METHOD FOR MANUFACTURI NG SO SUBSTRATE AND SO SUBSTRATE BACKGROUND OF THE
I NVENTION 5 1. Field of the Invention [000Q1] The present invention relates
to a method for manufacturing a silicon-on-insulator (SO) substrate, the
SO substrate, and a nethod for manufacturing a sem conductor device using
the SO substrate. 10 2. Description of the Related Art [0002] In recent
years, the use of a silicon-on-insulator (SO) substrate where a thin
single crystal sem conductor |ayer is provided over an insulating surface
instead of a 15 bulk silicon wafer has been investigated. Because

parasitic QARFEICIRROR MANURACTURING SOTHUBSHRATE Aam@x SYBARBATEs ubst r at e
can be reduced by use of an SO substrate, SO substrates are attracting
attention as substrates which inprove performance of sem conduct or
integrated circuits. [0008ACKZREMSDEF RABENVENTIONS for manufacturing SO
substrates is a Smart Cut (registered trademark) nethod (for exanple, see
Reference 1). A sunmary of a nethod for manufacturing an SO substrate

with a §naﬁtFlgdtofmgtImgné§ descri bed below. First, hydrogen ions are.
inplanted into a silicon wafer with an ion inpl antation met hod; thus, a

m cr obubbl {i)(lOa]/er is formed at a predeterm ned depth fromthe surface

Next, 25 the sil{,£0 \é\% @ruy!véﬁtfan\/\'f}bﬁfésh)f@r@gaﬂeth&nsfoar enannfabianngdal s bonded
to another silicon er wwth a silicon oxide film.i

ter
t her ebet wesiticondp-gnsulpfontSON Frbsiutp thedPl substEale. fade m ‘?’ ‘ﬁae‘“““g}nﬁ. con
waf er into which ted is se arated as athin film
along the EIP%:B?JCB‘%‘% &de?lg?éeg%(fﬁdéu B P

ayer ingly, a single crystal silicon filmis
f ormed jgver the other S|I|con wafer. 30 [0004] A method for form ng a

single cryzﬁl SI . i C‘#E‘E@ gver a base substrate made of glass by using
such a Sma een proposed (for exanple, see 1 Reference
2). dass sfgmgrat es my have | arger sizes and are | ess expensive than

In recent years, the use of a silicon-on-insulator (SOI) substrate where a thin

single crystal semiconductor layer is provided over an insulating surface instead of a

15  bulk silicon wafer has been investigated. Because parasitic capacitance generated by a

drain of a transistor and a substrate can be reduced by use of an SOI substrate, SOI

substrates are attracting attention as substrates which improve performance of
semiconductor integrated circuits.

[0003]
20 One of known methods for manufacturing SOI substrates is a Smart Cut

(registered trademark) method (for example, see Reference 1). A summary of a
method for manufacturing an SOI substrate with a Smart Cut method is described below.
First, hydrogen ions are implanted into a silicon wafer with an ion implantation method;
thus, a microbubble layer is formed at a predetermined depth from the surface. Next,
95 the silicon wafer into which hydrogen ions are implanted is bonded to another silicon
wafer with a silicon oxide film interposed therebetween. After that, through heat
treatment, part of the silicon wafer into which hydrogen ions are implanted is separated
as a thin film along the microbubble layer. Accordingly, a single crystal silicon film is
formed over the other silicon wafer.
30 [0004]
A method for forming a single crystal silicon layer over a base substrate made

of glass by using such a Smart Cut method has been proposed (for example, see



silicon wafers; thus, glass substrates are mainly used in manufacturing
liquid crystal display devices or the like. By using a glass substrate as
a base substrate, a |l arge-sized inexpensive SO substrate can be

manuf actured. 5 [Reference] [0005] Reference 1. Japanese Published Patent
Application No. HO05-211128 Reference 2: Japanese Published Patent
Application No. 2005-252244 10 SUMVARY OF THE | NVENTI ON [0006] Wen a
single crystal silicon layer is formed over a glass substrate with a Snart
Cut nethod or the like, surface roughness of the silicon layer tends to be

| arger t hpeetehed 2).n Gl:lib@ sobsateshesyehsicl lagen smasf ands argrlesshexpeesivet aeach ot her
to forman SO 15 su

S f
failures i#ligpn welgss; %WP i éégergl%%?e iV tda %ﬁ?ﬁ&%ﬁ&mif%@em conduct or

el enent s oalsﬁm&,%giupﬁl@hkae\gms}g ol )6X9 Fbstrate s @basebulishatezblorge-spedbl em  an
obj ect of an enbodj ment of th% di sc oseg invention is to suppress increase
in surf aceinewrrgriMe3Ql YPstiptegapbe GROPMEUEEhen an SO 20 substrate is

manuf acg ur@ggﬁf}gncg pnding a base substrate such as a glass substrate and a
single cr sem conductor substrate that is a bond substrate to each
ot her AnonQ@ﬂ object is to suppress increase in the roughness to increase

the yield of manyaciddni RYancSeriHRRAUGEAL ASIRIhERINo. [11828] 12825 According to
an enbodi nment OP&{% éé j(;b%%%ed I nvention, %ﬁre ion vvherezﬁga)ndl ng is not

perforned is i ntRaftrewnadt Japasese Redishad Pﬁéﬂan?Rl%g?f‘fqncW aPP321%58% peri pher al
portion) of an interface between the base substrate and a bond substrate in
bondi ng the base substrate and the bond substrate to each other. Mre
speci fil6 description will HFMYABAOBEFNINGINTIONO] An enbodi nent of the
di scl osed Hbéggtl on is a nethod for manufacturing an SO substrate,

i ncl udi ng teps of irradiating a bond substrate wth accel erated ions
to 2 forman emyhd talsmtier egsteinsilicont laperbie formedbayer atadass fsBpsipiggvish

i nsul ati ng | aye
gSma}/t({:ut

€ od or the like, surface roughness of the silicon layer tends to be larger
than that in the case where silicon wafers are bonded to each other to form an SOI

15 substrate. Such surface roughness induces various failures in a later step, which causes
reduction in yield of semiconductor elements or semiconductor devices.

[0007]
In view of the above problem, an object of an embodiment of the disclosed
invention is to suppress increase in surface roughness of a silicon layer when an SOI

50  substrate is manufactured by bonding a base substrate such as a glass substrate and a
single crystal semiconductor substrate that is a bond substrate to each other. Another
object is to suppress increase in the roughness to increase the yield of manufacturing
semiconductor devices.

[0008]

25 According to an embodiment of the disclosed invention, a region where
bonding is not performed is intentionally formed in part (particularly the peripheral
portion) of an interface between the base substrate and a bond substrate in bonding the
base substrate and the bond substrate to each other. More specific description will be
given below.

30 [0009]

An embodiment of the disclosed invention is a method for manufacturing an

SOI substrate, including the steps of irradiating a bond substrate with accelerated ions to



surface of the bond substrate or a base substrate; form ng a regi on where
bonding is not perforned in parts of the bond substrate and the base
substrate while bonding the bond substrate and the base substrate to each
other with the insulating |layer interposed 5 therebetween; and perform ng
heat treatnment to divide the bond substrate along the enbrittled region so
that a sem conductor layer is fornmed over the base substrate. [00101 In the
above, |aser beamirradiation treatment is desirably performed on the

sem conductor |ayer. The region where bonding is not perfornmed is desirably
formed 10y aar@miriildigreaion ds s Behdosubbtrade famadhg ran dngwasing dayst Opdira i on on

the surface of the d substrate or.the base ali vely, the
regi on whetgREHd é)f’“g@l?fgf’te Oﬁélltbf‘%’rsﬁg%'a%aﬁ a%%rsé%\lﬁre A{hﬁé {gr essi ng
pressure if b iﬁgaahb 8f 8 bendsibstdtahe] thedase tsiﬂ&trbira rwhils bbsdingithe bpsd

controlled to be 20 N cn® or nor e. 1 The regio ding is
not per f or fbelaiR 8p¢ A hass SYbsirgies 1o S‘lgf %JTOWW }nsulﬁ%rgeﬁyﬁrhl% ?%%?(gn wher e
bondi ngs i SBQRbeREET: QRITRE: btk Bid: akthincho (oTRIidRt the beadeibstreraldngrihof t he
bond substrate. Bonding of the bond substrate and ubstrate is

e base
desi rabl y ernﬁ:mtﬂect tsgion st HETEERAROTIBIE ISJRTE o éil%‘&"ﬁ%l @G‘B%?r ate. The
terrperatur@ the heat treatnent is desirably 500 C or | ess. 20 [0012]
Wth the a ove] met hod, an SO substrate can be provi Vé/alch for
exanpl e, the nuribdhe admvsi lser beary dprediation trqatpeaf i @?ﬂ%‘?y PH’éF‘? Oiieh havi ng
a diameter of r “91 QGB‘ Qahe ACRR peffornRaSs dRIIg ey, 1.0
def ect/cers%‘Pccfn%u%ol& ér}?hng%e ﬂegm? © é’ ab%\l/e mgt h% an SO substrate
i ncl udiipg By pervidigna teeesed bagien arlrﬁésm aprojectzd p@ﬁwpawethw&?éep theitond 20 nm or
| ess can be _.provided. Furth a ChQl redBHU! ®here VRIS BT act ured
usi ng the U@ﬁb%t&‘ﬁtbeas%r? gsérgtr? bédﬂf)%%\{/{?%y i rg er{egenergllL an SO
substrate pef@msd tan ik Hansdcenadlbe pnesslms‘cssarteen hmdmggthabass?tsrlbﬁ@’@ﬁra@ i n which
a silicon se uct or r an insulating surface; 30
however, i Het P‘g ‘g’ﬁ%aé?ﬁ%gtﬁ%ﬂms%eﬁio% ’blg%/r ate includes a sem conduct or
substrate lgipg a structure in which a sem conductor layer is provided
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more. The region where bonding is not performed is desirably formed at a corner

portion of the bond substrate. Bonding of the bond substrate and the base substrate is
desirably initiated from the corner portion of the bond substrate. The temperature of
the heat treatment is desirably 500 °C or less.

20 [0012]
With the above method, an SOI substrate can be provided in which, for

example, the number density of defects (in particular, defects each having a diameter of
1 um or more) is 5.0 defects/cm? or less, preferably, 1.0 defect/cm” or less. Further,
with the above method, an SOI substrate including a semiconductor layer having a

95 gurface whose P-V is 120 nm or less can be provided. ~Further, a semiconductor device
can be manufactured using the SOI substrate and can be provided.

[0013]
In general, an SOI substrate refers to a semiconductor substrate having a
structure in which a silicon semiconductor layer is provided over an insulating surface;
30 however, in this specification, an SOI substrate includes a semiconductor substrate

having a structure in which a semiconductor layer is provided over an insulating surface.



sem conductor layer. In addition, in this specification, a sem conductor
substrate refers to not only a substrate fornmed using only a sem conduct or
material but also a general substrate including a sem conductor material.
That is, an SO substrate is 5 broadly included in a sem conductor
substrate. [0014] In this specification, the term"single crystal” neans a
crystal in which, when certain crystal axes are focused, the direction of
the crystal axes is oriented in the same direction as that of the crystal
axes in any portion of a sanple. In this specification, 10 the "single
crystal " iTiek Ggesseminyadiad layer vabd ¢dr ahi B@L sutstiate o netr jroited toak eidicett e uni f orm
as described ahove geven en..i.ncluding a_cr al . gdapgl i ng
bond. [ 00135 UCPREUGSy ﬁymsem]éﬁq'} %t%rﬁu&e%eggwﬁl%%’ ¢ h%gﬁcgj%g%c? i %gtl on refers
to a genergkerdl@Vhdi®nift Dalibseae fopedalstgbonlytiskmicomipcoe matwat bt abso 2

characteristics, and a di splay devig¢e and an i, Nt eqr j it are
i ncl uded i gerewb S%@H@tedﬁ‘awi BP ENHopguctopmatpigly, Thit 48 9, gg?bgié{u‘éﬁén this

speci figat &gmﬂ,ﬂﬁiddg@ﬁl aSemic@Rductistiisiag. di splay device, a liquid crystal
di splay device, and a display device using an el ectrophoretic el ement or
the like. IOl4lght enitting device includes a light emtting el ement, and a

liquid crystal qj, g0l ayec@eNdne theltfiel HsiSe @ryithiQuicdnsd wigital ineltdeienten A | i ght
emtting elenment includes, in its scope, an 20 el enent whqse |l um nance is
cont r ol | edcdripinecrpstal paestare focasedoihe diection pfithe sl s iy grienfer dp fhgsame
inorgani c el e ' iR L B&tion 8a QABALI OnFhis 8pRMRAton, and t he
i ke. [001 ecﬁhﬁ%{h@n@g‘%‘g%?{%&tlhe di scl?lcl)s_e?:l {ihﬂ%enti on, g regi on where
bondi ngo i stheGtingl2Srystt T ioclndsy aiosysiah irewhich dipatipny of Rstpl jaxes g poiforp@s
peripheral porti.on) of ndi j AeeRbfidny, an SO substrate
havi ng a sg %lz)eﬁl&?]é eoﬁvefggg%ﬂ\%mlﬂ%ﬁkrgé a%g%?%ca?faceg réc}nghness can be

provi ded. [ovisgddition, the yield of a sem conductor device using such an

o suosiote o e econg B0, A0, RRORAN LB Ui
a method haf edn dperd BChtlizingGenivofifictos chetatatsticsaaul adisplay dompunten devi ce.
15 integrated circuit are included in the semiconductor device. The term “display device”
in this specification includes a light emitting display device, a liquid crystal display
device, and a display device using an electrophoretic element or the like. A light
emitting device includes a light emitting element, and a liquid crystal display device
includes a liquid crystal element. A light emitting element includes, in its scope, an
20  element whose luminance is controlled by a current or a voltage, and specifically
includes an inorganic electroluminescent (EL) element, an organic EL clement, and the
like.
[0016]
In an embodiment of the disclosed invention, a region where bonding is not
25  performed is intentionaily formed in part (the peripheral portion) of a bonding interface.
Accordingly, an SOI substrate having a semiconductor layer with reduced surface

roughness can be provided. In addition, the yield of a semiconductor device using

such an SOI substrate can be increased.

30 BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

FIGS. 1A to IF are cross-sectional views illustrating an example of a method



FIGS. 2A to 2C are cross-sectional views illustrating an exanple of a

met hod for manufacturing an SO substrate and a sem conduct or devi ce.

FIGS. 3A and 3B are plan views illustrating an exanple of a nmethod for 5
manuf acturing an SO substrate and a sem conductor device. FIGS. 4A to 4G
are cross-sectional views illustrating an exanple of a nethod for

manuf acturing an SO substrate and a sem conductor device. FIGS. 5A to 5C
are cross-sectional views illustrating an exanple of a nmethod for
manufacturing an SO substrate and a seniconductor device. 10 FIGS. 6A and
6B are pl afor WiaB¥Bctididg St SO tsivaraeané x sempicendoftondayeehod for  manuf act uring an

SO substrate and_ a sem conduct or devi,ce. F :

cross-secti onal Nfeved 9 f(gﬂercé?sis'ﬁacqgﬁale"i?’r?ﬁpéﬁlgygg}ﬁn%aﬁ? f:‘aaolr]'ﬂeﬂ[10d

MaNuUf act ur jop chapikadRingSdiisoTsaberarndd a sasicbionduddvive. devi ce. FIGS. 8A to 8D
are cross-sectional views jllustratin n exanpl e of for

manuf act uri ng aflG®) 34438, BIAY Vée“%eﬁ]iu%%gga?o?xgﬁgéi $££ hl% 1é5A and 9B
are plan VieWadddddShroaiisaoiae asx @smhicordbictdr deeicaod for manufacturing an
SO substrate and a sem conduct or device. F.llGS. JO0A to 1 er{renethod
cross-secti onal KiGSu#A tq $G gre dessrigetinaleienipl BstErng an Siiy°

or

ranuf aCt‘”%&%aﬂﬂfa&%ngmmtaﬁmmdassﬁfabﬁme@uaéme. device. 20 FIGS. 11A to
11D are cross-sectional views illustrating an exanple of a od for

L . met
manuf act uri ng arFIS8I 54 Uh5E ars @onrractipnaloFiF R NHERLBE 2 STATRLe off &4 5 A ang
12B are plan vi ems, bRGARdS%aMRbR1RIor @evi®t hod for  manufacturing
an SO subgq%@gﬂgw%&z%%ﬁgo%uct or device. FIGS. 13A to 13D ad(r)F
cross- sect i onal FIGSWSAI didusB raat plag dewelbpitiagom gampl g HBUYb O
manuf acturin transi [ LddPadsi&. Cross-sectional views
illustrati Hﬁg‘éﬁ(:t&%Szﬁlgspbsang{e(ﬁ%?ﬁéﬁéfoor_umnuf acturing a transistor. FIGS.
15A and 15B ar e FIGS! DASe §6ciré cms-sevticanl Gewaillusteation ¢p skampe o grediRdvi ew
t hereof, respectively. 3 | S, .16 . .8, surface of a silicon
| ayer. Fl &8 mat cﬁ‘ﬁégi“i%)gﬁg’@vmée%nurafasg%ecq)g&cg&g?‘f?eéon | ayer. FIGS. 18A and
18B show a surf agiessoRAdo 8D dre oiosd-seyonal vibws illustrating an example of a method

15  for manufacturing an SOI substrate and a semiconductor device.
FIGS. 9A and 9B are plan views illustrating an example of a method for
manufacturing an SOI substrate and a semiconductor device.
FIGS. 10A to 10H are cross-sectional views illustrating an example of a
method for manufacturing an SOI substrate and a semiconductor device.
20 FIGS. 11A to 11D are cross-sectional views illustrating an example of a
method for manufacturing an SOI substrate and a semiconductor device.
FIGS. 12A and 12B are plan views illustrating an example of a method for
manufacturing an SOI substrate and a semiconductor device.
FIGS. 13A to 13D are cross-sectional views illustrating an example of a

25  method for manufacturing a transistor.

FIGS. 14A to 14D are cross-sectional views illustrating an example of a

method for manufacturing a transistor.

FIGS. 15A and 15B are a cross-sectional view of a transistor and a plan view
thereof, respectively.
30 FIGS. 16A and 16B show a surface of a silicon layer.
FIGS. 17A and 17B show a surface of a silicon layer.
FIGS. 18A and 18B show a surface of a silicon layer.



FIG 19 shows an exanple of a surface of a glass substrate. FIG 20 is a
graph showi ng the rel ation between dianeters of a region where bonding is
not performed and the nunber of defects. FIGS. 21A and 21B are graphs
showi ng results obtai ned by conparing surface 5 roughness. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [0018] The enbodi nents and the exanple of the
present invention are described in 10 detail with reference to draw ngs.
Note that the present invention is not limted to the description in the
enbodi ments and the exanple below, and it is apparent to those skilled in
the art that nodgg 1@Qﬁoxdﬁéaﬁé)daﬁ1pléaﬁabﬁfamdfi'ghsb substrater i ous ways Wwi t hout

departing fromthe spirit and sco th rese I ddi tion,
structures accdii %fglseogreu?k% é‘?ﬂpgﬁ %téﬂnﬁeeﬁ‘f’esencd;ar?léoé}xg% %jr%n{v Jé
CO”b'”at'oﬂxﬁﬁgﬁpaﬁ%ﬁﬁhﬁkﬁanéﬁmM@h@mhnab&mm the structures of the present
i nvention descrlbed elow, like reference ef er geportions
or porti ons havﬂﬁ@ss?]rﬁ?@rzlﬁﬂ’fﬁﬁaﬁh‘%m"gﬁ@rf’ﬂ'@”ﬂé@’é‘? B FBh m%ﬁereo?
omtted Qgé ess. (Enbodi ment 1) 20 In this enbodi nent, an exanpl e of a

nut a

met hod ?or cturing an SO substrate will be described with reference
to drawi ngs. Specifically, the case of manufacturing an SO substrate in

whi ch a single crystalﬁigﬁﬁ; TIRY &F TISE INVENTE®RI over a base
substrate will be descr [ 0020 25 First, a base substrate 100 and a

single cry$MHB]sen1conductor substrate 110 are prepared (see FIGS. | A and

18)." 10021] "As the baag SURCLLAKS L0l 37 THOSEEA! fuBRlR dé amoad msul at or

can be used. exanples there i nclude: a varlety of qlass
substr apes du@ﬂdvnhrrefcfemeeioehawmgﬂ c Nomthaﬁh@umeﬁ@égwe%ﬂj@ﬁs A lamifed e Bees f or med

oy l el Ho3e
\[I)\Aor 0 S?I |u(r:n anos;sclgptlé(grg EneHl% ﬁ%@ye& usbar% ? GQ%H)IE GRIS, %@%5 is 4ppateRdol 1

a ceramc substrate; and a
sapphire sgp§&daﬁem;&@umuhh@msthMEmhecm@@ven@m@@hnswﬁwvﬁ@@esdﬁﬁﬁglns

barium oxi ddeepartlng from the spirit and scope of the present invention. In addition, structures
according to different embodiments can be implemented in combination as appropriate.

15 Note that in the structures of the present invention described below, like reference
numerals tefer to like portions or portions having similar functions, and the description
thereof is omitted.

[0019]
(Embodiment 1)

20 In this embodiment, an example of a method for manufacturing an SOI
substrate will be described with reference to drawings. Specifically, the case of
manufacturing an SOI substrate in which a single crystal semiconductor layer is
provided over a base substrate will be described.

[0020]

25 First, a base substrate 100 and a single crystal semiconductor substrate 110 are

prepared (see FIGS. 1A and 1B).
[0021]

As the base substrate 100, a substrate made from an insulator can be used.
Specific examples thereof include: a variety of glass substrates used in the elecironic

30 industries, such as substrates formed with aluminosilicate glass, aluminoborosilicate
glass, and barium borosilicate glass; a quartz substrate; a ceramic substrate; and a

sapphire substrate. Note that when the above glass substrate contains barium oxide



and boric acid so that the amount of bariumoxide is larger than that of
boric acid, nore practical heat-resistant glass can be obtai ned.
Therefore, in the case where a glass substrate needs to have heat
resistance, it is preferable to use a glass substrate containing barium
oxi de and boric acid so that the anpbunt of bariumoxide is larger than 5
that of boric acid. In this enbodinent, the case of using a glass substrate
as the base substrate 100 is described. Wen a gl ass substrate which can
have a larger size and is inexpensive is used as the base substrate 100,
cost reducjjdosbrizaridescamhl @y athouhtOdR}iunAl dxiteriatlirge| than takeibarisrigifet or
substrate such as.a single crystal silicon ;1 r-at Lngl e
crystal gemﬁﬁnPfa?ﬁcéhB%af'?eéls@nhé%%(éanﬁgeeﬁb diged hghgrggozé’slﬁgg% rg%aste gv%ﬁgg In the
case of USpg SBGMANSATKE BRBURkDTesBUbSY itaib prefsrablado bas e ghsbsutsaete 100, the
tenperature limtation for heat treatpent can be.raised.co ith the
case of  uemwjnias hrrassoxdgdherie agif s H:‘St '1&:‘F paount ff Rariumox geﬁg%%ae?%a}y sa

substrate s BARIdoYcRDt &l ARCembokitidit, tRScale SLMINON gl mbstaubstthabse a sol ar
grade silicon (SOG _Sinaa substrate or  the |ike 1abma§1‘gbe Psed.. Alaﬁdeirsnati vely,
a pol ycr yssaistritn d0 isrdeacsived c t Whensy glatssubsiralfay L CAEYe @ 1985 P17 e of

using a Sal;n'e%% §'U?&t1{s9&a%1th@oa99!;db§ﬁa&§mi, LésdReds@iBncanBeishixedubst rat e, or
the like, na Facturi ng cost can be reduced as conpared to the case of

using a si@ka] crystal silicon substrate or the like. [0023] 20 Note that

an enodi ment of s e, f8CLOSEAUEB! sAukS hilhSHPRr fdle |2 askeonN
surface roughness of-a seni conduct or | ayer, which arises from alﬁ fference
t

i n nat qpi akubskekwee singlubsisthg@mnanivmzubivetedaay, begised pdhe pase subsiatedlls i s

effective in the case wher Il oLl hi KR ©fe Stshicatods te0 be
bonded ar e ithe &358 .“Sﬁgesﬁlglilr? egoélglgczorv\%lgre 2ubstrates made fromthe same

material ar@nhendedihietiendr hiheratens ufahi i wired 28marredAtitigle ¥aseetf ect can
be obtained jn terms of suppression of.incre i facgilvoBuglkaess.
(0024] A suemEeelst sttt ot et fieonen SRl i aned
advance.  $Regiaf kGahicyndublae siReaic, s ipptde 0O (SOG-§D] ssbttett ardhaliter asoni ¢

cleaning with a 30 hydrochl oric acid/ hydrogen per oxi ' udeliPM
Sul fur 18 acway yURegeh HBRBRaS PRDSDAFLME SEpfR REICE S Eulel) 8

hydr oxi de/ hﬁ%@&@@ oPERXh SO ATk XSkt ARMlyoritdllirteestimidoydircafr Isustits, erci d
(D), or tthe? 1i1|<e!, l?neanuga-utltﬂlgrlfgg cr:]os% léle(xznhbecll"e?h?crydre]l chﬁgﬁéﬁnﬁm cefls%rof %’é%EB' s?rlgle
crystal silicon substrate or the like.

