METHOD FOR MANUFACTURING SOl SUBSTRATE BACKGROUND OF THE INVENTION 1. Field
of the Invention 5[0001] In this specification, a technique relating to a method for manufacturing a
substrate having a silicon-on-insulator (SOI) structure in which a semiconductor layer is provided on a
substrate with an insulating layer interposed therebetween is described. Further, a technique relating
to a reprocessing method of a semiconductor wafer which 10 has been used in manufacturing this
SOT substrate is described. 2. Description of the Related Art [0002] A semiconductor substrate having
an SOT structure (hereinafter referred to as 15 an SOT 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 manMETHGOTY EOR SIANNTIACGEURINGSOI SUBSTRATID and can operate at high

speed. [0003] 200ne of known methods for manufacturing an SOT substrate is a hydrogen ion
implantation separation method (e.g., see Patent Document 1). As described in Patent Document 1,
an SOT substrate is manufacturecBASAgRSURIR S dSHBARNEENIHERE hydrogen ion implantation
separation methpdifdrenefithedntmg 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
semicondvictof4% r, and the base substrate forms the SOT substrate body. A method for
manufacturing an SO shbstigiafgtibe, by didadquio relatpiantat anetepb foti enameibedng ariefly
described below. [0004] An oxide film is formed band substrate by a thermal pxidation method,
30 and then TSt M Lo A HEE SO S0 B OB SR GIRIE BIeh

provided on a substrate with an insulating layer interposed therebetween is described.

Further, a technique relating to a reprocessing method of a semiconductor wafer which

10 has been used in manufacturing this SOI subsirate is described.

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 manufacturingr 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 subsirate 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



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 each other. After that,
heat treatment is performed and the bond substrate is divided at the microbubble layer, so that a
silicon layer is formed on the base substrate with a thermal oxide film (insulating layer) interposed
therebetween. The silicon layer is a semiconductor layer which has been separated from the bond
substrate. Then, heat 5 treatment or the like is performed on the base substrate in order to strengthen
the attachment between the silicon layer and the base substrate, so that an SOT substrate is '
completed. Further, in the hydrogen ion implantation separation method, the bond substrate from
which the siliceRHiaykérhas haehatapatatednan Reeauaacd antltHebomesibandessasiiade i

o R R S PReP L el QUREL RIS PRI M hon R ootrate
because of the manufacturing athidd; théreiore, Grystal defects due to oxygen such as oxide
precipitate, dishevatboxide stmeKingpiating deadirimeebirsai dheichetyesha shirfasiicohtbeydrond: substrate

which forms the semigondugior laverby.0eabi saimaRs IRdhe do manuiAsHn RRsessRf an SOT

substrate (typically, heat treatment in a step of forming the thermal oxide film and a step of dividing the

bond subStratBFA s r8indRy, e Erpstirast s faresndhhsrate stdsade seamelepditeduced in

order to reusestheHaand tistintee KHIKWR] RMrond thetie Nbstrhiatentiaosn seniubsdiaaiases that
crystal defects in the vicir};Lt fa su(;t[r:iec% f a CZ. silicon, wafer can be r.educet%?t%/ nngalli g at 1200 C
e pro

under a hydrocgoé]ﬁpglfégdatm sp fere 8%?{}018“0 éaﬁtfgf)c?g%??%a%ﬁ %3. Tlnoa dition,

Patent Docunsehsgetdrdne sidtictliuicsécoaugpenthastimed sepasttedeca@3jO068¢d, anPttensddocument 2
discloses thatﬂ&gr%&%rgﬁ%é&%@mp‘g{sgé_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 feith Qébregate of vacancy-type point defects whose oxygen concentration is 5 x 1017

atoms/cm3 to 14 x 30AkEveioms/eMm isnalcageieaatad imersutial-silsendypaanintdedacts. [0009]
manufacturing method; therefore, crystal defects due to oxygen such as oxide
precipitate, dislocation, or stacking fault are formed in the vicinity of a surface of the
bond substrate which forms the semiconductor layer by heat treatment in the

15 manufacturing process of an SOI substrate (typically, heat treatment in a step of forming
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 10" atoms/cm’, nor aggregate of interstitial-silicon-type point defects.
[0009]



Patent Document 3 discloses that by performing heat treatment rapidly on a bond substrate from
which a silicon layer has been separated at 1150 C to 1300 C, oxide precipitate in the bond substrate
can be reduced. [0010] 5Patent Document 4 discloses that a CZ wafer with few defects whose whole
surface is formed using an N region is used as a bond substrate and RTA treatment is performed as
reprocessing treatment of the bond substrate at higher temperature than 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. 115-211128. [Patent Document 2] Japanese
Published Patent Application No. 2006-294737. [Patent Document 3] Japanese Published Patent
Application No. 2007¢atehi Zhchbifhateiddpeembnt ¥y paffontiag Relishecdddatapidipptication No.

2008-21892. [Non-Patent Document] [001.2] [Non-Patent Document 1] K. Kashima and.H. Hirano,
“High-temper Qb HETOCKPAN R SR AL Ao RE QR tnt P R ALE GvO BUTURI
201994, Vol. 68idblpretibitpte. il tHelbddd shtStchwddeaRY r@facEHE INVENTION [0013] In order to reuse a

bond substra@wﬁﬂe the quality of an SOT substrate is 25 maintained, crystal defects due to oxide
m

precipitate in ahufacturing process of the SOI substrate need to be eliminated as reprocessing
treatmenfof the bondagpsPacament 4 discloses that a CZ wafer with few defects whose whole

surface is formed using an N region is used as a bond substrate and RTA treatment is
performed as reprocessing treatment of the bond substrate at higher temperature than
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



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 time for putting a substrate in a furnace and increasing the temperature of
the substrate to a certain temperature, and cooling time for taking out the substrate from the furnace.
[0014] Therefore, this specification discloses a technique to reduce the number of 5 times of
heat treatment of a bond substrate in reprocessing treatment. [0015] One embodiment of the
present inventigi gisgiasrd istibigrapeaifichiiordaadneikeddo iy amiaaturng dk Sdnatbstrate
including the following steps: a first step of. performing first heat treatment.on a first semiconductor
water at 1100 LS TG S B L e DA S T e O e e ctor
wafer; a secof@@&4¢p of forming an insulating layer on a surface of the second semiconductor wafer

and forming an embrijjement reglog,in e c5r AL ISaD L ARIHEIAE WRiRERY INRdiRliRR W accelerated

ions; a third step of attaching the second semiconductor wafer and a base substrate to each other with
the insulaling iSfEaherb Bstimenkbré B oid SHOSEE A ERIr eSS BEF oS8 orming second heat
treatment on fgg1zgcond semiconductor wafer to divide the second semiconductor wafer at the
embrittlement region, thereby farmin emiconductor layer.fixed ta the.base substrate with the
oulating layer itery SRe T HBRERN LA BRI TN BT T Mo Ao TITR dee
semiconductontsiyat ferseparfattaiR0JOGIH] substatthischipbve tberfolldinmenstdpre nbrstoxédizing
almosphere i5,8481c 4P AIMASPISIEA Y450 S8 aImAsRhelae!  Migpdaimaspiigre of a rare
gas and a hyd’rogen gds. As the rare gas, argon and helium are typlcal?y given. Further, a mixed gas
atmosphiéte ofmsieygarvamyidiziogeimaralenetodenn aseeatdofetniconsiotoaainyg 25eeensosphere. [0017]

The oxygen cgpesattation ahdhearisedHcionwater s etREahly RridBAeatemgr lower.

0018
[ ) forming an embrittlement region in the second semiconductor wafer by irradiation with

accelerated ions; a third step of attaching the second semiconductor wafer and a base
substrate to each other with the insulating layer interposed therebetween; and a fourth
15  step of performing second heat treatment on the second semiconductor wafer to divide
the second semiconductor wafer at the embrittlement region, thereby forming a
semiconductor layer 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 10'8
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 limited to the description in the
embodiment, examples, and drawings, and it is apparent to those skilled in the art that modes and
details can be modified in various ways without departing from the spirit of the present invention
disclosed in this specification and the like. [0019] 5When a semiconductor wafer is subjected to heat
treatment at 1100 C or higher under a non-oxidizing atmosphere such as an argon gas atmosphere or
a mixed gas atmosphere of oxygen and nitrogen before an SOT substrate is manufactured, heat
treatment at a high temperature of 1100 C or higher does not need to be performed in reprocessing
treatment of the semiconductor wafer every time the reprocessing 10 treatment is performed. BRIEF
DESCRIPTIO$iiMA Tid hD RAWANG &GI8 0:24d] Hettile ast e pasdfifie] diawingss MadykGwithisud flow chart

llustrating an gxamplerol.2 meiod 1o anularuingan ROlsuPalTalk accardingia ong smbodiment
of the present irfvention; IGS. 2A to 2H are cross-sectional views illastrating an example of a
method for maikefacturing an SOT substrate according to one embodiment of the present invention;
20FIGS. 3A tqapfgqre cross-sectional views illustrating an example of a method for manufacturing an

SOl substrate according to one embadiment of the present invention; FIG 4 is an image of

cross-sections of CZ A AFEIOBRG AN e et 1o suBisrteriRnbart iFfairea e O ey

tomography agigRéatier a non-oxidizing atmosphere such as an argon gas atmosphere or a mixed
gas atmosphere of oxygen and nitrogen before an SCI substrate is manufactured, heat
treatment at a high temperature of 1100 °C or higher does not 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
801 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 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; 30FIG. 6 is an image of cross-sections of MCZ single crystal silicon wafers
observed with an infrared laser scattering tomography apparatus; FIGS. 7A to 7C are graphs
showing the number of luminescent spots in a dark-field image of a single crystal silicon layer of an
SOl substrate in Example 3, observed with an optical microscope, with respect to the number of times
of manufacture of theFBGH. Sty af€; drbCerdphishbmintiga tire ntddye? b LisjdtekicedBspaeaib 4reatment for

8 hours, and QG T R e TSR AP UIReon 1P o I8 3 BPU ShAMIJislialing £g example of a
method for manufacturing an SOI substrate according to one embodiment of the present invention;

FIG. 9 is a grajpesyrswiriihthannaphisalr ofifupstepscaritis peepdat atelatiiefiobangd ditassirgle crystal

silicon layer szﬁﬁ%&!ﬁﬁi{@@dﬂ Gkamrlercobae e M@&%ﬁt%x@ﬂﬁﬁh’ﬁﬁ@sﬁﬂpﬁm‘wh respect
to the number of times of manufacture of the SOT substrate; FIG. 10 is a graph showing the

number of lunfiFREh s LRb il hralgecaime s iefid TR silicon layer of an SOI substrate

in Example 5, observettwsths afloptitatiilioseadapean wiisispdatdedid farmhanAttimes of

manufacture %f e 1'33ng 155ub(§;[{a¥§;0 FLG 11 i% &gjrfea QS%QQWL% }Qe lifetime of a CZ single crystal
eroft

. . t d {101
silicon wafer in xsgmp EGWith T pec Sthe numb mes of manuldcture of an SOI substrate;

and  FIG. 12 is a drpIPsiscwimepthehipfetivn shof mumbrC 2k ingimessentaspsilican vdéde-ficldxample 7

with respect tg.the b f dnes inEBﬁﬁ&%féCM%@(ﬁ%&%ﬁ%%@ﬁp@%%@%@@ith
DESCRIPTION OF THE INVENTION [0021 i
10 an optical microscope, with respect to the number of times of manufacture of the SOI

substrate;

FIG. 10 is a graph showing the number of luminescent spots in a dark-field
image of a single crystal silicon layer of an SOI substrate in Example 5, observed 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 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] 30Here, a method for manufacturing an SOT substrate is
described. In the method for manufacturing an SOT substrate of this embodiment, first, heat treatment
is performed on a semiconductor wafer which is to be a bond substrate at 1100 C or higher under a
non-oxidizing atmosphere. After that, an insulating layer and an embrittlement region are provided for

the semicondufisrwaiés: Thesh-trelsengicemdsyieaewafefanda, hasensulatipttpie altaehied to each
other with theén%%@]tén IIlgulyer 'Lnter%)sed th r%b een and the micondL%clgor V\ieger istgivided at the

5 embrittlemeanreglon, o thatAn 6 TPSIhSHateThe u%insﬁ%l%%nm‘llggorfdt}%%er layer, the ingulating layer,

and the base sutistreduciorforafrednfDObaje subFiathars atiprbed ssirghtrethemeh fbe iesidatigghe
SemiCO”dUCt%}%@“%@PﬁEéﬁetﬂia‘flz‘i:i&%%r@'éﬁdjﬁﬁériQ%M&c'tﬁrth@%fé?‘t@dﬁm&l%d”?1‘? rgRrocessing
a

treatment 10 includes at least a step for planarlzmgéa surface from which the semiconductor layer is

separated. In SbfEsmeRcREifResthdab ARt sERsFHamr udinged Remiseduqtos layshtdfer of 2 or

more) to manufagiing dySQARdHb SR eubhieutagisansiictor wafer is subjected to heat treatment at

