1 DESCRI PTI ON FORMATI ON METHOD OF SI NGLE CRYSTAL SEM CONDUCTOR LAYER,
FORMATI ON METHOD OF CRYSTALLI NE SEM CONDUCTOR LAYER, FORMATI ON METHOD OF
POLYCRYSTALLI NE LAYER, AND METHOD FOR MANUFACTURI NG SEM CONDUCTOR DEVI CE 5
BACKGROUND OF THE I NVENTION 1. Field of the Invention [0001] The present
invention relates to a substrate having a silicon-on-insulator (SAO) 10
structure obtained by slicing a sem conductor |ayer froma crystalline

sem conductor substrate and bondi ngpgstmpgieupbstrate of a different kind.
In particular, the present invention relates to bonding SO technol ogy. The

present | ”Vﬁﬁtﬁzﬁﬂﬂékmmm) @ﬁm&m,% ERy dIYSBRBONISUERORA AgERs r ale 1

whi ch a single crystal ystalline sem conduct or i s bonded to

a substrate FORMATION M@mmw@‘ @EWSQ%MWWEC@NQ%T@ LAY‘F(E» Furt her,
th t t; bstrat
e present hOYRRALRINMERERD bR POIRFCReRIYSRE VKR ANBIAETRG DSt rat e

t hat has suc triucture a manu acturing such

semi conduct or devi cEORRMADESEACPURENGHEMBeORSIHEEARAEVIOE [ 0002]
Insteadr?of silicon wafers that are manufactured by thinly cutting an ingot
of a single crystal sem conductor, sem conductor substrates called
silicon-on-insulator (S01)BACKSRCAIND JFEVEEBNYENIBUB| oped, which have a

thin single g &gg ﬁ‘aYm conductor |ayer over an insulating |layer and are
beconi ng wid i“%dg 4iysMpst rat es for manufacturing 25ni croprocessors or

the |ike. T[b[}{$1]l s because an int egrat ed ci rcuit using an SO substrate
draws attention as an integrated circuit \gpl ch pgr. asiti.c ca thb ance
bet ween drains oflhf PEEH RGRUOTHeY t%ﬁﬁglfsrné’te’ ARG A lﬁﬂaa’aea%‘a% mance
of the gem ¢oBYHCbRRinkNbEALShed s@in[c@ﬂdﬂctcﬁ‘aﬁyeb&rdnmrdﬂ%@ﬂhneaé}ﬁné@\ﬂmﬂm\er
consunption can be achi eved. [0003]

substrate and bonding it to a substrate of a different kind. In particular, the present

invention rclates to bonding SOI technology. The present invention relates to a

method for manufacturing an SOI substrate in which a single crystal or polycrystalline

semiconductor layer is bonded to a substrate having an insulating surface of glass or the

15 like. Further, the present invention relates to a semiconductor device using a substrate
that has such an SOI structure and a method for manufacturing such a semiconducior

device.

2. Description of the Related Axt
20 [0002]

Instead of silicon wafers that are manufactured by thinly cutting an ingot of a
single crystal semiconductor, semiconductor substrates called silicon-on-insulator (SOI)
substrates have been developed, which have a thin single crystal semiconductor layer
over an insulating layer and are becoming widely used as substrates for manufacturing

25  microprocessors or the like. This is because an integrated circuit using an SOT
substrate draws attention as an integrated circuit in which parasitic capacitance between
drains of transistors and a substrate can be reduced, performance of the semiconductor
integrated circuit can be improved, and low power consumption can be achieved.

[0003]

30 On the other hand, attempts to form an SOI layer on an insulating substrate of

glass or the like have been made. An SOI substrate in which a thin single crystal

silicon layer is formed over a glass substrate having a coating film, by a hydrogen ion



300n the other hand, attenpts to forman SO |ayer on an insulating
substrate of glass or the |i ke have been nade. An SOT substrate in which a
thin single crystal silicon layer is formed over a glass substrate having a
coating film by a hydrogen ion 2 inplantation separation nethod is known
as one exanple of an SOT substrate in waich an SO |ayer is forned over a
gl ass substrate (see Reference 1l: Japanese Published Patent Application No.
H11- 163363). Also in this case, the thin silicon layer (SO layer) is
formed over the glass substrate in such a way that a m crobubble layer is 5
fornmed at aipprastier EpAdodsRINId iy BIBWRNE 3HLLAGS: BY ﬂﬁ@} aiRki4}g 'rhiéﬂi% gen
ions into a single crystal silicon flake, bonding t?’ue gl ass substrate and
the single GYV{laleydFifempdiovake, alashgubsvels GepReferdnag 1t hapasdst iRnblished ake

usi ng t he mgiabubpk&i r . av -pl [ Al sg i e case
of form ng an SOT Bpa(%glr)@%@esﬁ gnmla%dgﬁl a%lgﬁgnpstlﬁgg%srch& %Otﬁlan gsilg%oéll %y%&%}? al

si licon | ayétveDsis Jepadaeved the ghassasubitidte on swaf way ttherefroaeubbleelagrraa of t he
si ngl e cryst, i epend .on.the area of .the siljcon wafer.
[0005] For - eagar's: BRUeL YR B RoHCRE AR o Bty PuheP g Rl o
crystal 15 singlecoystilaylegontftike, gindbg thelybibs atlerata asillthe singload@tal @flicgh 300 nm

is commonly size of. the silicon wafer | mal | er than the
size of the %Fegggd ?E%S%GF%?UGHE T?'Flélrmez HFaRe e g‘ﬁtl?l%’%‘étﬁ)?‘? }éér ¥¥2 ti5evagt ass
substrate calmot be covered by one silicon wafer. [0006]
Ther ef or e, ugh a plurality of silicon wafers are required to be bonded

doaf
onto 20t he substrate, it is difficult to closely spread a plurality
of silidon wafer sAbuaéi thelvasegdfaBSnifig s SO Ber bROQA linsulating su3F4E, 4 SndlO
silicon in the Egﬁce et ween ad%’ﬁr:ent silicon wafers, so that there are

P PYdes gt

const rai nt s “GAREPFEH TUR Aglieqp Waisre Higesdae, the preadé thensindei gn
rul es. crystal silicon layer would depend on the area of the silicon wafer,
[0005]

For example, a large display is manufactured by bonding a single crystal
15 silicon layer to a glass substrate, a silicon wafer of ¢300 mm is commonly used, and the
size of the silicon wafer is smaller than the size of the glass substrate, Therefore, the
entire surface of the glass substrate cannot be covered by one silicon wafer.
{00606}
Therefore, although a plurality of silicon wafers are required to be bonded onto
20 the glass substrate, it is difficult to closely spread a plurality of silicon wafers over the
glass substrate.
f0007]
There is no silicon in the space between adjacent silicon wafers, so that there

are constraints on circuit design, which greatly reduces latitude in design rules,

25
SUMMARY OF THE INVENTION
[0008]
It is an object of the present invention to form a single crystal semiconductor
layer having large area over a large insulating substrate.
30 {0009}

A separation layer is provided concentrically with the top face of the cylindrical

single crys‘tal semiconductor ingot or along the side surface thereof, and the cylindrical



25 SUMVARY OF THE | NVENTI ON [ 0008] It is an object of the present
invention to forma single crystal sem conductor |ayer having |arge area
over a large insulating substrate. 30[0009] 3 single crystal

sem conductor ingot is separated in the direction perpendicular to the
central axis; thus, a single crystal sem conductor |ayer having | arge area
can be obtained. That is, a single crystal sem conductor |ayer is separated
fromthe cylindrical single crystal sem conductor ingot like by rotary
cutting. 5[0010] Al ternatively, a polycrystalline sem conductor

ingot is usegnjinstRad sahicbhduct NBL®R i6 kopakald BNk CRASUG! Mipdaaaly (AR 2
polycrystalline | ayer is separated fromthe_ polycrystalline sem conductor

i ngot . ~ [ 0011°PHBIPHE: PlredevRElt AR CHIORMCKS Iaver fng i Ipice atcs Chobanbinitedr ge
singl e cryst ahatSem ﬁggg@lléﬁts%i sbi@¥Bhductds 1}@r & :J_e?{hrgédsﬂ:d}gltﬁe EOMEEA sinote

sem conductor |ayer obtained in accordance w the present invention,

| ar ge seni coffditieltsenicaedicios ingt Hie by ianyFudtingr yst al seni conductor layer with
alittle yarkﬁgéon as an active layer can be used. [0012] 15Since a |l arge
single crystal sem conductor |ayer of the present invention does not have a
region with poor ddiggmtivélni tpplycrsellmewssulicdntretaroingon st nedninsteddhat thei 7 cui t's

are necessarj; i.gned i roduction of..a regi on wt oqr
crystal lini t%/lhéiﬁl'%g/rgfgg (S)esgi,(’ &?dﬁlg%gér%o'graénlgn E&%Cﬁysgﬂlemed[ea ?rghs %Bﬁrgggf IOF%g"e

sem conduct opolgeystadineaemicoadutedngdt0013] 20Further, a large single crystal
sem conduct OQ}O:Lgyer can be forned by the present invention, nore active

| ayers can b rmed froma single crystal sem conductor |ayer; thus, nass

producti bh of semThenguehorint@Ube eBakics TRALSINOSHI WL, a large single crystal
semiconductor layer. Using a large single crystal semiconductor layer obtained in
accordance with the present invention, a large semiconductor device using a single
crystal semiconductor layer with a little variation as an active layer can be used.
[0012]

15 Since a large single crystal semiconductor layer of the present invention does
not have a region with poor crystallinity, there would be no constraints that circuits are
necessarily designed to avoid production of a region with a poor crystallinity.
Therefore, the constraints on the design rules of the semiconductor device are reduced.
{0013]

20 Further, a large single crystal semiconductor layer can be formed by the present
invention, more active layers can be formed from a single crystal semiconductor layer;
thus, mass production of semiconductor devices is made possible.

[0014}
The present invention relates to a method for forming a single crystal

25 semiconductor layer, including the steps of anodizing a side surface of a single crystal
semiconductor ingot, thereby forming 2 first porous layer; forming a second porous
layer by changing a condition of the anodization; forming a groove in an upper part of
the sccond porous layer, forming an epitaxially grown single crystal semiconductor
layer in a region over the second porous layer other than the groove; forming a first

30 insulating film, a second insulating film, a third insulating film using a silicon oxide
film using tetraethylorthosilicate as a material over a large insulating substrate;

attaching the groove over the single crystal semiconductor ingot is attached onto the



