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DESCRI PTI ON METHOD OF MANUFACTURI NG SEM CONDUCTOR
DEVI CE TECHNI CAL FI ELD [ 0001] The present invention
woeb@iisen4b0 a net hod of manufacturing a sem coRAUAPTNG/060928
device by using an SO (silicon on insulator)
substrate which has a sem conductor |ayer forned of
silicon or the like. [0002] It is to be noted that the
sem conductor device in this specification refers to
al | devices that can fDBSCRIBTION utili zi ng
sem conductor characteristics, and electro-optic
devi ces, sem conductor circuits, and electronic
appl MEFESDAE MA NUTR A PRAHE SRMIERIN
BACKGROUNDART [ 0003] I ntegrat edr\%l rcu]?t@e%rg)s% RQE\QEESO
(silicon on insulator) substrate where a thin
' Ry al silicon layer is forned over an
m@ﬁgg‘i{%?’%ﬁf)ayer, i nstead of using a bulk silicon
[0001gf er, have been devel oped. By taking advantage of
features of a thin single-crystal silicon |ayer,
t r am8f PIGHERt inyentina fefatesgioad apthad efiinanefaptuting faosemedoriductor
eI e¢ tricall
deviPLBF uBnbK SOIRHIEREph FRUBAG) SRGBERBUERH 4 Snicthapstor taer
formtedefsil@ns osthedgkecan be for rred as fuI |y depl et ed
[Oooéiansi stors, a sem conductor integrated circuit can be
nuf actured to have hi gh added val ue such as high
i nt g5 & bOR RP&s
consunpti onmeé[i”(t)%?)’[] As Sﬁgdu}#gtp diéé‘% Jrlrlgg\rll\%’? g?{?%tﬁon refers to all
devigiy th@Ub@t fuaction bliertdizing senkoenductoe tchactofistics, and electro -optic
r an S substrate.in cor dance
de“g?sngsf q‘duﬁ‘ﬁf chfeC“ GAT cHed IRy ﬁagﬁﬂl% rP nﬂwaﬁﬂrgf%lﬁctor
devisdsep and a separation step are conbined. In this
met hod, an SO substrate is manufactured mainly by the
foll owi ng process. Hydrogen ions are inplanted into a
rGRerinmafigr to forma damaged region at a
BA(%Kbget erm ned depth fromthe surface. A silicon oxide
[OOOB]I mis formed by oxidizing another silicon wafer
lephserv s.as. a hase substrate. The silicon wafer

iegTRiof FHFSGe ISING 48 S%(S&Wp&dmt Hevlaton) pupstratcsbire @ thin
smgiet@ys%ll élﬁ&ﬂl o Hihd Bpé;r A nhﬁ%‘ngo ﬁygr? ibded (];toﬁsqi?g a bulk

her ei n, that the t
sﬂlcon 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 transistors, a semiconductor
integrated circuit can be manufactured to have high added value such as high integration,
high-speed driving, and low pewer 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 a
hydrogen ion implantation step and a separation step are combined. In this method, an
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
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silicon wafers are attached to each other. Heat

treatnment is perfornmed thereon so that the wafers are
wolemnseh4br om each ot her at the damaged regi onPCAIPI00E060928

heat treatment is performed2in order to inprove

bondi ng force of a silicon |layer attached to the base

substrate. [0005] Moreover, there is another known

nmet hod of manufacturing an SO substrate, in which a
SeIves g & base|subeirate e phireasiléepnfwafen withithe Inyahogwaf iens insplanted therein

is DARIORE it B M Rt B s omin. Bibatise two

silicamavalPat ard attdehed ™®Néack othkRPaHB & &reatRit 38 S&fgxﬂ{eﬁr}here&so that
the ‘?%gl icatjon No. H|-163363). DI SCLOSURE OF | NVENTI

Beire cleagedispmeach aihar atthe Hamagsdd negionf admothienfeatireatment
; . ' .ol ant at i .met hod h
s peRdum et 18 kb o i8Brd B o R AL B R Pt ABacBEf T g base

substsafeer . In an ion inplantation nethod, a source gas is

[Ooog?de into plasma, ion species included in this plasm
e extracted and nass-separated, ion species with

pr esRiesvEt, g @%ﬁotﬁéﬁﬂﬁ%eh@{hgh &F ’ma@lggacﬁﬁin%g;negél :Slglhstrate,

_ irradiated with the accelerated ion Species
in whichng siisom kythesparatechirdmod silioph svafdrrig aitauhed 16 d18R substrate

oo RO BBl Py BTl 7 1SBL8 T 0 s an

Pateatoamiend 2f Japahdsb PEbINNRE PhteRYASRiARSE Kbl B1.963863).
predeterm ned electric field, e extracted ion

speci es are accelerated w thout nass separation, and

DIS@NOSPIRGCHE IR nated with the accelerated ion
speci es as gylifl\{)’%@ggam [ 0007] The research of the

[000p} esent applicant has indicated that when a damaged

regjon is formed by jinplanting ion species produced
fr otﬂ & WHY%‘@‘QHSQ%thqrﬁrkn&fan@PPfaé%‘ﬁnﬁ/aﬁ%rS‘Bi/ alstide, an ion

implEQRE G Jao b I | ed. -
DT ek e SR Bl 10000 g aR S GBI gy ioon
wafegt ki an jooi implaptatwnghethed, suibmtrcagss. is Bagidn@nplafihs, ion species
inclu?l@é)wined e, gn SO_substrate was manufactured by )
8F mhg R PAHEledf eGrGHFIay ieASS R Hedmdem ospegies h with

AT 0 e ko
specigp 3% A fQsbaal. ¢ FAcanothes sneshad dfoimpikedimgiionsaclh aor Mpgbg ?I&Ehod
is gixiie‘?x':' 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 ion species as an ion beam.
[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 ion 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
knowledge, 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.
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dopi ng nethod is the one devel oped to manufacture thin
filmtransistors over a glass substrate which has a
wei2om/1s604b onger than one neter. An ion dopi ng rerlpzos/060928

therefore has an advantage 8n that the tact tine of

form ng a damaged regi on can be shortened as conpared

to an ion inplantation nethod in which mass separation

is perforned. In contrast, mass separation is not
{0008¢r f ormed in an ion doping nethod; therefore, there is

a risk,that .a netal el ement |ncluded in a materjal of

G Oelopy Gening, AAPATAS [WREh GRTiEA qub oy isPmgirERdRkieat s an ion
dopi@Btréthod iSite! &f%rhé‘@@n?léd E@Qﬁ}lﬁ‘ﬁ& Y@bhﬁntfﬁl% HARIRHAS Bver a glass

ions. A netal -contan nated strate causes
SUbStl’la@n\B’hl@h das asideudfdonger ¢lgant derrawet h Amidvadepihgwmiethod therefore

s S BT o R A P b e

comp@eﬂ agendiod ﬁn@%&@i@ﬁ UnétRK irf Wh[&nltnass[ §98lioh tis bérf@r'ihed In
ect of the present invention to provide a nethod of

Contﬁaé# RasE seRaAratipnds setnesionaod i tDoiFn iga\dopwgimethpd;gherafore, there is a
risk %Jt %Cﬁle&i 8&9‘{%&1@m€%%& ?IE% C({q. arIrleCtl?a(%"l'O gg q.h? ?‘lﬂe 0? an ion

suppresse I'S ano
dopingv epyarans tfmtq:ts o¥ i dlBcom m&odogzihdﬁawhaq&u lhiyBfbg8n ioms. A
|ce in which an effect of netal

em conduc
metai GHPté‘mlﬁaé?é %r@l QIbSHIAip causss dragpigionh mapuipsiiged, therewith to have
low SEREBHGEN WHatdferisBYE En@tl&ﬁ CR gbﬁlg' af[og aé(g)]’nf)%g Shé at, fsféﬁ)?ss %ave

strain point is 700 OC or aspec
variatipa ip thrsshold voltagatind increaket lesk twrent.net hod of
[Ogogﬁnuf acturing a sem conductor device, which includes
e followi ng steps: formng an SO substrate

| ncltdlaf @brcE6Mihe PRABMTIAVertiBY €6 pERRR hRehold'dThahufactyring a
sem conductor substrate and a base substrate to which

semichrdustaf degion it wich aayediect of contaadnationglut do mrrrfgalatlement can be

LEO0 t W onduct.or
suprERRLEP o 46, oL TBRRL oP iyt Prond AR 6 HARAF 2 PR of
mantifaetulite & shsicoaditoradesiver inewhidh anhéfedet iof GhataieSo@MBination is

Ki nd or plural Kkinds of gases selected froma hydrogen

suppgessed and s Seé}lc%’dﬁﬁqobéf’é’ﬁf gHachied ftaagbasg subwrate whose
t s, and the sem conductor substrate
Sral{??e?lrlﬂ?s?éj at e@fq ﬁ the ion species to form a damaged
[0010ggi on in the sem conductor substrate. As the source

gas, a hydrogen gas, a helium gas, or a hal ogen gas
can®Beaspeet Ol g 1Fpseat iveatien é‘ﬂéteéfto tthBewdeots pisseleguging a

sem@BfIcRS; RSTHC WRICHRuaSH BR! folbfidgS sips Vfbgﬁg‘g 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
element by using the semiconductor layer of this SOI substrate. |

[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 is/are excited to produce ion species, and the semiconductor substrate is irradiated
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.
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with a bonding | ayer used for attaching the base
substrate and the sem conductor substrate to each
w@rdensecohen t he sem conductor substrate is prpui/aed08/060928

with the bonding | ayer, thet bonding |ayer may be

fornmed after formng the damaged region;

alternatively, the bonding |ayer may be forned before

form ng the damaged regi on. [0013] The base substrate
[001Z}nd the seniconductor substrate are attached to each

Ot NQrehdd oRE O ke YWRY shbdatd fif éﬂ@%@[ﬂ%ﬁﬁétﬁ{ SutfSke i Brovided

sem conduct or substrate are disposed i n close contact
with wi béndinmg Rayer hesed viot lattadtengd) dind bage bubsemtel atde tipo sediconductor

t her ebet weepn an hat, a surface of the bonding.layer
substfalS S el TBers PRl SRR i Ut R Bith the
bondtﬂ%nﬁg&g theA¥Eidingd M6yed WidyaBE fokiicalafted foRmm@Nthe damiebd region;

t he bondi ng | ayer corrésponds to, for exanple, a
alterngtiv ¢laictbe bpnding laygsmay bb Sermed defaae unting @eggnmged region.
[0013ﬁem conductor substrate, a surface of an insulating

ilm or the like. [0014] The danaged region is

Cr atteeshsdyuthtatd ai@ thb8emRiohd@iciibetats Wbs htt:ahed &f éh other

. attaching the base substrate and the sem conduct or .
in sughigsyrathat ths kase subitiais andribepemiqoaduelay suistiaietase disposed in

close%dﬁ?ﬂc{ @R chch %?%ﬁﬁ ®ik I;Jn‘amr%}g%rqﬁéfpo%&@ ﬁfeféf)%ﬁv%eﬂ élﬁhl ¢kt a

a state that a first sem corductor ["ayer separate
surfade ohtht thendiegilayen iuminded subsirfaat avhiich fsiinedntact witlethsdoading

substrate. Through. t he afor. tioned steps, an S
taer B85 pRiECT M ot Ho ST LG BERIEE PV pEiEopoRdS to, for
examld, AaCHLEhct Qflthe bRassubsRs! & 8t 8adeSolMmRUWeatitdndaetor k@ LaLe, a
- The present invention is a nmethod of manufacturing a

surfageepf aronenlating filge\or ¢lee Blisi ch uses the SO substrate
[Ooyganuf actured in accordance with the above nethod.
ccording to an aspect of the present invention, the

firfe gandgeandgiohds ctayed bfihsathgd thet SemibaitRctod RebstatcCafter -
is etched for elenment isglation to forma second
attaclipgitho RegSubstrata gl themcatcangnalpr ubsatedosach other. o Then, the
semiSHILGOP Skl i€'sEPERLd fljoﬂmf &x'é%age[ Sshhie! i0%G0] ggﬁte fhat a first
gettering siteregionis formed In the secon
semicadiicton dayet cepdratye from thor stenicomluctrubsteaatersd fiked ke tienbase

‘i ncl uded i his_second semn conduc I ayer. In_order
substE  hgeh (hEe SIOTGRGHERET PHFEPuABAOTh SYOUKRLG g the first
semiédAd0BbE I%?pf 28R toltheb A8 kLIREaRGs flah8atREELN 1S fornmed

in a porfion of the second sem conductor |ayer that

[001%oes not overlap with a gate electrode so as not to
rogubieset 3 RBpRin 4 PrnGlel HRrfGeLRRs ¢ SFE oy device
which 8§ MRNSOISsubeirdte iR fiPure@tih Slcchid@nd¥®ivith @k edPdRE ;method.
Acco\é\cliiqilng rt]o Iag aspect of the present invention, the first semiconductor layer fixed 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
element included in a channel formation region, the gettering site region is formed in a
portion of the second semiconductor layer that does not overlap With a gate electrode so

as not to include a region serving as the channel formation region. After forming the
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i ncluded in the second sem conductor layer, into the
gettering site region. [0016] The follow ng three

worbisadendar e given to formthe gettering site PegiIRIIS/060928

In the first nethod, a Goup 18 elenent in the
periodic table is added to the sem conduct or Iayer
The Group 18 el enent corresponds to any of He, Ne, Ar,
Kr, or Xe. One kind or two or nore Kkinds o

gettering sis¢ ergion, fieaieasenida FerioBnEhio %"é??f &g Sf‘;"}e&& ayhith is
mclud%&ﬁ{\‘ﬁé Q%oﬁ& %@%BHF\?&&I laydYififo thé | akqloivh.t h ions

oup enent” t hat ar ce erated by an
[0O16kl ectric field, a gettering site |s formed by dangl | ng

bonds r Iattlce distortion. Th etteri site re
Breo ol e melids s Siven o oot his e eyt ab e
the flrktr}nétﬂﬁ aad?ﬂ)% qu &Rt In ﬁne]&ﬁgdﬁttém& i@l @ ﬁxc&eﬁaﬂ%ﬁductcr

at ons | usive. Through heat treatnent at about
layer. 43Be @Zotp 18513:1103@ tmesabwiﬁttolmr/ of 2, Nsuns, K, ge Xget e kind

I l.ud t h d
or (e PRP P 455 PO AP B S i KB IBpByctor e
WhenSBE SéiflichRbas, 1aﬁhci§ phidted Mithdoseof the iGroapd§didnment et are
sem conduct or er to forma reglon I mpar.t i ?
accelegaserd by e valeojric ﬁhés presteEngpite wrieEned by dangig Sndpr oy Tattice
dlstor@%gedl"ﬁeo &t g%‘ﬁg %%% pﬁ’ ?éf%ﬁ?fyeﬂésoé] c@ﬁceﬁtrﬁﬁ’&? 8f‘ﬁfeaé‘f(ﬁl@ 18
o1 froma X 16 atoRre/cmio 1 °x at ons/ CmInCLBIVG

elemehfid @eatangd Edugh healo'f neansrent tatl abigit amﬁ&/cﬁh t IcBBe.
OC for about 1 to 24 hours, the metal el enen

Throvgh dieaidieertinAnt Heabowii-Hbrid e 85P F‘aﬁﬁé rabawel et o, fheygetal
cterclfiSa S B uc O B or B Rkel b B deichife O 0gfbn

gron-are conduct or
[oo17ayer in such a way that boron i s added nore than

phosphorus so as to_form an inpur.it, on arti
p by e wesner srathad hosahesHr HECHa Béc? %‘i‘sg‘g nﬂgao’f

layer Sf?ﬁfé ge%@ﬂrsl ngﬁfgﬁg Z}Pﬁ/gér&%ﬁﬁ&wﬂ&e pﬁ@{?ﬁf)ﬁl@ éﬁdaéigﬁﬂc are

gion at a“concentration of 20
prefelfabkyﬁhdde& Ot pétemimpCsi® tegich At 20&hcedtondhcofd from 1 x 10
i nc) usi ve |%1 total ., The concentration of boron is 5
atoms/gmyet 1 o 17 pioss/am gWéIUSWﬁ am totple  Cdweusiht heat trepfmont at shout
osphor y nd .ar n t ot al, inc d
450 cggttﬁf’e 8s Otreaqpé‘é hp%‘hr&’ht een}ek reg‘g %ﬁt'ﬁa{l dedb in the

semlcﬁrri@uc%; lﬁﬁrﬁ@g&&édqhtoﬂli@ éttckink @it dediotlr s, the netal

el ements” i ncluded in the sem conduct or Iayer are
[0018fettered into the gettering site region.[0019] In

! Elgeh 8%%{)5 d’e Y Phgsphggxts ha%q @Jrompéjtaﬁ‘&etdu{d i} &miconductor

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.
Phosphorus and arsenic are preferably added to the gettering site region at a
concentration of from 1 x 10 atoms/cm® to 1 x 10?* atoms/cm® inclusive in total. The
concentration of boron is 1.5 times to 3 times 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

included in the semiconductor layer are gettered into the gettering site region.
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the present invention, the gettering site region is
formed in the first sem conductor |ayer fixed to the
wobas®/1selast rate. In order to renove the netal eCETRIDS/060928
i ncluded in the channel foremtion region, the
gettering site region is fornmed in a portion where the
first sem conductor |ayer does not overlap with a gate
el ectrode, so that the gettering site regi on does not
[oo1opcl ude a region which will serve as the channe
formation region. After formng the gettering site
r egibAnotheraaspeat exditthe methosl Qfemnmihadrmg) amtmanﬁubﬁer device of
i ncl ud
the TSP G ey 24 1 ARl il i iy o Smicapapor tayer
fixed\ftd ahe tbas btﬂ;atrafer el BERE themboke tBE R4l élemeﬁthﬁ‘lcfddEétm the
sen1conductor | ayer of the SO substrate is isolated
channg} fogmationsreginan theﬁételtlli&m@ateg@m ip forgieddn pggrtion where the first
n1co du tor
soml GRS ok FGIoPEhel VAR B RNURHT s geripgsite

regiat dpesohotgmbtude Img:gidiﬁwmimaWHB lsextve s thatdhaﬁﬁb@ f@ﬁﬁdtﬁihl fgion.
si.te.region, it is possibhle to suppress an effect of
Aftef £Qraping i BFCHAR S reEaars dga teamphioe @egoghed to gotter the metal
elend¥Rf) WAEH 1411hd18deA 1A §HE ﬁl‘%{‘géﬁ?&gﬁdu@ﬁ)\f'leﬁ%r iBGRL gét&g 'sith Yegion.
is possible to inprove reliability aﬁd el ectri ca
Afteg lihg é‘é@fe?r¢%mﬁ1¢tsfcmftht @ttsung, dhs firktosengixamiictr layeri @ft ihenSOI

ol SRR AR TR S B 5. ety

mﬁﬁ)g&ﬁ\se&cmdlsemw@ﬁdwtmgygr |nvent| on, since the effect
nmetal contam nation caused in a process of

[00 nufacturing the SO substrate can be suppressed, an
i on causi n
cont o UArERRER Ol IRILAR Bo bef b flu R e BF Hfipentino
the gotenmpisite rofion, daisgyedblecyi uppitist AntdiRcliBL niliftalaébnlté?ﬁﬁnatlon
dopi n %ﬁgara us, EEF tact tine of the ion irradiation
Ca“SE‘? %R & ShaanasHringop semicandugtan deyiceat Heenrdingly, it is
possihid E(?ﬁhfj}gvé Hﬁmﬂﬁﬁﬁbm@lﬂ%&&@{ﬂ At R3Ot trrfﬁ{s%s&g?,sf& Example,
regi on can erformed ow a strain point of’a
variagioads aghﬂg&oﬂ@v@tag&s loen bé squpxesaecgirmlslsalsmb&tnt edrebec@dudyd in the
ed as a base substrate to which the sem conductor
?/rgr wi Il be attached. Accordingly, a sem conductor
[002dgvi ce of high performance and high reliability can be

manuf actured over a gl ass substrate. BRI EF DESCRI PTI ON
OF Mrreyvric3n [tho pagsent invention, since the effect of metal contamination

tranﬁlS%

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

manufactured over a glass substrate.
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FIGS. IAto |G are cross-sectional views for

descri bing a nethod of manufacturing a sem conduct or
wdaevistiseo4bl GS. 2A to 2D are cross-sectional vi eas/JPmos/060928

descri bing a nmethod of manufacturing a sem conduct or

device, after the step of FIGIG FIGS. 3A to 3C are

cross-sectional views for describing a nethod of

manuf acturiqr}g a sem conductor device, after the step

BRIt DESERIPTION QF RRAWVINGS 0ss- secti onal view for

[Oozg]escri bi ng a nethod of manufacturing a sem conduct or
evice, after the step of FIG 3C. FIGS. 5A to 5C are

cr AASSsetAi nalG ke wsossaectibmal nibv o deetrdtige of method of
manuf,acturi,ng’éél sem conduct or device, after the step
manyfactpjigg » gemiepreftictas deyige-6C are cross-sectional vi ews

f OrpiRS i A bigng thod_lidmaP Widfd Ybt NRs@ibi
serr]? conduct gr e\?lf@c;e, afst e? tﬂglstgeg{)t)f E‘?rgmiﬁ nﬁtE%d of
mamifActtong Dseamiecondusss dseict,i aftenthestepvaf HIGr 1@escri bi ng a

met of , manyfacturing a sen conductor, deyi.ce, after

e e AT B S PstesRAl Tt P dePOLLtE do crehig of
manifh@WSng 8 kerARSAducRIrMBvie, Hfeh e stdp dranagf Aast uring a

sem conduct or device, after the step of FIG 7D. FIGS.

9A KIp. 9GS ar eross-gesoraboti¢wo en deacslingfometwsicof ipamifacturing a
semi%ﬁltdug{%r SLVI@QH%P&IE g%@F?@ 3%0 substrate. FIG 10 is a
ock d W Ng

ragramrtor s a structure of a
M FIGY. 05&8SHOBC hteCordst-seGionab lvisks dbagteadriting = hosthdl) of
structure, of . an RFCPU. FIG 12 is _a top view of an
manwegtudpg a seicandpctas deyige.rper thestep qfdilG2Base substrate.

FI Grigk3As A Sto? 610 BreVicI?:dl(g&-%cltg)élgf X&dwOltoR desititk of ¥odRdd of

di spl ay device, and IS a cross-sectional view

manyfad¢teringh eergicandiictoe ddvike,cifteFth€stepIAFIGI 2ZR. 14A is a top

Vi | X of an el ectro) unm nescent di,spl a
Houte. BaRlorTh S, RRosssECiianal St o Her U hEg, X method of
man@h&@B8n@a séhRohdM R deVit& afibAthe sipGf FIGAIGS an ext er nal

view of a cellular phone, FIG 15B is an external view
of HGH.gbhato Slayper cressgedtiogall y®ws fan dssariingla wiathpd of

I i.c. book. . ' h
manleingh BB ORS P oI, 2,57

SN in con

OXYFIGS.i 9lg foi D@ ard didbsisectRmal endwatfbo iescriie . aedhod of
det ect ed bé ICP-MB. FIG 17 is a graph showing results
manyfpctyring gupQ1 sybsirate, 16,

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.

