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[ 0001] One of technical fields of the Hisclosed invention relates to a

met hod for 10 reprocessing a sem conductor substrate. In addition, the

di scl osed invention relates to a nethod for manufacturing a reprocessed
sem conductor substrate with the use of the nethod for reprocessing a

sem conductor substrate, and rel thod for manufacturing an SO
(silicon on insulator) substrat e%EB% kg%(jli\(lﬁ) ART 15[ 0002] I n recent
years, integrated circuits using an SO (silicon on insulator) substrate

surace have BERROCESSEREMERTOR 0B En BN 0K BB A on warer -
The char act ARUFATIRING METHODOF REPROTHSSED SEMICENPUCPORE On the
i nsul ating surface nake it possible to 20 conpletely separate transistors

formed in t SUBSTIRATFE; ANDIMANIFACTARING MBTHOD OISOhSUBSITRATEE
fully-depleted transistors can be forned, a sem conductor integrated
circuit with high added val ues such as high integration, high speed
driving, THCHNIYARPREr DCONSUNpti on can be realized. [0003] 25As a net hod
for manufacturing an SO substrate, a hydrogen ion inplantation separation
net hod i d0fHdwn. The hydrogen ion inplantation separation method is a

met hod by whic j . OF | Sl \ [¢8,,,0 ihed i | | owi ng
manner: a Si ng:ben%c@;get% gﬁlcgli ﬁ?l}:lgn()fsﬂl}} s(?%g?éeea({gc%déﬁ)g }s%?fg‘!é{?oatae&e{hﬁ?oo\?mi ch
hydr agen refmteessing al seplicundector substraededInt addisiat, sy dis¢clbsddriatentioa rblatse to

substrate) with an insulating |layer 30 interposed between the substrates,
and t hen 2t/Rethd for Bamdagtusing p seprerssed eapigPmsigton subshate; wish b usei Srih¢ egi on

by heat t}haaldaa] -rgéé%;&é%sih?ﬁa %ﬁﬁl\gﬁmﬁb{&bp%ﬁﬂs&aﬁ’é’) AdiPraeathOR HERSH Aot ON

met hod, an SO sub ate a single crystal silicon |ayer is
provi ded manBf0kingRTEFUTHY PR Ob0]abE P It Btrate.
BACKGROUND ART
15  [0002]

In recent years, integrated circuits using an SOI (silicon on insulator) substrate
that includes a thin single crystal silicon layer formed on an insulating surface have
been developed instead of those using a bulk silicon wafer. The characteristics of the
thin single crystal silicon layer formed on the insulating surface make it possible to

20 completely separate transistors formed in the integrated circuit from each other
Further, since fully-depleted transistors can be formed, a semiconductor integrated
circuit with high added values such as high integration, high speed driving, and low
power consumption can be realized.

[0003]

25 As a method for manufacturing an SOI substrate, a hydrogen ion implantation
separation method is known. The hydrogen ion implantation separation method is a
method by which a single crystal silicon layer is obtained in the following manner: a
single crystal silicon substrate (a bond substrate) into which hydrogen ions are
implanted is bonded to another substrate (a base substrate) with an insulating layer

30 interposed between the substrates, and then the bond substrate is separated along an ion
implantation region by heat treatment. With the above hydrogen ion implantation

separation method, an SOI substrate in which a single crystal silicon layer is provided



over an insulating substrate such as a gl ass substrate can be manufact ured
(e.g., see Patent Docunent 1). [Reference] [Patent Docunent] 5[0004]

[ Pat ent LRReuiBMis3ibk Japanese Published Patent Applicati eari¥p20180642337606
DI SCLOSURE OF | NVENTI ON [ 0005] 10When & hydrogen ion inplantation

separation nmethod is enployed as a nethod for manufacturing an SO
substrate, a plurality of SO substrates can be manufactured from one bond
substrate; therefore, there is an advantage that cost for the bond

substrat e, m qeﬁmlg&,t%gtsﬂaga@rgu%? gg K Qi trgencatt r&qwﬁgt feﬁh

because, ubstrate Sl n e Ccrys con | ayer
I s separ aPaehtiBocanepet ed to 15 reprocessing treat ment, the used bond
substrate c%n be reused for manufacturing anot her SO substrate. [ 0006]

Her e, Tdﬁ%qe | portion of the bond substrate such as a single crystal
sili con srfg mﬁmsch is used for the above hydrogen ion inplantation
separ ati on net hod, 20 a region called an edge roll off (E R 0.) that
is catﬁsed[OO94k:hem cal mechani cal polishing (CW) treatnent in a

Tone o t1reBPRSETE a7 ke 3B RHIR G Mo i NPT, e ehge

roll off region of the bond substrate has a curved surface and a thickness
thinner than that in a central region of the bond substrate. 25 [0007]

Wien an SOISGLMOSYREQRF INVENAIOMNct ured by the hydrogen ion inplantation
separat i 0@ g@tchod a bond substrate and a base substrate are bonded to each
ot her hani sm of internolecular force or the Van der Waals force;

t her efoor e, s ur fwaes a hodlogebvadapldiefibntsepdratich meoddeémployatss dagied of
pl anarity, is natural that the bond 30substrate and the base substrate
be not boﬁ?&@wnpfﬁcm@g@ag%ot pibstrefes 2 phgalgy ofséHesubsteates sanieemanufpctiiedy | s

not securfth, dn@%8Rd subifPatdOrhilcPskd LhBRGL an Bah o804t 255t for the bond substrate

in manufacturing an SOI substrate can be reduced. This is because, when the bond
substrate from which a single crystal silicon layer is separated is subjected to
15  reprocessing treatment, the used bond substrate can be reused for manufactuting another
SOI substrate.
[0006]
Here, a peripheral portion of the bond substrate such as a single crystal silicon
substrate, which is used for the above hydrogen ion implantation separation method, has
20 a region called an edge roll off (E. R. O.) that is caused by chemical mechanical
polishing (CMP) treatment in a manufacturing process of the bond substrate. This
region is formed when an edge of the bond substrate is polished with a polishing cloth.
The edge roll off region of the bond substrate has a curved surface and a thickness
thinner than that in a central region of the bond substrate.
25  [0007]
When an SOI substrate is manufactured by the hydrogen ion implantation
separation method, a bond substrate and a base substrate are bonded to each other by a
mechanism of intermolecular force or the Van der Waals force; therefore, surfaces to be
bonded need to have a predetermined degree of planarity. It is natural that the bond
30 substrate and the base substrate be not bonded in the edge roll off region where the
surface planarity is not secured.

[0008]



3 Thus, in a region of the bond substrate fromwhich the single
crystal silicon layer is separated, which corresponds to the above edge
rol | of f weahpmssgg® unseparated single crystal silicon peglPigocsian
unseparated insulating layer are left &s a step portion. This step portion
beconmes a problemin a stage of reprocessing treatnent of the bond 5
substrate. The difference in height between the step portion and the other
region (a region where the bonding is perforned properly) is several

hundr ed nanonet t fggpy s ard : v, : tion by
polishing a s.ur’@glg’eﬂlo? ?%%&en bond su dsstdrbgttr%%ﬁ{%@l%evg}ansg?%ggrég??ﬁ%t%t he

r epr ocesslegerssibgfaraed vech berrespentisftonheratuvieatle rolh gffangiSa) arsuissparated agai n
ot oxi MRS S gl BRSO SO SHA R 3T HEMTORCARPRGOAN: use of
the bond Bbsteh HoftifPHBMeS ;ﬁHlf)lfefnClh%hh%e éﬁfeg;&{éssnﬂgggﬁlnem of the bohl" t her,
a sem conductor region irradiated wth hydrogen ions in the manufacturing
proce$s ofubstratSO Theuditficreace in heighf beteen e step fpag®nodnd: the dtbardegimhdn 15

havi th t ti . Ctystal defect voi d bl.i st ist d t
hydr ogen BT ARG PPRAE 15 RaPTRE PRBRE LU OF VFAl B RAPBRER &t MoShumber
of DY 0] eCHibMier AHofRPIE SEBUS 1RXsR RUtibDyS BélidAGe, afsukfage BNHe Sha at e.

[0010] In view of the foregoing problem an object of an enmbodi ment of the
di scl osedubgirateyweth jaokMB m@h@(? 01 thet dharseproerssad sehstratef gan bepyssde®si ng a

. q bi f mbodi f the disgcl d
sem con l{ﬁ}nﬁ{f%cg&%l%%%agé{ lsjl'lﬁ;eyf)ré{%?ar aflfnodcsgagléoen suBSratl aoé%ln%q%?ntdélgtgg garyglt' dlsg! ose

invention 1S . d ‘'sem cdn_duc e Wth the
use ab the beathededby hpfbRinidkly NONIRCARShIY R mfibes O ditds OF rep1bedssiak -

Still another object of an enbodi ment of the disclosed invention is to
manuf act 1ANd use oSthe bend substrate opnral be seffigivatlyseqused. r epr ocessed

25sem co:l%@]or substrate. [0011] In an enbodi nent of the disclosed
inventiorn, da-‘'step portion is renoved using a nmethod by which a

sen conduct or rraghen) &asegiechdid®rt eegicmn iradiatbdatwitn Idrddes ldnk e irc athe be
selectively renoved. Further, the above nethod is used to manufacture a 30
r epr oces BRGNS BIPCESr Ofs b SO atubstrate ds Igft gy the sudRgeaph thesbopdhwateet ur ed

SR L S R T o L i G e
t he di scligadidtiom\ientheopemisomdurtirhmgidngr therforoc @s simpern of epriofrotionsc taod

substrate, including the steps of: perfqormng first etching treatnent on a
sem cond AEPESSIgRLY QPéE‘? ?’r"%ﬁ?t’ﬁthﬁb&fléﬁu YA on i ncl udi ng a damaged

sem condL{gggj] region and an insulating | ayer over the danaged sem conduct or

region exists in a5 peripheral portion, whereby the insulating |ayer is

renmoved; perfodmiviey efethe foregoiopipaeplemcant ohjert of an tembodimmint ofithgctisplossdbst r at e
S a substance t.hat

by usj.ng .a m xed quti.nvvhihinabd oxi dizes a
sen CBnauBYAORds &7 PEvigena el PHPIECE SFRrBERIE L rerUE P RE U6 Rnst ance
that di ssdotRs dbjectost dh Zesbodamitosd e aisclBdE i@ntio 16 t8 mbkFhdieeat hat
controls the speed of oxidation of the sem conductor material and the.
reprocessed semiconductor substrate with the use of the method suitable for
reprocessing a semiconductor substrate.  Still another object of an embodiment of the
disclosed invention is to manufacture an SOI substrate with the use of the reprocessed
25  semiconductor substrate.
[0011]
In an embodiment of the disclosed invention, a step portion is removed using a
method by which a semiconductor region damaged due to ion irradiation or the like can
be selectively removed. Further, the above method is used to manufacture a
30 reprocessed semiconductor substrate, and an SOI substrate is manufactured using the

reprocessed semiconductor substrate. Detailed description is made below.

[0012]



10 speed of dissolution of the oxidized sem conductor material, whereby the
damaged sem conductor region is selectively remved with a non-damaged

sem condugbonimAgien | eft; and perform ng heat treatmenpchQp2digaéshig t he
semi conduct or ‘substrate after the secohd et chi ng treatnent under an

at nosphere including hydrogen. [0013] 15Anot her enbodi nent of the disclosed
invention is a nmethod for reprocessing a sem conductor substrate, including
the steps of: performng first etching treatnment on a sem conduct or
substrate in whbhembolitRnP8f hBistRGLLSHvBAich AATARR0S 5 RPRJIELAT T egi o
and an insulating layer over the damaged sem conductor region is |left in a
per i pher adenpamdugnr afuseatcpanptudufg thihetepenf: cp@rfdunmgrflrsmjshmgtreatmnselpar ated
as a 20 sem. c(H@ductor Iaéer t %Qlon lrrad tion and heat tre {’rent

wher eby tTWEUSHGHFIQL FURSIREG, B, W ‘§ 88“‘0;%':“!3 Hienty JaREBHUSTENT

treat nentreRnt 4R HEThGOMALCI0Er S¥ISthe adathdd¥d U infbnBudtbX e€bisP leMisisoth whi ch

i ncl udes a substance that oxidizes a sem.conductor. material included in the
seni cénduwsripheralipertipatwherebysiip dnstatiagtinger itifesyedeperforaingegpdetching

sem condyc nge that cont e.s

oxt dat 1 ortmetnol Ssmi el YRARES: bRl PR SURabh S TEERE Wkt on o
t he oxi disuBstas@mil@nehigizey angémicbaductorh@faedial tiheludedTag ethe S SdthicOMtind i O
region is selectively renoved with a non- darraged sem conductor region |eft;
and perfoﬁuhftr?ée h@ atubptapee Mt dissolvase i A¥idiaed seanreshgioE L BatcEabsindate after
t he seco [ r

307 0014 SpRPei i FORRITRR odBF B oRitnRhiTF o LB i el A% |
for 100 Aptdd 0#3135%8]9661‘1 hPZﬂ&QfxﬁlﬁﬁékQ@erﬁlcbmchmmenhtenml aviseshyc the ddeo aged

substrate in ich a step portion incl mage semc nduct or region
2nd_an-| remeRtHgor syl S sRct i Tt B oA SR RGP OIS aeBER L h a

peri pher alleft;PQﬁ& b&@oﬁrﬁ 'h@at“@éa‘ﬁﬂeﬁ f?ﬁﬁ?%%% BRMAABSHIRERE sLE@HNaI0RE
t hi ckness is thinner t%an that of the damaged sem conductor region is |eft

i n a regisepondxtching tieatohent under dreatgrospheso imclusinglixdsogepart of t he
sem condulﬁhfmlgJ substrate is separated as a sem conductor |ayer through ion
irradiati nd heat treatnment, whereby the insulating | ayer is renoved,

per f aim ng secommegr@hmemﬁm@t R dis@bsetl Hevenbibh 6O eHeeodr fos wipsddeadifie BY USi ng
a m xed solution which includes a substance that oxidi zes a sem conduct or

mat eri al Semd¢anduetor spbstigte sinpludingdhe sisps efipstiprniag fstsaighing Hedmepgen a
di ssol ves, &nﬁé&tgf @%mé nsxﬁﬁ@cﬁ%;‘élg;ﬁg}ﬁlo%%‘éf Sﬂlgta%%agee“ 1 g:;}hgl%% hat

control s the Spee oxidatron o sem con e speed
of di ssolruglbﬁrarﬂfaﬂ esubingi lagdt ewenithondapget semicendwdtor Wgﬁrneisylefthm danmaged
sem conductor regions are selectively renoved with a non-danma a%ﬁ_{.la

t3¥nd t he

seni condWerigherabqroghion exfter paty Qfe theoSpinirgnAecier subHfate i fepar
d
sem cgndyeho nau{iéﬁ fa &:eﬁ?&cﬁgg lioh Q@Tcg%ﬁﬂ)]nﬂldeﬁe%mrgﬁmtcglﬁe rgsgeg% HOARG ai’iﬂ

at nosphere 1 I nc ud| gen n etc
treatne ntlayeaftls mnmg/eﬂepeﬁlrrmng yecohd etobingameagacntserihe Gﬂmmlductoeglbsnnatb o the

non- damaged sem condaré F i.on. | referabl éa or %her er, the
Second otBhYHHEE BriBeqaRttn Hhieh s R ptppate fef aridifts ischfamgcior
20sel ect infhtbMalQhclh R iR9hd RNAEGH dubRF ShdTaRf a blR MBI AP BNV Q thebRRiLat e to a
central portion of the sem conductor substrate is reduced from2 or higher
to | ower spmgm)nguctpogm&]nal and a substance that controls the speed of oxidation of the
25  semiconductor material and the speed of dissolution of the oxidized semiconductor
material, whereby the damaged semiconductor region is selectively removed with a
non-damaged semiconductor region left; and performing heat treatment for heating the
semiconductor substrate after the second etching treatment under an atmosphere
including hydrogen.
30 [0014]

Still another embodiment of the disclosed invention is a method for

reprocessing a semiconductor substrate, including the steps of: performing first etching



In addition, the ion irradiation is preferably perfornmed w thout nass
separation. Further, the ion preferably includes an H3+ ion. 25[0017]

I n addi tl\vbzoﬁtmkfz,@st a region where an angle between apggpgaaboshane of
the step portion and a back surface of®the seniconductor substrate is 0.5

or less is preferably renoved by the second etching treatnment. [0018]
30Moreover, it is preferable that nitric acid be used as the substance that
oxi di zes the sem conductor nmaterial included in the sem conduct or

Subst r at Greathiehi Yl 4 gém&oﬁ&dc@or WBs2fd 1 %&ﬁé}? 8K Og@%@&%a@m% i%&fggﬁed as

t he substance that dissol ves the oxi di sem ctor ,
aceti ¢ acenhidadudgedregmntand asumslﬂaimgdaydwvemntiamhgedtdemx&pﬂadoofegmd idi zati on

of the senjconduct.o terial and t peed of  dissolution of. the oxidized
seni condUBldP FeRCEPRSIR!, PROR KA 1 (which A, damagss) STHCPIIUEIOn TEBIPRYSE |

whi ch t hehiekalsQfid HRRAS tRE that bhﬁleruatrﬂafed %ah;bon&momglonasmnﬁﬁ r@«?bﬂ ar e
m xed at a volune ratio of 1: :2:10. Note that the . concenirations

of thé hwdrroﬁmdﬁdrhydhastppl portion afifer part o demipoddudier sab&ttatttlsacpaiatad @s B0

wei ght% 70.we 97, 7. t.% ivel above
mot hote. ke Stbefod buohen fo Fedtiidn ATRES bl o rRg b s BB f T om
the sem qgydueiddioved Ppérfctiting fdtohd Ridigtreatie?@n ﬁlefesﬁﬁ@heu@&nsmrate

manuf actured in the foll ow % manner: the reprocessed sen conduct or

subst r at @ynesing adeédowoa igh indhedes osbsiened tas oxislizes raagfime@tiugior h i ons
so that %ﬂat&gﬁ lhéﬁée%'}ﬁ &{aubr%r %sgﬁg; akﬁtan‘é‘é’{h%& ‘?Qesstﬁ?b%*ai}%“ or
e an a W

subst r at Ase Subst e are an I AsUl |ng
i nt eripos edmidoadedet waeaial, a:ntrl 4 hebsléircephacammdk ﬂempeemdtﬂaixﬁﬂansuhﬁtthat eis

separ ated by heat treat t hat. a_sem caqnduct or /er is forped over
t he base SSEOnAugter ﬂfaemgg]and “the ‘specdygf disppuon 9ttt §X§%@é‘ FIRISNQAANd t he

like, an r%nﬁu%ueﬁ% &hd §£rﬁ£g%dtsgnﬁc0§1H9§th ?ég‘?ods%ré!"@él@&n@l;sﬁéﬂ&/éﬁ%% gr layer

is formed on an insulating surface, and is not limted to 20 a structure
wher e a gionidagragtdyamicpsdystayigien lefty aad perfouhangi hegt reatment fopheadigntbt e, an

b Aol i UL Sl i ook e oS oo e
on ansi npdiadinpGyddyed., or the like. [0021]
[0015] |

In the second etching treatment, etching selectivity of the damaged
semiconductor region to the non-damaged semiconductor region is preferably 2 or
higher. Further, the second etching treatment is preferably stopped after the etching

20  selectivity of the peripheral portion of the semiconductor substrate to a central portion
of the semiconductor substrate is reduced from 2 or higher to lower than 2.
[0016]

In addition, the ion irradiation is preferably performed without mass separation.

Further, the ion preferably includes an H;" ion.
25  [0017]

In addition, at least a region where an angle between a tangent plane of the step
portion and a back surface of the semiconductor substrate is 0.5° or less is preferably
removed by the second etching treatment.

[0018]
30 Moreover, it is preferable that nitric acid be used as the substance that oxidizes

the semiconductor material included in the semiconductor substrate, hydrofluoric acid



25According to an enbodi nent of the disclosed invention, a damaged
sem conduct or region can be selectively renoved wth a non-danmaged

sem condugbanimAgi®n (or a sem conductor region in whichcthed686658s Of
damage is low) left. Accordingly, the @nount of a semiconductor renoved in

reprocessing treatnent of the sem conductor substrate can be sufficiently
reduced, and the nunber of times of 30reprocessing and use of the
sem conductor substrate can be sufficiently secured. [0022] WO

2011/ 043%¢8RCT LI iR Bét%@%ﬁéddﬁssg%«;i% g}g:te&ia{zmelﬁﬁesn BRI AMRORAHE o

region is selectively renoved, at a reprocessed sem conduct or
subst r at exchidh usgd hsthersabstancpltizat apntrols derspbal aftixidingtbn JfOD2micandubier, when

a reprocessed seni conduct or.. sybstr I s, manuf actured by the 5 above net hod
for repr dﬁ@%‘é‘i‘l ﬁQH]éh%W‘g Bﬁﬁlﬁﬁ@étr‘o‘bggotgf Pé’(déz,egtsﬁ'é“c&?ﬂi_ﬁﬂ?r tegialy o rﬁa‘llﬁtgﬁ'd uct or
removed iipistdierefBRY RCRES dutionSAlWRER tHeAy RSl dctd, SR hitri¢ SHHICAR- the
Accordingly, cost for manufacturing the reprocessed sem conductor substrate

can bé r edetiedcid @624hix¢d Rir e heolomeeratigphof &Aa:1800r sLBYOr atNotesthatirthé act ur ed

usi ng the aboye,.reprpcesse em.conduct or . substrate, . cost .for.manufacturing
the Soi  caperraeRCan RGP RFERE AT, BEaiBld baindr it BridR

DRAW NGS WREROZ2TD wellght e aRF SR MR %9 red piivEgS | FIGS. 1A to 1D are
cross-sectional views illustrati ng a nethod of reprocessing treatnent for a

seni condUB® substrate; FIGS. 2A and 2B are enlarged views of a
step portion ofBa em.conductor, 20substr GS., 3A. 10 _3C are

: . Fl
o s otet | ona By B aanor P iERis. 23 KRRt sepiconturtire il dats

substjpat gnanufactured from the semiconductor substrate. Furthermore, an SOI substrate can be
manufactured in the following manner: the reprocessed semiconductor substrate
manufactured by any of the above methods is irradiated with ions so that an
embrittlement region is formed, the reprocessed semiconductor substrate and a base
substrate are bonded with an insulating layer interposed therebetween, and the

15 reprocessed semiconductor substrate is separated by heat treatment so that a

semiconductor layer is formed over the base substrate.
[0020]
Note that in this specification and the like, an SOI substrate refers to a substrate
in which a semiconductor layer is formed on an insulating surface, and is not limited to

20  a structure where a silicon layer is provided on an insulating layer. For example, an
SOI substrate may have a structure where a silicon layer is directly formed on a glass
substrate, a structure where a silicon carbide layer is formed on an insulating layer, or
the like.

[0021]

25 According to an embodiment of the disclosed invention, a damaged
semiconductor region can be selectively removed with a non-damaged semiconductor
region (or a semiconductor region in which the degree of damage is low) left.
Accordingly, the amount of a semiconductor removed in reprocessing treatment of the
semiconductor substrate can be sufficiently reduced, and the number of times of

30 reprocessing and use of the semiconductor substrate can be sufficiently secured.

[0022]

In addition, heat treatment is performed under an atmosphere including



FIGS. 4A to 4C are cross-sectional views illustrating a method for
manuf acturing an SO substrate; 25FIGS. 5A to 5C are cross-sectional views

i 11 ustratwpdodyd¥gizgod for manufacturing an SO substrat @crhbss10666123
illustrates a manufacturing process of7an SO substrate,; FIG 7 is a

cross-sectional viewillustrating a sem conductor device which includes an
SO substrate; 30FIGS. 8A and 8B are optical mcrographs of a sem conduct or
substrate; FIGS. 9A and 9B are graphs each showing a step of a

sem cond I ; . : 0 are
opti cal m“?’réé? éﬁ%ﬁg ﬂge} 9%‘“%)?35 56(5% g@%?g%géé%?%g E% Blf é‘?‘%@% {%gg%edé ggnqg%tn% ctor
subst r at e¢processed dehfB&@ndihdtdi subktkd2 hadihBTavotdtB2 plaidrity cambeloBthiizdar e opti cal

m crograg&i@ﬁf a sem conductor substrate; FIGS. 12A to 12C are
graphs e how ng a step of a sem conductor 5substrate; FI GS. 13A

to 13C are graplin&aGhes Qof’é’bf&e?seéts@ﬂjé&%d@ct&emb%f??k@‘ﬁtrﬁn_u%ﬁﬁéd %g?he

FIGS. 14A to 14C are graphs each showng a step of a sem conduct

subst hat ebou) Fn&@Bod 154 treproédSsiage agseplondatdr shibstiatgy shestapowt af a

sem conduct or _substrate; . . FIGS. .16A to 16C ar raphs .each show ng a
Step of  oRERNIUT.EIed b Plearrocessing et b FtREIT AN spns
each shovadegrdingly, edsP foremaRifa&@ARY GO FepteeyRat dedti€onductor subdifateSeanlBA t0 18C

are graphs each showi ng a step of a sem conductor substrate;
reduced.

[0024]
10 Furthermore, when an SOI substrate is manufactured using the above
reprocessed semiconductor substrate, cost for manufacturing the SOI substrate can be

sufficiently reduced.

BRIEF DESCRIPTION OF DRAWINGS
15 [0025]
In the accompanying drawings:
FIGS. 1A to 1D are cross-sectional views illustrating a method of reprocessing
treatment for a semiconductor substrate; |
FIGS. 2A and 2B are enlarged views of a step portion of a semiconductor
20  substrate;
FIGS. 3A to 3C are cross-sectional views illustrating a method for
manufacturing an SOI substrate;
FIGS. 4A to 4C are cross-sectional views illustrating a method for
manufacturing an SOI substrate;
25 FIGS. 5A to 5C are cross-sectional views illustrating a method for
manufacturing an SOI substrate;
FIG. 6 illustrates a manufacturing process of an SOI substrate;
FIG. 7 is a cross-sectional view illustrating a semiconductor device which
includes an SOI substrate;
30 FIGS. 8A and 8B are optical micrographs of a semiconductor substrate;
FIGS. 9A and 9B are graphs each showing a step of a semiconductor substrate;‘

FIGS. 10A1, 10A2, 10B1, 10B2, 10C1, and 10C2 are optical micrographs of a



FIGS. 19A to 19C are graphs each showi ng a step of a sem conduct or
substrate; 20FIGS. 20A to 20C are graphs each showing a step of a

sem condugban1iGdbekr at e; FIGS. 21A to 21C are gr aphgpaa6heciioW Nng a
step of a sem conductor substrate; 8 FIGS. 22A to 22C are graphs
each showi ng a step of a sem conductor 25substrate; FIGS. 23A to 23C

are graphs each showing a step of a sem conductor substrate; FIG 24
illustrates a relation between an etching tinme and an etching anmount; FIGS.
25A and crographs of a sem conductor substrate; 30FIGS.
26A and g%g’l&{n%uamé%g{metg]ch showi ng a step of a sem conductor substrate;
FIGS. 27A and ZJYIBSanBé\I:rnm d4¢Btj HBY, 1TEM dndelg€? ot optict micogeiphs of a WO
2011/ 043178PCT/JP2010/ 066123 9 substrate; and FIGS. 28A and 28B are opti cal
mi cr ogr apif@ieandyctersubsdMeiuct or substrate. BEST MODE FOR CARRYI NG OUT THE

| NVENT! O 51 0039k, 124, to HROAdaRlshs A0KH HRIES: Web o8 EaRESIdURFM,DE] OW

with reference to the draw ngs at t ventfon can be 1 nplenented
i n may dubfteatent nodes, and it is clear to those Skl IIed in the art that

t he nodes and iI can changed in vari ous wa hout departing from
the spirit - and HESpd Y 1 HoG ReREiiGs. Cophoiondpe & Fia ohd IERKRSITShoul d

not be copsikdied as be| ng limted to the description of the enbodi mrents and
exanpl es. Note that the same portions or portions having a sinmilar function

are denoted by RIGE. ddre to dit€r erc graphsegagh sshowingias skepeel fi semicondugtod t he
i ke, and JH8s grlptlon thereof is omtted in sone cases. [0027]

10 FIGS. 15A to 15C are graphs each showing a step of a semiconductor
substrate;
FIGS. 16A to 16C are graphs each showing a step of a semiconductor
substrate;
FIGS. 17A to 17C are graphs each showing a step of a semiconductor
15  substrate;
FIGS. 18A to 18C are graphs each showing a step of a semiconductor
substrate;. '
FIGS. 19A to 19C are graphs each showing a step of a semiconductor
substrate;
20 FIGS. 20A to 20C are graphs each showing a step of a semiconductor
substrate;
FIGS. 21A to 21C are graphs each showing a step of a semiconductor
substrate;
FIGS. 22A to 22C are graphs each showing a step of a semiconductor
25  substrate;
FIGS. 23A to 23C are graphs each showing

=Y

step of a semiconductor
substrate;
FIG. 24 illustrates a relation between an etching time and an etching amount;
FIGS. 25A and 25B are optical micrographs of a semiconductor substrate;
30 FIGS. 26A and 26B are graphs each showing a step of a semiconductor
substrate;

FIGS. 27A and 27B are cross-sectional TEM images of a semiconductor



15 [ Enbodi ment 1] In this enbodinent, a nethod for reprocessing a
sem conductor substrate will be described wth reference to FIGS. 1A to 1D
and Fl GS.waAoamdzB. [0028] FIG 1A illustrates an exanpler@b2@osésipct ure of
a sem conductor substrate 121 20 befor® reprocessing treatnent (a

sem conductor substrate fromwhich a sem conductor |ayer is separated). A
step portion 126 exists in a peripheral portion of the sem conductor
substrate 121. The step portion 126 includes an insulating |layer 123, an
unsepar atggdosemi.ggnduct or region 125, and a semni conductor region 127. Note
that both t%e unsepar at ed sem conductor region 125 and the sem conduct or
regi on 127 are FIGS. 2twragd28RBact aptichludierogaphs of ystaicodéd@at sipstyvane.ds,
blisters, or the like, due to ion irradiation treatnent or the like in a
manuf acturing process of an SO substrate. In particular, the sem conductor
regi on 12gp$f MODHEHE CATETEING TRZETARANGEN TiG ement due to the ion
irradiation are remarkable. Therefore, the unseparated sem conductor region
125 ardd t[R826Jem conduct or region 127 can be collectively referred to as a

S A oo S R Bl b R e e R Wecors 1o
a regi on gaking®f NbicGhatitR€ InveRsordian Wedfiplcdhendd i@ difftreat M3Bes, BnditCr yst al
(a crystal structure), a crystal WD 2011/043178PCT/JP2010/066123 10

def ect, ds@lest tor thpgmskallednincthy afthat| the magdes and detaids Fanklec chgmigedhin variassed by
ion irradiation or the |i Lle. Py crystal sem co gion is
a region Y%%\%?%%utacieggn%mignkﬁ%m\g@%s gﬂ ganrdegééﬂ% ¥ g(#e% ilﬁv?ﬁs@ﬁat ?g%%)%’etélgl ar
manneln. liAvadidht sluld andiobe deviegesl senbeiagdlimied feghodesaimion ©o thesi ngl e
crystal sem conductor region in which atons in 5a crystal are aljgned in a
spati al | yehodypets asthreampley Mifte tha dhe same ROIHRNYRGEPITHYNSBaving? sighlarcr yst al
sem cond r.egi i i I i 1 i ol Lt [ 0029]
The abovanros B UPRUNLS fhe Sl EARCAERY th s sRsriioh dfid shee | )7}

r egi on ofantlhlesgiphips dredenftioom#tedsn same casthie edge roll of f region is caused
by surfaZ[S %,/reat ment 10 (CWP treatnent) of the sem conductor substrate.
Since t hd® de roll off region of the sem conductor substrate has a snaller
t hi ckygesgEWbARiAentgt ral regi on of the sem conductor substrate, bonding is
not performed in the edge roll off region at the tine of manufacturing an
SO substrat e. Imshis embodiment,tdmethod foptapraagssing 6 semidoaductomsubbieate gl r ol |

cer condameGrritag i eHePFTARIGE it lg I SndROL AT o vegion of the
sem condygbzg] substrate 121, other than the step portion 126, (especially

in a region surrounded by the above edge roll off region). The
sem conduct or FaGi b ilustrates ap expmple; of assieueture 9h arsemiqorguctprsubseite 421 egi on

S S e Mo SR LA ARG,
sen conduayedr isl syfarated). sepastap gsbrtip®OR] exists in a peripheral portion of the
semiconductor substrate 121. The step portion 126 includes an insulating layer 123, an
unseparated semiconductor region 125, and a semiconductor region 127. Note that
both the unseparated semiconductor region 125 and the semiconductor region 127 are
25 damaged and include many crystal defects, voids, blisters, or the like, due to ion
irradiation treatment or the like in a manufacturing process of an SOI substrate. In
particular, the semiconductor region 127 is a region where damage and embrittlement
due to the ion irradiation are remarkable. Therefore, the unseparated semiconductor
region 125 and the semiconductor region 127 can be collectively referred to as a
30 damaged semiconductor region. For example, in the case of a single crystal

semiconductor substrate, the damaged semiconductor region refers to a region part of

which includes disorder of alignment of atoms in a crystal (a crystal structure), a crystal



Here, the sem conductor region 129 is thin enough as conpared to the
sem conduct or regions (the sem conductor region 125 and the sem conduct or

regi on 25%8%h11/ddsige step portion 126. Further, the sempe@ngdabfis15L91 on
129 is damaged by ion irradiation tredOment or the like and includes nany

crystal defects or the |ike. Therefore, the sem conductor region 129 as
wel | as the sem conductor region 125 and the sem conductor region 127 can
be referred to as a danaged sem conductor region. [0032] 30FIG 2A

i1 ustratpg.4 asgi@&) d 6f ¥ LS Wal Rl Ghink fkeS gf&hmmse g}i@mgir?‘ad 10%1; fed- The

step portion 126 i ncl udes region corresponding to t ero

regi on arttle dikeeghie acingle spotadlisemidoodectehegioar is poreigiomnin Which hitemembadi nent
the edge roll off .V\D%!2011/ 0431Z8PCT/ P2010/ 066123 d{]i.regi on r@:n?rs to a
set of pdihtd afc fHERY ah wgitialyefsuls Tapatgert fﬁl e of BPs{AmagEd of the

step por tdeRficohdBctBPNfbgior RE&GE RNE SinglddrA3A semiQnau@br 18P in WRigh afstihe
reference surface, a plane parallel to a front surface or a back surface of

t he sénm coerystel are adighert mat epattigll e plignedadantsf @0 $fhich has the samhe gualdy avel y, by
setting a.region at a distance.of 0.2 .mmf.romithe.end of the substrate as
The chantETbRPREserRpAtERn S whish i P gfreled S flonttn ks a 1 ogi on

whi ch is [op29)de the chanfer portion and in which bonding is not performed.