[0023]

20 Note that an embodiment of the disclosed invention is to suppress increase in
surface roughness of a semiconductor layer, which arises from a difference in material
between substrates to be bonded, or the like, and thus is effective in the case where
materials or the like of substrates to be bonded are different. Even in the case where
substrates made from the same material are bonded to each other, a sufficient

25  advantageous effect can be obtained in terms of suppression of increase in surface

roughness.

[0024]
A surface of the base substrate 100 is preferably cleaned in advance.

Specifically, the base substrate 100 is subjected to ultrasonic cleaning with a
30 hydrochloric acid/hydrogen peroxide mixture (HPM), a sulfuric acid/hydrogen peroxide
mixture (SPM), an ammonium hydroxide/hydrogen peroxide mixture (APM), diluted
hydrofluoric acid (DHF), or the like. Through such cleaning treatment, for example,



7 the surface planarity of the base substrate 100 can be inproved and
abrasive particles left on the surface of the base substrate 100 can be
renoved. [0025] As the single crystal sem conductor substrate 110, for
exanple, a single crystal 5 sem conductor substrate forned with an el enent
bel onging to G oup 14 of the periodic table, such as a single crystal
silicon substrate, a single crystal germanium substrate, or a single
crystal silicon germani um substrate, can be used. Alternatively, a conpound
sem conduct or substrate of gallium arsenide, indium phosphide, or the like
may be use@e surfatpiphihritg @Ry wisakubgtrate 4DO adl be Bufroedrand abresivepaticlay e
circular sjilicon substrates which 10 are, 5 inches (125 nm in dianeter, 6

i nches (15]Gﬁﬁﬁ)th‘isﬁrl%b eé)li;g}eg)la,?e %‘h?tf%%]g)g S BorH V‘in n di ameter, 12 inches (300
nm in di agesgr, and 16 inches (400 mm in dianeter. Note that the shape

of the single crystal sem conductor subsira is not |limt 0 a

circul ar shape d¥dhe gnelegasipl ssmicondugions lt’%‘?‘g?gllé’ljig]é%’%mggeh%lsjlgnfgrc%gt&l)st rate

which is prOCRSSES dudiQteXofRsd Wit abmedi dpRngiay td@rous éd of Hegesodigl e

crystal sem conductor 15 substrate 110 can, be manuyf act ured ug%/ﬁager%z met hod
onta

or a fl oat fahly, s'ches ¢ Fizple ppistbailicon OIS, pINGIESYSEY SPEBI ni nant s,

It is pref %r%@g%&s %ih@ofgk!rfn%ﬁﬁmcmsi@%, Sl T6H @ed CT Aledradtivel9)d camsbuad or
substrate 110°be cl eaned Wi t h a sul furic acid/ hydrogen peroxide xture
(SPM), an smiomidusterspbteose of galiyarasyaide,adinmgphesphidgs Qe lgs&w,beélsez’g]

hydr ochl ori.c .agci P& 0% ' ERMar sflichy betdtyoNhikh uori ¢
acid (DHF) l,rypl%ar cg@ﬁa@g%ﬂﬁ%&r%g%?lvégilﬁﬁaﬁg?ﬁtfed_a’rrn?dr of | uotrri c acid and
0zone wat etrerfeiyichre (12dirsmhir Gjodeter, 6 dnchet 5) mm 8 it einshes (Z%MBY t he
single cryst é?%ﬁ%ﬂ& qg%%%kgkgﬁﬁg%EQﬁ&%ﬁa} 16 B (408 IndPKL diamBrepMOIi Lt ed

regi on 1121 I'e crystal sem conductor " substrate 110 at
a predet er Koratatdepihapd sfhe sihgle sosthsmicanductormibstratehd Opaset nilsdite ate 100
and the single crystal,h sem conductor .su - dedniq gach ot her
with an i ﬁ’g‘i}‘l?aét Sih%@e I’“‘%ﬁ/z r i’?ﬁlp?ehtae?%%lg ecg? Sﬁ%&&%ﬁ%@(ﬁ% lgéehte}1 Fi &S ic and
1D). [0028}hrocdfled titd Rirsct@paheish@pprtmaabe aswiss&le poglei wystdl 4emiosndustored in a
region of a surface of the_insylati I r114.. whi onds to a
per i phdfal sysEete dH e bemenufarigred by a lgF&Xgoraf}oatmg D ERGERR

[0026]

In view of removal of contaminants, it is preferable that a surface of the single
crystal semiconductor substrate 110 be cleaned with a sulfuric acid/hydrogen peroxide
mixture (SPM), an ammonium hydroxide/hydrogen peroxide mixture (APM), a

20  hydrochloric acid/hydrogen peroxide mixture (HPM), diluted hydrofiuoric acid (DHF),
or the like. Alternatively, diluted hydrofluoric acid and ozone water may be
discharged alternately to clean the surface of the single crystal semiconductor substrate
110.

[0027]
25 Next, an embrittled region 112 is formed in the single crystal semiconductor

substrate 110 at a predetermined depth from the surface, and then, the base substrate
100 and the single crystal semiconductor substrate 110 are bonded to each other with an
insulating layer 114 interposed therebetween (see FIGS. 1C and 1D).
[0028]

30 In this embodiment, a recessed portion 140 is formed in a region of a surface of
the insulating layer 114, which corresponds to a peripheral portion of the single crystal

semiconductor substrate 110, so that a region where the base substrate 100 and the



sem conductor substrate 110, so that a re
_ , S gi on where the base sub
and the 8 single crystal sem conductor substrate 110 are not goﬁé;gtf +00
each other is intentionally forned (see FIG 1C). The fornmation of thg
Lecessed 140 may allow the single crystal sem conductor substrate 110 to
te_exposed. By thus formng the region where bonding is not perforned, a
rigger for separation can be provided; therefore, increase in 5 surfa1
roughness of the forned single crystal sem conduct or | ayer can be o
Egﬁg_ress_ed. Note that it is considered that formation of the region where
L0 OzbngNgssirT@% cxggtﬁl{ s%ﬁl%gducﬁﬁ@ﬁﬁshg!étﬁﬁ abcOnot B6ket! ikeach pttst isgstntamally f i | m
. ] Note at al t hough the recessed portiCP 140 | ftgrnﬁ i.p. e
: E\S/U| ?ftl ngformgdbfsee AIG. 101 (The foratiehplole St Q‘H’ R ER e g‘fe cﬁ(ﬁea di scl osed
may be Tor R TREEEAR AL 130 o e e r e P hee. to Say tha
_ _ | portion. If s n
a proj ect et i suessethepor trigewt foITpHAIGan bo pobieb JP et Fofekt s
]E) Jectg 51%' o al EENRLY YRk RGstdl QiR Ondub QP BYEr cahDeAspmessel hod f or
formng’th CEEHhOrtTon, patterning after the formati on of the
i nsul at i ngNoyiRat idib4onsiterdd the foymdtios of tseasirp PHEEiPARTIBH S0t O‘Pﬁeiie
][rark! ng USIQanSxfiat gl ass E)en aerggoftah@{di ke can be given. As a nethod for
i(r)]rmlng_thé iesde BGuE Pt“i,l%tﬁ, pattérning after the formation of the
ma?llil ﬁ;l Bgl[dr%ygr I1;}14, mar ki ng by’hl aser beam irradiation or the |ike
Ss pen, attaching a i 1 : i at i

'lt\lg the surface oo it iaﬁg‘l?lggtﬂi‘%ﬁc?sg e?orﬁ%?icgiﬁ?ot Jghpﬁ%e&glgﬁﬂ%gﬁgrbgae oee

tE t hgt tﬂgﬂlﬁmisselﬁﬁaaﬁms, an \Wa®bginfehi oft thegistlesegdnveotioreld nebFongtraed agser
marker, ‘such as the case where a substrate (qr a ,Sem copdyet gdavi [
gi ven an i deingilf t‘ihﬁfﬁtorraf\kl?mJeﬁﬁ@rPoﬁuolne?%%é’eggpordt| %ﬁgndﬁgrﬁgﬁpr 0j gg% e:js
ﬁg{t :O gpf g; %’ﬁ Cn; ﬁftgigq%eg(?bdsidtéi gatghtwcﬂ Rojedtad lamcd,rmsse@gjoui@nmbétﬂwﬁdji ng is

_ _ . med wi t hout an increase,i 25 manufacturi
\r/]vgut CBe'r ?01; ams;agﬁpemo{xl@nmgrmﬁtéd H@iﬂ%alamﬂe ag]rvﬁliyr}fﬁ?%mreg'gi on wher e Ibg%diC(r)l;t is
o et e g@?"toiljs not limted to formation of a recessed portion and/or a

( . on as long as the region can_be f
2;1 jn u Is tiusg pressuhe apptiedsor Lrpisg Fheéﬁcqsﬁdtﬂqgioﬂa%eg’%%seﬁqﬂeéﬁg %%%éﬁ%gé)f he >
i bgt reatc ;y Shal SIS NI Y ¢4 WarBHDBY 1AL eaNrRONING thelikccgatkingierze t he base

glass pen, and the like can be given. As a method for forming the projected portion,
patterning after the formation of the insulating layer 114, marking by laser beam
irradiation or the like, marking using a glass pem, attaching a particle with an
20  appropriate size to the surface of the insulating layer 114, and the like can be given.
Note that there is the case where printing is performed using a laser marker, such as the
case where a substrate (or a semiconductor device) is given an identification mark.
When a recessed portion and/or a projected portion are/is formed utilizing such a
method, a region where bonding is not performed can be formed without an increase in
25  manufacturing cost, which is favorable.

[0031]
The method for forming a region where bonding is not performed is not limited

to formation of a recessed portion and/or a projected portion as long as the region can be
formed. For example, by adjusting pressure (pressure applied to the base substrate and
30 the single crystal semiconductor substrate) in bonding, a region where the base substrate
100 and the single crystal semiconductor substrate 110 are not bonded to each other can

be formed. In that case, the pressure in bonding is desirably set to 20 N/em? or higher.



100 and the single crystal sem conductor substrate 110 are not bonded to
each other can be fornmed. In that case, the pressure in bonding is
desirably set to 20 NNcn2 or higher. 9 By setting the pressure in bonding
to 20 NNcnR2 or higher, a region where bonding is not perfornmed can be
formed favorably. [0032] Note that the area of the region where bonding is
not performed is desirably set 5 to 1.0 mm2 or |arger. Accordingly,

i ncrease in surface roughness of the forned sem conductor |ayer can be
efficiently suppressed. Further, by setting the area of the region where
bondi ng i sBpsdttifehé prossaek ih boRGngrv200¥/ciid piBgher; arcgion sdereposding et
roughness of the fornmed sem conductor | ayer can be nore efficiently
suppressed@“?@@%gfnbgg) &ghPﬁgg‘although the regi on where bonding is not
performed fog3fjorned in a region corresponding to a peripheral region of

the single crystal sem conductor substrate . in this_.enbodi npent e

di scl osed i nventY¥nthpthe,gjea Pﬁ‘?‘? feéﬂ’ntvﬁgfe:lfoélflmgﬁs ?%83%%%“586%%1{%0%‘%6% t he
regi on yhef,e1 PORAPNG lafeh OtAdRSIHRTREréde ti uitRgi piglnoty of penfimegd t o t he
peri pheral region of the single crystal %ﬁniﬁoqgu&}or.su strate, . it is

pr ef er abl ysemseondurten layes can b RiciepdY FPBFPsHSE: + Rt b seiag Y 372 Ehf conduct or

substrat e, re%f%'h §¥2ENofdingd ¥ S0t HBGormc@HoOTs WHET 6r oSGl Mrchse foturpeef ormed is
provi ded at "a coner portion and bonding is initjiated fromthe corner

portion, swmughmss afee fofmedsemisondusins lavsseandeinkes eeientySupiessste  roughness
of the sen{oﬁgﬂduct or |ayer can be inproved. [0034] 20 The enbrittled
region 112 tornmed in the single crystal sem conductor substrate, 110 at a
predet & mi ned deyté that althonile theuregior whergrbopding dy Bt Peyrmed in frmes Y2t he

single crystal sem conductor. . Onotd L hsih10Bsicehddd s@gemne or the
li ke havin gmnﬁg{rfsgo&g%%ﬁﬁ%g%g%Eé%f,ﬁ%”Ct%%ﬁ ‘éé?%tr_?%tn. [6035] 25 The depth at
whi ch the enths thbetimemgibendidd®ed dnveotioreds vetnlitigedathcrstt edn e €45 ofki neti c
energy, mass, .charge, or incidence ' : ik@e The
aror P11 catopi o pes Taby BeREN Ko B08k Rl bty KRR oo Bbhing e T
aver age pepaipheial RBiot@ptte singfe ciysel samsonditior ebgrats, ittihpreferdbikivened &f a

single crystal sem.conductor. |a ta b separated fr hersi.ngl.e crystal
se m'g cohelu Z g GP%W?%?&[{?L figele &Hysﬁg Seé‘&f?f?fl%[ S\[/)‘\J‘A%ftf:latt?’ %Oer SERpR el 8 Y

region where bonding is not performed is provided at a corner portion and bonding is

initiated from the corner portion, so that the effect of suppressing increase in surface
roughness of the semiconductor layer can be improved.
[0034]

20 The embrittled region 112 formed in the single crystal semiconductor substrate
110 at a predetermined depth from the surface can be formed by irradiating the single
crystal semiconductor substrate 110 with ions of hydrogen or the like having kinetic
energy caused by acceleration.

[0035]

25 The depth at which the embrittled region 112 is formed can be adjusted by the
Kinetic energy, mass, charge, or incidence angle of the ions, or the like. The embrittled
region 112 is formed at approximately the same depth as the average penetration depth
of the ions. Therefore, the thickness of a single crystal semiconductor layer to be
separated from the single crystal semiconductor substrate 110 can be adjusted with the

30  depth at which the ions are added. For example, the average penetration depth may be
adjusted such that the thickness of the single crystal semiconductor layer is

approximately from 10 nm to 500 nm, preferably, 50 nm to 200 nm.
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30 depth at which the ions are added. For exanple, the average penetration
depth may be adjusted such that the thickness of the single crystal

sem conductor |layer is approximately from 10 nmto 500 nm preferably, 50
rimto 200 nm 10 [0036] The above ion irradiation treatnment can be
performed with an ion-doping apparatus or an ion-inplantation apparatus.
As a typical exanple of the ion-doping apparatus, there is a

non- nass-separati on type apparatus in which plasna excitation of a 5
process gas is performed and an object to be processed is irradiated with
al | ki nds [b3dlon species generated. In the apparatus, the object to be

processed is | r'érg! a%ége? lo\M ;:]i-rh%d%, on tre?t%:lcel anO[)e %%ﬂ’&@ed%ft@%%oﬁ@%ng

separ at i on. I on ar at us
Mass- separ W&Saﬁgaﬁaﬁ uﬁplaﬂtﬁuo&ﬂ‘@pamuns i nged arnjzmdzal @mna;jpaf afteusn—dﬂmsg

separation of ion species of m . is n 0 be
processed AR HFTE AN Sg‘?‘i"at’fﬁ t’?ﬁélg aé%m%%\}vﬂlﬁ&l pqas ‘cé)ltr%{nt’ljs (rﬂ;tgfjé nasses.
[0037] 4n fQb&s easnopérimmed aﬁthW@pﬂoQ)elpﬁoodﬁSdifsuhﬁﬂatedlwm akbhmdmoﬁ iom- dopi ng

apparatus " is used to add _hydrogen to the s Ie cr stal sem conduct or
substrat e Speeics gengeated. cBhﬁhélaﬁPﬁﬁmﬁiﬁﬁ olyes t? §°§8§SE srradipied & 'g‘ag As for

ions used §p%51e§ F‘fplhs&ﬁa%@iﬂ%u’t Rhss dePBatkd. PLORAhItOM iof itfBlanthtionpppdrenabl y set
hi gh. Specifica is preferable that the proportion of 113" .be set to

50% or hi gher m(twmar@méfaé%:ﬂﬂw I g, ign-imp gpiation W?‘W"%‘Qﬁéﬁpam{ B2¢fe total

amount of f1 %@es of BiK E@sperﬁ%ﬁ& AdThOEbi R PR fro&Rsedfis HhdiatddRateibh i ci ency
of ion |rra3|g e 1 nproved. [00:1, 20 Note that ions to be added

are noﬂOIlspetedhavmgmc@t@mlﬂWmﬁﬁgén Ions of helium or the lIike nay be
added. Fur@gg, ions to be added are not limted to one kind of ions, and
plural kin olf ions may be added. For exanple, in the case of perform ng
irradiation wt nnm,aelemgmmmmmmmlsm@quewh;ch@gmgd@m PRIGHHI ng

appar at us, theg&P%‘ﬁgﬁ&%f]gerggoeh dr'% Q%s{naSQﬁQﬁgn(ﬁgtogg%%ﬁdllbo hhgscase of

per f ormi ng is; p§° rumin separate steps, and
i ncrease i Gorgaltith, @?dﬂf)@fﬂﬂﬂ@ﬁl@ﬁﬁasmf soarcgigagy| eAs for yus abedsfontheamerliationy thlﬂayer to

be fored [ Ser can be urthen, uppressoc (0GR TP Aamhetddsubaver 114
proportion of Hy™ be set to 50% or higher (more preferably, 80% or higher) with respect
to the total amount of HY, Hy", and Hs'. With a high proportion of Hs", the efficiency
of ion irradiation can be improved.

[0038]

20 Note that ions to be added are not limited to ions of hydrogen. Ions of helium
or the like may be added. Further, ions to be added are not limited to one kind of ions,
and plural kinds of ions may be added. For example, in the case of performing
irradiation with hydrogen and helium concurrently using an ion doping apparatus, the
number of steps can be reduced as compared to the case of performing irradiation of

25  hydrogen and helium in separate steps, and increase in surface roughness of a single
crystal semiconductor layer to be formed later can be further suppressed.

[0039]
The insulating layer 114 can be formed with a single insulating layer of a
silicon oxide film, a silicon oxynitride film, a silicon nitride film, or a silicon nitride

30 oxide film or a stack of any of the above films. These films can be formed by a
thermal oxidation method, a CVD method, a sputtering method, or the like.
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silicon oxide film a silicon oxynitride film a silicon nitride film or a
silicon nitride 30 oxide filmor a stack of any of the above filns. These
films can be formed by a thernal oxidation nmethod, a CVD nethod, a
sputtering nmethod, or the like. 11 [0040] In this specification, an
oxynitride refers to a substance that contains oxygen and nitrogen so that
the content (the nunber of atons) of oxygen is higher (larger) than that

of nitrogen. For exanple, a silicon oxynitride is a substance containing
oxygen, 5 nitrogen, silicon, and hydrogen in ranges of 50 at.%to 70 at %
0.5 at. %t at % 25 at.%to 35 at.% and 0.1 at. % to 10 at.%

respectivel'y. "A nitride oxide refers to a subslt)sgnce tap%nftﬁf?%@ggé oxygen

and nitrogen so M lias spehificatinm ampxyHiFde FifFB e FShE) “of nitrégen is

hi gher (| agd’%ler.gr than that ofie QX8 SlmbeQt aRXANDE Exygen isihigheofiergirl thage oxi de
i s a subst ¥HCBTESAEAIMAI ng oxygen, nitrogen, silicon, and h}/ndr&g, 0 in ranges
of 5 at. % i@t dOniRbzeat . Bor GBmple, YHligoEEXRTIdg 15 A5suRplatge CNBRING, © /§ and 10 at

.%to 30 at. % respectively. Not 18, 1BB0Ue] BRGES: RS a0l b ned by
measur efrenBitGETh §lipeR ﬁ‘é‘ill?j(#%ﬁenb%c gécs'reabtqtisgtralpnog spect fometry (RBS) or hydrogen

forward scatd,eniy3g,cetFRk- 0. Maf R0oKern, at.% hesgeotiedly. ofA nitrdepeidefay &2 of ~ t he
“el

constituent el enents ‘does not exceed 100 at. % LBk | S
per f or med asbsfaotd elscontains op¥ecs a8( HEFIEsE &° %@btﬁgﬁéggﬁédhginng e crystgl

sem conduct or.. subs: 110 Pih6n HiaSHRS@Eer. N Fot e@sempipatiicen viktids ogileh ot her
with the 1 gltﬁrpg%l%\a?glﬁlgry(ergeﬁ4 i nterposed therebetween a%dofts%‘?‘%tﬁ pressure
of from 1 N gsibstamce cOBInME@gdns niuepeT, ey and BYPseR b BPEPHE "Bhse subst r at e

100 or the single crystal eni.c o 0 af S eespdctveldD) . W
the pr d6eudd 38 2pal i SSBbRaRR G o e g AR O8R4 30 oL as%gggé nd the
e

i nsul at i ng N@Y efatl e Sibatd Srahigedmuichebpired | by measuikkiceh WHE B i s
applied, which forns a bondin ont aneous sh I evob¥drace. This
bondi ng st épclisgatisEpg &%ﬂnﬁWd&BSSt?ﬁéE‘&%f’ %lnoé)?a??ﬁ%ﬁ%%ﬁé%bmaa?s force or
hydrogen bapdi wa@@g LiDes PaKE hmedeatlenpomdbamperatel W0 3 B042] 25 Note

that bondi i 'S desi Fab y 1nitiated fromthe regi on where bonding is not
perfornmed. [bo41l]ls needl ess to say that a certain advantageous effect can be

(r)te)tg?iog'eld%o%\elgr E\Rﬂen%mﬁgﬂa%%l .ng 435. 1itk;ni ti at%g@f rom t Lﬂled regi 0{11'1 1?p ?ml?t 0
’ ! ‘ ; er w@tﬁ tﬂ se 1n
surface roughi®@agut@nsubgrani &) are disposed in close contact with each o

insulating layer 114 interposed therebetween, and then a pressure of from 1 Niem” to
500 N/em?® is applied to a portion of the base substrate 100 or the single crystal
semiconductor substrate 110 (see FIG. 1D). When the pressure is applied, bonding
70  between the base substrate 100 and the insulating layer 114 starts from the portion o
which the pressure is applied, which forms a bonding spontaneously over the entire
surface. This bonding step is performed under the action of the van der Waals force or

hydrogen bonding and can be performed at room temperature.

[0042] |
25 Note that bonding is desirably initiated from the region where bonding is not
performed. It is needless to say that a certain advantageous effect can be obtained
even when bonding is initiated from a portion other than the region; however, when

bonding is initiated from the region, increase in surface roughness can be more

effectively suppressed.

30 [0043] |
Note that surface treatment is preferably performed on a bonding surface
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effectively suppressed. 30 [0043] Note that surface treatnment is preferably
performed on a bonding surface 12 before the single crystal sem conductor
substrate 110 and the base substrate 100 are bonded to each other. Surface
treatment can inprove the bonding strength at the bonding interface

bet ween the single crystal sem conductor substrate 110 and the base
substrate 100. 5 [0044] As the surface treatnent, wet treatnent, dry
treatnment, and conbination of wet treatnment and dry treatnment can be
given. Different wet treatnents or different dry treatnents may be

conbi ned tgefhe thetkhglktegial [s004bhduchd slsstratecl 1Rend tthe basaenbstralyz Wi¥eare r eat nent

usi ng ozone wat er zone ter cleaning) ., i > L0gh atyy-fluid
cl eani ng (et ﬁ‘b(‘]‘g‘? O'&ﬂi \(I:\,S“&ﬁfﬁctfeiag%%]lt c\g\gatugp%ggagﬂbgllsﬁﬁgtgn\g\gt aétreﬁgr

hydr ogenat gshdnet igferfadithetw&ard dnglgassalaimiamdnitor abgmiatld agrtbs bage
together), and the |ike can be given. As the dry treatnent, ultraviolet
treat nent , sWsEHe 104 r eat nent, plasma treatnent, plasna treatment with bias
appl i cati opyqfpdi cal treatnment, 15 and the |ike can be given. The above

surface treatnment on an object (a single cyrystal tse@' (o40) gnu ctmo(g,f‘%.ebstrate,
an insul ating | ajethe fyfase Feypent ¥eis @tﬂr’%g?we%e?ﬂ CORGUET S Stibst r at e,

a support ﬁgﬁ&%ﬁtaatnﬂ hirefttheh Sl 8 kiRéh. | AiFErehtok ETEtELatvls @ ditffxpor dry
substrate) has an eftect of inproving hydrophilicity and cleanliness of

t he surfacgeamenthmapbp eerabingktofe perdyied- "t he boni ng strength between the
substr at es[@ag be inmproved. 20 [0046] The wet treatnent is effective for
renoval of c]ro dust and the like attached to the surface of the object.
The dryiot r eat mends ite efet somimeat,f efong FRFUBINE FISINSIBEBRPYEEE (D VI cr o dust

and e S SR 1B G 1A ARG e AR Wbl enciihage of the

obj ect. Thé treatment such as ultraviolet treatnent
25 is perf gidied pare whe whydogenated watee and hearment2as FEREFEHOSTLYR sgraved| eani ng

can' be. maod AU THGAP IR T S ara e R iR oo e e o
surface of ehgneabjpRiha Gamment, phsppregsed. with bias application, radical treatment,
15  and the like can be given. The above surface treatment on an object (a single crystal
semiconductor substrate, an insulating layer formed over a single crystal semiconductor
substrate, a support substrate, or an insulating layer formed over a support substrate) has
an effect of improving hydrophilicity and cleanliness of the surface of the object. Asa
result, the boning strength between the substrates can be improved.
20 [0046]

The wet treatment is effective for removal of macro dust and the like attached
to the surface of the object. The dry treatment is effective for removal or
decomposition of micro dust and the like such as an organic substance attached to the
surface of the object. The case in which the dry treatment such as ultraviolet treatment

25  is performed on the object and then the wet treatment such as cleaning is performed on
the object is preferable because the surface of the object can be made clean and
hydrophilic and generation of watermarks on the surface of the object can be
suppressed.

