METHOD FOR MANUFACTURI NG SO SUBSTRATE BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention 5 [0001] The present invention relates to a nethod
for manufacturing a substrate over which a sem conductor |ayer is provided
with an insulating filminterposed therebetween. In particular, the
present invention relates to a nmethod for nmanufacturing an SO (silicon on
i nsul ator) substrate. In addition, the present 10 invention relates to a
met hod for manufacturing a sem conductor device using a substrate over

whi ch a sem conductor layer is provided with an insulating film interposed
t her ebetween. 2. Description of the Related Art [0002] 15 In recent years,
an i ntegrated circuMETBOBGEFQR MANUFATIURINGSPOI SEBSERATE substrate in
which a thin single crystal sem conductor layer is formed on an insul ating
surface, instead of a bulk silicon wafer has been devel oped. Since
parasitic capacitance beBAFKGROUND OF DHEANVENTIONt or and a substrate is
reduced by .u jﬁgﬁ%h SC? substrate, the SO substrate has attracted
attention as'§ Hﬁﬁ?&@‘ﬂb performance of 20 semi conductor integrated
circuits. [[6038] One of known nethods for manufacturing SO substrates is a
hydr ogen ion iggéantatipn separation nethﬁq_(for exanpl e, see Patent
Docunent 1). A nelh¥EseRbinventign delaies i ¢ Mythed feiomarsiprdyring: &subst g 0% hy dr ogen

ion i npl antafdon seRR6mLOn BRrhed prévidea WithehhYideaesd bas BabowviedFi rst,
hydrogen ions are inplanted into a silicon wafer by an ion inplantation
net hod to fhsrsbetvescr dBubitieulptayide Bleseat pinEedioar flded taept Methedmiarhe

surface. Thepurtilfngiahi SON MARLAT oh ThQuUM Sbihg. NYET RERRAL URS plsgnd P! ant ed

is bonded to another silicon wafer with a silicon oxide filminterposed
t her ebdfwediventimerelatepyto Remethed dent mapufactuning & sepidonpiste deyesr usieg ves as a

cl eavage pLARG@l BRGH lert Rl 5B 30 pHRARE WRA iRl digen | ons

have been inplanted is separat In a n m shape
m cr obubbl ént¢ragsed theAbetwredi.ngl y, a single crystal silicon filmcan be fornmed

over the obhgr foRdedur RdfQianarer. 1
[0002]

15 In recent years, an integrated circuit using an SOI (silicon on insulator)
substrate in which a thin single crystal semiconductor layer is formed on an insulating
surface, instead of a bulk silicon wafer has been developed. Since parasitic
capacitance between a drain of a transistor and a substrate is reduced by using the SOI
substrate, the SOI substrate has attracted attention as one improving performance of

20  semiconductor integrated circuits.

[0003]

One of known methods for manufacturing SOI substrates is a hydrogen ion
implantation separation method (for example, see Patent Document 1). A method for
manufacturing an SOI substrate using a hydrogen ion implantation separation method is

25  briefly described below. First, hydrogen ions are implanted into a silicon wafer by an
ion implantation method to form a microbubble layer at a predetermined depth from the
surface. Then, the silicon wafer into which the hydrogen ions are implanted is bonded
to another silicon wafer with a silicon oxide film interposed thercbetween. Then, by
heat treatment, the microbubble layer serves as a cleavage plane and a part of the silicon

30  wafer into which hydrogen ions have been implanted is separated in a thin film shape
along the microbubble layer. Accordingly, a single crystal silicon film can be formed

over the other bonded silicon wafer.



[0004] A nethod for formng a single crystal silicon | ayer over a base
substrate nmade of glass by using such a hydrogen ion inplantation nethod
as descri bed above has been proposed (for exanple, see Patent Docunent 2).
Since a glass substrate can easily 5 have a larger area and is |ess
expensive than a silicon wafer, when a glass substrate is used as a base
substrate, an inexpensive |arge-area SO substrate can be manufactured.

[ 0005] Further, as the area of the SO substrate is increased, inprovenent
in productivity becones an inportant object. In manufacturing an SO
substrate, cost 10 reduction by inprovenment in productivity or the like is
i nportant pmoduse a single crystal silicon substrate used is expensive.
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whi ch are generated froma source_gas and are  subjected to _nmass

separ at i onused af a haRe SsTals. s BEPPIFIRHTEsrareh 808 pibstdh capdiednanuiaciurgdadi at ed

with the igpgsjs small and it is difficult to shorten processing time. In
particular, as the 25 silicon wafer is increased, a problem of processing
ti me becomes rerfartheblas. the Ted of othe, SQIn s@stale i oinpiepscdy EnPRYSRFRPOL , it is
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SUMMARY OF THE INVENTION
[0007]

20 However, in the above hydrogen ion implantation separation method, since a
mass-separation type ion irradiation method (an ion implantation method) by which a
silicon wafer is irradiated with ions which are generated from a source gas and are
subjected to mass separation, a range of an area in which the silicon wafer is irradiated
with the ions is small and it is difficult to shorten processing time. In particular, as the

25 silicon wafer is increased, a problem of processing time becomes remarkable.
Therefore, in order to improve throughput, it is effective to use a non-mass-separation
type ion irradiation method (an ion doping method) by which a silicon wafer is
irradiated with ions which are generated from a source gas and are not subjected to mass
separation.

30  [0008]

On the other hand, in the case where a non-mass-separation type ion irradiation

method is used, although throughput is significantly improved as compared to the case



where a mass-separation type ion irradiation nethod is used, a problem
arises in that tenperature increase is larger in accordance with ion
irradiation as conpared to the case where an ion inplantation nmethod is
used because a large area of a substrate can be irradiated at a tine. Such
tenperature increase of the substrate pronotes thermal 5 diffusion of an
el enment derived fromadded ions in the substrate and becones a factor
whi ch broadens distribution of the ions in a depth direction. In addition,
the tenperature increase of the substrate pronotes desorption of the
el enent derived from the ions added to and existing in the substrate.
[ 0009] 10 wharci Dmaskesppargfionppe 'mhLifradiatiblnudﬁhodaisaisadﬁaqnoblctn\dmse:shnahatobj ect to
be processed is dis Fosed an.ion Sour ce f.or. 6 91 eﬁ td i ons, and
an oxtr act IPEREEIEIAR bR ESriL AR Pa Ll Fos s S ES St or
i rradi ati ofvheRemeoh ifplaitatsi medles is el bacase 4 mgwa:le@l of a shHik&aE)ﬁaﬂ detion
accel eratign nec anlsn1ar§ rovided wi.th a p rallt

ey

lits,
t hrough whif&diatghat § jife- o ETPPRREY TSN P}L'lghq 81]?S ‘Eurpf:(émﬁ %Ealor S

accel er at ed;ffulld8 e kP ERmeR O] R ANIGESNI M thd AlbsiRaté hﬁtﬂb&oﬁéyﬁ Ftor _
sem conductor substrate is. not unifornmy irradiated w L”h the i ons In this

case, tenpathiphybroadens disflution el fhey ions difr & depthy Aikectipig) I @fiditipny) the

sem CondUCEéMpe%t}%{c?éaﬁ‘e ofefd saﬂaﬁét%}onmtésfdéﬁrpﬁbnoctf tﬁ@eie&bﬁr@meﬂ@@lved from
the added ions also |ocally occurs; therefore, distribution of the elenent

in a dept hthtiiprscudiiesioiand eriginadnte subsieiebecomes uneven in a hori zont al
di rection. Oo%g]d[0010] As descri bed above, if the distribution of the
el ement derived fromthe added ions is broadened, it is difficult to
separ atl® t he semmcﬁupmgapmﬂwtindu@sfa&b@n@birywhicfran ebj¢os tleecigoesaset he

separ ation 051951 Oﬁ g, 36 rl%irﬁ ?c?ﬁ&cfo? éeﬁe\’}& %rd%gl‘reed' idn$ aHe ?iﬁi %{t?ac'flgtg L, ORRerRion @

plurality I'nce fhe separatio The sem conduct or
substrate ﬁﬁcldmmmﬁbs acwlardien odnasrind doi mladletﬁort ﬂlereeflithneﬁlt:ctd:dﬁs th@darf:r omthe

i ons added t |st|n onductor
desor pti on' ?“dfﬁé g?eﬁzé??f cﬁ?%r?g%d"ecg A e ]iOV{ﬂQg% rlﬁ‘rélb d)uct or
substrate opaiigsta s, lthfoagh athédh Wink hatoare geﬁmsted'lﬂ'uns,thet Iinnostgxlmauare may be

d d. An obj ect . of nb t of the d I i ti
decreaed, |00k, ehiEobesingh SR oBTE gl it fgaR nver o0

Of a surf aggsphte 3 Sdtn@IfBmIY igididied GRIILOAKICUR LIS Base tedbératireSiapassat i on by
Favorably ?o%gl?; c?c}cijrr;(‘?n tahesslln% eecrj(;srtaylssgm{conductor substrate, and thermal diffusion of an
element derived from the added ions also locally occurs; therefore, distribution of the
element in a depth direction is broadened, and becomes uneven in a horizontal direction.
20 [0010]
As described above, if the distribution of the element derived from the added
jons is broadened, it is difficult to separate the semiconductor substrate favorably.
This is because the separation of the semiconductor substrate is caused in regions at a
plurality of depths. Further, since the separation of the semiconductor substrate
25  depends on the concentration of the element derived from the ions added to and existing
in the semiconductor substrate, if the desorption of the element is promoted, as a result,
the semiconductor substrate needs to be irradiated with more ions. Thus, throughput
may be decreased.
[0011]
30 An object of an embodiment of the disclosed invention is, in a method for
manufacturing an SOI substrate, to improve planarity of a surface of a single crystal

semiconductor layer after separation by favorably separating a singe crystal



3 sem conductor substrate even in the case where a non-nass-separation type
ion irradiation nethod is used. Another object of an enbodi nent of the
disclosed inventionis, in a nethod for manufacturing an SO substrate, to
i nprove planarity of a surface of a single crystal sem conductor |ayer
after separation as well as to inprove 5 throughput. [0012] An enbodi nent
of the disclosed invention is, in a nethod for manufacturing an SO
substrate, to cool a single crystal sen conductor substrate when an
enbrittled region having a damaged crystal structure is fornmed in the
single crystal sem conductor 10 substrate by irradiating the single crystal
sem conduc&@mcsruiln&bf atgstratet ﬁeacmetreraisedvhma nersimAg-saparatan §epiiog net hod.
Further, the single crystal senicqnducto ubstr whil e the
si ngl e cryérfaélllat‘gg ?:tg‘?%&?:fl?ﬁﬂ sUBEMELO Je|C 5‘8I38 Od‘fslﬁ?r}?:ﬁf %ﬁ i%%%?mnt of

t he di scl osR@ntioaMsnh hmtudaqmd@ﬁxfachemgtaﬁml@ﬁbstraue,rtadmptdvaglaaamgmfsu ngl e
crystal sem conductor substrate ccel rated jons to forman enbrittled
region in SHECSh g siele Grtal sewichn V%F?Ei YFBF‘ & FHRATFUN RS ‘Y)fgln i RJ™PIE®si ngl e
crystal 5 sephs@pguct or substrate and a base substrate with an insulating

| ayer interposed therebetween; and separating the single crystal

seni conduciW@2kubstrate al ong the enbrittled region to forma single

crystal sem CondA'n%x%ocﬂnﬁéiﬁbf@M%fsclb&‘a ﬁ%ﬁoﬁéhﬁhm@da& WardulachiiBgiafsul ati ng
| ayer interposed therebetween, 1n which the single crystal sem conductor

substrate B®lispbsdicataedoalia ﬁngln@rys@wewoaciwt%rﬁubﬁﬁrﬁtengh%%@albmlieﬂe t he
single crygt r%lﬂJc O%gﬁ%%%ﬁu%ég%ys%&f Cifdcnith ’ forinddaR Itl?eds'n'fgll:éjérkgﬁrsemtclaﬁdlﬁ{o?gl e

crystal tor strate may swung e single crystal
seni comﬁlucslmstraa by nrminaemg it siregrbd @Mstalzssm[comd_mor Ambswbadihrmmier@&d fane

di scl osed 1 nvent Lo?lndo cﬁ?c}gli t E}Srt trecﬂg s:ﬁ&le v s{a?gén?i MEIgctgr S n%t:?elg%t gr ystal

seni conduct'dP® LB TR acce era orman e regi on
in the singt e)vmgy&ﬂﬁhlthmtgl@ﬂpml(semmombwr subsegte bandedg t he single crystal
sem conduct gr..substrate and a base substrate with an insulating |ayer
i nt er posed @63fher ebet ween; and separating the single crystal sem conductor
substrate al ong Ademb&iifénttof tigddisdgsed inventidnointiudesshagrbis aft tmidating a
ser Conducgl(r)lgrglel c?'gf/set}arl S%I\é?cron uhc?orbs% :?tra%eu t\)vsltli\ accgierated ions to form an embrittled
region in the single crystal semiconductor substrate; bonding the single crystal
semiconductor substrate and a base substrate with an insulating layer interposed
therebetween; and separating the single crystal semiconductor substrate along the
embrittled region to form a single crystal semiconductor layer over the base substrate
20 with the insulating layer interposed thercbetween, in which the single crystal
semiconductor substrate is irradiated with the ions by an ion doping method while the
single crystal semiconductor substrate is cooled.  Further, the single crystal
semiconductor substrate may be swung while the single crystal semiconductor substrate
is cooled.
25  [0014]
An embodiment of the disclosed invention includes the steps of: irradiating a
single crystal semiconductor substrate with accelerated ions to form an embrittled
region in the single crystal semiconductor substrate; bonding the single crystal
semiconductor substrate and a base substrate with an insulating layer interposed
30 therebetween; and separating the single crystal semiconductor substrate along the
embrittled region to form a single crystal semiconductor layer over the base substrate

with the insulating layer interposed therebetween, in which the single crystal



with the insulating |ayer interposed therebetween, in which the single
crystal 4 sem conductor substrate is irradiated with the ions through a
plurality of steps by an ion doping nmethod. Further, when the single
crystal sem conductor substrate is irradiated wth the ions through a
plurality of steps, the single crystal sem conductor substrate may be
cooled after the n-th (nis a natural nunber of 1 or nore) irradiation and
before the 5 (n+l)-th irradiation. Further, the single crystal

sem conductor substrate may be swung while the single crystal

sem conductor substrate is cooled. [0015] In an enbodi nent of the disclosed
i nventi on, sshidaelutonsuisse S dpatiacd with thy pers through & plaeligtaf eeps by arsied, a | ar ge

area can b rocessed at .a tinme.as.c ared to the case qof. .10 _.using

nass- separ g?‘?‘% mteé'ﬁg i@ﬁth{a’i’ PR g‘?isﬁ’ﬁ%r%ft*ﬁ ﬁ%mlcﬁ%@ toﬁﬁlﬁ’at,rﬁféhs lér(ﬁfl/'&ége ef f ect
due to thewifanpeioad icagh B plediscofGleps, hige Snftsiryailaelenduotobeubisaite mai Nt 0

consi deration as, conpare t.o the case where local, ign.irradiationis

or Tor med HS PoRIeHEsS b arf BAABy R of o arayresietiongng 2ol B8 above,
in the gaseg vl RratifdBord. € MRRKE] 1 @in'gleegeamnﬁéonaﬁtﬂm sabdiGte mdyEbd Svundr ge,
profile of an elenment derived fromadded ions js broadened in the 15 single

crystal semhdeHgsmglserystabsanpiggnductorsubsiaisis eepleds) ve the problem in an
enbodi ment pfisf he disclosed invention, broadening of profile of an el enent
in a depth ditection of a single crystal sem conductor substrate is

suppr essed by suppneshiodigent eihe disclgped inventien,sdncg fopasseapatarion gpe

Accordingl y,, iﬁgéiﬁtﬁjﬂqgﬁﬁh,%aégé Em%gk-a{ ﬁeo&oéeéseggha E%E69s coniRRA St Qs Qe t he
single crystal sem conductor substrate 1s favorabl erforned, and a 20
sur f ac#0 of using masshsepasaticnttye igw irfadintion c t@r the giher hanflt avadyerpaeiict die tean be

made planafe hO0AGk ML bIAL sibBEIhEADBYEIEE ¥t RAchiiof Il doiRRE! 1 cati on

general ly In evice cap unctioning by utilizing
sem conductothecdase adterlbst iios jrradintion éd performed pising rosy-sepasitios gypecionduct or
circuits, conductor devices. [0017]

[ addi ¢} oRiiopn; A BB URFF I o Bpe el BT BRSHAL Plosd
: : play device i ncludes a
|'i ght - eni t tibdgate delaigee pRifitt of ari gemehtaieyisédafrodiapédionsdvbroadendthin the
SN L S90S LACLES O T 0 TR ) a1
| i ght - em t thaBelifbREMe digddsed @ ention, blosdeh@f prafile 6f aiEBhetiDa @eptim nance
direction of a single crystal semiconductor substrate is suppressed by suppressing
temperature increase of the substrate. Accordingly, efficient ion irradiation is achieved,
separation of the single crystal semiconductor substrate is favorably performed, and a
20  surface of a single crystal semiconductor layer after separation can be made planar.
[0016]
Note that a semiconductor device in this specification generally indicates a
device capable of functioning by utilizing semiconductor characteristics, and
electro-optic devices, semiconductor circuits, and electronic devices are all
25  semiconductor devices.
[0017]
In addition, in this specification, a display device includes a light-emitting
device and a liquid crystal display device. The light-emitting device includes a
light-emitting element, and the liquid crystal display device includes a liquid crystal
30 eclement. A light-emitting element includes, in its scope, an element whose luminance
is controlled by current or voltage, and specifically includes an inorganic

electroluminescent (EL) element, an organic EL element, and the like.



is controlled by current or voltage, and specifically includes an inorganic
el ectrol um nescent (EL) elenent, an organic EL elenent, and the like. 5

[ 0018] According to an enbodi nent of the disclosed invention, in a method
for manufacturing an SO substrate, even in the case where a

non- mass-separation type ion irradiation nethod is used, a single crystal
sem conduct or substrate can be favorably 5 separated and planarity of a
surface of a single crystal sem conductor |ayer after separation can be

i mproved. [0019] According to an enbodi nent of the disclosed invention, in
a nethod for manufacturing an SO substrate, throughput can be inproved
and pl anar {aoy8pbf a surface 10 of a single crystal sem conductor |ayer

after separation, can.be inproved. BRI SCRI PT] ON..OF .THE W NGS [ 0020]
fles Tan to 1 AGERigg R et ot the TSR a e P Pt PP An Eeanpl 6 of
a 15 net ha@ndfactumm il SEItsubdtag, even SOthe Sadesiliced €norFingSs-sBparation teipesign am
illustrating an exanple of an (op doping a ratus, applicable tq a nethod
for manuf alTadiatiRg meHodds ussdna singleecry 1(%?"“%&‘?%?%3“@5@%, caﬁg’-eltla‘éﬂ%bq%& 2, 3C,
and 3D &r es¢hamedodRl plhdis) blld AGf08 of eX SRRk ecr@dial aefiion@tdrokydreatte act ur i ng
an SO substrate. 20 FIGS. 4A to 4D are diagrans illustrating an exanpl e of

a net hod f &RParaHameAnetUPIoNY - an SO substrate. FIGS. 5A to 5C are di agrans
iIIustratiﬂml exanple of a method for nanufacturing an SO substrate.
FIG 6 is a diagranllllustrating an exanple of a sem conductor device using
an 25 SO substApwingrfocan pmbgdimens afythendipqlesgd tipventiony i aetindl Brof a

sem conductan, GeVke M dbddte, l%%ugﬁb{g%ﬁﬁ 8¢ Gnpréve@and $Rnaft oBBs@iRe di agr ans
| e of a di splay

illustrating an exanp C evice using an SO~ substrate. 30
FI GS. 9% anth 9mleemstal sagicanductar layet afigr saperation eapdapnerostd. a di spl ay devi ce

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]
FIGS. 1A-1 to 1A-3, 1B, 1C, and 1D are diagrams illustrating an example of a
15 method for manufacturing an SOI substrate.
FIG. 2 is a diagram illostrating an example of an ion doping apparatus
applicable to a method for manufacturing an SOI substrate.
FIGS. 3A-1 to 3A-3, 3B-1 and 3B-2, 3C, and 3D are diagrams illustrating an
example of a method for manufacturing an SOI substrate.
20 FIGS. 4A to 4D are diagrams illustrating an example of a method for
manufacturing an SOI substrate.
FIGS. 5A to 5C arc diagrams illustrating an example of a method for
manufacturing an SOI substrate.
FIG. 6 is a diagram illustrating an example of a semiconductor device using an
25  SOI substrate.
FIG. 7 is a diagram illustrating an example of a semiconductor device using an
SOI substrate.
FIGS. 8A and 8B are diagrams illustrating an example of a display device
using an SOI substrate.
30 FIGS. 9A and 9B are diagrams illustrating an example of a display device
using an SOI substrate.