Specifically, for exanple, a region at a distance of 0.2 nmto 0.9 nmfrom
the end of 10t Hehesabpye ptap @ortion 1376 indpdesrasp-cilededgh eolbef 4E+ BI D.)gegiopegi on.

[ 0034] ch t e f t di ng

bet ween aOft%lzliesseenjls\ilg(%)rgdtu%%? téuéasﬁ ‘ea g‘gégﬁ‘%eg‘g’gltdrfgﬁé?&t%g r e%’%rgg S ‘?lﬁfg t%l?igﬁ%?i ty of

t he cltanf(@MPpaeitient)ddabe seicomiucwi substiaedr Gisesthagdge wiltofe rigiaf oft the

substrate. On the ot hﬁrg hand, the vjci nit%@of the 15 edge roll off region
T

has an i iFMRMREECIBn Ph¥Bonkisng PeAlRethickrespalan stibstirat eegia Phepond
subst at @emIDRHGLGF Subsfatt AAREIS A6k REMIHON MHE QgAY AlporCAMOlimbe LS

..
in a manufacturing process o SO" substrate in sonme cases, which depends
on the plafmaanufactwingt aneS@Hgpbstrate] A fa resadfi, the. stdpoportibm 326 sdsfhan thetedges very

i nportant to.renpve _the ste ortion 126 in the edge roll off region so
that the rBhQ#&F&‘W otfh?rsgg?cqpngg‘ftﬂ‘ﬁ“g@té%‘e iqai’ZOt he reprocessing treatment of
the sgm qopsiyct or substrate. [0035] FIG2B illustrates a schematic

view in which a step portion 128 illustrated in FIG 1A is enlarged. Note
t hat both the dNfephat asearicoadiciomgaiondi29riggdigted ppith ing cxists isarregiondict or

region 13fe ASicOAMRATdudithed 15 388 HRDIE LY L8lioASDB (eBpectitlydR a BhibS &7 S
surrounded by the above edge roll off region). The semiconductor region 129 is
formed in such a manner that part of a region irradiated with ions, which is formed in

- 20  the manufacturing process of the SOI substrate, is left in the semiconductor substrate
121 after the semiconductor layer is separated.
[0031]
Here, the semiconductor region 129 is thin enough as compared to the
semiconductor regions (the semiconductor region 125 and the semiconductor region
25  127) in the step portion 126. Further, the semiconductor region 129 is damaged by ion
irradiation treatment or the like and includes many crystal defects or the like.
Therefore, the semiconductor region 129 as well as the semiconductor region 125 and
the semiconductor region 127 can be referred to as a damaged semiconductor region.
[0032]
30 FIG. 2A illustrates a schematic view in which the step portion 126 is enlarged.
The step portion 126 includes a region corresponding to the edge roll off region and a

region corresponding to a chamfer portion. In this embodiment, the edge roll off



25134, or the like, due to irradiation treatnent of ions or the like in a
manuf acturing process of an SO substrate. A region 135 surrounded by a

dot ed | i ngosbpwaziigSt ate where the sem conductor |ayer agg/ phRo0&s ati ng
filmover the blisters is damaged. A ddnber of projections and depressions

exi st on the surface of the insulating |ayer 123. [0036] 30Reprocessing
treatnent of the sem conductor substrate includes at |east etching
treatment (hereinafter referred to as first etching treatnment) for renoving

t he i nsul,ag; I s | DT r.ai as
ocond errehoR et RAE G Sl o o A ] Bt Bl BR et o g

t he damaghd sepnportiol 126 and reegifaonceasudfaceds 0t5°aat lewnt Heoe, 33| thoarferéneg t he
sem conductor substrate after the second etching treatnent. These are
descri bedUrfAceder Rlape parallsl to goliont syrfacgior g ack spdicecplc HiensprpireRdusiont i s
descri bedypidfe [&hiGRae to FIG 1A As described above, the first etching
treatnent 1s etching treatnent for renoving the insulating |ayer 123 from
t he sém dO0G2B]ct or substrate 121. Here, the insulating |ayer 123 can be

renoved by wet etching treatnment using a sol uti ont ai ni hydr of | uori c
acid as an ot CHIMMAOREY, RE SEba i BROBIHAAIHITH Tyr BT J6M AEE1E0! Be i wed

sol uti on g, 3Qr££00§ MM BY P6@bh Uk éiig@%liofﬁf@"g%}i BaA bt wefihdPas @egidn
surfactant (e.g., product name: LAL 500, produced by Stella Chem%a

Cor por at ivomiyh ois irsule| thee chamfer epestian| gndigrdwhithi bonding eisc hothgetfommgdrent is

Bopr oxi mtergeaDh TEEelsfinid % BESA 2oLtk Sl EEEPNT 09 B BORLRE Sodive

per f apmedhé substst can BeFITaed Bak thdwigs el 6Fnelkich.or substrate 121 is soaked
in asolutionin a treatnment tank, a plurality of sem conductor substrates

121 can HBO}tocessed at once. Accordingly, efficiency of the reprocessing

treatnent can I r I i Male! i's
renoved by theqﬁté g@ﬁ??z%ﬂ%‘@r%ﬁﬁ%r@hgﬁgt é{ggcst ﬁgtﬂoﬁgg}g ?é(;@%%{ raé@n%Sed by
t he secorsdbst2fe aidchbond sutsahteptherefoteethetplimanity df the chamfdrepostiar Hexsamht

Furthernore, since the sem condyctor .is hardly etched Qy the firsf etching
t r eat mentMatien i EERIFATSIG treatment Ah R hSEAEy g’aﬂy& olipidhap ithFé(FﬁW&ﬂOf[&?et he

i N L e L Ll
may be erﬁohdyebbta@.l drhgrefore, a reprocessed semiconductor substrate cannot be used in a
manufacturing process of an SOI substrate in some cases, which depends on the
planarity of the edge roll off region. For this reason, it is very important to remove the
step portion 126 in the edge roll off region so that the planarity thereof is improved in
20 the reprocessing treatment of the semiconductor substrate.
[0035]
FIG. 2B illustrates a schematic view in which a step portion 128 illustrated in
FIG. 1Ais enlarged. Note that both the unseparated semiconductor region 125 and the
semiconductor region 127 are damaged and include many crystal defects, voids, blisters
25 134, or the like, due to irradiation treatment of ions or the like in a manufacturing
process of an SOI substrate. A region 135 surrounded by a doted line shows a state
where the semiconductor layer and the insulating film over the blisters is damaged. A
number of projections and depressions exist on the surface of the insulating layer 123.
[0036]
30 Reprocessing treatment of the semiconductor substrate includes at least etching
treatment (hereinafter referred to as first etching treatment) for removing the insulating

layer 123, etching treatment (hereinafter referred to as second etching treatment) for



as the insulating layer 123 can be renpved. Alternatively, wet etching
treatnent and dry etching treatnent may be used in conbination. For the dry
et chi ng tweabimnisiigsa parallel plate reactive ion etchingctRpEioa&hb0pd, an

i nductively coupled plasma (1CP) etchildg nethod, or the |ike can be used.
30 [0040] WD 2011/043178PCT/ JP2010/066123 13 unseparated sem conduct or
region 125 and the sem conductor region 127, which are included in the step
portion 126, and the sem conductor region 129 irradiated with ions, are

sel ectiv . L fuefea! L Ys f or med
usi ng, ag&g%{;lgggﬁgﬂ? m éfnsez)gggg(gﬁcﬁirg%m\?\hl cdhﬂléaﬁrc} f%g’e‘é‘{tg‘%g s{ag%\lgéqg %at

oxi di zes semicondwrnorcsubdrate caftenshesiaing ccsnb steamont.t HEteseliass dbscabed e

oxi di zed ser:ii conductor material, and a substance that controls the speed of
oxi dat i oifeB# b[eﬁ%f"'sem conductor material and the speed of dissolution of the
oxi di zed jgggijconductor material. [0041] In the above treatment, nitric acid
is preferably used for a chem cal solution 10 including the substance that
oxi di 2es t he séirsiddficst gtching wedtment isiydisoitiedowitle refeiedcs &0 pl@flek.abAy used

for a chem cal .solutign jpneluding, the substance that dissolves .the oxidized
e cond (EIEPefeterpafre HRLIE et S EPty ot T3 R evAsng

sol uti on jhduedtingilgrt1R8 froM Shertaficdldattot QibisiraleS1 21N e Hep€ ale @fsultihglddyepn of

t he sem conductor  material and the speed of dissolution of the oxidized
seni-conddé? ¢an bggemayes hawet qtaling drepaadnt using ¢f solwncgoptamng hgdieflupse ab| y
set as f oys,; .t ol f - el %% N Tl i d, I . 0. 01
tines an%&deég: al% ﬁgﬁa%theg}@?trlrlg Sé)glgpg%ogﬁéls{ﬁlg hlé{dhg}lﬁ)gi?. a?(Jl vfle?grlgf? 8}3 g@g%lg% aci d
and i18 neoetatni@hhArdflioriegidpcthrha@ssmtfhanidt Odhdtd sefaceaat (eag.gprodscttiaaie: of 50
wei ght % hydr of | uoric acid,_ and the volune of 50 wei ght% hydrof]|uoric acid
is nore tHdn S800Rrodpeeds by el CPHarCOPaTaipRer e Pik¢ gt Biicrhlt v o7, 7
wet gt % a6l ket cidin@ fbAlmehPls RARABl Fpertdrmicd (B 81 GIcBRCI0 150D sklihay Gt e

rati o of hydrof(i uortc acid, nitric acid, and acetic acid be 1:3:10, 1:2:10,
1. 5: 3: 10 examplehappriimateNo3@0 sehandst he vol une ratio 1:3:10 is expressed as
HF: HNO3: 'H20 = 2.05:3.29:11.55:7.42 in a nolar ratio of nolecul es.
There is articular limtation on the conposition of the other

nol egyl es. Thes@ice hwardelchig! ii@itnehtS caf BE Sfcifdriiedah f RICHBA nidhed Bk Qlé Mat el y
1 mnute 25 to 20 mnutes. For exanple, the etching treatnment is preferably
per f or medemigondysiercsubstrate |1yl Is peakad éw atsoludioniin at teeatinpntt taek, caplaralitie € t he
volunme ratio of hvdrofluorig acid, nitri.c acid, caeti c.acid 1.5,.1:3:10
and Tor SpReRivelticnBlotl 125, B8 W oMo Bl AR TREI U)o ue
rati o of réproleatihpiardatinéifti cdn By idckéas@li Furéds] saet the iadilgtingslayer 129 .is
Further, it is preferable that the tenperature of the m xed solution 30 be
appr oxi mEerBeYediRy the fistaiching treptmentiansd does ot peqdotozky remaved byjthe sgopnd
20116043 LERRGTABROHD! 0RO bhinkt time can b0 BfteARCY CEENRIARS, OBficd The'd 2
rati o, the clfem cal <solutions or the nolar nunbers eac avé a margin of
error of serhidofidudtmr isckandpl etched Hyhehee fipst etching trdasherithehes aimoont oftthe of

hydrofluori¢c acid, njtric_acid, a acetic acid s 1:3;10, X:y:
(hydr of | Semicendtor scllzﬁt{atenﬂflr fegioye g’Y(‘f’% ctclijng cap b g and de)lywéw BE in a

range of tines o rhré@ssimg danlbe Mcreased! 10 3.3, and z = 9 to 11. Simlarly, in
t he expression that the volunme ratio of hydrofluoric acid, nitric acid, and

acetic a¢P@9%s 1:2:10, x:y:z (hydrofluoric acid (x), nitric acid (y), and
2cgt %% il(l:l d Z}r) th%BfYrsP gtcflirﬂg?reré%]&?, c?rfy e)fch?ngotrgat}n%ntl fn:!aiy b e?npjlc')y%dta% lgﬁg2 , and z
as the insulating layer 123 can be removed. Alternatively, wet etching treatment and
dry etching treatment‘may be used in combination. For the dry etching treatment, a
parallel plate reactive ion etching (RIE) method, an inductively coupled plasma (ICP)
etching method, or the like can be used. |
30  [0040]
Next, the second etching treatment is described with reference to FIG 1B. In

the second etching treatment, the damaged semiconductor regions, that is, the



[ 0043] 10Crystal defects, voids, blisters, and the |ike due to ion
irradiation exist in the damaged sem conductor region, and an etchant
penet r at agoeasidsyigherei nto. Accordingly, in the danageg@csam@Eoocyss or
region, wet etching treatnent progresses not only froma surface but al so
fromthe inside. Specifically, the etching tends to progress in such a
manner that a deep hole is forned in a direction perpendicular to the 15
pl ane surface of the substrate and then the hole is expanded. In other
words, i %&é@&l@&@%i&oﬁm&%gm P15 ﬁlﬁg'tlfér‘serﬁib&lcﬁEﬁ)h'rEQoﬁ neal Wath are
progresses at a higher etching rate than in a | ess-danaged sem conduct or
regi on orin¢lhdechiorthe atep gedionelfioc amtithe somicoaduator. reglond 29 Tmadibted gvithaibes, means

the etchin un anount ched).per unit tinme. In addition, "etching
sol eot v sargily CFFETe ol Sehishaliv s ssamed S perEPed g, 20a
rati o of @naft elhdid, rAtMixed SAGlod avkith IR 4 | bstahdte thas xRFRoed

sem conductor region refers to a sem conductor region in which the degree

of dafageemicandpeipr mateyial, @\gubsianse i désgolves theaxidized semicondugiar matsgial,
sem conduct,or ion e 1 condu r.reqion 127.,the m. gonduct or
regi on 12‘33l i% Sruagtlgré ee%%gmg({nﬁrtolh]sotr@ %B%e%i ?f}ﬂ(gﬁﬁiaﬁ?g .0?%?)%4? lc%&é nz%eercl:aﬁfafl gal ly,

t he et chithgspeatl of aissdliordetthe 6&idRdiseaBHATIRor haglidln is tw ce or nore as
hi gh as that of the non-danmaged sem conductor region (or the |ess-danaged
seni condU®®Y region). That is, the etching selectivity of the damaged

sem conduct or TfgGhORyER ﬁ&%&ﬁ”hﬁegﬁgﬁdiszﬁg%ﬁgﬁgy&%gfgf %S%jmca\ﬁ/\%&uﬁiﬁﬁ

| ess- damaged semi conductor region) is 2
2011/104 3 1iv8GRE IR2QbBAHEGGthACo X Bized thh aermjcondwecton matdrislol dyidooflushicakid incl udes

t he substance.t hat i di zes the sem conductor materjal, the substance that
di Ssol vedTHIREOBY U 48 & GrPBTBHBIonn eI thearipsianes (hetiSinbest at
control s diiez&P6HichdRXddalat?a].Of AL 261 GOPFFEHRy GRldeEdrah @Rrehitdle speed
of dissolution of the oxidized sem conductor naterial, the 5 damaged

seni condusotusionr éaplushing athe hsubstanee t thak| gontrelspvlea. speet ovfdiaxddagiont b eount of

th i conduct i h i ng treat : b duced, and
the numbaPirindecet SRRSRDand hhgrErh ol BT ot TRt MR Rt et GFRE) e
wet  atchimgedidleatrie 6émpésitdiiéfthe tdchait iS prefablg yetRifolebs theat@temd 81 76an be

processed at once; therefore, efficiency of the reprocessing treatnent can
be i ncr easdght7%Foitti¢ aeidds enorg thanbe1 times siad desd tharcomentymeragdargens thawibe

et cased Al YEERUP aEsicserk oL mors i 0.1 tmeS shiiess tiaro{ 00T ees i IeReRes of
the, damged e CaBAYEhONoNBSORiA tnkFe SHSRERE'S0 00ghaPp{AbgusATIGRNIuC or

region 125 and the~sem tonductor region 1 is larg erent from

that of tifienodeiagei0sanies andiless tHanreg tiaies ial ldrfe aothaeof 9RQivwightvhscetic
sem conductor region 129). Therefore, the etching selectivity of the step

port i28n gl (ke eﬁ@ﬂpbhéziélpf?fé@ieoﬂlﬁt ths Yolumeratd of byfdluprin acide mitrig|
portion) Jof, DRl adthit aOlaBeUsh091:518, BSZON! of 1Y NoRAIFAE volume ratio
1:3:10 is expressed as HF:HNO;:CH3COOH:H,O = 2.05:3.29:11.55:7.42 in a molar
ratio of molecules. There is no particular limitation on the composition of the other
molecules. The etching treatment is preferably performed for approximately 1 minute
25 to 20 minutes. For example, the etching treatment is preferably performed for
approximately 2 minutes to 4 minutes in the case where the volume ratio of
hydrofluoric acid, nitric acid, and acetic acid is 1:3:10 and for approximately 6 minutes
to 12 minutes in the case where the volume ratio of hydrofluoric acid, nitric acid, and
acetic acid is 1:2:10.  Further, it is preferable that the temperature of the mixed solution
30  be approximately 10 °C to 30 °C, for example, 22 °C to 23 °C.
[0042]



[ 0047] 20Specifics are described below I mediately after the second etching
treatnent is started, the damaged sem conductor region is first etched both

in the stwpwandsse® 126 and in the other region; thus, pagPidhhb&d23
sel ectivity beconmes simlar (specificditly, approximately 1). After the

damaged sem conductor region in the region other than the step portion 126
(the sem conductor region 129) is etched to be renoved, 25 the | ess-danaged
sem conductor region or the non-danaged sem conductor region is exposed in

the region ot h%_thé‘%ﬂo&é@x;ﬁ&s‘%ﬂqn@%sﬁﬂgoﬁl rdté8: th RYSmicdahSol1BliSH DY tHeakBIaPf the
| ess- damaged sem conductor regi on or the non-damaged sem conductor region

i s reducethmbEneeahdrage atthaghaofagen afernil @ 6nd Ut @xamplyi antherexptessiot éimtporti on
126 is preferentially renpved, and_{he etching selectivity of the danaged
semi conduBt gl rr%tgqy eﬁqusrqfﬂ'@ﬂr: ‘Ld%fﬁ'&géﬂdsé QR BEr T @ailé’n ¥t he
non--dana ) G Of:. E egl: b L: ). f: ] , 0 . gher) .
A ter tna oAl A B RO BRERE e Rif L FAS Ok ih BRanglof P08

sem canduct,of = gL B, hndzardiot e Semiledy) @i the @k preWibn that the volume ratio of

2011/ 043178PCT/ JP2010/ 066123 16 region 127) is etched to be renoved, the
| ess- damBydptleric aasith ydtrisr acid gingnacstic tasdl isohi2d Qmaged (Rwukoibeniguraidi(x) egi on
I s exposed _also, in the step. tion 126 thu t t.chi ng I LV ty
beconss rIER (f b GeQlsERieRLLP Ao Totbi it s BELpbgagfodrh i L
manner, singe,fihe etching selectivity varies during the second etching

[0043]

10 Crystal defects, voids, blisters, and the like due to ion irradiation exist in the
damaged semiconductor region, and an etchant penetrates easily thereinto.
Accordingly, in the damaged semiconductor region, wet etching treatment progresses
not only from a surface but also from the inside. Specifically, the etching tends to
progress in such a manner that a deep hole is formed in a direction perpendicular to the

15  plane surface of the substrate and then the hole is expanded. In other words, in the
damaged semiconductor region, the etching treatment progresses at a higher etching rate
than in a less-damaged semiconductor region or the non-damaged semiconductor region.
Here, "etching rate" means the etching amount (amount etched) per unit time. In
addition, "etching selectivity" means, in the case where two different layers are etched,

20 a ratio of an etching rate of each layer. In addition, the less-damaged semiconductor
region refers to a semiconductor region in which the degree of damage is relatively low
as compared to that of the unseparated semiconductor region 125, the semiconductor
region 127, the semiconductor region 129 irradiated with ions, or the like.

[0044]

25 More specifically, the etching rate of the damaged semiconductor region is
twice or more as high as that of the non-damaged semiconductor region (or the
less-damaged semiconductor region). That is, the etching selectivity of the damaged
semiconductor region to the non-damaged semiconductor region (or the less-damaged
semiconductor region) is 2 or higher.

30 [0045]

In this manner, when the wet etching treatment is performed using, as an



treatnment, the etching can be finished in consideration of the etching
selectivity. For exanple, by stopping the etching treatnent at the stage

wher e t haygthiigagigel ectivity of the damaged sem conduckpehpadsedsiiP t he
| ess- danmaged seni conduct or region or tlAe non-damaged seni conductor region

is reduced to |l ower than 2, the damaged 10 sem conductor region can be
renoved whil e the anmount of the sem conductor renoved by the second etching
treatnment is reduced. In this case, the reprocessing treatnment can be

surely peét%lﬂhﬂe%eagﬂixteﬁes@l'dﬂ%r w‘BLcht iiH&Edé%f thePLARRSEL Nhaf 6%ifiGes th

sufficiently Secur Note that the etching selectivity may be a val ue (a
di f f er encemviaindegtoobthaemad thy substpaaei topt t dissodwis utites onidized dsemaidoniductokness i n

det i ned tj . g. 0 15 d 1. m nut. |
G P1 o anthaPin i e sty COBTaAI 5o S AROilios oBihs sIEOHUERE ckness
in an inshabfial AROHY speed of disblbfod RRthel JHBYEN sB@Ricohdldist FRteedl, hgEe, the

step portion 126 is damaged or partly danaged in sone cases when the
sem céndulamaged sgeiconductapagian edn be setectivel 2 Engmieid c o Adowrtinglys thizsametng 121

In such cases, the etchant penetrates fromthe danpged,regjon,into, a

bor § pher e seBopRSgRmoREs i /A5 Flrockrome PERERAGAE B d4Es AR

et chi ng th@detides dINEprob@sigmmgaitc TaAbeanEdsdedr FOFhQNbYMLCRel &chilt 1N

t he non-damaged seni conductor region (or the | ess-damaged semn conduct or
regi on) itkcap¢ndcpi plarajity evpseatcomEigriooSUpstraiss 12p) canabe Daesesied: legbefent i s
perforne S t e.l frer nd |

P eat nonthiiste.pBRCEROCAE (B (EuSiEbRdiitel LA of Ao BR8] SpREBR,
manuflact wimd the e&ohl @tchiD)g trddnnsnt ¢capeienpgiformsd [ie faf shofraimd etticiencyt drethe

sem conductor substrate 130 cannot be used . in a manufacturing process of an
SO substTFRICESSHNEireatnt 63 beylngregsedialio fop HitsaAMlet or substrate 130 after

t he secog@ogg ching treatnent does not have enough planarity as illustrated
in FIG 1C te that in this enbodi nent, the case where the sem conductor
region 129 is dNmplthitethy therkpessdobyhet Hemagedosainicondicty regon in the step

20110431 oECT RO CIE I el Cesciupec hoverer g e
t he ggcongfererthidsh tha@alfMMet danhdgell SseRfi€InAn&BE GedibAtint (e StRERILZICHT (the
sem conductor region 129 be renoved toget her b?/ pl anari zati on treat ment
descri besemidonducts] Bg®n] 129). Therefore, the etching selectivity of the step portion 126

(the peripheral portion) to the other region (the central portion) is not uniform during

the second etching treatment.

[0047]

20 Specifics are described below. Immediately after the second etching
treatment is started, the damaged semiconductor region is first etched both in the step
portion 126 and in the other region; thus, the etching selectivity becomes similar
(specifically, approximately 1). After the damaged semiconductor region in the region
other than the step portion 126 (the semiconductor region 129) is etched to be removed,

25  the less-damaged semiconductor region or the non-damaged semiconductor region is
exposed in the region other than the step portion 126; thus, the etching rate of the
less-damaged semiconductor region or the non-damaged semiconductor region is
reduced. Therefore, the damaged semiconductor region in the step portion 126 is
preferentially removed, and the etching selectivity of the damaged semiconductor

30 region to the less-damaged semiconductor region or the non-damaged semiconductor
region becomes high (specifically, 2 or higher). After the damaged semiconductor

region in the step portion 126 (the semiconductor region 125 and the semiconductor



As the planarization treatnent, the sem conductor substrate 130 after the
second etching treatnent can be subjected to heat treatnent at a

t enper at uge 20f1/A5L8t er than or equal to 1100 C and | esspihapr@bo&drpl to
1300 C for greater than or equal to 30%nmi nutes and | ess than or equal to

240 m nutes under a hydrogen atnosphere. 10[ 0052] As a heating
nmeans, a rapid thermal anneal (RTA) apparatus, a resistance heating
furnace, a mcrowave heating apparatus, or the |ike can be used. [0053]

Not e t hat .} - -
e that.big ﬁe@g? kiched @F%Eer?!%%ﬁvﬁd; Jlr?ggéesgfdgﬁlggéﬂ‘géﬁlcéﬂd&'icﬁlq‘@gi% "hsiper e or

15 an at noSphere a m xtur argon as we S a hydrogen
at nos phermon-danraged aepicenduatort fegionais exphedaltchin the bepppation dR6athus xther e of
hydrogen and argon. i s, enpl oyed, the. heat .tlrgat ment .can bej performed at a
{enper at RanBE SERediNitE PerRes SHPlucAEa (RPeiialS PRIy EY Dran or equal to
1300 C fqpoggjeater than or equal to 30 minutes and |less than or equal to
240 m nutes under an argon atnosphere whose volune is greater 20 than or
equal 5t o 90 vollgothindniness sitegrtheetchipgaselactivitpGanies donmg thersespalcetchioga gas

i ntroduced int heati ng furpace.,ln the case re. the heat. treatnent is
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proporti Qixafiple) B¢ rsm?fﬁl tthe ERBingafeatridrt At tHeQthde b ieré R di@hg BdedtivithaEe Ry
preferably be 4 vol % for exanple. [0054] 25Note that the atnosphere of the

heat tredh¢ndamaged prsmicondyictas yegignithdhe desselamagerl semigopdiciaesiopforghper gas

b f h ] 130
aiter tnatneifigfd, ARk 3¢ hefheat T RN N Gay pP AT or

[ 00559 3Ckbii@nttebr egnhan Heaainové¢dahitedie dnnslert ofitheasegiconducrosEievedor an

at nosphere of a m xture of oxygen and nitrogen nmay be perforned before or
after t hOYQESCEPLHRHAE TP 13 Feats PETRIS A (1D SENOSSTRE dFFalhent he

hydrogen &h%Sﬁ?égﬁreﬁhﬂ&?aﬁyiﬁedﬂnﬁl&éi&ﬂirﬁés @(Veg%%eésfih B BeTERRAHGT O
substrate 130 is onoted by performng such heat treatnent, the

concent r aecwnd olNotexhadhe ¢thbing sslesti\tybmayben vebiet(a ddteréncetvaliey ebthimediduct or
substratoeér[lSO can be reduced, ang %ﬁn@r g%i on, of oxé ati.o -'bndu ed g@acki ng
fault (OSR) SUBPEIS Be AR & JPIUTBsthickpesssiah RiedeloIpiness img (059,

Not e rshatseadrdddostol hitte) asiea Walice (2 diffRaitial t\!ame?waiﬁécﬁay N@nipating p@e f or med
as the planarization treatnment is described in this enbodi nent, w thout

li mitati ewnaquatsrafireduced thickniesgintandastaiént such as a CVP net hod may be
conbi ned [bGE]evm' th to performthe

Note that although not illustrated here, the step portion 126 is damaged or
partly damaged in some cases when the semiconductor layer is separated from the
20  semiconductor substrate 121. In such cases, the etchant penetrates from the damaged
region into a periphery thereof through the first etching treatment and the second
etching treatment, and the damaged semiconductor region which is left in the
non-damaged semiconductor region (or the less-damaged semiconductor region) is
selectively removed.
25  [0050]

Next, planarization treatment is performed on a semiconductor substrate 130
after the second etching treatment, so that a reprocessed semiconductor substrate 132 is
manufactured (see FIG. 1D). This treatment is performed because the semiconductor
substrate 130 cannot be used in a manufacturing process of an SOI substrate when a

30  surface of the semiconductor substrate 130 after the second etching treatment does not
have enough planarity as illustrated in FIG. 1C. Note that in this embodiment, the case

where the semiconductor region 129 is completely removed by the second etching



10 planarization treatnent. A polishing treatnent may be performed after or
before the heat treatnment. The polishing treatnent using a CMP net hod nmay
be perforwedopasi®r a plurality of tinmes. When the pol ipghjspshibo&atrent is
performed a plurality of tinmes, for edanple, it is preferable that first
polishing with a high polishing rate be performed and then finishing
polishing with a |low polishing rate be perfornmed. At the first 15
pol i shing, a polyurethane polishing cloth is preferably used, and the grain
di anet er 3 j L | I

appr oxi rré{%}@én% Od/erﬁlr:r?b fﬁ{)‘ﬁéeﬁ% lﬁit%%?drﬁg Wé%ﬁ ti’ﬁ?%‘g@%‘i‘%"éﬁé@g&l?g ﬁ?r}\né) ‘ cloth

i s pref erbmb$ufficisstlly remdvdadhby gthai secohidareheny otatslent, riy is prefembler dint ythd5 nm t o
75 nm for exanpl e,. approxi mat el 0 nm Further, when the polishin

t r eat ment™ NP ?eé‘i‘ﬁ‘égi?‘ﬁt%lfﬁﬁ‘a‘i‘iﬁ?q’&fwf‘}% togethar iyePlaparZaHPR JIAIRENN at e,
the 20se.6QbddpLRw. substrate 130 can be planarized in a short tine. [0057]
The surface of the sem conductor substrate 130 is planarized through the
heat bred0®ddt; therefore, the reprocessed seni conductor substrate 132

which is planarjzed tp have average surface.roughnes .2 .nm or
ose, preferants 06, RERHSON COUBEN: e SEMiRaRHTc: St dd e 15

[0058]  second eféhistefedtineRCcan e duibfecRalio GeiEtidatmadtta @ tampémtidd af pregtet ayer is
renoved through the first etching treatnment, the second etching treatnent

i s per f orthandorugsjualgtot HEO1iCkand lsssl than onequal ¢h 130 TG dersgredter hab or aquad te hat

oxi di zes 3i)he. sem c(gpdu&%gr mli@?“%%? thg 30 ,substance that ,di ssol ves the
oxi di zed 2OJHPBISH AL 1SS AR PEFAURT 1o Ziflminyes Under aydiogan Amasahetes| s ¢ he speed
of oxpdatpgsejof the sem conductor material and the speed of dissolution of

t he oxi dized sem conductor material, so that the damaged sem conductor WO
2011/ 043178PCTASF2 (reatings 61eaBs, 19 rapigi thermad manedl gk TA) apparabss japresisiane¢ t he

sem cond r ' refore, the anount
of sem c%%%tg{(ﬁ%%?ée’r?o%ga caﬁqﬁgﬁfé:%ﬁ%}e%g’ éﬁ@ggﬁé%%ﬁﬁgggedbf times of
reprocesgo0igjand use of the sem conductor substrate can be increased. In

addition, the heat treatnment is perfornmed under an atnosphere including 5

hydr ogen af t er Notfethabthetsat Heatmeshmay s perfegnesh under 2| a8gqn ¥EI5PReEsSYed, so
t hat r eQr. 1.G vy ity can
be. oBPal nadtp ghEg) oT hARDRS Barou S Eorl e o B R BB Y, “oan
be used iFor appnplps inathe ce@nheratthoatnwisphert b€ aghixtiot of dydimgen mindkdrgon isny of

t he ot her enbodi ts. 10[ 0060 Emhodi nent 2 In a, nmethod for
mnuf act GIPIRY SAriTEBF A iraUSR Can B PERTTEIed o esTRureof esesteCHBR oF el | o
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sem conductor substrate which is a bond substrate to a base substrate. The
15 sem cdesd ticinoor equbktor 240eminutes wikdier hn hitpeon stmbsphectuehare todyee ihgeateeen

SubaPhat Shanor BRIEhER GO0Ho By et O CaHEhi 00 0PN A TBECSI BB e of
A N L A iy o
chart of uader$ht atsdspharabfa afixtite®f ydrogen and argon, the proportion of hydrogen to
the gas introduced into the heating furnace may preferably be 4 vol%, for example.
[0054]
25 Note that the atmosphere of the heat treatment is not limited to the above, and
an atmosphere of other gas can be employed as long as the surface of the semiconductor
substrate 130 after the second etching treatment can be planarized under the
atmosphere.
[0055]
30 Note that another heat treatment under an argon atmosphere or an atmosphere

of a mixture of oxygen and nitrogen may be performed before or after the heat treatment



20[ 0061] First, a process of formng an enbrittlenent region 104 in
a sem conductor substrate 100 to prepare for bonding with a base substrate

120 i s degenobadsi7dhi s process relates to treatnent for ppehgpsribé@syiuct or
substrate 100 and corresponds to Proceds Ain FIG 6. 25[0062]

First, the sem conductor substrate 100 is prepared (see FIG 3A and the step
A-1 in FIG 6). As the sem conductor substrate 100, for exanple, a single
crystal sem conductor substrate or a polycrystalline sem conductor

Subst rat ey fer $hd el athfBSpllord® AL BR-d1REGon BY BiGal RHATRLARoRluctor

commercially aval e silicon su strates inclu circular silicon
subst r at esubstrate i 38ris [Homotidely mﬂérmmz such dieatnetaments thmchmn(rélﬁﬁlsmﬁ i n

di t 8 h di 12 h 30 te
and 16. | rEPESh (RS 6xisi borEeh PR B e sriORIUdta SIRSRE JABAR DRSHER of ' a
silicon Y@ &Qé%@&%@-aﬁemdnl?agé&/s@a@ﬁﬂ;%%am (OYPLTAS Gom bR fLch SNt €1

portion for preventing chipping or cracklng as illustrated in A. Note
t hat the eAndiesuppresded. substrate is not linmited to the circul ar shape, and a
silicon s®@§ ate which is processed into a rectangul ar shape or the like
can al so ed. The case where a rectangul ar single crystal silicon

substrate is usKeedat biRozhant 6428 hHetdt 16ddPhk hahtarehBiertSs edaglthel ow.
[ 0063] Note that a surface of the sem conductor substrate 100 is

pr ef er abl gzla@arezah@u tigaimegt ds lgpqribed cingthisd empedisgah wehow lgmitatiop: theeetq,Spy) |
201 & myar ARG aoEARe R ent BB BRSPS

t he like, plamr&pﬁmoneataieﬁt FApblistting dichtuteat magirtef ;barﬁmmdaacdedoabefoﬂezﬁme wat er
may be alternately usedtﬁoﬁ)l cl ean the surface of the sem conductoy substrate

