DESCRI PTI ON METHOD FOR MANUFACTURI NG SO WAFER AND SO WAFER TECHNI CAL

FI ELD [ 0001] The present invention relates to an SO wafer having an
SA | ayer whose thickness is increased by growing a silicon epitaxial |ayer
on the SO layer of the SO wafer serving as a substrate, and to a

manuf acturing net hod thereof. BACKGROUND ART [ 0002] As a nethod for
fabricating an SO wafer, a wafer bondi ng nmethod and an SI MOX net hod are

generally known. The wafer bondi ngegethedros a net hod of bonding, e.g., two
silicon wafers through an oxide filmw thout using an adhesive, increasing
bondi ng strength by a heat treatnent (1000 to 1200C), and then reducing a

fil mthi cknessofy ey eiybRAER 0N by BUHALI AGPSLIS RGO et chi ng,
g rystal

and this technique 1s advantageous in that c inity of the SO |ayer

or reliability of a buried oxide film (a BOX |layer) is equivalent to that

of a regular silicon wafer but disadvantageous in that filmthickness

uni f or m t YEGHNEREISEIELR er has a linit (approximtely 0.3 nmat nost) and

its cost igpBhgh since two silicon wafers are used for manufacture of one
r.

SO wafe

The present invention relates to an SOI wafer
having an SOI layer whose thickness is increased 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



[ 0003] Further, Patent Docunent 1 suggests an ion inplantation and
del am nation nethod (which is also called a smart cut (a registered
trademark) nmethod) as one of the bonding nmethods. This nethod is a nethod
of form ng an oxide filmon at |east one of two silicon wafers, inplanting
at | east one type selected from hydrogen ions and rare gas ions into one
mai n surface of one wafer to forman ion inplanted |ayer in the wafer, then

cl osely abhachisng Hhe,d o dgphaphedssur frage ard e n@isn sethageoef the
other silicon wafer through the oxide film and thereafter performng a

heat treafaAEntingt 2 tenipts af Lke oh 3008 t600T obf atWPghélt iFemperature to
ef fect del gg:ner%%tl on pf,f%r;[ahfn' on, i ngggt %qlel %_wv\%fsaggﬁépéa éﬁ&od has

superioriVyln gasi'l ricatrng a thin's e avi ng | ayer film

t hi cknesshuydirbeem tiyored S nra pe¢ ekowoarid isitperd s i hyihnsuetisicry dihe

del am nat ed bond wafer nore than once to achieve a reduction in cost.

[0004]  ©one wedemhd ot myhdl o hé MBI Stbt HeT s1B FBEhBALSE /i npl anti ng

hi gh-conc at. aen L NEQea iy 151G & L9-F9rm anoxygen ion
i mpl ant edgﬁgg/letrc,lggneg‘)g%/hen alp(glrpjf'sr(l)(liJ mﬂr% é?fr?eeﬁ I ngé/}ggr ocessirng at a high
t enper at umeiof sapfamd net ellye 1300€rt e ifldronra wauré edtloxddehf thm (a BOX

| ayer) in the silicon wafer. for using a |layer, on the surface,side as an SO
| ayer) APROAGH Hieuf At BEBHCER PRE TSRO e HOthT o 6565 Mefe. BOX
| ayer forged,f rQm-ne «QXyOed: | 5o @PLaNEEe-d ayerai fiG@ekricted to the

outernost surface |layer and cannot be forned at a deép position of the
waf er, antehpaece tivyer dasiaffect hiekapdsadfion Al fHre 1ayeimBéané€F egion is

difficult,_ Furthernore,. the f.orme OX r t a dense
confi gur a%?%ﬁf:’aﬁcrildt iy slsner?%to%o%asag r \%Cgc rdjl at{@l %%$¥gt¥t dielectric

strength gebtragattihat a4 sHihe Prabestrmpavii nihedO LUSiageantf S0 waf er as a

device fabrication wafer is hardly obtained. [0005] o
thickness uniformity of 10 nm or below and superiority

in reusing the delaminated bond wafer more than once to

achieve a reduction in cost.

[0004]
On the other hand, the SIMOX method is a method of

implanting high-concentration oxygen ions into a silicon
wafer to form an oxygen ion implanted layer, and then
performing annealing processing at a high temperature of
approximately 1300°C to form a buried oxide film (a BOX
layer) in the silicon wafer for using a layer on the
surface side as an SOI layer. Although manufacture
based on the SIMOX method is easy, the BOX layer formed
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.



Meanwhi | e, al though a thick SO wafer having an SO |ayer whose film
thickness falls within the range of several pmto several-ten pmis a very
useful wafer for a bipolar device or a power device, it is known that
fabricating a high-quality SO wafer at a low cost is difficult even though
t he bondi ng net hod using the grinding/polishing and the smart cut nethod.
That is because, the bondi ng nethod using the grinding/polishing needs
bondi ng ae¢afen having an oxide filmand a bare wafer, carrying out a
bondi ng heat treatnment at 1100C or above, and performng grinding and
pol i shing proce¥sippghtid obtal theauglesar HisH SOy éva e dkaes’89 and hence the

process b I ed. and, | o ing £i41-m thj S niformty- of the
S0 T ayer SP3 Gen YR PG P PR pRBREERRY 2R LA e kR B
net hod, asthikegknegs ofo agewSralayeh i det er mided basedl opadedemidy where
ion inplantation iscfossible (i.e., an acceleration voltage of an ion

i mpl ant at PoR18&/idde )3 | HaxP Futh BEVEFeF&MIGT vol t age KROWPpiroRitmat el y 200

key in ge l: Japl ant.ati deyi yer Vi a ;t.hi ckness of
apor oxi et ary S hrs e e 6B S red @ TAT (N LT £T P 8G0Ar Pat ont

Docunent difJapardeseRat entodppl tbat bondiaigd-ropemodious 5rgl1the8 (1993)
P e TR e e o S EnePBI S 1L L € 8ReN 0, 2097- 194539

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 1lon 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.

CITATION LIST

[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 INVENTION
[0007]

Therefore, in view of the above-described problem,



Therefore, in view of the above-described problem it is an object of the
present invention to provide an SO wafer having an SO |ayer whose

t hi ckness is increased by growi ng an epitaxial layer, which is a

hi gh-quality SO wafer having good productivity, a |low cost, less slip

di sl ocation, and others, and al so provide a manufacturing nethod thereof.
[ 0008] To achieve this object, according to the present invention,

there is provisdeth aypsbodo ot heRpYeaRIN gy &t S6h waf pioviikie ref hod
configured to grow an epitaxial |ayer on an SO [|ayer of the SO wafer
havi ng t h€OSovaigrerhaniag BOX Fayedayer miresset Al €hnerfeds of the SO

| ayer, wh i I I r h_i.s rri out usj n.S0. waf er whose
i nfrared ?% Ir%(?t?s;gré::ﬁ% ﬁé%%w?n rgbe %%at\?eﬁ%cegnlg;hhaf%ﬁge{qg?cgoégtg 1300 nm
falls w t highthmalange 961 208 fte 40%iay JuewdE@rodfet iontwhi ah liche
epitaxial |ayer is grow. [0009] ) As descri bed abov«i, in case of the
SO waf er CR&VI ng &3t §HiP af e8lPERFdCRanc&d P 1M F nf #RFed R&vel engt h range

of 800 051300 daNd Hdiies it hi Ayt BE chAROG I 2986 t0 40% this infrared
reflectance is substantially equal to that of a polished silicon wafer.