FIGS. 10A to 10C are diagrams illustrating an example of a usage mode in



using an SO substrate. FIGS. 10A to 10C are diagrans illustrating an
exanpl e of a usage node in 6 which an SO substrate is used. FIGS. IlA and
11B are graphs showi ng neasurenent results of hydrogen concentrations in a
single crystal sem conductor substrate in the case where the nunber of
times of ion irradiation is changed. 5 FIG 12 is a diagramillustrating an
exanpl e of an ion doping apparatus applicable to a nethod for

manuf acturi ng an SO substrate. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[0021] 10 Hereinafter, enbodinents and an exanple of the present invention
will be described with reference to the drawi ngs. However, the present

i nventi on which eSOCabstradisasdd. i n many different nodes, and it is easily

under st ood by t il in the ~art that the node and tail can be
Varously changddos Ttba® dulicire s sho PR iRl Toille < dhargeT  ne
present i ny@béit@tions ihek@ERceystdl BeEnipsrRiant subtvagnin thdcdss where theiudiber et ed 15

as being :\jibtrﬂted to.the follqQw ng description of the enbodi nents and
exanpl e. ttanesof ion irradtationyis ¢hapeety awi ngs for expl ai ni ng the enbodi ments and

exanpl es the samgGper tid QNGagrath PREHaAE an"@MmPR bhen S&MRopiHp GppaREs ar e
denoted by the sanme reference nunerals, and the description thereof wll
be made ontBpligAhieto amethes)for manufactusivg iPRBRL SUDS t hi s embodi nent, an exanpl e
of a nmethod for manufacturing an SO substrate will be described with
reference to draw ngsE&[;_OOZB First, a si n%l e crystal sem conductor
substrate 100 is prepREd4liEa PESCRIFNON OF %W@‘HF]IONS the single crystal
sem conducl:?gﬁl substrate 100, a single crystal sem conductor substrate
formed using Jn el enent belonging to G oup 14, such as a single crystal

si | i cohd subst r atHereizafier, nplbedionrepst @ld gecxanpleinf shebpeseat @mventtonawdl hgl e

crrotel  Sh R T T BB U AR Tl BB 13
phosphi de, captiedt dig il inkigy dififrehemudeadandlib® easily understood by those skilled in the
art that the mode and detai! can be variously changed without departing from the spirit
and scope of the present invention. Therefore, the present invention is not interpreted
15  as being limited to the following description of the embodiments and example. Note
that, in all the drawings for explaining the embodiments and example, the same portions
or portions having the same functions are denoted by the same reference numerals, and
the description thereof will be made only once.
[0022]
20  (Embodiment 1)
In this embodiment, an example of a method for manufacturing an SOI
substrate will be described with reference to drawings.
[0023]
First, a single crystal semiconductor substrate 100 is prepared (see FIG. 1A-1).
25 [0024]

As the single crystal semiconductor substrate 100, a single crystal
semiconductor substrate formed using an element belonging to Group 14, such as a
single crystal silicon substrate, a single crystal germanium substrate, or a single crystal
silicon germanium substrate, can be used. Alternatively, a compound semiconductor

30  substrate formed of gallium arsenide, indium phosphide, or the like may be used. The
size of a commercial silicon substrate is typically 5 inches (125 mm) in diameter, 6

inches (150 mm) in diameter, 8 inches (200 mm) in diameter, 12 inches (300 mm) in



size of a commercial silicon substrate is typically 5 inches (125 mm) in
dianeter, 6 1inches (150 mm in dianeter, 8 inches (200 nm in dianeter, 12
inches (300 mm in 7 dianeter, and 16 inches (400 nm in dianmeter, and a
typi cal shape thereof is a circular shape. Note that the shape of the
single crystal sem conductor substrate 100 is not |imted to a circular
shape, and a single crystal sem conductor substrate processed into a
rectangul ar shape or the like can also be used. 5 [0025] Next, an
insulating layer 102 is fornmed on a surface of the single crystal

sem conductor substrate 100 (see FIG 1A-2). [0026] As the insulating |ayer
102, a si ndlageteayred 16 inchesoft0@mei)|in diametsxi ad aftypienl shepsithdrendiis 2 digeugxyni tri de
fllm aS|I| n fi i itrd ' t l'i ke, or
a stacked? %ﬂgerﬁ t'ltz Iﬂ#%qt eérhél Ogg% Jtl)ﬁeg(fétjrs&ggﬂ.af %ehg(éeoélgﬁ(}t%n%ufbgtga!r@ 100 So'}r;b(r:t\nsd by a
t hermal  oXinited toccinelahsepe, andC¥Eingle tchot] smimmdu@ersiub@ratwatrmebedmrtoahe li ke.

[0027] In th S ecificati siicon _oxynitride contains nore oxygen than
ni t rogen, 5@% ?‘ gwég(gg Q/\ﬂ%or% ‘gsuremants are conducted using

Rut herf@rd[(}maskscatterl ng spectrorretry (RBS) and hydrogen forward
scattering (HFS) silicon ox rabI ont ai ns oxygen mtrogen,
silicon, and hydiggeid H’Fqﬁtﬂ)’f%g’ﬁ L&I bgngJ @Fﬁggur?aF ﬁ?%’ﬁf ?’Bg\é elo, 0.5 to
15 at. % 25e,ﬁleor{ﬂ5ctaltsu%trawﬂ)o((ge§m@ 1W02nt % respectively. Further, silicon

nitride oxide contains nore nitrogen than oxygen, and in the case where 20
measur emenl®28k e conducted using RBS and HFS, silicon nitride oxide

preferably contgss u@ﬁm&eg”na%@um Q08Dle- g/éﬂmﬁarbfa%nﬁowﬁa@ﬁﬁﬂ adilicon
concentrations ran rom to 30 at 20 to 55 at % 25 to 35 at %

and 10100 gwyndridesfi %ﬂeé piicen witride fikpt @ Sthﬁ@zt nitgids et dgBsootheniker ggan,

oxygen, Si Lt'aﬁ%ﬂala;@f“i‘ihﬂ%ﬁér@&e&nf@é bisad “i‘hé@etf'ﬂﬁ‘ls r@RARSEBhMEBy ARRMEr Where
the total atons contained in the silicon oxynitride or the

silicon ZEXIdiittqnll'@@hQ!ixil G¥ D methed; prspitering wothodtor dge [{ko028] Next, the single
crystal ductor substrate 100 is irradiated with ions havi ng kinetic
ener gy to or an enbrittled region 104 having a damaged crystal structure
at a predet er nmi fedhideptdifidation, hdicon gl eitrgley®ntins seere capghncthar nwgst.r at e 100
(see 15 and in the case where measurements are conducted using Rutherford backscattering
spectrometry (RBS) and hydrogen forward scattering (HFS), silicon oxynitride
preferably contains oxygen, nitrogen, silicon, and hydrogen at concentrations ranging
from 50 to 70 at.%, 0.5 to 15 at.%, 25 to 35 at.%, and 0.1 to 10 at.%, respectively.
Further, silicon nitride oxide contains more nitrogen than oxygen, and in the case where
20 measurements are conducted using RBS and HFS, silicon nitride oxide preferably
contains oxygen, nitrogen, silicon, and hydrogen at concentrations ranging from 5 to 30
at.%, 20 to 55 at.%, 25 to 35 at.%, and 10 to 30 at.%, respectively. Note that
percentages of nitrogen, oxygen, silicon, and hydrogen fall within the ranges given
above, where the total number of atoms contained in the silicon oxynitride or the silicon
25  nitride oxide is defined as 100 at.%.
[0028]

Next, the single crystal semiconductor substrate 100 is irradiated with ions
having kinetic energy to form an embrittled region 104 having a damaged crystal
structure at a predetermined depth in the single crystal semiconductor substrate 100 (see

30 FIG. 1A-3). As illustrated in FIG. 1A-3, by irradiation of the single crystal
semiconductor substrate 100 with accelerated ions 103 through the insulating layer 102,

an element derived from the ions 103 is added to a region at a predetermined depth from



30 FIG IA-3). As illustrated in FIG |A-3, by irradiation of the single
crystal sem conductor substrate 100 with accel erated ions 103 through the
insulating layer 102, an elenent derived fromthe ions 103 is added to a
region at a predeterm ned depth from 8 the surface of the single crystal
sem conductor substrate 100, whereby the enbrittled region 104 can be
formed. [0029] In this enbodinent, the enbrittled region 104 is forned
using a 5 non-nass-separation type ion irradiation method (an ion doping
met hod) by which an object is irradiated with ions which are generated
froma source gas and are not subjected to mass separation. Therefore, the
ions 103 ate sbhai ofttle amgkarystalsem@onducioc egstragad 00, swhsretiyt bel etmbrigleder at e

pl asma, and al l gi ndI? Pf ions included in this plasma are extracted from
the pl asnmaf9P 18 caths 8Hn%i? an electric field and are then accel erated. 10
[ 0030] The[goen) dopi ng nmethod can be performed using an ion doping

apparatus. An ion doping apparatus is, on- mass- separati Qn type apparat us
for irradiating %n b %‘E‘P"dnﬂﬁﬂt’cﬁﬁ‘? sergpr daeirh io‘ﬁhgnﬁ%ffnea/i t“ﬁ'ggl ? ki nds of

i ons WhSChn&[—&a&es@ﬁz[r@t'ic%q{g@wmﬁ|iﬁ=§<ﬂ§eion€tﬁ&h&ﬁéah%h @dpid; REMESSy WABhand are not
subjected to mass separation. 15 [0031] For exanple, in this enbodinent, an
i on dopi ngokipgais dfradiated Wit loas &hi¢hn ane| ggnerated fEom (7 sQpEREd 22 YBRYF Nehe i on
dopi NG apPEfALHR ol St LeBhiGitbn. N ThifSord hOGAHIAR &Q dHRINRIOW GHodl0afor 20
generating 1ons and a treatnent chanber 220 for performng ion irradiation
on an obj eptocess Eay isieatited it gericetr plowmas end ol kinde pligasingludedaiathis plwmp at i ng

charmber 20 g‘rgfeg{ra r}%nﬂhle %glémF bfﬁ’llg.%(}ti(ﬂlrb ll%f\eEtli'lg qligld?agé afehendRAGL: Ji.n g plasna,
0 por t 0

a gas introduction introducing a process gas, and an
extraci®on[®3ekl erati on nmechani sm 208 for extracting ions fromthe

generated pl as an ccel eration of ' . e g] ectrode
204 for gener am]hge lp‘f g‘g’?{% mg[ﬂ%(li ?aélrrl% rﬁewéﬁ%égﬁjrl %‘&ea,%si?at[ g%ﬁ%?@?r\%ﬁ cglﬁpl i ng

hi gh- f r equincdopthigspharatgs isgp edrembssadmration typeeappeiams damirfadiatmgeah objént
extraction aflcel eration chani S ﬁq(8 A ncfl.udesh. n_ext ractt(ii%n f"l ectrode
208a, an ag/gg; df g{s‘)%a i a chamber with all kinds ol ions Which aré” gencrated by plasma

excitation of a process gas and are not subjected to mass separation.
15 [0031]
For example, in this embodiment, an ion doping apparatus illustrated in FIG. 2
can be used.
[0032]
The ion doping apparatus illustrated in FIG. 2 includes an ion source 200 for
20  generating ions and a treatment chamber 220 for performing ion irradiation on an object.
Further, the ion source 200 includes a plasma generating chamber 202 for generating
plasma, an electrode 204 for generating plasma, a gas introduction port 206 for
introducing a process gas, and an extraction acceleration mechanism 208 for extracting
ions from the generated plasma and acceleration of the ions.
25 [0033]

As the electrode 204 for generating plasma, a filament electrode, a capacitive
coupling high-frequency discharging electrode, or the like can be used. The extraction
acceleration mechanism 208 includes an exiraction elecirode 208a, an accelerating
electrode 208b, a suppression electrode 208c, a ground electrode 208d, a power supply

30  for supplying power to these electrodes, and the like. These electrodes that are
included in the extraction acceleration mechanism are provided with a plurality of

openings or slits, through which ions that are generated from the ion source 200 are



el ectrode 208b, a suppression el ectrode 208c, a ground el ectrode 208d, a
power supply 30 for supplying power to these el ectrodes, and the |iKke.
These el ectrodes that are included in the extraction accel eration

mechani smare provided with a plurality of openings or slits, through
which ions that are generated fromthe ion source 200 are 9 accel erat ed.

[ 0034] The treatnment chanber 220 includes a substrate supporting base 222
for holding a substrate and a cooling unit 224 for cooling the substrate.
In addition, the 5 treatnment chanmber 220 is provided with a gas exhaust
port 226. [0035] Hereinafter, an ion irradiation nethod in the case of
usi ng the afprfasddus in FIG 2 is specifically described. In the foll ow ng
description 5 e case where the single crystal sem conductor substrate 100
is irradiat a ith hydrogen ions is described. 10 [0036] First, a process
gas i s introducerthel Rédmédiechahmb&NER 0 aRRIded iangibethadkeportig, baad22t foe process

gas is excited by applying a high-fr enc bet wee e. el ectrode
204 and tthéWB@d@Pﬁﬁﬁ’@ﬂét?F@H%”Q@ggﬂgﬁﬁﬁggﬁ&mpﬁﬂ§ﬁge1sﬂﬁﬁﬂﬁ?at 8. For
exampl e5 i BeathBf ch@fber WS LQrevidd WidASAs At @ag 206 suppl i ed as the process
gas, ion SE@CIES (H+, H2+, "15 H3+) which are generated fromthe hydrogen

gas are gel¥pak ed. Subsequently by applying voltage to the el ectrodes

whi ch are provi Ci%ielhéhe& ha I%Waaﬁﬁarplﬂetﬁ&pﬁlt% At Qf‘\mdg&ﬁ@@gpmms%om ions are
extracted fromthe E asma and accel erated, and the single crystal
a

sem conduc?ds seuifelnudescribal. piwhedflowingt drscriptips t the caseswlyse thd figelbase 222
i rradi %ﬁ/gtgll gntlé%n&&?or s%ﬁate%@fsqggdlétg@wgmcl] bdeh§6hsi€HsQihed04 s formed.

20 [ 0037] I'ons are accel erated extraction el ectrode 208a
to whi ¢t EXBﬁhctlon voltage is applied and the accelerating el ectrode 208b

Lo, uhi ch accel enatd Aol LR4SSBRP Lo oFfa BURPLEShMS bBE pade, 205¢

cat ches and gat I ons reas e ion
flow. 25 [ﬂﬁ&ﬁe];ceEﬂngtshelexcuem byrupplymlgbnhighlcﬁrequenmj]pmctrrbeanﬁeatth&)ciewttddh the ions

éga Iez p-el-Lé(?ﬁg?rﬁigtp% e%t%egg?srg? gctrodg Eé{fa, wlheregy pﬁs(?nrllg {Jscéel%rateﬁl bsfgorr %;[caemp Q,Omi S
the case where a hydrogen (Hz) gas is supplied as the process gas, ion species (H', Hy',

15 Hi") which are generated from the hydrogen gas are generated. Subsequently, by
applying voltage to the electrodes which are provided in the extraction acceleration
mechanism 208, ions are extracted from the plasma and accelerated, and the single
crystal semiconductor substrate 100 provided on the substrate supporting base 222 is
irradiated with the ions, whereby the embrittled region 104 is formed.

20 [0037]

In FIG. 2, ions are accelerated by the extraction electrode 208a to which
extraction voltage is applied and the accelerating electrode 208b to which acceleration
voltage is applied. The suppression electrode 208c catches and gathers scattering ions
to increase directivity of the ion flow.

25 [0038]

Further, in this embodiment, when irradiation with the ions 103 is performed,
the single crystal semiconductor substrate 100 is cooled. The single crystal
semiconductor substrate 100 can be cooled by using the cooling unit 224 which is
provided for the substrate supporting base 222.

30 [0039]

As the cooling unit 224, a structure in which the temperature increase of the

single crystal semiconductor substrate 100 in performing irradiation with the ions 103

10



sem conductor substrate 100 can be cool ed by using the cooling unit 224
which is provided for the substrate supporting base 222. 30 [0039] As the
cooling unit 224, a structure in which the tenperature increase of the
single crystal sem conductor substrate 100 in performng irradiation with
the ions 103 10 can be suppressed may be enpl oyed, and for exanple, a
structure in which cold water is nade to flowin the substrate supporting
base 222 can be enployed. Alternatively, a structure in which a Peltier

el enment or the like is used may be enployed. [0040] 5 As the substrate
supporting base 222, an electrostatic chuck can be used. The electrostatic
chuck i s acdmEzisappredsed maybs ahiplayed) elddat axaapleayeruciuse iprdnidhdettl waterds sur f ace

of the substrate supporting base,.valta i s .applied, be en.the substrate
support i ngmﬂé%@ %HP §'3§Pl?'?§gt8 SEPRPSY Fba§ee%ﬁc‘6ar‘?ah3c¥woy§ﬂbs‘%‘ﬁ%f‘%',w ndl the
si ngl e cryghature pGENSIPEli@lenfihS il iSised kay boehpleystibst rat e supporting

base by force generated between the 10 substrate supporting base and the
single cryglo I"seni conduct or substrate. The electrostatic chuck is formed

using as mat eri al Ay kubgirdte QlppbHRE BRde 200NMUEChrditine, chadiean e uBédOViTHEd Wi t h
hi gh cooling capability. Further, in order to cool and unifornly heat the

si ngl e cr yelegrosatigrhushk iprcneshanismp gt whicha diefectrig layer bepowidedengsudacsioft i s

formed on g.subd@e Supddting$sE N olthR i§ bflHHe8 betied Ble saRaEQNPMRIRY babbStrat e
sticks, of the electrostatic chuck, so 15 that a gas flow path is forned.

[0041] Whe#nd prsimgleaciveial winipondheior gibstratg3ands thsesingle wegtal spraicendyglos cryst al
sem conduc at e 410 \pﬁ-{{ség S9! t Lconduct or
substrate %@Bmggﬁﬁ lges Eovmtjh]r?g b?/@%es itgﬁ‘ép%a vmb?‘%i g t‘ﬁ?tg%%%é%g\ht%%%éﬁrs% %r ovi ded
for thed 20substost rsapeoreug oset iand) thasingh rysta esemic@nduclyr, substrateli atfhon with

the ions | &r%rs%ﬁé oRd i LLE 18S S1adks [%/%%th?%h t?lgma‘f 9&%&1&5&@, é‘ﬁdt}gt rate 100
i's swung, er eby Frradi atron T unevenness e To the openings or the slits
provi ded i provided @ith hizhtcbaingaapabiléy.at Fuother, mewrliarno sonl 208uifonmlyehesthpr essed.

Further, by | I t i f.t i_nal t al i duct
e 258 ot SRS AR PRl L1 R AR S on et
ions in thghishigd dnglé ¥Hisal saritdroaotaibstiats ks, ot the 2ROrdssatis whpekessed,

di stributi %n ung%enn ss .of éhe elenent in a horizontal direction can be
suppr e5Sedhathgps oy aaths frymed.

[0041]

When _ irradiation with the ions 103 is performed, the single crystal
semiconductor substrate 100 may be swung. The single crystal semiconductor
substrate 100 can be swung by using a swinging unit 228 which is provided for the

20  substrate supporting base 222 (see FIG. 12). Irradiation with the ions is performed
while the single crystal semiconductor substrate 100 is swung, whereby irradiation
unevenness due to the openings or the slits provided in the extraction acceleration
mechanism 208 can be suppressed.  Further, by local temperature increase of the single
crystal semiconductor substrate 100, thermal diffusion of the element derived from the

25  added ions in the single crystal semiconductor substrate 100 is suppressed, distribution
unevenness of the element in a horizontal direction can be suppressed, and broadening
of the distribution in a depth direction can be reduced.

[0042]

As the swinging unit 228, a structure in which the single crystal semiconductor

30 substrate 100 can be moved in performing irradiation with the ions 103 may be
employed. For example, a structure in which the single crystal semiconductor

substrate 100 is moved in one axis direction or a structure in which the single crystal

11



of the distribution in a depth direction can be reduced. [0042] As the
sSWinging unit 228, a structure in which the single crystal sem conductor

30 substrate 100 can be noved in performng irradiation with the ions 103
may be enployed. For exanple, a structure in which the single crystal

sem conductor substrate 100 is noved in one axis direction or a structure
in which the single crystal 11 sem conductor substrate 100 is noved in two
axis directions nmay be enployed. It is needless to say that a unit capable
of noving the substrate in a nore conplicated mnmanner (such as rotation of
the substrate) can be used. [0043] 5 In a structure illustrated in FIG

12, the casnivdndn@orsubgratez b0l @lmaved imgvo axicisniiom RA8ke anglogedy efttis cal

novi ng nechanj sm 228b,are provi ded and the, si e .crystal senmi conductor
Subst Lat o TORIRlS B8 AT PRt PLav RGeS SR PRt OREed | o
descri bed. mhiner Gutte@dbrticn sfAhsaysttdidican bouske structure in FIG 12, one of

the horizontal noving nechani sm 228a and the vertical noving nechani sm
228b may b@%ﬂovi ded. 10 [0044] Further, in the case where a plurality of

openi ngs are regyl Akkottdé QNisHBRd 117 RIGE 12,81 CiakO Shere! RenosizstBdIemEviHSt al
sem conductor substrate 100 is preferably swng in a  direction that is

slightly degshapisa 328 and agdicrticak PEying mepkdnipmy 2288 3rg RFavifed ghd diresipgleni ngs.

For exanpl gyshicht@n&Rif sWEHR 100 2P BEHoNISInakRichiEMd! RFikohiA didafsls al ong an
a axis and a 15 b axis, the single crystal sem conductor substrate 100 is

swung i n aisdiescaided. ot isnereiless penay that. dteiseraiurg iRl { heng ofthe Sodzeatal he b
axis. Accopdi: i oAt | : rnq.(g,lﬂ tern of
openi ngs C%ﬂb@ghﬁég@%@?ﬁ?%&iﬁf vﬂﬁ%{%%ﬁg’ ,H‘E%éﬁanté d?ztsibon tgﬁ%‘g@égése wher e
t he si @l e[0044)st al sem conductor 20 substrate 100 is swung, a potenti al

di fference may ener d. iR I f [ l.|.e . 1S crystal
sem conduct or s%g 3 etﬁléigade gge%sadrillggﬁ%r?? rgg‘%%ﬁ é% er% '%llgrl nﬁl}é?ld?&r p%h?ati on
wi th the i dasgroile3thed sirtglenhiystal sénicaidagbe sarstratt al00sis npreforatilyc swngsinbst rat e 100

e TR s
si ngl e cr yBérakampis] ia aectiass Whers theSipesihgs atOfeguldfy hlE6 hlong an ¢ axis and a
15 b axis, the single crystal semiconductor substrate 100 is swung in a direction other than
directions along the « axis and the b axis. Accordingly, irradiation unevenness due to a
regular pattern of openings can be reduced.
[0045]
Note that, in addition to the case where the single crystal semiconductor
20  substrate 100 is swung, a potential difference may be generated in a direction parallel to
the single crystal semiconductor substrate 100 so as to control a direction of irradiation
with the ions 103 with which the single crystal semiconductor substrate 100 is irradiated.
It is needless to say that the controlling of the direction of the irradiation with the ions
103 may be combined with swing of the single crystal semiconductor substrate 100,
25  [0046]

Further, when irradiation with the ions 103 is performed, the single crystal
semiconductor substrate 100 may be cooled while the single crystal semiconductor
substrate 100 is swung. The single crystal semiconductor substrate 100 can be cooled
by using the cooling unit 224 which is provided for the substrate supporting base 222.

30 [0047]
In such a manner, irradiation with the ions 103 is performed while the single

crystal semiconductor substrate 100 is cooled; thus, the temperature increase of the

12



Further, when irradiation with the ions 103 is perforned, the single
crystal sem conductor substrate 100 nay be cooled while the single crystal
sem conductor substrate 100 is swung. The single crystal sem conductor
substrate 100 can be cooled by using the cooling unit 224 which is

provi ded for the substrate supporting base 222. 30 [0047] In such a
manner, irradiation wwth the ions 103 is perfornmed while the single

crystal sem conductor substrate 100 is cool ed; thus, the tenperature
increase of the 12 single crystal sem conductor substrate 100 can be
suppressed even in the case where a large area of the single crystal

sem conductingle sttt seatiend@@or ssbitratealli0atie e wapnestddecveio nsthatcascavierae. As a

result, th rmal  diffusion of .t S, use for . irradjatjio an be

Cuppr ebs el gt A5isaaten s g oniceRPrtaorei of Rl AR gepcn
direction geimebeAs #ebyele thenhalFdiffisherof theribaisad fdbﬁlracﬁldtlbnbiirebei oppredOB i s

per f or med ile the si.ngle crystal e 'condu t or strat 100 i s swung,
s oby ¢ nihd whatenie of Aprhafi o B aadaliofs Rt Stk ATan b SOREATE or
substrag e E@thetafrdaritisn PRIteSBedicand103r i dpenfolaet uﬁlﬂhéeﬂfbe%&g(w%rystap t he
openi ngs or the slits which are provided in the extraction acceleration

mechani sm SqEHPIERIE Bt HIY 15 sryung Gvhgteby the; operayle Berspeed Bhotings t he
t enper at ur gtﬁlcsreﬁ?e%ﬁd&{ortsb&nﬁten@beea& bY SphesscOiit GRRFMIh Qe st gt € 100,

rel ease of rogen which is added in the single crystal sem conductor
substrate tpage wﬁmg%orrtb@ld&whwh@@dﬁam@# iy the gxfractiogaceelqrgfipnangchanis t h  t he
ions 103 c g%(pned and t hroughput can be inproved. 15 [0049] The

t hi ckness o a s ngle crystal sem conductor |ayer separated fromthe single

cryst al0 se0é&induct or substrate 100 is determined in accordance with a

depth at which i Qps e [ o} pt h at
whi ch the enbri tFtuPﬁeé’ rgggsluéﬁréss%ﬁofgl%f %Fm rPegm%rg lg E[l}gt%d{ﬁggstl i t QFYS%?
t hi ckness mmd:dndscte;i substtetect@ﬂs raldass efhghogton othoch isa&yléerd p0he¢ singleegtsed t han or

o equal 1 STt Re T S GHeBert REsDE R R e ch the
enbri ttl edthe g d03 de(ﬂébelsﬁorfeﬂedmdlthmyg}tmtaﬂjbasmmdvhy k| net| c energy, mass,

inciden% aﬂglg of the ions 103, or the like. Note that the kinetic energy
can be'adj #dd by acceleration voltage, dose, or the like.