1100 C or hi%ﬁb??: 'ﬁaddition to planarization treatment as the reprocessing treatment. That is, heat
002 . : : .

treatment at high'temperature is performed 15 once per N times in the reprocessing treatment, not

every time the semicdmndbetoreprafessmgcnstneid dedteubigiChmrisbMaciofagtdemaftbtatizod of SOT

Substrate> ;i fF4G-i1 153 MRLADATE St aYnoiaD EXRRURIEAY AMRelni asmARAGIUng an 20

SOT substrate of this embodiment and including a reprocessing treatment st%p In the case where a
1hl

semiconHlictonsiedes i laskasienyiorsdanaszing snardatssirane Ygb ghe semiconductor layer is

separated. In addition, every time the semiconductor wafer i1s used N times (¥ is an

integer of 2 or more) to manufacture an SOI substrate, the semiconductor wafer is

subjected to heat treatment at 1100 °C or higher in addition to planarization treatment as

the reprocessing 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

illustrated 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 SOI substrate, a single crystal

semiconductor wafer is preferably used.  Altematively, 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 semiconductor wafer which is to be a bond substrate is prepared as illustrated in Step 51.
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 SOT 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 mgétied. AAdMIZZmeithed, whishiiSoap ik dfat Chadnethpdss inahabihathithwhich a
magnetic field is ap Ii%dlﬁo.a mﬁlt&){ ase tic nductor t s%prpress the c%lrévection.oft thmelt so that
crystal growthr%%ecse?mclgﬁgﬁé or is"cORtrohéd® fb‘ﬁ%%“g S R RS O A it R nﬁfacturing
process (StepadsediBTinciobgiomtiedf die tfemsmmmodiodisctontwlifdr, heat treatment is performed on the
semiconduct r under a non-oxidizing atmosphere (Step S2). This heat treatment is performed
for outward diffusion of oxygen in the semiconductor wafer and formation of a zero defect layer (a DZ,

a denuted zone) in thBeiEm BPTubstscRamfpr RNt PERIGES Y C AR 8 10 FrBdfperereRdgen
supersaturateshifsidRiiiie savisoRdBel AeuatestinSeRaRIGsHaN 38 ar QuitRoANEBHRKIRE crystal

defects are formed. Such minute defects, due to oxjde pregipijate are called bulk micro defects
(EMDs). BMOHE el R SERERER ATRAADr cLth el g O Gt MG SRS 15 getiering
metal elementsiiwatdediffasiofectvnpgepiocbs safiemBODrsubiiratd. o507 of a zero defect
layer (a DZ, a denuted zone) in the vicinity of the surface. Further, through this heat
10 treatment, oxygen supersaturated inside the semiconductor wafer is separated out as an
oxide, and minuted crystal defects are formed. Such minute defects due to oxide
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). Batch-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 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).
Batch-type heghistg fie nkesing ainerdsessoa, phinaliid ofiSisiiiatd's adygednmie aot hafieibigh temperature
controllabiity. Jhe. 304raiment imedn s healing unase (Ymeas whichthe fempetaiye of the
object to be plr)ocessed & maintaines at a process temperaturec) 154t Teast 1 Hour, This 18 because
when the heasamgieimduisos yorerdeaeeanes difhsioln shosjgranidn abeledticidrily heattaeaiereind the

oxygen COUC%H%%HJ&M%V%H&”H%E&QW%Hrf@%‘?e?efrﬁ‘aﬁrSﬁ'ﬁl&ﬁ?@@%t%%fﬁ{ch%%&“ﬁr%&igh- In
consideration of effects of the heat treatment and productivity, the process time is preferably 1 hour to
24 hours InclRERFEERID P8 BF TR BRI MSIHEYS 20 hours inclusive. [0030]  In addition, the
non-oxidizing[at3®@sphere is an atmosphere in which an oxide film is prevented from growing on the

semiconductor wafer b&@ﬁgt{&ﬁltment aratljzma ul%esa atmo;sli)here hgqlrlo‘ggin as ar.léj/or arare

gas. Specifically, a h)I/%iroger? ’ a?tr%%ls'gﬁere e p?o%c‘)a?ﬁol?l 0 ?Hleloﬁ?/ rrogen iS fgf)n%}l A rare gas

atmosphere (fie psaportiseddiohegrardngaen she Gemidondenigew afastatinet phetreeof anfiydepgen gas and
arare gas. Thg rgﬁeag‘ﬁg_s'_ I:Ypi%?llb{)ﬁdﬁé}!np‘éag%ﬁ%% in I.glréngagf C éﬁ@g%ﬁ asp%ggggéﬂlapility of the
atmosphere, the non-oxidizing atmosphere Is preferably an Ar gas atmosphere (the proportion of the
Aris 10@0)/0)_ q}g{giygg]e (the proportion of the hydrogen is 100 %), a rare gas atmosphere (the
proportion of the rare gas is 100 %), a mixed gas atmosphere of a hydrogen gas and a
rare gas. The rare gas is typically He or Ar. Further, in terms of cost, safety, and
controllability of the atmosphere, the non-oxidizing atmosphere is preferably an Ar gas
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 freatment 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 roughened.
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 mixed gas atmosphere of N2 and 02 can be used instead of the non-oxidizing
atmosphere. In this case, an atmosphere containing 02 at 1 volume% to 10 volume% with respect to
N2 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
roughened. 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 ¢poaz)ew semiconductor wafer, whereby heat treatment at high temperature does not

need to be performe%(k)nt semiconductor wafer eyery time the wafer is reused. Thus, the number of
fimes of heat reatmelt AEHIGH A Torok Lo R L s R R e ok 0
mechanical stiengftH sftterermmderidoots waiks. DAancibich byygtepsSeusedtmerhuthboribiat

manufacturinga, Sk, s UBRHRAR ARG MRELVeRiR0! BLRIADEIH AR B AcheYedndBdss] I
addition, by performing heat treatment of Step S2, a semlconductorq?%er of the SOT substrate can be

formed using ¥ASTIFSUPRIEF ek ITaneia MAE NS @165 (LR FRmicapfistosdewiss IR fravafer. Since

generation of fedvddsoimisingSATBOINEUSIAtS ayeiitadiRpre 3seduith hipinensbagiutagyerocess of a
semiconductor de\gc%fudch as a transistor using an SOT substrate, a semiconductor device with high
reliability can BéMaRufactured. [0034] Note that in order to form a DZ in a surface region of the
semiconductdi®&ifer 10 reliably in Step S2, a semiconductor wafer which has an oxygen

concentration of 2 x 198 ARMURLA FAWEDT RIS SHARLE PLERASCHD SIFR AR AYaRA

semiconductor wafer, for example, a commercial CZ single crystal silicon water is given. [0035] By

reducing'the %4ejdh BohcenttatioisBicansudosiveirIuche pnguepatRoncestetion sfat defects due to

oxygen in the pjEiniyfdhe suifacs RffhesaRieR QhWRISKIS suRNiRISedetIesRiate:2 DZ can be
formed reliably in Step S2 and the DZ can be made thick easily. Reliable formation of the DZ leads to

improvement B e Yictieoiisce Semmainal Gl S S SR Eh ST Rarafshis B¥thick leads to reduction in
the number of@08&E of heat treatment at high temperature for reprocessing treatment with 20 respect
to the number of timeg, of 1 EHaINg: 08 3 N SRRk AP 204 RNRIIE NGNS DIQGESS time. [0036]
15  of crystal defects due to oxygen in the vicinity of the surface of the semiconductor
wafer is suppressed; therefore, a DZ can be formed reliably in Step S2 and the DZ can
be made thick easily. Reliable formation of the DZ leads to improvement of the yield
of the SOI substrate. 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 concentration of 2
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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 SOT substrate,
and the like. 30[0037] For these reasons, a semiconductor wafer having an oxygen concentration of 2
x 1018 atoms/cm3 or lower is preferably prepared in Step 51. Further, it is preferable that the oxygen
concentration of the semiconductor wafer be 1.8 x 1018 atoms/cm3 or lower, more preferably 1.4 x

1018 atoms/cm3odt imeyen® & RAMRICRNALIIARIY BiSpAaY IROSHD @MY I IERRCANY aHigarafid 4 x 1018

atoms/cm3 or lower, for example, an MCZ 5single crystal silicon wafer is %i\{ggiaq[oowh The
NG Hss

oxygen concehtialiGPErER: SRRRIFHIRRRS R SRIPIcaRIPER 22Ler &8 b setd

spectrometry (M Shef2pritrassd PP sOrIIdnBRAMHFS 6P Mwhr. thissSpeeHikatiansttiesaxugen
concentration of the semiconductor wafer is measured by 10 the infrared absorption spectroscopy.

The infrared dEXHHABRSEERFSReHEPHOmINLthsd by PSP b RyEn bR RIe M the whole

semicondyctasinkiieryaai dcoreasikredsitiaout destruction. In the case where a single crystal silicon
wafer is used 68?8 ollowing formulae (1) and (2) are used to calculate an oxygen concentration COLIC
using the mea{sure infrared absorption spectrum. 15[0039] | = loexp (-00.-(1) 0.= CL1 X K.-(2) [0040]
In the formula (1), | isTiire drypemittarmeraicn beclyrsemit afdindon fraferd 20 &bsoepsiordspgctrum; lo is

the transmitt%%@ﬁ%f?%&%%sﬁ‘%&e@&ﬁﬁ@ﬁ%%ﬁ@ﬂﬂ 1A ORAEMA A , GelgghsorRtion

coefficient at the same peak; and t is the thickness of the single crystal silicon wafer: In the formula

(2), K is a corfiitsperifiration the Gogenraneniration ebthe rermompdugseaiet Js speasredvalue

standardiged iy AnfRrsRhiiegabn fepctastingMateralsipddVitsornas. 3pd0Rdktbpy isThe absorption
coefficient at is calcujated b EFR? formula (12. Vér/hen thtetﬁlbsq{ tion coefficient al |§ muItiBIied by the
constant K as’%‘ﬁg nm °¥o ucfﬁy@ff fitd &‘y&%%nc hESTANE A CLEHE AR B tBiEHhes. Note that in

the case wherecassahplighoge desisuatiaicerdndbeforsewtevengsinglénfiysaicel wbthedfercigrednd of the

infrared the following formulae (1) and (2) are used to calculate an oxygen concentration Ogenc

using the measured infrared absorption spectrum.
15 [0039]
I = Tpexp (—ouyt)--(1)
Oconc = 001 X K--+(2)
[0040]
In the formula (1), I is the transmittance of a background of the infrared
20  absorption spectrum; Iy is the transmittance of the peak that appears at around 1106
em™ (9.1 pm); v, 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 oy is multiplied by the constant K as shown in the formula (2),
the oxygen concentration Ogon; 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 o to obtain the

oxygen concentration Ocone.
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30absorption spectrum is air, ot2 = al - 0.4 [cm-1] 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 SOI substrate. In the flow chart of
FIG. 1, k represents the number of times of the manufacturing process of an SOT substrate using 5
the semiconductor wafer which is prepared in Steps Si and S2; thus, in Step S4 after Step S2 is
performed, k = 0 (Step S3). In FIG. 1, heat treatment is performed on the semiconductor wafer as
reprocessing treatment once per N times (N is an integer of 2 or more) the manufacturing processes
of an SOT substrate are performed, and crystal defects in the vicinity of the surface of the
semiconductaiop4fer are reduced. 10[0043] Step S4 is treatment for the semiconductor wafer and

a step of providing an jnsulati #a er qan embrittlementregion for. the semicaondugior wafer. [0044]
The insulating layer iry%?m%%qgts €ast on a Surace of tmggstgrﬁﬁ%lné{g%[f;o}gv?/%%g{#%%ato g{eg%fttached to a

base substrat®4 ’hi¥ isrsthaimgrisiperunng rivcesshfgie I8 snbrtatplurktithedlonyehart aEFGaler which
forms the insylalingdaye ind it anf SUGAE At e laVste @@u&emﬁ@@ﬂmmﬁww oxynitride

layer, a silicon nitride oxide layer, or the like can be formed. Further, the insulating layer can be
formed by a ctisrifaroaBsiuSRierBhite Grysranio SesutlArd SRt SR HOAfE ayer epitaxy
(ALE) 20 metiseg E21itheimenddy eadgigndseatmerindiuanidaaion i @aifosiédon! e
ambritiemen PR BRI bR O BBy TR SOt B AL B A B TS kineti
energy. An iomirg)ldintatienudppaiagu proceasesont copiBIQI2sibgirde ates wafoheedseddferybislformation of
the embrittlenﬁ?éc@%%e LQ%@} of the surface of the semiconductor wafer are reduced.
10 [0043]
Step S4 is treatment for the semiconductor wafer and a step of providing an
insulating layer and an embrittlement region for the semiconductor wafer.
[0044]
The insulating layer is formed at least on a surface of the semiconductor wafer
15 to be attached to a base substrate. This insulating layer may 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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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 HC1 and oxygen to form a silicon
oxide layer over the semiconductor wafer, and then the semiconductor wafer is irradiated with
hydrogen ions through the silicon oxide layer. After the embrittlement region is formed, a second layer
of the insulating layer such as a silicon oxynitride layer may be formed over the silicon oxide layer by a