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 phone, FIG. 15B is an external view
of a digital 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.
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FIG 18 shows a Ti profile in a depth direction in a

silicon wafer, which is analyzed by SIMs. FIG 19
wehowsisen4db profile in a depth direction in a BCJRBNS/060928

waf er, which is analyzed bysSI M5. BEST MODE FOR

CARRYI NG QUTTHE | NVENTI ON [ 0024] The present invention

wi Il hereinafter be described. Since the present

i nvention can be carried out in many different nodes,

i t HIS. Bhaisial grapindhewstguesulisyoftanalysis skKFIG.dd. i n the art

i ERGuE GRS e Mo Flsmin n dBBtofe i R Sitoropmowhich is

analyRéESEOtMnvent i on. Therefore, the present invention

will” not be construed as being limted to the
dedd@i P? sowoh Mo @refito daliandapth disesion inta sibicon watrnwhisl is

nts denoted with the sane reference nuneral s
analy%%?‘g&ﬁghgg{e the drawi ngs are the sanme, and expl anation

on the material, shape, manufacturing nethod thereof

and the like wll not be repeated. [0025] (Enbodi nent
BESWEF%WM%&&WNH plain a nethod of

[OO24J2”Uf acturing an SO substrate, and a method of
nuf acturing a sem conductor device with the use of
t h@h8Cpreserisinventéan Fillsheremaftet boddatribahuf Sincerr the gp@sent

. O substrate wil.l bee&lained wth reference to
invenfippyedn PR ol gut gy ATEARCTOESs i i casippunqezstood by those
skilleBrigRBE 84 (Rat tHEBMAe ialld Fabfzill An bENERASS BURRII Ritfoul Wpdrfing

.ll
a support substrate which supports a”sem conductor
from |thg, 8eopg| apidokpéritt elothe present tnyraiimt. orThstdferer Hteepregtmt tiiention

. t J01. .a lightstransnmttin | gss
wit RERE SRR Bkl B L AROLOL R 2o ot o 1
is to BS natedithatl dleiénts Uadotell ithale daué efe@ade REMEGERGhrduBhout the
consi deration of heat resistance,. gri ce, and the_ [ike,
drawigghater the samgi 1l Expdamptien enttie Brtariab shape, eyasafesiusing method

thered 2R thd; /0Cto 50 x 10 7 /0C _
ere pref e‘?‘é%‘f‘gﬂ%%‘ﬁf)éf%%?%?oc to 40 x 10 7 /0C) inclusive
[00254nd strain points ranging from580 0C to 680 0OC

yeferably 600 OC to 680 0C) inclusive are preferably
(Embég .mm’dlﬁrlaer t osuppress contam nation of the

SoTSP ORI G4, GRIFTs GO LESRa SR 51, 0
substiafe, ahil al inethod @f sudpsfachtrizg 4 suhigdelugloaskvice 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 glass substrate
which is used for an electronic product such as a liquid crystal display device can be
used. In consideration of heat resistance, price, and the like, substrates with
coefficients of thermal expansion 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 600 °C to 680 °C) inclusive are preferably used. In order to
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materi al s such as alum nosilicate gl ass,

al um noborosilicate glass, and barium borosilicate
wgl2ems15640027] As an alternative to such gl assPCT/JP2008/060928

substrates, an insulating swbstrate such as a ceramc

substrate, a quartz substrate, or a sapphire

substrate; a conductive substrate such as a netal

substrate or a stainless steel substrate or a

suppieds &)‘ﬁﬂﬁﬁﬁitﬁfn @ﬂ&ﬁ&% %Elﬁfc%nﬁ&rtcgf'%%v < T Htoﬁgln thegélhés siBltrates are

ar seni de, or ke can be use
prefeiabbst allsalefree glassE @ﬁ)zs]ite:t\s Mlatvl\nalSI af aftaB-fréeBubatrates include glass

uc subst.r a ar e
ma Gl CORALE oo PBEle b o lpRlsRPoRaLicur: bayandy barium
borasillvatergiiss. 111 is att ached to the base substrate 101;

thus an SO substrate is manufactured. The
[0027d v conductor substrate 111 is preferably a

Si ngls ancﬁ ﬁ‘)n!u?c?lng 5,8 bgtﬁé{g%tbaglta{ng?lé? rggﬁl?bstrate such as a

pol y- cryst | Yie' sém ¢
cerasli¢ substrteyegyartzesubstede, of B apsitte AbdENEd; QlcofRSE %&tr&t%]such
be, a sem conduct or substrate formed of a Goup 4

a5 a Bfebahspstieli e uai2fess slos] SuBRFRAF A RTmIPRdusiar sybsrrmfopmed of
silicBh, galliunt @ReHAL, Qﬂr(iiﬁe lllkenca'hme%sgd"?sot‘ﬂh gg&t ulRiGs 191¢ base

substrate 101 is [arger in size t e sem conduct or

[0028lbstrate 111. [0029] As shown in FIG 1C, an
s forned over, the sem _conduct or

L Ober o, G, I Selooe ey Stbsinas ATh inqvepmed. The

semf&bfﬂ@io&:ﬂ 12y fseparatda L (I sednibdtdutloR ¥@bstrate’ HAt N aBached to the
cl udi two or nore layers. The total thi ckness o

in
basc"t ﬁ‘@sf’fﬁ@u &@]fal Hys| 2y YO substrate e nesmfdcturedie The g;emnrfonductor

m{nm, t mjn ive, .The iLns tin
subsirﬁ& Clgi% Ir%]c regrg‘gbﬁ; |Ans§ Pglglc%st%ll lswécgﬁaléc% %bgtlrz%{?,c Apd a
polyenrytgxflhnu snmmomductdrsub@ﬁtm&ntdlt@matl%l? e @Sed® SiHel seRtonductor

b flln])asulconnltrldefll a silicon
su SH%S? "Pyebs 2 spmicondpetor gbstinte (fprredoss 861oun thelement such as

silicGiE gTRAAM IO KiNilsh Eéxjg% LQIF oA A (e Ic%nm)glénent mode,

ger mani um oxyni t m or a gernani um ni
the bagg sistrate AD1 Miargwmslzeaﬂham ﬂ&tsbmﬁaolngucftbll gubkthaaé WHi.ng a
[Oozggt al oxide such as al um num O_XI de_ t ant _al um oxi de, or
fnium oxide; an insulating filmincluding a netal

ni t Ak dRovet N FIES 18] MSuimin fa%xdﬁhZ i Hgfégﬁvglhir}ﬁ@ Qerhlcofuctor

including a netal oxynitride suc
substsatgnitl: i dEhe drsulatingnbayemtlilAgedni lhm'a mclsinglepigya stedcibre or a

multﬁé_yseg Fﬁ(&g%]ﬂaugfﬂ%%g%r Iarlolfl a?/grrp ml“ixg Ito(;cia t]?lcicgees,s% the insulating

layer 112 can be set in the range of from 5 nm to 400 nm inclusive. The insulating
layer 112 can include an insulating film containing silicon or germanium m its
composmon such as a silicon oxide film, a silicon nitride film, a silicon oxynitride fllm

a silicon nitride oxide film, a germanium oxide film, a germanium nitride film, a
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
insulating film including a metal oxynitride such as aluminum oxynitride; or an
insulating film including a metal nitride oxide such as aluminum nitride oxide can be

used.



10

15

20

25

30

In this specification, the oxynitride refers to a
subst ance whi ch contains nore oxygen atons than
woi2v0sagenso at ons; whereas the nitride oxide ref @CT/IPmHOs060928
subst ance whi ch contai ns nowe nitrogen atons than
oxygen atons. The conposition of the oxynitride and
the nitride oxide can be neasured by using Rutherford
Backscattering Spectronetry (RBS) and Hydrogen Forward
[003B¢attering (HFS). For exanple, silicon oxynitride
refers .to a, suhstance whi ch contains oxygen in the
ran g‘bﬁB?r specHiprEon.dhe oxyHipk: mfersdo ashbstinge which rergeins more
' r : r . Y040 20 .at. % inel usive,
oxyieh, b0l AR i@gon A WPl the afiRgf ostde et G ' substance

whi¢hn ¢ontging enomnuitiogelr agens ithant beygeangémef Tho @fbl(ﬁ?ésiﬁérti %x the
ers o,

t'ﬁidlofsg@t % i.ncl usi. ye. S'%é icon nitride oxide re
OxYE}AeApBE duitride e Cancle wsriiRed BriusingsRuhsigerd Barkseatering
SpedtRMgeryofRBS)0MDOHYlro e d & ts RS Ha ¢ L
pe the r é’ﬁgé S(;)f fr o?ﬁ I'20 at .0 g}(? Etlrg %Cétgg%btﬁﬁg ) usﬁ8 \r/ee,y(grgsﬁ’ Siicon
oxynjiridedefery 9 a substaapgwhish dontinOExyatn % the 138gedf Kom 50 at.% to

i HC Lve, .and h ogen in_the.ran of . from10 at. % .
65 at.‘gb fggﬁg¥§0£1ﬁ§%qnuléﬂé%%w oirt] gropbo.g élt.%{oe%) 174 dnglysive, silicon in
the rangd enfrom3 &% o B5YEER indstveD 468 hyBYEEP P A of from 0.1

silicon of silicon_oxynitride and Silrcon nitride

at.%qto; Hb at-% ighisiygy | Siligearmitrids edderefesrioefar exatmipte, of subsance

i@l ©ueit ' ' b cenis,100Q at. % = .
iR SRR b i QIR SRR R e Pe isacagn the
rangg @ﬁﬁnogﬂ_ZQ at%ntobﬁ'éhﬁtg% rifndu?iye,&il%@ ilﬁﬁhdﬂ Qﬁhgg af $iouf D& ht. A0to 35

met.hod, or.a nethod of, for exanple, oxidizing or
at.% DT 40 BRAOSTRTLOR dlnge St omhLd piafodo 03t % OlBvewnbis to
be nbied tAAStheSddaRint | Sen r bAC U AR ot sili
) ni,rrpuri tyf':v.\hi ch 3%(% égs13 égg%tnhéﬁ k%%%lhgf(??%%’ 6#{ gtsﬁgcog of silicon
oxyndigide cwd oriliecnr nidiidd omidesindhe aslual Whdn theetosd] conteat k@tld B the

t | ,,the [nsulatin ayer 112 preferably
elem?ﬁt%lcg%%?;f tg}ig tf“é%@%s*aélﬁeé‘ a]itqorﬁ%gl%lpabl e of preventing
[003d] f f usi on of such an inpurity fromthe base substrate

101 _into the sem conductor |ayer of the SO substrate.

As Thieinsplating dilmpfoe feming ghe msulating lajief flU2 icom be formed by a
Llireqn, Qi ot ' silicon.nitride oxide film  an.
CVIS oo SpUer g il oF soheh S0 ot R o il of i
the semicbhdudtordsabstaatgimen. Wth the provision of such a

[003%11; m the insulating layer 112 can function as a
rrier layer. [0033] For exanple, in a case of

FOrwhes thdSabd stbatad' Aok 2L shbérR® iRIBBhE' & ihfYE) which

decreases the reliability of the semiconductor device, such as alkali metal or alkaline
earth metal, the insulating layer 112 preferably includes at least one film capable of
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.
[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
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with a single-layer structure, a silicon nitride film
a silicon nitride oxide film analumnumnitride film
wonro@nsedsom num ni tride oxide filmeach havi ngrar/yp2008/060928

thi ckness of from5 nmto 2@0 nmincl usive can be used

as the insulating |ayer 112. [0034] In a case of

formng the insulating layer 112 as a barrier |ayer

with a two-layer structure, the upper layer is an
alumin@fh@Gdd gldh] bMmivalubnidubli gtideaside Filfreape hhying A thickness of

silicon nitride film a silicon nitride oxide film an
from Z|ngrion?iA i tnglesive ¢ande used anths|ingwlatinglaver Alde oxi de
mo&hlln1each having a thickness of 5 nmto 200 nm

ncl usi ve can be used as the upper layer. These filns

h ave aaake ghfobintigpkthe gnsafatiag ﬂay‘eﬁ n1paey éairien thyenwithiat two-layer

di ffusion, but their inter stress |s al so hi gh.
structyifgy the BPRET layer i an frsyiating éﬁ@r WHR 3 Igh baier affrpﬁgw i firsilicon

mtnd\jé_"ﬁl?ﬁl aa{ Eﬂﬁcan ql%]iﬁean dgc f it BE AR EANEHEIOFilms VRS hd aflﬁnmum

ect of relreving the stress of
nitride foxidepfler eilczhylmvmg‘a tiiekness of &mnng) 200 nmunclpsmé eamabd Bsed as

the ippet Bt ont el et bayeed PHarn Rogitiag: Sfscharof PreyeRng impurity

diffudib® rlB'(ﬁ'théﬁ('lﬁ’t@rrfal kiiesk G5 ARG Miyh! NEhérBiord, RXtheilgkadlabbeof the
sem conduct or substrate 111, or the like is %I ven. The

insulptingefilm Wmh ipfin eomagt ygth @msw@lqomﬁmt@rawbbfeatﬁ dtheadfilon with an
effec{ Ef %hgﬁ%ig é]? stte{sg ok gxerUBlp%Io laggroo II%(E! #‘%gvfﬁm 1& %iniéxlabie

the 1ﬁsmﬁh§]?1(hh hatingGliel & effeak Lﬂ:bﬂﬁkg)nafmcﬂenﬁhﬂ atsuli!@nfob(b/mtrideZ@lm a
12h. nmbi nati on

I fil h
themiq% %rc{;ﬁf‘f A qrg%telﬁh%%l é'sméga %@Z}Anrsgsﬁ? SEIFGRFYILoR SH %@tﬁétaﬁéh or
the hk@fs gloew' afHeﬁQwE@é?ér of Hfe ﬁ@mﬁﬁgﬂﬁn s Be RIrRek kY tﬂléﬂn%s of

for ‘exanple, the follow ng conbinations are given:
from Si dm ¢wB0bxndeclisiven and a silicon nitride film a

ilicon oxynitride filmand a silicon nitride film a
003 | i con oxide filmand & silicon nitride oxide film

andnahfl drhSAmEXYMbad, I tHE ifduldfingNdyd Bii2l ha&30N twdAdyefl Structure
oxide film [0036 For exa le,” as the insulating film

inclus!mzam ingwilasingi for Halapdien insaipsing fAmsi1Zbc ofs axpmbinatige of the
1nsu1a’£1mgS Mg A" 1% fﬁ‘?{)qg Itl)é{llaahn%c %‘?rga 1 ICZ%DW'E?% ht?lg in lfl&rljt%n%] ?aye? 12

sou e |1 nsu

functids fﬁslé-%cldhfg' €ilin mrtda@nqmethe | fap@xingacombihAdRs mré oiivib®: a
oxide filmcan be formed by a plasma CVD nethod with .
siliconnexide dilpr ang} gy siligqneyitrigeq filgza silicensexyniede fdm and a silicon

nltndglxt?lg{é Q? *cé]ﬁ l((:)glndeggmg%rﬁ a %ﬁ(kynax{l{r ngXIlI'#H %@1 %x(l)%bl\}m bgﬁxﬂtride
film aduka sileoroiitréde axidafiinc si | ane gas and oxygen as a
[0036]

Fdr example, as the insulating film 112a, which is the lower layer, a silicon
oxynitride film can be formed by a plasma CVD method with the use of SiH4 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 SiH,4, N2O, and NH;
as a source gas. Alternatively, as the insulating film 112a, a silicon oxide film can be
formed by a plasma CVD method with the use of an organic silane gas and oxygen as a

source gas.
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source gas.[0037] As the organic silane, for exanple,
the foll owi ng conpounds are given: tetraethoxysil ane
wOBRBAS6@hem cal formula: Si(OC2H )4), PCT/JP2008/060928

tetramet hyl silane (TMS, chemical formula: Si(CHs)4),
tetramet hyl cycl otetrasi | oxane (TMCTS),
oct anet hyl cycl ot etrasi | oxane (OMCTS),
hexanet hyl di si |l azane (HVDS), triethoxysilane (Si H OC

[003241 ) ), trisdinethylamnosilane (SiH(N(CH 3)2)3), and
the like. [0038] Next, as shown in FIG ID, an ion
beads1the orgenigdsitagei dors exaupleetiz delldyyingncophmamds are given:

fheld.is i ted (.irradiatio t.he sem condyct or
euaglifiefitale R rmeet Rumok o KOGy SPGBy atiac (ras,
cherhiegl ebyfofRiilai N9 Si(CARRYEd & BHnRRhidldtbirisiBxane (TMCTS),
sem conduct or substrate 111 at a predeterm ned depth

octamethylqygloteitasiexanet her EBYICTO) t hi bedamethiyldisitizané on (HMDS),

iSRS AR SR AL Bk S S CHORE] e e
[0038peci es, so that el enments which constitute the ion

spe&j es are added to the sem conductor substrate 111.
TheN&Fb R ShowR P FHe 2 mnden dean o] Jugydingtiensiaceelerated by an

electric! @i 3 ﬁg?l\g%lkh (frpa%izitﬁﬁ) READ skAtico u«‘f‘ﬁ??%ﬁggl ?l?]ie{hhcggh the

. V\:h.ICh crys structure’is weakened I's fornme
insulsging deyrt utht2o rthenaby tfomnieg 14 tambhgead pegioketldB ninnthd wbayitdnductor

u he shock.of, th cce|l erated jon species, This, .
subsfill R b PrRR i olep B B TbE B el Ta YRt fopsgadiadion
step,Tihe seiaRioRd@tovdiibetiatt 121 danRaRttd @h &t bhDehd 10" RBHding the

can be adjusted by the accel eration energy of the ion

accelsgaipd 1om spepipst frethahgllements witicl gonstisute dhe ipazapedies are added to

. | grat i r can .adjust ed ,.by a .

e SHS e SRGAR. 12t BN P IR S B

irradizted ovithl Hi® ion beametllasa deakerd Lher af eftage cBepll NstRikcture is
whi ¢ch the ions have entered. That is to say, the

wealioed 00 fn s S maaandBeiaR IDBalp Ak At uBicapteiminpd Hepth due to
r . ] du r '

the SIRRRIG 8d fdLoRtAdEice ﬁ@ee%gag.pt Eﬁgt w\%\ﬁ%@%& %r ]ca)flreép%n s to the

determ ned based on t i ons ‘enter.
damTgeal dget hidat Thi ddpth he whinhathe Hanegednediad 113 if dommsd can be

. ranges. from 50. nmto 500 nminclusjve, and preferably |
s BT S TGS AN Emgany bl i 2BBlag wae the on
bearh 1D2GhRES 1M aREILGAON URADY cAHBS hlijakiBd by hn'Yctdlerhtin VOfage,

beam 121, an ion doping nethod in “which” mass

dosageynirthe likm i Eheriamaged fegioretl diadiome dewpleay esithasiverage depth at
Whic?}lli t‘islg rigngglgl\r{zg teltnga il SI 2} #sgtgkggftﬁg Itl%gkn%gé QP ﬂxel sre]:m\f\@()lnﬁﬂctor layer
which will be separated from the semiconductor substrate 111 is determined based on
the depth at which the ions enter. The depth at which the damaged region 113 is
formed ranges from 50 nm to 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
alternative to 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
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[0040] Wien hydrogen (H2) is used for a source gas,

H+, H2 +, and H3 + can be producedby exciting a
woyadisagensogas. The proportion of ion species prPOTUREAS/060928

fromthe source gas can be Bhanged by adjusting a

pl asma excitation nethod, pressure in an atnosphere

for generating plasna, the amount of supplying the

source gas, and the like. In a case of formng the

by alaitmgedhydgganngdly dheipddpoi@d BLioRBpbaEs ptddub&d from 1he source
referable that H + occupy 70%or nore of the tota
gas Sapbfnehagged -y adipsting plgsig excitation methash prsssure 124y atamsbphere

o ka0 0kl Ayt SRR GO RO o

of foumingithe tdamaped riggaunbl24n g@i doping!th&hod, eit at iptéfledable that H*
whi results in |ower variation in the average depth
OCCURY {hK? ShMPHeCE Uy emeus ef Hy Hineandids e s topbeamt 1, and it
is mogd I ' Rl i 0 fr G . | Loyes
SN dﬁl?gég@?’lgé?attfiﬂgg)cggé}' %(g%s(ﬁ(r)ﬁrl %he%ﬁ’%ﬁl‘f&ﬁ%eg ?@Zr Of gore,
the propeition @f dkrmiensdn theicnbeatB12 Ingats sﬂlalllefrawatiel_gy,oii}hich hgsults in
' l tion voltage needs. t e | ow. However, by
lowd BB S 1 U e ST 8RB0 ipe. BySRaer onerie tht seshbeam 121
entege r@smtQenlly, (R fnl infilladthfon M HECRAS InGRSves WA HRIBR: fifle Rh be

atomform (H) can be added to thé sem conduct or .
shortspgdt rate 111 effici ently. This is because an H3 + ion
[0041gs three times as large mass as an Ht+ ion, and in the

che of addi ng the hydrogen atons to the sane depth,

t helrnooddretoatforny tho|daaggedfregioe H3 i i ORhARRY B8eIdRIShe ion

e BRSBTS, B et b of 1
ors ek, e AT ) B8, A g o
(H) rapbovneded thide stmicondutter sutstratasid 1 affigienpor tTha isobedali® an
H;* 5 fad 818 times as large mass as an H' ion, and in the case of adding the
hydrogen atoms to the same depth, the accelerating voltage of the H3" ion can be made
three times higher than that of the H' ion. When the accelerating voltage of the ions is
increased, the tact time in the ion irradiation step can be shortened, and productivity and
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 shallow region.

