WD 2011/ 024619PCT/ JP2010/ 063142 1 DESCRI PTI ON METHOD FOR REPROCESSI NG

SEM CONDUCTOR SUBSTRATE, METHOD FOR MANUFACTURI NG REPROCESSED

SEM CONDWZOCOR 1IBBUBSTRATE, AND METHOD FOR MANUFACTURI NG S8CIr/JBMBGIRAME

TECHNI CAL FI ELD [0001] One of technicdl fields of the invention to be

di sclosed relates to a nethod for 10 reprocessi ng a sem conduct or
substrate. In addition, the invention to be disclosed relates to a nethod
for manufacturing a reprocessed sem conductor substrate with the use of the
met hod for reprocessing a sem consfustRiprsoRstrate, and relates to a nmethod
for manufacturing an SO (silicon on insulator) substrate. 15 BACKGROUND
ART [ 0002] In recent years, integrated circuits using an SO

S con'1 ayeME DR FOR R GEESSIRG SECORRACTIR SUBBEATELS Tst ead
of those UMEDHODFOR MANUm(ymRINGmPRm@EssEDImMPQONﬁ)ImTOa@ thin

single crystal S|I|con | ayer forned on the insulating surface nake it
p0sSiBl o { SUBSRRAT THOD FQRSYISNFEACEURING NOIRUBKTRATE, e
circuit from each ot her Further, since fully-depleted transistors can be
formed, a sem conductor integrated circuit with high added val ues such as
hi gh i nt #ECHMNIQAL RIKYID speed driving, and | ow power consunption can be
realized é 0003] As a method for manufacturing an SO substrate, a
hydrogen[q i npl antation separation nmethod is known. The hydrogen ion

i mpl ant ati on sgpabatdcpMicABid@dof the InVEREDP® BY didbibsty éla'%ésrlalaeme{hxatf

silicon layer is obtained in the followng manner: a single crystal silicon
subsi® at eep(@cetmgi as&cbscwratuegorlsnbﬁrM| dh a‘d;ddmmgehe iimrestion d¢o 3@ dlsqlpkaint edis

bonded to {her ?thgls% %a base substrahe H an gr atl ayer

i nt er posSF %S W B °§d‘ﬂ>%“[“ AUWE 3 FRTRGE t g“%qn yrar ﬁ‘ﬂ? ?tﬁlw hecon

subst r at gse( $fhlic RIBbE LR TEFrBt@SinkS ealediALEdr SRRbtedBnd Ratbd R @me@tddon

regi on b}/ heat treatnent. Wth the WD 2011/024619PCT/ JP2010/ 063142 2 above
qr

hydr ogen Fastuaime i ST (sdisan ap fnsulains) sidstratan SO substrate in which a
single crystal 5|I|con | ayer is provided over an insulating substrate such
as a glass substrate can be manufactured (see Patent Docunent 1 as an
exanpd e) BACKGROUND ART

[0002]

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

20  thin single crystal silicon layer formed on the insulating surface make it possible to
completely separate transistors formed in the integrated circuit from each other.
Further, since 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.

25 [0003]

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

30 implanted is bonded to another substrate (a base substrate) with an insulating layer
interposed between the substrates, and then the single crystal silicon substrate (the bond

substrate) is separated along an ion implantation region by heat treatment. With the



[ Ref erence] 5[ Patent Docunent] [0004] [Patent Document 1] Japanese

Publ i shed Patent Application No. 2004-87606 DI SCLOSURE OF | NVENTI ON

10[ 0005] wo 2011/0246hen a hydrogen ion inpl antati on separ @CroR20rehésee i s

enpl oyed as a method for manufacturing an SO substrate, a plurality of SO
substrates can be manufactured from one bond substrate; therefore, there is
an advantage that cost for the bond substrate in manufacturing an SO
substrate can be reduced. This is because, when the bond 15 substrate from

which a ghagl lﬂ/d%giéﬁti@ﬂ inthlhAta@6h $PUBRioh IFREAASES shibstatDineGhieH alsthgle
reprocessing treatnent, the used bond substrate can be reused for

manuf act anisiaysitinen hger iSrovidddgivenarinsfila00S putisonte, such pea glpssenubstrggocan on of

t he bond, substrate ch_as single crystal silicon 20 substrate, which is
used for oF H@“&%SW&CC}S@&%%%%‘HE‘?O&H“%%} 3?1%/’5?’fa8f'¥’§‘?epar ation nethod, has a

regi on cakéfened) edge roll off (E R 0.) that is caused by chem cal
mechani cal polishing (CWP) treatnent during manufacture of the bond
subst? at EPataiDopcpmghtdn i s f or med when an edge of the bond substrate is

pol i shed ddr?E‘E a polishing cloth. The edge roll off region of the bond
substraté as a curved surface and a thickness smaller 25than that in a

central (RgimDochmeiel |JapumhestistilishédPatédd Aplication No. 200887666 SO substrate
is manufactured by the ion inplantation separation nethod, a bond substrate
and a base substrate are bonded to each other by a mechani sm of

i nt er ol e36-BOHSURECOFINVIEREIYAD der Waals force; therefore, surfaces to be
bonded 30 need to have a predeterm ned degree of planarity. It is natural

t hat 1@ he[M9AH substrate and the base substrate be not bonded in the edge

Il off regiog,where th f Lanarity i t, . d, WO
2011/ 024619PCTIERGHGAEEEA I8 SRIBEHH Separation fglfod if Fmglosed o Msthadhe bond

subst r at forfrAmAMSTE AMSO$ kitttiates b YhiralitySdfl SOPSubsANEY cdnSbes BRAGRAERFLd Whi ch
corresponds to the above edge rof | of f regi on, an unseparated single
crystal &pmiensrbond ghlestraten thesgfoienthgreais jap gdy anyage thateoptdpr thgdoad gubsiratet i on.
Thi's in manufacturing an SOI substrate can be reduced. This is because, when the bond
15  substrate from which a single crystal silicon layer is separated is subjected to

reprocessing treatment, the used bond substrate can be reused for manufacturing another

SOI substrate.

[0006]

Here, a peripheral portion of the bond substrate such as a single crystal silicon

20  substrate, which is used for the above hydrogen ion implantation separation method, has

a region called an edge roll off (E. R. O.) that is caused by chemical mechanical

polishing (CMP) treatment during manufacture 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 smaller
25  than that in a central region of the bond substrate.

[0007]

When an SOI substrate is manufactured by the ion implantation separation
method, a bond substrate and a base substrate are bonded to each other by a mechanism
of intermolecular force or the Van der Waals force; therefore, surfaces to be bonded

30 need to have a predetermined degree of planarity. It is natural that the bond substrate

and the base substrate be not bonded in the edge roll off region where the surface

planarity is not secured.



5 projection becones a problemin a stage of reprocessing treatnent of the
bond substrate. The difference in height between the projection and the

ot her regwvoro(121@gi on where the bonding is perforned propgriodoésssever al
hundred nanoneters at nost. However, i3n order to renove the projection by
polishing a surface by a CMP nethod so that the reprocessed substrate can
be used for manufacturing an SO substrate again as a bond 10 substrate, a
sem conductor needs to be renoved by approximately 10 m and thus a

suf fici efjgpogunber of times of reprocessing and use of the bond substrate
cannot be secured. [0009] In view of the foregoing problem an object of an
enbodi ment of Thes, iimaekgiooroftbe bondsubhtmt] remdwhish tthe pinglei ctegstal sibedrod
suitabl e for. reprocessing a sem condyct or substr at Anot her obj ect, of an
embodi melebis ERuaichy Rhie sAEePoRdS 1 e Beus cae ol ihrgil Al PasParlEt ocessed

sem condgabRr criyihp kllikbs r@%ibﬁ‘ ahh%#%u&iin%hﬁ¥mr9qgftsdéi 5 apbiectid.  This
reprocessing a sem conductor substrate. Still another object of an
enbod} meptojestion hecdmrserprpblamt i atstagdiod c¢pseeedsing tregmenheff the bondsubstrael

substrate w,th the.use of the reprocessed senj conductor substrate. [0010]
T an endBa e g nebdfin B, SREER 3T uRCThG FOEOR I el B L% croved
using a p&idied idyeridiined pRogeely) VL Bundredin@foasRILdnéble Howawd] in on of
ions or the |Iike can be selectively renoved., Further, the above nethod is

used to AESUIGEETOE the pisaiar: by Pelishingiacwmiace byra SR methad soxfhat she SO
; . . . |
Bural 1 carakEeiRRAGhH ot 42100 AF Rp R ArRRSRSORTeRIT T iR e

Detail ed & oW. Iment of the

i nvelnd i osubisratepa demithadedor seeds MR bEeembasd bye pproRismitdlg 18 HaMhed iyt or
substrate, .including the steps of: perform ng etching treatnent on a 30
seni condtiftigients iyabsTaletifes OF rerfecesipendcseorf thecrondi sugstaatel saprm e

sem condyel,y region and an insulating layer in a peripheral portion,
whereby the 1 nsulating |ayer is renoved; and perform ng etching treatnent
of the sE@OBpnductor substrate with the use WO

2011/ 024619PCT/ JP201Q/ 063142 4 of a m xeﬂ‘.ésol utio hi ch i.ncl udes. a
subst ance t hat Mo%F%io% &k foregaine IRt 8P ORigEfiam embodimens 1 the inkgntion

sem eONAdRCHOTdiSURel 3t ®: pRviRikDS trAfR6d tshRib1difss Qépfs&sgihg P¥LHIBRECtor
sem conductor material, and a substance that controls The speed of

oxi dat i osnbsfrate heAgether obiicic 0loan remtbodima¢nt axfcthe Hevenpierdo dfe diselessdduisi ton of t he
R T T K
for reprocessing a semiconductor substrate.  Still another object of an embodiment of
the invention to be disclosed is to manufacture an SOI substrate with the use of the
20  reprocessed semiconductor substrate.
[0010]
In an embodiment of the invention to be disclosed, a projection is removed
using a method by which a semiconductor region damaged due to addition of ions or the
like can be selectively removed. Further, the above method is used to manufacture a
25  reprocessed semiconductor substrate, and an SOI substrate is manufactured using the
reprocessed semiconductor substrate. Detailed description is made below.
[0011]
An embodiment of the invention to be disclosed is a method for reprocessing a
semiconductor substrate, including the steps of: performing etching treatment on a
30  semiconductor substrate which has a projection including a damaged semiconductor
region and an insulating layer in a peripheral portion, whereby the insulating layer is

removed; and performing etching treatment of the semiconductor substrate with the use



Anot her enbodi nent of the invention to be disclosed is a nethod for
reprocessi ng a sem conductor substrate, including the steps of: performng
et chi ng MWopaakm@nt on a sem conduct or substrate in whiPC/JR2000/063¢€X | On

i ncl udi ng a damaged semi conductor region and an insulating layer is left in
a peripheral portion after part of the sem conductor substrate is separated
as a sem conductor |ayer through ion irradiation and heat treatnent,
whereby the insulating |ayer is renoved; and perform ng etching treatnent
of the seraGRREYSHAios WARIH RERIW 4 Bubishict! Bifat Okidized X RehiSRHdHEbLP hadiafh 15

i ncludes a substance that oxidizes a sem conductor material included in the
sem condifausteds b she semicoaduaitrs selstiate; Mmtsublitanse| thas digselvexi e zexddized

sem condyct or erial .. and.,a sybst an that controls the speed of

oxi dat i o%gmd‘c op n%‘%re%%ggﬁlgﬁgg of Sl#?faélf? g‘l%ta‘iﬁ’&h?ﬁe{ﬁg sReH! 8 °61d§§?ﬂ L?? i of the
oxi di zed safitha@rEsCinaferidBhid itld spash esfediysdliteond SfTage Ix RSt CRAGeHHUAEtof €J1 ON
is selectively renoved with a non-damaged sem conductor region 20l eft.
[0013} material, wheneby shiodpmagednsrairendyctopfreging if solsptiyedy removrd Withcd osed i s
a met hod _for i ] duct or substrate, including the steps

of : perf8§§ﬁd%%1gg{dg%?§%dn{aggg %gi;\gtnqgﬁ' a sem conductor substrate in which a
proj ecti ¢0012hcl udi ng a damaged 25 sem conductor region and an insulating

| ayer is left in eri pheral rtiaon and in which a damaged seni conduct or
regi on which iénPﬁ‘FErFé‘?bp H&thﬁfgtﬁ%dawoge}ﬂ O6nliselesd iegi srethad dae
peripher alyRQkdih®n sénicsiductd? fbGrAL NRICIJIRY B et%g%f:pﬁérffor%ng Reching

sem conduct or substrate IS separated as a sem conductof | ayer throfgh i on

i rrad at treatmgnt] ohemsemicenduvtont subsinge ahywhibk a psyjéction nigcludipgra idsmagadoved;
and perfgrnrlri nﬁq eLchi ng tr(gat ment_..of .30 .thﬁ .sem cnﬁdu tor. supstrate.with
the use OF SORTUCEA TEHPTATGAD W EALTE SOICT B'STtdD & RFEPHAALPYTHER 2HS) ALk a

sem conduet gEmiBh@Idid sitiehtided separhtee M Gomibeadvitons UBRE I dcughaichubst ance
that di ssolves the oxidized senm conductor material, and a substance that

VO 2011/ Goedéptiopard Jezioiatogd whersby: tistingilatingrayes je emyedoxiddperfopming ¢ he
sem con d E’t%hf?l% Rk gf th@\%ﬁmﬁ&&d\?({?ﬁres%gﬁiatg WZ&QL&J Eéeo& OIL 'xteg ?01?&%9 I\’V%I?qu

sem conductof matert al, ereby the danmaged sem con uct'sr regrons are

sel etii valcjudeemovadsiantd thah wxidizaesage dessrondadctot Chaeriile ghelidddefih . tHe] 0014]

In the above t hods, the ion irrgjda;gation is preferably performed w thout

mass sepSFRCPYHCAESPhIHALC, 2 spRstansh Bpely aihy oreacd semageneliacion maferiplgo15] 1 n
the et chiifa SERKNTEMat R¥nivdls Rt Lhagy 9@%8%&%9%%%}@&6&%% | fhal0

sel ectively renoved, etching selectivity anmaged sem conduct or

regi on t thetdpeechohdiswintipacofsberoeidimtd stmicondgitanmateripl, efherchlylte daroagedi gher .
Further, it.is, preferable ‘that lthe etéhi.&gg tregt ment bxlév\,hi ch the, damaged
sem condifEREPIUEY ST SSEICERYLY, EmPvied et s damagsdegmigondicias iRy

sel egd i viefty of the projection to the other region is reduced to | ower than
2. 15[ 0016 In addition, at |least a region where an angl e between a
tangent MI0dAE of the projection and a back surface of the seniconductor

substrate is Ogg #1 b.S s % renyv by .. tching treatnment.
o1 %h :
Further, a sur?ac% ¥ glfgrgbgcgﬁ]{egi;ﬁégg ér}vegﬁg%ff ?abteedllgés]gsﬁ?e et é%ltliloaf;gqu shed
af ter t hepedcessingg at seafiton@inttobsubdiiatd) inbladidhgnmgedeseot: Crsrbuaing! ¢i2fm@Ji on is
sel ectively renoved. | : . I .
treatment on a semiconductor substrate in which a projection including a damaged
25  semiconductor region and an insulating layer is left in a peripheral portion and in which
a damaged semiconductor region which is thinner than the damaged semiconductor
region in the peripheral portion is left in the other region after part of the semiconductor
substrate is separated as a semiconductor layer through ion irradiation and heat
treatment, whereby the insulating layer is removed; and performing etching treatment of
30  the semiconductor substrate with the use of a mixed solution which includes a substance
that oxidizes a semiconductor material included in the semiconductor substrate, a

substance that dissolves the oxidized semiconductor material, and a substance that



[ 0017] In the above nethods, it is preferable that nitric acid be
used as the substance that oxidizes the sem conductor material included in
t he sem cwodoatueéigsubstrate, hydrofluoric acid be used asTuRm18/063342ance
that di ssolves the oxidized sem conduétor 25 material, and acetic acid be
used as the substance that controls the speed of oxidization of the

sem conductor material and the speed of dissolution of the oxidized

sem conductor naterial. [0018] By the above nethods, a
reprocessgfrgié %%%?Q&Fto‘?roﬁ&'ﬁﬁhr 8f &né %@mbcgmasea@ﬁ W AGTH" S ftl‘[gao %ﬁe

sem conduct or rate. Furthernore, substrate can be ?actured
in the fdiskdwiong phnder : oxidiasd asemadoddtdro mhterialepmieebyedhs eniamapetlict or
WO 2011/ 024619PCT/ JP2010/ 063142 .6 .substrat e .manuf act ured by any of the
above metfBERLEHEEIN, BeF T AkaRROYah Ml oo iagaged (KECBEPTE s s e
sem condugigflegUbstrate and a base substrate are bonded with an insul ating
| ayer interposed therebetween, and the reprocessed sem conductor substrate
i s separ Hd4] by heat treat ment so that a sem conduct or Iayer is formed over
t he 5base subs te his.s ion and the
ke, an S0l oibap Fhpte MepRes thejop igtiefor fareleply hrREl wlGRl e | ayer
IS forrregiep@ﬂlt,@ﬁ |pﬁuﬂ,@tmg%r§,qﬁéfgﬁgly lﬂaq(iéﬁnﬂg'tlohl mted to a structure where
a silicon |layer is provided on an insulating | ayer. For exanple, an 10 SO
substrat 00k} have a structure where a silicon Iayer is directly fornmed on
a gl ass substrat t ere on_car is.formed on
an insul ating fa?/lg’r etC% ﬁreé{fnef(]e y[ 6’65‘3] lh&cg%rp e% S?mlcgng%éﬁgorcﬁgf%'nfs of the
i nvero i oseléctivbly mh@sadhmg séaaﬁ@gdoﬂﬁnesma:gaﬂcbeﬁﬁwndﬁagt %‘gl&ﬁfb e
selectively renmoved with a non-danmaged seniconductor_region (or

seni condBet e@m?&eg. %Wlmduﬁptrﬁge%ISd@cng@élyo? oaarasz@e i Eurthggyjt nsmferable

Accor di ngly e iEnAERKAImAN 15 SR GANANGL S SGIBKECLP 5B CEaRUAg

1
t r eat ment o m con substrat e’ can Icrently re gd, and a
suf f i ci eremaveadiber stoppedi zrfm evhimge peloapityi ofgthanotojesdorofo tﬁeeotshemagqmdisct or
substrate .ca E secg 20[ 0021] Further, when a reprocessed
sem cond[f8Ped QIp¥ent i's manufactured by the above method for
reprpeesgipng) a sem conductor substrate, the amount of a sem conductor
removed I n the reprocessing treatnment can be sufficiently reduced.
Accor di ngly, clesaddition, mhheastag tregipmgvhereean epglodetwesn & tamgentrplamst of theubst r at e
can be Zgrlbjee%ggr? gfld a back surface of the semiconductor substrate is 0.5° or less is preferably
removed by the etching treatment. Further, a surface of the semiconductor substrate is
preferably polished after the etching treatment by which the damaged semiconductor
20  region is selectively removed.
[0017]
In the above methods, it is preferable that nitric acid be used as the substance
that oxidizes the semiconductor material included in the semiconductor substrate,
hydrofluoric acid be used as the substance that dissolves the oxidized semiconductor
25  material, and acetic acid be used as the substance that controls the speed of oxidization
of the semiconductor material and the speed of dissolution of the oxidized
semiconductor material.
[0018]
By the above methods, a reprocessed semiconductor substrate can be
30  manufactured from the semiconductor substrate. Furthermore, an SOI substrate can be

manufactured in the following manner: ions are added to the reprocessed semiconductor



[ 0022] Furthernore, when an SO substrate is manufactured using the
above reprocessed sem conduct or substrate, cost for manufacturing the SO
subst r at ewoamine4@uf fi ci ently reduced. 30 BRI EF DESCRI PPCOpLdto/DRAY NGS
[0023] WD 2011/ 024619PCT/ JP2010/ 063142 7 In the acconpanyi ng draw ngs:

FIGS. 1A to 1D are cross-sectional views illustrating a nethod of
reprocessing treatnent for a sem conductor substrate; FIGS. 2A to
2C are cross-sectional views illustrating a nethod of reprocessing

Streat meghpdQfe ,ﬁalﬁﬁg&ﬁ&ﬂfw%g Tof SRR I th%lds so thitl 4 lﬁﬁtl&ﬂeﬁqeg{r E d?L

cross-sectional views illostrating a et hod for manufact uri ng a
subst r at égrmed, the fep@Eessddis¢rnicdiluatoz sobuistse sl b bastadubsirawmrd bondetineith ng a

t hod f uf.act n s suhstrate; 10FI GS. 5A to 5C a
A T O Lt L L RS SRttt s

subst r at gubskihfe i sépakdisd bPh&s tBaRAHEAERLSE sGicORRRRT TayRE isHBrmid ovdtifd r at e;
FIG7 is a cross-sectional viewillustrating a sem conductor device which

i ncl utles base sBB¥trateibst rat e; 15FI GS. 8A and 8B are optical micrographs of a
sem cond \ substrat e; FIGS. 9A and 9B are graphs each showi ng a step
of a sentconductor substrate; FIGS. 10A1, 10A2, 10B1, 10B2, 10Cl1, and 10C2

are optical m Bloexhaiii$hio Speifi@tibs andlihetlike, ziiiﬂil@l §ubkRate refers to a substfatdSS.
11A1, 11A2, 11B1, 11B2, 1101 and 11C2 are optical mcrographs of a
20seni colfilhichra seareandyeter layer is formedn amigsvlatinpgurface, andapmet bmied Ehowi ng a

step of 3 HEBLACHHLE! Ogllléd{pﬁaglérafs%rowded on an insulating layer. For example, an

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

[0020]

According to an embodiment of the invention to be disclosed, a damaged

15  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 a sufficient number of times of
reprocessing and use of the semiconductor substrate can be secured.

20  [0021]

Further, when a reprocessed semiconductor substrate is manufactured by the
above method for reprocessing a semiconductor substrate, the amount of a
semiconductor removed in the reprocessing treatment can be sufficiently reduced.
Accordingly, cost for manufacturing the reprocessed semiconductor substrate can be

25 reduced. |
[0022]

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

30
BRIEF DESCRIPTION OF DRAWINGS
[0023]



FIGS. 13A to 13C are graphs each show ng a step of a sem conduct or
substrate; 25FIGS. 14A to 14C are graphs each showing a step of a

sem conduwOap11sEyr at e; FIGS. 15A to 15C are graph3/Jezabosshew ng a
step of a sem conductor substrate; 7 FIGS. 16A to 16C are graphs
each showi ng a step of a sem conductor 30substrate; FIGS. 17A to 17C

are graphs each showing a step of a sem conductor substrate; WO
2011/ 024619PCT/ JP2010/ 063142 8 FIGS. 18A to 18C are graphs each showi ng a
step of a sem {ORAYEIHpaRYRpldidlBps:F! GS. 19A to 19C are graphs each show ng

a step of a sem conductor”substrate; 5FIGS. 20A to 20C are graphs each
showi ng a st epFHIS.d Asteni 12 ercdurossosectonad vieatsallustia@G8g aZiathodolbraessing aphs
each showi a step of a,sem conductor substrate; FIGS. 22A to 22C are
gr aphs egﬁﬂﬁ‘fﬂb&fﬂée'BICQP‘é‘bC?%‘fsuggéaé‘?ﬁ conductor 10substrate; FIGS. 23A to 23C
are graphs eachiGH1oM RL@ afe! @FssHecRoru® Mt NMkEafihg a method of reprocessing
5 treatment for a semiconductor substrate;
FIGS. 3A to 3C are cross-sectional views illustrating a method for
manufacturing an SOI substrate;
FIGS. 4A to 4C are cross-sectional views illustrafing a method for
manufacturing an SOI substrate;
10 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;
15 FIGS. 8A and 8B are optical micrographs of a semiconductor substrate;
FIGS. 9A and 9B are graphs each showing a step of a semiconductor substrate;
FIGS. 10A1, 10A2, 10B1, 10B2, 10C1, and 10C2 are optical micrographs of a
semiconductor substrate;
FIGS. 11A1, 11A2, 11B1, 11B2, 11C1, and 11C2 are optical micrographs of a
20  semiconductor substrate;
FIGS. 12A to 12C are graphs each showing a step of a semiconductor
substrate;
FIGS. 13A to 13C are graphs each showing a step of a semiconductor
substrate;
25 FIGS. 14A to 14C are graphs each showing a step of a semiconductor
substrate;

FIGS. 15A to 15C are graphs each showing

Y]

step of a semiconductor
substrate;
FIGS. 16A to 16C are graphs each showing a step of a semiconductor
30  substrate;
FIGS. 17A to 17C are graphs each showing a step of a semiconductor

substrate;’



substrate; FIG 24 illustrates a relation between an etching tine and an
etching anount; FIGS. 25A and 25B are optical mcrographs of a

sem conduwwOan1igaladr at e; 15F1 GS. 26A and 26B are graphsPeaon2maossitsy. a step
of a sem conductor substrate; 8FI GS. 27A and 27B are cross-sectiona
TEM i mages of a sem conductor substrate; and FIGS. 28A and 28B are optical
m cr ographs of a sem conductor substrate. 20 BEST MODE FOR CARRYI NG QUT THE
| NVENTI ON [ 0024] Enbodi nrents and exanples will be described bel ow

wi th referencerfss.t hgA doa180sre %ﬂgﬁﬁ.‘s that shéwingny edy on §|%th§%nhﬁmble”ent ed

in many different nodes, and it is clear to those skilled in the art

t hat the&¢§§@$;and details can be changed in various ways w thout departing
ot be const r uEESs 981 o Pt ol Pt bt Ve i or 1 RemERBRte ot o anc
exanpl essub¥ghee; t hat the same portions or portions having a simlar function
are denoted by the sane reference nunerals in this specification and the
li ke,d 30and exBlG&hat@dntor BYr s graphsnicacghe ghowingotrestepa9bst spmppaguctor
[ Enbodi ”ﬁ{btstrat]e' WO 2011/ 024619PCT/ JP2010/ 063142 9 In this
enbodi nent, a hrethod for reprocessing a sem conductor substrate will be
descri bed w t hFIGS.e2Rhcte 2DC Fr&Sgraghd tachl Ehowi@26 | stepSefi £ saditohdictor
substrat §u>bstrate;
FIGS. 22A to 22C are graphs each showing a step of a semiconductor
10  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 25B are optical micrographs of a semiconductor substrate;
15 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
substrate; and
FIGS. 28A and 28B are optical micrographs of a semiconductor substrate.
20
BEST MODE FOR CARRYING OUT THE INVENTION
[0024]
Embodiments and examples will be described below with reference to the
drawings. Note that the invention can be implemented in many different modes, and it
25 is clear to those skilled in the art that the modes and details can be changed in various
ways without departing from the spirit and scope of the invention. Therefore, the
invention should not be construed as being limited to the description of the
embodiments and examples. Note that the same portions or portions having a similar
function are denoted by the same reference numerals in this specification and the like,
30  and explanation thereof is omitted in some cases.
[0025]
[Embodiment 1]



5FIG 1A illustrates an exanple of a structure of a sem conductor substrate
121 before reprocessing treatnent (a sem conductor substrate fromwhich a
sem conduwwoanilley@p i s separated). A projection 126 exi ®CI/IP16/0¢32¢42 pher al
portion of the semiconductor substraté® 121. The projection 126 includes an
insul ating |layer 123, an unseparated sem conductor region 125, and a

sem conduct or region 127 to which ions 10 are added. Note that both the
unsepar at ed sem conductor region 125 and the sem conductor region 127 to
whi ch ions are i . : avoi ds,

or the Iike, db‘ggﬁﬁgﬁgﬁﬁgmgﬁ%‘&gﬁ Oror?i; '%Og%gmg?dq %/ehng&%{fc{?g{(}rgﬁtg&%eﬁmlgct uring
process bt dedtribed withihsfereateto AIGS. dAavdD.t he unsepar at ed sem conduct or
region 125 and the sem conductor region 127 to which ions are added can be
15 col |l e&qu@ély referred to as a damaged sem conductor region. The danaged
sem condygtQt.oh8diidnubsffEs to a region part of which includes disorder of
alignnment of atons in a crystal (a crystal structure), a crystal defect, a
distofti on of &IGrisillktrates an example of hetructue, ofwhsarhicomductusebstiage H2idi t i on

of ions or_the like, while a singl.e crystal sem conductor region is a

regi on i RERRAG BRI [AAtEeRY G’s?‘%lc Q_X'QF F‘g‘?fi‘agi o v_glblﬁ 2ar Ongbaf”égpl ar
manner. dyeAddi tigatated). NOA- PRSJBARM 9261 6ABCUGE Of Pefiphedl IRir€6 ¢fO tRe Singl e
crystal sém conductor ‘region in which atons in a crystal_ are aligned in a
spat i al | yemicongustbrrabsteate 320 whiecprojegtion h26 inghisles an insulatiag layesildgl an cryst al
sem conduct or ion t ich.10 ng .the.li n ed,. [ 0027] 25The
above pr BFSee@? rl%%%%%“ﬁ%%ﬁ&?@ 2%5_’%51&39 ﬁ‘é%ddllgg?tgf Fc%ﬁ l?égo %.‘“%.‘?“Sr egi on

of the send aadeluct Nbtes thast 5ah ethe Thssepstardr sdnhicofductoe giegion 928 aarkie thdy
surface treatnent (CMP treatnent) of the sem conductor, substrate. Since the
t hi cknes§emMisoRHCtEgGEionol 37 &y whidyioss a5¢ aflfied aendapgedcansy inslndstpaiye i s

smal | er 5@@&: (dafcts %ﬂxsfsmﬁeﬂhké,e&ie% Qﬁihggreﬁmn@%%ﬁg OF tRUBREHALL,

bonding i's not perforned in the edge ro f region in 30manufacturing an
SO substraatfactufing procesudf an $OEsybstatect Therefb26 thesuhseparated seimécoadgaor ol | of f

region of the m cpnductor sybstrate 1 0028], .\D

2011/ 024%152&%‘6’(1)0%06%‘1‘&’2’“?‘&0‘ region g1 L\" oA dO%e A% Gttt €8 $oegi on
129 19 WRHIEtiVAYS rétRedddethseXi Hamabtd asehf€imalctof FgfonS eMThRNdamhSId
substrate 121, other than the projection 126, (especially in a region

sur r oundeemiggndustorapgior refergdo agregionphrt of gihaeh) inclides diserdeneldalignment efgi on 129
is formed, i n.such nner . t.ha region to whi.ch i.ons.are d,. which is
Formed | AP RO Lerrehy P e SR ok BeoR bR PL F BB AL 8T e
sem condug! ke SWashr &t eaubdd b3f héditibh @fsiens aendluCliky, Whiyeh sisglsegastal ed.

[ 0029] ) Here, the sem conductor region 129 is thin enough _as

conpar ed SeTBICOREICKE TPRIBR dud tegion ydiD teme Itk a ¢ s dtrc tligned dpiagwatialy and t he

sem sonCHELA hEML" 1§ Jhdition, B nfon.eaéﬂ{?gwgé,hfean&%ﬁn e oh Hefers 1€ single
sem conduct or region I's danmage
crystal semiconductor region in which atoms in a crystal are aligned in a spatially
aligned manner and which has the same quality as a single crystal semiconductor region
to which ions and the like are not added.
[0027]
25 The above projection 126 includes a so-called edge roll off (E. R. O.) region of
the semiconductor substrate. The edge roll off region is caused by surface treatment
(CMP treatment) of the semiconductor substrate. Since the thickness in the edge roll
off region of the semiconductor substrate is smaller than that in a central region of the
semiconductor substrate, bonding is not performed in the edge roll off region in
30 manufacturing an SOI substrate. As a result, the projection 126 is left in the edge roll

off region of the semiconductor substrate 121.

