WO 2010/ 1506711PCT/ JP2010/ 059996 DESCRI P ROCE
Tl ON METHOD FOR RE
?E&%DECEPEL[S)UBSTR?EEOQ\DTE;NETH@ FOR MANUFACTURI NG SO SUBSTR,IZTE SSIRG
_ _ e present invention relates to a net
reprocessing a sem conductor. 10 substrate by-produced in nmanuf ac?g(rjef 81[ an

SA (silicapoasselbdyd ator) substrate, and
a nethod for ReHEFAWGEIPH
substrate. BACKGROUND ART 15In recent 3ears Integrated circuits Ls?ngnaﬁo

SO (silicon on insulator) substrat [
_ e [0002] that includes a thin si
g;z:lt g:oezeimngt)gggct?rtlhayer formed on an insulating surface have begﬁl ©
_ o] ose using a bulk silicon wafer. The char I sti
_ Si I _ : acter
of the thin single crystal silicon filmformed on the insulating sﬁr:‘zuacs

make it possible to conpletely se gpif[r [ [
integrated circuit. In additi gn p%[;?{; gg;: Z: géstigﬂfgt Iopst Egn be

obt ai ned, thereby realizing a sem conduct
tegrated circuit th high
added vaI ue such o i mmgwm or
consumpt 1 on. - MTERPPCHER ST R T S A S0t
_ ng an
ZH)gtratg i's Srrart %Tﬁobmmwmmsmstmmf %mart Cut
ws an SO substrate having a single crystal silicon filmto be

manuf actured not only on a silicon sub '
strate but also on an insulatin
substrate Sﬁﬁfﬁﬁcﬂq}[@% substrate (for exanple, see Patent Docunentgl).

[0001]
The present invention relates to a method for reprocessing 2 semiconductor .

10 substrate by-produced in manufacture of an SOI (silicon on insulator) substrate, and a

method for manufacturing an SOI substrate.

BACKGROUND ART
[0002]

15 " Inrecent years, integrated circuits using an SOI (silicon on insulator) substrate
that includes a thin- single crystai semiconductor layer formed on an insulating suljfacc
have been developed mstead 6f those using a bulk silicon wafer. The characteristics of
the thin single crystat silicon film formed on the insulating surface make it possxblc to
completely separate transistors formed in the integrated circuit. In addition,

20 fully-depleted transistors can be obtained, thereby realizing a semiconductor integrated
circuit with high added value such as high integration, high-speed driving, and low
power consurnption.

[0003]
One of the known methods for manufacturing an SOI substrate is Smart Cut

95 (registered trademark). The use of Smart Cut allows an SOI substrate having a single
crystal silicon film to be manufactured not only on a silicon substratc but also on an
insulating substrate such as a glass substrate (for example, sce Patent Document 1).
An SOI substrate having a single crystal silicon thin film formed on a glass substrate is
generally manufactured by Smart cut as follows. [First, a silicon dioxide film is formed

30 on asurface ofa smglc crystal silicon wafer. Next, hydrogen fons are implanted into
the single crystai silicon wafer to form a hydrogen ion-implanted layer at a

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



An SO substrate having a single crystal silicon thin filmfornmed on a

gl ass substrate is generally manufactured by Smart cut as follows. First, a
silicon dioxide filmis formed 30 on a surface of a single crystal silicon
waf er. Next, hydrogen ions are inplanted into the single C#Stal silicon
wafer to fovwfaﬁflt@ﬁmlogen i on-i npl antedyl ayer at a predet @RI E¥pt h in
the single crystal silicon wafer. Then, the single crystal silicon WO
2010/ 150671PCT/ JP2010/ 059996 2 wafer into which the hydr ogen i ons have been
inplanted is bonded to a glass substrate with the silicon dioxide film
_interposed therebetween. After that, a heat tre perfor.nmed, whereb
a thin fil nabi intaevhichige bydmpgar igps bave beemhimplin “rda‘ &E\MP&‘ ?555“'%5 #¥ogen Y
i ons have Qﬂﬁﬂh{a gﬁﬂc&?ﬁ%%de%lﬁ%@%&&ﬂth‘é&cb&%&lﬁ hyfels @@en han tleafpleanised | ayer

5 sewing as a cleavage plane. Thus, a single crystal silicon thin filmcan
be formed perfotmedpemersty gl thin fibmief thet Snglseapstal sflicop wafersigle Fhigh B9 (o as a
hydr ogen i Iant SERAL t thﬁﬁep{ Fag & -iﬁﬁiﬁéh‘&]dl& [ Pat ent
Docunent 1?‘Y3‘°ng“n‘é’seﬁ@ug’{% "|e'c %d fegrr%?m&fa?’cau on oege 2004-'87606 DI SCLOSURE
OF | NVENT] @tv{x@(l@&]cldﬂhmgc planeSOThes, b singkt «eryst@l snimeﬂaetﬁhn@en by famgdoncut, a
sem conduct or rat.e b trah&) r t gybstrate
and then t A% .!:’8“4 CFB‘?St‘éﬁbsg“g“f%F‘Z éepara %Qp\?\igarse a t |ﬁn

sem conductlﬁplaﬁtahmsepmﬁmsmehhom the base substrate. Most part of the

sem conduct Qr subitrate whi ch has been bonded is separated fromthe base
substrate. by performng a reprocessing treatnent on the

sem conductg(ygﬁubstrate separ at ed fromthe base substrate (a sem conduct or

20 substrate after separation) m cqnduc after

separ atiPon [BatentiRocpment dd Japanese By Sgﬁigﬂﬁqtg‘rppgffb P’%?gﬁﬁ' %ﬁ?

manuf acturi ng an SO substrate. By repeating the above-steps, a plurality
of sem conductor filns for SO substrates can be forned using one

seni conductRISCEOSYREPEINVENFIQNng i n cost reduction and hi gh production
ef ficiency @éq]st]he SO substrate. 25 [0006] When a sem conduct or
Substrate J as a commercially available single crystal sili cgn wafer is

pol i shed, a port Whencan 60 whgeite ds magpfaciupd Py STt il-Uhad ssmigpndusids
smal | er thgspbs&.'[a%t(a%onh WEoRAR 5 bGfed ftBE‘a 644D ShbsHaR an@Che el RrfidtAdier pher y

of the sub I'S rraes it icult to bond the peripheral portion of
t he sem Corsdbstnatcr is separated, whereby a thin semiconductor film is formed on the base

substratc. Most part of {he semicondiictor substrate which has been bondcd is
| separated from the base substrate. However, by performing a reprocessing treatment -
on the semiconductor substrate separated from the base substrate (a semiconductor
20 substrate after separation), the semiconductor substrate after separation can be reused as
a semiconductor substrate used for ménufacturing an SOI substrate. By repeating the
above steps, a plurality of semiconductor films for SOI substrates can be formed using
one semiconductor substrate, resulting in cost reduction and high production efficiency
of the SOI substrate. .
25  [0006]
When a semiconductor substrate such as a commercially available single
crystal siticon wafer is polished, a portion called edge roll off (ERO), which has a
thickness smaller than that of the center of the substrate, occurs in the periphery of the
substrate. This makes it difficult to bond the peripheral portion of the semiconductor
30 substrate to a base substrate.
[0007}
Thus, a semiconductor layer and an insulating film that shouid be bonded to the



30 substrate to a base substrate. [0007] WD 2010/150671PCT/JP2010/059996 3
base substrate remain as a projecting portion on the periphery of the
sem conductor substrate fromwhich a thin sem conductor filmon the base

substrate has been separated. [0008] 5The projecting pg}r ' 2 @9595&6
peri phery Y0 H@189€Hi conduct or substrage can be renove CIB‘J{I'%% m-cal

“mechani cal polishing (CMP) so that the sem conductor substrate is
pl anari zed. However, since the CVMP is a nethod of mechanically polishing
the surface of the substrate, conplete renoval of the projecting portion on

t he periphery of the seniconductor substrate after se t s a
probl em of base substrali Eeanai, a3 RPTYSCHDS RUPRL P glre ach’&FﬁYs‘ﬁg‘ggs‘%‘g‘??%‘ﬁ‘l‘% t he

sem conductpg . SPEbHAkBich THakini SomibdiRuéthi Glless thd baser eubsirsie Ipsrisdenn of t he
sem conductor substrate is increased in a reprocessing treatnent process,

whi ch | eadsepasated:r educti on in the nunber of times of reprocessing and

reusi ng Onﬁmﬁﬁi‘ conductor substrate, and thus to an increase in cost.
[ 0009] 15l w of the above problens, an object of one enbodi nent of the
present 5i nvent i ofihé projecting partiomom therperinkrty P FhesepicoRECIr FdSIACSAN O8nduct or

substrate afler o SSRALA LolahiA il {oRPP SITHSORE YohREnduclofsitaatseen

separ at ed, B?th eprocessed sem uctor substrate- capable of being
used for negpianaiied) nGoweveSQinsuhs (GMP ds 2 gneshodhphawchanically pelishingcthe

thi ckness of a renove rtion of th ) {th&p&iphlryadst er
separ ation s&ﬁﬂf’"‘tq‘%éherﬁh‘ﬂﬂ % S?m%%er m8§31§g§F gjgggéslﬁl g;ogﬁiél'lq’r%eys?ngp% one

sem conductyps sehiBsiduabe sititrite Giften saeratipf @a@jes a problem| of arhincrraschindtheor
reprocessi ng a sen conductor .substrate. of ,one i .of sent

i nvent il8n, tgﬁk‘?eﬁ%ﬂ‘i %9?1554 POTHPR gﬁh}cﬁf’ﬂ&%‘?}“%]%é’g%%g%p Eg‘g{l/t lg’fth%hl%&éﬁ

sem conductgry sunidebd ngbﬁioﬁfdfethe SeRtbadic substfaenisvipcrelmed dn fa reptocessingi ng
treatnent, and an enbrittlement |ayer and _a .sem conductaor | : I ning
on the per itpatnsat prcgshavhidhieads o ﬁé%l‘ﬁ‘f’“‘g’lfﬂétfcr'ﬂi“igcﬁ? Pl pEr g‘%lg%mrg aglrgg

sel ecti vel v & SR derRikoMiveRe Sibirak Cdnld Bflsté AeinoRAde insosty as an etchant a
m xed sol ution contal ni ng a substance functioning as an oxidi zer for

oxi di zi ng d08&%i conductor of the semi conductor substrate, a substance 30
di ssol vjing the ‘oxj da,0ff hb GoeRIreRRANCiPbbjed vt ohe eribalinRacof tegésenti ng as a
decel erator of oxidization of the sem conductor and dissol uL| on % t he
oxi de of t Heventini el peavide: a[Befhaq fOPEPrOsFEEMEN? (FYggRductor substrate atter
sepa_rafion frorn which a semiconductor film has been separated, by which a reprocessed.
semiconductor substrate capable of being used for manufacturing an SOI substrate*is
obtained with a smaller thickness of a removed portion of the semiconductor substrate
20  after separation and the number of times of reprocessing and reusing one semiconductor
substrate is increased.

{0010] |
In the method for reprocessing a semiconductor substrate of one embodiment

of the present invention, an insulating film remaining on the periphery of a
25  semiconductor substrate after separation is removed by a first etching treatment, and an
embrittlement layer and a semiconductor layer remaining on the periphery of the
semiconductor substrate after separation are selectively removed by a second etching
treatment using as an etchant a mixed solution confaining a substance functioning as an
oxidizer for oxidizing a semiconductor of the semiconductor substrate, a substance
30 dissolving the oxide of the semiconductor, and a substance functioning as a decelerator

of oxidization of the semiconductor and dissolution of the oxide of the semiconductor.

[0011]



WO 2010/ 1506714 One enbodi nent of the invention disclosed in this
specification is a nmethod for reprocessing a sem conductor substrate after
separation that is by-produced when a base substrate is bonded to a

sem conductor substrate into which an 1-1+ ion is inplanted by a hydrogen

i on i npl ang,af jooss@par ation method and a seni conduct or RGTIRIUERET St ed from
5 the seniconductor substrate is fornmel on the base substrate. An
enbrittlement |ayer, a sem conductor layer, and an insulating filmrenmain
on the periphery of the sem conductor substrate after separation. The

remai ning insulating filmis renoved by a first etching treat ncgf The
remai ni ng enbri t HLeoRBdihe of thanmventon dissiohed inothis|spgrHca ?‘é‘srae[f’r?r)[s(é %y a
second etching treatnent usin s an et . ' &dudtd @Renldbazent ai ni ng
a substanc&ﬁm&ﬁ&ﬁ%c%@“‘é{ﬂ’g%@?tfﬂ%z% e‘%‘%’?&%‘%ﬁﬁ%ﬁ’gfﬁ seni conduct or of the
seni conduct or  sHbSEr Al @, AscaMBsidancesuBbieaoint which Ar Hoxonde igplaptgd by a

seni conduct®®?, ‘and a substance functioning as a. de leOpfoAI Zation
of the semtgemgmiomimghdtadblss&vﬂ@ﬁpbﬁlegpdlaﬂ%aé?(‘f"(‘fgm%g 40? ﬁghgépﬁa?{:%nduct or.

[0012] 15Mot her .embodi ne fi 3% B b subsGat.b sedembritlnentdayes af i cat i on
is a m@hodh?ﬁﬁm’?ga}’%‘eresélgéuﬁgelgtﬁgglr%hcqnductor substrate aftar segagation
that is by-Qre@deatbrwiaer, aadiaze spletingt@dm 3ePaRq8l 1§ E*WRER conduct or

substrate into which an 11t ioniSubip! ihihe EnsiMelEO PR isiremovadiyant at i on
separati on ﬁcﬁ'é‘tq‘fé‘éft‘gﬁgﬂsém?@ﬁe‘:%ﬁéﬁgéfm TR EflaiRitg Snstilacing

or filth separat eéi fr.omégg%rla er
seni conduct Pf«f elefins dbmicnt. | Theeenaning hebilsmest pyer A4 MR y
enbrittl enment |ayer, a sem cpnduct or licindNgh 20 elchSit! Atnivgl Solhtior enmai n
on the periphaeporr bhé W‘g8ﬁgﬁgttg’rah§%?s‘*s% t%.a_f.tcer separ at i on.. The
remaini fg | Bailidht Bulstante huclicingy svhrbyxidizér fosexidizinga gmicoadyn ff B¢
remai ning enbrittTement |ayer and sem con : e senfcon@iireshdoay a
second et ch$qn§jc€!ndé<§?fn%ﬁ§“%iarﬁj‘%%f%“"ﬁrf@é@%hng#ﬁé gﬁlr(#: ggd “sol ution contajning a

subst ance f gﬁg{a}l&n' tiGAné s O | dicélerator oof oxidizatiom @f othe sseaueAndeRefudior  of
the sem conducCtor substrate, a subst&lgﬁe di ssol ving the oxide of the
seni conduct dissolativa of theuzideof e SEOPFY™g as a decel erator of oxidization

of the sem ﬁ@ﬁg ctor and dissolution of the oxide of the sem conductor.

[0013] In t ove structure, the sSem conduct or subshrale smyueiss srt her
subj ect qf to 30 aAmdtberaerbadiment of; the Wﬁﬁ‘lt“’&i‘@é oF e‘gs%l{cso%%cetchi ng

treatent. The ol anat| 20L1,01 khShiRids Brhestpe séparatod 3 bR ng
: |

treat nent - o™ PP adPation treatnent; WO . . ST
2010/ 150671 RiEEh S RO HEOEE Ro6onEled hea sesnicaiunigr sYustitriie YAHE mH jonds,

i rradiation treatnent .be. perf or. ' BOR iRaiold aBd aaadicohducwr ifimno
linitation GWP‘(%@“@V&&‘(%C‘H@ 1P1Pgag rrglrl\tgébét&e S.

E}rmed on the base substrate. An

- separated from the semiconductor substrate is

90 embrittlement layer, a semiconductor layer, and an insulating film remain on the

emiconductor substrate after separation. The remaining insulating

periphery of the s .
oved by a first etching treatment. The remaining embrittlement layer and

film is rem .
semiconductor layer are removed by a second etching treatment using as an etchant a

mixed solution containing a substance functioning as an oxidizer for oxidizing a

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

semiconductor, and a substance functioning as a decelerator of oxidization of the

semiconductor and dissolution of the oxide of the semiconductor.

[0013] -
In the above structure, the semiconductor substrate may be further subjected to

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

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



[ 0014] Anot her enbodi ment of the invention disclosed in this specification
is a5 nethod for manufacturing an SO substrate in which an insulating
filmis formed over a sem conductor substrate, an enbrittlenent |ayer is
formed by inplanting an Ir ion froma surface of the seq F

substrate ﬁomﬁpﬁg‘gen ion inplantatign separation net ﬁ%ﬁ% ﬁ@gﬁgﬁ

sem conduct or substrate is bonded to a base substrate with the insulating
filminterposed therebetween, and the sem conductor substrate is divided
‘along the 10 enbrittlenent |layer into a sem conductor filmformed on the

base substrate with the insulagting fil.mi.nter t her gbe a

sem conduct’@r's E‘ﬁ%&'f‘g atfcé‘t”ée[n?éar"gstéﬁgf' i Hpdiatigp gr?%i&?'?tt Flgl%eel%t bﬁoﬁﬁrﬁa r}g

seni conduct@mbinaier, andheredsind himithtdin ohghé diden sfalmtreatment steps. per i phery of the
sem conduct or substrate after separation. The remaining insulating filmis
removed by [80¥]rst etching treatnent. The remaining enbrittlement |ayer

and: 15 . seni CORQHAEOEmbaYRENABE thed GVRNRSA BibclostdSRC tH dpeifidaiieiy i¢ aeat nent
using as an etchantia.. mxed solution containing. a.._sybstan

. e
funct i ofi ngndthodsfer mrnufagtuning an SQhaubstatery which anseslag diiadd gPd pyfs 2

sem conduct gl g ?otrrsgt;sﬁatc,aans fidhrént la.?&lsﬁ Rk gy hﬂlﬂarﬁiﬁg‘iﬁ Hiion kb8 - C
sem conductOor, and a substanci unctironrng as a decq erator of oxidization
of the seniasanfive oh theasethicingsabsibstrate fbyt - bydrpaieionfimplpatationisepasdiont or . The
sem conduct or, 20 substrate after separati I i .
r eproc essed“‘glé‘?ﬂ? A5 “%Wbsé‘ﬁ Y cegabé)%gcc{)%eé rﬁ%sg%g%%‘ggg‘éﬁ‘g gf r%Oi(E:l%H rlﬂﬂlgt or
substrate ifim’ Btssted shetebstrten,ommll tHeosensedndtctart sbs(00 16 Pivided along thet he

above structyres, the etchant used,in the second et ching .t t can be a
m xed S utqﬂgﬁﬁ‘rﬂfﬁﬂe&hﬁ‘&&rn%ﬂ ﬁ§?m'ﬁP’E411°E’f J{ipdégga{]ﬂ%%gﬁ%ag? g‘r‘ltf:s‘[erg%u%]c |Ih8 ni ng as
an oxi di zeripgfating Fild thieipsicddhételicbWiencing wemicontytbrahbstate afteasipdration.t he
subst ance di ssolving an oxide of a se;ﬁlcondugtor' c acid,as the

. d ti
subst ance fAmenpgatiemgntlayes 3 senicendyrior layer 4 (i‘f‘z‘ﬁﬁ“?aglﬁg %ﬁ%a"!eg’é'rﬁ UhHGuct or

and di ssol ﬁk}i rPlof Wk QniicdeéoR s bEIAE AREUSHpRFation. N The aemeinfw, inflfingi Xt ur e
ratio of the mxed solution is preferably such that tge_ éol urrF of. .
hydr of | uor ifmaigiremeved yracfitsh aghing dreatmeph s The Jemaamg; tipment Jayerandss | oy ge

as t hatyo0f Bdficd: 18EF e 2RIA6y KRLUAE Rl tidalriend Bbiflg b aBicuioaan 0. 01
times and l'ess than orie tinme as |large as that of acetic acid and is nore
than 0.1 timied snlitibesontpining: 2GUbstines sfunglioninggis a8 qxizer ofor IMizNg dor i ¢
acid. PCT/ | 00 & . [0Qb&hn ARREF 3%t Bxia0 8faxhodi ment
of the pressélﬁfc%%%@goﬁ%?(%%ééﬁ%@é%ﬁ%ﬁﬁn%rﬁgﬁayer and tﬂr%e. _se}[{n' conduct or

| ayer renmisemitgpnductdrhendersubstancy functionings asriacdnselgratasr ofsomidizationeofy theer

separation can b el ectivel v r [ I ﬁ']mg ! r js Lt he
t hi ckness c?Fmécogg c%ﬁé&’s Oglrltﬁnoo?%%lg‘%ﬁ%oggﬁisco ﬁcl{&})&r?' su ;L'(té %ié%gd%(??rer
separ atdpon,subsitedfter separatiaisipolistied tovfonnerreprocassadssmisondustor sulstrgienapdand

reusing on ethcS %go(égsrs]g&j s(%:gn?tgona!lilc%srt S{Igéﬁeilte i?%uggd g%%%k(%l&%r%bs%w NGS [0017]

[0015]

In the above structures, the etchant used in the second etching treatment can be

a mixed solution which contains: nitric acid as the substance functioning as an oxidizer

25  for oxidizing a semiconductor; hydrofluoric acid as the substance dissolving an oxide of
a semiconductor; and acetic acid as the substance functioning as a decelerator of
oxidization of a semiconductor and dissolution of an oxide of a semiconductor. In that

case, the mixture ratio of the mixed solution is preferably such that the volume of
hydrofluoric acid is more than 0.01 times and less than 0.3 times as large as that of

30 acetic acid, and the volume of nitric acid is more than 0.01 times and less than one time
as large as that of acetic acid and is more than 0.1 times and less than 100 times as large

as that of hydrofluoric acid.



