METHOD FOR MANUFACTURI NG SO SUBSTRATE BACKGROUND OF THE I NVENTION 1. Field
of the Invention 5[0001] In this specification, a technique relating
to a method for manufacturing a substrate having a silicon-on-insul ator
(SA) structure in which a sem conductor layer is provided on a substrate
with an insulating |ayer interposed therebetween is described. Further, a
technique relating to a reprocessing nethod of a sem conductor wafer which
10 has been used in manufacturing this SO substrate is described. 2.
Description of the Related Art [0002] A sem conductor substrate having an
SO structure (hereinafter referred to as 15 an SO substrate) in which a
sem conduct or | ayer METHODF QB MANUFASTIIRING SOMSUBSTRATHs ul ati ng | ayer

i nt erposed t herebetween has attracted attention as a substrate suitable for
manuf acturi ng an LSI which has | ow power consunption and can operate at

hi gh speed. [0003] 200ne BAGKGROUNE OBTHEIDVENIAIONact uring an SO
substrate i h en..ion inplantation separation nethod (e.g., see

Pat ent Docdh%lﬁkdoﬁh ciﬁté"“&%%cn bed in Patent Docunent 1, an SO substrate is
manuf actur ¢oboasi ng two bul k silicon wafers in the hydrogen ion inplantation
separation net ho]’% One of. the two bul k gll l.i con wafers_serves as a bond

substrate (al so Pefds $PseilipRiionsa JechBidyp relaig e dyethipdyfor Hrangfarrng & ves as

25 a base sulghicabhang 4 BificPHHinSWNGE (SUTEstRIcAYd Rl6fhich SRMicRREMG 18er Isayer, and
t he base substrate forns the SO, substrate body. A method for nmanuf acturi ng

an SO sub®fqvited B2 iqtrétf%wﬂ%@e nsulating A%F%WE%PQS% thepshateen Srfleiaitedd i s
briefly d emmlaeﬂte@ﬁh@y rebh @804 a Rproteskidle n{e'tﬂomo'fﬁ sbRIcOECRR walte wWaRiRd

substrate by a thermal oxi datlon et hod, 30 and then irradiation with

hydr ogdf i ﬁ%bqegufféﬁmaﬁ@epwgftbksﬁpésvhsgatsMEqr@edayer i nsi de

2. Description of the Related Art
[0002]
A semiconductor substrate having an SOI structure (hereinafter referred to as

15  an SOI substrate) in which a semiconductor layer is provided on a substrate with an
insulating layer interposed therebetween has attracted attention as a substrate suitable
for manufactming an LSI which has low power consumption and can operate at high
speed.

[0003]

20 One of known methods for manufacturing an SOI substrate is a hydrogen ion
implantation separation method (e.g., see Patent Document 1}. As described in Patent
Document 1, an SOI substrate is manufactured using two bulk silicon wafers in the
hydrogen ion implantation separation method. One of the two bulk silicon wafers
serves as a bond substrate (also referred to as a donor substrate) and the other serves as

25  a base substrate. The bond substrate provides a semiconductor layer, and the base
substrate forms the SOI substrate body. A method for manufacturing an SOI substrate
by the hydrogen ion implantation separation method is briefly described below.

[0004]
An oxide film is formed on the bond substrate by a thermal oxidation method,

30  and then irradiation with hydrogen ions is performed to form a microbubble layer inside
the bond substrate. Then, the bond substrate and the base substrate are disposed in
close contact with each other with the oxide film interposed therebetween and bonded to



t he bond substrate. Then, the bond substrate and the base substrate are

di sposed in close contact with each other with the oxide filminterposed

t her ebet ween and bonded to each other. After that, heat treatnent is
performed and the bond substrate is divided at the m crobubble |ayer, so
that a silicon layer is formed on the base substrate with a thermal oxide
film(insulating |ayer) interposed therebetween. The silicon layer is a
sem conductor | ayer which has been separated fromthe bond substrate. Then,
heat 5 treatnent or the like is perfornmed on the base substrate in order to
strengthen the attachnent between the silicon |layer and the base substrate,
so t hat ane&blotisnbsAftatient itgatamamhemt seperfbumedlzad thei bond bndasing)td ﬁstxtjﬁ'ded an

i npl antatign se n_net nds bst r at silicon
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Into the bona s strte se, of the t ho rerore,
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substrate which forns the sem conduct& | ayer b{e heat treatnment in the 15
manuf act ur AtRghpeysteey thesiliognylayer pad thy base(sibstiatenpq that 3301 PPERSENt in a

step of foLghMBted. hemiriaelr @Itheomcﬂ@%ehl Ibmlﬁpgn@uéi Sdpafitiot! meidanehet kgbond

substrate). Accordingly he crys defects in the vicinity of the surface

need to besyhstaie d@m wh@h@@rsﬂmnﬂ@@é dag bren|sepnaated ea hegrensed é@‘-@dbq usedFor
exanpl e, NP&I&% te i %.gggg},gdgndqbésghoses that crystal defects in the

vicinity a sur ace o] CZ silicon wafer can be reduced by annealing at
1200 Clﬁlndé(?Oﬂé] hydr ogen gas atnosphere (the proportion of the hydrogen is

100 %9 . [0007] 'ﬁ‘ogsg:%g ?en ?@E&B}pﬁggﬁﬂﬁ&tﬁe Dohd sgbsgr?%h?élhés%'&sﬁl reuse of

a bond substrate t cunent oses that in order
to i ncreasmantlbctmmg)mneﬂn;dd tthﬂeﬁ)rﬁ;f crysiel défects bctnedtcswlaxgema‘swh as oxidecon waf er

formed by slici sed for bond gubst.rat e ingat is grown
by &z e PHERIAS, Aol or'holff Sl Clre BB BENIGHE) St o ck BBAE 1 5 L0V
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nor agq5eoal.e Blulifl Shodd 5f &lSOHshbsGoll dyhRSn Al reStERGh 8 steh OP Rothing

the thermal oxide film and a step of dividing the bond substrate). Accordingly, the
crystal defects in the vicinity of the surface need to be reduced in order to reuse the
bond substrate.
[0006]

20 For example, Non-Patent Document 1 discloses that crystal defects in the
vicinity of a surface of a CZ silicon wafer can be reduced by annealing at 1200 °C under
a hydrogen gas atmosphere (the proportion of the hydrogen is 100 %).
[0007]

In addition, Patent Documents 2 to 4 each disclose reuse of a bond substrate.

25  [0008]

Patent Document 2 discloses that in order to increase the number of times of
use of a bond substrate, a silicon wafer formed by slicing an ingot is used for a bond
substrate. The ingot is grown by a CZ method and includes neither aggregate of
vacancy-type point defects whose oxygen concentration is 5 X 10'7 atoms/cm® to 14 x

30 107 atoms/cm’, nor aggregate of interstitial-silicon-type point defects.
[0009]



Pat ent Docunent 3 discloses that by perform ng heat treatnent rapidly on a
bond substrate fromwhich a silicon | ayer has been separated at 1150 Cto
1300 C, oxide precipitate in the bond substrate can be reduced. [0010]
5Pat ent Docunent 4 discloses that a CZ wafer with few defects whose whol e
surface is fornmed using an Nregion is used as a bond substrate and RTA
treatnent is performed as reprocessing treatnent of the bond substrate at
hi gher tenperature than that in a step of formng a thermal oxide film
performed on the bond substrate. [Reference] 10 [Patent Docunent] [0011]

[ Patent Docunent 1] Japanese Published Patent Application No. H15-211128.
[ Pat ent DocunentPaiht Dag@ans @ d?sxlﬂsiaSthladbyDaemminﬂgplmat edtment xoidly28086- 294737 .

[ Pat ent Do a e P bI| tent 0, QQ.7-251129.
5 pat ent BRIt OD SfiTeR S Sien CBER HOARA ot NSO B008. 21892,
[ Non- Pat enxi@osreéiBifttd inltedHodH subsiriieRarPed Ridce@ocument 1] K. Kashima and H.

H rano, "Hi gh-tenperature hydrogen anneal ed silicon wafer for

next - gener 1¥n ULSI devices" OYO BUTURI, 201994, Vol. 63, No. 11, pp.

1114-1147. SUMVARYA{Boddifent BNERIDSENRACD (132] wiffe Rl Sow UOKetS WIBsePwhaad
substrate while th guallty of an SO substrate is 25 nmintai ned, crystal

def ect s dusurfage o ing; 43 X gegion iy wedhamubend wbstre FdREA Fegmentis SO
substrate p&ﬁ)ﬁnwap&p@ceﬂh@a&é&e@% of BRIRGE S5tsBGte 2t BRPERMpSENtD SalpOnd

substrate.
that in a step of forming a thermal oxide film performed on the bond substrate.

[Reference]
10 [Patent Document]
[0011]
[Patent Document 1] Japanese Published Patent Application No. H5-211128.
[Patent Document 2] Japanese Published Patent Application No. 2006-294737.
[Patent Document 3] Japanese Published Patent Application No. 2007-251129.
15  [Patent Document 4] Japanese Published Patent Application No. 2008-21892.
[Non-Patent Document]
[0012]
[Non-Patent Document 1] K. Kashima and H. Hirano, "High-temperature
hydrogen-annealed silicon wafer for next-generation ULSI devices" QYO BUTURI,
20 1994, Vol. 63, No. 11, pp. 1114-1117.

SUMMARY OF THE INVENTION

[0013]
In order to reuse a bond substrate while the quality of an SOI substrate is
25  maintained, crystal defects due to oxide precipitate in a manufacturing process of the
SOI substrate need to be eliminated as reprocessing treatment of the bond substrate. In
Patent Documents 3 and 4, heat treatment at a high temperature of 1150 °C or higher is
performed to eliminate such crystal defects. Thus, the heat treatment at high
temperature is repeatedly performed on the bond substrate, and accordingly, the bond
30  substrate is likely to be damaged as the number of times of use is increased. Further,

heat treatment at high temperature takes 24 hours or longer in some cases, including the



Pat ent Docunents 3 and 4, heat treatnent at a high tenperature of 1150 C or
hi gher is performed to elimnate such crystal defects. Thus, the heat
treatment at high tenperature is repeatedly perforned on the bond
substrate, and accordingly, the bond 30 substrate is likely to be danmaged
as the nunber of tinmes of use is increased. Further, heat treatnment at high
tenperature takes 24 hours or longer in sonme cases, including the tine for
putting a substrate in a furnace and increasing the tenperature of the
substrate to a certain tenperature, and cooling tinme for taking out the

substrate fromthe furnace. [0014] Therefore, this specification
di scl oses &mbdatyutiinge mbstraeajincaefurdaee muhibareasofg the tempemtioé ofhatulistratat nent  of
a bond subtrate |n re tre 0 enbodi nent of
Che_pr esent® 1 SER(TBIFAT iR ohr e e Fem b EREY o

manuf act ur [oag4pn SO substrate |ncI uding the foll ow ng steps a f| rst step
of performng figst heat.treatnent an a first seni conductor at 1100 C
or higher 10 un fe£°fﬁo So%eﬁ‘aiﬁ‘?t’r?ﬁ ‘gf%%ﬁé? eft%rr?FF eélbecB o of

sen congluctifes ¥afet treafnchCEQI¥bna btttk if RpricaGingfrehtiiehd. ati ng | ayer on a
surface of the second sem conductor wafer and formng an enbrittl enent

region in {945kecond semi conduct or waf er by irradiation with accel erated

ions; a third stgp aﬁboahﬁaa@farr&gaIsrbfenﬁa%@ﬁtﬂm&ﬁm&wgyﬁsogpeméﬁonam a base
substrate to each other with the insulati ng | ayer interposed therebetween;

and a four methed f@twuapmpég pER supsaete swtndmedhe follewingsieps: grfirstiéepsdcond
sem Condugrga{fo st e 'teéa %mga? o SREORhi G RRERNIAG! &'y %fo%r %ﬁd&to e

enbrittle her e y formng a sem conductor ayer
base sabst BﬁﬁeEa\an-bXIﬂizmglanBdehttre trgfohaylesecmd semiposiaciot vefeg taesewad stepnd a

third sem cprflduct or wafletr ffomv\,h S conguctor Aﬁl par at ed.
20[ 0016] OTE ThESERsFe a@?%b%’d?r%ﬁ?“‘f ‘E © RER-oxr ezt “f%%p*ﬁ‘ reis a
rare gas afomaiwmrembrildmedr @gien ugﬂﬁ: sedonm S@hieseluctor wafefrby(efhd&hmwﬁxher e of a

(are gas and o o0on, S0 IS 00y SLaCN. AN El R pLe
be used i ngiReste &f edch@ e Ritxhél inghinghg?lyatinemHpiarthereddden] and a fourthhe oxygen
e At O o Bpertonming socond hest hroatment.on the seecad Seracantulitos wafet o divise > ¢
or |owds. pigpeBperforming secon
the second semiconductor wafer at the embrittlement region, thereby forming a
semiconductor Iayer fixed to the base substrate with the insulating layer interposed
therebetween and a third semiconductor wafer from which the semiconductor layer is
separated.
20 [0016]
In the above embodiment, the non-oxidizing atmosphere is a rare gas
atmosphere, a hydrogen gas atmosphere, or a mixed atmosphere of a rare gas and a
hydrogen gas. As the rare gas, argon and helium are typically given. Further, a
mixed gas atmosphere of oxygen and nitrogen may be used instead of the non-oxidizing
25  atmosphere.
[0017]
The oxygen concentration of the semiconductor wafer is preferably 2 x 10'®
atoms/cm’ or lower.
[0018]
30 Note that the present invention disclosed in this specification is not limited to

the description in the embodiment, examples, and drawings, and it is apparent to those



30Note that the present invention disclosed in this specification is not
limted to the description in the enbodi nent, exanples, and draw ngs, and
it is apparent to those skilled in the art that nodes and details can be
nodi fied in various ways w thout departing fromthe spirit of the present

I nvention disclosed in this specification and the Iike. [0019] 5Wen a

sem conduct or wafer is subjected to heat treatnment at 1100 C or hi gher
under a non-oxi di zi ng at nosphere such as an argon gas at nosphere or a m xed
gas at nosphere of oxygen and nitrogen before an SO substrate is

manuf actured, heat treatnent at a high tenperature of 1100 C or hi gher does
not need t ekillel petheorrtiut medeeprd delgis negl be emidifedt inofaribise wepnrimitbowduct or

waf er ever tlne he Sin 0 tr erfor
DESCRI PTI PR @%ﬁ%&\?ﬁﬂ&&?ﬁlﬁ E"%f‘;t nvepid %gég%sﬁ%anylsnsge(aquga\%\no o e o

s a fIOM/hhart Il lustrating an exanple of a nethod for nanufacturlng an
Sa substrgﬁggfccording to one enbodi nent of the present invention;
FIGS. 2At are cross-sectional views illustrating an exanple of a

nmet hod §or nmanufweidihiseRlicdndudtor WwatiSts! skbRc@g GO ditNgeatRer® i€ 1800Odigyent  of
the present invention; 20FIGS. 3A to 3E are cross-sectional views

i || ust rat | BhePOEsTPRIeoRYizing #nsalere SchrAs 90 RERONEAF AlGROSPhesTRT aTbedr at e

according b é?ﬁi@s;ﬁgitéQﬂ“o #2f nﬁth%eﬁ’ bERR Yn S@I‘/ &ktkR0is manufactdrddChéati S an
i mge of cross-sections CZ single crystal silicon wafers obServed with

an i nfrar etiedteenrat s@zahttanpﬁgutemfdgﬁﬂhtﬁyr highardeeusot need to be performed in

reprocessing treatment of the semiconductor wafer every time the reprocessing

10 treatment is performed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

In the accompanying drawings:

15 FIG. 1 is a flow chart illustrating an example of a method for manufacturing an
SOl substrate according to one embodiment of the present invention;

FIGS. 2A to 2H are cross-sectional views illustrating an example of a method
for manufacturing an SOI substrate according to one embodiment of the present
invention;

20 FIGS. 3A to 3E are cross-sectional views illustrating an example of a method
for manufacturing an SOI substrate according to one embodiment of the present
invention;

FIG. 4 is an image of cross-sections of CZ single crystal silicon wafers
observed with an infrared laser scattering tomography apparatus;

25 FIG. 5A is a top view of an SOI substrate illustrating a region observed with an
optical microscope; FIG. 5B is a graph showing the number of luminescent spots in a
dark-field image of a single crystal silicon layer of an SOI substrate, observed with an
optical microscope, with respect to the number of times of manufacture of the SOI
substrate; and FIG. 5C is the same graph as FIG. 5B, regarding a comparative example;

30 FIG. 6 is an image of cross-sections of MCZ single crystal silicon wafers

observed with an infrared laser scattering tomography apparatus;



25FIG 5A is a top view of an SO substrate illustrating a region observed
with an optical mcroscope; FIG 5B is a graph show ng the nunber of

| um nescent spots in a dark-field inage of a single crystal silicon |ayer

of an SO substrate, observed with an optical mcroscope, with respect to

t he nunber of tinmes of manufacture of the SO substrate; and FIG 5Cis the
sane graph as FIG 5B, regarding a conparative exanple; 30FIG 6 is an

i mge of cross-sections of MCZ single crystal silicon wafers observed with
an infrared | aser scattering tonography apparatus; FIGS. 7TAto 7C
are graphs show ng the nunber of |um nescent spots in a dark-field inmge of
a single crystalFISS| 7T4dn TQyer grafphsasho 8@ thelbwmber ef lumideseamplspot8in abser ved

W th an opt] eé 1 CI QSGCQpe, (M nec 0 e er of. tinmes

manuf act uréér%?d e%dr?'é:&%%l&sau%ﬂsl%l? ac%yg%ai g,‘[?%?n ‘fX:gr '#e%l Sp?g‘%s%%tﬁtmfﬂgﬁmgleﬁ%ur s, FIG
7B: heat 5obsesetneith dnoopicahanicmscapad wWithGregfizct heathet mestienesit tifes of6 hours;
FIG 8 is a fl chart Lllustrati N ex | e of .a.,metho )

nmanuf act ur %“fg‘\f%"@d% ﬂté‘hgét P%isé‘%% t gﬁhgea?g%%%me%ggﬁ’ﬁgn?l%&%t fEtor esent

i nvent i ®n; treatment f&nl Lhouds, bad BIGQT@Heasthanheng fdrhe houwtsber of | um nescent spots
in a dark-field ] e of asingle crystal sjlicon |ayer of an SO substrate
in Exanple 4, obt'lslgffgl?cf‘ W thetigiugirating a7 e&f&&%@,fowwfww&@? to the
nunber of SoMRssite BRBHiRGD Bheeboditient 9he pHB&GHt iveion, ~ FIG 10 is a
graph show ng the nunber of | um nescent spots in a dark-field |mage of a

single crystal s &dh el egRly showingnthgaumbeh et fusmipeseent sRetfit @ drk-gglder ved
W th an opiﬂlé‘gélofmsﬁfém siliehd ngé&&‘&ﬁ%ltsglfsgaf% i ERRple Qf oﬁsﬁ%éw@cfl
e, IS a

manufacture of the SO 715substra 1 graph show ng the
lifetid@® ofn gptEzl siciepcepes Pthiregped ity thegrmmbsr ef times ¢hanspyifastuse of thh Shspect to
the nunber qfqibmes of manufacture of an SO substrate; and FIG 12

is a graph showmng the lifetine of an MCZ single crystal silicon wafer in
Exanpl e 7 with rlSpétis 2 grapheshowinbdhe pimber md Jurpineseent spaistin redagf-fild SO

substrate. i.rgf%e %Iﬂn%ﬁ%r%%gﬂcgﬁr ia%l o%n-gfﬁ shDVENTh %&Q%}&bserved with
an optical microscope, with respect to the number of times of manufacture of the SOI
15  substrate;
FIG. 11 is a graph showing the lifetime of a CZ single crystal silicon wafer in
Example 6 with respect to the number of times of manufacture of an SOI substrate; and
FIG. 12 is a graph showing the lifetime of an MCZ single crystal silicon wafer
in Example 7 with respect to the number of times of manufacture of an SOI substrate.
20
DETAILED DESCRIPTION OF THE INVENTION
[0021]
An embodiment and examples of the invention disclosed in this specification
will be described below with reference to the accompanying drawings. Note that in
25  the drawings referred to in this specification, components denoted by the same reference
numerals in different drawings represent the same components. Therefore, the
description regarding such components, which are repetitive, will be omitted in some
cases.
[0022]
30 Here, a method for manufacturing an SOI substrate is described. In the
method for manufacturing an SOI substrate of this embodiment, first, heat treatment is

performed on a semiconductor wafer which is to be a bond substrate at 1100 °C or



An enbodi nent and exanpl es of the invention disclosed in this specification
w Il be described belowwith reference to the acconpanying draw ngs. Note
that in 25 the drawings referred to in this specification, conponents
denoted by the sanme reference nunerals in different draw ngs represent the
sanme conponents. Therefore, the description regarding such conponents,
which are repetitive, will be omtted in sone cases. [0022] 30Here, a
met hod for manufacturing an SO substrate is described. In the nmethod for
manuf acturi ng an SO substrate of this enbodinent, first, heat treatnent is
perfornmed on a sem conductor wafer which is to be a bond substrate at 1100
C or hi ghkighemdsker a monexidikilp zitmgspatnens After ¢hat, At esulatigt layan andsnl at i ng
| ayer and an, enbrittl| enent reqgia re provided f.or the_sem conductor wafer.
Thon, the SBRTOGHE cEBOT b PRI Baoh® SIS PLPtoh i { aliB I6 each
ot her W t hsdrieondastod wifenghdl slyRé siublstrste pes@akctel & &b btrewith e ihdulating
sem conduct or wafer is di ‘ﬁi ded at tg{% ‘;-;)ee.nbr' ttlerraetn so_ that an

