DESCRI PTI ON METHOD FOR REPROCESSI NG SEM CONDUCTOR SUBSTRATEAND METHOD FOR
MANUFACTURI NG SO SUBSTRATE TECHNI CALFI ELD [ 0001] The present invention
rel ates twoaoretsherd for reprocessing a sem conduct or sulpstratmao/bswgs oduced
in manufacture of an SO (silicon on i hsul at or) substrate, and a nethod for
manuf acturi ng an SO substrate. BACKGROUNDART [0002] In recent years,
integrated circuits using an SO (silicon on insulator) substrate that
includes a thin single crystal sem conductor |ayer formed on an insulating
surface have been devel oped i nstead of those using a bulk silicon wafer.
The characteristics of the thin si ngle crystal silicon filmfornmed on the
insul ating surface nmake it possi BPESCBIRDMN et el y separate transistors
formed in the integrated circuit. In addition, fully-depleted transistors
can be obtained, thereby realizing a sem conductor integrated circuit with

hi gh added VEHTIROPUEORSRERRUCESSEYG SEMICONDINCEORSUBSTRAKE AND! | ow
power consunption. [0003] One of the known nethods for manufacturing an SO
substPate is SrrartNEEIH@!%EQ&MUFAMW.SWE§EW%n&H Cut all ows

an SO substrate having a single crystal silicon filmto be nmanufactured
not only on a silicon substrate but also on an insulating substrate such as
a gl ass SIBCGHNKCALFHEBILDexanpl e, see Patent Docunent 1). An SO substrate
havi ng a amle crystal silicon thin filmformed on a glass substrate is
gener al | 31 ufactured by Smart cut as follows. First, a silicon dioxide

filmis formedgp fresif iACRL rdas 19lCmEihka Bt rﬁjrl)éegiﬁ?% wadkicoldeitior .

hydrogen ions are 1 nplanted into the single crystal con wafer to forma
hydr dgen substraterby-pmduded inymanufactarepofeatebOl fsihemh ofe pishlatar) skhstrafengideacr yst al
silicon wafer, Then, .the.sin crystal siliconwafer into which the

hydr ogen "P?}ﬁ%d FP&\?@“B@@H’q“ﬁ}?P%@eS&[’%Eat%onded to a glass substrate with the
silicon dioxide filminterposed therebetween. After that, a heat treatnent

is perforned, whereby a thin filmof the single crystal silicon wafer into
whi ch t hdBACKGROUND ART

[0002]
15 - In recent years, integrated circuits using an SOI (silicon on insulator) substrate
that includes a thin single crystal semiconductor layer formed on an insplating sur_face
Héve been dévélbpéci ir;gtead ofthose u'éing a bulk silicon 'Wvéfer.v | The characteristics of
‘the thi;i smgle crystal silicon film formed on the insulating surface make it possiblc to
completely separate transistors formed in the integrated circuit. In addition,
20  fully-depleted transistors can be obtained, thereby realizing a semiconductor integrated
circuit with high added value such as high integration, high-speed driving, and low
power consumption.
[0003]
One of the known methods for manufacturing an SOI substrate is Smart Cut
25  (registered trademark). The use of Smart Cut allows an SOI substrate having a single
crystal silicon film to be manufactured not only on a silicon subétrate but also on an
insulating substrate such as a glass substrate (for example, see Patent Document 1).
An SOI substrate having a single crystal silicon thin film formed on a glass substrate is
generally manufactured by Smart cut as follows. First, a silicon dioxide film is formed
30 on a surface of a single crystal silicon wafer. Next, hydrogen ions are implanted into
the single crystai silicon wafer to form a hydrogen ion-implanted layer at a

predetermined depth in the single crystal silicon wafer. Then, the single crystal silicon



hydr ogen i ons have been inplanted is separated with the hydrogen
ion-inplanted | ayer serving as a cl eavage plane. Thus, a single crystal

silicon tWwonofdidspg¢an be forned on the bonded gl ass substrapsyiofEméd Cut is
also referred to as a hydrogen ion inp2antation separation nethod.

[ Ref erence] [0004] [Patent Docunent 1] Japanese Published Patent
Application No. 2004-87606 DI SCLOSURE OF | NVENTI ON [ 0005] Wen an SO
substrate is manufactured by Smart Cut, a sem conductor substrate (a bond

Subst 1 at QJartSRPORIA e AyRB3E) BHERHI LA AR BARAGEH £ OANIGH O

substrate I's separa I N semco tor orned on the
base substitlatie. siliést dipaide filin inteepcseditegctbtetar testthial e hal wdatdhast ibeen

bonded is separated fromthe base substrate. However, by performng a

r epr oces AHETREb aVheRbY dnthit d1lgepf Lhsn spgieoftvstab ellicgn evafep gt Wich B ¢ he
base sub i GhsSIERE : , ) t:1 0

sem cond%’?égrg‘é gggnsst r at gjggai?@lglgtg%?r)%k?%ﬁ]&c\g{t}ﬁ E{S h?gu gg lglgﬂgplégﬁlﬂéa ne(rzluct or

subst bat esenseglad o cleawapefpdateur iThgs, ansiggle csysbd silmbe thiByfilmeqaadiei fognedhen above
steps, a plurality.of sem condyctor filos for SO substrates, can he forned
usi ng onég% ndg &J%ﬁso?‘ﬁ?%@t r ateart ey, 1% iai‘?ﬁ f‘??eré‘iittor‘ésd&cﬁ?'@ﬁg%{hdoﬁi gh
product i gpp@intdifoh 8BFafatiin hbBo®O substrate. [0006] VWen a sem conductor
substrate such as a commercially available single crystal silicon wafer is

pol i shed,[Rafggence] on cal l ed edge roll off (ERO, which has a thickness
smal | er t@@y ]t hat of the center of the substrate, occurs in the periphery
of the SLI %'ate. This nmakes it difficult to bond the peripheral portion of

the seni qeaCHCIDEdunsAb3] Japhhest Publishas PatbApplhtion NOOLUU-F1o0s, a
sem conductor |ayer and an insulating filmthat should be bonded to thebase

substrate remain as a projecting portion on the periphery of the

sem condlﬁlﬁngﬁwmQ?dﬁi ch a thin sem conductor filmon the base
substrate has been separat ed.
[0005]
When an SOI substrate is manufactured by Smart Cut, a semiconductor
15  substrate (a bond substrate) is boned to a base substrate and then the semiconductor
substrate is separéted, whereby a thin semiconductor film is formed on the base
substrate. M(')s‘tv part of '—t'_hé sefhiéandi;étor substrate which has been bonded is
separated from thé-b'ase substrate. However, by performing a reprocessing treatment
on the semiconductor substrate separated from the base substrate (a semiconductor
20  substrate after separation), the semiconductor substrate after separation can be reused as
a semiconductor substrate used for manufacturing an SOI substrate. By repeating the
above steps, a plurality of semiconductor films for SOI substrates can be formed using
one semiconductor substrate, resulting in cost reduction and high production efficiency
of the SOI substrate. |
25  [0006]
When a semiconductor substrate such as a commercially available single
crystal silicon wafer is polished, a portion called edge roll off (ERO), which has a
thickness smaller than that of the center of the substrate, occurs in the periphery of the
substrate. This makes it difficult to bond the peripheral portion of the semiconductor
30  substrate to a base substrate.
[0007]

Thus, a semiconductor layer and an insulating film that should be bonded to the



[ 0008] The projecting portion on the periphery of the sem conductor
substrate can be renoved by chem cal nechanical polishing (CMWP) so that the
sem conduOap1g3betir ate i s pl anari zed.  However, since tRETIRB1D/E59996et hod
of mechani cally polishing the surface ®f the substrate, conpl ete renoval of
the projecting portion on the periphery of the sem conductor substrate
after separation causes a problemof an increase in the thickness of a
pol i shed portion of the sem conductor substrate. That is, the thickness of
a I enovechapdshibstrateOfeniae as @NproRRELE pOFtiochUES ftﬂ@b&iﬂh‘é? BE HRASRRcORHuRdtor
reprocessing treatnment process, which leads to a reduction in the nunber of
ti mes of Subprase dsam n‘ghlszﬁda rtBins sergiconducianfili ner dho rbase substeate hageerhus t o
an increQ%Sij cost. [0009] In view of the above probl enms, an object of one
enbodi ment - of Fhe present invention is to provide a nethod for reprocessing
a sem corfdoegdjor substrate after separation fromwhich a sem conductor film
has been separated, by which a reprocessed sem conductor substrate capable
of bePng used fld PIRISEHRECPQIHPR g Ahe PeyPherhek thesemyicondpstar sHbSttE CAD Re sl | er
t hi cknes i } r

separ at | e oud b ERAECABRE AR bolls e EMPLALHSL B SHRSLIGNG ShxEie

sem condustplanasivdilb t Hdveevies simer thaSEMP {sOD hidkhddnof imechatidably padishingpthecessi ng
a sem conductor_substrate of one enbodi nent qof the present inveption, an

[ nsul at i YRR P thE AEPAIRy COPIHreRa ARG PSS AT ol e RETIB Y Ot o

after sepgg 3tmRBnditdCid¥Rete Dific sbpdritiortEARENE ProBRIBNEn iAGEas@Mn the
enbrittlenent |ayer and a sem conductor |ayer remaining on the periphery of

t he 9@ni dbickiuess of apobishedapastion ©0E thessepricenductor substratsl edihat/is) thertbicknesd by a

second et%hiQ%?tr at nent §§Ln§ as aa(ﬁtchqpf a m.xed sglution cont.ai ning a
subst anc& tUREPYSHi PGS A o RFIHPBIEY, SR YEEEN O ARIST 8t t he
sem condufdaihertt phsteésd vhichde£dsns haodirtioh SEME huibet GRHMY éfteprocdsbiag and -

sem conductor, and a substance functioning as a decel erator of oxidization
of the sdfidrmeRsceBricondactar subsirgei 2 thys toa iBsIEase iBFOsthe seni conduct or .
[0011]Chg0@ﬁ§odinent of the invention disclosed in this specification is a
met hod for reprocessing a sem conductor substrate after separation that is
by- pneduced whdm véievo@a$ehe above: problems, an object of one embodiment of the present

invention is to provide: a"method for reprocessing a semiconductor substrate after-
separafion from whlch La. ‘s‘émicdﬁdhcto? film has been sepérzﬁéd, by which a re’processed.';
semiconductor substrate"capable of being used for manufacturing an SOI substrate- is
obtained with a smaller thickness of a removed portion of the semiconductor substrate
20  after separation and the number of times of reprocessing and reusing one semiconductor
substrate is increased.
[0010]
In the method for reprocessing a semiconductor substrate of one embodiment
of the present invention, an insulating film remaining on the periphery of a
25  semiconductor substrate after separation is removed by a first etching treatment, and an
embrittlement layer and a semiconductor layer remaining on the periphery of the
semiconductor substrate after separation are selectively removed by a second etching
treatment using as an etchant a mixed solution containing a substance functioning as an
oxidizer for oxidizing a semiconductor of the semiconductor substrate, a substance
30 dissolving the oxide of the semiconductor, and a substance functioning as a decelerator
of oxidization of the semiconductor and dissolution of the oxide of the semiconductor.
[0011]



substrate is bonded to a sem conductor substrate into which an H+ ion is

i npl anted by a hydrogen ion inplantation separation nethod and a

sen conduwbanidiishem separ ated from the seni conduct or subgtrarsmiissdey ned on
the base substrate. An enbrittlenent |4&yer, a sem conductor |ayer, and an
insulating filmremain on the periphery of the sem conductor substrate
after separation. The remaining insulating filmis renoved by a first
etching treatnment. The renmaining enbrittlenment | ayer and sem conduct or

| ayer are rendvysg MibRiRERVIhEhEHHRE didERALI R ihiskpeBBicATmAS 8hdhdfora M xed
solution contai ning a substance functioning as an oxidizer for oxidizing a

seni condueproressingtarrensenmdoctntisubistiate aftbssepatation thas isdyt-prodeced whesl a/basg t he
oxi de of t ser;i ce] erat or of

duct or, .and t e functionj, . d
SR T e
sem Condqu'ﬂﬁf n (G0 IR laﬁ'ﬂ@&rhgﬁlpa%igﬂ%m aff a SRichRURr it dhaGleasifini n this

specificationis a thod f reprocessi ng a sem conductor substrate after
separ at i ghe sémiconductyy spbstwtecie domvedronaghb base ssbitsite. atAn embbitledwdt lagerma

sem conductor substrate into which an Ht. ion is inplanted.by a hydrogen ion
pl ant at OSSR R BNl ARHILRECiBOAAR oPht emPSEBIEr L 81 PFom t he
sem condugiidondir@st §dkRatk SftbOdcpBRAtion (TR RanmistBStlhAhEfilnis RIYVEd by ement

| ayer, a sem conductor layer, and an insulating filmremain on the

peri pher ya st etehingdrratiaenducThe reseiging gmbristlengant davernprd pammicondustar dasr ni ng
insulating filmis,remyed.b irs chi: rea . L..ni ng
enbrittl ea?r%r{f:mf“é%/dzp Y ah ecsog'rq‘i %Sﬁaéctfegﬁm%gy@rﬁéra é a?’e%rtng@%g ab;l;ﬁgei gg(@ﬁlghet chi ng

t r eatipentcodiinigg asubdlak Fhanionthgnasxantoxddized fod x RivZih@ h Bemioadeubisdiaghe e
functioning_as an oxidizer for oxidizing a sem conductor_of the
sem conddemésondugier substrateqa spbstange dissofivingothg joxiler 9fthe gergicopductereand a

sem cond a 4bs C [ OfH NQ: a-d 9 i,dhzation
R e T R L R I T e R S e
[ 0013] | ndisshintiah 0¥ thesixidecdfithesenibenduetwirconduct or substrate may be further

subj ect ei {ng%]a pl anari zation treatnment after the second etching treatnent.
The pl an P tion treatnment can be perfornmed by a polishing treatnent or a

| aserysi rradi at i Qe eahbRiEhedn8f RRY 1i#Winfignt diS@6RN 8¢ shOGELARR! is a
irradiation treatnment nmay be performed in conbination, and there is no
limitati onctbed fdrgeprodessingfa sedcandoetoneuhstrateeqfter separation that is by-produced :
when a base substrate is bonded to a semiconductor substrate into which an H* fon is
implanted by a hydrogen ion implantation separation method and a semiconductor film
separated from the semiconductor substrate is formed on the base substrate. An
20  embrittlement layer, a semiconductor layer, and an insulating film remain on the
periphery of the semiconductor substrate after separation. The remaining insulating
film is removed by a first etching treatment. The remaining embrittlement layer and
semiconductor layer are removed by a second etching treatment using as an etchant a
mixed solution containing a substance functioning as an oxidizer for oxidizing a
25  semiconductor of the semiconductor substrate, a substance dissolving the oxide of the
semiconductor, and a substance functioning as a decelerator of oxidization of the
semiconductor and dissolution of the oxide of the semiconductor.
[0013]
In the above structure, the semiconductor substrate may be further subjected to

30 a planarization treatment after the second etching treatment. The planarization

treatment can be performed by a polishing treatment or a laser irradiation treatment.



[ 0014] Anot her enbodi ment of the invention disclosed in this specification
Is a nmethod for manufacturing an SO substrate in which an insulating film
i s fornedwowvery/@oeem conduct or substrate, an enbrittl eneatrsPayensdss f or med
by inplanting an H+ ion froma surface®of the sem conductor substrate by a
hydrogen ion inplantation separation nethod, the sem conductor substrate is
bonded to a base substrate with the insulating filminterposed

t her ebet ween, and the sem conductor substrate is divided along the

embrittl el_‘ll‘é”bol'iﬁﬁ’x‘i‘gr tleBnRnf 238 Mhe ORSC irididtioh M AMmERd o2y B@_E‘pe%ﬁﬂe@ Ypstrate
with the insulating filminterposed therebetween and a“sem conduct or

subst r at ecoafbimation sqarthere ashno Wmitetidar on the@mdantof theyteaatment steps.conduct or | ayer,
and an i gﬁgﬁitl ng filmremain on the periphery of the sem conductor

substr at er separation. The remaining insulating filmis renoved by a
first etching tARMdredhbodiient’ 6BheiMnBBRT disAIORTEM! tHidPéciBtion is a

sem conductor |ayer are renoved by a second etching treatnent using as an
et chaft dnethedtpraeanyfdconingamt SPlsubsirate suwbichrmadnsulpiingifdmi indommedanyensi di zer

for oxidizin sem cqnduct gr. of t sem condyct or ., substrate

subst ance FBQeRr Pt EBH RS Gt eifemin T Bh G RAGE b6 ProiafiniciUR B o

functi oningurbiee df HEGBMRIoAHAtoOSuRith®@! Byahi IBAréent 08 iHPHRMABRAUS R atidnd

di ssol ution of the oxide of the sem conductor.” The sem conduct or substrate
af t er sepaethed,dhe semisondustarsubgirate inbended 1o @chase substiats wishdbe insplagingst r at e,
and the rgprocesse . conduct or .supst.r 1S [ .a5;: a.Sem ctor
substrat efﬁ'%[ Bﬁﬁ?seﬂ n&? %}a)gtg‘ggl\l{fegns Fhlf C %)el?lri 18@%&[492 ) ? %:{%g% tlgéé‘é‘%uf ﬁniofl % 2 ﬂé’ econd
et chilng tenthaitii@nént dayer liftosa BeniiROndudtait filg forfied horC thiat eise Substiate withahie d as

t he substance functioning as an oxidizer for oxidizing a sem conductor;

hydr of | udp§ulating; filmyintarpesed thesebetiveenpndshssmigendugtos spbrirats afier separatiieluct or ;

and acetizg, ehb ttfetnenf' & Pbasée‘?ﬁ‘iESnJéMgﬁtIL | 06 85 ugaﬁiﬁ Lt?gmgfegﬁaing(m the

oxi di zati on of a sem conductor and di ssolution o
sem condyetipherylaf thbaemiasdyctothsubsiratt wafler separagtionf (Thhe nemamdngs oisukating | s
preferably such thaf the. vol une of hydrof|uoric.acid is. nore than.0,01

[l res. andiimeSaempust by § Hivheehag HeafRatas b frmagtiog catr i sy Javgh and na
vol ung O;fseﬂi(fohﬂﬁ:ct&qa?@r' e TBRBvIdBY alefhd! dtdRRg fRan AP BsihB A8 afREchahi’®. as

| arge as that of acetic acid and is nore than"0.1 times and | ess than 100
times as rhixedesohitionhentaifingyalsubstarei fungdondng G0 18] oxidizer for oxidizing:a:

semiconductor of the _semicbnductor‘subsfrate,» a'substance dissolving the oxide of:the :

semiconductor, and a substance functioning as a" decelerator of oxidization of the
semiconductor and dissolution of the oxide of the semiconductor. The semiconductor
20  substrate after separation is polished to form a reprocessed semiconductor substrate, and
the reprocessed semiconductor substrate is reused as a semiconductor substrate.
[0015]
In the above structures, the etchant used in the second etching treatment can be
a mixed solution which contains: nitric acid as the substance functioning as an oxidizer
25  for oxidizing a semiconductor; hydrofluoric acid as the substance dissolving an oxide of
a semiconductor; and acetic acid as the substance functioning as a decelerator of
oxidization of a semiconductor and dissolution of an oxide of a semiconductor. In that
case, the mixture ratio of the mixed solution is preferably such that the volume of
hydrofluoric acid is more than 0.01 times and less than 0.3 times as large as that of
30 acetic acid, and the volume of nitric acid is more than 0.01 times and less than one time
as large as that of acetic acid and is more than 0.1 times and less than 100 times as large

as that of hydrofluoric acid.



According to one enbodi nent of the present invention, the enbrittlenent

| ayer and the sem conductor |ayer renaining on the periphery of the

sem conduwbanigsbetir ate after separation can be sel ecti yelryprrramwosoest,
resulting in a reduction in the thickn®ss of a rempved portion of the

sem conductor substrate after separation, and an increase in the nunber of
times of reprocessing and reusing one sem conductor substrate. BRI EF

DESCRI PTI ON OF DRAW NGS [0017] In the acconpanying drawings: FIGS. 1Ato ID
iIIustrat[@()%]rret hod for reprocessing a sem conductor substrate after
separation according to one enbodi ment of the present invention; FIGS 2A
to 2C il ust r atAccarding tocnefegnbodipens ©f shei prgseat mwpitiam thecarahritdementlayes af t er

separati on cording, t ne enbodi nent of the present invention, FIGS. 3A
Lo 3C | | PgBERMeD e JR TR 0 PR b IR O s g o
one enbodiffge Kpakitiohlken BE Sedivelyetidl b FesultifgSn ad8di@iofAGn tel thikhes of hhe

met hod for manufacturing an SO substrate according to one enbodi nent of

t he pPesdgmovef,portippRf the seaicaduetgr subsirpte pic separation, aid Mbircregse in the

manuf act uyj . , (hg t i of the present
i nventi otﬁl}"ﬁ%{;ggml%% ?Jéljté Sg)icésgfn; %?gg%8$§ %eosgvmg&%ggﬁg?g% u&%’ng an SO
substrate according to one enbodi nent of the present invention; and FIG 7
illustrates _a seniconductor device using an SO substrate according to one
enbodi nerBREFE PRaCBIELON OFRRANINGS BEST MODE FOR CARRYI NG OUT THE

| NVENTI O\fobpaw] Enbodi nents of the present invention will be described
below with reference to drawi ngs. Note that the present invention can be

i mpl d®ent ed i n Iatwi ateompanyag/drafvingsdes, and it is apparent to those . skilled

in the art tha d and details ¢ nodi fi ed without .departing from
the omiirt EnaEBSOER f 1B B8 Re B rctbor B Fiabincesifie bbby SCbribarle o .

| nvent i oueRGparhidRacRdiAg RS bid@HbafmeRl dTdhd prEbénshveRtishiedescr i ption of the
enbodi ments gi ven bel ow. te that in all the drawings in this

speci fi cati on, HIGRe2pd0 2CoHystrte parathashior meproeegsiag gisamicondugiorcsubstiater e
denot ed béﬁ .

lrigeif)%ration according-to one embodiment of the present invention;
15 FIGS. 3A to 3C. illustrate -a method for magufacturing an SOI substrate
according to.one embodiment of the:present invention;
_FIGS. 4A to- 4C;..-il-‘l.'ilst,r‘atcﬁ,‘ ;l._le];method fo manﬁfa_ct_uring an SOI substrate
according to one embodiment of the present-invention; -
FIGS. 5A to 5C illustrate the method for manufacturing an SOI substrate
20  according to one embodiment of the present invention;
FIG. 6 illustrates a process flow of manufacturing an SOI substrate according to
one embodiment of the present invention; and
FIG. 7 illustrates a semiconductor device using an SOI substrate according to
one embodiment of the present invention.
25
BEST MODE FOR CARRYING OUT THE INVENTION
[0018]
Embodiments of the present invention will be described below with reference
to drawings. Note that the present invention can be implemented in a wide variety of
30 modes, and it is apparent to those skilled in the art that modes and details can be
modified without departing from the spirit and scope of the present invention.

