DESCRI PTI ON REPROCESSI NG METHOD OF SEM CONDUCTOR SUBSTRATE,
MANUFACTURI NG METHOD OF REPROCESSED SEM CONDUCTOR 5SUBSTRATE, AND
MANUFACTURI NG METHOD OF SO SUBSTRATE TECHNI CAL FI ELD [ 0001] One of
technical fields of the disclosed invention relates to a nethod for 10
reprocessi ngoxosaazgonduct or substrate. In addition, thgidpshbesed
invention relates to a nethod for manufacturing a reprocessed sem conduct or
substrate with the use of the nethod for reprocessing a sem conductor
substrate, and relates to a nethod for manufacturing an SO (silicon on

i nsul ator) substrate. BACKGROUND ART 15[ 0002] In recent years,
integrated circuits using an SO (BESCGRIBTIGN | nsul ator) substrate that
includes a thin single crystal silicon |layer formed on an insul ating
surface have been devel oped instead of those using a bulk silicon wafer.
The char act er i SREPROIESSING METHOD @ISSENMYSONDUITOR SUBSTIATH, 0r med on t he
i nsul ating su e to 20 conpletely se aratetran3|stors
formed in the%@@gg&gglﬁpeﬁﬁ%ﬁap%@%ﬁoﬁ§pn &ﬁf\ﬂ@.@

fully- depl et eSUBSTRATH, AND MANUEACPURENG Mmﬁmwemtmmﬂ&m ated
circuit with high added val ues such as high integration, high speed
driving, and | ow power consunption can be realized. [0003] 25As a net hod
for manuf actreANECANFEDD substrate, a hydrogen ion inplantation separation
nmethod is known. The hydrogen ion inplantation separation method is a

met hod by WRP®H a single crystal silicon layer is obtained in the fol | owing

manner: 3. S1nol eoftatialRhl 168D of Yhliaha fRBH BRS Y 3 Slid g i o

hydrogen ions are 1nplanted is to ano
subst r atle) moRro¢essing ¢ pamicendietgr substeate. 30n ﬂddlmrpﬁmeﬂscmw\memtioh gelstebst r at es,
and then the,hq l.ant ati.gn regi on
by heat treat m%f&%ﬁufa@hﬁn%ﬁo@g&%ﬁé g%elgé’n%g%maﬂlb%t a% WEEH it s or the

method for reprocessing a semiconductor substrate, and relates to a method for '

manufacturing an SOI (silicon on insulator) substrate.
BACKGROUND ART

15 [0002]

In recent years, integrated circuits using an SOI (silicon on insulator) substrate

~ that includes a thin single crystal silicon layer formed on an insulating surface have
been developed instead of those using a2 bulk silicon wafer. The characteristics of the
thin single crystal silicon layer formed on the insulating surface make it possible to

20  completely separate transistors formed in the integrated circuit from each ether.
Further, since fully-depleted transistors can be formed, a semiconductor integrated
circuit with high added values such as high integration, high speed driving, and low
power consumption can be realized.
f0003]

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

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

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



separation nmethod, an SO substrate in which a single crystal silicon |ayer
is provided over an insulating substrate such as a glass substrate can be
manuf actured (e.g., see Patent Docunent 1). [Reference] [Patent Docunent] 5
[ 0004] [Patent Document 1] Japanese Published Patent Application No.

2004- 87606 WoSels@xddE OF | NVENTI ON [ 0005] 10When a hydrgeqe®sei68ks123

i npl antati on separation nethod is enpl d&ed as a nmethod for manufacturing an
501 substrate, a plurality of SO substrates can be manufactured from one
bond substrate; therefore, there is an advantage that cost for the bond
substrate in manufacturing an SO substrate can be reduced. This is

because, whevertdicindubitidg SUlstrheaiich he arplaskiseiitrate Thi Ok ndnubslusdd @lgl iseon | ayer
i s separat eg is subjected to 15 reprocessing treatnent, the used bond
substrate caf*HPIRUERA) f or nmanufacturing another SO substrate. [0006]
Here, a permigesk) portion of the bond substrate such as a single crystal
silicon substrate, which is used for the above hydrogen ion inplantation
separation HestanbRocumsst] 20 a region called an edge roll off (E. R 0.) that
i s causeg b}OOng]erri cal nechanical polishing (CMP) treatnment in a

manuf acturi hg process of the bond substrate. This region is formed when an
edge of t helHsteatiDeqmnent Hilepapese Fublished Batont Applicaiot Notd08¢-8605t h. The edge
roll off region of the bond substrate has a curved surface and a thickness
thinner than that in a central region of the bond substrate. 25 [0007]
When an SO DRHNFUREBOFINNENITIONt ured by the hydrogen ion inplantation
separation @bﬂod, a bond substrate and a base substrate are bonded to each
ot her by a mechani sm of internol ecular force or the Van der Waal s force;

t her ef ol@®, surf acEkentachydeghoivdedplhe@dorn @pivatien aethodd einployedach defisee of

oL nari ). BRSOy Bl 2008 TSR B O ot
not secur edixrofpn@d0Bdnd substrate; therefore, there is an advantage that cost for the bond substrate
in manufacturing an SOI substrate can be reduced. This is because, whén the bond
substrate from which a single crystal silicon layer is separated is subjected to
15  reprocessing treatment, the used bond substrate can be reused for manufactuﬁng another
SOI substrate.
[0006]
Here, a peripheral portion of the bond substrate such as a single crystal silicon
substrate, which is used for the above hydrogen ion implantation separation method, has
20 a region called an edge roll off .(E. R. 0.) that is caused by chemical mechanical
polishing (CMP) treatment in a manufacturing process of the bond substrate. This
region is formed when an edge of the bond substrate is polished with a polishing cloth.
The edge roll off region of the bond substrate has a curved surface and a thickness
thinner than that in a central region of the bond substrate.
25  [0007]
When an SOI substrate is manufactured by the hydrogen ion implantation
separation method, a bond substrate and a base substrate are bonded to each other by a
mechanism of intermolecular force or the Van der Waals force; therefore, surfaces to be
bonded need to have a predetermined degree of planarity. It is natural that the bond
30  substrate and the base substrate be not bonded in the edge roll off region where the
surface planarity is not secured.
[0008]



WO 2011/ 043178PCT/ JP2010/ 066123 3 Thus, in a region of the bond
substrate fromwhich the single crystal silicon |layer is separated, which
corresponds to the above edge roll off region, an unseparated single
~crystal silicon region and an unseparated insulating layer are left as a
step porti ofg 2hiVioS3:54 €P portion becones a problemin a shag
reprocessingﬁkreétﬁzit of the bond 5 Substrate. The differgﬁ@%%Fﬁ hei ght
bet ween the step portion and the other region (a region where the bonding
is perforned properly) is several hundred nanoneters at nost. However, in
order to renove the step portion by polishing a surface of the bond

substrate with a TG ifatlegen 96 tichthd shigubR Ardas QaKAths RSk st §lBobe used
for manufacfuring an SO substrate again as a bond substrate, a

sem conduct BY B y@Rrardeylich GOFSPRRYs (e HE BN e it ¢k rasine s uBePasied and t hus
the nunber gfeit ciBa1 DHcoh %%ﬁ : $h 'ﬁﬂscgﬂl’?lc fRuRfind BerARNER SUPSES ot annot  be

sufficiently secured. [0009 Further, a sem conductor region
i rradi at ed W SR PERERPRCONSs & prebleradn awiege QE rapracaingritsemest off the hogD)

substratg i gpbefd e diersldt Tilggxﬁgfci){r_bc%n heo Qe@&%{)n é\glg’ Lﬁ.éa&h{l}g?%%g F.aSt ep

portion. Crystal defects, voids, blisters st due to ion

i rradi at i onregentwheresbmpanding dcpesiormerproperly) Isseekal hendred mannibeters@f mpstoj ect i ons
and depr essi 1s t I a bs te. ([PO10], I n view
of tho  or eroevsE s oS i Ep Bhrk s BRI S SRR of REBPILe 20

i nvent i on i substeatgomothi @ eCMP neethad ss uhdtathk erefrocessedpsubstess icag ba wedrifoonduct or

bstrate. bj f nbodi t t he di scl [ ti ist
anut act o AP by laES0) Sl BRAR G BPok Rostlf £ NP intiRE W B he ©

met hod s t @ibeaetovedtgpippoeiitelyg 1A pie Bhd sl tet imbstibStineat & reprbdekdinganot her
obj ect of an enbgtgilngnt of the disclosed invention is to manufacture an SO
¢ eQnd spbst

substrate vi"Irst THie Rt BewEldentlyseist conduct or substrat e.

[ 0011] Jjooodn an enbodi ment of the disclosed invention, a step portion
is renoved using_a nethod by which a sen conductor region damaged due to
ion irradiati on &Prtiehe 2 SKBicendycige seiphcifadisfed withpbrdiogemuianpein, thhe above

method i's UsgfhfictirRRIPERGS b 8n 80BQubsBiicqs 455 O thE M ERO WY thclhonaUbsts at e, and
an SO substrate is manufactured using the reprocessed sem conduct or

subst r at%e. Buingthe stepl gaitionpt Fryptal deferite woide| w\bliseroekit duan hydrogen ion
2011/ 04317 86 dihldzd %L U Q6 RBnductor region; therefore, a number of projections and
depressions exist on the surface of the bond substrate.
[0010]
In view of the foregoing problem, an object of an embodiment of the disclosed
20 invention is to provide a method suitable for reprocessing a semiconductor substrate. -
Another object of an embodiment of the disclosed invention is to manufacture a
reprocessed semiconductor substrate with the use of the method suitable for
reprocessing a semiconductor substrate.  Still another object of an embodiment of the
disclosed invention is to manufacture an SOI substrate with the use of the reprocessed
25  semiconductor substrate.
[0011]
In an embodiment of the disclosed invention, a step portion is removed using a
method by which a semiconductor region damaged due to ion irradiation or the like can
be selectively removed. Further, the above method is used to manufacture a
30  reprocessed semiconductor substrate, and an SOI substrate is manufactured using the

reprocessed semiconductor substrate. Detailed description is made below.
[0012]



4 One enbodi nent of the disclosed invention is a nmethod for
reprocessi ng a sem conductor substrate, including the steps of: performng
first etching treatnent on a sem conductor substrate in which a step
portion including a damaged sem conductor region and an insulating |ayer
over the damapg®dy@sensconductor region exists in a 5 perpdhgb@bodesition,
whereby the insulating |ayer is removed perforning second etching
treatment on the sem conductor substrate by using a m xed sol ution which

i ncludes a substance that oxidizes a sem conductor material included in the
sem conduct or substrate, a substance that dissolves the oxidized

sem conduct or nmat@rei ahbodamut @f shebdiscloed itteatiore nd mekindt foe rgpeedingf a

oxi dation of_t. ] ductor Jmaterial and the 1Q speed of dissolution of
t he oxi di zeéfngslgﬁdgcgﬁgofﬁg{lgre’ %’ac[ug%nlgatﬁ‘? St\?ﬁ?e"?‘e%e{/gof'ﬂ‘@g %&E’d‘gé’é?ﬁ“@%ﬂ%t or
region is sedngiciriduebrysubsiany adwitich fa gepnpoiticin REEThe S dirsapod yehiesnduegi on | eft;
and perforn‘ireg%ﬁhe t trealt r.ren} for heﬁ;ti nfﬂ{éfge sem conductor substrate after
the second €€t iﬂ@ P BRI AR dfF SeTRESH HePEORR Y JEEIgn IFF 8IS ogeh. [ 0013]
15Anot hes — ephiptibsapgurtia, whiebylihs GhsR6 i-pME8 tnRfved; eforMhg SdodPétching _
reprocessin sem conduct or, substrate, including the steps of: performng

a - . - - -
first etchi ﬁﬁa‘T?‘Bé’P hpemirprducen fubs Y BYing 8 ieasalution Wiieh: inclidestp
portion inchibgtai@ MatarRBRE =S edthicORIEG! QharkrB0i iRAu@AdiPthd BSHLAlduRg, | aver
over the damaged sem conductor region is left in a peripheral portion after
part of theS"EiGohdbRtare diasdissalves ithe waplinedt wmicpadectaromatsritlc andirct or
| ayer thr oUalsth® thit Bkl RMspBl o katioh R AL cHIEL G S AT N
| ayer is renoved;, perform ng second etching treatnment on fRe" S8 Conduct or
substraf® bspeedsphgisepletionerf Boloyidizsd swmicohductes| mdderialawhertsyt theodantapet
oxi di zes a SEAAMANGMIGERSL FRLEL] ' in-t ] ctor_ substrate,
a substance that dissal vnefsggt héedvgf%ir%fﬁ%gqggln% @&%ﬁm@?cﬁﬂe%@{%ﬁqc&qr’re%%nd a
subst ance tlgfiz andoparfooningthsat tseatraeht dor koating theosemidontidngor Anbstenrs afendhect or
material a yrey ' ' f. .0xi di zed sem conduct or
mat eri al , \%%g? eb@?ﬁ?ﬁﬁ?ﬂé‘é@%ﬁ“ﬁ“‘é@%&%&f%?“%ﬁ"e%‘.ygﬁ’gﬁ% sel ectively renoved
with a non-[@#8hHged seni conductor region left; and performi ng heat treatnent
for heating the hCON tor supstrate after. the seco et chi ng treatnent
under aind at nos phe%r:\ﬂérz hlglﬁ%r?%%gf%eé‘ t P.%‘F gb%‘:?.sedéﬁvﬂg'i‘h}s a %ﬁof%r Feprocessing a :
2011/ 04317 8edidoddiRtut Q66 2Bclading elet 9988 lof: ParfarmfingITino e @tathuinlat € i n
whi ch a stee E)or&i on ||{)15ﬁrl tudj ng . damag{g)d,semc nduct or regi gn and an
i nsul ati ng TAYEPUEREM éedl&r?g'ﬂ a SIeR ROBIALREIBHING @ffamiesd; Sqmugqndpeiory
peripheral rpgiod iagd aarigsuldtingtihfeh o¥eld BirdaTke &P BntieoHAuEbO FegidaQisOB R QS ©
t hi ckness is .tg%?rlner z har} t hat of Ighe damaged sem conductor region is |left

in a regi orP*EPYER, BYHOR LS Rarle £t 1Bp J5BYGoRdertors pehstryar s spageled as a

seni CongiuCtsemicotidiftor My8r ihSough ReH MaBRGS il IRAMrGOAREH S RrctyA%E fnshiliRuah i on
i rradi atlor] and heat treatnent, whereby the insulating layer Is renoved,

per f or mi ng '&6E SETEY hPREPTEVREteRRI otelVog Weatmetion dhritsetieanduciysubsitats . by usi ng
a m xed solpytisaiy Mafifd don@ibhl%@chainau@ét@&%&ﬁ&%u%ﬂk%%&ﬁ&%%&@“d“Ct or
material included in the sem conductor substrate, a substance tha
di ssol ves tmcrik ingludediinthe sseviscodwrierspbntratena substance thatdissolsestibt ewidiesdt hat
control s thensa f | ' e ] terial apd the speed
of dissolution gﬁg%oﬁg%%ag%g?gﬁ%%%nﬁaﬁggﬁgfég‘yg%ﬁ%ﬁ?&vﬂ'uédragg% 0?%5’ damaged
seni corfductsenicendjicon naterial gud dlot speed wf déwalutich of the axidiont stariepdaktor :
sem conduct i eht; perf.orm ng heat .treat t for heating the
seni conduc tng{tciaggdg%??g e‘fhgfdt"‘“gl rg gletdh“’gmslé(;'aclz1 @ﬁ%‘g erERr Yy sel?%g’?&eﬁpoﬁ#;@% &n
at nospher e nb8-demaged demigoinudtoo gegion D4 performing heat tlRemBRCONHeating fieng -
treat ment, i el ectivi f the dapaged sem conductor region to the
non- darrageé%%@“%ﬁgﬁg%g@cr 8é¥roﬁ’°i §°°B’F‘gfegg | eabmept Wdshan atmeRRbeRr | t he
second et clinchgling ledtogemnt is preferably stopped after the etching

30 [0014]

Still another embodiment of the disclosed invention is a method for

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



20sel ectivity of the peripheral portion of the sem conductor substrate to a
central portion of the sem conductor substrate is reduced from 2 or higher
to lower than 2. [0016] In addition, the ion irradiation is
preferably performed w thout nmass separation. Further, the ion preferably

i ncl udes anwid3iafnzs 25[ 0017] In addition, at Ie%,ﬁzﬁ@&is?g wher e an
angl e between a tangent plane of the sPep portion and a back surface of the

sem conductor substrate is 0.50 or less is preferably renoved by the second
etching treatnment. [0018] 30Moreover, it is preferable that nitric acid be
used as the substance that oxidizes the sem conductor material included in
t he seni conukatbant osubstniandyctdrysibafateuiar whiclagisttp fogtidasiaduding hhfmapdyst ance

t hat di ssol \éesctge oxi di zed sem %ond ctor r’r%tgri al, and acetic acid be used
as the subsTARTANHA LBHFFSPIng B“%E‘é%‘d“’&fr‘ B S3pass 4 s§rRRongpctpRggion is

seni conductieft ifed ériphkrabportiohcanapraedhioh (diFspbd skaRomfucloPgetd Wnggd

sem conductor material. Further, it is preferable to_use a solution in

1t IS
whi ch t he HYHEKYSS oipinperfharythat pfthe demaged sempondngior wegion is laf dn ¢ cegigni d ar e
m xed ats a stabbiiRd bptheQteplpotion akél Rkt o%it_%:s&gicomkﬁar bdiRdratt i&%e&& SR gl(:)i ons

of the hydrofluoric acid, the nitric acid, and the acetic acid are

wei ght % ~ 70°cHRsogfrcsar laysktheoush igpeirigdiatign prdshratir¢aimeny, whaaehyahe Byulpting above
net hods, a hRPIOREDIES m gdOLicrs : red from
the sem con ucfor sqbstpr at e. t_th_hert?m'lrxge)?éaglﬁé@&ﬁq%u%?’t‘%og'flg@%;g%g%}ea%

manuf act ur &Y #sing haixed| sobiion gvhiinineludest 4 subsiepreoibeseddizsamandomidodtor
substrate npRMERS ; e [ S radj ated with ions
so that an engr ralqt'?r%C P@ﬁdélﬁ?ﬂ ¥ egr%{ %oﬁﬁ?ést&s Sg&n@}é’ 2 %‘%étggcgg?%?lesgg‘éﬁq}éee%l‘gﬁ%ﬂduct or
subst r atle anencandystos maldrsd.raden substabanthedcamitbls the spaed Wif atxidagon af ete

i nterposed . e 15 . reprocessed. sem canductar substrate is
separ at ed €§B&ég$ﬁ[0r ea:{llﬂrrg?]l?g %oﬁi ?sz? d é’?;%és(r%‘?lgtc?)%ndﬁ%'?' Sro’inﬁ?gir S"*.“%“Pﬁ? d over
t he base suhm¢riahtwehergb§OROHamaged serhipbelvtiontegions ki sslepty finatd aithand t he

like, an 5 S rate.refers to ubstrate .in which a senconductor |ayer
is forned %%n-gﬁg%eg aéf%lfcf“ﬁ%“c{soﬁ r ?%%’21,6 ﬁ’a?‘f’(sﬁl Rc?oﬁ%‘f’g PralEaigep Ogheaé‘“g fleuct ure
where a si Isemiznndugipersubsrapr afterde@ aeomh ctchihg! fédufent| @Rt .anFmosphefPI €, an
501 su tratcg dmg/ i&ave a structure where a silicon layer is directly fornmed
on a glBss SOHUIE IO "¢ v ucture where a silicon carbide |ayer is formed
on an insul[edishg | ayer, or the Iike.

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

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

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

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

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

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

the semiconductor material included in the semiconductor substrate, hydrofluoric acid




[ 0021] 25According to an enbodi nent of the disclosed invention, a danaged
sem conduct or region can be selectively renoved wth a non-danmaged

sem conductor region (or a sem conductor region in which the degree of
damage is low) left. Accordingly, the amount of a sem conductor renoved in

reprocessi ngoloAalimHNt of the sem conductor substrate ,Jpﬁ,h?‘%%gci ently
reduced, and the nunber of tines of 306reprocessing and use of the

sem conductor substrate can be sufficiently secured. [0022] hydrogen after
the danaged semi conductor region is selectively removed, so that a
reprocessed sem conductor substrate having favorable planarity can be

obt ai ned. [¥20R8d adlie GitRlancenh&rliBolvePIhe oLidEed senfibindfnoGhefalSaascaRt € 1S
manuf act ured. A thﬁ 5 abgve t hod fg reprocessjng a sem cqonduct or

substrate, 3¢ Hitheofubstance that GNdRQls:tht sreedRhnaiizaHon ofdhe ssmiemdedern g

treat ment Gafleld afdiiltispde@BE hiksolRIH D the ASHRIAEARbYIucRPRatckal, FaAmkact uring
the reprocessed sem conduct or substrate can be reduced. [00241

10Fur t her molt &, Preferable 4o vssor soligiga i thichjthe hdsoffugsic aeiddthe gitvigacihand Bisy e

r epr 0cesssethesidNa6ia NS Cinfled SHDE L¥diRe (@5 loff PB.10BHUI BT | Qg t

substrate can be suffici gntly repluc%d. Blgl_ EF DESCRI PTfIGJO\I _d@epﬁa\/\?ﬁ% 15
[ 0025] | n t9eEccatratingp 0 ythe §ydrpBugricgacid, the nitrif|acid, and\ thepacelic cid are 50

Crose: ocet Bl PUBphi Vol 7 LG TRRRGRGL T P ocesei 10 {reat rent for
of a step fd6Pr9jon of a senmi conductor 20substrate; 25 manufacturing an RH
substrate, By the above methods, a reprocessed semiconductor substrate can be
10  manufactured from the semiconductor substrate. Furthermore, an SOI substrate can be
manufactured in the following manner: the reprocessed semiconductor substrate
manufactured by any of the above methods is irradiated with ions so that an
embrittlement region is formed, the reprocessed semiconductor substrate and a base
substrate are bonded with an insulating layer interposed therebetween, and the

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

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

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

[0021]

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

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

[0022]

In addition, heat treatment is performed under an atmosphere including



FIG6 illustrates a manufacturing process of an SO substrate; FIG 7
IS a cross-sectional viewillustrating a sem conductor device which

i ncludes an SO substrate; 30FIGS. 8A and 8B are optical mcrographs of a
sem conductor substrate; FIGS. 9A and 9B are graphs each showi ng a step of
a sem condugioaniisdiiss rate; FIGS. 10Al1, 10A2, 10B1, 10B3crh@Sslendand 10C2 are
optical mcrographs of a sem conductof substrate; FIGS. 11A1, 11A2,
11B1 , 11B2, 11C1, and 11C2 are optical m crographs of a sem conductor
substrat e; FIGS. 12A to 12C are graphs each showing a step of a
sem conduct or 5substrate; FIGS. 13A to 13C are graphs each showing a

step of a dedicpemdfiet e cﬁhﬁb%ddrﬁhﬁéond%ctor refiofe3s sdlddively rédbval €o GEARNS eaCE
showi ng a step of .a sem conductor substrate; 10FI GS. 15A to 15C are graphs
each Showi HgPECStdFeBroMERn bRty Bvale Svaselils dlorarty can'be opfataed. 16A {0~ 160

are graphs [eazd) showing a step of a sem conductor substrate,

FIGS. 17A to 17C are graphs each show ng a step of a sem conduct or

15substr at e; Further, xdhen 13gigprogesseiCseanieond peiphenbalzaie, issmamifastired BY ¢hs of a

sem conguCtMbyeS URGhSRLB: reprocessifig GB: sehdédnbiftdrd SultGte 3P NanGRE oS ROV Ng a
step of a sem conduct or su%strate; 20FI GS. 20A to 20C are graphs each

showi ng a ge@jsopductor Semprednitubeoiepatssing dregtment can be| gfficientla educkh ar e
graphs eac M&B@Yﬂgﬁg cfst Sﬂ)leﬁlaf?lifa&urﬁ%mhg Q%H&ts&'ﬂ SHRBhERIGE substrate can be

reduced.
[0024]

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

sufficiently reduced.

BRIEF DESCRIPTION OF DRAWINGS
15 [0025]
In the accompanying drawings:
FIGS. 1A to 1D are cross-sectional views illustrating a method of reprocessing
treatment for a semiconductor substrate; 7
FIGS. 2A and 2B are enlarged views of a step portion of a semiconductor
20  substrate;
FIGS. 3A to 3C are cross-sectional views illustrating a method for
manufacturing an SOI substrate;
FIGS. 4A to 4C are cross-sectional views illustrating a method for
manufacturing an SOI substrate;
25 FIGS. 5A to 5C are cross-sectional views illustrating a method for
manufacturing an SOI substrate;
FIG. 6 illustrates a manufacturing process of an SOI substrate;
FIG. 7 is a cross-sectional view illustrating a semiconductor device which
includes an SOI substrate;
30 FIGS. 8A and 8B are optical micrographs of a semiconductor substrate;
FIGS. 9A and 9B are graphs each showing a step of a semiconductor substrate;
FIGS. 10A1, 10A2, 10B1, 10B2, 10C1, and 10C2 are optical micrographs of ;1



FIGS. 22A to 22C are graphs each showing a step of a sem conduct or
25substrat e; FIGS. 23A to 23C are graphs each showing a step of a
sem conductor substrate; FIG 24 illustrates a relation between an etching
time and an etching anount; FIGS. 25A and 25B are optical mcrographs of a

sen conduct gip ssusimat e, 30FI GS. 26A and 26B are graphscaaghiSheng a step
of a sem conductor substrate; FIGS. 27& and 27B are cross-sectional TEM

i mges -of a sem conductor WD 2011/043178PCT/JP2010/ 066123 9 substrate; and
FI GS. 28A and 28B are optical mcrographs of a sem conductor substrate.
BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON 5[ 0026] Enbodi ments and
exanpl es Wi fdmibmidd@sGubdaae; bel ow with reference to the draw ngs. Note that
the invention can_he inplenented in many different nodes, and it is clear
to those skill ed St HAlat A% Hé?htlﬂéln?‘&g?ésal&rﬂdCaéff‘a?nf'@ldaﬁmseapémﬁfged in
vari ous waysenikdod@udr sdsaiet i ng fromthe spirit and scope of the invention.
Therefore, the 10_invention should not be construed as being limted to the
description of tKaCGanbdNitreldGs agengraphsa fgsheshovips @ stemiof tahsemjgonsiugior t i ons or
portionss hayjpgght@ simlar function are denoted by the same reference
nunerals in this specification and the |ike, and description thereof is
omtted in sone ®s13400213C 18 pEphodidresitowilg a step of m sémisommifodi ment, a
met hod for (g Fagessi ng a sem conductor substrate will be described with
reference to . IAto 1D and FIGS. 2A and 2B. [0028]

FIGS. 14A to 14C are graphs each showing a step of a semiconductor

substrate;
10 FIGS. 15A to 15C are graphs each showing a step of a semiconductor
substrate;
FIGS. 16A to 16C are graphs each showing a step of a semiconductor
substrate;
FIGS. 17A to 17C are graphs each showing a step of a semiconductor
15  substrate;
FIGS. 18A to 18C are graphs each showing a step of a semiconductor
substrate;. '
FiGS. 19A to 19C are graphs each showing a step of a semiconductor
substrate;
20 FIGS. 20A to 20C are graphs each showing a step of a semiconductor
substrate;
FIGS. 21A to 21C are graphs each showing a step of a semiconductor
substrate;
FIGS. 22A to 22C are graphs each showing a step of a semiconductor
25  substrate;
FIGS. 23A to 23C are graphs each showing a step of a semiconductor
substrate;
FIG. 24 illustrates a relation between an etching time and an etching amount;
FIGS. 25A and 258 are optical micrographs of a semiconductor substrate;
30 FIGS. 26A and 26B are graphs each showing a step of a semiconductor
substrate;

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



FIG 1A illustrates an exanple of a structure of a sem conductor substrate
121 20 before reprocessing treatment (a sem conductor substrate from which
a sem conductor layer is separated). A step portion 126 exists in a

peri pheral portion of the sem conductor substrate 121. The step portion 126

i ncl udes anwionguleddihg | ayer 123, an unseparated sem cordugiRbndHgi on 125,
and a sem conductor region 127. Note tH®at both the unseparated

sem conductor region 125 and the sem conductor region 127 are 25 damaged
and include many crystal defects, voids, blisters, or the Iike, due to ion
irradiation treatment or the like in a manufacturing process of an SO
substrate. substpdd;ahCul ar, the sem conductor region 127 is a region where

damage and enbri t to the ign irradiation are renarkable. ‘
Therefore, the uﬁé%gggta@ggg%ﬁfed’(?ﬂfﬂﬁ&"if?grf‘@ljloéﬁS?E’Q‘SO@HEF(’{W@“%% conduct or
region 127 can be coI lectively referred to as a 30 damaged sem conduct or
regi on. For_exa In the case of a single crystal sem conductor

substrate, BReT E@RW%WQP& HE TE™rs to a region part of

whi ch inglu §6d| sorder of alignnment of atonms in a crystal (a crystal
structure), acr stal defect, a distortion of a crystal lattice, or the
like, which is c)z/ﬁlj‘é’@éml?ptsl and examples willdhe dascmlred beldve withhicfasense 3o kg e

crystal senjcopductaie {h%mvkama ch B lérﬁ'e géalﬁl;haﬁ; afmrénpﬁac}f%gaggtl@' are

aligned in a spdtially regular manner. a non-

seni conduct isclearigithose skifled &n the ag tht rtthrQOdt;sy'lsd détaitseqan bowhiangedin vagigion i n
whi ch atons_] r ' i ghed. ma Ler and
whi ch has t‘ﬁéeﬂs‘glrtrlgo uf déﬁ@ f %érﬁatﬂés |Sﬁﬁ Fqnd EC@ qqqé%%{Jgﬁth%ucgg?rcﬁoéeg $n whi ch
i s not 10 r advetienl shntllld 'noinbe oa:onsﬂwdl askd:cmgomxﬁ]:d to the ddseriptivavef sheep

por o0 120 o el 5B St bl bel Sl 0
treat nent function are de:notcd by thc same reference numerals in this specification and the like,
and description thereof is omitted in some cases.
[0027]
15  [Embodiment 1} _
In this embodiment, a method for reprocessing a serniconductor substrate will
be described with reference to FIGS. 1A to 1D and FIGS. 2A and 2B.
[0028]
FIG 1A illustrates an examplé of a structure of a semiconductor subsirate 121
20  before reprocessing treatment (a semiconductor substrate from which a semiconductor
layer is separated). A step portion 126 exists in a peripheral portion of the
semiconductor substrate 121. The step portion 126 includes an insulating layer 123, an
unseparated semiconductor region 125, and a semiconductor region 127. Note that
both the unseparated semiconductor region 125 and the semiconductor region 127 are
25  damaged and include many crystal defects, voids, blisters, or the like, due to ion
" irradiation ﬁ@atment or the like in a manufacturing process of an SOI substrate. In
particular, the semiconductor region 127 is a region where damage and embrittlement
due to the ion irradiation are remarkable. Therefore, the unseparated semiconductor
region 125 and the semiconductor region 127 can be collectively referred to as a
30 damaged semiconductor region. For example, in the case of a single crystal
semiconductor substrate, the damaged semiconductor region refers to a region part of

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



10 (CWP treatnent) of the sem conductor substrate. Since the edge roll off
regi on of the sem conductor substrate has a snmaller thickness than a
central region of the sem conductor substrate, bonding is not performed in
the edge roll off region at the tinme of manufacturing an SO substrate. As
a result, thesiqapspertion 126 is left in the edge rol Ip@ffeafif8dsed Of the
sem conductor substrate 121. 15 [0030] 10 Note that a sem conductor
region 129 irradiated with ions exists in a region of the semi conductor
substrate 121, other than the step portion 126, (especially, in a region
surrounded by the above edge roll off region). The sem conductor region 129
i s formed i defeuchdistortiannén ctymt lapaetorahe ke, @dichis caukaidivaibe Ghradiatibn bons,

which is fo 0 the rran facturi rocess of the S substrate, is-

i o fker Bl B T REbEbABS ot R roregh SRT AT ot | o

separated. {@Qa@lhre aligned Har €, sphtfly SREUIEO MHAGEOT 1h €4IdR#dn,1 3 9ndnSddnttisd €nough
uctor regions (the sem conductor regi on 125 and

as conpared_tQq %que sem co%g

the seni contfIUTBRUGESERAR Bakery Y074 sipgle P?Yétakﬁeé‘ticoﬁsv‘i“i’rdﬁ@??ﬁ‘ whigh atR@S In { he
sem condsiCt PEryE@Daro ligné ih & s&%ﬁ?ﬂ%@& mafheriahd Wﬂicﬁtﬂaé)ﬂlctsﬁtﬁ@-ﬁﬁ@@ adf the
| i ke and incl udes many cr%@al efects or the like. Therefore, the

seni conduct §Pelf egpatsegndnctagsteionakhieinis netimadiated with dens petiedike- 125 and the
sem conductgngi]egl on 127 can be referred to as a damaged sem conduct or
region. [0032] 30FIG 2A illustrates a schematic view in which the step
portion 126 is erfibgaebdg steppertipndg6 prpludes a sq-2@led wdgeurgl oA Er RgDonegion

correspondi pgpd &ﬂl&ﬁdﬁ&?@%‘uféﬁagl Ofpfe £ r&potgﬂ%loql Fﬂk%ﬁrby%gﬁg&ﬁgg{ﬁ%h g toa

chanfer portion. In't ment , region refers to a
set of poi ntGMBtreatmenthokhe amlceldb@mmfaetaﬁqg@nhe qzﬂgamil oﬂfr@mrrffthﬁ:e of the

Step POl ORudafudsh QyRELE BCR SHALRCickesd: Baf's | B3 KRS 0%l e

ref erence surface ane p ront sur ace ‘or Urface of
t he sem constumuydu@cnrbgbstiatcebqr@ngnqﬁcmyoadbmﬁtﬁlG)O&B]adge rol! off réidrent tiattinve| y, by
setting ar rom.t n f, e substrate as
t he chanf ergfqﬂ fa%}""n%% §ed eStrr%?l Asfafrels“llj i Stec?aor?nboé'dlggf’?#?ﬂd“%e &% egi on
which is i nmll@b&rb@mﬁhﬂeancqaﬂmtmmnbmcb i2n. whi ch bondi ng i s not performed.
Spemﬂ&gl I@ {ﬁor exanple, a region at a distance of 0.2 mMmto 0.9 nmfrom
the end'df P8tHe substrate can be referred to as the edge roll off region.