[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 jons/cm? to 6 x
10'° jons/cm? inclusive. By the irradiation with the hydrogen ions under this condition,
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 ion species and its proportion

in the ion beam 121.
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included in the ion beam 121 | eads to | ower variation
in the average depth at which the hydrogen enters;
waecwensiomgl y, in the sem conductor substrate 1RAT/JR2068/060928
hydr ogen concentration profisl e in the depth direction
beconmes steeper and the peak position of the profile
can shift to a shallow region. [0042] In the case of
performng ion irradiation by an ion dopi ng nethod
[0043)i th the use of the hydrogen gas, the acceleration
volt age can he set in the range, of from 10 kV to. 20
VEPR ERaER o he S5 sanButOE Ly Br QL ar ofrBingaely 120
nm chi 88 sbparattd 1forh M /seifconQu@o st trh@NBI1 CWhéM eleUSdrBondetor
the irradiation with the hydrogen ions under this

substeagmdill Sna singledrayria) esiliceryisyhstiall theninsulatiog nklin t Hl2a is a

dept f from5b0,.nmto,500 i ngl usikye.in the . -
s0-urfSRER slisah (BB Ry e Ry AR Bl S5 ad B g e ticon
nitride ORid (TG, @R sviftel das i@ﬁ}ﬂﬂ@%dni, the dcteléaon 0oltp@dENMO kV, and the

121.[0043] For ,exanple, the sem conductor |ayer with a
dosagetis & Rtk siogs/cappr Hirmatiesly, vl theirtdintion veipiie dydiwgen ions
s v A BT IR SRRt R U e i 1120
a 10Ghin-thivk sShidst oRyriiride &ln, el | saiidegdhdtdbinald? &ithSa ahickness of

50-nmythick siJicon oxynitride film the insulating
approgimately 1Ak sambegrparaltchiremR the semiepndupior sekstrateildd. i1 m
m04ﬁhe source gas is hydrogen, the accel eration voltage

I's 40 kV, and the dosage is 2 x 1016 ions/cm 2.

Al Helimmat(Heptap, alishmtivelydeiusedhal msduore gus tofi thehion nyattiatgenstep.

. ions i erforned .under, t he af.or ntioned, condi ti on
Sinee DA e Wb PEcH ALty by Srsiling BB pe 6 6 T iepdugtor
substfitd 1 CIOn®eYifalifatedandiblyWith PR* S04 BORMGYSR WSpink I &hodMd Which

a thickness of approximately 70 nm can be separat ed

mass f geppiatipe i§ epatcpeituacdr Jibeeiorat eni¢rpyoidf oga4pe Hotmednin the
n.ahter ively be used as ou s of the .
camnspf ke B0 153  FAABUL B o o B B W B BB
perfoph@dlugieg hEljure %9 iahi 66 dbging WBtRGE tidedccelehios amite@NRUet Of the
substrate 111 can be irradiated mainly with He+ even
range; of fe0in 18 K Vool A9k Yriohusév e, andvibiedosaggds s dp Arearangmof om 1 x
16:not, perforned.. Therefore. mcrovoids can be fornmed in
107 ippyle akﬁgégsréﬁ?sﬂnlqﬁﬁ%¥?iciently by an ion doping
oo491et hod. When ion irradiation is performed using helium
[0049]F : ! ! !
by an ion doping nethod, the acceleration voltage is
setA halogdnegas sngfeast ciilptng 46 (Sl gas) 0D flkvrinngasu(Er ges) can be
lmedgp%ctggjgoggge is set in the range of from1l x 1016
Fons/ e z $6°6 x 101 d ions/cn? inclusive.

[0046]

After forming the damaged region 113, a bonding layer 114 is formed on a top
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 tempefature range. It is to be
noted that the bonding layer 114 can be formed before the ion irradiation step. In the

latter case, the process temperature at the time of forming the bonding layer 114 can be
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[ 0045] A hal ogen gas such as a chlorine gas (O 2 gas)
or a fluorine gas (F2 gas) can be used as the source
wQasos/50Rd6] After form ng the damaged regi on REBIPA08/060928
bondi ng layer 114 is fornmedson a top surface of the
insul ating layer 112, as shown in FIGIE. In a step of
form ng the bonding |ayer 114, the sem conductor
substrate 111 is heated at tenperatures at which
set #leABHES3IFy °aol ecul es added in the damaged regi on 113
are not separated out; specifically, the tenperatures
[Oo‘é7r]e preferably 350 C or lower. In other words, the
rel ease gas within this

noat EOSIRPATTIES [TARGES S e 15 Bamgadtreime ure, which s

flat od Gy phaiee bn hldhraad of éhef RuTBshdAehe %ﬁ’ostttla{% 119N Therefore, the
i.rradiation steg}y In the latter case, the process

bongigglayestlif referablychasianeavefage surfacegrongiechoRd ofidess dlyar0.8 nm,

ond 1 o S Bl 5 AP Yot St BV BBRAGEY of the

bonémgflam 11vhdaa range frbﬁit 106 1oyZ00oRRI htlgsivOn PhSHENIRAES of the
the se conduct or substrate 111. Therefore, the

bon«%Bg dr¥rg 114yis praferebly iy theagnge ﬁﬁ?OHhS('NIeﬁ(aé@Ogm fizctesive, and
mork PHIBABHES1 07N 8f 2065 ihd 1{1] gy0. 8 nm and a

r oot - mean-squar e roughness Rns of |less than 0.9 nm
[Ooﬂe t hi ckness of the bonding |ayer 114 can range from
l.usi ve. . The thickness of

b on 3@ i gboln Vg rlaﬁef 41%5IS BreriaPyntyy, “ﬁSHlaflﬁ% fijrg rf@@g‘%ﬁ‘ by agthemical

reactiom,t2@d%061idv Jxidd Miﬂ ¥&refRAEd MTOME REE
200 nm j ncl usi ve. ?&ge The bondi nggp%?grﬂé alﬁh&fﬂ&ﬁde film

by apPlé?E? SBVE) mgthedhay Ff@t qugnfg] laperf bl|4miois Ipyeferableetoi wsalan organic

ti on oxide fi referred a
slale BE" 4fon 3R O Do X Rerc bt FOuPEE Bieatinaoilabpyes the
sourneghsgdt ampdsbﬁldomﬂﬁjnlﬁga kidiged otibd, f11h1t hdvingdh ¢la€ kAR R Jtcbrocess

use an orgam c silane gas and an oxygen (O2) gas as

tempegafpees of 830 "By lpsvaig Aftgmativelsia lawdemperatuee sxide (:Iér(@afsnned

ot tepfeelatulRR PR EBnL 200 ¢ 36 306 Bl phsie Pie Brmut SR Tefihod can be
used. OWEIO caY Bfﬂbﬁﬂéd ¥eliding thonB¥Hahe [HEL C)‘?td%lgngggd%?%’ éh-[@ like as a

formed at tenperatures of from 20
silicpsquisg gas a5y usingtibniraerovDnenith b Q)am thxelikesasthn dXHEEE Sdurce
ga as, D€ formed by using nmonosilane (SiH4), disilane

(Si2H6), or the like as a silicon source gas and using
[0048] ni t r ogen nonoxi de (N20O) or the Iike as an oxygen

Soufnct%e 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.
[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
formed are subjected to ultrasonic cleaning. The ultrasonic cleaning is preferably

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



10

15

20

25

30

gas. [0049] In the case of using the sem conductor
substrate as the base substrate 101, it is also
woassiiséeot o form the bonding |ayer 114 with tReTUB®IL60928
an oxide film obtained by oxi di zing the sem conduct or
substrate 111, instead of form ng the insulating |ayer
112. [0050] FIGI F is a cross-sectional view for
expl ai ning a bonding step, which shows a state in
cleaning conet dfooribatietiebass sutiseatd QD1 and R nEEsHIGERE Yisfthte 111 can

be C?ubs(%)ra e 111 are attached to each other. To perform
HECHSHN Y Weef, 0fonestater h Bypelganing Feth treeustOdf amme water,

ahRSuBEIM GO0 i t.h the bondi | qyer
OB A Aot Simaveliahd e urtice M th e mEFe
[0051b ul trasonic cleaning. The ultrasonic cleaning is

pr efﬁ%ra | y,reqgahertz ul trasoni c cleaning (nmegasonic
cl ean ﬁ@}e.dﬁf‘?f&&% éh‘:rréﬁﬁﬁ%l?sfrft%]rqlraé’éjdhf? semisandustor subsirate
111 afe aached lo teheh BaRE viitD Ble! Bl gag@fg‘m qgtgrpvc\)ns?% therapetwoen.

. sem conduct or substrate 111 ca ['eane
Firsty, Yan der Yaglsclogstasts oBgn intedfavieriptwibenhtht lbending 19fer 120138d the
: any es ca renpved and t he
base $abtbae 304 N o348H3h BF 580 55 T SEEACE G5 b mebstepes101

and theeawnifarg off e, bottind aser JubHFat £ ckRd @bt Wath each ther, a
strate 111 are attached to eacﬁ ot%er ?

h serIi conduct or . sug
Hemir Ropfhés %HHB‘? Aige ayferface batwasn dhiqpense dubstratectd tand el bonding
layerH14s Whe?éﬁg tl%eﬁasx\@%s%ra{eof()‘ieafﬁjﬁez %(%1%{1%2151%%% réll;ag% E?If%fl do each

bet ween the bonding | ayer
othery 0 Bincgytha duindingnstep does met aecd hedt tidaementr £rdCHroRbeds N8 room

supstrate 101 apd the surface of the bonding
temp?%;‘g?’ ﬁg‘i’skgﬂ?é”‘ﬁ‘ @%Ef‘eat ESHAnCcE: Shch @S @ £4a5s subssiate, gan be used
as the basisabdtradpore i s forned at the interface between the
ﬁase substrate 101 and the bondi ng | ayer 114, whereby
[005%]he base substrate 101 and the bondi ng |layer 114 are

b . her, .S t he, bond, tep d t
nead B ik BilBlosale i And ol SicaBimcia b g, have
a cloge soiiadtraitie cudli bthen\it RegbiciAt & pie6m BHEA hcre%ﬁ'x_)l%]]t_ 3h B&er to

can be used as the base substrate

. S ugiot?r ate od

increassdioslings fogge aiths bepdinginkestase Setvesen shebase Substrtd 181 and the
' t 111 | tact with

bondBETARENIAC" The BRI By I Perttiey Bt Fesiimaiis of Fiom AR AE t0

300 “rindlusiee 56 thal /RAREcPRBMNGBECHadhe bondi ng
iinterface between the base substrate 101 and the

[0053ondi ng |l ayer 114. The heat treatnent is perforned at
te s _of.from 70 0C to -
%Bgeﬁhgﬁt? , another heat treatment is performed at or above 400 °C to divide

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.
1G, 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 numeralllllA
denotes the semiconductor substrate 111 from which the semiconductor layer 115 has
been separated.

[0054]
Through the heat treatment at or above 400 °C, hydrogen binding formed at the
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300 OC inclusive so that the danaged region 113 does

not crack. [0053] Subsequently, another heat treatnent
wo0@aséanmed at or above 400 OC to divide thePCT/JP2008/060928

sem conduct or substrate 11li17at the damaged region 113,

so that a sem conductor |ayer 115 is separated from

the sem conductor substrate 111. Wth reference to

FIG 1Q a separation step of separating the
bondimgiinerideccberveb@yles bakd Substiaf® t01Camieke %ﬂdﬁiglls’fér 114 turns into

e

ubstrate 111 _is explained. As shown in Fl
cové%‘?‘ﬁ%%%ﬂ&c ghefqrg, tbe bondjng §01F§ inesehsess erAs the térapaature rises, the
elen$diRSidRESn k%liogﬁrﬁmtiﬁg ?tg'é ale S%E%%{e%pdut Blleté E{w? g'ﬁ(gmiqiﬂs formed

. huneral H A denotes t m conductor su
in tiferdamaghd tdgiothEl % evhiecobiy datetnal plegyned intddasdias DWRRH the increase in

ress‘glga at ed. %)0 54%i Through the heat treatnment at or
Presaiigy EaB o0 O ol sy damigedaresignr bidnehange in iobonelitmgause the

damapéEfeeamel 13ebVe sk, t hg Pﬁ:%@lt,stﬂp%lﬁﬁbﬁd&gcgrnsgpﬁé&g 11 is cleaved

bondi ng layer 114 turns into coval ent
alongpihe «agaged regiondAdi nGinto tiebomting dyes 114ds toaded to the base

a jse the e nts added in the ion
subs BIPRIS I ol Rtck Hep A PAlbehuras i B S shr epmhesprombstrate
111 fio fiwed| onto thecbdarsabeatd edi.oNHl@mpehRdehY thdhel"Matment for
Sepa?%ess re increases., Due to the increase I n pressure,

menine septondugier layer Hanferadhe sgmisanductrcdubsigae i1l is set in
the MAbd t d region 113 to crack, As a
o R PP A0 T I PERS 5155 3Pb b e aipagpint o the
basesubsttptd b@l.damaged region 113. Since the bonding | ayer
00% 4 is bonded to the base substrate 101, the
[ m conduct or |ayer 115 separated fromthe :

sem § Ny i xed the b . .
e RAPH E SteratinRh sBpSnoh th 316, T FRb b Fadid o which
the sfegncglépgpatab/mgl]tﬂbﬁe agtanhied anthe bagy subsiy&e 1&)1% éﬁt@Iﬂbd.P €The SOI
em uctor. substrate 111 is set in_the range o
subsfigs 315 Gemplsanss Strbetin i ity thechandingoleyerol I scisulating
layet 0E2, Shil ahd) siRicBAdREoriBRr 135 edri %’tgv\gﬁelrdﬁr;‘%f g%l?asg%lqg%ate 101 in

. Through the separation step s
this Qi prchinewhigh thabashisubstiatee]l leaidcthe tunding ldyey €14 4k%dnged to

h the b trate 101 is _obgained. The
cactQohBE [ 1 BB R S0 S e it OF Bubsiabiniah is o

substrite il omithrige kaiebndubbr 1412€ 11 8 4h 644 WiavE i
e sem conductor | ayer }11315 are st ackeof ovépaﬁggg@grelm

[Oostéﬂbst rate 101 in this order and in which the base
SUOFSC B A R ARl DSBS b
115 frhm BOIsemidvatinabesubState SI18 can be performed successively in the same
apparatus as that used in the heat treatment for increasing the bonding force.
Alternatively, 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
temperature and the semiconductor substrate 111A and the SOI substrate 131 are taken

out from the furnace.
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substrate in which the sem conductor layer 115 is in

contact with the bonding |ayer 114. [0056] It is to be
woav@dsédiat the heat treatnment for separating POE/JIP2008/060928

sem conductor |ayer 115 fras the sem conduct or

substrate 111 can be perforned successively in the

sane apparatus as that used in the heat treatnent for

i ncreasing the bonding force. Alternatively, the two
[005at treatment can be performed in different

appar at uses. For exanpl e, in the case of using the

samslnft ¢ Gaceot Rentormigg the dwprhent traartmeptem diffiersart apparatuses, for

nmed.at .200 OC f
exalfhd, BB cbulhestIE R BRI o BEFU R i2h ity gl Bem he
bas€8ibshittet 101 pad tiey sndosidaetor HRBtrate 19 8 WM ar8batt8Hd Q&e%c‘?lrother

two hours, and (3) the tenperature is decreased to

are fakep it ﬁféﬁg thedfurngseut Ngpgohere treatment s perfigreredtal temperdtures in

str.at.e .H e SO substra
the%%% are taken ou% ?§2n¢fﬁgu? ﬁgagﬁfg§§9T“Fﬁ‘Pﬁ%m@gééwnnﬂ
annafhr{geQHM)rﬁppgrahfS? s& What NR@kerhicBAUTRR subSirdlt fifi €15 IEﬁwded at the
apparatuses, for exanple, heat treatnent is perfornmed

damaged FrgiondBor two hours in a furnace and then the base
[oosgibstrate 101 and the sem conductor substrate 111
ich are attached to each other are taken out from
t he Ther seaticondNetot ,layee all5t oL &ten8OL substes 101 Ned & sctal defects

forr G PTf, ErRion 45 S TR araionyOlihe clgmased evgigh 113, and the
surf@émﬁﬁlthdqﬂsnﬂl@—ﬂucﬁﬁﬂﬁ‘iétﬂg +is $9t ARt I!nh(ﬁ' St 89&9&%‘% éﬁé crystal

substrate 111 is divided at the darrage regl on
defectyp iais Prh%rablﬁﬁ%mwtaﬂme thapemicoduatdr Ilaym B4 by irradiating the

ts § b
I Y T —
the Bﬁ@adanoﬂﬂﬁ,seﬁﬂéblfdhaoﬁ 3/%@@@5 @b flaken Stﬁénsﬁ@zﬂféu@ﬁeo&]lrka@f &t the
e

115 is not flat. In order to decrease the crysta
semifopdpgter 1aser | ]Slsp isePesfengbly polished rs tusingi aechdmeical mechanical

1iSi8 g@p%zg yer 115 by irradiating the
p01se% on c’%or l’gyer 115 with | aser light. Moreover, in
[00i9dder to renove the damage of the surface of the

onduct{iglﬂ Ogyer 115 to fl atten the surface, the
our PESh domefnd exgoqr sqraigepduetos degicp el thebisy of the

sm%%kg%ﬁg ggg?i% Wghi e C}@H L84 oP ARG hMah1 dhin film
trangystan f anst ar mr@aand eﬁmoﬁhiucitmmsdnvusc explaidedt he tHsemefhod of
manupacturmg 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).
[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

by etching, whereby semiconductor layers 151 and 152 are formed as shown in FIG. 2B.

The semiconductor layer 151 constitutes a part of an n-channel TFT, whereas the
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SO substrate 131 is explained. A nethod of
manuf acturing an n-channel thin filmtransistor and a
wo-20tsaiseoab thin filmtransistor is explai ned apCcriar2008/060928

nmet hod of manufacturing a mem conductor device, with

reference to FIGS. 2Ato 2D and FIGS. 3A to 3C. Various

ki nds of sem conductor devices can be forned by

conmbining a plurality of thin filmtransistors (TFTs).
semi¢dd6Obr Hyer 282 icondtitateo aspasteet h Pactanu¢leYWFDf Ahdnsa@ting layer

substrate 131 manufactured by the nethod descri

154 1 tosmed evee ke serpicpndystor) layerp1iGand (g ffmmeductoregyer 152.
NextS§ a?f?@%@?‘&@é' 1532%€ % 14:{']8% Her'iie s@%co%ﬁ@%f ?atg% r 151 and a gate

I sol a or each el enent by et chi ng,
elcctmdm' 166 nsl lfcnnmd day edlnes sebiitomtudtor 32yearlS2f mdrelthva@ thhomgulating
I 3 he, sem conductor |ayer 151 constitutes a
ayer& fitmtfifpoﬁ?fl SERENER- TFT, whereas t heseni conduct or
[Qgﬁi]ayer 152 constitutes a part of a p-channel TFT. An

i'nsul ating layer 154 is fornmed over the sem conductor

| ayléfrfomselclaml thersems@mdu@ndlawoﬂﬂ, iyie preferableNeatdd ap impurity

de 155 r th sem condu

ctemP) EpRHFHAE b7 Jekcbuo oo Hhkes o R EIE U by gr an

1mpu$1e§me¢@m1ﬂcxf/mf:h Isai@s ab52,doadg hsubl&l\fcisn dsbﬁorumsml @bdlg to the
yer 154 i nterposed therebetween ‘] Bef ore
Seml%%“@ﬁ?‘ﬁ@ B5e e @éﬁlfddetwtrplagk@rthaefholdu Yoltage of dhe AEE$.c For

exa.mg?e g dac%@ptbpguéddteﬁ t&'aﬁ%ﬁﬁ‘h WhE N SEEN AR ?‘F@rls formeecll and a

ptor,”  such as bor ' um num or galltum or

donot mplaldbdlgo etegmmnvhas b pkchaewel 8% Tds famatdnor, such as
[006ﬂhosphor us or arsenic, to the sem conduct or | ayer 115
in order to control the threshold voltage of the TFTs.

ForngtaagX@wnan @Gcmt&typeao@ct@ﬁéex&ﬁuan 'hﬁﬁﬁﬂi’c'_‘;} r\é@gﬁsemﬁare
n-channel TFT is orned and donor is ad

formﬁfbgﬂ tm amecmdactp: bebiemhel arrdertyp@ High- n@u:en{ramei]mmem regions

159 {3 BRRET i hepettipGiellt T A2 R R ATHE o R Gaition

1mpuamﬁrergldmr167hir@tbrﬁl@a G ﬂtés@hh@ihdh&'@ﬂl’zﬂy&xylﬂ'legllﬁ Redck 29 férhifthe
fornmed in the sem conductor |ayer 152. First, the

n-typs - loYpRonceRttation dEEFiEst TesHons dr Fheysenbegnsiistor dayea g2 where a
ch%n%[aﬁg}l]‘ i fgg‘?edsﬁrgo%gfégu&ft}?r 1Je efnas"l? Jand'zx?d&{oq q¢ ah(?ed to the

e n-t | ow concentra | on

semiddnducton d?a)&e rIS]:o rehosploorud ay eserlid &ayri&f sdded s Ctli]ﬁaﬂﬁl&ir TWhen
the | gor];lgr ec} g;laﬁ gcYnecrloepclingWI mtegxog orr ea?lll(sntl lnr‘Igl%il(tatlgl? glle?ho%o ?h%rn-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
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
method or an ion 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
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sem conductor |ayer 151. Phosphorus or arsenic may be
added as the donor. Wen the donor is added by an ion
wdapisngeozet hod or an ion inplantation nmethod, POEJIP2008/060928

n-type | ow concentration impurity regions 157 are

formed in the sem conductor layer 151 in a

sel f-aligning manner because the gate el ectrode 155

functions as a nask. A region of the sem conductor
eleclrédeen1 58 Stinthicds 8y Qr mdfle WHeh hféhecdﬁ@&ﬁra?iloﬁ Cﬁﬂ&f?ﬁ’i?ﬁ Jrﬁéons 159

serves as a channel formation region 158 06 Xt
functipp @s ar sayEeA F?@lqm@dnﬁadkalm&w c ogéﬁgom l0é thsestntiooiuctoofayer

Layer where anp .
152 WY Bl g GRARE 196 sbR¥Ehs bl Fiflon rrsign 160
Herd\lexpl,anamlﬁlmsdﬁbm fnads oﬁdlﬁhi‘ﬁicﬂladtdﬂ &/ h$@Nhe POYPE hidh-dod¥&itration
an _i_on do ing nethod or an ion inplantation
‘mpmﬁsémn%&% e & afien dorming ithre nd¥Re fvocondentratins impurity
regicise p52f g o
BB B PR oo e Bt omc LR By sepigpsdgo; oo be
formeddirsteni conductor | ayer 152 in a self-aligning manner
[Ooﬁﬁfcause t he gateel ectrode 156 functions as a mask. The
gh-concentration inpurity regions 159 function as a

SOUNgRt, @@t @8manide ah r

sem conduct or | ay%r ﬁi%%iétﬂﬁg?g%d&gl}s ?Bsé\g\}laﬁldgﬁm} W@er 151, an
insulatipg filgy daying wm/giglgfsr stoptarmer o ctacked-tayet sguczlure which

il a i e (e e PaM i SurPas g oxide,

is fotrb&l hy e planedVar Ihelhmﬂ Gf ﬂ‘ieflﬂ(et he hE‘thﬂﬁmg film is anisotropically
ons, 157; however, the

W conc ration impurity re
C‘Ch‘isp Pﬁa@“ﬁ?‘@q‘% @%@&%l?&twlmﬁe‘?mgwalymﬁ@gm layesd 64 and 462 are
formk@if8Onthét Wit sid r&s]
o hat covers 1h egggl?hlcg gﬁghh&%?é @é%{d%%%@ g‘é% lis%s Pe‘i%i"ﬁlé as
shovfn indfIia¥Png By thisngisetropiy etchiipy the tingudating layer 154 is also etched.
W06§ acked- | ayer structure, which includes a nitrogen
npound such as silicon nitride or an oxide such as

si | S@RBqwakIgCin blef &F ﬁﬁﬁil gé’[te"i‘lngls"i‘tér@%ﬁ{? JT%F leb{%%t is

like. This insul ating filmis ani sottopical
adde o aacrbecvfptbﬁ sngigprductir dzecrs o, andﬁéﬂe byxssthd@wmjﬁ 18 element one

o 5 3R Y S el b o+ 688 Smean)
kryproas(m(eygtor\b@hyn (H6) chdwWuseh. Fike Z;Ebu;Bys Eiéhﬁanﬁadlﬁsé JRRE By an

etching, the insulating |layer 154°is al so etched
Pn’gfemtl%%@@eléﬁtwlych imasy senaration s qenfogaed er bygnsion eloping

(o] u d t,a each, of the
9 BN 1505 T JHG 555 o
prefesdtderbedtausotaet time can be shortened.