[ 0014] The present invention relates to a nethod for formng a single
crystal 25 sem conductor |ayer, including the steps of anodizing a side
surface of a single crystal sem conductor ingot, thereby formng a first
porous |ayer, formng a second porous |ayer by changing a condition of the
anodi zation; formng a groove in an uppédr part of the second porous |ayer,
formng an epitaxially grown single crystal sem conductor layer in a region
over the second porous |ayer other than the groove; formng a first 30
insulating film a second insulating film a third insulating filmusing a

silicon oxi dgird I;hm}amag Mgt G{id’laﬂxbhl&ﬂg@rﬂilm&lnlgl QBEeat@S dReciBE 8L di@! jeP¥eramna | arge
i nsul ati ng substr attaching t groove over the si ngl e crystal

seni conduct JPEFRG ﬂ‘i"%ené)c’? @ﬁ@ﬂloﬁﬁﬂaé’ertﬂ'é the sqepnd goons luyva whge rollipg Bger t he

| arge i nsul asﬁﬂg'f@c@b’tbﬁ&dnﬁ&&wdu@ibf bi, r&@pa‘ﬂﬁfngrthé @itngfeocr?s(hl' é?:hﬁ&fn@ﬁ& Ibﬁgeeeen the
first porous |a and the secon &orous ayer e rolling t?1 I ngle
crystal seni®8 r\%ﬁﬁ?@‘éﬂd ROEyStiayes Soay Flsﬁglctcﬁﬁétaé FWCQM&HCSPS?@N,%W@@@@M or
layer and thge sgeRnd RTLHS: hay s LY@t itd) tor
i ngot; and at%ac% gy eOS| n (fe gr stazfitsemglcltélglﬁ%illé%tﬁ%ﬁJ O%%m @qu{ e third

i nsul ati ng fingupting 3rley Hg S@Wdflnmﬂngrféml ﬁlelth!gd frisblating tﬁlénsél@cm@la tngaililatl ng ~
film the thj I semc nduct | ayer,

and the secgnﬁﬁgg@%uwsrq{d agigarnﬁgl\}g%ecioﬂ ﬁfoggeapyflﬁé% tﬁ? Iarge uB tl’[;l‘;\gt & Stéaﬁ

renovi ng theméemchgjchwsnd{ayemslafcmow] 10The pr esent |nvent| on relates to
a net hod for Blm ng a crystalline sem conductor |ayer including the steps
of irradiati ng side surface of a crystalline sem conductor ingot with
hydr ogeritGi ons i n fThe Mbsreectlhmtxpﬁrmmﬂi ¢all arméthod hvr C el ad Xk Bitatiiel €

rolling the SI st al. ndyct or, t hereby. form ng a _hydrogen
i on irradi at’on lr“gué:fcocr) ajen e ‘Ecﬁ?ﬁﬁlﬁ? é%%pﬁaﬂﬁém%ﬁ @Sfdlr‘?esu\éa g?lcfﬁﬁ'l lirie

sem conduct Gemicogdictar ﬁngoivaﬂlhRytﬂtbgeﬁCibh@ﬂ the dpeRbnCpirpdndicalat E@tkfé%h{rﬁ' axis
of the crystalli

tor paratln acr stalline
seni conduct 6F*® I‘?’a’%}%r ﬁ "Eﬁ‘Bg ﬁf&ﬁ&"’ég B‘Hﬂe foF éﬂsﬁ(’é Uf 3?%“&% 2 hyHogstit achi ng
the cryst al libmgrgRabe eugdmh Qltubddeha@N hRvidg | (R Q?sthl'l‘i%é‘ k@ﬁic&muﬁﬂépﬁig{)@he
[ 0016] Bg_e present invention relates to a netho formng a crystalline

20 seni eqtigy gprperdicyigdorige crurat pap of de %i'ﬁt?’ém? SPricprfugtos iitgok e
col umar cr )é@ﬁ@dtidg%r?ﬁéﬂlﬁ@%ﬁ%rﬁﬁmtbp gi%p frbdh rtl?éjhi’érbglﬁ ibh ?rrgdlétﬁh%ﬁ%&l urmar

crystalline sem conductor ingot with hydrogen ions,  thereb orm

hydrogen i orff pifaghingthegiystaigrcowmiepndudietiuicapnty dpas m@h&t@mubsﬁgﬂand

attachi ng arm(glgﬁer region of the hydrogen ion irradiation region to a | arge
insulating substrate, so that the large insulating substrate waps the
outer region 25 déhe tMeSﬂh‘ydn‘C?géﬁnl wintésr tadd avetbed r g Gnmafg tsherwtajigical | i ne

sem co n%Ct %Em oglgaxtctor q'rﬁg d“ﬁﬂl&cﬁn}% été})g 05? t&%ﬂl a&lﬁnélansr%l athhP zugggfﬁilat e and

the crystalline semco separa ¢6nduct or
| ayer whi ch semicpidictontiegot,r Egdmnng)fthd hmlhycoﬂmngwcxysﬁaﬂmbrsadmmhdxmmmﬁgoton from

t he hydroge 0 n.re and. attaching .the crystalli
sem conduct S‘Ph]l Qa%mgfq ? %bryggmlnﬁﬂ f AViage “s{?Bs{“(r%‘S aEon SeHeRh i f tbuar
Further, t hehqpeeamﬁctmgm&irﬁmadﬁng et aitesefion af mehh&dgézolbnﬁx@s{diﬂti&g r&sion to
pol ycrystal I | ne sema{: cLor | a ayers f ncl.ud ng '\3 steps of irradiating a
rect angul ar mg Su Strate, so that the large insn at g substrate wraps the outer region
25 of the hydrogen ion irradiation region of the crystalline semiconductor ingot; and while
heating the large insulating substrate and the crystalline semiconductor ingot, separating
a crystalline semiconductor layer which is the outer region of the hydrogen ion
irradiation region from the hydrogen ion frradiation region, and attaching the crystalline
semiconductor layer to the large insulating substrate.
30 {0017]
Further, the present invention relates to a method for forming a polycrystalline

semiconductor layer, including the steps of irradiating a rectangular column



5 polycrystal line sem conductor ingot with hydrogen ions, thereby formng a
hydrogen ion irradiation region in the rectangul ar colum pol ycrystalline
sem conductor ingot; formng a first insulating film a second insul ating
film and a third insulating filmusing a silicon oxide filmusing
tetraethyl orthosilicate as a material dver a large insulating 5

substrate; and opposing the third insulating filmand a region of the
rectangul ar col um pol ycrystalline sem conductor ingot, which is to be a
polycrystalline layer; while heating, separating the polycrystalline |ayer

from the hyduoogeptiliorR sericdiiatd:-Ohedt QGO Bydr Bhd b8 s ROk YL ta' l'ine
layer to the |ar substrate. d é%q81 iOFurb?gfgr tg %&6 3

jnsul atin
i nvention ré’f’%t“é%‘e"tt’@nefeﬁ%‘ﬁ i cfrﬁ?ta’i%lllﬂﬁf"&m’r p@igcrastgiém @mdmg&or d@bt ce

i ncluding t ff&rnﬁhgﬁ)%é@ﬁns@l@ﬁﬂ’g ﬁl‘nﬂg sBeodll %uﬁHﬁ% AGE 04 2 n%i 1@&115 n%rf}f%tu%m

sem conduct or _jngot, thereby formng a first porous P& ng & second
porous | ayer Bhop ide il 5%‘“&98Ffé‘ﬁhyllca§hé$ﬂlwe ehamyitarigl avn@nka’t gel 1mmmfngt he
anodi zat 50N ;sub@Lid B GhpdSiQoM heysec | ayer,
formng an es?)l taxi al §P rlogm%sttllahgﬁgum@%eﬁ?psd 2 e%n gto 8“1’”&” aféi B‘?ml n a
regi on over PPH@%@B@ﬁoF@m@sﬁfbrayieot o»tflhérr ig h@.rﬁ)etzh@ogrbt}@mﬁmef _ydr] RGila first

i nsul ating |nsulat|n filmusing a
silicon oxi f(}jlgétﬁg %Pﬁ’g‘?ng%e’{b }ta% 3st 1% é}éethgéy SEH I%F&df"g'fmd?ﬁé‘?naa | ar ge
i nsul ating §%sﬁmémgthwdmystaﬁglctmm gr thelsegeaueilating euisiagl e cryst al

sem conduct?j Tgot onto the third insulating filmover the |arge

i nsul ati ng %s rate; directing water jet to an 20 interface between the

first péeous I ayeFuramd ﬂlhepzsmoriﬁlvqmﬁbmuslateayﬁr a WBikbe o8l hif@adufifeshngl e

crystal jeloly| ating the single crystal sem conduct or

| ayer and t he s?gr(&:l(g’ﬁp glclugﬁpﬁ%ef T o prodizing p 81dg pyrsacs (of g simglecmibiadt or

i ngot; and actm:acxkﬁun@r Tnlimt Sthdit@ir}efcﬁfnyx@t Q-Elrﬁ%fﬂr&@riﬂ 'tfbrrmln%yﬁrseéoﬂdtpla?oth' rd
ating

i nsul ati ng the fir i nsul ati ng m the second i'nsu
film the t anyf’rd ‘{eﬁgtﬁngé‘ﬁg%o‘fs Ipyer tY [FBangiRgd %Oftsifty%lt%flthe pmdizalion dpiating or
| ayer, and bhevsacantppopeus th@se%ncpfy&éustl'&ﬁxlf@ﬁﬁﬁg hﬁ‘éﬁikﬁﬁdﬁg%&ﬁﬁpﬁﬁ gt e

r enovi n? t he s%rcond orous | ayer; etching the single sem conduct or
| ayer, ther UGOT IaYPic il dRgigft OV | thin deqoadiporpus f!@rﬁmoﬂg:r ahagathe

i nsul ating LR F¥ekint BSIr§ie 0 f n

el ectrode o%ﬂgr t he lg%e :Iﬁsﬂgluga??%%%l i Séé}l@ggu%%génﬂ%én t?{nﬁnmsg a?mg%'ﬁre t

i nparting oWdnZdndfliedn oxidy e tii’ﬂ@i §@m€@@hmgilb¢ata s$ andva&&abgwﬂna Usigag t he
gate el ect I ad,as: AR «bDERERX LAOM DL HSQHECS agion . aydrain, ¢ edi on,

and a channel fornmtion region in the sem cond 1Sl 506ﬁng°[‘0019]
6 | noRth ghehiad insulating/filnt oven thetlimge Fisnlgline mb;amtalduﬁamgom&qatt@ &n i NQot

15,2 519! exikel Bloisbl Leofl AR 1A0Y 1 e SLd! ¢ custal e gonduct or

layer is a single crysta I“i'con
i nvention r#ngle esystad samivendiotbr fingot, nmpanfdan:g tHel sﬁgg,la crystal scmlcenductor layer

and the second porous layer from the single crystal semiconductor ingot; and attaching
the single crystal semiconductor layer to the third insulating film; forming the first
insulating film, the second insulating film, the third insulating film, the single crystal
25 semiconductor layer, and the second porous layer over the large insulating substrate;
removing the second porous layer; etching the single crystal semiconductor layer,
thereby forming a semiconductor istand region; forming a gate insulating film over the
semiconductor island region; forming a gate clectrode over the gate insulating film; and
adding an impurity element imparting one conductivity to the semiconductor island
30 region using the gate electrode as a mask, thereby forming a source region, a drain

region, and a channel formation region in the semiconductor island region.
[0019] '



sem conductor device, including the steps of irradiating a side surface of
a crystalline sem conductor ingot with hydrogen ions in the direction
perpendi cular to the central axis while rolling the single crystal

sem conductor ingot, thereby formng a hydrogen ion irradiation region in a
t ubul ar shape; noving the crystalline sém conductor ingot in 10 the
direction perpendicular to the central axis of the crystalline

sem conductor ingot; separating a crystalline sem conductor |ayer fromthe
hydrogen ion irradiation region; attaching the crystalline sem conductor

| ayer onto a | ar gén ithes pleadnit ﬁtj}veﬁﬁbﬁttlie’:lbiﬁ'gieGdrﬁshﬂr&nﬁ&@dﬁd'tc\&sﬁlg&l N singlc

sem conduct oL slta?gz I thereb&/ fo.rgi % a, semn cqonductor island region; formng
a gate i nsul AFTHGTFPT HESY 81T PR amgls (Y BhEItBH s lavr iy atpgncrysiak ey a gat e
15 el ectroddagyver the gate insulating film and adding an inpurity el enent

i mparting ogﬁ%z%inducti vity to the sem conductor island region using the
gate el ectr s a mask, thereby form ng a source region, a drain region,

and a channel for paihen tlfeeg.léééhtiﬂﬂvénff'i%nSl%m&o[bdléphf?:[hghs%o?nﬁllelﬁnug%g[ttg?ng [0021]