0

t .regiqn
SOT subst r B8 THePOwn Jetebeiern cindu it sepiagnductor watp dt vifetly A aer - and

the bass sulbifitiiahenti SgibRr s6EMat §D8@Blsubstrate inéidihd @ serfi®RERERSIByRIthe I eat ment
for reusing the sem conductor wafer after the division is al so descri bed
here. In tHSdaEngiavanpsd the hespsupgipteje fwedg treat ment 10 includes at |east a
step for plgngrizing a surface fromwhich the sem conductor |ayer is
separated. In addition, every tinme the sem conductor wafer is used N tines
(N is an i nt egerFugther reprocassing) trealnens ferfrausing e spmisoydusiop stafesadier thpe

semi conduchfsioPiehisd e HeRI R BRAUMIGALIE e AbrobdQfhe CrQimbiegher in

addition to E,Lianarl zation treatment as the reprocessing treatment. That is,
heat td@at mshidesat I¢asthsterefap elaastigieg # surfree frommehich the serowopdictoNlayemies in t he

[0024] <1 S ehr oo e B e FRl AR AR IR T dan CUSEl
1 is a flowtegenpf 2idrl ey &t magufactuexanPOe sufstrate, 1t vewichuductramefercsur i ng an
OIS T R IE S, T M N S
substr at e. tHeGE@bEessing treatment. That is, heat treatment at high temperature is performed
15 once per N times in the reprocessing treatment, not every time the semiconductor wafer
is reused.
[0024]
<Flow Chart of Manufacturing Method of SOI Substrate>
FIG. 1 is a flow chart illustrating an example of a method for manufacturing an
20  SOI substrate of this embodiment and including a reprocessing treatment step in the
case where a semiconductor wafer is repeatedly used as a bond substrate.
[0025]
First, a bulk semiconductor wafer which is to be a bond substrate is prepared as
illusirated in Step S1. As the semiconductor wafer, a semiconductor wafer formed
25  using an element belonging to Group 14 of the periodic table, such as a silicon wafer, a
germanium wafer, or a silicon germanium wafer can be used. In order to form a
high-performance integrated circuit using an SOl substrate, a single crystal
semiconductor wafer is preferably used.  Alternatively, a floating zone (FZ)
semiconductor wafer obtained by slicing an ingot formed by an FZ method or a
30 Czochralski (CZ) semiconductor wafer obtained by slicing an ingot formed by a CZ
method can be used. The CZ semiconductor wafer includes a magnetic field applied

CZ (MCZ) semiconductor wafer obtained by slicing an ingot formed by an MCZ



First, a bulk sem conductor wafer which is to be a bond substrate is
prepared as illustrated in Step Si. As the sem conductor wafer, a

sem conductor wafer fornmed 25 using an el ement belonging to Goup 14 of the
periodic table, such as a silicon wafer, a germaniumwafer, or a silicon
germani um waf er can be used. In order to form a high-performance integrated
circuit using an SOT substrate, a single crystal sem conductor wafer is
preferably used. Alternatively, a floating zone (FZ) sem conductor wafer
obtained by slicing an ingot fornmed by an FZ nethod or a 30 Czochral ski
(CZ) sem conductor wafer obtained by slicing an ingot formed by a CZ net hod
can be usethethbthe LXMEAMmethnduelich iswmb d&indiof €lZlethods, vegmethod inf wisitlda appl i ed

et hod. | AnSRESREERAGEPRAT e Pal BF 8 SRR RiRBoCs Hadhsdb SreBong e (n

whi ch a mageRbs thaf drgdtal gtBviR ppihe e€nikondactariscofollad.sem conduct or to suppress
t he convec[i @Oof the nelt so that crystal growmh of the sem conductor is
controll ed.OO? 26] 5Before an SOT substrate nmanufacturing process (Steps 54

to S7) ss perf orgerske @h SO1QuBREIcGRAMBREg PRIcBIs, (SIREAS4 td SALiERBorined per f or med
on the sem cgonductor wafer under a non-oxidi zing at nosphere (St e%éSZ). Thi s

heat treat Pfhe serucoadyci weters Beat Grsetmsnigis derfpredam e serigerduciop wa

sen conducffer WdRLlox@iing ariRpherd (Sbp @%;eﬁ%sdséae%aﬁmers flefofied frdenut ed
zone) in the vicinity of the surface. Further, through this heat 10

t r eat nent , o8xpehifusignerfoxygandn sy semiqogductticvaiermnd fnmmataroe! ameredefios
separ at ed ag&r (agam RAEE zotSh {ﬂb%ﬁig’ &rtuégﬂacgegﬁgthﬁ BSuch iR Such
ts é e are calle ukmg

m nut e defe ue to oxide precipita | . ro defects
( BVDs) 10 BvViDeathentnexy gemssipersatptated Jnsidectha dersicondugial wefer mrsepanated pwias as

gettering 8&@5%&%&%@}0%&@?&%%&%‘3 GOSN Sudn"midife HBEMHS A6L WY LRYe P OCESS

of an SOT Substrate.
precipitate are called bulk micro defects (BMDs). BMDs formed inside the

semiconductor wafer can function as gettering sinks for gettering metal elements in the
manufacturing process of an SOI substrate.
15 {0027]
Note that in this specification, a DZ means a region without BMDs, not a
completely zero defect layer.
[0028]
The heat treatment temperature in Step S2 is a temperature at which the
20 outward diffusion of oxygen occurs, and is preferably 1100 °C or higher, more
preferably 1200 °C or higher. The upper limit of the heat treatment temperature is a
temperature at which the semiconductor wafer does not change its shape. In
consideration of the melting point of silicon 1400 °C, the heat treatment temperature is
preferably higher than or equal to 1100 °C and lower than or equal to 1300 °C, more
25  preferably higher than or equal to 1200 °C and lower than or equal to 1300 °C.
[0029]
This heat treatment can be performed in a batch-type heating furnace
(including a diffusion furnace or the like). Batich-type heating furnaces can process a
plurality of substrates at a time and have high temperature controllability. The
30 treatment time in the heating furnace (time at which the temperature of the object to be

processed is maintained at a process temperature) is at least T hour. This is because



Note that in this specification, a DZ neans a region w thout BMDs, not a
conpletely zero defect layer. [0028] The heat treatnent tenperature in Step
S2 is a tenperature at which the 20 outward diffusion of oxygen occurs, and
is preferably 1100 C or higher, nore preferably 1200 C or hi gher. The upper
limt of the heat treatnent tenperature is a tenperature at which the

sem conduct or waf er does not change its shape. In consideration of the
melting point of silicon 1400 C, the heat treatnent tenperature is
preferably higher than or equal to 1100 C and | ower than or equal to 1300
C, nore 25 preferably higher than or equal to 1200 C and | ower than or
equal to 1806én @e hEMRY]tidihiis shagt owtweslt dffusion aof bpergpteriﬁ montsdfﬁcienay

batchtypehatl furnace (includ a.di fu5|o ronace or ellke)
Bat ch- t ypePHERPRhdnt Ao 0S bl thblfed g (AR, P Bdls ot bt L i e
and have hseghcdnémmmﬁaztfbtr&comest high.| dlni donh&eraﬁblﬂ&f&ﬁe&ts efithadeht li'daﬁﬁenl: n the

heat f t _whi the t f bject to b
or acessed 1 HaMANRAR piveeS e SobSFBRNCY diohs & 2 $uf e Pour i <

is becasjsepreﬁi%[y$htﬁ1r§1@at)|ha@sﬁﬂdmmcs short, outward diffusion of oxygen is
not sufficy %ély performed and the oxygen concentration in the vicinity of
the surfac®Yf] t he seni conductor wafer becomes hi gh. In consideration of

ef fects of the hgalditis M mMlox@iEnd hiatbasHete/ds takl atrhddphddé BCRBSh bh BRidé S
preferably 1 hour to 24 hours inclusive, nmore 5 preferably 6 hours to 20

hour s i ncl {i§t Prevepied fpm growing og %iﬁn%lmﬁucf?rﬁ’éafﬁrdw heat tEeasmend apd M8¥phere i s

an at mosphgd @ni fAmbephéh @fnh?d&bge% %ésl Rd/s Rravepsed shEQRaay0W Qrdpen t he
sem conductor wafer by heat treatnment and may be an at nbSphere &6f hydrogen
gas ani¥ or ateopphers @lmprom@en foif cgt hydrogsnhydlﬂﬁg‘éh &L@ratgnnspmmmrf( {the

A Iy Y S A
rare gas. mRegdsar Eh@asge ks isyppicalyl Ne be Aer Hfrtheﬂ,:utr tefas of cobtt@relg aéd cost,
safety, and coptr oI I g@l it of the atnm ere, the pon- OXLdI zi ng at m)spher e
'S pr of er aERFoURRY o UpRdPenet %318%,36%5?‘&%6 BIPTHRECAAT 90 9 .
15[ 0031] atmosphere (the proportion of the Ar is 100 %).

15 [0031]

In Step S2, a mixed gas atmosphere of N; and O; can be used instead of the
non-oxidizing atmosphere. In this case, an atmosphere containing O, at 1 volume% to
10 volume% with respect to N is preferably used. The reason why a non-oxidizing
atmosphere made of a nitrogen gas (the proportion of the nitrogen is 100 %) is not

20  employed is that when heat treatment at 1100 °C or higher is performed on a
semiconductor wafer such as a silicon wafer under a nitrogen gas atmosphere (the
proportion of the nitrogen is 100 %), a surface of the semiconductor wafer is ronghened.
Therefore, by mixing an oxygen gas to a nitrogen gas, an oxide is formed in the
semiconductor wafer and the surface thereof is protected.

25  [0032]

In Step S2, this heat treatment is performed on a new semiconductor wafer,
whereby heat treatment at high temperature does not need to be performed on the
semiconductor wafer every time the wafer is reused. Thus, the number of times of
heat treatment at high temperature is reduced, which can suppress reduction in a

30  mechanical strength of the semiconductor wafer. Therefore, by Step S2, cost reduction

in manufacturing an SOI substrate and improvement in productivity can be achieved.



In Step S2, a m xed gas atnosphere of N2 and 02 can be used instead of the
non- oxi di zi ng at nosphere. In this case, an atnosphere containing 02 at 1
volunme% to 10 volume% with respect to N2 is preferably used. The reason why
a non-oxi di zi ng at nosphere nade of a nitrogen gas (the proportion of the
nitrogen is 100 %9 is not 20 enployed is that when heat treatnment at 1100 C
or higher is perfornmed on a sem conductor wafer such as a silicon wafer
under a nitrogen gas atnosphere (the proportion of the nitrogen is 100 %,
a surface of the sem conductor wafer is roughened. Therefore, by m xing an
oxygen gas to a nitrogen gas, an oxide is fornmed in the sem conductor wafer
and the sufdbage thereof is protected. 25[0032] In Step S2, this heat

treatnent is perfo d ew s uct wher.eb eat .treatnment
at high tenperatiPd ﬁﬁ%%syr?s{fo E‘%% agmﬁ O?é \rﬁg& %F\er?lﬁ%ndg Q’Sﬁd’ﬁct or

waf er ever thetSOTBubdaatewan bé formed esiﬁ@d DZTih usuchtdxggmabeelncaﬂfmcbxb mea thit heat
treatnment at high.tenpe turelsr duced, whic press reduction in a
50° meehani B ST AR ROURCR &l SOHEEBRONGT SO b B EPEoRG S op 2.
cost resluctayeris lslippf’@ﬁﬁdfdaﬁﬁ ﬁlﬂaﬁufa&uﬁ@rprswwa@éeﬁn@ﬂdudtdmk@hﬁ@mﬂtas BN
productivity can be achi eved [ 0033] I n addi tion, by perfor m ng heat

treatment BROSE{QEising wé@é@%&é@’&?"%&?&r dgyicg path dégh seliptilivygea bean be

formed usi Rgn@adddedn Whi ch oxygen is reduced nore than that in an initial
sem conduct or wafer. Since generation of BMDs in the sem conductor 5 | ayer
i s suppresE¥®d4dur i ng a nmanufacturing process of a sem conductor device such

as a transistor sk i AbriPlo ARSI BALEa sﬂfa%@f@g&ﬁ%@ﬂﬁts icfdlcts? wikdrh hi gh

reliability can be manufactured. [0034] in order to forma DZ in
a surf d¢e redighlpnn feptIle a semicomtudior wafer wehlidhy hat Gn roal gealbdopcantraiBmeqf 252, a

sem conduct Qg fer swhi c n,0x entratjon of 2 x 18 atons/cnB
or | ower |261pf"%§aesggnlo§ll°ﬁeéb ]?re%rab? %arecgmnﬁﬁ?sgguc‘%s %}mgélrﬁe%cﬁa%‘ Br wafer,

for exanpl e/afcafmmmp]e;eedou%r&a]r(gzengley@%alsmohlv@ﬁenw@frﬁ is given. [0035]

By reduci nB) f’gﬁ oxygen concentration of the sem conductor wafer, generation
15 of crys QB Hefects due to oxygen in the vicinity of the surface of the

sem conduct or d“ﬂf}ﬁfedﬁcﬁng&hﬂ%k%:‘eﬁﬁﬂnc%ﬂ%@ﬁ letEel sc’ﬁn&ledﬁc&ﬁ'l \bﬁ?ﬂ‘ genation el :c ablhy
in Step_S2 and t an be made thick easily el i e formati on of the
D7 | eats eia PRt FFen oo ey ey Weingn et %ﬁ“gﬂ Eﬁlﬁéemmn Wtion, to

nmake the Dgafeh iscéﬁp;l)@@g& the@efbRINTIA QR beToinhd rBlHEReh Sdp $3 MRShODZNeat

treatnent at hig terrperature for reprocessing treatnent with 20 respect to
t he number %ma@fi%eaw eBeliahly formation pf theldt deady tovigpervemsntof dsoyieldni ng of

the procesgs tHen®o1 EQRRE. In addition, to make the DZ thick leads to reduction in the
number of times of heat treatment at high temperature for reprocessing treatment with
20  respect to the number of times of reusing the semiconductor wafer, and shortening of
the process time.
[0036]
Further, by repeatedly performing heat treatment on the semiconductor wafer,
BMDs in the semiconductor wafer grow to be crystal defects such as dislocation or
25 stacking fault in some cases. Reduction in the oxygen concentration of the
semiconductor wafer can suppress generation of crystal defects due to the BMDs, which
leads to an increase in the number of times of use of the semiconductor wafer and
improvement in the quality of the semiconductor layer of the SOI substrate, and the
like.
30 [0037]

For these reasons, a semiconductor wafer having an oxygen conceniration of 2

10



Further, by repeatedly perform ng heat treatnent on the sem conductor
wafer, BMDs in the sem conductor wafer grow to be crystal defects such as
di sl ocation or 25 stacking fault in sonme cases. Reduction in the oxygen
concentration of the sem conductor wafer can suppress generation of crystal
defects due to the BVDs, which leads to an increase in the nunber of tines
of use of the sem conductor wafer and inprovenent in the quality of the
sem conductor |ayer of the SOT substrate, and the |ike. 30[0037] For these
reasons, a sem conductor wafer having an oxygen concentration of 2 x 1018
atons/cnB or lower is preferably prepared in Step 51. Further, it is

pr ef er abl extib8tatdoicroXordewercio prBaiblapieparedfin Slp S enifadre uck Qrefwabler be 1.8
x 1018 atons/cnB or | ower, nDreigreferably 1.4 x_ 1018 at.ponms/cnB.,or | ower

As a seni cHtitheuyEaResoBseniaHATRY thh SEgeRSHCteHRRRPY é&%hOlgﬁtogs@n& °1018

at oms/ cn8 %gﬁeh%&%,pr%{ab@@ﬂm $0'8 AbnMerm®SS RUE HYS ts&hicéddlulc:fﬁp Qap@fer is

gi ven. [00 e Oxygen concentration of the sem conductor wafer can
be measur ehavinyg seogpaamycdnaationasd .Sp et atoneiomy of ISvMSfor@kamyle,ianMEZ ed

absorptjon .spectroscopy. I.n.this specification, the oxygen concentration of
t he serr# coﬁﬂ%ﬁf’é’?mﬁ\%]ﬁ‘g%wagﬂ%ﬁﬂ ed by 10 the infrared absorption

spect roscopp3gjThe infrared absorption spectroscopy is a nmethod by which the
oxygen concentration of the whole sem conductor wafer can be neasured

wi t hout dest ruct iHSrPXYEs eqnsenizplian \pf dheoseieondytar Walct can bejmsagged Rifer i s
used, the §e@bﬁd%\g_ﬂﬂ thas FpecABmédy) (SIME) (of )andhRarbid 86kolRiok Ap&Htbstbfy. an OXygen

concentration CCOLIC using the neasured infrared absorption spectrum

15[ 0039] | this spgeifipntion.ohe Gymen cecentietipn of the spysanducton wefre i Beased by 1), | s
the transmubt ARGRAdOdbstphaf ‘%Péc%&%pgf ThE ihBirEP S rrBn 2GR REIRN S RECT T um

lo is the transmttance of the peak that appears at around 1106 cm1 (9.1
gm; al ismethed dlsdrg the wxpgrafdopeantptionsaf théwhelgrpemisenducton yepfar das behe

t hi ckness i st aly Sl i f o f . Kis a
constant. E?Stgl,%(agzimta e‘feg%%%ltg léintln%é éfgg{lq’h%@fg’%lel[%@%hf %g%egf(l ;’q}vhi chis a
val ue st antharfdioreng fymalre (1)cad (Howt esed th ericllastan gy ddatensealraticnAETDN) i s

used. 25[ 01(1351111% the measured infrared absorption spectrum.

15 [0039]
I = Tpexp (—oyt)---(1)
Ocone = 01 X K-++(2)
[0040]
In the formula (1), I is the transmittance of a background of the infrared
20  absorption spectrum; I is the transmittance of the peak that appears at around 1106
cm™ (9.1 um); o is the absorption coefficient at the same peak; and t is the thickness of
the single crystal silicon wafer. In the formula (2), K is a constant. Here, as the
constant K, 4.81 x 10" [em™] (ASTM-121) which is a value standardized by American
Society for Testing Materials (ASTM) is used.
25 [0041]
The absorption coefficient ¢ is calculated by the formula (1). When the
absorption coefficient ¢ is multiplied by the constant K as shown in the formula (2),
the oxygen concentration Ocone can be obtained. Note that in the case where a sample
used as a reference for removing the influence of the background of the infrared
30  absorption spectrum is air, o = oy — 0.4 [cm™'] is substituted for oy to obtain the

oxygen concentration Ocone.
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The absorption coefficient at is calculated by the fornula (1). Wen the
absorption coefficient al is nultiplied by the constant K as shown in the
formula (2), the oxygen concentration Cconc can be obtained. Note that in
the case where a sanple used as a reference for renoving the influence of

t he background of the infrared 30absorption spectrumis air, ot2 = al - 0.4
[cm1] is substituted for al to obtain the oxygen concentration conc.

[ 0042] Next, the first manufacturing process of an SOT substrate is
conducted. Steps S4 to S7 are the manufacturing process of an SO

substrate. In the flow chart of FIG 1, k represents the nunber of tines of
t he manuf afi0d2} ng process of an SOT substrate using 5 the sem conductor

waf er which is e i Stee Si__and e af [ Step S2
is perforned, F}qxg%%es cl?Lfm]glﬂr esslé%ﬁw%fsl?séﬂg ok H%P?%er%t fmed on

t he sem coBdebmemfmnu&&mgpmcmssf agSOY shitrasant Imﬂeélopenhafklof Fies, (N is an
i nteger of_ 2 or ) the nufa ur|n rocesses 0, SQr substrate are
per { or req., KZFRIER LEAPIIE BERE® Pt men g BFATe oG Ph R TRReaar e e

sem conslucmrsembﬁauc&rravaf@duﬁaﬂls p}éﬂawaéha]smps S1 and S2¢ fhu§diniSsept $eafterent f or

t he sem conductor wafer and a ste§ of praviding an insul %LPI ng Ia er and an

& e

enbri tt| emelP 2y PHPESH k id SkRiCondadilGr L ispireatmeny ating

layer is formeshdaliol RA6E asdBprBedhd FERma: oh&epe%mégrtﬁ&qpaﬂuﬁm@@ff&rz ot to be
attached to a base substrate. This insulating |ayer may single | ayer

or a plur amom) th¢ meapewring\progessesy of apti@hsubefraie atehnerfm@ﬂ aﬁnﬂr@yatedyer for
exanpl e, 1 silicon

oxynitri de a%/tée%cme%éhﬁﬁggﬁxﬁqr{afgggﬂhgi&g&@g&é}rQﬁgr&%{ﬁrguﬁake can be forned.
Furthedd t®48hsul ating Iayer can be forned by a chenical vapor deposition
(CVD) nethod, a u I r ALE) 20

met hod. Furt her rr%?ega? %n tr O%ets&hc?ﬂ'du%{o?@a? aﬁx%%&#ﬁ%ﬁ& tagat ment on
the sem conﬂulaﬁmglaymfamdanémm-ltﬂaymt reghvndbr the semscdrdectbrsafbat i ng | ayer can be
f or med. goébﬁhe The enbrittlenment region can be fornmed by

irradiatin sem conductor wafer with ions having kinetic energy. An ion
i mpl ant at i on appPHiedhditatiog lHer isdoinitdpt REst 2b aapiasealf ke wmicohducts edfdror t he

formati on t he rittl ement g 046] There is no limtation on the
ordor of 't febd BEEE e BrerH SWHWSU?T&S.IH%* figg dpven gy be a single layer or a

plurality of layers. As a layer which forms the insulating layer, for example, a silicon

oxide layer, a silicon nitride layer, a silicon oxynitride layer, a silicon nitride oxide layer,

or the like can be formed. Further, the insulating layer can be formed by a chemical

vapor deposition (CVD) method, a sputtering method, or an atomic layer epitaxy (ALE)
20 method. Furthermore, by oxidation treatment and/or nitridation treatment on the

semiconductor wafer, the layer which forms the insulating layer can be formed.