[ 0034] NotNotd thétta defifconbiaidrasgipwl29 RRAIEREviObnsAdxis@ch atBgobendi ng
bet ween a b%se substrat e, and bond ubti]trate therefore, the planarity of

the chanf er PHEFEFYUCRRbHEEe Hdy ptBer than the step paxtion &b, (sspspialiyrip agseiome
substrate. frotfiRdWyhae dbans cdéchﬁJllVbﬁ”rEglblY) OfThé RémitenREQE réﬁéd 1984 fis regi on

has an influence on the bondi ng between the base substrate and the bond

substrate. fPARdINGEEh a mapgss that part g2 segigncishdiated ayithdigmss whichds famadin be used

in a magpyf agt Hfahﬁﬁctﬁﬁl%ﬁ%@es?%f % SHMsubitPRd et 1hrlheg@ﬁ:ﬁc&ﬁ§§§r’ subttip depends
on the planarity of the edge roll off region. For this reason, It is very

i mport ant t@lragﬁ’tf%sqnﬁ@“ﬁt“éﬁfipmﬂﬁsépﬂ@% in the edge roll off region so
that the pl[@@_ﬁr]lty thereof is inproved in

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

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



20t he reprocessing treatnment of the sem conductor substrate. [0035]

FIG 28 illustrates a schematic view in which a step portion 128
illustrated in FIG 1A is enlarged. Note that both the unseparated

sem conductor region 125 and the sem conductor region 127 are damaged and
i ncl ude mamyoGhmmials defects, voids, blisters 25 134, pofbhgodskiesg, due to
irradiation treatnment of ions or the l1ke in a manufacturing process of an
SO substrate. A region 135 surrounded by a doted |ine shows a state where
t he sem conductor layer and the insulating fitmover the blisters is
damaged. A nunber of projections and depressions exist on the surface of

t he i nsul atiegign refiyre ro a’L%Bof ﬂo&ﬂﬁ&]wfﬁﬂﬂ&pﬂx@&&ﬁﬁﬂreﬂ@atﬂ@&ﬁ plaé o4 sdrface of

sem conduct subst r at | udes at ast, S[ ¢hing treatnent (herel nafter

referred tog%@tef’lpr"g{““ Fﬂ“ ¢ Fcé%ﬁcf’ré aeetiyy 0.5 desnHeReds e ustatenssy | ayer
123, et chi n@irhéecal PR pdrIRl € @atfr&ﬁrsuffﬁ‘(fee&rr £ adiOsifics 8F Adsdtiedididor
treatnent) for rem)V| ng the danaged sem conductor region, and heat

treat ment fUPSUeAREPPIOVHy t he semi conduct or substrate after the second
etching 4 regahsmnt. These are described in detail below [0037] SFirst, the
first etching treatnment is described wth reference to FIG 1A, As descri bed
above, the first Ademhiively, by settimenregion atachstange of 83tmmrfronk the endrbvlieng t he
i-nsul ati ng t t he

sl ati ng TaEte gl kel BAuGEThE LN RS GR o8 it BE% eaigs"S

sol uti on cowhidi ris ngsmwdha)fChmfer qmamnd apd 1anwbicb hlamthngAs nbte psnﬁbrutcd on

cont ai ni ng rlca ol utd tal i ng, h of luoric
aci d, ammnglpé%]hg%ﬁ’brl 8xampar13 regglﬁ? t%n © floofmm tﬁr odm % %‘E g’tﬁ{ﬁff 500,
producel® bythStubktkae ﬁnm(ifarréaaops)thatedm))iloffrégm | | ke is preferably used.

This wet et ﬁ&JA g treatment is preferably perforned for 20 seconds to 1200
seconds, J anpl e, approximtely 300 seconds. [0038] 15Since wet etching
treat ment can beNperfhar e cthamfes qﬁhioa dos mot afférhithd BéndimpTbawashug hade
substrate 12 issaé{eodi a so ll&f’catre nt t ank, arb‘glurallty of
sem conduct®gPst A ?EatE erﬁ “?31’ planagy ofit H@@f"’m Q58 P9t

ef ficiency mittef herefroRsaaL &Mt of ﬂlétsﬁ'&ﬂbteca()nﬂ@dtﬁhﬁhﬂﬂsﬂﬂ vidmifyldi®e. Si nce
the insul ati ng | ayer 123 is rem)ved y the first etching treatnment and does

not nee® t FIBeralldihisain hos iniatluace Ay “’Ed"’é‘ﬂ@ﬁP?F&e?"r@ﬁpﬁséﬁt’b“‘taﬁémétﬂl?h| ng time

can be shordogd@sbstritbll tTIREABE Ea repidREBed REERTRERWHEHLR cahsot R d/ingt ched by
the first etching treatnent, the anmount of the sem conductor substrate 121

renoved by Teanefastieing rP@OC@%ﬁn("i)é“ rYuabstrain dn spae asesehish ddpemds off the
reprocessi NganGAfy dethel dAEE MECregibRO3Rr this reason, it is very important to remove the

step portion 126 in the edge roll off region so that the planarity thereof is improved in

20  the reprocessing treatment of the semiconductor substrate.

[0035]
FIG. 2B illustrates a schematic view in which a step portion 128 illustrated in

FIG. 1A is enlarged. Note that both the unseparated semiconductor region 125 and the
semiconductor region 127 are damaged and include many crystal defects, voids, blisters

25 134, or the like, due to irradiation treatment of ions or the like in a manufacturing
process of an SOI substrate. A region 135 surrounded by a doted line shows a state
where the semiconductor layer and the insulating film over the blisters is damaged. A
number of projections and depressions exist on the surface of the insulating layer 123.
[0036]

30 Reprocessing treatment of the semiconductor substrate includes at least etching
treatment (hereinafter referred to as first etching treatment) for removing the insulating

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



25In the first etching treatnent, dry etching treatnent may be enpl oyed as
|l ong as the insulating |ayer 123 can be renoved. Alternatively, wet etching
treatment and dry etching treatnment may be used in conbination. For the dry
etching treatnent, a parallel plate reactive ion etching (R E) nethod, an

i nduct i vel ywoauialeest7pl asma (1 CP) etching nethod, or thedrhkfigaeike used.
30 [0040] wunseparated sem conductor r¥gion 125 and the sem conduct or
region 127, which are included in the step portion 126, and the

sem conductor region 129 irradiated with ions, are selectively renoved.
More specifically, wet etching treatnent is performed using, as an etchant,
a mi xed solmhbdng Wit dimagad baniesndactsubpioanasd héndiredisictli foe plaafzite Heconduct or
material, a_substanpce that djssolves the .oxidized sem conduyctqr nmterial,
and a sUbstSSW(‘:CSm%% SB%SHPFO‘&@ ?rﬁ’ese GRS BP0 SF FhdessBREdcBnduct or
mat eri al anRtafllvelospeed of di ssolution of the oxidized sem conductor

mat eri al . [8&%] In the above treatnent, nitric acid is preferably used for
a chenical [ tion 10 including the substance that oxidizes the

sem conguct or marRd] @k firdtetihefy! ttatmdnt AChHcritRd R¥igf RERICY /SRS 1007 A& chemi cal
solution including the substance that dissolves the oxidized sem conduct or

material . ASErbed 4bovg. the Hrseriching| Yeaimeny is sichipechiratment] fos s¢maevingn thencl udi ng
the subst angaifiate GO/ fi i EniRRfih A suikhdab ok, hbasaemeapduct or
material and the speed of dissolution of the oxidized sem conductor 15

mat eri al . TRé camhpemiovedby wet delengtreatment using prsefuiombinaisiag hpdroflwiricows: t he
vol ume of VR %101 t rdCon@Gl Gl e L than one
[T as | g et ot As7l SprbE G At RHIE AR R 0°1
times aAd Icestainingdydbfl@orid avik amsohmngBuaailes dndta soffaddnt eg.gpodadhyanef | uori c

acid, and t , i %: r of | uor,i cid is e than.0.01
times and l[%%ﬁ%&%@ %ﬁéd t§ ?r%\@aggﬁﬁi%%go graﬁ ﬁ@t&o@edgﬁefsvee%ﬁﬂ%‘g&%ti c 20
aci d. For &hinpiteiching ticstmpne @raddyhidy poddrnict don2l sacomds at 12006écohysit@f | uori c
aci d, nitriec a ied I%Qd §§££60c acidd be 1:3:10, 1:2:10, 1.5:3:10, or the
like. Note THIRICHHRROVERFE TAPrH9Y: 3: 10 is expressed as HF: HNOB: CH3COOH: H20
= 2.05: 3. 2900B8] 55: 7.42 in a nolar ratio of nolecules. There is no
particylar limtation on the conposition of the other nolecul es. The

et chi n35t r eat men?™% Yt 8?&‘?‘563‘?{}%@? 8t ??EopeffB’r'meéipﬂ‘r i manger thas gt e 25 to

20 m nut es serfdebndes@iPibetrate 121 &t WHkAUN o RAIBE M a it@atiicel AR pufBfyfdgr med for
appr oxi mate‘leg, Zd&rinut S to 4 mnutes in the case where the volune ratio of
hydr of | uor SEMGERYCtopsubstrates il gan b progesead;at onge; g Aceordingly.iefficiensy phthe

appr oxi mat ednto@ssigtéBfert Can be nfgises. | Furthbe sﬁ@@%é"hﬁﬁl@tﬁ%‘“ﬁ 40jz4ng ratio of
hydrofluoric acid, nitric acid, and acetic acid is 1:2:10. Eurther, it is
pr ef er abl e TePRyed O dhe fimtrdehing wreatrpent apd dogs nebinesd |t be samayed be thepeeandi nat el y

10 C t9030c§hinﬁofrea@lﬁ@dfp!tl?e et%giggcﬁﬁe_zgancbe [élﬁgl‘}&]ed. Furth rmoh{' &g agove

expressions using a ratio, th em cal solutions or the nolar nunbers each
have a mar gemicerrdugtor éy hadly ¢ighed bFdhe ditstngithing itieatrignt, kg amositosf thhat t he

vol une rat| i i &Ll i i id.is 1:3:10,
X:y:z (hyd'rs%hfl%%dra?tg; gf&&@% %ﬁ I%%?)tg?dl@%% !e%hi?g)cgﬂ %%9%%2% %&5%&3‘}?{?) may be
in a rangetigks af repOc@singcan belindeasgd.= 2.7 to 3.3, 'and z = 9 to 11.
Simlarly, gsd_a,gi]he expression that the volune ratio of hydrofluoric acid,
nitric acid, ahd acetic acid is 1:2:10, x:y:z (hydrofluoric acid (x),
nitric2acid (y),Inahdfistetchiog sreatohefitz iy areyngdecatmen niayrigeengfloyedas bnp to 1.1,

Lo 5 R i P O MR LB el 517
' dry etching treatment may be used in combination. For the dry etching treatment, a
parallel plate reactive ion etching (RIE) method, an inductively coupled plasma (ICP)
etching method, or the like can be used. .
30 {0040]
Next, the second etching treatment is described with reference to FIG. 1B, In

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




damaged sem conductor region, and an etchant penetrates easily thereinto.
Accordingly, in the damaged sem conductor region, wet etching treatnent
progresses not only froma surface but also fromthe inside. Specifically,
the etching tends to progress in such a manner that a deep hole is forned
in a directiwoopeufpendi cular to the 15 plane surface of ate and
then the hole is expanded. In other vvo?fgs, in the danangghg%aﬁn‘lM%ginzguctor
region, the etching treatnment progresses at a higher etching rate than in a
| ess- damaged seni conductor regi on or the non-damged seni conductor region.
Here, "etching rate" nmeans the etching anount (anmount- etched) per unit
time. |n adeistpagated Sexticindngorsekioatli2yiahy theremiisondirtion Rgicaaog, WhRh &rd WO
different |ayers .are etched a ratio.of an etchi rate of each |ayer.
' addi ti ont e % Tamhan 20ue eiae Rhorgraion [ BRG] waf ons,

seni conduct ae selagiveln retowstl CMotdWpedlB@I9ewalctdhaiFneatnicht fsQleAbin¥@l iinkOW as
conpared to that of the upseparated sem conductor region 125, the

sem conduct®r 2P eGFiuRt 1?7‘?‘”‘["Ee5‘§‘§1ﬁncé}’ﬁ&3}cf‘%ﬁl“d%@ Shbstarge | thity @xidizes) ani t h

i ons, ors t h@midos@uctdriidedial, 23004 cS BRCAIEIRRY Ih¥ oxidded SdtiBbdadctbAhRefl t he
damaged seni conductor region is twice or. nore as high as that of the

non- damaged®$eniubBasa &b Fortiol th spesd of pidatioa of derragicendusirr cotrrist ansk

region). That siesd of HRoRIENbMNEe SAURES deMidodRhortiiferdfmaged sem conduct or

region to the non-danmaged sem conductor region (or the |ess-danaged

seni conductl8P*Megi on) i's 2 or higher. 30 [0045] WO _ o

20111043178PCT/JP@%%Q@&%%& ﬁhﬁ‘é@&g ¥eral r)é%@d?&'au&ieﬁﬁca Jgﬁ{i‘on' ncl udes
e e subs

the substance that oxidizes t sem conduct or erial, S ance that
di ssol vHs tihdugirg the sulptagseqibatorxddizds dhe sertieniedtor matetial. hdwlndfbivein edd ishat
controls t d i,dat.j .he. 1 conduct ar ri.al , and the speed
of dissol u{}? %%Bgﬁ 'fs}%é, fgﬁiad%%ggﬁlsg%u{é%ngﬁc% (1):1% @‘gﬁgﬁ’@%ﬁ%ﬁtﬁﬁe&?ogﬁ&&d

semn conductaadizedgsenricanductdye makielc t | Acetiy aciimisv paferabty asdli gl y ,chemizalanount of
t he sem co r-r ved in.the reprocessjng treatnept can be duced, and
t he nunber %tg%ﬁ%élg %lfﬁtrq}é r%geg%qs%cean&tu él%r(?g;n e SPHer 8&%‘&5“%% € by the
wet et chi ngemicondurmntmateriabland ahd speedfof sksvblanad v ther oxsdibat seatiedhddaldr can be
processgd at once; .therefore, efficiency of the reprocessing treatnment can
be i ncr%’as deptertly tﬁlérc%lpgs,'“%'(fgi%ﬁc"é&}aﬂtem ﬁ??"’dﬂ’éy gﬁ&%ﬁ’hﬁwf?é‘é‘ﬂ%ﬂ? o0y pe
performed iveight®hific deide modd fhaf 091 GIm@ ant NGs HRRATME ¥9RI RdarkE GRILIESHN can be
i ncreased also for this reason. [0046] Note that the thickness of the

damaged serfi’dofitighifaicetieasidand ip morethan 83 tises andlessithen 1Qttimesanilagnaiuct or

region 125 ) tor reqi 127) i ar 1 ifferent from
hat ot hauRar sOR AT HEhERacl L BB Yiibheiol sh el ayafiboricrien
sem conductiomoreetfr0.01 Bfhes andlesscthad €.5 tinkee a8t /GhA F 0T ivkidhysrQletiche step

portion 126 (th eri pheral partion) to the other region (the central
porti oy i §°‘§10t§ ‘?"PB’P[% duf il’FFg‘3r e that dhskrlune gtiogof: vdeativarie acifojirin

20Speci fi cachll MddRaw dclaast 1HRAMW:2:107TB%H: 80, 8} the &kd.SINSb habME 9NmME T4 NT
1:3:10 is expressed as HF:HNO;:CH;COOH:H>O = 2,05:3.29:11.55:7.42 in a molar

ratio of molecules. There is no particular limitation on the composition of the other
molecules. The etching treatment is preferably performed for approximately 1 minute
25 to 20 minutes. For example, the etching treatment is preferably performed for
approximately 2 minutes to 4 minutes in the case where the volume ratio of
hydrofluoric acid, nitric acid, and acetic acid is 1:3:10 and for approximately 6 minutes
to 12 minutes in the case where the volume ratio of hydrofluoric acid, nitric acid, and
acetic acid is 1:2:10.  Further, it is preferable that the temperature of the mixed solution
30  be approximately 10 °C to 30 °C, for example, 22 °C to 23 °C.
[0042]



treatnment is started, the danaged sem conductor region is first etched both
in the step portion 126 and in the other region; thus, the etching
selectivity becones simlar (specifically, approximtely 1). After the
damaged sem conductor region in the region other than the step portion 126

(the sem coggugiiRish£gi on 129) is etched to be renoved,pcdapiifodsss- danaged
sem conduct or regi on or the non-damagel seni conductor region 1s exposed in

the region other than the step portion 126; thus, the etching rate of the
| ess- damaged seni conductor region or the non-damaged sem conduct or region
is reduced. Therefore, the danaged sem conductor region in the step portion
126 is preferent ilakieyaboeereygessioan asinfa watic,hthe ghanica clolutiohy oothethieadanaged

sem conductor 30 region to the |ess d sem conductor region or the
non- danaged“‘gféti?fsc??ﬁlgh%‘iccﬁm?’&j‘l er?"l?éegngg%e g‘% ‘15‘@3? fif g grpresyorythaty; gper)
After the dagB@RHheS Aflib (BN MRIbriE QIO Rithid ahheaﬁ @&u@%&d 2n1:346, kiyhe

sem conductor region 125 and the sem conductor region 127) is etched to be

renmoved, t héydreduoriganiddel ndencibiydand eectic agif 64)) mry bhia atepgedd erfdfito

sem conduct re n XP¢ al sg ste oty us, the

et chi ngdéslelgg:’tl v?;@ %5 il 50%%;1111 asmgiag ﬁ"ﬁ]s?ﬁé%rg?lo&{f’ “"’é’g“ﬁ?eo‘}%u ?’r%ft ely 1).

[ 0048] 5In ﬁyhr@uﬁﬁaraeﬂ msricnaxﬁd tane aeétﬁ‘:had‘tg 1SSR|2£lOIxyiztﬂayd/raﬂu(BR: At (x)g t he
second etching tre the e Chl g can be |n| in cansideration of
the et chi ngmgglaé’éty & Ce‘r‘—‘bi?c‘de(% ‘”’b?“’é‘ﬂ% t‘?lglei’cﬂrgﬁﬁ &v@‘é’t nment at
the stage whepg, {he etching sel ectl vity of the damaged sem conduct or region
to the | ess-danaged sem conductor region or the non-damaged sem conduct or
region is rl@84ided to | ower than 2, the damaged 10 seni conductor region can

be remoyped whil edﬂgalr%g%bigtv&;?cfsi b t%éea‘iih%Pé‘ﬁ&éCcLu%rm iGTRAARGBY e4ili8n SREON

et ching treat nent I's case € reprocessing treatnent can
be surely pdsmfagtcfrestnamudw nmegiber aofl tan mekhaot lperp:nratt;essasuig threiine.

Ut 0l et | XoERIEdy tROk G LR L I SLEN LGS SLEGHL Lo B Eficidl Ue (2

di fference V& alne arin MU FRtckness in
a predet er monedlyt frore a surfyce B ald ﬁeﬂahdmsmle 1Specifichlly) thar etehm@tanas (@

differential value), Qbt.alned, BY, COMRALLNGL IR ATRHOIS: Rlpehfdsed dJ ckness

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

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

[0044]

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

30 [0045)]

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



[ 0049] Not e that although not illustrated here, the step portion 126
I s damaged or partly damaged in sone cases when the sem conductor |ayer is
separated fromthe 20 sem conductor substrate 121. In such cases, the

etchant penetrates fromthe danmaged region into a periphery thereof through

the first eyghbn@siseat nent and the second etching treaciRpoomedst he
damaged sem conductor region which is }%eft in the non- damaged sem conduct or

region (or the | ess-danaged sem conductor region) is selectively renoved.

25 [0050] Next, planarization treatnment is performed on a sem conduct or
substrate 130 after the second etching treatnent, so that a reprocessed
sem conductachaﬁub&brah;e:dlSélluiim nwhigh amt:htﬁ@d tﬁé&ﬁb&hﬁelmat dtidigest nieat ment is
per f or med becausg t he seni.cq uctor gstrat canpot, be used in a

manuf act ur i WPPEE smB‘F“%}nt IS“]%SLPS?N tedisie "r‘i’S %d”% feda Senigandpgier

sem conduct @iteSAID&idr Bt ubb@AceathbetontbR 1B §RBA o£ bLRMIA JfNtRAEIMAIndEQgs not
have enough pI anari tet)é as illustrated in FIG 1C.. Note that in this

enbodi nent , PetRal capd ethgysaeed ofh dissaliion oofqthe taxidizedgsegriconductors magRal dhee| y
renoved gy &aﬂﬁﬁéﬁfcﬁﬁa)nﬁﬁ&&' 1Bgion ¥ w0k 134, I PR RO ll%?hrri]aana reat ment

I s descri bed owever, in the case where the sem conductOr region
cannot be s¥ffthe semigendycterresieaed Bythpﬁeprg@éwtreqt@mtrfgntbpeedq@edatand ithe | s

preferabl e fhak, tilies b oeés@ﬁg%ﬁme@m ﬂEreésF% Ogﬂ]rﬂéﬁb?%her@aveh&%gt oget her

by pl anarization treatnent described bel ow.
pl anari zat i eratmaenga phurality tdfeseguenndenterusubstratesu b2t rcan de 1@0ceafeleat orte; second

ar eat ot nanne, il of i SEhGiiahih, BERbehe 68 SEHCrlled EERRRAAECT S
gr eat er 1t hasincertheespaard dtchi@Dtrertment esn he gefesd ﬁlhalshcm timguetficierey 24 Ghem nut es

under a hydrér%?c@ i%jma%rgen‘?can ?elgérggsgglilsoforthlsé% o% heating means, a _rapi d
"thermal ann f a resistance heating furnace, a m crowave

heati ng app@b4djus, or t he | i ke can be used.
Note that the thickness of the damaged semiconductor region in the step
portion 126 (the semiconductor region 125 and the semiconductor region 127) is largely

15 different from that of the damaged semiconductor region in the other region (the
semiconductor region 129). Therefore, the etching selectivity of the step portion 126
(the peripheral portion) to the other region (the central portion) is not uniform during
the second etching treatment.

[0047)

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

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

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

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



[ 0053] Note that the heat treatnent may be perfornmed under an argon

at nosphere or 15 an atnosphere of a m xture of hydrogen and argon as wel |l
as a hydrogen atnosphere. For exanple, in the case where the atnosphere of
a m xture of hydrogen and argon is enployed, the heat treatnent can be
perfornmed afyoxoiipgnes ature of greater than or equal to pkd@%0daphs! €SS than
or equal to 1300 C for greater than orlequal to 30 minutes and | ess than or
equal to 240 m nutes under an argon atnosphere whose volunme is greater 20
than or equal to 90 vol % and | ess than or equal to 100 vol %w th respect to
a gas introduced into a heating furnace. In the case where the heat

treat men';] i ®gioari2oy meﬂcl:cd:ﬂdedlbetrhﬁoﬁidm]féﬁhﬁrcﬁnﬁéecﬁsdfﬂgddndg@molfegihﬂﬁﬁ Q%en and
argon, the proportion q rogen to the gas | ntroduced. in t he heating
furnace mygﬁwﬁﬁ?ﬁ?"ﬁ@%‘“w gion f‘%FxPé’%in%?oe‘.“ "E‘@@@H]POQ’S’N&%& thpsiithe he

at nospher e athibhi@ldaadty Bef:@ﬁésrmﬂﬁa;iag_aiﬂ(sbediﬁmly,%pminiamy gpove, and an

at nosphere of other gas can be enployed as |ong as the surface of the

sem conduct @P*8ubstrate 130 after the second et chi ng treatnment can be

pl anari zed under 1§ i, HafRSUHRE She LOATBLIANR! Saldialurif UBEoEAlyd €2t et

under an argon atnosphere or an atnosphere of a mixture of oxygen an

ni trogen naljeaaenbche lchiag cabofiniskad ipfopryideration 96 the qtehing spfastivit\\OFor

2011/ 043178RGEOR2010L AR 23 ABind MGnch YR oty b e

out - di f fusi on of ’g%y nin tehemgem' cgnduct oérygggﬁ{sé{erata?gé%gggﬁq%m%%ﬁgt ed by
perf or mi ng hechmpgedt semicoaduetartregiomeo therlessrdamagddosemicsndustyrgregion feattheexi st s
between lat}ic Ly the. 1.£0oNn o] r n,b e ed, and
generation %dfn &(;a?(nla %ht isgrﬁl-clﬁﬁgi'ﬁ@gdgg%gc{?i E%ag?%luﬁ el() %%(:))tﬁa%o 2t ﬁﬂelé s&eaﬁég%dnduct or
subst ral®e Sseodgentetguegivrecmdn. rep@@86§hile the amdunt ef thh a¢miadridncoglembixal case
where at | easg th egh.trea i rformed _as the planarizatio
treat nent i g'gss E'Teqngé%thfnﬁ T 'E&gﬁ%ggﬁl‘%@ntﬁ tvﬂxi% tﬁ'ﬁ‘gcﬂtthﬁ ¢ L%f; ?fts’f]%ﬁre?tmfpgt 0,
pol i shing teaedenserdy perfdimead aad GyRwmbbhobitinesy ofoepoossking eahn bé eufeivieitly t 0

performthe 10 pl rzation treatnent. A polishin reat nent .nm e

per f or med a?f%?goﬁug%#hslﬁjée Ftﬁ]émﬁéej Ct‘tv?t%ﬁ’taﬂﬁgf‘ v a@ﬁ@%@%”i"’%‘?ﬁ‘%ﬁ’q ?tﬁﬂg‘?fgnt usi ng
a CVP net hasy omypdiing aks haooms of reduced thdckpkssr il 4 tpyedeferthine® sime QN 3che
polishing treatnent_is rformed a plurality of tines, for exanple, it is
preferabl e Steﬁ%{]tdsfqrrlsf“"b‘g?%i Yhit n"@g\ﬁ/i (@pdifemgpt Vﬂgﬂe? é’hﬁaﬁ'@d Yt @rHETpe thor ned and
then fi ni shini@nRF rcdlitsdghivkdeks ia ah @dtapQ! | shing rate be perfornmed. At the
first 15 paol i%gi ng, a pol yurethane polishing cloth is preferably used, and
the grain d09fdt er of slurry is preferably 120 nmto 180 nm for exanple,
approxi mat el y 15QoiMhahitHoligr hoiinkt-na ReL,| &bisk 1p0ﬁi0?19?2$eism%}da§é3 §g cloth
is preferably used, and the grain dianmeter of slfurry is preferably 45 nmto
75 rim forPagladpnaged 4p spm%icaies sYhenghe semicenguetor dayenifesepamated foim $hei ng

Lreat Moy | SmRBRARIITREbshal! 191 3! Int et baskd, WRSerant b Yrork Hel dalHapd T 3t €5,

region. into a periphery thereof through the first etching treatment and the second
etching treatment, and the damaged semiconductor region which is left in the
non-damaged semiconductor region {or the less-damaged semiconductor region) is
selectively removed,

25  [0050]

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

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

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



20 sem conductor substrate 130 can be planarized in a short tine. [0057]
The surface of the sem conductor substrate 130 is planarized through the
heat treatnment; therefore, the reprocessed sem conductor substrate 132
which is planarized to have average surface roughness (Ra) of 0.2 rim

or less, prefchadlsrs0.1 nmor [ ess can be 25 manuf act Wedptds6isz:C 1D) -
[ 0058] ‘As described in this enbodi mentl? after an insulating layer is

renoved through the first etching treatnment, the second etching treatnent

is perfornmed using the m xed solution which includes the substance that

oxi di zes the sem conductor material, the 30 substance that dissolves the

oxi di zed s etmdatoomd isalesaribad thetveadr,, in atctateehest ths kamcendubiof regAt DPLmnbthe speed

of oxi datiotp of..t.he sem C(F)Cp uc %)r rg%aeri al and the speed_ of dissolution of
t :

the oxidi zedr SuHeielqtFEs iS5F s“éCht“l%affe%tﬁ‘é"‘dé‘rrg?g@afeg@é’Fﬁ B8hdisct or

regi on renaicmiinghg semidoadRsti rBgIen Y29 be rdifove8 ThERE UG inadiiBsh tRlme@n be
sel ectively g%arﬁ’gxﬁd Therefore, the anmount of sem conductor renoved can be

reduced, artf tf¥er of tinmes of reprocessi ng and use of the

sem condyictgpsigubstrate can be increased. In addition, the heat treatnent
is performed under an atnosphere including 5 hydrogen after the damaged
sem conduct or redidofc iplanadrasien j teainent. et \serriconductds atubsiratee A 30 eiffers d

o oo R et SHREaPlACH AUl BRI, (00
conbi nat i orthag errequdido $100U°6T anddeidbay drizguil iten 1306y (bfor heeteothas br equabwi ment s.
10[ 0060] ( %ﬂh@?ﬁd lgs)s than or equal to 240 minutes under a hydrogen atmosphere. '
10 [0052]
As a heating means, a rapid ‘thermal anneal (RTA) apparatus, a resistance
heating furnace, a microwave heating apparatus, or the like can be used.
[0053]
Note that the heat treatment may be performed under an argon atmosphere or
156 an atmosphere of a mixture of hydrogen and argon as well as a hydrogen atmosphere.
For example, in the case where the atmosphere of a mixture of hydrogen and argon is
employed, the heat treatment can be performed at a tempetature of greater than or equal
to 1100 °C and less than or equal to 1300 °C for greater than or equal to 30 minutes and
less than or equal to 240 minutes under an argon atmosphere whose volume is greater
20  than or equal to 90 voi% and less than or equal to 100 vol% with respect to a gas
introduced into a heating furace. In the case where the heat treatment is performed
under the atmosphere of a mixture of hydrogen and argon, the proportion of hydrogen to
the gas introduced into the heating furnace may preferably be 4 vol%, for example.
[0054}
25 Note that the atmosphere of the heat treatment is not limited to the above, and
an atmosphere of other gas can be employed as long as the surface of the semiconductor
substrate 130 after the second etching treatment can be planarized under the
atmosphere.
[0055]
30 Note that another heat treatment under an argon atmosphere or an atmosphere

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




In a nethod for manufacturing an SO substrate of this enbodi nent, an SO
substrate is manufactured by bonding a sem conductor |ayer separated froma
sem conduct or substrate which is a bond substrate to a base substrate. The
15 sem conduct or substrate from which the sem conductor |ayer has been

separ at ed i godPjoasited to reprocessing treatnent and reﬂ&@%@% 1gond
substrate. An exanple of the nethod fod8nmanufacturing an substrate of

this enbodi ment will be described below with reference to FIGS. 2A and 2B,
FIGS. 3Ato 3C, FIGS. 4A to 4C, FIGS. 5A to 5C, and a manufacturing process
chart of an SO substrate of FIG 6. 20 [0061] First, a process of

form ng an ender ithet Hyeropai atiegptere. 1Gdnck Butdisagbe oNekietRin MuRehicaidcdPO to
escri bed. This process

prepare for hondi with a base substrate 120 is i

relates to f‘?’éﬁ%ﬁgg? it promotrd H?%%ﬁﬂl&d"&’f‘ heafpieqarmens the orgsatrations @5ponds to
Process A i bxyfgeftlfat cxdfis bHWBel lafticksSih thd icREhEANABGL 17DURS bE Adfceh00 1
prepared (see, FIG 3A and the step A-1.in FI 6). As the sem conduct or