[0047]

30 As the dry treatment, it is preferable to perform surface treatment using ozone

or oxygen in an active state, such as singlet oxygen. Ozone or oxygen in an active

state, such as singlet oxygen, enables an organic substance attached to the surface of the
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[0047] 30 As the dry treatnent, it is preferable to performsurface
treatnment using ozone or oxygen in an active state, such as singlet
oxygen. (QOzone or oxygen in an active state, such as singlet oxygen,

enabl es an organi c substance attached to the surface of the 13 object to be
removed or deconposed effectively. Further, the treatnent using ozone or
oxygen in an active state, such as singlet oxygen, may be conbined with
treatment using ultraviolet |ight having wavel engths | ess than 200 nm so
that an organic substance attached to the surface of the object can be
renmoved nmogifect td @Otiny@dyor dedonipsdi difiectivetlys ¢ Funtter, dhe tréagmanb fisipg p4onper gi ven

bel ow. [0048] For exanple, surface treatnent |s . bj ect by
i rradiati off&FT aer‘f“S’E\ﬁ%?’ el flsgngheho’gﬁe%t%slﬁﬁg{%ﬁéﬁggﬁmetﬁg%ggygen. I'n
an at nosphgyif GRAVRINIRE: heXgavelengthdilas i thm A0 mnyl dor that @hedrgdtiight havi ng
a wavel ength of |ess than 200 nm a 10 ultraviolet |ight havin

wavel engt hsugpangsoatizphedr onthe &8 Cepﬁpgli‘f’r Rget %ﬂe‘?eeﬁfi?mg%%%%om cegf\réc%’glygener at ed

and si ngl egpéa;ﬁégﬁ&rigg@htjg@regie@mr{@tgmnbubwadi ation with ultraviolet |ight
havi ng a wavel ength of |ess than 180 nmis perforned, whereby ozone can be

gener at ed [0AA% singl et oxygen can al so be generated. [0049] 15 Exanpl es of

reactions whi ch ge et By shifiR dhedintednisWickBrmtldt drodie Obfett Byl glalliatiavivig a

wavel ength of |ess than 200 nmand ultraviolet ]ight having a wavel ength of

200 nm or ulfrevielet fightrinsannemobrice eWHARIPHORYEBXy et AMOSRISECFIARITE 02 + h v

(XX nm - Pl .+ )wi i i avele of lesd ®n 2@0nm and

03+hvQ Znﬁqyzﬁ%llﬁ?(g%ggw“h ?lgééélftogélgiﬁ)wrﬁg tgﬁve ab%\% reaction fornmula (1),

i rradi abi onltaiiblet lighy iavipg a Wavblangtin gt 200 pie sy istpertamedn Wheseby @298t han 200

urn in an atnospher.e.cont aini IS F Ty Rgenak at e an

oxygen at offt'{ (%Esr?te‘?‘?\n%as Ilect)ﬁg%egi%?g&ge&e%%eﬁ' ilﬁra?ﬁ{ééreacglit%ﬁoﬁ or mul a

(2), an oxygei awveveldn@hIP)dss ihan a8Qnwinpkrdrmaed wangbysoge aar epengpEd r eact ed

- with each ofher to enerat elhozon%teﬁOS). Then, in the reaction formula (3),
i rradiati oAMFREICt OFYSTRCTRAR NER Vel ength (X2 M) of 200 nmor more in an

at nospher ef@agf ai ni ng

15 Examples of reactions which occur by irradiation with ultraviolet light having a
wavelength of less than 200 nm and ultraviolet light having a wavelength of 200 nm or
more in an atmosphere containing oxygen are described.

O, + hv (A nm) = OCP) + OCP) - - - (1)

OCP) + 0, — 03 - (2)

20 O3 +hv(hanm) > O(D)+ 0, ---(3)

[0050]

In the above reaction formula (1), irradiation with light (hv) having a
wavelength (A nm) of less than 200 nm in an atmosphere containing oxygen (O2) is
performed to generate an oxygen atom (0(3P)) in a ground state. Next, in the reaction

25  formula (2), an oxygen atom (0(3 P)) in a ground state and oxygen (O») are reacted with
each other to generate ozone (Os). Then, in the reaction formula (3), irradiation with
light having a wavelength (A, nm) of 200 nm or more in an atmosphere containing
generated ozone (Os) is performed to generate singlet oxygen O(ID) in an excited state.
In an atmosphere containing oxygen, irradiation with ultraviolet light having a

30 wavelength of less than 200 nm is performed to generate ozone, and irradiation with

ultraviolet light having a wavelength of 200 nm or more is performed to decompose
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generated ozone (03) is performed to generate singlet oxygen (D) in an
excited state. In an atnosphere containing oxygen, irradiation wth
ultraviolet light having a 30 wavel ength of |ess than 200 nmis perforned
to generate ozone, and irradiation wwth wultraviolet |ight having a

wavel ength of 200 nmor nore is performed to deconpose 14 ozone and
generate singlet oxygen. Such surface treatnent described above can be
performed, for exanple, by irradiation with light froma |ow pressure
mercury lanmp (?.i =185 nm ),2 = 254 nn) in an at nosphere contai ni ng
oxygen. [Ofbid and géreraddingleooxygex arfukle surfice rtesatend Aescubrdcabone 6y by

irradiation wth Light i a. el h of, | !
at nospher eP€GRRS: ﬁ?%@%@%%ﬁ?lgm\ﬁ‘\é@} ﬁ%hgg'.omcoleﬂﬁ%r %%%I%?gl%@+%?3%?. .. (4)
0(3P) + 02435 B8, K= 25(’-151)11) O Fmbsphefe$3n@ifing-dky&dP) + 02 ... (6) 10 [0052]

In the above reaction fornmula (4), irradiation with [ight having a
wavel engt h[00§¥48 nn) of less than 180 nmin an atnosphere contai ni ng oxygen

(02) i s pe”or”fi%(a o0 E0EK MG FSiNEL R Wi Se R 1 RhdibfoRite K@it hednst at e and
an oxygen atom @‘%313 I'n a{ﬂésgr (_)uand st“éte. Nexlﬁ in1 tlhe 1reagc]f{_i on tornula
(5), an oxyﬁ'evelwgdmfﬁ@e 8@ )80 nman g Ywasphes cOREINBZYERYIRTD) are
reacted with eac ther t teinqzong, (03). In the reaction fornula
(6), irradiati orélzvﬁ 'h&FFﬁﬁt_gﬁg\%%éﬁaﬁmv Pength (X3 nnm) of less than 180
S(ran in ?n at rmisp{(qfi;qm;uaappl ng gener at.ed(spzone (03) is performed to
nerate singlet oxygen in an excited state and oxygen. In an atnpsphere
cont ai ni ng oxygéd,+ by e at PO wiQh ul tviol et 1ight having a vvaveloengt h
of |es Oth@asi O nmis perforned 20 to generate ozone as well as to
deconpoSe bzone or oxygen and to generate singlet oxygen. Such surface
treatment descr ilngik alivovesactior fommalayits iradigiiopevifelighs hyeag Byvavelergtli at i on

with light fro Xe exciper LV | [ S L .

[0053] Cheffcld Bafs Ry Top anmgrginr e Sedoran IR RIS PRt G IOET

fﬁr f a(zzgoof gm%\%g@gin% 85geh D(D)edvardeanited sthicgintl dnacsiyaen atoma@flﬁhgt A of |ess
an m, ere

o ect or BN giganNe Byt SHELTLPTIRE CF 1R O VROe R KD Adt TS T
cl eaveds CaRehmdr GHRYE 0N ar®¥dadRl iwith eebostp@stdenerate ozone (O5). In the
reaction formula (6), irradiation with light having a wavelength (A3 nm) of less than 180
nm in an atmosphere containing generated ozone (Os) 18 performed to generate singlet
oxygen in an excited state and oxygen. In an atmosphere containing oxygen,
irradiation with ultraviolet light having a wavelength of less than 180 nm is performed
20 to generate ozone as well as to decompose ozone or oxygen and to generate singlet
oxygen. Such surface treatment described above, for example, can be performed by
irradiation with light from a Xe excimer UV lamp in an atmosphere containing oxygen.
[0053]
Chemical bonding of an organic substance or the like attached to a surface of
25  an object is cleaved with light having a wavelength of less than 200 nm, whereby the
organic substance attached to the surface of the object, or the organic substance or the
like whose chemical bonding is cleaved, can be removed by oxidative decomposition
with ozone or singlet oxygen generated. By performing such surface treatment
described above, the hydrophilicity and cleanliness of the surface of the object can be
30 increased, and favorable bonding can be performed.

[0054]
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wi th ozone or singlet oxygen generated. By perform ng such surface
treatnent described above, the hydrophilicity and cleanliness of the
surface of the object can be 30 increased, and favorabl e bondi ng can be
performed. [0054] 15 Note that heat treatnent for increasing bonding
strength may be perfornmed after bonding. This heat treatnent is perforned
at a tenperature at which separation along the enbrittled region 112 does
not occur (for exanple, fromroomtenperature to |ower than 400C).

Al ternatively, the base substrate 100 and the insulating |layer 114 5 may be
bonded to each Otoethatvhédt erciugientfdneadremingt boading rpengilh uray henparfoirmed

t enper at ur ange. e .heat treatnent can be rfor | di ffusion
fur nace, aaefr?éhf"i“ﬂlbg‘ ;Ehﬁfsnt%tetresahlé%n%ésspeé 0%§$§tt%ﬁ%§e%@éﬁﬂﬁlﬂ?ﬂur g%g(,% a rapid
t her mal anfed) thegmbiRilé) regfapar Alduss, not acaut (fooeyampleh framirngn sgygeradady or t he

| i ke. The above tenperature condition is, nere exanpl e,, an n
enbodi nentloyer ﬂﬂﬁ’é“gq%gél o@é‘?ﬂnquﬁ(‘}l@nt&@ g?ﬁessﬁlé‘i'i‘iaff ]Irﬁ)étangghec‘&ﬂg%)t’r“ﬁé@’eé 14310 bei ng

i mi t eds t O 1h,S bERRARS Cachl ARE HnilGking HIRRY at b eahyERINre ii6 tRETchPemRie at a
tenperature of, for exanple, 400 C or higher to cause separatiaon of the

single crysogd Jbaihsandedmer wolhst pafamed siag gngiffupien e i Pel% egi on
112, wher eﬁ%na@e Sich gl grégfs%tﬁ%%eﬁwgg Y& R4 tHefY A 'érirg-e&fi“gg ?’Iﬁﬁ Macieel, 15 over

t he base substrate 100 w e 1 nsulating |ayer 4 interposed

t her ebet weemidtewaye hFitas appafatan dr the)ike.[| (UBEPoByenpEatisgonditipis meFlY t he

vol ume of the el | REY Ny 00 ' WAIE RoieCob@riaBds i n the
enbri ttledmlreéxﬁmggcﬁ%%én?%e agg?ﬁeorhﬁ%%éfﬁlg&gﬁgﬁent, %nc‘f tohe ZOSi nt er nal
pressut® obeitgldmingddp tunéxdsmples | ncreased. By the increased pressure, a crack
i S generat ﬂ?gn the enbrittled region 112, and accordingly, the single
crystal s 'c,]onduct or substrate 110 is separated along the enbrittled
region 112. Si na@xt,meat tied@iehalsi pagfomayen akddpdraulbafidietetampldydObaGer substrat e
100, the single crystal sem_conductor |ayer 116 (a |ayer. hetween the
surface of Mights 1Qiope scRIFAPER & ﬂ??%’i‘?r?‘é’ﬁﬁh%&?‘iﬂn?{%‘ﬁ‘%ﬁi’ﬁ%ée lf?’@tl%&n? he
enbrittl edeiGghaD togiohhi 12N whéreH€ R Al y§thOfidd@ductdrgye 186 Vs balided

sem conduct or substrate 110, and the insulati n% | ayer 114 renmai n over the

base siibst peer éheligee susrde d awith dhrimpgating Javy 15 ITaPoRed (Rercorhger etssed
portion 14GE9E and 1F).

[0056]

By the heat treatment, the volume of the element is expanded in microvoids

which are formed in the embrittled region 112 by the addition of the element, and the

20  internal pressure of the microvoids is increased. By the increased pressure, a crack is
generated in the embrittled region 112, and accordingly, the single crystal
semiconductor substrate 110 is separated along the embrittled region 112. Since the
insulating layer 114 is bonded to the base substrate 100, the single crystal
semiconductor layer 116 (a layer between the surface of the single crystal

25  semiconductor substrate 110 and the embrittled region), which is separated from the
single crystal semiconductor substrate 110, and the insulating layer 114 remain over the

base substrate 100. Note that bonding is not performed at the recessed portion 140, so

that the single crystal semiconductor layer 116 is not formed in a region of the base
substrate 100, which corresponds to the recessed portion 140. Such a region serves as

30 a trigger for separation and thus, increase in surface roughness of the single crystal

semiconductor layer 116 can be suppressed.
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that the single crystal sem conductor layer 116 is not formed in a region
of the base substrate 100, which corresponds to the recessed portion 140.
Such a region serves as 30 a trigger for separation and thus, increase in
surface roughness of the single crystal sem conductor |ayer 116 can be
suppressed. 16 [0057] Note that the tenperature for heat treatnment in the
separation is desirably as |ow as possible. This is because the |ower the
tenperature in the separation is, the nore surface roughness of the single
crystal sem conductor |ayer 116 can be decreased. 5 Specifically, it is
efficient fpbgty the tenperature for heat treatnent in the separation is

controlled from300 Cto 600 C, preferably from400 C..t0.500. te that
the inventor féi?ﬁﬁjﬂ?hmﬁﬁ?lgp%ﬁtﬁrﬁﬁlf %ﬁt%%%ﬁ%tt]inone o légﬁsegﬁgg%l ere
bondi ng i 5;,R0fs pREHEOT TR iP@RRShE Rever alitieinpernef it the ssprogionas,ghe
tenperature at ich the separation ccurs. . Nanel he | nvent or. found
that the smbstsueace roeghpesf Wél%&qﬁﬂﬁtéde%an“ﬁ%’g%é’gfslel é’?‘éi’? é%“”ec?gerﬁl' be

decr easgd. Bl © i @ertt GUHP HeAiebBrafid e hedthfamint @gthalsepmat@ls C i s
needed élen %E@ggﬁrcglﬁ?(%nsv\hén t he regi og where bonding is no%&; romed i s not

o)

formed, whemtaBedsipari@dic6rio $8n *Gepistratdy frem 4MdEr Ot 08 Ce fr'8®of 500 C
or less when the region.whe [ AG: S Reihowhgd dondierisaet Note
that the aBS¥¥er ?"é’ﬁggﬁ%la{ﬁﬁs\rl%u@gﬁcﬁ?@%&log ?rfg?}gl yggn exanpl e, gnld an

enbodi ment p@fornbe ettibis | ths eductibd dfithe sutistate démaperatura gt Whichchp SEREET as bei ng

limted to this anple. [0058].1n Lot | t
formation B?C“ESheﬁ(F@gg’ oﬁ“evdhg?nzmjbfgﬁ%‘? ﬁ%g :tﬁse %@?ﬁdt%g}rﬁ?%fﬁr}gg%%gﬁ??%%m?n t he
reduct ign @dpatalien VAl beddoRBsedf Fhrecxhmploen atmpemtirs bigherathimer equelipSPat ure) at

whi ch the separation of the base substrate from.the sem con or..20
substrate &6 dungedefdn seneratign vhepHhe Legiog WP'S POPURS &% ﬁ?tgée%@n%‘%ﬁso%ort sanpl es

each of m@&rﬁ;ﬁ%"@&r&é géﬂa%%Gn Wil Be BerfdRRb® Qndth EeSrehpétalurgofl HOQtorlesf or med

were within range "of approximately 1 C. Therefore, the fornmation of
the regi onwhenie tgivdi where bonding ipaet pirfasged énfarmedic 20t shat e PRYGCti on of

Lhe variat| on | 0 LS, SERRGEHAN BROGERR, ohOU PRl br @ ausbage of the

singl e crydFHTAER CBRAUE for 15 irradiated wth a laser beam 132
to formst henvehtigl showld yistitelcossmid avtebingt lonitedas Byis ex2®plgi t h i nproved surface
planarity and reduced number of defects (see FIGS. 2A and 2B and FI G
5A). f0ussf

Tn addition, it was also found that formation of the region where bonding is not

performed resulted in the reduction of the variation of the temperature (separating
temperature) at which the separation of the base substrate from the semiconductor

20  substrate occurs. For example, the separation temperatures of four samples each of
which was provided with a region where bonding is not performed were within the
range of approximately 1 °C. Therefore, the formation of the region where bonding
is not performed contributes to the reduction of the variation in the separation process.
[0059]

25 Next, a surface of the single crystal semiconductor layer 116 is rradiated with
a laser beam 132 to form the single crystal semiconductor layer 118 with improved
surface planarity and a reduced number of defects (see FIGS. 2A and 2B and FIG. 3A).
FIG. 2B corresponds to a cross section taken along A-B in FIG. 3A.

[0060]}
30 Note that it is preferable that the single crystal semiconductor layer 116 be

subjected to partial melting by irradiation with the laser beam 132. This is because, if
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FIG 2B corresponds to a cross section taken along A-Bin FIG 3A [0060]
30 Note that it is preferable that the single crystal sem conductor |ayer
116 be subjected to partial nelting by irradiation with the | aser beam
132. This is because, if 17 the single crystal sem conductor |ayer 116 is
conpletely nelted, it is mcrocrystallized due to disordered nucleation
froma liquid phase, so that the crystallinity thereof decreases. On the
other hand, if the single crystal sem conductor layer 116 is partially

nmel t ed, crystal growt h can proceed froma non-nelted solid phase portion. 5
Ther ef or e, 6 kitgleadrystill bhityndnator bger Itpriovanpleslycothsdribts misrachstalizgd wher e
the single crystal m conductor | 16 | I n

addi tion, #¥cHr BE?TQPIF‘E UGFatog i n? ?ﬁultd ]hge%eﬁ 3 &19 ‘% %(tMI@EJoE]ﬁ%ﬁg

i nsul at i ngdécﬁgéggs 1b4 tsdinde @asd) plhe siagld crybiat @mld:dnductdqdm it&d isppettigllng” in the
above description neans nelting of th | e cry S o tor |ayer
116 with | meked, perssili eroxdh afapoRroperda %@ rf"gs?r?ﬁﬂer tOlld ?@a% T an 10 g

interfage ?ifﬂl'erg fe, 'cﬂz%ﬂel @ﬁdllﬂgcdna%eﬁnﬁaﬂdSJS dempire to thenmbd ehert hlﬁnsmgie
t hi ckness o e si'n crystal sem co duct or h_?%&f 116 Inal %t hcf%r wor ds,
it refers tmstal sugas il fvxlﬁY“éh“?Hé C&‘ﬁb‘ﬁﬁe pstisd o QM TPRIFER Y st al

sem cond ucE%{geJl aﬁi&S eh 191‘ fh@ IﬂI@ |5tof e Qndduting 18yt il LD Wﬁ@presm&e reas the

| ower porti s ot ed and remains in a solid ohg te t

"conpl ete thet fpargﬁl melansf’ tnhélp abREe SpSFEPEONC Py Jpelipg 0 6]?f'dﬁf8$8r°r¥35@er 116 is
melted to 15 t h kg db@X emallck4hantategnrs to be
in a liqui At e e 0{%8%1]]%&1{“ lta% %Qﬁg!‘el?a%%ggam i rralgl at ?on ELI sed | aser is
pr ef er abl y inie€de oi[h]nesmmﬂaungéaméé‘l biide Ki-co rigalj st tham ths dhiglgiess ¢ 5i%°t hus a
partially nelt d state.c y g@g{%@ﬁﬂ@lﬁ drequency
is preferafPy T?HPCOF?% tcfrq?ﬁe? ?g’l) InQ)?h erWog&équ?E?gS WH . p‘if) es of the
pul sed | as 96rtioﬁ<bkuﬁesueghe Ayswlassmucon@cmr layead & is raﬁteé%@ b?rm a élmﬂl# aARrF, XeCl)
| aser, a CO2 | aser AQ?QB | aser,
s e s B3y A had P9l 7 1B BRRC: R0

Ti : sapphi r ecdAsi6e meRingC GRARY thwathe)mg]as;eys;al aergpodnuﬂuvfapbweﬂ Hée&r me&?ddtot he |ike.

Note that a continuous-wav us Lause partial

mel tindS Exbadpicgfacesyith fems ﬁtfl?gﬁ%%g gség)?be a!hhmﬁ@'@te an Ar laser, a Kr
laser, a Cigydipser, a YAG |aser, a YVO4 | aser, a YLF Iaser, a YALGS Iaser,
a GdVOs | aser, "a_Y2QO3 | aser rub aser n al.exa | asef.. Ti:
sapphire | aser, Bomeelasef &’Sﬁ%lﬂﬁ#ll?")é/f?era p‘%](??&alf’ﬁé P |pﬁg Y Cused> s

because high energy can be obtained and thus a partially melted state can casily be
produced. The oscillation frequency is preferably, but not limited to, from 1 Hz to 10
20 MHz. Examples of the pulsed laser include an Ar laser, a Kr, laser, an excimer (ArF,
KtF, XeCl) laser, a CO; laser, a YAG laser, a YVO, laser, a YLF laser, a YAIO; laser, a
GAVO, laser, a Y20 laser, a ruby laser, an alexandrite laser, a Ti:sapphire laser, a
copper vapor laser, a gold vapor laser, and the like. Note that a continuous-wave laser
may be used if it can cause partial melting. Examples of the continuous-wave laser
25  include an Ar laser, a Kr laser, a CO; laser, a YAG laser, a YV laser, a YLF laser, a
YAIO; laser, a GdVOs laser, a Y203 laser, a ruby laser, an alexandrite laser, a
Ti:sapphire laser, a helium-cadmium laser, and the like.
[0062]
The wavelength of the laser beam 132 needs to be selected so that the laser
30 beam 132 is absorbed by the single crystal semiconductor layer 116. The wavelength
may be determined in consideration of the skin depth of the laser beam, and the like.

For example, the wavelength can be set in the range of from 250 nm to 700 nm. The
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[ 0062] The wavel ength of the | aser beam 132 needs to be selected so that
the laser 30 beam 132 is absorbed by the single crystal sem conduct or

| ayer 116. The wavel ength may be determ ned in consideration of the skin
depth of the |laser beam and the like. For exanple, the wavel ength can be
set in the range of from 250 urn to 700 urn. The 18 energy density of the
| aser beam 132 can be determined in consideration of the wavelength of the
| aser beam 132, the skin depth of the | aser beam the thickness of the
single crystal sem conductor |ayer 116, and the |ike. The ener%y density of
the laser cReamidndny rmyth@eassleuaeam 1t3hecanabsgdetarfrmh¢dom sowidemtientolt e 800

ml/ cnR, for exanple. Not e that a fggpsity is
an exanpl ewarrmsh: ofds 1"‘%‘32 F%ﬁz F@?gp%ﬁg‘véflt%err}gfeﬁ%%@% tﬁ{&ﬁﬁ%yased as the
pul sed | asgpqie [ARGBLendiBShdbEbARYE! T16)and th likhie msaacrgiaéamtwf theglasce
performed I'n"an "at nosphere contai ni.n phere or
in an i ner beaat Ak paebe seiuighe spnge OfL@c’%’i ﬁby‘g@ r%bsog (Ja/r%e gflPIr G&E{g?e;on

at mosph reNo#?ntthrtﬂ@ Eb&v@ rE’;?gref&rtﬁE bk B0dcbiOR an dxbmoheﬂheageKe@e@mnle’BZ in an

i nert alnosphere e irradiation vvlththe | aser beam 132 may be perforned

in an ai rtlagm(wa?ﬂmgér 30@@@3@?@3&%% BT n the chanber is controll ed.
In the cas O\thgfre a chanber is not used, an inert atnosphere can be

obtained b owi ng an inert gas such as a nitrogen %a.s to the surface
which is irradi aftedirmiiation weh HGlapeyepmpBahan s pef | I AP

irradiation with the | aser he hal deNgrdn ALATSA h@essuah af3a

ni trogen cﬁﬁnv'\%ﬁ’&go({}‘é’g%%e %I %n%{r’r}n%}%géﬁt he ‘si ngl e crystgbl% sem congﬁctor
layer 188 mfdgen @ﬁlfoelﬁiiera/cﬁlajl argrmrptinbspheten brpragrrto aemtrapFadiaton Wi ¢ i on,

an inert atnospher enera at | (o] & thé $98%ERAN 3D URPT essed
nor e effect?SGTe]F ﬁ&dn aﬂ%é fnpsp gﬁeh%lgiﬁ%gﬁgngﬂd t he ape I'i cabl e ener gy
density ra%ﬂoﬁﬁbﬁ ihha ﬁxﬁgﬁrchhﬁamm 1hs m@ehere iNgreee ¢r is cpaiFllsti on wit h

the | aser beam 132 nmay be f orme gahere. \Wen
i rradiati odnvhe ﬁasﬁh%hqr%%‘ihg’[‘}é%{frﬁs g“‘sed parelr or %Eﬁ'gp é?é%% gauogggﬂtgﬁﬂggsur e

at mospher e 1 A8g 88 MR refak e6dhSasasnitrb@aezaht tienedadoywititheisiimadiatthwitbid n an 25

i nert atnosphere can be obtai ned. [0065]
15  laser beam 132.

