METHOD FOR MANUFACTURI NG SEM CONDUCTOR LAYER AND SEM CONDUCTOR DEVI CE
BACKGROUND OF THE INVENTION 5 1. Field of the Invention [0001] The present
invention disclosed in this specification relates to a nethod for

manuf acturing a sem conductor layer. 10 2. Description of the Related Art
[0002] In recent years, a technique for formng a sem conductor el enment
such as a thin filmtransistor (TFT) having a sem conductor film(e.g.,

t he thickness of about several 15 nanometers to several hundreds of
nanoneters) fornmed over a substrate having an insulating surface such as
gl ass has attracted attention. [0003] Thin filmtransistors are wi dely used
in el ectroni c deMEEHODEARIM ANCH ALRBUREN @ SEMLADNDELI TR AYER  and their

devel opnent especially as sy b 5@ﬁﬁ§? fOr i mge di splay devices
has been accel erat ed. [0004¥%$¢§¥%g865 s.'§§8§EXE$§rs that are
manuf actured by thinly cutting an ingot of a single crystal sem conductor,

sem conduct or substrates CﬂAngﬁbbkﬁﬂﬁp$ﬁﬂQﬁ%ﬁﬁ$&ﬁ&(SO) substrat es have

been devel oped, which havea Single cry sem conductor | ayer 25
over an btnsulating |layer and are becom ng wi dely used as substrates for
manuf act uri ng.. ',ﬁo rocessors or the like. [0005] This is because an

i nt egrated &gﬁﬁﬁkﬁtﬁgpﬁﬂlgh SO substrate has attracted attention as a
circuit whi gdoonpduces parasitic capacitance between a drain of a transistor
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manufacturing a semiconductor layer.
10

2. Description of the Related Art

[0002]

In recent years, a technigue for forming a semiconductor element such as a thin

film transistor (TFT) having a semiconductor film (e.g., the thickness of about several
[5 nanometers to scveral hundreds of nanometers) formed over a substrate having an

msulating surface such as glass has attracted attention.

[0003]

Thin film transistors are widely used in electronic devices such as ICs and
electro-optical devices, and their development especially as switching elements for

20 image display devices has been accelerated.
[0004]

Instead of silicon wafers that are manufactured by thinly cufting an ingot of a
single crystal semiconductor, semiconductor substrates called silicon-on-insulator (SOI)
substrates have been developed, which have a thin single crystal semiconductor layer

25  over an insulating layer and are becoming widely used as substrates for manufacturing
microprocessors or the like.
[0005]

This is because an integrated circuit using an SOI subsirate has attracted

attention as a circuit which reduces parasitic capacitance between a drain of a transistor
30  and the substrate, improves performance of a semiconductor integrated circuit, and
reduces power consumption.

[0006]



1 As a nethod for manufacturing an SO substrate, a hydrogen ion

i npl antation separation nethod is known. For exanple, ions of hydrogen or
the like are inplanted to a silicon wafer provided with a silicon oxide
filmon its surface. Accordingly, a mcrobubble |ayer can be forned at a
predeterm ned depth fromthe surface of the 5 silicon wafer. This

m cr obubbl e | ayer serves as a cl eavage plane, and a thin single crystal
silicon layer is bonded to another silicon wafer. Then, the single crystal
silicon layer is separated fromthe cleavage plane by heat treatnent to
forman SO substrate. [0007] In addition, there is an attenpt to form an
SO | ayer over anAl asuitall gmad@acsubgtanad@ sbahatas hadghasien smpahwmade. As an

exanmpl e, a nethod in i.ch a thin single. crystal silicon |ayer .is formed
over o gl asSICUDGE PASA Raiet oo R S Oh kB e B ket AETE known
(see Referentce sllicod apanaseifidblitis B]Qﬂidaat&me APPb ﬁﬁ%tﬁx@&e.mcco&ﬁﬁlﬁ%&7 606) .
15 SUMVARY CF T. ENTI 000 However, in t case ere a_large
display is le?l‘ﬁQ@blfs'\%ﬁ@' %ﬁ%&‘”@?ﬁgét Fatfféieter%v%d*ewﬁ fEn it SYrRse LAt i on
separati on gkhodaRkr thes hidehubbReapdZ28ne{ afla YASHe MRS hidh @nigrs@atd ¥
exceeds the size of a silicon wafer; therefore, the entire surface of the

20 gl ass suBSFRhHECBRARITHIS t}?.éd‘_%fwéfl@hefvﬁﬂf%n Srreersi Theaoe waggcrysahego That
i's, when a $iyBgk ‘é‘elﬁl‘a)’ci%itf?dm HelclcaPke L BVE by hféalt beseg QYSh A Wiassuanbstrate

for manufacfuring a | arge display, one silicon wafer is insufficient, and
a pluralityl@7kilicon wafers is needed. 25 [0010] For exanple, when

rectangul ar waf erg wWaieh @lge 209, M@ de f 20y I gng ang@Lgcut off
froma wafer with a N of 300 nmare a rgﬁge Svgg)ggg?ass §ﬁ%s€r$tg§ whi ch
is 600 APn wildeatanech7eor glass Jubsitpte. nidseanerfiepls, amecthrslededhitip a Beingingtched.
[0011] 30 £ AW . A.plural ity of. silli swaf.er s, s
avtached Lo 1°g) aaen Spd Pafe! AT B8 e ™ Qoo P LRGNl

separ at ed f netiodnisekdpmint {deenieftrehaey ér Jayanese Published Patent Application No.

2004-87606).

15 SUMMARY OF THE INVENTION
[0008]

However, in the case where a large display is formed using an SOI substrate
formed by an ion implantation separation method or the like, the size of a glass
substrate greatly exceeds the size of a silicon wafer; therefore, the entire surface of the

20 glass substrate cannot be covered with one silicon wafer.
[0009]

That 1s, when a single crystal silicon layer is formed over a glass substrate for
manufacturing a large display, one silicon wafer is insufficient, and a plurality of silicon
wafers is needed.

25 [0010]

For example, when rectangular wafers which are 200 mm wide and 200 mm
long and arc cut off from a wafer with a ¢ of 300 mm are arranged over a glass substrate
whicl is 600 mm wide and 720 mm long, nine wafers are needed to be attached.

100117
30 As described above, when a plurality of sificon wafers is attached to a glass
substrate having a large area, a silicon wafer separated from an embriitlement layer by

heat ireatrnent might casily move over an air layer formed between separation planes.



heat treatnment m ght easily nove over an air |ayer fornmed between
separation planes. 2 Therefore, when tiny anount of force or mnute
distortion of the glass substrate is generated, the silicon wafer m ght
nove outside a single crystal silicon layer formed over the glass
substrate or m ght be detached fromthe gl ass substrate. [0012] 5 If the
silicon wafer separated noves in this way, the single crystal silicon |ayer
formed over the glass substrate m ght be danaged. In addition, when the
glass substrate and the silicon wafer are collected by carrier devices
after heat treatnent, there arise problens in that the collection is

di fficult orfhtkért, kien {i @QO&Q@mnkﬁiIhmsn1ﬁmh@nﬁamﬁbmnﬁhhdgmaimﬁﬁmmeanductor
substrat es eachttg%ingl ri.ttl ement éﬁyer al so referr as, a
"separ at i on SF&JEF) S R ES P VE APGE® StipBe PR SWaEY e M quart z
cover is putbvarhd fiesssemierrRduiiiobe gethdlcd abeshaihachiegateA depressed portion
is formed og{ﬂ zurface of the quartz cover which is in contact with the
sem conduct 61''&{ibstrates or close to the sem conductor substrates so as to

house the 15 seni gandigdonfvasiReFAtEsovaEhe 1M €, afc 4l Q@Qélaa&@m@wtl on of
t he cover de from quartz is slig htI% |l arger than that of the
A

sem conduct W“?GU§F¥é@%gmﬁbﬁmﬁRﬁﬁﬁP§ht dapaged ade adHidirs Wﬁ@léﬁéémﬁf t he

sem conduct @fbs&HRShd Bt 8ilicsn ARRHL ¢ %gmfekcd b? chilr @Jv?@s Pierthlf nrcHERLE SRR
portion, there n1ﬁht arise a emin di fference betweén

coef fi ci ent arigfpre @Fhﬁﬁmﬁﬂﬁéﬁgﬂéﬁn6ﬂh§@ﬁﬁébﬁdM&Qor of the sem conduct or
substrate apgghat of 20 quartz at the time of heating is caused and thus
ei ther the senlconductor or the quartz is broken, or the like. As

descri bé® above, hiwerreist @fpmﬁ@bseﬁiG@ﬂd@@@@ﬁwsawgu@®ieﬁwbebam@ﬁeﬁlby heat

treat ”e.”t C%ﬁb@t%m%bmpir fe?s(tggo 1%1%19%‘5%0 Iélgt €« %@ atlon 13% (} cQ ath\@wSrtalzﬁlaliIS(ad for

t he sem conduct or subs uct or use i s not
limted to snmbﬂmgSMhna@ﬂdmmuonomesmmshﬂahanwnmhmdnn@mugexmnmh@h1@r a
substrate |chud| er.na

epresse 1L10 C(z(r)] ¢, nh e be xuwshe1gl i orﬁ% mtﬂl &S
substrate is narn ¥ U e é?‘ LABEHEr B §ﬁﬂ 15°4t U R SN Hﬁﬁed to.
Any subst r ateenicaylulier udethi@Sod Of@ @BShe terdiasnd@tior Rsidirattd Bgadrat Bhusalthe such as
a quart 5 semiconductor substrates. The area of the depressed portion of the cover made from
quariz is slightly larger than that of the semiconductor subsirate. For example, in the
case where the arca of the semiconductor substrate is about equal to the arca of the
depressed portion, there might arise a problem in that a difference between coefficient
of thermal expansion of semiconductor of the semiconductor substrate and that of
20 quartz at the time of heating s caused and thus cither the semiconductor or the quartz is

broken, or the like. As described above, movement of the semiconductor substrate

separated by heat freatment can be suppressed.

[0014]

Note that a silicon wafer is used for the semiconductor subsirate; however, a

25 semiconductor used here is not limited to silicon, In addition, a substrate including

germanium or a substrate including silicon and germanium may be used.

[0015]

A glass substrate is mainly used as a supporiing substrate, but is not limited to.

Any subsirate may be used as long as it has an insulating material, such as a quartz
30 substrate or a sapphire substrate. Alternatively, a conductive substirate such as a

stainless steel substrate or a semiconductor substrate a surface of which is covered with

an insuiating film may be used.