Accordingly, the present invention should not be construed as being limited to the



reference nunerals, and the description thereof is omtted. [0019]
(Enmbodinent 1) In this enbodi nent, a nethod for reprocessing a

senm condusbaniesbetir at e after separation which is by-pr edwgeshidnsese

manuf acture of an SO substrate will bt described with reference to FIGS.
A to ID. [0020] An SO substrate is manufactured as follows: a

sem conduct or substrate (a bond substrate) is bonded to a base substrate,
and a heat treatnent is perfornmed so that a sem conductor filmis separated
from t he deedriptiondsfcther enstddldrémt givinadbdlow meNoRnthahén bR SBe SibSinpati@ thidt this
time, the sem conductor substrate after separation fromwhich the .

seni conduPegficationmlike POFEES of pPatiQRschAVARS a FamHa Bgtions arg denetedoby like or
substr at i . ‘ te by the follow ng

repr ocesgfﬁge%tq? Eég rerggri?t:I HET%%%&I%I‘?E{E%Ofgggéset{se? of , by-producing a

sem cond60] substrate after separation will be described. FIGIA
illustrates a sem conductor substrate divided into a sem conductor

subst Pat e(ETEb?d‘é‘F‘t“éll)separ ation and a semi conductor film 124 attached to a
base substrat e i} gf}s eAbb&imenl& Iﬁaﬂb&%}dﬂfeg{ogés ﬁ%@&e&rﬁ&&lduétop%&ﬁqtéﬁte}he base
substrate 120, a heat treatnent 1s per rneé o that mcrovoids in an

enbri t t | eaparatidrawbichiin biyipeodierd ¢ro nonofaoturs nban SeH substmtec wilp be destmidbed

i ncreased .i.n yol ume s, he sem conductor substrate is divided into

t he seni88”Hﬁ%?8¥”ﬁ?f@?gégbgip@ched to the base substrate 120 and the

sem condyppmy] substrate 121 after separation. A separation plane 129 forned
on the sem conductor substrate 121 after separation and a separation pl ane
133 fl8rmed on tAre SOdrfubsiraieidy sranfifaciurad as é@&vﬁarat sappicopductarpiubstrate ke nt

| ayer in.,th em. conduct S tr . 2L A i al ' | e
sem cona et B PEANEHEL 1o L BB sEhritard ARER befh SRR R RARRR Gr i g
the sem gemitoati@dtos filis tig s¢pardtedl frafr the staileondutton sebstratehghdsiminedpdubeor film
124. For exanple, a single cr){stal sem conductor substrate or a

pol ycr ystbass pubstrateni & Hiedimss theussmicenducton swpsirateaafter serasgtion samuhieh can be
used. Typ'tﬁ@%enﬁ%&mcﬁﬁ fﬁﬁ;;f?é%’ﬂé@ﬁ%é@ki&fd 2YRb 2hs€d 8 hisERRoANRISS @bSTatd' ©

circular silicon
15 - used for manufacturing;an.SOl:substrate. by. the following reprocessing treatment.

[0021]

First, a- proceS's".()f;-by;-'produc‘:ihg.;a:'s?émiconductor.‘ substrate after separation will
be described. - FIG: ~1A:-illustrates-~a' semiconductor - substrate divided into a“
semiconductor substrate 121 after separation and a semiconductor film 124 attached to a
20  base substrate 120. After the semiconductor substrate is bonded to the base substrate
120, a heat treatment is performed so that microvoids in an embrittlement layer in the
semiconductor substrate are coupled and increased in volume, and thus the
semiconductor substrate is divided into the semiconductor film 124 attached to the base
substrate 120 and the semiconductor substrate 121 after separation. A separation plane
25 129 formed on the semiconductor substrate 121 after separation and a separation plane
133 formed on the semiconductor film 124 are part of the embrittlement layer in the
semiconductor substrate.
[0022]
A commercially available semiconductor substrate can be used as the
30 semiconductor substrate forming the semiconductor substrate 121 after separation and
the semiconductor film 124. For example, a single crystal semiconductor substrate or

a polycrystalline semiconductor substrate such as a silicon substrate can be used.



substrates which are 5 inches (125 mm in dianeter, 6 inches (150 mMm) in
di aneter, 8 inches (200 mm in dianmeter, 12 inches (300 nm in dianeter,
and 16 i ngbes1(0d1n) in dianmeter. The peripheral portipom/Jeto18059996
commercial ly available silicon substrafe includes a chanfer portion for
preventing chipping or cracking. Note that the shape of the sem conductor
substrate is not limted to a circle, and a silicon substrate processed
into a rectangul ar shape or the like can al so be used. [0023] As shown in

FIG I A anypidss Lexa;n';p[@ of lcomAycigy faQhiMEMe QHRONt fidsitdied &ré Wirkalae sffcohhe
sem conductor substrate. In this case, after the separation of the

sem condugibstratevwbichare; indhes (Houmay)iingligndten pdneliey (Hbimmytip diamdters8l at i ng

film 123 cover,i t he_sem con tor strate..121 after, se i-on_and an
sl a0 ORI R08 s SFRAGT t HREs POBTART I aiafte 163835 o

i nsul ati nig fiameteRBYTIRE pariplicigll portiod e6f &TcomMithdrtiallayRhilible rsilidonasibistratgon
oxide film a silicon >nitride film a silicon oxynitride film a silicon
nitri de oRflydesa ehamfergportipn for|prexenting chipping Hr cracking | Nofs thatthgshapetofat t he

i nsul at i fi i fdlm. i ned..py. i ' i on of
the som aasdtiPeraftbphe @it to SRR A stor ARLARL phikeeRl
sem conduiatood restabgilasshape or tho like dabylso bphisedt ati on of H+ ions using a

hydr ogen prE i npl antation separation nethod. lon inplantation for formng
the enbri Hrent | ayer will be described in detail in Enbodi ment 3. [0025]

The sem conductQ solnth H4. 18 fnGhSR&IEIm MG bBESEAURRE HRLGhoM bltedche
4

insulating film 122 interposed therebetween.  This is because the insul ating
fil miD22 afsthé semimdndustaroubstratéenstbisi coedafter tre sapbsationtod the samicondugtor

i cond trate.i ded. t.o the b 0, Al ively,
an | ol SUPHEE: 1 HAYRRS AUy oSk o Badu b it o 2ot s PE rec nou

for manuf@eafictndi€oPsubSichte 2D AttEA{cPaktitioh abe aﬂefss@[dﬁhgmlﬁlmz@qsra'vihed Onder
Enbodi nent 3. [0026] The sem conductor substrate 121 after separation is

i |1 ust r atthel semicppdyctas film B2 ckhei ingplpténg filon may e & singlertayeron mHb-lgyeri pher y
of the sef cPURIRn RSHIAL £ sitidn, nitride film, a silicon-oxynitride film, a silicon
.15 nitride oxide film,.or the-like:: . It is- particularly preferable:that.the insulating film:be
made of an oxide film obtained by thermal oxidation of the semiconductor substrate.:
-[0024]
The embrittlement* layer--in the:: semiconductor substrate is formed by
implantation of H* ions using a hydrogen ion implantation separation method. Ion
20 implantation for forming the embrittlement layer will be described in detail in
Embodiment 3.
[0025]
The semiconductor film 124 is formed over the base substrate with the
insulating film 122 interposed therebetween. This is because the insulating film 122 is
25 formed to cover the semiconductor substrate before the semiconductor substrate is
bonded to the base substrate 120. Alternatively, an insulating film may be formed over
the base substrate 120. Such a method for manufacturing an SOI substrate will be
described in detail in Embodiment 3.
[0026]
30 The semiconductor substrate 121 after separation is illustrated in FIG. 1B. A
projecting portion 126 is formed on the periphery of the semiconductor substrate 121

after separation. The projecting portion 126 is formed on part of the semiconductor



after separation. The projecting portion 126 is fornmed on part of the
sem conduct or substrate, which is not bonded to the base substrate 120 due
to | ow adweoueness of the peripheral é)ortion of the sewceqaeziuchne
substrate. This is caused by a chanferYportion on the periphery of the
sem conductor substrate, or an area called edge roll off on the periphery
of the sem conductor substrate which has a thickness smaller than that of
the center of the substrate and is not sufficiently even. [0027] The

proj ect i n@ibfedté,i vetiicH &6ndt Hohddes thé basdubittde BN Hud RYISW ddbésivénesesi henduct or
| ayer 125, and the insulating film 123 that remain in order fromthe

senm condwreripheralipertipn pbthsisgmicondectaiesubsteaietu cTlis i3 ¢apsed bz chasgfer pertion
enbrittle 7. C ' Y. tal .defec t he,above
ion inplan g’%‘:iﬂgﬁ%ﬁ{fy)ﬁtﬂé 9%%’?%@‘%@2#8&2 ai%% ggr%% %aﬁllegi ﬁegigg%g§gft4hot#@pl ane
129 of t heripheiycInhdséndicorduoti sabstrale2dhigh thas a skipladeas ssllerl thadihagof the
unevenness of the separation plane 129. [0028] Next, as illustrated in FIG
1C, a B i ragntcgpE Hiesabstrateanddp not sufbicientlyrGye® so that the insulating film 123
on the.\ U%ﬂonduct or substrate 121 after separation is renoved. The

I nsul ati;@ Il m 123 can be renoved by a wet etching treatnent using a

sol uti on cont aiThengprbjgctirgf | poatioe 426 dinelidesinaet eibrittlem&at t lagersol2R i an

cont ai ni ng hydrofl uoric id, it js preferab 0 use .a .nm xed sol ution
cont ai ni RETYBABFPLGEE 136 819 MeriaRyBies FUBr 1 e ot eain df e, S e .
product n@pfcondfittor AbstBirubiac! UrRd sicoh@ldidt &M DR K@ RO brRMdmenthi S Wt

etching treatnment is preferably performed for 120 seconds to 1200 seconds,
for dévanphpsr 123 montag0Masye crystis defEbte cresed\hyl thofabovecionrimplaatation. f Crystal23 by

he fi hi | | . ' hi ck f d
por 1 on_ IS0 S Ao BRBTL oo cobtRion B 12t B SiPaiarof-d 2!

subsequentftes Sépantiofi} lehdifg td GrRILARSS of BB depaii@iongaregi29et etching tinme. Since
the wet etching treatnent is perforned in such a manner that the
sem condU®P] substrate 121 after separation is soaked in a solution in a

oot et el ahit i Ge(E SO PP R P e, e
sem asnduasudatirputith r2B o k. denic@pluowe ssbgiraef 1 2Clafteekgpardtidn 29]rethbeed.i r st
etching ty eeaitnglllalgttingf (f)iim'rl%gpe/ain;r.]bge ;[c?ne‘ovieg sblilll ‘2&!671 ,Evietn %tc];l}nlgn?rga%glerga&/sirl?gea %olqlrti%n"‘
containing hydrofluoric acid:as:an 'et;:hant;. f: A;As:rtherfsolution--;co,ntaining hydrofluoric.
acid, it is preferable to use a-mixed solution' containing hydrofluoric acid, ammonium
fluoride, and a surfactant (e.g., product name: LAL 500 manufactured by Stella Chemifa
20  Corporation). This wet etching treatment is preferably performed for 120 seconds to
1200 seconds, for example, about 600 seconds. The removal of the insulating film 123
by the first etching treatment allows reducing the thickness of a removed portion of the
semiconductor substrate 121 after separation in the subsequent second etching treatment,
and shortening wet etching time. Since the wet etching treatment is performed in such
25  a manner that the semiconductor substrate 121 after separation is soaked in a solution in
a treatment tank, a plurality of semiconductor substrates 121 after separation can be
processed at a time by batch treatment. Accordingly, the semiconductor substrate can
be reprocessed effectively.
[0029] .
30 The first etching treatment for removing the insulating film 123 may be a dry

etching method as long as the insulating film 123 can be removed. Alternatively, the

wet etching treatment may be performed in combination with a dry etching method.



etching nethod as long as the insulating film 123 can be renoved.
Alternatively, the wet etching treatnment nay be perfornmed in conbination
with a dryoebmhisng1met hod. Exanpl es of the dry etching mechqe2diooeioeste

paral lel plate RIE (reactive ion etchillg) and I CP (inductively coupl ed

pl asma) etching. The etching conditions (e.g., the anount of electric power
applied to a coiled electrode, the anmount of electric power applied to an
el ectrode on the substrate side, and the el ectrode tenperature on the

subst r at eEsginé{fids G e af lwd}m% MethdAAhOIRAE phRIIEOpRRe RIE ge@&fv%%ﬁ Rechiid dg)rrs into
a desired sha [ 0030] Fina , as illustrated in FIGID, a second etching

t r eat nentandsl r(fﬂdrlﬁf@(r ESGOPPJS@ Rlﬁ@éemb@gduaﬂlérewmpge rcopditionn de.ghethe
embrittl ement, 0?%? ctric %oxﬁ Cipﬁ{?er a corﬁed A5GL 18 or t{ 8f l]egt%c n[%owe

sem conduetor Subst sepa ration are Sé i vef Yy Te

form a reppliedssad aeéﬁdaermiumeosubsu&atsﬁ@a, éanli3the e%ctlfoﬂl: Sefnpéfturé o@ the
separation plane 129 is planarized, The sem conductor layer 125 and the
enbr i Bt | eb§tfate sigeyarq adjusted ahapPrenfiniet anto Pregess tbe dkps inte adssirediharisi ng as
an etcha ?0]”1 xed sol ution containing a substance functioning as an

oxi di zer for ‘oxidizing a sem conductor of the sem conductor substrate, a
subst ance di ssdimllygad Hiistrated én cFIIth“ia seeﬂomdraﬂc}nng)trpatmdt 3 pammamcse
"functi on ng _.as a .decel ergtor oxj dji zation of the se h

di ssol ut 83 the sequcndugor Pyetrhleﬁs by gEbriement dayer d‘ Feat ment

is pref Wﬁe&n&e SpT PG A 26001 3RO WenfBndILIdK SibsRatk 21T ame} es%FalfaHBn exanpl e,
about t nutes to four mnutes. The solution is preferably at a

t enpdat wekecuvelpbonevedGodam o raﬁocr(ssed ssmieorstupioe substrate 13@nptahisrtiame,[ 0031]

It is preferable.to ric _ac s the substanc nctiopin an
o o zon Wy SRRt R Hab LisepREniaeas or T SepEoRtider ML 5 44 e
hydr of | UCHn'llﬁltﬁ&h@htélﬁyeTr hg7 TP BE PRV e ibySOWY dtehihg GreiedEusthg hdign etchant
sem conductor. It is preferable to use acetic acid as the substance

funct i oningizes soluéemcentainine afsubsiancexfuartening s g pﬁélzg@mrc@ﬁémgoa and
the dissgql Hl‘[iéo%uaf)r SP@h%h{[?&WBLgSP&biﬁﬁ@acﬁ’@ én% gg’ ih%adx de oﬂtﬁ1 IS

preferable 0 useé aV|n

obt aimsed depicoaduads, na@dt Jile;umhnumﬁmtu&ﬂng\msgmthcﬂextaerOfaoxldlzraﬁommfethe han
0.01 times and less than one tinme as Iar%le as .that of 97.7 weight% acetic
aci d and seBuspafuctohand dissplytiopaf the gxide 9§ thensemiqenguetope s l&sseparrg%tc higgt hat of

50 ‘é‘ﬁ't &htt@amg{tqé I 2612 Fdrfbrm@d Fof. Yo Une e {1 nl Afautdd] WFEexfnphl
about two minutes to four minutes:~ The solution is- preferably at a temperature of
about 10 °C to 30 °C, for example, room temperature.

20 [0031] ‘

It is preferable to use nitric acid as the substance functioning as én oxidizer for
oxidizing the semiconductor. It is preferable to use hydrofluoric acid as the substance
dissolving the oxide of the semiconductor. It is preferable to use acetic acid as the
substance functioning as a decelerator of the oxidization of the semiconductor and the

25  dissolution of the oxide of the semiconductor. Specifically, it is preferable to use as
the etchant a mixed solution having a composition obtained by adjusting the volume of
70 weight% nitric acid to more than 0.01 times and less than one time as large as that of
97.7 weight% acetic acid and to more than (.1 times and less than 100 times as large as
that of 50 weight% hydrofluoric acid, and further adjusting the volume of 50 weight%
30  hydrofluoric acid to more than 0.01 times and less than 0.3 times as large as that of 97.7

weight% acetic acid. More preferably, it is used as the etchant a mixed solution having



hydrofluoric acid to nore than 0.01 tinmes and less than 0.3 tines as |arge
as that of 97.7 weight% acetic acid. Mre preferably, it is used as the

et chant aygixafse@huti on havi nga conpositi on obtai ned bycadipstsbiosudod he
vol une of 70 weight%nitric acid to ndle than or equal to 0.2 times and

| ess than or equal to 0.5 tinmes as large as that of 97.7 weight% acetic
acid and nore than or equal to one tine and |less than or equal to 10 tines
as |arge as that of 50 wei ght% hydrofluoric acid, and further adjusting the

vol ume 0f RN B b el (AE Sl JTO0SADRAY, RtERYALo hrOinbp ! 1 TES

and | ess than or equal s as large as that o 7.7 weight% acetic
aci d. Fororexasinb @,2 tihes atal lussethimdi equabiov®e finfz® awiargshissthhyeirayt? weight¥% aci d,
70 weight%nnitric acid, and 97.7 wei gl,ht% acetic acid is preferably 1:3:10,
1:2: 10, Rcstigacidhandmorelthan gr aqpabty ongtims andilgss thepergquehie 14 titaes asdigei on
used as the t .4 h .chi t . cap _eas| trate
into the arsgetrl]l‘lg{:gg?@c%?ghf%yaﬁgg@gcng& hgg(gr%{tﬁ t@%h@ [hgyg@h%7&:aggl uded

in the pr\oéi%m%j REArBAdric0atid 2O moBE thak D8 cfBd) Yo ©/Y6ad afteless thandn@qid1GH OVOi ds
caused by the ion inplantation are forned in the sem conductor |ayer 125

and the dnhdtiies lagiarge ad tpaeof 927 wedghtGr atietiglagid. n&or erdmple,be salfrecatiof t he
sem conductor | ayer 125 bu | so the inside of the sem co tor, er 125
and the 90t P ﬁfeeﬁgh%g)éfﬁr@wcaﬁldbéoswge@ éHt”Foac_t‘qirea‘\&ggygtWﬁ‘igh@’/

treat ”E”tacetTé1§‘ci&"%rT;pé95eFa*Bgnﬂ3hb??%2%,“1.595:1@, :P.ﬁ?,cﬁﬁ%o,' 1SUgh @ manner that a

deep hole 1s tor in dirrection’ perpendicul’ar to the plane surface of
t he subst[p@®2] and the hole is expanded. Thus, the wet etching treatnent is

perfaqrmed on t sem conductor |ayer 125 and the enbritilenent |ayer 127 at
a hi dfer etchi e_r’ﬁ‘txégtsﬂg’HOBNS?41é¥§I%%‘Fhaﬁ'é??r &‘F Steﬁ%‘fd;%tﬁ%‘@%q%ﬂg?w Cbstrate
121 af t erea§iRPPERtaRN ith 166 seRFDNARof NEkHdestHRA MeOkMBBrittIBgeMOlayEON2126.