[0045]

The embrittlement region can be formed by irradiating the semiconductor
wafer with ions having kinetic energy. An ion implantation apparatus or an ion doping

25  apparatus can be used for the formation of the embrittlement region.
[0046]

There is no limitation on the order of the formation of the insulating layer and
the embrittlement region in Step S4. Note that in order to prevent the contamination
by metal in forming the embrittlement region, ion irradiation is preferably performed

30 after at least one layer of an insulating layer is formed. An embrittlement region may
be formed in such a manner, for example: the semiconductor wafer is subjected to

thermal oxidation in an atmosphere containing HCI and oxygen to form a silicon oxide
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the enbrittlenent region in Step S4. Note that in order to prevent the
contam nation by netal in formng the enbrittlenent region, ion irradiation
is preferably perforned 30 after at |east one layer of an insulating |ayer
is formed. An enbrittlenent region may be forned in such a manner, for
exanpl e: the sem conductor wafer is subjected to thermal oxidation in an

at nosphere containing HCl and oxygen to forma silicon oxide |ayer over

t he sem conductor wafer, and then the sem conductor wafer is irradiated

wi th hydrogen ions through the silicon oxide |ayer. After the enbrittl enment
region is formed, a second |ayer of the insulating | ayer such as a silicon
oxyni t ri delayeryever il yernigoridortopwaioy end ther theiskmipondusior defer &yiendibtgd witlVD net hod
or the like,, 50047 A hase substrate | epar e Step SH). A

SUbst rat e FEITRSE B Sovsts BFaPERRoPHa IR Atr R FRbABIREATBEORA be used
for the bafemsdlasfcaildayeAsf thhdnsalakisg tagbresutioasnedliain agnimideubys aray ba gl ass
substrate, .a artz substrate, a.,ceram.c substrate, a sapphire substrate,
or the IikgorPgH&Y??@?.SHNB{‘g’“{iﬁgyﬂa{’gaa%t‘%eﬁfoglorg}e e gl ass substrate, 10

al um nosi | [opave gl ass, al um noborosilicate glass, bariumborosilicate
glass, or the Ii is given. As t sem condyctor wafer_which is applied to
t he base substrd‘%ga,‘se 'ﬂ}%uétﬁ%F@feﬁg?Qﬁg}:ontgﬂg’FWeWﬁ‘fo#a&r’ﬂ%‘&i’t‘ﬁéﬁrﬁg an

el enent bebaR@GARoddRCIF Fdfer 24h B ustd CorIBY bARE bbskab! €As Gib GlbsBte Foridelli CON

waf er, a germani um substrate, or a silicon germani um substrate can be used.

Needl ess t B &k yosulatos, i glass subsiipie.ch deails KPR, AnPramip subsbats, £ sAPRNITSt ur e of

15 the manwiRE4 b hePliRE 88 Fitth. aNorO ihat URSH Iridt&idl SorS@b egh8dsubQtatd e base
substrate. [0048] Note that in this specification, an oxynitride is a
subst ah@e wuminosilisgerpless, alusingbarogihicath elabe barinvb beroglicagglasnorgho like iss nore
than the n r gL . bqrd i i nce with
a conposi tgiggﬁi nﬂv%?%%&?%gﬂﬁﬁgnﬁée%‘g E]‘g]ist P@E}Jgﬁb glt%grgrggsggs&la%’ %{g?e t égn t he
nunber of exsyesndacrtonwafef 60med using an elemeBibelong8y tafirdupsdl Atheygridiyer havi ng
a single | %ﬁ{ h a8 aghﬂpg‘w&b}(, aoéen!n%}i%%u%s%a{eosggagli&\ﬁger&m& @ﬁlﬁ;u&tgbs't rate
as necessary. For exanple, a’sifTicon oxide layer, a Icon nitrirde |ayer,
a silicon centmiused. dNdedlysrto say, 3 subiscaawhichcadwitiostainde pgreogeytemperatidvef| | ke 25
can be.forpged as l.ayer whigh the ipsulafi | ayer. Further, the
houl att no e yBReRut A Bord e 1Y Terte LRI P SBerrEn (D) ot hod,
a sputteri fop4get hod, or an atom c |ayer epitaxy (ALE) nethod. In the case

where a sem conductqr wafer is.used for the base.,substrate, a | ayer which
forme the i el 6tk Bt 4R SpefidsBon op Hvtifiie 1R SRBRC Vit oo on

sem conducimowhiviaihe unSerdfiofy Zadtddis if iofd M@l he imbA®Fhitkogen AGMEGROH
nitride oxide is a substance with a composition in which the number of nitrogen atoms
20  is more than the number of oxygen atoms.
[0049]
In Step 85, an insulating layer having a single layer or a plurality of layers is
formed over the base substrate as necessary. For example, a silicon oxide layer, a
silicon nitride layer, a silicon oxynitride layer, a silicon nitride oxide layer, or the like
25  can be formed as a layer which forms the insulating layer. Further, the insulating layer
can be formed by a chemical vapor deposition (CVD) method, a sputtering method, or
an atomic layer epitaxy (ALE) method. In the case where a semiconductor wafer is
used for the base substrate, a layer which forms the insulating layer can be formed by a
method in which the semiconductor wafer is oxidized or nitrided, or the like.
30 [0050]
Note that there is no limitation on the order of Steps S84 and S5 in the flow
chart of FIG. 1.
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Note that there is no limtation on the order of Steps S4 and S5 in the
flow chart of FIG 1. [0051] Next, the base substrate and the

sem conductor wafer are attached to each other (Step S6). In the case where
the insulating layer is not forned over the base substrate, a surface of

t he base substrate and a surface of the insulating |ayer over the 5

sem conduct or wafer are in contact with each other and pressure is applied
thereto, so that the base substrate and the insulating |ayer are attached
to each other. In the case where the insulating |layer is formed over the
base substrate, a surface of the insulating | ayer over the base substrate
and the suffatk of the insulating |ayer over the sem conductor wafer are

attached to each,Q r.. Note that, in Step.SG, a plurali of 10

e conduct or - e S aes® B a Ha hils SRy BarB At Bdo bt S sy

Next, Step(Sep $6. chintlecise sheSttepinSiating layes isaft fommedowdn tHedate dubstadtayent | s
performed to divid he sem.conductor wafer at_the riftlenent _region. In
this pr ocegss,ugflﬁ ¥ §§)‘I‘E‘¢sﬁ‘5§et Sufsgate, ‘ﬁai af%é’?stgﬁi ‘Bﬂ'ﬁ Et %Verl QYR the e

i nsul at § ngsdngiysHductanalaftbart i chiiset withath ather 4nd grasireds applied BRado, s eat ment

in Step S7_can he perfornmed jn an RTA apparatus, a heatjng furnace, or an

i rradiati off2hibpRese Y St\'ﬁfﬁ%ﬂ %%Wé‘ﬂé@a.&% aH @@f}i“'&rfﬁﬁﬁ q e’wal?ethﬁ_aﬁﬁlang. a
frequency haad tef insifinyHiyet @ BREI@Ver {HebasPRBithakes a sarfAtle ©F QAHGItIEadi ation

apparatus, or a mllipeter wave irradiation aggar_at us). [0053] 20Through
the above ¥yepsvert he basestubstinttifondt the i wofees o€ dae ipyulating Seyersoysstthate i s

conpl et ed. sehiddndhdior Wafer drel dkacHe@Ro S5ch dtRQ54Note that in NEPISE, AGRLAGESDE NY _
treatment is perforned to reuse the sem conductor wafer which 15 divided in

Step S¥0 | peuH¢q@dyctorgalens may bp atecdedtorpge brseauhiiale;, two treatments 25 are

descri bed, ng?]{‘a” zation treatnent (Step S9) for planarizing the surface of
the sem conductor wafer and heat treatnent (Step S11) for reducing crystal
defects in the Séuxt.c¥epl§étinrconduced. 50P$3)is 3 stere ithevdicht heghtreatmentiin St ep S2

I's perfor nsgfo%e& Qc? d?v%g ﬁl%ns%ﬂﬁéogﬁuc\f\@rf Whfer at the embrittlement region. In this
process, an SOI substrate including the semiconductor layer, the insulating layer, and
15  the base substrate is formed. The heat treatment in Step S7 can be performed in an
RTA apparatus, a heating furnace, or an irradiation apparatus which generates an
electromagnetic wave having a frequency band of 300 MHz to 300 GHz (in specific, a
microwave irradiation apparatus, or a millimeter wave irradiation apparatus).
[0053]
20 Through the above steps, the first manufacturing process of an SOI substrate is
completed. Thatis, k=1 in Step S8.
[0054]
Next, reprocessing treatment is performed to reuse the semiconductor wafer
- which is divided in Step S7. In FIG 1, as the reprocessing treatment, two treatments
25  are described, planarization treatment (Step S9) for planarizing the surface of the
semiconductor wafer and heat treatment (Step S11) for reducing crystal defects in the
semiconductor wafer.
[0055]
Since heat treatment in Step S2 is performed on the semiconductor wafer
30  before the first manufacturing process of an SOI substrate is conducted, crystal defects
due to a default of the SOI substrate do not exist in the vicinity of the surface of the

semiconductor wafer; therefore, heat treatment at high temperature for reducing defects
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30 before the first manufacturing process of an SOT substrate is conducted,
crystal defects due to a default of the SOT substrate do not exist in the
vicinity of the surface of the sem conductor wafer; therefore, heat
treatnment at high tenperature for reducing defects 1is not necessarily
perfornmed as the reprocessing treatnment. [0056] Consequently, as
illustrated in Step S10, after the planarization treatnment in Step S9 is
performed, the second manufacturing process of an SOT substrate (S4 to S7)
5i s conducted w thout the heat treatnent in Step 511. [0057]

Pol i shing treatnment such as chem cal nechanical polishing (CW), etching
treat nent swmobneasssandy pafwmedgs thorepkassmgligament.r adi ati on treatnent is given
for the plﬁ@g ization treatnment in Step S9. In Step S9, one or nore
treatments be 10 perforned, and at |east polishing treatnent is
preferably perf @oeduedtR0aB]llustrated in\&bep ,S104 fter tieplaseizationt ausaimiiconduct or

wafer which is.planariz in Step S9, the secon facturi cess of
o Sor cubien 305 SaBE the orond Shrmalac e pREES POBT Sobatrte (FEaRne Tt ep
S9) ands t hg coRmitdied GhitbhtT: REOERERe®in &8 $QT substrate 15 (Steps 54 to S7)

are repeat edly conducted until the nunber of tinmes of the manufacturing
process of 99%71s0 substrate reaches N, as illustrated in FIG 1. [ 0059]

Wien the nunber pfisHidd ReatPbntPRICh Q% TBhBical RRShaitall Soliding REMI9S efdhibl = /V) in
Step S10, after the planarization treatnent (Step S9) s perfarned, heat
treat nent treatment juel @ el cichingr on lasebesry dradiatign dxeasph & sivesfarpthe 1) |

[ 0060] plan;{l:ﬁ&idﬁeﬁ&auh&ﬁ%’fn”%%%&%ﬂ %%ﬁqﬁ%&lpgi of Gfdre LB BAHRN bad EE

elimnating crystal defects due to oxi recipitate in the
sem coh¥ucpaformed; end atigast podisking teafmend s preterably rsrépsedm to S9, BMDs are
gener at ed h@§ﬁde t he sem conductor wafer and the
Next, with the use of the semiconductor wafer which is planarized in Step S9,
the second manufacturing process of an SOI substrate (S4 {o S7) is conducted. The
reprocessing treatment (Step S9) and the manufacturing process of an SOI substrate
15 (Steps S4 to S7) are repeatedly conducted umtil the number of times of the
manufacturing process of an SOI substrate reaches N, as illustrated in FIG. 1.
[0059]
When the number of times of performing Steps S4 to S7 reaches N (k = N) in
Step S10, after the planarization treatment (Step S9) is performed, heat treatment is
20  performed under a non-oxidizing atmosphere (Step S11).
[0060]
The heat treatment in Step S11 is heat treatment for eliminating crystal defects
(BMDs) due to oxide precipitate in the semiconductor wafer. By repeatedly
performing Steps S4 to 89, BMDs are generated inside the semiconductor wafer and the
25  thickness of the semiconductor wafer is gradually reduced. Therefore, when Steps S4
to S9 are repeatedly performed, the vicinity of the surface of the semiconductor wafer
cannot be used as a semiconductor layer of an SOI substrate because of an increase in
crystal defects.
[0061]
30 For this reason, in Step S11, heat treatment is performed on the semiconductor

wafer at 1100 °C or higher under a non-oxidizing atmosphere. This heat treatment is
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25 thickness of the sem conductor wafer is gradually reduced. Therefore,
when Steps S4 to SO are repeatedly perfornmed, the vicinity of the surface
of the sem conductor wafer cannot be used as a seniconductor |ayer of an
SOT substrate because of an increase in crystal defects. [0061] 30For this
reason, in Step S11, heat treatnent is perforned on the sem conductor wafer
at 1100 C or hi gher under a non-oxidizing atnosphere. This heat treatnent
is performed under conditions that outward di ffusion of oxygen in the

sem conductor wafer is performed, and can be performed in a manner simlar
to Step S2. The description of Step S2 is referred for the heat treatnent
in Step Slﬂsrfoﬁsm:ce uhduatcoadiriohst thansutehird hidfukien tof toxegmnianthe isemisbajuc®? and

condi tions the heat .tre Step. 5 Sllar nt eGess inthe
Cone i n t RESET SPERRELOFERE Oy Peflyieiop » SRRt IRl © SBP R nd® a
plurality adscliptoaset Bepweszefs, ref@redi fot QIS hedt ttdamdneaﬁ Ste’pealerEch&e dimtnot need
to be the sa After Ste IS pe for t he process _returns to
Step 3 ltwmfotﬁa#ffé et R YRED B DRGSR I SR SER of an
SO substrgfieals ot ne@sQkil theZ8Me in Ahd ﬁ6w$h@d@$)f$’4Gt D SQridée spprdariged
Ntinmes, the heat treatnent in Step SI|I is conducted. As Ion as the

sen conduck@tored eplulity Qfé’@%d@é‘@"“&‘@ﬂ’é“’%"ﬁ@ hgat treptrgents ‘il‘blﬁ?é Beedde y
perforned. 4 §063)e 15Note that in the flow chart of FIG 1, the heat
treatment for reprocessing the sem conductor wafer (Step Sl1) is perforned
after the [PRA%F acturing process of an SO substrate is perfornmed N tines;

however, the val g @ Fegﬁlfr?y {rﬁédf fe, %Essqcytﬁﬁﬁ td $tgFS§t eﬂm? the furhier

conduct ed. For exanp uf acturing process of an SO subst rate
i s peri®rnefiti@es pivihs mm&cumne@tqwemofiam $Qlesubistraie ks egsetSiol zesan After

e por for nedbyS ot pdlb it NI hAF b B8 (RSB RT T itapfli ! 8ot o1 €

per f or med. loph§0B4the senuconﬁuctarrﬁﬂier tcan (et enseidn Steph 3her sm anotrepeftedlpeat
treatment in Ste$ 1 is perforned, after the planarization treatnment in
Step S9 is ?fg crystal defects in 25 the sem conductor wafer may be
measur ed. [(]063]h|s enbodi rrent effects of heat treatnent at high tenperature

perTor FE0 bet o S LG, TR AELANG BEACESR, Ol TRty ROSEalEull be
for manuf aé‘énﬁédnﬂ@ct&kvﬁ@ (SEel331 Yy idperformed after the manufacturing process of an SOI
substrate is performed N times; however, the value of N may be different every time
Step S11 is conducted. For example, after the manufacturing process of an SOI
substrate is performed 6 times, heat treatment in the first Step S11 can be performed,
20  and then after the manufacturing process of an SOI substrate is performed 4 times, heat
treatment in the second Step S11 can be performed.
[0064]
In order to determine whether or not the heat treatment in Step S11 is
performed, after the planarization treatment in Step S9 is performed, crystal defects in
25 the semiconductor wafer may be measured. In this embodiment, effects of heat
treatment at high temperature performed before the manufacturing process of an SOI
substrate will be described. FIG. 8 is a flow chart illusﬁating an example of such a
method for manufacturing an SOI substrate.
[0065]
30 By repeatedly performing Steps S4 to S7, BMDs are generated inside the bond
substrate (semiconductor wafer) and the thickness of the bond substrate is gradually
reduced. Accordingly, crystal defects in the vicinity of the surface of the bond
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[ 0065] 30By repeatedly performng Steps S4 to S7, BVMDs are generated inside
the bond substrate (sem conductor wafer) and the thickness of the bond
substrate is gradually reduced. Accordingly, crystal defects in the
vicinity of the surface of the bond substrate are increased and the
crystallinity is deteriorated as much as the vicinity of the surface of the
bond substrate cannot be used as the sem conductor |ayer of the SO
substrate. [0066] 50n the other hand, the sem conductor wafer used for the
bond substrate is usually obtained by slicing a sem conductor ingot. As a
result, even when the sem conductor wafers are nmanufactured using the sane
sem conduc tubstrate gtiner¢asel mdy‘gﬁewrystaihnie,rmsrdamﬁmatediasmnbﬂaastth@ﬁsinﬁy ef thef f er ent

for each se con ct.or r, Accordin ven .when heat treat t at high
t enper at ur% gﬁf St U %ﬁme RAA ’t’%dfﬁ se%?ﬁ“?%ﬁ?fu@ﬁfr f\iﬁ? gﬁi under
t he sane can;dtrdteons the generation density and the distribution profile of

each of oqu%g preci pitate and crystal defects fornmed in the sem conductor
waf er are lrent for each seniconductor wafer. Therefore, even when

manuf acs uri ng prog efeséberMandChe SeRfohd@icts wabre@ed $r the bR sabsraRekf or med
under the sam=f é]gn@htlons the ti mqu at which heat treatnent as _the
 d H

r epr ocessi Rally obtained by sliciBg 30 samicoRdnotps ingot t Ao At repdh V&R VRsEntheonduct or

waf er. [ O00&fliconductor Faferd B ﬁﬁﬁuﬁaﬁ&asmg ﬂiensa&ied%uk&ada@c&f Qo tfae heat
treatment at a proper timng, crystal ects in the sem conductor wafer

which is soBgeet @mc%mmlhrfhw&\aw% rRre r@ﬁ“ﬁqﬁﬁhtforareéclwéa@@pwcmv vhferhe use of
the masur%@@d?&m%l?%ﬁ hed B&t SRR WA mPEiREe is Pertlmel 86 %6 ARY Whet her

or not the heat treatnment as the reprocessing treatnent Is perforired on the
seni coh@ucebsenpedndnctps wakstsennden dit smcewmh@nsetm eonethiion olenyipyf and the | udged

to be defegiiipriod it %%‘ieabf @%Jhgg%ﬁﬁﬂdg ph&‘?%%é{echﬁli E%(rstgf dbfGs ?%Eﬁeﬁcﬁ t he

semi conduct or WA are re eat treatnent, and then t
sem conducSmcmsiﬁ@tor wsfereamddfer@s[fﬁﬂﬁ@ sksniGanturser wofed i Thefefdgs, @enaf ter the

planarizatjgn treafment in | cnscsi,§ g ceystal defects . in the
semni conduc gr Wl Zﬁr‘cuﬁ}n prrr%cé:’gsﬁ?(gafd%g %tsté%e PSS §¥) e pe SFmed baer

the same conditions, the timing at which heat treatment as the reprocessing treatment is
15  performed is different for each semiconductor wafer.
[0067]

For the above reasons, in order to perform the heat treatment at a proper timing,
crystal defects in the semiconductor wafer which is subjected to planarization treatment
are measured. With the use of the measurement results, the semiconductor wafer is

20  checked and whether or not the heat treatment as the reprocessing treatment is
performed on the semiconductor wafer is determined. When the semiconductor wafer
is judged to be defective, crystal defects in the vicinity of the surface of the
semiconductor wafer are reduced by the heat treatment, and then the semiconductor
wafer is reused.

