ent Docunent 2] Japanese Patent Application Laid-open No.
2007- 194539 [Di scl osure of the Invention] [The Problemto be solved by the
| nventi on] [0007] Therefore, in view of the above-described probl em
it is an object of the present invention to provide an SO wafer having an
SA | ayer whose thickness is increased by growi ng an epitaxial |ayer,

i s a hi gfQuaiaisr sdrosaf Ei lRaig lguows pfadlet Mithyn Fhowarsstof| ess

t her eof . sfwbans t'0" so

a bipolar device or a power device, it is known that
fabricating a high-quality SOI wafer at a low cost is
difficult even though the bonding method using the
grinding/polishing and the smart cut method. That is
because, the bonding method using the grinding/polishing
needs bonding a wafer having an oxide film and a bare
wafer, carrying out a bonding heat treatment at 1100°C
or above, and performing grinding and polishing
processing to obtain a desired SOI layer thickness, and
hence the process becomes complicated and improving film
thickness uniformity of the SOI layer is very difficult.
On the other hand, in case of the smart cut method, a
thickness of an SOI layer is determined based on a depth
where ion implantation is possible (i.e., an
acceleration voltage of an ion implantation device), a
maximum acceleration voltage is approximately 200 keV in
general implantation devices, and an SOI layer having a
thickness of approximately 2 um at most can be obtained.
[0006]

[Patent Document 1] Japanese Patent Application
Laid-open No. 5-211128 (1993)

[Patent Document 2] Japanese Patent Application
Laid-open No. 2007-194539
[Disclosure of the Invention]

[The Problem to be solved by the Invention]
[0007]

Therefore, in view of the above-described problem,
it is an object of the present invention to provide an
SOI wafer having an SOI layer whose thickness is
increased by growing an epitaxial layer, which is a

high-quality SOI wafer having good productivity, a low

whi ch



[ 0008] To achieve this object, according to the present invention,
there is provided a nethod for manufacturing an SO wafer, the nethod
configured to grow an epitaxial |layer on an SO |ayer of the SO wafer
having the SO |ayer on a BOX | ayer to increase a thickness of the SO

| ayer, wherein epitaxial growh is carried out by using an SO wafer whose
infrared reflectance in an infrared wavel ength range of 800 to 1300 nm
falls w tdfst i hkepangeief dAE%ar YD asaffle oSO NRaf eMbr WP ch t he

epi t axi aLp Oaﬂyf&ei?h§5?‘§’?ac[tqlgtqr9f1§|meth0dA%hg?§%rfi bed above, in case of the

SA  waf er "havi ng rare ectance 1nthe'infrared wavel ength range
of 800 t oMets nof ablliveg thwiet H1pl hems inge of 20% to 40% this infrared
reflectance i s. substantially equal to that of a polished silicon wafer.
When gro 'q{bdf%s]ne epitaxial |layer on the SO |ayer of such an SO wafer,

slip-free condiftd ofish S&¢8 agikagpkeat, ng-POVEIn§akaned atpddeid ne of
epitaxial growh of the polished silicon wafer can be applied as they are.
Ther ef or énvwentesenf orheiredilmg auwy sd¢ - & r vetboddiftdromanst et urendi r ed,

thereby greatly %&98%&.”%% %r!e%%o “é#QEEgBESd %’Z& t%}%v?bﬁ’eégﬁg%w?d Sa
waf er, since a change’ininfrared reflectfance due“to a variatron in |ayer
t hi ckness aates hentanesofl tthgeapidaxild goOWvhfies nwerwirsymatthe £O8 epi t axi al

grow h can be performed under optinumslip-free growh conditions_from
start tol@WPDfORh2 BRIt ARVAX d‘r%vﬂtri‘ﬁr%E?ef’"oFQ,l%thrﬁ g‘?fq‘ﬁ]%?i £§1SOT waf er

with a largefilmibigkagssthall hasofbe ski Bakhee epid@xb @l ukaygr formed
t hereon can be manufactured wth excellent productivity at a | ow Cost.
[0010] an SOMtwahes whpese iimfimmeefeefbbetrocsetina arhitkhessedf the BOX

2o of Lt SOL, T 200D Wbl 1, SPLO B, YS! Lo S0 m o
range of 20% to 40% as the SOI wafer on which the
epitaxial layer is grown.

[0009]

As described above, in case of the S0I wafer
having the infrared reflectance in the infrared
wavelength range of 800 to 1300 mm falling within the
range of 20% to 40%, this infrared reflectance 1is
substantially equal to that of a polished silicon Wafer.
When growing the epitaxial layer on the SOI layer of
such an SOI wafer, slip-free conditions such as lamp
heating power balance at the time of epitaxial growth of
the polished silicon wafer can be applied as they are.
Therefore, a test for finding the slip-free conditions
is not required, thereby greatly reducing a time.
Furthermore, in the above-described SOI wafer, since a
change in infrared reflectance due to a variation in
layer thickness at the time of the epitaxial growth is
very small, the epitaxial growth can be performed under
optimum slip-free growth conditions from start to end of
the epitaxial growth.

Therefore, the high-quality SOI wafer with a large



In case of the SO wafer having the BOX |layer with such a thickness, the
infrared reflectance in the infrared wavel ength range of 800 to 1300 nm
falls within the range of 20%to 40% irrespective of a thickness of the SOT
| ayer. Therefore, when carrying out the present invention, adjusting the

t hi ckness of the BOX layer in the SOT wafer alone can suffice, and a
fluctuation in reflectance due to a change in SOT | ayer thickness at the

time of épilxiluickrephthatshals thausl Hanhirast 6Pittg e staye¥ree SOT
waf er hawding & latge. &1yt higk i gxgell ent preductivity. [0011]

At this tiorre,eq% ttqfs %r ef ergb?}% %%ﬁa%ﬁ%%t%gthegsﬁ \§\:/a er on which the

epi t axi abricayert iwigy oanh bylomplcarstt.ng at | east one of a hydrogen ion and
rare gas I@Fﬁ) froma surface of a bond wafer to forman ion inplanted | ayer
in the waf . }closely attaching the ion inplanted surface of the bond wafer

to a surface ohtathase weher 1Hrodgbrarmdute fidnseand therkdelsym nating
the bond wafer at the ion inplanted | ayer. The SOT wafer fabricated

by such && it& BN aht ger offdéhamiSiat ivmt a8t ABdWhASht hdesePiEa®etakhith the
high fil pgygrclg@es r&ﬂnﬁfegn‘gbynma%q E%F&?w 959"“'%?9. Q%i?atﬂ'hvteax' al layer on

the SO r enabl'es providing the waf er havi hg higher quality and a
| arge fiimtelgtaoknesstip0013F 340)+20At dhis tinme, it is preferable to grow

the epitaxial l[ayer by usi a_singl e-wafer processing. | heat.i ng

appar at us havi hg %s%éifggemﬁgél %ﬁgﬁﬁ S ] n’??%r%@%l zg%anpﬁﬁtgH to the
SO wafegybei ng vresdkhes8d £R8G0 QAP0 &M ectance Snnadsetting the

em ssion wavel ength of the infrared |lanp to the above-described range

enabl es Fadueiney thavehéhabhcsaoet e i@l eagl ROBnnImhd arldfy ettthte, the
epi taxi al Layer, can, e, gL oy ;852 90 AG ELOBSL L8 Lhersldiid s e petting
the SOI layer. Therefore, when carrying out the present
invention, adjusting the thickness of the BOX layer in
the SOI wafer alone can suffice, and a fluctuation in
reflectance due to a change in SOI layer thickness at
the time of epitaxial growth is small, thus
manufacturing the slip-free SOI wafer having a large
film thickness with excellent productivity.
[0011]

At this time, it is preferable to fabricate the
SOI wafer on which the epitaxial layer is grown by
implanting at least one of a hydrogen ion and rare gas
ions from a surface of a bond wafer to form an ion
implanted layer in the wafer, closely attaching the ion
implanted surface of the bond wafer to a surface of a
base wafer through an oxide film, and then delaminating
the bond wafer at the ion implanted layer.