The thickness of a single crystal semiconductor layer separated from the single
crystal semiconductor substrate 100 is determined in accordance with a depth at which
the ions 103 are added. In this embodiment, the depth at which the embrittled region
104 is formed is adjusted so that the thickness of this single crystal semiconductor layer

20  is greater than or equal to 10 nm and less than or equal to 500 nm, preferably greater
than or equal to 50 nm and less than or equal to 200 nm. The depth at which the
embrittled region 104 is formed may be adjusted by kinetic energy, mass, incident angle
of the ions 103, or the like. Note that the kinetic energy can be adjusted by
acceleration voltage, dose, or the like.

25  [0050]

Further, in this embodiment, in the above-described ion irradiation method, the
proportion of Hs" ions with respect to the total number of ion species (H', Hy", H3")
generated from the hydrogen gas is 50 % or higher, preferably, 70 % or higher. This is
because ions can be added in a concentrated manner to the same depth in the single

30  crystal semiconductor substrate 100 by irradiation with ions having the same mass.
[0051]

In order to form the embrittled region 104 in a shallow region, generally, the
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25 [0050] Further, in this enbodinent, in the above-described ion
irradiation nmethod, the proportion of H3" ions with respect to the total
nunber of ion species (H+, Hz+, H3) generated fromthe hydrogen gas is 50
% or higher, preferably, 70 % or higher. This is because ions can be added
in a concentrated manner to the sane depth in the single 30 crystal

sem conduct or substrate 100 by irradiation with ions having the sane nass.
[0051] In order to formthe enbrittled region 104 in a shall ow region,
generally, the 13 acceleration voltage of the ions 103 needs to be |ow
however, in the case where H3+ ions are used, hydrogen atons are added in
a shall OV\BEICCBBQ]UOI]I val:mge@mdwrlenls 163 tdeds walselownhewevettin ltltcr@sawéer@s}éd even if

t he acceleration v e are th th cases. robably
because. Ha ot atasi V@ ein) € of8 M dpiT R an FRRR ot L SR e s gl e
5 crystal sasicdohibusuer ussdiesdr Attke d@Bleration V&B&@ are thel fametiheboki tesed. ¢ ener gy
of each el epent is ab one-t a as t hat_ of + i,0ons. That
is, by i nc?g‘gé? E’f@'gatlf’??'ebeﬁ?‘ﬁf)gﬁ P8y ‘tl—iggﬁf 8‘?{'§&H%ﬁ"tte%8]eﬂ'isz§§ﬁﬁl,t h/8%'8gen at ons
can be eff (gh@Ndelhicondeled sibstrateS08) dnd\s begubthe RinetihénefdyndleaciCelyitidnl

sem conduct or. substrate 100. On the @&Lher hﬁh”t‘j he nmass of an H3+ ion is
three ti me8Hkis aboyf gre-third phlaree g thaho I5; By IArSRYREt8e BYOPSEAP ng

hydrogen 1g¢ ﬁ&*qeﬁs ihGhd HlEsn2 ARIr6RAfbmd &g b@féﬁféh&ﬂ?hﬂdlﬂ ¥ @lshaARe l@%loﬁ he H3+
ion should be three tines as high as that of the H+ ion. Therefore, when

the accel eﬂﬁthﬁéhlgiﬁdlfﬁﬁﬂjéefémmdé‘ﬁ@f sghntrage 109 ncf?‘éﬁ'@é@e"thh@ Recmassaf 4 of an
Lon 1rradl oiigp e O&%@&%%@Qﬂﬁl&msﬂmﬁﬁe edse oREStifOnYdAGcRY dr ogen

atons to t same , ctivity and roughput can "be ~ i nproved.
15 [00%2] hﬂamtsluetheaaﬁe ﬂdpﬂf metabmldng/cdmo;g&agegﬁsheu& umesﬁowlé battps:ednwsasgas t he

roportion of + ions |n the plasma is jncrease a a l.arge area of the
gl ngl e crygtghlasél&hoégﬁdﬂtf%r TE%B@’{‘?’ Athen ilﬁ?oa‘icgle‘iafl?‘ha E‘ﬁ‘é(ﬁ’fd\?r@ﬁa{l B& i ons 103

at a time, Matabihet HERUSNPYE aff 36h ReadidtiBRRYEAn YeNshadélieliiipfhe the ofi NYl e
crystal sem conductor substrate 100 is irradiated 20 with the ions 103

whi | e the edding e byjrogen atamnioche gares deptly @38d progeetivitg@ngd grepghperan biher eby

the tenpergfure.ncrease of the single crystal sem conductor substrate 100
can be supleessed and a width of a region where the enbrittled region 104
is foried [U953] depth direction can be reduced.

In the case where the hydrogen gas is used as a process gas, the proportion of
H;" ions in the plasma is increased and a large area of the single crystal semiconductor
substrate 100 is irradiated with the ions 103 at a time, whereby throughput can be
improved. In addition, the single crystal semiconductor substrate 100 is irradiated

20 with the ions 103 while the single crystal semiconductor substrate 100 is cooled,
whereby the temperature increase of the single crystal semiconductor substrate 100 can
be suppressed and a width of a region where the embrittled region 104 is formed in a
depth direction can be reduced.

[0053]

25 Further, in the above description, although the case where the hydrogen gas is
used as a process gas is described, the process gas that can be applied to this
embodiment is not limited thereto. For example, a helium (He) gas can be used as the
process gas. Since most of the ion species produced by exciting helium are He", the
single crystal semiconductor substrate 100 can be irradiated with He' as main ions even

30  in an ion doping method in which mass separation is not performed. In this case, ina

depth direction of the single crystal semiconductor substrate 100, the width of the
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[0053] 25 Further, in the above description, although the case where the
hydrogen gas is wused as a process gas is described, the process gas that
can be applied to this enbodinent is not limted thereto. For exanple, a
hel ium (He) gas can be used as the process gas. Since nost of the ion
speci es produced by exciting heliumare He+, the single crystal

sem conductor substrate 100 can be irradiated wth He+ as main ions even 30
in an ion doping nmethod in which nmass separation is not perforned. In this
case, in a depth direction of the single crystal sem conductor substrate
100, the width of the 14 region where the enbrittled region 104 is forned
can be r edwgﬁﬁh whekre ihs embeulk® egiond 08 dyforrhéibdan 48 reduosls  dinidl nédelless sy nay  be

used in co lon .arradla ion..lnt lS ca rfac hness of a
surface of ! h s@ ﬁcPB?“P% & f1sedoih 5B EﬁBﬂ}@%é@ﬂf#APho i i %tF easi ng

t he nunber s@facs tr@;gﬁnes5 of @Qbddce NIl §dﬂﬂtﬁ0ndﬂd’lort lays cairibedippraked antlidiut ucture of
the i on doping .ap arat sis not limted to the structure illustrated in
FIG 2 as I6Hg®'as &Fﬁﬁ?@?%rystal sem conductor substrate 100 can be
cool ed §n pﬁﬁ&prnlng irradiation with ions, and a structure as needed can
be enployed 10Jggoﬁa£ Furt her, al t hough the case where the singl e crystal
seni conduct or ¢ thet.dn tijo empadimenta aistiucsure gl il 1R SlopinE @PRANBH 1%¥ns 103

through thg i Bt Ismtdr@yfﬁ{stréfaﬁml I%Gdﬁﬁﬁdn %sithelsnlgm@stamb@@bmh t he
insul ating layer 102 may be formed after the S|ngle crystal sem conduct or

substrat e $Wetritg 100 caibatceelodiin peripraning frsadiatign with jopp58H Sybsdgaant |y, a

base subst €4 ared (see FIG 1B), and the single crysta
seniconduc &% &ﬁsFFaPR&%go and the base substrate 120 are bonded to each

ot her. IO[OGEﬂy]As the base substrate 120, for exanple, a substrate forned
I fic . . |
using an insu atI%rthe gﬁgrh tli)lg ﬁ%% Q\ﬁiere the ﬁR@g Eg%&hlds&g]fc:—@ﬁﬁcg%)éﬂ%grgg 188°S

substrates that are use ctron
alun1n05|Ihaﬁmﬁmgda&hﬂsuhsﬂmamémmmabﬁﬂnmqbdh@kﬁhhﬁmgby@ﬂazéséﬂhﬂmdates,

a0, Dar ) YT OSSR, B RTHRILE A el A R RN £ e
substrate aamconﬂuabmbgraw MWotigirradiated with the ions 103.
15 [0056]
Subsequently, a base substrate 120 is prepared (see FIG. 1B), and the single
crystal semiconductor substrate 100 and the base substrate 120 are bonded to each other.
[0057]
As the base substrate 120, for example, a substrate formed using an insulator
20 can be used. In specific, a variety of glass substrates that are used in the electronics
industry, such as aluminosilicate glass substrates, aluminoborosilicate glass substrates,
and barium borosilicate glass substrates; quartz substrates; ceramic substrates; and
sapphire substrates can be used. In addition, as the base substrate 120, a single crystal
semiconductor substrate (for cxample, a single crystal silicon substrate) or a
25 polycrystalline semiconductor substrate (for example, a polycrystalline silicon
substrate) may be used.
[0058]
In this embodiment, a glass substrate is preferably used as the base substrate
120. When a glass substrate that can have a large area and is inexpensive is used as
30 the base substrate 120, cost reduction can be achieved. In particular, when a mother

glass substrate having a large area, such as a so-called sixth generation (1500 mm x
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sem conductor substrate (for exanple, a single crystal silicon substrate)
or a 25 polycrystalline sem conductor substrate (for exanple, a
polycrystalline silicon substrate) may be used. [0058] In this enbodi nent,
a glass substrate is preferably used as the base substrate 120. \Wen a

gl ass substrate that can have a |large area and is inexpensive is used as
30 the base substrate 120, cost reduction can be achieved. In particular,
when a not her gl ass substrate having a | arge area, such as a so-called

si xth generation (1500 mmx 15 1850 mm), a so-called seventh generation
(1870 mm x 2200 nm), or a so-called eighth generation (2200 nmm x 2400 nm

is used, fqBsEMANY Rrcalsd dchent) gGRraSiLM Elts7a RN 12000 Mm)Pdry @ldallyd €ifhtsi ngl e
crystal sem conductor substrates are bonded to the npther substrate to
manuf act ur eengrAtiom(220yam s 2400 mm)ds ugedefoseramplpstsithe Base sHOSHRRl 29 far ge

area. 5 [Ogﬁl?g]nty'f%éin%% E&B%fn%gg&nﬁﬁéf&tsﬁbstﬁ%@a@%ﬁ@& & the HR%}][& SiRerAP0 and the

base substrate to each other wth the insulating | ayer 102

i nt er posed t merdizareee Ol sibsrad. GThug, e SQHspestratetsen Bivggllergeayst al
seniconguchﬁﬁgfubstrate 100 and the base substrate 120 are disposed to
face each , and a surface of the insulating |ayer 102 and a surface of
10 the base subsNexatthe §igdle enystabromiboddiiceor sateskratetl i@ and he &8 ]subddemte, 126 he si ngl e

crystal sem con tor . sybstrate .100 . s, S a I t ittled
regi on 104%5 OﬂggﬁoF%@ #ﬁéﬁpﬁhﬁﬂgwgl9ggw§$@%V%ggPygta d?ﬁﬁ?%@%%ﬁ%‘or | ayer
124 is provCyledHeas ake $ihgle basral saticindadte shBQrawd 100 dridahé besulsatistrag 128yer 102

i nt d 15 th t FIG, | 0061] \When 1he heat treatment
< por T o i SRR B HCh AN LB B YD (AP BAGVIAS i oh ar o

formedpn tedasydbitiatd 100 afet@in@ell t3 Qdchlyherenper ature i ncrease, and internal
pressure of the mcrovoids is increased. By increasing the pressure, the 20
nmi crovoi ds[9%§% he enbrittled region 104 are changed in volune and a crack

is generated i nnddpethetitole tlvasl $eaiéRBuctO4subdibids 106 Ne sephrttdealGigy e al

sem conductor substrate 100 is separated alqnq the enbrittled regi on 104.
Because t hempiiled sgiangl 04y dieatipatment.oubrdely 2 fingle R SBhEHICMHLPPET 120, the

single crygiaks SEHIEP B Ghdbask BYkiratt2rboWHIE bhel RsiiARB1&FPd02 interposed
15  therebetween (see FIG. 1D).
10061]

When the heat treatment is performed, the element added is separated out into
microvoids which are formed in the embrittled region 104 by temperature increase, and
internal pressure of the microvoids is increased. By increasing the pressure, the

20  microvoids in the embrittled region 104 are changed in volume and a crack is generated
in the embrittled region 104. Thus, the single crystal semiconductor substrate 100 is
separated along the embrittled region 104. Because the insulating layer 102 is bonded
to the base substrate 120, the single crystal semiconductor layer 124 which is separated
from the semiconductor substrate 100 is formed over the base substrate 120.

25  [0062]

Further, in this embodiment, as described above, the width of the embrittled
region 104 which is formed in the single crystal semiconductor substrate 100, in the
depth direction, can be reduced. Therefore, the single crystal semiconductor substrate
100 can be favorably separated. Further, a surface of the single crystal semiconductor

30 layer 124 after separation can be planar.
[0063]
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fromthe sem conductor substrate 100 is forned over the base substrate 120.
25 [0062] Further, in this enbodi nent, as described above, the wdth of the
enbrittled region 104 which is fornmed in the single crystal sem conduct or
substrate 100, in the depth direction, can be reduced. Therefore, the
single crystal sem conductor substrate 100 can be favorably separated.
Further, a surface of the single crystal sem conductor 30 |ayer 124 after
separation can be planar. [0063] 16 Note that, for the heat treatnent, a

di ffusion furnace, a heating furnace such as a resistance heating furnace,
a rapid thermal annealing (RTA) apparatus, a mcrowave heating apparatus,
or the like can }hxee thag dor tl-?@heaexaampére adiiffeswleﬂ!mdce eaalteamgﬁmane beh aper f or ned

using an RTA a tus at a heati ter than or equal to
5500 O and v ellet Riing Mrathet Mol el larieaini, RIA) BRERNS A hEE o F aa er
than or equgdting Qppddaths, B M Bise eunche @s@@ tmrexaﬁpleqmalheatorr&anm R 85.

Furt her, here, F]e tenperature int heat treatq_e is set so.as not to

exceed t hep%rf‘}“é‘P% uges wit Roh apprsatipadld GWtF‘é‘P%fatf?OO grepips 4nanmgr egRlio t he above
steps, an $6J o SpRSLL MR ok e%mooﬂo bOEroPh Bxgl:.%sﬁg ygﬁlte%!f gred@r BETbCRNAYGt or | ayer

124 is prow ded over the base substrate 120 wth thé insulating [ayer 102
i nt er posed0fheinetbeanddess thearor geualtmef minviss.e dfurthen BEF, 1By tempgrabyerimbe of t he

e 20 o hgu A% APSALBEA clibeh He 3B ROM RAL base SR g e S258 Wer @

a non- nass- separa elonirra I's use e 15 single
crystal seffi0éénduct or substrate 100 can be favorably separated and

oy ener . of theyhase ot ead! 9ISrcriRhal BETLERSECkRl: LAgg] 124
nmanuf acd ur sengcanidudol 1a§¢th>14r iatpeovikedcovieb et base bitissate 200 evithodie mesatatiogn be
Cpeci 11 cat 17, IR QR BT Re et GORP g BRBGd: mont 2)
{0065]
By employment of the manufacturing method described in this embodiment,
even in the case where a non-mass-separation type ion irradiation method is used, the
15 single crystal semiconductor substrate 100 can be favorably separated and planarity of
the surface of the single crystal semiconductor fayer 124 after separation can be
improved.
[0066]
Note that the method for manufacturing an SOI substrate described in this
20  embodiment can be combined with manufacturing methods in another embodiment in
this specification, as appropriate.
[0067]
(Embodiment 2)
In this embodiment, a method for cooling the single crystal semiconductor
25  substrate 100 in performing ion irradiation, which is different from that in the above
embodiment, is described.
f[0068]
As described above, in the case where an ion doping method is used, a large
area is irradiated with ions at a time; therefore, the temperature of the single crystal
30 semiconductor substrate 100 is increased. Accordingly, as the ion irradiation time
increases, the temperature of the single crystal semiconductor substrate 100 increases.

That is, there is a large difference between the temperature of the single crystal
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In this enbodi ment, a nethod for cooling the single crystal sem conductor
25 substrate 100 in performng ion irradiation, which is different from
that in the above enbodinent, is described. [0068] As described above, in
the case where an ion doping nethod is used, a large area is irradiated
with ions at a tinme; therefore, the tenperature of the single crystal 30
sem conduct or substrate 100 is increased. Accordingly, as the ion
irradiation tine increases, the tenperature of the single crystal

sem conductor substrate 100 increases. That is, there is a large

di fference between the tenperature of the single crystal 17 sem conductor
substrate &ﬁﬁuﬁﬁuﬂhﬁsmﬁnﬁemhmnmiﬂm time acheat ioanirtadiaddmrid athrted chntl hiae

t t f th l. { d te 10 t. the t
ahon. i on PR B, NREiE AURL ST CTOR8] S04 PBRbI%, TR (I i o whon

ion irradlaﬁﬂgmonﬁcampkked thermal diffusion of the elenment derived from
the added jons hardly occurs; however, as irradiation with the ions
proceeds, FWé]tenperature of the S|ngle crystal sem conductor substrate 100
is increased, ViR, & ARIAIBE wibd fod Siradiatdh it bar&l, engphhl dFdioest the om t he
added ions occurs.and dlstrlbutlon of the element in a depth direction is
br oadened. elFnentidesived feom the addgd denyhardly esewrsgiowene: a5 ipgligtiqnwith the ions

sem Conducfn‘aEeeﬁytiﬁattEﬁf)&at&Q(bf'tHéCsﬁr%‘?es&%talquﬁf%ﬁlmubfépsﬂ;strat& 6o BlikpEYdy, deri ved
fromthe ions added and existing 1n the substrate is pronoted; thus,

t hr oughputWh@eb)edWU@iﬂ diWﬁeﬂm oh et eleraenyistived Somethacadded ionproseiresndir i ses i n
that the prgadial bPMnd ek it rhcr]c_lg]%ﬁeﬂre aaf i 'B?oatd%{mer%g\%f‘r Qf th@e single
crystal sem conductor substrate fUrt her 1'ncrease f

t enper & ur empératueokihn ginglecarystal sbmicendyietor sehtete t1P inukasess aeserpllom Ofs

i ncreased Q0 LN I r clar. strate 100 may be
separ at ed %urellerl{lge%g }vfggr%{ 0 g %\Ag‘%@o %g%&ﬁﬂé{#, {hg Sum?r?%ilgé pgﬁ% ment, the
single cr yﬂmalthmmghpcoladwut@lr msttheammu@ﬁ);ﬁu issreduced,coprabled antsdshin thae | ons

t hr ough a pl it st e eve 20 the
case. wher ot Tttt e S bERERd g Ve P B L R el et G BB at o
100 is i rraQstadtedlom lish flffieer | DORaRt. a Ilfl the whipstnas dafbrﬂldj(migltg cﬁ;&tamod, tine

requir for dla on ste s shorteped. ion irradjation is
per f or d § irlF %{ % (g/lsotflcrg sg%éoo much, the sing e crystal semiconductor

substrate 100 may be separated during addition of the ions.
[0070]

Thus, in this embodiment, the single crystal semiconductor substrate 100 is

irradiated with the ions through a plurality of steps, at least two steps. That is, even in
20  the case where a whole surface of the single crystal semiconductor substrate 100 is

irradiated with the ions at a time using an ion doping method, time required for each

irradiation step is shortened and ion irradiation is performed through a plurality of steps.

Note that even in the case where ion irradiation is performed through a plurality of steps,

the single crystal semiconductor substrate 100 may be swung while being irradiated
25  with the ions.