10l n the acconpanying drawings: FIGS. 1A to 1D illustrate a nethod for

reprocessi ng a sem conductor substrate after separation according to one

enbodi ment of the present invention; FIGS. 2Ato 2Cillustrate a

met hod for reprocessing a sem conductor substrate after:separation

accor di ng-%%m%pﬁdi nent of the present inve.ntion; .POFAPHIES9%6 3A g
ra

3CL illust e ca nethod for nanufactu?ing .an 501- substrate according

t o: one enbodi nent of thpreeent invention; :FIGS-. elAto 4C .illtistrateSe
;method for manufacturing an SOT substrate according to one enbodi nent of

t he 'present-invention; FIGS. 5Ato 5Cillustrate the method
for nanufajbgﬂﬂng an SO substrate 20 according to one enbodi nent of the
present in

ention; . FIG.6.11] at R iVeREES theleh®yitRmefi®aydract uri ng
an SO substrate%@?‘&?%@“eteﬂ‘b(?ﬂgneé'g%%%?#%%ﬁo “the present inventjon: and

FIG7 ill usa%hqn%cﬁ% ; QAR eéridinielg wh clee pesiphery @f HEEPMicgRANCIOs SEPSHE  or di ng

to one enbodi i the present invenfion.. 25 e 1GARRYIANG OUT
THE | NVENTI 4B feparagion eanhsgelggtiely 16moy ’%ﬁ@?%h‘iﬁgﬁgentiorﬁﬁv%ﬁf "be descr i bed

bel ow with reference RSRiucP sbstrhta bftérheppatemeand dmineaasednth®an be
i npl erreré eafemv%fw%%oé& {HE SihiBsHRIuG

e variety of 30 npdes, and i&“ﬁe?S %Rﬂgent to those
skilled in dnsbennt titésatf reppokegsingandgeysing ane SSHICBRHTOH P ed wi t hout departi ng
fromthe spirit and scope of the present invention. Accordingly, the
present invention should not be construed as being [imted to the WO
2010/ 15067 1BRIFHBESORPIIOBAOEBRAWIBIGON of the embodi ments gi ven bel ow.
Note that in all the drawings in this specification, |ike portions or
portions hal@% 4 a similar function are denoted by |li ke reference nunerals,
and thejglescri ptigmhddeesmmibying dawingsed. [ 0019] '

FIGS. 1A to 1D illustrate a method for reprocessing a semiconductor substrate
after separation according to one embodiment of the present invention;
~ FIGS. 2At0 2C iflustrate a method for reprocessing a semiconductor substrate
after separation according-to ohe. embodiment of the present invention;
-15 'FIGS, 3A to 3C. illustrate -a method for manufacturing an SOI- substrate
according to.one embodiment oﬁ,t_hc_ip_.r,ss_gnt in\tgntior_n; o
FIGS. 4A to: 4C. illustrate. the amethod for manufacturing an SOI substrate,
according to one embodiment of the present-invention; -
FIGS. 5A to 5C iliustrate the method for manufacturing an SOI substrate
20 according to one embodiment of the present invention;

FIG. 6 illustrates a process flow of manufacturing an SOI substrate according to

one embodiment of the present invention; and
FIG. 7 illustrates a semiconductor device using an SOI substrate according to
one embodiment of the present invention.
25
BEST MODE FOR CARRYING OUT THE INVENTION

{0018] .
Embodiments of the present invention will be described below with reference

to drawings. Note that the present invention can be implemented in a wide variety of
30 modes, and it is apparent to those skilled in the ast that modes and details can be
modified without departing from the spirit and scope of the present invention.

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



5 (Enbodiment 1) In this enbodinment, a nethod for reprocessing a

sem conduct or substrate after separation which is by-produced in

manuf acture of an SOl substrate will be described with reference to FIGS.

| Ato 1D. [0020] 10An SO substrate is manufactured as follows: a

semi conducigy iasénate (a bond substrate) is bonded t PABASY Y st rate,
and a heat treatnent is perforned so that a sem conductor filmis separated
fromthe sem conductor substrate and fornmed on the base substrate. At this
time, the sem conductor substrate after separation from which the

sem conductor fillw has zbeenzSeparated cah_ 'be reu a i,conduct or
substrate Hescripia of tire erabndiments givey bsle¥b PE’EPO@‘F} 4t él?qlﬁyac?ﬁ%nﬁ 'S

fol | owi ng. reprocessi tre : 1 o R §imlilar fanpicacas slenofed by like

.ol ?byrpro¥ '%g?’?’a}ﬂ.gs%)rﬁ?%%ﬁﬂ;gﬁ)%nggﬁ%%%yaat e after separation will be
descri bed. refefoné mibderils,|ahd tterdascmigtiomthersaf is@mitd or substrate divided into
sem conduct or substrate 121 after separation and a sem conductor film 124
attached td0%0 base" substrate 120. After the semiconductor substrate is

bonded ts0 t(ﬁglbgmnﬁgbstrate 120, a heat treatnment is perforned so that
mcrovoids 1n an enbrittlenment |ayer.in L, CORdbduBlor SibeE4te ak@ are
coupl ed and i ncré‘hg%eWW%?wg%ﬁ%ﬁfrﬁférgﬁﬁ%ﬁ%% conductlt:)r substrate is
di vi ded intg Nﬁkﬁ%@%&@ﬁceﬁiiﬁ mahifctatet afcinetOk wbstrae wHlkbe des6E%at e 120

and the sem tonductor substrate 121 after separation. A separation plane 25
129 for med with tefirense ko EERHAA1®IPsubst rat e 121 after separation and a

separatiom e 133 fornmed on the sem conductor film 124 are part of the
enbrittle

ayer in the sem conductoy s trate, t
20101150671 PCT1J 220 $01 6BoY9E i8 TRt Ic%ﬁ%.#ﬁfogé' 8fs°%’§)°%%£"r%lc‘:i’a“%“aa°v§i | abl e

rsniT; i :: g n dis ; b, ‘%n él?s%g%a;@:)] g}b&%&%‘#&%fhaﬁ dub§ifife, GhDS héad tretmeditiis performed s¢ thatfes (125

in dianeter, 8 inches 0] m
di ameter, 1&miicmidesoy S0 insepatated frompihectemicangduder ?“Ir?n‘f:f'é% a‘t‘%’d'gmr) iti‘;i
di aneter. The peripher Al RoFEICIOR satisthte \aftaw stphratidrefrem| whi
substrate 5 ‘fsﬁéﬁlf&gg' a%('t:Hgé) l{lal%ﬂg%?%?%ﬁ for presvg{ni ng chi ﬁﬁitﬁ\g Bl L acki ng.
Note that the sshapadmiortfie:ipe beacssparstedicas e sqused 2 3 EMEMIPFRTFRYS o
circle, and a silicon substrate GEBS R follbwing réppsdeaifplitaatmainape or the
li ke cahbal ¥dfer .“‘f%’@?ﬁ%‘ S%%&%§?%%PG H%E an insulating filmnmay be
formed over go2¢g) whol e surface '

First, a process .éﬁby,—'pro.duéiﬂg._a-.semiconduclor-. substrate after separation will-

be described. - FIG -1A -illustrates 'a* semiconductor - substrate divided into a
semiconductor substrate 121 after separation and a semiconductor film 124 attached to a
20 base substrate 120. After the semiconductor substrate is bonded to the base substrate
120, a heat treatment is performed so that microvoids in an embrittlement layer in the
semiconductor substrate are coupled and increased in volume, and thus the
Semiconductor substrate is divided into the semiconductor film 124 attached to the base
substrate 120 and the semiconductor substrate 121 after separation. A separation plane
25 129 formed on the semiconductor substrate 121 after separation and a separation plane

133 formed on the semiconductor film 124 are part of the embrittlement layer in the

semiconductor subsirate.

[0022]
A commercially available semiconductor substrate can be used as the

30 semiconductor substrate forming the semiconductor substrate 121 after separation and
the semiconductor film 124. For example, a single crystal semiconductor substrate of

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



10 of the sem conductor substrate. In this case, after the separation of
the sem conductor substrate, the insulating filmis divided into an
insulating film 123 covering the sem conductor substrate 121 after
separation and an insulating film 122 provi ded under the sem conductor film
124. The i NoQPE¥19¢71fi | m may be a singlge-layer or nult ilqu&?mﬁ”ﬁs'?ﬁ of .a
silicon oxide fibma.silicommtride film a silicon-oxynitride film a
silicon 15 nitride oxide film.or thedilce: It is particularly preferable
% hat-the insulating film be nmade of an oxide fil m obtained_by thernal

oxi dation of the sem conductor subpstrate. [.0024 Th l.nbrittlernent
| ayer- in tiypical ﬁﬁ“&%ﬁd?ﬁfﬁ‘?% Vr &Y a‘iﬁg %lbcioﬂﬁ%’bﬁtflm?sm%ﬁcaﬁfcgaf GB!It i ons
usi ng a hyquResis Whithi #95 drthed (108 AP dihesr, faadhesl(15DanmPhh diapétenBat i on
for formng the enbrittlement |ayer wl]l El%S,dg_scri bed ig.dgt%{pi n

Enbodi ment itehes (299 mm) in diameterel Zinghes §3f mmg i diamptes 28d 16 ncpesia0 B, ¢ he
base subst ratg, Ml e Xkﬁ?ﬂ&ﬁtﬁdiﬁoﬂ ok ') d@Rmbrclaly RRERAbIE BRICEDGUbWER. Thi s
is because the ITnsulating Tilm122 is 25 fornmed to cover the sem canductor
subst r ate . iefiotes achanfoepirtion i preyentingebinpingcriciackingd effoiedhat the shapeot
substrate 0, t ' . | [ g the
base subst :ﬂiﬁ %"*“%ﬁ[‘@ﬁ“é u%%{s%%é h?;ﬁ)llréh %?1 Eg gg,tdﬂﬂﬁﬁﬁ%g%ﬁagﬁ%}gﬁg e will
be descri bdnkoianedatpalar sliape &ntbo tkereantal®.bewd@R6] 30The seni conduct or
substrate é&#jfter separation is illustrated in FIG 1B. A projecting
portion 12 formed on the periphery of the sem conductor substrate 121
af t er separ ati onAs ShevipindIGCIA g ipaldting filrh 261yibe fommedayenthe phple suffagehe

sem conduct Qr. WD .2010/1506719PCT/ JP2010/ 05999 L OLeCllE ion 126
i ncl uded ar?(%é%?‘?“i‘?q Repf SW?’&%?'({I!-Z‘%'? B AN C o%ge L?EFA??R Iogghgerée%fl Hnch] t he

i nsul ati ng ghbdtite] AR tikdalating Tilionis divided eintd Ao ninduieingefilne d23 vvenings thest r at e
si de. The sem conductor | ay. r@éZS and.the enmaritt)] e@tuéoré‘%%/ run&gr7
contai n masgmisopdycir sphstrate121 aligrsepartion #pd andpRplating i kel PROVISESSRAT S y st al
def ects ar guakeficdrAnaBOtiind 12418 TR AAKukiting Tilml raebel 2 Single-1ayee os endtthpetuct or

substrate 121 after separation, _I_eadi_ng‘tﬁlgimev. nness %tg%segﬁration

pl ane 129. filwogfay silicon oxide filingssiliconaitilde film., agiicen oxypjiiice, Jim, a,silicon

First: Wyl i NGt G488l Sr MRAAKE! "RYs-paibhady ploferdtie Mt tedhtulgin ifilim tE23 on
the sem conductottsubstrate 121 -.after-separatjon is rermveg.- The

i nsul at i ng taderof a@axidefilse obtainpd byithermal oxidation ofghe seausardneton PGS sol uti on
cont ai ni ng__[ of luoric acid; asetchant, Atis-Ahe., solutionicontaining
hydrof luori*c.  acid, it is preferable to use a m Xed- sel ution containing

.hydroflueric aciftie embristi¢rpért layer-in the: semicondiictor substrate 'is formed by

implantation of H' ions using a hydrogen jon implantation separation method. lon

20 implantation for forming the embrittlement layer will be described in detail in

Embodiment 3.

[0025] )
The semiconductor film 124 is formed over the base substrate with the

insulating film 122 interposed therebetween. This is because the insulating film 122 is
25 formed to cover the semiconductor substrate before the semiconductor substrate is
bonded to the base substrate 120. Alternatively, an insulating film may be formed over
the base substrate 120. Such a method for manufacturing an SOI substrate will be
described in detzil in Embodiment 3.
[0026]
30 The semiconductor substrate 121 after separation is illustrated in FIG. 1B. A
projecting portion 126 is formed on the periphery of the semiconductor substrate 121

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



fluoride, and a surfactant (e.g., product nanme: LAL 500 manufactured by
Stella Chemifa 20 Corporation). This wet etching treatnment is preferably
performed for 120 seconds to 1200 seconds, for exanple, about 600 seconds.
The renoval of the insulating film 123 by the first etching treatnent

al | ows redyﬁymg"ﬁﬂglthickness of a rengved portion of tRCEFIEMIAEZRGuct or
substrate 121 after separation in the Subsequent second etching treatnent,
and shortening wet etching time. Since the wet etching treatnent is
performed in such 25 a manner that the sem conductor substrate 121 after
separation is soaked in a solution in a treatnent tank, .a Lyr@%{&g of

seni conducstakpehichismt baddedfto the baspanbsirate H2EAe B0 PSSR S i e by

batch treatnent. Accord ly, . ) uc isSdabseibytacha@fer pertion ~
repr ocessed’%ﬂ%"é??@’@f’ﬁkHﬁémg%ﬁﬁgﬁt%g%?’ e?%ﬁil ng trg menp g%%élgrmvi ng

the i nsul atjnge {,'ﬁfﬁb@&{i th@yenkieoraluctoy subste#ie,Ay apereroeniiad efgs g &
3

insulating film1 can pe renoved, Alte i { 1108 thak tith oNhe
treat ment rpgsiplisey plthe é‘?‘ﬂ’@ﬂn‘{“ﬁm&B%Fﬁtgt‘q%%q\%gtaﬁﬁgmﬁ y et chi ng net hod.

Fi nal |y, as.cid) 5hd @lbSiehtd Mdik Gotlsbificensigeand et ching treatment is perforned
so that the sem conductor |ayer 125 and the enbrittlenment |ayer 127

i ncl uded i {002 projecting portion 126 of the sem conductor substrate
121 after separ a%gngl%g&ti% patieet 126 Hcladesowed embrifttsmenty lpyssr $25s fed
rate 132.

sem conduct or subs At this tinme, th epar.af.i S
pl anar i zed. scfi@ndentirdeyriLi@Sornd thpctnsuaime il ﬁﬁae?%a%?'ﬁ{l{’ﬁgﬁ.géﬁ?qﬁggr% 127 can

be removed by .a € | eayhe Ymidsndibion sayen 125 cindrthe gmbfistletenlol ut i on
cont ai ni ng %&%ﬁfciﬁc%%%ﬁn%ts%ni n asman oxi di zer for, o>l<i

i
seni conghict ayeral7 ichtainemanycmyital defects sapssd PYRAAQVE TR, naélgaln J|1's g%’l%iq'/t?n g the

oxi de of the 15 senj condugt. Gon SiaRSI®NFend édnticdnidoctommbsimte B21
decel er at on %?Ia{;]fg???ﬁ?ﬁé?%ch%ﬂggmncl(;)induct or g@g? ﬂ'gssol titi oma the oxide
5

of t he sem cgpas wgfatition, leabive to moorednest ehhn seprTaligR preferably
perforned: for., aboutione, mnute- to ten-i mnutes, for exanple, about two

mnutes to F9] ' minutes. The solution' is preferably at_a t, nperahr e of

about 10 C to 30 )ext,f20iiheuaepicFIG:idem fstipgeieg Wéme'?eswmff SO 1t is

preferable to use nitri¢ acjid as.the syt £131URGd:} sepiritgbnol réimowsdi-di zer

for oxi dpzi ingulatieg @Eﬁil%gr?&u‘bf'éF‘PmP?E‘@?‘%rﬂé%%aﬁ|.e t0 use hydr oflﬁlqr i.c acid
as the substgpgeuriss BlnY108-dul®e Ganoleeddiy 4 st stehing sTratRANbPSINg £ 5P tiont

preferabl e to use acétic acid as the substange funchiaRhntheaydomenel er at or

of the oxi dicoudinisg hyfimﬂﬁeﬂ%éﬁﬂtaé‘rﬁu%f?*gf‘ear@@ﬁesm o _gqﬁ’ . |
acid, it is preferable to use a-mixed solution containing' hydrofluoric acid, ammonium

fluoride, and a surfactant (e.g., product name: LAL 500 manufactured by Stella Chemifa

90 Corporation). This wet etching treatment is preferably performed for 120 seco:_nds to
1200 seconds, for example, about 600 seconds. The removal of the insulating film 123
by the first etching treatment allows reducing the thickness of a removed portion of the
semiconductor substrate 121 after separation in the subsequent second etching treatment,
and shortening wet etching time. Since the wet etching treatment is performed in such

95  a manner that the semiconductor substrate 121 after separation is soaked in a solution in
a treatment tank, a plurality of semiconductor substrates 121 after separation can be

processed at a time by batch treatment. Accordingly, the semiconductor substrate can

be reprocessed effectively.

[0029] _
30 ‘The first etching treatment for removing the insulating film 123 may be a dry

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

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



25 di ssolution of the oxide of the sem conductor. Specifically, it is
preferable to use as the etchant a m xed sol ution having a conposition
obt ai ned by adjusting the volune of 70 weight% nnitric acid to nore than
0.01 times and less than one tinme as large as that of 97.7 wei ght % acetic
acid and to nore than 0.1 times and | ess than 100 ti mePCaSPIAMEEPSs t hat of
50 wei ght 9MRIGPUSri ¢ acid, and furt¥®er adjusting the vol une of 50
wei ght % 30 hydrofluoric acid to nore than 0.01 tinmes and | ess than 0.3
times as large as that of 97.7 weight% acetic acid. Mire preferably, it is
used as the etchant a m xed solution having a conpositign obt ?i ned by
adj usti ng t%g vol umR Of. Gl @hea Rictude pasatlekiplals FBr ECaCHn'08,© | to 0.2
times and FEEEPEREHVGr gqual to 0.5 ti gﬁs as Tlhgreggﬂi chitffionRf (eQ(,. thewei ght %
acetic aci GuandPntmdnctively coppledPasmed B i e and 1ess t han or equal to 10
tinmes as large as, that 8& groap&g&gm Yochielr abdtrode, the aviont efrrlcqtl PAEY
adj usting t‘*”i‘f@“!)'o?fuﬂﬁél'a‘f 6’5 i ght % hyglrofllb&ngri Ged%ld difpdi R éhar or
equal to O.a}, tiid RS s Blckaissort Ihensubstrate; ide ¥ F1CFTeS "as’ 1 arge as that of
97.7 wei ght 95 acet i_c acl d.. FoLe S > soldd & probessThertams tutbeieRERsIBgeei ght %
hydr of | uor | eibstesieside) 8reAL St 95 ¥ r'i ¢ acid, and 97.7 weight%acetic acid is
preferably gy ']10, 1:2:10, 1.5:3:10,2:2:10, 1:10:20, or 1:1:10. [49032]
10The m xed sol’uti on used as, the .sf.chgn efeBing aametne iscprriogmed ¥xt ment
can easily penet fnally; #t “it'f‘i‘é‘ads]grnﬁ?o%%h%?%@ﬁﬁlayer§125 @’d.t NSeEThNhd t | ement
| ayer 127 i pel yded i:0,bQon9E2 23 od phe embrtlement B, (el MRV cryst al
defects and 'm crovoi ds caused B}/ t he. i o({&ciomuggﬁa@gilqm gt §cparatiohn iate t he
seni conduct projdctipmrpottim 338 B MBI enent | ayer 127, pec trlgisqgﬁ/, not
onl Y the surface gfr 1 HRd36 Thrs0a eipadcessed sgaicondugtor wpstrae 132-18'd"Fhe T nsi de
Odie -98ri PN TR T al | & 125 .and. t he %Q&i&hﬁwtlﬁﬁyﬂs 1ad than be
subj ect ed t ehel bepakddipn eplane 13X 16 rRIZAAE Kt . “he wet et chi ng. treat mept . of ten
proceeds in S%C.Hl a _NRNNen 4 sl bdreiReed by o ict étohing teatmentdiSpg AF ap flenan
per pendi cul &M .°mtcﬁeg‘frh ane ‘surface of the substrafe;aggerd fo dxalizing 2
expanded. Thufixet selutien containingga SERSGANTR fPPGHE pgra?'or med on the iﬁen% onduct or
layer 125 and the, embri{tl SIRMndh@yEdubitile; 20substarce iisgplamedhe AXAE O Be t han
on the ot hersemifepdustor O e S EonaUct or subs,t,ra%e% 124 SEidpaiar 8t ien whi ch
does notyg NCdepsidnddteorpam) ectubsianqsoPOFiRPngrgs -3 13 fa ) That is, .the
sem conduct or | aygr 125 ﬁngqlm&i STRE-biikit 6fme semivpaduch? 7: Bherseprnd et BtE j vel y
removed by tY§BNGHE! uctqr g ¢t eat ment using as .an ;t,&hagﬁnu%sn}ad;%aﬁﬂbyti on
25 cont ai ni ngea@m&yb§pﬁma)1§rlpatfoihwdi'fng'a%@’“féﬁc'ﬁ'}?f“&f"' RYFOr oxi di zi ng a
sem conduct or of the sem copduptiglgtééu%gr@tﬁon-as--@mhmmae aciemperRrngf t he
oxi de of t heahoahriwAIHEELI HRE A Stbst ance functioning as a decel erator of
oxi di zati on g&ouhe{@oéﬁ,rgg@@;l&ﬂfékﬂﬁpla,rrdomitgepﬂr%}tlieon of the oxide of the
sem conduct or. re, the crystal defects caused by the ion inplantation
al | ow t hegsefd03dhductor | ayer 125 and the enbrittlenment | ayer ]_ﬁ%? ¢ $o? 30be
readi |y etched. Silggb;,gfeﬁﬂu%ﬁseﬁihﬁ:@eparmmmstas@wﬂsa@@n% AR OXEE Poadi 1y
etched due to the crystal defects fhereip. .Ho -, @Fid fa€ fiR\Wuigarich e
separation sggidaes th&@gnﬁ%@“@@&oﬁiﬁd’éefi‘f%ﬁ& f%&%‘%&%%G the .. &
sem conduct or__| S%.er té2§*i g%@l & nRednaétdd. e feistpréfasable t@arpe agetic AFL 28t ¢ he
sem conduct ordisSoKOE 5! .containing few crysi.al pﬁg GhiRondidios Bnd the

ate 1 fntg ldi/z é&‘n S&hRon .
| ocat ed t her qupaies finstienippeea degelesatet pige PRABHULY On "I n the et ching rate.
As a result, the groj f@lti om, . & SersiebRfutior. €| Specificailyd it in\peedoralin & ¥5¢ Fhe
seni cond@t ordissalyuen gt B %31t et “separation 5 ot.hcec{ t;@{gﬁhgﬂ;eﬁfoﬂiﬂﬁ ng
portion 126 qﬂgetlaﬁmpﬁwmmmndnmibsiaﬁgﬂﬁpﬁﬂ'ﬂ@b R lFHc nes ]al n tgteaf 5
reprocessing treatnment, resulting.in r 4 Q43s ihan bhetihb aclarpess o
removed portiﬁ}wdght%f@“%fdée&‘ggg‘aggﬁlc%%%?g? substrate 132, _and an
i ncrease in t&f‘ nuggte,/ a&fﬁctabigpaﬁdq;mb@pbmeggm m@sg@%ﬂ%ma%as arg
semi conduct or? sUBEEPEE & T addition, in ‘Eugtﬁ wet g},gme%hhﬁ@@ﬁméi A
plurality of genésanaeightas hwinoforigtasis, aad) eI INNERa 5t T on candég 6?97 ,?asi ly
processed at a tinme by hatch trea , 1e6f 1Aa£0.3 tines aehrgems dRpt PoT /-
subst r at esféanhﬁtoﬂl@ﬁ‘tcé&ﬁégg’c?f%@ %Eg’p?@ge§%h€urther more, the eocf&[}qhg‘t,iggi ng
treatnent can b hpgg@e%rggq_imoae;sxefeaAbEwéliyu@ﬁGFthctef‘ﬁ%',‘ta\m‘ixﬁ Sotakes t he
reprocessing treatnent efficient.