When growilA§OBHe epitaxial layer on the SO |ayer of such an SO wafer,

slip-free conditions,such la heatin ower. bal ance at_the tinme of
epi taxi al growt Ooﬁcpﬁgvﬁofﬁﬁ?hsegglg??? Ongﬁgpédl&?n Y2 g‘b%l?]éﬁsgglct hey are.
Ther ef or ej n@eheStorf,0rc Hd ndi g phevsbiepr fr aR i boNBahs raGt uraaly r ed,

thereby greatly reducing a tinme. Furthernore, in the above-described SO
waf er, sifpteSQIcWafgE i nthafratbadr ePndduares due 960w 9ar PRECSF et | ayer

thi Cknesslg%etrh%nt |Je Itd§¥8£’i I‘)?.Xitﬁle SPMSL 4 S Vﬁéﬁ 8‘3%8. khg epitaxial
growt h can be performed unde optimum sl ip-free gro conditions from
start to eageaf ohhea ot akipbrgtowmihcrease a thickness of the SOI

layer, wherein 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.

[0009]

As described above, in case of the SOI 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 is
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



Therefore, the high-quality SOT wafer with a large filmthickness that has
the slip-free epitaxial |ayer fornmed thereon can be manufactured with
excel l ent productivity at a | ow cost. [0010] At this tine, it is
preferable to set a thickness of the BOX | ayer of the SOT wafer on which
the epitaxial layer is grown to 30 nmor below or ((a positive integral

mul tiple of 340)20) nm In case of the SOT wafer having the BOX

| ayer W tHpsyglima stiii .gibechntbaued ilefd ectancecthprt he knbr arred
wavel ength range of 800 to 1300 nmfalls within the range of 20%to 40%
irrespectihe ebPijaghiadkrissxviof. t he SOT | ayer. Therefore, when carrying out

the present inv, i adj usting t.he thickne of _t e{_jpn_.the SOT
waf er al one canrﬁg%?%?gé,e'alﬁé eaq%%%t%% H)ﬁyi ﬁarle%laecera%é%ﬁ% ¥%£ echange

in SOT | ageImt Bhékness Attide hisectht epiipafimle it hxislsimalkr thus
manuf acturing the slip-free SOT wafer having a |large filmthickness with
excel | entIpFBadctgirepn [Gorpe manufagturgds withe ex¢eisepkeferabl e to

fabri cat epf@&u?@%v&’?‘:frato% which-the epitaxial layer is grown by inplanting

at | east one o ogen ion and rare gas ions froma surface of a bond
wafer to fOOhD&Nn ion inplanted |ayer in the wafer, closely attaching the
ion inplanted surface of .the bond wafer _to a._ surface of base waf er

through an oxi et fFRAF &hBSrhert det dnf nheFABLEnE oSSt viaf et SEERE i on
i npl ant ed, £ ayRE. BOX 1ayeh& SPnhyater {abkicrediycisuche a8ph €Axial

i npl antati on del am nation nmethod has the SOT |ayer with
layer is grown to 30 nm or below or ((a positive
integral multiple of 340)#20) nm.

In case of the SOI wafer having the BOX layer with
such a thickness, the infrared reflectance in the
infrared wavelength range of 800 to 1300 nm falls within
the range of 20% to 40% irrespective of a thickness of
the SOI layer. Therefore, when carrying out the present
invention, adjusting the thickness of the BOX layer in
the SOOI 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 S0OI 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 filmthickness uniformty, and hence grow ng the epitaxial |ayer
on the SOT | ayer enables providing the SO wafer having higher quality and
a large filmthickness. [0012] At this tine, it is preferable to
grow the epitaxial layer by using a single-wafer processing |anp heating
apparatus having an em ssion wavel ength of an infrared | anp applied to the
SOL wafer being restricted to 800 to 1300 nm Si nce setting the

em ssi on yayehegat Fiaf the d indé a8 ednl @R nlia |t hes dpoyendesgibhed gr ange
enabl es reducing the influence of the wavel ength on the reflectance, the
epi t axi al thayepltanisd draaidr i on atBeab@lcllovar tenalhbes| Ppovidangetti ng
condi tion [ 3 this 1] 11 _is pref. ble.t t pi taxia

| ayer to %%egg%tkﬁ?%ﬁé&gﬁﬁééﬁhl?hg% f%ﬁﬁﬁ%gaind éggégg%r?géglabove, when
growi ng theiephtaxi.al |ayer so as to have a relatively |arge thickness, the
manuf acturing nethod according to the present invention enables grow ng the
epitaxial[@% é¢ under the slip-free conditions fromstart to end of the

epi taxial growth. wifhsalgpst nq q%gqggﬁkgrggﬁganpﬁﬁgﬂngﬁgnce due to a
variation in layer thickness of the SOT even though a high tenperature is
mai nt ai neepf baxaallodig yiemiy ws thgi 8 phiefdraiialef Q@dd¢essing lamp
heating apparatus having an emission wavelength of an
infrared 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 um.

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 S0I even though a
high temperature is maintained for a long time, which is
preferable.

[0014]

Furthermore, according to the present invention,
there is 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



Furthernore, according to the present invention, there is provided an SOT
waf er conprising: a base wafer fornmed of a silicon single crystal, a BOX

| ayer on the base wafer, and an SO |ayer on the BOX | ayer, wherein a

t hi ckness of the BOX layer is 30 nmor belowor ((a positive integral

mul tiple of 340)20) nm and the SOT | ayer conprises: a silicon single
crystal layer on the BOX | ayer, and an epitaxial |ayer grown on the silicon

single crystak ;Layent dAASInu1tip1 £C6Er Biang 420 ff NG ShnMdatge kel uding the
BOX | ayer” having such a thickness, the infrared reflectance hardly changes

at the tihever fermirigasie @piihkean Payercorrihetal|iephrsPagléscrystal
| ayer si n%gx;g]gﬁzler}fr%rn J.efdectance, i Té}%%%%&%;gn‘gﬁ%gi%9%@0'}1&”99 of

800 to 13 al'l’s withi'n e range O e slip-free
condi ti onsin§leherpaltiashad it con wafer can be applied as they are to
assur edl y[gr ow the slip-free epitaxial layer with excellent productivity

since thelf@iPéctance substantiall y equal to that of the polished silicon

vaf er 15 provi dedoFlehen OBt Mg Jechi gheaualily ST ¥OFelag 2 | ow

cost. [0016] ng to the present invention, when grow ng the
epi t axi alhdayep enchhe 3OLdlkayess of thhe i8O0ramaf@rrebleéntaraseharicdivckness