The SOI wafer fabricated by such an ion
implantation delamination method has the SOI layer with
the high film thickness uniformity, and hence growing
the epitaxial layer on the SOI layer enables providing

the SOI wafer having higher quality and a large film



[0013] At this time, it is preferable to grow the epitaxial |layer to have a
t hi ckness larger than 1 pm As descri bed above, when grow ng the
epitaxial layer so as to have a relatively large thickness, the
manuf act uri ng nmet hod according to the present invention enables grow ng the
epitaxial |layer under the slip-free conditions fromstart to end of the
epitaxial growmh with alnost no change in infrared reflectance due to a
vari at i offhl§KMn®gF- t hi ckness of the SO even though a high tenperature is
mai nt ai n gofl% a long time, which is preferable. [0014] Furt her nore,
accordi ng to the present invention, there is provided an SO wafer
conprising: a hasehdaf erideor ned D& arsifliradriesityl @rowyshal , a BOX | ayer on
| ayer on the BOX | ayer, wherein a thickness of

the base wafer,. e&ngL an Sq) i C 5 2 _
the BOX PRy&R%i€ 30 hHe broBePow 8r 3( (o 'Ho5TTY¥ESF nPEG & Shild i P of
340) 20) RERtARY HBpaAth3YBEVEARPEISRSii S Sbh | GaDeSeRG® Gyl |ayer on
the BOX | ayer, "and an epitaxial l'ayer grown on the silicon single crystal
| ayer. [®0f3pred lamp applied to the SOI wafer being restricted

to 800 to 1300 nm.

Since setting the emission wavelength of the
infrared lamp to the above-described range enables
reducing the influence of the wavelength on the
reflectance, the epitaxial layer can be grown in a state
closer to the slip-free setting conditions.

[0013]

At this time, it is preferable to grow the
epitaxial layer to have a thickness larger than 1 pm.

As described above, when growing the epitaxial
layer so as to have a relatively large thickness, the
manufacturing method according to the present invention
enables growing the epitaxial layer under the slip-free
conditions from start to end of the epitaxial growth
with almost no change in infrared reflectance due to a
variation in layer thickness of the S0OI even though a
high temperature is maintained for a long time, which is
preferable.

[0014]

Furthermore, according to the present invention,
there 1is provided an SOI wafer comprising: a base wafer
formed of a silicon single crystal, a BOX layer on the
base wafer, and an SOI layer on the BOX layer, wherein a
thickness of the BOX layer is 30 nm or below or ((a
positive integral multiple of 340)%20) nm, and the SOI
layer comprises: a silicon single crystal layer on the

BOX layer, and an epitaxial layer grown on the silicon



According to the SO wafer including the BOX | ayer having such a thickness,
the infrared refl ectance hardly changes at the tinme of formng the
epitaxial layer on the silicon single crystal l|layer since the infrared
reflectance in the infrared wavel ength range of 800 to 1300 nmfalls wthin
the range of 20%to 40% and the slip-free conditions of the polished
silicon wafer can be applied as they are to assuredly grow the slip-free
epi t axi als ingyley %Yﬁtéicéﬁb@ﬁt- productivity since the refl ectance

substanti %Ioll)g}equal to that of the polished silicon wafer is provided,

t hereby obtaining the high-quality SO wafer at a | ow cost. [Effects]

[ 0016] Accord ingy ttoo t hiee pO3emt fienv eintd und i mbehhgr B@Xng atyleer

i taxial | the SO f the S fer to i i ck
of tho SEFYAFErS BTt hF GhehRT Iy S0 Wbk £ L WRL Kl VG q T T Eknoss

that has hessyesd i di gt 0gahkbon rakd 0tiNey stig@nepe tBrAiactayfed gt h
excel l ent productivity. [Best Mde(s) for Carrying out the Invention]
[0017] the siliquhvehtobfakrawdawpl dsayshenlepit dRcalingrpdiedis carri ed

out on a@e%?eétaa)’neée OInth?Oin%fa?edS%a%@gﬂeg tﬁaggﬁﬁer AL dyp using, e.g.,

a single-wafer processing lamp heating type epl al” growth apparatus at a
hi gh t enpénat unire, f4 hes ewi shanprok! emridwtos| 2p3disl doat,i aimd stlapt t o occur
on the wafer to degrade, quali regard_to this problem there is

. lity. I n
a met hod Sf-PperFas i PR epi PaRI I &_rl’cﬁ/\/_(HP]ijnS%% hSala&rRerd PP ef |l ect ance
of an SOl aygpy il fagcergay Lakl vW thidhid81y grow the slip-free

epitaxial layer with excellent productivity since the
reflectance substantially equal to that of the polished
silicon wafer is provided, thereby obtaining the high-
quality SOI wafer at a low cost.

[Effects]

[0016]

According to the present invention, when growing
the epitaxial layer on the SOI layer of the SOI wafer to
increase a thickness of the SOOI layer, the high-quality
SOI wafer with a large film thickness that has less slip
dislocation and others can be manufactured with
excellent productivity.

[Best Mode(s) for Carrying out the Invention]
[0017]

In conventional examples, when epitaxial growth is
carried out on an SOI layer of an SOI wafer serving as a
substrate by using, e.g., a single-wafer processing lamp
heating type epitaxial growth apparatus at a high
temperature, there is a problem that slip dislocation is
apt to occur on the wafer to degrade quality.

In regard to this problem, there is a method of
performing epitaxial growth in such a manner that a

reflectance of an SOI layer surface can fall within the



range of 30%to 80% before the epitaxial growh and adjusting a thickness
of each of a BOX |ayer and the SO |ayer so as to obtain such a refl ectance
(Patent Docunent 2). However, even if the SOT wafer having the refl ectance
falling within this range is used, finding conditions that slip dislocation
does not occur (slip free) and performng slip free epitaxial growh are
very difficult in some cases. [0018] iis_considered that a reason
why suchTarsie i i oeeup 8’ IP@éqﬁ?tQRﬁ %P%F?ERﬁés@QQWQWK?%ﬂj | ayer is

| ncr eased gﬁ; i 4 @a@m&ﬁﬁb@'s YoWILh & | Af axedafefl eGlangss isodl so

changed, epltaX| growm h conditions that are optinmum before the
epi t axi all agreowtsdv aae o bbngen eptamem oehbdéctanse WlPerteint t he slip

di sl ocat | on i S t,to cur. artlc hi ckness of .t he grow ng
epi t axi a’® qgk%eed ﬂW%%?ﬁhd VSEC %l%ggﬁwgﬁf %?%8r1 %89 dbtve, a

hi gh- te”@%rfﬂtelﬁt%rf@é nt&Al DiAg LA o dHies ephhgai @b grsewt,h ﬂlSncDi’IOd{ onged, and
the slip dislocation is further apt to occur. [0019] i's

conS|deré@Wﬂ%ﬁlowmé%h%ﬁesﬂhPréﬂééQQﬁq%Qﬁaﬁ%%scﬁaﬁg€§QHﬁ|9ﬁﬂ%$e epi t axi al
growth, a.Lepelfl e ol AiNal e s PUiARe Lol 2 §g§c§%w bagks sucfgce)

cannot bé accuratel neasur an out put ~of becones unstable to
deter|orduéﬁumdkﬂrumys@meanaaeBual growm h tenperature, thus resulting in
occurren the slip dislocation. [0020] On the other hand, as a

result of%ﬁgﬁﬂorn?ng a simulation of an infrared reflectance with respect
to a BOX | ayer rihijgkness aqwhrad Sehtl ayekadtrckiepss@énan SO

situation occurs lies in that a thickness of the SOI
layer is increased due to the epitaxial growth, an
infrared reflectance is also changed, and epitaxial
growth conditions that are optimum before the epitaxial
growth are no longer optimum conditions, whereby the
slip dislocation is apt to occur. In particular, when a
thickness of the growing epitaxial layer exceeds 1 um
and reaches several pm to 10 pm or above, a high-
temperature maintaining time in the epitaxial growth is
prolonged, and the slip dislocation is further apt to
occur.

[0019]

It is considered that, when the infrared
reflectance changes during the epitaxial growth, a
temperature of a wafer surface (or a susceptor back
surface) cannot be accurately measured, and an output of
a lamp becomes unstable to deteriorate uniformity of an
actual growth temperature, thus resulting in occurrence
of the slip dislocation.