[0034] Note that the separation plane: 129 remains after. the second
etching treatnent in 1s. sone cases.. In that case, the- separation -plane
129. is preferably. renoved by a polishing treatnent or the |ike described
i n Enbodi nent' 2: [0035] After the second etching. treatnent, the

seni conductw 2@ub®Enat e may be subjectgd to the above SRR Heat ment
or a planarizing treatnent such as a laser 20 irradiation treatnent. There
is nolimtation on the nunber of times of the polishing treatnent and the
| aser irradiation treatnent, and the polishing treatment and the | aser

irradi ati on treatnment may be perfornmed in ¢ I natjon. . There | .SO no

lintati on.adiﬁml)ﬂ%“@r%m%‘fbyt%‘i‘é"sf'P%gFrYBH’tmcs?fg@g‘?ﬂéﬁ% g ag%etgén oﬁ%@aﬁe

per f or med 'ochﬂzBr {oale] ﬁBE%@Idﬁeé%ﬁ%ror eEJiblﬁ té 0.8/Mmes 'a§ Rieedds it of YRR WERAL% MRy be
W anp I'ig

per f or med instead of |aser light. 25 [00361, Through t he
above st epaceticheidsadimoriiar ousqueliip one time andlessthener egualde 49 Himss asdarge

d i 21T d d
Chown 1t A RUTRIcol METNRCHORTIERE T e PR TG e vofime BUSF) 2

ating f renove y the first

30 etchgng J&Q@%rﬁﬂkﬂubﬁ@a&m inbic! tBATES equalyr0. Rtitled el Issthooorhgesido | ayer
remai ni ng on the periphery of the sem conductor substrate after segaration

f
can be sel & fimed as largeroy that 9§97 hweighth aeetistasih n§ot £RmPHe M YRIMGTHO i xed

sol ution contai ni a tange fu I Qi et oo i

5010/ 19067 Doaveen sInsReRo BBty Aab, A7\ Ritrc acid, and g o eIt

sem conductagdtic RidSs peferdbte1:3i19shM0NY5:4100X%2de, b10:20,9edilednduct or, and a
subst ance functioning as a decel erator of oxidization of a sem conductor

and di ssol 0893 of an oxide of a seniconductor. Thus, the renpved portion

of the jpeprocessegl a@rEdCORMYA ueEd S9h8 tetehant forrthchecomideictong treatmbitcdeness, and
[0038] *Not @ntiapenelrse JPouBE FBORNGPT FOR S S0 TR Ga DEeroed | n

combi nat i 04 i thd!plofiichRz PHRIOR 126, bliausethigly @phsldiefent sdamicappidspr i at e.

10039] caused by the jon implantation are formed in the semiconductor layer 125 and the

‘embrittlement layer 137. Accordingly, not only the surface of the semiconductor layer.

15 125 but also the inside of the semiconductor layer 125 and {kic embrittlement layer 127

can be subjected to the wet etchiing ‘treatment. The wet etching treatment often

proceeds in such a manner that a deep holé is formed in a dircction perpendicular to. the

p;lanc surface of the substrate and the hole is exﬁandéd. 'Thus, the wet etching

‘treatment is performed on the semiconductor layer 125 and the embrittiement fayer 127

20  at a higher etching rate than on the other part of the semiconductor substrate 121 after

separation which does not include the projecting portion 126.
{0033]

That is, the semiconductor layer 125 and the embrittlement layer 127 can be

selectively removed by the wet etching treatment using as an etchant a mixed solution

25  containing a substance functioning as an oxidizer for oxidizing a semiconductor of the

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

substance functioning as a decelerator of oxidization of the semiconductor and

dissolution of the oxide of the semiconductor. Here, the crystal defects caused by the

ion implantation allow the semiconductor layer 125 and the embrittlement layer 127 to

30 be readily etched. Simultancously, the separation surface 129 is also readily etched

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



10 (Enbodi ment 2) In this enbodinent, a nethod for reprocessing a

sem conduct or substrate after separation, which is different fromthat in
Enmbodi ment 1, will be described with reference to FIGS. 2A to 2C. [0040]
"15First, a first etching treatnent illustrated ins FIG,2A is ﬁerforrred in
a manner  siguoh@soé7e that in Enbodinment, 1, so that a r &STHEEEYIRYS
;treatnent is perfornmed up to renoval of an insulating film 123 on a

sem conductor substrate 121 after separation. 'Next, a second etching
treatment is perforned -also in a mannerS simlar to that in Enbodi nent 1.
Here, in the case where a seni conductor substratle 13Q.after SEnar, {ion 20

is not suf fhecsenicondugondeyersizs) and tthecapritiementlayst L7, p siiace of 185
treatment ig f%ﬁ;ﬁ({ug{os eﬁ@ﬂc 1L corBinD RAMGY QA dRiHRf] WhicR isIdQual thaeurslepar at i on

as descri b&™ odinment, so that”a reprocessed semn condyct.or
substrate 18&posedf msulting inimeducticn ini be ctching saten Aha resubIhGPRIEHSP Y98 at i on

plane 129 is not. suffi.cientlv.r tdABstHRC A0 a@b£ Bégagatioh eat nent
the pl anar SZEEHVEH EiFIesy éﬁptﬁgﬂ%ﬁ?&%@%r{m med to rgmye ]{aﬁe remai ni ng

25 sepapat ioier Blad M praRctineQiddtidn Teecapbeapeaventad from hoingredicad inthickpess
performed hy polishing or |aser irradiati s There i LM tahdved on the
nunber of tif rﬁ%‘sfeﬁpcﬁﬁg‘g&ﬁaﬁ"ﬁﬂgr@“{l%lt“n%ﬁe%qgho} ?‘hﬁeielﬂgiglggsgi rradi ation

treat nent, aRthntdiehdRpiostskabschiicuaiingont substchte 132, land ep iicreasefindbe B¥mbareat ment

may 30 be perfornmed in conbination. There i | s | i/ 0N 5 t he
order of t Io& times &f FaprRCeSSINgARd TEYFING M %Fé%ga??grsgg&%gr'fgar%re ﬁﬂ"ggw

appr opri at &, leffingy tEifndnt, Aludalifyast senicondictcr atbstates 18y afier soparhtinonead wi t h
| anp |ight 1 nst eag of laser light. In this rrbfodi EﬁentmimT@%%&%cng by

t he CVAOnetbesdsilyegrocessed .%%F!f'ﬁrhﬁé{am'}ﬁ@ém&m’ﬁﬁﬂ? afe. Hereseon en the
polishing ig, rIer}oE@Qerp bité@ivelyl NParihicthérs] tHePsdchsd iewelsing Strqatmadne rcaioIbe
performed. wth a high polishing rate followed by. final polishing with- a
| owpol i shi ngrosmnes. in Arelatinsly shoptdime, which sipkpgthe Pb‘é“ﬁﬂgg‘fﬁg’ﬁeén fﬁ%iﬂe'sl ing cloth
is .prefer b‘%]used, ;and the grain dianmeter of the slurry is preferably 120
nmto 180 , ‘for exanple; apProximately 150 nnt. At the final polishing,
a suede pol i shi ng¥otd thatithe sppratidreplats 129 emeins afid theRecqpid Sng AMIBE Mof 20

the slurry is preferably 4 Oselralibn ol 29250 bR ferstI rOxbVEAL BY Ya 60 nm
I'n thi starfi®®¥, G567 s i'}réchzjt ?qssg’g}el%ef%e}rrg on the sem (k:)onducjtaor substrate 130

af ter separpilishig trtdvaestioy tHedikeidesgribbrbinfaphodiee@y seni conduct or substrate
132 which 1° %anar'i'zed and nade to have a mrror surface wth an average
surface r'ou@ﬂ ss of approximately 0.2 nmto 0.5 rim In addition, by
combi ni ng pol i shiAfgrwhé hectinklf eriing - teatmahi fy scanigenduetae spbstgienm@yifuct or

substrate 130, ol el ueRave o Redol! AP phASH i eaBRER shih RAY Gaste
90 irradiation treatment. There is no limitation on the number of times of the polishing
treatment and the laser ircadiation treatment, and the polishing treatment and the laser
irradiation treatment may be performed in combination. There is also no limitation on
the order of the treatment steps, and the steps may be performed in an appropriate order.
The light irradiation treatment may be performed with lamp light instead of laser tight.
25 [0036]
Through the above steps, the semiconductor substrate 121 after separation is
reprocessed into the reprocessed semiconductor substrate 132.
[0037]
As shown in this embodiment, after the insulating film is removed by the first
30 etching treatment, the embrittlement layer and the semiconductor layer remaining on the
periphery of the semiconductor substrate after separation can be selectively removed by

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



mrror surface in a short time. [0044] Thus, by polishing by the CW nethod
after a sem conductor |ayer 125 and an enbrittlenent |ayer 127 are renoved
fromthe sem conductor substrate 121 after 30 separation through the first
etching treatnment and the second etching treatnent, the reprocessed
semi conductys 2Avk@ETIat e can have a higphjy planar surfac@“‘ﬁ’é‘l)‘ﬁ@fs’g%
PCTOP2010/ 059996 WD 2010115067115 Note that the structure shown in
t hi s enbodi ment can be used in conbination with structures shown in the
ot her enbodi nents as appropriate. [0046] (Enbodinment 3) 5In a nmethod for
manuf acturing an SO substrate of this enbodi nent, a @em’ conduet or o
substrat e \whiashoiidizar fooouidizings 8 semicopdpcigsng sebstagcs, dsE¥ng A9t &' 2and an
SO substrate,ingludin j iind 125 M RE¢abe bf f dxidizdtion of a
semi conduct%’f‘"?ﬂ%"s Poaf® %s%r?ﬁ%g%?%né 'Ighe seni conductor substrate after
separ at i 0N sh@ahdics land hissselatibe of dnowisle dfi 2 FeTHSANAYESR ks, it demeed
subjected to a reprocessi ng treat Sin thifl@ees, Sathsier at e.
One of the R?Ef%dﬁéihefr(??mfﬁﬁ%fs %%Pg‘%g&’éﬁﬁ%&%ggﬁg@ of one enbodi ment of
t he presentgeinitofiicid? Bubsirhie chebelrpricedsatiandatused worhtimes: er ence to FIGS. 3A to
3C, FIGS. 4A to 4C, FIGS. 5A to 5C, and FIG 6. [0047] First, a process of
form ng an 883 t t | ement | ayer. 104 in a semi conductor 15 substrate 100 to
prepare for bonding §REhs SREEEs dheioin thishmtrogiingent 0 boused in semBInRINY at e 120
i s described. The follow ng process corresponds tq Process A (a bond
substrat e pwiﬂcﬁs&)"“?sﬁh%ﬂ&hePgﬁ‘lf’é‘]‘bq‘i[f"i‘%"?s,gtaﬁgmg%@nc'conduct or substrate 100
iIIustratedtgbgb FIG 3A is prepared (this 20 step corresponds to Step A-1 in
FIG6). Ac mngrci ally avail abl e sem conduct or substrate can be used as the
seni contluct @mtediseent 2t e 100, and for exanple, a single crystal

semi conduct or _Subs il fodimuPP ol $irkpobasing aiseaiedidictor shshrsterafite such
as a silicon substra i

e can be used. Typical  exanpl es co rchal.

avai | abl e ssephration, suliieh ﬂaﬂ@rqntéf@ﬁwllarﬁ@i’?q‘?gﬁ f’uﬂgi P&t §m}}ﬁ? cvﬁlh%/lr e b5

i nches (125 ra inﬂgj' ~ 6 25 inches (150 nm in dianeter, 8 inches
(200 nm) inm&’i’%f"er, S?gglhﬁ% es (300 nun) in dianeter, and 16 inches (400
mm in di anppeo]. The peripheral portion of a commercially available silicon
substrate includ nf er. i 1 Q% rafh SY. 81 L A0isGR B IGn A madndc Ki Ng as
illustrd®ed in Fﬁisdfsg,&%'%o‘?ttcgh'?ﬁg%wgﬁel lfslﬁsg{f;e of the se%%cgnduct or, substrate
i's not i tiaglat b MaCinrEhbodimast T seithit comprogtssing dicetmnb destogph iy 0

.removal. of an insulating film 123 on a semiconductor substrate' 121 after separation.

‘Next, a second etching treatment is performed -also im a manner similar to' that-in
Embodiment 1. Here, in the case where a semiconductor substrate 130 after separation
90 is not sufficiently plane as illustrated in FIG. 2B, a planarization treatment is performed
on the semiconductor substrate 130 after separation as described in this embodiment, so
that a reprocessed semiconductor substrate 132 is formed. In addition, also in the case
where a separation plane 129 is not sufficiently removed through the second etching
treatment, the planarization treatment is preferably performed to remove the remaining

25  separation plane 129.

[0041]

' The planarization treatment can be performed by polishing or laser irradiation.
There is no limitation on the number of times of the polishing treatment and the laser
irradiation tréatment, and the polishing treatment and the laser irradiation treatment may
30 be performed in combination. There is also no limitation on the order of the treatment
steps, and the steps may be performed in an appropriate order. The light irradiation

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



30 a rectangul ar shape or the |like can also be used. In the description

bel ow, a rectangular single crystal silicon substrate is used as the

sem conductor substrate 100. [0049] WO 2010/ 15067116PCT/JP2010/ 059996 Not e
that the surface of the sem conductor substrate 100 is prefer abl% cl eaned
as approprbﬁﬁn&}gﬁﬁmﬂ a sul furic acid/ hydrogen peroxi de RREEEMEFRM)  an
anmoni um h ox1 de/ hydr ogen peroxi de ALture (MM, a hydrochloric

aci d/ hydrogen peroxide m xture (RPM, dilute hydrofluoric acid (DHF),
the like. Further, diluted 5 hydrofluoric acid and ozone water nay be
di scharged alternately to clean the surface of the sem conductor substrate

100. [00501th4\{g§,;aﬁzﬁ§mit}ehms&1fammamyﬁoamgzﬁfapéﬁm?ﬂ’}% surface of the
sem conductor® substrate 100 is cleaned, an insulating film122 is forned on
the sem cod@@®for substrate 100 10 (this step corresponds t A-2 in

o Ste
FIG 6). The ins Ulrgé i\ Ofichhdudiol 28bstale I efidrhseparation isgPieierabdy u»awr@ Wilmor a
stack layer including a plurality of ins in ' s algRHeEee 1N this
enbodi ment ,chemicalwechenicalaofishing MY b @ﬁgﬁguﬁq&%t%ﬁqli é\r}hflg% As tﬂ% film
whi ch forns the,.insulati il i@ ahd) sigklasnicalgcomidonm U ALY ns
si licon 3as 0538&%"'8?12‘1’ tfe ﬁrﬂ&sﬁédﬂ?ala'%ml_

or

n such as a silicon oxjde fil Sl iy 1 de,
film a silguefce syefdaercde Injgengraly theyME ‘%PqﬁfOEBF‘nJ # @?‘g%%&%lﬁgﬂﬁo%{ can be
used, [0051] Note. that j.n.this..sS lofid ktagn amd the objecton bexpredessed@ee fi | ni'
nmeans a fi I’ﬁaf‘f‘é‘?di%ﬁtpgill%éﬁ%t?gg’ g‘)% Oielﬂﬁg%k £ P

oxygen, ni t&nestated bt svaung whilech slurry (an abr::u‘s%'rg5 istsggéliegll}c&%%g ThePSHER to gnd
processed and the polishing cloth, and the surface of the object to be pro.cessed is
10  polished by chemical reaction between the slurry and the surface of the object- to be
processed and by action of mechanical polishing of the object to be processed with the
polishing cloth.
[0043] -
The polishing by the CMP method :may bé performed-once or plural times.
. 15 . When the polishing is performed plural times; first:polishing is. preferably performed
with a high polishing rate followed by. final polishjn_g with a low:polishing rate. . At the
: first. polishing, a polyurethane polishing cloth is».Prfcfcrably used;:and the grain diameter
of the slurry is preferably 120 nm to 180 nm, for exainple; approximately 150 nm.- At
the final polishing, a suede polishing cloth is preferably used, and the grain diameter (ff
20 the slurry is preferably 45 am to 75 nm, for example, approximately 60 nm. In fius
manner, polishing is performed on the semiconductor substrate 130 after separation,
thereby forming the reprocessed semiconductor substrate 132 which is planarized and
made to have a mirror surface with an average surface roughness of approximately 0.2
am to 0.5 nm. In addition, by combining polishing with different polishing rates, the
o5  semiconductor substrate 130 after separation can be planarized and made to have a
mirror surface in a short time.
[0044]
Thus, by polishing by the CMP method after a semiconductor layer 125 and an
embrittlement layer 127 are removed from the semiconductor substrate 121 after
30 separation through the first etching treatment and the s_ccond etching treatment, the
reprocessed semiconducior substrate can have a highly planar surface.

[0045]



g%lg%pgoe/ont gt 1goggen:ra_tloons ranging from50 atomc%to 70 atomc% 0.5
o e P ane t.a omc% 25 atomc%to 35 atomc% and 0.1 atom’c%to 10
Backscatteriﬁ CSI vely, when they are neasured by RBS (Rutherford

fackscatte "sgl Spectronetry) and HFS (Hydrogen Forward Scatterin

e o Onﬁsg%lm tride oxide film means a filmt W&T’E@H?’%gg%- nor e
o eoneont oxygen atons, and ‘6xygen, nitrogen, silicon, and

fydf ogen at cones n2r5at|on_s (r)angl ng from5 atomc%to 30 atom c%; 20 atom c%
respectively, wh?an thg;o;nrg/on;gsﬁfegtgm (I:Q(I;/QS an(cji S Note. that nesrent ao. 0
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e or S hovith aumoteres s i e bl sTPBE AL 3 Bfiflobrid 0 B 1L B O 1 0652]

122 ca It

L2: hodn geﬁb&sﬁdc?/?:’) ﬁﬁe;/ﬁggr gﬁpOtSItIOE nmet hod such as a thermal CVD

T , 5 . , at nospheric pressure CVD net '
CRCVD net HBehbudinegt 3 i xed gas of silane and oxygen, a m'xegog:asotr)f aTEIOgS

(tetraet hoxysil - .
i nsul at g f.?ﬁ%‘e)fzg‘gﬂrr‘é’g OHanublcnicig i 1601 substdtatofcaesmBOUTF ace of the

) e densified b
053] semidinbanonatbumicpyhi e s T o
film 122, Agobﬁuwgt?nng]i“?%ﬁg{l gsg{gl@&::niiﬁf;&g ﬁgﬁ s{iigaitaﬂaé foer dthe sseptieondpEen a’? i ng
si1icon Cginﬁ%ii.gdﬁg)%ﬁmmmeﬂ.s ulaiq’sami@éthfcg@tsﬁ%%?g‘i %‘%ﬁggﬁaﬁ‘ﬂt"?ﬁ&’é‘)‘ e cal
. X , t i . .
t et r amet hyl é‘?@F‘BF@’P‘R"ﬁE’F %hﬁgﬁnsgg{%%?%gg&g%ﬁ]ﬂw?ﬁfsgfwmwt S a)4).

(QNETS) o0 hesngmbisulubig bivaane ORAESH moiod: e mprRiES & SOROLRHARET)

trisdi net hyl am nosi | ane (Si H
the insul at Wgcﬂ"l’q‘rﬁnilﬁg"f( %p%éqqﬁ@gﬁg\( l{r%qggﬁ&(g%%gew e%ﬁmiml wiormac fvel y.

FIGS. 3Ato 3C, FIGS. 4A t0 4G, FIGS. 5Ato 5C, and FIG. 6.

[0047]
First, a process of forming an embrittiement. layer. 104 in a semiconductor

15 - substrate 100 to prepare forbonding the semiconductor:substrate 100 to a base substrate

120 is described. The following process corresponds to-Process A (a bond substrate

process) in FIG. 6.

[0048]
First, the semiconductor substrate 100 illustrated in FIG. 3A is prepared (this

20 step corresponds to Step A-1 in FIG. 6). A commercially available semiconductor

substrate can be used as the semiconductor substrate 100, and for exampie, a single ‘
crystal semiconductor substrate or a polycrystalline semiconductor substrate such as a
silicon substrate can be used. Typical examples of commercially available silicon

substrates are circular silicon subsirates which are 5 inches (125 mm) in diameter, 6

o5  inches (150 mm) in diameter, 8 inches (200 mm) in diameter, 12 inches (300 mm) in
diameter, and 16 inches (400 mm) in diameter. The peripheral portion of a
commercially available silicon substrate includes a chamfer portion for preventing
chipping or cracking as illustrated in FIG. 3A. Note that the shape of the
semiconductor substrate is not limited o a circle, and a silicon substrate processed into

30 a rectangular shape or the like can also be used. In the description below, a rectangular

single crystal silicon substrate is used as the semiconductor substrate 100.