[0033] That 'is, the sem conductor |ayer 125 and the enbrittlenéent |ayer 127

can be sdhdudddyinl therprajsotént pyrtionel e beeaush imagy tarksialndefects gnd gnieroveids et chant
o i 21 ng el B BUE BN SpRort SRCKTRES B¢ se PR S BDeLtef ubimee’
di ssol vi ngnbritgemiit dgyeefli21.heAsimiagnhaidaly thardrfacesefnt sditicondiRedrilging as a
decel erat or of oxidization-of. .t-he.sem eonduct or and dissolution of the
oxi dé5of I2Adusalp shmiaside of tha-gemicondwetog jaysr 415 ard detcanbriitieraentayer Aé7i on
'1r2“73' f‘gt AR be kel d' Go stﬁ@\gangtgﬁﬁlgrtréa?%gﬁt '1%5163&9{ LRRinTREAdhf TR, | ayer
proceeds in such a manner that a deep hpfé is fofniéd in a direction perpendicular to the
plane surface of thé substratea;ld tlllé. hole 1sexpanded .- ‘Thus, the wet etching
treatment is performed on the semiconductor layer 125 and the embrittlement layer 127
20  at a higher etching rate than on the other part of the semiconductor substrate 121 after
separation which does not include the projecting portion 126.
[0033]
That is, the semiconductor layer 125 and the embrittlement layer 127 can be
selectively removed by the wet etching treatment using as an etchant a mixed solution
25  containing a substance functioning as an oxidizer for oxidizing a semiconductor of the
semiconductor substrate, a substance dissolving the oxide of the semiconductor, and a
substance functioning as a decelerator of oxidization of the semiconductor and
dissolution of the oxide of the semiconductor. Here, the crystal defects caused by the
ion implantation allow the semiconductor layer 125 and the embrittlement layer 127 to
30 be readily etched. Simultaneously, the separation surface 129 is also readily etched

due to the crystal defects therein. However, after removing the separation surface 129,



be readily etched. Sinmultaneously, the separation surface 129 is al so
readily etched due to the crystal defects therein. However, after renoving
t he separwbiony/suwg7iace 129,the sem conductor |ayer 125, pamgprine059996
enbrittlement |ayer 127, a surface of l2he semniconductor substrate 132
containing few crystal defects, which is |ocated thereunder, is exposed,
resulting in reduction in the etching rate. As a result, the projection 126
is selectively etched. Accordingly, the sem conductor substrate 121 after

separ at i ofie OdelifitondlaBr i P12, egid B BRbHtRIMchZ GagednN1PE Preavieed o theom
bei ng reduced in thickness in the reprocessi ngﬁtreat ment, resulting in a

r educt i orsemmcanductphsubrisets 4 33 containmedewdrysdalidetnstsohidhds faspied dleaseunder,
sem conductor substrate. 1 nd an i.ncrease i he nupber . tiges. of
o oona s kBPost B in Bhac @R n A SORRERRE | B hitfsul R ol 50 |

wet et chise&ctivagltaaﬁu. aAdebrdigd]{,t the Ofensiedriduotod Uibstfats UIRSt afidreseparitionf t er
separation can be easily processed at a tine b%/r batch treatnent; therefore,
e

t he séni cbriubartheprpjseting Rortiom 12 cancbs preseniediirenx being rduged inthickasssor e,
t he seco ' . C rf [ r ' V. &E% tinme,
whi ch maEgstE% %%Brg%ps)%lgg Zfsem ng t’t r%glelal? ﬁ%?\? ae‘%? {l}?(::gtl%él ni?l. ﬁfotgggﬁl éSﬁl?tfea t atvtmtjhe
separ at i gorgidraoftht 28pmessaddsensitdrriucioh sutsaatent2e had an gndrésatimeet nuntbes ome

cases. In that case, the separation plane 129 is prefergbly renoved by a
pol i shi n9°fttfr’é%§t9\fe‘ﬁ9r°6?ss’c“|$ea“|di rﬁ\ésué%%‘??%’é‘&mi‘ YRS At a'i‘.adfi@'@%j“ tg?t er the
second et\ﬁ&'éﬂ&liﬁ% iR = r%ﬁn?li@%‘i‘ SANAHALOOr SEhleR1191 TRYr BSatitiBhGhed to

t he above polishing treat r a planarizing treatnent such as a | aser
i rradiOat i ereasilye ptogessed affhtime bysbatah tré¢atinentt thorefore, thesemiganductof substrais of t he

polishing treatnent and the |aser irradiatjon treatnent, and the | i shing
T eat mentCalrth {FHEoesear Hoyea; PRGOS HBRCerely ERnRe; voriey I b

combi nat i Rrform&einea iefatiFtyBhORA tinedwhidhi ke fhd fRBroeesdaly efatthéift eki@aitment
steps, and the steps may be perforned in an appropriate order. The |ight

i rradi atil8@34)reat ment nay be perforned with lanp |ight instead of |aser
- L00SE) | MPYAl U5, BUREpRhED g SH ACTELS ol
substisat eomd2cask§03Mh] thAs bQWhei sephfatisn eptined il nis, praferably tremoved Wlyaki ng
filmis rpeorlrigl\llirelg trggt_ﬁ;[egte orf ti}ur: ?i%(e deécribed in Embodiment 2.
[0035]
After the second etching - treatment,” the semiconductor - substrate may be
subjected to the above polishing treatment or a planarizing treatment such as a laser
20  irradiation treatment. There is no limitation on the number of times of the polishing
treatment and the laser irradiation treatment, and the polishing treatment and the laser
irradiation treatment may be performed in combination. There is also no limitation on
the order of the treatment steps, and the steps may be performed in an appropriate order.
The light irradiation treatment may be performed with lamp light instead of laser light.
25  [0036]
Through the above steps, the semiconductor substrate 121 after separation is
reprocessed into the reprocessed semiconductor substrate 132.
[0037]
As shown in this embodiment, after the insulating film is removed by the first
30 etching treatment, the embrittlement layer and the semiconductor layer remaining on the

periphery of the semiconductor substrate after separation can be selectively removed by

the second etching treatment using a mixed solution containing a substance functioning



etching treatnent, the enbrittlenent |ayer and the sem conductor | ayer
remai ni ng on the periphery of the sem conductor substrate after separation
can be selecbiwsbgrir enoved by the second etching treat meotr/sesiingssaogn xed
sol ution contai ning a substance functiléni ngas an oxidizer for oxidizing a
sem conductor, a substance dissolving an oxide of a sem conductor, and a
subst ance functioning as a decel erator of oxidization of a sem conductor
and di ssolution of an oxide of a sem conductor. Thus, the renpved portion

of the reRrreRRALer $ENbLARSME h Qemicthabédt, & Sditdate Idpdy i okfecngss, and
one sem conduct or substrate can be reprocessed and reused nore tines.

[ 0038] Noemiconductoneanst pusitbstaace Hungtioningt h$ @ dataderptoenef ozvidationsedai n
conbi natign.with structures..sho i n.the. ot her. enbodi ts as appropriate.
00301 ( Eisiniordt 3y itsGiRrid Qe Bt dotRtioRieRt, iy D BBRHEE,
sem condysi@sn SRS répRéRsliisemicaR@dtal dubbratvarCbe tedu€ddf in@hicRiest,'a@donbat in
Enbodi nent 1, will be described with reference to FIGS. 2Ato 2C. [0040]
First 5 a semicondugtensubsirate san berepracessgd andireaged MORItaNesA | s performed in a
manner SH ég@]r to that in Enbodinent 1, so that a reprocessing treatnent is
u

perforne p'to renoval of an insulating film 123 on a sem conduct or

substrate 121 aNdtethas elpastaicture shdveix in this sbodithest cdi tgudeddatcombination
performed also in a nmanner. simlar to that in Enbodinment 1. Here, in the
case wherBithstEictreoHewe 18 thesefBerh smbadimeys a3 FRACRFEr ation i s not

suffici egbbgglpl ane as illustrated in FIG 2B, a planarization treatnment is
performed onthe sem conductor substrate 130 after separation as descri bed
in tHos dFdbddiment 2) so that a reprocessed sem conductor substrate 132 is

formed. In additian, also in the case where a separ.atipn plan 29 i s not
suf 1 i ent 1y r SAUSEmERTAgh A RENSE T AP BeEH G TPHR ALY SURgale ater

pl anar i zaepfhtidd, SohieENE diffelRh€FRNARMA REEMBbAMEENt O, IIDBE deb@ibe@MWitRI NY
separation plane 129. [0041] The planarization treatnent can be perfornmed

by pol i sheistenee ta BESY. 2Atp@@-ati on. There is no linmtation on the nunber of
times of [bb‘sz]po' i shing treat ment and the | aser

15 First, a first etching treatment illustrated:.in. FIG. 2A is performed in' a manner
similar to that in Embodiment 1, so that a reprocessing treatment is performed up:to
.removal. of an insulating film 123 on a semicdnductbr.substrate' 121 after separation.
‘Next, a second etching treatment is performed also: in a manner 'similar to that-in
Embodiment 1. Here, in the case where a semiconductor substrate 130 after separation

20 is not sufficiently plane as illustrated in FIG. 2B, a planarization treatment is performed
on the semiconductor substrate 130 after separation as described in this embodiment, so
that a reprocessed semiconductor substrate 132 is formed. In addition, also in the case
where a separation plane 129 is not sufficiently removed through the second etching
treatment, the planarization treatment is preferably performed to remove the remaining

25  separation plane 129.

[0041]

The planarization treatment can be performed by polishing or laser irradiation.
There is no limitation on the number of times of the polishing treatment and the laser
irradiation treatment, and the polishing treatment and the laser irradiation treatment may

30  be performed in combination. There is also no limitation on the order of the treatment
steps, and the steps may be performed in an appropriate order. The light irradiation

treatment may be performed with lamp light instead of laser light. In this embodiment,



irradiation treatnment, and the polishing treatnent and the | aser

i rradiation treatnment may be perfornmed in conbination. There is also no
li mitati owoeowvizes7er der of the treatnent steps, and thepsirgpsivesvone
perforned in an appropriate order. Thd4light irradiation treatment may be
performed with lanp light instead of laser light. In this enbodi nent,the

pl anari zation treatnent is performed by polishing as an exanple. [0042] The
sem conductor substrate 121 after separation is preferably polished by

chem cal HEphaRiabn Behtniht RelioMidd by &liskMB dsan@xampleod of planarizing a
surface of an object to be processed by a chem cal and nmechani cal conpound
ef fect udPB2lt he surface as a reference. In general, the CMP is perforned

fol | ows: |i shi. loth js attached to | i shi tage. . t
ol | shi ng. st aga RerarnedigiRh pbdraf 426 A6e sEufoiPe ol T By ung
whil e a sdheical imRBhalidad pbNind CMER P THRACHIPtva ithdPofllhreizidla fRfEOCESSEd

and the polishing cloth, and the surface of the object to be processed is
pol i sited dfyancihiget éabe precessed byeehomtenl tand mechprigalgesmponad sffeetasimgathet he

obj ect t o¢ an t] . [ cal i shing. pf t obj ect
fo be pr oublellf fIREerl" 1n at, b U BE S B M it fing iy 2P0
met hod ey abigched @6 agrolighing Reage Othe [Polistdihg lage and Weesbjédiao (bel procussed drs
performed plural times, first- polishing. is preferably performed with a

hi gh pol i%@fl FRiated OB syuRE Wihda 25Uy (g abmsived i spplipd Reterihe e o g rat e.
At the fi | L shiag I e L Shi c I ShP" l.y used,
and the d{rgclgeﬁ& i%%%ﬂe%r P %1% h?%eag{hﬂ%pgqﬁz Qg}rfg(f%gtr)gb eyblgl}%é(} ﬂr(1) n%) %)g%fg%&tg# for
exanple; papishedxbyrabarhigall f@ctiambetatert the §lumplangche simifavg, ofathe wbghet pobe shi ng

O ot L RS Si FRS S0 SPH hatld s i

nmanner, RRhisiihg 8BS perfornmed on the sem conductor substrate 130 after
separation, thereby form ng the reprocessed sem conductor substrate 132
whi ch i s [B043ari zed and made to have a mirror surface with an average

surt ace 1 OuSNSgs Gl AR WL mRaRa T B ol ho2BEpbAAinY,
substisat ewh&dthaf petishigpis 'pRifofifled plurdlaimiés Fiagtipotighiapds pederably peafoemadm rror
surface in a short tinme. [0044] ) L . o
with a high polishing rate followed by final polishing with a low:polishing rate. At the
: first. polishing, a polyurethane polishing cloth is .preferably used;;and the grain diameter
of the slurry is preferably 120 nm to 180 nm, for example; approximately 150 nm. At
the final polishing, a suede polishing cloth is preferably used, and the grain diameter of
20  the slurry is preferably 45 nm to 75 nm, for example, approximately 60 nm. In this
manner, polishing is performed on the semiconductor substrate 130 after separation,
thereby forming the reprocessed semiconductor substrate 132 which is planarized and
made to have a mirror surface with an average surface roughness of approximately 0.2
nm to 0.5 nm. In addition, by combining polishing with different polishing rates, the
25  semiconductor substrate 130 after separation can be planarized and made to have a
mirror surface in a short time.
[0044]
Thus, by polishing by the CMP method after a semiconductor layer 125 and an
embrittlement layer 127 are removed from the semiconductor substrate 121 after
30 separation through the first etching treatment and the s_econd etching treatment, the

reprocessed semiconductor substrate can have a highly planar surface.

[0045]



Thus, by polishing by the CMP nethod after a sem conductor |ayer 125 and an
enbrittlenent |ayer 127 are renoved fromthe sem conductor substrate 121
after sepmoabiopsod7ir ough the first etching treatnent anectrheaesdass et ching
treatment, the reprocessed sem conduct!8r substrate can have a hi ghly pl anar
surface. [0045] Note that the structure shown in this enbodi nent can be used
in conbination with structures shown in the other enbodi nents as
appropriate. [0046] (Enmbodinent 3) In a nethod for manufacturing an SO

substrate of thNdge empet stRitture ShGelie eiiglb@bodimHDEdD B¢ Bsedih mbsnatioRond
substrate is bonded to a base substrate, and an SO substrate including a

senm condu¥itlbstryctyrps showayip theothermbadimenppe enpIORIHA®- substrate i s

manuf act bﬁgﬁ The sem conduct or substrate after separation from which the
sem conduc or] filmhas been separated is subjected to a reprocessing

t r eat nent(Eaddinsns 8yl as a bond substrate. One of the nethods for

manuf acturing an SO substrate of one enbodi ment of the present invention
will Be descri B BB$tBOd Pt Anansfactuiige ap oS@] @ebsteptg pfathis embadimeat.oasc,

FI GS. SAl@m¢ondAde: ﬁ]l_)grﬁc whIGfi€la BdnaSlbstfutPlsMHohasd ff a g)%s%rghﬂﬂra?é? and an

enbrittlement |ayer 4 1n a sem conductor substrate to prepare for
bondi ng tS@l sebstaendwtiding sulsmicandudO film sefaesed Subst that sendi2éndustor

descri bed.  The follow n rocess corresponds to Process A. (a. bond substrate
or ocess) SRSt gmapgaciicdr; 1BF SemirondueoT SRR GHCE SHArianaFrqm gvhich

i I'l ust ratigd sdtichbhdacim fils s BRah §épatdibd & subRBre@ 6 hGEHOBESInkQreatnfdht And | N
FIG 6). A comercially avail able sem conduct or substrate can be used as

t he d@ni gewngd@s abond behstratee (G, of dhgimethods faxrmarafaciurgigagl SOEsupstraie of

senm conduct or _,substrate.or a Lycrystal.),i,ne,sem c uct or,, substrate such
oo o | 40 PR 0 8 bRl I ERNGY St R AQEHRECRAGE' i HUBRLE S

avai | abl 16| 3Aen3SUBKIS. 3iAas 4@, F1GS F JA0aSC 2niiIKEG6.substrat es which are 5
inches (125 mm in dianmeter, 6 inches (150 my) in dianeter, 8 inches (200
m) in dil8®%ter, 12 inches (300 m) in diameter, and 16 inches (400 nmm) in

diameter. The WSLWsi:&ESSp(?[r h;rﬂﬂné)fanaembrittlemen,t layer 104 in a semiconductor

15 - substrate 100 to prepare for bonding the semiconductor:substrate 100 to a base substrate
120 is described. The following process corresponds to Process A (a bond substrate
process) in FIG. 6. |
[0048]

First, the semiconductor substrate 100 illustrated in FIG. 3A is prepared (this

20 step corresponds to Step A-1 in FIG. 6). A commercially available semiconductor
substrate can be used as the semiconductor substrate 100, and for example, a single
crystal semiconductor substrate or a polycrystalline semiconductor substrate such as a
silicon substrate can be used. Typical examples of commercially available silicon
substrates are circular silicon substrates which are 5 inches (125 mm) in diameter, 6

25  inches (150 mm) in diameter, 8 inches (200 mm) in diameter, 12 inches (300 mm) in
diameter, and 16 inches (400 mm) in diameter. The peripheral portion of a
commercially available silicon substrate includes a chamfer portion for preventing
chipping or cracking as illustrated in FIG. 3A. Note that the shape of the
semiconductor substrate is not limited to a circle, and a silicon substrate processed into

30 arectangular shape or the like can also be used. In the description below, a rectangular
single crystal silicon substrate is used as the semiconductor substrate 100.

[0049]



commercially available silicon substrate includes a chanfer portion for
preventing chipping or cracking as illustrated in FIG 3A. Note that the
shape of wbeomesigonductor substrate iis not linmted to aceisppliepssasrd a
silicon substrate processed into a re&?angul ar shape or the like can al so
be used. In the description below, a rectangular single crystal silicon
substrate is used as the sem conductor substrate 100. [0049] Note that the
surface of the sem conductor substrate 100 is preferably cl eaned as

appropriate usiNige tha$ tef suiface of thd/ SeytadongdectoP QUbRhtd €1 001 i proferabl$RManedn

ammoni um hydr oxi de/ hydr ogen peroxi de m xture (APM, a hydrochloric

aci d/ hy dra8 JERIOpEASYSHRE AsRifeneaqidfbygrogen perogidsymixgie JSF%, AL AAMOP | or
the like. : i . . bt agi o) ’K‘@dt

di schar geha'E gqxil&ek?ﬁr?'gtr @eb%egg’gpée/grhsz{u#ej?é%@’agehg'gfdeglr?el%sde}% congéjeélt r Ogggst rate
100. [ OOSfixtuNex(HPMY dilutes hydrofidoritr delds (BBIF)afdrerhet Nikes urkuather, ollilithée

sem conductor_ substrate 100 is cl eaned, an insul atig}ggfi Im 122 is formed on

the sém CWHEATROBE acidparozpre watst raibe discapreed plteapsivde dgndhepriaco of n FiG.
6). The itﬂé&ﬁnﬁh%ﬂ]%_cf&kﬁﬁsﬁ%t% 19y be either a single insulating filmor a
udi

stack layer i1nc ng a plurality of insulating filnms. For exanple, in this
enbodi merf005Xi | i con oxide is used for the insulating film122. As a film

whi ch f the i l.at i f.il , ' ti fil ich t gi
G111 con s a coVsbisipunadn JOLHE ae e e i of e semEFob KA | e
fi1m a Siohi 6 Mo lint s lBtifg: il 100 18 BithdcCOR Y LéshidSndiictaubitkae 1080 be

used. [0051] Note that in this specification, a "silicon oxynitride filnt
meandOa f(thinstemaerrespandsi taStepAe2 oxki§e 0)-at Bresinsating fitm d g2 maxthsraithenad

oxygen, nktrogen, .sjildcon d r.ogen C rat.i Ons. I ing 4 rom 50
ot o ob LU0 Hifl im0 A 8 aRk, SRREEN B hRiredRR SH0E L on oo
and 0.1 akemiprYdd thisl embBbdificat/osilicos paidel Malsyd forthe indubying rfmne2es urAada by RBS
(Rut herford Backscattering Spectronetry) and HES (Hydrogen Forward

Scat t er i g whigh derays, the insy|ating Sihmn} 22, agyensylating fifm vlich, gmaing siticpnas ot

cont ai ns jo t : g d, Qx ' n,

11 con, SREEndHe 40058 2 RHRER ok TR KAAbol <BFe FAE s SUXIF Byl 10AY

at omi16% o2@ sdicomnitidé oxidb filmpeandiused atom c% to 35 atom c% and 10 atom c%

to 30 at cwbé;l%; respectively,

.. “Note that in this specification, a. "silicon oxynitride film" means a film that
contains more oxygen atoms than nitrogen atoms, and oxygen, nitrogen, silicon, and
hydrogen at concentrations ranging from 50 atomic% to 70 atomic%, 0.5 atomic% to 15

20  atomic%, 25 atomic% to 35 atomic%, and 0.1 atomic% to 10 atomic%, respectively,
when they are measured by RBS (Rutherford Backscattering Spectrometry) and HFS
(Hydrogen Forward Scattering). Further, a "silicon nitride oxide film" means a film
that contains more nitrogen atoms than oxygen atoms, and oxygen, nitrogen, silicon,
and hydrogen at concentrations ranging from 5 atomic% to 30 atomic%, 20 atomic% to

25 55 atomic%, 25 atomic% to 35 atomic%, and 10 atomic% to 30 atomic%, respectively,
when they are measured by RBS and HFS. Note that percentages of nitrogen, oxygen,
silicon, and hydrogen fall within the ranges given above when the total number of atoms
contained in the silicon oxynitride film or the silicon nitride oxide film is defined as 100
atomic%.