[0028]



adding treatnent of ions or the |like and includes many crystal defects or
the like. Therefore, the sem conductor region 129 as well as the

sem conduwwOaniweegilon 125 and the sem conductor regi on 12¢ToRm1vesnef erred
to as a damaged seni conductor region. 10030] 15<Projection of seni conductor
Substrat e> FIG1B illustrates a schematic view in which the
projection 126 is enlarged. The projection 126 includes a region
corresponding to the edge roll off region and a region corresponding to a
chanfer portiomotd that NismiedRRRITREion 1 IPto8HEh dMslariddel €9isR"n 5?@@{)1? to a
set of points at which an angle O between a tangent plane of a sufface 20
of the probthecsemigpnipgonsibstiate d2brasherdhantht araedtiond 28, (@spdciadly in bleegon as t he

ref erenc | ane ral el .to a fro surfac r a bac urface of
the som SSTAEE by EPAE PR Lol bg, Bary o Shy SHiBrfudi, B (39 85 {1 ng s
regi on offodpari@xudih @hannbr thanirdgi®imot WRick ichsQire h@d2 ¥ hidhbis 6dted iaShd he
chanfer portion, the edge roll off region can be defined as a regi on which

i s inSi denanyEackiimgrrIpcess of thenSQhsubsiratghisclsitiyibe prmicandustor substratardl
Speci fi Cﬁktk{tﬁeg%’csﬁm&%ye?i{)s%ﬁin%&d?f approximately 0.2 mmto 0.9 mmfrom

the end o e substrate can be'rererred to as the edge roll off region.

[ 0032] 30009 that the chanfer portion does not affect the bondi ng between
a base substra:'ile an@ a band substrat e; %(gereg,ore, the planarity of the
chanf er porti ohCHoele ntMICRREUSHT 1TE8OR 614 ds/hibo 61NN 8% £9mPparedniq dhe j n

r epr oces séfohd R rMRBIone f(tHeh@nitRRILERE SegilR 125 eanghtkﬁg S ﬁégl(ﬁde nity of

the edge roll off region has an influence on the bondi ng betwee base

subsi#Pat d2Zhin theepisisstion U6t r HugherTHer sdmicendudtpangiongl Pnist drenagedrtsy i ty of

th d || .of ' d . duct trat t b
s 1 A0k Raldrf g BoaBCRE HR"ERAR SORLTATY o8t FodBe ror

this readhercfdrt, the s¥RIcONINGRG fe@idh 120 dsanElY s tHRS&eMiQIngGtbPRegidb13Nadd1e edge
roll off region so that the planarity thereof is inproved in the

r epr oces diegmisandutantegion k2 «an barefemelioras e damaged saneicondygBBTes®epr ocessi ng
treat rrem[@Bbﬁ)Repr ocessing treatnent of the sem conductor substrate includes
at least two etching treatnents, etching treatnent (hereinafter referred to
as fi¥ st <€tgdtiog of semicordiicjorfsobstraga¥ovi ng the insul ating | ayer 123 and
etching treat hereinafter referred to as second etching treatnent) for
removi ng t he ggﬂ%gé%%’éﬁ?‘&%ﬁcfﬁ@’t”&’r“r\?ﬂdﬁ.Wl“l‘ﬁ]éélé@ BiCECHRR d 20 peenlpgedet aj |

bel OW.  The projection 126 includes a region corresponding to the edge roll off region and a
region corresponding to a chamfer portion. In this embodiment, the edge roll off
region refers to a set of points at which an angle 8 between a tangent plane of a surface

20  of the projection 126 and a reference surface is 0.5° or less. Here, as the reference
surface, a plane parallel to a front surface or a back surface of the semiconductor
substrate 1s employed.

[0031]
Alternatively, by setting a region of approximately 0.2 mm from the end of the

25  substrate as the chamfer portion, the edge roll off region can be defined as a region
which is inside the chamfer portion and in which bonding is not performed.
Specifically, for example, a region of approximately 0.2 mm to 0.9 mm from the end of
the substrate can be referred to as the edge roll off region.

[0032]
30 Note that the chamfer portion does not affect the bonding between a base

substrate and a bond substrate; therefore, the planarity of the chamfer portion does not



15[ 0034] <First etching treatnent> First, the first etching
treatment is described with reference to FIG 1C. As described above, the
first etcowDnglveabment is etching treatnment for renovi RGTURA1V/NGSIIAL | NG

| ayer 123 fromthe sem conductor subsftate 121. Here, the insulating |ayer
20 123 can be renoved by wet etching treatnent using a solution containing
hydrofl uoric acid as an etchant. As the solution containing hydrofluoric
acid, a mxed solution containing hydrofluoric acid, ammonium fluoride, and
a Sur f achaier fre ProceRiBARGmOATE thdsibspRO. Oh HUGRE Hakd SheVIdhifeiThia
Cor poration) or e-1s preferably used. This wet etching treatnent is
prefer ablegigqomrllfm‘f meggliorf bas dn2idflsewe madghe boxidmg) beteceom the, baso sutfateaand| the

appr oxi 600 secon 035 t. etching treatnent can be
ngf or e ‘5%%‘3?&'?& rﬁg’ﬁ 3 re[ %ﬁe“{llﬁg Qélemecfg &mfﬂé"uf) e® {12‘?{3‘93 %oaked
in a sol wirekkséda s%nhé&ﬁme@msussaﬁi@ cadnl Y adddt i :anaﬁ@ﬂﬁl:tﬁﬂﬁglﬁ%dégs éfJE&?t rates

121 can be processed at one time. Accordingly, efficiency of 30
r epr o&es SiHgsubpleate nerromsacasee | lfertbiss edsorsuit tlhe'lery yhmféant He rpm@ut ahqt ng

| ayer 123 i.s [ enp ed b t at does n ed to be
renmoved 8§lojffcﬁlém § (;gﬁerﬁ ﬁ%?n& khagf P ret0 r’rslalmcpa(rlnwﬁit %rtened
Furthermlﬁocesglﬁg&emhﬁmmhagelﬂk&%ﬁﬂ(ﬁeﬁﬁyt;h&ww/ 063142 12 sem conductor is
hardly etched by the first etching treatnent, the anount of the

seni condl®¥3B] substrate 121 renoved by the etching can be reduced and the
nunber of, ssing can be increased. [0036] 5By the first

et chi ng tR%g{S%nésﬁ?I tF(ﬁg{l?ﬁgul ating layer 123 needs to be renoved, and dry

et chilhg treat nﬁnpronmnﬂgetrmﬂlpblnIy@fdtheAdehmomihctoeIsybstnaet inetudbs agldastestorent and

dry etchi ng. t r eat ment maé e used {;lg t| 0 the dry etching

t r eat menfIHREFERAHPEUP. §F 'B%"Faéﬁ'é{‘ﬁ qt eét’ o 4 %5‘ ﬁ‘ﬁPW&dreaﬁﬁe“t)

i nduct i vedryrefifoviietile %ﬁmgm)@?)lzgtaﬁhlemlﬁgtremcnp{h&mfdet k&edd 1 Pgs used.
10[ 0037] <Second etchi ng treatnment> Next he second etching

t r eat mensedosd dtshing tratment) forrereying the damagedssemivondustartiegionc obesetaghi ng
treat ment, Cngedglangpg éem conductor regions, that is, the unseparated
sem condu or-region ﬂ and the sem conductor region 127 to which ions 15
are asldegpo3whpi ch are included in the projection 126, and the sem conductor
region 129 to which ions are added, are selectively renoved. Mre

speci fi céﬁr?ﬂ%‘@g@%Wﬁﬁ‘@ treatnment is perforned using, as an etchant, a
m xed sol ution ndyct or
material, a sug}é&%}éﬁ%eh{gﬁ%mg%ssoWes ? %&5%lek?g§}egéelﬁ1§%oﬁdﬁﬁinﬁom erial,
and a subedcsibet abbed, therfisokghingetrepment &f ewkingatreaament faOrenftwving the

sem conduct or teri and .t he sp d of di ssol t| on of the oxidized
semi condifSEBHNgLRYEF il 21‘ fropythe sgmigon b‘zt?rr%g’t*%ﬁt 1215 Hews gheaigpylating kyshed for

appr 9 ML kyn {r88meh nut es
5P 2] TR s R UL Emchl g 3 on ORERELTR S

pr ef er abhgid sist amattchppr oA rthe @blytlmm contagi@®) h@xirofloprieagidplaemidd lution

containing hydrofluoric acid, ammonium fluoride, and a surfactant (e.g., product name:

LAL 500, produced by Stella Chemifa Corporation) or the like is preferably used.

This wet etching treatment is preferably performed for 120 seconds to 1200 seconds, for
25  example, approximately 600 seconds.

[0035]

Since wet etching treatment can be performed in such a manner that the
semiconductor substrate 121 is soaked in a solution in a treatment tank, a plurality of
semiconductor substrates 121 can be processed at one time. Accordingly, efficiency of

30 the reprocessing treatment can be increased. Further, since the insulating layer 123 is
removed by the first etching treatment and does not need to be removed by the second

etching treatment, the etching time can be shortened. Furthermore, since the



25[ 0038] In the above treatnent, nitric acid is preferably used for
a chem cal solution including the substance that oxidizes the sem conductor
mat er i al .wbpdriaiR2ka1ori c acid is preferably used for a chegcirgato1eoé3nta on

i ncludi ng the substance that dissolved$2the oxidized seni conductor material .
Acetic acid is preferably used for a chem cal 30solution including the
subst ance that controls the speed of oxidation of the sem conduct or
material and the speed of dissolution of the oxidized sem conductor WO
2011/ 024 040 r ARSI hant is
prefer ab?%llgggﬂ- éuécg&f l']osl f'%wgl %t?cf]}é&v H%ehgéft gmv\%ﬁght W?drtu %&Pgﬁggflﬂgf gfu?m

t han 0. O%ermhicorductrdubgisse ﬂhhrenmvedtblyrme atshingrcge baseduoed awf the Aurbeebfjht %
acetic acid and is nmore than 0.1 tlrres and less than 100 tines as |arge as
t hat of S‘H‘%be’r?f%eﬂ%}%ﬁ% oPFEa%di d, and the vol une of 50 wei ght %
hydroflumog,%gamd 5 is nore than 0.01 tines and less than 0.5 tines as

| arge as that of 97.7 weight% acetic acid. For exanple, it is preferable

t hat $he voI unByrthe |fmstcﬁtclhygiﬁr@atlmmt,lthe ansititingilayer d 23 giedds tinbe semeavied, aci d be

1:3:10, 10, 1.5:3:10, e |like. e that, the val.u rati 1:3:10 is
oo eos o UM pe R tedtia ay s GrirI6er. DRI xaRGy VE ofONiBE Tt fen o ;

nol ecul edry dlaRING ticatriéntRAdy bE wba inl dthBiAdtical @or thed§OdTEIaRE tic@icat, 4 he

ot her nol ecul es. 10[ 0039] In the above expressions using a ratio,

the chenpaallelsplpigteasiyeden eiebingo(RIE) methady an dagustiviely couplad pismadfiCR) r or of
10 % FOEtcﬁfﬁ%’?Pétgod oDt ehﬁ(e%ﬂ'i)‘é‘%%éf?.” that the volune ratio of h_ydr of! uoric

acid, nitric~-aci acetic acrd is 1:3:10, x:y:z (hydrofluoric acid (x),
nltril(a a{:00$7]y) and acetic acid (z)) my be in arange of x = 0.9 to 15

1.1, g .3, and z 9to 11. Simlarly, in the expression that the
vol urre (& F‘E?“Sfet ‘6‘?31“86’?% acid, nitric acid, and acetic acid is 1:2:10,

x:y:z (hydrof | Nekd, %e%b&mc(é&lhm@'tr%ﬁthfén@ﬁ'dis&riﬂed ﬁﬂﬂre@é‘r@ﬁde%qﬁﬁdllﬁz)in may be
inarange of x = 0.9to 1.1, y = 2.2, and z = 9 to 11 40]

20Cr yst athedeéeantls etctxmgdsreatmcdt t the Idallnegfdh@emmoadmton aegiofis, i thras 1sz,xnlmt in the

d d h h
Accor i ngry PR RB e RHETROR G R db TR BN (EoR £ Rhy TP diont

progigsses dddkd,omhih hreoMtaded! i e Préjétionl 126, hidhetsamidondieler repcido cal 'y,
t he etching tends to progress in such a manner that a deep hole is forned

in a dir&mhgh }!fé\sp@’ﬁoﬁdée‘liaa?ret squcnéelwraﬁ@vs@rflé{@é‘: speciirallyhwet gishingat e and
then the h i g e nduct or
regi on, terp %‘h‘l%ﬂ{g%% ﬁ))ég'gf? ({j USJ g%ésaglres a% %n{}ﬁ“}esoﬁl%ﬁ?n&glrcgt {eHCf%ag %n a

| ess- darraggthnserthﬂoafhdtzteora rsegmmﬂdwtort hextem:uh, dasmgadcs emtcdi@@tu@ésother egi on.

Here, "etchi ng rate" means the etchln amount (anpunt et ched) per uni t
time. Tha¥idjzed semicopdyctopipaterials 24 b P'é{‘@ that cmngﬁls th%m':éé@ﬁ%l atiqn ofyy whi ch

i's 550 i Mleesreglgﬂ%i?émpmat%nal i &Q‘gﬁg«ﬁﬁotﬁal% g)nrcﬁttﬁe b§1dtz@§’sel§1%fl &t S a

fI|mWhIChI lcult to be et I n addition, tootalne I ng
sel ect i vimatetiahedfiss tiching tratmentamprafcrablyl geyformed ﬁmlda@rd»amrel)BlanmuteV\D
2011/ 024%31%3CT/ JPZOt_’LO/ 063142 -

0 minutes, for example, approximately 2 minutes to 4 minutes. In addition, the
temperature of the mixed solution is preferably set at approximately 10 °C to 30 °C, for
example, 25 °C.

25 [0038]

In the above treatment, nitric acid is preferably used for a chemical solution
including the substance that oxidizes the semiconductor material. Hydrofluoric acid is
preferably used for a chemical solution including the substance that dissolves the
oxidized semiconductor material. Acetic acid is preferably used for a chemical

30 solution including the substance that controls the speed of oxidation of the

semiconductor material and the speed of dissolution of the oxidized semiconductor



14 etched under the condition where there is a sufficient difference
between the etching rate of the layer A and the etching rate of the |ayer
B. | n adawoi2ony/o2tdie | ess- damaged sen conductor regi on r @CeB20l1e06&8142

semi conductor region in which the degt®e of damage is relatively |low as
conpared to that of the unseparated sem conductor region 125, the

5sem conductor region 127 to which ions are added, the sem conductor region
129 to which ions are added, or the like. [0041] More specifically,

the et ching [.gt er &n‘éfo RRASKE SOt REE DTy § 9l Rlidws: M € as
hi gh as that of t%tecn n-sgamaged sgﬁnco:}guct oryreg%% (or }éﬂr@ﬁjlngéom

| ess- damagéght%eniiricoauddl 6 morer ehgn O] tilbsiand &ss thaa @eaitheigs frgecad that by of the
damaged semi conductor region to the non-damaged sem conductor region (or

t he | ess9ddriujehf% acetic saidiandds mosgythap0-§ Emes ard lesythan 100 tiossjas large bs s

ot chant , WBRBE 0 Sttt PR st Bk o SUS G R B 4 o5« ne
sem conduchgfe (kR4 B/018kmed 1R 184ORAR0SCihERs Q}%%S:Q th@Sofldrer %igﬂi%giget(i)%

sem conductor material, and the substance that controls the spe

oxi dat i oacidf Forexmnple,oihdu ptederaiatthati the vahond ktiospiekytlrofluaticsand,utitdn of t he
oxi di zed_sem conduct or. terdal,. e g e m conduct or regi on can be
sel ecti v&f! ’ﬁ“é‘r‘?&%‘é‘a@‘ﬁ&éggédf‘i@r%z}‘m eggﬁg‘%ﬁge gge'o?ﬁ?tﬁéﬁaéél?ﬁ Y‘fﬁﬁ’aﬁé‘ftﬁ)r _
renoved i {(NR HPREREEES HFHNOGTHRUORANOPE 2 £98cety 5309 hbfr PURPSF i nes
of reprocessing and use can be increased. Further, by the wet etching

t r eat nenmolegulgsur Ahére ys wf patailaimiaiosronsthb somposigon Gfithe athebmoprrokessed at

one L%ma O%Eﬁrefore, ef ficiency of the reprocessing treatnent can be
i ncr seH). rthernore, since the second etching treatnent can be perforned

in a short ting tRf idovk &Rpiessibnd Bsing A RGO BRS Slichticdl RAIHAR tor GAE h§lar
i ncreased also for this reason. [0043] Note that the thickness of

t he damagenberegadohaiect margiegf omol of + @ %Pr ofeceiampld. 28 the bxpressivinctbaduct or

region 125 and the .semd condyctor r.egion 127) is largely different fromthat
of “the dagdimeciBonabePop SR bR iR o, . 2 BLEaslt (% i o

sen condugiagsfidosidiaeid (k% Mitric TBRAN(9S, Ah& acdiiR@cRl ‘EW gy BEIELTahYd bbx 0fo.6 e
projection 126 (the peripheral portion) to the other region (t he_ central
port }50 n) lilsy ﬁo’ij tm3.8071mm9ltmgl.t heinsladgnd thd ?tprcnglmrthzttthmvnlgmg Vo of

2011/ 024619PCT/ JP2010/ 063142 15 [0044] .Specifics are scrihed |

bel ow. | p tl(gll(.‘yag%t Bitrg ﬁ%‘ﬁs é’(’:q)l[aﬂetg‘t %qﬂ(? iy 1:2:10, x:y:z (hySIO?lUOI'IC acid (x),

nitric acid (y), and acetic acid (z)) may be in a range of x =0.9to 1.1, y = 1.8 t0 2.2, and
z=9to 11.
[0040]

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

25  the substrate and then the hole is expanded. In other words, in the damaged
semiconductor region, etching treatment progresses at a higher etching rate than in a
less-damaged semiconductor region or the non-damaged semiconductor region. Here,
"etching rate" means the etching amount (amount etched) per unit time. That is, "a
film whose etching rate is high" represents a film which is easily etched, and "a film

30  whose etching rate is low" represents a film which is difficult to be etched. In addition,

"to obtain etching selectivity" means that, for example, a layer A and a layer B are



treatnment is started, the danmaged sem conductor region is first etched both
in the projection 126 and in the other region; thus, the etching

sel ectiviwg 2os/@p@poxi mately 1. 5 After the danaged serCTORzueDES14Y egi on
in the region other than the projectidh 126 (the seniconductor region 129)
is etched to be renoved, the | ess-danaged sem conductor region or the

non- danaged sem conductor region is exposed in the region other than the
projection 126; thus, the damaged sem conductor region in the projection

126 is prehed @Ridathk Yoh&NBY Sther@fird f€a QL GIRIMD dflr&fk| DEh ¥enPBE WBing OF

[
hi gher. After the 10 danmaged sem conductor region in the projection’ 126
(the senrgondtint Byer Agindrihd 2shmgdatehsf theddyeoBdudt additieg,i tha 1dsR-Hamiagedt ched
to be renoved, .the | ess-damged sem conduct.or .region or. the n- damaged
e condBUPEPMSHTIREPE kIS 8aeRIBIHREIOR i Ll degsts of GHiae e
et chi ng s@h®ely Yo Yas 'cBlipartd tbOthaPer fti WRESIrted sehRBAdIctdoleBidnhl 5, TRANET ,
since the etching selectivity varies during the second etching treatnent,

t he e?chiseigiconduchy repionskddto whishriendateaadded, e semicondwaer eogimpl29 thy
stoppi ng_the etching.trealment at the stage where the etching selectivity
IS reducc‘a’%"‘?‘olgpso%rag%cgﬁrQ‘,ren%kﬁ'e damaged sem conductor region can be renoved
whi | e t h¢o@mpunt of the sem conductor renoved by the second etching
treatnment is reduced. In this case, 20 the reprocessing treatnent can be
surely perfor mi¥prasaccficaliys the etshing uatsepf Bre danpaggd semicopdpetes segiep dan be

secur ed. t : [ liect i Vi . [ ence
val ue) oﬁ)\?{gl& ﬁ%rd ;}f t@%ﬁ‘ﬁ?ﬁ icdﬁgmtg %g?érﬁ}%uﬂr?%éé&%%ag?%é E@é n%{ﬁéltgf rﬁ@lﬁjl({)\lf Zﬁe
pr edéd er kassrdambgatesefrécanduct®0 repgargnd Tharr is,L thei etchind sadectavityadfube damaged

differential value) obtained by co ring the amounts of reduced thjckness
M an | nsaipnduskiy reien To M no afRAgeR el R g (R dne T Comated or
substrat Qeﬂi%énd&tdr%)gi&g%é%@hig%@ﬂ a reprocessed sem conductor substrate 132
is completed. [0047] <Ot her treatmnment> 30Al t hough nost part of the

seni condl¥¥8l region 129 to which ions are added is renoved by the above

second et chi ngy t f,eat nen art thereof . is left in.so cases. In such a
case, other sur Eahég I?arngg'{’rrvghn" he Yoty t(g}r"élgltfaﬁ%lﬁto'lﬁn%eg&)m 5% 2 etond

et chifg eddfint01thé 02406 RoTutibn2 GLIER 6 htihided Other Qabgi@mict Sttt t BRIdideH e the
sem conductor region 129 to which ions are added is conpl etely renoved. As
t he surf &eicopdugtorematerigh| thehpuhstanee dhate disselyes fthe @xidizad\pemicondyaton i s

given. [ Qx%gf’i]al, and the substance that controls the speed of oxidation of the semiconductor

material and the speed of dissolution of the oxidized semiconductor material, the
damaged semiconductor region can be selectively removed. Accordingly, the amount
20  of the semiconductor removed in the reprocessing treatment can be reduced, and the
number times of reprocessing and use can be increased. Further, by the wet etching
treatment, a plurality of semiconductor substrates 121 can be processed at one time;
therefore, efficiency of the reprocessing treatment can be increased. Furthermore,
since the second etching treatment can be performed in a short time, efficiency of the
25  reprocessing treatment can be increased also for this reason.
[0043]
Note that the thickness of the damaged semiconductor region in the projection
126 (the semiconductor region 125 and the semiconductor region 127) is largely
different from that of the damaged semiconductor region in the other region (the
30  semiconductor region 129). Therefore, the etching selectivity of the projection 126
(the peripheral portion) to the other region (the central portion) is not uniform during

the second etching treatment.



S5Al ternatively, surface treatnent such as |aser beamirradiation treatnent
may be perfornmed after the second etching treatnent. Further alternatively,
| aser beawoi2nrizidie@®i on treat ment and polishing treat nenPCray2beogesX or ned
in conbination. In addition, the polishing treatnent or the |aser beam
irradiation treatnent may be perfornmed a plurality of tines. The ()icier of
the treatnment steps can be determ ned as l1lOappropriate w thout
limtation.Irradiation treatment with la* |ight nmay be perfornmed instead of
t he irraﬁ@)@g on with a | aser beam [0049] As described in this
enbodi ment, the insulating layer is renoved by the first etching treatnent,
and then t he s8penificetardi deyctibelatheiw. | dmpediaeipedfteasiting tehendri eteldng 5
solution which i.ncludes the substance that oxidizes.the sem cgonductor

at o | ol RIS D Staiile tieh i s STY BRI SR S arSh DGR AGAL of et er i al
and the %kﬂ}@ét%ﬂcﬂ@ﬂﬂtmquh@}?e idie taRead adhidxidadival i9hpprbginsRaT| qonduct or
mat eri al and the speed of di ssol ution of the oxidi zed sen conduct or

mat er § al Aftgn élreebwaghé smwag@@tcyeﬁxlem ndt!n@tr@glorv eevthantthecprojestioprel26 (the t he

peri pher I en of . t n ubst can be sel ively
renoved. %ﬂng:glrl nglmglotn he &jr E) rem rrgvgl fcﬁs 8%%%%6811}00@2?‘\“

reduced, ré&diéh bhﬁe Iﬁumalamagéd §drﬂ16(ﬁld@ttol" ﬁ@i@ﬁe&spmd ai theuSgioR btHeP €han the

sem conductor substrate can be increased. 0050] . The structure

descri be@TQifFtioni 52Gsnihus thendamagedpemicendurtor F5&108pin Hice PIBRINBI B2 iidn Wi t h
Lhe St UG EndfifCIenRREy! e Qtfchfngesefgcng BEOAFLSTE Vropighfd0> Nl FiPOd! ment

2] i ment, anot exa r eprocessi ng
trealbe ntlarhagedasesnmndoctdumgmn inulxsprogicgomil 26 (the saheisonduotnl region 1224t ence to

FIGS. 2A _to 2C. 3Q[0052] <Fir etchl trea ment > Firs he first etching
tr eat mentnG SCPUTR L‘r‘\t%l l?ﬁ elsztsQ\ gt &7 Stibiimard ‘%\b oS- -damaged
2011/ 0246&918@?[&&&% dgb%é’»wndn?dé@élgeﬁ %@ﬂlc%h@ict&%gmﬁh@ cRRALE aRBNRGIENL MRy

be referred to f tails thereof. By this treatnent, the insulating |ayer
on a sur pegection 1t2ﬁeth9% theoipking sdectivifySetnetsdo approkimatedjdv ed.

[0045]

15 In this manner, since the etching selectivity varies during the second etching
treatment, the etching can be finished in consideration of this. For example, by
stopping the etching treatment at the stage where the etching selectivity is reduced to
lower than 2, the damaged semiconductor region can be removed while the amount of
the semiconductor removed by the second etching treatment is reduced. In this case,

20  the reprocessing treatment can be surely performed and a sufficient number of times of
reprocessing can be secured. Note that the etching selectivity may be a value (a
difference value) obtained by comparing the amounts of reduced thickness in a
predetermined time (e.g., 30 seconds or 1 minute) or a value (a differential value)
obtained by comparing the amounts of reduced thickness in an instant.

25  [0046]

In the above manner, the semiconductor substrate 121 is reprocessed, and a
reprocessed semiconductor substrate 132 is completed.
[0047]
<Other treatment>

30 Although most part of the semiconductor region 129 to which ions are added is
removed by the above second etching treatment, part thereof is left in some cases. In

such a case, other surface treatment is preferably performed after the second etching



[ 0053] 5<Second etching treatnent> Next, the second etching
treatnent is performed on the sem conductor substrate 121 (see FIG 2B).
The abovewerthodize@nt can al so be referred to for detail gCoiiP2theiseennd
etching treatment. By this treatnent, 1@ seniconductor substrate 130 from
whi ch the sem conductor region 125, the sem conductor region 127, and the
10 sem conductor region 129 are renoved is fornmed. [0054] <Pl anari zation

t reat ment > In this enbodi ment, planarization treatnent is perforned

on the sgEkGERACYS HRE u&u&%&(ﬁmc&a?@e@,{ €59 i@ hRAGBAa R ALNEN S &&ﬁ@%m(}m’ SO
d re

that the reprocessed sem conductor 715 substrate 132 i s manuf act (see
FI G 2C) rendthied. t Asdharmurface Srepamdntr préidhing ceasecnt lngpifiehby €iMBdtecamentilist r at e
130 cannot be used in a manufacturing process of an SO substrate when a
surface 8Y°Fhe seni conductor substrate 130 after the second etching

treat menjoodgps not have enough planarity as illustrated in FIG 2B. Note
that in this enbodinent, a case where the sem conductor region 129 is

conpl®tely remdltematively,rurface treatmedt sucbhisnlgsar rhsamnigratiation desgtomdn axiay
however, ,.in [ ere th m conduct or region,129.cannot he
b lpe}’tjcﬂ')gne(f1 %ﬁerby et %ecgnf e?c%glgefre%mento Fr gﬁﬁ%ﬁ‘[t?m?tfve?)é r]a%eéﬁ)eeﬁg]bl e that

sufficientl'y renove € secon ching tr

t he remairfidiyios etdata e Laidopol ishiigOtical@Ontbmay deppeefdried ed Rembatiphangy i zat i on
treatment described bel ow. [0055] 25Polishing treatnment or |aser beam
i rradi at féHtem et nolshingn tisaimsat 105, the dlages beadn drradiation, Afcatpent rmay rient . The

pol i shin a i l.atl r eat
Per  or mof S orah P Ubef (ics 2ofle RRGAGE ReMBEROHoN SRR ANER |,
addi 10 onapprbmiate deithaft finstatiorat Memdiasoe pseatmentbevithetlampi hight asayaper opri at e

without [imtation. Irradiatjan treatment with lanp |ight may be perforned
i nstead B rﬁ}rﬂ‘«?déﬁterapé’éithﬁﬁ’r&ﬂ‘af‘P‘égf'ﬁ‘édfse\hi’Fﬂn'a | aser beam In this

enbodi me@oagpn exanple in which polishing treatment is performed as the

pl anari zation treatnent is described. [0056 WO

2011/ 024619PCTAS Hew1ibed &8 M emBodiment, the jusulatipgllayshimgmmyeddy e firkte

i condycet. 30, L i f erabl | cheni cal
rechant cart Bb RS b skl FeFf \BruRel B HBLBY BaFEIE Feg et noo

by w chsclutson fvaech Ricluas ol eWlistanse PhaanXidiz&dtheysei€ondtdamAeriQf tiehem cal
and nechani cal actions. For exanple, CVMP is perfornmed in the following 5
manner : $b8@NFes Hiah Gissplyes thesoxidized isemicopductosompisHaly gnd tthey subsiange tthe st age
and the j CRer, . i i Ay ( sive) is
suppl i ed&ﬁigt?’v?\steé%r tg %%ﬁogjf é)%%(ﬁgﬁg ﬁlteh\épg{rﬁicﬁl nu\gMyé I %? %hw&%ﬁg e%lgeﬂ)'%@,dft he

sur f ace difsalit@nobgfecthei dxjidizéds hehibyndubten cedterigbacwheanbpetiveedarhdgeds! urry

dth N ft bj ect. b cli f. hani cal | i shi f
? Re Objee%lfjnrlg\s?lfdﬁctgﬁéeggp Io\ghgﬁg\s 3?fgtlﬂ?lthgnpe?l% tlargp pgﬂlogegf ?hrzel ggmicgl?dulc?orl ng o

20  substrate can be selectively removed. Accordingly, the amount of the removed
semiconductor can be reduced, and the number of times of reprocessing and use of the
semiconductor substrate can be increased.

[0050]
The structure described in this embodiment can be used in appropriate

25  combination with the structure described in any of the other embodiments.

[0051]
[Embodiment 2]

In this embodiment, another example of a method of reprocessing treatment for
a semiconductor substrate will be described with reference to FIGS. 2A to 2C.

30 [0052]
<First etching treatment>

First, the first etching treatment is performed on the semiconductor substrate



10[ 0057] The polishing treatnment using a CVMP nethod may be
performed one tine or a plurality of times. Wen the polishing treatnent is
performedwa 2plumadibty of tines, for exanple, it is prefecabPmiohestsXirst
polishing with a high polishing rate Bé performed and then finishing
polishing with a | ow polishing rate be performed. At the first polishing,
15 a polyurethane polishing cloth is preferably used, and the grain
dianeter of the slurry is preferably 120 nmto 180 nm for exanple,

appr oxi mabel t cloth
is preferabl %/éet]fggdmangthtehdg&éé E@R%P{gﬁ%@% biiﬂé f?geed ? %lrdgg%ilsgm%)}reé?er abl y 45
nm t o 75 thimtreaipreng xthephsejatagpayoti onad elrjacd@frthe s¢BR58Juck@ substhite 12driser

when t he O|ISth ng treatment using a CVMP nethod is perfornmed on the

seni conddeéPB®Y*%ubstrate 130 in addition to the above reprocessing method,
the reprgggssjed sem conductor substrate 132 can be formed to have a
planarized surface whose average surface roughness is approximtely 0.2 nm
to 0.5 nmSerandiateding tigasmentre pol i shi ng treat rrent is perforned a plurality
of tinmes at di t tes onducto ubs rate 130
can be planari Ez\lfé:g{?l{r%sgggrhd a?"?g treﬁm[e Bb‘gé’f deon t% ﬁerf"r?og ﬁ’sm’t"ﬁe

senm conduet @eer FIg aB).12Bhe htheseniboumeltcdanraldoeld edflerieti/to fbﬁidlefalilg of the

sem conductor, region 129 are_renpved by the first etching treatnent and the

second ettdoPf EtHBS tiFRHREH N o By b E’ﬁ@“@ﬂ‘rfaaé‘émt‘}ﬁpﬁi‘sqwrnglbts%téth@ntﬁousl ng a
VP met qehidi0iie Pt gﬁoa BEPY25N4 éewnﬁemggrsgeggogf%gg&h hbstrate

132 with m)refavora narity can eobtalne
2011A0246@@W¢®R@0&§bﬂ)62§.4@ r¢@oved is formeflhe structure described in this
enbodi ”EE(S Sﬁ?n be used in appropriate conbination with the structure

descri be q any of the other enbodi nents. [0061] [Enbodinent 3] 5In a

nmet hod pr;dﬁgﬁ,@gt,@ﬁ&ﬂéﬁmtﬁn SO substrate of this enbodi nent, an SO
substrate is manufactured by bonding a sem conductor |ayer separated from a
seni conduct or huthisanshasimpnte plaparizatipe trdatmgbbispgtiermer en heseminpbductat e. The

e Ny i SN LA N RN e AT A

subs15 at eubsAnateeddarip handfactured (see FIG. 2C). This treatment is performed because the
semiconductor substrate 130 cannot be used in a manufacturing process of an SOI
substrate when a surface of the semiconductor substrate 130 after the second etching
treatment does not have enough planarity as illustrated in FIG. 2B. Note that in this
embodiment, a case where the semiconductor region 129 is completely removed by the

20  second etching treatment is described; however, in the case where the semiconductor
region 129 cannot be sufficiently removed by the second etching treatment, it is
preferable that the remaining semiconductor region 129 be removed together by
planarization treatment described below.