25  [0068]

As illustrated in FIG. 8, after the planarization {reatment in Step S9 is
conducted, crystal defects in the semiconductor wafer are measured as Step S21.  Step
S22 is a step of determining the crystallinity of the semiconductor wafer based on the
measurement results in Step S21. 'When the crystallinity of the semiconductor wafer is

30 judged not to be defective in Step S22, the semiconductor wafer is reused as the
semiconductor wafer in Step S4 without the heat treatment at high temperature in Step

S11. On the other hand, the semiconductor wafer judged to be defective is subjected to
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S22 is a step of determning the crystallinity of the sem conductor wafer
based on the neasurenent results in Step S21. Wien the crystallinity of the
sem conductor wafer is 30 judged not to be defective in Step S22, the

sem conductor wafer is reused as the sem conductor wafer in Step S4 w t hout
the heat treatnment at high tenperature in Step 511. On the other hand, the
sem conduct or wafer judged to be defective is subjected to the heat
treatment at high tenperature in Step SII to reduce the crystal defects in
the vicinity of the surface of the sem conductor wafer, and then the

sem conductor wafer is reused as the sem conductor wafer in Step 54. [0069]
5A net hod fherheatetacmtment gt higlysba.na;jerzrlta'&émSEpiSilttcheedsea*ﬁhe(mdtad:ﬂefectwafﬂie in Step
S21 may bea r uating.the crystal. defects i thesmconductor
wa or i ¢ nTg LR st Y PP AleRE Rt e p b R erudip ST o

spect r oscopeysedans thersemivoadhictor ghafer im$tep 8€r ence net hod, Raman spectroscopy, a
cat hode Iugqoggfcence nmet hod, a photol um nescence nethod, or a m crowave
phot ocondu ty decay nmethod is 10 enpl oyed. The m crowave

loh ?t oc oslduc]'E : Vi tﬂnﬂﬁ@@?orﬁndasuﬂﬁ@krﬁ&l hfiéctt\% teehmlélﬁdud‘twwﬁaaﬁ Steb3a1 ?
ifetime reflectin t at rystals which are nmeasurement sanples using
a time chafgd Fﬁ nfag@%r ¥ % cpfstal defeets Builie semigpranefor Wales ithedti on.

[0070] destructlod. SF&ex@dple, ﬁrh&ﬁ%%ﬂﬂ 1@99&&5&@\9@&&&& . GhesiReh hased on the

measurenent 15 results in St ep S21, and whet her or ‘the heat treatnent
in Step S Mterfeesice,cmethpdre RaMan JCEHIFIYY. 2 [ @EPIS lummescwp thetherbt Aod f or

manuf act ur bRgolaRineldin&U AttHoa! @rl A dicfavive %‘&Sﬁdugﬁwgmdeéa?em@ﬁl@& {1 eat ment

as the reprocessing treatment (Step SI'1) i's formed can”be determ ned 20
for eath semplopmnkludhomicewasie;photecomiuctaty ctebﬂsf (quﬁCD) ethpd isrem@0iTd Subst r at e

E:S'S?g]e i nt ungg a FPCUS)B rgffeclqu g r}?ﬁe of crystan Wr];?cril gﬁl ES%CQI%DFEatIn%?eS usin; n FIG 1.

a time change in the reflectivity of a microwave, without destruction.
[0070]
In Step S22, the semiconductor wafer is checked based on the measurement
15  results in Step S21, and whether or not the heat treatment in Step S11 is performed is
determined.
[0071]
In the method for manufacturing an SOI substrate in FIG. 8, whether or not the
heat treatment as the reprocessing treatment (Step S11) is performed can be determined
20 for each semiconductor wafer; therefore, the quality of the SOI substrate can be
maintained more easily than in the manufacturing method in FIG. 1.
[0072]
Next, two examples of a manufacturing process of an SOI substrate are
described using cross-sectional views, Although two manufacturing examples are
25  described below with reference to the flow chart of FIG 1, these manufacturing
examples can also be applied to the flow chart of FIG. 8.
[0073]
<Manufacturing Method Example 1>
An example 6f the method for manufacturing an SOI substrate is described
30  with reference to FIGS. 2A to 2H.
[0074]
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Next, two exanples of a manufacturing process of an SO substrate are
descri bed using cross-sectional views. Although two manufacturing exanpl es
are 25 described below with reference to the flow chart of FIG 1, these
manuf act uri ng exanpl es can also be applied to the flow chart of FIG 8.

[0073] <Manufacturing Method Exanple 1> An exanpl e of the nethod
for manufacturing an SOT substrate is described 30 with reference to FIGS.
2A to 2H. [0074] FIG 2A is a cross-sectional viewillustrating

steps corresponding to Steps SI and S2 in FIG 1. In this manufacturing
exanple, a new single crystal silicon wafer (called a silicon wafer) is
used as t he bondFiGubstis atwss-tdetidnal wimtiﬂiamatihg sqapsr torepmeaiding té BeepsSihgl e

crystal sili a her .t han or | ower. than or 5
caval o 1RBSERRED. 2l BinRiH IR Rs YeRHltohabd shilsrer e ico Ml " o
i's heated ghalldPP6ilicor wifed iased as teibogd subsestt) cHéatdleitfneﬁﬂ 1@|pe1ff¢mﬁa©ﬁ The

at nosphere of .the heat treatment I,.S an argon (t.he proportion
of the arg8if Wq%stgbsuwevaimnmal@f o ety 1 il &Wfa@ﬂaaf%r t he
heat treat gapf (o {380 48lund P WIRA-dxlifEziRe WidkpHeRON HERY, Be silRof WakE & mtefi0 thi's
heat treatgﬁﬂI ° t he S|un§%on waf er 1g%n bell) reepeat ed| ;Susgd w t hout eheat
treatnent at 12@0@6: foekpeursusinga asmpdphﬁsassﬁmmt r Gt aemtspheThef thelbsr of
reuse times wthaut heat treatnent t%tﬁ h.te eratur.elg(f@ nd#slgﬁg

t enper at ur SR AR TGP EHARaRPere (g PHFRon o5 fif AT5WHE a§-o| g

treat nent iRistdies 4 S0 GR%E 1100 aftdr @i HBteatddnt.t he i ke; however, when the
anount of 15 Eﬁlishi ng is 6 gmor lower in the heat treatnent at high
tenperaturEOOG er the above conditions, a commercial CZ single crystal
silicopgwaf er canbemdsee, @ihcdne%fer Ed"&ﬂﬁe&éd%sthié‘ HeAOHEarhBR, Radilidoheat ment
at high tenperature in Step Sl| in 0076] After the heat treatnent

i s fini shewafeggan b?srelpeatefﬂyglsmhvéhoqt Beqt @P@fﬁ'@n@&éﬁ ftgvepepature 8¢ ToPROsessiiaf er 100
as illustr b ThSnpdBer efefse 1ilEs Hithb&OR: 408 igh Y

oxi di zed tg—gﬁg?n% a s“Gin}l%lorf oxfe e fayser 1110 'Ial g iﬁgl{e?%él t reat nent
may be dr ydcpcndlsatonommawdmresaptiém abltye heatf mmgntunmtlcmﬁ cft neishingre in

whi ch h . d . As
s o 2 D2k 0g5 RS- DBLAPSL, RRIPOUTE 965 JcFLed BBy gee, A
HBr, C12, @dlksBingBEHIim B2 ovidr 2y tlerigtat ineathénk @t Righ aampdbaureamder the above

conditions, a commercial CZ single crystal silicon wafer can be used at least three times

without the heat treatment at high temperature in Step S11 in FIG. 1.
[0076]
After the heat treatment is finished, an insulating layer is formed over the
20  silicon wafer 100 as illustrated in FIG. 2B. Here, the silicon wafer 100 is thermally
oxidized to form a silicon oxide layer 110. The thermal oxidation treatment may be
dry oxidation and is preferably performed under an atmosphere in which a halogen gas
or a halogen compound gas is added to an O, gas. As such a gas, a kind or plural
kinds of gases selected from HCl, HF, NF;, HBr, Cl;, CIF3;, BCls, Fs, By, and the like
25  canbe used.
[0077]
For example, heat treatment is performed at higher than or equal to 900 °C and
lower than or equal to 1100 °C under an atmosphere containing HCI at 0.5 volume% to
10 volume% with respect to Oa, so that a silicon oxide layer 110 containing chlorine can
30 be formed. The treatment time can be 0.1 hour to 6 hours. In addition, the thickness
of the silicon oxide layer 110 can be 50 nm to 200 nm. Here, the heat treatment is

19



[0077] For exanple, heat treatnment is perforned at higher than or equal to
900 C and | ower than or equal to 1100 C under an atnosphere containi ng HCl
at 0.5 volumre% to 10 volune% wi th respect to 02, so that a silicon oxide

| ayer 110 containing chlorine can 30 be formed. The treatnment time can be
0.1 hour to 6 hours. In addition, the thickness of the silicon oxide |ayer
110 can be 50 nmto 200 nm Here, the heat treatnent is performed on the
silicon wafer 100 at 950 C under an 02 gas atnosphere containing HCL at 3
vol une% whereby the silicon oxide layer 110 (thernmal oxide |layer) is
formed to a thickness of 100 nm [0078] 5Next, as illustrated in FIG 2C,

i rradiati operfdringd befis sliZddniveaf@eiOh it 980l °C s@ddériaatOagas afdsphdré esmathing egi on 111
is formed in the silicon wafer 100. An_ion inplantation apparatus or an ion
dopi ng appBfArtsvlamehevhsely %Fﬂlﬁw’ﬁ@eﬂaﬁﬁréw Ghergpk oxidedaysrosformsd. | n an
ion inpl anjalifRnaPRAfgadiis, a source gas is excited to generate ion
species, the generated ion species are nass-separated, and an object to be
processed [@7g}radi ated 10 with the ion species having a predeternined
mass. |5 an ion el AGARRRE A Ko, 28, PRARASS Wil lodsoBIC btk HGAEr ate fon
species, the generdted ion species are not mass-separated, and an object to
be processaulembriitlementiregiend 114 s Horrted iy éwenilivos dvafanl 08 pedi esn infddangatiohat i n an
i on dopi ng, apparat ug il 83’;%%6%8%&? cfin DO uSkd TSDHC Hadiatioh %‘m't{é %9!; f4g.on with
mass separati on can al so riormed as rnthe ion I nplantatlon

15appar at ubk aif @@78iplantation afpanares, ahseutcorss s2ékcacdtoagmnedateriah apechey, tha el ectric
field and havet i.netic.enerﬁé t he eg‘orittl ment ée%i on 111 can %ﬁ formed
in a regi ofCSTA 9P SREHE A FESE WRHPYDr P AT ORITH £ 08 PRI iRt vaf er
100 by 10 hewithribéliai speiesvihb¥ing Repredsd@mingd. mdde Heqi nadopdd} Mfpatabus] he
enbrittlenment region 111 is forned.can be cg]gtrolle by accel eration energy

of the ionBPIPH & 1t FEHHCIIEMEE IR SPLlrer fg,eﬂ‘é’ﬂ@gtlﬂ BRUTS 1P Whent

regi on 111lmas-depirifed dnd #h 6BEEOR W plob&ssieirdieRicd with iebgdnentddajohy the
sane depth as the average penetration depth of the_ ions 120. In addition,

the depth SRECiEhi AYPte Miat dhighiien dentesm ePRasdioRroYiled Matht 3 pieey scpaieidtnicRes t he

thi ckness gfadmitiss WidOREUC iPhratity 84n BRo IR & 8¢l i e [RAMnigMtatiohi con
waf er 100. The depth at which the enbrittlement region 111 i's formed is

gr eat el3 t happamtusequal to 30 nmand |l ess than or equal to 1 gmfromthe
surface of H{?I?QI silicon wafer 100, and is preferably greater than or equal

to 50 nm a I'ess than or equal to 300 nm
Since the ions 120 are accelerated by an electric field and have kinetic energy,

the embrittlement region 111 can be formed in a region at a predetermined depth from a
surface of the silicon wafer 100 by the irradiation with the ions 120. The depth at
20  which the embrittlement region 111 is formed can be controlled by acceleration energy
of the ions 120 or the incidence angle thereof, and the embrittlement region 111 is
formed in a region at the same depth or substantially the same depth as the average
penetration depth of the ions 120. In addition, the depth at which the embrittlement
region 111 is formed determines the thickness of a semiconductor layer to be separated
25  from the silicon wafer 100. The depth at which the embrittlement region 111 is formed
s greater than or equal to 30 nm and less than or equal to 1 um from the surface of the
silicon wafer 100, and is preferably greater than or equal to 50 nm and less than or equal
to 300 nm.
[0080]
30 A typical source gas of the ions 120 is a H, gas. As well as a H gas, a rare

gas such as helium or argon, a halogen gas typified by a fluorine gas or a chlorine gas,
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[ 0080] 30A typical source gas of the ions 120 is a H2 gas. As well as a H2
gas, a rare gas such as heliumor argon, a halogen gas typified by a
fluorine gas or a chlorine gas, and a hal ogen conmpound gas such as a
fluorine conmpound gas (e.g., BF3) can be used. One or nore kinds of gases
can be used as the source gas. [0081] The irradiation with the ions 120 can
be performed a plurality of times to form5 the enbrittlenent region 111.
In this case, different source gases nay be used for the ion irradiation or
t he sane source gas may be used for the ion irradiation. For exanple, after
ion irradiation is perforned using a rare gas as a source gas, ion
irradiatiommuamﬂ@gnpempmﬁﬁeﬂsmshmgadhganemnmkmhmgmgb@ydﬁ@n@mlmsmmisource

. gas. AIterQativeh% i.on.irradi t|o erforned first using a hal ogen

n
02 or o nORGuRed KR ar e Gen Bh a0 B aeio BN T f i ot s on can-be
performed [We8rlg the gas containing hydrogen. [0082] Here, an ion

dopi ng apparatu s used far the f tion of t ittlenment region 111
and a H2 gas & Trpe p Eiopng weé?%iga 38 Peflermied oy ok pResp e, the

si | i cons waghglembBfehent regiosl il BL. €dn Wis &sbmﬁ&&ﬁ@m@@?asbm@ygh udedGoSthé | con

oxi de layer 110 15 with an acceleration volta 50 kV at a dose of 2.7 x

1016 i ons/ ©RpIadigigg sy the same squecergas may he wsed foydhe iop drragdipfiopn eFatieramrley waf er
100 are at f@s hetinkh@a8RLH pa&zt}ﬁfed%m b rdts bhtds@Golifde EésGlon%Qadlkiﬁ:rneoaneegl ass

substrate 200 is used as the base Substrate. Instead of the glass substrate
200, a si npirborped SsigE g5 corfaipERe hydiagenhes aswHres| gas| adligmatvelp ipme sil i con

waf er 100. Ss
substrate E%gfah&%an &ga%%%{%ﬁgﬁ%ﬁ?%)eéag% slfﬁlél%tﬂ rc at g%mh%gﬁgke]% S5 in
FI G 1. 1¢ 004, ltBemdlemmnéwmatfmdU§iﬂ$ﬂleg§$ ¢antpoming\efdeegen00 and t he gl ass
substrate gﬁg are subjected to cleaning treatnment to clean the surfaces to
be attache en the silicon

Here, an ion doping apparatus is used for the formation of the embrittlement

region 111 and a H> gas is used as the source gas of the ions 120. For example, the

silicon wafer 100 is irradiated with hydrogen ions through the silicon oxide layer 110
15  with an acceleration voltage of 50 kV at a dose of 2.7 x 10' jons/cm?.

[0083]

Next, a base substrate and the silicon wafer 100 are attached to each other as
illustrated in FIG. 2D. Here, a glass substrate 200 is used as the base substrate.
Instead of the glass substrate 200, a single crystal silicon wafer may be used similarly to

20  the silicon wafer 100. Further, an insulating layer may be formed over the glass
substrate 200 by a PECVD method or the like as illustrated in Step S5 in FIG. 1.
[0084]
Before the aftachment, the silicon wafer 100 and the glass substrate 200 are
subjected to cleaning treatment to clean the surfaces to be attached. When the silicon
25  wafer 100 and the glass substrate 200 are pressed with the surface of the glass substrate
200 and the surface of the silicon oxide layer 110 being in contact with each other, the
glass substrate 200 and the silicon oxide layer 110 are bonded to each other, so that the
glass substrate 200 and the silicon wafer 100 are attached to each other. Then, the
glass substrate 200 and the silicon wafer 100 are subjected to heat treatment to increase
30  the attachment strength. The heat treatment temperature needs to be a temperature at

which separation does not proceed at the embrittlement region 111 and may be higher
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25 wafer 100 and the glass substrate 200 are pressed with the surface of
the gl ass substrate 200 and the surface of the silicon oxide |ayer 110
being in contact with each other, the glass substrate 200 and the silicon
oxi de layer 110 are bonded to each other, so that the glass substrate 200
and the silicon wafer 100 are attached to each other. Then, the gl ass
substrate 200 and the silicon wafer 100 are subjected to heat treatnent to
increase 30 the attachnment strength. The heat treatnent tenperature needs
to be a tenperature at which separation does not proceed at the
enbrittlement region 111 and may be higher than or equal to 200 C and

| ower t hanthas ofépual to 200 A0 BndlowkOB&DYr equal to 30820, as illustrated in FIG 2E
the silicon wafer 100 is divided at the enbrittlenment region 111 and a
singl e crybl08P! silicon layer 113 is formed fromthe 5 silicon wafer 100.
Here, heat treatN@ntad SiR@ittPABAGONEL ke Silicds wrpeic is1@RiwAI shmks fixed
to the glass substrate 200 in a heati ng furnace. The heat treatnent

t enper at ur emprttigment segipn \I1heod @ vneleicitel sidigen jayen 113 isefprmed famathe owabl e

t emper ag ur gikd i dfeOfoot hﬁeﬂ-' AP roMbat i@l Rroalll LPs SjissbwikAi@®wigt ishe | ke,
A heating furnace or an paratus ‘can be used for this heat treatnent.
The heat t fisesd tndlet glass sw@trmﬁﬂ&ul g keatjegBunace sl hehgatkrepmenpiemperargisi t t | enent
region 111 | I rate 200
nto a siiPENRERE € pidtnid § BReLB) S atVdo R Ml R OO o1
silicon | aynmstreﬂtazoo (Haaa sibbtrate) ror chel lile. | Ayl&atm'glﬂma&nﬁk :imm‘zghﬁﬁmussmﬁt rate

200. The sjlic l1is a before th rocess ngtreatrrent
Fo086] 15+ bsed Jordfs P boieR, . THE LS FHIGDt s PATRTRERE SORfaaing t he
at t achment tstendglchehiieioen 11 hel ghaas thddibdonatafer@0 aad thet d1gss Substrgton oxi de

| ayer 110 anpd.treatnment fo ividing the sili wafer 100, is performed in
a heating £t fia st ‘S‘}?)‘b&’?%efé% F‘9A ﬁ@léP‘?SFetsﬁnMI%% the el el ¥%Che gl ass

substrate Q& 113, HealiRen aildawmc11fooand2the%ws§ subdtritb eod e atHenQichh wWagge, and
then the tenperature is raised to 600 C and heating is perfornmed 20 for 2
hour s. 101 is a wafer before the reprocessing treatment.

[0086]

15 Here, a series of heat treatments, treatment for increasing the attachment

strength between the glass substrate 200 and the silicon oxide layer 110 and treatment

for dividing the silicon wafer 100, is performed in a heating furnace. Specifically, the

silicon wafer 100 fixed to the glass substrate 200 is heated at 200 °C for 2 hours in the

heating furnace, and then the temperature is raised to 600 °C and heating is performed
20  for2 hours.

[0087]

Next, as illustrated in FIG. 2F, the single crystal silicon layer 113 of the SOI
substrate is planarized to form a single crystal silicon layer 114. Here, since the base
substrate of the SOI substrate is the glass substrate 200 having low heat resistance, it is

25  difficult to perform planarization by heat treatment; therefore, the single crystal silicon
layer 113 is irradiated with a laser beam as planarization treatment. Note that the
single crystal silicon layer 113 may be etched as necessary before the laser beam
irradiation treatment is performed. This etching treatment can remove the
embrittlement region 111 left on a surface of the single crystal silicon layer 113.