[0067]

The aim of adding the Group 18 elements to the semiconductor layers 151 and
152 is to form gettering 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
element between crystal lattices.
[0068]

In this embodiment mode, the Group 18 elements are added by using the gate
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ki nd or plural kinds of elenents selected from helium
(He), neon (Ne), argon (Ar), krypton (Kr), or xenon
woOXe)s/1senaobe used. The Group 18 el enent can bepraudero®y60928
an ion inplantation nethod 2in whi ch mass separation is
performed or by an ion doping nethod in which nmass
separation is not perfornmed. An ion doping nethod is
pref erabl e because tact tinme can be shortened. [0067]
elecliodesail 65 aindati agd tthe sfdetdn hHSuleli®BdVets 161 tRAE 162 as masks
sem conductor |layers 151 and 152 is to formgettering ’
Wheé‘?%ye%e“ieﬁng e E@ifne diod ed d 4 |agg formed 1 thersgmigmdbgtor layers 151
diygh Of;f | - I gonduct rg 1 a 152. There
188 Ot ] el o T, SRRORE S BYRL I PR3, RS e
highaduticentoationf imtfueityGragigns 1659 klengstterinoR e irgib e 1606 Rt @annel
TF]of dan Iinﬁﬁbonds in crystals by adding the Goup 18
ePEHeAY 2 Sgge frmopandp drangggion(The eoncentratinn of baSroep 18

elenSSn@" BN @@@Q- lat.t | . .ln this
enbodi ﬁr#é%hrm e’s&[*gioggolgg a&lgqgﬁgﬁlé%gg%%fne&gcfa% %fyfmm 1 x
10"ysinfi go 1 hel@fated indisiodend i5prefisbl} 56 tRNdnsd 6 BkdDMch? (o 5
Lpsul,ating |ayers 161 and 162 as masks, er eby
"Hbeﬁﬁbﬂpﬁﬁmgﬁte regions 163 and 164 are forned in the
[00 m conductor layers 151 and 152 in a self-aligning
nner, as shown in FIG 3A. Simlar to the

hi giNexgras shéwin FIG. BBPE istiicof i@t Saylé? 352 iEov@edd With B Pesist
16551 k& reglgps é$4 of a p-channel TFT serve as a source
T et SRR dgh-FoncsRirgion MpuriEbregians veielpfunstion kea source

regiéR i a b3aif |r§%§x‘i‘ G tﬂe%e&?ﬁonﬁﬁ&&efa&&glﬁf taqax%g )%f.og (12 O;fGC%)&lﬂE? are

and 164 can set in e range- of om
addqdptolthg se@R2nden® laye 15dibyean amdniptanpatihanethby ok Bn iée doping
r ange., of 020 ./cnB.to § X 21 /¢nB_incl usive.
met‘t%’gegﬁhe%%i feieg Hé&ﬂﬂf‘ ﬁhﬁléfwaﬁ%ns‘elﬁ%n% P8 cliod reEvsras masks
wheh @¢86rs b ad e daO RS Btcink Ritd rég@éissf@}_@/%erebgﬁ@{é%%g &R regions
|

form hi gh-concentration inpurity regions
167 taip dormaefl 48 mtype Urigh-corggniatiam impurity aicpionegi The igettéiey site

; ' ar. .l r 151, a | arge dosage of donors are
regngx%?g‘g‘%[]g&ﬁleasg es?@nx%gﬁ%%q B g g}re@;‘)’f' by an ion
[0070fpl ant ati on nmet hod or an ion doping nmethod. The gate

el ectrode 155 and the sidewall insulating layers 161
ser Pexta hepfplEsameiH dh perdoraresl far actinatiog thoderves ged bereptogs and

' egy e i n ite regipns 167 .
or SHERYE SIS MY S AL BEL PR, 8L PG b
perforagidoat sempéretugstih alid RPgs of ErofLOTS 191830 PURRLILGTe B 110 24

hourg,ogvrhgreeb; etg‘ia %gngrrs] dad?lectij rtc;a itl?e rseen%lcggciuctor layer 151 and the acceptors
added to the semiconductor layer 152 are activated. Through this heat treatment, metal
elements included in the channel formation regions 158 and 160 are separated out or
diffuse into the gettering site regions 167 and 164 so as to be captured in the gettering
site 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 treatment is
preferably performed at temperatures ranging from 500 °C to 700 °C inclusive.

[0071]

In this embodiment mode, one of factors to cause metal contamination of the

channel formation regions 158 and 160 is in an ion irradiation step performed by an ion
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[0070] Next, heat treatnent is performed for

activating the donors and acceptors and for gettering.
wohwWs/ 13640 | | ustrates a step of the heat treat mearJrXing060928

heat treatnment is perforneadz2at tenperatures in the

range of from 450 OC to 850 OC inclusive for 1 to 24

hours, whereby the donors added to the sem conduct or

| ayer 151 and the acceptors added to the sem conductor

dop1h§}iﬁfh07d~:hg tiR 8@ 6k fo‘ff'i‘ﬁr@the -ﬁaﬁlﬁg&hre'gmnsllb eRbwhhieRIGEY.. FIG.
el enments included in the channel formation

16, Fléig |1<’a'nl§l(1 58, andl FIG 0l %shovs egsultsipf anadyring megilfdogtmination of a
ttering.site nd 164 so a be

single Xy ol Ron P e B A ot B Rplr 8o

[007aLresuIt, the concentration of the netal elenents in

e channel formation regions 158 and 160 can be
decFKasky shaws snqqsyremente aesilintbyi fndyeévady £Bruplese Ha@maeMass

oo PACPISES SAMEL R VR BRSO ICELl connd it

hydrbgat aoms Hyoarc fumsédoping aietlmnlnir&fTCnﬁiphmnvﬂfSatdpﬁe ghastnddped with
iopns 158 and 160 is_in an ion_irradi atjon

hydrfggéb"?%"é? f é5ﬁ%°§w§wawﬁa%{%¢%&lhwa af* yilieon prynigyde film

was ff@ﬁﬁ@@& 5 nH{J\{IH&e gn rae@g%rt%w of r&oé’iﬂ%vb '&r}Fsltaq’L Sllll(Bfn Fhfek by a
6, FIG 17, FIG show results of

Plasmna@‘]@| mgthnétball umﬁzﬁh areck Naﬁ of a matérivgl eThe ydican wafer was

. i.lico rradjate dr ogen. .i

imacid SR BTGEEn 108 70RuR ol JHa BN o oping

metHods UlH ysirdbén | vk Gﬁdd\/ﬁé ¥ $ie esk BF aByMRSsn ions. In contrast,
Spectrorretry (1 CP-M5). Sanpl es anal yzed by |ICP-MS are

Comgparagive SAmalsp ds ailiromyates gevhiehna sxbyoraﬂxmwd@ é@mmgas formed
in GQ@E;HP%QP qn&‘é}"iﬁg s?i'l’hl:vc éﬁgﬂla@ t%(atngft @gd s t doped with
a ur as O (f O\Ng. /Xv

rogen ions Aias randf ac
hydrsgd:nmm oxynitri de filmwas fornmed in 600 nmthick on
top surface of a single-crystal silicon wafer by a
[007§i asma CVD net hod by usi ng SiH4 and N20 as a material .

Theggs| 16 %ﬁow@fr%ul{é’a@f lahh138k ?t e é,%ﬁa@ QYHCRAEN goﬂé silicon

through this silicon oxynit y an ion
oxymtrideddms W@am@henAwaé (ImqmrzaweaSamﬂw Xeb}gb.ﬁ’ -DS.t HﬁG 16 shows

n i.o Incotrast ara Iexlsa
metal/FBEH GABRe OB SIS oP1 DBREBL K Lr FES I Aok veen
SambRf ARHd oAt EShRpEKX UNERE, 1718 af £5ﬁ1 5288 bh tRNdAS shown in

hat of Sanple A, but not doped w hydr ogen i ons.

the ghoy PEFIGI1G.  Feomithsanatssisursulisdy I@ﬂ?aM)‘iz itagthonghtéha nenstaf Ti,
Zn, ME laﬁ&‘%’% én?erttﬂg Sﬁ;IICl)lJl 8§§]nitride films and the silicon wafers together with

the hydrogen ions. For example, Mo is an electrode material of an ion doping
apparatus.
[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 distribution is called depth
profile) was analyzed by secondary ion mass spectrometry (SIMS). FIGS. 18 and 19
each show a depth profile of the metal element in the silicon wafer. FIG. 18 shows a Ti
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
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oxynitride filnms of Sanple A and Conparative Sanple X

by 1CP-M5. FIG 16 shows netal el enents of which
woansastosat i ons are different by 10 tinmes or mBCE/JIP2008/060928

bet ween Sanple A and Conparative Sanple X. FIG 17 is

a graph based on the data shown in the chart of FIG

16. Fromthe analysis results by ICP-M5, it is thought

that ions of Ti, Zn, My, and Pb enter the silicon
underztpod it de fbalElcmBfts eher i SEIEOR WHEEEEH B ddpRBEHE hyolBa ions

t he hydrogen ions. For exanple, M is an electrode
Wlthﬁ’ﬁf’é‘?%/ PR i on dopi ng apparatus. [0074] Next, the
[Oo—ggstrl bution of netal elenments in a silicon wafer

doped with hydrogen ions by an ion doping nethod in a

depflhe dnalgsis romlt§ bh FEGSI 1t toi Iuintieatei thataht hth] d8@aination of

the SiBiepplests yPSPRMFE Secaleaeahomss gamrroRuse degbn ion

1rrad3£tﬂfd %—}Sargil?g&iaﬁlﬂé?ﬁég?cgfnleﬁﬁ’mn tHe E?{ﬁa%idl xje%faﬂ V‘@Bﬁgmbodlment

mod,grlg,fttp [selve This gngaln@mamlgaiaoxs |ang| getteniys isaperfiriied dn avyﬁf)&rss of

ol 5By NI Y e 00 B, B

Thewédrey smd:_er ﬂfdfl ctfﬂaet dﬁ‘ﬁfeﬁl Rb R iRSios AWIFTN c4H @supjpges@&fjby this
I sunderstood that the netal elenments enter

Cmbeaﬂﬂf%ﬁnm dhe iap FBdiavgnviy Ao Hydlrdoging h?@ﬁl@deanhbmt:amed out
pomﬂ@@l? 1519 | g'lg {gfgi%zln?a%Z@re%Bﬁ Aaal )iillgtﬁ is’ E)Sgla}/: Is{ivohﬁn tfﬁl {daimaged

reglcge i T onidootd by lusipgrandbn Elﬂtﬁn&@opﬁtﬁ)ﬁiﬁaﬁtﬁs ineeodmance with this
tion by an ion _doping

nar kabl ue to .the ion irradi
embiyiatnl ade; gmaﬁbﬁf*ﬁecaaa%&wepe B, moPkg e diyp GEFFHenft metal

conthdfitiba C{npb@gj \p@esggu s nmetal contam nation, and
[00 7%etterl ng is performed in a process of rmnufacturl ng a

&m conductor el enent , after manuf acturi ng the SO

sub or e.the effect of netal .
con atr%ﬂl% PEH {fﬁ&%ﬁ@ IVBEH% &Bg EEHETRE: A ‘Pﬂﬁ%ﬂng layer 168
contelﬂbfgdh&lﬁcbgenﬁﬁ B@mdde sh&Rn ikl FEGQI At | DflerMbrRfg RO m@f?l@h@ layer

net hod can be carried out positively in form ng t
168, gt Jegtmensi lérpeimecmattempemmr@ayanmfmhh 850 efﬁagEdSO °C

o) s f or an_i0 hower do
mdt%’%%a a&hﬁgﬁy O8Ee By Sﬁ'&%ﬂ#}r’lgﬁgi’ i ]ség ﬂ‘ﬁ@ﬁqsn‘ﬁm &ﬁgg@’é“copﬁ%cmf
layefsat31l bhd@52aNTHE iRRELENSE: g8 S BOYSImddNsy QbSRRingOfilicon
metal contam nati on can be suppressed. [0076] ‘Aft |g

nitrideh er [5igpn nitsigle rﬂ?ﬂ@e blbra plasihy & VRgmethdd getor éIelcwg 35arfC. By
suppll}qﬁéI h éroggn n%/ ﬁle semlconductor layers 151 and 152, defects 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
compensated.
[0077]

After that, an interlayer insulating layer 169 is formed. The interlayer
insulating layer 169 can be formed in a single-layer structure or a stacked-layer
structure by using an insulating film formed of an inorganic material, such as a silicon
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
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cont ai ni ng hydrogen is formed as shown in FIG 4.
After formng the insulating |ayer 168, heat treatnent
wo0@aséan med at tenperatures rangi ng from 350PQQIPIHOS/060928
450 C inclusive so that hydsogen in the insulating
| ayer 168 diffuses into the sem conductor |ayers 151
and 152. The insulating | ayer 168 can be forned by
depositing silicon nitride or silicon nitride oxide by
mterlayéﬂ iasutatifgV/Ryse 1 6@ dndatmﬁiigsbﬂ(l)me%ﬁnékﬁas Byovau ppFL(l‘xng The
ydrogen into the sem conduct? a}gers 151 and 152,
wmna&ﬂ%@%n Dmfarmed yeineiareadiqiyp Silmgv it adkree laygr SiFpstne in which
a 10‘@%3%1{&9 ugdaf fllrﬁysﬁa% ad b Adickn? 6% & ad Qﬁmhﬂﬁrﬁfailég ilm is
et ween e sem conductor layers 151 and 152 and
sandwithed bettwegn bayrier niefd fims. bEhebimier mesll filws epehs forewtd using

077 t hat terl a | at I 169
meta} B i et PoisbiuybiebionSiin 6y Hapul? s318an be
[oo78rmed in a single-layer structure or a stacked-layer

structure by using an insulating filmfornmed of an
i noFlyangle theaatmve stepss ashmiponducter desder byiieg the niehapnel TFT

and REBRSRR PACRIS R0 Gc8] 8Rke HelihiaPlieABy@ ERANCE in the

chanddl€6rm ARt ragiond @ﬂc%&tt&fe& nito thegetiching lsgh rdglisnthe feffagtest metal
insul ating | ayer 169 and W r| ngs 170 are forned as
contgMPAHOn FAYSEE 14 2 MIoseshi of . mgau factgripg A HEFUMNERT Jevicg can be
uc I
supp AL bR for Mle"oh b, BARLORAT, 0 LoH IbAIRE At Wik
massmepaatla:h isndo pmfairﬂady:aﬁ |b|c wansadmn gosm‘trﬁ'}yi ihthe weeprof formmg the

bar,ri er metal rri i | ms can be
dam g OB ST i Mt OF PoRREagRr of TSP L st bonum
[0079Er om um titanium and/ or the l'ike. [0078] Through

e above steps, a sem conductor device having_the
n- chictha enetl’mn‘rofan@mtfat@urpngm seRiepndrctor «gricp shown in FIGS. 1A to

o BREEATHAE 1165065, 400, BPLachEPERAS ASLARR b kil

the @sfetiffisng Biogs (LG Giffsrent ReepefromCthedtepref atiding the Group 18
contani nati on caused in a process of manufacturing

clemgpiyihewguucthsse sens e 'afanerﬁgﬁ@e}ﬂéﬁ%%m timger E%?’é‘mﬁlﬁem a
case o Qdﬁ)iﬁg%aéog{ fHid n(ﬁltokﬁ{bn?sy se?ﬂ 99 agﬁﬁbln& tﬁ@%&ﬁfé{)ﬁ(ﬂ&%'l&%m at

not per can be carrie
the sa0®I tim&/eal pited gahefAwrpl,odnd Bﬂm@spmﬂe)omrmgmobdr@gmﬁ MAr and

as one of steps of nmanufacturing.the SO bstrate.
PH: g5 U5 26 M ORERHAY of HERGISCRGINEAIE0R LihhIRm eringas an

acccg%\’ Ltcg ﬁle%laﬂl\ﬁfbnﬁﬂctgﬂ Q?ers Ia@th'é%aﬂn@’tm’;:é @nixdd ghOof2Ad, Irﬁ, 539 B,H;

3C, and donors and accéptors are
(diberdukdrtagnixed gas ofAr and B2H6 may be used as a source gas.

[0080]
(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 1.
[0081]

In Embodiment Mode 1, the Group 18 element is added in ‘order to form a
distortion in the gettering site region. The increase in the additive amount of the
Group 18 clement will cause the gettering site region to be distorted largely, which

results in that an effect of gettering the metal elements is enhanced further. Moreover,
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the gettering site regions in a different step from
the step of adding the G oup 18 el enent; however,

woOhemasei4eps can be performed at the sane ti nePCEIP2008/060928

exanple, in a case of addi g argon and phosphorus
serving as a donor to the sem conductor |ayers at the
sane tinme, a mxed gas of Ar, H2, and PH3 (phosphi ne)
or a mxed gas of Ar and PH3 nmay be used as a source
since thagettdringasieasgionfis futdiedgn ahegmmacmﬂu@f@r dayes sitighreprsidtutes 2

pr o R SR SRR LG R hRAEgd e

treatm@RS 0P At RRE %Hées@rayﬁeezeu@edf @ doERUreforgas th CR3AY 18
mam( oogfén%nt %/bde 2) This enbodi ment node will expl ain

element ingthé gektasingf sgﬁemeglgn as tpst high,| thg lgtpf:eerqn@glpso@fsqoﬁeg depending

on the[ B@fg%setﬁﬁlp[ge Irg %f flerl O%% %efﬁﬁ?rﬁm\&)& Elgglgeg @Fgﬁ%ry%}gliﬁégnon

difficadée doinB @E&er "ﬂh@ref(&émlﬁrcd listhoridk ehat ithe Bh@t ges;iStendengf the
site region. The increase in the adltl sﬁto
getieringSitgrregipn canmert dpesutiaigntly destraged /B Qé(t &R gt fsxample

- the co{lﬁgi! 1?,%& tra{f eh?ﬁﬁ'w?ﬁ e% %&gh E&%cxme%}hﬁﬁlaﬁl@su' ts in that

gett e netal el enents is enhanced
[0082] urther Mor eover, since the getter| ng S|te region is

d_in the conduct or. r whi stltut
parkegors s eamearaueiar valtsbn « Peteg S ArlbY s fpe
site re%ﬁfnf Which & Eﬂﬁi&ﬁhh aifbi a %ttéﬁ%oﬁ&ﬁﬁ%ﬂtm% sarely makes
gettering process. mever e concentration of
an impyréy @giorploperesistant ity Heat ffwnglétfﬂ'éﬂlierﬂ@“%m’tge region is
[00833 oo high, the lattice remains distorted dependi ng on
he process tenperature of later heat treatnent, which
maes stepeexpidinyd troEmbaditneanMibide fli eith tefemneoiRIGSs 84 to 1G
Therefore, there is a risk that the fgheet resi st ance

and FHES¢ a@‘étzﬁeﬁffP merierped.  NFxENn QAL 1BER ShHeRg Yif fegions. 2
resist G,l%? ??tgﬁn o@gld R’ RRli&Buibata ﬁexf P41 Eﬁ%ﬁﬁrﬁ‘és?st 18D s eRteaGver

vvlrlng gets hi gher becone remarkabl e
the seﬁrﬁ&&ﬁﬂucﬁﬁh myeif bﬂe as tshiwen enbie |5m‘e ntThn:tﬁk@uwlﬁlelmmtSamn aéded

0 hgrmPEIBEET Wes??sfa&iﬁéé” el e A OB Romasts,
wher&? téérlﬂ'? %ﬁoht@ﬁ@B' dr¥ fbﬁﬁécpih ks dn@ishisdutt , la@t fBiahnd
eat nen he gettering. [0083] The steps

getteregp$itd regibnis riSErmgcfpmd invhgesemiggnductoe fasiee rlé% (858 FGESA)-
o bl 500 ) LGB o 5o

184 can be set in the range of from 1 x 10 atoms/cm® to 1 x 10? atoms/cm’ inclusive,
and is preferably in the range of from 1 x 10%° atoms/em® to 5 x 10% atoms/cm’
inclusive.