Oh ol e ST NER: shhe, g qual) Y, ST naler wih o895 LLmui clness

excel | entt pEodyet b¥int .1 BRIER RESCRI PTHON rOf 1T DRAW NeBrh0847]
reflectance in the infrared wavelength range of 800 to
1300 nm falls within 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
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.
[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 SOI layer, the high-quality
SOI wafer with a large film thickness that has less slip
dislocation and others can be manufactured with

excellent productivity.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

FIG. 1 is a graph showing reflectances of a
polished silicon wafer and an SOI wafer;

FIG. 2 is a flowchart as an example of an
embodiment of a manufacturing method according to the
present invention;

FIG. 3 is a schematic view showing an example of



FIG 1 is a graph showi ng reflectances of a polished silicon wafer and an
SOT waf er; FIG 2 is a flowhart as an exanple of an enbodi nent of a
manuf act uri ng met hod according to the present invention; FIG 3 is a
schematic view showi ng an exanple of an SO wafer according to the present
I nventi on; FIG 4 is a schematic view of a single-wafer processing

| anp heating epitaxial growh apparatus; FIG 5 is a graph show ng

spectral ghargeet efd &d4 csc@braihgl egentaPresent inbk&ti®n;s a view show ng
a relationship between thicknesses of an SO |ayer and a BOX | ayer and
refl ectances; FIG. 4FliG & schemytew Shew wf s iplogearrah€s situations

based on %@g%éégﬁﬁg“f%ﬁﬁ ﬁeggkggegﬁf%g§iéﬁuhrowth 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.

BEST MODE(S) FOR CARRYING OUT THE INVENTION
[0018]

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 growth and
adjusting a thickness of each of a BOX layer and the SOI
layer so as to obtain such a reflectance (Patent
Document 2). However, even if the SOI wafer having the
reflectance falling within this range is used, finding
conditions that slip dislocation does not occur (slip
free) and performing slip-free epitaxial growth are very

difficult in some cases.



FIG 8 is a view showing slip occurrence situations after annealing and
after 5-Rmepitaxial growth. BEST MODE(S) FOR CARRYI NG QUT THE | NVENTI ON

[ 0018] I n conventional exanples, when epitaxial growh is carried
out on an SO |ayer of an SO wafer serving as a substrate by using, e.g.,
a single-wafer processing |lanp heating type epitaxial growh apparatus at a
hi gh tenperature, there is a problemthat slip dislocation is apt to occur
on the wafepibg degrade quality. In regard to this problem there is
a nmethod of performng epitaxial growh in such a manner that a refl ectance
of an SO |ayerIsutfacensaneirgd thathia raespanydyofs'BO%a o 80% before the

epi t axi al h _an justing a.thieckness. af. ch. of X er and the
SO |ayersg%8§”§l{>§ gﬁ%gjlrhé slulc Salltrle‘;ﬁgct:t %nggll(:%g}eesn? cggr?%n%gﬁ). However,
even if they&d ivafiecdeaday) die tef kret apde afaldl ngrawthi nahhis range is
used, finding conditions that slip dislocation does not occur (slip free)
and perf otif AgT8Fi peflestEdidaxi al 2gFewchaadedrerdndi ¢PiEaktailn sone cases.

[0019] It,isuEanshaan t easgn yc Sid uat Lop ecgyrs (lies in

that a th?civrvless og%tl%gog%la t_I}a{j‘f:;/l{erél;f‘(g P c?iglglse%%ue to t%e 8pi £axi al gr ow h,

an i nfrargedowehl ectance lich g scoghangedcoand tepirisaxiahe gebwt hheondi ti ons
efore the epitaxial growth are no | onger opt

condi 1 oL NG ELGCarac (5 (T obat PEROFS abh PO ISCEUTLaT n BAFEI Bul ar
uhen a thckRASSQr okheny odg: opl Laxkal:1ay gl Rcaslisedas A gRd reaches
jlmto 10 pmor above, a high-tenperature nmaintaining tine in the
epi t axi alamgd omehchs spselivenged,urando t he phi prdidloosat imrmhighfurther apt to
oceur. temperature maintaining time in the epitaxial growth is
prolonged, and the slip dislocation is further apt to’
occur.
[0020]

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.

[0021]

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
wafer and carrying out examinations, the present
inventors found that the SOI wafer having a specific
infrared reflectance is substahtially equivalent to a
general polished silicon wafer used for device
fabrication and the infrared reflectance is not affected
by a thickness of an SOI layer on this wafer.
Additionally, they found that an SOI wafer having a

specific BOX layer thickness has the above-described



[ 0020] It is considered that, when the infrared refl ectance changes
during the epitaxial gromh, a tenperature of a wafer surface (or a
susceptor back surface) cannot be accurately neasured, and an output of a
| anp becones unstable to deteriorate uniformty of an actual growth
tenperature, thus resulting in occurrence of the slip dislocation. [0021]
On the other hand, as a result of performng a sinulation of an infrared

refl ectancerwhtrbdr esFaEciah e BEOXd! ayen viehi ainagse ahee 88n 80 | ayer
t hi ckness of an SO wafer and carrying out exam nations, the present

i nvent or sirBaRE1PRat the SO wafer having a specific infrared reflectance
is substantiall ui; val . to i i ld,co used for
devi ce fabricat?%%ga%é’tﬁgapﬁfFgFg§ﬂ$£?$%gggn@g%ggﬁhg?ﬁé f%@%g%fgé a

t hi cknessBOX anyS8@ tlhayameds tdmsbhaberppAddirtg arad |gpitheyafound that an
SO wafer having a specific BOX | ayer thickness has the above-described

i nfrared 9ePYEEL SRECrid ey r i VAP ab CB R Gr BB IRRAEHIFBN. SAUaL TO That s,
usi ng ¢ hey SCL o WBIEC HRAYNG N $ SPEELbRC AL aker 44y ckigss enabl es

applying the epitaxial "'growmh conditions (lanp heating power bal ance) equal
t o those né¢qtheegolfiogshdd rsiinaonunaséi p-d reestcdridiet Y@gsi wednf or findi ng

out slip-free conditions when performng.the epitaxial gro W respect
Do the SECREPERTONN e GROSET baBLBAT hafd The BUSES L8 BHFt SETal g o h
can be cajsfed edh, vehereby fpbrégattay bhe Rgh-augdityeSOT wafer at a | ow
cost. [0022] Further, at the tinme of performng the epitaxia

growt h, viehtaxiplt eromidt gasdes aaspéecs odtwavdlasirRh farécRitdagh is

utiIized_g erﬁ?QBLﬁﬁaﬁ%ﬁiyéﬁifWE¥@¥eg%ngtHéw éggéfﬁrared ray applied to

the SO wafer 8 0 nm ~an i nfl'uence of wavel engths that are
not consigdesed]in the sinulation can be reduced, whereby a result that is
further Closet%té%gégylg%igger%%%é ggnpggfgggﬁgge%he 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.
[0023]
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
processing lamp heating type epitaxial growth apparatus.
Although emission is found in a wide infrared range, it
can be understood that its peak wavelength is present in
the vicinity of 1000 nm.
[0024]
FIG. 1 is a view obtained by simulating infrared
reflectances of a polished silicon wafer, an SOI wafer A