20In the present invention, the crystalline sem conductor rolled

al ong the ciSFRIFRFEICENdevifhi indudieg Hig sHpaOE diradiaing 2] side surface Fus thystallint he
present inverhicBddcRlrahgs Wit for tyurin sem.conduct or
devi ce, incl u_dicng tché. s epsl_ o?y %’% ngﬁsolﬁltflér:gﬂg&%ﬁrp%fpgngi&%ﬁrm%%ecﬁ%% alline
25 sem condd¢¥orhilerigling the piaglic arysing strhigorsiuciol éngog|tuevetar foaning tashydidpen

sem conduct @y, irfA8Q% oM r LOns reby far.mng .a rogen .i on
irradiation re r_i on I?wégﬁnﬁﬁﬁl tgt?ﬁ%ﬁa%egf m@%ﬁﬁé@ %Kﬁgg‘ﬁ%segq”foé’gﬁgﬂ‘g‘ &4 But er
regi on o t e fiydtiogemreuticilartadhatingml wdgiodihet ayaalliae ganibatiubiot inpet;

substrat e, t i.nsul ating substrate waps the hydrogen ion
irradiati on§%§%‘:ﬁ% aoé}??%@ﬁ%r%ng Oz'ki}]&r’fe]ageéﬁ#j% r\‘beﬁlb‘fdb‘?gcf‘ AGoIradigHPy eegiemt i ng
the large Bwadllimjhatc?ysgllimtsgmtcemmcmndhytshentcraylsggaljhsgumnggﬁgsﬁg{gg%ﬁigé i ngot,
fﬁpar ating %e%rﬁﬁgl?ikéégﬁ%cﬁg ucgoggi(ljyucttgrr 1I?ﬁa er ivvhl ch I'Sn;[i er_oiuter regron of
e hydrogen ion irradration redi’sh Prom tHE ) 8 rogerniustor laadi repiqmen
region, andfattimchigay hbdatingySiiabid ke SOMCGRRGIME SPnd égiohaMhink® bhg | arge
i nsul at ;89 %fébggd'ﬁat e; .etching . the stal |l i ne sem conductor | ayer, thereby
0

LGS AIE BF 528 g at}n@gfﬁ%‘% ang gding,an Hnpysie clement impriige fonk m over

form ng a sem

the seni conduglictviiysloatd se@@ofdlctor QMG eonddiG BlShid 008 SE o Rgggat e

i nsul ating %I g1 and adding an inpurity €element” inparting one conductivity
to the seni FSHAYJPEHOE &SEHEE BejoBg SRILEERG. pitba ghmecldpawtion degias inahensk,

t her eby f or ganfigorAus@UIsGRIkQWHON, @ drain region, and a channel formation
region in t&)%?sem conductor island region. [0023] In the present

i nvention, thst insul ati ng film a second insulating film and a third

insulatppg film ugiRgpRssit tivERR{RON ' jng. tetraet hyl orthosilicate as
a material 10 are forir)rle_sd over t ,g&%‘sg Stfeahilng]ég%ﬁg l?dﬁlﬁ%éﬂlﬁs%g lrsé?lge.d E[IMT In the
present i nvederengeehiterbeinedichtedhe semi conductor ingot is a crystalline

{0022]
Further, the present invention relates to a method for manufacturing a
semiconductor device, including the steps of while rolling a circle columnar crystalline
25 semiconductor ingot, irradiating the circle columnar crystalline semiconductor ingot
with hydrogen ions, thereby forming a hydrogen jon irradiation region in a tubular
shape; contacting and attaching an outer region of the hydrogen ion irradiation region to
a large insulating substrate, so that the large insulating substrate wraps the hydrogen ion
irradiation region of the crystalline semiconductor ingot; while heating the large
30  iosulating substrate and the crystalline semiconductor ingot, separating a crystalline
semiconductor layer which is the outer region of the hydrogen ion irradiation region

from the hydrogen ion irradiation region, and attaching the crystalline semiconductor



silicon ingot, and the crystalline sem conductor layer is a crystalline
silicon layer. [0025] 15In the present invention, the crystalline

sem conductor ingot is a single crystal sem conductor ingot or a

pol ycrystal l i ne sem conductor ingot, and the crystalline sem conductor

| ayer is a single crystal sem conductor 7ayer or a polycrystalline |ayer.

[ 0026] Further, the present invention relates to a nethod for manufacturing
a 20 sem conductor device, including the steps of irradiating a rectangul ar
colum pol ycrystalline sem conductor ingot with hydrogen ions, thereby

formng a hylilyﬁgﬁyntilleolﬁro‘e r1ﬁﬁﬂhtﬁ§'@ﬁstfﬁ?'&€hiﬂ§ tﬁeh%yEtﬁl@ih@@Qschéﬁdu%R)'r LiQil‘fb
pol ycrystall | ?m conduct,or 1 ngot ormn irst insutating film a

second i nsul ’ie’hb G 2 Sehticordpgior islapchegioat ?qii’@nfgi 3 galupwgting & ¢wotheoxi de

filmusing tekfiestir ifhtdRsichi ©ah8s 3%aR sylqating
25 substrate; lopp05|rn!g theglt hi rd |%s aatelﬁr%g%é r%lg]\ré ataeq?éél?alrmgﬁfﬁlﬁ ‘Fnﬁl

rect angul ar Wingnsp PRy lemant 1‘WTE%W%MGE¢tmiY|iﬁgm Semmomihcuos idandbe a
pol ycrystal | I r I n stalline |ayer
cBen @¥E the ‘éﬂb efoclERL kd 9’ma§f%£x%é§r @(?f %ﬁ Q&zrx%e gp%nl yc(?j§1§1t alline

fromthe hydrogen i on irradiation region

layer to therﬁgiaﬁg’é‘dlaﬁb%ﬁﬂa&fpﬁ@flf@ub@mmhe @tmd:undg:ttbrhéarphiegxoﬂyst alline
sem conduct o[{ ﬁ yer, thereby formng a sem conductor island region; 30
formng a gate i'nsulating filmover the sem conductor island region,;
formng a gate el éethequesemverenting ag?a’stensuilamlga“limng sédohdninsalatn AL, ngd an

inmpurity el .one_.conduc to th e nduct or i sl and
rg8| on ﬁ3| né@ﬂ%ﬂsg%? @'}l SR ificon Oé“%rfé sing tFtFPéiﬁHBLE}thPH Ay amaltitlce

regi on, ¥ drag formedjoxen thedmgde msdhtmbstfaa{ mati on region in the sem conductor
i sl and regi % 0027] In the present invention, the rectangul ar
colum poly yst alline sem conductor 5ingot is a rectangul ar col um

pol ycrystalline sid t}mopiresmgﬁﬁ.rentamﬂtﬁeh&yﬂﬂhﬁ@ Eé&ﬁfb&ldubﬁﬁ? gAY & a lcfysBilline.
polycrystalllne si | present i‘nvention,

In the
the first i nsiCReE aﬁ’ hﬁlcfg'gap’&Lﬁ%‘Hm{’&quﬁ@r Lavey IPfi&‘cYﬁiaHl“FlSll’G@l ky¢tm cont ai ni ng
oxygen, and [bb@sjsecond insulating filmis formed using a silicon 10 nitride
film Cﬁgltsal ni ng n#t rogen. [ 0029] Note that in the present invention,
a ther oxi de f #1l {he PEGSPI dRHENES. dhe FYitHinoseprductpy ingpids malngle @ydtali zi ng a

silicon fil meaRynbRidiSRELtAS: B%l%d?*s&ﬂhﬁé’%éihi%ﬁdﬁgmﬁ ihdBel 054 6Rd ﬂfsta& %
silicon oxide filmusing tetraet orthosilicate as & nateri 5
semiconductor Iayer is a single crystal semiconductor layer or a polycrystalline layer.

[0026]
Further, the present invention relates to a method for manufacturing a
20 semiconductor device, including the steps of irradiating a rectangular column
polycrystalline semiconductor ingot with hydrogen ions, thereby forming a hydrogen
ion irradiation region in the rectangular column polycrystalline semiconductor ingot;
forming a first insulating fitm, a second insulating filin, and a third insulating film using
a silicon oxide film using tetraethyl orthosilicate as a material over a large insulating
25 substrate; opposing the third insulating film and a region of the rectangular column
polycrystalline semmiconductor ingot, which is to be a polycrystalline layer, while
heating, separating the polycrystalline layer from the hydrogen ion irradiation Tegion,
and attaching the polycrystalline layer to the large insulating substrate; etching the
polycrystalline semiconductor layer, thereby forming a semiconductor island region,
30 forming a gate insulating film over the semiconductor igland region; forming a gate
electrode over the gate insuléting film; and adding an impurity element imparting one

conductivity to the semiconductor island region using the gate electrode as a mask,



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0030] FIGS. |Ato 1C each
illustrate a step of formng a crystalline sem conductor |ayer of the
present invention; 20FIGS. 2A to 2D illustrate steps of formng a
crystalline sem conductor |ayer of the present invention; FI GS. 3A
and 3B illustrate a step of formng a cr§stalline sem conductor |ayer of
the present invention; FIGS. 4Ato 4D illustrate steps of
formng a crystalline sem conductor |ayer of 25the present invention;
FIGS. 5A to 5D illustrate steps of formng a crystalline sem conductor

| ayer of t hethpekséntidgnyenideaBgion, a drain 1E3i65.an8A @RGP B:8AGLL febloHSi hate a
step of forr@e%adcrt%stlglﬁi ne sem conductor |ayer of the present 1nvention,;
30FIGS. 7A t0 7B ' PHt"E8 8 eps of forming a crystalline sem conductor

| ayer of the[0prdsent invention; FIGS. 8A to 8Cillustrate steps of form ng

a crystalline sem'[c nductor, layer of 9 the present invention;

FIGS. 9A to 9E i | FUSEPAEnidpensonthe Geigngidpr sobmpspaydrystalinemimcmndustdror
llayer of 3 heingitesefdctan PUSNI®M polyerystalline silidonEhot th® L Lysirate
steps of formng a cr ,%?a,l,l ine Sef conductor %%’%o& P#ggﬁgrmellsl%en yer

i nvention; I82polycrygtplage sikiqon layig 11B il lustrate steps of forming a
crystal li ne jpgzgjconduct or |ayer of the present invention;

In the present invention, the first insulating film is formed using a silicon
nitride film containing oxygen, and the second insulating film is formed using a silicon
10 nitride film containing nitrogen.
{0029)
Note that in the present invention, a thermal oxide film (silicon oxide film)
obtained by thermally oxidizing a silicon film may be used as the third insulating film

instead of the silicon oxide film using tetracthyl orthosilicate as a material.

