1 DESCRI PTI ON METHOD OF MANUFACTURI NG SEM CONDUCTOR DEVI CE 5 TECHNI CAL

FI ELD [ 0001] The present invention relates to a nethod of

manuf acturi ng a sem conduct or device by using an SO (silicon on insulator)
substrate which has a sem conductor |ayer forned of silicon or the |ike. 10
[ 0002] It is to be noted that the senm conductor device in this
specification refers to all devices that can function by utilizing

sem conductor characteristics, and el ectro-optic devices, sem conductor
circuits, and electronic applian eéq(g@% ?‘{)l sem conduct or devices. 15
BACKGROUND ART [ 0003] I nt egc;l? diP%¥uits usi ng an SO (silicon on

I nsul ator) substrate where a thin single-crystal silicon |ayer is forned
over an insulatin ayer. instead of using a bulk 20 silicon wafer, have
been devel oped. TH’Sf@ QEWEWQ%&[W%DWQR BEVISEngl e- cryst al
silicon |layer, transistors in the integrated circuit can be formed in such
a way that the transistors are electrically isolated for each el enent

conpl eb el yEGHNICAdFIEEDnce the transistors can be formed as fully depleted
transi stor@om? sem conductor integrated circuit can be manufactured to have
hi gh adde& val ue such as high integration, 25 high-speed driving, and | ow
power consunpt i Bike piesdo iivergonoriateseto roskethbd wl mehafaturing g semidotiudstbst r at e,

there is ﬁe‘h&%ﬁé znnogop(fsilicon on insulator) substrate which has a semiconductor layer
formed of silicon or the like.
10 [0002]

It is to be noted that the semiconductor device in this speciﬁc;ation refers to all
devices that can function by utilizing semiconductor characteristics, and electro-optic
devices, semiconductor circuits, and electronic appliances are all semiconductor
devices.

15
BACKGROUND ART
[0003] ‘

Integrated circuits using an SOI (silicon on insulator) substrate where a thin

single-crystal silicon layer is formed over an insulating ia)?er, instead of using a bulk
20  silicon wafer, have been developed. By taking advantage of features of a thin

single-crystal silicon layer, transistors in the integrated circuit can be formed in such a

way that the transistors are electrically isolated for each element completely. Further,

since the transistors can be formed as fully depleted tramsistors, a semiconductor

integrated circuit can be manufactured to have high added value such as high integration,
25  high-speed driving, and low pdwcr consumption.

{0004] .

As one method of manufacturing an SOI substrate, there is a known method of
manufacturing an SOI substrate in accordance with a bonding technique in which 2
hydrogen ion implantation step and a separation step are combined. In this method, an

30  SOI substrate is manufactured mainly by the following process. Hydrogen ions are
implanted into a silicon wafer to form a damaged region at a predetermined depth from

the surface. A silicon oxide film is formed by oxidizing another silicon wafer which



manuf acturing an SO substrate in accordance with a bonding technique in
whi ch a hydrogen ion inplantation step and a separation step are conbi ned.
In this nethod, an 30 SO substrate is manufactured nainly by the foll ow ng
process. Hydrogen ions are inplanted into a silicon wafer to form a danmaged
region at a predeterm ned depth fromtZhe surface. A silicon oxide filmis
formed by oxidizing another silicon wafer which 2 serves as a base
substrate. The silicon wafer with the hydrogen ions inplanted therein is
bonded to i fer Mmith.th ili.co xjide filmfornmed therein, so
that the %évr\g&sa?lalﬂggér)\&\?/a é‘?‘s ’f;ﬂ}eeSHgt:%’ gv ad” lﬁ]otﬂﬁg%‘ko%elnﬂg‘?s.l edipergiinent s
per f or medistivadebio thositittmtwaftrewitinfhe sHicad exiat fhy edmbd GEraReb i ARrwat t he
damaged reqgion. Anot he eat treatnment 5 is perforned in order to inprove
bond! ng 1 OREEN SRR F AEHR 1o:G76k OUPE adHabireaHeHds Beogmeq firvomtse. h1:0005]

Mor eover , thelvedfers iafe daaotdRomboach\behoRdt MRdianiagbBREACt Whbier KAt %E{HbSt rate,
in which a silico _Iaéer separated froma silicon wafer is attached to a

gl ass BubBtHeReEnahin ater tpimgrive boading farce of 3 siiser lnyeratischaghodhehasent
Appl i cati eybshige. 2004- 087606 and Pat ent Docunent 2: Japanese Publi shed
Patent Application No. H11-163363). DI SCLOSURE OF | NVENTI ON [ 0006] 15In a
convent i of®¥95het hod of manuf act ur i ng an SO substrate, an ion inplantation
et hod has_beenviB e ot kaTbh Andel B8RR LT NGE Qpglad CON
wafer. In_an ion inplantation nmethod, a source gas Is-nade i P8P asma, ion
speci es i Hcvhigha silivon faysr pipatates fzore assiliconorafel inatiaciind $o s efxas aitedatei on
speci ' L ] ..accglergted, and.a ' I S
1 a diﬁg ¢ &E%Pgﬁﬁ?ﬁ%‘ﬁédgﬁgﬁgjﬁg@% Iﬁ%bﬁ.lsﬁlc atent %ppﬂéatmn (ko. 308%&%06 and

Patent Document 2: Japanese Published Patent Application No, H11-163363).

DISCLOSURE OF INVENTION
[000G6]

15 In a conventional method of manufacturing an SOI substrate, an ion
implantation method has been used in order to implant hydrogen ions into a silicon
wafer. In an ion implantation method, a 'source gas is made into plasma, ion species
included in this plasma are extracted and. mass-separated, ion species with
predetermined mass are accelerated, and an object is irradiated with the accelerated ion

20  species as an ion beam. As another method of implanting ions, an ion doping method
is given. In an ion doping method, a source gas is made into plasma, ion species are
extracted from this plasma by an operation of a predetermined electric field, the
extracted ion species are accelerated without mass separation, and an object is irradiated
with the accelerated jon species as an jon beam.

25  [0007) '

The research of the present applicant has indicated that when a damaged region
is formed by implanting ion species produced from a hydrogen gas into a silicon wafer
by an jon doping method, the silicon wafer can be cleaved by heat treatment performed
at a lower temperature than a strain point of a glass substrate. Based on this

30  kmowledge, an SOI substrate was manufactured by forming a damaged region by an ion
doping method with the use of a glass substrate whose strain point is 700 °C or lower as

a base substrate.



20 species as an ion beam As another nethod of inplanting ions, an ion
doping nethod is given. In an ion doping nethod, a source gas is made into
pl asma, ion species are extracted fromthis plasma by an operation of a
predeterm ned electric field, the extracted ion species are accel erated

wi t hout nmass separation, and an object3is irradiated with the accel erated

i on species as an ion beam 25 [0007] The research of the present
applicant has indicated that when a danaged region is formed by inplanting
ion speci&ﬁ gioduced froma hydrogen gas into a silicon wafer by an ion
dopi ng ne 9 ! the silicon wafer can be cl eaved by heat treatnent perforned

at a | ower tenmpgh %#H@pﬂé?&flpﬁatﬁ?, Rbiich BRI oftfiod Heh@SSradidhed bl ioBased on
this 30 know edge, an SO substrate was manufactured by fornming a damaged

regi on bydeRing 8itted r Hy eRst drselopg 1o mprufackure dhin filgy tapsistpupever atglasshose
strain poksirhte widh fasQrsideWbngs 1 RAS ek PSAL ?&ne% i@%&g@%mmﬁm An 1 on

dopi ng_apparatus which carries out ion beamirradi Otp an 1 on dopi ng
met hoo® i shasran aslyantajge iathah e tee timernfifaeing e demagedfriegion cambsitottoned asver a

gl ass sub J 4 of gpan . er..An 1 on doping
met hod thgérﬁe%gdemghﬁg? qgﬁﬂagl vlgﬁ?léeg{eoﬁ ﬁnm’tg‘ﬁé]f ese?’ g%flgﬁsn%er%ofm ?‘%r ﬁf‘ng a
damaged r ewittast, mass deparativoy is eoigeriasnaiinpa iedddpinganethod) thenfomnthate ioa net hod

in which rat| i roed, ont,r gst e ation is not
per for modtis ah EREAA dcBftal IR B Shinerial of 8 UEARHS R W FRUY Friaf " not
SI enent i dqiin%ie@phna?m em&:er:}lae!ﬂianh @ﬁ?&lﬁg&thﬁ?ﬁdmndﬁ E@ttiﬂﬁ'gé,ﬁ; igfs. anai on R
opi n? ap%%{@ us enter sikigon wafer together wi e rogen ions.
10 motQ - kTSRt SOt Slns Spiet Hrnsidors et IR oo ived

t her ewi t hidwo eleeitizal eMurshaRtits el IehatbiiRy; &rl 6ampRd tho Wahadtb@bidvit y; for
exanpl e, the transisjaors have variation in threshold voltage and increased
| eak curr@‘ma.tmf‘(‘)‘b%‘gis ql¢t vpltagg ang iprereased deakcHECHr esent i nvention to provide a
met hod of [gmappf acturing a 15 semi conductor device in which an effect of
contam nation due to a netal elenent can be suppressed. It is another

obj ect of the pi &sarfbischobthe ipesent dnyspien Waravidet methodiof menukeuting ing a
sem ceopdu I I 0k f mIEdad } I i

SUppr S oq oo feotds OARR R oF i e 150l BREL Vb Be

subst r at esupipesssedst Etaisnangtientobjest ) GheCprssenit dwesntio? @o [190vidd a method &b aspect
of the pr ' ntJ te . hod @f nufacturing a .

seni condugltﬁglgﬁc g@%é,sev&o éﬁdclﬁ)ﬁcq%ﬁit&gégtvﬂgéq %‘T F%%ﬁ‘% RS taglp%o.’”"f '?“r“oﬂgls an SO
subst r at esippedssli ang whisle nes ansbadtondudtorylayersaelieditodh base subataeiiweaduct or
substrate and a b.aig gcgbstrate to which the sem conductor |ayer is fixed,
and form HFRPEHS B duti9Wes5 el enent by using the seniconductor |ayer of
this & pohefrate.

An aspect of the present invention relates fo a method of manufacturing a

U

semiconductor device, which includes the following steps: forming an SOI substrate

including a semiconductor layer separated from a semiconductor substrate and a base

substrate to which the semiconductor layer is fixed, and forming a semiconductor
25  eclement by using the semiconductor layer of this SOI subsirate. '

[0011]

In order to manufacture the SOI substrate, a source gas which includes one
kind or plural kinds of gases selected from a hydrogen gas, a helium gas, or a halogen
gas isfare excited to produce ion species, and the semiconductor substrate is irradiated

30 with the ion species to form a damaged region in the semiconductor substrate. As the

source gas, a hydrogen gas, a helium gas, or a halogen gas can be used.



[ 0011] In order to manufacture the SO substrate, a source gas which
I ncl udes one kind or plural kinds of gases selected froma hydrogen gas, a
hel i um gas, or a hal ogen gas is/are excited to produce ion species, and the
sem conductor substrate is irradiated 30 with the ion species to forma
damaged region in the sem conductor sdbstrate. As the source gas, a

hydr ogen gas, a helium gas, or a hal ogen gas can be used. 4 [0012]

At | east one of the base substrate and the sem conductor substrate is

provi dedﬁ@ﬁj a bonding | ayer used for attaching the base substrate and the
sem cond or substrate to each other. Wen the sem conductor substrate is
provi ded with tAtdedst dwenefi the bisa pebsiraterad onstmigpnidagter substyatdis frovideld af t er

formng t d ed region. alternatiyel t ndi | ayer be forned
bef or e fov?’hiﬁi' ﬁgg‘?r%éngd%*%g‘éﬁdrtgbiaon(fh“tgoﬁ'fﬁlasc sn@s“g%h%ndgg?essu s"ggéaé?re and the
sem condumbsifates b shetaiothear eWaeid aleh ednitendaatoh sabdwate isnpsuidbd aviinyhe hat t he
base substrate and the sem conductar substrate.are disposed . in 10 close
cont adt  viEHIE JATF ool APRPE e S HECHEES A0, S e: e Sa AP EBB: weon and
that a sulfeartvay, thdondipdiyRgmhppeforingd boRdeomiiag theSmbg@aeybh.ch is in

cont act vrgbh t he bonding | ayer. The surface which is in contact with the
bondi ng | H corresponds to, for exanple, a surface of the base substrate,

a surface of t 960 GOREHIC L the WhaichRiulor Subtithtt AGCatdlhainoicagiblbd ng film
or the like. 15 [0014] The damaged region is cracked by heating the

sem conduBtsBeh 8 gt thafithe hasespbsigateand; the saopigondyctor subistate gicedisinged e

sem cANdUGRcortdBSHAIPERE bihePFRR 1R Rling THe intdfiRe® MElHOMALFAR thaubst rate is
separated fromthe base substrate in such a state that a first

sem condudrigee ¢ighebondingdayer dpbandeshiotarurfaenwhigh éiacontad Yt thabending i xed to
Lgsi l;ase 14erS UDRE GikRe Jlgélf’%gﬂl {:J}ﬁ‘ac?fvﬂ{heﬁ@rﬁoh&ﬂg‘Jlaie&%& RasSfd, feubstrate
g the’first sem conductor [ayer attached t0 the basé substrate is
manuf act usxethple) @CuEhceTolethp rhasresnbsiraty ensurtage of the seotieppduciér sehsttatact uri ng a
sem condugtar. L EE1ML Gl U 8. hlae SOT substrate manufactured in
accordance W t‘gﬁ%éhe above met hoJ.
15 [0014)}
The damaged region is cracked by heating the semiconductor substrate after -
attaching the base substrate and the semiconductor substrate to each other. Then, the
semiconductor substrate is separated from the base substrate in such a state that a first
semiconductor layer separated from the semiconductor substrate is fixed to the base
20 substate. Through the aforementioned steps, an SOI sﬁbstrate having the first
semiconductor layer attached to the base substrate is manufactured.
[0015]
The present invention is a method of manufacturing .a semiconductor device
which uses the SOI substrate manufactured in accordance with the above method.
25  According to an aspect of the present invention, the first semiconductor layer fized to
the base substrate is etched for element isolation to form a second semiconductor layer
which constitutes a part of a semiconductor element. In the present invention, a
gettering site region is formed in the second semiconductor layer in order to remove a
metal element included in this second semiconductor layer. In order to remove a metal
30 clement included in a channe! formation region, the gettering site region is formed in a

portion of the second semicoaductor layer that does not overlap with a gate electrode so

as niot to include a region serving as the channel formation region. After forming the



25 According to an aspect of the present invention, the first sem conductor
| ayer fixed to the base substrate is etched for elenent isolation to forma
second sem conductor | ayer which constitutes a part of a sem conductor
element. In the present invention, a gettering site regionis formed in the
second sem conductor layer in order t@ remove a netal elenent included in
this second sem conductor |layer. In order to renbve a netal 30 el enent
included in a channel formation region, the gettering site region is forned
in a por tek‘ 12N Ogﬂe 4 0&%@9&@5&%9 skl 14 RS thabafiGBneOWhRYGE | ap With a
gate el SEtTOH'S S no 0 I ncl u e a reglon serving as the channel

formati anclndaa@mlthe séfdndsemiponduvtpr ldyer, io thetpteringpits regdon egi on, heat
treatnegh hg perfonned to getter the nmetal element, which is included in
the secol8*¥eni conduct or | ayer, into the gettering site region. [0016] The
fol | owi ng t hr gie Foltdvdes tlaee ngihods ateqgivanr to fotre thpegetterinp gits fagior edon. I n 5

the first nethod | t dtoth
o Conciie ot Mepdrs ravg 18 ket B 0t il BB ELAGE b b Meicbiuuprf T 10 LIE
K(rj g grt>ﬁ¥er0'f?hé<ﬁf8ﬁ pa8 elé&ﬁbn@borfﬂép@dkltmdﬁj affHd, ble, B, dporiBe.c|@meking can be

a e 0

he sem conductor | ayer. \Wen t ductor
i rradi at@dWRior Borpad scﬂfﬂt‘%@“@’&ﬁﬁleﬂ?n@%gﬁ?‘ﬁgﬂg &gts‘ém‘gg%élﬁéﬂftygd by an
el ectri Cyjf 'u{L sei@Blit@s 180 §¢ irfadiafedivoitTRREs bﬂthéamghp 0y ehmaﬁisthﬂrarb attice 10

distortion. The gettering Site region_prefer gkﬁ hasg, a .co nlratlon of the
Group 18acstlerstedtby an ¢leririe Sinlde 2 gritqrjngHite i FoPHe ?”&P@“ So°I aficg 5o

" ngd 1@5609? alUSire get&?ﬁlg%@ Fﬁ@l{ gﬁeﬁﬁﬁﬁm a @bn@RAEtEorMSIhE GrouB3® C for

abo ours,” the neta ment s i ch uded t he seniconductor |ayer
are get t elementi int the trdngeg:dt fremihy ¥)'t atopsigmoto 18 atoms/cm” inclusive,

Through heat treatment at about 450 °C to 850 °C for about 1 to 24 hours, the metal

elements included in the semiconductor layer are gettered into the gettering site region.
[0017]

15 In the second method, phosphorus or arsenic is added to the semiconductor
layer to form a region imparting n-type conductivity. Phosphorus and arsenmic are
preferably added to the geftering site region at a concentration of from 1 x 10%
atoms/em’ to 1 x 10° atoms/cm’® inclusive in total. Through heat treatment at about
450 °C to 850 °C for about 1 to 24 hours, the metal clements included in the

20  semiconductor layer are gettered into the gettering site region.

[0018]
In the third method, phosphorus and boron are added to the semiconductor

layer in such a way that boron is added more than phosphorus so as to form an impurity
region imparting p-type conductivity. Phosphorus may be replaced by arsenic.
25 Phosphoms and arsenic are preferably added to the gettering site region at a
concentration of from 1 x 10% atoms/om® to 1 x 10°* atoms/cm® inclusive in total. The
concentration of boron is 1.5 times to 3 fimes higher than the concentration of
phosphorus and arsenic in total included in the gettering site region. Through heat
treatment at about 450 °C to 850 °C for about 1 to 24 hours, the metal elements

30 included in the semiconductor layer are geftered into the gettering site region.



151 n the second nethod, phosphorus or arsenic is added to the sem conduct or
| ayer to forma region inparting n-type conductivity. Phosphorus and
arsenic are preferably added to the gettering site region at a
concentration of from1l x 1029 atorns/cnB to 1 x 1022 atons/cnB incl usive
in total. Through heat treatnment at alout 450 C to 850 C for about 1 to 24
hours, the netal elenents included in the 20 sem conductor |ayer are
gettered into the gettering site region. [0018] In the third nethod,
phosphorus and boron are added to the sem conductor |layer in such a way

t hat bor df0t% added nore than phosphorus so as to forman inpurity region

i nparting p-ty Vi LUS AR r y.arsenic. 25
Phosphor us andqgragg'ﬁ% %cgo:f))rﬂgflggtggﬁe?acder pt}tégggﬁesg!glkect%ﬁ@%d%gde‘sﬁc?é’?regi on at
a concentthapiegent givehtiontht gettdriipSita region isf@mted il the fir@2¢miodmtan®yer ncl usi ve

in total. e.congentratjon barop is 1.5 ti 0 3. ti hi gher than
the concel e:aa ¥ @'ﬁcbo “B 3{5% 'o?{fl‘sorgﬁd%afeé%oﬁ th? H’%F%tei?mei“ﬁdﬁ'%e'ﬂ)%g % he

get t erd nochahited foremiionregibny the ghttdiingtsite Fepddn® Mt e b podtiod Mhefe thofikp0 C for
about 1 to 2?{][“@0 s tgde nmetal el enepts 30651ncl%‘ged in the sem conductor

| ayer ar e*f¥ P?Lé*ﬂr feygr Foe B0ty Ryer i“ﬁ‘g’ 3 Brle ofEPn o thptthpggiering site |

anot her agpRAtdoes nbh ciide Rofgdh WIRBK AR tsefve tE Be SRANSORAMGHGY rfwi ce of the

pr esent iu&/en i on, thes-tge_tte‘ri ng, site rggi onis formed in the first
semi conduCHeriOFaiRe b4 pstierng §iq 1rgionalicat SEHEents eerfprnedte gettardhe meisle t he
metal el eg@fbnt] Weich BSActhdbdtif heFirsenRShad i TRl Gto hﬁggeﬂeﬁngdﬁé g0 | N

site region is fornmed in a portion where the fi'rst sem conduct ayer does
not olfer | Aferntherhegt featmeni| 98 ttho gelterigg, theofirst prenigendpetor tayes of ¢her 8GI on does
not 1 ncl UstBstend RASQMCN: ot bhnorit Gt B Sorfoifly CRARAR if MRl AeE0! O
After formng the gettering site region; hea% tredtnent 1S per?or dto
getter t hemmegihe sscendsamicondhictds layer.i ncl uded in the first sem conductor

| ayer, irg*lq)gz he gettering site region. 10 After the heat treatnent for the
gettering, the first sem conductor |ayer of the SO substrate is. isolated
for each el enerfiincarilt présengievéntinn irgphsales the steg iob getiesing dvnndesl, eldabe@t By f or mi ng

the S On’rﬂe Sg% er?nognsq{écgegi%n,l /5§ E)bssgbqg %(9 ]suppress an effect of metal contamination

caused in a process of manufacturing a semiconductor device. Accordingly, it is
possible to improve reliability and electrical characteristics of transistors; for example,
‘variation in a threshold voltage can be suppressed and leak current can be reduced in the
transistors.

20 [0021]

Moreover, in the present invention, since the effect of metal contamination
caused in a process of manufacturing the SOI substrate can be suppressed, an ion
doping apparatus having a risk of causing metal contamination can be used positively.
Therefore, by formation of a damaged region with the use of an ion doping apparatus,

25  the tact time of the ion irradiation step can be shortened.
[0022]

The heat treatment for gettering the metal element into the gettering site region
can be performed below a strain point of a glass substrate; therefore, a glass substrate
can be used as a base substrate to which the semiconductor layer will be attached.

30  Accordingly, a semiconductor device of high performance and high reliability can be

manufactured over a glass substrate.



Since the present invention includes the step of gettering the netal

elenment into 15 the gettering site region, it is possible to suppress an
effect of netal contam nation caused in a process of manufacturing a

sem conductor device. Accordingly, it is possible to inprove reliability
and el ectrical characteristics of trafsistors; for exanple, variation in a
threshol d voltage can be suppressed and | eak current can be reduced in the
transi stors. 20 [0021] Moreover, in the present invention, since the
effect ofgiRk §t %ﬁh@@ﬁgﬂﬂAﬁ&H%%d in a process of nanufacturlng t he 501
substrate can Dbe suppresse an 1 on dopi ng apparatus having a risk of
causi ng 8628 contam nati on can be used p03|t|vely Therefore, by formation

of a damaged region,w t h j.he use of aratus 25 the tact
tinme of the ioﬁﬂ#’gr i‘;\g: %é’ti n #&t EY5EES %%allsﬁay? gﬂ%gies% tioa ﬂtﬂe heat
treat nentminnfacgleingersé:ﬁigoﬁdiﬁtoﬂﬁé\ad:e el ement into the getter| ng site region
can be perfor elow a_strain point, o trate; refore,

gl ass ®subst raggﬁg‘,g 8 to, 2 daﬁsc’é’sf)éeé’go‘?Eb‘é‘F‘g%?fgr f”@hatﬁﬁﬁlggrﬁ’fconductor
layer W |hardgichiring @Redicofictos aeviél, Bﬂér)fhes’!eﬁtﬁ'FIG.Ol'l}iUCt or device of high
performance and high reliability can be manufactured_over a Iass

substrate. 7 BEFER3HEOCRCPACORIosEsqofiol Nagws dop Sescribing a methed afp to 10

ar e CrOS%aﬁ%tmglasxmﬁwﬁdumdelﬁ&caﬁé}ltﬁ@st@pw:&ozbof manuf acturing a
sem conductor device. 5FIGS. 2A to 2D are cross-sectional views for

descri bi ng a nElGdbiso cnww@hmemgfoadsmb&grmm@tw of ananufectuginger t he step

of FI 1§'em1c0n uctd?'dgﬁce 3Retifle S5 GFRECEE@SS-sectional views for describing a
nmet ho manuf acturing a sem conductor device, after the step of FIG 2D.

FIGS. 5A to 5C ate cross-sectional views for describing a method of
manufacturing a semiconductor device, after the step of FIG 2B.

. FIGS. 6A to 6C are cross-sectional views for describing a method of
manufacturing a semiconductor device, after the step of FIG. 2D.

15 FIGS. 7A to 7D are cross-sectional views for describing a method of
manufacturing a semiconductor device, after the step of FIG. 1G.

FIGS. 8A to 8C are cross-sectional views for describing a method of

-

manufacturing a semiconductor device, after the step of FIG. 7D.

FIGS. 9A to 9G are cross-sectional views for describing

=]

method of
20  manufacturing an SOI substrate. |
FIG. 10 is a block diagram for showing a structure of a microprocessor.
FIG. 11 is a block diagram for showing a structure of an RFCPU.
FIG 12 is a top view of an SOI substrate using mother glass for a base
substrate, ‘
25 FIG. 13A.is a top view of a pixel of a liquid crystal display device, and FIG
13B is a cross-sectional view taken along a line J-K of FIG. 13A.
FIG. 14A is a top view of a pixel of an electroluminescent display device, and
FIG. 14B is a cross-sectional view taken along a line L-M of FIG. 14A.
FIG. 15A is an external view of a cellular phope, FIG, 15B is an external view
30 of adigital player, and FIG. 15C is an external view of an electronic book reader.
FIG. 16 is a chart showing metal elements included in a silicon oxynitride film
and their concentrations, which are detected by ICP-MS.



FIG 4 i

are cross-sectional

S a cross-sectional view for describing a nmethod of manufacturing a
10 sem conductor device, after the step of FIG 3C FIGS. 5A to 5C

views for describing a nmethod of manufacturing a

sem conductor device, after the step of FIG 2B. FIGS. 6A to 6C are
cross-sectional views for describing & nethod of manufacturing a

sem conduct or device, after the step of FIG 2D. 15FIGS. 7A to 7D are

cross-sectional views for describing a nmethod of manufacturing a
sem conduct or vice, after the st f FlG FIGS. 8A to 8C are
cross-secti ona}qﬁ%ilgﬁsagrﬁﬁ‘h%g’&girﬁﬁ“ﬁgogmﬂ&sﬁd%ﬁ&@ Yanuf acturing a

semi conduct or BRY i 18esho@t GeTi grbBleShaPdgih Blc&titAkin a silicon wafer, FIHE i9A to 90

are cross-sectional

views for describing a nethod of 20 manufacturing an

SO subseplyEdm%BMPo is a bl ock diagramfor showing a structure of a
m CrODVOCESSC’rF‘IC(;Elllg s}x&wk%I@oB}&ﬁgi@?@gﬁtﬁrﬂi&&ﬁmﬁﬂ%m&)@w%ﬂUﬁfi&fﬁ of an

RFCPU.

crystal

el ect r ol RASTEYONE FAR SARRYING/OUF, THIHINVERTIAN3 i s a cross-sectional
? 4?1‘ line L-Mof FIG 14A. FIG 15A is an external view of a
{f}gzo e, FIG 158 is an external view 30 of a digital player,

t aken al
cel |l ul ar

F IS atop viewo

an SO substrate using nother glass
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rlrz?\}e%liorxe l(:a(atlnl?en}:a?'rici, (():ult lfl(lj (Ian%njly I&if?ergritlngoc esn, iP l)éyegéiiyr \ilnctji%rsuolti rgy those
skilled in the art that the mode and detail can be variously changed without departing
from the scope and spirit of the present invention. Therefore, the present invention
will not be construed as being limited to the description of the embodiment modes. It
is to be noted that elements denoted with the same reference numerals throughout the
drawings are the same, and explanation on the material, shape, manufacturing method
thereof and the like will not be repeated.