(an SOI layer: 70 nm, a BOX layer: 145 nm), and an SOI

10



[ 0023] An exam nation result obtained by the present inventors wll
now be descri bed hereinafter in detail. First, FIG 5 shows spectral
di stribution characteristics of a halogen |anp used in a single-wafer
processing | anp heating type epitaxial growth apparatus. Al though em ssion
is found in a wide infrared range, it can be understood that its peak

wavel ength is present in the vicinity of 1000 nm [0024] FIG 1 is a
vi ew obt aypaedrby Sianulsti Nt y&f r apednief lledtcancesy of : a1 pohinghedrsili con
wafer, an SO wafer A (an SO layer: 70 nm a BOX layer; 145 nm, and an
SO waf efaB Pénusgerl%md fSDthn’FhaSB@XaIW&W@r -t hygy rﬁﬁ ipfragRrdpe
under st 0ofle £1 QMCLNCS YAulNGsd Ny, 2l 9, 'aldgedanee olpahqstl waf er

| ar gel y changes i n depen Bic nesss f | ay er 8 aI:%COXIayer
and that an Bmlcmfe@rsdm\uﬁwgara sefl ﬂeayamcenshbstmi]aéygrequdl thatt hat of

t he pollshed silicaon wafer is present |like the SO wa 5

FIG 6 sh3lsS8Ir#adsr Srainfl atFRgl&Crancec s vt Ja#lsb &ia i ]t\;ath
respect t@hgtwe%elt%gtablojsrﬂéwosfﬂléént he fReak eyl angt hi okt Baehal ogen
lanp with an SO |ayer thickness and a BOX | ayer 't hi ckness being used as

par anet erSOI wafer B.
[0025]

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
reflectance has a substantially fixed value of 30% to
40% even though a SOI layer thickness varies and it is
substantially equal to the reflectance of the polished
silicon wafer. Furthermore, a BOX layer thickness that
provides a substantially fixed reflectance like the SOI
wafer B even though the SOI layer thickness varies is
cyclically present, and it was revealed that a thickness

of the next cycle is close to 340 nm.
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It can be understood that the reflectance of the SO wafer cyclically
changes in accordance with the thicknesses of the SOT | ayer and the BOX

| ayer and that the reflectance greatly changes dependi ng on the thickness
of the SO Ilayer, nanely, a high reflectance of approximtely 80%is
provided in case of the SO I|ayer thickness of 70 nmbut the reflectance is
reduced to be approxinmately 10% or below in case of the SO |ayer thickness
of 140 nmydeg;the BOX layer thickness is 145 nmlike the SO wafer A
Further, it was al so understood that, in case of an SO wafer having a BOX
| ayer thidressinénte lnfxkitpd ¢)he SO wafer B, the reflectance has a
substantially f.ixed val ue 30% t Q% even_t hpug A t hi ckness
varies and it is s%%ré][ajaﬁ igflfeyséa‘ﬁl PYeh hreesf%??éc?g%cggéflst }é? pol i shed

silicon wafefcofUkhhernoree sABOXNdByerat htakngss thate yor oM des, a
substantially fixed reflectance |like the SO wafer B _even though the SO
| ayer thitdkneBSXvaaves:i ¢4dydimloaland pklegerPI Hadeit Bl it ed that a

t hi cknes hecpe cyele d-s ¢l 10,34 0 : eri nment al
Exanpl e) SLaOJeE. %’Q é%‘ﬁf i)é'fﬁr% t O} S}ia% ati %)O:) glgzg}eta,c[ht %%Q]]plorf%asfaﬁed silicon

waf er, theidtdtaafer A0(t hen SGrd ayesd 7O aarryheuBOX. ayeralld4sy nm), and
the SOT wafer B (the SO layer: 50 nm the BOX | ayer: 10 nm each having a
di anet er Gfn 300 @7 el §lddatBosaey Yuta ol hhRdal T PP 8RCRBI§as 100%

at mospheng) ats1100C {9%-90Q spcands, o by, 4 Sh@ak§n\@aft%ffpdoré1§ﬁ§§ﬁ<ﬂgll anp
heating type epitaxial growh apparatus (Centura: nmanufactured by Applied
Mat eri al grdwich ) appashipsod@emtence: siawmafaohungsl dyalArtlddedased on slip

hi ghl i gh ' f f t i tys SIRD
(SCannt ndf T arbt babr dri o4 ponp. Souorierce +LPRaRERR B LT o the

pol i shed sid i €oncabgEed amp shaad imigpoght bal mage dialydvey antl del ow t he
wafer, in or out of the wafer) conditions that provide a slip-free state
after th&atennmehfPAgNREFE IGHAIARREIITEG FIBRoUS R t16f X #R%For ni ng

the H2 a 1 0g; Wiih spect to the SO wafers A and B under such
RO ek

condi tions. r B whose reflectance is substantially equal to
that of t[i0®OZb] i shed silicon wafer was substantially free fromslip, which

is substantially equal,to the polished silijcan fer,. and t he ot her
hand, slip was Eglbrsse vet af S43 hdf &P ﬁélrei et %%? il%%c&n ¢ g%§0| waf er A

[ 0028] 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
observed at a wafer peripheral portion of the SOI wafer
A.

[0028]

On the other hand, in regard to the SOI wafer A,
conditions that provide a slip-free state were obtained,
and FIG. 7 also shows a result obtained by applying such
conditions to the SOI wafer B, but it was revealed that

slip considerably occurred at the wafer periphery and
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On the other hand, in regard to the SOT wafer A, conditions that provide a
slip-free state were obtained, and FIG 7 also shows a result obtained by
appl ying such conditions to the SO wafer B, but it was revealed that slip
considerably occurred at the wafer periphery and near the center of the
SOT wafer B. [0029] As descri bed above, it was understood that the
slip-free conditions of the SOT wafer differ depending on thicknesses of

the SOT | auer- and the,8BOX Layercardt hatrdhez sli p-free conditions of the
polished silicon wafer can be applied to the SOTI wafer B. This situation

can be ex;ﬂIOé)in?éd based on differences in infrared refl ectance shown in FIG
1. That is, an _be cansi der.ed t hat the sI| e o] differ since
t he poli shed Si ?XI cgﬁsvvéff eqore db(t)h Sbii' wafer I;S\?teoééu)gésj*%l%t ?QFI y the sane

refl ect anges parfd ddhec &4 i vabak Afhwea scaf lectanceithatr depeonsirder abl y
different fromthese reflectances. [0Q030] Therefore i ke the SO
waf er B, PR &&dekgte aveSortwaher Spﬁatlaryﬁsr 2ndf et BRke lpaSFr &amt el y 20%

or above and (4Q%rs PEL 0N SUBSHARLL LY HAUAle {001kl Sifg Al i shed

silicon water in a wavel ength range of nmto 1300 nmincluding a peak
wavel engt hafengeaf e happyeadl ansptlhxeedsam wdeesi Bgl eflwas esipratessi ng | anp

heating type epitaxial, growh apparatuys was found that slip-free heat
t r eat ment S€&n Y5 eéﬁ?]r?b‘ﬂe%u]?awghopegdef&eﬁedl?%% 5p1t FéFea/ setting the

sane heat cLrealdmn{cSonbihons ascheat treatany, condtihops that can obtain
a slip-free state in the polished silicon wafer ‘at the tine of epi t axi al

growt h orChpdn@wechmieatlhgefsﬂlperfmﬁ@I asfnchl hhe P aflif%ede SHinag
B N R
i nvent i onswblkl amaw 7€l wpelee f serkl yedeserddiet hesed nahtesOw Wafer A

has a reflectance that is considerably different from

these reflectances.