[0049}



formed by oxidizing the sem conductor substrate .100: .A .thernmal oxidation
treatnent for formng the oxide filmmay be dry oxidation or may be
performed in an oxidizing atnnosphere to which a hal ogen-containing gas is-
added. -As-the hal ogen-containing gas, one or plural kin

sel ected f MoBREHEISOSHE, NF3, HBr, Cl2, g F3, BA 3, F2, 2‘6?@%1"@%2&tshe li ke
can be used. Note that the insulating filmis formed to cover the

sem conduct or substrate 100 in FIG 3B; however, this enbodi nent is not
limted to this structure. In the case where the insulating film122 is

formed on the sem conductor_substrat e. oV {ﬁgfparbl J&eadelike, the
i nsul ating fil m ot thaih %%"ffafﬁerﬂél&}cg?{m&ﬂ? c%gﬂ) 16@5 & surfaces of the

carr1ed outs FRPUBELE il 4y geﬁ"’m‘”"""‘?;f‘?ﬁ ”’é?“‘“ta”mﬂ"’“ﬂy' Lo 10
0

vol une% ( prhwdwxiphydogsopanady mixtye d‘ﬁ%@e&lhygbocgl ﬁl%ﬂﬁdm%fé &gr }ggﬁ re

hi gher thanon. equﬂvgt Qmmohgxaﬂﬂodcowa (mm(? Oosr ﬁcwailketof"ilﬁtﬁ@ Cdxlutédr

exanpl e, the heat' tréatment may be perfor oXi 30

Tr eat mewt  thytheflvec apid ®d102l°06 watgbmay be }Se‘?aéﬁeéﬂ%mg'gfyé"t%ﬂa’lﬁﬁ&ﬁ (‘:

t hi ckness CE{: tchel: o] %ﬁq(ersgbg be formed can be set in the range of 10 nm
to 1100 nm‘{pIErer CT1JP20101059996 WD 2010/ 15067118 to 150
urn), for e{@%‘t}}l e, 100 nm 5 el enent at a concentration of 1 x 1017
atoms/cnB to 021 Ghicshdews sithtraexi de
filmto cont a| n Ql IRs) 5?1 %g%l?hiel?&?%{gg?ﬁﬁﬂr%@ggg?g ns a hal ogen the oxide
film captures ibeRuyedres asulating film 122 ieformied gincthe spmicprdpucior SpbsiRte e - Fe

Cr, N, or , thereb ent,i m ) peRangGor film
to be ¥ rre(ﬂ“%%‘ﬂe?m"ﬁ’filngg %?%Q%X%Ffoﬁ?%sggﬁ@%%ﬂr{ﬂgztﬁiezyat nospher e
cont ai ni ng gndialReiating HOB BF aFsackHeyer in¢lading suleralityooffinswiating Ailgsnt Beti ng a
hal ogen such as chlorine can serve

et d (£09. aspVabl e

i ons of Na)C*ARP hma'&ife“r’%@dyﬂ%{'lt’f t%é‘f" 3 otg’(% ltjﬂ(?ﬁgérmdtﬁggtﬁ]rna%egl

Speci fi cal | ginPynidn fsiaks the iﬂé\tlﬂﬁigtfimhlzzhan insyletifgoiiloeehigh pemammehmxsaﬂaat i ng

film2122 is fornmed, inpurities ¢ontaine th rate 100

are separ at eotnponent; ych w2 pilicon adeRim s cﬂﬂlmfé%@% e%ﬂﬁg{ﬂﬁkﬁhﬁa??gén atom
.y §h|<ﬁfajﬂﬁzoﬂ ﬁfﬁeo saddfled Rineashed.Accordingly, the inpurities captured

|n the I nsul at '

I ng I'm 122 cam be fixed and prevented from
cont ani nat i [#§5tihe sem conduct or substrate 100. [0058] In particular, the

inclusion of a ha{Qpg gieh@dd, Re'siiiRoh hygymﬁﬁ?dlfﬁfnl‘ geahs larﬁlmzmaby a
heat treatnment und)er an atm)s here containing' a ' halg en IS effﬁl&{lve in

renovi ng coadntainsmbicorkygén aloms Sban BERERICHONTS SINYSPYEFL n iR A% of t he
hydrogen at concentrations ranging from 50 atomic% to 70 atomic%, 0.5 atomic% to 15

-

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

95 55 atomic%, 25 atomic% to 35 atomic%, and 10 atomic% to 30 atomic%, respectively,
when they are measured by RBS and HFS.  Note that percentages of nitrogen, oxygen,
silicon, and hydrogen fall within the ranges given above when the total number of atoms

contained in the silicon oxynitride film or the silicon nitride oxide film is defined as 100

atomic%.

30 [0052]
In the case of using silicon oxide for the insulating film 122, the insulating film



20 sem conductor substrate 100 is insufficient or when the sem conduct or
substrate 100 is repeatedly subjected to reprocessing treatnents and
reused. [0059] Moreover, the hal ogen el enent contained in the oxidation
treatnment term nates defects on the surface of the se I substrate
100; as a MEAWYI0¢He | ocal |evel 25 dgnsity of an int gﬁ?fgf%ﬂlﬁ{@?&,gen t he
oxide filmand the sem conductor substrate 100 can be reduced. [0060] The
hal ogen contained in the insulating film 122 rmakes distortions in the
insulating film122. As a result, noisture absorption rate in the

| nsul ati n0y54 LI 82frkSa B9 o M6 UGSSRO nililddiSichids ahéinfll VRS Rieitol, 4 S
I ncreased. at rs, en’ nol st I'S present on a surtace of insul ating
filma122, phemmﬂm unahq)ﬂ,eaeaunosphcanarmrbafiﬁDofnethhé, mnsbbim EQRGVD m 122
can be rapi dl@é absor bed_an dlffcgs ﬂ |ntodthe i nsul %xke alf 5@112]3?0 WO
2010/ 15067 TISEPA IS, HBYGE €8 [Yoslre and OXNERN: Ae THELE &F Usihg 3ilicon
nitride f O(teﬁaﬁmyﬁuh@tanlgoxfygéupoim: hkehe Th nisdn|cade] Aguffadenof AR insalatibge f or ned
using a mxed gas o g and anunopi um b a vapor deposition nethod such
as pl asfa &bl ?Wa&%?‘fﬁqs%{% bVﬁ“PﬁE"'EQ B8Ry silicon 5 nitride oxide
for the inggsajing film122, the insulating film122 can be fornmed using a
m xed gas of silane and ammoni um or a m xed gas ,of silape and dinitrogen

nonoxi de by a vapémativplyssiticenoxida drpasiteddy %ﬁh%mﬁ‘}lé’él’l‘ﬁ qeRP5 A% MEWod [ 0062]
For exanpl ﬁsm%ﬂnb&ﬁn&m éﬁg ﬁa?rb@ugaleﬁti?@fngﬂﬁh %ﬁl’iﬂ Vi g a8 %aﬂ%lﬁné ayer 10

structure as e rtnsulating film122, the insulating film 122 can be a

silicon nigas deis possible ltausq aj %’@Wnrﬂotlta}% gomnpeung| Sf“ﬁilvﬁsttﬁ“@ﬂtqﬁﬁléﬂéss
reater,th t 0063

9 "o gfh(?é)f@mtzal tgml'lﬁa yer t)zstﬁnﬁ A 18{an® ¢HRAS) (GenRAl FiAnul¥063]

In the cas rmng a masthelnsulatlngfllmloz

t he upper BiGHs)s), S tétmmmvlwlmnjraaipmum),f i ommthﬂcxyéptﬁragﬂom? rier
property. , ti ng, for
exanpl e, 2-(élﬁflclfé n ni 1m¥t§gldg§l#r%g§r (ﬁwﬁr [ g[gegﬂdﬂﬁ ride ﬁ-gb?zﬁ%qf agi ng a

t hi ckness aisdinethytarbioosSiate (SIH(N(CE:)1k).ve. =These -filns have- a high
bl ocki ng e (If;ﬁgi for preventing inmpurity diffusion- their internal stress is

al so hi gh. ‘efore, as an insulating filmof a lower layer that is in
cont acts - Further alternatively, the insulating film 122:-can be:formed using an oxide film -

formed by oxidizing the semiconductor substrate .100." .A-thermal oxidation treatment
for forming the oxide film may be dry oxidation or may be-perférmed in-an oxidizing -
atmosphere to which a halogen-containing gas is-added. - As the halogen-containing
gas, one or plural kinds of gases selected from HCI, HF, NF;, HBr, Cl;, CIF;, BCls, F,

20  Bro, and the like can be used. Note that the insulating film is formed to cover the
semiconductor substrate 100 in FIG. 3B; however, this embodiment is not limited to this
structure. In the case where the insulating film 122 is formed on the semiconductor
substrate 100 by a CVD method or the like, the insulating film 122 may be formed on
only one of the plane surfaces of the semiconductor substrate 100.

25 [0055]

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

a ratio of 0.5 volume% to 10 volume% (preferably 3 volume%) with respect to oxygen
at a temperature higher than or equal to 700 °C and lower than or equal to 1100 °C.
For example, the heat treatment may be performed at approximately 950 °C.

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

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



20 with the sem conductor substrate 100, it is preferable to select a film
that has an effect of relieving the stress of an insulating filmof the
upper layer. Exanples of the insulating filmwth an effect of relieving
the stress of the upper insulating filminclude a silicon oxi gﬁg&{ﬁl m a
silicon oxypigridecfilm and a thermally oxidized fil m¥dHREdYBy Ther mal 1y
oxi di zi ng e sem conductor substrate 0. The thickness of the | ower 25
insulating filmcan be from5 nmto 200 nminclusive. [0064] For
exanple, in order for the insulating film 122 to function as a bl ocking
film the insulating film 122 may be forned by a conbination of a silicon
oxi de fil maney anpirdricaiple) 100ime film a silicon oxynitride filmand a
silicon nitride film a silicon oxide 30 filmand a silicon nitride oxide
film a sil[P@® oxynitride filmand a silicon nitride oxide figén)egr t he

li ke. [0065] ma@gl@.@m%mﬁ JIRA0AGH (5 OB Gtposphere contaiging 2 OB
illustrated in FI 3C, it ions accel erat ; &l édntails £hdogene

i mpl ant ed i alowrsttheoxidnfiln QI HRRIYR aél?gﬁgf’?'at@ﬂi‘ggwt rl(r(;‘:lulglh the insulatjng film
122 as indicated by arraws. . TRYSe 10*h@omsem’ to 1 erioiitatamsjen’, heh2lege iy

mi crovoi®ls FEBAMREYIR a regi on at a predet er i ned gtgpéﬂg%[eopg ichensur f ace
of the seni gopsids il caprinss heavy mBtal Gt @R FXTEHE FREHY ESpon ) fo’Sttgp A-3in
FIG 6). The depth at which.the embri: KB Bémicaydactod fitn tosbefformaddatelan be
adj ust ed byO’tM@)’éF@E‘&’IYé’F"‘gﬂlﬁgﬁl}g’ﬁer gyéug{‘,bfghe i on beam and the incident angle
of the ion @g The accel eration energy can be adjusted by an accel eration
vol t age, doSage, or the like. T Lt Hhlokayich 2Odhlormefcan ¥ i N a
region at the sanfuriehihs! %‘H%E%f%ﬁ??%@hiﬁgg sgr%e dept h as_the average
penet I at}ond fu@ChiiriGes (clzg maasle sk abmichpeeriely HRTLLE SEP _

seni conduct or®f11 m124 whjc ig S ru%f[xtﬁﬂ: { &Ridh t R fephidaird tetinulatiopst r at e
100 later i suh!i&@brlﬁﬁ-ne‘ii’%‘ﬁ“g% Hgg'?*h 5t Whi ch the ions ar%Panﬁﬁo Ibe depth
al whi ch Ung, gy id kGiRA! iputies 0Atained fior e SSCEUPRARFITIFHEY He r BRge of
for exanple, greater than or equ {%HQ 100, DLARY Hafspen bidan(eqy. asthlmainet o 500
nm  pref er alstparatebautdp thehingulaingl L2335 W\ and | ess than .or rﬁi'ﬁ]u@% to 200
15 inn; for exampl e .the deRbhiingy, Mhefspaitey caitoed in thg ipspfating Hlmclx
surface of ! 49" &8 donduct or _substrate .10%1._ %&nﬁ&kg&rsﬁmaicqm- are

i npl ant egs- afdapbe finedvadipsevented frggy copRERRAPER SEY 1227 n this enbodi nent
however, the[B&Sgsent invention is not limted to this and the ions may

bei npl ant ed re the formation of the insulating. filnl hlnalifBe6hm20The
enbrittlenent | ayas pﬁ:ﬂéulhsﬂfedanﬁ%hﬂﬂgqnoﬁ‘fgl? P&)&al.{?] Ag{f}nén a%pa?%t us. The

ion inplantation apparatus i JTBSS st fRBsteR bomainipgar bitlagetvist ¢efRYCH i on
speci fies hald2nBy 2 Eeﬁggﬁe%m@nﬁa"g% ar eai_rrp anted | n%eg 3l o%ﬁaﬁﬂlggoplgﬁ@ct
after mass SgpRwilel enthination sﬁeﬂiﬂegcﬂlﬁ%ﬂuﬁ@ﬁa?“lbf 87} I5 ﬁbﬁ]lt n 190

i npl ant ati on apparatus (s a - it lof WhP ARf seinitdndvctdy substiale 15
processi Bg oﬁﬂﬂﬁé‘tﬂd&!‘?@’pﬂ’g’é‘&m‘f E&gi%clﬁ%%{elr is irradiated with an ion species
having a spegi g;tgmyr&aﬁeo@é&teiepmsi@mmmddﬁusﬁﬂiur al kinds of ion species
gener ated by Q%S(B:iat ation of a source gas into plasma. Thus, when the ion

i npl ant ati onf! ratus is used, Fr ions that are generated b XCl i on of
a hydrogen gas or 9E:Cth Waioged elemers cBltaived in e 9XIdARITFY, “ﬁ%"a?ﬁ“ﬁ“tﬂ?@%ns are
accelerated, with which the seniconductar stbsiabe, 0Dresdlt,ithe haalaleed.

defects on the surface of the semicon
e oxide film and the semiconductor substrate 100 can

95  density of an interface between th
be reduced.

{0060} ‘ N
The halogen contained in the insulating film 122 makes distortions In

re absorption rate in the insulating film 122 is
when moisture is present
of the

insulating film 122. Asa resulf, moistu
30 improved and diffusion rate of moisture is increased. That s,

of the insulating film 122, the moisture present on the surface

on a surface .
¢ insulating film 122.

insulating film 122 can be rapidly absorbed and diffused into th



PCUTP2010/ 059996 WD 2010/ 15067121 [0068] Next, the sem conductor substrate
100 over which the insulating film122 is forned is cleaned. This cleaning
step can be perfornmed by ultrasonic cleaning with use of pure water or by
two-fluid jet cleaning with use of pure water and nitr .
uItrasonichE¥@§HﬁH81is preferably megaisert z uItrasonicqgﬁggﬁﬁﬁgﬁ%ﬁegasonic
cleaning). After the ultrasonic cleaning or the two-fluid jet cleaning, the
sem conductor substrate 100 may be cleaned with ozone water. By the
cleaning with ozone water, renoval of organic substances and surface
aCtiVatiO”B&ﬁﬁ | nproving the hydrophilic property of a surface of the

I nsul ating h1122 can be perforned. 10 [0069] The surface actjvation of
the insul ating finl the £2@ of asingesilipon fniiride dorthe iinsplating filra 1244 A 1B§Hla4PSNi ¢ beam

or an ion am_.an ultraviglet trea 194008 LbheahiRD asma

t reat nent, %i“‘gizo?rsﬁ’é' ¢ %‘ergn‘fm&ya a{%'%%%gi iogﬁli%{e %ﬁbl as vol t%ea??sg;ro a

radi cal trgsiciRivh mahyEbichass plysned €MD.ndnviddiionz bnthevrasepf esing sticep
corresponds to Step 15 A-4.in FLG /). .In t C ' -0 ¢ beam
or an i8n BiHg oxfe f"l’ié‘iﬁ’."ﬂﬁ%"“ﬁe‘lﬂf"r@z’ g‘FdPﬁ“Eag‘lggn%erﬁ 12% ﬁié??’“g‘g‘éa%'%h beam of
argon or thg.dd k8 didflaRand Sfthoniudd 6P} nifikédegas af sitanarapil dindiogeh enarpride
treatnent is described. For exanple, the R?V,%ﬁne“dﬁd?at ment can be perforned
on a surf ads agepeisepesitionmethod supt a5 aplpgpa H™ aviolet 20 (W) in an

at nospher et[m] ai ni ng oxygen. The ozone treatnent in which irradiation with

ultraviolet 1s”perfornmed under an at nosphere cant aj ni.ng. oxygen i.s al so
call ed a UV ozonEor exsmpherin, therasg of foqming Wﬁﬁeghéﬁgﬁ?ﬁn‘{g"@rﬁ"ﬁ% li ke.

when i 1padicah QR olintetnbuigtls 12000 MBS RGA 12DEur WSEsiiAMIZAO il and

l'i ght Havi ng a wavel engt greater than or equal to 200 nm arrgg%-

ul travi ol etor asiljven hitrideoxife film wathraobisknese Sreatef g!aﬁi"ﬁﬁq"c‘% %y §e 448 ne can
be generatfiﬁ and I%j‘ilpé;:g(ﬁ)tnrng)xygen can be generated by ozone. When irradiation
with |ight %\ﬂrr‘?& a wavel ength of less than 180 nm anong ultraviolet is

per formed, [0063)e can al so be generated and singl et oxygen can be generated

ib%/r gg?gf | OLO\?\;S' Llrﬁflgggslcﬁti \;?)%161{18 %Wo-qu%r WGP 08 QY theQYsuPRing G 102, the
:15. ~upper layer is formed using an insulating film with:a high barrier: property: :- The:upper
léycr of the insulating film can be formed using, for example, a-silicon nitride filmora-
.silicon-mitride oxide film having a thickness of 15 nm to :300.nm inclusive. .These
-films have-a high blocking effect for preventing impurity diffusion; but their-internal
stress is also high. Therefore, as an insulating film of a lower layer that is in contact
20  with the semiconductor substrate 100, it is preferable to select a film that has an effect
of relieving the stress of an insulating film of the upper layer. Examples of the
insulating film with an effect of relieving the stress of the upper insulating film include
a silicon oxide film, a silicon oxynitride film, and a thermally oxidized film formed by
thermally oxidizing the semiconductor substrate 100. The thickness of the lower
26  insulating film can be from 5 nm to 200 nm inclusive.
[0064] _
For example, in order for the insulating film 122 to function as a blocking film,
the insulating film 122 may be formed by a combination of a silicon oxide film and a
silicon nitride film, a silicon oxynitride film and a silicon nitride film, a silicon oxide
30 film and a silicon nitride oxide film, a silicon oxynitride film and a silicon nitride oxide

film, or the like.
[0065]



30 a wavel ength of |less than 200 nm and |ight having a wavel ength of
greater than or equal to 200 nmin an atnosphere containing oxygen are
(ngiglr |1b8d. 02 + hv (k1 run) O(3P) + 0(3P)(1) WO

5067122PC171132010/ 059996 Q(P) +02 -> 03(2) 03+ (5% o('D
+02(3) [00WH20MU1PHE reaction fornulagel), by irradiat r}\gg Wi tlﬁﬁﬁg%ggﬁhg ()hv)
having a wavel ength 5 of lower than 200 rim (X2 nm in an atnosphere
cont ai ni ng oxygen (02), oxygen atons in a ground state (0(3P)) are
gtenterazg?épir?en, in the reaction formula (2), the oxygen atomin a ground
state ) a X n g ta W th. i ' ,af@Zone
(03) is generat Q@g‘?,r%sgﬁlp Stlgaggc% neﬁf;%;cdm%ﬂm %%gnhﬁﬁgﬂ%})y %?%Cg?d;tgik%nmem th
L![ ght an ﬁ;g%lanw@mbemtsém{ckﬂiunm} sobstigrec HCe throughnthe rinsdatiag film 28D agun in an
t mosphere_ 10 containi ng ner.at ed one, (03) .45, perf p&g- ate
si ngl et oxJRFEGHGOYHTAE: aﬁﬁ@x&ﬁc&?rﬁﬁﬁ?@? ii’lyﬁl) %\drfslévmbrgLer el‘%gsntﬁ)g?l %li ng
oxygen, irgRdiradibdi MpleBetbintihéd deprh RgmatheawEicergithe sdmitesisctohaubs280 t un

anong ultraviolet is perforned t e t ile | | at i i
Tghe hvi AG0 dthie o RTOPRTSS gloc 8 Arhah B cfual TRecoth RurPkholy”

ul traviol et,j i i P :
The ozone %Efgﬁ%d?g{aefniq 8904 B BRAGY @hde 2SS by Heticaderativh eggraidsi ing ozone.

e ozor : _bent descri bed abOve, for exanpl e; ' f
| tidi ati on beim hnd thgfincidsnt znglenf-the ipadhenme- @%W?‘eﬁagg’be‘(ﬁa‘%gg’%ﬁl@ﬁ?m&;n§g4by
nm in an %&%%@&ﬁe&ﬁi{)ﬁ%ﬁ@eﬂﬂ&ggc, or the like. The embrittlement layer 104 is formed :

in a region at the same depth or substantially the same depth as the average penetration

10 depth of the ions. Therefore, the thickness of a semiconductor film 124 which is
separated from the semiconductor substrate 100 later is determined by the depth at
which the jons are added. The depth at which the embrittlement layer 104 is formed
can be set in the range of, for example, greater than or equal to 100 nm and less than or
equal to500 nm, preferably greater than or equal to 50 nm and less than or equal to 200

15: - nm; for example, the depth is- preferably about 100 nm:from the surface ofi:the
semiconductor substrate 100. Note that the ions are implanted after formation of the
-insulating film 122 in this embodiment; however, the present invention is not limited to

“this and the ions may be‘implanted before the formation of the insulating film'122.
[0066]

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

[0067]

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

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

100 is irradiated.



oxygen. [0073]. Exanpl es of reacti '
. o ] _ _ ctions which '
;{ :ngl ﬂ.'él on Wt h. I ! ght having 20 a wavel ength of |ess tg;(r:]ur188ynﬁ1€i”;10;nm "
o(5P) p+0r2e_lcggt gl ni ng oxygen are described. 02 + |w (X3 nm ' D) +0(P)(4)
formila (4 3(5) 03+ hv (k3 nm (D) +02(6) [0074] 25|n,the reacti
R Yo doi@ddézati on with 1ight haying a wavel engt ﬁctrg{gzoﬁ@?sg%ﬁ | on
Gonor at o rslm |,|n an at nosphere cont ai ni ng oxygen (02) is perforned to 5es
{0(3P)) inl ngl et oxygen Q(1D) in an excited state and an oxygen atom
atom (0( 3P a ground state. Next, in the reaction formula (5), an oxygen
o (03 g e A B oL, 92, P i it ouner
D e o -l ction ormula (6), irradiation with |ligh
reu ) & WY CngLD 3l st i o i
2? gé éﬁg?zkElG?é{dﬁE%QlﬁHdOSgﬁﬁ&lasingwt@rﬂaéMi Regfgred, L %%ﬂe‘%%%%ﬁ‘?é e
L0 PR smootave ey U P A Bt b et o
: 0
gener al ¢ iyiahBhioR4aRE Dyreleingpagltzolons R PESTBE SITIE T cat mont
, for - dinadsi :
of a Xe ex mrthWtqaﬁﬁx%a((l | %ig %386 ﬁ‘sﬁ'ﬁﬁ‘]‘fj% %gtﬂﬁrsﬁﬁﬂﬂoﬁddcﬁﬂ substate5 | i ght
. ) . ere containi
[0075] 100 Q&Ined® ¥dli g2Bneowvatan dlyghnbbarﬁamgthﬂé@%‘ﬁtafg#g‘ij’r‘]’ ‘(’)‘);ygen'

surface of an object 1s cut b [ '
y y light. havin : I ;
'?hme ?)?g; E?Eorgdngc subgtaneas 3§ﬁt§§‘ff%f’ﬁc?€g‘éﬁ"f’33 %@%@v‘ﬁggﬁs@?gggﬁ ];I:‘rbltﬁﬁtg dcfrl:)ija 20t2 Ogr
SUTtace SARE RsihaRSIa B cembe pafudined; | S ‘

10 {0069]
The surface activation of the insulating film 122 can be performed by

)

irradiation with an atomic beam or an jon beam, an ultraviolet treatment, an ozone
treatment, a plasma treatment, 2 plasma treatment by application of a bias voitage, or a
. radical treatment as well as by cleaning with ozone water (this step corresponds to Step
15 -.-A-4 in FIG 6). In the case of using an atomic beam or an ion beam; an inert.gas
neutral atom beam or an inert gas jon beam of argon or the like can be used. .
-{0070] .
Here, an example of the ozone treatment is described. ~For example, the ozone
treatment can be performed on a surface of an object by irradiation with ultraviolet
20 (UV) in an atmosphere containing oxygen. The ozone treatment in which irradiation
with ultraviolet is performed under an atmosphere containing oxygen is also called a
UV ozone treatment, an ultraviolet ozone treatment, or the like. When irradiation with
light having a wavelength of less than 200 nm and light having a wavelength of greater
than or equal to 200 nm among ultraviolet is performed in an atmosphere containing
25  oxygen, ozone can be generated and singlet oxygen can be generated by ozone. When
irradiation with light having a wavelength of less than 180 nm among ultraviolet is
performed, ozone can also be generated and singlet oxygen can be generated by ozone.
{0071}
Examples of reactions which occur by performing irradiation with light having
30 a wavelength of less than 200 nm and light having a wavelength of greater than or equal
to 200 nm in an atmosphere containing OXygen are described.