[0025]

{(Embodiment Mode 1)

This embodiment mode will explain 2 method of manufacturing an SOI
subsirate, and a method of manufacturing a semiconductor device with the use of the
SOI substrate. First, a method of manufacturing an SOI substrate will be explained
with reference to FIGS. 1A to 1G
{0026]

A base substrate 101 is prepared as shown in FIG. 1A. The base substrate 101
is a support substrate which supports a semiconductor layer divided from a
semiconductor substrate.  As the base substrate 101, a light-transmitting plass substrate
which is used for an electronic product such as a lquid crystal display device can be
used. In consideration of heat resistance, price, and the like, substrates with
coefficients of thermal cxpansion ranging from 25 x 107 /°C to 50 x 107 /°C
(preferably 30 x 107 /°C to 40 x 107 /°C) inclusive and strain points ranging from 580
°C to 680 °C (preferably 6ﬁ0 °C to 680 °C) inclusive are preferably used, In order to



and their concentrations, which are detected by ICP-M5. 8 FIG17 is a
graph showing results of analysis of FIG 16. FIG 18 shows a Ti
profile in a depth direction in a silicon wafer, which is analyzed by SIMs.
FIG 19 shows a Mo profile in a depth direction in a silicon wafer, which is
5 anal yzed by SIMS. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON [0024] The
present invention will hereinafter be described. Since the present 10
invention can be carried out in many different nodes, it is easily
understood by those skilled in the art that the node and detail can be

vari ous| y Suipiess centeninainn ofcdthe seniconglution deidee moomyer, thedlasp subistrateé atche

t i ' nhesent | tion will no e .construed
e Dol ng. Preoe g el RE ThRL Senshylls, NS e MR i dedifS T o b
not ed t hatmatirielsestch denatumdnosilichtet gbssﬁaﬁmmﬁ!&)fbﬁfoeﬂl’eaengl_ﬁﬁf a:lnﬂhﬂnbﬁﬁkﬁghou'[ t he
15 drawi n . ‘ same, and explanation on the material, shape,
manuf act u?%ﬁgﬁlgnaééggaﬁs‘thereof and the like will not be repeated. [0025]
(Embods me[@02¥pde 1) This enbodi nent node will explain a nethod of

manuf acturing ap SO .20 substrate, and a nethod of manufacturing a
seni conduct o? d&%i‘”&é‘ltﬁﬂ‘ﬁﬁ“"t Wes“ﬁéegi'ﬁ? sppbratssy ans insulating substmte such as aet hod of

manuf act utdrigiciibstiate, 8 R sabfirald, bl a RPpRANBSBRD 2 Whhdhchitd SHEREELR FI G5 1A
to 1G | 005364 metal substrate or a stajnless steel substrate; or a semiconductor substrate formed of
silicon, gallium arsenide, or the like can be used as the base substrate 101.

10 [0028]

As shown in FIG 1B, a semiconductor substrate 111 is prepared. The
semiconductor layer separated from the semiconductor substrate 111 is attached to the
base substrate 101; thus an SOI substrate is manufactured. The semiconductor
substrate 111 is preferably a single-crystal semiconductor substrate, and a

15 poly-crystalline semiconductor substrate can alternatively be used. The semiconductor
substrate 111 may be a semiconductor substrate formed of a Group 4 element such as
silicon, germanium, silicon germanium, or silicon carbide. In this embodiment mode,
the base substrate 101 is larger in size than the semiconductor substrate 111.

[0029]

20 As shown in FIG. 1C, an insulating layer 112 is formed over the semiconductor
substrate 111. The insulating layer 112 can have a single-layer structure or a
multilayer structure including two or more layers. The total thickness of the insulating
layer 112 can be set in the range of from 5 am to 400 nm inclusive. The insulating
layer 112 can jnclude an insulating film containing silicon or germanium in its

26 'composition, such as a silicon oxide film, a silicon nitride film, a silicon oxynitride film,
a silicon nitride oxide film, a germanium oxide film, a germanium nitride film, 2
germanium oxynitride film, or a germanium nitride oxide film. Moreover, an
insulating film including a metal oxide such as aluminum oxide, tantalum oxide, or.
hafnium oxide; an insulating film including a metal nitride such as aluminum nitride; an

30  insulating film including a metal oxynitride such as aluminum oxyritride; or an
insulating film including a metal nitride oxide such as aluminum pitride oxide can be

used.



A base substrate 101 is prepared as shown in FIG 1A The base substrate 101
25 is a support substrate which supports a sem conductor |ayer divided from
a sem conductor substrate. As the base substrate 101, a light-transmtting
gl ass substrate which is used for an electronic product such as a liquid
crystal display device can be used. |A&%consideration of heat resistance,
price, and the like, substrates with coefficients of thermal expansion
ranging from25 x io-7 pc to 50 x 10-7 1C 30 (preferably 30 x 104 1C to 40
x 10-7 1Ci i@ﬁlusive and strain points ranging from580 Cto 680 C
(preferab‘%p3 0 Cto 680 C) inclusive are preferably used. In order to 9

suppr ess cont aniuNAsispékifdatibhleths BRIHEQRE YSERT ' 180 akains 169! 2SS
substrates are pref esrgatljl_y al kal i*-a%'ree gl alg’stogﬁs})igét%%gfé@ﬁ%ﬂgaﬁsa&gmof
al kal i - f r B epRthay nitiegendeonpawberpas deinitride axide méerailtaiai substhrdecat e

gl ass, al WAL i ' rosidicate glass. .5 [0027]
As an alternati veﬂfsol“?%?ﬁﬁ‘é’%@gﬁ’?ﬁﬁg‘tq’r‘ 2’%& efﬁnlétﬁgls'nsﬁeaf’?ﬂﬁos s?’? e such as
a cerafi coxmwede ane theanityideroxideseap dter mtasyred rbyausigpRithéréors Haskdoateinga

conductiv h metal sulstrate a sfainless steel

subst r at e;§p %#le ggﬁ\ﬁggﬁ%dc?‘g?h% %Ibg %a{&ég%{e% (%:FS)SI I%PEB’fﬂm & $li5em

ar seni de, oxymittile rdférk ¢o & arbstancewhith asnting okpRa it HeShid! fﬂdi’nilsg 3@%&@028]

As shown in_F a_sem conduct or bstrate, 111 i s prepared. The

seni conduz(sz %tf%?%%lg?vesgﬁgggl’é' % 1BRY ?f‘f&"‘gbrﬁa ‘?f%’lfﬂél Y% g‘t‘fﬁg’c"ﬁaﬁi’éc@ﬁ& is
attached tho rirpe didmen 3515%t8 B8 al Flinclubive, A8 hWSHop&HRSHE MnBe bf rFRNY{ act ured.
The Sﬁﬂi cor),}dL{ctS@r §?ubs rate é,l i s_preferably a single-crystal

seni condu®t Br® Jinth Mlpsiven g Stiicen nifgde oxidg gefgrs| tonforszpmplsnagubsancs ubst r at e
can al t erwhich\¢6htyink x 28 th thEHenSUTERRNS YCHb 36 'zl{?'%tiﬁélﬁé?v% hitroBBY e @

sen conduct or ﬁsgbstrate formed of a Goup 4 elenment such as~silicon,
ger mani uMa&s P Eom Pt Fain 2hit-% Andysives sificeminthel sange nf fbins2Seati% o BBnt node,

the base mubsioiahe, dthyifogkRIdiRE rine 5f f6m 103094 3038 HANMVE" HssqyPSt rate
' be noted that the content ratio of oxygen, nitrogen, hydrogen, and silicon of silicon

156  oxynitride and silicon nitride oxide is the value when the total content ratio of the
elements constituting the substance is 100 at.%.
[0031)
The insulating film for forming the insulating layer 112 can be formed by a
CVD method, a sputtering method, or a method of, for example, oxidizing or nitriding
20  the semiconductor substrate 111.
[0032]
When the base substrate 101 is a substrate including an impurity which
decreases the reliability of the semiconductor device, such as alkali metal or alkaline
_ carth metal, the insulating layer 112 preferably includes at least one film capable of
256  preventing diffusion 6f such an impurity from the base substrate 101 into the
semiconductor layer of the SOI substrate. As the film for preventing impurity
diffusion, a silicon nitride film, a silicon nitride oxide film, an aluminum nitride film, an
aluminum nitride oxide film, or the like is given. With the provision of such a film,
the insulating layer 112 can function as a barrier layer.
30  [0033] |
For example, in a case of forming the insulating layer 112 as a barrier layer

with a single-layer structure, a silicon nitride film, a silicon nitride oxide film, an



[0029] 20As shown in FIG 1C, an insulating |ayer 112 is fornmed over the
sem conduct or substrate 111. The insulating |ayer 112 can have a
single-layer structure or a nmultilayer structure including two or nore

| ayers. The total thickness of the insulating |ayer 112 can be set in the
range of from5 nmto 400 nminclusiv8. The insulating |ayer 112 can
include an insulating filmcontaining silicon or germaniumin its 25
conposition, such as a silicon oxide film a silicon nitride film a
silicon oxynitride film a silicon nitride oxide film er.mani um oxi de
film a gemvimm aiide ﬁhnder g0y plpningiy BN PAIAS ﬁ@ﬁ?‘ihrhﬁi’él&?&lﬁ #s af ger mani um
nitride exhOeqhid S %%ﬁ%%caﬂﬂehgealabaiélﬂaﬁﬂngmepfwdl ng a netal oxide
such as aI um num oxI tant al um oxi de, or i um oxi de; an insul ating
filmincl@ithg a netal nitride such as al umi num ni tr| de; an 30 insulating
filmincludin i an

i nsul ating fi ?%aﬁ%‘%g%dfo mgtﬁé’{"glﬁ @?Y"Sz‘l%%‘# suc %%s%lg{%ﬁ‘l&nﬁl I;:nl tride
oxi des c astrireureSthel nppa‘tﬂa;[eﬁﬁn’sﬂi insulating ﬁlkmwﬁthiashlglpbunﬁl pmapergn, A $iBcoxynitride

refers to.a,substangce whic NS nore 0x t msthan nltr en at ons;
wher eas t“ﬁ’éd‘?'n?‘g?’i %Iéﬁlﬁ%' &&“B"e ‘Jragafi Ay %‘g%&vﬁ @ﬁl > O AP SAHEIEET o

nit rogennﬁhm;na&]ﬁnn eatchgam tmmé&befsampaszmmmiusi%&aﬁbemym ig i de and
the nitride oxi Rut ford Ba kscattelng
Spect r oty JPRRASY: arEhess QRS i S-ar Hgh GOSN, EFich goK PEPRYDE ABPUE D) e,
silicon QyuRidn! b@kethéﬁflﬁraﬁzat am@s SURISS ARAE Whireford; QB kind meexazseeaf e t he range
of from50 at.%to 65 at.%inclusive, nitrogen in the ran of, fromO0.5

at . %P0 Fouiatingdilm sbichi iy & copfact with theseprieonguctorsubstrate L, 2 Slmwithany 35 at . %
i ncl usi V%ffe&'?) Iélié@fn%gﬁg‘stgcgs b Bﬁﬁ@‘iaﬁf of e MsRiating Giirdlis JlotePabld s %

i ncl usi ve. Icon nitri oxide refers to, for ekxanple, a substance which
cont ai ns t@(lygémngrﬁlmﬁevmwé apfefieptonpilicen oxide Blnge sticonprymittide filf, 2 ni t r ogen

inther %@m@ STRYAS [WsToTr I hg: r ange of
from 25 a l(t%m%{sﬁ@ 01N uté‘%\?gﬁ ﬁ%’%@%gen |¥1dut%t1c;esr angesr!lo1 ?rr om 10
at. % to 3 lite Ygive| tjﬂwlewerllayew of the nlmeiatmg &tin cirebe formeddipptthinknesaefl o0 of
oxyg i dra . and silicon of silicon 15 oxynitride and
a8 et £ B8 o 2R R

sili IS Y% val ue when the total content ratio of the
el enent s {0OBs$ti tuting the substance is 100 at.% [0031] The

insulating filmifor for t he i.nsul | a 112 ca beforrred by a CvD
net hod, a sput Pﬁ‘%&‘nﬂ’%ﬁ]ﬂ@g %‘f‘: 'ﬁ gg‘ﬂ ryﬁ‘? ntﬁﬁoga P eng or

i tri di ngaciihdien BOTAMBRIIHCIIOR abLaskEktmellh 11[2903,&] a combmatwhem tide base
substrate 101 is_a substrate inc]udin an i mpurit h, decreases t he

reliabil ipsplagngfilm di2n apd dic dnsplafjay w153 pyvhee té? I&%ﬁ atipglayerobly) kal i ne
ear t 'ﬁomtféﬁotmhzhgs bNibdidld Bin, Y Skarkdié, ReShAbRbYcoiblmgRSadt gil&ASt one film

capabl e of
silicon oxide film and a silicon nitride film, a silicon oxynitride film and a silicon

nitride film, a silicon oxide film and a silicon nitride oxide film, and a silicon oxynitride
film and a silicon nitride oxide film.
[0036}

25 Fer example, as the insulating film 112a, which is the lower layer, a silicon
oxynifride film can be formed by a plasma CVD method with the use of SiHy and N>O
as a source gas. As the insulating film 112b, which is the upper layer, a silicon nitride
oxide film can be formed by a plasma CVD method with the use of Silds, N20, and NH,
as a source gas. Alternatively, as the insulating film 112a, a silicon oxide film can be

30  formed by a plasma CVD method with the use of an organic silane gas and oxygen as a

SOurce gas.



25 preventing diffusion of such an inpurity fromthe base substrate 101
Into the sem conductor |ayer of the SDI substrate. As the filmfor
preventing inpurity diffusion, a silicon nitride film a silicon nitride
oxide film an alumnumnitride film an alumnumnitride oxide film or
the like is given. Wth the provisioniof such a film the insulating |ayer
112 can function as a barrier layer. 30 [0033] 11 aluminumnitride film
or an alum numnitride oxide filmeach having a thickness of from5 mMm to
200 nminclusive can be used as the insulating |ayer 112. [0034] In a case
of form n08He i nsul ating layer 112 as a barrier layer with a two-layer 5

t t , th | at i b
Sroperty. A of ICOR aetE el T Gttt (B8 Sl BBt e Gk Gt umi num
nitride fietristhaxysitane ad’I[lB@S;LtEhcmutal | fdemdxi 8O0, Hi)e acthaniesiwilsipna (MM kness  of

S nmto 2Q0 nminclusive c sed as the.,u mshavea
hi gh bl ock® f f etormplgy p%{)f ng itﬁtﬁﬁ}l?‘ﬁx}cﬁf‘g‘f’t{f’éﬁ%ﬁnebut?ﬁé#’l nt er nal
stresss i Soctdriihylt@ibtetkiRsR0er e, (@81, | owaExahRiSIdigdhzdke 10¢MBE]),at i ng
filmwhich is in contact with t he sem conduct r su&st*%e 111, a filmwth
an ef f ect Tisthoryilppg ASHYQGeELs)s), F‘é%‘é‘n‘éf’f‘yl?‘ﬂ@o 90 the ik ating film
is prefergph® As the insulating fllmhaw ng such an effect, a silicon
oxide film a silicon oxynitride film_ a thermal oxide film formed by

thermal |y oxi d.&%@ﬂ%@%@w‘f&ﬂ@ué{l&n@aml@lap@uqlmalouérac@%atw REaps given.
The 'O‘A'efezkaﬁégmﬁfls Iﬁla*lﬂaé UrkHaf ()f ol %’i‘m&ﬁm&%{] BRAtAD 1 3‘1 Wbgitnges of 15

from5 nmto 3 usive. IS enbo I ment” nod; the
i nsul & i nipsklatjng laI&Qll?ashaebW\@ma%ﬁ dampaged gegion 4¢3 udlthg semicomipgioat | ng fi I m

1122 204 SRS kB Ha PSRN AR, O hSoh B0
functi onsstq? the nlrmcdndmgorf subsiyaté 011 s iandidted wut?ehd mhlboam rigl q:cw.hilai.mmeons are
iven: a siljc n nitr.i .a Si
yni 1§ QRPN SR 1oL S BriehfeR oot s op PR 8 e o
silicon nthb st ofdiictte stbstiate Hlnd Théblores Wheﬁ)memchllidod&udmﬂ sibsttatk dl1sikl i con
b 8 bS5 2, 52t Pt OF A e St
pl asma CViged@h&tPd fdel id R semfoffuckirsdbstat N2 Gt @§reﬂet&%iﬁ@dedegﬁ§due/i§ the
i nsul ati n%éfl | m112b, which is the upper |ayer, silicon nitride oxide

filmcan B sheekef theyaceelsratedionciperiset NG we@lwn@%éayes sogspeRdsfoNde, and NH3
as a sour gy, b 485 N3fteVEdpth aPRhicREhd BHARE 1B8od 114Nisl ffed RaS bk | CON

oxide film can
adjusted by the acceleration energy of the ion beam 121 and the angle at which the ion

20 beam 121 enfers. The acceleration energy can be adjusted by an acceleration voltage,
dosage, or the like. The damaged region 113 is formed as deep as the average depth at
which the ions have entered. That is to say, the thickness of the semiconductor layer
which will be separated from the semiconductor substrate 111 is determined based on
the depth at which the joms enter. The depth at which the damaged region 113 is

25  formed ranges from 50 nm t;) 500 nm inclusive, and preferably from 50 nm to 200 nm
inclusive.

{0039]
In order to irradiate the semiconductor substrate 111 with the ion beam 121, an
ion doping method in which mass separation is not performed can be employed as an

30  alternative fo an ion implantation method in which mass separation is performed.

[0040]
When hydrogen (H,) is used for a source gas, H*, H", and Hs* can be produced |



30 forned by a plasma CVD nethod with the use of an organic slinme gas and
. oXygen as a source gas. 12 [0037] As the organic silane, for

exanpl e, the follow ng conpounds are given: tetraethoxysilane (M3S,

chem cal fornula: Si(0C2145)4), tetranethylsilane (TM5, chem cal formula:
Si (CH3)4), tetranethylcyclotetrasil oxhe (TMCTS), 5

oct anet hyl cycl otetrasi | oxane (OMCTS), hexanet hyl di sil azane (HMDS),
triethoxysilane (Sill(0C2H5)3), trisdinmethylam nosilane (S1H(N(CH3)2)3),
and the |ike. {_0038] Next, as shown in FIG 1D, an ion beam 121

i ncl udi ngby Feiting & dydpaanegpspy Thpwpertion jof ign speeies protugsid e the( sourcedi at i on)

to the segLORduch : ] %QE 0 '%ﬂ{} ti | ayer 112,
t hereby form ng gﬂfgﬁiggg&}??ﬁgﬁ?ﬁaqxn t Ieﬁlts-bzhrﬁjdég% uc %rang%gcs’ p}(xgrtee 111 at
a pr edet eforigedfatingplésafay tenamtosntefi supplying tler seofce gas) andiitle filen u & agdeat | on

step, the ] C L[ a 111 is irradiated.with the 1on_heam 121
i ncl udi ngof E@ng@g#e&rag{%%&?%}&s%gc@el 1 @8‘%%&%4’&?@%?5‘%%‘5& ﬁi'??g(ﬂ%t itute
the ioh spewpeI0%roe naddeitht mtdl heoserofHINHLC et Hs Ul tHerigh Beald 121, Theqef or e,

when t he senm conduct or strate is 15 irradigted with the ion beam

121, a wegk%ﬂrgcpr%g&@l% %a?"*%hi"Sﬁ*Péerj??fla’f moEG umﬁ"gé% é’%‘l"@e?ﬂéﬂof@o%rrred in
the semi cdqucpoRtionsefIsS figtisan Heliod bean ARE Gork SMmAlladiadedly, Rvidsierekistine shock
of the accel erated i.on species. &%its e akened | ayer corresponds to the

damaged | SY&F Vidasionyp c dep ¢ ipxdegetiong dp 8¢ ion beas 123y ned can
be adj ust eftedy CohRqadnfg! tBE Rl iRPIBRGHA ¥iffent N Bngr&ts REA M A2 tAid.h Re angl e at
whi ch_the ion 20 beam 121 enters. The acceleration energy can be adjusted
by anl®ccehostengd: on vol t age, dosage, or the like. The damaged region 113 is
f ormed angdﬂ as the average depth at which the ions have entered. That is
to say, the thickness of the sem conductor |ayer which will be separated
fromthe seni cdaderdeinto deres thendamagell regicdie Y i rre dhdblwse degion, t the idept h at

whi ch the,l ; ' t he. region 113 .1$ 25
formed r a?nd(f;;gllsalsc?'I rggkgﬁ%ﬂr%%ls?@p[}fglga{ n#&:w(rélg IUESF\I/%@%Q%‘? %’%8?%‘8?3?§f¢30m 50 run
to 200 nnionfidd theiplasma[g@038kd by exciting thedrydenges gad, hydrdgat @ dnheomasingonduct or

subst f.at ekl | t .Qn _beam 121, L on _dagpi.ng. method, i,n whi ch mass
separ;ﬁi 0 Pi)i éan\rllﬂgtﬁgé&rfoo{rhﬁesam écglr%lffgoresr‘?gﬁﬂf%ﬁeﬂna o APisS P5Ea$e 2 0 an i on
i npl ant at He'hiomelisks dbkeb nimik i a8 Hatge I8ass epainallt @, iagd pewk0emBdbf A18R330he 13

hydrogen atoms to the same depth, the accelerating voltage of the Hz* ion can be made

three times higher than that of the H jon. When the accelerating voltage of the ions is
increased, the tact time in the ion irradiation step can be shortened, and productivity and

20  throughput can be improved. Therefore, the increase in proportion of the Hs* ions
included in the ion beam 121 leads to lower variation in the average depth at which the
hydrogen enters; accordingly, in the semiconductor substrate 111, the hydrogen
concentration profile in the depth direction becomes steeper and the peak position of the
profile can shift to a shailow region. '

25  [0042]

In the case of performing ion irradiation by an ion doping method with the use

of the hydrogen gas, the acceleration voltage can be set in the range of from 10 kV to
200 kV inclusive, and the dosage is set in the range of from 1 x 10 ions/cm? to 6 x
10" fons/cm? inclusive. By the irradiation with the hydrogen ions under this condition,

30  the damaged region 113 can be formed to a depth of from 50 nm to 500 nm inclusive in
the semiconductor substrate 111, though depending on the fon species and its proportion
in the ion beam 121,



by exciting a hydrogen gas. The proportion of ion species produced fromthe
source gas can be changed by adjusting a plasma excitation nethod, pressure
in an atnosphere for generating plasma, the amount of supplying the source
gas, and the like. In a case of form ng the danaged regi on by an ion doping
method, it is preferable that H3+ 5 ogcupy 70% or nore of the total anount
of 11+, H2+, and H3+ in the ion beam 121, and it is nore preferabl e that
113+ occupy 80% or nore. Wen H3+ occupies 70%or nore, the proportion of
H2+ ions in the ion beam 121 gets snaller relatively, which results in

| oner val¥¥#Bion in the average depth at which the hydrogen ions in the ion
beam 121 ent erForcéadaﬁlsﬁuaiatsleaﬁmh&ﬁ:mrqaydrrmh;amrﬁéuneﬁ i dpbfox@nsilyl 199" oves and
the tact tinme can 10shortened. [0041] In order to formthe
damaged megFanba g@ataﬁpdafrgmam seinicardustor sphprate ol 1 Jihken) tbe semisandustarage needs
to be lo r Ys e I {0 0 i B Lhe plasnma
gener at egﬂ%g& eg%ﬁt ;I Sng tﬂﬁéﬁ c%%%gr%ﬁ&gass&eﬁf}%r f)ﬂgeeﬁm?%tda_gﬁﬁg?o%%aormt%S (H) can
be ad8ed SPant-thickssilidonorxyaittider filouthe mauleting filne i 2 jsen 0-pm-thigkssiliconbecause an
H3+ ion N e case of
addi ng thgﬁﬂég’“g‘ag{ﬁna osf?ws%ct&(%g %%e sa%én’g}gpt "elém%en Jéfg{ca g?@t%‘ga}' €ﬂ1 t age of
the H3+ idosuge &2 be0 rime/cioir eAltémathslthgdsxeuhe irhalintivh stitholie hydeogkd fodson. \When

t he accel.era t gge of t ns lS i ncreas in the ion
i rradiat |‘%PFr§’tr‘é‘ng‘éJr‘f gg aLqrEPe ’r‘?@ 658‘?.???\ gﬁfsgﬁﬂnéﬁhf‘mfﬁhput can
be i nmpr overho-dheick efliten blhifiae rfmg hel ibﬂﬂd&dhﬁ@cmbﬂ RRerOWith Rethidkhedsasts | ncl uded
in the ion beam 121 | eads to Iowsr vari ation Btﬂﬂg@f’averﬁge depth at which

t he Rfdr saRpxiapptely £0 ng cambesepgipipd Hom thp seruigon e tbstrate 111, the
hydrogen (gagentration profile in the depth direction becomes steeper and
t he peak p05|t|on of the profile can shift to a shallow region. 25 [0042]

In the case of g@m@e},pq{galﬁcgﬁtway bejisediag A seRpcegps phihe dorpirsagiaten seRl with t he
use of t%&%s&)g@&eg@éspeaa@ ﬁaﬁ&wyaéxbzﬁag ﬁ&htﬁ@% BN eaRbndidne range
of from 10 kV to 200 kV'incl usive, and the dosage is set in _the range of
from1 x S&l@l@tei Uhsacheimadiapdmainy avithdie/eyppin andpr dopiag method jie whidhadi at i on
w t h.the ORS.. N S duTRgeR4r §oken 113 can
be folrfr’ma 0 Sggag‘gm{nhﬂo?& 9&%@%& nmfg%@g%é Qﬁiﬁ]roﬁﬁig% usive In t eﬁse% conduct or
subst r at eatbaged tegmgli'a'c@fwmﬂyngy on iothdopiog matmdi e Vhendon tigadiatinoist i on i n
thelonbemll 4 3 r. | ayer

W th ot REORTEaDsie YRR e fpind o b sbeiclsln SORSE S RUH) i

sem conduﬁtgerofmhsmme) mmnsivb,anaem dlﬁﬂgialiﬁt@lin thshsigeal érolllxi s a

si ngl e- Clé%t sil icon §éJbstrazte the insulating film1l1ll2a is a 5

50- nm t hilOK 18350’ sn 6 dPh| iRy IRINSiYe-t he i nsul ating film 112b is a

50- nigyt hl[ ilicon nitride oxide film the source gas is hydrogen, the
acceleratiton'voltage is 40 kV, and the dosage is 2 x 1016 ions/cn2.
Alternativel y, Altabgen pes sueh asc elloring g5 (Gl ohy Bperirereas rgarkcapdef or med
under th r d condition except that the insulating film 112a is
a 100-nm %%Qﬁgﬁ%}éc%%?oxym tride film the sem conductor layer with a

t hi cknes40@f6]10 approximately 70 nm can be separated fromthe sem conductor
substrate 111. ALfto

€r fonlung the damaged region 113, a bonding layer 114 is formed on a top
25  surface of the insulating layer 112, as shown in FIG. 1E. In a step of forming the
bonding layer 114, the semiconductor substrate 111 is heated at temperatures at which
elements or molecules added in the damaged region 113 are not separated out;
specifically, the temperatures are preferably 350 °C or lower. In other words, the
damaged region 113 does not release gas within this heat temper:c:ture range. It is to be
30 ' noted that the bonding layer 114 can be formed before the ion imadiation step. In the

latter case, the process temperature at the time of forming the bonding layer 114 can be



Hel ium (He) can alternatively be used as a source gas of the ion

i rradi ation step. Since nost of the ion species produced by exciting helium
are He+, the sem conductor substrate 111 can be irradiated mainly with He+
even in an ion doping nethod in which 15 nmass separation is not performned.
Therefore, mcrovoids can be formed i ¥ the damaged region 113 efficiently
by an ion doping nethod. When ion irradiation is perfornmed using helium by
an ion dopi ng nethod, the acceleration voltage is set in the range of from
10 kV to 200 kV inclusive, and the dosage is set in the range of from1l x
1016 i onsAetporaboge F501WA6 i ons/ cnR i ncl usive. 20 [0045] A hal ogen gas
such as ayg) ygrlne gas (Cl2 gas) or a fluorine gas (F2 gas) can be used as
t he sourcg gas [0046] After form ng the damaged region 113, a bonding |ayer
114 is forned o'ﬂheabmmgwesmamseiatalya ﬂoﬂmmgiartgnh@geﬁrfabé,anhiaﬁisshom in
FI G 1E.

cubst r at e B0 SR of o ehisco ot RapduRE a¥pSie ol <TBFEIAD) Boul es

added 5n bhelitargecH 4Rghably 111113 a@ﬁeerm%a susfR8HoapRisORE of BREMEL DRALY. the
tenperaturqﬁaare referably 350 Cor lower. In other words, the danaged

regi on 113%43d9%%, Wﬂ“@?s‘@“@&@sﬁ/\ﬁ{"ﬁﬁ less tham O nmenFhe shickness ehthe.
to be 30 peidEk xalsreftmr&nq@ﬁg@tfggnl1@wﬁﬁ td 300 pA"mAGsE" "B BRkRkSo H]}h' On.

irradi ati on stegwlnthe case, the process terrperature at etine
of forni nBoRding Fgeii Hyis| pigfesablyrin the range of foms Snmyto 500 atwoinclugse @d

more preferably 10 nm to 200 nm inclusive.
10 {0048]

The bonding layer 114 is preferably an insulating film formed by a chemical
reaction, and a silicon oxide film is preferred. In a case of forming a silicon oxide film
by a plasma CVD method as the bonding layer 114, it is preferable to use an organic
silane gas and an oxygen (O3) gas as a source gas. By using organic silane as the

i  source gas, it is possible to form a silicon oxide film having a flat surface at process
temperatures of 350 °C or lower. Altemativély, a low temperature oxide (LTO) formed -
at temperatures of from 200 °C to 500 °C inclusive by a thermal CVD method can be
used. LTO can be formed by using monosilane (SiHL), disilane (Si;Hs), or the like as a
silicon source gas and using dinitrogen monoxide (N;0) or the like as an oxygen source

20 gas.