[0030]

Therefore, like the SOI wafer B, in case of an SOI
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 bé carried out with
respect to the SOI wafer by setting the same heat
treatment conditions as heat treatment conditions that
can obtain a slip-free state in the polished silicon
wafer at the time of epitaxial growth or hydrogen
annealing for removal of a natural oxide film
immediately before the epitaxial growth, thereby
bringing the present invention to completion.

[0031]
Embodiments according to the present invention

will now be specifically described hereinafter with
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reference to the drawi ngs, but the present invention is not restricted

t her et o.

FIG 2 is a flowhart showi ng an exanpl e of an enbodi nent

of a manufacturing nethod according to the present invention. FIG 3 is a
schematic view showi ng an exanple of an SOT wafer according to the present
i nvention. [0032] In the manufacturing nmethod according to the
present invention, as a substrate on which a silicon epitaxial layer is

grown, an, Sk water having @f‘a\!\zﬂﬁﬁér egurefdrec 6%@5%1@{ 2R%@ar iabove and 40%

or below in an infrared wavel engt

range of 800 to 1300 nmis first

fabricat edot restrifjtesi tkﬁr%t@tep (a) in FIG 2, two silicon mirror
finished mafers g e prepared., nar a¥t ghg %gw%fergg%§$%v6ggaﬁs a support
a a

substrate and a

ond vvafser serving as an ayer at nee

speci fi cathpbdehentdey G dgupaepatredg E33]d accordi’hgntoatth& step (b)

in FIG 2, at

| east one of these wafers, which is the bond wafer 11 in this

exanpl e, P§e§@BFeéﬁ¥fQQ%O%ag FIGhepnif 8xPEAETEH D YH7¥n 3RCBkIde film 12

on a surface
CVD can b%ﬁa

Kt @g,%f[ - Ari heof of ARE 0D o Aty OXb denti bk s@niet hod such as

invention.

[0032]

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.

[0033]

Then, at a 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]

At this time, it is preferable to adjust a

thickness of the oxide film 12 in such a manner that a

thickness of a BOX layer of an SOI wafer to be

fabricated becomes 30 nm or below or ((a positive

integral multiple of 340)%20) nm.

An SOI wafer having such a thickness of the BOX

layer is an SOI wafer whose infrared reflectance in the

14



At this time, it is preferable to adjust a thickness of the oxide film 12
in such a manner that a thickness of a BOX | ayer of an SOT wafer to be
fabricated becones 30 nmor below or ((a positive integral nultiple of
340) 20) nm An SO wafer having such a thickness of the BOX | ayer is
an SO wafer whose infrared reflectance in the i nfrared wavel ength range
of 800 to 1300 nmis 20% or above and 40% or below irrespective of an SO

layer thig¢kressangDidELsgthhvangasidy d@briscal 309 hhei8Opowafar meeting
requi renents of the presen ? i nventi on. Since the formed oxide film

becones théOE@XdQ%MQOTﬁOIh@eEEW watresnative ¢6 de F8Briléat&d, the oxide
form e | PhTRpe o Len spn LALGKACAS AP 118Ls R ehiPede ahgye when

formng t on one” ha al“one OXi nms are formed in

such a mapagert Iﬂ@tetam/gallt@q@btam@adsbwfadﬂwlewgnt@sekﬂesaesmflotnhe oxi de
films becones the above-described thickness when forming the oxide filns on
both the mafersSlPFel§Wﬁ)@ﬁ¥mﬁﬁeﬁx%ﬁﬁtfl%ﬁeﬁ%ﬂﬂ??ﬁ)@?%y%PXh 8Y&™t hi ckness

of 30 nm 8k RelOWod L douetnb il @l Ue imlitlchesh | ehed o garticular,

but setting is value to 5 nmor above 1n order to assure sufficient
|nsulat|oﬁlmmopermdxmeQOQBSmave the Bhrerg @tiakseéep ée6) thatFl G 2, at
| east one type .of jons, i drogen iqns or rar

. Ne
ions are ?ﬁﬁF&ﬁﬁ&?l%ﬁ%Y%ﬁghgﬁr €850 ¢ tﬂﬁ&pﬁa mlfgtS%F0|ﬂ§§¥ion)
i mpl anted;hayer 13 tdhat é§1@@r§%hﬁl %Qéjﬁ%ﬁﬁgﬁaﬁﬁ glican aavRmaee

penetration depth of the ions
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.
[0035]

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.

[0036]

Subsequently, at a step (d) in FIG. 2, a hydrogen
ion implanted surface of the ion implanted bond wafer 11
and the base wafer 10 are superimposed and closely
attached to each other through the oxide film 12. When
the surfaces of the two wafers are brought into contact
with each other in a clean atmosphere at an ordinary
temperature, the wafers are bonded to each other without
using an adhesive and others. However, an adhesive and

others may be used in order to further securely bond the

15



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 attached to each other through the oxide film 12. Wen the surfaces
of the two wafers are brought into contact with each other in a clean

at nosphere at an ordinary tenperature, the wafers are bonded to each ot her
W t hout using an adhesive and others. However, an adhesive and others may
be used iy, pLderttochuht Bemesecurely bond the wafers to each other. [0037]
Then, at a step (e) in FIG 2, the bond wafer 11 is delam nated with the
ion inplaM@d’]ayer 13 being determined as a boundary, thereby fabricating

an SOT wafer 1 For exanpl e h treat t o f in, e.g.,
an inert gas a?rn}%)esrb’hearl%e( %tsgep\gﬂﬁgrgjtnufif%f gbplrgg)%i ?ﬁ%&oyﬁ%ﬁo 600C, the
bond waf ers 1deTamihetdal aitmatate ai ot hémpoanithyal dntyed- | By eve 183gdue to
crystal reorientation and air bubble agglonmeration to provide the SO wafer
16. It i <deeppingfedst Rabomeadel ant RatrPBY Kedr 4Gt e ey be onitted