30 [0052]

In the case of using silicon oxide for the insulating film 122, the insulating film



when they are neasured by RBS and HFS. Note that percentages of nitrogen,
oxygen, silicon, and hydrogen fall within the ranges given above when the
tot al nunernfisas7@ans contained in the _silicon oxynitri g¢erfiporn/os999dhe
silicon nitride oxide filmis definedds 100 atonic% [0052] In the case of
using silicon oxide for the insulating film 122, the insulating filnl22 can
be formed by a vapor deposition nethod such as a thermal CVD nethod, a

pl asma CVD net hod, an at nospheric pressure CVD nethod, or a bias ECRCVD

met hod usizgcan B8 FRe@ay Olasorl @PesiAsE noBLEEsuchasi ¥REnUS VS mEHIS, a
(tetraet hoxysil ane) and oxygen, or the like. In that case, a surface of the

i nsul at i ridasmy MVIRanethgd,bant @nesphere) prssses ©Y Y aretinda vea thiasaERRBEVD[ 0053]
Al ternati si.] [ con | de . depps|. a I cal or_de ot hON
met hod us’%‘ﬁigjg%nu%é%a%og %@gg agagpn%%%geg%%e%’?&%m He lﬁ%ﬁl & éljncgfofsil- }Edr)n§122. As
an or ganqsdtiagthex@gilane)i dnd sxygessomihe like. USE tikat Sdabd, cOsurfeatodithd gukdiapound
such as tetraet hoxysilane (TECS) (chem cal formula: Si(0OC2HS)4),

t et r afet FIMs132mey perdapsifiediyanoxygemplasma tredment-3) 4) |

tetramet Wﬁb%d otetrasil oxane (TMCTS), octanethyl cycl otetrasil oxane
(OMCTS), "hexdmet hyl di sil azane (HVDS), triethoxysilane (Si H OC2H5)3), or

tri sdi nmet hyl amAiesadtively, §ilicoi{ MideleRdsed HyOd) bdmicalr tdper depdséianamethedy, t he

insulating.film2122 can be fornmed ysi an oxide fi formed by axidizing
tho. s GO GBHES Gt S B0RF U3 ohRErIBRHIELT dR21 r 85 EROMBIPIIANE of m g
the 0x1 deutl kiR 65 s dichRBoinia) chipdRid QNS el RihoRitkng! N9

at nosphere to whi cﬁ a hal ogen-contai ning gas Is added.
hal od@n- ddEOS) fehenigalsformule: §i(OghUs)a), tktramishsilapa ddSe(chemisdl formwlaiCl , HF,

NF3, HBr,.. ~CE B F Br.2, and iLke can he,used. te that the
nsul at G et dtstuR e (RS et aPeliiERk Rt F o

3B, hoveveMCT$),s mrabaeihyRIMilazsen O{HMDB)] €tridthodyRilaneSt (SIH{OCSHs})n fope case
where the insulating film 122 is formed on the sem conductor substrate 100
by a CvD thedimsthylamipeslapg (SHMNHeH )Nl ating fil m 122 nay be formed on only
one of ”[80334]3”6 surfaces of the sem conductor substrate 100. [0055]

15 - Further alternatively, the insulating film 122 can be:formed using an oxide film
formed by oxidizing the semiconductor substrate 100.- . A thermal oxidation treatment
for forming the oxide film may be dry oxidation or may be«perfdrmed in-an oxidizing
atmosphere to which a halogen-containing gas is added. -As the halogen-containing
gas, one or plural kinds of gases selected from HCI, HF, NF;, HBr, Cl,, CIF3, BCl3, Fa,

20  Bry, and the like can be used. Note that the insulating film 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 film 122 is formed on the semiconductor
substrate 100 by a CVD method or the like, the insulating film 122 may be formed on
only one of the plane surfaces of the semiconductor substrate 100.

25  [0055]

For example, a heat treatment is carried out in an atmosphere containing HCI at

a ratio of 0.5 volume% to 10 volume% (preferably 3 volume%) with respect to oxygen

at a temperature higher than or equal to 700 °C and lower than or equal to 1100 °C.

For example, the heat treatment may be performed at approximately 950 °C.

30  Treatment time may be 0.1 to 6 hours, preferably, 0.5 to 1 hour. The thickness of the

oxide film to be formed can be set in the range of 10 nm to 1100 nm (preferably 50 nm



For exanple, a heat treatnent is carried out in an atnosphere contai ning
HCO at a ratio of 0.5 volume%to 10 vol unme% (preferably 3 volunme? wth
respect twoouegens7at a tenperature hi giher t han or equal pCw/JPRQ0/0£898nd | ower
than or equal to 1100 OC. For exanple, 8t he heat treatnent may be perforned
at approximately 950 OC. Treatnent tinme may be 0.1 to 6 hours, preferably,
0.5 to 1 hour. The thickness of the oxide filmto be forned can be set in
the range of 10 nmto 1100 nm (preferably 50 nnto 150 nm, for exanple, 100
nra. [0056]15([&{;“3 foRexdmple OPOOdR.I On treatnent in the atnosphere containing a
hal ogen allows the oxide filmto contain a hal ogen. Wen the oxide film
cont ai ns [80%dl ogen el ement at a concentration of 1 x 1017 atons/cnB to 1 X

1021 at ons/ cnB, 4t hal pgen, i.n_t.h xi.de filmc ures heav t that is
an extrinsic i rrTﬁltﬁ?ﬁltl%/m(an)rx lde;‘é(lgrrlrptfeg',ugelet,l lfe %ﬁ“}gs@?‘ef fqnt%]ﬂlgéegﬁlaglrggr\}enti ng

cont am nadliodR thé okide fABIMoCEUNEHIR atHalddehn Wheehé okiRdfilhAt&itaing @daldgefrur t her,
the insulating film 122 containing,a hal ogen suct}has chloyi ne can serve to

getted i rabeméntiabe corcegtratiomehibikel 0" optomsicnNag 1vihi@H atpanséema e the halegeatint he

sem condygt or. substrate 100. Specifjcally. .by .a heat .treatnen i IS
per o med s Pk WA R g BRF el 535 SHongt el o SPE Fecht Mned i n
the sem cMb); tRkebyhsicnthe cdiifmatos 6Pk dtMitoathictdrfili @ berforthét fateg il m
122, reacted with a halogen atom (e.g. a chlorine aton), and captured.
Accor di ndP957lt he i npurities captured in the insulating film 122 can be

fixed and prev l J . \ tar t 00.
[0058] "I part Feuas MR AANEEd Suiife AAMABRR N At Gl S0

i nsullat i ng geitdrimpiAtiksy/(eq.,manabla i0as 0ENbh) whithradeersely affsqhke sentioodduictorng a
hal ogen is _effective, in_renoying contam natjon. of {he sepm conductor

subst r at SURHEAS i({’dearﬁﬂ‘?&f’GFHX’ I achet %mﬁg&%ﬂncg iRsriogmed 9.513 the MLaERE] ci ent
or when td)g, 969 GORAMEY, O imPHARS ' &nfaidQP i Shé aRRALRELN0S YibSGELA0D Care

reprocessing treatnents and reused. [0059] Moreover, the hal ogen el enent
cont ai neceparateieub o thet inewlating fitmdi22, teacteil rwittes hdboigen taom fe.ghe chlorihace of

e e SRR B St T bR oL B el PR T58 o,
+15- " can'be fixed and prevented from contaminating-the semiconductor substrate 100. -
[0058]
In particular, the inclusion of a halogen such as chlorine in the insulating film
122 by ‘a heat treatment under an atmosphere containing a halogen is effective in-
removing contamination of the semiconductor substrate when cleaning of the
20  semiconductor substrate 100 is insufficient or when the semiconductor substrate 100 is
repeatedly subjected to reprocessing treatments and reused.
[0059]
Moreover, the halogen element contained in the oxidation treatment terminates
defects on the surface of the semiconductor substrate 100; as a result, the local level
25  density of an interface between the oxide film and the semiconductor substrate 100 can
be reduced.
[0060]
The halogen contained in the insulating film 122 makes distortions in the
insulating film 122. As a result, moisture absorption rate in the insulating film 122 is
30 improved and diffusion rate of moisture is increased. That is, when moisture is present
on a surface of the insulating film 122, the moisture present on the surface of the

insulating film 122 can be rapidly absorbed and diffused into the insulating film 122.



be reduced. [0060] The hal ogen contained in the insulating film 122 makes
distortions in the insulating film122. As a result, noisture absorption
rate in twe wmemsbati ng film 122 is i nproved and di f f usi eaTiet0/049990i St ur e
is increased. That is, when moisture i% present on a surface of the
insulating film 122, the noisture present on the surface of the insulating
film 122 can be rapidly absorbed and diffused into the insulating film
122.[0061] In the case of using silicon nitride for the insulating film
122, the [EO§H| ating film 122 can be fornmed using a m xed gas of silane and
amoni um by a vapor deposition nmethod such as plasma CVD. In addition, in
the case of usilnghgicasecefrusing siligen aitiidre farghe timsalating filax 1%y the linpulaping t he

i nsul at i fi 22, C formed using a m xed f si.]an nd ni um
or a mxe mgégg]o‘%ns?ﬁ gﬁ%lggnlé’mclﬁ i Flruf)eélegasrrBﬁ]osﬁlgn eg‘%?/ ag‘"’{‘/inﬁ‘é‘%‘ gye%og‘?%l on

met hod S'-kﬁﬂgoﬁﬁoﬁ nidthedreudhVEy pRimadCVDO0GR [adddiong Xl €asel 6f fidifg Giix®n Of
formng a barrier filmhaving a single-layer structure as the |nsulating
fil m $22 nitride gxide fox thenigsylating fibm 182#%@18&185% ifd@inl 24; qapjbgformedidng a
silicon niLrj I f 1 j S r - ar 15 nm
and | essh&%1 glrilig? 8g%luae Hltngn%l)g%&{%lrlnf3 (f‘ggo‘@% %I %Si‘ Sg) Egﬁ%:r%sae gipﬂlf"g)rgﬁnﬁ%b%gx{dgo-l ayer
barri er fboy awaper dmsitivauhathodgnchiak mplddtha CVID methgper | ayer is fornmed using
an i nsul bnﬂ filmwi th a high barrier property. The upper |ayer of the

i nsul ati ?[@ $Z m can be forned usi ng, for exanple, a silicon nitride filmor
a silicon nitrige Quiilfe (bl MoNaXL W ArbfilANESROtIRMRE A SBIMer

i ncl usive. These fil have a high blockihg effect for preventing inpurity
di f f U®i orstrubture ashtbie rinjulatimgr{diin KX dwsinsatigshlnh il ghcanTbea eilicor pitade &im

insulating fi.l.mof. a |ower _|ayer that is in copntact wth the sem conductor
subst rat Bt fotiehn nipdae ST plrp Kt 1 Wibnsts ederer Piah o shftde Bl AR IRS
relievi nghidér ssubE®300mnan i nsulating filmof the upper |ayer. Exanples of
the insulating filmwith an effect of relieving the stress of the upper
i nsul ati 1§063) m i nclude a silicon oxide film a silicon oxynitride film
and a thernmal | i di il.mfa Y, [ di1Zd NG ,
sem conduct or gﬁglgét g%? Z)quﬁlgkﬁe%ﬁxgrn%a@g%ﬁ h%tﬁ%é@l&ﬁﬁkgﬁfxﬂqoz, the

15 - rupper layer is formed using an insulating film with a high barrier. property. :- The upper

lziyer of the insulating film can be formed using, for example, a silicon nitride film or a-
.silicon- mitride oxide film having a thickness of 15 nm to 300. nm inclusive. .These
-films have-a high blocking effect for preventing impurity diffusion;-but their internal
stress is also high. Therefore, as an insulating film of a lower layer that is in contact
20  with the semiconductor substrate 100, it is preferable to select a film that has an effect
of relieving the stress of an insulating film of the upper layer. Examples of the
insulating film with an effect of relieving the stress of the upper insulating film include
a silicon oxide film, a silicon oxynitride film, and a thermally oxidized film formed by
thermally oxidizing the semiconductor substrate 100. The thickness of the lower
25  insulating film can be from 5 nm to 200 nm inclusive.
[0064]
For example, in order for the insulating film 122 to function as a blocking film,
the insulating film 122 may be formed by a combination of a silicon oxide film and a
silicon nitride film, a silicon oxynitride film and a silicon nitride film, a silicon oxide
30 film and a silicon nitride oxide film, a silicon oxynitride film and a silicon nitride oxide
film, or the like.

[0065]



insulating filmcan be from5 nmto 200 nminclusive. [0064] For exanple,
in order for the insulating film122 to function as a blocking film the

i nsul at i ngof2nlomsdz2 may be forned by a conbi nati on of apsirlypawosmede film
and a silicon nitride film a si Iicon28xynitride filmand a silicon nitride
film a silicon oxide filmand a silicon nitride oxide film a silicon
oxynitride filmand a silicon nitride oxide film or the like. [0065] Next,
as illustrated in FIG 3C, H+ ions accelerated by an electric field are

i mpl anted into Ndxg SefuSQMed Gh FIGS 8Os H* s heQidrie@Ushak ReectritsHbAt 489 film
122 as indicated by arrows. Thus, the enbrittlenent I'ayer 104 havi ng

m cr ovoi dsplantédointedhé semicoaduator substiater Hifetheougéle ihsplating fdm 492 asur f ace

of the sem,conductor substrate 100 .(this ste responds to St A3 in
fla o) ERRd iR AHE e LeRiemiePL FeFE 1R DR GHEDLb s A BBy be
adj ust ed iR fBRoneRCLpRUSEHRIMCE ASHBYréth thdSurfRR dremBsemibonbectbm&ibdent angl e
of the ion beam The acceleration energy can be adjusted by an accel eration

vol t age, 1W9s&iyis, stsp eoreesppnds. torhdeerdyd tn | Flfen)- | alks depth jas whichetdei n a
regi on at a e r | al:| ver age
penetr at ieclﬁ\g}gg%l?%ﬁcl)gye? tﬁ@“ i?sofr(\)zrgg(%%{r]fé‘lf %&‘"é%‘e(? Eg tlfeﬁ?%gﬁlggagég 5’? érggl rs(‘5 g rtr}% c%%duct or
film 124 pehinCdhdi the SRRRhAERDe bf BibhBedhe M Tl gbideletitio Lhsigy ahe bd @djuketier i s
determ ned by the depth at which the ions are added. The depth at which the
embri tt | et aqcglgration yaltage, dosagePrdhs like sBie gmbritementigrerd04 i farmed anp) e,
greater t; I .
prefer ablleq{g} F g’?g?ﬁ%ﬁg}r?gg% B g‘qﬁﬁu B%{gmi‘)%@ﬁ}ﬁ’% %ﬁ@e ?‘é)stgggﬂlgngvgrra%ggﬁﬁﬂapgn200 nm
for awvanplepth bhehedmsh Therpfoed, ethalthickadse udf d G€mivonduaton fihe ¥4r which isf t he

sem conductor substrate 100. Note that t jons. are i | ant e fter
o opftaie ot Sepronapsios sbstps (U L s Gleferimibed it 1k, BEPtR (ot
present iaieRiHeOfdns areRidedl] nﬁrﬁ@d?ﬁtﬂ at Wh}fc_h?tﬂ@ chibRittl st Y 164 iRl ed

before the formation of the insulating film 122. {0066] The enbrittl enent
| ayer 104&andefsotimdhie vange offor exaniple | gaeatertthamorgsal ot 106, niTlaed jess than or

s . ; * . S howh )
speci 11 o IAVPREOIH, BReskipd SRS BRES! bbb BERR RS 16 e lbido s ecy
af t ersMasfin;s eiratainpfé) B d&th SPsitReably aBb@SMB0 nm :from the surface of:the

semiconductor substrate 100. Note that the ions are implanted after formation of the

-insulating film 122 in this embodiment; however, the present invention is not limited to
“this and the ions may be implanted before the formation of the insulating film122.
[0066]

20 The embrittlement layer 104 is formed with an ion implantation apparatus.
The ion implantation apparatus is a mass-separation apparatus with which ion specifies
having a specific mass are implanted into a processing object after mass separation of
ion species in plasma.

[0067]

25 The ion implantation apparatus is a mass-séparation apparatus with which a
processing object disposed in a chamber is irradiated with an jon species having a
specific mass after mass separation of plural kinds of ion species generated by
excitation of a source gas into plasma. Thus, when the ion implantation apparatus is
used, H* ions that are generated by excitation of a hydrogen gas or PH3 are subjected to

30 mass separation, and H" ions are accelerated, with which the semiconductor substrate

100 is irradiated.



[0067] The ion inplantation apparatus isS a nass-separation apparatus with
whi ch a processi ng object disposed in a chanber is irradiated with an ion
speci es havi2ogyaospeci fic mass after gass separati on of pplruealioksoess of ion
speci es generated by excitation of a dur ce gas into plasma. Thus, when the
lon inplantation apparatus is used, H+ ions that are generated by
excitation of a hydrogen gas or PH3 are subjected to nass separation, and
H+ ions are accelerated, with which the sem conductor substrate 100 is

i rradi at ggo§$)068] Next, the semi conductor substrate 100 over which the
insulating film2122 is forned is cleaned. This cl eaning step _can be
perforned by ulNgxashaisemiqoagdustagsulistrate ko eer prkrieh Wigr wpulating,§ilmpg2fisui d j et
cl eani ng S puke: ' I [ kRg i S
or of or abi b I Befteat s idiingEh U bORERLmIAP LY W FRGAR ochrERPURT, | 2
ul t r asonie of pameivwigerast biyneotfivid jdt ¢ledningtwith w2 if pgre witer admitoguauc The

substrate 100 may be cleaned with ozone water. By the cleaning wth ozone
wat er 5 r sHisgsomcoFleing iy prederplly dpegabens yltraspnig Cicaning (agani¢ Gleanigg) ovi ng

t he hydr ophdl . t { . Pnsufiat | ' be
per f or med. ‘tro%%élr ;#ﬁlgtzsdueraﬁ gl e thg% ift‘ggt?llug{njeré? I%fltlgg’l Jrlllgtf Fgﬁoﬁgﬁﬁﬁlﬁ%igggcan be
per f or redlfymay badicatédowithiozbneawatat. o By theedennorg with ioeoncbeatey, ramovidltafavi ol et
treatnment, an ozone treafnent, a.plas treatment, .a plasm treatngpnt by
appl i cat {GRATLE SISNES G Rt sV OnAdr Enpray Peat el PPl B

cl eani ng gifhbe AR shRLRE filthND3 cad BPp&EIrhRaponds to Step A-4 in FIG 6). In
the case of using an atom c beamor an ion beam an inert gas neutral atom

beaml®r dA06Hert gas i on beam of argon or the |like can be used. [0070]
Here, an exanple of the ozong treatnent is describgd. FqQr ex | e, ..t he
bsone treat mentEat e BRraRab ol MenlaPag o ' 23 sul S, BEATRL VAL on
wi th ult rigddialied willVin laforfio FRAADEP B 6n GedrhA ki ulgaviX¥QaBatmERg anzZesRe
treatment in which irradiation with ultraviolet is _performed under an

at nosphertecaipetad plapwa dsegiasmt, asplasna treaimeatbi applicationef 1 pisavaltage, oaa

Lo o S SR M oA (G Pt SO0,
greatlr . A-4 in FIG. 6). In the 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. .

-[0070] ..
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
20  (UV) in an atmosphere containing oxygen. The ozone treatment in which irradiation
with ultraviolet is performed under an atmosphere containing oxygen is also called a
UV ozone treatment, an ultraviolet ozone treatment, or the like. When irradiation with
light having a wavelength of less than 200 nm and light having a wavelength of greater
than or equal to 200 nm among ultraviolet is performed in an atmosphere containing
25  oxygen, ozone can be generated and singlet oxygen can be generated by ozone. When
irradiation with light having a wavelength of less than 180 nm among ultraviolet is
performed, ozone can also be generated and singlet oxygen can be generated by ozone.
[0071]
Examples of reactions which occur by performing irradiation with light having
30 awavelength of less than 200 nm and light having a wavelength of greater than or equal

to 200 nm in an atmosphere containing oxygen are described.

0, + hv (A; nm) = OCP) + OCP) (1)



than or equal to 200 nmanong ultraviolet is perfornmed in an atnosphere
cont ai ni ng oxygen, ozone can be generated and singlet oxygen can be

gener at edwbyonzeoes When irradi ation gzt h I'ight having acmavahiengbss of | ess
than 180 nm anong ultraviolet is perf ozone can al so be generated and
si ngl et oxygen can be generated by ozone. [0071] Exanpl es of reactions

whi ch occur by performng irradiation with |Iight having a wavel engt h of

| ess than 200 nmand |ight having a wavel ength of greater than or equal to
200 nmin an at e, es>@pnt ai ni ng oxygen ar(]eédescri bed. @2 + hv (li nm O
(3P) + 0 (3P) (1)3P) + & B (2) @B + hv nnm) 0 (1D) + A2 (3) [0072]
In the reacti ofOfeohwiani)y, O6P)#@adi ati on (\&1)t h 1ight (hv) having a

wavel eng;@ _2{ | ower than 200 nm( 1 nm in an atnosphere contai ni ng oxygen
(), Qfflat oms in a ground state (0( 3P)) are generated. Then, in the
reaction formnul oxygen
(@2) react wt ﬁﬁlgé%ﬁa&ﬂﬁ()%g%gg ME’:]]ahi’%ug% gﬁglul%%@ts&é’g%r gvfg%jleﬁ%lﬁ

t he r gactdfaowéothaniR60 o) (A, inii)ddiaa tatraospheichconiagiihg bRaydend 0s), \way gdreatgink (I 2
nm of greater than or equal to 200 nmin an atnosphere containi ng

gener at edn@zmemtmty (p£ Pybare gepgiatedo  berbinthe wactigmdformulad2h the @sxa)enu n an

t ed I ht
avi ng.a Sab oD éh IR IEIBTHF ARE BT (o) MR Run, CAAPONEL RRotely o
gener at e czoat€OWhid genaratexdil dThem imd thér reacgioh ﬁaamulag(&), weadédtimng tvith olighy r eat er

than or equal to 200 nmanong ultraviolet is perforned to generate si ngl et
oxygen byhaEEoHIYEIsEH - Bn am)Tofegis2ish han, %rat:‘ilt‘téﬁlltto FO9chm B At BResphere ¢

mor caty’ 1SR BERRETTAORY () SRk O dcteltathell ofy g BOEDRITHRC, ) gen.
[0073] BExanipddestatef ezt attm:sphrdnc ccbnuammg obygqnemfrmlmmgwnmr Rglitaliaving wi t h
her e contalnlng

| i ght havin | engt h | ess th Onmln an_ at nos
oxygen ar&V g@&&‘?ﬁé&“ tga LY a(‘}°§gr’t'% E’tllﬁ)"eﬁfoﬁne(dS'P)gC(‘ﬁ’)gted’zf’g‘P)"h#l

(5) irradiation with light having a wavelength of greater than or equal to 200 nm among

ok

ultraviolet ié"ﬁérfo’rméd to generate singlet oxygen by decomposing ozone. The 0zone

15 freatment described above, for example, can be performed by irradiation with light of a

lew-pressﬁte mercuty lémp (M= 185 nm, A, = 254 nm) in an"atmosphere eontaining
oxygen.
[0073]

Examples of reactions which occur by performing irradiation with light having

20  a wavelength of less than 180 nm in an atmosphere containing oxygen are described.