[0020]

On the other hand, as a result of performing a

simulation of an infrared reflectance with respect to a

BOX layer thickness and an SOI layer thickness of an SOI



waf er and carrying out exam nations, the present inventors found that the
SOT wafer having a specific infrared reflectance is substantially

equi valent to a general polished silicon wafer used for device fabrication
and the infrared reflectance is not affected by a thickness of an SO |ayer
on this wafer. Additionally, they found that an SO wafer having a specific
BOX | ayer thickness has the above-described infrared refl ectance and
arrived ¥efHe FrdsehtrYADENOVSn examinatipns, | §heysirgga™e SO waf er

having thig specidi fodﬁ% Layer (HY aaess, £0abl g5 agply i dihe epi taxi al
grow h conditions (lanp heating power bal ance) equal to those of the
pol i shed isifliacoed wad £lechahest itsi milrstpntedl fpr efiundiadgrgutt sld p-free

conditions when performng the epitaxial gro wi th respect to the SOT
nafer calBe o kot b T AR CBAT ISR (T o i BETT eboEpFERital gr owth can be
carried gutbritdieredy icbrteat ing dhedi bt jpat bh¥eSOs wWaftera fte @ @w cost .

[ 0021] Further, at the tine of performing the epitaxial growth, when

a filterbthat tPuselereas spécphi € Maviaxaigten t ke et HRé6Gh is utilized to
restrict A@l@i%%%ﬁéfﬁ%,‘"@ﬁéﬁ??%ﬂn%f tg?aﬂ i ag &4 ﬁ§¥eggﬂla'veiqlgt Q the SO waf er

to 800 nmto an | uence wavel engt that are not considered
i n the skpylcdtfiion B@h bayeedubédknsser éys achesabbvehate sic ifird her cl ose to

a sinulatiaon result n be obtained. [.0022] An exam nation result
bt &l ned 1By FEHE Drieert CTADERt GRS WL Tiow b6 HRSPEBR irer of naf ter i1
detail. jpventifdast, FIG 5 shows spectral distribution characteristics of

a hal ogen lanp used in a single-wafer processing |anp heating type
epi taxi al gr owChagpgaratusinl theu§hRIemadsiromdsiidupdipnsregiidd d nfrared

range. | bokan g Her sk 000t BRI ARk YRYS! ERG! Bolt prgsent [n the
growth conditions (lamp heating power balance) equal to
those of the polished silicon wafer, a test time
required for finding out slip-free conditions when
performing the epitaxial growth with respect to the SOI
wafer can be greatly reduced, and the slip-free
epitaxial growth can be carried out, thereby fabricating
the high-quality SOI wafer at a low cost.
[0021]

Further, at the time of performing the epitaxial
growth, when a filter that passes a specific wavelength
therethrough is utilized to restrict an emission
wavelength of an infrared ray applied to the SOI wafer
to 800 nm to 1300 nm, an influence of wavelengths that
are not considered in the simulation can be reduced,
whereby a result that is further close to a simulation
result can be obtained.

[0022]

An examination result obtained by the present
inventors will now be described hereinafter in detail.

First, FIG. 5 shows spectral distribution

characteristics of a halogen lamp used in a single-wafer



[ 0023] FIG 1 is a viewobtained by sinulating infrared refl ectances
of a polished silicon wafer, an SO wafer A (an SO l|ayer: 70 nm a BOX

| ayer: 145 nm, and an SO wafer B (an SO layer: 50 nm a BOX |l ayer: 10
nm. It can be understood fromthis drawing that an infrared refl ectance of
an SO wafer largely changes in dependent on thicknesses of an SO | ayer
and a BOX layer and that an SO wafer having a reflectance substantially
equal toPERSETTinhel PoPi BABE1LIEN Lottt VR EFaX 52 br 88t D iAPR AN SOT waf er

B. [0024hlt.hou%h Fl{3 s 61 SHOYS %oﬁ?ﬁyl'tnﬁ wlgul ahkpgraqr F‘rfalnﬁé,anﬂ,e of an

SOT wafer wth Tespect to a wavel engt 1000 nm as the peak wavel engt h of
t he hal ogem lkenpwviddhsanoSCEhbayert st mekinessvahdnat BOXs| ayers4arhi ckmess

bei ng useég as .paraneters. It can be understood that the refl ectance
of the S ewé’Fe?“Py%Yi%il?WQh&Wges in accordance with the thicknesses of
the SO Irayersjand the BOX | ayer and that the reflectance greatly changes
dependi ng on the thickness of the SO |ayer, nanely, a high reflectance of
approxi mat el y 80%:.i & proovd debev nokhgéned tve sS@ulalyerdt hNEKAESS of 70 nm

but the f ce ls redu : RS OX 10% @ryb I ny case of
t he SO F%fé%%t%%c{%ées%f o% éggltﬁ'%e%ﬁesﬁlpltplh(g%g% f%t%érgﬁ h;%glgngsage’%fs 145 nm
i ke the (S@Q Swedaf eraver Fur 0 hemn, bt BE&S lad ysor unted stopd that an B@ase of an

SO wafer having a BOX | ayer thickness of 10 nm|ike e S fer B, the

refl ect aﬁééeﬁa a(asr_hb%‘?lom FaPFy %iléxé’&l'vaﬁ _d%o%f{n%l’ﬁ%f oﬁgo%rgve\r,ﬁtthough a SO
layer thigkness Maldescdhd Elohs taubStadd A d yriggbahnt entrie veef | ect ance of
the polished silicon wafer. Furthernore, a BOX | ayer thickness that

provi desrafdgissteame adf yanhi Red weffleactlange 1y kehahge SOl nnwgle@eBiefvien t hough
the SO |ayer .thickness varies.i VG r n d_t eveal ed
that a tﬁlncli%lllléLscs o> e %gx?gc;sl'?ﬁe%ia?ecﬁcg%gt% %ﬁ% %ﬁy@ 06‘%3] %%eri ment al
Exanpl €) an SOI wafer having a reflectance substantially equal to

that of the polished silicon wafer is present like the

SOI wafer B.

[0024]

FIG. 6 shows a result of simulating a reflectance
of an SOI wafer with respect to a wavelength of 1000 nm
as the peak wavelength of the halogen lamp with an SOI
layer thickness and a BOX layer thickness being used as
parameters.

It can be understood that the reflectance of the
SOI wafer cyclically changes in accordance with the
thicknesses of the SOI layer and the BOX layer and that
the reflectance greatly changes depending on the
thickness of the SOI layer, namely, a high reflectance
of approximately 80% is provided in case of the SOI
layer thickness of 70 nm but the reflectance is reduced
to be approximately 10% or below in case of the SOI
layer thickness of 140 nm when the BOX layer thickness
is 145 nm like the SOI wafer A. Further, it was also
understood that, in case of an SOI wafer having a BOX

layer thickness of 10 nm like the SOI wafer B, the



To confirmthe sinulation result, the polished silicon wafer, the SO wafer
A (the SO layer: 70 nm the BOX |l ayer: 145 nm, and the SOl wafer B (the
SO layer: 50 nm the BOX layer: 10 nm each having a dianmeter of 300 mm
were used to carry out H2 annealing (in an H2 gas 100% at nosphere) at 1100C
for 900 seconds by a single-wafer processing |anp heating type epitaxial
growt h apparatus (Centura: manufactured by Applied Materials, Inc.). Aslip
occur r enE€ i Gh s @varbatestiaddd dnt%¢¢ pvailyRl PEhtdd ep di spl ay of

a waf er Le ' ppara (§qﬂ@§1 nfra larization).
[ 0026] 3b% %%é}f?%géﬁgr%ggrég EL%?teﬁje%gloJ] IS edé 2??#2%)% \%gge?%pﬁaﬁp heat i ng
power bakabeet afrahialel mnegbel onot hbewafedrl edtranece oof dhet be lvetherg

condi tions . that provide slip-free stat ter the H2 anneali wer e

obt ai nedS1RELECTY "EHts aaEF%rsUF?rrB?rﬁer Fo%ﬁ%gla%eer I—Ehjaﬁ%‘légflsnéﬂ%tt h respect
to the SPhowalRis A Ak Bainden 15Ueh xeendidf DasStadbe SOkevaier f»mhose
reflectance is substantially equal to that of the polished silicon wafer

was subsvadeirall yevareetBewai sthp, S dip ver subsebnesal VerdgFalis o t he

pol i shed _si |i. f , th ré}@@% | Qgg{v at a
waf er pe?' S%é%%lrllggrpﬁ%sn&g?’t%gdsg% \%a%ferr A. %%gﬁga\@lag th%ﬂ t eesesi)it her
hand, i nofegard rnextt hey S waf eloBAe ¢endi4d ams. t hat provide a slip-free

state Wer(FJ5 2ghai ned, and FIG 7 also shows a result obtained by applying
such condPP¥cds to the SOT wafer B, but it was reveal ed that slip

consi der Qg&gegq%gr{teéjl atxihs1waf er periphery and near the center of the SOT
wafer B. [0028] escri bed above, it was understood that the

slip-free condlpi epsfefrm Hhes@imat ek idahf resuddperidiqgeohi sheeknesses of
the SOT Layer and the BQY L aysr and that the skip-{ree.condi tigns of the
! Firéd to wafer “B. Thi

pol i shed™siTi’con wafer’” can be appli e i's’situation
can be expkabBoed lkased: ond 8l fiher enaes the iI90T areber eBl echans®Ishown in FI G