by increasi angi ongj hicon amunt AL the Ling Qf fiy mng the ion
i mpl ant e?‘%jg%rer%?) f%?@%ggggllgrﬁ nat i On“é or %y pfe\?i ouesl y lef fecting a plasna
treat mentpent foirmedpént kogt.he smurfrmees gesbetswpghamosed and t her eby

activating the surfaces in sone cases. %0038] .. As described above, in
the procd<MRPBAAUFA REGAPPr aHd &by of OPabri €408 g the SO %af er servi ng

as a subsfate oD MBhCReaBcARIntaxd Bdd ! AYeEhieS i9MO0Wing SaDBs@d1 @pcthe ion
i npl antation del am nation nmethod, but the fabrication of the SO wafer is
not restriktddetoot heybonli mecanientapidel andnatiroPyrod, and the SA

waf er can be fabricated by _any .net hods. r I a [ret. f..Lnpl anting
oxygen i Of &l%l{l%r?ﬁéogi chr]fo\%'/ajfr%er 121}]% ?ﬁgnwg)ér%ggrlenq'ng Ira{-:ehlgsgl%(?r%%t ment (an
SI MOX netrwthd melya bet Heede 1Buritrhied i ot hhsamethed teemtbenappbé ed to t he case
where a filmthickness is reduced by, e.qg., grinding after bondi Qg to

manuf act @ tHReA oY #WAFERaSINg an HeeyerPladEetdiaty AP i e bont

i pl ant atd ;o def apd pat hgneiet hogy,  shpegntbhmbhicgknesssampifeni ty of
delamination or by previously effecting a plasma
treatment with respect to the surfaces to be
superimposed and thereby activating the surfaces in some
cases.

[0038]

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
can be fabricated by any methods. For example, a method
of implanting oxygen ions into the silicon wafer and
then performing a heat treatment (an SIMOX methéd) may
be used. Further, this method can be applied to the
case where a film thickness is reduced by, e.g.,
grinding after bonding to manufacture the SOI wafer.

However, according to the ion implantation

delamination method, since film thickness uniformity of

16



the SOT | ayer is very high, when an epitaxial layer is growm on the SOT

| ayer at a subsequent step, the SO wafer having the higher-quality and
thick SO |ayer can be provided. [0039] Subsequently, in the process
shown in FIG 2, after the delam nation step, a bonding heat treatnment 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 sfepsand1kbhe delandiay i Righealnehealdmsyi shepalsibgerwaak to be
used in a device process as it is, a high-tenperature heat treatnent may be
per f or medgwbwh paspdet SO they SO ahatesubseasiaiohds hgP hehbet P4t ment to

obtain sufficient bondi t th, Thi.s heat,t i f d i
oo an G Bar Rt AP Tab0 1t 5 Vi S06t 1Lt ReoPhnSaYSF $8Th nut es
to 2 hourge H@O4QHed. After the above-described steps (a) to (f), the

SO wafer 16 whose infrared reflectance in the infrared wavel ength range of
800 to 13000AfMlis 20% or aboVe and 40% or below is fabricated. [0041]

Subsequent |y, aéu@sé&ﬁ@negb,iQAqé%e:%rggess 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.

[0040]

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.

[0041]

Subsequently, at a step (g) in FIG. 2, an
epitaxial layer 14 is grown on an SOI layer 17 of the
SOI wafer 16 serving as a substrate to increase a
thickness of the SOI layer 17 to a desired thickness.
The epitaxial layer 14 that has been through the
epitaxial growth is integrated with the SOI layer 17
that is not subjected to the epitaxial growth to form
the SOI layer 17 of the SOI wafer 16 that has been
through the epitaxial growth. Moreover, before

performing this epitaxial growth, hydrogen annealing may
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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

t hi ckness. The epitaxial |ayer 14 that has been through the epitaxial
growh is integrated with the SO l|ayer 17 that is not subjected to the
epitaxial growh to formthe SO |layer 17 of the SO wafer 16 that has been
t hrough the epitaxial growh. Mreover, before performng this epitaxial

growt h, hydrogen;apnedld NG tYreHScE8r EbedhRuUisod thaF&spe6t ihothke SO
wafer 16 1n the epitaxial growth apparatus to renove a natural oxide film

on the suepatexohlt geoSOh |agwrrdyusahd rkawvche gpitakfdl O§idft h nay be
erformed,..[ 0042 ccor dj t t-hod f i
B rec b L hnens i S "PabortH g B 0, 408 JRBHT pkey g o

SO waf er er i s gro 0 increasé the thickness

of the SQphayehalSigiesth Inyeroéhpeknesmeaf. the SOT | ayer varies as the
epi taxi al growth advances, the infrared refl ectance changes, and the
epi t axi al [gQé%ﬂh under fundanmentally optimum conditions is difficult, but

the manuf act ur i pg. gEnbad BECULMING, b LhePESSERL IRENLL oM ysgs an SO

waf er whose infrared regl gctance in the rnfrared wavel ength range of 800 to
1300 nm i s0208@a@e rabgvertanch 409 oep bebewa IWiervelyy thegrofnaced refl ectance
does not change even though the Iager t hi ckn%ss of the SO Ig%/aer changes

e

and a tenpRFatare &&f L& ETENFST ePy FBSsEPEd. 1 3E Y rBEUFE, CepPaXi al growth

condi tionsy{LEabssel it @ st i PafLpevgendist iQnscikanepec aniiatai ned in the
optinmumstate fromstart to end o¥ the grow h, and tenperature adjustnent

can be acguowatbl wdyenfcersredho bffearetheedgiachdnte geloantes) 084,
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.

[0043]

Additionally, since the above-described infrared
reflectance is a reflectance substantially equal to that
of a polished silicon wafer, the epitaxial growth
conditions of slip-free conditions of the polished
silicon wafer can be applied as they are, and the slip-
free conditions do not have to be examined in accordance
with a difference in SOI layer or BOX layer, thereby
greatly reducing a test time. Further, the slip-free

conditions of the polished silicon wafer can be also
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Addi tionally, since the above-described infrared reflectance is a

refl ectance substantially equal to that of a polished silicon wafer, the
epitaxial growmh conditions of slip-free conditions of the polished silicon
waf er can be applied as they are, and the slip-free conditions do not have
to be exam ned in accordance wwth a difference in SOT | ayer or BOX | ayer,
thereby greatly reducing a test tinme. Further, the slip-free conditions of
the polishediskhi ¢@n Wafar G beoal 8Re ARAlricddd &uronsi {hgnbetoket he

hydr ogen anneal i ng before the epitaxial growh. As descri bed above,
accordi ngthe ehetmnaflagmavwiiy- met hod of the present invention, the SO
wafer having the thick 501 layer with slip-free a hi gh- guality. can be
manuf act ur ed vvi??n £§8EFF ﬁfﬂ oduct i VT <§,r<§ né ?8\,\,@%&{‘% ooyt 4‘}15}}/183 Thi s
epi t axi al ngt RYHN oIS tpRY fgidBsh BYi KBENFiol, JtheS BT awsiagl kawahgr
processing | anp heating type epitaxial growh apparatus as_shown in FIG 4.
Accor di ngtke théc&piSPdxilayyr m‘hhaﬁbapatfl%esﬁé\ﬂg RiPET @241 t3nca8® waf er
that is t@ebﬁaﬁﬂgkg% ed § Q t@%&@ll@ﬁ?“%@oh%d@%Uﬂ op & syyceptor, a
process gas 1S 1ntroduced 1'nto a quartz chanber, the fer is heated by a
hal ogen lespt(an infrared lanp) to an epitaxial growth tenperature, a
tenperature of the heated wafer (or a susceptor back surface) is neasured
by a pyroh%@éfl,] and the epitaxial growh is carried out while maintaining
this tenperature,fl 8,5ehxtieIPeAMIE id 094BFormed WAt ddligtidrg.jt is
preferable to grow the epitaxial |ayer 14 by using a single-wafer ,
processi ngutianp héagéde-madie mrpentsss dngwavabehgat gtg thePenfrared | anp
that is appljed.to the wafer 16 is_restricted 800 to 1300 nm