[0049]

In the case of using the semiconductor substrate as the base substrate 101, it is
also possible to form the bonding layer 114 with the use of an oxide film obtained by
oxidizing the semiconductor substrate 111, instead of forming the insulating layer 112.

25  [0050]

FIG. 1F is a cross-sectional view for explaining a bonding step, which shows a
state in which the base substrate 101 and the semiconductor substrate 111 are attached
to each other. To perform the bonding step, first, the base substrate 101 and the
semiconductor substrate 111 with the bonding layer 114 and the insulating layer 112

30  formed are subjected to ultrasonic cleaning. The ultrasonic cleaning is preferably

megahertz ultrasonic cleaning (megasonic cleaning). After the megahertz ultrasonic



[ 0047] The bondi ng | ayer 114 serves as a layer for formng a bonding
surface, which is flat and hydrophilic, on a surface of the sem conductor
substrate I1l. Therefore, the 5 bonding |ayer 114 preferably has an average
surface roughness Ra of less than 0.8 am and a root-nean-square roughness
Rrs of less than 0.9 run. The thickne#s of the bonding |ayer 114 can range
from10 nu to 200 nminclusive. The thickness of the bonding |ayer 114 is
preferably in the range of from5 nmto 500 nminclusive, and nore
preferably 10 nmto, 200 nminclusive. 10 [0048] The bondi ng | ayer
114 is pr é?@’f‘% Pye ahorbodibg brsepubstiatn ¥ rand dherpmicandestorsubstrabattlican, and a
silicon oud dReaded! wath ShePiisf a ) ilicon oxide film
by a plasma CVD net hod %‘% ﬁéez‘%g%#g%ﬁg ﬁ%%?%&&ﬂﬁﬂhg%ssg ?é’?%‘?ea &5t 0 use an
organi ¢ sPIEAHE SYPsianeas gambe reripyetharndohs sugtese ean be raslemo@e badrophiic.Usi ng or gani ¢
si | ane as%gbbﬂ 15 source gas, it is possible to forma silicon oxide film
having a flat” surface at process tenperatures of 350 C or |ower.
Altermatively, Aftdrdhe cleaning siip, the tosd ohbstfdtd @)1 £l e gensitorddaBBLsRdEses of from

200 Cto 0] ' L ve by.a thermal D neth can be used. LTO can be

f or med byﬁgsﬁr%gf 'ttrEr'%'lﬁg?l) legﬁhe&&eg W n‘gg("%@fgg faygt ??ﬁé“tFriPR%da‘gefﬁb%WF‘?Deon sour ce
gas and uBishgVai der Waatscforaemeexint: {nfesaed b@edn@e lbbkdn fayBH1 1P %GR SOUr ce 20
gas. [004%32‘]se ubs llﬂ thﬁ cg‘fe of . usi % he, sem_ _conduct of substrate as the
base subsiTate Tyt V1 Py adf:ten phomespdhat he Fiface REthsdash swpstraty @01 114 wi t h
the use ofndathe cxifde bf ke Btdaig e:bﬂcplié&iZic[tﬁetd%ﬁtaéte{}hﬁo%?#ﬁ%E ubstrate
111, i(pst ad.%bf%é%"&'o?’géhe I nsulating layer 112. 25 | 005 IF is a

cr oss*sect T OIfAl °W pd ahihe interanebew brge sebsprate\A1 eid @hbomting st ate in
whi ch t hdajad &4, seHesdby A Ehakd durdiste H DL aRBl: ! 111 ,are
attached to eaéih other. To performthe bO{I‘? |ngé:fs??éerp@i??erﬂso??%tﬁecag'ase
subst r at PR JAeP Heebandingceer deesonot siebd theatt tecatmdnt vind hprodeedsenstiong | ayer

114 and by hiRetate ow Heatresi 2Bl l o
and ubgphit) Ashiiale WA 1obibal 5L ARG ATE L SRR, | QoL aooni ©

cl eani ng. e ultrasonic cleaning Is prefera i C

cl eani ng FHisgrsowmbetraie 88hi ng) . After the negahertz ul trasonic
15 [0052] '

After making the base substrate 101 and the semiconductor substrate 111 have
a close contact with each other, it is preferable to perform heat treatment in oxder to
increase bonding force at the bonding interface between the base substrate 101 and the
bonding layer 114. The hegt treatment is performed at temperatures of from 70 °C to

20 300 °C inclusive so that the. damaged region 113 does not crack.
[0053]

Subsequently, another heat treatment is performed at or above 400 °C to dl:VidB
the semiconductor substrate 111 at the damaged region 113, so that a semiconductor
layer 115 is separated from the semiconductor substrate 111. With reference to FIG,

25 }G, a separation step of separating the semiconductor layer 115 from the semiconductor
substrate 111 is explained. As shown in FIG. 1G the semiconductor layer 115 is
formed over the base substrate 101 by the separation step. Reference numeral‘lllA

denotes the semiconductor substrate 111 from which the semiconductor layer 115 has
been separated,

30 [0054]
Through the heat treatment at or above 400 °C, hydrogen binding formed at the



16 cl eaning, one of or both the base substrate 101 and the sem conduct or
substrate 111 can be cleaned with the use of ozone water. By cleaning with
the use of ozone water, organic substances can be renoved and the surface
can be made nore hydrophilic. [0051] 5After the cleaning step, the base
substrate 101 and the sem conductor stibstrate 111 are attached to each
other with the bonding | ayer 114 interposed therebetween. First, Van der
Waal s force acts on an interface between the bonding |ayer 114 and the base

SUbStratebI%Ejﬁ ﬁ%er?ddition of force so that the surface of the base

subst r at e PP S HECTIAG betiiern the hase substrate AL arg the bending daven ikt tirms iowe cont act
Wit h each coddidt bindinkOtnehResH: Gk b&ﬂ'&%f&f'ﬁ at ' ¢ Dgt vween the
base substrate 101 gnd t he _bondi_né <'§i,yégrI %%gsmﬁqésﬁﬁelgy egé'r%gs “sfifstrate
101 and t KlmsBisAAdRgd indhesioniinadistion steprrte separatcslamit inso ter micRivoiss foteedbondi ng

step does; . s at_ropmtenperature, a
subgt raten\{/]mﬂ%ﬁ&iﬁgé\%\)dﬁ‘g%%n ?%f?g?%ﬁ%g?&gﬁ%&g@g%ca agaess‘s g’ﬂ%i"[&gf@eageaﬂ be used

as t hedbagwssuhdhe atigovdids of Hhel GOHREd region 11 thmgedk ivBlimic e dasensubstrate
101 and t ' r bst,rate 111 have a.cl ose contact with each
other, it Hi&s]?g%glégé&ggﬁgtco or 5 AT fheSpricoRdytorshbsiiatrl 1ds cleavsleas e
bondi ng f aloog thet darged aeglomd13.ntSindeathe HoREME eyek N84 BaSEnRHIRS thabhie101 and

t he bondi 4@%%@63}1’4 The heat treﬂﬁmant |§c? performed at tenperatures of

from 70 Ct0 TERUrOE ey Y sepaifed Famatye sepisondyston substates not

crack. [O0B3]s fixed ontSuleSRRe @Mstrite WO TBE tdBREatdrt SRENERLat in%alﬂﬁﬁi g;med at or
above_ 400 C ta di,vide_ the sem conductor substrate 111 at the damaged regi on

113, &9 t Fekpra %&ﬁ%@t‘ﬁ?& peor lpygey dldS from the semjrandiicior sibssrafet HA is eetiiwonduct or
subst r at efibldnge\0f teldnt AlcETERCROE iﬁﬁ%ieésq]é? ifdr B BREEH 0 rith 5@11%&31? parating

t he sem conductor |ayer 115 fromthe sem conductor

expl ai nedbaspsubsiaigdOl.n FI G 14 t he semi conduct or | ayer 115 is fornmed over

t he base gitrate 101 by the separation step. Reference nuneral 111A
denotes the sem conductor substrate 111 from which the sem conductor | ayer

115 has been sélupughdblc sarafioDsup sHdwoinghG 1€, 41501 subs@iteent indkhiek above
400 Gy hyfﬁc%&ﬁﬁm@du@%'r Pa(}c; PsE gtta%hccf trc])%hc base substrate 101 is obtained. ‘The SOI

substrate 131 has a multilayer structure in which the bonding layer 114, the insulating
layer 112, and the semiconductor layer 115 are stacked over the base substrate 101 in
this order and in which the base substrate 101 and the bonding layer 114 are bonded to
each other. If the insulating layer 112 is not formed, the SOI substrate 131 is a
20  substrate in which the semiconductor layer 115 is in contact with the bonding layer 114.
[0056]
It is to be noted that the heat treatment for separating the semiconductor Iayer
115 from the semiconductor substrate 111 can be performed successively in the same
apparatus as that used in the heat treatment for increasing the bonding force.
256 Altematively, the two heat treatment can be performed in different apparatuses. For
example, in the case of using the same furnace, the two treatment are performed as
follows: (1) heat treatment is performed at 200 °C for two hours, (2) the heat
temperature is increased to 600 °C to perform another heat treatment at 600 °C for two
hours, and (3) the temperature is decreased to be in the range of about 400 °C to room

30 temperature and the semiconductor substrate 111A and the SOI substrate 131 are taken
|
out from the furnace.



17 bonding interface between the base substrate 101 and the bonding | ayer
114 turns into coval ent binding; therefore, the bonding force increases. As
the tenperature rises, the elenents added in the ion irradiation step are
separated out into the mcrovoids fornmed in the damaged regi on 113, whereby
internal pressure increases. Due to tHe increase in 5 pressure, the

m crovoi ds of the damaged regi on 113 change in volune to cause the danaged
region 113 to crack. As a result, the sem conductor substrate 111 is

cl eaved al t he damaged region 113. Since the bonding |ayer 114 is bonded
to the bai@ﬂghbstrate 101, the sem conductor |ayer 115 separated fromthe
sem conduct or SHPEk, bSink qﬁﬁﬂﬁ The
tenperature at thgkﬁ%%ﬁﬁﬁ%égFﬁg%gmfg?p%%Pg%%EFgﬁﬁng t ﬁfé@%ﬁ%&%ﬁg%ior | ayer
115 fr om ekanplefeabinepiroentis pufosmediatR00PC fos tvaebournint hinreaae gad thien freom 400 C

to 700 C wpel usi not._to _excee he rai oi nt. of the base

subst r at elb%%lsgﬁﬁ%%s@ a%s]] it (?usgeﬁﬁ%o g“cg%ﬁg?si?'eoﬁf& é‘?‘é"g‘ %‘cﬁﬁf\'ﬁ‘fhﬁ’ tOli"’laée? ‘i%’ran SO
subst r &t e ate3thkémnontifran thkSutrlaee, s A¥exe disstuedanert ay perfokhbd a6 tedipen@li@dint 0 t he
base subsh;ate 10% S t%ne . JThe SO substrate 131 has a nultil ayer
struct ur e SRR ehiPR N Pq Sy ticlugiyg fog | do P dvinutes fya repjéthemmal ~ and t he
sem condughalih A 0r kWn this
order and in V\h%’iglﬁrt)lhip%glggg’ gjgﬁf?&%%ﬁ%@%ﬁ:%%?gﬁ %sgﬁlleg%grjat 4 are
bonded t o 9¥Bagrddegier 113 f the insulating layer 112 is not forned, the SO
substr at eldg%%!i s a 20 substrate in which the sem conductor layer 115 is in
contact with the bonding |ayer 114. [0056] It is to be noted that the
heat fPeat ment Feg sewigendactondayehd1$ erfitho S cubstrata 81 had Srystab rdefeos

sem condu qjjb@ I . f sugccessjvely jn the sanme
appar at us?(gg{eg hat Essgp%%hé&tjs heéa%ggﬁc ?Oﬁéﬁﬁ%nﬁgthfo‘f?n}aﬁcrg |niglgt ﬁ‘é‘ie%ndi ng
force. 25suxfacerafgthé sahigondubter fayor hkais hotettt melat ordantobdechasd then@estdln

di fferent ratuses. .For exanpk.e, .in the case of i the sanme furnace,
the two t#gfg&?felﬁgs érre tseer%ger {Oorrﬁﬁré[ ¢ s, ﬁeﬁ\%’.‘l&(c%r lﬁféeétLﬁ!t; p’g(df’ ting Geper f or med
at 200 C taniconductopluyss 1162yith lacr lightl  MyIRRER 6rder (B rémMevRs @i 00 C to
perforgla O”LS—E hef treatm&nt t 600 _C for two hours, and (3) the

t enperat ulE FEfage of thessemicandygton fayer HS tg flatten fthe, gygface.thg serfees ofothm 30

t enper at Us@midtEiuthe 8RR IBN AU slefiratiy BlisRiCby khfeaR deHeRGeaPhechiiSh T at e 131
are taken out fromthe furnace. 18 [0057] In the case of performng
the two hBshingdSMIDAPPA#UYI f f er ent appar at uses, for exanple, heat

t r eat nent {d(ggperformad at 200 C for two hours in a furnace and then the
base substrate 101 and the sem conductor substrate 111 which are attached
to each ot her 5SNewtea methed of manpifagiuringe stmicoadisior Nexice wikhahe tsceal thent i s
perfo d r 1 he,r f fr 600 C to, 700, C.i ncl usive for
o o O SRR B Shptlhed o R O RS S p B T B S T e
senm condutramsisterulesd raatpechidrie] i third ifitind énsidiort lie estplai@d dasr @l QRetdod3 of

manufacturing a semiconductor device, with reference to FIGS. 2A to 2D and FIGS. 3A.

to 3C. Various kinds of semiconductor devices can be formed by combining a
plurality of thin film transistors (TFTS).
25  [0060]
FIG. 2A is a cross-sectional view of the SOI substrate 131 manufactured by the
method described with reference to FIGS. 1A to 1G.
[0061]
The semiconductor layer 115 of the SOI substrate is isolated for each element
30 by etching, whereby semiconductor layers 151 and 152 are formed as shown in FIG. 2B.

The semiconductor fayer 151 constitutes a part of an n-chanmel TFT, whereas the



[ 0058] 10The sem conductor |ayer 115 of the SO substrate 131 has crystal
defects forned by the separation step and the formation of the danaged
region 113, and the surface of the sem conductor layer 115 is not flat. In
order to decrease the crystal defects, it is preferable to recrystallize

t he sem conductor |ayer 115 by irradilati ng the sem conductor |ayer 115 with
| aser |ight. Moreover, in order to renove the danage of 15 the surface of

t he sem conductor layer 115 to flatten the surface, the surface of the

sem conductor | ayer 115 is preferabl ol i shed b u3| ng.a chenj cal
mechani c&fmjsend ‘E‘Yﬂ Agyer ERPcoasHisssat B%‘)( F@CPS anRgl FF L 5 Apinteigting ”{ayer

manuf act Ykkng ErdANb e MR §diitoialiof Sayét 51 tahe th@@et&%ﬁ&h@to?QaﬁQISQUbSt rate
131 is explained. A nethod of manufacturing an n-channel thin film

~ transi st d¥exaral gaferrlestradhdfS dnfommed (oyer thansemicasdugter laxpn Bnawd asgatehe met hod
of ManuUfl QRlbdd sehis TGO BleNenfSbERor. dr Y sbehith 386 e bRt LO 2D

and FI GS I’IOUS Kin sem conduct or deV| es can be formed by
conbi Ai ndayzr pS4insdrpasyd therebétivaer.i | m t ransi stors (1P Is). 25 [0060] FI G
2A is a gg&?‘i-sectional view of the SO substrate 131 nmanufactured by the
met hod d bed with reference to FIGS. 1A to 1G [0061] The sem conductor
| ayer 115 of tBefo‘E&te]an@ﬂicrsaﬁzk:oh@dcsdd}at &1b, fitas pmﬁmrhbleltcearklrm igfpulity et chi ng,

wher eby sg‘n?ﬁ(!:]? é{- Ia%qers 151 and 152 .are forned as ?f’gﬁm in FI G 2B. The
seni condf I 0P EPFRIoLs SIS $5r RO Gh r‘?“%]hé’ﬁ "1 Hhereas the
19 slem C%ﬁtﬂﬁﬁyoﬂeﬁla‘jﬁeﬁm&%ﬁ%eﬁ@m&é Ei %@ﬁ’ Suchadst pﬁn‘gpmm ohameslk, 1d-The OIAn )

I nsu atlng ay 154 is _fqrmed over the, s uct 51an t he
sem ddnddEmsPn rlalfL‘?‘SZusRE)‘{*‘E‘fjer t@léﬁl%&'?sgﬂlg"f%%g %%e] t he

sem condygh@ple Mﬁéce%féﬂ:s%ﬂﬁe@ t(gatregl&i %&feoﬁlen-&mnusnﬁ‘pﬁmdm@d/%dtawe

seni conduct or_ | a each having the insulating
donor is ad cd to a region where a p-channel TFT is formed.

[0063]

Next, as shown in FIG. 2C, n-type low-concentration impurity regions 157 are

15 formed in the semiconductor layer 151 and p-type high-concentraﬁon-impurity regions
159 are formed in the semicoanductor layer 152. First, the n-type low-concentration
impurity regions 157 are formed in the semiconductor layer 151. In order fo form the
n-type low-concentration impurity regions 157, the semiconductor layer 152 where a
p-channel TFT is formed is covered with a resist mask, and a donor is added to the

20  semiconductor layer 151. Phosphorus or arsenic may be added as the donor. When
the donor is added by an ion doping method or an ion implantation method, the n-type
low-concentration impurity regions 157 are formed in the semiconductor layer 151 in a
self-aligning manner because the gate electrode 155 functions as a mask. A region of
the semiconductor layer 151 that overlaps with the gate electrode 155 serves as a

25  channel formation region 158. ‘

[0064]

Next, after removing the mask which covers the semiconductor layer 152, the
semiconductor layer 151 where an n~channel TFT is formed is covered with a resist
mask. Next, an acceptor is added to the semiconductor layer 152 by an ion doping

30 method or an jon implantation method. Boron can be added as the acceptor. In the
step of adding the acceptor, the p-type high-concentration impurity regions 159 are

formed in the semiconductor layer 152 in a self-aligning manner because the gate



5 layer 154 interposed therebetween. [0062] Bef ore etching the

sem conductor |ayer 115, it is preferable to add an inpurity el enment which
serves as an acceptor, such as boron, alum num or gallium or an inpurity
el ement which serves as a donor, such as phosphorus or arsenic, to the 10
senm conductor layer 115 in order to c&htrol the threshold voltage of the Ib
I s. For exanple, an acceptor is added to a region where an n-channel TFT is
formed, and a donor is added to a region where a p-channel TFT is formed.
10063] Next, as shown in FIG 2C, n-type |ow concentration inpurity regions
157 are 19¢tsdgeltPt fincHenssaniceriiucilhe higlyeqncusmtign dmputiypweions 159

hi gh- concgmbficH 408 sbxﬁ@é)fé aﬁ 94 a5 lﬂeg n2 & %5{1'%@' tﬂenﬁe%&na!?%rclggggcgfé

| ayer 152. First, the n- ovv- concéntrati I ons
formed i nli%’félats@mlémmﬂ@rgatcas}mmtl&sﬁﬁ seuweetadelchalmer ﬁmmtidneegmm Y6

| ow concenicatl OaliBPHEY ok HEGL 0% Tohod HSRGThE BAHOARY LALCE d22 where a

p- channel I'S covere 3 res! of
added & o inkmriR0 regioris SAdue fametl after fohhing thA asypo lavs caice@iasienigpary be added

as the dongr onor i.s an.ion do rreth d or _.an ion
i npl ant at} glr?nﬁevi{}ﬁb&owfhcé t%@ea&ﬁgﬁ%‘%gﬂ?tfo& 1"&91“’? %‘? 13% §Re 157 are
f or med i nfoidned fis conductor | ayer 151 in a self-aligni ng manner because the

gate el ect?\r()g e 155 functions as a mask. A region of the sem conductor |ayer
151 t hat laps with the gate electrode 155 serves as a 25 channel

formation regi Qﬂbxl%er[r@ﬁﬁﬂhg IR fesisOiHal bodeBd TR fRehiddRBudiBiSkhyd gD zpovers the
sem conduct qQr ﬁflg 152, the sem conductor |ayer 151 Wnere an n-channel TFT

is fof(?’redmf'é[a‘t‘:‘!ﬁ/ chayingn a Singlecfayer phuckure NaxE Stagkedslaperpstoicturs whided to the
seni condugtRfed @Hﬁhg@é@oxﬁ})ﬁuﬁ&‘ sx&cﬁrhsqﬁﬂbﬁ‘ﬂuﬁ@e % rtﬁgd Osrucﬁlgs lﬁ&)dl d&lr?] gontation

met hod. Boron can bé adde he accg& or. step o g’the
accept or , Sifppaed. ﬁjéa%wfgﬁyb)dn@tb?ﬁ erthe bke-i (Fhis insulatingdfilonis adiS@rapice!lf or ned i n

the Sem cQARMGA Apeh@i@burkbdndclof wihdby e Ak IBARYeR SERURRLLNG, 021 ©
formed in contact with side surfaces of the gate electrodes 155 and 156 respectively, as

15  shownin FIG. 2D. By this anisotropic etching, the insulating layer 154 is also etched.
[0066}

Subsequently, in order to form gettering site regions, a Group 18 element is
added to each of the semiconductor layers 151 and 152. As the Group 18 clement, one
kind or plural kinds of elements selected from helivm (He), neon (Ne), argon (Ar),

20  krypton (Kx), or xenon (Xe) can be used. The Group 18 element can be added by an
ion implantation method in which mass separation is performed or by an ion doping
method in which mass separation is not performed. An ion doping method is
preferable because tact time can be shortened.

[0067]

25 The aim of adding the Group 18 elements to the semiconductor layers 151 and
152 is to form geftering sites in the semiconductor layers 151 and 152 by distorting the
semiconductor layers 151 and 152. There are two factors that cause the distortion by
the addition of the Group 18 element. One is the formation of dangling bonds in
crystals by adding the Group 18 element, and the other is the addition of the Group 18

30  element between crystal lattices.