0; + hv (\; nm) — O(*D) + OCP) 4)
OCP)+ 0, = 0; (5)
03 + hv (A3 nm) — O('D) + O, (6)
[0074]
25 In the above reaction formula (4), irradiation with light having a wavelength

(A3 nm) of less than 180 nm in an atmosphere containing oxygen (O) is performed to
generate singlet oxygen O('D) in an excited state and an oxygen atom (O(3P)) in a
ground state. Next, in the reaction formula (5), an oxygen atom (O(C’P)) in a ground
state and oxygen (O>) react with each other to generate ozone (O3). In the reaction
30 formula (6), irradiation with light having a wavelength (A3 nm) of less than 180 nm in

an atmosphere containing generated ozone (O3) is performed to generate singlet oxygen



03 +hv (I3 nm O (1D + 2 (6) [0074] In the above reaction fornula (4),
irradiation with light having a wavelength (13 nm of less than 180 nmin
an at nosplheneiindrai ni ng oxygen (Q2) is perforned to gererapmisisvgdet
oxygen O (1D) in an excited state and 23n oxygen atom (O( 3P)) in a ground
state. Next, in the reaction fornula (5), an oxygen atom (0( 3P)) in a
ground state and oxygen (2) react with each other to generate ozone ((3).
In the reaction fornmula (6), irradiation with |light having a wavelength (13
nm of | ensantdieied §@teMiid dky@én. At MBMPAROSpHeANESRitaThing B§BET, Fredla@ePWRh( B) is
performed to generate singlet oxygenin an excited state and oxygen. In an
at mos pherléght drvingni rivavsiepgtin of iless dhamtliB8nnmi among ghiraviedsti isgpeafored|tengt h of
| ess than_ 180 nm among. ultravi ol ' erfo r ne dto
gener at o EPRGIOERTTIR 1 bRl Snflby PR by e B e b Ty SEASE B BEe eat men
descri bedozheRatnicnt dexditiel &boed fobexfrplt Otdteble Pyrforicldby iiradiatidn Withi ght  of
a Xe excinmer W lanp (13 = 172 nm) in an atnosphere containi ng oxygen.

[ 0075]5 Chight ehi Xssweimeg WY lamp Gp gabfiZam)ibanaHoespheicLon@ining oxyssnr f ace of an
object is @Zﬁ] by light having a wavel ength of |less than 200 nm so that the
organic 5[19 ance attached to the surface of the object or the organic
subst ance WhoseCHhfitil Ganding i iad @rganiciibsance ftrch@imoveshriite 0F aflabjeeeis
deconposition with ozone or singlet oxygen generated by ozone. By

per f or ni rigt wclpgféﬁla&wanaewaw@la@gﬁgmf Jess wﬂ@ﬁmm,i@ thabPierqrganip gubsiancey of

the SUr ! Afichla bt SBEEE br BRI bGERAAGH: » B0 ARG RARLANGoidd e

base substrate can | eve one IS generate y per m ng
i rradioat i cun cavi bdiremidvied biy @xédative dedongiosivop vdtheozoan basinglegoxygegaener@zedne i s
effective in renoyal %f t he orlgani C substance ttacgﬁd to the surface of

the obj ecly, ©3%9eadly (ReHRMUESYFIL an OoRfetieatiment, a hydropBilici RIgPSTHY P¥hBYAY of t he

or gani ¢ S¢fift aneRe f HRWE toh bdicRidsdRaRd ﬂiox{%hfonﬁm ith 8% DIMCSubRRaRr NOre
t han ozone. Ozone and singl et oxygen are exanpl es of oxygen in an active

state, anandelachievéd/ely call ed active oxygen. As described with the above
reacti onolfoﬁz | ae and the like, there are reactions where ozone is
gener at ed- generating singlet oxygen or singlet oxygen is generated by

ozonegs accor di MHone i$ péilkrdt@PBY peHRSiRE irvdii A itie akdal Ikt i avBiredbphere
containing oxygen. Ozone is effective in removal of the organic substance attached to -
the surfacé of the object. In addition, singlet oxygen is also effective in removal of the
organic substance attached to the surface of the 6bject as much as or more than ozone."
Ozone and singlet oxygen are examples of oxygen in an active state, and collectively

20 called active oxygen. As described with the above reaction formulae and the like,
there are reactions where ozone is generated in generating singlet oxygen or singlet
oxygen is generated by ozone; accordingly, such reactions including a reaction to which
singlet oxygen contributes are called an ozone treatment for convenience.

[0077]

25 Next, a process of preparing for bonding the base substrate 120 to the
semiconductor substrate 100 is described. The following process corresponds to
Process B in FIG. 6.

[0078]
First, the base substrate 120 is prepared (this step corresponds to Step B-1 in

30 FIG 6). Specific examples of the base substrate 120 include a semiconductor wafer
such as a silicon wafer or a germanium wafer, and a compound semiconductor wafer

such as a gallium arsenide wafer or an indium phosphide wafer. It is preferable that a



si ngl et oxygen contributes are called an ozone treatnent for conveni ence.
[0077] Next, a process of preparing for bonding the base substrate 120 to
t he sem owodunyBns7substrate 100 is described. The fol | owcmgrpnooaess
corresponds to Process Bin FIG 6. [06#8] First, the base substrate 120 is
prepared (this step corresponds to Step B-1 in FIG 6). Specific exanples
of the base substrate 120 include a sem conductor wafer such as a silicon
waf er or a germani um wafer, and a conpound sem conductor wafer such as a

gal I'i um aisgechgtaledmricomductdt waleh Bemsed as plel @eontbdeaticonductos wafeeflor ahlte t hat
asingle crystal sem conductor wafer be used as the second sem conduct or
waf er 1012 poyerysialbige yerpiconductorygafenmay bp yerd asrwelhf df islse prssibledg usg avel | .

it oo oRORRLALE vifer BEatod SRR VR Gt dHioRIS sibo b il 34! N0

| attice i'’con Ber mani um i ermahi um i

si licon, which lgernhdnfem iSaddedao shimenng thatike.ceSiticed bating hatticendittertioarcard by
bei ng deposited over silicon germaniumor silicon nitride, which has a

| ar ged | e forwed by heing d%n?aﬁefgmrc%lﬂﬁonpgqr@awam Qepijicon niids.whigh Bas pat e

havi ng highcPedlice &akahAMaR sTRY beé&i@ﬁl i@y, D GuBBS&bSHAS Hadhn lﬁ%ﬁph den this
enbodi rrent%éea Sili coh war er si s used as t ey’baglé su stratealzg. 00%9] An
i nsul at i ngsistahca may bb esddoasrtbel baseesubstge H28 e mubistanziodirh®0, ¢ sihicen whtep

corresponds to ep B-2 in FILG 6). For exanple, a silicon nitride film a
silicon rf?f’?‘idoaé%?gﬁﬁsgl?sltrﬁ{e gﬁ alumnumnitride film or an al uni num
nitride quoge filmmay be formed on the surface of the base substrate 120.
Since such an insulating filmis used as a bonding layer, a surface of the
i nsull@ting fil ma dngulatingr flsr ymay Raaformedl avar dheddpset substrpisr &4} (s stepi ve
bondi ng. Speci fi.cal e i atgng filmis.forned.to have.an average
surface rc&%ﬁ ?Rloélg 3 ijl0( %5’ BE)? "bi.:% %k' m II?;)orr age fgr’;fril g‘llﬁg? Bb'ilqen@%%sszlﬁ%rn e %rr @ﬁ ghness

(Rrs) of didOfimiNaaralireimgm ifaide flie e adbluyninéh nitvide agile Filinf BEELE futgledess of
0.35 nmor |less and a root-nean-square roughness of 0.45 nmor |ess. The

i nsul at i riR el wrfgeeepkthedhape rabkstete h2Q Kk ndsee sichian insylating Sémimusstt puai ve,
ore pr eftﬁ)rnaﬁxlgy}ayég a"SirkRe ]&Othgrﬂlglﬁgtlili‘és k%A 'is[ﬁ}gépa]bly planarized in order to-
15  suppress defective bonding.- Specifically, the insulating film is formed to have an
average surface roughness (Ra) of 0.50 nm or less and a root-mean-square roughness
(Rms) of 0.60 nm or less, more preferably, an average surface rdughness of 0.35 nm or
less and -a root-mean-square roughness of 0.45 nm or less. The insulating film
preferably has a thickness of 10 nm to 200 nm inclusive, more preferably, 50 nm to 100
20  nm inclusive.
[0080]

A surface of the base substrate 120 is cleaned before the bonding. The surface
of the base substrate 120 can be cleaned with chlorine acid and hydrogen peroxide water
or by megahertz ultrasonic éleaning, two-fluid jet cleaning, or cleaning with ozone

25 water. Similarly to the insulating film 122, the insulating film is preferably bonded
after an surface activation treatment such as irradiation with an atomic beam or an ion
beam, an ultraviolet treatment, an ozone treatment, a plasma treatment, a plasma
treatment by application of a bias voltage, or a radical treatment (this step corresponds
to Step B-3 in FIG. 6).

30 [0081]

Next, described is a process in which the semiconductor substrate 100 is

bonded to the base substrate 120 and then separated into the semiconductor film 124



A surface of the base substrate 120 is cl eaned before the bonding. The
surface of the base substrate 120 can be cleaned with chlorine acid and
hydr ogen wenow/desnat er or by negahertz ultrasoni c cl earcmgp2divossbdaui d | et
cl eaning, or cleaning with ozone wat er2® Simlarly to the insulating film
122, the insulating filmis preferably bonded after an surface activation
treatnment such as irradiation with an atom c beam or an ion beam an
ultraviolet treatnment, an ozone treatnment, a plasnma treatnent, a plasm

t r eat mentbdided Bpttc ke Qibstrhteal 201 vBick ¥ fodkean SOT ubstdiecald 4 sanicomivictdrt hi s
step corresponds to Step B-3 in FIG 6). [0081] Next, described is a
process iubgiFate h21 plderseparatapmtvbich s subigctadipa reprocessingdrratiaent @nd Fasethse

substr at t ' ' . fd 124bonded to
t he bas eeglgjekz)@%lg‘g'ﬁ' & d%g%sag@g{?%@&ttg @%(gcegsﬂéé%ﬁ Sgs(ﬁ'gg% g%sgj g‘nﬂkgb'sem conduct or
substrat 0082] after separation which is subjected to a reprocessing
treatnent and reused._ The foll ow ng process corresponds tQ Process C (a
bondi Ry pr ocesdYextmspllastrated K 14Adhe semicondyctprisubsteae L0 pnestheabasehe
sem cond t At sg:pulast . . o] each
R e S A L e L A R i

i nsul at i nherfebétwedi? 8o flmt de inthidatirgstiins U faces the Hale subdgratet 120sidet (Eps step

corresponds to Step.C-1.in 6). [0083] The bondi ng can be perfornmed by
appl yi ng mé@fﬁé“&teﬁﬁoﬁngﬁ% cnm? to 500 NcnR, preferably about 1 N cn®
to 20 N gjlo a part of the end of the base substrate 120. The bonding

between the insulating film 122 and the base substrate 120 starts fromthe

portil®n of the Bedwndimgsanhe pedommaddbyriptying peespure o abautOsl Niomite§08nd

720" and CNRTCo Aottt Hobit ICHERT b 2 Bl 5 R bt SRR Sapabsiiecal ) ©

However, E9. I ThtWosdiagitedi¢santhe insuldting filas @22vand ¢hd b&cpabstpienad spewt i on of
t he sem conduct or substrate 100 includes a chanfer portiogn, the base

subst r at ram shepprtiomef therbreondsiEaten 26 ihwhichithe prsssuse & applicd AndpRecerds wi t h
each ot hesrpoht'ané(nlglyc mHPQ{OUPQBE'ﬁPfaCé,OQI%S]thuS one base substrate 120 and the

15  semiconductor substrate.100 are bonded to each other.
[0084]
However, as in this embodiment, in the case where the peripheral portion of the
- semiconductor substrate 100 includes a chamfer portion, the base substrate 120 and the
semiconductor substrate 100 are not in contact with each other in the chamber portion.
20  [0085]

When the semiconductor substrate 100 is manufactured, a CMP method or the
like is used as finishing polishing. In the CMP method, a slurry (an abrasive)
penetrates between the semiconductor substrate 100 and an abrasive cloth and passes
between the semiconductor substrate 100 and the abrasive cloth by centrifugal force;

25  thus, the semiconductor substrate 100 is polished. However, when a slurry penetrates
a little therebetween at this time, the peripheral portion of the semiconductor substrate
100 is polished faster than the center of the semiconductor substrate 100, so that a
region where the substrate has a smaller thickness and has lower planarity than the
center, which is referred to as edge roll off (ERO), is formed. Also in the case where
30 there is no chamfer portion at an end portion of the semiconductor substrate 100, due to
the ERO region in the peripheral portion of the semiconductor substrate 100, the base

substrate 120 and the semiconductor substrate 100 cannot be bonded to each other in the



When the sem conductor substrate 100 is manufactured, a CVP nethod or the
like is used as finishing polishing. In the CW nethod, a slurry (an

abr asi ve)wpeogirseé7es bet ween the semi cégnductor subst r at ecTQ020a0/05%9%
abrasive cloth and passes between the“Sem conductor substrate 100 and the
abrasive cloth by centrifugal force; thus, the sem conductor substrate 100
is polished. However, when a slurry penetrates a |little therebetween at
this time, the peripheral portion of the sem conductor substrate 100 is
pol i shed Pegiph&al pdition bhthe semicondtortshbst & GDMddaic@asssubst rate 100, so that
a region where the substrate has a smaller thickness and has | ower

pl anarity[()%@n the center, which is referred to as edge roll off (ERO, is
formed. Also ify faB&‘iuﬁﬁl sd"ﬂ%@ chié%ﬁr‘ert:% egjgerﬁ% Brti% roff' D éhic SRRy
portion of the sem coni ctor su strate region in the
peri pher aubgtatd t(dihlsocfamalged be @ caoied e ter lilsutwhén ﬁteeseﬂ:ﬁ)@mdudter sudbsteate 1061t r at e

{nepar pHFHPIREF Poiolics IS Besh ONEE gD 28aits pepBorotsiarbgre dlcs

[0086] | neaafistiveifdRdetooGich '&tﬁe’i‘?n gﬁ@ﬁﬁp&h@n BPfHe%@ExE&;‘nd@&&t hudSrat the
sem conduct or substrate 100 is carrier or the |Iike when the

seni conduldOadn seubsisesat e 100 i s transferred or the like, the base substrate
120 and tﬁg em conduct or substrate 100 cannot be bonded to each other in
t he perlp[ §7 portion of the sem conductor substrate 100 in some cases.

[0087] The bonctrh@q)oham@qg bertomibdoy Vandelewadd dbise f o 68t the Bohdiag id fitn bondi ng
is firmeven at roomtenperature. By applying gressure to the sem conduct or

substlfat evenEt sonin térBpasatyee. s s em&yleg pressurcHe the semisaaductarrsubsiraie 180e 100

and the bage, suhstiated 26 GAD.Aa HIdElY LORART 4P EARD aLNGRshi Hygr ogen
hopag L 18y L0 arcthe bdse Sbstlte 14

bond. Not®® t ecause ove I'ng can be per

t enper at was, be\/f&ltnl bendedoRt éxhagha by bﬁlrolg@db(aﬁl t INotd dme becHasé tl&taaboizao as
descri bed above. BIS?% In the case where a plurality of sem conduct or
subst r at &9nding capéw Bged 3t # hRW SeraReratyss (VaHpRs S‘tbﬁtét‘tés §3ebe ¥3Rd 35S in

whi ch thq)p Séﬁ?}%“g%&éﬁged?"&ﬁe in contact with surfaces of the

i nsul at i ng cause difference in thickness of the
sem dﬁndt{ﬁﬂ&ﬁ] substrates 100. Therefore, it is preferable to apply pressure
not to one In the case where a plurality of semiconductor substrates 100 are bonded to the
base substrate, there are some cases in which the base substrate 120 is not in contact
with surfaces of the insulating films 122 because of the difference in thickness of the
semiconductor substrates 100. Therefore, it is preferable to apply pressure not to one
20  of the semiconductor substrates 100 but to each of the semiconductor substrates 100.
Even in the case where the surfaces of the insulating films 122 are a little different in
height, the bonding can be performed on the entire surfaces of the insulating films 122
as long as part of the insulating film 122 is in close contact with the base substrate 120
by bending of the base substrate 120.
25  [0089]

After the semiconductor substrate 100 is bonded to the base substrate 120, a
heat treatment for increasing the bonding force at the bonding interface is preferably
performed (this step corresponds to Step C-2 in FIG. 6). This heat treatment is
performed at a temperature at which the embrittlement layer 104 does not crack;

30 specifically, at a temperature of 200 °C to 450 °C inclusive. By bonding the
semiconductor substrate 100 to the base substrate 120 by the heat treatment within this

temperature range, the bonding between the insulating film 122 and the base substrate



of the sem conductor substrates 100 but to each of the sem conductor
substrates 100. Even in the case where the surfaces of the insulating filns

122 are aybibid@eghfferent in height, the bonding can becpapifasi®den the
entire surfaces of the insulating fil#é 122 as | ong as part of the

insulating film2122 is in close contact with the base substrate 120 by
bendi ng of the base substrate 120. [0089] After the sem conductor substrate
100 is bonded to the base substrate 120, a heat treatnent for increasing

t he bondirg éaﬁr&est@hgmeﬂedao NtheMkai fieRieAC forl ificrBisti L thRtBondREY forde™cthe t hi s
step corresponds to Step G2 in FIG 6). This heat treatnment is perforned at

a t enper dondagdnterfagecis praferablyrporformedrgyncessinely imavappamsusata placecyhere

specific t a te ur 0 ' RV bondi ng
the sem i dnie s BIRFLEL" 1B Stos o ol Bo PRl 35 freailte B8

t r eat mentbontlingi foréenias the Hpadiag Uinterfagéld enothdiehdxo neiangeeforespatatifg i thsul at i ng
film122 and the base substratel20 can_ be strengthened. The heat treatnent
for i Acr SsEiGegdugier whpiate 409 alopg therembyittieraentilanst 184 avay deperfermgdef er abl y

per for negogg{ﬁcessi vely in an apparatus or a place where the bonding is
performed. 1n succession to the heat treatnment for increasing the bonding
force at the bdNudé nigati wiear b gaeticlanotthe likb datatthehedt toetht Homdingeqafaat iing t he

sem condyct Qr substrate 100 al on e e ittl ement yer 104 be
per f or me .0“3’(969’66] SeRicRnduRir Sa}PPéﬁgeaﬂbatPttHg F’éseoﬁ“gftﬁée I&‘iéﬁ‘? Boriop g@i‘/?é 2t 0 the
bondi ng ?ﬂhﬁ&’&@r #hB 1iROAIHAPnER P B FRAIUE] SideStRRLIPIRcAREnd oF 4 BiRtikase

substrate 120, the portion where a particle or the like is attached is not
bondd@. Ite the bendingsuface,dhasemichndustorsubsirase 100 ehd thedbash sulistratdi 129 arer f ace,

t he sem condugior substrate .10 nd, t h ase substrate 120.are.preferably
bonded | PRl PR I b Hifent IRAMER ARSERe A1 HE Bre.ohaPRdRE LS
sem conduyginfondutdist Judbteatd Q00 tPtheRsdametrad 180 the Procdsh cHahibePinag @ase g hamber

may have a pressure |ower than an atnmospheric pressure such as a pressure

of about pPsesSuig lo@ethea an ptrmosphatie pressuse such #fca preasiirg 9f ppast S xdi0sParmy be
cl eaned. J,0091] Next s, illustrated in FI.G 4B, m crovoi ds adjacent to each
ot her in]%hl‘?@%g%’ﬁlhfﬂietqféﬁ%mndprc?ﬁ3158r"éaycbc?rfg?aﬂggi by a heat treatnent, and
the nbcrquedlgs i ncrease in volume. As a result, through an explosive

reaction in the enbrittlement |ayer 104, i ) )
Next, as illustrated in FIG 4B, microvoids adjacent to' each other in the

~ embrittlement layer 104 are combined by a heat treatment, and the microvoids increase

in volume. As a result, through an explosive reaction in the embrittlement layer 104,

the semiconductor film 124 is separated from the semiconductor substrate 100 (this step

20  corresponds to Step C-3 in FIG. 6). Since part of the insulating film 122 is bonded to

the base substrate 120, the semiconductor film 124 which is separated from the

semiconductor substrate 100 is fixed to the base substrate 120. In addition, a

separation plane 133 is formed on the semiconductor film 124 by separation along the

embrittlement layer 104. Since the separation plane 133 is part of the embrittlement

25  layer 104 before the separation of the semiconductor substrate 100, the separation plane

133 has a large amount of hydrogen and crystal defects formed by the separation of the

semiconductor substrate 100. The heat treatment for separating the semiconductor

film 124 from the semiconductor substrate 100 is performed at a temperature below the

strain point of the base substrate 120. Note that the semiconductor substrate 100 from

30  which the semiconductor film 124 is separated is called a semiconductor substrate 121
after separation.

