METHOD FOR REPROCESSI NG SEM CONDUCTOR SUBSTRATE, METHOD FOR MANUFACTURI NG
REPROCESSED SEM CONDUCTOR SUBSTRATE, AND METHOD FOR MANUFACTURI NG SO
SUBSTRATE 5BACKGROUND OF THE I NVENTION 1. Field of the Invention [0001]

The invention to be disclosed relates to a nethod for reprocessing a

sem conductor substrate. In addition, the invention to be disclosed rel ates
to a nethod 10 for manufacturing a reprocessed sem conductor substrate with
the use of the nethod for reprocessing a sen conductor substrate, and

relates to a NP/ %CP’@WE' B [1\8?"56%? i at or)
substrate 2. Descri p{)i c?n of the R§$]gfbe %ﬁt@‘) 0 g*]l‘ ﬁﬂﬂi@%ﬁ ‘years,

i nstead of aMETHODIHQOR MPANEFACTURINGGREPROCHSISED SEMICONDEHETOB (silicon
on insul at or t Srﬁf‘ﬁt@ i lﬂ;\ﬁ i ncsﬁ' ﬁﬂf@; iLicon | ayer
formed on angpﬁgﬁﬁa‘*fﬁ’lg sur f;lllc}gﬁhave een gével ope .§%§h§§grﬁé&1’:ﬂt§‘gri stics of
the thin single crystal silicon layer forned on the insulating surface nake
it possible to conpletely r ISt l\lﬁ din the integrated

Ci rcuitgfrom each ot her. EW@H e%g‘glﬁ&%‘l é&fﬂ eted transistors can
be forned, 1aFisldf tenakeati@r | ntegrated circuit with high added val ues such

as high int@ggﬁti on, high speed driving, and | ow power consunption can be
real i zed. ] As a nethod for manufacturing an SO substrate, a hydrogen

ion inplantati onrk5iiemandke e dREIBRA rdatkawa nldiBd MBI RERBeckOR: a
i npl antation separation nmethod_ i.s a nethod by which a single crystal
si licon | ay@picorsueipt SbREre.| rlﬂP%ﬂ%|ﬂ?edwwg%%>rﬁ?é}lscloée%r%?8éoemm silicon

substrage i nRANMACRHRSh FdkRbssbDin VRGN NBERGERith BRYsAbEhE MRUAALS | S
bonded to anot her substrate (a base substrate) with an insulating |ayer

provi ded bepsessinghesasiienidpcipresibstegiel anf aelatesio & msthod fer pranuactring ason
substrate (ﬁblﬂﬁilﬁgﬂgn%gulaﬁ)\ﬁ%?f)%@{e‘?) is separated along an ion inplantation
ea t

regi on by treat nent. the above hydrogen ion inplantation
separ at i on2n¢shoptionad te@elatedosttr ate in which a single crystal silicon |ayer
IS provi defbog)j]er an insulating substrate such as a gl ass substrate can
15 In recent years, instead of a bulk silicon wafer, integrated circuits using an SOI
(silicon on insulator) substrate that includes a thin single crystal silicon layer formed on
an insulating surface have been developed. The characteristics of the thin single
crystal silicon layer formed on the insulating surface make it possible to completely
separate transistors formed in the integrated circuit from each other. Further, since
20  fully-depleted transistors can be formed, a semiconductor integrated circuit with high
added values such as high integration, high speed driving, and low power consumption
can be realized.
[0003]
As a method for manufacturing an SOI substrate, a hydrogen ion implantation
25  separation method is known. The hydrogen ion implantation separation method is a
method by which a single crystal silicon layer is obtained in the following manner: a
single crystal silicon substrate (a bond substrate) into which hydrogen ions are
implanted is bonded to another substrate (a base substrate) with an insulating layer
provided between the substrates, and then the single crystal silicon substrate (the bond
30  substrate) is separated along an ion implantation region by heat treatment. With the
above hydrogen ion implantation separation method, an SOI substrate in which a single

crystal silicon layer is provided over an insulating substrate such as a glass substrate can



be manufactured (see Patent Docunent 1 as an exanple). [Reference] [Patent
Docunent] [0004] 5 [Patent Docunent 1] Japanese Published Patent
Application No. 2004-87606 SUMVARY OF THE | NVENTI ON [ 0005] When a hydrogen
ion inplantation separation nmethod is enployed as a nethod 10 for

manuf acturing an SO substrate, a plurality of SO substrates can be

manuf actured from one bond substrate; therefore, there is an advantage that
cost for the bond substrate in manufacturing an SO substrate can be

reduced. This is ond substrate fromwhich a single
crystal si FT’Eﬁﬂ“ff“g'%&Esﬁ%gat\é\{gzé}cg'gﬁlgqaﬁsélﬂ SR ected to reprocessing

treat ment, [Réferent®pd bond substrate can be reused for manufacturing another
15S0 subs rate !’}00@2I Here, a peripheral portion of the bond
substrate “690 ed for the above hydrogen ion inplantation separation

nmet hod, hagpogar egi on called an edge roll off (E R 0.) that is caused by
chem cal nechanical polishi négfnlg treatnent in 20 manuf acturing step of
t he SO 5 substgnhPecumsst §l Japayie qb&lsffeSrPﬁ%twmﬁatmFé‘aa@o‘tﬁ?@ﬁe bond substrate
is polished with a polishing cloth. The edge roll off region of the bond
substrate has a curved surface and a thickness smaller than that in a

central region of the bond S{MMARY OF THHOBYYENEMMEN an SO substrate is

manuf acturﬁﬁ) Ez the ion inplantation separation nethod, a bond substrate
and ‘a base substrate are bonded to each other by a nechani sm of
i nt ermol ecul ar fWherea bydroges iamimpdantatipa aépardtion orethodliveraployad assumdthles t o be

o R BSOS TMACE 801 LBAE o el o e
of f region ﬁmdme:me bbinbsubsirdta ¢leerefore, there is an advantage that cost for the bond substrate
in manufacturing an SOI substrate can be reduced. This is because, when the bond
substrate from which a single crystal silicon layer has been separated is subjected to
reprocessing treatment, the used bond substrate can be reused for manufacturing another

15  SOI substrate.

[0006]

"~ Here, a peripheral portion of the bond substrate, which is used for the above
hydrogen ion implantation separation method, has a region called an edge roll off (E. R.
Q.) that is caused by chemical mechanical polishing (CMP) freatment in a

20  manufacturing step of the SOI substrate. This region is formed when an edge of the
bond substrate is polished with a polishing cloth. The edge roll off region of the bond
substrate has a curved surface and a thickness smaller than that in a central region of the
bond substrate.

[0007]

25 When an SOI substrate is manufactured by the ion implantation separation
method, a bond substrate and a base substrate are bonded to each other by a mechanism
of intermolecular force or the Van der Waals force; therefore, surfaces to be bonded
need to have a predetermined degree of planarity. It is natural that the bond substrate
and the base substrate be not bonded in the edge roll off region where the surface

30 planarity is not secured.

[0008]

Thus, in the bond substrate from which the single crystal silicon layer has been



30planarity is not secured. [0008] Thus, in the bond substrate from which
the single crystal silicon |ayer has been separated, a single crystal
silicon layer region and an insulating |layer remain as a projection in the
peri pheral portion of the sem conductor substrate including the above edge
roll off region. This projection becones a problemin a stage of
reprocessing treatnent of the bond substrate. The difference in height

bet ween t he projection and 5 the other region (a regi on where the bonding

is perforned p perJ i s nL about seyera hun wever,

in order tst?p?r v S %i? e%¥?°8n 2YST ISEOR AR %ng“lgtgn émr% {noﬁs %io

treat ment ;ﬁaj@ctﬁcﬂnh Qh‘ee§e$1phérel fotich siihs 'sdnatmdastoasuhamd: 1domrlnhg$hd:)d:towat e, the
substrate has to e rem)v,(gbg Bart .0of _.the subst Iate. v\/rL,il %th s a t.hi ckness of
about 10 rf%eR r?lhé? {TRgIERkneHYS Brojestion Bromes a pablem i a.Sipee of ISPIORTSHNS i n ¢ hat

the nunberyQimdf o?kHEﬂﬁ)n@fsuEsﬁBfeOC?ﬁéﬂlﬂEreﬁMmuﬁgw b&ﬂaeexbmaqar@edmhraaﬂe cannot
be sufficiently secured. [O In_vie f t he Eqﬁove I em one

obj ect of % ofigpaeBionfa reeon Wéeraltgf‘cbe%%g b Bqlpfcﬁ’e ‘?“i cation is

to provi deeg.dBhaaRd SHhdniite Pswdver iP&aestho ngn@e&m@gamwommhgt rate.
Anot her obj ect of an embodi nent of the present invention is 15t

nmanuf act uribe surfasp throughs GMPSW% @ué ravocsEhibe bard syst¥e pha ngyd IIS’Pd t he

method sui faQl & ftl%suf)&ﬁ{e b BBy b@ats WhRdhHal § thicknkdslofanot her
obj ect of an e nt o e present invention I's to manufacture an SO
substrat e atiotrthl( fua inge tbﬁ:kndsedlreepomseﬁmdwmaqwtdmnrothatsthbgumbﬁr@f [ 0010]

20An eppodj. ment. of the sent ent| on..s to ction
cont ai Ei?ng ’Iﬁess?fﬁﬁflr%ceﬁﬁ”ifgar“glus’gﬁflfe SRd F%‘?Q?te rat P%‘?le San(f?eélﬁy {Qér?gt ating |ayer
using a nefopegt capabl e of renpving a sem conductor region damaged by ion

addition or the like ( nafter, also refe red
sem conduct or r dBivémy © tg’ﬁ%@ OVERIPRIFT OriE; (H’J‘fffﬂ o mb%mm&qfﬁ@{?@cﬁ?vd Furt her,

the above fRLMARA #Sthiss§iclivatiBandf RChrdvide 2 hREHodCasald 35 reppttcssiipduct or
substrate, and an SOT substrate is rran%lf actured us r ocessed

th
seni conductegrcandpaien sybgratesy daptiepehies 0 ?‘h@“‘?‘lﬁ‘l‘fpgwohal%r?éets%&g“e@%orb@ appl i ed.

[0011] 4bt pe aﬁiﬁ?&ﬂ’en%% pr&essti GeRicBR®Rlor | A¥G@FAld Vithithe &sé %Pl'tl%?ﬁl%ﬂioﬂg met hod
of a sem conduct or strate including the steps of subjecting

seni conducswiabls ufes t leproeesping 30 semicendugionr berts: onStilh @P@h?fn @bJSCtd aﬂé@ed
sem conducl o 60 QP ANestHEnvelfist Rid Bnk 8 an SOI substrate with the use of

the reprocessed semiconductor substrate.
[0010]

20 An embodiment of the present invention is to remove a projection containing a
single crystal silicon layer region and an insulating layer using a method capable of
removing a semiconductor region damaged by ion addition or the like (hereinafter, also
referred to as a damaged semiconductor region) preferentially, in other words,
selectively.  Further, the above method is used to manufacture a reprocessed

25  semiconductor substrate, and an SOI substrate is manufactured using the reprocessed
semiconductor substrate. Specifically, the following method can be applied.

[0011]
Another embodiment of the present invention is a reprocessing method of a
semiconductor substrate including the steps of subjecting a semiconductor substrate in

30  which a projection including a damaged semiconductor region and the insulating layer
is provided in a peripheral portion of the semiconductor substrate to etching treatment

for removing an insulating layer and subjecting the semiconductor substrate in which



is provided in a peripheral portion of the sem conductor substrate to
etching treatnent for renoving an insulating |ayer and subjecting the

sem conductor substrate in which the projection including the damaged

sem conductor region and the insulating layer is provided in the peripheral
portion of the sem conductor substrate to etching treatnment for selectively
renovi ng the danaged sem conductor region with a non-damged sem conduct or
region left using a m xed solution including acid and, a substance 5

di ssol ving,a sem conduct.or terjal_ lncl ' ] ..Ssubstrate
Tnd ot i S R8T Gh schhBIES rkllod B B THGRRAN LG is

oxi dat i on piovideg irs thiri petipictued tportionadtfehd simieomduaorspibsititofo aeligpireatinent of t he
oxi di zed sem c tor mate ni t.roys .acid, in congentrati on

ndu rial, an hi ch

of the nit %usf?eﬁEY irgm?ﬁ‘%é]li’e pﬁg?gegrsegaiﬁg gty ieﬁiorl?gmt}qgan&o?%%?g% han or
equal to 19Q@cifhdtor #HIAOER] using a mixEdlrsbl‘mg'bn indladile mcid ndnddianabstaed t he
present _invention is a reprocessing .net . of a sem conduct.or substrate
conpr i s? ngdistpdviag é’p§e“6‘f’°"§jﬁf)tf”'eé‘w%§‘9d‘@'@fﬁgcﬁnﬁ’ﬁcfea}woé’aﬂ‘g?rr é‘fbé{r?tﬁ ich a
proj ect i ongkiskd ByNfhe 2nifRTREEJa SOBI4RE Hotirolling eQkgid asfdoddationsefl tiei ng | ayer
remain in a peripheral portion of the sem conductor substrate ﬁ@10 etching 15
treat ment festicondueior mytariab andh @usneed v 41%§9@F101b39fstb?)é)ﬁi§ﬁeag%5"‘i9§ ¥IFf ¢ he

sem conduclafsubsd Kigb® A/, th WEIh & PEARlonlANR ik dlsQUMNSs high@dhatdron Wi th
ions and heat treatnent and subjecting the sem conductor substrate in which

t he proj ectquahtoi fang/binddowdrahapnragred tsKRP eilduct or regi on and the

i nsul atl' ng d(ﬁ%fr remain in the peripheral portion of the sem conductor
substrate {o ching treatnment for selectively renoving the danaged 20
sem conduct or r eyirther, wdther amhodimdatmdglecpresent ipwendion isor reprgeseing methodusi ng a

m xed sol utjon_incl ydin ifrLcC [ C I Vi

sem conducf)JJ(:)lf’l ?Fg’t“éornﬁ'é tmigﬁ% Sﬁ%f%ac ol%ﬁ’ngiﬁ%atg#&?%ﬁoguﬁ) ‘g?aﬁ%sﬁeﬁgﬁogd%ﬁ% oxi di zed
by the nit gitstrateiinl, wiicts uhsbjaciion inchodingld dagaged spmédndifctopxiegian iaod aof t he
sem conductor, naterial and a speed. of .di sspl uti.on .of the oxidi
semi conduciSpatig 18y zemaig fa H‘frﬁjﬁﬁlﬁlsp%?lh?ﬁﬁ S R %trealﬁett(rgae c:ﬁg]ﬁ of the
25ni tr qys ?ﬁétﬂlfﬁtsfohit@hﬁingtlhalihsﬁrati@li@br Bbyoseprating 4 pan df ileemidondmctor equal
to 1000 ny/ 1. [0013] . In the above .net hods,. the . ion.irradjation is
preferably S‘H@F?‘BE%@W?W@P" Eﬁ?éﬁ@églb}‘?ma&ﬂr.‘ ‘"’_l‘itﬁr“f’“r?é’r‘“,i Ihf’%éref'tB’r‘?n ¥t er abl y
I ncl udes aguﬂj&ﬁn%ﬂ{é- sefrfiddhdictot Ghibstdatiein veHEHOSe pidjedioN BidMtingthe tdaMaged

sem conduct or substrate, hydrofluoric acid is preferably used gfﬂfehe

subst ance &misidprtagrogina WEthe Siuladisoley Frae@ringn q“h B§t L portipp,
seni conductghicSHRshE 3uatB o Vil BhtR¥nt R3F sBbdtivey ABiVingaNe damakddc acid is
y

pr ef er abl i
20 ~ semiconductor region with a non-damaged semiconductor region left using a mixed
solution including nitric acid, a substance dissolving a semiconductor material included
in the semiconductor substrate and oxidized by the nitric acid, a substance controlling a
speed of oxidation of the semiconductor material and a speed of dissolution of the
oxidized semiconductor material, and nitrous acid, in which a concentration of the
25  nitrous acid is higher than or equal to 10 mg/l and lower than or equal to 1000 mg/l.
[0013]
In the above methods, the ion irradiation is preferably performed without mass
separation. Further, the ion preferably includes an Hs" ion.
[0014]
30 In the reprocessing method of the semiconductor substrate, hydrofluoric acid is

preferably used as the substance dissolving the semiconductor material included in the

semiconductor substrate and oxidized by the nitric acid, and acetic acid is preferably



used as the substance controlling the speed of oxidation and the speed of

di ssolution of the sem conductor material. [0015] Another enbodi nent of the
present invention includes a manufacturing nmethod 5 of a reprocessed

sem conductor substrate in which any one of the reprocessing nethods of the
sem conduct or substrate described above is used, and the reprocessed

sem conductor substrate is manufactured fromthe sem conductor substrate.
[0016] Still another enbodiment of the present invention is a method for 10
manuf acturing an S sub tra recessed
sem conduc'l’SS&a ﬁjﬁgi%%atne rrélﬁrﬁ IE‘ tﬂtlf’rS u(gﬂlqor’lg ‘Q‘pﬁ“e g&%gto ?glﬁ% tﬁﬂ od to
form an enihe sédrhic@naebr matgtidn there| n, the reprocessed sem conductor
substrate 'ﬁlﬂonded to a base substrate with an insul ati ng | ayer provided

t her ebet weleni;”Jand the reprocessed sem conductor substrate is separated by a
heat treatnent, Ml@ﬂfeﬁhybcﬁhrﬁﬁﬁbﬁmﬁqbwsémﬁnvl:ﬁﬂlcmyiﬁdfludes afnemnBadtucingmethoé base
substrate.%t{0017 te at t HSL/)eCI ati on and t | i ke, an
SO0 subt r lioPEkessed BB HAEEA e Y B e BRETEROE ‘W“’EEP@F is
formed on &n did Sehbhdi@ios UsdbaeRe @REhbed Mvel isMubedyl 4nd heStrépicdetie@ Where a
silicon layer is provided over an insulating.|ayer. For exanple, an 20 SO
substrat e ferisandudorsubgirateds paanfpgiued Tgmdhg ?G%Wnp'é%}‘errsu"%ratﬁ rectly formed on
a glass supgpigjate, a structure where a silicon carbide layer is formed over
an insulating Iayer or the like. [0018] Note that in this speC|f|cat|on

in contrast to &tfi austherc embpdimenieralc Hiedpeesen MYeREs dh # nalpd hfost oms
const | g&“agm&ac ! ¢ ah 30OF ﬁb&@@e%%& SlBﬂs'zﬁ‘élé/dd@éidﬁ)r %d PROR&ed the
damaged sem conduc region refers to are partly including disordered
arr angenenwmi(wdwmawbstam otanuisetyredfusingothe ﬁm@ntlou@d mgthed te tfamng ancr yst al
def ect s, t t duction
of ions an?fxﬁhﬁeqwnﬁ rég] hg*?% the }egﬁ?egg(g Ség(tl}l Hld'ggtﬁ | %#tr%tgﬁ%n 3%%%9

sem conducbse snh!glatanwﬂh}faﬁrmsmmng layangirevxdafdyﬂte:bet%em eamd cthedepro@ssedegi on

with atons constituting a crysta n |y ordered
manner, antfIiEOngUgion, ?ﬂbg[mte fsogeé’a@}eﬂ\ég] Q’F gg%rﬁf’ uc‘%fg Sil%ro }écllu%%)n which is
not subj eclagetl i$ orieRoventhc Gasecubsrateof i ons and the li ke. [0019]

[0017]

Note that in this specification and the like, an SOI substrate refers to a substrate
in which a semiconductor layer is formed on an insulating surface, and is not limited to
a structure where a silicon layer is provided over an insulating layer. For example, an
20  SOI substrate includes a structure where a silicon layer is directly formed on a glass
substrate, a structure where a silicon carbide layer is formed over an insulating layer, or
the like.
[0018]
Note that in this specification, in contrast to a single crystal semiconductor
25  region in which atoms constituting a crystal are arranged in a spatially ordered manner,
the damaged semiconductor region refers to a region partly including disordered
arrangements (crystal structures) of atoms constituting crystals, crystal defects, crystal
lattice distortion, and the like due to the introduction of ions and the like. Further, in
this specification, a non-damaged semiconductor region refers to a single crystal
30  semiconductor region with atoms constituting a crystal which are arranged in a spatially
ordered manner, and is equivalent to a single crystal semiconductor region which is not

subjected to the introduction of ions and the like.



According to an enbodi nent of the disclosed invention in this
specification, a damaged sem conductor region can be selectively renoved
with respect to a non-danaged sem conductor region or a sem conductor
region which is | ess damaged. 5 Accordingly, the amount of |oss of the

sem conductor substrate due to renoval by polishing or the like in
reprocessing treatnent of the sem conductor substrate can be reduced, and

t he nunber of times of reprocessing and using the sem conductor substrate
can be incwgﬁagd. [ 0020] 10Further, when a reprocessed sem conduct or
substrate nuf actured by the above nethod for reprocessing a

sem conduct or suQsérdiigac ah bebptimentaifithd diyclakd inventimnin this shecifivatigubstrate in

the reprocessing treatnent can be inproved. Accordingl cost  f.or

manuf act urﬁ?‘%ﬁ‘&gta‘gesef"écﬁ%‘t"é‘gsé%‘%“er‘t‘i‘"?;g%dtfﬁl?‘g“}ve@uBg??vgﬁewgtgnreﬁ%ecF dduded.
[0021] 15FyHnteHaB8d Somivdhaictéire®oh of dlsinfcahducios regionukhich iy lesk damiapgl.t he above
reprocessed sem conductor substrate, cost for manufacturing the

a
substrate desordisely.cheaeunteed loes pEdRrB Rl HAErasRAN oy el 3&322] I'n
t he aCCOfTD@d]iéhiBg ofl IR reprocessing fchtment 6 1he sdibicaiidicOF atstraeGhah ®Bal Vi ews

illustrating a nmethod for manufacturing an SO, substrate, Fl GS.
2A to 2D areducsdonnd themimbsnal timesafgenroqesring and iuage Sesemicgpdusior sebsigigessi ng 25
treatment fan.a3,S&@lfLonductor substrate; FIGS. 3Ato 3C are
cross-sectional views illustrating a nmethod for manufacturing an SO

subst r at e; [0020] FIGS. 4A to 4C are cross-sectional views illustrating a

met hod (§ or manuteh yr Wﬂ?ﬂ gﬁlepg esseld %{nfc%h&icw%%ﬁsﬁateqls iélluiéluiﬁtgfugctd% the

manuf a!: uring process o substrat e; F
cr 0ss- sect atawal methalvforl tepstesaing ny semisenducion dubdiete, dhey produgthity hofi el udes an
SA substr getmelé:onductor substrate in the reprocessing treatment can be improved. Accordingly,
cost for manufacturing the reprocessed semiconductor substrate can be reduced.
[0021]
15 Furthermore, when an SOI substrate is manufactured using the above
reprocessed semiconductor substrate, cost for manufacturing the SOI substrate can be

reduced.

BRIEF DESCRIPTION OF THE DRAWINGS
20  [0022] '
In the accompanying drawings:
FIGS. 1A to 1E are cross-sectional views illustrating a method for
manufacturing an SOI substrate;
FIGS. 2A to 2D are cross-sectional views illustrating a method of reprocessing
25  treatment for a semiconductor substrate;
FIGS. 3A to 3C are cross-sectional views illustrating a method for
manufacturing an SOI substrate;
FIGS. 4A to 4C are cross-sectional views illustrating a method for
manufacturing an SOI substrate;
30 FIG. 5 illustrates a manufacturing process of an SOI substrate;
FIG. 6 is a cross-sectional view illustrating a semiconductor device which

includes an SOI substrate;



FIGS. 7AI, 7B1, 7C 1, 7Dl1, and 7El are inmges of a sem conductor substrate

observed using a magic mrror systemand FIGS. 7A2, 7B2, 7C2, 7D2, and 7E2

are optical m croscope photographs. FI GS. 8Al, 8Bl1l, 8Cl, 8D1, and

8E1l are images of a sem conductor substrate 5 observed using a magic mrror
system and FIGS. 8A2, 8B2, 8C2, 8D2, and 8E2 are optical m croscope

phot ogr aphs. FIG9 is a graph show ng a relation between an etching

anount and etching tine of Exanple. 10DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[ 0023] (Enbodi hi s odi.nent , | t hod for
manuf act uri ng gﬁ:rféﬁlll")%]ug?tl’r?Jl(EJenlgrt%da%%@ﬁ%%ﬁ?qggeépfggﬁﬁﬁmcﬁérg&lﬁzﬁgﬁcessi ng
a seni condyt@ed asihs bmadgc Wirkerhsydthbinsand S GST BA2,NEBA 7621 GO2napdt T2 80
substrate wi |l be descrLbed ith reference to FIGS. A to 1E and FIGS. 2A
to 2D. [O002RHcalapictnsenps PRYPEIARNSUf act uri ng SO subst r at e> A process
for manufact uri ngGengASQSBRIURST, r3ak1e andSSEE e linbgd ofiiatsbmiceiiducon ewbstrate 20 FI GS.
A to 1E. First, a base substrate 120 and a n ybstrate ar r epar ed
(see FITS. ohsprvahysingp magipmirror system angdFIGRe Sgg’sgai L‘Fg?t ?ﬂ%’ea”%ﬁzogesubst rate
nmade of anghﬁﬁthkg&xﬁﬁﬁmggaﬂged. For exanple, variety of glass substrates
used in the electronics industry, such as an 25 alun1n05|llc€te %Iass
substrate, an alflfi héboewsh shoving ageladen beiwes &y eichipg agowy and gichitosi | i cat e
gl ass subs; : artz substrate; a ceram c substrate, or a sapphire
substrate %éggﬁgmgﬁggn. Not e that when the above gl ass substrate contains a
| ar ge anount of boron oxide (B2G3), the heat resistance of glass is
i nproved; and when itlﬁfﬂt i ot nefEfidym oxi de (BaO than
bor on i@ide, nor e- pr ac |C§?E§gn%g%???§§§stant gl ass can be obtai ned.
Therefore, [(023] s preferable that a glass substrate containing nore BaO t han
B2G3 be usa%.g FurtQ?L& a substrate with high heat resistance nmay be used as
the base s T?%?%1 anpl es of a substrate with high heat resistance