G :
substrate 18R gepefptionof gxidationyinduced stacking fapls (OSDe e semisowiucionpbstrait e or a
pol ycrysgal kiR sigidss@nduct or substrate of silicon or the like can be used.
Typi cal exaqfles of commercially available silicon substrates 30 include
circul ar sil4%®h substrates which are 5 inches (125 mm in dianmeter, 6

i nches (150 nmm) i i i j i i nghes (300
m n i ametor o aiah i ERRe bl P hed B Blrionidy 41
peri pheral Pplerarizgipnoticagment |i§ gloseribeds irb ¢his amboditniat; evithsutalimhativhetherpor t i on f or

preventing chi-pRb B9aibnt !ﬂtyl\ﬁﬁ% rted'.n(rGZA Not e that the
shape of thg ssulggt r%t@en icsglaﬁo gl m'rtné J)‘?%ta{’ ﬁeéc%rfli?lgﬁ glfmglﬁgb%],m&ﬁ'ﬂqge silicon
subst ral® wplagamizitiongreotrems edA polishing treatienn guy de peifapedaftci bebdforléahcan al so
be used. Th erg a rectapgul ar singl rystgl silicaon suybstrate is
used as t heﬁqgggéa%n%nm&ndﬁ@t%)ﬁm snﬁ%gr?#'gflg “i’@égi(gbdgé'ge@}ogﬂ'é"é bﬁé’le%w.meﬁd’@%%]
Not e that aorsuplfrality obfimthe When thopalishingtresitiest is pérfork@d a pRrdiipbimai] v
cl eaned usi a sulfuric_.acid/h %rso n. peroxi de m xture %SPI\/), an amoni um
hydr oxi de/ h{(}g FEEEY Ny BS?FCG%’I#SQ%/ re‘g‘?’ﬁ@g& Y‘”tﬁ aﬂ%"r E‘fﬁﬁ‘“&% fte bepdiomet ogen
per oxi de 10Candi then figishinolistdid Wit hYev bliskars Fatabt Gedbdch. Af tHehlisl | ke, as
appr opriﬁat e. Further, di]Jute pé{;lﬁrl of l uoric _acid and ozone water may be
al t er nat®l ypq.]1’§'é‘ﬂg=taop°3¥“é%{hmﬂi’é’ 1R deth ipprefrably asnde dicitlie ewin diamsier 8k e 100.
[ 0064] slurry is preferably 120 nm to 180 nm, for example, approximately 150 nm. At the
finishing polishing, a suede polishing cloth is preferably used, and the grain diameter of
Slurry is preferably 45 nm to 75 nm, for example, approximately 60 nm. Further, when
the polishing treatment is performed a plurality of times at different polishing rates, the
- 20 semiconductor substrate 130 can be planarized in a short time,
[0057]
The surface of the semiconductor substrate 130 is planarized through the heat
treatment; therefore, the reprocessed semiconductor substrate 132 which is planarized to
have average surface roughness (Ra) of 0.2 nm or less, preferably, 0.1 nm or less can be
25  manufactured (see FIG 1D).
[0058]
As described in this embodiment, after an insulating layer is removed through
the first etching treatment, the second etching treatment is performed using the mixed
solution which includes the substance that oxidizes the semiconductor material, the
‘30 _ substance that dissolves the oxidized semiconductor material, and the substance that
controls the speed of oxidation of the semiconductor material and the speed of

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




After the surface of the sem conductor substrate 100 is cl eaned, an
insulating 15 layer 102 is formed over the sem conductor substrate 100 (see
FIG 3B and the step A-2 in FIG 6). The insulating |layer 102 nay be forned
using a single insulating filmor a stacked layer including a pI urality of

i nsul ating ol @F0ssie | nsul ating layer 102 can be forngg THE
insulating filmwhich contains siliconl¥as a conponent, suc as a SI l'icon

oxide film a silicon nitride film a silicon oxynitride film or a silicon
nitride oxide film 20 1In this enbodinment, the case where a silicon oxide
filmis used as the insulating layer 102 is described as an exanple. [0065]

Not e that i regiohiremsipiagiif ithapiriphen6t thbQethickducor Sibstra caf B MNeletrivig, i1 m

nmeans a filmtha i NS, nore oxygen atons than nitrogen atons, ‘and
cont ai ns oxSfB’QHedt ZQ%WF OF G S ameynf P{g‘i‘?’“%‘iﬂ“ﬂﬂ/ﬁl”&&@nca&tbﬁd&%ﬁtqnﬂt‘hf‘ons

rangi ng fr opnr ajf ofh&Yot Qcp?&eﬁulr%nhﬁf/‘hseo ob tRd dHhiedRdubtord JuRtR &X0 b2
atomc%to 35 atomc% and 0.1 atomc%to 10 atom c% respectively, when

they are meREEsed b aﬂ@l‘f‘ﬂ%rﬂl‘%lf‘eé‘ et & Restormeyl @’ﬁé‘tﬂ%ﬁﬁ%ﬁhyfe(lﬂﬂa@ﬂand
hydr ogens f OpyiRdgen Sfat ih%rdaﬂﬁ§§p§’§ﬁ1&91'a§(§t6ryr gld'ﬁ% -selelblivel}Efemofed ish M, Ni L1 de

oxide filmmeans a filmthat contains nor€ nitrogen atons tRan oxygen 30
atoms, and EBREEPHSCRicpadngior pybsirag bavingsiaverelia plaparily bandieoptainedt
concentratlﬂg rangl ng fromb5 atomc%to 30 atomc% 20 atomc%to 55
atomc% 25 atomc%to 35 atomc% WO 2011/043178PCT/JP2010/ 066123 21 and
10 atomic% to 30Ta¢ ptrveidfe dessplenclt iny dhiy  embiodimenh eym dree used abu ppplofiateRBS and

HFS. Not e t&ﬂ{blr{%ﬁ&?@ﬂf] ﬁ‘r%%g'%é\?lgre%stchg‘gﬁ H aflgéé/ tﬁg rselnllboolfm g{ and hydr ogen f fal !

wi thin the ranges given a AURber ons contained in
the sil1&on086Ginitride filmor the silicon nitride oxide filmis defined as
100 atom c¥% %L%G?t]z In the case where a silicon oxide filmis used
as the insu mtlng Qer 102, the insulating |ayer 102 can be fornmed with a

vapor depositi onlmhﬁedﬁbdsfunimaaﬁacaurﬁdg%MI Si¥BRrae bhoth embddiraéiBan3G1 et hod,

A DN SO S NRB] oS0 RS R 0d g 2 1 xed

gas of sil an

semiconductor substrate which is a bond substrate to a base substrate. The

15  semiconductor substrate from which the semiconductor layer has been separated is
subjected to reprocessing treatment and reused as a bond substrate, An example of the
method for manufacturing an SOI substrate of this embodiment will be described below
with reference to FIGS. 2A and ZE, FIGS. 3A to 3C, FIGS. 4A to 4C, FIGS. 5A to 5C,
and a manufacturing process chart of an SOI substrate of FIG. 6.

20 [0061]

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

26  {0062]

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

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

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




10t et r aet hoxysi | ane (TEOCS) and oxygen, or the like. In this case, a surface
of the insulating |layer 102 nmay be densified by oxygen plasna treatnent.

[ 0067] Alternatively, a silicon oxide filmwhich is forned by a
chem cal vapor deposition nmethod using an organosil ane gas may be used as
the insul at imighoh BMeis 102. 15 For an orgartosil ane gas, p@r/ip2010/066123

sil'i con-cont ai ni ng conpound such as te#?aet hoxysilane (TEQS) (chemi cal
formula: Si (0C2H3)4), tetramethylsilane (TMS) (chem cal formula: Si(CH3)4),
tetramet hyl cycl otetrasil oxane (TMCTS), octanethyl cycl otetrasil oxane
(OMCTS), hexamet hyl di sil azane (HVDS), triethoxysilane (chem cal formula:

Si H( OC2H5) 33ubstate,tthdrs thiahbdfer portio® for lpasvent{ngvaippiglor tacking & iNGiuHeNGECH3) 2) 3)

can be 20 u [0968] . Further alterpatively, the insulating |ayer 102 can
be forned ugﬁggAan%glg?th"é%q ﬁhﬁqedgt‘%‘ﬁ‘l‘ 8“"‘8’3/‘%5? ipigaddg cﬁé“’%lé’fﬁ%é%a%i or

substrat e 1@ficonHuBdtel wiget & ptdcebed heAH BRI guld® Shap® b he Gkd &8 aRBind @sdal | M may
be dry oxidation, and may be perforned undger 25 an oxidation atnosphere to

whi ch” a hal 08 rfaiherniah gepagiins sl §Tysid siligonn, sybsin- Sontedi As b gas, one
or plurap KidulsorRfici6inBeraRal0ns Rerie@BUEE . HF, NF3, HBr, C12, CIF3, B3,
F2, FIr2, .and the |like can be used. Note that the insulating layer 102 is
formed to cHP8?] t he seniconductor substrate 100 in FIG 3B; however, this
enbodi ment s notydid tJai : eql

i nsul ating | ayer l\fILd(t)%miagsgg glﬁfér?r:g&)h Ct%%e %T{Iﬁ&g%&:}-[)sukgﬁ%go(grgﬁfﬁ%gﬁy k%éaggder t he
sem conduct ¥tng ubstsulferc 1agd/hydregeann sparesidangmiztyrsr (S8 mayn bemiremimed over
only one ofy

2011/ 043178ﬁ@%‘?"j%ﬂ hg'gg%fé’?tdg%’&‘% EANEY, ! BarHRRE oBbfhydarbBn peroxide

10 mixture (HPM), dilute hydrofluoric acid (DHF), or the like, as appropriate. Further,

I

dilute hydrofluoric acid and ozone water may be alternately used to clean the surface of

the semiconductor substrate 100,

[0064]

After the surface of the semiconductor substrate 100 is cleaned, an insulating

15  layer 102 is formed over the semiconductor substrate 100 (see FIG. 3B and the‘ step A-2

in FIG 6). The insulating layer 102 may be formed using a single insulating film or a

stacked layer including a plurality of insulating films. The insulating layer 102 can be

formed using an insulating film which conrtains silicon as a component, such as a silicon

oxide film, a silicon nitride film, a silicon oxynitride film, or a silicon nitride oxide film.
20 In this embodiment, the case where a silicon oxide film is used as the insulating layer

102 is described as an example.

f0065]

Note that in this specification and the like, a silicon oxynitride film means a

film that contains more oxygen atoms than nitrogen atoms, and contains oxygen,
25  nitrogen, silicon, and hydrogen at concentrations ranging from 50 atomic% to 70

atomic%, 0.5 atomic% to 15 atomic%, 25 atomic% to 35 atomic%, and 0.1 atomic% to

10 atomic%, respectively, when they are measured by Rutherford backscattering

spectrometry (RBS) and hydrogen forward scattering spectrometry (HFS). Further, a

silicon nitride oxide film means a film that contains more nitrogen atoms than oxygen
30 atoms, and contains oxygen, nitrogen, silicon, and hydrogen at concentrations ranging

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



22 100. [0069] As an exanple of formation conditions of the thernal
oxide film heat treatnent is perfornmed at higher than or equal to 700 C
and |l ower than or equal to 1100 5 C (typically at approximately 950 C)

under an atnosphere containing HCl at a rate of 0.5 vol%to 10 vol %
(preferabl yud o817 th respect to oxygen. Treatnent tid@pbRYRE;0- 1 hour
to 6 hours, preferably, 0.5 hour to 1 Bbur. The thickness of. tP’ue oxide film
to be formed can be set in the range of 10 nmto 1100 nm (preferably, 50 nm
to 150 rim, for exanple, 100 nm 10[ 0070] By such thermal oxidation
treatment under an atnosphere containing a hal ogen el enent, heavy netal

that is an 10 akshie% B0 hiokic%, SegectiveRy, when thdY are Rlecadibd H&%B@ﬁldrfﬁfﬁ?ved-
[0071] 15Fupther, the insulating layer 102 containing a hal ogen el ement
such as chl’&Pﬁeﬁ t peceniagey af pigogdy peteenRifent aud ydiegen fallyithin teirangss of Na or
the like) &g f SR PRRHG :

Speci fi cal Y\% b_y]ﬁgéégrgléﬁrh gg?ﬂerﬁtﬁﬁ) 5\1;1(?%?1 I's 038‘?%3?%{5 Sg#é?lzyéﬁtgd%ﬁ& ati ng

| ayer 102 i e pibicoreritride ppide filn isglefingstaailf@atoinic%.he seni conduct or substrate
100 are §ep@bgg]ed out to the insulating |ayer 102, reacted w th hal ogen
atons 20 (e.g., chlorine atons), and captured. Accordingly, the inpurities
captured in the imgula@sd wiert ayiicod 0Ride ditm beude! xe theainshinmeueRt @0k, fikom

contam nating.the ,sem.conductor subsirate 100. .Further en the insulating
layer 102 iSSP éﬁyeﬁﬁ “Bi Bsg’"gifggftf’ 4t¥@por; BO%‘W‘é'ﬁ?dr@‘Vgﬂé‘?ér‘ E?H?'Epcan al so
function asCUDfrhéthod, @plabink iOVD mBhod, dni Bfiosphedt #essie ©OM nakid@dor ahigd ass. 25

[ 0072] arti.cylar, the _inclusiqgn of halogen such as chlorine in
t he i nsul at]i:‘ﬂ%e hng“W i"i‘e&’t’x'{}r &3t MEntilaphfef SHesh nd sPHEf eS8 ofh ai ni ng

hal ogenid s tefidefitiiysiiand (TEGSPNAOx¥2eA! TiHeamMeS Of thid@aKCH GRACLIGE @ -
substrate 100 when cl eaning of the sem conductor substrate 100 is

i nsuf fi ci enPSUHInglayaT H03dnaydsidepiiipd vy sepdasmadsatnt. s repeat edl y 30

subj ect ed t[goggprocessi ng treatnment and used. [0073] Mor eover ,

t he hal ogen el enent contained in the oxidation treatnment atnosphere
terninates defect\tcEativelie aspificanc exide filme whichi is ofieted by = ghemieadt w@par00;

t herefore, sk VA j r hde film
and the serybonincaubeEiie HERSILAL A0 phD BERACE BEMERGy Muadiate ) |
hal ogentbe| diggran ewparasilaedgdsn at sikiconrpontaiginign gotheopad stdp asetitesthdkysilaret i ons i n

el at i ng oot MiEbichiem s SOEH -t EARIZIRSPCIERLR Bomihe, caeq.
That is, w(CHd.er tebhghdcyiotetiasilonand a (EMETS),heodtavsathyddyicloptdasijoaine1 02, t he
wat er whi CQOM),S ﬁéxa%@ﬁly]%%rﬂ;z%%ee ?ﬁﬂﬂﬁi r épelh%;(ysiiane {chemical formula:
SiH(OCzHs)s), or trisdimethylaminosilane (chemical formula: SiH(N(CHa),);) can be
20  used.
[0068]
. Further alternatively, the insulating layer 102 can be formed using an oxide
film obtained by oxidizing the semiconductor substrate 100. Thermal oxidation
treatment for forming the oxide film may be dry oxidation, and may be performed under
25 an oxidation atmosphere to which a halogen-containing gas is added. As the
halogen-containing gas, one or plural kinds of gases selected from HCl, HF, NF;, HBr,
Cl, CiF;, BCl;, F3, Bry, and the like can be used. Note that the insulating layer 102 is
formed to cover the semiconductor substrate 100 in FIG. 3B; however, this embodiment
is not limited to this structure. In the case where the insulating layer 102 is formed

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

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



10absorbed and diffused into the insulating |ayer 102. [0075] In the
case where, as a base substrate, a glass substrate which contains
inmpurities which decrease reliability of a sem conductor device, such as

al kali metal or alkaline earth nmetal, is used, the insulating | ayer 102
preferably iwflougsiat | east one or 15 nore films whi chyCap,RhBueAt the
inpurities in the base substrate from#& ffusing into the sem conduct or

| ayer of the SO substrate. Exanples of such a filminclude a silicon
nitride film a silicon nitride oxide film and the like. Wth such a film
included in the insulating |layer 102, the insulating |layer 102 can function
as a barrietodilm(also referred to as a blocking film. 20 [0076]

For exanpleg%ﬁ%Filicon nitride filmcan be formed using a m xed gas of

si l ane and niumwi th a vapor deposition nethod such as a plasma CVD

method. In additignan feRimSIs asTPidRmationS bbddfRis Niet fhk dGeal Widel i Cly be
formed using a mxedrfgas of silane, ammonia, and a conpound cont ai ni ng
G

oxygen (e. gireatsay ifeerfonnad; af highetrihansor egusdia W8 °Craind daveer than degqual torl dfen

di oxi de, s oOro L Wit h I sition t hod suc a _plasma CVD
net hod. | 00 Wp it la—p@rr&{gril%ﬁ%%,s Fﬂg@%@anc%{g’gspﬁr&c nigu hki’élse"’tI af‘ﬁ?ﬂfhavi ng a
si ngl e- | aye0.5 sb1%iot M @l % pfrabb3 asis) hathirespetias bRgeh aYREathkem tinid18ay

i nsul ati ng Ia%ir 102 can beﬁfoah{'reg using a 30silicon nitride film'or a
silicon nit?g%Ehe%ita8 bopsnrgicrllya0 S dopdRdshouns The dbickmess of dhe ovidedilnl to 15
nm and | esstotbadéml cafbtadet inAh3ARed W 10[A 188100 nm (preferably) 56 h& 15 jere a
two-layer barrier filmis formedgas the insulating layer 102, the ‘Upper

| ayer is folORBEMPE AP ¥R i nsulating filmwith a high barrier property. An

i nsul at ing fookap of the upper layer can be forned using, for exanple, a
silicon nitride filmor. a silicon nitride oxide filmhaving a thickness of
15 nmto 300 nm Byieehthermahgxidajion ssgatmgniiinger 4 atrodsphere efritaioing fdinlogenevent i ng
impurity di j je e . . i.S @l i gh..Fherefore, as
i msul at | Ry ey Wi L o oR B kb Teres 1 TR Yo Ehe

seni conductismosydbstrate 100, a filmthat has an effect of relieving the
stress of t ']nsul ating filmof the upper layer is preferably selected. As
the insulatingfilmwth an effect of relieving the stress of the

i nsul atling fi | m Gfrthemghaippdatiigdyer 10Acaitdidioga halwgabeelérdntsuch kO chlosid | con

oxynitride fil t her.mal .oxi.de fil.mfor by, the | Ly ,oxidizing the

seni conduct@r Séé}lj%g’tgrcg?rémfwf °s (g f“ﬁ!é’?% ’lo%se&j\?aeoréﬁ’vgﬁs g"%’r‘r‘h af'Yﬁr%’g’r?@“Et of the

i nsul at i ng thé kemicdnduéter subseeate @0, erSpecificdlly, gy Bat GtatinwiiEh @0peaforh@d 5 nm and

| ess than or, equal to.200 nni 2[00178']1 15For . exanpl e, .i,n order, for the

i nsul at i ng 1Y 8° pgating laysiciQ20ls Taaned, pmpyrities coptained iim the seamirondisier | ayer

102 is prefsabadateylODQkORPatiti gt B 6O MRulaR 1aferab2 reitdd RN hASdHStdnkd M and a

silicon nitride film a 3i|aigqcon oxynitride filmand a_silicon nitride film
a

a silic¥n J%Edehiaring, s CRRIR i fpGoptingl Y% e impuRtiesacapiureds i thexyni t ri de
filmand a isduldtiagMaybi 102 @8 beX¥ixe®akd prévenRid tdd® cddtdBinkifly thd E&rtBRAEcbAYEr and

the | ower | ayer.
substrate 100. Further, when the insulating layer 102 is bonded to a glass substrate, the
insulating layer 102 can also function as a film for fixing impuritics such as Na
contained in glass.
25  [0072]
In particular, the inclusion of halogen such as chlorine in the insulating layer
102 by heat treatment under an atmosphere containing halogen is effective in removing
contaminants of the semiconductor substrate 100 when cleaning of the semiconductor
substrate 100 is insufficient or when the semiconductor substrate 100 is repeatedly
30 subjécted t0 reprocessing treatment and used.

[0073]



20 [0080] Next, the sem conductor substrate 100 is irradiated with an ion
beam contai ning ions accelerated by an electric field through the
insulating |ayer 102, as indicated by arrows. Thus, the enbrittlenent
region 104 is formed in a region at a desired depth fromthe surface of the

sem conduct gip ssHReirat € 100 (see FI G 3C and the 25 stepupay 6). The
depth at which the-enbrittlenment regio# 104 is forned i s(ﬁ/s“'g%og(ptgﬁitzlg;al ly the

same as the average penetration depth of the ions, and can be adjusted by
the accel eration energy of the ion beam and the incident angle of the ion
beam In addition, the acceleration energy can be adjusted by acceleration

vol tage and the IMdteoved hehet hialokEre SSenidnt Accn€iiiedO Ml UGt ObxilaIR" trbatheddi ch is
separated from thhe seni conduct or S&Fsubstrate 100 | ater is determ ned by

the depth aT"™RHNER CHEDURDL APEET ettt SeHEfORt sasemicondpgigrgsubstrate d8Bx h at

whi ch the efibxeford, | Reeal 1881 @BnskPori s TRERE teitel ahs Bkide Mtk Gnd @ROE Of ,
for exanple, greater than or equal to 10 nmand |ess than or equal to 500

nm  pref er §BRGPrdysior subsirate 10 caybededysed.t 0 50 nm and | ess than or equal to
200 nm fg onobhg surface of the sem conductor substrate 100; for exanple,
the depth is preferably approximately 100 nmfromthe surface of the

seni conduct or sufbe halegen P&@eﬂt\mﬂ@iﬂeﬁ@ therinsyltitiag lager W2 tnkekeodistoitionpiar f or ned

after Tor Mhé fituing Bfer 10511 AL L Afdutt Rk 2BptlcR rhelof iR iﬁmﬁg% e jgahovever

W thout being limted thereto, the'irra n wthions per f or ned
bef or e t he 1 gnpravidomd giffusiea rataof vater isgin¢reased. 102t is[ @B Yater exists at Thee

oo | STl S el Sol LA A8 ety 1,
10 exanidl e abforbed anddifficgl intp thpimaulatingdayes 182. non- nass- separ at i on appar at us
wi th which ga,0bject placed in a chanber is irradiated with all ion species
gener at ed t;y esim tation of a process gas into plasma. The
non- mass- separ at Imrheapparnelisns dssa dasapatatus gss subbtiabh whithokynetds 1S
:Dlr ;g%at ed LB hidr LRSS P SR e R At Lo Ol Pl spsci es in
o alkaline earth metal, is used, the insulating layer 102 prcferabiy includes at least one or
15  more films which can prevent the impurities in the base substrate from diffusing into the

semiconductor layer of the SOI substrate. Examples of such a film include a silicon

nitride film, a silicon nitride oxide film, and the like. With such a film included in the

insulating layer 102, the insulating layer 102 can function as a barrier film (also referred

to as a blocking film},
20  [0076]

For example, a silicon nitride film can be formed using a mixed gas of silane

and ammonium with a vapor deposition method such as a plasma CVD method. In

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

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

such as a plasma CVD method.

[0077}

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

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

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

[0078] -




15[ 0082] Mai n conponents of an ion doping apparatus are as foll ows:

a chanber in which an object is placed; an ion source for generating

desired ions; and an accel erati on nechani smfor acceleration of ions for

irradiation therewith. The ion source includes a gas supply device which

supplies a for generating desired ion speci %S %ectrode

for exciti ng@ﬁ’]g%é%ﬁce gas to generat# plasma, and thg’él’r{%.l& st he

el ectrode for generating plasma, a capacitively-coupled high-frequency

di scharge electrode, a filanment electrode, or the like is used. The

accel erati on nmechani smincl udes el ectrodes such as an extraction el ectrode,

an accel eration & tekisteherca t@deyet barkitOfntk Etincd dethe atdlaBnPhindz,

el ectrode; ower, source for .supplyin pgwer to these electrodes; and the
iR a1

i Ke. 25 THES PR dEF Sufoamsd Iy P i Bigh BATIE BRRFHS A o

provi ded wi inbulaing| fitiadfithy/ user @YONERISe BFm&d hdifs, férhéx(ahhgl%, Wihiehh hithee that are
generated fromthe ion source are accel erated.” Note that conponents of the

i on dopi ng AppArRstlisen aftndeaside filn;bpwne p fricknes of d2 amrte Belnmp okesafitsmay be
changed ;s 19ed8thh RRBZlraQ ik frly ﬁ'@*ﬁgﬂ}- - A

sem conduct or 's_ug%t rat egfoo IS lj*i'rr (eatéli at ed lﬁﬁuﬁliﬂgutgﬁg?nat eégf‘%sg% a

hydr ogen gadsafighhg Taerefosn agigspinagatingdiment the lowerdexee thabisdn comtact with the

hydr ogen- cabaloRidaehr $a5st34CTH023 dT fhﬁt] EHPRl Lpd: 38 ré"'fiepilngﬁﬁ'éasécgy[) fedas. A
hydrogen gas is excited to generate plasma, Ions contarned in plasma are
accel er at ednwlating film ofithe uppgn dayat is preferabisl s¢lénteds e Misdionidaiditng fBubathrant e 100 s

irradi ated \p I I . In the above ion, itradiation
treat mont . TG b kAR B EES B itBuing BRFRn2 bet RSe 8 SlEon AR e s
(Fit H7, aneilig@npxynficide fitre, gchamat exlidé fidm forhyd bpghamgHy dxiliggg theo 50 % or
hi gher. Pref t he reent 113+ jonsg, ig.get t 0. %.or higher.
This is be%gﬁgcg%a%w ﬁ@sgé)tgelﬁﬁ’nant%%ge %féef &t Hde csﬁ’c alfimf’%r?g L&%‘“E}‘Fﬁ% enabl es
t he semi corfilmatf tire lswbdtyeatan tbQPcaten thae oe Eduatiosninh ynd lessakkinadrequalid Joohy dr ogen

i ons. Note_ntmhat 10 the mass of an H3+ ion is three tines as |arge as that
of an 1-11-"Ton; therefore, when irradiation with one hydrogen atomis
perfornmed go0m®}depth, the acceleration voltage for an H3+ ion can be three
times hi gh as_that of an (L?Iﬁ+ ion, For this reason, the takt time in the
i on-irrdiation EUSFIRRE PO quttg?l’é‘&}la%dalﬁf S8k ta fupetiop as A dawrisy Blyhput can

be i nprovedhe Byuié:rnga@imai(izq&lgwfetr&bﬁ fotmed @it g WedntEn5i8ABf MBfson xR film
sem conduct or substrate 15100_can be irradiated with ions in a concentrated

manner at A% 2sHican gisidenfilng, godispn oxynitride dikm ed jarificap pitride fie tlieon

i nexpensi vexaedina%68h kiitén Aifidd Ridk #im! ALBER§Rirlde SR TRAL sili-ggiﬁ?iﬁ'fd%r e, by
irradiation with H3+ ions using an i1on doping apparatus, significantly

| ar ge ef f e@Kisie dilprorshe likedorghevnpar layer ané thedowatdavedbr characteristics, an 20
increasg i 0@@8& reduction in cost, and an inprovenent in productivity can
be obtai ned. [0086] Further, the enbrittlenent region 104 may be
formed by ion i niSexnthe iseicondugtonesubstiats 100 aim iradiatedpivitht &t iiom teppar at us.

oo VRS 5, TR, k5 B SEIL SHRILA oL A 10 W 21
indicated by arrows. Thus, the embrittlement region 104 is formed in a region at a
desired depth from the surface of the semiconductor substrate 100 (see FIG. 3C and the
25 step A-3 in FIG. 6). The depth at which the embrittlement region 104 is formed is
substantially the same as the average penetration depth of the ions, and can be adjusted
by the aqceleration energy of the ion beam and the incident angle of the ion beam. In
addition, the acceleration energy can be adjusted by acceleration voltage and the like.
The thickness of a semiconductor layer 124 which is separated from the semiconductor
30  substrate IQO later is determined by the depth at which the embrittlement region 104 is
formed. The depth at which the embrittlement region 104 is formed can be set in the

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




25 with a specific ion species through nmass separation of a plurality of
ion species that are generated by plasm excitation of a source gas. In the
case where an ion inplantation apparatus is used, Fr ions, Fl17+ ions, and
H3+ ions which are generated by excitation of a hydrogen gas or PH3 are
nMass- separ ay@doAsl7d he sem conductor substrate 100 is poyfypghh@é c?gﬁ' w th any
of these ions. 30 [0087] irradiated v¥xh one kind of ions, % '

sem conduct or substrate 100 can be irradiated with ions in a concentrat ed
manner at the sanme depth. Therefore, the profile of the ions with which the
sem conductor substrate 100 is irradiated can be sharpened, and thus the
surface pl apsrafe'tabw, leattNtha Meq@aNhUSE b dndJ&E tha deqeRNanes aq tan the easily
5 increased. ver, the ion Hg{gl ant&ol on apparatus js preferabl e

because, owi et8 ithes SEEPEMAPCRe SUEHE : 106 for g¥amals. e i 45pthply prefstAbnet al i s

relatively dppwxandely MO i SR ihe karfdce B 9,% SERIRbRRICRE biftlsirt® 160, NMe that
sem conductor | ayer can be suppressed. [0088] Next, the sem conductor

substrate 1adiatics wighiens is performed aftes framptigneet the ansulpting laver 4Qin Bisc| eaned.

Thi's cl eani fghoalnet; %Qe@ﬁ" WRkduP baRE 1iki¥ted mefe@é QR frraBlaGOD VR idst Pﬁ&e use of
pure water, %twoflw ] et cleaning with the use of pure wate

ni trogen, Frecd, befose th@’lﬂ‘é’"@ﬂ?‘?%fslbwﬂ&u@!%d?ﬂcny)ﬂ s preferably negahertz
ultrasonic r@bﬁgm ng (negasonic cleaning). After the above ultrasonic

cl eaning or t two-fluid jet cleaning, the sem conductor substrate 100 may
be further cleandte mbmttgmneem @04 caybe framéd by lignddpag mi:attrherm.zo'ﬂﬁe wat er ,

renoval of f C on trea

i mprovi ng tﬁﬁgﬁ%‘gé&ﬁgﬂhgp gHgsdur% gc@ %) (ﬁ?mgl i a ing 1y8§?alr 102 can
be perfur rrmiampm@ﬁgin 10'ﬁt®pmgrdpawuama p@t-mess-soparitivn appasthatvithgvhichyar 102 can
be perforrre t|o a t,wth an ato eam or ion
beam ul tralf e%?/%l? cefi r"t'a?i ,nsdrzr%dr’%ae ({gggfﬂrlré%sm%?sagseﬂﬁrn{e&g&f’f?étﬁ?on‘grnasma
treat ment vprbdtssbgasmapplasmat i The, nm#mﬁsade@adnohr@@hrﬂmntls iaf Sdppa@ku® fwithhe

cl eaning wi th 0zo n the case where an

atoni c beart St &hoY 7 %BE&%‘?“F‘S“’H& éﬁ lonast"i’g?‘??e‘?”tthoé‘égla?fesﬁ%qma‘}oné‘f &M BEATH or an

inert gas iiaplabaam of argon or the |ike can be used. 25 [0090] Here, an
exanpl e, of §6 ne treatnment is described. For exanple, the ozone treatnent
can be ]r?erf[ d on a surface of an object by irradiation with ultraviol et

(W) rays under BRitdmpoRbas of R NbRUOHiRG afpayAe arc REoNGFAIQ HaRBLMRNT 1N
which irradiation with ultraviolet rays is performed under an atnosphere

cont ai ni ng YORSREYPhicst @lageds 3n dop soptge @V gsrortingdesizadrinn: and gntacegleraficat ozone

treat ment, pdchldién fdr K€oelcHMERbf RS ﬁﬁ@aﬁlﬁﬂ%ﬁ ?ncfé?ﬂiha' Thfn QKBS ation
wi th-ul traV| ol et light having a wavel ength of
gas supply device which supplies a source gas for generating desired ion species, an

20 electrode for exciting the source gas to generate plasma, and the like. As the electrode
for generating plasma, a capacitively-coilpled high-frequency discharge electrode, a
filament electrode, or the like is used. The acceleration mechanism includes electrodes
such as an extraction electrode, an acceleration clectrode, a deceleration electrode, and a
ground electrode; a power source for supplying power to these electrodes; and the like.

26  These electrodes included in the acceleration mechanism are provided with a plurality
of openings or slits, through which ions that are generated from the ion source are
accelerated. Note that components of the ion doping apparatus are not limited to those
described above and may be changed as needed.

{0083]

30 In this embodiment, the case where the semiconductor substrate 100 is

irradiated with ions generated from a hydrogen gas using an ion doping apparatus is

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



| ess than 200 nm and ultraviolet |ight having a wavel ength of greater than
or equal to WD 2011/043178PCT/JP2010/066123 28 200 nmis perforned,

wher eby ozone can be generated and singlet oxygen can be generated by
ozone. In addition, irradiation with ultraviolet Iight having a wavel ength

of |ess thagolg0sps s perforned, whereby ozone can be ganesasfidi3nd
si ngl et oxygen can be generated by ozoA®. 5[0091] Exanpl es of

reactions which occur by performng irradiation with |ight having a

wavel ength of |less than 200 nm and |ight having a wavel ength of greater
than or equal to 200 nm under an at nosphere contai ni ng oxygen are descri bed
bel ow. 02 A Hydiogék gashiskxdted@R) gehefd{e3Mysmialions ddhtfifellih plashz @@ acfeldrated 03 + hv2

(A2 nm 0 [v?)ithgutonzlasg 332:paration, and the semiconductor substrate 100 is irradiated with the
accelerated ions.
[0084]

5 In the above jon irradiation treatment, the percentage of H3* ions to the total
amount of ion species (H', Hy", and Hj") that are generated from a hydrogen gas is set
to 50 % or higher. Preferably, the percentage of Hi” ions is set to 80 % or higher.
This is because an increase in the percentage of H;' ions in plasma enables the
semiconductor substrate 100 to be efficiently irradiated with hydrogen ions. Note that

10 the mass of an H3" ion is three times as large as that of an H* ion; therefore, when
irradiation with one hydrogen atom is performed at a depth, the acceleration voltage for
an H;" ion can be three times as high as that of an H" ion.  For this reason, the takt time
in the ion irradiation step can be shortened, and productivity and throughput can be
improved. By irradiation with ions having the same mass, the semiconductor substrate

15 100 can be irradiated with ions in a concentrated manner at the same depth.

