WD 2008/ 156040PCT/ JP2008/ 060928 1 DESCRI PTI ON METHOD OF MANUFACTURI NG

SEM CONDUCTOR DEVI CE 5 TECHNI CAL FI ELD [ 0001] The present invention
relates to a nethod of manufacturing a sem conductor device by using an SO
(silicon on insulator) substrate which has a sem conductor |ayer formed of
silicon or wibeotsilgenso 10 [ 0002] It is to be noted trhaizpdoheoso9zs

sem conduct or device in this specification refers to all devices that can
function by utilizing sem conductor characteristics, and electro-optic

devi ces, sem conductor circuits, and electronic appliances are all

sem conduct or devices. 15 BACKGRQUND ART éOOOS Integrated circuits
using an SO (silicon on insul at FPFSCRBIIONt e where a thin si ngl e-crystal
silicon layer is formed over an insulating |ayer, instead of using a bul k
20 silicon wafer, have been devel oped. By taking advantage of features of a
thin singl e- cr ysMETHOD DEMANBFACTURDIG:SEVECGNDUATOR DEVAgEat ed circuit
can be formed in such a way that the transistors are electrically isolated
for each el enent conpletely. Further, since the transistors can be forned
as ful Py JESBYIEALFIERD stors, a senmi conductor integrated circuit can be

manuf actur@g) o have high added val ue such as hi gh integration, 25
hi gh- spee(g ving, and | ow power consunption. [0004] As one nethod of

manuf act uri ng a'ﬁhESiiiesemu stentidreseldidsetben mSthad bﬂ%ufﬁ@&xﬂﬁg aq\sm%ﬁﬂliﬁ&l uring an
echni que in which ydr ogen

SO substry n di p
i on inpl an?‘gg b gearll g@gfﬁwg’éﬁ'éfrﬁt‘ﬁf?;b g{?“‘a\"@“@éﬁ% %Fé'&COHdHCchlaserrret hod,
an 30 SO fmniadbfaha)m&tmmf actured mainly by the foll ow ng process.

Hydr oggn i[&ﬁﬁ] are
It is to be noted that the semiconductor device in this specifiéation refers to all
devices that can function by utilizing semiconductor characteristics, and electro-optic
devices, semiconductor circuits, and electronic appliances are all semiconductor
devices.
15
BACKGROUND ART
{0003]
Integrated circuits using an SOI (silicon on insulator) substrate where a thin.
single-crystal silicon layer is formed over an insulating iayer, instead of using a bulk
20  silicon wafer, have been developed. By taking advantage of features of a thin
single-crystat 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,
25  high-speed driving, and low power 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

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

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



i nplanted into a silicon wafer to forma damaged regi on at a predeterm ned
depth fromthe surface. A silicon oxide filmis formed by oxidi zi ng anot her
silicon wafer which WD 20081156040PCT/ JP2008/ 060928 2 serves as a base
substrate. The silicon wafer with the hydrogen ions inplanted therein is
bonded to tWwe migdiseran wafer with the silicon oxide fil mpb@pResddoegei N, SO
that the two silicon wafers are attachged to each other. Heat treatnent is
performed thereon so that the wafers are cleaved from each other at the
damaged regi on. Anot her heat treatnent 5 is perforned in order to inprove

bondi ng fosr E con |l ayer_ attached to the base substrate. [0005]
Mor eover, “PHEY gs asﬁﬁﬂisﬁétf’ kﬁgﬁﬂh‘i’%‘t‘mfﬁ with Fb&rhuﬂ@g@mmmgnﬁmtaﬂheﬁeﬂbst rate,

in which ds Borde ®thk 806 HERAHRL B SEQD ik RS hed to a
gl ass substrate 10 (see Patent Docunent panése Bllnis f"%‘ht
Appl i cat i SHCRB Waskshareerdiod t%m%fhl%lleéntl'lm@mmnt 2 pe&a:p&:d&ﬁ&e&ﬂ&i inahed

Pat ent Apmldﬁ@efscme | CE | NVE 0006] 15In a
conventlonal met hod mavem%éfg%tﬁéﬁeﬁgtg% o (B o W0 F%I‘?agﬁe?tﬁaﬁmant ation
met hod®hads Peémed dnjoxdar tor irovechandinl otce lof drsilizen ldyen sttdché 1Pihs 'bla%ec on
waf er. |ngapb@n inplantation nethod, a source gas is nade into plasma, ion
speci es incl uded in this plasma are extracted and mass-separated, ion

speci es V\A[Q(stredeterm ned nass are accel erated, and an object is

irradiated wit thopc%v%?ﬁl%Leeirs %Elgfger Kn0wn method of manufacturing an SOI substrate,
in which a silicon layer separated from a silicon wafer is attached to a glass substrate
10 (see Patent Document 1: Japanese Published Patent Application No. 2004-087606 and

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

DISCLOSURE OF INVENTION
[0006]

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

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

25  [0007]

The research of the present applicant has indicated that when a damaged region
is formed by implanting ion species produced from a hydrogen gas into a silicon wafer
by an 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

80  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.



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

w t hout maswosepasaid on, and an object is irradiated W pariF8osacens er at ed

I on species as an ion beam 25 [0007] 3The research of the present applicant
has indi cated that when a damaged region is formed by inplanting ion

speci es produced froma hydrogen gas into a silicon wafer by an ion doping
met hod, the silicon wafer can be cleaved by heat treatnent perforned at a

| ower temb®3Biure than a strain point of a glass substrate. Based on this
30 knowl edge, a t Januf.actured by formn danmpged regi on
by an ion dopi ngnﬁe% ﬁ%% .{pﬁ&?ﬁ%’%ﬁgéﬁg@% Eg’ﬁ%a?g & slﬂfag]’taggﬂ\%é’saé‘ YW ai n

poi nt is Wopingnmthddosahe e devblapel sulnsiufadhere thidilm transistors over a glass

2008/ 1560 JP2008/ 060928. .3 [ 0008] An i.on_dqpi ng_apparat us which

carries og'&g%{ﬁ %%%‘méﬁsrarsé%l ‘gf[l%é?f@gﬁﬂ ¢ MSETY o AR SRRiRomethed thezeforse

devel oped hasamadvaiitagd intiat thi @ctiticddf formisk 8 dafsgMeEioR ciil BS shoshsidsat € whi ch
An 1 on dopi ng nethod therefore 5 has

has a si de of I(Pn(ﬁer.than one, rrenitléﬂ. ) . et I
an advant SYBPRI It iquyimplantatiop mathqgk inpghich mpskscparrtionds pafiroad.cdn be
shor t ened cafirag Hagy RarhGorAi nbOrfofRe P laf b Pdopity HOHod: Yo HIRS;

separation | Frgrfor med. In contrast, nass separation is not per?gr med in
an ion doBFlﬁa‘a i elanrat Erchided in o materiak ofan plogtradn and shenkiiteadf anl onent

i ncl uded gpi ot el 2D ShiRn! WARE ith! | Qhsd0PANg

appar at us gbntﬁgei%ba_asi I?C()Iﬁ waf er toget h%ggl\}\%l{]ﬁvl{hhﬁ%h%?%g%dnq?%hs.AA 10

met al 1@ onmatAl-rentamingiel SQIbwbptaie cowes tensisters shamficsuah thefeadthuneithve her ewi t h

to have | gu ele@fichi : heSd | wreltability. for exanple,
the transistors_ havgﬂ\f%éri%}g??sg%\ﬁ lrlfﬁ{ ﬁglzaé’ﬂg%dk"\?o“r"taﬁ‘&? g#ﬁ% "iaﬁ?ﬁ’t%‘ﬁsl&’fel eak
current. POGUOR iy threshold molédge and inofeaselddearcementt i nvention to provi de a

nmet hod of [d%g]uf acturing a

It is an object of the present invention to provide a method of manufacturing a
16  semiconductor device in which an effect of contamination due to a metal element can be
suppressed. It is another object of thepresent invention to provide a method of
manufacturing a semiconductor device in which an effect of metal contamination is
suppressed and which uses a semiconductor layer attached to a base substrate whose
strain point is 700 °C or lower.
20 [0010]

An aspect of the present invention relates to a method of manufacturing a
semiconductor device, which includes the following steps: forming an SOI substrate
including a semiconductor layer separated from a semiconductor substrate and a base
substrate to which the semiconductor layer is fixed, and forming a semiconductor

25 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 isfare excited to produce ion species, and the semiconductor substrate is irradiated

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

source gas, a hydrogen gas, a helinm gas, or a halogen gas can be used,



15 sem conductor device in which an effect of contam nation due to a netal
el ement can be suppressed. It is another object of the present invention to
provi de a nmet hod of manufacturing a sem conductor device in which an effect
of nmetal contamination is suppressed and whi ch uses a sem conductor |ayer
attached t oy sB@fSsostbstrate whose strain point is 700 f-0fp2bdNEdoss 20

[ 0010] An aspect of the presentyinvention relates to a netﬁod of
manuf act uri ng a sem conduct or devi ce, which includes the follow ng steps:
formng an SO substrate including a sem conductor |ayer separated froma
sem condugctor. substrate and a base substrate to which the sem conduct or

| ayer is Y&, and formng a sem conductor 25 el enent by using the

sem conduct or | &Yigdst 8he &8 bR@ subMRR! indliBe sdu¥Bdnductor substcliattl: i O;%B‘Q@Ed to
es e

manufacture the SO substrate, a source %ass whi ch inclu . I nd or
plural ki WHB Gponsiag layse pecd: B attaching, they brse fithstepbes and: theesdmisonguctor or a
hal 09N Jabstktt b Sl GuleFd WeR B UERILAMCRR Wabie M frdvilfeq SEH GhnduCtOF
substrate is irradiated 30 wth the ion species to forma danaged region in
t he seii comding leyers thsshonding layes mayebes Sumee afers formingy the sigmagagasgioa; hel i um

I

gas, or [ H2008/.060928 4 [0012]
At | east a%lﬁzgﬂag? 9? ’htggg%lgg{ksl%g% khr% gt% 8 f%r}rggd tg %g%%%é%éﬁfﬁpgéedgu%‘g?'r ate is

provi ded [B01H a bonding | ayer used for attaching the base substrate and the
sem conduct or trate t at her . en .t he sem conduct or, sybstrate is
provided with t g%gg%%uﬁgf aﬁ%g’i%g@%rs?m{cﬂ%d"\é%ﬁa?bﬁgaﬁeaﬁ%Pt?q‘ﬁﬁ tt?ecaf’%f"x’ﬁﬁ after
form ng tinesudaaegytkhatetj base sabitetenaid tie bymicoiiuciod Rabshgre ladey dispovey ibe f or med
bef ore, for,m n he damaged reqi on. 01 . The base subsfrate and the
con cBha el R Shet b finending et incesperdd Berrbeer M5 A hat t he
base subssurfateofhe bbtngsaperdobshided @ a Sacd whick ifin@ota@RAREEe bohdld): Cl ose

contact wth each other with the bondi.ng.layer,. interposed therebetwen and
that a suff4ce Efs’f‘%f’é’e%tﬁﬁlf Ay SSAkct i“é‘tq‘bﬁlﬁ ding layer fopsspendshioe o s i n

contact Wedahpld)@ suefach B0tk S subdtiae, SISRee oNVilieCEbniionkdiicts:OfbaEde, W th t he
bondi ng | ayer corresponds_to, for exanple, a surface of the base substrate,

a sur f aceS"5rcs plgnd glletYithedisstrate, a surface of an insulating film
or thgli[gg14]15 [ 0014] The danaged region is cracked by heating the
sem conduct or’ substrate after_attaching the base substrate and the
seni conduct or sii§stapmaged regioadg israskesdely hemtiag the pranicendnetonshbstrase aflebstrate i s
separ at edyf,p ieha | | t i
sem condu%:t Q@H%ayer sgl%g?g?é%&Piregsﬁﬁbﬁga%gbﬁl%g%%ﬁteg?oega{sﬁ %l{ rgﬁéen’ ithse fixed to
the base eueadettermbstrakhiscephatehionftbe baresubstitednstdps staerthB@ firstubst r at e
havi ng Nkl fihoSe M GORPHERR wrd P R scRidRAARGS SBsiE uPBRG GRS HEE! © 19

20  substrate. Through the aforementioned steps, an SOI substrate having the first

semiconductor layer attached to the base substrate is manufactured.
[0015]
The present invention is a method of manufacturing 2 semiconducior device
which uses the SOI substrate manufactured in accordance with the above method.
25  According to an aspect of the present invention, the first semiconductor layer 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
80 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 vﬁth a gate electrode so

as not to include a region serving as the channel formation region. After forming the



[ 0015] The present invention is a nethod of manufacturing a sem conduct or
devi ce which uses the SO substrate manufactured in accordance wth the
above nmethod. 25 According to an aspect of the present invention, the first
sem conductor |ayer fixed to the base substrate is etched for el enent

| sol ati on twoheweAs@easecond sem conductor | ayer whi ch copgtigisasess part of
a sem conductor elenent. In the preserg invention, a gettering site region

is formed in the second sem conductor |layer in order to renove a netal
el enment included in this second sem conductor layer. hi order to renove a

metal 30 elenment included in a channel formatiop region, the ttering site
regi on | &tEEHRSHEE TeEi08, hest fTPYmeRfis Pﬁ@“@@édﬂ&e@ér}gﬁtgﬁg’hﬁ{gﬂ?ntr é@gﬁ‘ That does

not over {ap i fhindscBstideseRli@RlARS2ayes @S tRQiettbng fiklbden.a regi on sewing as
t he channel formation region. After formng the WO

2008/ 156[906ICTOP2008/ 060928 5 gettering site region, heat treatnent is
performed to tf‘Sﬁo&%i}ﬁttﬁE%% eﬂﬁ)ldg'ﬁﬁ:n%ivem fobm! the LEEring &8l kékidd)e rgecond
0

sem conduct or Tayer, | e getterrng site region. [0016] The follow ng
t hr ees nethedilst natiedga Gaoupt 18 dlament ithibe geniadic fablg is added te e semicppdustorhe £ r st

met hod, Go 3 el i i e Al ded tg
semi cond%g?r()r ﬁ%&gp{p %}nez%%g%&%gmgﬁéém tgfc%%%é gé’n égt 0 'anyn%)?ﬁ?—b, Ne, Ar,
Kr, or Xer twone nkdréeklinds oftthe GeovpriBreenidntsden bé added tHhyspmicendictomiayes can be
added to_the sem conductor |ayer...YWen..the ] | [ ]
' adi o BT EPORBONToT ey Sl B O MedPRy 8 Aeme Bl g |, .
el ect ri CaddeRlated By SEble@TIE MBIS htgettdrpf ite e tbringd darghgling toedder lattickat ti ce
10  distortion. The gettering site region preferably has a concentration of the Group 18
element in the range of from 1 x 10'® atoms/cm® to 1 x 10?2 atoms/cm® inclusive.
Through heat treatment at about 450 °C to 850 °C for about 1 to 24 houts, the metal

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

15 In the second method, phosphorus or arsenic is added to the semiconductor
layer to form a region impariing n-type conductivity. Phosphorus and arsenic are
preferably added fo the geitering site region at a concenfration of from 1 x 10%
atoms/em® 10 1 x 10?2 atoms/cm’ inclusive in fotal. Through heat treatment at about
450 °C to 850 °C for about 1 to 24 houss, the metal elements included in the

20 semiconductor layer are gettered into the gettering site region.

[0018]

In the third method, phosphorus and boron are added to the semiconductor
layer in such a way that boron is added more than phosphorus so as to form an impurity
region imparting p-type conductivity. Phosphorus may be replaced by arsenic.

25  Phosphorus and arsemic are preferably added fo the geftering site region at a
concentration of from 1 x 10 atomsfem® 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

30  included in the semiconductor layer are geitered into the geltering site region.



"10 distortion. The gettering site region preferably has a concentration of
the G oup 18 elenent in the range of from1 x 1018 atons/cnB to 1 x 1022
atons/cnB inclusive. Through heat treatnment at about 450 C to 850 C for
about 1 to 24 hours, the netal elenents included in the sem conductor |ayer
are getter e®W0i20a85¢0k@ gettering site region. [0017] 151 rcrheossawonrg net hod,
phosphorus or arsenic is added to the &em conductor |ayer to forrn a region
i nparting n-type conductivity. Phosphorus and arsenic are preferably added
to the gettering site region at a concentration of from1l x 1020 atons/cnB
to 1 x 1022 atons/cnB inclusive in total. Through heat treatnent at about
450 C to $9U9L for about 1 to 24 hours, the nmetal elements included in the

20 sem conduct o tered into the gettering site region. [0018]
In the third rre%“hog, %ﬁ%’;eg%‘%ﬁﬁ%“& 9 Jetenticpndpgtos dewicepfduct or

| ayer in theciresntinyertioatthdgetering siteadgiod isMnted Make ﬁﬂpﬁaﬂh@fddﬁctépla?% to form
an irrpuri%i&eé?gitgen irrpa.gti g E‘i)t %}ge conductivity. Phosphorus may" be

repl aced ByehrEdl Rase SO o b PHET 49 dempectie dndtnleclomenteinghyilsd mdthed to t he
get t er 5ngchdrnel foegatidn rédion HeORABM dicl Pls hin ik 2%ok / to 1 x
1021 atoms/cnB jnclusive in total .g T_hég%lgncsent ratli 8?00%&%3‘%&??% .5 lines
to 3 ti rregenﬁﬁ‘:@‘ﬁb’l"tof AL Heor8 nobAvelnp with 8 atst clestrodporthet thagettoringndite i n t ot al
i ncluded kdgidh@odaidt @it # kdefon’ REIcRNyin TR nt at about 450
Cto 850 Cfor about 1 to 24 hours, the msE‘t%a%hte gdr?l}en e?@%{glﬁ%lrfﬁﬂ%“d in the
seni condutfist fqrming the gefiesiag site sagiony hent thisetmpst isgreifognei toezettegihe etal VO

2008/ 15604 RedY, 4R8G4, gﬁ@&ﬁﬁ : anot her aspect of the nethod
of manufacturing a sem con uél'?c oiﬁrgg%%l%ogd%?mﬂlk%r’p'?tgstg%getﬁeﬂgféﬁ‘fq I5HOnt he

get t el ngAfer &er bt disatment forrthel getteringe tHei fist semivhnhod dtiver drayesofi xed to
the base gjiRgkt remyve the nmetal elenent included in the 5
channel formati g%}ﬁﬁlgigﬁgﬁél%gfe%g{ntae%‘raitﬁ%ggf@gg PRGTEIPT 1S T¢BeYed theseby porti on
wher e t heforiningtthgseshmineticohductdrdyyer. does not overlap with a gate el ectrode,
so that t Zgﬁttering site region does not include a region which wll
serve as the cthannel formation region. After formng the gettering site

region, heat tr3adertbeipresent pesrtion iRMudedhe Qteh F abtltfinBleAhetll IR inegthi Ch 1S
t sem ¢gaonduct | ayer, into the gettering site region.

included jn the.fir, r

10 After gthﬁ egeﬁgré'fg flfee'%‘r‘?@h{t 1§ é’PSSEIﬁ% tQy S¥RPESSS 17§, effepicof metd cortaminetichuct or

| ayer of &scdSEl aspibeky of Snunbfabfihg o otiBindiBEE dBHET® Uocfith 1S GOt L eri ng
r

site region bfc renoved, thereby formng the second sem con 0 ayer.
[0020] SiRPSECEHR PPeveliabiilienid dertiicl Fhptacteristies ofttosistorsy értexninplg, t he net al
el ement i wk@tidPin ¥8r i i i f ok ] ossible o suppress an
effect of netal contegsnﬂé\g({l%a %c%a%egg | r?ggalbdr%acﬂe%g%g 4 ﬁﬁ?‘él'ﬁ?qj'ﬁtﬁf‘g a

seni condUEm&BOFevi ce. Accordingly, it is possible to inmprove reliability
and ejoec;[bb@ﬂl characteristics of transistors; for exanple, variationin a
t hreshol d vol'tage can be suppressed and | eak current can be reduced in the
transistors. Moreover, in the present invention, since the effect of metal contamination

caused in a process of manufacturing the SOI substrate can be suppressed, an jon
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 apparatys,
25  the tact time of the jon 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.

80 Accordingly, a semiconductor device of high performance and high reliability can be
manufactured over a glass substrate.



20 [0021] Moreover, in the present invention, since the effect of
nmetal contam nation caused in a process of manufacturing the SO substrate
can be suppressed, an ion dopi ng apparatus having a risk of causing netal
contam nati on can be used positively. Therefore, by formation of a danaged
regi on wit hwoheosusesof an ion doping apparatus, 25 the paghplobdiRoRs the ion
I rradi ati on step can be shortened. [0022] The heat treatnent for
gettering the netal elenent into the gettering site region can be perfornmed
bel ow a strain point of a glass substrate; therefore, a glass substrate can
be used rate to which the sem conductor layer will be
attached%gégﬁ@gpgﬁﬁéby,ééDWMuctor devi ce of high performance and
high relimbg3jity can be manufactured over a glass substrate. WO

2008/ 156040PCTATP2008/ 060928 7 BRI EF DESCRI PTI ON OF DRAW NGS [ 0023]

FIGS. 1A to 1GHPE dbols 1Sk ars sras-stiensl views dies cdastribing @ methodd obf

manuf act ug,l rﬁl%ng ; Lce. SFIGS. 2A to 2D are cross-sectional

Vi ews folrjﬁ%ﬁe]g%"?lil bi ngsggﬁ%ﬁc(%dgﬁ%fanuf acturing a sem conductor device,

after @ he step ESF28 102D are crgsb-@RitiogA views Coardesaribigs as agthodnaf Vi ews
for descrjbi . et Act Wrj a sem ductor device, after the
step of F?%M%%hﬁl&%ga&%ogéucﬁqgwlg&iagéljatﬂfg?%psgﬁ?g‘gf onal view for describing
a nethod of madliB&cBdr in@Ca ald cemsAsentinohil cviews diew | describafgt ar mlefl@dséep of FI G

3C. A.ta r rass-sectional . vie for describing a nethod
of manuf a%%u%ﬁ“g'%g assgrr'ﬁ?cgﬁﬁﬁﬁ)é‘[éﬁm%é‘ ?rc‘é‘? steg ?feelIGtﬁg step of FIG 28.
FIGS. 6A to 6CFaGet fy peRssactibmaiew fod Wesdrdingde selliod] dfinahufRhiing Of

manuf gct urin em condyct or devj fter the step of FIG 2D. "15FI GS. 7A
to 7D are® ‘3’&@‘!‘3%‘36.‘"8%&%%‘3%6&@ Pﬁ&%%é’cri bi ng a nethod of

FIGS. SA to 5C are cross-sectional views for describing 2 method of

manufacturing a semiconductor device, afier the step of FIG. 2B.
FIGS. 6A to 6C are cross-scctional views for describing a method of
manufacturing a semiconductor device, after the step of FIG. 2D.
15 FIGS. 7A to 7D are cross-sectional views for describing a method of
manufacturing a semiconductor device, after the step of FIG. 1G.
FIGS. 8A to 8C are cross-sectional views for describing a method of
manufacturing a semiconductor device, after the step of FIG 7D.
FIGS. 9A to 9G are cross-sectional views for describing a2 method of
20  manufacturing an SOI substrate. - '
FIG. 10 is a block diagram for showing a structure of a microprocessor.
FIG. 11 is a block diagram for showing a structure of an RFCPU.
FIG 12 is a top view of an SOI substrate using mother glass for a base
substrate. .
25 FIG. 13A is a top view of a pixel of a liquid crystal display device, and FIG.
13B is a cross-sectional view taken along a line J-K of FIG. 13A.
FIG. 14A is a top view of a pixel of an electroluminescent display device, and
FIG. 14B is a cross-sectional view taken along a Jine L-M of FIG. 14A.
FIG. 15A is an external view of a cellular phone, FIG. 15B is an external view
30  of a digital playes, 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.



manuf acturi ng a sem conduct or device, after the step of FIG 1G Fl GS.
8A to 8C are cross-sectional views for describing a nmethod of manufacturing
a sem conductor device, after the step of FIG 7D. FIGS. 9A to 9G
are cross-sectional views for describing a nmethod of 20 manufacturing an