{0071]

By shortening the ion irradiation time, the temperature increase of the single
crystal semiconductor substrate 100 due to the ion irradiation can be suppressed, and
thermal diffusion of the element derived from the added ions can be reduced. Further,

30  desorption of the element derived from the ions added to and existing in the single
crystal semiconductor substrate 100 can be reduced.
[0072]
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Note that even in the case where ion irradiation is perforned through a
plurality of steps, the single crystal sem conductor substrate 100 may be
swung while being irradiated 25 with the ions. [0071] By shortening the
ion irradiation tine, the tenperature increase of the single crystal

sem conductor substrate 100 due to the ion irradiation can be suppressed,
and thermal diffusion of the elenent derived fromthe added ions can be
reduced. Further, 30 desorption of the elenent derived fromthe ions added
to and existing in the single crystal sem conductor substrate 100 can be
reduced. [0072] 18 Note that the ion irradiation tine may be determ ned
dependi ng on t h&otd elimpahation drrafiatiohetiige Noaye be rdestiained edvpesiirgu ot ahe subst r at e

100 when the ion irradi.ation is erfo .. F | t.he, .t t f
R e O I L A
performed pgfoied uRetexadntple, tRnMethporaokiealf tHRridgh &vaqpadicbnduefon substrite

tenperature of the single crystal _sem conductor subsirate 100 exceeds a
or edot er m HSGvbehibeion Hrdistiph i hPBrLIRESH e 10 WgRatet feoRped

sem congluchsre thdlRshpedne IGhé SindRCHPATCRmidAGudISuBLRE 200 EX®E® a
sem conductor substrate 100 is i1rradiated with the ions again, For

exanpl e, | Predgieranned: [erperapiee. s theg lemperaliue 0f thee singlgnerystalo serdispaduei9f e 100

with the i gngkdnoyalh Remhselahdd heOlingt Rl t RmidoRIRGIrA4uEEtd Q00fis t he
single crystal sem conductor substrate 100 can be decreased after the n-th

(n is a nimediated withbée ons Bgain. ndioe) examplediiat irtsdiatipgl thefsrede chsta n+1) - th
irradi ati of,..; : LI : 0 C for
exanpl e. T%P’sléolgg'ﬁ%)re%g%g{ey @é:&lﬁ{e{sﬁ%?ﬁgi%ﬁﬁgﬁ ?ﬁiéhrhgydged plg’gtrl}g %{mep%P gg‘?o be

i ncr eabled offthe einglherystabsamitondad@orciubstiats B cof be Hecrgasebafies thenethdzded at t he

tenperatur g tlprla rﬁ%{be} m”or%%qgﬁrr?ﬁ&'{om‘ﬁ& belioﬂz € {Jﬁf—ﬁ? iﬂgdi;lit? . i rradiation
through a plurality of steps, e single crystal’ sem conductor substrate
100 may bef0aZi]i vel y cool ed to decrease the tenperature of the single

crystal sem conductor substrate 100 when th% i crystal m.conduct or
SUbst rat e 100" hAD® TOEERER FSHEUE S0 i o TAL. <20 OYPEF- NLB i hat t he
cool i ng nepdiashe ABS Geidpgidni 6¥ hBI Md&IMRAEi tIRRL toBYY if2feased while the thermal
15  diffusion of the ions is increased at the temperature higher than 200 °C. Further, in
performing ion irradiation through a plurality of steps, the single crystal semiconductor
substrate 100 may be actively cooled to decrease the temperature of the single crystal
semiconductor substrate 100 when the single crystal semiconductor substrate 100 has
not been irradiated with ions.
20 [0074]

Note that the cooling method described in this embodiment may be
implemented in combination with the cooling method described in the above
embodiment,

[0075]

25 That is, the single crystal semiconductor substrate 100 can be cooled while the
single crystal semiconductor substrate 100 is irradiated with the ions through a plurality
of steps. At this time, even in the case where a large area of the single crystal
semiconductor substrate 100 is irradiated with the ions 103 at a time, the temperature
increase of the single crystal semiconductor substrate 100 can be effectively suppressed.

30 In addition, since the temperature increase of the single crystal semiconductor substrate

100 in the ion irradiation can be suppressed by the cooling unit, the ion irradiation time
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i npl emented in conbination with the cooling nethod described in the above
enbodi nent. [0075] 25 That is, the single crystal sem conductor substrate
100 can be cooled while the single crystal semnm conductor substrate 100 is
irradiated with the ions through a plurality of steps. At this tinme, even
in the case where a large area of the single crystal sem conductor
substrate 100 is irradiated with the ions 103 at a tine, the tenperature

i ncrease of the single crystal sem conductor substrate 100 can be
effectively suppressed. 30 In addition, since the tenperature increase of
the single crystal sem conductor substrate 100 in the ion irradiation can
be suppr essstbelyyolotpedcool ing unit, the ion irradiation time 19 can be
prol onged. 98076] Note that the nmethod for manufacturing an SO substrate
described 1%97%his  enbodi ment can be combined with manuf acturing nethods in

anot her enbodi mapite itiut the MRihsd FPEfiahifb@iningNan 891 apistraer dedtribed [0 AT ]
(Enmbodinent 3) In this enbodi pent, in_the manyfacturi net hod described in
any of thecmbijacntSan EPWEhwgragkﬁﬁpH%ﬁmﬁﬁg“ﬁgﬁg?Hbmpﬂgrgmhﬁﬁ@mHHQSta

sem congluciiy spediisdioata adftfprihd 10 the base substrate 120 is described in
detail with reference to the drawings. [0078] First, the single crystal

senmi conduci®r7kubstrate 100 is prepared (see FIG 3A-1). Note that it is
pref erabl e halqihdiespurface of the single crystal sem conductor substrate
100 be clegned as appropriate in advance using a sulfuric acid/hydrogen 15
peroxi de m xt ur dn¢EPapbodimentrindei nagnufagtiring MeEIoH descabedin gay ekthelabaye xt ur e
(APM), a ri ' ; j P iol W ed

hydr ogen fPﬁ%%ﬁﬁ%hgfﬂﬁﬁﬁﬁfgﬁQ%ﬂggﬁﬁggggﬁQﬁgﬁﬁgﬁgéhﬁgﬁg&?ﬁg%gBﬂPéﬁ?nation
Furt hed) ditebagdubspetcddl s dekdribed inddstalwittoretamencetit the drawyngse di schar ged
alternatelﬁmgghclean the single crystal sem conductor substrate 100. 20

[ 0079] Next, oxide film132 is fornmed on the surface of the single
crystal First, the single crystal semiconductor substrate 100 is prepared (see FIG.

3A-1). Note that it is preferable that the surface of the single crystal semiconductor
substrate 100 be cleaned as appropriate in advance using a sulfuric acid/hydrogen
15  peroxide mixture (SPM), an ammonium hydroxide/hydrogen peroxide mixture (APM),
a hydrochloric acid/hydrogen peroxide mixture (HPM), diluted hydrogen fluoride
(DHF), or the like in terms of removing contamination. Further, diluted hydrogen
fluoride and ozone water may be discharged alternately to clean the single crystal
semiconductor substrate 100,
20 [0079]
Next, an oxide film 132 is formed on the surface of the single crystal
semiconductor substrate 100 (see FIG. 3A-2).
[0080]
As the oxide film 132, for example, a single-layer film of a silicon oxide film, a
25  silicon oxynitride film, or the like, or a stacked-layer film thereof can be used. These
films can be formed by a thermal oxidation method, a CVD method, a sputtering
method, or the like. In addition, when the oxide film 132 is formed by a CVD method,
a silicon oxide film formed by using organosilane such as tetraethoxysilane
(abbreviation: TEOS, chemical formula: Si(OC;Hs)s) is preferably used as the oxide
30 film 132 in terms of productivity.
[0081]
In this embodiment, the oxide film 132 (here, a SiOx film) is formed by
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sem conductor substrate 100 (see FIG 3A-2). [0080] As the oxide film 132,
for exanple, a single-layer filmof a silicon oxide film a 25 silicon
oxynitride film or the like, or a stacked-layer filmthereof can be used.
These filns can be fornmed by a thermal oxidation nethod, a CVD nethod, a
sputtering nethod, or the like. In addition, when the oxide film132 is
formed by a CVD nethod, a silicon oxide filmformed by using organosil ane
such as tetraethoxysilane (abbreviation: TECS, chem cal fornula:

Si (OC2H5)4) is preferably used as the oxide 30 film132 in terns of
productivity. [0081] In this enbodinment, the oxide film 132 (here, a Si O
film is f(péﬂﬁadm’(gythelﬂ&l pe]ﬂﬁtﬁrnnﬁe&gn&dnenrtm singdia aegsiab Rerbicealinentubstrate he si ngl e

{1 bt ment 100 (e i-aia! pabt Befl TRt SoiithtJ? Rl o SRR 10 i ch o

hal ogen i s oRidBeR.atth6PRett to Whibiod has@imd #lded.ne singl e crystal sem conduct or
substrate 100 is subjected to thernmal oxidation treatnment in an oxidizing

at nosphere [90521vhi ch chl ori ne (Cl) is added, whereby the oxide film132 is

fornmed ghrough oy Qkidifle, oeﬁb C&ﬁ%!eo&{stﬁlnsehm&dﬁﬁ’&esubﬁfh@a 10X isd@ibfelctedntd 32
contains chlorine atons. 0O The chlorine atons contalned jn the

oxi de fil ni@BQalfoéldﬁ%O"dfe@fW lWXl%“%athé@lﬁ etto veiRbhiring -1y fs gkt ure into

the oxide {inbahJat d:ddd i Q¥LE ﬁﬂﬂeﬂihﬁ%ﬁ'cﬂl%nh@%%dhﬁon | BEERAsAE. mdhat s,
when noisture I's present on a surface of the oxide film 132, the noisture

present onoxidefily i F2xoatagss chlednoap@e film 132 can be rapidly absorbed and
di ffused im(ﬁ# he oxide film 132. 15 [0084] As an exanple of thernal

oxidation treatnent, thernmal oxidation can be perfornmed in an oxidizing
at nosphiér e whi cHlteathicaing stomsdoogined dhtherdxitl fIRCI)2 frmadisgrigper tAva of 0.5

(ol Lo I bRl SRl badd it B PRSI AR
set to 20 thefleatod. 6Tho s, swhep madigtnralis pre@er® oh @ sbrfhceuef thd beide Hilnkiddskheof an
oxide fil mnfo?stul?‘g p];e%en on tlhe surface of the oxide film 132 can be rapidly absorbed and
diffused into the oxide film 132.
15 [0084]
As an example of thermal oxidation treatment, thermal oxidation can be
performed in an oxidizing atmosphere which contains hydrogen chloride (HCI) at a
proportion of 0.5 vol.% to 10 vol.% (preferably, 3 vol.%) with respect to oxygen at a
temperature of 900 °C to 1150 °C (typically, 1000 °C). Treatment time may be set to
20 0.1 to 6 hours, preferably 0.5 to 1 hour. The thickness of an oxide film to be formed is
set to 10 nm to 1000 nm (preferably, 50 nm to 300 nm), for example, 100 nm.
[0085]
In this embodiment, the concentration of chlorine atoms in the oxide film 132
is controlled to 1 x 10'7 atoms/em’® to 1 x 10?' atoms/cm®. The inclusion of chlorine
25  atoms in the oxide film 132 is effective in preventing contamination of the single crystal
semiconductor substrate 100 by trapping heavy metal (for example, Fe, Cr, Ni, or Mo)
that is an extrinsic impurity.
[0086]
When a halogen such as chlorine is contained in the oxide film 132 by HCI
30  oxidation or the like, the oxide film 132 can serve to getter impurities (e.g., movable

ions of Na) which adversely affect the single crystal semiconductor substrate. That is,
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set to 10 run to 1000 rim (preferably, 50 nmto 300 nm, for exanple, 100
nm [0085] In this enbodi nent, the concentration of chlorine atons in the
oxide film132 is controlled to 1 x 1017 atons/cnmB to 1 x 1021 at ons/enB.
The inclusion of chlorine 25 atonms in the oxide film132 is effective in
preventing contam nation of the single crystal sem conductor substrate 100
by trapping heavy netal (for exanple, Fe, Cr, N, or Mb) that is an
extrinsic inmpurity. [0086] Wen a hal ogen such as chlorine is contained in
the oxide film132 by HCI 30 oxidation or the like, the oxide film 132 can
serve to getter inpurities (e.g., novable ions of Na) which adversely
affect the byih;agl teeagigns tndlichsie efomabd cifier theudxider @itre 1327 vaformed, impdritey heat

t r eat ment after the |de fi npurities

f
e den | iR b SR L RRL icGhaenR suntras e pmiriag wiede BOLRRENIP on ot Lo

the oxide fig} nmd Jca&u@aobycada&ﬁﬂgednwhé @Ak E.g tilodilg. hatedngl(.ehg. ,
chlorine). Accordingly, the %?ei capture in the oxide féln1132 can
be fixed aiBPYHISY cFPWEFdf e st 33 gt ‘PFe Bt gind PFeyenisy

sen conguchifiariihidel #Bé Sindle Qry skl rsérhieénduwap Butkessled). trurded WhsS bondat r at e,

the oxide film 132 can function as_ a filmfor fixing_inpuritjes such as Na
i ncl uded i #p & Blassgubsimtes the oridg dtidm lﬁéeavﬁuwwnﬁalatﬁl@lfplaﬁxm%m%tlrﬁwg a hal ogen

such as ChggﬁhﬁﬁhhaiﬁhﬁagékQQmﬁmknl132 by 10 HCl oxidation or the like is
effective In the case where the sem conductor substrate is not

suf fi ci ent [808€] eaned or in renoving contamination of the seni conductor

bstrat whi
contai ned in t na" durSERE Ty EHIGKS SR OR N MELASHATTS BLOT o,
The oxilde Hdl mxﬂatibnntuyh@bkﬂ 'aierﬁ“eaimdn ﬁhwecaatt where thehsemaeonflenter substiateels si ngl e
crystal Sgg%)tgsg?tdcwn cle e%s (gr %tr mo %%g garp%at%%l (?f' tﬁg q%n\%\fclbrmu Eopgﬁﬂs{}ﬁe by

t her mal Ceatent i an I"mrer si on of
t he surf acenhizh id fepeatesiiynghsedcr yst al sem conductor subst rate 100 into
hydrofluor%% idor by thermal oxidation treatnment in an oxidizing
atnnsphere‘%g ich NF3 is added. 20 [0089]

Note that halogen atoms contained in the oxide film 132 are not limited to the
15  chlorine atoms. The oxide film 132 may contain fluorine atoms. The surface of the
single crystal semiconductor substrate 100 can be oxidized with fluorine by thermal
oxidation treatment in an oxidizing atmosphere after immersion of the surface of the
single crystal semiconductor substrate 100 into hydrofluoric acid or by thermal
oxidation treatment in an oxidizing atmosphere to which NF; is added.
20 [0089]
Next, the single crystal semiconductor substrate 100 is irradiated with the ions
103 having kinetic energy to form the embrittled region 104 having a damaged crystal
structure at a predetermined depth in the single crystal semiconductor substrate 100 (see
FIG. 3A-3). The embrittled region 104 is formed in such a manner: the single crystal
25  semiconductor substrate 100 is irradiated with the ions 103 while the single crystal
semiconductor substrate 100 is cooled as described in any of the above embodiments.
[0090]
Further, in the case where an ion doping method is used, heavy metals may also
be introduced; however, by irradiation with ions through the oxide film 132 containing
30  chlorine atoms, the single crystal semiconductor substrate 100 can be prevented from
being contaminated due to the heavy metals.
[0091]
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Next, the single crystal sem conductor substrate 100 is irradiated with the
ions 103 having kinetic energy to formthe enbrittled region 104 having a
damaged crystal structure at a predeterm ned depth in the single crystal
sem conductor substrate 100 (see FIG 3A-3). The enbrittled region 104 is
formed in such a manner: the single crystal 25 sem conductor substrate 100
isirradiated with the ions 103 while the single crystal sem conductor
substrate 100 is cool ed as described in any of the above enbodi nents.

[ 0090] Further, in the case where an ion doping nethod is used, heavy
nmetals may al so be introduced; however, by irradiation with ions through

t he oxide fil m D¥ekt,cligtiasd substepte B0 icplepared@ealflGin®B-13.he si ngl e crystal

sem conduc substrate 100 can be prevented from being contam nated due
to the heab& et al s. [ 0091] 22 Next, the base substrate 120 is prepared
(Se]§> Fi bGI 3B- Ih) BeE&@Q&] ]fad@efsﬁlis&atb Ee.o b%&ﬁ:dﬁﬂbibfeﬁrﬂalél.ﬁﬁt ﬂﬁ sufeek, of the | S
preferable that the surfac { he ase_subst rat 20 cle

advance. Sb%%|$¢%%ﬁq}mjpﬁéﬁﬂﬁ?emsﬂB@Pghtép [ ﬁ% 2oy 5?@ﬁq?§‘ﬁltrasonlc

cl eani ng ugiiQied HMFREME Clehifin d@ﬁénﬂg BYSaRaa6iP 8@k dI6zdl petaki hidRM , a
sul furic aC|d/hydrogen perOX| m xture_ (SPM, an ammoni um

hydr oxi de/ fjRMbgen bk addhydipgsne Rergside, mixEue e SHNHr 371 FBFTRIMRI d (DHF) |
or the ik (SO)E & /fRiXGHER [pBroxidk nh§tuFér @irnaklifed H?Jroﬂlnﬁlc%fdf@}ﬁ:)o& thoe base

substrate 1 subj ected to ultrasonic cleaning using hydr ochl ori ¢
aci d/ hydr oikn Jer exadelenit xis ureferable thyt dgctyrfageeahthegbase é&b%ﬁt 12G ke surface

of the bas t I

parti ol oo SATHREE Bt BRI ERAARN LSRR SEORETFREE 101 (ror
exanpl & aBymudmdlammggreamﬂem, tteontfadertif ity tase subgieate SAbdands plangiized@od nitri de
filmor a siljco is 15 fornmed on the surface of the
base subst? gkdgglfgﬁswe Bargéfséangg %Ove ‘0094] In this enbodinent, the

ni trogen- cf@v3f ni ng | ayer 121 serves as a | ayer (bonding | ayer) which is
to be bonded to.the oxide film 132 rOVI n the S|n
seni conduct or SJ%?frath%§6@OWng@dl ]3? T %?%ﬁpél%ﬁn

sem conducgditaining nitrogen such as a silicon mtrlde film or a silicon nitride oxide film) is

15  formed on the surface of the base substrate 120 (see FIG. 3B-2).
[0094]
In this embodiment, the nitrogen-containing layer 121 serves as a layer
(bonding layer) which is to be bonded to the oxide film 132 provided on the single
crystal semiconductor substrate 100. In addition, when a single crystal semiconductor

20  layer having a single crystal structure is provided over the base substrate later, the
nitrogen-containing layer 121 also functions as a barrier layer for preventing impurities
such as Na (sodium) contained in the base substrate from diffusing into the single
crystal semiconductor layer.

[0095]

25 Further, since the nitrogen-containing layer 121 is used as a bonding layer, a
surface of the nitrogen-containing layer 121 is preferably smooth for suppressing
defective bonding. Specifically, the nitrogen-containing layer 121 is formed to have a
surface with an average surface roughness (Ra) of 0.50 nm or less and a
root-mean-square surface roughness (Rms) of 0.60 nm or less, preferably, an average

30  surface roughness of 0.35 nm or less and a root-mean-square surface roughness of 0.45
nm or less. The thickness is preferably in the range of 10 nm to 200 nm, more

preferably, 50 nm to 100 nm.
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20 layer having a single crystal structure is provided over the base
substrate later, the nitrogen-containing |layer 121 also functions as a
barrier layer for preventing inpurities such as Na (sodium contained in
t he base substrate fromdiffusing into the single crystal sem conductor

| ayer. [0095] 25 Further, since the nitrogen-containing |layer 121 is used
as a bonding layer, a surface of the nitrogen-containing |ayer 121 is
preferably snooth for suppressing defective bonding. Specifically, the

ni trogen-containing layer 121 is formed to have a surface with an average
surface roughness (Ra) of 0.50 nmor |less and a root-nean-square surface
roughness [oBga)) of 0.60 nmor |ess, preferably, an average 30 surface
roughness of 0. nm or | ess_.and .a root-mean-sguare surface.ro ness of
0248 " o | o RexBS BHTHGR AL FIBeIh Aeri SERYOTHIC R SPGB R £ 0 200
nm nore HrRtesaBd Yase 3bstate 1100 ARUispared2S fc0 @M otiNexdnd thurfacy bfate of the

single crystal _sem conductor supstrate 100 and {he urfac f the base
subst r at e @9¢e Gine 13 Adactrrieee piibe Q- GnfEHNS Ei’ﬁ'if ]tzﬁé“es'?ﬂ“ﬁacg@ BF t he

oxi de f4 | mdd4s@mdgtirg. surface of the nitrogen-containing |ayer 121 are
bonded to each 5 other (see FIG 3C). [0097] Here, after the single crystal
sem conduck®$7lsubstrate 100 and the base substrate 120 are di sposed in

contact with eagi, Ot hef %2 fqeh%r)@ﬁél demicbhdic? Zubdifhtd NB0 and the base

nitrogen-containing layer 12T interposed therebetween, a pressure of about
0.1 to 500subgiraty ¢2fPare plesppssd diplcyntact vwith cach phemwith sheagyide &len 132 andghet of t he

singl e cr et alensShaNiueLob1 BUSLAANGARReBORALAR Delneen 1 hgopxi de film

132 and the nrtrogen alnlgg ayer gins at the pressed portion
and theh tNemépoeembbol s HoNGm is gppbokiedgarttofi theusifigburytd semigpiidicor Thi s

bondi ng step . f d the.act] f r.. K , hydr ogen
pondi ng. antioake B3 paPBir i EHPIE LA Rt R Sonc Bt o
t r eat nent . 12Thbsging as Uhstprasal Ipariongaral ttew thel spwatatheus ebymdingt proeedds M t, such

o8 O R St R RS R PR TR i D 1t
force or hydrogen bonding and can be performed at room temperature without any heat
15 treatment. Thus, a substrate having a low allowable temperature limit, such as a glass
substrate, can be used as the base substrate 120.
[0098]
Note that, before the single crystal semiconductor substrate 100 and the base
substrate 120 are bonded to each other, the oxide film 132 formed on the single crystal
20 semiconductor substrate 100 and the nitrogen-containing layer 121 formed over the base
substrate 120 are preferably subjected to surface treatment.
[0099]
As surface treatment, plasma treatment, ozone treatment, megasonic cleaning,
two fluid cleaning (a method for spraying functional water such as pure water or
25 hydrogen-containing water with a carrier gas such as nitrogen), or a combination thereof
can be performed. In particular, afier plasma treatment is performed on at least one of
the surface of the oxide film 132 and the surface of the nitrogen-containing layer 121,
ozone treatment, megasonic cleaning, two fluid cleaning, or the like is performed,
whereby dust such as organic substances on the surface of the oxide film 132 and the
30 surface of the nitrogen-containing layer 121 can be removed and the surfaces can be
made hydrophilic. As a result, bonding strength between the oxide film 132 and the

nitrogen-containing layer 121 can be improved.
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substrate 120 are bonded to each other, the oxide film 132 forned on the
single crystal 20 sem conductor substrate 100 and the nitrogen-containing
| ayer 121 forned over the base substrate 120 are preferably subjected to
surface treatnent. [0099] As surface treatnment, plasma treatnent, ozone
treatnment, megasonic cleaning, two fluid cleaning (a nmethod for spraying
functional water such as pure water or 25 hydrogen-containing water with a
carrier gas such as nitrogen), or a conbination thereof can be perforned.
In particular, after plasma treatnment is performed on at |east one of the
surface of the oxide film 132 and the surface of the nitrogen-containing

| ayer 121, [0168bne treatnment, negasonic cleaning, two fluid cleaning, or the
like is perfor where dyst or gani ub n surface
of the oxide fimlaﬁn?ri’ﬁ“ g’rﬁ‘ﬁn@iﬁe&ﬁoiédr? aat%%mois ? %881?5%% r%égg-g%mga?irﬁmgg | ayer
121 can betrestnomesindrdpetfoemaiuof acesaccart dneobjevtdie itrgdistomhwith cltradwled resul t,

bondi ng str th between the .oxide film,132 and the .ni,trogen-containin
Cayer 527 R ban P Ean coma e 2 PRt AR vt rBIRRAT RIA S tent i s
desc[) i bed. glﬁapio&mrppi{f@medmdtimaanlmhﬁﬁpt Heeed: I O?taafmlje;ﬁ{ygﬁﬂfs@.rsﬁfdledmh\aomuéf atce_ of
an obj ect i rradiation w ul travio in an atnmosphere containin
oxygoh. . Cr BFETEREITRERIE! G2Ans FrelRerAr i Ke1 off A ATROSBhSIT FORRBE SEEeE ’
perforned ypdetiomwid uiRSRRE ightGavih@h Riahger@y gasss tn@06 amcab ueevidiétozone
treatment, ultraviolet ozone treatnent, or the like, In_an atnosphere
cont ai ni nglightyhgeing a waveleagthraf mealir than o1 qayeli 91400 nm g'*heefﬁawﬁgmare@;ava engt h
of less thgpnd0QnnB2 aRferkted rad! Ghakt ok);;,%ghtcahayé NEndatd@ ViIRIne AL NozBhe. T €at er

i
than or equal to 200 nmis perforned, ereby ~ozone can be generated and
si ngl efl0 oxjrepdintien pith etltgprindgt dighichay ing i waveleneth RE lessy than | $0m as pesiormpd: h

ul travi ol egvhéﬂ-egjhtgzogél&inr]ﬂ egr@ne@@twmcrj@mgh& gﬁyg[eﬁ%a] dRerd B8 £OM thsoRgE f or med,

fi
wher eby ozone can be genérated and singl€ oxygeh can be generated fromthe
ozone. [O0O(02]] Exanpl es of reactions which occur by performing irradiation

with ultraviol et Xahk%QtOf RaVENg B gifﬁhp%b%tf&{gridgﬁédiwﬁpwﬁgQﬂn%qo d

ul travi ol et Iigh% ving a wavel en ater than or equal to 200
nmin an alighihptieg e veerlermitinofiess shandh nar andddtsayidldidight 10Ring abyavelengthnm) - *

X 3P) TS S gF Qreaitér'tha(nlc)r equ% §0P2004f1moi% a-nztn(l)(?sphére cén@ining oxygen are described.
Oz +hv (A nm) » OCP) + OCP) - - - (1)
OCP)+0;, -5 05+ (2)
03 + hv (A nm) —» O('DY+ O, - - - (3)
{0102]

20 In the above reaction formula (1), irradiation with ultraviolet 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 (OCP)) in a ground state. Next, in the reaction
formula (2), the oxygen atom (OCP)) in a ground state and oxygen (O,) are reacted with
each other to generate ozone (O3). Then, in the reaction formula (3), irradiation with
25  ultraviolet light having a wavelength (A, nm) of greater than or equal to 200 nm in an
atmosphere containing the generated ozone (Os) is performed to generate singlet oxygen
O('D) in an excited state. In an atmosphere containing oxygen, irradiation with
ultraviolet light having a wavelength of less than 200 nm is performed to generate
ozone while irradiation with ultraviolet light having a wavelength of greater than or
30  equal to 200 nm is performed to generate singlet oxygen from decomposing the ozone.