1. That is, it can be considered that the slip-free conditions differ since

the pol i $A¥8%Si FlcoMmates BRE LREeSOT Mafdt) BHaRel3UbEFaftially the sane

reflectageggeand e R MRTHE-A Nasqa defd ot pnser thatahse§0nsigder ably
different fromthese refl ectances.

(in an H, gas 100% atmosphere) at 1100°C for 900 seconds
by a single-wafer processing lamp heating type epitaxial
growth apparatus (Centura: manufactured by Applied
Materials, Inc.). A slip occurrence situation was
evaluated based on slip highlighted map display of a
wafer stress measuring apparatus SIRD (Scanning InfraRed
Depolarization).

[0026]

First, in regard to the polished silicon wafer,
lamp heating power balance (above and below the wafer,
in or out of the wafer) conditions that provide a slip-
free state after the H, annealing were obtained. FIG. 7
shows a result of performing the H, annealing with
respect to the SOI wafers A and B under such conditions.
The SOI wafer B whose reflectance is substantially equal
to that of the polished silicon wafer was substantially
free from slip, which is substantially equal to the

polished silicon wafer, and, on the other hand, slip was

11 °



[ 0029] Therefore, like the SO wafer B, in case of an SOT wafer that
has a refl ectance (approxi mately 20% or above and 40% or bel ow)
substantially equal to that of the polished silicon wafer in a wavel ength
range of 800 nmto 1300 nmincluding a peak wavel ength range of a hal ogen

| anp used in the single-wafer processing |anp heating type epitaxial growth
apparatus, it was found that a slip-free heat treatnent can be carried out
W t h respéstened het SOTwadeer pey igdtat gy phetsaneoedthe €4t mene€ondi ti ons
as heat tyeatnent conditions that can obtain a slip-free state in the
polished silicon wafer at the tine of epitaxial growh or hydrogen

anneal i ng ofo7renoval of a natural oxide filminmediately before the

epi taxial grow h, thereby bringing.the present invention to conpletion.

[0030] Erb Sdirent L B8l ar ng ™t & e Driedent®i AVENFRSATwi Y1 now be
speci fi caldny idessr i bedapepebhaticers Wifp L ef 8LeBE8 k0 e Hiav 1Sy, but the
present invention is not restricted thereto. FIG 2 is a flowhart

showi ng amdexalifpl e’ oflan ehbodi remenfla alebhatactubiyngprethiow azeordi ng to
the present j.nvention. G IS SC tic view_show n n | e of an
itk Te ThE SPacRaTventroh T Fola) Tovebiy TR

SO waf ef” “Accor invention.

manuf act wiiing deat hioge 80K dbagutre dde Presenta Fayepkirabheasy arsdibstrate on
which a silicon epitaxial |ayer is grown, an SO wafer having an infrared
refl ect aR€&oft ¥D% IR @B00E &RE M(ﬂa%@o@vi n an infrared wavel ength

range of [30% g0 1300 nm is first fabricated.

As described above, it was understood that the
slip-free conditions of the SOI wafer differ depending
on thicknesses of the SOI layer and the BOX layer and
that the slip-free conditions of the polished silicon
wafer can be applied to the SOI wafer B. This situation
can be explained based on differences in infrared
reflectance shown in FIG. 1. That is, it can be
considered that the slip-free conditions differ since
the polished silicon wafer and the SOI wafer B have
substantially the same reflectances and the S0I wafer A
has a reflectance that is considerably different from
these reflectances.

[0029]

Therefore, like the SOI wafer B, in case of an SO0I
wafer that has a reflectance (approximately 20% or above
and 40% or below) substantially equal to that of the
polished silicon wafer in a wavelength range of 800 nm
to 1300 nm including a peak wavelength range of a
halogen lamp used in the single-wafer processing lamp
heating type epitaxial growth apparatus, it was found
that a slip-free heat treatment can be carried out with
respect to the S0I wafer by setting the same heat

treatment conditions as heat treatment conditions that



First, at a step (a) in FIG 2, two silicon mrror finished wafers are
prepared, nanely, a base wafer 10 serving as a support substrate and a bond
waf er 11 serving as an SO |ayer that neet a specification of a device are
prepared. [0032] Then, at a step (b) in FIG 2, at |east one of
these wafers, which is the bond wafer 11 in this exanple, is subjected to,
e.g., thermal oxidation to forman oxide film 12 on a surface thereof. As

t he formedrorrlfainhi @ akiige firidemstatret Hodt Bechoad sbed il eeadopt ed.

0033 t. this tipe, it is.oref i i ck f th
E)xi de]fi RS fént s‘?&% %Il%%nr?gr e{q?ﬁ%ﬁ%?@&ﬁgéﬁ %&J ﬁ%@#%gr ngfs Sag sa ©

waf er toamdabingated bemoras IF remmdtbes dwoatd de( &idesi tive integral
mul tipl e of 340 n SO wafer having such a thickness of the

)é% nm An S
BOX | ayer e R} Y WaeEPTGhEE iSHITREP + eFFREEANCETISTYHE i nfrared

wavel engily i ange; of h800,-£Q430Q A/ S H0% 8T c8REYE takth 40% or below
irrespective of an SO | ayer thickness and others, thus easily fabricating

the SO J&f0sx0Ineeting requirements of the present invention. Si nce

the fornmed oxide.fil.mbecomes the.BOX, |ayer of the SO wafer. that is to be
fabri cat ed, thgm(?)a(j{dl efrﬁsm?gc%gﬁgg ttc? )h%lvee Q%%Ses%ﬁel{lﬁfeél%&é’é‘s as that

descri begighoveowhesn §peat figchha oxddtecfibatoneene nadaftesr atiote, or the
oxide films are fornmed in such a manner that a val ue gbtai ned by, addi ng
t hi cknes§&<egretde oxi RSt PIFAY 1BHeonds t heh abBYESgedc Mt 1 tkh@ss when

form ng %]t&ec odde filog PRRath the wafers. It is to be noted that, when

the BOX [ayer has a thickness of 30 nmor below, its lower limt value is
not restrictedFiIG.particwd af obahasét tsihmg itrtg saivaé wampades ofmagr above in
or der toe%%%ﬁf%é%gfégignﬁa%ﬂ%@éﬁdfghénﬁg%%é&egbcording to the

present invention. FIG. 3 1s a schematic view showing

an example of an SOI wafer according to the present

invention.

[0031]

In the manufacturing method according to the
present invention, as a substrate on which a silicon
epitaxial layer is grown, an SOI wafer having an
infrared reflectance of 20% or above and 40% or below in
an infrared wavelength range of 800 to 1300 nm is first
fabricated.

First, at a step (a) in FIG. 2, two silicon mirror
finished wafers are prepared, namely, a base wafer 10
serving as a support substrate and a bond wafer 11
serving as an SOI layer that meet a specification of a
device are prepared.

[0032]

Then, at é step (b) in FIG. 2, at least one of
these wafers, which is the bond wafer 11 in this example,
is subjected to, e.g., thermal oxidation to form an
oxide film 12 on a surface thereof. As the formation of

this oxide film, a method such as CVD can be adopted.