SOT subst r agg2005h53040l0 1S a bl ock diagram for showi ng apst/pieistic®f 2@
m croprocessor. FIG 11 is a bl ock diagfamfor showing a structure of an

RFCPU. FIG 12 is a top view of an SO substrate using nother glass
for a base substrate. 25FIG 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 FI Elﬁazl\jsagraphslﬁtv@g]rmmssfanalxsisofimmif a pixel of an

el ectrol um nes it I ey a G S a..Cross:sect.ional view

taken al ong a SEQW{?VS ngmﬁ%kmﬁ @fﬁgﬂ“ ogd“e%(f’g?‘?’?a'l"af\% 1‘3f % cel lul ar

phone, Fla&ljzieﬂamm external view 30 of a digital player, and FIG 15C is
FIG 16 is a chart_ show ng

an external % u@n el ﬁﬁ”o l.c.boo ncfider

metal el errents QWS @M PLqHle i A dspihiiregton 1o 2 siligenywedspwhich is
concept r ahhign® byIMs) are detected by ICP-MS. WO

20081156040PCT/ 3P2008/ 060928 8 FIG 17 is a graph show ng results of

anal ysi s of FIG 16. FIG 18 shows a Ti profile in a depth direction

inasil ummpow@mm@a@ﬁm@gmm FIG 19 shows a M profile in

a depth direction in a silicon wafer, which is
[0024]

The present invention will hereinafter be described. Since the present
10  invention can be carried out in many different mades, it is easily understood by those
skilled in the art that the mode and detail can be variously changed without departing
from the scope and spirit of -the present invention. Therefore, the present invention
will not be construed as being limited to the description of the embodiment modes. It
is to be noted that elements denoted with the same reference numerals throughout the
15  drawings are the same, and explanation on the material, shape, manufacturing method
thereof and the like will not be repeated.,
[0025]
(Embodiment Mode 1)
This embodiment mode will explain a method of manufacturing an SOI
20  substrate, and a method of manufacturing a semiconductor device with the; use of the
SOI substrate. First, a method of manufacturing an SOI substrate will be explained
with reference to FIGS. 1A to 1G.
[0026]
A base substrate 101 is prepared as shown in FIG. 1A, The base substrate 101
25 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
30  (preferably 30 x 107 /°C to 40 x 107 /°C) inclusive and strain points ranging from 580
*C to 680 °C (preferably 660 °C to 680 °C) inclusive are preferably used. In order to



5 anal yzed by SIM5. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [ 0024] The
present invention will hereinafter be described. Since the present 10

i nvention can be carried out in many different nodes, it is easily
understood by those skilled in the art that the node and detail can be
vari ously cWwengedssisé hout departing fromthe scope and spifrbdgosifsod2he
present invention. Therefore, the present invention wll not be construed
as being limted to the description of the enbodi nent nodes. It is to be
noted that elenents denoted with the sane reference nuneral s throughout the
15 drawi ngs are the sane, and explanation on the material, shape,

manuf act urstpyessewhiachination epfheapdidoh@uctdriaevitd, lhorBVer, 0025]

( Enbodi nentl_c%gﬁ :éélj%s enbodi nent mode wi || e%é?% %‘gﬁgﬁsg‘gtﬁ%%’e

manuf act utl 1§ s glass stibstiptes.  Materialprof allseli-Bree substidtecinduinglags

sen conduata¢riatiesucte W afuntifesibee Hast NSSG t irst, a nmethod of
manuf act ugi ng. an ggs substrate w | I%flgge giu?%?b%g%ﬂvﬁﬁ@h%}ag B Fl s 1A
to 1G [ 00281 RCAEERSE uhstrate 101 is prepared as shown in FIG 1A, The base
substrate[@@¥}25 is a support substrate which supports a semni conductor

| ayer divided froma sem conductor substrate. As the base substrate 101, a
li ght-transmi t t PAGRlEmetive ios sucht glasatsubsirates, ms dubufating 3ebseh@GhEPRE @ Product
such as achiafhu ' Lce,can.be used. ,In consideration of
heat resi g%ﬂgﬁgﬁ e%ﬁbgga%{%g?‘hg%dﬁl tB %}tgaY‘?, gﬁ%?apg IS PSS A fopduciBesubsEiesch of

ther mal  eRpamstadpubststyongsthintess @8] suthfdicl: d mEdnduckdl shbskGte I0mida e er abl y

30 x 104 1540 gﬂﬁ’iuﬁ a}&,ﬁid%,ct}r tﬁenl‘i‘lleuc%h & ust C:Ias %I}erbglsensu gtlrart]é fOlr anging from 580
10  {0028]

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

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

[0029]

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

25  composition, such as a silicon oxide film, a silicon nitride film, a silicon oxynitride ;?ilm,
a silicon nitride oxide film, a germanium oxide film, a germanium nitdde 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 atuminum nifride; an

30  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.



Cto 680 C (preferably 600 Cto 680 C) inclusive are preferably used. In

order to WD 2008/ 156040PCTOP2008/ 060928 9 suppress contam nation of the

sem conduct or device, noreover, the glass substrates are preferably

al kali-free glass substrates. Materials of alkali-free substrates include

gl ass mat erwebeysasyln as al um nosilicate gl ass, al um nobpgpghlésiéss 9l ass,

and barium borosilicate glass. 5 [0027%§ As an alternative to such

gl ass substrates, an insulating substrate such as a ceram c substrate, a

gquartz substrate, or a sapphire substrate; a conductive substrate such as a

metal substrate or a stainless steel substrate; or a sem conductor

subst r at e [§080hed of silicon, galliumarsenide, or the |ike can be used

as the base SUbﬁxttﬁﬁtse 1@(:11& 10, LOOZS%@AS hown in FIG 1B, a sem conductor

substrate 111 i 5 Prepaiadtion he QavIKidr defersdp & subutrnce sphishagcntnins monet he

seri conduokygensadis dhenitiigeni ol anbeS 0 il NAKR. RIISW AlEndlk, thus an
1 I'S

SCL subst%}&l i s manuf act uyred. The sem conductor substrate
pref erabl ¥ a2 st BelRs pilfosen Alomisnthar (gyeapupiemsat Bhe eorpasitivh of the

pol y- cB ysbryditride afe@ teCaRle Uxtde &R H8lEreq korg! g psed. The
seni condugtor substrate 111 may be a semecﬁdﬁgrgg??&g%r% %ngc?‘gef’ﬁgd of a

G oup 4 ePRFERTeLyfRBakand Hydrggen Hemweeth Scatiering (HES) Fer mesmiplensilosonsi | | con
carbi de. biynitits reerh aslh ﬁ:ﬂﬁ%@@@ﬁmnﬁ&?@%@%& et Soe Mot sb 3455 1N 128

than the sem conduct or_ substrate 1
at.% inclusive, nitrogen in the range of from 0.5 at.% to 20 at.% inclusive, silicon in

the range of from 25 at.% to 35 at.% inclusive, and hydrogen in the range of from 0.1
10 at.% to 10 at.% inclusive. Silicon nitride oxide refers to, for example, a substance
which contains oxygen in the range of from 5 at.% to 30 at.% inclusive, nitroéen in the
range of from 20 at.% to 55 at.% inclusive, silicon in the range of from 25 at.% to 35
at.% inclusive, and hydrogen in the range of from 10 at.% to 30 at.% inclusive. It is to
be noted that the content ratio of oxygen, nitrogen, hydrogen, and silicon of silicon
15  oxynitride and silicon nitride oxide is the value when the total content ratio of the
elements constituting the substance is 100 at.%.
[CO31}
The insulating film for forming the insulating layer 112 can be formed by a
CVD method, a sputtering method, or a method of, for example, oxidizing or nitriding
20  the semiconductor substrate 111,
{0032}
When the base substrate 101 is a substrate including an impurity which
decreases the reliability of the semiconductor device, such as alkali metal or alkaline
- earth metal, the insulafing layer 112 preferably includes at least one filn capable of
26 preventing diffusion of such an impurity from the base substrate 101 info the
semiconductor layer of the SOI substrate. As the film for preventing impurity
diffusion, a silicon nitride film, a silicon nitride oxide film, an aluminum nitride film, an
aluminum nitride oxide film, or the like is given. With the provision of such a film,
the insulating layer 112 can function as a barrier layer.
30  {0033]
For example, in a case of forming the insulating layer 112 as a barrier layer

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



20As shown in FIG 1C, an insulating layer 112 is formed over the

sem conduct or substrate 111. The insulating |ayer 112 can have a
single-layer structure or a nmultilayer structure including two or nore

| ayers. The total thickness of the insulating |ayer 112 can be set in the
range of fre®dBosuasw® 400 nminclusive. The insul ating lpayar2odddsosgn

I nclude an insulating filmcontaining gilicon or germaniumin its 25
conposition, such as a silicon oxide film a silicon nitride film a
silicon oxynitride film a silicon nitride oxide film a germani um oxide
film a germaniumnitride film a germaniumoxynitride film or a germanium
nitride opménum pigdeNBling oF an aluminpmsaitrideioxigef filimedch dlavigi ngthickmess alf oxi de

such as_ahyia P04 nk ARk BLHBAKEAS: aPSpalAER Mo dei an i nsul ati ng

filmincluding a neta Mtride such as al um nord an 30 insul ating
filmincli988#g a metal oxynitride such as al um num oxynltride or an

insulating fil t.al .nitride | de suc asaumn mnitride
oxi de can be us'r,ﬂé Qﬁ”\k%f%‘%ﬂ%&%é’b%ﬁ&%} 556%‘5(5’2@%? t"&géd]"’o ayer |

t hi s Shecitfuctuad, Iﬂ@uppbhﬁyaxiﬁﬁntlﬂw%ng@ﬂlﬁr\ﬁltﬁ 8 highBabsdr pagRevhi ARiERA ai ns
nore oxygen. at ans ﬁn nite gerJ aﬁ‘)_ﬁl \#nereas the nitride oxide refers to
a substa F% Yhicom piridsoxide, fifm. i Aluayinm njtrde, filim, ffetn alugtaum The
conposi t i dtidefoxidecilin sy nmtlﬁg gl niginmsd 415 fralth 0@ n@(méﬁsﬁ@&n% Rasyred by
usi ng Rut herford Backscatterin Spectrorretry (RBS) and Hydrogen Forvvard

Scat t er i rf§® WPPESIAYeTFodhesg filgiscliave 4 highnblegking effpqt cfor @reventingoimpuwsitpst ance
whi ch COMifiudin, HWY BRAr fnferidl 2rERNP1s8 hi }rx Oni*h‘é&f@re ;él) 8 18%erdhyel delfil US! Ve,

nltrgﬂgnlntherange of fromO0.5 at.%to 20 at. nclusive, silicon in the
rangelbf ipsulshgdiley which 1§ 8 sontactopithribe seynigendugtorisubgaato gk aifilnt With nange of

from 0 1 effect of relieving the stress of the upper layer of the insulating film is preferable. As

the insulating film having such an effect, a siticon oxide film, a silicon oxymnitride film, a
thermal oxide film formed by thermally oxidizing the semiconductor substrate 111, or
the like is given. The lower layer of the insulating film can be formed in a thickness of

15  from 5 nm to 300 nm inclusive.

[0035]

In this embodiment mode, the insulating layer 112 has a two-layer structure
including an insulating film 112a and an insulating film 112b. As a combination of the
insulating film 112a and the insulating film 112b when the insulating layer 112

20  functions as a blocking film, for example, the following combinations are given: a
silicon oxide film and a silicon nitride film, a silicon oxynitride film and a silicon
nitride fflm, a silicon oxide film and a silicon nitride oxide film, and a silicon oxynitride
film and a silicon nitride oxide film.

[0036]

25 Fc;r 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 SiHy and N,O
as a source gas. As the insulating film 112b, which is the upper layer, a silicon nitride
oxide film can be formed by a plasma CVD method with the use of SiHy, N,O, and NH;
as a sourcc gas. Alternatively, as the insulating ﬁlm 112a, a silicon oxide film can be

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

SouICE gas.



10 at.%to 10 at.% inclusive. Silicon nitride oxide refers to, for exanple,
a substance which contains oxygen in the range of from5 at.%to 30 at. %
inclusive, nitrogen in the range of from20 at.%to 55 at. % i ncl usive,
silicon in the range of from25 at.%to 35 at.%inclusive, and hydrogen in
the range afobdesmisdds at. % to 30 at. % inclusive. It is tachs0RIEH24 hat the
content ratio of oxygen, nitrogen, hydg§ogen, and silicon of silicon 15
oxynitride and silicon nitride oxide is the value when the total content
ratio of the elenents constituting the substance is 100 at.% [0031]

The insulating filmfor formng the insulating |ayer 112 can be fornmed by a
CVD et hofo3d] sputtering nethod, or a nmethod of, for exanple, oxidizing or
nitriding 20 the sem conductor substrate 111. [0032] When t he base
substrate 101 i4S &bs GERpicasilang., Qryenampleaarthe fpllowing componndscercepives t he
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film or da?gi/l ke is given. Wth the provision of such a film the

i nsul at i ng er 112 can function as a barrier layer. 30 [0033] For
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200 mu i ncl usivi can be used as the insulati ng layer 112. [0031 In a case
of for m nifPERe %ﬂlaﬁ?%&mﬁvgﬁeﬁﬁﬁ%%.sbﬁ%%. hereafy eln thistion fradigtionayer 5

St ruct ur estef, e sARGIALANCubbtSat@ 1 B3tk Gich i ToWibbdin iai‘ hgh;id%‘?gt fer
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5 urn to 3QQe{Bohdittor Shikhrateals DeTHG 82 " Sy hL! M have
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‘ beam enters, e acceleration energy can be adjusted by an acceleration voltage,

~

dosage, or the like. The damaged region 113 is formed as deep as the average depth at
which the ions have entered. That is to say, the thickness of the semiconductor layer
which will be separated from the semiconductor substrate 111 is determined based on
the depth at which the iong enter. The depth at which the damaged region 113 is

25  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
30  alternative to an ion implantation method in which mass separation is performed.

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



[ 0035] In this enbodi nent node, the insulating |layer 112 has a

two-l ayer structure including an insulating film 112a and an insul ati ng

film112b. As a conbination of the insulating film 112a and the insul ating

film2112b when the insulating |layer 112 20 functions as a blocking film

for exanmpl e WQ H#8/43694900wi ng conbi nations are given: a si IHcrom2msieexsfi | m and

a silicon nitride film a silicon oxyni&ride filmand a silicon nitride

film a silicon oxide filmand a silicon nitride oxide film and a silicon

oxynitride filmand a silicon nitride oxide film [0036] 25For exanple, as
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sem conductor stbstrate 111 through the 10 insulating |layer 112, thereby
form ng a[@4thged region 113 in the sem conductor substrate 111 at a
predeterm ned dgpth fromthe surface thereof. In this ion irradiation step,
the sem conductﬁlr O{ghdo (gt the 1damaged reglom1a3 iwi 4 shalkey iregioReam Hal

i ncl udi ng atdekeraidasloBhgt RLdé RbS RRE] el emept s whi ch- constitute
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whi ch t he™PaRE 13 heion by 12k ksads tarlowen wariatioreindaerauente degh @nwhich 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.
26 [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 § x
10° fons/om” inclusive. By the irradiation with the hydrogen jons under this condition,

30  the damaged region 113 can be formed to a depth of from 50 nm to 500 nm inclusive in

the semiconductor substrate 111, though depending on the ion species and its proportion
in the ion beam 121,



25 formed ranges from50 nmto 500 nminclusive, and preferably from50 run
to 200 run inclusive. [0039] In order to irradiate the sem conductor
substrate 111 with the ion beam 121, an ion doping nmethod in which nass
separation is not perfornmed can be enployed as an 30 alternative to an ion

| npl ant at i aQoRBishSsd N Whi ch mass separation is perfor 8Os Nhen
hydrogen (112) is used for a source ggg, |IF, Hf, and + can be produced

WO 2008/ 156040PCT/ JP2008/ 060928 13 by exciting a hydrogen gas. The
proportion of ion species produced fromthe source gas can be changed by
adjusting a plasma excitation nmethod, pressure in an atnosphere for
gener at i N§of3jasma, the anount of supplying the source gas, and the like. In

a case of form t he .d ed region. by an, ion doping nethod, it_is

pref er abl e thatﬁaaﬁi&ﬂgﬂ%ﬁ%g@}mﬁagﬁ r ]‘?ngewg? attﬁléeﬂ%f 3? AR RAtel E?Ld +, H2+,

and H3+ immtdag beaBpdrstadnfibiil theassthidonducorubsirats ¢f1e bl ehet fealicdiductgecupy 80%
70%.or._nore, the proportion of H2+ ions in the

on' beam TG4 e PGPS YURR SUpoa, (s BIEIRR RBGHSY 2815 | on | n
the awer agendapel stcotVbk il tb Gy the G8atng Tmi 1125 118 2 i50mnReAR SRdoent er .
Consequently, the jon inplantation efficiency inproves and the tact tine
can be 1@%@@@@6{%, the source gas 1s hydrogen, the acceleration voltage is 40 kV, and the
dosage is 2 x 10'® jons/cm®.  Alternatively, when the irradiation with the hydrogen ions
is performed under the aforementioned condition except that the insulating film 112a is
2 100-nm-thick silicon oxynitride film, the semiconductor layer with a thickness of
10 approximately 70 nm can be separated from the semiconductor substrate 111.
[0044]
Helium (He) can alternatively be used as a source gas of the ion irradiation step.
Since most of the ion species produced by exciting helivm are He*, the semiconductor
substrate 111 can be irradiated mainly with He* even in an ion doping method in which
15 mass separation is not performed. Therefore, microvoids can be formed in the
damaged region 113 efficiently by an ion doping method. When ion imadiation is
performed using helium by an jon doping method, the acceleration voltage is set in the
range of from 10 kV to 200 kV inclusive, and the dosage is set in the range of from 1 x
10" jons/cm® to 6 x 10*° jons/cm? inclusive.
20 [0045]
A halogen gas such as a chlorine gas (Cl, gas) or a fluorine gas (F2 gas) can be
used as the source gas.
[0046]
After forming the damaged region 113, a bonding layer 114 is formed on a top
25  surface of the insulating layer 112, as shown in FIG. 1E. In a step of forming the
bonding layer 114, the semiconductor substrate 111 is heated at temperatures at which
elements or molecules added in the damaged region 113 are not separated out;
specifically, the temperatures are preferably 350 °C or lower. In other words, the
damaged region 113 does not release gas within this heat tempcr'axture range. Itis to be
30 ° noted that the bonding layer 114 can be formed before the fon irradiation step. In the

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



[ 0041] In order to formthe damaged region 113 in a shallow region,
the ion acceleration voltage needs to be | ow However, by increasing the
proportion of 113+ ions in the plasma generated by exciting the hydrogen
gas, hydrogen in an atomform 15 (H) can be added to the sem conductor
substrate M afsfisment|y. This is because an H3+ ion hagriipssnchd2f €S as

| arge nmass as an fr ion, and in the case of adding the hydrogen atons to
the sane depth, the accelerating voltage of the H3+ ion can be nade three
times higher than that of the I+ ion. Wen the accelerating voltage of the
ions is increased, the tact tine in the ion irradiation step can be

short ened,setater ppaoadS6°€i ty and 20 t hroughput can be inproved. Therefore,

t he increa[§§4,}r]n proportion of the H3+ ions included in the ion beam 121

| eads to |I‘owerF variation in the average depth at which the hydrogen enters;
accordingly, inTheeostig GadYE EQvesSHRTE Jrintn n_concentration
profile in the ge{?th i reg?i on becomnes ytgtﬁkeogpf)er %%ﬂ}ﬁq%égg&pgéc "bn of the
profile cdhtand pydipphilic. 98 susiace efjthsrsemitondi@mnt 2pibstrate 111. | Whérbforg alie Of

per f or B NGohdife B{veRH Add i i thod with the u of the
hydr ogen gas, %heﬁzag%:e %@%b%ﬁﬁ%lﬁggagg%ﬁég%g% e esf%datoﬁées? &'ﬁﬂi’ from 10
kV to 200 2RY 3 Met-mspysquagmbugheessl Bragef fess that (L nihe Thankiekets br gy 1 x 1016

i ons/ cN? tygndin 15vE6 | pns/ i sive., B thgqi radiation with the
hydr ogen i oIrlls.n%jnal or Thi I(z:%%édﬁ | O%é&%h@ nﬂla’r?ﬁ]é‘@‘ée‘r e co‘iil"%@S Ohfhebe for ned
to a dept thosding lasier 304 isrpreforebiOf thmrismel afiore Si in 1505 A HRRINE! Al
substrate ing.on the ion species and its proportion in
the ion bé'?a?}né‘irfi&%g@ %8@?@%‘%‘84@2’&% P2008/ 060928 14 [0043] For

exanpll®, {0M8kenm conductor |ayer with a thickness of approximtely 120 nm
can be separat fromt sem condyct or substrate 111 when the

seni conduct or su %f’?";&”@hﬁlef ]iTé I%PE#‘?{@I&-"‘EHW&&F@ﬁhpif@mﬁdsb}b%phmieql t he

i nsul at i ngeatiiduyadd 2 silicen exide Bt BPrdfbeek B b £60BF A1t diflSn ol the
i nsul ati ng Limllzb Js tﬁ O-nm?ﬁipk silicon nitri cill aosj>l<| 30%(#‘ 4 he
source gaS¥ AFWH byLnmetherdas the doadiag layer Wi, ibigereforadip thMse amdrgatiie dosage
I's 2 X 103ifankQas /a68%n & io¥ELY a sHIIED i€ 1 jatbon with the hydrogen
i ons ig performed, qndeor&?%he@%? grer@%tsi one&g%or?a{{til&géhg{gxa%lgﬁw 3% BPhe

i nsul A% i nEPUFFA §AS1 25 Ppssible troformia siliconkoxidd filgohavingy aiflat suttack i procéshe

sem condu%@ hi i ckpess .of, 10, approxi mately 70 nm can be
separ at ed froﬁkltﬁ'%sgéfsgg?‘i ?82% 0 r&g%r%ag{vpigt %101‘}1)'%’19?6%‘?&11“}{3 (LTO) fesmedm ( He)
can al t er sdtinpahtprdseof fRatl 200 °@ t 50U UE irdhiive byl el OV ﬁg{h%gic%gbgt ep.