30 substrate or a sapphire substrate. Alternatively, a conductive substrate
such as a stainless steel substrate or a sem conductor substrate a surface
of which is covered with an insulating filmnay be used. 3 [0016] One
enbodi nent of the present invention relates to a nmethod for rmanufacturing
a sem conductor layer, including the steps of. irradiating a plurality of
sem conduct or substrates with ions to formenbrittlenent |ayers in the
plurality of 5 sem conductor substrates; form ng bonding | ayers on
respective surfaces of the plurality of sem conductor substrates; placing,
over a supporting substrate, the surfaces of the plurality of

senmi conduct 81°18libst rat es on whi ch the bonding |ayers are forned; placing a

cover including dgpsegsed; ratbmﬁewplie%thw&ﬁiohh@emwn@l It ¥n@fod for

sem conductor substrates over the plurality of sem conductor substrates;
and heat i ngnwhelfagibiingp iserpicondus@r dayei, denhetling e sspbsf rigpdatingouserlivhot he
depressed POLLELANGBE G EOSH oAITh Fah EEbIAGRAMEORIUR! hukiBySr s T xed
to the supporting substrate, and regions separated fromthe plurality of
seni condfict esmisubletioasubstradso frgmiigtionding lapdsontresperiwasuifagyeeishe plogdin] Wien a

single crystal. sem.qn QL [ or I - plunal ity Qf <Silicon
15 wafers obgﬁenzlg@dgé{gldg&%g{t?sa ea‘,%mﬁb\%/‘égrlfean{[ﬁg?lfuég Imllk%gﬁgcvg egﬁl}sd{écgﬁ)gﬁgét ed can
be suppr essebiralityThieredonéyctdrisebsiareg be whichshabondagilgyemdue fomed;apfemezan be

prevented from bei,ng damaged. % 018] ,Thu it.is possible to determ ne the
Posi t1on of CORE G TebrRarEr APCar “diphrarrot PRETE: dceoRrERbi L on
waf er i s easibsyateobleechepluahids of snst@ninact hypsiaacs; 200 aedtiopabd plucdity dler
devi ce. @ccgrdi ngl y, a. manufacturin yaratus .of a single c kaér%
sem condict oPFaSafer F iR il e SpRP e 485 dinra S e
processi ng sditdddiptoniayt®WxeDEL the Gagpobithgl abBdtiaZg dnd BRIDEF séYabidd FIh @ OF THE
DRAW NGS 25 [_gOl%] FIGS, IAto IC %re cro s-g&)c,ti_eonal1 views illustrating a
met hod for PHENGE ACCTHCRYLT suRiRGhaaeg BHD figyapntiemes ysst o 2D are
cross-secti@oab) views illustrating a method for
When a single crystal semiconductor layer is formed from a plurality of silicon
15 wafers over a glass substrate, movement of silicon wafers separated can be suppressed.
Therefore, the single crystal semiconductor layer can be prevented from being damaged.
[0018]
Thus, it is possible to determine the position of the silicon wafer afier
separation; therefore, the silicon wafer is casily collected and transferred by an
20  automatic carrier device. Accordingly, a manufacturing apparatus of a single crystal
semiconductor layer, which has a simpler apparatus structure and high processing

ability at low cost, can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS
25 [0019]
FIGS. 1A to 1C are cross-sectional views illustrating a method for
manufacturing a semiconductor layer.
FIGS. 2A to 2D are cross-sectional views iHustrating a method for
manufacturing a semiconductor layer.
30 FIGS. 3A to 3C are cross-scctional views illustrating a method for
manufacturing a sentconductor layer.

FIGS. 4A and 4B are perspective views iflustrating a method for manufacturing



manuf acturi ng a sem conductor layer. 30 FIGS. 3A to 3C are cross-sectional
views illustrating a nmethod for manufacturing a sem conductor |ayer. FIGS.
4A and 4B are perspective views illustrating a method for manufacturing 4
a sem conductor layer. FIGS. 5A and 513 are perspective views illustrating
a nethod for manufacturing a sem conductor layer. FIGS. 6A to 6C are
cross-sectional views illustrating a nmethod for 5 manufacturing a

sem conductor layer. FIGS. 7A to 7C are cross-sectional views illustrating
a method for manufacturing a sem conductor |ayer. DETAILED DESCRI PTI ON OF
THE I NVENTION 10 [ 002 Hereinafter, the present invention will be fully
descri bed by SEEYOYRCOB B ment s with reference to the acconpanyi ng

drawi ngs. Howeverpidshea RRESEALe pekPYaRE VORsGRAR IR MREESE R athniathril
di fferent nodes, and various changes and nodifications for the no es and

details the@é%W“@Wﬁmebyﬁpparent to those skilled in the 15 art unless such

changes and nodi figat i gosdeRard. f&omeh@nsPividds anduseaPre Qhethdie foPr esent
i nvention. Therefore, the present invention should not be interpreted as

being | pni feavieiuipea saricadedpilBedt in the embodi ments described bel ow.
Note that identicalg. pp}{tfoon]@ Qe pc95§s LAB ARG, tih%11§ f%&ﬁddorl@x in the

drawi ngs are denoted by the sane reference nunerals and detail
descri pti onsrantiaetents aseigmidagterday20 [ 0021] Note that in this
specification, a sem conductor device neans a device including a circuit
havi ng a sem conductor elenent (e.g., transistor or diode). Further, the
sem conduct or devi ce MEYERAIEEDNREFCRNPEIGNdEVTIdR INMENTE@N functi on by using
senlcoanctg{ gﬂaraoteristics. 25 [0022] (Enbodinent 1) This enbodi nment
will be described with reference to FIGS. |Ato IC, FIGS.

Hereinafier, the present invention will be fully described by way of

embodiments with reference to the accompanying drawings. However, the present
Invention can be implemented with many different modes, and various changes and
modifications for the modes and details thereof will be apparent to those skilled in the

15 art unless such changes and modifications depart from the spirit and scope of the
present invention. Therefore, the present invention should not be interpreted as being
limited to what is described in the embodiments described below. Note that identical
portions or portions having the same functions in the drawings are denoted by the same
reference numerals and detailed descriptions thereof are omitied.

20 [0021]

Note that in this specification, a semiconductor device means a device
including a circuit having a semiconductor clement (e.g., transistor or diode). Further,
the semiconductor device may also mean every device that can function by using
semiconductor characteristics.

25 [0022]
(Embodiment 1)
This embodiment will be described with reference to FIGS. 1A (o 1C, FIGS.
2Ato 2D, FIGS. 3A to 3C, and FIGS. 7A to 7C.
{0023]
30 First, a plurality of semiconductor substrates 102 is formed on an insulating
Csurface 109, In this embodiment, a semiconductor substrate 102a and a semiconductor

substrate 102b are formed on the insulating surface 109 (see FIG. 2A). In this



2A to 2D, FIGS. 3Ato 3C, and FIGS. 7A to 7C. [0023] 30 First, a plurality
of sem conduct or substrates 102 is forned on an insulating surface 109. In
this enbodi ment, a seni conductor substrate 102a and a sem conduct or
substrate 102b are forned on the insulating surface 109 (see FIG 2A). In
this 5 enbodinment, a silicon wafer is used as the sem conductor substrates
102; however, a sem conductor used here is not limted to silicon. A
substrate including germaniumor a substrate including silicon and
germani um may be used. The insulating surface 109 may be a surface of an
insulating substrate or a surface of a sem conductor substrate 5 covered

wi th an i ns@mhedingns p|siticer waferghderst svibe seamsdattar sveried 1 W tRwaye: @

i nsul ating s&hicmdu[:gpgs%hi d& B6: sl @kt S%%m&@m%&g%%ﬁmﬁ g My be

used as long as it Is forne using an insulating material, such as a gl ass
substrate, a sgudrtZnguling pificw andrgcanadEpp hiay de us@l. s Ubs tirsaiaging Mﬂ’a%k%f)npl e. In

addi ti on, %aderg gﬁﬁxc %fg% nﬁHIQt?IR% ﬁfb@txﬁ{a of Q%u{fﬁcléeofrm%xrp%nki?&% Ju‘BEua'i

conductlve substrate. t her Icon substrate or e used
for the Ssempcowdwichen isazulbsm:g dtbe. or/a sirdgttes<| sahgratef ¢dviamedrwigh st a@kla@nig silicon
oxide, siligon nitride, silicon oxynitride, or the like can be used for

t he |nsulat|ng filmto be forned on the top surface of the conductive
substrate of0(ZWEe sem conductor substrate. Such an insulating 15 filmcan

be f db v tt th t ect fil
1078 and a pr ot sotl 6 TITHAE 6T Ry Be Pt o er Ehe uan L ittty

substrates ﬁﬁﬁ@aﬁhﬁu&ﬂﬁpnm%ﬂﬂpﬁ&hmvahymmIMﬁnmbOi@Qﬁhw&hﬁmkn&ziﬁ@ﬁn&nd 107b
are not ﬁece sarily for d bua he pro%ectlv L%%Lns 1 721and 07b(9re

pref er ab SPYPrBECBEE s 4P FRUTHH SOURR PO S| TRRTER AT B dUE A DR

semi conduct Qr 1l tsdmalm‘afegulﬂ.ﬁaa anghthed Q20ichd amsRet aghe ORd AR badsed fdryhan
inpurity such as netal and t he s%rface? of theg from hei ng damaged by

i npacts’ of PFHEUIHEPOIOPENG i‘hsiBSlF4bEr Ninoer 4 SHad SLPEhoste s 1HiRch an

enbrittl emegticdraysehitdd3ar ABUKAParefALskd foh @EBRuldtRY &lm 10 BOfohed omaesh [ 0026]

25 The protective filnms 107a and 107b can be a single- Icyer filmor a
mul ti-1ayer surface of the conductive subsirate or the semiconductor substl ate.  Such an insulating

15 film can be formed by a CVD method or a sputtering method.
[0025]

A protective film 107a and a protective film 107b may be formed over the
semiconductor substrates 102a and 102b, respectively. The protective films 107a and
107b are not necessarily formed, but the protective {ilms 107a and 107b are preferably

20  formed because the protective films can prevent the semiconductor substrates 102a and
102b from being contaminated by an impurity such as metal and the surfaces of these
from being damaged by impacts of irradiation ions in a later ion irradiation step by
which an embrittlement layer 103a and an embrittlement layer 103b are formed.

[0026]

25 The protective films 107a and 107b can be a single-layer film or a multi-layer
film formed by depositing an insulating material such as a silicon oxide film, a silicon
nitride film, a silicon nitride oxide film, or a silicon oxynitride film by a CVD method
or the like. Alternatively, the protective films can be formed by thermal oxidation of
each surface of the semiconductor substrates 102a and 102b.