In this embodiment, an example of a method for manufacturing an SOI

substrate and an example of a method for reprocessing a semiconductor substrate which
15 is used for manufacturing the SOI substrate will be described with reference to FIGS.
1A to 1E and FIGS. 2A to 2D.
[0024]
<Process for manufacturing SOI substrate>
A process for manufacturing an SOI substrate is described with reference to
20 FIGS. 1A fo 1E. TFirst, a base substrate 120 and a bond substrate are prepared (see
FIGS. 1A and 1B).
[0025]
As the base substrate 120, a substrate made of an insulator can be used. For
example, variety of glass substrates used in the electronics industry, such as an
25 aluminosilicate glass substrate, an aluminoborosilicate glass substrate, or a barium
borosilicate glass substrate; a quartz substrate; a ceramic substrate, or a sapphire
substrate can be given. Note that when the above glass substrate contains a large
amount of boron oxide (B203), the heat resistance of glass is improved; and when it
contains a larger amount of barium oxide (BaO) than boron oxide, more-practical
30  heat-resistant glass can be obtained. Therefore, it is preferable that a glass substrate
containing more BaO than B0 be used.  Further, a substrate with high heat resistance

may be used as the base substrate. Examples of a substrate with high heat resistance



include a quartz substrate, a sapphire substrate, sem conductor substrates
(e.g., a single crystal silicon substrate and a polycrystalline silicon
substrate), and the like. Note that in this enbodiment, a description is
given of the case where a glass substrate is used as the base substrate
120. The use of a glass substrate as the base substrate 120, which
S5realizes a larger size device and is inexpensive, can reduce costs. [0026]
A sem conductor substrate 100 can be used as the bond substrate. For

exanpl e, n t n <€l ement
of Group 1'5‘0 g%% ggysgg%aﬁegg% %Irggﬁqsgét?’l ﬁtég]?)ctr?n@ cgtsgéaﬁ% S? % QSIF crystal
ger mani um &ydasltsilcoe sutstrata adda polyqbrﬂalhng/shajn sabdtrated rund ¢rentikai uNDEulmst rate,

can be used. Further, a conmpound senm ceppduct or, subst r at alllum

o Sent de. - GanE bPareahn AETBRIS RS OF RS e e T ERS G B, 1 e
can be usegie bAyiubgtatee KRIPITRS usf ot glasyr shbatate/asathabhselshibstiatel i20pwhishbst r at es
are circular S|I|con suhstrates which_ are 5 inches (125 mm) in dianeter, 6
i nches ¥ 15%2ki%e5 2laegiskrdevdse ang iy lﬁﬁ’f?QESIYe’ZWrﬁﬂ'icecﬁs Yi ameter, 12 inches (300
mm in 15 gigggeter, and 16 inches (400 mm in dianmeter. Note t hat the shape
of the sem conductor_ substrate 100 is not limted to a ro%nd sha e and can
be a rectangul arA Sprajsendyetor fabstiaee 10fhcan hedussd 35 B dn , the

sem condu C&)&Fx‘lpﬁp 9§1Tnél@tcﬁzst]ap§}:nﬁ@dﬁd@&oﬂ@ﬂﬂ?a?&f%l%ﬁ&ﬂls ah Qﬁnﬁpﬁ*ﬂx@ﬁﬁ d, (C2)

met hod or the floating zone (FZ) nethod. [0027] 20Next, an enbri ttl enent
regi on 104such abor siegle srysil pilicere susiintpedl swsist qaytal cgermmaniyim fsubsiratss of He

sem Comuc%ﬁ’éle &g 41 Q{l@onlggrmalﬁ ’suls D3R RUBSIT atfrha aa@&n#:

sem conduc strate 1 are io each other wth insulating |ayers
122 and 1Zﬁerrpccmducdedsttblsteat@lusng\@eﬂnu(nsaeerﬂdecsg&m)m {tr@mde] piwsphide; edigihove
structure, ng the

i nsul at i ngge}lgl%‘r‘%n? Sé/ner 0@1%? c%g?l’%ﬁ@ E’Eﬂgﬁ ol 1%@%1%51\'% '? h

hydr ogen i ﬁhcdme;ahmra&ndreldntmlmchﬂmongulbsydnemghmh mmrﬁsmchws ()lﬁhmn)smrﬁimlmwct or
Puoot ot 9%l A95Rk T kS AEHR DL b B B O AR O 0
a silicon gninger,f dddMi6ainshdsi GO0 Mnin Wisgtetdri | Notea tht| iheomam tafithe film or
a silicon Qénglgfl)n(agctgl?( éu EtrJteI: I1(5.8 IS-I;lhO$ nei\‘ntfetl:l ltcgna;l rguah t])lgpg z(ljnrdn(%n be a rectangular
shape or the like obtained by processing. Further, the semiconductor substrate 100 can
be manufactured by the Czochralski (CZ) method or the floating zone (FZ) method.
[0027]
20 Next, an embrittlement region 104 is formed at a predetermined depth from a
surface of the semiconductor substrate 100. Then, the base substrate 120 and the
semiconductor substrate 100 are bonded to each other with insulating layers 122 and
123 provided therebetween (see FIG. 1C).
[0028]
25 In the above structure, the embrittlement region 104 can be formed by
irradiating the insulating.layer 123 formed over the semiconductor substrate 100 with
hydrogen ion beams and introducing hydrogen ions into the semiconductor substrate
100.
[0029]
30 Further, the insulating layers 122 and 123 can be formed using a single layer or
a stacked layer of insulating layers such as a silicon oxide film, a silicon oxynitride fiim,

a silicon nitride film, or a silicon nitride oxide film. These films can be formed by a



t hermal oxidation nmethod, a CVD nethod, a sputtering nethod, or the |iKke.
[ 0030] Note that in this specification and the like, the term
oxynitride means a substance that contains nore oxygen (atons) than
nitrogen (atons). For exanple, a 5 silicon oxynitride is a substance

i ncl udi ng oxygen, nitrogen, silicon, and hydrogen in ranges of 50 at.%to
70 at.% 0.5 at.%to 15 at.% 25 at.%to 35 at.% and 0.1 at.%to 10 at.%
respectively. Further, the termnitride oxide neans a substance that

cont ai ned re.nitrogen {afo han, ox n. ) L, exanmple, silicon
nitride oxfﬁgrén"}] gmgaté(%ﬁg?tg%%%ﬂ%ﬁ@%% Sﬁ%g%‘é‘%?&eﬁ@?%'gtgeﬁ‘,’k%i li con, and

hydr ogen i foog@jnges of 5 at.%to 30 10 at.% 20 at.%to 55 at.% 25 at.%to
35 at.% and 10 at.%to 30.at.%. respectjvely. e that.t.he above ranges
are ot ai ned by Nithd0r aReRis TReP gL e 11 UReh AR 6, PEVHE ZBa0 Formet ry
(RBS) or hygkeeenhidosind Heatokesdn@osiae tah iedgey (4tbhS) . Fobexanpes o t he

total of the percentages of the ccg{llcﬁtituent el enent s does ﬂﬁ{ exceed 100

at. % 15[ oghaqn oxymitride’ e qubstagoeracludipg gxyashitrageny plicgn, gad hydrgen in

seni conductQb.sSi136%ht @lt6 76 90 6.5 36N 35 82 PRYs 101 £9DL0A bl1e®Nd 10egi on 104
into a sem conductor |ayer 124 and a separated sem conductor substrate 121,

wher eby t hat.%erespotichlict diurthery the térdnd niteidef oidretheenses sublsiandsatbat eontpdnedat e 120

(see FIG 1D). The separated sem co or t 8y . a
reprocesse o‘éee?ht}%er%@%f%ﬁ %}saﬁ bosx%%t @9}“%’50 quqri %gg&r"@g’r %lé%cé;ﬁ’ lﬁ{gae %g@%gg §1of a
SO b T houah mot I okt e Fl o roacy SCh Bt 20
an substr at e. e that, although not illustrated in - o 1E, a
pr oj ect® onatdi 3Q &t-Yorfo 5 b plvettad t?JgPtaF-% apd 10136 % 30 ah"egresessti¥dhduct or

substrate k%gf- thOAR] abA etk O?gagpe taihscfaﬁwgﬂéasﬁém&ﬂr hugihgefuthalegs added

are separated out Into mcro ich aré formed in the enbrittlenment
regi on 104bdpksdatseringepeatiometsli(RBS)oor hydregen forward sratigrieg sngetsoredtryt (BESHK cr ovoi ds

'S 1 ncreasgilyeol B2 ale G PHARI nBLERMIL 6r HEUSRHnBnCLiafihd dock 6L SIP fob) ement

region 104, so tha e se or substrate I's separated al ong the
enbrittl eneu®s. region 104. Since the insulating |ayer 122 is bonded 30 to
the i nsul a[i niglsl ayer 123, the sem conductor |ayer 124 separated fromthe
seni cohduct®Pkubstrate 100 is left over the base substrate 120 with the

insul ating | ayengexi, by heat treatment or the like, the semiconductor substrate 100 is
separated along the embrittlement region 104 into a semiconductor layer 124 and a
separated semiconductor substrate 121, whereby the semiconductor layer 124 is formed
over the base substrate 120 (see FIG. 1D). The separated semiconductor substrate 121
20  becomes a reprocessed semiconductor substrate through a reprocessing method of a
semiconductor substrate described below and can be reused for manufacturing an SOI
substrate. Note that, although not illustrated in FIGS. 1A to 1E, a projection exists ina
peripheral portion of the separated semiconductor substrate 121.
[0032]
25 When the heat treatment is performed, atoms added are separated out into
microvoids which are formed in the embrittlement region 104 by ion beam irradiation,
and internal pressure of the microvoids is increased. The increased pressure causes a
crack in the embrittlement region 104, se that the semiconductor substrate 100 is
separated along the embrittlement region 104.  Since the insulating layer 122 is bonded
30 to the insulating layer 123, the semiconductor layer 124 separated from the

semiconductor substrate 100 is left over the base substrate 120 with the insulating layers



122 and 123 interposed therebetween. [0033] After that, by

subj ecting the sem conductor |ayer 124 to surface treatnment or the like, a
flat sem conductor |ayer 124 is forned. As the surface treatnment, there are
Sirradiation treatnent with a | aser beam etching treatnent, and polishing
treatnment such as CWP, for exanple. [0034] Through t he above
process, an SO substrate in which the sem conductor |ayer 124 is provided
over the base substrate 120 with the insulating layers 122 and 123 10

t her ebet we C e obt ai, ped 0035] <Process for form ng reprocessed bond
PR 25y Bl Beeaety

substrat e> F%rbr ocessing the separated bond substrate
121 is despodidjed with reference to FIGS. 2A to 2D. 15[ 0036] A
projection 126 exjsts in a peripheral. portjon of sem conduct or

bt rat o 121 (A0 i B splech e s BnisBidte? Tt 130 MERERAMRE e ng

| ayer 123, thaMikelNSERasmesius@RaenIMGE frmee.gi ANtht 2brfaca tdaiinedE Mheearduct or
region 127 tqg which ions are added. Note that both the, unseparate

seni conductBfiafigyirentmen avith pjlaser beayp ctbine Esatmrat gpd P%‘éﬁ?‘ﬂlﬁ tfﬂg"‘ef‘bs ich ions
are added grevgagpg@fprnd include nany crystal defects, voids, or the I|ike,
due to adding treatnent of ions or the |like in a manufacturing process of
an SO subB0fHte. Therefore, the unseparated sem conductor region 125 and

the seni conduct e g8 RMbba profestiin®bisaRaR'if vaAtHas. GaflcdiRuas gt i vel y
referred to as a darmaged senfcond’uct or region. 25[0037] The above

proj ecti onl2RB provitlesdersr dhe bagesubsitate b0F with dheo nseptingh layers ni2d snd U8 or

substr at e. ?‘ dgde I region is caused by surface treatnent (CWP
f €. tﬁ% Lk bb@inka.r €9 y
treat mant)tg B‘f & Sam ¢on l?crt]or substrate. The CWP treatnent is a treatnent

for flattefioBg a surface
<Process for forming reprocessed bond substrate>
Next, a process for reprocessing the separated bond substrate 121 is described with
reference to FIGS. 2A to 2D.
15  [0036]

A projection 126 exists in a peripheral portion of the semiconductor substrate
121 (see FIG. 2A). The projection 126 includes an insulating layer 123, an
unseparated semiconductor region 125, and a semiconductor region 127 to which ions
are added. Note that both the unseparated semiconductor region 125 and the

20  semiconductor region 127 to which ions are added are damaged and include many
crystal defects, voids, or the like, due to adding treatment of ions or the like in a
manufacturing process of an SOI substrate. Therefore, the unseparated semiconductor
region 125 and the semiconductor region 127 to which ions are added can be
collectively referred to as a damaged semiconductor region.

25  [0037]

The above projection 126 includes an edge roll off region of the semiconductor
substrate. The edge roll off region is caused by surface treatment (CMP treatment) of
the semiconductor substrate. The CMP treatment is a treatment for flattening a surface
of an object with a combination of chemical and mechanical actions. Since the

30 thickness of the semiconductor substrate in the vicinity of the edge roll off region is
smaller than that of a central region of the semiconductor substrate before the

semiconductor layer is separated, bonding is not performed in the edge roll off region in

10



of an object wth a conbination of chem cal and nechani cal actions. Since
the 30 thickness of the sem conductor substrate in the vicinity of the edge
roll off region is smaller than that of a central region of the

sem conductor substrate before the sem conductor |ayer is separated,
bonding is not perfornmed in the edge roll off region in manufacturing an
SOT substrate. As a result, the projection 126 is left in the edge roll off
region of the sem conductor substrate 121. [0038] Note that a sem conductor

region 129 to f%%ﬂgg-{%r Iat ) fﬂﬁs%a%ddig aeil'xéu?tt ﬁIﬁ gpo Etibfy 9 &1 lgfi%thg ?nggbp roll.

seni conduct8t" ot her 'R Br o) ec 1 6N ecially in
a region soﬁ‘rag&umdﬂ’dwtxyﬂdmdmhmwbsmtgézr oll off region). The sem conduct or
region 129 hgswhi ch ions are added is fornmed in such a manner that a region
to which i B8lare added, which is forned in the manufacturing process of
the SOT subst r atéte hst d @fdicondudidt@egioni 2900 tebidhdonsnbaidedtxistd Bila @fioer t he

sem conduct or layer is separated. 10[003 . e, Ihe.sem conductor
regi on 1290%18° HHEMIpGpS UG e%?ﬁ?r[sﬂ%é"tfg‘% projegiien Vlge{‘?ﬂ?‘?c‘élgy Cohipar8d to the
sem conductRfouh®AILYThd dbotd@igR 6l SF tdgin).1 2the(stRR of®IFIE GHngCItZQI‘to whghon 125
and the sem conductor region 127 to which iaons are added ‘n E wlng t he

seni conducioss areagdadis 5(2'9‘3@ & 6k 8 anperdhal pdegipnyiodviicilongias st al

defects or;stiighedTn {Heiﬁ?dngﬁ&%ﬁﬁ% El@céék'%f {he StRRMARatbYis leP1f thelBRiRh@IcRy |1 ke the
sem conductor region 125 and e sem conductor region 127 to which ions are

added, theS@@ﬂlﬁt%bZ’icnf@t@lﬁS¢@QPW°@2D‘~Y?YGSW@W ions are added can al so be
referr @g@ a damaged sem conductor region. [0040] FIG 2B illustrates a
schema |c in which the projection 126 is enlarged. 20 The projection
126 includes a rHagg,dre soicoadpierdigion 129 tohvériduiges al‘efiq?deéflif suflieierdly thind a

region Cor L 28 age o {h%) s%m(i\’c%ﬁﬁq& r 12 101'1 ?rfhe k:fbd\%? 13@?@1@ ﬁgﬁﬁ% i edge

roll off glo ers to a an "an etvveen a
t angent pI wgﬁmo]ns ams whief modnﬂufttdneregmn jlé@ ttd whnchﬁ&sam@l added)af diugherethsur f ace i s
0.50 or less

0,20, 0 1 it AP 150 RS B AP SRS PR Behl g e2, Lr™
[0041] 15 like genktatddhdie to \&ﬁlﬁﬁgdﬂi}eloﬁhamﬂﬁfefcﬂerﬁhe(lhe s@nieondagonregih 125di st ance
shorter than 0.2 nmmfromthe e of t.he,substr the .edge roll. of f region
can be def f‘%@eég‘“ﬁo‘i‘%‘@@éﬁe%ﬁ fo Wl?‘&% 1 af%‘iﬁ&‘ﬁélﬁﬁ & %‘3??*8%“&‘88 in which
bondi ng i s17Pk v 0l addeR 84 14 reférred @as a damaged semiconductor region.
[0040]
FIG. 2B illustrates a schematic view in which the projection 126 is enlarged.
20  The projection 126 includes a region corresponding to the edge roll off region and a
region corresponding to a chamfer portion. In this embodiment, the edge roll off
region refers to a set of points at which an angle 6 between a tangent plane of a surface
of the projection 126 and a reference surface is 0.5° or less. Here, as the reference
surface, a plane parallel to a front surface or a back surface of the semiconductor
25 substrate is employed.
[0041]
Further, when the chamfer portion is a region at a distance shorter than 0.2 mm
from the end of the substrate, the edge roll off region can be defined as a region which
is inside the chamfer portion and in which bonding is not performed. Specifically, for
30 example, a region at a distance longer than or equal to 0.2 mm and shorter than or equal

to 0.9 mm from the end of the substrate can be referred to as the edge roll off region.
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30 exanple, a region at a distance |longer than or equal to 0.2 nm and
shorter than or equal to 0.9 mmfromthe end of the substrate can be
referred to as the edge roll off region. [0042] Not e t hat because
the chanfer portion does not affect the bonding between the base substrate
and the bond substrate, the planarity of the chanfer portion does not
matter in the reprocessing treatnent of the substrate. On the other hand,
the vicinity of 5 the edge roll off region has an influence on the bonding
bet ween th@ eﬂse substrate and the bond substrate. Therefore, depending on
t he pIanar'P of the edge roll off region, a reprocessed sem conduct or
substrate cannomdnethalslmdadsmﬂa chramfef porttion idogy not effess thedbnding BOveguthst rate i n

Some cases. am such Ve t.he oj.ectd o 6 e edge
rol | of f r'@é?é Sfrﬁtelaﬂﬂ%%?/E dﬁ%}fbﬁ?"gﬁaﬁ ALY ¢ fgﬁ%lé}h cf?)rn r& oflbés;uri)gt rate is
quite 10 Ixﬁmarrlixamta rdpﬁ)obfsﬁxgrtﬁ[afrmessmﬂgﬂisﬁaat rmmthe@thet hmdsﬁwmmmtwrft or
substrate. rocessijn nt t he s conduct or
substrate ﬁhﬁé?lifcfég Oﬁng‘P%E%S anﬁ u%oré{hg%owé aseéﬂbsgrn%ﬁflﬂg

treat nent hehofEaMMtiRD tMerefdds depdndig onalyeplarkdidy cithm aigeaéltem“regﬁ@terred to
as a first etching treatnent) and an etching treatnent for 15 renoving the

damaged sefPs %eﬁ}*cqné‘éqt@rﬁubﬁ@ee?qlia?tt@'use & & MABYaptyring PRCeS 054 et chi ng
treat ment )SOF%%t@fn%o%%ﬁeb belqoinrbuéiﬁﬁ fdaborD &) RWové R4fdjection 126 in thEi rst, the
first etching treatment is described with reference to FIG 2C. As descri bed
above, theedgerrell offt repiondo imprevendiet plarariy e fhegsemicondyaiortsubytate, P ng t he 20
| nsul atd ng: T &kl 21. [ 0045]

e R B S M B HRue Chi ng tr et e
u5| ng a so[()ﬂé?r]on contai ning hydrofluoric acid as an etchant. As the
sol ution contai ni,ng_hydr I i 1 i
hydr of | uori c acﬁ&?qﬁﬁﬁﬁﬁnﬁgéﬁg?ﬁgﬂegef@?ﬁgﬁg@%& c%grl}ag 61{0@ l&gr oduct
name: LAL ﬂa@ﬁ)mqoctddng&eht:hyntﬁtaaIetchi:@wmrrieat foo rgoovany fbnjnsolatlmg’ﬂ@m IR is
preferably used,. Alt el % h drofl c.a | neray be
used. The felr@PErhl cfioa ﬁ%pm? e?cﬁ?ng'f FABF %réérl 3rerqr%h§“gfs %Fé%np%tr O)r;(r:a mat el y
180 segpndgnioRingOffie Sd%ﬁﬁgtdﬁ serpi06diGtoB OGiiee (ﬂxemnafer ciefangd tto et amatondan be

erformed in such a nanner th . .
P etching treatment). ese aréa éesgri %d in detail below.
[0044]

First, the first etching treatment is described with reference to FIG. 2C. As

described above, the first etching treatment is etching treatment for removing the
20  insulating layer 123 from the semiconductor substrate 121.
[0045]

Here, the insulating layer 123 can be removed by wet etching treatment using a
solution containing hydrofluoric acid as an etchant. As the solution containing
hydrofluoric acid, a mixed solution containing hydrofluoric acid, ammonium fluoride,

25 and a surfactant (e.g., product name: LAL 500, produced by Stella Chemifa
Corporation) or the like is preferably used. Alternatively, a 5 % hydrofluoric acid
solution may be used. The wet etching treatment is preferably performed for
approximately 180 seconds to 300 seconds.

[0046]

30 Since wet etching treatment can be performed in such a manner that the

semiconductor substrate 121 is soaked in a solution in a treatment tank, a plurality of

semiconductor substrates 121 can be processed at once. Accordingly, efficiency of the
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sem conductor substrate 121 is soaked in a solution in a treatnent tank, a
plurality of sem conductor substrates 121 can be processed at once.
Accordingly, efficiency of the reprocessing treatnent can be increased.

[ 0047] Further, as a first etching treatnent, dry etching treatnent
may be perforned. Alternatively, wet etching treatnment and dry etching
treatnent may be used in 5conbination. For the dry etching treatnent, a
parall el plate reactive ion etching (RIE) nethod, an inductively coupl ed
pl asma (1 CP) et chi od, or hﬁ | i ke can be used. [0048] Next ,

L&h ?r? trrEtth d merease
the second BREHTAE FHREHHARPC "T48%ri bed. In the second etching treatnent,
t he damage@o4ygm conductor regions, that is, the unseparated sem conductor
10 region 125 and the sepi conductor regi.on 127 to which ions are added,
whi choare i ol UGBEhS S HATSL RO BE FROmeToHS e et B R Bt on’ 129
to whi ch i aRemaivelya e eictadee teathRat ia@| dry r @thive dreafn04 HayVbe aisspdni fical ly,
wet etching treatnment is erfgr med usi ng, z%@ ar? etchant, a ég @ﬁﬁgd
sol utioh wimbinatige) Jipsdhery eicping tiegtmpeq, @pasallel plate praptivydan fiIIng G559 265 a
sem conduchghodBh %{du@thvelyaco%hu% bREAL(ICPRétcHthS methve or iHRAike xithazeed.
sem conductor material by the nitric acid, a substance that controls the

speed of obfP#Hti on of the seniconductor material and the speed of

di ssol ution of thg: oxpb deggd ét@tm_}%(%&gﬁ%@ris meicgibbd!  Inafd Redddoeghigi d whi ch
fiinctions as an autocatalyst. e concentration of nitrous_acid in a 20
m xed sol utréayneritsthe demagediskpichndyietor regiens. Bat isqiliglunseparatpd pgnicordigior oner t han
or equ to . I r } : I 50.nmg/ 1 and
over Tharf 8P Reiagaric e JaBRoRIFlR Bt 124 10 SRS 2he BMD, RN TH
pr ef er abl yinpledédoinntad prgjectiap d26xandathe symBOndGios aegioni429 & vaBhgewsoards. For
exanple, in the cape h\,/gné‘(;re%o@edﬁ xed sol ution containing hydrofluoric acid,

|

nitric aci ébd,de%(r%c (o] :

acird;, "which is described below, at a volune ratio
of 1:2:10 jog491sed, the second etching treatnent is preferably performed for
approxi mately 4 seconcbt? o 105 %econd . In ad he tenper.ature of

the mi xed sol ut i of¢iSE® ; cé‘h%r‘%eﬁle{f’ 15 Trs: %t’sePV%ft@E%ﬂ%i%é’fﬁ a8 SIaPh Ay anpl e,
30 C. 15 mixed solution which includes nitric acid which is a substance that oxidizes a
semiconductor material, a substance that dissolves the oxidized semiconductor material
by the nitric acid, a substance that controls the speed of oxidation of the semiconductor
material and the speed of dissolution of the oxidized semiconductor material, and
nitrous acid which functions as an autocatalyst. The concentration of nitrous acid in a
20  mixed solution is preferably higher than or equal to 10 mg/l and lower than or equal to
1000 mg/l, more preferably higher than or equal to 50 mg/l and lower than or equal to
300 mg/L.
[0050]
The second etching treatment is preferably performed for approximately 30
25  seconds to 120 seconds. For example, in the case where a mixed solution containing
hydrofluoric acid, nitric acid, and acetic acid, which is described below, at a volume
ratio of 1:2:10 is used, the second etching treatment is preferably performed for
approximately 45 seconds to 105 seconds. In addition, the temperaturc of the mixed
solution is preferably approximately 10 °C to 40 °C, for example, 30 °C.
30 [0051]
Here, as the substance dissolving the oxidized semiconductor material by the

nitric acid, hydrofluoric acid is preferably used. Moreover, as the substance
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30[ 0051] Here, as the substance dissolving the oxidized

sem conductor material by the nitric acid, hydrofluoric acid is preferably
used. Moreover, as the substance controlling the speed of oxidation of the
sem conductor material and the speed of dissolution of the oxidized

sem conductor material, acetic acid is preferably used. [0052] In the case
where a m xed solution of nitric acid (concentration of 70 weight%, 5
hydrof l uoric acid (concentration of 50 weight%, acetic acid (concentration

of 97.7 me'cﬁltr%@ngftﬁgq; ergdt(gfoéj 1%??%6 ofj the %?ﬁ% l?tgl %E n?ét&ﬂt@%d &h% gée%dﬁﬁef erabl e

that the v® PFctadh nor e I MesS an an one
time as | adigwha®n btk oridizad e¢micordactdr matdriddcacatic &id hpref@aldly usedes and | ess

t han 100 t'togggl as large as that of hydrofluoric acid, and the vol une of
hydr of | uor cid be nore than 0.01 tinmes and less than 0.5 tines as |arge

as 10 that of agfhkcas8sihdre FAixe®¥ARMINGS nitfic hdd Qfoﬁédﬁfrﬁtﬁixﬁ)fﬂbaielghlﬂm,vm urre
ratio of hydrofluoric acid, nitric acid, and acetic acid be 1:2:10 (the

concent ¥ at hystofhforigj alcldo(}‘Qﬂ%F@ﬁqﬂsth?‘b meihivhlarmeasic asid) éqonﬁ%ltf%(’”rr@f 97. an d | ower
than or eqxl{fgilghtt’@i e)l(ng:lglqs gﬁg 1111 is \[13%9 géSAn é“&aﬁf? ?g& f.rvmﬁgabf’ek{P%%he é &t rﬂtg

cont ai ned I on OX|d|zes erial included in
sem conducidid bsmbstthai @01 firaes anddospthan onaﬂtimhes kerpses weokceticsicid amirbewaf er is

d t b trat t d il d thi
chom cal r BAEFON.AoLent Ep P dira Bl % e P PaR a3 asi

4HNGS - > 3qhlfde of Byrd2sHlubrid NOiG b nlddOfdd 020 liedee and RRes ﬁhﬁn 0 ltimet 33 largmisudes
AT SRR R EE T e N O
(3). aCld, nitric acid, and acetic acid be 1:2:10 (the concentration of nitrous acid is higher
than or equal to 10 mg/l and lower than or equal to 1000 mg/l).
[0053]
As described above, nitric acid confained in a mixed solution oxidizes a

15 material included in a semiconductor substrate. For example, in the case where a
silicon wafer is used as a semiconductor substrate, nitric acid oxidizes silicon, and this
chemical reaction can be represented as the following formula (1).
38i +4HNO; — 3Si0, + 2H,0 +4NO - (1)

[0054]

20 Here, the formula (1) includes elementary process represented by the following
formulae (2) and (3).

HNO; + HNO; + H;0 — 2HNO; + 20H +2h*  (2)
Si + 4h" +2H,0 — SiO, +4H™  (3)
[0055]

25 In the formula (2), HNO; functions as an autocatalyst for promoting its
synthesis, and the amount of HNO; is increased when the reaction progresses. Further,
with the increase in the amount of HNO,, the oxidation rate of silicon is increased. In
etching of a silicon wafer, the reaction occurs by dissolving oxidized silicon (Si0.);
therefore, the oxidation rate of silicon is increased, whereby the etching rate of silicon is

30  also increased.