[0084]

This step can be perfofmed by an ion implantation method or an ion 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
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
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resist 181 is formed over the sem conductor |ayer 151
and a resist 182 is forned over the sem conduct or
woay®risd@2, as shown in FIG 5A. The G oup 18 elPeman1088/060928

are added to the sem conduc¥or |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 gettering site regions 184
mumgﬁe formed in the sem conductor |ayer 152 (see FIG

A). The concentration of the Goup 18 el enent in each
[008Bf the gettering site regions 183 and 184 can be set

in the range Qf from1.x 1018

at o-#]seflc{?ﬁ S&Ra?agi‘\?é??‘ea%‘) %‘%mﬁr%%%{?fsgg VIV%%% ﬁleér%’gé%e Yep of

formfrféomb]sid%\xgaﬂ ALAEBAE MyeR Shownlhh RIGRD,cmd the sk vRadding the
[ 0084] This step can be perforned b '

y an ion ) )
donorsyhasn an iFbG 3Bt are pesiormed. Whergby indruetin $80%8 ipnFiGh B is
step pf  Fl : ' ' ' :
ool 550 PR P o B0 A edmain,
regiod l158,betype hightcaatentdatibn Viinpurigs regions 183t arpl thpo getferingesite

shapes of the resists 181 and ,182 e adj ust,ed.
regiann ol Rgete P! &) L0 PaBCRMUICRS Jasit i otaal 3P SGIBPREIGTF )  The
itk BpiHRSI83t 1 aattivalBeReise dofbisGe Sddclfd She st
e

of fomting shalligleatricontrgfont frapyéyt weiong Bi5t e Pedho thergipnd, the

cvatofsyreRR R B SRt R U6 e 19, anc
the gze%em@ Gitd Reionk dsmatd formed iihie RgmicondiGoshgur S2moffd gschannel

and the step of adding the donors shown in FIG 3B

TFTar $hp@ettaingetite 1WHms dp4dhave MotypecandirbiiHy ibgcatses acegpiqrs are
bt &l nedl - - L rd FBHATSOY

adde%elﬁ ?‘bensggpl%%ﬁ{lﬂé%ﬁgiﬁhgl%%?ﬁngﬁ gﬁﬁdrregir n 158, n-type

[008@] gh- concentration inpurity regions 185, and the
gettering site regions 183 are forned.i

. t he .
seniThemhdaett teRatmenidy PamEarmed a4 feRREAYFRIAR therpngerpf from 550 °C

ttering site . .regi,ons. ,183.. i Vit
R L T e R A
layeP i1 S1 2k BeOfREERbIs adedTRIHhe tsymicepiagtsr h§er 1300 tArehetdree time,

hand, the channel formation region 160, the Q-%ype
the micyH- clomertnt goatainad iinihe idhynned fiognations gegionsy Lpheind 160 are

tteri .Sl ' : ~are . i h .
sepaggcﬁ%!l S%tngd]gié osreqpfgstgér: g{l&fﬁ&%fsng r%g_léxﬁil 1;1%2'11nd_rl_‘léltll_f 1%_s|_geect1vely s0 as to
be capfubel inge ghi@inegicongionS4shaue 1841 yPeus; diedamicenitipn of the

metrh DU EdH CHAREk ORI Egorabrom Hhs Seet 10
[0087]

]

Subsequently, steps similar to the steps described 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. 5C. Through
the above steps, a semiconductor device including the n-channel transistor and the
p-channel transistor each of which has the channel formation region with reduced

concentration of the metal elements can be manufactured.
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Then, heat treatnment is perfornmed at tenperatures in
the range of from550 0OCto 700 Cinclusive for 1 to
wa4odsosemot o activate the donors added to the PCT/JP2008/060928

sem conductor |ayer 151 anc7t he acceptors added to the

sem conductor |ayer 152. At the sane tine, the netal

el ements contained in the channel fornmation regions

158 and 160 are separated out or diffuse into the
[oosgettering site regions 183 and 184, respectively so as

to be captured in the gettering site regions 183 and
(Embpdimentidede Hhe concentration of the netal elements in

th _ . o . )

docyis E86UipisAL BRLE AR cERaRtt, SahyRor Lol of munfacturing
a sensicepRiceesieviche dinhisremsfdmentcmods aFe@icbndngopwith@hesghorus

whereby the insulatjng | gyer 168.contajning hyd e .
addef o r ePICRY@ICAT S P AROMTORSy B0 DEGR. SN R 7 Flglorming
getteﬂizgs 1f.e‘egﬁ(glrs_mad as shown in FIG 5C. Through the above

st éps

sem conduct or devi ce including the n-channel
[008%} ansi stor and the p-channel transistor each of which

has_.t he chapnel, .f tid.on . .regio ' e

e SR AP GRAEE, A et AR pr0s. 281020
are p¥BHhact uriedn 288 -ddnabaeitior NinpMidereglond N5% are formed in the

enbodi nent node wi || explain an exanple of a mst,hodlgé are

semi@iuetos tlayar i Laanslethe queg dtish-comepnigion inpyijty regions
fonn%&%?ﬁxie'g@ﬁco%\gﬁor lg},&q_rgbconduct or with phosphorus added
an u

a sem conductof W th phosphorus and boron added
[009a} e used for form ng gettering site regions. [0089]

First, as ex i ned. i n Enbodi ngnt de he steps
Shoth AV ETERIC Ay 9198 B S BB RSP Y AL ey e ERconductor

layed QY1 CARC B kahicBRadciRULEY 158 %C?D Rf bR 7dépify AR ok Man ion
the sem conductor |ayer 151 and the p-t

ype
implhitgtierc oredlent. r Sthiostep v wdiling the glooers is %ﬁgﬁ%edf By padgr fon form

the sem conduct.or |ayer. 152.. [0 0 '
BeUSERE ETBEOua U S LWL Y Ldah oD 1P The BoldhFmay be
phos?ﬁ@?u@%@@kh‘éhféf aues stdp lihapdictdiect®dnilsdand aleasiddvaieinsulating

52 by an ion dopiar(rl;? method or an ion inplantation
layersetlogerva rassmasksp and nalape hagh-prncapirdion mypusiey regihsyy 19} are

or.der, to for ter Si [ Mg tration i it
o S BRREFLL D81°L 5o 8 G0 Moo smparit
regiGROBJING fusicisn &Y gakriag sita redibss, she poncehigatypat & phosphorus and

el ectrode 155 and t he, ﬁi dewal | .i nsul ati ng ) ] .
arsenic in total contained in the high-concentration impurity régions 191 is set in the

range of 1 x 10%° atoms/cm® to 1 x 10% atoms/cm® 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
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
layer 152. In order for the high-concentration impurity regions 192 not to have an
opposite conductivity, i.c., 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
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| ayers 161 serve as masks, and n-type
hi gh-concentration inpurity regions 191 are forned in
woheosgisai4conduct or | ayer 151. In order for thePCT/JP2008/060928

hi gh-concentration inpuritysregions 191 to function as

gettering site regions, the concentration of

phosphorus and arsenic in total contained in the

hi gh-concentration inpurity regions 191 is set in the
FIG. 2@nga cohcehtrstidd) 801.5tto3etimaeBhigherithan HaP2f thcclohdosdlded in the

i ncl usive, By addition, of hoaghorus and/ or_ arsenic to,

. of p

step QfHEGs Bk ¢ SHRce P-1Y RS BIBh 09 RCHURHP™ ITPYIEY dBHERh i Tatqnipning

phosSRCand 1t a0 PRk Cor SRt (RO L GRR ol 161 AByex
al so function as a source region and a draln region.

152 [d309h§ pPlobantehodF Tar theadudal tedemdnds sean clendgwtered | myeer the

.. 152 on the other. Thrao his step, th at o
high-EPREREAD TR RniPSIos 157 B EHt e SR ak ?ﬁﬁ%i@? sC162
[009BEr Ve as masks, and p-type high-concentration inpurity
egions 192 are forned in the sem conductor |ayer 152.
| n Swbsaquefidy, lehe trbatglenc imaetivatatg tha domprsr andyageepfosnand for

192.not_to hav Q site conductivity, i.e., n-type
EeHCRRHIFEFTOURES, LIS DB TatOrA iR oS £ <P Fsnh e of g peat rckbiment.
The 12GE GRItRIcAL i%r;ferféﬁﬁ@&' aft t_@mb@x%nﬁést Rfe 'Pdn%@ of YRGELAL 8t 19850 °C
inpurity regions 159 inthe step of FIG 2C at a
inclusive dent tal#t doust whesby theddonare sddedghehe sémaigondmtordfyer 151

he dopors ded inp.the step of FI 6A. en the
and the BB Snd dtre alded Bt Fhpthrduyrdgfis ot B aiated. A
the s&R8 tiaid) ROmPHP SRERAIs oAl Al inahs EingePforation regions 158 and
predeterm ned concentration in the _sem conductor |ayer
160 215 sepgfatedheutror liffusg anto therhigheeneppirationsingysity £cgions that are the

tered J.nf.o0 e _hi c .on_ | [ [

oo G 1Ll A0 RUBERAER, LOTh) TP RS s
high-Soiea et Inypurhe adgidnsetinmdt 19201 That is takay) ghe bencelatrarion of
and acceptors and for gettering i erforped. . FIL.G 6B
the mealelempeis iy thegrhapagh formatieg TSglg’f‘%iﬁan‘% ke prambe decreased by
s R, T b e o B PP Pippg s in the

rangd ofcfroraiSee °Cao 700 £C ixeludieur s, whereby the donors added

to the sem conductor |ayer 151 and the acceptors and
[0093onor s added to the sem conductor | ayer 152 are

actyyvat : i ; t

cor St pr el I (D dese el RIRL ElCRIEED FIP. g e
perfoamed,s epharchye theo iitsulatingli lhfars €68 mootaitieg hydrogen, the interlayer

. hi.gh- con tratjon.i.npurlty r.egi ogns that are t

insulpifh BSPhEes g thegie Lrpiare el Tha8isfiEic, pC. o Jhupueh

the abBvd Step2RL bR cloP A CH hiNing MCRRhAMR] TFTI dHAUKE tpVchannel
regions 191 and 192. That is to say, the concentration

TET gfn bhmanwfaciured eSiree shd proedse iscpeafonapd fageattar thematalgilaments,
whictln 5a§e ?nrc]:ijud%g 911 ?l?enchg%ng%ﬁga 150%dregi)6n, into 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 an 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.
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this heat treatnent. This heat treatnent is perforned
preferably at tenperatures in the range of from 500 0C
w0QosdB6@C i ncl usi ve. [0093] Next, steps sim | *CTUR200$1@60928

steps described with referemce to FIG 4 are

perfornmed, whereby the insulating |ayer 168 contai ni ng

hydr ogen, the interlayer insulating |ayer 169, and the

wirings 170 are forned as shown in FIG 6C. Through the
[ooo@pove steps, a sem conductor device having the

n-channel TFT and the p-channel TFT can be
(Embadimtntdvioded) Since the process is perforned to getter

th taI el.ements, which are iLnclude t.he channel

for SROPAIRN, Madeo “{‘ﬂ otk ¢ nﬁ‘gl ffth actyrpe a

semle&ﬁ@@tor QbvidBtxdth heNkA BT NRISONsULBH&EA 31N Wil &@&S&eotf) FIGS.
manuf act uri ng a semnm conduct or devi ce can be

7A tguidp end $3GS. PAceedGrdescripiion will bergimafter belinzadeom bymethod of
manut%&flgggemg «ha %‘?%n%"“}' Gl 51s O IR ; epoéhr ﬁﬁel?ﬂmt%lm g%nsbstor asa

e carrie postlve

mettfodrdnnmufd&mrﬁ@m&dcdrﬁmu@ﬂ daﬁcQ I’lﬁe@ﬁ E&lbeﬂﬁnaft Mode 1. In the
manuf acturing the SO substrate.[0094] (Enmbodi nent

method pé mepuipsiung RSsEHsARdCtRp Aevich I Embqsiment Modes higad, e step
of FRHLAF LR, 3L Sl g L KB B il v

of the[>@hslibstr@s. foBéadhoel&ﬁ‘pntdasdlchlng (o)} mdtxiasthmr his) afgeaerih)@ site
.made on nethod of ma ufa nne
regic} P eghig Knegheonicler Bl roPiaFoE PasiLIEpBRt in the
nmnaﬁdﬁnﬂghﬁﬂﬂxﬂﬁiﬂﬁ@H%@ahﬂﬁﬁﬁﬁm@ sem conduct or devi ce,
li ke in Enbodi nent Mode 1. In the method of

[009%hnuf act uri ng a semi conduct or device in Enbodi nment

Nbdﬁﬁ} ]7AF i9a cr?sts r}gcti:f)n%ﬁn%fﬂ gﬁﬁ{%g ﬁ%&frﬁgel%tlenrlﬁrp& ocu%rteg rby the

regron Is ormne € sem con

metHoﬂy@EcrﬁHedt\hﬁh STbreacdst FE}SE 1fAZ)fo B6.C Tl smmEibdndutor layer 115 is
etChln In contrast to th a etterln site reg
fixeq §V¢rothﬁ@asq sribstrate ni0d owidy éliwo%nsvla%s layer 6} % apd |ﬂ|1fgbondlng layer

19 O TR SR SHETE L TR ALV Bt o

insulatiog §ilis dt24 anbthe wselatiof fillnedd 1361 substrate 131
0 gg?nufactured by the nethod described with reference to
[00 IAto IG The sem conductor layer 115 is fixed

OVeNek et HdReLival Srelfdim¥d th e Nemichal @bt ngell 8" FIG.
112 and“t he bondlng  ayer 114 interposed therebetween.

7B ﬂhe:rwswgd;tmnuahglehra’@e desciiDitgas stap ohvdorimanye thesgettering site ofgions.
The tgxl’::]t?er{ng sute %élcr)] zIr!z lfcgnrm]é%izs% a3 rl]lg)t ohl%cllu S lp’l(l)r?' tO{’lSn %hgrlel srg]mlcon uctor
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
by an ion doping methdd or an ion implantation method, thereby forming gettering site
regions 142. The gettering site regions 142 can be formed by any of the following four
methods.
[0097]

In the first method, the gettering site regions 142 are formed by adding a Group
18 element to the semiconductor layer 115. As the Group 18 element, one kind or
plural kinds of elements selected from helium (He), neon (Ne), argon (Ar), krypton (Kr),

or xenon (Xe) can be used. The Group 18 element can be added by an ion
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[ 0096] Next, gettering site regions are fornmed in the

sem conductor |ayer 115. FIG 7B is a cross-sectional

woizew/5er40descri bing a step of form ng the get PETITRN0S8/060928
site regions. The getteringosite regions are forned so

as not to include portions where sem conductor

elenments will be formed. As shown in FIG 7B, elenent

formati on regi ons 140 of the sem conductor |ayer 115
impRARER it WiWHIcK 8RbSicparafidn JkridREA bf ¥n nem$m@{h%d in

.added by an ion doping nethod or an ion inplantation
whichomggsgsepamtion Bynat performedy e tAk fanndppiig methediio peferdidle because

- ' it i ans 142 n.be f d by any of .
act 48 BEp Shdhel, | Fnd SRR hsaR Oty W Aihendin B peferng
site reRlidiBdl42t i§ @refeiabBr §1Gn $hd AnEESF Bdsn 14216% ardo/aBY Y x 102

adding a Goup 18 elenent to the sem conductor |ayer
atormgfom” inglugike Gr oup -18 el enent, one-kind or plural kinds
[009‘8j el ements selected fromhelium (He), neon (Ne),

argon (Ar), krypton (Kr), or xenon (Xe) can be used.

The Tk ainp of 8ddihg MeNGrapni delemdned tBY séficonductor layer 115 is to
form Q04 NPl ant at.i OH met hod in which nass separation is
ormy, e SIngeHes i 4he SeRIPBAngier aendtd by distpdingnths semiconductor
aveS SDRT af] , ; . g et )

T e ok o batDuad B b Rt ik Mol R oP 3 Goup 15
elemenh c éne istthe forofatiph ©f Ganglinglidones émenystalsiby hédige thee Gl 18

sife igns .142 i.s.preferably set in the range of
clentht nd G 5% 4 0 Bt Bl oo 15 stenient hepian crvsial attices.
foo9oncl usi ve. [0098] The ai mof adding the Goup 18

el ement to the sem conductor layer 115 is to form
get e thegeeonde sethpd; an getype oimpueitorregiayeis faredyby adding

' Lt ] r J,ayer 115. There arg two
phosph S 18 WRpkehlIEorRfitof RRHTLE RN gy B GRaGH b gisenic.
AltefBatiugly,1 Bothl phosphoru©ngndi srstiie hey et hdiedof TH8N&ncBftration of

bonds in crystals by adding the Goup 18 el ement, and
phospherug apd arseic imiotal #d thei astetng sitearegion ipset & tieamaetof from 1 x
20 [ AVES attices., [0099] In the second nethod,
10 gﬁﬁ%g?%ypté k xrr%@%fl{c’)?m/céﬁilgﬁluglé’e‘f ormed by addi ng
[010phosphorus to the sem conductor |ayer 115. Phosphorus
may be repl aced by arsenic. Alternatively, both
phoipthe rthisd aprihed: sam-typedinpusdtyacigen. witth wotuienthe ZBionp 18

o, BP5RR8 W] 36, Exbl B Shrdh s ST o e
semiedraiusiot et d13. XPHd3gRoras e/ tei@plabéd b hiéenic; 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/cm® inclusive. Moreover, the concentration of the Group 18 element in
each of the gettering site regions 142 is preferably set in the range of from 1 x 10
atoms/cm” to 1 x 10?2 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 Ar,
H>, and PH; or a mixed gas of Ar and PH3 may be used as a source gas.

[0101]

In the fourth method, phosphorus and boron are added to the semiconductor
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[0100] In the third nmethod, an n-type inpurity region
whi ch contains the Goup 18 elenent is forned by
waddisngetshe G oup 18 el ement and phosphor us t oPCHEP2008/060928
sem conductor |ayer 115. Prasphorus nmay be repl aced 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
layet ih $uBR anvadydBaBorbh &died mkbPe had phoFHORIsota? td formldh impurity
.atons/cminclusive. Mreover, the concentration of the
regiqy BUpATHRE PP Aendustivib h Thpsphosugymay deimplasid by resgiions The

gettch® it RERALARhANIEPRODROAS HANEAE il L ook ation of

cm i nclusive,

fronPl &f ' albinsiat® th % hg* ragiggcd’ inkh@fel Thd @38teatr B S Fbron
. . to 5 x 1021 atonms/cnB inclusive. For exanple, when
is 1.31magsHe Budmenbigheigiban dreecangeritnrtion of phosphaiusemd iesenic in total
: . time, a mxed gas of Ar, H2, and
mCth%?%Fé§gﬁ?§@%g§§§g%§Ar and PH3 may be used as a
[0102purce gas. [0101] In the fourth nethod, phosphorus

and boron are added to the sem conductorl ayer in such

a vvﬁ‘?tef FERROiRs B rruistldd e heatdeatmant for gsieintbispsriopmed;  FIG.

. 2] | p_
7C 18 a0 Pl LS00 RN ClrRhe D THReh heat trogtment a
tempEngugetit éhé rangs i dfefrome giSOr’ @ an 850 CClidelugiho Sph oo 24angs, the

rsenic in total at a concentration of from1 x 1019

metaj? P&“n‘e‘r;lt"ée in,thq pesmicandiieior dawst L pigspR@redyip dhe gettering site
regiGiRNCRNT MAkduM tRis QY Rfatingntl e 1h Hpéleltngntg ihdill&3 ' 0 Element

than the concentration of phosphorus and arsenic 1n
formatpmlregions 1ifbubtiinclutiog gt irapuritg ekineaty agisepuratpd H0LHr diffuse

ter renoying the resi.st 141, heat , treat t for ;

s0 a4\t G APREY b e et Tpreaions 4322 48 bRt ercgRcentration of
the 19¥@] elefieR@ iA tB EBmeht fohBati@Pfegidn@AORAN be HRERHED. NGRS heat

treatnment at tenperatures in the range of from 450 0C
treatmgn 8B Preferabhcpariirmed abtemperaturgstinthe rage Of romeitil °C to 700 °C
irlCluelvemsnt s included in the sem conductor |ayer 115 are

ébﬁt ured in the gettering site regions 142. Through
Knggﬂis heat treatnent, the netal elenents included in

the el ement formation regions 140 not including the

i mpliext yhe seicanducirelagep itnisetobitad for wich foleeeng dyastching,

o BRSBTS 551 DAL e SR i

consétuessed pait @f it h-oRanheDTBTand 40 camnicaRditesT Iapsers? ddusttutes a
heat treatnent is preferably perforned at t eg)er atures
part o atiehangplyBE bt Theogstspnecite degions &3 el rgaoyed 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
element 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 remarkable due to the ion irradiation by an ion doping method in forming the
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
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[0103] Next, the sem conductor |ayer 115 is isol ated

for each elenent by etching, thereby form ng the
weenmisaisedoct or | ayers 151 and 152. The sem con@dTipr008/060928

| ayer 151 constitutes a par® of an n-channel TFT and

the sem conductor |ayer 152 constitutes a part of a

p-channel TFT. The gettering site regions 142 are

renoved by this etching process, and the sem conductor

semibehREtfr i@t dattérZmakiFadt@inge thes SORSubidiatd. O Thredforde sinhe the
gettering site regions 142 and boundari es between th
effecg ef m@ral gontemiration enoriEls xap ba sUpRIpSCS b Hdhembertimsny I@Hde the

on 500, R W AP PRI e e

damag&aregbﬁﬂmont am nation of the sem conductor |ayer of
the SO substrate becones remarkable due to the ion
[Oloﬁ}radi ation by an ion doping nethod in forning the

W%@genﬁﬁghﬁg:torﬁyérg 1HBod 520 ABAES ad sh@vidin FIG. 7D, after

ment no isto solve this netal contam nation,
isolaang tlgaestdnacmm@ctos lger Loy nﬁﬂlelﬁolaupﬂmt@&; aath element by etching.