0, + hv (\ nm) — OCP) + OCP) '6))



10 cut can be renoved by oxidative deconposition with ozone or singlet
oxygen generated by ozone. By perform ng such an ozone treatnent, a
hydrophilic property and purity of the surface of the object can be

i ncreased, _and strong bonding with the base substrate heved.
[0076] 15080 8nerat ed by perforrzng irradiation vcﬁﬁft}ﬁﬁg?lt@@%faél et in
an at nosphere contai ni ng oxygen. Ozone is effective in renoval of the
organi ¢ substance attached to the surface of the object. In addition,

singl et oxygen is also effective in renoval of the organic substance
attached to the 6ﬁ§;§6‘%—gbst he object as muchyas or nore than ozone. Qzone
and singl et oxyge re exanpl es of oxygen in an active state, and

col l ectively 20 Oakhe@.ami)-»OORygOs. As des@)ibed with the above reaction
fornmul ae and the like, there are reactions where ozone is generated in
generat i ng[Qq7ﬁbl et oxygen or singlet oxygen is generated by ozone;
accordingly, sucy &f%&ﬁ&ﬂﬁmhﬁlﬁ lud b srAlidiRa GhitioRght thwihiacing aiwayklehgthxy gen
contributes are called an ozone treatnent for convenience. [0077t] 25Next, a
pr ocess5of oplosyeatian @00 @m Gomai) iman atmosphere eantainipg PEYEED (OPo0%YRER atoms

sem conductor substrat i [ : | LI esponds
to Process "B? @& é{"’% @%’8%@#?@?5 t gn’blggge lfsegidsoftﬁ \r,tgl?gﬂi)ggcﬁg %’fgr;%par ed
(this stepagai espgods dtae SOEP))Banl oxyg80 (PHGe&t . wipeashfotkerprepapliegly.of t he

base substrate include.a sem conduct g f sueh: as. iJs1C waf er or
a ger mani uﬁ’F%ff-é%? ‘érgﬂ“‘ﬁatﬁ‘&rrp@lfﬁﬁmsgfﬁ EEhtlc gr%%a Z’r lrgglg mgs‘%g] g@fﬁ i um

ar seni de wah&h qrwmléngm g{pnﬂgwp@hzd& @i oF .eqhdl tb200reh du ablatmospherea WO
2010115067124P%?T/ 122010/ 059996 si ngl e crystal sem canduct or \@;e.r be used

as t he 18ec snetaining generated 1oapne b is Restermed;fo genstats sipglet axyseh XX @8 quct or

vafer my Becleduds Medd amidspicte BbftAnARBiyBlD hddintdh dithaiphe baduglaor wal er
made of silicon having lattice distortion, sili conﬁrqermanl um i nv%ich

ger mani um iveveldngshl of lssssthan 2hnm gmopgsltsayielet isperfopas R EFPSTEe P21 EHle
distortion i&&‘d‘at?onﬁuﬂ ﬁgﬁ%vﬁl% DELerBAPOS ieREr R br Sipldl €0 D0 afNBRHEM O
silicon nltrlde,_ I'ch¥has a : _ L
uitraviolet is performed to generate singlet oXygen by decomposing ozone. The ozone
‘15 ireatinent described above, for example, ¢an ‘e performed by irradiation with light of‘a
iaw-prcssﬁr:e mercury [ﬁmp (M= 185 ni, Az = 254 nm) in an atmosphere containing
oxygen.
[0073]
Examples of reactions which occur by performing irradiation with light having

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

0, + hv (A3 nm) = O('D) + OCP) @
OCP)+ 0, —> 03 (5)
0; + hv (A3 nm) — O('D) + 02 (6)
[0074]
25 In the above reaction formula (4), irradiation with light having a wavelength

(A3 nm) of less than 180 nm in an atmosphere containing oxygen (05) is performed to
generate singlet oxygen O('D) in an excited state and an oxygen atom (OCP)) in a
ground state. Next, in the reaction formula (5), an oxygen atom (OCP)) in a ground
state and oxygen (O) react with each other to generate ozone (0s). In the reaction
30 formula (6), irradiation with light having a wavelength (A3 nm) of less than 180 am in

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



| arger lattice constant than silicon. Alternatively, a quartz substrate

havi ng high heat resistance may be used as the base substrate 120. In this
enbodi ment, a silicon wafer is used as the base substrate 120. [0079] 10An
insulating filmmy be formed over the base substrate ]p?cor/J(PEJlElﬁ

( e
correspond¥QWIHIMYIB.- 2 in FIG 6). Forggexanple, a silicon ni trlsgggﬁf !OI m a

s!lipon niftride.oxide film an alumnumnitride film or an al um num
n!trlde oxi de fllmma_y be formad on the surface of the base substrate 120.
Since such an insulating filmis used as a bonding | ayer,- a surface of the

insulating.filmis f er.abl | anar | ' : '
bondi ng. - Sie FriGd ROR Bl IR bfEipleRt QpElink Srfeen HBBRARE e Soe
?lli:rfs Sacef r8 ; R&6ng Bia\);amengm%r Iess than  188ssmaambng wliyreviokee i peéareed Poughness

o] : nmor |ess, nore preferabl n
0. 35 mu or EPREEe aFeA GhETHE AR A BT e BB G R Gl PBnesE ©f
i nsul at i Ng ghbdeMrdiRiR R ibel aBowr, Fdli cxampis caf bd Perfornted bFOdadimtiomwithsi ve
more preferably, 50 run to 100 20 nm i ncl usive. [0080] . WO ’
2010/ 15667 lighmdRXe ercisg 306l (hondé4nrd AP efgﬁﬁ‘i‘??a‘ﬁé’xi%-m chis to
be an SO ig{?ﬁirate and a sem conductor substrate 121 after separation

€

which is's ted to a reprocessing treatnment and reused. The fol]ow ng
process cor r espofilenical Hending of aiCozanis Gehitange piasheki)a Surfags of 45 objeshiso)

cut by light having a wavelength of less than 200 nm, so that the organic substance
attached to the surface of the object or the organic substance whose chemical bonding is

10  cut can be removed by oxidative decomposition with ozone or singlet oxygen generated
by ozone. By performing such an ozone freatment, a hydrophilic property and purity
of the surface of the object can be increased, and strong bonding with the base substrate
can be achieved.

[0076]

15 . Qzone is generated by performing irradiation with ultraviolet in an atmosphere
containing oxygen. Ozone is effective in removal of the organic substance attached to -
the surfac;: of the object. In addition, singlet oxygen is also effective in removal of the'-
organic substance attached to the surface of the 6bject as much as or more than ozone. "
Ozone and singlet oxygen are examples of oxygen in an active state, and collectively

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

[0077]

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

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

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

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



S5Next, as illustrated in FIG 4A, the sem conductor substrate 100 and the
base substrate 120 are bonded to each other with the insulating film 122
i nt erposed t herebetween so that the insulating film 122 faces the base

substrate 120 side (this step corresponds to Step C1 i 0083]
10The bondisagoomasedte perfornmed by applsyi ng pressure of P%E’éﬁﬁl@si”kv cn2 to
500 NicnR, preferably about 1 Nicn2 to 20 NicnR2 to a part of the end of the
base substrate 120. The bondi ng between the insulating film 122 and the
base substrate 120 starts fromthe portion of the base substrate 120 to

whi ch the pressure is applied and, proceeds t Adori@uohmet t he

surf ace, aﬁhtgbmtaéﬁﬁnlﬁ%@éc@ﬁﬁé‘{éf 3?536%2"5 éan%&?ﬂes'%llgﬁg%lm éong:luctor

substrate. ajpgﬁrcﬁrsﬁnﬂgﬁgﬁﬂoﬁdﬁcﬁﬁ%f@hﬁ@rbe us@DB4fell. Itis aleppessiie odgedn thj s
, he cas '

enbodi ment e where the peripheyal L. miSR& QRduct or
substrate h@ficonduiciodeeafes raadendlesilipnsy {“"P‘Jgﬂg {a{t’r‘fg%g%%rg&gusg@%o%% e 120 and the
sem conduct qr. ,subst r. 436 §i1iB&H, ok Mheqika! aSilicor hdvingdettico tivertiqnaghe
chanber port 1‘3115‘*96“’%8%%@%% t he sem conduct or .?ubst.[n cewi'?ﬂ LS a

manuf ackur e, fofmdaNBy baitg deposited: ¢ieer [silican gempaep SKSIPHRSHITHG pol | B3 ng. In
the CWP nethod, a. slur Si XferndAiRER! 4 §hAE Wbitvehavilgehigkiegonduct or
substrate 1FEeAECRRO%R hgﬁgéﬁgpgth and ﬁ’ggseg bet ween i he seni copduct or
substrate 19Qsuand madybeabedas the baseoubstisie Pont I s 0(ffilﬂ’l""ﬂ’é*;a‘ SHCOPRTET 't he
sem conduct or substrate %Q%é 0pol i shed. However, when a slurry penetrates
a little trHepedesedas ™% 1T ne, the peripheral portion of the

sem conductgpzggubstrate 100 is polished faster than the center of the

sem conductor substrate 10 so_t hat ' WHELE shitifate VDR (thik &stdpas a
snal | erl@ hi cknes Amgulatng lma%lbgnfgr%?{@g%ﬁgﬁ the center, which, i

referred tOCOq%gﬁﬁ g€to'sky BLfih FIGRS) , Forexdmplemilictn sirige fiimh e stlicep nifids o 30
there is no chanter [

portion at _ap end rtio . . qm’nqgﬂmg:ﬁ,ﬁﬁed
substrate 1@dde filoy ap glupiRnnEpssid T F"ﬁgl[u'%u%e]ﬁxb%g%a “‘portion of the
sem conduct gr ySulist LAtEnd @Rse ubSirdiede0. Since such an insulating film is used as a

bonding layer,-a surface of the insulating film is preferably planarized in order to:

15 suppress defective bonding. Specifically, the insulating film is formed to. have an
average surface roughness (Ra) of 0.50 nm or less and a root—mean—square‘ roughness
(Rms) of 0.60 nm or less, more preferably, an average surface roughness of 0.35 nm or
less and - root-mean-square roughness of 0.45 nm or less. The insulating film

preferably has a thickness of 10 nm to 200 nm inclusive, more preferably, 50 nm to 100

20 nm inclusive.

[0080}
A surface of the base substrate 120 is cleaned before the bonding. The surface

of the base substrate 120 can be cleaned with chlorine acid and hydrogen peroxide water
or by megahertz uitrasonic cleaning, two-fluid jet cleaning, or cleaning with ozone

o5 water. Similarly to the insulating film 122, the insulating film is preferably bonded
after an surface activation treatment such as irradiation with an atomic beam or an ion
beam, an ultraviolet treatment, an ozone treatment, a plasma treatment, a plasma
trcauﬁent by application of a bias voltage, or a radical treatment (this step corresponds
to Step B-3 in FIG. 6).

30 [0081} .
Next, described is a process in which the semiconductor substrate 100 is

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



substrate 120 and the sem conductor substrate 100 cannot be bonded to each
other in the WD 2010/15067126PCT/JP2010/ 059996 peri pheral portion of the
sem conductor substrate 100 in some cases. [0086] In addition, also in the

case where_the Lpheral portion of the sem conductor p4hebdighResk00 is
damaged by"}é)%oé&fslrméﬁ or the |Iike when 2he sem conductor substrate 100 5 is

transferred or the like, the base substrate 120 and the sem conduct or
substrate 100 cannot be bonded to each other in the peripheral portion of
t he sem conductor substrate 100 in sone cases. [0087] The bonding is

performed Byndano 96 vallalsiufte 186 whid it Bibe h1SOPOUMirstg ahd a kemicbddhceyen at
roomtenperature. By applying pressure to the sem conduct or agabstr te 100

and t he basebstratesi2i after seprgationyyehigtrisisubipaerio S TCRQEFSHRS RO 28R IFUSHE pase
substrate e fir bond. Note
129 tfl%lg)r&r %é&eﬁ%cﬁ;gﬁgg ﬂ) %rgce%@@rla Bhifde [R¥cely)Gh PARS.

t hat becauseée a e perforned at a l'ow tenperature,
various suljgad2ht es can be used as the base substrate 120 as descri bed

above. 15 [0083] .0 Lhe Gase MNSESAR, RbUEAkbohluod S SHCROUHELR LaybS! rat es

100 are“bonded t rate, "there are sone cases In which the
base subst fsatstratt2020 Srenbbnded wordichcothen twiths thef mswlstingf filh e132nénérpesedg il ns

122 'because of the difference.in_thi ess..of, the ' bstrates
100. Ther eftbfrebetygen s that &é?ﬁ&“@g ﬁ&“‘a‘%é Ir}§1°ef) e badt Seub%ga[{é ? %61%1%%&@8 SSF the
sem conductcgﬁe@gmgttég{cpt.ﬂﬂpmms),to each of the sem conductor substrates

100. Even in the case where the surfaces of the insulating filnms 122 are a
little di f@%ht in hei ght, the bonding can be perfornmed on the entire

surfacqg of the irﬁ@bﬂrﬁmgrlﬂni)&?%rﬁﬁab?%p 19iAg pR&supebf abofit 0.hay/émSw0l580i ng il m
122 is in closg contact With th

§ base supstrate 120 by bending of the base
substrate Non’,psefeablgaboytl Micny i@ 2Q D¢ JA durapt At ‘é‘iﬁd‘@ﬁfﬁ% afﬁg“l?sg"’tﬁonded to
the base sybgt rﬁ‘i@b&@ﬂwg Rebeatnd SRR tith QD2 iaRe HRAGse Gutishete 00 ditang f or ce
at the bonding interface is preferabloy ] e is appliod and proceeds
from the portion of the base substrate 120 to which the pressure is applie p
spontaneously throughout -the surface, and thus one base substrate 120 andthe
15 semiconductor substrate.100 are bonded to each other. -
[0084]
However, as in this embodiment, in the case where the peripheral portion of the
. semiconductor substrate 100 includes a chamfer portion, the base substrate 120 and the
semiconductor substrate 100 are not in contact with each other in the chamber portion.
20 [0085] _
When the semiconductor substrate 100 is manufactured, a CMP method or the
like is used as finishing polishing. In the CMP method, a slurry (an abrasive)
penetrates between the semiconductor substrate 100 and an abrasive cloth and passes
between the semiconductor substrate 100 and the abrasive cloth by centrifugal force;
26  thus, the semiconductor substrate 100 is polished. However, when a slurry penetrates
a little therebetween at this time, the peripheral portion of the semiconductor substrate
100 is polished faster than the center of the semiconductor substrate 100, so that a
region where the substrate has a smaller thickness and has lower planarity than the
center, which is referred to as edge roll off (ERO), is formed. Also in the case where
30 there is no chamfer portion at an end portion of the semiconductor substrate 100, due to
the ERO region in the peripheral portion of the semiconductor substrate 100, the base

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



performed (this step corresponds to Step G2 in FIG 6). This heat treatnent
Is perforned at a tenperature at which the enbrittlenment |ayer 104 does not
crack; 30 specifically, at a tenperature of 200 Cto 450 C inclusive. By
bondi ng the senm conductor substrate 100 to the base subgifngdskefdsPy the
heat treat WO n this tenperatur@érange, the bonding between the
insulating film 122 and the base substrate WO

2010115067127PCTOP2010/ 059996 120 can be strengthened. The heat treatnent
for increasing the bonding force at the bonding interface is preferably
performed suc ' | : Rh a6ihe W@y, € the bonding is
performed.p‘?'rullpﬁgrljiiS o\ggi’?l%fr%ﬁ%%ﬂ?ﬁggﬁ%gsu§srt§§%}nt for increasing the bonding
force at t[p88&jondi ng interface, another heat treatment for separating the 5
sem conduct or sybstr.ate Q 0 | rﬁl”ﬁ’d?ﬁ SHBE dieXoP e
perforned. [009 aadifior o t"éa{eh%%‘\t‘/\ﬁeﬁ a %ééiﬁ)yfcl e o?dthe Iseilﬁklgoi s_attached
to the bonglibegats 100 BeRmagedinndtangertdyeheslivr whandhe semicendyetor wbsratod0Q o t he

base substrate 120, the portiqn where a rt i Gl e..0l: ' ' ached is
not bondledis transigrreh pr {}G lg\‘/'o%hﬁobéfet 5“?1% tﬁtlagfa hg%%asrc |'%(¥ng§°1%lj Jti1§St¥il;iif:e{11(155(23ndi ng
surface, tBanSERE unasilGlcach stbiSh ted geriph@abputiohef theswmisonductorsubsu® ar e
preferably bonded in an airtight treatnment chanber. At the time of bonding
t he seni coh@Riaisemesy®Btrate 100 to the base substrate 120, the process
chanber mayygRave a pressure lower than an atnospheric pressure such as a
pressure of about 5.0 x 10-3 Pa__ The atnosphere of the bqgndi.ng. cess al so
may be cl eaned. TS Hopdingjis psformed; by Vep d%ﬁipﬁgégorﬁ S?Iﬂ@(?gﬁ,qmﬂﬁj]ﬁl 6@%%5

adj acegh @,k ot Rtfipdrdindel °BY iBplylie! (RERBHe bake fenlibthdacior adettitaddO by a
heat treatnent, and the m crovoi ds’increase in volune. @s a resulh t hr ough-
an ' expl osindthe bastsubsiratan] 30n Shesnmicopdycinnerbstiate 0 ap e PR SR AR uct or
film124 i¢ Sg@@f,@%ﬁ%@éﬁ? éelb%o%%fbgﬂmg&%o@bﬂo&aﬁ@ Heldhhst ttthd sbost ep 20

correspondgario I hce part, of the insulating film 122 is
bonded to boslipen wupsiormedat W ©mpee. COHACTUBPatEs G Po Asehasche| s

separated f{romt he e bstrate 100 is fixed to the base
substrate ?G.S“lfslﬁratgégﬁ g‘%,gH‘gctd%BOéé'J

15  [0088]

In the case where a plurality of semiconductor substrates 100 are bonded to the -
base substrate, there are some cases in which the base substrate 120 is not in contact
with surfaces of the insulating’ films 122 because of the difference in thickness of the
semiconductor substrates 100. Therefore, it is preferable to apply pressure not to one

20  of the semiconductor substrates 100 but to each of the semiconductor substrates 100.
Even in the case where the surfaces of the insulating films 122 are a little different in
height, the bonding can be performed on the entire surfaces of the insulating films 122
as long as part of the insulating film 122 is in close contact with the base substrate 120
by bending of the base substrate 120.

25  {0089]
After the semiconductor substrate 100 is bonded to the base substrate 120, a

heat treatment for increasing the bonding force at the bonding interface is preferably
performed (this step cormresponds fo Step C-2 in FIG. 6). This heat treatment is
performed at a temperature at which the embrittlement layer 104 does mot crack;
30 specifically, at a temperature of 200 °C to 450 °C inclusive. By bonding the
semiconductor substrate 100 to the base substrate 120 by the heat treatment within this

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



separation plane 133 is forned on the sem conductor film 124 by separati

: on
along the enmbrittlement layer 104. Since the separation plane {33 !Os part
of the enbrittlenent 25 | ayer 104 before the separation of the

sem conductor substrate 100, the separation plane 133 I
hydr ogen aBW® ¥WiYBpel defects fornmed b7t he sgpar ation %ﬁsﬁze @%ﬁcgmﬂgi o?f
substrate 100. The heat treatnent for separating the sem conductor film 124
fromthe sem conductor substrate 100 is performed at a tenperature bel ow
the strain p0| nt of the base substrate 120. Note that the sem conductor

substrate CL%Q ot h YhE nSk We ARAVED: Shcrédsin®) i %ﬂ@@ﬁ;ﬁrﬂttﬁd i's

call ed a sém concf'u st rate 121 after separation 00
2010/ 15067&&%3]11113&’9&03 ﬁfs@@ﬂﬂy p&formed SUCCFS?FWMPFPS'*“HE%H‘“F%[ oA Iﬁ%“rﬁ“’h‘:éc rapid

i cr ovave. HERRIHEG PO HE: cah ReceRubf b The WE IR fol MRt lne e e rapi d
; BS ; pg![ ugnggﬁh%g; Q)J(s:fgﬂ- ,@l}ée apﬁgn@uutsrfm, andtherpheat $icdtmenb rf%lsepaﬁﬁéalth%g (LRTA)
3 amebutas i A o B A St e o o, 1
?Egl Lg:avgr fmjggfﬂg E::agg g?nuge set in the range of 0.5 mnute to 60 m nui es
t enperat ure can Netedhat ‘thf’nt%{ég‘%ﬁﬁg‘%e'g‘% 3%33%“? aélggq a?ﬁ% %l vec%[ aﬂgaz he
E (r)ggz]ms Nt bhiBnLRE sBRicSfduciod siiftate 209 & Gt baschabstmitd 104 theqortioniwiskesi ve.
particle or the like is attached is not bonded. In order to avoid attachment of a particie
10 to the bonding surface, the semiconductor substrate 100 and the base substrate 120 are
preferably bonded in an airtight treatment chamber. At the time of bonding the
semiconductor substrate 100 to the base substrate 120, the process chamber may have a
pressure lower than an atmospheric pressure such as a pressure of about 5.0 x 107 Pa.
The atmosphere of the bonding process alse may be cleaned.
15 [0091]
Next, as illustrated in FIG. 4B, microvoids adjacent to"each other in the
- embrittlement layer 104 are combined by a heat treatment, and the microvoids increase
in volume. As a result, through an explosive reaction in the embrittlement layer 104,
the semiconductor film 124 is separated from the semiconductor substrate 100 (this stép
20  comesponds to Step C-3 in FIG. 6). Since part of the insulating film 122 is bonded to
the base substrate 120, the semiconductor film 124 which is separated from the
semiconductor substrate 100 is fixed to the base substrate 120." In addition, a
separation plane 133 is formed on the semiconductor film 124 by separation along the
embrittlement layer 104. Since the separation plane 133 is part of the embrittlement
25  layer 104 before the separation of the semiconductor substrate 100, the separation plane
133 has a large amount of hydrogen and crystal defects formed by the separation of the
semiconductor substrate 100. The heat treatment for scparating the semiconductor
film 124 from the semiconductor substrate 100 is performed at a temperature below the
strain point of the base substrate 120. Note that the semiconductor substrate 100 from
30  which the semiconductor film 124 is separated is called a semiconductor substratc 121
after separation.