[ 0034] Then, at a step (c) in FIG 2, at |east one type of ions,
i.e., hydrogen ions or rare gas (e.g., He or Ne) ions are inplanted into
one surface of the bond wafer 11 to forman ion inplanted |ayer 13 that is
parallel to the surface at an average penetration depth of the ions. [0035]
Subsequently, at a step (d) in FIG 2, a hydrogen ion inplanted surface of
the ion inplanted bond wafer 11 and the base wafer 10 are superinposed and
closely dtt0&hed to each other through the oxide film 12. Wen the surfaces

of the two wafers . .ar.e ht . | nt t i ach. er, in a clean
at nosphere at gﬁ écr%d‘lsng{rly E?'errﬁlccar%gu%gé%ﬁéea wa% gtr(g %?%%gnﬁed to each ot her
wi t hout wS$iirgkreds @dbestie arddet Herlsu Howenvesuchnaadizesiese @t od hers may

be used in order to further securel%%bond t he fers to each other. [0036]
Then, at FRIGEEIR)°T e FPEX 22 Y8 BorfP waf &r "318fs "@el™i nated with the

ion inpl anted daves J3-BRERY 3det sl M nesk Bsw Ao Poundapys itthisfeby fabricating
an SO wafer 16. For exanple, when a heat treatnent is perforned in, e.g.,

an inert igasgtaiogphet epae aft SfiartdtUr enrof approxi mately 300 to 600C, the
bond wafer 11 gan del ami nated_at _t he ion .i.nmpl d_Layer ue to
crystal reorie tnatslla)g[n Waan%%ti ﬁagﬁﬁgl gué:glglao%e}}la |%%£?00%r)cé&edég%t>ﬁe SO waf er
16. It igatyebe ndedsdhaiatrke delcasd nad f oarseatetfleattmnde nay bieeoni tt ed
by increasing an ion inplantation anount at the_tine of form n{g the ion

i npl ant edifgpered 373 6¢ LeRE LA aMdfat o Y B9 pPEYI 8Fs1y® ettecting a pl asma

treat ment .t J,65Ppe6E Le HRE o3urihacas, d O Pee SHPERLTRESED ARdy t her eby
activating the surfaces I n sone cases.
thickness and others, thus easily fabricating the SOI
wafer meeting requirements of the present invention.

Since the formed oxide film becomes the BOX layer
of the SOI wafer that is to be fabricated, the oxide
film is formed to have the same thickness as that
described above when forming the oxide film on one wafer
alone, or the oxide films are formed in such a manner
that a value obtained by adding thicknesses of the oxide
films becomes the above-described thickness when forming
the oxide films on both the wafers. It is to be noted
that, when the BOX layer has a thickness of 30 nm or
below, its lower limit value is not restricted in
particular, but setting this value to 5 nm or above in
order to assure sufficient insulation properties.

[0034]

Then, at a step (c) in FIG. 2, at least one type
of ions, i.e., hydrogen ions or rare gas (e.g., He or
Ne) ions are implanted into one surface of the bond
wafer 11 to form an ion implanted layer 13 that is '
parallel to the surface at an average penetration depth
of the ions.

[0035]
Subsequently, at a step (d) in FIG. 2, a hydrogen



[ 0037] As descri bed above, in the process shown in FIG 2, the step
of fabricating the SO wafer serving as a substrate on which an epitaxial

| ayer is grown is based on the ion inplantation del am nation nethod, but
the fabrication of the SO wafer is not restricted to the ion inplantation
del am nati on nethod, and the SO wafer can be fabricated by any nethods.
For exanple, a nethod of inplanting oxygen ions into the silicon wafer and
t hen per fiommiimp kamead sredbgento{ arhes| MIX hBphsd)f evayded useler FUtt her,

this et hod n be applied tq {he case wher £l e i s reduced
by, e 5. TG I o SF ¢ 8P TBBnditng i TR SECEPE ot LIS eT.

However, aaccaittbdordOocbba bohdrp s edh obhdebatidratfiidm ret hodihesi nce film
t hi ckness uniformty of the SO |ayer is ver i when an el}l)i taxial |ayer

hi gh
i s grown t&® (T BEFePagér taF é%ﬂﬂ%ﬂﬁﬁﬁ%ta%?gﬁfggﬁétsanR&ﬁ%ﬁ t3%Fng the
hi gher - qualiyt o and thhck $Q %ﬂeerar?a@tlzr{l?%sﬁ%@¥bd§@- AdPBBinary

Subsequently, 1n the process shown In , after the delamnation step,
a bondi ng evgatr 4 Tead nrehheswe egan doee dawnided bat eatcha osttegy (Fith@utt his

step, if banding strength of the fers osely attach ta _each other at
the step$Sd)d a%?j ‘?%}??gf‘yg. ,antdhé’t%ﬁ:‘%i oﬁl%ere‘ﬁé/]éhdaflhg%lgleelséﬁenaaﬁ%n heat
treat ment e iday 09e WBaKAt @ b UGSl td BudeMeee spIReRSSy 8sond tBe a

hi gh-tenperature heat treatnent may be performed with respect to the SO
waf er 16vadsgohdihgeheat oEPéat-nent to obtain sufficient bonding strength.
Thi s hea% reatment is perforned in, e.g., an inert gas atnosphere at 1000

0 .
to 1200C'in the range of 30 mnutes to 2 hours. [0039]
Then, at a step (e) in FIG. 2, the bond wafer 11

is delaminated with the ion implanted layer 13 being
determined as a boundary, thereby fabricating an SOI
wafer 16. For example, when a heat treatment is
performed in, e.g., an inert gas atmosphere at a
temperature of approximately 300 to 600°C, the bond
wafer 11 can be delaminated at the ion implanted layer
13 due to crystal reorientation and air bubble
agglomeration to provide the SOI wafer 16. It is to be
noted that the delamination heat treatment may be
omitted by increasing an ion implantation amount at the
time of forming the ion implanted layer 13 for the
delamination or by previously effecting a plasma
treatment with respect to the surfaces to be
superimposed and thereby activating the surfaces in some
cases.
[0037]

As described above, in the process shown in FIG. 2,
the step of fabricating the SOI wafer serving as a
substrate on which an epitaxial layer is grown is based
on the ion implantation delamination method, but the
fabrication of the SOI wafer is not restricted to the

ion implantation delamination method, and the SOI wafer



After the above-described steps (a) to (f), the SO wafer 16 whose infrared
reflectance in the infrared wavel ength range of 800 to 1300 nmis 20% or
above and 40% or below is fabricated. [0040] Subsequently, at a step (g) in
FIG 2, an epitaxial layer 14 is grown on an SO |ayer 17 of the SO wafer
16 serving as a substrate to increase a thickness of the SO |ayer 17 to a
desired thickness. The epitaxial layer 14 that has been through the

epi t axi akagr et fdlsrieaegdabyd anivt matieo$OT |Bgeredamphar ies medthadibj ect ed

to the epitaxial agrowh to formithe. I r .Qf t er 16 that
has been%tfhrlgllﬁ)gha len%p%%gleal 1&?15,\,%31?1% %%v%rﬂlggpo?%%g fa\g‘?ém ng this

epi t axi al hgmhowdy, £ dwyrili 0gen asaealtirmg tyntbe(gar ECHIXoule tidd) mespect to the
SO wafer 16 in the epitaxial growh apparatus to renove a natural oxide

filmon PReus®%acd Withele SOTIFafelrnP? Y RhePPPhéSEpitPati®® growth may

be perfopard JQOAI]. filn tASERINY 19 ssghcaanihod for, manufacturing an
SO wafer by which the epitaxial layer is grown to increase the thickness

of the 50tinajierg sfiee laohdyeg tthi cerestaofurfetBel SOdyerafisiri es as the

epi taxi al growih advances, the.infrar greflec.tan e changes, and the
epi taxial growfi"GNGer AnRnahed §?§te| AR i T EASrD difficult, but

t he manufackuiing 1wt hedtreaor diingd ¢ the PresrAtsknveiticymitsgsoan SOT
waf er whose infrared reflectance in the infrared wavel ength range of 800 to
1300 nm it§e26RTorl &RW el anve 199 619 e "BVE ™ wiver 8By tefe dilnfliefsd ¥2f 1 ect ance

gggs not g%@%g%nevtﬂ'glet@@fg'ﬂagzgg Laver dhiskpesacobihe $He layer changes
wafer having the higher-quality and thick SOI layer can
be provided.
[0038]

Subsequently, in the process shown in FIG. 2,
after the delamination step, a bonding heat treatment
step can be carried out at a step (f). At this step, if
bonding strength of the wafers closely attached to each
other at the steps (d) and (e), i.e., the adhesion step
and the delamination heat treatment step is too weak to
be used in a device process as it is, a high-temperature
heat treatment may be performed with respect to the SOI
wafer 16 as bonding heat treatment to obtain sufficient
bonding strength. This heat treatment is performed in,
e.g., an inert gas atmosphere at 1000 to 1200°C in the
range of 30 minutes to 2 hours.