[0085]

Ion doping apparatuses are inexpensive and excellent in use for large-area
treatment. Therefore, by irradiation with H;™ ions using an ion doping apparatus,
significantly large effects such as improvement in semiconductor characteristics, an

20  increase in area, reduction in cost, and an improvement in productivity can be obtained.
[0086]

Further, the embrittlement region 104 may be formed by ion implantation
treatment using an ion implantation apparatus. The ion implantation apparatus is a
mass-separation apparatus with which an object that is placed in a chamber is irradiated

25  with a specific ion species through mass separation of a plurality of ion species that are
generated by plasma excitation of a source gas. In the case where an ion impléntation
apparatus is used, H" ions, H," ions, and H;" ions which are generated by excitation of a
hydrogen gas or PH; are mass-separated, and the semiconductor substrate 100 is
irradiated with any of these ions.

30  [0087]

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



[ 0092] In the reaction fornula (1), by irradiation with light (hvi)
havi ng a wavelength (Xi ml) of |ess than 200 nm under an at nosphere

cont ai ni ng oxygen (02), oxygen 15 atonms (O(3P)) in a ground state are
generated. Then, in the reaction fornula (2), the oxygen atom (0(3P)) in a
ground st at ¢ aad@xgen (02) react with each other; accoidiphfh¥ssiRzone (03)
is generated. Then, in the reaction fothula (3), by irradiation wth |ight
(hv2) having a wavel ength (A 2nm) of greater than or equal to 200 nm under
an at nosphere contai ni ng generated ozone (03), singlet oxygen O(D) in an
excited 20 state is generated. Under an atnosphere contai ning oxygen, ozone

i s gener at efrabteti FitChnd KirdofMbdsDardl thé SemhiShrAbctbi @Bt MI0 Gn Be RYBIENIL N Of
| ess than 200, nm whil e ozone i s deconposed and si ngl et oxygen i1s generated

by irradi at VBRIt aopeeatried @anner ghthersauie et wiberiergths mefigraddber t han
or equal t 0joR0Q it WhicH e ReRARBnducRASITRRAte AOB G 'ir%gatélb&\{%el Jg%e@?m e, can

be perforned by irradiation with a | ow pressure nercury = 25 185
nm A2 = 25thuy the) sugfaere planatity ofbkepsearieondesteralametnty kexseperated [@0 38 easily I'n
addi tion; ey S i ' ] irradiation with
l'i ght havi ngagm&gvelﬁérﬁgfeﬁ’qgé BPZ“SI ttﬁigbr? %g%gtﬁgn%ﬁﬁger%ﬂégﬂ%?sﬁbéwpﬁ rt%ﬁs

cont ai ni ng Ysapgde stueturte seomtapenitioB0BY heavw 3nétd, 3 maptidlD)low @GBRhEA) O(P) +
02 03(5) 03+ v > ‘D). + 009 In the above
reaction fo%rtfﬂliogh\{%ﬁé{s&%i/agﬁl?té A %8%"\?\? If(ﬁlgt%‘?%w{r cﬁl\%ﬁup RSty a wavel engt h
(k3 nm of 0888 than 180 nm under an at nosphere containi ng oxygen (02), 5

r ound. stat o ar o N et BioREid: Sopstife 0Tl sk e ind Teder 1l oy gen
Rccor di gl o 0zone (03] 15 aeneratod o In tho Teacti o Tormiatey oy o
i rradiat ?o%thwlﬁel‘? |PP‘%M2t?’h%§'%F§Uﬁ?}?Q%§a%‘é’f‘€ 5tuse phenr wtepnd ’gté‘ge’i’ha% 180
T exci T ot oo o B e Lronld Abankfy Oxygen
cont ai ni ng @Tﬁ‘{:}*@ﬁ‘? clsgnipg), a)é%ﬁ‘i g ﬁb‘Wgt“Hmﬁ‘?’ti‘f dleaniner the t@’ﬁtﬂ%iﬁpﬂgaﬂépg:

wavel engt h 8¢ séisendubian sdtRatd 00 GEQNG: Fusthee ABsRY SR 1ASHnS vi:et BPeen i s
generated by deconposi ng ozone or oxygen. The ozone treatnent described

y . Jes
above, ¥or ‘i‘%@ﬁ%l with &éﬂ“‘b@’a&érFB’PH@dO‘%?T&aP'Faﬁb%EMCGﬁ apfl tsyrfacexactivatidmer UV
lamp (A 3 rchifendidk idf}dGing M HHUARRBEEY 6 RONBLObNE RGN 1 :
Chem cal bondi ng of an or%anih(?:jf lrszigbsttlgj'{]ce attached %o as rfl%e(?éeg}?ﬁan obj ect
i s cl eaved bsperfeimgdi ation with the |ight having a wavel ength of |ess than
200 nm anc{oégﬂﬁ organi ¢ substance attached to the surface of the object or
the organi ¢ substance whose chenical bonding is cleaved can be renmoved by
oxi dati ve deconpdbé shdacewidtivationook ther in@@ladng ddyet 16X yge rbeg eerforaed cbyby ozone.
By perfgorm.ng,. e escribed above hydrophilicity and
purity %1[ . gdléuﬂ)glp f’fge of Wéthgﬁtg&ye]%%) %gnagr ne{ohﬁg%augtgﬁ'dlgﬂifa }0r%481% bondi ng
can be per fizatedt, plasma treatment, plasma treatment with bias application, or radical treaiment

instead of the cleaning with ozone water (see the step A-4 in FIG. 6). In the case where
an atomic beam or an ion beam is used, an inert gas neutral atom beam or an inert gas
ion beam of argon or the like can be used.

25 [0090]

Here, an example of ozone treatment is described. For example, the ozone
treatment can be performed on a surface of an object by irradiation with ultraviolet
(UV) rays under an atmosphere containing oxygen. The ozone treatment in which
irradiation with ultraviolet rays is performed under an .atmosphcre containing oxygen is

30  also called UV ozone treatment, ultraviolet ozone treatment, or the like. Under an
atmosphere containing oxygen, irradiation with ultraviolet light having a wavelength of

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



[ 0096] Under an at nosphere contai ni ng oxygen, ozone i s generated by
performng25 irradiation with ultraviolet rays. Ozone is effective in
renoval of the organic substance attached to the surface of the object. In
addition, singlet oxygen is effective in renoval of the organic substance

attached t owigh®sMshgce of the object as nuch as or mr&ﬂﬁ;d}o/&%%ge. Ozone
and singlet oxygen are exanples of oxy®en in an active state, an

collectively referred to as active oxygen. As described with the above
reaction 30 fornulae and the like, since there are a reaction where ozone
I's generated at the tine of generating singlet oxygen and a reaction where

singl et oxyR@MNninSis GRBMAIE WhBEbP DROIR, canVid 2Ehbralddabli TSl ohyethl 405123 30
such reactions Ibfa | udi ng reaction to which singlet oxygen contributes are
referred t oS4 N O%Pee athifdfioneiriadintion wihylsayiekt Beht hatiogp wavelength  Next

a process 0bf ResaRal 1900nb ANRIBEnRA! whiiehPasRe SHPRE fealBted 20d Eﬂgl%{;@(yfg%n

5sem conductor substrate 100 is described. This process rel

treatnent f&A begenasaiedbyqmas.rate 120 and corresponds to Process Bin FIG 6.
[0098] 5 [oobijrst, the base substrate 120 is prepared (see the step B-1 in
FIG 6). As {he base substrate 120, a variety of glass substrates used in
the el ectronics iBraémgles 9f reantions wkich ogrunby pérfrminggradiatmnumitnkeht havieg e gl ass,

bari um bor ogi,h ' | ] | ass; . a.quartz
substrat e; aw(%vec?% c&gﬁﬁglta T g?%ﬁhg%sg%gﬁ%‘ﬁéé éh’%ﬁ@gﬁl eo;% TP RS Of g2k an be
used. | n ad@i200 om under aplatmdspheze eumbrningoeygt® e descsibatpetover yst al

ol yorystal 11 ne. Camibnatioar ATEMEE (o’ dlf o pol yarysialline &ilicon
substrai®) may bedred,-F@; exanple, a pol ycpystalline silicon
05 + hva (A2 nm) - O('D) + O, 3)
[0092]
In the reaction formula (1), by irradiation with light (hv,) having a wavelength
(A1 nm) of less than 200 am under an atmosphere containing oxygen (0O,), oxygen
15  atoms (OCP)) in a ground state are generated. Then, in the reaction formula (2), the
oxygen atom (O(CP)) in a ground state and oxygen (0Oz) react with each other;
accordingly, ozone (Os) is generated. Then, in the reaction formula (3), by imradiation
with light (hv,) having a wavelength (X nm) of greater than or equal to 200 nm under
an atmosphere containing generated ozone (O;3), singlet oxygen O('D) in an excited
20  state is generated. Under an atmosphere containing oxygen, ozone is generated by
~ irradiation with ultraviolet light having a wavelength of less than 200 nm while ozone is
decomposed and singlet oxygen is generated by irradiation with ultraviolet light having
a wavelength of greater than or equal to 200 nm. The ozone treatment described above,
for example, can be performed by irradiation with a low-pressure mercury lamp (A; =
25 185 nm, A; = 254 nm) under an atmosphere containing oxygen.
[0093]

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

30 O + hv; (A3 nm) ~ O(*D) + O(’P) _ @

OCP) + 0, — O3 (5)




15substrate has advantages of being | ess expensive than a single crystal
silicon substrate and havi ng hi gher heat resistance than a gl ass substrate.
[ 0099] In the case where a glass substrate is used as the base
substrate 120, for exanple, a nother glass substrate which is devel oped for
manuf act uri 16k crystal 20 panels is preferably u t her

gl ass subst?gtzgi,lﬁ?l}gsst rates having the2%¥ ol | owi ng si zesig?gpﬁ%%mt he third
generation (550 nmx 650 nm, the 3.5-th generation (600 mMmm x 720 mm), the
fourth generation (680 mmx 880 mmor 730 mMmm x 920 M), the fifth
generation (1100 mm x 1300 nm, the sixth generation (1500 nmm x 1850 nm),
the seventh genegtimn(;héy0-0piDy+2300 Nm), the e'g%hth generation (2200 nm
X 2400 25 rmb the ninth generation (2400 mm x 28 nun), the tenth
generation [P %@0 mnm x 3050 mm), and the like. By manufacturing an SO
Substrate wth t S i USiinsiaZ s t.e _as the base
substrate 120, t}g}guﬁBﬁ?gig%F g{?r{a canlahgi{sieﬁg’z@iE glﬁaéfghif%a'ﬁéiﬁﬁ(hl chr%‘élgétf in the
area of thewBClengthliss mm} ef leds| thas] 8Gamy ukdes ai atrtveplereonadiing 66ygah (04f once,
and t hus, the nunber ,Sem conduct or devi ces manuf ured 30from one

SUbst rarte | 8] OF e RN DN AR SR S BBV ETEBAOLE) af g alley

i ncreased. 4#®gfR}ated. Next, in thEwabh@ formia (3)sa @;E)Jg&gatbﬁ;y(erﬁp?ﬁi%d owtigef erably
formed over the base substrate %20 (see the step B-2 in FIG 6?. Needl ess
to say, the@ha oResmdOehare reagiod with eachy othrzcaseardingly ozope (P ésBeptratedt he base

bstrat e re Ty iation'Wi f - a a el trat
substrate I RUBHES fiialC{lr’?]),%QH?&lilﬁo et TG 9}&@&;{%&;} péﬁ?h strate

120, a silicon nitri a silicon nitride oxi | um num
nitride filahlessnthan 488 nomder ah démesphete chitaimingogentiated| dzkeg (O4)j sihglétunct i ons

as a bayyi il ‘ i j I 22 It such. as al kal i
nmet al o{or aﬁ{i‘ %‘Jinnlgla xﬁ%ﬁ%ﬁ‘%{e%ﬁ &%ﬁ%ﬂﬂ%ﬁéﬁ%&g%bglﬂ 5{%}%%@?%% CB'étaﬁl%ngvent ed
from ent er ioxgganhby sreadiation citht wWiravdaletdightihavindgD waydn@fh of16sSi thae1 &0han,

i nsul ating | .ayve i S bondi ng_.l ayer.,, a surface of the

| oul at i ng PEAEH it Ealit Bl e A SLlOd S ecoBpRiife B55e Sh ot kiRr et ve
bondi ng. Spéeickimzatehynent descritied abavie] fogerampts, cahd2 pefoifngeid 8 drridiativa wathan
average surface roughness (Ra)._of 0.50 nmor |ess and a root-nean-square
roughness (ﬁiﬁ%ﬁj"cﬂ‘?er %r@&b’? lT?e%@ u Fré’l“é’f'ﬁ‘bglpb?re SOPLTIaE GHEESR ur f ace

roughness qbog3]35 nmor | ess and a root-nean-square 15 roughness of 0.45 nm

or less. The thickness can be set as appropriate in the range of greater
than or equal to“hmiRshbapding akan ergapic wibstarpgattaghsd sopsusfece ph ar diesbisy

greater thafa@d Bomakialich wia E}{@l%gﬁ%&?ae g%ng{h c?f%k@'thaﬁa%é‘?%,%ga “{fg 202] A

surface of the base substrate 1 d Before the bonding.
surface 20 ogganicHubyknse atashed fogthe surfege of thetnbjest etithe dreahic subpadcowhossr i ¢ aci d

and hydr og%ﬁer%al%mﬁ%yg%&eec%an% 1EORABY ofiddtild R5aRbdsifon SRR dfne g0 11 U1 d

jet cleaning, cleaning wth ozone wate t na nanner simlar to
t hat of20t helngles oxygen geperagddry a0 iy peafoeniag sichanzomnir¢atreent aedéscsbedn as

L eat mont . 5558 RSB aflpdif B e SPREChE AR ol AR e g h os
25 appl i catfivombledrondiag carelbe perfoatetent is preferably performed on the surface
of the i ns%@tﬁi ng | ayer 122 before the bonding (see the step B-3 in FIG 6).

' Under an atmosphere containing oxygen, ozone is generated by pcrforming

25  irradiation with ultraviolet rays. Ozone is effective in removal of the organic

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

in removal of the organic substance attached to the surface of the object as much as or

more than ozone. Ozone and singlet oxygen are examples of oxygen in an active state,

and collectively referred to as active oxygen. As described with the above reaction

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

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




[ 0103] Next, a process of bonding the sem conductor substrate 100 to
the base substrate 120 and separating the sem conductor substrate 100 into
the sem conductor 30 |ayer 124 and the sem conductor substrate 121 is
described. This process corresponds to Process Cin FIG 6. [0104]

First, the gewaaasisget or substrate 100 processed throu process
is bonded to the%tg)agﬁ substrate 120 (s¥e FI G 4A and thg&gpg%@%ﬁ?n FIG 6).
Here, the sem conductor substrate 100 and the base substrate 120 are bonded
to each other with the insulating layer 102 and the insulating |ayer 122

i nterposed therebetween; however, 5 this enbodinment is not limted to this
structure iguch RRcHAS tioMaiiza rbdtfoh RSAlicH diketoRYSh ToRFiButBOre fRHERG, af 0105]
The bondi ng can be perfornmed by applying pressure of approximtely 0.001

N cn2 to 100FOR¢ Eeabmens here dorenyenieassor oxi mately 1 .N cn2 to 20 Ncn2 to one
part at an fhgg7jend of the base substrate 120 so that bonding surfaces are
in contact with each other. Wen pressure is applied so that the

seni conduct or sub¥kk 2t @rorew 9% prepatingn berdingyiof therbagd selsirpte atathde: t o t he
base substr i.n0 -t st [ n r S

spont an2%us%ﬁﬁ%&%ﬁ\%b@ﬁﬁa&emgﬁsf%g%@%n ’Itﬁﬁ% El%rcr%s%\ zrj\}gl%,és ?%ge%o ﬁ%?%@ "et ween
the base sulnst subbteate] P20 and domrdsporsle ti RrocrdsiBtimFIG Gbst rat e 100 i s conpl et ed.
Thi s bondi r@oéeﬂ 15 based on a principle of the Van der Waals force or the

| i ke, and strorlg bondi ng can be achieved even at.roomtenperature. [0106]
Note that a regi &irsicthklbast sabstackgi20rio lptepakedl (sce gheonieeBilsinFIGN6)A Pethcpher al
portion of the semc uctor substrate 100. .I.n the edge roll off region,
the sem conl%:"i'ﬁ%%%rc‘traﬁ%g%ggf’ ?ré?%oqéﬁss(s%graﬁeﬁgﬁflé‘? fhr‘?gf?chgf‘g?s ‘Tg‘?}ry=i3§c'h"é§t in
cont act10om thsibkieatd as elumiresilicat @laid bafittheborddflith@Rtdlng brodl@hindBodsilidateS OMe
cases. Also.in a chanfgr ortion.which qxists_ouﬂ&ide the edge roll off
regi on (on SHSehauaiz ubRts Acermis SRIRIGt PR Sybsirate; 1wy dhe likmeandes e
substrate haed.and atidigor; @E kRS Sibeats UD% tar Gige &GtaPdethidhaliudidt sapddaRCt Wi th
each ot her. 010%% 251 n_a CMWP neth?d used for_manufacturing the

senmi conduct(®&®-2§i8lecnsial siepn syhitnal) po2 Pelicrpsialling ssmiconguntor shbstratededds t o
progress i m gdherieliineRRicad subetkdté)aRayte vsbte %ﬂky&aﬁ@%@ryﬁamhé dli&nat hi gher

speed than in a central portion'théereof. Accordi rgl Y,
15 substrate has advantages of being less expensive than a single crystal silicon substrate

and having higher heat resistance than a glass substrate.
f0099]
In the case where a glass substrate is used as the base substrate 120, for
example, a mother glass substrate which is developed for manufacturing liquid crystal
20  panels is preferably used. As a mother glass substrate, substrates having the following
sizes are known: the third generation (550 mm x 650 mm), the 3.5-th generation (600
mm x 720 mm), the fourth generation (680 mm x 880 mm or 730 mm x 920 mm), the
fifth generation (1100 mm x 1300 mm), the sixth generation (1500 mm x 1850 mm), the
seventh generation (1870 mm x 2200 mm), the eighth generation (2200 mm x 2400
25 mm), the ninth generation (2400 mm x 2800 mm), the tenth generation {2850 mm x
3050 mm), and the like. By manufacturing an SOI substrate with the use of a
large-sized mother glass substrate as the base substrate 120, the SOI substrate can have
a large area. An increase in the area of the SOI substrate allows many ICs to be
manufactured all at once, and thus the number of semiconductor devices manufactured

30  from one substrate is increased; therefore, productivity can be dramatically increased.
[0100] '




in the peripheral portion of the sem conductor substrate 100, a region
where the thickness of the sem conductor substrate 100 is thinner than that
in the central portion 30 and the planarity is lowis formed. This is the
region called an edge roll off region. Bonding with the base substrate 120
is not perf I uch an edge roll off region in so rther, in
t he case mﬂgpgﬁgﬁkgﬁﬁ portion of the s¥m conductor subg?}g?éﬁﬁngyis

chanf ered, bondi ng cannot be performed at the chanfer portion. [0108]

In the case where a plurality of sem conductor substrates 100 are bonded to
one base substrate 120, pressure is preferably applied to each of the

sem conductor 5 gLk Al @Sl layei192 ii$ Ilaﬁfﬁa%ugs?oﬂn@%eermhmﬂ&se%béﬁﬁe cases
where a semi conduct or’ substrate 100 is not in contact with the base

substrate 198 @fethe Stegi BrieingiiGe )i Neelesst i sanths snglating dayer 422 dnaeict or
substrat es r;leQ&sarmﬁbld@@B@e}dﬁe Bl SibsRitE 3561 TrstevBE 1 Udafl lctﬂ}ref mﬁg
substrate 120 an he plurality of sem conductor $ubstra 8 it e t hat
even in theovehthe bhosesebstraier 20, 8 sah@mugmde il @r sillenn nitride axidehfilok reess of t he

10 seni gpn Q b ormed when
the e oranon HHRL AL 83 akiorp ARG 3y B EHEL SHich R B3,
substrat e IR2@ricpfilmpstie ipsnkadingflayeh &Zaaswrmubsxch as alkdP el ot Mealine keath

t her ef or e, 1S mtedt 1 15After the

seni conduct%‘lflksubﬂ?%g e B%Atiésﬁ@ondea Ffrevef'ﬁgefgoé%émts?u I%Ja?cg]ﬁs i teat
treat ment fsobstiateci(8asi ng the bonding strength is preferably perfornmed (see
the step C@q] FIG 6). The tenperature of the heat treatnent is
preferably % to a tenperature at which a crack is not caused in the
enbri t ticenment reginoa’ltﬁle%sulitﬁfg leyxanmeis witdhes Hohemng erye@cwairfabeooﬁﬂfé C and

| ower than or 50 C. ernatjv 0. sem conduct or
substrate fﬁ%ﬂq%gg S"Eyﬁ '6 ptr?fééh a'é“\?ﬁ%‘fr‘%t"&f@ ‘W‘Hdl é‘: ferdivh PoRdiat-ed i n

t hi s t enperSpetifically,Ahe SasuRtitis myblatzzefsffeﬁﬁedqamab@a@bv@ag&eﬂrfa&‘d%ﬁgﬁnbﬁt it is
pr ef er abl ecdztsgtpéhe above heat treatnent be successi vel erfor med in an

appar at us Atem\Gidess 2pf @ BB RPIrE raebnesh R me) ofeto0 nmios lgss, £ or

preventi on yaéfeaBIP nthvetide Q.Erf&&éemﬁ%ﬂ?éisr&‘t(ﬁﬁ disCor Rsst NS RRE- IRk Qpiatcher eof
before the heat treatnent. 25[011 Note that when a particle or the like

i s att ddhedovahmen el B4nammey 1§~%§r f Abethigknes 2n barget 9% appsertiategin thratasgerifc onduct or
substrate 100:d thahBERAPS mmmkﬁ tﬂa?rlQJr egmtdﬂﬁdﬁn%ryrtﬁsxg %&%%&J' cle or

the like is attached is not bonded er to avoid att ment of
or equal to 50 nm and less than or equal to 100 nm.

[0102]

A surface of the base substrate 120 is cleaned before the bonding. The surface
20  of the base substrate 120 can be cleaned with hydrochloric acid and hydrogen peroxide
water or by megahertz ultrasonic cleaning, two-fluid jet cleaning, cleaning with oione
water or the like. In a manner similar to that-of the insulating layer 102, surface
activation treatment such as irradiation trecatment with an atomic beam or an ion beam,
ultraviolet treatment, ozone treatment, plasma treatment, plasma treatment with bias
25  application, or radical treatment is preferably performed on the surface of the insulating
layer 122 before the bonding (see the step B-3 in FIG. 6).
[0103] |
Next, a process of bonding the semiconductor substrate 100 to the base
substrate 120 and separating the semiconductor substrate 100 into the semiconductor
30  layer 124 and the semiconductor substrate 121 is described. This process corresponds
to Process C in FIG. 6. '
[0104]



a particle, the sem conductor substrate 100 and the base substrate 120 are
preferably 30 bonded in a treatnent chanber where air tightness is secured.
At the tinme of bonding the sem conductor substrate 100 to the base

substrate 120, the treatnent chanber may be in a state of reduced pressure

(e.g., appr@¥hi@lys - 0 x 10-3 Pa) and the atnosphere g, b, hendi ng
treatment is cleaned. [0111] Next, the3%heat treatnent is beﬂ?%r nmed so that

the sem conductor substrate 100 is 5 separated al ong the enbrittlenment
region 104, and thus the sem conductor |ayer 124 is forned over the base
substrate 120 while the sem conductor substrate 121 is formed (see FIG 4B

and the step C 3 Firk, Eic@eﬁ)con&cfweuﬂshaeaewﬁﬁeuaetpmfugﬁtﬂkbswoaé Proé&Q ignd the
base substrat eH1120 are bonded to each other in a I‘eﬂl on other than the edge

rol | of f reRfingef torfhe base selstiateci20 fese tFIG A ankthe step Coh i EXGF)-| Aess o4 whi ch
i s separat egﬁlédam&&tsh@sua@mo@%d%&gc SUBREAE @ﬁ@a&%nm thieX@h@ ifte base

substrate 120. [0 l] the heat treatnent for separating the
sem conduct ®¢ msa%rrg 2y 103 a?}b'ihf? éﬁSHJ@Hﬂ&laY%t 128 inserpesed therdhsivesnthowesary aj n

poi Nt of { NisRaRBaRAPEIAl Brhéfio tRltruliERlin ttﬁae@aw%ﬂ&eg@ﬁgﬁm&g%&ﬁed using

a rapid thermal anneal (RTA) apparatus, resi stance eat | ur nace,
m crowave hwandtdgrmedpar atus, or the |i ke. Exanpl es of RTA appar at uses

i ncl ude a ofiapi d thermal anneal (GRTA) apparatus, a |anmp rapid thermal
anneal (L ? alpparat us, and the like. In the case where a CGRTA apparatus
i s used, the tenfe dondimz canbebperoenedaby hppihieg ptdsame of a;qnoréinaibty ®&&m C and

| ower than equ 650 nd the treatuent . t be set to | onger

t han or equlg{cm » gdosﬁ}% mn’lﬁr‘ét%aﬁfi %r%%?tflgfl ][(fﬁ t%?ggqé °{°g° 8ﬁfgﬁ%ﬂ’m es. In
t he cas® whedefahda Bt sitatrae 12@ad khag bondinparfats amsﬁdcon'tdﬁewitm&’mﬂarc&hdﬂ e can be
set at hig t han or. 0 C and, | ower ual to 650 C, and
The tr ent watthen PR Sty sb hef T simBPossih st el s B heare o
shorter t hamosery #eehel té thedbakosibstratd 0] Bondihd-off the eibstritbestaioia sprads

t r eat ment ma%ndl E rforrred by irradiation with a mcrovvave or the like. As

a specific sly ¢ theseire SYFERGEt op taljatangs dhey Bending btweeadthe Pasced by

bei ng | rraobuagtﬁd: 120 Bnd Yl SehYRdCctoM §ubsteatd 16014€ BeMpIeted 2. fifis GblfdiRd 1900 W for
approximately 5 mnutes to 30 mnutes. [0114] 30In interfaces along which

the sentorfdfd W2 PURFde Efztﬁeé'ﬁﬁld%waaé%mf@dﬁd liks, and,peang boadingganpeye been
separ at ed &ﬁﬁvﬁg%&gqg(yﬁg&{pefﬁgé_on 129 irradiated with ions

[0106]
| Note that a region called an edge roll off region exists in a peripheral portion of
the semiconductor substrate 100. In the edge roll off region, the semiconductor

20  substrate 100 (the insulating layer 102) is not in contact with the base substrate 120 (the
insulating layer 122) in some cases. Also in a chamfer portion which exists outside the
edge roll off region (on an end side of the semiconductor substrate 100), the base
substrate 1720 and the semiconductor substrate 100 are not in contact with each other.
[0107) _

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

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

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



and a sem conductor region 133 irradiated with ions are |left. These regions
correspond to the enbrittlenent region 104 before the separation.
Therefore, the sem conductor region 129 and the sem conductor region 133
include a lot of hydrogen and crystal defects. 5[0115] Further, the
step portiofobdf@xhets in a region of the sem conduct Yergphsdsdls 121, in
whi ch the bonding is not perfornmed (sp&tifically a region corresponding to
the edge roll off region and the chanfer portion of the sem conductor
substrate 100). The step portion 126 includes the sem conductor region 127,
t he unseparated sem conductor 10 region 125, and the insulating |ayer 123.
The sem conti¥cis ciamfagd, bondiry canast bapkiforatd bhhhe simifeqgioaital or regi on 129 and
the liKke, hgﬁ @een part of the enmbrittlenment region 104, and thus includes
a lot of hy 8%en and crystal defects. In addition, the sem conductor

region 125 incl udgthelcas Sy Biga@ntytol 8émitEiRlusBNiu AR ADO hre BB b/ OF the
| i ke but includes crystal defects due to ion irradiation or the |ike.

15[ 0116]  base sepstate’ 32Go iessus Bt Pisfesabhy i2ppling Y@ €3t elc dhcopempigenductor
seni condgiCt Qubstkadierool 24nehd 6ktali ﬁl@;@@ﬁ%h{ Be kbife PASE whkfaSt c@hitonkialot ©

recover crystallinity is described. Thi's process corresponds to Process D
in FIG 6. [vbitre drisenct dniceniad idthothe hags sipstms 12 dye tondiffsesaeesdndiect or

| ayer 124 wWhickhesk %f%@%@rh%oﬂuh%?@ﬁﬁ%ﬁ%s 08, RARS &gma%r En %Qng%g}%fl rystal

defects and the planarity 1s | owere ue to formation of the € tl ement

regi on 104 mpidod ep theabase sulsirate H@0saadi the phiudity of semisondatior 3@Gtrateok®f. t he

enbrittl enegi Q1 0] e I s 1 £ -Or, I £d] may be

renoved by p{j)tleits icg%h ?)nrﬁiﬁ%% %Eéégstgmf' Iilsg? sﬁﬁg]{@ﬁér?%ggggé ¢ &’%gg%g%%%he

sem contiuct smidoagestor 1 Subsiratesp| 18harbiordiog (swe bE| faverablgnperfdimed t @ppenDHe i N FI G

6). The pl L. | ' ' Ll rformed: h e t he

pl anari zat ﬁ%ﬁ"%’ﬁ%&#ﬁ@“%ﬁg@%@%ﬁﬁ? %?ns%l étrwg:g et(rgitge?aé%sug’\éﬁ% E%On?‘%lpg ¥ee

bet ween t hebend rf dlenbhse surstrhta i@t canbk Hkd; alyeefofee this embodimes ub abi hgitddayer)

formed on athgrléltrof ace of the sem conductor layer in a later step.

Specifically, "polishing can be performed by chem cal nechani cal polishing

30 (CwP), I|[oged]d jet polishing, or the like. Here, at the time of renoving

t he senjconductor, region 133 the sem conductor |layer 124 is also polished

to be alt hin fil At Sepicdr SubR(FHS KLy 1p 52@?@%&%&'@#@@&@9@% [0118]

Further, i nrdatifent & encibaeing tiidonBlEispapiinls paetelbl9 peAbmicd§sc2 @M GanaALCt or

| ayer 124 i_sgg&%)l y._broken or in the case where the sem conductor |ayer 124
i

has poor |i' y,T]ﬁFémP‘HPtI“E?vﬁfﬁEf B Hedmentdy PSRy feb i tpmperagie fleroval  of
‘the peri pheg@kh Perbdr i9Rot caliddd 1Pihe embrittlefdhtlrbgén 16@&&%&&%’%&; @hn 6:£01 on 133
can be renoved by etching so that the sem conductor |ayer 124 is

pl anar i zed.cqFletoa BHY eCetnthilovsr cthen 196 quunlf tor ABQY W t Mltermitiyelnt whémdghenet hod
such as,a r ' ' ' : j .V el ed plasma
(1'CP) "2 B oltfuck Qe 100 bk o s Bl N SRt SRR B Pt hocl
a this temperature range, a similar effect can be obtained. Note that it is preferable that

the above heat treatment be successively performed in an apparatus or a place where the
bonding has been performed. This is for prevention of separation of the substrates due
to transportation thereof before the heat treatment.