15
BRIEF DESCRIPTION OF THE DRAWINGS
[0030]
FIGS. 1A to 1C each illustrate a step of forming a crystalline semiconductor
layer of the present invention;
20 FIGS. 2A to 2D illustrate steps of forming a crystalline semiconductor layer of

the present invention;
FIGS. 3A and 3B illustrate a step of forming a crystalline semiconductor layer
of the present invention,;
FIGS. 4A to 4D illustrate steps of forming a crystalline semiconductor layer of
25  the present invention;
FIGS. 5Ato 5D illustrate steps of forming a crystalline semiconductor layer of
the present invention;
FIGS. 6A and 6B each illustrate a step of forming a crystalline semiconductor
tayer of the present invention;
30 FIGS. 7A to 7E illustrate steps of forming a crystalline semiconductor layer of
the present invention;

FIGS. 8A to 8C illustrate steps of forming a crystalline semiconductor layer of



FIGS. 12A to 12E illustrate steps of manufacturing a sem conductor device
using a crystalline sem conductor |ayer of the present invention; 10FIGS.
13Ato 13D illustrate steps of nmanufacturing a sem conductor device using a
crystalline sem conductor |ayer of the present invention; FI GS. 14A
and 14B illustrate steps of manufacturimg a sem conductor device using a
crystalline sem conductor |ayer of the present invention;

FIGS. 15A to 15C illustrate steps of nmanufacturing a sem conductor device
15using a crystalline sem conductor |ayer of the present invention;

FIG 16 ill ‘%ﬁééﬂx@gcﬁ%i eiogP of manufacturing a sem conductor device using a
crystalline se conductor’ | ayer of the present invention; FIG 17
illustrates an el &&3.04i o Salitmicoteps 08 ipmimentrystalliensdngpondiit@ l2g@ of s a

bl ock di agr am Jese%nm%lrﬁ%tnr oni ¢ device of the present invention; 20FIGS. 19A
and 19B each 7 PIH&t FFE°En el ectroni ¢ device of the present invention;

FI GS. 20A and 20BFr&se @Adb agDainsohtearpe bLBirmong accrgealiiceseoficdnliect@riesent

i nventi olrg angta bl octk di agram thereof, respectively, FIG 21 illustrates an
el ectronfc $eicdEcspt PhE Ig]‘?"esent i nvention; 25FI GS. 22A to 22E each
illTustrate an el eGIGONIL abl@ViE Blustfatd Stepspif Esaiie 4 orvamtihoftmitdn®iodarand 23B
illustrate an el ectronic device of the present invention; FIG 24 is a

bl ock di agré%ﬂ@fpraﬁ’?“‘ellmé"d’f‘f)%ni c device of the present invention; FIG 25 is

a bl ock di agram ofri@® /26l IIMNikisQAY istPs OF ntABLPHASE Alschidtalid@Nevich GS.  26A
and 26B illustrate steps of manufacturing a sem conductor device 30using a

! g !
crystal | i ne \siiacyiipliitesemicqpdriopfavehef thy Bt IveRORt i on; FIG 27 is a top

view of jgne pixel podsthe R £88Musirity Qb AP mANtcitiD 2 RBAdAuARQdylckustrate
el ectronic devices of the present invention. i
using a crystalline semiconductor layer of the present invention;

FIGS. 14A and 14B illustrate steps of manufacturing a semiconductor device
using a crystalline semiconductor layer of the present invention;
FIGS. 15A to 15C illustrate steps of manufacturing a semiconductor device
15  using a crystalline semiconductor layer of the present invention;
FIG, 16 iHustrates a step of manufacturing a semiconductor device using a
crystalline semiconductor layer of the present invention;
FIG. 17 illustrates an electronic device of the present invention;
FIG. 18 is a block diagrain of an electronic device of the present invention;
20 FIGS. 19A and 19B each illustrate an electronic device of the present
invention;
FIGS. 20A and 20B arc a diagram of an electronic device of the present
invention and a block diagram thercof, respectively;
FIG. 21 illustrates an clectronic device of the present invention;
25 FIGS. 22A to 22E cach illustrate an electronic device of the present invention;
FIGS. 23A and 23B illustrate an electronic device of the present invention;
¥FIG. 24 is a block diagram of an electronic device of the present invention;
FIG. 25 is a block diagram of an electronic device of the present invention;
FIGS. 26A and 268 illustrate steps of manufacturing a semiconductor device
30  using a crystalline semiconductor layer of the present invention;
FIG. 27 is a top view of one pixel of the present invention; and

FIGS. 28A to 28C illustrate electronic devices of the present invention.



10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Enbodi nrent Modes [ 0031]

5Enbodi nent nodes and enbodi nents of the present invention will be
explained with reference to the drawi ngs. However, the present invention is
not limted to the follow ng description. As is readily appreciated by
those skilled in the art, the node and iphe detail of the present invention
can be changed in various ways w thout departing fromthe spirit and the
scope of the present invention. Therefore, the 10 present invention should
not be construed as being limted to the description of the enbodi nent
nodes to be given below. Note that in the drawings for illustrating the
structures of the invention, |ike portions are denoted by the sane
reference nuneral s thr AGRILEDIPESRIEUOYOF THBBPYENENSNe that in this
specificati%n O"ﬁ&g@ﬁ@@%uctor device" refer to general devices which can
function by 5?|?i2|ng sem conductor properties, and display devices using
l'iquid crys{@B]l] el ectrol um nescence (EL), or the |ike, sem conductor

circuits, and el ectroni c devices are .all defi as sem.conduct evi ces.
20 [ Enbodi ment Nbe‘%BE‘ﬁ‘]mf%o%j‘es an emﬁ‘?f’%““’é??bSﬁﬁ?r%rPtreSFr%tdé“"v‘?n“ﬁ“fn 3l et i bod
W t h referepgfaih@l RliliSefetdhct Qo b drdvidhgs. 2 MdvweveDtheapisdnit Gventidn tio néE.

[ 0034] 25In, thi eﬂgo i ment node, an .exanpl.e in which a silicon ingot is
used as a stifged to thy delgwing Arseirfifict &° fr'%g'ﬁy 2RI AN Qﬁoﬁ‘bf@?‘%r’ﬁgg‘él

sem conduct af, tha¥edde had itRgddtar gethad pRdentinSénfigh @uChy Sladlked id vARMs hayer is
separated fromthe silicon ingot and bonded to a | arge .insulatin

substrate, MPowdspgsting from thesglit gndithe seepsof F%%?SGWHWGHB%“-dé@GWCHg&‘B [ 0035]
30Fi r st jpanggigatih RS SRR ASMRAcRBrddiCaseing Bmibd® Blér dR&HHtRhL & thd | 1 con
' ngot 100, embodiment modes to be given below. Note that in the drawings for illustrating the

structures of the invention, like portions are denoted by the same reference numerals

throughout the drawings.

[0032]

15 Note that in this specification, "semiconductor device" refer to general devices '
which can function by utilizing semiconductor properties, and display devices using
Hquid crystal, electroluminescence (EL), or the like, semiconductor circuits, and

electronic devices are all defined as semiconductor devices,

- 20 [Embodiment Mode 1]
[0033}
This embodiment mode will be described with reference to FIGS. 1A to 1C,
FIGS, 2A to 2D, and FIGS. 7A to 7E.
[0034]

25 In this embodiment mode, an example in which a silicon ingot is used as a
single crystal semiconductor ingot, and as a single crystal semiconductor layer having
large area, a single crystal silicon layer is separated from the silicon ingot and bonded to
a large insulating substrate, for cxample, a large glass substrate, will be described.
[0035]

30 First, anodization is performed on the entire side surface of a silicon ingot 100,
and a first porous silicon layer 101 and a second porous silicon layer 102 are formed as

a first porous layer and a second porous layer, respectively.  In this embodiment mode,



and a first porous silicon layer 101 and a second porous silicon |ayer 102
are formed as a first porous |ayer and a second porous |ayer, respectively.
In this enbodi ment node, the silicon ingot 100 used has a dianmeter of 30
cmand a length of 100 cmor nore. [0036] Note that in the present

i nvention, a senmiconductor is not limtied to silicon, and another

sem conduct or, for exanple, germanium silicon germanium or the |ike, and
an 5 oxide sem conductor or the |like my be used if possible. A single
crystal sem conductor |ayer having |large area may be forned using such a

sem conductof. & DBhyeEUTIEE v 16aROL SR AYCH hEGRIRS R RO ayer i

corresponds sem con owmn In FIG 1C a
receptacle JB6js filled with a m xed solution 113 of hydrofluoric acid

ethanol, and the gilicon ingot 100 is provi.de herein, . ] i ngot
100 and an electﬁﬁﬂﬁﬂfgﬂl%?g§?%‘H“F%K?h%ﬂ?E%E%Pég EHRanggﬁog%ﬁﬁggp%d to a
current soukgfhctkbmisnduttoa ol xadipit, gergahinad ellicoegpactinmebythé ke, apphi cat i on

of current. Platinym (Pt) or the ]ike be .used far the el ectrode, 112.

15[ 0038] > 0Xﬂeu%%ﬂ“%%bﬁﬁﬁﬁﬁ thgr H %f?“gﬁ%oP%ﬂsﬂgpP?@%ﬁ I é?gfhfﬂﬁglpores
with a di amgigitoRfuc®egbtavigMirghiics hagbe fEpas acing evdrademic@ndudtmingdos. f or med
over a surface of the silicon ingot 100. %8039]_20Vhen formng.a porous
silicon | ay&krthenofaprars LIRHIDETIHE & BRRURIDET MM BEFePY Psentided so
that the firshich¥ueds silicon layer 101 and the second porous silicon |ayer

102 can be forned. [0040] Strain is localized at the interface
bet ween t he (#0375t porous silicon layer 101 and 25 the second porous silicon

layer 1G@. The | agget 46 BIZeCOl rddfaROn £5isHilddheins 8 saRch RMkRMSIiSidei con
| ayer 1%% is, thékgafber t he st?afﬁ%ﬁget. [3041] A&ter that, heating is

performed atiydphvwii srad ethynalan de sdican gEot] §hisgprovided therein.’ The siticon
ingot 100 and an electrode 112 provided in the receptacle 111 are connected to a current

source 115 as an anode and a cathode, respectively for application of current.
Platinum (Pt) or the like may be used for the electrode 112.

15 [0038]

Upon applying current, a porous silicon layer having pores with a diameter of
several nm, which are spaced several tens nm, is formed over a surface of the silicon
ingot 100.

[0039]

20 When forming a porous silicon layer, formation conditions such as current
density is changed so that the first porous silicon layer 101 and the second porous
silicon layer 102 can be formed.

[0040]

Strain is localized at the interface between the first porous silicon layer 101 and

25  the second porous silicon Jayer 102. The larger the size of the pores of the second
porous silicon layer 102 is, the larger the strains get.

[0041}

After that, heating is performed at approximately 1000 °C to 1100 °C in a
hydrogen atmosphere.  The heating step seals pores formed at the surfaces of the first

30  porous silicon layer 101 and the second porous silicon layer 102, and the surfaces are
planarized.

[0042]



hydr ogen at nosphere. The heating step seals pores forned at the surfaces of
the first 30 porous silicon layer 101 and the second porous silicon | ayer
102, and the surfaces are planarized. [0042] 12 Next, a silicon
epitaxial |ayer 103 (single crystal silicon layer) is grown over a second
porous silicon layer 102 by CVD or the like. At this time, a groove 104 may
be formed in the side surface of the second porous silicon |ayer 102. Even
if the groove 104 is not formed, the first porous silicon layer 101 and the
second porous 5silicon |ayer 102 can be separated by using water jet 130

during the fol | owingt, Sts@R8n epiddBlayer 103 (sinkf2 &8 gﬁlé&l ﬁ%cr %Oémxgxgca\tl&% groove

104, when the epltaX|aI | ayer 103 i's grown, a mask over
part of the EEXERPTHEFiren daver Eghby orlih like ffestrthtt . grevove 100 4nayi t hout

epi taxi al gr eMdimed & BRO44d surtace of th:é”%éc t?cf l’pofop tsﬁl%%&"f’as(%r o QLT NP L he

groove 104, after the epitaxial |ayer er “an entire Surface
of the secon#optr Hidsisgidt ifeared| ﬁVeﬁrStlDQloust biscgr bgmel(moahmﬁ:f;a doeoridosamd by

o o s h I
n Dl ade. 55| gpag el 10 RS Bted B R lre RS PR T G B con

| ayer 101, tW@¢§econd porous silicon Iayer 102 the silicon epitaxial |ayer

103, and the grooye 4 d over e.silicon i, 0, and they are
col l ectively defi %neg%gg%gbri{%rmm 165 ov?_.l’lg] Whgn ﬂke c&“ﬁ’? §¥e§i8% B¢ ew of
the ingot 108askanay Bd Grmddover @ ppeios peciccorsl porewy dficonn@ydrni@otio 26l GR.