CVD method &tythetiahdEefdddnductbrivadersatdstlisiatie giajpanddcd{tienebs wraliltsttatgiformed of an

insulator or a Qu&lfosgmlconqﬂgtgrhwggrsﬁ%%nb% u gq Joér.theAl?Fe?etﬁSbe%tﬂ%EﬁmAngn he substrate formed

of an insulator,ya ggagslgﬂ%stra?te% a quartz substrate, a ceramic su s?rate3 a sappﬁ?fgéogugstrate, or the
like is given. Nenaatha sesandniaveriaf Sretirsying dansstrugh a3 @ sikigamesiidside dsesmay be

aluminoborosiligalg1 YasInbaiie baRIlkatsyHasenA LR dike ds Given. As the semiconductor wafer
which is applied to the base substrate, for example, a semiconductor wafer formed using an element

belonging’to (ﬁQ%’ﬂ 14 of the periodic table, such as a silicon wafer, a germanium substrate, or a
silicon germanium suhdifgéautatdieisipagaide ¢liassan saysbstdps aitewbich aanlwinstand a process

temperature fﬁthe.ma ufacturi rogess qf an | substrate is sglected for the.base substrate.
048] OB T e T e e B T e e Tl i the
number of oxydem desnlaids mglesthaubsiraia unthertofsnltstigien atsmmie subatvaityice Britdrés a

substance withggarpgsitian ikevichitha nuRe @hn{odepalamS A04% NS thandhg, number of
oxygen atoms. [0049] In Step S5, an insulating layer having a single layer or a plurality of layers is

formed der AR BRQsilicaelaes-Ausupshaosilivat; glasiriaeva Berast 3s5,8F, thediked nitride layer,
a silicon oxyniifida. layerhs siheosndiicidewatsdadiiyB s applied lsentbassinatatents aaagiyer which
forms the insulating layer. Further, the insulating layer can be formed, by a.chemical vapor deposition
(VD) method SRS T B T A S oL U IS RSHOREE where
semiconductoeblafends asedificpihealitase sesmate, subalyate)vhietsilmon germanivaiaibstiatyer can be

formed by a mgihad,RVhigRHigS R RIHRRLVMRLIS X AR DBFIER R RGHKE of
15  the manufacturing process of an SOI substrate is selected for the base substrate.
[0048]
Note that in this specification, an oxynitride is a substance with a composition
in which the number of oxygen atoms is more than the number of nitrogen atoms, and a
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 S5, 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 84 and S5 in the flow
chart of FIG. 1.
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30[0050] Note that there is no limitation on the order of Steps S4 and S5 in the flow chart of FIG.

1. [0051] Next, the base substrate and the semiconductor wafer are attached to each other (Step
S6). In the case where the insulating layer is not formed over the base substrate, a surface of the base
substrate and a surface of the insulating layer over the 5 semiconductor wafer are in contact with each
other and pressure is applied thereto, so that the base substrate and the insulating layer are attached
to each other. In the case where the insulating layer is formed over the base substrate, a surface of
the insulating layer over the base substrate and the surface of the insulating layer over the
semiconductor wafer are attached to each other. Note that in Step S6, a plurality of 10 semiconductor
wafers may bgoastijched to one base substrate. [0052] Next, Step 57 is conducted. Step S7 is a

step in which heal tregymeptig etiarmed 18 Aiide the. smisonduelor walslcatihe smpitiement
region. In this process, ar O substrate including the' semiconductor fayer, the insulating layer, and
15 the base s(fsepr&fa. is o theadsertvbere thetreslaimgt lay S s S Tasmedbevpttio ratwscsab it TA

apparatus, a hegiing.iiutens ehan iadiatonarRaatisyvbichigenaiatasAtslecamagnetic wave

having a frequency band of 300 MHz to 300 GHz (in specific, a microwave irradiation apparatus, or a

millimeterwa&FFSAMRTRT ZEfRE AL oot o gihthadusss U pearplier biemign §facturing

process of antifdths bhsi i iseaiinp thtctisulidddaler akd nbieRdESH. d8dSdther.  Nee @PFOCESSINg
treatment is peggrﬁmgd.tourehjtge the squicon uctor W%fer wtﬂg@a{% di‘éﬁ?d in gé%) S7. In FIG 1, as the
r

reprocessing freatmen ) ng gé%eérﬁs are'd erstctzlﬁbg?f Sb‘fananiaation freatment I(gi'"rf)m§9) for

planarizing thiaerfarer ofhthdasmivbyitiictondvaber surthéreatitrstrnsnia(®ie dagen ofer réiucing crystal
defects in the SERUGRRINTIALWAIRE d893RH to each other. Note that in Step S6, a plurality of

10  semiconductor wafers may be attached to one base substrate.
[0052]

Next, Step S7 is conducted. Step S7 is a step in which heat treatment is
performed to divide the semiconductor wafer 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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Since heat treatment in Step S2 is performed on the semiconductor wafer 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 semiconductor wafer; therefore, heat
treatment at high temperature for reducing defects is not necessarily performed as the reprocessing
treatment. [0056] Consequently, as illustrated in Step S10, after the planarization treatment in
Step S9 is performed, the second manufacturing process of an SOT substrate (S4 to S7) 5is
conducted without the heat treatment in Step 511. [0057] Polishing treatment such as chemical
mechanical polishing (CM?), etching treatment such as wet etching, or laser beam irradiation

treatment is givee incthadlppaiizaiicla ertragatisshiepchhdit. Step S9, one or more treatments can
be 10 perforrﬁgg (ﬁnd at least polishing treatment is preferably performed. [0058] Next, with the
use of the semiconductor wafer which is planarized in Step S9, the second manufacturing process of
an SOT substrate (S£owssqydstlyonsluldteda®hanr Sitep dEldsinticr dbarntanexigatpnSniasmenthio

ma”UfaCtU””%Qﬁ%@%&%&é&?ﬁé%@&%ﬁ%&&f&ﬁﬂﬁé’fr&@e&@%EE@E’@@:S?@AY&{@QQ&‘@%O' until the

number of times of the manufacturing process of an SOI substrate reaches N, as illustrated in FIG. 1.
[0059] 5 \Afrferdwdedoritbertsheihsastpissrs MR Stdps S4 to S7 reaches N (k = /V) in Step S10,
after the planggoaatjon treatment (Step S9) is performed, heat treatment is 20 performed under a

non-oxidizing atmosqbo?{&jgsgt%a%]ﬁ% i CE)J%EOAS chemical mechanical polishing (CMP), etching
treatment such as wet etching, or laser beam irradiation treatment is given for the
planarization treatment in Step S9. In Step S9, one or more treatments can be
10  performed, and at least polishing treatment is preferably performed.
[0058]

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 510, 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 S9, 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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The heat treatment in Step S1 1 is heat treatment for eliminating crystal defects (BMDs) due to oxide
precipitate in the semiconductor wafer. By repeatedly performing Steps S4 to S9, 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 SOT substrate because of an
increase in crystal defects. [0061] 30For 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
performed under conditions that outward diffusion of oxygen in the semiconductor wafer is performed,

and can be ped@smead innadNabhdrisH Bt tourkepdSAldiendeperptian pf fiepedicindalesred for the
heat treatment in Step Srjfl. Note tiaat co%ditiopts of t‘_tlwe heat treatrment in %tegtSZ%nd ;}Enditions of the
heat treatment i eétléppg e ar%nno‘iaﬁec%é’s?arﬂ?%%e Safmé'fithe ?’rglle}aéhé)rt OTERS: 1. ﬁrther, Step
S1 1 is perfordesctiptiphurafit§tef thas; redenedeforc dnalibient stoh tenitaat SteptfidntsNigandhateed to be

the same. [00GELMIGE SFeR Fhdt RREHMNTIE NS PIRGSSRABBHISHMSIER RexhIf intRfegumber 10 of

times of the manufacturing process of an SOI substrate k is reset to zero. After Steps S4 to S9 are

performed NtfAérthBohdgeereailihe ifrotep Shedlennealrtedf NSiohg BurthestishcdHdifctor wafer
can be reusegeéeRsdeplardid; daAEpPRISHY RRdRIcnef (RORSE Heaed @ Hdtheeaw chart of

FIG. 1, the heat treatment for reprocessing the semiconductor wafer (Step S11) is performed after the
manufacturinegep 5c&8%%f an SOI substrate is performed N times; however, the value of N may be
different every0d Step S 1 1 is conducted. For example, after the manufacturing process of an SOI

substrate is performegl fi é?ssi‘ﬁ%tﬁ}éﬁ%}@?&“tﬁﬂ s listerian plkeansae PRIamedyaibgnd then after

the manufacturing process of an SOI substrate is'performed 4 times, heat treatment in the second
Step Sl Kan [ E)‘@Wél?ﬁéhe F@@ggfjacturing process of an SOI substrate k is reset to zero. After

Steps S4 to S9 are performed N times, the heat treatment in Step S11 is conducted. As
long as the semiconductor wafer can be reused, Steps S3 to S11 are repeatedly
performed.

[0063]

15 Note that in the flow chart of FIG. 1, the heat treatment for reprocessing the
semiconductor wafer (Step S11) is performed 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 811 can be performed.

[0064]
In order to determine whether or not the heat treatment in Step SI1 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 illusi:rating 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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In order to determine whether or not the heat treatment in Step Sl 1 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 illustrating an
example of such a method for manufacturing an SOI substrate. [0065] 30By 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 substrate are increased and the crystallinity is deteriorated as much as the vicinity
of the surfacesabshgtbavdnstdastbiadterReidullisgdvsthtonrediaonmiobiey dayeichidher 8| substrate.

[0066] 50n théa uﬁﬂger 'ﬁpd’bg}% ssel}ggsgggduct%; \Q/afesr Hsed for the boHd su strate tisth%sgalfy obtained

.. ace e [v e 1 as & semicondycro ayer o
by slicing a semlconguc or ingot. As a res?ﬂff even When the semiconductor wafers aré manufactured

using the samtsdrtizonductor ingot, the oxygen concentration distributions are different for each
semiconductay, r. Accordingly, even when heat treatment at high temperature is performed on a
plurality 10 of semiconductor wafers under the same conditions, the generation density and the

distributioh profile of E%cHherisEdmbihsisrasradusietarabrebisddionderihind sdstraBnifuctor wafer

are different fanedigh granicorslucleimyate seiieradacarreirgotvhar massiRcteving whegesses of SOT
substrates (Steﬁﬁ S4.t0 S7) are Eerformed %gder he same conditions,. the timing. at Whtiﬁh heat
€| O W T

conductor e manuiactured usin e .??me emiconduyctor “ingot, the
treatment as t%e reprocessing frea?fnelﬁlt IS periorm IS di erensf 118-}' eaclfl'n semic¢onductor wafer.

[0067] For theosygsve reasutetirnodigritumsonrs tiieifeeat trismtneasit semionogdecttimiwgfecrystal defects
in the semicondlyciarafer NI SHOIRGiRL PP PR TEAHORR WRERL ATEBR IHRE Y/ the use

of the measurement results, the semiconductor wafer is_ ) )
of semiconductor wafers under the same conditions, the generation density and the

distribution profile of each of oxide precipitate and crystal defects formed in the

semiconductor wafer are different for each semiconductor wafer. Therefore, even

when manufacturing processes of SOI substrates (Steps S4 to S7) are performed under

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 freatment 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 treatment 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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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
treatment 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 hetht tieatranhaithigh jhrepsyatatieciinBep S11 tOrdbe: aheaiadddiersamigonductor
wafer judged to be de tlve sutig ted t0 th qpatt atm rht]at Elgh temdogra ure i Step Sll to

reduce the crys%ufltc}’e? CtS i the VICI ity 7 OF (e Surface of the sermiconductor wa err Bhd'then the

semiconductotevsafeasithesamechndntiter safsrdoridercfsk wafer in Step 54. [0069] 5A method for
measuring crygiogefects in the semiconductor wafer in Step S21

5 A method for measuring crystal defects in the semiconductor wafer in Step $21
may be a method for evaluating the crystal defects in the semiconductor wafer without
destruction. For example, an infrared light absorption spectroscopy, an infrared light
mterference method, Raman spectroscopy, a cathode luminescence method, a
photoluminescence method, or a microwave photoconductivity decay method is

10  employed. The microwave photoconductivity decay (}t—PCD) method is a method for
measuring a lifetime reflecting a state of crystals which are measurement samples using
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 bf the method for manufacturing an SOI substrate is described
30  with reference to FIGS. 2A to 2H.
[0074]
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may be a method for evaluating the crystal defects in the semiconductor wafer without destruction. For
example, an infrared light absorption spectroscopy, an infrared light interference method, Raman
spectroscopy, a cathode luminescence method, a photoluminescence method, or a microwave
photoconductivity decay method is 10 employed. The microwave photoconductivity decay (tk-PCD)
method is a method for measuring a lifetime reflecting a state of crystals which are measurement
samples using 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 S 1 1 is performed is determined. [0071] In the method

for manufacturing an BQT2aLigsiradesdnsdciiond] wWisathibusiraing Biepheatrispatidiagtiasis syprocessing
treatment (St%%i@ IS pﬂfqrm%i t%_%nn?eu (t: rmin%gi(a%ao Ior egg‘g genigcgn%iéitsq .gggf%fgrlerefore, the
quality of the SuBstrate cai be mamtained more ea%ﬁyathan in the manurac uring method in FIG.
1. [0072] aledweibsempiés)ds asrbaufbchondghsoses dlcat ®a@hwabitpaduancdeoscribed using
cross sectionglyigus iGN MAGHPEIIHBURPRRESAIS PoseechletbRelaalh reference (o

the flow chart of F se manufacturing examples can also be applied to the flow chart of FIG. 8.