[0055]

25 Polishing treatment or laser beam irradiation treatment can be performed as the
planarization treatment. The polishing treatment and the laser beam irradiation
treatment may be performed a plurality of times, and may be performed in combination.
In addition, the order of the treatment steps can be determined as appropriate without
limitation. Irradiation treatment with lamp light may be performed instead of the

30  irradiation treatment with a laser beam. In this embodiment, an example in which

polishing treatment is performed as the planarization treatment is described.

[0056]



10 nmethod for manufacturing the SO substrate of this enbodinent will be
described below with reference to FIGS. 3A to 3C, FIGS. 4A to 4C, FIGS. 5A
to 5C, amdoaommudiact uri ng process chart of an SO substPcateb/oeEia 6.
[0062] <Treatnent for sem conductor slbstrate> 15First, a process of
formng an enbrittlenment region 104 in a sem conductor substrate 100 to
prepare for bonding with a base substrate 120 is described. This process
relates to treatnment for the sem conductor substrate 100 and corresponds to

Process A in FhGa &)lisflﬁ%@ﬁlthg@%if itied sertiBShdReiHr %95'5‘?%‘? ﬁ]O, SURSIERISDILRD 1S

prepared (see FIG 3A and the step A-1 in FIG 6). e sem conduct or

subst r at empy, a fehemécah rmecbanigals pelishingc (GMPH | method. c dietac ther CMIbsnethoadk or a

ol ycrystal line sem conduct or substrate of silicon.or .the |ike can pe used.
oo cal i agnEMod deRich o SRS, bR sPiscl 19 iatHizgh byr srndRaiEl ahe

ci rcul ar clsdnhit410shdSthbSHandiaP Sctidiis C Fér €xaple)COREP i IpdBfoidd i thdl RMBhekg 6
inches 25 (150 nm in dianeter inches (200 M) in dianeter, 12 1nches

8
(300 1) mannes; ametishing sloth iseatiasheskio 7 AeEhing stage. andithsttage mdrthhebiect n a
peripher g, egﬁl{ {dt&RBa 81f Vfﬁra%ci Ef?@slﬁ“? %H %tsr%s’lv ! r?;{u%ﬁlléq %t&'g%mh%g){)ge%[ %]Ilé n for

preventing chipping or cracking as’i rated | t he
shape i stheogolishimigtadetht 0 Cohseqaentby ke sustaapef thedbjactsis! potioledsbyp shémical whi ch

is processed into a rectangular shape qr the |like can also be used. The
case BOMFéF‘éO“ab"r‘%fE‘E‘hW@&}“éW @dntéf é‘"&‘?é’? He é}m—qt @Bhb¥ ap aetion of mechauical as t he

sem Condg&ﬁs‘}lggsdﬂ?ﬁé Blgfséi inQPthla?oﬂQﬁﬁé&lB&@' bel ow. [0064] WO
2011/ 024619PCT/ JP2010/ 063142 20 Note that a surface of the

senm tond[i¥6d} substrate 100 is preferably cleaned using a sulfuric

aci d/ hydr ogen roxide m xtur SP a ni um hydy oxi de/ hy.dr ogen
per oxi de m xt uf 3 ?‘iﬁ%j“g téeaﬁ‘fyﬁlﬁd’gmggg F%’@‘@F%Wy&fe‘?\% Ers PH%Y‘H%C dre
(HPM, dhﬂutﬂlﬁ‘y by gimet.| unhes tiRCpdlishipgfieatndentiix peHciRlel tal phiralify S¥sHES lestor i C

acid, 5 hydrogen peroxide water, and pure water (FPM, or 'the like, as
appr opr i &¥ampleut isipseferagle thatefingt pelishinggyittca ighdpodishing 76p be patfermedeandpe

di schar gg@ 3 . . ‘? f seq ctor, .substrate
8 A bk £ bORURALIACE Bl SR
cl earted, a polyureshanatpolighidg) clogty Brpréfezablysustdy anidtho geiin diamete OF Geniuey o
substrate 100 (536 FIG 3B and the step A-2.in FIG 6). The insulating
layer 102a3PIbd 2P gty 1B iy far example aprsanignichy 3] pi oAtdhe fiaske | ayer
L nel udl NBoiRnRlgtlE BlddeoRithih IOl lpRerhblyTRed, Hhd thdlintibditel SUGE stflg can be
formed using an i1nsulating filmwhich contains sifTicon as a conponent, such
as a si | isqoefermklydtd fimltori/5 ans fdriexample, approanfaidiyrp0 amsi | i con oxynitride film
or a sil'(bg nitride oxide film
(0058)
20 In this manner, when the polishing treatment using a CMP method is performed
on the semiconductor substrate 130 in addition to the above reprocessing method, the
reprocessed semiconductor substrate 132 can be formed to have a planarized surface
whose average surface roughness is approximately 0.2 nm to 0.5 nm. Further, when
the polishing treatment is performed a plurality of times at different polishing rates, the
25  semiconductor substrate 130 can be planarized in a short time.
[0059]
In this manner, the semiconductor region 125, the semiconductor region 127,
and the semiconductor region 129 are removed by the first etching treatment and the
second etching treatment and then the surface polishing treatment using a CMP method
30 is performed, whereby the reprocessed semiconductor substrate 132 with more

favorable planarity can be obtained.

[0060]



15In this enbodi nent, the case of using a silicon oxide filmas the
insulating layer 102 is described as an exanple. [0066] Not e t hat
in this swocnfiiwativon or the |ike, a silicon oxynitridePCirlroareasss4za fil m
that contains nore oxygen atoms than APtrogen atons, and contains oxygen,
nitrogen, 20 silicon, and hydrogen at concentrations ranging from 50
atomc%to 70 atomc% 0.5 atomc%to 15 atomc% 25 atomc%to 35 atom c%
and 0.1 atomic%to 10 atomi c% respectively, when they are neasured by

Rut her f or d backsg adifueturé® U@ MY enB&EmeaN CahYSH Q&N i 05%@6& te
scattering spectronetry (HFS). Further, a silicon nitride oxide ﬂmrreans
a fil mtkembueHommii thostaichire desgeihedhinoany afftheotbsryegerodimments, and cont ai ns 25
oxygen, r@(i)dﬁgggen, silicon, and hydrogen at concentrations ranging from5
atom c% to atomc% 20 atomc%to 55 atomc% 25 atomc%to 35 atom c%
and 10 a{pmbedinieat 0 atom c% respectively, when they are nmeasured by RBS
and HFS. Note that percentages of nitrogen, oxygen, silicon, and hydrogen
fall %ithin thé pdngieed frvasnufassweng pe $Q Habstete pf Huspapodimeat, amsS@bnt ai ned

doti nod ST S AiARel by Saednlo 77 Robles B, Wb ePialit, ot 4 °
| n the casmicofiducsornguistraiel iwhich dxi slebdrd Rubsrathaoi msbdsat sutgtrhteyer THD2, t he

insulating Jayer 102 can be formed py a vapor deposition nmethod such as a
REFFAY, substegie JFRm GY}BC'i‘rég% SEMICRRIE oF B PP biffe sepgrateiD

t her mal
met hod, @Qfb; ' (JREN j ] RS, il ygen, a
m xed gas (%fé’aéSqt g)tsrreget ho@yg;ﬁagﬁgmﬁg?%?&gnquf%gen,bgtf(garté't h‘gﬂﬁ"%gs leIocgr:f atghi S

caselOa sethoslc foromanufectimeg ket SO dubsteate 1@ 2hisagmbedicients ivill e dgscobkedyen

eaonrt cnBY Eihiretedant o £165- adult oEr ER6S ey deThloS Bh sk oaniare gas

may be ugRdufstutiig pratesy craitd@ ah 8P subdddte SIAIGaH 10 organosil ane gas, a
silicon-containing conpound such as tetraethoxysilane (TEOCS) (chem cal

formul a: [8162bca15) 4), tetramethyl silane (TMS) (chenical fornula: Si(CH3)4),
tetramet Qﬂe%ﬁénqtf(glsgg&oin%&&esuﬁ)%) , octanet hyl cycl ot etrasil oxane
e ,

(OMCTS), hexanet hyl disilazan triethoxysilane (chem cal fornula:

Si H(082415) 3), Birst} nipsoteseohforatihg @ai dmnittiémbeniegan f0ar muh d3emBohddi&H3) ) ) 3)

can be used, 1%069] Further alternatively, the insulating |ayer

102 can BESHBE i Pregargnfos ogding; Vith g Pasendipstsgte BhéOdis dsserifade  This

sem cond a . . OX | i ing the
prkcels RURS! ldirEathOft: fof NRE ggllglﬁg ! AlbstEE ARG EtfeshOAAT 13

t
oxide filmmay be dry oxidation, e per in an o Ion
at nosphePwctss Avni IdK. 6. hal ogen-contai ning gas is added. As the 20
hal ogen-ﬁ%%% i ning gas, one or plural kinds of gases selected from HCl, HF,
NF3, HBr; , ClF3, BCl3, F7, Br?, and the |like can be used. Note that the

i nsup@t i ng | aypirst 1 demidonti@er Subsaaiéeron Reprepit s RREUGGEOBASHHRSHE dlep 100 in
FI G 3B; however, this enbodinent is not limted to this structure. 'In the

case wheflel tmd&IGn8l| aAs ty seajiegnduo®r isybsteatard00,bipr £x@vplenat single arystde | i ke
over t hese%%%r&ﬂn@%?%h@é’tra?cugrs ! 'bgfy%ryjspa(ﬁinet Pe?niic@nscfﬁlcf’(i)tr isﬁ'l%trla%y &t silicon or the
like can be used. Typical examples of commercially available silicon substrates
include circular silicon substrates which are 5 inches (125 mm) in diameter, 6 inches
25 (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
substrate, there is a chamfer portion for preventing chipping or cracking as illustrated in
FIG. 3A. Note that the shape is not limited to the circular shape, and a silicon substrate
which is processed into a rectangular shape or the like can also be used. The case
30  where a rectangular single crystal silicon substrate is used as the semiconductor
substrate 100 is described below.
[0064]



25102 may be forned over only one of the surfaces of the sem conductor
substrate 100. [0070] As an exanple of formation conditions of the thermal
oxi de fi|wp 2ban4diveat mrent is perforned at higher than ®cTogemd/oe3e42700 C
and | ower than or equal to 1100 C (typgPcally at approximtely 950 C) in an
at nosphere containing HCl1 at a rate of 0.5 30 volunme%to 10 vol ume%
(preferably 3 volune?y with respect to oxygen. Treatnent tinme may be 0.1
hour to 6 hours, preferably 0.5 hour to 1 hour. The thickness of the WD

2011/ 024619PCTNbR2 thhP A A8 A4 o EheOsenfiBorddul ity s@bsR@td PHOTRIApCARHIG Behed N t he
range of 10 nmto 1100 nmgpreferably 50 nmto 150 nnm), for exanple, 100

nm [0071pinBy zushlfemer maid/Toxreeni operoxidat meixturg n (SRMt neephammoomt ai ni ng

a hal oge Lepmnt,. the oxi.de f.ilm ontain the hal n el enent.. By
cont ai ni ﬁéért%ﬁ'e&ﬁ’é’fi{)oégrﬁ PSf Oexrlrgcnfn "étf"eag@f)i\ﬁlg’eanﬁ“?"gpflblﬂ"%fac'fﬂg%ﬂ}gf? BHOHE9 cnB to
1 x 1021 nekees(14PH), dilite BydroBudrid 20i€ ADHWPY,eSmbea W luvihf hyBRklubfic @bid,
extrinsic inpurity (e.g., Fe, C, N, or M), so that contam nation of the

semi condi¥gioEen ageKide Vi, ned puts Waiee(Fidh obéheliks; @ aparopiatsy 2Futtheur t her,
Lo " o afbte N RFic i SRE'LAL W ) BISHLELBHE MRl 7Pl 3 ° O

serve to getter 1npurities .g., no 'oNsS 0 or i ch
adver sel yudiddead thet emicmductonsiibstrate 180bstrat e 100. Specifically, by heat
treatnenhgﬁgich is perforned after the insulating layer 102 is forned,

i mpuriti ntained in the sem conductor substrate 100 are separated out

to the insul at z\pgr iRYRIfadO3f tHeCRa1EShdMEDD sﬁ&ﬁa@@id&?%léﬁe@tﬁ%glﬂa%g nat he

chlorine atom, and captured. Accordingly, the inpurities capture
i nsull@t i teyet Wkis fogzedeawer Be seiniemdactdr grbsiraintled (foe diiGcdB nadiheatdpny-2 he
onded 18 Bt okest i Befirdrilevi 07 Rt PAT RS Spar o8 (bR mAG | on as
a filmfeackdddaytg ihdliding bipBsralty®T insuldNagdme i TReidsBlabh@sSer 26 OMtR
formed using an insulating film which contains silicon as a component, such as a silicon
oxide film, a silicon nitride film, a silicon oxynitride film, or a silicon nitride oxide film.
15  In this embodiment, the case of using a silicon oxide film as the insulating layer 102 is
described as an example.
[0066]
Note that in this specification or the like, a silicon oxynitride film means a film
that contains more oxygen atoms than nitrogen atoms, and contains oxygen, nitrogen,
20  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 atoms, and contains
25  oxygen, nitrogen, silicon, and hydrogen at concentrations ranging from 5 atomic% to 30
atomic%, 20 atomic% to 55 atomic%, 25 atomic% to 35 atomic%, and 10 atomic% to
30 atomic%, respectively, when they are measured by RBS and HFS. Note that
percentages of nitrogen, oxygen, silicon, and hydrogen fall within the ranges given
above when the total number of atoms contained in the silicon oxynitride film or the

30 silicon nitride oxide film is defined as 100 atomic%.

[0067]



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

ef f ecti vewDroriermwaabng cont am nants of t he sem conduct or PETbB2MBNES1¥then

cl eaning of the seniconductor substrak 100 is insufficient or when the
sem conductor substrate 100 is repeatedly 25subjected to reprocessing
treatnent and used. [0074] Mor eover, the hal ogen el enent contai ned
in the oxidation treatnent atnosphere term nates defects on the surface of
the sem conducyprips hst aphﬁn%_flaosnﬁén B¥ES Wil ad BR |R6aling %L{],%'r apnshty of an
interface between the oxide filmand the 30sem conduct or” substrate 100 can
be reducehulatig®isjer MO @@t frmed HYCT A IR0ddpoOi6dn 42etRB] sind asns whextmiahg | ayer

102. As sult .. water rption rate of the insul atin ayer 102 is
e oved ST, SR CEB R A Grofiner e b leth S i 1 Gl o1 1
present GURAWDS Hctifie udingt Bemitsdulodd | dF9 sliakerand Odxygehe aWaliREd RI8Sept on

the surface can be ra%iEg]I% absorbed and diffused into the insulating |ayer
102. 5[ otetwpthoxysilane |( andsexygen.uer g liks. altbshie casdysa surface af ghass

substr at lch nt&j ns. | [ i whi ch crease reliability of a
sem condﬁ%m{c%?lg%éa&?{:ie@ ?é%hgggnsgﬁﬁ(dgqsyioxﬁgg%f) gglpageﬁtgﬁnﬁe earth netal, the
i nsul at i p@gpespyer 102 preferably includes at |east one or nmore filnms which

can prevent the inmpurities_jn the base substrate fromdiffusing into the 10
seni conduct or PHg@ativgly hgilisey oxidsshilmy depositzd byl 2 hesmical xapop depesitiome| ude a

silicon BidHddosikd P rri ' f : i Kk fth such
a filmi né3 I lfggﬁlé%blﬂ?é%nﬁgt ngt %gﬁ %Bgﬁs%égﬁ%ehgk%ts] gaty %ﬂgo*ay}gorr 2 can
f uncl0 onomsnasilaae rgaer a fsilicon{@ntning foempednd cuels aa tetragthoxygildrel (PEO$P077]

15For ex | e silicop nitride filmcan b rned usi 1., as of
si'l ane. ateEEb RTINS @b Hepp YT i R e Tailat SnH D

met hod.  tetrafeliyldyRibtetfRN0ENBMITMCES 51 |ttty dIsterNblsmeC afoeTisyr med
using a mxed gas of silane, ammoni a, and dinitTogen nonoxi de by a’vapor
deposi t i bexametihddisidazrenc 48MDY), dgethoxyvianee (¢hsmica dpoorig] SiH(OC:HsEyrorexanpl e,

inthe c . fior m a riare fil.m i { nal,e-l ayer structure as
the ins uf}gs,? f'ﬁégthwgryénroggw,&E{]%lciﬁnfgﬁ?lg? i éﬁ‘%"%@‘é‘&%&*’%c"aen“sﬁ% formed using a

silitdn [odspjde filmor a silicon nitride oxide filmwth a thickness of
greater than or equal to 15 nmand | ess than or equal to 300 nm 25[0079]
I'n the case of Fyitheriagmativelyp- thayiasulasing, fayer 103 parp ke toanqdnusimgen wyideayer

102, UherpPsiliahay Yy bRidAhdTal Yehilondtb Sbdhatd'q0b! | Thilrddl Sl Parri er
property. An Insulating fi of the upper layer can be torned using, for
exanpl e, treatsiehi fooformitg ihdexidel filnomap beidry oxidativt, hindl ma@sbe gperfbinhed faawmi Ng a
t hi ckness qf .15 nmtq 300 nm.'Lhesehﬁilms .. .
oxidation atmosphere to which a halogen-containing gas is added. As the
20  halogen-containing gas, one or plural kinds of gases selected from HCI, HF, NF;, HBr,
Cl,, CIF3, BCls, F», Br,, 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 by
a CVD method or the like over the semiconductor substrate 100, the insulating layer
25 102 may be formed over only one of the surfaces of the semiconductor substrate 100.
[0070]
As an example of formation conditions of the thermal oxide film, heat
treatment is performed at higher than or equal to 700 °C and lower than or equal to 1100
°C (typically at approximately 950 °C) in an atmosphere containing HCI at a rate of 0.5
30  volume% to 10 volume% (preferably 3 volume%) with respect to oxygen. Treatment

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



30 have a high blocking effect for preventing inpurity diffusion, but
their internal stress is also high. Therefore, as an insulating filmof the
| ower | aywo 20hiz24618 i n contact with the sem conduct or swbSPateodd® a film
that has an effect of relieving the sB2ess of the WD

2011/ 024619PCT/ JP2010/ 063142 24 insulating filmof the upper layer is
preferably selected. As the insulating filmwith an effect of relieving the
stress of the insulating filmof the upper layer, a silicon oxide film a
silicon @xyRiftifd @elfoliitd Gntteali thg)ﬂxr%% di10Mnh & TR 4% (H@ﬁ:& %5&5 oy di zi ng
t he sem conductor substrate 100, and l'i ke are given e i ckness of

t he |nsult(aﬁmgnlﬁffoltmaofplct,HQOInuwer | ayer can be greater than or equal to 5
nm and I(ﬁz@ ﬁhan or equal to 200 nm [0080] For exanple, in order
for the i L} ating layer 102 to function as a barrier film the insulating
layer 102 is pBgf@icRihdtniap R o ifegtnfent diTiah Ndhbghe S c&atzﬁhin'gCaOHaragérﬂe film
10 and a silicon nitride film a silicon oxynitride filmand a srlicon

ni tride lement, ghe pride dilmosandeontdin theahalogens¢lpinentn ﬂﬁﬁmnémnmglthlehﬂpgm a

I n Q ride film and i7C ts plef ke.
[Sl)O;B(if N(Sf)(?ié’e“{ ﬁtla%%‘r?:e‘&%%@ﬂcqur §?%§I B’Off‘sﬁr ?tﬁﬂ';séf“ed&’\ﬁn HFath on beam
15 cont @iy He@S nited ah&r @,tﬁdemnﬁe iRlpBAaty | (ecg Fe! O, 1y, Y MNo$, NS ihgpul ating
| ayer 102, as indicated by arrows. Thus, the e hbrittlemént region 104 is

formed i ﬁoraamétgn@m06theéemé:9ndwordemrho b@ tnrmed datengahdegrofentede seni conduct or
substr at rqog?g (see FIG 3C and the step A-3 in FIG 6). The depth at which
t he enbr ment region 104 is fornmed is substantially the same as the

aver aye penet r Rirtign, tile pishlatihg 1dyer 10D 8ontsinthgCohalSgnai¢ it 8AcEs cHyriddhe
accel eration energy of the ion beam and the incident an%l e of the ion beam
I n addi t FYhSETYHie g& ERIMAL PO (- nBPRYE AR obla g fhediked Whichadversely affesh

vol t age, méos%ﬂg@ondga?; Q&ska&elooThggkggg%igﬁﬁgur@& ﬁeaﬁﬁlml gﬂgu% ;is@rfhéy%r 124

whi ch i s separat romthe semc strate ate det er mi ned
by the defterhthat inpwlatidg 1dyer a0Rris tfbhmtbnmpnagea)norﬂtMed sn fthe sedicontiectelept h at

whi ch th i1t 104 t inth
of . Tor SUSHAFclO0FEFRa BN 1 rRplaDEE T D aniared i ale BHOGRual 1 o

500 MmN piog ?rg'ﬂbd dhl&H Iﬂ’,aZ;tSﬁl) tahatapturedd U ccbRimiy, 1He ﬁ‘lﬂ%ritﬁ§§aﬁtb@ﬂ lﬁfheequal to
200 nmfromthe surface of the seniconductor substrate 100; for exanpl e,

t he dept Hshiatipg tayer 303 ganabpofived ansk l@by/enl@bfrﬂmm dontaminatingsthe Semisondudtdre

d 100, h r f d
aiter fofnngrenbar FRn i PG Ift b LS bR e S SRt Frowever

Wi t hout heilagng ilajer exd)zt bar elso, fuhftgor ag adfiBh i fon ﬂMlﬁ%] xmgmﬁu&ayuclaeadowaf or ned
before the forpation of the insulating | ayer 102 00
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20 [0073]
In particular, the inclusion of halogen such as chlorine in the insulating layer
102 by heat treatment in an atmosphere containing halogen is effective in removing
contaminants of the semiconductor substrate when cleaning of the semiconductor
substrate 100 is insufficient or when the semiconductor substrate 100 is repeatedly
25  subjected to reprocessing treatment and used.
[0074]
Moreover, the halogen element contained in the oxidation treatment
atmosphere terminates defects on the surface of the semiconductor substrate 100; as a
result, the local level density of an interface between the oxide film and the
30  semiconductor substrate 100 can be reduced.
[0075]

The halogen element contained in the insulating layer 102 makes distortions in



25 The enbrittl enment region 104 can be fornmed by ion doping
treatnent. The ion doping treatnent can be performed with an i on doping
appar at uswoAoltypi@al exanpl e of an ion dopi ng appar at us PC3/J82010/063142

non- mass- separati on apparatus with wh#th an object placed in a chamber is
irradiated with all ion species generated by excitation of a 5 process gas
into plasma. The non-nmass-separation apparatus is an apparatus with which
an object is irradiated with all ion species wthout nmass separation of ion
speci es iy inbasii 1ah40RB] MRl DreSATRPAGNBR oPhioR Patk OF tHORNSMGti AP P Elai(?f are as
follows: a chanmber in 10 which an object is placed; an ion source tor
gener at i wgmpesvadeadidiffigsiomrate afhwater islineraasedn Whathisnvlsm waer iapeeskarat i on of
ions for irradiatjqgn .therewth, e.on source includes a gas sup devi ce
wnt ch ol 8668 b BR LG b ler RS e R GEBiSGy ohe Se 3 beraBRLY £ oce
for exci hbsogbedd dMfisea i shel insig@nYy 1@y& 1pkasma, and the like. As the

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

di schar glo0Pkctrode, a 15 filanent electrode, or the like is used. The
accel eration chanj iencl-ude Lectr syc s..an traction. el ectrode,
an accel erati g}r?l1 gﬁ e%%?odcfgl,? SJ"ﬁl(f%c%lbggeats @%ﬁrﬁt& écgl 2 %dse‘f%sg% gﬁlﬁbocl.?ﬁ%?ms

el ect r odimpuaities wehicts deciee tdiabRitppf ¥ isergicondtort devideeshek atialiades] oand t he
i ke. Thelge,el ectrodes included in the accel erati on nmechani sm are provided

d
with a phtirine earthometshdne agylabingdnyr d 02 miplstagly Wistudes rbleast ongt oramere
gener at eflifhd QRidEarl BRvERURES Pﬁfi_?sgﬁ:gﬁl @Js@tsﬁﬁsmwh%mt ngué&gmpdmts of

the ion dopl ng apparatus are n to those descri bove and may
be cHangsunigenductod dalyer [of@lg4$OI substratel n Bxhinples i cdchmefilm inbklrde aswliodner e i ons

generated. from a hydrogen. gas.arge added to th em conduct o bstrate 100
with an PIgA ed%gﬁ?’ﬁg%g??ﬂgrpﬁidgé’xi’% @&@P&g@d&% 3% a‘f%g%ﬂtﬁbm?[%%ﬁm&wgas such
as H i sinSulaithg RYePRO2AtHR! iASIRInEAWY G809 28n fuhcyfl O BRI T8RRI falSebdRd t O
generate plasma, ions contained in plasm are accel erated w t hout mass

separ at i ©ras agieckirgefikeki conduct or substrate 100 is irradiated with the
accel er agdaehi ons. [0085] In the above ion addition treatnent, the
percentage of H3+ ions to the total 30anount of ion species (H+, H +, and
H3+)1% hat ar e Berexaniph] afsilonanitiide rfilgecngasformed @bing @ mikelogas ohksiRr .
Preferably, the percentage of H3+ ions is set to 80 %or higher. WO

2011/ 0248 ooy ) dEaRor2depgsitign snethod sueh ak a) playen e/ methed. pelncent age

of H34 i - e J i ¢4 to the
cer condunrart S ARIRICRSHISER AAGE BREP chp e e MBel RS R ol RS, L0
ti nes asamhmogia, asd divdtrogen mondkidé by;a viperefepodtiomnethainsuchydr ogiasmat om i s
added tocﬁ deg)téh(,1 the acceleration voltage for an H34 ion can be three
times asCKPGR°®Eds that of an H+ ion. For this reason, the takt time in
the 20n joprgdi ation step can be shortened, and productivity and throughput
can be inproved. By irradiation with ions having the sanme nass, ions can be
added in a corkfenexampdel wathgeease ooft fremingre bapeh film hawing ensiogledaydror

substrat sqru%glgé as the insulating layer 102, the insulating layer 102 can be formed using a
silicon nitride film or a silicon nitride oxide film with a thickness of greater than or
equal to 15 nm and less than or equal to 300 nm.

25  [0079]

In the case of forming a two-layer barrier film as the insulating layer 102, the
upper layer is formed using an insulating film with a high barrier property. An
insulating film of the upper layer can be formed using, for example, a silicon nitride
film or a silicon nitride oxide film having a thickness of 15 nm to 300 nm. These films

30  have a high blocking effect for preventing impurity diffusion, but their internal stress is
also high. Therefore, as an insulating film of the lower layer that is in contact with the

semiconductor substrate 100, a film that has an effect of relieving the stress of the



[ 0086] 10l on dopi ng apparatuses are inexpensive and excellent in use for

| arge-area treatnment. Therefore, by irradiation with H34 ions using an ion
dopi ng apmeratwm4618i gni ficantly | arge effects such as i rproPaT@né314n

semi conduct or characteristics, increade in area, reduction in cost, and

i nprovenent in productivity can be obtained. Further, in the case where an
i on dopi ng apparatus is used, heavy netal may also be 15 introduced at the
time of the ion irradiation; however, by irradiation with ions through the
i nsul ati : i il ' : L G ubstrate
100 can BeV e Bk 38 RGeS Do RErPabORRERT, ARE: RETEREAHE AN Bhe)
Furt her , eff¢r o€ rdbieving|tiareress oEde amsulddig fidy diehd appre thyby aisdivon wgiderfilat i on 20

treatnment using an.ian jinplantation paratus. The jon inplantation

appar at ub 1acoR wRdutrde AL Qi a3 LRI e PE b inash) Bl et

pl aced i gerficGhRARRR subsiratd 1081 AHAHe Wkt RrgRBRCT ThE tHiQheSPECIHR Sndudlitpgh Mass
separation of a plurality of ion species that are generated by plasha

exci tat i 6hn of the lewer legergas be greaten ¢hanaw equdl to§inmyanthlesothan apéquat tt 2060

appar at us. H+ ions, W ions, and H34 ions which are generated by

25exci talion of a hydrogen gas or PH3 are nass-separated, and the

sem cond 0] substrate 100 is irradiated with any of these ions. [0088]
Wth an 1on I nplantation apparatus, the sem conductor substrate 100 can be
i rradi ated wi tRoroemplenén order fdhainguiaing layah Getosfyaetipn 3 abarsacthnr at ed
manner tg .t ] . . . ef ore,
the. pr of 1 dngjattiedies 460 ic brBlerdohP rp RN RORE TR BT bF E5icpl Beigl

pl anHr i t 3ndod silicen sé@ride dildy g tsiicoh @y enitridide fikn abiDa 2 icbh Gkl FR@E] /aJdN2édh0/ 063142

27 separat.ed _can he easily .increased. reover, the_ion i .antation
Zppar at LSS il apd s aficen phed, guide 3&%@%&0@ ngrair@etfrl@o?éldsat%ﬁqwade
cont am ngfii@RihYorik@Mye.Met @l is relatively low and thus deterioration of

characteristics of the sem conductor |ayer can be suppressed. 5[0089]
Next, thB08&hi conduct or substrate 100 over which the insulating |ayer 102

is formed is egned. Thi.s ¢l eani ng step n he perf.orned by.ultrasonic
cleaning wit h%?’u’g’ Sgeé S ({Tﬁgaﬁbtsélg?mﬁ?/ {@gﬁ Ilfﬁag’a[egt Wgﬁ’egﬂi hieh \t}ﬁe?rﬂ the use
of pIF e UmitAhin@NendatdeRGNBd KT ard BRclrickBeld TR Ugh tthaSAduIAing! R (@, 8

preferably megahertz ultrasonic cleaning 10 (nmegasonic cleaning). After the
above ul nfigatseiky arewhi nkhusy therrankritement; iggioat 18] isfarme in paegieniatenduct or

substrat esirad 9%@}{ a?‘n f)l#rsglr'}g e &J tﬁ@@%ﬂic%&&t&zsﬂgﬁra‘{‘@ﬁgdc gscg %{é“\l}gg grllae t%ni ng wth

ozone wat er, I’T'D\g ani ¢ su ances ana sur I on Freat ment
for i nprasp A3 tind1Gydy. ofdhel depil yt @hich thellchieetlahent iegibmI04 8§ ifoxgnddagger 102
can be ps%rbfstgrrltrirzﬁldy the same as the average penetration depth of the ions, and can be adjusted
20 by the acceleration energy of the ion beam and the incident angle of the ion beam. In
addition, the acceleration energy can be adjusted by acceleration voltage, dosage, or the
like. The thickness of a semiconductor layer 124 which is separated from the
semiconductor substrate 100 later is determined by the depth at which the embrittlement
region 104 is formed. The depth at which the embrittlement region 104 is formed can
25  be set in the range of, for example, greater than or equal to 10 nm and less than or equal
to 500 nm, preferably greater than or equal to 50 nm and less than or equal to 200 nm
from the surface of the semiconductor substrate 100; for example, the depth is
preferably approximately 100 nm from the surface of the semiconductor substrate 100.
Note that irradiation with ions is performed after formation of the insulating layer 102
30  in this embodiment; however, without being limited thereto, the irradiation with ions

may be performed before the formation of the insulating layer 102.