Si nce nos}t_qf L.E@ iog épec‘iles produced by exciting heliumare , the

sem condut¥Br &t bt tormad birusingyaongsilang (§ithy disilarg (Siss), lor the likvesiai n an i on
dopi ng nesiti solircdrhEimdiRinZRES i i fqrmed. Therefore,

m croyoi ds can be formed in thgé%egﬁﬁa(g{g(%ﬁ?g%}r@ﬁ@ﬁ{gfagiagﬁéﬁwﬁogﬁean i on
dopi n%o od. Wien ion irradiation is performed using heliumby an ion
dopi ng mefghgal, the acceleration voltage is set in the range of from 10 kV
to 200 kV inclusive, and the dosage is set in the range of from1 x 1016
ions/cn to 6 Xnil®1@ss ofusingtie samgicorsiuvter 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,
26 [0050]

FIG IF 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 cach other. To perform the bonding siep, first, the base substrate 101 and the
semiconductor substrate 111 with the bonding layer 114 and the insulating layer 112

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

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



A hal ogen gas such as a chlorine gps (Cl2 gas) or a _
?Pug??ﬁg]gas (F2 gas) gan ge used as the source gas. [0046] Aftgg forp;gg
the danmaged region 113, a bonding layer 114 is formed on a topf sur ace
of the insulating |ayer 112, as shown in FIG 1E. In a step of formng
bondi ng | aweo 2dokAssokne sem conductor substrate 111 is hﬁéhﬁﬂm@#gmns on 113
tenperatures at which el enents or nol ggul es added in the dana?e Lfg e
are not separated out; specifically, the tenperatures are er erably
or lower. In other words, the damaged region 113 does not re eaﬁe gaﬁd|n
within this heat tenperature range. It is to be 30 noted that the bo g

daetlé &, tter
| ayer 114 ckaringeontof neboth dlicase sibetraton0i L il fﬁiﬁ,&ﬁg&‘?ﬂgﬂ%@ﬁ% Iiiglgg e 4

Ce rature at the t
ggﬁebet h\e/\392 0 71‘3’%‘6%8 &%3@%&/‘6"6@925%&%@6‘&@&6 %mﬁw@&@“@ti{,[ 0047]
The bondi ngamwhstam:ékmrwemmdandtﬁax@ﬁrféc%aﬁ@éﬁh&wmaw*}@ h FS‘” age”ate
which is and hydrophilic, on a surface of the sem or su sf
111. Therl‘% the 5 bonding | ayer 114 preferably has an average surface

roughnéss Ra OfAftﬁstBe tieadin®stp, rth@bas@%sﬁ‘ it 96} aﬁ?@@sg uar(ﬁléo gqsgfﬁéz ?Tcs)mm;.O

.9 urn., The thjckness of ondlng ayer
lnﬁws tS ot 288 Wﬁf%@?@. igecachypgher hﬁ’lﬁkﬂ?@s}mndﬁlg tlyeer HaA dnuegaohambmb&t&ebxs

nor. e
pr ef er abl Firstn Vil &er WRIE fRée 5&@ 2 m&a%g?tgrg%g}b on mg\fayer (i‘ﬂfl and the
preferablg 10 nmto 200. nm i nc usive

ase substrate 101. By addition of force so that the surface of the base substrate 101

and the surface of the bonding layer 114 have a close contact with each other, a
10 chemical bond is formed at the interface between the base substrate 101 and the bonding
layer 114, whereby the base substrate 101 and the bonding layer 114 are bonded to each
other. Since the bonding step does not need heat treatment and proceeds at room
temperature, a substrate with low heat resistance, such as a glass substrate can be used
as the base substrate 101.
15 {0052]

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

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

Subsequently, another heat treatment is performed at or above 400 °C to 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

25 1G; a sepaxatlon step of separating the semiconductor layer 115 from the semiconductor
substratc 111 is explained. As shown in FIG, 1G, the semiconductor layer 115 is
formed over the base substrate 101 by the separation step. Reference numeral 111A
denotes the semiconductor substrate 111 from which the semiconductor layer 115 hag
been separated.

30  [0054)

Through the heat treatment at or above 400 °C, hydrogen binding formed at the



: : : :  cal

ing layer 114 is preferably an insulating filmfornmed by a chem ca
-rrggc?iogg, gnd g silicon 0>F<)i de filmis preferred. In a case of form n.gta.
silicon oxide filmby a plasma CVD nethod as the bonding |ayer 114, i |se
preferable to use an organic silane gas and an oxygen (02) gas as a S?ur(r:na
gas. By usiwg2omgsdesc Sil ane as the 15 source gas, it |§Cﬁ@§2§b§m6®2?0358rc
silicon oxide filmhaving a flat surfage at process tenperatures o
or lower. Alternatively, a low tenperature oxide (LTO forned at hod ]
tenperatures of from 200 C to 500 C inclusive by a thermal CVD rret_(z)llga
be used. LTO can be forned by using nonosilane (SiH4), disilane (Si ),

or the | i Kkongiag dntetface dotweso thcbasgasbstine 108 iang tit Rint@AR: @@M?ﬂcﬁ 2‘.22)9 o

[ . [ 0049 In the case of 1
Sem conduat o L IRKBED aRUL P e YRR Kbk obs U emesresispedi bl 6 1 o
form the tsbmbntidied r hd ioh il 5@ sfariicl GHIAS dd bR RETeLY
oxi di zi ng ih daem' c nd.uctl ub%t rate 111, instead of form ng the
i nsul ati ng %ye]rml ceige ?%(Y%@Ie FIUFTTEl Rressufe dnapensess e lue tmtk indrense fror
expl ai Bi ngrasirenie ngicovers ofhe Bas RS o 184 %hﬁdgﬁ"ig%ﬂuﬁehF pase substrate
102 and t sem cand or substrate 111 are attached to ea(ﬂw_c%f?lé]}. To
performt E'J%ﬁ?cff”ﬂ@“ if%ﬁ? crpcks 5 As 4 teaulty theesemigontiveiorsub@iiatid it bRaved

: . : ; ' the insulatin
ayer 1123001 or no oy oogel 148, SRCuRRILAR 1n i 3 $eBR thdfc beRnsani ¢
cl eani ng sy sgptgflgilatbp jepiconductor layer 115 separated from the semiconductor substrate
111 is fixed onto the base substrate 101. The temperature at the heat treatment for
10 separating the semiconductor layer 115 from the semiconductor substrate 111 is set in
the range of from 400 °C to 700 °C inclusive so as not fo exceed the strain point of the
base substrate 101. '
{0055} .
Through the separation step shown in FIG. 1G, an SOT substrate 131 in which
15 the semiconductor layer 115 is attached to the base substrate 101 is obtained. ‘The SOI
substrate 131 has a multilayer structure in which the bonding layer 114, the insulating
layer 112, and the semiconductor layer 115 are stacked over the base substrate 101 in
this order and in which the base substrate 101 and the bonding layer 114 are bonded to
each other. If the insulating layer 112 is not formed, the SOI substrate 131 is a
20  substrate in which the semiconductor layer 115 is in contact with the bonding layer 114.
{0056]
It is to be noted that the heat treatment for separating the semiconductor layer
115 from the semiconductor substrate 111 can be performed successively in the same
apparatus as that used in the heat treatment for increasing the bonding force.
25 Altemnatively, 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 js decreased to be in the range of about 400 °C to room

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



megahertz ul trasoni c cl eaning (negasonic cleaning). After the negahertz
ultrasonic WD 2008/ 156040PCT/ JP2008/ 060928 16 cl eani ng, one of or both the
base substrate 101 and the sem conductor substrate 111 can be cleaned with
the use of ozone water. By cleaning with the use of ozone water, organic

subst ances wanoAsdogOved and the surface can be nade npgpFvielideis! i C.

[ 0051] S5After the cleaning step, the hgse substrate 101 and the

sem conductor substrate 111 are attached to each other with the bondi ng

| ayer 114 interposed therebetween. First, Van der Waals force acts on an
I nterface between the bonding |ayer 114 and the base substrate 101. |3y

additi on dP0Fdrce so that the surface of the base substrate 101 and the

surface of the nggé%g Igge 114 have a close contact with each other, a 10
cheni cal bond i s* f57 T4 RPCTHENE e (Vo deat jepimeah it dilfersat eppsotteses.doe 101 and

t he bondi ngalmplkeheal kdatmehtas hforiiRg aPaRE t.he .bondi ng | ayer
114 are b ndeg to each ot he?. .OSi nc:a1 t he (%%bggﬁt’%gz"g?i’g}cff%g%%% ﬂﬁ’g heat
t r eat ment subsiarte dQjsangithe ssaricandngson substrags 114 vehitisdre atteched toeakBwhBE At

| st b t be . the b bstrat
101, 18 | Ogsoy o ol hARRy W, B SnEG K BB ol e

sem condudb®rangelof fioat 6001X1 th 3E°@ indhesh@ ©O11:8GD thintites BE haRili Metmal t 1S
in order to increase bonding force at

Phe. bondi A3 PHRE REAT BRI A6 Tl Upussmlemmuive st 15ha ehoBondiong | oy er
114. The Hemhgédregiondrd. is perforned at tenperatures of from70 Cto
[0058]

10 The semiconductor layer 115 of the SOI substrate 131 has crystal defects
formed by the separation step and the formation of the damaged region 113, and the
surface of the semiconductor layer 115 is not flat. Jn order to decrease the crystal
defects, it is preferable to recrystallize the semiconductor layer 115 by irradiating the
semiconductor layer 115 with laser light. Moreover, in order to remove the damage of

15  the surface of the semiconductor layer 115 to flatten the surface, the surface of the
semiconductor layer 115 is preferably polished by using a chemical mechanical
polishing (CMP) apparatus.

[0059]
Next, a method of manufacturing a semiconductor device with the use of the

20 SOI substrate 131 is explained. A method of manufacturing an n-channel thin film
transistor and a p-channel thin film transistor is explained as the method of
manyfacturing a semiconductor device, with reference to FIGS. 2A to 2D and FIGS. 3A
to 3C. Various kinds of semiconductor devices can be formed by combining a
plurality of thin film transistors (TFTs).

25  [0060]

FIG. 2A is a cross-sectional view of the SOI substrate 131 manufactured by the
method described with reference to FIGS. 1A 10 1G.
[0061]

The semiconductor layer 115 of the SOI substrate is isolated for cach element

30 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



20 300 Cinclusive so that the damaged region 113 does not crack. [0053]
Subsequent |y, another heat treatnent is perforned at or above 400 Cto

di vi de the sem conductor substrate 111 at the damaged region 113, so that a
sem conductor |ayer 115 is separated fromthe sem conductor substrate 111.
Wth referewoeotsaséhis 25 1Q a separation step of separ apcigeiod€osoors

sem conductor |ayer 115 fromthe sem monductor substrate 111 is expl ai ned.
As shown in FIG 1Q the sem conductor |ayer 115 is formed over the base
substrate 101 by the separation step. Reference nuneral .111A denotes the
sem conduct or substrate 111 from which the sem conductor |ayer 115 has been
separ at edsengeordgcisn jaygntRuepnstithiss Repart off aeatdmmel dFTor AalimsnintiégQayer hydr ogen
bi ndi ng f P2 060928 .17 ndi | nterface
bet ween t afsdgltng% E’g%rr %ﬁ?esg%g%éé%d& 4]%5%{05%@%8 ayayee fi'ﬁc‘?‘ﬁ’%

coval ent Hﬁxtdar@te tlhetrtmffsolﬁé zstfhmddombrnlgs famicendubwr eaze 451 Aadtahgate

t enperatu S adde n the n irradiation step are
separ at edélgﬁ{()dg ei? § l% Yer\%? SRan el Hﬁtﬂr iaﬁc’i Bﬁcf'i’a]bgé{éflgr@@ fasHlating  wher eby

i nt er ral hye%anﬁenpnseﬂemmtwdau.e to the increase in 5 pressure, the
m Crovoi dﬁogﬁ t he damaged region 113 change in volune to cause the

Before eiching the semiconductor layer 115, it is preferable to add an impurity
element which serves as an acceptor, such as boron, aluminum, or gallium, or an
impurity element which serves as a donor, such as phosphorus or arsenic, to the

10  semiconductor layer 115 in order to control the threshold voltage of the TFTs. For
example, an acceptor jis added to a region where an n-chanuel TFT is formed, and a
donor is added to a region where a p-channel TFT is formed.

[0063]

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

15  forned in the semiconductor layer 151 and p-type high~c0ncentration.impurity regions
159 are formed in the semiconductor Jayer 152, First, the n-type low-concentration
impurity regions 157 are formed in the semiconductor layer 151. In order to form the
n-type low-concentration impurity regions 157, the semiconductor layer 152 where a
p-channel TET is formed is covered with a resist mask, and a donor is added to the

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

25  channel formation region 158. -

[0064]

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

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

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



damaged region 113 to crack. As a result, the sem conductor substrate 111

I s cleaved al ong the damaged region 113. Since the bonding |ayer 114 is
bonded to the base substrate 101, the sem conductor |ayer 115 separated
fromthe sem conductor substrate 111 is fixed onto the base substrate 101.
The tenper ayyhsisaisoione heat treatment for 10 separati ngpéﬂﬁ,ﬁ@rﬁiﬁ@g@ductor

| ayer 115 fromthe sem conductor substyate 111 is set in the range of from
400 Cto 700 Cinclusive so as not to exceed the strain point of the base
substrate 101. [0055] Through the separation step shown in FIG
1Q an SDI substrate 131 in which 15 the sem conduct or Iayer 115 is attached
to the baskciedesisatencliods S 20Rhad. NeGe I;;E@c:&lelmtra%dgs }%%(1

mul tilayer, structure in which the bonding |ayer 114, e i NSu atlng | ayer
112, and {HSHQRAS 2 SALRGE Fefion aifet dmirsregion. sAsgion of vke santieondaster bydrst r at e
101 in thiso ghdee the. b I ng | ayer
114 are bonded %r%g%ﬁi%f%a%lwﬁgﬁﬁgﬁ%% %gh%ggor%%nmgl%?g?orned
the SO st pxplgnatign hasbegn ppdg QbﬁtErIathOd in witickcthe tpHeps high-comdniedtion | ayer
115 is |n,ﬁﬂg; st [ tQ be_noted that
the heat %reattﬁqéﬁl% Oiﬁ%%%g{?%}ﬁ a%¥h a%cl)]ﬁa{?u ? 'L?"afﬁ%tfa%f‘iémf’}‘%% t he

senm condukagisms slﬁas thomerer] tie paypebhlgbfenﬂmtrﬁtbnsﬁﬂmﬁﬁﬁlw@bﬁ/s 5D tche psane
appar at usy, oiﬁl used in the heat treatnment for increasing the bonding
force. ternatlvely, the two heat treatnent can be performed in
differentﬁﬁﬁﬁhratuses For exanple in the case of using the sanme furnace,
the two treat per f as, f 1) heat treatnent is perforned

| :
at 200 C for t °’?‘i’oﬁ§e§ “"‘E‘EY‘“% ng Frsist € %&%ﬁmglﬁrséﬂ%@ﬂ#%%%@dl% ag00 C to

per f oton aivetlhng figat hdvirea b nEhgle-aiyed Oudturk Odr iVﬁthéHJfa%r aitnke) whith
tenperature i.s decreased to be in the range of about 400 C to room
mcludes a ni ogen compound such as silicor nitride or an oxide such as silicon oxide,

is formed by a plasma CVD method or the like. This insulating film is anisotropically
etched in a perpendicular direction, whereby sidewall insulating layers 161 and 162 are
formed in contact with side surfaces of the gate electrodes 155 and 156 respectively, as

15  shownin FIG 2D. By this anisotropic etching, the insulating layer 154 is also etched.
[6066]

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

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

[0067]

25 The aim of adding the Group 18 elements to the semiconductor layers 151 and
152 is to form 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

30  element between crystal lattices.

{0068}
In this embodiment mode, the Group 18 elements are added by using the gate



30 tenperature and the sem conductor substrate 111A and the SO substrate
131 are taken out fromthe furnace. WO 20081156040PCTOP2008/ 060928 18

[ 0057] In the case of performng the two heat treatnment in different
apparatuses, for exanple, heat treatnent is performed at 200 C for two
hours i n a wornmussoand t hen the base substrate 101 and phe/gsRi/ssesguct or
substrate 111 which are attached to eagh other 5 are taken out fromthe
furnace. Next, heat treatnment is perforned at tenperatures in the range of
from600 Cto 700 Cinclusive for 1 to 30 mnutes in a rapid thernal

anneal i ng (IRTA) apparatus, so that the sem conductor substrate 111 is

di vi ded atcledederahdand 166iand the 3idep@lS8juldRENaySe T6E ARAULEOLs bhayer 115 of

the SOT subgsd, si.al f.ects, forymed by the separation step and
the formati oné%:‘&tﬂ%e %aﬁaéé%rfe%i%geiﬁéfefg lﬁéhes%/ﬁ“'fl%’é“@f’f Jepess 151
sem conducndr 1pyier al $8f-alpnig) whdombr, 491 SBEWE! jnt Figesneasihig & gt al

defects, iy 4 referable to recrystallfre the _sem conductor |ayer 115 by
irradiati n%g’ﬁ"e“%%@%%% AOREHLE PS4 ths grfteung siteapeipng o4 ofvbpabamer] i n

order o rEfibserve dea siandOegioh add aldiin SbRC TR lcoh G raEl ARG UGLQ 14 aver 115
to flatten the surface, the surface of the sem conductor 'l ayer P15 s

pr ef er abl \ISRARiSSHABe Bsiteriag sife Eeeions 63 and A4 bambeoset imthieiraipiored FdGME)x

appar at us.jpl0029] 72 ; act uri a_senm congduct.or device
with the use_ of t°hi:§)2ig é‘%’n@glggtq‘?a %%gff"{agyelﬂﬁegﬁ%{qw At e tors

manuf act uri ¥ /am’ inchisivenel thin filmtransistor and a p-channel thin film

transi st or[ q}@ expl ai ned as the nethod of manufacturing a sem conduct or
devi ce, W|9 Jeference to FIGS. 2A to 2D and FIGS. 3A to 3C. Various kinds

of senbconduct oNesless diown GARIISE! @ WREcHHUERIRL B9 :PoRbill Yl yio8l, i 0
'G 2 @ e¥ial

filmtrangistars (TFTg). 25 [0060] = FI'G IS a Cross-s Vi ew
of the Soikéu E@tqr‘get'éo ?%T highrgencertiation igpurith gegienshuidchd fmctiohesth sukde
r ef er ence rdg@ordH4ddS: dhat fefiod G ﬁﬁ@@ﬂﬂcggﬁnﬁt&%’geg PHAYGLAL ¢ha he o 8d0rS et € SO

substrate i; i sol ated for each ele
added to the semiconductor layer 151 by an ion implantation method or an ion doping

method. The gate electrode 155 and the sidewall insulating layers 161 serve as masks

15 when donors are added to the gettering site regions 163, whereby gettering site regions

167 are formed as n-type high-concentration impurity regions. The gettering site

regions 167 function as a source region and a drain region.

[0070]

Next, heat treatment is performed for activating the donors and acceptors and

20  for gettering. FIG. 3C illustrates a step of the heat treatment. The heat treatment is

performed at temperatures in the range of from 450 °C to 850 °C inclusive for 11024

hours, whereby the donors added to the semiconductor layer 151 and the acceptors

added to the semiconductor layer 152 are activated. Through this heat treatment, metal

clements included in the channel formation regions 158 and 160 are separated out or

256  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]

30 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



30 by etching, whereby sem conductor layers 151 and 152 are fornmed as shown
in FIG 2B. The sem conductor |ayer 151 constitutes a part of an n-channel
TF1l, whereas the WD 2008/ 156040PCTOP2008/ 060928 19 seni conductor |ayer 152
constitutes a part of a p-channel TFT. An insulating |ayer 154 is forned
over the sewopcomdsmtor |ayer 151 and the sem conductor baygbdsadeszilext, a
gate el ectrode 155 is forned over thez2sem conductor |ayer 151 and a gate

el ectrode 156 is formed over the sem conductor |ayer 152, each having the
insulating 5 | ayer 154 interposed therebetween. [0062] Bef or e
etching the sem conductor layer 115, it is preferable to add an inpurity

el ement wibihg sethod st s titie of C@Rdigthe dakigdedasgiBOT B showh WIFIGIMD, OFI@al | i um

or an inpuygi nt _ whi S es as a donoy,,K such as phosphorus or
ar seni c, tﬂé ]%Iﬁe?iﬁg}eh’c%ﬂ&ﬂ&@:gﬁo&y@ﬁ“lﬁ@ qnﬁ{yawaéﬁwtqlcfoe@ma@pn ofa
t hr eshol dsivigletongieal eilicé@ardirchdiateE WithenyAPTYeA iond By 8% fRRloBiginfergsided to a

regi on mhfre an n-channel IF 1 is forred, and a donor is added to a region
where a pqpr?ahnel TFT is forned. [0063] Next, as shown in FIG 2C, n-type

I trati ' ' | : | kgt ' duct
Oow- cogicent r at i By, i1BPKbivS mERAeARS feadli2b§ xﬁéuchgélygg?d&ibg PlgRg Nragnduct or

| ayer 151 and p-type high-concentration ifhpuri are formed in
t he seni c8prAtFemsHY |(HyRMS)52Sanmless analyzed by IGHMS e Somgent dapddowithnpur i ty

' 1 Is ] - der to f th
e Cype 1 ont Soka i BF o ith e FOR I oA Sabble x M AR Wi oy or 152

wher e a phyhagenelons FBamplef Arwascmamfzdwed e follaws. a Ar siicst oxvaitide fitd a donor

I s added ' or. Jayer. 15 Phosphor ys..or arseni c may be
added as %Vsetf%%ﬁggl.l é’?ﬁéeigé%ﬁot pisirtacy o @ Spelgierysh S&EBPH‘&%?FQ?%% or an
i on i hpl aplesha &Viraiciod, byt tednnSTHpmd Ny@ a9 RCR#teRAL | Die SR Whitr kagi ons 157

are formed i.n the.sem,conductqy | r. 151 in a.self-aljgning manner because
the gate gfag&t?'doggﬁ %é’gm\g%bot“ﬁ '|‘é'“gﬁs/ ﬁﬂs ﬁﬁ@ﬂ“ OW@&FJH‘“O#‘Y #Rdo% dapiagnduct or

| ayer 151mbihal. oHedibg@swaé ubed A a 0RuRe S8 G ME GrydRpes 8604eS A SoMA40 Channel
formation regi onYFg}& 064£i Next, after_ renmpving the mask which Covers the
seni condug_f”ﬂi‘ aaly m‘ﬂézé_ ,%1?1‘1 IEW%%YYP’SP 2jsgicep Oxypitride Bl wan fosmethannel Tt
i s fornmedid 60CAaMehRE vaiétha shBS kSidition as that of Sample A, but not doped with
‘15 hydrogen ions.
[0073]

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

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

25  [0074]

Next, the distribution of metal elements in a silicon wafer doped with hydrogen
ions by an ion doping method in a depth direction (this 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

30  profile, and FIG 19 shows a Mo profile. This sample is a single-crystal silicon wafer
imradiated 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



mask. Next, an acceptor is added to the sem conductor |ayer 152 by an ion
doping 30 nethod or an ion inplantation nethod. Boron can be added as the
acceptor. In the step of adding the acceptor, the p-type high-concentration
inmpurity regions 159 are fornmed in the sem conductor |ayer 152 in a

sel f - al i gni W@ 20esmseme because the gate WO 2008/ 156040PChciBRH0866069928 20
el ectrode 156 functions as a mask. The3hi gh-concentration inpurity regions
159 function as a source region and a drain region. A region of the

sem conductor |ayer 152 that overlaps with the gate el ectrode 156 serves as
a channel fornmation region 160. Here, explanation has been made on the

met hod i n WRAFEROA that hetmasal chamgntscoter thetsilicon et by dpping twth hedrog@bionS9 ar e
formed af tywihduP g atrﬁﬁ)nf“type | ow- concentration inmpurity regions 157;
however, the p-type i gh-concentration inpurity regions 159 can be forned
first. [0d88]5INext, after renpving the resist that covers the sem conductor

| ayer 151, an 1@.i _ i fi ing,a single-layer structure or a
st acked- | ayer S?P%C a‘L.‘#sZsflle ‘isc“ﬁ%@%&83%@%‘?8@&@6%6@#@%@@ e silicon
nitri dé orharcoicontbictudayasofsihk i SOMsubsirsle, bocdmbP kRAkAYe BuPh@IRP 1G3VD Met hod
or the l"fﬁadizﬁ I msulgté’.ﬁé f%l 't@ anisotropically etched in a
per pendi cul ar- af racti BheoRMEePE 9‘[05 BEE the draqpeed regipny a¥his smbedinwnd 162 ar e
formed i nmmitined solié thisdal setima@sondtind BEHERESs Shlshd 156

.15 shown in FIG 2D. ByntEi S agii‘gtropfgq{g?@ I ?isgsa he

respecti velq\4l aﬁ_‘

i nsul at i ng 3 H{pERiRg 43 | emigoaducter plsgent, oefts ] manufacturtigh Sl SNt substrata. or der t o
form get t @herRrs, dice (RY MRS of theldl CoRarkfhafbE 'T‘Fﬁ Q. gach, of the
sem c%duct r layers 151 e}nd_lgz., As t"lg.Grng e Bei%egl?w,m% Zbyk‘ihffd or

pl ur a0k fEROodiment aede: the dan émdiation rbynathédn depitigielethodemn HeNaymiedapgon (Ar ),
20 Kkrypt opodifiéely i@ ForkBR® thel X6a d.nT up 18 el ement can be
added by gn_i onyi].rrp(l)antti%ti on rrai.gtgﬁge ?I}llﬁ 1 c'ﬂhﬂﬂgssggﬁg Bi %g?@a%*érforrred
or by an FEHbIS s dormed hydising aptivic shaves dopiep appdratanini cir@incp ¥ifhommed. An

i on dopi NgmPBBARRE: hSdP" use tact tinme can pe shortened. [0067]
25The ai m of apdi_ngﬁ?ﬁeﬁg?%ﬁgh%gggchgrfv’glﬁft%ne;aoantdh‘gc’%?ﬁr6 §f mefgler s 151
and 152 i sontgmaliion getbeeupmessal.t es in the sem conductor |ayers 151 and 152
by di %Or[ed(ﬁﬁ t he sem conductor layers 151 and 152. There are two factors
t hat cause t ]e di stortion by the addition of the Goup 18 elenent. One is

the formation ohftetathg hieatgrdatings foractivyleodnd %ﬁeﬁﬁ’éjiaﬂgnédminglﬂép 158 el enent,
1

and the other. is.the addition of the G.ou
(t:on aining hydrogen g formeﬂ as shown in FIG. tpl After forming the insulating layer