25  [0110}

Note that when a particle or the like is attached to the bondixig surface at the
time of bonding the semiconductor substrate 100 to the base substrate 120, the portion
where the particle or the like is attached is not bonded. In order to avoid attachment of
a particle, the semiconductor substrate 100 and the base substrate 120 are preferably

30 bonded in a treatment chamber where air tightness is secured. At the time of bonding

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



10 parallel plate (capacitively coupled) etching nmethod, a nagnetron plasma
et ching nethod, a dual -frequency plasnma etching nethod, or a helicon wave
pl asma etching nmethod, for exanple. Note that both the polishing and the
etching may be enpl oyed so that the sem conductor region 133 is renoved and
t he surfacew®f 2iffasgem conductor layer 124 is planariz

Furthernmore, by the polishing and the 8 ching, the sur?gjgé&gﬁb&%ﬁgk

sem conductor |ayer 124 is planarized, and the sem conductor |ayer 124 can
be reduced in thickness so as to have a thickness which is suitable for a
sem conductor elenent that is conpleted later. 20[0121] Laser

i rradi ati onbeiya state peretaedpasare (el appkioidy 6004 10°848 bndlBé ainfbspesler to
reduce cryst@]‘l gefects and jngrove the planarity . (see the step D-2 in
FIG 6). A PEPRiAngtramgntfslinfenoval of the seni conductor region 133,

| aser irradjpatijon may be performed on the sem conductor region 133 and the
sem conduct or layer 124. 25 [0122] In the case where the

sem conduct or r egieSh thedwatitecatmentis earfermgd sy thakthe semieondpcterfabsiwts WAtluct or

| ayer 129 1 Sopth@Baldng @t dikbrMisheRl BIRA0RCHRA Fud HE sdifipaubibl AJ:ABA L.
defects might occur rn the vicinity of the surface of thé sem conductor

| ayer 124. fogmesd ayer thybasp subshaie 20 yehile the semicendugnr subsiee 2t écfosmehin be

repai red. QLOKRBL I 4% ENGH 1A SUBALL AL 8ROkl bibRLEHEH 2RI © t hat
t he sem conductor region 133 be conpletely nel Fed and I Re seni-conduct or

| ayer 124 bi&e beagetsuistuatsl 128 dradyongerbtol casleother inadegibn other il teicdgbmbiatite when
the sem co V .S C ted.,recrystallization of the
sem conduc?%gl%fl%%lrtﬁl%am #ﬁ%ggggh%gg%ﬁ%%\n%f ﬁ?iﬁygﬁ)}%@e‘?@axés %a%ff‘égrfﬁ"ah of the
seni contiuct the sénsig@mdudi@rkubsirate 100gafixkbdph dedagstibduhe 120ystal linity of the
sem conduct@r1 Jjayer 124 is lowered. By partly nmelting the sem conduct or

| ayer 124, yét al gromh progresses froma solid phase portion which is
not nelted; thusHeos ytht dleatdebsoiest for bdparasiagyi tho nemtbiductonylayer1 P ay e
reduced and the crystallinity js recovered. te that conplete nelting of
the sem con%?t']t}é%?dr%(ﬁﬁwpeiaéﬁm%ﬁ{??’"ct t &Lp Reipt ?fﬁﬁe base §‘gﬁ’ﬁ‘§6%ct@l’s hegler "124
i's melted ugeatrent b bejefotracusig! MBI thétthab i AQRUNY hParan Y & fesikéficeand t he

~insul atjng Ia%lrer 102 to be in a liquid state. On the other hand, a partly
mel ted B atl62e fiBacEe i PISRAYE dIcaiing appa1ays. g5 fthe dikes Examplgnf RFA t he

sem conductdpparh@ydlinchest a(A6kaidPheltiiP Sfinch ) afpatdits € o ApRQRAHES @

l'iquid phase while another part thereof (here a lower layer) remains in a
solid phasemeal (BRDY) apppreiws, anddhg bikeer In theg@seavhese 2 GREA appefalisds bfeds he

sem conductge ihid¥Blurd & tQ%igfh%I Ghed: %dé.\gl nt%*;jsg oé%ﬁgﬁ"é‘%ﬁ:fggﬁﬁ’é%ﬁ% [oaggr

irradiation, the sem conductor Tegion 1 e etc
et ched. By @50i°C, ebd Hiertgpatdne tisirdande sef tot losges eincanguation).d aypeite dmi i S

e to, 2 nabB bk RIS Bk R a5 i » FRls G P et ol cnont

as to hav

that is foruged] thedetiperaluldh be set at hibhdr@hant &€eqguASB 20D PCHIAbWE thad HE
sem conductor |ayer 124 is preferably subjected to heat treatnent at higher

than or equEAraltQdXELE. andithe tlegmsnt timgeande setdo dngerdh®6® equyl de2 hotreast ep D- 3
in FIG6). Byndritian oPEithat borARfEENT . defects in the sem conductor |ayer

[0113]

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

[0114] |
30 In interfaces along which the semiconductor layer 124 and the semiconductor

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



25 124 can be further reduced and distortion of the sem conductor |ayer 124
can be alleviated. For the heat treatnent, a rapid thernmal annealing (RTA)
apparatus, a resistance heating furnace, a m crowave heating apparatus, or
the |li ke can be used. Exanpl es of RTA apparatuses include a gas rapid

thermal anngalse{1fef3hA apparatus, a |anp rapid thernal Wﬁ?ﬁl&/&ﬁﬁ%)
apparatus, and the like. For exanple, #hen a 30 resistance heating furnace

is used, the heat treatnent may be performed approximtely at 600 C for 4
hours. [0126] - Wien the SOT substrate obtained through the above
process is used for a subsequent process of manufacturing a sem conductor
devi ce, varamiussekiconducoi regimi 160 ihdidtal witleloh &8 ldfa N ThesciBiedsasispet (see FI G

6). 5[0127] Next, a pro of perform ng _reprocessing treatnent on
the sem condUbs S?bgﬁﬁ@?yd?goﬁﬁféﬁ eﬁg"nﬁﬂpé@f‘?ff“i ngetsiqre fhe sspdisurguctor

sen conduct @piof URStahdltke benicaGdbdREion THESNALRCL I FAUYIREEP A cly@alPr OCcess E
in FIG 6. Note that the above enbodi nents can be referred to for details

of this proq,cé“scés' and only the outline is described here. 10[0128] The
step porgi 0@111 6 is formed in the peripheral portion of the sem conduct or
substrate 121 (see FIG 5A). The step portion 126 includes the sem conductor
regi on 127, the Uhdkgsathesler pardinn d &t exiets én a regifingyf thoSmiegnduatdresubsieatd at i ng
layer 123. iHhej St @R Padis is'Ho| 28 ' [ 127, and
the sem conduéinor region 115é l1529 kgﬁ)@e ésgk{lg%a?l?\?erﬁé}gggﬁégp%@ﬁ%ﬁg? a
damaged semddgerileft sgionagd the.chirgfep gprtion of the Fémichridustor sbstvtay0W)r eBtenent i s
perfornmed t he-: 1 QEQH r r i.nsul at i | ayer 123
of the sempgge(?rfgﬁé@gl%gu Ist ?gh?eser%%ﬁug%% g%iloéég 7’?@%3&%?@%%%5“6%?“? ROl t ep E-1
in FIGB). @hen dkoved drirsdiatimglngerily. GEhersehiondudtar cegior 120edsandlisasaife 20t hi s
step. [0130

. X1 0 tching treatnent. is rfor , SO that
the semi condue S?HCFOES? 0P ?}ESM gﬁ%’ F%é?%sep e%%ﬁ’él?g%rc %éﬁt?eﬂfgﬁwoﬂﬁlﬁgh are
i ncl uded i rantltiess Stcbplepaidt bHiydidHEn ahd trgstalsiefactso Nl ion Hb sdniiedndud@l ar e
selectively r.e d d the reprocessed 25. sem conduct substrate 132 is
formed (sedBPtIbomgties (i3 hydRfeR 155 {E sfipioaytuciRy mesng (47 fethe fike it

sem conductintludes giyeml de2td duc 80 0 ifrRRDM6Rdr thliRe.above enbodi nents can al so be
referre tg I%a' details of this step. [0131] Here, in the case where the
pl anari PI%e seni conductor substrate 121 after 30 the second etchi ng

treatnent is not Nextoul glocess B pRAITAD S oBHE SdnhitdRuddllag@n 20 nananar i zed
by heat treatnment under an at nosphere containing hydrogen (see the step E-3

in FIG 6). yhendsd &, the dassonbstitn 201 feqpuer aystallinity ip descgbedy o (This|pgocess

corresponds to Process D in FIG. 6.
[0117]

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

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

30 (CMP), liquid jet polishing, or the like. Here, at the time of removing the
semiconductor region 133, the semiconductor layer 124 is also polished to be a thin film

in some cases.




[0132] In this manner, by the heat treatnent under an atnosphere
cont ai ni ng hydrogen after the step portion 126 is renoved fromthe '
sem conductor substrate 121 through the first etching treatnment and the
second etching treatnment, the reprocessed sem conductor 5substrate 132 can

have hi gh pwana{ddiygs [ 0133] In the above manner, CI]J(}; I.cQnduct or
substrate 121 is reprocessed into the #eprocessed sem cPon/uéoﬁggeﬁgngstrate

132. The obtai ned reprocessed sem conductor substrate 132 can be reused as
t he sem conductor substrate 100 in Process A 10[0134] As descri bed
in this enbodi nent, the sem conductor substrate processed through the

r epr ocessi nf@it8leat nent process i s repeatedly used, whereby manufacturing
cost for an SO i:gg trate can be reduc particul ar, when the nethod

d. In_ :
described in thi ifiteAte vaiere the perinberal ROTHRNE I wmicondugterduer 124

sem conduct igkasilg Gkdken 68H thecadOwh@t BfetseMRONddcRIPA i 24136 bé‘JernQarit% e anmount
nductor renoved by the reprocessing treatnent can De reduced

of the sem

and t he nunﬁ%ﬁ?w'(.‘}ﬁ PEqces Snay e perfirpied aliersgmevehoffbe puipherel rosiiony secur ed.
Further,s5 t h@ifigat treatnment under an atnosphere containing hydrogen is
performed after the damaged sem conductor region is selectively renoved,
wher eby a repr oc&uslcg e pintiennduciooregivon dS8 can be remdved) by atebinglsb ¢haplttenar ity

can be 200bfaidag8hctdr Blar124 is %1%31&&9 Stk gﬁ(%&#ﬁﬁ%@%%?ﬁ i)t?feqfoinge WS 2 grnbOdi Al

can be used in appropriate c I nation w structure described in any
of the ot hesichinghwihpg swoh, as[20kadive 160 ¢Ehing dRMY0etBYd, an inductively bowpled

enbodi nent , I trate is man red using a silicon
substrate ot}léspﬁe(@i%%tec\ﬂgﬁt“ﬁeﬂﬂapg%%%ce%idgr‘s:gé?tgfnarﬁ%oé'alécg ld%égi\flé{'éhlg%ﬁlg{}'f"gtae will be
descri b¥d. puotlel phtet (@paviivielyd capled) ichbihg methbd,sa endpaetiore plasing «tadigon to t he
above enbod] [ n ints. Therefore, different points will be mainly
descri bed ﬁ#’@ ’tahcl{elgﬂ%?%‘gacgrpgﬁ a ﬁnﬁﬂﬁﬁﬁ Ofls ?rlahglfcoﬁéf" 5350418 shown i n
thi s enbodimehid, fercansgledrink tgs bah thhpaliskiiasd MRRtchipemabEaPBYEdWM t h

t hose of thse tﬁal?%/e enbocgi ment .. {3(}'137% I.n a _sem_conductor, substrate
that is uséd K& BEONE L FF8%L 15351 TRYGE 209 Hiy sheRrerof AhraseaHcaufuston ¢ | enent
regi on ar e liyer ibtis plehgredrent and the |ike for the sem conductor substrate,
whi ch ilrgcl Ltglez%]t he formation of the insulating |ayer and the

Furthermore, by the polishing and the etching, the surface of the semiconductor
layer 124 is planarized, and the semiconductor layer 124 can be reduced in thickness so
as to have a thickness which is suitable for a semiconductor element that is completed
later.

20  [0121] _

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

25 [0122}

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

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

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




5 enbrittlenment region, are simlar to those in the above enbodi nent.
Therefore, description in the above enbodi nent nay be referred to for such
treatment and the like. [0138] In this enbodi nent, a substrate with
hi gh heat resistance is used as a base substrate. Exarrpl es of a substrate
wi th hi gh hgatofipgdis ance include a quartz substrate, ?ﬁ@

substrate, a sem conductor substrate (€. g., a single crysta SN con
substrate or a polycrystalline silicon subst r at e), and the like. In this
enbodi ment, the case where a single crystal silicon substrate is used as
the base substrate is described. [0139] A typical exanple of a single

crystal silisedns Siébﬁﬁd’@bﬁrdtéslm CIIt 6 WhetbralSk ik mts@mio‘én&f&&i}e%&l 33 ﬂ%:hes (125
nm in dianmeter, 6 inches ( mm in diameter, 8 inches

di ameter, 1PHRIHEMelEHH0 S?F’HP%’E’L"érlayebrlzié’ﬁl??éqlﬁé@eétﬂé)@yn‘ﬁ? I‘fsﬁr

di aneter. Nefa@iafifial Thidgs SHARR WEenAE sdrhiBbridabot B érhm% E&Hi;}l@telysﬁaﬁﬁ and a
silicon substrate which is processed into a rec angul ar apé or the like

can al so bererydtallization ofe thgessamicRanQer dyoed2her cfcompaiedawith vhenrdered
rectangy arpnRieRGhiforthy shfdond

substrate |ns é:escdra? beéé Nocinehéttbrgtlt9 ﬁt‘ﬁg@?} éghlgfl P ﬁﬁg%ﬁgé}% st%ﬁl ragrt(geﬁ’?rﬁay be
subst ant i al Seyrigonducierrieyend2dbis 1@!W¢¢ér ey partlp meltingttho femibendbatndlagear ity at e.

[ 0140] crygmtg‘?o tP %}Qg?es&:g rf%)?rﬁ g[Selﬁge \$Hibn Hllgﬁ §{ ?&t%éit?%gk)ff g{gglbll y

cl eaned usi ng ric aci n per oxl e m X N anmoni um
hydr oxi de/ r@cémtsglenhq)mmndec@ﬂamrﬂ%raee {eAmRdd, and tlmychymlhhny iscreaveddhydr ogen

peroxi de m re.(H dil y ofluorl aC|d el the like, as
appropri at eﬁ%tgutrﬁa{l EM}& |Jl],lj thg "l(;Jkr (;M doree gﬁ‘ioﬁ g oﬁlé %éelse Al he
al t er nateel wemddttomrddwalﬁzlt 1la<me$tad bpaethefinttilfeee beasecs the stmitbiducfod lfd] An
|nsulat|ng yen er the b ub In t ecaewhere
30 an i nsul azt%laﬁlg tgaélglaatf@q?gfﬂ’gg\{%b%r‘nM‘@a%afé"’z 3%5&?6?515 hé‘ﬁp Yat i ng
Layfer ondt me_;ltzdmhtesubmfersa:mmcllwmr dayRr _ble4 ritidates dhat 'BEﬁddflnﬁdJkéﬁhhdiﬂFéther may

e forned ysin sin elsuatln i or astac a ncl uding a
plurality ofY¥ ﬁ%‘ﬁp’ﬁf‘?’ aﬁd‘pf"?r BED ‘ﬁ'H’Qﬂe‘{ cgﬂ‘?‘ﬁd‘ fqﬁiﬂe? e %ea“P BerRag usi ng an
i nsul ati ng thérbon(ldit & owePRyé) Rtnatislih & @dlicghase. cONPoONnent, such as a silicon

OX|def|Im iz ilicon nitride film a silicon oxynitride film or a silicon
nitridetPoxilf ilm [0142] 5For exanple, the above insulating |ayer can be

formed by ther malssiexihe dskOifradiation, the surface of the semiconductor layer 124 may be

- etched. In this case, before the laser imadiation, the semiconductor region 133 may be
etched or may not be etched. By this etching, the surface of the semiconductor layer
124 is planarized, and the semiconductor layer 124 can be reduced in thickness so as to
20  have a thickness which is suitable for the semiconductor element that is formed later,
[0125]
After the laser irradiation, the semiconductor layer 124 is preferably subjected
to heat treatment at higher than or equal to 500 °C and lower than or equal to 650 °C
(see the step D-3 in FIG. 6). By this heat treatment, defects in the semiconductor layer
25 124 can be further reduced and distortion of the semiconductor layer 124 can be
alleviated. For the heat treatment, a rapid thermal annealing (RTA) apparatus, a
resistance heating furnace, a microwave heating apparatus, or the like can be used.
Examples of RTA apparatuses include a gas rapid thermal anneal (GRTA) apparatus, a
lamp rapid thermal anneal (LRTA) apparatus, and the like. For example, when a
30  resistance heating furnace is used, the heat treatment may be performed approximately
at 600 °C for 4 hours.




treatnment. Although dry oxidation is preferably enpl oyed as the thernmal

oxidation treatnent, the thermal oxidation treatnment nmay be perfornmed under
an oxi dation atnosphere to which a hal ogen-containing gas is added. As the
hal ogen- cont ai ni ng gas, one or plural kinds of gases selected from HCl, HF,

NF, HBr, Cl%oz%ﬁﬁsnﬁm?” F/, 10Br2, and the |ike can qﬁijﬁgﬁg%ﬁf{g%ﬂl

The surface of the base substrate is c8&aned before bon urface of
t he base substrate can be cleaned with hydrochloric acid and hydrogen

per oxi de water or by negahertz ultrasonic cleaning, two-fluid jet cleaning,
cleaning with ozone water, 15 or the |like. Further, the bonding may be

per f or med a[(t1g5] the surface is subjected to surface activation treatnent
such as irradiation treatnent with an atomi ¢ beam or an ion beam

ul traviol et treat™esit the cnabetrainoptatied tpagintherabexe wisess iplusedborta eat nent
with bias agpldiaalt Hidces® off ﬂﬁhﬁ%tuﬁﬂgﬁ%t Q@ﬁﬂ:ond[lg&#ﬂﬁ\éig% Nethous Lllfids of

sem conductor substrate (the bond substrate) and t ase substrate are
bonded to e¥dHcopgeter deviaes an be emifacuraditeoFlGobstrate i s separat ed.
Accor di ngl yyp137s€m conductor |ayer is formed over the base substrate. The
above e odg rrenlt can be referred to for details of this process. [0145]
251 n this enbodi Mt ,a prioeess ioh geEororings teproceising ctomatrsanb on rthe eenmiceriuttogh heat

resi stance | e . substr , eref or t.he upper lLinmt of the
t emper at ur eé“ﬁf‘%\?%??gﬁ%é E‘%é‘pgﬁ‘?%n gr)récr?f%gsgg%l e r%dl(l)lgtgfj S‘hbﬁter ' I{)ﬁeescr\}tfcg} nity of
a nel ting pbhinproodss térecspondg toeProceysE &l FEL b cl¥ote shabghk mbdve . enfbOdidfehts 38f-or

Ceparat| ng THERCEHIoBRIESF RRERRTS thb e U AR ot of y 1200 .
Wen theo [oepglerature of the heat treatnent is set at 700 C or higher,
poning o rength ot LG RaSE SRS At canbe LNt petessedy 1 0147)
Spl anar i zedsubatute 1216(s69 HIEY 8A).1 Mt tep poFtRMmONE ifdhidel G4 niconductor region
127, the unseparated semiconductor region 125, and the insulating layer 123. The
semiconductor region 125, the semiconductor region 127, and the semiconductor region
16 129 can be collectively referred to as a damaged semiconductor region.
[0129]
The first etching treatment is performed on the semiconductor substrate 121,
and the insulating layer 123 of the semiconductor substrate 121 is removed (see FIG. SB
and the step E-1 in FIG. 6) The above embodiments may be rcfe-rred to for details of
20  this step.
[0130]
Next, the second etching treatment is performed, so that the semiconductor
region 125 and the semiconductor region 127 which are included in the step portion 126
of the sefniconductor substrate 121 are selectively removed and the reprocessed
25 - semiconductor substrate 132 is formed (see FIG. 5C and the step E-2 in FIG 6). At
this time, the semiconductor region 129 is also removed. The above embodiments can
also be referred to for details of this step.
[0131]
Here, in the case where the planarity of the semiconductor substrate 121 after
30 the second etching treatment is not enough, the semiconductor substrate 121 can be
planarized by heat treatment under an atmosphere containing hydrogen (see the step E-3

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



In the sem conductor |ayer which is closely attached to the base substrate,
crystal defects due to formation of the enbrittlenent regi on and separation
of the sem conductor substrate along the enbrittlenent region are forned,

and the planarity of 10 the sem conductor |ayer is |owred. Therefore, heat

treatment igooflesad!y perfornmed to reduce the crystalpd@bsfilsspad to
inprove the planarity of the surface. ¥he heat treatnent iIs prefﬁerably

performed under the tenperature condition of 800 Cto 1300 C, typically,
850 C to 1200 C. When heat treatnment is performed under such a relatively
hi gh tenperature condition, crystal defects can be sufficiently reduced and
the 15 pl anfBey of the surface can be inproved. [0149] For the heat

treatment, a rapid thernal nea aratus, .a resistance heating
furnace, a micro \%‘S Frangien by ¢ n@g}?&‘r‘g 2“‘ Bﬁ? f AL AMORRICEEFINInInghydrogeR

exanmpl e, i naftdieh oM B263s feRfoved ﬂ&ﬁ&h&@aﬁéoﬂaucft&rsamﬁtelm W§Bebh thhe heat
treat nent performed approximtely at 950 Cto 1150 Ctfor 1 mnute

to 4 hours n?'%%bftéhlf’&gﬁat’f’ﬁ‘g apd the sprond cieRing tregpchie Higreprpssssed semisendueldhduct or

substrate, &fbsRE i AR UaRthidd Tlggg%q; enperature, can be perforned instead of
thi s heat treat ment. [0150] The séem conductor |ayer may be irradiated with

| aser |ight [Bé%bre or after the 25 heat treatnent. By the |aser
rradiation, cryshale d8leRhind AL ARHRhCBESRR IS b ARG, hé eat ment
err etal s of the

can be repalred The above enbodi nent can be re
| aser irr adreatqceﬁaed megdwtﬂr sibgirate dA2. bBfeoptaioed edpragessthecthieanductorat nent ,

a sem condughgta 29 ARuk i o BBRRGPRAILLARGAL b0 MaLcRnduct or 1 ayer

may be renove I'ng or e so e surface thereof is
pl anari @d. [B§4}t hi s pl anari zat i on treatnment, the surface of the

sem conduct or | ayer uGamde; Wil N RR" b S SRSELL SBbe 10ggp! 1 SN no

can be perfornmed em ca rrec ani ca I'ng
pol i shi ng, throutghehel iefeceshog eesthant frbessammardiyoisad, whayeby nimyfaberingduced in

t hi ckness b asg ern tlvely,
the sem con%ouc?’r fr EQES“"”FQ C?'ﬂbe i 'ﬁ%ﬁ pSrHapifhgbf‘”%{ﬁ?léhes‘E‘fW%@%f rm | ayer
cgn be reﬂnmadcmbodghmldﬂ?hshkz iis&'&mﬁh@ecgur (ﬁmﬁd Renhieeidutidr Fﬂég@dﬁﬂ&dnzw The
above e ing can be per wth a dry etchin such as a reactive
i on et ci ?‘ﬁfz‘ﬁly r?%‘f“ﬁ Q*!f P e PRy Qfo'ﬁlf)lsé’&%ﬁ}q%‘é:% remepyd By dhg ng

met hod, an ﬁbﬂ:@és&ﬁg trwnﬁmcdaﬁu)eeeuuwsmaﬂsﬁmﬁﬁ%} tiftle§ bf RProdREMS dan Be par all el
pl at e (capaC| i.vel y co @I ed) etching nethod, a magnetron plasnma_etching

met hod, a C“f otsewred phidsn the &?Ftnﬁe%?ﬁo'&‘dcbﬁ“ FAiRaIphes ncoptpiang | asna
et chi ng net RRitbgeh & pePRARIA Mter mtcﬁmtagﬁtscﬁﬁk%nm&?@égﬁﬁfs'saectf@w BRowa f or ned

using both &l?c?‘eb%oizIrzprloge%se%ns%n}lgo?ldgétgr Isur%gtrate having favorable planarity can be
20  obtained.
[0135]

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

25 (Embodiment 3)

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

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

embodiment.



[ 0153] 15Furthernore, by the polishing and the etching, in addition to the
pl anari zation of the surface of the sem conductor |ayer, the sem conductor
| ayer can be reduced in thickness so as to have a thickness which is

suitable for the sem conductor elenent that is forned later. [0154] 20Wen

the SO subgig AiM4B% ai ned through the above process i Sp458901bok1B _
subsequent process of manufacturing a 4&m conductor device, various kinds

of sem conductor devices can be nmanufactured. [0155] The above
enbodi nent can be referred to for details of the process of 25 perform ng
reprocessing treatnent on the sem conductor substrate and manufacturing a
repr ocessed[038%n conduct or substrate. [0156] As described in this .
enbodi ment, the sem condugtor sgbstrate_ processed through the rggrocesm ng

treat ment process®i2SPRREANY) ottty that,fsciseh g pelinif Subsiwicngn desulaking for an

SO substr atagercadt bf dndieabat lEpiaatd $athRl, TRaldAt 68 an¥NRE efos Y heat
treatnment at high tenperature_as described in this enbodi nent 1 s enpl oyed,

an SO substHERIRARR SyhStratey Sthighl iaclefrarthe faamptian efsthe ansulstingrasieriaadithe ed even
when a s i gbthbrit&h& trediSiTBAR Ssitflart fC 4REIif AAUGHRT eribRShERL EThdiddR 7]

The structure described i'n this enbodi ment can be used I'n appropriate
combi nat i ondsgFimtion freths ghaye cmpedimestanaythsdefenmediimforsfuch teatmetiend thndibeli ment s.

5[0158] [0138]
In this embodiment, a substrate with high heat resistance is used as a base
substrate. Examples of a substrate with high heat resistance include a quartz substrate,
10 a sapphire substrate, a semiconductor substrate (e.g., 2 single crystal silicon substrate or
a polycrystalline silicon substrate), and the like. In this embodiment, the case where a
single crystal silicon substrate is used as the base substrate is described.
[0139]
A typical example of a single crystal silicon substrate is a circular substrate
15 which is 5 inches (125 mm) in diameter, 6 inches (150 mm) in diameter, 8 inches (200
mm) in diameter, 12 inches (300 mm}) in diameter, or 16 inches (400 mm) in diameter.
Note that the shape is not limited to the circular shape, and a silicon substrate which is
processed into a rectangular shape or the like can also be used. In the description
given below, the case where a rectangular single crystal silicon substrate is used as the
20 base substrate is described. Note that the size of the base substrate may be
substantially the same as or different from that of the bond substrate.
[0140]
Note that a surface of the base substrate is preferably cleaned using a sulfuric
acid/hydrogen peroxide mixture (SPM), an ammonium hydroxide/hydrogen peroxide
25 mixture (APM), a hydrochloric acid/hydrogen peroxide mixture (HPM), dilute
hydrofluoric acid (DHF), or the like, as appropriate. Further, dilute hydrofluoric acid
and ozone water may be alternately used to clean the surface of the base substrate.
[0141]
An insulating layer may be formed over the base substrate. In the case where
30  an insulating layer is formed over the base substrate, an insulating layer on the bond
substrate side can be omitted. The insulating layer may be formed using a single

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



(Enmbodi nent 4) [0159] An exanpl e of a sem conductor device which

i ncl udes the SOT substrate manufactured in any of the above enbodinents is
illustrated in FIG 7. 10[0160] FIG7 illustrates an exanple of a

sem conductor device including a transistor 280 which is an n-channel thin
filmtransigoohna-@ transistor 281 which is a p- chan%lm%gﬁ Mockizh M
transistor. The transistor 280 and thetktransistor 281 are forned over the
base substrate 120 with the insulating |layer 102 and the insulating |ayer
122 interposed 15 therebetween. Various kinds of sem conductor devices can
be formed by conbining such a plurality of thin filmtransistors (TFTs). A

met hod for mnufngqawrlcmlg bt hem&ﬁmse@nﬂuﬁkﬂam%emnc%idhlédﬁiahatm:oh skl G 7 i's

descri bed bel ow. [[016 irst, an SOI substrate i s prepared. As
the SO sub<mMPepent, Svﬁbasgeﬂlcgawg{dﬁé%, @%}lwmméeﬁuwoﬁlhqqn@ﬁyn@mflﬁe, above
enbodi ment SerGaichs niddRGxid:Gila2] Next, a sem conductor |ayer is etched

to be divided into an isl and-shaped sem conductor | ayer 251 and an-
i sl and- shap®¥*&Heni conduct or |ayer 252. The seni conductor Iayer 251 |s

included in the )

i ncl ude(cj% in the %ﬁ%@&ﬁg&r t};'IE'F$ov g%lél%rﬁg ﬁ?ép &%n i nﬁﬁ){ at’i ng aﬁ?’é’r%g 4 1is

f or med overtfqahncnse nmlthonghy étyo'i)xlﬂﬂm}be ris pBferabiyl etipboysd s dwniiicmtab oxidaijer 252,

A e o lenf] BE R B3RO BBl O BOIFMED SuBl ool SRAGEL VELY
u uc ay

formed over t e Sem conductor [ ayer Sen con &r 252 30
wi t h the i ndabsphemdo vy a hﬁdganmoatapm@g]astxhadedﬁet s dhe h@lageﬁzb]ontaumng)uri ty

o “an i mpurSEy e AR Rith ofESERBerea 20 HER RS N e o
ar seni cio t dBshvad senike omcheaised. | ayers. For exanple, an inpurity el enent

whi ch serv lﬂﬁ an acceptor is added to a region where the n-channel TFT is
to be for nd an inpurity elenent 5 which serves as a donor is added to

a regi on where ti¥Re purfababnthe b'EEeTsdbStratté)lshﬂcafned Befdre ﬂcﬂ&ﬁé] The surfaddet , an
n-type Iow—g Bcentratlon Lnﬁlu“t ion 1%57 is f d in the, sem conduct or
| ayer 251, BHOISE SEPs{rats &am Py Hie H’t YdrochiRnic apid and Y TRgRNReTXsly Walek or ned i n
the sem congtugtmdgahedy Qiitraddrde cloRffd, fve-uldyjet ElbdnSlg, clelifnSRITh 6 UaRter | ayer

15  or the like. Further, the bonding may be performed after the surface is subjected to
surface activation treatment such as irradiation treatment with an atomic beam or an ion
beam, ultraviolet treatment, ozone treatment, plasma treatment, plasma treatment with
bias application, or radical treatment.

[0144]

20 Next, the semiconductor substrate (the bond substrate) and the base substrate
are bonded to each other, and the semiconductor substrate is separated. Accordingly, a
semiconductor layer is formed over the base substrate, The above embodiment can be
referred to for details of this process.

[0145]

25 In this embodiment, the single crystal silicon substratc with high heat
resistance is used as the base substrate. Therefore, the upper limit of the temperature
of various heat treatments can be raised up to the vicinity of a melting point of the
single crystal silicon substrate.

0146}
30 For example, the upper limit of the temperature of heat treatment for separating

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



10 252 used for the p-channel TFT is covered with a resist mask and an
inpurity elenment is added to the sem conductor |ayer 251, so that the
n-type | ow concentration inpurity region 257 is fornmed in the sem conduct or
| ayer 251. Phosphorus or arsenic nay be added as the inpurity elenment. The
gate el ectr rves as a mask, whereby the n-typ tration
inpurity reﬁ?ggﬁgg‘??&?s formed in the s&£m conductor Iayg’rclrgg%ﬁq@%ﬁg a

sel f-aligned manner. Further, a region of the sem conductor |ayer 251,

whi ch overlaps with the gate el ectrode 255, serves as a channel formation
regi on 258. Next, after the mask which covers the sem conductor |ayer 252
IS renpved, ] ; . t - AET i s

cover ed v 1SR R heh S e S 0 R hfer MR SRS ok .2

seni conductisse sulgteate @B De fiBthepimcreadedri num gal lium or the 20 like may be
added as ”\ﬁli urity elenment. Here, the gate electrode 256 functions as a
mask, and t eg?type hi gh-concentration inpurity region 259 is forned in

t he sem conduct oNektayesurf2&e2ofi the semirohdimtar dayed bondedeto. thd baegdubstradd ist he

sem conduct Qr I.a%/?gr dZtﬁeZ . V\/nlhcfg over | a%)cg with the gate el ectrode 256, serves
as a channdl FEFFaN9AC FEYHURYBFCKBYE t hat the nmethod in which the n-type
| ow- concent[opd]on inpurity region 257 25 is forned and then the p-type

hi gh-concentratigg irrs[%ur.itx region 259 i s foeﬁmad is, described in this
enbodi nent; howeVefhe eHCOdyeg aﬁ‘dﬁ!‘%ﬁc%‘ﬂ? nitasaed otheiRaye pEsieR 259 can
be formed forystd . defedibbile DdeftmatRhit & tht RenbiiBfhht FRfs MA ER2GRNE LS tiehe

sem conduct or .| ayer 251 is 30 renoved, an insulating |ayer having a

si ngl e- | ay SPMICPEHctog sebsispte glogg theieatritiemgnt iggien asprpited; 4ndithemplanagityof r i de

such asiesi Ithe@mitintitidi6l9agh isABwersl.deTierEbre Ak abirdabm QR isprbidBbly perthbdded With a
plasma CVD nethod or the |like. This insulating |ayer is ani'sotropically WO
2011/ 043178pcaduseHis1oydd aiefestsimdde dReEpve rihe plaparie wél itheusuafacali (Thethean,

whereby a si.dend i i i | le ol S IRG~ ayer 262
are formed ien co{nitsgl(':ét?é\}h\%lﬁhéy 5%@)8{13{‘3{ glgi%ﬁﬁ(}?a t?rﬁzb%@t‘% Aeflgggt?(l%%ieéd%g’ and the
gat e el ect rymiealiz5850 ’Estet2d0veC.y. Wiot creithatatinke s nsutfonhéd gnderysdth 254 i s

al so etched b e ove ani sotropi c et chi ng. 0167 Next, the
semi conduct“(lef’é{‘f?’!\{/l]@gﬁi Eperatlirg. cRpdR Gy afi%ﬁg"’?tggfi“’g'{e ntly prguced and e j ¢ y
el ementisi s prad@s of thelsbfacs e Bompessic@r | ayer 251 at a high dose. By this
t reat nent, éﬂ‘@ gate el ectrode 255 and the sidewall insulating |ayer 261
serve as mi ] and an n-type high-concentration inpurity region 267 is

fornmed. 10[ 0168] For the hedftic@fment tal Mpidl 1REmdal %EQF{KTA() hipgdrathd, olebbde Of the

impurity, elepents, an insulating [ayer 268 contal ning hydrogen is formed.
After the MEHPETIBAcCor MigTaWaShGhHNE; anBaratis<x thrdike cambg used.c farsrample

performed af Wy eReTwHdRAD Blistite Aeatiry ArfhcE i@REd QLR to 450
C, whereby hydroger;v cont ai rised i ne? hI% I nsﬁl e{ti ng | ayeeraLE g%gm%%t ?lgy?ieffused

into tI%€ senifemedapproxinatelet 98 fC40d1I0NK e itimiontd he ¢ dpus.ayote 5L theThe

i nsul ating,lLay r d sityan of..silico itride or
silicon ni thkadgéaéé%geﬁ%gfﬁ?%{n Itgggsﬁg@b&{r%g 1o 853{6’ alf d’lpg%l&eg ‘Trf&e Fature of
350 C or | temgreratiBy, au pp psrfarmedingdieadefithis dedt veatment. conduct or | ayer 251 and

t he sem Coi&%i or layer 252, defects which serve as trapping centers in the
sem conductor fayer 251 or the 20 sem conductor |ayer 252, or at the

i nterfaces betweEre dehfcondwdit@dnygbe aiagibelinydiited e 14seClinn defodd drdick @ger 254
can be 25&P iaart I%at%‘ICLE Cﬂyvtgrls Ya'ser irradiation, crystal defects that cannot be repaired by thé
heat treatment can be repaired. The above embodiment can be referred to for details of
the laser irradiation.
[0151]
In addition, before or after the heat treatment, a selﬁiconductor region in an
30  upper portion of the semiconductor layer may be removed by polishing or the like so

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




[0169] After that, an interlayer insulating |ayer 269 is fornmed. The

i nterlayer insulating |layer 269 can be forned to have a single-I|ayer
structure or a stacked structure 25 including an insulating film containing
an inorganic material such as silicon oxide or borophosphosilicate glass

(BPSG or awolpaWwatd ng fil mcontaining an organi c mat g4 S
pol yi m de or acrglbl'i-c. After contact hotdes are forned i?qrﬁgzoﬁﬁ@glrz ayer.
insulating | ayer 269, wirings 270 are formed. For exanple, the wrings 270
can be formed using a conductive filmwith a three-layer structure in which
a lowresistance 30 netal filmsuch as an alum numfilmor an al um num

al oy fil m the sainshtiuctoeydradande fulkttt PRhadgEAl Sfecifiamly, Heoing e wet al

films can be fornmed LifSi r]cq nol bdegu(g] . cgrom' um .titanium or the liKke.