[ 0046] o q@&hq& |ntth|s enbodi mrent node, a gl ass substrate is used
as a large iHeUCACT MG PRSI EOME and a first insulating film 121, a
second itsull@éd4ig film 122, and a third insulating film 123 are forned over
the | arge insulatkqﬁ?subs rate iﬁg In this 25 enbodi ment node, a silicon
nitride filmcontal eﬁ’g‘nd’g&/ﬁ’éﬁo pripesthe BRgRe A% d8ex the wpitaial dest AP i8i t r ogen

are fornmed Wnﬁdmaﬂﬁue%sxﬁd&aaff thé Sdcohd pboad kiliGod lakép kpluandoddaepaecond
insulating film %) eégs pectively. Further, as the t dinsufating film

123, a sili c‘BarY Y APTQViRg R pal ohyheenitawial byp 10Si usiperEdiser weh maet hy !
orthosilicatiger @ Hadeaterial, to have a thickness of 50 nmto 100 nnt.

Furt her,_ as the third |nsulat|ng film30 123, a thermal oxide film(silicon
oxi de flqn) (88454 ned by formng a silicon filmfirst, and thermally

oxi dizing It may e disethed hIN S, %)Axafsggh&d}ﬂa al mgztgutgstf g Lhe

first |nsulat|ng film 121, the secon nsul atin I'lm
i nsul ating fsilicgn layer 102, the silicon epitaxial layer 103, and 1he groove 104 are formed over the

silicon ingot 100, and they are collectively defined as an ingot 105. FIG. 1A is a

cross-sectional view of the ingot 105, and FIG. 1B is a perspective view of the ingot
20 105.

[0046]

Further, in this embodiment mode, a glass substrate is vsed as a large insulating
substrate 120, and a first insulating film 121, a second insulating film 122, and a third
insulating film 123 are formed over the large insulating substrate 120. In this

25  embodiment mode, a silicon nitride film containing oxygen and a silicon oxide film
containing nitrogen are formed by plasma CVD, as the first insulating film 121 and the
second insulating film 122, respectively.  Further, as the third insulating film 123, a
silicon oxide film is formed by plasma CVD using TEOS (tetracthyl orthosilicate) as a
material, (o have a thickness of 50 nm to 100 nm. Further, as the third insulating film

30 123, a thermal oxide film (silicon oxide film) obtained by forming a silicon film first,
and thermally oxidizing it may be used.  Further, the large insulating substrate 120, the

first insulaling film 121, the sccond insulating film 122, and the third insulating film



13 123 are collectively referred to as a substrate 124 (see FIG 2A).

[ 0047] As the large insulating substrate 120, a gl ass substrate of
al um nosilicate glass, alum no-borosilicate glass, bariumborosilicate
glass, or the like, or a sem conductor 5substrate of quartz glass other
than gl ass substrates, besides, a plastit substrate or the |i ke can be
used. [0048] Next, the groove 104 of the ingot 105 is attached to
the substrate 124. In the case where the groove 104 is not formed, a part
of the epitaxial layer 103 is nmade to be 10in contact with the substrate

124. [0049] 123 are collgé%fvtﬂr}%éﬁer&@ﬁ) a‘é@tsﬁﬁstﬂa@tl.?‘lﬁge i, Ol ?em ed to part of the
interface between the first porous silicon [ayer and the second porous

silicon |ayeP0482, where strains are |arge; thus, the first porous silicon

Layer 101 and the 3ee000eRALAUTe SIAslGRM b Wi glgot%ue{igﬁa RERRNIRRE d1esd 0700

FIG 2Bis a cross-section the's 105,
whi ch are vi @mmofop@nﬁmm@ g@sdsddaaslumf atrwbcfdtct gi@S; ngdte IG5 or Els@nxczﬁfducs)ra
cross-sectio r at he in whi ch are

i ewed t rom Arurb 8l bBS BHOThaR et fbaBl0s bitsbat st el B0
FI G 2B, théﬂmahmbeme& 130 is directed to a cross sectlon of the ingot 105.
Furt her, U@8¥ﬁh not shown in FIG 2C, the water jet 130 is directed in
the directi omthe surface of the paper to the back surface.

Next, the groove 104 of the ingot 105 is attached to the substrate 124. In the

case where the groove 104 is not formed, a part of the epitaxial layer 103 is made to be
16 in contact with the substrate 124.
{0049]

Further, the water jet 130 is directed to part of the interface between the first
porous silicon layer 101 and the second porous silicon layer 102, where strains are
large; thus, the first porous silicon layer 101 and the second porous silicon layer 102 are

15  separated.
{0050]

FIG. 2B is a cross-sectional view of the substrate 124 and the ingot 105, which
are viewed from the side surface of the ingot 105, FIG. 2C is a cross-sectional view of
the substrate 124 and the ingot 105, which are viewed from a cross section of the ingot

20 10s.
[0051]

As shown in FIG. 2B, the water jet 130 is directed to a cross section of the
ingot 105, Further, althongh not shown in FIG. 2C, the water jet 130 is directed in the
direction from the surface of the paper to the back surface.

25 [0052]

The ingot 105 is rolled in the direction perpendicular to the central axis of the
ingot 105 over the substrate 124, and is made to travel in the direction indicated by the
arrow 135, using the groove 104 as a start; thus, the silicon epitaxial layer 103 and the
second porous silicon layer 102 are separated (see FIG. 2D),

30 [0053]
In this cmbodimcn-t mode, a silicon ingot having a diameter of 30 cm and a

length of 100 cm or more is used as the silicon ingot 100; therefore, the silicon epitaxial



25[ 0052] The ingot 105 is rolled in the direction perpendicular to
the central axis of the ingot 105 over the substrate 124, and is nade to
travel in the direction indicated by the arrow 135, using the groove 104 as
a start; thus, the silicon epitaxial layer 103 and the second porous
silicon |l ayer 102 are separated (see FI 2D). 30[0053] 14 |ayer 103
having a size of 94.2 cmx 100 cmor nore can be fornmed over the substrate
124. [0054] Then, the second porous silicon |ayer 102 is renoved fromthe
second porous 5 si licon | ayer 102 and the silicon epitaxial |ayer 103 over
the subst rat@ye1 283 byvisget siet 0.t ki 19§ o5 6€mbtcGan BAYormak BGE: ROLIMNS,Si | 1 cON
has signifigaptly large surface area (for exanple, approximately 100
n2/cnB); thus, the etching rate is high. Accordingly, only the second
porous sili ¢@ﬁ54 Fayer 102 is selectively etched, and only the silicon

epi taxi al |ayer 2? ﬁ’(‘i ns .on the substrate 124. 10 [0055] Further, after
the etching, transt@r T5Ca PRroas Slipem: seratBnig r¢rovise Giopt d sbyond phyms ogen

anneal i n§ neilihed jayer mzaaﬁartpl@zﬁi dohenmddid] iy he at om
| evel . [005 > I n th 1e rrgnnérq?i&égr@? %géé Qéboul\?g%& %Pr’s%f Fel
epi t axi al 8{?@:"8 1805 WEh7He rUrsrarops iligontiie significnwlyslargeamefaa arbiilefor

Sbsi ol Lotk EEIOREL e o FUEDRT IE S Lon| oo

100 form which the second Pporous silicdn
epi taxial | HfSFCorgPortvs slispmiaaered? iapdedtivelyf dtetet, pdronlisihs isilicoobpitagyer 101

(see FIG 7Bja @m;:,l;@mglgy&ggegwsgaglgzﬁg he sanme steps fromform ng the second
por ous 20 Si 0| con | ayer 102 (see G 70).

Further, after the etching, transfer of surface silicon atoms is promoted by a
hydrogen annealing method to planarize the silicon epitaxial layer 103 at the atom level.
[0056]

In the manner described above, the silicon epitaxial layer 103 can be formed

15  over the entire surface of the substrate 124 having large area.
[0057]
Fusther, the silicon ingot 100 form which the second porous silicon layer 102
- and the silicon epitaxial layer 103 are separated, and the first porous silicon layer 101
(see FIG. 7B) can be reused through the same steps from forming the second porous
20 silicon Iayer 102 (see FIG, 7C).
{0058]

Alternatively, the remaining first porous silicon layer 101 is once removed
from the silicon ingot 100 (see FIG. 7D), and the first porous silicon layer 101 and the
second porous silicon layer 102 may be newly formed (see FIG. 7E).

25 [0059] |
Further, in the case where the diameter of the silicon ingot 100 is smaller, it can
be used as a silicon wafer,
{0060]
In accordance with this embodiment mode, a single crystal silicon layer having
30  large area can be formed over an insulating substrate having large area. Moreover, a
silicon ingot which is a material for forming a single crystal silicon layer can be reused

and single crystal silicon layers having large area can be mass-produced.



[ 0058] Alternatively, the remaining first porous silicon |ayer 101
is once renoved fromthe silicon ingot 100 (see FIG 7D), and the first
porous silicon layer 101 and the second porous silicon layer 102 nmay
be newy forned (see FIG 7E). 25[0059] Further, in the case where
the dianeter of the silicon ingot 100 i%ssnaller, it can be used as a
silicon wafer. [0060] In accordance with this enbodi nent node, a single
crystal silicon layer having 30 |large area can be forned over an

i nsul ating substrate having | arge area. Moreover, a silicon ingot which is
a material for formng a single crystal silicon |ayer can be reused, and

singl e crynghm§&hkﬁgﬂbh@ rs having |large area can be mass-produced.
[ Enbodi nent Mode 2] [0061%Fln t his enbodi mrent node, a nmethod for obtaining

a single cry8®@l silicon layer 5 having large area, which is different from

that in Enbodi nent . t hod f tajning a.single crystal silicon
| ayer, a method for &{%gegﬁ SR r?gﬁ’aa eceih?&g%ﬁaht@fnb‘% %@Wl‘égwﬁfé‘}ﬁ CHRYE| ngl e
crystal $il iboving lagerreni Whichés diéisend bed thittih Bnefoalneae 81d@ 1FhGRth@Ak0 3B,

mde, an exsuaH A BRI EryBeied Tabamndecrian pgraicongsal

sem conduct aevicngiig thardg@snatabsii@ndags Well B &8 AANBUCEMmct AVREShaYi ng

:ﬁrge area,taaéaﬂgég%gﬁé%@gkﬁﬁggkégﬂ | ayer is separated fromthe silicon

got and bo H& ubstrate, for exanple, a |arge

gl ass subst f@ise} as in Enbodi ment Mode 1 will be described. 15[ 0063]

First, H sed.on Eggt%ine?t Mode 1, the ;ubstratq 124 in whiqh tbe first

i nsul atitfig il m 120ef iR s erphdimens mode. aagxpinpin in dichanslicongngdiis ehed

i rnz u;?'éijng[ Ej(;) E;@iﬂé’é &Rl QR ERMuOYE ingb) Gink 3% Isih S l&ﬁtail %&n&gll‘?&tc{o?tlgye%zo s

prep ' gaving large area, a single crystal silicon layer is separated from the silicon ingot and
bonded to a large insulating substrate, for example, a large glass substrate, as in
Embodiment Mode 1 will be described.

15 {0063]

First, based on Embodiment Mode 1, the substrate 124 in which the first
insulating film 121, the second insulating film 122, and the third insulating film 123 are
formed over the large insulating substrate 120 is prepared.