168, heat treatment is performed at temperatures ranging from 350 °C to 450 °C
inclusive so that hydrogen in the insulating layer 168 diffuses into the semiconductor
20 layers 151 and 152. The insulating layer 168 can be formed by depositing silicon
nitride or silicon nitride oxide by a plasma CVD method at or below 350 °C. By
supplying hydrogen into the semiconductor layers 151 and 152, defects which turn into
trapping centers in the semiconductor layers 151 and 152 or at the interface between the
'scmiconductor layers 151 and 152 and the insulating layer 154 can be effectively
26 = compensated.
[0077]

After that, an interlayer insulating layer 169 is formed. The interlayer
msulating layer 169 can be formed in a single-layer structure or a stacked-layer
structure by using an insulz?ting film formed of an inorganic material, such as a sificon

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



30 el enment between crystal lattices. [0068] In this enbodi nent node, the

G oup 18 elenents are added by using the gate WO

2008/ 156040PCTOP2008/ 060928 21 el ectrodes 155 and 156 and the sidewal |
insulating layers 161 and 162 as masks, whereby gettering site regions 163
and 164 ar ewbaossasboun t he sem conductor |ayers 151 and bR pRoseno2s

sel f-aligning manner, as shown-in FIG28A. Simlar to the high-concentration
inmpurity regions 159, the gettering site regions 164 of a p-channel 5 IF!"
serve as a source region and a drain region. The concentration of the G oup
18 elements in the gettering site regions 163 and 164 can be set in the
range of integayer insul:dihg liyenB69 end wirinigd A70/aserBrringd |ag shovey inaFldk s Fhef er abl y

inther to 102 inclusive.  [0069]. 10Next, as
shown i n%ggé?&?%e&%%ﬂ%ﬁgg&@t%gd a%%ra&'iégtﬂ?asth%g'\llgf reﬂmv‘\“}“{[%maw i st 165.
| n order 4 tov-essistdnte meead fibanduclntas an alugnemtfinr eghw akméhing-alidw fibhiion as a

source region. and a drain.re iq in the sem cong tor | {ar 1(21,, a large
dosage ofgﬂ‘g‘ﬁ’é’ﬁgcp%"?”ge rt“get? E-%m%e r#teotf?ﬁ‘ﬁfét‘%ert :@VE\ Fariéél./ PE{HIPSHN
i mpl arg at iexal filishatcioiciate nOIYbeQRM) ghroRnIR ditantiig, Mdloe trlIRe! r ode 155 and the

si dewal | ed'ons | ating | ayers 161 serve as nmasks 15 when donors are added to
the gett P#’é site regions 163, whereby gettering site regions 167 are

formed as n-typ@udlighhhs @hGRNidpal 4 SéicHRistiol YicVitd haife thENEcehiieERg site
regions 167 function as a source region and a drain region. [0070] Next,

heat tr eatifeit Pichansel TIoF pscbermpnufpctaresht iSinge thremefshdlpmeniniaciidedisttbe s and 20
for gettegj.pg f&h&i&ﬁ(fgidnyﬁ%e[%a&éd ﬂatéilﬁ%e@éxﬁg@ﬁe ns}:hggfgénq? ggﬁetghe heat

treatment Is perfornmed at temperatures int range of I to 850 C
i ncl ull vecontminatiop Qusedoitir & progese rof yenufstuling v senaicdeialdctpp deviee smnbeonduct or

Y Lo Bl FERDCIE B e B o e 7
channel fmpssmbpa@atiméghgtrpsrfmdm bd &friet eutpegitively ecthe step of foiﬁmgl thé use into
(he, 9 L bl RS b RSBty et the
metal el ef@@¥@js in the channel fornation regions 158 and 160 can be
ks LR AT W AR T
one of faptWISS!MA &2, FICE! 34 t¢3INLAATFIR U, e dhorsRfd acceptors are added to
the gettering site regions in a different step from the step of adding the Group 18
element; however, these steps can be performed at the same time. For example, in a
case of adding argon and phosphorus serving as a donor to the semiconductor layers at
20 the same time, a mixed gas of Ar, H,, and PHj; (phosphine) or a mixed gas of Ar and
PH; may be used as a source gas. In a case of adding argon and boron serving as an
acceptor to the semiconductor layers at the same time, a mixed gas of Ax, Hy, and B,Hs
(diborane) or a mixed gas of Ar and B,H; may be used as a source gas.
[0080]
25 (Embodiment Mode 2)
This embodiment mode will explain a method of forming a gettering site
region in a different region from that shown in Embodiment Mode 1.
[0081]
In Embodiment Mode 1, the Group 18 element is added in .ordcr to form a
30 distortion in the gettering site yegion. The increase in the additive amount of the
Group 18 element 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,



channel formation regions 158 and 160 is in an ion irradiation step
performed by an ion WD 2008/ 156040PCT1JP20081060928 22 dopi ng net hod at
"the time of form ng the damaged region 113 shown in FIG 1D. FIG 16, FIG 17,
FIG 18, and FIG 19 show results of analyzing netal contam nation of a

si ngl e- cr ystal2omiiséoaon wafer irradi ated with hydrogen i egasamosidded29@n dopi ng
met hod. [0072] 5FI G 16 shows neasurenmest results by Inductively Coupled

Pl asma Mass Spectronetry (1 CP-MS). Sanpl es anal yzed by I CP-MsS are Sanple A
doped wi th hydrogen ions by an ion doping nmethod and Conparative Sanple X
not doped with hydrogen ions. Sanple A was manufactured as follows. A
silicon &nrgmibe @Pémglsﬂﬁf% *Fé?rﬁ’@é in thegomriceriicirdayes which copstitites ace of a

single-c barP Bﬂhesﬁellnic%ﬁe cY@fefermeQY 1?151[533@391%@ P?MFJCFSBQHEXHWB@ feapl 4 and

N20 as a nmaterla si 1 con waf was irradi ated 'wth hydrogen ions
t hr ough trbatmesii bf emﬁaxqmptmﬁa;e Hme@yxfaﬁeuc@ncq;trpwg ofrdheh GoupH)8r ogen was

used as r ve Sanpl e
Xis o srrmen e Bthe b i REbE e Lhite TR S LRI 1€, FET
nm t hé ck onnisteprotése taapeeatemnafi lafeo heaastrchﬂxmﬁnf, ofhiGampkes the reurystalbzatidoped with

15 hydro L,ons 0073 FI G 16. sho sult f anal yzinng the

el enent sgﬁﬁ‘é‘\lﬁﬂ’ea" HRe St %?V:nfst?‘i v\g tﬁ?ltﬁ% S§?69§ f%cgﬁfatﬂa

Conpar at gateringshé eegiﬁananh@Fbel‘@fﬁcﬁ'dnﬁy Icisivei/sandeireblemas € Mosexainptd)i ch
concentra\;l ons are different, b or_nor. ebl?et ween 20 Sanple A and
Conpar at a{achjpsistance e wiring e‘%\ %fg%c #a0Ahe data shown in the
chart ofjr(jaggz 16 Fromthe analysis results by ICP-Ms, it is thought that
i ons of , and Ph enter the silicaon oxynitride filnms and the

silid®n wafer sm%ﬁ%&eh@# emttoﬁn%%m%w&b@wl%we of STHHRE B2tigHE s an

el ect r odgeRbRh Ivmmxpéanaﬂfﬂc%upl OBfdieh APRRKIAL Yeration dndG{dtE s¥etmallebe
distribution"of netal elenents'in a silicon wafer doped with hydrogen ions
by an i oap muﬁgrmﬂ%rwst@ndwﬁvﬁ teppimeat fos the(@etieringdi st ri bution is called
dept h pr gf) was anal yzed by secondary ion nmass spectronetry (SIM).

FI GS. 18"and’ 19 each show a depth profile of the netal elenent in the

si | i con waf er . The ®ps £8plsinodvin Bmtpdiment Mode 1 with reference to FIGS. 1A to 1G

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

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

20  gettering site regions 184 ave formed in the semiconductor layer 152 (see FIG. 5A).
The concentration of the Group 18 element in each of the gettering site regions 183 and
184 can be set in the range of from 1 x 10" atoms/cm® te 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.

25  [0084]

This step can be perfoﬁned bjr an jon 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 getftering site regions 183 and

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

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



30 profile, and FIG 19 shows a M profile. This sanple is a single-crystal
silicon wafer irradiated with hydrogen ions by an ion doping nethod, and a
silicon oxynitride filmis not forned over this wafer. Fromthe depth
profiles shown in FIGS. 18 and 19, it is WD 2008/156040PCML32008/ 060928 23
under st ood Whaboshbwagret al el enents enter the silicon wapefyRyesdRiang W th
hydr ogen i ons w thout mass separation.g,s[ 0075] The analysis results of FIGS.
16 to 19 indicate that the netal contam nation of 5 the sem conductor | ayer
of the SOL substrate becones remarkable due to the ion irradiation by an

i on doping nethod in formng the damaged region. This enbodi nent node is to
sol ve thiémqgg_al contam nation, and gettering is perforned in a process of
manuf acturi ng a sem conductor el enent, after manufacturing the SO

substr at el008%er ef ore, since the effect of metal contamination on 11, |b can
be suppressed byof hiSsidPor ARG tHERInofRAE acdefrd PBwh id BIG. 201 A8 sy o&n i on
dopi ng net hod can 'be carried out positively in form ng the damaged region
113. That fomsingahe sidewsth insuletieg bypegbawndailds AD3andsthe Steperf addingsthag an i on
shower, dopi n rat [ | t.hi j dep it he tact
time can goenoégh?’%gn%dﬁginBﬁrr%%g%\{;%rﬁﬂ%ﬁﬂg%gc{%@%?gﬁmﬁgﬁ\t@% ﬁgtligon can be
suppr essecbtaid&d. [ ODE GiHtype low-cofcemrativhdmpredty regiorst Hin thef dhanrel tfoxmationg and

gettering, an ul.ating,l ayer 16 i.nj o) .S . -as shown
ThE G 4 toRRPel S gr§ph d bt gy BBy 85 AR ui el GRS

per f or medregiont 48P atafomnesd ik aligsongicdndocos HyeC150 oft 30 nthamud]l (I Tve The t hat
hydrogen in the J|nsul at} | ayer 168 .diffuses into the sem conductor 20

| ayers 158°1%HAE i‘?f?g‘??%iq%%?m ﬁf%m?gcoﬂgwltﬁggmgsﬁn osgrsfa{)%@gﬁ &tﬂaéﬁgsi ting
silicean Nt Edefingd theS high-@Oteftiritiond oty @ediynsa1§s. ashm theVbihee hhnd] @t or bel ow
350 C. By supplfyl ng hydrogen into the, sem conductor I_gyers 1?;.? anqg 152,

def ect s whhaRRclTpFTR M"(g‘(t“r%ﬁ?pﬂ}‘?d’”%ﬁﬁgis“’f‘ CERROTIRUEEEOPD T &8 r s 151
and 152 Ofeakiidlle sidtidnaass ARl 1RRa fhiRe SEMLEABEUCaps 15aYeaS-dadnand 152
and the insulating |ayer 154 can be effectively 25 conpensated. [0077]

After thafFTanThengesierag eite yeaings 48f gve Byere oguyily SPravse aoHRfOF8r | ayer
| nsul at | ngyd aYehe {87 ofBIMAE thORiTR dohdnRath MAbeity RgisnsIbOUCt Ur € Or a
st acked- | ?0%%55]

i5

Then, heat treatment is performed at temperatures in the range of from 550 °C
to 700 °C inclusive for 1 to 24 hours to activate the donors added to the semiconductor
layer 151 and the acceptors added to the semiconductor layer 152. At the same time,
the metal elements contained in the channel formation regions 158 and 160 are

20  separated out or diffuse into the gettering site regions 183 and 184, respectively so as to
be captured in the getiering site regions 183 and 184. Thus, the concentration of the
metal elements in the channel formation regions 158 and 160 is decreased.

[0087]

Subsequently, steps similar to the steps described with reference to FIG. 4 are

25 performed, whereby the insulating layer 168 containing hydrogen, the interlayer
insulating layer 169, and the wirings 170 are formed as shown in FIG. 5C. Through
the above steps, a semiconductor device including the n-channel tramsistor and the
p-channe] transistor each of which has the channel formation region with reduced

concentration of the metal elements can be manufactured,



structure by using an insulating filmformed of an inorganic material, such
as a silicon 30 oxide filmor a BPSG (borophosphosilicate glass) film or
an organic resin filmfornmed of polyimde, acrylic, or the like. Then,
contact holes are forned through the WD 2008/ 156040PCTOP2008/ 060928 24
interlayer ywgsssabdod | ayer 169 and wirings 170 are for gpgysgosigeug in FIG
4. The wirings 170 can be forned usingya conductive filmwth a three-|ayer
structure in which a | owresistance netal filmsuch as an alumnumfilm or
an alumnumalloy filmis sandwi ched between barrier nmetal filns. The
barrier netal filnms can be fornmed using 5 netal filns which include

ol ybdenugogghr omi um titanium and/or the Iike. [0078] Thr ough the
above steps, a, sem conductor device having the n-channel |ITT and the
p- channel gimeab Moge Shanuf act ured. Since the metal el enents included in

the channel forpR dnibdisk Rid3e MilE eLthih Qb @arhplt Of b kRO OF alahif@ctaiihg r egi ons,
the effect of metal 10 contam nation caused in g process of nmapufacturing a

sem conduttgHcadyfierdwits bl Sisrmrodient made, 2reonditer Vi PESRAOWS r adi at i on
by an g on,{ioplpg a%ﬁ?&ﬁdﬁd@m‘r’]@gﬁg [gmamané SRR kdP Raded RO bseRClol 6y CAN be

carried out positively in't .sttep of form ng the damaged regi on as one of
st eps of gettetigsiteuegions.t he SO substrate. [0079] 151 n the nethod: of

manuf act ulroggﬂ a sem conductor device shown in FIGS. 1A to 1Q FIGS. 2A to
2D, FI GS. to 3C, and FIG 4, the donors and acceptors are added to the
gettering sit e Himsghoagliineddn dinfbodinemt Miide(d, fhesteps Hlowatin F1GS. Lidwi HY) t he

G oup 18 el enent: .however, these st can f or, . tinme.
For exanpl&P Q{} de aﬁe BRsdaries “%"r“g‘gf‘]“‘éﬁ%*’“g‘ﬁ"ogﬁ%’é*? &g;? grg\%}) ﬁ%&glgstgggonor ‘to
t he smi centdtonidadtod Ryar E5laind?de tphigps lgh-donoantratdiomingeiityy segionk 149,ar6 12, and

n s CaselBRetbdRht IFRBR S BIBn serving a5 an acoeptor to the o
sem condugioop] | ayers at the sanme tinme, a mxed gas of Ar, 112, and B2H6
[ 0080] 25 ( Enbat FhOHE WG ), donors are AalaRD et OB SGFETAUERT o ' a
met hod of ;o{gr PBiNgn@ 1BSERIchREcRE LiRydreHi20By 1 dh Rndidph@ BiRthoded @ ibk om t hat
shown in Enbodi mrent Mode 1. [0081] .

15  implantation method. This step of adding the donors is performed in order to form
gettering site regions in the semiconductor layers 151 and 152, The donors may be
phosphorus or arsenic. In this step, the gate electrode 155 and the sidewall insulating
Iayers 161 serve as masks, and n-type high-concentration impurity regions 191 are
formed in the semiconductor layer 151. In order for the high-concentration impurity

20  regions ‘191 to function as gettering site regions, the concenfration of phosphorus and
arsenic in total contained in the high-concentration impurity regions 191 is set in the
range of 1 x 10% atoms/cm® to 1 x 107 atomsfcm’ inclusive. By addition of
phosphorus and/or arsenic to the semiconductor layer 151 within this concentration
range, the high-concentration impurity regions 191 can also function as a source region

25  and a drain region.

{0091}

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

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

acceptors are added to the p-type high-concentration impurity regions 159 in the step of



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

el enents | swerthesnsendo f urt her. Moreover, WD 2008/ 156040BCT/Pfdd 842960928 25
since the gettering site region is forsed in the sem conductor |ayer which
constitutes a part of the sem conductor elenent, it is preferable to
performrecrystallization by heat treatnent of a gettering process.

However, if the concentration of the Goup 18 elenent in the gettering site
regi on i sF¥08CH glsonachisatioatof iLdeto Setira¢ sl $havrthat of cheptondisragd&d mrthé he

process t ofy. M AT whi ch mekes. the . .
recryst alﬁ@%(g{ﬁﬁé i f ihgﬁ?iﬁ B ﬁsgéﬁ% cggéseg{g%dflh@rgg Qrfs"%“’?%%érzhemﬁ‘&aﬂanﬁi sk t hat
t he sheetphossliosiscavdfor afseninat g ptetleteinriged cdneentraowin thananicofmcsufifyeci ent | y

decr ease a obl t,h for ex I the confact resistance with

Wi ring gcej’ESS2 %&gﬁf;eer %'glg%ﬁfél ?%%rg‘gbl@?ﬂ]fﬁggﬂglé’ﬁeﬁﬁf giisred; Hpie dhgodi ment
node @ | | highpbientraionBipaily &fgidue 192 B@héut BeithnSht 20 8r Sdldve 70 aE.0n Whi ch can
suffici er}bl performa gettering operation and nore surely nmakes an

I mpurity @é?]on | ow-resistant, by heat treatnment for the gettering. [0083]
The steps expl &ybeduddh | ivktild .65 1A to 1G
15 and FIGS. 2A an ZBYE%&)@E%?W%?&N%%%&l%n&%%reé{af%c%%?lgnaggtf?%ri ng site
regi ons, getipdng isperfgmeds F@ﬁﬁds vlrewingter cwiriniopa step of the hyadtreditienand a

resist 1 i | ' t, I r 152 o.shoywn Jn FI G 5A
The. & oup g Sty ¥ Bl SSPBRRANS ap o sRUE o B0 4TS ‘0 152 oy
usi ngl& heinclesivs fe 11O 2 4atmars] 8herby trsdemorsvdddectoythe eérhiesndugios idyer 150i ons 183
are formed,i he .sem gonduct l.ayer 151 gnd 20 getfering site regions 184
are formeﬂélditﬁe %??gptglgrﬁngéﬁﬂﬂétag‘ﬁedltg . Sef%"?”?‘é‘g‘érzlﬂ lék .eﬂfﬂ’é{a@@mc%ht ration
of the GribeipardSitimk e iietdl RleaRafd cohtatnbe iﬂﬂk%ﬁﬁﬂﬂ&%oﬁh&t%nﬁ%%ﬂoﬁ@%é‘-&ﬁ and 184
can be set .in the raggg?ro[, froml x.i0 atons/cnB to 1 x 1022 at ons/cnB

i ncl usi vet00aRseperaly eiipfo thedhighypppicentratipn gppurity regiony that eadliecns to 5 x
1021 at orgeiteriy s | ioNe 192 SO0 redfiticvely 88 &R0 BR BRI MRdmly. an ion

i mpl ant at.i.on nmet hod, or an_ion_doping
15 -concentration impurity regions 191 and 192. That is to say, the concentration of

the metal elements in the channe} formation regions 158 and 160 can be decreased by
this heat treatment. This heat treatment is performed preferably at temperatures in the
range of from 500 °C 1o 700 °C inclusive.

[0093]

20 Next, 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 arc formed as shown in FIG 6C. Through
the above steps, a semiconductor device having the n-channel TFT and the p-channel
TFT can be manufactured. Since the process is performed to getter the metal elements,

25  which are included in the channel formation region, into the gettering site regions, the
effect of metal contamination caused in a process bf manufacturing a semiconductor
device can be suppressed. Therefore, the ion beam imadiation 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.



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 w rings.
For that purpose, the shapes of the resists 181 and 182 are adjusted. Wen
the gettering site regions 183 and 30 184 are formed in such regions, the
el ectrical weRoegtsSerdsti cs of TFTs .are not affected evercripidgoddegr ee of
recrystallization of the gettering sit® regions 183 and 184 is not WD

20081156040PCT/ JP2008/ 060928 26 enough. [0085] Then, the step of
addi ng the donors and acceptors shown in na 2C, the step of formng the
sidewal | insulating | ayers shown in FIG 2D, and the step of adding the 5

donors shd@P4ln FI G 3B are perforned, whereby a structure shown in FI G 5B

is obtain The n- el ow concentration inpurity regions 157, the channel
formati on%?%’g?cio}lr?e’ri}@@/&n@type hi gh-concentration inpurity regions 185, and

the gettering stThie embodiisntlGBod GxillOTRPHEin N tHALGEHC AN Rlrinea%er 151 of
an n-channel. TFT. THe _gﬁgtteri ng site regions 183 have n-type coﬁduct Ivity
because dSWBICERdECior deficaiwith therise of ths SQT ybstragy Flng Witleraféreptee do FEGHH r at i on

| MpUri 5y NAGLOTIS adBFIGEIBA RESO! BQEriRBR il REcif R RE m s %’ﬂ%ohe&! on 160,
the p-type high-concentration inpurity regions 159, and the gettering site
regi ons 18pnuactuning sparchanoeifhinddm wansigior and a p-ahannelithin filin Gansiswinaasnel 1141.