[0092]



the sem conductor film 124 is separated fromthe sem conductor substrate
100 (this step corresponds to Step CG3 in FIG6). Since part of the

i nsul ati ngofblomsdé@d 1S bonded to the base substrate 120pcihip20563996nduct or
film 124 which is separated fromthe &m conductor substrate 100 is fixed
to the base substrate 120. In addition, a separation plane 133 is fornmed on
the sem conductor film 124 by separation along the enbrittlenent |ayer 104.
Since the separation plane 133 is part of the enbrittlenent |ayer 104

before the sepa@tthRMedf tréé&ﬁelﬁeﬁﬁrzﬁﬁ@%ﬁﬂf anﬂé?l%ﬁg TA) arabl}€ a 36RARL | ON
pl ane 133 has a |arge anount of hydrogen and crystal ‘defects formed by the

separ at i dreatifig futeaceeai € ometawa vy heatibg apparaud 0 beTised hekbor the BIArmpparafusy

separating the sem conductor. fi 4 fromthe sem condugtor .substrate 100
P pert orhith TS b Asteint ORI ne SR ftoe JTREaDs Erda 0B bBsc  ate
120. Not gIIRTA) appRat€EheBOIGedt or substrate 100 from which the sem conduct or

film1l24 1s separated is called a sem conductor substrate 121 after
separ & i d9093]0092] For this heat treatnment, a rapid thernmal annealing (RTA)

apparatus, 2 TSRIGLINE JOAIND EHARES L . TLE8UBNRARA LARaRRT,AL S

can be used. For pn§r atus; anneal’l ng A)

appar at usth@arkel AHBOrEPIohS0PET fBlusFE AR the GrebtafdhflimR AR bRtseEinChBb riifgeused.
[0093] In the case of using a GRTA apparatus, the heating tenperature can

be set i roft Bé mimye tof60580nwes inclehE. 0dnithelaasd V& usingda trhwstanceaheting t i me
can be set in the ran of 0.5 mnute to .60 mnu bAGl ysiwe. . I n the case
of "usi ng ApPpBus. fhe FE° fertherat B dat ot i aRked 50 dp 20, T indlisiyd® et T
t he r@ngexmafthe@fatient ®mbesh Bsek ﬁPﬂhH?iﬁ%@ o RthoiRRo U Aty MBlusiveN® can be set
in the range of 2 hours to 4 hours inclusive. [0094] The above-descri bed

heat tred0 may be perfornmed by dielectric heating with a high-frequency

can be porfor mN oy Frrites et el B AN Be Pt URleBI bR o

f r equencywiti\vie hightfréduencyiigee GucBQS dgiciowvaye THThaMtieah trestnpanekhigetheat a
hi gh-frequency generator. Specifica for_ exanpl irradiation with a

m cr owav edigiegthic ewluzq@@rhftyp%ﬁonz?%y‘ggdi@m‘tbé S?{E%Cf)gf?‘}% sgbstatp 199 with 14
m nutgs t{lﬁgﬁ)f&aﬂgncy waves in the range of 300 MHz to 3 THz which is generated at a
high-frequency generator. Specifically, for example, irradiation with a microwave
‘with a frequency of 2.45 GHz can be performed at 900 W for 14 minutes to expand
microvoids and combine the microvoids adjacent to each other in the embrittlement
layer, so that the semiconductor substrate 100 can be separated at last.
20  [0095]

In addition, similarly to the separation plane 133 on the semiconductor film
124, a separation plane 129 on the semiconductor substrate 121 after separation is part
of the embrittlement layer 104 before the separation of the semiconductor substrate 100;
accordingly, the separation plane 129 has a large amount of hydrogen and crystal

25  defects formed by the separation of the semiconductor substrate 100.
[0096]

The peripheral portion of the semiconductor substrate 100 is not bonded to the
base substrate 120 in many cases due to the chamfer portion, the ERO region, a damage
formed at the time of transfer of the semiconductor substrate 100, or the like. When

30 the semiconductor film 124 is separated from the semiconductor substrate 100 in such a

state, the peripheral portion of the semiconductor substrate 100 which is not bonded to



m crovoi ds and conbi ne the m crovoi ds adjacent to each other in the
enbrittlenent |ayer, so that the sem conductor substrate 100 can be

separ at edyatrzol@she71[ 0095] I n addition, simlarly to thepggRps@bodoP! ane
133 on the semiconductor film 124, a £fparation plane 129 on the

sem conductor substrate 121 after separation is part of the enbrittl enent
| ayer 104 before the separation of the sem conductor substrate 100;
accordingly, the separation plane 129 has a | arge anount of hydrogen and
crystal defeagks fuBsPRE 120 tMRaiRERA" el 9Rbndidfors AsaARA UG, OhindS WRART hat e
100. [0096] The peripheral portion of the sem conductor substrate 100 is
not bondeauojectinghportian €26 ub senmedeon the pemiphenyyofcthe semibgaduator $ubsteatailér
portion, the ERO. regi a .damage for at the.t.inme of. transfer t he
o cond DS TRAORY adBe pRICTRIDRIH TRER R pichitind BuRrelshBaT S P 12
i s separ af eéndihd {dAdcoRIicPNeyt D25, Siash raininldld) insuldtehfiBn S8t € Thehe
peri pheral portion of the sem conductor substrate 100 which is not bonded-
t ot he Shasemdiespmduetax &ilmob24 srhichds smatlere thaanthe oveenieanducton isybsteate 1080 and
thus a pngj ' t] ] is formed on the periphery of the
senicondd%#ggigﬂ %pggfggﬁﬁégg¥%er separation. The projecting portion 126

has a rer@09ng enbrittlement |ayer 127, a remaining semnm conductor |ayer
125, and a renmini ng insulating film123. The sem conductor film 124 which

is smaller thadNatadhatein donpkadinent 4oy 4he semicondugion substiaty (RL HigLe

substr at . 7 t e “ﬁgp ' h ] tor
substrat :Se%%%n%r¥?1%3' ls)eegg%gﬁ @2 fr%llal?/ ?E)yr % tl)lgl/) %F%gwtngest%ﬁgéi?fgggﬁgup to
St ep 10 deswhadioeenti n t hi s enmbodi nent. [0098] Next, described is a process of
removi ng b&§$separation pl ane 133 and planarizing the surface of the

sem condd 1'fi1m 124 which i s bonded to the base substrate 120 to recover
crystallinity. N H&cHBYM N PRERSS of OfeidviNdfe sEpaphtfih Pldng 13iandi NY
process of an SO 'substrate) in FIG 6. [0099] The separation plane 133 on

t he seni qdandgigingr thejsunfage of e s¢micondngtasr el t184 which is bonded to the base

. substrate 120.to recover crystallinity. . The following process corresponds to Step D-(a

15  finishing process of an SOI substrate) in FIG. 6.
[0099]. .

‘The separation plane 133 on the semiconductor film 124 which is adhered to
the base substrate 120 has a crystal defect and the planarity-is damaged due to formation
of the embrittlement layer 104 and separation of the semiconductor substrate 100 along

20  the embrittlement layer 104. Therefore, as illustrated in FIG. 4C, the separation plane
133 may be removed by polishing and a surface of the semiconductor film 124 may be
planarized (this step corresponds to Step D-1 in FIG. 6). Although not necessarily
essential, the planarization makes it possible to improve characteristics of the interface
between the semiconductor film and a gate insulating film that is to be formed later.

25  Specifically, polishing can be performed by a chemical mechanical polishing method (a
CMP method), a liquid jet polishing method, or the like. When the separation plane
133 is removed, the semiconductor film 124 is polished to be a thin film in some cases.
[0100]

Alternatively, the separation plane 133 may be removed by etching so that the

30 semiconductor film 124 is planarized. The etching may be performed using a dry
etching method, for example, reactive ion etching (RIE), inductively coupled plasma

(ICP) etching, electron cyclotron resonance (ECR) etching, parallel-plate (capacitively



t he base substrate 120 has a crystal defect and the planarity is damaged
due to formation of the enbrittlenent |ayer 104 and separation of the
sem condusbanisusbstir ate 100 al ong the enbrittl enent | ayectifhiodivesef ore,
as illustrated in FIG 4C, the separatiOn plane 133 may be renoved by
polishing and a surface of the sem conductor film 124 may be pl anari zed
(this step corresponds to Step DI in FIG 6). Al though not necessarily
essential, the planarization nmakes it possible to inprove characteristics

of the i r&oegfeaqu@eétmﬁg inAgnes@l sladiek! eichingf dhal fesiledcydplasmh etdhims, iorg film
that is to be forned later. Specificall pol i shing can be performed by a
cheni cal hebicam wave plasepiciahing ritp dept by %{@bpah%‘{%mhshma qnficﬁﬁhépg ®ay §6l i shi ng

et hod. QmiBfed CptE0 SEhR.AaPYiA 333 PhaRGdEE, bt IRIWAtkee eine

|Im 34 s bd”a"t I''min sone cases. [0100]
Al ter nat|seﬁh<yondt1bterﬁhpa2atslpjﬁhapﬂzad1e 133 may be renoved by etching so that
the sem conductor film 124 is planarized. The etching may be perforned
usi ng 93 Obk chi ng met hod, for exanple, reactive ion etching (R E),

i nductively COW;&QW&@S%%% }hlﬁ GRd Bhin ﬁlcekfdﬂ nQISQh?bfaﬂﬁh{aﬁ%H'aﬂﬁce

(ECR) etching, para cap C|t|ve coupl ed type)  etching, magnetron
pl asma etsunfaogof e atmicoaduotordyinpl 246 ﬂu: setrd¢nndgetoofilothd 24 canbevemade pi asha

N

sem condugy@sy fil m 124 is planarized. [0101] Furthernore, by the polishing
and etching, in addition to the planarization of a surface of the

seni dénduct or flhiasen irpatliationemagnbe padformask oni then separatiom phanendde and hach a
thin filmthat nduc | net whi fahricated
acer . [ oepsepiider Him 12 oflsn B R5%scBE T tefeS TR imPyE dne bR ane
133 and tduﬁsstegbsﬁgg@uﬁdsqbs&é;}mzjﬁ4rmm)order to reduce the crystal def ects
and |rrprove the planarity (this step corresponds to Step D2 in FIG 6).
[0103] | OB case where the separation plane 133 is renoved and the

L RO 1 IR SRR el P SRR ) Qg 1
sur f aise ofentidvndsetor didmd W24 ds pladarized by dry etching before the laser irradiation,
damages such as crystal defects might occur at the surface of the semiconductor film
124 due to the dry etching. However, the laser irradiation.can also repair the damages
caused by the dry etching.
[0104]

20 Since an increase in the temperature of the base substrate 120 can be
suppressed in this laser irradiation step, a substrate having low heat resistance can be
used as the base substrate 120. It is preferable that the separation plane 133 be
completely melted and the semiconductor film 124 be partly melted by the laser
irradiation. This is because when the semiconductor film 124 is completely melted,

25  the recrystallization of the semiconductor film 124 is accompanied with disordered
nucleation of the semiconductor film 124 in a liquid phase and crystallinity of the
semiconductor film 124 is lowered. By partly melting the semiconductor film 124,
so-called longitudinal growth in which crystal growth proceeds from an unmelted solid
portion occurs in the semiconductor film 124. Due to the recrystallization by the

30 longitudinal growth, crystal defects of the semiconductor film 124 are reduced and
crystallinity thereof is recovered. The state in which the semiconductor film 124 is

completely melted means that the semiconductor film 124 is melted to be in a liquid



124 due to the dry etching. However, the laser irradiation can also repair
t he damages caused by the dry etching. [0104] Since an increase in the

t enper at uge 20{o/ish1base substrate 120 can be suppressedpichyspiii8od@6eLr
irradiation step, a substrate having 13w heat resistance can be used as the
base substrate 120. It is preferable that the separation plane 133 be
conpletely nelted and the sem conductor film 124 be partly nelted by the

| aser irradiation. This is because when the sem conductor film 124 is

conpl et el a8 tRAntekfage WREMHS idllatia@ AN 20f Oieths ihs DAHM GthOktafe WHRrd24 i s
acconpani ed with disordered nucleatron of the sem conductor film124 in a

| i qui d pHheeemiednduciostfilm 134 isypaty mieked mepmsothduan vpper iprrhtheraofi is medigdr ed. By
partly | ting._the sem conductor film124,. so-¢called |ongitudinal growh in
whi ch c?‘;tg:bgll zg’]?%Wtth 6?Co%n§eagl(séwgf%%{ g‘ﬁreﬁgﬁéfltaesaﬁ@g*'?sﬁ' portion occurs in the
sem condyotes] film 124. Due to the recrystallization by the |ongitudinal
grow h, crystal defects of the sem conductor film 124 are reduced and

cryst@ linity tAftardbe laser pepdintiopethe spiaces phthe semiggnduptor fidms24; mankact or
film124 | o] ] Mo fil IS
el ted £ &Rt RO coth Wyt e EAREof (BhehPnd RIMERRTKEL Rercrli ity ¥
122. On tlaeroirfadiatib@nthe tdparsioat planh€38 dhehs egimiconductbofilin 194 1iR4ndtS
partly nelted neans that_an upper part. thereof is nelted to be in liquid
phase and'e5eIS&r cEBi% Befoes cbt lpssr ilﬁaéea%}-i dMreeYen nossgasar vaeretBe | aser
I rradiat 's\%ﬁaraﬁ&ﬁ%ﬁh{{ {760 BF sLRfoRGTR SN £30% efdhh&‘})éi%fl’eztzllﬁé}l’asgxeirﬁd&lﬁﬁﬁ,- I'n

t he case ere t i

e surface of the sem conductor film is etched after
t he |18@serthe rsneai¢eadf dhe, serhicomdotor dfilimod 24| iamet I@8essarily hatchdmftantiadaser il m

124 is nat _necessarily etched f.ore the |lagser jrradiation. reaver, in
the case TARREST neALsstaPish e iR R3¢ ared b Beftn SRt s | o
et ched begfqamtibhie | aser irradiation, the surface of the sem conductor film

124 is not necessarily etched after the laser irradiation. Aternatively,
the etchilA408tay be performed both before and after the laser irradiation.

[106) B 1, SR ASREALRAA SR MRS R RIS
i n t hiscknesslasizéd, dnd the semiconductor film 124 can be reduced in thickness so as to be
suitable for the semiconductor element that is formed later..
[0107] .

After the laser irradiation, the semiconductor film 124 is preferably subjected

to a heat treatment (this step corresponds to Step D-3 in FIG. 6). By this heat treatment,

20  the defects of the semiconductor film 124 which are not repaired by the laser irradiation
can be eliminated and distortion of the semiconductor film 124 can be alleviated. For
this heat treatment, a rapid thermal annealing (RTA) apparatus, a resistive heating
furnace, or a microwave heating apparatus can be used. For the RTA apparatus, a gas
rapid thermal annealing (GRTA) apparatus or a lamp rapid thermal annealing (LRTA)

25  apparatus can be used. The thus manufactured SOI substrate is illustrated in FIG. 4C.
[0108]

Since a silicon wafer with high heat resistance is used as the semiconductor
substrate 100 and the base substrate 120 in this embodiment, a heat treatment can be
performed at 1000 °C or higher (typically, 100 °C to 1300 °C). In the ion implantation

30 process for forming the embrittlement layer, the semiconductor layer on the
semiconductor substrate 100 is damaged by the implanted ions. Such damage to the

single crystal semiconductor layer caused in the ion implantation process can be



suitable for the sem conductor elenent that is fornmed later. . [0107] After
the laser irradiation, the sem conductor film 124 is preferably subjected

to a heatwbheali¥gsh (this step corresponds to Step D3 iparhbssi1fdhsoodty this
heat treatnent, the defects of the sesfconductor film 124 which are not

repaired by the laser irradiation can be elimnated and distortion of the
sem conductor film 124 can be alleviated. For this heat treatnent, a rapid
t hermal annealing (RTA) apparatus, a resistive heating furnace, or a

m cr owav geafRkddNBy aRPAeat YRamdht byer qﬁ@reasanDrthé fn,%nﬁi{{;\amag@lt Yetwedn e rapid
thermal anneal i ng” (GRTA) apparatus or a lanp rapid tThermal annealing (LRTA)

appar at usemagongectos eghibstrite t1R0s andin tifeachase eduiSOiates UBKX r at Burthsmmoteusar at ed

Lo The o e entictame Mg Seaten Do R Eon Me'Shelt, S AL FmibaRBh R ey b s ¢

enbodi NMenhe bake REBYtratd XML iRRAGveS At dIgstpBhftP aR®planirity @0 theQbrfate. hi gher
(typicall 100 OC to 1300 0C). In the ion inplantation process for formng

t he eﬁbri[él@%m&nt | ayer, the sem conductor |ayer on the sem conductor

substrate 100 L SRIRBRToP Il TE N il Aleio SR S AP Y Ot g 10! ©

crystal sem con ayer cause 0Cess can
ber ecovergshuiyctirb@ SDEauUbStratawilbbé dedribed Qﬁ&a&m@dehe Hanti ngostthangé h
bet ween t he sem conduct or substrate 100 and the base_substrate 120.
Fur t her mdPROWIRgRIOAsst earsapends te Pracass K edlevirgmrogsaD i FIR#- on the singl e
crystal g onductor | ayer on the base substrate 120 inproves the
crystallinity and planarity of the surface. [0109] An exanple of
nmanufl@ct uri ng F1GeTilbshrdiss o rexareplecd dsemisomiycton elevice snaleting adtansistwr SO

b il be d bed with ref h
Fol T ow n@S0rUELE B FisAth bl S BRseugea { Qoprpr P ERSLS ProapIet o

[0110] Fltfin/fiich |tkh'§175fsﬁ)treSAa{?‘ar%¥}a'm|s%nﬁcfonﬂu@t@f“cﬁ@i&@éﬂém bedmuhectuit@l vl Ng a
transi stor 280 which is an n-channel thin filmtransistor, and a transistor

281 whi cleombininga phualitglof thin film itiansistors(dFds)or . A variety of seni conduct or
devi ces 3621 ?e manuf actured by conbining a plurality of thin film
transi st TFTs). [0111]

As an SOI substrate, the SOI substrate manufactured by the method shown in
this embodiment can be used. The transistors 280 and 281 are formed over the base
substrate 120 with insulating film 122 interposed therebetween.

[0112]
A method for manufacturing the semiconductor device illustrated in FIG. 7 will
20  be described below.
[0113]

As described above in this embodiment, the SOI substrate including a
semiconductor film over the base substrate 120 with the insulating film 122 interposed
therebetween is manufactured.

25  [0114]

The semiconductor film and the insulating film 122 are partly etched to form
an element separation layer 283, so that the semiconductor film is separated into each
element with the element separation layer 283 and element regions 251 and 252 are
formed as illustrated in FIG. 7. The element region 251 is included in an n-channel

30  TFT, and the element region 252 is included in a p-channel TFT. A silicon dxide film
can be used for the element separation layer 283, for example.

[0115]



As an SO substrate, the SO substrate manufactured by the nethod shown in
t his enbodi nent can be used. The transistors 280 and 281 are fornmed over

t he base wohkstiw@be1120 with insul ati ng@fi | m 122 i nt er poped/Jphroeivessreen.
[0112] A nethod for manufacturing the“Sem conductor device illustrated in
FIG 7 will be described below [0113] As described above in this

enbodi nent, the SO substrate including a sem conductor filmover the base
substrate 120 with the insulating film 122 interposed therebetween is

manuf act ured. AQlAdllatkREISEPS LRIV vef iHeBlancht réGors B! atin3g. f Then, 122 are
partly etched to forman el enent separation |ayer 283, so that the

senmi conducgae clertrede 255sis permedaayer theeleamnert regiement wightthe inselaing filn 254

separation,| 28 el nt 1.0 1. f .
il lustr atlielﬁrpla%gilﬂﬁr%ew%g ’ 3&%%9%13# rggﬁtlrgd?? %%Gllsﬁfsbg?lﬁcgl%ﬁ eglei eﬁérﬁ%ﬂnr_ g’ﬁgnnel
TFT, and 2326evigh g@Bfuldtdgifim Zddniespdsedihdftbdtweana p- channel TFT. A silicon

oxide filmcan be used for the el enent separation |ayer 283, for exanple.
[ 0115PCo [Bh1@lnsul at i ng film254 is forned over the el enent regions 251 and

252. Then, a g el??r%l tggg&ﬂfégmﬁr%ﬁ)rggn{ ﬁ;e@%dOXrﬂmnﬁJ}ﬁ%gie%mNhﬁ%%e%s?a 1 with

the insul ating | nt er pos et ween, and a gate ectrode 256
I s f or mecancace¢ptdt) such arwndn, rabghinnm? 52 gaititiin, bhen impuritatelengent WhinthXedves

i nt erposed therebetween. [0116] Before th m ductor filmis ched, an
i mpur i ty #I%AMEAE SHF iswr}@éh%gs saf%ﬁ’i“%&%lé‘ﬁ&éffbiy il tadsmiendapBrflim o
gal i um ;QkheSOf Sitrhte ¥n B RFRIonidl G2 (BRENAE vaRag? APROTFTS UG 82 gsphorus

or arsenic, is preferably added to the sem conductor filmin the
substlfat eani impuridgrelementowhic| serves ahaesivotpiov o added ¢F at hegioi-Peherd-@n

" ear on wicrend K bis i BF et ah R B el H R sty Gt
whi ch serddqu@}sa@gdﬁwerégpadmmlms tEH formddner e a p-channel TFT is to be
f or med. (0117]

Next, n-type low-concentration impurity.tegions 257 are formed in-the element

15. region 251, and p-type high-concentration impurity regions 259 are.formed in the
element region 252. Specifically, first, the n-type low-concentration impurity regions
257 are formed in the element region 251.. For this purpose, the element region 252
where the p-channel TFT is formed is covered with a resist mask, and an impurity
element is added to the element region 251. As the impurity element, phosphorus or

20  arsenic may be added. When an impurity element is added by an ion doping method
or an ion implantation method, the gate electrode 255 serves as a mask, and the n-type
low-concentration impurity regions 257 are formed in the element region 251 in a
self-aligned manner. A region of the element region 251 which overlaps with the gate
electrode 255 serves as a channel formation region 258.