[0068]
In this embodiment mode, the Group 18 elements are added by using the gate



20 el ectrode 156 functions as a mask. The high-concentration inpurity
regions 159 function as a source region and a drain region. A region of the
sem conductor |ayer 152 that overlaps with the gate el ectrode 156 serves as
a channel formation region 160. Here, explanation has been nmade on the
met hod in which the p-type high-concedtration 5 inpurity regions 159 are
formed after formng the n-type | owconcentration inpurity regions 157,
however, the p-type high-concentration inpurity regions 159 can be forned
first. [00?5&(§%xt after renoving the resist that covers the sem conductor
| ayer 151 cegiodes §55sidatihgnd ithersilavyalh dosylating davers Agl and 1163 casumesksy a
stacked- | Quiefebglabttinglsfle rptins 65 BAd VElPSe orkich 1P BE oL RERAWAE 1pEl 3 1 || con
I e, Ist y a plasna

nitride or an oxide such as_silicon oxide, or ne D net hod

or the |iRed ¥3 dnj nsselialieniies manmsrs aanshoawropi cBIG y34t ch8ithilan @ the

per pendi CyiRleodidnGGhid ' | Leed Ihg layers 161 and 162 are

formed in cﬂ%lnqtoact[1 w&éfrg&as[fu gegﬁgggg’e'g?gftﬁéerﬂgﬁtg%ﬁ'gﬂétfﬁ\gaoef:a Rs d 156

respecti vy, servs 283 solsamegion aed 2 OraiByegidni s The cewtitegtion ofttlhGRgp 18he

i nsul ati ng;, | r. 154 is.also etche 0 Subsequently, in order to

form gett gire fn%ét%s}? t%l%e ﬁ%‘?%%‘% rﬁg'&“%g?? %‘gpgfl%]e‘f?ﬂrhﬁ Sf’%‘“dg‘aé%‘gf' SL&QENL &f the

sem condua®8yc’oanars 107 Jondnfclddivs, aktbistpisielshiPUR thtGafdetdang (,)\i’g sehgd or

plural kinds,of glenents selected fromhelium (He),” neon % , argon (Ar),

20 krypt off 10Kym” Belugigpon (Xe) can be used. The Group 18 el ement can be

added by Gb]cnjn I npl antation nethod in which nass separation is perforned
on

or by an opi ng nethod in which nmass separation is not perforned. An
i on d@®i ng net hidekti as showek iy A 3B,lthe semsieondactdr layerd 52 dcdveres homtaaeed. [ 0067]

25The ai i e G.qup 18 elenments.to the sem conductor |ayers 151
and 152 ingggf'oalﬁgfc%’gé%ﬁr@r |I§b'8°sqc?rg§anpﬂ TPy é‘?ﬁ‘%r‘f@’d@{ %Pctr%rassom and 152
by di st or teginp dndea drain regingliicthe sehivpadirtol Tdyen DSH, 452rge THS goﬁfi&adré/\%ﬁef g‘flt ors

el enent . eis

t hat cause %He% gﬂ storti ﬁn @y t hei ﬂ%di ti.on_of the G oup | 1
the for mafi6H BRRIFPAIHIALL 15 h DYy dom implayyationdnsihod peandos deping el enent
Fmd the ohiagfgdjs SThd\gat@didétidden 5o bnd BR side@ul inkBladle BLEEBBT Q6L YRRk Vst al
tt .
attt (1:5e S v&élcn gmlors are added to the gettering site regions 163, whereby gettering site regions

167 are formed as n-type high-concentration impurity regions. The gettering site
regions 167 function as a source region and a drain region.
[6070]
Next, heat treatment is performed for acti‘fating the donors and acceptors and
20 for gettering. FIG. 3C illustrates a step of the heat treatment. The heat treatment is
performed at temperatures in the range of from 450 °C to 850 °C inclusive for 1 to 24
“hours, whereby the donors added to the semiconductor layer 151 and the acceptors
added to the semiconductor layer 152 are activated. Through this heat treatment, metal
clements included in the chanmel formation regions 158 and 160 are separated out or
25  diffuse into the gettering site regions 167 and 164 so as to be captured in the gettering
sitc regions 167 and 164. As a result, the concentration of the metal elements in the
channel formation regions 158 and 160 can be decreased. This heat freatment is
preferably performed af temperatures ranging from 500 °C to 700 °C inclusive.
[0071]
30 In this embodiment mode, one of factors to cause metal contamination of the

channel formation regions 158 and 160 is in an jon irradiation step performed by an ion



21 el ectrodes 155 and 156 and the sidewall insulating |ayers 161 and 162 as
masks, whereby gettering site regions 163 and 164 are forned in the

sem conductor |ayers 151 and 152 in a self-aligning manner, as shown in FIG
3A. Simlar to the high-concentration inpurity regions 159, the gettering
site regions 164 of a p-channel 5 TFT2kerve as a source region and a drain
region. The concentration of the Goup 18 elenents in the gettering site
regions 163 and 164 can be set in the range of from1 x 1018 1lcnB to 1 x
1022 /ens inclusive, and is preferably in the range of 1 x 1020 /cn8 to 5 X
1021 / cniddping methodat thoteept tthe é@nagqémanillﬁ |stl3>‘@3m FigelBenF&bnduct or

| ayer 15216 F16°0VE rf'?& i’ﬂ l'afi'd £i6. Ei@'sﬂ)w V\ﬁé ;ﬁn gﬂﬁ% n{cﬂl cBhtthination of a .

hi gh- conceltratidn Inplrity regions untti©n as a source region and a
drain r egsmgle-ictystahahmmafmdamatod vwltayledrogamonaby an ipe ddpiwagetiofl. donors are
added to @Bﬁgfeniconductor | ayer 151 by an ion inplantation nethod or an

I on dopin hod. The gate el ectrode 155 and the sidewall insulating

| ayer 161 ser VEIG2 46 nshows ridasusbraentdendissby Taduwatedyl (Ic!hpleklePlgﬁhat Mdsﬁlg site
regions 1 wher e S|te regi o 67 ar ormed .as ,n-{

hi gh- conc FQ‘E‘P%WQ%M&; yé s o?f?lyz‘?‘% Mi ?f&e%‘ﬁ“? nﬁea?ms

functi on RfrdgeRGURCEy b Wrodopaiimethdd aind ccﬁ.q:iamﬁve [sagiple] xl‘ﬂm&m etaeaitht reat ment
is perforned for actiyvat t he donors eptors _and 20 r etterl ng.
FIG 3C i | IsEeaca;igss. o Semels 4 (wasHanddaetore é%ﬁfﬂ@ms %h%l%aqu

perfor medyad fdRAReh FbbnES thick b8 thRRAFaRl off 4 esﬂg@@ysﬁltsalcaé%a@erlﬁycﬁus' ve for
1 to 24 hours, whereby the donors added to the sem conductor |ayer 151 and

the aktepploysa E&@%&lﬁ*@dtWeUW%rﬁdch@ ay gyegterialy ‘Bheosilieqn WafeeWas Thr ough
this heat; taﬁﬁ?eéi hyliRka idhk HBR tﬂl@@ﬁiﬁ&?@ d}l?trﬁg%lﬁlhwgﬁlloﬂ 96[%@%' on

regi ons 158 re-separat ed” out or Iffuse into the gettering site
regi ons 1&gthedd EEMOM wes ugedbas eaqgum:aﬂsqu ﬁhhélYQ%P%rlﬁmg bi centraslgi ons 167

and 164. 8%“% he
channel fé?%g?égﬁeﬁaén %%gs %%@ and&?%%&)%léﬁflgtgﬂﬁgcr géﬁ[ﬁ dé"%l‘?’étreat nment
is pref ermbﬁqo par thigk rmderaihc tsamp eonditoress thah gf Sgnﬁleom lﬁﬂOxoCdbpnd?@ﬁ)h C

inclu 0071] 30In this enbodi nrent nod; one of factors to cause netal

conta na{“f D Phe channel fornation regions 158 and 160 is in an ion
irradi atipo7syep performed by an ion 22

FIG. 16 shows results of analyzing the elements included in the silicon
oxynitride films of Sample A and Comparative Sample X by ICP-MS. FIG. 16 shows
metal elements of which concentrations are different by 10 times or more between

20  Sample A and Comparative Sample X. FIG. 17 is a graph based on the data shown in
the chart of FIG. 16. From the analysis results by ICP-MS, it is thought that ions of Tj,
Zn, Mo, and Pb enter the silicon oxynitride films and the silicon wafers together with
the hydrogen ions. For example, Mo is an electrode material of an iop doping
apparatus.

25 [0074]

Next, the distribution of metal elements in a silicon wafer doped with hydrogen
ions by an ion doping method in a depth direction (this djstributiop is called depth
profile) was analyzed by secondary ion mass spectromefry (SIMS). FIGS. 18 and 19
each show a depth profile of the metal elesnent in the silicon wafer. FIG. 18 shows a Ti

20  profile, and FIG. 19 shows a Mo profile. This sample is a single-crystal silicon wafer
irradiated with hydrogen ions by an ion doping method, and a silicon oxynitride film is
not formed over this wafer. From the depth profiles shown in FIGS. 18 and 19, it is



doping method at the tine of form ng the danmaged region 113 shown in FIG
1D. FIG 16, FIG 17, FIG 18, and FIG 19 show results of anal yzing netal
contam nation of a single-crystal silicon wafer irradiated with hydrogen
ions by an ion doping nmethod. [0072] 5FI G 16 shows neasurenent results by
| nductively Coupl ed Plasna Mass Spect #bnetry (I CP-MS). Sanpl es anal yzed by
| CP- M5 are Sanple A doped with hydrogen ions by an ion doping nmethod and
Conparative Sanple X not doped with hydrogen ions. Sanple A was

manuf act ur e Cfl as f Ilows A silicon oxynitride filmwas fornmed in 600 urn
thick on 4o %fa%ms'@l %lerg?fﬁ@?récrél%l{l@ﬂn “w#fe lesofoping with kydregendons| asmma
CV]) et h@ginbt ks Bparatibh.s and N20 as a material. The silicon wafer was
irradiated with hydrogen ions through this silicon oxynitride film by an

i on dopi nﬂmr?él hod. Hydrogen was used as a source gas of the hydrogen ions.

I n contrast, COI’H%%&#;& Sgﬂgrg er which a I con
oxynitride filmwas oi\réﬁ% %@6% 18 Kﬁ%ﬂl{gk E' Iéleés?ag%lt%]lolﬁ%ff% n as that
of Sanpl etha, semicomdmtoddqwed ofiithch SOF duysirmbmdnmss:en{aﬂ@m] duc to the hG 16
SO |l P TR N L B ek e "o Sl 1
el ement s mbdm,ﬁn mrsommfsnhastﬂtmﬁmlmﬁn,daz{df goretihg BypeHorhéd'BSa plockRIgE bet ween
20 Sanpl e npar.ative npl.,e X.. FLG 17 is a graph based on the data

shown in {n%mlafnﬂgﬁ S?‘T"éo&%‘cg’ﬁr%ﬁ‘f‘?rﬁ’e afier |mRauiaciyrg, Ol sebstiate. it s

t hought tmeﬁomsmé thi effenof Mbal @ﬁﬁhﬂﬁhatﬁﬁt&fmca%'ﬂe' &P e&w@yttﬁfsde films
and the silJ Cdﬁiﬂ waf er s (ﬂtiogether w th the hydrogen ions. For exanple, M is
an el Ett r GRRCNEEHE mage. She Hp F@H‘aﬂ?}h K maioBefiopings methad [cam P ]cardiedt gutt he

di stri but paiively HEtoHnif SRERERgtd rich 1i£oMBieh S9Psa gen ions
by an ion dopin rreth]% in a dg the%(ljl rection (thlosglgl st‘r:l)l{mlt)l%tlon g call ed

depth pr o‘fcﬂoé)l s fomsed Py asingyn g@cshﬂaat Jopiemapparasussip @cordamee with (tgls VB) .
FIGS. 18 gpsbdlfeRanbds pMas: {%ﬁptctd"n g%%ﬁb&% ?fan d%&glthfg se%? of mepal%he

silicon wafer. FIG 18 shows profi OWs™ a
profile. W%ﬂ@@twy@nbsswpmswgl e crystal silicon wafer irradiated with
hydr oggen fO@‘?é] by an ion doping nethod, and a silicon oxynitride filmis

After the heat treatment for activating and gettering, an insulating layer 168
containing hydrogen is formed as shown in FIG. 4. After forming the insulating layer
168, heat treatment is performed at temperatures ranging from 350 °C to 450 °C
inclusive so that hydrogen in the insulating layer 168 diffuses into the semiconductor

20  layers 151 and 152. The insulating layer 168 can be formed by depositing silicon
nitride or silicon nifride oxide by a plasma CVD method at or below 350 °C. By
supplying hydrogen into the semiconductor layers 151 and 152, de'fects which turn into
trapping centers in the semiconductor layers 151 and 152 or at the interface between the
semiconductor layers 151 and 152 and the insulating layer 154 can be effectively

25  compensated.

[0077]

After that, an interlayer insulating layer 169 is formed. The interlayer
insulating layer 169 can be formed in a simgle-layer structure or a stacked-layer
structure by using an insulating film formed of an inorganic material, such as a silicon

30 oxide film or a BPSG (borophosphosilicate glass) film, or an organic resin film formed
of polyimide, acrylic, or the like. Then, contact holes are formed through the



not fornmed over this wafer. Fromthe depth profiles shown in FIGS. 18 and
19, it is 23 wunderstood that the netal elenents enter the silicon wafer
by doping with hydrogen ions w thout mass separation. [0075] The anal ysis
results of FIGS. 16 to 19 indicate that the netal contam nation of 5 the
sem conductor | ayer of the SO substr&te becones remarkable due to the ion
I rradiation by an ion doping nethod in formng the damaged regi on. This
enbodi ment node is to solve this nmetal contam nation, and gettering is

perfornmed in a process_of manufacturing a sem condyctor, nt,. after
manuf act drtpPRyer Hsukstng layps1ohand wirgs ég%ra’?, E’H‘F@@S 3 (‘-,’\V“e’fl&ilgg'tng’of Thet al

cont am Naon £ chYbs f6raikd A8ing HRPHRSERIIRY witha hié€iagBed bR i vilide, the ion
irradiation by an ion doping fret hod can be carried out positively in

formng tahiewdeesisigaet melgl &ilm Sach asTpmalumgnyy flgyor Jhalimina-aigyaly i egi on 113
s T O MeCk, kyitiRlaribndin taftic? RRUF EIAOP IR ARRA RN LS ALEORARA G LN Lhi S

enbodi nmen act tinme can be shortened and noreover the effect of
met al 5c ombetati filas wichdacludremslybismems ddomivgy, tigheh, and/or the Nke.er t he heat
treat mant[ @ﬂ{] activating and gettering, an insulating |layer 168 containing
hydr ogen P ormed as shown in FIG 4. After form ng the insulating | ayer
168, heat treattimighitke vk clapece sdmit@enipeton tevies havargthegi-Ehaonel3BOI C t 0 450

Cinclusiv o that ogen in the insylati 8. _di into the
seni condd‘t‘i‘gélfe & q"ﬁ?}gﬁg{[ ?g eéﬁi‘“%g’g‘.mdm ml%%’lsu a%t%“g&?%ngselp 9&@%\“1‘%&% be forned
by deposidhhi@l firnhEeNreiohs idgefdredinkd the gemiringisite rapidndahbytfat pf msah CVD

nmet hod at or bhel ow 350 C. By sugpl yin fh dr ogen i.ntq the.senm conductor

| 'ayerid 1 cppniapaion caged i DRRRS I0E CEATERCIERE  STFRIGuEsan (R0E 13 Phhe

sem condughmtessedy ETierdiSek, @itdion bead linrddiatidieby Bh G6d 86ind aieviarintvich
sem conductor |ayers 151 and 152 and the insul.ating, |ayer_ 154 cap be

ef f ect i vensss sepagasiop dhactpedomyed sy be earvied oytipgpitively, iy the step gf) F‘r%ﬁ‘l" ating
| ayer 169dahﬁng£@fe§ﬁ§-as$ﬂ@oﬂéf€p§%fﬁ¥ﬁ&a&tﬁﬂ&tﬁéSOgsdb@Hﬁé. 169 can be formed in a
c

single-layer “str ure or a stacked-layer structure by using an insulating
filmforn@@7Yf an inorganic material, such as a silicon

15 In the method of manufacturing a semiconductor device shown in FIGS. 1A to
1G, FIGS. 2A.to 2D, FIGS. 3A.to 3C, and FIG. 4, the donors and acceptors are added to
the gettering site regions in a different step from the step of adding the Group 18

element; however, these steps can be performed at the same time. For example, in a
case of adding argon and phosphorus serving as a donor to the semiconductor layers at
20 the same time, a mixed gas of Ar, H;, and PH; (phosphine) or a mixed gas of Ar and
PH; may be used as a source gas. In a case of adding argon and boron serving as an
acceptor to the semiconductor layers at the same time, a mixed gas of Ax, Hy, and B;Hs
(diborane) or a mixed gas of Ar and BoHs may be used as a source gas.
[G080}
25  (Embodiment Mode 2}
This embodiment mode will explain a method of forming a gettering site
region in a different region from that shown in Embodiment Mode i.
{00811
In Embodiment Mode 1, the Group 18 element is added in order to form a
30  distortion in the geftering site region. The increase in the additive amount of the
Group 18 clement will cause the geitering site region to be distorted largely, which

results in that an effect of gettering the metal elements is enhanced further. Moreover,



30 oxide filmor a BPSG (borophosphosilicate glass) film or an organic
resin filmformed of polyimde, acrylic, or the |ike. Then, contact holes
are formed through the 24 interlayer insulating |ayer 169 and wirings 170
are formed as shown in FIG 4. The wirings 170 can be formed using a
conductive filmwith a three-layer st?ucture in which a | owresistance
nmetal filmsuch as an alumnumfilmor an alumnumalloy fihn is sandw ched
between barrier nmetal films. The barrier nmetal films can be fornmed using 5
netal filns which.include nmol ybdepu chraom i ' r.the |ike.
[0078] | stnce thergeterinmsierresion gy brarn e SO diten v oMt boflifucta | 1€ 1o
n- channglar f thegtshitdi@uitoc g itlif pleferable reporfonuf reoystalbehtioibydeat he net al
el ements included in the channel format,| (%Q r_e%ieonzﬁ. ar e et%eredﬁi’ nto the
get t eri rfpaimant of Ay BRHHFERE (IHEcest 1 JEPVDFS BB COT REHR A S B Ratised in a
Process (pfm R iR Gekdrindit® ré@s $A06 Uhothed@utLRIROR ditortdnzpestig .
Therefore, the 1on beamirradi ati on by an ion_dopi ng nethod |n which mass
separat i enthe pronsss seppiiuse @f dafer sat Bedtmprly Whish Pakes gﬁlt;,gchsrﬂﬂlzt‘iﬂgl step of
formng §ifg gggg,?&.g G841 OTHaSPOGES 81:LRK Blat HRNUAC HsTtaAGe oher SO

e 5 )

substrat n the net ( of manufacturing a seni conductor device
shown i rgeRibfg siteAregion t@ut bS suffisiently devreasedzgnd problensathat, fexpmpieq t he

donors apd _acc aggﬁﬂ : Gtha@asitte regions in a different
step fro ¥ “gacggetes%{a%?ea”gﬁal ng egsqgﬂég]ﬁ&%g&efene%t; however, these steps can
be perfoioogz] at the sane tine. For exanple, in a case of adding argon and
phosphorus serying as..a _donar to e ' ek he sane
timel® a mixed ’sﬁgoé?ﬁw f’m%?&mﬁﬂtcfné‘g@m?g%sp ?lg}rég‘?]ggp%a m eagéegt]as f Ax and
PH3 may $e reges whkhaas sufficientlipserfonn agetarieg qferaivd iand nergonelymikbor on sewi ng

as an acceptor_to the sem conductor |aye t the. sane tine, a m xed gas of
Ar, 112, 0puptyregign -f?a&s&ﬁ-agv g?a?éi‘e?ﬁr%i{g{f%b B#"RE and B2116 may be used

as a sougggsjgas. [0080] 26 (Embodiment Mde 2) Thi s enbodi ment node
will explain a nmethod of formng a gettering.site reqi In a different
region fromt H&FS?B%WIQW@HM%?QMM 11‘.9“? ¥ &% s, 14040

15  and FIGS. 2A and 2B are performed. Next, in order to form geftering site regions, a

resist 181 is formed over the semiconductor layer 151 and a resist 182 is formed over
the semiconductor layer 152, as shown in FIG. 5A. The Group 18 elements are added
to the semiconductor layers 151 and 152 by using the resists 181 and 182 as masks,
whereby gettering site regions 183 are formed in the semiconductor layer 151 and

'20 gettering site regions 184 are formed in the semiconductor layer 152 (see FIG 3A).
The concentration of the Group 18 element in each of the gettering site regions 183 and
184 can be set in the range of from 1 x 10 atoms/cm® to 1 x 10 atorns/cm” inclusive,
and is preferably in the range of from 1 x 10%° atoms/em® to 5 x 10" atoms/cm’
inclusive.

25  [0084]

- This step can be pe:foﬁncd by an ion implantation method or an jon doping
method as in the step of FIG. 3A.  The gettering site regions 183 and 184 are formed so -
as not to include a region which will be in contact with wirings. For that purpose, the
shapes of the resists 181 and 182 are adjusted. When the gettering site regions 183 and

30 184 are formed in such regions, the electrical characteristics of TFTs are not affected

even if the degree of recrystallization of the gettering site regions 183 and 184 is not



I n Enbodi mrent Mode 1, the G oup 18 elenent is added in order to forma 30
distortion in the gettering site region. The increase in the additive
anount of the Goup 18 elenment will cause the gettering site region to be
distorted largely, which results in that an effect of gettering the netal

el ements i s enhanced further. Moreove?s 25 since the gettering site region
Is fornmed in the sem conductor |ayer which constitutes a part of the

sem conductor elenment, it is preferable to performrecrystallization by
heat treatnment of a gettering process. However, if the concentration of the
G oup 18 embwglent in the gettering site region is too high, the lattice
remai ns %&%ﬁrted depending 5 on the process tenperature of |ater heat

tr eat mentt, ich.makes the recrystallization difficult in sone cases.

Theref ore, t hemMaer, sheatepicfkddihgthetdogors hed acoeptoisshavie in G 2Gdhgsepefing site

regi on cannot be syfficjentl ecreased aobl , anpl e,

t he cont J@’E‘W‘%éﬁ‘%f‘gﬁ’@& W‘fqﬁmyﬁ g‘l’"‘?{& g2 sﬁ%?ggeﬁf’b%ggﬂé s%E%ragg@Fgﬁé[ 3882]

10Thersef QigRorst dhom GG BB Nire Pediormdd] whewepy ai simtmeshow of HGriBrg a
ng,operation

Ind mor o ahueNy | FhkESYBOMBHPRIGHPR TR oY PEc 0 e niit RoBfef 021 T ¢
ot er enca Ba Fl oL L S ont 513 are. potarmnd: Next. in
order to mkgions 383 meer forgeds in they egpeppducior loyey 25?1 i%i“ Pécwmv ®the
o0 Gl S s 0n B ShA G it et o
10 of forming the high-concentration impurity regions 185. On the other hand, the
channel formation region 160, the p-type high-concentration impurity regions 159, and
the gettering site regions 184 are formed in the semiconductor layer 152 of a p-channel
TFT. The gettering site Tegions 184 have p-type conductivity because acceptors are
added in the step of forming the high-concentration impurity regions 159.
15 [0086}
Then, heat treatment is performed at temperatures in the range of from 550 °C
to 700 °C inclusive for 1 to 24 hours to activate the donors added to the semiconductor -
layer 151 and the acceptors added to the semiconductor layer 152. At the same time,
the metal elements contained in the chapnel formation regions 158 and 160 are
20 separated out or diffuse into the gettering site regions 183 and 184, respeciively so as to
be captured in the gettering site regions 183 and 184. Thus, the concentration of the
metal elements in the channel formation regions 158 and 160 is decreased.
[0087]
Subsequently, steps similar to the steps described with reference to FIG. 4 are
25  performed, whereby the insulating layer 168 containing hydrogen, the interlayer
insulating layer 169, and the wirings 170 are formed as shown in FIG. 5C. Through
the above steps, 2 semiconductor device including the n-channel transistor and the
p-channe] transistor each of which has the channel formation region with reduced

concentration of the metal elements can be manufactured.



to the sem conductor |ayers 151 and 152 by using the resists 181 and 182 as
masks, whereby gettering site regions 183 are forned in the sem conductor

| ayer 151 and 20 gettering site regions 184 are fornmed in the sem conduct or
| ayer 152 (see FIG 5A). The concentration of the Goup 18 elenent in each
of the gettering site regions 183 and27184 can be set in the range of froml
x 10 atorns/cnB to 1 x 1022 atons/cns inclusive, and is preferably in the
range of from1 x 1020 atons/cml to 5 x 1021 atons/cnB inclusive. 25 [00841
This step can be perfornmed by an ion inplantation nethod or an ion doping
net hod ad098B}the step of FIG 3A. The gettering site regions 183 and 184 are
formed s ude a region which will be in contact with wirings.
For that ?Eﬁlﬁo%\igltgn{ﬁﬁa@ha es of the resists 181 and 182 are adj ysted. Wen
the gettering ?hisenﬁvegmmsmﬂz@@WdhwmﬂEBQX%@W%%Wéﬁo Af TaHactEMS NS, t he
el ectrical_char r CS (-You e ree of
recryst ald PN g'rgf:t%i‘dct%ke glél'? lgreﬁr?é’agﬁngni&gglaggﬁs 183&;‘%%??82%? °

5 added and a semiconductor w1th phosphorus and boron added are used for forming

gettering site regions.
[0089]

First, as explained in Embodiment Mode 1, the steps shown in FIGS. 2A 1o 2D

are performed. The n-type low-concentration impurity regions 157 are formed in the
10  semiconductor layer 151 and the p-type high-concentration impurity regions 159 are

formed in the semiconductor layer 152.