[0056]
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[ 0055] 25In the formula (2), HNO2 functions as an autocatal yst for
pronmoting its synthesis, and the anount of 11NO2 is increased when the
reaction progresses. Further, with the increase in the anount of HNO2, the
oxidation rate of silicon is increased. In etching of a silicon wafer, the
reaction occurs by dissolving oxidized silicon (Si02); therefore, the
oxidation rate of silicon is increased, whereby the etching rate of silicon
is 30al so increased. [0056] hbte t hat here, etching rate" means

the et chi ng ano L&['qc;gt %h%mé{'nt"e?cthﬁa? rgige" suﬁ]l' t 1n amoE anioé t &gﬁj éln dWhose

etching rate is Br 6se s easl "a film
whose et chimigtimet érhas is| tavﬁlnrwhmses‘ehmg r:ae isi ngh"wbprcdennss fﬂhlllfWhl@UIlS eadilp be

etched. In |t| "to obtain etching,sel ect.ivity" neans.that, .for
oxamnl . et pnda hPkhie THE B BN SR K ol W R BihR R B b eone o
there is aeﬁhe‘dtl Ol sddlitioni ftb@banﬁac}bﬁg mminh'aneinc mang‘ozfeaﬁaelpmt aldyer Aayer A

oncents ot Fhe Jrver B g, uchag e g Sopdition Sthets b is & PO GEtE oy

repr esent egetR¥erf thectakin: %ﬁté@tﬁ@ﬂaﬁer@?éndltﬁe dt&fife datcksline lhyerBCCUr in initial
state; 10 therefore, e etching amount with respect to the etching tine

changes s|[%Afly. When the concentration of HNO2 is greater than or equal

to a predeterm rr%@leya’aw@,whwﬁxerc%a@ehtrmbnr@hﬁrduga&mmiﬁulsa;uﬁ&% isiigw,i ncr eased
at an accelerated pace in proportion to the concentration of HNCO2.

Ther ef or e, aresetien whresentedabethsfabavenforapladd) istlessrikabite oo pubsl fait for a
certain pe{He%T’orla,sthéiétEﬂl %Burftrvﬁﬁﬁ‘ Jsbé{:t tb theicHi Ihékl%aﬁ%é% hti%,ﬂd WHiHS a

stable rate cannot be e talndln evvherea
substrat e the @oenimatousf ﬁmzotseswdr th[aaorsaﬁ]qual to a pr@tenh@ed)tvnblp, thand, in

the m xed i J:ti&l' ﬁt@ ﬂﬁfecfoﬁlﬁgIgi)rlﬁﬁl{&%ﬁ%ng?%g'ag&% tec{ ga%igfﬁ%ﬁ{}&loﬁntd 2 Of

nitrous aC| an or equa preferably 20
hi gher t hamrmentmqumlof NGO iThértfore, tthe eehing erate rof acized sphtlblhervlﬁcr!nrlmal a(2) is

per f or med even in initial..state. ares chin nmount
Bt r oepeltons fire draphirgod iRl Bom e PLACR spleafrbils SPn!

st abi | 1zat kokingfraté Renmet dBicaglyr aitsinahin he cashwhated. sulﬁhmteefsocroanmmuslybst rate
can be processed, continuously, so that productivity can be inproved.
Further, iP%&%r xed sol ution described in this enbodi nent, the etching
25rate is [yogfy therefore, the treatnent tinme can be shortened by

perform ng reprocessi n}?
On the other hand, in the mixed solution described in this embodiment, the

concentration of nitrous acid is high (e.g., higher than or equal to 10 mg/l, preferably
20  higher than or equal to 50 mg/l); therefore, reaction in the formula (2} is performed
stably even in initial state. As a result, the etching amount with respect to the etching
time can be increased linearly, so that stabilization of the etching rate can be achieved.
Therefore, a substrate can be processed continuously, so that productivity can be
improved. Further, in the mixed solution described in this embodiment, the etching
25  rate is high; therefore, the treatment time can be shortened by performing reprocessing
treatment using the mixed solution.
[0059]
Note that in order that the concentration of nitrous acid in the mixed solution
be high, a dummy substrate is subjected to wet etching treatment using, as an etchant, a
30 mixed solution which includes nitric acid, a substance that dissolves the semiconductor
material oxidized by the nitric acid, and a substance that controls the speed of oxidation

of the semiconductor material and the speed of dissolution of the oxidized
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treatment using the m xed solution. [0059] Note that in order that the
concentration of nitrous acid in the m xed solution be high, a dummy
substrate is subjected to wet etching treatnent using, as an etchant, a 30
m xed sol ution which includes nitric acid, a substance that dissolves the
sem conductor material oxidized by the nitric acid, and a substance that
controls the speed of oxidation of the sem conductor material and the speed
of dissolution of the oxidized sem conductor material, for exanple. [0060]

Furt her, r f nitrous acid in the mxed solution is
set too hld% %Q§g§ﬁn%l6%:%k&%ﬁg$sen1conductor material by a substance that

di ssol ves {l@60p sem conductor material oxidized by the nitric acid is a
rate-controlling.factor of wet etchin t herefo [ entr |on of
et Foua aerd 1 o Tl Bhetlne iSheofiton BEnidol 4508 i it SRR Bdebtoboner ¢ han
gr equal t highOQissaition HORLien(ondta@br defeeial by o eutdainceat tdisolvesk ehef or med

ue to addition of ions .e e 10, da ed sem condu tor ion, and
an et chant SPaERRpcpLmaral ‘P’S}‘S‘F?ﬁgb’epﬁt ytric d’r Fal-gpntro mg a‘i"ig
sem conduct@hingSfléefore, @ﬁecctuneamlaﬁ&gmeﬁ&s& AR isaBt WweF D ar Stial &:CBOObUt al so

fromthe inside. [0062] ecificall the etching tends to progress in such
a manner t Figl %re’@@w lﬁ‘apréﬁ%or caqual to 300 gyl

f0061]

Crystal defects, voids, and the like formed due to addition of ions exist in the

10 damaged semiconductor region, and an etchant penetrates easily thereinto.
Accordingly, in the damaged semiconductor region, etching progresses not only from a
surface but also from the inside.

[0062]

Specifically, the etching tends to progress in such a manner that a deep hole is

15 formed in a direction perpendicular to the plane surface of the substrate and then the
hole is expanded. In other words, in the damaged semiconductor region, etching
treatment progresses at a higher etching rate than in a less-damaged semiconductor
region or the non-damaged semiconductor region.

[0063]

20 Note that in this specification and the like, the less-damaged semiconductor
region refers to a semiconductor region in which the degree of damage is relatively low
as compared to that of the unseparated semiconductor region 125, the semiconductor
region 127 to which ions are added, the semiconductor region 129 to which ions are
added, or the like.

25 [0064]

The etching rate of the damaged semiconductor region in the case where the
etchant is used is 1.7 times or more as high as that of the non-damaged semiconductor
region (or the less-damaged semiconductor region). That is, the etching selectivity of
the damaged semiconductor region to the non-damaged semiconductor region (or the

30 less-damaged semiconductor region) becomes 1.7 or higher.

[0065]

In this manner, when the wet etching treatment is performed using, as an
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15 formed in a direction perpendicular to the plane surface of the
substrate and then the hole is expanded. In other words, in the damaged
sem conductor region, etching treatnent progresses at a higher etching rate
than in a | ess-danaged sem conductor region or the non-damged

sem conductor region. [0063] 20Note that in this specification and the

| i ke, the | ess-damaged sem conductor region refers to a sem conductor
region in which the degree of damage is relatively |ow as conpared to that
of the unseparated senjcgonductor. region 125  t .con r.region 127
to which i & ngrtge &Hﬁ%ﬂd?&%%l gg'r%hc%nﬁ%ét'ggmr aecé(ls]gvr%&%znb @8%\{%[%?6 it%?\s are
added, or piidizés kiee s2micOfidior material, The wbstincagthantdissolives hige daitiugdd

sem conduct or, region in_.the case. wher, he et cha is eg, is 1.7 times or
rore a6 hi SMiSEagHGR mfeith ey S i RGP ETE dhtt PnlrEE i st e

| ess- danagggdapm oFans siiiedndn@al @alerialTdndt the Speetl R disselbiisigoBik exidizedt y of t he
damaged_sem conductor regjon to the nqgn-(d; ed. sem conduct or, regi on (or
the 30 fesirueandycier W Rb iR HPYS eaﬁowﬁr%@_%mgs £ 70 PURTARISY: g‘fooes] I'n
thi's mannef,mie Sentibshdiebr REH tittbd seRBfivEB HemoSedper f or ned using, as an
etchant, the m xed solution which includes nitric acid which is the

subst ance {09861 oxi di zes the seni conductor material, the substance that

di ssol ves the oxidizafhiyd GTepRBANRE AeatiRACIiakibiMid 1M afobifit oF IS bfithet he
substance that control's the speed of oxidation of the sem conductor

materi al asubstrdte depweaamoral by pelbishing wrtholike ¢a besignificanthssmallenthan feRict or
materi g, ?éﬁre%&d&f?é@un%& t%és%r{p%l:%%éi d%§ingﬂ1eas%s?l% {3h ¥Sincrehdt@. damaged
sem conductor tegion can be sel ectively Tenoved. [0066 Accordi ngly,
i n repr oceBwiheg Hytieaverehingftreatment 8 phuaalisy of demicomdunter sobstratgs $2 béantbee
substrate due to, renoval by I.shi 0 | | b Lapi fd gantly
smal | er thgﬁ?c%g\s/%ﬂ' aﬁ@“%glfnclﬁ’ etygg%r%e’t%ﬁg Al %béir]ﬁlgf }eﬁ ?or?g%&gf E?azﬁlpggc%fsgl?ng and
usi ng the sibssite @he be aivrdased. NFurls@dre, Bincd thersecdiy dtétengratatmenghian e
treatnment, a_plurality_ of sem conductor substrates 121 n_be cessed at
one tine; PH ‘ir‘@, aesthFcP’@‘ﬁc‘ipnBl}are%hgo r@%?@%&s&?aﬁa“ﬁr 3%?33%% ‘g;ﬁjtche
substrate fprochRingRhARRESE thdsubithey daabe incddasaialdofer thisaemsen.et chi ng treat nent
can be perfornmed in a short tine conpared to the CVP treatnent, efficiency
of the 15r@@§3¢essi ng treatnment of the substrate can be increased also for

this reason. [OG&fther, the etchant used for a reprocessing method of the semiconductor

substrate described in this embodiment includes nitrous acid as an autocatalyst, whereby
the etching rate can be increased compared to a mixed solution without nitrous acid or
20  with low-concentration nitrous acid; therefore, etching treatment can be performed in an
extremely short time. Moreover, nitrous acid with high concentration (e.g., higher than
or equal to 10 mg/l) is included, whereby reprocessing treatment of a substrate can be
performed in a stable etching rate.  Therefore, variation in the reprocessed
semiconductor substrate can be reduced. Moreover, because of having the stable
25  etching rate, the substrate can be processed continuously. Therefore, productivity of
the reprocessed semiconductor substrate can be improved.
[0068]
Note that the thickness of the damaged semiconductor region in the projection
126 (the semiconductor region 125 and the semiconductor region 127 to which ions are
30  added) is largely different from that of the damaged semiconductor region in the other
region (the semiconductor region 129 to which ions are added). Therefore, the etching

selectivity of the projection 126 (the peripheral portion) to the other region (the central
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Further, the etchant used for a reprocessing nethod of the sem conductor
substrate described in this enbodi nent includes nitrous acid as an

aut ocat al yst, whereby the etching rate can be increased conpared to a m xed
solution without nitrous acid or 20 with | ow concentration nitrous acid,
therefore, etching treatnent can be perfornmed in an extrenely short tine.
Moreover, nitrous acid with high concentration (e.g., higher than or equal
to 10 ng/1) is included, whereby reprocessing treatnment of a substrate can

be perfor ”Ed%iigr:l}iié‘nétt %R{)&&}n 0 of Bich IS ShRNE. variation in the

[
reprocesseﬁ0 conductor su st rate can e reduced. Moreover, because of
havi ng t he[wbal e 25 etching rate, the substrate can be processed

continuously. Therefore, prodyctiyity of the. r ssed ' ctor
substrate can be’P° F%\?@%.Jefﬁﬁg%] bt e tlﬁ’g}eglta{?gpta%ﬁ%gl}ﬁ%ssg%% t(é %gggamaged
sem conductr@dtmegdis Qdfariet, tHeedapiagpd Gémioondi2ir (rédien $e first edied tboth inetheon 125
and t he_sem conduct

r region 127 to ich ions are.30 .added). is,largely
di fferent P‘ioéﬁ?fl?%yt‘soﬂ’ld i ‘(’ﬁ%&@ﬂn’s‘ﬂ‘?ﬁ %ﬁ&%&g&e{eptg&y&ﬁ appo lﬂlétseg’t er region
(the sem camdpGhOr ddnRgb® Nsekd@dnigcth ir€diod Qliger attan ad@de @ojectiber efeor(the t he
etching selectivity of .the projection 126 é%&e,periggirtﬁl ortig%) to the
ot her regi SICAYECtRRL FRgion 12% b tihish) fops affop fsoremonethi the lesidanagedng
et chi ng trgatinBtetod Q8B br the non-damiRAisbhkSndicRr SRR ik Bfdsdish Ainageamedi at el y
after the second etching treatnent 1s started, th amaged sem conduct or

e d
region is fimisendueiehegeiont kitien e Sepmspiedionond2e2e A i et WemeEHer
regiongsth icéllagctglt fe i{oﬂQn R gﬁ}e%: 4d Yoo B ﬂl‘dllgg%:(ﬁ!)\yed;-andat_fhte Qfchinge damaged

sem conductor region er th e prol{ﬁecti on 1 t he sem conduct or

regi on 129sdlectiwty bbcamensl.hoe highdedAfies theedamasgd semisondustor degiery &y the

sem conduct or _ r.egi [ : ] ; ' [ posed in
danmged. sehicissHEAEE B shfboRALHRRET P Rd Gkl gklty, Bo7o8PD2
damaged 10whiiiiasreuatded) is eghahtoibe rethevedr thp dass-ilamaged Germisoptuetoeregioni al | y

renoved, and,the et chi selectivity becones 1,7 .ot, higher = Aft t he
damaged seff H5TGH IB?ge:a%ﬁFlbcﬁnﬁg%%otrﬁ ' bs]eé‘g?slegr?lsfﬂ‘gﬂtetlﬁg]egtéorlﬁ I::icﬁ)f‘l B%t or

r egi on 1325 tirnethilaelkaiviy ectohns todppraxghaely 127 to which ions are added) is
etched to be renoved, the | ess-damaged sem conductor region or the
non-darrageéoogg}ﬁ conductor region is exposed also in the projection 126;

thus, 15t he et chinnfisSRInQ&E kvbd the lefihitzn&IdcOviBPRirex idufigethy sdcontl QARG
treatment, the etching can be finished in consideration of the change of the selectivity.
For example, by stopping the etching treatment at the stage where the etching selectivity
20 is reduced to lower than 1.2, the damaged semiconductor region can be removed while
the unnecessary over etching by the second etching treatment is reduced.
f0071]
Note that the etching selectivity may be a value (a finite difference value)
obtained by comparing each of the amounts of thickness of the projection 126 (the
25  peripheral portion) and the other region (the central portion), which are reduced in a
predetermined time (e.g., 30 seconds or 1 minute) or may be a value (a differential
value) obtained by comparing the amounts of thickness reduced in an instant.
[0072]
In the above manner, the semiconductor substrate 121 is reprocessed, and the
30  reprocessed semiconductor substrate 132 is completed as illustrated in FIG. 2D.
[0073]

Although most part of the semiconductor region 129 to which ions are added is
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In this manner, since the etching selectivity varies during the second
etching treatnent, the etching can be finished in consideration of the
change of the selectivity. For exanple, by stopping the etching treatnent
at the stage where the etching selectivity 20 is reduced to | ower than 1.2,
t he danaged sem conductor region can be renoved while the unnecessary over
etching by the second etching treatnent is reduced. [0071] Not e t hat
the etching selectivity may be a value (a finite difference val ue) obtai ned

b i f th . Of ' . ' ' 6 (th
2bper pher Treser b Btk e Al b ViR Eter R Rh AE S ) LCN%
reduced i nsuzhpr @8etolianismdstet traainehe isgprefeBidlys potmasd efierlthersenond etcbingnmay be a

value (a djfferential value bt ai ned onpari.ng .t he unt s .qf. thi ckness
reduced i n"%ﬁ‘im?'ﬁsgf’éﬁﬁt thy ?96’7‘)21"8““” 2560 Mo %‘1 %R’tcﬁéo B (?/%d‘fj1 r‘lsn(éor’?pl‘?[ﬁ%

sem conducCteafovedIDAs ik eudik &R mlielkisg teatment tyhified byr EPacassad

sem conduct or substrate 132 is conpleted as illustrated in FIG 2D. [0073]
Al t hough ri9&sr beap frragfatiop grocessing Ang s 10 ¥%gY¥h 129 to which ions are added
i's renoveghohy) the above second etching treatment, part thereof is left in
sone cases. In such a case, other surface treatnent i s preferably perforned

after the secondn@fdifiem dhenobishing Heatmention e lpssebeaniradigtionreimeg gia¥n 129 to

whi ch !Onsb@g&fcﬁﬁg@ﬁl iuSal BPBPHRLE! Ynb SRIRY 6the ASathlBf stk CACKe Adi@abimaNt |
pol i shing treatnent prlfl ed by CWP treatnent, 5laser beamirradiation

processi ngas appfopiiate Witheut limitgiieren . Inpdigtion) treatment with lapgj ligh nmay e
pol i shipg . lLiRghation treatment may be
perforlrlrgd gérmregﬁgtte%{%#tﬁﬁnlﬁgéﬁsnl‘ﬁgﬂg}uééer%o "the treatnment steps can be
det er mi ned[@35lappropriate without limtation. Irradiation treatnment with

| i gh b f. : - o _
b ! L ansT™Y s dorRih PPt QR LR o RubhLANA'E Rinobed trélgh?ser

the first etching treatment, the second etching treatment is performed using the mixed
solution which includes nitric acid which is the substance that oxidizes the
15 semiconductor material, the substance that dissolves the oxidized semiconductor
material by the nitric acid, the substance that controls the speed of oxidation of the
semiconductor material and the speed of dissolution of the oxidized semiconductor
material, and nitrous acid which functions as an autocatalyst, so that the damaged
semiconductor region remaining in the periphery of the semiconductor substrate can be
20  selectively removed. Therefore, the amount of loss of the substrate due to removal by
polishing or the like can be significantly smaller than ever before, and the number of
times of reprocessing and using the semiconductor substrate can be increased.
[0076]
The structure described in this embodiment can be used in appropriate
25  combination with the structure described in any of the other embodiments.
[0077]
(Embodiment 2)
In a method for manufacturing an SOI substrate of this embodiment, an SOI
substrate is manufactured by bonding a semiconductor layer separated from a
30  semiconductor substrate which is a bond substrate to a base substrate. The
semiconductor substrate from which the semiconductor layer has been separated is

subjected to reprocessing treatment and reused as a bond substrate. An example of a
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As described in this enbodinent, after an insulating | ayer is renoved
through the first etching treatnent, the second etching treatnent is
performed using the m xed solution which includes nitric acid which is the
substance that oxidizes the 15 sem conductor material, the substance that
di ssol ves the oxidized sem conductor material by the nitric acid, the
subst ance that controls the speed of oxidation of the sem conduct or
material and the speed of dissolution of the oxidized sem conductor

material, ermgtg%cﬂ é(a'r l?lggufac(furln e %If yubgts‘até) %% t@? e%ogiHﬁRF %1‘?‘ fb\é ctgleScrﬁJth hat the

damaged s regi &n-F enai Ml ng 1 n

sem conduchebsw s1iths¢fe@he to FIGHS 20 :HE|%SJ 4Fetoy4(i' eambaadmufabmnﬁ pooeess t he
anount of | oss .of e, subs e due to renoval by polishing or the |ike can
be S|gn|f|‘3’§ﬁt°ir§“§¢}€“|bﬁ ‘?‘Ffaﬁ er before, and the nunber of times of
reprocessifg7gnd using the sem conductor substrate can be increased. [0076]

The structure described in this enbodlrre t can he din appropriate 25
corbi nation wi t Ktheé rg?%ﬁﬁ&?ﬁ?@éma@s@r%@ dtiement reeion 1058 B FBIORIBISH ont .

[0077] (Enhisstiaento 2 picpard OPbBRfNG With 'R Bakk atbitfate AR &@ﬁl&ubsmat e of
this enbodi nent, an S& substrate 1s _manufactured by bondi ng

semi conduckresess asfaes Wetieatment foF fhsniemicanducion BFIE | %s@msa?r@sm chis a
bond substpat&s AG prPgse substrate. The seni conductor substrate from which
t he sem conductor |ayer has been separated is subjected to reprocessing
treat nent BA®Ireused as a bond substrate An exanple of a method for

f t o d bel
wih 18 erence ¢ oopRHERhiRhg Shuldl SofRRGERCekid sAARRE bEDED Pel oW
process chAflt inoFIGars).SAs thebssmicanduatdr fubebrate IP(DWBFX@mlmsﬁt single srys¢dss of
formng a f oﬁ’e congﬁcttor sng{}{?ter glgi ég%al ie ?en? ?%ﬁ ﬂ]%gt?a{te %g ? ﬁ&(ﬁ[ﬁsarethéoo to

pr epare a ba escri I's process
rel ates tohltermttrmrsbdf OPypichbemmlasmfcbunmwrmaﬂyb@mﬂatﬂ@smm subdirateyr aresponds to
Process A ci',irréuﬁl{‘ gﬁéon substrates which are 5 inches (125 mm) in diameter, 6 inches (150 mm)
15 in diameter, 8 inches (200 mm) in diameter, 12 inches (300 mm) in diameter, and 16
inches (400 mm) in diameter. Further, in a peripheral portion of a silicon substrate,
there is a chamfer portion for preventing chipping or cracking as illustrated in FIG 3A.
Note that the shape is not limited to the circular shape, and a silicon substrate which is
processed into a rectangular shape or the like can also be used. The case in which a
20  rectangular single crystal silicon substrate is used as the semiconductor substrate 100 is
described below.
[0080]
Note that a surface of the semiconductor substrate 100 is preferably cleaned
using a sulfuric acid/hydrogen peroxide mixture (SPM), an ammonium
25  hydroxide/hydrogen peroxide mixture (APM), a hydrochloric acid’/hydrogen peroxide
mixture (HPM), dilute hydrofluoric acid (DHF), ozone water, or the like, as appropriate.
Further, diluted hydrofluoric acid and ozone water may be discharged alternately to
clean the surface of the semiconductor substrate 100.
0081}
30 After the surface of the semiconductor substrate 100 is cleaned, an insulating
layer 123 is formed over the semiconductor substrate 100 (see FIG. 3B and the step A-2
in FIG. 5). The insulating layer 123 may be formed using a single layer or a stacked
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[0079] 10First, the sem conductor substrate 100 is prepared (see FIG 3A and
the step A-1 in FIG 5). As the sem conductor substrate 100, for exanple, a
single crystal sem conductor substrate or a polycrystalline sem conductor
substrate of silicon or the |ike can be used. Typical exanples of
commercially available silicon substrates are circular silicon substrates
which are 5 inches (125 nm in dianeter, 6 inches (150 mm 15 in dianeter,
8 inches (200 mm) in diameter, 12 inches (300 nm in dianeter, and 16

| nches (40%?/ erclué}ng apmﬁ 6111 L of mé‘ulz&t{ngrﬂ!ml N Fheb ggdle{?{ﬂgrl@er Egréah%@ f@lli'n e silicon

substrate, e'is preven pl ng or cracking
as il ustradieglan insithtEgIAm \Nﬂtlemrﬂmm mhrmnsabamemnpmanotsudh amatsﬂabon@xtdhe

i I b d
" ect angul Al TERLIEOR ARG A RAR oxy BT e SRR RIESRAL e oo

20r ect anguihi efibdtifthént,Chy Sisalof Sisink eodilicusddeafiln asstheisielatisg tdyer £23nisconduct or
substrate 100 is described bel ow. [0080] Note that a surface of the
seni conducHeFIiRegEE #R SX¥PIV0 is preferably cleaned using a sul furic

aci d/ hydr ogpgaper oxi de mi xture (SPM, an anmoni um 25 hydroxi de/ hydrogen
peroxi de m xture (APM, a hydrochloric acid/hydr ogen pero i de xt ure
(HPM), dilute hyadls P%pif@ma%.swc‘ewyle oy b dnsiiating laygg, 123y, the) ipgylating

appr opri at gue Y3 BRI be Hirlndd %ﬁlmg)édﬁﬁfeh%%'df sﬁ&ﬁedalﬁinélx)@&?ﬂﬁm\i@ﬂeéasr@y be

di schar ged aI ternately to clean the surface of the sem conductor substrate

100. [ 0081letragiaxysilang KEEQS) (fchfer@c@ffowéa M%Hmld&mg%g& thadike bpg i s
cl eanegl a@gopglg{)%&igﬂ%wjgﬂ%’(fgucﬁza% thén{apw Xs?r[] a2 EVB, %ﬁrﬁﬂs?ﬁé‘?ﬂ%&ﬁﬁreSUbSt rate

100 (see FI in FIGD5). e insul at g ayer 123 may
be formed CisfiD;garduiasiE@(éVDayT@rthtsrcasp,SItaMa@ajof thayinsulating layet WP maplbaral ity of

insul ati ngd%n'siffcrﬁ Igﬁgehg?a llng{réﬁlgm}’tayer 123 can be fornmed using an

i nsul ati ng alns SsiTicon as a conponent, such as a silicon
oxi de filnf0o83kilicon nitride film a silicon oxynltrlde filn1 or a silicon
nitride oxide fi l.n this..enmbodi i.con oxide

M ae Che s ot Brsaiferng 3105 34T ater ot FegCE § cBhmiedl Bebof aBboshBY,

15  method using an organosilane gas may be used as the 1nsulat1ng layer 123. As an
organosilane gas, a silicon-containing compound such as tetracthoxysilane (TEOS)
(chemical formula: Si(OC,Hs)s), tetramethylsilane (TMS) (chemical formula: Si(CHs)),
tetramethylcyclotetrasiloxane (TMCTS), octamethylcyclotetrasiloxane (OMCTS),
hexamethyldisilazane (HMDS), triethoxysilane (SiH(OC:Hs)3), or

20 trisdimethylaminosiiane (SiH(N(CH3)2)3) can be used.