[0073] <Man u¢a_mi1 tmgéma‘fﬁodl@xampleoxidﬁiﬂg atpgsrbesgn pldest. the pHleaprow 46y riﬁéﬂ@if%(bturing an
SOT SubStratgtISI_ﬂ%S&‘él@&%%&;{é’[lﬂﬁﬁ?&%{;@c&? &lﬁﬁo&ﬁ&&a@é‘ [?Qg éﬂmosgheﬁ:l g’f %ﬁé et

cross-sectional view illustrating steps corresponding to Steps Sl and S2 in FIG 1. In this manufacturing
example, a ndwatingieisarsagenigninsnbesalldd prefiictanpafde js2osdel 199 hd bdld Sdbstrate. Heat
treatment is pgrformed.Qaithe single s6ysial siligen walerat higher than or equal to 1100 C and lower
than or 5 equal to 1300 C under a non-oxidizing atmosphere. Here, the silicon wafer is heated at 1200
C for 2 hours UQF@] a vertical diffusion furnace. The atmosphere of the heat treatment is an argon gas
atmosphgye (the propamianted thavasgRonswkde %) sibfeca Wusiralesririlicamiyatersi@@after the heat
treatment.

wafer can be repeatedly used without heat treatment at high temperature as reprocessing

treatment. The nmumber of reuse times without heat treatment at high temperature

depends on temperature and time of the heat treatment, conditions of polishing

treatment in the reprocessing treatment, or the like; however, when the amount of
15 polishing is 6 um or lower in the heat treatment at high temperature under 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 HCI, HF, NF3;, HBr, Cl;, CIF3, BCls, F», 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
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[0075] 10When the new silicon wafer is subjected to this heat treatment, the silicon wafer can be
repeatedly used without heat treatment at high temperature as reprocessing treatment. The number of
reuse times without heat treatment at high temperature depends on temperature and time of the heat
treatment, conditions of polishing treatment in the reprocessing treatment, or the like; however, when
the amount of 15 polishing is 6 gm or lower in the heat treatment at high temperature under 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 Sll 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 theiaibd o dirediiefownte 3060 D00 lanes k0o bas thaissphexigatignitieatment may

be dry oxidation and.is prefera % performed under an atm(iighere in which a halogen gas or a

bl
halogen compeul#f 8 msde ek the glicomedrlaryH ehermplbriisavrinsiomiidses selected
from HC1, HRoNE3ckiBds 6§120GHE3, BC13, F2, Br2, and the like 25 can be used. [0077] For
example, heatt#ﬁgément 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 02, so that a
silicon oxfde layer 110ednaaiflngreteidimE1CadGOuval iniomedith nsré2@nreprrforreedascitbad. 1 hour to 6

hours. In addifioR. il dBiGkNSesioh e WIRMRQKAHAAIIAQERR Peho0 AR #lAMIRTe, the heat

treatment is performed on the Silicon wafer 100 at 950 C under an 02 gas atmosphere containing

HC1 at 3 voluRRBYRNSIRE@biPhECBIRSGRRKRIE IsaePa tesdi R the imadinsi oy B SoioRed A a thickness

of 100 nm. [0Q@d &h ion implantation apparatus, a source gas is excited to generate ion species, the
generated ion species are mass-separated, and an object to be processed is irradiated
10 with the ion species having a predetermined mass. In an ion doping apparatus, a
process gas is excited to generate ion species, the generated ion species are not
mass-separated, and an object to be processed is irradiated with the generated ion
species. Note that in an ion doping apparatus provided with a mass separator, ion
irradiation with mass separation can also be performed as in the ion implantation

15  apparatus.

[0079]

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
is 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.

[00801]

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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5Next, as illustrated in FIG. 2C, irradiation with ions 120 is performed, so that an embrittlement region
111 is formed in the silicon wafer 100. An ion implantation apparatus or an ion doping apparatus can
be used for the irradiation with the ions 120. In an ion implantation apparatus, a source gas is excited
to generate ion species, the generated ion species are mass-separated, and an object to be
processed is irradiated 10 with the ion species having a predetermined mass. In an ion doping
apparatus, a process gas is excited to generate ion species, the generated ion species are not
mass-separated, and an object to be processed is irradiated with the generated ion species. Note that
in an ion doping apparatus provided with a mass separator, ion irradiation with mass separation can

also be perfoungd aadg%eompdmﬂlgﬁaﬂanakwm@n@m gas (GicBEIEdaNGI30dare
accelerated béﬂ an electrlfq%ﬁ nd have kineti &g% the embrittlement region 111 can be formed in

aregion at a pred0 erin ﬁ%‘ Yror & Sunace of the siicon wafer 100 by the irradiation with the

ions 120. Thelddth at 20 WhICh the embrittlement region 111 is formed can be controlled by
acceleration energy effhg ions:l2Q.fh e K488 PROIRRGRA ? 1S SFLiligmeR) region 111 is

formed in a ri‘gé)n at the same depth or substantially the same depth as the averaci;e penetration

depth of the idhserdvitiismertifraiornd bepih thiswwatendifferenh Beitngats ragioheuseddaoitfed

determines thigdhiekdiassn Ok 8QHMCQBEHRIREJ avRT HolRedop atéios laadm{asnthq:sul@ﬁmwafer 100. The
depth at which the. embrittlement region 111 is formed is reater than or e iSto 30 nmr!') and less than

orequalto 1l aﬁ% H SRS AUPRELY SIEOIR WaATET 865" 1|’§c5|%a1‘sérl%ly 6 eI SRR Gr equal to 50
nm and less thenfoonet)ueitg BOQanmC[%Bﬁk}gB(lmhmﬂalgoar(se@as gdsthe Adtesnd@@ely, aidd2 gas. As

well as a H2 gaz, 2] S5 PJERATANNMOR A9 A3 ﬂ@l%éXR'&‘Bﬂp%ﬁl flyoripg gas or a

chlorine gas, and a halogen compound gas such as a fluérine compdund gas (e.g-, BF3) can be
used. OAB or thisdo ifgadistign saa baperarnsd s e 38 FeBEANIBYSTEThe irradiation with the ions
120 can be pegtgrmed a plurality of times to form 5 the embrittlement reglon 111. In this case, different

source gases may be used for the ign irradiation .or th e source y ed for the ion
radiation. For oxamblEea BB R ABFHSBAR BIFC A T ane B SRS e Es, on

irradiation camdgepdifbrméd Hslg@asg&d:emhmmgrbwgasg:énmg@sdaﬁce Barsexaitgrleatheely, ion
diati fi 0 th
irradiation Ca’&ﬁ@oﬁ‘i{r&%{“ﬁg) 68 g&&@ﬂ@@ggog ﬁ)%gr ‘&18%?199&‘891&3‘&&{‘5‘16 en, ion

|rrad|at|on can be performed using t e gas co oger,
with an acceleration voltage of 50 kV ata dose of 2.7 % 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 attachment, 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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Here, an ion doping apparatus is used for the formation of the embrittlement region 111 and a H2 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 1016 ions/cm2. [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 attachment, the silicon wafer 100 and the

glass substrai@2Q4} ajeasidrioctad dadaleas padreaigaanitaoelegn 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[8P1he surface of the silicon oxide layer 110 being in contact with each other, the glass
substrate 200 and theNsilican dRigedayein FiGrehordsedilomacrfananosdsthtitided glagkesubstrate

200 and the silicon yafer,100. ar tac%]ed to each other..The theg{tss bstr 200 and the
ciicon water THEAn ek e A THARIE IR AP R E 3 e o L e

treatmentStenplcenuraipetdls tdlste shrahtpetmencispaioed opdhatidicelowefan Yodueiat the
embrittlement{ggien dhd §1aRd @RS NGRS nthanansdbal tarORkE fEdRNELIRRAAEFuAl to 300 C.

preferably 400 °C or higher and is limited by an allowable temperature limit of the glass
substrate 200 (base substrate) or the like. A heating furnace or an RTA apparatus can
be used for this heat treatment. The heat treatment is performed to generate a crack in

10 the embrittlement region 111 and separate the silicon wafer 100 and the glass substrate
200 into a silicon wafer 101 and an SOI substrate including the single crystal silicon
layer 113, the silicon oxide layer 110, and the glass substrate 200. The silicon wafer
101 is a wafer before the reprocessing treatment.

{0086]

15 Here, a series of heat treatments, treaiment 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  for 2 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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[0085] Next, as illustrated in FIG 2E, the silicon wafer 100 is divided at the embrittlement region
111 and a single crystal silicon layer 113 is formed from the 5 silicon wafer 100. Here, heat treatment
is performed on the silicon wafer 100 which is fixed to the glass substrate 200 in a heating furnace.
The heat treatment temperature is preferably 400 C or higher and is limited by an allowable
temperature limit of the glass substrate 200 (base substrate) or the like. A heating furnace or an RTA
apparatus can be used for this heat treatment. The heat treatment is performed to generate a crack in
10 the embrittlement region 111 and separate the silicon wafer 100 and the glass substrate 200 into a
silicon wafer 101 and an SOT substrate including the single crystal silicon layer 113, the silicon oxide
layer 110, anddhedginad sebsithtes 200eTiHassiicon Reafeisdibdsagavaiesdiatdrasthe Aemagessing

treatment. [0086] 15Here, ries of heat treatments, treatment for increasing the at E:ment
Strength botn el B DRSS EaD e S A S0 B AR ertesibr cvicing the
silicon wafer 18@t.i8 Faifbrissey i AidasmgaiihiidelaSperfiddiy Mrersii&snWykiist, BORYNEd to the

glass substraigsg0Q;ig egiagal 2AQ thd s oM iRARARAIRA e cenARAHRsgmperature is
raised to 600 C and heating is performed 20 for 2 hours. [0087 Next, as illustrated in FIG 2F, the

single cryStal $hewhhagrenie, £ i dasmanis, 983 Lot b PSR thesh ek sabNsilicon layer

114. Here, singedheNmasehatfistiatd oiebeadiidbiaghaicaieds tea:plesa solsinie 30 aveng low heat
resistance, it is 25 difficult to gerform Planarizati%n b}ysge%érga%nﬁegt' g]e(-:é{iefore, the single crystal
nt.

silicon layer 1‘1r3‘aigu|??58?§ttén&l vb]ﬂrwgvﬁlges?rbegglrlnwasenp anariZation ireatment. Note that the single crystal

silicon layer 1[088%hy be etched as necessary before the laser beam irradiation treatment is

performed. This etchiggJieaied eamemayelie e brEBic Rk salag diddelinn pygace of the

single crystal silicon layer 113. 30[0088] Examples of a laser that is used for the laser beam irradiation

treatmeriPinciltfeabsnrbxaitasr Ressr Qhmadltgdx e Hhersepeapnok thekiser begen dsgies saelicduch as an Ar
laser or a Kr lasar ntthar examptas absanuke WSpgiale acsrlideatatel lasemhsied asgy AG laser, a

A the taser BEUTERG (VLSRR SAE1 ORI (U0eh L2 & B SRR G
harmonic, or adiobetHdmedhonfuixbtasnot theseliask thecsinghe arpsel. flatentimtesdife wmhthese
solid-state lasego A ey eHDSIASANHNANS WAYE 1AFSLOTRA 2R GRDUUALR WkGIRger oven when
using the same laser medium. [0089)]
15 113 can be reduced. As described above, the single crystal silicon layer 114 whose
planarity and crystallinity are improved is formed by the laser beam irradiation
treatment.
[0090]
However, BMDs in the single crystal silicon layer 113 are hardly eliminated by
20  the laser beam irradiation freatment. Therefore, in the case where a base substrate with
an allowable temperature limit of 1100 °C or lower is used, it is significantly effective
to perform heat treatment at high temperature on the semiconductor wafer before an
SOI substrate is manufactured in improvement 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 freatment 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 heat 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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When the laser beam irradiation is performed, the single crystal silicon layer 10 113 absorbs a laser
beam to be melted. When energy of the laser beam is not supplied to a melted region, the
temperature is rapidly decreased and the melted region is solidified. As a result, a single crystal silicon
layer 114 whose planarity is improved can be formed. Further, since crystals of the single crystal
silicon layer 113 can be rearranged by the melting, dangling bonds and the like in the single crystal
silicon layer 15 113 can be reduced. As described above, the single crystal silicon layer 114 whose
planarity and crystallinity are improved is formed by the laser beam irradiation treatment. [0090]
However, BMDs in the single crystal silicon layer 113 are hardly eliminated by 20 the laser beam
irradiation treatfraatqddiizyeddreieirstic suhseawehferenadbasiagstiiistade witbhare allatvable keaoperature

imit of 1100 G, grjgwier is keds it s siopificanty sfieive to Pefioi, eatreatment aihiah
temperature on the Semiconguctor wafer before an QOT substrate is manufactured in iImprovement of
the quality of #ik @D tuystratiae Ting is HELAUSe lowenstivh adloghabisubshperstusedliantSéilthe base

substrate is 1100.C ar.25 i &uQﬁ@th@ﬁHH{%%%ﬂﬁQ&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 @bl which can be substituted for the heat treatment. For this reason, in the case