The gett efjeBdDr inkiGS: Gcdiriv ey qﬂ@; ' ecaus cceptors
are added ien t he st“eip of %%‘% ng tﬁ‘é’pﬁ%‘g‘%: lé%e(r)l@en rdél#%&nb{f?f‘cﬁ&’i ?’3‘/ egi ons
159. 15 [ 086 of manufaqtheing a semicondneat dayvive i Embedifrentidddatl tosypersapur €s i n

t he range 1 700. C.| sive.for 1. tao 24 hours to activate

t he donor gp%gfl}[el%fq%éog‘%ﬁgu% g?ﬁ %g' Hgﬁécge or %g‘eri&ﬂajﬁgﬁghet yemicudugerazeradded to
t he sé®i cohthedi@rsubstyaty fot $ach dlemerdtebysacieng. i e codthet RRMA! a gk tgtecont ai ned
in the ch | | on_regipons 158 and 160 are 20 separated out or

di ffuse i n%o%tlﬁe&élg? ﬁ%gf%“é’%‘g‘%‘f‘%“’f% T orfg’gmﬁm??ai@zlf,‘“? ¢y theso as to
be capt ur ednifacthiiveg igethdeof thiy emibb@infenginods 183 and 184. Thus, the

concentratd'og%cof the metal elements in the channel fornmation regions 158
and 160 i reased. [0087] Subsequently, steps simlar to the steps

described w th FISf 2A &CerodsGebtidmativiel 8f the SOI substrate 131 manufactured by the
15  method described with reference to FIGS. 1A to 1G.  The semiconductor layer 115 is

fixed over the base substrate 101 with the insulating layer 112 and the bonding layer
114 interposed therebetween. The insulating layer 112 has a two-layer structure of the
insulating film 1122 and the insulating film 112b.
[0096]
20 Next, gettering site regions are formed in the semiconductor lIayer 115. FIG
7B is a cross-scctional view for describing a step of forming the gettering site regions.
The gettering site regions are formed so as not to include portions where semiconductor
clements will be formed. As shown in FIG. 7B, element formation regions 140 of the
semiconductor layer 115 are covered with resists 141 and impurity elements are added
25 by an ion doping u_lethdcl or an jon 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
30 18 eI.ement to the semiconductor layer 115. As the Group 18 element, one kind or
plural kinds of elements selected from helivm (He), neon (Ne), argon (Ar), krypton (Kr),

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



25 perforned, whereby the insulating |ayer 168 containing hydrogen, the

i nterlayer insulating |layer 169, and the wirings 170 are forned as shown in
FI G 5C. Through the above steps, a sem conductor device including the
n-channel transistor and the p-channel transistor each of which has the

channel forweatewAasefgi on W th reduced concentration of pEEFIBIskeds €MENt S
can be manufactured. WD 20081156040P@g/ JP2008/ 060928 27 [0088] (Enbodi nent

Mode 3) Thi s enbodi mrent node will explain an exanple of a nethod of
manuf acturi ng a sem conductor device. In this enbodi rent node, a
sem conductor with phosphorus 5 added and a sem conductor with phosphorus

and bor on inplewadtior methedth hich frassscpara@at i PEifelhed iof 8 IRUoPRS mdROB
ai ned i n. Enbodi t Mode 1, the steps shown in FIGS. 2A to 2D

First, | R .
alr res per 1? gyvf?ruexcg‘.malsﬁ SRR & ?%\Hg%gﬁ'&"é]nt PABPRY HOHIM)G‘P‘%P? iy prgfeable hgFusar e f or ned
in the 10tmetine oacbeshortededy eThd &hcantthtibh6r de CYRS 13 @él?éiﬁ’ ﬂ%%é&f,{ngg 90]

impurity regions 159 are formed _ in the sem conductor [ayer

As shown PYF fepieng A%2 isgpelcrably et & thel reageedfUfminy 1ad #@' atomsfand teank aoRduct or

| ayer 45la@pd/cifenggipeconductor |ayer 152 by an ion doping nmethod or an ion
15 inplantati on nmethod. This step of adding the donors is perforned in
order to [W9P§ gettering site regions in the sem conductor |layers 151 and

152. The donor oLUS Qf, arsenic. In this step, the gate

el ectrode 155 ang t %?g?@igg\aﬁﬁ é%éﬁgglfgae?"i%eé‘t ioa?;"@rs%m‘fB‘ids“g@F@é’e’é?ﬁT’észs, and
n-type gi fpmcgnticxing siftSSilinrtlhé mmu{jcbﬁdt}cto@ghyﬁaarll_iﬁbﬁ d§tBrting [tHE SerhRoddiBtor "
sem condu r-lkay : r or the high-concentration inpurity
regions 1 &&tlolgf uﬁ%efrfﬁﬁ’ - rf@%’t’?ga{t oS iﬂfeedl?t@&%rl?é‘ addifjan ebtheFronmi8 on of
phosphbr udement. aDseis the iftrniatib@ bf aQplial BEsHsi il chRRAI c&% [ N

I mpurity rlerﬁi qnsdﬁl | S 'Stgsta I.n .the ra%ge c?f fhe 1028&& rrs??r{%ﬂ% %Ql x 1072
at oms/ cn8” T HEr U e.o'%f is, hgefdition of the GaaupHS lpsmeabtweenarestal lagtices. t he

semn condui@o®e] | ayer 151 within this concentration range, the

hi gh-concentration i mpurity regions 191 can also function as a source
region 25 and &*dB&;§5°9ndgaisthod] 3BontyPEh Emplwite rregian dis afddeet thy hdiding

sem condyshofphoni8thel RiChdbdiEr ByEL{1s, Tﬁﬁ&ﬂfm‘us may be replaced by arsenic.
15  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.
 [0100]
In the third method, an n-type impurity region which contains the Group 18
20 clement is formed by adding the Group 18 element and phosphorus to the
semiconductor layer 115. Phosphorus may be replaced by arsenic; alternatively, both
phosphorus and arsenic may be added. The concentration of phosphorus and arsenic
in total in the gettering site region is set in the range of from 1 x 10%° atoms/cm® to 1 x
10% atoms/cm® inclusive. Moreover, the concentration of the Group 18 element in
_ 25  each of the gettering site regions 142 is preferably set in the range of from 1 x 10®
atoms/cm® to 1 x 10% atoms/cm® inclusive, and more preferably set in the range of from
1 x 10% atoms/em® 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,
Ha, and PHj or a mixed gas of Ar and PH; may be used as a source gas.

30  [0101]

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



this step, the gate el ectrode 156 and the sidewall insulating |ayers 162
serve as masks, and p-type high-concentration inpurity regions 192 are
formed4l in the sem conductor 30 |ayer 152. In order for the
hi gh-concentration inpurity regions 192 not to have an opposite
conduct i vi two 2408@8s6040n- t ype conductivity due to additi onp@fyhbRiegeper s, the
acceptors are added to the p-type hightconcentration inpurity regions 159
in the step of WD 2008/ 156040PCTOP2008/ 060928 28 FI G 2C at a concentration
of 1.5 to 3 tines higher than that of the donors added in the step of FIG
6A. Wen the p-type high-concentration inpurity regions 192 contai ni ng
phosphor utayeriti/soch awspthatb@bn & JddediRbr tHArsibsHNGAAtE & fopn ah'im%ﬁi&@tg o

s Can be

sem conductor layer 152 of the p- chg neL1 TFT, the nmetal elenen
gettered [0 Fﬂ’égg‘gtﬂ'éﬂ‘? B‘?‘%‘@H‘%Fyat' E?F'P PRy may\bergplpendbyigseniy; hat
treat ment gatering shekepton/O ifcluddPbdphorus and RHISECHUSHI hd/a c&ﬁ.@ﬁt}g&tfoﬁa(g”ent for

activati\rllvgr t he dopors and, acceptors and.for gettering I's perforne FI G 6B

is a drawRB ¥ 3l0eainmyem’iy lax é@zgatomslcpﬁéncri@ate. t TbatomEmitratich of hemh

treat ngnt g : [ in-the range of from.450 C to 850 C
107 ey us Ve Fes B FEhsGhighRAL B dofihnlBide G SBRA50E qui BFE pcor
sem conduichwed wthe gdGlingsitk regionaccept ors and donors added to the

sem condu&f 5 layer 152 are activated. At the sane time, the netal elenents
contained 1n ]the channel formation regions 158 and 160 are separated out or
di ffuse into thefdrirghedoptentsisitiddrheanpeatrhény gt ik padforaled. t Rrs gettering
site regi o83 181 an 1921.r.espeftiveJ1 sp as to be captured in these 15

hi gh- concértY Af PSS 0pErelRiping a5fep Rt thegheatireptrpery.  Thrgpeh heaf Beagmont at he

concend I atehiperaQires ietheRindk o [FRAEALS °Chotehe eNalR&Ye k' TR 2P RokEGLONS 158
and 160 can be decreased by this heat treatnent. T?\i s heat t?erg’?tlhngnt is

€ oy ,
per f or med™piebelemens included imfhesemicandyctprlaysrd 15 aregaptofed fin thngB@Bing site 700 C

i ncl usi Veregiod9941 20NGagh tht W ikhed with
refer encemF o FIG 4 are Sgéfhg??e%{ﬂ ’2?%&13“} E%m?%tgi%f%lﬁ?%gﬁ "hgfgeim‘?&
cont ai ni nEprmytinnogaians {4{bnatrindvding the impurityzidnmepts sy eepaiabl odnd diffuge Wi ri ngs

170 are f A ] . A t he abov t eps, .a.senjconductor
devi ce haﬁbirér%gtbﬁgalﬁ&g%{r?glglé@%g%I%gﬁ(gn%%g %ha%ﬁzellms‘hﬁ"l‘ﬁ% CHYURHRRGE act ur ed.
Si nceld hethp mtd stenicatspie thoelament tforngeioh ecgidld 40tmbe db@emed. s, Thibhaahi ch are

i ncl uded 'ga th .chap,ré\%héﬁ%{ mat(i on region, .into the etteriungmsi te regions,
the ef f ect™BPHat PG Ot Hriceaadntys imths ranes eEEem 800 nE 7Ok ¥Gir i ng a
sem condu@thgivélevi ce can be suppressed. Therefore, the ion beamirradiation
by an ion@%) ing method in which nass separation is not perforned can be
carried o ﬁositively in the step of form ng the danaged regi on as one of

steps of manuf agkxkthéGehitbnddlor 34428 11 84€ isotated for each element by etching,
20  thereby forming the semiconductor layers 151 and 152. The semiconductor layer 151

constitutes a part of an n-channel TFT and the semiconductor layer 152 constitutes a

part of a p-channel TFT. The gettering site regions 142 are removed by this etching

process, and the semiconductor layers 151 and 152 are formed so as not to include the

gettering site regions 142 and boundaries between the gettering site regions 142 and the
25  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

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

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



WD 2008/ 156040PCT1JP20081060928 29 [0094] (Enmbodi nent Mode 4) Thi s
enbodi nent node wi Il explain a nmethod of manufacturing a sem conduct or
device with the use of the SO substrate 131. Wth reference to FIGS. 5 7A
to 7D and FIGS. 8A to 8C, description will hereinafter be nade on a nethod
of meEnuf actwoizog/isee4n- channel thin filmtransi stor and acpashasgehst hin
filmtransistor, as a nethod of manufaegturing a sem conductor device, like
i n Enbodi nent Mbde 1. In the nethod of manufacturing a sem conductor device
i n Enbodi nent Mbdes 1 to 3, the step of formng the gettering site region
Is perforned after isolating the sem conductor |ayer 10 of the SO

subst r at esdnticordacibr element hfttrymetutinitiéng tha S rdubstsdte.t THetvfare, singethieer i ng
site region is.formed. in a.sem ductor | ayer, .bef.ore being isplated for
cach ol ontiic PreR LRSI P Tl et PoRPar oA TR pBer Rt Hoffeler 000s]

FI G 7A i sion igdadiators BE h 9ot opine wetlod tdae bS@arried isit padifivelP in PaMIdg@meur ed by
the 15 nethod described with reference to FIGS. 1A to 1G The sem conduct or
| ayer 1159%maget igiPfller t he base substrate 101 with the insul ating | ayer
112 ang t aobpndi ng | ayer 114 interposed therebetween. The insulating |ayer
112 has a two-|ayer structure of the insulating film11l2a and the

i nsul ating fi | nftesericonduy)lapaspbsk andyl2tase forged jaf shovayingfis: ZPeafesr med i n

the sem cQpOHE! M skAdBhduklor layet B15&F the SBI SHtRESe 36k BReid 13¥tdiRhe. .
describing a step of formng the gettering site regions. Th gettgerlng site

regi ons attke semigprtlusior deyasckS1t epnbitiules depdrb of japris chdnaele TEBmviorerbutheor
| ts Wil . ' t i i 140
€ ements %AILor@ﬁctBPfaEfﬁglfgfa%ﬁg&Wa b}t 6 &g%ﬁavﬁnt@ihfﬁf”.NJxﬂrcﬁﬁtﬁgsr'}gﬁﬁﬂ' ons

of the sem conductor are‘cover resists I purity
el enei®s arFGSd2R ¢ 23 atpypedomaiasdoBmbgdimentidddok. an i on i npl antati on

met hod, t y formng gettering site regions 142. The gettering site
regions 1 n be formed by any of the follow ng.four nethods. [0097] In
the first methddG 8Ads gedobesdctignad view ofegieminddforatesict onvdcibgie agdi ng a

G oup 30 18 nt.to the sem ¢onduct or | .1l the Group._ 18
ol ennt,  SHEKEHEHeS bosh BEPRFRRT 0 e R o3 AL L6t POICITE] O (He)
neon ( Ne) ser@tgHARctoNayers HEY RADTS ¥espectively with the insulating layer 154 interposed

15  therebetween, The sidewall insulating layers 161 and 162 are formed in contact with

side surfaces of the gate electrodes 155 and 156, respectively. In the semiconductor
layer 151, the n-type low-concentration impurity regions 157 and the channel formation
region 158 are formed. In the semiconductor layer 152, the pﬁype high-concentration
impurtity regions 159 and the channel formation region 160 are formed.

20 [0107]

Next, the semiconductor layer 152 is covered with the resist 165, as shown in

FIG. 8B. In order to form the high-concentration impurity regions functioning as a
source region and a drain region in the semiconductor layer 151, a large dosage of
donors are added to the semiconductor layer 151 by an ion implantation method or an

25 ion doping method. The gate clectrode‘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] _

30 The resist 165 is removed, and then heat trcatment in a furnace or laser light
irradiation is performed to activate the donors and acceptors.  After that, an n-channel

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



or xenon (Xe) can be used. The Goup 13 el enent can be added by an ion WO
2008/ 156040PCTOP2008/ 060928 30 i npl antati on nmethod in which nmass separation
is perforned or an ion doping nmethod in which nmass separation is not
performed. An ion doping nethod is preferable because tact tinme can be

shortened. Wwheosasmantrati on of the Group 18 el enent inpEfigeRRldseagnNg site
regions 142 is preferably set in the npgnge of from1l x 1018 atons/cmto 1 X

1022 5 atons/cminclusive. [0098] The ai m of adding the G oup 18
el enent to the sem' conductor layer 115 is to formgettering sites in the
sem conduct or 115 by distorting the sem conductor |ayer 115. There

are two f”ae%@rﬁcm merdéd@hlthe distortion by addition of the Goup 18 10
el enent . [6)]f® s the formati on of dangling bonds in crystals by adding the
G oup 18 e er]re and the other is the addition of the G oup 18 el ement
bet ween cryst a[FI(I}.a8€| Be:s crds§88%ibnal view ofl & dehdconduand dewtd havingnhé)- t ype

115, prodbarte Bl BRopelhultl nf . PEORCR R apoes Fper e Beh

phosplsor udensonts iatingst m thByenticorddetelay it tHfO‘I’FB Bier g2tteRR iRb ROQ%eAR US and
arsenic in total in fgettairlng site region is set in the range of from1l
x 1020 at’YREIEons e £ ?C‘ ConpEation caused ip @ progssnef mampfaciuingiihe d et hod,

an n-typeaemigadiidior deic0nV b SipprRsddai Therbvee, ®hodh 18.ddMio8! tod s forned
by addi ng, the G oup 18 el enent and phosphorus to the sem coriductor | ayer

115. Phos{orBEFacthed inyehicibppssssprratonds satpesformed enrwrdapiadyout pesifiveihos phor us
and ar Se'lh‘ihé@t}é]ta lo¢ reEe thcﬂ&&aé&f‘f‘eﬁﬁhrd%tdngrbf%f 9*&%&9%&@:@ aﬁéﬁ”' cin

total in the gettering site regionis set int e range o x 1020

at ons¥0cmstbstratex 1022 at oms/ cm i ncl usi ve. Mor eover, the concentration of the
G oup 18 g ﬁ’IE in 25 each of the gettering site regions 142 is preferably
set in t nge of from1l x 1018 atons/cnB to 1 x 1022 atons/cm i ncl usive,
and rmre(ﬁméb@mbtlyloéﬁaﬁ) in the range of from1 x 1020 atoms/cnB to 5 x 1021

e conduct or - 1yerniimEt FRAS vtk SRRL B Cor BBt S0 P or
a m xed (}alsstnate wihich iddifeRnnfaym e methcﬁtl dscibed dn Eadodiatent BOdE 010Gsi n t he
Fourtfi mefnad; BROSRNQLE onglnvqevt‘?sosrh%\r;rmagraen %(391%% &% rtngtgoc? o m(;l(l)unfgg%nogr

an SOI substrate,

[0111]

o

As shown in FIG 9A, the base substrate 101 serving as a base substrate of an

SOI substrate is prepared. The base substrate 101 is cleaned and then an insulating

20  layer 102 is formed on ifs top surface to a thickness of frora 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 ipsulating 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,

25  a silicon nitride oxide film, 2 germanium oxide film, a germanium nitride film, a
germanjum oxynitride film, or a germanium mitride oxide film. Moreover, an
insulating film including a metal oxide such as aluminum oxide, tantalum oxide, or
hafnium oxide; an insulating film including a metal nitride such as aluminum nitride; an
insulating film including a metal oxynifride such as aluminum oxynitride; or an

30  insulating film including a metal nitride oxide such as aluminum nitride oxide can be

used,



WO 2008/ 156040PCT/ 3P2008/ 060928 31 | ayer in such a way that boron is added
nore than phosphorus so as to forman inpurity region inparting p-type
conductivity. Phosphorus nay be replaced by arsenic. The gettering site
regi on can include phosphorus and arsenic in total at a concentration of
from1l x 10w02emsas®senB to 1 x 1021 at ons/cnB incl usi vercTheosswserat rati on
of boron 5is 1.5 tines to 3 tines higher than the concentration of
phosphorus and arsenic in total included in the gettering site region.

[ 0102] After renoving the resist 141, heat treatnent for gettering is
performed. FIG 7Cis a drawing for explaining a step of the heat treatnent.
Through h&4%2k reat nent at 10 tenperatures in the range of from 450 C to 850

C inclusive foryied he?BasdOdbstrard NO1 ?tﬁlsmﬁlﬁgﬁeﬂt:ﬁdi‘nﬁgérg?@&u%tg \Mﬁﬁh

sem conductor layer 115 are captured in the getterl grons 142.
Thr ough tdeiceeaprsahe relichilitseof thetsemicopduitoralegive,ntush iasm alkall enktalrortdiiealiaé ement

formatio | QS i hN he Iapurity.el enenis are ,separated out
or i 1 uss el o haliling Bres fobedBly RIS o LR B3 oedR 5 s a
resul ts, tpreventing diffusiahiod suchfimphrityhfeoreticcdasebubsent 301 ® thbeerticenmmblor f or mat i on

regions 140 c ecrease Thi s heat treatnent | referaply perforned

at terrpe:lgﬁfroggwﬁm?sl"}gsqﬂ cr’\gg.hfsrl’ﬁ qr?,d%e%dn@?%gg-?@@r g%’ lﬁﬁﬁl"\‘fﬁ‘gx‘t}@i%] Next ,

the sem cidis phreFerablgyfermelildd dsStoiifdhdit £ dedkObnediagd? of laiidh divide i H9. 20
s..151 and_152. The seni conduct or

t hereby form ng the sem condyctor |ayers, ) ] S

| ayer 15 181%95%??%“{15??96 @W‘HWFF Wéﬁﬁéﬂ%w plpninggyritiide axide filamenct or

| ayer 152nhe@hstitutes a part of a p-channel TFT. The gettering site regions
142 are renpved by this etching process, and the sem conductor |ayers 151
and 12 dP3orned so as not to include the gettering site regions 142 and

boundari es bet Wggnud i I i ' I nt
formation regions li§40._HFgg%ez]lb%sg:age%ﬁoﬁgdgﬁlﬁﬁg%%ﬂ?%gﬁglﬁghe
anal ysi s hoseyies whey the|imgglating layst 162 hasci etleyaristractuieethewrder of statkimg nat i on of

N i B
As i n Enbwith adigh Bocking affect i@, préventng ivgpuiityrdiffusiomdmch as b ailicoh wriddi s net al
cont &y N3HHN, sifllsh Side i, AEALAEMRY ntllad Rl OGCSS sl ullar ahdgd uri ng 2
oxide film is formed as an insulating film 102a, which is the lower layer, to a thickness
of from 5 am to 200 nm inclusive. As an insulating film 102b, which is the upper
layer, a film with an effect of relieving intemal stress of the insulating film 102a is
formed.
20 [0114]
For example, as a combination of the insulating film 102a and the insulating
film 102b, the following combinations can be given: a silicon nitride film and a silicon
oxide film, a silicon nitride film and a silicon oxynitride film, a silicon nitride oxide
film and a silicon oxide film, and a silicon nitride oxide film and a silicon oxynitride
25 film. Ineach of these combinations, the former film corresponds to the insulating film‘
102a and the latter film corresponds to the insulating fitm 1025. '
{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
30  nitride oxide film is formed by a plasma CVD method with the use of SiHy, N0, and
NH3 as a process gas. As the insulating film 102b, which is the upper layer, a silicon
oxynitride film is fonsed by a plasma CVD method with the use of SiH; and N,O as a



WO 20081156040PCT/ JP20081060928 32 sem conductor el enent, after

manuf acturing the SO substrate. Therefore, since the effect of netal
contam nation on IF I's can be suppressed in this enbodi nrent node, the ion
irradiation by an ion doping nethod can be carried out positively in

form ng t hewygdarmgasgss egi on 113. 5 [0105] The sem gengpedsiisedgyers 151
and 152 are fornmed as shown in FIG 7@ after isolating the sem conductor

| ayer 115 of the SO substrate for each el ement by etching. The

sem conductor |ayer 151 constitutes a part of an n-channel 1111, whereas
the sem conductor |ayer 152 constitutes a part of a p-channel TFT. Next,
the stepgprédeeygns10 in FIGS. 213 to 2D are perforned as in Enbodi nent Mde
1. [0106] FIG 8A is a cross-sectional view of a sem conductor device
on whi ch [{JH@]step of FIG 2D has been perforned. The gate el ectrodes 155 and

156 are for med Agépforklit; e MstRiek BYaT 1022y Béfliddlhysnd4 ISfrmeLoRachd Vel y With
the insulating | ayer 4 interposed 15 therebetween, The sidewal

1
i nsul at i igsylaipadayen 42, am shopapin HlG Y4y nds bepdasrlayre d0fcambesiogaed g aces of
the gate GhaathLdeso i bdmbte 188 11458RESE dvpin¥ sethRohdiRiod SiBsaRBAYCt or | ayer

151, the n-type low concentration inpurity regions 157 and the channel
formati of0t¥§i on 158 are forned. In the seniconductor |ayer 152, the p-type
hi gh- concent r atg | ' ' w]vc'r:rgtﬁé‘ Onichfdueh2 R rafcornat | regi on
160 are for rredh‘%gb]? E}%%&%&ﬁ&hﬁlﬁ%, t egsem congﬁct or a{cayer 57 is

cover ed widahingtthe sasicotdidtebsubasats Ablya protedtiog B\ 117rs fordhed ona fufaes t he

hi gh- conc rati.on J opuri ' t +-0N LAY ' and a

dr ai ' oqtant poniphesEBhplest 2P A8 RuoHl Bl EREVES, 26 Brtbs Bupidal PC T
addediot o forigeds evithc ifdsi cofo prdvayting 1l shpicanducom substratnt &t drommelbdigg or an 25

i on dopi ng mreth The gate el ectrode 155 and.t sidewall Jinsulating
| ayers 16%”?8’%’8&1593" Hﬁ’gg'gt,lesa‘?llﬁﬁ@ t‘?%g[ i ﬁ’h}%ﬂoﬁ'&ag?ﬂtﬂpgtss?nhrrﬁgﬂﬁngf regi ons
177 are fdamigel regivn, pretditig Mhgiendaindadidy aibstene LIpHitointbeingedinmiged de/ functi on
as a source, regi on anﬁpa dr. aj nlﬂgﬁgi on. [0108 30_Th? rreﬁjést 16% I s, renoved,
and t hen 'A&aqekiof dons gk irrggiation r TASErOPegRa L A rLbq formed
per f or med,yt &p@ﬁﬁﬁé{_@iﬂi@oﬂ HEd6QNRLSE nRAbe, 3RBR AKGe ofitié, SilidoldxyniBMeNoehannel
TFT and a p-tyBe ker are manufactured through the steps shown with

rpa

r ef er¥ncdhe ik CVD method or the like, Altematively, the protection film 117 can be
formed by oxidizing or nitriding the semiconductor substrate 111,
[0118]

FIG. 9D is a cross-sectional view showing a step of forming the damaged

region. Like the step shown in FIG. 1D, a damaged region 113 is formed in the

20  semiconductor substrate 111. After forming the damaged region 113, the protection

film 117 is removed as shown in FIG 9E. After removing the protection film 117, a

bonding layer 114 can be formed in a similar manner to the step shown in FIG. 1E.

Moreover, the insulating layer 112 and the bonding layer 114 can be formed.