[G0S0]

As shown in FIG. 6A, donors are simultaneously added to the semiconductor

layer 151 and the semiconductor layer 152 by an ion doping method or an jon
15 implantation method. This step of adding the donors is performed in order to form
gettering site regions in the semiconductor layers 151 and 152. The donors may be
phosphorus or arsenic. In this step, the gate electrode 155 and the sidewall insulating
layers 161 serve as masks, and n-type high-concentration impurity regions 191 are
formed in the semiconductor layer 151. In order for the high-concentration impurity
20  regions -191 to function as gettering site regions, the concentration of phosphorus and
arsenic in total contained in the high-concentration impurity regions 191 is set in the
range of 1 x 10% atoms/cm® to 1 x 107 atomsfcm’® inclusive. By addition of
phosphorus and/or arsenic to the semiconductor layer 151 within this concentration
range, the high-concentration impurity regions 191 can also function as a source region
25  and a drain region.
{0091}

The donors are added to the semiconductor layer 152 on the other. Through
this step, the gate electrode 156 and the sidewall insulating layers 162 serve as masks,
and p-type high-concentration impurity regions 192 are formed in the semiconductor

30 layer 152. In order for the high-concentration impurity regions 192 not to have an
opposite conductivity, ie., n-type conductivity due to addition of the donors, the
acceptors are added to the p-type high-concentration impurity regions 159 in the step of



enough. [0085] Then, the step of adding the donors and acceptors
shown in FIG 2C, the step of form ng the sidewall insulating |ayers shown
in FIG 2D, and the step of adding the 5 donors shown in FIG 3B are
performed, whereby a structure shown in FIG 5B is obtained. The n-type

| ow- concentration inpurity regions 158 the channel formation region 158,
n-type high-concentration inpurity regions 185, and the gettering site
regions 183 are formed in the sem conductor |ayer 151 of an n-channel TFT.
The gettering site regiaons 183 have n-{ype_ conductivity becayse donors are
added i nFIG& %t@pcoﬁeefgﬂa“?’bﬁm-ﬁ@?ﬁ@eﬁ%ﬂ%‘%@ﬁ%gﬁf? \ad Sﬂﬁlqrﬁﬁ‘gf%Ht“)]/ theagi ons
185. On Eéaﬁ of PG 6 A2 Rher A€ pGYR Mg -cdiRerRitioR bRy HEidRA92 chfaiiidgy pe

hi gh-concentration inpurity regions 159, and the gettering site regions 184
ar e f or mphiosphomub end/erirsenicizion predatepined opcegirationsin dhi semcongyctor layem e
getterin [ gi.0 4-Jav - thd t e;a6C ors are
added inq?%eggtghg 8f&?rcl)lge§1 Egﬁt ﬁg@h% -c%g%gﬁtgrgat% oBr% fher?g%lrélat ;/lﬁ{r;egi&z)ns 159.
15 [ 0686 high-concentrhtiemimpueing repioesnt 998nt heattrgatméns ahadelow T0fi6r at ures in the
range of&[g@gin 550 Cto 700 Cinclusive for 1 to 24 hours to activate the
donors a to the sem conductor |ayer 151 and the acceptors added to the
sem conduct or Eabseuchiiy. heht tédiRet AR adtivating theedomdisadnd edcesprort and dot ai ned i n

t he channel formation regio 158 and 160 are .20 se ted out or, diffuse
i nto t he 2gWerngs pefarmed ?%‘&?@hés 3 GIVEG SnerpleaE e PY/BF ot Bedmetty pe |
capt ur ed lh%ﬁtﬁ:él&ﬁén? fis Moﬁhé@zﬂ:&&%e?ﬁﬁm&%ﬁthé%g&%ﬂ fromfWsD, °C RAegspogcent rati on

of the nmetal elenents in the channel formation regions 158 and 160 is
decr-d@sednclisdaai) 1304dwpusnwhereby thepsioneis mdflesy totthe semeicendapior byectilbed with

referenceg g ?hegir%%gp‘el%gfagﬂ WnBELaRl ;{8%& R BBy 158 o d0atk @Y A 168

cont ai ni ng hy ayer . insulating layer 169, and the w rings
170 are ftioy sapak thme,showrial sleFle®s SOraifibd duthh chimachivomationt regions §5&a&d conduct or

devi [ di t -ch L.t ' - | st h
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the metal elements in the channel formation regions 158 and 160 can be decreased by

this heat treatment. This heat treatment is performed preferably at temperatures in the
range of from 500 °C to 700 °C inclusive.
[0093]

20 Next, steps similar to the steps desciibed with reference to FIG. 4 are
performed, whereby the insulating layer 168 containing hydrogen, the interlayer
insulating layer 169, and the wirings 170 are formed as shown in FIG. 6C. Through
the above steps, a semiconductor device having the n-channel TFT and the p-channel
TFT can be manufactured. Since the process is performed to getter the metal elements,

26  which are included in the channel formation region, info the gettering site regions, the
effect of metal contamination caused in a process 6f manufacturing a semiconductor
device can be suppressed. Therefore, the ion beam irradiation by am ion doping
method in which mass separation is not performed can be carried out positively in the

step of forming the damaged region as one of steps of manufacturing the SOI substrate.



a sem conductor device. In this enbodi nent node, a sem conductor with
phosphorus 5 added and a sem conductor w th phosphorus and boron added are
used for formng gettering site regions. [0089] First, as explained in
Enbodi nrent Mbde 1, the steps shown in FIGS. 2A to 213 are perfornmed. The
n-type | ow concentration inpurity regbns 157 are formed in the 10

sem conduct or | ayer 151 and the p-type high-concentration inpurity regions
159 are forned in the sem conductor |ayer 152. [0090] As shown in FIG 6A,
donors are sinultaneously added to the sem conductor |ayer 151 and the
seni condu€0®4] | ayer 152 by an ion doping nethod or an ion 15 inplantation
nmet hod i€ i ng the donors is perforned in order to form
getterlnégﬁﬁ 1m§’ﬁ%ﬁ§an t he sem conductor |ayers 151 and 152. The donors
may be phosphoﬂmk cembtadinagnit C mode Wil sexildép, at hetlpdt eofeheatfioreng 55 and t he

si dewal | insul n 61 se e K nd

hi gh- concﬁ?ﬂ??oé'a ?l‘gq‘?ﬂ% Fé‘@‘?% "X’ f@i Sﬁ??azf ‘%&Pﬁea“{]ﬂ‘ %%’ée"%ltﬂ i uct or

| ayer gl517A ké 70r SR FIGY. 8Ah® S(Egi&:sﬁi]iﬁ@ﬁﬁhﬂaietmmumaﬂy odh fre@iodrnE 191 to
function asl%etterlng site regions, the concentratl hosphor us and

ar seni ¢ | FHARGRCEG R tFirapelithin film tangjstor B canthanps! B§or@Pons 191
is set inpbied bRt udnga BibnahQpPdH 8, e it Eﬁaioamén@ NMbdenc! usihve. By

addi ti on of
method of manufacturing a semiconductor device in Embodiment Modes 1 to 3, the step
of forming the gettering site region is performed after isolating the semiconductor layer
10  of the SOI substrate for each element by etching. In contrast to this, a gettering site
region is formed in a semiconductor layer before being isolated for each element in the
manufacturing method of this embodiment mode.
{0095]
FIG. 7A is a cross-sectional view of the SOI substrate 131 manufactured by the
15  method described with reference to FIGS. 1A to 1G.  The semiconductor layer 115 is
fixed over the base substrate 101 with the insulating layer 112 and the bonding layer
114 interposed therebetween. The insulating layer 112 has a two-layer structure of the
insulating filin 1322 and the insulating film 112b.
{0096]
20 Next, gettering site regions are formed in the semiconductor layer 115. FIG
7B is a cross-sectional view for describing a step of forming the gettering site regions.
The gettering site regions are formed 50 as not {o include portions where semiconductor
elements will be formed. As shown in FIG. 7B, element formation regions 140 of the
semiconductor layer 115 are covered with resists 141 and impurity elements are added
25 by an ion doping n;ethdd or an ion implantation method, thereby forming gettering site
regions 142. The geitering site regions 142 can be formed by any of the following four
methods.
[0097]
In the first method, the geitering site regions 142 are formed by adding a Group
30 18 elcmcnt to the semiconductor layer 115. As the Group 18 element, one kind or
plm‘al kinds of elements selected from helium (He), neon (Ne), argon (Ar), krypton (K1),

or xenon (Xe) can be used. The Group 18 element can be added by an ion



phosphorus and/or arsenic to the sem conductor |ayer 151 within this
concentration range, the high-concentration inpurity regions 191 can al so
function as a source region 25 and a drain region. [0091] The donors are
added to the sem conductor |ayer 152 on the other. Through this step, the
gate el ectrode 156 and the sidewal |l i#sulating |ayers 162 serve as nasks,
and p-type high-concentration inpurity regions 192 are forne4 in the

sem conductor 30 layer 152. In order for the high-concentration inpurity
regions 192 not to have an opposite conductivity, i.e., n-type conductivity
due to adHrRlpNpiogmmethed orelsmassiieparatioags performed onaitiion doping eethndiippe

hi gh- concgRichah pafiR 1 at a
concentration 0%59% 5 tgﬁgé%qt&eggblﬁd&he?gthan&?%a&%ﬁpd?{%e%g‘m}r@cégaed in the
step of Hag tireﬁxcwh@rsh@nﬁ@e@— t'ylp’ecmpfgwaummﬁhe Gm11pd18 dlement int the getgiions 192
contai nin sepi c_at ed, c@nc ntr ion in
the seni C%@%ﬁg{?{ ’}%é@fy Sfe{ Hlepfa?ﬁ?acﬁﬂig 9" %1 Q’"}?@f“al nts can be

getterkd atnms/cmﬁmcﬁxsivbgh concentration inpurity regl ons 192 by heat
t r eat ment E)or bel ow 700 C. [0092] Subsequently, heat treatnent for
activati ng?% We donors -and acceptors and for gettering is perforned. FIG 6B

is a draw ng f orheetdnlofiaBding tiee @&ﬁp 18feldnhtait tte&&ta s&ﬁfcaﬁdﬂ%i& laybP $19'R83h
treat nent é)erformad at tenperatures in the range of from450 Cto 850 C

10 i ncl usf% cfiering pifpson the ﬁ?rglcomm Hgyer HéS dyristartiag dhel seraicomductor

sem condugt&ri1ika ol
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site regions 191 an respective “Phese 15
hi gh- concE®A#¥lati on inpurity regions 191 and 192. That is to say, the

and 160 can be ThelP ceBB ool ol B bl Pt ohoBed %oy adlfhen: (o
per f or medphgsgioeusaiol the semit@njpetontayeeslsi n Phivphoangay ok réplesed B9Qudenico 700 C
e v v apL R, TP HhospRbEh Snd' R nlef B4 Sl IS oS enhton ot
phosphoras and arsenic in total in the gettering site region is set in the range of from 1 x
10? atoms/cm® to 1 x 10% atoms/cm” inclusive.
 {0100] |
In the third method, an n-type impurity region which contains the Group 18
20 clement is formed by adding the Group 18 element and phosphorus to the
semiconductor layer 115. Phosphorus may be replaced by arsenic; alternatively, both
phosphorus and arsenic may be added. The concentration of phosphorus and arsenic
in total in the gettering site region is set in the range of from 1 x 10%° atoms/cm® to 1 x
10** atoms/em® inclusive. Moreover, the concentration of the Group 18 element in
_ 25  each of the geftering site regions 142 is preferably set in the range of from 1 x 10%
atoms/cm to 1 x 102 atoms/cm® inclusive, and more preferably set in the range of from
1 x 10™ atoms/cm® to 5 x 10** atoms/cm’ inclusive. For example, when phosphorus
and argon are added to the semiconductor layer 115 at the same time, a mixed gas of A,
H;, and PH; or a mixed gas of Ar and PH; may be used as a source gas.
30 [0101]

In the fourth method, phosphorus and boron are added to the semiconductor



performed, whereby the insulating |ayer 168 containing hydrogen, the
interlayer insulating |ayer 169, and the wirings 170 are formed as shown in
FI G 6C. Through the above steps, a sem conductor device having the
n-channel 11,1 and the p-channel TFT can be manufactured. Since the process
is performed to getter the netal elendnts, 25 which are included in the
channel formation region, into the gettering site regions, the effect of
nmetal contam nation caused in a process of manufacturing a sem conductor
device can be suppressed. Therefore, the ion beamirradi ation by an ion
dopi ng nelkgdn sFEhYahthatshoson is sdded meps thap phgspherisse astodform an FBPEHEYr i ed out
posi tivel Mdosioh ; kA, t hegi ps of
anut act U E . D o el oV Rgaty ThEPS OO
enbodi mengetienng sitg togiomqsn diglude phosphsausofndrasspaicaint tatel aiga eorsentrationadict or

device w t u rate.131. W ref erence FIGS. 5 7A
to 7D andﬁ%f](g? 1@1%@@{5@@‘%%23 C%(?p?tl%}gﬁ%\%\lﬁ I"?C?’lﬁévreéi nat FEpe %atg%ﬂna met hod
of maruf aistiLy timgs @B timehhigheal thirhihe chidemritioangiphbphoms dndaReiban®ed t hin
filmtransistor, .as a nethod aof manufacturing a sem conductor device, |ike
in Enbodi'r‘?ﬁﬁl'f'ec[\h'}d ¢ gettefine $1¢de#Rhod of nanufacturing a sem conductor device
i n Enbodi fproz] Modes 1 to 3, the step of formng the gettering site region
is perforned after isolating the sem conductaor |ayer 10 of the SO

substrate for o Teneyinnthe gosist déhhegt traabmeng farggtiering s perfermed. oBXG er i ng
site regi o0 id Sdb@inPEdr LiplAning Fsfep i dd Rt {r@YREntDeTRLEP Rl Fed ed for
each el emen'él inat he rr?an’ﬂ)f act%risﬁg nmet hodt (gf thl}ts enbo%i%nt%drrt%g‘g%[m%]

FI G YA i gmperghigessingbe rangn Hf fpmedbd Ciin 8560C isdbsive farel 1324 howsifthet ur ed by
the 15 ne i j t X E tq.10. The. seni conduct or
| ayer 115{11?@%@%% %\?@?e%etﬂ%%gé&gngg% 1}%?% liﬁfev?n%? c? e glTES % | ayer
112 and ttegiobs hél. nJlhrangbrthis héati trentmend hel michd pletnebtedeiuded e theretatheat | Ng | ayer
112 has a.two:l ayer s ct.ur f the insulating film1 and .t he

Fnoul'ati ngRiaEon LG dhiubie b mpla Hma et sTeabChE SRR eq i 1

t he sem candilicbe kaptaydtin tht peitdring st régomd 1GLOSAs & euit Ghéboncbyitibe bf

descr| bi n& a step of f.orggiag the gettering site regions. The gettering site
regi offs arsg “I‘eézflr?gec‘i“eé'g 1g dhe, clpmeng Toymation degions; 140 ran fp deeasedyi owalat or

el ements waihedigs %r@fe%@y pASrRBPIehPerkibies zﬁhc%@%ﬁﬁo&%ﬁa@t@%dd@i ons 140
of the sem conductor |ayer 115 are covered wthresists 141 and inpurity

el enent s @elsigelded 25 by an i on doping method or an ion inplantation

met hod, t@g()@by formng gettering site regions 142. The gettering site

regions 1 an be formed by any of the follow ng four nethods.
Next, the semiconductor layer 115 is isolated for each element by etching,

20  thereby forming the semiconductor layers 151 and 152. The semiconductor layer 151
constifutes a part of an n-channel TFT and the semiconductor layer 152 constitutes a
part of a p-channel TFT. The gettering site regions 142 are removed by this etching
process, and the semiconductor layers 151 and 152 are formed so as not to include the
gettering site regions 142 and boundaries between the gettering site regions 142 and the

26  clement formation regions 140.

[0104]

As described in Embodiment Mode 1, the analysis results of FIGS. 16 to 19
indicate that the metal contamination of the semiconductor layer of the SOI substrate
becomes remarkabie due {o the ion irradiation by an ion doping method in forming the

30 damaged region. As in Embodiment Modes 1 to 3, this embodiment mode is to solve

this metal contamination, and gettering is performed in a process of manufacturing a



[0097] In the rust nmethod, the gettering site regions 142 are fornmed by
adding a G oup 30 18 elenent to the sem conductor |ayer 115. As the G oup
18 el ement, one kind or plural kinds of elements selected fromhelium (He),
neon (Ne), argon (Ar), krypton (Kr), or xenon ((e) can be used. The G oup
18 el enent can be added by an ion 303 nplantation nmethod in which nass
separation is perforned or an ion doping nethod in which nmass separation is
not performed. An ion doping nethod is preferable because tact tinme can be

shortened. The concentration of the Goup 18 elenent in the gettering site
regi ons l1stmi¢ondpgiof elewmpnty ﬂﬁ@tmm‘ficﬁlé‘qgéh§§cﬁf“??t&tﬁ- 1 1}“’?%%8 %’E“iﬁ@f’cnﬁ to 1

x 1022 5 gtangd coth in At%ﬁ-op[ﬁﬁ%%ln be suppresstd@n aliftRboddslelitgodeN@e & oup 18

el enent to the sem conductor layer 115 is'to formgettering sites in the
seni conduivhdrradiatjar byl 4% idny defiing method gan he cawieil ouhaodtwly imjesming the Ther e
are two f ctorg t hat j3ause the distortion by addition of the Goup 18 10
el enent . AP TENe ]fo'r mati on of dangling bonds in crystals by adding the
G oup 48 Eesent, and the other is the addition of the Goup 18 el ement
bet ween crystal,_ |l attice

i mpurity regi oﬂ°§ePb°Pﬁé‘5°t%39%g%}%gmgh%§ﬁ%%OE{’S?] e? %@%Mﬁ%@%ﬂ%ﬁ%ﬁ% t ?/g;er
115. Phosx&bnﬁ%gsmmympﬁnmwrmd 115/0fathe SOI substtic Aot cacineleineet by, etbidoh
phosphorus. and arseni c hay added. The copcentrati osphgrus and
arseni c i k¢ §¢BICOR C‘("ﬁel%"étggr‘?%a“g‘ie? & P Ph am; e aé‘Painﬁﬁf’hg tFrﬁ"reigg ®of from 1
X 1020 at gmtsiiBetbPlabershbddstadtedd paTEf 4 pehatmNEFT.[ NOG]thd stepsehotvii 1 d
T O A F10s58 10 I ok pektormdt a2 Tn Eibbodhemest Bag D, 1N G 0uP 18
{0106}
FIG. 8A. is a cross-sectional view of a semiconductor device on which the step
of FIG. 2D has been performed. The gate electrodes 155 and 156 are formed over the
semiconductor layers 151 and 152, respectively with the insulating layer 154 interposed
15 therebetween. The sidewall insulating layers 161 and 162 are formed in contact with
. side surfaces of the gate electrodes 155 and 156, respectively. In the semiconductor
layer 151, the n-type low-concentration impurity regions 157 and the channel formation
region 158 are formed. In the semiconductor layer 152, the ;S-type high-concentration
impurity regions 159 and the channel formation region 160 are formed.
20 [0107]
Next, the semiconductor layer 152 is covered with the resist 165, as shown in
FIG. 8B. In order to form the high-concentration impurity regions functioning as a
source region and a drain region in the semiconductor layer 151, a large dosage of
donors are added to the semiconductor layer 151 by an ion implantation method or an
25 ion doping method. The gate electmde‘ISS and the sidewall insulating layers 161
serve as masks, and n-type high-concentration impurity regions 177 are formed. The
n-type high-concentration impurity regions 177 function as a source region and a drain
region.
[0108] _
30 The resist 165 is removed, and then heat treatment in a furnace or laser light
irradiation is performed.to activate the donors and acceptors.  After that, an n-channel

TFT and a p-type TFT are manufactured through the steps shown with reference to FIG.



20 elenment is fornmed by adding the G oup 18 el enent and phosphorus to the
sem conduct or | ayer 115. Phosphorus may be replaced by arsenic;
alternatively, both phosphorus and arsenic nay be added. The concentration
of phosphorus and arsenic in total in the gettering site region is set in
the range of from1 x 1020 atons/cnB #d 1 x 1022 atons/cnB i ncl usive.

Mor eover, the concentration of the Goup 18 elenent in 25 each of the
gettering site regions 142 is preferably set in the range of from1l x 1018
atons/c ta 022 /cnB inclusive, and nore preferably set in the
range OP%T¢HH#$ﬁ? TH?BRQ@gﬁs/cnﬁ to 5 x 1021 atons/cnB inclusive. For
exanpl e, [G40®h phosphorus and argon are added to the sem conductor |ayer 115
at the sane tipe m xed gas of Ar, H2, and PH3, or a,m,xe as of Ar and
PH3 rmay be useltGisG 18 gL Fo -grqlionag ofieyy (Pfj 2 sgmIqoRgAgor; ﬂevg‘"&cﬁa‘fgn t hat
boron i s pagdt] MFeadddR RERSREAOTHE IR (BR dutboliRidit Mbde/TRiMEd e MEEI ON

i mparting p-type conductivit3r. Phosphorus may be replaced by arsenic. The

get t ePi nglexents indidedrin dhsenteandueoninrs o élm“s'f*‘lg?re gaiterehinto fhe geberde at a
concent 1 3 i, thé et of mbflt Soth ARG Bula i wprdloh AR ARRERC] UST ve.
The concentration of boron Sis 1.5 tinmes to 3°tinmes higher than the
concent r aeigandyfctashisyiza oten sheasuppressedni Ehereforaytthd igm irradindign by athéorget t eri ng
site regiqn. . . t i Shik idibd QAEabs tment for
getteri n(j18 sg[ggegj?%dllﬁew$lcwgsfgﬁﬁtétﬁgq%ba "‘#Sﬁ'f“ff expl ar ni nog gé% Jeegﬁof t he
heat treadn tienstep oh fomiiy the abmhgeitegiontas ame 1P stepspt manufactyring) thehB0F ange of
from SOSCIF]Stq% 850 Cinclusive for 1 to 24 hours, the netal elenents

i ncl Ufed P seni conduct or | ayer 115 are captured in the gettering site
regi ons I49R0] Through thic heat treatnent, the nmetal elenents included in
the ele t . formation regions 140 not including the inpurity elenents are
separ at g‘igﬁ'ﬂ &BJF%#’[P%é)e so as to be captured in the gettering site regions

142. As a resulthis éfSodiaagemnbiatiilneplidla etodtifainapifaciis ahnsdhe el enent
formati on regions, 140 can be decreased. This heat treatnment is_preferably
per f or modubTHeetish t difesnt Fomite methpb sl dnEavedimentMgoLc FINS: usi ve.
[0103]5 Ney 4o i GreS@66s SOAMAREwd S6iinglaPeratpleSd Ahflod 8F mBAGHct@iRENt by
etching, 20 thereby form ng the sem conductor |ayers 151 and 152.” The

seni conduetSéH spkgjigte. 151 constitutes a part of an n-channel TFT and the

sem cond giﬁp | ayer 152 constitutes a part of a p-channel TFT. The

getteri nlg;[ e regions 142 are renoved by this etching process, and the
seni conduct or Asysbowsn IHEIG A4, tisbassy subbtoaterddl syviag an e basecsubsiateiofcant he

oot ons 6 SRRl DEedrE it i RERFUR 0D T URER R b 1 ©

20  layer 102 is formed on its top surface to a thickness of from 10 nm to 400 nm inclusive.

The insulating layer 102 can bave a single-layer structure or a multilayer structure
incluading two or more iayers. Like the insulating layer 112 in FIG. 1C, the insulating
layer 102 can include an insulating film containing silicon or germanium in ifs
composition, such as a silicon oxide film, a silicon nitride film, a silicon oxynitride film,
25  a silicon pitride oxide film, a germanium oxide film, a germanium nitride film, a
germanium oxyanitride film, or a germanium nitride oxide film. Moreover, an
insulating film including a metal oxide such as aluminum oxide, tantalum oxide, or
hafnium oxide; an insulating film including a metal nitride such as aluminum nitride; an
insulating film including a metal oxynifride such as aluminum oxynitricic; or an
30  insulating film including a metal nitride oxide such as aluminum nitride oxide can be

used.



As described in Enbodi nent Mode 1, the analysis results of FIGS. 16 to 19

I ndi cate that the netal contam nation of the sem conductor |ayer of the SO
substrate becones remarkable due to the ion irradiation by an ion doping
method in formng the 30 damaged region. As in Enbodi nent Mbdes 1 to 3,
this enbodi nent node is to solve this3hetal contami nation, and gettering is
performed in a process of manufacturing a 32 sem conductor elenent, after
manuf acturing the SO substrate. Therefore, since the effect of netal
contam nation on IF fs can be suppressed in this enbodi nrent node, the ion
|rrad|at|gHQBy an ion doping nethod can be carried out positively in

form ng the danpgsdicerise kubstdte 301 Qd QSkubstrate indii@ing &H ﬁﬁp\dﬁptmcﬁ ayers 151
and 152 are forned as shown in FIG 7D, after |solat|n sem conduct or

| ayer 113legreasen dheswliabilitysef the semispndugtan deyigerseh B%/a‘é‘ﬁlg me.'fg PHwline

sem condygifiy J[tayﬁ{e lﬁgﬂatﬁgnﬁertmﬁ efé:aeanhcleéesaa@ 1&310&@13 c]; mwef:r eas the

senmi conductor [ayer 152 constltut a part a p-channe Next, the
st eps 8s hqwevehbng diffasiogof Such imputp fmﬂ@ﬂpmfbﬁ?m“aémi t9 WF@T@M‘-ONbde 1.

[ 0106] cr t |« evi ce on
whi ch t he em% f&él @sﬁ%whag% ‘Sé’ﬁgéié‘fg?%r‘?%@éﬁ%?%egﬁ%me| ect rog(?a'[sy €55 and
156 are fmmqufmlulytﬂmmadam asao daduder at lleegeors 1aFt ofipcilic®a niride fibuta vel y with

h | | ayer. 154 The Sk |
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t he gate éHrs.rodes 155 and 156, respectively. In the sem conductor |ayer
151, thedja pe | owconcentration inpurity regions 157 and the channel

f or mak ilt:él on 158 are forned. In the sem conductor |ayer 152, the p-type
hi gh-concentr amhennsdlmmglmyerm@gl@ﬂ&aelﬁ&nwﬁﬂﬂaﬁahﬁmﬁaﬂaﬁ@mﬂ oe; r egi on
160 are fornmed. 20 t he seni condu | ayer 152 is

t
covered WROWSVER@hep Hiedpsuiaging layer %%W‘F 3 rorlpyerSiEuctpyg, d’é‘?"I SREHAE ¢ he

hi gh- concgnirt alt jofrabiJapbdite tb Skt gﬂ&efxww&mgmy@gms an 806 ®Erdsoofimn and a
drain region 1n the sem conductor | ayer | ar ge dosasge of donors are

added t o witkeaddgh blosldeg effect forymreventng Eypuiy F‘lfﬂ'si"ﬁp*’r“&htaﬁtal ioR@itHeY or an

15  film, a silicon nitride oxide film, an aluminum nitride film, or an aluminum nitride

oxide film is formed as an insulating film 102a, which is the lower layer, fo a thickness
of from 5 nm to 200 pm inclusive. As an insulating film 102b, which is the upper
layer, a film with an effect of relieving internal stress of the insulating film 102a is
formed.

20 [0114]

For example, as a combination of the insulating film 102a and the insulating
film 102b, the following combinations can be given: a silicon nitride film and a silicon
oxide film, a silicon nitride film and a silicon oxynitride film, a silicon nitride oxide
film and a silicon oxide film, and a silicon nitride oxide film and a silicon oxynitride

26 film. In each of these combinations, the former film corresponds to the insulating film
102a and the latter film corresponds to the insulating film 102b. '
{0115] _
In this embodiment mode, the insulating layer 102 is formed so as to function
as a blocking filtm. As the insulating film 102a, which is the lower layer, a silicon
30 nitride oxide film is formed by a plasma CVD method with the use of SiHy, N2O, and
NH; as a process gas. As the insulating film 102b, which is the upper layer, a silicon
oxynitride film is formed by a plasma CVD method with the use of SiHy and N2O as a



25 ion doping nethod. The gate el ectrode 155 and the sidewall insulating

| ayers 161 serve as masks, and n-type high-concentration inpurity regions
177 are forned. The n-type high-concentration inpurity regions 177 function
as a source region and a drain region. [0108] 30The resist 165 is renoved,
and then heat treatnment in a furnace & laser light irradiation is
performed to activate the donors and acceptors. After that, an n-channel
114f and a p-type liet are manufactured through the steps shown with
reference to FIG 33 4, as in Enbodi nent Mode 1. [0109] FIG8Cis a
Cr 0ss- sepracesigias.vi ew of a sem conduct or devi ce having the n-channel TFT and
t he p-ch%ﬂﬂgl TFT. In this enbodi nent node, since the netal 5 elenents

i ncluded*1’'n the sem conductor |ayer of the 11,1 are gettered into the
gettering siteAftegiooning thisseitingdayesfl0Ze bandingleyanilAh s oAmedoEdhs n a

process SluIRR A8 17, BOnENR SR8 R0 SRR R SO0 R SHANERSE)

Ther ef or &% n rrradiation an i on dopi g ‘nethod 1 n which nmass
separ gt i @imilas nixaherpe tiedonidg tayer 1id forarediovdr the senpiogidupipesupsitaie {He st ep of
form ng i&ﬁwijamﬁged region as one of steps of manufacturing the SO
10substr 41 0110] (Enbodi nent Mode 5) Thi s enbodi nent node wi ||

expl ai n a net hpis. 9B FaNtbacdedtidnabview ddGhe sebisbudt-or sylsirete 113. dAfteer ent from
e el S S IR e 0 WP 865 v
SA  substyrEsenliCbhlitdtor substrate 111, as shown in FIG. 9C. The protection film 117 is
10 formed with aims of preventing the semiconductor substrate 111 from being
contaminated by impuritics such as metal in an ion irradiation step for forming a
damaged tegion, preventing the semiconductor subsirate 111 from being damaged due
to shock of ions at the irradiation, and the like. This protection film 117 can be formed
by depositing silicon oxide, silicon nitride, silicon nifride oxide, silicon oxynitride, or
15  the like by a CVD method or the like. Alternatively, the protection film 117 can be
formed by oxidizing or nitriding the semiconductor substrate 111.
[0118]
FIG. 9D is a cross-sectional view showing a step of forming the damaged
region. Like the step shown in FIG. 1D, a damaged region 113 is formed in the
90 semiconductor substrate 111. After forming the damaged region 113, the protection
film 117 is removed as shown in FIG. 9E. After removing the protection film 117, a
bonding layer 114 can be formed in a similar manner to the step shown in FIG. 1E.
Moreover, the insulating layer 112 and the bonding layer 114 can be formed.
Alternatively, the bonding layer 114 can be formed over the protection film 117 with the
25  protection film 117 left. '
[0119]

b

FIG. 9F is a cross-sectional view for explaining a bonding step, which shows a
state where the base substrate 101 and the semiconductor substrate 111 are aitached to
each other. This bonding step can be performed in a similar manner fo the bonding

30  step explained with reference to FIG. 1F, and the semiconductor substrate 111 and the
bonding layer 104 are bonded 0 each other by having the semiconductor substrate 111

and the bonding layer 104 in close contact with each other at room temperature.