30  [0088]

Examples of a laser that is used for the laser beam irradiation treatment include
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[ 0087] Next, as illustrated in FIG 2F, the single crystal silicon

| ayer 113 of the SOT substrate is planarized to forma single crystal
silicon layer 114. Here, since the base substrate of the SOI substrate is

t he gl ass substrate 200 having | ow heat resistance, it is 25 difficult to
perform planari zation by heat treatnment; therefore, the single crystal
silicon layer 113 is irradiated with a | aser beam as planari zation
treatment. Note that the single crystal silicon |layer 113 nmay be etched as
necessary before the | aser beamirradiation treatnent is perforned. This
etching treatnent can renove the enbrittlenment region 111 |eft on a surface
of the si ngt excongrdésat sush s g XeCl hyferoraK%F 13&[@@&@% Faxsa“rmbless af Anlatenser t hat

is used for_t | aser,.beam i rradi.ation atrren ncl.ude r | aser
boch ae b b tRE B0 Ot SRhels i 3 (MR TSRl LR IAP s GG A0S
a Kr IaserlasdamWCBXaaphaiﬂlaear a:‘amcb,elamsect}cﬁu’@ lases, ol KGWs1asdrea K&yer such as
a YAG | ase aser YA103. | aser, a GdVat, K| aser, a KGW
Faser, . K ISR Upe o e Tes bEES e Srdnieatly Nrcahmiont (Pishastent a
wave, a5 hase¥om KarfaSmic a ﬁ&d&aﬁl@ﬁgeflﬁi fdugthMRafhéhic)df bhy HOhBRINARAI Gn bOr a

fourth harnonic) of any of _these Iasers can be use Not e that sone of
these sol i B6t %’ °|thpt aorge phhetsesolis-sitslassTsR bF Stk @ cRatmopswaYe layer 4

quasi - cont jfuiQidsi-deaNRioh &G SVe 1L Bty UShY theshife BdFedaser nedi um [ 0089]
Wien the | aser beamirradiation is perforned, the single crystal silicon

| ayer 10 11088%%¥bsorbs a | aser beamto be nelted. Wen energy of the |aser

beamis not SUPBYh&OE st BBk BAARLEG %’berﬁ)ﬁﬁedt %{Eg%g?é Wyﬁaf ﬁh&oﬂﬁhﬁky

decreased and the nelted region is solidif result, a sin

cryst al0si ll%ﬁbﬁorbewﬁcrmm\rmb«s@emdanmerlwnﬂgy pfrﬁbp dﬁs@robeelans bt Seepi d
Fur t her, 5{0”8‘%{1%%&% b @t t%j;ﬂ;geg gsel'a 13)535&% a§%§1| brFPE\ellﬁ&?erd fegionG@N be

rearranged b t|n in the®single

crystal si $C|11dlﬁ¢dl afen r@_SBIt,lﬂ_&ng:lameeﬂ smdwmkader A4 vdwse plaivetly &biopegved he si ngl e
crystal silj r fhd [ inity re, rrproved IS
formed by H’fg@ﬁ fé)§%¥£beam ?r)r,\@g%* r?%tgﬁ% rea "?rraegf:% %g%g%ﬂ“ %1&2r R/Ds in the
singl e cry&aaimgsii bydrenndlmgedankhﬂg homels lhad ﬂlleyﬂcehnﬂmmagledrybgal ﬂﬁcdnheyekaser beam

i rradi tre tment .. ., Th or.e,, ikn t evvh e...a bas bstrate with
an al | Sab Mol e B frehi abput the SPEF skl SutoRBgs: PH°yhsse
signifi canp]hlyarmf fa@l@ t drystalliityp efel Giiprovedalis fd’rﬁad rBNthealasdti damt egdedtishur e on
t he sem conductor wafer before an SOI substrate is nanufactured in

i mpr ovenent®®PeHthe quality of the SOT substrate. This is because when the
al | owabl e foep@erature limt of the base substrate is 1100 C or 25 |ower,

heat treatnent cannot bM[gerfor med at a tenperature at which BVDs can be
effectively eli HEV&dBMIsin thesingdssrrdndilcrs lyeral) é aregipetly ehgingisd by

substrag e. gk rhsa%hﬁlllerulaﬁohereemieﬁt NTHRIRRE lin TR ICHRANMY LhhsE /bstefle SHRS 1 t Ut ed
for the heat treatnent. For this reason, in the case where a base substrate

with | ow h@aellqvebleﬁm@w@uméeﬂliquty lpwepub pead, it hsaslgmﬁean%ﬁff@@wduct or

| ayer whi cfy aélag@nﬁ%eﬁ elfe%uﬂéﬁ‘t ‘thi%ﬁet&h e onﬁ@]e%%fcp ol ?va?%f%&@qnover the

base substr I°S 'SI I'ca tive orma
SOI substrate is manufactured in anrovement of the quality of the SOI substrate.

This is because when the allowable temperature limit of the base substrate is 1100 °C or
25 lower, heat treatment cannot be performed at a temperature at which BMDs can be
effectively eliminated from the semiconductor layer over the base substrate. In
addition, there is no proper method which can be substituted for the heat treatment.
For this reason, in the case where a base substrate with low heal resistance is used, it is
required that the semiconductor layer which has as less oxide precipitate as possible is
30 formed over the base substrate. Therefore, it is significantly effective to form a

semiconductor layer from DZs whose oxygen concentration is reduced in improvement
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sem conductor |ayer from DZs whose oxygen concentration is reduced in

i nprovenent of the quality of the SO substrate forned using the base
substrate with | ow heat resistance. According to this enbodi nent, even when
a base substrate whose allowable tenperature limt is 700 C or |ower such
as a glass substrate is used, an SOT substrate with high quality can be
manuf act ured. 5[ 0091] Further, a step of reducing the thickness of
the single crystal silicon layer 114 of the SOT substrate in FIG 2F may be
conducted. Here, since the glass substrate 200 is used for the base
substrate, dry etching and/or wet etching may be perfornmed as treatnent of
reduci ng t he thehquakifyes§ thef S@h eubsiratg | fermpxdyesimgy thei babe ewbstraty ewitll lotv heat t he case
10 where a_sem conduct of. fer.is yused for_the.base,substrate, known

reat ment PoRBoc Hgeriind B ien SnbRiRey e SR R SR R
and et chi nglidwabdd wiRpéramrecinid Ei00ed ortywdrugedsiaqiaye subs{ril® BAlsedaprsoiessi ng
treatnment of the silicon wafer, 101 from which the single crystal 15
silicon | aystrat withi By cabs MaquiRetiteey of FIG 2E is described. The
reprocessi @oiy eat ment i ncludes planarization treatnment (FIG 20) and heat
treatnment at 1100 C or higher under a non-oxidizing atnosphere (FIG 2H).

As illustrated ifrtheeaptengf cdysing e thickness of e sisgletaystal sflicemnlayetebdénent in

FIG 2G isqpgeisoninsasid el ¥1¢ %y tR BRlledUbabkalifceliRe SIBRIAGSARESM0 FIG 2G
shows a reprocessed silicon wafef 102 which i's 20 reprocessed by the

pl anari zat isowsed femthedse sublisate.cfsy tcdhingernddir| wet sitchingf mpy bo perfermed gsed as t he

bond subst ¢l J ition,

t he heat t%%ﬁéﬁhi&&n@@??%k%%g%ﬂ%he@rsﬁgﬁce t I;hfggl?%?rnleléﬁ %@e%%gt

treat mébit wheses fsamiventuotor twrderr Bpuwsd efos dak badei sbstraya flmownOReagthendroft he

pl anari zat | gn .25 .t r i 0 . Q I I nt after
t he manuf a(r:étaﬁ(rn‘lggéh eptfﬁgfé%gés]}no?'ﬁgﬂ; su s{&rng? 82{ t%i&% f’ﬁ?%@hﬂ‘gé{"? %1%% “i s

per formed eombineduhay he wifotmedes. A reprocessed silicon wafer 103 after the
heat treat f@%% is reused as the bond substrate (silicon wafer 100) in FIG
2B. [0094] he reprocessed silicon wafer 102 can be manufactured by the
pl anari zati on t riegtdtesing trealnhent 3Qhk @ilicex avafer @01 fomtwigicH telsmplengynainner .

First, phe siid 690 0% i9Separated in the step of FIG. 2F is desoribed. The reprocessing

=

treatment includes planarization treatment (FIG. 2G) and heat treatment at 1100 °C or
higher under a non-oxidizing atmosphere (FIG. 2H). As illustrated in the flow chart of
FIG. 1, the planarization treatment in FIG. 2G is performed every time the bond
substrate is reprocessed. FIG. 2G shows a reprocessed silicon wafer 102 which is
20  reprocessed by the planarization treatment. The reprocessed silicon wafer 102 is
reused as the bond substrate (silicon wafer 100) in FIG. 2B.
[0093]
In addition, the heat treatment in FIG. 2H is intermittently performed. The
heat treatment is performed on the reprocessed silicon wafer 102 after the planarization
25 treatment in FIG. 2G as the reprocessing treatment after the manufacturing process of an
SO1 substrate (in FIGS. 2B to 2E) is performed a plurality of times. A reprocessed
silicon wafer 103 after the heat treatment is reused as the bond substrate (silicon wafer
100) in FIG. 2B.
[0094]
30 The reprocessed silicon wafer 102 can be manufactured by the planarization

treatment in FIG. 2G, for example, in the following manner. First, the silicon oxide

24



| ayer 110 left on the silicon wafer 101 is renpoved by wet etching using

buf fered hydrofluoric acid. Next, a separation surface of the single
crystal silicon layer 113 is polished with a CVMP apparatus. Further, before
t he polishing using the CVMP apparatus, etching nmay be performed using a
Dash etchant, a Sato etchant, a mxed 5 etchant of hydrofluoric acid and
hydr ogen peroxi de water, or the like. Through this etching, a projected
portion around the silicon wafer 101 (a portion which has not been attached
to the glass substrate 200) can be renoved, so that the anobunt of polishing
with the CND apparatus can be reduced. [0095] 10Alternatively, in order to
manuf act ur byeth&lr fr ot ¢dessbcai wafeoi0hvad eemdb@d Hyywethechiemsing dafforedt in FI G
2H, for ex | the silicon wafer 101 is.heated at 1200 C. for hour or
Fonger " undbrmefiont g8id° oNetat shBifibe &%k 3t B o HraiRemnd I3 s 100 o
usi ng a hepéslishegd fwithnaCcEMPs apfiatatusl y RFusthéd delveatthd rpehshimNusihg the @MPA. [ 0096]
15 <Manufact uri ng.Met hod anplL.e 2> . ot her, e | e of the t hod for
Tt act ur TR, €EFng sy DapRioruag uss pRAT AR, BrERLHETh ¢ BRER. 3a to
3E. In %hi sichamnef agdroficng sexioandl drogbe perovide fwaitd] stgthéliké. NSiHréighBis| ayer and
an enbrittlement region differen fr%énthe sieps in. Fl C?B 2B and FIG 2C are
descri bed. “¥HESGtIyaEcted poydon aquinhthe sitigon walgr 49Thhapertiop which has nopbeen

manuf act ur jRGh&XAMRL Ylabs sUbIPRL D00) can beftemdled, b @hab kilel SnBE Ho1ishAQ
subjected to the heat treatnent at high tenperature i s manufactured as

i |1 ustrat eWith gherGMP apparatus,qan be frduegd) j con waf er 100 is cl eaned and an
insul atingrdooyer is formed. Here, a silicon oxynitride |layer 141 and a
silicon ni Eri e 25 oxide | ayer 142 are successively formed with a PECVD
appar al@s as i | |Alermasivels iporder @ mamfacgire the reprpepsied Giligpre walgp H03 edtheo a

chanber of . the PECVD us o are
gener at ed, h%/%%?% 3%\14 t]ﬂgﬂg?ﬁ?g%ﬁx%x@gﬁtﬁ% ggg&l"gcji/f%}rlrb?jﬁél%géafag?%.@eoﬁ%?é surface
of the sil h@errWedeer uddddan Ne$h gad RtogSre (e MOpaach bNihe atdoa icheorizgr i s
changed to Sat, N20, NH3, ‘and H2. Plasma of a m xed gas of these is

gener at ed, USipge Brytng furpace, similatlyjte the heat ygaimeptin FI424. 5 f or med over the

silicon oxppbéyide layer 141. The filmfornmation tenperatures of the
silicon oxynitride layer 141 and the silicon nitride oxide |ayer 142 can
be 3001%. fBeoghcturing Method Example 2>

Another example of the method for manufacturing an SOI substrate is
described with reference to FIGS. 3A to 3E. In this manufacturing example, steps of
forming an insulating layer and an embrittlement region different from the steps in FIG,
2B and FIG. 2C are described. The other steps can be conducted similarly to the

20  manufacturing example 1.
[00971

First, the silicon wafer 100 subjected to the heat treatment at high temperature
is manufactured as illustrated in FIG. 3A. Next, the silicon wafer 100 is cleaned and
an insulating layer is formed. Here, a silicon oxynitride layer 141 and a silicon nitride

25  oxide layer 142 are successively formed with a PECVD apparatus as illustrated in FIG.
3B. SiH4 and N,O are supplied to a chamber of the PECVD apparatus, and plasma of
these process gases are generated, whereby the silicon oxynitride layer 141 is formed on
a surface of the silicon wafer 100. Next, the gas introduced into the chamber is
changed to SiHg, N;O, NH3, and H,.  Plasma of a mixed gas of these is generated, and

30  a silicon nitride oxide layer 142 is formed over the silicon oxynitride layer 141. The

film formation temperatures of the silicon oxynitride layer 141 and the silicon nitride
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Note that a silicon oxide |ayer may be forned using an organosilane as a
source gas wth a PECVD apparatus instead of the silicon oxynitride |ayer
141. Alternatively, 5-a silicon nitride |layer nay be formed using Sint, N2,
NH3, and H2 with a PECVD apparatus instead of the silicon nitride oxide

| ayer 142. [0099] Next, as illustrated in FIG 3C, irradiation
with the ions 120 is perforned to formthe enbrittlenment region 111 in the
silicon wafer 100. This step may be 10 conducted simlarly to the step in
FIG 2C. [0100] After the enbrittlenent region 111 is fornmed, a
silicon oxide layer 143 is fornmed on a top surface of the silicon nitride
oxi de | ayebxiddRy&d4R bantstyoated in FIG 3D. Here, the silicon oxide |ayer
143 is for using TECS and 02 at the filmformation 15 tenperature of 300
CwithapP apparatus. Note that the thickness of each insulating |ayer

(141 to 143) camndiethath §ddn@xR Gayeinay Be-Rihed using an\Yh@RoSMRASRAUILBRHce St eps are
performed sim| arlﬁ/%to those in FIGS, 2D to 2F, an SO substrate _ including

the singl e2dWith aPEGYPjappasatpnipgeadiaf thefilicon oxynifids fayer o, Alts@abtsbhsul at i ng

layer (341,054 Rtid by BImay bBIEGddaksly Sl UKL, NE,, 889, P @l@syipubstrate
200 can be manufactured. [0102] ~I'n this manufacturing exanple, the

i nsul at i ngapraags insiagelithewidicon rgidseridedaygutdZor wafer is formed by
perforningggggrocess at a process tenperature which 25 does not exceed 300
CwithapP apparatus, not by thermal oxidation treatnent; therefore,
the nunber of tileé eaofillisgrated tin EHE. ihtirradiationghith wpersal2rie perfornted to

sem conduc f ] i bt h uring
exanpl e 1. %O?‘éxﬁ{%npﬁﬁ i 8&%@]‘"5%#%2% :}P‘?% 5/{1% §115 Vgacef%f \({)\er)ér'ri nlgﬂ}iéo’g?r}ki%g%nent
bef or e 1@ heconenetedsimilanlyg the depeinFI@f2Can SO substrate will be descri bed
below. In hﬂﬁofollomjng exanpl es, a single crystal

After the embrittlement region 111 is formed, a silicon oxide layer 143 is
formed on a top surface of the silicon nitride oxide layer 142 as illustrated in FIG. 3D.
Here, the silicon oxide layer 143 is formed using TEOS and O; at the film formation

15 temperature of 300 °C with a PECVD apparatus. Note that the thickness of each
insulating layer (141 to 143) can be 50 nm to 200 nm.
[0101}

When subsequent sieps are performed similarly to those in FIGS. 2D to 2F, an

SOI substrate including the single crystal silicon layer 114 which is planarized, the
20  insulating layer (141 to 143) having a three-layer structure, and the glass substrate 200

can be manufactured.

[0102]

In this manufacturing example, the insulating layer formed over the

semiconductor wafer is formed by performing a process at a process temperature which
25  does not exceed 300 °C with a PECVD apparatus, not by thermal oxidation treatment,
therefore, the number of times of heat treatment at high temperature on the
semiconductor wafer can be reduced in comparison with the manufacturing example 1.
[Example]
[0103]
30 The utility of performing heat treatment before the manufacturing process of an
SOl substrate will be described below. In the following examples, a single crystal
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silicon wafer was used for the sem conductor wafer and the nethod
illustrated in FIGS. 2A to 2H was enpl oyed as the nethod for manufacturing
an SOT substrate. [Exanple 1] [0104] 5In this exanple, an SOT substrate was
manuf actured using a new CZ single crystal silicon wafer (hereinafter
called a CZ wafer) and crystal defects in the CZ wafer were observed at
sone tinmes during the manufacturing process of the SO substrate. [0105]
<Experi nental Method> 10 (al) preparation of CZ wafer A new CZ wafer
(a p-type wafer of 5 square inches with a plane orientation (100)

manuf act ured by SUMCO CORPORATI ON) was used. One CZ wafer was divided into
four, and dilinen waferweds assl fof thappnioxtduatoe vife? aistjthe method chhetatesd ineF1GS.

manuf act ur ese fqur .CZ.,waf er re hereinaft referred to as wafers Al
o b Pty P R el S AR B ol B R SOL SRR o ALl
waf ers Al [Exafiglewpr e sinmul taneously subjected to heat treatnent at 1200 C

for 8 hourliéj der an Ar gas atnosphere (the proportion of the argon is 100
% in a he { g furnace. The follow ng steps were not performed on the

wafer A . (a3) heiBkangid, datSOMsubkiiedd WA mahhfastRt ivig of ndw &Y aiiding | ayer)
20The three wafers A2 tg A4 were subjected to HCL thermal oxidat]on
treat ment @ysilistican pafer (hepeinadisr ¢allsd a Clayaay) and pryeial d&fﬁ@rss}n s vatehed. The

heat treat JBRLbIARIREIhRIIRA datindBe nfanh@EtudnPproQds f tHOJOT sudfird? gas

at nosphere containing HCl at 3 volune% so that the thernal oxide |ayers
were each 4@ to a thickness of approximately 100 nm The foll owi ng steps

were not p . wafer A2. 25 (a4) hydrogen doping (formation of
errbrittlengj%{pg{nggﬂﬂ%ln ethl Each of the wafers A3 and A4 was irradi ated

wi t h hiddr o@gé&rpremangioniof BZaraféron dopi ng apparatus to forman enbrittl enent
(500, 72,925 AL RBRLL s S R0l 55 g o0 o
accel er at i @00y einafggured bOSEKMCHL CORPOFRATION? . vasxustdl 1 6Dne00Z/ wirftr w39 The
Fol I owing 351395 il\é\{%r Foug O;[mdp%‘JrO&ge gat%ps E)P eap&%];u%ll‘ate%? "2 square inches were
manufactured. These four CZ wafers are hereinafter referred to as wafers Al to A4.
15  (a2) heat treatment under non-oxidizing atmosphere

All wafers Al to A4 were simultaneously subjected to heat treatment at 1200
°C for 8 hours under an Ar gas atmosphere (the proportion of the argon is 100 %) ina
heating furnace. The following steps were not performed on the wafer A1.

(a3) thermal oxidation treatment (formation of insulating layer)

20 The three wafers A2 to A4 were subjected to HCl thermal oxidation treatment
at the same time, so that thermal oxide layers were formed. The heat treatment was
performed at 950 °C for 3.5 hours under an O, gas atmosphere containing HCI at 3
volume%, so that the thermal oxide layers were each made to a thickness of
approximately 100 nm. The following steps were not performed on the wafer A2,

25  (a4) hydrogen doping (formation of embrittiement region)

Each of the wafers A3 and A4 was irradiated with hydrogen ions with an ion
doping apparatus to form an embrittlement region. A H; gas (the proportion of the
hydrogen is 100 %) was excited, and the wafers A3 and A4 were irradiated with
hydrogen ions with an acceleration voltage of 40 kV at a dose of 2.6 x 10'® jons/cm®.

30  The following steps were not performed on the wafer A3.
(a5) heat treatment
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(a5) heat treatnent Next, the wafer A4 was subjected to heat
treatnent in a chanber of an LPCVD apparatus. This heat treatnent was
performed in a reduced-pressure chanber at 200 C for 2 hours, and then at
600 C for 2 hours. This heat treatnent corresponds to the treatnent for

di viding a sem conductor wafer in FIG 2E, however, since the wafer A4 5 was
not attached to a base substrate, the wafer A4 was not divided at the
enbrittlement region in this heat treatnment. [0106] Then, crystal
defects in a depth direction of each of the wafers Al to A4 and a new CZ
waf er (hereinafter, referred to as a wafer AO which is manufactured by 10
SUMCO CORPORATI (m‘éxamht Wafeﬂm‘ewamjea&dtmmamémnmtﬁhat:hhm%r vfdnd ROARD uat ed. An

| R-l aser scatt r | R- L S us r th| aI u and
{he. vt er STRETE: AR DB oAby vanae i) S FehPriRs R 900 aphed.

FI G 4 showsc fdmgmrsoaﬁﬁwﬁa 6001°O & hdtrd: STThaRay BdatiSent B&fe@%diﬂ& teiher ef erred
to as |R-LST ina es‘il The observation magnifications are 500 tines and 100
times. Thetreatnenstos dividigg arsemicogductorigferod FiG: 2k ibewesnminge sha vefea Adn in a
sem consluctQl niafisthes &b BRe SHRLMBL R wafst RAGvE"n Mﬁh@llde&iﬁftﬁ@&ﬁl%ﬂﬁ&n&ftght
scatters, the crystal defects are |um nescent spots (a bri ght image) in an
| R-LST |rra§?€103mﬂ3e€dleéfrtfqmﬂé crystal defects do not exist is a dark inage
(bl ack |maEﬁ [0107] 20As illustrated in FIG 4, when the wafer Al and the
waf er AO are c]orrpared, it can be found that BVMDs are formed inside the

waf er Al by heatThEn,msmdefemiﬂﬁ@pth dinpdomoinach whihe wakess pétd Admedlaon t he
new waf er. tih i urfac waf er Al,
there are nﬁg\#}ga@rgg@e@%@% 0 f eegt%I Aellsygr a(f&yﬁg W%lc enu zcglﬁ%{l%%an be
obser vial. SBMBIDSDRPORATI@Nad@scthemaalﬂmwmfemmttdsmsmpeamatmmat|Am a Dz

Speci 11 cal Tg1esq o erng ety Gt pEG v SR e M et At Bt o8, o o

obser ved ino&@mlaFédi&ved mmmeaahgmﬁaésglvdrmmgmpﬁadl @G abshoksk ghdeat ed i n

en the. | TP it ecRorST ARporap b EYaR e r el i 4 B-ESE RsohpPeo, 11 can

be ObserVeﬁbsEﬁaﬁorHﬂ@gtﬁﬂ’UaﬁKﬁhezﬁ@GQO (igdeS and e6efimed trhe 3B-DUTAE REowh aglgpt hs) of
DZs are_not S|$n|f| cant@ chan ed in the manufacturing process of an SO

subst r it e BRGoF he vl B OR {2 srEdtondpioR WalFk caa e KYprtede nSErat ure i n

step a2 ar éixﬁélt d&édtsﬂhr@aﬁg,%@ sbd&e;shﬁnef iy Sthl R a:‘étluﬁﬁﬂéﬁl:eﬁf Yesh Bigan SOT
substrate. Accordi nﬂ{{ In the case where the waf er
image) in an ST

image. A region where crystal defects do not exist is a dark
image (black image).
[0107]

20 As illustrated in FIG. 4, when the wafer Al and the wafer A0 are compared, it
can be found that BMDs are formed inside the wafer Al by heat treatment at high
temperature which is performed on the new wafer. On the other hand, in the vicinity
of a surface of the wafer Al, there are no BMDs and a zero defect layer (a DZ, a
denuded zone) can be observed.