WEefﬁ r? baselsubstrmw Méb@ﬁ&é&%iﬁi%’}ﬁ@dﬁs&?@@b %iﬁlé%%[@%ry@&u ﬁi%c%ﬁ@f&nﬂudfor layer
which has as oxide precipitat ssible is 3Qformed qver the base substrate. Therefore, it is
significantly eiﬁﬁé‘?&%’?ﬁeﬁﬁﬁ%ﬁgﬁ% Vet S@D %8’%1880% ?‘F%ﬁ‘fi’@gﬁf?g%n is reduced
in ir_nprovemetst wé_dhﬁqtlm_lihaﬁf $hhs_fﬁ@l, slrpstrettmgoandést vaingttheny asey hb ptndivemeithatow heat
resistance. AGeoring 19 {0is, fIMeRh-SVERHNERLR ARG PURRERIE, WNPSE allpyahigdemperature

limit is 700 C or lower such as a glass substrate Is used, anh SOT substfate with high quality can be

manufactfiredVBpoo g pemicragusty. avaterp iafrertu dpigtesebasrigibeisats thaosTRgec#meral &flicon layer
114 of the SO ihsiraietiickis 2 MAvhhesRalbciedion acsiteiieelass sehaieatar00 is used

for the base substrate, dry etching and/or wet etching may be performed as treatment of reducing the

thickness of tFERIHE BASPEIRSHEBRAyer 114. In the case
[0092]

Reprocessing treatment of the silicon wafer 101 from which the single crystal
15  silicon layer 113 is separated in the step of FIG 2E is described. 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
SOI 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
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10 where a semiconductor wafer is used for the base substrate, known treatment of reducing the
thickness in which thermal oxidation treatment and etching treatment are combined may be
performed. [0092] Reprocessing treatment of the silicon wafer 101 from which the single crystal 15
silicon layer 113 is separated in the step of FIG. 2E is described. The reprocessing treatment includes
planarization treatment (FIG 20) 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. 20 is
performed every time the bond substrate is reprocessed. FIG. 20 shows a reprocessed silicon wafer
102 which is 20 reprocessed by the planarization treatment. The reprocessed silicon wafer 102 is

reused as theliend solisfrade (BdicilivovalesfdO0Pinik kemdBed 4993t etdhigdifinn Hifiehdat treatment
in FIG. 2H is intermittentl rfQrmed. The heat treatment.s performed on.the reprocessed silicon
warer op and B B R B e R R e
manufacturing@idedssvgthaa SHIP safipstedwe. (inBorGs. AR e Heispobistang) atsingp Kal MY times. A

reprocessed silicananatari0s AP RRALISAMEY BIGHSRIAS SR MEARRSYalEIlIcon wafer
100) in FIG. 2B. [002;2] 30The reprocessed silicon wafer 102 can be manufactured k%)th_e
t

planarization fe8#f thwdeeduots reid zad prdrogemestrddantpictasndic diket, (hbrengbiiSxide layer
110 left on thesHiag awadpictd péstiempyad ye\witicetcwiter SN h pefteredyhivdmfiuaieasid. Next, a
separation surface of the single crystal sili layer 113 is polished with a CM ratus. Further,
pefore the pol ARG RS A0 o B reaed SRR the Gl cPRRRRAE ot =
Sato etchant, witimithe CHBiagparitef ¢apdrofedwdedacid and hydrogen peroxide water, or the like. Through
this etching, a[{mgg?cted portion around the silicon wafer 101 (a portion which has not been attached to
the glass substrate 200) can be removed, so that the amount of polishing with the CND apparatus can

be redudéd. [0095] 1AMKEEIRTEIRIBIN RidsFde e arirs dharerrRe sesfotiewaliicHR WafbE 103 by the
heat treatmentdf} flanih FPFRXIMPI6r thensiisafanalesnlAdfis herieroated 209260fec kdpqur or longer

under an argon gas atmosphere (the proportion of the argon is 100 %) using a he;ating furnace,
similarly to thERE AT RDERR SRR f}@GIEPR gas atmosphere (the proportion of the argon is 100 %)

using a heating furnace, similarly to the heat treatment in FIG. 2A.
[0096]
15 <Manufacturing 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 SiHs, N>O, NHs, 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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[0096] 15 <Manufacturing Method Example 2> Another example of the method for manufacturing
an SOl 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.
[0097] 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. Sill," and N20 are supplied to a chamber of
the PECVD appreaiie: Ml aiesesa@ithese 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 c gﬂ%@d to Sat, N20, NH3, and H2. Plasma of a mixed gas of these is generated, and 30a
silicon nitride oxide |ayete 14 asficonecidedaytitrersili borfameditice kayengddikilditeainsdarenation
temperatures of the.sjli i qg? I % ' ilicon: nityi ide la 2 be 300 C.
[0098] Noggstr‘?’a%b aasﬁiﬁ?ﬂ%ée g‘i/%%%rr{%é e grsr%}gg%ug%%%%lg ‘qurg g%)ggﬁéné%sl%a% %‘(l)%l?i;:e gas with a

PECVD abpatatilistastaidoiarrr sumobeoleymieddesiag &iHq Nz Mhaad Y2578tRincBRGYRde layer may

be formed usipnghnifts Mdehd b3 ndiidenwittif BESMER @nparatus instead of the silicon nitride oxide
layer 142. [Ogl_'g?]ﬂ9 Next, as illustrated in FIG. 3C, irradiation with the ions 120 is performed to form

the embrittle r]egion 111 in the silicon wafer 100. This step may be 10 conducted similarly to the
step in FIG. 2C. [0108iext, as illustrated in FIG, 3C, irradiation with the ions 120 is performed to

form the embrittlement region 111 in the silicon wafer 100. This step may be
10  conducted similarly to the step in FIG. 2C.
[0100]
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 steps 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
SOI substrate will be described below. In the following examples, a single crystal
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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 02 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 steps are performed similarly to those in FIGS. 2D to 2F, an SOI substrate including the
single crystal silicon layer 114 which is planarized, the 20insulating 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 scmiconductor wafer is formed by

performing a giiReaSSadrarpsases Sdempainitsadutiiewatet aebthoirarkilidtaed wthigPECVD
apparatus, ngf b rmal oxidation treatment: therefore, the numper of times of heat treatment at high
CbtAti}é 8 ﬁl 0 %u.rm an SrI su trqe

was em og as method for m uad; 8 bsﬁ1 )
temperature on the semiconauctor water can be reduced In comparison wi the manufacturlng

example 1. [HXxampéd I0103] 30The utility of performing heat treatment before the manufacturing
process of a é@hsubstrate will be described below. In the following examples, a single crystal silicon
wafer was used for the semiconductor wafer and the method illustrated in FIGS. 2A to 2H was

employed as the meffothifoPraEplsiRtut A hsese Yabatraidaqmred isiee  RAW A5 HNER example, an
SOT substratgyyas iRon et aerdgingen dagwd @ L 2iR@IRr) and crystal defects in the CZ wafer

were observed at some times during the manufacturing process of the SOI substrate.
[0105]
<Experimental Method>

10 (al) preparation of CZ wafer

A new CZ wafer (a p-type wafer of 5 square inches with a plane orientation
(100) manufactured by SUMCO CORPORATION) was used. One CZ wafer was
divided into four, and four CZ wafers of approximately 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 %) in a
heating furnace. The following steps were not performed on the wafer Al.

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

20 The three wafers A2 to A4 were subjected to HCI 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 embrittlement 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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crystal silicon wafer (hereinafter called a CZ wafer) and crystal defects in the CZ wafer were observed
at some times during the manufacturing process of the SOI substrate. [0105] <Experimental Method>
10 (al) preparation of CZ wafer A new CZ wafer (a p-type wafer of 5 square inches with a plane
orientation (100) manufactured by SUMCO CORPORATION) was used. One CZ wafer was divided
into four, and four CZ wafers of approximately 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 %) in a heating furnace. The

following steps were Nekeiéararadanvibeswgiercdko(Beh: thanmalaxigatigndseatmentomation of
insulating Iayeg 20The three watf%rs A2 to A4 were suhjected %:) HC1 therm%tLoxEjatio%éreatment at
g 2 f

the same tim&PEEFRE thethaF Bhere TaS & B R e IS 0P e st RIS P iaeeh éHdtihed at 950 C

for 3.5 hours t@der 2hddZgas] sanca@OereCcfontadmne.H Thiahday aksneit, coaréairdwetdthemal oxide
layers were egeh mals,io;f fickacss. ol ARRIGKMael 100 o LA fallowing slepsers not
*25 (ad) hy fitttemen

performed on the water A rogen oplnar ormationi of em I reaglon Each of
the wafers A3vaaat atioekeitadidese whitiatpd the aalionddies aatidividep pighampzrtlementorm an
embrittlementgegioh Aiftegasdthgqroportion 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
1016 ions/cmP881The following steps were not performed on the wafer A3. (a5) heat treatment

Next, the wafer A4 wasenbjesidddfeieat i dagihalieitionaifaabasfahawdfBie XD wappasatis. This heat

treatment was performe in redu%gd-p@ss%re[ chambertat 2 Cﬂor 2.hours, an thde% at 600 C for 2
. n¥v waler (heremalter, Teferre o;%sa‘{.r er .wwhlsmanhc?ic od DY ]
hours. This heat treatment corresponds to the treaimen Ividing a semiconductor water in FIG 2E;
howeved GincBUMERAORROBATHIN endiitctbheaino as Brswagerb st Athwenatualpatedas At divided at

the embrittlenRnh fGALRHIRHBITRRRTFRF PRSI LS used for this evaluation, and the wafers

AQ to A4 are cleaved and cleavage surfaces were photographed. FIG. 4 shows images
observed with an IR-LST apparatus (hereinafter referred to as IR-LST images). The
observation magnifications are 500 times and 100 times. The IR-LST is known as a

15  method by which BMD distribution in a semiconductor wafer can be evaluated. Since
crystal defects are light scatters, the crystal defects are luminescent spots (a bright
image) in an IR-LST 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 Iayer, 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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Then, crystal defects in a depth direction of each of the wafers Al to A4 and a new CZ wafer
(hereinafter, referred to as a wafer AO) which is manufactured by 10 SUNICO CORPORATION and is
the same as the wafers Al to A4 were evaluated. An IR-laser scattering tomography (IR-LST) was
used for this evaluation, and the wafers AO to A4 are cleaved and cleavage surfaces were
photographed. FIG 4 shows images observed with an IR-LST apparatus (hereinafter referred to as
IR-LST images). The observation magnifications are 500 times and 100 times. The IR-LST is known
as a 15 method by which BMD distribution in a semiconductor wafer can be evaluated. Since crystal
defects are light scatters, the crystal defects are luminescent spots (a bright image) in an IR-LST

image. A regios vhiera¢tiatahdafeaiscaenoliaxistina datds wiags tolagkig)aga)zid@Jo20As
illustrated in FI.G..?, when the w(?ferél and the wafer AO are {comgérled,bit can be f?#ro&g hat BMDs are
formed inside tRRAARY ATIBT8SE PS8 AMEREATHITR RIS SUPE RAICHRSTF RN & dPdthe new
wafer. On thefothved g, icathieativantpidfighderipontof eswpfe a¢, nhwblm'rglné iB ltliE‘Dﬁlatjd a zero
defect layer (3.2 ARRYIH6bEQD £AETISARAGRCIAZIRROR), in S AESGHRRAIADAMRN this

specification, a DZ does not mean a completely zero defect layer, but a region without BMDs.

Specificafly, a/FAsdsHsrdidicab EepEgRah %‘E@étﬁmﬁﬁ@@e@fﬂrm@rélﬁm%%%mﬁ hBIR-LST image

at 500-fold magpifigatippafo i ategoeEkngdrladaxamples 1 to 3, such a region is regarded as 30 a

DZ. [0109] When thq(el?-LST images of the wafers Al to A4 in FIG 4 are compared, it can be observed
a

that the thickrte&88% (afso referred to as widths or depths) of DZs are not significantly changed in the
manufacturingdid¢ess of an SOI substrate and the DZs formed in the heat treatment at high

temperature in step ag, 3 NQL GliD) ’lﬁ‘ée&ii{kﬂb% eskmanyagiy G@M&BP%%%?L? Qlpiostrate.