[0082]



15[ 0090] The surface activation of the insulating |ayer 102 can be
performed by irradiation treatnment with an atom c beam or an ion beam

ul t ravi ol w0 20r1éR86eNt , ozone treatnment, plasnma treat ren®PCTHPZEMIGM42at nent
with bias application, or radical tred?ment instead of the cleaning with
ozone water (see the step A4 in FIG6). In the case of 20 using an atom c
beam or an ion beam an inert gas neutral atom beam or an inert gas ion
beam of argon or the |like can be used. [0091] Here, an exanple of ozone

treatnment is d§aClhidfittient r656AMDE cah R f‘aﬁﬁ&?b? iGRUPERE thafindif. PERE OF med
on a surface of an object by Trradiation with ultraviolet 25 (UV) rays in

an at nos pore depiogntredtmentgcax pg eperfotied ovithent weadopeng apparafins.c hAi typasl at i on
with ultraviolet rays . s. perfornped in an atnosphere cont ai ni 0 en is

b oo oal FRIMEe S5 20T bR RBRETE s p A9 ar B SRTRH O pparee ST e,
In an at EBRRNEIaEdGA A chhMbegis R Y@SRd with' Aliod tshediesdnbratdt Byddkich@dn bf Hht

havi ng a wavel ength of less than 200 nmand ultraviolet I'ight having a
wavel @ngiPrrcsss gasediterplasma drheepimmassosepatin appardtus pisr o pppatatusveitie by

ozone ca ener at. I ngl_et. ener at. ozgne. In

addi ti on@hP&r%d&d%ﬁéﬁ%ﬁ%?ﬂe(ﬁ fq Eg\ﬁil% %«;‘%’egfe?g‘jﬁﬁ%ﬁggﬁa%gggar\%glgPg}r%’é’tﬁ?e%fjs | ess

t han 180 implasifa.per f or med, whereby ozone can be generated and singl et oxygen
2011/ 024619PCT/ JP2010/ 063142 28 generated by ozone. [0092]

can be
Exanpl esY@&ﬂ eactions which occur by performng irradiation with Iight
having a wavel gng @o@bgﬁ&ﬁég{r *aanoz%pg,g a;;{@qrakusg&fe DB s 2 VRYELENGE N Of

greater than or equa to 200 nmin nosphere contai ni ng oxygen are
desc i bedvhibeh awpbject is placed; an ion source for generating desired ions; and an acceleration

mechanism for acceleration of ions for irradiation therewith. The ion source includes a
gas supply device which supplies a source gas to generate desired ion species, an
electrode for exciting the source gas to generate plasma, and the like. As the electrode
for generating plasma, a capacitively-coupled high-frequency discharge electrode, a
15  filament electrode, or the like is used. The acceleration mechanism includes electrodes
such as an extraction electrode, an acceleration electrode, a deceleration electrode, and a
ground electrode; a power source for supplying power to these electrodes; and the like.
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
20  accelerated. Note that components of the ion ddping apparatus are not limited to those
described above and may be changed as needed.
[0084]
In this embodiment, the case where ions generated from a hydrogen gas are
added to the semiconductor substrate 100 with an ion doping apparatus is described. A
25  hydrogen-containing gas such as H- is supplied as a plasma source gas. A hydrogen
gas is excited to generate plasma, ions contained in plasma are accelerated without mass
separation, and the semiconductor substrate 100 is irradiated with the accelerated ions.
[0085]
In the above ion addition treatment, the percentage of H3* ions to the total
30  amount of ion species (H*, H,", and H3") that are generated from a hydrogen gas is set

to 50 % or higher. Preferably, the percentage of H;" ions is set to 80 % or higher.



02 + hvi (X1 nm ->0(3P) + O(3P)(1) O(3P) + 02 -> 03(2) 03 + hv2 (k2 nm
--->0(1D) + 02(3) [0093] 10In the reaction fornmula (1), by irradiation

wi th |'i ghwo(huiop4diavi ng a wavel engt h nm of |ess thalRC2002mMMé3n42an

at mospher e contai ni ng oxygen (02), ox¥yen atonms (0(3P)) in a ground state
are generated. Then, in the reaction formula (2), the oxygen atom (0(3P))
in a ground state and oxygen (02) react with each other; accordingly, ozone
(03) is generated. Then, in the reaction formula (3), irradiation with

i ght (hypik idBedayd ﬂ&ré%sé’vﬁlv@lkg)@%ntaéé‘of H}on@fin ?fa%@&@ﬁaﬁl&aﬁ}rd% gapa o 200
nmin an atnosphere contal ning generated ozone (0 IS pertor to
gener at etesbegffeiendyyaided @d e semiamdeator swdtratcal(d. Notarthaatheompdsesfean

cont ai ni pg, oxygen, irradiation with ultraviolet |ight having a wavel ength
of | ess HaalPn2Bthrastimes g fargs Hethak of ageetons thessfaite WhER PaC AYFr8ematoBn wi t h
ul travi olet, L4 [ f gneat t r..equal .ta 200 nm 20
i's perfolrsrraéjglaé g)h%g%gy’a@ga%%% tgltn ox;tz} %ﬁorﬁ‘?} %eé%{rr%%lg?cﬁapegztbng%s.asmé}' Szone

t r eat3renthatl©8 Ghi BEGoRD AR, thisOeaoRAMR! @kt Gifl Retheeibh AraBELsY siepradi gt i on
using a lowpressure nercury lanp (X.1 = 185 nm X2 = 254 nm in an

at nos pheshoricoed, aindipredusiiyigeand put can be improvedad Biytiiradiatienx withliess of
reactiong. whi gh occur_hy. perfarm trradiation,wth 25]ight having a
wavel engihvi ftsBHeantioBEtarrie g L REAEhlRES Bhperiaiehd ne Tt o o

descr i bethe se@icbnvciof shbstraten00.> 0(D) + O0(3P)(4) 0(3P) + 02 -> 03(5) 03 +
hv3 (k3 nqr(? -> 0(1D) + 02(6) 30[0095] WO 2011/024619PCT/JP2010/063142 29
wavel eng[ 8?](3 nm of less than 180 nmin an atnosphere containi ng oxygen

(02)y¢s perf orm?g?%ggg%pﬁgra&sessgﬂegihs;pewgﬁgggé&@edt ﬁnme%gglggg.fﬁéaat e and

an oxygen atom a ground state. In the reac ormul a
(5), an oxatgent. atlherefore3 By ) irfadiadon rvatn ;5 tiedse using anxivgedorifl? appdratu.cact ed
w th each other to generate ozone (03). In 5 the reaction fornula (6),

i rradi at Pnfigantly |1aignt effastss pughn s nENRIOVRINN e Sem{RBAYGYT gharpgierstichan 180
nmin aniRiARSRNGRE. KB IO SRETABRICARAN S bRdhcrviyPGn G BBink®
generate singlet oxygen in an exclted state and oxygen.” I'n an atnosphere
cont ai ni Rgrtlexyipethe caser etlemmt anoionwiopimgudppaearisoisatsed, lifavy maatalngaw alsevbel engt h

gj(yl:] Sb{}‘?rggﬁéﬁ%égﬁb%(gg’gﬁ&g W&@ﬁgﬁr_’e;m%@%tvgr, %§lqprgdig'tr1](()jn ;[)v(l)thgl(E)'\rrllsetrh(;"(sueghSI ngl et
the insulating layer 102 containing chlorine atoms, the semiconductor substrate 100 can
be prevented from being contaminated by the heavy metal.
{0087]
Further, the embrittlement region 104 may be formed by ion implantation
20  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
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 of using an ion
implantation apparatus, H* ions, H>" ions, and H;" ions which are generated by
25  excitation of a hydrogen gas or PH; are mass-separated, and the semiconductor
substrate 100 is irradiated with any of these ions.
[0088] |
With an ion implantation apparatus, the semiconductor substrate 100 can be
irradiated with one kind of ions and ions can be added in a concentrated manner to the
30  same depth of the semiconductor substrate 100. Therefore, the profile of the added

ions can be sharpened, and thus the surface planarity of the semiconductor layer to be



10 The ozone treatnent described above, for exanple, can be perforned by
irradiation using a Xe excinmer W lanmp (k3 = 172 nm in an atnosphere

cont ai ni NyoaryIgRm19[ 0096] Chem cal bondi ng of anprorgamilcosakst ance
attached to a surface of an object is2éleaved by irradiation with the Iight
havi ng a wavel ength of |ess than 200 nm- and the 15 organi c substance
attached to the surface of the object or the organic substance whose

chemi cal bonding is cleaved can be renoved by oxidative deconposition with
ozone or t..QX b -per: ' S
treatnen?agggéggggl%ggﬂ E§QE&@&£ yd%@%ﬁeﬁﬁcff%lﬂﬁdEﬁﬁgFﬂgno%&Bﬁg&gggface of
t he obj e(ptefexahletimcamr ewdedto Esdletmoder sibicmrb,ocumitmjnataon by hpavy orcratds

20[ 0097] her.e cont ai nin ozope i ener at ed by
o Do ejatiyety vaantin S AeReralion 6 dhettcrsr e StAe am R Bt Taie 651 B ool
of the oggaRtGgegUbSt ance attached to the surface of the object. In
addition, singlet oxygen is effective in renoval of the organic substance
att ached [@@8% he surface of the object as nuch as or 25 nore than ozone.

col lecti very ¢ Seek Pt elufiaby RB &l 200 S e s BefiSlind b 805 ue.

react i on férafedlik afeanéd s kiekRing StepCant Bep&fairRd by Slaaidnid) clB@ihg vigpne i s
generated in generating singlet oxyﬁgn and a reaction where singlet oxygen
i s gener dteeupey parcoweier, Sdworfbug ist sleaning oyiththa ysaot Rige tYagsT and niFREER. si ngl et

comveni oneart Hsoa et BuThs GbtudtPNaaNG, GEMERsh A% Es Faning or pase

subsi10 at énegasonic cleahiag)., Aftqarthe elssveafitrgsoaioaldaningf anthdovedflog jethdednimg

substrate 120 to the sem con tor strat descri bed. This process
rel ates f5 $FUSETHRUAET Y Stt%qﬁ(is%aysgﬁg ‘?Laé‘ﬁgaﬁg‘ PEME¥BGhdBY thepr ocess

Bin FI Gclc@mng[\ggﬁgdzone water, r%hlro$§l1 of Nfg Qﬁ@%u%&}%i 3@ dwfhck Sadiveia ed (see

the step B-1 I'n 6). As the base substrate 120, a variety of glass
subst r at &rsatmest] fqrnmphte/lm thet ydnophatiditydefsa surface of Pheaimselatngbyent @ o
alunlnosbl &tecglass, barium borosilicate glass, or alum noborosilicate
gl ass; Y ubstrate; a ceramic substrate; a sapphire substrate; or
t he hske[@gn]be 10 used. Further, a ceram ¢ substrate which contains
silicon nitride and alunlnuntnltrlde as its main conponents and whose
coef ficient of Thhesurace agipeationopf tke ewé%mgolawatl%fca@ b¢ crsrforagd ey used.

|0, 2000t 0B dAFmBRSRUHPSLRAE Sedf By of idH BOE FERR! uBRRLEOUINE of

substr at e crysta icon su str ¢rystalline
sem condueitaiens tpbstntaateem(@t,gﬂasnaa tpaakiedt wattobihs apgplisation; onradidabiréAaiment nmay be
used. For 15 exanp a palycrystalline SI|ICOﬂ substrate has advant ages of
bei ng | es“sSteéSlp?éﬁ%"t QéaQ‘ﬁ%W“a‘ %Oﬂﬁl"@t‘?{r e the stgp Aot EiSh &) alnethg gasenelyi ng

hi ghgg hﬁa 5§§to§t.a99£n bhaDidh Llassn ﬁtehggag At &ral LROHhPBdam or an inekt'kal  case

where a gla s substrate 1s us as the base substrate 120, for “exanple, a
not her gbems ofangen pathe lkhicainbé ssedevel oped for manufacturing liquid crysta

[0091]
Here, an example of.ozonc treatment is described. For example, the ozone
treatment can be performed on a surface of an object by irradiation with ultraviolet
25 (UV) rays in an atmosphere containing oxygen. The ozone treatment in which
irradiation with ultraviolet rays is performed in an atmosphere containing oxygen is also
called UV ozone treatment, ultraviolet ozone treatment, or the like. In an atmosphere
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 200 nm is
30 performed, whereby ozone can be generated and singlet oxygen can be generated by
ozone. In addition, irradiation with ultraviolet light having a wavelength of less than

180 nm is performed, whereby ozone can be generated and singlet oxygen can be



20 panels is preferably used. As a nother glass substrate, substrates
having the foll owi ng sizes are known: the third generation (550 mm x 650
nm, the 8oR2eotim2g@aner ati on (600 mMm x 720 mm), the fourt rCyarEnavésnse (680 mMm
x 880 mmor 730 mm x 920 nm), the fifeh generation (1100 nm x 1300 nmm), the
si xth generation (1500 nm x 1850 mm), the seventh generation (1870 nm X
2200 mm), the eighth generation (2200 mm x 2400 25 mm), the ninth
generation (2400 mm x 2800 nm, the tenth generation (2850 mm x 3050 nm),
and the lbkQatePyy BB acturing an SO substrate with the use of a

| ar ge- si Zed not her gl ass substrate as the base substrate 120, the SO
substrat §0@92h have a large area. Increase in the area of the SO substrate
all ows nmany | to be nuf act ured all  at ce, and.thus the punber of

e conduct or BEUPRES ofBAHi et Eiodur b8 e e e RRBeeT v Tight BBite

t her ef or @ w4veRApIBLIf sk YhamaDOken BRENBtihadink Wilel@gaest grbfAdiGhan oV¥dual

2011/ 024619PCT/ JP2010/ 063142 31 Further, an insulating |ayer 122 is
pr ef e abtg/2Qbripde ap gposphese gartaingngyxygen are describsddelone step B-2 in FIG 6).
Needl ess to say, .the {nsul atj I 122 is,\not necessarily provided over
t he base subst?yéfehvi%‘;n we{\?g?) +g¥ﬁ%)or m ng?Q silicon nitride film a
silicon nitri d@(kp?i+ct§7i,id)§n an alum numnitypde film an alum numnitride
oxide 5 film or the 1ike, which functions as a barrier film over the base
substrate 120 @s+thve(lﬁsn|)at0(1‘@)l+e@£r 122 f @¥) exanple, inmpurities such as
al kal i rrE(SO%I or alkaline earth netal in the base substrate 120 can be
prevente Pbm ent er i ng the sem conductor substrate 100. [0102] 10Si nce the
i nsuk@ting | ay biSn YS&a: k I - [

naul i ng 1 ayoy 55l AREHIAG) R PRGN AUPlan Qg b G08 X WBeh o e
bondi ng. (\Span) 6f kas than 200enrh ris bh athogphbey@ntalidiag ioxygar (@X), 6x3gbRitonsN
average surface roughness (Ra) of 0.50 nmor |ess and a root-nean-square

r oughnes §O( Rhep aggrogndsgiats progenceded.  prheneinghe yeacton forayulye?)sthie oxyeen
roughnes 3 S 5§aﬂ:— q g 0.45 nm
or |ess. §t‘?ﬂ1e((t9$1?gkﬁ§é%;%d§§ %g@s%ettd %a{ﬁg%sr opr iagtt gﬁlhﬁeaté ﬁéﬁ ‘%g’ng%%%?“% ‘eat er
than or ezpmal(Ospisigenemtednd Thesdn tliaractionefgrablat(d), 208dinon witkflighedivy) gr eat er
than or equal to 50 nmand | ess than or equal to 100 nm [0103] A surface
of the bhawng abwayedensth fi» pm) of ez than oF equiletobdPfliinAyin Theatwosphatse 20 of

t he base ra i r.efe I 1.t h. a | furi i.d/ hydrogen
per oxi deC(?#%? }dllgeée?‘géﬁﬁ% 6233395@13)0%?1%# H%‘-?ggggpee%églrn glgezlré)xﬁg?no%(g@ Mt ure
(APM), aetuidd athit.or inCarnaintsplete @geninies oxydta, Mradiatich ¢HRMIradbletitighthydr ogen
fluoride (DHF), a mixed solution of hydrofluoric acid, hydrogen peroxide
wat er, ah#Viptirte Wayelength ppivjess dhan 780  tpeis perfosmed iRegensrais |ozpng ovhilsat of
the sem : 4 : | i | eani ng,
o £ ul FEHeh MiuEstioR Bedcevidd ilenstirol BIROPIRE o SUfAIENTnf 2

per f 20 ned. pekrformedringarerae singkt oxygenlgtdeodbmpbeng nzarleat iThe okzarnketreat@2nt sur f ace
activatign t.ggﬂat nent .such as irradiation Eireat ment. with an atom c beam or
an i on bSXHIOH RoXs; Epretxample;RBE P tPelradiation ysing AoV REeSIeNt |

pl asma t ht 0 i pl 5 oA, ! g;g_%gis preferably
per for neg]%gérlllpf%;enpgﬁf alttésg%(?%’e}\ltghezsgﬁgt)ﬁgta{l%gm%%ﬁgﬁgb n{fggﬁ%ef rg' t he bondi ng
(see the[l©¢p B-3 in FIG 6). [0104] <Bondi ng and separation of

sem conductor substrate> . . S .
i ad%htlon, examples of reactions which occur by performing irradiation with

25  light having a wavelength of less than 180 nm in an atmosphere containing oxygen are

described.
O; + hv3 (A3 nm) — O('D) + OC’P) (4)
OCP) + O — O3 (5)
03 + hv; (A3 nm) = O('D) + O, (6)
30 [0095]

In the above reaction formula (4), irradiation with light (hvs;) having a



WO 2011/ 024619PCT/ JP2010/ 063142 32 Next, a process of bonding the
sem conduct or substrate 100 to the base substrate 120 and separating the
sem conduwwOan1giEdrate 100 i nto the sem conduct or | ayePCIAR2m@ovdo3nsee..

senmi conductor substrate 121 is descriB®d. This process corresponds to
Process Cin FIG 6. 5[0105] First, the sem conductor substrate 100
processed through the above process is bonded to the base substrate 120
(see FIG 4A and the step CG1 in FIG6). Here, the sem conductor substrate

100 and waea@@%ﬁﬁ (iyhﬁ)lr@tlesslfa% 3R nﬁpnﬂsﬁa&%sgﬁ&le ) Q‘ﬁ{i%%’ito\%\i%ehh@%'?ssu' ating

| ayer 102 and the insulating layer 122 interposed there wever,
10t hi s epbdatinregntd gemeratd singlet PePganoOf M) sin stnr excited ataitan andhan waggenhene t he

i | ati sl ay. t f d. [0106 The bondi €
per for mel00E AR ARG Tt SN Bithé 508 Fimula/Sh BOERIEHEM GO N cre,
pref er abl yr@arseat aRd 6kygeh (?’3}7&% r R0 M €40R JtRerQD Geh@hte cﬁbn@g?i%5 gnd of

t he base substrate 120 so that bonding surfaces are close to h ot her.
When pr eswuezctios fapplla 66, smdidtiat withelighe fnap haliog e waselbsgth {henm)Of lrppr oaches

or cl osel ached to the base substrate 120, bondi ng of the substrates
Starts altindsDBRNE admosIEs canyt B8 ehee e prunedlhl BORTOTRed W Seneitner -t he

bondi ng aﬁg»eesg%glegqn%sacﬁe@%feam N0t hﬁarﬁfagbﬁéw@aﬁmﬁng@gﬁsggﬁat e 100

is conpl et ed. bonding is 20 based on a principle of the er Waal s
f or ce or irtddéationkeith altcaviolet dight boning agvavalenpth ofdessgbad 180/em iaperfommd
tenperatyre, LQlO?L Not e thgilt a relﬁ'bond called an edge roll off
regi on el ST 04005 PR, I BHICTAE SIS BYBTREY LS RRORNE PEINCS T TNESRe 100.
In the ewge ozond trodthene@isfibed BBovES ToiC OXHMYSIE, Ofan2bs PbFbriitidebyl GPadidtim
insulating layer 102) is not in contact with the base substrate 120 (the

i nsul at i AYNg ay‘erexempr Y lagemm@\ s cab@simningy apmospheispontainipgexygsn. whi ch exi st's
out si de Ldb% gdge roll off region (on an end side of the sem conductor
substr at 6 ), the base substrate 120 and t he sem conductor substrate 100

are not in conChehicl Bdhd @t diginic bebbBBte 3@Adhe@ tCMRurfRk WFAn WhRt for
manuf acturi&% t he sem conductor substrate 100, owing to its principle,

pol i shi ngfeterdy radiptiopmadsthe dishhbavies p pravelepghafilesibar 2@hamsard gsnduct or
subsiq at grggﬁic Qh%%ce%?rﬂ:dttgeme Sitefte GRS ai)jeaocgrtthg %réagf‘cr &%Etanéc&l%s%l ngly,

chemical bonding is cleaved can be removed by oxidative decomposition with ozone or
singlet oxygen generated by ozone. By performing such ozone treatment as described
above, a hydrophilicity and purity of the surface of the object can be increased, and
favorable bonding can be performed.

20 [0097]

In an atmosphere containing oxygen, ozone is generated by performing
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

25  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
formulae and the like, since there are a reaction where ozone is generated in generating
singlet oxygen and a reaction where singlet oxygen is generated by ozone, such
reactioné including a reaction to which singlet oxygen contributes are referred to as

30 ozone treatment here for convenience.

[0098]



WO 2011/ 024619PCT/ JP2010/ 063142 33 in the peripheral portion of the

sem conduct or substrate 100, a region where the thickness of the

sem conduwwoaniigziadrate 100 is smaller than that in thercearrab/iogasxi on and
the planarity is lowis forned. This P8 the region called an edge roll off
region. Even in the case where an end portion of the sem conduct or
substrate 100 is not 5chanfered, bonding with the base substrate 120 i s not
performed in such an edge roll off region in sone cases. [0109] In
t he case Wh&kRert ff bsakhsyras sem conduct or substrates 100 are bonded to
one base substrate 120, pressure is preferably applied to each of the

sem conduct or Next, sailpsoqeas e preparinphifer bendieg dhe ebase swelhistmndli?@t o tlwbst rate

100 whi ch b b d d
o di {1 creahoabicisrrwEREHE ek it TBin biion atBie> 0y mPRoR ol ot ¢

that evepadeltubdifate a3Rat @R spINaE & PicRess|B @16 f erences in the thi ckness
of the sem conductor substrates 100, bondi ng can be favorably perforned

when 2 hel@9% conduct or substrates 100 can be closely attached to 15the base

Theref or o, 1 hi Stanie e Skdle LORIRRRAAMAR A o Fob BHICD. ' ASug 1 or (e

seni conduaseaubsitins 1 2@ tacvatidly ofsglinendbdrates usbe ub&lseldi:ttbﬁftﬁ afdastly Qucheat
t r eat ment for i ncrei’;\5| ng .t he bondi ng, st rengt his preferabl y perforaimad (see
%

the stepadubstite of glumiposihicaterglass, dippumy berogiligate iglessnepplupy
pref er ably s ef ﬁa‘?tzasutbgt‘im@”r @%Waﬁn@gu%’ﬁh&h a%agélﬁ{%ksdbﬁrﬂg;t ol 'éslﬂg J'Zagﬁ lgtbe

enbrittl énment ?egl on for exanple, high han or ‘equa
| owet0 t hasedor Fegber, atcmrame sdbstnatet\ehlnht:onﬂeiny slliﬁhmnittiﬂearsieatummudunimde

substrate :I[00 . S bondedtto t he base sugl? iihee 1120 whi.l e. b %e[g heated in

this tenpelafhPERYEntsAn Yigss, OEH A A GHARTRRS IR PR it s
pr ef er abbiicéhahay e Ub&l. abRvadiigioh, bt ot NBRE AdsEaMECERBI ¥ olil, lp%&gﬁlﬁed In
an apparatus or a place where the bondi ng has been per ormedg This is for

prevent i Sigpndisioarabstatic de-2t Hesigalssenysiale silioon rsgb&t@tet) reEns p@lrymtsla(blmet her eof

before t 0 rii or.the like is
attached?etq%lg(?'ﬂ%ut gg)ér;ﬂaa@é Seéai"é‘;‘] l%«ﬂggﬁhg 1c‘6’ﬁ ﬁra?% Itn %u%ste %r UYostrate
100 19 t banijise pcugazsystamnae 3i2don bitBtrpErHak @ﬂvaMr@reeof bﬁn@wss egpeRsive thame | i ke
is attached js not bonded. In order to_ avoid attachnent of a particle, the
seni cond®&gle cYitalsilicon sybstrateandihauing highes heat resigtance Sanz glassrsubdtrainl y WO
2011/ 024@]1%5’FT/ JP2010/ 063142

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. 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.

[0101]



34 bonded in a treatnment chanber where air tightness is secured. At the
time of bonding the sem conductor substrate 100 to the base substrate 120,
the procewe 20tz may be in a state of reduced pressuPETIR2030/063142
approximately 5.0 x 10-3 Pa) so that Bhe atnosphere of the bonding
treatment is cleaned. 5[0112] Next, heat treatnent is performed so
that the sem conductor substrate 100 is separated along the enbrittl enent
region 104, and thus the sem conductor | ayer 124 is formed over the base
substrate 120 ' ' t i r |G 4B
and the step Cpgilﬂlheﬁ\P w&%%ﬁh%q{r’}g 012 e%né%g%ﬁ)({lt]‘%r} dsvg glt%rgqt%'g %Eg%é;d 10

t he base 130i(sder theestd? B-2rie KIGn6Rd de@eho@’ameﬂ]eiinsuiati@laylr @2hds nohan the

edge roll off region and the chanfer mcondutor | ayer 124
whi ch i s PEEESEATRY Bepvrded Aver méwaa@tléb gﬁ‘%%‘fefatfye OfFeNg & SHicRRptEder t he

base subsghal &iiitd® mt£19é|- gn?’lhe kﬁﬁ]e an LligniRERAtnitdRaIFERR A RhineRPAKRl §igad he

sem conduct or | ayer 15 "performed at a tenperature below the strain
poi nt5 of frﬂmeOdedlleubd;lmhaﬁuectim asThbarihe fitmt oweatthe hasecsuhstiate p@d fasithed usi ng

a rapid the ann ar at . us t an heatij.ng furnace, a
i Gr ey ESHBIDE IR a e ane i BRGNS puch (Alkal] BEGDpr SRARI L
include @ gRSbds@Ribbtahke1Blardh ptlvedtciRTd apeAL@ tMSsendichtfiior 3Rbdratdrer mal
anneal (LRTA) apparatus, and the like. In the case of using a GRTA

appar at u300t he 20 tenperature can be set at higher than or equal to 550 C

and IoweL ﬁn or equal to 650 C, and the treatnent tinme can be set to

| onger than equal to 0.5 mnute and shorter than or equal to 60 m nutes.
In th@ case of Sinsé nige dnsuksing tlaywe el 22eRt wsed dsua basding tihgert @ pehed uf ¢hecan be

set at hi gher, than or_equal to 200 C and | owey than or gual to 650 C, and

the trealitBltingla¥ercli? be Peederably plapgjized: inaprdse taarerd dstestivg bradiggd
shorter Ewﬂ&lrgr tRAHAati AyBOWBis oRhtdeS hadtf AfLvikE SHHCE QG | ayer

124 is separat heat treatiment nmay be performed at a tenperature of 500 C
or hi ghe(st)ooft(hé@ ntrher ke emht maoti-meanssquasedrooglaress KRims)y ehBlioAsim rr ti¢ss,

sem conduc | ayer 124 is.reduc her t he above
heat treRIeHEARLY aplags ?ersﬁcﬁefa"@vefé{ P’iﬁ@éﬂfanﬂv&eﬁ%alﬁ LORCTPEMAI AT t he

l'i ke15 As réughR@S iof 04 sexA R, t TRe aﬁénn@mweosret a8 Bsproprife P theGa ﬁ%cb

separ at ed by being irradiated with a 2.45 of mcrowave at 900 Wfor WO

2011/ 024g@wmhaym&wl%3mm a8l lgpsthax ph@ﬂl@ll {0 200wmmuyprsterady geeater ihanes .
[0115] al rgtg,? 39&%@ ﬁogn%b\m) ﬁﬁ)& he sem conductor |ayer 124 and the
B L4 ar

semi conddt ave'been Separated, the sem conductor region
129 to wo1oB]ions are
A surface of the base substrate 120 is cleaned before the bonding. The surface
20  of the base substrate 120 is preferably cleaned with a sulfuric acid/hydrogen peroxide
mixture (SPM), an ammonium hydroxide/hydrogen peroxide mixture (APM), a
hydrochloric acid/hydrogen peroxide mixture (HPM), dilute hydrogen fluoride (DHF), a
mixed solution of hydrofluoric acid, hydrogen peroxide water, and pure water (FPM), or
the like, in a manner similar to that of the semiconductor substrate 100. Further,
25  megahertz ultrasonic cleaning, two-fluid jet cleaning, cleaning with ozone water, or the
like can be performed. In a manner similar to that of the insulating layer 102, surface
activation treatment such as irradiation treatment with an atomic beam or an ion beam,
ultraviolet treatment, ozone treatment, plasma treatment, plasma treatment with bias
application, or radical treatment is preferably performed on the surface of the insulating
30  layer 122 before the bonding (see the step B-3 in FIG. 6).
[0104]

<Bonding and separation of semiconductor substrate>



5 added and a sem conductor region 133 to which ions are added are left.
These regions correspond to the enbrittlenent region 104 before the

separ at i oNO 20hiened19r e, t he sem conductor regi on 129 andPCmarzamesesduct or
region 133 include a | ot of hydrogen &Ad crystal defects. [0116] 10Furt her,
the projection 126 exists in a region of the sem conductor substrate 121,
in which the bonding is not perforned (specifically a region correspondi ng
to the edge roll off region and the chanfer portion of the sem conduct or
substrate 100) Netf1€a RGeS lof OBbnbiafy HHRCEUARSnd2forS SIFsGARINST 45 tﬁg%agg 127 to
which ions are added, the unseparated sem conductor region 125, and the

i nsul at i sgpsitrateet201 28] sefheating the semmoddudten subsygatonl 00270 the seeli¢ondsctohe

sem condyct o egiqn 129 and the |ike, has bee art .of the enbrittl enment
Feq on e 12k S8 < RaseBRbeSES st g i 2h S BgaRe End hiy probSs RBFwRands 1

addi ti ongo PhRegaMcEMIEgCt Or regi on 125 includes | ess hydrogen than the

sem conduct or region 127 or the |like but includes crystal defects due to
addi t?on[®¥05] ons or the Iike. 20[0117] <Treatnent for seniconductor |ayer>
Next, a procesg. Qf .planari zi rf of the seni duct or | ayer. 124
whi ch i s bondeni i Ut EHREArEU ey Syastide D proccsiea dhdllah the abox profess’s
descri bedondedite the bassubsiedte ¢3Q (wee F1G04 Rrand @S stk i011 ik BIG.66). 25letsl 16

The sem conductor region 133 over the sem conductqr | ayer 124 which is

closely &tPKERBIFarCUDHENSAAR 284, it Bage substgtentd) areponded toetash dhearath he
pl anari t yel iﬁsdlﬁ’[‘ﬂ? B YeCM2 Hhd tRe fn(gglgglgé glgfelgbi ﬂ?erﬁggéa'tﬁf{glléﬁég@n%%ﬁ; rhgﬁfle%} 104 and

separation of the sem conduct or te 100 atong t ttl enment

regi b 10ds emhedigfent &, natHeni8@ togbisi tronuite inothe roasyi wheit3Be insylabieg iayens/ed by
polishing or the l,i ke so that the surface of the sem conductor |ayer 124 is
pl anari 28§ PLLE™MEAG 4C and the step D1 in FIG 6). The planarization is
not nece @skgy performed; however, the planarization enables WO