[0064]
Note that irradiation with the laser beam 132 in an inert atmosphere such as

nitrogen can improve the planarity of the single crystal semiconductor layer 118 more

effectively than that in an air atmosphere. In addition, in an inert atmosphere,
20  generation of cracks and ridges can be suppressed more effectively than in an air

atmosphere, and the applicable energy density range for the laser beam 132 is wider.

Note that irradiation with the laser beam 132 may be performed in a reduced-pressure

atmosphere. ~ When irradiation with the laser beam 132 is performed in a

reduced-pressure atmosphere, the same effects as those obtained by the irradiation in an
25  inert atmosphere can be obtained.

[0065]
Although the irradiation treatment with the laser beam 132 is performed just

after the heat treatment for separation of the single crystal semiconductor layer 116 in
this embodiment, an embodiment of the disclosed invention is not construed as being
30 limited to this. Etching treatment may be performed after the heat treatment for
separation of the single crystal semiconductor layer 116 to remove a region having

many defects in the surface of the single crystal semiconductor layer 116, and then the

19



Al 't hough the irradiation treatnent with the |aser beam 132 is perforned
just after the heat treatnent for separation of the single crystal

sem conductor |ayer 116 in this enbodi ment, an enbodi nent of the disclosed
invention is not construed as being 30 limted to this. Etching treatnent
may be perforned after the heat treatnent for separation of the single
crystal sem conductor |ayer 116 to renpve a region having many defects in
the surface of the single crystal sem conductor |ayer 116, and then the 19
irradiation treatment with the | aser beam 132 nmay be perforned.

Al ter nat i Vgl iati@f &@d’tmeﬂt rmthome Merpdeamamztma}olﬁe pdrformed. f a”d@ﬂ@tl"@lheﬁf@t ngI e

crystal sem conduct or etchin at nent, an t he
i rradiati odnpreveag ﬁ’éh"lﬂ% aragérheb%‘é%’ﬁ %?f{a? Semlﬁondua e g As t he
above et chigp ;.J %hém%d m%uﬂceetﬁe uﬁt:haﬁmmangemmmnye msmrnemgmmmajobe 5
enpl oyed. T Al t hough not descri bed | t hi s nbodr men the

i rradiati opr:rﬁwmtd t Hes theglgve crbing treggaent efher Pyt i §§’r ?m%gelél%g%o

step of . thin |ge% the single crystal sem conductor Iayer 118 may be
per for rr?ed ek rder to thin the single crystal 10 sem conductor |ayer 118,
one of dry[0@bglhi ng and wet etching or a conmbination of both of the

et chi ngs rmay be ﬂdegch%QJ ﬂgre%g@mfeﬁ?aﬁmﬂ@uﬁlﬂﬁﬂﬁn w&ﬁ ﬂ&@asesubstrate
havi ng a sem con er wt reduced surface rougmr; can

obt ai ned (B&g I-'IBIZi1s aﬁrfanntbdFasGdessml)ed ABVE0OEEP Pin thiiag Freﬁ‘?fsm a surface

of the single cr stal ondu r BrdeS tol thirAdieat Wrjdilt he | aser
beam 132 t SFFEHHY ‘E‘iﬂ‘élaéf"hg]r‘g ,ng eﬂé@ﬁaco%uétorml ayer elllggevur%’h i mpr oved

surf aceop! sambhidictendye ledueed dnuetisng ofd Wef eidieg ogneqmpinayenef betind, i n
the case where the di scéoselg vention is not applied, since the surface of
the singl e°begicyiogsakaqy ctor layer 116 is rough before irradiation
with the | | beam 132, the quality of the single crystal sem conductor

| ayer 118 tends to be further decr i t he | aser
beam 132. For exHiprad the ﬁb‘t"ﬁétﬂ@%@e‘eﬁesr%s%hehag fn%gal Ae%%?g%&%ﬁa&%onduct or

| ayer 116 hag.& fhadBudRbERChn bskiainai s HIGCH amlrIﬁGk3m)f afilm, this
defect tends to be enlarged by irradiation with the | aser beam 132. This is

25 congibdel@$® o be due to the fact that a sem conductor in a peripheral
region of the In this embodiment, a surface of the single crystal semiconductor layer 116 is

irradiated with the laser beam 132 to form the single crystal semiconductor layer 118
with improved surface planarity and a reduced number of defects. On the other hand,
in the case where the disclosed invention is not applied, since the surface of the single
20  crystal semiconductor layer 116 is rough before irradiation with the laser beam 132, the
quality of the single crystal semiconductor fayer 118 tends to be further decreased by
being irradiated with the laser beam 132. For example, in the case where the single
crystal semiconductor layer 116 has a minute defect (such as a local crack of a film),
this defect tends to be enlarged by irradiation with the laser beam 132. This is
25  considered to be due to the fact that a semiconductor in a peripheral region of the
minute defect (a region where the single crystal semiconductor layer 116 is thin) is
melted by irradiation with the Jaser beam 132 and moves by surface tension or the like.
[0069]
Thus, in the case where the surface of the single crystal semiconductor layer
30 116 is rough, a defect due to the surface roughness tends to be caused; therefore, it 1s
important to suppress the increase in surface roughness of the single crystal

semiconductor layer 116. In particular, in the case of employing irradiation with the
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m nute defect (a region where the single crystal sem conductor |ayer 116 is
thin) is nelted by irradiation with the | aser beam 132 and noves by
surface tension or the like. [0069] Thus, in the case where the surface of
the single crystal sem conductor layer 30 116 is rough, a defect due to

t he surface roughness tends to be caused; therefore, it is inportant to
suppress the increase in surface roughness of the single crystal

sem conductor |ayer 116. In particular, in the case of enploying
irradiation with the 20 |aser beam 132, a nethod for form ng a region

wher e bondisey bean ¥k, apestiash fre Brmisi aciegion $herehonding & 1o PekImed WHeh ment , i s
a S|gn|f|ca f. i above steps, the
single cryst CX%%H%?%%J%%F%§&¥§§g?g%%;ﬁmfkﬁﬁegégﬁtﬁ'B?%%itrate may be
patterned [i007@ an i sl and-shaped sem conduct or Iayer 120 In the

patterning, the e.crystal onduc [
cor r espondi ng téﬁ‘{eﬁ% ‘%;ge%selﬂ? Wgﬁ%lcryﬁtgi %eimé%on? o % Vi Ci 1El’gtol%‘%hef §@ne regi on
where tfe é’u%&ﬁﬁ&ﬁﬁypﬁrlﬁdtt@ﬂle&‘lﬁlole& isfagd-giegyd |samrceﬁdimted la(yseéZ(FI ] tBEC and FI G

3B FIG 2C t t ken. al B.
Th)e r emvﬂaﬁéggl{agglgﬁg‘gfg’wsg%?‘?‘ééosSEFP’?\]S%FB?? H’et%ige%bog’ﬁ%%%sé’lpﬁcfm%%r ¥ on | s due

to the hi gfhoRE aEMLAI %d&u&{ (R Gikinfg 0P fhetrBiBors i@t eheCreysiadl portiamidoorigduct or
| ayer 118 because of the insufficlent bondi n%ﬂétééfg’th in this region.

Not e that foreeddgacmevodrsees il e atd He3R) n FEIPORgSiOCR KERSE t or

substrate &éﬁor@mke?m&@ ALBVih R9G BB UM bathiSval 62 the ehpadao reglohding fo)thé esul ti ng
fromthe surface polishing treatnent, so that the region _|acks in bonding

strenglh. paipherahpetipess dup tgae thigh probability ef pEFlEecly %aﬁmgé%ﬁfyé@hduct or
layer 118 | %u&%u&@r(:?8 61f1's'eéc£L§g%¥ &k {nSurfibent @&aﬁl@ si:%ﬁ’étﬁ%lﬂﬁ@gég'ftﬁh to the

peri pheral portion ough the recessed portion is provided at a
portion of Nbﬂaethaidhmedgemfrthﬁ: ourfage of tthpesingle giystat pgpaiceiduefer st deo? | ayer in

this enbodi nent, t e
di scl osed |hr§|19 ?"I(l i n??m{é;'??a%z% QEB hdelﬂ;(&bore@h %Bﬁ%ﬁtﬁgds t he pdglté;lln%ll on, or
the |ike ofreduhent; @ghantheiesie lad{sdnﬁzgndlsg sogngfier fliois mscﬂlmyo by thaitthes

appropriate. . Fur der .1 he. i Vi of
manuf aét ur PAYE SEH osf‘?%copglf“:? Tqé |cg{s16g 5 ) ngpg%)@ﬁg%ov%ﬁ ‘%2@%& éﬁlregl on
wher e bondidigspendin@tio the pedyherdiporiiofi.he regl on to be renoved |ater (see FIG
3B).

[0071]

Although the recessed portion  is provided at a portion of the corner portion of

the single crystal semiconductor layer in this embodiment (see FIG. 3A or the like}, an
20 embodiment of the disclosed invention is not limited thereto. The number, the position,
or the like of the region where bonding is not performed may be set as appropriate.
Further, in considering the improvement of the yield of manufacturing semiconductor
devices, it is desirable to form the region where bonding is not performed in the region
to be removed later (see FIG. 3B).
25  [0072]
Note that the structure described in this embodiment can be used in appropriate
combination with any of structures described in the other embodiments and example.
[0073]

(Embodiment 2)
30 In this embodiment, anther example of a method for manufacturing an SOI

substrate will be described with reference to drawings.
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25 [0072] Note that the structure described in this enbodi nent can be used
in appropriate conbination with any of structures described in the other
enbodi ments and exanple. [0073] (Enmbodinent 2) 30 In this enbodi nent,

ant her exanple of a nethod for manufacturing an SO substrate will be
described with reference to drawi ngs. 21 [0074] First, the base substrate
100 and the single crystal sem conductor substrate 110 are prepared (see
FIGS. 4A and 4C). The details of the base substrate 100 and the single
crystal sem conductor substrate 110, for which the above enbodi nent can be
5 referredi®d4! are onmtted here. [0075] A recessed portion 142 is forned at

a region of a S%fsegg bf(ﬁ%e L B&RAER aaataﬁetslri@gtuecwétmgmm%hmt&gﬁﬁsmqws to a

peri pheral portion e single crystal seniconductor substrate 110 (see
FIG 4B). #erpecpateddsqecti®Ssdd qudraG)onThedetyils dfdherbape sybstiate Kigrdndcthe of 10 t he

pase subst Lahe MR <HRLEHEEGr SIIB IO Hhidi hETaBov iRl hPpe the base

substrate e single crystal sem conductor substrate 110 are not
bonded 10 =futed totlvemiitedmoe. |inmted to formati on of the recessed portion
as | ong as(@g region can be forned. A projected portion or a projected
and recess% @ortion may be formed instead of the recessed portion. For
the nethod for foreessgi ddigonr B ie forndeé mea egivai afg sudfacel of thivobaspaubbwatered, t he

above enbodi t. .can be referred. to.. [0076 he .enbrittled regjon 112 is
Formed at 00t SRS of g prreb S bHBLE oS skl Sl Oy y ot o
seni conduck@ktrAe DR G EGLID), ek, tiecdease pottibs 1 4 Bisdorka i 0a stffee o8 NQl e
crystal sem conduct or subshrate 1 qu.to each other with the

0 are bon
i nsul at® ngthe ese syhsrats 140; Reweysh g neq#é)ﬂe%étwéfaﬂg @SR ST 1S Be 4F) .

[0077] Thegsshiié 160 8- th&8h@B cdid]l eaficonudidsiBstaty] 10 hfeatdi Béidog td dueh Si ngl e
crystal sem conductor substrate 110 with_ ions of hydrogen or the like

having ki netbprcisgblggied afpamationoidbe scewet POHON ThiPnais Ve BASBETMEAL may be
referred tg.fod det@ljbded portion or a projected and recessed portion may be formed

instead of the recessed portion. For the method for forming the region where bonding
15  is not performed, the above embodiment can be referred to.
[0076]

The embrittled region 112 is formed at a predetermined depth from the surface
of the single crystal semiconductor substrate 110, and the base substrate 100 and the
single crystal semiconductor substrate 110 are bonded to each other with the insulating

20  layer 114 interposed therebetween (see FIGS. 4D and 4E).
[0077]

The embrittled region 112 can be formed by irradiating the single crystal
semiconductor substrate 110 with ions of hydrogen or the like having kinetic energy
caused by acceleration. The above embodiment may be referred to for details.

25  [0078]

Bonding is performed as follows: the base substrate 100 and the single crystal
semiconductor substrate 110 are disposed in close contact with each other with the
insulating layer 114 interposed therebetween, and then a pressure of from 1 N/em® to
500 N/em® is applied to a portion of the base substrate 100 or the single crystal

30 semiconductor substrate 110. When the pressure is applied, bonding between the base
substrate 100 and the insulating layer 114 starts from the portion to which the pressure

is applied, which forms a bonding spontaneously over the entire surface. This bonding
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25 [0078] Bonding is perforned as follows: the base substrate 100 and the
single crystal sem conductor substrate 110 are disposed in close contact
with each other with the insulating |ayer 114 interposed therebetween, and
then a pressure of froml1l NcnR2 to 500 NNcnR is applied to a portion of
the base substrate 100 or the single crystal 30 sem conductor substrate
110. When the pressure is applied, bonding between the base substrate 100
and the insulating layer 114 starts fromthe portion to which the pressure
is applied, which forms a bondi ng spontaneously over the entire surface.
Thi's bondi Qg is2rtshRR uhder piey fcdomefithe neke dert Winlsaiotde on hpdrogdnebopding det  Waal s
force or hydrogen bonding and can be perforned at roomtenperature. [0079]
Not e t hat @@ﬁF@@@”FWéé&ﬁ%ﬂfmmgmﬁwgferably performed on a bonding surface 5
bef ore thquyﬂgle crystal sem conductor substrate 110 and t he base

substrate 100 ‘are bonded to each ot her urface treatnent,.can _i.nprove the
bondi ng st rengt ANeig thap surias nasalgent it Sreika yb‘é‘ﬂ%&ﬁ%& Pﬁeang?nﬁlél}ges%drraggs’t al

sem Conﬁjucﬁé}&es{g@ §i§1%1@t&ysialgexﬁﬁgnéu|a%r Ralss@ate SIU D Hnt akiebds® GubsTiae HIdoare

enbodi nent can be réferred to for details of the sErf ce tr atqﬁgt. 10

[ 0080] Not bondhdito lvacht otheic a BWEfe FIHMING SRR ALPTRY® s BP gsftFeélﬁ‘E‘t # Ray be
performed  after. | ThhSsihaa it e aliEtudtse PB8§tfa0 MBckndtthabdsenper at ur e
at whi ch SQ%Q%%pF%ﬁQQL oﬁg t em%%br?%tled region 112 dages .n occur (for

t
exanpl e, f sudstratednd.t Ppeabave ewbedimentoggerber 15irred dp) i¢r) detapl§ il 8Bt r at e
100 and th ins%lating | ayer 114 may be 15 bonded to each other while being
heat ed at e?@ﬁ%érature inthis tenperature range. The heat treatnent can
be per fior np8osi ng a diffusion furnace, a heating furnace such as a

resi stance heati furnace, [ ‘p.Egﬁ. bo@BREatldbE HRTA paRfaeat Us, a
M crowave heatﬁﬁgegﬁﬁiFgﬂﬁ?%m%ﬁq%hgl |ﬁﬂ? ?%@gﬁ] %% Nggt,pheat_treatnent
i s per f or meflerdfonding e Mias Béatireatofnt i perfexmdpt e terABEaEe ¢F Whigh GARAFANOB cause
separation of the single crystal se 'cong t Qﬁﬂﬁﬁ%ﬁl%égeéﬁ(iﬁe
gnbrittledapééﬁﬁﬁ“%fﬁ%dﬁﬁ§9£@f'cﬁ m%%ﬁaF E%F%%ﬂ%# sem conductor |ayer 116
i's provideg,y Qs hfie OGRS aThs Wasd sidkeatd Q00 wind hhd hsulatigulagti high may e 114
i nt erposed therebetween (see . o
15 bonded to cach other while being heated at a temperature in this temperature range.
The heat treatment can be performed using a diffusion furnace, a heating furnace such
as a resistance heating furnace, a rapid thermal annealing (RTA) apparatus, a microwave
heating apparatus, or the like.
[0081]
20 Next, heat treatment is performed at a temperature of, for example, 400 °C or
higher to cause separation of the single crystal semiconductor substrate 110 at the
embrittled region 112, whereby the single crystal semiconductor layer 116 is provided
over the base substrate 100 with the insulating layer 114 interposed therebetween (see
FIGS. 4F and 4G).

25 [0082]

By the heat treatment, the volume of the element is expanded in microvoids
which are formed in the embrittled region 112 by the addition of the element, and the
internal pressure of the microvoids is increased. By the increased pressure, a crack is
generated in the embrittled region 112, and accordingly, the single crystal

30 semiconductor substrate 110 is separated along the embrittied region 112. Since the

insulating layer 114 is bonded to the base substrate 100, the single crystal
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FIGS. 4F and 4G). 25 [0082] By the heat treatnent, the volune of the

el ement is expanded in mcrovoids which are fornmed in the enbrittled
region 112 by the addition of the elenent, and the internal pressure of
the mcrovoids is increased. By the increased pressure, a crack is
generated in the enbrittled region 112, and accordingly, the single crystal
30 sem conduct or substrate 110 is separated along the enbrittled region
112. Since the insulating |layer 114 is bonded to the base substrate 100,
the single crystal 23 sem conductor layer 116 a bet ween the surface
of the si n@nﬁccﬁlﬂycscbxaliayesemGCdela}zctroﬂ)ewbstﬂlatSlr 9&) %fy thet winglenmsistal | ed
region), which is se a t he r I t

substrate ¥igcondpeion ‘%E tfa%csg} nél 12y bg?tlle?qjﬁgm@ﬁé@ r}l&ol\sléf@ﬁ%%gp%stgé substrate
100. Note ghat cﬁ@@meﬁgcdnaumtsumfednmdame mmatmedze@s b wwamiayer ha0, so 5

that the S|ngle crystal enlco ctor regi on
of the bas@meéﬂﬁgﬁPébg T “@6??@%%%%3‘ ﬁ§%%§%8é§§ 1%%??|on 140.
Such a & egﬂﬁ{‘th%%hi@?escr?ﬁal s%mﬁdoh@wr e lsemaﬁc&tfomﬁedamch tepios of dluy basc e

roughness of the single crystal sem conducto ye 16 can ppressed.
[0083]  10swsiate 180, g&v@&egewmﬂ%@ﬂéq%‘ls Léd]r‘)i}"s"[“aha %’fé ict Of ;a§er 116 i s

| rradiat eda‘ﬁ’lé%%r fdkr Q@pa}ﬁﬁﬁ hnd 8RN skdcetrBudh@Esnof iR ﬁrlgltﬂ;lchr@stairsymtoahductor
sem conductor 1 ayer 118 with |nproved surface planarity and a reduced

nunber of HB@QH@SB%E@%WPE@Bd 5A and 5B and FIG 6A). FIG 5B corresponds
to a cross &g ilon taken along A-B in FIG 6A. The above enbodinent can be
referred tB or details of the irradiation with the | aser.

[0084] 18 t hough e d surfaeli eftthoringle saibsrucndpctomayTr 4@ %@‘g?ﬁg}i

per for med juStec Bl tn?fn# Nerofidhe L RUHRRL sdilboiRiRB At:on satid ﬁhﬂ)r&leﬂgl e

crystal CoNaud nbodi ment, an _enbodi nent of the
di scl os ed s plagarity andmtedumtﬂsttumbedm%@f% (kg FIGSn3 4 apl $8 38hFIG 644 hi ng

Lreat ment. i 19 BSLOLICH RLIEL 08,00k LEEPUBE fier 60 $898akI on of

the single ayer renove regi on having many
def ect's i n ehbediguie s Be afferiddeo ﬁalrrlghﬂs ditysirafliatenyidoihd lﬁéﬁfdi}eamd)?'%r 116, and
then the |rrad|at|on treatnent with the | aser beam 132 nmay be perforned.
AIterné?ivéW%, after inproving planarity of the surface of the single
crystal seni condyghéigh iy Riadikfién byatment with the laser beam 132 is performed just

after the heat treatment for separation of the single crystal semiconductor layer 116 in
this embodiment, an embodiment of the disclosed invention is not construed as being
limited to this. Etching treatment may be performed after the heat treatment for
20  separation of the single crystal semiconductor Jayer 116 to remove a region having
many defects in the surface of the single crystal semiconductor layer 116, and then the
irradiation treatment with the laser beam 132 may be performed. Alternatively, after
improving planarity of the surface of the single crystal semiconductor layer 116 by
etching treatment and the like, the irradiation treatment with the laser beam 132 may be
25 performed. As the above etching treatment, either wet etching or dry etching may be
employed.
[0085]
Although not described in this embodiment, after the irradiation with the laser
beam 132 is performed as described above, a step of thinning the single crystal
30  semiconductor layer 118 may be performed. In order to thin the single crystal

semiconductor layer 118, one of dry etching and wet etching or a combination of both

of the etchings may be employed.
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etching treatnent and the like, the irradiation treatment with the | aser
beam 132 may be 25 perforned. As the above etching treatnent, either wet
etching or dry etching nay be enployed. [0085] Although not described in
this enbodi ment, after the irradiation with the |aser beam 132 is
perfornmed as descri bed above, a step of thinning the single crystal 30
sem conductor |ayer 118 may be perforned. In order to thin the single
crystal sem conductor |ayer 118, one of dry etching and wet etching or a
conbi nati on of both of the etchings may be enployed. 24 [0086] Through the
above stepgmgﬂn SO substrate having a sem conductor layer with reduced
ghn

surface ro ess can be obtaj ned e F 5 A 1avePREK] 5
After the above @F%Q,thft1‘?@"%?&9&én%?)$§‘(ﬂéﬁhg%§ehﬁl§lggﬁ§ﬁl§%cord ayearyE118 of the

SO subst [ A& 4B RRhiss baesk JbRfiedi(fee FIG| EnahdSH@ged. sem conduct or | ayer
120. In the patterning, the single crystal sem conductor |layer 118 in the
regi on cor [@8ppndi ng to the above peripheral portion (the vicinity of the

regi on where the recessed porti . rsstal fs@hBshucios 1dyenomed hee®IFI G 5C
and FIG 6B). FI GIStEe ég(;oeresgeB%ntggmt aérygsr 0ss 10 section ta@n ﬁ{e ng A-Bin
fp

FIG 6B. Thestaonusl bopattehedrieni ba idar:-deprsnriepndertemiayery | portion

is due to the high prohability of I {2 il G S4iPYL&rEhIFin@lto the
sem conducPé‘Fe“I“&%é}F‘P% eﬁé’ﬁ%&%@‘%’ (B%E%k{}%ggl]‘sfl}lci ent bond; irslg g%ﬁ(g th in

It his r i%o Bbo‘let%eﬁbﬁerﬂqﬁﬁiﬁ (_glis(shet dcisiy of thatregibe vipreghereeesiat B‘fm%‘a tnd utCth or
ayer I S not necessari r eV e i SUPHG &Esst 0 t he
peri pher al fpisied) @n?enﬁe‘?éﬁgém)&sgﬁ%ﬁgﬁfq?h@}r e%lggssggc%g({s?i on is prsosvi ded at
i e e e e L Lke) oot e L aver
di scl osed ipevipheralappriian fofug it‘f“riﬂ"t‘eegij%h%rloé‘fbéf&ﬁfgper%ﬁ%g}r, t hgtggqsﬁytt;on, or
the |ike of i QR MR R RRE 6F 1hg isaffiRivit pexdingrshestinmythiseegen. ds
appropri at es.eﬁlgzgné%r trﬁde?"re, in gonsi derip? t.he di nErfverrFf%tiSo ot%@@es%aiﬁ@ d of
manuf act ur iingestes donsudrbfhe Wls coEE FIMIFYLEY PAB) & %S Torm the Tegi on
\é\'g)er € bondlrg vl i Be rggq&{ Q8 hnlifg ke pegpHRml périoe renmoved later (see FIG

15 [0088]
Although the recessed portion is provided at a portion of the corner portion of

the single crystal semiconductor layer in this embodiment (see FIG. 6A or the like), an
embodiment of the disclosed invention is not limited thereto. The number, the position,
or the like of the region where bonding is not performed may be set as appropriate.
20  Further, in considering the improvement of the yield of manufacturing semiconductor
devices, it is desirable to form the region where bonding is not performed in the region
to be removed later (see FIG. 6B).
[0089]
Note that the structure described in this embodiment can be used in appropriate

25  combination with any of structures described in the other embodiments and example.

[0090]

(Embodiment 3)
Tn this embodiment, anther example of a method for manufacturing an SOIL

substrate will be described with reference to drawings.