Accordingly, in the case where the wafer 5 A4 is reused, heat treatment at high temperature for

outward Wffudiefersttesireniastona percssanfyan SRS suiate vah kcdossrikpdresaimssmmsimple 2]
[0110] In this exaReplendhanHilibe finacfesming berlieaibient atiiahismpratyR 1 hafore the

manufacturing, progess of an.SOT sybstra Il be described as in Example 1. Further, the influence
of the orygen BBl 5 SR BTGP MRl B D RSCH Bt RS EEan MG
single crys_tal wilisam Mﬂérxﬁh@n}m&wrhaeﬁeiwaﬂrtomg_eamﬁﬂ@mﬁﬁq)hamEﬁha&&ﬂmmxygen .
concentration;ig.d 6 WaIShiEYSC el MARAAHINGAD GheNREASH RGRA Aflyartz crucible

which is in contact wi
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 HCI at 3 volume%, so that a thermal oxide layer was

formed to a thickness of approximately 100 nm.
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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 (61) 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) HC1 thermal oxidation treatment was performed under the
same conditiqes)asdraea ebfixapiaatiohlepétieediemshivagiagrformed at 950 C for 3.5 hours under

an 30 02 gas atmos e containing HC1 at 3 volume% t thermal oxide layer was formed to a
thckness of approxin LB EO0R 0 RaH o 2 Bt B2 AT Sty e oy
With the use bfdnegom thowity EpparatembhdiMER wedenwas iHadistcthyithopytioged ibrs to form an

embrittlement.(Raiatn & itd 9pRdiReRiARCIANAINRE WAFGARR Brddhdbhiibarclerard he MCZ

wafer was irradiated with hydrogen ions 5 with an acceleration voltage 012‘ 50 kV at'a dose of 2.5 x
1016 iondcmitis) drseleratianveliageiisd i brimatess of 2. Axdothionscm warer was attached to a glass

substrate, the MCewaleras @ivided Yty LPCVD apparatus under the same conditions as those
of Example 1, so that an SOT substrate was manufactured. Heat treatment was performed at 200 C
for After the MCZ wafer was attached to a glass substrate, the MCZ wafer was

divided with an LPCVD apparatus under the same conditions as those of Example 1, so

that an SOI substrate was manufactured. Heat treatment was performed at 200 °C for

10 2 hours, and then performed at 600 °C for 2 hours.
(b6) laser irradiation treatment (planarization of single crystal silicon layer)
In order to planarize a single crystal silicon layer of the SOI substrate

manufactured in step b3, the single crystal silicon layer was irradiated with a laser beam.

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.

{0112}
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10 2 hours, and then performed at 600 C for 2 hours. (b6) laser irradiation treatment (planarization of
single crystal silicon layer) In order to planarize a single crystal silicon layer of the SOT substrate
manufactured in step b5, the single crystal silicon layer was irradiated with a laser beam. A XeC1
excimer laser was used for the laser. The laser beam had a wavelength of 308 15 urn, a pulse width of
25 nanoseconds, and a repetition rate of 30 Hz. Further, while a N2 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) 20In order to reuse the MCZ wafer which was divided in step b5, a
thermal oxide<ayaipaasidinpsadeny-wet etching with buffered hydrofluoric acid, and then the MCZ

wafer was subjected tp treatment with a Dash e nt. The surface where t:ae single al silicon
ayor s separated 138 EOTEREN e A LR o AR A e Sk o MRk
treatment andwiksnmathoft charhegt redwsatat igh @Mpudycae sieprbre pEatothyrsteperwesel, so that a

plurality of SQJL s4hRliaRGW RIS a0kt Usigens MC AR oliBitsXamPls theee MCZ

wafers were prepared and the manufacturing process of an SOT substrate was performed four times

on each of th&MraHeon frpgumesnb o dGrhrafsrere i arred e PO b edbsHefelsffed to as SOT
30substrates BatdibalrsCaiparisen RIPSRMERISMCZAG ZLQMPEkatisoEXabplite a6F ST substrate

was manufactured u‘%ing an MFZ quer \‘Qlitthoutt ?)Pe%t geagpent at high temperature in step b2. The
other steps Wg%n%aér ormead thadt hesame chditions g’lsattﬁos'e of the above SOT substrate B. In the
5 comparison[@kpHriment, two MCZ wafers were prepared and four SOT substrates were
manufactured 4sing.485 A Rkhe two MCZ wafers. The SOT substrate of the comparative example is

referred to as an SOT substrate X. [0113] <Evaluation Method 1> B
10 A surface of a single crystal silicon layer (hereinafter referred to as a silicon

layer) of each of the SOI substrate B and the SOI substrate X was observed with an
optical microscope to evaluate the crystallinity of the silicon layer. This is because by
evaluating the crystallinity of the silicon layer, the number of times an MCZ wafer can
be reused can be found. Specifically, the surface of the silicon layer was observed

15 with an optical microscope at 200-fold magnification 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  confimed 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 (%, y) = (0 mm, 0 mm), the x coordinate of the center of the region 301 is 0 mm, the x

coordinate of the center of the region 302 is — 31.75 mm, and thé x coordinate of the
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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 optical microscope to evaluate the
crystallinity of the silicon layer. This is because by evaluating the crystallinity of the silicon layer, the
number of times an MCZ wafer can be reused can be found. Specifically, the surface of the silicon
layer was observed 15 with an optical microscope at 200-fold magnification 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 pm at 200-fold
magnification, the spot can be seen by a human. The luminescent spot is a scattering object due to a
crystal defect esneb St dievag2308ndismeehthat oxide precipitate and dislocation (a crystal defect) were
observed as | 1’% scent 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 determiREdSby Bhand G bhowf lagrialssksiongeenlis [0 the] 2ertG . & Authilstsetet a region

where the nurglgs OfHHEICSHENL SRAISIURS SOLAISH:E B- a2 19 WP NN Qha S sypstrate 300.

In the SOT substrate 300, the number of luminescent s;&gts was counted in three linear regions 301 to
303 eachf witkS#5s%a IdRGaTH KRS 3B 88 itk cforthshenzenalaxisdndicates the pumbey-axis
direction of 105 mies Whanhe:ceardipaiesceidhs aanter ofithaOTiscbssatepaasars 80 (X, y) = (0
mm, 0 mm), the x coordinate of the center, e region. 301 is. 0 mm, the x cogrdinate of the center of
the region 302 10 LB A ARG S (hE° LEie BT EEBIOn PR RISSC! o 0115
FIGS. 5B andi@&@issoentt eotsaicalddidsriicdd integsf t4nd themipebofdliminessent sputsis BIGIBB shows data

of the SOT SuRslEaIA By el AR ARG SO SHERAE el faSHALHE: B and FIG

5C, the horizontal axisindicates the number of times of a manufacturing process of an SOI substrate

which cdfesp8ntiSio théontimBemberinfvsinsseeat sasPMAY warer. Theotkstivmrdsidhindicates the
number of lunyigasgaRiSRAtssbadsar khiielthitaoe handher ypakah ohisonasaatspots is a value

obtained by c[)(ﬂ\i%ﬁting the number of luminescent spots in the three regions 301 to 303
The graphs of FIGS. 5B and 5C show that 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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10 in FIG. 5A to the number of luminescent spots per 107 mmz2 In other words, the vertical axis
corresponds to the number of luminescent spots in one SOT substrate. [0116] The graphs of
FIGS. 5B and 5C show that 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 104 or
lower. In the qasepvbiesadafi MCERRCE EASISIoN jsyidch HidGere subfifiedan SOdeaubsiiata: leakage

current is likely to be generajed when ]g%mber of luminescent s IS more 04. [0118]
25Thus, the g%a??ﬁ%%?ﬁ&g ?ﬁ%ﬁ?ﬁrﬁ% ow the egggrfno%grggéepc%%s?snsg an !&Ea%\?]\%%r which is
thought to havmagdsef the/wefrcoheod thetiwaiin Cobm Fautbermpith @ B slenfehowsshaffBRIMETt0 perform

heat treatmentnb 11 0P.GALNIARMRATEARY, Mie Welahdd HPad W feresackitigh8pea T substrate.
[0119] 30 <Evaluation Method 2> Further, as in Example 1, a new CZ wafer (wafer CO) which had

been preparetPhis<rdibibsinraningasing arerty A Ph e pb BplishiBR Ersiment iy heat

treatment in st@gbavtereNdeaveckhaRchiir- ¢S imagetaseiete Bsnradbdttite 0. Smaiep H38dR-LST
images of theé/vafer Cé) a(?d ther}ivaf .Clt. IéLért ermore, Flga 6dals shows thal JR-LST. images of a
cross section 61 am }\ﬁ N 3E XSS dha g?%ﬁ? Which hasbeef’s é%%'i%gf’et&% the
manufacturingfstepéss of an SOT substrate and polishing treatment two times each. Note that the
wafer C8 wa ttached to a base substrate as in step a5 in Example 1 and was only subjected to

heat treatment under the same conditions as those of step b5. [0120
10 When the wafer Al (CZ wafer) in FIG. 4 and the wafer C1 (MCZ wafer) in FIG.

6 are compared, it can be confirmed that the wafer C1 has fewer luminescent spots

(BMDs) than the wafer Al. When the thickness of a DZ is obtained from the IR-LST

image at 500-fold magnification, the CZ wafer (wafer A4) in FIG 4 which was used

once for manufacturing an SOI substrate has an approximately 40-um-thick DZ, and the
15  wafer C8 in FIG 6 has an approximately 80-um-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 C0 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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10When the wafer Al (CZ wafer) in FIG 4 and the wafer Cl (MCZ wafer) in FIG 6 are compared, it can
be confirmed that the wafer Cl has fewer luminescent spots (BMDs) than the wafer Al. When the
thickness of a DZ is obtained from the IR-LST image at 500-fold magnification, the CZ wafer (wafer
A4) in FIG. 4 which was used once for manufacturing an SOT substrate has an approximately
40-pm-thick DZ, and the 15 wafer C8 in FIG 6 has an approximately 80-iim-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 AO, so that the generation of BMDs is reduced even

when heat treﬁm@nbwsﬁiﬁh\temmnﬁmr@eiﬁlﬁaﬂ‘@fmgﬂ teRperalif: SaaeeePRIKIINmbItheeqxygen
concentration of thﬁkmiafer AO (C%. %?) measur% mltléhﬂ’lFourler ransform infrared sngtroscopy

was 1.3 x 1078t eI 8 Gln R AT ”é&“fﬁ)?&?lw% r) was 0.8 x

Atome
1018 atoms/ammammm&rwm@%mﬁmWM@mmmdﬁpm Exadngties inaks 2 that as
the oxygen CQRg otfatl%i)gu% |conductor wafer is lower, a DZ becomes thicker. A DZ is preferably
as thick as paossible because tlile number of reuse of a semiconductor wafer without heat treatment at
high temPeralf@3br reprocessing treatment can be increased. Further, in the case 30 where a single

crystal silicon wafer Whosgdnikial SIS CAIGATIIHAN SHEeRRi S0t A LB-RIAMAIGH3V LN the case

where a wafer is used for the second manufacturing process of an SOT substrate without heat

treatment at H&;W?@ﬁ?ﬁg?é?ﬁ’ré’rﬁfﬁféﬂﬁt%é& %ﬂﬁ%& R R Ipesiyasortedirabhieletore, it is

preferable thatgtieiswicd:aX g asvwepnCrBiEAIRN M HIEsHRRI CORM Gl VaiRitiia L adwd 8sdoms/cm3 or
lower to suppress a reduction in the yield of an SOT substrate. 5[0123] As described above, the

initial oxygen C8hBeRYRHeNh STRndhendtrter hryioe |§$r%’f¥$8¥)l§?8wn6?é‘f’é‘raﬁ§|;} 18¥1018
atoms/ci3 omtomstnang fowee; hrefevahhy ik daxill Ot 8katofusAons lighopueity N diie diiet amis single

crystal silicon,wgicr 5 knowt, g b BUIHSY B ISRTdNGAeL VRl DY AN RNIE
concentration ofeTlx Eg P Y
x 10'7 atoms/cm’ or higher.
[Example 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 atmosphere (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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10 atoms/cm3 or lower; however, it is easily broken due to its high purity. In order to use a
semiconductor wafer 20 times or more, the initial oxygen concentration is preferably 1 x 1017
atoms/cm3 or higher. [Example 3] [0124] 15In this example, a treatment time for heat treatment at
high temperature before the manufacturing process of an SOT substrate is described. [0125]
<Experimental Method> (dI) preparation of CZ wafer 20A 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 atmosphere (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 timgirdBefRd) theLg)akaxisatian HeatReOL (feiraakaniabiisdbing IRReken iddder the
same conditions as those of Example 1, heat treatment was performed at 950 C for 3.5 hours under