100. [006%92t KFAtBIent hel henorigRias reatntiat ugRg @drdticrghod max e aedoTog! pace
cl eaned, gy U?all'llt)a&f t'ﬁges]-S Wﬁé’r?fhe#gﬁslhﬁ tregtgﬁiqt f%‘éﬁffohﬁé‘d §§h ﬂR?QPﬁﬁl‘aé

substrate 10 (see F and t e Ihsul ating
| ayer 102fomayarbple;‘mnmmdfandllnglaaflsstrpghshlngmjmhaa liugg pbh$hmg)ratabspai¢¢m¢dl ayer

i ncl udi lural.it | fil Th | | 2 be -
formed uotige Selie@oRyRe FtA I eORhiTe Ee e ROTPrEd, S BoREH: - such
as a § | i ARl 89olyukdhand Folishing Tldth tis Rfé@erﬁb Mised andl th@%fhl@mhlﬁieftérldie film

or asilicon nitridé oxide film 20In this enmbodi ment, e case where a

silicon oslime if preferalely iS@cnmdot1§e nmsfor sxamplel agmﬂxmmzely d5@auwr i Hetheas an
Si i con EYRRTE Palisting ARG TRt kS SRERIL TR &8 Than
ni trogen Qt@yes prafechbtos Ams 79>g €05 example, approximately 60 nm. Further, when
the polishing treatment is performed a plurality of times at different polishing rates, the
- 20 semiconductor substrate 130 can be planarized in a short time.
[0057]
The surface of the semiconductor substrate 130 is planarized through the heat
treatment; therefore, the reprocessed semiconductor substrate 132 which is planarized to
have average surface roughness (Ra) of 0.2 nm or less, preferably, 0.1 nm or less can be
25  manufactured (see FIG. 1D).
[0058]
As described in this embodiment, after an insulating layer is removed through
the first etching treatment, the second etching treatment is performed using the mixed
solution which includes the substance that oxidizes the semiconductor material, the
‘30  substance that dissolves the oxidized semiconductor material, and the substance that
controls the speed of oxidation of the semiconductor material and the speed of

dissolution of the oxidized semiconductor material, so that the damaged semiconductor



25 nitrogen, silicon, and hydrogen at concentrations ranging from 50
atomc%to 70 atomc% 0.5 atomc%to 15 atomc% 25 atomc%to 35 atom c%

and 0.1 akyehfduesl0 atom c% respectively, when they arepRASWESSs bY
Rut herford backscattering spectronetryd(RBS) and hydrogen forward

scattering spectronmetry (HFS). Further, a silicon nitride oxide film neans
a filmthat contains nore nitrogen atons than oxygen 30atons, and contains
oxygen, nitrogen, silicon, and hydrogen at concentrations ranging fromb5

at om c% t£§%9 @hﬁiﬁi@’z/qn 2 gér?}iﬁef}?/‘bf Phed SerRicOMfetr BsiRlOhe Bet Rledavalom c%
WO 2011/ 043178PCT/ JP2010/ 066123 21 and 10 atom c%to 30 atom c%

r espect i vieinpyedaherhetrdfese, drecamead wf seminpnfBIonrethaved.caibt gedirad, pul thent ages
of nitrogen,, oxygen, sidicon, and hydrogen fall within th anges gi ven
above whatbmed Fofimies i isBrosring gl UssnphaibedemiroRtieia; PRSEACoSh e s | de
filmor tifereddedi CBNadMitid, @R Koak E8athdehifsi perf@ghbd@fldedsin hBRospheriifdudiag0066]

In the case where a silicon oxide filmis used as the insulating |ayer 102,
t he i dsul kydroggn| afteertha glamaged Bemicondustprwiiegionais\sglsstively gempved sontehed such
as a thermal CVD net.hod I CVD et h n_a herjc pressure CVD
met hod, or p%)c%%s%%seéa&%{ﬁﬂcﬁ)ég %bgsgfg%shlaﬁﬁlggg ‘r’ﬁr%ge% P Saé‘%"@g% §|% g’h{eal%elraid oxygen, a
m xed gas[00$9]10t et r aet hoxysi | ane (TECS) and oxygen, or the like. In this
case, a surface of the insulating |ayer 102 may be densified by oxygen

pl asnma treat merkhe pogwye described apt s gmbedingent (cag; pe cisgd olf @RPFOPIIREWAI ch

|'s formeq, ix?atﬁﬁ‘%v'ﬂtmlle sitidile f{és&ﬁﬁh%gﬁy %&QE%CP@&]B&i%H@F ganosi| ane gas

may be used as the itnsulating layer or an organosil ane gas, a
si | i cdn- dOa6@i ni ng conpound such as tetraethoxysilane (TEOCS) (chem cal

formul a: Qi (0C2H5 , tetranmethylsilane (TM5) (chem cal fornula: Si(CH3)4),
@Wﬁfw@

tetramet asi | oxane (TMCTS), octanethyl cycl otetrasil oxane

(OMCTS) , hexangf hyhdinsd |82 alRRufabliYERY antSORRKENYS I dfaRR dfidatth&d! af SOTUI a:
Si HOC2H5) 3), or trisdimethyl am nostlane (chem cal formula: SiH(N(CH3)2) 3)

can be 20wbsithte [i90G8huiEctddebyabordingitd emjcondhetor gydrasépaptédyieom102 can
e TRl bt BT TEORE T YA, ARSI,
be dris OXdefhaddndiictoRBebsiaye BOmP@hichr e dsentid@iidudfor dilyedXial Beef Nsepiraeapier e to
whi ch a hal ogen-contai ning gas i s added. As the

subjected to reprocessing treatment and reused as a bond substrate. An example of the

method for manufacturing an SOI substrate of this embodiment will be described below

with reference to FIGS. 2A and ZB, FIGS. 3A to 3C, FIGS. 4A to 4C, FIGS. 5A to 5C,

and a manufacturing process chart of an SOI substrate of FIG. 6.

20 [0061]

First, a process of forming an embrittlement region 104 in a semiconductor
substrate 100 to prepare for bonding with a base substrate 120 is described. This
process relates to treatment for the semiconductor substrate 100 and corresponds to
Process A in FIG. 6.

25  [0062]

First, the semiconductor substrate 100 is prepared (see FIG. 3A and the step
A-1 in FIG. 6). As the semiconductor substrate 100, for example, a single crystal
semiconductor substrate or a polycrystalline semiconductor substrate of silicon or the
like can be used. Typical examples of commercially available silicon substrates

30 include circular silicon substrates which are 5 inches (125 mm) in diameter, 6 inches
(150 mm) in diameter, 8 inches (200 mm) in diameter, 12 inches (300 mm) in diameter,

and 16 inches (400 mm) in diameter. Further, in a peripheral portion of a silicon



hal ogen- cont ai ni ng gas, one or plural kinds of gases selected from HCl, HF,
NF3, HBr, Cl12, Cl1F3, BCl13, F7, Br2, and the like can be used. Note that the

i nsul ati ngolaviarszt®2 is formed to cover the sem conduct eergphsbo&hses 100 in
FI G 3B; however, this enbodiment is n@0 limited to this structure. In the

case where the insulating layer 102 is formed 30 with a CvD nethod or the
| i ke over the sem conductor substrate 100, the insulating |ayer 102 may be
formed over only one of the surfaces of the sem conductor substrate WO

2011/ 043]821%8%é 1622194 ?ﬁa?x%fél?’{)(ﬁér mﬁ} pég(%giﬁk iCPi#Pinﬁ ortPacRTheS% AN Gt in

formation condi’'tions o eat treatment is perforned
at hi gherFIGhaA. oNoezjthat thbehétf&(bf(fhambslrm nétHanital toabeiairclar shaf) andaC
I‘OXI under at nosph cont aj ni.n
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Treat mentTHd MasdBYhdE - Pecﬁﬁglﬁlaxt Cku@gpé‘%&"y&al RigdoRr 3bstrat0-i® BRUT ad Othé hour
The thickness of the oxide frl formed can be set in the range of 10

nmto511(Kéﬂmnn@p¢tgtmbatndity,106(i}3dtmmhrdlﬁl))wm), for exanple, 100 nm 10[ 0070]
By such tpgﬁgal oxi dation treatnment under an atnosphere containing a
halogen t, heavy netal that is an extrinsic inpurity (e.g., Fe, Cr,

N, or Mb) can Nigte HRTOVQstack QD THd serbicuddersr. sublieaté N80 ligpidlrabigy@éant 2
contalnlng a hal ogen el ement such as chlorine can serve to getter

i mpur i ti éisinge. @, SUlBBF| eadidhydrogenNa peroxidée mixtate WRFAW): adirer @@mgpnafmect t he

serm condyglgf, ,&ev@@fa hepctine TRRAEL (ARM)Y n iMriRYc! ORI RRn BArGlial

per f orme I ng aye orne es’ con alned in
t he siem oﬁimuet(HPI\/S)uhﬂtnreatyardfﬁfbnarae@@HF}gtcﬁdheuuket:ﬁ; dppeopriusal| Surthgr, | ayer
102, reay ed with_ hal ogen atons chlorine atons), and_captured.

Accor di ndlilpte 'exsiéOﬁllfﬁsmeq@g*%?ﬁ?m(lfw ohalternalely 4s6 'qu%?yébe ferhace b pe

fixed anthg‘grylgﬁﬁ(gl@td}rs%gng&nfo@m nating the sem conductor substrate 100.
Further, when t insulating layer 102 is bonded to a glass substrate, the

i nsul ati 1g064dyer 102 can also function as a filmfor fixing inpurities such
as Na contai neqxtjter} tﬁé ggr%zicezo‘rt\[tgg Zezrlliconductor substrate 100 is cleaned, an insulating
15  layer 102 is formed over the semiconductor substrate 100 (see FIG. 3B and the step A-2
in FIG. 6). The insulating layer 102 may be formed using a single insulating film or a
stacked layer including a plurality of insulating films. The insulating layer 102 can be
formed using an insulating film which contains silicon as a component, such as a silicon
oxide film, a silicon nitride film, a silicon oxynitride film, or a silicon nitride oxide film.
20 In this embodiment, the case where a silicon oxide film is used as the insulating layer
102 is described as an example.
[0065]
Note that in this specification and the like, a silicon oxynitride film means a
film that contains more oxygen atoms than nitrogen atoms, and contains oxygen,
25  nitrogen, silicon, and hydrogen at concentrations ranging from 50 atomic% to 70
atomic%, 0.5 atomic% to 15 atomic%, 25 atomic% to 35 atomic%, and 0.1 atomic% to
10 atomic%, respectively, when they are measured by Rutherford backscattering
spectrometry (RBS) and hydrogen forward scattering spectrometry (HFS). Further, a
silicon nitride oxide film means a film that contains more nitrogen atoms than oxygen
30 atoms, and contains oxygen, nitrogen, silicon, and hydrogen at concentrations ranging

from 5 atomic% to 30 atomic%, 20 atomic% to 55 atomic%, 25 atomic% to 35 atomic%,



In particular, the inclusion of hal ogen such as chlorine in the insul ating
| ayer 102 by heat treatment under an atnpsphere containing halogen is

ef f ecti vewpno{1iBMgNg contani nants of the sem conduct or pgyRpig1ab&1300 when
cl eani ng of the sem conductor substrat2d 100 is insufficient or when the

sem conductor substrate 100 is repeatedly 30subjected to reprocessing
treatnent and used. [0073] WO 2011/043178PCT/JP2010/ 066123 23
Mor eover, the hal ogen el ement contained in the oxidation treatnent

at nosphery tl%ré?&xﬂﬁ@efooca{tgﬁé%,% d}egﬁveﬁ%]”v&i%% %éi{ zhr%grr?e]@ace gg%&cﬁxﬁf pybstrate

100; there ore nsit t ween t e oxi de

fil mand Ndéte thaperendpes off nisrugest, baygen] Siliceg nidydrgun éall withGDthé]ranges The
hal ogen el enent contained in the insulating |layer 102 makes distortions in

the i nsul&Y§hpovaydien i’(‘J‘QtOt%élualeé9{11“?1“5\&6{1@%“6%% theptilienn exypiride fifm or
i nsul etl Q%Llﬁ}f&{{nﬁ?& dﬁdém%"cﬁﬁné‘@% ﬂkﬁt&ﬁ 9N rate of water is increased.
is

That exi sts at the surtace o the insul ati ng | ayer 102, the
wat er 5vvh|[00665]m sts at the surface can be rapidly 10absorbed and di f f used
into the |nsulat|ng | ayer 102, [0075 In the case where, as a base

substrate, a gI Indhe sasparhess a SW’ﬁOEW il issusedhssithe insulafing daverd0Z.cthe e
reliabi lighyfin égalug@rgﬂ(ﬁO%q%tfa Q@Wlﬁle @b?*hfggsﬁérkﬁekhag%hagf Lm}'ne

earth neta e I hsu atlng preferably I ncludes at | east
one or 1ECWDrmcthodl ,respladma ﬁIVd?amenroelyamhtnhdsphmmpm’@ree@Vﬂ)mteﬁmdba:smb'msl bstrate

fromdiffusi into the sem conduct or yer of the SO substr npl es
of such aﬁ’#&%ﬂ ﬁ’&‘f‘ﬁ%‘g BING 134 CYRChi &P 8 ﬂ silangy and  OxYgRy A PPXE d%a E’?de
fi 1 mioandedfiendxly &enev(ffgg)guem ex§ dnMdrn@k ugled i thﬂecdsesws%trfa&g dJrayer 102,

t he insul ating layer can fun ion as a barrier fil m(al so referred to
as a bl odkrsubajiniglayer 1026fay(ealensified by okygenetasmsl tecatmerdi | i con nitride film

can be fgﬁg% using a m xed gas of silane and ammoni um wi th a vapor

deposi ti thod such as a plasna CVD nethod. In addition, for exanple, a

silicon nitridesi@xdivelyl lamsitiaon ideofitmdwhizhNB fvbrmeaa@ gasmilczal Vane,
amoni a, and a conpound_contai ni ng oxygen (e.d. gen, dinitrogen
25monoxi cﬂ@posml@rr method; using 341 ¢ apg g3 @ay be r“S?Ch as rheklewlaﬁntg]laaervaﬁor

depogit | Hor %nééi%ar : apélflé&ﬁcéﬂﬁnﬁﬁgt dotitno Jnﬁoych as_tetrae oQ&mEﬁﬂ@npl €,

in the case ot 7| avi ng -l ayer struc I's forned
as the i r(m[)@t)l(dgpnha@lefbnﬁﬁlﬁ Si(@e:zHgl)s),lltatamngh)Hame (IWB)c(aherbﬁ:ar fornmth: usi ng a
30silicon tride filmor a silicon nitride oxide filmwith a thickness of
great er tsrﬁ&:ﬂﬂ‘f) tetramethylcyclotetrasiloxane (TMCTS), 0ctametthgyclotetrasﬂoxane
(OMCTS), hexamethyldisilazane (HMDS), triethoxysilane (chemical formula:
SiH(OC;Hs)s), or trisdimethylaminosilane (chemical formula: SiH(N(CHj3),)3) can be
20  used.
[0068]
Further alternatively, the insulating layer 102 can be formed using an oxide
film obtained by oxidizing the semiconductor substrate 100. Thermal oxidation
treatment for forming the oxide film may be dry oxidation, and may be performed under
25 an oxidation atmosphere to which a halogen-containing gas is added. As the
halogen-containing gas, one or plural kinds of gases selected from HCI, HF, NF;, HBr,
Cl,, CIF;, BCl3, F», Brs, and the like can be used. Note that the insulating layer 102 is
formed to cover the semiconductor substrate 100 in FIG. 3B; hpwever, this embodiment
is not limited to this structure. In the case where the insulating layer 102 is formed

30 with a CVD method or the like over the semiconductor substrate 100, the insulating

layer 102 may be formed over only one of the surfaces of the semiconductor substrate



equal to 15 nmand less than or equal to 300 nm [0078] WO

2011/ 043178PCT/ JP2010/ 066123 24 In the case where a two-I| ayer
barrier fwbissbegmed as the insulating |ayer 102, thepgpp®so1h/8668s3 1 S
formed using an insulating filmwth &2high barrier property. An insulating
filmof the upper layer can be forned using, for exanple, a silicon nitride
filmor a silicon nitride oxide filmhaving a thickness of 15 nmto 300 nm
These films 5 have a high blocking effect for preventing inpurity

di ffusi omggbut their internal stress is also high. Therefore, as an
insulating filmof the lower layer that is in contact with the

sem condy606ft] substrate 100, a filmthat has an effect of relieving the

stress of the ipsulating,filmof the upper |ayer i referably se|lected. As
The i nsul at | ng A% i eETPIS, OfokFmatios <oRRRpay i gihen heBnsl, G528 i héat

I nsul ati neeafrhédNiCferfdihed BPREhSANS] or Qs tb1 788N 6w thi or dflafroSi1bh CON
oxynitride film a thermal oxide filmfornmed by thermally oxldizing the
sen cenduUfa @ypisallysdt app@xibidiely 50 *thandérien amnesphewetontabhiag HClck aess oéf t he
insulating filmof the | ower |ayer can be greater than or equal to 5 nm and
| ess thar{g%WO]gqﬁhw vl %2 (roctgrably HooLsh) witicaspestdprpregen; n Tegatraentitine map

i nsul at i r f | a nier f4lm. i | at.] | ayer
1021 o prdyeF 5P Sl AEElbRR OB A8 i o hickhEs P48 P RIITG
si licon nbbeifeienedi dafibe detsih thecrang®¥y 10 hmitda100 hiw (prederablg) 30 sano 150 hinjdle film
a silicon oxide filmand a silicon nitride oxide film a silicon oxynitride
film and far Mo A0t de oxide film or the like for the upper |ayer and
the ligwerghayier. 20[ 0080] Next, the sem conductor substrate 100 is
i rradi at 8 w'th an ion beam containing ions accelerated by an electric
field through tByesuchshdrmtl owgddteopdreatriéht vader anditmaspdrdgonsainiogm.halbiges, t he
enbrittlenent region 104 is.formed.in a reqgion at_a desired th fromthe
surtace Gromes B CBRELLED STt TIBGTY e G §6 Mgt e 58 b ep A3
in FI G 6)embti&. depth at which the enbrittlenent region 104 is forned is
substantially the same as the average penetration depth of the ions, and
can be adP@&tled by the acceleration energy of the ion beam and the incident

angl e.of the i eam .ln,addition..the acceleration ene can, be adj usted
by adgel erat i o WBF: Msen Sl 02 S5l R Biett shREl SR SniTet o

| ayer 124ankéb td Setfee pap@ited (£.69Mdbie iGRIGfOMGIUEE Hke) Whick aideddch £fd90 | at er
is determned by the depth at which the enbrittlement region 104 is forned.

The dept Hhasemisprductasesubstint 400.e nepecificaly.diy hou tiegtopest yehucke isnpastormed i n t he

range of, [ € . a .t r. t a or
equal to ag%g tlﬁemmq%g% (} %&le? szf%; ?8%@# ?’P%ﬁ lfé 6C% 3 é%&e@n]ﬁl r g%e%%%?ﬁéﬁg@é ater

t han or aqgbsitatd D0Grerseparaddloas so thednsubatingdagdr 102, Ra0ted with halogdneatoms f ace of
t he sem conductor substrate 100; for exa the depth is preferabl

)l e, y
appr 6Ri mi€-8hyCHeénen Aomsdniitch €apYFadac AGPIUREYs Bifi EBPRIIICE ofaPEtE (P dPe” 100.
Not et nalindyii134ds U0 Wah e tARE 2hd pRAIEhRN TR BbdifhnidaMhIAd Qlhnifdnduler

i nsul ating layer 102 1n this 5enbodi nent; however, ut berng lrmted

t her et 0, subsrate 1G0di durther, wiheh thednsulating lbperdOR fioborsldd be d glass substritorthat i on of
the i nsu'ig;[llilaqglgl f%grr 1&? 2c:'an also function as a film for fixing impurities such as Na
contained in glass.
25  [0072]
In particular, the inclusion of halogen such as chlorine in the insulating layer
102 by heat treatment under an atmosphere containing halogen is effective in removing
contaminants of the semiconductor substrate 100 when cleaning of the semiconductor
substrate 100 is insufficient or when the semiconductor substrate 100 is repeatedly
30 subjécted to reprocessing treatment and used.

[0073]



[ 0081] The enbrittl enment region 104 can be formed by ion doping
treatnent. The ion doping treatnent can be performed with an i on doping
appar at uswoAofyRiegl 10 exanpl e of an ion doping appar apeg/yps18066123 _
non- mass- separati-on apparatus with whi28h an object placed in a chamber is
irradiated with all ion species generated by excitation of a process gas
into plasma. The non-nmass-separation apparatus is an apparatus with which
an object is irradiated with all ion species wthout nmass separation of ion
speci es in pl a\fgreod&] OR82halogen  cleMBhid CANRRAENES 1l SAditRR IRBIMh:
apparatus are as follows: a cﬁanber in which an object is placed; an ion
sour ce f atmgsphercatdrmgnatiess defects i ansghe amdacanofatire semmbnductoresitbamats G0 r

acceleratjon_of jons for irradiation therewith. The ion source includes a
ool ol eyt R P o PR oputeno iroPsis o2 B | on
speci es, smicohdu@besibsese 100tatyciciida. t he source gas to generate plasna
and the like. As the electrode for generating plasm, a
capacit i V@0¥A]coupl ed hi gh-frequency di scharge el ectrode, a fil anent

el ectrode, or e like is used. The,accel.eration ne ni.smincl udes

ol ot r odes suct HealdsEn cpthf fonrdife B GE s P JoBET0E MR BRI Ghe, o
decel er atth® hseladifif 13€€ 102NdA8a GésautNorark @bdorMitey rafe GROHE insaliting @aye®n02

suppl ying power to these el ectrodes; and the |ike. 25 These el ectrodes

i ncl uded 15 Fmpiosedardb Aidfusiongaterhl craser is incapasedr olhadéd whep valersixitant thy of
openi Ngs (Jfe 3 oft e iﬁ%ﬂ?ﬁ*%o?s’g?'tlﬁgzt th %téwicﬁéﬁfﬁ{%ﬁ ﬁ{castu?ﬂgé EQMbd pag)idl N

source are accel erat ed. conponents o € 1 on dopl ng appar at us

are not |abserbedladdodiffosesiantbethe insoktngbyeel@hd may be changed as needed.

[ 0083] B%Q&Eﬁhis enbodi nent, the case where the sem conductor substrate 100
i

isirrad wi th ions generated froma hydrogen gas using an ion doping

apparatus is dggchthade Whdiy d5O03ePaseONRirRtENg ?1%& Sht5ra@S wichl Somibipp! 1 €d as
a plasma source gas. WD 2011/043178PCT/JP20107066123 26 A hydrogen gas is

excit ed timpygsties whish geersase, religntycafra seimeanhduptopedon sacleandbadi actal od

wi t hout ss. separation and the sem conductor substrate 100 is irradiated
wh  n_t he Aeag SRE Bistdton oS0 stasn BT BRe EE e Rl ithiiar aFiets b &Rt ront
t he per cenérag@me whidhtcanPiasvenOthie pliAtie in AEBHIE sestraRFréiR it tng(ilito thd - 12+,
and H3+) that are generated froma hydrogen gas is set to 50 % or higher.

Pr ef er ablspmiqondugies lagern efgie sYOl-mibstrasps Examples obswd a4ibn inglydeer silins i s

because J ase:d t ag + i I I t he
e condaris? Tifin 3 SiieB bt AP P RAR R he IR, ' W dyPh B RS ReRORDIe TR

i ons. Notigsuldifilg layed 102 ahebisalathg #yeHBI2 ¢anrfuh&idnhus@cbabi¢reiima@lsbaefgfreds t hat
of an H+ ion; therefore, when irradiation with one hydrogen atomis

per f or medo a% 2 Blogkpedilm)he accel eration vol tage for an H3+ ion can be three
tine§0asdbbgﬁ as that of an H+ ion. For this reason, the takt time in the
ion irradiatron step can be shortened, and productivity and throughput can
be i nmproved. Byor exampleta siticon nftrido fitm lvaw iba dotninel esimga mesed gashef silane

S O e Gl i vapor dGpebitsh heliBdBLE % W ik BB Thehi g™ "2t e

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

silane, ammonia, and a compound containing oxygen (e.g., oxygen, dinitrogen
25  monoxide, nitric oxide, nitrogen dioxide, or the like) with a vapor deposition method

such as a plasma CVD method.

[0077]

For example, in the case where a barrier film having a single-layer structure is

formed as the insulating layer 102, the insulating layer 102 can be formed using a
30 silicon nitride film or a silicon nitride oxide film with a thickness of greater than or

equal to 15 nm and less than or equal to 300 nm.

[0078]



[ 0085] | on dopi ng apparatuses are inexpensive and excellent in use
for large-area treatnent. Therefore, by irradiation with H3+ ions using an

i on dopi ngoappalsai¥s, significantly large effects such agT/jFR10¥&AENt 1N
sem conductor characteristics, an 20i #drease in area, reduction in cost,
and an inprovenent in productivity can be obtai ned. [0086] Furt her,
the enbrittl ement region 104 nay be fornmed by ion inplantation treatnent
using an ion inplantation apparatus. The ion inplantation apparatus is a
Mass- separ at i oy, JPALEWISrY twd-¥hECkradt AR 8 Fbrmidids thé ixﬁhﬁﬁﬁﬁ'ldy@r foLhanber
is irradiated 25 with a specifiC ion species through mass separation of a
pl ur al i t ythefuppemnlaggeisifesnedasingae igeaimgt Bln withoh ddghabaxiei pripedyn oAna
source gas. ,l.n t case where an ion inplantation apparatus.is used, H+
ons. ©Fr a8sylgihe. il aF i i duif cof B Sn@btoe o BYRRRE ¢ 3iteBn RaF,

hydr ogen faasorod siftédh BirRicHkide- fAAPRvAiesihicknbsstdTa sSRMe30dMa! OTh&elighsat e 100
is irradiated with any of these ions. _30[0_087{Ef WO o )

2011/ 643 1imgpahigrblodong efect Joppreventmgiimputityditfusionebutithr ternasressdnd t he
sem condu r. substrate 1 n krradiated wth ions.in ngent rat ed
manner ataq{%ég@aﬁhedeg%ﬁ 4 Q%Egnr%glfa gg%,hh?%glth%rlg FW@ y%ﬁ‘tlh? %% 8 8%@3% lﬁ] t\?\’/%i ch the
sem condugindonglidst ketiserattOM0, 1 filrh abiitaliad canC effedd fSleHEIRF @Kk s@drd dfhiis t he

surface planarity of the sem conductor |ayer to be separated _can be easily
5i ncr eas éHS.“l%VB%e%Vb?f, the papsrdayer igppaferally sHedprbards ths inslgingfdmapit aBecause,
oW ng to j 2t r . j i VYV .- . .

ol ati vel SHepLE R0k e ShENTIM s AN LI B1 o RpBYk 13 STES o fim,

sem donduc sibicoh axgnitiden fibe, authprmed sexdde [fMS&rmikd xity, thdmmal g mixddinidg cthor
substrate 100 qver icht i nsyl ating | ayer 2 1s. 10 faorped is .cleaned.
This of canmigndtan Suhme 100, po e e SYatsor e bickate g UF TRuBHEE oo o
pure wat &fim $thé WRedr 1aiief cdrfie %}kﬁéﬂhﬁﬂ o¥equidl t e niSd W ss RhrCor¥dharto 200
nitrogen, or the like.” The ultrasonic cleaning is preferably nmegahertz

ul t rasonimn.c| eani ng (nmegasoni ¢ cleaning). After the above ultrasonic

cl eani ng g(mf]he two-fluid jet cleaning, the sem conductor substrate 100 may
be furthe[ cl'eaned with ozone water. By the 15 cleaning with ozone water,
renoval of or gk ex&niple] ianies fontheSHEdlatR 1agdri 102ttb Fiindtiol ak AEHAkridrGilm,
inmproving the hydrophilicity of the surface of the insulating |ayer 102 can
be per f ortheisupbogblyerrHR is praferablyfermedusinga epmbimatiomel A silicemyoxidg/Blm 102 can
be perfor 0 .k i at | |t tom e -heam o jon
peam Ul (Ravh anel pidehs o Sllcdl SRR il sh S BONHEERINE sfifoh 0

t r eat mentoxide filnbambBa sitipdn fiddideoskidOfiln,adsiiedn éxyaéttide filmiand haditoatittide

cl eani ng vvi,[h,ozone waterhé]see t he steg A-4in FIG6). In the case where an
at omi ¢ bedediilmy 9 thsliksdarthe upperdayer apd thedpwerja¥eteut ral  at om beam or an
inertzogas{obgj] beam of argon or the |like can be used.

Next, the semiconductor substrate 100 is irradiated with an ion beam
containiﬂg ions accelerated by an electric field through the insulating layer 102, as
indicated by arrows. Thus, the embrittlement region 104 is formed in a region at a
desired depth from the surface of the semiconductor substrate 100 (see FIG. 3C and the

25 step A-3 in FIG. 6). The depth at which the embrittlement region 104 is formed is
substantially the same as the average penetration depth of the ions, and can be adjusted
by the acceleration energy of the ion beam and the incident angle of the ion beam. In
addition,‘the acceleration energy can be adjusted by acceleration voltage and the like.
The thickness of a semiconductor layer 124 which is separated from the semiconductor

30  substrate 100 later is determined by the depth at which the embrittlement region 104 is
formed. The depth at which the embrittlement region 104 is formed can be set in the

range of, for example, greater than or equal to 10 nm and less than or equal to 500 nm,



25[ 0090] Here, an exanple of ozone treatment is described. For
exanpl e, the ozone treatnent can be perfornmed on a surface of an object by

i rradi at iwe 2MitdAs#kt ravi ol et (UV) rays under an at nospheggpaabeédirang
oxygen. The ozone treatment in which i%radiation with ultraviolet rays is

performed under an at nosphere containing oxygen is 30 also called UV ozone
treatnent, ultraviolet ozone treatnent, or the |ike. Under an atnosphere
cont ai ni ng oxygen, irradiation with ultraviolet |ight having a wavel ength

of less t j | i ater
t han or eﬂggfgfa%gg ﬁ%&ggiﬂ‘llb %%@%g%%?’/%%%%é)%g\é}éé}g%@%@ﬁgSAOQQ(?#PISQEQ Th gr med,

wher eby omdfaee odirnthbesegecmmdacted sabsiratd 1§Detforoxyamplec dire deptyeiseprfarablpy
ozone. In addition,. {rradiation with traviolet |ight hayjing vel ength
of “l'ess. twrarprimuedocid diopt Iidutageed b s SndiocensiBuraio 00 2 et B

si ngl et axM@@ator thPRNY ¢ PeAbRELDN 1@ ZBRRatict BP Bk insulating 15%AA0D &8 1B

reacti ons which occur by performng irradiation with Iight having a

wavel éngtembgidithensshowener,200hawinbging limigéd theeeso,rthe arradistisinewih honsf mgy bat er
0 SRR IRy S GRB G 04 B 8, O 3 ey bed
03 + hv2 [6g8Q nm) ---> 0(1D) + 02
The embrittlement region 104 can be formed by ion doping treatment. The
ion doping treatment can be performed with an ion doping apparatus. A typical
10  example of an ion doping apparatus is a non-mass-separation apparatus with which an
object placed in a chamber is irradiated with all ion species generated by excitation of a
process gas into plasma. The non-mass-separation apparatus is an apparatus with
which an object is irradiated with all ion species without mass separation of ion species
in plasma.
15 [0082]
Main components of an ion doping apparatus are as follows: a chamber in
which an object is placed; an ion source for generating desired ions; and an acceleration
mechanism for acceleration of ions for irradiation therewith. The ion source includes a
gas supply device which supplies a source gas for generating desired ion species, an
20 electrode for exciting the source gas to generate plasma, and the like. As the electrode
for generating plasma, a capacitively-coilpled high-frequency discharge electrode, a
filament electrode, or the like is used. The acceleration mechanism includes electrodes
such as an extraction electrode, an acceleration electrode, a deceleration electrode, and a
ground electrode; a power source for supplying power to these electrodes; and the like.
25  These electrodes included in the acceleration mechanism are provided with a plurality
of openings or slits, through which ions that are generated from the ion source are
accelerated. Note that components of the ion doping apparatus are not limited to those
described above and may be changed as needed.
[0083]
30 In this embodiment, the case where the semiconductor substrate 100 is
irradiated with ions generated from a hydrogen gas using an ion doping apparatus is

described. A hydrogen-containing gas such as Hj is supplied as a plasma source gas.



(3) [0092] In the reaction formula (1), by irradiation with |ight
(hvi) having a wavelength (A.1 nm of |less than 200 nm under an atnosphere

cont ai ni ngosyigA7€02), oxygen 15 atons (O(3P)) in a gregigdpshdb&1ay €
generated. Then, in the reaction form#% (2), the oxygen atom (0(3P)) in a

ground state and oxygen (07) react wth each other; accordingly, ozone (03)
is generated. Then, in the reaction formula (3), by irradiation with |ight
(hv2) having a wavelength (A2 nm of greater than or equal to 200 nm under

an at nos pﬂqgtarcfg@ﬂ?gaé ] é?&itg@ﬂﬁg&%ﬁageeﬁlégﬂﬁ i()Qééoxﬁéihéwlneé]laﬁffé’_Qr%rhCQéléTQ)edi n an

excited 20 state i's generated: an ‘at nosphere contai ni ng oxygen, ozone
i s gener awgbowymassr segamatipmnand the sehticanductoetsubstghet 10@vs mgadatedwathetigt h of

| ess than 200 nm while ozone is deconposed and singlet oxygen is generated
by .i rradi ?;&CFISW‘?rB PRS-ul traviol et light having a wavel ength of greater than
or equal 008200 nm The ozone treatnent described above, for exanple, can
be perfornmed by irradiation with a | ow pressure nercury lanp (k1 25 185 nm
X = 254 nn) underthanbetarivepimediation teatnrenhghe pygentagd 008B] ions to the tatal

addi tion, exanpl es of ctions which occur by performnpg irradiation with

li ght haviRgr™ Oﬁ/é‘?}bwﬁ%'g 2HofH4 e Hp) tha are geperatefbiromm Bydrpggmngasds st

cont ai ni d I . + hv 3. . 0(3P)
v 02 03(5% s 56 B ST Bk g B enlad it 56 6‘8{9#5%\%@( 8 ?ﬁﬁ%ﬁ% H
02(6) [OOPKik is because A ifidi€asabiaveher paedntape bOMHYYlidnd 40 plddynal Efadlisatheon Wi th
l'ight (hv3) having a wavel ength (X.3 nm_ of less than 180 nm under an

at nospher smiendyrtar sepstriggldl to e efficiently; ingtliatedoxiply bydrogariions.n Netedhati t ed
state and,an _oxygen gtom (O(3P))..in a ground.state are.generated. Next, in
the rifhc: PEmRS AR Ay S Ik it £ BRR(E wd) P n T P BRb RS e
oxygen ( OifpadfkiBn eACIRtyMrddin Qs isPciime@GCLUEHRGhY ac@FRitfon(¥ddhgé for
generated. In the reaction fornula (6), by irradiation with Iight (hv3)

havi ng a ¥eMeliemgathby theeertimesofs highsas thitaf andl iam uRerdhisaeasan.the piketime

cont ai nin enerated ozone (03), singlet 10 ox n..in excl ted state and
oxygen ar B Srai e An v, hoBFiee: atd afiviny Sad YBHERS SaF KR4t ot on
with ultrarebedt BydfadiAayh RethdoNERIMNEE Baré nla6s $hd fdiicodctarsutRaare | s
generated and singlet oxygen is generated by deconposi ng ozone or oxygen.