2011/ 024619PCT/ JP2010/ 063142 36 i nprovenent in characteristics of an

i nterface bet wtbh bppding e berpgforraed bxyapplyinedpmssuay of approgimately 0.0%lul at i ng

| ayer) f 0 of t 1.60N T | in a |ater step.
Speci fi cgr(‘f%fjmpg?oﬁgz‘ﬁgg%zﬁg@é aggrr(’?(gl{rﬂntg gyﬁ ‘](';:lﬁetr?l g%(tﬁﬁcrr%c Oa%r}ec%alr{ %‘oﬂ shi ng
(CVP)5 | estlibfithieeias odbis&hien@0 sor thatgnldingesurfdesseare 1d¥b It 3oty Wvhdh t he

renoval of the 5semconductor region 133, the sem conductor |ayer 124 is
pol i shedPiessWe i appligh £p|that Hesssmicondugtor substiagg 100 approaches Bercloselye

sem ConAuelALd 1B IBbekE SRR CLIE R ¥r She VB AR LARL dd spreads
sem conductor |ayer 124 1s p?anarlze . e above etching can bepperforned
by a dryspgataegimlngo et hodreswefacas la thsambhnme, thenb@tdidy hepwett e brdehod, an

i nductively coupled plasma (I etchin thod, an el ectron cyclotron
reso.nancglb%ﬁﬁfﬁ) J& E‘FF,) ﬁ@ﬂ ﬁ%‘P%B%D'}C rp%ﬁbéﬁr’géﬁ%ﬂl &t%or’(‘gﬁtﬁgci H‘\?e@%ﬁde&tﬂ ed)
etchymg PRENQH a FrnHLBSr HRNVA 4G Wafd etder MRUNQD andsitRY bdnlifRUeAME Pl asma
etching nethod, or a helicon wave plasna etching nethod.” Note that both the

pol i shi ngchagved een trebmgmpergtube enpl oyed so that the
[0107]

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
25  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 120 and the semiconductor substrate 100 are not in contact with each other.
[0108]
30 In a CMP method used for manufacturing the semiconductor substrate 100,
owing to its principle, polishing tends to progress in the peripheral portion of the

semiconductor substrate at higher speed than in a central portion thereof. Accordingly,



15sem conductor region 133 is renoved and the surface of the sem conductor

| ayer 124 is planarized. [0120] Furt hernore, by the polishing and

t he et chiwig,20im2addi ti on to the planarization of the suPCagend/odhe

sem conductor |ayer 124, the sem condd@tor |ayer 124 can be 20reduced in

t hi ckness so as to have a thickness which is suitable for the sem conductor
el enment that is conpleted later. [0121] Laser irradiation nay be
performed on the sem conductor region 133 and the semi conductor |ayer 124

I n order if Qng %Hgﬁerﬁlr géhﬁ% Qﬁﬁl%c%én@aﬂddcfmr QubsiraB €100, aD3Ediby winkSafe t he
step D2 in FIG In the case where the sem conduct or

regi on 188ckness eﬁw@amdumr subsfrate d 00fis smgll@emrcdnductlmrcehaquvorﬁm is

pl anari z tch for r_irradiation,, def ht occur
P he. vt Me Sy o 68 iy Kol ' Pl SO iobiel 8 Rdver HEF sgidhnever

by the alpove ihaserlcabd ddicdhh Gd Sottibn BETBE lssmecdRdBGoF SRRitraRd 100 Gd 2:31 VO
2011/ 024619PCT/ JP2010/ 063142 37 the laser irradiation step, a substrate

havi ngy | 6hamissad, baadiag withdhebase substratedl 284S peteepfesacd ilbwich an edgell aff | s
preferab t m conductor region 133 be conpletely nelted and the
sem condte?t&m}lsgyé%?caiegzl be partially nelted by the laser irradiation. This
i's becauj@O#hen the sem conductor layer 124 is conpletely nelted,
recrystallizathon of the 5 sem ¢onductor |ayer 124 is acconpanled W th

di sorder ed nucletleicass where a@lwality of semicerguctaryubstrates 108 age ponggd o Pase and
the cryshalel bilstrite0f20,NBre3&itt GO n&uf‘etraﬂy ApREd ]tg4edcﬁ bPVRE es@mu%\ﬁgear)} ally

mel ting the sem conductor |ayer crystal growth progresses froma solid
phas&0 posulisyateaif@h This nobecarset ze@bmmm;hlctom isybstrate H¥X which i$ nottinecontact

sem condug reduced and,t he stal | recovered.
Not e t hat' %0618 ﬁ%ﬁ @Lfbégrﬁtga]tzﬁn'ﬁa%ﬁ Ef?l'@“@ @n‘ﬁ&g’i eBres ‘Qytb tli‘fﬁ“‘isﬁé??él&t es that
the sem canidosduetor! apelratd?400S Nold efat UReh Antthe dabd SFHeAE ehdreteaighhe
sem conductor |ayer 124 and the insulating |ayer 102 to be in a liquid

state. oﬁlffen@wé& h@rthﬁéh@knmrqfu Hie saspiconyCior suhetralesil@dnbordiog canyisr 124
I ndi cat e b'eﬁ?rg(ﬁ‘ﬁ}e hetn fie WCSW@tSBBSt{a%GIrOO ?&b@%%s% (fl i aﬁRgc? o layer)

i's rrelte ase ano t'hereof efe a | owner
151 ay®r) th’eEhm subsirate 426 Olwlmg mh:&ﬁ& of [H31524d substrate 120 or the like; therefore, this
embodiment is not limited thereto.
[0110]
After the semiconductor substrate 100 is bonded to the base substrate 120, heat
treatment for increasing the bonding strength is preferably performed (see the step C-2
20 in FIG. 6). The temperature of the heat treatment is preferably set to a temperature at
which a crack is not caused in the embrittlement region 104, for example, higher than or
equal to 200 °C and lower than or equal to 450 °C. Alternatively, when the
semiconductor substrate 100 is bonded to the base substrate 120 while being heated in
this temperature range, a similar effect can be obtained. Note that it is preferable that
25  the above heat treatment be successively performed in an apparatus or a place where the
bonding has been performed. This is for prevention of separation of the substrates
owing to transportation thereof before the heat treatment.
[0111]
Note that when a particle or the like is attached to the bonding surface in
30 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



After the laser irradiation, the surface of the sem conductor |ayer 124 may
be etched. In this case, before the |laser irradiation, the sem conductor
regi on 138oreay/iaes1et ched or may not be etched. By this eCthPmgy/oéhe surface
of the sem conductor layer 20 124 is $tanari zed, and the seni conduct or

| ayer 124 can be reduced in thickness so as to have a thickness which is
suitable for the sem conductor elenent that is conpleted later. [0125]
After the laser irradiation, the sem conductor |ayer 124 is preferably

subj ect egoﬂdédhﬁattretafrﬁaﬁ@ﬁ%bé}tWIWrggﬁrtlg%nféE‘s Qrse&%@' Apth%QQneﬁo r than
or equal to 650 C 25 (see the ste By this at tr at ment ,

def ects the st:tméaccmdmtoomdmmto rl00 aqdre e suia:tratnelmutltermocelsedhmnimbramuy be

di stortipn of t em, conduct or er. 12 sal leviated. For the heat

t r eat ment® 2 ate ‘tcﬁglpFFéF“rﬁﬁ‘?lgaF‘Pg[ X y%ngﬁsaﬁ’ai S0 that the; atmgsphsrseat i ng
fur nace,opthgiogﬁ(mgyr@atl;}%; isNge.g@paratus, or the like can be used. Exanples

of RTA apparatuses include a gas rapid thermal anneal (GRTA) apparatus, a

30 | @&p MHpZH thermal anneal (LRTA) apparatus, and the |ike. For exanple,
when a resi st ce eatin r.nace use e hea r eat ment be

per f or ned app?]g ?aéI'VaﬂV@ 70 P¥ 6%1%%’?7 3}52 ¢95 S%'%“@fe%lsc for 4
hours. [&hpdRled along the embiifBmthtaegch 194bSld Bus tlfbbgeﬂilmu&@f pyeh 1240 g above

process is used for a subsequent process of manufacturing a Sen conduct or
devi ce, fpamed@yekthedeasefsubsteagarl 2@ mdnletthe semigonducterasubpicaterd@lfiadommesd (see

G 6). [RIRId ATSRE 9Rea8) PO I BRLTBNSEAL (REThONMIGkPLu IR RS, oo o

Next , rocess o form Nng reprocessi ng

subst0 at the bade afbdtrﬂtﬁrlllbaﬁé bonded ta eﬁapomeeﬁxsettg&mmtﬁanﬂmtmredga bell @t e is
descri bed. iohhnd 10 Thi sﬁgrocess corresponds to Process Ein FIG 6. Note that
the abovEsiRHY, am{es POpoT, dheepFrRIgoRAYCIs asetlar| vehigh it sAParafdolie®s and

only_t heu@bhidfaldodeBard0eeh ReHRy of 1 4kEhase substrate THE Pr 0j eCtion 126 i s

formed in the peripheral portion o sem con uctor substrate 121 (see
FI G 5A) . [OTh3] proj ection 126 includes the senmi conductor region 15 127 to

whi ch ions are_adde t he unsepar at ed seni conduct or ion 125, _and the
i nsul ati ng Iaﬁé?reiégé heab t ?@fﬂ‘%ﬁ hcieBPTaRgi B § ‘C%"l‘fﬁ’%foﬁelaggmlggnﬁuctor
regi o lgetfdrined WS téhperhtate BEEEWR ERSstAMEPiat b e BRQVAIbERAe 1DO.adTRE et The
sem conductor region 129 of the sem conductor substrate 121 al so includes

crystal tdestwentscanrig peintorpedinsing ayrapl tb(m;naé emqabfﬁlt&)t mpara@gﬁ, anesistendes
| overed., Therefor 8, | h%;csrgv%&eo gali{ﬁ]t or reg | on A% ar%elm cc%nﬂ
regi on 1567 BndRE 4N PedPIoN 1>9° can b coﬁf‘ec Vel ,lllg‘f erred
to as daippgetusss MchiedUeds aapit Q@rﬁh@ﬁam{e@ll@ﬁiTA) apparatus, a lamp rapid thermal
anneal (LRTA) apparatus, and the like. In the case of using a GRTA apparatus, the
20  temperature can be set at higher than or equal to 550 °C and lower than or equal to
650 °C, and the treatment time can be set to longer than or equal to 0.5 minute and
shorter than or equal to 60 minutes. In the case of using a resistance heating furnace,
the temperature can be set at higher than or equal to 200 °C and lower than or equal to
650 °C, and the treatment time can be set to longer than or equal to 2 hours and shorter
25  than or equal to 4 hours. Further, after the semiconductor layer 124 is separated, heat
treatment may be performed at a temperature of 500 °C or higher so that the
concentration of hydrogen that remains in the semiconductor layer 124 is reduced.
[0114]
Further, the above heat treatment may be pérformed by irradiation with a
30  microwave or the like. As a specific example, the semiconductor substrate 100 can be

separated by being irradiated with a 2.45 GHz of microwave at 900 W for



The first etching treatnment is performed on the sem conductor substrate
121, and the insulating |ayer 123 of the sem conductor substrate 121 is
renoved (WoeoHIG1@EB 25 and the step E-1 in FIG 6). The a&boJexawbediarent s
may be referred to for details of thi‘§5step. [ 0130] Next, the
second etching treatnment is perforned, so that the sem conductor region 125
and the sem conductor region 127 which are included in the projection 126
30 of the sem conductor substrate 121 are selectively renoved and the
reprocesg 0§§,qgta?@qgﬁhggt§y@gﬁﬁlﬁgse 132 is formed (see FIG 5C and the step
E-2 in FI 6). Al this tinme, the sem conductor region 129 is al so renoved.
The abov@0dibodi nents can WO 2011/ 024619PCT/ JP2010/ 063142 39 al so be
referred to foy details of thi. tep. .[0131 re, in the case
where the pl an?i}l“%f?a&f’s f‘lﬂBgé”g‘rﬁﬁbaﬁcfﬁE’f%?ﬂ‘ﬁgﬂ%’éWE‘t bzﬁ?'ge the sgmiGondugtat ong

et chi ng thiRaLRENM1 heveBéenctPH@lbd, L sERITbRARM Gk Bibon SIS #hfhlidhs Ga be 5
pl anari zed by polishing (see the step E-3 in FIG 6). The above enbodi nents
can be raddadrand arsgmieomddetpnrdgion 1331tg2ghich ions are afded arefypftpolheskiregjons eat ment
after th [.9] i 126 1.5 renoved f t he m_conduct or..substrate 121
hr ough EREPPRENS 3P fembyl o nGlERLIG b JE0NEPRAR ngmittoren e

I epr oces saflicsadlicen tekioh 429 KD She Ginficonddconfedicr e3Ningtudplaabast hydroghl 33]
In the above manner, the sem conductor substrate 121 is reprocessed into
the repr8tbedsdl ddehttonduct or substrate 132. The obtai ned reprocessed
sem cond tlgL substrate 132 can be reused as the sem conductor substrate
100 in ProceSs A 15[0134] As described in this enbodi nent, the
sem thnduct or Budltet,r tht eprojectics $24@ exivtsaughrdgim offheoeadcindgetor calistmatet

process |5, repeatedly used,. where ufacturing cost for an SO substrate
o be. r SALABA G M o s POt RENTER GRFGHEIBLY ALSPR SRAEPAABLD Btbod ment
or the |tk fbofl dtRLANEMd the @llmgeﬁorﬁsmo@ aRAahQIndu&e QibsAR 108).20rhe

sel ectively renoved; therefore, the amount of the sem conductor renoved by

t he repr pwiestion g 26r ieeluden thecsamipendugion segioani@ 7atoswhich dpemarenaddsdy thef ti mes
of repr Oﬁl?sségilirggdcasgmﬁ:%ngl?c?grr erg'gion 125, and the insulating layer 123. The

t he

15  semiconductor region 127, as well as the semiconductor region 129 and the like, has
been part of the embrittlement region 104, and thus includes a lot of hydrogen and
crystal defects. In addition, the semiconductor region 125 includes less hydrogen than
the semiconductor region 127 or the like but includes crystal defects due to addition of
ions or the like.

20 [0117]
<Treatment for semiconductor layer>

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

25 [0118]

The semiconductor region 133 over the semiconductor layer 124 which is
clbsely attached to the base substrate 120 has crystal defects and the planarity is lowered
owing to formation of the embrittlement region 104 and separation of the
semiconductor substrate 100 along the embrittlement region 104. Therefore, the

30  semiconductor region 133 may be removed by polishing or the like so that the surface
of the semiconductor layer 124 is planarized (see FIG. 4C and the step D-1 in FIG. 6).

The planarization is not necessarily performed; however, the planarization enables



[ 0135] The structure described in this enbodi nent can be used
I n appropriate 25conbi nation with the structure described in any of the

ot her entwoi2oamg619[ 0136] [ Enbodi ment 4] In this enbodi memyp2aivec3asese wher e
an SO substrate is manufactured usind®a silicon substrate w th high heat
resi stance or the like as a base substrate will be 30 described. Note that
a nethod described in this enbodinent is common to the above enbodi nent in
many points. Therefore, different points will be mainly described in this

enbodi mefthprokAvhIESchtdclerRGés aearpﬁﬁérfa(eeIb@maensthewnicen&m& I ngé}oemdn?nt WO
2011/024615PCT/JP2010/063142 40 because those of the above e di ment can

be commoidygr (espdan ingulatig kaYer demmedtonf psurieedt tedomicmondeaidrstayatiea later a

sen1conductor sub i s used as a bond ,substrate, a ating 5
| ayer andBn SREFHY qlﬁ'eﬁgh%‘hl?%gm%;b S PE"? ’H}Cr?egy CREmIS Cei‘f’% £1]'t ISSLI“

seni condyCMP), 154 jdt Pobshikd)i gz fihd Nkd. uote@etmuftgfe@aﬂwﬂtmﬂaetr&ﬂomwltﬁé I ng

| ayer _and the enbritt|lenent region, is simlar to that in the above

embod? metmIcoRdiCER gpgion d33cihE semisendycterayeriddds eatived re be arthip filen ief er r ed
to for sgﬁg Ligatment. [0138] 10<Treatnent for base substrate> In
this enbo nent a substrate with high heat resistance is used as a base
substratﬁnlEkanples of a substrate with high heat resistance include a

quartz substrafe, a sapphire substrate, sem conductor substrates .g., a
single crystal b 'é"iﬂPq”c%ﬁ semprondugter egipnal33ogapche emved by eé‘?h“i'&:%ﬂ@ug@ rate)

and the Eédﬁ%ondu@totr hiyer QPR GEpARAzed! NEnE 36& M I&ifig Ban be performed by a dry
10 etching method such as a reactive ion etching (RIE) method, an inductively coupled
plasma (ICP) etching method, an electron 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. Note that both the polishing and the etching may be employed so that the
15 semiconductor region 133 is removed and the surface of the semiconductor layer 124 is
planarized.
[0120]

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

of the surface of the semiconductor layer 124, the semiconductor layer 124 can be
20  reduced in thickness so as to have a thickness which is suitable for the semiconductor

element that is completed later.

{0121}

Laser irradiation may be performed on the semiconductor region 133 and the
semiconductor layer 124 in order to reduce crystal defects and improve the planarity

25  (see the step D-2 in FIG. 6).
[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.

30  However, by the above laser irradiation, such defects can be repaired.
[0123]

Since increase in the temperature of the base substrate 120 can be suppressed in



15single crystal silicon substrate is used as the base substrate is

descri bed. [0139] A typical exanple of a single crystal silicon
subst r at ewp20a/@i618ul ar substrate which is 5 i nches (12BCEEp20106ienet er, 6
inches (150 mm) in dianmeter, 8 inches3(200 nm in diameter, 12 inches (300
mm) in diameter, or 16 inches (400 nm in dianeter. 20 Note that the shape
is not limted to the circular shape, and a silicon substrate which is
processed into a rectangul ar shape or the Iike can also be used. In the

descri pt jRNa g \@RiREPRep, BRIbGRIE hiIRE fovd hERGERNSHeEn DE RYELaCh¥ Hhdl
silicon substrate is used as the base substrate is described. Note that the

si ze of substra@sl@Os uliss peferablg thads éhssepstentuctair regioh E33bmeonapletely meftédr ent

f t hat t he .b t 25[ 0140 Not e t ha. B f
e ban i et RS RbeRY BRbF 12F pe UG ey e, P SR H S Ger
per oxi debéfansdivhed HRNEmiRAdRAGORYdMANEpIeRMERQD %};&glﬁﬁéﬁﬁ o ure

(APM, a hydrochloric acid/ hydrogen peroxide mn xture ilute

hydr of | utsmicorduictpr( ey | 18¢ 1sheadcpmpanied withr skisordared  mugledtion, ofi Ithe e

hydr of | ugr i [ n zone .wat.er di.scharged alternately to clean
the our t SEoRflcfhr AR A5A0E R Phal Yud S LS GRIRG 12 ST RIS 06aTao
41 an i nkytatlang ldwyred. | By bartiaRel neheig thBehitbrdtdidiyeatl @4, cystalngower i Ng

| ayer on the bond substrate side can be omtted. The insulating |ayer may
be’ f or meBrogEssifs fEomiatnlid phass partiongvhich if ept meltadathisgcysipbdefedit indheng a
plural i tyene oﬁd?l%wr?‘lta%é}glﬂ hfesredi!;@@ b wheakgg&uk fs feRBvdi€d f AGRAnYSI N9 an
insulating filmwhich contains silicon as 5component, such as a silicon
oxi d¥0 f i tomplatesmt¢ltiogof thetseindenflidtoy lagersiA4i indicatex yhat theisdmidandngtoolayer si | i con

nitride j de fil 014 . For exanpl e, the abpve insul ating |ayer
Can be 1 Dbt B 1 s cintesfacs DervEst A oermisp NS 24Py 1031 214t 15n | <
prefer f'ibln‘éulﬁlm% oMl 105 td Be i BeiqRl stael deni BB oltidk heAd, Pandal rhdifng BETHERI

oxi dation treatnment may be rformed in an oxidation atnosphere to which a

hal ogen- sconcendvctoy lawes 124 imﬁé@@ﬁ that a tpae i dho genicerductirdayey 1gddhersrem or
s N R T N O
i s cleanpdetedmdias hongblidgphadhe surface of

[0124]

After the laser irradiation, the surface of the semiconductor layer 124 may be
etched. In this case, before the laser irradiation, the semiconductor region 133 may be
etched or may not be etched. By this etching, the surface of the semiconductor layer

20 124 is planarized, and the semiconductor layer 124 can be reduced in thickness so as to
have a thickness which is suitable for the semiconductor element that is completed 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
25  (see the step D-3 in FIG. 6). By this heat treatment, defects in the semiconductor layer
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
30 lamp rapid thermal anneal (LRTA) apparatus, and the like. For example, when a

resistance heating furnace is used, the heat treatment may be performed approximately



t he base substrate can be cleaned with chlorine acid and hydrogen peroxide
wat er or by negahertz ultrasonic cleaning, two-fluid jet cleaning, cleaning
wi th ozorwowatian4eier the |ike. Further, the bondi ng nayPbg/Jpznb/os3ved after
the surface is subjected to surface a%givation treatment such as '
irradiation treatment with an atom c beam or an ion beam 20ultravi ol et
treatnent, ozone treatnent, plasnma treatnent, plasnma treatnent with bias
application, or radical treatnment. [0144] <Bondi ng and separation of

sem condycdmyrocstePathbaise> Next, the sem conductor substrate (the bond
substrate) and the base substrate 25 are bonded to each other, and the
sem cond{{¥26t substrate is separated. Accordingly, a sem conductor |ayer is
formed over th basgg trate. The above embodi rent can be referred to for

details of thi ¥h5pdeeDl pupshale ‘P‘Haif‘ﬁ(? dhrgpeh, dherahpve prosessi Kgrsed oy & al

silicon suRequeat Hribesd &F GhnlBRIuPE af SShitbRitefr! deHeEdvaTous hRinRASEF
substrate. Therefore, the upper limt of the tenperature of various heat

t r eat rensemicendugtor deyisesccagpetnpanufastured (sae FIG.H). a nel ting point of the
single C[Gﬁ%]al silicon substrate. WD 2011/ 024619PCT/ JP2010/ 063142 42
[ 0146] For exanple, the upper limt of the tenperature of heat

t r eat menkREprocS&eipgtRhiniGt fdigemigdhaaisisubsfateubst rate can be set at
approxi mately 1200 C. Wen the tenperature of the heat treatment is set at
700 C or hi gheNexth@rIPerss f rREHQIMing repracpssingh Hedmsnh on rthe semiganductdrur t her

et ease 45 Bl AR5 SILESUS RO Son gl
pl anHl i z&bis pastdsd doeresporsis & Praceds\E insFIGe6.0vNbedhat1hd 048 lembodiments can
be referred to for details of this process and only the outline is described here.
[0128]
The projection 126 is formed in the peripheral portion of the semiconductor
substrate 121 (see FIG. 5A). The projection 126 includes the semiconductor region
15 127 to which ions are added, the unseparated semiconductor region 125, and the
insulating layer 123. The semiconductor region 125 and the semiconductor region 127
include crystal defects due to the above ion irradiation. The semiconductor region 129
of the semiconductor substrate 121 also includes crystal defects and the planarity of the
semiconductor region 129 is lowered. Therefore, the semiconductor region 125, the
20  semiconductor region 127, and the semiconductor region 129 can be collectively
referred to as damaged semiconductor regions.
[0129]
The first etching treatment is performed on the semiconductor substrate 121,
and the insulating layer 123 of the semiconductor substrate 121 is removed (see FIG. 5B
25  and the step E-1 in FIG. 6). The above embodiments may be referred to for details of
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 projection 126
30 of the semiconductor substrate 121 are selectively removed and the reprocessed
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



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 sewDconduedior substrate along the enbrittlenent PregiJeianea1dinr ned,
and the planarity of the sem conducto¥d | ayer is |owered. Therefore, heat
treatment is preferably perforned 15 to reduce the crystal defects and to

i nprove the planarity of the surface. The heat treatnent is preferably
performed under the tenperature condition of 800 Cto 1300 C, typically 850
Cto 120 performed under such a relatively high
t enper at glrgbcg%g&?%ﬁgré‘{r@ggﬁﬂ%e E'cts can be sufficiently reduced and the
planaritfoici] the surface can be irrproved 20[0149] For the heat

treatnment, a rapid. thermal anne ar at us, resj stan heat i ng
furnace, a m cH&fRalfetheeats W e‘&ﬁg%?%l‘ﬁ% y ? ﬁ%mFPR‘@JC&Oér?“h%raﬁ% ig E%’
exanpl e, tHerbeI:&ﬁi ERA ]goti'ea‘t'lﬁérﬂgls hok %ﬁb@éha@ﬁ:@ s&ﬁﬁ%h&\&t&r%uﬂﬁ?ﬁe 1t2mecalﬂe&t

treatnent may be perfornmed approxi mately at Cfor 1 mnute to
4 houts. pllhbztrezeﬂhnftpqlisbmge(arte thbtstepa-FantF1G06). séﬁar@DVﬂgmbh@n@am @oriduct or
substrate, if d at higher tenperature, can be perforned instead of
this hea’ief?rfeéiafgﬁﬂ etEiTFSOISO] The semi conductor |ayer nmay be
irradiatgdspjth a | aser beam before or after the heat treatnent. By the

| aser irradiation, crystal defects that cannot be repaired by the 30heat
treatment can Beuss é’fYai)(?@hmgﬂﬁ@UaE@}v@ft@ nthe dirpisation: 436 e rempead B@m ghef or

details 9 lconduFfa bt ga%st{ Ieggi h the\:/\ﬁrs%gfc]i %ﬁeﬁaﬁﬁ?ﬂ/nﬁpﬁ@ %&j 9? %t]cgiﬁlglw’

[0151] re or eat treatnmen

sem p®ndtiedtoent; &g:lxeﬁtobéksedlsduﬁc@fdupmr tubstratef13lvan hevd lighglaaskty. | ayer may be
renoved b Eol ishing or the Iike so that the surface thereof is planarized.
By this Hil dnhri zation treatment, the surface of 5the seni conduct or | ayer

can be further Inptlf}]mé Qiﬁf){/@ ﬁﬁsméipﬁﬁ' sfefrﬁ&JnhMctof; E'lﬁ)sf}glle' BNiie Qe;ﬁﬁ&sp&i e mecal

mechani cal pol 1 shing iquid jet polishing, or the like. Note t hat
t he sem mpndmsx:drsehagmnduaay shisstraed UdBd The obtainked gsprobgssechissmicoadiatemt i n

or i on_ SIPSEHE 134 Cat i FuRA P e BB BT Bl By S ehi ng so ¢ nat

t he wrfﬁggq hereof is planarized. For the above etching, for exanple, a
dry etching nethod such as a reactive ion etching (R E) nmethod, an
i nductivel y coﬁ@l@dcrﬁ?%ﬂsnﬁ thip GP)lb@;l@mltnghPre%eﬁb@ndaﬁoél%b%tfaéﬁh REQeesEsdr on

o T L RS TS 2 A B SHBEL) ity =0,
et chi ng cost for an SOI substrate can be reduced. In particular, when the method described in
this embodiment or the like is employed, a damaged semiconductor region can be
20  selectively removed; therefore, the amount of the semiconductor removed by the
reprocessing treatment can be reduced and a sufficient number of times of reprocessing
can be secured.
[0135]
The structure described in this embodiment can be used in appropriate
25 combination with the structure described in any of the other embodiments.
[0136]
[Embodiment 4]
In this embodiment, the case where an SOI substrate is manufactured using a
silicon substrate with high heat resistance or the like as a base substrate will be
30 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

this embodiment. Drawings will not be particularly shown in this embodiment



15 nethod, or a helicon wave plasma etching nethod can be enpl oyed. Note
that both the polishing and the etching may be used for the planarization.
[ 0153] WO 2011/we®her nore, by the polishing and the et ®ekirago1/mne3aedi ti on
to the planarization of the surface of0the semi conductor |ayer, the

sem conductor | ayer can be reduced in 20thi ckness so as to have a thickness
which is suitable for the sem conductor elenent that is conpleted |ater.

[ 0154] Wen the SO substrate obtained through the above process

is used %Qfu8 gptlﬂgglgod% tcHFBUE@rﬁH{BBi e@ sem conductor device,

NS el
vari ous ki nds P 25sem con uctor evi ces can manuf actured. [0155]
<Reproce$Bix¥y treatnent of sem conductor substrate> The above enbodi nent

can be referred to for. nﬁi@alls of reprocessing treatnent. [0156] 30As
descri bed PRI LOLIFBHERNTUACT SYBsiate& i conduct or substrate processed t hrough

the reprocessi iy atdegAddmRNOP 5&&%& {nat §epgat fdh )boHé %Qbst)@mae r&@bMsulating
manuf acturi ng cost for an SO substrate can be reduced. In particular, by

enpl o¥i n é]ﬂysu cind h@atemmlem‘illl/ 10206 1@‘9@0#@@@ 01®reasand Xor 4he rsemicomductat  hi gh

t enper at ur.e rl b I .ment Q. su r at

f avor abl éu%sﬁﬁr ac Fggs &np%léla P 1hs W%‘a?% e{/vﬁlé ehgrpgrlpg ﬁs a
slight dedeed, id ﬂnﬁlﬁﬁtohﬁﬁhdn&h@ﬁidvateﬁlboﬂﬂﬂ&ﬂ PHdrefosd, dusehiption femerabbed in
this enbodi ment can be used in appropriate

embodlment may be referred to for such treatment.
[0138]
10  <Treatment for base substrate>

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,
a sapphire substrate, semiconductor substrates (e.g., a single crystal silicon substrate and
a polycrystalline silicon substrate), and the like. In this embodiment, the case where a

15  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
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.

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

25 [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
mixture (APM), a hydrochloric acid/hydrogen peroxide mixture (HPM), dilute
hydrofluoric acid (DHF), or the like, as appropriate. Further, dilute hydrofluoric acid

30  and ozone water may be discharged alternately to clean the surface of the base substrate.
[0141]

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



conbination with the structure described in any of the other enbodi nents.

[ 0158] [ Enbodi nent 5] An exanpl e of a sem conductor device
whi ch i ncwodes/@2@9SO  substrate 10manufactured in eithecToP2tivessadove
enbodi ments is illustrated in FIG 7. £#b159] FIG7 illustrates an

exanpl e of a sem conductor device including a transistor 280 which is an
n-channel thin filmtransistor and a transistor 281 which is a p-channel
thin filmtransistor. The transistor 280 and the transistor 281 are forned

over thegah apfuldmg BYRSE "f8irfedléd®rihd BadeN@ibbinats!! At in@gla{iﬁ’% Tifyell 8g ftﬁ‘@ dohdpe

i nsul ating layer "122 interposed therebetween. Various kinds o .
sem condgebstratedside as teapmistedf olre dndwatingnlaeri mgy shec formeg | usirg a tsingdé t hi n

filmtransjstors.(TFETs). A t.hod for ,manufacturing .the sem.conducf or

ot ce | I REs il (ot sedo g e b @halFRC LRI P8 ibdiadBnier  The'so
subst r at eflsh&ﬁﬁ%a@wraﬁn S forhRd Sskings i ShsubltiBg KIRE whidh seHIShE dHIRoABRUS act ur ed
in either of the above enbodi nents can be used. [0161 Next, a

seni condGemppnanhysach psa silicpre gxidg fidm, disifica gitride Hlmm $i1;ip@m@|x>@|ita§e@ilm,

sem cond . - : an i sl and-shaped sem conductor |ayer 252. The
255enico#ﬁ%g?%éﬁﬁgégﬁgiggﬂﬁg'included I n the n-channel and the sem conduct or

| ayer 2520142]i ncl uded in the p-channel TFT. [0162] An insul ating
| ayer 254 is fgrned over the sem conductor |ayer 251 and the sem conduct or
layer 252, andFPhermpledhe agpycinsplating fayen qan fe fafmedeby therpakoidation e

30r espectieM@let.f OAlm§RV&p dxiatiDg ?Qé}éaﬁhgé?g%@& ad e m&’malhsxigaﬁon

sem conduct or |ayer 252 with the insulati 254 | nterpose
t her thet tweetmenf, 0tlg3jthern@l 2ixidatidR4 6¢HPET IRV 1Y qB8odAed in 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;, F,,
Br», and the like can be used.

[0143]

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

20  ultraviolet treatment, ozone treatment, plasma treatment, plasma treatment with bias
application, or radical treatment.