The ozone treatment as described above, for example, can be performed by irradiation
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03+by(%2nm -*Q(D) +02... (3) [0102] 20 In the above reaction formula (1),
irradiation with ultraviolet light (hv) having a wavelength (X1 nm of

| ess than 200 nmin an at nosphere containing oxygen (02) is perfornmed to
generate an oxygen atom (Q(3P)) in a ground state. Next, in the reaction
formula (2), the oxygen atom (Q(3P)) in a ground state and oxygen (02) are
reacted wwth each other to generate ozone (03). Then, in the reaction
formula (3), irradiation with 25 ultraviolet |ight having a wavel ength (X2
nm of greater than or equal to 200 nmin an atnosphere containing the
generated ozone (03) is perfornmed to generate singlet oxygen Q(D) in an
excited st atith lighhofanowtpressyrh ercecurolamaiChi h B Soxy. e F, 251 mmadh &t dtmnsphiteh

ul travi ol etcolti 199{[ 0p{a\{einng a wavel ength of less than 200 nmis performed to
generate S20Re WTYE i rradiation with ultraviol et | i ght having a

wavel engt h [@f03gr eat er than or 30 equal to 200 nmis perforned to generate
singl et oxygen fro econposji ng.t he. ozone The ozone .treatnent a

Gescr i bed above, "GP IGEFHBREIS Lirations BRI oRet oy PetPrun TEHOn 280 ¢ b

| i ght of a uliewtost GighitHa®ing RS wavklength 9 IdsXthaf 188 mNii an>é@me&spB&d cOihining an

at nosphere contaipin xygen. [0103] In addition, exanples of reactions
whi ch occquﬁfﬂﬁ@r‘{gﬁﬁr girradiation with 5 ultraviolet |ight having a
wavel engt h Rt 1] snhharodBP+ h 0. . at nosphere contai ning oxygen are
descri bed. (%2 ﬁbin(XB n(rr)p-?mg?' D)%m)+ a3pP) . . . (4 Q3P +02-+03...
(5) 03+by OEMMO>>:D) +02. . (6) 10 [0104] In the above reaction formula

4), irradiation,wth .ol et |ight having a wavel ength (X3 n of
245 b BB R AR oL oL oo

| ess than 31'Hn)a ontai ni ng oxygen (02) is perforned to
gener atjg S[q@4pt oxygen (D) in an excited state and an oxygen atom
(Q(3P)) in a ground state. Next, in the reaction formyla (5), the oxygen
atom (Q(3P)) 15 ﬁnrfﬂ% aéﬂ"@dﬁ?‘f“g{‘ doranul () o esagiation &y “j‘ir@’ 19*%6:&11&&%% R each
other to ggagsat drQ&% than! 1BOL AR iff SR GHIRPhrO EMMiRing Bhygen sat i on

wi th ultraviol etg%l ?éﬁ{aghavj né Egll wavel 1elngt h 2?% nm 1ofngl e}s(gsént(%iswo nmin
an at nospheeormed taigeneraie singletexigeniQd)oncneexcda) stats and an oxygen atom

(OCP)) in a ground state. Next, in the reaction formula (5), the oxygen atom (OCP))

15 in a ground state and oxygen (O,) are reacted with each other to generate ozone (O;).
In the reaction formula (6), irradiation with ultraviolet light having a wavelength (i3
nm) of less than 180 nm in an aimosphere containing the generated ozone (O;) is
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

20 180 nm is performed to generate ozone and to generate singlet oxygen by decomposing
the ozone or oxygen. The ozone treatment as described above, for example, can be
performed by irradiation with light of a Xe excimer UV lamp (A; = 172 nm)} in an
atmosphere containing oxygen.

[0105]

25 Chemical bonding of an organic substance attached to a surface of an object is
cut by light having a wavelength of less than 200 nm, whereby the organic substance
attached to the surface of the object or the organic substance whose chemical bonding is
cut can be removed by oxidative decomposition with ozone or singlet oxygen generated
by ozone. By performing ozone treatment as described above, a hydrophilic property

30  and purity of the surface of the object can be increased, and bonding can be favorably

performed.
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performed to generate singlet oxygen in an excited state and oxygen. In an
at nosphere containing oxygen, irradiation with ultraviolet light having a
wavel ength of less than 20 180 nmis performed to generate ozone and to
generate singlet oxygen by deconmposing the ozone or oxygen. The ozone
treatnment as descri bed above, for exanple, can be perfornmed by irradiation
with light of a Xe excinmer W lanmp (2,3 = 172 nm in an atnosphere
cont ai ni ng oxygen. [0105] 25 Chem cal bondi ng of an organi c substance
attached to a surface of an object is cut by light having a wavel ength of

| ess than 200 nm whereby the organic substance attached to the surface of
the obj ect [@06} he organi c substance whose chem cal bonding is cut can be

renoved by oxidative deconmposition with ozone or sin X ener at ed
by ozone. By perPothiAli-aomhaohpdiheraineete At ol Bl 0L MR Oon | §c
property Sm@lmiopwliht yirafiolehh e Cauiid BCeffeofivet ineremloyd aif thanrdagici sabstarsed, and
bondi ng can_ b r abl 0106 In_an_ at re containing
oxygen, ozﬁ??é?ﬁ?i ﬁé r&%ﬁd’?(@v %@‘{‘E‘forlﬁlaﬁﬁl 10, rsﬂ‘lﬁﬁté’f‘y@ﬁ rTﬂ eg(g?tfvﬁ\}ilol et .

Qzone is etdnastl Meme RrgafRRMBdtareé attiiBed (OMBIstrisdsF iR Sectak tnavhied of 0 t he
surface of the Ob] ect. In addltl(i) si ngl et ox%ge iS al so effectlve inb5

removal of MOFthel} 870 (LA9BE pthiing S ORXER ST FBTP UYEHLE BACHRSAh| ect as

nuch as_or ancrram%ctwa@rbaﬂ&pﬁteive d;@g&ﬁ ang dsbimglaatitomy asveatR1i6X fMuRS Of
oxygen in an active state, ol lectively called active oxygen. As

described wid thedike siseihsre @aéftapwswbwhwh@éon%ﬁaeﬂerﬁéeq injegneraiingsingdetier e ar e
reactions bg Iof Rin@ 7P %g,(geﬁ 9 SBREALE FoNo R HeAL, 1sHéh RlaBHnSlincLRIYPEN OF

si ngl et oxydgen i s gener from ozone, here, such reactions including a 10
reacti of i reaglitingh whichginglet mglewnérqusmmqaagd eoee Bedtmne fgrLenvenionesat nent f or
conveni enc§0107 0107] Note that, after the oxide film 132 and the
nitrogen-conta ning |ayer 121 are bonded to each other, heat treatnent is
preferably perfdﬁcne@hai,raﬂ@r theroxide filmcl@amd th eitropemdintegnisg fayagid. arfhi s heat

Freat ment B i S el FEIERT HERIP S R s d il fEner 2 od

in the enbri 4an era |gher t han
or equal tbozrdmgmute&grberﬁtmh&taaattmbmvmpemrmadéﬂﬁ)teﬁapefawewbamd @ackTlke oxi de

I/vlh: F]elﬁé at Pé}%efuggte gﬁ&'lt‘ﬁ xtegilorq Il{ilégancfjl X perfoji%%d at temperatureq'l g)e'% 81a161'\ ach ot her

or equal to room temperature and lower than 400 °C, for example. The oxide film 132
and the nitrogen—containing‘ layer 121 may be bonded to each other while heating is
performed at a temperature within the above range. The heat treatment can be
performed using a diffusion furnace, a heating furnace such as a resistance heating
20  furnace, a rapid thermal annealing (RTA) apparatus, a microwave heating apparatus, or
the like.
[0108]
Generally, when heat treatment is performed at the same time as or after
bonding the oxide film 132 and the nitrogen-containing layer 121 to each other,
25  dehydration reaction at the bonding interface proceeds and bond is strengthened by
strengthening of hydrogen bonding and formation of covalent bonding., In order to
promote the dehydration reaction, moisture generated at the bonding interface through
the dehydration reaction should be removed by heat treatment at high temperature. In
other words, when heat treatment after bonding is performed at low temperature,
30 moisture generated at the bonding interface through a dehydration reaction cannot be
removed effectively; thus, the dehydration reaction does not progress and bonding

strength cannot be improved sufficiently.
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performed at a tenperature within the above range. The heat treatnent can
be perforned using a diffusion furnace, a heating furnace such as a

resi stance heating 20 furnace, a rapid thermal annealing (RTA) apparatus, a
m crowave heating apparatus, or the like. [0108] Generally, when heat
treatnment is perfornmed at the same tinme as or after bonding the oxide film
132 and the nitrogen-containing |ayer 121 to each other, 25 dehydration
reaction at the bonding interface proceeds and bond is strengthened by
strengt heni ng of hydrogen bonding and formati on of coval ent bonding. In
order to pronote the dehydration reaction, noisture generated at the
bondi ng i nf@bpce t hrough the dehydration reaction should be renoved by

heat treatnent erature. In oth n heat treatnent
oty oatiTert 2o e fihet SR Heitess whele oo R o BloskeFaq ot he
bondi ng i nier filkc B §sBd AUk axide mydr B0 R di)&@ecﬁlrﬁ)l’lm&ﬁﬁl&bsdiﬁ andl entised
effectively; _thus, thelgghydrat on reactlon?3¥ not ess aﬂd bondi ng

strength caIRHCHeATREDe §vay Fhencheah fregpment H‘e amAdAl loRand, in

the case WagKRrate OXbfitird igbRBrRQNLAIKY BEndiY AfiérMRe ah@,agh QRe dtl@rdtoke is used
as the oxide film132, the oxide film 132 can absorb and diffuse noisture.

Accor di ngl yeaciresanpropbsaebad and diffuech inta s PXigk RGP rig2i 2d gbe defidettioat | ow 5

t enper at ur Go,f ShnUbE &%@Jdaéfﬁ@teﬂly tBeuko @éjsh NGveh RIS 268 hREQGUGRar he
dehydration reaction can absorbed and diffused i nto the oxide film 132

and the debkyhdhate senh as pglist FiUbﬁl‘aéea!ﬁ ugpd aﬁﬂ@r’ﬁéﬁeesélb%taﬁ 20cthe byndingstiengts case,
e anen Bei@th e ide APl Bna bl et Sonfiififle #5010 BR%SHRRIGALC S used

as the base Su ate 1 t he bon st rengt et ween the OXI film 132
and théoni imprges- c Guther,nivig plasyartrebient dnpdsiormed by @mdmgyt big volpgoved.

urther, Rl S5 LR T PragiRl 08 ublee Pl poe,
by a m cr apaogoré toredlini the Vihmntyof:ﬂlasurface)ﬁf mheméuﬁfrmd:ﬂ ofAccordingkyi the il m
132, oo skl BB SR 0 RS R FAAE bk TR, 2ne
performed 8¢ inh@vvdiengewrdntecs: trehinendik bofforied tat lohaehpdratert ment i s perfor med
to cause Sﬁﬁ?&ftion along the enbrittled
Next, heat treatment is performed to cause separation along the embrittled
region 104, whereby the single crystal semiconductor layer 124 is provided over the
base substrate 1200 with the oxide film 132 and the nitrogen-containing layer 121
interposed therebetween (see FIG 3D).
20 [0111]
When the heat treatment is performed, the element added is separated out into
microvoids which are formed in the embrittled region 104 by temperature increase, and
internal pressure of the microvoids is increased. By increasing the pressure, the
microvoids in the embrittled region 104 are changed in volume and a crack is generated
25  in the embrittled region 104. Thus, the single crystal semiconductor substrate 100 is
cleaved along the embrittlement region 104. Because the oxide film 132 is bonded to
the base substrate 120, the single crystal semiconductor layer 124 which is separated
from the single crystal semiconductor substrate 100 is formed over the base substrate
120. This heat treatment is performed at a temperature not exceeding the strain point
30  ofthe base substrate 120.
[0112]

This heat treatment can be performed using a diffusion furnace, a heating
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region 104, whereby the single crystal sem conductor |ayer 124 is provided
over the base substrate 120 with the oxide film 132 and the
nitrogen-containing |ayer 121 interposed therebetween (see FIG 3D). 20
[0111] When the heat treatnent is perforned, the el ement added is separated
out into mcrovoids which are forned in the enbrittled region 104 by
tenperature increase, and internal pressure of the mcrovoids is

i ncreased. By increasing the pressure, the mcrovoids in the enbrittled
region 104 are changed in volune and a crack is generated 25 in the
enbrittled region 104. Thus, the single crystal sem conductor substrate 100
is cleaveturpdoengehtdia residimct hdadng filmace @i rapid 1Hdnal Bewmalise (R apparates, f i | m 132

is bonded to . the base substrate 120, the singl rystal sem conduct or

| ayer 124 ArTiERRL BEaF SoRey sh ik ofpigreeh, Bl Cleaoh Gat b,
substrate }8rinsd LARFRIRDN Bppatdi® JP 2 Beatml Rshigetit@e ok 25b °Thi Boleabr 4.5 eat nent
is perforned at a tenperature not exceeding the strain point 30 of the

base subst patue o minges2] This heat treatnent can be performed using a
di ffusi gn fyngace, a heating 28 furnace such as a resistance heating
furnace, a rapid thermal annealing (RTAH%I azlgar_at us, a mcrowave heating
apparatus, or tHdottitheb byRbe hest mpment efHdGhala twithowttherabaveddgseribed hesér f or ned

usi ng an | r ) for 0.5
mnute o BEUAPRpERathe f Y5AhE driIP SRt o SpeciBidad Pl e 21 0 35
wi t hout t hexidd ilne 130 sk hidoeweatraent step f@dnerersingfte bindmgestrsngtiy betveerbibadi ng
strength bet. t base substrate. 120 _a i fi 1 t he heat

t r eat ment g}f@%%?}grﬁ?ﬁgcﬁh&riun%gep KB Qlﬁﬁqultzrfl gﬁ%tt]ﬁg(‘t‘)%F \t/\')ggletlr? thsggp %)>r<i de film
132 andot heawsing keggedion aloh@ihe icmrittlay erzich204 arag bt Iperfirerd at the sdnnstivhe. St ep f or
10 causing (ﬂiﬁarati on along the enbrittled region 104 may be perforned at
the sane t [HR1 [0114] Through the above steps, an SO substrate in which
the single crystEiroughethie CAHdele G, bRyl diddtrats jar aicHeme osigile tdhgtddase

RN TR R R e e R R
and the nitrogen-containing layer 121 interposed therebetween can be manufactured.
15 [0115]

By employment of the method described in this embodiment, even in the case
where the nitrogen-containing layer 121 is used as a bonding layer, bonding strength
between the base substrate 120 and the single crystal semiconductor layer 124 can be
improved and reliability can be improved. As a result, diffusion of impurities into the

20  single crystal semiconductor layer 124 formed over the base substrate 120 can be
suppressed and an SOI substrate in which the base substrate 120 and the single crystal
semiconductor layer 124 are strongly bonded to each other can be formed.

[0116]

In addition, by providing the nitrogen-containing layer on the base substrate

25 side and forming the oxide film containing a halogen such as chlorine on the
semiconductor substrate side, a manufacturing process can be simplified and impurity
elements can be prevented from entering the semiconductor substrate before bonding
the semiconductor substrate and the base substrate to each other. Further, by forming
the oxide film containing a halogen such as chlorine as a bonding layer which is

30 provided on the semiconductor substrate side, bonding strength can be improved by
encouraging dehydrogenation reaction efficiently even when the heat treatment after

bonding is performed at low temperature.
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By enpl oynent of the nethod described in this enbodi nent, even in the case
where the nitrogen-containing |ayer 121 is used as a bonding |ayer, bonding
strength between the base substrate 120 and the single crystal

sem conductor | ayer 124 can be inproved and reliability can be inproved.
As a result, diffusion of inpurities into the 20 single crystal

sem conduct or |ayer 124 fornmed over the base substrate 120 can be
suppressed and an SO substrate in which the base substrate 120 and the
single crystal sem conductor |ayer 124 are strongly bonded to each ot her
can be fornmed. [0116] In addition, by providing the nitrogen-containing

| ayer on tfeifase substrate 25 side and formng the oxide film containing

a hal ogen such as.ch] orine on the _seniconductor. substrate side, a

Tanaf act ur i ng. prieE QU e B BRI SRRy STERPRRESR pe
prevent ed fypamate MEwhiE i kpasedicapbduaisel insalbahufadteridpeproces boadsop the
sem conduct or substrate and the base substrate to each other. Further, by
form ng t FHOSERES-de filmcontaining a hal ogen such as chlorine as a bondi ng

l'ayer whicfpiig 30 provided on the sem conductor substrate side, bonding

strength can be inproved by encouragin dehédrogenation reaction
efficiently everNaihthat thiecase yheterthe oidp dilifBd is [msdionghs snglecnsiired at | ow

tenper at ur @i g gl Qdrlsthstid ffo dnddhe 8%%\%\%‘2%{&9@@1@& BThodimRAbvdr thé he single

crystal sem conductor substrate 1f ch is separated can be reused in a
manuf act ur basg spstetesi20d$ deseriBal in Gishambodineent;SiomgYarspn Rbedimpattof theie case
where the I f.lm 132 1S t J eqer 1 cangduct or
substrate @é%ﬂgﬁdk%‘é%i??o%é%gggﬁFﬁﬁnﬂﬂg‘%?3@% t%f%ﬁ%abg??g %@e? t he
base slbst niabgeni@taininglagorirbetickad aver theesitglelicrysiat seniowdveipr, subsiraterbodi nent

of the present,invention is not limted t t E he oxide
film 132 aﬁg) A tlllé Oﬁdl%f’ ra‘(rjlg(fél r?yr(?%cﬁtotzgiﬂhel lﬂléggegycgﬁtg@%gqa%gi%ngé %\%thﬁ? R%llagi ngl e
crystal sefiint03luay de wubtat toathe sw® dfnhd bass sobgiefe, 128ndImihducdsactbe of t he

T 08eT Ll R Bl L e G5 PR B S5t Tl Tobondd o
ni t rogen- cprtbamadi NHoleal@rannexydediind @om@amele! kititond@fidy) enayrbeafotmed svee
:‘irTF |r I(:E)ir% ggﬁhra g)q:' A -g'cg)gairpiég Il{a&grr ‘g)\r))gpd le}l%;[lr acter(]) Etheaor)]dchflﬂ%eanfdItﬁlen;ugager ofe tﬁg pl e,
base substrate 120.
[0119]
In the case where intrusion of impurities into the single crystal semiconductor
layer 124 from the base substrate 120 does not cause any problems, the
20  nitrogen-containing layer 121 does not have to be provided over the base substrate 120,
and the surface of the oxide film 132 provided on the single crystal semiconductor
substrate 100 and the surface of the base substrate 120 may be bonded to each other.
In this case, a step of providing the nitrogen-containing layer can be omitted.
[0120]
25 Note that the structure described in this embodiment can be combined with
structures in another embodiment in this specification, as appropriate.
[0121]
(Embodiment 4)
In this embodiment, a method for manufacturing a semiconductor device using
30  the SOI substrate which is manufactured according to any of the above embodiments is
described.
[0122]
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15 the nitrogen-containing |layer to bond a surface of the oxide film and
the surface of the base substrate 120. [0119] In the case where intrusion
of inmpurities into the single crystal sem conductor |ayer 124 fromthe
base substrate 120 does not cause any problens, the 20 nitrogen-containing
| ayer 121 does not have to be provided over the base substrate 120, and the
surface of the oxide film 132 provided on the single crystal sem conductor
substrate 100 and the surface of the base substrate 120 nay be bonded to
each other. In this case, a step of providing the nitrogen-containing

| ayer can be omtted. [0120] 25 Note that the structure described in this
enbodi nent can lfe‘rst;mnhiethedi fwi tﬂanu&d:tuning o @schammehidh idm eadststhrnawdta in thi s

specificatio E ) AN odi nent, a
net hod forP ﬁﬁdﬁ‘&? tE’Pﬂﬁinnt ngjs ge]r% %’%ﬁﬁ%‘f"gﬁ %grv?ccegeﬁgﬁ 4At§oﬁf¢ﬁréd %g& substrat e
whi ch is nmaaud ac:t uNaﬁbxadﬁlwsohfr@midanm;mQfevrr:ébecamUm/ﬁmaambyl|cmbtning1 8

descri bed. &‘% |rst od for manufacturing an n-channel thin
filmtransP'$t Ha‘bsﬁé‘?’fﬁ thin filmtransistor is described with
reference foq23l GS 4A to 4D and FIGS. 5A to 5C. Various kinds of

sem conduct or devices can be fornmed by conbining a plural.i f thin film
transi stors (TFHfhis embogiment, therasqwherg ths 41 sehstrate frratfagiuged \Rﬁ"f@‘ﬂé‘ e sO

substrate ggauheetsired: [ IRAINBE NE and i BFS ubda flaﬁfsoﬂsﬁbdtrafeqs béeabedl B, 1C,

and 1D is used as an SO substrate is descri bed. is needl ess to say

that the Sisreadlstsiasay thaidier Hekyubd@icopanustiused yohe a@ﬁ@é desseibsdingny  of the

above enbogh.peni, %Ebd%érﬁs&%a%%gus 0 [0124] FIG 4A is a cross-sectional
vi ew of an §C] strate manuf actured using the nethod described with

referehe [0d24]| GS. 1A-1 to IA-3, IB, IC, and ID [0125]
FIG. 4A is a cross-sectional view of an SOI substrate manufactured using the

method described with reference to FIGS. 1A-1 to 1A-3, 1B, 1C, and 1D.
[0125]
First, the single crystal semiconductor layer 124 is separated into each eflement
15 by etching to form semiconductor layers 251 and 252 as illustrated in FIG. 4B. The
semiconductor layer 251 is used for an n-channel TFT, and the semiconductor layer 252
is used for a p-channel TFT.