The ofonelQcaabednadiated srithbeas mospacentgtedanannsr at the samedegier f or med by
irradiati B’ ith a Xe excinmer W lanmp (k3 = 172 nn) under an at nosphere
cont ai ni n@ oyygen. 15[ 0095]

Ion doping apparatuses are inexpensive and excellent in use for large-area

treatment. Therefore, by irradiation with H;* ions using an ion doping apparatus,
significantly large effects such as improvement in semiconductor characteristics, an
20  increase in area, reduction in cost, and an improvement in productivity can be obtained.
[0086]
Further, the embrittlement region 104 may be formed by ion implantation
treatment using an ion implantation apparatus. The ion implantation apparatus is a
mass-separation apparatus with which an object that is placed in a chamber is irradiated
25  with a specific ion species through mass separation of a plurality of ion species that are
generated by plasma excitation of a source gas. In the case where an ion implimtation
apparatus is used, H* ions, H," ions, and H3" ions which are generated by excitation of a
hydrogen gas or PH; are mass-separated, and the semiconductor substrate 100 is
irradiated with any of these ions.
30 [0087]

With an ion implantation apparatus, the semiconductor substrate 100 can be



Chem cal bondi ng of an organi c substance attached to a surface of an object
is cleaved by irradiation with the light having a wavel ength of |ess than

200 nm aRe hieer-gani c substance attached to the surfagergb2iv8sc@®y ect or
t he organi ¢ substance whose chenical B@&nding is cleaved can be renoved by

oxi dative deconposition wth ozone or 20 singlet oxygen generated by ozone.
By perform ng such ozone treatnent as descri bed above, a hydrophilicity and
purity of the surface of the object can be increased, and favorabl e bondi ng

can be p - 9 I_ni eis
goner at odrig BT yigh Bolona s, 8l AbTBRRAH RGP kAL 160 U B8 hry JERR, |
ef f ecti vewitinionsnnwatonetntthed aragadri &t thelbshardepthat Thedetude ! the tpefikwifthee of
the object. In addition, singlet oanen is effective in renoval of the

organi c SEBSYARCEhigh thi MamicoRiucis subttrale d0Bris irrdiaiey et bashaperrdagndr nore
than 0zonfgys %Oﬂﬁfa@g'g)llidaggc B (R KARROANRI AR BSbO ke MNOFRah Thedlisifl 1 Ve

state, and collectiv erred to as active oxygen. descri th the
above 5r edotreazad.30Morenves ¢heaind implantatike aparatoeistfrefemblrbecanse cawingao itwher e

ozone is generated at the tine of generating singlet oxygen and,a.reaction
where si ¥ Cé‘f’d%x%{é?ﬂlfﬁs c&gﬁgyllaa[tlga gg; gﬁ%ﬁe}get?jblg re‘atwel%r Gfow and thus

2011/ 043 leaRerdtidR 2P ERAA&BARR s 3P 1R UeRidoRaedtbORFer daf bt dhppleRed.€acCt i On to

whi ch singlet oxygen contributes are referred”"to as ozone treatnent here
for convddd&ice. [0097] Next, a process of preparing bonding of the

base substrate, 12 0 the 5sem conduct substrate, 100 is. described. This
e eea T el ot Vel the staiaRd s ABRER 2bo SR WhRSine Wwlalin T8 R8s e o
Procass Boinfedris@léaned. 0088k cleaning stép &t be pbohasieb s uhkémt elehdfhg withr epar ed

(see the step B-1in FIG 6). As the base substrate 120, a variety of gl ass
subst r at dBe vseef puie WAL AydMorfbHil det clesaingtwigh the iisp of guretpater angdyitrpggne of

al um nosig: 68! fid)! apke WABISHAT DELARL ik GRLRLBI A SRepaRlr A WPIBAROERSANS C2! ©
gl ass; a quartz substrate; a ceram<T substrate; sapphire substrat®e; or
t he |i ke (o@pasoeicudentiing).n Aftdi the ahoveadtradomidcsaisgitusthe ave-flukDjet elesningl e

or "3 pol 6t SERRPHISPrs P CE ADDDFY Setath Bopedgrih p2pes Yo B hhe
si|iqen Whdincalith §3hePRaltsCmdval XGRS, suBstafbed CAMS k@thdeNGctiatibf ON
15substrate hgs advant ages of being | esS expensive than a single crystal
si licon dichtmentf@ impdoshag thechydraphdicityedithe asfast ahthe insudating lgyeaadd2<abst r at e.
be performed.
[0089]
The surface activation of the insulating layer 102 can be performed by
20 irradiation treatment with an atomic beam or an ion beain, ultraviolet treatment, ozone
treatment, plasma treatment, plasma treatment with bias application, or radical treatment
instead of the cleaning with ozone water (see the step A-4 in FIG. 6). In the case where
an atomic beam or an ion beam is used, an inert gas neutral atom beam or an inert gas
ion beam of argon or the like can be used.
25  [0090]
Here, an example of ozone treatment is described. For example, the ozone
treatment can be performed on a surface of an object by irradiation with ultraviolet
(UV) rays under an atmosphere containing oxygen. The ozone treatment in which
irradiation with ultraviolet rays is performed under an ‘atmosphere containing oxygen is
30 also called UV ozone treatment, ultraviolet ozone treatment, or the like. Under an
atmosphere containing oxygen, irradiation with ultraviolet light having a wavelength of

less than 200 nm and ultraviolet light having a wavelength of greater than or equal to



[ 0099] In the case where a glass substrate is used as the base
substrate 120, for exanple, a nother glass substrate which is devel oped for
manuf act ugpongilldseitgd crystal 20 panels is preferably useg pAsodsdi®s her

gl ass substrate, substrates having the&sfollow ng sizes are known: the third
generation (550 nmx 650 nm, the 3.5-th generation (600 mMmm x 720 mm), the
fourth generation (680 nmx 880 nmmor 730 mm x 920 mm), the fifth
generation (1100 mm x 1300 nm, the sixth generation (1500 nmm x 1850 nm,

t he seve nerat i 1 ' ' 200 mm
% 2400 o5 drer)’n')% Bl ol 8&%3%%8%’2?%}15%) %ggﬁfgggﬁﬁﬁgg?[bﬁ‘gg‘%deg?h%

gener at i ogen¢@8dMbynoroxe.30bBCadditjon, armidtiva witlk eltraBiplerdighf baoting & mgvelanghl
substratevKith thg (gse of % | ar ge- sSi 7bed not her_ gl ass s b]ihr.ate as the base
subst r at e*716%, theth L8&pim i§ peEPImGde WHGFEON £780E cambgensrated ang,Sipglet @54EENI 1 ¢ he
area of t&gbg(genéy@gq)?,%tzgn@ |l ows many 1Cs to be manufactured all at once,
and thus the nunber of sem conductor devices manufactured 30from one

subst Pat d0P81]i ncreased; therefore, productivity can be dramatically

i ncreased. [01 011/.043178PCT/ JP2010/£066123 31 .. .. -EUrther, an
noul attng | aydremssd APt BERY FeTsr ol Eraditen il FAEE) (cee
the step Bwavdlehghl & 1e&) thad\e@®h@%ad 1ighSRsing iﬂelai/él@x\%fg-b.f Bale@iah ot qudlSs not
necessarily provided over the base substrate 120. However, for exanple, by
form ng, '@vEP nphendsparatsnfsphare centainme oxyeen preskssaribed bgevw i Im a silicon
nitride oxide fil 5 _cal WERu tride film an alum numnitride oxide
film or the Ii ’%T]“\//m(‘:ﬁmf)u_ﬁc i@n*’gbggsa barr(:lber film as the insulating

| ayer10122, inmpuy@ey £6,s8¢)) as al kali netal op)alkaline earth netal in the
base substrate 1 can be prevented fromentering the sem conductor
substrate 100. Q0469 (M08)re®(De+ Dasul ati ngB)ayer 122 is used as a bondi ng
| ayer, a @&é ace of the insulating layer 122 is preferably planarized in
order to ld defective bondi ng. Specifically, the insulating |ayer 122 is
formed to have jgmAeskiRBortihIeR by AHARIASS wilRhenP{in) PRI Ylavbiegsinand a

r oot - nean-square roughness (Rns)” of 0.60 nm or Iess, ‘preferably, anh average
surface r(ayginessless tHan3200NAmOtndeg 3m antsphar® @bntaiiny sLyRne((), oxygeghness
of 0.45 nmor |gss. The thickness can be set as appropriate in the range of

gr eatlér t3Qps (PCBHUAI2 ground sty afpgepeated; hARem in dhg Egaction tagmulang2), the

pr ef er abl r ar . e I n a 100
nm [010 2%59% Eﬁngc(ed(f)}? 9tl&ea b%ggﬁds tggaé%_’ %g? gb %%gn i @zi I %gﬁe‘gﬂg e?%yebtth &ulg
bondi ng. atberdmgty, acencA@;pis generalais e Thehsinrtht ecat@éh framube(3)) aimadiatioh h
hydrochl orj c _acid and hydrogen peroxi de water or megahertz ultrasonic

b
cl eani ng, Witheht (hve) hagingcs wavelength ehaum) ofgersrtehthan )é’ﬁ &qu tte 208 nm pederj ke, | n

a manner _Si . i t} . e,.acll.vation

Fr oat mont s cbihifl ghitfatd SO (7, UL ok SETATCRAEHINE 0

ul t r @20i olsedte tis gaarand., Uadorean stamisploit coplaiiing okygemt weode ispgasrmed bgat ment
ical treatnment is preferably performed on

the 'sur  dEadighon hﬁﬁitUﬁfg%r}ﬁ%{?ﬁrli%?ﬂavgs a sy olsBE oL 169 Enag 0l oo e @286 o e
B-3in Fl@c&)lposed and singlet oxygen is generated by irradiation with ultraviolet light having
a wavelength of greater than or equal to 200 nm. The ozone treatment described above,
for example, can be performed by irradiation with a low-pressure mercury lamp (A; =
25 185 nm, A, = 254 nm) under an atmosphere containing oxygen.
[0093]

In addition, examples of reactions which occur by performing irradiation with
light having a wavelength of less than 180 nm under an atmosphere containing oxygen
are described.

30 0, + hvs (A3 nm) = O('D) + OCP) ‘ 4)

OCP) + 0, — 0; )



[ 0103] Next, a process of bonding the sem conductor substrate 100 to
the base substrate 120 and separating the sem conductor substrate 100 into

t he sem cQBAYfits1780! ayer 124 and t he sem conduct or substiabf1déd1rs
described. This process corresponds t@%Process Cin FIG 6. [0104] WO

2011/ 043178PCT/ JP2010/ 066123 32 First, the sem conductor substrate
100 processed through the above process is bonded to the base substrate 120
(see FIG 4A and the step CG1 in FIG6). Here, the sem conductor substrate

100 and the ba [ 12 onded to each her with the insulating
SR B g Gk o ¢

| ayer 102 and g er 122 i nt er posed er ebet ween; however,
S5this enljod94fent is not limted to this structure in the case where the

insulating layers are not forned. [0105] = The_ bondi % can be
perforned by applthe mgoys eastipr fermup dfhxhyniradiation, wish light (Bvy)chavie a cne,

pr ef er abl oxi mat.ely 1 C to 20 N ¢ t 0, one (t. at_an end of
Phe bace YrsERRI S T50 ess B B0 bR fRtpf HrndsBnfe SoRBiind bufpi @ cach
ot her 5 WigipIatr &ggei ©('D) iARRl dx@Hed Statehat ahf&ygéﬂht@)ﬁﬂ(b(ép)? fin & WaGindeditfte 100 i s
in contact with or closely attached to the base substrate, 120, bondi ng of

t he substaragensraiedr tNexint thpreastion Srania Dot Pyyges atem (O61P)) i zgrouade. | n

oo LB DO AR SRS GRS A% 9 Mo,
pri nci pl dnahe fehQMRToraI (12 ysirfadiaGion Aithllihe (kg haanela stavondghiqRdinng can be
' e

achi eved even at roomtenperature. [0 | at a region called
an edge rafllessofhianr 8§ om endestan atmoaplises icphteindng gorarited agpng K@s)s simglbnduct or

substrate 100..1n t rqll f i th en c r trate
T00 (Phe e g fiaf B 2680 8l b EPhAsa BpS R RRY R oRRIRY 17
120 ('t he dxyped, alyl ingdiatiye fwith2@liravioles Gight k8sE5a wivelength ¢f ledsalthen8@ant, i on
whi ch exists outside the edge roll off region (on an end side of the

seni condZPBF 1ssgasstates: andipglet pxygep s gensiied Py dscampPsiigioons o YEBhduct or

subst r at el QoL Gedifind sCANABLVN RO BLDBE perk Ay ARhdlafior M et hod

used for manufacturing the sem conductor "substra
a Xe excimer UV lamp (A3 = 172 nm) under an atmosphere containing oxygen.

15  [0095]

Chemical bonding of an organic substance attached to a surface of an object is
cleaved by irradiation with the light having a wavelength of less than 200 nm, and the
organic substance attached to the surface of the object or the organic substance whose
chemical bonding is cleaved can be removed by oxidative decomposition with ozone or

20  singlet oxygen generated by ozone. By performing such ozone treatment as described
above, a hydrophilicity and purity of the surface of the object can be increased, and
favorable bonding can be performed.

[0096]

Under an atmosphere containing oxygen, ozone is generated by performing

25  irradiation with ultraviolet rays. Ozone is effective in removal of the organic
substance attached to the surface of the object. In addition, singlet oxygen is effective
in removal of the organic substance attached to the surface of the object as much as or
more than ozone. Ozone and singlet oxygen are examples of oxygen in an active state,
and collectively referred to as active oxygen. As described with the above reaction

30 formulae and the like, since there are a reaction where ozone is generated at the time of

generating singlet oxygen and a reaction where singlet oxygen is generated by ozone,



owng to its principle, polishing tends to progress in the peripheral
portion of the sem conductor substrate at higher speed than in a central
portion twenepfoszgcordingly, in the peripheral portionpef/sbhRone6123

sem conduct or substrate 100, a region3@here the thickness of the

sem conductor substrate 100 is thinner than that in the central portion 30
and the planarity is lowis fornmed. This is the region called an edge roll
off region. Bonding with the base substrate 120 is not performed in such an
edge roll I i : r S d

port i on oPet Feb ARl L B8 TEuc KRR wnlel syl o G YO REGN088 25 o
100 i s chewhetresimehoinaé fug coavenidncbe perforned at the chanfer portion.

[ 0108] In the case where a plurality of sem conductor substrates 100
are bondd89?d one base substrate 120, pressure is preferably applied to
each of the semigendupliss of pliathal Shafllof ThE Sodse QRSAMECIANGS engl oht be

sone cases where a sem conduc strate 100 is not in contact wth the

base $subsemitomdi@or substrate HIX fsedasoxlesl. i Thish prachsscictatssstoofredtiments fori thonduct or
substrates 10Q, whi depends op an arr epent. net hod of the base
substrat }aﬁﬁﬂ)gﬁﬁetlﬁgagﬁ?gqrysp? S&??’é%%fiﬁﬁ'agf@& substrate 100. Note that
even in tipgogase where there is a slight difference in the thickness of the
10 sem conductor substrates 100, bonding can be favorably perfornmed when

t he sem conducthtrst, shihbasesubsirat®d2@ inpropared ¢seelthe atep dchan Ho. fhe Asabe
substrate 120 0w n 0. ben he subst.rate 120 or .the |ike:

heref or &2 M HReSh naEety 8 et iR ad R dh el B EFh e

sem gonducubstratd st dladhtodilidate SeldeNB&thnh Gotdsalidars glasd) o3 talirhinoBaOsilibsat
treatment for increasing the-bondi ng strength is preferabl %(%Eerfor med (see
the step &8ss; p Qumtzssubisirateypcepanmis SuBtiaG ofapphise sabstirate; @5 hg Hike can be

pref er abl . §et ot A1dfidn® IO B AL ‘gu@s&ray@;ifqgiagsri{gglégﬁysiai sBiffcofiditfiduplcdide

enbrittlenent region 104, for exanp an or equ
| ower t hap.gara sipliatrystal sibGnGubstrite) orai polydrystalivhe serbicendi@tes snbstraredie . ,or

substrate 1Q0 is bonded to.,the base subsirate 120 while being heated in
this tenfdhAygyaliiggs FO%S‘&SH?‘FgP‘aéPFé‘E‘% -cj:tﬁ“ 6XaBREd P éi?fyﬁaﬁ‘é‘ets Wit is

pr ef gabl@pdihad héshé‘dvﬁmgé‘s Mn%le%‘@kﬁﬁéﬂ&iv@@hawe? §§n§§:i M4t HRESOGIBFatk N an
apparatus or a place where the bondi ng has been perforned. This is for

pr event i omddhvigghighat heat resistanice thomiasglasstsabstidtee t o transportati on t her eof
before tﬂ@ %at treatnment. 25[0110] Note that when a particle or the like
is attac 8 o the bonding surface at the time of bonding the sem conductor

substrate 100 4p th&@afRsMerURSllaw! fibdidle i§ iBed @k [thOba¥d Siilstlalte 1 PG fok Cl e or
the like is attached is not bonded. In order to avoid attachnment of a

parti cl e exemples armetberaglassoiubstine whigheis dgpelapesl fonananudacturingskiquid ervsed are
pref gnabl &9 g?@ﬂgﬂegé%rl% Oscd. t 83! Bk EAXRBLHE N Bsilids hdvAHY AEIGdwing SCUT €7

At the tilne o
sizes are known: the third generation (550 mm x 650 mm), the 3.5-th generation (600

mm x 720 mm), the fourth generation (680 mm x 880 mm or 730 mm x 920 mm), the
fifth generation (1100 mm x 1300 mm), the sixth generation (1500 mm x 1850 mm), the
seventh generation (1870 mm x 2200 mm), the eighth generation (2200 mm x 2400
25 ~mm), the ninth generation (2400 mm x 2800 mm), the tenth generation (2850 mm x
3050 mm), and the like. By manufacturing an SOI substrate with the use of a
large-sized mother glass substrate as the base substrate 120, the SOI substrate can have
a large area. An increase in the area of the SOI substrate allows many ICs to be
manufactured all at once, and thus the number of semiconductor devices manufactured

30 from one substrate is increased; therefore, productivity can be dramatically increased.

[0100]



t he sem conductor substrate 100 to the base substrate 120, the treatnent
chanber may WD 2011/ 043178PCT/ JP2010/ 066123 34 be in a state of reduced

pressur e we-2911/043PR"r oxi mately 5.0 x 10-3 Pa) and the at ppspbsigo&fizd he
bonding treatnment is cleaned. [0111] N@xt, the heat treatnment is perfornmed

so that the sem conductor substrate 100 is 5 separated along the
enbrittlement region 104, and thus the sem conductor |ayer 124 is forned
over the base substrate 120 while the sem conductor substrate 121 is forned

(see FI G 4B ang 0 .5ligQude O.ag?rg i%og)d%raélrM§ f&ﬁl?egtsﬁ‘gr qg@@h’scét best?é’tpSt rate

100 and the base substrate 1 to eac I'n a region other
t han t he Bfig@ee did stop fB-Reigi BYG. &8d Needledsatof ery, plar frisolating Hayes di?Rcisnduict or

| ayer 124 which is sgé)(flr at eH Erom éOt he fem'ﬁonduct r subﬁtrat 100 is
fixed to TRESSHHE PN Py dha dipe Yoy 120.  How Or EXAMMERY I BR&ent for
separ ati ngcl e BEIT GRRAMEL X0, | AYGtor 4ftrie fARL fL5/R6n alirAe IGTREFRhULE Del ow
the strain point of the base substrate 120. This heat treatment can be

per f obnedilusinug mtridedil, ehelumihummeile ok EA) ma pp thedikes whichrfesdtionance 15

heati ng furna a mcrowave heating. apparatus, or the |jke. anpl es of
RTA appardridun fRsab e dPa rraries s icraial CaPAEREr a1 anp
rapi d t hahéml ir2iHeeBdse (dubdtfite ARPaE BS prévftet ol &ﬁeriﬂ%};ﬂeh&nﬁ@&ﬁiu\é‘wre a
GRTA apparatus is used, the tenperature can be set at higher than or equal

to 550 Csab#iratol@: than or equal to 650 C, and the treatnent time can be
set to | 69@1{] than or equal to 0.5 mnute and 20 shorter than or equal to
60 m nutes. I'n the case where a resistance heating furnace is used, the

t enpapat ure caisife thetinaflatiigghger t1d2ns asedeagial bdnding0 Giy€r, anshrfaowest thBan or
equal to 650 C, and the treatnent tine can be set to |onger. than or equal
to 2 hourl8sukHimeskyet d¢2 tifpreisrably phanapiged; imude. tq @yaid) doegtiyet bpayding he
above he ] Englr;g- : f i adh at Lt ] e or

t he Iike?gp,gzs:&%ﬁisf)em %dlggbételggrlrﬁfc g,lg?gg%rg%idctgn nga tgrﬁgfj stspg'?ceemfg HI‘({:%% be
separ at edRay ob8iSAgum ror debs anddh wwiot-mean-sijarewaghnesst (Rnas)faf de(e nmyoroless2. 45 GHz

at 900 Wfo r oxi mat el m nutes t m nut es. 114] 30l n interfaces
a1 ong whilEHeERE, S Egea bare TRRest 5] Cot g S BE DL BF S aB e at o 121
have jgeenogaRasstéfari4s hieorsiesy. C A URicRiess @8 B8 sdi2d dppfopdiafet i@dhdMdnlge ioPNS
greater than or equal to 10 nm and less than or equal to 200 nm, preferably, greater than
or equal to 50 nm and less than or equal to 100 nm.
[0102]
A surface of the base substrate 120 is cleaned before the bonding. The surface
20  of the base substrate 120 can be cleaned with hydrochloric acid and hydrogen peroxide
water or by megahertz ultrasonic cleaning, two-fluid jet cleaning, cleaning with ozone
water or the like. In a manner similar to that-of the insulating layer 102, surface
activation treatment such as irradiation treatment with an atomic beam or an ion beam,
ultraviolet treatment, ozone treatment, plasma treatment, plasma treatment with bias
25  application, or radical treatment is preferably performed on the surface of the insulating
layer 122 before the bonding (see the step B-3 in FIG. 6).
[0103] |
Next, a process of bonding the semiconductor substrate 100 to the base
substrate 120 and separating the semiconductor substrate 100 into the semiconductor
30  layer 124 and the semiconductor substrate 121 is described. This process corresponds
to Process C in FIG. 6. |
[0104]



WO 2011/ 043178PCT/ JP2010/ 066123 35 and a seni conductor region 133
irradiated with ions are |eft. These regions correspond to the

enbritt! eyenbimAgi®n 104 before the separation. Theref opersPRR0/066123

sem conduct or region 129 and the sem &38nductor region 133 include a | ot of
hydrogen and crystal defects. 5[0115] Further, the step portion 126
exists in a region of the sem conductor substrate 121, in which the bonding
is not performed (specifically a region corresponding to the edge roll off

region and the ﬁﬂﬁ%ﬁe Rbhduibr bl ?@?‘B{o‘&@s@g&ttt%g%&%{a{l@(rﬁgﬂo@@&s is The

step portion 126 1'nc es the sem condu regl on separ at ed
sem conduminded tdltherbagt substrats, 128r(ded Fl. idAsardathie sg:pl @ylein FIS36). THéere, the

sem conduct or r.egi on 127, I s the sem conductor regiqn 129 and the
ke, hadeBREHIBPE SR e tD b Paieebs T on oioniandd ShsoPricvdhes. a
| ot of h%ﬂé ﬁﬁﬁﬁtiﬁg‘i’a)@f Y63 8hd dl%fiﬁs‘%tla'iinglIE'yefi‘Ci@Qtiht@ﬂ;oséd’ﬁpx%%@?\nfe@ﬁk%&'ér,r €gl on
125 includes | ess hydrogen than the sem conductor region 127 or the'like

but i Acl ubssmbrodaherit isl@belbmsted tre thipstrupture rin sl etse ovheos thehiasulatkng 1a§&50116]
Next, a proce of , pl anari zing a surface of the sem conductor |ayer 124
which is aﬁ%ﬂ%‘éﬁn{‘%d'the base substrate 120 to recover crystallinity is
describedp103)i s process corresponds to Process Din FIG 6. [0117] 20The
sen conductor region 133 over the semi conductor |ayer 124 which is closely
attached to thdhsdadingheanr by perfgroefdy anp)winalpresstiscafsapprmkimpelypPRarity is

I d bQ f i j 26qI 4 i f
e som g e 480 T brfterablif BRI 8 Tllcnl 8, TR B2 BEAZ] h' o ©
Ther a@bor exndtdfahs eadecsubshiate A0 rse ghairbohdihgreayfabey arerin\contablywiibleacthothgr.or t he

li ke so that the surface of the 25 sem conductor |ayer. 124 is plaparized
(see FI G WeCHAESIWe isiRphiedse thy the sgmigyndueior spbstrate 100;is; 19 copchgith or

necessar idiyseReslBhPR thE VI SlbstrhBa26)] %ﬁg%in@%uﬁﬂﬁésﬁm}sﬂdﬁgﬁgt in

characteristics o? an interface between the sem conductor a |layer
(e.g., arsppmsudoasliynty thayentire Swrfaced & tlds swarhag ¢hefbontiag sSetwveannthachase | ayer

in a later, step. eci ficall. olishing,. c he perfor by .chenm cal
chant ¢ oS AT s Reaitindbor, Stbdtih s RRIRedT it boREEE Bor o,
the tisme Habed &R riRBiplc St the 'Vah QRE WHaR! fof @J4raRe 1Rk, aanl‘ifro\ﬁA%ﬂﬁbﬁ&ng'éﬁﬁ et | ayer
124 is also polished to be a thin filmin sone cases.

2011/ 043 6rBRGT GRAG AEBEIARIRE ] 0118] Further, in the case where
t he peri gfé(a,ln portion of the sem conductor |ayer 124 is easily broken or
in the case ere the sem conductor |ayer 124 has poor linearity, the

fol | owi ng processie fhaya bgigesdied AR edgs foflloff RIEMAxiNE inl Nperfpheiabpeitioh opor ti on.
5[ 0119] _Further, the senm conductor region 133 can be renoved by
et chi ng dbe saaicondectare substiateud®®r Inather edgeq rolk off segien.zthe. semHeondyetps

o S0 GA, RRIAAY TSN M, (i PRI e A e,
an el ect rinsulating|lofer d02Yy iasoneases( EARp iatachamferpitivacwhiah exists outside the
edge roll off region (on an end side of the semiconductor substrate 100), the base
substrate 120 and the semiconductor substrate 100 are not in contact with each other.
[0107]

25 In a CMP method used for manufacturing the semiconductor substrate 100,
owing to its principle, polishing tends to progress in the peripheral portion of the
semiconductor substrate at higher speed than in a central portion thereof.: Accordingly,
in the peripheral portion of the semiconductor substrate 100, a region where the
thickness of the semiconductor substrate 100 is thinner than that in the central portion

30 and the planarity is low is formed. This is the region called an edge roll off region.
Bonding with the base substrate 120 is not performed in such an edge roll off region in

some cases. Further, in the case where an end portion of the semiconductor substrate



10 parallel plate (capacitively coupled) etching nethod, a nmagnetron plasm
et ching nethod, a dual -frequency plasnma etching nethod, or a helicon wave
pl asma etwblzog/dmﬁbod for exanple. Note that both the peljphjin8ceasy the
etching may be enployed so that the sei conduct or region 133 is renoved and
the surface of the sem conductor |ayer 124 is planarized. 15[0120]
Furthernore, by the polishing and the etching, the surface of the

sem conductor |ayer 124 is planarized, and the semi conductor |ayer 124 can
be reduceﬂ)dlﬂcﬁﬁﬁﬁ&'aeﬁ&cﬁﬂ’g@a%n&@beﬁ?e\‘ﬁmﬁe&Qﬂt‘ﬁg'aﬁéﬁf \A@bﬁa@n' s suitable for a
semi conductor elenent that"is conpleted later. 20[0 Laser

i rradi atil0h0%ay be performed on the sem conduct or Iayer 124 in order to
reduce crystal ects nd i he.pl gnarit see 2.in FIG
6y A tor nat 1 vAn e Gt HBGE 4 BRGDR oo eduant s W0 Fedoaiedletnel acer
i rradi at ifRe RAYstRee PROf q{ré@ﬁircoik })r@eraslm ﬁ@]i&ucwreaaegjfomel%’mla&@hdchﬁ

sem conduct or | ayer 124, 25[ 012 n the case where the

sem céndw@bsirat%eyi’(l;n Tidg iy beqaeqsmﬂ@de anﬂlttlpﬁescsrm fcasss \@lﬁert: Heseeigprdystiuct or

| ayer 124 r| z bef t I adi_ation
defects m gﬁfaq Q 15 nﬁpfnnémg?éc{l n| eogaste He 3 trat? 228 lffrgre%cecsolrrfdth%t or
llayer 124hickieewe Vi thebsenhb@n@b@yesubﬁmés 100,20 hashi ﬂépen&ufbh gefapahgesan be
repaired. 30[012 L WO 2011/ 043178PCT/ JP2010/ 066123 37 used as the base
subst r at gnathed of the Hager substrats] B20; g thenplusality O hemisosdugtar sustrats3 190

conpl et el e e tar, r ;P Bt y the
| aser |rrNé Pgltl%to%eﬁ?ﬂlt}slgl%g&bg}:lg%gg&\%mgn Ll%%sdé%‘lg%%%dﬁlct ortwayer (%d%@
conpliét el sgmieintiecor rsabstyaésal 1002 amndmgofcan hee sfavbmbhd lm;tﬁonnb(aywheli 2hei s

acconpani ed.wi t h di sordere cI ea th em conduc 124 in
2T T a0 0 SRS SREErS LG GG ebt B orie BRGGOTAL LgLpwEEIO) o

lover ed. RydRirthé ﬁaféeéﬁvsﬁﬂetl% Sek AR Uik Gbre WiSTembotim&t S hol LW h
progresses froma solid phase portion which i$ not nelted; thus, crystal
def ect s itheretoe seni conductor |ayer 124 are reduced and t he crystal linity is
recover eio @&;te that conplete nelting of the sem conductor |ayer 124

i ndi cate } t the 10 sem conductor layer 124 is nelted up to the

i nt erfsace bet wegier tieschEtdHROEGY Shitktraleal0Bris bérdeand thdisast Bebstic 120, hewrer 102
to beinaliquid state. On the other hand, a artl nelted state of the
sem condutsabpent égremcwzmng e kondéng &twagthplarp@efewa rgmisé éyeaube step (GJer 124
(here an a t S I t her
bart t herorey fer 41k feriire SEnP Heat GRHER 18 e Biby BLRSE ilerfiyf

After t he)vlhalsebraick iswbtabised in tHeensbitflanent @égidh €04 doi @Qﬁﬂﬂ&ﬁﬁghef thaaror124 nmay
be etched. In this case, before the laser irradiation, the seni conductor
regi on 13%uiaie B80eiehad dwernthapoer seualt hdd0 Ty tﬁi‘@%ﬂtﬁ%n@’ eRH&@esurf ace
of t S r I Iayer
0L 28, S b B 10d A bR U b B0 A AT SORS  |

sui t abl e thigremperataesniangelisiindlar efferent bé bbtaired. f dloreial Rieprefdrable tat
After the laser irradiatiogn, the sem conductor |ayer 124 is preferably
subj ect edh¢ abaysdeattreatment be suecepsivile pertormeddp aeaaazrra&ué or,pplace ¥hg1q Bfer t han

or equal l}oﬂdﬁg%agbé g;?eéflﬁ)?ﬁeé teppibs safog greﬁgﬁlcﬁl) of %éa:%mn? @tSUIB u E geé et .

defects in t sem ¢ | ayer 4 can urt er and

di st orti ao tmfsporeticretiicreofi efotathe heatdreatbixht.can be al | evi at ed. For the heat

t r eat nent rapid thermal annealing (RTA) apparatus, a resistance heating
f ur nd@e [Qlﬂqlcr owave heating apparatus, or the |like can be used. Exanples

of RTA appar at m&ﬁétﬂawuéﬂea {arﬂél@ ok W Bk kseitfsehecﬁWﬁelboﬁ@ﬂMhrﬁwarﬁaus a
| anp rapid thernal anneal apparatus, and the For exanpl e, when

a 30 r esitonapteording thquetmnmdn@ox subssatd 100 e tlhﬂebasetsnwtamehzo ey préion
perfor msc%vl?cp g {h% aga tl 1y th‘(fg}tlikcea3 ?soattczicltné)dr is Lrllop g(ynrd%d. In order to avoid attachment of

a particle, the semiconductor substrate 100 and the base substrate 120 are preferably
30 bonded in a treatment chamber where air tightness is secured. At the time of bonding

the semiconductor substrate 100 to the base substrate 120, the treatment chamber may



WO 2011/ 043178PCT/ JP2010/ 066123 38 [0126] When the SO substrate
obt ai ned t hrough the above process is used for a subsequent process of

manuf act Wypng11R43L£K71 conduct or devi ce, various kinds of seqlpaA6lvchsy
devi ces can be manufactured (see FIG %). 5[0127] Next, a process of

perform ng reprocessing treatnent on the sem conductor substrate 121 and
manuf acturing a reprocessed sem conductor substrate is described. This
process corresponds to Process Ein FIG 6. Note that the above enbodi nents

can be refep raeéiiat%_ 8f %é%%?ﬁﬁé&éu?e e{ﬁi’te Jﬂgfoﬂ&g&ﬁﬁ§.0% 0 2Bh Varldfe Qgﬁéshﬂf‘rﬁies

descri bed here. ep portion 126 1's forne

peri pher aif thobdrnding todatmbutt is elermednduct or substrate 121 (see FI G 5A). The
step portfé?ﬁr 126 includes the sem conductor region 127, the unseparated
sem cond ] region 125, and the insulating |ayer 123. The sem conduct or

regi on 125, theysgthe R Uehtient RPeABrmed so MAGHE B REAICRILHE ke TGk ON

15129 can be collectively referred to as a danaged sem conductor region.
[ 01295  separatedradonfgi the embritthanmemt regert h@htand shypetht semamnductohleysrelddcionduct or

substrate. 121 and,the insulati | ayer. 123 .of 1 he sem con tor substrate
191 s r dnBOBkoSant thes SEatri LBouRE by i SondulRe 3B AR LB futed
enbodi ment& PRY 4Beaddethe rsfe?CC-BOianQG. gpt dih& Ob séRiddndudbesubsiritd 30D and
Next, the second etchi n& reatnment i's perforned, so that the sem conductor

regi on 12Be herg suhsirate 2@ aredennded ta eaghartheran ayiggion oflres thancthggdee rall effie st ep
ti f ' 121 . ecti d and
portion 126 8 aBH Bge Eﬁa%t%?ﬁgﬂlc ﬁlgl[,hess %’E%Jrnﬁpgtoif@'e?g%]} WhidCls! s\ég%aryiﬁgpgf%}ée an

t he reprocesse sem co su ornmed (s and

t he sioep the gemiBorkductdd subshitatel 100Ss filke®to thbBaskaubammgdtad or region 129 is al so
renmoved. The above enbodi nents can also be referred to for details of this
st ep. [01[§1]2]Here, in the case where the planarity of the sem conductor

et oL ier Tiker s saeang 61 Shpaihs 8 Richm,0eh BgeN e
at nospherperfoontdatrd egiperature dpelow theeastrainepcsnteyf the Basersubstfate £§30. TF8s hdmbdve
embodi ner{}esétrﬁglrt] cgg bg %];&{)rrn?edd Els?ngf :9 rrapqg ttl?eirrlngl anneal (RTA) apparatus, a resistance
15  heating furnace, a microwave heating apparatus, or the like. Examples of RTA
apparatuses include a gas rapid thermal anneal (GRTA) apparatus, a lamp rapid thermal
anneal (LRTA) apparatus, and the like. In the case where a GRTA apparatus is used,
the temperature can be set at higher than or equal to 550 °C and lower than or equal to
650 °C, and the treatment time can be set to longer than or equal to 0.5 minute and
20  shorter than or equal to 60 minutes. In the case where a resistance heating furnace is
used, the temperature can be set at higher than or equal to 200 °C and lower than or
equal to 650 °C, and the treatment time can be set to longer than or equal to 2 hours and
shorter than or equal to 4 hours.
[0113]
25 Further, the above heat treatment may be performed by irradiation with a
microwave or the like. As a specific example, the semiconductor substrate 100 can be
separated by being irradiated with a microwave with a frequency of 2.45 GHz at 900 W
for approximately 5 minutes to 30 minutes.
[0114] |
" 30 In interfaces along which the semiconductor layer 124 and the semiconductor

substrate 121 have been separated, the semiconductor region 129 irradiated with ions



WO 2011/ 043178PCT/ JP2010/ 066123 39 [0132] In this manner, by the
heat treatnment under an atnosphere containing hydrogen after the step

portion kg rof/g4ereved fromthe sem conduct or substrat epéhpiditesiass t he
first etching treatment and the second®detching treatnent, the reprocessed

sem conduct or 5substrate 132 can have high planarity. [0133] In the
above manner, the sem conductor substrate 121 is reprocessed into the
reprocessed sem conductor substrate 132. The obtained reprocessed

sem cond r S rate -
200 1 proadfscRHSRILARFrckioh 193maaf 8 VAKioRPat 110 ST REMGH CorsutlRlf DL

seni conduottbe embbgtemmne rqgigre ¢84 beford theusgparatien.r epresefors ity sammamdmtw
t ed d b t f bstrat
o bo. r BEEBAZ ey FEUFHUCRR Seithd habOte AdeCr BEORRt eRT Srelalodi mant

or the |idegediss enpl oyed, a damaged sem conductor region can be 15
sel ectively renoved; therefore, the anmount of the sem conductor renoved by

t he réprd@ébﬁsll ng treatment can be reduced and the nunmber of tines of

reprocessing c f LCi nIIy ecured. Furth t he. heat t nent under
R s e S S R T R

an at nosphere co ng geni’s

sem conduXiQin whithQhe bondigy QCﬁdtgﬁffbrrﬁ@TT@]be@iﬁchy&d’ fdpyonacdreisp @faexsgseﬁthe
sem conduct or substrate having favorable planarity can be 200bt ai ned.