30 [0027)

Note that in this specification, oxynitride is a substance that contains more

oxygen than nitrogen, and nitride oxide is 2 substance that contains more nitrogen than



filmfornmed by depositing an insulating material such as a silicon oxide
film a silicon nitride film a silicon nitride oxide film or a silicon
oxynitride filmby a CVD nethod or the like. Alternatively, the protective
films can be formed by thermal oxidation of each surface of the

sem conduct or substrates 102a and 102b. 30 [0027] Note that in this
specification, oxynitride is a substance that contains nore oxygen than
nitrogen, and nitride oxide is a substance that contains nore nitrogen than
6 oxygen. For exanple, silicon oxynitride nmeans a substance that includes
oxygen, nitrogen, _silicon, and hydrogen at concentrations ranging from 55
at % to 65 &EYH | Foragxapypicy Sﬁ@oatoanz% meandot eHb3tngs tud gldled OXYED: oot o 10

. % respegfi, \gs,ll ysmcEwél@%dx oh |l s&ﬁc.giahuﬁsdgr @%&%%%nﬂ?%?%%%bé@@nﬁe t hat

|ncludes oxyge trogen, &eon n at concentrations
rangi ng fromt. %&oﬂo P4, R 530. "/ato % a4, atd 00 tam%BEsa BCt at%po, @5peativdg. thariB&, at . %

d 15 at. % to 25. t th duct o
S Ubstrares Hsa’ Bl oYt SRBRY b fideedmia oot revats HOER TR ang

the enbritt hedegdn 4 ayRegrdidSaraagidy 4030 sar.e bovaed, bMathes 354 95eFaconduct or
substrates 102a and 102b, respectively (see FIG 2C) Note that in this
speC|f|cat|6h35%nﬁﬁéﬁﬁ?#$%ﬁ% fit”0) rgspeetrvelys al so referred to as a
"separation &ﬁgﬁ " [0029] The enbrittlenment |ayers 103a and 103b are
formed inr glo s at a predeterm ned depth of the sem conductor substrates
102a and 102b, reSpécbé waiyoridncton Sibsinsts B2nayd tdtare hedaiadi widnidoet &y

substrates n 0 N el.e ed by
an electric ?leﬂ§%F% é%iq#ﬁéh%hﬁﬁh%ﬁfths ]%%r?? ﬂ@%%‘%gﬁgggﬁs 16%%
103b foﬂﬁedsmmemMmmsmﬁmm@ﬂﬂUEhend$@h$uﬁak53dieﬁaFaaw(mOZprnbsp@&navely,

can be controll by th 0.the | 06 use |rrad|at|on t he
accel er ati ng’Vo dlé éanofen%the Clncl)crl%gla?(ﬁGlS also {é |0rdrS§d| tafa(t)lg]n %aﬁgr e of the ions
106. The enﬁkn@ﬁlenent Iayers 103a and 103b are formed in their respective

09005 % 2, SR MRS PR NIRRT BT, SR B 1ol
The predetermined depth of the semiconductor substrates 102a and 102b, respectively in
15 such a way that the semiconductor substrates 102a and 102b are irradiated with the fons
106 accelerated by an electric field.
{0030]
The depth of the embrittlement layers 103a and 103b formed in the
semiconductor substrates 102a and 102b, respectively, can be controlled by the type of
20 the ions 106 used for irradiation, the accelerating voltage of the ions 106, and the
irradiation angle of the ions 106. The embrittlement fayers 103a and 103b are formed
in their respective regions at a depth which is close (o an average penetration depth of
the ions 106 from the surfaces of the semiconductor substrates 102a and 102b.  The
depth of each of the embrittlement layers 103a and 103b determines the thickness of a
25 semiconductor layer to be transferred to a supporting substrate later. Therefore, the
accelerating voltage and the dose of the ions at the time of irradiation with the ions 106
for forming the embrittlement layers 103a and 103b are adjusted in consideration of the
thickness of the semiconductor layer to be transferred.
[0031]
30 Irradiation with the ions 106 is preferably performed with an ion doping

apparatus. In other words, an ion doping method is preferably used which performs



depth of each of the enbrittlenent |ayers 103a and 103b determ nes the

t hi ckness of a 25 sem conductor |ayer to be transferred to a supporting
substrate |later. Therefore, the accelerating voltage and the dose of the
ions at the tinme of irradiation with the ions 106 for formng the
enbrittlement |ayers 103a and 103b are adjusted in consideration of the

t hi ckness of the sem conductor |ayer to be transferred. [0031] 30
Irradiation with the ions 106 is preferably perforned with an ion doping
apparatus. In other words, an ion doping nethod is preferably used which
perfornms 7 irradiatign mnth pl ural kinds of ions which are generated by
pl asma exci ﬂréf‘cdi”élﬁ“d’f“hapm?éd‘ﬁ‘@é Gasw KB UEC SRIPTaHHS BY SEPER AHTEHOBE g

performed. Liuddizss emhedi BB tmass isepAHAL bARy WetDmhnS 11ege vRvafimane or a
plurality of same atons that have a single mass or ions nmade up of one or

a pl ural i tyisristigheyig ions meRap Rhvee i fPendiy ohesesioarnhs fgse eiedT med.

Preferably, ,f,td @db.Alh QR u%;%f B&J &:9f }Hﬁ@hl | @'111195\&11?%?[1&4@ d@ffm Q1 Eraes Ban
plurality of same atons have different nasses. [0032] As the ions 106,

i ons made ubc ofriomedor Prefopbly, aivpdigtionf isgmnfernagdowih tipeet mads/ e od iobf ¥ ént
masses, Eﬂr&ﬁeo%eﬁg E‘)H%%J?ﬁax%'cﬁﬁ%ﬁ%ﬁll&at' on of a source gas sel ected
r

10 fronlhyd euterium helium o al ogen such as fluorine are
preferably H@é% [0033] I'n the case of irradiation with hydrogen ions, it

is preferable t haAs the 1onsnﬁ)’6 1o’ns 1 adgélgc()) a%pt@glmﬁﬂ?ﬁi?&u&?&%&s nl?dq hd\% t he

hydrogen ions with a high ercen a iciency of the
ion irradi atlifforent ansdbpe wimcn easgeheamd v piesmd etdiitioront arsoade aks eslectss! can be
shorten ittle 103a, and 103h whi or med by

ocal 1y ¢ KAV FREOL RV e Bt e Detb e B BrtgE e PR B Sgkn A a b oh
concentratimo33ja crystal structure is disordered, whereby the crnbrittlenent
| ayers 103a and 103b each have a poro S structure in |chﬁg1cro aoi ds are

formed. [0034] 20 URiFEhet At REOBIBE DY gt 1y rderio8 it g 196862 can be

formed in aioﬁé Thé . 10%“&51ta%@ M Ui 115@1%@@@1'6@3 bl ﬁ?%%xcﬁ:ﬁ’taé@&qlﬁ eparation
and t he sem conducfor substrates a and 102b are irradiated with a

speci fic typeusoffficisecy ohde 1@61_11&;(\151@@1 fan pehingreasgd @nd jtitne of the ion irradiation

15  can be shortened. In the embrittlement fayers 103a and 103b which are formed by
locally irradiating the semiconductor substrate 102 with hydrogen at a high
concentration, a crystal structure is disordered, whereby the embrittlement layers 103a
and 103b each have a porous structure in which microveids are formed.

[0034]

20 Further, the embrittlement layers 103a and 103b can be formed in a similar
manner even if ions are subjected to mass separation and the semiconductor substrates
102a and 102b are irradiated with a specific type of the ions 106.  Also in this case, it
is preferable to use ions with large mass (e.g., Hy" ions) for selective irradiation, which
has a similar effect to the above,

25 {0035]

As the source gas in the ion irradiation step, instead of a hydrogen gas, one or

more kinds of gases selected from a noble gas such as a helium gas or an argon gas, a
halogen gas typified by a fluorine gas or a chlorine gas, and a halogen compound gas

such as a fluorine compound gas (¢.g., BF3) can be used. When helium is used for a

30  source gas, irradiation with the ions 106 with high proportion of He" ions can be

performed without mass separation,



is preferable to use ions with |arge mass (e.g., H3' ions) for selective
irradiation, which has a simlar effect to the above. 25 [00351 As the
source gas in the ion irradiation step, instead of a hydrogen gas, one or
nore ki nds of gases selected froma noble gas such as a heliumgas or an
argon gas, a halogen gas typified by a fluorine gas or a chlorine gas, and
a hal ogen conmpound gas such as a fluorine conpound gas (e.g., BF3) can be
used. When heliumis used for a 30 source gas, irradiation with the ions
106 with high proportion of Hed4 ions can be perfornmed wthout nmass
separation. 8 E0036] Further, irradiation with the ions 106 can be

per f or med n&to3 hly one tinme but also a plurality of tinmes. [0037] 5 A

bondi ng | ayer 108@,:&ed idadiddi NG haysk 1508k 88 Bert@hiBdoOsh1Y bee 8HEhaces of
t he sem conductor substrates 102a and 102b, respectively. Note that in the

case where 2BmePprditeetinye films 107a and 107b forned from an insul ating
filmare fofgmre)on the surfaces of the sem conductor substrates 102a and
102b, respectiveyx, the protective filnms 107a and 107b may be renoved

bef or e aft achnentA bending lareyel 0Saprbe bhminslubet 08k erclform@tion e sibiwes olg | ayer s
may be fornmggd RERLEeGL | i Q7a.. 1978 i t.haut....repmval  of

t he protectivgg%?%%%ﬁﬁbgg%gﬁgg¥%§6&hﬁgﬁ%%%§agﬁ§gdiﬁéﬁ#@hg?@gﬁmfﬁggg
protective flielmsicdtdzdiland0107p! H/é hempvizdn ab hesubtingifity drafemsd 208 and
108b are forhRed. 38] . 1 h. of  t.h i ng.lavers ,108a and 108b,
an | noul at i RaTE 0 Parariponm o SRR hRanT a0 Jeh BYALE o DR

speci fi cal | §iimsal (§r land d@7boxidec feidoned sefpreftarhatzheto a Mgesupheigi dubtae oxi de

o 181 B0 0845208 00 DO BB ST B T e P
silicon soure®vgasi tAnpoxygen Pas oEa bel used ds an expgHmesoulice igas. As
(he, 20, orsengpL et 08 IS B £an,08 SR PUed el el
(CH3) 3Si H), formed.
[0038]
15 As cach of the bonding layers 108a and 108Db, an insulating film formed by
chemical reaction is preferable, and specifically, a silicon oxide film is preferable.
When the silicon oxide film of the bonding layers 108a and 108b are formed by a
chemical vapor deposition (CVD} method, an organosilane gas is preferably used as a
silicon source gas. An oxygen gas can be used as an oxygen source gas. As the
20 organcsilane gas, the following can be employed, such as ethyl silicate
(tetracthoxysilane, TEOS,: Si(OC;Hs)y), trimethylsilane (TMS: (CHs);SiH),
tetramethylsilane  (TMS:  Si(CH;3)4), tetramethylcyclotetrasiloxane  (TMCTS),
octamethylcyclotetrasiloxane {OMCTS}, hexamethyldisitazane (HMDS),
triethoxysilane (SIFH{OC:H;s)3), or trisdimethylaminosilane (SiH(N(CH3)2);).
25 [0039]
Further, the bonding layers 108a and 108b can also be formed of low
temperature oxide (LTO) which is formed at a heating temperature which is lower than
or equal to 500°C and higher than or equal to 200°C by a thermal CVD method. I[n
this case, silane (SiHa), disilane (Si:Hg), or the like can be used as the silicon source gas,
30 and oxygen (Oz), dinitrogen monoxide {N»O), or the like can be used as the oxygen
source gas.