[0126] _

As illustrated in FIG. 4C, an insulating film 254 is formed over the

20  semiconductor layers 251 and 252. Next, a gate electrode 255 is formed over the
semiconductor layer 251 with the insulating film 254 interposed therebetween, and a
gate electrode 256 is formed over the semiconductor layer 252 with the insulating film
254 interposed therebetween.

[0127]

25 Note that, before the single crystal semiconductor layer 124 is etched, it is
preferable to add an impurity element such as boron, aluminum, or gallium or an
impurity element such as phosphorus or arsenic to the single crystal semiconductor
layer 124 in order to control the threshold voltage of TFTs. For example, an impurity
element is added to a region where an n-channel TFT is to be formed, and an impurity

30 element is added to a region where a p-channel TFT is to be formed.

[0128]
Next, as illustrated in FIG. 4D, n-type low-concentration impurity regions 257
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First, the single crystal sem conductor |ayer 124 is separated into each

el emrent 15 by etching to form sem conductor |ayers 251 and 252 as
illustrated in FIG 4B. The sem conductor |layer 251 is used for an

n- channel TFT, and the sem conductor |ayer 252 is used for a p-channel
TFT. [0126] As illustrated in FIG 4C, an insulating film 254 is forned
over the 20 sem conductor layers 251 and 252. Next, a gate el ectrode 255
is formed over the sem conductor layer 251 with the insulating film 254

i nt erposed t herebetween, and a gate el ectrode 256 is formed over the

sem conductor |ayer 252 with the insulating film 254 interposed

t her ebet wes®. fofdi2ia] the 2BmiNohducton dayer 1261 0arel p-lt@ediigigbcmcentlpﬁomlimwit'y conduct or

| ayer 124 is. et d Jt is refera a ri t Ierre such as
boron, al u’fﬁglﬂﬁ‘ﬁ?glge?redjﬁrln}efid’?nﬂ%rseglhcon?'ﬁgoﬁrl?ytei}gg% %@H{TP%%lthrgg g'Bﬁor us or
ar seni ¢ t olckeonSén@lién ﬁ{pﬁﬁtyabglsﬁascmndmm in theayearicoh@uctorriayer QIE]r tio control

the threshold volta of TFTs. For exa rpt el ene i s added
to a regi off9GhEy é’”&%ﬁ‘h nppen Q8T coppeRtpUon NET‘H%‘W quﬁ)g'g% n‘éeéﬁmlcﬁ%&c ffy 30

el ementsi sy WierePa p-8BInAA THEK 0 Be for@b@RNRYerddWith & kst heisk,ehaag. [ 0128]
Next, as ilfustrated in FIG 4D, n-type Iow—concentr ti.on |rrp}ér|e£] regi ons
m

257 31 ar BnAusitnalgmen is w@eéé?ﬁf@oﬁw@wtqrd%f 2551 A IPPyEpE

hi gh- conceptdsaitdror FRHL rﬁéﬂf be ﬁﬂwnswﬁé&hari §ry BRehehtis bA@ds8drciopduct or
layer 252. Specifically, first, the nh‘ﬁ%ﬂb” Powconcentratlon i mpurity
rg

regi ons 25dopirgmethedreran ian impplantatanane ajeafjesirodesAss sepves ay HEpsk o f or m
the n-type, &%ﬁ%ﬁ IBhde Emgﬁrﬁty {)g‘?(ﬂffs(f%@? a%%zmehhﬁt@%%%w%or

| ayer 252 ere anne ormed 1s-covered with a resi st
mask, afhd buer Mpmratsylfehmtrénnannsr addedionooft the semispedyaton davsr 26hylat 251. As
thelrrpurlt | enen h I [ gWen the

i npurity ePyerl% “qff‘hs{hgggtggﬁg (Qi%Z'f@ s&‘@esgsﬁ%ﬂin%ei'fﬁﬁn%% andzl 8h i nplantati on
nmet hod, thplggt e el ectrode 255 serves as a nask, and the n-type

| ow-concentrati I ns 257, are .for ngluct or 10
layer 251 in a ;%anﬁ bﬁéﬁs‘ﬁw’ghoﬁ?weﬁ e ﬁengcond%q%? eré?nf%:sc{g%%t%b{rﬁgl ayer 251
that over keaficondudtbr lah@ IFatweheed ac hrchaineR BT Se tv bs famed ic bawered| witlon mat i on

egion 152 58res£st mas%] Then, an impurity element is added to the semiconductor layer 252 by an

ion doping method or an ion implantation method. As the impurity element, boron can
be added. In the step of adding the impurity element, the gate electrode 256 serves as
a mask, and the p-type high-concentration impurity regions 259 are formed in the
semiconductor layer 252 in a self-aligned manner. The high-concentration impurity
20 regions 259 function as a source region and a drain region. A region of the
semiconductor layer 252 that overlaps with the gate electrode 256 serves as a channel
formation region 260. Here, the method is described in which the p-type
high-concentration impurity regions 259 are formed after the n-type low-concentration
impurity regions 257 are formed; however, the p-type high-concentration impurity
25 regions 259 can be formed first.
[0130]

Next, after the resist mask that covers the semiconductor layer 251 is removed,
an insulating film having a single layer structure or a stacked layer structure, which
includes a nitrogen compound such as silicon nitride or an oxide such as silicon oxide,

30 is formed by a plasma CVD method or the like. This insulating film is anisotropically
etched in a perpendicular direction, whereby sidewall insulating films 261 and 262 are

formed in contact with side surfaces of the gate electrodes 255 and 256 respectively, as
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Next, after the mask which covers the sem conductor |ayer 252 is renoved,
the sem conductor |ayer 251 where an n-channel TFT is to be forned is
covered with a 15 resist mask. Then, an inpurity elenment is added to the
sem conductor |ayer 252 by an ion doping nethod or an ion inplantation
method. As the inpurity elenent, boron can be added. In the step of adding
the inpurity elenment, the gate el ectrode 256 serves as a nmask, and the
p-type high-concentration inpurity regions 259 are fornmed in the

sem conductor |ayer 252 in a self-aligned manner. The hi gh-concentration
impurity 20 regions 259 function as a source region and a drain region. A
regi on of filhetratsémn FORdUACt dby thasy emisa®pict diching ey iraplgting fibm 254 igatse

el ectrode 2§ﬁ(§erves as a channel formation region 260. Here, the nethod
i s descri b&F TH which the p-type high-concentration inpurity regions 259
are formed@f3tpr the n-type |l ow concentration inpurity regions 257 are

be Torired fir e Nporsojoseacd B G GBFRBepEaHEP R IR 12l bl ERe > °"

sem conguci@fst |265'er1n245aerl % foRfiMhigifconcairatios i pdritn gedibdsfunationng & ai ngl e
| ayer structure or a cked Iaés%?structure i.ncl ude ni trogen

conpound s SeiCEESION PR % Ay tEipRy sejendpctar ‘émfﬁggsaﬂéinpwé%ﬁ?eaa@mé 30 is

fornmed by ajdldasm stMidonmibe thya 25t faehﬂgh l@@se anSom ﬁﬁp;méﬂongna‘mddmr iaf
ani sotropically etched in a perpendicular direction, whereb é si dewal |

d
i nsul at i ngiqm fering grEthedd 72@28%1?@ cofrefeneed pd dhsneidewallyinswatineqln 26 aces of
the gate ekgrlibPIEs Ml Hath- %é@ h'igt?l ﬁé‘én\:r}{t‘?drﬁ/tmlﬁﬁty ;’egldn!; bipbafoddled.n FI G
5A. By this anisotropic etchi'ng he insulating film 254 is also etched.
[0131] lmexNexfabeat trtaﬁ@@rrtéqr@etwaﬁngﬂ@ngsurlty §lemsatip E@ﬁm@@ .or layer 252 is
covered w 5 resist 265. In order to form high-concentration inpurity
regions fu ctl%ning as a source region and a drain region in the
sem conduct or | aAfer 1S Theatatredtmmpittr for yactivatiopnan jissulatigl dhmt 26& hentsipimizconduct or
| ayer 251 at N pi ng
ot hod. il s FREd RYIRGuln £ 2 b e AR MR o4 R E0
function agea tramient Bnséridrrhedos dﬁtegipemﬂmeeﬁBﬁ(aPCan 45050r sot thatr agir@ges 267 are

forned 10 Next eat treat
per f or e C(EréNe?}geéll int eainsut[atmg ﬁrlm 3%8 I:l%useas(iltltlo\ﬁ?é slerrgl COE‘IQL%E(;I‘ y%¥s| 25¥ an d Sgge nt is

The insulating film 268 can be formed by deposition of silicon nitride or silicon nitride
oxide by a plasma CVD method at a process temperature of 350 °C or lower. By
supply of hydrogen to the semiconductor layers 251 and 252, defects to serve as
trapping centers in the semiconductor layers 251 and 252 and at the interface with the
20  insulating film 254 can be repaired effectively.
[0133]
After that, an interlayer insulating film 269 is formed. The interlayer
insulating film 269 can be formed with a film having a single layer structure or a
stacked layer structure selected from insulating films of inorganic materials, such as a
25  silicon oxide film and a borophosphosilicate glass (BPSG) film, and organic resin films
of polyimide, acrylic, and the like. Contact holes are formed in the interlayer
insulating film 269, and wirings 270 are then formed as illustrated in FIG. 5C. The
wirings 270 can be formed with a conductive film with a three-layer structure in which
a low-resistance metal film such as an aluminum film or an aluminum-alloy film is
30  sandwiched between barrier metal films. The barrier metal films can each be formed

using a metal film of molybdenum, chromium, titanium, or the like.
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After the heat treatnent for activation, an insulating film 268 contai ni ng
hydrogen is forned as illustrated in FIG 5C After the insulating film 268
is formed, heat treatnent is perforned at a tenperature of 350 Cto 450 C
so that hydrogen 15 contained in the insulating film 268 diffuses into the
sem conductor |ayers 251 and 252. The insulating film 268 can be forned by
deposition of silicon nitride or silicon nitride oxide by a plasma CVD

met hod at a process tenperature of 350 C or |lower. By supply of hydrogen
to the sem conductor |ayers 251 and 252, defects to serve as trapping
centers in the sem conductor layers 251 and 252 and at the interface with
the 20 inged3a}ing film 254 can be repaired effectively. [0133] After that,
an interlayer ingulati film,269 is forned. The interl]ayer, insulating
fi1m 269 can be TEPREIITTh FRPA FFTRRG 40Ty *a SRIEtPE P S g 18 or
stac kedI I a)’lQ:lharﬁfer TET Uing tﬁ@:paﬁhblﬁﬂl nga?rt;&:uinaﬁugﬁmwﬁd.l rﬁ‘eﬁ@.fse EMblgyagahc |
materials, such as a_25 silicon oxide film.an 0 osphosilicate glass
(BPSG) fil APICSHERtgR §5 e SeUEQTIRCHr TS igrvinch %#ﬁﬂ@?f g’gwf‘i“cf?g‘a‘ﬂﬁda’tfhe I ke.
Cont act sholgedi€reliticd Bl te Mdnficiufth® poddse lof theSOHl subitig:, MFirMw&h Ymarnd
wirings 270 are then fornmed as illustrated in FIG 5C. Th Wi rings 270 can

be formed Wit ¢hresnt a sepreseeds thrashalil (veltage: rBlon £k be spanydactired. ich a

|'ow-resi st 3gaaR, BhehntrhtidnMnS #ehseRRecffucdr U4 M Hich 8l @Rnkdl UbinMddhal | oy
filmis 30 sandw ched between barrier netal filns. The, barrier netal filns

can each beegiaws medforrsi iagesirahbytsat atflpwen than hel A crserasfem G iprederablmlowart ani um
or the Iikel}.? %3 @971%4% Thy ough the steps descri bed above, a sem conduct or
devi ce havi §-th 2 ﬁ%nm TFT and the p-channel TFT can be manuf act ured.
Becausgqt hgpiggygen concentration of the sem conductor layers in which the
channel formation regions are %Efor disr q_uceg i n the manufacturing

9d i, fgsc

process of the Sufhough e, neta FaanaCrIg gy 1S rbedy it A P pr essed

threshol d yqak$.agao B indFIGS 5280 50Ca sEMIEdraGétl @ice Wil highadgedvaaneant rati on
in the sem conductor |ayers in which the channel formation regions are

formed is Hesapypityred by Togminggwgyictyipd sepicondpgipg elgments sUch@s 2 SaRACENTAB1 y | ower
than 5 x 1014 %Er%/eﬁﬁﬁaT]j;Q. [ﬁé%ﬁ%afé&! pRasE tholibeoMBhReRddeRr deRaMfagt uri ng

) T L
TFTs is described with reference
15  be described with reference to the drawings.

[0136]

First, @ microprocessor is described as an example of semiconductor devices.
FIG. 6 is a block diagram illustrating an example of a structure of a microprocessor 500.
[0137]

20 The microprocessor 500 has an arithnietic logic unit (also referred to as an
ALU) 501, an ALU controller 502, an instruction decoder 503, an interrupt controller
504, a timing controller 505, a register 506, a register controller 507, a bus interface
(Bus I/F) 508, a read-only memory 509, and a memory interface 510.

[0138]

25 An instruction input to the microprocessor 500 through the bus interface 508 is
input to the instruction decoder 503, decoded therein, and then input to the ALU
controller 502, the interrupt controller 504, the register controller 507, and the timing
controller 505. The ALU controller 502, the interrupt controller 504, the register
controller 507, and the timing controller 505 conduct various controls based on the

30  decoded instruction.

[0139]
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FIGS. 4A to 4D and FIGS. 5A to 5C, a sem conductor device with high added
val ue can be manufactured by formng a variety of sem conductor elenents
such as a capacitor or a resistor as well as a TFT. Hereinafter, specific

nodes of sem conductor devices will 15 be described with reference to the
drawi ngs. [0136] First, a mcroprocessor is described as an exanpl e of
sem conductor devices. FIG 6 is a block diagramillustrating an exanple

of a structure of a mcroprocessor 500. [0137] 20 The m croprocessor 500
has an arithnetic logic unit (also referred to as an ALU 501, an ALU
controller 502, an instruction decoder 503, an interrupt controller 504, a
timng controll eTheSABU cantreigi SOEgenblifes signile doirsoatroltinnthealpkdtiobbffthea bus

i nterface I/ 508, a read- y memary, 509, and a.nenory interface
510 [ 05587 Lt Ly The BisFivnf oottt X TrL R Pis e TR BB 4R cugn s he
bus i nterf &em §0&térBal ihfiRlitphOddvite driaspeiigbdralogircdit Gatlerthd Bicrogteaesed

t herein, andthen input to the AL controller the interrupt
control | er S8bas cxaqaineedPeqesam. ot 'E)|"}f%lru%(9‘7ntf‘ﬁlﬁﬂ%ﬁé’rQGF??F%@“ lgﬁﬁ'fﬂtol | er

505. The Alddy6@Bhde@loh 8 prBhsy &faemaslats@fer Uphe %%merr%ﬁtameé% gdnBlatek @gi st er
controller 507, and the timng controller 505 conduct variqQus controls

based on t Adressof drecrsgislgr P0fs apdidsapand otesgptafeomrard i the cegifsr00dR 502
gener at es §écgﬂﬁhc°e wﬂﬁ tﬁer&a&@b{f g nﬁé}epra&%mtso@n he tfing AbkraRL soa'he

i nterrupt control I's a circuit which processes an interru request
from an exgeneragds Fl@lr:ﬂﬁ /f@ucqiupllmévﬁlm@go@f epopion pfe gl AEDr Q4 tthoh Té t he

m cr opr oce 209 i 0 e roll er
504 procesgi@rog% I ntﬂh§ "%isrﬁ&@h d@&ggrsﬁ%g%g[gb lﬂﬁ?ct’&s%ﬂ?ﬂl %b%ll %{/&g‘% egg%sk state.
The redDst eontwdet 561 | Eor @&ﬁlp@em@ tining @ntroled §0&ds pmmdteﬂuemme@ gitemal 506, and
reads and |tesd from and t. r eqi C with the
State of t ook Dol Skl Ry iRed ot R HECTRS Brpdon BRERERATER
signal s f osiga0ikal | iAsdllustrated g RG. 6,tbe atdnauh clotk slgnal,ﬁllﬂ{ﬁ@input toeothier U
controller 502 the instruction decoder 503, the interrupt controller 504,
and the re&‘i“g"t‘ér 10 controller 507. For exanple, the timng controller 505
is provideghiwprh an internal clock generator for generating an internal

clock signal CLK2 based on a_referenc
15 g l%ext an example of a semicon r;lluctor csewce having an arithmetic function and

a contactless data transmission and reception function is described. FIG 7 is a block
diagram illustrating an example of a structure of such a semiconductor device. A
semiconductor device illustrated in FIG. 7 can be called a computer that operates to
transmit and receive signals to and from an external device by wireless communication
20  (such a computer is hereinafter referred to as an “RFCPU”).
[0141)
As illustrated in FIG. 7, an RFCPU 511 has an analog circuit portion 512 and a
digital circuit portion S13. The analog circuit portion 512 has a resonance circuit 514
with a resonance capacitor, a rectifier circuit 515, a constant voltage circuit 516, a reset
25 circuit 517, an oscillator circuit 518, a demodulator circuit 519, a modulator circuit 520,
and a power management circuit 530. The digital circuit portion 513 has an RF
interface 521, a control register 522, a clock controller 523, an interface 524, a central
processing unit 525, a random-access memory 526, and a read-only memory 527.
[0142]
30 The operation of the RFCPU 511 is roughly as follows. The resonance circuit
514 generates an induced electromotive force based on a signal received by an antenna

528. The induced electromotive force is stored in a capacitor portion 529 through the
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signal CLK1. As illustrated in FIG 6, the internal clock signal CLK2 is
input to other <circuits. [0140] 15 Next, an exanple of a sem conduct or
device having an arithmetic function and a contactless data transm ssion
and reception function is described. FIG 7 is a block diagram
illustrating an exanple of a structure of such a sem conductor device. A
sem conduct or device illustrated in FIG 7 can be called a conputer that
operates to transmt and receive signals to and from an external device by
wi rel ess communi cation 20 (such a conputer is hereinafter referred to as an
"RFCPU'). [0141] As illustrated in FIG 7, an RFCPU 511 has an anal og
circuit pofebfifis cdidt 150 Thisdbgictted posianCiBotis prefdratdy firihdd withe: apaditog Ci rcuit
portion 512 has a resonance circuit, 5@) with a reso:gﬁmce cag rEtor
rectifier YiCREYR Feraiig Canaciies, oL pi plectije fRUblelaygr saRiciiors 1 §he GappRlioRporyan ¢ ¢ ¢
517, an osgig dodt bt ned 16 Wk tortik8 ovér kBRMA iatiodedGh HRRICHLS] ] ddragbd at or
circuit 520, and a power managenent circuit 530. The digital circuit
portion 518caatsd irthe REFGPH S L age spparateLopppienb| regi ster 522, a cl ock
controlder 0523’:] an interface 524, a central processing unit 525, a
random access nenory 526, and a read- onl?/ menory 527. F’LOMZ] 30 The
operati on of théthF@Fiwl@EllSi%g?r@W@%IaW% %FQS@?&!BS anghipitializing fisckgied r cui t

514 genera&&gé nioﬁ%%edpcﬁl&%‘sl@rmuéé@t GROAS 1 PSRN agﬁalwdh dggei ved by

an ant enna € induced el ectronmotive force is stofed in a capamtor
portion 528fter ns@mmnpmnree suply yadegs Witk deley pedyrasetssigal. THihe ogallderi aizskit por t i on

529 t
an e: ZCF ; ?gl%{j%% st % ﬂ:g emée; and ?lﬁ?qgﬁﬁq&f)ﬁ clo%k'%%ngismare%héaem%azg&gﬂp' or or

e capaci tor portion oes not
need t &0 besifrai gmtraﬁnddny the smissmiruﬁtegﬂ cm;:luudiéél i Fhetdemop¥a@ptcisit dAds €an be

| ncorporat ed | ne}Pg&%egnogpg eaﬁajacef 2%\?& fhe %10 ﬂ)?@[rc:u1{’5iﬂo'g{%3clirca-pe reset

circuit 5197Y8n I ng an 121 g the di gi t al
circuit powhml@moﬁdl%smto@eampimﬁed he reset circuit 517 generates a signal
whi ch ri se® @fter rise in a power supply voltage with delay as a reset
si gnal . Idci11ator circuit 518 changes the frequency and duty ratio of
a clock signal imareespe) e deﬁloaulamﬁt:ﬁ‘aht 510 is fgmad “@ﬂimelbﬁt[ﬁd; fiyertahd® const ant
vol tage circuit 516. The d?m)dul ? it 5}% §a
binarizes a received amplitude-modulated {AS signal based on its amplitude. In
order to vary the amplitude of an amplitude-modulated (ASK) transmission signal and
transmit the signal, the modulator circuit 520 changes the amplitude of a
communication signal by changing a resonance point of the resonance circuit 514.
[0145]
20 The clock controller 523 generates a control signal for changing the frequency
and duty ratio of a clock signal in accordance with the power supply voltage or
consumption current of the central processing unit 525. The power supply voltage is
monitored by the power management circuit 530.
[0146]
25 A signal input to the RFCPU 511 from the antenna 528 is demodulated by the
demodulator circuit 519 and then decomposed i_nto a control command, data, and the
like by the RF interface 521. The control command is stored in the control register
522. The control command includes reading of data stored in the read-only memory
527, writing of data to the random-access memory 526, an arithmetic instruction to the
30  central processing unit 525, and the like.
[0147]