[6064]

20 In this embodiment mode, a glass substrate of 680 mm x 880 mm or 730 mm x
920 mm is used as the large insulating substrate 120.
[6065]

On the other hand, for example, a silicon ingot having a diameter of 300 mm

(circumference is approximaiely 942 mm) and a length of 1000 mm is used as the
25 silicon ingot 100,
[0066]
. The silicon ingot 100 is placed over the substrate 124, and a crimping roller
141 is formed over a surface of the subsirate 124, which is not provided with the silicon
ingot 100.  The crimping roller 141 and the silicon ingot 100 are rolled in the direction
30 of in dotted-line arrows 142 and 143, respectively (see FIG. 3A).  Note that FIG. 34 is
a cross-sectional view of the silicon ingot 100 viewed from the cross-sectional direction,

and FIG. 3B is a perspective view from the surface side of the substrate 124, over which



20l n this enbodi nent node, a glass substrate of 680 mm x 880 mm or 730 nm X
920 mmis used as the large insulating substrate 120. [0065] On
the other hand, for exanple, a silicon ingot having a dianmeter of 300 mm
(circunference is approximtely 942 mm and a |l ength of 1000 mmis used as
the 25silicon ingot 100. [0066] . The silicon ingot 100 is placed over
the substrate 124, and a crinping roller 141 is fornmed over a surface of
the substrate 124, which is not provided with the silicon ingot 100. The
crinmping roller 141 and the silicon ingot 100 are rolled in the direction
30 of in dot the@lirpmiagelri0vspiad®. and 143, respectively (see FIG 3A). Note
that FI G 3Aqpg;@a cross-sectional view of the silicon ingot 100 viewed from
the cross-secti (}nal direction, and FIG 3B is a perspective view fromthe
surface side of tHesulfsteratie dRdn inge100Migedvidetbw g pRinhiZAsh ApaRks100 is
| aced. [006 .The surface the silicon ingot 100 is provided with
g pl anari[zat ?%nfo%f)rﬁ%{nﬁstgels %f’%‘?ﬁé‘?%{ﬂ%’r"ilﬁoh@q he surface of the silicon
i ngot 1005 5[006H8] Hydrogen ions are applied fromthe surface of the

silicon ingot 100}1' the .direction peipendicular to the central axis of the
silicon ingot 100. y%f?&?? S RTF APPSR the S TacH g tthe gificoms ingabj @t irethet 0 i on

dopi ng_or 1 offrecaipl pabakdican wh th s8N ABSIAER inglhyBe. Gieafvsogen 1 on
irradi ation region 1453 is formed with a spiral shape insi f'he 10S11 i con
i ngot 100. [%‘(‘f%@]‘“got 100 1s gpbiggted Rdo fonirgon ipmigatlanto®nivetphysceedn awme 4. he

substrate 12fhusyhi h@dBeat iondrehd1fiochi ke bi ' - il con.i ngot 100
is roll equ al o]g-i% the?%o'tg?%ad-l i ne ao?r%%bgg?ldéd ggg%ré t ghrgir%?%% X %’?eelﬁ%ge, glﬁnd is
noved i n*'t he? PP 8Pt YiP- per pendi cul ar to the central axis of the 15 silicon
ingot 100, wopep is indicated by the solid-line arrow 144. Thus, the
hydrogen ion irradi ation region 146 is separated froma single crystal
silicon layer 151A#ptthesilisondesdt £60 ishdacsdibserrtae ubb@de 1POOFM]e heating the

silicon ingot 100, the silicon ingot 100 is rolled along the dotted-line arrow 143 along
the circumference, and is moved in the direction perpendicular to the central axis of the
15 silicon ingot 100, which is indicated by the solid-line arrow 144. Thus, the hydrogen
ion irradiation region 146 is separated from a single crystal silicon layer 151 and is
bonded to the substrate 124.
[0070]
A crystal orientation 161 which is perpendicular to the radial direction of the
20 silicon ingot 100 (direction of the central axis) and a crystal orientation 162 of the single
crystal silicon layer 151 formed over the substrate 124 agree with each other (see FIG.
4A). Further, the crystal orientation 162 of the single crystal silicon layer 151 is
perpendicular to the moving direction of the silicon ingot 100 (solid-line arrow 144) and
also perpendicular to the direction normal to the substrate 124.
25 [0071]
Therefore, in the case of forming a semiconductor device using the single
crystal silicon layer 151, for example, a transistor after the single crystal silicon layer
151 is formed over the entire surface of the substrate 124 (see FIG. 4B), a
semiconducior device with reduced variation can be manufactared by designing circuits
30 so that the direction in which carriers of the transistor flow, which is indicated by an
arrow 103 agrees with the crystal orientation 162 of the single crystal silicon layer 151
(see FIG. 4C and FIG, 4D). '



A crystal orientation 161 which is perpendicular to the radial direction of
the 20 silicon ingot 100 (direction of the central axis) and a crystal
orientation 162 of the single crystal silicon |layer 151 formed over the
substrate 124 agree with each other (see_ FIG 4A). Further, the crystal
orientation 162 of the single crystal sifi con | ayer 151 is perpendicular to
the noving direction of the silicon ingot 100 (solid-line arrow 144) and

al so perpendicular to the direction normal to the substrate 124. 25[0071]

Therefore, in the case of form ng a sem conductor device using the single
crystal sil |@8712]I ayer 151, for exanple, a tran5| stor after the single
crystal silicon | ayerindBlnkiSiofo surface, of the
substrate 124 (see Fl G 4B), Os%ﬁqﬁgéﬁ uctor angfdé W R aPé’B'&Y?e]aY"GaWilatl on

can be manuf#@étaugadclgirodedignilich eicrounddsiroBAhs oinglbatystdIQiltoh @Sl 9511 N

whi ch carri is indicated by an arrow 163
agrees wit hﬁﬁg@% }nt @fga‘l&tfvgpﬁgﬁﬁ i mg’f%é%\@fhaf K& Oy PYUTES Jrefom andja drgipn | ayer

151 (see 5Fl Gegidg @mgmﬂll@ 4Dy is th&htl{a&)@?ﬁic source regionN@fdetht Rigdin LEANSand QT S
shown in Fl Gy, an active layer 171 and a gaté el ectrode

172 which ar Iﬁ‘c%lr ﬁr’é’ﬂatfm rﬁ%“t"hég?\iﬁb1Se‘m(‘?ﬂ%9§etdak?‘3“§‘?efilt%ﬁgloa>ﬂ§ﬂ and the ®gips her, in

the acti ve Iléglend dvédlapsavittetie @ate éﬁ&tr&d&aﬂ’n|vxﬁthchrg%iecﬁxsu§atﬁg'fﬂzﬁqhéraﬁh%énand a
drain 5 g&gl,l] a region 182 that is the other of thé source region and
gl

the drainr and a channel formation region 183 that is interposed

bet ween t he r egl OAS ﬂﬁﬂwn&ﬂ@‘l@@k rtEtQta‘aﬂml)@?heaﬂ%oﬂ‘f ol 85151 %%%ﬁhsgﬁéﬁovm in

el ectroqs 2; ggme insulating filmt ereb ween.
FIG 8A "thé ’rc%lﬂ*&@‘& ih& goflj the dengdy of theogngle crystaﬁ hdlcb&rigsteln 161 itle 10

si |icon i ngatydid¥@n iisnsWre afjekttdI & I@g{fa@ s%aéeh&% nChSL ?Aq "'Con | ayer
e su

151 is L. drogen iqns are injected to the si fcon
i ngot 100 t YHI8EFH Q0 Hyrerlidigariegion [#hr andi ten die ﬁh@ncngdtétmo Jarlxibndiddeﬂa théle

silicon i Nng@ibstk te 12 maX| mum val ue
of L becomes 2 gtrgrlwlztg?s?%ge?mmﬁﬁgg?’%gpg# ecormsn Tae gf‘% et dhe | ayer

151 becones sigle ¢ostarsiljcos deydF| 131886cmdébtm st l(mtar.r)(s’ég HIG; @g§crmg@qh5tn a5
Enbodi ngat t ngot 100 from which the Single crystal
silicon ayg{g @&%eii mﬁ%ﬁ@é“?ﬁ%ﬂe@%%h“ﬁéng‘éGQ@@IOHB‘HhtChéhe singlewsiahgl e
crystal sil bitiom lagyeis! iauhdGehaa@E 2k 88 15AK, RS tha' £ the ot her
hand, as described in this engodl ment rrtr)de thet fo;%ﬁg’t ?1[3%9 ?3]5 a%lhﬁ?fl

hydrogen i ORI FHEEEE geofﬁcar‘éﬁleﬁoTl‘E@ and the bonding is sinultaneously
performed bjoohydrogen ion inplantation, the length L of the single crystal
silicon layer 151 can be a chosen Iength | onger than 2 TEI. Until the
silicon ingot 1009 eéﬁbﬁ%\%%lfie‘t‘f deseribed iim Glisecrarodinat meilei thoforiay@r othiyi ng

large ap®a RaRoRR &L RHIAGH tEREATSE LYY tﬂe%zltﬂng is simultaneously performed by
hydrogen ion implantation, the length L of the single crystal silicon layer 151 can be a
choscn length longer than 2 mr.  Until the silicon ingot 100 is exhausted, the single

crystal silicon layer having large area can be separaed repeatedly,
[0075]

25 Note that a polycrystalline silicon ingot may be used instead of the silicon ingot

100 of a single crystal, and a polycrystalline silicon layer may be separated instead of

the single crystal silicon layer 151. Accordingly, in accordance with this embodiment

mode, a crystalline silicon layer which is a single crystal silicon layer or a

polycrystalline silicon layer can be separated from a crystalline silicon ingot which is a
30 single crystal silicon ingot or a polycrystalline silicon ingot.

[0076]



25Not e that a polycrystalline silicon ingot may be used instead of the
silicon ingot 100 of a single crystal, and a polycrystalline silicon |ayer
may be separated instead of the single crystal silicon |ayer 151.
Accordingly, in accordance with this enbodi nent node, a crystalline silicon
| ayer which is a single crystal silicomg | ayer or a polycrystalline silicon
| ayer can be separated froma crystalline silicon ingot which is a 30single
crystal silicon ingot or a polycrystalline silicon ingot. [0076] 18

In this enbodi mnent node, a sem conductor is not limted to silicon, as in
Enbodi nent Mdde 1, and anot her m_c - f.0 ol e o aipm
silicon germani u‘rlﬁ thgy © ﬁ% ”P‘f’lﬁel?g%h %ﬁgg@?g‘gms%n}:ioégﬁl%t %r S‘gfgﬁ"?.ﬁg “Fi ke may
be used if Eag®sinkdne Mdieus, andrarateo seaivordugior, hfot leksmplabadivapiim, fdigen a

crystalline sem conductgr |ayer can 5b r : : ihe
seniconducﬁ%?mWHﬁ%fF%Féﬁﬁdﬂgﬁﬁﬁ?‘ é“%fﬁﬁgg9gﬁgﬁﬁg%ﬁ?ggg%%%ﬁkﬁég%ﬁnnde, a
nmet hod of abhainko@r@ned Wk alid ériehdshbiit cone) aygstallife Favicorglubtar geerarea, whi ch
is different fromthe nethéﬁs in Enﬁgg'nenttwbde 1 and Enbodi nent Mode 2

wi || beSdedesersetedirem acor@lisnsence? E8A to 5D and FIGS. 6A to 613.
[0078] First, while rolling a circle columar crystalline silicon ingot
1100, the 15 hydrogen ions 145 are applied (see FIGS. 5A and 5B). Note that
FI G 5A is [Embpéssuicdeds Hnal view viewed fromthe cross-sectional direction
of the cryﬁé@%@ine silicon ingot 1100 and FIG 5B is a perspective view
viewed fro he side surface direction of the crystalline silicon ingot
1100. [0079] 20! fn titis smbpdimeitnmpade, foaethod of phieinitg ?r?é‘r’séﬁrﬁ“fﬁcﬂ CPrgst havi ng
a diameieer Qf; G40 IANdfn! €Al dTbinSaIECEnBSiIae: Fois Lokl ne

silicon’ingot

the crystalline silicon ingot 1100, either single
crystal si Bmlonineydfodsr2 willjuldpsaripsd aithirefercagy tPé‘?é‘gSi Hytsr STe apd B@Sﬂggd.
to 6B.
[0078]

First, while rolling a circle columnar crystalline silicon ingot 1100, the

15 hydrogen ions 145 are applied (see FIGS. SA and 5B). Note that FIG. 5SA is a
cross-sectional view viewed from the cross-sectional direction of the crystalline silicon
ingot 1100 and FIG. 5B is a petspective view viewed from the side surface direction of
the crystalline siticon ingot 1100.