[0084]

Further alternatively, the insulating layer 123 can be formed using an oxide
film obtained by oxidizing the semiconductor substrate 100. Thermal oxidation
treatment for forming the oxide film may be dry oxidation, and may be performed in an

25 oxidation atmosphere to which a halogen-containing gas is added. As the
halogen-containing gas, one or plural kinds of gases selected from HCI, HF, NF5, HBr,
Cly, CIFs, BCl3, F3, Bry, and the like can be used. Note that the insulating layer 123 is
formed to cover the semiconductor substrate 100 in FIG. 3B; however, this embodiment
is not limited to this structure. In the case where the insulating layer 123 is formed by

30 a CVD method or the like on the semiconductor substrate 100, the insulating layer 123
may be formed on only one of the surfaces of the semiconductor substrate 100.

[0085]
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In the case of using silicon oxide for the insulating |ayer 123, the

i nsul ating layer 123 can be forned using a m xed gas of silane and oxygen,
a m xed gas of tetraethoxysilane (TECS) (chem cal formula: Si(0C2H3)4) and
oxygen, or the like by a 10 vapor deposition nethod such as thermal CVD,

pl asma CVD, atnospheric pressure CVD, or bias ECRCVD. In this case, a
surface of the insulating |layer 123 may be densified by oxygen plasma
treatment. [0083] Alternatively, a silicon oxide layer formed by a chemnica

vapor_deposi ti o, 15, ngLhod 45 iie. A, QLARAGA! LATE SRRIHRe diicdes the

i nsul ating Iayer an-ofr an05|lane s, a silicon- contalhlng conpound
such as t etreARERAX ypeifbraie al ]itg%) thég be Ballmalto 00 Piiland 1@Gidr QERHE) efpal to
tetranethyIS|Iane (TVB) (chemical fornula:

t et r anet hy HEOpCTCottrsay nf epsprametey2payC )B’CQ"a"?%E‘g’?ﬂ?P%?}FzE‘F@{“&gr%gi LENT
(QVCTS) , - e BEEl iy '?oz%?@q@fw@? rgl) gtJawe%)l 08 res'ae%ﬂ(fa%g&;s) 3), or

20 trisdi hyl am nosi I'ane can be used
Fur t her5 al Teatmani tek ynaytbleéJ i tostuhaurs, mgfﬂzralyle,rO 3281 beur. bhd Grokness g§iheg an

0xi de 11 mBE Al RhipR dh AL i I 3R ABAHCE 0T RTHLALBiL AP TET !

oxi dati on PF F ot ng e oxide frl oxl dat| on and
may be per foorsteh)] fbraxm{iﬁe,(b&(intatl on atnosphere to which a

hal ogen-coa@g@?i ng gas i s added. As the hal ogen-containi ng gas, one or
plural Kkin gases selected fromHCL, HF, NF3, Cl2, ClF3, BCl3, F2, Br2,

and the |ike carBpeudishétmaNotidatidnatcatrient iimanladhosphert @p@ainihig haodear ned to
cover the sem conduct or _substrat e i | § enbodi ment

0 n FIG 3B; however, th
i s not 19§ nflewanty Berxide Wiy chpiogpiain ‘}‘ﬁ?’?ft‘?gelb%{g‘@e%epé c?‘ﬁ%‘ni“ﬁstfﬁ h@?%& | ayer
123 is for Qi%ﬁeﬁyatéféo@ceﬁﬁ/&aoﬁ%&‘h%m atbllﬂ@/cxlni’ ke1 QN ot heorsemirs MR iRle @msS ubst r at e
100, the insulating layer 123 may be formed on only one of the surfaces of

the semi coraptwenhcayhimatzlahat isGo. exprosBsimpurity (e-g. Pes Gin NoxenMirk sefthator nat i on
condi tions, tar{i@&%%b%@ﬁ%xgﬁ{éhﬂﬁt&'l%@ tolbE Rrfell G4 TRA be | Bl%vé?@er 4f ormed at hi gher

t han or equ ower than or equal to 110 C (typically at
appr oxi mat gl87P50 C) in an at nosphere cont a| ning HCl at a rate of 0 5

voluteiit o 10 VoW ERESIGhEL: P ID. o mGRBRFC b f GARD.
t hi ckness edn dehe togétdae 1rﬁpdrmilei (e.drandbileimd of dia op ehedike) which hcbfersakygaﬁ“emf 10 nm
o100 T PR SRD I, 155 SRR % RRHERY B S
after the msulatmg layer 123 is formed, impurities contained in the semlconductor
substrate 100 are separated out to the insulating layer 123, reacted with the halogen
20  atom (e.g., a chlorine atom), and captured. Accordingly, the impurities captured in the
insulating layer 123 can be fixed and prevented from contaminating the semiconductor
substrate 100. Further, when the insulating layer 123 is bonded to a glass substrate, the
insulating layer 123 can also function as a film for fixing impurities such as Na
contained in glass.
25  [0088]
In particular, the inclusion of halogen such as chlorine in the insulating layer
123 by heat treatment in an atmosphere containing halogen is effective in removing
contaminants of the semiconductor substrate when cleaning of the semiconductor
substrate 100 is insufficient or when the semiconductor substrate 100 is repeatedly
30  subjected to reprocessing treatment and used.
{0089]
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10 el enment, the oxide filmcan contain the hal ogen el enent. By contai ni ng
t he hal ogen el enent at a concentration of 1 x 1 017 atons/cn88 to 1 x 1021
atons/cnB, the oxide filmcaptures heavy netal that is an extrinsic
inmpurity (e.g., Fe, G, N, or M), so that contam nation of the

sem conductor |ayer to be formed | ater can be prevented. [0087] 15Furt her,
the insulating layer 123 containing a hal ogen el enent such as chlorine can
serve to getter inpurities (e.g., nobile ions of Na or the |ike) which
adversely affect,, the sem canduct or St 2 100. egkf L.cal heat
treatment which M%re%‘éef’f ?r'errglc? 0§§ e?le?’?fg icé@%lﬁ%c}li lﬁgt ayog{?({ahlg[g érés/anP%)r{ med,

i npur i ti esaeeniRte@dningted fefecseon thondifadeaf thaipnticalactdOMbstrate Eipas at ed out

to the insul gti 2 d.with the hal 2 .
chl or e 2SR Panieo oyl S hatop b RGISe PRYCRhY RERBS L Sl 38 | o e

i nsul at i Nngsdnay@idudesuBantdomoichxBeredingddpr event ed from cont ani nating the
sem conduct or substrate 100. Further, when the insulating |ayer 123 is
bonded {0 B’%Wass substrate, the insulating layer 123 can al so function as
a filmfor fixingeinaRYéd SibBént StafingbinNae MoMNh@igNegeriln3 GlakasdistafibR08 8]

In particular, the inclusion of hal ogen such as c&ltﬁr ine i.n fhe igsul ating
| ayer 123 e inmulsting fayer 128nt A8 raltaVASS FsemEoR Bkt of the iguirting et 12

effective |slmpRABY O SRS Pkt W ater & inbrdSsed © MTH0 RAWGEPHats R prds@ic @nwhen
cl eaning of the sem conductor substrate 100 is insufficient or when the

seni conducthesurfadssfthe ipsulging, layer dpbdhewpigr pusent pp Sieruefaserapds reRid¥si ng
treat t . . . goMar, the hal ogen el enent contai ned
in thg?gxi%%ﬁbg%g@rfggﬁ?%ég tog;[er%%ssubaﬁg e'term nates defects on the surface of
t he sem cofidatk or substrate 100; as a result, the local level density of an
interface between th xide.filmand.t m_c r 100 can be
reduced. 5] 0090]6In thd' a2 ﬁeﬁ Iaggaeﬁgglsgﬁsenﬁﬁ’ goﬁgbgrsﬁétg{ait%%&é c?)hf;éb ating
| ayer 123 mpkesiedivbich dedrems rdliabilityeofi anssuli@hdungor| deyige, siéiBas sllaalianstalsu| t, wat er
absorption te of the . ipsulati.ng. |la 123 s I mprLov and diffusion rate
of water igﬁ(’i?lﬁ'(‘?reé‘gg @E?alﬁ'ﬂ‘ﬁfn%“&‘f‘“@f‘gﬁ'y%t }gFf?éfaﬁyp'lﬂgfs&g%st ;ﬁg%as{]ﬁ%e: TP rgce of the
i nsul af§ ngfilnay /hich 23n prdventveht eimpwitks dintthed bast abstatef fiare diffisidpeintcafiied! y
10absorbed and di ffused into the jnsulatjn aygr 123. [0Q In the
case of usPsRjconductyr xera0 Bsgtqr}asc“b?“aée'glﬁsg'cé &b@ﬂ’é‘t i i‘?:'ﬁljakom{naf"‘ns
i mpuri ti esgybdChin e GkRIBIBm! fd 1801ikd tan KefgivenS e Withoyudhie film istwied én thieuch as
alkali metal or alkaline earth netal, the jnsul ati‘r)]g dayer 123 preferably
i ncl udes ainsplatirg laysad 2bthevppulating laver k33 cafifenstiens Hpavedtim @ efgtsdi ties in
the base Stbba'étarb%cﬁingrf?@.di ffusing into the sem conductor |ayer of the SOT
substrate. As suc ITm a silicon nitride film a silicon nitride oxide
film ahd t0982) i ke can be given. Wth such a filmincluded in the
insul ating |ayer LRSIl At WEhe kel A%ink YNGkéOMsAT sfadRar ri er
film(also ref erﬁ%%%%ﬁlg’? %ﬂﬁiﬂo@ﬁd%g%i ?‘rr)f.: © né st s

and ammonia by a vapor deposition method such as a plasma CVD method. In

addition, for example, a silicon nitride oxide can be formed using a mixed gas of silane

and ammonia, or silane and dinitrogen monoxide by a vapor deposition method such as
25  aplasma CVD method. |

[0093]

For example, in the case of forming a barrier film having a single-layer

structure as the insulating layer 123, the insulating layer 123 can be formed using a

silicon nitride film or a silicon nitride oxide film with a thickness of greater than or
30  equal to 15 nm and less than or equal to 300 nm.

[0094]

In the case of forming a two-layer barrier film as the insulating layer 123, the
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20[ 0092] For exanple, a silicon nitride filmcan be fornmed using a
m xed gas of silane and ammoni a by a vapor deposition nethod such as a

pl asma CVD nethod. In addition, for exanple, a silicon nitride oxide can be
formed using a m xed gas of silane and ammoni a, or silane and dinitrogen
nonoxi de by a vapor deposition nethod such as 25 a plasma CVD net hod.

[ 0093] For exanple, in the case of formng a barrier filmhaving a
single-layer structure as the insulating |ayer 123, the insulating |ayer

123 can be_faor | ol de. f | I I LLeon e oxide
filmwith ‘épﬁehrg% g%mg‘fl “Slg%a? &Qﬁ?{%}{gnﬁllg.?&%g g%gj rrﬁgﬁilok’é%?h g'r}}gtuP %egs t han or
equal to 3&9errtmthe[1ﬁ§iﬂaﬂnglfr]|mtdanzbeﬁ3med)bsihg)rfm axgmplet msilib(&rylétridbé'rlmloea filmas
t he insul at f NG, an | at i ng
filmwth %fll?‘ﬂq‘g‘ﬁg%igrorxfdé%l g‘é#@&%ﬂf‘ﬁ%aﬂg 3’?‘1 tf)&%é f%ﬁeegtlnnsu a ?ng film
can bg formgﬂ b]gtﬁ:fcmg eﬂ%ﬁrfoﬁpﬁwﬂémg ll&pﬁ}ltb(lj(_ﬁfﬁl’tidm bllitl their intémalcntreﬁ; mlalsocoE
nitride oxjde filmw th a thickness o m.to e ns have a
hi gh bl dckligh eriyeaderes a3 a‘br“és\‘}g"‘ﬂ fq“ﬁ? lfﬁ"ef%ﬂ"é I%H’ ‘HB?% i nt er nal
stress i s ghfgnaudtbObubstFlened o ss Iﬁ&eﬁﬁleltﬂssléleaﬁ b MUmf iheThaf ari effwﬂﬁ” | ayer
that is in contact with the sem conduct or gstrate referable

to sel ect elieyipgiheistessphan insulaineddm ofithe wnpeplpydig I(Eq;pémg?srcgglge ‘B’F“l e

i nsul at i nggfy WithQh SR8 HRORNideINE biresESPIBR luBer Ghsulalifg i WohideRGsifidohm Wi th an
effect of relieving the stress of the upper insulating filminclude a

silicon oxpxide film,msiligos okyniwside day.And ralﬂeFémﬁﬂH eidizeifilsn foraedy thgmiply di zed
filmfog ”Eg)f H%Lﬁlgh@ef lidohddd r%b&.la@ {19, t Bfic HEELELIIHEIONcSIHRBk g 100. The

t hi ckness ower |nsu ating filmcan be greater than or equal to 5 nm
and | ess tbfa)rbecgrea@LqEIahOtgq@D@ma@@b%]lanorequa Ryl niaxanpl e, in order for
t he insulad'og | ayer 123 to function as a barrier film the insulating
| ayer 123 %lreferabl y formed using a conbination of a silicon oxide film
15 and a sili corFolnietamI:de iff bidey foa thei ih:i;utactingdawnHBrﬁod'andtiiohm aharrigr 8lnk,i con

de.. oxi de ffll| m a

G111 con ox el kPR EeahToBR finit Sl ot T ot
[ 0096] 1Nexhnd 4 bificaenitraieRitG & Gllicon bsyriwide fikB@nd a silicomditeideefilnyiat d)llcmn i on beam
oxide film and a silicon nitride oxide film, a silicon oxynitride film and a silicon nitride
oxide film, or the like.
[0096]
Next, the semiconductor substrate 100 is irradiated with an ijon beam
20  containing ions accelerated by an electric field through the insulating layer 123, as
indicated by arrows. Thus, the embrittlement region 104 is formed in a region at a
desired depth from the surface of the semiconductor substrate 100 (see FIG. 3C and the
step A-3 in FIG. 5). The depth at which the embrittlement region 104 is formed is
substantially the same as the average penetration depth of the ions, and can be adjusted
25 by the acceleration energy of the ion beam and the incident angle of the ion beam. In
addition, the acceleration energy can be adjusted by acceleration voltage or the like.
The thickness of a semiconductor layer 124 which is separated from the semiconductor
substrate 100 later is determined by the depth at which the embrittlement region 104 is
formed. The depth at which the embrittlement region 104 is formed can be set in the
30 range of, for example, greater than or equal to 10 nm and less than or equal to 500 nm,
preferably greater than or equal to 50 nm and less than or equal to 200 nm from the

surface of the semiconductor substrate 100; for example, the depth is preferably
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20 containing ions accelerated by an electric field through the insulating
| ayer 123, as indicated by arrows. Thus, the enbrittlenent region 104 is
formed in a region at a desired depth fromthe surface of the sem conductor
substrate 100 (see FIG 3C and the step A-3 in FIG 5). The depth at which
the enbrittlement region 104 is fornmed is substantially the sane as the
aver age penetration depth of the ions, and can be adjusted 25 by the

accel eration energy of the ion beamand the incident angle of the ion beam

In addition, the [ad 1 e j WSt ce jon
vol t age oraqpﬁ%xufl?t%g%hﬁg’a%%rﬁc ensggfé&g?ﬁg&se%%@gé\cgﬁcstﬁ %Srng al?ljg'r ifg%%vdgl chis
separ at ed frradiatibih evith dori beandis penforsnel sftenfoemdiid dfahe nsilgtingelagerni2ied by t he

dept h at Lch the enbrittlenent reqgion. 104 is forned.. The de t which
the embrit Seel’?ﬁ’r?pmfeé‘ NSRG4 O %eﬂlklm%%cﬁﬁggos%? ll]ga‘r%lh “H%@B%@%"%‘é’@of, f or
exanpl e, gmeabeperfdraed wsfore theatbrriation Of thenimnttihgelbgertladn or equal to 500 nm
preferably greater than or equal to 50 nun and |less than or equal to 200 nm
fromthe sP4ce of the semiconductor substrate 100; for exanpl e, the depth

is preferably aﬂ?ll@reﬂiﬂri[’fﬁirﬁhb/regﬁﬂ 100 dah &) fofhedStyr foRGlepiaf tiehnedeNiTHENdUCt or
substrate 100. Note that irradiation with iqn beans 1s perforned ae}fter

formation R 49ping Heabpenti 57y beapeiormed With apjian JoPBE;ARRIEWS-howe¥RIF! Wi t hout

bei ng |'i M Lethpid\& fliBn dbiiRg biParlisAb aQidn\hdstLsdpantibie agpardiywie whRh ar med
before the formation of the insulati n_gl | ayer 123. 5[0097] . . The

enbri t t | enebiect plagecin axbamberrs isediagd ith all,ion speeiss geneepted iapxsiiation offie i on
dopi ng,§ 1 egl BRO,E gﬂo DRasRB! | PhaBdn WassratiGh afuRAtid isPRP @piatss whtt ypi cal
exanpl e of “an iy opi 'ng apparatus IS a non-mass-separation apparatus with
whi ch an obhiebtanpibjeck imadiated ivdthbien beams eordalniag all ion specigh Withowt Bpssci es

gener at ed ?%aﬁﬁ§ﬂ3ﬁ5ﬁ9 cf@litnﬂvlgs%apr ocess gas into plasma. The
par

non- mass-separati on a atuds 1s an apparatus wth which an object is
i rradi at ed[08P8h i on beans containing all ion species wthout mass

separation of i .Sspecies in plasma, [ 0098 in nents.,of, an i on
dopi ng appar at u@qﬂpecoﬁ'fo?egfsl iog-d nrgo@’rplafa%%lqge \Af??@ﬁ’“gh%o%lj%gg T's pl aced;
an i onisouaihfafobgeaneplatadngn idesouredlfor gerieratinp desired &mspdnd matac@ieratidohani sm

for acceleration of ions for jirradiation therewt The ion.squrce includes
L gas supphenspmaer s ERUSpPTEer BragBet BeEth: oPogBt e R RGHAE oq 1 on
speci es, aggseduﬁﬁ@rdédi%e fuichexpplidsNOsduf® &6 UsiCengating Gesfied édmipecipd,aama, and
the |ike. the el ectrode for generating plasm, .a igapam%l v§ll¥-coupl ed
hi gh- f r equeleetipdaferersiting the|sees Basdo sencoaic plasmanand the ke rAtile elsFtrede | ke s

used. The ggcelghfld PRsHECHAPaSIVEINEbHIIEs hhSRh@Re YistaPe dfec@bleSst I act i on
el ectrode, an acceleration electrode, a deceleratjon electrode, and a

gr ound2@| eéblamsaiclecids er tedike isoted i%laﬁt?éedatioﬁ meskanis BPRdeR SlsHOMEC hani sm
are provi d?&a\% Erbeﬁraﬁl!iéhr Aldibde, Of aQRERHH SlePlrodd] 4 dRelellbPMBErIMB) 4 ol ONS that

are generated fromthe ion source are accel erated. Note that conponents of
t he i on dogiongd agbgetrodet usTiRSe gitestrodss intlnilededn tthe apesheatipaswe¢hspigmapsve and

may be change S .nee " . i i : 1oL 1S made of
a case vvheplgngﬁg ws@ln? gg’ﬁ%&&? grggégbr{%gtoﬁ talptg’ Wﬂs@ﬁ 5)3?21?&23} ﬁ%nﬁ&fégn beans
i ncl udi ng #ioh thé iohBeurcoare apekras. t iNte tatecogpnaenst dfdhesion Hopihgapparaplsas ma

sour Cezg’ as ali‘esho {h%ﬁéﬁato Xo%tia gsgrilljje%iaggvet arrll rrila?(%e%ﬁgtigre]@as needed.
[0099]

In this embodiment, description is made of a case where the semiconductor
substrate 100 is irradiated with ion beams including all of the ion species that are
generated such that a plasma source gas is plasma excited using the ion- doping

30 apparatus. A hydrogen-containing gas such as H; is supplied as a plasma source gas.
A hydrogen gas is excited to generate plasma; ions included in the plasma are

accelerated without mass separation; and the semiconductor substrate 100 is irradiated
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30 apparatus. A hydrogen-containing gas such as H2 is supplied as a plasm
source gas. A hydrogen gas is excited to generate plasma; ions included in
the plasna are accel erated wi thout mass separation; and the sem conductor
substrate 100 is irradiated w th the accelerated ions. [0100] In
the above ion beamirradiation treatnment, the percentage of H3+ ions to the
total anmount of ion species (11+, H2+, and H31l that are generated froma
hydrogen gas is 5 set to 50 % or higher. Preferably, the percentage of H3+
ions is sef. 80 % ar.higher. This is because increase in the percentage
of H3+ iongnﬁﬁwﬁggﬁ%éﬁ%gﬁ‘les t he sem conductor substrate 100 to be

i rradi at ed[0i0®h hydrogen ions efficiently. Note that the mass of an H3+ ion
is three tines as |arge as that, of. an 1-1+ iop; therefore, .when gne

hydr ogen atonligné V§ 0 heamdry mﬁ%b?%%n?ﬁéR%ngFgﬁﬁfﬁgﬁ §8FP%8§ for an

H3+ ion capt9mBentiod 'icﬁesp_édiéEE(ﬁ" A% NMnd H:35hithed gedbraRa fibmlahydddhen fadi t he

above reason, the takt time in the ionirradiation step can be shortened,
and proflucsdtve 5§ Yaerchigher.o Ryeforablyctn porsentagsr ofid ionys sof fudll %t ordnghart h i ons
havi ng the.sane jmss, ions can_be added in goncentr d r,to the
same dept hTﬁlﬁ lshgé%’g‘éqﬁi INSITARSC i1 1% BBSE liﬁ%%ee 0‘58%3. X Bﬁd&]ﬁﬁs‘@}% ﬁrrg%?)epi S

appar at us egendléchdustexubstaite/ F0a be Gptaiidtbdwith hpdrogehdonsefficiegly: aNew thateat ment .

Therefore, by irradiation with 113+ by use of such. an ion doping apparatus,
si gni fi canthednasget 3 By den Bdhigp tlmﬁ%@é&mﬁﬁw Rf anfl é%&l?&et??fﬁ When-one

characteri g} (gTeTs j QN i t.S 1.8k
: ﬁ}dlrﬁgearagﬂ(;{lj tYMIEP R L Sarfld &épth, Fhd ﬁ:géigttah&{]vélﬂlggﬁﬁ A HAh &R

i nprovenent ction efticlrency can obtai ned "Further, 1 n the case
wher e af i beithaepinng aspighnathasof an Hisied, Fremthe stevateasmyth @akt Hinedn the

i ntroduced, at, the.tinme of the ion irradiat.ion; wever. by i.rradiation with
| ons ¢ hr oulsh eSS 567 b HosB. ARt PRI RE R e be RN

sen conducBerirsdiRsin witie ichd hatiag thesapieemedn] Rals fchd b haédaddin cotunagrtagtied by the
heavy nmetal. [0102] Further, the enbrittlenent region 104 rmay be forned by
i on i npl anF’a’cl‘?e(‘SFPtESS%‘?'“E‘%P%éﬂtthelﬁ'inﬁ’@“%tqréwsﬁﬁtﬁIlgﬁ‘rt ation apparatus. The ion
inplantatignggpparatus IS a mass-separation apparatus with which an object
di sposed in a chanber is irradiated with an ion beam having a specific ion
spi ceslafter nmden sepiag Appypuess 3¢ drexpensivsndosxcelinat dyeisedd 1gigasreat ed by
excitation SO ag., i ] A8 10 k) 56 & M@i G Bikatu®N
inplantatigﬁﬁg%%arggﬁg@g#Eypﬁﬁgﬁﬁtgﬁ i&hs?uan§f§§+ ! ons r'lgcﬁ%a}?e’generated
by 30 exci sighiificant offects duyhl ogreimpgasment iRlsBnmoslums shasmpraisitseah inaneabet he

sem conductop SUBSLAEG H0%eksS ahd TAUPSEmI B AOYucEn BRI Gicl U be
obtained. Further, in the case where an ion doping apparatus is used, heavy metal may
20  also be introduced at the time of the ion irradiation; however, by irradiation with ions
through the insulating layer 123 containing chlorine atoms, the semiconductor substrate

100 can be prevented from being contaminated by the heavy metal.