Alternatively, the bonding layer 114 can be formed over the protection film 117 with the

95  protection fitm 117 left. |
{0119]

b

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

80  step explained with reference to FIG 1F, and the semiconductor substrate 111 and the
bonding layer 104 are bonded 1o each other by having the semicorductor substrate 111

and the bonding layer 104 in close contact with each other at room temperature,
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FIG SC is a cross-sectional view of a sem conductor device having the
n-channel IF' 1 and the p-channel TFT. In this enbodi nent node, since the
nmetal 5 elenents included in the sem conductor |ayer of the TFT are
gettered i nyozbdeas@eal tering site regions, the effect of pgRimbosigithgm nation
caused in a process of manufacturing tzhe sem conductor device can be
suppressed. Therefore, the ion irradiation by an ion doping nethod in which
mass separation is not perforned can be carried out positively in the step
of form ng the damaged regi on as one of steps of manufacturing the SO
10subst r atfe120] 0110] ( Enbodi nent Mbde 5) Thi s enbodi nent node wil |
expl ain a mnet ho}q of manufacturing an SO substrate, which is different from
the nethod descFi®bEF ¥ craspsertines vievoes eaplaipings sepgaiim step FGeparating

Cr 0SS- SeClhdhicHldan®dr W f nyfacturing an
SIDl substrate. _[0111%#}@ Toagm g’ﬁ%&ﬁ‘?ﬁ%@sgi%ﬂ?ﬂéﬂbas@esﬁg%{“%‘te 101
sewi ng as SEPIWASES embedimgremede con beerfomst inat milar mrmpatethe stpeativas e

substrgte L i | at |8 Q0 layer. 102 is formed on
its tog sur ? ;eégﬁt%hga?heﬁégﬁegyg& ? r&omg% rﬁérﬁdt“% %‘Bﬁerﬂrcﬂnqlﬁ ﬁ'él?' * The
i nsul at i nd11 andethe boadipg lrybmlld ta eathnothe; tha penicenductir silsstrate 1d1 Mdhdatdday er
structure j [ . or. nor.e Layers e the insulating layer 112 in FIG
1C, the | ﬁ{su&?‘]&’t%?"lﬁ'{g}gﬁ éaég‘r“gfﬁ’éﬂ 4, "€ |7§8e8alﬁclf‘?~§%| a‘?’ﬁ%ﬂ this embesimantni ng
silicon olnogesHEBIdAMmir is réfeRBITRRIoRhA bt (<Shffefht@Ss Anginb h%ﬁm(?"@ feghi | M a

[

silicon nitride film a silicon oxynitridefilm 25"a”silicon nitride oxide
film a geFrisdisivh kpkere éherheahireatmens phendbave AIQ ¥C deas folingreae ger bumtingm

oxyni ypi d ' i jik L X] film,, eover,, an jnsulating
7 m ool e he avenk, B SERABA Rhik L i s o e e iRelre. or

haf ni um oxprited interfdoasul ating filmincluding a netal nitride such as

al um num Jr;dlrﬂj de; an insulating filmincluding a netal oxynitride such as
al umi num oxynttride; or an 30 insulating filmincluding a netal nitride

oxi de such as alhrougiuie segardtide s@) isHeyC BNFIG 9GSANSOI MBstrate 132 in which

2008/ 1560&%@%&%5&%9081 }gyglg %12581s attached to the base substrate 101 is manufactured. The

16  SOI substrate 132 has a multilayer structure in which the insulating layer 102, the
bonding layer 104, and the semiconductor layer 115 are stacked in this order, the
semiconductor layer 115 and the bonding layer 104 being bonded to each other. After
the separation step, it is preferable to recrystallize the semiconductor layer 115 by laser

_ irradiation in order to decrease crystal defects. Moreover, the surface of tile

20 semiconductor layer 115 is preferably polished by a CMP apparatus in order to remove

the damage of the surface of the semiconductor layer 115 to flatien 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

25  using the method described in any of Embodiment Modes 1 to 4.

[0123] |
(Embodiment Mode 6)

In the process for manufacturing the SO substrate, which has been described
with reference to FIGS. 1A to 1G FIGS. 2A to 2D, FIGS. 3A to 3C, FIG. 4, FIGS. 5A.to

30  5C, FIGS. 6A to 6C, FIGS. 7A to 7D, FIGS. 8A to 8C, and FIGS. 9A to 9G, various

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



34 [0112] When the base substrate 101 is a substrate including an

I mpurity which decreases the reliability of the sem conductor device, such
as alkali netal or alkaline earth netal, the insulating | ayer 102
preferably includes at |east one |ayer capable of 5 preventing diffusion of
such i npur iweg 2008ase08the base substrate 101 to the sem copdusiésdeeuger of the
SO substrate. Therefore, like the insulating |layer 112, the insul ating

| ayer 102 is preferably formed so as to include at |east one |ayer of a
silicon nitride film a silicon nitride oxide film an alum numnitride
film an alumnumnitride oxide film or the like. 10 [0113] The

i nsul at i nsphisayte 010 2Teeefoleewith teade SF Figlas subsiritbas the basadubRthtd ayicn 112;
however , en ths iInstuI agr n% | a e 02 has a two-|ayer structure, the order
of stacki REETHHRPOLS Blﬂ%;‘ 6;5%6%‘?‘? o089, Jetegcag he mpmaciredg | ayer

112. I'n owhey avpludSity af fsbinfoducloracibhaiils Thasdd Renefsh@fta foofe-RELEENL I NY
impurity diffusion, such as a silicon nitride 15 film a stlicon nitride
oxi de fi | PHOSUEMeA HaHid crystal disnleiedaviqerar g elogolaminesernhsdispley dewdceosande filmis
f or mecs as pafuhASKAL i Walioh 308 aibly bl bREHLY W Scrh RS hi ckness
of from5 nmto 200 nm i ngl usi ve. 1. J(;dr‘}.vicns’ul at%g\gﬁ? m'?ﬁ(%&\}/\‘ﬁtle%h is the
upper | ay@ich ag solpy ¢plls phatoddfs cenfl semicondyctar imeapiary dgvicascambe senesctuel t he

i nsul ati ng fid; Ls.J ormed. 20 [0114] For exanple, as a

Conbi ant | o bESO abstdcs O ng film 102a and the insulating film 102b, the
f ol | owi ngl@&#bi nati ons can be given: a silicon nitride filmand a silicon

oxide film a sjiii l L de, €kl d.a sil.icon o itride. film a silicon
nitride oxide f“isllltﬂﬁ%%gm é’togilﬁlldcl%y{?dgi?g% % ﬁpﬁﬂm gl’?cfngtﬁé‘?PF FBAVREITRER oxi de
fil m¥nd TFEids eonexaxpld tof i xlanckod iof nmartufaceatily af sdniies@uaeniderias,i #ns, the
former fi|m.corresponds to,the insulating film102 nd the latter film
cor r esponyEFERdp %8P %Yécﬁlcﬁ? Pﬁﬁ“"‘?‘ff?ﬁi‘ffg 5% ?‘gtf)d’ﬂg}"g}q ﬁg‘il 'V?‘@R’Mcfm% node,

the i nsul eriengof syftontGRor derheneBEthSS aAGpiditof Hiiﬁlﬁiré?sﬁkt&&o%etﬁﬁr Qaifg film As
the insulating.filmi102a, which _is the |lower |ayer, a silicon 30 nitride
oxi de fi |ﬁ¢-s gPB? ﬁ’g‘h"‘gﬁ*ﬂ%‘ WP il exabupsperdiic mpdes efwemicondpgtorglavices N20, and
NH3 as a withedeasnd@as drangshe i nsul ating film 102b, which is the upper

| ayer, a silicon oxynitride filmis formed by a plasma CVD nethod with the
use of® Sil%2land N20 as a WD 20081156040PCT/ 3P2008/ 060928

First, a microprocessor will be explained as an example of a semiconductor

device. FIG 10 is a block diagram showing an example of a structure of a
microprocessor 200.
[0126]

20 The microprocessor 200 includes an arithmetic logic unit (also called ALU)
201, an arithmetic logic unit controliing portion (ALU controller) 202, an 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,

25  and a ROM interface 210.

{0127]

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

30 207, and the timing controller 205. The ALU controller 202, the interrupt controlier
204, the register controller 207, and the timing controller 205 perform various conirols
based on the decoded instruction.



35 process gas. [0116] After formng the insulating |ayer 102, a
bondi ng layer 104 is formed over the insulating |ayer 102, as shown in FIG
9A. This bonding |ayer 104 can be formed in a 5 simlar manner to the

bondi ng | ayer 114 formed over the sem conductor substrate 111. [0117]

FI G 913 i s wWapoegsesect i onal view of the sem conduct or Shmpsieeéesedskl. After
cl eaning the sem conductor substrate 1381, a protection film117 is forned
on a surface of the sem conductor substrate 111, as shown in FIG 9C. The
protection film2117 is 10 forned with ains of preventing the sem conductor
substrate 111 from being contam nated by inpurities such as netal in an ion
I rradi atic[ﬁl%st]ep for formng a damaged regi on, preventing the sem conduct or
substrate 111 f [ . ' t LT | ation,
and the &1 ice. Tiro ALt stUORERSP et italthe Hocloli B ofeioh o ¥ 21| 0o
oxi de, si |Alddr2MHi t rWhide thei microproerssori 20 dsxiexiesnting lai progran ythe tintediapt or 15

the like r i ke, ernatlve h rptection film
117 can bg% ?tg?l%? 0%3&%%_'9 zlfl{r?gﬁ%tr{eﬁ‘?etﬁrl 8%“n£g]1 %ﬁtgmge Eg%ugﬂ‘@t%?mg Bérate
111. [ ©11@pripheral circhit®a®dd o ita mioniss os achasknsthtey aslvpsbesstshedinfe@pe Of
formng t damaged region.  Like e st sho in FIG 1D,  a maged regi on
113 is fop‘}%él&?l i nqﬁﬁée crs(écf’f’itr(?g?fd%@t]g neg‘ﬁ S ﬁ%%"’?l‘it].:thﬁf’lﬂ@?w? 38%\ #Y t he
danaged r egidsfwritds3 datahfromrtot et fepidtet i 208 inl ActedaBONRE @6 SHOWF ke FI G 9E.
After rempuving the tection.film1117, bondi ng | ayer 114 can be forned
ina sim |“HFf°ﬂﬁ°ﬁFFéP‘p%®-tﬁgeg{’%&5?ﬁ‘8 fizﬂg BERstalEs SIgRAlioy spntroflng wheny| at i ng
layer 112 taasvd e AIWNENNthel ANE borkibMieCZ02, 18 ifsBUEREA: doBbdes DO iHleViBleYrupd NE

bondi na | ayer #4 4;an be formed over the protection film117 wth the 25
pr ot edPi ofORFeliFr #94 apd fhe regiser epnirolier 207. ey expmple, fhe diming copsiolle2dl  vi ew

for expl aii pRFided DA R Intein8P cloWP iblbrSHORE Rnshale & substrate
101 and thebsem' conduct or substora_e ill ar eg%gttacée_d t%ﬁggglﬁc%tg%g?l. Thi s
bondi ng st @& hese onperfaenpeClods signal QLKL Aersheyntio Hiiel®bdbelintgnd0 st ep
expl ai ned ek Bih Af &IPS SuduP o ircafd the sem conductor substrate 111 and
t he bondir? cI al;’/ggr 104 ar ?ubondggg%f%“cggbh ot her by having the sem conduct or
substrat el@2P1and the bonding | ayer 104 in close contact with each other at

room ygnper at ur Ry YP:£A08 dPFOAEGEKSD e%éc%%%\%%g aYonction of transmitting

and receiving data without contact and also having an arithmetic function wiil be

described with reference to FIG. 10. FIG. 11 is a block diagram showing an example
of a structure of such a semiconductor device. The semiconductor device shown in
FIG. 11 can be called a computer which operates to trapsmit and receive signals to and
20  from an external device through wireless communication (hereinafter the computer is
referred to as an RFCPU).
[0130]
An RFCPU 211 has an analog circuit portion 212 and a digital circuit portion
213, as shown in FIG. 11. The analog circuit portion 212 includes a resonant circuit
256 214 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 moduiation
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)
30 226, and a read only memory (ROM) 227.
{0131] )
The operation of the RFCPU 211 is briefly described below. A signal



[ 0120] FIG9G is a cross-sectional view for explaining a separation
step of separating the sem conductor |ayer 115 fromthe sem conductor
substrate 111. The separation step of this enbodi nent node can be perfornmed
in a simlar nmanner to the separation 5 step explained with reference to

FI G 1G Aft ayobsBdidash t he sem conductor substrate 111 angcdiSolpeshag | ayer
104 to each other, the sem conductor gsgibstrate 111 is heated at

tenperatures ranging from400 Cto 700 Cinclusive. Also in this enbodi nent
nod; heat treatnment is preferably perforned at tenperatures ranging from 70
Cto 300 Cinclusive before the heat treatnent at or above 400 C so as to

i ncrease bk daoydid shidida 208 Causee indaed dibrontiive Boteldi6f BE réolal catdr 111 and
t he bondi n% I%er 104 at their bonded interface. [0121] . Through the
t

separ at i GH4st dpe dnpt Flactromeetivedors isored B £r@pRPs 2oTIR EPCH iR
sem condygldier CAUGE 21515 The cﬁa&ﬁ&%&n@zbh@pmlf whisdet kg A Qhpdckor |

manuf act ured. The 15 SOT substrate 132 has a nultilayer structure in which
t he i nsulsuch agp teagnaic cappiton dran slegiicsiguiple jayer qapacitosn dlherapagiipg pastieruct or

| ayer 11 I o | r ) B Vel nd the
bondi n% Iszazéelrg “?E‘Z&E%??\IB%B%%@‘H% gl%eactcgglt)ﬂ%? "%%\P l?Ier tﬁjeége%grré%iﬁ%% step, it
i s pr ef eriatyrporhied ito the RE(THU 2H asheompmanbnduct or | ayer 115 by | aser

i rradi atielﬁ;il ign order to decrease crystal defects. Mreover, the surface of
the 20 s % nductor |l ayer 115 is preferably polished by a CVWP apparatus in
order to renovahthsctaraylDedeheessusignatthatobseidtbe digithloirodit portion BHyer 115 to
flatten the surface. [0122 W t e use of the SOI substrate 132
manuf act JPZ’B Inifjalizedy, %‘Hr‘?@%‘l’%‘?’t e ro5et SWW&W’"’?W@S BAESHTEh Sﬁ%’&L a

sem candughiQiscs @ith @elag afletiferomp il GhetpatvetsupylyAltigd. Nkt becilmioheitcgiescr i bed

I n any of Enbodi nent Modes lgio 4 0123(3&(I§nbodj mslnt Nbd&:f%j I.Ln the
process fd shangrsdle deavrycy A therduty, gatio, of; & cloglh slepal e acpedancl @44 ped wi t h
ref er encecdpoldifaat pbfdrdi hGhE Egiﬁ,tanzeolia?e Senif2165. TROdéRodbatioklcircdit FI GS. SA
to 30 SC, FIGS. "6A"to 6C, FIGS. 7Ato (D, FIGS. 8A to 8C, and FIGS. 9A to

9Q var i oudl9ds eircet which sismedates reeikedstignlsandthe modulption ¢icpit gPAdsa subst rat e
can be usgfl.,ASvHiltEub@ifes MB RPRBsrRREOPCT/ JP2008/ 060928
15  [0133]

The demodulation circuit 219 having a low pass filter, for exampie, binarizes
received signals of an amplitude shift keying (ASK) system based on changes in
amplitude of the signals. The modulation circuit 220 changes the amplitade of
transmission signals of an amplitude shift keying (ASK) system to be transmitted;

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

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

25  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 2 control command, data, and the
30 like by the RF inferface 221. The control command is stored in the conirol 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



37 substrate 101. Therefore, with the use of a glass substrate as the base
substrate 101, a large-area SO substrate with a side of nore than one
nmeter can be manufactured. Wth a plurality of sem conductor el enents
formed using such a large-area SO substrate, a liquid crystal display

devi ce or awoebmassosd unm nescent di splay device can be Spappeshagdsbszed. | n
addition to such display devices, a vapniety of sem conductor devices such
as solar cells, photo I Cs, and sem conductor nenory devices can be

manuf actured by using SID substrates. [0124] Although Enbodi nent Mdes 1
to 4 explain the nethod of manufacturing a 10 TF1' as an exanple of a .
net hod of CRRFLPESESSingYgit228.cmid derlikect or devi ce, a seni conductor devi ce can
be manuf a Mg@d so as to have high added value by formng a variety of

sem conductor “el ements such as a capacitor and a resistor together with the
'11,1. This enb®bé wenttal pookessing hini Xa¥5aidteS e el faadrmﬂéesne%orﬁ%%{éducmr
devi ces w, ofneicggsgr}géam&roér aw#. 15 012,54? _ irst, @ mcroprocessor
will be explarnsd S apeiE4ln el egisiotdet sia the PAbintqrfas 284.i s a

bl ock 8i aghafiPihinwirface 204 sanih@iodfof ZefdrditG i Bcf s@ndll r r 200.
[0126] ZOT%Z%"}MO roccé??‘gté 200, i ncl %des gl% arit hm&*?xim(r:pff}rgagl 89%%?@%( al so
cal I ed AL Y MSHOLY | £ irEndopiyRecessIRemey 460 oF itkeycqmtot register A2

cont rol | ebysed08 an adirtssiduddibd BANELGAMP hrotAling 3l DT T UPL controlling
portion (k tsggrupt controller) 204, a timng controlling portion (timng
controlle ‘ﬁ 5, a register 206, a register controlling portion (register
controller) 207As an Bifhe F ; onl nory (ROM
209, 25 and a ROM i n_terfgig{cgf%gg)fft%éjl%ﬁlél ﬁmg&gﬁﬁﬁﬁlg?ﬂ&&]ﬁg%ﬁ%ﬁbﬁ?{: to the
m cr op? oc B8BBYebBOWhich therisad galyi meraory 297 sR6E arsOB(ppirating syktem) Bsd £ UCt i on
decoder 2@3samdidRg | 03 h coded instryuction is input to
the ALU cg%t rol | er ‘gggpaﬁc{]hg’&?{ﬁtg%? gr E}%P‘ m&%ﬁflsg &rOPSERRON, alisraativelyn

cont r ol | ePethod 2aay, beggraployed iniwhiclga ciotit dddi@ied20 arithb@icAb Ebred kh®k)y er 202,

the inter gt GO0 s € cop@isat NE Tegister controller 207, and the tinmng
control | er 20% pgr fc%rsrﬁ@vcgf"?%caeg [l \E%fi‘ga’i?asgﬂrﬂl:?ﬁ aftpratinely, dckiethad dr uct i on.
WO 2008/ 18834 OPBTHagRROO 8id@HORE: 48 used can be employed as this arithmetic method.

15 In this method, a part of an arithmetic process is conducted in a circuit dedicated to

arithmetic and the rest of the arithmetic process is conducted by the central processing
unit 225 by using a program.
[0138]
Next, a display device as a semiconductor device will be explained with
20  reference to FIG. 12, FIGS. 13A and 13B, and FIGS. 14A and 14B.
[0139]

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

25  [0140]

As shown in FIG. 12, a plurality of semiconductor layers 302 separated form
semiconductor substrates are 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

30 ecach 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



[0128] The ALU controller 202 generates signals for controlling an
operation of the ALU 201. Wile the mcroprocessor 200 is executing a
program the interrupt controller 204 judges an interrupt request from an
external input/output device or a 5 peripheral circuit based on its
priority orw® 2481560 at e, and processes the interrupt requaeios/dshesgregi ster
controller 207 generates an address of4ithe regi ster 206, and reads/wites
data fromto the register 206 in accordance with the state of the

m cr oprocessor 200. The tim ng controller 205 generates signals for
controlling when to drive the ALIJ 201, the ALIJ controller 202, the
instructi oﬁ%a’éfé’é%li%“r drixys cirgniicformation tegion BO1,cosignad line dri®f Ljrcain thrinAgor €gi St er
control | erpe2fdf: -1 - teol | er 5 i rovided with an
internal cl %%k 3&%%3?2 g:rgpé‘og?atggﬁe gﬁir% Hgﬁl%idhs 1ea? Rﬁe%g(f%ﬁm&eé’r?éls'l@lm based
on a referl®A#H cl ock signal CLK1. As shown in FIG 10, the internal clock

signal CLK2 is i t er cjrcuit. [0129]. 15 t, . .an exanple of a

seni conduct or dg\ﬁ;(?%l'el %\ﬂﬂﬁggg rﬁrfié?‘mﬁs 8?"[ ?@iﬁ’é‘ﬂ%r‘@?ﬁ&lé@%dﬁp&mg dat a

Wi t hou® coievice maanficiated byhthy iethod rof Bnibod s §4ddenct FeR 194l & 2 ﬁpqﬁﬁﬁ” bed
exanple of a

with refergnc ol G.10.. FI lis bl ock di agram show ng a

structure nga lﬁ%lhOfath:segﬁlf%é:%g&tl‘lgPiaaé%ﬁ?& andFlGSE Bohergstsetiotel view shown i n
FI G 11 camldng adieliad ofFIGOIGALt er whi ch operates to transnmit and receive
signal s tct f‘{ﬁ 20 from an external device through w reless comrunication
(herei naftg he conputer is referred to as an RFCPU). [0130] An
RFCPU 211 has aim a8l QQACIa @éthicoRRiclok ORv&ldo@nd 2 19l ircuit portion
213, eiﬁ shown in FIG 11, The anal gg Ci r%uit port%l{;loggmgl§ﬁ%1%cIuﬁﬂlésE resonant
circuitt 25CARGuciAr fayen 30% altachask tothy SO subsiaty and constitees <partof 4 TRTS, a
const ant 8ok R pixel." b trFdRs @mbESEln Sl b SF e g, Clreuit
218, a denpdul a'?i on circuit 219, a mgﬁpgﬁ:ﬂ%%]mgég%ﬁfﬁm ?g’,nelgﬁﬂo ]povver
suppl y comeediessclor sagi the B 335 cany algp thel meiufaahired by raniyoof (B Indtiwl uges an RF
i nt er f ace Eadbbdinfent MakED? 1o/€0i ster 222, a clock controller 223, a CPU
interface 224, a central processing unit (CPU) 225, a random access nenory
(RAM 30 ﬂi’]@ﬁj and a read only nenory (ROV) 227. [0131] The operation of the

RFCPU;211 i s brjef Lb bel ow. ;A Si gha WO, .

2008/ i%6040PCT/ %5%%@?8‘%%%% tﬁ%@é’f%éaab%séhc SFieArcton dayen 328s2i nduced

el ect r onoséapeingdinee322t intdecligs @ith the @émwdhaua%}ﬁla%&@()j QF&?@Eﬁﬁ 1ifid 854" orrt2)t1i5ve
e rectifier circuit .

force is ﬁ{[&geecg in. tﬁapacitor. ortion 229 via._t

The capacit o p"égt“lr@n §§§aan1gp1}rEf 2B BiX¢l fl5p84% 324 jnd anglestiodoB28uch as a
ceram ¢ cwhivhicleetrically @inedteht pixel dewdie 3LAYRR t3BRARbhdlctor e £RPACT tOr
portion [0144]

20 As shown in FIG 13B, the bonding layer 114 and the insulating layer 112 are

stacked over the base substrate 101. The semiconductor layer 320 of the TFT 325 is
| provided over the insulating layer 112. 'The base substrate 101 is the mother glass 301
which has been divided. The semiconductor layer 320 is a layer formed by etching the
semiconductor layer of the SOI substrate so that the layer is isolated for each element.
25 Here, channel formation regions 341 and gettering site regions 342 are formed in the
semiconductor layer 320. The gettering site regions 342 are each formed as an n-type
high-concentration impurity region 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.