30 [0091]
First, the base substrate 100 and the single crystal semiconductor substrate 110
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[0089] Note that the structure described in this enbodi nent can i
appropriate 25 conbination with any of structures described in ?ﬁeUESﬂe:n
enbodi ments and exanple. [0090] (Enbodinment 3) In this enbodi ment, anther
exanpl e of a method for manufacturing an SO substrate will be descri bed
with reference to drawings. 30 [0091] First, the base substrate 100 and the
single crystal sem conductor substrate 110 25 are prepared (see FIGS. 7A
and 7C). Details of the base substrate 100 and the single crystal

sem conductor substrate 110 are omtted here because the above enbodi nent
;:ﬁ(r:\l Bgi :] Sf ﬁ’érpeéﬂ)afelﬂ (sEe[eQ@GfQ] 7A BndX @) t Degén of thatbaseniuhgjratealPrand ghe fizgle ayer

ncl L an insulatin il mcontainin |t i

nitride (SPMEsL W‘!“iﬂ“ﬁ‘r“g%f sé‘l"fqa&eoﬂmn?rf rolngtéedgf;ﬁrégg%gfe H%??ﬁien%o)%uﬂ“%‘n??nm is
formed oveg,ndesbieha@r®. of the base substrate 100 (see FIG 7B). [0093] The
ni trogen-containing layer 102 forned in this enbodi ment functions as a 10
| ayer for BOR ng a single crystal sem conductor layer (as a bonding Iayer)
in a lafer step. pifigedidnfRERF@NLA( NG lohidiig ddsubdting fifmnettiigng as a
barrier layer for preventing an [n?urity contained in, t g.8a88. bstrate
such as soditieger;, Neeh, asfrsgier PRdRSESRY) i QT £ FECOLy eé“ﬁ?%Eidgylénﬁﬁonducto}
layer. [ oogﬁgﬁ) s 15.AF o985 GhirRed s ARBYR subddateniod (LEETG. BNt ai ning | ayer 102 is
used as a bondi ng ayer I n this enbodi nent; thus, the nitrogen-containing
gayer 102 [&opr eferably formed such that its surface has a predeterm ned

; egr eg of planarjty ﬁig§§eﬁ%o“aﬁ:§llgj Nyerl 138 fofthdd QGRS <6MBBdidIeh fagctloayas a1l02 i s
ornmed such that Tt has an average surface roughness (Ra). of 0.5 nm or
Lf;fe?gglalaﬁﬂbfmﬁﬁhmﬁqﬂm@?msuﬂﬁanéomb@@hﬁ@@ﬁﬁ{FhﬁﬁﬁgﬂmﬁﬁéﬁaH%?@Fm1ess 20

y...an.average .surfac f,0 i r ’

r oot - mean- E&Eé‘r‘t%oge’é'ﬁﬁ%%%{%g rl%ﬁgﬁélggggg@ g?%SasnanggThﬁeagg foil’ﬁies{tﬂﬁiiﬁg ka%ess isin
the range %ﬂlﬁr[t?l&’bﬂt&néd 1 the bas2GObstrate, probfae sediinp, (Np), dvpnsdiffasipg te 150 r un.

Wth such a hjgh d
singlegcrysta? gern%gon%{lctglylré{(eanc €
[0094]
i5 As described above, the nitrogen-containing layer 102 is used as a bonding

layer in this embodiment; thus, the nitrogen-containing layer 102 is preferably formed
such that its surface has a predetermined degree of planarity. Specifically, the
nitrogen-containing layer 102 is formed such that it has an average surface roughness
(R.) of 0.5 nm or less and a root-mean-square surface roughness (R) of 0.60 nm or less,

20  preferably, an average surface roughness of 0.35 nm or less and a root-mean-square
surface roughness of 0.45 nm or less. The thickness is in the range of from 10 nm to
200 nm, preferably, from 50 nm to 100 nm. With such a high degree of surface
planarity, defective bonding of a single crystal semiconductor layer can be prevented.
[0095]

25 An oxide film 115 is formed over a surface of the single crystal semiconductor
substrate 110 (see FIG. 7D). In view of removal of contaminants, it is preferable that a
surface of the single crystal semiconductor substrate 110 be cleaned with a sulfuric
acid/hydrogen peroxide mixture (SPM), an ammonium hydroxide/hydrogen peroxide
mixture (APM), a hydrochloric acid/hydrogen peroxide mixture (HPM), diluted

30 hydrofluoric acid (DHF), or the like before forming the oxide film 115. Alternatively,
diluted hydrofluoric acid and ozone water may be discharged alternately to clean the

surface of the single crystal semiconductor substrate 110.
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pl anarity, defective bonding of a single crystal sem conductor |ayer can be
prevented. [0095] 25 An oxide film 115 is forned over a surface of the
single crystal sem conductor substrate 110 (see FIG 7D). In view of
renoval of contami nants, it is preferable that a surface of the single
crystal sem conductor substrate 110 be cleaned with a sulfuric

aci d/ hydrogen peroxide m xture (SPM, an amoni um hydroxi de/ hydr ogen
peroxide mxture (APM, a hydrochloric acid/ hydrogen peroxide m xture
(HPM), diluted 30 hydrofluoric acid (DHF), or the like before form ng the
oxide filn0@4d. Alternatively, diluted hydrofluoric acid and ozone water

may be di scharg : 1R GleAitN&or cSMAHIACES .08 o$hRE.6n Cryst al
sem conduct or sﬁ@g?%lgfgglﬂqig{. élaéle(g[ 0096]qurhpﬁe rgxi dﬁe Tl Iu%]flellg&can be forned
with, for esidefine,a sliopmgyetridgyfdm, of the like|ar aoweck @f jate of therpboye Bimsi con
oxynitride,fil of the |1k r ck; <0f, f fl As a
nmet hod forA¥ ca)'rr%ﬂﬁ%& tfcﬁef%g%nﬁgh i°f“§$m, i‘lg, tF"lh‘glgr;ﬁﬂn%t1 Oéfg?%éﬁﬁ geég?re% hod, a CVD 5
met hod, 5 a mpihdd, er spugenivet metdipd,oor thddike ickre be apedne Wisadhe Wide fiithel 16 de fil m

115 is fogrnmed wi.th a t hod, a.silicon_.oxide filnyi ferably fornmed
using or gSFBed I‘%{h’e 4s E%D égc‘ﬁfogir ra{aé‘ﬁﬁ?)?(yosﬁl earfligm(lgbg{ege\gffmg isfgﬁlge%TE%g%b
(chemical §panvdilae suth( &C2ttREhbxysilORO (Jobrebthtibm TRICS) efthadicale fitonutahe oxi de
film 115 (g‘?(r)& ? SIO film is formed by performng thernmal oxidation

t r eat ment AODY ngl e crystal sem conductor substrate 110. The thernal

oxi dation fopegatment is preferably perforned in an oxidizing atnosphere to
whi ch hal ogen is added. [0098]. 15, For ex l e, the oxi dation treatnent
of thel&ingle c Ay Shig | enthefimegh dhie ©gide f[élﬂ’oéfff eée’lalgl(gx%@rllsotg%‘?ﬂi % an
oxi di zi g p-FRARIAKGhD XA (RAGERE QP teiiffll dB/sial sentidsiRdcomfi®eehy the

oxide film 115 can be fornmed through chlorine oxidatigon, In this case, the
oxi de fil nm1P15 Thenthermd etdasionneeaineisls pofud]y podompdoit AR WHHBHEE cont ai ned

in the oxigde bidefdtd JRichadREeis a4t i on in the oxide film115. Asa result,
the diffusion rate of water in the oxide film115 is increased. In

[0098]

15 For example, thermal oxidation treatment of the single crystal semiconductor
substrate 110 is performed in an oxidizing atmosphere to which hydrogen chloride is
added, whereby the oxide film 115 can be formed through chlorine oxidation. In this
case, the oxide film 115 contains chlorine atoms.

[0099]

20 Chlorine atoms contained in the oxide film 115 cause distortion in the oxide
film 115. As a result, the diffusion rate of water in the oxide film 115 is increased. In
other words, when water is attached to the surface of the oxide film 115, the water can
be quickly absorbed into the oxide film 115 and diffused therein. Thus, defective
bonding due to moisture can be suppressed.

25  [0100]

Further, with the chlorine atoms contained in the oxide film 115, heavy metal
(such as Fe, Cr, Ni, or Mo) that is an extrinsic impurity can be trapped, so that
contamination of the single crystal semiconductor substrate 110 can be prevented.
Moreover, after the bonding to the base substrate, impurities from the base substrate,

30  such as Na, can be fixed, so that contamination of the single crystal semiconductor
substrate 110 can be prevented.
[o101]

27



ot her words, when water is attached to the surface of the oxide film 115,
the water can be quickly absorbed into the oxide film 115 and diffused
therein. Thus, defective bonding due to noisture can be suppressed. 25
[0100] Further, with the chlorine atons contained in the oxide film 115,
heavy nmetal (such as Fe, G, N, or M) that is an extrinsic inpurity can
be trapped, so that contam nation of the single crystal sem conductor
substrate 110 can be prevented. Moreover, after the bonding to the base
substrate, inpurities fromthe base substrate 30_such as Na, can be fixed,
so that contami Metd Bat e halpgensitomy eongrmedtin thesaidedBmallé sy notdited it e 110

can be pr eygnhadon 018, iRlubal faf Baloklifd1alRORCAATES CON #hagGI  n the

oxide film are not limt orine atons | uori ne atons maybe
cont ai ned fon flpdrineaxiddtor ¢f the iurﬁace pEthe singlestystal epmi¢dnduetpmmubsseteddOi ®n of t he

surface of tttﬂgﬁl%nw%l%tﬁ x&g rgs?%*s%&mﬂ&}c rsﬁb‘slﬁ%{erﬁgeisjsgl&ed% mRihod in

whi ch the Srn ecrysta ctor trate 110 1s soake in an HF 5
sol uti oh amhttolneand theb pdgdced to dnetdﬂromlhtlco»(traaanﬂrmm Emroeiahmatmowham oxi di zi ng

at mosphere, QXi d tioQ e ornmed in
an o a1 gad FoypRE P GhRn FrBen ¥ bR T it SRRk s uafRh

enpl oyed. {oGﬂlﬁaiNNaxhddeﬁheﬂsalﬂglcenbasgrﬁ}ﬁlajredsem conductor substrate 110 is
irradiated with ions 10 accelerated by an electrical field, whereby the
enbrittl ed%8gi on 112, where the crystal structure is danmaged, is forned

in the single C'N’e'iﬁ ahe Sﬁ@iecﬁm%@ﬁcoﬁal&&irrsﬁbﬂraﬂelﬁlwis 1&adipfe&dﬁt1'eroli’fi; ned depth
(see FIG 7D). e above enpodi nent may be r. rred t details. Note
that tKer ea‘ic%le%‘teﬁ&éfsf’intﬁlqcp’t"?] fﬂ@ztw@r%ég‘i/ tﬁ?&%l()&&d@dw hege thgeng gle
crystal SGM&?QH%QIagﬁJbsSfohﬁécemldaQ sWBRMNEridd seRbhdutloe duiseaieamo 3d2 is
formed using the 15 ion-dop |R?7a paratus; however, the_ion irradjiation is

I

performed prfideginediierxiserel )- 11 ghone gmbpdigeparay bp refessisto 96 t hat
cont am nat jgn0f BIBEeth%' R8He8is Qar%(o%Ezﬁ lit® @t QORAVCHRIl  KURRkd 38 eheldfsidue to the

heavy netal can revent ed Next, the recessed portion 140 is
formed at a'Y$telgplemrp00¢uca>r§uthra‘féélQ)Whﬁlh@leGmbdéled peiay 11 i fosmedypiingnthe

correspondg t 0, REFARNE HBlcRE  he B iRhaibdlh 1§ bBB e iHSIH the BRUE ARFIUCT OF
115 containing halogen atoms, so that contamination of the single crystal semiconductor
substrate 110 due to the heavy metal can be prevented.
[0103]
Next, the recessed portion 140 is formed at a region of a surface of the oxide
20  film 115, which corresponds to a peripheral portion of the single crystal semiconductor
substrate 110, so that a region where the base substrate 100 and the single crystal
semiconductor substrate 110 are not bonded to each other is intentionally formed (see
FIG. 7E). The formation of the recessed 140 may allow the single crystal
semiconductor substrate 110 to be exposed. Such a region serves as a trigger for
25  separation and thus, increase in surface roughness of a single crystal semiconductor
layer can be suppressed.
[0104]
In this embodiment, the recessed portion 140 is formed in the oxide film 115;
however, an embodiment of the disclosed invention is not construed as being limited to
30  this. A projected portion or a projected and recessed portion may be formed instead of
the recessed portion, For the method for forming the region where bonding is not

performed, the above embodiment can be referred to.
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substrate 110, so that a region where the base substrate 100 and the single
crystal sem conductor substrate 110 are not bonded to each other is
intentionally formed (see FIG 7E). The formation of the recessed 140 nay
allow the single crystal sem conductor substrate 110 to be exposed. Such a
region serves as a trigger for 25 separation and thus, increase in surface
roughness of a single crystal sem conductor |ayer can be suppressed.

[0104] In this enbodi ment, the recessed portion 140 is formed in the oxide
film115; however, an enbodi nent of the disclosed invention is not

construed @Zogeing limted to 30 this. A projected portion or a projected

and recess ortion maybe forned instead of the recessed. Qp For the
met hod for formNmyﬁmeﬁggP%ﬁwﬁﬁﬁ?%mﬁﬁﬁﬁﬁWba‘ia Eﬁmeﬁgrfzﬁﬁ é%hgﬁé above

enbodi ment _can he ref orred 1§10 2 ishQA0% fRXdach dmnr drdce sofface v hase

substrate ¥HECUHEY SUFTAce of the single crystal nmi conduet or. substrate
110 are di sipog@rbonnifiarieyeald wd hewrizemef he SHP Jom 13 S Ao hack

nitrogen-conﬂﬁ?qgﬁg yer 102 and a surface of the oxide film 115 are
bonded $o eReHsS i fidr (see FIG 7F). [0106] Here, after the base
substrate §figepnd the single crystal sem conductor substrate 110 are

di sposed in close contac ith e other. W fh & i~fsfa0 Gemicoadiicair ni ng
piee e T (TR Pt P e B

| ayer 102 and t HéeTex i'nterposed therebetween, a pressure of
from1 N ciBshfiedPo HRQisdbeaR tloscappplariesits exchnthepwith hsmigteeriaBaTe

substrate 100 or the single crystal ' sibst frghe Nk toThen, the

bondi ng of lqmél%'@ﬁ&&ﬂl‘%&ﬁ?&i%?ﬁﬂﬁ%@g}%ﬁ%&?ﬁ The oxi de {ilm115 is

b aE, O pagsay Leoappbiion obard hon suamt 18 BRI  SpoR aneous!Y
: - 02

action of mhawoahMU@ﬁmvﬁgP§1Qof@§“bﬁﬂﬂ %ﬁ£ 8%%@%% and C%Eﬂbe,perforned

at room 154 ‘%1‘{90&{1&’4 Hine11d RiREkedlabm hbgtesheé-opicd pertbasmdgbpbendiite 100 and
t he single crysta

sem conduct or . substrate 110 are. ot her,
the oxide fspbmmussly provends &y Ehe AL ag%g|@S§%@§|3{°p§§%&g°§%8%g?%?q%ubst rate
110 and the nitrogen:coniwdi Red GitrokeR bbwlighdaus be phkorbed gt room

15 temperature.

[0107] |
Note that before the base substrate 100 and the single crystal semiconductor

substrate 110 are bonded to each other, the oxide film 115 formed over the single crystal
semiconductor substrate 110 and the nitrogen-containing layer 102 formed over the base
50 substrate 100 are preferably subjected to surface treatment. For the details of the

surface treatment, the above embodiment can also be referred to.

[0108]
After the nitrogen-containing layer 102 and the oxide film 115 are bonded to

cach other, heat treatment for increasing the bonding strength is preferably performed.
25  This heat treatment is performed at a temperature at which separation along the
embrittled region 112 does not occur (for example, from room temperature to lower
than 400 °C). Alternatively, the nitrogen-containing layer 102 and the oxide film 115
may be bonded to each other while being heated at a temperature within this range.
The heat treatment can be performed using a diffusion furnace, a heating furnace such
30  as a resistance heating furnace, a rapid thermal annealing (RTA) apparatus, a microwave
heating apparatus, or the like.
[0109]
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20 substrate 100 are preferably subjected to surface treatnent. For the
details of the surface treatnment, the above enbodi nent can al so be
referred to. [0108] After the nitrogen-containing |ayer 102 and the oxide
film 115 are bonded to each other, heat treatnent for increasing the
bondi ng strength is preferably performed. 25 This heat treatnent is
performed at a tenperature at which separation along the enbrittled region
112 does not occur (for exanple, fromroomtenperature to |l ower than 400
C. Aternatively, the nitrogen-containing |ayer 102 and the oxide film 115
may be bonded t Mestidhe singlercrysil |semisendugics sgbsiigtealt 10;ist SpFardRlg He thin this

range.  The g6ty ;‘ergﬁo%ggﬁgisny %ﬁo&ﬁn%)?ﬁg BELTEREa i ﬂ]gsoathgﬂ. feush e chidfanace, a

heati ng furnace su resi stance heating furnace, a rapid thernal
anneal i ng {cRidndapparatens ]t ixi frowdyeverhdut ibase appdraia ud0 oritly Hee | j ke.
[0109] 29 Next, the.single i Steb @t o3 18, Separ at ed
al ong t he Ill\llgﬂ%f%nfctoflﬁa]é%ng}qgvgelréﬁi ﬁ‘%‘ﬁg;‘};@%ﬁ?%ﬁ&%ﬁe eat tr%a ment, so that
t he singl e7Gays FHL. 8A3enF e ainddmdibrof itmytent tichGndng, thozhoeed enbedimetiaabbs e

substrate 1Q0 with the .nitrogen-.containing,l r . pde film
115 inter p@geé’?ﬁ’mtﬂ'er HEt RS PEmE g p%r?ofeggr?g%fe—el @ggéﬁg&&%l?q?ﬁ)&%et ails of
the heat tigat aBRkl sdnfieonahavelagsriiadiismeet fonan e regiof ef trecbasosubsierte, since

bonding is _not performed, at the recessed rtion 140, the single crystal
seni conducl® Whighesprrespgndsdo theregessetpgriion 1§8T e%‘?cgr"i‘ TE§10R BV eﬁaagélrhg 5trate

100, whi chigOkdpgRRONGMdt ehukhandrese sie duiiet raughdsd®. ofSdeh singteegiml serves as
a trigger for separation and thus, increase in surface roughness of the

si ngl el@r ysamisondygordayer & Hherndesrraresyer 116 can be suppressed. [0110] Next,

a surface gﬁlé]he single crystal sem conductor layer 116 is irradiated with

the | aser beam 132 to formthe single crystal sem conductor_ I g%er 118wi th
i nproved sur f ad¥exblaghefagerof thaneingle pasalmiGamr lyfer 4 sdradigtedwit) s 8B

and 8C andth'f__:lgl%er ﬁﬁ)én 5%2505{%093 rﬁ@sﬁ@l@&yﬁ%@&ﬁic&ﬂm@m@ﬂ@%}sI%ﬁihi' rdvaken al ong

A-B in FIG odi rent” can be referred to for details.

[0111] Al t hofaghplahaity andaaliedu¢ed mumberafsfrets\(hee FIERSE aetfC praiC1%0)-i s
perfor lf?d jFHftSC corresponds to a cross section taken along A-B in FIG. 9A. The above
embodiment can be referred to for details.
[0111]
Although the irradiation treatment with the laser beam 132 is performed just
after the heat treatment for separation of the single crystal semiconductor layer 116 in
20  this embodiment, an embodiment of the disclosed invention is not construed as being
limited to this. Etching treatment may be performed after the heat treatment for
separation of the single crystal semiconductor layer 116 to remove a region having
many defects in the surface of the single crystal semiconductor layer 116, and then the
jrradiation treatment with the laser beam 132 may be performed. Alternatively, after
25  improving planarity of the surface of the single crystal semiconductor layer 116 by
ctching treatment and the like, the irradiation treatment with the laser beam 132 may be
performed. As the above etching treatment, either wet etching or dry etching may be
employed.
[0112]
30 Although not described in this embodiment, after the irradiation with the laser
beam 132 is performed as described above, a step of thinning the single crystal

semiconductor layer 118 may be performed. In order to thin the single crystal
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after the heat treatnment for separation of the single crystal sem conductor
| ayer 116 in 20 this enbodi nent, an enbodi nent of the disclosed invention
is not construed as being limted to this. Etching treatnment may be
performed after the heat treatnent for separation of the single crystal
sem conductor |ayer 116 to renove a region having many defects in the
surface of the single crystal sem conductor |ayer 116, and then the
irradiation treatment with the | aser beam 132 nmay be perforned.
Alternatively, after 25 inproving planarity of the surface of %lpq%;i ngl e
crystal sen conduct qr r YetcHBh L tdNGet tefohigroe atcoanbehatireod hddle, t he
i rradiati o??nP?oé’g?cﬁgn?ye\%\nﬁ%/ Oﬁééﬁﬁsﬁ bgéam 132 may be perfornmed. As the
above et chpmge stelaagsmaythe eaipldyed. wet et ching or dry etching may be
enpl oyed. 01]]2] 30 Although not described in this enbodi nent, after the
irradi ati oWk h the | aser beam 132 is per f or med as,de&c%gaed atﬂ ve, a
step of thi nni ngrirfighshaghoe steys BalSOI SBPRTEEHRNEE GroeEPRICI ¥Ry ge
performed. In order to thin the sir Y&t GrgeN)conductor | ayer 118,
one of &r yf@Pmsﬁﬁacﬁﬁﬂ‘%?ssg?ng%ﬁoﬁ)gﬁgAfi ?Sée%(%%b%@n%% on of both of the
et chi ngs ”Z(YLIQF enpl oyed. [0113] Through the above steps, an SO substrate
sem

havi ng a conductor layer with , 5 reduced sur agy] be
obt ai ned (see FI&ftergie ghrycrstags: tgﬁf{ngtems%q smcg?éut%ﬁ)g ldéfgygmgisﬁw

bove steps, the

single crystal a%enqg'ﬂ;: ?g 4 iRy 8E i313-ghapddhenf@indugubbyerat - rrg‘yﬂlﬁe

patterned PRCG THE S S And- shaped senmi condugtso.r Ia%er éngeS ‘%Iﬂi&gf}ﬁthe

pat t er ni ng patidreing, thesingle erysekiemiconiunidiict oF° P8 P T he (ggi. on

corr espandi to the .1 JPbehatesR@r Whedhthe révessed pontibe y4df 15t he
oy pliTu G RANE REAOLE e |

regionl\Q/ne portion 140 is forned) 1S renov (s |G 8D
and FI G 9B)mdl) G rddved(seeIPondd sl BlGrds Fg'gCEtI# SRn?Sgﬂ%d%qglao%gsi- Bin

FIG 9B. The renoval of the regi CRS 2SR GF M2 rb@oh baresperdingtierted portion
is due to tsﬁ%tl%tﬁlf‘?nﬁrl%’ﬁé%lgllflt@éb 'peelei nghiof t he singl

_ e cr sgial ot
seni COHdUCt&ﬁRH@MEporﬂi&B ihdoaus ehohighh probehilityf pic Peshipg Wén%‘?r%“ t refgth in

this region. 15 Note that e e t DSkt iRa8ine fstrbih i agd esgomyst al
sem conduct%ml@ﬁmqra}f‘%erﬁéé%gcaugﬁgf)g{eh%%ﬁg at curl\l}gtsure (é:u%l | ed edge

rol | -of fs) rsw! didciEe Edgenattihe saticé at ehepongle hivag! senpienndpgips SUOSET A% %t he
region [acks in bonding st reragdtngd ehée iro%_&ﬁel%lslﬁﬁr?g HOmS@Y shitade fdliching

shape having a curvature
treatment, so that the region lacks in bonding strength. It is needless to say that the

single crystal semiconductor layer 118 is not necessarily removed in the region

corresponding to the peripheral portion.

20 [0115] |
Although the recessed portion  is provided at a portion of the corner portion of

the single crystal semiconductor layer in this embodiment (see FIG. 9A or the like), an
embodiment of the disclosed invention is not limited thereto. The number, the position,
or the like of the region where bonding is not performed may be set as appropriate.
25  Further, in considering the improvement of the yield of manufacturing semiconductor
devices, it is desirable to form the region where bonding is not performed in the region

to be removed later (see FIG. 9B).

[0116] |
Note that the structure described in this embodiment can be used in appropriate

30  combination with any of structures described in the other embodiments and example.