an 02 gas atn’fé}gbﬂé?écemgﬂlﬁr‘f@%@f%%k%ﬂﬁlg%‘? ebhat LohiaRYsPoxide layer was made to a
thickness of ag@syioxinasatndQQdivisiaa ddakysirogen doping (formation of embrittlement region) With

the use of an ion dOpIQHef“@i%a waie 1alg% %aﬁagshguBSr&ﬁg%r{L%?e%f % ¥9%%%§%&HJ%W was excited,
and the CZ wafer was irradiated wi ﬁy rogén lons'with'an acceleration voltage of at a dose of
2.5 x 1018 iorvedtenvas divided with an LPCVD apparatus under the same conditions as those of
Example 2, so that an SOI substrate was manufactured. The heat treatment was
performed at 200 °C for 2 hours, and then performed at 600 °C for 2 hours.
(d6) laser irradiation treatment (planarization of single crystal silicon layer)
In order to planarize the single crystal silicon layer of the SOI substrate
10  manufactured in step d5, the single crystal silicon layer was irradiated with a laser beam.
A XeCl excimer laser was used for the laser. The laser beam had a wavelength of 308
nm, a pulse width of 25 nanoseconds, and a repetition rate of 30 Hz. Further, while a
N3z 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
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
manuofacturing 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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(d5) heat treatment (division of wafer) After the CZ wafer and a glass substrate were attached to each
other, the CZ 5 wafer was divided with an LPCVD apparatus under the same conditions as those of
Example 2, so that an SOT substrate was manufactured. The heat treatment was performed at 200 C
for 2 hours, and then performed at 600 C for 2 hours. (d6) laser irradiation treatment (planarization of
single crystal silicon layer) In order to planarize the single crystal silicon layer of the SOT substrate 10
manufactured in step d5, the single crystal silicon layer was irradiated with a laser beam. A XeC1
excimer laser was used for the laser. The laser beam had a wavelength of 308 nm, a pulse width of 25
nanoseconds, and a repetition rate of 30 Hz. Further, while a N2 gas (the proportion of the nitrogen is
100 %) was sprayed aisé hegitneiednply,radmiacevifitibgilisar lagarnt ainsor asardeamswas

scanned and the single crystal 15 semiconductoy layer.was irradiated with the laser.beam. (d7)
olishing reat S TleH St SP A araRore o RS AR 0 A 0 i
to that in Exarthelau@bkithé tarihexdiert kppts wasscoanied atl thy weioascilhgonitd bulEsedApurofluoric

acid, and thenpthe, siirigemaungsariheiainalg. sl SHEORIANEF WARSERNAIRINAS RelRhed with 20 a

CMP apparatus. (d8) reuse of wafer hi a manner similar to that in Example 2, the polishing

treatmentand8OMARLIA NG reREsEd foaforymisad ruEnmRe, RIS RS A SMB 8, so that a

plurality of SQin( 8l ralietrave) By tia yatac etitbd s e Kxdnpdfar. HererssiitS4d sBovaiipstrates were
manufacture i ach of W fers on which the heat treatment in step d2 was performed for
2 hours. Six gpcuﬁgs% St?gfeaél t(\{/;?e(;é %ﬁufa&ﬁ?‘é"a %%%?nlél gg%:% éﬁ%‘gan#%aéuwtvﬁv%%lr% S&?Pv\ﬁl)gich the heat
treatment in siep BuwaElGeTR sl fdat8ihsnshahe hkdt SGiTmnb irstesBheresmaad ifdettfed using

three CZ wafags,an Which 18P 8 Al MARLIR A SRA2AS REFOMeR I A GO RPIGH 26

<Evaluation Method 1> Also in this example, a surface of the silicon layer of the SOT substrate
was obstPvedWHHRSSFEBIROS Wit RS copric aotie furhgraneRaBrng eatestdriiiddé) and the number
of luminescenypspefs was counted in the regions 301 to 303 in FIG 5A by the same method as that in
Example 2. The num e o el 2R ' Beample 2, in the case where the mumber of
luminescent spots in one SOI substrate exceeds 1 X 10* under the conditions of this
example, it is considered that a defect occurs in the SOI substrate. It is found from the
15 data in FIG 7A that a wafer can be used 5 times without heat treatment at high
temperature, by performing the heat treatment at high temperature for 2 hours. In
addition, it is found from the data in FIGS. 7A to 7C that the number of times of reuse
of a wafer without heat treatment at high temperature can be increased as the heat
treatment time is increased.
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 ireatment 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 1 hour to 24 hours inclusive.. In
consideration of productivity and an effect of forming a PZ 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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5 regions 301 to 303 was converted to the number of luminescent spots per 107 ram2 (per one SOT
substrate) by the same method as that in Example 2. The results are shown in FIGS. 7A, 7B, and 7C.
FIG. 7A shows data in which the heat treatment time in step d2 is 2 hours, FIG 7B shows data in
which the heat treatment time is 8 hours, and FIG. 7C shows data in which the heat treatment time is
16 hours. Note that the number of 10 luminescent spots was not counted at the fourth manufacturing
process in FIG. 7A. [0127] From the reasons described in Example 2, in the case where the
number of luminescent spots in one SOT substrate exceeds 1 x 104 under the conditions of this
example, it is considered that a defect occurs in the SOT substrate. It is found from the 15 data in FIG
7A that a wafeif carsbe sissddictimedesdtivadtihaks tepaiiplrnt & ighetampleraluksy Zpeiferming the
heat treatmen‘gv gst hei Qltte%lln 1%2:%“‘1’1{% fogl 1:12n hoslf{:% IntgcgﬁggonEg IS f?eugd fr n}the ta \)ns tlr:a{t%;S. 7Ato 7C
that the numbar of BMes of feuse of awaler w&ﬁrout 2at tréatment ’a?thg ?é]mperaﬁure can be
increased as thes hmanufectnednt fleas idaionesiset! high{Oee@praturm eheacrerérifentstby was present
inventors, effeglsSinilpl'q ReERermAlRe PRt degimeRbhs ANk UiAg.aR.RO} substrate
described in Examples 1 to 3 can be obtained by heat treatment under a non-oxidizing atmosphere
which is perfowhist as0g pas b3 Jivlymeanvismeispdustogférgdde heat treatment time is increased, the
number 25 of 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 m&FBetherbifom 1ovenaf fas Sl sRRstrrtecBs RYEMalsh Bri et S 4Rd an effect
of forming a D& yttheHembleentmesirtie be didmiiondaidint s pefetbiat Rasksbierdé hours
inclusive. 30 [Exprmple 4101201 Eftecis f et issimant al igh temperae before e
manufacturing procesg Sfan SOFES Prate are descriedin this exampcie. Inthis exampfe, anew CzZ
wafer wd$ repefaladiyessad nadsrmarmeowired an thelragienE 28?8 oo Gt 3. SOlesuibstrate was
manufactured, Haat Seatmanl _hERISHRE RER: f IO RYelHaS RAHOHAAINR heating

furnace at 1200 C for 2 hours under a mixed atmosphere in 5 which an 02 gas at 3 volume% was
mixed into a NPRjasSCRRt 3pqts PeNkkd TR @%&??a%é]; Sy Gpangariedinbizkd in a
manner similagiantpriin Exampiaiad sivdack gidhe. silicon layer of the SOT substrate was observed
with an opticatgwétijl(ascope (200-fold magnification, a dark-field mode) and the number 10 of
luminescent spots were counted in the regions 301 to 303 in FIG. 5A. Then, the number of
luminesdént spots in e tegiomga@tisaBBEWhs1dmates azinantber nlitirhes of tuamifietaemispots per
107 mm2 (per,oneSQFRURSHRLR & IFRaMS MEthamhas dhaki SramrieArdhesesyls are shown

in FIG 9. [013%L15The horizontal axis in'FIG. 9 indicates the number of times of manufacture of
e 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 treatinent 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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an SOT 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 mm2 (per one SOT substrate). FIG. 9 shows
data of four SOT 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 25100 %) could be obtained. [Example 5] [0133] Effects of
heat treatment at high temperature before the manufacturing process of an SOT substrate are

described in thistexamplperiorhia exampte ca mewv I Gouwwaigidsd maarepsaiatbiplsad {the manner
similar to that in Example 2, so that an SQT sué)?str,ate was manufactured. In this example, heat

treatment at HRGPPRSHIB ARG 8 8o 25130 Face Bratine fuBas8 formed at 1200 C for 16 hours under an
Ar gas atmospii4] (the proportion of the argon is 100 %) in a heating furnace. [0134] Next, the silicon

layer of the SOT subsyale jyas eYalyRIEc @ BRGNS 0. JIALIN FXARIS Ay ipyriace of the
silicon layer of the SOT stubstrate was observed with an optical microscope -fold magnification, a

dark-fieldSmode ket dntRaammeter o unfine sEdhn sibers loser e thePirruhetiase wasodearted303 in FIG.

5A. Then, the DyARIALIIBRACEH RO heeiRaiaers0 LA IR WARGAMMaREdiashe number of
upstr

luminescent spots per 107 mm2 (per one SOT s ate) in the same method as that in 10 Example 2.
The results aref éwstp'@oiso?vﬁﬁ%Tted in the regions 301 to 303 in FIG 5A. Then, the

number of luminescent spots in the regions 301 to 303 was converted to the number of
luminescent spots per 107 mm? (per one SOI substrate) in the same method as that in
10  Example 2. The results are shown in FIG. 10.
[0135]
The horizontal axis in FIG. 10 indicates the number of times of manufacture of
an SOI substrate which corresponds to the number of times of use of a new MCZ wafer.
The vertical axis indicates the number of luminescent spots per 107 mm? {per one 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 SOI 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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The horizontal axis in FIG. 10 indicates the number of times of manufacture of an SOT substrate
which corresponds to the number of times of use of a new MCZ wafer. The vertical axis indicates the
number of luminescent spots per 107 ram2 (per one SOT 15substrate). FIG. 10 shows data of five
SOT substrates. Note that data of only the four SOT substrates is shown at the eleventh time. [0136]
FIG. 10 shows that even when an SOT 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 104 per one SOT 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 SOT
substrate, hegdtsgatment is not necessarily performed every time reprocessing treatment is

performed. [Example 6 5[’9&37 Here, an example of manufacturj SQT substrate in FIG 8 is
described. A manufa&%éhog r%lclgs% 3)%’2??%5*%%‘&‘?’5?@%} | eé?xaa{#%(}g %E] TRttt in Example
1, and a CZ vafestinasphe dths phapseimioaiie cigowafa00The difditnfeliohting setiigoadtdior wafer was
measured to measure crystal defects in the semiconductor 30 wafer. FIG. 11 is a graph showing

lifetime meastirenternt results of the CZ wafer with respect to the number of times of manufacture of an
SOT substrate. [0138heat tréamsémvior hhei. dils herCicatfieent was performed at 1200 C under an

argon gas atmosphe(%éyt‘lge%%g{ttig fo%i}ecgnr or i %,(a)‘ eg@tﬁuht e fgéglvylisne% jmings in this e>_<amp|e.
heat treatment for 2 hOUTS 0N & NEW CZ waler hegﬁj?rea ment tor 8 hours on t%e wafer which has
been used 4 times - hdaettdtmatiniont foxolfs lauths 67 thel<€ ZvidfbrsHeiubes Ifgencased 10 times
[0139] FIG 1][(§Bg\1vs lifetime measurement results of three CZ wafers. Note that
FIG. 11 shows lifetime measurement results of three CZ wafers. Note that
10 data at the first time, the second time, and the eleventh time is not shown. An
apparatus (LTA-1800SP manufactured by Kobelco Research Institute, Inc.) for
measuring a lifetime by a |-PCD method was used for the measurement apparatus. In
addition, the wafers were subjected to treatment with hydrofivoric 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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10 data at the first time, the second time, and the eleventh time is not shown. An apparatus
(LTA-1800SP manufactured by Kobelco Research Institute, Inc.) for measuring a lifetime by a j.t-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 SIDI substrates

manufactureddeffitig: thirentinigadlne: faurigHiganth esontibsnecanddh e telitva e fekehelserved with

an optical migrascope, many It mi e&tl:ent sool;jss.w e o saet%%d ﬁ?r% gt?{é{gt\:}v;nﬁ% f%%gg%: Erlfrl#g%?ra()f

luminescent spoPsmwere U8 O MPRTARE TN L ach BT
semiconductorswhierths maeasthed thediflebme Saltisatuvedrwithrilor #gwalliteame fimcanoemedte (or lower

than a refere%%a@:‘ﬁ?{hﬂ@-%@f@ﬁiﬂ?BLQ@W@&%IQH&%H&&%@?&W@M&%&H% ofie

reprocessing tréatment. In the case where a silicon waferof 5 square inches is used for the bond
substrate’andsBigpasetiinstrasasirracs b nmbfetime whasstdyipiRpTEtionsH RS ARBIAPIARetime of the
silicon 30 wafgyizjpe the bond substrate be 3 microseconds or longer based on the experience of the