[0079]

20 In this embodiment mode, a crystalline silicon ingot having a diameter of 880
mm and a length of 300 mm is used as the crystalline silicon ingot 1100. As the
crystalline silicon ingot 1100, either a single crystal silicon ingot or a polycrystalline
silicon ingot can be used.

[0080]

25 Hydrogen ions 145 are injected to the crystalline silicon ingot 1100, so that the
hydrogen ion irradiation region 146 is formed to have a circular shape, more specifically,
concentrically with the top face of the crystalline silicon ingot inside the crystalline
silicon ingot 1100, Further, the region outside the hydrogen ion irradiation region 146
is to be separated in a later step to be a crystalline silicon layer 1151. The crystalline

30 silicon layer 1151 is a single crystal silicon layer if the crystalline silicon ingot 1100 is a
single crystal silicon ingot, and is a polycrystalline silicon layer if the crystalline silicon

ingot 1100 is a polycrystalline silicon ingot.



[ 0080] 25Hydrogen ions 145 are injected to the crystalline silicon ingot
1100, so that the hydrogen ion irradiation region 146 is forned to have a
circul ar shape, nore specifically, concentrically with the top face of the
crystalline silicon ingot inside the crystalline silicon ingot 1100.
Further, the region outside the hydrogea%ion irradiation region 146 is to
be separated in a later step to be a crystalline silicon |ayer 1151. The
crystalline 30 silicon layer 1151 is a single crystal silicon layer if the
crystalline silicon ingot 1100 is a single crystal silicon ingot, and is a
pol ycrystal lfopg1jsilicon layer if the crystalline silicon ingot 1100 is a
polycrystalline silicon ingot. 19 [0081] Next, the substrate 124
i s bonded so as tdVekk-dpe srbFEE &t B PoBded feascleywrp I TEEien &1 bd Besrystalline 1151

(see FIGS, %@i&ﬂqay@@llﬁd'\l@&eeﬂb!g%c EillcpSD)SC NicRe ﬂ'laFFﬁf §C§&e% Eliogsl]&!ctiaéﬂa?wjeﬁ(’i eved

froma cross-sectional direction of the crystalline silicon ingot 00, and
FI G '551) i sVigwvgsbfrepeceiosteseetionp) dijcetipagof thorarystdling silécos linfaa d&0WianédliG.on of

the crystal |4 i) iAQoL Q S g ub. te.l24 is the
sane a5 the Supsry et Aot etim He e it GLORIEAC G

i nsul ati ng sopxtidéd.e 120, the first insulating film 121, the second 10

i nsul ati ng ﬁb# ]122, and the third insulating film 123. The third
insulating fiTm'123 and a region to be the crystalline silicon |layer 1151

are made to be i nThonttathte\ii4 Iy tacimeots hier subftiR®B814 in Embodiment Mobfe 1edrdt | Vel y

easi |y bendaple thin gl ass, subst.rate e used for the | arge 15i nsul ating

substrate 1ig?mfdg%kfg3“muman %F&Mﬁhﬂiﬁtﬁ%£¥$ﬂam%%@géﬂﬂkﬁggt§ef?%”gnd t he

crystal [i0ne issulatib@filiontay, add 60, third énselaisg &lhie. sThd o8 hayehyg FRl1d3s

S e AT PR b OBy Sy Hhen e st S8 Diea Be B Contidt Wik cach '
other.

[0083]
A relatively easily bendable thin glass substrate may be used for the large
15  insulating substrate 120,
[0084]

Next, while heating the substrate 124 and the crystalline silicon ingot 1100, the
crystalline silicon layer 1151 is separated from the hydrogen ion irradiation region 146
and bonded to the substrate 124 (see FIG. 6A).

20 {0085]

Through the above steps, the crystalline silicon layer 1151 is formed over the
entire surface of the substrate 124. In this embodiment mode, a crystalline silicon
ingot having a diameter of 880 mm and a length of 300 mm is used for the crystailine
silicon ingot 1100, so that the crystalline silicon layer 1151 having an area of up to (880

25 ) x 300 mm? can be obtained.
f0086]

Note that in this embodiment mode, as in FIG. 8B, when the radius of the
crystalline silicon ingot 1100 is r, the length of the crystalline silicon ingot 1100 is W,
and the length of the crystalline silicon layer 1151 is L, the area of the crystalline silicon

30 layer 1151 is up to W x (2 zr).
[0087]



Through the above steps, the crystalline silicon layer 1151 is forned over
the entire surface of the substrate 124. In this enbodi nent node, a
crystalline silicon ingot having a dianeter of 880 mmand a | ength of 300
mmis used for the crystalline silicon ingot 1100, so that the crystalline
silicon layer 1.151 having an area of @p to (880 25 7r) x 300 mmR2 can be
obt ai ned. [ 0086] Note that in this enbodi nent node, as in FIG 8B,
when the radius of the crystalline silicon ingot 1.100 is r, the length of
the crystalline silicon ingot 1100 is 147, and the length of the

crystalline silic by Nfoh@la{h%% failieesiBEnSihgdt! 1i10@ f®hd | con
30l ayer 1151 is u]g&%@f% OH?HB t Pl e1 thalt gdas i n Enbodi nent

Mbde 1, the \admo}nsrhabdystm]éne sxﬂlp@ohyf:rn@é@ 1s1qr@9 S‘FWWW&W repEd. ooy it 1he
silicon |ayer nesﬂﬁonoﬂ &h%%ﬂ%ﬁa@éeaq(e LA bP&hgsed, so that a new

crystalli ne “SPPIEER havi arge area can be forned. 5 [ Enbodi nent
Mode 4] [0088] In this enbodl ment node, a nethod of formng a

crystalllne I having | arge area, which is different fromthe
et hods. P EpetiREHOREA " L o Embod ment Mode 3 i 11 bt deceri bed with
reference tquBpS 9A to 9E, FIGSs 10A to 10 10D, and FIGS. 11A to 11B

[ 0089] rlal u crucible 201 s and
heating is perfo @“St ‘E)mﬁ‘%‘f‘f‘e‘fth‘g yi |al (e56) O(ilré)gef?“mf'g 30%7; St? US Sﬁicm?@ Gl d melt
203 is obt aihp@dy (58S alchGwhftB)is dMféredt frdmmtthe trvehokis dpulﬁthbm[men?m@odesl ¢tool ed,
and crystal romﬁh is started fro e, bottom u lto the
top, SO thatEg“&’0§inI‘qﬂ&M’?d? AgHE bFﬁle%H'}’?fﬂw’él? Pt“éﬂceg‘? 86928 tg% tlof?ii (gegpfg‘g

i ndi cat e@ byipphaprmey. ahliciigef ormed (see FIG 9C). In the case where the

cruci bl e 201 has a rectangul ar col urm shape, a rect angul ar col umm ingot 205
is formed (d8®%I1G 9D), and in the case where the crucible 201 has a

circular cylindriggl, éhﬁl@@z 1s3>u9inr &&heﬁie%i (éaQFI@@A)SdnHllﬁ@tﬁhg 1ngator21@6 is
formed (see FIG 9E). 20 [O

te that in the case
seni conduct d¢ medt ﬂnersmqqarm@mql oA, thupra Bi‘éﬁrﬁl‘@t 250 inabieine (SF1h goﬁB)
ger mani um  ofg . E\ﬁ% tﬂléﬁ?qén@ﬁ% a1 Pebaied, %ﬁm&mﬁg}%@m fhrtédBohiteolismeged as a

sem conduct or, rials are the materi al
15  the crucible 201 to the top, so that a silicon ingot in wh}ch crystal grows in the direction

indicated by an arrow 211 is formed (see FIG. 9C). In the case where the crucible 201
has a rectangular column shape, a rectangular column ingot 205 is formed (see FIG. 9D),
and in the case where the crucible 201 has a circular cylindrical shape, a circular
cylindrical silicon ingot 206 is formed (see FIG. 9E).

20 [00903

Note that in the case where a semiconductor, ether than silicon, for example,
germanium, silicon germanium, or the like, and an oxide semjconductor or the like is
used as a semiconductor, the materials are the material 202,

[0091]

25 Note that when the liquid melt 203 is cooled and crystal growth is started from
the bottom of the crucible 201 toward the top, partitions 204 are disposed in the crystal
growth direction indicated by the arrow 211 in the crucible 201 (see FIG. 9C).  When
the liquid melt 203 is cooled, seed crystal is generated at the lowest part of the crucible
201, and crystal growth proceeds from the seed crystal along the partitions 204; thus, a

30 polycrystalline silicon ingot is formed.

[0092]

Of polycrystalline silicon ingots formed in this manner, the rectangular column



[ 0091] 25Note that when the liquid nelt 203 is cooled and crystal growth is
started fromthe bottomof the crucible 201 toward the top, partitions 204
are disposed in the crystal growmh direction indicated by the arrow 211 in
the crucible 201 (see FIG 9C). Wen the liquid nelt 203 is cool ed, seed
crystal is generated at the | owest par#y of the crucible 201, and crystal
growm h proceeds fromthe seed crystal along the partitions 204; thus, a
30pol ycrystalline silicon ingot is formed. [0092] 21 ingot 205 has a

| ongi tudinal length of b, a lateral length of a, and a height of c, and the

circular cylindrical ,sil.icon in - 206 | anehed a Qkiokt @rdad thel ght  of
e. [0093] APk @%Hﬁﬁﬂ°W3¢ﬁPﬁbk%gggf5b%$§?%f?¥ﬁgﬁg?lLcon Fayerghaving | ar ge
area usi ng chbgartcyliggitcanglidoaringn ROGrimsianioact@@s dwid p hejghiqégcri bed with
reference to FIGg. 10A to 10D. [0094] As shown in FIG 10A, perpendicularly
to the arrdWp%i1 i ndicating the crystal growh direction, that is, in the

qirectign frgn;thﬁﬁgﬂﬁﬁf@mﬁﬁg@9om@ymmépbdﬁmxshyﬂéﬁﬁmgﬁvﬂ%@g@ﬁﬁﬂ?gg.145dare
i njected, an e hydrogen ion jrradiation.regi I i nsi de
the rectiangedtznsuledFAiwnn iegbtd l.be[adgffﬁ’%fp‘ﬂlstﬁ i‘ér}lcr%%& © g}l\(l,ﬁtlhgt

e substrate 124
i n which tqgo4hrst insulating film121, the second insulating film 122,

and the third rnsulating film 123 are, forned, over t Jar NS i ng
substrate 120 i sA@pb@@égl ¥ig- 0@ Reéwgﬁb‘ﬂﬂ&?o g illﬁgl%‘ﬁc%g ﬂ?gné} ich the

15 hydrogen, |, 0f kifd.ASH, 3t 94 ih G8H @feckifd fos: frerpapet dusipes Fl Ge 1BOGHUIfALG096]
hydrogen ions 145 are injected, and the hydrogen ion irradiation region 1456 is formed
10  inside the rectangular column ingot 205.
[0095]

As in FIG 2A, the substrate 124 in which the first insulating film 121, the
second insulating film 122, and the third insulating film 123 are formed over the large
insulating substrate 120 is opposed to the rectangular column ingot 205 in which the

15  hydrogen ion irradiation region 146 is formed (see FIG. 10C).
[0096]

Next, the polycrystalline silicon layer 1251 is scparated from the hydrogen ion
irradiation region 146 by heating, and is bonded to the substrate 124 (see FIG. 10D).
The rectangular column ingot 205 is reused to be irradiated with hydrogen ions and a

20  polycrystalline silicon layer will be separated.
[0097]

For cxample, assuming fhat the rectangular column ingot 205 having a
longitudinal length b of 880 mm, a lateral length a of 880 mm, and a height ¢ of 205
mm is obtained, when it is cut along the arrow 211 indicating the crystal growth

25  direction, the polycrystalline silicon layer 1251 of up to 880 mm x 205 mm can be
obtained.
[0098]

Further, using the polycrystalline silicon layer 1251, a semiconductor device

can be manufactured so that the crystal growth direction of the polycrystalline silicon
30 layer 1251 and the carrier transfer direction in an active layer of the semiconductor
device, for example, a transistor agree with each other.