[ 0170] periopes h cheacal mscRanicalpelisking ACMES; ligyidiise patishingy preidediked ng t he
n-channel TNéte 1@ dhd SghitonabasBler Hhdy B&fedREed RMicREds H§ dhis TRGmeE inSubstrate
used for the 5 sem conductor device of this enbodi nent i s nmanufactured at

extrenely |BWCEBEF, as described in the above enbodi nents. Accordingly,
cost fors; mypgct uring the sem conductor device can be reduced. [0171] Note
that the sem conductor device illustrated in FIG 7 and a manufacturing 10
et hod t her eof addcratively, bthg pemigendycterriyegioneint ; thiovmpeerportigne oft thect ur e of

T RSB 0ln 80 EIREOMTEChn L MR TRLEOER QURRbRR 5
resistor, aTlmﬂbéwtédng fan heqevferngidomitieh émeml){ingnﬂethgthtsucérdstaltorbamgve f@rment, or
the like i %t&lﬂ%’ (E{i[]%qnétf?oa"?aﬁr E]Eudkgl%*%%lpled plasma (ICP) etching method, an electron

10 cyclotron resonance {(ECR) etching method, a parallel plate (capacitively coupled)
etching method, a magnetron plasma etching method, a dual-frequency plasma etching
method, or a helicon wave plasma etching method, for example. Note that the
planarization may be performed using both the polishing and the etching,

[0153]

15 Furthermore, by the polishing and the etching, in addition to the planarization
of the surface of the semiconductor layer, the semiconductor layer can be reducéd in -
thickness so as to have a thickness which is suitable for the semiconductor element that
is formed later.

[0154]

20 When the SOI substrate obtained through the above process is used for a
subsequent process of manufacturing a semiconductor device, various kinds of
semiconductor devices can be manufactured.

{0155}
The above embodiment can be referred to for details of the process of

25  performing reprocessing treatment on the semiconductor substrate and manufacturing a
reprocessed semiconductor substrate. -

[0156]
As described in this embodiment, the semiconductor substrate processed
through the reprocessing treatment process is repeatedly used, whereby manufacturing

30  cost for an SOI substrate can be reduced. In particular, in the case where such heat

* treatment at high temperature as described in this embodiment is employed, an SOI

substrate having favorable characteristics can be manufactured even when a slight



15The structure described in this enbodi nent can be used in appropriate
conbination with the structure described in any of the other enbodi nents.
(Exanmple 1) [0173] In this exanple, an insulating |layer was renoved froma
sem conductor 20 substrate fornmed in manufacturing an SOT substrate, and
wet et chi ngwas1ipasHor med on the sem conductor substrat@pebdledddpsuse of
various ki nds of etchants. The resul tstare shown bel ow. [0174] First,

sem conductor substrates used in this exanple are described. 25[0175]

In this exanple, a rectangular single crystal silicon substrate with a size
of 5 inches square was enpl oyed as the sem conductor substrates. First,

t her mal oxi dkdtat eamaivasn pe séoicombiclonsiblgatsem conduct or substrates under an
HCI atm)sph@rg to forma thernmal oxide filmw th a thickness of 100 nmon a
surface of &ﬂ of the substrates. 30 The thermal oxidation was perforned

at 950 C for 4 haugsstupder desctiber ialthioxdnshiingnatoah sih et ﬁhﬁgﬁoﬁrﬁ% rate of
HCl to oxygen was 3 vol % WD 20111043178PCJ/ JP2010/ 066123 48 [0176]

Next, each thmbitionwih tsStuepsdestiBed ngneef he ethps smhedisaais- wi t h hydr ogen

t hrough 4 hejogsg)f ace of the thermal oxide filmw th the use of an ion doping
apparatus. |In this exanple, by irradiation with ionized hydrogen, an

enbritt | eneffimbodigreditas 5 fornmed in each of the sem conductor substrates.
The condi timSQf the ion doping was set as follows: the acceleration '
vol tage of 40 KV and the dose of 2.0 x 1016 ions/cnR. [0177] Then,
each of the sem é@neiagplr of gbssmiconductqradevingnabigh tincledeg| the SO udabstrait e Wi t h

at 10 200 CPRERfs iht LB BRRE nb AR ERF el AB 2600 ¢ Tor 1200
m nut esl@er@1¢lr f ormed, so that a thin single crystal silicon |ayer was
sepatat od 119 4 AlpE: SEERALE) S TP IE ool HSFREBLL Lo
tinme, sem cZ§fdvidthois as nlrbtnmet éin Slactarsaior agd atrsdsispor 261 wihivh is A pahpmel pher al
portion t hethﬁofglmvﬁarnselstgg r %9 'tra&s?étoora%ﬁ]and the transistor 281 are formed over the base
substrate 120 with the insulating layer 102 and the insulating layer 122 interposed
15  thercbetween. Various kinds of semiconductor devices can be formed by combining
such a plurality of thin film transistors (TFTs). A method for manufacturing the
semiconductor device illustrated in FIG. 7 is described below.
[0161] |
First, an SOI substrate is prepared. As the SOI substrate, the SOI substrate
20  manufactured in any of the above embodiments can be used.
[0162]

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

25 252 is included in the p-channel TFT.
[0163]
| An insulating layer 254 is formed over the semiconductor layer 251 and the
semiconductor layer 252, and then a gate electrode 255 and a gate electrode 256 are
respectively formed over the semiconductor layer 251 and the semiconductor layer 252
30  with the insulating layer 254 interposed therebetween.
[0164]

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



Next, treatnent perforned on the above sem conductor substrates is

descri bed. [0179] First, in order to renove the insulating |ayer

whi ch was formed to cover each of the sem conductor substrates, the

sem conductor substrates were subjected to wet 20 etching treatnment using a
m xed sol utyeef{iRunegict nane: LAL500, produced by Stel lg-pamdediqs

Cor poration) containing hydrofluoric a#ihd, amonium fluoride, and a
surfactant. At this time, the solution tenperature was roomtenperature and
the etching time was 300 seconds. [0180] 25Next, the sem conductor
substrates fromwhich the insulating |ayer had been renoved were subjected
to wet et chinyrity diémérvhithaemts & @RbeptdiSsubPhd Bko) Ahidsingh Cdiaallam, & M xed
solution (hereinafter referred to as m xed sol ution A) where hydrofluoric
acid, nitrit" SRAUEY SRECHCERIFR SRS HRs G FenoR; Suehy an PhosPRSER, Rk AiseRie. do dhe 1: 3: 10;
a m xed sol gii@ndedia18yeRa  FBF cilabip®f b tnfilitR SleRedtivifich Slcdlal A aBlpipher e
hydrof luori'c acid, nitric acid, and 30 acetic acid were m xed at a vol une
rati o of 1:¥%@8defidpa region wagie thsinmdhaapsl THE ixtorhsiiomred, adanimgunity clemeat i xed

- sol uti ong C) wkibg r4 i AT L \ I wer e

m xed at a vol u%cgv%)aétg?gé,ﬂg? %l%dgcfc?sfg?glgu %nhirggé%ocﬁtﬁ?@gﬁ?ﬁgég?%g@%gr referred
to as a ni xl46Hol ution D) where hydrofluoric acid, nitric acid, and acetic
acid were m xed 0 ' - 10- 10: ] sQl (Mt 1 on . reinafter
referred to as a%xgea\cfll gg’flﬁt {Og%éogf&&%%?%qﬂé%%?r F%}]&lﬁ(?g%@i%&d&%ﬁ "?131%’} ogen

per oxi de watcavicopdipctorniayesd2 s aad volptipme highiconahtrgiof: Hpueityd regivnadife dus

sol ution ( inaf ter a ugo sol uti o i ch

cont ai ns tgif) ﬁ%ﬁh@?é%&?%%%ﬂ;%ﬁé%e S}%E%q@aﬁmg%g% S%ﬁc%‘h{&%})oy\/?ﬂerpr eparing
t he abole n3>Zededsiol Uit ipachgnnél TEI &, covdiad #oh h oasistugaskaad us émpurinyeemédtior i ¢ aci d
at a concentration of 5 | ght % od by .Stella Chem fa Corporation);
ot i deupt e R PpdiEl B ISt S8 QAR H gl ron el

Chemi cal | nelgist 252, folrhdl ip; thd &ndceidiconlayd 251. aPieptoait drairdeiz mdy 7. 7

wei ght % ( produged, by Ki shi.da Cheni cal ., 4L . and hydrogen_per oxi de
wat gr at (g a(cag?lc%sﬁ{‘? ﬁ?‘?“ %lfmifg]mﬂ'e&i’f%q%ﬁ?ogﬁégse%f“ﬁ? Hf i¥E5fed Cheni cal
Conpany, | nétype lolheonserttatib®inpusitiDREdh 26 isdtbrmidddn @leCBMoSds 158E 2t room
tenperature, and the fines fOIE %tchi ng, usi nﬁqthe_ etchants were, each for 30
seconds™® 1 fiiialisge e&s, Futhgr 3, fegion of thy Supiedugiag layen?Hytvdich Det ai | s
of the 15 akeNspselighadife alebudddQ8h, sefved APA Ehahnel QR fibn fe LRI B8 1] Next,

after the mask which covers the semiconductor layer 252 is removed, the semiconductor

S

layer 251 used for the n-channel TFT is covered with a resist mask. Then, an impurity

element is added to the semiconductor layer 252. Boron, aluminum, gallium, or the

20  kike may be added as the impurity element. Here, the gate electrode 256 functions as a

mask, and the p-type high-concentration impurity region 259 is formed in the

semiconductor layer 252 in a self-aligned manner. A region of the semiconductor layer

252, which overlaps with the gate electrode 256, serves as a channel formation region

260. Note that the method in which the n-type low-concentration impurity region 257

25  is formed and then the p-type high-concentration impurity region 259 is formed is

. described in this embodiment; however, the p-type- high-concentration impurity region
259 can be formed first,

[0166]

Next, after the resist mask which covers the semiconductor layer 251 is

30 removed, an insulating layer having a single-layer structure or a stacked structure,

which includes a nitride such as silicon nitride or an oxide such as silicon oxide, is

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



Et chant Etchant manufacturing condition M xed solution A hydrofluoric
acid:nitric acid:acetic acid (1:3:10) M xed solution B hydrofluoric
acid:nitric acid:acetic acid (1:100:100) M xed solution C hydrofluoric
acid:nitric acid:acetic acid (1:0.1:10) M xed solution D hydrofluoric

acid:nitricwachilyasgsic acid (1:10:10) Mxed sol ution '-‘}d’t)](ﬁiﬁd?&bs‘d%i C
aci d: hydrogen peroxide water (1:5) TMX¥§ aqueous sol uti on TMAH agueous

solution (2.38 weight% *The mxture ratios are all represented in volune
ratios [0182] 20The semi conductor substrates were subjected to wet etching
usi ng the above six kinds of etchants for the respective periods of tine, a
step fornedetchedtine papéndivelaldirection, whereby a sidewall insulating layer 261 and a

sidewall insulating layer 262 arc formed in contact with side surfaces of the gate
electrode 255 and the gate electrode 256, respectively. Note that the insulating layer
254 is also etched by the above anisotropic etching,

5 [0167]

Next, the semiconductor layer 252 is covered with a resist mask, and an
impurity element is added to the semiconductor layer 251 at a high dose. By this
treatment, the gate electrode 255 and the sidewall insulating layer 261 serve as masks,
and an n-type high-concentration impurity region 267 is formed.

10 [0168]

After activation treatment (heat treatment) of the impurity elements, an
insulating layer 268 containing hydrogen is formed. After the formation of the
insulating layer 268, heat treatment is performed at higher than or equal to 350 °C and
lower than or equal to 450 °C, whereby hydrogen contained in the insulating layer 268

15  is diffused into the semiconductor layer 251 and the semiconductor layer 252. The
insulating layer 268 can be formed by deposition of silicon nitride or silicon nitride
oxide with a plasma CVD method at a process temperature of 350 °C or lower. By
supplying hydrogen to the semiconductor layer 251 and.the semiconductor layer 252,
defects which serve as trapping centers in the semiconductor layer 251 or the

20  semiconductor layer 252, or at the interfaces between the semiconductor layers and the
insulating layer 254 can be repaired effectively.

[0169]

After that, an interlayer insulating layer 269 is formed. The interlayer
insulating layer 269 can be formed to have a single-layer structure or a stacked structure

25  including an insulating film containing an inorganic material such as silicon oxide or
borophosphosilicate glass (BPSG) or an insulating film containing an organic material
such as polyimide or acrylic. After conmtact holes are formed in the interlayer
insulating layer 269, wirings 270 are formed. For example, the wirings 270 can be
formed using a conductive film with a three-layer structure in which a low-resistance

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

barrier metal films. The bamier metal films can be formed using molybdenum,




portion of each of the substrates was neasured (wth the use of Surfcoder
ET4100 (a step neasurenent apparatus) manufactured by Kosaka Laboratory
Ltd.), and the etching anount of the sem conductor substrates in the
central portion of the substrates was neasured (with the use of Sorter 1000
manuf act ur egygilwappgst er SFT Corporation 5 and LK- G30 gmwbagtddisd by
Keyence Corporation). Further, the per#pheral portions of the substrates on
whi ch etching using the m xed solution A had been perfornmed were

phot ographed (as Nomarski images, with the use of an optical m croscope
MX61L manufactured by d ynpus Corporation). Here, the central portion of

t he subst r atleomihe fiinfuen, ar thefkoOn of the substrate other than the periphera
portion mhegﬁ7@ step was 10 fornmed. [0183] FIG 8A is an optica

m crogr aph he peripheral portion imediately after separation of the

semi conduct or sgklsl}du?h ehe BB frb&esSR semicdRdRR) idedAte RvElQRE ARRanal: F1hE
peri pheral portion a tglr renoval of the insulating |ayer. FIGS. 9A and 98

show resul t diﬁ“’o?‘cg%“_é FELstne b Mrangfacuped. e b subsgatet dssd fof thehe
substrats, &aliéRaRAIUDRe of this GRbodMeRNE RwrlRtReH MYy 158 Sst, & _
measurenent range is an arbitrary portion where a step po?tlon of a portion
where a st effserisd piae heeghoye eembodimgntshi nA¢derdinghi sense fomn manafagieriggl ther) . | n
the graphs ghevnRgtdREvist &R sAEaRHLLMent results, the vertical axis
represents a hei ght (ttn% where the central portion of the substrate is a
reference (B¥7Hnd 20 the horizontal axis represents a length (mm which has
been neasured. TR} npl g - r. s pf st measur ement
bel ow. [0184] Note &MPEger@gﬁd“g'gﬁg&é&ﬁﬁgadp‘?c‘? %3_@2% s papligeniig - 8B,
a step ©f _tméhwbrtbqsﬂe’lrab qlmf:mhednlmféhm rﬁmtzdadinmmgal_mnagjs%; stlggvmr_.ufm!% Eftc)-?. 8A, fj he
remai ni ng insk in er. 1S obser .and in .8B, ..i observe
that the insgﬁﬂ%é)g ?lhcé(gldgﬁé? (.)_f\/z\i/zra'se mr%gcrlr%]\‘/g‘gta? fil%qdl%c?qsf%lgﬁethnt'wt PB\’/\%‘# &'Frﬁﬁf’gr was
ljeft. Furt hﬁgc,sem:tohdmtopdm@rm:f_ )alhclpd):::i d:apﬁl:étbf‘, ag&bgs#&ubpﬁoltc&lqettricrtbmcﬁ?dd ons01 a{]ﬁ
epressi ons_ due . M crovoi ds were forne n e planarity was | ow. e
ri ght side_%ﬁ"mffnllftaélcil 6?’5@'?’"95 eé‘}engf’”hégl_ﬁ?e?“r? HE™&hiTal portion of the
gutz)strat\tlaml[sl’m}ser\éegé 3(@[(),18;\.-'“)]h tpt(:)Ltl on O}‘ E_he S:Jbstrate was app(rjom (rjraiﬁl y
.2 pm er eas sho .the insulating | ayer was renoved an e
step beteen the b%rsf’bﬁ!é‘iﬁa}[j\gs%t?e?i g thi W@d’é‘lfﬂ_gtci“%t‘@ ussd i apreemstaten
portion of dohiratiBswitRile sWasurt QeleaBsl ih AnPORhOshERhRlointnd, RM [0186] SNext,
optical mcrographs of the peripheral portions of the sem conductor
subst r at es (REEERC Bbr e subj ected to wet etching using the m xed solution A
for 30 SEC_Uﬂﬁ? 1 mnute, 2 mnutes, 4 mnutes, 6 mnutes, and 8 m nutes
are shown in FIGS. 10A1, 10A2, 10B1, 1082, 10Cl1, and 10C2 and FIGS. 11A1,
11A2, 11B1, 11B2In thig example.] acinsulating layer G&s emmyveds ritdm @AScmHeandugen cal

m cr 0grp NSy dirale ¥m%nA ifah el : i ar e
optical m c;l ogrraé?phs of the cggﬁﬁg%‘o%&oﬁﬁgl\t&%ﬁﬁ%g%t%heé?@%d%%gﬁ%%ocz are
optical ni dhotmptrduder subsirateosith theonc of vazions Nindeef etdha@S. TibAksutndrel 1A2 are
optical m %g‘gﬁgaﬂg_ of the condition of 4 m nut es: FIGS. 1181 and 11B2 are
optical m crographs of the condition of 6 mnutes; and FIGS. 11Cl and 11C2
are opti call0f4¢r ogr aphs of the condition of 8 minutes. In addition, FIGS.

oA, 1051, 15 il i b AP BB A TS rcs
11A2, 2582,[0B43f 11C2 are optical mcrographs at 500-fold nmagnification.
[0187] In this example, a rectangular single crystal silicon substrate with a size of 5
inches square was employed as the semiconductor substrates, First, thermal oxidation
was performed on the semiconductor substrates under an HCI atmosphere to form a
thermat oxide film with a thickness of 100 nm on a surface of each of the substrates.
30  The thermal oxidation was performed at 950 °C for 4 hours under a thermal oxidation

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




FIGS. 12A to 12C and FIGS. 13A to 13C show results of step measurenent of
20 the peripheral portions of the substrates. FIGS. 12A, 128, and 12C show
results of step neasurenent of the peripheral portions of the substrates
under the respective conditions of 30 seconds, 1 minutes, and 2 m nutes,
and FI GS. 1@&# 20iidks17and 13C show results of step rreasurwg(,lm“hlge
peripheral portions of the substrates tthder the respective conditi.ons of 4
mnutes, 6 mnutes, and 8 mnutes. 25[0188] Further, FIGS. 14A to 14C,
FIGS. 15A to 15C, FIGS. 16A to 16C, FIGS. 17A to 17C, FIGS. 18A to 18C,
FIGS. 19A to 19C, FIGS. 20A to 20C, FIGS. 21A to 21C, FIGS. 22A to 22C, and
FI GS. 23A t{12¢C show results of step rreasurerrent of the peripheral
portions of the ¢t subst a £ whi ch wet. et.chi S
performed using t%ﬁeé stg JtrS "‘E‘ Oft‘?B st’ﬁagféd”assoﬂ?f'iatfﬁ Y‘f‘tglgﬁgmﬁi”ked

sol uti on D, thtdugh mna@eraeeodmm therniml oaidd filh vithMAE ugOereMUSn d6pitik hsparan@ach for
30 seconds,,1:mnute 4 mnytes, 6 mnutes, and 8_m nutes.

FIGS. 14A t8 TEC?"&‘H‘Q“F%&“JE%‘R‘& With donized dxdroern g smbriiflemeat segion Wakr e t he

m xed so} ut fopiedBinvéash oS0€ senibérductdBArbbieates CTROEonltieR-of WA zbﬁ’délﬁ whow a
result in the case where the m xed solution C was used, g A to 18C

and FI GS. 1@A38tfeﬂq‘gﬁt:ﬂswswkaatw@wltegelo&49 k¥ and ths dapreaf@. Qo 0 nioxafqm% sol ution D
was used, 20A to 20C and FIGS. 21A to 21C show a result in the case
wher e the mxe solution E was used, and FIGS. 22A to 22C and FIGS. 23A to
23C show a resul {Thgm e@ﬁbOﬁﬁl@@smeﬂ@tqrmebSTMH teodssl tocd glaisosubm/aﬁe used. As

for FIGS. F 7A to 17C,
FIGS. 18A tl‘gﬁig% %"kﬁgiﬂg ﬁi‘%@‘”‘%‘ig&‘ﬁ’e%/&“ dhg"‘F e G C%f ﬂB 21C,

FI GS. 2BA t0RACforat2d idnkdsGhd hah ht: t&-ﬁ@;cngraalﬁb@ °af foh, 128, minutes) viche

even- nunbered. fi | ts o tep nmeasurement of the perl pher al
portions ofP etrfﬁgn%ﬂ ?‘F‘Z etéu 'Eﬁ'i‘“r CPRa EE Iy 5rseptyated &gpyeach i eyt e, and

2 ninutes, semgadidorshsiraRdlony aRmbafiecAentBegiand Lcoriiddhe Sofchaiaer ed
figures show resu{“qu of ste measur ement .of the peripheral portions of the

subst rat es YifiG &R At A H’r? sBFe Aimg; ?ﬁ?f‘%‘g‘d“‘éorrﬁuﬁﬂfaé@ ea‘éh%FVB‘grﬁ fieit es,
respect i vel portichSh @ b8@heral portiok thefcbWere fdrided 24 shows results of neasuring
the etching ampunt in the central portions of the substrates in the cases
where wet dP&ffllng with the use of the mixed solution A and the nixed

sol ution D was peikOfrbRient pBridiided 34 thedbSie Ehfcofiids isEREBRENT the
results of the cases r\/\/ne'?nebt he m xed csol uti onoim%nﬁs%gw&gﬁggﬁglgﬁti on D 20
were used, [Pt8ectively. The vertical axis in the graph of FIG 24
represents an et ghing RERYterntd ttﬁ@anJlat:%qa)se?Wh gigﬂ e 5l %%cq] in the
central portion of the sem conductor subStrate an orlzon axi s

r epr esent s aftthh semjcenduetoy srbatratey, OecO@Imitdmdactort hlbstmtashwerg sabgwm to wett he

¢ ﬁ.”tcrkﬁ'ezéﬁ St ek uHE R sl BB Bt ERE PRI 4k (e

Chemlfa Corporation) containing hydrofluoric acid, ammonium ﬂuonde and a

surfactant. At this time, the solution temperature was room temperature and the
etching time was 300 seconds.
{0180}
25 Next, the semiconductor substrates from which the insulating layer had been
removed were subjected to wet etching with the use of any of the following as etchants:
a mixed solution (hereinafter referred to as a mixed solution A) where hydrofluoric acid,
nitric acid, and acetic acid were mixed at a volume ratio of 1:3:10; a mixed solution
(hereinafter referred to as a mixed solution B) where hydrofluoric acid, nitric acid, and
30  acetic acid were mixed at a volume ratio of 1:100:100; a mixed solution (hereinafter

referred to as a mixed solution C) where hydrofluoric acid, nitric acid, and acetic acid



etching. The thickness of the substrate was calculated froma difference
bet ween the val ues of | aser displacenent sensors (LK-G30 manufactured by
Keyence Corporation) that were provided above and bel ow a neasurenent stage
(Sorter 1000 manufactured by Lapmaster SFT Corporation). The neasurenent of
the substr aiv® hhilekness was 30 performed on 10 points >pckdpRRMAEDzI N a

regi on of 107 mmsquare in the central4bortion of the substrate. Further,
the etching amount in the central portion of the substrate was obtained by
conparing the average val ues of the neasurenent results. The-repetition
accuracy of the | aser displacenent sensor is 4 0.05 [on, and the repetition
accur acy of wedeenikéd stlenebsncahitio be1:00191 4 atie:disslutidn (hebeigpiter fe@hRd fo &R om

conparison of th tica icrographs. of. EIGS, 10A1,. 1QA2, 10B1 10B2,

T Lo Bl Hy b b Fher T hid: SRR Wi i spid 300 4obtia AIA gigre st 2t | o f ound
that steps wolumbetibef 1:16i10k mixed RutionqhaghaRk Sefwiddao hed uead saltibie) et chi ng
ti me was incL%gig%b For exa as shown in FIGS. 11A1 and 11A2, when the

| e
etching tin& Tyarigag ,a“nﬁé‘é(ﬂrgg‘“é‘déﬁ%ﬁleewﬂﬁrs‘é?rﬁé‘ﬂ?‘edﬁﬁé volme ratihef usi on
can be ot ai:peshdléh hauRbusFidRRion (Bdeintfick A6terRd 1§ LGS TMAA z&@e&gcgom;oﬁﬁ ar e
graphs of the step neasurenment. FIGS. 12A to 12C and FIGS. 13A to 13C
i ndi cat e t hihichedoniging hietigmeibylprgmenamyhydrexido |(TMAIH At Br38gweighds i I such a
manner t hat i L0 &S ri I i.on t he
substrate 1Bk R PoboREd shilifheih EPe.dhe [EARA ALy BORL A
substrat e anad cohentritivs ofi 00 eveight% Xpradated by Fiells Chemife Goporatibe nitriveactd xed

solution A 15 penetrate he .sem conduct or._regjon (the damaged
sem conduct%rﬁl ‘%8@%“8?1“%{&7@& t@r@?ﬁﬁ?edd@f%{ﬁ"gﬁ‘ﬁ? qﬁ?f'e%vaﬂ esi Hdduded in
the stem i Nacki@ad@lki EQSﬁ@htrﬂ%tdfm_.ﬁﬁve%H% by Bad bRt ep is

renoved fromthe inside of the sem conductor region. Such wet etching using
t he ni xed st isinhyragen gsroxisle prajeyr & sas cangerdratiom 0é 81 dvefightfoelptodhicedrbyt hat i n

t he case iS_ U , i is .descr.ibe ater. 20 [0192]
The grap hvwo}?h%b%ﬂg?gg %8%%’%6(?‘%1@%? ’cﬁ?‘g'g i;ﬁ%os&ﬁ{uop ﬁeIPﬁeéatgrgncgrt \ eﬁﬁgﬂsi on of
t he sem conwasctoat igumbsmpatating, aod tattiews fdoratchingasing eld aichaam®™erd, eah fohe
sem conduct substrate is snall enough at.|least .untjl_ an etchi time of 6
m nutes an |S§C(|mlr?115’t B G & llg'f%sr’rgrrﬁ’inﬁl%%ff’algwg:?’ ai“ﬁlétrﬂlé'“%asrg‘?"'@gﬂg ®of the
substr atse tdbbekandmsts a2hOdd 3 Tabkll.e 2 shows a rel ation of etching tinme to
et chi ng arTgH (pm in the central portion of the sem conductor substrate

n

and etchi unt (inn) in-the peripheral portion of the sem conductor
substrate i[mabl6€] case where the m xed sol ution A was used.
Etchant Etchant manufacturing éondition
Mixed solution A hydrofluoric acid:nitric acid:acetic acid (1:3:10)

Mizxed solution B hydrofluoric acid:nitric acid:acetic acid (1:100:100)

Mixed solution C hydrofluoric acid:nitric acid:acetic acid (1:0.1:10)

Mixed solution D hydrofluoric acid:nitric acid:acetic acid (1:10:10)

Mixed solution E hydrofluoric acid:hydrogen peroxide water (1:5)

TMAH aqueous solution | TMAH aqueous solution (2.38 weight%)

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

six kinds of etchants for the respective periods of time, a step formed in the peripheral



Table 2 al so shows etching selectivity (selectivity 1) and etching
selectivity of 30 differences (selectivity 2) obtained fromthe etching
anount in the central portion of the sem conductor substrate and the
etching amount in the peripheral portion of the WD

2011/ 04317854 ¥eMniR2§10/ 066123 sem conduct or substratquhg%gﬂbm%ﬁgble 2]

Etching time (mn) Etching amount in cé&htral portion of sem conductor
substrate (pn) Etching anmount in peripheral portion of sem conductor
substrate (pn) Selectivity 1
portion of each of the substrates was measured (with the use of Surfcoder ET4100 (a
stcp measurement apparatus) manufactured by Kosaka Laboratory Ltd.), and the etching
amount of the semiconductor substrates in the central portion of the substrates was
measured (with the use of Sorter 1000 manufactured by Lapmaster SFT Corporation
5 and LK-G30 manufactured by Keyence Corporation). Further, the peripheral portions
of the substrates. on which etching using the mixed solution A had been performed were
photographed (as Nomarski images, with the use of an optical microscope MX61L
manufactured by Olyinpus Corporation). Here, the central portion of the substrate
refers to a region of the substrate other than the peripheral portion where a step was
10 formed.
~ [0183]

FIG 8A is an optical micrograph of the peripheral portion immediately after
separation of the semiconductor substrate, and FIG. 8B is an optical micrograph of the
peripheral portion after removal of the inshlating layer. FIGS. 9A and 9B show results

15  of step measurement of the peripheral portion of the substrate, corresponding to FIGS.
8A and 8B, respectively. Here, a measurement range is an arbitrary portion where a
step portion or a portion where a step has been existed is within the measurement range
(1 mm). In the graphs shoxﬁing the ’step measurement results, the vertical axis
represents a height (um) where the central portion of the substrate is a reference (0) and

20  the horizontal axis represents a length (mm) which has been measufed. This can be
applied to the other graphs of step measurement below.

[0184]

On the left side of the micrographs of FIGS. 8A and 8B, a step of the peripheral
portion of fhe substrate is shown. In FIG 8A, the remaining insulating layer is

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

30 [0185]

The same result can be observed in the graphs of FIGS. 9A and 98. FIG. 9A
shows that the step between the peripheral portion of the substrate and the central



Selectivity 2 00 0 - _ 1.052 1 0.096 0.101 1.052
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- portion of the substrate was approximately 0.2 um, whereas FIG. 9B shows that the

insulating layer was removed and the step between the peripheral portion of the
substrate and the central portion of the substrate was reduced to approximately 0.1 pm,
[0186]

Next, optical micrographs of the peripheral portions of the semiconductor
substrates which were subjected to wet etching using the mixed solution A for 30
seconds, 1 minute, 2 minutes, 4 minutes, 6 minutes, and 8 minutes are shown in FIGS.
10A1, IOAZ, 10B1, 10B2, 10C1, and 10C2 and FIGS. 11A1, 11A2, 11B1, 11B2, 11C1,
and 11C2. Here, FIGS. 10A1 and 10A2 are optical micrographs of the condition of 30
seconds; FIGS. 10B1 and 10B2 are optical micrographs of the condition of 1 minute;
FIGS. 10C1 and 10C2 are optical micrographs of the condition of 2 minutes; FIGS.
11A1 and 11A2 are optical micrographs of the condition of 4 minutes; FIGS. 11B1 and
11B2 are optical micrographs of the condition of 6 minutes; and FEGS. 11C1 and 11C2
are optical micrographs of the condition of 8 minutes. In addition, FIGS. 10A1, 10B1,
and 10C1 and FIGS. 11A1, 11B1, and 11C1 are optical micrographs at 50-fold
magnification; FIGS. 10A2, 10B2, and 10C2 and FIGS. 11A2, 11B2, and 11C2 are
optical micrographs at 500-fold magnification.

[0187] '

FIGS. 12A to 12C and FIGS. 13A to 13C show results of step measurement of
the peripheral portions of the substrates. FIGS. 12A, 12B, and 12C show results of
step measurement of the peripheral portions of the substrates under the respective
conditions of 30 seconds, 1 minutes, and 2 minutes, and FIGS. 134, 13B, and 13C show
results of step measurement of the peripheral portions of the substrates under the
respective conditions of 4 minutes, 6 minuotes, and 8 minutes.

[0188]

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

mixed solution E, and the TMAH aqueous solution, each for 30 seconds, 1 minute, 2
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minutes, 4 minutes, 6 minutes, and 8 minutes. FIGS. 14A to 14C and FIGS. 15A to
15C show a result in the case where the mixed solution B was used, FIGS. 16A to 16C
and FIGS. 17A to 17C show a result in the case where the mixed solution C was used,
FIGS. 18A to 18C and FIGS. 19A to 19C show a result in the case where the mixed
solution I} was used, FIGS. 20A to 20C and FIGS. 21A to 21C show a resuit in the case
where the mixed solution E was used, and FIGS. 22A to 22C and FIGS. 23A to 23C
show a result in the cases where the TMAH aqueous solution was used.  As for FIGS.
14A to 14C, FIGS. 15A to 15C, FIGS. 16A to 16C, FIGS. 17A to 17C, FIGS. 18A to
18C, FIGS. 19A to 19C, FIGS. 20A to 20C, FIGS. 21A to 21C, FIGS. 22A to 22C, and
FIGS. 23A to 23C, graphs of A, B, C in the even-numbered figures show results of step
measurement of the peripheral portions of the substrates under the condition of 30
seconds, 1 minute, and 2 minutes, respectively; and graphs of A, B, and C in the
odd-numbered figures show results of step measurement of the peripheral portions of
the substrates under the condition of 4 minutes, 6 minutes, and 8 minutes, respectively.
[0189]

Further, FIG. 24 shows results of measuring the etching amount in the central
portions of the substrates in the cases where wet etching with the use of the mixed
solution A and the mixed solution D was performed. In FIG. 24, a circle and a square
represent the results of the cases where the mixed solution A and the mixed solution D
were used, respectively. The vertical axis in the graph of FIG. 24 represents an etching
amount {um) of the semiconductor substrate in the central portion of the semiconductor
substrate and the horizontal axis represents etching time (min).