The central processing unit 525 accesses the read-only memory 527, the
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circuit which denpdul ates a received signal, and the nodul ator circuit 520
is acircuit which nodulates data to be transmtted. [0144] For exanpl e,

t he denodul ator circuit 519 is forned with a | owpass filter and 15

bi nari zes a received anplitude-nodul ated (ASK) signal based on its
anplitude. In order to vary the anplitude of an anplitude-nodul ated (ASK)
transm ssion signal and transmt the signal, the nodulator circuit 520
changes the anplitude of a comrunication signal by changing a resonance
poi nt of the resonance circuit 514. [0145] 20 The clock controller 523
generates a control signal for changing the frequency and duty ratio of a
cl ock si gnghdémraaesomadmges28 bt thh eopeleegigerpii2yviy det ia@efaw 524cofBeinpt i on

current of,th a oceSS|n unit 525. The voltage is
mont tor e B RS SEbHBF S e =t Fiegon venss it spb Phae RSEBHY sk oot o
t he RFCPU 547] tHerramdoihaccan tngdtitty 528 and tibeoshalsll ragister 322 Babel orfgmmiditdsat or
circuit 519 and then deco sed into a control command, data, and the |ike
by the RF ACElfehRgcassng URt2SJIEMES| command is stored in the contro

regi stes fp44g] The control command includes reading of data stored in the

read-only menory 527, witing of data to the random access nmenory 526, an
arithmetic i nst rfcH sihmegicpghodef the pentral Prosessing §P‘ﬁéz%r‘i‘1"f‘eﬂ:‘5‘2‘5ma3éhﬁ t he

li ke. [014231 Bﬁfa if SAHidiAdhe %afacms;neﬂofgnszw AR ACERTARE sy&i&n e8flaniy nemory

527, the random access nenor d the control "register 522 via the
interface mgrarrmﬁ ecad jang @ieﬁl&gbatslzmnmmféqta%one@tlg@n efbgreatiyplyse@etded si gnal

for any of LNg.rf rﬁ@g)geagase Wé{edléﬁié armn#etfcaaﬂ.@gmég&leﬁiéd TR Qfidhnrealr and the

control regi'ster on an address the cent processing unit 525
requesi®. ﬁo@e@s_mg]ls eandogted piing rendiverene ith e dnedtiodt inewhieln bpthl hasdware 9sd ng uni t

525, a metf t%d a@P&P&éﬁﬂn&tl& ﬁ%]éegg?né agxg%d%ge 2/dedieHR %n?ﬁen tores an

operating Ssoystare f programis cute i me of
starti ng ogsuiatdndnthe Altlteerpaatofvlhh wltlnnemtetmwssmm;s bmdectpd by able icentwwhi ch a
dedi cat ed &Béésgllrlrgeal‘lll{:SZ%il{sglléiatpr(!)gsralﬁr ovi ded and arithnetic
[0149]
15 Next, display devices are described with reference to FIGS. 8A and 8B and
FIGS. 9A and 9B.
[0150]
FIGS. 8A and 8B are drawings for describing a liquid crystal display device.
FIG. 8A is a plan view of a pixel of the liquid crystal display device, and FIG. 8B is a
20  cross-sectional view taken along a section line J-K in FIG. 8A.
[0151]
As illustrated in FIG. 8A, the pixel includes a single crystal semiconductor
layer 320, a scan line 322 intersecting with the single crystal semiconductor layer 320, a
signal line 323 intersecting with the scan line 322, a pixel electrode 324, and an
25  electrode 328 which electrically connects the pixel electrode 324 to the single crystal
semiconductor layer 320. The single crystal semiconductor layer 320 is a layer formed
of the single crystal semiconductor layer provided over the base substrate 120 and is
included in a TFT 325 of the pixel.
[0152]
30 As an SOI substrate, the SOI substrate described in any of the embodiments is
used. As illustrated in FIG. 8B, the single crystal semiconductor layer 320 is stacked

over the base substrate 120 with the oxide film 132 and the nitrogen-containing layer
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10 processing is conducted using hardware. In a method in which both
hardware and software are used, part of arithnmetic processing is conducted
by a dedicated arithnetic circuit and the other part of the arithnetic
processing is conducted by the central processing unit 525 using a
program [0149] 15 Next, display devices are described with reference to
FIGS. 8A and 8B and FIGS. 9A and 9B. [0150] FIGS. 8A and 8B are draw ngs
for describing a liquid crystal display device. FIG 8Ais a plan view of
a pixel of the liquid crystal display device, and FIG 8B is a 20
cross-sectional view taken along a section line J-Kin FIG 8A [0151] As
i1l ustrated2i mdrpdsed fhérebétivecnDi Xalthd st subeisata 1 H], nglaes auibytsdt@atandemsebnduct or

| ayer 320, asca |ine 322 intersecti Ie cr I

sem conduct8F SI"g\fefv4 Osenﬁcong‘iwé‘ﬁallay?r % é¥2’t§ hi ?2 ifcﬁﬁle h‘cﬁ?ﬂ%’tscan line
322, a pi X%'olaﬁba@@fﬂh@@ﬁg@%‘ﬂystaiﬂ@éﬂm@éhdﬂ&oﬁla@&tdfﬂ%es@?ﬁbm&lby atiged.r ilgal |y
connects the pixel electrode 324 to_the, si n e crystal g m conduct or | ayer

320. The sh§gingleeryslsemicopduceidiet 3¢0- ICQ%’F tospyatidn 1geieng, &40 ek iB@e of t he

SI ngle gryg coﬁ&ﬂa&%%%» Ile 84 301 @V iiied AVeMpulileclbmag iswhsdar ate 120 and
included in a TFT 32 ﬁq‘lﬁgl [ 0152] 30 As an SO substrate, the

SO subst r fr@edie st £ é’@CtFQ‘ile &h E}le isinplydsdia thesscans fing A2gandpneiof pyst r at ed
in FIG 81§% Jle%cﬁ‘b&%%ﬁ a(\cﬁ'%ﬁ ERLro8 M IRANELAGH e sl ANBe 329, IS stacked over

t he base substrate 12 the oxide film 132 "and the nitrogen-containi ng
| ayer 37 1P58ht er posed t herebetween. As the base substrate 120, a gl ass

substrate can beo&gg%g intert}: AbJIE] fﬁ&yﬁﬁthe%%&lclﬂﬁ%@tﬂ% haY e Of the

TFT 325 is forned 1 SO atl on si nglé cr sta sem conduct or
| ayer o6 tB24,S6M mulahat:tr@deeﬂﬁyaletmmldgi Qver tmeinmrlngdrsnﬁﬂ%ﬁmgaﬂilmsélﬁ conduct or

|ayer 320,  qhannel L B LTS 05 0.0 4% Tolha s coRaepir atl on

an’inpurity el enen d are orrred A
gat e el ect signket liaé 3133&1655&1 32&rdds 3Rﬂ¢mmmoﬂm32menmamlhmrm sﬁé&:zrs 3@Ad one of

gZS.SOF(r)(ZI:.ES lneacggu(r)lge? su strate 395 aell Icqzouenltc?c ec ro e 53% an Calmucgirleecriltalugn ilm 3§4QH§ I line
covers the counter electrode 333 are formed. The columnar spacers 329 are formed to
15 maintain a space between the base substrate 120 and the counter substrate 332. In the
space formed by the columnar spacers 329, a liquid crystal layer 335 is formed. At
connection portions of the signal line 323 and the electrode 328 with the
high-concentration impurity regions 341, there are steps formed in the interlayer
insulating film 327 due to formation of contact holes; thus, orientation of liquid crystal
20  in the liquid crystal layer 335 in these connection portions becomes disordered casily.
Accordingly, the columnar spacers 329 are formed in these step portions to prevent
orientation disorder of liquid crystal.
[0154]
Next, an electroluminescent display device (hereinafter referred to as an “EL
25  display device) is described with reference to FIGS. 9A and 9B. FIG. 9A is a plan
view of a pixel of the EL display device, and FIG. 9B is a cross-sectional view taken
along a section line J-K in FIG. 9A.
f0155]
As illustrated in FIG. 9A, the pixel includes a selecting transistor 401 and a
30 display control transistor 402 that are TFTs, a scan line 403, a signal line 406, a current
supply line 407, and a pixel electrode 408. Each pixel is provided with a light-emitting

element having a structure in which a layer containing an electroluminescent material
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Over an interlayer insulating film 327, the signal |ine 323, the pixel

el ectrode 10 324, and the electrode 328 are provided. Over the interlayer
insulating film 327, columar spacers 329 are formed. An orientation film
330 is fornmed to cover the signal line 323, the pixel electrode 324, the
el ectrode 328, and the colummar spacers 329. On a counter substrate 332, a
counter electrode 333 and an orientation film 334 that covers the counter
el ectrode 333 are forned. The col ummar spacers 329 are forned to 15

mai ntain a space between the base substrate 120 and the counter substrate
332. In the space fornmed by the columar spacers 329, a liquid crystal

| ayer 335 (BL flayeryds intdposed baneei hqnuirpedrdécondesof Ohdref shegelaltrolesnaf B23 and t he
el ectrode 328 wi.th the high-concentyati impurity regions 341, there are
Steps f or mbARTSIHE Saeal e UETaE A0 1 S BroTR PRy e fon of
cont act holkgfnelt Btssatio® Fdg@il akduddt refioh, gt iadirain yepicl of 2kk delectifetransitord cryst al
| ayer 335 in these connection portions 4?) corrEs giﬁgord.ered.easil )

Accor di ngl §91 pigdompdy niig sepjsendptonianer {02, ¢ 5hapagl PHNNRR Legid é"psoﬁ?thi ons to

prevent 5 Ofdodit ahdl ANdEinSRERAT ofOthe | digpiydcdhinsB trahsistdrOdd4 hre NRkKhed. alThe
el ectrol um nescent di spl aﬁ device (hereinafter referred to as an "EL 25
di spl ay devimeigenduster s ADhaed 44 #re demsd eof aesingde ppetd segicopduptadayer| G 9A i s

a plan Vi gy @b i@ pRViHEH o telRsdubgiatP! ay device, and FIG 9B is a
cross-sectional view taken along a section line J-Kin FIG 9A [0155] As

illustratetPldal FIG 9A, the pixel includes a selecting transistor 401 and a

30 display contrgl | StRis?BP40 1L B 3hteRILuddelS incRidSEAMhé 437 11005.2 Si gnal
line 406, a currlgrﬁ%etsregggﬁpglst&&lg]isée JOQ% gn_(ferl Silxgc el ectrode 4[08. Each pi xel
i s provddednewitasoarck elgtitode aid ¢ drain elestredeininciusled mmthe sigral line #06s andhthohi ch a

| ayer contajni ng.an_el rol um nescent. ial . ). |

i nt erposedOhg We@%mgfﬁgl% “gef" g ee%flr'o eg?eagﬁéhgfc Olftﬁeg te %al?:t'%) I?%){%sa g?(et he

| i ght - em t tlettepdelda@printledtdcdllpeomextet teklecdlsctdde 408 on¢ pf a sewnd elertthdet or | ayer
403, a chanpel, fornmati.on reqgion, a,SQufrce.,regio and a drain.region of
the sel ect F‘?fgafiﬁagheéﬁg%[og 'ngl dfﬁ@“?@?ﬁ%‘%ﬁ?rﬁgﬂg’Ss%?ﬁtré%ﬂ&ﬁg?ng?w?5°ye 404, a
channel f opixeldi@frodetispind the Sthetis Bichdédgitoncur@nduppldiiaé 407 egi on of t he

di spl ai co trg{ transi stor 402 are fornmed. The sem conductor |ayers 403
and 4045 ar ¥19%k ned of a si ngl e crystal sem conductor |layer 124 that is
provi ded over t hghelBsgPySdoheslr @dnSistor 402 is a p-channel TFT. As illustrated in FIG.

9B, in the semiconductor layer 404, a channel formation region 451 and p-type
high-concentration impurity regions 452 are formed. Note that, as the SOI subsirate,
the SOI substrate manufactured in any of the embodiments is used.

20 [0158]

An interlayer insulating film 427 is formed to cover the gate electrode 412 of
the display control transistor 402. Over the interlayer insulating film 427, the signal
line 406, the cutrent supply line 407, the electrodes 411 and 413, and the like are formed.
In addition, over the interlayer insulating film 427, the pixel electrode 408 that is

25  electrically connected to the electrode 413 is formed. A peripheral portion of the pixel
electrode 408 is surrounded by an insulating partition layer 428. An EL layer 429 is
formed over the pixel electrode 408, and a counter electrode 430 is formed over the EL
layer 429. A counter substrate 431 is provided as a reinforcing plate, and the counter
substrate 431 is fixed to the base substrate 120 with a resin layer 432.

30 [0159]

The grayscale of the EL display device is controlled by either a current drive

method where the luminance of the light-emitting element is controlled by the amount
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[0156] In the selecting transistor 401, a gate electrode is included in the
scan line 405; 10 one of a source electrode and a drain electrode is
included in the signal line 406; and the other is formed as an el ectrode
411. In the display control transistor 402, a gate electrode 412 is
electrically connected to the el ectrode 411; one of a source electrode and
a drain electrode is forned as an el ectrode 413 that is electrically
connected to the pixel electrode 408; and the other is included in the
current supply line 407. 15 [0157] The display control transistor 402 is a
p-channel TFT. As illustrated in FIG 9B, in the sem conductor |ayer 404,
a channel btpsuiRhi @R voRgdeQiivé hikthad d/h&ettl;ﬁolamiﬂah@:hs cmmﬂm byathe amountpfir i ty

regi ons 452 are fﬁ nmed. Nofe tha e SO su substrate

manuf act ur SR ahle GROTEH r@Frb‘B‘éﬁ‘%l’ﬁ gi %“1h§%8mp gfi“sér]an%ﬂorls ﬁtlaé(?l ayer

i nsul at i ngchdrddriddos viticH £2é rﬁegibt diffeomektvidar pak Sandliggéforge cohdpin@ition t he

di splay control transistor 40 t he |nterI%¥ﬁr i sulazéﬁg,géln1427,

t he S|gnalC“WWh@r@U@”“FWQgéﬁ?ﬂ@Hﬂn§&EﬁWV“PFh@’ﬁ e fthe, {88y 411 and
413, ang t h&ide & GnaRbBetliRl 9 G madufacRRiE hhe@idbd iRMEding B enahifaidiRYy Slocdsesul ati ng
film427, the |er el ectrode 408 that is 25 electrically connected to the

el ect rode afim $QI subsiygtcthe elping grasisior 494 apd the display gentinl wansistas 482 86 ode 408
i's surr Ounﬂadh ¥ vaﬂatioﬁ%me@etctrmga aﬁfauehme@ fARY Blxel BpixdN E:Ecclrtﬁﬂ%% #29 is

formed over e pixel electrode 408, and a counter el ectrode 0O is forned
over the Enuﬂdnasir@rem@d%nb@@mﬂeﬁdsubstrate 431 is provided as a
relnforC|nﬁ)§b€§ and the counter substrate 431 is fixed to the base
substrate é th a resin | ayer 432. 30 [0159] The grayscal e of the EL

di spl ay0devi ce |’J§1at0$;tva110heolal¢wompt¢&mcea @urbemandfacueed hptusog Wére t he

current or SRy SRanP ULt Hetfhof GTERD P Shidhis Bl 3 OIS GRS, 7P Do
amount of anmhg@geaméfknenamgauemkysthrnsy@urmardpaﬁﬂuctmncﬂehbesdudtrtaumo sgm)hs;y when
transi stors have charact rlshﬁés whi h are |lar

pi xel s, anBthé&PBPYKR'S 3“ ’a??%‘ﬂ‘ e $E Pa?lgpégcgﬂﬁ%bﬁ%é? %\t/’érl ation
i n charact gghfnbls qﬁloblfe Rk, coltid phédrees,Flortdbls ghray nfacldes] elecuomcrmnmf act ur ed
by 2 mapuT aclur 9 %' et Lacludhny, 2 reufactury ap Broceser ohegl 59
402 do (specifically, devices that are each capable of reproducing audio data stored in a
recording medium such as a digital versatile disc (DVD) and that each have a display
device capable of displaying image data stored therein); and the like. An example of
them is illustrated in FIGS. 10A to 10C.
20 [0161]
FIGS. 10A to 10C illustrate an example of a cellular phone to which an SOI
substrate is applied. FIG. 10A is a front view; FIG. 10B, a rear view; and FIG. 10C, a
front view in which two housings are slid. The cellular phone in FIGS. 10A to 10C
has two housings, a housing 701 and a housing 702. The cellular phone in FIGS. 10A
25 to 10C is a so-called smartphone that has both a function as a cellular phone and a
function as a portable information terminal and incorporates a computer provided to
conduct a variety of data processing besides voice calls. |
[0162]
The cellular phone in FIGS. 10A to 10C has the housings 701 and 702. The
30  housing 701 includes a display portion 703, a speaker 704, a microphone 705, operation
keys 706, a pointing device 707, a front-face camera lens 708, an external connection

terminal jack 709, an earphone terminal 710, and the like. The housing 702 includes a
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not have variation in electrical characteristics frompixel to pixel
Accordingly, the current drive nethod can be enployed. [0160] 10 That is,
various el ectronic devices can be nanufactured by using SO substrates.
Exanpl es of el ectronic devices include: caneras such as video caneras and
di gital caneras; navigation systens; sound reproduction devices (car audio
systens, audio conponents, and the like); conputers; gane nachines;
portable information termnals (nobile conputers, cellular phones,
portabl e gane machi nes, electronic book 15 readers, and the |ike); inage
reproduction devices provided with recording nedia (specifically, devices
that are egeybos@dablan ckferrabpenoyGlong lzaladi:ab-fﬂﬂtcamsﬂadﬂad light @14, amtthe di ng
medi um such as a gkﬁltal versatile dis Hg (@ ﬂ hat each have a displ ay
devi ce capif-e I8 @b?%?ﬁﬁ@a“ﬂﬁﬁgmﬁﬂF hauging 8 ‘ein); and the like. An
exanpl e of [plghpmis illustrated in FIGS. | OAto ICC. 20 [0161] FIGS. 10A
to TOC |IIustrate an exanpl e of a cellular phaone substrate

is applied. FIGFurtbg fnsadéml’oﬁéﬁ’lfhe\i‘#’%‘(ﬁ comp@eﬂiﬁaéle Cﬁh‘tﬂéraﬁ’ 0PF BF IC‘gn(ljo 41 G 10C,

a frong viewd RayMib&Porkitd BRESIRIR i a Shnbllsizd RBmES! devitcdlor RRAME. i N FI GS.
|CA to 1OC has two housings, a housing 701 and a housing 702. The cel |l ul ar

phone in FI@84 10A 25 to 1OC is a so-called snartphone that has both a
function as a ceply|,ainRPRANendneh @hlcﬁ WGt Rl @ be@arprp@{vﬁh QIR | On

term nal and incorporates a conputer provided conduct a variety of data
pr ocessi ng(ibestiattd 5n VU @A ghn be d¢vglog byrﬁleh@as upﬁratqﬂhorﬁé& W1 &8 | OAto

OC has tg%ngygmg%;ﬂ %hmgrpz% Eggnﬁ%%g%ég%vg'd} agpéevwa% w&iﬁ@l@ di spl ay

portlon 70 a mcro keys
poi nti @ dewihoé f&@ﬂanu&cifurioglthefdwhydavm destréred iﬂE@bOdamemx?t cafr3r1ahpp11@dmect| on

R
camera 713sang ﬂalmgtbtheﬁnulauap}dné ban bd uske as b mdachhohe orln addltlamtsah aages
incorporated in the housing 701. [ % 3&3 ggerr 5?3 il he above
conponent s2°¢ WB‘”E%I“Fi’ﬁeér‘mbﬂ% °f H'Ingl %S THERC &3 ) &:‘9 y'ogri'ﬁkg? E%r ate a
cont act | esgsihgihe display sorsibRiz03 Siaagevwididery device, or the |ike.
15 [0165]
With the use of the speaker 704 and the microphone 705, the cellular phone in
FIGS. 10A to 10C can be used as a sound recording device (recorder) or a sound
reproducing device. By operation with the operation keys 706, operation of incoming
and outgoing calls, simple information input for electronic mail or the like, scrolling of
20  aviewing area displayed on the display portion, cursor motion for selecting information
displayed on the display portion, and the like are possible.
[0166]
If much information needs to be handled in documentation, a use as a portable
information terminal, and the like, the use of the keyboard 711 is convenient. The
25  housings 701 and 702 which are put together to be lapped with each other (FIG. 10A)
can be developed by sliding as illustrated in FIG 10C. When the cellular phone is
used as a portable information terminal, smooth operation can be conducted using the
keyboard 711 or the pointing device 707. The external connection terminal jack 709
can be connected to an AC adaptor and various types of cables such as a USB cable, and
30 charging and data communication with a personal computer or the like are possible.
Moreover, a recording medium can be inserted into the external memory slot 712 so that

a large volume of data can be stored and moved.
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[0164] The housings 701 and 702 which are put together to be | apped with
each other (illustrated in FIG 10A) can be devel oped by sliding as
illustrated in FIG 10C. The display portion 703 can incorporate a display
panel or a display device to which the 10 nethod for nmanufacturing the

di spl ay device described in Enbodinent 2 or 3 is applied. Because the

di splay portion 703 and the front-face canera |ens 708 are provided in the
sanme plane, the cellular phone can be used as a vi deophone. In addition,
still images and noving inmages can be taken with the rear-face canera 713
and the light 714 by wusing the display portion 703 as a viewfinder. 15
[0165] Wt [oiefle use of the speaker 704 and the m crophone 705, the cellular
phone in FIGS. 1OAto | .can he used as sound recording . deyjce
(recorder) or a SGHAMFNG EABR ﬂbwﬁﬁgFég?%§§CQB@?gﬁfﬁﬁﬂﬁfﬁﬂnﬁxéo%peration
keys 706, pRatatth@(Faf. ioBgoMHdNG!l iMAges sl Gvitg iGRkEsScanenaked ishigahérat i on

i nput for e]ectronic_mail Qrf%ge | i ke, scrolling of 20 a view ng area

di spl ayed S¥PIERROTHINT3AS 2SR cursor notion for selecting information
di spl ayed pnegphe display portion, and the like are possible. [0166] If nuch
information needs to be handled in docunentation, a use as _a portable

i nformation ter ufbgrmoggdn agiitiqn tocthe abpyelsicribed fungtiqnsy the £eliular phope

conveni ent ., Thas, v S inidied’ OdmAltlcA B8 RALGS, & UMM tpdOgetberisibe be

| apped mntﬁ'each other (FIG 10A) can be devel oped by sliding as

i || ust r at eonersggmprsbraadrasijygngcaivieg Gaption aconiedpss ICshipuanearphonaiagioor abl e

i nformatiof t.eLmnal, snmooth operation can be conducted using the keyboard
711 or the pointing device 707. The external connection ternminal jack 709
can belGonf¥dé?led to an AC adaptor and various types of cables such as a USB
cabl e, and 30 Crﬁ%%’e@ onal‘%evgcaetiﬁus?r%{éwﬁl 'FF(% A I 1%@ ckh B quclturg&) B?Ut er or
the li ke are possible. reover, @ recording nedium can be 1 nserted into

t he ext er najplivaivarcy tisd abremticned ietibd far handeetwrink wrensittod atdaa daplajpe st or ed
and noved. ,41 [0167] The housing 702 is provided with the rear-face canera
713 and t h&Y%°%ht 714 on the rear face (FIG 10B), and still images and
movi ng i magagojcan be taken using the display portion 703 as a viewfinder

15 Note that the structure described in this embodiment can be combined with
structures in another embodiment in this specification, as appropriate.
[Example 1]
[o171]
In this example, an effect of suppressing temperature increase of a single
20 crystal semiconductor substrate when the single crystal semiconductor substrate is
irradiated with ions was observed. Specifically, each profile of an element derived
from added ions in the single crystal semiconductor substrate in the case where
irradiation with a predetermined number of ions is performed through one step and the
case where irradiation with a predetermined number of ions is performed through a
25  pluorality of steps was observed.
[0172]

First, a single crystal semiconductor substrate was prepared and irradiated with
accelerated hydrogen ions to form an embrittled region. Then, the concentration of
hydrogen added to the single crystal semiconductor substrate was analyzed.