[0144]
<Bonding and separation of semiconductor substrate>
Next, the semiconductor substrate (the bond substrate) and the base substrate

25  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]
In this embodiment, the single crystal silicon substrate with high heat

30  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.



45 In order to control threshold voltage of the TFTs, it is
preferable to add an inpurity el enent which serves as an acceptor, such as
boron, alwoizoum24@p gallium or an inpurity el enent whi ehTSRZM@863AE a
donor, such as phosphorus or arsenic,4%o the seniconductor |ayers. For
exanple, an inpurity el enent which serves as an acceptor 5 is added into a
regi on where the n-channel TFT is to be forned, and an inpurity el enent

whi ch serves as a donor is added to a region where the p-channel TFT is to
be fornmegy146P164] Next, an n-type |ow concentration inpurity region 257 is
formed in the 10 sem conductor |ayer 251, and a p-type high-concentration
i npurity regi oRo2&@mipde, ther uppdr limittdfehesenmpenitdt of beat lteyenen? 5t sefspednd i cal | vy,
first, the sem conductor |ayer 252 used for the p-changj TFT is covered
with a r i SemicRRRiclaTg Suhstralky e t8F &fleAbrAPPIXimaigld 1280t e sdMhaoribiict or

| ayer 25 - t i I Y hon. 257 1's
formed 1 R aiarle b el hoiBfed 305530 96 Gl e BB ke | S
addeds asbidegubsts ¢adnybefugh@rihcreddad. gat e el ect rode 255 serves as a nask,
whereby the n-type | owconcentration inpurity region 257 is formed in the
sem cond di | ayer 251 in a self-aligned manner. Further, a region of the
sem conduglQfmd Y& setncbndMibeAy@yer l aps with the gate el ectrode 255, serves
as a channell¥ornation regl on §58. Next, after the mask which covers the
sem conduct or Nextera @bface of ribersemiontinzors byt boutledt tor the basaysebstiatel isised f or
t he n-cha@neL FT i cove@ed with a resist mask. Then, an inpurity el enment

i s addedP¥BH4f ’?5“$%89@@ W 1P Hy8Ye™S%2  Boron, al uninum gallium or the
|'i keigray[daagpdded as the inpurity elenment. Here, the gate el ectrode 256
functions as a mask, .and the p-type high-concentration inpurity region 259
is formed in thethsesemieondyetoprayezyeliclp e clasely aftachedatq ¢eebaseasubstrate A r egi on
of the sem of | 52, i ch-averlaps.wth the gate el ectrode
256, serg gﬁggg%8§ﬁéﬁhgfﬁ%3%§g f%&hgggﬁgﬁﬁégﬁﬁ %ﬁ?@ ?H%Pq?H%KWE?ﬁgE in

whi ch t heenficonduetor svbstrarcAorg tht iemibrittigment tagisregre dormd/ andstht plam@dnasd t hen
the p-type high-concentration inmpurity region 259 is fornmed is described in
this enbtdiSFEiondycioriarsr 1s doyerpd-t yHheréforsm head fcatmanh s pisferably perfgrmedyi on 259
can f TS ] . 0. 142, 4 ich
el baies Caas Miscerugdf MG ap 10 RN R AR SF e il el

oxi de, | sedtmentid phaferablyl pasfiorméMihdee tHeadmeératuie coriditton JHE09 “iCweul3gbicay | ayer
is anisotropically etched in a perpendicular direction, whereby a sidewal

i nsul at i tYgicely 80 %@10 AW L-si Whor heatitreatimeat ismgrioaped umispsupghe felatively i n
contact ' ur f f I I 255 and ;the gate

el ectr odi(‘a\"ggE%ﬁg)e?%g%e%otn?@g’l%y&y R%P@ef?ﬁ%? al}Sﬁeeguﬁ%?gﬁq‘ gjf feﬁﬁcﬁ%aygrtgﬁg%n?rétyal o)

et ched byf thbeurédre\can Boimplovepi ¢ et ching. [0166] Next, the

sem conductor |ayer 252 is covered with a resist nask, and an inpurity

el enttht {448bded to the seniconductor | ayer 251 at a high dose. By this

1001 SPLIETL, LA S AT 255 aEthRunl R el i, 20
f or med. heating furnace, a microwave heating apparatus, or the like can be used. For example,
in the case of using a resistance heating furnace, the heat treatment may be performed
approximately at 950 °C to 1150 °C for 1 minute to 4 hours. Note that the heat
25  treatment for separating the semiconductor substrate, if performed at higher temperature,
can be performed instead of this heat treatment.
[0150]
The semiconductor layer may be irradiated with a laser beam before or after the
heat treatment. By the laser irradiation, crystal defects that cannot be repaired by the

30  heat treatment can be repaired. The above embodiment can be referred to for details of

the laser irradiation.



[0167] After activation treatnent (heat treatnment) of the inpurity
el ements, an insulating |ayer 268 containing hydrogen is fornmed. After the
formati orwof2otie4éS i nsul ating | ayer 268, heat treat melrCTiIB200@pé30427ed at

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

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

| ayer 268 can be forned by deposition of silicon nitride or silicon nitride
oxi de by(ﬂ5@yasna CVvD nmethod at a process tenperature of 350 C or | ower. By
20 supplying hydrogen to the sem conductor |ayer 251 and the sem conduct or

| ayer 252, def bradditipn,diefgeroraaftes the hpmitregtm@ﬁ,terssmimndlkmorsegiomomdamt or
layer 251, the sen1§ nductor at th |ntFrfaces between t he

ot on R Porag ey s nap e fayf R gy sy Emoyed; by Ay gp e ik o

ef f ect i veay thd QikHRE REALISpldnAALed. arBy ﬂﬁ@giaayﬂanbﬂmhﬁﬁérﬁgthk%Mﬁfﬁce2§19 i's
formed. The interlayer insulating |a 9 can be formed to have a

si ngl-| HV#@@Q@@@QF &aygr cap be & nlﬁUéQCbr é;pﬁﬁélpfdbt tlep polishingudaatbeng fil m

cont ai ni I | on
bor ophosp 05| |I{§g{lﬁgﬂ %dmt"% ég)M %qm% fsa I]ighé l}eﬁ%(ecomoatﬁ Fﬂaﬁéh
or gani ¢ smmeomaicmwr aﬁymelre;dmaim t(hfckﬂés’s)blylth?is trhtin®nt idonCdasdrol es are

formed i h(f interlayer 30insulating |ayer 269, wirings 270 are forned.
For exan& the wirings 270 can be fornmed using a conductive filmwth a

three-layer stRapctUficely N i Shhidorddd¥of © e th
2011/ 024619PCT/JP2010/%63142 A7 metal f %ﬁnﬁ; Suah WS Tupper, pottion of i fhe 1 an

al unlt u mqmibox;dubtdr tayies caehredwinoied by etchigrsolblat rtlneesurfated: ttierefaf lisplanaFized.bar ri er

net al ns,, can be f.arned n hrom.um titani.um or the
li ke. [0 ¥otpe %Q‘ﬁ eoed@}Han& " &5 %&&gcg‘ %g‘éﬂi‘ E\S‘H’g‘lf@t {?;‘Ctﬂ’éi/‘gﬁét 83\& ng the
n- channe{RIFy TmaMmdd} hg 1ﬂd&‘dﬁﬁ6!}ehoﬁlﬂfa_d mn&e(l@n%@ﬁhgrﬁ&hoa hgn SRcipbstrate

used for the sem conductor device of this enbodi nent i s nanufactured at
ext r enel Gydllpnc sespnangs FESor ¢tkisgi methpd, abppvalled rladi (sepacitivelc conpedigl y,

cost for Nyt [ be re uced 0170]
Not e tha%tg?]ﬁg "gegir‘n&{ion L%{éﬁm? ggéﬁlge%%h%ﬁ%mtcgl%;éé %u%lg%q@e?c 35"'31 ﬁlﬁﬁl?%acturi ng
met hiid t methedf oas deli@mcwareplasma elthihgefibhdd kRMbe chpleyed! , Nokethat boat ur e of
a sem conduct.or. device of _an enbodi nent of the invention to be disclosed is

not i mi teotitirgany! thegichingmaobriuset &or he Plasarizaipni ncl ude a capacitor, a
resi storggigzphotoel ectric 1l5conversion elenment, a light-emtting el errent,

or the | ke n addition to a TFT. [0171]
Furthermore, by the polishing and the etching, in addition to the planarization

of the surface of the semiconductor layer, the semiconductor layer can be reduced in
20  thickness so as to have a thickness which is suitable for the semiconductor element that
is completed later.
[0154]
When the SOI substrate obtained through the above process is used for a
subsequent process of manufacturing a semiconductor device, various kinds of
25  semiconductor devices can be manufactured.
[0155]
<Reprocessing treatment of semiconductor substrate>
The above embodiment can be referred to for details of reprocessing treatment.
[0156]
30 As described in this embodiment, the semiconductor substrate processed
through the reprocessing treatment process is repeatedly used, whereby manufacturing

cost for an SOI substrate can be reduced. In particular, by employing such heat



Note that the structure described in this enbodi nent can be used in
appropriate conbination with the structure described in any of the other
enbodi mrerwe.20{1B2aspl e 1] 20[ 0172] In this exanpl @eCTAR2010/86814% | Ng

| ayer was renoved from a sem conduct of4substrate formed i n manufacturing an
SO substrate, and wet etching was perfornmed on the sem conductor substrate
with the use of various kinds of etchants. The results are shown bel ow.

25[ 0173] First, sem conductor substrates used in this exanple are

descr i beqeat_ma?ﬁ]higﬁé&@aﬂeﬁeaﬂzﬁi@@mb@d rix?%@@:ﬂlﬂé)(ﬁheﬁf., g 'swsngsﬁa?é haJiJ%CO“

substrate wth a srz 5 1 nches square was enployed as the sem conduct or
subst r at éwordble gtaradtdrestinnéanche atufariudd ewaswhar theremeshams atshightsdefieat @nduct or
substrates .in an Ha atnosphere to forma thernmal oxide filmwth a

t hi cknesZeHoNdEEP ¥ %n a surface of each of the substrates. The ther nal

OXi datiog)l\gag_perforrred at 950 C for 4 hours in a thermal oxidation WD
2011/ 024619PCT/ JP2010/ 063142 48 at nosphere where the rate of HCL to oxygen
was 35 vol ume% The ispefture describeNjejat thikyembrimenasam dute dsed ieaapprapriathe

sem condyct pr substrates t hrouygh .the. surface the thernal oxide filmwth
the use g?m lﬁlall%"nwgégli’ensgmﬁt& a acﬂé‘?ds'lnnany r??gh?gﬁ%{ﬁgfebé)fh%vr{grradi ation with
i oni zed [ydgpgen, an enbrittlement region was formed in each of the

sem conduct or substrates. The condition of the ion doping was set as

fol | ows: [EHROdmEB! Fr ati on vol tage of 40 kV and the dose of 2.0 x 1016

I ons/ cne. An example of a semiconductor device which includes the SOI substrate
10  manufactured in either of the above embodiments is illustrated in FIG. 7.
[0159]
- FIG. 7 illustrates an example of a semiconductor device including a transistor
280 which is an n-channel thin film transistor and a transistor 281 which is a p-channel
thin film transistor. The transistor 280 and the transistor 281 are formed over the base
15  substrate 120 with the insulating layer 102 and the insulating layer 122 interposed
therebetween. Various kinds of semiconductor devices can be formed by combining
such a plurality of thin film transistors (TFTs). A method for manufacturing the
semiconductor device illustrated in FIG. 7 is described below.
[0160]
20 First, an SOI substrate is prepared. As the SOI substrate, the SOI substrate
manufactured in either of the above embodiments can be used.
[0161]
Next, a semiconductor layer is etched to be divided into an island-shaped
semiconductor layer 251 and an island-shaped semiconductor layer 252. The
25  semiconductor layer 251 is included in the n-channel TFT, and the semiconductor layer
252 is included in the p-channel TFT.
[0162]
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
30  respectively formed over the semiconductor layer 251 and the semiconductor layer 252
with the insulating layer 254 interposed therebetween.

[0163]



[0176] Then, each of the sem conductor substrates was bonded to a gl ass
substrate 10 with the thermal oxide filminterposed therebetween. After

t hat, heavotoaaRwant at 200 C for 120 m nutes and then reatIP2M@as3rENt at
600 C for 120 minutes were perforned, 480 that a thin filmsingle crystal
silicon | ayer was separated fromeach of the sem conductor substrates al ong
the enbrittl ement region. Accordingly, SO substrates were nanufactured,
and at the sane tinme, sem conductor substrates each having a 15projection
in a periphera i r r [ 7 t

performed on tE%Bgﬁeg&g%gg%@lc%g%ﬁftﬁofblfs%%?ﬁg% (ﬁzsitdg?é %B%% %ﬂ;gﬁl First,
I n order impunitgrabemertt ivehichsarvastasrg dcagor, winihcas oaen, fabrmiadnt, or gxﬂ\hem each 20
of the seni.cond ctor sub trat es, the sem co ductg(?aﬁubstrat es.were

subj ect ed"tiBPHED EEmEPLY B oSer YRS S 3,4PRY> su RSB AP e thfiane:

LAL500, @é@@uﬁ&a:t&maﬁrgl | PorRaRipled ar P eri Gt 1Rt GAHIEREH Q0 shias REbigPr | C
aci d, amoni um fluoride, and a surfactant. At this tine, the solution

t enpe? at i addedsinte @niegiampwhere the raﬁldannhleTE’tfclmtndnq formedasnd@0 isguoitys.
25[0179] . uet or subst
i nsul at i r?lgen}eéli/‘é’rhlcye }vﬁggggrdérgr(g;vlg H\?\%‘fé’ & mé‘c‘fv ;ﬁi %Falg'tm@ﬁdsvﬁ?% t he

use of résmpedtive etchants of a m xed solution (hereinafter referred to as
a m xed solution A) where hydrofluoric acid, nitric acid, and acetic acid
were mi x&¥64H a volune ratio of 1:3:10; a nixed sol ution 30( herei nafter

referred to as e a 4t cid,
and acetic aci g%gr%l gl‘ltigé %‘bc&gng&o t'\gnrrgﬁ ﬁgﬁ%ﬁfﬁf&%&’;&oig7 glo%rg&% ideghegol ution
(her & naﬁtmmond&ﬁcﬁomyéﬂ%ﬁl@ﬂt‘ﬁ/ @mmgﬁmﬁtwoneﬁmﬂm}d itgioas23 e xed
solution_C ere hydrof luori [ nLtric d aceti¢ acid were
m xed at f%%\?@“ﬂﬁ@ %{‘H‘%’“B‘f‘a‘i‘ yi"' fg?‘ él?ﬁclfbcﬁ ¥olifshit Bﬁ Sf'ﬁé&“@ﬁ?ﬁ‘?’t €t ef erred
to as a nbx@ekdset theipdthabhel WHT i§ cHYSE@ Wi Ak Gistafidsk anBah hpudGictbm i acetic
acid were m xed at a volune ratio of 1:10:10; a m xed solution (hereinafter

ref err edaddedate the seméapndedtton layer By1.500that élehlywp@f Ipwegoincerration mghutitydr ogen
per oxi de %ﬁéneﬁsyvesr %«;n NE: L= .vol.u ugggr aagrl QSPf f;hog%*)o?\?aﬂ?iﬂ %ﬂueous%esol ution

(herelnaf referre as ‘a aqueous~sol ut’l

t et r afret hydearazand Hnpuiitd clxiede (Trﬂ\éﬁg:s)re allect?odeB25585e etk ¥ alnfask] ®Radebthet he
above m xed solutions Atqo E, the follow ng was used: hydrofluoric acid at
a concenfriaRe loW-emmceiration dmpusipiesindad ib{ormed in theasmisonducter lagerdlon) :

nitric a t n, 9 pur e
Chen can 7| Al fends SRRGET FRAMAY aeait Pt RUBAUPRAP USRI E L o
(pr Oducedvdjylpb(i\as'ﬂhl it ghleetdotratie 285, sebiesl a3 2 chmthehfoimagen rqpéo3igie Nadter at a

concentra of 31 ht % ( produced by M tsubi shi Gas_ Chem cal Corrpany,
Inc.). Th crdfy ﬁlﬁ?lbwh@rfgé?raﬂtw"mon@ﬁ%to {ay Frams's feRovedy thg seipiggpsuctor

L emmpey at iy 29Nhell 16 th HRehhiMel TGS BV With %qeﬁst%askhem&p A uRs 30
seconds, 1 mnute, 2 mnutes, 4 mnutes, 6 m nutes, 8mn
Details glpmphtels added to the semiconductor layer 252, Boron, alummum galllum or the
like may be added as the impurity element. Here, the gate electrode 256 functions as a
mask, and the p-type high-concentration impurity region 259 is formed in the
semiconductor layer 252 in a self-aligned manner. A region of the semiconductor layer
25 252, 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
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.
30 [0165]
Next, after the resist mask which covers the semiconductor layer 251 is

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



above etchants are shown in Table 1. [0180] [Table 1] Etchant Etchant

manuf acturing condition M xed solution A hydrofluoric acid:nitric

aci d: acetwo 2act/od412: 3: 10) M xed sol uti on B hydrof | uori c Pagijd2mone3i1€

acid: acetic acid (1:100:100) M xed sof@tion C hydrofluoric acid:nitric
acid:acetic acid (1:0.1:10) M xed solution D hydrofluoric acid:nitric
acid:acetic acid (1:10:10) M xed solution E hydrofluoric acid: hydrogen
peroxi de water (1:5) TMAH aqueous sol ution TMAH aqueous solution (2.38 w%

*The m Xtich mRfdes adfifidd! duch GRTARSA! AfideNorvaH BRRe "s3EA 8§ sARDARNe, is
formed by a plasma CVD method or the like. This insulating layer is anisotropically
etched in a perpendicular direction, whereby a sidewall insulating layer 261 and a
sidewall insulating layer 262 are formed in contact with side surfaces of the gate

5  electrode 255 and the gate electrode 256, respectively. Note that the insulating layer
254 is also etched by the above anisotropic etching.
[0166]
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

10  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.
[0167]
After activation treatment (heat treatment) of the impurity elements, an
insulating layer 268 containing hydrogen is formed. After the formation of the

15  insulating layer 268, héat 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
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 by a plasma CVD method at a process temperature of 350 °C or lower. By

20  supplying hydrogen to the semiconductor layer 251 and the semiconductor layer 252,
defects which serve as trapping centers in the semiconductor layer 251, the
semiconductor layer 252, or at the interfaces between the semiconductor layers and the
insulating layer 254 can be repaired effectively.

[0168]

25 After that, an interlayer insulating layer 269 is formed. The interlayer
insulating layer 269 can be formed to have a single-layer structure or a stacked structure
including an insulating film containing an inorganic material such as silicon oxide or
borophosphosilicate glass (BPSG), or an insulating film containing an organic material
such as polyimide or acrylic. After contact holes are formed in the interlayer

30  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



WO 2011/ 024619PCT/ JP2010/ 063142 50 six kinds of etchants for the respective
periods of tine, a step fornmed in the peripheral portion of each of the
substr at esowas/am@sur ed (with Surfcoder ET4100 (a step WERLTB2ENO6BI142
apparatus) manufactured by Kosaka Lab#tatory Ltd.), and the etching anount
of the sem conductor substrates in the central portion of the substrates
was 5 neasured (with Sorter 1000 nmanufactured by Lapmaster SET Corporation
and LK- G0 manufactured by Keyence Corporation). Further, the peripheral
portions_of ., the substra . i tehid i 0G: 1 .on A had
been por iR BHES HENERll Ml 22 af o b Bl bi1E Mt ARoR

m cr oscopgribXeddtalmeilihd. acThy ®drrizy fktahiilms Gainpbe afoime) usingr molybdenwent r al
portion of the substrate refers to a region 100f the substrate other than

t he perigHem#my#apinE,outhelikes step was forned. [0182] FIG8A is an
opti cal dggggraph of the peripheral portion inmediately after separation
of the sem conductor substrate, and FIG 8B is an optical m crograph of the
peri pgheral porThonglatieeabove preeds, asemivendurser devicechavmgahe nieh@iel IKTand 9B
show resulfs 15 of ste asurenment of the ri ral. portio f the

subst r at @4 ¢y meigndi t 6N besmag aﬁ‘HEFdSBI,QF eegggcf‘flvgf";‘?. ‘“feH He Y aphs
show ng {GcSiRRIOTRRIIE VBRI &fSodihent &NRai@idihedlat XIrSmEIPPORSERE Sas? St ep
(RmM where the central portion of the substrate is a refefence (0) and the
hor i zont ddscaléds in ethe eatmve s embeodidients( nicepidingly, sesti éonapautactusingstheat e.
Thi s can_be qﬁplieg t.0 thq)other graphs of step neasurenent bel ow. 20[ 0183]
On the | SPcgqygiopfleyipecapbersdycedns of FIGs. 8A and 8B, a step of the
perimher@i7pprtion of the substrate is shown. In FIG 8A the remaining
insulating layer is observed; fromFI G 8B, it is observed that the

i nsul ating | aydpteviiiat the semicendyrdorsilqviccotluptiatedhin Flfer andyg apangfpstyriog; |

Fur t her : m'cﬁloghﬁlepe%[f' B@eﬁc?slcrig&f Lih Ofhi ferﬁﬂbgirﬁ&g?t o¥ef T, %Re PRIChfL ! (?lnsa and
depressions due to mcrovolds were tormed and the planarity was Tow On the
ri ght sisteniobndub®r mecicogf aphmbpodinient ofithenntdntios enbe absclpoeed isamt dimitedde
substrat&@is observed. [,0184] . . ggge sane result can be observed in
the graph§redt- Fiiesemygondefonpevieq may dncludsct GRRACH YR T§YMOTs f BROREKGRER ¢ he
peri pher glnveRidd Qiméat, § hentiaidzidnanbrithelicentdialion®s h T, of the
substrate was approximately 0.2°vm whereas FIG 9B shows that the WD
2011/ 024@19PICT/ JP2010/ 063142 51 insul ating |l ayer was renoved and the step

FRSRENLS R N T T N
m cr ogr aglishifhtidn@itlk Bel spE A deReribedtih @R obfhetoiter s@BbLEIaTREICt Or Ssubstrat es
whi ch were subjected to wet etching using the
[Example 1]
20 [0172]
In this example, an insulating layer was removed from a semiconductor
substrate formed in manufacturing an SOI substrate, and wet etching was performed on
the semiconductor substrate with the use of various kinds of etchants. The results are
shown below.
25  [0173]
First, semiconductor substrates used in this example are described.
[0174]
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
30 was performed on the semiconductor substrates in an HCI atmosphere to form a thermal

oxide film with a thickness of 100 nm on a surface of each of the substrates. The

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



m xed solution A for 30 seconds, 1 mnute, 2 mnutes, 4 mnutes, 6 mnutes,
and 8 mnutes are showmn in FIGS. 10A1, 10A2, 10B1, 10B2, 10Ci1, and 10C2 and
FI GS. 11Av020M1AR46191B1, 11B2, 11Cl, and 11C2. Here, Fl GBCTHOAM0/663d4210A2 are
optical mcrographs of the condition # 30 seconds; FIGS. 10 micrographs of
the condition of 1 mnute; FIGS. mcrographs of the condition of 2 m nutes;
FI GS. m crographs of the condition of 4 mnutes; FIGS. m crographs of the

condition of 6 mnutes; and FIGS. 11Cl1 and 11C2 are optical mcrographs of

the condiii RBLAE wheld F ol I Al, 10B1, and 10C1 15 and
FI GS. 11A1,&?1é5}ti, o ?i@?"%ﬁ‘?gﬂﬁ’?ﬁ?“ﬁ grvc?ﬁglr%p s at 50-fol d

magni fi cf@li76h; FI GS. 10A2, 10B2, and 10C2 and FIGS. 11A2, 11B2, and 11C2

are optical mcrographs at 500-fold nification. [0186] FIGS. 12A to 12C
and FIGS. 13A ](\’8"‘1&5%3&%\/\)”?% efdo gge ‘?fébe RERicoRAGESubyiraty thioygh the | pher al

por ti onsggkack N BERBEHAT 8Ride I withlthe s€Bf zﬁ'lnﬁ)_nlﬁéig%'qgﬂrgﬁs. 1I%A!%his]‘38’ and

13C show results of step neasurenent of the perip ortions of the
subst¥ at exampldehy irfadiaties patht ionized dydiogem s afbrdfementongieon wasrfonoddin 2

inutes, 4, mnytes, .6 m nut d 8. nutes. 187]. 25FI GS. 14A to 14C,
G, © 3 a0 e SeeniSosulih Siosee. ° Eieonifian 10} B tion HoplE wansetoe ac
FI GS. 19&)110%59—91@&@1%&012%&9of?@@kV%ln@ghe dobbof 8.02d £6'¢ fdnSem?22A to 22C, and

FIGS. 23A to 23C show results of step neasurenent of the peri pheral
porti ons[®f761 he semi conductor substrates on which wet etching was perforned

respectively using the mxed solution B, the m xed lutiopn C the m xed
sol ution D, thﬁ’%"@ eﬁ?qug]tl?ofﬁlf _"ﬁt,or szBStfaﬁeé. Wmﬁp‘gffaet&% gg‘ﬁ’f Sebsyates or 30
secor@s, withnihBUhémal oXidRULIRS interpUséd t1RFebeBrdBnNUiAGEer (ARt hBatNirélithest: atF! CS.
14A to 14C and FIGS. 15A to 15C, FIGS. 16A to 16C and FIGS. 17A to 17C,

FI GS. 18A0Q SC18c ROdminugs. and thenoheaad Grearnes at G0 °C for 120 minutes were

2011/ 024619PCT/,JP2010/ 063142 52 20A tqg.20C and FIGS. 21A to 21C, .and FIGS.
22 t o PBEIITO RO B Pl s Ble i TP EoT et bt SLEoByeaRl Fh%! he

m xed sokdihicéntiuBior bigtriieX atbn Ahd ErBAttemehhR gitnX € A cSiditidl RS OPsubdifatdy xed
solution E, and the TMAH aqueous solution, respectively.” As for FIGS. 14A

to 14C, wWpresmangfactuged] ad at)ths samglime, yesmcorducior subgtrates ¢aafly havigSa 5 18A

3¢, PandP el S HpLIO BT M e Rfined, %2 | e even numbered

figures ENGW results of step neasurenent of the peripheral portions of the
substrates under the condition of 30 seconds, 1 mnute, and 2 m nutes,
respectivel y; Qedpheatgentgerigrmeg,on thejahoyasemigpnductopshsiates i desaibsow
results Rj‘ng]t ep neasurenent of the peripheral portions

First, in order to remove the insulating layer which was formed to cover each
20  of the semiconductor substrates, the semiconductor substrates were subjected to wet
etching treatment using a 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 seconds.
25  [0179]

Next, the semiconductor substrates from which the insulating layer had been
removed were subjected to wet etching with the use of respective etchants of 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

30 (hereinafter referred to as a mixed solution B) where hydrofluoric acid, nitric acid, and

acetic acid were mixed at a volume ratio of 1:100:100; a mixed solution (hereinafter



10of the substrates under the condition of 4 mnutes, 6 mnutes, and 8

m nutes, respectively. [0188] Further, FIG 24 shows results of
measur i ngwohetlgred1ong amount in the central portions of PCHAPIUWEE3I4X €S i n
the cases of performng wet etching wi#fh the use of the 15 mi xed sol ution A
and the m xed solution D. In FIG 24, a circle and a square represent the
results of the cases of using the m xed solution A and the m xed sol ution
D, respectively. The vertical axis in the graph of FIG 24 represents an
etchi ng a0pHed f A nfiked ﬂﬁum?%g}écﬁeﬂ%m&u@(f,%iﬂrﬂe el afi8ALLR 2 (?rt! on
of the sem conductor substrate and the horizontal axis represents etching
time (m mere B@¥e@lB ] volume ratio ¢el:@.1:10he neked solgtiamtherdindfter trdferred it 404

ortion of. the substrate s, cal cul ated. f.rom.chapge..in the thickness of the
Pont ol SHred St Dh et BrsiisTh el Sitih 50 Pl e Sbicrh v
t hi cknessoRinel Ao SEPILI1®E & MRS SoAht5oH (?El‘%ﬂ]aftgpf@f&ré# tbla8a6M%Ed RILUGER) t he

val ues of laser displacenent sensors (LK-G30 nanufactured by Keyence
Cor po? at Wdwie airefluariosidangd bydrogan pesoxide svater yedromisedatass voleme matis bhige

(Sorter 1Q00 nuf act ur paster SFT Corpor at,i . The nmeasurenent of
t he subsgI %gtaél t i %?“ﬁé%%%%gg‘bkﬁ‘%%‘r“ d rgﬁer W%OF%P?Q% RGO §°F‘i‘°8) regi on
of 107 mMuhschU@bMaind fch@me@iylandhommt h9droRfdet (MRS b 3t 38 vFéi%ﬁt%er , If he
etching anount in the central portion of the substrate was obtained by

conpar i ngreppeng therabgee wkesespletions e torBathg fellewing rveasuised:. hyfinafluoeigetcid | on

30accuracy_of the |aser_dis nment nsQr,. i 0..05 u and the repetition
accur acya%? C?"r?glblf%ioé' éé)swggﬂtt%c] gorgé}i?gé $§§2€1}aséh?5‘."§a gﬂﬂ’%}%’lg Rithc acid
201142469 B6ied RARMSORBIAZNPA A&&a%& by Wako P CheRAMRRIdaaReOf t%gge

optical m crographs of FIGS.” 10Al1, 10A2,” 10B1, 10B2, 10Cl, and 1 and

FI GS. 11AdeticlabAR at 4 IBhcenirhB@n of PCT, waiptit% I(Phducéd bg Kishidal GHeaticat@ps due to
the projection on the left side of the mcrographs were reduced 5 as the

et ching v ardshydreges duaeridegratenyal iy Fencentsatignonh 31 wvaight® (prasucedhy 11A2,

when t he I gL d ' fe r , e _sane
Concl usi Segafidahs TRota) Gk )" T ORIl i AR I e AOBRREC i o
are gr aphas sdt at hens teappermasyarehtha timefoGSichingAising ch2iCofitid cidhamits wladA0 0 13C
indicate tha \ﬁEt .etch#' ng usi n% t.he m xed solutioon A progresses in such a
mannet t FREONES: HoMaMYS 4 SHARES:| “H“'étf?%rg grinutes,13nd %é‘?‘l“ﬂ)‘ﬁ%r dretpiby of 81§ of the
subst r at gndve eehdhs &R 8 nAgRGIRGi cul ar to the plane surface of the
substrate and then the hole is expanded. This indicates that the m xed

sol uti on[048@knetrates the sem conductor region (the damaged seni conduct or

regi on igfalb df'rng crystal defects or mcrovoids) included in the step in the
peri pher ECo]tion of the substrate and then the step is renoved fromthe

inside of [the sepjcaestduct or [regi on. Hipiehf hatefacRimB!cBAdiHeh N The mi xed
i di ff f t

SOl ut| on tends t o bhroares LN 2 npnnar ar ont romtha Ln tl’e case Of

usi ng anot hengFéﬁéWﬁlf’H%nrgF hﬁ’g“’@é@éﬁ;P@@d‘ﬁﬂﬁt‘léﬁdvacf‘eﬁl@?ﬁ(13T0) o

Mixed solution B hydrofluoric acid:nitric acid:acetic acid (1:100:100)
Mixed solution C hydrofluoric acid:nitric acid:acetic acid (1:0.1:10)
Mixed solution D hydrofluoric acid:nitric acid:acetic acid (1:10:10)
Mixed solution E hydrofluoric acid:hydrogen peroxide water (1:5)

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

*The mixture ratios are all represented in volume ratios
20 [0181]

The semiconductor substrates were subjected to wet etching using the above



The graph of FIG 24 showi ng the etching anount in the central portion of
the sem conductor substrate indicates that the etching anount of the

sem conduwOan112Rsabstrate is small enough at | east unti lPCaaPEtiahé3ng ti me of
6 minutes and is in the range of margP® of error in the measurement of the
substrate thickness. [0192] Table 2 shows a relation of etching tinme
to etching amount (4n) in the central portion of the sem conductor
substrate and etching anount (Rm) in the peripheral 25 portion of the

seni condyfd Bhd$ BPSERAEfor TRDIeSpeltigh &i&&%ixﬂéfa&g?m’?ﬁﬂe@% itﬂéiz;%e)ﬁc?heral

(selectivity 1) and selectivity of differences ectivity bt al ned
f rom t he pettwini nf) eacho it thie nsubkteatese mtas alnegorad Gwithf Surfredere KTd00@ U@t step

S0t AT SR ST RS Pl hhe
2011/ 024GARKiT b HROIMiOORILEDr 2hbseatddi MTthe! dBRtraMpEtioftdTth GuBdRIHEL whi

central portion of sem conductor substrate (unm) Etching anount in
peri pher Alcaped (with §prtereH0Oonawactred b Jiapanastey §FF Cosedratian and LKIG30

Sel ect | Vh}a%u?acglrgd 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 an optical microscope MX61L manufactured
by Olympus Corporation). Here, the central portion of the substrate refers to a region

10 of the substrate other than the peripheral portion where a step was formed.
[0182]

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

15  of step measurement of the peripheral portion of the substrate, corresponding to FIGS.
8A and 8B, respectively. In the graphs showing the step measurement results, the
vertical axis represents a step (um) where the central portion of the substrate is a
reference (0) and the horizontal axis represents a width (mm) of the semiconductor
substrate. This can be applied to the other graphs of step measurement below.