present inventors. From the experience of the present jnventors, it has been difficulf to manufacture a
high-quality SOT su b%ﬁ%&%%&.iﬁ;%%% i@gﬁ%%ﬁe E%ngéghlzfﬁiﬁ%uﬁesﬁw‘fﬂ%tﬂrﬁéﬁﬁé%s@onds. Note
that the refereace obBdititos sbedifdsnsugeddiffenmchgel hneresthenlifetimeis depaslingdowith the
hove et e ST 16y L 0 A e B MR 1 1.
approprite. [@‘ingore, evaluating crystal 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.
[Example 7]
15 [0143]
This example shows measurement results of crystal defects in a semiconductor
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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Further, it is found that even when an SOT substrate is manufactured under the same conditions, the
lifetimes are different by 1 microsecond or more depending on wafers in some cases (e.g., see data at
the fifth time and the sixth time in FIG 11). 10 Therefore, evaluating crystal 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. [Example 7] 15[0143] This example shows
measurement results of crystal defects in a semiconductor wafer used for manufacturing an SOT
substrate. The lifetime of the semiconductor wafer was measured in this example as in Example 6.
[0144] 20In this example, an MCZ wafer was used for the semiconductor wafer As the first heat
treatment performed fRane .Mt%% w%feg,dh%at tre mentS wag %egformeld att1 1200 C for 16 hours
under an Ar gas atmosp%earlgpf atlalpr0|olort|or5°ieof e argonis 1 6/63). ﬁé? 3¢ 5?35 §ﬁbwing
measuremenffd 8cfii<t 3§ ifetid wittofapan #a0a/Offade an iatvans pad Gt Hberamirosonfetitnes of
manufacture Qfiath 2Q hettRSHAlS AU B PleferefdS- 12 shows that even when an SOT 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 SOT substrate
for which a reprocessed semiconductor wafer is used. This application is based on Japanese
Patent Application serial no. 2010-014880 filed with Japan Patent Office on January 26, 2010, the
entire contents of which are hereby incorporated by reference. WHAT IS CLAIMED IS. 1.A
method for manufacturing SOT substrates comprising the steps of: a first step of performing first
heat treatment on a first semiconductor wafer using a heating furnace under a non-oxidizing
atmosphere, thereby forming a second semiconductor wafer;
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a second step of forming a first insulating layer on a surface of the second semiconductor wafer; a
third step of forming a first embrittlement region in the second semiconductor wafer by irradiating the
second semiconductor wafer with a first ion; a fourth step of attaching the second semiconductor
wafer to a first base substrate with the first insulating layer interposed therebetween; a fifth step of
performingsagorsiceginreptngent on the second semiconductor wafer, thereby forming a first
semiconductor layer fixed to the first base substrate with the first insulating layer interposed
therebetween and a third semiconductor wafer from which the first semiconductor layer is separated,;
a sixth step of performihgeerieamanataciiioaSed shigtescanwrising tearsiiuctor wafer to planarize

a surface of the Hird sRFFQRAURIARY'AEhdRreRndaraHRor R QU SRITHERP NGRS WRERRed s§ venth
step of formi%%a second insulating Igﬁer on a surface of the fourt semiconuctor wafer; an eighth

step of fdHHIRG HSECR AL EIBIAIE FRIRERAGR At FB0RA 2R8I FEVEiradiating the
fourth semiconduestconwatep wittoansararidsomsul atizg riaythn step sifatachithg teeofolsthnisendieorductor
wafer to g‘&%p’ond base substrate with the second insulating layer interposed therebetween; and

an tenth step of performing third heat treatment on the fourth semiconductor wafer, thereby forming a

second semicorfdttOSIER/aF FXEING IE LENtSTEB SEH R At Ukt FPERRCS TR ReNvSiaA aer
interposed dbietiel efie/seorairgna difibiiesmicdaduicter fwafenfrom which the second semiconductor layer

Is separated, Y&‘]Rﬁeﬂlﬁ&e%ﬁ] Eﬁeos%EBﬁgst%gﬁE‘&q]‘fc%rt(ﬁﬂ%”é fng %%@Pn%&%ﬂﬂﬁi%f e third

heat treatment are lower than ‘a temperature o irst heat treatment, erein an oxygen
concentr&id el 8Ha%\ ¥ e Al YPRTRIDAEGEEBN §afer is lower than an oxygen concentration of the first

semiconductor W, SEpChies R HisaRramHésieRiteResHOfB st aitesiesribsiorreifiuémny heat
e L R B A £ SRS W B g e
manufacioiérepsotheselisttrete snsior thidirgrroconaivatdr, wihesr ionthidnigb the Xii ey eansosioh&axecismprises
rare gas.gengraed:;
a sixth step of performing chemical mechanical polishing on the third semiconductor wafer to
planarize a surface of the third semiconductor wafer, thereby forming a fourth semiconductor wafer;
a seventh step of forming a second insulating layer on a surface of the fourth semiconductor
wafer;
an eighth step of forming a second embrittlement region in the fourth semiconductor wafer by
irradiating the fourth semiconductor wafer with a second ion;
a ninth step of attaching the fourth semiconductor wafer to a second base substrate with the
second insulating layer interposed therebetween; and
an tenth step of performing third 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 semiconductor
layer is separated,
wherein a temperature of the second heat treatment and a temperature of the third heat
treatment are lower than atemperature of the first heat treatment,
wherein an oxygen concentration of the second semiconductor wafer is lower than an oxygen
concentration of the first semiconductor wafer, and

wherein the seventh step is performed after the sixth step without any heat treatment.

2. The method for manufacturing SOI substrates according to claim 1, wherein the first
heat treatment is performed at 1100° C. or higher and 1300° C. or lower.
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4. The method for manufacturing SOT substrates according to claim 1, wherein the non-oxidizing
atmosphere comprises argon. 5. The method for manufacturing SOT substrates according to
claim 1, wherein the first insulating layer is formed under an atmosphere comprising halogen. 6.
The method for manufacturing SOT substrates according to claim 1, wherein an oxygen concentration

of the first semigonductoewefrcds ot xAahLBaat eGSO 3upkieres kecording thhitamethatidermramaiacturing

SOT S“S}&%{Sﬁ a c%rd'hn etooclarilrg% 1|, fLethQSer comprising the step of measuring a crystal defect in the
fourth seMICONAUCIOP Waler Between thearkth step and the seventh step. 8. The method for

manufacturing SOT substrates according to claim 7, wherein the crystal defect is measured by any

one of the group consistiagnedaa infAsaG AN RPSOIRLINS S8 6HeRGAR Yo iR Ml argdighhinteHerence

method, Raman sé%%ctr%sco , a cathode luminescence method, a photoluminescence method, and a
microwavd BrROIBESHIICHAY HBLET Ai¥tod. 9. A method for manufacturing SOT substrates
comprising the steps of: a first step of performing first heat treatment on a first semiconductor

wafer using a firgt heatiig HHUBESH AR AHFHY YoPY LA ARSI AE WHPLRIR Argecond

semiconductor wafer; a second step of forming a first insulating layer on a first surface of the second
semiconditRAGH NFARSE IS Toamerindee BARIMIRG SOt BRebiataeent region in the second

semiconductor wafer by irradiating the second semiconductor wafer with a first ion; a fourth step of

attaching the segond S?H_@i%’éﬂﬂ O RIS &;ﬂg;%%%’%&&ﬁ%ﬁﬁ?&&w% e f&fﬁi%”%“kﬁﬂ&%i@éﬁr
interposed therebetween; ™ a fifth step of performing Second heat treatment on thie secon
semicondfLEsh GrRIRENLEREYR BY LR MiRTheral fPatiddeniwaier Lictot la @#eMX e & tR&dirst base substrate with

the first insulating layer interposed therebetween and a third semiconductor wafer from which the first

semiconductor layer is_separated: a sixth step of performing first chemical mechanical polishing on
the third semico%ductoﬁvszfg%%gdpIgorlrarlmzaé“gasc%ur?gge 0 thgﬁ%@%‘ser%%%ﬁ&gc Or S\f%fgr,qthzlf'gggforming
a fourth semixisimdLbesxepafemneassene attrystelpdeferd imir)f eLbcemitinduttningelay betoren berdade of the
fourth seqigARgHI QL WRfRken. an eighth step of forming a second embrittlement region in the fourth
semiconductor wafer by irradiating the fourth semiconductor wafer with a second ion; a ninth step
of attaching the fourth semiconductor wafer to a second base substrate with the second insulating
layer interposedthereld@teveretiiod for manufacturing SOl substrates according to claim 7, 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.

9. A method for manufacturing SOI substrates comprising the steps of:

a first step of performing first heat treatment on a first semiconductor wafer using a first
heating furnace under a first non-oxidizing atmosphere, thereby forming a second semiconductor
wafer;

a second step of forming afirst insulating layer on afirst surface of the second semiconductor
wafer;

a third step of forming a first embrittlement region in the second semiconductor wafer by
irradiating the second semiconductor wafer with afirst ion;

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

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

separated;
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a tenth step of performing third 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 semiconductor layer
is separated,; an eleventh step of performing second chemical mechanical polishing on the fifth

semiconductor wafgihtewglangsirmmg faee efcthiedifheseamic il stigverletic anebostmriditisiep of
performing foudh egt reaiment o0 (i . semidenguetor WaleL g Aesrond tieating fipace
under a s&cond Hon-oxmallzmg aefmosp ere,S?Wererby orming a SIX??’YSGmIan dctor wa!fcer, wherein a
temperatWéesf the second heat treatment and a temperature of the third heat treatment are lower than

a temperature of tagfiisHRE K HRAMEALARAR AAMBRRLE oh e fREEbr heatJiRAERARbNductdherein

an oxygen ?ﬁoncentration of the second semiconductor wafer is lower than an oxygen concentration of
the first s&fitonductor wafer, and wherein the seventh step is performed after the sixth step without
any heat treatmaméighth sié. of ey meghaostdoraahufhenannegds@ Tnsbe Sbratie sceccmdlicigrioatiby 9,

wherein ti'?%cﬁéﬁh&ﬁ@fﬁﬁﬂﬁ%%@r%%?%&%iﬂ?&%@ﬁ&%m are performed at 1100 C. or higher and
1 .

1300 C. or lower. 1. The method for manufacturing SOT substrates according to claim 9, wherein
the first non-oxi@iZiAY SFAGESHETR e eUEB SMICARHAR NATH QiSSP RESEsHSH S Wk s,
12. The retmodrial amanafect orengsOmesetesiraies according to claim 9, wherein the first non-oxidizing

atmosphere an n -0xidiz| i : or
manufacturing %gélﬁ tﬁ%ﬁ%@?ﬂ%@ﬂﬂ%@ %%@ﬁﬁiﬁgﬁﬁﬁgﬁlﬁﬁ?ﬁ ?é&%%%?‘r%gd under
an atmod|eHEN coFREneisgHeRBdEkor layen ixerhe Hedseentobarramircia M) 8o esemsiradai s cording

to claim 9ayferthereeaphistteinerstan ofimeasitndiderystpbdeincivindnthécucbheesmicondlicesor wafer
between the sixth stegdand the seventh step. 15. The method for manufacturing SOT substrates

accordinglga}(gré?a?ﬁ%aﬁ, Wherein the crystal defect is measured by any one of the group consisting of an
infrared light absorgtRyentpeg e sfope!farnrimtyasechlid hehane cibreneabaniesh oehl iIRANga s gbetrivkbopy, a

cathode WHinGRERRAFS/HSRATaRPROIQMRIBEFIRIAS i RERHRAS RAuCIeYrave photoconductivity
decay method, 16, The methaod for manufacturing SOT substrates according to claim 9, wherein

an oxygeh WEHER TR RO K LP Y e RS WAt dPad AT ARG L Hi Rk Second

heating furnace under a second non-oxidizing atmosphere, thereby forming a sixth semiconductor
wafer,

wherein a temperature of the second heat treatment and a temperature of the third heat
treatment are lower than atemperature of the first heat treatment and a temperature of the fourth heat
treatment,

wherein an oxygen concentration of the second semiconductor wafer is lower than an oxygen

concentration of the first semiconductor wafer, and

wherein the seventh step is performed after the sixth step without any heat treatment.

10. The method for manufacturing SOI substrates according to claim 9, wherein the first
heat treatment and the fourth heat treatment are performed at 1100° C. or higher and 1300° C. or

lower.

11. The method for manufacturing SOI substrates according to claim 9, wherein the first

non-oxidizing atmosphere and the second non-oxidizing atmosphere comprise rare gas.

12. The method for manufacturing SOI substrates according to claim 9, wherein the first

non-oxidizing atmosphere and the second non-oxidizing atmosphere comprise argon.



13. The method for manufacturing SOI substrates according to claim 9, wherein the first

insulating layer is formed under an atmosphere comprising halogen.

14. The method for manufacturing SOI substrates according to claim 9, further
comprising the step of measuring a crystal defect in the fourth semiconductor wafer between the sixth

step and the seventh step.

15. The method for manufacturing SOl 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 photol uminescence method, and a microwave photoconductivity decay method.

16. The method for manufacturing SOI substrates according to clam 9, wherein an

oxygen concentration of the first semiconductor wafer is 2x10"™ atoms/cm? or lower.

45