25  [0118]

After the mask which covers the element region 252 is removed, the element
region 251 where the n-channel TFT is formed is covered with a resist mask. Next, an
impurity element is added to the element region 252 by an ion doping method or an ion
implantation method. As the impurity element, boron, aluminum, gallium, or the like

30 canbe added. At the step of adding an impurity element, the gate electrode 256 serves
as a mask and the p-type high-concentration impurity regions 259 are formed in the

element region 252 in a self-aligned manner. The high-concentration impurity regions



[0117] Next, n-type |low concentration inpurity regions 257 are forned in
the el enment region 251, and p-type high-concentration inpurity regions 259
are fornesoizniwizes7@l enment regi on 252. Specifically, firstrapironsdype

| ow- concentration inmpurity regions 25P%re formed in the el enent regi on
251. For this purpose, the elenent region 252 where the p-channel TFT is
formed is covered with a resist nask, and an inpurity elenent is added to
the el ement region 251. As the inpurity el enent, phosphorus or arsenic nay
be added.230&ivess 4 BRuEE topicH aTEldrdis rédeied Ayedon bphellphog BEbR@320r an
ion inmplantation nmethod, the gate el ectrode 255 serves as a nmask, _and the

n-type | o¥hiehmveransavitly thei gase eleetjodee gt oprsvessas & elanpgl fasapation regiore Pvent

regi on 253 ] f.-alli £ai.QR_.0 g £ eqi 251
wnion overroshol it s e B TRl e BB dip Lot BB F TR P RRSTT S
regi on 2589 i@lfbGhed\hftar the hetypaslkwdtineénteadiva rimputiey slgoms7r agiform&h?2 i s
renoved, the elenment region 251 where the n-channel TFT is fornmed is
cover & VHAFVEE thesh-bipe hpghrcongentiation Amppgity tegigne L thearibe fermerhligt t o t he

el enent r gmn 252 by an ion doping nethod or an ion inplantation nethod.
As the inpurity elenent, boron, alumnum gallium or the |like can be
added. At the sAftqr thé radbt whichacoversphe eleyneat egmt 251t heemaval, ah exsutabilg 256

serves as_.a mask and e p-type high-caoncentration inpurity regions 259 are
Forned | rilEHERaepamelr By SHOBass e SQE e Shara i Bober npound o
hi gh- concgBh a8 tsi1RBn IHARME ok Yan BROHNRAR SBEMC0:ad: & RPMEE By £PlaSRa aWDa drain
region. A region of the el ement region 252 which overlaps with the gate

el ectiodemetbed o theebkas Ehig insulating fidmnist danasetiopigalby ewbod iDasparpdsditulagre i s
the nethod ip which the p-type high-concentrafi I mpurity reqgions.259 are
formed af "eelpg??iewﬁqr?%@ldg‘g%\g&%SHgaéﬁgr@ﬂso%&i %‘%J???f}rer 061“8?153“ g{aﬁtr Vemﬁ or med,;
however, didee sificepof thdlgaeoslearddea2iss ranldnPad, irkspettda N SBy Uis Gamsotigpitor med
first. [0119] After the resist which covers the elenent region 251 is

renoved, S¢hipgdhg wmsulatng film2Phisialsg edchedngl e- 1 ayer structure or a
stacked-l,ﬁyﬁﬂ structure of a nitrogen conpound such as silicon nitride or
an oxi de ['suc as silicon oxide is fornmed by a plasma CVD nethod or the
| i ke:a5Thi s i nsWNead, thg éleinenti gegion 262 ripmiosedet ywith chegdist.n I paiepaodionn| ar
di rection, wher eb%/ sidewal| insulating filns 261 and 362 are for msc;l in
cont act \Hghyconcentration impurity regions serving as a source region and a drain region in the
element region. 251, an impurity element is added to the element region 251 at high dose
by an ion implantation method or an ion doping method. - The gate electrode 255 and
the sidewall insulating film 261 serve as masks, and n-type high-concentration impurity
20 regions 267 are formed. Next, a heat treatment for activating the impurity elements is
performed.
[0121]
After the heat treatment for activation, an insulating film 268 containing
hydrogen is formed. After the insulating film 268 is formed, a heat treatment is
25  performed at a temperature of 350 °C to 450 °C inclusive, hydrogen contained in the
insulating film 268 is diffused into the element regions 251 and 252. The insulating
film 268 can be formed by deposition of silicon nitride or silicon nitride oxide by a
plasma CVD method at a process temperature of 350 °C or lower. The supply of
hydrogen to the element regions 251 and 252 makes it possible to efficiently
30 compensate defects which are to be trapping centers in the element regions 251 and 252

and at an interface with the insulating film 254.



side surfaces of the gate el ectrodes 255 and 256, respectively. By this
ani sotropic etching, the insulating film254 is also etched. [0120] Next,

t he el emrewdb 208gis06v1252 is covered with _a resist. |n ordecrTe0fionsme

hi gh-concentration inpurity regions sEPvi ng as a source region and a drain
region in the elenent region 251, an inpurity elenent is added to the

el ement region 251 at high dose by an ion inplantation nmethod or an ion
dopi ng nmethod. The gate el ectrode 255 and the sidewall insulating film 261
serve as [ggsKs, and n-type high-concentration inpurity regions 267 are

f or med. xt, a heat treatment for activating the inpurity elenents is
performed. [0124ferAthabr an Hateplager inselatingnfilof 0369aés ifommadon, They intedayest i ng
film 268 . i N d Nl or.ned fter . I; L at.i ' 8 is
Formed, e DS 200 R AR cle RGIRC, o PAIRER SBALIART BCdbR D 0% 0
i ncl usi veastackydHayg€ Biredive ajfn@dinkiilatifie film Shddet dfngh fnokginRGBatesialdishdhised i nt o
the el enment regions 251 and 252, The insulating film 268 can be_fornmed by
deposidt i dHlieen oXide; flgnora bqrpa@sahosslmar%g}ﬁSSr(ﬂ’ﬁﬁg dilgy prfbamQreanig resitflnryp

nmet hod at .1e . at 3 I r : dr ogen
o the oIRerepBIRidCIREa i Bl " AhR ol RiRye Kl P fn il
conpensatiasulgtingcfilsn 869,chirmpe 270 abke fdrmedpi The odringsr 270 cant breferinedwrvith aegi ons

251 and 252 and at an jinterface with the jnsulating film 254,10122] After
that, an qoa#%wa?@m mmfg?ﬁ-ﬁgﬂr SHTGH R WhIch arGhcreslstamee, Imt@lrfﬁlgfywﬁ as

I nsul ati ng aidh MuABRnt &MarPRuhHuFRAISBHRY iskahdw EhERY RbefbatHBOherl AR
structure or a stacked-layer structure of an insulating filmmade of an

i nor géni cTheehagri¢raingtak fibths gan he $onmedorsingxingtal filmnsvdrichacdnszio phelypdrswin, i cat e
glass (BPSG) film and an,or ic resin filmpmade of polyimde, acrylic, or
the Ii ke.gﬁr{llgw@m%’ta éﬂrége % formed in the interlayer insulating film
269, wirijpgm]270 are formed. The wirings 270 can be formed with a
conductive filmwth a three-layer structure in which a | owresistance
netal film sucthaenghnthe stepsudaseiibad gboven 4l sermieRIdEPT clevice| haviag sthadwi ched

pet veen RALl FPEAnd h Tchalh PAF (chE be Bhilltalibtel® Rt fhahFalfinbs) N9
ybdenum chromum ti1tanium and/or like.
15 - process of an SOI substrate used for a semiconductor device in this embodiment,.a-
semiconductor substrate after separation is subjected to a reprocessing .treatment;
whereby a plurality of semiconductor films are formed using one semiconductor
substrate; therefore, a reduction in manufacturing cost and improvement in productivity"
can be achieved.
20 [0124]

Although a semiconductor device and a method for manufacturing the
semiconductor device is described with reference to FIG. 7, a high value-added
semiconductor device can be manufactured by forming a variety of semiconductor
elements such as a capacitor and a resistor together with the TFTs.

25  [0125]

The SOI substrate described in this embodiment can be used in manufacturing
any kind of semiconductor devices including microprocessors, integrated circuits such
as image processing circuits, RF tags for transmitting and receiving data to and from an
interrogator without contact, semiconductor display devices, and the like. The

30  semiconductor display device includes in its category, a liquid crystal display device, a
light-emitting device provided with a light-emitting element typified by an organic

light-emitting diode (an OLED) in each pixel, a digital micromirror device (a DMD), a



[0123] Through the steps descri bed above, a sem conductor device having the
n-channel TFT and the p-channel TFT can be manufactured. In the

manuf act ugpR1RiseEesS of an SO substrate used for a sepireOpsiHGh@ogdevi ce
in this enbodi nent, a semniconductor s@fstrate after separation is subjected
to a reprocessing treatnment, whereby a plurality of sem conductor filnms are
formed using one sem conductor substrate; therefore, a reduction in

manuf act uri ng cost and inprovenent in productivity can be achieved. [0124]
Al t hough Rassendissiag paded(a HDP),GEficld dnitssitit diglay Qin FEDY A the il ahd lso

sen conductor device is described with reference to FIG 7, a high

val ue- addaeludesnipeetheru sepicondustare disalay bdeviem iipuiogus edirawit elemenhgsimgvari ety
of sem caonduct qr .el enent s . a capacitor and a resistor together with
t he TFTsfgﬁﬂfﬁgTagﬂgh%ﬁia%%ﬁ%??a1% described in this enbodi nent can be used
i n manuf go126]i ng any kind of sem conductor devices including

m croprocessors, integrated circuits such as imge processing circuits, RF
tags Por transi¥ext,iaRjoesss of BeEorning thedeprocessmgdrentaght 9R thescapiconsiictor

wi thout cQBlAg! 128 GALEGRINERT 0 dhRRlAK: HEVIHE S3midRtubbPsltstiGre PACtter

sem conductor display device incl'udes- inits category, a lrquid crystal

di spl ay deparation as 4 raphdcessedisemigpndestocsubptrate vt bevdestrited| | ght fellowihgng

el enent typified by ap organic light-em tting diode (an OLED) in each
pixel, a 5@% a?ﬂwevfﬂﬁﬁor‘?rBFeSae‘J«/Kacgon@aswts Q%P%ﬂaéaﬁeéml% Pf)%?ﬁ%‘s fa PDP),
a field gfgsgi on display (an FED), and the like, and al so includes another
sem conductor display device having a circuit el enent using a sem conduct or
filmion d0t27Tlver circuit. [0126] Next, a process of perforning the

ing t t t i t bstrate 121 aft ti
ot apoatedly. Fuah drseanfiondifisr PRl 1 e Sean fuftdedin £G SAES ", "
r epr ocesgibnSRl CORSIpG]Rting PhiSioh AL iYMoried Bn ARSSIriphes- of Thesdnfibo ity

process corresponds to Process E (a bond substrate reprocessing treatnent
process) substrieGlEl aftgrisepyration.  The projecting portion 126 includes the embrittlement

layer-127,-the semiconductor layer 125, and the insulating film 123 that remain in order .
15 from -the semiconductor substrate :side. - The semiconductor layer 125 and: the:
embrittlement layer 127 contain many crystal defects caused by the above “ion.
~implantation. Crystal defects are also formed in the separation plane 129 of the
semiconductor substrate 121 after separation, leading to unevenness of the separation'
plane 129.
20 [0128]

Next, as illustrated in FIG. 5B, a first etching treatment is performed so that the
insulating film 123 on the semiconductor substrate 121 after separation is removed (this
step corresponds to Step E-1 in FIG. 6). In this embodiment, the first etching treatment
is performed by wet etching as an example, but dry etching may also be performed as

25 long as the insulating film 123 can be removed. The insulating film 123 can be
removed by a wet etching treatment using a solution containing hydrofluoric acid as an
etchant. As the solution containing hydrofluoric acid, it is preferable to use a mixed
.solution containing hydrofluoric acid, ammonium fluoride, and a surfactant (e.g.,
product name: LAL 500 manufactured by Stella Chemifa Corporation). This first

30  etching treatment is preferably performed for 120 seconds to 1200 seconds, for example,
about 600 seconds. Further, the wet etching is performed in such a manner that the

semiconductor substrate 121 after separation is soaked in a solution in a treatment tank;



First, the sem conductor substrate 121 after separation illustrated in FIG
5A is taken out. The projecting portion 126 is forned on the periphery of

t he sem cQBAYfiRigrgubstrate 121 after separation. The ppeirasidiesdesy tion
126 includes the enbrittlenent |ayer $27, the seniconductor |ayer 125, and

the insulating film 123 that remain in order fromthe sem conductor
substrate side. The sem conductor |ayer 125 and the enbrittlenent |ayer 127
contain many crystal defects caused by the above ion inplantation. Crystal

defects ah&efrd0a fMIARE b thdRePRRANROGOBuRIARS 1A9a0E: daraRA egnaUct or
substrate 121 after separation, |eading to unevenness of the separation

pl ane 12Prodegsedaiollretintely. asihel emovalatfdbie insulatiae $in B23fbhy wet etching rfjows eat ment
is perforned.so.that the insulating filmJ123 on.th em condu r substrate
151751 t or eRiie e Biehe o i el Roter b8 P PuceinaS MR G AL a0 &
6) . I n thiepar@iidiOn tHe Bibseqitat §dcoid eRhiithatrhém ddniEbrtéfind el erchig tie. wet
etching as an exanple, but dry etching nay also be perfornmed as |ong as the

i nsul &t i g thg veh etching ipatment; & phipalify of pemicandicsarisnstfatash2] affersppargbion enoved
by a wet i ngatre usi | Ul 1 t alni drof.luoric acid a
a% et chan%%c%sgzg’#& %@%%F%ﬁt gcgn %ﬁﬁ?‘ﬁaé&t;rggtgfﬁggoﬁlf%%a}gﬁ g% %e%{ I?L’(gm%lrc {ebf er ;bl eS

to use a sibstite cdlbétreprocessed effettinglynydr of | uoric acid, ammoni um fl uori de,
and a surfactant (e.g., product nane: LAL 500 manufactured by Stella
Chem fa dﬁil%gdrati on). This first etching treatnment is preferably perforned

for 120 secondspyfp ék%ﬁ?stﬁ?&féﬂqﬁ(}. §@,La Qéaﬂ@kt%hingﬁ&%mﬁ.?@s pERRMEE so i t her

the wet etching I's perfornmed in such a manner at the sem conduct or
substloat ¢hd &miabnductos dpar 425 and the ewtaikdement layes dRdtindwdedrinahd pegichegt t ank;

therefore, a ity of the sem conductor substrates 121 after separation
can be prbERaLlA Sohe bebicoRi o b Rl o5 BRIt PTG Y TTIAVED3 by
vet et chitgGordl h aRode8dGeRicdnBfctb dubkinge 132 (ths ft& BRI kb SRepd-2tine

sem conductor substrate 121 after separation in the su%sequer]t second

et chi ng thlGab)rerit, thisrtime tbe separatignyancel2hisragsot iemoved.n Theesopiconstugtor ng
treatnment, a.gkuraljt f..sem condu r substrat 121 after separation can
e oas: |y dBedud shé BN GO AT Carr b Rt o Pef b e TR

sem ggnduginglassinlattant € nsiaed bufi@Peatameth aivkratd fimkionih®i2M okldeser as

illustrated in FIG 5C, a second etching treatnent is performed so that
for. oxidizing: a semiconductor of the semiconductor substrate, a substance dissolving
the oxide . of. the semiconductor, and a substance functioning as a decelerator -of
oxidization of the-semiconductor and dissolution of the oxide of the semiconductor.
This wet etching treatment is preferably performed for about one minute to ten minutes,
20 for example, about two minutes to four minutes. The solution is preferably at a
temperature of about iO °C to 30 °C, for example, room temperature.
[0130]
It is preferable to use nitric acid as the substance functioning as an oxidizer for
oxidizing a semiconductor. It is preferable to use hydrofluoric acid as the substance
25  dissolving an oxide of a semiconductor. It is preferable to use acetic acid as the
substance functioning as a decelerator of oxidization of a semiconductor and dissolution
of an oxide of a semiconductor. Specifically, it is preferable to use as the etchant' a
mixed solution having a composition obtained by adjusting the volume of 70 weight%
nitric acid to more than 0.01 times and less than one time as large as that of 97.7

30  weight% acetic acid and to more than 0.1 times and less than 100 times as large as that

of 50 weight% hydrofluoric acid, and the volume of 50 weight% hydrofluoric acid to



t he sem conductor |ayer 125 and the enbrittlenent |ayer 127 included in the
projecting portion 126 of the sem conductor substrate 121 after separation
are sel eavovweloyisoegmoved to form a reprocessed sem conduetenrsubsionsd e 132
(this step corresponds to Step E-2 in¥® G 6). At this tinme, the separation
pl ane 129 is also renoved. The sem conductor |ayer 125 and the
enbrittlenent |ayer 127 can be renoved by a wet etching treatnent using as
an etchant a m xed solution containing a substance functioning as an

oxi di zer hgfe tRar 00T kifids and BRI GRAAD{iREs £ lafddts TIRITOE ING Widi gt sateat haklie, a
substance di ssolving the oxide of. the semconductor, and a substance

f unct i oni Mgreagpreferdelye liteisapisferalile doi whezas thenetghant e miged soltivat lowingnd

di ssol uti on of . the, oxi of..t he sem ¢condu r..This.wet etching. treatnent
LS ot or S sisoh obnsd Ty ciiistie DeYalos AL (e ishtve it A RIS Mg fhagir o
about t Lt ] f.Qun.Jd0 [ 1 i i r .
terrpera}t,\ﬁerqghlgl# (2%8{1}%5fgaé%ﬂtg%%s%%gh&og'get%%p el%u%re %%ﬁ?e‘ﬁ?gﬁaﬁﬁl ef%[0130]

It is 5predcetiaidié ahdmosethan br equahtn cheaind el lesrhbmoceyuhlitoct( thmesay lagean
oxidizer for oxidizing a sem conductor. It is preferable to us

Py of | UG Balat 20 RSN B TRHEacl 98BIt HoluEe ShaUECtEhA SEmIbSRauCt or
1S prefey A6t uiseaanh 09 AL AN RS HPSLANGD. HAS! LONIQGs 32

decel erator of oxidization of a sem conduct or i ssolutlon Bf an oxi de

of a sem foIMnGHeIghtsSpetict acidl | Bor édaniple, thefveldhd aticobetseeR S0t Weightxhant a
m xed sol ution having a conposition obtained by adjusting the volume of 70
wei ght % riydrofbroziciagid, JOnweightdh atrio ao, andrdd. 7aweighWe aceticagrid s prefarebls | ar ge

as that of ,97. 7 ywei ght94 aget,i £ acl d ¢ t o .M than 0.1 tines and,l ess
thanr@mo]n3 ‘Sfés 1ais,§‘f¢’ Hgseg'gé’ ?h%}&o:ﬂggi%j\e rg&rni’)/é@'ydr Fi ﬁ%nrcle%tr%g’lnd ,O?atﬁ'a t he
vol une ofsub§aidek aRREYofbry ahi @idhanr is¢ féC bganhs1E adMBsIRWsh 2y dfdfAbrit i RS had | ess
than 0.3 tines as Iarge as that of 97.7 weight% acetic acid. Mre

pr ef er ablgpncentratian pf 80 eveighit®, nisrigiaeiddas aiseneangiation of7GriveightBopnd aestichavi ng
a conpositipn obt ai r;lgrd .b% F%sti. c7t he volune of 70 weight%nitric acid to
mor e t harfBH 38§ Fancqnbragos o YN ess than or equal to 0.5 tines as

| ar ge as [t)ﬁ]ﬁ]‘of 97.7 weight% acetic acid and nore than or equal to one
time and 1ess than or equal to 10 tines as |large as that of 50 wei ght%
hydr dbl uori ¢ adihd, mixad sphéionaisedres tiie gohantifghthts seperdétchingitecatinéd can nor e

that of 1 peitodith oF oSasentiaet MRtz ing GaPufishelf Fy¥deleen 50
wei ght % included in the projecting portion 126, because many crystal defects and microvoids
caused by the ion implantation aré formed in the semiconductor layer 125 and the
embrittlement layer 127. Accordingly, not only the surface of the semiconductor layer
20 125 but also the inside of the semiconductor layer 125 and the embrittlement layer 127
can be subjected to the wet etching treatment. The wet etching often proceeds in such
a manner that a deep hole is formed in a direction perpendicular to the plane surface of
the substrate and the hole is expanded. Thus, the wet etching treatment is performed
on the semiconductor layer 125 and the embrittlement layer 127 at a higher etching rate
25  than on the other part of the semiconductor substrate 121 after separation which does
not include the projecting portion 126.
[0132]
That is, the semiconductor layer 125 and the embrittlement layer 127 can be
selectively removed by the wet etching treatment using as an etchant a mixed solution
30 containing a substance functioning as an oxidizer for oxidizing a semiconductor of the

semiconductor substrate, a substance dissolving the oxide of the semiconductor, and a



hydrofluoric acid, 70 weight%nnitric acid, and 97.7 weight% acetic acid is
preferably 1:3:10, 1:2:10, 1.5:3:10, 2:2:10, 1:10:20, or 1:1:10. The
concent r avoaoofsodfhe substances used for an etchant is, pConpamaoPoe; as
fol l ows: hydrofluoric acid has a concetration of 50 weight% nitric acid
has a concentration of 70 wei ght% and acetic acid has a concentration of
97.7 weight% [0131] The m xed solution used as the etchant for the second
etching treatnment can easily penetrate into the sem conductor |ayer 125 and

the enbridubleiRNful @¥Ring1dy 4 Aetdeiadri & LRRIALBHhE6E Ithd RRiddn@ictd?@ndbecause
many crystal defects ang m crovoi ds caused by the ion inplantation are

formed i rdissetutivardfdbndxide of thessgavicamdBctand Hére, thaisrystal [defeststcapspddyy the7.
Accordi ngly, not. only.the surface of the i_conductor | ayer, 12 t al so
The’t not et b BBl by ine Mea R alor s 3R aSE N Gl BVE el b, *157
can be sy raldieg etched. heSinkiltardoubly) thet deparatibm surfddee1 2®is #b6 éaagy ehdéhen
proceeds in such a manner that a deep hole is forned in a direction

per peldi cdiedp thecrysial gefeptietheigi. o ddowsver btes amaving the spppratinn wWsfaee 129,
expanded. ,; Thys,. t i»ag tre ! for h i gonduct or
| ayer 125thgn%&%l %@ﬁ%ﬁi P? %{;Qgﬁt ﬁt“&y??e"%%i}’ rg elg&{%i gﬁi’gf dleﬁgh‘{' nglr%g{ne&ltg han on
t he ot herseprcdndaétoi Neyes asvniditg dewr cgstabidefecs WARichafst Bcatge phe@binden hi ch
does not include the projecting portion 126. kngZ] That is, the .

seni conduPesed; gpulting 28 regietion dn dhaystehipg dafent As R /kepul the pEyieqionskAodist i vel y

remved. BichEheiRhc! AbedBahAE HAlcBRIRIIREERANNL 0 KBt on

containing a su ance functioni'ng as an oxi di zer oxidi zin

sem dondusharthaf thetpeojsetimgemortion 126 caubs preacwed fosubmnanclecetl mstbickngsg t he
oxi de of the sem conductor nd ubst ance functi oni as a .decel eragtor of
oxi di zat i BN AR S BRI SBIAL: BPURE 1B Ao BaPTHaRoy BF (PRERGR e Bed

sem condysdr@én of Bk Qeprob&s&d sehiidbndueiof ShisstiaRUBRX ahY ah MgcréA0 ih MR} Mk i On

al l ow the sem conductor layer 125 and the enbrittlenent |ayer 127 to be
readi | y eafdinecs. ofSepiocessingoand| rgusing ene ggmpicandustor substeste  IInqddyion Botheeadi |y

etched due_to .the crystal defects:therein. @Bfkter renovin he
separati o%etseg?}*l%tergalt%fle aﬁgursa glﬁﬁ ?:fogﬁa’ ul%(fng s Ctlozrayl\é%‘ras\/r%{fg,ﬁleinagtef %%’gga\{ OP%P{,I enent

| ayers127he casibypfoaesied Bea /@ byMICreutmbRy therefond] thervem@conductor sbkaatedef ect s
which is located thereunder is exposed, resulting in reduction in the
et ching raanebe peprecesedyeffectively. pFujtheamons thoeepand etching treatment can be

performed. in a relatively short time, which makes the reprocessing treatment efficient.
[0133]
In addition, in the wet etching treatment, a plurality of semiconductor

20  substrates 121 after separation can be easily processed at the same time by batch
treatment; therefore, the semiconductor substrate can be reprocessed -effectively.
Furthermore, the second etching treatment can be performed in a relatively short time,
which makes the reprocessing treatment efficient.