25 [0108]

As described above, in this specification, a DZ does not mean a completely
zero defect layer, but a region without BMDs. Specifically, a DZ can refer to a region
where luminescent spots are not observed in the IR-LST image at 500-fold
magnification as illustrated in FIG. 4. In Examples 1 to 3, such a region is regarded as

30 aDZ.

[0109]
When the IR-LST images of the wafers Al to A4 in FIG. 4 are compared, it can
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5 A4 is reused, heat treatnent at high tenperature for outward diffusion of
oxygen is not necessarily perforned as reprocessing treatnent. [Exanple 2]
[0110] In this exanple, the utility of perform ng heat treatnment at high
tenperature 10 before the manufacturing process of an SOT substrate will be
described as in Exanple 1. Further, the influence of the oxygen
concentration of a sem conductor wafer is also described. In this exanple,
an MCZ single crystal silicon wafer (hereinafter, referred to as an MCZ

waf er) which has a | ower oxygen concentration than a CZ wafer is used. In
manuf acturing an ingot, since a surface of a quartz crucible which is in
contact w b obseisled shat iﬂmﬁickﬁsﬁesi(&lsm&rﬁiﬂ tioras avififs oeddpod) cODYgare nd t aken

into the gr.ow.n ngot. .l.n _an fieldis a ied to a
ol ¢ to- coneRBrakaiuisy df ROmH o irE b ey BT PR SP! Gyt ddeh Blinc o ¢ ho
in]got i's redueeth mﬁ/%zéai&}%tﬁ&tmemgmpafanwfetﬂw@mf %@eﬁcﬁkhmﬂfa&ﬂﬁﬁ e If@stihof IV|CZ
waf er ew wa pe er o uare inches w a pl ane
orientati oﬂm’e‘i{éﬁ?@’ﬁa‘ﬁﬂ?eé%?{ﬁ“egoﬁ%}ﬁ’éﬂ%\‘%@ﬂﬁ Iﬂd%?c%&é” hsee e""(&"Bf’Z) heat
treat nent WAGdeFeulANhEX reitdbhtGt BloABSHRSIEre for outward dMAERA of B@yzg%ﬁr@ndiondl tions
as those of Exanp le 1, heat treatment was 25 per formed at 00 Cfor 8

hour s undeF“ﬁWmNWFﬁﬁ@“&@ﬁﬁ§ﬁﬁ§?@“@ﬂﬁﬁmﬁpbport|on of the argon is 100 % in
a heating f Ey 2] (b3) thermal oxidation treatnent (formation of

i nsul ating er) HC1 thermal oxidation treatnment was perforned under
t he sane CBHéI%/]tI ons as those of Exanple 1. Heat treatnent was perforned at

950 C for 3.5 hqyrfs %QQ%F le,9fe ﬁglltglzoégﬂﬁoﬂﬁﬂ??@ﬁ% gm‘fe%%@hl nd‘é%u@t 3

volunme% so that a the OXi er was fornme toat ess of
appr oxirat béfgretigomeagufiacturing pyochssdt oy SO1 dabysiraty will be daatrited amfn Batnplet .| ement
region) Further, the influence of the oxygen concentration of a semiconductor wafer is also
described. In this example, an MCZ single crystal silicon wafer (hereinafter, referred
to as an MCZ wafer) which has a lower oxygen concentration than a CZ wafer is used.
In manufacturing an ingot, since a surface of a quartz crucible which is in contact with a
15  silicon melt is melted in a CZ method, oxygen is taken into the growing ingot. In an
MCZ method, a magnetic field is applied to a melt to control the convection of the melt
so that oxygen taken into the ingot is reduced.
[0111]
<Experimental Method>
20 (bl) preparation of MCZ wafer
A new MCZ wafer (a p-type wafer of 5 square inches with a plane orientation
(100) manufactured by SUMCO CORPORATION) was used.
(b2) heat treatment under non-oxidizing atmosphere
Under the same conditions as those of Example 1, heat treatment was
25  performed at 1200 °C for 8 hours under an Ar gas atmosphere (the proportion of the
argon is 100 %) in a heating furnace.
(b3) thermal oxidation treatment (formation of insulating layer)
HCI thermal oxidation treatment was performed under the same conditions as
those of Example 1. Heat treatment was performed at 950 °C for 3.5 hours under an
30 O gas atmosphere containing HC1 at 3 volume%, so that a thermal oxide layer was

formed to a thickness of approximately 100 nm.
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Wth the use of an ion doping apparatus, the MCZ wafer was irradiated with
hydrogen ions to forman enbrittlenment region. A H2 gas (the proportion of
the hydrogen is 100 %9 was excited, and the MCZ wafer was irradiated with
hydrogen ions 5 with an accel eration voltage of 50 kV at a dose of 2.5 x
1016 ions/cnR2. (b5) heat treatnent (division of wafer) After the MZ
waf er was attached to a glass substrate, the MCZ wafer was divided with an
LPCVD appar atus under the same conditions as those of Exanple 1, so that an
SOT substrate was nmanufactured. Heat treatnment was performed at 200 C for
10 2 hours, and then perfornmed at 600 C for 2 hours. (b6) laser irradiation
treat ment (bg) bywodendbpion(fofmaiongf embritiiehet repidn) con | ayer ) In order to

pl anarize a sin ystal _silicon |ayer. of.t OT substra factured
in step b5, theq&ﬁh@e esE Py at A" (golpﬂ ?\éarla%ly’e@e\g\gg AR R ﬁfﬁfcﬁ%’ | aser
beam A Xekidregeti iohy td &6y aﬂl\laﬁlbﬂﬁleﬂeﬁtOfegiohe AaBegas {the ptopsgionbefattie had a
mavelength of 308 15 urn of .25 nanqgsecon and a repetition
rate of 30hydogepdy 140%) WWﬁ’ﬂcEeJaaNb% &4C7 pker HPBB@ﬁ’cafeéﬁ“g]thtdFF@eW"P? ogen is
100 % yasyip x&@eaﬂo@vaﬁaemdwmdogé@pbﬁkqélmnkﬂam@he | aser beam a

| i near | aser beam was scanhed and the single crystal sem conductor |ayer
was irradi @bhbmcdﬁncm@w!a@elofWe&m (b7) polishing treatnment (reprocessing

of v er) 200N ofl5ind BZ2Use: Yhe Mo dR! St LahHESnAMAAGHEL Rast op b5, "2

t hermal oxide | ayer was Tenove C|ngW| fluoric
aci d, and dikilad with aMCPCNRY sppamatis usddyjtiectaed conditivrsat thend oﬁ/E)tatnphe Dash

etchant The, su where the single crystal silicon | aye eparated
was pol i shigt 3 #‘ﬁf%ﬂgﬁefepwaﬁplaa?“ﬁ%‘]g% t%’fy?%‘%g‘én% R/ﬁ'i? eé%ﬁ%ﬁoﬁfshl ng
treat mgmt 8RS difﬁaﬂygﬁg{,ﬁah{@opcq&ezsﬁo@g an SOT substrate were repeatedly
performed, so that a plurality of SOT substrates were manufactured using

one NCZ wafb) lasqrirradigtion satmentdplapsrizagonyet singl csysial sibicen lsy@har ed and t he
manuf act uri ng Prpcsss &f gf pflar3CTs %ﬁ%fet CASRI WERoPe ;ewdfeﬂefw ts#Rs on each

of the wafers. tra;es W wer e manufact ur ed IS step are
referred tmamsfacB@Fd B@Sﬂpﬂéit thatsgleRrysfad $1liggn laydy maurreglmedaxm lamrlwmn-

A XeCl excimer laser was used for the laser. The laser beam had a wavelength of 308

15 nm, a pulse width of 25 nanoseconds, and a repetition rate of 30 Hz. Further, while a
N; gas (the proportion of the nitrogen is 100 %) was sprayed on a region to be irradiated
with the laser beam, a linear laser beam was scanned and the single crystal
semiconductor layer was irradiated with the laser beam.

(b7) polishing treatment (reprocessing of wafer)

20 In order to reuse the MCZ wafer which was divided in step b5, a thermal oxide
layer was removed by wet etching with buffered hydrofluoric acid, and then the MCZ
wafer was subjected to treatment with a Dash etchant. The surface where the single
crystal silicon layer was separated was polished with a CMP apparatus.

{b8) reuse of wafer

25 The polishing treatment and the manufacturing process of an SOI substrate
were repeatedly performed, so that a plurality of SOI substrates were manufactured
using one MCZ wafer. In this example, three MCZ wafers were prepared and the
manufacturing process of an SOI substrate was performed four times on each of the
wafers. The 12 substrates which were manufactured in this step are referred to as SOI

30  substrates B.
f0112]
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As a conparative exanple, an SOI substrate was manufactured using an MCZ
wafer without the heat treatnment at high tenperature in step b2. The other
steps were performed under the same conditions as those of the above SOT
substrate B. In the 5 conparison experinment, two MCZ wafers were prepared
and four SOT substrates were manufactured using each of the two MCZ wafers.
The SOT substrate of the conparative exanple is referred to as an SOT
substrate X. [0113] <Eval uation Method 1> 10A surface of a single crystal
silicon |layer (hereinafter referred to as a silicon |layer) of each of the
SOT substrate B and the SOT substrate X was observed with an opti cal

m cr oscope<ComparbuBi@rineet>crystal linity of the silicon layer. This is
because by evaluating the crystallinity of the siligon |layer, nunber of
Cres an NC2. varers R f eVt e dp Rl s Srb APt Re e e r t ace of
the sili cowafeayéthowale ldaseean@cht hbhigh tdmmtapii e b (Thesdepstepd wel®0-f ol d
magni fication in,a dark-field npode and the. nunper | um nescept .spots was
Count edvi BRI Bydch i ik uflions BhitpHuoRp ALY B AReBpr Buth

i nvent 0§ s, coMeisdrhexpetidentOfwoAMIOZWiTeS GRI¢ pepitd hifd REPSOKhUMBkAtywled pm at
200-fold magnification, th agot can be seen by a hupan. The | uym nescent

spot is a SEBHpwEdPshs & dhe dwg Mfsmaferyior The SO wbsirate 1of tas 20
confirmed thagarfivt dQanIERIrdelat @ a8BCSOI Silbeead kon (a crystal defect) were
observed as |um nescent spots with an optical mcroscope by cross-sectional
observati o131 the silicon layers with a scanning transmission el ectron

m cr oscopefelEMin Mdakagtore, the quality of an MCZ wafer can be determ ned
by the nunber of lum nescent spots. [0114] 25FIG OS5A illustrates a region
wher e 1he nunberA girface of astngtnerysipotleondayet termiradier Rifetred3p as @ sdlidonp vi ew of
an SOT sub 0 t ] nescent
spots was %%%2%23§$ﬁﬁvh$§gTFW§§%?qu%%gﬁs 3%8?%&3 §ﬂ§g%ﬁ&g%{&h#c has a

| engt h Lx ppticahmicrazors tdevaets tha coftallin§ ofithearidom layem g Thisliy/bdcasa by - axi s

direction of ,107 n.the .cooerdi nates, of the genter t he. SOT
Suberr v Sttt Bl e RO R B hidP FERECR BEARAE
of the regbomneuséilcanshedfommd. tSpecificallypriei susfhee off tht Rdicoe hiyer was obdeevedegi on 302

'S - 33[5 75wrim] anacpp 'cglhr%ic)lgosgc())p%ra Iﬂ)%tfgldoll;laén%%cation in a dark-field mode and the

number of luminescent spots was counted visually by an observer. From the
experience of the present inventors, when the size of a luminescent spot is
approximately 0.5 um at 200-fold magnification, the spot can be seen by a human.
The luminescent spot is a scattering object due to a crystal defect or dust. It was

20  confirmed that oxide precipitate and dislocation (a crystal defect) were observed as
luminescent spots with an optical microscope by cross-sectional observation of the
silicon layers with a scanning transmission electron microscope (STEM). Therefore,
the quality of an MCZ wafer can be determined by the number of luminescent spots.
[0114]

25 FIG. 5A illustrates a region where the number of luminescent spots was
counted. FIG. 5A is a top view of an SOI substrate 300. In the SOI substrate 300, the
number of luminescent spots was counted in three linear regions 301 to 303 each of
which has a length Lx in an x-axis direction of 1.25 mm and a length Ly in a y-axis
direction of 107 mm. When the coordinates of the center of the SOI substrate 300 are

30 (%, ¥) = (0 mm, 0 mm), the x coordinate of the center of the region 301 is O mm, the x

coordinate of the center of the region 302 is — 31.75 mm, and the x coordinate of the
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center of the region 303 is 53.1 mm [0115] FI GS. 5B and 5C show t he
cal cul ation results of the nunber of |um nescent spots. FIG 5B shows data
of the SOT substrate B and FIG 5C shows data of the SOT 5 substrate X 1In
each of FIG 5B and FIG 5C, the horizontal axis indicates the nunber of
times of a manufacturing process of an SO substrate which corresponds to
t he nunber of times of use of a new MCZ wafer. The vertical axis indicates
t he nunber of |um nescent spots in a dark-field image, and the nunber of

| um nescent spots is a val ue obtained by converting the nunber of

| um nescent spots in the three regions 301 to 303 10 in FIG 5A to the
nunber of temerpéteesgions}Btis5SHhemnd07 nmP2 I n ot her words, the vertical axis
correspondﬁ) ?91 t he nunber of |um nescent spots in one SOT substrate. [0116]
The graphs*of "FIGS. 5B and 5C show that by perform ng heat treatnment on an
MCZ wafer at 11QQGS. 6B ahd grreshowrtﬁercalaﬂm ﬁmiltdiozitmsgmaﬁm@pmesb@ftore an

Spot s can B g SELTAvE o A s FrebER A PG Phokots ke’ e SBhe oz

wafer is ipgkeased. o etk 6f FIG. 5B anﬁmimah&meaﬂtm&g itdicdthahPhaseant
inventors, in the_case where a sili c)?n waf er of 5 square inches is used for

the bond sAbiPEsEE 2 MAPUACHIRE Preqess of 48 SQIsuheite WhichqEespendsaethe ybst r at e,
it is pref ﬁﬁ:ﬁﬁﬁr%f timad ottda@owmcqfwéfbw @ﬁ@@&ﬂéal §:Bé)¥nalch1!8s MRGumblr cfubstrate

be 1 x 104 or | ower. case where a field-effect transistor is

manuf act ur BERIREEERY SB%S e@ﬁaﬂﬁfs@lfl HIAAEE, al}déhk ByBbes of luspespant pposeis ¢ velye be

gener at ed fo 4. [0118]
25Thus, thgﬂg@g& %cd&%@%ﬁ%ﬁ éﬂélbd gi.néc}qg%ﬁlgi gtlﬂ gﬁe@%&?rn%{aﬁg@a%g%gf usi ng

an MCZ1Oaf & Fighiséhtoi the ool of lugikgsoent apcbts)werok@ﬂgem cohcether woidenthe n
conpar i Son, y; %zﬁ' aﬁB &ﬁge‘?@r@ﬁte() tk}b?!uﬁb ?‘BF fflifedCent %o%flﬁ kg{] %P&EL&&J eat ment at

1100 C or i ghe I's used acturing an SOT
substrate. [Jl04]19] 30 <Eval uati on Method 2> Further, as in Exanple 1, a new

CZ wafer (wafer ’l%o gra\ll\p"ﬂs oPFlIE%d SB a5l sBTsERG rtl?aq by performing heat treatment on an
MCZ wafer at 1100 °C or higher under a non-oxidizing atmosphere before an SOI
15  substrate is manufactured, an increase of the number of luminescent spots can be
suppressed even when the number of times of use of the MCZ wafer is increased.
[0117]
From the experience of the present inventors, in the case where a silicon wafer
of 5 square inches is used for the bond substrate and a glass substrate is used for the
20  base substrate, it is preferable that the number of luminescent spots in one SOI substrate
be 1 x 10% or lower. In the case where a field-effect transistor is manufactured using
an SOI substrate, leakage current is likely to be generated when the number of
luminescent spots is more than 1 x 10*
[0118]
25 Thus, the graphs of FIGS. 5B and 5C show that also in the case of using an
MCZ wafer which is thought to have a low oxygen concentration in comparison with a
CZ wafer, it is effective to perform heat treatment at 1100 °C or higher before the MCZ
wafer is used for manufacturing an SOI substrate.
[0119]
30 <Evaluation Method 2>
Further, as in Example 1, a new CZ wafer (wafer C0) which had been prepared
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in step bl and an MCZ wafer (wafer C) which had been subjected to the heat
treatnent in step b2 were cleaved, and | R-LST i nages were observed. FIG 6
shows the IR-LST images of the wafer CO and the wafer . Furthernore, FIG
6 al so shows that I R-LST i mages of a cross section of an MCZ waf er
(referred to as a wafer C8) which has been 5 subjected to the manufacturing
process of an SOT substrate and polishing treatnment two tines each. Note
that the wafer C8 was not attached to a base substrate as in step a5 in
Exanple 1 and was only subjected to heat treatnent under the sane
conditions as those of step b5. [0120] 10When the wafer Al (CZ wafer) in
FIG 4 and iastepvtdfand aﬁ:MC(Wem@faéer)C 1)) whichBaé bameulgiesiahtiodll; heat treaamneride
confirnmed that ,t.he wer Iunln scent B n the

vt A (b it e cing IRLSI HBEr R PERRGE (PB0S SRR MRS g
500- f ol d niagiged ofaed Wﬁm; Co hel 6 waket €11. ( Pattermadd)FIGs fédShods Wat IMLYAS used
once for manufac urin an S as .an approxipatel y 40- pmthick
07 Sand ¢ nitees® kA wpcsction G re MR 6 otk SResbery CHOVBRY bid b bz The
MCZ waf gr cﬁ:dtt@ﬂﬁliﬁnuﬁ&uhﬂglﬁrob&ﬁ ofdn 86 Qibstrdt®dndildolishing trealilent@id f er ence
in a DZ thickness hetween the CZ wafer and the MCZ wafer is nalnly caused

by the oxyB’é‘FF ta5hic Nt thet Bp Wates 8 Was ngiatisched to phasgapisiratess HuderadliBuwer 20

oxXygen CONELMdIl aRDwhd\Gily stﬁ'ecvaaft@heai\@eatﬁ@mtﬁa&r thd @nGeRRAiAbACR thfse BMDS 'S
reduced even when heat treatiment at high tenperature is perforned under the

sane condi #§PDS- The oxygen concentration of the wafer AO (CZ wafer)

measur ed mgﬁ@oa Fourier transforminfrared spectroscopy was 1.3 x 1018

at ons/ cnB x 1018 atons/cnB and that of the wafer CO (MCZ wafer) was
0.8 x 1®18 atorrﬁthnﬂletvquer 6CZ10af8r) an Bl A endthe 26f@ C1AMAZ wafan) ibEIG. ound from

Exanpl es 14 "&%g cﬁneé: i icn fﬂ%ﬁco%%&&@&%%%ﬁéi gﬁsy%iveﬁl EQJE%H&E” warf er

is | ower, IS prefera 0ossi bl e
because t hé@MDsitha thé Wraémsﬁel oWia:nslmﬂlmkmmgf mDvabhimnvd frthhe BehS8Tt r eat nent

at hi gh telgl{)a%rs%v\zé(?foflgma js3h aceS I r(l,% Ewa o' Al ﬁ% !1- &as%l%ﬁegurt her,

in the cas ere a s eogTys rcon S Who e oxygen
concent r at orze fertRRdstuling aﬂ. OB sk @4Ts hasrm app;roxinratdlmo-pmamcmm end¢hwaf er is

used for the second nmanufacturing process of
1 wafer C8 in FIG 6 has an approxXimately 80-pum-thick DZ. The MCZ wafer has a
thicker DZ than the CZ wafer.
[0121]
The difference in a DZ thickness between the CZ wafer and the MCZ wafer is
mainly caused by the oxygen concentration. This is because the wafer CO has a lower
20  oxygen concentration than the wafer A0, so that the generation of BMDs is reduced
even when heat treatment at high temperature is performed under the same conditions.
The oxygen concentration of the wafer A0 (CZ wafer) measured with a Fourier
transform infrared spectroscopy was 1.3 x 10'® atoms/cm’® to 1.8 x 10" atoms/cm® and
that of the wafer CO (MCZ wafer) was 0.8 x 10'® atoms/cm® to 1.4 x 10'® atoms/cm’.
25  [0122]

It can be found from Examples 1 and 2 that as the oxygen concentration of a
semiconductor wafer is lower, a DZ becomes thicker. A DZ is preferably as thick as
possible because the number of reuse of a semiconductor wafer without heat treatment
at high temperature for reprocessing treatment can be increased. Further, in the case