As shown in FIG 9A, the base substrate 101 sewing as a base substrate of an
SO substrate is prepared. The base substrate 101 is cleaned and then an
insulating 20 layer 102 is formed on its top surface to a thickness of from
10 nmto 400 nminclusive. The insulating |ayer 102 can have a single-I|ayer
structure or a nmultilayer structure i#cluding two or nore |ayers. Like the
insulating layer 112 in FIG 1C, the insulating |layer 102 can include an
insulating filmcontaining silicon or germaniumin its conposition, such as
a silicon oxide film a silicon nitride filma silicon oxynitride film 25
a siliconf20}ide oxide film a germaniumoxide film a germaniumnitride
film a gernmani I Lrlde il . ) [ il I film

Mor eover, an in]'!;ilﬁﬁ g@tﬁ?fﬂ%{:#cplk %10{1(?1&(? ulgﬁlfap%’&%@gh§@ eéoé &%ﬁ Og)séépg?aﬁ%gnum

oxi de, t atieademiconducter, lager H&f fiom rtho xémieondnntor sshstratei Hg. f Thensepacdtiodi ng a
metal nitpi ch alum numnitride; an insulating filmincluding a

net al oxy%tfa‘g[;j ISIf glgs gnl}%;dn%g}dﬁ ?Jér%cﬁﬁ e@)‘?&?ﬁ“fe i1 8. Sigar r ion@ﬁ PERAAGRS i 1 m

i ncl uds ngstap evlaihedivithirefercnyd BEFIGULE aAftad homding the kémifcoeluewst Sebseae be used.
34 [0112] substrate 101 jis substrate_jncl uding an

.the b
i npurity m%‘ﬁl%%\gg'gdé‘gge@y?ﬁgﬁﬁ%ﬁ ifther e smicepducionsistigia dibis aice, such

as al kal i af@ipbrafiesHakighf MRmEAIC FC BEYA0 *Clil@udifts Ul Aald ROmiCHRBodient
preferably includes at |east one | ayer capable of 5 preventing diffusion of

such i npumiods; heatdrpatmrat ispsefersbily pexfonmed no terporatures raging Gt °6l tol380er of t he

SO substgate, Therefore,. like the insulatj ayer, 112, the .ingul ating

| ayer 102 (ig’lén c%)ursévfe gjrc g‘b‘? ghefhg?tr%e&ugeg?gtsorta OYenJ&({b%t#es a3 tf’é%cg‘%as%ﬂ’@ Qondwg of a
silicom nidred Herweéd the sensicdridactor Bibistritel €110 Xdindethe | domtling Magdr U4NAtELBEt 11 de
film an |Lé i nur%nitride oxide film or the like. 10 [0113] The

i nsul at i nE‘)’f %HFB 3% can be formed simlar to the insulating |ayer 112;
however, phien the insulating |layer 102 has a two-layer structure, the order
of stacking layers is preferably opposite to that of the insulating |ayer

112. I'n ot her wdFeugh the senaptign step shawyin HGo G angSQ@F subsirate 432 jirwhisht i ng

impurity gieffHgbadcto? B50r | ié‘atﬂc%cné:dlc@%erﬂagé mg?&éwi IsPanfitadt ed90ﬁ~59i tride

oxide film an alum numnitride film or an alumnumnitride oxide filmis
f or medb asSQh silsirateatI2nbpst 3 mltilayer sthétete inswhidle theinsnlating dayer 162,ahe hi ckness
of from 5,m4: ' Y ' l.at i j b ich is the
cpper 1 ay ST g 8 6% SpiBoa e Mk I 80 it Bt B B e

i nsul at i ngpoficdndndioPyérsi1t andiet. bofding B:ydt]04 being bonHed toscaskipiher, Aften

conmbi nati gn of the [nsylati ilm102a.and the insulating film 102b, the
fol I owi ngﬂ‘géﬁ%ﬁmﬁ‘gf‘is et dSprefied &éﬁcﬂ’siﬁ'éﬁ R SR b P B o1 | con
oxi de fi| madatisn lincofdenitd rdadeeatd lcrpstaintefecks. | | MBreodety thd rsugiecel bf Mhe @ silicon
nitri oxide film and silicon oxide fil nd a siljicon nitride oxide
film g‘ﬁd seruqrdpespr @Wr&'ﬁ? s prefesably; pqtished by m6MY wmpareisda oRlsh i ®HOYONs, the
former fi{nedemhgeastrRistatofithescinisostiadiorSyek 11 Mokfidn Bedutthe. | atter film
correspon[o(l)sizélo the insulating film 102b. T0115]

With the use of the SOI substrate 132 manufactured in accordance with the
method of this embodiment mode, a semiconductor device can be manufactured by
25  using thé method described in any of Embodiment Modes 1 to 4.
[0123] '
(Embodiment Mode 6)
In the process for manufacturing the SOI substrate, which has been described
with reference to FIGS. 1A to 1G FIGS, 2A to 2D, FIGS. 3A.to 3C, FIG. 4, FIGS. 5A to
30 5C, FIGS. 6A to 6C, FIGS. 7A to 7D, FIGS. 8A to 8C, and FIGS. 9A to 9G, various

kinds of glass substrates such as an alkali-free glass substrate can be used as the base



In this enbodi mrent node, the insulating layer 102 is formed so as to
function as a blocking film As the insulating film 102a, which is the

| ower layer, a silicon 30 nitride oxide filmis forned by a plasna CVD
method with the use of SitLi, 1420, and NH3 as a process gas. As the
insulating film 102b, which is the upfer layer, a silicon oxynitride film
Is fornmed by a plasma CVD nethod with the use of Siff,. and 1420 as a 35
process gas. [0116] After formng the insulating |ayer 102, a bondi ng
| ayer 104 is forned over the insulating |ayer 102, as shown in FIG 9A This
bondi ng |sabstrate 001l c metséore.ovithethe juse of Hlossraubsratesfhe basesubsvatebidi ng | ayer
114 for Vi L& ORI Gt 9B is a
cross-sgggrlgg"na %/dlag\?v oﬁht%he s%nﬁq%eoﬁg%%%rﬂagu%%#g%g%% %?’ngfl%?%éani ng the
sem conduwithr a qiiloslityasfe sdriitondactor o eaxniso fiorfriet! miskdg7 such AolarpedraanS@Isur f ace

of the sen condugtor, substrate 111, as sh in Fl L. Jhe.protection film
117 is 10 %’F*’f’r%d‘c%“{%“&%l@s‘f‘sé’iayp@é&{?% St I"“halc(?)‘hm‘g“‘%'?ﬁ?%%nd?}%&?yo&&scgﬁg’% bete 111
from lyei ngat@idnasd.n akeddikiyn kfuch idispRg dsvicts, avariery af senficaductonddvideadi at i on
step for form ng a danaged _regi.on, preventing the.sem conductoor substrate
T17 £ om 96k RS telle doadCh MY ARSI SRS PPt BRRURFEA ¢ ho

l'i ke. Thigy B KOLduBstrakds! M 117 can be formed by depositing silicon oxide,
silicon nitride, silicon nitride oxide, silicon oxynitride, or 15 the like
by a CvD [#%od or the like. Alternatively, the protection film 117 can be
formed by oxi digZiHagg® Enibblifictli MbAEDE 1§ ANEpRAAHEC BEMSY B WadtEetdrdds 2 [ 0118]

FIG 9D is a cross-sectional view showng a step of form ng the damaged
© 10 TFT as an example of a method of manufacturing a semiconductor device, a

semiconductor device can be manufactured so as to have high added value by forming a
variety of semiconductor elements such as a capacitor and a resistor together with the
TFT. This embodiment mode will explain specific modes of semiconductor devices
with reference to drawings.

15 [0125]

First, a microprocessor will be explained as an example of a semiconductor
device. FIG. 10 is a block diagram showing an example of a structure of a
microprocessor 200.

[0126]
20 The microprocessor 200 includes an arithmetic logic unit (also called ALU)
| 201, an arithmetic logic unit controﬂing portion (ALU controller) 202, an instruction
decoder 203, an interrupt controlling portion (inferrupt coatrofler) 204, a timing
controlling portion (timing coatroller) 205, a register 206, a register controlling portion
(register controller) 207, a bus intetface (bus I/F) 208, a read only memory (ROM) 209,
25  and a ROM interface 210.
[0127]

An instruction input to the microprocessor 200 via the bus interface 208 is
input to the instruction decoder 203 and decoded therein; then, the decoded instruction
is input to the ALU controiler 202, the infersupt controller 204, the register controller

30 207, and the timing contfroller 205. The ALU controller 202, the interrupt contr_oilcr
204, the register controller 207, and the timing controller 205 perform various conirols

based on the decoded instruction.



region. Like the step shown in FIG 1D, a damaged region 113 is fornmed in
the 20 sem conductor substrate 111. After form ng the danaged region 113,
the protection film117 is renoved as shown in FIG 9E. After renoving the
protection film 117, a bonding |ayer 114 can be forned in a sim/lar manner
to the step. shown in FIG 1E. Mreover3the insulating layer 112 and the
bondi ng | ayer 114 can be forned. Alternatively, the bonding | ayer 114
can be forned over the protection film2117 with the 25 protection film 117
left. [01&&%8 FIG 9F is a.cross-sectional view for explaining a
bondi ng s J whi ch shows a state where the base substrate 101 and the
sem conduct or SEHRSATBt@ntldlfer 202 gahidred Sighdlofr avhtrellihg bn oftraforboitheng st ep
can be perforned in_a simlar manner the bonding 30 st | ai ned with

C : t ex
ref er enceAlY PG 1Wh‘1§ﬁ83tlﬁ’€f‘§’é9ﬁ5§38h§98t’§rex§ﬁ‘ﬁ§tgr 2t REOETIR. 13y 'MHE M ondi ng
llayer 104-4k8nbosee thdb& ﬁ@ﬁﬁe&iph@éc}uw RGN A Texidifal SepiteARMt bt SRSt rat e

111 and the bonding | ayer 104 in close contact with each ofher at room
t enperéat upwiphesh clrosipbised or its pRpily o2 imask state and Juesesiss dhe JrtetiEtor

expl ai ni gL ePAALL AL Shiqifh FAPRABAIGa! RRISETBEGAOYEHA 206 R 115 from

t he sem conduct or sulbstrate separation step of This enbodi nent
nmode can izedgierifesr datdl from/fo sheritbgister2fifein aerordaacs epith 4bd Gits oft tp

cubst r at LI ghES A0 CEb il b 3y BRI IR SPTRESIERR | ot o
L e
e o
e e, R acl Pt A St A AL SO EMEL i, L7
9Q an SOT cREPSsibhAG K3 rpit Whin6thet diRuieN conduct or ayer 115 is attached to

the base substrate 101 i s manufactured. The
[0129]

15 Next, an example of a semiconductor device having a function of transmitting

et

and receiving data without contact and also having an arithmetic function will be
described with reference to FIG. 10. FIG. 11 is a block diagram showing an example
of a structure of such a semiconductor device. The semiconductor device shown in
FIG. 11 can be called a computer which operates to transmit and receive signals to and
20 from an external device through wireless communication (hereinafter the computer is
referred to as an RFCPU).
{0130]
An RFCPU 211 has an analog circuit portion 212 and a digital circuit portion
213, as shown in FIG. 11. The analog circuit portion 212 includes a resonant circuit
25 214 having a resonant capacitor, a rectifier circuit 215, a constani voltage circuit 216, a
reset circuit 217, an oscillation circuit 218, a demodulation circuit 219, a modulation
circuit 220, and a power supply control circuit 230. The digital circuit portion 213
includes an RF interface 221, a control register 222, a clock controiler 223, a CPU
interface 224, a central processing unit (CPU) 225, a random access memory (RAM)
30 226, and a read only memory (ROM) 227.
[0131] _
The operation of the RFCPU 211 is briefly described below. A signal



15 SOT substrate 132 has a nultilayer structure in which the insulating

| ayer 102, the bonding |ayer 104, and the sem conductor |ayer 115 are
stacked in this order, the sem conductor |ayer 115 and the bonding | ayer
104 being bonded to each other. After the separation step, it is preferable
to recrystallize the semiconductor |ay®r 115 by laser irradiation in order
to decrease crystal defects. Mreover, the surface of the 20 sem conduct or
| ayer 115 is preferably polished by a CMP apparatus in order to renove the
damage of the surface of the sem conductor |ayer 115 i‘o flatten the

surf ace. r@ived]by an antenna 298 capsehinduerd eéqmrpﬁ’@ﬂg‘%ﬁor%ﬁs‘ ¢ FSeeps sirih uf act ur ed
I n accor cerid flglg]q, f 13 R0 n 3001 GHRRHICE Or

devi ce cgﬁﬂbe nanﬁpa%teﬁlre ggofﬁglzﬁs theﬁineg?!ka]%%c“gfejggrrn?bedml n any of

Enbodi nentctified eiscudt 215. 4Thé O@Z@]or@ﬂm&2ﬁé$1prcﬁﬂ§@éy §ymed uping A GRPASHAS f or

R T L N i e S S
FI GS. 56A 220 lﬁﬁot ﬂc@aﬂl}&oﬁr&d?@m fHe GEme 8ubsimateS(S, tha RFCPUGHL 294 may :Q vari ous
ki nds of ‘gl ass sy bstra%ﬁfﬂ as an_al kgl i-free glass substrate can be

used as t BGLOPRE sfore, with the use of a gl ass
subst r at qoasp)t he base substrate 101, a |large-area SO substrate with a side
of nmore than one neter, can be manuf act Iural .of

seni conduct or é['l‘%ﬁ@ﬁtt‘%“’%%ﬁ%"‘nﬁ?fqﬁﬁs Uﬁg?frf:%?lsgtg gﬁgg%{cgﬂl %ngla% e,

liquid Crt%‘%%%lutlﬂiz%@l alfor G@MhHIE, tRE reét sﬁ%ﬁnﬁpllﬁcéeﬂéfhﬁagﬁéﬁmésctblgﬂl ,aighali ce can
be 5 manufactured. In addition to suc

di spl ay, dev S vari et
seni c¥hdubatgiseswith delay sfierringsase & te pewe] Wpply) W(S’@tﬁgq C\gﬁw Qﬂ:gu ’é’ﬁﬁ?ﬁ'ﬁﬁ uct or
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Enbodi ment explain the nethod of manufacturing a
control signal generated by the constant voltage circuit 216. 'The demodulation circuit

219 is a circuit which demodulates received signals and the modulation circuit 220 is a
circuit which modulates data for transmission.
15 [0133]

The demodulation circuit 219 having a fow pass filier, for example, binarizes
received signals of an amplitude shift keying (ASK) system based on changes in
amplitude of the signals. The modulation circuit 220 changes the amplitude of
transmission signals of an amplitude shift keying (ASK) system to be transmitied;

20 therefore, the modulation circuit 220 changes the resonance point of the resonant circuit
214, thereby changing the amplitude of communication signals.
[0134] .

The clock controller 223 generates a control signal for changing the frequency
and the duty ratio of the clock signal in accordance with the power supply voltage or

25  cutrent consumption in the central processing unit 225. The power supply voltage is
monitored by the power supply control circuit 230.
[0135]

A signal that is input to the RFCPU 211 from the antenna 228 is demodulated

by the demodulation circuit 219, and then divided into a control command, data, and the
30 like by the RF interface 221. The control command is stored in the control register
222, The control command includes, reading of data stored in the read only memory

227, writing of data inio the random access memory 226, an arithmetic instruction to the



10 IP 1 as an exanple of a nmethod of manufacturing a sem conductor device,
a sem conductor device can be manufactured so as to have high added val ue
by form ng a variety of sem conductor elenents such as a capacitor and a
resistor together with the 'W. This enbodi nent node will explain specific
modes of sem conductor devices with réference to drawi ngs. 15[ 0125]

First, a mcroprocessor wll be explained as an exanple of a sem conduct or
device. FIG 10 is a block diagram showi ng an exanple of a structure of a

m croproces (é{ 200.. éOJ.Z 20The m croprocessor 200 includes an arithnetic

| ogi ¢ uni fc”?r RIBOSSIRe vyt %zﬁ"dz’@?t,hk%m arithmetic logic unit controlling
portion (@aBecontroller) 202, an instruction decoder 203, an interrupt
controlling porti ogﬁn;i nterrupt controller) 204, a timng controlling
portion (tim ngtiCoffial pEicyssigsunily 223 ficessess the gread) onlygmsmery 8htthel | i ng
portion (f:88bmta8kess ) js I 08,, a read
only neno %%e i(:RCJ\/D 288%1{0% bgﬁdanngmt%?&%lggﬁﬁﬁg t{%@‘i’] Al@fage §5§'n
instrutti RHunterfare: 324 has e fiopstion of gwoerapidg aw aecesshsigiall foriany end afcthe 208 i s

i nput to ' j n e d_therein; the e decoded
i nstructi %eﬁglogﬁls%%%tswt %ﬁt’ ﬁgg%ﬁﬁﬁ%ga%??sgl een?mgg%‘,g’ Phe's (ﬁ’flg?lrﬁﬁltg{;’tgﬁfr ol | er
204, the basgd on e adsloost reghésted 1B0hE Ochtrabprdcdsbiag thinP28) control |l er 205. The ALU
controll e(mgﬂs, the interrupt controller 204, the register controller 207,
and the trm controller 205 performvarious controls based on the decoded
i nst ruclti on. ¥ fDdrRRietic ?eﬂloa'hﬁth%denﬁﬂrl:{/r\dyi]&lbdiﬁg’ wﬁﬂﬂzs;artﬁétmdelﬁaﬁbanal s for
contr i ng_.an eratiqgn of the ALU 2 ile e m croprocessor 200 is
execuﬁli ng® IB?!%‘Ogi?‘a‘ﬂﬁdf ﬂ}? 23 B’;IV W%%‘( Sloresrandy (PRigrjwg systehand 2 upt
request f proplanisersid bitedndi EXRBItO W MIERCYE SAIRAE dpetiBe! | ARGTALIG) § CUI t

. H

based on it‘i @ri oritt%luéﬂgr a ,mask state, and procesSses the interrlpt request.
The regi sTEMOL Fxw b qraployes 7n Jepedy & cheuitydedicated do grihimetinds fosgpd ped a206, and

reads/ Wi &@Emed Proéh eBndudRd’ RieShREwARS FHRAT GREARMRGS, W hlnbd', State of
the micropyrocessor 200. The timng controller 205 generdtes signals for
cont r ol | i Weichketh hasiwarg gad soffwaps axe pepd can he employedan this|akighmegio fncthode
instryct i pndesoslss 2 kL : lsler, 204, and t register
control ler 207. thg’ eﬁa}ﬁg{éﬁaﬁgﬁéﬁﬁ;#] ﬁaésgg%tgg%l{c&grlgfo c"l“ist d%‘rh(%?/tf’%god with an
i nternal #ithortiguddharest of e agthmetiapracgssdn conucied by thd enkalgirgrsdingCL | C based

on a ref NeR I i CLKL As shown in FIG 10, the internal clock
si gnal CLE% S b&r?%@?af%%%’t her circuit.
[0138]

Next, a display device as a semiconductor device will be explained with
20  reference to FIG. 12, FIGS. 13A and 13B, and FIGS. 14A and 14B.
[0139]

A large-area glass substrate called 2 mother glass, which is used to manufacture
a display panel, can be used as a base substrate of an SOI substrate. FIG. 12 is a front
view of an SOI substrate which uses a mother glass as the base substrate 101.

25  [0140]

As shown in FIG. 12, a plurality of semiconductor layers 302 separated form
semiconductor substrates are aftached to a mother glass 301. In order to cut out a
plurality of display panels from the mother glass 301, the semiconductor layers 302 are
preferably bonded within regions 310 where the display panels are formed (hereinafter

30  cach region is referred to as a display panel formation region 310). The display panel
includes a scanning line driver circuit, a signal line driver circuit, and a pixel portion.

Therefore, the semiconductor layer 302 is bonded in a region where these are formed (a



[0129] 15Next, an exanple of a sem conductor device having a function of
transmtting and receiving data wi thout contact and al so having an
arithnmetic function will be described with reference to FIG 10. FIG 11 is
a bl ock diagram showi ng an exanple of a structure of such a sem conduct or
devi ce. The seni conductor device showd in FIG 11 can be called a conputer
whi ch operates to transmt and receive signhals to and 20 from an exter nal
devi ce through wirel ess comuni cation (hereinafter the conmputer is referred
to as an RFCP| 1), [0130], . An RFCPU 211 has an analog circuit portion
212 and aScAPgingdine driven fitcuf fprmalipn septon 34, asignal line driver gircuitiieanatioal og
circuit pesdidOMmo2ded 4 figd ; e%m ey | i sonant
capaci tor ggl rectifiel?mcl:f%%ﬁaiu?ng 5, 'Bg@%gxﬁtg%gﬁlﬁ%gﬁegfggn%ﬁﬁggggﬁga% a reset
circuit 2I841kn oscillation circuit 218, a dempdul ation circuit 219, a
nmodul ation circgy , - SIPRL. Y, : Ci: I G Ui ..dhe digital
circuit porti onmgfézlﬁgkc?%gg?é@aag@%%éﬁée@ fégﬁwkhg ltll:dgl(r;#rcbIS%fgbsplsatyer 222, a
dock cont devitemamgacturgd GPthd mebod af EmPadimeat Mede dal Fik d38dsangp viswt ( CPU)

225, ara . ] [ 226 ead only ry. (ROV) 227.
[0131] 339?«?5%?&2%@@;&;%%%%5lagggwgeaﬂcggﬁfﬁa%cl@& cé?sé‘tsf?rlg’%t%lﬁ force at
t he r esonalongailine HK of F1G. 13Bhe i nduced el ectronotive force is stored in a
capaci tor cﬁg&jﬂi on 229 via the rectifier circuit 215. The capacitor portion
229 is pr bly fornmed using a capacitor such as a ceram c capacitor or

an el ectric doubl FIGay®s, eapagtémctod NeyEapALiit Gf 1BRFf tofhe® ndidd ing not
rate as the RFCPU 211 and may be

necessarily forped over_the sane sub
i ncorg raf%ﬂ‘c?‘?{{'zgtof ?i’éfe oheqd taéh“agél)ﬁ%ﬁ@ﬁ@?‘d copsttfespeary ¢isa¥FE| r cui t
217 gener 82sf @pielNahe TPT325 eSRhSutAdificd 'b? ttfedthetfidd SEhbRRLEA Model3 L0 be

initialized. For exanple, the reset signal 217 &:Jenerat es, as a reset
signal , aﬁ;pﬂ;@ to say, the TFT 325 can also be manufactured by any of the methods of

Embodiment Modes 2 to 4.
{0143]
15 As shown in FIG. 13A, the pixel includes the semiconductor layer 320, a

scanning line 322 intersecting with the semiconductor layer 320, a signal line 323
intersecting with the scanning line 322, a pixel electrode 324, and an electrode 328
which electrically connects the pixel electrode 324 with the semiconductor layer 320,
[0144]

20 As showix in FIG. 13B, the bonding layer 114 and the insulating layer 112 are
stacked over the base substrate 101. The semiconductor layer 320 of the TFT 325 is
provided over the insulating layer 112, The base substrate 101 is the mother glass 301
which has been divided. 'The semiconductor layer 320 is a layer formed by etching the
semiconductor layer of the SOI substrate so that the layer is isolated for each element.

25  Here, channel formation regions 341 and gettering site regions 342 are formed in the
semiconductor layer 320. The gettering site regions 342 are each formed as an n-type
high-concentration impurity region fo which a donor and 2 Group 18 element are added.
A gate electrode of the TFT 325 is included in the scanning line 322 and one of a source
electrode and a drain electrode of the TFT 325 is included in the signal line 323.

30  [0145] |

The signal line 323, the pixel elecirode 324, and the electrode 328 are ﬁrovided

over the interlayer insulating film 327. Further, column spacers 329 are formed over



10 that rises with delay after increase in the power supply voltage. The
oscillation circuit 218 changes the frequency and the duty ratio of a clock
signal in accordance with a control signal generated by the constant
voltage circuit 216. The denodul ation circuit 219 is a circuit which
denodul ates received signals and the ffodul ation circuit 220 is a circuit

whi ch nodul ates data for transm ssion. 15[0133] The denodul ati on
circuit 219 having a |ow pass filter, for exanple, binarizes received
signals of an anplitude shift keying (ASK) system based on changes in

anpl i t udehoint¢rteyes ingulafig filfin 82wdd laatdrisntation il (330 39 farmat geweringdhanpl i t ude

of transm ssien. signal f |, i L fd,0kEVd ) t to be
transmt 'E?é%';ai fi’@e ?‘f“?g efpz)Feg,316?{%%%%311{115??68%@% :I?zgm%%ﬁ @gﬁ&éﬁgrﬂﬁ%&t €' resonance
poi nt of A beuntesabsaate 332 icpiovid2d with hlvouayeledaigB3fganiiae caiepthfidrufilen of
communi cation signals. [0134]. Th ck.controller 22 enerates.a control
signal f 25548%%@(%’%“ %ﬁé??tgﬁ%lgﬂg@c%g. t'ﬁg"’ Gofgpn, Sppeess g?&f”ﬁe OFPS%I?‘ signal in
accor @?n&ﬁdewi th h;c&ﬁ@pal@@wgmza%uﬁi%?ﬁsé/ﬁbﬁme 101 lali?cﬁthﬁllbbﬁlﬁéﬁsuﬁﬁfmm.i Qg Ln t Ee
central processing unit_ 225. e _power sup 'vol tage is i.tor y the
pover supgpie egsteliayer 3p7 ifpmmesidp Fhe[s(ﬂi%ﬁsffmﬁg%g%ﬁ&mlf‘%ﬁtw?@%ut % the
RFCPU 21 JinferiayR:rt iSulfRieCiin? 327 Ghab ToklQURY Wk 3he dotibctidiepsto® Beivakh QRe Ci I CUI t

219, and then divided into a control coman data, and the 30 like by the

d,
RF i nt er fagtiering site Togionc3d, raorl the signpldines 34t ardthei eleqtiede 38R dusItorthyi st er
222. The GANHA o RIRBNMIANHHERS, orfeRRtbR Of RhuidAhRtaR! i thelliqdid LR ead only

menory
10 layer 335 is easily disordered at this connection portion. Therefore, the column

spacers 329 are formed at the concave portions to prevent the disorder of the orientation
of liquid crystals.
[0146]
Next, an electroluminescent display device (hereinafter referred to as an EL
15  display device) will be explained. FIGS. 14A and 14B are drawings for explaining the
EL display device manufactured i)y the method of Embodiment Mode 2. FIG 14Ais a
top view of a pixel of the EL display device, and FIG. 14B is a cross-sectional view
taken along a line L-M of FIG. 14A.
[0147) .
20 As shown in FIG. 14A, the pixel includes a selection transistor 401 and a
display control transistor 402 each including a TFT, a scanning line 405, 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 including an
electroluminescent material (hereinafter this layer is referred to as an EL layer) is
256  sandwiched between a pair of electrodes. One electrode of the light-emitting element
is the pixel electrode 408. In this embodiment mode, the SOI substrate 131 (see FIG.
1G) is used. Therefore, as shown in FIG 14B, the bonding layer 114 and the
insulating layer 112 are stacked over the base substrate 101. The semiconductor layer
403 of the selection transistor 401 exists over this insulating layer 112 together with the
80  semiconductor layer 404 of the display control transistor 402.
[0148]}

A gate electrode of the selection transistor 401 is included in the scanning line



227, witing of data into the random access nenory 226, an arithnetic
instruction to the 40 central processing unit 225, and the |ike. [0136]
The central processing unit 225 accesses the read only nenory 227, the
random access nenory 226, and the control register 222 via the CPU
interface 224. 5 The CPU interface 22# has a function of generating an
access signal for any one of the read only nenory 227, the random access
menory 226, or the control register 222 based on an address requested by

the centr processi ng unjt 225. [0137] ,As an i%%nelic nmet hod_of the
central p%ce erf% a&ﬂg{“? ,o‘é gy _Eimr?é‘i‘?trB% 3%151@ FW@dmf‘ﬂS%?Q:lh‘St he read
only nmendin¥uded irsihe shfialaheD6(WERY @b ofir SYHHAE asPiifelactRiOGIBM A gatcead out
and executed at the time of starting operation. Alternatively, a nethod may

be enpl oy®&ctiadeii2ctf thecdiprlay corfeli teansielgr 12 dip i dlepricelly qomnecisdntedthand an
art 1 Nel] GeffREAN. | Opé O WihEeleltitddd alid s Uilth Glechibde! Sihe gigﬁlg%p@aﬁtkdiel y, a

nmet hod in whic ot ardware and software are used can  oyed as this

ari t hn'et i Eansisti 2 isiformer asvinselentiodo 413 whish ds elodtrieallyaonndeteditd thepixdess i s
conduct ed_i | | [ .cal: Al i rest of the
arithmti?kgfoggggééwgééhg?g&g% éggg‘glegtlﬁéﬂcccgﬁtgétgﬁp Kg?ggéeg@i‘ng unit 225 by using
a progr anf01figh 38] Next, a display device as a seni conduct or

device will be pi. ak.Ne ,t.h r ence to 1 | GS. d 13B,
and Fras | 1an AU Prttimesdol BAERIGNG TET | A b ARG g
mot her gl askannehiothation tegiod 450, paypef kgh-docemtrdion inpyrifyaegions 452) daé used as
a bas

20200 B8 e Tk R BEhC e ot b, oSSl 5,
added to each gettering site region 453 in the same step as a step of forming the
high-concentration impurity regions 452, and the gettering site regions 453 have p-type
conductivity.