[0039]

After the above-described steps (a) to (f), the
SOI wafer 16 whose infrared reflectance in the infrared
wavelength range of 800 to 1300 nm is 20% or above and
40% or below is fabricated.

[0040]
Subsequently, at a step (g) in FIG. 2, an

epitaxial layer 14 is grown on an SOI layer 17 of the



a tenperature can be accurately neasured. As a result, epitaxial growh
conditions first set to the slip-free conditions can be maintained in the
optimumstate fromstart to end of the growmh, and tenperature adjustnent
can be accurately perfornmed to effect the epitaxial growth. [0042]

Addi tionally, since the above-described infrared reflectance is a

refl ectance substantially equal to that of a polished silicon wafer, the
epi t axi aBOogr ovatfie wok@i $¢ onsnef asl iap-sfuket pomeli £PohsCcéraske ol i shed silicon

waf er can, be appl.ied th a n slip-ft C ey do not have
to be exg%lﬁé(élpﬁ%ns a%fcgt?%%ngéélvm&?i}fe% ﬁ'l—/tf ch? eénc(gelg%?ggl %P‘gfgrn%rﬁs BOX | ayer,
t her eby greatdp vadiu€l Npapetrest tihae Hay thesn theoskhptiree conditions of

the polished silicon wafer can be also applied to canditions for the
hydr ogen€Bakéalialy Detorle thelBpPOLatad dgrowenthe S01 lﬂé’ecfe&:fi bed above,

accordi ngpte the m%@%él&it@a Bt hod ofp ey PL esgRbyicAvert ifdkm t he 501

waf er having the thick ayer with slip-free and high-quality can be
manuf act thed SAT Hapeel 1'entfprbduSOlvivatfer ho| bhatobes PEE4B] Thi s

L LT ik PR PEREACHR Pl SUED, TR i
performing this epitaxial growth, hydrogen annealing may
be carried out with respect to the SOI wafer 16 in the
epitaxial growth apparatus to remove a natural oxide
film on the surface of the SOI layer 17, and then the
epitaxial growth may be performed.

[0041]

According to such a method for manufacturing an
SOI wafer by which the epitaxial layer is grown to
increase the thickness of the SOI layer, since a layer
thickness of the SOI layer varies as the epitaxial
growth advances, the infrared reflectance changes, and
the epitaxial growth under fundamentally optimum
conditions is difficult, but the manufacturing method
according to the present invention uses an SOI wafer
whose infrared reflectance in the infrared wavelength
range of 800 to 1300 nm is 20% or above and 40% or below,
whereby the infrared reflectance does not change even
though the layer thickness of the SOI layer changes and
a temperature can be accurately measured. As a result,
epitaxial growth conditions first set to the slip-free
conditions can be maintained in the optimum state from
start to end of the growth, and temperature adjustment
can be accurately performed to effect the epitaxial
growth.
[0042]

Additionally, since the above-described infrared



According to the epitaxial growth apparatus shown in FIG 4, an SOT wafer
that is to be subjected to epitaxial growmh is nounted on a susceptor, a
process gas is introduced into a quartz chanber, the wafer is heated by a
hal ogen lanp (an infrared lanp) to an epitaxial growth tenperature, a

tenperature of the heated wafer (or a susceptor back surface) is nmeasured
by a pyroneter, and the epitaxial growh is carried out while maintaining
this tenp@rfétemt@repte alses r@ﬁﬁ@rcé;tamcee S[t@mmqmtlally AQUEHi S itRatit is

preferablg rgg}r teg(rg %Eiﬁ@éhaknaﬂfaey 4, by H%Q% I%QJ - waf er

processi m an énissi‘on waver engt the |nfrared | anp
that is @@@ldederQStdﬂﬁ SO pwafrer bﬁ)ﬂcﬁﬁj&m’ﬂmcfedhet @o&&@srtem 1300 nm
When t he emssmn wavel ength of the infrared |la is restricted to the

above- de§arilsa MY BANi RPI GERdE S5t Ahe WV efefigt RU6h 'S 61 8-t ance can

be reduced.dt hus, per{on 8 59 h@% %@J@m&lb@r@%ml%%% e dheisete
epi taxial growth conditions. [0045] Furthernore, a filmthickness of

t he epitaiithdl d alieffddenan be §@>jlu§-t36d31b&?53éd5@ﬁ hateow VdlanROBf a gas, a
reaction te ratur and a reactigon ti t r to effect
the growPhSi %Syuc%eigu%lﬁ%e? Fﬁg% et el L EE?‘IE g o

hlckness ekceée reaches,

e.g., 2 penathdadron bhghpplvaheel siliconEBveferf cTaImeb@platlaaﬂ al Iayer
havi ng arelatively Iarge t hi ckness i s formed and a hi gh- teg%)ﬂ{ature

mai nt ai nPRGiate §S prefibhiens fhe mrufbettP?Ry ABOR Mto the

present ipyentiqn.enapl esoperform ng the epitaxial growh under the optimm
conditions fromstart to end of the gromh, thereby carrying out the

excel | ent epit asi alesgrovigdd wibhvap skicprding to the manufacturing
method of the present invention, the SOI wafer having
the thick SOI layer with slip-free and high-quality can
be manufactured with excellent productivity at a low
cost.
[0043]

This epitaxial growth is performed by using, e.g.,
such a single-wafer processing lamp heating type
epitaxial growth apparatus as shown in FIG. 4.

According to the epitaxial growth apparatus shown
in FIG. 4, an SOI wafer that is to be subjected to
epitaxial growth is mounted on a susceptor, a process
gas is introduced into a quartz chamber, the wafer is
heated by a halogen lamp (an infrared lamp) to an
epitaxial growth temperature, a temperature of the
heated wafer (or a susceptor back surface) is measured
by a pyrometer, and the epitaxial growth is carried out
while maintaining this temperature at a set temperature.
[0044]

At this time, it is preferable to grow the
epitaxial layer 14 by using a single-wafer processing
lamp heater that an emission wavelength of the infrared

lamp that is applied to the SOI wafer 16 is restricted



[ 0046] The above-descri bed manufacturing nmethod enabl es

manuf acturing, e.g., the SO wafer 16 including the base wafer 10 forned of
a silicon single crystal, the BOX | ayer 15 on the base wafer 10, and the
SO layer 17 on the BOX | ayer 15 shown in FIG 3, wherein the BOX | ayer 15
has a thickness of 30 nmor below or ((a positive integral nultiple of
340)20) nmand the SO layer 17 is forned of a silicon single crystal |ayer
18 on t heoB@XQ dyerliG0and -t he epitaxial |ayer 14 grown on the silicon

single crystal _l ayer, ,18. [004 r.qi to . Lwngludi ng the
BOX I ayer havf'qhge)ﬁs&c Y ael{%lg%lzlr)\%?g',ggse?ﬁgl tthheé?ﬁ%yfgéﬁ@gg?legc?gﬁ?e in the
i nfrarediwavwelangtdreange 0he8@D dve B0 b de c orrye20%nori radblovenamd 40% or

below, the infrared reflectance hardly changes when fornm ng. t epi t axi al
| ayer onOthéh§ IWaen! eRagheC8r ﬁstrﬁf%%gfé?r}c he2PePFedfANEE uE@T%gti ally

equal tog%*}%ﬁ{i_r?g p@ﬁésaﬁgtﬁ&lﬂaqor@mm! Epdsbe provindederand hence the

slip-free conditions of the polished silicon wafer can be applied to
assur edl gpdgrteaw itehle et opthr eenggittiaxisal | ayer with excel l ent productivity,
t her eby ﬂ@to iSQi ng the high-quality SOT wafer at a | ow cost. [Exanple]
[0048] T glr sent invention will now be nore

Furthermore, a film thickness of the epitaxial

layer 14 can be adjusted based on a flow volume of a gas,
a reaction temperature, and a reaction time, and it is
preferable to effect the growth in such a manner the

film thickness exceeds 1 um or reaches, e.g., 2 pum to 5

pm or a higher value.