[0102]

Further, the embrittlement region 104 may be formed by ion implantation
25  treatment using an ion implantation apparatus. The ion implantation apparatus is a
mass-separation apparatus with which an object disposed in a chamber is irradiated with
an ion beam having a specific ion spices after mass separation of plural kinds of ion
species generated by excitation of a source gas into plasma. In the case of using an ion
implantation apparatus, H' ions, H," ions, and Hs' ions which are generated by
30 excitation of a hydrogen gas or PH; are mass-separated, and the semiconductor

substrate 100 is irradiated with any of these ions.
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[ 0103] -~ Wth an ion inplantati on apparatus, the sem conduct or
substrate 100 can be irradiated with ion beans of one kind of ions and ions
can be added to the same depth in the sem conductor substrate 100 in a
concentrated manner. Therefore, in the profile of 5 the added ions in a
depth direction, the peak can be sharpened, and thus the surface planarity
of the sem conductor |ayer to be separated can be easily increased.
Moreover, the ion inplantation apparatus is preferable because, owing to
its electrﬁﬁﬁsstructure, contam nation by heavy netal is relatively | ow and
t hus deter étion of characteristics of the sem conductor |ayer can be
suppr essed. 10[ ORifthn ion implankgion appdretus ehe sonidorciucior selisgate 408 cadbeover

whi ch the jnsul ati. | ayer 123 Ji.s,farnmed .i.s cleaned. . This cleanjng step can
be perfor n’é@aﬁkf% '?‘Sg’%@%f“é 0% P‘éealﬂii%@o’\%star?dtl%né B e%cgie%hor ge \S/\%%ee(%?{hﬁg

two-fl ui d fhekerficentiogsubbstdie 1 (einuS@nahtrped mangdr.er Thendom] intiegeofileaf t he

| i ke. The ultrasonic.cleanj i s preferabl ahertz yltrasoni ¢ cleaning
15 ( eghs oW cIAekIShT iy depif Alipetione a5k ca bY SBERE a&ngéﬁ‘ﬁﬁ‘ﬁe Siichie

t wo-f | ui d %Iﬁﬁar?z} SARE BhicdndBotGEIRY & IBHeh&htcs bdiSte catily iAEQase®Y M6rebusrt her

cl eaned with ozone water. By the cleaning with ozone ter, renpval of

. ¢ g
organi ¢ sutbstiothelaniaionapPIaWe inprefaably bcaysceawing e i sleciads SEHE t he

hydr ophi | | G einfR&Ich by Hea® mtthll i€ QatRElyt 1B& dnf SilsdeicRBraliay 6f chhRtefiatits be
perfornmed. 20[ 0105] The surface activation treatnent of the

i nsul at i ngofl thy samidangucterdayss caehersyppreeby i rradi ati on treatment with an

at om Cl@eamlﬁa{ an ion beam ultraviolet treatnent, ozone treatnent, plasm
treatment, " p aJsma treatment with bias application, or radical treatnent

i nstead of the dextrthsmepmisandugerosvbstyase 90 ¢wee avhidhethe insplafinglayer F3ds 5). In
the 25 casg_of ; usin n -atonLc.he ' I; : -peut ral

at om beam %Fm %dnys’l cr%%rF&gzggﬁsl %%%a%ggo?&a%%éﬁ% EIP chﬂghft%g%d“ggl%&%@fﬁggd. [ 0106]
Here, an etham f pafe tvhter, by onefltidgeitalning ivdthdbe ssei df pure Weder agd aitpgen, t he

ozone treatnent,.can e rforrre% on a surdface of an object .by irradiation
with ultra®i Bicelikeg ﬁﬁvﬁﬁffl%%%" PHERS 4t r%esf%rﬁ@? emg%aﬁfz it r‘f:l tﬁaégndg’(fgljegﬁl.ngThe ozone
treat mgnt (niegadvnRitidaningyli A fted fhewibb¥e wlirisoai¢ictdaning baths twe-fipErittaliamrilg) n an
at nrospher e cont ai ni ng oxygen | s alsq called, UV pzone treatnen | traviol et
ozone tr ea@ﬁe“ﬁ‘?l,‘coﬁ‘i‘““?% é“%lsi%l?@. 1q%nm§l¥1 %ﬁtiﬁ'ﬁgﬂﬁ t?é‘?age‘f)wnﬂ ozone”SallE " By the

cleaning with ozone water, removal of organic substances and surface activation

treatment for improving the hydrophilic property of a surface of the insulating layer 123

can be performed.
20 [0105]

The surface activation treatment of the insulating layer 123 can be performed
by irradiation treatment with an atomic beam or an ion beam, ultraviolet treatment,
ozone treatment, plasma treatment, plasma treatment with bias application, or radical
treatment instead of the cleaning with ozone water (see the step A-4 in FIG. 5). In the

25  case of using an atomic beam or an ion beam, an inert gas neutral atom beam or an inert
gas ion beam of argon or the like can be used.
[0106]

Here, an example of the ozone treatment is described. For example, the ozone

treatment can be performed on a surface of an object by irradiation with ultraviolet
30 (UV) rays in an atmosphere containing oxygen. The ozone treatment in which
irradiation with ultraviolet rays is performed in an atmosphere containing oxygen is also

called UV ozone treatment, ultraviolet ozone treatment, or the like. In an atmosphere

27



cont ai ni ng oxygen, irradiation with ultraviolet rays having a wavel ength of
| ess than 200 nm and ultraviol et rays having a wavel ength of greater than
or equal to 200 nmis performed, whereby ozone can be generated and singl et
oxygen can be generated by ozone. In addition, irradiation with ultraviol et
rays having a wavelength of less than 5 180 nmis perforned, whereby ozone
can be generated and singlet oxygen can be generated by ozone. [0107]
Exanpl es of reactions which occur by perforning irradiation with |ight

having 2 venskengl i oh LEaRebIAR AR RLARG hANE o WAV PRKEYRRO N of

greater t h&H 0 nmn-an I Nl NG~ oxygen are
descri bed b@l mWanﬂ)Bltravio\]ﬂt rdyAhavingrp va{&lpngth 0f Q)eétm) th@( m)equaUB 208mg) is03 + hv2

A2 -> 0D 0108 151 h
|(r r aglm ati :Hersa %"ﬁ W%E%@y( 404 %‘33“"%‘*‘@@%}1 asil}tég? ﬁ’x(gfn Caﬂ% %e%'érflgés{sb Yt han 200

nmin an absenspheradiiont ﬂlaﬂhlaf@ @iﬂg{g&fav(OM)-aysdmyggm vadvelergth Of sy than a gr ound
state are generated._ The in the reactjon for t he ox atomin
a ground sf8ft Bm 1§ PEEPIM th(‘?W{{)é:i‘?o'EeO‘z")n L%ggqer%: degleélebf’ﬁé‘?ﬂ %‘gg’&dl ngly,
ozone (03)¢ én%rag@r}%rogb&d Then, in the reaction for mula (3), irradiation
with light (hv2) 20 having a wavel ength (X2 nn) of greater than or equal to
200 nmin EHO%k nosphere contai ning generated ozone (03) is perforned to

generate singl etEﬁﬁl}S%Bf%cthl 'vdﬂw?trbc&iﬂﬂﬁtp%ﬁ‘oﬁﬁiﬁé ﬁradiaﬂo@ﬂqtﬁﬂ@&%b&ge
cont ai ni ng ox%‘gﬂ@t Irradiation with i nclud |ng a wavel ength of |ess
8

than 200 nawa huoftlpsaihan| 200 nmeand light lwémg@rwale@ﬁ ’égré%ta*tthalbczfc?ﬁléa whi l e
I rradi 'Osz\ﬂo%ﬂl{na%{mds fférélédn?aqm?%w@eg% GRQkelBld BiGat er than or equal to

200 nm 25 anpong ultravio ormed to generate singlet oxygen by
deconposi ng o0zon®,+ Mhéiamane O E)a%@é’ﬁi as d€Bcri bed above, for exanple, can
be perforned by@]%ad atign with light of aéowpressure mercury lamp (A4 =
185 nm X 2 = 2 rf‘) h at nosphere cont Ini ng oxygen. [0109] 30In

addi tion, exanmpl®gs, ,ﬁﬁﬁjﬁj_) D?l\@ osh occur %y performng irradiation with
i ght i ncl udi ng a vvavel ength ess than 1§ nmin an atnosphere

cont ai ni ng[@%%lgen are descri bed.

15 In the reaction formula (1), by irradiation with light (hv;) having a wavelength
(M nm) of less than 200 nm in an atmosphere containing oxygen (0O3), oxygen atoms
(OCP)) in a ground state are generated. Then, in the reaction formula (2), the oxygen
atom in a ground state (OCP)) and oxygen (O) react with each other; accordingly,
ozone {Os) is generated. Then, in the reaction formula (3), irradiation with light (hv,)

20 having a wavelength (A, nm) of greater than or equal to 200 nm in an atmosphere
containing generated ozone (O3) is performed to generate singlet oxygen O('D) in an
excited state. In an atmosphere containing oxygen, irradiation with light including a
wavelength of less than 200 nm among ultraviolet rays is performed to generate ozone
while irradiation with light including a wavelength of greater than or equal to 200 nm

25  among ultraviolet rays is performed to generate singlet oxygen by decomposing ozone.
The ozone treatment as described above, for example, can be performed by irradiation
with light of a low-pressure mercury lamp (A; = 185 nm, A; = 254 nm) in an atmosphere
containing oxygen.

[0109]
30 In addition, examples of reactions which occur by performing irradiation with

light including a wavelength of less than 180 nm in an atmosphere containing oxygen
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02 + hv3 (X3 nm -> 0(D) + O(P)(4) 0(3P) + 02 -> 03(5) 03 + hv3 (X3 nm ->
o(D) + 02(6) 5 [0110] In the above reaction forrmula (4), irradiation
with light (hv3) having a wavelength (X3 nn) of less than 180 nmin an

at nosphere cont ai ni ng oxygen (02) is perforned to generate singlet oxygen
0(1D) in an excited state and an oxygen atom 10 (O(P)) in a ground state.
Next, in the reaction formula (5), an oxygen atom (0O(P)) in a ground state
and oxygen (02) are reacted with each other to generate ozone (03). In the
reaction forgjrul ab%g), irradiation with light (hv3) having a wavel ength (X3
nm of | es¥EREH" T80 nmin an atnosphere containing generated ozone (03) is

performed to germrang (5 mg-stodygerp)n an excitegd)state and oxygen. By
irradiation with ultraviolet rays 15 having a wavel ength of |ess than 180
nmin an at nospH¥B w8ntePni ng oxygen, ozone is g(éher ated and the ozone or

oxygen is deco se ner. hngl et oxygen. e ozone treatnment
Oy ofl RS G5 # S

descri bed above, I performed b rradi ation using a Xe
excimersW lanp (X3 = 172 nn) in an atnosphere containing oxygen. [0111]
20Chem cal Eﬁg@\()l ng of an organic substance attached to a surface of an
object is ed by irradiation with the Iight having a wavel ength of | ess

than 200 nm andntiie Moganttion Foinane q4ntiradibech Witht hightstivf)akeigf at he
obj ect or the organi c substance whose chem cal bonding is cleaved can be

removed bywadlensth (e nid b riessdhani 9 wn dm ap atpasphsre senigiiiag oxy8rgdR2kidner at ed
b | . _ .
y ozone. By.nerfor g}d%gaégéggﬁ é{@?ﬁ WD) iﬁfapd&%ﬁéd h&d A2 aﬁ%qygeg Aom

hydr ophi | i € propert the ‘surtface of the objec n be

i ncr eased, (Q(R)) bomghonny aie Deext.dn reabdojiop forhlarBd an pyeepptom (OCP)) inn an

at nosphere_cont ai nj.ng,aoxyge 070 i 1 i rgadi ation
w th ol tr abganed P SRR Ton SRERELE nIT AR (o UeoRREC ot () e
30subst anc theatdctichRfimtla (6)) Rradiatibmeith tighit(he;) bbjisrd watetengthdht rapef ledsngl et

RRCEREI AT ARG TN TR O N O R

singlet oxygen in an excited state and oxygen. By irradiation with ultraviolet rays

15  having a wavelength of less than 180 nm in an atmosphere containing oxygen, ozone is
generated and the ozone or oxygen is decomposed to generate singlet oxygen. The
ozone treatment described above, for example, can be performed by irradiation using a
Xe excimer UV lamp (A; = 172 nm) in an atmosphere containing oxygen.

[0111]

20 Chemical bonding of an organic substance attached to a surface of an object is
cleaved by irradiation with the light having a wavelength of less than 200 nm, and the
organic substance attached to the surface of the object or the organic substance whose
chemical bonding is cleaved can be removed by oxidative decomposition with ozone or
singlet oxygen generated by ozone. By performing ozone treatment as described

25  above, a hydrophilic property and purity of the surface of the object can be increased,
and bonding can be favorably performed.

[0112]
In an atmosphere containing oxygen, ozone is generated by performing
irradiation with ultraviolet rays. Ozone is effective in removal of the organic

30 substance attached to the surface of the object. In addition, singlet oxygen is effective

in removal of the organic substance attached to the surface of the object as much as or
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nore than ozone. Ozone and singlet oxygen are exanples of oxygen in active
states, and collectively referred to as active oxygen. As described with

t he above reaction fornulae and the |ike, since there are reactions where
ozone is generated in generating singlet oxygen or singlet oxygen is
generated by ozone, here, such reactions including a 5 reaction where
singl et oxygen contributes are called ozone treatnent for convenience.
[0113] Next, a process of preparing for bonding the base substrate
120 to the_se onduct 0 [ rel ates
o tr oat molP Bt DREC,agztd G4 SLEL O eh BeRBRhEBon it B RERESIS B/ 1

FI G 5. 10h@ildallectively referfedristas atthe ds)argen swkssdletsatbed ]y@ith ths apo‘@plamadm( see the
step B-1 i subst. 120, a. yar

Subot r at es uuffe e pd el ke BT 0% RUGE, Foeké Gonef o Bink ot B e e,

al um nosi | sigglbroxgbass singhs bxbrgebﬁzsrgmedaleda@ez@ieamc, soch rahatiohsinblodingial | cat e

glass; a quartz substrate; a ceramc sub rate; a sa ire substrate; or

the |ike cHASHRR vher fiﬁé‘égget OFﬁeaﬁa?q‘P‘Hﬁs arg g2 [eﬂé’z?f%?st'@ 'ﬂ?ﬁgﬁ SR a single
crystal sepiggnductor substrate (for exanple, a single crystal silicon

substrate) or a _polycrystalline sem conduct.or stra for exa le, a
pol ycryst al | i ne Ng¥ti & ghossh of rpagneyingrgyr Han %dﬁe g %“h’é‘ﬁ%? 20510 tHe

pol ycryst akénhaﬁldﬁétbﬂ %@nﬁyh@é rlsaassch@&i adyANaaes rdiedR) Héthasi SoemRensi ve
than a si ng e crystal silicon substrate and havi ng hi gher heat resistance

than a gla @e§uh§§@tﬁé@‘éand2®[1@§l@5‘}5tOPfoceSS3H“iﬁ’e5case where a gl ass substrate
i's useglyasyg base substrate 120, for exanple, a nother glass substrate
which is dgveloped for manufacturing liquid crystal panels is preferably
used. As a not hdrirsyltasbass aipstratatld) isproparedafses theatepridy L imEIG. A1 ofd B si zes

are known I ration
(600 25 mnbgse?iﬁ%*t}a el ﬁ%f?%?’%hﬁ%gﬁ’é %&gg‘??b@gkmm%g‘b&n@ S0 x
920 mm), theulﬁsttﬁtemfwmmmeslhm gliﬂ)bammm soorb8ibi0atengjass, toh elwniretorepdiveteat i on
(1500 mMm x sevent h. t| on. (,1870 . t he eighth
gener ati on® G(ﬂ% §Ubﬂﬁﬁ° E110) B o é‘gﬁr B‘%h"e ubsr{mef Qﬁﬁﬁo%r@n?(ahzbgoo m) ,
the tensh geder B additioh285Me bAsexsub ke mn), a smgdia dirbmall seinmontﬁgctomnhshatet uring an
SOT substrate with the, use of EOIa e-si.zed m)i | ass subtrate as the

base subst 8t &XaBie 3 5iBE d’ryitﬁlbg R éﬁﬁe)h%'ilg pé”l‘:&f’s& N5 ERICPAIAase in
the area ofytshge ﬁ@- exaipd, b PoR/cBislaNiNg sRichh subsirdte)ymSf bd €s8d.t (Fdpexamplauf act ur ed

all at once, and thus the nunber of sem conggcto devi ces manufacf ured from

one subst r apelyeeystalise silicenysubsirls baspdyantages ¢ ?’P% sy SpEpsiyscthan 8 sigeiccal | y

i ncreased. %&%ﬂs@ﬁcoﬁ@ﬁﬁsﬂ%’an@ﬂa\h@ﬁkﬁ hEd rdsR¥Rte théda Eﬁss&ﬁﬁé‘h@feam y forned
over the base substrate 5 120 (see the step B-2 in FIG5). Needless to say,

t he i n20l afGlAgl | ayer 122 is not necessarily provided over the base

substrate 120; hgwaver.. FMer{eq{ E@su%sﬁ“étl: '1§ Q&Elednhst fﬂe%sé ishi¥tra@ Blo! iggon

nitride oxide film an alum nu nitrid I'm an alumnumnitri de oxi de
film or tkeanpike mothércglask unhstmtgrvsmdslsadeb@lomdefm mamHpctgingr liquitecrysiale

bt e, B LT A0 Pl e, SRS M i s
prevent ed tenarekh@wn:nlk thivd gersrtidan@be it x5Dshmptle 104G geihtidh (600
25 mm x 720 mm), the fourth generation (680 mm x 880 mm or 730 mm x 920 mm), the
fifth generation (1100 mm % 1300 mm), the sixth generation (1500 mm x 1850 mm), the
seventh generation (1870 mm x 2200 mm), the eighth generation (2200 mm x 2400
mm), the ninth generation (2400 mm x 2800 mm), the tenth generation (2850 mm x
3050 mm), and the like. By manufacturing an SOI substrate with the use of a
30 large-sized mother glass substrate as the base substrate 120, the SOI substrate can have

a large area. Increase in the area of the SOI substrate allows a plurality of ICs to be
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Since the insulating layer 122 is used as a bonding |layer, a surface of the
insulating layer 122 is preferably planarized in order to avoid defective
bondi ng. 15 Specifically, the insulating layer 122 is fornmed to have an
average surface roughness (Ra) of 0.50 nmor |ess and a root-nmean-square
roughness (Rnms) of 0.60 nmor |ess, preferably, an average surface
roughness of 0.35 nmor |ess and a root-nean-square roughness of 0.45 nm or
| ess. The thickness can be set as appropriate in the range of greater than

or equal to 10 nm | . | ater than
20 or equa a'%uga%e n%?%tncgj%?’eaég %gﬁe %&%&] Sg?enﬁg%ggb%%vﬁggﬁ%fxawﬁ A
surface of frotthenbabetrae sitaretsed; iRG:fors, mbdrtieily afbedanadieallyonaeasgd. The
surface of 5@@ base substrate 120 can be cl eaned with hydrochloric acid and
hydr ogen p@ i de water or by negahertz ultrasonic cleaning, two-fluid jet
cl eani ng, cl eaniFaghey &hiddlaniey RgerviXeis preferablyefotmddeovet thecbas@sutstratsi mlar to
that of the insulating._laye 23, surface actiyatiagn.treat t.such as
rradi el o2t RS eI B I BIC Don eSS e 3 b R AT OS] o

treat ment , nReRAGlY PrRAlTRNES the b FEbsraRANERIwevpl, 8% TErmingeatii®mtnitideh bi as
application, or radical treatpent is prefeng?bégPerforned Qn, the surface of

t he i nsul afiith@ siligpa pitmidooyds §ing analumyigpg; nig anpluaingy niiride ogide) g 5y

30[0119]  fiim, or thEMite, WhidAITOREREs &f 2 BAME} Nbn,tder BRMasOaBsekO 126 PGHEr at e 100
to the base substrate 120 and separating the _sem conductor substrate 100

into the siaplatingdexer 322 for gyample. impamiipssieh asevkabigneialor glkalingrarth gicgal 121 i s
descri ppd. i, Ll $aR'A683% £ daf HRYPERnted FInPERSICihk Redicbhductol Qdoafthte FI 1 ST,

t he sem condtuctor substrate 100 processed through the above process is 5
bonded to tlWe base substrate 120 (see FIG 4A and the step G1 in FIGD5).
Here, the efm']conduct or substrate 100 and the base substrate 120 are bonded
to each othér“'with the insulating |ayer 123 and the insulating |ayer 122
provi ded t her ebettimeeths idsoladnelgyet 2% isended disree honding Taper, kisorfacedoft thet hi s

structure in the case where t.he.insulati.ng |layers ar. t..fo .., 10[ 0121]
The bondi n'é‘s'i!?;\tﬁlgb%y?reéﬁ]iseﬂre%?;gb% ?%?Prﬁﬁedpgeg%ﬁrr ¥a Olgbdg?getct%? %gﬁﬁ%ﬁ to 500
N cnR, 1pr e§gmicHlzhy, alRolbuldtiny laye? 120 i2 Corided 1 hive anevemge surdtce aoughnessof t he
base substrate . The bondj ng between the sem conduct.ar,_substrate 100 and
Che base. st OF B0 ibE" ePapidss fabmeratgts Brgest G o060 T BE It e 120 t o
whi ch the pefsdll, @nisseafdhirtde aRGhidss SIP06330Em Hp Atk ARE AUSbYmEMd-dqhgreent i re
surface. In this manner, the baondi ng between the base substrate 120 and the

seni conductoyghneghalt 43 wm podrsi-s g iLiaicatcans sst Hiparargate dn fydarged o
principle foeattexhﬁan\/@xrquQrto%%ﬁﬁanti%s@%aﬁrzoi]%@ﬁﬁl td 209, nn@rbfehbI9 ReeakP BEh NG can be

achi eved even at room tenperature. [O01
20 orequal to 50 nm and less than or equal to 100 nm.

[0118]

A surface of the base substrate 120 is cleaned before the bonding. The surface

of the base substrate 120 can be cleaned with hydrochloric acid and hydrogen peroxide
water or by megahertz ultrasonic cleaning, two-fluid jet cleaning, cleaning with ozone
25  water, or the like. In a manner similar to that of the insulating layer 123, surface
activation treatment such as irradiation treatment with an atomic beam or an ion beam,
ultraviolet treatment, ozone trcatment, plasma treatment, plasma treatment with bias
application, or radical treatment is preferably performed on the surface of the insulating
layer 122 before the bonding (see the step B-3 in FIG. 5).
30 {0119]
Next, a process of bonding the semiconductor substrate 100 to the base

substrate 120 and separating the semiconductor substrate 100 into the semiconductor
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20Note that a region called an edge roll off region exists in a periphery
of the sem conductor substrate 100. In the edge roll off region, the

sem conductor substrate 100 (the insulating |layer 123) is not in contact
with the base substrate 120 (the insulating |ayer 122) in sone cases. Al so
in a chanfer portion which exists outside the edge roll off region (on an
end side of the sem conductor substrate 100), the base 25substrate 120 and
t he sem conduct or substrate 100 are not in contact with each other. [0123]
In the CVP_net.hod d.for f ripg.:t ' te 100,
owng to i'lagerplii ?r?%‘lhl;ﬁﬂ%esfmlpcﬁ)?@%yF\'%J%Ereﬁ&ggfso&gﬁrgjgzpeg@ﬂ?%tkﬁécperﬁ%ﬁgry of the
sem conducto®rosesS irr Bie5.at hi gher speed than in a central portion thereof
Accor di nglﬁ), 2(%“ the 30 periphery of the sem conductor substrate 100, a

regi on whe 420he t hi ckness of the semiconductor substrate 100 is smaller
than that in the&ige e fhijadica@subsantecdero@bded dirbughehe abyveippodesyised. Even
in the case where an end portjaon of _the sem. conductar strate. 100 i s not
chanf er¥d, b%’éﬁ‘g?"n@e \Rﬁsteﬁ'“?q@t%@e(s ?%taggni}fogtqpsgﬁ dr F;@Eﬁor ﬁﬁ'ﬁ’ 8 such an
edge rol | @hficdn@@diS subfrafO 0D HASRS bask Qddhte! 120tahebands® torkreh Sthar phithr al i ty of
sem conductor substrates 100 are bonded to _gne 5, base substrate 120,

pressure i $eprulipgbyy Mopanddhe ingulatnmlagsr ltzﬂé’r%‘é‘jiﬁ ?fﬂ'ﬂfé‘f’ s 3eFhat es 100.
This is begAUSSHRINNGIICRRAHEEI T HPShCAICINIAY ciRivRrd fe Mlatife B9AKACt With
t he base substrate 120 nmay be fornmed due to differences in the thickness of
t he sem cowduetformegubstrates 100. Note that even in the case where there
are sljghtdhfif erences in the thickness of the sem conductor substrates
100, bondi ;19 c]an be 10 favorably performed when the seni condyct or
substrates 100 Cl&m boediog oseberealizeddiyeapplying pressiwgsad abosdt ¥ AYem 12F08wi ng t o
bend of t as 2 ake- ! Lment is
oend o1 Lo /cghégrgf%gaﬁ{ %’%ﬁ‘?ﬁ 28298 26 et Sne PedEd Gh S of i bske STRAM:

120. The bonding between the semiconductor substrate 100 and the base substrate 120

starts from the portion of the base substrate 120 to which the pressure is applied and
15  spreads spontaneously to the entire surface. In this manner, the bonding between the
base substrate 120 and the semiconductor substrate 100 is completed. This bonding is
based on a principle of the Van der Waals force or the like, and strong bonding can be
achieved even at room temperature.
[0122]
20 Note that a region called an edge roll off region exists in a periphery of the
semiconductor substrate 100. In the edge roll off region, the semiconductor substrate
100 (the insulating layer 123) is not in contact with the base substrate 120 (the
insulating layer 122) in some cases. Also in a chamfer portion which exists outside the
edge roll off region (on an end side of the semiconductor substrate 100), the base
25  substrate 120 and the semiconductor substrate 100 are not in contact with each other.
[0123]

In the CMP method used for manufacturing the semiconductor substrate 100,
owing to its principle, polishing tends to progress in the periphery of the semiconductor
substrate at higher speed than in a central portion thereof. Accordingly, in the

30 periphery of the semiconductor substrate 100, a region where the thickness of the
semiconductor substrate 100 is smaller than that in the central portion (an edge roll off

region) is formed. Even in the case where an end portion of the semiconductor
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After the sem conductor substrate 100 is bonded to the base substrate 120,
heat 15 treatnment for increasing the bonding strength is preferably
performed (see the step G2 in FIG 5). The tenperature of the heat
treatment is preferably set to a tenperature at which a crack is not caused
in the enbrittlenent region 104, for exanple, higher than or equal to 200 C
and | ower than or equal to 450 C. Alternatively, when the sem conductor
substrate 100 is bonded to the base substrate 120 whil e being heated in 20

this temheratihe 10RR tBmbll bBhaifd Lf iniak KB«AR ?iOquot fndd it 1t 1

preferable ove ment be successi ve er orrre in an
appar at us sarchan pdgeaell offeegiort insobormdeng has been perforrred This is for
prevention (ﬂé separation of the substrates owing to transportation thereof
bef ore the[ ﬂ treatment. [0126] 25Note that when a particle or the like
is attached to tlheéehasdiitge s plifatieeofl samiondlictog sﬁHn&atserﬂmbhjﬁt:d)to awbstrate
100 to %he base subst&I te 120, ,the ortlon f\égﬁere t.he rticle or the like
i s att athebPSP SR dAlie Bressup &@éﬁf rpl)y Japgliee 19 teﬁﬁlhr?é © PPt cl e, the

sem conducu®ktrAe0R0!I aTkis 1O6caRd alsBRidoadirRcs whitstrat 00 dBGLhdk Gofihebaabl y
bonded in a, treatnent chanhber where ag{tl ght(ﬁ SS IS sg'cu[],egli At the time of
bondi ng 30ithdhespate sehstiniet!aP maype fosp TrRReCD ik e dpiskiess Phthe 20, the

process chamhgindi@y: Bfsirfies 16620600 thdteep afl tRE R8RUNRert Qhdle . ar@RRIAXI Mt el y
5.0 x 10-3 Pa) so that the atnosphere, of the bonding treatnent is cleaned.