[0040]



tetramethyl silane (TMS: Si (CH3)4), tetranethylcyclotetrasil oxane (TMCTS),
oct anet hyl cycl otetrasi | oxane (OMCTS), hexanet hyl di sil azane (HMDS),
triethoxysilane (Sil-1(0C2H5)3), or trisdinmethylam nosil ane
(STH(N(CH3)2)3). 25 [00391 Further, the bonding |layers 108a and 108b can

al so be fornmed of Iow tenperature oxide (LTO which is forned at a heating
tenperature which is lower than or equal to 500C and hi gher than or equal
to 200C by a thernmal CVD nmethod. In this case, silane (SiH4), disilane

(Si 2H6), or the Iike can be used as the silicon source gas, 30 and oxygen

(02), dinitrogen or .the |ike can

source gas. [004 ﬁ%?&rﬁg Wf"é‘é’é‘gu%?l Si"h%”?éﬁf ’gﬂ(??@fm gﬁﬁgwat es

102a and 103bnddy Mbl@hl(ISBdeme@I ne fbaly@r srelOBagandvd0@b lare shpsame: are
rate 101 (see FIG 2D). In this

arranged over the |arge pporting . n
enbodi nent , S{i§8ct! 105 (e Ao ic B s SBOpd RS Josh e SR IHE R V& U Ehe
nunber of seri GenNdisciadr, ﬁlb‘bl%ﬁ}'b@{tﬁsschﬁcolﬁ@&cld]|sﬂbgtl%d:stI@ﬂdStQhﬁ?chdatﬂQeio5dﬁdWee or
nore seniconductor substrates nmay be used. [0041] The supporting substrate

101 may be HreuBdFateirgdhear T”P?)‘Fﬁ“’érmﬁyri’é?d’ls‘é*tl ng material, such as a gl ass
substrate, gm@uartz substrate, or a sapphire substrate. In addition, a
conductive substrate such as a stainless steel substrate, over which an 10
i nsul ating fil m i gef ypptngraybsiae Jdéamayrbe £ Hebstraly Baned SREUET BFUast r at e

such as a g, chﬁloré\l.;&y?é%r%"}&s%’su@é{%'%o V%‘g&{zwaﬁbbtp Ul @td aghphird @h&s%ra{eorfBEd my

be used. A sin ayer I mor a st |con oxide, sitlicon nitride,
or silicon @d«i}tmnt; ri hedeetiyebabsisée sfdy ag hestainlpssudtent i spptfaid, raveio whiEhf ¥y med on

the top, §Urg ‘ﬁm{?r fil & 1‘68{‘&#‘%# %? us éﬁbs%B;g‘l’ieg-‘,oér)%ﬁ@ﬁ@u&%%&?&&'%c fas a

substrate an i nsulating can nmet hod or 15 a
sputtering sEtdnogbsttate, v mlsvledbmdihlmémmg félmliafgmcghassbesz&@istrz“a:veah: -Biyased as

the large E\P&Qg Eilfi $C] I;)?{;t ,h81 4%}11 ulcc %1 SITI Attt g’}'i!l%ec{{ﬁe(ig)?%]ier at es

102a and 10 are a suppor g sul ate and heat
treat nent i 'B}Slpmirfgoﬁmadq bmkferrm@yow@hmm mjnﬁmagefiﬂsa conductive substrate or the

semiconductor substrate.  Such an insulating film can be formed by a CVD method or
15  a sputtering method. In this embodiment, a large glass substrate is used as the farge
supporting substrate 101.
[0042]
The semiconductor substrates 102a and 102b are aftached to the large
supporting substrate 101 and heat treatment is performed, whereby volume change is
20 generated in the minute voids formed in the embrittlement layers 103a and 103b, and a
crack 1s generated. As a result, separation of the semiconductor substrates 102a and
102b is performed along the embrittlement layers 103a and 103b (see FIG. 3A).
{0043]
By this heat treatment, a thin film semiconductor layer 104a and a thin film
25  semiconductor layer 104b, which are separated from the semiconductor substrates 102a
and 102b respectively, are {ixed to the supporting substrate 101 (see FIG. 3B). In
addition, the bonding layer 108a between the supporting substrate 101 and the
semiconductor substrate 102a, and the bonding layer 108b between the supporting
substrate 101 and the semiconductor substrate 102b are heated by this heat treatment,
30 and covalent bonding with higher bonding force than the hydrogen bonding is formed at
the bonding interface; therefore, the bonding force at the bonding interface can be

ncreased.
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20 generated in the mnute voids fornmed in the enbrittlement |ayers 103a
and 103b, and a crack is generated. As a result, separation of the

sem conductor substrates 102a and 102b is perfornmed al ong the
enbrittlement |ayers 103a and 103b (see FIG 3A). [0043] By this heat
treatnment, a thin filmsem conductor |ayer 104a and a thin film 25

sem conduct or | ayer 104b, which are separated fromthe sem conductor
substrates 102a and 102b respectively, are fixed to the supporting
substrate 101 (see FIG 3B). In addition, the bonding | ayer 108a between

t he supportiqg substrate 101 and the sem conductor substrate 102a, and the
bondi ng Iayé?‘%bSb bet ween the supporting substrate 101 and the

sem conduct or subghfaleg 402802n 658t gdeb¥n tilths NEaAL ald £LARAL o3 Qnand
coval ent bonding with higher bonding force than the hydrogen bonding is

formed at ®HBICHBINERAdGYERt Kip ded;10¢hef dreoremiconfiectoiondtbigest BPe anatl Otthe
bondi ng i nt ?cé\s}};?nﬁiﬁel?%% B8 stdtDGhEREcgib0s B4k 1593/\@51\6%si1yi’%n&%%v9}1a§&5a and a

regi on 105b are separated fromthe sem conductor "l ayers 104a and
104b of fhe layendospetioattom sspdvsitonatanss.-102a and 102b  respectively are in a
state wheretfag;regi ons 105a and 105b can easily nove over an air 5 layer
f or med betmé %eparation pl anes. [0045] As illustrated in FIG 3C, when

t he supporting substliuatacdlDlF1iGs3T,avige thet supporagcubsipfte 1 hieis dagdrdlomdadt or

substrates a and. 10 tiny amoypt of rce. or mnute ~distortion of the
supporting égﬁ@%ﬁ%ﬁ%mcégmf§”§%ﬁgﬁa ea,“ﬁh&@%bﬁmYH%HFEEfﬁﬁbfﬁs1 ﬁ¥%ﬁ 10

nove out si ddistchgonsaimhe eupgugingrsubsayeri0104emeratddnerheety dre ré&a 1 Mbghichbe
ot s b IR 51T 00 0%k MBS DB SiRP %
this way, thersepmiimeupsidd BITs in that there is a possibility that 15 the
seniconductﬂﬁéhﬁygrs 104a and 104b formed over the supporting substrate 101
are damaged; inthat it is difficult to collect the supporting
substrate 101 andwhhethtegtiomns 051068 1@vkepddld Byncagisehicdenceesudfriey heat
treatment, ?'(5]2% atntliel()lﬂi) l1(11(:)0'\“3 in this way, there arise problems in that there is a possibility that
15 the semiconductor layers 104a and 104b formed over the supporting substrate 101 are
damaged, and in that it is difficult to collect the supporting substrate 101 and the regions
105a and 1035h by cairier devices after heat treatment, and the like.
[0047]
Thus, a method in which the regions 105a and 105b separated from the
20 semiconductor substrates 102a and 102b do not move from the semiconductor layers
104a and 104b respectively will be described with reference to FIGS. 1A to 1C and
FIGS. 7A 10 7C.
10048]
First, the structure illustrated in FIG. 2D is obtained. Next, a cover 201
25 formed from quartz is put on the semiconductor substrates 102a and 102b (see FIG. 1A).
[0049]
As the cover 201, quartz is preferably used in terms of heat resistance and
suppression of contamination; however, as long as a material that has no problem in
heat resistance and can take measurcs against contamination is used, quartz is not
30 nccessarily used.  Alternatively, the cover 201 may be formed from quartz and another
material, for example, a metal material having heat resistance.

[0050]
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[0047] Thus, a nmethod in which the regions 105a and 105b separated fromthe
20 sem conductor substrates 102a and 102b do not nove fromthe

sem conductor | ayers 104a and 104b respectively will be described with
reference to FIGS. TAto ICand FIGS. 7Ato 7C. [0048] First, the
structure illustrated in FIG 2D is obtained. Next, a cover 201 25 forned

fromquartz is put on the sem conductor substrates 102a and 102b (see FI G
| A). [0049] As the cover 201, quartz is preferably used in terns of heat
resi stance and suppression of contam nation; however, as long as a
material that has no problemin heat resistance and can take neasures
agai nst cont ani nabip#predhg e 24 Jarne fram gertzdys Hes sssineg, yunpsagon of

Al ternativel¥stahheiGOUsd pid Rk TaYd QQ;‘aEQfa%@! tl_flé'r%}egh'i?grnﬁﬁen@i@(flac@ﬁma(lf‘@fﬁen
material, for exanple, a netaﬂ mat eri al havi ng heat resistance. [0050] 11

However, théiecover202aafapeedeeyer & smiguidpeior whsideat resi stance, suppression
of contaniﬂﬁghaﬂ, and planarity, and is transparent; therefore, alignnent
is facilitated when the cover 201 is arranged over a sem conductor
substraté. [0051]A deprasseibpridesetlapot v idereRoRportm 2@ bdepfoessbin thosavieon 202b
are formed i cQver. . 1 : faces that.,are i wm.th or
close to thgggéﬂﬁggﬁiﬁggbﬁggﬂgg?%g 32Q%gbgaag%ﬁ%f8§i§nggxggﬁ%gﬁ%%%%% t he
sem conduct ¢P2aanddORlatess (& 02escamobseil@bdunaspedtaios éD3a andTheb,aepagivelly. t he
depressed p Lons 202a and .202bh o he er. 201 are.larger. fha hose of
the semt condIer el AT PRPEy P85a° 20 o3 UrgRy Gl vt FReL T ot 5
FIG 1A thefldepsessedcponitsions 1202andiidh202b are one size |arger than the

senicon?&ctﬁﬁ gﬁbstrates 102a and 102b, respectively. Accordingly, the
movenent© of [1'h& semi conduct or substrates 102a and 102b can be m ni mal |y

suppressed and theilweight inofIG he, eevRpreddd peamnbeozusidadnedrdynd dig:

supporting ?alljgbe§ El{agtti?e S]ég‘l}c'o11&1,150141‘088{)58%]&&5 102a and 102b, respectively.  Accordingly, the
movement of the semiconductor substrates 102a and 102b can be minimally suppressed
and the weight of the cover 201 can be sustained by the supporting substrate 10].