Waen t he %ﬁ%é@f‘bﬁ%&\?@l@%ﬁ?%ﬁ%%%si Afr ﬁflggnl éL‘r?rlp Eitfs‘?g"rei}-s)t ricted to the
above- descri beda¢@pg@ingntontiheengs wix1de yavetengpbaamtaus efhechance can
be reduced, thus perform ng the epitaxial %rowth closer to the set
epitaxiall@rﬁﬁﬁh donadint i 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.
[0045]

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
to 800 to 1300 nm.

When the emission wavelength of the infrared lamp
is restricted to the above-described range, an influence
of the wavelength on a reflectance can be reduced, thus
performing the epitaxial growth closer to the set
epitaxial growth conditions.

[0046]

Furthermore, a film thickness of the epitaxial
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[0046] Furthernore, a filmthickness of the epitaxial |ayer 14 can be

adj usted based on a flow volune of a gas, a reaction tenperature, and a
reaction tine, and it is preferable to effect the growh in such a manner
the filmthickness exceeds 1 timor reaches, e.g., 2 jimto 5 Amor a

hi gher val ue. Even if the epitaxial |ayer having a relatively |arge
thickness is formed and a high-tenperature maintaining tinme is prol onged,

the m’smufﬁ&%g&i N pRLhed acepigiag bHaskhe obr esentow NY§Nhenognabless,
perform ng the epitaxial growth under the optinumconditions fromstart to

end Ff theoge$m¢hpnth@magraku¢@jngnduﬁ.ﬁﬁéCé%@@Iuﬁﬂefmﬁ@%xiﬁligromnh with
no slip. The ahove- descrj bed. factur ] t enab
PTRGEEE0Ge e IS8T B SECPREL A Eh BEAE er 6710 for mo

manuf act Irncld e base wafer 10 forned of

a siliconesingtgiekyekdl edadOX | piebrlbearnths Rase waf im10o and the
SO layer 17 on the BOX | ayer 15 shown in FIG 3, wherein the BOX | ayer 15

has a thiwknessaohigbepmverlusel ow or ((a positive integral nultiple of
?goéﬁozhgngg;dﬂgagns%t kﬁée%ﬁ%%éé%ifﬁig§%9fh§v§hbiQOQéﬂéﬁﬂﬁéP§yS?al layer
yer and the epitaxia ayer 14 grown on the silicon
single crystgé khyekn:8s [10048}rmed 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.
[0047] |
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 1is
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.
[0048]
According to the SOI wafer including the BOX layer
having such a thickness, since the infrared reflectance
in the infrared wavelength range of 800 to 1300 nm
becomes 20% or above and 40% or below, the infrared
reflectance hardly changes when forming the epitaxial
layer on the silicon single crystal layer, the
reflectance substantially equal to that of a polished
silicon wafer can be provided, and hence the slip-free

conditions of the polished silicon wafer can be applied
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According to the SO wafer including the BOX | ayer having such a thickness,
since the infrared reflectance in the infrared wavel ength range of 800 to
1300 nm becones 20% or above and 40% or below, the infrared refl ectance
hardly changes when formng the epitaxial |ayer on the silicon single
crystal layer, the reflectance substantially equal to that of a polished
silicon wafer can be provided, and hence the slip-free conditions of the

pol i shed gilheQnrwafier Lo henappligdrrbe agswedlal groyet heishi p-free

epi taxial layer with excellent productivity, thereby obtaining the

hi gh- qual ¢xge SOFnwafeodatc tal ¥ oy cosherpby49otee gk erfte i Ay8hti on will now
be nore specifically expl ai ned ba xanpl es of the present invention
hereinaft%??ibky ?ﬁé Bﬁe§ghfsfﬁ%e§§?oggfg'not restricted thereto. [0050]

( Exanpl e) First, four wafers, i.e., an SOl wafer C (an SO |layer: 70
nm a BOX |layer: 340 nn), an SOT wafer D (an SOT |layer: 50 nm a BOX | ayer:
30 nn), ah0&B¥Iwafer E (an SOT layer: 70 nm a BOX layer: 360 nnm), and an

Sor vafer F (anyS00oLaxeni 10./u0c 8,89 | @vRby B20ryBe each having an

infrared reflectance 1n an infrared wavel ength range of 800 to 1300 nm
falling vépdacnftbhellgngespdfa 2084 tload66h wer e jamgpared astepi pagsgntgr owt h
SO wafers by the i?p ian%Ptation deLgnination nmet hod. . . .

invéntion hereinafter, but e present invention 1s not

restricted thereto.

[0050]
(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 félling 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,
and SiH,Cl,: 450 sccm as non-doping epitaxy without
introducing an impurity such as boron or phosphorus.
[0051]

It is to be noted that, in regard to power balance
of a heating lamp, optimum conditions for a regular
polished silicon wafer (conditions possible to achieve a

slip-free state after H; annealing) were determined, and
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Then, 511msilicon epitaxial growh was performed on each SO |ayer by a
si ngl e-wafer processing |anp heating type epitaxial growth apparatus
(Centura). The silicon epitaxial growth was performed under conditions of
1100C, a reduced pressure of 106.6 hPa, H2: 40 sIm and Si H2Cl2: 450 sccm
as non-dopi ng epitaxy w thout introducing an inpurity such as boron or
phosphorus. [0051] It is to be noted that, in regard to power

bal ance ofya Q?%ttia'%ga!la%ov%iﬁyg‘ candis biors f afn 21 & egalt At apalihghed
silicon watfer (conditions possible to achieve a slip-free state after H2

anneal i ngihwer badeneer néar taret , thes bpPt agical Igrs s €hPRi ed out while

mai nt ai ni ng,_this. bal ance. .[Further, slLip _occurr Lfyatjo ter the
epi t axi alagFS% %h\?/afpé&aﬁ)ﬂa%idgﬁ%@ég 8R°sISp L}agt%:g(ge%%ge%gn%% gilg lay of a
waf er st resghegdsticid thaaP RET £ Usy SbRDa( Fedrni x4 e & akeds Depakari zati on) .