The RGP NS e LSOOGl f 200, O gl I heapfegs the

semi%f)xﬁ(ﬁﬁ:tor%yé?fﬁgg|coﬁﬁﬁﬁt@§rh PattioP A pPEhahfdISTERN Nékt, the steps shown
pressed in this enbodi nent node, the ion

mFEG'S’ aﬁitet%ﬂewrfaﬂn@bﬁ 1ﬂ(ﬁmbﬁélm§tt%@¢%hn be carried out
[Omg‘ﬂsnlvel y in formng the damaged region 113. [0105]
e sem conductor |ayers 151 and 152 are fornmed as
ShOWIG.I8A fsldGerékd-seafived viesobfia sergicbhducs@ndevizedmewhich the step

| ayer 115 of the SO substr tefor ch
of Fitg 2 he bepr@esiopnedndtierssie ¢ a%idei 455 &B%i%?e ﬂﬁégnéd over the
b
PR  BRAE1S L, TEhec 008 /By RIS s
theréﬁ&eweﬁne pghs rsoderw. aillnnﬁﬂmg 1aRrs d62Bnd162 peg faymed dn agntaﬁ with

di ne Mode 1. [0 Ais Cross-.secti.on
e SIS e EATES 54 ol OB RSBl
layeF !1531 tROn hgse l@%ﬁéblﬁgﬁtf'%miﬂpur_ﬂ?Qeg@h@lﬁ &¢d the@dasnntbformation
156 are forned over the séemiconductor |ayers 151

regx@m asaa@ forraeh e clnj the bgmigpadycton dayiend 2.4h¢ Rdypalyigh-coggentration

ol SHEBREE 1 BRSSP ) R

[0o1gr faces of the gate el ectrodes 155 and 156,
res ctively. In the sem conductor K 151
%@ét |thgsaBiceRIICioRtlRYSH 15%&?9%@96%@5 éﬁ*&r@ilﬁ%l% dsshewn in

FIG.Cgﬁ.nnﬁl oIcf%G 'mtfbx%'? 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
ion doping method. The gate electrodeA 155 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]

The resist 165 is removed, and then heat treatment in a furnace or laser light
irradiation is performed Vto 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.
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region 158 are forned. In the sem conductor |ayer 152,
the p-type high-concentration inpurity regions 159 and
woheoscisenanel formation region 160 are forned. pPOLAPI008/060928
Next, the sem conductor |aysr 152 is covered with the
resist 165, as shown in FIG 8B. In order to formthe
hi gh-concentration inpurity regions functioning as a
source region and a drain region in the sem conductor
4, as indymbodibiktnt Modadge dosage of donors are added to the
[01093em conductor layer 151 by an ion inplantation nethod
r an ion doping nethod. The gate el ectrode 155 and

therrsi devad la ERSILALOAN VR¥ELS al 8dmRBhNRLIAS dBRSK haviidihe
n-type hi gh-concentration inpurity regions 177 are

Y
n-chapipe!BHT anketha-p-gipantl FHIc ol 8ns cabodimsanipuede; pince ghomeetal
e R 1P Poe SRUAE RS T B BB B g

site régi6md, BRNéffdch oBmbctal Bamemaiatiba susell i Rprddes Ak @bhdhctifing the
.perforned to activate the donors and acceptors. After
semigopgucton device Kan M suppressetl Al hsrafgise therjom frgadiation by an ion

. . t ] t it ¢ .
dopiFHE 88 1 OB RS I b6 BORR DotDRH R i B GR 3B Rety
in the sepofsfeahingnht daimaged fegioms enbno oflsiepo of demufaetunmgi theg SOI

t he n-channel TFT and the p-channel TFT. In this
substidltyodi ment node, since the netal el ements included in
[o11djhe semiconductor layer of the TFT are gettered into

the gettering site regions, the effect of netal

(EmbodimentiMedeiOn caused in a process of manufacturing the

' d i an_be . d.. Therefor. h
ot e theh oS8 AR RonAERR PSR ERGEal Sor

substfeef aviaEh BrliffsrefOfrorehd Mefiidd degdiibee itBiubbekhaeddMode 1.  FIGS.
positively in the step of form ng the damaged region
9A 10,20 e cross-seciignal gicyin plivaBg an icpgnplsof 3ancthod of manafacturing
Enbodi ment Mbode 5) This enbodi nent node wil |
te. ;
ansc[é%%gﬁlanéa met hod of manufacturing an SO substrate,
[011Mhich is different fromthe nethod -described in

V1 VS HERGiorCoe i UL G0 1§ S AP B an
SOI @ibstesdk i§ Prsfatédl ©The base substrate 101 is cleaned and then an insulating
layer 102 is formed on its top surface to a thickness of from 10 nm to 400 nm inclusive.
The insulating layer 102 can have a single-layer structure or a multilayer structure
including 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 its
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, a
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
insulating film including a metal oxynitride such as aluminum oxynitride; or an
insulating film including a metal nitride oxide such as aluminum nitride oxide can be

used.
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[0111] As shown in FIG 9A, the base substrate 101
serving as a base substrate of an SO substrate is
wonepasedo The base substrate 101 is cl eaned ardTURENS/060928

an insulating |layer 102 is #ornmed on its top surface

to a thickness of from10 nmto 400 nm i ncl usive. The

i nsul ating |layer 102 can have a single-layer structure

or a nultilayer structure including two or nore
[0112]ayers. Like the insulating layer 112 in FIG 1C, the

insul ating |ayer, 102 can jnclu an . insylating film
contVAFmithy Besg isubiiraly 10ér Waﬁlstﬁ‘g?tﬁﬁe lf‘é] @BEp%)‘%ll’PPBWY which

decreakids! h@%eﬂab?lﬁté'é\fotﬂe géﬂn?{%flﬁﬁét&] dé‘n&' lsh@PRs B fl'rgﬁalf bxl Hikaline

a silicon oxynitri m a silicon nitride oxid
earthfmktal, the gesuha'ng dmyemdiO’elepréfekahly mchetesmhilaast ong taydlecapable of

prevaiF i B RPN b bl SRS 1Tl BF phficonductor

layer! 0¥¢hd/GON Qu@trﬂi%t a'l“h@r)éfdils 184Ghe ARuRtHE M DX itkteinsulating layer
tantal um oxi de, or hafniumoxide; an insulating film

102 1Srm¢ﬁ9tnbﬂﬁgfqm¢étsalas ribtin¢lude atulenst pne dayerion @rﬁﬂmcmrmtmi,e fim, a
smconlnx?HL&t 308 filgh My Ag&&ﬁ%{‘ Eité%d‘{rﬁ rﬁ? OAIYXHPR.\F{ Q?né US:Qd«?%lm, or
ul’a 'ng a

mnmoxn’tr or an ins
the liket al nitri de oxi de such as alumnumnitri de oxi de can
be used.[0112] \Wen the base substrate 101 is a
[Ollglubstrate including an inpurity which decreases the

rel Hshfaﬁ fl:?}tepfikﬂéeéﬂncw rsiglfy ﬁ)ethesiﬁgllﬂaﬁﬁ% Ilar?fger 112;

al kal i rreta al 1 ne eart rreta the 1 nsu
howdvay, ewheh(lﬁe prsefaging W yier 102 hagle swadtlaee aisucttme theayéq:r of stacking

b f t f f
layerf FEPB AR E BERY G TR £ 1S PRESEneeBhiet OF ofis) fords  film
with aEgPBlockipSdffRt or prb@ineh lidputiiyk@idi6n,| sﬂ&ﬁ'a@tal di8con nitride

layer 112, the i nsul ating |layer 102 is preferably
film.f  sikisgn gatndg qxgdq Alhuae 2 mllnérasmtr@fleefllnay@rr aipfalygninum nitride

oxid¢ F im 9 Pormea ms]u alrfrl]r[%% ‘rilﬂr%xl i 2 hlch éhtgqmgér lglierf {0 z?lhllc‘?i(ness

Ui hum Rt an alum numhitride o
of frof § heén ko REO nErDi:ibﬁ]swEhe Asngllitliatigg EMGIOZbQ%h&mnlshﬁe upper
formed simlar to the insulating layer 112; howeve
layeryadiing pathy %Eﬁgfthfgte]rlgvgg intgemal, gtgesg qf\,gbe |1lbsyéa‘tmg fllm 102a is
formSdructure, the order of stacking layers is preferably
opposite to that of the insulating |layer 112. In other
[0114rds, a filmwi th a high blocking effect for

preyentin urity .diffusj a
P iR d S Etpnth F duAinadi 104a 3 the insulating
film @b%’”tﬂélfﬂll%'v&tlﬁg ESmbinhflonsUan IR g"i’éréﬁma@ilfébﬁ Inftkie ?ihﬁ)%!ngea silicon

Imis forned as an insulating film 102a, whi
ox1d¢ tﬁéml, ewdliconanjzide film and histligeegaxynitride film, a sﬂlcon mtrlde oxide
film and a silicon oxide film, and a silicon nitride oxide film and a silicon oxynitride
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 film. As the insulating film 102a, which is the lower layer, a silicon
nitride oxide film is formed by a plasma CVD method with the use of SiHy, N>O, and
NH3 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 SiH; and N,O as a
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of from5 nmto 200 nminclusive. As an insulating
film102b, which is the upper layer, a filmwth an
wehbt@ciseoad relieving internal stress of the inBairaPiong060928
film102a is formed. [0114]3sFor exanple, as a
conbi nation of the insulating film 102a and the
insulating film 102b, the foll ow ng conbi nati ons can
be given: a silicon nitride filmand a silicon oxide
procekd 48 a silicon nitride filmand a silicon oxynitride
fiTm a silicon nitride oxide filmand a silicon oxide
[011&]i Im and a silicon nitride oxide filmand a silicon

oxyy trd de. fi . ' '

TR sl SRR A0 Rl ver
insulging 1o 10a] aeshokinl iIMKIGr 9.&s pDhid bohding Aeyer 84 ican be gorfricdrin a
. .102hb. [OllS&) In this enpbodi nEnt de, the insulati ng,
similprggginex fpthe Yopginmriay s SLLOmeT PYardRs SHPIGRdNCIiY SKRTRIF 111
[Oll’f]i Im As the insulating film 102a, which is the | ower

I

ayer, a silicon nitride oxide filmis fornmed by a
pl &6Ga9BMP anebésestciirah vidve of the spinigpnductox@apsteatrl I NH3 After

as rocess .gas. t i nsul at.i ng..fi .1Q2b i Cc
cloani: i Beriiranetay et 3T LR SO Aipi 2 F HifreckBH Burtuce
of thf QEARSnMYctér LSRR 16V [AsabWadn WIGhoCheThs eravéction Hllma LY is
O as aprocess gas. [0116] After formn

t he .
formgchswitht pimes [y preventing 4ho cweatieepdugiper St&?@gaﬁes 1ib frem Deing
oVv.er e iLnsulati l.ayer yondS. S ' :
coutaffel I PREH Ry o Bal A apCRaC AR (O orming o
damdped Refioh Opreventingnit fignikeydactot bdbdtatarktl Hromr bdilge damaged due

sem conductor substrate 111. [Q117] FIG i s .-a
to shegloeisionwthe Headiaoypngrthe #é‘?’se i BhdereioB el A1t b formed
by ddpogiti fstiﬁéon%ﬁéa'sﬂ&oh e NliGANIHELRY osidbSdifi@todyhiridd or
rotection film'1ll/ is formed on a surface of the
the 18ertyco MR troethedi bs thedike. 1 Altermivelyothe prateptian dilin Htfecan be
teciiqon film 117 is formed wth ai f preventing
formBh By SEki At a L s Se BT $PafiETI R
ntam nated by inpurities such as netal in an ion
[0118P T T . ,
iTradiation step for formng a damaged region,
pr elléntIlhds Bhesosseseriéenadl ivisvoshewing: st of formingnthse dagaged

. da ed ., due to,shock QNS LI radi i .
89 glf‘?(g.’e ftgp Showa i Or%%Fial %&ﬁg‘% c Lé%%g 1? orlgrgo y the
semif@RIvSiok isBstaitd 10N Abdrdfermibigl the alamaged reion 13,i themprotection

nitride oxide, silicon O'ﬁlnltrlde, or the like. by_a

film GV s o shawn 1R RLC: -t AT FPOVIRE 1R EPRIoBAMbAL7: 2
bonc{iﬁé [Qy!nlhf%gn RE 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
protection film 117 left. v

{0119]

FIG. OF 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 attached to
each other. This bonding step can be performed in a similar manner to the bonding
step explained with reference to FIG. 1F, and the semiconductor substrate 111 and the
bonding layer 104 are bonded to each other by having the semiconductor substrate 111

and the bonding layer 104 in close contact with each other at room temperature.
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formed by oxidizing or nitriding the sem conduct or

substrate 111. [0118] FIG 9D is a cross-sectional
woizenw/1sbani ng a step of form ng the damaged regCoaP2008/060928

Li ke the step shown in FIG3D, a damaged region 113 is

formed in the sem conductor substrate 111. After

form ng the danmaged region 113, the protection film

117 is renoved as shown in FIG 9E. After renoving the
[o1gjotection film 117, a bonding layer 114 can be forned

in asimlar manner to the step shown in FIG IE

Mor &E6eQG ig herossisedtignalview égreaxplnirﬁngndepmnmstep ofyseparating

b . Alt. t |
oo YT LB e A b £ i
stepvmﬂthlstdiﬂbd@ﬁlﬂéﬂ%bwcdcnl EdTﬂ)elfo?mEﬂiﬁ a sﬁrQﬁﬂ-xQﬁlaEﬂeg‘to e écHation

cross-sectional view for explaini ng a bondi ng step,
step grptaneshwith refesange éo WHarlS. t Hiftashoadingtybe semiconductemsitbstrate

S, 1 ar. che
111 taﬂﬁ él?bemllﬁﬁi{skd%g%rgf%gtus El{ %@r Jfl%eesegrélr?ngfru. 0f S}ll?lstrg%sfﬁi is heated
at tamepeRgtres ahgditg Fwndi40g °6t @W(E)X‘FIL‘ ahdh@ivaM tAIsH b KiSREMokMent
FIGIF, and the sem conductor substrate 111 and the

modsohesit Hgatmepbis prcfsprabbepdg@m@dj at temeamturost taegingyfrdna 7 ﬁ@ to 300

S T O
forck y¥pRE! teCsdnPideftuchot Gubsifatd 318 Jnh ot‘ﬁé lﬁﬁﬁfdgoﬂigkr YO8Nt their

for explaining a separation step of separatin
bondgeshintesiggeict or | ayer 115 from the semi conduct or
sybstrate 111. The separation step of this enbodi ment
01mE_1‘) ; n -
de can be perforned in a sinmilar manner to the
sepdhsdughrths tgareion seipnddwi ih [FIGEI @ £NSO] bbstrhie 132Gn which
Aft.er bonding the sem conductor substrate 111 and the

the %Hﬂmlﬂg‘c‘ioéiﬁé@f Youis pachad ko Bethase subpfeate di éonamdaciured.  The
1@y 1 d I, in o

SOISHRSHIE S | RIS bl STRSARLY'6E GRS IO,

bondingldaydreHi4, tandaiﬁlmmmcmdmtexf eryabllys pee fseickedl idtthis order, the
erat.ures rang from 70 OC to. 300 OC.inclusive

somig BRI i g g e aRIE layerdi04 i inecbanded ceasd o oAfter

v PO L L AR SR 10y

. irradddingiedn | mdelr ftacdecrgagd Axystath ld@ﬁ@gtls t Moseper athe osurfice pof the

semlggﬁ]d%gﬁg §;15 1%1@?&:11%3 PP@ tha tLDr at ? %)plpfr}sél\ll\sgljgggdérqg remove
the daubipt batR shtfhcd 6f thREeHhiBstdhCRE layja_f‘ €15 to flatten the surface.
[0122]

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
using the 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
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
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SO substrate 132 has a nmultilayer structure in which
the insulating |ayer 102, the bonding |ayer 104, and
woheosgisai4conduct or | ayer 115 are stacked in t hPETOPH®$/060928
t he sem conductor |ayer 11%7and the bonding | ayer 104
bei ng bonded to each other. After the separation step,
it is preferable to recrystallize the sem conduct or
| ayer 115 by laser irradiation in order to decrease
subs@htéSioal  dBERESS, wiR HROWRIof al éi&‘ss%%zftﬁl@@asofhetﬂﬁe substrate 101, a
semi conductor |ayer 115 is preferably polished b
largecarea a%yasmtmteu witbragside taf merepthentdne watengen dfe niasufactured
surf he se ctar 115 tq flatten the
wiag i ARG of S5pRGTRER elBhe oPOHERA "re Su Y I8 sor
subsffateyﬁ aghidr e getalndigRepasaacer él&tidn@nﬁﬁgdéﬁddﬁglay le®ice can be

enbodi nent node, a sem conductor device can

manyfagiurese t Jp edditipn te pyh displayideiens, duaaty 196 demiconduetasfdevices
SuChﬁ%‘gggk' g?l‘[g WQQ&S lantd%eéxtlcclnﬁtjlgtg% wén%ggpgé\ﬂgs :cah/%g ana Ifacﬂured

roces nmanufacturing rate
byuhagsmsnbsﬂﬁﬂasrlbed with reference to FIGS. TAto IG
FI| GS. 2Ato 2D, FIGS. 3Ato 3C, FIG 4, FIGS. 5Ato 5C
0128} Gs. 6A to 6C, FIGS. 7Ato 7D, FIGS. 8A to 8C, and

FI GRith&dbH PmBGuinYedt MstRs i 0% eRp1af] ﬁ‘é%étﬂ@@to?f%eﬁﬁfa%ﬂﬁﬁxg a

as an alkali-free gl ass substra{)e can be used as the
TFTbas esulgsamplee of (1l . méethed effomspuisctubinghe mcmiduatogl deyice, a

subst base. subst r at 01,..a
som RIS EviF e e BRREFGHRRL o in Avepin alifv i iy ening o
vandf?rwfsaﬁtdéh&d:towmheﬁs RheH & afcxpa@ftoﬁ@fm & 98461 Rigether with the
ements formed using such a l'arge-area SO substrate,

TFTg Il"pﬁlﬁlgbqgnygqtamogq spll gyplaiy spesifisr mages of semiconductor devices
wﬂh?E@ﬁ%thF&hQ%%ﬁent di spl ay devi ce can be manufact ur ed.
I'na

t1on such display devices, a variety of
[012§gm conduct or devi ces such as solar cells, photo ICs,

and_semnm conduct or devi ces can be nanufactured
by F¥thg %@ropgmwa\?&sge FeRloinpd Af R oTGHPEBb @i Ssatitonductor

devidddegid @ 14 £xpbai ralggﬁﬁgnag %O%Hact urp@%flfd ReuGukFbf a

as an exanple of a net ng a
micreprocessod2dt. or devi ce, a semni conduct or devi ce can be
ang?nufactured so as to have high added val ue by form ng

variety of sem conductor elenents such as a

Cap@hé fitropfitedof 08D ShALdsOALh Bk IBeik riﬁutT@Iso dHké ALU)
enbodi ment _node wi Il explain specific nodes

201, sanritbmgtie degic deiti ewagollingporiédre (féhHecomouﬁrz)vaOagen instruction

decoder 203, an interrupt controlling portion (interrupt controller) 204, a timing
controlling portion (timing controller) 205, a register 206, a register controlling portion
(register controller) 207, a bus interface (bus I/F) 208, a read only memory (ROM) 209,
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 controller 202, the interrupt controller 204, the register controller
207, and the timing controller 205. The ALU controller 202, the interrupt controller
204, the register controller 207, and the timing controller 205 perform various controls

based on the decoded instruction.
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[0125] First, a mcroprocessor will be explained as an
exanpl e of a sem conductor device. FIG 10 is a bl ock
wdizegriamsshowi ng an exanpl e of a structure of &CT/JP2008/060928
m croprocessor 200. [0126] 38he m croprocessor 200
includes an arithmetic logic unit (also called ALU)
201, an arithnetic logic unit controlling portion (ALU
controller) 202, an instruction decoder 203, an
[0128pt er r upt controlling portion (interrupt controller)
204, a tim ntr [1ing porti tim controll.er)
205 The, Aldy eattuniesn ? geng &ﬁé&%\aﬂcf&%%ﬁr& R 2pAPETagAn of the
AL[( rﬁﬁ' Sthulé: QR rI‘H c} &e@&% 2@) k?éj%xb&ﬁ gf 2G8o R(%/I RBS thé Fhterrupt
208, a read only nory 9, i nterface
cont@ller 208 jjadges an mmmcrtqmst Mputan tee;tetrmaé 1np\4i{cuw1z§mgnror a

perighrgly Siftuitosil dgult Pogata A et SAR ok rESessothe infearupt

requeCOdRE rbgister ohirdlleri 207 @&i&atésp ah NRIdAIsY) oE QR refikef 206, and
202, the rnterrupt controller 204, the register

reads/gnittesoldater fpyto Ahel remister | #A0ndn cascordsnee Witlpghe THae Apf) the
2
mlcr?)gﬂ) CE 81r- 5{):% i ¥ Oﬁ!{l ézcg)%\{atﬁﬁ&?% %Ja?és sgéngo%s %xflg)rlh%%zhen

to difed ﬁ‘he ALY 201 ahsAMhMrmloSlebm dleansmh:ﬁod deaudied 203, the interrupt
instruction,[0128] The ALU conﬁ:rol | er Otﬁ % ner at es
contelicr P4, angrthe gt qonHglicn WpeFar PEmRIF. thi Limapgcoriolier 205

is p}ma&e% &g 44 FRGREOABES gene?r%r igSr §&REATHNSh IntPFA0ERRk signal

t elnterrupt control ju ges anlnterrup
CLK2 basedtorf a anfemmceu@rmgnaul rﬁidti]t ouhpghowie i d8Got0,athe internal

rcui t its priority or a mask
docgﬁg?gpegﬁélﬁg@gggggg BQHWWterrupt request. The
[0120¢gi ster controller 207 generates an address of the
regi ster 206, and reads/wites data fronfto the
r egNs&b ranzZgemple efocemsondaciir davien Bagpaadupgtiontnf transmitting

and re&:n? BEO%ES %ﬁ{hoﬁp Q?nt &e P%E&l laln?ﬁmé@cs functlﬁn will be

enerares si [N rive

desoﬁb@d 24ih rdfdfienoéLtbl KIGN10. O| ]FI&I 1262a bldﬁ:k digghmshbwing an example
decoder 203 the interrupt contrgller 204, and the
of arggicitre of B A FEmdgondpgtor giejriceay é‘?ﬁ?l %ml?‘ﬂ’él“t:‘ioﬁidﬁb‘“’ shown in

FIGCANL b S;quea Ql%o'nﬁ»u@ér%xg?g A 1P Ra sﬁh?ﬁﬂﬂec&b@ Qi@nals Pt& and

gener at or erating an i nternal clock si gnal
fronbaﬁeadtemml alewieb ethmnghe vatebask comgmanica@bil(herémafieothn domputer is

refegggfq%&anﬁl? t ernal clock signal CLK2 is input to
[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
214 having a resonant capacitor, a rectifier circuit 215, a constanf 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 controller 223, a CPU
interface 224, a central processing unit (CPU) 225, a random access memory (RAM)
226, and a read only memory (ROM) 227.
[0131] _

The operation of the RFCPU 211 is briefly described below. A signal
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[0129] Next, an exanple of a sem conductor device

having a function of transmtting and receiving data
woi2bdsasto4cont act and al so having an arithneti cPCUARI00L060928

will be described with refewence to FIG 10. FIG 11

is a block diagram show ng an exanple of a structure

of such a sem conductor device. The sem conduct or

device shown in FIG 11 can be called a conputer which

receiPRELRLE Sd.nFe‘Elni haR Shides MFicEE EREN MBI BrSe hOthangsdnaMircuit
an external device through wireless comunication

214. ( I’i‘élleelmdmedeqslthanib’Wpi@t@r ls| ‘sjoxegf iar p €gPacion POHiPNREZPYja the

R R e e

such 188 c3Rali®6a Fbﬁ@ﬂbrtan&warﬁcﬁdbuﬁﬂeﬂayﬂﬂdapﬁiﬁﬁ)r a Tlﬁmpaﬂtor portion
circuit 214 having a resonant capacitor

229 isinot micecssarily formegnasea the s1e spstrate Ut el P51 hadmay be
mcoraora?e u#mcf&%n P?{Pr(jg%ﬁt id Zaa%dn%bnehtr cuit 218, a

modul ation circuit 220,
[0132]1d a power supply control circuit 230. The digital

circuit portion 213 includes erf
conthotesheurat k7 Ensnee LEEN (BB PSR geion 213
to be 1%@151&@(? € Fepdxafiple ik Eéget ﬁg&ﬁ ©39igRfertieh tas (GRS siddH, aBignal

random access mermry (RAM 226, and a read onl y_menory
that (iREWiti@alay pldrdnirediedn @paepcavdr@np@w votiagRFGig osgillatien circuit

bed I
215 B S RRBE T Ty o) 323 SR AR, o i o
contfo? SPRANEenetatddUby the bdnstdifteoltaghicieshite} iect Mbewemodulhto eircuit
is stored in a capacitor_ partion 229 Vi a g‘e recti fgfd’lsa