15 [0053}

However, the shape of the cover 201 is not limited to the shape illustrated in
FIG. 1A. For example, as illustrated in FIG. 7A, the surfaces opposing the surfaces
where the bonding layers 108a and 108b of the semiconductor substrates 102a and 102b
are formed may be in contact with the cover 201. At this time, the cover 201 is not in

20 contact with the supporting substrate 101, in other words, may be mounted on the
semiconductor substrates 102a and 102b. In this case, since the weight of the cover
201 is applied to the semiconductor substrates 102a and 102b, the semiconductor
substrates 102a and 102b are less likely to move.

[0054]

25 Alternatively, as illustrated in FIG. 7B, the depressed portions 202a and 202b
may have one size larger than the semiconductor substrates 102a and 102b, and part of
the cover 201 may be in contact with the supporting substrate 101.  When the weight
of the cover 201 is applied to the semiconductor substrates 102a and 102b, the
semiconductor substrates 102a and 102b are less likely to move; at the same time, the

30 semiconductor layers 104a and 104b might be damaged. Therefore, the weight of the
cover 201 may be sustained by the supporting substrate 101.

[0055}
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However, the shape of the cover 201 is not limted to the shape illustrated
in FIG 1A For exanple, as illustrated in FIG 7A, the surfaces opposing
the surfaces where the bonding |ayers 108a and 108b of the sem conductor
substrates 102a and 102b are fornmed may be in contact with the cover 201.
At this tine, the cover 201 is not in 20 contact with the supporting
substrate 101, in other words, nmay be nounted on the sem conduct or
substrates 102a and 1021). In this case, since the weight of the cover 201
is applied to the sem conduct or substrates 102a and 102b, the sem conductor
substrates 102a and ébe are |l ess likely nove. [0054] 25 Alter tively,
as illustrated intd! ‘%E13Fﬁgmﬁbﬁﬂ@§§%§mﬁﬁﬂ@?ﬁﬁ@wﬁbﬁébBWHWQ@?ﬁS H@y have

one size | argenodthar higeds eMiRCRANGhIcGURBIF.ake®2d A2 1o i 0Rbgonaad part
of the cover 201 may be in contact with the supporting substrate 101. Wen

the wei ght Y& thheoveioddr apbnart of thpeaviced) it s i pratasbivite SduBRBHNGUBEIH At es
102a and 102y, tA&ordsi, ARNEMECLRucRH RSTHALE B2k A3a 18k L QEDRT oSS, |1 kel y

to nove; at the same tine, the 30 sem conductor |ayers 104a and 104b ni ght
be damagéd aT Fsr @fer éne.t the wieghy ot the covee 20¢ osparbe2@mtapgg yeths ypeitieed by t he
supporting syRgitase 101. [0055] 12 In FIG 7C, the surfaces opposing the
surfaces where the bonding |ayers 108a and 108b are forned, of the

seni conduct 81056Libst rat es 102a and 102b, are in contact with the cover 201,

and part of the r. ont h nt e 101.
Accordi ngly, thquéﬁfgéﬁ%ﬁg%89£§§ %ﬁﬁg%g H&EE&Oguﬁﬁgpgé g&%n?g§§&§ ely to
nove; 5 at gh@uﬂahE1@pnmpmbhemmeogmmimﬁ4¢hmbcm&eanmimeaﬁ&beubU§bdnned by

t he sup substrate 101, ] the step
i 11 ust rgﬁedhﬁ’a%nﬁ %Edsé {0 uﬁenel;ﬁ ngé‘“' et herdrdie o 38! e S"%%%lnud%a?/’ou ds
formed in thésessy i(t?faleﬁffellﬁﬁb lisayefoemdOBananid HA3tidyent IYcRe@bs ag) (@vd a
crack is ge erﬁg g As a result, separation of the sem conductor substrates
102a and 10 * g}forned along the enbrittlenment |ayers 103a and 103b

(see FIG 1[0By7; [ 0057]
By this heat treatment, the thin film semiconductor layers 104a and 104b which
15 are separated from the semiconductor substrates 102a and 102b respectively are fixed to
the supporting substrate 101 (see FIG. 1C). In addition, the bonding layer 108a
between the supporting substrate 101 and the semiconductor substrate 102a, and the
bonding layer 108b betwecen the supporting substrate 101 and the semiconductor
subsirate 102b are heated by this heat treatment, and covalent bonding with higher
20 bonding force than the hydrogen bonding is formed at the bonding interface; therefore,
the bonding force at the bonding interface can be increased.
[0058]
When each arca of the semiconductor substrates 102a and 102b is about equal
to the area of one depressed portion, there is a possibility of causing a problem in that a
25 difference between coefficient of thermal expansion of semiconductor of each of the
semiconductor substrates 102a and 102b and that of quartz of the cover 201 at the time
of heating is caused and thus one of or both the semiconductor and the quartz is/are
broken or the like. Therefore, the arca of one depressed portion is preferably larger
than that of cach of the semiconductor substrates 102a and 102b.  As described above,
30 by heat treatment, movement of the regions 105a and 105b scparated from the
semiconductor substrates 102a and 102b respectively is suppressed.
[0059]
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By this heat treatnent, the thin filmsem conductor |ayers 104a and 104b
which 15 are separated fromthe sem conductor substrates 102a and 102b
respectively are fixed to the supporting substate 101 (see FIG 1C). In
addition, the bonding |ayer 108a between the supporting substrate 101 and
t he sem conductor substrate 102a, and the bonding |ayer 108h between the
supporting substrate 101 and the sem conductor substrate 102b are heated
by this heat treatnent, and coval ent bonding with higher 20 bonding force
t han the hydrogen bonding is formed at the bonding interface; therefore,

t he bonding force at the bonding interface can be increased. [0058 When
each area of the A&RTIHHhHUBIOIMEGHT.aeEacondReior JAYFS eHbg ©IBEbRYer to

the area Of1&&?sﬂﬁﬁhﬁ%sﬁﬁmﬂﬁétM@nﬁo&hﬁﬁﬁmﬁﬁwaopgé§k9k%b&ysQ&W%@HShﬂQ a
problemin that a 25 difference between coéfficient of thermal expansion

of seni condieveresiof segensoepariied Siom GondniceeiuckHy sehstace sar DR @PaFEct02b and
that of quaﬂxtcﬁo&&%fy%e Q&YJS Endf Qs ﬁ&elgtﬁhelﬁ&m&& ﬁ]aﬁqaée'l%%at)ﬁ% used and thus

one of or sem con uctor equartz is/ar en or the like.
Therefor&, {HWé0hrea of one depressed portion is preferably larger than

that of jeach of thguSeml SONCUAL AT aSURSKY AL 83307 r AN, A0RN,An daser | bed

above, 30 by heat {Feat e reglons
separ at ed fﬂmnwmh@ndmmnnmbmmusimmcﬁmhshqa&&msi@ﬁaﬂahﬂbmomb%mesp@aﬁoweIy is

suppr essed. 9]..13 Acc nductor |ayers
can be formd S%%eslrdl(fhd31ly f;é)ﬁcccacggnCE P%“F"'“ﬁ& " méo%? %Tq?lgmfocf“f 7 g‘r}ﬁqce plurality of

sem conduct f068ubstr at es, and novenment of regions separated fromthe
seniconggctﬁé substr Les can be suppressed. Accordingly, the sem conduct or
| ayers 15@8@3% d from bei ng damaged. 5 [0060] Further, it is
possi bl e to[aetierm ne the position of the regions separated fron1 t he

sem conductor subgt s, (herglere, 4he Loplgns sepaiaied,ramine
autonati c ceryd, 8A sdgyice. [0061] 10 (Enmbodi ment 2) [0062]
[0063]
15 First, a plurality of semiconductor substrates 302 each provided with an
embrittlement layer is arranged over a supporting substrate 301 in accordance with
FIGS. 2A to 2D described in Embodiment I. Then, a quartz cover 303 having
depressed portions 304 is prepared (sce FIG. 4A).
[0064]
20 For example, as the supporting substrate 301, a glass substrate which is 600
mm » 720 mm and has a thickness of 0.7 mm is prepared. As the semiconductor
substrates 302, sixteen silicon wafers each of which is 125 mm x 125 mm and has a
thickness of 0.7 mm are prepared. The silicon wafer which is 125 mm x 125 mm can
be formed in such a way that a quadrangular prism which is 125 mm square is cut off
25  from a columnar ingot having a ¢ of 200 mm and then sliced into a predetermined
thickness. Alternatively, the silicon wafer which is 125 mm wide and 125 mm long
can be formed in such a way that a silicon wafer having a @ of 200 mm (a ¢ of 8 inches)
is cut off into a rectangular shape. The surface of the silicon wafer which is obtained
by being sliced is polished and washed in accordance with a know method, and a silicon
30 wafer having a surface without a defect is formed.