30  where a single crystal silicon wafer whose initial oxygen concentration exceeds 2 x 10'®

atoms/cm’, or in the case where a wafer is used for the second manufacturing process of
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an SOT substrate wi thout heat treatnent at high tenperature, a defective
SOT substrate is nore likely to occur. Therefore, it is preferable that the
initial oxygen concentration of the sem conductor wafer be 2 x 1018
atons/cnB or |lower to suppress a reduction in the yield of an SOT
substrate. 5[0123] As described above, the initial oxygen
concentration of a sem conductor wafer is preferably low preferably 1.8 x
1018 atons/cnB or lower, and nore preferably 1.4 x 1018 atons/cnB or | ower.
Note that an FZ single crystal silicon wafer is known as a highly purified
sem conduct or wafer having an oxygen concentration of 1 x 1016 10 atons/cnB
or | ower; hoS@Vebstratd witloue hsit tryatinemtleehighl tenplemtirt, s defagltivgBOT dupstratenisor der to

use a sem conductor wafer.20 _tines or r he .initial oxygen.
Concant s ot PORHElD oS o brtsmerbly T8 phoresh Bios ol il ictoudhn oS iom ot o
[0124] 15I fhetsbthRoRHBIIP Wafer 8e DHERS TRBhs/binIBr foRkr fdabprids@Ated®Abn 8 thBi gh
tenperature before the manufacturing process of an SOT substrate is

descri bed. YEldrisn SOEbe3erent al Met hod> (dl) preparation of CZ wafer 20A
new CZ yaf lzyyhi ch was the sane as the wafer in Exanple 1 was used. (d2)
heat treatment” under non-oxidizing atnosphere Heat treatnent was
performed at 1200 desuibgdpboys, the jaal oaysep spheentationipd agemisonducion wefert he ar gon

5,90 oS0y LARBREEs Aok, SRR o £671 L o
oxi dat i on 10'2atomsht’ of towart i Wote tfat an ¥l sglegrybtalysliqon wafer is knaler at he same
GO O BRI O DAL b heRl, {1 SSLIELY s, Ll P ghe20 € for
t her majo oxa@RsAAY 8F loWesS hRER:, iDis BadiR ibedRE Age B itsAREH SuHHTRUEL bied BhsBM
a semiconductor wafer 20 times or more, the initial oxygen concentration is preferably 1
x 10" atoms/cm’ or higher.
{Examaple 3]
[0124]
15 In this example, a treatment time for heat treatment at high temperature before
the manufacturing process of an SOI substrate is described.
[0125]
<Experimental Method>
(d1) preparation of CZ wafer
20 A new CZ wafer which was the same as the wafer in Example 1 was used.
(d2) heat treatment under non-oxidizing atmosphere
Heat treatment was performed at 1200 °C under an Ar gas aimosphere (the
proportion of the argon is 100 %) in a heating furnace. Further, in this example, three
conditions, 2 hours, 8 hours, and 16 hours, were set as the heat time.
25  (d3) thermal oxidation treatment (formation of insulating layer)
Under the same conditions as those of Example 1, heat treatment was
performed at 950 °C for 3.5 hours under an O; gas atmosphere containing HCI at 3
volume%, so that a thermal oxide layer was made to a thickness of approximately 100
nm.
30  (d4) hydrogen doping {formation of embrittlement region)
With the use of an ion doping apparatus, a H.> gas (the proportion of the
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30 (d4) hydrogen doping (formation of enbrittlenent region) Wth the use of
an ion doping apparatus, a 112 gas (the proportion of the hydrogen is 100
%9 was excited, and the CZ wafer was irradiated with hydrogen ions with an
accel eration voltage of 50 kV at a dose of 2.5 x 1016 ions/cnR. (d5) heat
treatnment (division of wafer) After the CZ wafer and a gl ass substrate were
attached to each other, the CZ 5 wafer was divided wth an LPCVD appar at us
under the sane conditions as those of Exanple 2, so that an SOT substrate
was manufactured. The heat treatnment was perfornmed at 200 C for 2 hours,
and then perfornmed at 600 C for 2 hours. (d6) laser irradiation treatnent
(pl anari zahydvogenfis 300N gH) @vas reysited) argli the C@nwafaly®ds) irdadiated deith Kydrggke@tvaki ze t he
single crystal siljcon layer of the SOI substrafe 10 ganufactured in step
d5, the siighaneaseglerasipn ¥pligee ghoq kY ata dpgeof 79 ¥dPad@¥ W th a | aser beam A

XeCl exci ngfsy has gLates (HiSRMnlc@waldhe | aser. The laser beam had a wavel ength
of 308 nm a pulse width of 25 nanoseconds, and a repetition rate of 30 Hz.

Further, while aAig2 taSZ (waker g9d gpelassisabpirafe Wware atiachediperech sthentheafZ was

spr ayeds Onygr.f %%'s Aided Wfth bh TRENVY ai‘%tﬁshuﬂdglethleasﬁﬁé oBERInsths! thdld | aser
beam was scanned and the single crystal 15 senlconductorIFayer was

i rradi at edEwinie tZheso | thatean BEOAsnbstd®) wpo imaghfaetgretly eBharbert tfeatmrnbodassi ng of

waf er) Pol i shj.pg~t.r eat nent s perfor i nner simlar to that
1 Exarpl ePertoiRed febflor R, ind By BEpBHLT 00 B ReZRBE n g wth
buf f er ed hydh RdruGadiationdlestmea(@laniieatiod b3ily droxtat siloed Ryére si ngl e cryst al
silicon |ayer S separated was, polished with 20 a ap atus. (d8)
reuse of mafermqn‘ngrhW @aﬁﬁﬁﬁéwp§ elﬁyﬂ$%mpﬁ§thyﬁcgsgﬁp§§{ﬁ@”?ﬂﬁ
pol i shig Iafehded it d) the BB sl kilibéh BYRGRS Srrfdiate@lwiBH laSaHpsihat € were
repeatedly performed, so that a plurali 0 substrates were

t edl f d t hat I lit f SI X substrat

manuf act ur XSG eRgmeniaseeragasedlor e faser. sithe lagst boagn betha wevalength ff 368

manuf act ur gel AshINOwRREHE 2 ndnB§ecdiR, éﬁ_ﬁfaeks%rtﬂﬂn whé 6530 e NEathet Waat gent in
step d2 was performed for 2 hours. SiXx substrates were nanufactured

usi ng eachNogast(fe preportion@f thefiterasn éinl 0P TP )cwvastshrayereen a region thbirradintedt ep d2
was perfor r h S, n t usi ng
b0 AR A0l TR S B3 558, RRTUE 44

three CZ wafers on whic ins wa rimed for 16
hours. 15  semiconductor layer was irradiated with the laser beam.

(d7) polishing treatment (reprocessing of wafer)
Polishing treatment was performed in a manner similar to that in Example 2.
A thermal oxide layer was removed by wet etching with buffered hydrofluoric acid, and
then, the surface where the single crystal silicon layer was separated was polished with
20 a CMP apparatus.
(d8) reuse of wafer
In a manner similar to that in Example 2, the polishing treatment and the
manufacturing process of an SOI substrate were repeatedly performed, so that a
plurality of SOI substrates were manufactured using one CZ wafer. Here, six SOI
25  substrates were manufactured using each of the two wafers on which the heat treatment
in step d2 was performed for 2 hours. Six SOI substrates were manufactured using
each of the three CZ wafers on which the heat treatment in step d2 was performed for 8
hours, and 13 SOI substrates were manufactured using three CZ wafers on which the
heat treatment in step d2 was performed for 16 hours.
30 [0126]
<Evaluation Method 1>
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30[ 0126] <Eval uation Method 1> Also in this exanple, a surface of
the silicon |ayer of the SOI substrate was observed with an optical

m croscope (200-fold magnification, a dark-field node) and the nunber of

| um nescent spots was counted in the regions 301 to 303 in FIG 5A by the
same nethod as that in Exanple 2. The nunber of |um nescent spots in the 5
regions 301 to 303 was converted to the nunber of |um nescent spots per 107
ran? (per one SOT substrate) by the same nmethod as that in Exanple 2. The
results are showmn in FIGS. 7A, 7B, and 7C. FIG 7A shows data in which the
heat treatnment time in step d2 is 2 hours, FIG 7B shows data in which the
heat treat nent tAlmzi:i thisBexaompies o sarfebeFdfGhe ?iﬁccshkaw QfahaSDh suustraila wdse heat
treatment tJ hours, Note t nu nesgent, spots
wns ot cotPieBt Aty reohsE e ors 200 rYBREisBLe Mt S35 P850
From t he r érsmabedellaminesani spoEmp:lo&nthiﬂﬁhetré‘g@onsase tm:ﬁ@ﬁxmmesmwber of

| um nescen $ots | ne SO bst a%e xcee ﬁ 104 under t he conditions
of this exh)r‘?paﬁl TPHPS a2 oM"Y Pihat ed‘é‘f“é "5 EROSSER $HOE BPe
substrage. rdgionssof@wwﬁa@@mﬁehai ﬁb'ailéiﬁlirﬁbdrﬂfﬁkrﬁiez&nt ks ger Wof Rin’ ¢ be used
5 times witho h% ment at gl?rt‘ era by perform ng the heat
treat ment 9pe %terré@r & e fsh aﬁ @ Exapp .t.hsﬁesurtﬁtarréhorvamd from

the data i pidd. G&, 7§A111HQC7CFI¢1@IA5115@5 BETREFhiGH tht hER Srefeh@HiEin@fep @z viaf er
wi t hout heat treatnent at hi i gh tenperature can be increased as Fhe heat

treat ment {5kourss FIG dBeshews daty oy whighsthe heat treafment fiae isdkaursyepd EIGyCt he
present i nyigRia® inehhiek ik ﬁéamujeﬁtﬁleﬁtouﬁlg@s 23 fh@&%S Qbte R e BEmbd &3t MENt

before manufacturing an SO substrate described in Exanples 1 to 3 can be
obt ai né@l binnkegseent prest wasmot eavatted ahtha Spuréstiagniacyng pieeesp eF16. Whi ch i s
per f or med fifl Z]eprocessi ng treatnment. Thus, when the heat treatnent tine is
i ncreased, ﬁ nunber 25 of tinmes of reuse of a wafer can be increased

wi t hout t he nextFrimahe r&aetalsrrbmribad im%#mpleripém tieurase Wbcrerthq)nmnbssifng a

waf er . The heat treatnent re trea rren 1 hour or
oneer analEB gt SBUE R boc ST slipk SRISAET 1P i & ¢
product i vi emmj itdficedkidert it a Hefedd cagurainiKe BT N[b@trd’a@atltisrf&ﬁl‘drfﬂﬁﬁ thet he heat

treat i p f rabI 6 ho rs t 0] hour Iu5| ve. anpl e 4]
{07207 Th 1 82 dn JACh K e et Yot B deBirint o it
manuf act ur tdﬂﬁacﬁﬁ@@a@s &forﬁ&ga@- h%&tb@éaﬁﬁérﬁi aamﬁghdeﬁlgémaeafdrm hbirs exanple. In

this exanple, a new was re atedlﬁ used I1n a manner simlar to

that in Exadfion i is ann@ﬁamtaﬁde@ng 7AAdp dC\ihat thepnmbse pfiimer ofjneuse

treatment gf o Rl WRETE hadtUramRnt At H%W thrépURLRS caese RefehRUNBAN Red heating
furnace at 1200 C for 2 hours under mxed at nosphere in 5 which an 02 gas

at 3 vol unBoatnent timoietcreated- a N2 gas. [ 0130]
20 [0128]

In the experiments by the present inventors, effects similar to the effects of the
heat treatment before manufacturing an SOI substrate described in Examples 1 to 3 can
be obtained by heat treatment under a non-oxidizing atmosphere which is performed as
reprocessing treatment. Thus, when the heat treatment time is increased, the number

25  of times of reuse of a wafer can be increased without the next heat treatment at high
temperature for reprocessing a wafer. The heat treatment time for reprocessing
treatment can be 1 hour or longer and may be I hour to 24 hours inclusive. In
consideration of productivity and an effect of forming a DZ by the heat treatment, the
heat treatment time is preferably 6 hours to 20 hours inclusive.

30 [Example 4]

[0129]
Effects of heat treatment at high temperature before the manufacturing process
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Next, the silicon |layer of the SOTI substrate was evaluated in a manner
simlar to that in Exanple 2. A surface of the silicon |ayer of the SOT
substrate was observed with an optical mcroscope (200-fold nmagnification,
a dark-field node) and the nunber 10 of |um nescent spots were counted in
the regions 301 to 303 in FIG 5A. Then, the nunber of |um nescent spots in
the regions 301 to 303 was converted to the nunber of |um nescent spots per
107 mm2 (per one SOT substrate) by the same nethod as that in Exanple 2.
The results are shown in FIG 9. [0131] 15The horizontal axis in FIG 9

i ndi cates the nunber of times of manufacture of an SOT substrate which

cor r espondsf 4 SOheutnumb ere defcritiednis thed exagplof Ia thiewa@plepafrew. CAwafererti cal

axis indicates the.numher of |um.nescent spots petr 107 per.one SOT
substrat e) Waﬁe@eggﬂgﬁsoe " § ARG gaﬁﬁog@r SV rea%’esg Eh"l{lgm%?eog ﬁglfsuatgta in the
first manukactminufagufsdocdest tréatmait &Hayn ter@ffdrd2in a new CBheafeFlvas 9 and
FIG 5B in anple 2 were conpare it found that by the heat, treatnent
under an aP %F‘éaihﬁatWﬁi%ﬁla%ato%Beﬁ: égéh%?‘ﬁ’&ﬁ%ﬂq”bgdaawmhﬁrﬁéﬂ gas,

ef fect s5si Ehldifan (D hd'8 360IEES Wi mblE 1ieaN, kieat ment for reprocessing
a

treat ment under on- oxi di zi ng at nosphere Such as an Ar gas atnosphere
(the propot@l38h of the argon is 25100 % coul d be obtained. [Exanple 5]

[0133] Effects ofchoplyfiiGAMIRYT ol stY SadRIR Ahitha 301 HeindMGriar

manuf act uri ng process o substrate are descri is exanple. In
t hi s exanplethatinfzempMeEZ. Wafserfa@filaessilicpdagee df the $6& dulistrate waaobervedi mi | ar to
that in Exanple 2. so.that subsit.r at e S ufactured. In this
exanpl o, NOAD 4 oRleeh it Rop<IRopTia FUERLEARE, 40 TR DGR Mgl mlngs

per f or ned af lubiBcdht bpts Werehunied tm der reginns 80 Ig@s38t imFIGhe#A e Thdagthpr oporti on

. oA .
of the ar gon{llm{)& o}?u%lin/gscén? sf;iotsh %atilelz L iJnlél 58?%06303[\951]5%%11\'&%(1 to the number of

luminescent spots per 107 mm” (per one SOI substrate) by the same method as that in

Example 2. The results are shown in FIG. 9.
[0131]
15 The horizontal axis in FIG. 9 indicates the number of times of manufacture of
an SOI substrate which corresponds to the number of times of use of a new CZ wafer.
The vertical axis indicates the number of luminescent spots per 107 mm? (per one SOI
substrate). FIG. 9 shows data of four SOI substrates. Note that data in the first
manufacturing process is not shown.
20 [0132]
When FIG. 9 and FIG. 5B in Example 2 were compared, it was found that by
the heat treatment under an atmosphere in which an oxygen gas was added to a nitrogen
gas, effects similar to the effects of the heat treatment for reprocessing treatment under a
non-oxidizing atmosphere such as an Ar gas atmosphere (the proportion of the argon is
25 100 %) could be obtained.
[Example 5]
[0133]
Effects of heat treatment at high temperature before the manufacturing process
of an SOI substrate are described in this example. In this example, a new MCZ wafer
30  was repeatedly used in a manner similar to that in Example 2, so that an SOI substrate

was manufactured. In this example, heat treatment at high temperature on a new MCZ
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Next, the silicon |layer of the SO substrate was evaluated in a nmanner
simlar 5 to that in Exanple 2. A surface of the silicon |ayer of the SO
substrate was observed with an optical mcroscope (200-fold nmagnification,
a dark-field node) and the nunber of |um nescent spots was counted in the
regions 301 to 303 in FIG 5A Then, the nunber of |um nescent spots in the
regions 301 to 303 was converted to the nunber of |um nescent spots per 107
nm2 (per one SO substrate) in the sanme nethod as that in 10 Exanple 2. The
results are showmn in FIG 10. [0135] The horizontal axis in FIG 10

i ndi cates the nunber of times of manufacture of an SO substrate which

cor r espondsvafep wdsepenionhat at)flzm(] ﬁ@sfonfmum:soﬁmh:r renVAMgZs waaspherd tithevert i cal
axi s indicates the_nunber m nescent ots per 107 mmR (per one SO
15subst r at 8501’0@%05@9%%89@ I&Qt B heatipg fgegces upst rat es. Note that data of
only the faysgSO substrates is shown at the eleventh time. [0136]

FIG 10 shows that even when an SO substrate was manufactured_using one

MCZ waf er el everNestrihe silifqnnayar of et SQIr whstraghvay gieluptef in a magpeigimilasat nent |
the nunber (28,Gh ﬂxsaﬂme@scg%ﬁﬁ&q;meﬂﬁﬁcohqw ofma@oi sﬁ%sf:'r% wWa€ bbRRd SO
substrate. In other words, FIG 10 shows t'hat @¥ perform ng the heat

t r eat ment amthhngnthaémmw&@m@O%fplén@@wﬁ%mm@ -figldrreedehardohenyebaig used
for manuf ag yrlih reat n ily
performed every F &%F@gggﬁ%ﬁtt@gﬁe&s ﬁﬁstg?eb?f%?rlrg A'[ Eﬁarrb@% 6]

25[ 0137] numbcrldélhanmamermxminah@fegmmﬁﬂhtﬂt 3 way canveseit tcsthbstmh@r@fl n FIG 8
is describ nuf act e p exarrple
is siml arﬁ] RO NI g% FH %(rul l7In%nl SB{C? %Srmm%gegéa%%&hédq?%

sem comolucEmmlyIaﬂerTheTﬂamﬂtkafeehomurﬂIGtH)a sem conduct or wafer was neasured
to measure qS}rg/jstal defects in the sem conductor 30 wafer. FIG 11 is a

gr aph showt a ifetinme nmeasurenent results of the CZ wafer with respect to
the nunber of tiTRo6ikonE AKEAC FIG. @0 didicafes 86 nudibleB b thihed. of n{addB8hre of As
shown in FI 1, heat 1 eat nent, was performed at_120Q0 C u ap argon gas
ot oophor oot SRLBFEHS MHichEoBPOHS BOHTPE oL GGeSgT HE o AEeY SISOUANG t i nos
in this exappk&tical ALBindida@BHERIMYep bf Rinfiudédnt §ROtPpAQWT b’ Wpéredne SOI

15 substrate). FIG. 10 shows data of five SOI substrates. Note that data of only the four

SOI substrates is shown at the eleventh time.
[0136]
FIG. 10 shows that even when an SOI substrate was manufactured using one
MCZ wafer eleven times without heat treatment for reprocessing treatment, the number
20  of luminescent spots was lower than 1 x 10* per one SOI substrate. In other words,
FIG. 10 shows that by performing the heat treatment at high temperature on a
semiconductor wafer before being used for manufacturing an SOl substrate, heat
treatment is not necessarily performed every time reprocessing treatment is performed.
[Example 6]
25 [0137]
Here, an example of manufacturing an SOI substrate in FIG. 8 is described. A
manufacturing process of an SOI substrate in this example is similar to that in Example
1, and a CZ wafer was used as the semiconductor wafer. The lifetime of the
semiconductor wafer was measured to measure crystal defects in the semiconductor
30 wafer. FIG. 11 is a graph showing lifetime measurement results of the CZ wafer with

respect to the number of times of manufacture of an SOI substrate.
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heat treatnment for 8 hours on the CZ wafer which has been used 4 tines

heat treatnment for 16 hours on the CZ wafer which has been used 10 tines
[0139] FIG 11 shows lifetine neasurenent results of three CZ wafers. Note
that 10 data at the first tinme, the second tine, and the eleventh tine is
not shown. An apparatus (LTA-1800SP manufactured by Kobel co Research
Institute, Inc.) for neasuring a lifetine by a -PCD nethod was used for the
measur enent apparatus. In addition, the wafers were subjected to treatnent
with hydrofluoric acid to renove oxi des on surfaces of the CZ wafers, and

t hen nmeasurenent was performed. The 15 neasurenent points were 529 points
in a CZ wafoéd8jof 5 square inches. [0140] In FIG 11, the lifetinmes of

the CZ wafers were.incre fter heat treafnen eprocessi ng treat nment
wos perfor med. | ASBOTR 1 ICe T bephireameh Lo ogr 1 yed SR AR et

subst r at esgiehRoPRSE (46 Propoitidn P RISk m%mmn@ﬁng i NRlggs 2. Wen
the 20 silicon layers of the SO subStrates nmanufactured at the third tine,

the fourtheX@mpe: the ninth tinme, and the tenth time were observed with an

opticalsmcr oscq;;ngmgﬁglgngﬂr%'ﬂ&ﬁsc | SPeL Sy MEr € observed and the lifetine
en

and the nunber o um nesc spots were found to correlate with each

ot her. [0141] 25h&dt&eatitlasitot hRours diethe TF vadferavideinhae badiuctd4 tiad er i1 S
measured and the result is lower than or equal tqo a reference value (or

| ower than a ref 8¢ feamen el hayesan the G4 tvads whigdyhap beegdisedolOtitaeson t he

sem conducjg@ggwaf er as reprocessing treatment. In the case where a silicon

waf er of 5 square inches is used for the bond substrate and a gl ass
substrate is usddGf b shome lifetirae mepsyrgmagng resplis phthigecfe pdtre tMiete thase

or 1 ontier 1k 86 U8 Fof e, ' BBA W B 16, RIS AT B 0”0
exper i enceappiratuse (I $809EP | muenfeatured byt MabslcbeBpsearch Institute, Inc.) for
measuring a lifetime by a u-PCD method was used for the measurement apparatus. In
addition, the wafers were subjected to treatment with hydrofluoric acid to remove
oxides on surfaces of the CZ wafers, and then measurement was performed. The
15  measurement points were 529 points in a CZ wafer of 5 square inches.
[0140]
In FIG. 11, the lifetimes of the CZ wafers were increased after heat treatment as
reprocessing treatment was performed. Also in this example, the silicon layers of the
SOI substrates were observed with an optical microscope as in Example 2. When the

20  silicon layers of the SOI substrates manufactured at the third time, the fourth time, the
ninth time, and the tenth time were observed with an optical microscope, many
luminescent spots were observed and the lifetime and the number of luminescent spots
were found to correlate with each other.