[0190]

Here, the etching amount in the central portion of the substrate Was calculated
from change in the thickness of the central portion of the substrate before and after the
etching. The thickness of the substrate was calculated from a difference between the
values of laser displacement sensors (LK-G30 manufactured by Keyence Corporation)
that were provided above and below a measurement stage (Sorter 1000 manufactured by
Lapmaster SFT Corporation). The measurement of the substrate thickness was
performed on 10 points x 10 points in a region of 107 mm square in the central portion

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



1.065 6 0.408 0.546 1.338 [0195] 5SHere, the selectivity 1 is obtained
by dividing the average value of the etching anount in the peripheral
portion of the sem conductor substrate by the average value of the etching
amount in the central portion of the sem conductor substrate. The etching

sel ecti vit ywof2odiihiies ences (the selectivity 2) is obt alﬂml,gdl%gdzge et chi ng
amount of O minute to 1 minute, the et&hing anount of 1 mnute to

m nutes, the etching anount of 10 2 mnutes to 4 mnutes, and the etchl ng
amount of 4 minutes to 6 minutes. For exanpl e, the etching amunt in the
central portion of the sem conductor substrate from1l mnute to 2 mnutes
is cal cul at eblaiaed byptdngwsing ChelderagOvARS of te. AdurepBit.restine  efehipgtgaount in
t he pempheral@g}gr{lon of tf}e sem conductor substrate from1 mnute to 2

mnutes i s 8&f Wy lager dizplacsient ssnsonss = 095 1y and theyropetitipppecumey f di ngl y,
t he 15sel eciyehithesk df[hetst}bs'&a&%.ems%m@bt ained as follows: 0.124/0.044 =
2.818. [019 d

[0191]

5 From cqmparison of the optical micrographs of FIGS. 10A1, 10A2, 10B1,
10B2, 10C1, and 10C2 and FIGS. 11A1, 11A2, 1i1B1, 11B2, 11C1, and 11C2, it is
found that steps on the left side of the micrographs were reduced as the etching time
was increased. For example, as shown in FIGS. 11A1 and 11A2, when the etching
time was 4 minutes, few steps were obscrved. The same conclusion can be obtained

10 from FIGS. 12A to 12C and FIGS. 13A to 13C which are graphs of the step
measurement. FIGS. 12A to 12C and FIGS. 13A to 13C indicate that wet etching
using the mixed solution A progresses in such a manner that a hole is formed in a step of
the peripheral portion of the substrate in a direction perpendicular to the plane surface of
the substrate and then the hole is expanded. This indicates that the mixed solution A

15  penetrates the semiconductor region (the damaged semiconductor region including
crystal defects or microvoids) included in the step in the peripheral portion of the
substrate and then the step is removed from the inside of the semiconductor region.
Such wet etching using the mixed solution A tends to progress in a manner different
from that in the case where another etchant is used, which is described later.

20 [0192]

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

25  [0193]

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

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

semiconductor substrate and the etching amount in the peripheral portion of the




According to Table 2, the etching selectivity of differences (the
selectivity 2) varies with etching tine. Specifically, the selectivity is
approximately 1 (1.052) soon after the etching is started, becones 2 or
hi gher (2.818 and 2.609), and then returns to 20 approximately 1 (1.065).
This is congioderigasit® be caused by the foll ow ng reasomcrhbioidnssps t he
begi nni ng of the etching, the damaged %eni conductor region left in the
central portion of the sem conductor substrate is renoved together with the
damaged semni conductor region in the peripheral portion of the seni conductor
substrate; therefore, there is no large difference in the etching rate
bet ween t hesepuedngimterahbstratet i on of t he seni conductor substrate and the
central porfdlgﬂ of the sem conductor substrate. 5 Consequently, the
selectivity 1S approximately 1. After the damaged sem conductor region in
t he central [Tpbe®] on of the sem conductor substrate is renoved, the etching
rate is |lo ‘:4—-4=——-—-—--_—«--——--—-.4:_;-e_:-b,- semd conductgr_substrate while
] Eté‘{iﬁ%i i ACpAZ APt Bheral porti ¢n of the
Orrseibgt Featral noséonpie | peripharahpagtien ofdd r j.an, dtill
remai ns thr N ﬂ,é.j CONSSEREPERYAGF, | heseatitandudtey] tyrgcgegggmﬁn :rsggegg{&%
% swbstraty (WM)AS { er subbtadte (Uuni}e danaged seln conduct orf regi on
in the peripheHaI portion of the sem cgnductor] substraté is cenovéd and the
etching ratles of fhe perfpheral {portioh of thd sem cond@ictor subsSyrate and
t he centraq port1pn of the sem fonductor substgratre becope sk®® anfially

equal . Thaf is the sel®Hivity|returhtdho apgrox}a el y—t—6wingito such

vari ation im setegtivity, the damaged-—seniconguctor—t5—1 eqgi D88 s

sel ect i veli{ rehovied. AsOdéen frpm Tabda2s2, it |i s p6ass er t he

sel ecti vi t y—2—Forft+Arngto—stoep—the—etehing—ireatrent

variation s ldargg and egggarent| [019¥285The sq¢l ect.rag ty tching
tine of 2 fpnutesiand-the selectivity 1 in thg 20 etchihg tiggy of |4 m nutes
are as high asg 1. p07 angdyok. 748, | respagtgvel y. |Furidhgyr, th lectifvity 2 in
the etchingtine bf 1 mnute toi2 pnutes andlthe selectivity 2 i) the

etching tinBl1¥ 2 mnutes to 4 mnutes are as high as 2.818 and 2. 609,
respectiyvely. Ingthi nnet, W th the uge.of the m xed solution A (the

m xed sA ution 8?@%%?%\“‘&&‘? 8&5‘6‘?‘@?3’ aﬁ"{q(’)'?%&’?aéﬁﬁ?geé’ﬁh‘eé’é i€hing 4 are
m xed at a awmunnia thegicriphadd] pbitdin1dthe sehmttor&uctdr Sitbsirite b healRetap 9418d of0Or ti ON
of the sem conductor substrate can be t%Iﬁect_ively renoved in a short tinme.

[0198] It iS¢ F&j@ﬂ&i‘}“%ﬁc‘ffﬁ@fe%‘ﬂ?ﬂ §FRlGORdYstoRFubstate o| Theicsing, et chi ng

progr esses salectévity|BWiffReR AR &él&:tisiéga) issoamﬁedrﬁémmetemgga&{ﬂﬁﬂ deloe et ching
time is set to 8 mnutes 30 (see FIGS. 14A to 14C and FIGS. 15A to 150C).

Further, t HEREE&p! pinuts dharigmngromaimt pfok mingte ta2 minetes, thesetehinganauntefadual | y
et ched for om s ol AeAnd0d afd QE@@tcHﬂgeatﬂoinpgf 4 minutes to 6 minutes. For

example, the etching amount in the central portion of the semiconductor substrate from

1 minute to 2 minutes is calculated as follows: 0.14 - 0.096 = 0.044 (um). The etching

amount in the peripheral portion of the semiconductor substrate from 1 minute to 2

minutes is calculated as follows: 0.225 ~ 0.101 = 0.124 (um). Accordingly, the
16  selectivity 2 in this case is obtained as follows: 0.124/0.044 = 2.818,

[0196]

According to Table 2, the etching selectivity of differences (the selectivity 2)
varies with etching time. Specifically, the sclectivity is approximately 1 (1.052) soon
after the etching is started, becomes 2 or higher (2.818 and 2.609), and then returns to

20  approximately 1 (1.065). This is considered to be caused by the following reason,

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




formed, which is different fromthe case where the m xed sol ution A was
used. Thus, the following is found: even when the sem conductor substrate
is etched using the m xed solution B, the step in the peripheral portion of
the substrate is not renoved or is renoved over a |long period of tinmne.
[0199] S5Thewstap.issi7é he peripheral portion of the substgal@isodips renoved
by the etching using the mxed solutiofP C (see FIGS. 16A to 16C and FI GS.
17A to 17C). Thus, it is found that the sem conductor substrate is hardly
etched even when the sem conductor substrate is subjected to the etching
using the m xed solution C. [0200] 10ln the etching using the m xed

sol ution D, cenhel mirddn ofgthe sowinonductot bubstsatiy aimopat tdgatherokith iR duhgéd ate is

e oo BB Bt B} A ThEsSe e el b 4 55

and FI GS. 1Géretio ndQzpe ditfensice i theSetdhpNehtd betlveenoie Pedipheth ipbioh e hd Xed
solution D as_.an.etchant, the entire sem conductor substrate is evenly
et ched and effEcoRgugtor; spbstrate 1apd hihe; cantraly portign 9t theo perpippnductpt sebifratecannot  be

sel ecti vel ycooqueatl, thltlivity is appRikithdi8ly &t C g t&%aﬂﬁg&&@enﬁh&ﬁ%t@l ution
E, the step in the peripheral i;porthn of .the substrate’is not renoved as in
the case wh&sEnihibe gentehpartion,of thasemicppduciersybsteateds mged, theetehin2oE and

FIGS. 21A tQ1id&dd inTﬁELb%ntriltpo}tﬁm fo@ e ehRBhducldE sHRIAE %ﬁy ﬁ{fe%chﬁ'xg er?jt\a’ ?sz trate is

hardly etched even when the sem conductor substrate is subjec t he
et chi ng usi®®y lpPYerediin dhe Potipherabportion] of U] semicondudter substree divcavge ulsi ng t he
TMAH aqueoug, s9Ld!td ' : a the.step is
not renoved evgn \E/\hngei%bnfl ﬁéet&?te%%? Eg@? ‘{':nrqragﬁssgmgglf thﬁ&ﬁnﬁg ﬂ%ﬁ ggg{lgce“gngés FI GS.
22A t o ¥2C inerekskd GBecii@iy.t hordgger). TiAdsr that thef dalagand seqricamdiabernegioeiren when

he ' : | ' he TNAH | ut , th
Step in ¢ e et itphdiiid amfoh i U0 HEmbl L W o ™ 1"

portion o € I'S no Y
renoved ovethe getiphegl perticocdfdhie sémigonduO@O IjbsBatiané the bavid petos of ulid on A,

e X2 S oS LA AR D AW BT R D
and aceti c appiodimatelf dncOiving @rsdch eatitiboin efleceoiny) tiel @iRBEd sndcagudel | ows.
15  region is selectively removed. As seen from Table 2, it is preferable to use the
selectivity 2 for timing to stop the etching treatment because the variation is large and
apparent. |
[0197]
The selectivity 1 in the etching time of 2 minutes and the selectivity 1 in the
20  etching time of 4 minutes are as high as 1.607 and 1.748, respectively. Further, the
selectivity 2 in the etching time of 1 minute to 2 minutes and the selectivity 2 in the
etching time of 2 minutes to 4 minutes are as high as 2.818 and 2.609, respectively. In
this manner, with the use of the mixed solution A (the mixed solution where
hydrofluoric acid, nitric acid, and acetic acid are mixed at a volume ratio of 1:3:10), the
25  step in the peripheral portion of the semiconductor substrate can be selectively removed
in a short time,
[0198]
It is found that, in the efching using the mixed solution B, etching progresses at
a slow pace and the step is not removed even when the etching time is set to 8 minutes
30  (see FIGS. 14A to 14C and FIGS. 15A to 15C). Further, the step in the peripheral
portion of the substrate is gradually etched from the surface and a deep hole is not

formed, which is different from the case where the mixed solution A was used. Thus,



[0204] Nitric acid oxidizes silicon. This reaction is represented by the
formula (1). 3Si + 4HNG3 3Si 2 + 21410 + 4NO(1) [0205] SHydrofluoric acid
di ssolves silicon oxide. This reaction is represented by the fornmula (2).
Si02 + 6HF --> 21-1. + [SiF6]2- + 2H20(2) [0206] Acetic acid stabilizes the

m xed sol ut w@yredidsiSsippr esses rapid etching. 10 [0207] pcrapreifdssgascri bed
above, the ternary mxed solution cont&f ning hydrofluoric acid, nitric

acid, and acetic acid has a function of etching silicon by repeating t he
oxidation of silicon shown in the fornula (1) and the dissolution of
silicon oxide shown in the formula (2). Therefore, in the case where the
amount of hthdrfoflowing iic famideien \Ivhnngﬁeisamicbﬁddchﬁ substiaeer ig eihee disigl thié | on

containing h drof c,acid |trl aci d, oxidat.ion of
S con by MACHRNEH bR Sk e birebeaF bl FEours Rl iemi¥ed gt Fact or
In the CaSEr&mﬁE(ﬁmtchElo&g'@btﬁﬁd(ﬁftmmt ric acid is large, dissolution of

silicon oxi 9 - hydrofluoric acid shown in the fornula (2) is a
rate-limti ctor. [0208] 20Accordingly, the follow ng assunption can be

nmade: sigce the ameuRp iPhe Béﬁﬂhbfal ﬁ&h@h 610h¢ Qi isRot BAMEMRArSALMEE On C was
smal |, oxidation of silicon_was te-limtin % factor in the wet etchlng

The same cabkthe giixpdrsglutipne (?ﬁc)FégSSWIléﬁ apd FIGAT 80 AYfek odbes: Bdv oxi de

oxi di zes si fduG@that e semicBaRieiR dutlshak ¥BirdRt &dieAGval \ghé}ptthe RERRLRRSo N the
m xed solution E because of small oxidizing power of hydrogen 25peroxide.

[ 0209] subgigaty issubjeriedrip sheptehbleusingthepnixeheolgtioin| Gwi ng assunption can be
made: reactkﬁ of the formula (1) and the fornmula (2) progressed rapidly
because the anJunt of hydrofluoric acid and nitric acid was |arge; as a
resul t, 1@ he sel ednithg Qtshllkmumthetmléeds@olpteqm Bhér glchjpgranmioont of the lsentelibst r at e

and the centyal, BRI @Bstdle &NFcrdMlF i HofoBS e A time (see FIG. 24),
while the step remains in the peripheral portion of the substrate (see FIGS. 18A to 18C
and FIGS. 19A to 19C). Thus, it is found that, even by using the mixed solution D as
an etchant, the entire semiconductor substrate is evenly etched and the step in the

15  peripheral portion of the substrate cannot be selectively removed.
[0201}

By the etching using the mixed solution E, the step in the peripheral portion of
the substrate is not removed as in the case where the mixed solution C was used (see
FIGS. 20A to 20C and FIGS. 21A to 21C). Thus, it is found that the semiconductor

20  substrate is hardly etched even when the semiconductor substrate is subjected to the
etching using the mixed solution E,
[0202]
In the etching using the TMAH aqueous solution, etching progresses at a slow
pace, and the step is not removed even when the etching time is set to 8 minutes (see
25  FIGS. 22A to 22C and FIGS. 23A to 23C). Thus, the following is found: even when
the semiconductor substrate is etched using the TMAH aqueous solution, the step in the
peripheral portion of the substrate is not removed or is removed over a long period of
time.
{0203}
30 Here, the mixed solution A, the mixed solution B, the mixed solution C, and
the mixed solution D are each a ternary mixed solution containing hydrofluoric acid,

nitric acid, and acetic acid. A function and reaction of each element are as follows.



to be obtained and thus wet etching was perforned evenly on the entire
substrate. WD 2011/043178PCT/JP2010/ 066123 58 [0210] In addition, it
is assuned that since the anount of hydrofluoric acid was small in the

m xed solution B, dissolution of silicon oxide was a rate-limting factor
and wet et clighg; @ ot progress. This is because, whe of
hydr of | uori c ac}lghiﬁg@S smal |, etching $ omthe inside g‘él{fllﬁéoq{ggd#%éed

sem conductor region due to crystal defects or mcrovoids is less likely to
be caused and etching fromthe surface of the damaged sem conductor region
preferentially progresses. [0211] On the other hand, the m xed solution A
contai ns hy@eofjl uoric acid, nitric acid, 10 and acetic acid at a favorable
bal ance; therefore, neither of the reactions of the formula (1) and the
formula (2) is al\ﬁ'é’Pég’fjiomdﬁﬁﬂﬂh?%t Jhis reggtiengy Epreseteddst the formmla §hessi on of
etching can be ohtaj pRREDY- 8Sie), LoHBELIN@ENd (EWS the entire substrate is
prevented from being evenly etched. [0212] 1 en the step in the

peri pheral [§89%i on of the substrate is thus etched using the nixed sol ution
A (the rg xed sol wfi | I r [i cid.. nitric aci and acetic
acid at rIE]'a vol urre%{b?lg&g?&@ @izk%e?&?ﬁ%{ J%#%p g'é‘r%tff%‘:ﬁ"‘.‘ N rtc?lrgseﬁgefl :g?S ﬁféer al
portion of fohmuls(Mstrate can be renmoved in a short time with the

selectivity bet t peripher.ali.p i.on of.the substrate and the central
portion of the \Qﬁg@%"’rgﬁean%lnfgl d.+%b00ns®quently, t he reprocessing
treat ment gb20d)e sem conductor substrate can be perfornmed surely and
effectively. (Exanple 2 0213] This exanple shows results of conparing the
case where a con%ic?fé&qcﬁift lizgg the pxedsplutipmend suppiestenePidsihipet he m xed

sol uti o ofobygrof luoric acid, nitric acid, and acetic acid and CWP
treatment was enpl oyed as reprocessing treatnent, with the case where CWP
treatment was maffldscEhsr] akave e dereary missdeplution cemteingnechidfluprie agident . As

for CVP tr eatdRBl, andft&ilc b8t FRLGM dffbcdi isgﬁoﬁ’%}e%gtﬂg tﬁea&xgiati% trment
with a low polishing rate (finishing polishing) was performed. e that in
the case wdicenshewgin &Eo%ﬂwét(lbﬂ@ﬁﬂ’ﬁgdlﬁs\ﬂbléﬂmﬁtsﬂwae onisle shonoh dyde, t he

tinme for C'\fB’nﬁJlﬁgz:).”HPﬁer , Ai%he cRBWHerS@e Eﬂ%ntto?ﬁﬁlrgﬂﬁ}gc:;}%% i@‘i‘aré\é}a&at ment

equi valent to th in the case ere the wet etc ment s enpl oyed
i s real15zedhe ternary mixed solution containing hydrofluoric acid, nitric acid, and acetic acid,

oxidation of silicon by nitric acid shown in the formula (1) is a rate-limiting factor. In
the case where the amount of nitric acid is large, dissolution of silicon oxide by
hydrofluoric acid shown in the formula (2) is a rate-limiting factor.

[0208]

20 Accordingly, the following assemption can be made: since the amount of nitric
acid contained in the mixed solution C was small, oxidation of silicon was a
rate-limiting factor in the wet etchiﬁg. The same can be said for the mixed solution E
in which hydrogen peroxide oxidizes silicon. It is assumed that wet etching did not
progress in the mixed solution E because of small oxidizing power of hydrogen

25  peroxide.

[0209]

As for the mixed solution D, the following assumption can be made: reactions
of the formula (1) and the formula (2) progressed rapidly because the amount of
hydrofluoric acid and nitric acid was large; as a result, the selectivity between the

30  peripheral portion of the substrate and the central portion of the substrate was not able

to be obtained and thus wet efching was performed evenly on the entire substrate.



WO 2011/ 043178PCT/ JP2010/ 066123 59 [0214] A sem conduct or substrate
to be subjected to the reprocessing treatnent was nmanufactured in a manner
simlar to that of the above exanple. The above exanple can be referred to
for details. 5[0215] A reprocessed sem conductor substrate
(herei naftefygnigrgeg to as a substrate A) which was pr ﬁ%{ﬁﬁi/oé%i’zst he above
wet etching treatnent and CVP treatnmenf8wi th a short polishing tine was
manuf actured in the followi ng manner. [0216] 10First, in order to renove
the insulating | ayer which was forned to cover the sem conductor substrate,
t he sem conductor substrate was subjected to wet etching treatnment using a
m xed sol ut {@10] pr oduct nane: LAL500, produced by Stella Chemfa
Cor por ati on) cont.ai Q‘%n hly.drofl uoric acid, amonium fluoride, and a

1}1%1%11 1

surfactant. At tHR& £ AEuRgt Bt scertBspaount ot bydspftiopig s papprailht ur e and

the et chi ngid theeniy@SoREn B> aRGUARE - of kkddr bxide was a MRimithB 3G Th& QRAUCT OF
substrate froHilng ch the insul ati n& | ayer had been renoved was subjected to

wet et chi ng®EHBg bt RIS allHf jsobecawseuvhemthe agouakspfohidiaflyorio acilds ni xed
sol utionsA khail, HechRONEm AKATRIR) r rQfl: ' ' Ltri id, and
20 acetic aci%l were m xed _altma(%v%f\l,“g?ré@?a e?oéggdfl&%?%c?ofgl%ﬂ? d{ﬂhltug C&is%g, t he
sol uti on t ef§festapumicraygids is dnss dikelp de ¢ erusediand elobingthohi thy suifme ofdthe 120

seconds. No enti ki ] sol ution, hydrofluoric acid
bifindobdt rﬂl&neﬁaa%%ﬁ,tgB/ﬁegkg?ngg@g@a&g%@gt

at a concentration of 50 weli el la Chem fa Corporation);
nitric acid@illa concentration of 70 wei ght % (produced by Wako Pure

e 3 oy R B IR A OO S8 B ey
t he seni@ondoiceic i tarfatazabiabalanch; thatfec:, neitHEMBY the eatnes of Wettmalhi gh
ool 5010009 Sy, S T P AR e BAt o
si ze of 150etching eamcbe obtained by acetic acid, and thus the entire substrate is prevented from

being evenly etched. |

[0212]

15 When the step in the peripheral portion of the substrate is thus etched using the
mixed solution A (the mixed solution containing hydrofluoric acid, nitric acid, and
acetic acid at a volume ratio of 1:3:10), the step portion in the peripheral portion of the
substrate can be removed in a short time with the selectivity between the peripheral
portion of the substrate and the central portion of the substrate maintained.

20  Consequently, the reprocessing treatment of the semiconductor substrate can be
performed surely and effectively.

(Example 2)
[0213]
This example shows results of comparing the case where a combination of wet

25  etching trcatment using the mixed solution of hydrofluoric acid, nitric acid, and acetic
acid and CMP treatment was employed as reprocessing treatment, with the case where
CMP treatment was mainly employed without using the wet etching treatment. As for
CMP treatment, after treatment with a high polishing rate, treatment with a low
polishing rate (finishing polishing) was performed. Note that in the case where the

30  above wet etching treatment was not employed, the time for CMP treatment was set
longer so that the reprocessing treatment equivalent to that in the case where the wet

etching treatment was employed is realized.



30 20-fold dilution) were used. The slurry flowrate was 200 m/mn, the
polishing pressure was 0.02 MPa, the spindle rotation speed was 30 rpm the
table rotation speed WO 2011/043178PCT/JP2010/066123 60 was 30 rpm and

the treatnment time was 3 mnutes. [0219] After that, CWMP treatnent
wth a | ow Relhfhidig rate was perfornmed on the sem con?@:r rate. In
this CW treatnent, a suede polishing & oth (Suprene, n%']giuofugé:k?%%ed by

Nitta Haas I ncorporated) and silica-based slurry (NP8020, produced by Ni na
Haas | ncorporated, a grain size of 60 nm and 20-fold dilution) were used.
The slurry flowrate was 200 m/mn, the polishing pressure was 0.01 Mra,
the spindl efoeedjati on speed was 30 rpm the table rotation speed was 30 rpm
and the treatnment time was 3 mnutes. 10[ 0220] Meanwhi l e, a
reprocessed seni ¢offdticangpcter ybetrals 1 hnmbirisd e dhe 1eRTOEssFiag tieymsat wWassubst r at e
B) on whi chmbhiacBeY f Mehnkk GiMiR0 1d MERSHTRE bk $xiple.P eTte bR e MR

manuf actured in the foll owi ng manner. [0221] 15First, in order tO renove

t he i nsul at faAgerefsiesd tpfprelatailas forned to cover the semiconductor substrate,
t he serrig:onlql,gg]or substrate was subjected to wet etching treatnment using a
m xed sol ution (product nanme: LAL500, produced by Stella Chemfa

Cor por at i.on) contAaicprogrgsedysemisbhdngtor subatratel (hezaimmbiar wefarfet! tooasi adebstardA)a
surfactant. ' ' ' - t room t rature and
t he etchi ngw@%lﬁem\%\éédc i B%I{%e%glﬁ%yep?ﬁ%‘gg? r%tg‘cwaelﬁ\é@lt&? tﬁ%@?ﬁ%@@nduct or
substrat e vehert pulishegitiaet wa ngvRfacmedtindrifolluwig maimegh pol i shing rate. In the
CWVP treat bi612 pol yur et hane polishing cloth and silica-based slurry
(1LD1300, rT;‘jrlaooﬁdced by Nitta Haas Incorporated, a grain size of 150 nm and

25 20-ful d dil ut iFos) invetier tosedovelihe issulatingy laybowhich s \ierened G0 coet Men, t he

pol i shing pressure was, Q.02 a, the spindle rotation speed was 30 rpm the
tabl e rot at FEAFOSHER] WB%HE% ‘ﬁ%ﬁ‘?m‘&?&ﬁ’“?‘ﬁw B nEdit S Jcﬁﬁgv@swei?“fh‘%t es.

[0223] treatment using a mixed solution (product name: LALS500, produced by Stella Chemifa
Corporation) containing hydrofluoric acid, ammonium fluoride, and a surfactant. At
this time, the solution temperature was room temperature and the etching time was 300
15 .seconds.
[0217]

Next, the semiconductor substrate from which the insulating layer had been
removed was subjected to wet etching treatment using a mixed solution (corresponding
to the mixed solution A in the above example} where hydrofluoric acid, nitric acid, and

20  acetic acid were mixed at a volume ratio of 1:3:10. At this time, the solution
temperature was room temperature and the etching time was 120 seconds. Note that in
producing the above mixed solution, hydrofluoric acid at a concentration of 50 weight%
(produced by Stella Chemifa Corporation); nitric acid at a concentration of 70 weight%
(produced by Wako Pure Chemical Industries, Ltd.); and acetic acid at a concentration

25  of 97.7 weight% (produced by Idshida Chemical Co., Itd.) were used.

[0218]

Next, the semiconductor substrate was subjected to CMP treatment with a high
polishing rate. In the CMP treatment, a polyurethane polishing cloth and silica-based
slurry (ILD1300, produced by Nitta Haas Incorporated, a grain size of 150 nm, and

30  20-fold dilution) were used. The slurry flow rate was 200 ml/min, the polishing

pressure was 0.02 MPa, the spindle rotation speed was 30 rpm, the table rotation speed



After that, CW treatnent with a |low polishing rate was perfornmed on the 30
sem conduct or substrate. In this CVWP treatnent, a suede polishing cloth
(Suprenme, manufactured by Nitta Haas | ncorporated) and silica-based slurry
(NP8020, produced by Nitta Haas Incorporated, a grain size of 60 nm and
20-fol d di | woen)ayes € used. The slurry flow rate was gQf, 6% the
polishing pressure was 0.01 MPa, the sffindle rotation speed vvas 8

table rotation speed was 30 rpm and the treatnment tinme was 10 mnutes

[ 0224] 5The two ki nds of reprocessed sem conductor substrates manufactured
by the above nethods were subjected to observation with an opti cal

M cr oscope, wad BrpReasuhei@thenting vas ShauwpEasur enent apparatus (wth the
use of Surf ?ﬂ‘ﬁ manuf actured by Kosaka Laboratory Ltd ), evaluation of
pl anari ty scanni ng probe m croscopes (SPA-500 and SPI 3800N

manuf act ur ed by Sider HARCCNPRRAMADNIHE 1o pAIRSind Qo REASLESRERL] B he amount

of reduction in the thickness of the sem conduc subs rate i1 n e
repr ocessi n§miGoadycias fubstiate; hIn Hus GMP weatigents @ suctlo qolishir tlatht @neltdmb,y

Lapmast ﬁﬁziyaq

m (F:)r oér g{)hssifﬁ%;ﬁo%u?g{(%t Wn%g%&ggéﬁ%orgkﬁnﬁéﬁ%gﬁ% i cat’i ﬁ; (iuHuc%erl pher al
portion of hmb‘lt@e&ha&dmmd sugrainr atecofbff pme andh20- fcé@lddumms iwege tsedat ment
A Pt o s pBREABREAAY P R0 Bl e SIS a8 R0 W) e PR P ™ ©

A) after the a reproceSS| ng Treat tiv , t he
resul ts of retadpn spead wredfbpm, diectalsih ontatidnrspeddGaas m&ﬁnamdi tﬂﬁBeatl[ﬂ@tﬂZﬁle 20As
shown in FI\%S%S&,B ttﬁpe sem conduct or substrate before the reprocessing
treatment has a sflep (a step portion 301) in its peripheral portion, and an
i nsul ationg [P230dr and silicon are respectl vel y obser ved in the step portion

301 and a centrayﬁgorﬁ on 302. cFcTﬁor d| to @‘f( é can be seen that a
step Wi th a thi cRifeSEMSt 2 EFHERF et"@?‘i}‘ Gorsu ftfaﬁa feigptter; pfe 98 pher al
portion of stnhr&ra&em) @aNGtizh Othe SAbbed wat @tdbafeOtreatinb® ¥as meP pegastl NPas

treatment. r% %@% the other hand, in the sem conduct or substrate
shown in FI red;ip the £pllayipg maRPeRas once existed in the peripheral
portion is [ozml]observed and silicon is observed in the entire surface. Note

that a vertical white line on the left side of FIG 25B
15 First, in order to remove the insulating layer which was formed to cover the

semiconductor substrate, the semiconductor substrate was subjected to wet etching

treatment using 2 mixed solution (product name: LAL500, produced by Stella Chemifa

Corporation) containing hydrofluoric acid, ammonium fluoride, and a surfactant. At

this time, the solution temperature was room temperature and the etching time was 300
20  seconds.

[0222]

Next, the semiconductor substrate was subjected to CMP treatment with a high
polishing rate. In the CMP treatment, a polyurethane polishing cloth and silica-based
slurry (ILD1300, produced by Nitta Haas Incorporated, a grain size of 150 nm, and

25  20-fold dilution) were used. The slurry flow rate was 200 ml/min, the polishing
pressure was 0.02 MPa, the spindle rotation speed was 30 rpm, the table rotation speed
was 30 rpm, and the treatment time was 12 minutes.

[0223]

After that, CMP treatment with a low polishing rate was performed on the

30  semiconductor substrate. In this CMP treatment, a suede polishing cloth (Supreme,
manufactured by Nitta Haas Incorporated) and silica-based slurry (NP8020, produced

by Nitta Haas Incorporated, a grain size of 60 nm, and 20-fold dilution) were used.