[0117]
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single crystal sem conductor |ayer 118 is not necessarily renoved in the
region corresponding to the peripheral portion. 20 [0115] Although the
recessed portion is provided at a portion of the corner portion of the
single crystal sem conductor layer in this enbodi mrent (see FIG 9A or the
l'i ke), an enbodi ment of the disclosed invention is not limted thereto.
The nunber, the position, or the Ilike of the region where bonding is not
performed may be set as appropriate. 25 Further, in considering the

i nprovenent of the yield of manufacturing sem conductor devices, it is
desi r abl e {Bmbodmment4)e regi on where bonding is not perforned in the region

to be renoved | ater. (er%%ﬁdi@e& al%l@r. %X%%i’ﬂe%f A\I%&Oggg{:gl | %%%SGI descri bed

in this enbodi nentcan be usé n opriate th any of
st r uct ur essubstgane Wik describbéwih hderemebodiamgigss and exanple. [0117] 31
(Enbodinenf g? In this enbodi nent, anther exanple of a nethod for
manuf act uri%flan SO substrate will be described with reference to

drawi ngs. [ 0118]Firsttheibasd subithe: AAd shibsiglatestdlGémanadicive seistrgte d 1€ y st al

sem conduct or substra 10, are epared (see FI.GS. 10A a 1 . For
details of®f Wéepﬁﬁgésﬁhﬁgé %%W%éndﬁ?rh taﬂlg PRI TR Es]é(:abmam%gir}%Iuct or
substrate dife ciyhiel RRQORIRIN QGlisHRB116a: dbove afigidinteht tan be (pBAdDdj. The
recessed portion 142 is fornmed at a region of a surface of the base

substrate [18°1100, which corresponds to a peripheral portion of the single

crystal sem Con%tr&'ésseéﬁcﬁﬁﬁﬁ 48 Tkhed 8€Lrekbfoof 4 QBface fRhEbast Atbstraeessed
portion 142 is formed in the surface of the base substrate 100; however,

the melhod180rwhidy perrrgpends dgiaoprrinherpleparfien Rhdee siaglp Oyl SeGERRRYT t he
singl e Cryﬁibgémtg?fﬂ ng.?é‘ﬁtdﬁ@ﬁ).smﬁé, iRt cckdd RERNNAL iDRRdedint B gathe Ot her is
O 1or

not limte tion of the recessed portion as long as the regi on can
be 15 f or mefithe Aagy sibstete 40§ dowiewn, be methndofor deradngm degiac whae dheobast i on may

2o TS PARER Bl PSS G s ot Lagrina
ref erred t other is not limited to formation of the recessed portion as long as the region can be
15 formed. A projected portion or a projected and recessed portion may be formed
instead of the recessed portion, For the method for forming the region where bonding
is not performed, the above embodiment can be referred to.
[0120]
Then, the nitrogen-containing layer 102 (a layer including an insulating film
20  containing nitrogen, such as a silicon nitride (SiN,) film or a silicon nitride oxide
(SIN,O, (x > y)) film is formed over a surface of the base substrate 100 (see FIG. 10C).
The recessed portion 142 is formed in the base substrate 100, and thus the recessed
portion 144 is formed in the nitrogen-containing layer 102. The recessed portion 144
serves as a trigger for separation and thus, increase in surface roughness of the single
25  crystal semiconductor layer 116 can be suppressed.
[0121]
The nitrogen-containing layer 102 formed in this embodiment functions as a
layer for bonding a single crystal semiconductor layer (as a bonding layer) in a later step.
The nitrogen-containing layer 102 also functions as a barrier layer for preventing an
30 impurity contained in the base substrate, such as sodium (Na), from diffusing into a

single crystal semiconductor layer. The above embodiment may be referred to for

details of the nitrogen-containing layer 102.
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[0120] Then, the nitrogen-containing |layer 102 (a |layer including an
insulating film 20 containing nitrogen, such as a silicon nitride (SiNs)
filmor a silicon nitride oxide (SINNOy (x >vy)) filmis forned over a
surface of the base substrate 100 (see FIG 10C). The recessed portion 142
is formed in the base substrate 100, and thus the recessed portion 144 is
formed in the nitrogen-containing |ayer 102. The recessed portion 144
serves as a trigger for separation and thus, increase in surface roughness
of the single 25 crystal sem conductor |ayer 116 can be suppressed. [0121]
The nitro mzﬁontaining | ayer 102 fornmed in this enbodi ment functions as a
on

| ayer for ing a single crystal sem cgnducgt.or.|ayer - ing | ayer)
in a later stepThepxde ﬁgﬁﬂbﬁéﬁqr@ﬁﬂp}ﬁ?rﬁisﬂgaqeﬁg}c S%%yca Séaﬁo%%ﬁl%% | gﬂ}s as a

bar i er | aygludOl10REEYE0L10RS amedBoidititinencemlabibed: imdih rbiats:
substrate, such as sodium (Na), fromdiffusing into a single crystal

sem conducofthe dxgefilm fite above enbodi ment may be referred to for details

of the §1i ttoqgﬁn-cont aining layer 102. 32 [0122] The oxide film 115 is
a

formed ove surface of the single crystal_ sem condu,ctg% suhstrate 110
(see FIG 1CFE). Nexe taboinglcesrpali semirondisior ajubgirafie LM eipdigtef 5V 100 et ai | s

of the oxide film,115. .5 [ EmbEiitled RefonY9d akbh&€ Meaoyehlict or
substrate ﬁ%ﬁle{aée@ibryraél |1%§:fujécgﬂ§mégjh®?%%¥ Tilé(jlccel er at &d nb%/ an el ectrical fiel d,
wher eby t hemeee ist daneded, dgicomed fpthe whigheecrysiad semipepdiictor subsiiate JlR 2t & gammged,

is fornmed in the singl r |, ASem t frrad tAf
pr edet er mi HEegBiRe %gg,e&?g?'gc?ﬂ}% %ggg%o%bogﬁg?%m&%ay b(ta roéferred to
for 10;get githits. Noterhithhdre tshegossibisityathpodsnt ptalis nided to theeile Gsiad| i s

added to the single crystal_ . _senm cgnduc i 30 B enidh
embrittled S‘F‘@ﬁ?@%"tﬂﬁu SE"‘“FolrlrQEHmﬂ’siaﬁgerP%’%he(?g%ﬁ%gli%éégppar g{ghﬁg; ﬂlﬁowever,

the ion irgadi@tdOpphaupaicherdpte idr ugitdhs pexpuredftiongh the Sxidedtmi ni ng
hal ogen at ons, "soO tﬁ i

) that contam nation of . the singl.e cr hGapduct or
substrate 11@0@@%@?@%@&%%@?‘%@5@5&“ %"t@%%“ﬁ%%&&%@ﬁ‘%@fﬁ Next, a
surface of (fhe.033¢asbHREE AR ARBe presemddace of the single crystal
15 [0124]
Next, a surface of the base substrate 100 and a surface of the single crystal

semiconductor substrate 110 are disposed to face each other, and a surface of the

nitrogen-containing layer 102 and a surface of the oxide film 115 are bonded to each
other (see FIG. 10G).

20 [0125]
Here, after the base substrate 100 and the single crystal semiconductor

substrate 110 are disposed in close contact with each other with the nitrogen-containing
layer 102 and the oxide film 115 interposed therebetween, a pressure of from 1 Niem? to
500 N/cm? is applied to one portion of the base substrate 100 or the single crystal
25  semiconductor subsirate 110. Then, the bonding of the nitrogen-containing layer 102
and the oxide film 115 is initiated from the pressure-applied portion, and the bonding
spontaneously proceeds in the entire area. This bonding step is performed under the

action of the van der Waals force or hydrogen bonding and can be performed at room

temperature.

30 [0126]
Note that before the base substrate 100 and the single crystal semiconductor

substrate 110 are bonded to each other, the oxide film 115 formed over the single crystal
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sem conductor substrate 110 are disposed to face each other, and a surface
of the nitrogen-containing |ayer 102 and a surface of the oxide film 115
are bonded to each other (see FIG 105. 20 [0125] Here, after the base
substrate 100 and the single crystal sem conductor substrate 110 are

di sposed in close contact wth each other with the nitrogen-containing

| ayer 102 and the oxide film 115 interposed therebetween, a pressure of
froml1l NNcn2 to 500 NcnR is applied to one portion of the base substrate
100 or the single crystal 25 sem conductor substrate 110. Then, the bondi ng
of the nitseog@ndetotsaistriated 10 aydthe ngRgeragrptaities axerdO2 formed 4es thedapsi ti at ed
fromthe pressures | i I L9 t |4y pr oceeds
i the entparay oF A pERERR i il BT EORRDEREST e D70t " he
van der Waakfacd teraarenqthdubdrogpindioed cagplaris relamed®. per f ormed at room
terrperatur[g). 0 [0126] Note that before the base substrate 100 and the
single cry {21! seni conductor substrate 110 are bonded to each ot her, the
oxi de f41m 115 fAfrere Hrv&enichtamingdheer A0Y abdthe dBlesiiimi tiGredeiborgled subst r at e
110 and the nitrogen-contaiping |ayer, 102 forned over the ba ubstrate
100 are pr&CRPYSH %egﬁﬁﬁ%%g’rt‘%r?ﬁ%g élﬁeéb({nfhélﬁts TR ISFP(S?fteﬁaﬁlé’ pﬁ%ﬁ%ﬁlﬁ%'s of the
surface tremkmRA tredtienaR OpeefogifiDEl BERpaanrabswhivd sephefisredlohg.th 0127] 5
After the nitrogen-containing |ayer 102 and the oxide filmél 5, are bonded

to each oemtichEgiont HadogpRpt 956HT {Hic PREDIG oMM EOBL FIPRG™ST FelRSEh i s
pref er abl ythQI?%(PS(Qer Altel:ﬁmi\%bb%tniltlﬁ%:cﬁlcﬁﬁﬂi&liﬂgslaﬁ?ﬁ(f),@ﬁr@ﬁe akida fieNPEr ature at

whi ch separation ong the “enbrittled region 112 does not occur (for

exanpl & f meynbe dbondetlgnpesinotheewhide being healg¢chairp owerafure Mithisy Bt R0t y, t he

ni trogen-caontaining lLay Lde: fi : ded to
each ot herﬂ\?ﬁn%agh%agﬁnﬁlgc eg%g%f%@g%htgg gékggﬁﬁeﬁ%ﬁ?#l%m@?gﬁg%@ The heat
treat ment esdrekistape hbamgdamas agpal tHériialiginedling (RFAcapparatubeaticrRyaber nace
such as ahrgzsi st ance he{ﬁtf' ng furnace, a rapid thernmal annealing (RTA)
appar at us, "FUR¢ RRPATREGOT M ng apparatus, or the like. [0128] 15 Next,

t he singl efoapgjstal sem conductor substrate 110 is separated al ong the

i5 Next, the single crystal semiconductor substrate 110 is separated along the
embrittled region 112 by performing the heat treatment, so that the single crystal
semiconductor layer 116 is formed over the base substrate 100 with the
nitrogen-containing layer 102 and the oxide film 115 interposed therebetween (see FIG.
10H and FIG. 11A). For the details of the heat treatment, the above embodiment can

20  be referred to. Here, since bonding is not performed at the recessed portion 144, the
single crystal semiconductor layer 116 is not formed in a region of the base substrate
100, which corresponds to the recessed portion 144. Such a region serves as a trigger
for separation and thus, increase in surface roughness of the single crystal
semiconductor layer 116 can be suppressed.

25 [0129]

Nexi, a surface of the single crystal semiconductor layer 116 is irradiated with
the laser beam 132 to form the single crystal semiconductor layer 118 with improved
surface planarity and a reduced number of defects (see FIGS. 11B and 11C and FIG.
12A). FIG. 11C corresponds to a cross section taken along A-B in FIG. 12A. The

30  above embodiment can be referred to for details.
[0130]
Although the irradiation treatment with the laser beam 132 is performed just
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enbrittled region 112 by performng the heat treatnent, so that the single
crystal sem conductor |layer 116 is fornmed over the base substrate 100 with
the nitrogen-containing |ayer 102 and the oxide film 115 interposed

t herebetween (see FIG |I0OH and FIG 11 A). For the details of the heat
treatnment, the above enbodi nent can 20 be referred to. Here, since bonding
is not perforned at the recessed portion 144, the single crystal

sem conductor |layer 116 is not forned in a region of the base substrate
100, which corresponds to the recessed portion 144. Such a regi on serves as
a trigger afc@kneSiRpatathen fandpirhim, ofithe siegls ervisial suni¢anductprolaytindgdn of t he

single crystal . sem conductor |a 16, can. be.. 9] Next,
a surface W qphodiyenl e egﬁ’g‘?g‘l’ré?lnt éé{the %lbsﬁlaﬂ% ore u?@@fﬁ(%%égﬁq%w?rgsr {él%l}%t ed with
the | aser BEAM b3aid O Higfing tBAmShinghe verpesboaheds efircthadwat peatientefor 118 with
i nproved surface Pl anarity and a.re uced]ﬁnun]‘ﬁgr of def ecls lﬁlg‘g gl GS. 11B
and 11C aneppEptin of tha)singfy exysiah wriepnfidof RYE 118 ¥ 6P 28 PT On taken al ong
[AE) ?3i0]n 3A:|| aﬂ;zﬁefcc-{m_ thSQirABOYEME TSR AR seabotiecthefperiad, 4nd thavtheet ai | s.

t houg

1 the irradiation treatngnt \A%thr}he é{a;gr beam 1%% i's
performed jrditiongtreamenirwitthibe fugt beape i2aY b¢ Brlwsd, ANGRRINEY HEr 5j ngl e
crystal se@ﬁ%@faﬂgﬁ&%%s $dBick Bt tﬁéﬂgﬁ%lsrm@dﬂ REficondubtoe Mdyedil by of t he

di scl osed 1| n 1s not construed as bein limted. to th t chi ng

[S.
treat nent owbinpeegtmeitondtis ke the irradintipe geatpe Jfitheifi laﬁ?féemgééém iEBn of the
single cryst rﬁolrmg eni cond gﬁgvgretgh%q{ﬁa&ﬁ&t, fitBer RURIng oF AG} ABhif@Maf®e 5 Many

defects i nPY¥he surface of the si ngl e crystal sem conductor |ayer 116, and
then the emplagedati on treatnment with the | aser beam 132 may be perfornmed.
Alternativ§d13é after inproving planarity of the surface of the single
crystal se Blnduct or layer 116 by etching treatnent and the |ike, the
i rradiation treatlfpogh whitdesdribed irnthisrenthodimenB 2fterathe beadiatier withrilasens t he

above etching treatnment, either t, etchin r i Y 10
enpl oyed. P J}FSAFtH’?aI%‘PF nBt ﬁﬁsglé\q%erdi ebeogei Erllgsttﬁ(i)i gfjeﬁ%o%%c%egg?ggfctr%?alt he
i rradi ati ogepeddiubtbe 1dyesans meabe Idoinsedpeh ardedoatirddecsingedreddve, a

step of thinning the single crystal, . .sem conduyctor |ayer, . e
per f or héd. sepiceiyelPT lager Hnoner agy Fighie ép g’fﬁal{&mg of £ ¥Sibictatin T¥orl

of the etchings may be employed.

[0132]
Through the above steps, an SOI substrate having a semiconductor layer with

reduced surface roughness can be obtained (see FIG. 11C and FIG. 12A).
20 [0133]

After the above steps, the single crystal semiconductor layer 118 of the SOL
substrate may be patterned into the island-shaped semiconductor layer 120. In the
patterning, the single crystal semiconductor layer 118 in the region corresponding to the
above peripheral portion (the vicinity of the region where the recessed portion 144 is

25  formed) is removed (see FIG. 11D and FIG. 12B). FIG. 11D corresponds to a cross
section taken along A-B in FIG. 12B. The removal of the region corresponding to the
peripheral portion is due to the high probability of peeling of the single crystal
semiconductor layer 118 because of the insufficient bonding strength in this region. It
is needless to say that the single crystal semiconductor layer 118 is not necessarily

30  removed in the region corresponding to the peripheral portion.

[0134]
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15 sem conductor |ayer 118, one of dry etching and wet etching or a

conbi nation of both of the etchings nay be enployed. [0132] Through the
above steps, an SO substrate having a sem conductor |ayer with reduced
surface roughness can be obtained (see FIG 11C and FIG 12A). 20 [0133]
After the above steps, the single crystal sem conductor |ayer 118 of the
SO substrate may be patterned into the island-shaped sem conductor | ayer
120. In the patterning, the single crystal sem conductor layer 118 in the
region corresponding to the above peripheral portion (the vicinity of the
regi on where t helhecgsthe decpsed pation #vprpwdgbat fagortiog)of itke qospeppadionsée FI G
11D and FI 12B). G .l orre S i t along A-B
I FI G 1260 TR e R gRefa Bl REePICRIEA heREE I D PN
portion i SegbRiifhent bhe disgbsqdrindzation isthyt lhitqiahdretng Bie numbes itheglositier.y st al

sem conductor | ayer. 118 because. of..the insuffici ondi thin
this regioff thetikejof thetegionghepe banding § gjot Pﬁ%"“é‘%%g‘i‘nag ﬁc%r%gtagﬁmgéﬂn%&g%nduct or

|l ayer 148 kgrim@tin REELESAE ithe/impsdchefofatle yirld demaediconing cemespbwing to t he
peri pheral portion. [0134] 35 Although the recessed rtion s provided at
a portion 69vigeRet slerigblesp formpthe gggion er%F?Pé’f’@ %P(;’/tsqegtﬁn%edmthe rﬁ%&’ or |ayer

em con

in this enpogi bRNed(f8Qs&/iEG, 1. or the like), an enbodinent of the
di scl osed invention is not limted thereto. The nunber, the position, or

the |ike of018hk regi on where bonding is not perforned may be set as

appropriate. 5 FUrd el o\ ERDSLARDIAA dhiEnbJRRON EATP! uod id frogliakd of

manuf acturing sem conductor devi ces, sirable to formthe region
wher e hondimagbihsionatithpay bbstretirdsnicsdnbed mghoethertembpdimeairoderampleer (see FI G
12B). [013 41 l\fte that the structure described in this enbodi nent can be
used in apg 38 iate 10 conbination with any of structures described in the
ot her enbodkmbstiseasyl exanple. [0136] (Enbodinment 5) In this enbodi nent, a

embodi ment vi || BebirgaRdgatT Rl Bruaact gepr el { e dove

device in the above embodiment will be described with reference to FIGS. 13A to 13D,

15 FIGS. 14A to 14D, and FIGS. 15A and 15B. Here, a method for manufacturing a
semiconductor device including a plurality of transistors will be described as an
example of the semiconductor device. Various semiconductor devices can be formed
with the use of a combination of transistors described below.
[0137]

20 FIG. 13A is a cross-sectional view illustrating part of a semiconductor substrate
which is manufactured employing the method described in Embodiment 1 or the like
(for example, see FIG. 2B or the like). Note that although the case where a
semiconductor device is manufactured using the semiconductor substrate formed in
Embodiment 1 is described in this embodiment, it is needless to say that a

25  semiconductor substrate formed in any of the other embodiments may be used.
[0138]

In order to control threshold voltages of TFTs, a p-type impurity element such
as boron, aluminum, or gallium or an n-type impurity element such as phosphorus or
arsenic may be added to a semiconductor layer 700 {corresponding to the single crystal

30  semiconductor layer 118 in FIG. 2B). A region to which the impurity element is added
and the kind of impurity element to be added can be changed as appropriate. For

example, a p-type impurity element is added to a formation region of an n-channel TFT,
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15 FIGS. 14A to 14D, and FIGS. 15A and 1
_ _, ) 5B. Here, a nethod for

Vn\:alnijf ggt grelsggrgl gezeg‘lsconduct or flevi ce including a plurality of transistors

_ _ an exanple of the sem conductor devic i

frem c_onduct or dev! ces can be formed w th the use of a corrbie-na?/?glnogf

H ?E:It E;?irrs]gdgzﬂl l;?dabgl ow. [3137] 20 FIG 13A is a cross-sectional view
. eni con uctor substrate which is manuf act

enpl I(3Iy| ng the nethod described in Enbodinent 1 or the like (for g;:(rjrpl e

see G 2B or the like). Note that although the case where a ’

seni conduct
formed in Og'i%ﬁlfdp n&aél%ékﬁtly L&LAUS | anfprinfitionsegion of due tlownnd udsk r at e

. I's described in this
Zﬁ%oé P?é n?Theﬁa@gmmpmhﬂaa]@mnt mm@qad&@@a%ﬁi%ﬁgb mgﬂq%"?@is’f%naew&f hgg@dl ess 1o
S may be used. [0138] In order to control threshold vo
- - t
IFIS’ a p- {pe inpurity el enent such as boron, alum num or galliﬁ%?grogn
ype inp 139 el enent such as phosphorus or arsenic may be added to a

sem conduc ijﬁ&“ t_t?ng ge[i(ﬂ '&4@09 3%3%} 9%) Esod&lla@d e glll @sleﬁlﬁ}’s&‘a&@ toJdrm a

;sgmaggnguct or ion to which the inpyrity el ement
e g&qmgmﬁcd@t [h@‘exofozl amWSehmoaﬁmmdayet F0bescaifed3Bhn e gﬂ%ﬂged as

appropriate. For exa uri I
formati on thagitiow. BE sHig encréfﬁ%rﬁ%@f%g%ftomﬁygr %Sd%acﬁgﬁ%}yy{)%o?ﬁ%% %63103 enent is

added to a forhmt{ion. £9ehefdl partionqi@nviahityT bl a re
STbre W i
_rl_rﬁy be addeé 555819 ‘%c])se %fﬁ)‘ghrﬁompa équ]mEi /ent% to 1gx lﬁ?g\}@/ iﬁglﬁ F%?SS} errgnt
en, the gerfoowmdi(foraemplsysr FHpdha! §fled into an island shape to forma

sem conduct ayer 702 and a sem conductor |
t hat a[ﬁq) ﬂ§{4ob| he the single ofystal ayer 704 (see FIG 13B). Note

;e;rgvlegnl \rllma r egNext, 2 gaie insalginedilpy’ 4643 EP“Bn‘} %’%ﬁg‘% © Sﬁglrl &ECK%A elﬂ ?)?%le?\: { iblo?‘/
ke, 10" (et SREgulS: Bk 7REELOFIT RCH q‘e%‘émmma’@em@m " the'
seni conduct filim isafysmxedMRh aghbmaHeViB angt dtﬁ"é‘t‘*g’]lat”i’ érsﬁ]f?gr sfnelggﬁﬁ%&ﬁl;c?e

Here, a single:layer.. 5||
et o ) G RAR GiyS5FRE SIS s bR st B/

15 tantalum ox1de or the like may be formed to have a single-layer structure or a layered
structure as the gate insulating film 706.

[0141]
As a manufacturing method other than a plasma CVD method, a sputtering

method or a method using oxidation or nitridation through high density plasma
20 treatment can be given. High-density plasma treatment is performed using, for
example, a mixed gas of a noble gas such as helium, argon, krypton, or xenon and a gas
such as oxygen, nitrogen oxide, ammonia, nitrogen, or hydrogen. In this case, if
plasma excitation is performed by introduction of microwaves, plasma with low
clectron temperature and high density can be generated. The surfaces of the
75  semiconductor layers are oxidized or nitrided with oxygen radicals (OH radicals may be
included) or nitrogen radicals (NH radicals may be included) which are generated by
such high-density plasma, whereby the insulating film is formed to a thickness of from

1 nm to 20 nm, preferably, from 2 am to 10 nm to be in contact with the semiconductor

layers.