[0141]

25 Thus, when the lifetime of a semiconductor wafer is measured and the result is
lower than or equal to a reference value (or lower than a reference value), heat treatment
may be performed on the semiconductor wafer as reprocessing treatment. In the case
where a silicon wafer of 5 square inches is used for the bond substrate and a glass
substrate is used for the base substrate, it is preferable that the lifetime of the silicon

30  wafer to be the bond substrate be 3 microseconds or longer based on the experience of

the present inventors. From the experience of the present inventors, it has been
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difficult to manufacture a high-quality SO substrate using a silicon wafer
whose lifetine is shorter than 3 m croseconds. Note that the reference of 3
m croseconds is used in the case where the lifetinme is neasured with the
above lifetine nmeasurenent apparatus (LTA-1800SP) at one or two points per
square inch (or 1.5 square inch) in one 5silicon wafer. The reference of
the lifetime can be set by a practitioner as appropriate. [0142]

Further, it is found that even when an SO substrate is manufactured under
the sane conditions, the lifetinmes are different by 1 m crosecond or nore
depending on wafers in sone cases (e.g., see data at the fifth tine and the
si xt h ti nedifficulfl © hagufachire Thhighfqoakty $0abubatrata grsitpyss tshiconl @faddt ®hdse each

sem conduc}.or. waf er to_.deter.m ne et r..pot _heat treatnment should be
or for med. HEIRE g eskORAg S Fh el | SolprdieteRe oL P TR oM Re ai n e
qu?l ity andsegiiﬁk]ﬂ: @fe aherdChe Bftbﬁlbriﬁhﬁaéﬁlerd Wﬁl e a@oﬁeﬁ?ﬂ’eﬁﬁﬁ&ﬁe‘a&r&ﬂéﬂ} conduct or
waf er is used. 15[ 0143] . Thi s, exanpl e shows, neasur enent
resul ts of a@?ﬁ#iﬁ%@%‘maﬁ%eﬁr ‘E‘E}ﬁﬂ‘?}éﬂ‘éf}mw& gq’lésséﬂar?b‘}‘:hh’ﬁ‘rﬂ%act uring
an SO  substicitwafer] N€hé iekéncHBI BE litditheTBAbE QN BY S bRLHNRERSs appdpARasured in
this exanple as in Exanple 6. [0144] 20In this exanple, an waf er was

used for tH84%leni conductor wafer As the first heat treatnent performed on a

new MCZ waf er, hegher f @AfolB M hat\@Sn REEA 8F BBHsistrake WnfnukRfurdPuddgifhe under an
Ar gas atnosphere _(the proportion of the argon is 100%9. FIG 12 is a graph

showi ng mesassr eopditions, dhglifetmes arej differenteley bfmipiepesendyoy mpss depsnding hnr espect
to the nu Ofy dohiTessRf . ]

FIG 12 sﬂ%&f/serst asio eve?lég\}ﬁ'ggggéh%% g‘ﬁﬁ@#ﬁ%@%%ﬁ%@%ﬁ?ﬁﬁﬁ@ t he
same cbhdi Theseforeusiahytingciyial deddctsrin whnhskhmicondusts grafer todétermineawheatwer oxygen
concentrat| t 1 fat] re. di nt. by, 2
m crosecon!é’irgﬂ(())trHf%grugmgélﬁencf":i}l?]dgb{})H)%Kgf'gk\?\/<'a%Ser‘%ml%‘raf&sngrr%ga?éé%slfs ﬁ%nrmel ore, this
exanpl e sheffstivhtmavainuhe quadity andsyield of @n GOl eglistrate forewltibh 8 espraessddict or

wafer to determ ne V\/hgll her qr not heat treatnent should be perforned as

r epr ocessi %eﬁnforng%‘f AR YE r enel y effective to maintain the quality and
yi el d of aJEx&fplesiibstrate for which a reprocessed sem conductor wafer is
used. 'Iihi s application is based on Japanese Patent Application

seri al 1ho. [B#3lo- 014880 filed with Japan Patent O fice on January 26, 2010,

the entire cont amisex@inplohihehs AbBuRtaicthitailtl GO EROhBdcBeido alsehRbNR R
wafer used for manufacturing an SOI substrate. The lifetime of the semiconductor
wafer was measured in this example as in Example 6.

[0144]

20 In this example, an MCZ wafer was used for the semiconductor wafer. As the
first heat treatment performed on a new MCZ wafer, heat treatment was performed at
1200 °C for 16 hours under an Ar gas atmosphere (the proportion of the argon is 100%).
FIG. 12 is a graph showing measurement results of lifetimes of three MCZ wafers with
respect to the number of times of manufacture of an SOI substrate.

25 [0145]

FIG. 12 shows that even when an SOI substrate is manufactured under the same
conditions using an MCZ wafer which is thought to have a lower oxygen concentration
than a CZ wafer, the lifetimes are different by 2 microseconds or more depending on
MCZ wafers in some cases. Therefore, this example shows that evaluating crystal

30  defects in each semiconductor wafer to determine whether or not heat treatment should
be performed as reprocessing treatment is extremely effective to maintain the quality

and yield of an SOI substrate for which a reprocessed semiconductor wafer is used.
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WHAT IS CLAIMED IS: 1. A method for manufacturing an SO substrate
conprising the steps of a first step of performng first heat treatnent on
a first sem conductor wafer under a non-oxidizing atnosphere, thereby
form ng a second sem conductor wafer; 5a second step of formng a first
insulating | ayer on a surface of the second sem conductor wafer; a
third step of formng an enbrittlenent region in the second sem conduct or
waf er by irradiating the second sem conductor wafer with an ion;

a fourth step of attaching the second sem conductor wafer to a base
substrate 10 with the first insulating |ayer interposed therebetween; and
a fifth step of perforning second heat treatnent on the second

sem conduct or rnin a.seni co er fIX d to the
base substrat e diteh PRASHPY b PREH! Sp | ras opat, APRLEHER  HEPEHR veen and
a third sepil@andsg fled mﬂlaﬁpaﬁlmmmmbﬁmb ohTemmeN26; Q0T Cietntitetgp@ents Hf
separated. 15 2. et hod for facturing SO substrates conpri sing:
perforningwﬁﬁgapi DYPSOWPFFﬂEQFE%gmﬁEcordlng to claimi; a sixth
step of planarizing a surface of the third sem conductor wafer, thereby
formng a fourth sem conductor wafer; 20a seventh step of measuring a

crystal defect in the fourth sem conductor wafer; an eighth step of
form ng a second insulating | ayer on a surface of the fourth sem conductor
waf er; a ninth step of formng a second enbrittlenment region in the

fourth sem conductor wafer by irradiating the fourth sem conductor wafer
with a second ion; 25a tenth step of attaching the fourth sem conduct or
wafer to a second base
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substrate with the second insulating |ayer interposed therebetween,;

an el eventh step of perform ng a second heat treatnent on the fourth

sem conductor wafer, thereby form ng a second sem conductor |ayer fixed to
t he second base substrate with the second insulating |ayer interposed

t herebetween and a fifth 30 sem conductor wafer from which the second

I nsulating |layer is separated. 3. The nethod for manufacturing an SO
substrate according to claim1l, wherein the first heat treatnent is
preformed at 1100 C or higher. 4. The nmethod for manufacturing an
SO substrate according to claim1, wherein the non-oxidizing atnosphere
conpri ses WMEHAT BGLABMEDIS: 5. The nethod for manufacturing an SO

substrat e accordj t ai m wher ein.t he non-oxi. di zi ng at npsphere
conpri ses ar gonfjl'p‘qnetgo‘ﬁjorm .jﬁc’?ﬁjé’gr?gtsﬁ)&a‘tﬁsg%e ﬁ%rﬁgﬁsé%g(th? %ﬁ%f Ogﬁ so
substrate accor di figt ktep of pérfBrihinglBrsivie @estmetitcod 4 fisdt semRuhdiicion gvaf@yer i s
formed under an at nmosphere conpri si al.ogen. . 7. The nethod for
manuf act ur F’l’fﬁ’r éﬁo%ﬁlagﬁgm%ﬂ’gaﬁéﬁ%a’gi tﬂﬁm{‘ a frca?‘}ﬁefl,l"%‘éﬁi%ﬁ Yeh oxygen
concentgation ofa $ddend btess bf SR MiE0R Ghiekt tidulatiag edyet on 3 Irfa€ElSf Mk QBFhENB oOr

| ower. 15 _ 8. A nmethod for manufacturing an SO substrate conprising
the steps.8F@“””um°rW%@$irst step of performing first heat treatnent on a
first sem conduct @ird Waber AR af chibfifilem@htTRSIBR O heCRAINI sSmt@ndick@en and
nitrogen, thereby formng a second sem conductor wafer; 20a second step of
form ng a wefesby indiatiag the geqoag eqmiegndgcterwaliicwithan idhe second seni conduct or
waf er; ad ﬁP&g ;1%% OP aftfchfn@ 2 B0 seRIR b &b SHBBE tof £6Hs0 JusRadche Second

sem conduct or wafe rradiating the second sem conductor wafer with an
i on; 10  with the first insulating layer interposed therebetween; and

a fifth step of performing second heat treatment on the second semiconductor
wafer, thereby forming a semiconductor layer fixed to the base substrate with the first
insulating layer interposed therebetween and a third semiconductor wafer from which
the semiconductor layer is separated.

15

2. A method for manufacturing SOI substrates comprising:

performing the first to fifth steps according to claim i;

a sixth step of planarizing a surface of the third semiconductor wafer, thereby
forming a fourth semiconductor wafer;

20 a seventh step of measuring a crystal defect in the fourth semiconductor wafer;
an eighth step of forming a second insulating layer on a surface of the fourth
semiconductor wafer;

a ninth step of forming a second embrittlement region in the fourth
semiconductor wafer by irradiating the fourth semiconductor wafer with a second ion;

25 a tenth step of attaching the fourth semiconductor wafer to a second base
substrate with the second insulating layer interposed therebetween;

an eleventh step of performing a second heat treatment on the fourth
semiconductor wafer, thereby forming a second semiconductor layer fixed to the second
base substrate with the second insulating layer interposed therebetween and a fifth

30  semiconductor wafer from which the second insulating layer is separated.

3. The method for manufacturing an SOI substrate according to claim 1,
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a fourth step of attaching the second sem conductor wafer to a base
substrate 25 with the first insulating |ayer interposed therebetween; and
a fifth step of perform ng second heat treatnment on the second

sem conductor wafer, thereby formng a sem conductor |ayer fixed to the
base substrate with the first insulating |layer interposed therebetwen and
a third sem conductor wafer fromwhich the sem conductor |ayer is
separated. 30 9. A nethod for manufacturing SO substrates
conprising: performng the first to fifth steps according to claim8;

a sixth step of planarizing a surface of the third sem conductor wafer,

t her eby f omterein the fistiidahiraemet Gnotefotnoed andfdr°C or higher. a seventh step of
measuring a crystal defect in the fourth sem conductor wafer; 5an eighth
step of formng a second insulating |ayer on a surface of the fourth

sem conduct or waf €The Methbdifbr SafPaindOaRSTW abseso ackoaddy itd tlagfent regi on
in the four conduyct or vvafer by irradiating the fourth sem conduct or
waf er w t h% e%e ‘fh’EPri lizigg plppsphess CASesIEie#8hi ng the fourth sem conduct or
wafer te a second base 10 substrate with the second insul ati ng | ayer

i nt er posed t herebet ween an el eventh step of perfgormng a second heat

treatment on t hed-fHhsr mpthed for snEMastBrngan SO § BFalh poqosting i) chtilebond
sem conduct@brelr@¥Ehorl dA8nE AnldifherEiMMisbasnsUbst rate with the second
insulating |ayer interposed therebetween and a fifth sem conductor wafer
fromwhi ch the second insul ati ng | ayer is separated. 15 10. The
met hod for manuf r pcgtt_lg LR rSih i V\perei n the
first heat treatd’?n(;fr}]%é i|ngﬂgérile orma‘gﬂat qglg%ﬁ E&ﬁﬂa&r g Sefbim ’11. The
met hod 16 or wirereinfthe fist insjating 186 isdoipednade aaammsplhmgcqn@minalhnhosen 20 wherein
the first atnosphere conprises 02 at 1 volume%to 10 volune% w th respect
to

7. The method for manufacturing an SOI substrate according to claim 1,

wherein an oxygen concentration of the first semiconductor wafer is 2 x 10'® atoms/cm’

or lower.
15

8. A method for manufacturing an SOI substrate comprising the steps of:

a first step of performing first heat treatment on a first semiconductor wafer
under a first atmosphere comprising oxygen and nitrogen, thereby forming a second
semiconductor wafer;

20 a second step of forming a first insulating layer on a surface of the second

semiconductor wafer;
a third step of forming an embrittlement region in the second semiconductor
wafer by irradiating the second semiconductor wafer with an ion;
a fourth step of attaching the second semiconductor wafer to a base substrate
25  with the first insulating layer interposed therebetween; and
a fifth step of performing second heat treatment on the second semiconductor
wafer, thereby forming a semiconductor layer fixed to the base substrate with the first
insulating layer interposed therebetween and a third semiconductor wafer from which
the semiconductor layer is separated.
30
9. A method for manufacturing SOI substrates comprising:
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N2. 12. The method for manufacturing an SO substrate according to
claim8, wherein the first insulating |layer is fornmed under an atnosphere
conpri sing hal ogen. 25 13. The nmethod for manufacturing an SO
substrate according to claim8, wherein an oxygen concentration of the
first sem conductor wafer is 2 X 10" atons/cn8 or |ower. 3014. A nethod for
manuf acturing SO substrates conprising the steps of: a first step of
forming an first insulating layer on a first surface of a first

sem conduct or wafer; a second step of formng a first enbrittl enment
region in the first sem conductor wafer by irradiating the first

sem conduct or makdbthgﬁw&hﬁﬁqﬁﬂh$mmsmmmﬂﬂ%10chhmﬁnrnrd step of attaching
the first sem cqondug hLsSteba ubst r e first
i nsul ating | ayera‘”r eB %n rge su tace, of%ﬂ %lmdssemlcfonguc,?% wa\té‘er &%eta%erforrri ng
a first heﬂtmh@aabmﬁnkmmmmwmmﬂwwﬁﬂ sen1conductor wafer, thereby formng a
first sem conductor layer fixed.to th a ubstra e wth the first

i nsul ating | ayer® SCHEdt %’(gjdn‘?aﬁ%t?éﬂﬁ%é (g.g%lﬁamgcg YEWRE3ETor waf er
fromwhgch the fanresghtlseep apﬂﬁmﬁfgwseb@mahsulamgemf ah adirfilaffthd foirtet ep of

pl anarizing a syrface of the second sem conductor wafer, thereby formng a
third sem t6H SR WPer: a sixth step of neasuring a crystal defect in

the third sem coneus OéftepW%TeformﬁlgSEV%&ﬁB shattRmepe QiR gths efAAR heat
treatnment on the third sem conductor wafer under a non-oxidizing

at nospher eSenitRidagigr waferhyrigradiating the fouth peneigenduetpovalenwitiys ggoond iod;

a tenth step of attaching the fourth semiconductor wafer to a second base

10  substrate with the second insulating layer interposed therebetween;
an eleventh step of performing a second heat treatment on the fourth
semiconductor wafer, thereby forming a second semiconductor layer fixed to the second
base substrate with the second insulating layer interposed therebetween and a fifth
semiconductor wafer from which the second insulating layer is separated.
15
10. The method for manufacturing an SOI substrate according to claim §,
wherein the first heat treatment is preformed at 1100 °C or higher.

11. The method for manufacturing an SOI substrate according to claim 8,
20  wherein the first atmosphere comprises Oz at 1 volume% to 10 volume% with respect to
No.

12. The method for manufacturing an SOI substrate according to claim 8,

wherein the first insulating layer is formed under an atmosphere comprising halogen.

25
13. The method for manufacturing an SOI substrate according to claim 8,
wherein an oxygen concentration of the first semiconductor wafer is 2 x 10'® atoms/cm’
or lower.
30 14. A method for manufacturing SOI substrates comprising the steps of:

a first step of forming an first insulating layer on a first surface of a first
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an eighth step of formng a second insulating |ayer on a surface of the
fourth sem conductor wafer; a ninth step of formng a second
enbrittlement region in the fourth sem conductor wafer by irradiating the
fourth sem conductor wafer with a second ion; 20a tenth step of attaching
the fourth sem conductor wafer to a second base substrate with the second
i nsul ating | ayer interposed therebetween; an el eventh step of performng a
second heat treatnment on the fourth sem conductor wafer, thereby formng a
second sem conductor |ayer fixed to the second base substrate with the
second insulating |ayer interposed therebetween and a fifth 25

sem conductenricondfeer wafem whi ch t he second insulating | ayer is separated.

15. The nethod for nuf agturin ubstrat es. accqrdi to claim 14,
wher et Theoi arvepoatth SE RIS B oA SRR BE el eh fofnBol 20, ¢
The met hodwhfer byrradixeng the fingséaftordudist watesittacfist dhng to cl ai m 14, wherein

t he non-oxi di zi ng, at nospher e, conpriLses rar as. 17. The met hod
for manuf act ur | AqHELFOE BhePHE ST CRaT Ry ot alfp 24Tt e SR Hipe
non- oxi sli ZiRY tRFA SRS ROt sedakgeiRtween; 18. The nmethod for

manuf acturi ng SO _substrates according to claim14, 5 wherejn {he first
i nsul ating | ayer® fourth gtepof Peferainga fggrﬁﬁgtpﬁmerﬁ Sghs ?if%ﬁgem&%ﬁ‘ew?

19. The neyhef HepsoyTBimih@s tiwt s@ficstiductd R M8 o BRIRSHaROsubaraed wigh 14,
wherein the surface of the second sem conductor wafer is planarized by any

one of t hethgriseipnatativedeyer dntepoteddherebatveracindrm sxpnderisRdagior #efhi ng
treat ment, gaQGHi@SRE ﬁg?&t@)miéogﬂﬁ&&q&ﬁ} is@gﬁ,a{rﬁ%g@t ment . 20. The met hod

for manufacturing SO substrates dccor to claimi14, wherein the crystal

def ect 1§ s neasurdifthsjeraiplagaezied a surtace plobp secorbiesticangueier waien teveby ed | i ght

absorptiongshect.r i red light interference nethod, Raman 15
spectrosco%&, g%éggﬁgﬁéx)gﬂ¥%§%%§hce nmet hod, a photol um nescence net hod,

and a mi cr onave aputh sepeftuasindgtacryitd dyfeetsn Hedhird semiconductor wafer;

a seventh step of performing second heat treatment on the third semiconductor
wafer under a non-oxidizing atmosphere, thereby forming a fourth semiconductor
15  wafer;
an eighth step of forming a second insulating layer on a surface of the fourth
semiconductor wafer;
a ninth step of forming a second embrittlement region in the fourth
semiconductor wafer by irradiating the fourth semiconductor wafer with a second ion;
20 a tenth step of attaching the fourth semiconductor wafer to a second base
substrate with the second insulating layer interposed therebetween;
an eleventh step of performing a second heat treatment on the fourth
semiconductor wafer, thereby forming a second semiconductor layer fixed to the second
base substrate with the second insulating layer interposed therebetween and a fifth

25  semiconductor wafer from which the second insulating layer is separated.

15. The method for manufacturing SOI substrates according to claim 14,
wherein the first heat treatment is preformed at 1100 °C or higher.

30 16. The method for manufacturing SOI substrates according to claim 14,

wherein the non-oxidizing atmosphere comprises rare gas.
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17. The method for manufacturing SOI substrates according to claim 14,

wherein the non-oxidizing atmosphere comprises argon.

18. The method for manufacturing SOI substrates according to claim 14,

wherein the first insulating layer is formed under an atmosphere comprising halogen.

19. The method for manufacturing SOI substrates according to claim 14,
wherein the surface of the second semiconductor wafer is planarized by any one of the
group consisting of chemical mechanical polishing, etching treatment, and laser beam

uradiation treatment.

20. The method for manufacturing SOI substrates according to claim 14,
wherein the crystal defect is measured by any one of the group consisting of an infrared
light absorption spectroscopy, an infrared light interference method, Raman
spectroscopy, a cathode luminescence method, a photoluminescence method, and a

microwave photoconductivity decay method.
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