{0092]



The above-descri bed heat treatnent may be perforned by dielectric heating
with a high-frequency wave such as a m crowave. The heat treatnent using
the dielectric heating can be performed by irradiating' the sem conduct or
substrate 100 with 15 high frequency waves in the rang . to 3 THz
which is JeneH8i¥dlat a hi gh-frequencys generat or. Spem(fﬂzpazﬁﬂ%&%%r
exanple, irradiation with a mcrowave with a frequency of 2.45 GHz can be
performed at 900 Wfor 14 mnutes to expand m crovoi ds and conbi ne the

m crovoi ds adj abent to e acli other in the enbrittlenment |ayer, so that the
sem conduct or substrt at 0 n : Ltk e () appatuf OORListv

addi tion, sinilan %"sta}be% ﬁ’%aq’é‘g‘%a? %?’f%ﬁglglfagne 13% gn t)haggsgm conductor film
124, a se[Rhtaig fofhapé, one miGOwave Hehtingsappamtns dercbowsed.y bEar tha BTA gopagstyser

separation is part.,of the enbri nt | [ - tion of
t he seni cc?h&"!?ch‘rd ‘?ﬁ'ﬁ‘?ﬁ Fﬁ?@@%é{gkjgggg?%aﬁg%/% atji %ép %ﬁr‘gﬁr‘f“gﬁa’%@%{f 129 has
a |large ar@;{mﬁ\)g‘;pam&r@geau@ad crystal 25 defects fornmed by the separation
of the sem conductor substrate 100. [0096] The peripheral portion of the
sem corfdudP®?3lsubstrate 100 is not bonded to the base substrate 120 in many

cases due to the, ghagkess Rod i ORTA! 4}pafies) the Geating tempaamgecdndrenedimt t he
time of transfer of the sem conductor substrate 100, or the |jke. When 30

the seni cohdwmmgoof 530 6 w660 °C inelysivaraad the ERpRent tle 2R OF GEICR &he BB%fst r at e
100 in suc state, .t LPk lo.POFL kran inyeiN readishiee tehatimubst rat e
100 wihi oh 05 ot oL BF aRALD kR 2k URNGRE oF 1B 10/059996 the base
substrat e apgfrafu/ihE Meataempdratusansn bersduint the rangh of 209 8C 20650 dhdnelptiee a
projecting portion 126 is formed on the | r .sem conduct or
subst r Ht e and therqaipent me cap B‘?)?F?’"T'T%gW%f%@#‘gtg%p&/omﬁsoﬁaﬁﬂgghas a remaini ng
enbrittl engppds)l ayer 127, a remmi ning sem conductor |ayer 125, and a

remaining insulating film 123.. The 5 sem conduct.or f.Jl m.l124 i '
smal | er 19 han t hdhs ‘t‘oﬁ*ﬁiﬁ‘#{"érh@hHﬁ‘ﬁ“&We‘“ﬁge iPETIpimIeS Ry {’18%{3 ﬁl)g}f%{s}n >

substrate Jgf.a high-frequency wave such as a microwave. The heat treatment using the

diclectric heating can be performed by-irradiatingithe semiconductor substrate 100 with
15 high frequency waves in the range of 300 MHz to 3 THz which is generated -at a-
.high-frcquency generator.  Specifically, -for’ example, irradiation with a microwave
-with a frequency of 2.45 GHz can be performed at 900 W for 14 minutes to expand
microvoids and combine the microvoids adjacént to each’other in the eémbrittlement
la;ver, so that the semiconductor substrate 100 can be separated at last.
20  [0095] '

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

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

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

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

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



[0097] Note that in Enbodinment 1 or 2, the sem conductor substrate 121
after separation may be fornmed by following the steps up to Step C
described in this 10 enbodi nent. [0098] Next, described is a process of
removi ng the separation plane 133 and pl anari zing t f the
senmi conduc ™ 2089/158%724 whi ch i s bondedd o the base Sub;}f&@#{%&%@ﬁl&o recover
crystallinity. - The foll ow ng process corresponds to Step D (a 15
finishing process of an SDI substrate) in FIG 6. [0099] The separation
pl ane 133 on the sem conductor film 124 which is adhered to the base
substrate 120,has _a ervshal . defec WARRT dublirdes 180MRGEdREE t O
formation &f¢ Pﬁs(? st ttzgrr{en. a{’/%?m%&%agﬁg separation of the

seni conduc ipafjectiap Portivn el 26O faned gnabe peripherybefi the semisardurioy spbstrelg 121

Therefore, as illustrated in EIG 4 e e
renoved by 3H8H $eBHAURY- a#ﬁc Bmﬁﬁnfl%ggl%gf'tl? ﬁggss%?né%%dﬁ%%@%%ﬁ?? ﬁqﬁ%xﬁgy be

pl anari zed y( tiafnisy SfnieOHdueHP s 126, Shem Puibiting Fs@abhg it h&lgbeot
necessarily essential, the planarizatjon, makes jt. ' t o i {AarQve '
char act r | Sewpicndyetor Hfilm fig4 % ‘Sbﬁ‘l‘ﬂ}é’é:}h‘i‘h@es%cm’%ogﬁg‘gé{)g&sh rrfl_mgn a gate
I nsul ati ng b&h%éﬁ't&hﬁtbaéq%ut)ﬁrahﬂj@r med later. 25 Specifically, polishing can

be perforne a chem-cal nechanical polishing nethod (a CVW nethod), a
liquid jet [B#Zlshing nethod, or the like. Wien the separation plane 133 is

remved, the semeaNAUEGQIEhbddThdR41 ick BOlHoSRrodududier aubshiam {11 érn Sorre
cases. [0100] Alternatively, the separation plane 133 aa%égteb rremoyed by

et chi ng so stpmationhmag desformeh byl following; the, stepa yps 19, PIgRf-i bed B WSchi ng
may be erforbrgggncg?i ng a dry etching nmethod, for exanple, reactive ion
etchin (Rlelg'j, Inductively coupled plasma (1 CP) etching, electron cyclotron
resonance ([B0¥8] etching, parallel-plate (capacitively WO

2010/ 150671PCT/ 3R2010{ 059996._ 30 ' i ARt 118 sdasnma
etching, dual -f rE(Z%te c(gscn%Fg is “a é)?(%é&l 6f rEﬁQQﬁ%& qh& Qhﬁ%ﬁaﬁdﬁaﬁ :

ncy plasna Nl ng, or i con wave plasna_ et ching.
Not e that hpidariting thbeurtacp aifitht segicamtictor dibinnt4nvdichds bapdedylodhe batehat t he
separation p|ane 3 is removed.and t A Loise ' @ film
124-is pl ansg':qt%ﬁ O [r?jnfm}']crys?aqhm{}. e f(ﬁfﬁ%x?gcfrogéss P&t (P BRP U@

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

[0099]. .
‘The separation plane 133 on.the semiconductor film 124 which is adhered fo

the base substrate 120 has a crystal defect-and the planarity-is damaged due to formation
of the embrittlement layer 104 and separation of the semiconductor substrate 100 along
90  the embrittlement layer 104. Therefore, as illustrated in FIG. 4C, the separation plane
133 may be removed by polishing and a surface of the semiconductor film 124 may be
planarized (this step corresponds to Step D-1 in FIG. 6). Although not necessarily
essential, the planarization makes it possible to improve characteristics of the interface
between the semiconductor film and a gate insulating film that is to be formed later.
25  Specifically, polishing can be performed by a chemical mechanical polishing method (a
CMP method), a liquid jet polishing method, or the like. When the separation plane
133 is removed, the semiconductor film 124 is polished to be a thin film in some cases.
[0100]
Alternatively, the separation plane 133 may be removed by etching so that the
30  semiconductor film 124 is planarized. The etching may be performed using a dry
etching method, for example, reactive ion ctching (RIE), inductively coupled plasma

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



Furthernore, by the polishing and etching, in addition to the planarization
of a surface of the sem conductor film 124, the sem conductor film 124 can
\%e]_ mﬁd_e t? Eu_ch ? 'élh: n fil m[that is suitable for a sem conductor el enent
ich is fabricate ater. [0102] 10Laser irradiation r

the separ aWOHIEIEHNE 133 and the semicé@nductor film 12Wéﬁ§?%r%onfgd82e
the crystal defects and inprove the planarity (this step corresponds to
Step D2 in FIG6). [0103] In the case where the separation plane 133 is
renmoved and the surface of the 15 sem conductor film 124 is planarized by

dry etchin . ' bRk : e r ef
m ot oceur e HBe L e R D e 10 ¢ b dry
et chi ng. Hahwkiconrwave plasta stohingr r Netecthitdoticths abovspofighing and HeNBRBMEYLE caused
by the dry efghi ngs'o glg}%é sggaﬂtﬂﬁe e 138" RARSJvEd t4R8 heNRRfed Wiethef the
base substregip_ yf‘i can be suppress @ Inthis l'aser irradiation step, a
substrate hkemicogddcrwiile a4 isgdirstizice can be used as the base substrate 120.
It is pref eiéfob]he that the separation plane 133 be conpletely nelted and the
seni conduct ilm 124 be partly nelted by the laser irradiation. This is

because when t heFg@iEnaeredbscthe pofishing dndtdhings braskdisioe |ty thegilanatizatieg of he

rgcrystallization of the sem cgn tor filma24 j ' |
di sor der ed _Sﬁﬁﬁeéﬁtﬁrccﬁ‘imlﬁ’_ﬂi ’sfg?h'd@gn@ﬁ 5?“6’?0#1%% ﬁ%}li}%&gﬁ%%ﬁg éy\%ﬁgs e and
crystal | i NigginGimithe iSRhne fsHagt@icohdutror tRMmenswhicwisfataicaly lavar t | y mel ti ng

t he sem conductor film 124, so-called |ongitudinal growth in which crystal
growth prodet¥3 from an unnelted solid portion occurs in the seniconductor

film124. Due tojLlae ihEhin6at Alaf i FelbérfiimeY dohthe3Qphafiei plade 3B grdotkeh
crystal defects (l)% tﬁe setm_coﬁ%uctgr film 124ca g re u?edband g?Ostai linity
t her eof i s seminovductas filgHa4 dn axder fofedycr Ly ‘t’l‘ﬁ‘:"lgéfﬁ"ééﬂ H’&Q’SY”*‘FIP%"%?‘X i s

(this step corresponds to Step D-2 in FIG. 6).
[0103}
" In the case where the separation plane 133 is removed.and the surface of the .

15 semiconductor film 124 is planarized by dry etching before the laser irradiation;
damages such as crystal defects might occur at the surface of the semiconductor film
124 due to the dry etching. However, the laser irradiation.can also repair the damages
caused by the dry etching.

[0104}

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

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

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

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



conpletely nelted means that the sem conductor film2124 is nelted to be in
aliquid WD 2010115067131PCT/JP2010/059996 state to the interface with the
insulating film122. On the other hand, the state where the sem conduct or

film124 is partly nelted neans that an upper part ther | ed to be
inaliqui UV(B??&%’@QM a | ower part thetleof is in a sol i%ﬁi‘ﬁ%@%’@% 105]

S5After the laser irradiation, the surface of the sem conductor film 124 may
be etched. In the case where the surface of the sem conductor film 124 is
etched after the laser irradiation, the separation plane 133 on the

sem conductgr. £id M l2d.d 3ih e AGAKFIAT V200t Ohale BREOERC] e slakSeliere
I rradiation. reover, In the case where the separation ‘gl ane, %r%gteé)n t he
seni conduc therschriidomidcot film Pddn partly emelied menrs thatcas uppey pagh thereef s he

surface of&%{j&e%ns ﬂu%)q%géécﬁﬁﬁ l“fé‘iv'lyr, aﬁ%ﬁr&&éﬁ%sﬂﬁ&ﬁﬁé” |y etched after the

| aser irra ernativ the et ng may be perfornmed both before
and after fgms)jaser irradiation. [0106] By the above-described etching, the

surface_of the sepi conductor fi.lm 124 b | Be
seni conBuct or fi rl‘gﬁ??f’%“ﬁ‘glabg&}%eea“r?a%gto %?n(? ksﬁrenzésogglg&%éﬂtg! ol%gﬁg%i table for
t he sem copged.onn @leaaBnkhdrb e sufade@f teteinidoaductor[MO2H is cteliedafter the | aser
irradi ation, the sem conductor. film1 i s prefetabl

1€ Sel supj to.a heat
treat ment (4sT drradiatign gier SRPABHOR Rlapesiis, OB eisﬁmﬁ(’&d‘é‘)‘(’.r E{'/I? 'tcllt;llg;jis h'gebét
treatment, 20ty dRh&Fbefod! did eisae Faanitighlct Mordovermid 2ke whsecwhereethnot
n of the

repaired by the l'aser irradiation can | m nat and, di storti
seﬁi conducé@ﬂafﬁ*iollrﬂamﬁ?t%fhﬁéﬁa@w gg” ?H)}s qﬁ?igﬁgrﬁghﬁ’%céfrﬁ%a?i?n’a r api d

ther mal;qanneakbiBg. R sGRRidLes fild 1RSisShdtiRcfi@ily Richediafiac the lasera _
m crowave heating apparatus can be used. For the {{I;;F@ glr%para us %ﬁ%as rapid
thermal anneadiatiog. ( GReytivel thestchinggpaybs perbgrpedhaih befarepaf atigrthelase o (| gTA)
25 appar at ulsra&ﬁ&nbe used. The thus manufactured SO substrate is
illustrated 1N G 4C. [0108] Since a silicon wafer with high heat

resi stance [DHalsed as the sem conductor substrate 100 and the base

DT 20, Ry i B riaabtopm mead ot 1000
15 be planarized, and the semiconductor film 124 can be reduced in-thickness so as to be
suitable for the semiconductor element that is formed later...
[0107] .

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

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

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

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

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

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

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



. 30 process for formng the enbrittlenent |ayer, the sem conductor |ayer on
the sem conductor substrate 100 is damaged by the inplanted ions. Such
damage to the single crystal sem conductor |ayer caused in the ion

i npl antati on process can be recovered by the heat tre ) .ncreasing
t he bondi nWOs20LEK#LH bet ween t he sem @anduct or substratq’tgq’%ggléﬁgggltﬁhe base
substrate 120. Furthernore, a high-tenperature heat treatnent perforned on
the single crystal sem conductor |ayer on the base substrate 120 i nproves
the crystallinity and planarity of the surface. 5 [0109] An exanpl e of
manuf acturing a m gconduc Vi aéﬁ?‘ | R boid YSenZBN pieetnied SO
substrate Wcﬁer%igﬁes%ﬁcg‘eg%\ﬁmt ﬁogﬁg?rénc to FIG #1 Note that the

fol | oW Ng gMieARIACOOT subsipdan dE0X cenBr dheskasE gebstiaigi dél.pr oFWHEIMOE, @ G 6.
[0110] 10FIG 7 illustrates an exanpl e, of ' hndle 1&eluding a
transi st or NiEhdemprraipreihgat dfpaime Egﬁ‘%ﬁ?’c? Rt F\h%fs;%q%?g %?%%ggé‘t%g’rl aflgﬁg transi stor
281 whi ch i1 basdsuBHAREN iinpioved the BlysmHinity atdplanatity of thesurfagé. seni conduct or
devi ces can be manufactured by conmbining a plurality of thin film
transi stor H0309FTs). [0111] .15As an SO substrate, the SO substrate

manuf act ured by AhexiRblaosk shamwhctifing Ai Senfiedndadto® dévian by heings de. thihe

transi stors 280 and 281 are forned over thﬁ' base subgfc%gte ?Othv*n'&lh

i nsul at i ngnfapifactared SQHisubsyatseuilk heedeatrihed ey .fe? 1o t hod' 't e

manuf act ur | . ' ISEB (4 ddvitst W FG6G 7 wll 20 be
@gﬁqrg%%fﬁﬁgp&h% B80S ER ( % tprdies)

descri bed As” descri bed above in this enbodi nent, the SO
substrate {[@1d0Ldi ng a sem conductor. filmover the base substrate 120 with

the ingylating fidam, Igc hill 65 BRRSHe bPS SERRbIRRISr devieRnbhiail i ehsistor

280 which is an n-channel thin film transistor, and a transistor 281 which is a p-channel

-

thin film fransister. A variety of semiconductor devices can be manufactured by
combining a plurality of thin film transistors (TFTs).
-[0111]

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

[0112] '
A method for manufacturing the semiconductor device iflustrated in FIG. 7 will

20 be described below.

[0113]
As described above in this embodiment, the SOI substrate including a

semiconductor film over the base substrate 120 with the insulating film 122 interposed
therebetween is manufactured.
25 [0114]

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

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

[0115]



25[ 0114] The sem conductor filmand the insulating film 122 are partly
etched to forman el enent separation |ayer 283, so that the sem conduct or
filmis separated into each elenment with the el enent separation |ayer 283
and el ement regions 251 and 252 are forned as illustra ' sgoé. The

el enent reYiCM Y8t s incl uded in an B3channel 30 TFT, tpgggbit%rl\dgd el enent
region 252 is included in a p-channel TFT. A silicon oxide filmcan be used
for the elenent separation |ayer 283, for exanple. [0115] WO

2010/ 150671PCT/ 1P2010/ 059996 33 An insulating film254 is formed over

the el ement reaigng, ok, i 29% folhaloveuleldnchl @gionotss #ASSLS Taned over
the el enent region i f

the 1nsulating film 254 |nter Qseﬁgﬁ
t her ebet wee lgﬂe&ludt:ed%es firmed pertdhogemens regomadl Wil theinsulaging flm 254 egi on
252 with the ins ting fil Heheswe fk cidméfl kd@bn Bef ore
the sem COHHW?%H tg"i TPREY ST dﬁaséate%?\e%l{rg&agﬁ {/ngl errenét@?v\hl ch serv%s as an
acceptor, gggh,@&aqﬁgmmg&ﬂmmﬁmmrpmdQatdbpwnor an inpurity elenment which
serves as a_dagnor, such as phosphorus or arsenic, is preferably added to
the senPcol@i€lor filmin the SO substrate in order to control the

threshol d vol t aggefafe thd Senfibdiiiuctop file Serplied, arl Bnpiity eipmenttwhid] seRes@as whi ch

serves as an acceptor is added to a regjon where an.n T, s to be
formed, anénaecepiopireh 35 RormyaRmigR(4 ggg‘l“% graLmp “(Ijlovnelglg?q{slQgJ z %Re&

regi on where, aon5: e Aephodphorusics atsenibds prferatly ac[c[éﬂl trihe ISlanicpnducmy film _
| ow-concentration | mpurity.regions 257 are for 81?;18‘91‘ meé‘é regi on
251, and pin slqgémlsgbsﬂé@n%@ﬂﬁ‘@tq%%"l thethreshoid o ]gﬂ?g&?t dre in the
el erment,or egj 0 258 OREA! {hich! doves fas! i acdepier s i tooweging osterai on

5

|rrpur|ty regi ons ornmed in the el enent op 251. For, this
pur pose, t imechahmelrdT zsegubgrfoxzml e AR imppRity € kq'iﬂ&ﬁhg'h“ glﬁ“’i‘%aﬁﬁrdﬁﬂ%f Fs

covered wi tg%%t?emgﬁ(tmm a pAREARITIFIRUG bt Yorfle@TENt | s added to the el enent
uri e

region 251 enent, phosphorus or 20 arsenic may be added.
When an i mjotiAy el enent |s added by an ion doping nethod or an ion

i nplantation met ﬁg{; a{.}[ 1$v9t08n b&&i&%gﬁéé s 368, aRSfofméBinkhe @bleithe

n-type -l ow conce urtty reqi are forned in the, el enment
regi on.1351 régiom 258 ﬁnmwtgjaehﬁghﬂmmratmnr@gwow efrgions 258) FadAmsdhel By 251

\rl\ngfgnO\zlgglcaeg% WEFEE?_ t% ggpcm ffrgtd fheanpe T EchcBtraiof RAapRfy égedgat i on

257 are formed in the element region 251.. For this purpose, the clement region 252
where the p-channel TFT is formed is covered with a resist mask, and an impurity -

clement is added to the element region 251.  As the impurity element, phosphorus or

90 arsenic may be added. When an impurity element is added by an ion doping method

or an ion implantation method, the gate electrode 255 serves as a mask, and the n-type

Jow-concentration impurity regions 257 are formed in the element region 251 in a
self-aligned manner. A region of the element region 251 which overlaps with the gate
electrode 255 serves as a channel formation region 258.

25 [0118]
After the mask which covers the element region 252 is removed, the element

region 251 where the n-channel TFT is formed is covered with a resist mask. Next, an
impurity element is added fo the element region 252 by an jon doping method or an jon
implantation method. As the impurity element, boron, aluminum, gallium, or the like
30 canbeadded. At the step of adding an impurity element, the gate electrode 256 serves
as a mask and the p-type high-concentration impurity regions 259 are formed in the

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



After the mask which covers the elenent region 252 is renoved, the el enent
regi on 251 where the n-channel TFT is fornmed is covered with a resist mask.
Next, an inmpurity elenment is added to the el enent region 252 by an ion
doping method or _an ion inplantation nmethod. As the i nmpgibioigdsesvent ,
boron, al uWOHSHS$3F1ium or the Iike 380 can be added. At the step of
adding an inpurity elenent, the gate el ectrode 256 serves as a mask and the
p-type high-concentration inpurity regions 259 are forned in the el ement
region 252 in a self-aligned manner. The hi gh-concentration inpurity

regions W 2010/ ;ssaogg‘ﬂgé@@ggpag@g%gﬁg@@&,zwrmm thes elamsatuegion 253i on and

a drain region. Aregion of the elenent region 452 ich-overLapfovm'th t he
gate el ect whith c¥6Bapsevithethe gate£letfanh P60 PLYTeSi % “F'&Eig?fﬁnﬁ%.mgﬂé'sc@rbed here
is the nethod in i G sd %PEhilh - € BHhL@hbdpfrafidioiipuiiyy fegiPoons 259
are for med P5FFEF p%g ’%Ef{cr}%cép_%% colncentlfa | orgfghi npurity regjons 257 are
formed: 5 hemasecformedefig-thy petyps liw-coneortration impity FeeiPes 957 aGi1BMReds 59 can
be formed first. JO119] After the.resi st Wil-ch 50ves e i@e®fiROENt region
251 is PenBOEEend Ii’i}@’%lh Tcr?ﬁc?lp?trlé lgd\??%t Vidgélgil;bngl e layer st ructure or a

st acked- | aygnoptructure of a nitrogen conpound such as silicon nitride or

an oxide Such as silicon oxide is faorned by a.npl MRLegsor the
like. This insul Afterihe qupwﬁgﬁgﬂycg%ﬁpgg?%eﬁfc @t%ﬁggrc%@g&%gr pendi ul ar
di rection, pRehERY aSindRaydr siricule @k & pckdd-layer 260ctem @f agitrager compoved i n

contact with side surfaces of the ggte electrodes @%q 5’5‘? VD
respect  vesych Bysilismpiiatle 9588 S5HE ULk At HISOR 0 RGiled LRS54 i s al so
et ched.;[ 03200 GNRX like.! PRI RIBAE FiBE i Bniddidpically orcbedeih avperpendiouiasi st . | n
order to form i gh-concentration inpuri t¥6{ eg| 86? Sep Vi Qcpinaéon?acf%iﬁce
regi on and diredivai whewshy sidev#l insulating &g, é'g‘i 3is formed”in comtact M| ement
i's added tQ#.h& ELEMMVhe 501 Qikirdads 245 Bhd256/OBspectively. By this anisotropic
etching, the insulating film 254 is also etched.
[0120]
45 . Next, the element region 252 is covered with a resist.. In order to form
high-concentration impurity regions serving as a source region and a drain region in the:
_clement region 251, an impurity element is added to the element region 251 at high dose
by an jon implantation method or an ion doping method. - The gate electrode 255 and _
the sidewall insulating film 261 serve as masks, and n-type high-concentration impurity
90  regions 267 are formed. Next, a heat treatment for activating the impurity clements is

performed.