Even if the epitaxial layer having a relatively
large thickness is formed and a high-temperature
maintaining time is prolonged, the manufacturing method
according to the present invention enables performing
the epitaxial growth under the optimum conditions from
start to end of the growth, thereby carrying out the
excellent epitaxial growth with no slip.

[0046]

The above-described manufacturing method enables
manufacturing, e.g., the SOI wafer 16 including the base
wafer 10 formed of a silicon single crystal, the BOX
layer 15 on the base wafer 10, and the SOI layer 17 on
the BOX layer 15 shown in FIG. 3, wherein the BOX layer
15 has a thickness of 30 nm or below or ((a positive
integral multiple of 340)%20) nm and the SOI layer 17 is
formed of a silicon single crystal layer 18 on the BOX
layer 15 and the epitaxial layer 14 grown on the silicon
single crystal layer 18.

[0047]
According to the SOI wafer including the BOX layer



specifically explained based on exanples of the present invention
hereinafter, but the present invention is not restricted thereto. [0049]

( Exanpl e) First, four wafers, i.e., an SOTl wafer C (an SOT |ayer: 70
nm a BOX layer: 340 nn), an SOT wafer D (an SOT layer: 50 nm a BOX | ayer:
30 nm, an SOT wafer E (an SOT layer: 70 nm a BOX layer: 360 nm, and an
SOT wafer F (an SOT layer: 70 nm a BOX | ayer: 320 n each having an

i nfraredheatingtanee &nthicknfasda ed iesel ehgt hnfaage ofr GO EHr13880 nm

falling within t f %.tQq .409 e_pr r i.taxial growth
SOT wafers de}p? h%?]f%%gigrgfp ant gtelnoqgc%e é)la %la ?ogeget%%og.sj(ﬁp i Then, 5-Rm
silicon epidaral2@sovthabaseparddriaes on leatbwsOthleayierf dyred si ngl e- waf er

processing |l.anp heating type epitaxial growh apparatus (Centura). The
silicon émtBGH GFo ﬁdigs Cﬁ‘é’ﬂg(ﬁsrréfbfl%hqgﬁgr@b di tt?‘(‘?nsepdftaﬂb?)% a reduced
pressur e 10f, 106,68 A8, s HRi 4 §iMg1and i HRE125,450 $4fn as non- dopi ng

epi taxy w thout introducing an inpurity such as E)/oron or phosphorus. [0050]
It is toded Insteanechasybbhanggarld ¥ cponkrtparhate off aa ardatstied| anp,

optimum canditions_for a_requl ar_polished_sil]j fer .qndi § 1 ons

possi bl e “t'o “achi eve %rsFi_’lB- reeé)rsofva]t%eé;‘f t"’éﬁd I—Egggﬁ\gglh%ng ﬁ\?@?ﬁ%@ét erm ned,
and the epirddd 8dngrom Bhwapoddrsgheatl HUL i g | RaffBirnicainnibyg dgw Bidal ance.
Further, a slip occurrence situation after the epitaxial growth was

eval uat ed DESEHERALY | prANghDiISgFtled TaiF @i Spt B9 %of La 1Rarer Stress measuring

appar at ug,, IR0 {RcanpLag-LRLAaRed Prpaliy i 38t 5 @Ak ng the high-
quality SOI wafer at a low cost.
[Example]
[0048]

The present invention will now be more
specifically explained based on examples of the present
invention hereinafter, but the present invention is not
restricted thereto.

[0049]
(Example)

First, four wafers, i.e., an SOI wafer C (an SOI
layer: 70 nm, a BOX layer: 340 nm), an SOI wafer D (an
SOI layer: 50 nm, a BOX layer: 30 nm), an SOI wafer E
(an SOI layer: 70 nm, a BOX layer: 360 nm), and an SOI
wafer F (an SOI layer: 70 nm, a BOX layer: 320 nm) each
having an infrared reflectance in an infrared wavelength
range of 800 to 1300 nm falling within the range of 20%
to 40% were prepared as epitaxial growth SOI wafers by
the ion implantation delamination method.

Then, 5-pum silicon epitaxial growth was performed
on each SOI layer by a single-wafer processing lamp
heating type epitaxial growth apparatus (Centura). The
silicon epitaxial growth was performed under conditions

of 1100°C, a reduced pressure of 106.6 hPa, Hz: 40 slm,



[ 0051] (Conparative Exanple) An SO wafer A whose infrared

refl ectance is recogni zed to greatly change depending on an SO thickness
by a sinulation (an SO layer: 70 nm a BOX layer: 145 mm) was prepared as
an epitaxial growh SO wafer, and 5-msilicon epitaxial growth was
performed on the SO |ayer by using the single-wafer processing | anp
heating type epitaxial %r owt h apparatus (Centura). [0052 Al t hough

silicon epid &diClgrodtl Eotl ta Dn8OAr 8OPREJs SiFfe tsx Yt HosEN @Rt Exanpl e, in

regard t?g%ﬁ%ﬁué’ﬁ%&”&ﬁ Q%Ph%t 25&1&9 Aém%’?_r%t Egugh%%gﬁiéf'@gﬁ.s for the SO

waf er A I ONns” possi bre to-achieve a slip-free state after H2
anneal i ngO0&8rle determ ned, and the epitaxial growh was carried out while

mai ntai ni ng this bal ance. Further, a slip occurrence situation after the
epi taxial growtf vias & %a]?%ﬁega%‘&ton the 3 hF‘@hPP@ﬁFek?aﬁt%lccﬁ spl ay of

the waf e, Sty aasa MERGUL LAY, aBRANANAS AR € S6ABNKERE khfdeaRad r _ _
Depol ari zati on). [0053] FIG 8 shows the slip occurrence situations
of the SOoldaflead /s bhilcohewsOe rwafamdd afers pPhesHRlgnASaldHy &Rl &he slip
occurrence .situations_after. the 5- ist:axj.al S ayer. In
regard tc?eitlﬁ)e © Wa aegeAgfegﬁpggag?\%%&g%I e%%%gﬁnggrgg?g?%@éongﬁéol was
not abl etthe ke ixesf s redr apphopraisated nr Pyv@nowndehitendistiinorsi tiag can avoi d
occurrence of slip at the time of the H2 anneali nqgﬁi nmedi ately before the

epi t axi aF'grotl Fr7Re & 1EFIEEL afcé eI TYPRFEcEbATES " Wien the SO
| ayer th'a%%%%@?é%?%ﬁ%%ih%%dﬂh Rl&a SvaYhgrehypslsiel eeewrad after the

epitaxial growth o t he other hand, in regard to the SO wafer C
highlighted map display of a wafer stress measuring
apparatus SIRD (Scanning InfraRed Depolarization).
[0051]

(Comparative Example)

An SOI wafer A whose infrared reflectance is
recognized to greatly change depending on an SOI
thickness by a simulation (an SOI layer: 70 nm, a BOX
layer: 145 mm) was prepared as an epitaxial growth SOI
wafer, and 5-um silicon epitaxial growth was performed
on the SOI layer by using the single-wafer processing
lamp heating type epitaxial growth apparatus (Centura).
[0052]

Although silicon epitaxial growth conditions are
the same as those of Example, in regard to power balance
of the heating lamp, optimum conditions for the SOI
wafer A (conditions possible to achieve a slip-free
state after H, annealing) were determined, and the
epitaxial growth was carried out while maintaining this
balance. Further, a slip occurrence situation after the
epitaxial growth was evaluated based on the slip
highlighted map display of the wafer stress measuring

apparatus SIRD (Scanning InfraRed Depolarization).