[ 0052] (Conparative Exanple) _ An SO wafer A whose infrared

ref | ect amePpsateco§iRd( e mrbag| YRénaRss RGN RyZehi8R) SO t hi ckness
by a sinulation (an SOT layer: 70 nm a BOX layer: 145 mm) was prepared as
an epitaxial growh SOT wafer, and 5-gmsilicon epitaxial growth was
performed[0052]

(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).
[0053]

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 occurrenée situation after the
epitaxial growth was evaluated based on the slip
highlighted map display of the wafer stress measuring
apparatus SIRD (Scanning InfraRed Depolarization).
[0054]

FIG. 8 shows the slip occurrence situations of the
SOI wafer A and the SOI wafer C after the H, annealing
and the slip occurrence situations after the 5-pum
epitaxial growth on each SOI layer. In regard to the
SOI wafer A (Comparative Example), temperature control

was not able to be performed appropriately even under
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on the SOT | ayer by using the single-wafer processing |anp heating type

epi taxial growth apparatus (Centura). [0053] Al t hough silicon
epitaxial gromh conditions are the sane as those of Exanple, in regard to
power bal ance of the heating |anp, optinumconditions for the SOT wafer A
(conditions possible to achieve a slip-free state after H2 annealing) were
determ ned, and the epitaxial gromh was carried out while maintaining this

bal ance. Eyphherond $iHdt QeLMrse9c8 sttuatiitaldersihe epi tasi alingr owt h
was eval uat ed based on the slip highlighted map di splay of the wafer stress

nmeasur i ngo fppheatiasasShRBLiSeanimingd 1t ¢ ARebieDepsl &hiez &% br3x1#0054]
FIG 8 shows e slip occurrence situatigns. of r nd the SO
waf er C a‘F{%V%F‘hgl ea%éaﬁ#ﬁ%cgﬁac?hgyscl ilﬁagcléjpf%lg%ué?tggawﬁgﬁls after the

5- gm epi taxéakoar Qutyle oncreaekn S66  tayages iy egeswh t ont BRGSO, waf er A
(Conparative Exanple), tenperature control was not able to be perforned
appr opr i ateéyebyers lundercceoneilt REhS Tt dte cml bydidlog&eritén &t of Wi p at

the time of the H2aunalisg |AMPdLatel X Pelpr &dhe,gpbbaxial grouth since
y ctuate e

a reflectance cyclicall u n the SO layer thickness changes as
shown in FhGamplewhersshicesla profttactedcaf terrdlhe Epucaxbakesgwdwtnh of 5 On

the other hand, in regard to the S wafer C Exanﬁl egé si nce ;r%fsl ect ance
hardly flEBeuaPds \avst tie Sepes ayerabAicckn BES Fgﬁ%ét‘) Jr€ control

was peff%Q‘r’@o%&%o%%ﬂgﬁtc%ﬂi@@gl_{,hsneX%%lel lcslignfreeippictaxi al growth
was carried out. [0055]

epitaxial growth was carried out.

[0055]

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.

[0056]

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.
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Furthernore, in regard to the 501 wafers D, E, and F (Exanples), the
excellent slip-free epitaxial gromh was carried out |like the SO wafer C

[ 0056] It is to be noted that the present invention is not
restricted to the foregoi ng enbodi nent. The foregoi ng enbodi nent is just an
exenplification, and any exanples that have substantially the sanme
configurations and exercise the sane functions and effects as the technical
concept described in clainms of the prasedy invention are included in the
techni cal scope of the present invention. CLAIMS 1. A nethod for

manuf act uli ng ah ®Ethedf éor reeufadiodr toaf kgubed @ fgrow Ehe epi t axi al

| ayer on an_SO. | ayer, of t SO _wafer having .the SQ | ayer _an BOX | ayer
to i ncreég%tléoghf:(?\éﬁé r(SefJ|t e XY 3§}eref)l\}\_7nag<rlea}qn gﬁ?%x?ﬁl agr g\%tlh i's
carried ouiyby dgi RacascSOwaedernuhesy ithie aced reféecoanaeBoX an infrared
wavel engt h range of 800 to 1300 nmfalls within the range of 20%.to 40% as
the SO whd BT oROWANEH SR epithikEknepgy &t itdheyrwh. 122 ThEhREEREd f or
manuf act ur j SO r .acc g .t | Qi . wher ei irckness of the
BOX Iayeré%?g?%gaiﬂgr%tg} 125?1 %?%Egghgugp%gx%aﬁWa§§rg?g E]qrgg\%gj is set to
30 nm or Wedbow Ohfiba poidf Mect abegr ah rul tinflmeaodd 348y20¢ngmh 3. The

nmet hod for manufacturing an SO wafer accqrcrl)ising to claim1l wher ei n

the SO weARFeoRTWEOSh tohe M 1% SR L8y & Hhd Ty ridin ?%“‘FabP?{:ét &d By

i mpl antingoat  Lkeagt @Re Qfasfe hYg 09RAHhoR ANGJ &£ 0o 1898 rfiem a surface
of a bond wafer to forman ion inplanted |ayer in the wafer, closely
attachi nggxdreni on i npl anted surface of the bond wafer to a surface of a
base wafer through an oxide film and then delam nating the bond wafer at
the ion inplanted | ayer. 4. The nethod for manufacturing an SO wafer

accordi ng t 0 anyh®nge hoal &ows mhrtorSctwhengi ant BoTepidfxt al | ayer is grown
by using a si ng[ e-waf er processing | anp heat iigg( appar at us. havi ng an
em ssi on ¥RGerengehter cdpimfyarederaip dpphiletnos § nef sEew&Per bei ng

reStriCteﬂa§Qr889 Eﬁel%Q% Wdfer on which the epitaxial layer 1is

grown is set to 30 nm or below or ((a positive integral

multiple of 340)%20) nm.

3. The method for manufacturing an SOI wafer
according to claim 1 or 2, 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.

4. The method for manufacturing an SOI wafer
according to any one of claims 1 to 3, wherein the
epitaxial layer is grown by using a single-wafer
processing lamp heating apparatus having an emission
wavelength of an infrared lamp applied to the SOI wafer
being restricted to 800 to 1300 nm.
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5. The method for manufacturing an SO wafer according to any one of clains
1 to 4, wherein the epitaxial layer is grown to have a thickness |arger
than 1 'Am 6. An SO wafer conprising: a base wafer forned of a silicon
single crystal, a BOX | ayer on the base wafer, and an SO [|ayer on the BOX
| ayer, wherein a thickness of the BOX | ayer is 30 nmor below or ((a
positive integral multiple of 340)20) nm and the SO |ayer conprises:. a
silicon single crystal |ayer on the BOX | ayer, and an epitaxial |ayer grown

on the silicon single crystal |ayer.
5. The method for manufacturing an SOI wafer

according to any one of claims 1 to 4, wherein the

epitaxial layer is grown to have a thickness larger than

1 pm.

6. 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

single crystal layer.
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