[0121]
After the heat treatment for activation, an insulating film 268 containing

hydrogen is formed. After the insulating film 268 is formed, a heat treatment is
95 performed af a temperature of 350 °C to 450 °C inclusive, hydrogen contained in the
insulating film 268 is diffused into the element regions 251 and 252. The insulating
fitm 268 can be formed by deposition of silicon nitride or silicon nitride oxide by a
plasma CVD method a;c a process temperature of 350 °C or lower. The supply of
hydrogen to the element regions 251 and 252 makes it possible to efficiently
30 compensate defects which are to be trapping centers in the element regions 251 and 252

and at an interface with the insulating film 254.



by an ion inplantation nethod or an ion doping nethod. The gate el ectrode
255 and the sidewall insulating film261 serve as masks, and n-type

hi gh-concentration inpurity 20 regions 267 are formed. Next, a heat
treatment for activating the inpurity elenents is perf g yag ] After
the heat t WM or activation, anasnsulating film 3{58 c%or%‘ti%l%kng
hydrogen is forned. After the insulating film268 is fornmed, a heat
treatment is 25 perfornmed at a tenperature of 350 Cto 450 C inclusive,
hydrogen contained in the insulating film268 is diffused into the el enent
regi ons 25#?32@ 252. The insulating film 268 can be forned by deposition of
silicon ni ]1 or silicon nitride oxide b%/ a plasma CVD nethod .at a
process tenper at Afte Gfat, 350 iGegayer gugatinghE “SL?;?SI p Wﬁ?‘drg:g‘“edmf’ﬂa&eﬁe

el enent regions 2 25 K |5 ' : hClaGdH dvicdfe e0apensat e
defects V\/n"tsﬂgﬁ%ﬁ'ﬂa%g ﬁapgbﬁpr%rﬁxggdcgér\l?gggﬁkﬁhfvﬁﬁeé)g%ie[{%nt ?ér}egi ons 251 and 252
and at an isptesdilags swidiiretdfemi ineddtmpifilg mhiadenof2@4inorggyic material, such as a

2010/ 15067135PCI MP2010/ 059996 1221 After ' 1 | ati ng
film 269 i silicen pege i 8"??}?’8?4‘%&515&#55%“ qﬁnﬂgge}})ﬁlhriﬁnﬁggh g}gé]aﬂ%gé?%?ﬁrrgd usi ng
a film havigge ar shifisi€s, bayne, of tHelikeur Aftarcoatasttmidsats foayet inhaintsrlayes of an
insulating filmmade of an_ingrgani er_IihaI S HC q)c%ﬂédi‘gﬁpaoxi de
filmor a bBewulaing$iadeM WHH‘E%%‘?&?&"(’%SG) PSSR AR Grganic resin film
made of polyj e HIREHHE b BreQlaybiiubiifedn whidharlowandisintee nhat il sechfasr med i n
the interlayer 1nsulating film 269, w ri_ngs 2???‘ @gﬂforbrgedém%%ﬁmi ngs 270
can be for mealuminym fils onenalminsng-alloy ik in Sapdyighed betyeen bager metal BN i ch
a | ow resi stance. | ng Il Tus ftlich cuntain nelybdenvon al | oy
filmigtsan ﬁmgﬁg%@mfg}g%%gyf?%@%gﬁa films. 10 The barrier nmetal filns
can be for nhrbmismpigfamemaind/orithelikeni ch cont ai n ol ybdenum chromi um
titani um zigfisgr the like. [0123] Through the steps described above, a

t

sem conduc evice having the n-channel TFT and the p-channe| TET can be
manuf act ur ed. | nThiveghrethe fstaps udgspibetls anvec @s sepipondyciapy de¥igh Ay iga s eqd f or

; duct , I . ! ; hot
a sem conduc Or?leqie]\si:"[g%b(i gl&%-'a}?atngm B be ‘manhifas@FEdC Ol ufe! AimuFathaingat e

after separr%i?qaﬂ a reprocessing treatment, whereby a

pl ur al i fsy . GfroceTbE AN SO tsobstiatd nwed doea fsemirsudustr gvisa dn JWRieESAUMERE
substrate; therefore, reduction in. manu [ o a6ds | htRMeENt i N
product i vi t%mé@ﬁd‘ﬂ’@ra?ﬁﬁégﬁoa%cﬁéqfaﬁ%?ﬂ] RUEBck' 9 2 RiplocASHlg

whereby a plurality of semiconductor films are formed using one semiconductor

substrate; therefore, a reduction in manufacturing cost and improvement in productivity-

can be achieved.

20 [0124]
Although a semiconductor device and a method for manufacturing the

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

25  [0125]

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

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

light-emitting diode (an OLED) in each pixel, 2 digital micromirror device (a DMD), a



Al t hough a sem conductor device and a nethod for manufacturing the

sem conduct or device is described with reference to FIG 7, a high

val ue- added sem conductor device can be manufactured by form ng a variety
of sem conductor el ements such as a capacitor and a resgj her with
the TFTs. PO O 38§71The SO substrate sgdescribed in thi ?@%@éé’%ﬁ% can be
used in manufacturing any kind of sem conductor devices including

m croprocessors, integrated circuits such as inage processing circuits, RF
tags for transmtting and receiving data to.and from an i nterrogator

wi t hout contact .. sen He RILnRYi SHEH RS (an PB) 5@ th Kk, ad&sB0

sem conduc?%?madldlssglﬁé{}&gg%@ﬂrf ﬁcl udes Sijtn i tﬁswyz_(at ego_r)y,_ a liquid crystal

di spl ay deuicheles anbthghsensindrtduitoy displayc deyiecohrviagl avcirpil clemeRt eRgtd i ng

el ement typified b organic.light-emtting diode (an OLED) in each

pi xel , a dEGMEH “Fﬁgﬁ%ﬁ“r‘r Vefitguity (a DMD), a WO

2010/ 15067 j@6BLT1I P2010/ 059996 pl asme di splay panel (a PDP), a field

em ssion display (an FED), and_the |j ke, and. al | -Talely
seni conBuct or dilgfj“lt»aﬁ/l"aé%? Bé‘PWW& déc %P?%ﬁg{ngéﬁ%gur}igﬁﬁ"ﬂ%g% a s@%{o{ionduct or
filmin a didsksie 19 fafikl $epalafid @l repbitedly use thecemsndiciqyenbstratei 1] aftee

reprocessing treatnment on the sem conductor supstrate. 121 aft aration
t 0 r epeat edéparaion as ﬁ@%@#%ﬁﬂﬂﬁb‘ﬁ‘%ﬁé{spét?év ;f & ng?(?'ser%grfgklwgﬁgas a
repr Ocesseﬁim%@&‘& fdOfo FroQEt Eak Doid bibstiste deiocesdingltreakinentf prbdess)iimg .
process corresponds 'to Process E (a bond substrate reprocessing treatnent
process) i ®WIGI6G 6. 10 [0127] First, the sem conductor substrate 121 after
separ atj.on bestrat ed in FIG5A is taken out. The projecting portion 126
is formed cg the periphery of the sem conductor subs,hrate 12% fter
separation. The FPirs,the semigonsiuctor substrste 12h after seraration lysyated in @rﬁA-’Fayer
127, -t he sem conduct or. | ) [ inhérv fof ti® sé@iohditorr emai n
i n order. i@ef‘?gtmt cepfsoé%}ég%ﬁéﬁg?é?élglf%@ferdg?gh%gdge% The sem_conduct or

| ayer 125 aglishtrateli®] aimbscpatatiene Fhe| pagiesting pPriiasnt28; mclnéﬁwhw%'?‘ﬁ?m%f ects

caused by. ngﬁ?%ﬁgtﬁéc&l%gm%\i}c%ﬁ@g 354,904 g.@riXs?ﬁﬁ?%%BQ% $haffenaltl HQrddrOr Med i n

t he separa sem’conductor sUbstrate 121 after
separ atjison frgne Al Emicondureresubssate cfidd. heThe samicondistas| layer 129 and: the:

_embritilement layer 127 contain many -crystal defects caused by .the above iom.

.jmplantation. Crystal defects are also. formed in the separation plane 129 of the
semiconductor substrate 121 after separation, leading to unevenness of the separation’
plane 129,

20 [0128]
Next, as illustrated in FIG. 5B, a first etching treatment is performed so that the

insulating film 123 on the semiconductor substrate 121 after separation is removed (this
step corresponds to Step E-1in FIG. 6). In this embodiment, the first etching treatmest
is performed by wet etching as an example, but dry etching may also be performed as
25 long as the insulating film 123 can be removed. The insulating film 123 can be
removed by a wet etching treatment using a sclution containing hydrofluoric acid as an
etchant. As the solution containing hydrofluoric acid, it is preferable to use a mixed
.soiution containing hydrofluoric acid, ammonium fluoride, and a surfactant (e.g.
product name: LAL 500 manufactused by Stella Chemifa Corporation). This first
30 etching treatment is preferably performed for 120 seconds to 1200 seconds, for example,
about 600 seconds. Further, the wet etching is performed in such 2 manner that the

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



20 [0128] Next, as illustrated in FIG 5B, a first etching treatnent is
performed so that the insulating film 123 on the sem conductor substrate
121 after separation is renoved (this step corresponds to Step E-1 in FIG
6). In this enbodinent, the first etching treatnent is y wet

et chi ng aswénee)Bhple, but dry etchi ng7zmay al so be perf%?%@ag%g% | ong as
the insulating film 123 can be renoved. The insulating film 123 can be
renoved by a wet etching treatnment using a solution containing hydrofluoric
acid as an etchant. As the solution containing hydrofluoric acid, it is
preferable to_use a mxed | ug i L MsAGe V81 Oltlel QEpafatRBl €&n BEMDNI UM
f1uori de, H‘r‘ifff%fc’sﬁrl?l%ﬁt n?tsﬁlg. %ﬁ&ﬁggﬁhﬁkﬁuﬁqr@: LAL 500 }?mnu_f actured by
Stel | a ChepidbassédéqMectivelyon The Tamaval of the iBOlating filmd23 bp scheiching allowet er apl y
performed for 120 seconds to 1200 seconds...f ARlE 12808 seconds.
Further, tFauGieg ey RS © aﬂﬁ?‘?‘b‘?ﬂn%odﬁ?nnogﬁ%ﬁ&g%nanné}r “that the

sem conduc QB i the kbsdiknedet@id ctehinny tedatroet, nd shoricethgiwet aichigE diieon in a

treatnent tank; WD _2010/15067137PCT/ H2010/ 05999 o yrality of
t he senPcoMhithe (st etehipg reatment; ?Lé!!‘ 1 of semiegn “é:?qr(?ﬁ’%%%g gjel B o0 g@e‘gﬁ

col I ectively, b{ r}ﬁpﬁﬁﬁé@(‘!&&ﬂd@t 4 itnei Hyp Bhioh itRgtofont; nhdrerd) yhevetmieomductoy al | ows
reduci ng the thickness of a renoved portion of the sem conductor substrate
121 after sephrtacinbe iepropgssedsaiissivglent second et ching treatnent, and

short eni ngt[dﬁt%etchi ng tine. 5 1n the wet etching treatnent, a plurality of

sem conductOr“substrates 121 after separation can be easi I%/ r,0C ed at a
time by batch trEsnyerillpstatedrin Fi6.SC, ajsecond giching disatment 1S prd PEHS A, be

reprocesseq effecti.v N afrdlehd Modr 112y @thided i (ke pfojectingecond
et chi ndatr ﬁ’?ﬂ’ﬁ?onfl‘é&%g?*e%?%r%%lds{ggt%dig?ﬁ%gkt he%sfem'. conduct or ?ajer 25 and
the enbri t tpoRIGRNIES bithe serii2Gndustor sufstiate 121 BRerFeRaiian; angSeRevelp FFMPEY of t he
sem conductor substrate 121.afte t4 &J,@gl;oln' ¥elosierErpnvgd to
forma repﬁ%map@gﬁf%iosﬁajﬁ% %?é(gu%’ggﬁql%%tieﬁg%ggﬁpai s step (?o.r rrgsponds to
Step E-2 i Il ). 6]t 1A tiink) the Sépamtion ipbng B3 isalsoremovethe Thegemicopfuciory enpyed.

The serm conduel r L Euer haRicans s 171k bhlGHRR vy et dding At emoved

15  using as-an etchant a mixed solution containing :a substance functioning as an oxidizer

for. oxidizing: a semiconductor of the semiconductor substrate, 2 substance dissolving
the oxide .of .the - semiconductor, and a substance functioning as a decelerator -of
- oxidization- of- the- semiconductor and dissolution of the oxide of the semiconductor.
This wet etching treatment is preferably performed for about one minute to ten minutes,
20 for example, about two minutes to four minutes. The solution is preferably at a

temperature of about 10 °C t0 30 °C, for example, room temperatuze.

[0130] _
It is preferable to use nitric acid as the substance functioning as an oxidizer for

oxidizing a semiconductor. It is preferable to use hydrofluoric acid as the substance
95 dissolving an oxide of a semiconductor. It is preferable to use acetic acid as the
substance functioning as a decelerator of oxidization of a semiconductor and dissolutiqn
of an oxide of a semiconductor. Specifically, it is preferable to use as the etchant a
mixed solution having a composition obtained by adjusting the volume of 70 weight%
nitric acid to more than 0.01 times and less than one time as large as that of 97.7
30 weight% acetic acid and to more than 0.1 times and less than 100 times as large as that

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



15 using as an etchant a m xed solution containing .a substance functioning
as an oxidizer for oxidizing. a sem conductor of the sem conductor
substrate, a substance dissolving the oxide of the sem conductor, and a
substance functioning as a decel erator of oxidization k conduct or
and di ssol WOZH/15¥7t he oxi de of the s&8i conductor. Thi geaﬁej?ﬂle%ﬂ?ﬁg
treatnent is preferably perfornmed for about one mnute to ten m nutes, 20
for exanple, about two mnutes to four mnutes. The solution is preferably
at a tenperature of about 10 Cto 30 C, for exanple, roomtenperature.
[0130] 11 1S AL EDARNES 1 (M3 Tha 3 e ORithgas beUSIaEnG douncidani ng as
an oxi di zeP"For?ox! di z| ng a sem conductor. "It is preferable to use

hydr of | uor Muragidderaisiy,t heis quifeiablecte 2% @i theottchany agpixgd sqlutige having a

sem conductor. It is preferable to use acgeiic -achd .

functi oni n@%&"%‘%@é@f"@&&f 8%“3’(”%% ‘6‘?%% f’ﬁ\d %’?‘g%%gné%&c%n Sziltlﬁc?)? hgﬂgﬁ

di ssol uti °p 2 102 BicdGnd festhsh B QR UF0 S timeSps tirgd ssathhtyof 977 weightef er abl e
to use as the et cl?:l 1 i i ned by

ant a m xed sol ution havjng a coggoail ti'rfgﬁmobt ?i
adj ust i 5ig bdeticucit andmofe than ereayltoprs me andlefSdhanpr gghal t¢ B F18f nes” and
| ess than one ti as. ' L Of F g0t tHyvdraEmbdc and t o
nore than 8 2 P’ﬂg%w W!]WF %ﬁgﬁﬁﬂgﬁ%ﬁ a’fllﬁrzrheegvggmlx\g?gg a_sé?ﬁatyq(r)f SOCwei ght %
hydr of | uor p&d &sinBse tRacbricheal wol. & himes hndb@sstbirgdreyn# yelP ftimes o5 lrggasdhaf o WO

2010/ 15067138PCT/ JP2010/ 059996 re thgn 0.01,¢ti .3 tines
as |arge asef ORdtweightley acetigacih %é&ﬁzﬂl ©a FJOIW?%%B%%%EE@yw@W?S

preferable,tg HigticARid 8 vilighiakinR Mk add 9oluktigRhsctiageid is pradasbly i on
obt ai ned by ad) Us ing the volunme of 70 weight%nnitric acid to r’ﬂgrtgl t han or
equal 10 013:10, nE2:16nd.5:BEQ RS, oh:1GFapr tpl:iP-5 Fhererongratption, O € hat of

97.7 vel ght o, BCELLS 0L cRfith: B! for (IRHpR! of BiRlvs! ByR0RuIoRIdANG: bess t han

or equal S as large as that of 50 wei ght %Kgdr_ofl uoric acid, and
the Vol UNE cfcehPativniof 50 Yoelshtophitricoadidhasci epneentiptioncot Taweight% gadpcetis 0. 1
times and | ess than or e_qua*]%,}_e Oi}ﬁ{?ti nmes as large as that of 97.7 wei ght%
acetic aci @cidhaya esngeifalion phey-(FFEEr ati 0 bet ween 50 wei ght % hydr of | uori c
acid, 70 \Agb%g]% nitric acid, and 97.7 weight% acetic acid is preferably 10
1:3:10, 1:2:10y-1.5:3:10, 2:2:10, 1:10: 20, -tgr 1:1: 1%. The rcl_o%%&t&gti on of
the subistances uFksimixsd sqhutiop aeches fhe etohagt 1oy fhie fegond clckig ezt

hydr of | 10T I.6aRChdoRAS ifaCADSEMdAbIA BierSRMG tembritiementdayal 1225 a
concentration-of wel ght% and acetic acid has a gcﬁ:gcent ration of 97.7
wei ght % [ Gdchided 55 Theprojecting pottion | 13A, breawse Juany eyl GeigHs 11, MGAOLEc ond
etching treatnent can easid Bl Rfiod B the! ReSRELGONTYEL 015 hayeie 125 and
the enbrit tcﬁ'ésgg% tﬁﬁﬁ%’?ﬁiﬁ}{?ﬁ@fgﬁe@nﬁn t he pruﬂ'qect ing portion 126, because
many cryst aimbtiefeaehslaperd 2 cAcwodingly.cwtoaly thesurfaee pighe ssEyFeRer BYCar e
formed int sem conduct or. .l ayer. dyd S0 ttel dttfifitient BYeY 12727,

; £ 5 & en
Accor didfg! yl,agrl?Bf 5]6‘?11%\9 l?sﬁ&ee %ft}irl }éég{elc%'%ﬁ%ﬁ{e] germrﬁcondugt or | ayer ﬁi‘!’l
. can be subjected to the wet etching treatment. The wet etching often proceeds in such
a manner that a deep hole is formed in 2 direction perpendicular to the plane surface of
the substrate and the hole is expanded. Thus, the wet etching treatment is performed
on the semiconductor layer 125 and the embrittlement layer 127 at a higher etching rate

95  than on the other part of the semiconductor substrate 121 after separation which does
not include the projecting portion 126.