[0065]
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Thi s enbodi ment will be described with reference to FIGS. 4A and 4B and
FIGS. 5A and 5B. [0063] 15 First, a plurality of sem conductor substrates
302 each provided with an enbrittlenent |ayer is arranged over a
supporting substrate 301 in accordance with FIGS, 2A to 2D described in
Enbodi ment 1. Then, a quartz cover 303 having depressed portions 304 is
prepared (see FIG 4A). [0064] 20 For exanple, as the supporting substrate
301, a glass substrate which is 600 mmx 720 mm and has a thickness of 0.7
mn is prepared. As the sem conductor substrates 302, sixteen silicon

waf ers each of which is 125 mn x 125 nmmand has a thickness of 0.7 ram
are prepared. TheN&it theonrifes ef tghpiiper wafepgs pypshed1oml glggnednandep ot med in

such a way Enrb’i‘écu@e Gady %ﬂ%bq{vupﬁfcssmi&f@»@ﬁu' S TAE Pr RS G YN 85 IiSinelitioof f 25
froma col urmar ingot having a (p 01J nun and then sliced into a

predet er mi negventhigdkneigeon Mi‘tefefrnlatheml cynﬂam@t@a Vitle o ity syghiaghnda, 125 nm
w de and 12 [ _ : c y fer
Por rﬂx ggéglﬁ}llc%gﬁa%le% n? é)gflta‘lgcc%ﬂq%ﬁ é%ﬁ?t %I]E ?x%&laﬁons 1& GaR i

having a (p o esy into a rectangul ar
shape. The $tls|¢ fraee icwfirrtatii@ti@i blioe@n twatﬁtepqumix:hﬁoxmsambnbnnﬂ@dembwebel'lﬁvgs sliced

i's polished %’?&Q{)@?PS tah e 355D %ed y decf W%mgi, SQ fnla(sﬂ ag%iaétg%%fl%q ﬁaiegl 1&11? ﬁg 30

waf er havi n8l a surface w thou or e
surface of biide Sirh,jacdiconaftede f‘ Bn wastiived nandt olidailed or asndiccmmqynandqﬁim ective

filmis for The prot f or,ned for
preventing Feé’ Qyﬁ)l I(?Stﬂo\/vﬁf él?’e m nﬁﬁve(%rjig ﬁe% ?lm Cﬁngﬁ%l Cgﬁ%y such
as netal, flﬁl’meﬂl’(ﬁ:\/cﬁﬂbm ¢ tHehewr fsw blate sflrcamvb@arnglndmmﬂd)dbmm raedidaof
irradiag)]on Sy qr;:i e5I| e in an ion irradiation process to

subsequ ”Fb“’r RGBTl PAGRUAY | ayer. This protective filmcan be
formed by dgpesjting an insulating material such as a silicon oxi de film

a silicon nitride fl|ri[] a silicon nitrjide oxide film or a sili
oxynitride film MgtateVislHMRodIcor VHE 1 Kerdiggd é’ﬁﬁliafl}m peant 194 IB‘f‘sot ective

filmcan beadcorped @yan ddelcnmala m?@udmﬂegmafuohhﬁnseuqua%@lbﬂmem@l 18§driicon
wafer. In this enbodi nent, an oxid filmis fornmed by thermal
oxi dati on. formed in a region at a predetermined depth from the surface of the silicon wafer. The
15 depth of the region where the embrittlement layer is formed can be controlled by the
accelerating energy of the ion beam and the incidence angle thercof.  The
embrittlement layer is formed in a region at substantially the same depth as average
depth to which the ions enter. The thickness of a thin film single crystal silicon layer
that is separated from the silicon wafer is determined based on the depth of the
20 embrittlement layer formed. The thickness of the single crystal silicon layer that is
separated from the silicon wafer is greater than or equal to 5 nm and less than or equal
to 500 nm, and the preferable range of the thickness is greater than or equal to 10 nm
and less than or equal to 200 nm. The accelerating voltage of ions is adjusted in
consideration of the depth at which ion irradiation is performed.
25 [0067]
A hydrogen gas can be used for a source gas in the ion irradiation step. H,
H,",and Hi" are generated from a hydrogen gas (H> gas). When the hydrogen gas is
used as a source gas, it is preferable that Hs" be the largest number of iens with which
the silicon wafer is irradiated. In the case of the irradiation with Hs* ions, the

30 irradiation efficiency of ions is improved compared to the case of the irradiation with H

or Hy", and the irradiation time can be shortened. In addition, a crack is easily formed
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[ 0066] Next, the columar silicon wafer is irradiated with an i on beam of
ions accelerated by an electric field through the protection film and an
enbrittlement layer is fornmed in a region at a predeterm ned depth from
the surface of the silicon wafer. The 15 depth of the region where the
enbrittlement layer is formed can be controlled by the accelerating energy
of the ion beam and the incidence angle thereof. The enbrittlenent |ayer
is formed in a region at substantially the sane depth as average depth to
which the ions enter. The thickness of a thin filmsingle crystal silicon

| ayer that % ﬁgrated fromthe silicon wafer is determ ned based on the
depth of th& D0 ERBIICMENMHt | ayer formed. The thickness of the single
crystal sili@eg)layer that is separated fromthe silicon wafer is greater
than or equal to 5 nmand | ess than or eciual to 500 nm and the pref erabl e
range of the thi cRfidstiei yigeceat B gltmarsubiiaggonl badirs swhrcande 1844hg han or
equal to 20Q,m offe as&Hl e4at éIBQva\'fP(Jdtlﬂgﬁt Qfiral PRScibshiAdhUSLEd: 1R | Ike

consi deration of the depth at which ion irradiation is perforned 5 [0067]
A hydrogén dhen ¢dan Be alpseenbpigrtc andsibesibeongualel ave bisaghtelpst foraaeh elilrroﬁdﬂst ep.

. W and qiBiagl el af afhlaem @Lt\t@&g{tﬂggﬁsgﬁﬁsta‘_«% G20} bolhiEnafbe
hydrogen gas is used as a source gas refer ?e t hat t he

| ar gest nuniethabthei dars swhstrhtevanil ghe siti¢re wifei @I@rbomﬁfdetp dagh piheradilae éiss I n t he
case of the 0.1 i b Cl of
Cone 16 i mpri AR b Rbh Welfy e @05, LOF, 8l LAEL BHLAR, S b RREY
and the i rranlccaibcmdm atel floengloat tltuebcslldmz,t:etné”dce dod theldiass stub$t:aa3 mdabdxsiﬂisoreasi |y
[ored 35, VAL g, SIBLLLL SRt ) KR EOREEL, Nt s BIRER O 1 e
waf er are wamlaedndby;xam tilitanasder: erecltedind rr:gthagtabmﬁrbmatcthe like. 5 Then,
when t he gl @ggﬁ\zbstrate and the silicon wafer are brought close to each
ot her, Van als force acts on an interface between the glass substrate
and the bondi ng llayeter to govdnhatordtdiingltassh SubtaBhecai@néhroai the gl waf er
are bonded t eacgaot her {}use | ass substrate an il waf er are

sili.co
brought cl o %e BrPegiel 8o U5yiioan va& war@aﬂﬂr%grhwlrﬁ@h@gdﬁﬂée f or med
at the bondidighnifief bareendnd atheoghiass HHOSEIEHE oRN@n 11 LBIfbIRORN the

entire surface of the glass substrate.

[0070]

Note that in order to form a stronger bonding, for example, the surface of the
g¢lass substrate may be subjected to oxygen plasma treatment or ozone treatment, so that
20 the surface can be hydrophilic, or heat ircatment or pressure treatment may be
conducted after the glass substrate and the bonding layer are brought inte close contact.
[0071]
Next, the quartz cover 303 is put on the semiconductor substrates 302 attached
to the supporting substrate 301 (see FIG. 4B). A plurality of depressed portions 304 is
25  formed on the surface of the cover 303 which is in contact with or close to the
semiconductor substrates 302 so as to house the semiconductor substrates 302. The
area of each of the depressed portions is slightly larger than the area of each of the
semiconductor substrates 302, In the case where the area of cach of the semiconductor
substrates 302 is about equal to the area of each of the depressed portions 304 of the
30 cover 303, there is a possibility of causing a problem in that a difference between
coefficient of thermal expansion of semiconductor included in each of the

semiconductor substrates 302 and that of quartz included in the cover 303 at the time of
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10 wafer are attached to each other. The above process is conducted
repeatedly sixteen tinmes, and sixteen silicon wafers are attached to the
gl ass substrate. [0069] In order to prevent a contam nant such as an

al kal i ne conmponent fromthe glass substrate frombeing diffused into the
silicon wafer, an insulating filmwhich blocks the 15 contam nant, for
exanple, a silicon nitride filmincluding oxygen nay be forned on the
entire surface of the glass substrate. [0070] Note that in order to forma
stronger bonding, for exanple, the surface of the glass substrate nay be
subj ected to oxygen plasnma treatnent or ozone treatnent, so that EO t he
surface canPBETByHr Gpd el ciher HEaSUPREEISESUBte HHess gt deast gag Rérbe may be

conduct ed afs&nﬁfcoﬂcﬁ%toghﬁ)%%tm% BloRe2BEE BRe, RARDI B dod R¥BRLRI € brought into
close contact. [O Next, the quartz cover 303 is put on the

senlconductﬁﬁﬁghbstrates 302 attached to the supporting substrate 301 (see
FI G 4B) A pl ur a 11 thxgg]%()@ﬁl%ﬁ ?ﬁg(gl \pﬁiltsle (.lel%a%\,\é Ib%l]dl%g s&ﬂﬁ:%ﬁlgnm{nme

surface of the cover 'S in cont [ose t
sem conddct 025 sulp st usad astllB@éinsonchstot euﬂmalsseB(BZ;lehcsce”mecmndmtowﬁled@wb“sthcr at es

Uhe ar og of SGENCbPOTHE Yol Rortc: bt Ebsd anguvaal: A phe' Bl hnor o

the area of dgasRcOborting mem@%@dman@nhansnbﬁﬁﬂatue}s;Isaﬂauac&n@beﬂﬂaeeqml to the
area of each qf the dePressed portions 304 of the 30 cover 30§0 2?%6 is a
possi bi | ity Vafergsissi Hythis stoBingat ithe Rt ol ‘?1f*lé"r‘é‘ﬁi’é"é9‘iﬁié¥’\‘/\‘ié)é‘ﬁ t6&FTi ci ent
of thermal gyxpansion of sem conductor included in each of the

sem conduct or substrates 302 and that of quartz included in the cover 303
at the #Pmel®f3116 heating is caused and either the supporting substrate