30 represents an edge of the substrate. FIG 26B al so indicates that the

step is renoved [0228] sem conductor substrates with the use of a scanning
probe m croscope are shown. Conditions of the measurenent with the scanning
probe m croscope were as follows: the scan rate was 1.0 Hz, the measurenent

area was 1 {vboodsihs M and the measurement points werg, sur enent
was conducted using dynam c force mode6{ DFM). 5 Here, tr?é”g%/aggnﬁﬁ?gforce

node is a node for measuring the surface shape of a sanple in a state where
a cantilever is resonated while the distance between a probe and the sanple
I's controlled so that the vibration anplitude of the cantilever is

mai nt ai ned Thngdrdyilow (42494 20008 RN SitsshiRyds BU10ALS IRspindle
sem conduct or substrate s eval uat ed using the average plane roughness

(Ra) and t hE'HFERFRAEHMPIRAR MDY ‘bfaﬁaPl«syotﬁ%qng‘mﬁcd(W\éﬂ rpmeﬁ%d th freatmortitimefe sur f ace
roughness (&a&) 10 min@é ai ned by three-di nensi on expansi on of center |ine
average surface roughness Ra which is defined by JI SB0O601: 2001 (I SO
4287:1997) Wé24lhat Ra can be applied to a nmeasurenent surface and is an

average yal ue of Thf ?w&-infap of lréﬂr&e%@:!l W& RicOdubgY | lﬂisir&}@ss tt?recf i' ! ence :

surface to a specific surface. The maxi num pea e| g is a
di ff er ence eveuwdrathadsewre @Hblectﬁﬂ tohebﬂqngh@stwmeak emmait h*ecrm;pmtsts;pf t he

poak and a o iAmbl pIA0E e PRlsuier MRl G0 B Wt S ocaks and
the "vall eymaldlédctun@bb)bKOSBkSB@iﬁmao@a@i][,IeSﬁludtR&?afb%Zr)Ity withescpenitlg ;rretieer s 20to

he hi gh I f ' f
the val'l eysmirisaipsS (P S00RE Sh1s0s g afihen By STONE B Y Tl "
I epr oc eEs e dnswurement difi dteamonntb tredatim initienthicheess 6Bho bdngcgdoner sibgfagscope are

E’Q?Y\ghlepa;rablﬂ% reproLeosgi%é' ]tregtg'lL:ntatl\)wt% tﬁ(], usenof Sotter 1%'68 man I actured%u tplrnggtgr B

SFT Corporation).
[0225]
FIGS. 25A and 25B are optical micrographs (Nomarski images at 50-fold
15  magnification) of the peripheral portion of the semiconductor substrate before the
reprocessing treatment and of the peripheral portion of the semiconductor substrate (the
substrate A) after the above reprocessing treatment, respectively. Similarly, the results
of step measurement are shown in FIGS. 26A and 26B.
[0226}
20 As shown in FIG. 25A, the semiconductor substrate before the reprocessing
treatment has a step (a step portion 301) in its peripheral portion, and an insulating layer
and silicon are respectively observed in the step portion 301 and a central portion 302.
According to FIG. 264, it can be seen that a step with a thickness of approximately 0.2
wm exists in the peripheral portion of the semiconductor substrate before the
25  reprocessing treatment.
[0227}

On the other hand, in the semiconductor substrate shown in FIG. 25B, the step
which has once existed in the peripheral portion is not observed and silicon is observed
in the entire surface. Note that a vertical white line on the left side of FIG 25B

30  represents an edge of the substrate. FIG. 26B also indicates that the step is removed.
[0228]

Next, results of evaluating the planarity of the two kinds of reprocessed




portion Central portion Peripheral portion Central portion Average surface
roughness Ra (nn) 0.05 0.046 0.06 0.072 P-V(nm) 0.393 0.475 0.47 0.52

WO 2011/043178 62 PCT/JP2010/066123

semiconductor substrates with the use of a scanning probe microscope are shown,
Conditions of the measurement with the scanning probe microscope were as follows:
the scan rate was 1.0 Hz, the measurement area was 1 um x 1 pm, and the measurement
points were 2. The measurement was conducted using dynamic force mode (DFM).
5 Here, the dynamic force mode is a mode for measuring the surface shape of a sample in
a state where a cantilever is resonated while the distance between a probe and the
sample is controlled so that the vibration amplitude of the cantilever is maintained
constant,
[0229]

10 The planarity of the reprocessed semiconductor substrate was evaluated using
the average plane roughness (Ra) and the méximum peak-to-valley height (P-V). Here,
the average surface roughness (Ra) is obtained by three-dimension expansion of center
line average surface roughness Ra which is defined by JISB0601:2001 (ISO 4287:1997)
so that Ra can be applied to a measurement surface, and is an average value of the

15 absolute values of deviations from a reference surface t0 a specific surface. The
maximum peak-to-valley height (P-V) is a difference between the height of the highest
peak and the height of the lowest valley in the specific surface. The peak and the
valiey refer to a peak and a valley obtained by three-dimensional expansion of the
"peak” and the "valley" defined by JISB0601:2001(ISO 4287:1997). The peak refers

20  to the highest point of the peaks. - The valley refers to the lowest point of the valleys.
[0230]

Results of planarity evaluation of the reprocessed semiconductor substrates
with the scanning probe microscope are shown in Tabie 3.
{0231}
25  [Table 3]

Substrate A Substrate B
Peripheral Central Peripheral Central
portion portion portion portion
Average surface
roughness Ra (nm) 0.05 0.046 0.06 0.072
P-V(nm) 0.393 0.475 0.47 0.52




[ 0232] In both the substrate A and the substrate B, there is no step
between the central portion and the peripheral portion, and the planarity
of the peripheral portion is substantially at the sane |evel as that of the
central portion. Wien the substrate Ais 5 conpared to the substrate B, the
fol | ow ng i gof AURG3174 N t he peripheral portion of the s ocbzRa 1S
0.05 nmand P-Vis 0.393 nm 'and in the3 peripheral portion of the substrate
B, Rais 0.06 nmand P-Vis 0.47 rim Accordingly, the planarity of the
substrate Ais better than that of the substrate B. [0233] 10Next, results
of measuring the anount of reduction in the thickness of the sem conductor
substrate ipo2Btle reprocessing treatment are shown. Here, the reduced ampunt
(the amount of a ved portion of the

m cond ‘é‘%? in_the central
substrate is cal clﬁp‘gttgé]&%‘ tW?aéﬁ’i‘qu'ﬁ‘ﬁ gL, there;inao figp BR‘W@%‘S"*‘? ReY@bf bef ore
and after tmléﬁﬁﬁ&%?bﬂﬂ)efa[ ?@hi&ﬁnfand)rtl‘i@‘ﬁfaﬁmtwﬁ ih@%éﬁﬁﬂerﬁ?ﬁ&ﬂ&n(l d he

anmount of rem)val% 5 manufacturi nghthe substrate A and the substrate B
i s shown i nsubgipntialiy at thg 3ame levelgs|that of the cspisaltnogion. AWDen sherwbsirals At t er

etching § v eaduipantd 167theSubbiPded B i2Oolib® s T8 Munf kthe RRYiSIRMI Mrtion of the

substrate A, Ra is 0.05 nm and P-V is 0.393 nm; and in the peripheral portion of the

substrate B, Ra is 0.06 nm and P-V is 0.47 nm. Accordingly, the planarity of the
substrate A is better than that of the substrate B.
[0233] '
10 Next, results of measuring the amount of reduction in the thickness of the
semiconductor substrate in the reprocessing treatment are shown. Here, the reduced
amount (the amount of a removed semiconductor) in the central portion of the substrate
is calculated by measuring change in the thickness thereof before and after the
reprocessing treatment process. The reduced amount (the amount of removal) in

15  manufacturing the substrate A and the substrate B is shown in Table 4.

[0234]
[Table 4]
I__
Substrate A Substrate B
. After etching After polishing After polishing
treatment treatment treatment
Reduced amount in 0.41 0.97 6.96
process {um) i ’ )
Total reduced 1.38 6.96
amount (pum) ) )
[0235]
20 In manufacturing the substrate A, the reduced amount was 1.38 .

Meanwhile, in manufacturing the substrate B, the reduced amount was 6.96 um. This
indicates that the reduced amount in manufacturing the substrate A was approximately
one fourth of that in manufacturing the substrate B. In particular, the amount reduced
by etching in manufacturing the substrate A was only 0.41 um.

25  [0236]

Accordingly, by reprocessing treatment using the combination of the above



treatment Reduced anount in process (pm 0.41 0.97 6.96 Total reduced
anount (gm 138 6.96 [0235] 20l n manufacturing the substrate A the
reduced anount was 1.38 pm Meanwhile, in manufacturing the substrate B,
the reduced amount was 6.96 pm This indicates that the reduced anount in

manuf act uri Qg fofesspstrate A was approxi mately one foﬁél?‘lgg‘ﬁgéé(}?% g

manuf acturing the substrate B. In partbéul ar, the anou y etching
i n manufacturing the substrate A was only 0.41 gm 25 [0236] etching
treatment and CWP treatnent, the sem conductor substrate can be prevented
from bei ng reduced by the reprocessing treatnment while the planarity of the
repr ocessedcehiff; ¢RMET Hid SMIPSkdabhént, the FEhdbRIUBGH sublsFX@TRh Bc Pleventtd237]

from being reduced by the reprocessing treatment while the planarity of the reprocessed
semiconductor substrate is maintained.
(Example 3)

5 [0237]

This example shows observation results of a cross section of a semiconductor
substrate which was provided with a thermal oxide film and then subjected to hydrogen
ion irradiation.

[0238]

10 In this example, a rectangular single crystal silicon substrate with a size of 5
inches square was used as the semiconductor substrate. First, thermal oxidation was
performed on the semiconductor substrate under an HCI atmosphere to form a thermal
oxide film with a thickness of 100 nm on a surface of the substrate, The thermal
oxidation was performed under the condition of 950 °C for 4 hours under a thermal

15  oxidation atmosphere containing HCl at 3 vol% with respect to oxygen.

[0239]

Next, the semiconductor substrate was irradiated with hydrogen through the
surface of the thermal oxide film with the use of an ion doping apparatus. In this
example, by irradiation with ionized hydrogen, an embrittlement region was formed in

20 the semiconductor substrate. Conditions of ion doping were set such that the
acceleration voltage was 50 kV and the dose was 2.0 x 10'® jons/cm®. Thus, the
embrittlement region was formed at a depth of approximately 250 nm from the surface
of the thermal oxide film.

[0240]

25 FIG 27A is a cross-sectional TEM image of 2 semiconductor substrate which
was subjected to the above treatment. FIG. 27B is a cross-sectional TEM image of the
semiconductor substrate which was subjected to heat treatment without bei'ng bonded to
the base substrate 120. FIGS. 27A and 27B each indicate that a thermal oxide film 402
is formed on the surface of a silicon substrate 401 and an embrittlement region 403 is

30  formed under the thermal oxide film 402. In addition, FIG. 27B indicates that there is

a crack in the embrittlement region.



Thi s exanpl e shows observation results of a cross section of a
sem conduct or substrate which was provided with a thermal oxide film and
t hen subjected to hydrogen ion irradiation. [0238] 10ln this exanple, a
rectangul ar single crystal silicon substrate with a size of 5 1inches
square was wesgabde sem conduct or substrate. First,ﬁéﬁﬁﬁﬁﬁhmgﬁgdation
was perfornmed on the sem conductor sulftrate under an at nosphere to
forma thermal oxide filmw th a thickness of 100 nmon a surface of the
substrate. The thermal oxidation was perforned under the condition of 950 C
for 4 hours under a thermal 15 oxidation atnosphere containing HCL at 3
vol % wi th rjesqigct to oxygen. [0239] Next, the sem conductor substrate
was irradiated with hydrogen through the surface of the thermal oxide film
with the use of W&&ﬁf\da 29 SEQyh Hieh# fumbarof crsal defegipvere formed in thei at i on
Wi th i oni zegcihyds s firfaddlo P Sinkit L:Fy@ﬁpgubgtﬁ.%.omum&, frel 58! slobs 2k H%et .

a e

sem conduct or _substrate. Conditrons of ion dgglng were set such

accel er at i CAMEREustps sphsirats hag ¥ Crash at i depib 96 13 smofram thel gitfged herepl@a. Thus,

the enbrg tt I S 0 X] O nmfrom
t he surfgcékggqpﬁgﬁ?ﬁ%gggﬁabxﬁgggggfn1m?6%§%Fm§@&f%ﬁ%gﬁﬁ%EQQQ%Xﬁ%%.

cr oss- sect itbhbase Fewtael@e, f semiserducionsubstrde issepstatedtag thehiositiomas tleubj ect ed
to the abovg, kreatment. FIG 27B is a cross-sectional TEMinage of the

sem conductor substrate which was subjected to heat treatnment w thout being
bonded to tli¥Zdhase substrate 120. FIGS. 27A and 27B each indicate that a

t hermal oxi de fihn140 i or e n, t he fac ubstrate 401

s_{. sur. of,_ a sjlicon
and an enbrittl ement’ eé'%i)%r&orh% Pgal%‘be 'f‘(?PWéEIg Uﬁhérbaferﬁéd’ﬁtﬁ r"ﬁaél%("a'}ﬁdde film
402. | rioaddh theqeriphetaBp@TiBn bflie satiesdubiat subkieiteaics the separttion afiddsbiebed
enbrittlenment, region. 0241] ,,... FI GS.. 27A .and 27B show that a nunber
of crystal "&lg}fﬂe"@ﬁ%ﬁ ?@F“g[ef'orlqr?eaﬂd’it’ﬂ“’ttwém\ﬂa&"?ﬁ Teﬁllﬁnﬂ?ﬁ@%lﬁ‘ﬁgﬁé‘aﬁ?g@he singl e
crystal subemicaiductoFuegib®)r which Gs 2A8usdions tHehatp tdeticne RisC estbic igieaigubst rat e

has a crack .at a.de EQ of 1&% qn1fr mt he, surface thereof, (a 5 depth 404 up
to the cralRfOVqls M PUSGSe IPeriare, pher sirhing Hime: o rixsdrofytian containggnded t o

the base suhgionadrie deid) nithibAcRIE MCRRHY 64idlis PeRHnEALE dbtrb&PAN B g6bvat t he
position of the crack. [0242] Here, a step portion due to failure in

- D D . :
bondi nd®wi APl dBe sigp Rortinne fagmed 1y thee geriphieral (portioa ofethe pYsavsandysért i on of

the sem coRgiehe LfiebSiritRhR@aRbd Rlecti@y RARALAL i On as described in the above
exanpl es. In addition, the remaining senm conductor |ayer (the danmaged

seniconduc(%ﬁmm@bﬂbn) which is included in the step portion has crysta

defects, mgiyayoi ds, or blisters. Therefore, when etching using a m xed
sol ution céntalniqg hydrofluoric acid, nitric acid, and acetic acid is
performed as desErs peanple) shaves rghdts of examining the case where, as an etchant, the

20  mixed solution (the mixed solution A) where hydrofluoric acid, nitric acid, and acetic
acid were mixed at a volume ratio of 1:3:10 was used and the case where, as an etchant,
a mixed solution (hereinafter referred to as a mixed solution A+) where hydrofluoric
acid, nitric acid, and acetic acid were mixed at a volume ratio of 1:2:10 was used.
[0244]

25 Note that semiconductor substrates used in this example are similar to those
used in Example 1 and thus details thereof are omitted.
[0245] ‘

Treatment performed on the above semiconductor substrates was as follows,

[0246]

30 First, in order to remove an insulating layer which was formed to cover each of
the semiconductor substrates, the semiconductor substrates were subjected to wet

etching trecatment using a mixed solution (product name: LAL500, produced by Stella




15 exanpl es, the step portion fornmed in the peripheral portion of the

sem conduct or substrate after separation can be sel ectively renoved.
(Exanmpl e 4) [0243] This exanple shows results of exam ning the case where,
as an etchant, the 20 m xed solution (the m xed solution A) where

hydr of | uoriwoagiflesif tric acid, and acetic acid were mpgedpRtomsM9! UME
ratio of 1:3:10 was used and the case 8here, as an etchant, a m xed

solution (hereinafter referred to as a m xed solution A+) where
hydrofluoric acid, nitric acid, and acetic acid were m xed at a vol une
ratio of 1:2:10 was used. [0244] 25Note that sem conductor substrates used
in this exabhghdfaaCerpprativharcoitoiningo dpdrofhedici acifx amplofiuin am@ritd)usndet ai | s

t hereof are 1.t ted Q245 reatment performed on the above sem conduct or
subst rat es SHECEN- I[‘lﬂﬁjmle[ 2 BB femperatyre, was Jopm SmPEraMcs aath thens | at i ng
| ayer whi chetohadg ooy wiBoD@ecwayer each of the sem conductor substrates, the
sem conduct or ﬁubstrates were subjected to wet etching treatnent using a

m xed sol utlP8t (product name: LAL500, produced by Stella Chenifa

Cor por atg on) Conigit ileGeMicdhBictdd QibsfraRe Fdm WD Melithflbth@ 1h e ha@Beknd
surfactant. At this tinme, the solution tenperature was roomtenperature and
t he et chi ngempyrd weEssulisoted & weigichingydirihe syooktas ap pishans themizgd salution

substrat es (iU ohltioh N &H%&;Hﬁl}dfﬁgrié Qai&iﬁaitﬁéqciﬁeﬁfa acétf‘c?&}ﬁexgerw&eds ubj ect ed

to wet etching mﬁtﬁ the use of,” as an etchant, the mxed solution (the
m xed sol utdt @envelymeigioe ohdelff druthei roixed isolution (the gnized eolutiondAay ethere aci d

v e b U b o ol Rl 5P Ao L
m xed a0 a Theminel sohitibd Acind flienik€d solution A+ were produced using hydrofluoric acid
at a concentration of 50 weight% (produced by Stella Chemifa Corporation), nitric acid
at a concentration of 70 weight% (produced by Wako Pure Chemical Industries, Ltd.),
and acetic acid at a concentration of 97.7 weight% (produced by Kishida Chemical Co.,
Ltd.).
15  [0248]

FIG. 28A is an optical micrograph (a Nomarski image at 50-fold magnification)
of the peripheral portion of the semiconductor substrate after wet etching using the
mixed solution A+. FIG. 28B is an optical micrograph (a Nomarski image) at 500-fold
magnification. In the wet etching using the mixed solution A+, a residue was not

20  observed even in the case of a processing time at which a residue due to etching may be
generated in the wet etching using the mixed solution A. This is considered to be
caused by the following reason: by slightly increasing the rate of hydrofluoric acid to
nitric acid from 1:3 (hydrofluoric acid : nitric acid), a formed oxide film is quickly
removed and generation of a residue is suppressed.

25  [0249]

In this manner, it is found that when the step in the peripheral portion of the
substrate is etched using the mixed solution A+ (the mixed solution where the volume
ratio of hydrofluoric acid, nitric acid, and acetic acid is 1:2:10), generation of a residue
can be suppressed as compared to the case where the mixed solution A (the mixed

30  solution where the volume ratio of hydrofluoric acid, nitric acid, and acetic acid is

1:3:10) was used. The same can be said for the case where a mixed solution which




10 The m xed solution A and the m xed sol ution A+ were produced using
hydrofl uoric acid at a concentration of 50 wei ght% (produced by Stella
Chem fa Corporation), nitric acid at a concentration of 70 wei ght %
(produced by Wako Pure Chem cal Industries, Ltd.), and acetic acid at a
concentrati / wei ght % (produced by Kishida Chenj td.).

15[ 0248] ﬁBZME{O%E?SA is an optical ri%rograph (a m@%@?zu@ngagkat
50-fold magnification) of the peripheral portion of the sem conductor
substrate after wet etching using the m xed solution A+. FIG 288 is an
optical m crograph (a Nomarski inmage) at 500-fold magnification. In the wet
eL chi ng usic d@gtainlseydfbﬁfﬂﬂic&@!duﬁiim%tgncﬁad’eﬁéhﬁ@lg d/\ﬁ)zurﬂ@iatiagf Q.E,%er()\/\?é! e\éen in
t he case of: a, processing tine at ich a residue due to etching may be
gener at ed i%ecf‘hé?rwg? ‘"@Prg}?i“?rd”}l?giﬂﬁ‘g‘aie hyslreEePTSSEidte Bittigacidwastop digkonsi der ed

to be caused dompirBe td Blal QB Gnik&PSMontF 153 1@ N liY NGk JBkRANE BBxdaat e of -
hydrofluoric acid to nitric acid from 1:3 (hydrofluoric acid : nitric

aci d), a fcoPivlen 83§ yetieiof 11110, surfack rquehrasehgireamantyd the step, and dtc liker esi due

I S supprsessgfe oderve®249] In this manner, it is found that when the step in
t he peripheral portion of the substrate is etched using the m xed sol ution
A+ (the m {8#%ol uti on where the vol une ratio of hydrofluoric acid, nitric
acid, and acetic P& : 2 : i i .can._.be suppressed
as conpared to tﬁg&(lr:%slée&mﬁles%)e{é{t? Ig’ l%g%ggcfa@g%to?%W%Asfgkgﬁﬁ%%gﬁgﬁt@oI ution
wher e t he vak gfibydrefluosic a¢id iy gitrésf dcicbstigbtlnfrom, 1:hilydioBueri abjd anidicaci),i ¢ aci d
is 1:3:10) sald for the se where a m xed

sol ution V\ﬁ%ﬁ%ﬁwg%%g?%amn%t %ggs%@?é}lﬁ ?tgr %(??“ e can b p(?%tﬁg?eé!, o B’e‘ﬁsc acid at
a vol un¥ r affedivelly. 1. 5: 3: 10 was used. On the other hand, when the rate of
hydrofluoric acid to nitric acid was too high as conpared to that in the

m xed solution of 1:3:10, as in the case where the m xed solution has a
rati o of 1:1:10, Teupdesme apglicglivnesshaséchen Iepanesst Patdnt tApplicdiion seaadNg.he | i ke 5

wer e obser . ccordin 0 this ex | it can be understood
that by o) PSR 7R Rled s e S8R FeR e prbSiBtic PO, dipniy soperc. aci d
slightly fo®whith3re(Heyedy tcbiporated byGefdrencd)i tri c aci d), reprocessing treatnent |
of a seni conductor substrate can be performed nore surely and

10ef f ed®i vel y. The present application is based on Japanese Patent
Application serial No. 2009-234949 filed with the Japan Patent O fice on
Cctober 9, 2009, the entire contents of which are hereby incorporated by
reference. 15 '




68 EXPLANATI ON OF REFERENCE 100: sem conductor substrate, 102: insul ating

| ayer, 104:

substrat e,

| ayer, 125:
regi on, 128:
132: reprocessed sem conductor substrate, 133: sem conductor

substr at e,

enbrittlenent region, 5 120: base substrate, 121: sem conductor

122: insulating layer, 123: insulating |ayer, 124: sem conductor

sem conductor region, 126: step portion, 127: sem conductor
.step portion, 129: semi cdffluctor regi on, 130: seni conductor

region, 134: blister, 135: region, 251: sem conductor |ayer, 252:

.sem conductor layer, 10 254: insulating |ayer, 255: gate el ectrode, 256:
gate el ectrode, 257: | owconcentration inpurity region, 258: channel
formation region, 259: high-concentration inpurity region, 260: channel
formation region, 261: sidewall insulating layer, 262: sidewall insulating

| ayer, 267:

interlayer insulating |ayer

hi gh- concentratlgﬂpkgﬁgjkﬁyoﬁﬁg ﬁ%g i nsul ating | ayer, 269:

wrin nsi stor, 281: transistor,

301: step portion, 15302: central portion, 401 S|I|con substrate 402:

t hermal oxide fil FTpaata up,to. a crack.
69 CLAIMS 1. A ot 10 RicoRTEB! bbufRlEe Ny RG Bl g0 fo: 05 ”J']emeoﬁfﬁgi"g’l ng the

steps of:

20: baresybsipiag! 24: semirubigtos tm&kmﬂm@mn a2% insubérgei n t he

damaged semi Q@@ﬂ U4 OfemBHRMbHA 1aSerC 959 rsbrﬁi%éndu?tor %lon 128: Etg[f Egrtlgna gae d

seni conductor region in a central portion o
arjgmiconductor regjory d28: slep @prtiph dZ?)erSF'ph@rdatmpmegmmn 180: t he

substrat e;

damage em conduct or

damaged sen cefiesHah@s: sabtREt, 180 GeprbddSsed tedfcdA@ictdr Qbs®RIRES Sbiondfetds T St

i nsul ating | ayer;

i nSHW F%gl'ﬁv’eps fegions 2 o#&“ﬂ’&ﬁ‘ﬁ’ﬁ’éé@% AP % Geidligendgetor laysnon

the first

a second damaged sem conduct or regi on under

conpri si ng: asasemummigjlagzérozssrgys €lectiedsl 256:t AR didotrsde, 5316 WvaldnBdeh@yer ; and
an embrittlement. q{)e 0?1”2?@ E sem conduct o [Leglon, renoving the first
y firEt©

i nsul ati ng Iay%

15

Uri at(u?rb aetgmgng high- ~concentration impurity

region, 260: channel format:on region, 261: sidewall insulating layer, 262: sidewall
insulating layer, 267: high-concentration impurity region, 268: insulating layer, 269:
interlayer insulating layer, 270: wiring, 280: transistor, 281: transistor, 301: step portion,
302: central portion, 401: silicon substrate, 402: thermal oxide film, 403: embrlttlement
region, 404: depth up to a crack.




starting to renove the first damaged sem conductor region and the second
damaged sem conductor region by a second etching treatnent, st oppi ng
the second etching treatnment after an etching selectivity of the peripheral
portion of the damaged sem conductor sgegpstrate to the central portion of

t he danmaged sem conductor substrate per unit time is reduced fromtwo or
higher to |ower than two, thereby ado(pgf@naged senm conductor region is

| eft, wherein the second etching tréatment is performed using a m xed
solution, and wherein the m xed solution conprises: a first
substance capabl e of perform ng an oxidation of a sem conductor materi al

i ncluded in the damaged sem conductor substrate; a second

subst ance capabmethof igyerahefeerinng aa SO substrait, icompridingathe wopsdi:zed seni conduct or
material; and 70 heati ng the damaged sem conductor substrate under
an at mospher erdvitilgtcdangsdasdinReRic@f bbbl Whereli thOdA A8 S8R BIF %ub@tgm
treatnent, thereby a reprocessed sem conductor substrate Is nmanufactured,

i rradi af?J'*the reprocessed sem conductor substrate with ions to form an
enbrittlement region in the reprocessed sem conductor substrate;

bondi ng t he r eprbstebgegtdsemicontudioc tegion Snib séntrat gortarnchf ahehB iR @S Icb@tuetot O
each ot hgr, with;a second insulating layer interposed therebetween; and
separating the reprocessed sem conductor substrate at the enbrittl enent
region to forma sem conductor |ayer over the second insulating |ayer.

2. The method fhfmearifaigtaieriplyra mosion of fissdamages seaicondudion gutistiate,| thé sted |
wher ei Npéhign ddmipRidin@t i on is performed wi thout mass separation. 3. The
met hod for manufacturing an SO substrate, according to claim1l1, wherein

t he ions incluqugnsﬂf+ ion.. 4. The nmethod for manufacturing an SO
substrate, accordiMG EELPNA™M, wherein etching selectivity of the second
damaged sem conductor region to the non-damaged sem conductor region is 2
or hi gher. a segondTpmaged pryeicdndrctorarsaionamderi thy fawt iBOlatisg sfer, abe second
accor di ffndod SehddoMivktor M3EebRpAling: €ast a regi on where an angl e between a
tangent plane of the stéep porFlon and a back surface of the damaged

sem conduct or substr%he is 0.5 or less is renoved by the second etching
treat ment . a seigico éto’h‘igglﬂ?)ﬂnqeb’ihe%éﬁﬁﬁ‘fﬂ&%rl?yﬁﬁ ah’ SO substrate,
according to claiml, wherein the first substance is nitric acid, the
second subst an@e embritpaienfriegion budeadlicdseminvddiche region, dersaviipt the dest iissuRegt i C

aci d. 1;}61,?,3,3}]93%%5?9&“% .. manuf acturing an SO substrate, according to
1 wherefn a

claim1l, i ckness of the first damaged sem conduct or
region is thinner than a thickness of the second danaged sem conduct or
r egi on. starting to remove the first damaged semiconductor region and the second damaged

semiconductor region by a second etching treatment,

stopping the second etching treatment after an etching selectivity of the peripheral portion of
the damaged semiconductor substrate to the central portion of the damaged semiconductor substrate
per unit time is reduced from two or higher to lower than two, thereby a non-damaged semiconductor

region is left, wherein the second etching treatment is performed using a mixed solution, and wherein

the mixed solution comprises:

a first substance capable of performing an oxidation of a semiconductor material included

in the damaged semiconductor substrate;

a second substance capable of performing a dissolution of an oxidized semiconductor

material; and

a third substance capable of controlling a speed of the oxidation of the semiconductor

material and a speed of the dissolution of the oxidized semiconductor material;



8. A nethod for manufacturing an SO substrate, conprising the steps of:

provi di ng a damaged sem conduct or substrate, wherein the damaged

sem conduct or substrate conpri ses: a first damaged sem conduct or
region in a central portion of the damgged sem conductor substrate; and

a step portion in a peripheral portion of the damaged sem conduct or

Substrate, t ; | LSLAg: fabd St L1 ng. | , d
B&st aR dﬁﬂﬁéeld%&nﬁ@ﬂﬁgﬁtbl,séu@grategundle{ %eat#l%}sf%rgﬁﬂc%}ﬂ&?&%gﬁnaar}ter

a second danmged sem conductor region under i nsu ayer, the
second B¥fpYRE denfeonderhie ireaghemh thereby | sirmryocessed esrmiendistt osubstets G0
under t hgmifidngbg;i nsul ating layer; and an enbrittlenment region

under the sem conductor region, renoving the first insulating |layer by a
first etchin %reat nt ; renpvi ng the fjrst danaged sem conduct or
region and t AEYEERG 8“85’%.5@%1&6@@%%‘&‘?8%@?%‘3 Vitlyioshtodgrrnsabailementapgion

t r eat nenithe tehetaind samiooniuctan@mpediesem conductor region is left, wherein the
second etching treatnent is performed using a m xed sol ution, and wherein
the m xed so [ &g}%r' S, f ' Mok nitric acid: apn acetic
acid; and wa_t)d’eﬁr{"l%n%r}h’"p ﬁéesgﬁ Sﬁ‘é‘?“t" E%{gg)grsrléﬁég% (sé%‘?ngé)gsr? g%sttrgre 8 §B% ?tgélrew ‘tritler an
at nos phécend ipglatig lageriyterpowgé thesebeteeenpard or ni ng t he second et chi ng
treatnent, thereby a reprocessed sem conductor substrate is manufactured;
72 i 11 aghrating e triRode SRl QERISSRIUCSE NibGRIAI HCTHE lemBHRRHEAR B {1 fd-ANS O
form an errbrlttlgag,ent r%gl on jn the reprocessed sem conductor substrate;
bondi ngS¥He s fyeerihe dipdinttrg lyEubst rat e and a base substrate to
each other with a second insul ating |ayer interposed therebetween; and
separating the reprocessed sem conductor substrate at the enbrittl enent
region to forma sem conductor |ayer over the second insulating |ayer,
wherei n a nopafhd gkih A6d 50 L Of | j t he
nitric acid, the acetQ (|1 g_&a%?igﬁlfand hazl ﬁg% gl?ﬂﬁrgézécggd{?%g%oéﬁﬂ%gh%ﬁ qlg:ach
havi ng &rafiglies inpgsforsd withogt masgsgparation. 9. The net hod for manufacturing an
SO substrate, according to claim8, wherein the irradiation is perfornmed
w t hout mass separati on. 10. The nmet hod for manufacturing an SO
substrate, according to claim8, wherein the ions include an H3+ ion.

3. The method for manufacturing an SOI substrate, according to claim 1, wherein the ions

include an H," ion.

4. The method for manufacturing an SOI substrate, according to claim 1, wherein etching
selectivity of the second damaged semiconductor region to the non-damaged semiconductor region is

2 or higher.

5. The method for manufacturing an SOI substrate, according to claim 1, wherein at least a
region where an angle between a tangent plane of the step portion and a back surface of the damaged

semiconductor substrate is 0.5° or less is removed by the second etching treatment.

6. The method for manufacturing an SOI substrate, according to claim 1, wherein the first

substance is nitric acid, the second substance is hydrofluoric acid, and the third substance is acetic

acid.



11. The method for manufacturing an SO substrate, according to claim8,

wherein etching selectivity of the second damaged sem conductor region to
t he non-danaged sem conductor region is 2 or higher. 12. The method
for manufacturing an SO substrate, acrording to claim8, wherel_n at | east
a region where an angle between a tangent plane of the step portion and a

back surface 70Thé1ﬂ§hd&m§ﬂfa%ﬁﬂh§ME%raé%§&ﬁﬁﬁ?odlzﬁmq > or lessis

renoved by the second etching treatnent. . The nethod for

manuf act uri ng.an. S ubst cor cl a| m 8, wher t hi ckness
of the first %’ GEAR oK 2 tﬁ%lﬁ{tg garmalgﬁ ?eﬂﬁcoﬂl ucfs Tegio 1S {THaper §1aig RitigHEs of of
t he secaimj;edm&dgmte&mmlmﬂﬂﬁmtr@ionr egi on.

8. A method for manufacturing an SOI substrate, comprising the steps of:

providing a damaged semiconductor substrate, wherein the damaged semiconductor substrate

comprises:

a first damaged semiconductor region in a central portion of the damaged semiconductor

substrate; and

a step portion in a peripheral portion of the damaged semiconductor substrate, the step

portion comprising;
a first insulating layer; and

a second damaged semiconductor region under the first insulating layer, the second

damaged semiconductor region comprising:
a semiconductor region under the first insulating layer; and

an embrittlement region under the semiconductor region, removing the first insulating

layer by a first etching treatment;

removing the first damaged semiconductor region and the second damaged semiconductor
region by a second etching treatment, thereby a non-damaged semiconductor region is left, wherein
the second etching treatment is performed using a mixed solution, and wherein the mixed solution

comprises:
a hydrofluoric acid;
a nitric acid;
an acetic acid; and
water;

heating the damaged semiconductor substrate under an atmosphere including hydrogen after
performing the second etching treatment, thereby a reprocessed semiconductor substrate is

manufactured;
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irradiating the reprocessed semiconductor substrate with ions to form an embrittlement region

in the reprocessed semiconductor substrate;

bonding the reprocessed semiconductor substrate and a base substrate to cach other with a

second insulating layer interposed therebetween; and

separating the reprocessed semiconductor substrate at the embrittlement region to form a
semiconductor layer over the second insulating layer, wherein a molar ratio of the mixed solution of
the hydrofluoric acid, the nitric acid, the acetic acid and the water is 2.05:3.29:11.55:7.42, each

having a margin of error of £10%.

9. The method for manufacturing an SOI substrate, according to claim 8, wherein the

irradiation is performed without mass separation.

10. The method for manufacturing an SOI substrate, according to claim 8, wherein the ions

include an H;" jon.

11. The method for manufacturing an SOI substrate, according to claim 8, wherein etching
selectivity of the second damaged semiconductor region to the non-damaged semiconductor region is
2 or higher.

12. The method for manufacturing an SOI substrate, according to claim 8, wherein at least a
region where an angle between a tangent plane of the step portion and a back surface of the damaged

semiconductor substrate is 0.5° or less is removed by the second etching treatment.

13. The method for manufacturing an SOI substrate, according to claim 8, wherein a thickness
of the first damaged semiconductor region is thinner than a thickness of the second damaged

semiconductor region.