[0127] differqasas, inhibgtthickeass méribe jsgmisendusiopasybsigtes Wi, bpediag gpe dduct or
substrage £Q0 ﬁeﬂeat\mn%@&%l& eu&mubé&akegqﬁnw 69 IB& 1L Ahch@dnd thus the

senm conduct or F% 124 is 5 forned over base substrat'e 120 whil e the
sem conductmrbawbb&tna@tIQODMng tg bewt efisbe Q@é@ubsllri@ 1 2Apordheiliken therpferp, tis3 in FI G

5). Since EIHG%d?Igﬁ]?SO%QHH‘ﬁt%th%}éR?trate 100 and the base substrate 120 are

bonded to regi on other than the edge roll off region and
t he chanf ef01pdlrti on, the sem conductor |ayer 124 which is separated from

g_ g[e Oig g} conduct Of{ft l%sste{n?(}orelduc?o(i)' s{lgstr M%H 1sob Elecf '%hebl%%ee sﬁ‘a"slga% rl%, %ea?tZO'
15  treatment for increasing the bonding strength is preferably performed (see the step C-2

in FIG. 5). The temperature of the heat treatment is preferably set to a temperature at
which a crack is not caused in the embrittlement region 104, for example, higher than or
equal to 200 °C and lower than or equal to 450 °C. Alternatively, when the
semiconductor substrate 100 is bonded to the base substrate 120 while being heated in

20  this temperature range, a similar effect can be obtained. Note that it is preferable that
the above heat treatment be successively performed in an apparatus or a place where the
bonding has been performed. This is for prevention of separation of the substrates
owing to transportation thereof before the heat treatment.
[0126]

25 Note that when a particle or the like is attached to the bonding surface in
bonding the semiconductor substrate 100 to the base substrate 120, the portion where
the particle or the like is attached is not bonded. In order to avoid attachment of a
particle, the semiconductor substrate 100 and the base substrate 120 are preferably
bonded in a treatment chamber where airtightness is secured. At the time of bonding

30  the semiconductor substrate 100 to the base substrate 120, the process chamber may be

in a state of reduced pressure (e.g., approximately 5.0 x 107 Pa) so that the atmosphere
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Here, the heat treatnent for separating the sem conductor |ayer 124 is
performed at a tenperature below the strain point of the base substrate
120. This heat treatnent can be perfornmed using a rapid thermal anneal
(RTA) apparatus, a resistance heating furnace, a m crowave heating
apparatus, or the like. Exanples of RTA 15 apparatuses include a gas rapid
thermal anneal (GRTA) apparatus, a |anp rapid thernmal anneal (LRTA)
apparatus, and the like. In the case of using a GRTA apparatus, the

t enperature.can h t i than or equal to 550 C and | ower than or
equal to 685&&!}0%%%5%%%%{%;%5?%@{% time can be set to |onger than or equal
to 0.5 m nprig7land shorter than or equal to 60 mnutes. In the case of using

a resi stance heati ng furnace, .the.20 tenmperature.ca e t . b gher than
or equal to 2006}%’%3{?% %%grpe[{tﬁ%lﬁer&rmg gl attgheG% en B'éclr?l%f S[%ﬁgetmt%r 1e(gldt %ent tine
can be set sdparatcdngrdiz thdanbrittleraent aégidro 1, hadithes drdemiondietortidyan 124 isequal to

4 hours, [Q129] Further, t b t treat b f b
a2t ofprEd Vel e e 2t TS el e oRGier ORI, { ne

sem Conducgs@é FRY RS drttRe #09 CCRM 16, SpP @ik ekt Ryhikatngor subadicatt@dandi th a
2.45 G4z of mcrowave at 900 Wfor agproxi, mately 5 m nutﬁs?(igo 3@ Hjnut es.
q %R Otth

[0130] I n thsthess wbEwie]20ase hended 1@ prehather db her thag,t e
sem CO“dUCPégEon%d%Hé)éﬁahﬁ%ﬁpo}%, Y fnlieRbuasPayatiod whidktis Sepacaan gogt or

region 129 and a sem conductor region 133 which are damaged by the ion beam
i rradi ati otheseiaigondugior sbstrate @0 is oyes flediase Wbk nd to the

enbritgpe Qgiegi on 104 before the separation. Therefore, the

sem conductor Tegion 129 and the semn conductor region 133 include a |arge
anount of hydr ogderg, theybeas| treatmhenttfor sepatating the. sqnpe@uipcteirdayene24 ishe
projection_1 i i I 0 . } t 21, in

Wi oh the BSRATES L Rl R by i R b e T e i gt o

t he edge r akdtmoifitfcan dgipenforared using ach@Eidtlermaannéad (RLE) apharawem wsistdurst or

substrate 100). The projection 126.includes the semc ctar yon 127 to
whi ch i onsﬁ%ﬂ?‘ég a‘H'a’é&‘p % I’?Bcrﬁwg‘éepﬁ?agingda@g%%éb ﬁﬁﬁ%et c?)'gl T g%?agnrptle%zg{ ﬁgi?\‘d t he

i nsul atiy ng appayiised ddludd B gasl@pidehsrmahdined gGRTApapparafid,7a lasxp ragd kheasalt he

" eqi on 104asALLATAL sPrEvBtae i iche A BF AP STEH SRRl ger et s,
and voi ds. dntheafidt biO8b set tiGRMMAR BAEHaPlo J509CaRd Idvwer iaalord@sl tegs® hydr ogen
than the sem conductor region 127 or the |ike but includes crystal defects

due to i rr&diadithmtreatment tiorescan be tseieto|loriger thas ppap] to 0.5 minute and shorter

than or equal to 60 minutes. In the case of using a resistance heating furnace, the

20  temperature can be set at higher than or equal to 200 °C and lower than or equal to
650 °C, and the treatment time can be set to longer than or equal to 2 hours and shorter
than or equal to 4 hours.

[0129]
Further, the above heat treatment may be performed by irradiation with a

25  microwave or the like. As a specific example, the semiconductor substrate 100 can be
separated by being irradiated with a 2.45 GHz of microwave at 900 W for
approximately 5 minutes to 30 minutes.

[0130]
In interfaces along which the semiconductor layer 124 and the semiconductor

30  substrate 121 have been separated, the semiconductor region 129 and a semiconductor

region 133 which are damaged by the ion beam irradiation treatment are lefi. The
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Next, a process of planarizing a surface of the sem conductor |ayer 124

whi ch is bonded to the base substrate 120 to recover crystallinity is
described. This process corresponds to Process Din FIG 5. [0133] 20The
sem conductor region 133 over the sem conductor |ayer 124 which is closely
attached to the base substrate 120 has crystal defects and the planarity is
| owered owng to formation of the enbrittlenment region 104 and separation
of the sem conduct or substrate 100 along the enbrittl enment region 104.
Therefore, the sem co pei.l g or the
like so th%?“?ﬁgmgﬁ??ggg%%% Igagég%%on %%%% %@gm%%ﬁ ?E&%F%%arlzed
(see FI G wesandoiiduetos tegmnDQQ andtthEIséBnE)mdu'ﬁme rqgicaniaB umluciecarta:gs amognt

necessari | rf orned ver, t.he planarization enabl es inprovenent in
characterié?gﬁggﬁtcgﬁwtﬁgwg 3%%wﬁ$%meen t he seni conductor |ayer and a | ayer
(e.g., an ﬁngqlatlng | ayer) fornmed on a surface of the sem conductor |ayer

ina later step eC| ficall lishing can be nmet hod,
aliquid jet polh ests%rtﬁt&%@% sty e fesiR © ?éem'gi)‘ﬁg'f:@gﬁ‘gb&%tfy with
the renmovalz19fn tvhﬁhm&am@ugﬁarpeﬁsﬂﬁmsgeafﬁcammr@gem@aeqjéﬁamg td myer 124 is
polished to be a thin filmin some cases. [ 0134]

th t he
sem conducedge relbgif gegiamand thchsmierapsinaiihe WWH‘&’@(?”‘?W&P ]gﬂ The
sem CondUC%n% echi@ €36 gr%ﬂ:[clbs'S tHEI RARdndRSor EBRn ARS8 \ﬂ{i&h iohg afRRddee, der f or med
by a dry e ing method such as a reactive ion etch |nq (RIE met hod, an
i nduct i vel ynseparpibd dseplicendectyr aegiont B napdrethe olpsulgtinge 16t r b19- cy dibst r on
resonapge %qﬁ'ﬁé?ndﬁ&tﬁ}meﬁg nBY h%dweliiaétlﬁas'éﬁlwoﬁélucmrq dﬁm{ ?@Jﬁﬁi fhb\{ﬂ'(t:)’hﬁoum ed)
etching ne tron pl asma et chi ng dual - frequency plasm
et chi ng mebdeogbart of tha etmbhttl@mnnt\men m4asmrhthei mhlilqu ateren agountef bydregen, bot h t he
pol i shing an chjin y b e r region
133 isr en%rygﬁf deefe ﬁ%‘a svgl aclé1 0 ﬁ é%sée%‘ln;ﬁ:%ng% a312$11§§% ggég
pl anari zedhydwgeﬁlﬁa]the semicondfator tegiomd2 2or thy 11k¢ﬂzutpmlucbh enystabdedectshiweet chi ng,
in addition to.,the Ianarl t on of the surface of the sem conductor |ayer

124, the sETRRMRIYTHOPsSrdpe can be reduced in thickness so as to have
a th| cksespiwfj ch is suitable for t he sem conductor eI enent that is forned
later. 15] 0136] Laser beamirr at i o erfor n,the

sem conduct or r SYFHIR FAEsy ﬁéf’lt“’r?é‘z'?%ﬁls ?ﬁﬁﬂftt Afaxeﬁqg‘fgg‘tchto reduce

crystal defsaihdciadnd pRRE QMRhEa 20k Rabver Y:r}(sﬁlﬂﬁlltsl h@dé.‘st:;ﬂjédD— Phik Prdokss 5) .
[0137] 20In the case where the sem conductor region 133 is renoved and the

surface of correpaehicpersePdr FiGiyer 124 is planarized by dry etching before
the | aser Rﬂgg@ irradiation, defects mght occur in the vicinity of the
surface of € semnm conductor |ayer 124. However, by the above |aser beam
i rradi 20ion, sucFhedemieondudternrepionr Biapyesdhe peniggjducior layer 124 which is

closely attached to the base substrate 120 has crystal defects and the planarity is lowered
owing to formation of the embrittlement region 104 and separation of the
semiconductor substrate 100 along the embrittlement region 104. Therefore, the
semiconductor region 133 may be removed by polishing or the like so that the surface
25  of the semiconductor layer 124 is planarized (see FIG. 4C and the step D-1 in FIG. 5).
The planarization is not necessarily performed; however, the planarization enables
improvement in characteristics of an interface between the semiconductor layer and a
layer (e.g., an insulating layer) formed on a surface of the semiconductor layer in a later
step. Specifically, polishing can be performed by a CMP method, a liquid jet polishing
30 method, or the like. Here, simultaneously with the removal of the semiconductor
region 133, the semiconductor layer 124 is polished to be a thin film in some cases.

[0134]
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25Si nce increase in the tenperature of the base substrate 120 can be
suppressed in the |laser beamirradi ation step, a substrate having | ow heat
resi stance can be used as the base substrate 120. It is preferable that the
sem conductor region 133 be conpletely nelted and the sem conductor |ayer
124 be partially nmelted by the | aser beamirradiation. This is because when
the sem conductor |ayer 124 is conpletely nelted, 30 recrystallization of

t he sem conductor |ayer 124 is acconpani ed by di sordered nucl eation of the

sem conductor | ayer 124 in. i guid . r 10 t he
sem conduct or | ygr eri%’ﬁ SF'EICS%(LI\N@%EH%I%J?%S?@ {‘%I r%@g‘r’fég I%S’ls(%\tgh{l%gi ghé%ﬁ%onduct or
| ayer 124, send¢onghictbr lgyenih ipplagriess e The abomeaichig @n he gsdopuedtbyarndryhi ch i s

not nelted; thus, crystal defects.in, the 1 co (o] re
reduced ancicifg mefhodsuply F‘%fltr‘ffwﬁge }ogceé?/hér}gegﬁgko egl%%i h%‘% lngg%l%fé't %O%ﬁlg?ti ng of
thF sgm' copldyﬁafh QcCP) aMﬁllfig &&ﬁgdl,radieﬁﬁﬁ@ﬁc)tchmbntmen&eertﬁﬁmmmgrméthgba 124 is
melted up to the interface between the sem conductor |ayer 5 124. and the

i nsul at{ ngPe}r%HFérpki‘?éc"’lpﬁc‘B%elY rFOuP F‘%qfff’h]ﬂn%trﬁ?t@‘?dj& 'qaﬁ'éet@f'hélﬁs%ﬁéﬁmﬁart i al

nel ti ngdof {n%iﬁ@(li,sa? aﬁﬁilﬂzaﬂaﬁprmalsm%tch&@%%tn@u, Ccﬁlta_eﬁelfbbklﬁ'h/a@@plasrgi etching

sem conductor | ayer ere an _upper, |l ayer) is ted to be in.a liquid
phase whi | Betiadt Higte that bothyibe @akishingeand the PE?\‘R@S IP%}S/”E‘? ?mg‘@m sthplithg <ol g
phase. [ 0138icoHdlNaxt regith i85 istrBifolcasad tRaamde drakl _idiendudidigayetiiiage of the
sem conductor | ayer 154 may be etched. In this case, before the | aser beam

i rradi at i oplanarized.seni conduct or regi on 133 may be etched or may not be
et chedy, By[dl@%if etching, the surface of the sem conductor |ayer 124 is
pl anari zed, and the sem conductor |ayer 124 can be reduced in thickness so
as to have a thilikthes®rafydhe pdisking aadihe etabing eaddéinnde theudensrizaioament

oL o B, YR A9BSR L
hi gher t haredocedan ulsitkriess 08 tChaveca thinkeess twhieh issuigapleafor the 8Biro®iyctse t he
step D-3 i &e@ex%tha@s‘ fo%edtlgtief heat treatnent, defects in the
15 [0136]
Laser beam irradiation may be performed on the semiconductor region 133 and
the semiconductor layer 124 in order to reduce crystal defects and improve the planarity
(see the step D-2 in FIG. 5).
[0137]
20 In the case where the semiconductor region 133 is removed and the surface of
the semiconductor layer 124 is planarized by dry etching before the laser beam
irradiation, defects might occur in the vicinity of the surface of the semiconductor layer
124. However, by the above laser beam irradiation, such defects can be repaired.
[0138]
25 Since increase in the temperature of the base substrate 120 can be suppressed in
the laser beam irradiation step, a substrate having low heat resistance can be used as the
base substrate 120. It is preferable that the semiconductor region 133 be completely
melted and the semiconductor layer 124 be partially melted by the laser beam
irradiation. This is because when the semiconductor layer 124 is completely melted,
30 recrystallization of the semiconductor layer 124 is accompanied by disordered
nucleation of the semiconductor layer 124 in a liquid phase and the crystallinity of the

semiconductor layer 124 is lowered. By partially melting the semiconductor layer 124,
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20 sem conductor |ayer 124 can be further reduced and distortion of the
sem conduct or | ayer 124 can be alleviated. For the heat treatnent, a rapid
t hermal anneal (RTA) apparatus, a resistance heating furnace, a mcrowave
heati ng apparatus, or the |ike can be used. Exanples of RTA appar atuses
include a gas rapid thermal anneal (GRTA) apparatus, a lanp rapid thermnal
anneal (LRTA) apparatus, and the like. For exanple, 25 when a resistance
heating furnace is used, the heat treatnent nay be perforned approxi mately

at 600 C for hour s. 4 . : SQT: { fped
t hr ough th%w%%lcﬁfg%%rpcr)o gsiseﬁl%o%gesah? Bl#a\é\gﬁgrltj%ggv&&?é? %‘P@%’%’g’sﬁ%‘g tétrn‘gsjrtlanuf acturing
a sem conddefécty indidw isasicondarion layek i 7dare aédud@ sreinthe ondtadindy islescpvased. can be
manuf actured (gee Progess E.in FEl 9) . 142] ... <Repj o i reat nent for
seni conducﬁBtF ﬁﬁbs"f’?ﬁ&g% fncling OFI\tI%(tS?')']g:Olﬁ&%&Oers?y%rf EI\%{erlﬁ g‘ré%gr]lgha&eﬁgocessi ng
treat ment @mitdnduGEniae® 0 o raelted uipsd et iateifade ndecnamuseadtandiaigr layer

reprocessed. sem conduct.or  sub ate Ls desgrihed. . This prgcess corresponds
to Process'4 ?“rPS FG‘S“E““N&YSF i#o\fo E?Tﬂbﬁiqﬂﬂﬁtsm?e'ca g@ %E“éﬂk@@e%”% f or
detail s of mbifhg oP HRCRMmTcondtictdyer 124 indidates e pah @ ehe@Afi@ndudidieayer

sem conductor substrate 121 is reprqcessed jnto thg reproocessed

seni conductXr (hewsas ypperclayerd is melted gp ogiih & Jioridphase whily OB RS

substrate 33 OaReNfydrfiematls #Sa doig pa@A1 conduct or substrate 100 in Process
A. 10[ 0144 As shown in this enbodi ment, the sem conductor substrate

processed pUugh the reprocessing treatment process is repeatedly used,

wher eby, manuf ac tl\'ﬂirx-h %@mc?l%g%sfep be iridlatish AL @R e GR DRI QRAHERS 1aydd

particular, when the ne described in this enbodinent or the Tike is
enpl oyed, R4ddaapbedcdn bohiuess beforythe tpsetdipamerradiatian, ghersemidopduct¥ipy ed.

rher tore, phli, IRy el S ARIURIRY, PR Al DU OU DS |
structure shescmidbect lnyertlP4 & pdarlagekdpremt the semibenduetelayer 124 gambe fedvasd
ST oraar ! O thckfest 8 a9l 18 HRHRICWARE S LflaflEorthe LifesHlSh: ABRER! ment o
15 thatis completed later.
[0140]
After the laser beam irradiation, the semiconductor layer 124 is preferably
subjected to heat treatment at higher than or equal to 500 °C and lower than or equal to
650 °C (see the step D-3 in FIG 5). By this heat treatment, defects in the
20  semiconductor layer 124 can be further reduced and distortion of the semiconductor
layer 124 can be alleviated. For the heat treatment, a rapid thermal anneal (RTA)
apparatus, a resistance heating furnace, a microwave heating apparatus, or the like can
be used. Examples of RTA apparatuses include a gas rapid thermal anneal (GRTA)
apparatus, a lamp rapid thermal anneal (LRTA) apparatus, and the like. For example,
25 when a resistance heating furnace is used, the heat treatment may be performed
approximately at 600 °C for 4 hours.
[0141]
When the SOI substrate obtained through the above process is used for a
subsequent process of manufacturing a semiconductor device, various kinds of

30  semiconductor devices can be manufactured (see Process F in FIG. 5).

[0142]
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[ Enbodi nent 3] In this enbodi nent, the case where an SDI substrate
is manufactured using a silicon substrate or the |ike with high heat

resi stance as a base substrate will be described. Note that a nethod
described in this enbodinment is conmon to the above 25 enbodi ment in many
points. Therefore, different points will be mainly described in this
enbodi nent. Drawings will not be particularly shown in this enbodi nent
because drawi ngs of this enbodinent are in common with those of the above

enbodi nment %Q%%g ingt?%aﬁ%eahlt%réier%fg&gdﬁ%{o?gu%##%;rate that is used as a bond

substrat e, <% ayer and an e tl ement region are forned
(correspondi ng tNexBroopessss AfipreribinGng B9procEssiag treatmerdineh thieesemidoadctar t he

sem conduct or, su rate i.ch includes the for ion . of  the inasulating

| ayer and f"ﬁ’émé?r‘gﬂ taf“% gﬁﬂ%@ﬂ@ﬁ Sﬁ?prg?eésegiSﬁﬁ“f‘:g?@%)rtsﬁ%sg%te’l b (@f%l%g jove
ermbodi ment Thif pesREsOtRressES td Pidcesd E lin F@ Rbokee dnb Edibodinteniycabder ef er r ed
to for such treatnent ; n(g_ the like. [0148] 5In this enbodinent, a substrate
with high Wgeé'{edrt‘égﬁrgﬂﬁﬁ% hIgPIPEEs- as a base substrate (corresponding to
Process B jg14§] G 5) Exanples of a substrate with high heat resistance

include a quartz substrate, a sapphire substrate, a.sem condcﬁct or substrate
(e.g., a singl e lailsibave gapngqthe sepisprdyctor sybsHats Jy ds (FBTosPseh Bt thei con

substr at e) yepRfaekst N SerhibéiRiuctoP shtittrite MO ATHE Bbtainkd YerfiaGSsed@iofd i gl €
crystal silicon substrate is 10used as the base substrate is descri bed.

[ 0149] substrase 132420 B reuserhgs|the ssmiepndpgtey substralpd 08 in Biopgsgdn substrate is a
circul g4 swgﬁg‘rate which is 5 inches (125 mm) in dianeter, 6 inches (150
nm in diaheter, 8 inches (200 mm) in dianmeter, 12 inches (300 in

di aneter, or 16 Anshows if #09emhydimentdihgsemispndut®r shstsate peacesspd thedughe i s not

i m ted ol NenGld Gl AlailARFac dhelichly (30, HHRRHY Afuttbiufifls boy Ri:ocessed

into a rec% an ape or e can escription

gi ven bel ow SOhaubshae cahereereducedct mnpuliautarswheyl the angtbedatlessiibadciorthisubst r at e

is used as the.base S?i%sﬁ' ate is . descri 4 Ofbet he base
n

substrate ABYHBEST s %1 PR aﬁegg'ga%ab%ﬁiéoglr%{écﬁ%rhi? FEom t% fat> of the
bond subst seMctivel? ¢fidRA] Thercfore, HiatanduhBbf the Senfcamincot stsaatoasmowdbst r at e
S R ar e Bl B2 S 1
hydr ochl or ja4gci d/ hydr ogen peroxide m xture (HPM, dilute hydrofluoric acid
(DHF).ozone Wat’l?h% sthlfctlfr? edelsc!rilf)gél igsth%pgrrnggc{irlngﬁteéanlz Etuhsgcli ’indél:ylp%p?igte
combination with the structure described in any of the other embodiments.
20  [0146]
[Embodiment 3]
In this embodiment, the case where an SOI substrate is manufactured using a
silicon substrate or the like with high heat resistance as a base substrate will be
described. Note that a method described in this embodiment is common to the above
25 embodiment in many points. Therefore, different points will be mainly described in
this embodiment. Drawings will not be particularly shown in this embodiment
because drawings of this embodiment are in common with those of the above
embodiment.
[0147]
30 In a semiconductor substrate that is used as a bond substrate, an insulating
. layer and an embrittlement region are formed (corresponding to Process A in FIG. 5).

Treatment and the like for the semiconductor substrate, which includes the formation of
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25 hydrofluoric acid and ozone water may be di scharged alternately to cl ean
the surface of the sem conductor substrate 100. [0151] An insul ating |ayer
may be formed over the base substrate. In the case where an insul ating

| ayer is fornmed over the base substrate, an insulating |ayer on the bond 30
substrate side can be omtted. The insulating | ayer nmay be forned using a
single insulating filmor a stacked layer including a plurality of
insulating films. The insulating | ayer can be fornmed using an insul ating

filmwhich,contai.ns.silic as_a...conpanent, L1 con Lde film
a silicon WFoPiRUng (55 o e ?“&%’h“l%mx%irf’%’? hrg ig’?’ﬂ%a?g? od¢ i WSS Y e

oxi de fil nemjddirhc}. Fihereforangesaiptiohén gembevd ashddatém gnaly beeefeoad tcbfer f or ned by
t hermal oxidation 5 tr%aggent. Al t hough dry oxidation is preferably

enpl oyed a¥ch e ARG Red¥Pqati on treatment, the thermal oxidation

treat nent pgygjpe performed under an oxidation atnosphere to which a

hal ogen-containing gas. i s added. As the hal ogen-containin as, ., one or
plural %inds of I’b%§%§m§%41€'8?te& SI“PWQ—I@E]?%#‘, - Zesisfaape 'Sdi%fig"ﬁlaF SeBCI 3, F2,

Br2, and t{@sitdik@ofrddpoRrBng&fProdk BLRSHIG. 5). Exahpls 684 kaksgra®fwitthgighase
substrate is cleaned before bonding. The surface of the base s(g!ltc)strate can

be cl eanedheat tresisiapge Gaeindsy BcauREl JSURAERLG y2 SBRRDIE pBIPHIAIu & RERicPREctopy

megahert z yhtLasail C, GhegRiyit shith blvdirsle ofh poly@ARaNBe shic8RBAUIGaY,t h ozone
wat er, or Hﬁ’e ﬁ_%’%ur. hepf}’ t ﬁel bondi nger?ay pgfggﬂﬁf orer_?r_sc(i: afteratw_’he surface
i s subj ectad thelits Jurthisembedimentathieonsa Where mesiiteles ¢y falasiliqon sgbtigie isn

treat nﬁpt e{%{l QS ﬁ@b?s%éﬁﬁsﬁa@?@t’f@s bedN ion beam ultraviolet treatnent, ozone

treatment, asma atnment, plasna treatnment with bias application, or
radi cal tr@ad49tent. [0154] Next, the sem conductor substrate (the bond

substrate) and tAhteyp%%% gxa%‘fa?esgt[ g tsﬁ:‘xgle crystal silicon substrate is a circular substrate

which is 5 inches (125 mm) in diameter, 6 inches (150 mm) in diameter, 8 inches (200
mm) in diameter, 12 inches (300 mm) in diameter, or 16 inches (400 mm) in diameter.

15 Note that the shape is not limited to the circular shape, and a silicon substrate which is
processed into a rectangular shape or the like can also be used. In the description
given below, the case where a rectangular single crystal silicon substrate is used as the
base substrate is described. Note that the size of the base substrate may be
substantially the same as or different from that of the bond substrate.