219 isi # eigeuit whish dymedelajss esaeiied signplsand 2ho modulghian sirgiif
circdiC& IR #&du!@es%a%gfr%ﬂ% isgigh as a ceranic capacitor

or ane ric yer capacitor. The capacitor
[013prtion 229 is not necessarily formed over the sane
substrate as the RFCPY 211 .and nmay

t
" nt Gt HempgupiTygIcHC2LY qyﬁ%ﬁéw Pam% e pinarizes
receﬁz'eﬂcéi ale bf aﬂe{ﬁﬁg%ﬁé s8ifB kGia Shak&e oﬁl cﬂiahgés in

ircurt portion 213 to be ini |aI|ze For exanp
ampllhﬂlereﬁehe s1ggmlal The meddatinne sirceig 2¥0r elanges; It@‘h amphalde of

wun SR O o 3SR FHETASRT 598, " i
ther@tﬁ?en ﬂfesmbmﬁatﬁdneﬁﬂﬁﬁ%() [ gdel ehetidbonaned peInOdf the €dsoRdnt circuit
I gn in accordance with a control signal generated

214 13pérehy chmgeradht WO G of BT ERESIET G denodal at | on

{01& rcuit |
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

current 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
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 into the random access memory 226, an arithmetic instruction to the
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219 is a circuit which denodul ates received signals
and the nodul ation circuit 220 is a circuit which
wouosiiases data for transm ssion. [0133] The PCT/JP2008/060928

denodul ation circuit 219 hawing a | ow pass filter, for

exanpl e, binarizes received signals of an anplitude

shift keying (ASK) system based on changes in

anpl i tude of the signals. The nodul ation circuit 220
centodh prpessingenia??B, iahdide 1ide. t r ansm ssi on signal s of an
[OtﬁﬁplitUde shift keying (ASK) systemto be transmtted;

erefore, the nodulation circuit 220 changes the

r €S gRaNGGRC bRice & it 250980 i G Ul t her eb
changi ng fhebangf%% guo ann%ﬁggggﬁ%%dg%é%é?%?oﬂ'257,the
randpgy @eressTmemokp GR6 camt thel doatrol &Figarza2avastha CRINntedface 224.

ignal, f.or ngi the frequency and the duty ratio
e S B AN e PSRt Fig ey o of e
readSoHIp | iteri Gyt ZUE tBE r&idoh BéceSORRHITRY 1298, b tﬁehgorﬁl%ﬁ]trég%ter 222
processing unit 225. The power supply voltage Is

basefhon;anaddeespiequesteoyidic confpal ipyocsssing whit 225.cui t  230.
[0135 135] A signal that is input to the RFCPU 211 from
the antenna 228 is denodul ated by the denodul ati on
ci r Auian @ilBmetinthethodrofdhy celrfl pfdcessing Gt PO5, L£RLRIBA Qnay be
g)at‘?,. ar}g the like by the RE interface 221. The
CIMPOYRE 1y W rfgaq eniyt ey 224 steres st P8 | (opaating syste2P2nd a
roctdif i r hnel I f a stored
progfil i Qe O SRS eel PP 15 G SRRE PersBh”, RlGhiieny. o
methognaynba cogdeyedeinorhicl? AG;ircait dadichioded iacittinaid i Toind 4t an

. L i ng_uni . and the Iike.
oSS PPSTRR Rab b R, B LSS E o i

whidlieol Hard@/ére AduesoFRAEOIRARELEH BEOR ithil
contr oallr r eg:i ster 222 via the CPU i?]%g%fgscg@;%ﬁf}m%cemetmd'

In thipprethnde of pagieoD au atiiunetict praedss 6 cofdugtedeinat cingrindedicated to
: : ' =Y ne of the read only nmenory 227, .
arithHehc ad oe?n&g!c%f;tsg e érhf 9% 6t cqndicied by Yt Bragpssing

unit 229byasieg a progrimaddr ess requested by the central

0 gocessi ng unit 225. [0137] ' As an arithnetic method
0138k "t he central processing unit 225, a nethod may be

e ed | i -t he. read . [y. 227 . stores.an .
C)Sﬁpll(qg})g’e%a%1 i|rg tgﬁ,s)s(;r’/ésaltlégrr§ > gn%%g%r}lr&gﬁggﬁﬁvgcer ‘é’él%lsbg u?XpZaerd with
referencedatfdd 12, FIGS. 13Amndol3Bs had FIGS, 1epetmit 148).

[Oliﬁ ternatively, a

A large-area glass substrate called a 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.

[0140]

As shown in FIG. 12, a plurality of semiconductor layers 302 separated form
semiconductor substrates are attached 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
each 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
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met hod may be enployed in which a circuit dedicated to

arithnetic is fornmed and an arithnmetic process is
woaouséodad usi ng hardware. Further alternativePgT/Jp2008/060928

met hod in which both hardwane and software are used

can be enployed as this arithnmetic nethod. In this

nmet hod, a part of an arithmetic process is conducted

inacircuit dedicated to arithmetic and the rest of
scarinlive Hiid dfivertdicuR oGR8 RNI r8gioRBAUCE SEnMYlind @ ive® Rirtait formation

proceSS| ng.unit 225 by using a program [0138] Next, a
regigh ¢ - adired éorgptign aemipn 3kt de therdismdey panchiarmatien region 310.
[Olﬁgpl ained with reference to FIG 12, FIGS. 13A and

B, and FIGS. 14A and 14B. [0139] A | arge-area gl ass
sub$IGat é3A6dddeﬂ3B Ao tderings d6:S explhinily the liged drylstal display

dovigh gl By e T bl Hrasedinmdiodo T, < FIG g avtopwiw
of aof)lxélnoﬁ@e lﬁ]‘ﬁhﬂcl?g{fﬁ dYé’g glc‘ﬁe'*}ﬁsa 1iel. IingF? éaccf?%sascéch&?al view

base substrate own in
aloqglalﬂmlﬁK)DfHGm conductor | ayers 302 separated form
[Olfﬁm conductor substrates are attached to a nother

ass 301. In order to cut out a plurality of display

panem SFIG. 01BA,ha  sa&hieehdudtors fay3P 1320t e 25 §¥ef OREMEY Oﬁsmg the
| ayers 302 are preferably bonded wi thin regions

Semmaﬁlectwﬂém 303) aflachashiel the QI Jubstrasel andh eprsitifigés epaxmﬁ la TFT

| i s I e Relg)
325 . gqlpgﬂsl §e,eﬁ“$ﬁ 3%3 i Rﬁagﬁfagtggééf& e, ugﬂocl g{ g@ga‘?{f“ﬁ’at Mode 1.
Needles&e tadsay ehe AIFICE2S cam alsogia manufietudéd B¢ rangi fCthiet metBods of

er Therefore, the sem conductor |ayer
1‘6@%&?& P‘n a region where these are forned

0143§scann| ng line driver circuit formation region 311, a
signal line driver circuit formation region 312, and a
p| xéis showmaini GHG.r b?g%othesp_l@l mchtdhe thk sphwnqhﬁ:trﬁl layer 320, a
310. 138
scana?nguf ¢ gﬂg (r:}{en%é%(%g fing HVlwgt h 1? -uato&ﬁ Ogi2 S%glgg line 323
1nt61@6¢tin<gewﬂﬁlﬂhkf S€dnefn@dliky 3216, Pﬁfeh @Qcﬁédémddnﬂem el'é@ﬁi@de 328
1. FIG 13Ais a top viewo i xel of the liq

whicy glegteigallyicopnegys @ew@é elaefeode) 324 vmﬁBthle§elalconductor layer 320.
[014gg)oss sectional view along a line J-K of FIG 13A
142] In. FIG 13A, a sem conductor |ayer 320 is a

| ayés shownid FIG. 13, thebsrifC RFEUTLOInd B ehsullfidg layer 112 are
staclgﬁtdt (gv%?-ed l;t)a%etsﬂgstr%g 1(?1ubS’It'hreastfzem1glor}l(giu((::t(());1 %atyleﬁ g£($ gf ﬁlep"f'lff‘It‘ 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.
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 to which a donor and a 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.
[0145] |
The signal line 323, the pixel electrode 324, and the electrode 328 are f)rovided

over the interlayer insulating film 327. Further, column spacers 329 are formed over
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325 of a pixel. The TFT 325 is manufactured by the

nmet hod of Enbodi nent Mode 1. Needl ess to say, the TFT
wG@2e0saaén4al so be manufactured by any of the nmepoodB200$/060928

Enbodi nent Modes 2 to 4. [O243] As shown in FIG 13A,

t he pi xel includes the sem conductor |ayer 320, a

scanning line 322 intersecting with the sem conduct or

| ayer 320, a signal line 323 intersecting with the
e EEARIRING 5757, LBl oRLAFLS U35 Mihboyping

signa IlmetBQ@pIthe PPl met;noddmdsm eloctehdetda8, hra/he cBE:(ihn mmg]sw

As wn i G 13B, bondi ng. | ayer 114 and
Acovwgwﬁﬁrﬁg g?’gfel’mﬁléd D LRSS Fhpamiorientation flm

334 &ﬁb%&&% §hd @duntd eleét%ﬂecwucw céléeﬁﬁfs §8er @&9%@ sz%Iad in

is provided over the insulating la .
ordelbmslgcezpmpaw batwedi0 thej st nebstmatehHi1 gridaths cﬁomemb@hathe@2 A

- i d duct

lquig G 955 G4 5GP GEMACE ey e aimrerprst 4. The

interﬁ?@ﬁﬁﬂs@la@i il @Q7t1131§ don¥&lityl 8t tlﬁ:%@}{n@&l&ppoﬁﬁﬁmetween the
enment re, channel formation regions 341 and

gettegagt dici iegios, 342, randi tbasigab line 328ondethei eleqtipde 328 due to the
forméﬁgﬁ 6P Q&HQ& M ésa%%gff&%omérxﬁ&tl&e&t ﬁ{dlﬁ 9 Cy%n s Linl (8 'h?lﬂi% crystal

are each o?me Nerat
layer GRS r;stgasﬂﬁgixsmddred vdoi thiz aordﬁattixrn @nfhoa GThefefdr8, the column
el e re add d A gate el ectrode onaﬁhe TFT 325.is
SPaC?fﬁélgg ormed iethe capav gOTHoRR foaprs ves dheotigorder of thgprindation
oflinﬁh&%ﬁfs&@se and a drain electrode of the TFT 325 is
ded in the signal line 323. [0145] The si gnal
[014p] ne 323, the plxel el ectrode 324, and the el ectrode

328,.are provided .over t |nterJayrinuIa n Il m
35 NBRE AR ISR B A LR ettt AR (ol ahn BL
dlspllagitd@Hcg)/ il be’@ﬂ]aﬁémg IfIGB M4ABR {nd 208 aA drawindB &t dxPMhining the
Ois fornmed coverlgq%the signal line 323, the

EL disipkasi d%’ﬂ@dﬂ%@@t@ﬂd by thremetihed of Ea@ogwnt Mudetzne Fé@l ifvfnis a
2
on GO aPRLpL AR MR T R BRSSP i

taked Bdhg@aineIsM ¢fFIGowm er el ectrode 333. The col um

Sﬁacers 329 are forned in order to keep space between
[014/he base substrate 101 and the counter substrate 332.

A 'Ag;ehgvyvﬁ[%asﬁ@ 143Y &he ;%él i ggggsng%xe&&nhﬁ?%gggﬁm and a

forne e col'um spacers he I nter
dispiapsiohtrdl mgpsistdrr022cach amclmhmg aviFly aadcatitieg tioedO8t 4 signal line

portion be en etterl Si, t eqi o 34 . and. the
406, 5 it pobely oo god Rt eleiede T Hagh o imgovided i
a i Hf Eiﬁithﬁ’g‘ Qfamel‘i’cntlﬁ@f ﬁhcal asructuer &f cwﬁch O | w:ﬁt inefdffe an
iquid crystals int quid crystal

electroluminescent material (heremafter thls layer is referred to as an EL layer) is
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
semiconductor layer 404 of the display control transistor 402.

[0148]

A gate electrode of the selection transistor 401 is included in the scanning line
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| ayer 335 is easily disordered at this connection
portion. Therefore, the colum spacers 329 are forned
wabtodshss@oncave portions to prevent the di sordecTaP200$rec0928
orientation of liquid crystals. [0146] Next, an
el ectrol um nescent display device (hereinafter
referred to as an EL display device) will be
expl ai ned. FIGS. 14A and 14B are draw ngs for
405 exPhaiofianguicheldctrodd sl avirde electodmaiha Gelebrsh RY¥nsidiér 401 is
thod, of ,  Enbodi ment Mode 2. FIG 14A is a top view of
inclydeg Bdhe signglnlinee406 while e ofben sdomerhasrpcelecagls 4115 A gate
n [ 0 |
clec e B T AT Bl Blph 202 i MEcorehLorieled 1g the
elecgelledil.orOne ahsissiroe ekdtodmnahdia (draiq:i) lebegtrodabf e display control

P AP e usio
elecBodd %68 wﬁil@ﬁkrdﬂ@% P8 dER kP h%ﬁént'sﬁg@&@ﬁ‘lb dged with a

Ilght emtting el ement having a stru re in which a
[0149yer i ncI ud| ng an el ectrol um nescent nmateri al

he referred an.EL |.a
SRR e i R
a chehmitfbﬁdﬁl(ﬁhf reghﬁ 4319t typénhigdh-ahcehtemat mipilrﬁ)h Peg%rPSQlSZ and
el ectrode, 408. In this enbodi nrent node, the

gotier{gssileegions §53 geeformes piche spmieenductpp daver 6% AB acceptor is
add&l RW@aéhn ﬁé:t{eﬁngls‘}é I %ib% hond) g%e a?ﬁﬂg rs’[f:]plé's %n&%ﬁ %? forming the

I nsul at1 are sta over “t he ba
hlghstumstntmtlen inpurifjregiwesiSyraid cho petteaingrsitd 0piods 433ehave p-type
concf t| on transistor 401 exists over this insulating

‘ﬁ?@ “112 together with the seniconductor |ayer 404 of
01jﬁe di splay control transistor 402. [0148] A gate

ectrode of the selection transistor 401 is included
ﬁwenﬁﬂaWﬁungﬂMnnkﬂms421m%ﬁmme®csammgdhegackmmﬂedanﬂzof

o B AL 0L . 55h T A S 0. e

elecfrodezer 1aad an3 ezhﬁlCthé vigte af’elﬁ)nnéd gateheligeiisyed ?nsﬂﬂazing film 427.
t he di spl ai/%}control transi stor 402 is electrical

Morggyendbe pire e‘t‘tfféieéll()gé’fhl@iw chertricatiy conmectedsto Gh@éect¥ode 413 is
fomﬁ:lde&vtef %QHfé%g%& 1%@4 ?ﬁ:hﬁ’?del“ € e%l%& @ ectrg%g Cog&riogmded

transi st or as an
by aglagtitioni veal ]ayexo@Snwhicﬁdlat an irfgelanng 9fopei't§i,Qatt Hﬁ:dpérxﬁﬂ&y An EL
is, included in the current sup l'ine

t her
tayeli 0 Byt o] OvhRdhe st ool ind s lecrom 10 i formed
overth€ PANAG: 40T AASuflRP Wibstaterd3dF il dPovided as a reinforcing plate, and

is fixed to the base substrate 101 by a resin layer 432.
[0151]

The grayscale‘of the EL display device is controlled by a current drive method
by which the luminance of the light-emitting element 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
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
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a channel formation region 451, p-type

hi gh-concentration inpurity regions 452, and gettering
weiv@/1segbons 453 are forned in the sem conducPar/JPRY&060928

404. An acceptor is added t4a each gettering site

region 453 in the sane step as a step of formng the

hi gh-concentration inpurity regions 452, and the

gettering site regions 453 have p-type conductivity.
tran$igto58P1 And ithet display ebnirdistedndistdrgtoRi domdt vt S afiRidBR electrical

coverin ate el ectrode 412 of the display contraf

hatget ot he. gat - b
CharapteHStcs 118 evRsB Pigle  Lheyatore, theeumerd driveemethed eart be employed

.inc@ummliﬂ/gdh%ggaﬁ%eom‘é L?%@Sél%fgg‘ﬁcgfll and 413, and the

| i ke are rrmed over ayer insulating film
[0152327. Moreover, the pixel electrode 408 which is

| Lcal l. d h | de 413 is f d
overs ot FIBR I5ATR R FLFIGY rafomd The Ge-al substrate
can bt gahifadRrA0kingsa fiotHep #Hl@j@ﬂ)r RiYspfayRiM fce LEh R ,lanld WSdisplay

428, which has an insullating property, at he
devige pHes ymannfactired aging #39 SQI Substre@. 0WMoredhe, pinkeleven the

: . . unt er ctrode_ 430 js_forned
e AR AP al g SRS LRE5 888 130 d et g i
SOI putmstriatie theadispay @éviéotaai e HkvahFunaidd df%o&Fﬁ@ﬂ tmﬁ@ﬁnom a
dispR8S substraae 101 by a resin layer 432. [0151] The i
5Py ag%vd%ﬂ &padle 1 mpulyiaEd) ajpweof deta withowt conthadcdmy alo be
manGfabfuedd drive nmethod by which the |um nance of the

|ight-emtting elenent is controlled by the amount of
[0158Lirrent and a vol tage drive nethod by which the

l'unpance 1 s controLeI ed by the anount of voltage. The

cur rénts g e AU S cirenigiappliangrs cancbemanfaiped by using SOI

substritef)S | BieOEISctRaMe a?%iaﬁcé’sj [k RIIB e PRTAEA &6 aSYih & cz{n?%rg and a

. .every pixel, and erefore a conpensation circul
dlglteloqmgyaq P#geaion weieon ai sounh sspaedustips tsystemi(such as a car audio

4 . the EL display device js manufactured .
s 858 o MR oF B v 2eh ey Bobeiapmcon

termital (sneh ashingdbileripdes, 4 Bﬁluﬂfﬁ&ﬂl@ﬁé,%§5ﬂ?@ﬁﬁﬁ@hﬁkﬂ§g fin'a an

1 Errbo%iqnﬁnt Mdes 1 to 4, the selectiontransistor
eleCliiC (ReX dieadiichyan dmego reprpdintiont devier) prayidedotvithaw erecording
lhAd [ racteristics for every )
et o URDINCE: &% B0 b SRk R I e B Bl proviea
with engibplye devine dondisphying dmbfs, ghavias alten@font di&efloducing audio
data Si Rl Ay device,.[0152] As shown in FIGS. 13A and.lﬁé
ata gehfmabdata siored e ge medingrpuchas 1) ¥Pe digital yrasatile disc).
[o154nuf actured using a nother glass for display device
fabrication, and the display device can be
marvpegidicunedes @f itheeledtioniSGipliandes twitltbe. xR ieith refrB&e to

FIGSS8A {oh?SC. FIG. 15A is an external view illustrating a cellular phone 901.
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.

[0155]

FIG. 15B is an external view illustrating a structure of a digital player 911.

The digital player 911 includes a display portion 912, an operation portion 913, an
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m croprocessor as described with reference to FIGS. 10
and 11 can be forned using this SO substrate, the
wdizepl1ago4devi ce can al so have a function of CcORPULRI008/060928
Furthernore, a display devisase capable of input and
out put of data w thout contact can al so be
manuf actured. [0153] That is to say, various
el ectroni c appliances can be manufactured by using SO
eal’pbmhrs?l‘bt@sl thd fiikee| The eaphonaPPd tanbe seplited B9 HHIPHASe or a
wué% L §F9 vi deo %ingéa and a dlgltal canera, a
avi GRIBfF sydea ISRl POFIQT G171 ds ifemmesh By dhe (liguich crystal

dispRY ViR e:@ﬂ’éih&l &Ytﬁtn%ferél{&é t@rFlégd '1§A°a9xgpt%%e{% )’X the EL display

conputer, "a gane nmachi ne, [e’in
device explated (vitht refersnee o biGS. oApnd dB, ahec displdl Porfdbt09€2 can

ne.nmachin nd an el e oni,c_ book reader),
dispfiy TRk, [AEHRY IRER 0 s camang of St iptormaionesgngn gease
wherettle sereerpgige tahged fréf-abbiit 0.5 ¢d Puiéﬁeé"' oted that the inage

5rﬁiproductlon device is provided wth a display device
(01564 di spl ayi ng i mages, and has a function of

rep d | e. data stor in.a .

RIS AR OL PR GURLER | By cegron

bool{ @elaadq 9%péndlides ardidpmyoportibe 9eb emlir SNbSerARR s@ﬁ&?@m The
d wth reference to FIGS. 15A to C.

elec be, e ga%l ab gﬁ
tf—‘fft‘f beok readgy 9 2L mayiacorporaly 3 madsmy o may Hecomraltglther RFCPU
shovaRNEIP Q1 so Tﬁﬁt%nﬁ%hﬁ%@éanp&oﬂﬁlsﬁg%%g g«??«?](ﬁwllm sI The

portion 902, an operation swtc
disphry @omosl;ﬂ?é!;capmerfpun h@lzdefmmdmdaepley(mbﬂx &mtd1§bl§)pb@ﬁ0n 922 is

formgh' %br tflé/ Ii r%sqsls %g%? une qlaqﬂe With rr@fg{]eggg gq gﬁi 3yA and

13B deby te m@fspm advivk &kpwlﬁé@mﬁ Q@feieﬁcﬁocﬁ(;sl %q%ﬂ? 148B
or wwth the EL display device expl al ned erence

to FIGS. 14Aand 14B. [0155] FIG 15B is an externa

Vi I n ucture of ajdi a er 911.
Thertih orbtaicadh 0% huldd Gt gl Sombiefionsath, no.
2007a162é|§é rfdedl mttpamamonat&itsoffﬁﬁe@f Pl e0,93dh7 Qfﬂ:ﬂﬁ[ﬁﬁese Patent
914 can_ be replaced by a headphone

hon
: APP‘&P“%“ WPZ P8s Oé?al«%ﬁéﬁ diled yiith Japga P@tegpﬂﬁycepmlumo R092007, the

entiré &ﬂt&{t%ﬂwméhtap@héré&“fngm‘f)f) @&gfe:s[%&%y devi ce

explained wth reference’t and 13B or by-
the EL display device explalned with reference to

FI GS. 14A and 14B, the display portion 912 can displ ay
hi gh-definition images and a | arge anmount of letter
informati on even in a case where the screen size
ranges from about 0.3 to 2 inches.
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[0156] FIG 15C is an external view of an electronic
book reader 921. This el ectronic book reader 921
woneisudesoa di splay portion 922 and an oper at i BATSPRDEH60928
923. The el ectronic book remder 921 nay incorporate a
nodem or may incorporate the RFCPU shown in FIG 11 so
that information can be transmtted and received
wi rel essly. The display portion 922 can perform
hi gh-definition display ghgmgghe display portion 922
is formed by the liquid crystal display device
explained with reference to FIGS. 13A and 13B or by
t he EL _di y_devi ce.expl ai.ned wth reference to
I s A iRt P rYachiite Dachhip o St S0 B int
Jap i RalanigeOPRizidnain QNsehfiédructdP suBRfe %SZMﬂiating the
filed with Japan Patent O fice on June 20, 2007 and
semipgpdiréeresubgiran Withpat joasipeeins swhidgfl implasmgovhi¢ls 24 ganerated by
5.0 j apan Patent O fice on June 20, 2007, the
exmé%%??%m%%g?%nts of which are hereby incorporated by
r ef éorating . ACbAhdibg llaferret&rodt déastraymdl 8€ taUbaseg sibstrate and the
sem conduct or device, conprising: form ng a danaged
semic@BAutor; YO8 i conduct or substrate by irradiating the
SCMLERAMCHP batHBBLEAL SndtteefledrBNcPabs ERte 0 et Aifler with
in plas whi ch 1's generated by exciting a source gas;
the Yamdmigrgye ilmerposeththbmpetweomer at | east one of a base

substrate and the sem conductor substrate; attachjn

¢ he Siyidng (ff spmitpaducloy Sybstrals it dBh dhieged solen P hearige the
semRBfducd I Abstitd, hl_lér_ag( RPN OfitsBYhichitiulloR $8Fseparated from the

t her ebet ween; dividing the sem conductor Substrate at

semichaduriorsybeirate gverthp hasseabstraie:t he seni conduct or
sub . I ' 1 conduct.or l.ayer
sopaehfbg D8 ERbr GRSt A I RS G e ucior
layehase substrate; etching a part of the first

sem_conductor |ayer to forma second sem conduct or
| ay &FmirpRhinsgadke film gréthhsecrrd pmpigerducts lasisBond

se I ; ] e
SoCRARAL Ghu SHehoad B T SARNCHESIARIE RYEL A e
insulating fikosecrjoket thbebetern; f orm ng a gettering site
regi.on.in a region of the second sem conductor. |ayer
t ha OIS  BSHTRE IS 1 3 FREINgat el G e aBbicaggfitor layer

that does not overlap with the gate electrode; and

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

semiconductor layer into the gettering site region.