20 [0183]

On the left side of the micrographs of FIGS. 8A and 8B, a step of the peripheral
portion of the substrate is shown. In FIG. 8A, the remaining insulating layer is
observed; from FIG. 8B, it is observed that the insulating layer was removed and silicon
in the lower layer was left. Further, in the peripheral portion of the substrate,

25  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.

[0184]

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

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

portion of the substrate was approximately 0.2 um, whereas FIG. 9B shows that the
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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 pum.
[0185]

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

[0186]

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

[0187]

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
respectively using the mixed solution B, the mixed solution C, the mixed solution D, the
mixed solution E, and the TMAH aqueous solution for 30 seconds, 1 minute, 2 minutes,
4 minutes, 6 minutes, and 8 minutes. FIGS. 14A to 14C and FIGS. 15A to 15C, FIGS.
16A to 16C and FIGS. 17A to 17C, FIGS. 18A to 18C and FIGS. 19A to 19C, FIGS.
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20A to 20C and FIGS. 21A to 21C, and FIGS. 22A to 22C and FIGS. 23A to 23C show
results in the cases of using the mixed solution B, the mixed solution C, the mixed
solution D, the mixed solution E, and the TMAH aqueous solution, respectively. 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, and 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; 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.

[0188] _

Further, FIG. 24 shows results of measuring the etching amount in the central
portions of the substrates in the cases of performing wet etching with the use of the
mixed solution A and the mixed solution D. In FIG. 24, a circle and a square represent
the results of the cases of using the mixed solution A and the mixed solution D,
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).

[0189]

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
obtained by comparing the average values of the measurement results. The repetition

accuracy of the laser displacement sensor is = 0.05 pm, and the repetition accuracy of

the thickness of the substrate is + 0.5 um.



0. 546 1.338 [ 0194] Here, the selectivity 1 is obtained by
dividing the average value of the etching anmount in the step (a region with
a width ovoaomi/omg19i n the peripheral portion of the 5 eulbgPrEv/EcdY2 t he
average value of the etching anount id3the central portion of the
substrate. The selectivity of differences (the selectivity 2) is obtained
fromthe etching amount of O mnute to 1 mnute, the etching anount of 1
mnute to 2 mnutes, the etching anmount of 2 minutes to 4 mnutes, and the
et chi ng t of 4 mnutes to 6 mnutes. For exanple, the etching anount
in the central portion of the sem conductor 10 substrate from1l mnute to
2 minutes is chtomlcampdriscm 6O kHeowptical.ndidrograph®@ 36 EIGS. QDAL ROA2, THdB1et chi ng

mnut e 0082 et o 10 BR ES Pl AL 1388 6l e BG83 i
Accor di ngdyhd thﬂ%té}ﬁ'(ﬁl@ttb Yhd Yrofectin bhltﬁe Ii:?tssﬁdé §f @@tn%bﬂy%ga § \Je@é lréﬁ’t‘l%cd 0.124 /
0.044 = 2.818 95] 15According to Tab 2, the sel ect|V|ty of

diffe¥ en@%ﬁle(qtﬂeng@h@cwmnpgca@)d v &pf esamplwrmseethommg RIGSe 118paodflilédl |y, the

sel ecti vi 1,S r oxi e et chi ng S starte becones 2
or i gherménlil ERERETEIEN ALY plrdfTed et ofcfaeRlny b sEREFUETNOT o be
caused byar beobtaink@ WoRJFIGSSQA. toFIIZKSzIn,d MFGS msAb@mB@mmglﬁkfe drijshs®IfGRd NG, the
damaged semi conduct or ion left in the central portion of the

semi condBtEP reasugempak ¢ ftla& RA vniifeand BH&Y-HEA i 13K infisagdhatgeet etching
sem Condgﬁhgher e?(egrs]ol'uﬁ rgml?@éénsgé‘ [ Gh Qgﬁﬁumh%f a ﬁd?@ ststﬁghs%dé’ﬁép%f

substrat ore ar ge erence
20111@24 6t FeGphekBi 610 68thd Rubstrate in a direction perpendlcular to the plane surface of
the substrate and then the hole is expanded. This indicates that the mixed solution A
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.
15  Such wet etching using the mixed solution A tends to progress in a manner different
from that in the case of using another etchant, which is described later.
[0191]
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
20  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.
[0192]
Table 2 shows a relation of etching time to etching amount (um) in the central
portion of the semiconductor substrate and etching amount (um) in the peripheral
25 portion of the semiconductor substrate. Table 2 also shows etching selectivity
(selectivity 1) and selectivity of 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 semiconductor substrate.
[0193]
30 [Table 2]
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equal . the sellectivity returs to approximately 1. Oas ng tfo such
vari ati 2 sel ectivity, the damaged sem|conduct or |regii@gs2l S

sel ectivielTy irenpved. §@ag6] The selegypyities|I ipkhe gtching timg of 2
mnutes |and 4 ninutes are as hjgh as 15 1.607 and 1.748,Tespgetively.

Furt her ,[the—se Cbtivitu;s 2—t+p—the “*Qﬁing tHre—pit—3 ninuteB§§ 2 i nutes
and 2 mjnutés top 4 niH es are|las hi R s 2.818 aﬁéUE.GCQT_LespecLively. I n
this manper, wijh the use of the nmixed solutign A (the i xed-6981 ut ifon where
hydrof | yori ¢ acfd, ni®A6Z acid, and @é8%ic acid al-@48ri xgd at a vol yme ratio
of 1:3:10), the|step (the projgection) in the peripheral |portiss of |t he

sem conduct gr slbstrapeo0can pe sel@stévely fenoygsR i nja short tinfe.

[ 0197] t is found that in the etching using theg mxed sofyti on B,
et chi ng SEeS at a-St oW pace ard—the—step—Ts not—renoves—everwhen t he

etching tine is set to 8 mnutes (see FIGS. 14A to 14C and FIGS. 15A to

15C). Fufeivay, the step in the periphera
gradual | y etched fromthe surface and a deep

25 portion of the substrate is
hole is not formed, which is

di fferent fronteethesstectyity diingbtained by déidiag|the porage vatbruef the lstching | owi ng

is foundé
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portion of the substrate cannot be selectively renov
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FIGS, 18A t
an“Bten

o 18C

Or t he

e@‘%m[ 0200]

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 selectivity 2 in this case is obtained as follows: 0.124 / 0.044 = 2.818.

[0195]
15

with etching time.
etching is started, becomes 2 or higher, and then returns to approximately 1.

considered to be caused by the following reason.

According to Table 2, the selectivity of differences (the selectivity 2) varies
Specifically, the selectivity is approximately 1 soon after the
This is
First, at the beginning of the etching,

the damaged semiconductor region left in the central portion of the semiconductor

20

substrate is removed together with the damaged semiconductor region in the peripheral

portion of the semiconductor substrate; therefore, there is no large difference in the



By the etching using the mxed solution E, the step in the peripheral
portion of the substrate is not renoved as in the case of using the m xed
sol uti on WoQeué2fd1ES. 20A to 20C and FIGS. 21A to 21C). pCmuB010/M631£2 f ound

t hat the seniconductor substrate is haPdly etched when the sem conduct or
substrate is subjected to the etching using the 15m xed solution E. [0201]
In the etching using the TMAH aqueous sol ution, etching progresses at a

sl ow pace, and the step is not renoved even when the etching tine is set to

8 m nut egtchffRerdid Hotweeh ihk petpfed QofiloFof R sdnBicomfattor EBHs;tgné faf k! ow ng

Is found: evén when 20 the 'sem conductor substrate 1s etc usi ng the TVAH
aqueous sonteali portion hef hee peinfcontlectpre sipii@teal Qomsequantlyf thdesckaticity dte i s

not renoved or is renmoyved over a long. period of. ti.nme. [02Q2] Here, the

T xed soPERCGHaAEly e AffskafF Svdben SrisBRaieist Pieh i D cbrigH Fertolef 5 ¢ he

m xed solsethicBRdURtaH aba e istre BVEE 1ROTBRINE Rdte 1§ GAredqh Whd QAUEPHSBLRIRY.
hydrofluoric acid, nitric acid, and acetic acid. A function and reaction of

e?‘C.h &l erﬁlpngeraip@nq;@j[qroqugﬁpg@ vyhj@ogqe etching rate is notNpweied iacthd mipdi'ﬁl@és .
S L5 g A SIS S AR e
(2). Si 0Zemtaifid¥herein.2HBonseqEnt)] tBe seteNRAY (2 )nctdAgddspéah a6 lto Avehigheaci d
stabili ZeAsftetr ht%atr,ﬁ éleeddgn%guetdi 22m%29du%?0€p;e%?§ne%nr&gi ger?];[h%pail ngértion of the
semiconductor substrate is removed and the etching rates of the peripheral portion and
10 the central portion of the semiconductor substrate become substantially equal. That is,
the selectivity returns to approximately 1. Owing to such variation in the selectivity,
the damaged semiconductor region is selectively removed.
[0196]
The selectivities 1 in the etching time of 2 minutes and 4 minutes are as high as
15 1.607 and 1.748, respectively. Further, the selectivities 2 in the etching time of 1
minute to 2 minutes and 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 step (the projection) in the peripheral portion of the semiconductor substrate
20  can be selectively removed in a short time.
[0197]
It is found that in the etching 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
(see FIGS. 14A to 14C and FIGS. 15A to 15C). Further, the step in the peripheral
25  portion of the substrate is gradually etched from the surface and a deep hole is not
formed, which is different from the case of using the mixed solution A. Thus, the
following is found: even when the semiconductor substrate is etched using the mixed
solution B, the step in the peripheral portion of the substrate is not removed or is
removed over a long period of time.
30 [0198]
The step in the peripheral portion of the substrate is not removed by the etching
using the mixed solution C (see FIGS. 16A to 16C and FIGS. 17Ato 17C). Thus, it is



As descri bed above, the three-conmponent m xed sol uti on contai ning

hydrofl uoric acid, nitric acid, and acetic acid has a function of etching
silicon byonepeatiing t he oxidation of silicon shown in rheJPznoné3a42 1) and
the dissolution of silicon oxide showa6in the formula (2). Therefore, in

t he case where the anmount of 10 hydrofluoric acid is large in the

t hr ee- conponent m xed sol ution containing hydrofluoric acid, nitric acid,

and acetic acid, oxidation of silicon by nitric acid shown in the fornula

(D) 1s 2 t%y&gu{;&fdh or BB SABRUVNGER URABENCrBlomitic aci d

is |arge, |sso utron o i con oxl de by uori ¢ aci d i'n the
formul a (E@bstiate ia sulstaed tontht etelingasingrthe ﬁﬁ)[dﬂZﬁMition C. Accordi ngly, the

fol |l ow n iunpti on can be nade: since the anobunt of nitric acid contained
in the '9(1293’ solution C was snmall, oxidation of silicon was a rate-limting

factor in the WethetEhhpsin gnﬁesﬁa&@d SEtbe thefeﬁ, ghﬁnéﬂmﬁi tﬁekéﬂda‘?n Ein

whi ch hydr ogen perOX|de oxi di zes silicon. IS ass hat wet etching
di d nbt POrtpmoefr thessubsiratbias mcxeadeds o ptqpomdﬁ tocthautehing tisiea(ske FXGAR4), ng

f 020 ) f th i ti D, th
PorT ot na MEURESED B hme mefbhekslnpstion al g sbs ol P Acs LAt B 1, "
fornula @A 19MOEy esefd TRRI @wushegcmesmliéaescﬂﬂmmb aé ad StiKn®f IheOgHtize aci d
and nitric acid was e; result, the selectivity between the

per i pher &¢misepduciny %‘PStﬂ’f@ i B‘t‘%lﬂ)f aicheharil theestersim the| pepipherabporgipn tcf ghe
substrat g,60u edcani’(Et l}gtesgggt%g%gge?mﬁ;gg thus wet etching was perfornmed evenly

on the entire su n addition, it is assuned that since the
amoum® of020pdlr of | uoric acid was srmall 30 in the m xed solution B,
di ssolution of si]icop oxide was a rate-limting factor in the wet etchl ng.

This i s becaus8Y thherhingasingshnmixad siogrs. (b tep 4tihg Heélplé‘?ﬁll portigq ghi ng

from t he giNgbseatof Sl ERAY efects
or m CI‘O\t/OI ds |st SVI\{BE'Z%M/ 023619PCT JPZO%BG%%ZCQ&IB‘H ess |EY§§/8%Oéagb

caused atw2@¢ @nd AgGHr 3t ttdi@1€ur f Hus, dfis fmmddhmgedemmmmmtmﬂ)stmte égi on
f iall th d | ut A
Cont ai ns " BERIERRES 67 sl ubalrn e Shipt ke be SRS B3 18R or abl o

bal ange; n{ib&j’ﬁfhﬁf(ﬁﬁ‘nelther of the reactions of the fornmula (1) and the
formul a 32; is arate-limting factor. Mreover, effect of suppression of
et chi ng Ibe obtained by acetic acid, and thus the entire substrate is

prevented fr On]nbt%' "Leeh geﬁHng il clkﬁgH Lque% J solution, etching progresses at a slow
pace, and the step is not removed even when the etching time is set to 8 minutes (see
FIGS. 22A to 22C and FIGS. 23A to 23C). Thus, the following is found: even when
20  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.
[0202]
Here, the mixed solution A, the mixed solution B, the mixed solution C, and
25 the mixed solution D are each a three-component mixed solution containing
hydrofluoric acid, nitric acid, and acetic acid. A function and reaction of each element
are as follows.
[0203]
Nitric acid oxidizes silicon. This reaction is represented by the formula (1).
30 3Si + 4HNO; — 3Si0; + 2H»0 + 4NO (1)
[0204]

Hydrofluoric acid dissolves silicon oxide. This reaction is represented by the



10When the step in the peripheral portion of the substrate is thus etched
using the m xed solution A (the m xed sol ution containing hydrofluoric

aci d, nitwpconadi2éq19and acetic acid at _a volunme rati o of PCTAPAA)/p63de
projection in the peripheral portion 8f the substrate can be renpved in a
short time with the selectivity between the peripheral portion of the
substrate and the central portion of the substrate maintained.
15Consequently, the reprocessing treatnment of the sem conductor substrate
can be pesrfii | surely and effectively. [Exanple 2] [0212] This exanple
shows results of conparing the case where a conbination of wet 20 etching
treat nent usi n§iQ:he6tMF xe@HE ol [$iFdh +a3H460/dr ofDuoric acid, nitric acid, and
acetic aﬁ%ﬁ fnd CWP treatnent was enployed as reprocessing treatnment, with
t he case Bfe OWP treatnent was mi nly enpl oyed without using the wet

etching treat nBBdtic AR §iaBiliEMRné frﬁ;@édrg%nhion%a@ﬁpﬁrés%@stﬁFﬂtqta}iiﬁQ a high
polishing rate, treatnment with a I ow polishing rate (tinishing polishing)

was perfd¥®eH. Note that in the case where the 25 above wet etching

treatment was Rot .e oyed, the ti for CVP treat nment s set |longer so
that the Ievelﬂﬁ)f d?sg%k)g%egg?vﬁg fl}eeantt%f‘?gh(iom\ﬁggergqﬂ'lxe os?l\ﬁﬁ?ni fOMAR B se of
enpl oyi nPydrBRud a6ilC Ritrig dcidg adnd@eadetic [A2R1L Bhs a function of AtEHE SiMRREH WyOr
substrate to_be subjected to the reprocessing treatnent was 30 manuf actured

in a manfreFatiigthe aridation efatiligg shawndp secfornulmbleandthe displvioneafasilitan can be
referredytife f Yowdehith -fom@léf}{)zg.t \r/\?thég e,O%ﬁlQi’x?chgé ‘]\ElfeQéL%Q 6dditnt 5<gf

A reprocessed sem conductor er el na refefred to as
subst@ at kydipfludricc hacwhsisplages e dthby thrée cabporentvemixetic Bohgoth r eaitamiilg and CVP

treatment wWith a short polishing time was. panufactured in the follow ng
manner . PBRSoriEa Gtk gad decsic eI BHEN ohSUICER PHEFSFEK TSN vas
formed tm @meY&MUINE)IETHOMIMERS FacktDS I Ak Rasd WherS §HE SABEH O Rftric u@@t rate
was subjected to wet etching treatnment using a m xed sol ution {pro uct

nane: LAis3a@e, dpssoditvadiisflicenalxide Ghhydroud@sy gid shavom)n e fomiuia () is a
hydr of | UOEiF a}ci qa ammoni um fluoride, and a surfactant. At this tinme, the
rate-himiti 1;t

sol ution errpern 8" was roomtenperature and the etching tinme was 300

10serpndm@207]
Accordingly, the following assumption can be made: since the amount of nitric
acid contained in the mixed solution C was small, oxidation of silicon was a
rate-limiting factor in the wet etching. The same can be said to the mixed solution E in
which hydrogen peroxide oxidizes silicon. It is assumed that wet etching did not
20  progress in the mixed solution E because of small oxidizing power of hydrogen
peroxide.
[0208]
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
25 hydrofluoric acid and nitric acid was large; as a result, the selectivity between the
peripheral portion of the substrate and the central portion of the substrate could not be
obtained and thus wet etching was performed evenly on the entire substrate.
[0209]
In addition, it is assumed that since the amount of hydroftuoric acid was small
30  in the mixed solution B, dissolution of silicon oxide was a rate-limiting factor in the wet
etching. This is because, when the amount of hydrofluoric acid is small, etching from

the inside of the damaged semiconductor region due to crystal defects or microvoids is



[ 0216] Next, the sem conductor substrate from which the insul ating

| ayer had been renoved was subjected to wet etching treatnent using a m xed
sol uti on woanrigepandi ng to the m xed solution Ain the abmmezmwa«m&ze) wher e
hydrofluoric acid, nitric acid, and 188 acetic acid were m xed at a vol une
ratio of 1:3:10. At this tine, the solution tenperature was room
tenperature and the etching tinme was 120 seconds. Note that in producing

t he above m xed sol ution, hydrofluoric acid at a concentration of 50

vei ght % (& eleRew Qé’cgseéi lafid CREM (ﬁj ﬁoﬁofhgosru%l:é) Bt th@%rﬁ%#ggs'% tdu@t

concentration of 70 wei ght % (produced by Wako Pure ustrl es,
Ltd.); amgiecpefacdnily paogresseoncentrati on 20 of 97.7 wei ght%(produced by
Ki shi da ical Co., Ltd.) were used. [0217] Next, the

sem cond substrate was subjected to CWP treatnent with a high

pol i shing rateQnlthe biher kdYR, tHcaAIxEB Bblutién AAOAHIRL ﬂ&gﬁ@ﬂmld 24U, Aftri€ a8l and
silica-based slurry (I LDlsglf%dqaﬁa roduced by Nitta as lncorporated, a grain

si ze df ambagpkic agidhatasfavory Hd¢ | theretong, rwether Qfsthd reattienssofithe forfriuday r at e

was 200 Ny, .t I |n ur thesmdle rofation
speed Wagri )Bardq dthe fgﬁ'ﬂ'ﬁg (bf)l'e ?% th gﬁggﬁ\g@d wa%re%ﬁ: % ctohg PW@SSE%B{ ment
time was e@hﬁilgmaheﬁ ott&lgddBby acetic acid, andfth& tht eatire Sbbirdte eaprRedtedvilolh a | ow
pol i shi n rate was Eerformad on the 30seni conductor substrate. In this CVP

treat nen e‘“&eg‘iﬂéﬂétc #li shing cloth (Suprenme, manufactured by Nitta Haas

| ncor porg; I:%:Tand silica-based slurry (NP8020, produced WO

2011/ 024619 / JP2010/ 063142 60 by Nitta Haas Incorporated, a grain size of
60 nh@ and 20- Wied thk $tep inothy pwapleral pedionTdfehs kubistrytefib dwis reathed wsiag 2100

m/mn, the polishi re e 0.01.MPa, th indle rotati. speed was
30 rpm ¥ d{)%l}’tzml} &g S‘EF dﬁ&lélf)ég@a\%ﬁscogﬁlffl%hxglﬁg]upﬁg atcfdea{’c‘ﬁ’énic“f’ ‘T'\‘EP was 3
M nut es. a&dti@ LR at a volume MB&BMII: D), fhel 38 e@ﬁ@rﬁ ﬁ?fﬂe%ﬁhﬁ&?ﬂ&ﬁﬁ@ﬁ ofhistrate

(hereinafter referred to as a substrate e above wet etching
t r eat mensubsiatergen hreremavegddn Washoﬁfahmﬁ mm ﬁl@dsqlwtm’he betvdepvihe g)enamelr

[0220] 1 t Jatl ich forrredto
cover thggslgﬁ‘l (%n uc%‘go%[rgubs tfa e % fol, ﬁ#‘gona W8r¥§tif5rw{1ré?aé

subj et edohequaitlyetthdi ﬂagrohéﬁﬁ{gﬂmﬁtmtﬁt ftg thelMsfitof@lctdri QiibstiafeOdME thename:
LAL500, pr oduced by Stella Chem fa Corporation) containing hydrofluoric
acid, anhgif i‘fi"ﬂ’eﬁff%ﬂﬂe‘& surfactant. At this tine, the solution

t enper at fﬁx%nﬂﬁéﬂ oomtenperature and the etching time was 300 15seconds.

[0212]
This example shows results of comparing the case where a combination of wet
20  etching treatment using the mixed solution of hydrofluoric acid, nitric acid, and acetic
acid and CMP treatment was employed as reprocessing treatment, with the case where
CMP treatment was mainly employed without using the wet etching treatment. As for
CMP treatment, after treatment with a high polishing rate, treatment with a low
polishing rate (finishing polishing) was performed. Note that in the case where the
25  above wet etching treatment was not employed, the time for CMP treatment was set
longer so that the level of reprocessing treatment was equal to that in the case of
employing the wet etching treatment.
[0213]
A semiconductor substrate to be subjected to the reprocessing treatment was
30  manufactured in a manner similar to that of the above example. The above example

can be referred to for details.

[0214]



[ 0221] Next, the sem conductor substrate was subjected to CWP
treatnent with a high polishing rate. In the CVWP treatnent, a pol yurethane
pol i shi ngwol2etin2asd silica-based slurry (1LD1300, produ®€t/Jpgoidingse Haas

| ncorporated, a grain size of 150 nm 5énd 20 20-fold dilution) were used.
The slurry flowrate was 200 m/mn, the polishing pressure was 0.02 Mra,
the spindle rotation speed was 30 rpm the table rotation speed was 30 rpm
and the treatnment time was 12 m nutes. [0222] After that, CMP treatnent
with a | ow pol ixshj ! trate.
I thi's VP L1 oot e el B R O A RN R T By

Ni tt a Haadidnwaes porcassed byathd above pat bwbag stammeyt {MdPENI(regmeducdth by Nitta
Haas | nco rated, .a grain size of .60 n and 20-fold dilution) were used.
The si ur PO POt is EnGAES BaBMTaFtefRdin the QNGB MERPM  pr essure was 0. 01 MPa,

t he spi m[tbzq5!ot ation speed was 30 rpm the table rotation speed was 30 rpm
and the treatnent tine 30 was 10 m nutes. [0223] WO

2011/ 924619PCTFust2 01 0vdos 81 emaye thp dnsalatimgHayks whkick wesfperedetd caveoltser vat i on

with an j 1 Croscope, Step nmeasure t wth a,st asur nt

appar at uggri’gﬁr?(i"gooéesru(%?r%ﬁgf e éﬁmbfllcﬁ%ssgﬁgrq{%%afaiugjreﬁg@t .ﬂep&%ﬁ%ti on of
pl anarit yrearieht 66 A infigedsdttor{pesdive aaas: LOPFOMH Pebduoed HPSERWMemifa

manuf actured by SII Nano Technol ogy Inc.), and neasurenent of the 5anpunt
of reduc{emeration) kentaiming hudeflegri¢ peid samimenivan fuerdes @d tar surfactant.t pat

r epr ocesgi r r L ur

Lapnast e?llgl%‘#etglr@tsgrﬁgﬁ gér%?éé;l?tggg‘z#l%om teﬁ%e}aﬁ]{—rf: ég&’ %g%agﬁ% %%B\%aisr %bbo ptical

m cr tyr aptrendNomar ski i nages at 50-fold nmagnification) of the peripheral
portion ﬁ@lége sem conductor substrate before the 10reprocessing treatnent
and of t ri pheral portion of the sem conductor substrate after the
above wet et chneg, tce@&inmiBotducio? SEBSE oy Whibh! AE!iMsuldthe §SUhiF paln Step
neasurenent are shown in FIGS. 26A and 26B. [0225] As showh in FIG 25A,

t he seni tomygd s subjbeled & webeithing tiehlenang psing egsixed) salGtion Garmesprindings a st ep
in its perjipher ortion, .and an insulating,l and silicon .are

respect | To ManeLr it A% 1R DefF shEPLEPHbPE AN EhaR e i Arid
Accor3li ngeetio did> v2b& mixed Cana b®leReNatidasf &3stoep A¥ this Ainid)i thk NGBS g
approximately 0.2 ttmexists in the peripheral portion of the sem conductor
subst r at ETHRSTalYTE Yas G098 trRaEatyredithe sichmgitimg wap B0 seconds.  Note that in

producing the above mixed solution, hydrofluoric acid at a concentration of 50 weight%

i on.

(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
20 of 97.7 weight% (produced by Kishida Chemical Co., Ltd.) were used.

[0217]

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 3 minutes.

[0218]

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



200n the other hand, in the sem conductor substrate shown in FIG 25B, the
step (a projection) which has once existed in the peripheral portion is not
observed woaosid2k@on i s observed in the entire surface. PROUR201VOE3142
vertical white line on the left side 8 FIG 25B represents an edge of the
substrate. FIG 26B also indicates that the step is renoved. 25[0227] Next,
results of evaluating the planarity of the two kinds of reprocessed

sem conductor substrates with the use of a scanning probe m croscope are

shown.  CeOchiith Fisas Ahcd PEraldia 2 Ugi8iNEdLe WE 60 dolCartC 0RIOWiREBRE wWREE LQacOoPe
were as follows: the scan rate was 1.0 Hz, the nmeasurenent area was 1 tm X

1 | am adéesheryniiers gate nvan 208 anlpoinn the pedisking prebhere measdl0 e Miat theespirsibnduct ed

usi ng dynam.c farce e M....Here. the nam.c force node is a. node for

oot bR SREF Sl W tnbe s anst Hfion SRaT VR S0e 658 e pasrSudifto, o6ssa2
62 a st awasBhgineteg cantilever is resonated while the di stance between a

probe_and the sanple is controlled so that the vibration anplitude of the
canti?evé219% maint ai ned constant. [ 0228] 5The planarity of the reprocessed

seni conduct or gybstral g, Sgség(* %ﬁﬁ%ﬁgk{? Q?%eﬂ%ﬁﬁg&tef lﬁeggrged guahness

(Ra) and the nmaxi num pPeak*t verage surface
r oughnessul{skRale B3 @biwdiictedhdyabbie exet ditalEing i teatrxanas oot OferfoRine@rwhd ne
average surface ro,uggen s Ra which is defined by JIS B 0601: 2001 (1 SO

4287: 199‘7)an§§°‘t“ﬁ“éjtm AV BpYIFed to a neasurement surface, and is an
aver age 29¢ 10 of the absolute values of deviations froma reference
surface to a specific surface. The maxi num peak-to-valley height (P-V) is a
di ff &0 ence bet Restnin prdehtn ggmovefthe hesukitigphdayer petiikh avad fomedn®i giver dfe t he

| owest valley in the specific surface. Th ak and.the valley refer to a

peak and S%“\?é’l“*ugﬁpr obP glpﬁ%dlhﬁyscfrﬂf(g'glpﬁﬁoﬁgﬂgﬁt‘%ﬁea Iwaéxsb'gﬁﬂegntoo?’ve{ ﬁ?f?“"ﬁeak " and

the "val trejtmefeisines niyed $chutibr0@dduédDRhd: SABARY pidfhédd by BRlR&Aeniftf er s

15t o the hi ghest point of the peaks. The vall e¥l refers to the | owest point
p

of the v&PIROyasion) gontajning hydroflpgria agid, aspmpniamaflneyde vat vaturntant. tAde
repr 0065&8}%@3@8 QBAHGH YmSetRE e PiSHol fMpbifurs SR M cRh P RG W& fpcoPe are

shown in
15 seconds.

[0221]

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

20  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.

[0222]

After that, CMP treatment with a low polishing rate was performed on the

25  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.
The slurry flow rate was 200 ml/min, the polishing pressure was 0.01 MPa, the spindle
rotation speed was 30 rpm, the table rotation speed was 30 rpm, and the treatment time

30  was 10 minutes.

[0223]

The two kinds of reprocessed semiconductor substrates manufactured by the



[ 0230] 20[ Table 3] Substrate A Substrate B Peripheral portion Central
portion Peripheral portion Central portion Average surface roughness Ra

(nm 0. 05v0.20t1328196 0. 072 61 PCT/JP2010/063142

above methods were subjected to observation. with an optical microscbpe, step
measurement with a step measurement apparatus (Surfcoder manufactured by Kosaka
Laboratory Ltd.), evaluation of planarity with scanning probe microscopes (SPA-500
and SPI3800N manufactured by SII Nano Technology Inc.), and measurement of the

5  amount of reduction in the thickness of the semiconductor substrate in the reprocessing
treatment (with the use of Sorter 1000 manufactured by Lapmaster SFT Corporation).
[0224]

FIGS. 25A and 25B are optical micrographs (Nomarski images at 50-fold
magnification) of the peripheral portion of the semiconductor substrate before the

10  reprocessing treatment and of the i)eripheral portion of the semiconductor substrate after
the above wet etching treatment, respectively.  Similarly, the results of step
measurement are shown in FIGS. 26A and 26B.

[0225]

As shown in FIG. 25A, the semiconductor substrate before the reprocessing

15  treatment has a step in its peripheral portion, and an insulating layer and silicon are
respectively observed in the peripheral portion and the central portion. According to
FIG. 26A, it can be seen that a step with a thickness of approximately 0.2 pm exists in
the peripheral portion of the semiconductor substrate before the reprocessing treatment.
[0226]

20 On the other hand, in the semiconductor substrate shown in FIG. 25B, the step
(a projection) 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 represents an edge of the substrate. FIG. 26B also indicates that the step is
removed.

25 [0227]

Next, results of evaluating the planarity of the two kinds of reprocessed
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 um, and the measurement

30  points were 2. The measurement was conducted using dynamic force mode (DFM).