[0135]  edge roll gffgegipn ard theechgwdernosiien phthe semice miwhstratai0®e Jded in
appropri r dES}C t her
enbodi meralsiteg) ‘%ﬁg%g?é g@nl{l égni)ﬂgd&wnlgcnt h%{&t llégﬁm fHeQﬁ-gsﬂ apangd(;%cn%%%&%m e case
wher eloan r&gibn 4 0hsindaheinsslating lafyect 28 ed‘hﬂsemg:oadmtdm egiond2@sisrwetlbasthet he

i ke with high heat resistance. a ase substrate be descri . Note
that a meeméPrdRder fesir ﬁ? @ezﬁﬁog‘fsntﬁﬁ{‘ g ‘Edf’rﬁﬁﬁ\e‘%f‘ﬂlqw& 59@&}16%?40'

embodi MenfyqihydTRAMIR I&E of hy-'Ei? %&fﬁ{deoryéiélfdce?erc?sm IR id1iSn, Whd SenbiBorlRicdr Y
described in 30 this enbodinen Drawings wil|l not be particularly shown in

t hi s enbodginri2Sbacludesclest hydrogen thantthé seraicbndiickarrmegianel 27norcibimtike twitt h
those of 1%1(96 c%bc%\lls?al%%gsicﬂl%rt](t) ion 1rrad1a8(])'1%' 4)9 613 3[118 PCT/ JP2010/066123 40

15 [0116]

Next, a process of planarizing a surface of the semiconductor layer 124 which
is bonded to the base substrate 120 to recover crystallinity is described. This process
corresponds to Process D in FIG. 6.

[0117]

20 The semiconductor region. 133 over the semiconductor layer 124 which is
closely attached to the base substrate 120 has crystal defects and the planarity is lowered
due to formation of the embrittlement region 104 and separation of the semiconductor
substrate 100 along the embrittlement region 104. Therefore, the semiconductor
region 133 may be removed by polishing or the like so that the surface of the

25  semiconductor layer 124 is planarized (see FIG. 4C and the step D-1 in FIG. 6). The
planarization is not necessarily performed; however, the planarizatioh enables
improvement in characteristics of an interface between the semiconductor layer and a
layer (e.g., an insulating layer) formed on a surface of the semiconductor layer in a later
step. Specifically, polishing can be performed by chemical mechanical polishing

30 (CMP), liquid jet polishing, or the like. Here, at the time of removing the

semiconductor region 133, the semiconductor layer 124 is also polished to be a thin film

in some cases.



[0137] In a sem conductor substrate that is used as a bond
substrate, an insulating |ayer and an enbrittlenent region are forned.

Tr eat mentwangiitdagigi ke for the sem conductor substrate, pptpiypbhib/ochrdes the
formation of the insulating |ayer and3he 5 enbrittlement region, are
simlar to those in the above enbodi nent. Therefore, description in the
above enbodi nent may be referred to for such treatnent and the |ike. [0138]
In this enbodi ment, a substrate with high heat resistance is used as a base
substrat ggyfganpl es of a substrate with high heat resistance include a
gquartz substrate, 10 a sapphire substrate, a sem conductor substrate
(e.g., a singl &ucthys irathe shdei wlome thelpetiphdrel mrtien piothy sesbadudterdawir(12¢on
substrate), and the like. In this enbodi nent he where. a single
crvetar ot b breiBsni e qode tBel G SCHSORuClor Es 1 25 e PO Tt

[0139] A thNewiR! pr&ceddiitha b heordidadi s félﬂo%ta%ftwbﬁﬁﬁnﬁ%%dr@t eis a
circular substrate 15 ichis 5 inches (125 in dianmeter, 6 inches (150
m) iR dil@ktler, 8 inches (200 nm) in dianeter, 12 inches (300 nm) in

di ameter, or 16 inches (400 in diageter. Note that the shape is not

i ted to t ne R e Bk lmciibigr fesb 8 TR} B pE Bty iFiok PORe Becos e
into a reene@dh@br BH&NL4as plah@rideik e Tha AbdeTchif: ¢St petfdrmhbewat@ Gy Pt i on

gi ven bel ow, the case where a rectangul ar single crystal silicon substrate
is used &ichingenEthedswich asst reactéve ipngetehing KREE) methed; amindustivey ceupled  he

base sub ) | i t hat of

t he bondsf)gélyjsgl;saﬁ'l gtpzc?tpﬁ}gﬁ?ﬁ(ﬂ]% @fel:%(%% gﬁlﬁg[{];eraeg@& ??%@eé%)fe&?ﬂég b{z'iegg}dégbst rate
i s pref erpabdllgl glleaneapacitively aowpliéd)uetichingcmdfhoddnogapngsmopladmanetxhing e
(SPM, an a ni ym hydr oxi de/ hydr ogen per.oxi de 25 m xture , i

hydr ochl d’i“?tg&gcﬁ 33‘3&{} G RaTEA e fREtoR %Fﬁ)e,hcm mave ﬂ%{{a&t&uwi c acid
(DHF) . ormdth&d, | tbKExandle. AaPRERRAA Aot tHeUdifRing Al Eichingrnfy BOEmplacsd and
ozone water nay be alternately used to clean the surface of the base

subst r at so thglthd perticondustiratging 1B3yeremvygd aed fthe smathcowé the $eenibersiactor
substratg. Iﬁ &he case ere 30 an insulating layer is fornmed over the
base subdt¥Ad&? SPlaMaRLEd-ati ng | ayer on the bond substrate side can be

om t t1gd. [B1®0]i nsul ating | ayer may be formed using a single insulating film

or a stacked layer including a plurality of insulating filns. The WD
2011/ 043178PCTFyephemoradeythgpalishingsandghe pighingythe sudared thosamtieondyciog an

et Rl . T ' Al
| nsul at| ']%',ergbg‘ll%"ﬁ;\hﬂhz‘é?ﬁnlﬁggé?efn}nﬁ{n?ogf&tso?ﬁaﬁr‘i?ﬂ@’ﬂ‘ﬁ’{‘%e;dagééﬁﬁltﬁﬁ%k%ers§ g&' con

oxi de fil conn 1‘con—oxyni silicon
nitride axitelda¥d h Bhickness which is suitable for a semiconductor element that is completed
later.
20  [0121]

Laser irradiation may be performed on the semiconductor layer 124 in order to
reduce crystal defects and improve the planarity (see the step D-2 in FIG. 6).
Alternatively, without removal of the semiconductor region 133, laser irradiation may
be performed on the semiconductor region 133 and the semiconductor layer 124.

25  [0122]

In the case where the semiconductor region 133 is removed and the surface of
the semiconductor layer 124 is planarized by dry etching before the laser irradiation,
defects might occur in the vicinity of the surface of the semiconductor layer 124,
However, by the above laser irradiation, such defects can be repaired.

30 [0123]
Since an increase in the temperature of the base substrate 120 can be

suppressed in the laser irradiation step, a substrate having low heat resistance can be



[0142] 5For exanple, the above insulating | ayer can be forned by thernal
oxidation treatnent. Although dry oxidation is preferably enployed as the

t hermal oxb3siiskr eat ment, the thermal oxidation treapi@ip2018¥6css
performed under an- oxidation atnospherd to which a hal ogen-contai ni ng gas

i s added. As the hal ogen-containing gas, one or plural kinds of gases
selected fromHCL, HF, NF3, HBr, Cl7, Cl1F3, BC13, 10Br", and the |ike can
be used. [0143] The surface of the base substrate is cleaned before

bonding. yH0g 48 Whd BKE Bhstfie1 IS G NUBSIEANE (ER M SaiERE odia hYgbgChl or i ¢

acid and hydrogen peroxi de water or by negahertz u oni c ani ng,
t wo- f | ui ccongtletelyemelterh and | tbarsemicondodion tayee 124t e partlySmelted thg the klaser ,

Further, the. hondi ] be perforned after the surface is supjected to
Curt nce. dEniiphononTis Boberante G Meeeronnabl Bt 1o i etpIEIbh gl o o

beam or %cﬂy@t@lli%@t%ﬂ ol thE aé’énﬁl:&idu%{o‘?aia?@r”tlﬂ 01 OR@ohdpaAicdERith PkérasRd
treatnent, plasma treatnent with bias application, Or radical treatnent.

[ 0144P 20Nesleation hétheeseinieomduddolayeub2t imad Bqyitl ipbasroard! thalesystalimly efnidiet he
base substrate .are pond to each other, and.the.senm conductor su rate is
Separ at edeMRACURHPR VG T2t SORFEETu Do AT GErRuaP e Dok

subst r at erystilerawey progfbadiffointa soBd phlsel IrB6n @hidhOis ot niéfbd! thes, @tystdli S
process. HIOM 25l n this enbodi ment, the single crystal silicon substrate
wi t h hi ghiefeess iy bejsemigondugter lapyer 1% axenieduepdeand the tor ystallinity, é weoyesed. t he
upper lingt, . of..th e re of yvar] t.aent S rai.sed up
to the virpg:(]i;tﬁi [h)# O(?)H&ﬁ&ﬁ% Ilt;'llgfr%l{é;&gp8|Pntg1 go#“ﬁﬁ%@?ﬁél ltélg'%?ylgt& afn%él ?%gcgﬁl t s@gst rate.

[ 014G 3GEmicondactpl Ryert 183 9 ppsdtedlupniotthe intédie thetipzhahel semdbndeadr layeeat nent
for separating the sem conductor substrate can be set atlwagl%é)xi mately 1200
F )

C. When tié anfghoaaspiasieg lawpcPraedsity DoeYidstate @Rl &t % Flleat
treat mantmélfkdsﬁéteéﬁf tﬁﬁgerﬁ‘ic%ﬁd&ﬂt&h%%r PN a3t th&N D oMt sdfioRR for

substrate can further increased:
layer 124 (here an upper layer) is melted and becomes a liquid phase while another part

thereof (here a lower layer) remains in a solid phase.
15  [0124]
After the laser irradiation, the surface of the semiconductor layer 124 may be
. etched. In this case, before the laser irradiation, the semiconductor region 133 may be
etched or may not be etched. By this etching, the surface of the semiconductor layer
124 is planarized, and the semiconductor layer 124 can be reduced in thickness so as to
20  have a thickness which is suitable for the semiconductor element that is formed later.
[0125] '
After the laser irradiation, the semiconductor layer 124 is preferably subjected
to heat treatment at higher than or equal to 500 °C and lower than or equal to 650 °C
(see the step D-3 in FIG. 6). By this heat treatment, defects in the semiconductor layer
25 124 can be further reduced and distortion of the semiconductor layer 124 can be
alleviated. For the heat treatment, a rapid thermal annealing (RTA) apparatus, a
resistance heating furnace, a microwave heating apparatus, or the like can be used.
Examples of RTA apparatuses include a gas rapid thermal anneal (GRTA) apparatus, a
lamp rapid thermal anneal (LRTA) apparatus, and the like. For example, when a
30 resistance heating furnace is used, the heat treatment may be performed approximately

at 600 °C for 4 hours.



[0147] Next, a surface of the sem conductor |ayer bonded to the
base substrate is 5planarized, and the crystallinity is recovered. [0148]
In the seagpbeendusigr | ayer which is closely attached topihgphas6scirsostrate,
crystal defects due to formation of t#8 enbrittlenent regi on and separation
of the sem conductor substrate along the enbrittlenent region are forned,
and the planarity of 10 the sem conductor |layer is |owered. Therefore,
heat treatnment is preferably perforned to reduce the crystal defects and to
i mprove thg gl anarity of the surface. The heat treatment is preferably
performed under the tenperature condition of 800 Cto 1300 C, typically,
850 C to 1200 GVhithelre B€dtsubstexit robraindds thpeughothreabavad@pcessdh wed dbmbi vel y
hi gh tenpehature condi tiogn crystal defects can be sufficientl ced and
u

: . red
the 15 plWRSAEY SOt oL MABHECERE b SRFRIEEOr [dpiks) various Kipds afte heat
treat ”E”tsenﬁc_dna{?étgr&é\/%eg%nB@Hﬁﬂhfaétﬁ?eﬁ)(sé’eopﬂi gj.us, a resistance heating
furnace, a m crowave heating apparatus, or the |ike can be used. For
exanplbe, [Oh2i]he case where a resistance heating furnace is used, the heat

treat ment may 0 perforned r.ooxi mat el y. at, 950 to0,,1150 C for 1 mnute
Lo a hour s, Kot Enalrss: REZPIPPLRE fenpergPE st o W sensprfhisiuct o
subst r at eubétfatd @i AhdBHamifadhi@}Ch tROBRER SWiicofditd Subffdt®isTBekctibed. ead of
this heat treatnment. [0150] The sem conductor |ayer may be irradiated with
| aser | i ghiis poresseogespandeio Rraecss FonfidG:6.t riiete tiah the ghpve pmbpdisments can
irradiati . L re heat treatnent
can be reb%glbfreg%ﬁ#ﬁdé dgg%lgé%@rﬁ%@ggeﬁg%ﬁgggﬁqﬁ%gﬁgﬁgsr&e% 5’5 g{'e'det ails of the
| aserioi rr[@d2gjti on. [0151] In addition, before or after the heat treatnent,
a sem conductor_region in an 30 upper. portion of the sem conductor |ayer
may be renoved T ¥R PaHPMJ200s farmed i“kghesEF"cpﬁartal phdior pf fthg gemigepdustor; g

pl anar i zegdpoBye 51 8se9'F§G35A alTied g etk NL6 ihdifdeiUhE 3GRicBhduck®? region
2011/ 0431/8PCT7 JP2010/ 066123 43

127, the unseparated semiconductor region 125, and the insulating layer 123. The

semiconductor region 125, the semiconductor region 127, and the semiconductor region
15 129 can be collectively referred to as a damaged semiconductor region.
[0129]

The first etching treatment is performed on the semiconductor substrate 121,
and the insulating layer 123 of the-semiconductor substrate 121 is removed (see FIG. 5B
and the step E-1 in FIG 6). The above embodiments may be referred to for details of

20  this step.
[0130]

Next, the second etching treatment is performed, so that the semiconductor
region 125 and the semiconductor region 127 which are included in the step portion 126
of the sefniconductor substrate 121 are selectively removed and the reprocessed

25 - semiconductor substrate 132 is formed (see FIG. 5C and the step E-2 in FIG. 6). At
this time, the semiconductor region 129 is also removed. The above embodiments can
also be referred to for details of this step.

[0131]

Here, in the case where the planarity of the semiconductor substrate 121 after

30 the second etching treatment is not enough, the semiconductor substrate 121 can be
planarized by heat treatment under an atmosphere containing hydrogen (see the step E-3

in FIG. 6). The above embodiments can be referred to for details.



t he sem conductor |ayer can be further planarized. Specifically, the
pol i shing can be perfornmed by chem cal nechanical polishing (CW), liquid

j et poliskongiyRsikhe Iike. Note that the sem conduct or pgypso18s618L
reduced in thickness by this treatnent3%n sone cases. 5[0152]

Al ternatively, the sem conductor region in the upper portion of the

sem conduct or | ayer can be renoved by.etching so that the surface thereof
is planarized. The above etching can be perfornmed with a dry etching nethod
such as Orlgg]ctive ion etching (RIE) nethod, an inductively coupl ed plasna
(I1CP) etching nethod, an electron 10 cyclotron resonance (ECR) etching

met hod, a par al Inghisphaner, by #pawiat tresingnicoulet el )tnetsphéra gomteiningthydzogeagnet r on

| t chi t hod, . al - f | t.chi hel i
eve pl asTHE QPR BSHRP AR, 11 g ST e RERerdhctor 1grF danrioteh B oy e
per for e ing Ucliei HeaP eSk i A8ty [ micniNepl RISEN sEURIesiTor €

by the polishing and the etching, in addition to the planarization of the
sur f ade ofubstnate d32caohryadighrplaeardy., t he seni conductor |ayer can be reduced
in thi Ckn@ﬁiﬂso as to have a thickness which is suitable for the

sem conductor' el enment that is formed later. [0154] 20Wien the SO substrate

obt ai ned t hroudih thé@b&koMeni¥OheSemicondscsr fubktrate IANSS @i OEesFYAOIRARS theOf
manuf acturi ng a sem conduct or devi ce, various kinds of sem conductor

devi ces cERTIsessadsamisonducier sytorats) 132. The obtaippd reprecessehsemicRRici®an be
referred éu%stfrzﬁ 19? tA beSre éedtalg?heo Esiiullor arbsR&t"190Th Bfhcb&PA OCESSI NG

B Rgor &
treat ment on tF]e sem conguctor suegrgtrate and manufacturing a reprocessed
sem condujgXld4] substrate. [0156] As described in this enbodi nent,

t he sem conduct or substrate processed through the reprocessing treatnment
process is r epe&% é%F“gfﬁ*ﬁge’&, thih TR I RERfuftBC F‘i“??@‘dg‘ﬁgr éBgﬁtrafeog’roa‘ﬁs§él
substr at ethgr{i{gﬁitlge Eéi%&@é%‘n% trBatRRhE bfb‘éleﬁ_ris ré afehﬁy %aﬁwﬁé‘x‘éb? nﬁiﬁﬁfﬁcﬂﬁﬁg

t r eat ment h tenperature as described in this enmbodiment is enployed,
an SO sudsst faatas HAdubsirdtavar bbireducddar du tparticultar,oxhanathe imethrghddsedhadriad even

e conduFormEUEEPGPE i GRS amptoved. Jobiided s habf TR eb hi <
embOdi ST Nfel&eaNel) ereHfREd; teAlTBReORRE Arouad i hat deRiicoldubot Hemsbed B Uthe
descri bed in any of the other enbodi nents.
reprocessing treatment can be reduced and the number of times of reprocessing can be
sufficiently secured. Further, the heat treatment under an atmosphere containing
hydrogen is performed after the damaged semiconductor region is selectively removed,
whereby a reprocessed semiconductor substrate having favorable planarity can be
20  obtained.
[0135]

The structure described in this embodiment can be used in appropriate
combination with the structure described in ény of the other embodiments.
[0136]

25  (Embodiment 3)

In this embodiment, the case where an SOI substrate is manufactured using a
silicon substrate or the like with high heat resistance as a base substrate will be
described. Note that a method described in this embodiment is common to the above
embodiment in many points. Therefore, different points will be mainly described in

30 this embodiment. Drawings will not be particularly shown in this embodiment
because drawings of this embodiment are in common with those of the above

embodiment.



5[ 0158] (Enbodi nent 4) [0159] An exanpl e of a sem conductor device
whi ch includes the SO substrate nmanufactured in any of the above

enbodi neng@ apfFri/dsbigstrated in FIG 7. 10[0160] Flper/yp201bbésiiy at es an
exanpl e of a semiconductor device incl4lding a transistor 280 which is an

n-channel thin filmtransistor and a transistor 281 which is a p-channel
thin filmtransistor. The transistor 280 and the transistor 281 are forned
over the base substrate 120 with the insulating |layer 102 and the

i nsul ati Hglj;ﬂyer 122 interposed 15 therebetween. Various kinds of

sem conduct or devi ces can be formed by conbining such a plurality of thin
filmtransi storls a SdrTisondubdtorestuhstchté ohat mamsédas arbong $ubstraterarc dosdlatingr

device illustrated in FEIG 7 is .described below [0161 . First,
an SO sUBEH 3% apscipPRitiSmERt TRsio e %mgfbsfffea{fﬁemtﬂ@ &9 1kaplorrthre 20
manuf act WegcdnQu@By s@strhRe waRAVRRIRO B BRh&idASE 1 iHﬁﬂﬂing[ @3&2dnd the

Next, a sem conductor layer is etched to be divided into an island-shaped

seni céndumipitti¢mger re2h, samel samilics kanbpss hmpde gborec ombadiment.| afkare@82. The
sem condugt ot

seni cond P%ﬂpt{(’%’g Fh‘%’g’%%j% g?lbg(ﬁlf{% ﬁﬁ%@lﬁl Q? %eq?erﬁeg‘f {é'}@ﬂé‘ﬂe?h éﬁzgﬁ'ﬁﬂm g‘?‘fﬁ'tf 2§f

An i nsul goizg) | ayer 254 is formed over the sem conductor |ayer 251 and the
sem conductor | ayer 252, and then a gate el ectrode 255 and a gate el ectrode
256 are respectlnvbisyembadimentogesubstiade et bighdieat aesistangeris 25ad an@ base

Cher ebot veRre 6 B STAbRES hR B B B Tortthe! QUERABERG ¢ o
whi chos eravepphise subs@ate epiedticomlucior asbsnateqn.g.,al dimgle arstabsiliged bubstrate @t an
impurity el ement which serves %i a dongr, such as phosphorus or arsenic, to

the sem cobflucyBrilinaydicen syhsiraexqpgithe ik Il iempodimshbipe fiecHServes as
an acceplafold &yilafcdtuBaf AP 1ARABEME bt BB N Rscrliel. 1S Lo be formed

and an i rrpLFr Ity efjﬁ(e?ment I cﬂ serves as a donor Is added to a regi on where
the p-chdfh®] TFT is to be forned. [0165]
A typical example of a single crystal silicon substrate is a circular substrate
15  which is 5 inches (125 mm) in diameter, 6 inches (150 mm) in diameter, 8 inches (200
mm) in diameter, 12 inches (300 mm) in diameter, or 16 inches (400 mm) in diameter.
Note that the shape is not limited to the circular shape, and a silicon substrate which is
processed into a rectangular shape or the like can also be used. In the description
given below, the case where a rectangular single crystal silicon substrate is used as the
20 base substrate is described. Note that the size of the base substrate may be
substantially the same as or different from that of the bond substrate.
[0140]
Note that a surface of the base substrate is preferably cleaned using a sulfuric
acid/hydrogen peroxide mixture (SPM), an ammonium hydroxide/hydrogen peroxide
25 mixture (APM), a hydrochloric acid/hydrogen peroxide mixture (HPM), dilute
hydrofluoric acid (DHF), or the like, as appropriate. Further, dilute hydrofluoric acid
and ozone water may be alternately used to clean the surface of the base substrate.
[0141]
An insulating layer may be formed over the base substrate. In the case where
30 an insulating layer is formed over the base substrate, an insulating layer on the bond
substrate side can be omitted. The insulating layer may be formed using a single

insulating film or a stacked layer including a plurality of insulating films. The



Next, an n-type |low concentration inpurity region 257 is forned in the

sem conduct or | ayer 251, and a p-type high-concentration inpurity region
259 i s foygediiizihe sem conductor |ayer 252. Specifi calplygpidibséerzd he

seni conductor layer 10 252 used for tHd p-channel TFT is covered with a
resist mask and an inpurity elenent is added to the sem conductor | ayer.
251, so that the n-type lowconcentration inpurity region 257 is fornmed in
t he sem conductor |ayer 251. Phosphorus or arsenic may be added as the
inpurity : . . v : . b he

- Type. | onf SARE DRl Tt LR an i BBt Bl At BB IR, nduct or
| ayer 25Icobfponentasishlak -assliliqpnecidedfilng ra. silfeonthieide fadm; egileon okyditréde film,

sem conduct or._. | ayer. 251, ich overlaps with the gate el ectrode 255, serves
as a charﬂ‘fé’iS‘]f‘i?Pr?étf‘FiBHXﬁdééﬂ%‘n 258. Next, after the mask which covers the
sem condugfgy] | ayer 252 is renoved, the sem conductor layer 251 used for
the n-channel” TFT is covered with a resist mask. Then, an inpurity el enent
is added to thdosemampledthet ahovk dpeatinglayd@orapnbe Edromeil ynthempedl |oxidationr t he

20 |li ke may, be ad as the inpurity elenent. Here, the gate.el ectrode 256
Funct i onaruRept Ao by ek TR o mELFARTE sl oo B, e Ry igRon 220
i's formedrdainéhe tfe thee@ad bkidatioh &V&Em&ﬁzmia? e peHbmMd Gh@d AR RARIatiod I €gi on
of the sem conductor |ayer 252, which overlaps with the gate el ectrode 256,
serves asatmoghgrentsl whishnhplogen-eeitaininzeges iNodded.-hads theehdieganopniainipBi ch t he
n-type | owconc rafi i rl } [ Nt he
p-type hi% ’-(gd(;énogg)trl]‘frrg% ilggsnbl Zysﬁér %%@th(gg?%nﬁggﬁy Ff%b;{%gg ‘ig’sé ég%?ﬁbgﬁ in

t hi s 1@nboBl, yaidithe hlonemere, usede p-type hi gh-concentration inpurity region 259
can be forned first. [0166] Next, after the resist mask which covers the
seni condU&tHi | ayer 251 is 30 renoved, an insulating |layer having a
single-layer SUGLLE Bf i BEASHRGR! SUSLHES el BndiRE! UARSsitdet (i de
such as silicon nitride or an oxide such as silicon oxide, 1s forned with a
pl asma C\be besehsmtistoate térebé icleenedTwith hydsxhlaricragid andehydregeamesotidopiatal |y WO
2011/ 043178PCT/ JP2010/ 066123, 46. et che jdn a 1ger.\gl)en i cul ar.gi rection

wher eby £LTVABGRAFE HEESAF AlF2PRpetv O BYdRGClE Gaasnine i P Fayer 262
are figr megt thé 1ikeNt Asthewd the @hdﬁg&ﬁ{\%es%rfeﬁnwma&h@ sBHRG! & QdBjeced tgnd t he
gate el ectrode 256, respectively. te that the insulating |ayer 254 is

al so et cratfaggactivetierbioeatmanii such as pragiation Heatmens wothaar) atomic beamenan ion he

sem condyct or laver 252 is _covered wt resist. mask, and an inpurjty
ol omont 1 8o U Elet Ry Bl Trelb oot ok i bontE ip BT Bl R )

t r eat nentbiad dpplieaion, 6 @aichlog@tméi, and the sidewal | insulating |ayer 261
serve as masks, and an n-type high-concentration inpurity region 267 is

formed. 161#Me6s] After activation treatment (heat treatnent) of the
[ nt | i i PR ; d.
A Lot et or it S s ARE A QUEE (80 oLy B T MARE B St T

per f or medirabored he eadhhmherpindetiye aémiconBiforGubstehtd vweparhtedn Accerdingly, ho 450
C, whereby hydrogen contained in the insylating_|ayer 26 15 is diffused
nto t he SEIBERYH %regzyfr Qﬁﬁﬁaﬁw%égﬁﬁecoﬂiaaewm FMESH £an P e
i nsul at i ngrelRY 88 fof @BtaN@Bf % frBkded by deposition of silicon nitride or

id ith pl

silicon nitride oxide wth a plasma CVD nethod at a process tenperature of

350 C or [Db4Er. By supplying hydrogen to the seniconductor |ayer 251 and

t he m conductor lLayer 252, defects which serve as.trappi enters in the
seni gnduct or Ithéy%’fs fg?og}n_‘ét’ﬁ’e?% Sl ¥t Siicon a%}@_?trggﬂﬂgrﬁl&[} E

i nt er f acqgsifigndeasisdd'® R BasONbdfrhte! {rAMefore,aR6 ub}?a lirhi ok &id RfpkAnge 254
can be repaired effectively. [0169] After that, an interl ayer

i nsul at i rf Vazipey hegdrqatmenss eanl beTised wpetp| thy aicinity of at mpking pint ofdbecan be
f or med tOsiﬁ‘g?é’S"ry?talss‘iﬂ&'neguhéﬁfa‘?é. structure or a stacked structure
[0146]
30 For example, the upper limit of the temperature of heat treatment for separating

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



25 including an insulating filmcontaining an inorganic material such as
silicon oxide or borophosphosilicate glass (BPSG or an insulating film

cont ai ni ngoap1 @i ¢ material such as polyin de or acr ykirgp20db&izxont act
holes are fornmed in the interlayer ingdlating |layer 269, wirings 270 are

formed. For exanple, the wirings 270 can be formed using a conductive film
with a three-layer structure in which a |lowresistance 30 netal film such
as an alumnumfilmor an alumnumalloy filmis sandw ched between barrier

2011 osa PRt 86 ) Bab FERln! a7 ot B oORdng Bl R o

Thr ough tHage alteM@e REPBEBEtheRimeRdakdonduct or devi ce havi ng the n-channel TFT
and the p-channel TF' T can be manufactured. The SO substrate used for the

5 seni corl@l#tlor device of this enbodi ment is manufactured at extrenely |ow

cost, as descri i ve i t i 0 r -
manuf acturing t ez(ﬂs%%u{:f%ﬁedg}g or segrge@gfgg@gr%g%eé%foé%%é@%flm%l%}bﬁ%?% That the
sem condygimtizeld \aha ehel drisisllinay 8detovefddG. 7 and a manufacturing 10 net hod
thereof are described in this enbodi nent; however, the structure of a

sem condU@14t device of an enbodi ment of the disclosed invention is not

linted theretq, tﬁ?%,ﬁ%&@&&“& o wﬂﬂ?eﬁ{ RCc1BBYy aRGLHAS10hE ARRE IshiBdtratd

resistor, a photoelectric conversion elenment,”a [tght-emtting elenment, or
t he |i ke drystaddifedtonlut doafofirdtion O 7l efbTiktitensint uegion endespaiabied dfntht hi s

enbodi ment can .be used in ropriate conbi nation_.with the structur

descr | bedemiEoayEier SPREE aRBE Bt HeRes e e apiobmes. e 1SpaRHY pf s
exambe, tROsdntiethdiictdrdayeRYELlowRs. I aReMESte | KaMrBatiRAl RPREtBRLEY pfbrmedst r at e
formed in manufacturi nq an SO substrate, and wet etching was performed on

t he seni dorddusedthe suystal rdefestspandhta freprose the plaaniiyuel fienwsfacs. etlehbeats. The
resul s Ao RITI Bk, ob Bt Fabohe SSRGS 2B RIS Lo TN
typically, 850 °C to 1200 °C. When heat treatment is performed under such a
relatively high temperature condition, crystal defects can be sufficiently reduced and the
15 planarify of the surface can be improved.
[0149]
For the heat treatment, a rapid thermal anneal (RTA) apparatus, a resistance
heating furnace, a microwave heating apparatus, or the like can be used. For example,
in the case where a resistance heating furnace is used, the heat treatment may be
20 performed approximately at 950 °C to 1150 °C for 1 minute to 4 hours. Note that the
heat treatment for separating the semiconductor substrate, if performed at higher
temperature, can be performed instead of this heat treatment.
[0150]
The semiconductor layer may be irradiated with laser light before or after the
25  heat treatment. By the laser irradiation, crystal defects that cannot be repaired by thé
heat treatment can be repaired. The above embodiment can be referred to for details of
the laser irradiation.
[0151]
In addition, before or after the heat treatment, a serﬁiconductor region in an
30 upper portion of the semiconductor layer may be removed by polishing or the like so