30 [0142]
Since the oxidation or nitridation of the semiconductor layers through the

above high-density plasma treatment is 2 solid-phase reaction, the interface state density
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oxynitride, silicon nitride oxide, silicon nitride, hafniumoxide, alum num
oxi de, 15 tantalum oxide, or the like may be fornmed to have a single-Ilayer
structure or a layered structure as the gate insulating film 706. [0141]

As a manufacturing nethod other than a plasma CVD nethod, a sputtering

met hod or a nethod using oxidation or nitridation through high density
plasma 20 treatnent can be given. Hi gh-density plasna treatnent is
performed using, for exanple, a m xed gas of a noble gas such as helium
argon, krypton, or xenon and a gas such as oxygen ni trogen oxide,

armoni a, nbatwesgehe gase ingylatngcfelm 706rmd ek of fagesenyiqond ustordasrselleisnd9hn i s
perforned L GRS WA % RhAS Bl eh0¥92 SlaeRiarLn
tenperaturg%é%gkﬁﬁgﬂgigﬁg??y can ngrated fhé %eraces of the 25

sem conducdicrctly ayihizd aor enitided iby elbfe dmtg ensitydeldsmg thateytg aprigtigniiedhe (OH

radi cal s e lnglu : j t n cal s al Y/

i ncl uded) n@% cﬁsa?fgageﬁlgg%?% fg{n EOO%% ﬂ{] ?1 (%hnls)‘lg L\%&’%@%@fm §1\}\1hg€rﬂé y the

i nsul at3 ngsehiitomdusorf dnymsd a1teo siaglehmrkualeé'émaf efquorwhed the $wiags nfnthe
preferably 0 0 be.in uct or

| ayers. é%ﬁ“ﬂ%“’%‘gl ﬁ%eés ?Iﬁ o dnzea iR igP %SI%{} %?%%? Y}%hg&n Iafe sem conduct or

| ayers t hrplu@fa trbemerabo gste g lutide figh twithphigh waifomegt andriowi istedaaititd - phase
reaction, the interface state density. et nt e ins Iatlng film
706 and eaCHsb Cal”ﬁlf tzé‘@f‘ﬁdco BtaBFnﬁuL?éﬂg 32“?8 ghr%éﬁehlgléh "Bléya dStically
reduced. Fygduhef as WreAbddBoGERIUEANGLIS bat of Riee sf (O Zaithula@ds Alneof dli rect |y
oxi di zed or nitrided, by the high- denglh% &Ia ma treatnent, variation in the
t hi cknébs BIsiSkE VeRRANAR phgacisTitisscan BesWPBeRSH can be suppressed. Since the
5 sem condpyghpr |ayers are single crystal films, even when the surfaces of

the sem conductor |ayers are oxidized by a solid-phase reaction_by using
the hi gh-densi t yMlispratisehn e egatordrilatine Jelime 706 sevaby dgrmred Ry grally gh

uniformty, )?@1? g% do P BhIRER 13%7%@‘?(9 aHQ%bgéeinYcoﬁ@tﬁth%ytepmmdln m%&e%f‘

i nsul ati ng ormed through high-density plasma  treatnment as described

above is ussh ﬂf@@nalamp!amn dris pivessaryde usereelesasebsirate iRving meerain dpSEE °f 10

transi §% ory aYi?erft lon in characteristics can be suppressed. [0143]

Al ternativel e gate insulating film706 nay be fornmed by thermally
[0144]

Note that afier a gate insulating film 706 containing hydrogen is formed,

hydrogen contained in the gate insulating film 706 may be dispersed into the
semiconductor layer 702 and the semiconductor layer 704 by performing heat treatment
20  at a temperature of from 350 °C to 450 °C. In this case, the gate insulating film 706
can be formed using silicon nitride or silicon nitride oxide with a plasma CVD method.
Note that the process temperature is preferably 350 °C or lower. If hydrogen is
sup;ﬂied to the semiconductor layer 702 and the semiconductor layer 704 in this manner,
defects in the semiconductor layer 702, in the semiconductor layer 704, at the interface
25  between the gate insulating film 706 and the semiconductor layer 702, and at the
interface between the gate insulating film 706 and the semiconducior layer 704 can be
effectively reduced.
[0145]
Next, a conductive film is formed over the gate insulating film 706, and then,
30  the conductive film is processed (patterned) into a predetermined shape, whereby an

electrode 708 and an electrode 710 are formed over the semiconductor layer 702 and the
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oxi di zing the sem conductor |ayer 702 and the sem conductor |ayer 704. In
the case of such thermal oxidation, it is necessary to use a gl ass
substrate having a certain degree of 15 heat resistance. [0144] Note that
after a gate insulating film 706 containing hydrogen is fornmed, hydrogen
contained in the gate insulating film 706 may be dispersed into the

sem conduct or | ayer 702 and the sem conductor |ayer 704 by perform ng heat
treatment 20 at a tenperature of from350 Cto 450 C. In this case, the
gate insulating film706 can be forned using silicon nitride or silicon
nitride oxiefconiilidioraagr FNBreEaivaty Ied FIGNUAD. t Mhe cotdacveollas gant bhper at ur e

is preferably 350 C or |o . If hydrogen i ppli 1 conduct or
| ayer 702 fofBed wigh g@}{ﬂg&ﬁﬁﬁ%ﬁg}ﬂuﬁe %P“’%ﬁv i etlﬂf%'s %ﬁ%@?&tﬁ%%}%%@s in the
Sembconducﬁeorrf]orhéxaisinéoa,mﬁt@ﬁdih@cﬁaﬁ pafthiuc (o), angsten 70V, téanivthe(Tnt er f ace
25 between the gate insulating film 706 d t he.sem.gonduct or er 702,
and at themOEYh@?éﬂWa@éO)bé][‘lWé‘@’r‘i‘gt(ﬁbv GoRPEr ﬁﬁ@ul"%‘f’%‘ﬁn ﬂzﬁm"‘?é‘%‘%‘g‘r‘%‘dkt e
sem congduc A?érf]‘lgtﬁ%ﬁ(,r an’ RfbyGRReRE cothihRg the/foye hrrtil eells mhid lobémpodak by 2 a

|

conductive mis formed over the gate insul ati(gg f'Jlm ZtOG .apyd then, 30
the conductdimpmeupd | ¢anfainipg dbesawe (sl ePABRJYe | Y5f a%‘wl JUEBF RN o shape,

whereby an. 6l 0GHLQAG. 08 %@ﬂ a@BolgbﬁﬁﬁlﬂiﬁéjgﬂiZ&pwEEE i sbamRel By dopiighe

seni conductor c1ayer /702 and the 8 seni conductor | ayer 704, respectively
(see FIG &BijendTiter withaiuopiney elanay Salimparts & emiwdivity B’ﬂ?e’dmé‘\hﬁ‘%cfhod, a
sputteri ng[j}gﬁé]hod, or the like. The conductive filmcan be fornmed using a
material s as tantalum (Ta), tungsten (W, titanium (Ti), . nol ybdenum
(Mb), abum num (Mthopgtc appedecr@iss, 7¢hrandi THp @y Yormsd psieghiay §ingidsver 5

Al ternativel an | o terial nt.ai nj &din@Std g Mai n
conponent Bﬁgcuvgo%bdﬁd%gsog 1é)ug}iﬁllm %‘3" ?ﬁée@grg%\?lté&ﬁr%rtg? glﬁ V%g;&ttc)e E%ed. Still

al t er nat i vehyodiRentsEthe di3clugkanventiveis adt, lirsitahtoatbis pugirey s Eagh ¢fhdesi | i con

whi ch is obtained dopi ng a, _sem condugt | LARUEILY f gaent that
inparts a ESHERIE F&iy?‘ifl ﬁ?p‘g?y Pr%@orglg J‘geoﬁmg[ E{%AJ.%? C%hukilt _hoggSK t he
el ect r odes & ran tvd beragticiudy, Nel eximipg Ansiybgbend fjrar a ticontudtinye filmin
thi s enbodi nent, the sem conductor device according t pent  of
the di 481 oS@avphyigyie; i P"stgﬁ © PR Lepdias ﬂ?ehogergfﬁ u’c%nﬁragigl i:nacﬂ oql t he

or the like may be used as the upper layer. In the case of a three-layer structure, a

layered structure of a molybdenum film, an aluminum film, and a molybdenum film, a

layered structure of a titanium film, an aluminum film, and a titanium film, or the like

may be used.

20 [0147]
Note that a mask used for forming the electrodes 708 and 710 may be formed

using a material such as silicon oxide or silicon nitride oxide. In this case, a step of
forming a mask by patterning a silicon oxide film, a silicon nitride oxide film, or the
like is additionally needed. However, decrease in film thickness of the mask in etching
25 s smaller than that in the case of using a resist material; thus, the electrodes 708 and
710 with more precise shapes can be formed. Alternatively, the electrodes 708 and
710 may be selectively formed employing a droplet discharge method without using a
mask. Here, a droplet discharge method refers to a method in which droplets
containing a predetermined composition are discharged or gjected to form a
30  predetermined pattern, and includes an ink-jet method and the like in its category.

[0148]
Alternatively, the electrodes 708 and 710 can be formed by etching the
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el ectrodes 708 and 710 nmay be formed with plural stacked conductive fil ns.
In the case of a two-layer structure, for exanple, a nolybdenumfilm a
titaniumfilm a 15 titaniumnitride film or the |like may be used as the

| ower layer, and an alumnumfilm or the |ike my be used as the upper

| ayer. In the case of a three-layer structure, a |ayered structure of a
nmol ybdenum film an alum numfilm and a nol ybdenumfilm a |ayered
structure of a titaniumfilm an alumnumfilm and a titaniumfilm or the
like may be used. 20 [0147] Note that a mask used for form ng the

el ect r odescon@tandilfl®d mmy dogrefl dapreall shapésnyith andipductivgly soetediplaghd i con

oxide or sjlicon nitride oxide _|n thj , - tidnQr@i.ngp@ nmask by
pat t er ni nghéb)sf‘{g}“t‘?%nm% (i)ddé}Vl iffpl%mpgattsei% %Sgﬁ&ﬁi%fﬁt e og‘?}{ étlfnlgl(g]g’or the 1ike
i s additi oaddny onercteid potiemepptied tale epibalsdedtiodé,i therembing lofi gxirgfpopiee mask in
etching 25 is smaller than that .in the case qf, usi .-k €51 rial;
thus, the QPZ‘E$P@QS§§StPF§851 ?iecn?i%%ﬁ FRPFHRME ogrt%ecsﬁggggﬁé%eegéﬁéﬁggégf or med.
Al ter nag i vk Yikel hahetpetet GRS nfbeanshsted bathnhy siape seihe atdsk.el Yotk drared

enpl oying a dropl et discharg t hod w t hout i n .ask. e, a dropl et
di schar ge ﬁ%ﬁﬂmﬂqﬁeﬁaé»raschi%mﬁ’%#ﬁ %ﬁswcwavﬂﬁ%weﬁﬁ%%‘?%*?%“@%ﬁ%"&k‘ﬁ"ﬁ%@a

pr edet er m pEdLANRRASHIbH) 2 Fibrith-SEEPER 6L haks cabBs teaaflicridt,ulfuaihddide,
predeterm ned pattern, and includes an ink_jet nethod and the like inits

cat egory. ofmtramp fmpride; meeRer jhe ltks gapeised BYAPRIOPHA®and 710 can be forned
by et ching ()tlt!% 39 conductive filmto have desired tapered shapes with an
i nduct i velg/ coupl ed plasma (I CP) etching nmethod with appropri at

adj ust f@nt  of etNdxLrap wamint ploment(impgriingRee RRBAHYIOOIYPE| 18 2EfdcopEGer
applied to_a .coi tRE; hdife BRWRIctro@ROgEd to a
substr at e- %e%g&gkgﬁggﬁgﬁﬁgﬂgﬁee%@%@é lger ??\ﬁgst(sublggf rate-si de el ectrode,
and 5 the hidal).as Tinsks @pell€d14Napén thisenwdimeintsnsapyiity Slepsat IWRATY8E of t he

ek DL g R S 00 P8R, 888 o o e
fl uori ne- baskdnd as inspueity ammﬁmmIM@p-mblcmmd@w (glathagboﬁonhbl‘a,:(i@ﬁgl,to or
e L e
the semni conduedary ik aydd 1@ G @ndcontiictardnya FAZube semicendecto BaemtP4usi ng t he
el ectrodes wzl(i)c% the p-type impurity element is added is covered with a mask or the like so that
the impurity element imparting n-type conductivity is added to the semiconductor layer
702 selectively. ‘When the impurity element imparting p-type conductivity is added to
20 the semiconductor layer 704, the semiconductor layer 702 to which the impurity
element imparting n-type conductivity is added is covered with a mask or the like so
that the impurity element imparting p-type conductivity is added to the semiconductor
layer 704 selectively. ~Alternatively, after one of the impurity element imparting p-type
conductivity and the impurity element imparting n-type conductivity is added to the
25  semiconductor layers 702 and 704, the other of the impurity element imparting p-type
conductivity and the impurity element imparting n-type conductivity may be added to
only one of the semiconductor layers at a higher concentration. By the addition of the
impurity elements, impurity regions 712 and impurity regions 714 are formed in the
semiconductor layer 702 and the semiconductor layer 704, respectively.
30 [0150]
Next, sidewalls 716 are formed on side surfaces of the electrode 708, and

sidewalls 718 are formed on side surfaces of the elecirode 710 (see FIG. 14B). The
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and 710 as masks (see FIG 14A). In this enbodinent, an inpurity el enent
inparting n-type conductivity (such as phosphorus or arsenic) is added to
t he sem conductor layer 702, and an inpurity elenment inparting p-type
conductivity (such as boron) is added to 15 the sem conductor |ayer 704.
Note that when the inpurity elenent inparting n-type conductivity is added
to the sem conductor |ayer 702, the sem conductor |ayer 704 to which the
p-type inpurity elenment is added is covered with a nask or the |like so that
the inpurity elenment inparting n-type conductivity is added to the

sem condu C%}@Jwa!ﬂ@-y% aqd7ﬂ%dcgﬁg@ﬁhinwby .for\Mmﬂp]bImuilyrﬁmm:gwnémSGhém filmparti ng
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conducti vi %:tXhﬂa% ARALGA, foPmEPMBHIRGhWiTkiwah EiiSdroplc didteng, | Retestbat thhgatet he
inmpurity elenment inpdrti ng@ﬁ)-type conductisé]%ﬁé%/ is added . to th%cﬁbd

seni conducinsulatingailsr 7¢®may alse e sfehed papfy B e JROFOPIS FFBIPESETEF t he
inpurity elenentpyi ol FeGhé Viid Mdawds t7he ahdpas,i4 filrel enent
irrparti%g ﬁb({vﬁ'pechronEﬁ%ﬁ%Hag?%)?L?{El_‘g_%ddg(gd,to_%_ he 25 seni conductor layers 702
and 704, t bentaitingsiliofn, siticori eride; isligorenitsidentilisompay iy, PGP IUTIEEHSuct i vity

and the impurllyi ChSIRRod ADAE DG B f4R& RORANGE livdit Yayapinbairaddad o
only one of®f em conductor layérs at a higher concentration, By the
addi ti on ofaytRe straonpemithys eV B methndus suyteripgmethed, P1 shedig: | ity

regions 714 are for in the .. i ] Rsanevidh@ethod.
sem conducteﬁ‘so‘ﬁﬁ’&?’étr g?g%flmftélg%é%l ?%,ﬁ@@ﬂ%}s%%ég{\%&hei? Yoideval l's 716 are
formed1an $i SRS hameschaf gl eixed prsod €HO8Nd heltm eandewsdh s Netegthafy o f or ned

on side surfaces of the electrode,710 |G to thDSepélesshisigwal | s 716
and 718 carﬁh"b%eﬁscﬂfrf‘é@’%,ﬁwfsé °W£ﬂ%ﬁ~}7§il%l}‘£?§eﬁrg“ﬁolr“3“nﬁ§% %an insulating film so
as to covefhefhe gate insulating film 706 and the el ectrodes 708 and 710 and
partly etching the newy forned insulating filmw th ani sotropic etching.

Note that t®Elgate insulating film 706 may al so be etched partly with the
ani sot ropi ¢ et chiypg S8s6ity) Q&fcnss @R Uparfigy orehendwtivihatypngrefaddah tagied f or
formng the sidewal s 716 and 718, a film.cqntaigfi 65' ‘Iai %%df:?jldsi con
oxi de, 1$i | iscwisopductor dprersgOR pd FP4gieiA8; the gaelns ?tﬂgcfﬁﬁ’ oL e FERPUES T an

organi ¢ materi-al, o weN8adwaie 718%nler7 18OMRSkKE AsdealIE. a46). nQlcge Kimy dire
structure or a 1ayered structure with a plasnma CVD pet.hod, a_.s ungstering

met hod, or itdperityi ’lements imprirdng EiebwEIenEREUCLYIY JoPS At HF JRPETY; LEASki de i1 m
(s formed wiih, 3Rl ASTRCDnIBIRR: 1sbeks 102 BALTOA i0 e racvia sepahidigedjas, o
gas o an el'ium can be Used. Note that .
to the semiconductor layers 702 and 704 at higher concenirations. Here, when the
20  impurity element impariing n-type conductivity is added to the semiconductor layer 702,
the semiconductor layer 704 to which the p-type impurity element is added is covered
with a mask or the like so that the impurity element imparting n-type conductivity is
added to the semiconductor layer 702 selectively. When the impurity element
imparting p-type conductivity is added to the semiconductor layer 704, the
25  semiconductor layer 702 to which the impurity element imparting n-type conductivity is
added is covered with a mask or the like so that the impurity element imparting p-type
conductivity is added to the semiconductor layer 704 selectively.
[0152]
By the addition of the impurity element, a pair of high-concentration impurity
30 regions 720, a pair of low-concentration impurity regions 722, and a channel formation

region 724 are formed in the semiconductor layer 702. In addition, by the addition of

the impurity element, a pair of bhigh-concentration impurity regions 726, a pair of
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the steps of formng the sidewalls 716 and 718 are not |imted to the steps
described here. [0151] Next, inpurity elenments each inparting one
conductivity type are added to the 15 sem conductor |ayers 702 and 704
using the gate insulating film 706, the electrodes 708 and 710, and the
sidewal I s 716 and 718 as nmasks (see FIG 14C). Note that the inpurity
el enments inparting the sane conductivity types as the inpurity el enents
whi ch are added to the sem conductor |ayers 702 and 704 in the previous
step are added to the seniconductor |ayers 702 and 704 at higﬂg{

e

concentrat g.rngbnc ﬁbn WA B8 0RO728 A dhymre] ﬁmmatﬂommglan 730ge
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t he |rrpur|{m53] errent |rrpart| ng p-type conductivity is added to the
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Not e t hat tﬂhlﬁ 1fc y\%gs af 16 AR BEhnEN Rinsishe SByViwodnsiug tioy lelnatsaerof 782 and the
0

sidewal | s or ne er the sem conductor |laye \ SO0 as
to havels hesidesalie 7L®0§the prhapnel; Ensisior) & Rprheh lae%fg?t @%t"ioo“ﬁffﬁsq‘g‘m ch
carriers ar Bo tnr SR u{)&gssgd, Nh&@efore, boron can be added to the source and the drain at

high concentration. Accordingly, the resistance of the source and the drain can be

reduced.

[0154]
20 In order to further reduce the resistance of the source and the drain, a silicide

region may be formed by forming silicide in part of the semiconductor layers 702 and
704. The silicide is formed by placing a metal in contact with the semiconductor
layers and allowing the metal and silicon in the semiconductor layers to be reacted by
heat treatment (e.g., a GRTA method, an LRTA method, or the like). For the silicide
25  region, cobalt silicide, nickel silicide, or the like may be used. In the case where the
semiconductor layers 702 and 704 are thin, silicide reaction may proceed to the bottoms
of the semiconductor layers 702 and 704. As a metal used for the siliciding, the
following can be used: titanium (Ti), nicket (Ni), tungsten (W), molybdenum (Mo),
cobalt (Co), zirconium (Zr), hafium (Hf), tantalum (Ta), vanadium (V), neodymium
30 (Nd), chromium (Cr), platinum (Pt), palladium (Pd), or the like. Further, a silicide

region can also be formed by laser beam irradiation or the like.

[0155]
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10 direction parallel to a so-called channel |ength). For exanple, each of
the sidewalls 718 over the sem conductor |ayer 704 which constitutes part
of a p-channel transistor is preferably formed to have a longer length in
the direction in which carriers are transported than that of each of the
sidewal I s 716 over the sem conductor |ayer 702 which constitutes part of
an n-channel transistor. By increasing the | engths of the 15 sidewalls 718
of the p-channel transistor, a short channel effect due to diffusion of
boron can be suppressed t herefore, boron can be added to the source and

the drain at ]g,qu 0 REBbi@dtéRNan malmgdlgtor 1Bend epiobamsbigansPiof he sour ce

and the drain can reduced. [ 0154] rder o f ther Jogduce the
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not performed after the silicon pitride oxide film 1s formed. Note that although the
insulating film 736 is formed to have a single-layer structure in this embodiment, it is
needless to say that the insulating film 736 may have a layered structure. For example,
in the case of a two-layer structure, the insulating film 736 may have a layered structure
20  of a silicon oxynitride film and a silicon nitride oxide film.

[0157]
Next, an insulating film 738 is formed over the insulating film 736 so as to

cover the n-channel transistor 732 and the p-channel transistor 734. The insulating
film 738 may be formed using an organic material having heat resistance, such as a
25  polyimide, an acrylic resin, a benzocyclobutene-based resin, a polyamide, or an epoxy
resin. Other than such an organic material, it is also possible to use a low-dielectric
constant material (a low-k material), a siloxane-based resin, silicon oxide, silicon nitride,
silicon oxynitride, silicon nitride oxide, phosphosilicate glass (PSG),
borophosphosilicate glass (BPSG), alumina, or the like. Here, the siloxane-based resin
30 corresponds to a resin including a Si-0-Si bond which is formed using a siloxane-based
material as a starting material. The siloxane-based resin may include, besides

hydrogen, at least one of fluorine, an alkyl group, and aromatic hydrocarbon as a
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al ways necessary; however, the formation of the insulating film 736 can
prevent 10 inpurities such as an alkali netal and an al kaline earth netal
fromcontam nating the n-channel transistor 732 and the p-channel

transi stor 734. Specifically, the insulating film736 is desirably forned
using a material such as silicon oxide, silicon nitride, silicon
oxynitride, silicon nitride oxide, alumnumnitride, or alum num oxide. In
this enbodinment, a silicon nitride oxide filmw th a thickness of

approxi mat el y 600 urn is 15 used as the insulating film736. In this case,
the above $upshitomenatlcomtiyelgptheransulating Hikm 788 My bef foaned; bestaghingciirahi tri de
oxi de f|In1| r gh the insulating film736 is forned
to have a %ﬁhmﬁgfﬂggumagIﬁﬁ%?%%%ﬁ%%ggﬁls enbodi ment, it is needless to say
that the |Wﬂﬁﬂat|ng f|In1736 may have a | ayered structure. For exanple, in
the case of at |.a truc ti i 7 e a
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[0160]
20 The conductive films 740, 742, 744, and 746 can be formed by a CVD method,

a sputtering method, or the like. As the material, aluminum (Al), tungsten (W),
titanium (T%), tantalum (Ta), molybdenum (Mo), nickel (Ni), platinum (Pt), copper (Cu),
gold (Au), silver (Ag), manganese (Mn), neodymium (Nd), carbon (C), silicon (S1), or
the like can be used. Alternatively, an alloy containing any of the above materials as
25  its main component or a compound containing any of the above materials may be used.
The conductive films 740, 742, 744, and 746 may each have a single-layer structure or a
layered structure.
[0161]
As examples of an alloy containing aluminum as its main component, an alloy
30  containing aluminum as its main component and also containing nickel, and an alloy
containing aluminum as its main component and also containing nickel and one or both

of carbon and silicon can be given. Since aluminum and aluminum silicon (Al-Si)
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offset printing, or the like), a roll coating nethod, a curtain coating
met hod, a knife coating nethod, or the like. 10 [0159] Next, contact hol es
are formed in the insulating filns 736 and 738 so that each of the

sem conductor |ayers 702 and 704 is partly exposed. Then, conductive filns
740 and 742 are formed in contact with the sem conductor |ayer 702 through
the contact holes, and conductive filnms 744 and 746 are formed in contact
with the sem conductor 15 | ayer 704 through the contact holes (see FIG
15A) . The conductive filnms 740, 742, 744, and 746 serve as source

el ect r odeshaaibwiresistane ané bredokepersivet deminugyrsil shuprizuim siean arg $eble@s t hi s
enbodi nent, as an_.etchi.n as used f f } e, Conac - a m xed
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25 its main COMPANANEa R wikE SABROMNE: BRI Rnana, 012! ey, alevaemt er i al s
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even if a thin oxide film is formed on the semiconductor layers 702 and 704, the oxide

film is reduced by the titanium contained in the barrier film, whereby favorable contact
can be obtained between the semiconductor layer 702 and the conductive films 740 and
742 and between the semiconductor layer 704 and the conductive films 744 and 746.

20  Further, it is also possible to stack a plurality of barrier films. In that case, for example,
each of the conductive films 740, 742, 744, and 746 can be formed to have a five-layer
structure of titanium, titanium nitride, aluminum silicon, titanium, and titanium nitride
in order from the bottom or a layered structure of more than five layers.

[0163]

25 For the conductive films 740, 742, 744, and 746, tungsten silicide formed with
a chemical vapor deposition method using a WFs gas and a SiHs gas may be used.
Alternatively, tungsten formed by hydrogenation of WF¢ may be used for the
conductive films 740, 742, 744, and 746.