2. The method of manufacturing a semiconductor device according to claim 1,

wherein an ion doping apparatus is used in forming the damaged region.

3. The method of manufacturing a semiconductor device according to claim 1,

wherein a hydrogen gas is used in the source gas for forming the damaged
region, and

wherein plasma including H', H,", and Hs" as jon species is generated by
exciting the hydrogen gas and irradiation with an ion beam including the H*, H,", and

H," is performed to form the damaged region.
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perform ng heat treatnent, thereby gettering a netal

el emrent in the second sem conductor |ayer into the
wgebdsasénag site region. 2. The method of manuf *CTUP2008/060928

a sem conductor device accorrding to claim 1, wherein

an ion doping apparatus is used in formng the danmaged

region. 3. The nethod of manufacturing a sem conduct or

devi ce according to claim1, wherein a hydrogen gas is

used in the source gas for form ng the damaged region,

and wherein plasma including H+, H2 +, and H + as ion

speti Bie methgd pb paneidclyying rsemicegdudier deyicageordipgso atnim 1,

H + e 2Relleh a1 o RS R i sorbpgHegion.

nmet hod of manufacturing a sem conductor device

accgrdi ng to claiml, wherein a heliumgas is used in
t he”sbifrBethgd of mepulpsiurng g semicondvriereds vicegicearding to Theém 1,
met CLALr ] S e cl.Qr j
ac cg’?grieﬁg %0 I%gegi %ﬁééli,sn‘\%fgrléﬁﬁa gsgﬂgiléo%ag nfog géhlﬁ@g uBg flamaged
regiothe source gas for forming the damaged region. 6. The
met hod of manufacturing a sem conductor device
according to claim1, wherein the base substrate is a
gl a_6.Sl“lfel»i’ﬁéﬂlb@b?maﬂufagﬁﬁngﬁ%&ﬁﬁoﬁaumtfﬁﬁta@%xﬂﬁ Qo claim 1
sem conduct or devi ce according to claiml1, ergin the
bas¥heighsthe hpge Jubstsast isoa gldssfsubstrathe group consi sti ng
of an alum nosilicate glass substrate, an
al um noborosilicate gl ass substrate, and a

bar 7urizanehod bt akeufatasite & 4aEicbalRtodievith Qc&ﬁﬂﬂﬂ?@o 6faim 1,
manuf act u\rdmr; a sem conductor device according to

cl alfiftein 5% sthdraetis evelasipds ifiom (they gAup sconsisting) of an
lurfiNosAft9td 9e135sG Y eEdthi 9i,pQ; 0
au se%ond se cS onsgugf%g I%!'[:llyen‘i‘lrﬁ.{Hl lélwqrhgemﬁ%?hgglg%f gubtsprgte’ and 2
bariyrabrbsiticaie glgs subseate.conduct or devi ce according to

claim1, wherein the gettering site region is forned

by adding a G oup 18 elenent and an inpurity el ement

ser 8iTH A&thdd IPRBKAUMREAR Q@&ﬁﬁgﬂ&uct&(&evﬂgg ﬁﬁﬁﬁlﬁg go Otbim 1,

manufacturing a sem conductor device accor g
cl awhergin thh getédringtsite regiom s fetrecrbby addingd Gragst8 damentfto the
A met hod of manufacturing a

- Ti n.. M. and P(?. 17.
reglosneonf].t%%%e& 8%‘? S GeY u(?g’,r][%y&ﬁpr i Si ng:
9. The method of manufacturing a semiconductor device according to claim 1,

wherein the gettering site region is formed by adding a Group 18 element and |

an impurity element serving as a donor or an acceptor.

10. The method of manufacturing a semiconductor device according to claim 1,

wherein the metal element is at least one of Ti, Zn, Mo, and Pb.

11. 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;

forming a bonding layer over at least one of a base substrate and the
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form ng a damaged region in a sem conductor substrate

by irradiating the sem conductor substrate with an ion
wepesitse4d ncl uded i n plasma which i s gener at edPOY/JP2008/060928

exciting a source gas; formsng a bonding | ayer over at

| east one of a base substrate and thesem conduct or

substrate; attaching the base substrate and the

sem conductor substrate to each other with the bonding

semibéMRiEtor BiitARsed therebetween; dividing the
sem conduct or "substrate at the damaged regi on by
he aatiaphing ke baseisobstoitr drot the sbrsiconductortsubstedts tof eachiotiger avith

first sem conductor layer separated fromthe
theb?@%&&%&ﬂgﬁgpoﬁﬁg‘ﬁ{éﬁ% ®hver the base substrate:

et Coib ithg tHagdmiehndueforf JubSitatd QFEO AEMES QAN rdo®HE by Rating the

forma second sem conductor |ayer; formng an

semiQuslyctor suRgtrptc,. rhembyrfom@g@efer@trﬁtrns@ndu@ndlmmepmasedrfrom the
0 t he second sem conduct or
Semlﬁ(gr{/@rc &\?\ns'?}ﬁgf? {?éo%nrgﬁ% %Sg %ub r%f “minter posed
t hegtetting weart, offthe firsd gerditohdquitdri [hyert€ Goraa s€gaad st @onductor
n-type or p-type conductivity, which includes an
layet; rpurity el ement serving as a donor or an acceptor, in
a LR Afind grggte% t does
not ovg% a|omv‘v%i h gpg‘éet?g{e ectr oggéoélrﬁlg&?{ lak‘ngléﬁlg a
get ﬁoemingg asgate elegrale neert theo s¢doadi sgmicortdpcioe glaper; wéthd the

n heat treatment, thereby gettering a netal
msulg 'é%rﬁt:w “}Q%P tE@SE%&'e?ém conductor layer into the
getfoﬁ’hidggaxﬁ |11Tn§uﬁ te@fon dpartl ? %)@Q)g PypBedddfiagivity] MBich
a seni conduct or VI ce accor o clai'm 11, wheréin

inclugps aobnpsiy AlgEphsareing gs p S‘OW@Q ap raccfemqn lng regien @l thegecbnd
h f ;man ur| ng
semiE GRER 75 AE TFE 206 R TR A e Birod o o

gettehmg rsm@ﬁ:rglcgﬂsext 80 ﬂhﬁ@lﬂpuﬂlytrélgioﬁ Qmﬂce gas for form ng t he
damaged regi on, and wherein plasma including Ht,

andPHHOrmig hepl EpdRens theschyepritesing . Biptad edemaom gntth@ scéond

semlI nrﬂfu@%?nﬁggﬁﬁ E&gef_éﬁlﬂé ald 9o th an ion beam

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

11,

wherein an ion doping apparatus is used in forming the damaged region.

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

wherein a hydrogen gas is used in the source gas for forming the damaged
region, and '

wherein plasma including HY, Hy*, and H;" as ion species is generated by
exciting the hydrogen gas and irradiation with an ion beam including the H*, Hy*, and

Hs" is performed to form the damaged region.

14. The method of manufacturing a semiconductor device according to claim
11,
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+, and H+ is perforned to formthe damaged regi on.

14. The net hod of manufacturing a sem conductor device
weaeeridénag to claim 11, wherein a helium gas i SPATER20081060928

t he source gas for form ng #he damaged region. 15. The

nmet hod of manufacturing a sem conductor device

according to claim 11, wherein a halogen gas is used

in the source gas for form ng the damaged regi on. 16.

Thewiretehoa haliurmgas i agéd ihi thg sGur&s 'scfeﬂ%h%thg Q¥inGEed region.
according to claim11l, wherein the base substrate Is &
gl ass substrate. 17. The nethod of manufacturing a

seni §.oneiimeModdivh f@&lﬁ?{ ' |ml1l, wherein )
the base substrat eﬁﬁls se ég(cj%l g%nicggﬁlct%rga Gl Gufseording to claim
1, consisting of an aluninosilicate glass substrate, an

al um nohor sill i cate .gl assg .su strate, and a

bar I unpor ds1¥ &3t @SgP &4 B 8¢ Sqviee gps. fordarmingbe dafmaged
regiomnuf acturi ng a sem conductor device according to

claim1l, wherein the gettering site region is forned

by adding a G oup 18 elenent to the second

semg I 19.. The met hod of pufacturing a

seni con t&g%tglpd é’gﬁ%&‘fa& Biedt ﬁednlfgncgﬂcﬁrrdz?¥9 pRHEIENO claim

11, the gettering site region is fornmed by adding the
inmpurity elenent added to the inpurity region and a
Gro‘i‘fé‘c’r %tE‘F E?Férﬁ‘bstt@“’cﬁé gdass sweptateni conduct or | ayer,
and wherein the gettering site region has a sane
conductivity type as the inpurity region. 20. The
met Wo d'hefmethod L& otannfanriag sesdntionmuciop ideviey la6€rding to claim
according to claim 11, wherein the netal elenent is at

> least one of Ti, Zn, Mo, and Pb. 21. A nethod of

whereiantié dasdisibiga i SN Hent Ble H8Y)H SEnsiGATRSE & Nminosilicate

glass substrate, an aluminoborosilicate glass substrate, and a bariumborosilicate glass

substrate.

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

wherein the gettering site region is formed by adding a Group 18 element to the

second semiconductor layer.

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

wherein the gettering site region is formed by adding the impurity element
added to the impurity region and a Group 18 element to the second semiconductor layer,

and

wherein the gettering site region has a same conductivity type as the impurity

region.

20. The method of manufacturing a semiconductor device according to claim
11,
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form ng a damaged region in a sem conductor substrate

by irradiating the sem conductor substrate with an ion
wepesitse4d ncl uded i n pl asma whi ch i s gener at edPOY/JP2008/060928

exciting a source gas; forrmong a bonding | ayer over at

| east one of a base substrate and the sem conduct or

substrate; attaching the base substrate and the

sem conduct or substrate to each other. with the bondi ng

| ay evheidit drepnasicblétiarteDatlvaedie 68 Tl 9hNdof 4 Pb.
sem conduct or substrate at the damaged regi on by
heating the sem conductor substrate, thereby formng a

firsi Sed fromthe ..
Cert b Sriafact P4 SR AL EEs (AR, beipgne
et chirmgng apdarhagefl telgionf i at scafeondodt GuBStrakAY§! irfaliating the

Semf O{ﬁng se otnd sem conductor layer and a third
CRHT OO MAlRaA™ 10nSPRTIRY InsHIded dry Plasma v hirh s grnsrated by
excitii€a S6&0Hgdassen conductor layer and the third
sem_ conductor |ayer; formng a gate el ectrode over
eacfprafing He berdingdaganpvandudtast dnayef aahsket ksbstrhier gnd the

Semlﬁﬁ}t;ra&?&(mg&%%eél ayer with the insulating film

er pose rebetween; formng a first gettering

Si t ettdohiigothe bavei siBstiitd YREtHe ABAIGhEYIbYsuB¥rALU BLh other with
h lfh spflor us to a region of the second sem conduct or
the Oﬂa’é\g pyraentgpascdiberchetwesmsp with the gate el ectrode;

for giviin@ (BES ri It eagi on_havi nq p-type

conduct III%I ty ‘@gﬁg‘g‘g’fcﬁg éﬁjﬁgté% oar?uﬂ[sl,e gﬁ‘a‘a%% B%I%bgg Heafing the

semicegflugtorshibsiae, therety foaninganiiscieaticdralyietor 14yaf scp@REed@dm the
te el ectrode; and perform ng heat

semni2YE Iﬁg Wg')tth t he ﬁl ] _
tPEAHEAtY ‘laf?ef"é‘?fa GRIFErPSigiea netal el enent in the
SeCeBRing QPasITAHES Fink sélﬁiﬁ%ﬁdﬁéﬂ&ﬂa%}g? Tebibh s&%hh%éfng‘%wléam

site region and gettering a neta enent 1 n the
layersan; acthid semisondlegjenlayent o t he second gettering site

region. 22 . The .nmethod of .manufacturing a .
ertEing 8 i UaTE PR SBb I e TE S ap Dt arrsreat heytind
semicardudepidagr;apparatus is used in form ng the damaged

regjon,23. The nmethod of manufacturing a sem conductor
devioEBIng2 gtgiclegireds eyatiearip of therrer@idhsemibymiuoye haygaand the

third'semidfdudtbr 1%9& wittt'fh& ?n_s%ﬁﬁinfg ?{lmfig{err{)ioggd &Ql%bgt%vr{:%g;e d

forming a first gettering site region having n-type conductivity by adding
phosphorus to a region of the second semiconductor layer that does not overlap with the
gate electrode;

forming a second gettering site region having p-type conductivity by adding
phosphorus and boron to a region of the third semiconductor layer that does not overlap
with the gate electrode; and

performing heat treatment, thereby gettering a metal element in the second
semiconductor layer into the first gettering site region and gettering a mefal element in

the third semiconductor layer into the second gettering site region.

22. The method of manufacturing a semiconductor device according to claim
21,

wherein an jon doping apparatus is used in forming the damaged region.
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regi on, and wherein plasma including H+, H +, and H3 +

as ion species is generated by exciting the hydrogen

wgoasosaiseh4d r r adi ati on with an ion beam i ncl udi ngcriar2008/060928

H2 +, and H3 + is perfornedito formthe damaged

region. 24. The nethod of manufacturing a

sem conduct or device according to claim2l, wherein a

heliumgas is used in the source gas for formng the

damaged regi on. 25. The nmethod of manufacturing a

sem conduct or device according to claim2l, wherein a

hal 8ehhqymstliod afsmanufectuting 8 semisondiagorf devideoagroring heclaim
»1. daneged region. 26. The nmethod of manufacturing a

> sem conduct or device according to claim 21, wherein
t hewhaetn 8UbsitdgeheydsSis Aised &6 SheSstueéd AL forZfbrmidgethe damaged
.met hod of manufacturing a sem conductor device
‘Bg“Hbéﬁgding to claim?21, wherein the base substrate is

sel t ug+c i .Shi . an .

2l i osth pleafe MELALG'RT RS Bl AZ & idispecies is gonerated by
excitihg Hertohlosgesi das cat drrgdiaien withshried ®ecamrfclading the H', H,*, and
P{+bariU$nbo(Losiiqlicat | ags substrate. 28. The nethod of

3 RastPHRed i ogm hedamagsA dt@eDr devi ce according to
claim21l, wherein the netal elenent is at |east one of

Ti, Zn, M, and Pb.29. A nethod of nmanufacturing a

senmtohurethod ddvhauifactoing @ s¢migondustor dayiee ateomiradto claim
21 Fegion in a sem conductor substrate by irradiating the :

> sem conductor substrate with an ion species included

i n phasiba e gissis §shEhabeshulade ;Tfhé%xtﬂoﬁﬁin% thOBA R Sxed3Egion.

form ng a bonding |ayer over at |east one of a base

substrate and the semi conductor substrate;

25. The method of manufacturing a semiconductor device according to claim

21,

wherein a halogen gas is used in the source gas for forming the damaged
region.

26. The method of manufacturing a semiconductor device according to claim
21,

wherein the base substrate is a glass substrate.

27. The method of manufacturing a semiconductor device according to claim
21,

wherein the base substrate is selected from the group consisting of an
aluminosilicate glass substrate, an aluminoborosilicate glass substrate, and a

bariumborosilicate glass substrate.

28. The method of manufacturing a semiconductor device according to claim
21,

wherein the metal element is at least one of Ti, Zn, Mo, and Pb.
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attaching the base substrate and the sem conduct or

substrate to each other with the bonding | ayer
wonv@risesed t her ebet ween; di vidi ng the sem con@8aTip008/060928

substrate at the danaged regi on by heating the

sem conduct or substrate, thereby formng a first

sem conduct or | ayer separated fromthe sem conduct or

substrate, over the base substrate; formng a

gebbe ifigh&d (Sﬁnﬁxﬁ&h&ﬁ‘rlﬁgna SrhiESl R R detics, dcokr}{ﬁfsmg'

sem conductor layer; perform ng heat treat t

t hdomippg gaetdamagﬂlg r@glmstnala sdreinemtucton substrdte rhyt irradiating the

semiG L GET ARl Y B do it il Cmtena sk S ageateg by

excitﬁlgrambamg%ggmd sem conductor |ayer wherein the part of
e first sem conductor |ayer includes the gettering
si tfermpiagi arbonding Tyer myehad lotst neneuhca thapmgpubstrate and the
Semlgon@uéggpgu%g&&r device according to claim29, wherein an
ion ping ap’par atus is used in formng the damaged

r egitaching fhe base suBtaethndfthéSumitatiudtor 8gbsArate to each other with
sem conduct or device according to claim29, wherein a
thebﬁ%?%&éﬁ‘&%”%d&@é@’e?‘ﬁe@he source gas for forming the
da " 691 QhicHI WP SuBAPhA rH%de' Hy nERisk th
an?ﬁ as ﬁloné%sﬁcem e(sjwlpg ggéner ate cCi te Em the infy the
semitppdncigesubgtste athereby famhiag a tﬁinst\zsbmtcoaduqtmm@asﬁparated from the
.includin H+ + is performed to form
Sem“f‘ﬁ‘éu‘étgﬁﬂ’g)éga?eﬁ‘f%ﬁhe bgise S"%ﬁga thod of manufacturing a
SefbARME WleRErife it e da G h & dich 66 Fiadt @bxﬁ&on&ﬁh@éﬁhﬁ:
heliumgas is used in the source gas for formng_t

darmgféﬂnﬁ’@g he . @Gﬂtmﬂi{e therely getiering @y faséal u@lp}ﬁgntam the first
s SELSBPINEL B AEYLAERAAGRILAR 4G L3 128, uherein a

ogen Hs 15 U ource gas for formng the

d awmg 5 egitef theSﬁrst Jdgicomivond [Dfer pRfUHAL bdtohd gerliconductor

sem conduct or_devj ce accordi ng% to clajm?29,
layer wherein the part of the first semiconductor Tayer includes the gettering site region.

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

29,

wherein an ion doping apparatus is used in forming the damaged region.

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

wherein a hydrogen gas is used in the source gas for forming the damaged
region, and

wherein plasma including H*, H,", and H;" as ion species is generated by
exciting the hydrogen gas and irradiation with an ion beam including the H, H,", and

H;" is performed to form the damaged region.

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

wherein a helium gas is used in the source gas for forming the damaged region.
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wherein the base substrate is a glass substrate. 35.

The met hod of manufacturing a sem conductor device
weeewridénag to claim?29, wherein the base subst PararP2088/060928
selected fromthe group corsi sting of an
alum nosilicate glass substrate, an
al um noborosilicate glass substrate, and a
bari unborosilicate gl ass substrate. 36. The nethod of
manuf acturing a sem conduct or device according to
claim?29, wherein the gettering site region is forned
by 33ddihegnéthéd ofimahbfaetueing rit sekrdcdddactoe device atcdrilimg to claim
first sem conductor layer. 37. The nethod of
manuf acturing a sem conduct or device according to
cl aiBre a WaREA hab € wI& §f iR Bouiitd Fad 99 Rty iRy @8Saged
by adélng at ﬁea one of phosphorus and arsenic to
regionhe regi on of the first sem conductor |ayer. 38. The

nmet hod of manufacturing a sem conductor device
according to claim?29, wherein the gettering site
I e MheSméR6NBE nivufeRing PsciboRiuéfr Ae@iRBAbccdRg to claim
phosphorus to the region of the first sem conductor
29, layer. 39. The nethod of manufacturing a seni conductor
device accor di cl.ai ein the gettering
sit%ﬁ?ggﬁg%ﬁgggggéﬁgﬁs%fﬂégEW#ggghosphorus and boron
to the region of the first sem conductor |ayer. 40.
The_ et hod of manufacturjng a sem conduct or device .
accor dillignet§od phmangctupg eseniepndugior device afeardingdo glaim
29, | east one of Ti, Zn, Mo, and Pb.

29,

wherein the base substrate is selected from the group consisting of an
aluminosilicate glass substrate, an aluminoborosilicate glass substrate, and a

bariumborosilicate glass substrate.

36. The method of manufacturing a semiconductor device according to claim
29,
wherein the gettering site region is formed by adding a Group 18 element to the

region of the first semiconductor layer.

37. The method of manufacturing a semiconductor device according to claim
29,
wherein the gettering site region is formed by adding at least one of phosphorus

and arsenic to the region of the first semiconductor layer.

38. The method of manufacturing a semiconductor device according to claim
29,
wherein the gettering site region is formed by adding a Group 18 element and

phosphorus to the region of the first semiconductor layer.

39. The method of manufacturing a semiconductor device according to claim
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29,
wherein the gettering site region is formed by adding phosphorus and boron to

the region of the first semiconductor layer.

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

wherein the metal element is at least one of Ti, Zn, Mo, and Pb.