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



25[0175] In this exanple, a rectangular single crystal silicon
substrate with a size of 5 inches square was enpl oyed as the sem conduct or
substr at a0 2bieasizst her mal  oxi dation was perfornmed on tpersesii6oadact or
substrates under an HCL atnosphere to4orma thermal oxide filmwth a

t hi ckness of 100 nmon a surface of each of the substrates. 30 The thernal
oxi dation was perforned at 950 C for 4 hours under a thermal oxi dati on

at nrosphere where the rate of HClL to oxygen was 3 vol %

2011/ 043 / 7

sem condﬁgt?gg{séﬁéﬁcgtlggév\%g b.%%#‘ gg‘?raltﬁ lelclja%e? %@S ocgel hrpo ?ﬁ%ﬂ gﬁrface
of the th@rﬁmahed)byd:berhldalrmwchdmctaﬂr@ohsleng)(CMP)J bBaquid geti ptglshplgaoathmhkd nthis
exanpl e, |at|0n with |onized hdro n.enbrjttl.ement i on was
S F or e 1ate dhiring emondisir. e, £88 e S nin BOSRS b S Teal R T ho | on
dopi ng wagmeehse@s follows: the acceleration voltage of 40 kV and the dose
of 2.0 x 1016 ions/cn2. [0177] Then, each of the sem conductor
subst pat d81%s bonded to a gl ass substrate with the thermal oxide film

i nterposed ther heat treatnpnt at 200 C 120
it 6s. and.  neHRRRR e o e icAfussl® Repigh Tk lbes REPD ot B red, so

that a t hemicnagdter aysrdailbe $érhoedbyl g Yathab R AGFARUhEOMs PRHAriedd. t he
sem conduct or substrates along the enbrittl ement region. Accordingly, SO

subst r at ekhevgbore gighinesan hearerfoaned aith tdrysetphing imathodsieh @§ dgagtiye 10n -

bstrat f
o SR LR LA R R BB ] e
substwat eyclogroflessonabed (ECR] #8dhing methodria phralleh phited €caphcitiv elypsmplei
i nsul ating |l ayerg]\éﬂ\l ch was formed to cover each of the sem conduct.or

subst r at &&ching,me 2 BIREDET Y Plagmpy eichinganethed adipl-drearenay P1avoia Jehisg chi ng
treat rrentmaﬁwgoaamlereen S@hvd hﬁl@mﬁp&gﬁﬂgtm%g@ &AL ble PT prarec athtbye Stel | a

Cheni fa Corporation) containing hydroflGoric acid, ammoniumfluoride, and a
sur f act arplanagizatidni may beypsriarined sising biothrthe polishing andgheweichingom t enper at ure and
t he etchi Qpi{l me was 300 seconds. [0180] 25Next, the sem conductor

substraté ff ]om whi ch the insulating | ayer had been renoved were subjected

to wa et chi ng potthémidie, uysme%haﬂug ahd tHecetéiahg, O JaditRds t6tthd)pRhsrizafion Xed
sol ution (hereinafter referred to as a mxed Solution A) where hydr of [ uori c

aci d, ni tofjthe serfare oftie semiconduptorglayiesy thensexmigonguctar Jajlen gan batpdncgd in: 3: 10;
a mixed SRLREdQ D, GORY l‘f'x)g%ft}l s§f d&ég suR balé £ L é&glc&?&u%ldr &?en?ént Yﬂ?r e

hydrofluorlc acid, rc ac acet acl d were
rati o of idfok@@d10&; a m xed sol ut| on (herer nafter referred to as a mxed
sol ution [854\/]\here hydrofluoric acid, nitric acid, and acetic acid
20 When the SOI substrate obtained through the above process is used for a
subsequent process of manufacturing a semiconductor device, various kinds of
semiconductor devices can be manufactured.
[0155]
The above embodiment can be referred to for details of the process of
25  performing reprocessing treatment on the semiconductor substrate and manufacturing a
reprocessed semiconductor substrate. |
[0156]
As described in this embodiment, the semiconductor substrate processed
through the reprocessing treatment process is repeatedly used, whereby manufacturing
30 cost for an SOI substrate can be reduced. In particular, in the case where such heat
treatment at high temperature as described in this embodiment is employed, an SOI

substrate having favorable characteristics can be manufactured even when a slight



WO 2011/ 043178PCT/ JP2010/ 066123 49 were m xed at a volune ratio of
1:0.1:10; a mxed solution (hereinafter referred to as a m xed solution D)

wher e hydgehhuaissgsaci d, nitric acid, and acetic acid Wpggmei6scdis a
volume ratio of 1:10:10; a mixed sol ut4ton (hereinafter referred to as a

m xed solution E) where hydrofluoric acid and hydrogen peroxi de water were
m xed at a volune ratio of 5 1:5; and an aqueous sol ution (hereinafter
referred to as a TMAH aqueous sol uti on) which contains tetranethyl amoni um

hydr oxi dejecthiilaifd ind2hS &bl shitiicepari ng the above m xed sol utions A
to E, the tollowng was used: hydrofluoric acid at a concentration of 50

wei ght % ([Pl®duced by Stella Chenifa Corporation); nitric acid at a
concentration olI':h 70 wei gh %éﬁé{gduc‘g? b\H/_lb ko Pure emﬁaj | ndust.ri es,
Ltd.): 10 aceticCadf¥ftyf &€ AR r 1S SHOSFImePRt aRe PY IS (15 SBRICRWHY

Ki shi da (Q@iisdon Wth the sGudtureaREcrbtd PSRN MNBE BitleFEmYRdifnR! @ concentration
of 31 wei ght % (produced by M tsubishi Gas Chem cal Conpany, Inc.). The

sol ut ibon [OéMder at ure of the etchants was set at roomtenperature, and the
tinmes for( Ient%ﬁi n%éufi ng the etchants were, each for 30 seconds, 1 mnute, 2
m nut es, E r% 85”6 minutes, and 8 minutes. Details of the 15 above
etchants [gis]jshown in Table 1. [0181] [Table 1] Etchant Etchant

manuf acturi ng condition M xed solution A hydrofluoric acid:nitric

aci d: aceti ¢ aciAn €3amplE0yf M searcendugior slevisenyhichf ingydes thec S@Insubsirate
ec1 & aceninigd b VOSSP AT L ot e
aci d:1acet[0t6Qjci d (1:10: 10) M xed solution E

FIG. 7 illustrates an example of a semiconductor device including a transistor
280 which is an n-channel thin film transistor and a transistor 281 which is a p-channel
thin film transistor. The transistor 280 and the transistor 281 are formed over the base
substrate 120 with the insulating layer 102 and the insulating layer 122 interposed

15  therebetween. Various kinds of semiconductor devices can be formed by combining
such a plurality of thin film transistors (TFTs). A method for manufacturing the
semiconductor device illustrated in FIG. 7 is described below.

[0161] |

First, an SOI substrate is prepared. As the SOI substrate, the SOI substrate

20  manufactured in any of the above embodiments can be used.

[0162]

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

25 252 is included in the p-channel TFT.
[0163]

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

30  with the insulating layer 254 interposed therebetween.
[0164]

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



hydr of | uori ¢ aci d: hydrogen peroxi de water (1:5) TMAH aqueous sol uti on TMAH
aqueous solution (2.38 weight% *The m xture ratios are all represented in

vol ume r akbasildisg] 20The sem conductor substrates wer ecsubPrREbH&H2: 0 et
et ching using the above six kinds of ebchants for the respective periods of

time, a step fornmed in the peripheral WO 2011/043178PCT/JP2010/066123 50
portion of each of the substrates was neasured (Wwth the use of Surfcoder
ET4100 (a step neasurenent apparatus) manufactured by Kosaka Laboratory

Ltd.) . | anhyhity e EININRARLALs o ot RSREIGONIUELRH, SURSHIRIGSNGE |

central portion o substrates was neasured the use 0
manuf act uametngyrity apommsit ovhiSSerer poratdnon suclind phKspB8tusnam arfsevac,utoethe by

Keyence CoPrTﬁor tion}. Fur t her, tqe e.ripph.er I port'oBs of the substrates on
wh oh ot CRITGFRETAYRE: 1 FR bRl PP IATR, HeBB ™ BER PGS AS f ACEPIOr

phot ogr aphgdddP® Mgﬁﬁ,s}meré PRARShantbl TFT RetoURSfofthe ARn@RA iEBLrity GERS&HOPE
MX61L manufactured by O ynpus Corporation). Here, the central "portion of

t he s@bstwhitk s¢reésass danoaisraddedio afegiomen b terpathanotlNGTT istahe fdtmeder i pher al
portion m?@ a step was 10 fornmed. [0183] FIG 8A is an optical

m crogra t he peripheral portion inmmediately after separation of the

sem conduct or st bat@typanibw=téaceStiation afp@Ryi eglonMs7 G9r RPHe®fint he
peripheral portion after_renoval of the insulating |ayer. FIGS. 9A and 9B
show r esuiemdconduglpr daysp FpdaAnd eprahitypef highwopeenirptieny Amppiait regiPo 259 his

substr at : opdi . LGS a e cta.vel v r
measur erreefﬁFﬁ%g%gzkpﬁ geq;ggg%%}otr r%?e § %?ft {ggﬁéﬁlﬁaelpé?ggsgﬂgpgéﬁc}rc?ﬁﬁﬁ%rl%rport i on
wher é0a s2emusbd forbep-changt THT iisscometedi with  eesive amsk amdeat impunggeleiennis. | n

t he graphs, showi ng the step neasurenment results, the vertical axis,
r epr esentadded fiithisempicongucigrdayer tdad. sethatdhe Bgyps LV GPNGREAUMEPPHIE | s a

refer encel'eélgg 2%_?_%5 28t daBin RE saRiRbAIucY 18y dred318S PRb hﬁrds‘%?%&nfd%y‘ﬂ@i ch has

been neasu I's can be applied to the other graphs of step neasurenent
bel ow. [ 0iti8dd as the impufity ¢lbmentef {Theigde edéctiode 26D servey aphmrack, wheBSy ha and

38, 2 tep ol 1N RELLESY lpAr Lo 957 LEraUP 8L Enlc3nd iyl BsE1 © B4
15 in a self-aligned manner. Further, a region of the semiconductor layer 251, which
overlaps with the gate electrode 255, serves as a channel formation region 258. Next,
after the mask which covers the semiconductor layer 252 is removed, the semiconductor
layer 251 used for the n-channel TFT is covered with a resist mask. Then, an impurity
element is added to the semiconductor layer 252. Boron, aluminum, gallium, or the
20  like may be added as the impurity element. Here, the gate electrode 256 functions as a
mask, and the p-type high-concentration impurity region 259 is formed in the
semiconductor layer 252 in a self-aligned manner. A region of the semiconductor layer
252, which overlaps with the gate electrode 256, serves as a channel formation region
260. Note that the method in which the n-type low-concentration impurity region 257
25 is formed and then the p-type high-concentration impurity region 259 is formed is
described in this embodiment; however, the p-type' high-concentration impurity region
259 can be formed first.
[0166]
Next, after the resist mask which covers the semiconductor layer 251 is
30 removed, an insulating layer having a single-layer structure or a stacked structure,
which includes a nitride such as silicon nitride or an oxide such as silicon oxide, is

formed with a plasma CVD method or the like. This insulating layer is anisotropically



25 observed, and in FIG 8B, it is observed that the insulating |ayer was
renmoved and silicon in the |ower |ayer was left. Further, in the peripheral

portion okoblbf/@EePsgtrate, projections and depressions dperhP2010686@¥P1 ds
were formed and the planarity was | ow46On the right side of the

m crographs, silicon in the central portion of the substrate is observed.
30[ 0185] WD 2011/043178PCT/JP2010/ 066123 51 portion of the substrate was
approximately 0.2 pin, whereas FIG 9B shows that the insulating | ayer was

d : ' lg; i - d
removed aideling 5 %emﬂgpa&aﬁon@%ﬂ&é@f 3 sad%%y' Ql'gulgfmé g@ie% WSt oY & and

the central portion of substrate was reduced to app mately 0.1
[ 0186] 5Médewallopsilatihg dayer @2 agh sfoahied he cpetacp kethasidp sutfacassofbfhet gae

sem conduct or .S trates which r ubj ected tq.wet, et ching, usi t he

e ool HRE A5 Ghd 46 i sfeuo e TRt B ey N an YRR W ek ot s
and 8 m rE5T4‘i‘§al§6@tcﬁé@%th%'&bﬂe%isol%ﬂoetélﬁ% 10B1, 10B2, 10C1, and 10C2 and
FI GS. 11A1, 11A2, 11B1, 11B2, 11Cl, and 11C2. Here, FIGS. 10A1 and 10A2 are

opticé&l rtédgraphs of the condition of 30 10 seconds; FIGS. 10B1 and 10B2
are optical mgrographs of the conditian.of 1 mnute; FI.GS. 10C1L and 10C2
are optical ni g\;%‘grg’gh%ng?oﬁdﬁ(ém&gﬁycﬁrtél nlsofovfre:a A e%;ref—"%gj.ag]i’l ahd 1142
are opti Galpufliycelefeapiisadakd tthahe @BRlidon@ict&f ladei2 ML S; hikh @ose. 1 1B tipd 11B2

are optical mcrographs of the condition of 6 mnutes; and FIGS. 11Cl1 and
11C2 ar e BN theigategdechions 269 apd éhecgideivall msulsting layendékserve as guagks i on,

i cor ogr agnd A e G0 mo M BRI s WA B0 ang 1065 and i s

11A2,101183168nd 11C2 are optical mcrographs at 500-fold magnification.
[0187] FIGS. 12A to 12C.and FI GS. é}%A to 13C shgw results of ste
measur ement of A5FTt MRAVAELY drratment plieas diratmpnty b g pipuItE celepenty aR oA

12B, and iﬁﬁlﬁtﬁl@()l’é{ E@%Btc%n%finiﬁg%d?@g’k%ufsei@ﬂiedpf AfRe RerfoPhghic] opahti ons of
t he substrates unger the respecti've ctonditions of 30 seconds, 1 ninutes,

and 2 ni nodubsingdaybr PI6&Sheal Béatmk8Bis prnfbrb8Cashigherrtbsubt equat ts3Hh° Gead ur enent
of the peripheral portions of the substrates under the respective
condi t i od@wesrthan gy papabio 440 rfntthersby hydogemeaniained injthe insalsting avendp8 Fi Gs.

o 16, o ARG jotp 3R ofmicpirctoBer 55 B W eaicapeiof Myl 25 ahe 22, 10”
22C, and ikdulE@ing23yert 2682340 b1 ovmtedshy tigpositiont fppsities nitwde bt sidicod Métride
peri pheral i portions of the sem conductor substrates on which wet etching

was 30 péidsr il auilpsir YD mesed ¥ process tBmPeRBireiok8d0s 6l o lodisr.C, BY he
Poi‘eg ~ gggg@ggﬁg%dﬁkﬁa&?{ﬁg seRicHhduRibriayd 3110 hMEMABHERUS: BgLg0on. each
defects which serve as trapping centers in the semiconductor layer 251 or the
20  semiconductor layer 252, or at the interfaces between the semiconductor layers and the
insulating layer 254 can be repaired effectively.
[0169]
After that, an interlayer insulating layer 269 is formed. The interlayer
insulating layer 269 can be formed to have a single-layer structure or a stacked structure
25  including an insulating film containing an inorganic material such as silicon oxide or
borophosphosilicate glass (BPSG) or an insulating film containing an organic material
such as polyimide or acrylic. After contact holes are formed in the interlayer
insulating layer 269, wirings 270 are formed. For example, the wirings 270 can be
formed using a conductive film with a three-layer structure in which a low-resistance

30 metal film such as an aluminum film or an aluminum alloy film is sandwiched between

barrier metal films. The barrier metal films can be formed using molybdenum,
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mnutes. FIGS. 14A to 14C and FIGS. 15A to 15C show a result in the case
wher e t haygiafhssekUti on B was used, FIGS. 16A to 16C apgrhbsedeodi{ss to 17C
show a result in the case where the m4ded solution C was used, FIGS. 18A to
18C and FIGS. 19A to 19C show a result in the case where the m xed 5
solution D was used, FIGS. 20A to 20C and FIGS. 21A to 21C show a result in
t he case where the m xed solution E was used, and FIGS. 22A to 22C and
FIGS. 23AHSmARCE BorthSHkE, 1N the cases where the TMAH aqueous sol ution
was used. As for FIGS.” 14A to 14C, FIGS. 15A to 15C, FIGS. 16A to 16C,

FI GS. 17A01#]17C, FIGS. 18A to 18C, FIGS. 19A to 19C, FIGS. 20A to 20C,

FIGS. 21A to 21C, FIGS. 22A to 22C, and 10 FIGS.. 23A t0 23C, . grap of A
B 0 1 ot he er ionhgbs aB0¥S PSS ArdCoubslor douiel Sl EoSeraneni B! ¢ e
peri pher aindPftet pQanfi THE &ubsE rahaFadindar the Sondivbiedle OfsedOfosemends, 1

mnute, and 2 mnutes, respectively;, and graphs of A, B, and Cin the
odd- n@nbecadcondycioe dedpowf this gmbodhent tie manstistiredheh extefmel dowenosipaer al

portions pof the suhstrates under the condition of i nutes, 6.m nutes, and
BM nut ecteoerlef B G 008 Eptne. Wi Cost Br "8 Tnefth QB Ts o
nmeasur i NGeti@ndh @bt MgiRvadbE réduckde central portions of the substrates in
the cases where wet etching with the use of the m xed solution A and the

m xed solll7dn D was perforned. In FIG 24, a circle and a square represent
the results of 1 i t ] Ssol ution
D 20 were used,ﬁ(;rlgélgagiﬁ ?/%éfd]‘%g?vde%/i&?ggﬁ&%%}dsﬂmﬁ ﬁ/gaql Srggﬁﬂg%g@fl 24

r epr agentmethod ethedebhgrandegeribedmin ahist embsdimengndowtwdr, Ihd) Stmuatues iaf & he
central portion of the sem condyctor subsirate and the horjzontal axis
repres entsgmé‘i%‘ﬁ}lﬁﬁr ‘ﬁqVFﬁ? Q@ ﬁ)“%okiﬁli%f’? Hiedisclaspd Inveptipmhis “é?FrBE‘I‘fF‘S ?}Wr‘?tt?re
central peieldepicontiudtbed R ShaPn€1iiRS GRlHHE, 3lr8GstdP a phOIve RBARISY disibhe

t hi ckness of the central portion of the substrate before and after the

et chi ng. cldmentl ghegsttiog eldment,dyshe bkeinedditivaltealldiled from a di fference
bet ween té@f al ues of | aser displacenent sensors (LK-G30 manufactured by
Keyence Z)szrati on) that were provi ded above and bel ow a neasurenent stage
(Sortigr 1000 memef gegiciire dddayribaPTRSHE ePbddizRhP Uagt b&Nised Tie appapustenent  of
the substrate thickness was 30 perforned on 10 points x 10 points in a

regi on ofcompmation svjthdthe stryctungelesesived an anoefithopther embedimghist r at e.  Furt her,

t he etch@gﬁ%{#ﬁt in the central portion of the substrate was WO
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[0173]

In this example, an insulating layer was removed from a semiconductor
20  substrate formed in manufacturing an SOI substrate, and wet etching was performed on
the semiconductor substrate with the use of Varioﬁs kinds of etchants. The results are
shown below.
[0174]
First, semiconductor substrates used in this example are described.
25  [0175]
In this example, a rectangular single crystal silicon substrate with a size of 5
inches square was employed as the semiconductor substrates. First, thermal oxidation
was performed on the semiconductor substrates under an HCl atmosphere to form a
thermal oxide film with a thickness of 100 nm on a surface of each of the substrates.

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

atmosphere where the rate of HCI to oxygen was 3 vol%.



53 obtai ned by conparing the average val ues of the nmeasurenent results. The
repetition accuracy of the | aser displacenent sensor is 0.05 gm and the

repetiti opoaeriwsacy of the thickness of the substrate i gcrlpR16036129191]
5From conpari son of the optical nicrodg®aphs of FIGS. 10Al1, 10A2, 10B1,

10B2, 10C1, and 10C2 and FIGS. 11A1, 11A2, 11B1, 11B2, 11C1, and 11C2, it
is found that steps on the left side of the m crographs were reduced as the
etching tine was increased. For exanple, as shown in FIGS. 11Al1 and 11A2,
when the @j¢fing tinme was 4 mnutes, few steps were observed. The sane
concl usi on can be obtained 10 from FIGS. 12A to 12C and FIGS. 13A to 13C
whi ch are graph¥extf esdhe oftthp semandestentsubskhEs. wa Aradiatt@ Gvainchydiraggén 13A to

13C indicate that t et.chi usi ng, t m.xed sol ufion A progresses in such
> ranner -(ineh Ao s St e paie i Wit r s BF mbiat WP EARTEA S ¢ ne
substr at el fhisAe 16, by rRBARINAith UbAized RyliRBeR| AN embHitfeatcat AdgibhIGvas
substrate and then the hole is expanded. ¥h| S indicates that t%ne m xed

sol ut i%on farmed peeash rof tlesssenhiconshugios snlhtratesr  The comdiierhel tharrerdaping was

sem conduct or. regi op including cryst fects pr m crovohgs) jneluded in
The st ep The RUSHErRe ASElr BB bo Y o6 e s Bt SRS RheRho kB st ep i s

r enoved ‘:][U@W]t he i nside of the sem conductor region. Such wet etching using

the m xed sol'ution A tends to progress in a manner different fromthat in
t he case wher e Eheot baoh eff digesemicandystor] substrateh Wwas busled ito adglass substrae] 0192]

The graph of Fl G 24 show t he et chi unt inR.th eptral portion of
The Sem cuftudhs Sherdabpitktn) e @RS PRrlPRIh. LRekl Toalitidre-BRen

sem cieNdugfoorC SePIL0 ahftes SitRtHen CRAY GRa@ent QRYOOUTL ithr 3RO GhialichGwéree Of 6
mnutes and is in the range of margin of error in the neasurenment of the

subst r at eperforokhesosthapgthinogdpgle crystal silidginelagerswasiscparated fomopachfofethehi ng
time to etchin nount in. the central ortion of ,th 1 conduct or
e B T Heb gl Sk aPPih. A Ciraing RO RIGHS

substrat ecangre e pe I
sem condugéremaubitirad, &antl it tesa@RSEm¥hRifcdndactot xedtrareh dhdhonaving\@stepsed.

Tabl e 2 al so shows etching selectivity (selectivity 1) and etching
sel ect i viROJtiQy ingoRAriPhesabpitian thegead aver farped) obt ai ned from the et ching
anounts i Er;[otﬁﬁ central portion of the sem conductor substrate and the
etching amount in the peripheral portion of the WO
2011/ 04317854 P®exi,Retafrtdéd poidtnaicon the abesetsemicindsttonsubstrated B4lesdribat] e 2]
Etching tine (mn)
[0179]
First, in order to remove the insulating layer which was formed to cover each
of the semiconductor substrates, the semiconductor substrates were subjected to wet
20  etching treatment using a mixed solution (product name: LALS00, produced by Stella
Chemifa Corporation) containing hydrofluoric acid, ammonium fluoride, and a
surfactant. At this time, the solution temperature was room temperature and the
etching time was 300 seconds.
[0180]
25 Next, the semiconductor substrates from which the insulating layer had been
removed were subjected to wet etching with the use of any of the following as etchants:
a mixed solution (hereinafter referred to as a mixed solution A) where hydrofluoric acid,
nitric acid, and acetic acid were mixed at a volume ratio of 1:3:10; a mixed solution
(hereinafter referred to as a mixed solution B) where hydrofluoric acid, nitric acid, and
30 acetic acid were mixed at a volume ratio of 1:100:100; a mixed solution (hereinafter

referred to as a mixed solution C) where hydrofluoric acid, nitric acid, and acetic acid
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were mixed at a volume ratio of 1:0.1:10; a mixed solution (hereinafter referred to as a
mixed solution D) where hydrofluoric acid, nitric acid, and acetic acid were mixed at a
volume ratio of 1:10:10; a mixed solution (hereinafter referred to as a mixed solution E)
where hydrofluoric acid and hydrogen peroxide water were mixed at a volume ratio of

5 1:5; and an aqueous solution (hereinafter referred to as a TMAH aqueous solution)
which contains tetramethylammonium hydroxide (TMAH) at 2.38 weight%. In
preparing the above mixed solutions A to E, the following was used: hydrofluoric acid
at a concentration of 50 weight% (produced by Stella Chemifa Corporation); nitric acid

at a concentration of 70 weight% (produced by Wako Pure Chemical Industries, Ltd.);

10  acetic acid at a concentration of 97.7 weight% (produced by Kishida Chemical Co.,
Itd.); and hydrogen peroxide water at a concentration of 31 weight% (produced by
Mitsubishi Gas Chemical Company, Inc.). The solution temperature of the etchants
was set at room temperature, and the times for etching using the etchants were, each for

30 seconds, 1 minute, 2 minutes, 4 minutes, 6 minutes, and 8 minutes. Details of the

15  above etchants are shown in Table 1.

[0181]
[Table 1]
Etchant Etchant manufacturing condition
Mixed solution A hydrofluoric acid:nitric acid:acetic acid (1:3:10)
Mixed solution B hydrofluoric acid:nitric acid:acetic acid (1:100:100)
Mixed solution C hydrofluoric acid:nitric acid:acetic acid (1:0.1:10)
Mixed solution D hydrofluoric acid:nitric acid:acetic acid (1:10:10)
Mixed solution E hydrofluoric acid:hydrogen peroxide water (1:5)
TMAH aqueous solution | TMAH aqueous solution (2.38 weight%)

*The mixture ratios are all represented in volume ratios
[0182]
20 The semiconductor substrates were subjected to wet etching using the above

six kinds of etchants for the respective periods of time, a step formed in the peripheral
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portion of each of the substrates was measured (with the use of Surfcoder ET4100 (a
step measurement apparatus) manufactured by Kosaka Laboratory Ltd.), and the etching
amount of the semiconductor substrates in the central portion of the substrates was
measured (with the use of Sorter 1000 manufactured by Lapmaster SFT Corporation
and LK-G30 manufactured by Keyence Corporation). Further, the peripheral portions
of the substrates. on which etching using the mixed solution A had been performed were
photographed (as Nomarski images, with the use of an optical microscope MX61L
manufactured by Oljmpus Corporation). Here, the central portion of the substrate
refers to a region of the substrate other than the peripheral portion where a step was

formed.

 [0183]

FIG. 8A is an optical micrograph of the peripheral portion immediately after
separation of the semiconductor substrate, and FIG. 8B is an optical micrograph of the
peripheral portion after removal of the insulating layer. FIGS. 9A and 9B show results
of step measurement of the peripheral portion of the substrate, corresponding to FIGS.
8A and 8B, respectively. Here, a measurement range is an arbitrary portion where a
step portion or a portion where a step has been existed is within the measurement range
(1 mm). In the graphs shoWing the step measurement results, the vertical axis
represents a height (um) where the central portion of the substrate is a reference (0) and
the horizontal axis represents a length (mm) which has been measufed. This can be
applied to the other graphs of step measurement below.

[0184]

On the left side of the micrographs of FIGS. 8A and 8B, a step of the peripheral
portion of the substrate is shown. In FIG. 8A, the remaining insulating layer is
observed, and in FIG. 8B, it is observed that the insulating layer was removed and
silicon in the lower layer was left. Furtﬁer, in the peripheral portion of the substrate,
projections and depressions due to microvoids were formed and the planarity was low.
On the right side of the micrographs, silicon in the central portion of the substrate is
observed.

[0185]
The same result can be observed in the graphs of FIGS. 9A and 9B. FIG 9A

shows that the step between the peripheral portion of the substrate and the central



1.748 1.065 6 0.408 0.546 1.338 [0195] 5SHere, the selectivity 1
I s obtained by dividing the average val ue of the etching

WO 2011/043178 51 PCT/JP2010/066123

portion of the substrate was approximately 0.2 um, whereas FIG. 9B shows that the
insulating layer was removed and the step between the peripheral portion of the
substrate and the central portion of the substrate was reduced to approximately 0.1 wm.
[0186]

5 Next, optical micrographs of the peripheral portions of the semiconductor
substrates which were subjected to wet etching using the mixed solution A for 30
seconds, 1 minute, 2 minutes, 4 minutes, 6 minutes, and 8 minutes are shown in FIGS.
10A1, 10A2, 10B1, 10B2, 10C1, and 10C2 and FIGS. 11A1, 11A2, 11B1, 11B2, 11C1,
and 11C2. Here, FIGS. 10A1 and 10A2 are optical micrographs of the condition of 30

10  seconds; FIGS. 10B1 and 10B2 are optical micrographs of the condition of 1 minute;
FIGS. 10C1 and 10C2 are optical micrographs of the condition of 2 minutes; FIGS.
11A1 and 11A2 are optical micrographs of the condition of 4 minutes; FIGS. 11B1 and
11B2 are optical micrographs of the condition of 6 minutes; and FIGS. 11C1 and 11C2
are optical micrographs of the condition of 8 minutes. In addition, FIGS. 10A1, 10B1,

15 and 10C1 and FIGS. 11Al1, 11B1, and 11C1 are optical micrographs at 50-fold
magnification; FIGS. 10A2, 10B2, and 10C2 and FIGS. 11A2, 11B2, and 11C2 are
optical micrographs at 500-fold magnification.

[0187] '

FIGS. 12A to 12C and FIGS. 13A to 13C show results of step measurement of

20  the peripheral portions of the substrates. FIGS. 12A, 12B, and 12C show results of
step measurement of the peripheral portions of the substrates under the respective
conditions of 30 seconds, 1 minutes, and 2 minutes, and FIGS. 13A, 13B, and 13C show
results of step measurement of the peripheral portions of the substrates under the
respective conditions of 4 minutes, 6 minutes, and 8 minutes.

25 [0188]

Further, FIGS. 14A to 14C, FIGS. 15A to 15C, FIGS. 16A to 16C, FIGS. 17A
to 17C, FIGS. 18A to 18C, FIGS. 19A to 19C, FIGS. 20A to 20C, FIGS. 21A to 21C,
FIGS. 22A to 22C, and FIGS. 23A to 23C show results of step measurement of the
peripheral portions of the semiconductor substrates on which wet etching was

30 performed using the mixed solution B, the mixed solution C, the mixed solution D, the

mixed solution E, and the TMAH aqueous solution, each for 30 seconds, 1 minute, 2
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etching. The thickness of the substrate was calculated from a difference between the
values of laser displacement sensors (LK-G30 manufactured by Keyence Corporation)
that were provided above and below a measurement stage (Sorter 1000 manufactured by
Lapmaster SFT Corporation). The measurement of the substrate thickness was
30 performed on 10 points x 10 points in a region of 107 mm square in the central portion

of the substrate. Further, the etching amount in the central portion of the substrate was



a slow pace and the step is not renoved even when the etching tinme is set
to 8 mnutes 30 (see FIGS. 14A to 14C and FIGS. 15A to 15C). Further, the

step i n t\We wANj4pgral portion of the substrate is gradpgllyp28b6488s from
the surface and a deep hole is not for%ed, which is different fromthe case

where the m xed solution A was used. Thus, WD 2011/043178PCT/JP2010/066123
56 the following is found: even when the sem conductor substrate is etched
using the m xed solution B, the step in the peripheral portion of the

subst r at eydtginbtP | g r IRd Ofhel b BBitioh0199]
5The step itnnt htéy %@E{P%Iﬁ%rgﬂé aggrra iggmggofﬁlg Igﬁagglg?%{lg%irsgﬁgot reerk vrgghby t he

et chi ng usicngcy bé the sd displlaceinent €nfareie +H).GS.und,GAdtthe idpetitom adeusy df7A t o
17C). Thus, it is found that the sem conductor substrate is hardly etched
even whenthe Hckness efghel seisatedtis &y ie i s subjected to the etching using the
m xed solllrf?t%'b n C. [0200] 10In the etching using the m xed solution D, the
et chi ng anou in the central portion of the substrate is increased in
proporsti on to tHemet@bpdifoh i ofethé supeickll micrdghphanbf RRGShe0AL epOAZNBOBE i n t he
peri pher a| é)ortion of the subsirate o0 18C and FIGS. 19A to

FI GS. 18A
150" Thul0B%110Cd, pediCErmd Ry i ny TTRE B A1 80 OB Hsisan
etchant, flifa 8k islcs BETHE WAL O (RURSLHALBH S cRVRALY(LCE LA tike Step

in the 15peri pheral portion o e cannot be selectively renoved.
[ 0201] was incBpsddne Fet ehampleuss sliippwihén FIGEd1k%1 abd ARAE, whbe tist etphing t he

eripheral portion.of the substrate is not_renoved as i.n the case.where the
e <o U S ibisse b BEBS WetoseBisl  ThSGemearaeeh It S PRintdy

o S’ L1 Ve sRos gt 73Ul B g @ g v
m xed solmedsurenent.[ OGS 12A to 12C and FIGS. 13A to 13C indicate that wet etching
using the mixed solution A progresses in such a manner that a hole is formed in a step of
the peripheral portion of the substrate in a direction perpendicular to the plane surface of
the substrate and then the hole is expanded. This indicates that the mixed solution A
15  penetrates the semiconductor region (the damaged semiconductor region including
crystal defects or microvoids) included in the step in the peripheral portion of the
substrate and then the step is removed from the inside of the semiconductor region.
Such wet etching using the mixed solution A tends to progress in a manner different
from that in the case where another etchant is used, which is described later.
20 [0192]

The graph of FIG. 24 showing the etching amount in the central portion of the
semiconductor substrate' indicates that the etching amount of the semiconductor
substrate is small enough at least until an etching time of 6 minutes and is in the range
of margin of error in the measurement of the substrate thickness.