Here, the dynamic force mode is a mode for measuring the surface shape of a sample in



P-V(nm) 0.393 0.475 0.47 0.52 [0231] In both the substrate A and
the substrate B, there is no step between the central portion and the

peri pher avoportti2zes19 and the planarity of the peri pheral PO®IP2ON063342
25substantially at the same |level as Phat of the central portion. Wen the
substrate Ais conpared to the substrate B, the following is found: in the
peri pheral portion of the WD 2011/024619PCT/JP2010/063142 63 substrate A,
Ra is 0.05 nmand P-Vis 0.393 nm and in the peripheral portion of the

substrat @ ate Rahdré a0cfildvet ¥eesBniled Swilicdthe iR taRECR eI LYprobd @nd@lgOar i ty
of the substrate Ais better than that of the substrate B. [0232] 5Next,

resul ts &fimpleals gontigliedheo dhatuthe vabratien aoplitudei of thgecanhleyknéss maoftainére

sem condt&gﬁsqg tsubstrate in the reprocessing treatnment are shown. Here, the
reduced anount” (the amount of a renoved sem conductor) in the central
portion ¢b228he substrate is calculated by neasuring change in the thickness
t hereof before_and after the reprocessing treatnent process. The reduced
amoun? (the andOfPlaartyfdhergproeessadsaucanducior pupstrae wasematusted ywingnd t he

substrat ﬁxeBavieﬁagE rf)ﬁa‘ﬂ@ rd.)lfgh};@gl (ﬁaf'anc{ ﬁ’rg%%irka-ﬁwegkfd-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 JIS B 0601:2001 (ISO
4287:1997) so that Ra can be applied to a measurement surface, and is an average value
10 of the absolute values of deviations from a reference surface to a specific surface. The
maximum peak-to-valley height (P-V) is a difference between the height of the highest
peak and the height of the lowest valley in the specific surface. The peak and the
valley refer to a peak and a valley obtained by three-dimensional expansion of the
"peak" and the "valley" defined by JIS B 0601:2001(ISO 4287:1997). The peak refers

15 to the highest point of the peaks. The valley refers to the lowest point of the valleys.

[0229]

Results of planarity evaluation of the reprocessed semiconductor substrates

with the scanning probe microscope are shown in Table 3.

[0230]
20 [Table 3]
Substrate A Substrate B
Peripheral Central Peripheral Central
portion portion portion portion
Average surface 0.05 0.046 0.06 0.072
roughness Ra (nm)
P-V(nm) 0.393 0.475 0.47 0.52
[0231]

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
25  substantially at the same level as that of the central portion. When the substrate A is

compared to the substrate B, the following is found: in the peripheral portion of the



Substrate A Substrate B After etching treatnent After polishing treatnent
After polishing treatnment Reduced anpunt in process (um 0.41 0.97 6.96
Total redwoediizmwunt (urn) 1.38 6. 9663[0234] PCT/JP2010/063142

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.

[0232]

5 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

The reduced amount (the amount of removal) in

reprocessing treatment process.

10  manufacturing the substrate A and the substrate B is shown in Table 4.

15

20

25

[0233]
[Table 4]
Substrate A Substrate B
After etching Atfter polishing After polishing
treatment treatment treatment
Reduced amount in 0.41 0.97 6.96

process (um)
Total reduced 1.38 6.96
amount (um)

[0234]

In manufacturing the substrate A, the reduced amount was 1.38 um.

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.

by etching in manufacturing the substrate A was only 0.41 um.

[0235]

In particular, the amount reduced

Accordingly, by reprocessing. treatment using the combination of the above

etching treatment and CMP treatment, the semiconductor substrate can be prevented

from being reduced by the reprocessing treatment while the planarity of the reprocessed

semiconductor substrate is maintained.

[Example 3]
[0236]



151 n manufacturing the substrate A, the reduced anmount was 1.38 um

Meanwhi | e, in manufacturing the substrate B, the reduced anmpbunt was 6. 96
um Thi s wodbtaresst hat t he reduced anmount in manuf act uPCagrPitheossudstrate A
was approxi mately one fourth of that Ph manufacturing the substrate B. In
particul ar, the anmount reduced by etching in manufacturing the substrate A
was only 0.41 um 20[ 0235] Accordingly, by reprocessing treatnent
usi ng the conbinati on of the above etching treatnment and CVP treatnent, the

seni conduct or §HRSIGLA E;?e %ws%smw&me@atsf 5@5%#3% BibR 3¢ G &6 ntili&or

reprocessing treatnen le the planarity of the reprocessed sem conduct or
substr at @Ubsyam}/hlt:himeq)m@dii[dﬁxmhrp tier@pl 328 6]m aW)then subjected to hydrogen

2011/ 024619PC§' l§P2010/ 063142 64 Thi s exanpl e shows observati on
results &M P section of a seniconductor substrate which was provi ded
with a ti[(gszgnﬁ oxide filmand then subjected to hydrogen ion irradiation.
[0237] 5 is exanple, a rectangular single crystal silicon substrate
with SI ze of Irsthig preample,sytestangwlas singledcrasialt siliconesuibsioate waithoa sizah¥ts at e.

First, rfor opduct.or bstrate in an
HO  at rmsp gsfgeq'{% ?d"or rlhgeg her nsg (e Hgo? Stfbr#}%et hlEn égt CLRAYd %{fonlﬁbs nmon a

surface pérf(érhﬁ:dS(blbslier sdmsicorduetdr Nvabstedie G iad ABICD MG PhErer thoforta Wigmal t he
condition of 950 C for 4 hours in a thermal 10 oxi dati on at nosphere

cont ai ni HQ‘dFIéFlmat”‘t:’?  Shigkhess of t1Q0 r?é‘c% spgacsx9igths. subgtpaig] The thermalNext
hydrogeno¥agudfi a9 fedroies SHALE ALILGHRior BP b 3 ANLORAN, §he, SHiface of
OXI e fi t he

t he therna Use Of &n I on dopi ng appara s hi s

exanmpd e, okiatid @biospHeddcotdifing HTIZRJ VOYIRYE Hith r@épeedrox ?géxﬁnent regi on was
formed in the 15 sem conductor substrate. Conditions of ion doping were

set suchl@381 the accel eration voltage was 50 kV and the dose was 2 0 x

1016 ions/cn®. u I of
approxi mat el y gg%‘ ﬁ%ﬁ"?’? ?ﬁé&ietgr gggg% ﬁgﬁm{%erﬁé oxf?juth ‘%Fr‘chu f(ET’ZSQ]
20F1 G 274f ih8 thermiabesids €itrh lvor}aﬂheBE&/bf e dopirg Hpataasndie s oxaniié, At e on

whi ch the %bove trtgat ment. was perforned, FIG 27B is a cross-secti onal TEM
i mage of AYRUOBWdBNn iRu%eYr hydiggen.arp Gmbrtlemsat degipecvay fognebdn theeat nent

and jhensGeeaAkRA sthstal. t Rnaidnt bf i &ping $81eqBt sdB%fMthe acceleration

voltage was 50 kV and the dose was 2.0 x 10" ions/cm?. Thus, the embrittlement
region was formed at a depth of approximately 250 nm from the surface of the thermal
oxide film. |

[0239]

20 FIG. 27A is a cross-sectional TEM image of a semiconductor substrate on
which the above treatment was performed. FIG. 27B is a cross-sectional TEM image
of the semiconductor substrate which was subjected to heat treatment and then separated
along the embrittlement region.

[0240]

25 FIGS. 27A and 27B indicate that many crystal defects were formed in the
vicinity of the surface of the single crystal substrate. Further, FIG. 27B shows that the
semiconductor substrate was separated at a depth of 139 nm from the surface thereof.
[0241]

Here, a projection due to failure in bonding with a base substrate was formed in

30  the peripheral portion of the semiconductor substrate after the separation. In addition,

like the separated semiconductor layer, the remaining semiconductor layer (the damaged



25FI GS. 27A and 27B indicate that many crystal defects were forned in the
vicinity of the surface of the single crystal substrate. Further, FIG 27B
shows t havotha/eestvconduct or substrate was separat ed at paTdeptinoesi42139 nm
fromthe surface thereof. [0241] 65 Here, a projection due to
failure in bonding with a base substrate was fornmed in 30t he peri pheral
portion of the sem conductor substrate after the separation. In addition,
| i ke the separated sem conductor |ayer, the renmining sem conductor |ayer

(the danggg 0 4 T/ 1:06314 : 1.CcO r.egj.on)
which is i ng?ﬁ(ﬁ}gg% i lglegt(ﬁé ‘gl}gﬁg}gt ﬁlgﬁlq%gslgc%s@gfé Hgﬁg:atg s&g%{gfm'(a(%freggo?'gs.

Ther ef or evicraheids.et Elrrefgra)svheg eaching edng al mixied somtinh abniaindgngd hrgtroflliery i ¢
acid, nitric acid, and acetic. aci dfjs 2 rf rrred%ﬂas tSes ribed in the above
exanpl es2fnRig aeideandyaretic apid s iprripry dS%Sr ohEbed inghe @pgye gramples. the

sem condpffQkiof URREAt @ @l BEripiReAapatibRNoC ML REmFDhEGI b ShvstafMMEd-

[ Exanpl e 4] [0242] Thi s exanpl e shows results of examning the case
of us? ngsepasatign cen bhsglectivelyaremioxed! sol ution (the mixed solution A) where
hydr of | uB._cli cpichg, nitric acid, and acetic 10 acid were m xed at a vol une
ratio of L1739 and the case of usi ng, as an etchant, a m xed sol ution
(hereinafgxzap)referred to as a m xed solution A+) where hydrofluoric acid,

nitric acid, and acetic acid were mixed at a volune ratio of 1:2:10. [0243]
Not e that semi EBiadgaample showsmeslts of gxapining thpicaseeafausing ag e etdhant, the t o

those 154560, %o@utﬁ?ﬁa(mé ﬁ)i)g]laéi%gjtfolﬁuﬁ) AREAR l@é&%ﬁ&ﬁﬁ%ﬁ%l ,Ir,natn%rgc;cf %gd aLfglz 44]

Treatnment pertormed on t above sem con S es was as™§ ol | ows.
[ 0248) Facidtwere miaediat atvolumepatip ah 1i3nKubmt thegedsaywérusidgl abh anaschanr, ied t o
cover the 20 sem conductor substrate, the sem conductor substrate was

subj ect el spittiogy(hereingttenratormed te aya mHxedsolyteaA tlovhare xdrofpeneetidnane:

LA 00, AR el RGOy e 1 0 Yol o
t enper at [12d3jvas room tenperature and the etching tinme was 300 seconds.
Note that semiconductor substrates used in this example are similar to those
15  used in Example 1 and thus details thereof are omitted.
[0244]
Treatment performed on the above semiconductor substrates was as follows.
[0245]
First, in order to remove an insulating layer which was formed to cover the
20  semiconductor substrate, the semiconductor substrate was subjected to wet etching
treatment using a mixed solution (product name: LALS00, produced by Stella Chemifa
Corporation) containing hydrofluoric acid, ammonium fluoride, and a surfactant. At
this time, the solution temperature was room temperature and the etching time was 300
seconds.
25  [0246]
Next, the semiconductor substrate from which the insulating layer had been
removed was subjected to wet etching using, as an etchant, the mixed solution (the
mixed solution A) where hydrofluoric acid, nitric acid, and acetic acid were mixed at a
volume ratio of 1:3:10 or the mixed solution (the mixed solution A+) where

30  hydrofluoric acid, nitric acid, and acetic acid were mixed at a volume ratio of 1:2:10.

The mixed solution A and the mixed solution A+ were produced using hydrofluoric acid



25[ 0246] Next, the sem conductor substrate from which the insul ating
| ayer had been renoved was subjected to wet etching using, as an etchant,

t he m xedweabutizes19(t he m xed sol ution A) where hydrof | RomiJe20000EB14Mitric
acid, and acetic acid were nmixed at a%olune ratio of 1:3:10 or the nixed
solution (the m xed solution A+) where 30hydrofluoric acid, nitric acid,
and acetic acid were mxed at a volune ratio of 1:2:10. The m xed sol ution
A and the m xed solution A+ were produced using hydrofluoric acid WO

2011/ 024@19%{;&&?&9&1@69&?%@@ (PlodBediP 8L Enbfita Corpflatli IRRAG 4gf0duced

by Stella Chem fa Corporati ric at a concentrati’on o

vei ght % (apaaducatatiyn VARO vRiglr7Qipesducad by 'Wakat Pire Cheklichl )Indwtibsacat.j c acid
at a concentration of 97.7 wei ght% (produced by Ki shida Chem cal Co.,
Ltd.). 5[angdavgtic acid at a conpeptragionjof 94 wightéa(predused §y dgshidaChomiabKp.,i mage
at 50-follgd gnification) of the peripheral portion of the sem conductor
substrate after wet etching using the m xed solution A+. FIG 28B is an
optical noz4mgraph (a Nomarski image) at 500-fold magnification. As shown
in FIGS. 28A and 28B, in the wet etching using the mxed 10 solution A+, a
resi due was notflGHs¥Yisan ogliesl migweraphta skt ippgati SPold magnifieationde t o
et chi ng I i I 1 X sol.ution A
This 19 conny BeHBRTHChEHoh o AR ilcoph R AR R e B g ¢ e

rate of hyided§dludsr A+acFIG.28Bris i bptic@t nflcrdkiaght(d Wohmagyki fmakel bystioofdigior i ¢
acid : nitric acid), a formed oxide filmis quickly renoved and generation
of a resiagdificationppheshasn imEiEH A8A and 28B, ipthe wick ctehingawing the imixedund

t hat e tep iht ' I ' of t.he substrate, is, etched

us; gt heo i 31ER s s bR BRI SorttBa SRR Bsieop 1 o ot
hydr of | uetdhingagmagl, benjérerdteditn the ardl cihig Gsiagithe infixdd 2o148dn AJENEHi@tii on of a
resi due can be suppressed as conpared to the case of using the m xed

sol ut i on<anyidared A Reeruserd By the folpwilgeieasony By irsreasingrthe rase of hydraflugticior i ¢

acid, nitpgi | i, 4 3 i .sald to the
case of (oroRRHE acRMaRACHLR RS disdorit dll: pERCSATE EARABIR AL | O
aci d, ands quoéekly ceraaved aatl ganeratiamaf aesidoe Bfsupprdssdd10. On t he ot her hand,
when %he %ﬁ of hydrofluoric acid to nitric acid was too high as conpared
to tflu t i[ e mxed solution of 1:3:10, as in the case where the m xed

sol ution has ajf afid madrQf itds oukd thﬁwhapﬁmeré?éiﬂhﬁﬁé?erigﬂé‘raf g‘dméﬁ‘?of‘?ﬁe the
] C ing to

step, and the |i ke were observed. [0249 Accor this exanpl e,
it can beubstrdteris tetoahed ubiag they mixedr sehgiongA+ lfthe maixed oblutig mhEteuthe ivoluaed d t o

T 25k el 2 e B S48 & b Sk it oo
surely aggh BOQhpRedsty 84 YompMEU 40 1l BA4QFWRMY HP20%04 QGddad A (the mixed
20  solution where the volume ratio of hydrofluoric acid, nitric acid, and acetic acid is
1:3:10). The same can be said to the case of using a mixed solution which contains
hydrofluoric acid, nitric acid, and acetic acid at a volume ratio of 1.5:3:10. On the
other hand, when the rate of hydrofluoric acid to nitric acid was too high as compared to
that in the mixed solution of 1:3:10, as in the case where the mixed solution has a ratio
25 of 1:1:10, surface roughness, the remnant of the step, and the like were observed.
[0249]
According to this example, it can be understood that by increasing the rate of
hydrofluoric acid to nitric acid slightly from 1:3 (hydrofluoric acid : nitric acid),
reprocessing treatment of a semiconductor substrate can be performed more surely and

30 effectively.



67 This application is based on Japanese Patent Application serial
no. 2009-194182 filed wth Japan Patent O fice on August 25, 2009, the
entire combDentig2ediowhi ch are hereby incorporated by ref @CEIez0/083D2

2011/ 024619PCT/ JP2010/ 063142 68 CLAIM&/1. A nethod for reprocessing a

sem conductor substrate, conprising the steps of: perform ng
first etching treatnent of a sem conductor substrate which has a
5projection including a damaged sem conductor region and an insul ating
layer in a periTRRerApliefiohi % bRBET 6RY JipaRedeN Tt | AGplid¥Bh issrisieRyed; and
perform ng second etching treatnent of the senlconducFor substrate with the
use of a 2809(-6184&% fuke! ovithwhaipatn Patest Offexs an Augist 3Hc2000nthe emsiradcatentsof
senicondgvga{r terial inclqggd i.n the sem conductor substrate, a substance
that di sSOPTEYCIREDYVIGMILYCL BY *defM Sonduct or material, and a substance
that controls speed of oxidation of the sem conductor material and speed of
di ssolution of the oxidized sem conductor material, whereby the damaged

sem conductor region is selectively renoved with a non-damaged

sem conductor region left. 152. The nethod for reprocessing a semnm conductor
substrate, according to claim1, wherein the second etching treatnent is an
etching treatnent in which etching selectivity of the danaged sem conduct or
region to the non-danaged sem conductor region is 2 or higher. 203. The

met hod for reprocessing a sem conductor substrate, according to claim1,
wherein the second etching treatnment is stopped after etching selectivity
of the projection to the other region is reduced to | ower than 2.

4. The method for reprocessing a sem conductor substrate, according claim
1, 25 wherein at |east a region where an angl e between a tangent plane of
the projection and a back surface of the sem conductor substrate is 0.5 or
|l ess is renoved by the first etching treatnent and the second etching

treat ment. 5. The method for reprocessing a sem conductor
substrate, according to claim1, 30wherein after the second etching
treatnment, a surface of the sem conductor substrate is polished.



WO 2011/ 024619PCT/ JP2010/ 063142 69 6. The nethod for reprocessing a
sem conduct or substrate, according to claiml, wherein nitric acid
i's used awothH/udst ance that oxi di zes the sem conduct oPCraPEN)/Bé314NCl| uded
in the sem conductor substrate, 5hydr®%luoric acid is used as the substance
t hat di ssol ves the oxidized sem conductor nmaterial, and acetic acid
is used as the substance that controls speed of oxidation of the

sem conductor nmaterial and speed of dissolution of the oxidized

sem conductor material. 10 drapmiet hod for manufacturing a
reprocessed sem conductor substrate fromthe sem conductor substrate with

t he use of thelnAthaghodéeroepionessing « feaminorductos Subsirate tchmgrifiog theptepsessi ng
a sem conﬁ,uctor substrate, conprising the steps of: per form ng
first etCHi ng treatment of a sem conductor substrate in which a projection

i ncluding a dapegsthise first Qichifd deathR@l 0D adfchiéshdubobsabsiae WANE hdsSa | eft in
a peripheral portion after part of the sem conductor substrate is separated

as a 20sBraesndueclydingay clamaged seRicopdudter egien pod aanimswating fayeatinent

wher eby i in i o . perform ng second
et chi ng P%aﬂtelr:rﬁe#) R%Jf" ’ ?’I’qlél%)sgg%eégsr\l{éaﬁg%\g?%gﬁ%%ﬁogte %’ %dth t he use of a m xed
sol uti on whi chpérfurhiie secend ¢hhirneeatinbatt ofothie eAvGonduasibRiate LBk ket eri al

i ncluded in %he segi gﬁnduct r substrate, a substance that dissolves the
oxi di zed"$501 deMXEInIE VY Whigheficlndes 3 pbstanes, dhah pxedizesar sewifopdpdiospeed of

oxi dat i OfhaRfrial n,%memmeQ%icfaﬁdmr%rubﬁtata@%gsgm tﬁéc} dUsSREY Hi Xui2dg t he

oxi di zed sem conductor material, whereby 't anmaged sem conductor region

i s st ecsimigbyductorometdrial, t inda ansibs@acagled swtiotospeedt of axatation dfethe. WO

2011/ 024619PCT, JF201 /063142 . . - . .
s€miconductor material and speed of dissolution of the oxidized semiconductor material,
whereby the damaged semiconductor region is selectively removed with a non-damaged

semiconductor region left.

15 2. The method for reprocessing a semiconductor substrate, according to claim 1,
wherein the second etching treatment is an etching treatment in which etching
selectivity of the damaged semiconductor region to the non-damaged semiconductor

region is 2 or higher.

20 3. The method for reprocessing a semiconductor substrate, according to claim 1,
wherein the second etching treatment is stopped after etching selectivity of the

projection to the other region is reduced to lower than 2.

4. The method for reprocessing a semiconductor substrate, according claim 1,
25  wherein at least a region where an angle between a tangent plane of the projection and a
back surface of the semiconductor substrate is 0.5° or less is removed by the first

etching treatment and the second etching treatment.

5. The method for reprocessing a semiconductor substrate, according to claim 1,
30  wherein after the second etching treatment, a surface of the semiconductor substrate is

polished.



70 10. The method for reprocessing a sem conductor substrate,
according to claim8, wherein the ion includes an H3+ ion. 11. The
nmet hod f oworeprme@assi ng a sem conduct or substrate, accordiragueoesie m5 8,
wherein the second etching treatment P8 an etching treatnment in which
etching selectivity of the damaged sem conductor region to the non-danaged
sem conductor region is 2 or higher. 12. The nethod for
reprocessi ng a sem conductor substrate, according to claim 108, wherein the
second et chi ng et TRAMTRIVA fof rrORBER: afERicoRlFbNAIIEMECAdcNIding &f cihile
projection to the other region is reduced to |ower than 2. 13. The
met hod fdr reprocessing a seni conductor substrate, according claim 8,

wherein at | east a.regi.on ere an 1 et a.t.angent pl.ane of the
proj ection and" eﬁbggﬂc saﬁiﬁp léc‘ése‘ilias 3&% S@@%nf\éﬁﬁ{]cqxd‘ﬁlz?u&ﬁﬁg?@ 4T 50 or
| ess i s mnedtariatchdiidet e tel semiicontatoeubineatgt chi ng treat ment. 14.
The nmethod for reprocessing a sem conductor substrate, according to claim
8, wherein aftBydrofuoriecasifh ist essings tthe atubsiance ghajydisseleesofthe haxidized

sem condygh ar  sHPstLAL S 20l Pol i shed. 15. The method for
reprocessing a sem conduttor substrate, according to claimS8,

wher ei n nitri cagticthdid isaed s thehaubstahed ehac @ohthiels spadddof sidatién of the

sem conduct or 25material included in the sem conductqr substrate,
hydr of | usfPIcoRHcler; matraial apd spredsbdissalutiopngt the <wddiveds seméicopdpeipy ed

sem condygkQ{a material, and acetic acid is used as the substance
that controls speed of oxidation of the sem conductor material and speed of
di ssdution of the oxidized sem conductor 30material. WO

2011/ 024619PCTLJP2010/ 063142 71 . 16., A nmet hod for, manufacturing a
r epr ocessed se?rigél?filﬂf’ccfgf “?BB%‘W’&‘P% afrF%rﬁf‘?Sﬁ%d ?M?Eﬁﬁﬁ?&f“bt?mgﬁ P with
the use edmicBRduTRIrRABLtRAGCRItH tHRsE Of Shle@héth&d according to claim 1.17. A nethod for
reprocessi ng a sem conductor substrate, conprising the steps 5of:

performng first etching treatnent on a sem conductor substrate in which a
projection including a damaged semi conductor region and an insulating |ayer
is left in a peripheral portion and in which a danaged sem conductor region
whi chs i s thi nngrAtiahod fee répioageing sedenticditiucion subsst@ic) Bompridihg tiesttpher al
pOI‘tIOI’lIfS left in the other region '
of:
performing first etching treatment of a semiconductor substrate in which a
projection including a damaged semiconductor region and an insulating layer is left in a
peripheral portion after part of the semiconductor substrate is separated as a
20  semiconductor layer through ion irradiation and heat treatment, whereby the insulating
layer is removed; and
performing second etching treatment of the semiconductor substrate with the
use of a mixed solution which includes a substance that oxidizes a semiconductor
material included in the semiconductor substrate, a substance that dissolves the oxidized
25  semiconductor material, and a substance that controls speed of oxidation of the
semiconductor material and speed of dissolution of the oxidized semiconductor material,

whereby the damaged semiconductor region is selectively removed with a non-damaged

semiconductor region left.

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

wherein the ion irradiation is performed without mass separation.



l0after part of the sem conductor substrate is separated as a sem conduct or
| ayer through ion irradiation and heat treatnment, whereby the insulating

| ayer is weruaisiand perform ng second et chi ng PCraatorené31ef t he
sem conductor substrate with the use d@® a m xed sol ution which includes a
substance that oxidizes a sem conductor material included in the

sem conductor substrate, a substance that dissolves the oxidized 15

sem conductor nmaterial, and a substance that controls speed of oxidation of
the seni conductgr Th@iethbalfordr roeBRefd LlenflbaRRLWE Seiuafe, ABrdX %QJ &

sem conductor material, where y t he "danaged sem conductor regfons are

sel ectiveél whclenmhedonmnt:lude\s aoHs'damaged semi conductor region left. 2018. The
nmet hod for reprocessing a sem conductor substrate, according to claim 17,

wherein the ion irradiation is performed w thout mass separation.  19. The
met hod for r epﬁpm@mo@f&ergg&e&gfhgtaosrenﬁ&mu@} &bsﬁ%%&bnﬂng ® Ghk m 17,
wherein the ion includes an + 1 o0on . The nethod T or

reproges$i n@eaéls ght cﬁomndct:f@hmgutmmtmamte;s ac ctohdlign grestoeot an rwhizh eténgi n t he

second et cghi.n reat ment an.et ng trea nt in,which etchi

el ect i veagfg §oBs adinesd sEmi-DORT el ol Bsranocamst] shinichmageir

sem condu@glmlsrzaglmghdrs 2 or hi gher WO 2011/ 024619PCT/ JP2010/ 063142 72
projection to the other region is reduced to |ower than 2. 22. The
nmet hod for reprocessing a semiconductor substrate, accordi ng cI aim 17,
wherein at |ea iy . . ng ne of the
proj ection andﬂa -@ba@g&lgﬁrf gér%g‘fﬁsgltn%gg%glﬁ‘l&g@ﬁ%ﬁ lﬁ)S{rgtubs%r negl Clﬁm’S or

| ess10s Bemhtﬁﬂn hie tsbanti dftslﬁingrtcbaﬁﬁmr‘ld sedppled naftek redeting Relectivity of the 23.

The net hod .for B{ﬁocesa n m conduct or substrate, according to claim
17, wher 8F ecé’Pf‘é? iehed &e% ‘SéF el P oeath®Bft . a surface of the
sem conduct or substrate 10is poli shed. 24. The nethod for

reprocessi ng a sem conductor substrate, according to claim 17,
wher ei n nitri clacihg method &b reprotdseing ulss magvmducthmsubstvatdj aesrdinpeclaim 8,

' duct I ded h ' duct bstr at
Pyar of | uSPEERR ] & e Bere aelheb o PR BREL ol PEPPORGRAAYi% o

sem ¢ondygdkOdurfiRé 8F iRl senBRfhductor substrated§ ®19°Coratdsts irém&aRith P ihel St %HPS'[ ance
that controls speed of oxidation of the sem conductor mat erl al speed of

di ssol ut sesandftching tgrinkint.ed seni conduct or 20materi al .

14. The method for reprocessing a semiconductor substrate, according to claim
8, wherein after the second etching treatment, a surface of the semiconductor substrate

20 s polished.

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

wherein nitric acid is used as the substance that oxidizes the semiconductor

25  material included in the semiconductor substrate,

hydrofluoric acid is used as the substance that dissolves the oxidized
semiconductor material, and

acetic acid is used as the substance that controls speed of oxidation of the
semiconductor material and speed of dissolution of the oxidized semiconductor

30  material.



25. A nmethod for manufacturing a reprocessed sem conductor substrate from
the sem conductor substrate with the use of the nethod according to claim
17. 2526.wonat2ecdof or manufacturing an SO substrate, ®oFpPPREI/NEB1IEhe St eps

of : adding an ion to a reprocéssed sem conductor substrate which is
manuf actured with the use of the nethod according to claim7 to form an
enbrittl enment region; bondi ng the reprocessed sem conduct or

substrate and a base substrate to each other with an insulating |ayer

i nterposed thenghgt WeGphd f&”ﬁxaﬁﬁ%&ﬁﬁﬁ@%i x@Er_oTc&%eci SAhRGRERES SBOROHIHET O
substrate by heat treatnent to forma sem conductor |ayer over the base

subst r at ¢he sewira@ugtod B trae@Hithithe 03041168 intthodRacc@dingho mhtimn@d f or
manuf acturi ng an SO substrate, conprising the steps of: adding an ion to a
reprocessed sem conduct or substrate which is manufactured with the use of

the method accyoAmgethdd for ¥pTodelsihg afsemiBoadu@SiNubkik4te M prish 11O stepoNdi NY
the reprocessed sem conductor substrate and a base substrate to each 5ot her

with &an ©ofisul ating | ayer interposed therebetween; and separating

t he reprocesse I: duct.of- rate by heat treatnen o. fo a
sem conduct or ﬁ%’?fgr?glgég]rrat %{ghlf])g;{%%éﬁ tétorna es?l%l(‘é’é‘fiu‘igrn%%ga{ef & Whith’s

manuf act prajegioarindeding dhiaagéEsentiosiuc i Rgidhandsireisulafing badidilgtgirg ion to
a reprocessed sem conduct or substrate which is manufactured with the use of

the net hBERREEY ot sl imy whigh axlapgesdsemisondugior regipn iigh is dypper; than
bondi ' t ; t
ondi ng {iheqs eQ%@ﬁx?c%qlcﬁ&HP FORAUALRE Rgg@g&g}ﬁﬂg%ﬂ%\%ﬁe %H&ﬁggg%ne 0

each other wtif an I nsulating-layer 0 et ween; a
sepail@t i afjer prat ofethe cemsaduceniubstnate it sEpamtddsasraseeibgnduetr layeedirovght t o

forma 1150sneirrnl:a81%tr}(c)jrl1J grtlc? f:nealt ?l%aetgne(r)lx %vrhegerl])?/ tl?eai?lgulgtlill?gs Itaglg;[ ig removed; and
performing second etching treatment of the semiconductor substrate with the
use of a mixed solution which includes a substance that oxidizes a semiconductor
material included in the semiconductor substrate, a substance that dissolves the oxidized
15  semiconductor material, and a substance that controls speed of oxidation of the
semiconductor material and speed of dissolution of the oxidized semiconductor material,
whereby the damaged semiconductor regions are selectively removed with a

non-damaged semiconductor region left.

20 18. The method for reprocessing a semiconductor substrate, according to claim

17, wherein the ion irradiation is performed without mass separation.

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

17, wherein the ion includes an H3" ion.

25
20. The method for reprocessing a semiconductor subStrate, according to claim
17, wherein the second etching treatment is an etching treatment in which etching
selectivity of the damaged semiconductor regions to the non-damaged semiconductor
region is 2 or higher.
30

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

17, wherein the second etching treatment is stopped after etching selectivity of the
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projection to the other region is reduced to lower than 2.

22. The method for reprocessing a semiconductor substrate, according claim 17,
wherein at least a region where an angle between a tangent plane of the projection and a
back surface of the semiconductor substrate is 0.5° or less is removed by the first and

second etching treatment.

23. The method for reprocessing a semiconductor substrate, according to claim
17, wherein after the second etching treatment, a surface of the semiconductor substrate

is polished.

24. The method for reprocessing a semiconductor substrate, according to claim
17,

wherein nitric acid is used as the substance that oxidizes the semiconductor
material included in the semiconductor substrate,

hydrofluoric acid is used as the substance that dissolves the oxidized
semiconductor material, and

acetic acid is used as the substance that controls speed of oxidation of the
semiconductor material and speed of dissolution of the oxidized semiconductor

material.

25. A method for manufacturing a reprocessed semiconductor substrate from

the semiconductor substrate with the use of the method according to claim 17.

26. A method for manufacturing an SOI substrate, comprising the steps of:

adding an ion to a reprocessed semiconductor substrate which is manufactured
with the use of the method according to claim 7 to form an embrittlement region;

bonding the reprocessed semiconductor substrate and a base substrate to each
other with an insulating layer interposed therebetween; and

separating the reprocessed semiconductor substrate by heat treatment to form a

semiconductor layer over the base substrate.
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27. A method for manufacturing an SOI substrate, comprising the steps of:

adding an ion to a reprocessed semiconductor substrate which is manufactured
with the use of the method according to claim 16 to form an embrittlement region;

bonding the reprocessed semiconductor substrate and a base substrate to each
other with an insulating layer interposed therebetween; and

separating the reprocessed semiconductor substrate by heat treatment to form a

semiconductor layer over the base substrate.

28. A method for manufacturing an SOI substrate, comprising the steps of:

adding an ion to .a reprocessed semiconductor substrate which is manufactured
with the use of the method according to claim 25 to form an embrittlement region;

bonding the reprocessed semiconductor substrate and a base substrate to each
other with an insulating layer interposed therebetween; and

separating the reprocessed semiconductor substrate by heat treatment to form a

semiconductor layer over the base substrate.