30 [0173]
In order to form the embrittled region, hydrogen ions were added to a single

crystal silicon wafer by using an ion doping apparatus. A 100% hydrogen gas was
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5 [0168] Furthernore, in addition to the above-described functions, the

cel lul ar phone may also have an infrared conmuni cation function, a USB
port, a television one-segnent broadcasting receiving function, a
contactless IC chip, an earphone jack, or the like. 10 [0169] The

el ectronic device illustrated in FIGS. 10A to |1 OC can be manufactured by
application of the aforenentioned nethod for manufacturing a transistor and
a display device. [0170] 15 Note that the structure described in this
enbodi nent can be conbined with structures in another enbodinment in this
specification, as appropriate. [Exanple 1] [0171] 1In this exanple, an

ef fect of ssefps esairckgat,anpesapicesiahdieasafafsubstraicrags érRiiatat wih mhs

sem conduct or, substrate when the single crystal sem conductor, substrate is
i rradi at edBWPlpHMd BAG S grecrgisd by \Fé&‘.%at'%gé’giﬂﬁ %a&?%?fl g@%&ﬁgﬁ?cgﬁfal?eed hn el ement
dﬁri ved :‘Aﬁledsfﬁaﬂaedviié@msndsa séphﬁﬁsﬁ.ng!{daomtmgw; tHle ea®Hitied nehiai was fortlslt rate in

t he case ere, irradiation w predet er m ned nunber of .ipons..i s

per f or med {§gh deRias 's‘l?F_é‘f)a“é?na’&’% et ot Frafares dﬂ%a%tfﬁ g

predet e m gpdien gﬁfb@rt Q) WES gbrserdi&d, aRd AR Gr HRi0K GhbcRs arPacbieraRl] with Of st eps
was observed. | 172f First, a single crystal sem conductor substrate was

prepar ed awdichr thedistglsd cisteh semicoatiusioant sebsHyldr geniriadigtedt o Nelemttah
enbrittled J: : rabdiQn,af Lageoraddad adtet he single
crystal seﬂ#%%%@agvgpgg6%??&3@8@&g2%5%5Fyze%fw%g¥?5i73] I'n gﬁﬁé%eto form
the enbrit gdsexhsdBYi on, hydrogen ions were added to a single crystal
silicon ma@qgﬂby using an ion doping apparatus. A 100% hydrogen gas was 42

0 . o
used as a Sourice gas, and a single crystal silicon wafer substrate was

irradi aed w th Asoasion irradpkias wenditioat thesogiitiar atdedwhigh éhectotabtimobrer of t he
oo O B 36 R PRl EL B s S YR BLaFRs PEPar 21 on
10" ecm™?) is selected. For example, in the casc where irradiation was performed
through one step, the irradiation was performed under the condition where the dose of
ions for irradiation was 2.0 x 10'® cm™, and in the case where irradiation was performed
15  through two steps, the irradiation was performed through two steps under the condition

where the dose of ions for each irradiation was 1.0 x 10 cm™.

Similarly, in the casc
where irradiation was performed through four steps, the irradiation was performed
through four steps under the condition where the dose of ions for each irradiation was
5.0 x 10" cm™, and in the case where irradiation was performed through eight steps, the

20  irradiation was performed through eight steps under the condition where the dose of

. . el 15 ...-2
tons for each irradiation was 2.5 x 10~ cm™.

Further, as a common condition, an
acceleration voltage was set to 50 kV, and beam current density was setto 5 pA/em’.
[0175]

Note that the hydrogen concentration of the single crystal semiconductor

25  substrates was analyzed using secondary ion mass spectrometry (SIMS).

[0176]

In FIG. 11A, analysis results are shown. As for peaks (the peaks resulting
from H;" irradiation) present a depth of around 200 nm in the profiles in FIG. 11A, a
relationship between a peak position and a peak concentration of each sample is shown

30 in FIG. 11B.

[0177]
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In the ion doping apparatus, when the hydrogen gas was excited, three Kkinds
of ion 5 species (H, H2', H3) were generated, and all of the ion species
are accelerated, with which the single crystal sem conductor substrate was
irradi ated. Note that approximately 70 % of the hydrogen ion species that
are generated fromthe hydrogen gas was H3+ [0174] 10 As an ion
irradiation condition, the condition under which the total nunber of ions
(dose) for irradiation is constant (here, the condition under which the
dose is 2.0 x 1016 em2) is selected. For exanple, in the case where
irradiation was performed through one step, the irradiation was perforned
under the condi tEwthenhaerfer tthe llﬁhIMIOGfWItH alres idney miensunschhaat iresultwad the0 x 1016

CM2, and in the c erel dlatl n s perforped 15 through two
Shoos. oS tanmhetire oF B s erstl G Suifits hen HEso® BE Goch B tn ¢ on
where the dpm@edire ishéven MmOTabRAC h The Ite’iﬁl:le&ftliré)ﬂf m&,m&ld)crystﬂl(%ﬂlﬁo@ gbstr@e i | arl y,

in the case where irradiation erf thr f.our, ste t he

i rradiati olahdecagird JFiRe An trFFP"EfV\@ﬁF BLG ﬁngg?a’&lﬁ? re‘{lHDé( &B E’iaBEHCV\her e the
dose of 5i ORfeafREMGRCNId (TG, FrddRBt Wate: BHIRMAIOS5L.SM Riini Sthigs)i Whdsbe case
where irradi ati on was perforrred t hrough, ei ght steps, the 20 irradi ation was

per formed poitien#H indiggHen ok epRerashangieityeieiaf # speciiidiaperai¥edose of i ons

for each |Fdle}g] ation was 2.5 x 1015 CM2 . Further, as a comon condition,
an acceleration voltage was set to 50 kV, and beam current density was set
to 5 A/ cnpTablg @175] Note that the hydrogen concentration of the single

crystal sepreconductorT 25 —substratps was amal yzed usi ng secondary ion nass
spectronetyy Ld\é@ O1®aipetapired| G ltﬂepnu @%fys S results are shown. As for
peaks (the n%/re? t i afsubstragam HB" l[rr‘r,l Qatiop) present a depth of around
200 nmin pro1m es In @ 11A at| onghi p between a peak position
and a peak concetrat oot —eacH anllpl ?ﬁm'\ 30in FIG 11B. [0177] 43
Further, as f&PEtHe ifradia?4on wifh the4d ons, hreasurenent results of the
tenperaturle of gkbhe sihgle cyystal pilicom substfate when the dose for each
irradiation anged arg, shown|in Table I. TThe tenperature of the
singl e cryat\gﬁagfﬁcm subst+ate it

3.0E+15 116

4.QE~+15 171 5

5.0E+15 193

6.0E+15 224

7.0E+15 241

8.0E+15 254

9.0E+15 224~260

1.OE+16 254~290 2

1.5E+16 290~360

2.0E+16 290~360 1

10 [0179]

It was confirmed from Table 1 that as the dose of ions for each irradiation was
increased (as the time for each irradiation increases), the temperature of the single
crystal silicon substrate was increased.

[0180]

15 It can be seen from FIGS. 11A and 11B that the peak position is the shallowest
and the peak concentration was the lowest in the case where irradiation with the ions
was performed through one step. On the other hand, as the number of times of

irradiation increases, the peak position becomes deep, and the peak concentration

44



was neasured using an irreversible thernol abel (manufactured by

Ther nographic 5 Measurenents Ltd (TMC), product nane: THERMAX 6 Level M ni
Strips) whose portion for indication of tenperature changes its color at a
specific tenperature. [0178] Table 1 dosage tenperature the nunber of of
substrate [atons/cnR] [C] irradiation 5.0E+14 54 40 1.0E+15 77 20

2. 0E+15 99 10 3.0E+15 116 4.0E+15 171 5 5.0E+15 193 4 6.0E+15 224
7.0E+15 241 8.0E+15 254 9. 0E+15 224-260 1.0E+16 254-290 2 1.5E+16
290-360 2.0E+16 290360 1 10 [0179] It was confirnmed from Table 1 that as
the dose of ions for each irradiation was increased (as the tine for each
i rradi ati obedones efgtes)it dahebd eempethat uliee pedk phetiai ri@ldeepecrayldt$b miki con

substrate was increa e seen | A and 11B
That ¢ e pERCHBUPE PatEties e clonates s FRaheh FRorsehRed BREENE LT on s
the | owest miofe §dsp% 45 aABMpIBE e thie roaseCividre m Madhbltldnh\easi panformedithr@gh fone med
through one ste On the other hand, as gﬂﬁ%?ﬁgso t.i mes of hrradi ation

i ncreases, Siehe PERES BEaNtS BiS SRegaRE H’é?‘é?ﬁse e SOPRIESE BY i on 44
becones; hi fHereatihg GRMuRMDES 8LAMENSY irdabigtife @lfat R HebieMing He deePeTioantbrt he peak

each irradiation or providing a cooling period for the substrate).
[0181]

It can be seen that by suppressing the temperature increase of the single crystal
semiconductor substrate, thermal diffusion of the element (here, hydrogen) derived from

10  the added ions is suppressed in the single crystal semiconductor substrate, and a region
where hydrogen is added becomes small in a depth direction of the single crystal
semiconductor substrate. Further, it can be seen that, by suppressing the temperature
increase of the substrate, desorption of hydrogen which is bonded to silicon atoms in the
single crystal silicon substrate is reduced, and as a result, remaining hydrogen is

15  increased. In such a manner, a region where an embrittled region is formed becomes
small in a depth direction of a single crystal semiconductor substrate, whereby
separation of the single crystal semiconductor substrate is favorably performed and a
surface of a single crystal semiconductor layer after separation can be planar.

[0182]

20 Further, it can be seen from FIGS. 11A and 11B and Table | that when the
temperature of the single crystal semiconductor substrate in ion irradiation is about 200
°C or lower, an advantageous effect can be sufficiently obtained.

[0183]
Note that the structure described in this example can be combined with

25  structures in another embodiment in this specification, as appropriate.

This application is based on Japanese Patent Application serial no,
2008-258290 filed with Japan Patent Office on October 3, 2008 and Japanese Patent
Application serial no. 2008-258301 filed with Japan Patent Office on October 3, 2008,

30  the entire contents of which are hereby incorporated by reference.
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concentration is higher in the case where the irradiation was perforned
through four or nore steps as conpared to the case where the irradiation
was performed through one step. This is because the tenperature increase
of the substrate is suppressed by 5 increasing the nunber of tinmes of
irradiation (that is, decreasing the dose of ions for each irradiation or
providing a cooling period for the substrate). [0181] It can be seen that
by suppressing the tenperature increase of the single crystal

sem conductor substrate, thermal diffusion of the elenment (here, hydrogen)
derived from 10 the added ions is suppressed in the single crystal

sem conductHAT IDSLABIED I&tnd a regi on where hydrogen is added becones snal
in a depth direction of the single crystal sem conductor substrate.
Further, it can be seen that, by suppressing the tenperature increase of
the substrate, dE3GhiqkddoBr @hnUBEIrRGan SONkeYstrats, dompelsiag the skebs o£on atoms in
the single crystal silicon substrate i@ﬁreduged ang as . a rﬁsult,

remai ni ng hydr og&Adipting: & single, @ystal remigonduyctas substeatswph ageeletled NGBy e an

enbrittked férﬁ'@n%biriﬁleﬁ%gg@ﬂnWcrysiﬂ@éﬂﬁcbﬁﬂu@toﬂ%ﬁﬂ?&téﬂ rection of a single
crystal sem conductor substrate, whereby separation of the si ngl e crystal

seni conduct or s Utesdingthe singler GyasH spmigonictopsubalipte andl abase sbstigle WHn 28 singl e

crystal semsﬁﬁgﬁq%ﬂ&rimé@&%at@;gb%eglﬁgﬁ&ati on can be planar. [0182] 20
Further, it can be seen fromFIGS. 1IA and 11B and Table | that when the

tenperature of tdspargtinggthe ingle wcrystal samicondngtor olubsitatss alopg dhe gmbgiled

i rradi atiop, ks @b PYROMIS: SITBGE Wiambe
sufficientB?h%bﬁd@ﬁééagﬁ%i§%?$k%ie gﬁg?&iﬁg¥§$%uctureedegcribeﬁpsn this
exanpl &0 caimsbltimlayyr iréetpeded theredBtwstmuct ures in anot her enbodi ment in this
Aopl 1 cat 1 on ser 1 aierh 8nsisFal BB ARRLLF Al e ARIA0 APudRARRE ST Pat ent
Cct ober 3, ag @9Rloping method mdile tHeainght crysiyd pémicatducmr sibstrad iswoole®008- 258301
filed with Japan Patent Ofice on Cctober 3, 2008, 30 the entire contents

of which are hereby incorporated by reference. 45 WHAT IS CLAIMED IS: 1. A
met hod for manufaatmdthdiFopmae@cnsiigSh ISA ubsaaBIohprisige tHeatept eps of :

![ I)r adi ?g 'hg a st iprgclligtincgr 3’ szng e csryef'\sq;lcs%rrrll?c%% l%orsslﬂgsst;ageagvﬁh Vgc;[:erl]ergtg& ?cl)neé\rtgt ed ions

form an embrittled region in the single crystal semiconductor substrate;
bonding the single crystal semiconductor substrate and a base substrate with an

insulating layer interposed therebetween; and
separating the single crystal semiconductor substrate along the embrittled

20 region to form a single crystal semiconductor layer over the base substrate with the

insulating layer interposed therebetween,

wherein the single crystal semiconductor substrate is irradiated with the ions by

an ion doping method while the single crystal semiconductor substrate is swung and

cooled.
25
3. The method for manufacturing an SOI substrate according to claim 2,
wherein the single crystal semiconductor substrate is swung by moving a
substrate supporting base by which the single crystal semiconductor substrate is held.
30 4, The method for manufacturing an SOI substrate according to claim 1,

wherein the single crystal semiconductor substrate is cooled by cooling a

substrate supporting base by which the single crystal semiconductor substrate is held.
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5 forman enbrittled region in the single crystal sem conductor substrate;
bondi ng the single crystal sem conductor substrate and a base substrate
with an insulating |ayer interposed therebetween; and separating the
single crystal sem conductor substrate along the enbrittled region to form
a single crystal sem conductor |ayer over the base substrate with the 10

i nsul ating | ayer interposed therebetween, wherein the single crystal

sem conductor substrate is irradiated with the ions by an ion doping

met hod while the single crystal sem conductor substrate is cooled. 2. A

met hod for manufacturing an SO substrate, conprising the steps of: 15
irradiating a single crystal sem conductor substrate with accel erated ions

to forman enbrittled. region the single crystal ,sem canduct or
substrat e; bondiSnEh?‘ﬁEth%‘f%’éf‘@“‘&'Q%rﬂ‘ﬁa SERTA AP iRg 9% and a base

substrate with afherdif$t Sihge Gordsll Bemidoh@IchR SRBstiRe [seRNe B codlitg separ ating
the single crystal sem conductor substrate al on &hﬁﬁg ritfle 20 region

. ¢ J g
to form a sibsatesuwping passbraish dhectingle ¢rygielseyipapdue Ee s rate with
the ingulating |ayer interposed therebetween, wherein the single crystal
sem conductor substrate is irradiated with the ions by an ion doping
net hod whi | e t hé. Shawgethod foy sreanfaciuningcamfcubirat sseardiag o glaimdaung and

cool ed. 25 3. Tha, et hpd sinlgiee g&)@/ﬂg{ ggﬁf&&hdwm@rgu&qaté%b%rdabf REEOLAI Ng to

claim?2, wherein the sing sem conductor substrate iIs swung by
nmovi ng a sledsisiabt ehuskipporti ng base by which the single crystal

sem conduct or substrate is held. 30 4. The nethod for manufacturing an SO
substrate according to claim1l, wherein the single crystal sem conductor
substré@e i s codl hk iaythedir imagufactusngost SQitsebsrappecdriing tdxdsim Hy whi ch t he

single crystal sem conductor subsirate i eld, 46 5. .The,.pethod for

manuf act uri ng aﬁ”%fﬁm rslgebssfnrgiiet 8%*8@6‘?‘8}‘;%5‘&"%“ cﬁuglstrﬁgl% Is hgideP ié}S' & single
crystal sestamig@tictimck.substrate is cooled by cooling a substrate supporting
base by which the single crystal sem conductor substrate is held. 5 6. The

met hod for manufacturing an SO substrate according to claim 4,
8. A method for manufacturing an SOI substrate, comprising the steps of:

15 irradiating a single crystal semiconductor substrate with accelerated ions to
form an embrittled region in the single crystal semiconductor substrate;
bonding the single crystal semiconductor substrate and a base substrate with an
insulating layer interposed therebetween; and
separating the single crystal semiconductor substrate along the embrittled
20 region to form a single crystal semiconductor layer over the base substrate with the
insulating layer interposed therebetween,
wherein the single crystal semiconductor substrate is irradiated with the ions

through a plurality of steps by an ion doping method.

25 9. The method for manufacturing an SOI substrate according to claim 8,
wherein a temperature of the single crystal semiconductor substrate is
decreased after n-th ( is a natural number of 1 or more) irradiation and before (n+1)-th
irradiation when the single crystal semiconductor substrate is irradiated with the ions
through a plurality of steps.
30
10. The method for manufacturing an SOI substrate according to claim 8,

wherein the single crystal semiconductor substrate is irradiated with the ions
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wherein the single crystal sem conductor substrate is held by using an

el ectrostatic chuck. 10 7. The nethod for manufacturing an SO substrate
according to claim5, wherein the single crystal sem conductor substrate
is held by using an electrostatic chuck. 8. A nethod for manufacturing an
SO substrate, conprising the steps of: 15 irradiating a single crystal

sem conduct or substrate with accelerated ions to forman enbrittled region
in the single crystal sem conductor substrate; bonding the single crystal
sem conductor substrate and a base substrate with an insulating |ayer

i nt erposed therebetween; and separating the single crystal sem conductor
substrate ahiafebhgleenial idnliemduddd sabgrarris émlddor m a singl e crystal

sem conductor | ayer over the base substrate with the insulating |ayer

i nt erposed t herebetween, wherein the single crystal sem conductor substrate

is irradiated withTRdReth@®r mbiitengthedan SO sasirhty aedordifiSioS 14 8an i on dopi ng
met hod. 25 9. The nethod _for manufacturing an SO, sub téﬂ:e according to

claim8, whereivheseir giepdneh aaloremiqoadugto gubstrae s inpdiated, Wb fhg g
substrage {ﬁougﬂﬁcpmﬁmf»@f('sinlé#s;%\rhtnﬁfﬁemr{gfe drst séiibsHdaboPsubiase @Ewingdr mmore)

irradiation and before irradiation when the single crysta

sem conduct or substrate is irradiated with the ions through a plurality of

steps. 30 10. The lﬂaﬂoJfarm%ﬁwugrﬁg%is@ﬂ s raPaciss fodifmaccor ding to

claim8, wherein the single cryst sem conductor substrate is irradiated
with the ions 4vhewtin logs fammed from hgdrogsnsis usedge tedonsdanstaamornup ofdbe i s

cool ed. 11, Ten IRLDOH { Bl AL BELUIdIR AR SohoRUDSt T ate according to
n ngf sta ' [

cl aim 8, erel e sl e Ccry sem conductor substrate is irradi ated
with ti ions 5 through a plurality of steps while the single crystal

sem conductor substrate, is.swng. 12. T t hod for.nmapufacturing an SO
substrate accortj?'n EIB&E?"QEOH“E?&aW&ge&Fn |Igﬁbss %tgraﬁecpcrjdl? %’n‘%fl%?/l rogen is used
as the ions, andvirrdi PROfdrmedfroh hiyfrogen io nsedwk the iomssarict progordort aftthl  nunber

of the ions is,70 %or nmore. 10 S
i%ns with respgct toa totaFnumlber of the ions is 70 % or more.

15 14. The method for manufacturing an SOI substrate according to claim 8§,
wherein ions formed from hydrogen is used as the ions, and a proportion of H;"

ions with respect to a total number of the ions is 70 % or more.

15. The method for manufacturing an SOI substrate according to claim 1,
20 wherein a temperature of the single crystal semiconductor substrate when the

single crystal semiconductor substrate is irradiated with the ions is lower than or equal

to 200 °C.

16. The method for manufacturing an SOI substrate according to claim 2,
25 wherein a temperature of the single crystal semiconductor substrate when the

single crystal semiconductor substrate is irradiated with the ions is lower than or equal

to 200 °C.
17. The method for manufacturing an SOI substrate according to claim 8§,

30 wherein a temperature of the single crystal semiconductor substrate when the

single crystal semiconductor substrate is irradiated with the ions is lower than or equal
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13. The method for manufacturing an SO substrate according to claim 2,
wherein ions fornmed from hydrogen is used as the ions, and a proportion of
H3+ ions with respect to a total nunber of the ions is 70 % or nore. 15
14. The method for manufacturing an SO substrate according to claim 8,
wherein ions fornmed from hydrogen is used as the ions, and a proportion of
H3+ ions with respect to a total nunber of the ions is 70 %or nore. 15.
The net hod for manufacturing an SO substrate according to claim1, 20
wherein a tenperature of the single crystal sem conductor substrate when
the single crystal sem conductor substrate is irradiated with the ions is
| oner thanigapoegual to 200 C. 16. The nethod for manufacturing an SO
substrate according to claim2, 25 wherein a tenperature of the single
crystal sem conductor substrate when the single crystal sem conductor
substrate is irngdirat enddt Br trhBufabiifing Sn | SOPEbLEHAN a@ord@ @) clafn® 1200 C. 17.
The method for manufacturing an SO substrate according to claim8, 30
wher ei n a wherpigeglags abgirate isaised 45 dhedbass PBRENS. seni conduct or substrate when
the signgle crystal sem conductor substrate is irradiated with the ions is
| ower than or equal 48 to 200 C. 18. The nethod for manufacturing an SO
substrate accor dPnght methodi for manufapiarieg an SQ| Wwbsirate pecordingtq slaigdd as t he
base subst . turing an SO substrate
accordi ng %gérgwgfgh%gfublﬁﬁ%ﬁ%{]&gt%c?%gi@@ﬂrha?etqr ate is used as the base
substrate. 20. The nethod for manufacturing an SO substrate according to

claims, 10 whepeifl. 4 HASRr SRRhEAHS: f S6T°HudPud BEoRARE «o URRA 2t & 49

10  wherein a glass substrate is used as the base substrate.
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