25 [0193]

Table 2 shows a relation of etching time to etching amount (um) in the central
portion of the semiconductor substrate and etching amount (um) in the peripheral
portion of the semiconductor substrate in the case where the mixed solution A was used.
Table 2 also shows etching selectivity (selectivity 1) and etching selectivity of

30 differences (selectivity 2) obtained from the etching amount in the central portion of the

semiconductor substrate and the etching amount in the peripheral portion of the
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This reaction is represented by the fornula
-> 3Si 02 +21120 + 4NO(1) [0205] 5Hydrofluoric acid

di ssol ve resented pyjtne tormup (2).
Si0o7 + 6 FEtcbingl- th g o%of i}ﬁé@k% %%gi)f cetic acig stabilizep the
m xed solfuttimen gn (f &g es zes napi Of€l2@iklity 1 | SelecAisitgesgEri bed
above, t he (anngry Y%7 ut if on SEBHL g hydrof l uori £ acid, nitfic
acid, anglLacetig aﬁp'?ﬁtﬁﬁf’q(l‘ﬁl)f unct |SH?§tﬁ‘f3 (4'1“?‘) silicon by repeatinfy the
OXIdatIO ofysilfi con shewn in tthe fornyla (1) jand the di gsol ution o
silicon xid% shiown in the forrula (2). Thereflore, in thg c ﬁg %h et he
amount off hydrofffuoric acid 1sjlarge 1n 15 the ternary i xettV3 on
cont ai ni fig h&drcfluor@éﬁ§0|d nltrlc(hﬁld an acdtl5é ac[d—oxidatipn of
silicon by —nartrHe—actrd—shown—tn—theforruta—{1) |aa|aL..-||2’f818ng actor.
I'n the c@se wherje the @mpunt off nitrioc22sci d iﬂelaugmy di gsolution—gf
Si ||con hyﬂrnflunrir acid shown in t formul a 2) 1.509’-
1.065
6 0.408 0.546 1.338
[0195]
5 Here, the selectivity 1 is obtained by dividing the average value of the etching
amount in the peripheral portion of the semiconductor substrate by the average value of
the etching amount in the central portion of the semiconductor substrate. The etching
selectivity of differences (the selectivity 2) is obtained from the etching amount of 0
minute to 1 minute, the etching amount of 1 minute to 2 minutes, the etching amount of
10 2 minutes to 4 minutes, and the etching amount of 4 minutes to 6 minutes. For
example, the etching amount in the central portion of the semiconductor substrate from
1 minute to 2 minutes is calculated as follows: 0.14 - 0.096 = 0.044 (um). The etching
amount in the peripheral portion of the semiconductor substrate from 1 minute to 2
minutes is calculated as follows: 0.225 - 0.101 = 0.124 (um). Accordingly, the
15  selectivity 2 in this case is obtained as follows: 0.124/0.044 = 2.818.
[0196]
According to Table 2, the etching selectivity of differences (the selectivity 2)
varies with etching time. Specifically, the selectivity is approximately 1 (1.052) soon
after the etching is started, becomes 2 or higher (2.818 and 2.609), and then returns to
20  approximately 1 (1.065). This is considered to be caused by the following reason.

First, at the beginning of the etching, the damaged semiconductor region left in the



20Accordingly, the follow ng assunption can be made: since the anmount of
nitric acid contained in the m xed solution C was small, oxidation of

silicon wag mAsesgl imting factor in the wet etching. poespsyiBosass be said
for the m xed solution E in which hydd8gen peroxide oxidizes silicon. It is

assunmed that wet etching did not progress in the m xed solution E because
of small oxidizing power of hydrogen 25peroxide. [0209] As for the
m xed solution D, the follow ng assunption can be nmade: reactions of the

formla (&e_)manpbrgaﬁ om&wlﬁc&?&ucgfr\%ggam% FRivel Yol Usith &ﬂg,ed gt of

hydrofluoric acid and nitric aci | arge; as a result, the selectivity
bet ween tsemi@ddectoptegicnl in plor pariphexal portion ofi et scatieondnciot fibstratns thatefqrer t i on

of the suypstr.ate was abl e to be, obtajned and .t hus. yet. etchin S

per for nedhgGdRIny e AECRES i U, Hehinguale Soherote R toabesrspod 19 066123
58 [0210]semiconductbf safdidid Od tHe icentAISHEMEEN t R the i BRSconBEctaNMURragf.
hydrofl uoric acid was snmall in the m xed solution B, dissolution of silicon

oxi de SwasCensequeatly,i thitselegtivitic isorppaprdmately dt c Hifteg th¢ damegedpsemfcesictoThi s i s
because, when.the a nt of hydrofluoriic.acid. s 5 snall tchi.ng fromthe
rertel bl if e SHRMRorfon (¥H6 ShnltBhiCeidWfiatde B 0BYeq. G ALRE b

M cr ovoi ds Idwerk®EiStht ickigtkal pbRidAGf RISl caifhc®l libshgtel wile thb@tchitpf Aeisof the
damaged sem conductor region preferentially progresses. [0211] On the other

hand, t heokilewaredoinutheoneraphesit BArHEn Mfdhsf sareendusior subsirate jRecasethe 10 and
acetic a agla%c} il%‘rl;lng:&[?{]lgcl&#rgrlggﬁk%ﬁ?%emtanﬁrtﬁgr%fne’ CHase %Iéuggté{ gggétﬁg:&tikons of

the formu I's arate-limttn eover,

ef f edD ofincupped dgscifivally, 2ochiphky).c anftérethab i deathgey semiohduaai idgioarid t hus
the entire substrate js prevented from heing . evenly etched. [0212] 15Wen
the step tﬁ%p?rr@eﬁippﬁwg thessrHeRugPr bibsg psterved pad {}ﬁlféChé‘E&_:%fd bisi ng
the m xeqpsQbHphRR Aortibh ©f thE 8ImRBhHEONARALR! Hd Gre MR SH bb'[@iﬁh%f%bm ,
nitric acid, and acetic acid at a volunme ratio of 1:3:10), the step portion

in the pecnplvadadtopsubsiran boomdsubstantallyaeguatanl e i, éhosadettivity actatmone ti me

with the sel ectiv'ti/ b8twee thF erti.(ﬁgeral cﬁortitgndof t he subst a{e and
the cent rRPTOSEPEFERT of OYVHE OWSE MADARIMILTHENY 1Be JEBASEh RANEPRAuCion e
r epr aees st #ien tik eRlcdBRdly Oemloked. S eAd Gedi iohP ITableb3t ftadseprefiiatle toalst omeed

surely and effectively.
selectivity 2 for timing to stop the etching treatment because the variation is large and
apparent. |
[0197]
The selectivity 1 in the etching time of 2 minutes and the selectivity 1 in the
20  etching time of 4 minutes are as high as 1.607 and 1.748, respectively. Further, the
selectivity 2 in the etéhing time of 1 minute to 2 minutes and the selectivity 2 in the
etching time of 2 minutes to 4 minutes are as high as 2.818 and 2.609, respectively. In
this manner, with the use of the mixed solution A (the mixed solution where
hydrofluoric acid, nitric acid, and acetic acid are mixed at a volume ratio of 1:3:10), the
25  step in the peripheral portion of the semiconductor substrate can be selectively removed
in a short time.
[0198]
It is found that, in the efching using the mixed solution B, etching progresses at
a slow pace and the step is not removed even when the etching time is set to 8 minutes
30 (see FIGS. 14A to 14C and FIGS. 15A to 15C). Further, the step in the peripheral
portion of the substrate is gradually etched from the surface and a deep hole is not

formed, which is different from the case where the mixed solution A was used. Thus,



(Exanpl e 2) [0213] This exanple shows results of conparing the case where a
conbi nation of wet 25 etching treatnent using the m xed sol ution of

hydr of | uogbGoaGiseh7sni tric acid, and acetic acid and CVPprhBRbIBHE61YRS
enpl oyed as reprocessing treatnent, wi%h the case where CMVP treatnent was

mai nly enpl oyed wi thout using the wet etching treatnent. As for CWP
treatnent, after treatnment with a high polishing rate, treatnent with a | ow
polishing rate (finishing polishing) was perforned. Note that in the case

where thepgd QOWM@' WeouRi:CleAwhES %Micmcﬂﬂtsugﬁ%té’%f@ dichkd Ehsfd;%nﬁlef or CwP

treatnent was set "l onger so that the reprocessing treatnent equivalent to
that in tiixedaskhtinhd; ¢het step ingthe periptiena) porteat ofehdt swabatenphotyrenhoved oeial i zed.
WO 2011/ 043178PCT/ JP2010/ 0 g%is 59 [0214] 4 A sem conduct or substrate
to be subfBOYE O‘f%atlﬂlég?eétﬁ’% W ng treatment was manufactured in a manner
simlar tpiogyat of the above exanple. The above exanple can be referred to
for details. 5[0215] A reprocessed sem conductor substrate

(her eidnaf t er r efherstepdinttie pesipheral pettioatoé the) subktiathisvies rgmaensd dydhe pighinge above

manut act UPE 1 FRE R s IR ot She g EREP Ll AR e tnbt Tismove

t he i nsul ftihdghat aeesenyiboriducioasSubstrabeld Haedlg @vehed leRén $48h aRN ShiBicondustdist r at e,
t he sem conduct or substrate was subjected to wet etching treatnment using a

m xed solYPstErte Spubigaied thdsetching wing the mjgedwdutign St el | a Cheni fa

Cor por at in[?%" cont ai ni ng hydrofluoric acid, amonium fluoride, and a
surfactant. At this tinme, the solution tenperature was roomtenperature and
t he dafoching ti e thestcBOE ushsethendixed [s0Rtioh D, the etdiéng ambiwet inetie comehlict or

substrate fromwhich the insulating | ayer had heen yenoved was subjected to
wet et chiR9gHeTt Qg?*ffe?ﬂbsli%‘ieriﬁ BCregsgd 4 SEPRATTIER tq Esr ¢ B&ﬁaméseﬁoﬂﬁng% xed

sol uti on v@hiie!“th% Q?ep%ﬁ}éﬁs%ﬂﬁ%e@ﬂph%%&i@ﬂ fil)ﬂl{e' HBEtrsie gs‘éieq?vIGBi. ESA@Q agcd, and
20 acetic acid were mxed at a volune ratio of 1:3:10. At this tinme, the
sol ut i on andrig&Sat Y\ ¢o WAE).r didmst & nptouad vhas, eved biyhisingttbéiimmiged satetianad a$20

seconds. Note that in producing the gbove m xed, sol utjon drofluoric acid
2t o condintEilo eottBh S gfug o AT RSP AR B B BB § ony :
Ni trig agiedipBéraPpdios BNthe Jabsiatefandét beebLivel¢ Rinasliéaed by Wako Pure

Chem cal Industries, Ltd.); and acetic acid at a concentration 25 of 97.7

wei ght % ([B2@Huced by Ki shida Chemical Co., Ltd.) were used.
By the etching using the mixed solution E, the step in the peripheral portion of

the substrate is not removed as in the case where the mixed solution C was used (see
FIGS. 20A to 20C and FIGS. 21A to 21C). Thus, it is found that the semiconductor
20  substrate is hardly etched even when the semiconductor substrate is subjected to the
etching using the mixed solution E.
[0202]
In the etching using the TMAH aqueous solution, etching progresses at a slow
pace, and the step is not removed even when the etching time is set to 8 minutes (see
25  FIGS. 22A to 22C and FIGS. 23A to 23C). Thus, the following is found: even when
the semiconductor substrate is etched using the TMAH aqueous solution, the step in the
peripheral portion of the substrate is not removed or is removed over a long period of
time.
[0203]
30 Here, the mixed solution A, the mixed solution B, the mixed solution C, and
the mixed solution D are each a ternary mixed solution containing hydrofluoric acid,

nitric acid, and acetic acid. A function and reaction of each element are as follows.



[ 0218] Next, the sem conductor substrate was subjected to CW
treatment with a high polishing rate. In the CVMP treatnment, a pol yurethane

pol i shi ngwel@iivsgd Silica-based slurry (1LD1300, produggql/bemb\lbngl@ Haas
| ncorporated, a grain size of 150 nm 9%nd 3020-fol d dilution) were used.

The slurry row rate was 200 m/mn, the polishing pressure was 0.02 MPa,
the spindle rotation speed was 30 rpm the table rotation speed WO

2011/ 043178PCT/ JP2010/ 066123 60 was 30 rpm and the treatnent tine was 3
m nutes. 9] After that, CW treatnent with a | ow polishing rate
was performed on the sem conductor substrate. In this CWP treatnent, a
suede pol i shi ngNigiaddd ¢:8dieesiBeort Mithisifeactianrie depogsehdict] by thiafsmbladdy.por at ed)

and silica-based slurry (NP8020,. produced by Nitta Haas | ncorporated, a
rain si ze of 1 l\édd_?gg%él’fdz}gﬁqtfm&) vié)e used. The slurry flow rate
g

was 200 the polishing pressure was 0.01 MPa, the spindle rotation
speed wa 3 rpm the table rotation speed was 30 rpm and the treatnent
time was 3 m niHysofludicG2RDdissolves siliddnanxvdel. | Ghisareaejmois egmestnedriycthaduct or
substrate éaelr jnhafter referred to as a substrate B) on which the above wet
et chi ng P ‘EPrZ was not performed was manufactured in the foll ow ng

manner. [0221] ¢lgFi r6§1tF—JiH0l§§%F6]EO fagve t(QF i nsul ati ng | ayer which was
formed to cover ﬁe sem condu sfrate, he sem conductor substrate

was subj §02@4] to wet etching treatnment using a m xed sol uti on (product

nane: LAL500, oduc Stella m fa Corporation) i ni ng
hydr of | uoric a@rcﬁ 1 éﬂgrﬁﬁ%ﬂ‘rﬁe? hlfid?‘lxﬂ‘ism%‘ﬂf‘ ﬂ‘ds%‘PPr&éﬁeéﬁiplg iJ‘l’c‘“ﬁl s time, the

sol utjpon 1 b@mgerature was room tenperature and the etching tinme was 300
205econds 222] Next, the sem conductor substrate was subjected to
CMVP treat ment Wist d\esarilbﬁdgarbogg,l the Hemgryr mixed SOrlutidmeccmMinimgdaﬁméhloricaicid

pol yur et hane oI IS .LD: 300 rod ced by

Lo PR aRR pif s S mas & incion of BB licdn By i Shng e g aR Rt T o

wer e usedilichieshdlvir nytht | fovmiilat @) wad tBOYigkblubion, oftshﬂccﬁpbmblsﬂawﬁrlﬁ&ﬁwe was
0.02 MPa, the sgl ndl e rotation speed was 30 rpm_the table rotation speed

was 30 rgaymulad2x hdhereferemanthe caseewhers the ampwritefshydrofuoric acid is large in

15  the ternary mixed solution containing hydrofluoric acid, nitric acid, and acetic acid,
oxidation of silicon by nitric acid shown in the formula (1) is a rate-limiting factor. In
the case where the amount of nitric acid is large, dissolution of silicon oxide by
hydrofluoric acid shown in the formula (2) is a rate-limiting factor.

[0208]

20 Accordingly, the following assumption can be made: since the amount of nitric
acid contained in the mixed solution C was small, oxidation of silicon was a
rate-limiting factor in the wet etchihg. The same can be said for the mixed solution E
in which hydrogen peroxide oxidizes silicon. It is assumed that wet etching did not
progress in the mixed solution E because of small oxidizing power of hydrogen

25  peroxide.

[0209]

As for the mixed solution D, the following assumption can be made: reactions
of the formula (1) and the formula (2) progressed rapidly because the amount of
hydrofluoric acid and nitric acid was large; as a result, the selectivity between the

30  peripheral portion of the substrate and the central portion of the substrate was not able

to be obtained and thus wet etching was performed evenly on the entire substrate.



[0223] After that, CWP treatnment with a | ow polishing rate was perfornmed on
the 30 sem conductor substrate. In this CVW treatnent, a suede polishing

cl ot h ( Supperr,o4pBRuUf actured by Nitta Haas | ncor porat edpcgnsfbbécges based
slurry (NP8020, produced by Nitta Haas8 ncorporated, a grain size of 60 nm

and 20-fold dilution) were used. WD 2011/043178PCT/JP2010/ 066123 61 The
slurry flowrate was 200 m/mn, the polishing pressure was 0.01 MPa, the
spindle rotation speed was 30 rpm the table rotation speed was 30 rpm and
t he treatlt@@@] time was 10 m nutes. [0224] 5The two ki nds of reprocessed
sem conduct or’ substrates manufactured by the above net hods were subjected

t o observati on wiatdHitian, B¢ assainedrithat smco e, amsdunp ofrbpdrofleomnciduwtal smalt ep

measur ement _apparatys. (W.th the use of Surfcoder nmanyfactured by Kosaka
Labor at or§ 11 gﬁf?da%ﬁ‘gfqg‘%i %ﬁs"c‘)‘fm}ﬂ frsalison pxjde yas 2 23hilimytipg fsterdrd W copes

( SPA-500 ARfinSRABROOMNORRRYT APiN e BeliisSIhhMRRe JhSG0 Ok 9 RGrid acRd 10

measur enent of the anount of reduction’in the thickness o
sem condusmall, etcliing frate theninside ofe heodmsaged pemieadnent r¢gidn idu¢ he cngstal of

Sorter 10 manuf act ured.by L ster SFT Corporation). [022 FIGS. 25A
and 258 oJREpDT EAFOHTE 5t lesp BTG Shered i Elhing B hf Gice of Te
magni f i Caddnfipkd 8émichbRdueesTir®d16h 9}ef&@ﬁﬁmgrpr@%re§se§. sem conductor substrate
before the reprocessing treatnent and of the peripheral portion of the

sem condu@2b substrate (the substrate A) after the above reprocessing

treatnment, res i V oSk . r . . are
shown in FIGS. @gkefgﬂﬁ%%%%%%{d ?&%nsﬁgﬁgﬁﬁ%&?éhg&&%@ﬁgﬁ lggﬁ‘ﬁdﬁnduct or
substioat eandedceticadidat i Eplodabds balageet (RadfoRN heilts of tifet repctioas of e fpanidlaon 301)
inits peripheral portion, and an insulating |ayer and silicon are

respect i Vd) ynéshefarayly ??)tlﬁ@ wichming faster3oMozsayen etisak phsuppestirBPf302.

Accordin t n 1 i

appr oxi n%t%lﬁlfggzggé%aieﬁfsgﬁ? CPﬁc t§ ﬁg’ ?)ﬁe(ﬁi%ﬁgl}e;fﬁgg\ﬁﬁ%ﬁ&o%t}{rﬁ‘};eﬂgegfrf{%nduct or
subst r at ebelngf eveslytdtehed5r epr ocessi ng treatment. [0227] On the ot her
hand, inslg)gﬁz sem conductor substrate shown in FIG 25B, the step which has
once exi ]i n the peripheral portion is not observed and silicon is

gibz gn\gfedFil rcl; t2 ggwaa{ it &tepUh HIRCFeriphetal pbitidh of theeubbeat isiud BchddBimknthe | eft
mixed solution A (the mixed solution containing hydrofluoric acid, nitric acid, and
acetic acid at a volume ratio of 1:3:10), the step portion in the peripheral portion of the
substrate can be removed in a short time with the selectivity between the peripheral
portion of the substrate and the central portion of the substrate maintained.
20  Consequently, the reprocessing treatment of the semiéonductor substrate can be
performed surely and effectively.
(Example 2)
[0213]
This example shows results of comparing the case where a combination of wet
25  etching treatment using the mixed solution of hydrofluoric acid, nitric acid, and acetic
acid and CMP treatment was employed as reprocessing treatment, with the case where
CMP treatment was mainly employed without using the wet etching treatment. As for
CMP treatment, after treatment with a high polishing rate, treatment with a low
polishing rate (finishing polishing) was performed. Note that in the case where the ‘
30 above wet etching treatment was not employed, the time for CMP treatment was set

longer so that the reprocessing treatment equivalent to that in the case where the wet

etching treatment was employed is realized.



30represents an edge of the substrate. FIG 26B also indicates that the
step is renoved. [0228] WD 2011/043178PCT/JP2010/ 066123 62 sem conduct or

subst r at agoWwhil4si¥@ use of a scanning probe m croscope @ IPRAWI66123
Condi ti ons of the nmeasurenent with thé9scanni ng probe nicroscope were as

follows: the scan rate was 1.0 Hz, the neasurenent area was 1 mn x 1 1AM
and the neasurenent points were 2. The neasurenent was conducted using
dynam c force node (DFM. 5 Here, the dynam c force node is a node for
measur i ngo\%}:ﬂ surface shape of a sanple in a state where a cantilever is
resonate I'le the distance between a probe and the sanple is controlled
so that the vi bkatmondmpdr fubsteatofto bheubroted [te\tke rdpsocreaﬁimg a:ieamatbncmstant.

[ 0229] 10The _pl an rlty of the . proce ed sem conduct or, strate
eval uat edHUTHRIIER N 4VBPHISE SERILAR O BT R AR EORAKATRIF- ¢ ML RRYSrEFAmPIE

peak-t o- vahlueYeRELIW fof BeiMlls. Here, the average surface roughness (Ra) is
obt ai ned by t hree-di nensi on expansi on of center |ine average surface

r oughesqdO0RBSIwhi ch is defined by JI SB0O601: 2001 (1 SO 4287:1997) so that Ra
can be applied asurenen ue of, .t he 15

ool ot o oA B S B E eyt suBf B Mbfribetiel ol B3R 2SR I

surface. viigh RSl proeesiiaky tie Mtlve ayethatahd tleliméht afd TMP ftfeatridie aviteh ween
t he hei ght of the highest peak and the height of the |Iowest valley in the

speci fi c shortpabishingHimeyesimaménctined indhe &llavdngmapeera peak and a val | ey
obt ai ned gy (%]hr ee-di nensi onal expansion of the "peak" and the "valley”
defi ned tly 5 SB0601: 2001(1 SO 4287:1997). The peak refers 20to the highest
poi ntioof the pddks.in Tidervaliemypve efecinsulbting hgel abixdit wpoforinedfto tcbeervtak | eys.
[ 0230] Results of planarity eval uation of the reprocessed

sem condETEFONdLEE suldatenith SERICORUHION ﬂﬁ’SB?'Sb\éfasmSE‘?JS%‘E‘Bﬁ% WeteStehiBEN i n

Tabl e 3. {farddt Rl 2R d3blutio RiotaliGatheSEATS08! froBuced by Stella Chemifa

Corporation) containing hydrofluoric acid, ammonium fluoride, and a surfactant. At

this time, the solution temperature was room temperature and the etching time was 300
15  seconds.

[0217]

Next, the semiconductor substrate from which the insulating layer had been
removed was subjected to wet etching treatment using a mixed solution (corresponding
to the mixed solution A in the above example) where hydrofluoric acid, nitric acid, and

20  acetic acid were mixed at a volume ratio of 1:3:10. At this time, the solution
temperature was room temperature and the etching time was 120 seconds. Note that in
producing the above mixed solution, hydrofluoric acid at a concentration of 50 weight%
(produced by Stella Chemifa Corporation); nitric acid at a concentration of 70 weight%
(produced by Wako Pure Chemical Industries, Ltd.); and acetic acid at a concentration

25  of 97.7 weight% (produced by Kfshida Chemical Co., Ltd.) were used.

[0218]

Next, the semiconductor substrate was subjected to CMP treatment with a high
polishing rate. In the CMP treatment, a polyurethane polishing cloth and silica-based
slurry (ILD1300, produced by Nitta Haas Incorporated, a grain size of 150 nm, and

30 20-fold dilution) were used. The slurry flow rate was 200 ml/min, the polishing

pressure was 0.02 MPa, the spindle rotation speed was 30 rpm, the table rotation speed



Peri pheral portion Central portion Peripheral portion Central portion
Aver age surface roughness Ra (nm 0.05 0.046 0.06 0.072 P-V(nm 0.393 0.475

0.47 0. 53%y0 2011/043178 €0 PCT/JP2010/066123

was 30 rpm, and the treatment time was 3 minutes.
[0219]

After that, CMP treatment with a low polishing rate was performed on the

semiconductor substrate. In this CMP treatment, a suede polishing cloth (Supreme,

5  manufactured by Nitta Haas Incorporated) and silica-based slurry (NP8020, produced
by Nitta Haas Incorporated, a grain size of 60 nm, and 20-fold dilution) were used.
The slurry flow rate was 200 ml/min, the polishing pressure was 0.01 MPa, the spindle
rotation speed was 30 rpm, the table rotation speed was 30 rpm, and the treatment time
was 3 minutes.

10  [0220]

Meanwhile, a reprocessed semiconductor substrate (hereinafter referred to as a
substrate B) on which the above wet etching treatment was not performed was
manufactured in the following manner.

[0221]

15 First, in order to remove the insulating layer which was formed to cover the
semiconductor substrate, the semiconductor substrate was subjected to wet etching
treatment using a mixed solution (product name: LALS500, produced by Stella Chemifa
Corporation) containing hydrofluoric acid, ammonium fluoride, and a surfactant. At
this time, the solution temperature was room temperature and the etching time was 300

20  seconds.

[0222]

Next, the semiconductor substrate was subjected to CMP treatment with a high
polishing rate. In the CMP treatment, a polyurethane polishing cloth and silica-based
slurry (ILD1300, produced by Nitta Haas Incorporated, a grain size of 150 nm, and

25  20-fold dilution) were used. The slurry flow rate was 200 ml/min, the polishing
pressure was 0.02 MPa, the spindle rotation speed was 30 rpm, the table rotation speed
was 30 rpm, and the treatment time was 12 minutes.

[0223]

After that, CMP treatment with a low polishing rate was performed on the

30 semiconductor substrate. In this CMP treatment, a suede polishing cloth (Supreme,
manufactured by Nitta Haas Incorporated) and silica-based slurry (NP8020, produced

by Nitta Haas Incorporated, a grain size of 60 nm, and 20-fold dilution) were used.



WO 2011/ 043178PCT/ JP2010/ 066123 63 [ 0232] In both the substrate A
and the substrate B, there is no step between the central portion and the

peri pher ayopeitdserts and the planarity of the peripheral ppeisbbathodeizs
substantially at the sane |evel as th&l of the central portion. Wen the

substrate Ais 5 conpared to the substrate B, the followng is found: in
the peripheral portion of the substrate A/ Rais 0.05 nmand P-V is 0.393
nm and in the peripheral portion of the substrate B, Rais 0.06 nmand P-V

is 0.47 Weywas{ AL Bng;l/ﬁ%rthé ol‘i’Jhl s&?ﬁr 5@6‘61"?\41)? t eﬁxﬁc‘ilet han

that of t e su strate B measur i ng t anount of
reduct i orrotatioh lspecdnwas3(egsn,che tdbke mmnomsdemer 3& q:bstmﬂtthe troattrieat time
reprocessing treatnment are shown. Here, the reduced amobunt (the anobunt of a
renoved s¥&H Hl‘:‘éetsor) in the central portion of the substrate is

cal cul at g@oby; nmeasuring change in the thickness thereof before and after
the reprocessing treatnment process. The reduced anount (the anount of
renova@l ) in 15 Thenwoakinds ioh geprbesssadossnrietmslugtoa substiates sumifacivred Byi the shown

i n Tabl . [0234] .[ Tabl t Subst r at Af t t chi
treat rreﬁt‘ﬂ’ﬂ?’ % e‘PetB%ﬁiﬁ[ s"ﬁ"f‘ﬁgs‘{%}e&?%ﬁg%toﬁ?ft%é °’blcj>‘1"i m?héppcal microscope, ' step

measurement with a step measurement apparatus (with the use of Surfcoder
manufactured by Kosaka Laboratory Ltd.), evaluation of planarity with scanning probe
microscopes (SPA-500 and SPI3800N manufactured by SII Nano Technology Inc.), and
10  measurement of the amount of reduction in the thickness of the semiconductor substrate
in the reprocessing treatment (with the use of Sorter 1000 manufactured by Lapmaster
SFT Corporation).
[0225]
FIGS. 25A and 25B are optical micrographs (Nomarski images at 50-fold
15  magnification) of the peripheral portion of the semiconductor substrate before the
reprocessing treatment and of the peripheral portion of the semiconductor substrate (the
substrate A) after the above reprocessing treatment, respectively. Similarly, the results
of step measurement are shown in FIGS. 26A and 26B.
[0226]
20 As shown in FIG. 25A, the semiconductor substrate before the reprocessing
treatment has a step (a step portion 301) in its peripheral portion, and an insulating layer
and silicon are respectively observed in the step portion 301 and a central portion 302.
According to FIG. 26A, it can be seen that a step with a thickness of approximately 0.2
um exists in the peripheral portion of the semiconductor substrate before the
25 reprocessing treatment.
[0227]

On the other hand, in the semiconductor substrate shown in FIG. 25B, the step
which has once existed in the peripheral portion is not observed and silicon is observed
in the entire surface. Note that a vertical white line on the left side of FIG 25B

30 represents an edge of the substrate. FIG. 26B also indicates that the step is removed.
[0228]

Next, results of evaluating the planarity of the two kinds of reprocessed



treatment Reduced anount in process (Rm 0.41 0.97 6.96 Total reduced
anmopunt (1lin) 1.38 6.96 [0235] 20l n manufacturing the substrate A the

reduced agpupiyMessl. 38 Rm Meanwhil e, in manufacturi ngpihgapsibsédisd € B,
the reduced ampunt was 6.96 Rm This ©Rdicates that the reduced anount in

manuf acturing the substrate A was approximately one fourth of that in
manuf acturing the substrate B. In particular, the anount reduced by etching
i n manufacturing the substrate A was only 0.41 pm 25[0236] WO

2011/ 043LZ8RERIIR0INUARRI AP EUSHIoRG, (EARITIEFOLE i NES SR HRAIn

sem conduct or substrate can prevented from-bei ng reduced by the
r epr oces Siangitione aif MmewurtreentheltlpItlmmanmyng(p‘rolnmmlcrrewopcmeds $adiveonduct or
substrat Ef\hé Sscag?"ziltg tWaélis ri?Ode,(t [ ranrégéu?‘elggnt area was 1 um x 1 wm, and the measurement

points were 2. The measurement was conducted using dynamic force mode (DFM).

5 Here, the dynamic force mode is a mode for measuring the surface shape of a sample in

a state where a cantilever is resonated while the distance between a probe and the

sample is controlled so that the vibration amplitude of the cantilever is maintained

constant.

[0229]

10 The planarity of the reprocessed semiconductor substrate was evaluated using
the average plane roughness (Ra) and the méximum peak-to-valley height (P-V). Here,
the average surface roughness (Ra) is obtained by three-dimension expansion of center
line average surface roughness Ra which is defined by JISB0601:2001 (ISO 4287:1997)
so that Ra can be applied to a measurement surface, and is an average value of the

15  absolute values of deviations from a reference surface to a specific surface. The
maximum peak-to-valley height (P-V) is a difference between the height of the highest
peak and the height of the lowest valley in the specific surface. The peak and the
valley refer to a peak and a valley obtained by three-dimensional expansion of the
"peak" and the "valley" defined by JISB0601:2001(ISO 4287:1997). The peak refers

20  to the highest point of the peaks. The valley refers to the lowest point of the valleys.
[0230]

Results of planarity evaluation of the reprocessed semiconductor substrates

with the scanning probe microscope are shown in Table 3.

[0231]
25  [Table 3]
IS
Substrate A Substrate B
Peripheral Central Peripheral Central
portion portion portion portion
Average surface
roughness Ra (nm) 0.05 0.046 0.06 0.072
P-V(nm) 0.393 0.475 0.47 0.52




5[ 0237] Thi s exanpl e shows observation results of a cross section of
a sem conductor substrate which was provided with a thermal oxide film and
then subjwethefl/du9178ydrogen ion irradiation. [0238] 10| npchjjpR¥asrE. @
rectangul ar single crystal silicon su¥Strate with a size of 5 inches square
was used as the sem conductor substrate. First, thermal oxidation was
performed on the sem conductor substrate under an HCl at nosphere to forma
thermal oxide filmw th a thickness of 100 nmon a surface of the

substrat 023_%6 thermal oxidation was performed under the condition of 950 C
for 4 ho nder a thermal 15 oxidation atnosphere containing HClL at 3

vol % w th res peIntbotlothexsmee l[&(aﬁ@Q]e substrate BNehete istrivestepeldtwoetdihe tcemtral

substrate was irradi ated, w n.thr h the surface aof the thernal
oxi de. 11 IRATST [0 e REPHFeh PorbAT- G 1 BBBEHGL B 1o RCRRSeRAFBR S by
i rradi at i QBsthtidilyl RThe Snd IELHCMRat @{”thﬁ%@ﬂt'ratltﬂo%t'ﬁﬁﬂt WREH B sBsrdonngd in 20

the sem conductor substrate. Conditions of ion doping were set such that
t he aécelmmar@ntwthbtsag@raﬁmﬁ Bige koMoaving ishéouds én thespezipbesal pont®n; antshbcmz

Thus, the rlttl d_at th of pr.oxi |y
11 om CHENE sl B0 oh B% A B s GREE R anf i BBy The PP Bo R T By

Cr oss- seGdubsiiiaé Bl EM hsna@e ith AAdSEV 0049 GiRr Awaﬁamgt ve th plahaivgsofsthbj ect ed
to the above treatment. FIG 27B is a cross-sectional TEM i mage of the

seni condudbgrate Ansbetter thaprhatief fiessubsiFiteBt ed to heat treatnment without being
bonded tgx 2@ base substrate 120. FIGS. 27A and 27B each indicate that a

t her mal film402 is formed on the surface of a silicon substrate 401
and ao enbri tt INexeniesulegoh medQinigsthd Odmadume tbf e dtioh hia mhethn:khessxdfdtaefi | m
402. In addition, FIG 27B indicates that there is a crack in_th

enbri t t | SSEHEORIREPE SubsIG b he Fepraaesspetics BTt 3o 8res éﬁerfo%l&ffduced
FI GS. 27%&&& gﬁgaﬁ.eelw &G%nﬁvéwg@?ﬁeomucwﬁltmk caﬁmgbﬁmwfehé QiiRslei N the

vicinity of surface of the single crys substr Further, FIG 27B
shows t has ctallrella;embo'onutamrmg shangt riat thehacknesy dldeectt befodepnd affer 188 nm
fromthe surface tEerteof & depth 404 up to tHE crackL I n th case
where t hd SRBRFEBRAUEIBENS RESESar d e oreflifede amott (e GEOIRG of SEmayd) 380, ¢ he

sem qgndughmifacheritil thakebstiate YO PRI ik @ﬁbs’t’ﬂatetlb‘i’s Me%intih qablefs. t he crack.