20 [0150]

Note that a surface of the base substrate is preferably cleaned using a sulfuric
acid/hydrogen peroxide mixture (SPM), an ammonium hydroxide/hydrogen peroxide
mixture (APM), a hydrochloric acid/hydrogen peroxide mixture (HPM), dilute
hydrofluoric acid (DHF), ozone water, or the like, as appropriate. Further, diluted

25  hydrofluoric acid and ozone water may be discharged alternately to clean the surface of
the semiconductor substrate 100.
[0151]

An insulating layer may be formed over the base substrate. In the case where

an insulating layer is formed over the base substrate, an insulating layer on the bond
30 substrate side can be omitted. The insulating layer may be formed using a single
insulating film or a stacked layer including a plurality of insulating films. The

insulating layer can be formed using an insulating film which contains silicon as a
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20 are bonded to each other, and the sem conductor substrate is separated
(corresponding to Process Cin FIG 5). Accordingly, a sem conductor |ayer
is formed over the base substrate. The above enbodi nent can be referred to
for details of this process. [0155] In this enbodi nent, the single crystal
silicon substrate with high heat 25 resistance is used as the base
substrate. Therefore, the upper limt of the tenperature of all kind of
heat treatment can be raised up to the vicinity of a nelting point of the

single crystal siljcon . . |, & imt of
tho t erper Sviehy B d: S RSA] Bl ik IRloh Al Bl Sich G RREC Al T
substrat e ommsibeonssttidadxidphioxi mately 1200 C. Wien the tenperature of the
heat treat @3& is set at 700 C or higher, bonding strength with the base
substrate be further increased. [0157] Next, a surface of the

seni conduct or | aserexiapleletlec abovchiasikamg Iaydbshi dé dorived by théranahoxid&ttbn and t he
crystallinity is recovered (correspond.nqg,.to Process D .jn FJ G.5). 5[0158]
In the Senfedmatict éﬁﬁ?‘%égy \fﬂ’ﬂdr@ﬂori g @F%éag’m e'ﬁ?‘f’&%ﬁ@dmﬁ#‘?ﬂ’@i B’é@%noé‘u bstrate,
crystal defginendluiee tRrh4) FBldton Sfahéie BHEDLE t erformddl uidgi Mnogiastionepar ati on
of the sem conductor substrate along the enbrittlenent region are forned,

and the pl atmpsphege Kr whigh askaleeepkoriaiing g2 s pdded | A51RROSPASPURBING  heat

treatment bLs Bhebyial MnRediasaiRdedl fromnadupe, the HBryetatiFd#qsts and to
i nprove thé planarity of the surface. The heat treatnment is preferably

per formed Brslemrd the ke eampensedure condition of 800 Cto 1300 C, typically 850
Cto 12§0 E)lsyﬂen heat treatnment is perforned under such a relatively high
tenperature condition, crystal defects can be sufficiently reduced and the
planarity of thellsuuffaceofcthe bire subgtratsvis dleansy ef@g]bonding. rsutthee ¢feat

treatment, ,a .rapi I . i ating
urnace, ol EREbybeth e ARAEHIyid B BocRBALRAA iy nfrbeh ARSI
exanpl e, i or bheegasaz whmsmicacleandigs tvenfeidljetaldanipgf cleaniangewitls ozpne dvater,he heat

Zr ﬁgb:ﬂss .nt N8”1?ﬁ1e5ﬁ<3? e{’\;{g{eﬁflje ggr%rin%xrina@a g Ip rfgrEnGQSa%elcthte Osur]fzriLc%Ols cs"ugjg:)crtedltorri hute to
15  surface activation treatment such as irradiation treatment with an atomic beam or an ion
beam, ultraviolet treatment, ozone treatment, plasma treatment, plasma treatment with
bias application, or radical treatment.
[0154]
Next, the semiconductor substrate (the bond substrate) and the base substrate
20 are bonded to each other, and the semiconductor substrate is separated (corresponding to
Process C in FIG. 5). Accordingly, a semiconductor layer is formed over the base
substrate. The above embodiment can be referred to for details of this process.
[0155]
In this embodiment, the single crystal silicon substrate with high heat
25  resistance is used as the base substrate. Therefore, the upper limit of the temperature
of all kind of heat treatment can be raised up to the vicinity of a melting point of the
single crystal silicon substrate.
[0156]
For example, the upper limit of the temperature of heat treatment for separating

30 the semiconductor substrate can be set at approximately 1200 °C. When the

temperature of the heat treatment is set at 700 °C or higher, bonding strength with the
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20 heat treatnment for separating the sem conductor substrate, if perforned
at higher tenperature, can be perforned instead of this heat treatnent.

[ 0160] The sem conductor layer may be irradiated with a | aser beam
before or after the heat treatnent. By the | aser beamirradiation, crystal
defects that cannot be repaired by 25 the heat treatnent can be repaired.
The above enbodi nent can be referred to for details of the | aser beam
irradiation. [0161] In addition, before or after the heat treatnent,

a sem condyct qr i i . portion of the sem conductor |ayer may
be reanedg%%gﬁgﬁggﬁﬁﬁgngg ﬁ§%%§%% so 30that the surface thereof is

pl anari zed[01BY] t hi s pl anari zation treatnent, the surface of the

sem conductor | gyer can.he fuyrther. planarized i fically ol i shing
rmy be chen cai YebchatFes o it FENieaRRRLASE pordlT b i Bl tuniule RO, SThe

| i ke. Not eplahdiized, had &erhcmllthitg ivikecdvayd (cormypdnding esPweeks DnintFlG.chness by this
treat nent | gone cases. [0162] Alternatively, the sem conductor region in
t he upp%r Bﬁﬁ kon of the 5 sem conductor | ayer can be renoved by etching so

that the surfacantthek@ficondiciol ayaf WaH. is Uiaelgbatached! ©hthe Gasasubbieatger f or med
by a dry etching nmethod such as a_ reactjve ion etphingé%RlE nmef hod, an
i nducti vel wetahgtrfeﬂs Frademaonmate) of ihe PRETHENAYIrEiaR AP EPFIIPICY St r on

resonance (dGRINdBLENUBErHAEINQ0he Bmbakihb @ iredibiPdi® fdrRRH MM thcRAnkri QP! ed)
etching nethod, a magnetron plasma etching nethod, a dual-frequency plasm

, e
et chi ng 10thesemisandusior fayprais levamiedaa BeTsToRR hgatdreatment is pesferably PR%?@e@hat bot h
t he pol g shj ' f Qbnride o PHRNQFh &AL TAH hedt0163]
Furt hot tror 5 PEE he C5sfe SpRe oo AREE e MindP b URNATLR, TR hei

pl anar i zat iresimert it prefesabhyf pecforméd urider the teimperatire tenditionyd 800 tGite B@®fi*€onduct or

ayer an, e LRSS PR R SRR 1
high temperature condition, crystal defects can be sufficiently reduced and the planarity
of the surface can be improved.

15  [0159]

For the heat treatment, a rapid thermal anneal (RTA) apparatus, a resistance
heating furnace, a microwave heating apparatus, or the like can be used. For example,
in the case where a resistance heating furnace is used, the heat treatment may be
performed approximately at 950 °C to 1150 °C for 1 minute to 4 hours. Note that the

20  heat treatment for separating the semiconductor substrate, if performed at higher
temperature, can be performed instead of this heat treatment.
{0160}

The semiconductor layer may be irradiated with a laser beam before or after the

heat treatment. By the laser beam irradiation, crystal defects that cannot be repaired by
25  the heat treatment can be repaired. The above embodiment can be referred to for

details of the laser beam irradiation.

[0161]

In addition, before or afier the heat treatment, a semiconductor region in an
upper portion of the semiconductor layer may be removed by polishing or the like so

30 that the surface thereof is planarized. By this planarization treatment, the surface of

the semiconductor layer can be further planarized. Specifically, the polishing may be
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[ 0164] When the SOT substrate obtained through the above process
is used for a subsequent process of manufacturing a sem conductor device,
various kinds of 20 sem conductor devices can be manufactured. [0165]

Next, a process of perform ng reprocessing treatnment on the sem conduct or
substrate 121 and manufacturing a reprocessed sem conductor substrate is
descri bed (corresponding to Process Ein FIG 5). The above enbodi nent can

be referred to for 25details of reprocessing treatnment. [0166] As
h t t h th
ot e LR b SRR P uRLOSGR G, 4 oot (e

cost for asmﬁﬁhdsa&nslhymmycbamdlu&dnedudmdss bb’ﬂhlp&'ﬂ&tmentllmsqmdagaS@SWpl oyi ng such
heat treat ﬂﬁ@é at 30 high tenperature as shown in this enbodi nent, an SOT
substrate ]ng favorabl e characteristics can be manufactured even when
there remain sligtddayively,l ave oefntdhsuctat trépdorband tieeubpperatpertion| L6k

The structure described in this odi nent ate
conbi nat i offMHFANEUFteFIaxey F%?%F’é‘%“égg' qighing Sioﬁﬁaéﬂif SBffu‘Eeﬁgerﬁ&H%@gI@ﬁ%S i ments.
[0168] 5 (FrbosbvERBhing)can be perfoﬁﬁbdelisaﬁrﬂbeetﬂfmgnﬁ:ﬁﬂd%ﬁﬂﬂh&& @factiRVioie Whi ch
i ncl udes the SO substrate nmanufactured in é%P he above e od| ments iIs

i |1 ustrat egfching IE) mgthod.gndoquctyely BOWPiqleé%SF’ét( ’é‘ﬁé‘?FﬁPoé Yy elgptron

sem Condu%ﬂiotf&ﬁwe&ﬁlahdactﬂdﬁi N&ctfind AARIdS taOrSarQlQ:l %me \(‘ﬂpﬁﬂtwe‘}y @Buplegghannel
thin filmtransistor and a tranS| Stor 281 whi p-channel thin film

t ransi st or etchihg methedsi mrgnetrog plagmal etch’égtni*eéh%‘r %ldbﬁ‘l'frﬁaﬁerﬁy Slasyp §Bingver t he
base sypst g{hg?fer %be Wikh %vg\%\glgs?ﬁg &I:l}(ﬁ‘%gieﬁ% I 4éd 1R BoihtGe hORUIRLAA0 | ayer

122 provide t ween rious sem conduct or “devi Ces can be
formed by thewrishingmepydeabeddopthe pleharizptiof. thin fil mtransistors (TFTs). A
met hod for[oqgﬂuf acturing the

Furthermore, by the polishing and the etching, in addition to the planarization

of the surface of the semiconductor layer, the semiconductor layer can be reduced in
15 thickness so as to have a thickness which is suitable for the semiconductor element that

is completed later.

[0164]

When the SOI substrate obtained through the above process is used for a
subsequent process of manufacturing a semiconductor device, various kinds of

20  semiconductor devices can be manufactured.
[0165]

Next, a process of performing reprocessing treatment on the semiconductor
substrate 121 and manufacturing a reprocessed semiconductor substrate is described
(corresponding to Process E in FIG. 5). The above embodiment can be referred to for

25  details of reprocessing treatment.
[0166]

As shown in this embodiment, the semiconductor substrate processed through
the reprocessing treatment process is repeatedly used, whereby manufacturing cost for
an SOI substrate can be reduced. In particular, by employing such heat treatment at

30 high temperature as shown in this embodiment, an SOI substrate having favorable
characteristics can be manufactured even when there remain slightly a few defects in the

bond substrate.
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15sem conductor device illustrated in FIG6 will be described below [0170]
First, an SOT substrate is prepared. As the SO substrate, the SOT
substrate manufactured in either of the above enbodi ments can be used.
[0171] 20Next, a sem conductor |layer is etched to be divided into an

I sl and- shaped sem conductor |ayer 251 and an i sl and-shaped sem conduct or

| ayer 252. The sem conductor |ayer 251 is included in an n-channel TFT, and
t he sem conductor layer 252 is included in a p-channel TFT. [0172] 25An

i nsul ati ng[t er 254 is fornmed over the sem conductor |ayer 251 and the
sem conductor | ayer 252, and then a gate el ectrode 255 and a gate el ectrode
256 are respect iThel spruttmremdesceibet it this semboalomeht cdaor bd ayet iR Sippmpdate he

Cher obet web Bt B fiutpeab b Py s Be PRl ie Tor (ne TeTe,

it is prefoned)l e to add an inpurity el ement which serves as an acceptor,
such as5 bogoﬂ, alumnum or gallium or an inpurity el enment which serves as
a donory s Oﬂ‘é“eﬁh sphorus or arsenic, to the sem conductor |ayers. For

exanpl eman | DU E%anﬂil@:’(\iﬁ_'ﬁ: _sl_éf(_ﬂi:&fdu&gf ufﬁc@&gwﬁ iagl@e@-t e $6I agddestei nto a
regi on ere an n-channe Is to be formed, an I mpurity el ement
whi ch ser vaamuactuediin gy of e abrys gmbgadigiepts &g ips r“éFgEﬁ'-channel TFT is to be

f or med. [O[S;Eéd] 5Next, an n-type | ow concentration inpurity region 257 is

formed in
FIG. 6 illustrates an example of a semiconductor device including a transistor

10 280 which is an n-channel thin film transistor and a transistor 281 which is a p-channel
thin film transistor. The transistor 280 and the transistor 281 are formed over the base
substrate 120 with the insulating layer 123 and the insulating layer 122 provided
therebetween. Various kinds of semiconductor devices can be formed by combining
such a plurality of thin film transistors {TFTs). A method for manufacturing the

15  semiconductor device illustrated in FIG. 6 will be described below.

[0170]

First, an SOI substrate is prepared. As the SOI substrate, the SOI substrate
manufactured in either of the above embodiments can be used.
[0171]

20 Next, a semiconductor layer is etched to be divided into an island-shaped
semiconductor layer 251 and an island-shaped semiconductor layer 252. The
semiconductor layer 251 is included in an n-channel TFT, and the semiconductor layer
252 is included in a p-channel TFT.

[0172]

235 An insulating layer 254 is formed over the semiconductor layer 251 and the
semiconductor layer 252, and then a gate electrode 255 and a gate electrode 256 are
respectively formed over the semiconductor layer 251 and the semiconductor layer 252
with the insulating layer 254 provided therebetween.

[0173]

30 In order to control threshold voltage of the TFTs, it is preferable to add an

impurity element which serves as an acceptor, such as boron, aluminum, or gallium, or

an impurity element which serves as a donor, such as phosphorus or arsenic, to the
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sem conductor |ayer 251, and a p-type high-concentration inpurity region
259 is fornmed in the sem conductor |ayer 252. Specifically, first, the

sem conductor |ayer 252 used for the p-channel TFT is covered with a resi st
mask and an inpurity elenent is added to the sem conductor |ayer 251, so
that the n-type | owconcentration inpurity 10 region 257 is forned in the
sem conduct or | ayer 251. Phosphorus or arsenic nmay be added as the inpurity
el enent. The gate el ectrode 255 serves as a mask, whereby the n-type

| ow- concentratiqgn.inpurit em or |ayer
251 in a s%qqlgoé'ﬁ}md?fe eﬁsanﬁgg ’9‘?—1“ ?he'mp&rltyg[el%sﬁt %Fﬁ l%Ee %edrgaggﬁ%k}& or |layer
251, whi chisadéyd iaos regidthwhére ag atchamicETET de ba fbmed @and ais inguirify dermemel
formation r on 258. Next, fter. th overs .t he

seni conduct &F%T"y"e‘rasﬁgﬁnqrés ?‘éﬁ% eaoreg‘f)ﬂév Slgr?npcgﬁﬁn&it}gilﬁt&]?grfo%q where an
n- channel F4lis to be formed is covered with a re5| st mask. Then, an

i i enment. is added t he sem conduct.or Bor,an, aI um num

inpurity e t 52
gg}jl i ung or the qukea%ﬁsfylffe? H@tffc%“f’ﬁe‘n]pﬂﬁmfetg e?gz formed 18" the o gat e

el ectrode gafedndiGéd yer @51 , 8ari¥B8 ko-1yp8 thigtheonPeritidfien hhghngzqeg:iemtzsatﬂson
inpurity region 259 is 20 fornmed in the sem conductor eg%tqrﬁlal n a

sel f - al i gnEampdifhghe. semiqoadactnr layertd98- sepreHisatn didhr ﬂ!eﬁg‘ll 03 Tover | aps

W th the gaig,del /il egﬁ&aﬁééi THETY @R wé}thcahasnﬁ%{aslt %dﬁltlln?ﬂrlt&%n%t 860. Here,
the nethod 1s described in which the p-type h-concentration inpurity

regi on 259add9d fio theestmigandycternlayes - &59!10&0 F@W‘@dﬁﬁ@ﬁt“?‘mﬁ?@ﬁmﬁ‘r‘ﬁﬁ APpYity egi on 257
Is for ' T Weiégrl% f&rf‘%ﬁ%ﬁhﬁé I%e@mtébﬂﬂxfo&? nﬁ@ﬂ%lat 'Iﬂ@stp'hgﬂﬁk' o Eﬁéeﬂl@ﬁ{a_? Me25 259

can be firs ter ‘the resis whi ch covers the
senmi con d u c bdiled lasthe nmﬁ&ﬂty iebemeatro Uibd gatareldictiedel 286isaryes anematkavhergbythe

Stngl e | 2y gt RN hiRlon TrRbAG SIS s ¥Rk Sl kAR UAPRyG AU LT e

such as sifi e or chas Si 1 con oxi orned by
a pl asma CuDa relf-alighed rmdnkner. | iFkleherT:lmrglomeﬂtlmt semycdném laﬁeraaflswhmbpi cally

etched in a per di.cul r dir N ating | ayer
561 ond 1 CYBBRONT M RO Sse reruipS a et RSN el 208 SN (e
surfac e$ ohftdrhig: ﬁ@dk@vhuﬂﬂ ROEE ﬁﬁ&eﬁ%mamd)rlldyer Mlﬂ@io@ed tlecemtmiductor

t I Note that th . at i | a 254 I t ched, by th
above. ani VPTG TP bfs RS fomEl s CERPLUTAACED! TPy or™3hy | <

covered W bl iRph@§| dmdmBIK ad&adtoa@ae%emmudu&ot ey BNt  Beroad dRehidudn,t he
senm conduct or F

ayer 251 at a high dose. this treatne
el ectrode 28bumner thpdike e \bgl 4dd?qﬂ§%1h5tlmﬁ\§fltl”d’§f‘é‘?e“9Gﬁ‘%"ert@%g%{% eﬁﬁ’g‘%@ and an
n-type hi ghs§ QReAts" At 4 Ahsk MR tht -5 hR-cdRdentrdtidnOfmiBReity region 259 is
20 formed in the semiconductor layer 252 in a self-aligned manner. A region of the
semiconductor layer 252 that overlaps with the gate electrode 256 serves as a channel
formation region 260. Here, the method is described in which the p-type
high-concentration impurity region 259 is formed after the n-type low-concentration
impurity region 257 is formed; however, the p-type high-concentration impurity region
25 259 can be formed first.
[0175]

Next, after the resist mask which covers the semiconductor layer 251 is
removed, an insulating layer having a single-layer structure or a stacked structure,
which includes a nitride such as silicon nitride or an oxide such as silicon oxide, is

30 formed by a plasma CVD method or the like. This insulating layer is anisotropically
etched in a perpendicular direction, whereby a sidewall insulating layer 261 and a

sidewall insulating layer 262 are formed in contact with side surfaces of the gate
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[0177] After activation treatnent (heat treatnent) of the inpurity

el ements, an 10 insulating |layer 268 containing hydrogen is fornmed. After
the formation of the insulating |ayer 268, heat treatnment is performnmed at

hi gher than or equal to 350 C and | ower than or equal to 450 C, whereby
hydrogen contained in the insulating |layer 268 is diffused into the

sem conduct or | ayer 251 and the sem conductor |ayer 252. The insul ating

| ayer 268 can be forned by deposition of silicon nitride or silicon nitride

By Suppl yi HETAOS0EH 16 P SRR AR DR iy of Do B Al orauct o

| ayer 252, 2siek aib stckdill 31thésoveadsotiopRfephitg. centers in the sem conduct or
| ayer 251, the sem conductor |ayer 252, or at the interfaces between the

seni conduct®@r6) ayers and the insulating | ayer 254 can be repaired

effectively. 20[k{8he semicondudiok Shydr P8D., is ddverdd evithay eesistnaadkathdignl ayer 269
is formed. The interlayer insulating |ayer 269 can be forned totgave a

: y . ;
si ngl e-§ ay#wpusity glemanteis gdded tor the wemicepduigtar Jpxsr i2ak 12 @i Hgh 498 nBYI™Si ng film
cont ai ni ngt}@ﬂm%rgg{gg%%%léz%&r 358! and e si@vadl ihiuERiMg 94et 26 DéerROfsQflasRE)OS Phor US

silicon glass or an insulating filmcontaining an organic 25
materi al sawhanastypohigh-wprpentemtion impurity regiim 287 ivforneet hol es are formed in
the interl @jgg insulating |ayer 269, wirings 270 are fornmed. For exanpl e,
the wiring ]0 can be forned using a conductive filmwith a three-Iayer
structure i n whiAfteraadtivatione seamentc thente trgatmient) nofs thehingmirigh etamemisnd@m il m or

an alumnumal Loy filgds. S W e arfger £l The
barrie nef"ﬁﬁ?]atl’l?gly kg ercgﬁé ﬁgnggﬁﬁﬁggeﬁg&vn%ﬁg%genéﬁ tgg‘é%?}éartﬁogm%ﬁet ani um
or the |ikesulh@dg/@)er 268, heat treafihdn® isgferfohreddidiighepthan es squabtoskshi°Camduct or

devi ce having the n-channel TFT and the p-chanpel _TFT,caﬁ,be rra%f act ured.
The SO sulbswter diee onger! 1ogtd 0t ke WheRsby: Byflipansenigings inethe dnsplating X @B nent s

manuf act ur %ddiﬁ{lseﬁ)ﬁéﬁetﬂggéfni AHuEBS laye@Ds 108RCHE Redicoddche 18P Ys2. enedi ment s.
Accordingly, cost for manutfacturing the 5 sem conductor device can be

reduced. [ D@eling layer 268Nanebet formed: hie depnsition md silicen niddq eresilicanyaiiridst ed i n
FIG 6,and a nuf act urj h xbed~i i odi nent ;
howevetl,§l tﬂ)éldgt%?’lfcﬁlﬁ?néa g%a%@%gggtﬁgbgé‘%g{ t%[ \%aggré%? 3?1% (éjn(go%?lrarllsan'? of the

i nvention hippbénglinsedea e teSsemidontuatdrtleybr 201 tahe thet semichhducte rhyeo382ct or

device may .include a capacitor,.a resistor, a photoelectric ver.si on
el ement, adf fjﬁt‘y]é‘ﬁ]?tﬁef\%gaﬁlm’rﬁg, e hig Iﬂ?ekégl?"r‘fo’é(g’ag’ i% Tt ggg %IET. [0181]
Note that tdigicsidusior 4y 232 Seiat BrRdnteffadel betwesibtdisemitbnduator byeappd dpr i at el y

used in combination wth a struc(tlu e .descri bed in anot her enbodi nent.
insulating layer 254 can be repaired effectively.

20 [0178]

After that, an interlayer insulating layer 269 is formed. The interlayer
insulating layer 269 can be formed to have a single-layer structure or a stacked structure
including an insulating film containing an inorganic material such as silicon oxide or
boron phosphorus silicon glass (BPSG), or an insulating film containing an organic

25  material such as polyimide or acrylic. After contact holes are formed in the interlayer
insulating layer 269, wirings 270 are formed. For example, the wirings 270 can be
formed using a conductive film with a three-layer structure in which a low-resistance
metal film such as an aluminum film or an aluminum alloy film is sandwiched between
barrier metal films. The barrier metal films can be formed using molybdenum,

30  chromium, titanium, or the like.

[0179]
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15 [ Exanpl e] [0182] In this exanple, in sem conductor substrates
(bond substrates) after separation which are by-produced in manufacture of
an SO substrate, a remaining insulating filmis renoved, the sem conductor
substrates are subjected to wet etching treatnent, and the 20 sem conduct or
substrates are subjected to the reprocessing treatnent by a reprocessing
net hod of a sem conductor substrate in an enbodi nent of the present

i nvention. The resul ts are shown bel ow [0183] First, sem conduct or

substrates used ’lL Itl?c aei))sqf?g}o%es@r £ ﬁ&&ddev E[h?r a4g1e n~chﬁnnel Ifprt hi s

exanpl e, a rect ang ST |con su wth a size of 5
i nches squaride tiwap- chmrpieby[&?d" am tbhemsrmfzicd:lucd:luc"ﬂmr SOl bsbsteate sisedFifersthe t her mal

oxi dati on was rfor CO ductor u I

at nospher eset“B“F"? Vﬁcgr%a%lso% d’g] "fenP a&" ? i ntgei%eﬁﬂ ° 18ggnarsﬁ on a
surface of d&agkedoin Ttllibe aswesbmamcamntiheAaebrﬂlhgnymbstofurdmmnﬁmumg ter f or med
at 950 C for 4 hours ip at oxi dati on at nosphere where the rate of
HCl to %xy@"é‘Hc getar deyIo6 S ere?@f% Next, each of the seniconductor
substratesy (yygg]hl rradiated with ion beams through a surface of the thernal

oxide filmw th the use of an ion doping apparatus. In this exanple, a
hydr ogen gas wasNeig#iaf 8 semicgadustertdsvise ateq #hEIG. §and deMranuRfWEEs pl asm

were accel gr.abgdmibLAQU dg&?ﬁecfs epahat tABediRBH: HiG A& AL sBh@ae] 8Na Were

introduced 1nto the sem conductor substrates, whereby an enbrittl| enent
regi on wassdmicorddetpndayineiofef cmbediment fShelinvension de be diselosed. is widmitadons of

i on dopj ng i | nd the
dose. vab SRES | Bt SHERNLARE dhii B FHER AR § RGO RRde R o
subst r at es cumsrshartiatnt, @ lightdnsigmgsidoent, at e Jike n addigion kea BRI oxi de film
provi ded tﬂggﬁfetween. After that, heat treatnent at 200 C for 120 m nutes
and then h reatment at 600 C for 120 m nutes were perforned, so that a
thin film singl eNge yist tle sgidtine dscribybin thia embediarait ad bt mppropréatély afedt he

sem conduct or ubstrat s along the enbritil enent. regi on. Accordingly, SO
subst r at es Mm% HEP&EE“?.E‘I“ Hescﬂh#gtan?thg eﬁﬂém{ , seni conduct or

substr a5 es[@aadpidpavi ng a projection in a peripheral portion thereof were
f or med.
[0182]

In this example, in semiconductor substrates (bond substrates) after separation
which are by-produced in manufacture of an SOI substrate, a remaining insulating film
is removed, the semiconductor substrates are subjected to wet etching treatment, and the

20 semiconductor substrates are subjected to the reprocessing treatment by a reprocessing
method of a semiconductor substrate in an embodiment of the present invention. The
results are shown below.

[0183]

First, ssmiconductor substrates used in this example are described.

25 [0184]

In this example, a rectangular single crystal silicon substrate with a size of 5
inches square was employed as the semiconductor substrates. First, thermal oxidation
was performed on the semiconductor substrates in an HCI atmosphere to form a thermal
oxide film with a thickness of 100 nm on a surface of each of the substrates. The

30 thermal oxidation was performed at 950 °C for 4 hours in a thermal oxidation

atmosphere where the rate of HCI to oxygen was 3 volume%.
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[0187] Next, treatnent perfornmed on the above sem conductor substrates is
described. [0188] 20First, in order to renove an insulating |ayer which was
formed to cover each of the sem conductor substrates, the sem conductor
substrates were subjected to wet etching treatnent using a 5 % hydrofluoric
acid solution. At this tine, the solution tenperature was roomtenperature
and the etching tinme was 180 seconds. [0189] 25Next, the sem conduct or
substrates fromwhich the insulating |ayer had been renoved were subjected
to wet etcty le treatment using, as an etchant, a mxed solution in which
hydr of | uor Ci nitric acid, and acetic acid were m xed at a vol une
ratio of 1:2:10 Néu&he&ach:mxﬁdhmisemk:bmiucmf snlpstratesi svaa diradiatad twith emncbeams used in

t hi s exanp a s uant it

(QUANT R YRR e ia o e el ol BBy M RS i dbhe BBlmBb s o0
100ng/ | . | thid Eb&;’r@ld} hallistdrmﬁcgas ks mxslt@lxmn@ner,atehylm lioror includad th e a
concentration of 50 we r oduced tella t
nitric aci MOYRa JVero AL c{“g oBtf TAgs ipgy, g %u@%cﬁ?eﬁ%}% ora I on)
Chem cal | peldgkded 88t thé @emwomtoacsemsiuate@,cwnbraiy & enbgEiBihE@t legibn oﬁa597 7
wei ght%(produced bé Ki shi da Chem cal used. Furth t he

sol ution t E¥ Withg pmigendueiat S‘Wégatgset I({"Bd‘ GHSC’fe‘élﬂdloP‘ﬁg VETE Y ng time
was set t0%@9¥ha?fhe%éceﬁa?ﬁfbﬂr%gﬁage%@as%@(kma thelfosSRENT$.108GmraANdS, 75

seconds, seconds seconds, 120 seconds, 135 seconds, and 180
seconds. [0186]
10 Then, each of the semiconductor substrates was bonded to a glass substrate

with the thermal oxide film provided therebetween. Afier that, heat treatment at 200
°C for 120 minutes and then heat treatment at 600 °C for 120 minutes were performed,
so that a thin film single crystal silicon layer was separated from each of the
semiconductor substrates along the embrittlement region. Accordingly, SOI substrates

15 were manufactured, and at the same time, semiconductor substrates each having a
projection in a peripheral portion thereof were formed.