30  [0145]

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

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



5 229 is not necessarily fornmed over the sane substrate as the RFCPU 211

and nmay be incorporated into the RFCPU 211 as a conponent. [0132] The reset
circuit 217 generates a signal that resets the digital circuit portion 213
to be initialized. For exanple, the reset signal 217 generates, as a reset

signal, a swg@neus/dddsd hat rises with delay after increasgcifehéstsiayer
supply voltage. The oscillation circuigg 218 changes the frequency and the

duty ratio of a clock signal in accordance with a control signal generated
by the constant voltage circuit 216. The denodulation circuit 219 is a
circuit which denodul ates recei ved signals and the nodul ation circuit 220

i s a ciromb Gnthhyeh lﬂmﬂaggarﬁﬁ 3@@%&&%&&%%@33@1 %oiuieﬁjo%‘?*&n ng the naThe

denpdul ation circuit 21 avin ow pass filter, for exanp ri zes
recei ved Sgnphling 323 %P%chtfe&?éhthetelﬁsﬁyﬂmyﬁ( Asi@hewbmmw%n changes
in anplit

anpl i tudekgﬁulgéragﬁgﬁragés?jgﬁg Eﬁoalﬁ-ﬁg?‘sﬁgg Lﬂgﬁﬂzﬁ% Sgg’éés?in%f%?' %e@aﬁgﬁﬁkﬁm system
to be tr a¥dnthat cover thetdeuntef electrodetdd3nodut a:blunm spacarsi 329 2R0farhadiges t he

o~ cormunieah (seBh shtE phRBE I pad bilobe 10T and ' el SRR DA o oo o
cont rf)l shcgmmygtat lapd;réiﬂg n:rfgnﬁdstbnfth@qﬂemfolymembl;l; :hlaeohium)spﬁ@tsi 3290f ;I‘hé'le cl ock
signal in, or danc ower p Ly, vol tage or urren

consunpt i on W@u %‘g‘i‘ t‘%?&@é&?‘?‘?é” t{the, sgnn B‘b‘%@’i‘ ENFEP VB ol t age i s
moni t or edgdotgrih it essddn SAN Y HORighd ligd BZ3uhd 2R0eledDUS 3P AusitgnAE that is

I nput to fthe RFCPU 211 from.the antenna 228 i s denodul ated by the
denodul at {oﬁﬁatban ¥ foptagthiples; ther ?f&rP"EﬁnW‘B% @f ligwig cysidsin the h%%ﬁﬁﬁ dat a,

?Rg Eic}!ri]‘t ?%?rérl 3&‘:’ gét/ géd’l@ &horlidib® at IS cdARectibh HorRiH I ThecRINTBMRE do?un%i ored in
spacers 329 are formed at the concave portions to prevent the disorder of the orientation
of liquid crystals.

{0146}
Next, an electroluminescent display device (hereinafter referred to as an EL
15  display device) will be explained. FIGS. 14A and 14B are drawings for explaining the
EL display device manufactured by the method of Embodiment Mode 2. FIG 14Aisa
top view of a pixel of the EL display device, and FIG, 14B is a cross-sectional view
taken along a line L-M of FIG. 14A.
[0147] )
20 As shown in FIG 14A, the pixel includes a selection transistor 401 and a
display control transistor 402 each including a TFT, a scanning line 405, a signal line
406, a current supply line 407, and a pixel electrode 408. Each pixel is provided with
a light-emitting element having a structure in which a layer including an
electroluminescent material (hereinafter this layer is referred to as an EL layer) is
25  sandwiched between a pair of electrodes. One electrode of the light-emitting element
is the pixel electrode 408. In this embodiment mode, the SOT substrate 131 (see FIG.
1G) is used. Therefore, as shown in FIG. 14B, the bonding layer 114 and the
insulating layer 112 are stacked over the base substrate 101. The semiconductor layer
403 of the selection transistor 401 exists over this insulating layer 112 together with the
., 80 semiconductor layer 404 of the display control transistor 402.
[0148]

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



222. The control command includes, reading of data stored in the read only
menory 227, witing of data into the random access nenory 226, an
arithnmetic instruction to the W) 2008/ 156040PCT/ JP2008/ 060928 40 centra
processing unit 225, and the like. [0136] The central processing unit 225

accesses t hgonemdsend y nenory 227, the random access neporyrddcoand t he
control register 222 via the CPU inteugace 224. 5 The CPU interface 224 has

a function of generating an access signal for any one of the read only
menory 227, the random access nenory 226, or the control register 222 based
on an address requested by the central processing unit 225. [0137] As an
ari t hret i d0pet Hoglobd saues dentiodahndoz deésdesigpda of theXBmction taisised 40Rys be 10

enpl oyed i:h ' h ry, 227.stores an OS (operating system
and a pr oé&éﬂngﬂé?(siﬂrtﬁeeasg@%ﬁ %%@B é’%’gﬁ’gg&%e%heétls fopmed i an BWQQ%r‘{i&ng‘g‘&ﬂg? ation.

Al ter nat i ellcirodeadiofiabe displabecoatipll oysiktdrnt0shisCéle@ri€dllyCetnhedk@l i #eed t 0
arithmeti% ictsI %eo%ﬁed and_an ari t{ un%éi C prqc}c_ess I s _conducted using

har dwar e. EGFe%et lal £2F QL A;SoWrs clegrofisrand d dratm glectigde, gt the isplaetoatraln d

sof t wabe amssistor4d2ciaforied Qs eatbddS1E RinSchak klohiRAIF RN o tlSpikd tNi s

net hod, a part O‘{ﬁ] an.arithpetic process is conducted in a ci rcu?t dedi cat ed
to arit hnElFEode 98 vhile thegingsds ingladed indhyiicat sypplydins 40Z conduct ed by t he
central pl@aeysing unit 225 by using a program [0138] Next, a

di splay device as a sem conductor device will be explained with 20
reference to FI Bedisplyy egtrohmansiston 49031, 2 prrithopel BT 144 shown IMBG 148,39]

A | ar ge- ah QRaklcR $GnRHES tdintafiall gﬁgt, S | &l edgto
manuf acture a di splay panel, S(iléqu tgge% e g%%%%s%®é%@s%?"§?§%?’ 4 so
subst Aft e getfemeg Bite regiopsi459 are formed bf thaserBicbndugtos fayat ¢04ahiAdhaaesger & not her
gl ass as LAfdPRSECR Lﬁgﬁérfr%t Stelgﬂ%ion 453 in the same step as a step of forming the

high-concentration impurity regions 452, and the gettering site regions 453 have p-type
conductivity.
[0150]

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

20 by a partition wall Jayer 428, which has an insulating property, at the periphery. An EL
layer 429 is formed over the pixel electrode 408, and a counter electrode 430 is formed
over the EL layer 429. A counter substrate 431 is provided as a reinforcing plate, and
is fixed to the base substrate 101 by a resin layer 432.
f0151]

25 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
cutrent and a voltage drive method by which the luminance is controlled by the amount
'of voltage. The current drive method is difficult to adapt when transistors have very
different characteristics for every pixel, and therefore a compensation circuit for

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

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



25 [0140] As shown in no. 12, a plurality of sem conductor |ayers 302
separated form sem conduct or substrates are attached to a nother glass 301.
In order to cut out a plurality of display panels fromthe nother glass
301, the sem conductor |ayers 302 are preferably bonded within regions 310
wher e the dMEp088/15pmel s are formed (hereinafter 30 eaclroragtmsodessr ef erred
to as a display panel formation regi o4310). The di splay panel includes a
scanning line driver circuit, a signal line driver circuit, and a pixel
portion. Therefore, the sem conductor |ayer 302 is bonded in a region where

these are %grnpd &%%2808/ 156040PCT/ JP2008/ 060928 41 scanning |ine
driver cir&UFP¥ 4 15piavopPntrel trangistar 493 1do| tioh bavkr vaviatiorCinl €létitfical OF At i on

regi on 312chamﬁtiﬁ&icﬁif6ﬁkve}§)%£%£i %efeﬁﬂé,QE? %%Qni'ﬂﬁv%ﬁ%ﬂ%@%ﬁé c@%ﬁ&}sﬁg s for

formation re ior]_310. [014

expl ai ni ng™CHEing thy staygesalenf ths BbHiaplagdass. ce manuf actured by the met hod
of Enbodi nlens2jMode 1. FIG 13Ais a top view of a pixel of the |iquid
crystal_ display device and FIG 13B is a cross-sectional view along a |line

J-K of %1 G 13A A50hawp in FIGS. 13A and 18E-i@ HIRA, 1aASaﬂm1aBn§H(§(§rsula y 320 is
hed to e SO

Subet rat o LR pRbRRulc et Al PSSR BleolsS 4ot ebicaien, ant e displya25 | s
manuf act urdsdichyear Hie manifocuet it diisS0T MoSteatd- Morcover, since even the
microprocessor as described with reference to FIGS. 10 and 11 can be formed using this
SOI substrate, the display device can also have a function of computer. Furthermore, a
10  display device capable of input and output of data without contdct can also be
manufactored.
[0153]
That is to say, various electronic appliances can be manufactured by using SOI
substrates. The electronic appliances include cameras such as a video camera and a
16  digital camera, a navigation system, a sound reproduction system (such as a car audio
systém and an audio component), a compuier, a game machine, a mobile information
terminal (such as a mobile computer, 2 cellular phone, a mobile game machine, and an
electronic book reader), an image reproduction device provided with a recording
medium, and the like. It is to be noted that the image reproduction device is provided
20 with a display device for displaying images, and has a function of reproducing audio
data and image data stored in a storage medium such as a DVD (digital versatile disc).
[0154}
Specific modes of the electronic appliances will be explained with reference to
FIGS. 15A to 15C. FIG. 15A is an external view iltustrating a cellular phone 901.
25  This cellular phone 901 includes a display portion 902, an operation switch 903, and the
' like. The display portion 902 can have excellent display quality with less display
unevenness when the display portion 902 is formed by the liquid crystal display device
explained with reference to FIGS. 13A and 13B or with the EL display device explained
with reference to FIGS. 14A and 14B. '
30  [0155]
FIG. 15B is an external view illustrating a structure of a digitall player 911,
The digital player 911 includes a display portion 912, an operation portion 913, an



Needl ess to say, the 1 i 325 can al so be manufactured by any of the nethods
of Enbodi nent Modes 2 to 4. [0143] 15As shown in FIG 13A, the pixel

i ncl udes the sem conductor |ayer 320, a scanning line 322 intersecting with
t he sem conductor |ayer 320, a signal line 323 intersecting with the

scanni ng | iwe 2008dseosp Pi Xel el ectrode 324, and an el ect r pgfmdseobbths N
electrically connects the pixel electygde 324 with the sem conductor |ayer

320. [0144] 20As shown in FIG 13B, the bonding | ayer 114 and the insul ating
| ayer 112 are stacked over the base substrate 101. The sem conductor |ayer
320 of the 111,1 325 is provided over the insulating |ayer 112. The base
subst r at e caphonesdldy endrhicHike. gThs sarplkine\ihidadan e sefiaed b8 & hékdshont g a

sem condugy; O0y,s.a,l ayer forned etching the seniconductor

| ayer of t %Eeg"lbl%@&%rs%t?r a‘ﬂ[’%’ns%et‘ﬁﬂfla% R%“’Pﬁééryz ’st% %I by dbe figpidegrsialel enent .
25 Here, disphyalevicoerpliined withglefenmcd 4d FIGS! Tt 4T iTWoSh{ Gud EEid@#ﬁlyB‘lz are
for med indé eg}gqgiggc{]d t(F)ﬁr | a ergg%ﬁo. The gettering site regions'342 are
each forned as dn n- ‘ﬁi@‘ CHRCT BhEERY 14y 3 148 dhe d5plap podiont Y 2ench a

donor  &nd display high-definftioRriagesaing AR Gmobn O 18t ISOHAARE n LSl T325 i's
included in t scannjng line 322 and one of a source élect rode and a

drain el eCPFEAE Sieen ize Tangesbemaboyt O tgddachen t he signal |ine 323. 30
[ 0145] {0156] The signal line 323, the pixel electrode 324, and the

el ectrode 328m¥ g{éyi ded over the interlayer insulating film 327.
Further, colu Igp Pengaigma} wieywsf g dlectvanic book reader 921.  This electronic

book reader 921 includes a display portion 922 and an operation switch 923. The
10 electronic book reader 921 may incorporate a modem or may incorporate the RFCPU
shown in FIG. 11 so that information can be transmitted and received wirelessly. The
display portion 922 can perform high-definition display when the display portion 922 is
formed by the liquid crystal display device explained with reference to FIGS. 13A and

13B or by the EL display device explained with reference to FIGS. 14A and 14B,

15

This application is based on Japanese Patent Application serial no.
2007-162444 filed with Japan Patent Office on June 20, 2007 and Japanese Patent
_ Application serial no. 2007-162464 filed with Japan Patent Office on June 20, 2007, the

entire contents of which are hereby incorporated by reference.



WO 2008/ 156040PCTOP2008/ 060928 42 the interlayer |nsulating film327, and
an orientation film330 is fornmed covering the signal "1ine 323, the plxel
el ectrode 324, the el ectrode 328, and the columm spacers 329. A counter
substrate 332 is provided with a counter electrode 333 and an orientation
fil'm334 that covers the counter el ect® ode 333. The col um spacers 329 are
formed in 5 order to keep space between the;base substrate 101 and the
counter substrate 332. Aliquid crystal layer 335 is forned in the space
formed by the colum spacers 329. The interlayer insulating film 327 has

concavity at the conneCtpYPIRONATION GPREFERENCEEt ering site region 342,
and the signal line 323 'and the el ectrode 328 due to the formation of

cont act hol es; therefore orientation of liquid crystals in the liquid

crystal- i{pf.aygaAGR5 SUBISRATE sqoder eNSULIANTNGONRANYERD pLyZd:on.

Ther ef or e, the co U spacers 329 are formed at the concave portions to

prevent tINSUIFHING HILMie 102te nINSUhATING qFIOMr yiddal BONDINGE Next, an
el ectrol um nescent di spl ay devi cel&Berel nafter referred to as _an EL 15

. di slpl ay cieAch'rl]E'di wi | Bibe exd BB RAEE avv:clrléé\for _
Vode 2. MEMIGORDUCTSR, SRS, iﬁoﬁgﬁﬁ‘e’!ﬁﬁ@@ﬁﬁgv}ﬁgoghf Fl G
%g?\sl zhgvﬁwé‘mﬁt’%l Sﬁzi’?klﬁﬁ%ﬂ}a‘ggngdsem% onﬁ ran%g 128%4;]nd a

di spl ay CRpf tggié\rt R3S BORDING EAYERNaN9diSEMICONDUCTOR LAYER,ne 405, a

signal line current supply I'ine 407, and a pixel electrode 408. Each

pi xel is prawi KEMICONBDUCTOR eDAYERY 1dJ7enEROTE(ZiDﬁ@I\h EiMctitle i n which
a layer including an el ectrolum nescent nmaterial (hereinafter this layer is

ref erred IGNaBRAM 13yeBSPli SPBSTRATE iR bmkmsﬂmm et r odes.

One el ectrode of the light-emt t el 408. In
oaP i o R@\&m@N JoeBloN o Ta3; RaSISE, B3y
Erﬂlefefeg?e ﬁ _, Q@Q@Eﬂ? § llligiihkhe [ I ating
Iayerfll m i L Iggtquj}{ The Sem tonduct'or | ayer
403 4 112
¢ ‘“%Wﬁﬁ@gd;%ﬂcon?ﬁ%%“em @ IS 155 Sy et

t oget her r l'ayer 404 of the display control
transi st opy $EPTROVIAS] A 0ase: el ect GAEEO! t heEEBCTRODE,! ransikSar 401 is

included I'n the scanning |ine WD 2008/ 156040PCT/ JP2008/ 060928 43
LOW-CONCENTRATION IMPURITY REGION, 158: CHANNEL
FORMATION REGION, 159: HIGH-CONCENTRATION IMPURITY
REGION, 160: CHANNEL FORMATION REGION, 161: SIDEWALL
INSULATING LAYER, 162: SIDEWALIL INSULATING LAYER, 163:
GETTERING SITE REGION, 164: GETTERING SITE REGION, 165:
RESIST, 167: GETTERING SITE REGION, 168: INSULATING LAYER,
169;: INTERLAYER INSULATING LAYER, 170: WIRING 177:
HIGH-CONCENTRATION IMPURITY REGION, 181: RESIST, 182:
RESIST, 183: GETTERING SITE REGION, 184: GETTERING SITE
REGION, 185: HIGH-CONCENTRATION IMPURITY REGION, 191:
HIGH-CONCENTRATION IMPURITY REGION, 192:

HIGH-CONCENTRATION IMPURITY REGION, 200:




405. One of a source electrode and a drain el ectrode of the selection
transistor 401 is included in the signal |ine 406 while the other is forned
as an electrode 411. A gate electrode 412 of the display control tran3|stor
402 is electrically connected to theyel ectrode 411. One of a source

el ectrode and a drain electrode of the display control 5 transistor 402 is
formed as an el ectrode 413 which is electrically connected to the pixel .

[0%49] °deﬁ9é$ﬁ$%¢¢§’°§§ﬂ ont 0011 7 ar GBIVEGRIG < EHRGIHES) Y2083 hown

in FIG 14@,3%@@ @fN’f‘ IJBHII e ent Lon
i npurity regions 4?2 %ggetterlng S|Rtbe reglégnslljgg arg’forme “in the
sem condum@TRlamflo@M DECEDER! on04s ANEBRRUPTCh CONTRONYING € regi on

453 in the-same step as a step of form ng the high-concentration inpurity
" regi ons 4PHORBHAN, I?@SQMGQCQN'FR(HQLWG RORTION, o6y REGISTER, i vity.
[0150] 15An.interlaver insulating film427 is formed covering the gate

ol ect oo 272 REGIREER SHNTRAMLING (rQRITON, 3082 B INTERFACESe 406,

formed ovePd; HERAR HNEEMENERT E%bmdﬁ?a@%hﬁﬁféaﬁéﬁ@&@pm o are
?L?ﬁé{jogsme [ nterzfla]?lelsﬁl ng’ﬁ?‘dfl ngmﬁg% ﬂl%gﬁpﬁk(ﬁﬁi ﬁ&% 408 is

sur r ounde@CRTIONg 204 RESONARTI CIRCENTA285: RECHTAIER @RCUAd! 246h9

property, at the periphery. An EL | ayer 429 i's formed over the’ pi xel
el ect r ode CONSTANTa VOLXAGE| €IRCIIE,43P17:s RESET RCULE, ER1Bayer 429.
A counter substrate 431 |s rovided as a reinforcing plate, and is fixed to

the base iHsHrlafidl REUMsi 2105y HEMEDUIATH) 25¢mcgﬂzysaa()e of the
ththﬁLZ‘M@WW Qﬁ%ﬁvﬁ;’ 2arRE BV EREACE o2s GONARO ]the
The' amountEGISFORARVCHIOCIR W t??)f ¢§ﬁd&?fﬁmsc$852§§p{ “ahen

transi st OCENTRA Ve PROCESSIRIG g@PUzﬁ:) RARISOM PIACCRSd

therefore a corrpensat ion circuit for 3 ensatl ng vari atron 1 n
char act er MEMORY (Redd}ar27:WREADe GNLY s MEMORY c¢ROM)RNapget ured by

usi ng the nethod of manutacturing a sem conductor device, whi th incl udes

t he getteAN'QENI‘éﬁ, e2pPai G&PAG JPORTIOMA230: (ROWERhSEEPEA i on
CONTROL CIRCUIT, 301: MOTHER GLASS, 302: SEMICONDUCTOR
LAYER, 310: DISPLAY PANEL FORMATION REGION, 311:
SCANNING LINE DRIVER CIRCUIT FORMATIOIN REGION, 312:
SIGNAL LINE DRIVER CIRCUIT FORMATION REGION, 313: PIXEL
FORMATION REGION, 320: SEMICONDUCTOR ILAYER, 322:
SCANNING LINE, 323: SIGNAL LINE, 324: PIXEL ELECTRODE, 325:
TFT, 327: INTERLAYER INSULATING FILM, 328: ELECTRODE, 329:
COLUMN SPACER, 330: ORIENTATION FILM, 332: COUNTER
SUBSTRATE, 333: COUNTER ELECTRODE, 334: ORIENTATION
FILM, 335: LIQUID CRYSTAL 1 AYER, 341: CHANNEL FORMATION
REGION, 342: GETTERING SITE REGION, 401: SELECTION

TRANSISTOR, 402: DISPLAY CONTROI TRANSISTOR, 403:




WO 2008/ 156040PCT/ JP2008/ 060928 44 transistor 401 and the display control
transi stor 402 do not have variation in electrical characteristics for
every pixel. Therefore, the current drive nmethod can be enployed . in
controlling the grays cal e of the El4gli splay device. [0152] 5As shown in °
FIGS. 13A and 13B and FIGS. 14A and 14B, the SO substrate can be

manuf actured using a nother glass for display device fabrication, and the

o1 nte ever M IRDUEITERLAVER" 404, SENHCONPDOIIR LAVERIE T ang

L1 can besEANRINESTINE, NADINI S0 heUlRBley stBPIP TaNE 2l SO have

a functio onput er. urt ernore 0 dlsplay evi ce capabl'e of input

and out puyogf IXEW t BIECTROBE] c4anl:al WLECTROWRECt ufkx]. [(PAPE]

That is to say, various el ectronic appliances can be manufactured by usi ng
SO . ‘substERECITR OB e Md 3t rRINECTRODE; 4Z& INATHREAYHRr ESSEIATEBNGa vi deo
canera and_a 15 di gl tal_canera, _a navigation systerrssﬁ sound reE oducti on

system(sEElrMas‘@ eapm sm di #220n Juter, a
82%?2?%3&@@%@%@#?% #?Ef Ty (SUpRIRATE B PSR T 2

|magere an I ce (TANNE Ng ReHidN ellke.
|stoq%gno ed t 'thelnagerepro uction g/lcels proilldcej405j;0 with a
d' spl ay qq[’GPPd(MﬂGEN’IFRMIOH\T' TRMPESRITYU REGIONUNS3:0fGBTTERINGUCI ng

audi o data and i mage data stored in a storage medi um such as a DVD (digital

versati | SHE BEGIONAP01: CELLBIxAR! PHONT: SG12: DIiSPEJAéEtF@RII&O&{;pI i ances
will be explained with reference to FIGS. 15A to 15C. FIG 15A i s

ext Ier gal BWORERATION sWATEEL, Qi mﬁﬂﬂ'é\IQ@AAﬁR?h932c@]iSﬁIaﬁYpEone ﬁOl
. . -

i spl 2y pEPRIIRNGY SE5, ARFRATIAR, Eﬁﬁﬁifﬁ?&ﬂaﬂqﬁt ERRRRONG. 21 o ay )
ging\élegge evice ex%ﬁial n?gjékt h re ergg Wﬁ‘g %ngfgyofb% %lﬁt ?he EL

di spl ay doprRFeAEryNeswadopt h reference to FIGS. 14A and 14B.




30 [0155] FIG 15B is an external viewillustrating a structure of a
digital player 911. The digital player 911 includes a display portion 912,
an operation portion 913, an WD 2008/ 156040PCT/ JP2008/ 060928 45 ear phone
914, and the like. The earphone 914 can be replaced by a headphone or a

wi rel ess earphone. Wien the display portion 912 is formed by the liquid
crystal display device explained with4®eference to FIGS. 13A and 13B or by
the EL display device explained with reference to FIGS. 14A and 14B, the

di splay portion 912 can 5 display hicgal8gf i nition i mrages and a | arge anount
of letter information even in a case where the screen size ranges from
about 0.3 to 2 inches. [0156] FIG 15C is an external view of an

el ectroni : LS ' reader 921 includes a

di spl ay pgi%?%ﬁwgggﬂgf%a%anm%ggé%f?lgﬁ&é{m&?igﬁ’cglggﬁs‘ e 10 el ectroni ¢ book
reader 921 nmy fenming pordameged maptheminra remicondotop osubttentd Hy RiFddRIting hihen i n
FIG 11 so that ipformation can be tra i1t.ted and received wrelessly. The
di spi ay PEPLPEHeRs S AR B FEPR e RHE R Pl Sheb T s et HETaE s pi ay
portion 2Ruics gdsakingd dbyind dppadatugtui d crystal display device explained with
reference to FIGS., 13A and 13B or bY the EL display device explained with
reference to Fifesingaponding lavepovermit least one php basg sybstratgrand ihe; ssmisaadigtos n
Japanese Rakent Application serial no. 2007-162444 filed with Japan Patent
O fice on June 20, 2007 and Japanese Patent Application serial no.