[0234]
[Table 4]
,_
Substrate A Substrate B
. After etching After polishing After polishing
treatment treatment treatment
Reduced amount in 0.41 0.97 6.96

process (um) ) ) )

Total reduced

amount (um) 1.38 6.96
[0235]

20 In manufacturing the substrate A, the reduced amount was 1.38 pm.

Meanwhile, in manufacturing the substrate B, the reduced amount was 6.96 um. This
indicates that the reduced amount in manufacturing the substrate A was approximately
one fourth of that in manufacturing the substrate B. In particular, the amount reduced
by etching in manufacturing the substrate A was only 0.41 pum.

25  [0236]

Accordingly, by reprocessing treatment using the combination of the above



[0242] Here, a step portion due to failure in bonding with a base substrate
was formed 10 in the peripheral portion of the sem conductor substrate

after theypeparasien as described in the above exanpl espchpaddvésien, the
remai ni ng sem conductor | ayer (the dafdged seni conductor region) which is

included in the step portion has crystal defects, mcrovoids, or blisters.
Therefore, when etching using a m xed sol ution containing hydrofluoric
acid, nitric acid, and acetic acid is performed as described in the above

15exanpl &Sehihd Gredinft BRA ICMP (QALHEH, {H &Hﬁc&ﬁ%&&?‘éf\@tra&o&d Y g?éveht'&&

sem conductor substrate after separation can be selectively renoved.

( Exanpl e f4ym beizvy3tduthd by eheareptaeessimgiscatmment] wisileothe plaanatityi afgh¢ fepraxassed wher e,
as an etchant, the 20m xed sol ution (the m xed solution A) where

hydr of | ud¥FRcandpgior spostrate ISPRRtaingdy acetic acid were mixed at a vol ume
rati o of (szgmg,gwas used and the case where, as an etchant, a m xed
solution (hereinafter referred to as a m xed solution At+) where

hydr ofl udP237laci d, nitric acid, and acetic acid were nmxed at a vol une

ratio of 1:2: 10rwas used. 4024}?5]{; 2§Note hha sem coqductfor subst({a{ es used
in this exanpl e 4 &MY PIVE BOPRGLRT (€U PR 2 EXRNSFEN UribSTRIR YL | s
thereof aubsteiit Whel wdsGdnlied WamtMeima Okidefcardnhéhaubiitmtetossaspenduct or
substrates was as follows. [0246] 30First, in order to renmove an insulating
| ayer whilehifgdatiodr med t o cover each of the seniconductor substrates, the
sem condughbegy substrates were subjected to wet etching treatment using a
m xed sol tlc]n (product nane: LAL500, produced by Stella

10 In this example, a rectangular single crystal silicon substrate with a size of 5

inches square was used as the semiconductor substrate. First, thermal oxidation was
performed on the semiconductor substrate under an HCI atmosphere to form a thermal
oxide film with a thickness of 100 nm on a surface of the substrate. The thermal
oxidation was performed under the condition of 950 °C for 4 hours under a thermal
15  oxidation atmosphere containing HCI at 3 vol% with respect to oxygen.
[0239]

Next, the semiconductor substrate was irradiated with hydrogen through the
surface of the thermal oxide film with the use of an ion doping apparatus. In this
example, by irradiation with ionized hydrogen, an embrittlement region was formed in

20 the semiconductor substrate. Conditions of ion doping were set such that the
acceleration voltage was 50 kV and the dose was 2.0 x 10" ions/cm’. Thus, the
embrittlement region was formed at a depth of approximately 250 nm from the surface
of the thermal oxide film.

[0240]

25 FIG. 27A is a cross-sectional TEM image of a semiconductor substrate which
was subjected to the above treatment. FIG 27B is a cross-sectional TEM image of the
semiconductor substrate which was subjected to heat treatment without bei'ng bonded to
the base substrate 120. FIGS. 27A and 27B each indicate that a thermal oxide film 402
is formed on the surface of a silicon substrate 401 and an embrittlement region 403 is

30 formed under the thermal oxide film 402. In addition, FIG. 27B indicates that there is

a crack in the embrittlement region.



WO 2011/ 043178PCT/ JP2010/ 066123 66 Chem fa Corporation) containing
hydr of | uoric acid, amonium fluoride, and a surfactant. At this tine, the
sol uti on wenparAasuge was roomtenperature and the etchi pgripsRoM&s23300
seconds. [0247] 5Next, the sem conductér substrates from which the

i nsul ating | ayer had been renoved were subjected to wet etching wth the
use of, as an etchant, the m xed solution (the m xed solution A where
hydrofluoric acid, nitric acid, and acetic acid were nm xed at a vol une
ratio of 4,210 or the mxed solution (the m xed solution A+) where

hydr of | qui c acid, nitric acid, and acetic acid were m xed at a vol une
rati o of 1:2:1FIGI027Aend2XBdhewl thati ommbard cryseal efeets weorefomol ivtheer e

Dy Stol | 2 GHERPY et o o AP e AT SRR o At A0 E AR BH b

wei ght % (s@ﬁa%'ﬂ@ﬁ‘&oxb%bmh@ hP!;”aE‘chkezEF acéé th BEYSY in® Brond-Hd- s)urfa@@ﬁme?&)?t(hc aci d
at a concentration of 97.7 wei ght /o(produced by Ki shida Chem cal

Ltd.)5 15feptuH up to the cxﬁ¢lG 28(Athes:am1Wbpt |tmennc®1d@gnoapllrb8(ratehbhm®ldn6| mage
t 50-fol f th ti f t
Substr at o Po SuaERe 128 e sk BRPhBine BEtarlad as edoRBpat B o

optical ragkograph (a NOTTB.I’SkI |mage) at 500-fold magnification. In the wet

etching using the m xed solution A+, a residue was not 20 observed even in
the case [8744d processing time at which a residue due to etching may be

generated in tli‘-faetr?\q%tsftet J}thgdHélo”i%ﬂBJéqB%%ﬁ?ﬂ% {h”& b2 sfibstrhfl \ﬁ%énr%n%‘é’ si dered

to be caused by OW ng reason: y I ncreasing e rate of
hydr abl udn tie: geiperabpdtiibii bf thacettidonduotdr saibstratel afiéd tho séparands destiribed C
acid), a fornmed oxide filmis qul ckly remved and (?eneratl on of a residue
is suppré%élé?da oysegamples.  In addiyiqq, the empying semicpnductardayrg (thslemaged ¢ he

step in ts@ﬁuo%ﬂ ﬁ&&e@ orgowénnlsoﬁnamdsylb%er %ﬁEbérti%hCﬂé%d ﬁéﬂgpgieh}&?s m xed

sol uti on A+ emx ol ution where the volu rati o of rofl uoric
aci d, ni tmucmvalxisdpr bhstemceiTherefooe,dwhen &tcﬁmgot)s,mgenmxadlsotutmh ca)ntaersnglue can

b dto th wh th d
30sol ut 1 ORAREPEC AR ufiEAE ap?&%%?cem?%%? vl Aefescintd i Thecobtd “ane

acetiljs aGk@mpRs,1ihd: dibp \Rgﬁom&%eﬂhﬁﬂ&a fal BSortigh bff he éehﬁcc_ﬁfa%@:owhere a
m xed sol ution which- 2011/ 043178PCT/ JP2010/ 066123 67 cont ai ns -

hydr of | uérlbsztraéﬁcafttr sefiaration can ibd selaetivelicremiovedici d at a vol une ratio of
1.5:3:10 1 g‘? On the other hand, when the rate of hydrofluoric acid to
nitric aé )éaV\%S 00 high as conpared to that in the m xed sol ution of
1:3:10, 46243) the case where the nixed solution has a ratio of 1:1:10,

surface roughness, the remmant of the step, and the |like 5 were observed.
[ 0250] This example shows results .of examining the case where, as an etchant, the

20  mixed solution (the mixed solution A) where hydrofluoric acid, nitric acid, and acetic
acid were mixed at a volume ratio of 1:3:10 was used and the case where, as an etchant,
a mixed solution (hereinafter referred to as a mixed solution A+) where hydrofluoric
acid, nitric acid, and acetic acid were mixed at a volume ratio of 1:2:10 was used.
[0244]

25 Note that semiconductor substrates used in this example are similar to those
used in Example 1 and thus details thereof are omitted.
[0245] :

Treatment performed on the above semiconductor substrates was as follows.

[0246]

30 First, in order to remove an insulating layer which was formed to cover each of
the semiconductor substrates, the semiconductor substrates were subjected to wet

etching treatment using a mixed solution (product name: LAL500, produced by Stella



According to this exanple, it can be understood that by slightly increasing
the rate of hydrofluoric acid to nitric acid slightly from1:3

(hydrof | ugpirgr1iaEabs: nitric acid), reprocessing treat neprrOP2@0/066123
sem conductor substrate can be perfor®€d nore surely and 10effectively.

The present application is based on Japanese Patent Application serial No.
2009- 234949 filed with the Japan Patent O fice on Cctober 9, 2009, the
entire contents of which are hereby incorporated by reference. 15 WO

2011/ 0431FRBGH YrePdialifRp tontafitnd iy aMivbricA aBR! NBfmbRlund SRIPRES Sd}nﬂg ad

sem conductor substrate,” conprising the steps of: 5Sperformng a first

et chi ng tsudfactamint Agnthas $iore, dbedobution tsmipstaturt ewasongami gemperatuse epdpidet i on i n
a peri pher&l.ﬁorti on % t he ,sem conduct or substrate, wherein the step
portion iHlEEe ¥a5 30§89 i conduct or region and an insul ating |ayer
over the [daargged sem conductor region, so that the insulating layer is
renoved; performng a second etching treatnent on the sem conduct or

subst Pat e, whemixh the gemfrondectomsnbetratps frgm: waiphnthatingdasingdaydndad teshut i on

conprisin first | e .of rfaormn n i datiqn pf. a
sen condurg g‘r’e na rgrslﬁgh%&feﬁgfﬁ/ag%@lﬁﬁg %e&, r‘fg ﬂsléésrrﬁecooh?fu%?ect)&agg)é% I?igiee,soé’ tl8récond

subst anc qtheaniel soltiopey)fvaiend hgdraflebrisadiditiini «id, and axdtid scatiweenixeaduct or
material, and a third substance capable of controlling a speed of the

oxi dat i orftof velmesevocohdidctbor e ariked salwtion (Hsemdxedf salpéomiisdovherron of
the oxidigad dagemconduetar IRl 8tddlacid QelDAL NS damaed, ot gopdyictor
region is’selectively reroved w a hon-danaged Sém condugtor region left;

and 10  The hikad kAGtidNA HEThEANRIGHRLIOS wbs%@gﬁom@ siaf hadivaepherdd
i ncludi ng hydrogen after performng the second etching treatnent. 202. The

met hod f ot acepeentretion oSG weight % dpducask byshiteHa Chemifadoupordiion, nitichadm 1,
Subst 1 at ¢ SreEBrenuaPh R0 ATa B QPP HEER By ANRELP We Bkl AR Ieso 60 The
met hod T Qp 4 LERIORSE & I'\CorReRflliof V7Y G WLigh9P Birb@iRd bFESkidA BdemRaf LB M 1.
Ltd.).
15  [0248]
FIG. 28A is an optical micrograph (a Nomarski image at 50-fold magnification)
of the peripheral portion of the semiconductor substrate after wet etching using the
mixed solution A+. FIG 28B is an optical micrograph (a Nomarski image) at 500-fold
magnification. In the wet etching using the mixed solution A+, a residue was not
20  observed even in the case of a processing time at which a residue due to etching may be
generated in the wet etching using the mixed solution A. This is considered to be
caused by the following reason: by slightly increasing the rate of hydrofluoric acid to
nitric acid from 1:3 (hydrofluoric acid : nitric acid), a formed oxide film is quickly
removed and generation of a residue is suppressed.
25  [0249]
In this manner, it is found that when the step in the peripheral portion of the
substrate is etched using the mixed solution A+ (the mixed solution where the volume
ratio of hydrofluoric acid, nitric acid, and acetic acid is 1:2:10), generation of a residue
can be suppressed as compared to the case where the mixed solution A (the mixed
30  solution where the volume ratio of hydrofluoric acid, nitric acid, and acetic acid is

1:3:10) was used. The same can be said for the case where a mixed solution which



wherein etching selectivity of the danmaged sem conductor region to the
non- danaged sem conductor region is 2 or higher in the second etching

t r eat mentwo4o1Jiag178et hod for reprocessing a sem conduct errapRShHGHSS
according to claim1, 30 wherein the $écond etching treatnent is stopped
after etching selectivity of the peripheral portion of the sem conductor
substrate to a central portion of the sem conductor substrate is reduced
from2 or higher to lower than 2. WD 2011/043178PCT/JP2010/ 066123 69

5. The mgih@thsf rJfﬁB'h@%@ﬁS hitGc 8cid SIHCRBAYELQ at ?UQ@He%Go 0§ 395 Qs t O
claim1l, wherei |'east a region where an angl e between a tangent pl ane
of the stlepd pdpe tlmmthwrdlaad,bahﬂn thel rdtaoéhyﬁroﬂh(mcsmiﬂ tomithircaapd msﬂmxhlgh e | s

0.5 or less is remved by the. s Co trea ment .

terhod TG GPBRAIER AR JREE ALER of dabs 5 B NEGEES WA 16 TERET m 1,
wher ei n tshRitioh Mat aSHRS LANCL10, Suffhde’ iotghidss thé b&n%@@ﬂ%éybﬁtﬁa%e nlﬁe
hydrofl uoric acid, and the third substance is acetic acid.

met hod fovﬂﬁebﬁm@%%3|ng a sem conductor substrate, accordlng to cIa|n16,
wherein i ﬁﬂcentration of the hydrofluoric acid is 50 weight% wherein a
concentr P oA of the nitric acid is 70 weight% wherein a concentration of

the acetic aci d\dcsmﬂ?ght?) i Gainie, &rtﬁnlﬁV\hﬂéﬁtd&d&hétQJledlfighﬂﬁlﬁﬂ@eaﬁfngttH@ m xed
sol ution conpr|3|ng t hydrof luoric acid, the nitric acid, and the acetic

acid is dprdkysseflapgic 1019 ‘tq gitric acid slightdy fromel: Ak ysseflyasic acithi s aGidy a
sem Condggér%es%@%}eﬁ e%’t ogg%%ijdoﬁ&lg}t bR Qan BQﬁ@g | xﬁoﬁ%f&?hﬁ&‘“ on of

t he hydr uori c-acl wei ght ereln a co ratlon 0 e nitric
aci d 10s efifeuvtiedynt % mhereln a concentration of the acetic acid is 97.7

wei ght % and wherein a volune ratio of the m xed solution
conprising the hydrofluoric acid, the nitric acid, and the acetic acid is

appr oxi mat ely irn:phsent application is based on Japanese Patent Application serial No.
2009-234949 filed with the Japan Patent Office on October 9, 2009, the entire contents
of which are hereby incorporated by reference. ‘

15



25 9. A nethod for manufacturing a reprocessed sem conduct or
substrate fromthe sem conductor substrate by using the nethod according to
claiml. woa2o11/043178 10. A nmethod for manufacturing an S@crgeRShIGHS
conprising the steps of: 30irradiatind8a reprocessed semn conduct or
substrate with ions to forman enbrittlenment region in the reprocessed

sem conductor substrate; WO 2011/043178PCT/JP2010/066123 70

bondi ng the reprocessed sem conductor substrate and a base substrate to
each other with an insulating |ayer dingfgosed therebetween; and
separating the reprocessed sem conductor substrate by a heat treatnent to
forma sem conductor |ayer over the base substrate, 5wherein the
reprocessed seni condyctor substrate is manyfactured by a nethod c rising:
berfor ming. a1 11 & Meiiof RS e ST AU DS e PoTR Bt Qe Teps
conprising-a step portion in a peripheral portion of the sem conductor
substrate, wherein the step portion includes a damaged sem conductor region
and a® i nsul at ipstfofmaipgra frgiegiching treatmeathag e dewwondeniousibsirate egpnsinge t hat
the insul ating.layer over the na sem.conductar, region i s T ved;

por for m i PaPEURB R ety BoBRIT G Gk MiF AL Sl SPhetn AT SHE'
wher ei n tgeetiGe aleles tL Qhmagdd eahidBituctis & gidnNaniesn SMuldtingnlagempydrstheg a
first substance capable of perform ng an oxidation of a sem conductor

mat eri al damaged samicpndustor segipn GAdn thsr insulgting Jayerigeaovadsecond subst ance
capabl e of perfaraln j ] L di 1 erial,
and a third sul?gt ancgggég%‘%ﬁgét@Phggﬁﬁfr‘lSﬁ]?‘ﬁe&%gk‘g‘%gé‘g@%&‘%@ﬁgpagé%‘aeﬁa %n of

t he g@nm abeskoohd etchralgardagheramdesaa sipeddobition vemprismglalfinsosubstantehapable di zed

sem conductor_nmaterial, so that the danmaged sem. conduyctoy region is

sel ect vafwe#@ﬁﬁwg&w’&lﬁiatlgwgﬁ- ﬁgﬁﬁﬂ@adggmae%w?ew&fgﬂﬂadhfﬁ Igppducigry
20heat i ngybfieas €M s QSHAU SR Ians RAPAK SEURIRImAY &t ARSANESE ok Nl Bingd
hydrogen after ‘perform ng the second etching treatnent. 11. The

met hod f cemicondctot ovatarigl,aandSOithisd)issbstance , capahdo rodli aegtroding| aispaed of Whher ei n
the step portion. s |eft by separating,a par a,.sem condygt or. substrate
i er an SHRREAEs iikethcRERE ) Md AebRed phlyefufplie L e Skiakid

15 semiconductor material, so that the damaged semicdnduct_or region is selectively

removed with a non-damaged semiconductor region left; and
heating the semiconductor substrate under an atmosphere including hydrogen

after performing the second etching treatment.

20 2. The method for reprocessing a semiconductor substrate, according to claim 1,
wherein the step portion is left by separating a part of a semiconductor substrate after an

irradiation with ions and a heat treatment.

25 3. The method for reprocessing a semiconductor substrate, according to claim 1,
wherein etching selectivity of the damaged semiconductor region to the non-damaged

semiconductor region is 2 or higher in the second etching treatment.

4. The method for reprocessing a semiconductor substrate, according to claim 1,
30 wherein the second etching treatment is stopped after etching selectivity of the
peripheral portion of the semiconductor substrate to a central portion of the

semiconductor substrate is reduced from 2 or higher to lower than 2.



12. The method for manufacturing an SO substrate, according to claim 11,
wherein the irradiation is perforned wi thout nass separation. WO

2011/ 04313 8Rel0kB2910/ 066123 71 14. The met hod f eeT/ypsbachsy i ng an
SO substrate, according to claim 10, §herein etching selectivity of the
damaged sem conductor region to the non-damaged sem conductor region is 2
or higher. 515. The nethod for manufacturing an SO substrate, according to
claim 10, wherein at |east a region where an angl e between a tangent plane
of the step portion and a back surface of the sem conductor substrate is
0.5 or less is renoved by the second etching treatnent. 1016. The net hod

f or manuf act ur iSndhamedod foutsptacassing ascowirafidugtor sulystratepracdording tr daim t,he

first substance . s pitric acid, th econd substance is, hydrofluoric acid,
and the CRPRACHSbA e Pt an enle RSy < Uingral Rage PEPe HEBRSEISUT o
sem condugbhaik SHRRE LAHR schREBHduSioP JulshteSik @B dra8ds:is removed REMMEQEENRY a
first etching treatnent on a damaged sem conductor substrate conprising a
first danetgkidg ¢eatmeohduct or region in a central portion of the damaged

sem conductor substrate and a step portion in a peripheral portion of the
damaged sem conduct or substrate, wherein the step portion is left by

separating a pal rh@ethoddbr @PMHcERNMBUL A icSitasior shiRtafel Sdcofding to @Al i on
with ions and a heat treatnent, wherein the step portion includes a second

damaged s¥heietmidie dirssisubsigficers andc agidi e seeandrybstanceris bydrofluprc aeid.oand

damaged SE@H&%PQHE&R&:ﬁ%g%%ﬂmkﬁnd wherein a thickness of the first damaged
sem conductor regronis I'nner than a thickness of the second damaged

sem conductor region, so that the insulating |layer is renmoved; 25perform ng
a second etching treatnment on the danmaged sem conductor substrate, wherein
the second et cFriglEhj mothod foE Feproesssing 2 seRigndnten subsirate rerardingdo glajm bst

subst ance capab‘ngergifn apcg&]é&ﬁmiag 8{3‘@}3365@03%‘??? g}%g,iggég@%ﬁ%duct or materi al

i ncluded in the danaged sSem con > subst ance capabl e

of performn ng avEirsinal ddhtitratibn anthRmigiczerd is ¢0 gctor material, and a
third substance capable of 30 controlling a speed of the oxidation of the
seni conduct or nwheaeinal coapentratiop ebtheatetidasidlisHFol weighbt¥o,ofmdt he oxi di zed

sem cgnduct or erial, so that e second damaged. . ’ .
ik rvaaltnerem a volume ratio otI tne mixed so?utlon coglpnsmg the hydrofluoric acid,

the nitric acid, and the acetic acid is approximately 1:3:10.
8. The method for reprocessing a semiconductor substrate, according to claim

20 wherein a concentration of the hydrofluoric acid is 50 weight%,
wherein a concentration of the nitric acid is 70 weight%, |
wherein a concentration of the acetic acid is 97.7 weight%, and
wherein a volume ratio of the mixed solution comprising the hydrofluoric acid,

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

25
9. A method for manufacturing a reprocessed semiconductor substrate from the
semiconductor substrate by using the method according to claim 1.
10. A method for manufacturing an SOI substrate, comprising the steps of:
30 irradiating a reprocessed semiconductor substrate with ions to form an

embrittlement region in the reprocessed semiconductor substrate;



sem conductor region is selectively renoved with a non-danmaged
sem conduct or region WD 2011/043178PCT/JP2010/066123 72 left; and

heat i ng tWe 2daMRegLed sem conductor substrate under an at pegpPaAG0édIEd udi Nng
hydrogen after performing the second efching treatment. 518. The nethod for

reprocessing a sem conductor substrate, according to claim17, wherein the
irradiation is performed w thout mass separation. 19. The net hod
for reprocessing a sen conductor substrate, according to claim 17, wherein

the ions includg,af.HRe rdfRBcessed semiconductor sutiiate A8 4648 Qlbdtke foeRIicRcessi ng
u , accorg T tch

a sem conductor s trat ing to claim1/, wherein etching

sel ect i viatherofith feinseotmgllagemmagepbsse theoabathueehpandr egi on t o t he non- danaged
sem conductor region is 2 or higher.. 21. The et hod for

bt ocessi ng. a S HE Pt iFRduGieE SIS W BARREAR WHEPRI 1 ¢ he
second et c&infiBorddudt [BBE ovet Rl RO SEhsahicer etching selectivity of the

peri pheral portion of "'the sem conductor substrate to the central portion of

t he sémi conductvrerginlthd reprasesssd selicoadudiorgmbsirate ishingiifacturgd |bywemethbdn 2. 20
22. The q&}hog.for reprocessing a sem conductor substrate, according to
claim 17, ““WFaP88n at | east a region where an angle between a tangent plane

of the step porgeiforniagt fasbaeking wehtatent 6h alsbRidadRadatsubsite eodpasing a
substrate is 0.5 or less is renoved by the second etching treatnment. 25

23. The riempertipnrin reperinhesd iprgion eleHiccyatierndyeios suasia evhezin dhaipep to
claimil7, qo‘i‘f?&{ ‘?ﬁc’l‘u&egea beé%%eﬁts H{%ﬁfc@réph%t rsregfokrén% %?'iﬁ's[ul&tfi'; 1%8&05‘%561{?“ ance
is hydroffuoric acid, an e I'Td substédnce 1s acetic &cld.
2011/104 3 1daniaged Jeaddndibol 2@ giod, \doetigdt nthe  dBokeng r kiyeorovef théiedduyabedf | uori c
acid is 50 meight@b wherein a concentration of the nitric acid is 70
wei ght % semiconductor region 1S removed,
performing a second etching treatment on the semiconductor substrate, wherein
the second etching treatment uses a mixed solution comprising a first substance capable
of performing an oxidation of a semiconductor material included in the semiconductor
15 substrate, a second substance capable of performing a dissolution of an oxidized
semiconductor material, and a third substance capable of controlling a speed of the
oxidation of the semiconductor material and a speed of the dissolution of the oxidized
semiconductor material, so that the damaged semiconductor region is selectively |
removed with a non-damaged semiconductor region left; and

20 heating the semiconductor substrate under an atmosphere including hydrogen

after performing the second etching treatment.

11. The method for manufacturing an SOI substrate, according to claim 10,
wherein the step portion is left by separating a part of a semiconductor substrate after an

25  irradiation with ions and a heat treatment.

12. The method for manufacturing an SOI substrate, according to claim 11,

wherein the irradiation is performed without mass separation.

30 13. The method for manufacturing an SOI substrate, according to claim 11,

wherein the ions include an H3" ion.



wherein a concentration of the acetic acid is 97.7 weight% and
wherein a volunme ratio of the m xed solution conprising the hydrofluoric

aci d, 5t hgonbimisgr7@ci d, and the acetic acid is approxi mprelpr0kodiclss 25.
The nethod for reprocessing a seniconddctor substrate, according to claim

23, wherein a concentration of the hydrofluoric acid is 50 wei ght%
10wherein a concentration of the nitric acid is 70 weight% wherein a
concentration of the acetic acid is 97.7 weight% and wherein a

vol ume ratio ofy4 AgeTh&Rey 6 behﬁ_actﬁﬁﬂgrahsscﬁgsddgﬁaﬂayqé&fraiﬁgrtb ClAml tb, the
nitric acid, and the acetic acid is approximately 1:2:10. 1526. A nethod

f or manufwbdreini atching sedpetivity s dlie dempgahstnucardusiobsegion ¢o theomn:dremaged

sem conduct or substrate .b Uﬁi n t he nethod according to claim17.

27. A netsr‘?gldc"fnaPCtﬂﬁﬁﬁfoéfC‘féroir ¥ gﬁ SO substrate, conprising the steps of:
Irradiating a reprocessed sem conductor substrate with second ions to form
an 20enbrittlenent region in the reprocessed sem conductor substrate;

bondi Ag t he repiSoddsseethed forcmanifectyring absiVhsubstind, acaoadiag dalskaimat® to
each ot nern it A TRV ARl bOLEERISEACKSLENSHESD: oAty ang

separating ocessed sem corrau Su rat'e reatment to

form a sembaanauGtsf 1hd¥kemicnaictbNaubbase iS013s ok Mse is ZERE ynhé B&ond
reprocessed sem conductor substrate is manufactured by a nethod conpri sing:

per f or ni rifchang treafment chi ng treat ment on a danaged sem conductor substrate
conprising a first damaged sem conductor region in a central portion of the
damaged sem conductor substrate and a step portion in a peripheral portion
of the damaged 130908 m&ancdl Edromanufastting an Sdlesubistrateheccdkdipg porcldimni0,s | ef t
by separating a part of a sem conductor substrate after an irradiation with
first iongheipia the Heshpulistange iemiric btk sreopgsvlsiance ashydspitngripssih arde6123

the third substance is acetic acid.

17. A method for reprocessing a semiconductor substrate, comprising the steps

15  of:

performing a first etching treatment on a damaged semiconductor substrate
comprising a first damaged semiconductor region in a central portion of the damaged
semiconductor substrate and a step portion in a peripheral portion of the damaged
semiconductor substrate, wherein the step portion is left by separating a part of a

20  semiconductor substrate after an irradiation with ions and a heat treatment, wherein the
step portion includes a second damaged semiconductor region and an insulating layer
over the second damaged semiconductor region, and wherein a thickness of the first
damaged semiconductor region is thinner than a thickness of the second damaged
semiconductor region, so that the insulating layer is removed;

25 performing a second etching treatment on the damaged semiconductor
substrate, wherein the second etching treatment uses a mixed solution comprising a first
substance capable of performing an oxidation of a semiconductor material included in
the damaged semiconductor substrate, a second substance capable of performing a
dissolution of an oxidized semiconductor material, and a third substance capable of

30  controlling a speed of the oxidation of the semiconductor material and a speed of the
dissolution of the oxidized semiconductor material, so that the second damaged

semiconductor region is selectively removed with a non-damaged semiconductor region



74 the step portion includes a second danmaged sem conductor region and an
i nsul ating | ayer over the second damaged sem conduct or regi on, and wherein
a thicknegs 0f1/dsbesfi rst danaged sem conductor region i $cthesificcian a

t hi ckness of the second damaged semi cdRductor region, so that the

insul ating | ayer over the second damaged 5 sem conductor region is renoved;
perform ng a second etching treatnment on the damaged sem conduct or
substrate, wherein the second etching treatnent uses a m xed sol ution
conpri si nNgfda gl st substance capabl e of perform ng an oxidation of a

sem conductor material included in the damaged sem conductor substrate, a
second subst andeatimgpthiel danwfged semmonilwmygorasubStratdiwged ant atmmospherarnindudidi zed
sem conduct,or material, and.a third substance capable of controlling a
speed of Lhyﬁéog(?Ria &R r@?“&tﬁgs%cgﬂijéifﬁﬂlgctf@m%t erial and a speed of the

di ssol ution of the oxidized sem conductor material, so that the second
damaged sem conductor region is selectively renoved with a non-danaged
sem cénduct or rl8giTbamiedfod; fonreprocssrang @ pynicheduttorsybsirate prewdingde olaim

substr at nder . an atnmpspher e i.ncl udi hydrogen after performng the
second etelc’}Jr’liW f;refl}’%‘gt‘%r@?&on is petforin W{tj%’i’é%r?é? 38”?’8?‘ manuf act uri ng an SO
substrate, according to claim?27, wherein the irradiation is perforned

wi t hout mass separation. 20 . 29. The nethod for manufacturing an SO
substrate, accdPdipgymedhod|far rppporessiter serpicppdictqrsybstiagh gcearding de clapm Ha +
ion. .30, .The hod, . f.or manufacturing an SO substrate,

accor di ng17fghgﬁeéqt%ei Slﬁ(gg& %nr%l? n &t chi ng selectivity of the second damaged
sem gonductor region to the non-danaged sem conductor region is 2 or

hi gher . 31. The nethod for manufacturing an SO substrate,
according to cl28i Fhomethgddprreprogessinga seraicpriyicin sybwrate, aecoadige &0 Bimeen a
tangent p| - the . Sl n f ed
sem condﬁlc?‘?gfn eg%%se?cﬁl ﬁ%gﬁg&g{]@r %)Prmﬁegggl?% %?121%%%15 lf&?cﬁlgﬂjge%gﬁadtgﬁ i ng

t r eat nentnon-dAfMazed ddnidadiBCTé gt BI0A6 23 75 32. The nethod for
manuf acturing an SO substrate, according to claim27, wherein the first
substance is nitric acid, the second substance is hydrofluoric acid, and
the tjBi rd substance is acetic acid.

21. The method for reprocessing a semiconductor substrate, according to claim
17, wherein the second etching treatment is stopped after etching selectivity of the
peripheral portion of the‘ semiconductor substrate to the central portion of the
semiconductor substrate is reduced from 2 or higher to lower than 2.
20
22. The method for reprocessing a semiconductor substrate, according to claim
17, wherein at least a region where an angle between a tangent plane of the step portion
and a back surface of the damaged semiconductor substrate is 0.5° or less is removed by
the second etching treatment.
25
23. The method for reprocessing a semiconductor substrate, according to claim
17, wherein the first substance is nitric acid, the second substance is hydrofluoric acid,

and the third substance is acetic acid.

30 24. The method for reprocessing a semiconductor substrate, according to claim

23,
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wherein a concentration of the hydrofluoric acid is 50 weight%,

wherein a concentration of the nitric acid is 70 weight%,

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

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

the nitric acid, and the acetic acid is approximately 1:3:10.

25. The method for reprocessing a semiconductor substrate, according to claim
23,

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

wherein a concentration of the nitric acid is 70 weight%,

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

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

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

26. A method for manufacturing a reprocessed semiconductor substrate from

the semiconductor substrate by using the method according to claim 17.

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

irradiating a reprocessed semiconductor substrate with second ions to form an
embrittlement region in the reprocessed semiconductor substrate;

bonding the reprocessed semiconductor substrate and a base substrate to each
other with an insulating layer interposed therebetween; and

separating the reprocessed semiconductor substrate by a heat treatment to form
a semiconductor layer over the base substrate,

wherein the reprocessed semiconductor substrate is manufactured by a method
comprising: .

performing a first etching treatment on a damaged semiconductor substrate
comprising a first damaged semiconductor region in a central portion of the damaged
semiconductor substrate and a step portion in a peripheral portion of the damaged
semiconductor substrate, wherein the step portion is left by separating a part of a

semiconductor substrate after an irradiation with first ions and a heat treatment, wherein
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the step portion includes a second damaged semiconductor region and an insulating
layer over the second damaged semiconductor region, and wherein a thickness of the
first damaged semiconductor region is thinner than a thickness of the second damaged
semiconductor region, so that the insulating layer over the second damaged
semiconductor region is removed;

performing a second etching treatment on the damaged semiconductor
substrate, wherein the second etching treatment uses a mixed solution comprising a first
substance capable of performing an oxidation of a semiconductor material included in
the damaged semiconductor substrate, a second substance capable of performing a
dissolution of an oxidized semiconductor material, and a third substance capable of
controlling a speed of the oxidation of the semiconductor material and a speed of the
dissolution of the oxidized semiconductor material, so that the second damaged
semiconductor region is selectively removed with a non-damaged semiconductor region
left; and

heating the damaged semiconductor substrate under an atmosphere including

hydrogen after performing the second etching treatment.

28. The method for manufacturing an SOI substrate, according to claim 27,

wherein the irradiation is performed without mass separation.

29. The method for manufacturing an SOI substrate, according to claim 27,

wherein the first ions include an H;" ion.

30. The method for manufacturing an SOI substrate, according to claim 27,
wherein etching selectivity of the second damaged semiconductor region to the

non-damaged semiconductor region is 2 or higher.

31. The method for manufacturing an SOI substrate, according to claim 27,
wherein at least a region where an angle between a tangent plane of the step portion and
a back surface of the damaged semiconductor substrate is 0.5° or less is removed by the

second etching treatment.
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32. The method for manufacturing an SOI substrate, according to claim 27,
wherein the first substance is nitric acid, the second substance is hydrofluoric acid, and

the third substance is acetic acid.