301 or at |east %&toﬁcatlh%atllﬁmlé:g@r‘%%{c ar wiklhsd at$S30308utl &. briglkemsar or the
like, which is not preferabl In this enbodi nen silicon wafers

each havi ngtenpsoatde ngn sk hiaber dfanl@s ermml Xo 010 5andi ’W“les th@bdo%§3 t H&y
sem conduct of fsgbIStII;ea 5 %0 n ﬁi%tléxelf LG taqec G @ 8 ﬁm c%d low 3 thgepr essed
portions 30R{EP{IEARH{TeAM S PREAHE BPEhot $He d&p % of “each t he
depressed pogdiCORSIuR4AhERY BecSHRLE &f dehamul. Toids mnwéu ghihle enibhieidnfthckness
of the ?IS . ?a?zcr:]: in the semiconductor substrate 302, and a crack is generated in the embrittlement
layer. As a result, separation of the semiconductor substrates 302 is performed alon
the embrittlement layer,
[0074]
By this heat treatment, a thin film semiconductor layer separated from the
20 silicon wafer is fixed to the supporting substrate 30f. In addition, the bonding
interface between the supporting substrate 301 and each of the semiconductor substrates
302 is heated by this heat treatment, and covalent bonding with higher bonding force
than the hydrogen bonding is formed at the bonding interface; therefore, the bonding
force at the bonding interface can be increased.
25 [0075]
By the heat treatment, each of the semiconductor substrates 302 1s separated
into two parts such as the semiconductor layer 104a and the region 105a which are
separated from the semiconductor substrate 102a, and as the semiconductor layer 104b
and the region 105b which are separated from the semiconductor substrate 102b
30 described in Embodiment 1. However, because of the cover 303, the semiconductor

substrates 302 which are separated can keep the positions before separation.
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waf er used. In this enbodi nent, the depth of each of the depressed portions
304 is 0.4 mm 10 [0073] Next, heat treatnent is perforned with the cover
303 put on. The heat tenperature can be higher than or equal to 400C and

| ower than 700C. By perform ng heat treatnent in. the tenperature range of
400C or higher and |ower than 700C, volune change is generated in the

m nute voids fornmed in the enbrittlenent 15 | ayer in the sem conductor
substrate 302, and a crack is generated in the enbrittlenent |ayer. As a
result, separation of the sem conductor substrates 302 is perforned al ong

t he enbrittl&qut | ayer. [0074] By this heat treatnent, a thin film

sem conduct &P yer separated fromthe 20 silicon wafer is fixed to the

supporting substrat@r@Rdly, thseadehinibAs: la¥her BRRUHAEG of i ApfAGER KBEYWREN t he
supporting substrate 301 and each of the sem conductor substrates 302 is

heated by t P chehit Pravethene, beaaiaewaad €t ooRatnyg! A tRaKicgmar Bokdi ng
force than{he.MNdbeIencReIdNYedrRsiREMBdoathe F)8oP oMWY REL HOhEd fBGRs
therefore, the bonding force at the bonding interface can be increased. 25
- [0075] By t kenikenducior eabstisin 10&8ch Scet He seaiacdnatietdr hsupgieadeeono2 s
separated Bk WBoPREDLS dRUGRIRS dhfe SEIHEBROMELAN il BYAY AR4Rand, 1 he
regi on 105a mﬁi%h are {%eéaratgd fron?tﬁg]s%nico duct or gﬁbstraﬁgﬂ?OZa, and
as the sem evndace ovridralgere.l 04h and the regi on 105b which are separated
fromthe semigonductor substrate 102b 30 described in Enbodinent 1.

However, because of the cover 303, the sem conductor substrates 302 which
are separ at ed caninkdépiothmmopes sitapors chet,orlgcls epdiffatioimm hat pOOKES. 4A

Accordi ngly sem conductor, | ayer or ﬁﬂp surfage of the supporting
substragg ?6&ﬂggﬁﬁ€8%8f3§%%?gau:%gﬁfgéfnb‘aéﬁﬁggg‘due to nmovenent of
separated p@t78pf the sem conductor substrates 302 (corresponding to the

regi on 105a mﬁthla% gp& t %#1. % %%n?co qqcegqns bftratgml ). hpce t he
separated part of tﬁ@ sé}ﬁ@o dﬁ’c?t o] pgdso@f?ﬁﬁéis fg? KREEHY {%‘aﬁggﬁg. on
bef ore sepabat isoshortidie sypatriie | B 1easiwhyehc gilkleeg tseslidoydidrior substrates 302 are
attached; however, a plurality of covers for one supporting substrate 301 may be
15 formed.
[0079]
In particular, when a large substrate, for example, a large glass substrate, is
used as the supporting substrate 301, there is a possibility that it is difficult to form a
quartz cover having the same size. In addition, when the size of a cover is increased, it
20 1s diflicult to put a cover on a supporting substrate in a state that the semiconductor
substrates 302 attached and the depressed portion formed in the cover are accurately
aligned. Accordingly, when a larger substrate is used, the method illusirated in FIGS.
5A and 5B can be used.
[0080]
25 As illustrated in FIGS. 5A and 5B, one cover is not put on sixteen
semiconductor substrates 302, but one cover is put on four semiconductor subsirates
302; that is, any of a cover 401a, a cover 401b, a cover 401c, and a cover 401d is put on
four semiconductor substrates 302.  Each of the covers 401a, 401b, 401c, and 401d is
provided with depressed portions 402 for the semiconductor substrates 302.
30 [GO81}
Each of the covers 401a, 401b, 401c, and 401d may have a size enough to

house the plurality of semiconductor substrates 302 and may have weight enough not to
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automatic carrier device. [0077] In addition, another shape of cover, which
is different fromthat of FIGS. 4A 10 and 4B, will be described with
reference to FIGS. 5A and 5B. [0078] In FIGS. 4A and 4B, the exanple is
illustrated in which one cover 303 is put on one supporting substrate 301
to which sixteen sem conductor substrates 302 are attached; however, a
plurality of covers for one supporting substrate 301 may be 15 forned.
[0079] In particular, when a |arge substrate, for exanple, a large gl ass
substrate, is wused as the supporting substrate 301, there is a possibility
that it is difficult to forma quartz caover having the same size. In
addition, mﬁ%ﬁmfﬁ%“§ﬂ&€mdP“ﬁﬁﬂédW@P1W§OFHEﬁé%§%H“”WP“@6“¥% difficult to put
a cover (ggpporting substrate in a state that the sem conductor
substrates 02 attached and the depressed portion forned in the cover are
accurately al i gndd desseibest abaygl (e sopven isadavaisied. whper Bicdaies syBRYILng he

met hod il U§ﬁﬂs§‘5t@d301ncdﬁl @uqcﬁAmnéﬁ Gia[ﬁail?esc%ﬁgd 1 808Q sendorBctor

illustrated in 513, one cover is not put on sixteen
senicond@ctéwﬁsmﬁsﬁﬁ%@@sm@@@hmb@ﬂ1®néK@d@é@ﬁnsh$ﬁmn@ded@ﬁm§%ﬁ$%Hﬁdhctor

substrates 307 ¢ @ﬂ[:ssbc? @c@é{i dﬂ% O)ﬁ tﬁ@gﬁﬁlc&%c@r 1 a‘%t 6& Qi Rendy oYer 401

c, and a cover 40 sem conduct o stra es 302. Each of
t he covers 49hadamgrh, 401e and 401d is provided mnth depressed portions
402 for the(iﬁgiconductor substrates 302. 30 [0081] Each of the covers
401a, 401D, , and 401d may have a size enough to house the plurality
of sem conduct or @uﬁ&thaiﬁ$$3@20dﬂdnﬁa@ﬁh@ﬂﬁﬁmeﬁ@h@paﬂmugh&mdﬁnMDMOQS be

[no)\olgg] eag I ld usbgt' i% o g)Z bf nggpgr[aﬂgtg (%t?:gerby ) I%flé pcg%%ttpq?\iﬁéététn%b% ?esstiiOgt e 301.
supporting dsupSMMEkﬁaB@mmm&meb@yuﬁadmnmbvenBQRMQkapaﬁmmsamamandwéwonithe
sem conduct gpparatus structure can be used. Thus, a manufacturing apparatus of a semiconductor
layer which has high processing ability at low cost can be realized.
[0084]
15 (Embodiment 3)

This embodiment will be described with reference to FIGS. 6A to 6C.  Note
that parts like the ones in Embodiment 1 arc denoted by the same reference numerals.
[0085]

In FIG. 6A, the supporting substrate 101 and the quartz cover 201 are placed

20 overa quarlz tray 506. When the size of the supporting substrate 101 is increased, the
supporting substrate 101 easily sags due to its own weight; therefore, the supporting
substrate 101 can be prevented from sagging in transportation or the like.

[0086]

In FIG. 6B, the quartz cover 201 1s placed so as to be in coniact with the quartz

25 tray 506. Thus, the weight of the cover 201 can be applied not onty to the supporting
substrate 101 but also to the tray 506; therefore, the supporting substrate 101 can keep a
flat state.

[6087]

In FIG 6C, the tray 506 is formed so as to cover the cover 201 and the

30  supporting substrate 101,  Thus, positions of the supporting substrate 101, the
semiconductor layers 104a and 104b which are fixed to the supporting substrate 101,

the regions 105a and 105b which are separated from the semiconductor substrates, and
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5 substrates 302 (corresponding to the region 105a for the sem conduct or
substrate 102a) can be suppressed. Accordingly, the sem conductor |ayers
can be prevented from being damaged. [0083] Further, it is possible to
determ ne the position of the part of the sem conductor 10 substrates 302
after separation, whereby the part of the sem conductor substrates 302 is
easily collected and transferred by an automatic carrier device.
Accordingly, a sinpler apparatus structure can be used. Thus, a
manuf act uri ng apparatus of a sem conductor |ayer which has high processing
ability at | ow cost can be realized. [0084] 15 (Enbodinment 3) This

enbodi ment {9 PVHSOHE¥LhT mEois oot bsingrigitelened FIGS. 6A to 6C. Note that
parts like the ones in Enbodinent | are denoted by the sanme reference
numerals. [0085] In FIG 6A, the supporting substrate 101 and the quartz
cover 201 are pl abed appbcasiper isa byepdr 02 dampcss0Batenhe¥pplipiosi seiahf Nehe
supporting S4 1 QL kSTl / . A1 S Ik S| easily
Sags due fo i 1s b aa it e RE P AR arcq REALBERER A SRRt PR BT can bo
prevent el f rbmhssggirdy momorankporcteagicon or the like. [0086] In FIG 6B,
the quartz cover 201 is placed so as to be in contact with the quartz 25
tray 506. Thus, the weight of the cover 201 can he applied not only to the
supporting substrate 101 but also to the tray 506; therefore, the
supporting substrate 101 can keep a flat state. [0087] In FIG 6C, the
tray 506 is forned so as to cover the cover 201 and the 30 supporting
substrate 101. Thus, positions of the supporting substrate 101, the

sem conductor |ayers 104a and 104b which are fixed to the supporting
substrate 101, the regions 105a and 105b which are separated fromthe

sem conductor substrates, and 19 the cover 201 can be prevented from being
m sal i gned. This application is based on Japanese Patent Application serial
No.
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2008-219047 filed with Japan Patent O fice on August 28, 2008, the entire
contents of 5 which are hereby incorporated by reference. 20 WHAT IS
CLAIMED IS: 1. A nethod for manufacturing a sem conductor |ayer, conprising
the steps of. 5 irradiating a plurality of sem conductor substrates with
ions to form enbrittlernent layers in the plurality of sem conduct or
substrates; form ng bonding |ayers on respective surfaces of the plurality
of sem conductor substrates; placing, over a supporting substrate, the
plurality of sem conductor substrates 10 so that the bonding | ayers are

| ocat ed between the supporting substrate and the plurality of
seniconductaYﬂéﬂﬁ%%Fépﬁgplﬁlacing a cover including depressed portions

whi ch house the plurality of sem conductor substrates over the plurality
of sem conductor substrates; and heating the plurality of sem conductor
substrat es housed!i nAtishadelor awgdedcturig: perpiconyciof layprecaaivems the s¥pre net hod
for manufacturing a sem conductor |ayer according to claim1, further
conprising a step of collecting sem conductor layers fixed to the
supportifg subst radetinand pleglions! sepasatiedorf sobatintse witur @bs tip Gfrm

sem conduct Qllﬁbr%@g%%r(t%}ﬁ% 1%&1%2%1%%2 8:{"]\&(8:(%112{Féq@gci&%’[}g&atlﬁlse rnent |ayers. 3. The

nmet hod for manufacturi ayer according to claim1,
wherei n the cover fammig dovéng f tryasd ofir opspgeiaet zurf®Ss 4of The perdiod 60r
nanufacturiagfa sem co tor layer according to claim1, wherein the ions

i *oaﬁlu?tlgr suﬂﬂga eS

are ions selecte om iogen, deuterium helium and hal ogen. 5. The
met hod for manuf aghkting,ngeas sepbeapdulctiate, thapduralag oo sahinghdioloc heistnatds,

wher ei n  each ﬁf*%hg seqjgopdpgﬁoyia&bstraﬁes‘is_ﬁ sih%g n wafer. ﬁ% 6. The
met hod for Walat AR PUM Y S SURIEBHATEEF MayarPoseto ?Wge 16 T An'Y,
wher ei n t heoSupp@htihdig ssbbngick;ate is a gl ass substrate. 21
placing a cover including depressed portions which house the plurality of
semiconductor substrates over the plurality of semiconductor substrates; and
heating the plurality of semiconductor substrates housed in the depressed

15 portions of the cover.