[0132]
That is, the semiconductor layer 125 and the embrittlement layer 127 can be

_ selectively removed by the wet etching treatment using as an etchant a mixed solution
30 containing a substance functioning as an oxidizer for oxidizing a semiconductor of the

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



20 125 but also the inside of the sem conductor |ayer 125 and the
enbrittlenent |ayer 127 can be subjected to the wet etching treatnent. The
wet etching often proceeds in such a nmanner that a deep hole is fornmed in a
direction perpendicular to the plane surface of the su So/fk0sdst he hol e
i s expandeWO 2WHViS%7I he wet etching tregtnent is perfor Irgfggb% tﬁe
sem conductor |ayer 125 and the enbrittlenent |ayer 127 at a hi gher etching
rate 25 than on the other part of the sem conductor substrate 121 after
separati on whi ch does not include the projecting portion 126. [0132] That
is, the sem conductor. |ayer 12 nd, th Elhd] GFERE ded@nddetdr e be
sel ect i vel UbSEAER %W’P%@Sm%téeg%ghafckggft ?’g@#ﬁ%{’é usi ng as an etchant a
m xed sol UkjseihutRfh SFARY @idd fighe sanibsidrnioe fHane tthoerystal %&%@#&Yz@? for
oxi di zing a sem conductor of the sem gondygtor . Alasibstance
di ssol vi ngianigplaeiagian ghow fhe ?WB@W@?EF ,Lﬁgaﬁ'bd g,g %%mfeﬁwn 2y
2010/ 1506743 9%%&]%?&3@/ A5 005 cousDs R Sepafatioe burfuek 189 ds also derddy eickedr of
; ;

oxi di zation o e senmi conductor and di Za%gl ution tha%’a&éi&?f&?él e
seni condluctioe to thiperystal defectsitheseiny  HOyerarAlehirlIOY & FFREPON Thpl ant at i on
al l ow t he sem eq24 258Nl t GRbrRNERdnt t lageren?7,| aysnfaé@ 7the o be
readily et ?ﬁeégﬂgﬂhﬁﬁ%gnﬂg%sfyf t he s?a aration su f.acle 129 1S ﬁ%soi readily
etched 5 dsemiconducter dayes teahtabierfes favs crystal defectshich df | 1o%f o FeeRRess Ag the
separation surface 129, SH1C WRi rafedY A6 alréult, @idChrbjeetionnid6iist | enent
| ayer 127, expast é‘éh“%h"étrg@r%acondﬁggor r{I_gamgr cont ai ni ng%ﬁv g%}/st.al def ect s
whi ch is | gelaétilyt eliedundaccordingly,pthe cgmicondugter; sstrate Al AT §P20R e
etching rate. As result, th ' b OfevieBd FomIRimpGkdnced ¥n Midkaes .
Accor diqﬁgu?,%“afﬂ@“ r%ﬁtﬂiéﬁoﬁoﬁjﬁsﬁtg%g&lﬂ after separation 10 other than
the proj ects @ RPrdckssing iRatnxan seailfingeinen rasldctionoi e ithigknegolc @ dePovetini ckness
in the reprocessing treatnent. .resulti A ok sdinlthendhibgkness of
a renoved PORoRgf “’P’f‘?@csf“ég?eggcéog?g%&s%%ﬂygen -uiét%g(;J sugstrate_lgz, and an
i ncrease i RriifsdY Fpedce@ingt dndasusiiy orepremicesdiaty subirateeudn adflitions in the
sem conductor substrate. |In addjtion,.in.the Ghj B dan 2
plurality ofetsthingdrgmanh 2 ;g%&yr(gtsggucfﬂucéqrts\é\gglrg%%g?g? ?%Iinsrcgggr‘l] 15 be easi | y
processgd e edsily SBcdiéd i Gielbyaatciaratmdnahaéiores fhetsbmicondrickus sureisr
substrate can be reprocessed E]yf ectively. .tFurther({Tgtrﬁin f/w@w&hﬂ&q gt ching
treatment can bserepecessedrafiegtively.  Eythermane, e, deepnq SigEine, e makes t he
reprocessi '];%Bf;&&ii Riat®fely shoffime, B Bakbatha ipeddessing tientrdneeffieientet chi ng
treat ment, urality of "sem conductor 20 substrates 121 after separation
can be easifP¥33irocessed at the sane tine by batch treatnment; therefore, the
sem conduct or su%?ta{dgﬁfg{l’cglp tﬂ% WARPLERSS SeciRénk,cat %)Mﬁliw of seidiamducter, t he
can a

second etching treatnen e perforned in are ively short tipe, which
makes tdpe rsapstoaessidinafter rseparation: cas be epwlyt propesies é‘ﬁl—i@‘?’%,“‘f‘ﬁ blyh'éatcrcagse
where a sem conduct.or .sub ichdiorSERREAL | @R b Bfrocasddl efiectivtlyy pl ane,
the sem corfﬁ"ﬁg?ﬁ?’ ill?f)eg?rrc’atﬁég %Frtﬁlé;r%&sepoér ati 5n can be further pgclji shed to

i nprove pljmaﬂieté?{ora,fthagerc_epﬂ gjclgs% edatyn Qggrl:ﬁl@ffﬁfm%%’&sﬁt lfegtpﬁclig it pt\ithS st ep
corresponds 10 -31n . ion, also in e case where a
separat i on ‘Bﬁlﬁhé’ %QE??PW8?SS@§#'P%%Ifeéﬁ @y Jrlt'em)ved t hrough the second etching
treatnent, tipe3fj0 polishing is preferably perfornmed to renmove the remaining

separat éson plane I-:Il'e%eg,'in the case where a semiconductor substrate after separation is not

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

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

[0135]
The semiconductor substrate 121 after separation is preferably polished by



[0135] WO 2010/ 15067140PCT/ JP2010/ 059996 cheni cal mechani cal poli shing
(CWP). The CWP is a nethod of planarizing a surface of an object to be
processed by a chem cal and nechani cal conpound effect using the surface as
a reference. eneral, the CWP is perfornmed as fol | oggpR@bdosdsi Ng cl ot h
i s attacheﬁ“¥@ §6Fi shing stage, the 490l i shing stage and the object to be
processed are 5 each rotated or swng while a slurry (an abrasive) is
suppl i ed between the object to be processed and the polishing cloth, and
the surface of the object to be processed is polished by chem cal reaction
between the, Ea{lrnyccﬁﬂﬂca? Pa;s‘ﬁhhf of(@8)0f ThOEMIUE QGicticd diglpatdessattiand by

action of rrec ani ca hi ng of the Obj ect to he proce

d wth the
pol i shi ngI of ad bbjedi0o pGDE@PSSWéY p(ﬂthIQ!gﬁln‘g‘ bye H%‘JZ@I\?P‘“&F‘E'}L‘?O%F?(Bt "l?ethf)e][for {red
once or plu en Of TEIbviat & balishirieradsth firs
pol i shi'ng F‘é‘%}fFé‘? EF ¥/¥Eper g&eg the hﬂgl ﬁ%rgfsﬁfoo Cshi n? rgt&eS fol | owed by
final poli shatghet toha p?olislnng page, shé p@:shmg@tagman#ﬂa? Phiect fo Popiossssearcy

pol yur et hane  pol i clo r geter 15
b The. 51 it PR rapaB s 30 R S S S Spied ek B 2‘5%?‘8‘2?’m oly
150 nm At piqegssbdmahd R pslishing, cleths mumepsmlrfasmﬁghecom@m tPsl?epre‘Feé?cébﬁsy used,
and the graln dianeter_of the slurr refer for
exanpl e, apehithed byicbppicghreartion bpty T‘rﬁﬁ’ da‘B{:)éu %igrupldéé)?) ?ﬁ‘t(r)urpr?gd on the
sem CO”dUC?%cessé&lQ&i bRh&iof of edechaial ptblishjilg dfmmer alijsct tobarpragessddewitieheocessed
sem conduc substrate 132 which is planarized and made to 20 have a
mrror surfpabdﬂ%@%han average surface roughness of approximately 0.2 nu to
0.5 nm,, g :ltlon by combi ning polishing with different poI i shing rates,
the sem cor{ uctor substrate after separatlo can,be (pl anarl made to

have a minor sur The golishing ey, the; CMPraethod) may| bepopfpred guce, %ﬁl i By the
CVP et hod @il eh, i F:ﬂaﬁslﬁﬁn}s%%&f)ﬁlu}a@(ﬁfes 185t pokhingsis eprémamy Iperfemiedl ayer

127 are renove e sem conduct or substrate 121 after separation

t hr ough themthakrghpohslhmggatprf@lmpérwfmbmlﬁ@ﬂgé%@ oW POHSIE Eiee t, the
reprocesse onduc g‘iF]a GEPretAty asell] 4Hdlthe Phiramaer f ace.

[ 0138] 30T(kjﬁr ghcl}’%% tocp){/éaggtﬁgy)ﬁgh it}alméjllgr(t)"nductore subster%ltel afteé

separ atjson dfshdslmpisqsdembliyriﬂﬁ niphto Y88 deiseramplse APRIOH A Yd5 dWhstMate 132.

The obtain t&: {"‘E@ gggfsﬁfn p%?ghqﬁ'é: L8t i8 Hgﬁrﬁ@g ‘ﬁse1d32nd the ERUS@amaSr bhe

sem conduct
the slurry is preferably 45 nm to 75 nm, for example, approximately 60 nm. In this

manner, polishing is performed on the semiconductor-substrate after separation, thercby
forming the reprocessed semiconductor substrate 132 which is planarized and made to

90  have a mirror surface with an average surface roughness of approximately 0.2 nm to 0.5
nm. In addition, by combining polishing with different polishing rates, the
semiconductor substrate after separation can be planarized and made to have a mirror
surface in a short time. |

[0137]
25 Thus, by polishing by the CMP method after the semiconductor layer 125 and

the embrittlement layer 127 are removed from the semiconductor substrate 121 after
separation through the first etching treatment and the second etching treatment, the
reprocessed semiconductor substrate 132 can have a highly planar surface.
[0138}

30 Through the above steps, the semiconductor substrate after separation is
reprocessed into the reprocessed semiconductor substrate 132.  The obtained

reprocessed semiconductor substrate 132 is reused as the semiconductor substrate 100



41 in Process A [0139] As described in this enbodi nent, by
repeatedly using a sem conductor substrate by a reprocessing treatnent of
t he sem conduct or substrate, manufacturing 5 cost of an SO substrate can
be reduced. In particular, after the insulating filmis renoved by the
first etching treatment, the enbrittlgpent |ayer and the sem conduct or
| ayer remaining on the periphery of the sem conductor substrate after
separation can be selectively renoved by the second etching treatnent using
a m xed solution containing a substance functioning as an oxidizer for
oxi di zing a sem conductor of the 10 sem conductor substrate, a substance
di ssol vi ngn Piesessx-de of the semiconductor, and a substance functioning as a
decel er at ?Qlﬁi oxi di zati on of the sem conductor and dissolution of the

tthe

oxi de of em conductor. Thus, the renoved portion of fthe r ggrt cessed
seni conduct or sisstesatiteedcim this grabpdiment; Yt KPEAGHRE IS d FRECYERT Eonduct or
substrate c e reproc ' BkiBoddub@f sutstate Oindtfacturing Not e
that the ssPﬁ%’@PeuP%as %gé?ﬁgttﬂﬁggn%%g Lment. can be used. i conpd' nation wth
st r uct @ eScoSthefin iSO tshbstratenean eerrsldiedende pasicalsn rabisk the iwsuvlating Tim 1Sy o
application is based anes t gnt i 1298 s@lth@beniBonddor

2009- 1494 FOMPYqdeRy %“tfﬁsqfi F%"?“e’g‘? %@fﬁ?ﬁiﬂlﬁ,&%ﬁ 24, 2009, the entire
contents qfiyathieiiniAk On ey gsiphiryotiposeat @uidipgor substramilier SHRIMAREREEPNUVERAL S
100: sem conductor substrate, 104:. enbritt]| | A%EH solddh oddedfin
substrat e,se@qvelxm%%n?tcmﬂb%‘iﬂ”éﬁ écag?’f@;@@ parat | 8?11, 1% nsl at i ng
film 123, iQguihibi Reichdniag o524 Gaaizeomo okisiziig | amsemkondusteri ebribitict or

| ayer, 126: projecting portion, 127. enbrittle : L-S&Paration
pl ane, 101 3csemicon stepte, miméhséf’@b&g t&“éﬁ fr;irgpl :-f (t)llne?%%cf:na%g%r? ocessed

sem conduc%gtaé&bgﬁ);ﬁ&gug 133a &efledafiri 6 oRidisation 2 1theesearieonductogyiand, 252:

el ement region, 254: insulating film 255: te electraod X e
el ect r ode, dig®ltionovf- e raxide ph HeosEIHRPASLFIY ?ﬂb‘?’oﬁ‘,ﬁ rfg’gyecgﬁgﬁﬁglof?%% mat i on

region, 259. hj c fhabi ORbEtFaRSIT Edny Bee Gle@ieed 260D: thidkaesse| anloromat i on
regi on, GIf?msc%sggeHwa%Ptﬁﬁ%suﬁati ng film 262: sjdewall insulating film 267:
hi gh- conc eseimiatnidoctos supsirate sanfbs gepsacesedand FoyseA OIS | m  269: interl ayer
insulatingfiLlm 270: wiring, 280: transistor, 281: transistor, 283:
el erren}f’se[(% ion layer 42 Cains 1. A nethod f@t re r.oaﬁelslsi ng a
semi conduct or  sUfkste that Ghecstmrpturesshowynt in dhis e@bedigent can be usp r“h?‘?@’"é 1o
enbrittlenent |ayer i ' QiktEnis Q0 apbftiate.SEM conduct or substrate
by a hydroﬁé‘hsﬁnﬂ) He gﬁ'ﬁg!hl%omﬁlﬁégg%ggalﬁ‘égn e lﬂo%h, wherein an insul ating
filmis provided on the periphery of the sem conductor substrate;
bondi ng t he sem cqnduct.or. substra € PMbS! rafpfcablohh séde héisul ating
fil minterposed f‘H%r%ﬂ?' En;'S b8 &P Aok b ]

90 2009-149412 filed with Japan Patent Office on June 24, 2009, the entire contents of

which are hereby incorporated by reference.

REFERENCE NUMERALS

100: semiconductor substrate, 104: embrittlement layer, 120: base substrate,
121: semiconductor substrate after separation, 122: insulating film, 123: insulating film,
124: semiconductor film, 125: semiconductor layer, 126: projecting portion, 127:
embrittlement layer, 129: separation plane, 130: semiconductor substrate afier
separation, 132: reprocessed semiconductor substrate, 133: separation plane, 251:
element region, 252: element region, 254: insulating film, 255: gate electrode, 256: gate
electrode, 257: low-concentration impurity region, 258: channel formation region, 259:
high-concentration impurity region, 260: channel formation region, 261: sidewall
insulating film, 262: sidewall insulating film, 267: high-concentration impurity region,
268: insulating film, 269: interlayer insulating film, 270: wiring, 280: transistor, 281:

transistor, 283: element separation layer



separating a sem conductor filmfromthe sem conductor substrate, wherein
t he sem conductor substrate after theddeparation conprises: a part of the
enbrittlement |ayer; and a sem conductor |ayer on the enbrittlenent |ayer,
removing the insulating filmby a first etching treatnent; and

exposing a surface of the sem conductor substrate by renoving both the
embrittl enent layer and the sem con§l@itns |ayer in a second etching
treatment using a m xed solution conprising hydrofluoric acid, nitric acid,
and acetic acid. 2. The nethod for reprocessing a sem conductor
substrate according to claim1, wherein the m xed solution has a
conposi ti on pbtKim@RodYoradplesbidity a septicdrriuefor 60bswate Roinprisingdhel t 0 nore
than or equal to 0.2 tinmes and less than or equal to 0.5 tines as large as
a vol ungteps 087. 7 wt % acetic acid and to nore than or equal to one tine and
| ess than or I ' I ; | Ry | uoric
acid and furf'? ﬁﬂﬁrﬁaﬁjF %snéb 9%‘5”’585;2 I%rulﬂjegﬁ?@%b@v# ﬁ/o h drnggnlt_(ﬁ%r %ﬂgg?ﬂjﬁ nor e
t han or selgirale by athytiragendsn émplantadien separation awihad, whegein apjipgdating filgr ge as
t he vol 0% ' i .The net hod for '

repr ocelarngied G felbelihERL i ndEbRoondibtor subgite: [0° D 0T wherein
t he second diaridimgtherseaticemilicios spbstfaie died msetsubstrathovith thednsdating fdm
penetra{tdﬁs to f.he i)emﬁc%nductor | ayer and the enbrittlenent |ayer. 4. The
met hod ?er%ng{tg%e S 2 semi conductor substrate according to claim 1,
wher ei n a suwidpaestingfa bémiceadictonfiue from the sstwiedreiuckr pobstsdte dwhéreer thehe
second etching trea t. 5. The nmethod for. reprocessing a sem conduct or
subst r aPEMEERAYRN tblsnﬁglaaﬁemhﬁseparatlonmg}pélﬁs.t he first etching treatnent
i's perfornmed usi Rgpat sfcheehdfittReidraiayengndydr of | uoric acid, anmmoni um
fluoride, and a surfactant, ? The Ig;ret h%d for Haer ocessing a sem.conduct or
substrat e accordiafﬁjamlconductor ayer on the embrittlement layer,

removing the insulating film by a first etching treatment; and

exposing a surface of the semiconductor substrate by removing both the
embrittlement layer and the semiconductor layer in a second etching treatment
using a mixed solution comprising hydrofluoric acid, nitric acid, and acetic acid.

2. The method for reprocessing a semiconductor substrate according'
to claim 1,
wherein the mixed solution has a composition obtained by adjusting a volume of

70 wi% nitric acid to more than or equal to 0.2 times and less than or equal to 0.5 times
as iarge as a volume of 97.7 wi% acetic acid and to more than or equal to one time and
less than orv equal to 10 times as large as a volume of 50 wt% hydrofiuoric acid and
further adjusﬁng the volume of 50 wit% hydrofluoric acid fo more than or equal to 0.1
times and less than or equal to 0.2 times as large as the volume of 97.7 wt% acetic

acid.



to claim1, wherein the volune ratio between hydrofluoric acid, nitric
acid, and acetic acid is 1:3:10. 7. TAh® nethod for reprocessing a

sem conductor substrate according to claim1l, wherein the volunme ratio

bet ween hydrofluoric acid, nitric acid, and acetic acid is 1.5:3:10. 8. The
met hod for reprocessing a sem conductor substrate according to claim1,

wher ei n the gvol g nﬁeéiﬁd}d)fo@eémﬁs&strg;dé abmitarliGetaciubstraid ddcordigg d, and acetic
acid is 2:2:10. 9. The nethod for reprocessing a sem conductor
subst r dee&lai®clor ding to claim 1, wherein the volune ratio between

hydrof | uor i Guackf thQiskEbifd @ﬁ:‘hﬁ? ROLRAETY ferfbihféd o hal the Prixedtdolution 10,

The nmethod for reprocessing a sem conductor substrate according to claiml,
wher ei rparetratesita the senicondustardayer lapd the embriflemgetlayemi tric acid, and acetic
acidis 1:1:10. 11. A nethod for nmanufacturing a substrate conprising the

steps of: formng an.insulating filmon a sem conductor substrate;
4. The method for reprocessing a semiconductor substrate according

to claim 1,
wherein a surface of the semiconductor substrate is polished after the second

etching treatment.

5. The method for reprocessing a semiconductor substrate according
to claim 1,
wherein the first etching treatment is performed using a solution containing

hydrofluoric acid, ammonium fluoride, and a surfactant.

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

wherein the volume ratio between hydrofluoric acid, nitric acid, and acetic acid is
1:3:10. '

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

wherein the volume ratio between hydrofluoric acid, nitric acid, and acetic acid is
1.5:3:10.

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

wherein the volume ratio between hydrofluoric acid, nitric acid, and acetic acid is
2:2:10.

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

wherein the volume ratio between hydrofiuoric acid, nitric acid, and acetic acid is
1:10:20.



formng an enbrittlenent layer by inplanting an Hion froma surface of the
sem conduct or substrate by a hydrogen#fon inplantation separation nethod;
bondi ng the sem conductor substrate to a base substrate with the insul ating
filminterposed therebetween; separating a sem conductor filmfrom
the sem conductor substrate, wherein the sem conductor substrate after the
separati on cogpriThes methdfbr Aeprobésstiprd tdehfdmucilonysubstraied a

sem conductor |ayer on the enbrittlenent |ayer, renoving the insulating

fil m byagcardingtto eléRiing treat nent; exposing a surface of the seniconduct or
substrate by,heinBYoRRd rdidDahdédn BfdrbfilRrieERld, hithieaBia! andisdticanill khe

sem conductor layer in a second etching treatnment using a m xed sol ution
conpr i sitilglthydrof l uoric acid, nitric acid, and acetic acid; and polishing

t he sem conductor substrate after the separation. 12. A method for
manuf acturing a substrate according to claim11, wherein the m xed
sol uti on hasTh cohpasthed & andactudind g supstisle sanpiising thestes ofo w % nitric
acid to nore, than or, eq I fto 0.2 tines and Igss than or equal to 0.5 tinmes

as |arge as %’T‘PW&%”W&B‘?_ M\ Qog SBICPRAUGITSURNIR®Y npre than or equal to

one tine a_”dfohﬁ_ﬁrg A @bkt laye? blOindiaMngasm HANER fittn & ¥@fdeelofofhe50 Wt %
hydrof l uoric acid and further adjusting the volune of 50 wt % hydrofl uoric

aci d t osemicendveier ibstsaigdly a bydsogen iopdiaplanttioa separAten Bethagual "to 0.2 tines
as |arge as boiPliEenAlomilotor WBLARE T B bk ubstfbte with thé.indiditgd [ of

manuf acturi ng a strate according to claim 11, wherein the second etching
t r eat neirterpesgrbtheghebveany t hat t he ni xed sol ution penetrates to the

sem conduct Oéeda?é(t%s€ 08mid3RaGBr ikt %r@r‘i‘fetﬂ{é s!eﬁﬁ'&f{\d ugtor s&ﬁstra-[%,gwlﬁgi%rﬁoﬂef or

manuf acturing-a s rate according to claiml ereint rst etching
t r eat nesémicenpgeacibosubstiatesifieg the saplaratioorcoopnses: ni ng hydr of | uori ¢ aci d,

ammoni um fl uoride, a f. ma . 5. The nmethod for manufacturing a
substrat e accordi ﬁ‘gﬂﬁ?%ﬁ{%@% E!Garyglr,ﬁn he vol une rati o between

hydrof | uori c aci i semitonductrilaker andheaembiitiementiayer, 1: 3: 10. 16. The

met hod for manufacturin supstrate a i to.claim1l, wherein the

vol ume rati oSS eHg?%P@‘PSﬁE’P F’g aﬁg.tﬁéﬂrﬁﬁ?%mg@},m and acetic acid is

1.5: 3:10. expbsing Ehsurfartehafdthé semieomdiietor substate by ubsioviag il tee pangft o
claim1], erein the vol rati.o hetween hydrofl uori.c, .acid, . .nitric acid,
and ace&?@%‘tﬁemgntg?frﬁaqﬁe sewor%HrétoFr@[yﬁro ?S?C%ﬁ?lgﬁﬁﬁ'ﬁa%e@ substrat e
accor di ggng @ rakad Bollion vhiapAsing hiérofiodritacid,atifrio dokl, wed acdlwadd; arer i ¢ aci d,
nitric acid, and acetic acid is 1:10: 20. 19. The nethod for

manuf act ur i replishisgithe semisondederubstrate affesiths 3apardiftd:ei n the vol une ratio
bet ween hydrofluoric acid, nitric acid, and acetic acid is 1:1:10.

12. A method for manufacturing a substrate accbrd_ing to claim 11,

Wherein the mixed solution has a composition obtained by adjusting a volume of
70 wi% nitric acid to more than or equal to 0.2 times and less than or equal to 0.5 times
as large as a volume of 97.7 wt% acetic acid and to more than or equal to one time and
less than or equal to 10 times as large as a volume of 50 wi% hydrofluoric acid and
further adjusting the volume of 50 ‘wt% hydrofluoric acid to more than or equal to 0.1
times and less than or equal to 0.2 times as large as the volume of 87.7 wit% acetic

acid.



20. The net hod
claim1l, where
The met hod for
sem conduct or

for reprocessing a sem conductor substrate according to

in the sem conductor suBStrate is a silicon substrate. 21.
manuf acturing a substrate according to claim 11, wherein the
substrate is a silicon substrate.

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

penetrates to the semiconductor layer and the embritttement layer.

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

hydrofluoric acid, ammonium fluoride, and a surfactant.

15. The method for manufacturing a substrate according to claim 11,
. wherein the volume ratio between hydrofluoric acid, nitric acid, and acetic acid is
1:3:10.

16. The method for manufacturing a substrate according to claim 11,
~ wherein the volume ratioc between hydrofluoric acid, nitric acid, and acetic acid is
1.5:3:10.

17.  The method for manufacturing a substrate according to claim 11,
wherein the volume ratio between hydrofluoric acid, nitric acid, and acetic acid is
2:2:10.

18. The method for manufacturing a substrate according to claim 11,
wherein the volume ratio between hydrofluoric acid, nitric acid, and acetic acid is
1:10:20.

' 19.  The method for manufacturing a substrate according to claim 11,
wherein the volume ratio between hydrofluoric acid, nitric acid, and acetic acid is
1:1:10. ‘

20. The method for reprocessing a semiconductor substrate according

to claim 1, _
wherein the semiconductor substrate is a silicon subsirate.

21. The method for manufacturing a substrate according to claim 11,

wherein the semiconductor substrate is a silicon substrate.