[0187]
Next, treatment performed on the above semiconductor substrates is described.
[0188]

20 First, in order to remove an insulating layer which was formed to cover each of
the semiconductor substrates, the semiconductor substrates were subjected to wet
etching treatment using a 5 % hydrofluoric acid solution. At this time, the solution
temperature was room temperature and the etching time was 180 seconds.

[0189]

25 Next, the semiconductor substrates from which the insulating layer had been
removed were subjected to wet etching treatment using, as an etchant, a mixed solution
in which hydrofluoric acid, nitric acid, and acetic acid were mixed at a volume ratio of
1:2:10. When concentration of nitrous acid in the etchant used in this example was
evaluated with a semi-quantitative ion test strips (QUANTOFIX Nitrite and Nitrite

30 3000), the concentration was 80 mg/l to 100mg/l. In the etchant used in this example,
hydrofluoric acid at a concentration of 50 weight% (produced by Stella Chemifa
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[0190] Ten kinds of reprocessed sem conductor substrates manufactured by

t he above nmet hods were observed with a magic mrror systemand with an
optical mcroscope. 10[0191] In this exanple, the magic mrror
systemwas the magic mrror system M S-2000Z (produced by KOBELCO Resear ch
Institute, Inc.), and observed images were taken. The magic mrror system
is an apparatus used to detect m nute unevenness on a surface which is not
easily visible even at close range. The patterns 15 are detected by the

application of t.he princi.ple of the magi 1 I 10k, 10U

unevennes segpgrah%‘ﬁvgﬁ”%ﬁm&ﬁg ascﬁp?egﬁ%tmé’f Otgt"?drgwre Y g{% Qf(ggg%e% %? \Img%l’ %@Fect ed so
that an i nggénital franstBes, Altdy Bhd taddike adidl Cdieasofodnltattiobl %ev eveightet er s,

t he focal &?l nt starts to be blurred and seen as  a patLern h. t he

W
pri nci pl e Grodupes thargidshiier (Ghptmiceh G tid) UMY etiidss ToHOEH ﬁbﬁoﬁoﬁl{tioﬂi shed
surface of tgﬂqtpgn%ﬂfgé 53 ?@tcﬁ&t %g REAY 86 -BSaf flakichingRER Wi &Pho h&rqenvex
e g Wth the

portion an reg I mage for a concave portion. use of this
appar at s, sevealsp3( sevalds,ASrseamds, 60 sgtnds 95 senondsy B pegpids, 1@5oiseends, 12Bol i shi ng

dent, grindin ks rac t hermal slip, and the |ike on the surface of
a substrat %ecg'giﬁ’”?és ‘t‘%‘@%&%‘ﬁs‘ﬁ?ﬁ%‘f' 25Further, in observation with an
optical m [oegjcope, the peripheral portion of the substrate was

phot ogr aphed by .an optical mcroscape, 61 nuf us

Cor por at i on. Not"gnlkﬁgf ofW@roﬁﬁﬁsfcgﬁqm‘ﬁ?’@?%ﬁ%@%@%%@%ﬁé’g&t@i%%&%s a

Nonar ski i fR@8dekerd Obdetled wihGNhidiCairiddRystdr) 188 itlBAFépESal niidscopBl, 7C1, 7DL1,

and 7E1 and FIGS. 8Al, 8Bl1, 8Cl, 8Dl1, and 8El are each an inage of a
reprocé%seﬂn%]m' conductor substrate observed using the magic mrror

system Further,jn Rhf{sSexafife, iSnaglCirédPRysté QvabEe amalit | fafror 34&em8B2, 8C2,
8D2, and 8E2 are each an optical m croscaope ﬁhot %%raph E%GS /Al and 7A2,
7B1 and 7BMIS2090% frroduced by BOBRHCE dReseareh Ingtilyicy pir-)s apd phsgpied ippees

reprocessedoReRiEANuhl Gastt bR SoihisCln WppRasyllsaslisdide: LBuet chi ngs
S

for 15 seconds, 5 seconds, 45 séconds, 60 seconds, 75 seconds,

respect i vebyevenness on & swfage whidh) isgot @aily wislegnen ag@asegpegegplhe paEmind 8C2,
8D1 ang. 8D L8 : FARESSB8dmSSiE GaRduRt@mugubst rat es
whi ch \?\gregrseu%jﬁétce?e%g t?%%f}ﬁ]g ledtngﬁ%ﬁ%gggl%élggoﬁgec%%ds, 105 secon(.jgj1 120
seconds, 18fcvemesnals caraetion 8@ ssdawndse mirrespuidight isirgileciad spiihat apimege. That

is, FIGT7AL is an i e of. a r C ] b0
observed u& t?bm?ﬂﬁtfﬂgl Précen%m?rf:%sr%&)ijgfﬁ é‘ﬁﬁgﬁiﬂ%&%&ﬂgﬁﬁ%éﬁgﬁﬁ{’%?he et chi ng
for 15 secohsaedand dcbiGas BARatiesn. arWithethe paficipleeofi thproags switos envisibleduct or

substrate observed using ap .gptical m.croscope phatogr . | G S

Sub ected SROEHESHPR Agor Gty ieesihia SEPRGAR APALAP L Mkt

I epr 0Cess e ghrIRHOBCLEIGT andURSright Bnapb $&Taw@ecays pogion.heWith dheauserbf thtr  syst em
whi ch was subjected to the etchig‘?} for 90 é}gconds and 15 FIIE8A(?j IS an

i mage of t ARPHEPY JRELlyek SWRRCE nTRIRRNSSS: SRIBUPPARE: SBUEVS 8O g“dl opti cal
ni cr oscope ofhAho HarlNera¥iRi HErnMA S1is, LA akd Bk biPthe RerfRlecdTian@bétaie & reconds.

[ 0194]
observed.

[0192]

25 Further, in observation with an optical microscope, the peripheral portion of the
substrate was photographed by an optical microscope, MX61L manufactured by
Olympus Corporation. Note that the optical microphotographs were taken as a
Nomarski image at 50-fold magnification.

[0193]
30 FIGS. 7A1, 7B1, 7C1, 7D1, and 7E1 and FIGS. 8Al, 8B1, 8Cl1, 8D1, and 8E1

are each an image of a reprocessed semiconductor substrate observed using the magic
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According to FIGS. 7Al, 7B1, 7Cl, 7D1, and 7El1 and FIGS. 8Al, 8B1, 8C1,

8D1, and 8El in the reprocessed sem conductor substrate manufactured in
this exanple, 20 in the case where the etching tinme is set to 135 seconds
or 180 seconds, a dark inmage is observed in a region circled by a dotted

| i ne and unevenness i s observed over the surface of the reprocessed

sem conduct or substrate. On the other hand, in the reprocessed

sem conductor substrate manufactured in this exanple, in the case where the

etching Uige i s Seb 18, o, s8cends, Lan130,sa5onds bNaneIbs. biblh

unevenness8H& > ce 'he $em conduct or substrat e, t he
pl anarity 2,808, s §E2cae eschi anprptiva anicjo8dPs photograph. BHGS.HEA a@h’lAi’m de in

FIGS. 7A2, E , nd 8E2,
the per 1 phBrari 5% 151 Bt T Dt 0 eSS ¥ Wil oF s SBssed 0

Sﬁm ConﬂUCieﬂﬁccﬁldﬁk&éﬁ aibﬁrdmnwﬁﬂﬁt“ﬁred;ub_]ﬂctém ite thex etnlihgs, farnlst keeomdss 80 where 30
the etching time is 15 s cond remai ni ng ste LV and in
the cast wHEPHISt bseeprds; %b SGCPRAs ST“C(S’H 'resp?%%el& m@ﬁ‘ﬁ po obég‘s g‘gz)n

steps resulddegiadrgEn and BRI smngmﬁwg,l EDC s 13a?, SEl ia6@BER ayeimhgyiofg def ects
or the Iike were reduced

it hi t h
et chi ng anfsarecessed a"’%lF‘qué@fﬁr \ﬁ}é%sg?te? r‘f"ht‘%ewé’éfs@%&ﬂﬁ@bgtgttﬁ% | Srfe X?ﬁp ©

set to 15 &%B{Qﬂdﬁ)S 3bnI€ 420 dSoondd 158 6RBAE, k01 SHasaNds ,resﬁéctﬁfelg}'oiﬁdﬁls 90
seconds, 105 seconds, 120 seconds 135 seconds, and 180 seconds was 5

measured. SKe. 9 Thet iss thiGe 841 zis ras Hpagsnolhat BieRessadle SSEHEMIREO] SYRSURFR] t he
et chi ng?]an&ysgltve&)f glh%'%hrﬁfn%lec@r%@g fem, | Whibll Ra9 sulljiBGedv #F 1thl3 %?dhlt%xfoﬁ 16epresents

t he et chi ng anmoun i con substrate and the horizontal axis
repr esent ssetchmisemd FiGhgAiisran {neage ofithe refroessell samiserdye@r mpstrage pberved, it was

confirmed that tlé&i‘ r%&%ﬁ{ﬁ)hd@%g%ﬂ Ntk ?Va? & totﬂﬂg e%ﬁ I 39 1§nount

with respec? |ncrease I near | erefore, it is
shown t hat se&oﬁdsame ESMhIS reg inmge of anem@c@behsmdanﬂyctelswbqratm ebssteHant i n

LI EXarD) e 42 T SRR R M RESReRE Y IRARSEG BESSThaRgRbbE on,
entir ejSONFERNtSA20#s antiimabe af ﬂleheplebgsSednmﬁ@md@d:t@tbub;tralt«afﬂmE%d aising WHAT | S
CLAIMED | Soptu:al microscope photograph, which was subjected to the etching for 90 seconds.
[0194]
According to FIGS. 7A1, 7B1, 7C1, 7D1, and 7E1 and FIGS. 8Al, 8BI, 8Cl,
8D1, and 8E1 in the reprocessed semiconductor substrate manufactured in this example,

20  in the case where the etching time is set to 135 seconds or 180 seconds, a dark image is
observed in a region circled by a dotted line and unevenness is observed over the
surface of the reprocessed semiconductor substrate. On the other hand, in the
reprocessed semiconductor substrate manufactured in this example, in the case where
the etching time is set to 15 seconds to 120 seconds, there is little unevenness over the

25  surface of the semiconductor substrate, and the planarity of the surface is improved.

[0195]

On the right side in FIGS. 7A2, 7B2, 7C2, 7D2, and 7E2, and FIGS. 8A2, 8B2,
8C2, 8D2, and 8E2, the peripheral portion of the substrate is shown. In the
reprocessed semiconductor substrate manufactured in this example, in the case where

30 the etching time is 15 seconds, some remaining steps are observed, and in the case
where the etching time is longer than or equal to 30 seconds, steps resulted from a

remaining single crystal silicon layer having defects or the like were reduced.
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1. A reprocessing nethod of a sem conductor substrate, conprising the steps
of : 5subjecting a sem conductor substrate in which a projection conprising
a damaged sem conductor region and an insulating layer is provided in a
peri pheral portion to a first etching treatnment for renoving the insul ating
| ayer; and subj ecting the sem conductor substrate to a second
etching treatnent for renoving selectively the damaged sem conductor region
wi th a non-danaged 10 semi conductor region |left, wherein the second etching
t r eat ment @arrixed solution conprising: nitric acid; a
subst ance S§sol ving a sem conductor material included in the sem conduct or
substrate and oxh didigoh, blytlﬁdwecanipta; ite caching; aniGmt slibsiliconceafeoimtthokdseng a
speed of oxjdatio he sem ucto teri S ssol ution
of the OXi H}neirg &he ?ﬂl%ﬁraa gvtaalset copds gﬁ aecon? 4§@9c§§dsd88 Es\gc&)g&s, %

wherein a &ooekRNHO atdonds, ADS Tsétﬁbndn tIQOusccmds,cUlSssed:mgheandtlrsarseowndequal to 10

o a S cORIEtor FEpis. faFHe AcBRiPh oL 8 sEEnt et &% S ARbPRuor ¢

aci d i s usgflods of ke sEbisvaRE e 18FEG.l, tHen@riiciEnSeRpeentubs erchinp baoim|
included in the seniconductor substrate and oxidi zed by the nitric acid,

and 25wher @inn e die siligg substatgond the h%léotgﬂb%%ﬁ%e%tﬁt%ﬂtq 0§ & speed of
oxi dati on gg‘g) Eﬁe speed of dissolution of the sem conductor material.

3. A manufacturing method of a reprocessed sem conductor substrate, wherein
a reprocesBdf’]lsem conduct or substrate is manufactured fromthe 30
sem copduct or s t i Al i 4. A
manuf ag(?uri ng me %B@ﬁlgfem BS‘}?{.&(Q&%‘EQRE r |egb9%ﬁt%s‘fq 1ps o%’f‘amp ©

the etching amount w1th respect to the etching time was mcreased linearly. Therefore,
it is shown that a stable etching rate can be obtained by using the etchant in this

example.

15 This application is based on Japanese Patent Application serial no.
2011-137283 filed with Japan Patent Office on June 21, 2011, the entire contents of

which are hereby incorporated by reference.
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formng an enbrittlenent region by adding ions to a reprocessed

sem conduct or substrate manufactured by the nethod according to claim3;
bondi ng the reprocessed sem conductor substrate and a base substrate with
an insulating | ayer provided therebetween; and 5form ng a sem conduct or

| ayer over the base substrate by separating the reprocessed sem conduct or
substrate by heat treatnent. 5. The reprocessing nethod of a

sem conductor substrate according to claiml, wherein the concentration of

the nitro i @& S I@‘[ﬁ? . than or equal to 50 ng/l 10 and | ower than or
u@gﬁlﬁ' CA : .

equal to 3 ngl%_l(? . Eée reprocessing method of a sem conductor substrate

according to claim1, wherein the projection further conprising a first

regi on correspondi,ng to the e 10l f j regi.on

cor r espondi ng tg' A %ﬁ@ﬁ?sélpg%e ?joonff)a %‘gﬁ 039%&%1 %ﬁ%@%r@?ﬁ%ﬁ?gﬁ S%g’lsl ocat ed

at a distagfee | onger than or equal to 0.2 mmand shorter than or equal to
0.9 Mmifromthe end of the sem conductor substrate, and wherein the second
regi on { s | ocat SHPEFHING ¥;SEPIZAR cﬁ”ﬁoﬁ”&éﬁmet H’aﬁ”%ﬁ‘fhzan%ojfe?%or% FHePENE &f the
sem conducyMiagsd Rethicahdicto? Qégion AR a8 fhatamg lag:r rietphoddef inaa peripteesiduct or
substrate according to clai ml,gg;erei n a temerature of the m xed sol ution

is 10 C t opYHonto adirstiiphinedrratpeat OF gy tbgingyatpedey @ duct or substrat e

according to cl aifectinghe" Rinfcopd & RRCABEEAE 1O eécohMectdhity atdtent foracid is
50 wei ght% 25wherein a concentration of the nitric a%id is 70 wei ght %

wher ei n a EoWYE selegtivalyofthe [femagsd: jsemigendycios tsgion Rding i gpn-daypaged
10  semiconductor region left,
wherein the second etching treatment uses a mixed solution comprising:
nitric acid;
a substance dissolving a semiconductor material included in the
semiconductor substrate and oxidized by the nitric acid;
15 a substance conirolling a speed of oxidation of the semiconductor
material and a speed of dissolution of the oxidized semiconductor material; and
nitrous acid, and
wherein a concentration of the nitrous acid is higher than or equal to 10 mg/l

and lower than or equal to 1000 mg/l.

20
2. The reprocessing method of a semiconductor substrate according to claim 1,
wherein hydrofluoric acid is used as the substance dissolving the
semiconductor material included in the semiconductor substrate and oxidized by the
nitric acid, and
25 wherein acetic acid is used as the substance controlling the speed of oxidation

and the speed of dissolution of the semiconductor material.

3. A manufacturing method of a reprocessed semiconductor substrate,
wherein a reprocessed semiconductor substrate is manufactured from the

30  semiconductor substrate using the method according to claim 1.

4. A manufacturing method of an SOI substrate, comprising steps of:
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wherein a volune ratio of the m xed solution conprising the hydrofluoric
acid, the nitric acid, and the acetic acid is approximately 1:2:10. 309.
The reprocessing net hod of a sem conductor substrate according to claiml,
wherein an etching selectivity of the damaged sem conductor region to the
non- damaged sem conductor region is 1.7 or higher in the second etching
treatnent. 10. A reprocessing nethod of a sem conductor substrate,
conprising the steps of: b5separating a part of a sem conductor substrate as

a sem conduct or Ler r Al di_af1on Wt 1.0 e ment ;
subj ecting the sflgl%érg%t élg glg?hn%%l%\lg Uct’ Ms)u‘f?)gt %Jaatlﬂg ﬁﬁns\i\lhn[?c% ngg%ﬁg%gti on

i ncl udi ng sentiesrElgetdr Sbstiatomaiuddctured giho method acnordingsiglcdtiindg | ayer remain in
a peripheral portion to a first, etchi tre nt .f i :

i nsul ating | ayertfOn ‘Hﬁtﬂforegrﬁﬁffsé%dt ﬁeﬁlécotnﬁ'ge&%esﬁgsr a ee%'dsaggrﬁs‘%g'{r%%%gg?ﬁ]g glbst rate
to a seconghselhtity lager preiietittebetivees;,aindct i vel y renovi ng t he damaged

sem conductor region wiwth a non-d d i dugt i L ef wh i
the secodnd et chilAgPg eaatg?f’é’ﬁ?ndﬁgt%?@n% '%%8581 3 Eonisu St%%%%??%ﬁ%&megnheri Ce;g: 3;

15a subst apgpfocdiss® MnitdiguosRBitee  WUkhOfeatidngr i al i ncl uded in the
sem conductor substrate and oxidized by the nitric acid, a

subst ance controlling a speed of oxidation of the sem conductor nateri al

and a speed of df §RQtpfdcORiInemdiRRA IPHiscthemtiveRRteRsde sdcordinmbeinall, and
nitrous acid, and 20wherein a concentration of fhe nitrous acid i% hi gher

than or equal tovhaeindelconsratrptinne theirowsracilys higherdharperrdng)/tq S0 me
10  and lower than or equal to 300 mg/l.

6. The reprocessing method of a semiconductor substrate according to claim 1,
wherein the projection further comprising a first region corresponding to the
edge roll off region and a second region corresponding to a chamfer portion,
15 wherein the first region is located at a distance longer than or equal to 0.2 mm
and shorter than or equal to 0.9 mm from the end of the semiconductor substrate, and
wherein the second region is located at a distance shorter than 0.2 mm from the

end of the semiconductor substrate.

20 7. The reprocessing method of a semiconductor substrate according to claim 1,

wherein a temperature of the mixed solution is 10 °C to 40 °C.

8. The reprocessing method of a semiconductor substrate according to claim 2,
wherein a concentration of the hydrofluoric acid is 50 weight%,
25 wherein a concentration of the nitric acid is 70 weight%,
wherein a concentration of the acetic acid is 97.7 weight%, and
wherein a volume ratio of the mixed solution comprising the hydrofluoric acid,

the nitric acid, and the acetic acid is approximately 1:2:10.

30 9. The reprocessing method of a semiconductor substrate according to claim 1,

wherein an etching selectivity of the damaged semiconductor region to the
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11. The reprocessing nmethod of a sem conductor substrate according to claim
10, 25wherein the irradiation with the ions is perfornmed w thout nass
separation. 12. The reprocessing net hod of a sem conductor substrate
according to claimwherein the ions include H3. 13. The reprocessing nethod
of a sem conductor substrate according to claim wherein

hydrofl uoric acid is used as the substance dissol ving the sem conduct or
material included in the sem conductor substrate and oxi dized by the nitric
acid, and ;.. ' 159 PG atePintAE LRt drdinSHhRhGRC
controlIinﬁx&ﬁgﬁﬁg%%ﬁﬁgﬁﬁﬁﬁgaggﬁgﬁ égﬁj ﬁe"gpeea of dissolution of the

sem conduct or materi al . 14. A manufacturing nmethod of a reprocessed

sem conduct or suhstrate, wherein.a.r 1.CO . rate is
manuf act ured fr 3@1 %‘ﬁ%pr%deeﬁﬁl%rﬁla{t?g? S a§€'ﬁ§§$§? @9 a@?%gt%gﬁﬁge@ éu(t)%%ge}téor ding to
claim 10. 4© 15. A manufacturing nethod of an SO substrate, conprising
steps of: formng an. enbrittlenment reqgion by adding ions to a.reprocessed
sem comjuct or s&g%aﬁt’é?ﬁ@ pﬁ'&r‘?t? ﬁ%’?lﬁ?”éléfctgysqbﬁtég?@%sgﬁ%gg‘@‘g %ilf%ﬁ Eh(liou(%f'ai m 14;
bondi ng t heradRAGIOGRE &R asEisacataitor substrate and a base substrate with
an 15insul ating | ayer provided therebetween; and . .formng a

seni conduct or | aY¥EctBgethe; prpariade seigaidugiop S‘B&t'?i@pé? avRigly & Wéojlg(glﬁflocessed

sem Condu_cfrt@fudﬁl?bﬂd’aﬁi&@e@!ﬁeﬂﬁ;@@ﬂdu&ﬂbﬁ&&ﬁi&mmd an insulating layet Gemdifi€in a
reprocessi ng method of a sem conductor substrate according to claim 2010,

wher ei n t heeripherabnertion tp 8 Airg etohg tsptmegtior spoyingdhe inyyatingdgysr 28 equal to 50

mg/ 1 apgl | ower anggcéﬁ’i% RO BArate® sdRfo@iior substrate to a second &dhingl R&uh &R OCessi ng
met hod of a sem conductor substrate according to claim 2510,
for selectively removing the damaged semiconductor region with a non-damaged

semiconductor region lefi,
wherein the second etching treatment uses a mixed solution comprising:
nitric acid;
15 a substance dissolving a semiconductor material included in the
semiconductor substrate and oxidized by the nitric acid;
a substance controlling a speed of oxidation of the semiconductor
material and a speed of dissolution of the oxidized semiconductor material, and
nitrous acid, and
20 wherein a concentration of the nitrous acid is higher than or equal to 10 mg/l

and lower than or equal to 1000 mg/L.

11. The reprocessing method of a semiconductor substrate according to claim

10,
25 wherein the irradiation with the ions is performed without mass separation.
12. The reprocessing method of a semiconductor substrate according to claim
10,
wherein the ions include Hs".
30
13. The reprocessing method of a semiconductor substrate according to claim
10,
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wherein the projection further conprising a first region corresponding to
the edge roll off region and a second region corresponding to a chanfer
portion, wherein the first region is |located at a di stance | onger
than or equal to 0.2 nmand shorter than or equal to 0.9 mmfromthe end of
t he separated sem conductor 30substrate, and wherein the second
region is located at a distance shorter than 0.2 mmfromthe end of the
separated sem conduct or substrate. 18. The reprocessing method of

a sem conduct of it I fofore! dhl0 if Cukhabln M. WIRHE! NaRsciifpemmat ur e of
the m xed solutionis I0 Cto 40 C. 5 19. The reprocessi ng net hod
of a seni cemdemdustorsmptstial dneludadciorthie sgmicondycter subsgate e raxidized Woteent rat i on
of the hydléiﬁ‘iclalé%im?d acid is 50 weight% wherein a concentration of the

| we

nitric aci S i ght% 10wherein a concentration of the acetic acid is

97.7 wei ght % arwherein acetic wti¢ieusad as thel substanca tondrobiingtthe speedk etioxiddtioni on

conpri sing t@ hydr of |.uori.c Ld, the nitric acid, and the acetic acid is
appr oxi t &t Eﬁ?‘%?‘iﬁgdlssomhon Sfthe Sem“é(ﬁl.ducltﬂrem?tg%éibcessi ng nmet hod of a
sem conductor substrate according to claim 1510, wherein an etching

selectivity of the, da ed.sem conpduct or ion.to,t -d d
sem conduc%/or r ég i Omap i“.“?“%‘?’etﬁ?‘g rePrr‘?c‘%s(ﬁa Isgiglbc(?ﬁ%}’cgq?é%%ﬁ'@te’??ggs nent .

wherein a reprocessed semiconductor substrate is manufactured from the
semiconductor substrate using the method according to claim 10.
10
15. A manufacturing method of an SOI substrate, comprising steps of:
forming an embrittlement region by adding ions to a reprocessed
semiconductor substrate manufactured by the method according to claim 14;
bonding the reprocessed semiconductor substrate and a base substrate with an
15  insulating layer provided therebetween; and
forming a semiconducior layer over the base substrate by separating the

reprocessed semiconductor substrate by heat treatment.

16. The reprocessing method of a semiconductor substrate according to claim
20 190,
wherein the concentration of the nitrous acid is higher than or equal to 50 mg/l

and lower than or equal to 300 mg/l.

17. The reprocessing method of a semiconductor substrate according to claim
25 10,
wherein the projection further comprising a first region corresponding to the
edge roll off region and a second region corresponding to a chamfer portion,
wherein the first region is located at a distance longer than or equal to 0.2 mm
and shorter than or equal to 0.9 mm from the end of the separated semiconductor
30 substrate, and
wherein the second region is located at a distance shorter than 0.2 mm from the

end of the separated semiconductor substrate.
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18. The reprocessing method of a semiconductor substrate according to claim

10,

wherein a temperature of the mixed solution is 10 °C to 40 °C.

19. The reprocessing method of a semiconductor substrate according to claim
13,

wherein a concentration of the hydrofluoric acid is 50 weight%,

wherein a concentration of the nifric acid is 70 weight%o,

wherein a concentration of the acetic acid is 97.7 weight%, and

wherein a volume ratio of the mixed solution comprising the hydrofluoric acid,

the nitric acid, and the acetic acid is approximately 1:2:10.

20. The reprocessing method of a semiconductor substrate according to claim

10,
wherein an etching selectivity of the damaged semiconductor region to the

non-damaged semiconductor region is 1.7 or higher in the second etching treatment.
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