[0134]

25 Here, in the case where a semiconductor substrate after separation is not
sufficiently plane, the semiconductor substrate after separation can be further polished
to improve planarity of a reprocessed semiconductor substrate 132 (this step
corresponds to Step E-3 in FIG. 6). In addition, also in the case where a separation
plane 129 is not sufficiently removed through the second etching treatment, the

30  polishing is preferably performed to remove the remaining separation plane 129.

[0135]

The semiconductor substrate 121 after separation is preferably polished by



selectively etched. Accordingly, the sem conductor substrate 121 after
separation other than the projecting portion 126 can be prevented from
bei ng r edwoediosod7hi ckness in the repgﬁcessi ng treat menecriyesubbiong i n a
reduction in the thickness of a renov portion of the reprocessed

sem conductor substrate 132, and an increase in the nunber of tines of
reprocessi ng and reusi ng one sem conductor substrate. In addition, in the
wet etching treatnent, a plurality of sem conductor substrates 121 after

separ at i Oghefifiéhl BfecRafitdl polisiine ESM®).at T CMIEisRym&BoE bf plas@iAma surfdeer ef or e,
t he sem conductor substrate can be reprocessed effectively. Furthernore,

t he seconef & ehigqhdo e PERGesIed byah Chranigdrandrmechapisalcomponng \eliect using thet | ne,
whi ch nma si fici [ . ithan, in
the wet rirns § FALRAGE PR oht BR MTECMPS pefibfila o Ohoh: d DRt IR, |

af ter sepiaragth¢ted toanpdishingsitdgy, thequiisisiag seige tahe thaoBjetti tokbelprobsstahare
treatnent; therefore, the sem conductor substrate can be repraocessed

ef f ectd vetagh refated i0e shype Whilie Swenp resiyaids syrpAEtPRtVCRNGRDIERP SFred i n
a 18l at idessdiPhid b TBolistilsC BlofiR 8. thO SyHERY BF 8 bBfdet [ BL Prfles il 4501 €Nt -

[ 0134] I'n the caSe e a sem conductor substrate a separation
i s not sugdlishédeby Ichempicahesactidre beterer dredslotrgrandube tsnefbee off therobgapao dei on can

be further polished to inprove, pl.anari.ty. of reprocessed sem candyct or
Subst r at PSSt B Folishing o5 e G EPEPras el SRRE:  on,
al so in thgaisk@geloMiere a separation plane 129 is not sufficiently renoved

t hrough t'he second etching treatnent, the polishing is preferably perforned
to reovel0idd remni ni ng separation plane 129. [0135] The semni conduct or

substrate 121 after .separ.ati,0n referably polished bychem cal..nmechani cal
o Shine { cve el RERR" L W ik BROR" B8 beRRtoRIES ot LB uffes Do T o
to be proameset polishinghisPeedimed glurEiciaey, Fast selishivngnd peétbRbly ptdithetine
surface as a reference. | eneral , [ orned as foll ows:

0l 1 ohi ngvith BHTEN RoTanEEHE ASlavad RYital RPEISE Wilh 3 P NGONOHRE Fihg &1 Bge. and
1,90 e R FESSARAAAL S RIOIE LU -SRI MR IIl o0
cl ot 5 andaf thrdumyrié prederathly t126 nabjoet80 fm, foe eparaplessppoximaredy 1Shem. bt
chem cal Akl polishing, & Suede polishing cloth & preferably usedoand the griin dameter of°
the slurry is preferably 45 nm to 75 nm, for example, approximately 60 nm. In this
manner, polishing is performed on the semiconductor substrate after separation, thereby
forming the reprocessed semiconductor substrate 132 which is planarized and made to
20  have a mirror surface with an average surface roughness of approximately 0.2 nm to 0.5
nm. In addition, by combining polishing with different polishing rates, the
semiconductor substrate after separation can be planarized and made to have a mirror
surface in a short time.
[0137]
25 Thus, by polishing by the CMP method after the semiconductor layer 125 and
the embrittlement layer 127 are removed from the semiconductor substrate 121 after
separation through the first etching treatment and the second etching treatment, the
reprocessed semiconductor substrate 132 can have a highly planar surface.
[0138]
30 Through the above steps, the semiconductor substrate after separation is

reprocessed into the reprocessed semiconductor substrate 132. The obtained

reprocessed semiconductor substrate 132 is reused as the semiconductor substrate 100



processed and by action of nechanical polishing of the object to be
processed with the polishing cloth. [0136] The polishing by the CWP net hod
may be pexbonimGognce or plural times. Wien the poli shi pgriipa86i9édred
plural times, first polishing is prefétably performed with a high polishing
rate followed by final polishing with a | ow polishing rate. At the first
pol i shing, a polyurethane polishing cloth is preferably used, and the grain
dianeter of the slurry is preferably 120 nmto 180 nm for exanple,

appr oxi mgh elakedkd®) nm At the final polishing, a suede polishing cloth is
preferablg used, and the grain dianeter of the slurry is preferably 45 nm
to 75 nml[0¥3H exanple, approximately 60 nm In this manner, polishing is
performed on the sem.conducter s trate. after separation, th by form ng
the repr ocesse%‘sséﬁﬁcgéﬁ ut thrls seu%g)? PR HZIW?tgﬁlyi ggiﬁga%asrefnzlg%'%géﬁr made to

have a mstbstiates by faafeprodetdingd fre@MRHAGE thdl EdraEndutd vudstEatef mappfacsiingt el y
0.2 nmto 0.5 nm_1In addition, by conbining polishing with different

pol i sAi ngostaglean SHesubsirate san et SAueadps dn Padicalarcftercihs ripsulafingcHhn g

pl anari z 3 ! ] r ' i . Thus,
Dy "pol i oty marHh STHE 3O e Solnldnl itk SyBf ahd e FiqoBhath [
enbritt| éeaenkerhdiyidg chAke peplieeyrof/thd sbmivontihieosaibsicaa dftet sepamtibs cambe 121
after separation throag&é he first etching treatnent and.the second etching

t r eat nentseleethely ERYE ¢ send SN BratBey Mg iy OLHIRLOBENRAE ghl y
pl anar syr fseﬁs%ancé%ﬁl%hoaﬁngowhmt R&IARQY forS bR Rffzing e SANLERACIE! of dybstrate

after separation is reprocessed into the reprocessed sem conduct or
substlfpat eehB2ndudtier sibstaite,calsubstanoe dissadingghe opidd wftthe seigendustas, aB8Pa | s

reueet a3 Be LRSS oHbals e OB ST, 8k L o

r epr oces Higdflutibf afMBBt 0x@de b @h& RBINERNEEGSOT ThUEStheafethoveRPorAGHE W ithE Cost
of an SO substrate can be reduced. In particular, after the insulating

filmis reprocassedbysemtieonduetor subsirteg capedenapduced hin etiekness, enadt onayer and
the sem %Qﬁ%ﬁé&ﬁor substrate can be reprocessed and reused ‘more times.

15 [0140]
- Note that the structure shown in this embodiment can be used in combination

with structures shown in.the other embodiments as appropriate.

This application is based on Japanese Patent Application serial no.
20  2009-149412 filed with Japan Patent Office on June 24, 2009, the entire contents of

which are hereby incorporated by reference.



| ayer remai ning on the periphery of the sem conductor substrate after
separation can be selectively renoved by the second etching treatnent using
a m xed swbubimroeront ai ni ng a substancg functioni ng as ao0TQr20dd/E®OE OF

oxi di zing a sem conductor of the sem &6énduct or substrate, a substance

di ssol ving the oxide of the sem conductor, and a substance functioning as a
decel erator of oxidization of the sem conductor and dissolution of the

oxi de of the sem conductor. Thus, the renoved portion of the reprocessed
sem conduct or substrate can be reduCedIMs t hi ckness, and one sem conduct or
substrate can be reprocessed and reused nore tines. [0140] Note that the
structure showd-i‘hmethod TORERRIPIFSHRS @aNsTHeONdUIAr FYPSHBIGIFOAMATISHE the tskePs
structures. shown in the other enbodi nents as appropriate. This application
i s based oh Japanese Patent Application serial no. 2009-149412 filed with
Japan Pat ent Offbingiag@n eibiittlétdent 20029 bytiliglaihg a8 H'ojohdhiosa sdmivbnduatoar e
hereby incorporated by reference. CLAIM5S 1. A nethod for reprocessing a

seni c@ndutbyrate by athydioger inppimpanigtioneparatipy methods whesepyammmselating film e nent

| ayer by ;i i I | ! or substrate by a hydrogen
ion inpl alg atv?%trq @ngp%@Shp%Pﬁgoﬁ?ﬁaﬁ‘gﬂﬁnﬁﬁhsu| ating filmis provided
on t he peri phempndingtieseadoomioodt sitstrateud a tbase supsteaa diithght¢ isulating fibomduct or

substrate to a@ se substrate with the insulating filminterposed
t her ebet VIBEFPOSE g’ﬁF%?F'i‘Yf@na seni conductor filmfromthe seni conduct or

substrate, Vmersrgl%d?atﬁ SEMCGRINEE Fh (R e @hficatdubior bitRuaRPRhaki e

conpri ses: a pa of the enbrittlenent |ayer; and a sem conductor |ayer on
t he dfbr isemlicmdnttot supetrate nfienthe sepatdtionicamprisgsi ng fil mby a first etching

treatnment; and renovi ng t e%tht I errtﬁirllt I a},yéer and the sem conductor | ayer
by a second etching at"ﬁ@}ﬁ_e HE & Sol uti on conpri sing
hydrof | uoric acid, niatsemicondhdlor 137t oAQRE EbAglethenlaydhe met hod for
reprocessi ng a sem conductor substrate according to claim1,
removing the insulating film by a first etching treatment; and
removing the embrittlement layer and the semiconductor layer by a second
15  etching treatment using a mixed solution comprising hydrofluoric acid, nitric acid, and

acetic acid.

2. The method for reprocessing a semiconductor substrate according to claim 1,

wherein the mixed solution has a composition obtained by adjusting a volume

20  of 70 wt% nitric acid to more than or equal to 0.2 times and less than or equal to 0.5
times as large as a volume of 97.7 wt% acetic acid and to more than or equal to one time

and less than or equal to 10 times as large as a volume of 50 wt% hydrofluoric acid and
further adjusting the volume of 50 wt% hydrofluoric acid to more than or equal to 0.1

times and less than or equal to 0.2 times as large as the volume of 97.7 wt% acetic acid.

25
3. The method for reprocessing a semiconductor substrate according to claim 1,
wherein the second etching treatment is performed so that the mixed solution
penetrates to the semiconductor layer and the embrittlement layer.
30 4. The method for reprocessing a semiconductor substrate according to claim 1,

wherein a surface of the semiconductor substrate is polished after the second



wherein the m xed sol ution has a conposition obtained by adjusting a vol une
of 70 % nnitric acid to nore than or equal to 0.2 tines and | ess than or
equal to Wwo2otdsesrias | arge as a volune of 97.7 wt % acetrice/jamitolosngs t 0 nore
than or equal to one tinme and | ess t hdl¥ or equal to 10 tines as large as a
vol une of 50 wt % hydrofluoric acid and further adjusting the volune of 50
wt % hydrofluoric acid to nore than or equal to 0.1 tinmes and | ess than or
equal to 0.2 tinmes as large as the volunme of 97.7 wt% acetic acid. 3. The
met hod f odtciig@ptreafefi.Ng a seni conductor substrate according to claim 1,
wherein the second etching treatnment is perforned so that the m xed
solution penetrates to the sem conductor |ayer and the enbrittl enent |ayer.
4. The nethod f ' ] COn t coarding to claim
T wherein a sur e SRURERE BRI COREUENRl SN BB IR LY 1.2
secondet chi ng twiea¢inahé first. etdliieg niatineht fio petfomiclc @sifg AGsclutimNtendiningt or
substrate according . to claiml, wherein the first etching treatnent is

per f oPmedydEehipris agish ammoniug Huarids, apd Asurtatantor i ¢ aci d, anmoni um f 1 uori de,
and a surfactant. 6. The nethod for reprocessing a sem conductor substrate
according to claim1l1, wherein the volune rati o between hydrofluoric acid,
nitric acid, artdTheeietloddor tbpraredsiiy 4 femicondhiotor setidatt dcoordirgpp etaimsl, ng a
sem conduct or subpstrate accordi to cha' 1,.wherein the volune ratio

bet ween hydr of WRAFFE BRYQIUMAFIY betygsminydspiioriedid, nitge acidsand achc 394 g The
met hod f gg qrepg.0cessi ng a sem conductor substrate according to claiml,
wherein the volunme ratio between hydrofluoric acid, nitric acid, and acetic
acidl0s 2:2:10. 9. The nethod for reprocessing a sem conductor substrate

according to claiml ein the.volune rati o bet n hydrofl upric acid,
PCric i e Tk BtetibagrprcR S e Bhicy SRR i b P o g
sem conduct or sutksdih @Meevel6@e katidBetiveerCh@irdfldoricMead, Qitfic labid, ¥l 4088c halli 0

bet ween hydrofl uoric acid, nitric acid, and acetic acid is 1:1:10.
is 1.5:3:10.

15 8. The method for reprocessing a semiconductor substrate according to claim 1,
wherein the volume ratio between hydrofluoric acid, nitric acid, and acetic acid

is 2:2:10.

9. The method for reprocessing a semiconductor substrate according to claim 1,
20 wherein the volume ratio between hydrofluoric acid, nitric acid, and acetic acid

is 1:10:20.

10. The method for reprocessing a semiconductor substrate according to claim

1,
25 wherein the volume ratio between hydrofluoric acid, nitric acid, and acetic acid
is 1:1:10.
11. A method for manufacturing a substrate comprising the steps of:
forming an insulating film on a semiconductor substrate;
30 forming an embrittlement layer by implanting an H* ion from a surface of the

semiconductor substrate by a hydrogen ion implantation separation method;

bonding the semiconductor substrate to a base substrate with the insulating film



11. A method for manufacturing a substrate conprising the steps of: formng
an insulating filmon a sem conductor substrate; formng an enbrittl enent

| ayer by wopbsntso¢vg an H+ ion froma surface of the sempecendrad/ososubstrate
by a hydrogen ion inplantation separat¥on nethod; bonding the sem conduct or
substrate to a base substrate with the insulating filmnterposed

t her ebet ween; separating a sem conductor filmfromthe sem conductor
substrate, wherein the senm conductor substrate after the separation

conpri sesSintefpdddd theRbett@nenbrittlenent layer; and a sem conductor layer on
the enbrittl'enment |ayer, renoving the insulating filmby a first etching
treat ment; renveparatingweseaiconduttor fidmdrdm ithet Jegrieonduttay sybstiplg, wherein the

sem conduct or | a%/ter%l%t a Sﬁcotﬂd et chi n% treat ment using a m xed sol ution
conpri si NG THPASBFPTBIPPiLats after the, seRATalioR <OMPTISESy “aceti ¢ acid; and pol i shing

t he sem conduct or sulghftaff eheddrhtstittieRentdgpay aid on. 12. A nethod for

manuf acturing a substrate according to claim 11, wherein the m xed sol ution

has adconposition obrarmigndycterdpyesonithe embottigmsnblayeso wt % nitric acid to

nore than or e : -2 D FBSc al to 0.5 tines as

| arge as a vol 3‘%@5\8&%&%@S%tﬁgafc@??%ggzsﬁﬁkgﬁ%t?%trrgr%#’e than or equal to one
time and | ess trbaoviag tiegpat of te bthbritthetent ayen bge tissemisomlductor hiyeoby wt %
hydrof luoric acid and further adjustjng the volune of 50 wt % hydrofluoric
acid to rsFend; sighing treatipent usmeor Muged alution) compasipg hydgflugrc aridy Stc2 i nes
as large a8 LA . %eLupR: ofq 97. 7 Wt % acetic acid. 13. A method for

manuf acturi ng a substrate according to claim 11, wherein the second etching
treatl®ent i s peofishingthesemidoatiu¢tbesubrstxate afieri the separationet rat es to t he

sem conductor | ayer and the enbrittlement |ayer. 14. The nethod for

manuf acturing a substrate according to claim1l, wherein the first etching

treatnment is pepf R/mMEKbdRr AandfaRirinblaQibstaRd Alchidigy foyddiaf 1yoric acid,
anmoni um fl uoride, and a surfactant. 15. The nethod for nmanufacturing a

substrat e accordiergn the wixedraolution\tiae peciompopition ebtaredrbyt adjustiag peeiume
Pyt o B St BB e L D2 i P Al 43 o

15 times as large as a volume of 97.7 wt% acetic acid and to more than or equal to one time

| and less than or equal to 10 times as large as a volume of 50 wt% hydrofluoric acid and

further adjusting the volume of 50 wt% hydrofluoric acid to more than or equal to 0.1

times and less than or equal to 0.2 times as largé as the volume of 97.7 wt% acetic acid.

20 13. A method for manufacturing a substrate according to claim 11,
wherein the second etching treatment is performed so that the mixed solution

penetrates to the semiconductor layer and the embrittlement layer.

14. The method for manufacturing a substrate according to claim 11,
25 wherein the first etching treatment is performed using a solution containing

hydrofluoric acid, ammonium fluoride, and a surfactant.

15. The method for manufacturing a substrate according to claim 11,
wherein the volume ratio between hydrofluoric acid, nitric acid, and acetic acid

30 1s1:3:10.



wherein the volune ratio between hydrofluoric acid, nitric acid, and acetic
acid 0. 17. The method for manufacturing a substrate according to claim 11,
wher ei n twe 29n)/s0871r ati o bet ween hydrof | uoric acid, nitpiceJagiiopssasd acetic
acid . 18. The nethod for nanufacturiﬁ@ a substrate according to claim11,

wherein the volune ratio between hydrofluoric acid, nitric acid, and acetic
acid 0. 19. The nmethod for manufacturing a substrate according to claim 11,
wherein the volunme ratio between hydrofluoric acid, nitric acid, and acetic

acid . 16. The method for manufacturing a substrate according to claim 11,
wherein the volume ratio between hydrofluoric acid, nitric acid, and acetic acid

is 1.5:3:10.

5 17. The method for manufacturing a substrate according to claim 11,
wherein the volume ratio between hydrofluoric acid, nitric acid, and acetic acid

is 2:2:10.

18. The method for manufacturing a substrate according to claim 11,
10 wherein the volume ratio between hydrofluoric acid, nitric acid, and acetic acid

is 1:10:20.

19. The method for manufacturing a substrate according to claim 11,
wherein the volume ratio between. hydrofluoric acid, nitric acid, and acetic acid

15 is1:1:10.