[0164]

30 Note that the conductive films 740 and 742 are connected to the

high-concentration impurity regions 720 of the n-channel transistor 732. The

conductive films 744 and 746 are connected to the high-concentration impurity regions
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In the case where each of the conductive filnms 740, 742, 744, and 746 is
formed to have a | ayered structure, a |ayered structure of a barrier film
an alum num silicon film and a barrier film a layered structure of a
barrier film an alumnumsilicon 10 film a titaniumnitride film and a
barrier film or the like may be enployed, for exanple. Note that a
barrier filmrefers to a filmformed using titanium a nitride of

titanium nol ybdenum a nitride of nolybdenum or the like. By formng the
conductive filnms such that an alumnumsilicon filmis interposed between
barrier fiyaof thegpetRnad tamsisodr 784 | ocks of al uni num or al um num silicon can
be sufficiently prevented. 15 Moreover, by formng the barrier film using
titani um tR3e3] s a highly reducible elenment, even if a thin oxide filmis
formed on the sefiCoBIUCE Qlan Ay IS 7O a-chmthell Gdnsistdre73@xdndethe fprdhamties r educed

by the titaniumcontained in the barrier fi wher eby . f avora ont act
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titani um n[t6dlde in order fromthe bottomor a | ayered structure of nore

than five layer§q.[! 3%1ﬂmﬁ§1 Bgr %Q%E&@%&%&hﬁﬁéﬂtﬁ%iﬁé&ﬁi%ﬂ #44, and
746, tungsten silicide tornmed wt a chem cal vapor deposition nethod
usi ng a0 Wep-chiamebnahsiatoS734 ehcly aisludmynddeaiodelserving aet gl plgerogle (hefiet en
formed by hydrogenat.i on  of eqd. RS nsiGNHMIE tihcvglef ik s 740,
742, 744, 3% o7%E D PRTRY tran\ﬁl\g%ﬁonf% %@aﬁtﬂé@%ﬁ%ucﬁlve films 7{?0 and 742
are connectRetrddes tlteandtil Gis desdbet in dltis embodipentias yn exagipln sn apEedypenthe

n- channel transjstor, 732.. The on tive fi r nnect ed
Lo the i gt EBTUEILETEHoR R TP b P Lt hlE , T ARl e

transi st or mRfgate @A&E if Whichl 5 Bliralitp of lelotrades wervingt dvegate- clberoded arer ansi st or
732 and the p-channel _transistor 734 ich are illustrated in FIG 15A
Here, &3cr %@ﬁQ%WcaUYEW‘%{%gW onganii¥g A-B in FIG 15B corresponds to
FIG 15A. Npfgythat in FIG 15B, the conductive

In this embodiment, an SOI substrate having a semiconductor layer with
reduced surface roughness is used; therefore, the yield of manufacturing semiconductor
devices can be improved. Note that the structure described in this embodiment can be

20 used in appropriate combination with any of structures described in the other
embodiments and example.
[Example 1]
[0168]
In this example, effects of the methods described in the above embodiments
25  were confirmed. The results will be described below with reference to drawings.
[0169]

Samples were each prepared by providing over a glass substrate a silicon layer
separated from a single crystal silicon substrate (laser beam irradiation was not
performed). Specifically, three kinds of samples were prepared: a sample obtained

30 without forming a region where bonding is not performed (sample A), a sample
obtained by damaging (forming a projected and recessed portion) a glass substrate with

a glass pen to form a region where bonding is not performed (sample B), and a sample
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films 740, 742, 744, and 746, the insulating filns 736 and 738, and the
like are omtted for sinplicity. [0166] Note that although the case where
the n-channel transistor 732 and the 10 p-channel transistor 734 each

i ncl ude one el ectrode serving as a gate electrode (the case where the
n-channel transistor 732 and the p-channel transistor 734 include the

el ectrodes 708 and 710) is described in this enbodi nent as an exanple, an
enbodi nent of the disclosed invention is not Iimted to this structure.
The transistors may have a nulti-gate structure in which a plurality of

el ect r odes &hd \IdAs Bl GordlifCs pRjtesdand rect&ed pottivuled glastdsubbieds Py cally
connected to one "anot her. [0167

“al ] .In this enbodi nent S ate

havi ng a slesrdeskaiondy farapareian Pherebondipg %ng?rg%nene? %@ﬁﬁg&?s Pgéﬁgsed;

theref or e, of fE mbh&hdudly ARAN achukiriidespotizantaat thse itl BitodBnanbA obe
et

i npr oved. at the structure described in this e i ment . be 20
used in apthedikeiaad e erebimitied. o NG Rt tigpagRie ?"ﬂ%toﬁlpg Wg[g%ug? ?r%]é%aign t he

other enbodi nent 6 FhiEX@HRhe ddihe fiR168]  In this exanpl e,
ef f ect sgof P eg%?re %%E%S%@gﬁnbed in the above enbodi nents 25 were
confirmed. [0IR&] results will be described below wth reference to draw ngs.

[0169] Sanpl es ﬁ{p;g BACH e8P 15X R4 0¥ dha g1/ @BAAN@ L S Bachubat nat € a
silicon |ayer rated froma Si ngle crystal silicon subs{_rate | aser

beam i r r adi@tdconf Wassitiai layejfisrfetiornBgerer p @last Fbsede & iR sanpl es

wer e prepared: ampl e obt ai.negd. 1 ut pfcd MeAGhnd 1658Ha6K shethe bondi ng
i s not perf"fﬂaﬁ’é% %‘é‘%ﬁpﬁm@?%ﬁrﬁt% Sgléc?r?glsgbstu% i al ned by dama ing gégr ing a
proj ectigd amsbple @C RSRA 7p0Mmi10B)each glowsthe sape Basw! KHGSh 184 2 8%°358n 1o form

a region where bonding isg no f ( 18404 1& fded46
obt ai ned byh%ﬁédPW@e%'omt%éaﬁﬁgr g?rﬂg%?%‘cﬁggﬁhrerﬂel?)essed po???g%é :: gl ass
substrate Byohasief (phétbAgdharapds) ioFICoN 6AAFIGRJTonawhEe 1860 S1SPRFIFEY-not
performed (sanple C). Details of 1he manufactyri gysanpl es
are the saﬂ@agﬁqlhg 19@%%&“%%%“%%@%%(@%@% g%sflg irf;ll?léeelaorSr(i tted.
Note that the. 5RARLS. A MRS HhORMTRG W, tikoute dfahailamgge was approximately 800

15  pm (0.8 mm)} in diameter.

[0171]
As for each of the sample B and the sample C, a region where bonding is not

performed is formed at a bottom-right portion in each drawing (a corner portion: an area
surrounded by a dotted circle in each drawing) (see FIG. 17A and FIG. 18A). Bonding

20  of the glass substrate and the single crystal silicon substrate proceeded from the portion
(the corner portion). Note that a certain advantageous effect was obtained even when
bonding proceeds from a portion other than the portion (the corner portion); however,
when bonding proceeded from the portion (the corner portion), the largest effect was
obtained.

25 [0172]
From FIG. 16B, FIG. 17B, and FIG. 18B, it is found that surface roughness of

the silicon layers of the samples each having a region where bonding is not performed
(the sample B and the sample C) is reduced as compared to the sample without a region
where bonding is not performed (the sample A).

30 [0173]
FIG. 20 shows the relation between diameters of regions where bonding is not

performed and the number (detection number) of defects in a silicon layer. Here, the
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5 projected and recessed portion in Enbodinment 2 or the |ike. [0170] FIGS.
16A and 16B, FIGS. 17A and 17B, and FIGS. 18A and 18B each show a surface
of the silicon layer just after form ng over a glass substrate the silicon
| ayer separated froma single crystal silicon substrate. FIGS. 16A and 16B
each show the 10 sanple A, FIGS. 17A and 17B each show the sanple B, and
FIGS. 18A and 18B each show the sanple C. Note that FIG 16B, FIG 17B,
and FIG 18B are locally expanded photographs (photom crographs) in FIG
16A, FIG 17A, and FIG 18A, respectively. In addition, FIG 19 _shows an
exanpl e of detdetion nurtiles ecfers tq the nynber of d¢fpxi fash bavingrgjeiofyum prloager in

irradiati o%ﬁ?gég{‘r%hgﬁlﬂﬁ;%é Retbdia b};L? Bﬁﬁ d%&?rboi\kﬁehtﬁat \@Sect?RE OXi mat el y

800 15 m I anet e r each of the sanple B and the
sanpl e C, equipegndw wihera dp@nedlnngos%‘)pﬂmd impge dnglymisdrd applisk ned at a
bottomrig@)t1 4ﬁortion in each drawing (a corner portion: an area surrounded
by a dotte % rcle in each drawing) (see FIG 17A and FIG 18A). Bonding 20
of the gl ass suldsim &l@ 2t i heng itheg lae therdiabedr thhd cgionsyiest badmgps oceeded
fromthe porti the corper, portio ertain ageous

ef f ect wasn%ﬁ’F‘g?rHE’ ”é‘i%aﬁesvﬁ’grﬁiet%%tg’r‘i’d}uﬂf?mbér\%%ge@% eFi %Cﬁ%a %‘gre am&\éatp er than
the porti oRurflch@eaty EdeROsdap B reduouEwes.0 deﬂbbﬁhmﬁ@mdesmgncpcmd&dbd fromthe

ortion (the caner rt| t he est effec bt d. 25 [0172
Igr om FIG( regpged If?éiap efggts %dorFlF%&ei’?%mg 2 p SO tﬂfﬁ’d tEﬁglf 3 g’ﬁcrgg?%hghne]ss

of the silh&eBHoh@NEsSnd® eﬁf&tﬁleaW@smemﬁar bawiplg vheh algi dinmwbesfhbondi ng i s
not perforned (the sanple and the sanp| e Es‘l is reduced as ared to

t he sahl eregioptydigre @nfi@gﬂ%)ﬂof Rﬁﬁ%dt}%d‘i“ﬁ thedeiggHon, gy ?ig’(lg‘ﬁ‘é‘ Xanple A).
30 [0173] Ehis a@&n&%&@o Eﬂe%aiee‘lvﬁéré ae rbg,ei&mﬁé}e WoAdRE R ot ngérfdrﬁgdl Qnet Wher e

bondi ng i s not erformed and the nunber (detectiaon nu of defects in a
si |icon | afpemed (g ease where tagydigmeteicef thregioniydiers kopeing it BOttPﬁ@OIﬁlﬁ’ﬁt%Q of

defects eaﬁllpﬂ hay 8 rRuitd 1881 82 bndlh@én t!thr}gﬁﬁatioﬁ' of e 3B Wher¥Bb i,

detect ed by pattern detector. Note that the pattern detector is
equi pnent e pefouhedais axpringlal effisient ot syreressitg itheafpematival gisdedecksr @ @ppl i ed.

15 silicon layer. Note that the size of the region where bonding is not performed depends
on the size of a projected and recessed portion formed in a bonding surface, or the like.
[0175]

FIGS. 21A and 21B show results obtained by comparing roughness of the
surface of the sample without the region where bonding is not performed and roughness

20 of the surface of the sample having the region where bonding is not performed (the
observed area was 10 x 10 mm?). FIG. 21 A shows arithmetic mean deviation (Ra) and
FIG. 21B shows the maximum peak-to-valley height (P-V).

[0176]
From FIG. 214, it is found that Ra of the sample without the region where

25  bonding is not performed is more than 8.0 nm whereas Ra of the sample having the
region where bonding is not performed is 8.0 nm or less. In addition, from FIG. 21B, it
is found that P-V of the sample without the region where bonding is not performed is
more than 120 nm whereas P-V of the sample having the region where bonding is not
performed is 120 nm or less.

30 [0177]

As described above, Example 1 reveals efficiency of an embodiment of the
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[0174] 5 FromFIG 20, it is found that as the dianeter of the region
where bonding is not perforned increases, the detection nunber of defects
is reduced. For exanple, the nunber density of defects can be reduced to
5.0 defects/cn2 or |less and can also be reduced to 1.0 defects/cnZ or |ess
dependi ng on a condition. Even when the region where bonding is not
performed is very small (for exanple, when the dianeter of the 10 region
where bonding is not perfornmed is 1 mm), the detection nunber is
significantly small as conpared to the case where the region where bonding
i s not perdigiiseedidventhat Nberthededording waweembhdinent ¢fdheidissleted InVgRUPhe 1 egi on
where bonding is no erfaornmed.is .0 aidQeagh

concl usi onth¢ W&F‘%’?ro?ftrf&?‘icgn%(’ﬁ sqmigond 3‘6?%%%??%3%%%? ?%du@er?gt performed is
extremel y gifdichend sthal: tsuiplees 38 psibleco Supprest iap incefasajinf the pambss apthe 15
silicon layer. Note that the size of the regi r ] [ ot

per f or ned ﬁéb@ﬁ&?mwdﬁﬂ%H@LEFgﬁvé?“’a%?E?%% egﬁgﬁﬁﬁﬁggggggg&%ng?%ﬂ f or med
in a bondi Rg.SHEERER ofQhe tRBlobddkiaventib 157 Mpre-b:@8mely1ofeatick Fhe B¥dvinr esul t s
obt ai ned by conparing roughness_of the surface of the sanple w thout the
regi on wherentibeignighilasenbeniErdaiPed and roughness 20 of the surface of

t he sanpl e having the regi on where bonding is not perforned (the observed
area was 10 x 10 mmR). FIG 21A shows arithnetic nean..d via%' p (Ra) and
FIG 21B shows tTds meplieation palbated- W& PERAFE GREY P‘%P\I?J‘?ﬁfﬁl %]% rom FI G
21A, it is : tRe dnt Miauti 4t 09T Bgicatiredvatests iI5 bondi ng
i's not perP@gﬁgi2?2%%35Em?%1%93?%ﬁﬂ21mhereagyﬁa of the sanple having the
regi on 10hemdidhandiengpyiiscorppraterbby igfReEei s 8.0 nmor less. In addition, from
FIG 21B, it is found that P-V of the sanple w thout the regi on where
bonding is not perfornmed is nore than 120 nm whereas P-V of the sanple
havi ng the regi on where bonding is not perfornmed is 120 nmor |ess. 30
[0177] As described above, Exanple 1 reveals efficiency of an enbodi nent of
the 48 disclosed invention. Note that according to an enbodi nent of the

di scl osed invention, the nunber of defects of a sem conductor |ayer can be
sufficiently reduced and each defect can be small; therefore, it is

possi ble to suppress an increase in the nunber and
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size of defects even in the case where |aser beamirradiation is perforned
| ater. Thus, 5 an enbodi nent of the disclosed invention is nore extrenely
effective when used in. conbination with | aser beamirradiation. This
application is based on Japanese Patent Application serial no. 2009-117263
filed with Japan Patent Ofice on May 14, 2009, the entire contents of 10
whi ch are hereby incorporated by reference. 49 WHAT IS CLAIMED IS: 1. A
nmet hod for manufacturing a silicon-on-insulator substrate, the nethod
conprising the steps of: formng an enbrittled region in a bond substrate;
5 form ng gpAPgutediveED Iyer over a surface of the bond substrate;
formng a recessed portion in the i.nsulating l.a : i t nd
substrate and a lods&wctvdder HapulpGuRaL f Sﬁlcﬂ%_%nwnst%ﬁa&{rhsgg&%cgu eaitﬁlgtrlllg&)l ayer
havi ng thecgng&g?%qgega;stohon i nt erposed t herebetween; and separating the
bond substrate omthe base substrate, |eaving a | ayer between 10 the
surface of the Homeinggbenbritled wagn ihebWISPPYEed regi on over the base
substrate. 2. T SRR bRG L WhifRg of e behd dubsrei@n- i nsul at or
substra%e accorglsrnﬂém%%?ﬁ%ﬁhgt?nm T, )f/)\%ceir_ei n the bond substrate is a single
crystal senm conduuhiog asesbssed partion infhe sulatiig 18€thod f or nanuf acturing the
silicon-on-insulataor s t | RObdse subltAldMiol cackhethel Rvithhéhebase
substrate is a gogglggstgg:c}toglgtsgif)&%geoﬁgd %hg met hod for manyufacturing the

si | i con- onidsaatihglager havibs theatasssad pertion gerpased BEEPFHYESD @erein the formati on
of the recessed portion,all t10a a BYROsBRGechn t he
recessed porti oné.%p?%m?. thel‘h?a &,rr\%b%]tgage Bg@q%%%?: g{(i:l?ﬁ?tfn ‘{ﬁﬁge i

si | i conpon+idiathatdihetions tutatratc actibe dinhgitedregionHver the base PR e-conpri si ng a
step of perform ng surface treatnent on the base substrate and the
insulating | ayer before the bonding step. 6. The nethod for manufacturing
t he silicon-on-i nStHeidModFobainudicarag thersilicog-ongnsulator substrate according to

claim 1,

wherein the bond substrate is a single crystal semiconductor substrate.

15
3. The method for manufacturing the silicon-on-insulator substrate according to
claim 1,
wherein the base substrate is a glass substrate.
20 . 4. The method for manufacturing the silicon-on-insulator substrate according to
claim 1,
wherein the formation of the recessed portion allows the bond substrate to be
exposed in the recessed portion.
25 5 The method for manufacturing the silicon-on-insulator substrate according to

claim 1, further comprising a step of performing surface treatment on the base substrate

and the insulating layer before the bonding step.

6. The method for manufacturing the silicon-on-insulator substrate according to

30 claim 1, further comprising a step of forming a projected portion over the insulating

layer.
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30 claim 1, further conprising a step of formng a projected portion over
the insulating layer. 50 7. A nethod for manufacturing a
silicon-on-insulator substrate, the nethod conprising the steps of.
formng a recessed portion at a surface of a base substrate; formng an
enbrittled region in a bond substrate; 5 formng an insulating |ayer over a
surface of the bond substrate; -bonding the surface of the bond substrate
and the base substrate to each other wth the insulating |ayer interposed
t her ebet ween; and separating the bond substrate fromthe base substrate,

| eaving a | ayer 7hét wedipd fermanyfaatying »pilicpmongiglawy suhsiraice thegetbere

enbri ttIedc();ﬂé)g;f'S]lil{gﬂ%}/S Ishiie base substrate. 10 8. The method for .

manuf acturing t silicon-on-insulator substrate according to claim?7,
wher ei n t he bondorsitesa reegsesd portipngit p giréace plashage subsiteonduct or substrate. 15

9. The nethod for n fe\%bh‘t‘l’iédr}g%i{gllbﬁba%ohh w@B- i nsul ator substrate
, erein the

according to claim ase substrate is a glass substrate. 10.
The method for famifgativsulaiggidyer siel & swfacont thebeldavbstratsubst r at e accor di ng

20 to claim7, further conprising a.st f f.or f reat ment on
the base substﬁjg?%“%% Sppae A aofnfir?ldbe gféépﬁ)gl{éef%rsgk[heiggon%l%ﬁa{hsefep. 11.
The net hodwftothenmnlafing Iayeriimgrpbied tlsdrtbeomraomdi nsul at or substrate accordi ng

to claim7, further conpr, si,n st f for a.projected.portion over
the base 25 subgFipe ebond Atbsiiaik ffim e bk Pty ety Taver bBiween
si | i con- ongk BigHcabpihe Sotlssubaia;, antl i diftirinhd regioniprer dierngsetdibsumteeps of .

formng an oxide filmover a surface of a bond substrate; 30 form ng an
enbriti?ed region in the bond substrate; formng a recessed portion in the

oxide film bondi fgs hbBodRRchasitBEniBl Be AlcbrRolRSRaENSiFAS Rciiing t6 he oxi de
filmhavin _th_}g 51 '
claam 7,

wherein the bond substrate is a single crystal semiconductor substrate.

15 9. The method for manufacturing the silicon-on-insulator substrate according to
claim 7,

wherein the base substrate is a glass substrate.

10. The method for manufacturing the silicon-on-insulator substrate according
20 to claim 7, further comprising a step of performing surface treatment on the base

substrate and the insulating layer before the bonding step.

11. The method for manufacturing the silicon-on-insulator substrate according
to claim 7, further comprising a step of forming a projected portion over the base

25  substrate.

12. A method for manufacturing a silicon-on-insulator substrate, the method
comprising the steps of!
forming an oxide film over a surface of a bond substrate;
30 forming an embrittled region in the bond substrate;
forming a recessed portion in the oxide film;

bonding the bond substrate and a base substrate with the oxide film having the
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recessed portion interposed therebetween; and separating the bond substrate
fromthe base substrate, leaving a | ayer between the surface of the bond
substrate and the enbrittled region and the oxide filmover the base
substrate. 5 13. The nethod for manufacturing the silicon-on-insul ator
substrate according to claim 12, wherein the bond substrate is a single
crystal sem conductor substrate. 10 14. The nethod for manufacturing the
silicon-on-insulator substrate according to claim 12, wherein the base
substrate is a glass substrate. 15. The nethod for manufacturing the

si | i con- onetassadipatton inferipaserd shasebgbvesnidindg 15 to claim 12, wherein the

formation of thgﬂ%ﬁﬁggﬁﬁqfﬁg%?%g&ﬁg#hggQlﬁaﬁmﬂ&&%’&HQﬁg%q&Fﬁga“gﬁl exposed

in the recessed rtl for manufacturing

si | i con- ontht seticatbthedobd sutatrate and thedimbgittled gegion widatherpaide fifmy py¢ydhe
conprising%%este@tof cl eaning the surface of the bond substrate before the
formation ‘ﬁ’ Bkide film 17. The nethod for manuf acturing the
silicomson-insulator substrate according to claim 16, 25 wherein the

cl eaning step is.,pgrfor usin sol ytign sel ect f Uric

aci d/ hydr ogen pé?o ‘H@mﬂgﬁﬁﬁPg?g%%mgﬂ%glFﬁﬁ?ﬁ?ﬁ?ﬁ%ﬁ éfﬁ%&?%é%%h%H oxi de

m xture, @cdmglnachl oric aci d/ hydrogen peroxide m xture, and hydrofluoric
acid. 18. The method fo nuf act.uring the silicon-gn-insul ator substrate
according 30 td’“l’@fe&}tﬁi‘?g‘?nfgasf‘ﬁ?t{aff’e‘?aé@ Ff@?ﬂﬁ@%"%ﬁ‘éﬁ“ %réll;ef orming surface
treatnment on the base substrate and the oxide filmbefore the bonding
step. 52 19. The nethod for manufacturing.the silicon-on-insul at.or

subst r ¥ e accor dinfpe wethed fr mapytaciuripg HigSilcghppaspiRlpT é‘%?frétﬁ 3B5T48% i ng a
'proj ect ed RQ4idgn over the oxide film 5 20. The nmethod for manufacturing
the silicon-on-insul ator substrate according to claim12, further
conprising a st eyhetsin fhe bafiesabsiAteint glpstsEbigaeayer over the base

15. The method for manufacturing the silicon-on-insulator substrate according

15 toclaim 12,

wherein the formation of the recessed portion allows the bond substrate to be

exposed in the recessed portion.

16. The method for manufacturing the silicon-on-insulator substrate according
20 to claim 12, further comprising a step of cleaning the surface of the bond substrate

before the formation of the oxide film.

17. The method for manufacturing the silicon-on-insulator substrate according

to claim 16,
25 wherein the cleaning step is performed using a solution selected from a sulfuric
acid/hydrogen peroxide mixture, an ammonium hydroxide/hydrogen peroxide mixture,

a hydrochloric acid/hydrogen peroxide mixture, and hydrofluoric acid.
18. The method for manufacturing the silicon-on-insulator substrate according

30  to claim 12, further comprising a step of petforming surface treatment on the base

substrate and the oxide film before the bonding step.
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substrate before the bonding step. 21. A nethod for manufacturing a
silicon-on-insulator substrate, the nethod 10 conprising the steps of:
formng an oxide filmover a surface of a bond substrate; formng an
enbrittled region in the bond substrate; formng a recessed portion at a
surface of a base substrate; bonding the bond substrate and the surface of
the base substrate with the oxide 15 filminterposed therebetween; and
separating the bond substrate fromthe base substrate, |eaving a | ayer
between the surface of the bond substrate and the enbrittled region and
the oxide fil m d9€Fhahehodfes sagulbeinriag the siligorpon-impplatopgihitiete pesording
manuf act urj ng..th i l.icon-0n-| t or, rat: -l im21,
wherein th8 %%HE%E%gnglgﬁ%%§£§g%ﬁé)ébcr % ﬁﬁggﬁfggﬁ%tgﬁ%gﬁfaﬁgfrate. 23.
The met hodfilapr manufacturing the silicon-on-insulator substrate according
25 to claim 21, wherein the base substrate is a glass substrate. 24. The
nmet hod for manufacturing the silicon-on-insulator substrate according to
claim 21, furthep. Tepethsd fig nensfaeprind thecilivbmgn-asuiates gitatratagedoading over the

surface of 30 the se substrate befpre the bondin tep. . 1he net hod
for manuf aét Q}?lfrhbz’ttﬁgheéiqOP’é’BFfp%ﬁ-ﬁt??sﬂfgwgs%nbgfang% % E(’%ro'arvfiilgﬁlge bagg to claim
21, furtheghenPhdfsre M@ Rndhghepf cl eaning the surface of the bond substrate

before the formation of the oxide film 26. The method for manufacturing
the silicon-on-insulator substrate according 5 to claim?25, wherein the

cl eani ng step i 91parhahse thrUsdoithcairiag laldilidn-cnaheddiedsubstes, ahes mkfhud i C
aci d/ hydrogen peroxide m xture, an ammoni um hydroxi de/ hydrogen per oxi de

m xtur &0  eormyringdhd $epse@faci d/ hydrogen peroxide mixture, and hydrofluoric

actd. 10 27. TheoiBhlBfolgl mIAMI AGkILL Dtk B8 stislrhaeon- on- 1 nsul ator
substrate according "to claim21, further conprising a step of performng

surface treat nerformong ethemiyities regigh it the bendshbstielee oxi de fil m before the

bondi ng step. fornﬁng a recessed portion at a surface of a base substrate;

bonding the bond substrate and the surface of the base substrate with the oxide
15  film interposed therebetween; and
separating the bond substrate from the base substrate, leaving a layer between

the surface of the bond substrate and the embrittled region and the oxide film over the

base substrate.

20 22. The methed for manufacturing the silicon-on-insulator substrate according

to claim 21,

wherein the bond substrate is a single crystal semiconductor substrate.

23. The method for manufacturing the silicon-on-insulator substrate according

25  toclaim 21,

wherein the base substrate 1s a glass substrate.

24. The method for manufacturing the silicon-on-insulator substrate according
to claim 21, further comprising a step of forming an insulating layer over the surface of

30 the base substrate before the bonding step.

25. The method for manufacturing the silicon-on-insulator substrate according
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28. The nethod for manufacturing the silicon-on-insulator substrate

according 15 to claim 21, further conprisi : :
portion over the base substrate. 54 nprising a step of formng a projected

to claim 21, further comprising a step of cleaning the surface of the bond substrate

before the formation of the oxide film.

6. The method for manufacturing the silicon-on-insulator substrate according

5  toclaim 25,
wherein the cleaning step is performed using a solution selected from a sulfuric
acid/hydrogen peroxide mixture, an ammonium hydroxide/hydrogen peroxide mixture,

a hydrochloric acid/hydrogen peroxide mixture, and hydrofluoric acid.

10 27. The method for manufacturing the silicon-on-insulator substrate according
to claim 21, further comprising a step of performing surface treatment on the base

substrate and the oxide film before the bonding step.
28. The method for manufacturing the silicon-on-insulator substrate according

15  to claim 21, further comprising a step of forming a projected portion over the base

substrate.
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