[0150]

5 An interlayer insulating film 427 is formed covering the gate electrode 412 of
the display control transistor 402. The signal line 406, the current supply line 407, the
electrodes 411 and 413, and the like are formed over the interlayer insulating film 427.
Moreover, the pixel electrode 408 which is electrically connected to the electrode 413 is
formed over the interlayer insulating film 427. The pixel electrode 408 is surrounded

20 by a partition wall layer 428, which has an insulating property, at the periphery. 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
is fixed to the base substrate 101 by a resin layer 432.

[0151}

25 The g;ayscalc-of the EL display device is controlled by a current drive method
by which the luminance of the light-emitting clement is controlled by the amount of
current and a voltage drive method by which the luminance is controlled by the amount
‘of voltage. The current drive method is difficult to adapt when transistors have very
different characteristics for every pixel, and therefore a compensation circuit for

80 compensating variation in characteristics is necessary. When the EL display device is
manufactured by using the method of manufacturing a semiconductor device, which

includes the gettering step explained in Embodiment Modes 1 to 4, the selection



As shown in FIG 12, a plurality of sem conductor |ayers 302 separated form
sem conduct or substrates are attached to a nother glass 301. In order to
cut out a plurality of display panels fromthe nother glass 301, the

sem conductor |ayers 302 are preferably bonded within regions 310 where the
di spl ay panels are forned (hereinaftef 30 each region is referred to as a
di spl ay panel formation region 310). The display panel includes a scanning
line driver circuit, a signal line driver circuit, and a pixel portion.
Therefore, the sen cgnductor |ayer 302 is bonded in a region where these
are formedt% orz@msaé‘g Eﬂ? ﬁ!ﬁpliay ﬁ8‘¥tEﬂl itipasistes $02,5q netdane v F‘%ﬁﬁl%?é'g elsptrigal], a

si gnal |i oRarsbtériseics foir leOetytpifed MPlidr&bre! B iveidhéd QiR tion
region 313) in the dis Ttgyp panel fqrnatiocfr?&r‘%?gﬁ 3106?(El %ﬁﬁrﬁ@{’@ 13A and
13B are dFESHRHGYnE Sie saysrale of thg BLiiisolayglevigecrystal di splay 5 device

manuf act uf@mg2py the method of Enmbodiment Mode 1. FIG 13Ais a top view of a
pi xel of the liquid crystal display device and FIG 13B is a cross-secti onal
vi ew afong a | ifeshpve BfFIGSc134and [10B 40 HIGSF143. 28148 the SOL suldtator | ayer

320 is a hawss AR Hed Sdi ' . dayer 302 attached to the
SO substrate Igé\% congﬁtuﬁ}%ééﬂgw%g[?%efg}f&gﬁ%&%ﬁf Nol aa ﬁ?@(@‘?.d‘s'? & TFT 325
i s manuf adeviece garb e thanfastyred usirg Biiso80sabstitzde Moredveg HigeSeded S8y, t he

TF1o325 Cofflnd0eshtt o BRMEBE W felilo W rRls. W0%nETE DR Blnd R dET MOeS

SOl substrate, the display device can also have a function of computer. Furthermore, a
10  display device capable of input and output of data without contdct can also be
manufactured.
[0153]
That s to say, various electronic appliances can be manufactured by using SOIX
substrates. The electronic appliances include cameras such as a video camera and a
15  digital camera, a navigation system, a sound reproduction system (such as a car andio
syst¢m and an audio component), a computer, a game machine, a mobile information
terminal (such as a mobile computer, a cellular phone, a mobile game machine, and an
electronic book reader), an image reproduction device provided with a recording
medium, and the like. It is to be noted that the image reproduction device is provided
20  with a display device for displaying images, and has a function of reproducing audio
data and image data stored in a storage medium such as a DVD (digital versatile disc).
0154}
Specific modes of the electronic appliances will be explained with reference to
FIGS. 15A. to 15C. FIG. 15A is an external view illustrating a cellular phone 901,
25  This cellular phone 901 includes a display portion 902, an operation switch 903, and the
' like. The display portion 902 can have excellent display quality with less display
unevenness when the display portion 902 is formed by the liquid crystal display device
explained with reference to FIGS. 13A and 13B or with the EL display device explained
with reference to FIGS. 14A and 14B. '
30  [0155]
FIG. 15B is an extemal view illustrating a structure of a digital player 911.
The digital player 911 includes a display portion 912, an operation portion 913, an



15As shown in FIG 13A, the pixel includes the sem conductor |ayer 320, a
scanning line 322 intersecting wwth the sem conductor |ayer 320, a signal
line 323 intersecting with the scanning |line 322, a pixel electrode 324,
and an el ectrode 328 which electri cal I% connects the pixel electrode 324
with the semconductor layer 320. [0144] 20As shown in FIG 13B, the bonding
| ayer 114 and the insulating |ayer 112 are stacked over the base substrate
101. The semiconductor |ayer 320 of the 11rl 325 is provided over the
o been S RAE e BRI e Shat s e et i o
the seni comsless oarphayeer Wient the dHéplays phiibh A2 5 FolohtA! b} MG ki i@rcr%rs?ali sol at ed
for each gl egrsg[t 25 Here cgannel formati on regi ons 341 and gettering site
regi ons 34IPEY deyige rrRlaiped it reterrnes B S 13 ri3%or byrthe Bewisphyng site
regi ons 3deviey expRasdd With Wferease &FIGS. RA {Haohhr qRe bldn! SBULLLY Tegion
to which a donor .and a G.oup 18 el enent are added.ﬁﬁg%gﬁ’gﬁgfleéﬁro e of the
TV!d' 3%5 _’§PIF‘T:£;§&§§'&E’§‘H qtﬁ;t‘ﬁﬁ@é?&?g [amen tsz_fz‘l Ztmdndnfonﬁ:mh e_aers_inlm lc:_nseel ggg r ogg
and a dr aigheR RH8iz0 3§ 2l; ed in e signal line :
[0145] 42 the int erllézyearnki nsul ati ng _?’ftﬁlzr’ﬁq@ﬁgil, and an orientation film 330
is formedl®8%kring the signal line 323, the pixel electrode 324, the

el ectrode 328, w@adiddg 6k S [ A counter . subgtrate 332 is
provided with a counter elec r?)lgg%gge%%tgmééﬁbo@ ir%?ra%ﬁm ISIRCE%Ct hat
covers t hboakoreadasr923| igcindesce dBBRy pbitioncolisnd &P ap@stion3aMitahr @3 orpged in 5

orderq4 0 t he base substrate 101_and the counter
subst %%t eﬁggl%n%zgq%%q%i&% p@% gy Pngompte :?f%o‘;eg’ PoRAR iPePPofate the B Y or med by
the col unshosmeo &€ B20. thfitisformitivn @y &k taniiad kalrebdivdd BRdeRBS qRacavity at

t he connegijion _part| bet ween. t he gettering site region 342, and the

signal |i %Isapl%éggrgﬂlb b%‘@“&%ﬁﬂ‘ “d§§81"ﬂﬁ§1513 Y trhen therdisplaygreriagn R3ris act

hol es; t hermédbe thediubhirgétilatisphdy dovitIoflpEainéd bikhtefeRnbd s i ga ghystal 10
ererore, e

| ayer 335, ] asi | isprdered at this connection portion. T

col urm spﬁ%é?’gbyé‘bgié&%@[’g&dﬁ’é‘ﬂe%EEPIWVE%E\?@%&HF%nMA@mM@;em t he

di sorgeer of the orientation of liquid crystals. [0146] Next, an

el ectrol um nescent display device (hereinafter referred to as an EL 15

di spl ay devi ce)Thii |applicatigh pisajbaesd. om GspangseA Patedt 14plizationd rsaviaings. f or

expl ai ni ngng: e PLAY [ e y hod of Enbodi nment
Mode 2. FI Gﬁ%%%sﬁgfat op \‘Ilgfgd\\/[lv %@ea pI %%fﬁ%;ﬁ;ﬁ?%@ Eﬁ_d}g?%r%?agf}m&%\yia?& and FI G
14B i s a Cplisgtiercserinkoea POOT-ER464 kited vatholagarePdtént OfficeMnAuné 26 208A thd 0147]

2045 SNOWg el sk bmidi e Rt ibdlShridS S Besghct i on transistor 401 and a



di splay control transistor 402 each including a TFT, a scanning |line 405, a
signal line 406, a current supply line 407, and a pi xel electrode 408. Each
pi xel -is provided with a light-emtting elenment having a structure in which
a Iayer i ncl udi ng ‘an electrolunlnegﬂgnt material (hereinafter this layer is
referred to as an EL layer) is 25 sandw ched between a pair of el ectrodes.
One el ectrode of the light-emitting elenent is the pixel electrode 408. In
this enbodi mrent node, the SO substrate 131 (see FIG 1G is used.
Therefore, as shown in FIG 14B, the bonding |layer 114 and the insul ating
~layer 112 are stacked oysfpit ARNAPRSNSOPREEERBINECE The semi conductor |ayer
403 of the selection transistor 401 exists over this insulating |ayer 112
together with the 30 sem-conductor |ayer 404 of the display control

‘transi st 9f,40 484 gm@@rms&g Onpel  INSUILARIRGECIILAYERINd 1824f ai n
electrodgb%f t éﬁg%lec ron trandi stor 401 is included in the signal |ine
406 whi | eNBIE_ ATISG | BIENY, Med2bs BNSEIeATROGe FILM, A14t eBONDINGHe 412 of
‘t he di splay control transi stor 402 is electrlcall connected to the

el ect r odE.AMER, One Hil:a so&EhﬂCéﬂ)meﬁﬂEDBnd aSHIBFRRAIES r odblh: t he
O o ot GBS ST el A ofSof i LS o o
LPSLS?E?ML&Q&@@ Sﬁﬁn@EpZ#ﬁr ﬁ%@m“%ﬂ%}éﬂ ARG fS?PrL{ on
grgg'?!t gpi ﬁ?%ﬁ}?gi%egl ons%@ﬁgﬁgt% }??Eg@e%@mfﬁ I ayerR’404 An

accept or gngp@dsmgmw@mmmm t me@rm'xmmm FHMnd2dtep as a
step of formng the high-concentration inpurit gl ons 452 and the

Pt at ooy f?ﬁ%°?§l?§?°$3ﬁ?ﬁmﬁa’%ﬁ2m O YUHSIRAIE A0 i o ayer
iz 3y ol i S g BRI
;PSH?Z&T&smm&? | m#27. ﬁﬁé@@ﬁwm J?%%g Ode % which is
i nsul ati %WW&Q&QM%I g%%fﬁ%ﬁg@%ﬁgﬁﬁaqu%gﬂ% g
partiti ogaﬁgbré %6428 J4y-ch hasgamg nsul aRIIBCTROPE, Y, at 115r7e

peri pher r 429 1s fornmed over the pixel electrode 408, and a
counter gl EWI(CONCERTRATIONEdIMRURITY EREGIEN, 44%58: A EHANNE ubst r at e

431 is provided as a reinforcin plate and is fixed to the base substrate

101 by a FERMATION RELGI(N,15HI9 - HIGH-CONCENTRATION IMPURITY
REGION, 160: CHANNEL FORMATION REGION, 161: SIDEWALL
INSULATING LAYER, 162: SIDEWALL INSULATING LAYER, 163:
GETTERING SITE REGION, 164: GETTERING SITE REGION, 165:
RESIST, 167: GETTERING SITE REGION, 168: INSULATING LAYER,
169: INTERLAYER INSULATING LAYER, 170: WIRING 177:
HIGH-CONCENTRATION IMPURITY REGION, 181: RESIST, 182:
RESIST, 183: GETTERING SITE REGION, 184: GETTERING SITE
REGION, 185: HIGH-CONCENTRATION IMPURITY REGION, 191:
HIGH-CONCENTRATION IMPURITY REGION, 192:

HIGH-CONCENTRATION IMPURITY REGION, 200:




25The grayscal e of the EL display device is controlled by a current drive
met hod by which the |um nance of the light-emtting elenment is controlled
by the amount of current and a voltage drive nethod by which the | um nance
is controlled by the amount of vol tﬁge. The current drive nmethod is
difficult to adapt when transistors 'have very different characteristics for
every pixel, and therefore a conpensation circuit for 30 conpensating

variation,in ristics i eces t he | ay ice is
"~ manuf act upﬁé&%ﬁsﬁsﬁwﬂet ‘of @M%&ﬁﬁg a ! ductgﬁﬁ'devi ce,
whi ch i ncl tt epd step ' [ nbogl) des to 4, the
" sel ection%@ torégg%lgﬁg t@ﬁ%@g‘}‘@) tro?qmgﬁgtorz 2 do not
have vari gl imﬁt ' acheti STNIERRUEFC FONTROLI fore,
" the curr eggsg?g\{e nmet ogbggjr?%gﬂérfp?g?fed . |nm§ontr.ol?i ng thbel-lgjrlgf/fcal e of .
the EL di pORWIONYR0§: TINADG CONFEROMLING RORTIOB, 206! REGISTER] GS. 14A

and 1413, the SO substrate can be manufactured using.a nother glass for

- di spl ay - d20Vc REGHTER: CONTROQLEMGIPEREJON\ZA8s BAIS HFBREALIE Ur ed
descri bead0t REAR QLY NEMEKY @olfS A€l VIRREACH S sor
st oRECuTa AT IRt RAROR, I3 PRSI,
W thout cppepioN2aRi 4 RESEANANT GRCUEE 219 ¥BCTIFIER CIRCUIT, 216:
CONSTANT VOLTAGE CIRCUIT, 217: RESET CIRCUIT, 218:
OSCILLATION CIRCUIT, 219: DEMODULATION CIRCUIT, 220:
MODULATION CIRCUIT, 221: RF INTERFACE, 222: CONTROL
REGISTOR, 223: CLOCK CONTROLLER, 224: CPU INTERFACE, 225:
CENTRAL PROCESSING UNIT (CPU), 226: RANDOM ACCESS
MEMORY (RAM), 227: READ ONLY MEMORY (ROM), 228:
ANTENNA, 229: CAPACITOR PORTION, 230: POWER SUPPLY
CONTROL CIRCUIT, 301: MOTHER GLASS, 302: SEMICONDUCTOR
LAYER, 310: DISPLAY PANEL FORMATION REGION, 3ii:
SCANNING LINE DRIVER CIRCUIT FORMATIOIN REGION, 312:
SIGNAL LINE DRIVER CIRCUIT FORMATION REGION, 313: PIXEL
FORMATION REGION, 320: SEMICONDUCTOR LAYER, 322:
SCANNING LINE, 323: SIGNAL LINE, 324: PIXEL ELECTRODE, 325:
TFT, 327: INTERLAYER INSULATING FILM, 328: ELECTRODE, 329:
COLUMN SPACER, 330: ORIENTATION FILM, 332: COUNTER
SUBSTRATE, 333: COUNTER ELECTRODE, 334: ORIENTATION
FILM, 335: LIQUID CRYSTAL LAYER, 341: CHANNEL FORMATION
REGION, 342: GETTERING SITE REGION, 401: SELECTION
TRANSISTOR, 402: DISPLAY CONTROL TRANSISTOR, 403:




That is to say, various electronic appliances can be manufactured by using
SOX substrates. The el ectronic appliances include caneras such as a video
canmera and a 15 digital canmera, a navigation system a sound reproduction
system (such as a car audio system 48d an audi o conponent), a conpute; a

ganme machine, a nobile information termnal (such as a nobile conmputer, a
cel lul ar phone, a nobile gane machi ne, and an el ectroni c book reader), an

i mge rep cti i rQyided wit i di nd,the |ike.
117s ¢ o SEMIEIRDHEIGR Pl gl SRR IR RASRE LA RAHS0 wi ch o
di spl ay i | NGyl , dyRASCHE ' _ uci ng
aud{)o da?gémﬁ%g‘%ygf ;grlté}%ié@’o%@age nedi umggﬁa%Yg‘q (digital
~versatil e4@$-SC)PDi@11,54JELEchcﬁBEd f it $1,"TOREROITRODE) edf1Xni GAPEl i ances
will be explained with reference to FIGS. 15A to 15C. FIG 15A i s an
vexternal RLPCTRODE) a13nFEBECAIRODE, 42nENIERLAYERI ENSEILATBYGphone 901 -
i ncludes a display portion 902, an operation switch_903, and the like. The

© " display pBHtMon4982 PARFEHIONxMALInt LAYIHRay488al ELy IWAYKER.es830 spl ay
i eplay. centSTEE TRCREAIOR 4 £ o aNie K o B RESI T The L

car phone BEYIRnar BT | 1 SHANIRER TSORMATION | CRESHON | 52 2 hnone

or a W eHESH CURUHRTRANONNIMPERITY PREGIOND1£53:s GETTERING! he

liquid crys play device explained wth reference to FIGS. 13A and 13B

or by theSHE ®REHIONJE01¢ CEKPIHLARIPHONE, 6902:e DISPLAY IRGRTION,and 148,
the display portion 912 can 5 display high-definition imges and a | arge

amount of 90%t ORERATIOMNISWITEHRN L D YR, 932edNSRIAYr anges
fromabout 0.3 to 2 _inches, 1 FLG CJ r vi ew of
an el ect r BARL TRk ?@de&i’@é‘g’rﬁﬁks %@8@% cgi)%ok]é‘h&&gafﬁl | udes a
di splay p j n p i S\W+4~ch r agh £ book

r eader 92@%&?@@0%&5@1@ m %i Wﬁeﬂaﬁl%@%%om in
FI G 11 so; pﬁﬂﬁ m’ jcan be transmtted and received wrelessly. The
di spl ay pgr i on Qg can "perform hi gh-definition display when the display
portion 922 is forned by the liquid crystal display device explained with
reference to FIGS. 13A and 13B or by the EL display device explained with
reference to FIGS. 14A and 14B. 15 This application is based on
Japanese Patent Application serial no. 2007-162444 filed with Japan Patent
O fice onh June 20, 2007 and Japanese Patent Application serial no.

2007- 162464 filed with Japan Patent O fice on June 20, 2007, the entire
contents of which are hereby incorporated by reference.




46 EXPLANATI ON OF REFERENCE 101: BASE SUBSTRATE, 102: | NSULATI NG LAYER,
102a: | NSULATI NG FI LM 102b: | NSULATI NG FI LM 104: BONDI NG LAYER, 111:
SEM CONDUCTOR SUBSTRATE, 111A: SEM CON OR SUBSTRATE, 112: | NSULATI NG

LAYER, 112a: | NSULATING FILM 112b: |®NSULATING FILM 113: DAMAGED REG ON,
114: BONDI NG LAYER, 115: SEM CONDUCTOR LAYER, 115A: SEM CONDUCTOR LAYER,
117: PROTECTION FI LM 121: | ON BEA g SO SUBSTRATE, 132: SO
SUBSTRATE, 140: ELEMENT FORMATI ON 141: RESI ST, 142: GETTERI NG SITE

REG ON, 151: SEM CONDUCTOR LAYER 152: SEM CONDUCTOR LAYER, 154: | NSULATI NG
LAYER 155: CATA rethetrefpenufacigringasemicondurtandevicss7: | OW CONCENTRATI ON
| MPURI TY REG ON, 158: CHANNEL FORMATI ON REG ON, 159: H GH CONCENTRATI ON

| MPURI TY REG ?% aﬂ;@%a bEdANDEatESRMAIINGbbIRicioPbubstigdk; S| DEWALL | NSULATI NG
LAYER, 162: S DEVALT. | NSULATI NG LAYER, 163: GETTERI NG S| TE REG ON, 164:

GEl TERI NG SHE, ON, 165: RESLST,. 167 TTERING S| TE, RE 1
| NSULATI NG L AVERTAEAn IPRERGSICRVER tﬁ’?\mﬂﬂ%&F 1‘?’8@’“’% OHRE"

Hl GH CONCENTRATI ON | MPURI TY REG ON, 181: RESI ST, 182: RES ST, 183:
GETI ERI Ngghmiilis fRBEdGN, thd MmicITEERFNGISIETE REG ON, 185: H GH CONCENTRATI ON
| MPURI TY REG ON, 191: H GH CONCENTRATI ONI MPURI TYREG ON, 192:

HI GH- CONCENT - , : ROGESS 1: ARI THVETI C
CIRCU T, 202: %@é@ﬁ&% %%%?%&?‘Z ﬁg EPECRT;EEI ON, égg% a%NSTRUCTI ON
DECODER, 204: | NTERRUPT CONTROLLI NG PORTI ON, 205: TIM NG CONTROLLI NG
PORTI ON, sgngonfuetrsyratey07: REG STER CONTROLLI NG PORTI ON, 208: BUS

| NTERFACE, 209: READ ONLY MEMORY (ROM), 210: ROM | NTERFACE, 211: RFCPU,
212: ANALOG Chittdine BOBIdc@NbsiEalsd andihSlsdilicobliREdd shbREFT td@dch dihét wiRSONANT
CIRCU T, 215: RECTIEIER CIRCU T, 216: CONSTANT VOLTAGE CIRCU T, 217: RESET
CIRCUI T, 218: (OSGI LLATI ON T. 219: DEMODULATI ON CIRCUI T, 220:

NODUL AT 65‘9]1611&65 eré‘fifp‘)ﬁﬁ(ﬂﬁﬁ%éﬁ?’&&% 222: CONTROL REG STOR 223: CLOCK
CONTROLLER, 224: CPU | NTERFACE, 225: CENTRAL PROCESSI NG UNIT (CPU), 226:
RANDOM ACCESS hiEMpRle (dRiipndi@ R sulEAR (@l tie MEvERYSERON 3 hepg ANTENNA, 229:
CAPACI TOR PORTI ON, 230: POAER SUPPLY CONTROL CIRCUI T, 301: MOTHER GLASS,
302: SEMamp%w: SPLAY PANEL FORMATI ON REG ON, 311:

SCANNI NG TIO N REG ON, 312: SIGNAL LI NE DRI VER

Cl RCU T FORMATI ON REG ON. 313: Pl XEL FORVATLON REG ON, 320: SEM CONDUCTOR
LAYER 322 Shestraeitss semycondytor swpstaty and) thsbasgsubstrafedy a paps . 325: W:
327: | NTERLAYER | NSULATI NG FI LM 328: ELECI RODE, 329: COLUWN SPACER, 330:

ORI ENTAT'aQﬁaﬁh% %Jpaséiaé atGEIRTERetlgRRtRA 4o, thaGBsenFE3NGER: HyE(Geptited ag34:
ORI ENTATI ON FI 335: LI QJ| D CRYSTAL LAYER, 341 CHANNEL FORNMATI ON REG ON,

342: GETTER| NG SLTE.RE 401 . SELE PLAY CONTROL
TRANS! STE#€ dappged repio % (;Eriirat 4’6§A &Hﬁﬁ%ﬁiﬁ‘%ﬁ%@ 405:

SCANNI NG LI NE, 406: Sl GNAL LI NE, 407. CURRENT SUPPLY LI NE, 408: PI XEL
ELECT R@&dtﬂh&boﬂiﬁ@ﬁﬁtﬁﬁere&&@w@eﬂb\TE ELECTRODE, 413: ELECTRODE, 427:

| NTERLAYER | NSULATI NG FI LM 428: PARM ON WALL LAYER, 429: EL LAYER, 430:
COUNTER ELECTRODE, 431: COUNTER SUBSTRATE, 432: RESIN LAYER, 451: CHANNEL
FORMATI ON REG QN, 452: H GH CONCENTRATI ON | MPURL.TY REA QN, 453:. GEI | ERI NG
SI TE REG ON, @0The methodioARapirringGrsentiondeter dRyRe ROTdgeso citmeaT| ON
SWTCH, 911: DI d TAL PLAYER, 912: DI SPLAY PORTI ON, 913: OPERATI ON PORTI ON,
914: EARPHONEwIQ2ekn tHelib&d; sGs BfddtatEEAPERionWdBingldpphtlat¥, PORTI ON, 923:
OPERATI ON SWTCH 49 CLAI 1. A nethod of QI‘):);rnsinuf acturing a sem conductor
devi ce: preparing a base substrate and a sem conduct or substrate;

3. The method of manufacturing a semiconductor device according to claim 1,
wherein any one of a hydrogen gas and a helium gas is used as a source gas of

the ion species.



irradiating an ion species into the sem conductor substrate, whereby a

damaged region is fornmed in the sem conductor substrate; formng a
bondi ng | ayer over at |east one of thge base substrate and the sem conductor
substrat e; attaching the base stbstrate and the sem conduct or

substrate to each other with the bonding | ayer interposed therebetween;
heating the SEMEORONGHQF nalbALLARE aBidoRBuAES R SAg Ylafiy10al | NG
apparatus at a first tenperature; an eati ng the sem conduct or
substrate and the | ase substrate by a rapid thermal anneal i ng apparatus at
a second t enpsthgrein e fgy tﬂﬁﬁ@*‘@“‘s’éﬁ?‘(‘f@ﬁf&%ﬂ’@rse‘Fod‘;dé?mB%‘BB‘F%\ta%‘g at the
damaged region of the sem conductor substrate is forned over the base
substrate wi t jhkhes Handidags haves thdieadhgbp@edus. 2. The net hod of

manuf acturi ng a sem conduct or device according to claim1, wherein the ion
species is irradiated by an ion dopi ng apparat us. 3. The met hod of
manuf acturing a sem conductor device according to claim1l, wherein any one
of a hydr ogensgiise maithod ofimahufrrigssg hsemseddedondeyingraceording totlaithd, i on
species. 50 4. The nethod of manufacturing a sem conductor device
according to | K i il otﬁﬂ}'ﬁﬁ%ﬁ o han t he
second temerﬂhﬁeg&gﬁ%%ﬁg‘%@P%% 13;1?2% 'S sg cg?(tﬁh((tagﬁg’gei}'ng appar at us.
5. The method of manufacturing a sem conductor device according to claim1,
wherein the second tenperature is 400 C or higher and 700 C or lower. 6. A

net hod of nangf AGhdthdd\SF AafERGEOREA sdrRicostBCdidlevigé:epar i ng a base substrate

and a sem conduct or substrate; irradiating an ion species into the
sem conduct or substrate, reb damage eqion js forned in the

seni conduct or PERELERS 4 P¢ S\{\‘@&ra?‘f%rlﬂ?ﬁ??&“ﬁ&ﬁ@ﬁ{?lrgﬁbslﬁg er over at |east one of
t he base substrate and the sem conductor substrate; attachi ng the base

substrat e and itradiatiepicmndpedies intuths seratcondwrteranhstottd evhevdbyra danmmgbdndi ng
| ayer interposed therebetween;
region is formed in the semiconductor substrate;
forming a bonding layer over at least one of the base substrate and the
semiconductor substrate;
attaching the base substrate and the semiconductor substrate to each other with
the bonding layer interposed therebetween;
heating the semiconductor substrate and the base substrate by a heating
apparatus at a first temperature;
heating the semiconductor substrate and the base substrate by a rapid thermal
annealing apparatus at a second temperature, so that a semiconductor layer separated at
the damaged region of the semiconductor substrate is formed over the base substrate
with the bonding layer therebetween;

irradiating a Group 18 element into a portion of the semiconductor layer to form

a gettering site; and



heati ng the sem conductor substrate and the base substrate by a heating
apparatus at a first tenperature; heating the sem conductor substrate
and the base substrate by a rapid therpal annealing apparatus at a second
tenperature, so that a sem conductor %wer separated at the damaged region
of the sem conductor substrate is formed over the base substrate with the
bondi ng | ayer r X j i atyi LR bk 0 a
portion of thg&%@ﬁgﬁ#@@g%@c}o&a r ftglo or%é}gp%%tﬁée?r%?lﬁéé%igte; g?leéﬁ éﬁ%l
heating the sem conductor layer at a third tenperature, wherein a netal

el enent imtheisemisenilecterdaxerds diffiged infosthgigeerdgsient o t he gettering site. 7.
The nmet hod of manufacturing a sem conductor device according to claim®,
wherein the ion species is irradiated by an ion dopi ng appar at us. 8. The

thod of facturj i conduct or . devi di ng. t i m 6,
her oi n_any. orle! B TSR oF BEERGRE A dom Rt Gaacs oo S BB o gas

of the ion species. 9. The nethod of manufacturing a sem conductor device
accordi ng to &f@idin fhe indepeeien it inmdiatadshy areiopeopingrappargtusower t han t he
second tenperature, and wherein a furnace is used as the heating apparatus.
10. The met hod of manufacturing a sem conductor device according to claim
6, wherein the second tenperature is 400 C or higher and, 700 C or | ower.
11. The mnet hod. She metheflof mannfagtuaing arfemigapdustor deviss aceodIEIP#aH &0 cl ai m
6, wherein the third tenperature is 500 C or higher and 700 C or |ower.