2007- 162464 fi laathingtthe Basp anbsRatt end tEf femim@nduvtal unistr2© , to 28 7gthdrhvathethe i r e
contents . of .Wni'ch. re hereby incorporated by reference. 46 EXPLANATI ON OF
REFERENCE ORI lapE GlerBoss L erbeedh > | NSULATI NG LAYER, 102a: | NSULATI NG
FILM 102b: | N3iMidld Nbe FeiaddondilRebr SE0EMNGt Life BEdmadddl regRMbOhbddd Qe
SUBSTRATE, 111A: SEM CONDUCTOR SUBSTRATE, 112: | NSULATI NG LAYER, 112a:

| NSULATI Nesiepiidypton sobstrate.ntherehy | fRpsing anfirsy senicopdvpiar ByRErangted1 fran BONDI NG
LAYER, 115 SRV OR e AlERse shilsdte: SEM CONDUCTOR LAYER, 117: PROTECTI ON
FILM 121: TON BEAM 131: SO SUBSTRATE, 132: SO SUBSTRATE, 140: ELEMENT
FORVATI ON REG @ishing 4 part 858t 55 seid@nduGEoT TayRI Bl lsecdREGErihpndb&tbr

SEM CON OR LAYER, 152: SEM CONDUCTOR LAYER, 154: | NSULATI NG LAYER, 155:
GATE ELECTRODE, 156: GATE ELECTRODE, 157: LOW CONCENTRATI ON | MPURI TY

REG ON, 158: Citiiiviglanfitduldidd fih RlefaheRbcodd@middnddtde@VeENTRATI ON | MPURI TY
REG ON, 160: CHANNEL FORMATI ON REG ON, 161: SIDEWALL | NSULATI NG LAYER, 162:
SI DEWALL | NSULArmigg a satemiectrodeoverdhsecpdignispiducirayenyithtberinsubgting B NG S| TE
REG ON, 188508FMlerbetwifl: CGETI ERING SI TE REG ON, 168: | NSULATI NG LAYER,
169: | NTERLAYER | NSULATI'NG LAYER, 170: WRINQ 177: H GH CONCENTRATI ON

| MPURI TY REGQ Okichitig a porftpisoiShe ingig@ing RESIUET doet 88k ovalp MEMR thiCs$ diéctiefidd ON, 184:
GElI TERI NG SI TE_.REGQ ON, . 185: . H GH CONCENTRATI | VPURLTY REG ON, 191:

HI GH CONCENTRAT{ CRIEFSHF F ey “éﬁf‘i’é‘é‘%ﬁ it 11 DA RB ORI Ve ON, 200:

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 gettering site region.

2. 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', Hy", and H;" as the 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.

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

helium gas is used in the source gas for forming the damaged region.



47 M CROPROCESSOR, 201: ARI THVETIC CIRCUI T, 202: ARI THVETIC CIRCU T
CONTROLLI NG PORTI ON, 203: | NSTRUCTI ON DECODER, 204: | NTERRUPT CONTROLLI NG
PORTI ON, 205: TI'M NG CONTROLLI NG PORTI ON, 206: REG STER, 207: REG STER
CONTROLLI NG PORTI ON, 208: BUS | NTERFACE, 209: READ ONLY MEMORY (ROM), 210:
ROM | NTERFACE, 211: RFCPU, 212: ANALOG CIRCU T PORTION, 213: DI G TAL

Cl RCUI T PORTI ON, 214: RESONANT Cl RCUI B9 215: RECTIFIER CIRCU T, 216:
CONSTANT VOLTAGE CIRCUI T, 217: RESET CIRCUI T, 218: OSCI LLATI ON Cl RCUI T,
219: DEMODULATI ON CI RCUI T, 220: MODULATION CIRCUI T, 221: RF | NTERFACE, 222:
CONTROL . REQ STOR, 223: CLOCK CONTROLLER, 224: CPU | NTERFACE, 225: CENTRAL
PROCESSI NG Uite et g manp§rcturipg papmRomRss: MENGRACCORg)to cRim: 1, REBARITONLY

conTroL APy §° Pyt iR B fe ORI S B Laver, s101 DI spLaY

PANEL FORVATI ON REG ON, 311: SCANNI NG LI NE DRI VER CI RCUI T FORMATI O N

REG ON, 312.. S | NE DRI VER Cl RCULT EORMATI ON REG ON, 313: P| XEL
FORMATI o\llﬁér&" 8%* g?% aglé%:\t) ndugferreevies sccordingnfy gim 1 wiberemmothe 5 anaL
LINE, 324saseRtibdaate il EGIRCMEratd25: ' | FI; 327: | NTERLAYER | NSULATI NG FI LM

328: ELECTRODE, 329: COLUWN SPACER, 330: ORI ENTATI ON FI LM 332: COUNTER
SUBSTRATE, 333: COUNTER ELECTRODE, 334: ORI ENTATION FILM 335: LIQUI D

CRYSTAL LAY - - - GETTER|L NG a o,
dor: SpL ooy mefia oP ey it s debice Adongigdd Kbl Yoptiatin

SEM CO\IDLbemeR seld@et frEENhOPNDLCHERLAYER) aMBG0sIBGANNENGUbINE, k06

SI GNAL LI SUPPLY LI NE, .408:. PI XEL E|ECTRODE, 411:
ELECTRGD@N“H& &&%RQE% ang 3 arty ti?&aFF&‘jﬁiEXF bstalT ERL AYER | NSULATI NG
FILM 428° PAR TTION WALL LAYER 429: EL LAYER 430 COUNTER ELECTRODE,
431 COUNTER SUBSTRATE, 432: RESI N LAYER 451: CHANNEL FORMATI ON REG ON,
452 H GH/cOREERthRAD aynyfyuiaeeyseriwmndagtor sisgice amprig) NGlan TEwhgeinghe 901

CELLULAR BIHONE it 99400 [ | G TAL
PLAYER, gibhizsiciodon 8 %é\P' iple ol R e 8% DR Shanice . 921:
ELECTRONI C BOOK READER, 922: DI SPLAY PORTI ON, 923: CPERATI ON SWTCH 49
CLAI M5 hod . of uf acturi.ng.a,sem conduct or vi ce, .conprising
formng a d&ﬁ%@‘gh’ 385?’8“ “ré{lgsae?ﬁtrﬂ%?ﬁﬁ‘ﬂ?&rd{&@%ﬁ%@% “Prr&’&?rﬁPltFﬂ‘g the
seni condmeleﬁ,ahsggtwagombml,agh,q\,mjaml es included in plasma which is
generated by exciting a source gas using a doping apparatus; formng a
bondi ng | ayer over at |east one of a base substrate and the sem conductor
substrat €9 A method of AhiATRiHRAg als the sem conduct or
substrate tomeeaé)hoother W th %ﬁc@%ﬁo aycgyrnﬁlﬂﬁl 3r posed t her ebet ween;

di viding the s@mnmndudamgeé utegion aire aatsemhmddanngaablsma&gibpmrhﬁlah@tthmg t he

sem conduct .or bst at hereb f.orm.ng . a first sem conductor |ayer
separ at ed® I?IF%“ he Sé'i’?fc"g dtb e%‘?f‘o‘g‘fl}“%fjé“ plﬁ??@r“']f'ﬁbls gepeented by expitiger

etchi ng gopay gasoefsmtgf'be dbpifigs hppaRiisC QEE! D bondibelaydrCoveO hiMeast TBE QPY base

sem conduct or
substrate an the semiconductor substrate;

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

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

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

forming an insulating film over the second semiconductor layer;

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

interposed therebetween;



formng an insulating filmover the second sem conductor |ayer;

formng a gate el ectrode over the second sem conductor |ayer with the
insulating filminterposed therebetween; etching a portion of the
insulating filmthat does not overlap with the gate electrode; formng a
gettering site region including a G oup 18 elenent in a region of the
second sem conductor |ayer that does n overlap with the gate el ectrode;
and perform ng heat treatnent, thereby gettering a netal elenent in
the second seni eehingepation eyieriniuirtiog filmethgistoeenidt gerhp téth HiegiaRRlecRode] Ne

met hod of rranuf%%llﬁr iarrllgnalll. em.conduct or device according to claim1,
wherein a hydr ogen §as TRTHSEROT FRAHEEIFPY PolyRe qogducti high insbdepavaged
region, aimpwitieelanent péroiapas kohotdhirRg abicptobi a r8fish bBthe 3Stohd'entiOhdSRECT €S i S
generated. b xciting the hydrogen gas and irradiation with an 1on beam

i ncl udi ng]ay%éﬁqtlg?esm ?"eﬁﬁdwlt@theigéteﬁ%P‘F‘?ﬂeﬁE@qu@mE@rgW@he sdaregiye dncluisigon.

3. The nej @dupfigradud I ioN 1.,C c Lce, accordin o.claim1l,
wherein a heI_iIﬁm gas ing%htteﬂg ?lﬁq?ﬁg{%o{%g’gg’ érg{ © %%lt o}rl%gﬁrﬁa?ﬁggaéﬁl}ﬂ’aed

regi on.  Stering ymetghpéement indlk sofondaemitarciicto lagpr ints tirpeteridg siteatgisle Vi ce
according to claim1l1, wherein a halogen gas is used in the source gas for

form ng the danaged region. 5. The nmethod of manufacturing a
sem conducl®iTheaihodofnanldiufigg & Snfibdiitidr deVibeiRblink EcIiase Substrate is a
gl ass substrate., 6, The nethod of manufacturing a sem conductor device

according to cl‘ﬁl?eﬁ‘?‘ri??mﬁ%ﬂ_eé_ﬁ?fIﬁﬁd%@%s%%%%@f@m@%lmmwrﬁgi@m}anghe gr oup
consi sting of apheAdidPhiPsihbih&as ﬁ+’qj_[2i11’§d§d ﬁfb%ttﬁ%ﬁs%e%g:g ?s;%%gér&gé)gr osilicate

gl ass substrate, and a bariunmbordsii1’i'caté gl ass s YSXH 8 et hod
of manuf dbe hvdregsn gasseadiialintion tvath adéui emaiodudiok thg H' 0HL) @idiH, Lis pfem@in t he

getterin i i i.s. formed by adding an inpurity element serving as a
donor Orﬁgﬁé@?&%ﬁ:{qﬂgg&mgmg' The nmet hod of manufacturing a sem conduct or

device according to claim1, wherein the netal elenent is at |east one of

Ti, Zn, I\/bIl g}rﬂd P&. 9. A nethod of manufacturing a semi conductor device,

conpri si ngtl- 1he method of manyfacturingaysrsuiepndagiorodevicn agcosding tovleimcy, ovheaibat r at e

by lrradlmarngastmseamm@e%wmmﬁfgw&c&m\%&dﬂa@l&u on species included in
rce

pl asma which I's generated by exciting a sou S ‘using a dopi ng
apparatus; formng a bonding | ayer over at |east one of a base substrate

and the Se Rl glléﬁlto 'of %%t%t%gu?rtmeg’ a semiconductor device according to claim 9, wherein a

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

13. The method of manufacturing a semiconductor device according to claim 9, wherein the

base substrate is a glass substrate.

14. The method of manufacturing a semiconductor device according to claim 9,
wherein the base substrate is selected from the group consisting of an aluminosilicate

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

15. The method of manufacturing a semiconductor device according to claim 9,

wherein the gettering site region is formed by further adding the impurity element

added to the impurity region, and

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

16. The method of manufacturing a semiconductor device according to claim 9, wherein the



attaching the base substrate and the sem conductor substrate to each ot her
with the bonding | ayer interposed therebetween; dividing the

sem conductor substrate at the damaged regi on by heating the sem conduct or
substrate, thereby formng a first sem conductor |ayer separated fromthe
sem conductor substrate, over the base substrate; etching a part of the
first sem conductor |ayer to forma sé&2ond sem conductor |ayer; formng an
insulating filmover the second sem conductor | ayer; formng a gate
el ect r odan@Me@lenichis #96R1he DET, 2RMSIGh@PL.| @ayer with the insulating film

i nt erposed therebetween; 51 etching a portion of the insulating filmthat
does not overlap with the gate el ectrode; formng an inpurity

[ egi on I DAL hinfiehod of Rfurfurite bXATIGRNANEIMEL [bmpliliheh T NI Udes an i rpuri ty
el enent serving as a donor oF “an acceptor, In a reg% on of the second :
sem conduct or [faydmg tahalamelgeds ragétn G ex | saicahdudtor habgaite ol aeddiside aed
formng a gettering,site reqgi.on including.a Goup 18 el enent nexi. to the

i mpurity SF%&OI& F*oégd?f)téﬁt? i n fREges P?’@%‘%ﬁ%ﬁ{a?m% BiFt fsyeerpattey S¥gitiag fret al

el ement  isBurbd) @ass QNS dSHiIE GEEHLEE Fornlimdy 8 bohdihd ladyBeo@e ol RhltNhe ftL1ds€91 ON.
10. The nmet hod of manufacturing a sem conductor "device according to claim
9, wher eiSHbsiratspe thg semigendugter sybsiigici n t he source gas for forming the damaged
regi on, _and V\’h%&&'hﬂgg SB4Le sh&ﬁ!ztg%ﬂ%els_e%fconm?dr s%ﬂa%-t&%gchgﬁh tr hv%thl t@\?
species is generated by exciting the hydrogen gas and irra lation Wth an
i on beambondihgidyexgntérpesed thereb@weenand H3+ is perforned to formthe damaged
regi on. 11. The.metpod of nuf act ur i ng a, se i conduct or .devi ce accordi ng
to claim9, whEFEBE 40 SPIsAPSOr | wostateq 3 the flamagd, cegiqiadys Brafingrthe ng t he
danmaged regicomtiuctor hubstrdtB e theRbY Gomithe AR Asthidsdi8o LS8N sGARMCEGL Hevi ce
according to claim9, wherein a halogen gas is used in the source gas for
fornmi ng rrBiceRdysigetibste oyer the basegubsiie; net hod of manufacturing a

sem conduct or ' [ . ' ' e substrate is a
gl ass_subst  at SO AP HELME AL Ry OIGE £ RARGRRNET R ce
accor di ngnd athitla¢micénduvtbelnesirn t he base substrate is selected fromthe group
consisting of an_alumnosjl.cate glass substrate, an alum nohorosi]icate
gl ass substrat &™5¥d*h “b%f"afl%%@lpo&efitg%ts‘éw&s ﬁ?‘cgﬁ‘g?fofdf‘@?" apg thehirdret hod
of manuf a&hidsdddgoftageggm conduct or device according to claim9, wherein the
gettering site region is fornmed by further adding the inpurity el ement
added to the i ﬁ%@pqgt%/gqtqaglp@;ppe a¥at each of the second semiconductor layer and the third

semiconductor layer with the insulating film interposed therebetween;

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

forming a first gettering site region having n-type conductivity by adding a Group 18
element and 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 the Group
18 element and 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 metal element in the third

semiconductor layer into the second gettering site region.

18. The method of manufacturing a semiconductor device according to claim 17,
wherein a hydrogen gas is used in the source gas for forming the damaged region, and

wherein plasma including H', H,", and Hs" as the ion species is generated by exciting



wherein the gettering site region has a sane conductivity type as the
inpurity region. 16. The nethod of manufacturing a sem conductor device
according to claim9, wherein the 52 netal elenent is at |east one of Ti,
Zn, Mo, and Pb. 17. A nmethod of nmanufacturing a sem conductor device,
conpri si ng: form ng a damaged region in a sem conductor substrate
by irradiating the sem conductor substBate with an ion species included in
pl asma which is generated by exciting a source gas using a doping

appar at Ushe hydfdfeR 8asohnb Sragdi#fion Wi @h i&V&amaﬁclmagﬁhe ANe,0fand IRER GeFMiRRi r at €
and the sem conductor substrate; attaching the base substrate and
t he seni dofrgadhedamegpsisegian.e t o each other with the bonding | ayer interposed
t her ebet ween; di vidi ng the sem conductor substrate at the damaged
region by heating the sem conductor substrate, thereby formng a first
sem conducht9oiThd mythpd s pameiiodding mowmidoadisenideddetitcdrding 3¢l biaint &1, avhevies t he
base substrate; . . etchin art of the first sem conductor |ayer to
form a sglfg%giséﬁ?sfgﬁﬁﬂ%foﬂffcelgaﬁéf g’é‘ﬁ’agg‘etdﬁinﬁ?%ﬁg’ﬁ’bonduct or |ayer;

formng an insulating filmover the second sem conductor |ayer and the
third sem conductor |ayer; ) formng a gate el ectrode over each of

t he second0séhg methed ef Hanufaghusing grigmicaeducter devieecasrerding e elaim | Ayvdereiti 2 h t he

i nsul ati i i : ; i portion of the

| naul at i neopl] o It RS0k Bl B R Bk POl 1T e

formng a first gettering site region having n-type conductivity by adding

a Goup 18.elene hosphorus t.o regi on of the second sem conductor
Payer ¢ hatBBem el BuBRaEROR fSitnGuld Yevite froge © SR, gk o o
second gehdeRtbshic$d 4 Mask €s@ite.Navi Ng p-type conductivity by adding the G oup
18 el ement and phosphorus and boron to a region of the third sem conduct or

| ayer that does not overlap with the gate el ectrode; and perform ng

heat tr eatiPfife métﬁ@f(ﬁ'tyan h%ﬁl?% Q&nﬁcdﬁﬁ%&(&r.d@h@%@&rﬂn@ gté Ql%n? ?F%glic%n ethe

sem conductor layer into t rst gettering site région and ge ring a
nmet al el éasersubdtmatet ih selediéd fitors aid grompel vatsiting afyar aluminosititse: glasonbstge} her i Ng

site regipn. 18. .Th t hqd, of nuf acturi ng a sem conduct or device
accor di n@R‘P’dHO(J?P%?FIﬁfB%QEW@FE?tﬁ’a& ﬁ??ﬁﬂ%&gwsg'g%te gésslfé"ésga‘ien the source gas for
form ng the damaged region, and wherein plasma including Er, H2+, and H3+

as the ion _species is generated by exciting )
23, The method of manufacturing a semiconductor device according to claim 17, wherein the

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

24, The method of manufacturing a semiconductor device according to claim 1,
wherein the gate electrode comprises a metal layer and side walls, and

wherein side walls are in contact with side surfaces of the metal layer.

25. The method of manufacturing a semiconductor device according to claim 9,
wherein the gate electrode comprises a metal layer side walls, and

wherein side walls are in contact with side surfaces of the metal layer.
26. The method of manufacturing a semiconductor device according to claim 17,
wherein the gate electrode comprises a metal layer and side walls, and

wherein side walls are in contact with side surfaces of the metal layer.

27. The method of manufacturing a semiconductor device according to claim I, wherein the



53 the hydrogen gas and irradiation with an ion beamincluding the ft, H2+,

and H3+ is perforned to formthe danaged region. 19. The net hod of
manuf acturi ng a sem conduct or device according to claim 17, wherein a
heliumgas is used in the source gas for form ng the danaged region. 20.

The met hod of manufacturing a sem conductor device according to claim17,
wherein a hal ogen gas is used in the gsaurce gas for form ng the danaged
regi on. 21. The nmethod of nmanufacturing a sem conductor device according
to claim . ' S ' t The

ot hod. of Ao RS oh WM B LERLS Jfied (@n3RE of 15O RbMer g
wher ei n toaglebase substrate is selected fromthe group consisting of an

al tuninosilicate glass substrate, an al um noborosilicate glass substrate,
and a bariunborosilicate glass substrate. 23. The net hod of

manuf act urigNFh@ meMOd 6O REMEh@rifEey kdfcand@irtictle heofdi 1 clofim 2W@keRinat he
metal element is at |east one of Ti, Zn,be ,and Pb. 24. The met hod of

manuf act artioRy 28 Hs dpn pumiyn iragetabiey neabes £ Hr-dl nddttly i€ 78109F Iot8aher ei n t he gate
el ectrode conprises a netal |layer and side walls, and wherein side walls
are in contact with side surfaces of the netal l|layer. 25. The nethod of
manuf act urd9n@heamstbod clomatméicoring e semizominctor diving acrdihgmional&im Wivdeminthe he gat e

Contact 7T HeSr e retrEARae pp Rk f et mpme LR oot -

manuf acturi ng a sem conduct or device according to claim17, wherein the
gate el ectrode conprises a netal |ayer and side walls, and wherein side
wal I's ar e 3nThomethed ofmamyfastugiag & semigerdiictor dgvice agearding fosjaim, 1, whorgin thgye

met hod of; 13 with SBLE0 RANGHE 1 HRY 68y @PEOE 4i109idhPeri?, &1 M 1,
wherein fﬁgﬁg%%ﬁg%ﬁg%ng IayerE%as an'%@eragé sJ??ace roubhngss of less than
0.8 nm and conprises a silicon oxide. 28. The nethod of manufacturing a

sem conduct,or., devi c ccording to claim?2, .wherein,a rati.o pf .an. H3+ i on
nunber to 3 T BFhod ol e a pmicppliotyr devive acooldingk clgim & wrein g | 7y
met hod ofhakpeHfad 6rkifrisBichibring BascR MdbtGieqas.devi ce according to claim 1,

wherein the ion species is irradiated with an acceleration voltage in a
range 10 kV to 200 kV. 30. The nethod of manufacturing a sem conduct or

devi ce acod! $hdWleth 6f et sEhioddiSiol BRIGREG&Ss Il dinglftnyd th a
dosage in a'rangg 1 x 101 P%%gﬁgﬁg f0 6 x 1016 1onsfcng. =’
bonding layer has an average surface roughness of less than 0.8 nm and comprises a silicon

oxide.

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

ratio of an H;™ ion number to a total ion number of H', H," and H;' is 70% or more,

34. The method of manufacturing a semiconductor device according to claim 9, wherein the

ion species is irradiated with an acceleration voltage in a range 10 kV to 200 kV.

35. The method of manufacturing a semiconductor device according to claim 1, wherein the

jon species is irradiated with a dosage in a range 1 x 10" ions/cm’ to 6 x 10" ions/em’.

36. The method of manufacturing a semiconductor device according to claim 12, wherein the

halogen gas comprises chlorine gas or fluorine gas.

37. The method of manufacturing a semiconductor device according to claim 17, wherein the



31. The nethod of manufacturing a sem conductor device according to claim
4, wherein the hal ogen gas conprises chlorine gas or fluorine gas. 32.
The net hod of manufacturing a sem conductor device according to claim?9,
wherein the bonding | ayer has an average surface roughness of |less than 0.8
nm and conprises a silicon oxide. 33.__The nethod of manufacturing a

sem conduct or device according to cIaiﬁ?lO, wherein a ratio of an H3+ ion
nunber to _a total ion nunber of Fr, H2+ and H3+ is 70% or nore. 34. The
net hod of bRaditg kyerhes ny averagermufanedoeghoess dd\ise ¢haa dcborid iand compiidea FlQon
wherein the .on species is irradiated with an acceleration voltage in a
range 10 kV to 200 kV. 35. The nethod of manufacturing a sem conduct or
device according to claim1, wherein the ion species is irradiated with a
dosage in %gr?ﬁgetﬁtg 016 ions/cn2 to 6 x 1016 ions/cn2.  36. The met hod
of manuf act’dr I g S BUNERIHERS 2 epicenslugier dpvigefgearding foaglpim118, wiiieingd n t he

hal ogen gaioGP BPHI S@EnAAbIaNGaIdaS mBibel bUST HIGn@RE" is 7093 by mbA€ et hod of
|

manuf acturi ng a sem conduct or device according to'cla nfi?; wherein the 55
bondi ng | ayer has an average surface roughness of |less than 0.8 nm and
conpri ses i idﬁm& i 38. : t hod of manufactyring a, .
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The met hod of manufacturing a sem conductor device according to claim17,
wherein the ion species is irradiated with an acceleration voltage in a
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devi ce according to claim17, wherein the ion species Is Irradiate With a
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of manufacturing a sem conductor device according to claim 20, wherein the
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41. The method of manufacturing a semiconductor device according to claim 20, wherein the

halogen gas comprises chlorine gas or fluorine gas.