2. The method for manufacturing a semiconductor layer according to claim 1,
further comprising a step of collecting semiconductor layers fixed to the supporting
substrate, and regions separated from the plurality of semiconductor subsirates along

20 with the embrittlement fayers.

3. The method for manufacturing a semiconductor layer according to claim 1,

wherein the cover is a cover formed {rom quartz.

25 4.  The method for manufacturing a semiconductor layer according to claim 1,

wherein the ions are ions selected from hydrogen, deuterium, helium, and halogen.

5. The method for manufacturing a semiconductor layer according to claim 1,
wherein each of the semiconductor substrates is a silicon wafer.
30
6.  The method for manufacturing a semiconductor layer according to claim 1,

wherein the supporting subsirate is a glass substrate.
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7. A nethod for manufacturing a sem conductor device, conprising the steps
of: irradiating a plurality of sem conductor substrates with ions to form
5 enbrittlenment layers in the plurality of sem conductor substrates;

form ng bonding | ayers on respective surfaces of the plurality of

sem conductor substrates; placing, over a supporting substrate, the
plurality of sem conductor substrates so that the bonding | ayers are

| ocat ed between the supporting substrate and the plurality 10 of

sem conductor substrates; placing a cover including depressed portions

whi ch house the plurality of sem conductor substrates over the plurality
of sem conduct or substrates; and heating the plurality of sem conductor
substrates housed’i nAtPahddpr BRI G e BiONSICla HEViehyenpria e e SR met hod
for manufactgring a sem conductor |ayer according to claim?7, further
conprising a step of collecting sem conductor |ayers fixed to the
supporting subst irgdéatingnd plegiionS! segprecadagor rsobstaie pithr gty drm

sem conduct ¢ _ S, Al A TR I epent |layers. 20 9. The
met hod fgr g@ﬁﬁ?@%%%?%ﬁgigﬂ%'nfg%%ggg%ggxgggﬁéﬁ%g%%%?ding to claim 7,
wherei n the cover farging doweingf dayaesd dir orspgetaet zurfd®s  Thethrephodity opfl

manuf acturipg. .a. ggkg Hetor device according to 25 claim7, wherein the
ions are ions selected from hydrogen, deuterium helium and hal ogen. 11.
The net hod for naplfiagtarer ngugosmgiscontdue thorphdelty o sacicardiitng subetrated ai m 7,

e N R e
wher ei n1t heoSuppantiiokg ssbdnatesat e is a gl ass substrate. 22 13, A nethod for
manufacturing a Sglgicigg(;) Q&déjo%gnp rinc'lL%Ynegr dep?e%s dr iagllugrgs :[.vﬂl%hsl;[o%?es the plurality of
semiconductor substrates over the plurality of semiconductor substrates; and
heating the plurality of semiconductor substrates housed in the depressed

portions of the cover.

15
8. The method for manufacturing a semiconductor layer according to claim 7,
further comprising a step of collecting semiconductor layers fixed to the supporting
substrate, and regions separated from the plurality of semiconductor substrates along
with the embrittiement fayers.
20

9. The method for manufacturing a semiconductor device according to claim

7, wherein the cover is a cover formed from quartz.

[0.  The method for manufaciuring a semiconductor device according to
25  claim 7, wherein the ions are ions selected from hydrogen, deuterium, helium, and

halogen.

il.  The method for manufacturing a semiconductor device according to
claim 7, wherein each of the semiconductor substrates is a silicon wafer.
30
12, The method for manufacturing a semiconductor device according to

claim 7, wherein the supporting substrate is a glass substrate.
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of: irradiating a plurality of sem conductor substrates with ions to form
5 enbrittlenent layers in the plurality of sem conductor substrates;

form ng bonding | ayers on respective surfaces of the plurality of

sem conductor substrates; placing, over a supporting substrate, the
plurality of sem conductor substrates so that the bonding |ayers are

| ocat ed between the supporting substrate and the plurality 10 of

sem conductor substrates; placing a cover over the plurality of

sem conductor substrates in order to fix the plurality of sem conductor
substrates over the supporting substrate; and heating the plurality of

sem conduct or substrates housed in the depressed portions of the cover. 15
14. The method for3MAWRIUL! AGnAadE HaCORIUGH Al AXRE, BHPALIAL NG sleps cl al m
13, further comprising a step of collecting sem conductor |ayers fixed to
the supporti®fg substrate, and regions separat ed fromthe plurality of

sem conduct or sub I i fch t t y The
met hod for manuf a?%%d?‘%tﬁ‘g : g‘ﬂglhc)wn ucS:%n(I;)i‘réO] aye!r %‘égfg%ﬁl #étﬂt g{ncgz g)lz(r#l%?&

wher ei n £ he exbuiiciest layecweine 1ﬂm1ahrﬁfd>ffs¢lni|¢wqhvaﬁot zubstlfecs The met hod for

manuf acturing a s r acc i t er |nthe
ions are ions sel Z(mt qgon?#bglﬁq%ﬁ cﬁp(é’%en&l Q%ﬂ%g;\%unﬁ% (é? i @m %gnﬁﬁamg o

The met hod fonicomtwnfoastbaratesy a sem conduct or Iayer accordl ng to cI a| m 13
wherein each of thﬂc%er%v%ogdsg(:to i Sug%atc tll RS o se A uw%l ubst1§tg 18. The
met hod for manuf aét'l R R ad o 1é/cordu (% 13

wher ei n thes‘sﬂmpmbﬂmntgn@ap@’s riatlecalcsl Emvgﬁcasls: @p@cﬁhﬁg@ﬁ@et:aﬁ@an’k&hc Aluummmod for
manuf actlplrl ng a.sem condEt r device, conprising the steps of: irradiating
a plural'fty  bf U AR B s ubst rat es with ions to form enbrittlenent

| ayers in the pluphbingy @bersem genduel@rofSURELAAIES substrates in order to {ix

the plurality of semiconductor substrates over the supporting substrate; and
heating the plurality of semiconductor substrates housed in the depressed

portions of the cover.

15
14.  The method for manufacturing a semiconductor layer according to claim
13, further comprising a step of collecting semiconductor layers fixed to the supporting
substrate, and regions separated {rom the plurality of semiconductor substrates along
with the embrittlement layers.
20

15, The method for manufacturing a semiconductor layer according to claim

13, wherein the cover is a cover formed from quartz.

16.  The method for manufacturing a semiconductor layer according to claim

25 13, wherein the ions are ions selected from hydrogen, deuterium, helium, and halogen.

17. The method for manufacturing a semiconductlor layer according to claim

13, wherein each of the semiconductor substrates is a silicon wafer.

30 18.  The method for manufacturing a semiconductor fayer according to claim

13, wherein the supporting substrate is a glass subsirate.
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5 form ng bonding | ayers on respective surfaces of the plurality of

sem conduct or substrates; placing, over a supporting substrate, the
plurality of sem conductor substrates so that the bonding |ayers are

| ocat ed between the supporting substrate and the plurality of

sem conduct or substrates; 10 placing a cover over the plurality of

sem conduct or substrates in order to fix the plurality of sem conductor
substrates over the supporting substrate; and heating the plurality of
sem conduct or substrates housed in the depressed portions of the cover. 15
20. The net hod for manuf acturing a sem conductor |ayer according to claim
19, further conprildind 1aet§@<é;£olomd%1fquéem ﬁ@%@ﬁ?%ﬁﬁ@@%ﬁ‘- foipEpBsfhiged to
the supportispgs ogubstrate, and regions separated fromthe plurality of
sem conductor substrates along wth the enbrittl enment |ayers. 20 21. The
met hod for manuf adtdfidting a semlisorrfustroeoiaior esvAgwdrdivig s & dpie 19,

wher ei n t he GoVRlenled @y&@meman@% ORI CHRLE &y gubsgﬁes The method for

manuf acturing a sem conduct or” devirce according t claim 19, wherein the
i ons aredions sel éonee fpadingy devsgeron d@meefrnrmrﬁmfh@IS| afy thanaluraBy haf ogen.
23. The net had; .£of, TRE f@ﬁgurlng a sem conductor device according to claim
19, wherein ea%% of 1t Ssemconductor substrates is a silicon wafer. 30 24.
The met hod for namh@@ahumlngmamsemnmbﬂducﬂwnad@h@&ésammomﬂwwgsmmua®$ain119,

wherein the s HRPRE tbon ng Hl?gx% rn%t gcaltesd betvﬂaen%?c ssul;“alg:t))oszhno su sna%c and the plurality

of semiconductor substrates;
10 placing a cover over the plurality of semiconductor substrates in order to {ix
the plurality of semiconductor substrates over the supporling substrate; and
heating the plurality of semiconductor substrates housed in the depressed

portions of the cover.

15 20, The method for manufacturing a semiconductor layer according to claim
19, further comprising a step of collecting semiconductor layers fixed to the supporting
substrate, and regions separated from the plurality of semiconducior substrates along

with the embrittlement layers.

20 21. The method for manufacturing a semiconductor device according to

claim 19, wherein the cover is a cover formed from quartz.
22, The method for manufacturing a semiconductor device according to
claim 19, wherein the ions are ions selected from hydrogen, deuterium, helium, and

25  halogen.

23, The method for manufacturing a semiconductor device according to

claim 19, wherein each of the semiconductor substrates is a silicon wafer.

30 24. The method for manufacturing a semiconductor device according to
g

claim 19, wherein the supporting substrate is a glass substrate.

24