12. A net hod C&&hef@ﬂﬂﬁya&iéﬁfiﬂgycﬁo%argagaiwuﬁélmmggyisq@@d & Spai@safbase
substrate and a sem conduct or substrat e; irradiating an i1 on species

into the sem conductor substrate, whereby a damaged region is fornmed in the
seni condtRQIGR SBeSt rat e; 52

9. The method of manufacturing a semiconductor device according to claim 6,
wherein the first temperature is lower than the second temperature, and

wherein a furnace is used as the heating apparatus.

10. The method of manufacturing a semiconductor device according to claim 6,

wherein the second temperature is 400 °C or higher and 700 °C or lower.

11. The method of manufacturing a semiconductor device according to claim 6,

wherein the third temperature is 500 °C or higher and 700 °C or lower.

12. A method of manufacturing a semiconductor device:
preparing a base substrate and a semiconductor substrate;
irradiating an ion species into the semiconductor substrate, whereby a damaged

region is formed in the semiconductor substrate;



formng a bonding | ayer over at |east one of the base substrate and the
sem conduct or substrate; attachi ng the base substrate and the

sem conductor substrate to each other_with the bonding |ayer interposed

t her ebet ween; heati ng the semi cotduct or substrate and the base
substrate by a heating apparatus at a first tenperature; heating the
sem conduct or . L ermal anneal i ng
appar at us at gﬁﬁﬁﬁ%%ﬁﬁﬁgﬁ%gyégﬁfﬁ?§§%ﬁ?ﬁg?f§k§§%¥?§ﬁﬁﬁg?§ﬁﬂ?ayer separ at ed
at the damaged region of the sem conductor substrate is fornmed over the
base subswmigerdugiariiubsidithondi ng | ayer therebetween; etching a part of the
sem conductor |layer to forma sem conductor island; formng an insulating
filmover the;gRiKiRORE Yede@ubétsdi@atl the semicoh@ucirgbsiragafocach 6ttict adi over the
sem conductor island with the insulating filmtherebetwen; and

form ng our.ce el ectrode and drain el ectrode over the insulating film
wher ei n &‘?Zm%‘é{ﬁgé@’eélugﬁ'ﬁ’%ed@ﬂﬁrﬁgeqNﬁﬁn’drai n el ectrode is connected to a
source portion-and a drain portion of the sem conductor |ayer. 13. The

met hod of manbéampuhé sgniaorshctor sulthtrateamddbebase salbstratedingheating] ai m 12,
wherein the ion species is irradiated by an ion doping apparatus. 53

14. The f ..Lhg a sem conductor device according to claim
12, wher élaQ%ﬂ@&oane 0 L@%#a%’ogen gas and a heliumgas is used as a source
gas of the ion species. . 15, The method of panufacturing a,sem cqonductor
devi ce accor dheajingdhe semigonductopsabsisaty anddhs bysepubsiihing {ﬁpéff tigmﬂ wer than
the second tenperature, and wherein a furnace is used as the heating

appar at Ugnneafifig appiRati®ati0fcodd Fafib ol e adsefREEnd0adHRyor separiedert
according to clTaim 12, wherein the second tenperature i s 400C or higher and

700 C | ) 17. t hod of fact.url ! d devi ce:
pr epar | niiedigizgsd gt oS ou i BT SRR (e AN BBk TP P2 g

an ion species into the sem conductor substrate, whereby a damaged regi on
i s for neevithrth¢ bendirgiagentaebetwvesnbst r at e;

etching a part of the semiconductor layer to form a semiconductor island,

forming an insulating film over the semiconductor island;

forming a gate electrode over the semiconductor island with the insulating film
therebetween; and

forming a source electrode and a drain electrode over the insulating film,
wherein the source electrode and the drain electrode is connected to a source portion

and a drain portion of the semiconductor layer.

13. The method of manufacturing a semiconductor device according to claim 12,

wherein the ion species is irradiated by an ion doping apparatus.



formng a bonding | ayer over at |east one of the base substrate and the
sem conduct or substrate; attachi ng the base substrate and the

sem conductor substrate to each other_with the bonding |ayer interposed

t her ebet ween; heati ng the sem coPluct or substrate and the base
substrate by a heating apparatus at a first tenperature; heating the
semi conduct or 1 3uRR!hah6a BFhahiGAARE a SLAROREIGorlevReBRIdink I bR 18nneal | ng
apparatus at a secon enperature, So that a sem conductor “| ayer separated
at 54 the damaged region of the sem conductor substrate is for rreg over the
base subst r at &hgfeimanshenetrfiadividgodes gas a@@\%h@‘ﬂ@@ﬁ%’éﬂ?“@ﬁ&ﬁ%ﬁc%@éﬁ t of the
sem conductor |layer to forma sem conductor island; formng an insulating
film ovegedibg sg@msconduct or i sl and; form ng a gate el ectrode over the
sem conductor 1sland with the insulating filmtherebetween; irradiating a
G oup 18 elenent into a region of the sem conductor island to forma
gettering site, wherein the region does not overlap with the gate

el ectrode; hedfi g mbihod efinaonficmtiog aisemiaoddattoradevivieradcardimgde ataimd2, wher ei n
a metal elenment in the sem conductor island is diffused into the gettering
site; and .o m j tr.qde over the

i nsul ating fi W%e?%g}rgt ttéfglg&%gﬁﬁ:sgsgﬁg%tg? g%gbeg%rgfﬁge@bgi&r@ gl ectrode is
connected to a source portion and a drain portion of the sem conductor
layer. 18. Théderpin pbinage irbpdasdbehealige 4pBEANUSonduct or devi ce according to
claim17, wherein the ion species is irradiated by an ion dopi ng appar at us.
19. The nethod of manufacturing a sem conductor device according to claim

é]- ZIS \(/)V]tle{ ﬁleni gﬁ%s }Q)!grcxinne gttsh_og o? Xl%{lo gtrlllri E‘% SgIrI]lgco?idlli]C (|)1! éle%c%%%cérﬁinléstg (cjsla%% 13, source

wherein the second temperature is 400°C or higher and 700 °C or lower.

17. A method of manufacturing a semiconductor device:

preparing a base substrate and a semiconductor substrate;

irradiating an ion species into the semiconductor substrate, whereby a damaged
region is formed in the semiconductor substrate;

forming a bonding layer over at least one of the base substrate and the
semiconductor substrate;

attaching the base substrate and the semiconductor substrate to each other with
the bonding layer interposed therebetween;

heating the semiconductor substrate and the base substrate by a heating
apparatus at a first temperature;

heating the semiconductor substrate and the base substrate by a rapid thermal

annealing apparatus at a second femperature, so that a semiconductor layer separated at



55 20. The nethod of manufacturing a sem conductor device according to
claim17, wherein the first tenperature is |ower than the second
tenperature, and wherein a furnace is_uysed as the heating apparatus. 21.
The met hod of manufacturing a sem conégct or device according to claim17,
wherein the second tenperature is 400 C or higher and 700 C or |ower. 22.

B R s e i A T

met hod of manufacturing a sem conductor device: preparing a base substrate
and a semitdohaberding ypsthegbetween; irradiating an ion species into the
sem conduct or substrate, whereby a danaged region is forned in the

sem conduct or cshbpld JHreof the semikOhdicRE 1@ydp enfbirmc dedi€dndower iskind} east one of
t he base substrate and the sem conductor substrate; attaching the base

substrate and t he sem conduct.or substrate t ach other with the bonding
| ayer interpog‘é‘?}“lfl%é?gﬁﬂ(ggb@%ﬁ?mOVertiﬁégP}cﬁﬁg?cﬁ%'lg *conduct or substrate and
t he base substrate by a heating apparatus at a first tenperature;
heating t he sdointingdgeteaiectrolds byearttbe somaiconrhictya ssdargimith thatinsubating filapi d
thermal anneal i ng apparatus at a second tenperature, so that a
sem cond PL,géﬁer separated at the damaged regi on of the sem conduct or

0

substrate 1s rneéd over the base substrate 56 with the bonding | ayer
t herebet ween; etching a part of the sem conductor |ayer to, formﬁ
tor

semi conduct or iFradizing 2 Gerpi I§slementintgiageging of therpepyeandpsier isknd &)
shand a gettering site, wherein the region does not overlap with the gate electrode;
heating the semiconductor island at a third temperature, wherein a metal element
in the semiconductor island is diffused into the gettering site; and
forming a source electrode and a drain electrode over the insulating film,

wherein the source elecirode and the drain electrode is connected to a source portion

and a drain portion of the semiconductor layer.

18. The method of manufacturing a semiconductor device according to claim 17,

wherein the ion species is irradiated by an ion doping apparatus.

19. The method of manufacturing a semiconductor device according to claim 17,
wherein any one of a hydrogen gas and a helium gas is used as a source gas of

the ion species.



formng a gate el ectrode over the sem conductor island with the insulating
filmtherebetween; irradiating an inpurity el enment serving as a donor or an
acceptor into a region of the sem cong ctor island, wherein the region does
not overlap with the gate el ectrode; radiating a G oup 18 elenment into
the region to forma gettering site; heating the sem conductor island at a
third tenperabyre,e ep@%&bﬁmanﬁ&%mhngg%gﬁmon?ﬁu&ﬁfev&%%e&aﬂ@% @laihghand is
diffused into'the gettering site; orm ng a sourc€ el ectrode and a
drain el ectrode over the insulating film wherein the source electrode and
the drain el edthersiethedirstampereie ¢ O‘é(el"s@ﬁil@? 56914 1§MPEisEe 4fai n portion of
the sem conductor |layer. 24. The nethod of nmanufacturing a sem conduct or
devi ce accor diggrdi®a Ghrahds id dscdiehehsntinB@ppantuspeci es is irradiated by an

i on dopi ng appar at us 25. The nethod of manufacturing a sem conduct or
devi ce according to claim 23, wherein any one of a hydrogen gas and a
helium gas is used as a source gas of the ion species. 57 26. The nethod
of manuf act ur 2igThke methibd ofichactf2ctudey b semiwoduatomdevice actaidinga8 clawhdiei n t he
first tenperature is |lower than the second tenperature, and wherein a
furnace is used.as, geOGR ttbr@.?erﬁﬂﬂé‘{s S”C ozrﬂﬁghe}-lﬂﬁdmb?gr R:fwe'ianf acturing
a seni conduct or devi ce accor ng to ¢ 3, wherein the second
tenperature is 400 C or higher and 700 C or lower. 28. The nethod of

manuf acturi ng a sem conduct or device according to claim 23, wherein the
third tenperabgrehd el ofnRhufdt@AAS a386lico88udiotdevice\Rtordd$. to Alai@tiTpd of
manuf acturing a sem conduct or device: preparing a base substrate and a

sem conduct or wﬁllétr)e% the tﬁll’d temperature is 500 °C or higher and 700 °C or lower.

23. A method of manufacturing a semiconductor device:
preparing a base substrate and a semiconductor substrate;
irradiating an ion species into the semiconductor substrate, whereby a damaged

region is formed in the semiconductor substrate;

forming a bonding layer over at least one of the base substrate and the
semiconductor substrate;

attaching the base substrate and the semiconductor substrate to each other with
the bonding layer interposed therebetween;

heating the semiconductor substrate and the base substrate by a heating
apparatus at a first temperature;

heating the semiconductor substrate and the base substrate by a rapid thermal
annealing apparatus at a second temperature, so that a semiconductor layer separated at

the damaged region of the semiconductor substrate is formed over the base substrate



irradiating an ion species into the sem conductor substrate, whereby a

damaged region is fornmed in the sem conductor substrate; formng a
bondi ng | ayer over at |east one of the base substrate and the sem conductor
substrat e; attaching the base subtrate and the seni conductor

substrate to each other with the bonding | ayer interposed therebetween;
heati ng ;QE ] ?g; te and the base substrate by a heating
appar at us atﬁg%ﬁ}g&é&éﬁ%&%g uréf?; heati ng the sem conductor substrate
and the base substrate (g% a rapid thermal annealing apparatus at a second
tenperature, stehinga past efethe sunigordustor(laygs fo ey sgpaepndictopisladdiaged regi on
of the sem conductor substrate is fornmed over the base substrate 58 with

the bondi ng | §¥efing BeHRERENE 8Mh o9bChE BEmRof@Ictorqélatidie sem conductor | ayer
to forma sem conductor island; formng an insulating filmover the

sem conduct or _i sl.and; formng a gate el ectrode over .t he sem.conduct or
island with t ﬁmlﬂ%mgaﬁei%“f’ﬁ? et ﬁ@ﬁ%@ﬁﬁ“ ?Srlf’r‘%di@? ﬁﬁdn%‘?%?ﬂmls

el enent into a region of the sem conductor island to forma gettering site,
wher ei n theecheegeéemn does not overlap with the gate el ectrode, irradiating an
inmpurity elenment serving as a donor or an acceptor into the region; heating
t he sem condugt of: i - I i . ment in
the sem condudraiei EEhiftiofelHACOHAPR! SRt or BB R R EhigR b

form ng a source electrode and a drain electrode over the insulating film
wher ei n thesesveanducter istandowherginghe Fgielr daes net evarlap yath the galgslastredet o a
source portion and a drain portion of the sem conductor |ayer. 30. The

net hod of nmanghafiigd H\GretpSIBNE&RaHE e e RIUNAE fG@E 9 bettdthelsitec! ai m 29,
wherein the ion species is irradiated by an ion dopling apparat us.

heating the semiconductor island at a third temperature, wherein a metal element
in the semiconductor island is diffused into the gettering site; and

forming a source electrode and a drain electrode over the insulating film,
wherein the source clectrode and the drain electrode is connected to a source portion

and a drain portion of the semiconductor layer.

24. The method of manufacturing a semiconductor device according to claim 23,

wherein the ion species is irradiated by an ion doping apparatus.

25. The method of manufacturing a semiconductor device according to claim 23,
wherein any one of a hydrogen gas and a helium gas is used as a source gas of

the ion species.



31. The nethod of manufacturing a sem conductor device according to claim
29, wherein any one of a hydrogen gas and a heliumgas is used as a source
gas of the ion species. 59 32. The thod of manufacturing a

sem conduct or device according to cla 29, wherein the first tenperature
is lower than the second tenperature, and wherein a furnace is used as the

heating appar gﬁ;}shﬁ nzﬂtg:ﬁod Pﬁlaﬂ%{?‘tﬂgngg s%%ﬂh@&ttw defbccsstin g@gléﬁ‘hQB, devi ce

according to erern econd tenperature Is 4 C or higher
and 700 C or lower. 34. The method of manufacturjng a sem cqnductor device
accordi ng to &vharein the firgiiemperatura s lower Ban tissesid IPEPPBIBHENE or hi gher and
700 C or lower. 35. A nethod of manufacturing a sem conductor device:

preparing a bagerestRFirhadeds atsll 3 (bERAiAPAPFdraas.subst r at e; irradiating
an ion species into the sem conductor substrate, whereby a damaged regi on

is formed in the sem conductor substrate; form ng a bonding | ayer over
at | east one of the base substrate and the sem conductor substrate;

attachi ng t he 2BaEe: meathsd vAtenafactuting a semicoodabion devicewosardingdo chire23h ot her
wi th the bonding | ayer interposed therebetween; heati ng the

sem conduct or _subst {h%tsgc(ﬁ.‘rgg[ﬁlﬁgraﬁﬁ%g mb@gﬁ%@ﬁ??ﬂ%z@ga@ bPRwRPparatus at a

first tenperature; sem con trate and the base
substrate by a rapid thermal annealing apparatus at a second tenperature,
so that a sem conductor |ayer separated at the damaged region of the

sem conduct or 28UPsd #ndthed bf niaflifxBekriaY Q'seitOnBaa6r dovitelacadrdingdl climi23f he
bondi ng | ayer therebetween;

wherein the third temperature is 500 °C or higher and 700 °C or lower.

29. A method of manufacturing a semiconductor device:

preparing a base substrate and a semiconductor substrate;

irradiating an ion species into the semiconductor substrate, whereby a damaged
region is formed in the semiconductor substrate;

forming a bonding layer over at least one of the base substrate and the
semiconductor substrate;

attaching the base substrate and the semiconductor substrate to each other with
the bonding layer interposed therebetween;

heating the semiconductor substrate and the base substrate by a heating
apparatus at a first temperature;

heating the semiconductor substrate and the base substrate by a rapid thermal
annealing apparatus at a second temperature, so that a semiconductor layer separated at

the damaged region of the semiconductor substrate is formed over the base substrate



etching a part of the sem conductor |ayer to forma sem conductor i sl and;

formng an insulating filmover the sem conductor island; formng a
gate el ectrode over the sem conductorﬁé sland with the insulating film

t her ebet ween; irradiating an inptffity el enent serving as a donor or an
acceptor into a first region of the sem conductor island, wherein the first
region d HOb oS ta L Betbidgn.0at e el ectrode; irradiating a G oup
18 el enment |n‘fpo a %cgﬁ(}%egl on of the sem conductor island to forma

gettering site, wherein the second re?i onis a portiq%ﬂ of ,tgg first region;
heating the sehingridwetasithe samisendyctoz 13YRT FfofmB FFEMARFRCIONIEPE; n a et al
el enment in the sem conductor island is diffused into the gettering site;

and f or Rrfin@as RigilaBnehibt biadhe saicandlicrisieddzct r ode over the
insulating film erein the source electrode and the drain electrode is

connected to source portion and. a drain rtion .Qf. . L.conduct or

| ayer. 36. Tﬁw ?]g%tggiec g\%??é?%ﬁ?eﬁﬂc%d@gtﬁl} ésgaﬁg&@f}%{ﬂ% es\?lﬁgé@géﬁ%or ding to
claim 35, wherein the ion species is irradiated by an ion doping apparat us
37. The nferdbetivesh; nanuf act uri ng a sem conductor device according to claim
35, wherein any one of a hydrogen gas and a heliumgas is used as a source
gas of the io I,eS¢ : pe=Tale} i

sem conductor%déﬂﬁgfg acc?g? isnegé?%n-{é girg‘:#%g,goaﬁlgrei notﬁgiféd{?l;lrglg?@%oe%pngr ature
is lower than the second tenperature, and wherein a f&ll‘ ngﬁe_ is used as the
heating &gpheringsite. whereimthe rqpehdees sot onslap ath the gate£'eClRtGonduct or devi ce
according to claim35, wherein the second tenperature is 400 C or higher
and 700 C or leMRiting AQmphHiey dlehbadeping®ud@ant of imgeoeptoeinte drdegivny devi ce
according to claim§5, wherein the third tenperature is 500 C or higher and

700 C or lower. .41, A nethod of manufacturin em d L.ce,
conpri si ng: Beat’“lggjﬂﬁﬁmcgn‘gﬁ%é%?f@%&&@ﬁg |Eerl1n I%I%Iélr%ﬁ %%rgglc%%lr%&g ﬁ%&\élrlgt e by
irradiating the sem conductor substrate with an ion species included in
pl asma win the semicgedutaticldndis diffusadiing the geftaring sjeisandsi ng a dopi ng

appar at us;

forming a source electrode and a drain electrode over the insulating film,
wherein the source electrode and the drain electrode is connected to a source portion

and a drain portion of the semiconductor layer.

30. The method of manufacturing a semiconductor device according to claim 29,

wherein the ion species is irradiated by an ion doping apparatus.

31. The method of manufacturing a semiconductor device according to claim 29,
wherein any one of a hydrogen gas and a helium gas is used as a source gas of

the ion species.



formng a bonding | ayer over at |east one of a base substrate and the

sem conduct or substrate; attachi ng the base substrate and the

sem conductor substrate to each other _w th the bonding |ayer interposed

t her ebet ween; dividing the sem conduc?%nr substrate at the damaged regi on by
heati ng the sem conductor substrate, thereby formng a first sem conductor

| ayer separat gg ﬁﬁ%&tﬂ& of ﬁ%ﬁﬁ@&ﬁﬁg AseiRalinAbiedcvédecdiiglgeRimst rat e

by a rapid thermal anneal 1 ng apparatus; etching a part of the first

sem conductor |ayer to forma second sem cgonduct o 62 form ng an

i nsul ating fi MhegRhedHg S@PERETS BiPWshlgr therser mperature, g i ng a gat e
el ectrode over the second sem conductor layer with the insulating film

i nter posed t hefehah WeaRace is used Btthd hewging apparbiuen of the insulating film
that does not overlap with the gate el ectrode, formng an inpurity
region inparting n-type or p-type conductivity, which includes an inpurity
el enent serving as a donor or an acceptor, in a region of the second

seni conduct or 3BaYles methat ol brsufacturiog erseampcondudion dryicgaiceordingde chas 28nd
formng a gettering site region including a Goup 18 el enent next to the

I mpurity regi Qv%ﬁré?ﬁﬁle secondc}&?géﬁﬁma ROL0BE ol Hi gt BRA Y00 bORE RIWerget tering a

netal el enent | e secon m conductor |layer into the gettering site
regi on. 42. The net hod of manufacturing a sem conductor device
according to claim4l, wherein the ion species is irradiated with a dosage
in a range 1 xRk0fke methsd offthahofabiHni6 semivohdidor device according to claim 29,

wherein the third temperature is 500 °C or higher and 700 °C or lower.

35. A method of manufacturing a semiconductor device:

preparing a base substrate and a semiconductor substrate;

irradiating an ion species into the semiconductor substrate, whereby a damaged
region is formed in the semiconductor substrate;

forming a bonding layer over at least one of the base substrate and the
semiconductor substrate;

attaching the base substrate and the semiconductor substrate to each other with
the bonding layer interposed therebetween;

heating the semiconductor substrate and the base substrate by a heating
apparatus at a first temperature;

heating the semiconductor substrate and the base substrate by a rapid thermal
annealing apparatus at a second temperature, so that a semiconductor layer separated at

the damaged region of the semiconductor substrate is formed over the base substrate
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with the bonding layer therebetween,

etching a part of the semiconductor layer to form a semiconductor island;

forming an insulating film over the semiconductor island;

forming a gate electrode over the semiconductor island with the insulating film
therebetween;

irradiating an impurity element serving as a donor or an acceptor into a first
region of the semiconductor island, wherein the first region does not overlap with the
gate electrode;

irradiating a Group 18 element into a second region of the semiconductor island
to form a gettering site, wherein the second region is a portion of the first region;

heating the semiconductor island at a third temperature, wherein a metal element
in the semiconductor island is diffused into the gettering site; and

forming a source electrode and a drain electrode over the insulating film,
wherein the source electrode and the drain electrode is connected to a source portion

and a drain portion of the semiconductor layer.

36. The method of manufacturing a semiconductor device according to claim 35,

wherein the ion species is irradiated by an ion doping apparatus.

37. The method of manufacturing a semiconductor device according to claim 35,
wherein any one of a hydrogen gas and a helium gas is used as a source gas of

the ion species.
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38. The method of manufacturing a semiconductor device according to claim 35,

wherein the first temperature is lower than the second temperature, and
wherein a furnace is used as the heating apparatus.

39. The method of manufacturing a semiconductor device according to claim 35,

wherein the second temperature is 400 °C or higher and 700 °C or lower.

40. The method of manufacturing a semiconductor device according to claim 35,

wherein the third temperature is 500 °C or higher and 700 °C or lower.

41. A method of manufacturing a semiconductor device, comprising:

forming a damaged region in a semiconductor substrate by irradiating the
semiconductor substrate with an ion species included in plasma which is generated by
exciting a source gas using a doping apparatus;

forming a bonding layer over at least one of a base substrate and the
semiconductor substrate;

attaching the base substrate and the semiconductor substrate to each other with
the bonding layer interposed therebetween;

dividing the semiconductor substrate at the damaged region by heating the
semiconductor substrate, thereby forming a first semiconductor layer separated from the
semiconductor substrate, over the base substrate by a rapid thermal annealing apparatus;

etching a part of the first semiconductor layer to form a second semiconductor

layer;
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forming an insulating film over the second semiconductor layer;

forming a gate electrode over the second semiconductor layer with the insulating
film interposed therebetween;

etching a portion of the insulating film that does not overlap with the gate
electrode;

forming an impurity region imparting n-type or p-type conductivity, which
includes an impurity element serving as a donor or an acceptor, in a region of the
second semiconductor layer that does not overlap with the gate electrode and forming a
gettering site region including a Group 18 element next to the impurity region; and

performing heat treatment, thereby gettering a metal element in the second

semiconductor layer into the gettering site region.

42. The method of manufacturing a semiconductor device according to claim 41,
wherein the ion species is irradiated with a dosage in a range 1x10'® jons/cm’ to

6x10' ions/cm?,