[0053]



(Exanple), since a reflectance hardly fluctuates when the SO |ayer

t hi ckness changes, tenperature control was performed appropriately and the
excellent slip-free epitaxial gromh was carried out. [0054]

Furthernore, in regard to the SO wafers D, E, and F (Exanples), the
excellent slip-free epitaxial gromh was carried out like the SO wafer C
[ 0055] It is to be noted that the present invention is not
restricted to ERE-f & eduivhg ERbodLABNOCCHIE FHregdl g2 BABBEI RENtEHS just an

exermpl i {Leatl, e And 20Y £XaMRLeS Ll haver subsLAB! Ll Lynkhe ssarre

configurations ‘and exercise e same functions an ects as the technical
conﬁept ld@@Cl’tll'QBdsflI%%@-d:ﬁﬁr@hc’reh%iml,ﬁeﬂbné ny¥€btironher &-pncl uded in the
techni cal scope of the present inventiaon. [BRI DESCRI PTI ON DRAW NGS]
[0056] CPitaxEad aroeth gPafR <h ﬂmgl%%ect hcER98f da tholtihed sili con
waf er andoan @@e Mef €(¢omparative Example), temperature control

was not able to be performed appropriately even under
conditions that can avoid occurrence of slip at the time
of the H, annealing immediately before the epitaxial
growth since a reflectance cyclically fluctuates when
the SOI layer thickness changes as shown in FIG. 6,
whereby slip occurred after the epitaxial growth of 5 um.
On the other hand, in regard to the SOI wafer C
(Example), since a reflectance hardly fluctuates when
the SOI layer thickness changes, temperature control was
performed appropriately and the excellent slip-free
epitaxial growth was carried out.

[0054]

Furthermore, in regard to the SOI wafers D, E, and
F (Examples), the excellent slip-free epitaxial growth
was carried out like the SOI wafer C.

[0055]

It is to be noted that the present invention is
not restricted to the foregoing embodiment. The
foregoing embodiment is just an exemplification, and any
examples that have substantially the same configurations
and exercise the same functions and effects as the
technical concept described in claims of the present
invention are included in the technical scope of the
present invention.

[BRIEF DESCRIPTION OF DRAWINGS]
[0056]
FIG. 1 is a graph showing reflectances of a

polished silicon wafer and an SOI wafer;



FIG 2 is a flowhart as an exanple of an enbodi nent of a manufacturing
nmet hod according to the present invention; FIG 3 is a schematic

vi ew showi ng an exanple of an SO wafer according to the present invention;
FIG 4 is a schematic view of a single-wafer processing | anp heating

epi taxi al grow h appar at us; FIG 5 is a graph show ng spectral
characteristics of a halogen | a FIG 6 is a view show ng a

rel ati onshi p bétiteer? th$ cRnéé@é’gE@fftar?sSGn | 25¥FPafdo4 BOX | ayer and

reflectanGesqiment ofl & mhd usfaaceﬁl%gm&ﬂads 'crao%cwg encec bt uations
based on power bal ance of a ha ogen | anp; and FI 8 is a view

showi ng glrigsacturneaséisntuati ons after annealing and after 5-nmm epitaxi al
growt h. [EXp'aQﬂﬁ§PU§.ﬂi yune %%% lprSQw showing an example of
an SOI wafer according to the present invention;

FIG. 4 is a schematic view of a single-wafer
processing lamp heating epitaxial growth apparatus;

FIG. 5 is a graph showing spectral characteristics
of a halogen lamp:

FIG. 6 is a view showing a relationship between
thicknesses of an SOI layer and a BOX layer and
reflectances;

FIG. 7 is a view showing slip occurrence
situations based on power balance of a halogen lamp; and

FIG. 8 is a view showing slip occurrence
situations after annealing and after 5-um epitaxial
growth.

[Explanations of Numerals]

[0057]

10...Base wafer, 11...Bond wafer, 12...0xide film,
13...Ton implanted layer, 1l4...Epitaxial layer,
15...BOX layer, 16...S0I wafer, 17...S0I layer,

18...Silicon single crystal layer.



10...Base wafer, 11...Bond wafer, 12...Oxide film 13... lon inplanted

| ayer, 14...Epitaxial layer, 15...BOX layer, 16...SO wafer, 17...SO

| ayer, 18...Silicon single crystal layer. CLAIM [Caiml] A et hod
for manufacturing an SOT wafer, the nethod configured to grow an epitaxi al

| ayer on an SOT | ayer of the SOT wafer having the SOT |ayer on a BOX | ayer
to increase a thickness of the SOT | ayer, wherein a thickness of the BOX

| ayer of GUAIMSOT wafer on which the epitaxial layer is grown is set to 30
nm or below or ((a positive integral nultiple of 340)20) nm and epitaxial
growh is carried out by using an SO wafer whose infrared reflectance in
an i nfrar[@asavel ength range of 800 to 1300 nmfalls within the range of

20% to 40% as the er on ich the epitaxial l|ayer is grown, and by
using a singl e ﬁ%%%s?ﬁﬂ%&%uﬁéﬁq nagn?%/(%g ‘86?%5)& é:I%egr owt h

appar at Ui N én habegen kamyfw specdpat adialr ibyldonchat agperistics in
whi ch a peak wavel ength falls within the range of 800 to 1300 nm so that

the epit advalr |&yethe sSgloaies haming thhekntsds leaedercn FarPA%pm [d aim

2] The m%éygkfég fﬁ@?égg%ugi%%f%kﬁg@gvﬁ%GEhe SOI layer, wherein
a thickness of the BOX layer of the SOI wafer on which
the epitaxial layer is grown is set to 30 nm or below or
((a positive integral multiple of 340)%20) nm, and
epitaxial growth is carried out by using an SOI wafer
whose infrared reflectance in an infrared wavelength
range of 800 to 1300 nm falls within the range of 20% to
40% as the SOI wafer on which the epitaxial layer is
grown, and by using a single-wafer processing lamp
heating type epitaxial growth apparatus having a halogen
lamp of spectral distribution characteristics in which a
peak wavelength falls within the range of 800 to 1300 nm,
so that the epitaxial layer is grown to have a thickness
larger than 1 pm.
[Claim 2]

The method for manufacturing an SOI wafer
according to claim 1, wherein the SOI wafer on which the
epitaxial layer is grown is fabricated by implanting at
least one of a hydrogen ion and rare gas ions from a
surface of a bond wafer to form an ion implanted layer
in the wafer, closely attaching the ion implanted
surface of the bond wafer to a surface of a base wafer
through an oxide film, and then delaminating the bond
wafer at the ion implanted layer.

[Claim 3]
The method for manufacturing an SOI wafer

according to claim 1 or Claim 2, wherein the epitaxial



according to claim1, wherein the SOT wafer on which the epitaxial layer is
grown is fabricated by inplanting at | east one of a hydrogen ion and rare
gas ions froma surface of a bond wafer to forman ion inplanted | ayer in
the wafer, closely attaching the ion inplanted surface of the bond wafer to
a surface of a base wafer through an oxide film and then del am nating the
bond wafer at the ion irrgl anted layer. [Caim3] The method for

manuf act dEiYRY aks SOTovAf by acdordditite tdLegaemaier QraGRSivthet@PA t he

epi taxial _ _l.ayer i r QW US| Sl = e - ihg | anp heating
type epi #‘a%?lta n%rﬁo}g\%% %%%gfgétl%g %%v%vpnghtﬁégég?gg%nhag&pqﬁgﬂ@pect ral

di st ri butiadrohrar Beher o §t Bpe citir adhidis t hebpeaknwavelrengtdrist peeseént in the
vicinity of, 1000 nm [C ai mﬁ] . The et hod f(%r manuf act ur i ng,an Sa
waf er ac¥Sidithdt® BRyXoNa Vel eOHithst 3 RHe3S N hhéFeihS Ne-Edi 1 B%i @F 1 ayer is
grown by 1using 4 he single-wafer processing |anp heating type epitaxial

appar at us having an em ssion wavel ength of the hal ogen | anp applied to the
SA waf erldeiimg 4kstricted to 800 to 1300 nm

The method for manufacturing an SOI wafer
according to any one of claims 1 to 3, wherein the
epitaxial layer is grown by using the single-wafer
processing lamp heating type epitaxial apparatus having
an emission wavelength of the halogen lamp applied to

the SOI wafer being restricted to 800 to 1300 nm.
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