[0099]



Next, the polycrystalline silicon |layer 1251 is separated fromthe hydrogen
i on irradiation region 146 by heating, and is bonded to the substrate 124
(see FIG 10D). The rectangul ar colum ingot 205 is reused to be irradi ated
wi th hydrogen ions and a 20pol ycrystalline silicon layer will be separat ed.
[ 0097] For exanple, assumi ng that the aectangul ar colum ingot 205 having a
| ongitudinal length b of 880 mm a lateral length a of 880 mm and a hei ght
c of 205 mmis obtained, when it is cut along the arrow 211 indicating the
crystal gromh 25 direction, the polycrystalline silicon layer 1251 of up
to 880 mn x 205 ! h&arrgw

pol ycrystal | i ne Em%ﬁsﬁ‘)&““ 19&%9?% g!;(%g% clgﬁéjgﬁj{bg% m%:lég\gf:d(r:hg) & can be

manuf act ur ext slm;&alﬂﬁg tHchEystBﬂ ystwdh dgeaiontio dometeibyfrog loﬁé”?jb‘litipélrr(j’%lt)%l line

silicon 30I@§ 1251 and the cigrotz%g transfer direction in an active |ayer
of the seni’cBAUEISIGY CE 68 €xXanpl e, a transistor agree with each

ot her. [0098]00)22 Further as shown in FIG 10B, hydrogen ions 145
are injected alon the ar dicating. t ction to
form thé& hydr ogeﬁ%i’ tyd |“PSP %‘l"b%i i g fg QE th é’l%rgét?l%é)%’}? ‘gbrnqg%a

i ngot 205. {59100}, ;%Ié?ﬂeukimea@dlnﬂuﬂhatpomrjstanlmelsﬂ&oanayca 1rzébuso$¢par@te§e the
pol ycrystal line Sllljl con layer 1251 are

nd heat.ed
pol ycr yst alfreméediyfiogehiop ipdiatipn sagion 1 ‘Bé&a&é"&?‘?‘} BIWEHERS %‘8%& i on

irradiatiomqp quied‘;n%ﬁ{% dryrsgtaﬁ Rwllh B86dtoaNarAah pAlgi g e ilﬁcdnh@earimmsﬂl
i ndi cating t e crys direction, and the polycrystalline silicon
| ayer 1251 hcgud@bmle@ubﬁratqﬂé%%@ﬁ%t@ Gag 1083e FI GS. ” 10C and 10D).

10 [0101]

In this case, the polycrystalline silicon layer 1251 having an area of a
longitudinal lfength b x lateral length a can be obtained. For example, in the case
where the longitudinal length b is 880 mm, the lateral length a is 880 mm, and the
height ¢ is 205 mam, the polycrystalline silicon layer 1251 of up to 880 mm x 880 mm

15  can be obtained.
[0102]

Further, in the case where the rectangular column ingot 205 having a
longitudinal length b of 1250 mm, a lateral length a of 1250 mm, and a height ¢ of 500
mm is obtained, when the rectangular column ingot 205 is separated along the arrow

20 211 indica‘;ing the crystal growth direction, the polycrystalline silicon layer 1251 of up
to 1250 mm x 500 mm can be obtained, and when the rectangular column ingot 205 is
separated in the direction perpendicular to the arrow 211, the polycrystalline silicon
layer 1251 of up to 1250 mm x 1250 mm can be obtained.

[0103] .

© 25 Further, in the step shown in FIG. 9C, if the substrate 124 is disposed instead of
the partitions 204 (see FIG. 11A), the polycrystalline silicon layer 1251 having large
area can be formed over the substrate 124 without the separation and bonding steps (see
FIG. 11B). Moreover, a semiconductor device can be manufactured so that the transfer
direction of carriers in an active layer agrees with the crystal growth direction indicated

30 by the axrow 211, Thus, varjations in the semiconductor device can be reduced.



10[ 0101] In this case, the polycrystalline silicon |ayer 1251 having an
area of a longitudinal length b x lateral |length a can be obtai ned. For
exanple, in the case where the longitudinal length b is 880 nun, the

| ateral length ais 880 mm and the height ¢ is 205 nm the polycrystalline
silicon layer 1251 of up to 880 ram x 830 mm 15can be obtai ned. [0102]
Further, in the case where the rectangul ar col um ingot 205 having a

| ongi tudinal length b of 1250 mm a lateral length a of 1250 mm and a
hei ght ¢ of 500 mmis obtained, when the rectangular columm ingot 205 is
separ at ed ong,.the arrow 20 211 indicating the crystal growh direction,
t he polycrabP@%WFﬁgt@@F' n layer 1251 of up to 1250 nun x 500 nm can be
obt ai ned, gneaphen the rectangul ar colum ingot 205 is separated in the

direction perpendicular tq the arrow 211 he I stal I Bl icon | ayer
1953 of Cup' Lo 1250 Emesa i B otn AR Os phRRe Rl 0n |8
step shown éenicEl(QsinggCé dr)fstaﬁlﬁ})@ Suﬁiﬁbﬂcﬁtltﬁr Ti2deri lh?\dmrimiedarhmtb@éubdoﬁﬂyt he
partitions 204 (see FIG 11A), the rystallin ilican | a 51

Pavi ng. 1t gambndacefodsel iodiediipe Rk She driehEed bt rRIs TGS

separ ati on gnd,bepdiwg. 35805145 F8GE 1GA (3183, FIMY. ebA & 158 FRMGCBIGIUEt or

devi ce can be manufactured so that the transfer direction of carriers in an

active | ayemddgdbe®s with the crystal growth direction indicated 30by the

arrow 211. ﬁﬁgﬁ, variations in the sem conductor device can be reduced. 23
[ Embodi nent e 5]

First, based on Embodiment Mode 1 to Embodiment Mode 4, a crystalline

i0  silicon layer 302 is formed over a substrate 301, as a crystalline semiconductor layer
(see FIG. 12A). The same substrate as the substrate 124 may be used as the substrate
301, and the silicon epitaxial layer 103, the single crystal silicon layer 151, the
crystalline silicon layer 1151, and the polycrystalline silicon layer 1251 may be used as
the crystalline silicon layer 302.

15 {0106}

Next, the crystalling silicon layer 302 is etched to form a semiconductor island
region 304, a semiconductor island region 305 and a semiconductor isfand region 306
(see FIG. 12B).
[0107]

20 Note that as also described in Embodiment Mode 2, the crystal growth
direction of the crystalline silicon layer 302 and the direction in which carriers flow in
the semiconductor island region 306 are made to agree with each other, a semiconductor
device with reduced variation can be maﬁufactured.

{0108]

25 Next, a gate insulating film 308 is formed over the semiconductor island region
304, the semiconductor island region 305, and the semiconductor island region 306.
The gate insulating film 308 is formed to a thickness of 5 nm to 50 nm. Note that the
gate insulating film 308 is preferably formed of a silicon oxide film or a silicon nitride
film containing oxygen.

30 [0109]

In this embodiment mode, the gate insulating film 308 is formed by vapor

phase epitaxy. Note that in the case of forming the gate insulating film 308 with good



[0104] In this enbodi nent node, an exanple of manufacturing a sem conductor
device using a crystalline sem conductor |ayer having |arge area obtained
by 5 Enbodi nrent Mode 1 to Enbodi ment Mode 4 will be described with
reference to FIGS. 12A to 12E, FIGS. 13A to 13D, FIGS. 14A to 14B, FIGS.
15A to 15C, FIG 16, FIG 17, and FIG 2%. [0105] First, based on

Enbodi nent Mode 1 to Enbodi nent Mode 4, a crystalline 10 silicon |ayer 302
is formed over a substrate 301, as a crystalline sem conductor |ayer (see
FIG 12A). The same substrate as the substrate 124 may be used as the
substrate 304 alngrh@latté}ﬁpe%mhﬂeaﬂmsapa:bamadr 4 yeha TOB, methed su;ﬂglneblwsd al
silicon | ayer the crystalline silicon layer 1151, and

pol ycryst al IJPmertsidar. dlois PI“%fVé‘Pi‘J ouse %V‘%vﬁé)éf’émésc‘{%é‘e&%}é‘f‘ﬁﬂ "}“i AP i con

| ayer 302. 0 LY 4 Ilnic Q3 r [ dto
forma sem co%@gy a?% tﬁlﬁé@eguxo%u%ﬁ {bgl gé[r?]n c%ﬂdh%%rd?%%grt\%n@g&%}gn 305
and a sem coapdmmhmtelysfrcmmd)?re‘giltorﬂ B0 (psderablyGirom2Q.3)eV [0167§V)20Mbtee t hat
as al so schi LY.St of the
cryotall he Sieret gt Eenth gE LedRiliampprh e SIP LR, MEGLHI8 B

t he sem condmst;ﬂﬁsmﬁﬂaam}ger@giimnfoﬂﬁ)ﬁi ading pb:dmat\mt}agwe@nwict bneagic hi etthver a
sem conduct or deV| %gﬁred d var,l. tdrﬁ% can he fice Cgﬁjbea,%%rcgd [0108]
25Next, a gare’fhid f%’tsit f)"Sngu Sl BVEF RS S &M 0 duct or i sl and
regi on 304, [ig] sem conductor island regi on 305, and t he sem conduct or

i sl and region 306 ate insulating fi.lm308 is formed to hi.ckness of
5 nmto 50 nm Not‘détef ﬁ%’g‘“{%@ %ﬁtee’qf’ﬁlég‘?%% }nﬁg%%gl P SBETy 559‘38}65? g?];ﬁﬂhﬁ:lﬁf or ned
gg : as {9 i 1 ONin@itélB-tfric! dBa@ibictiRit blah GORJAAL 61 thke sdnhibdAdREDE Riand REEiOXYBES he

semiconductor island region 305, and the semiconductor island region 306 (see FIG,

12C). Note that in this embodiment mode, the impurity element 321 is added after the

gate insulating film 308 is formed; however, may be added before forming the gate

insulating film 308. Further, before forming the semiconductor island regions 304 to
15 306, the impurity element 321 may be added to the crystailine silicon layer 302.

{0111}

The impurity element 321 which imparts p-type conductivity is added for
controlling the threshold value of a transistor to be completed in a lafer step; however,
the impurity element 321 which imparts p-type conductivity is not necessarily added if

20 not required.
[0112]

After forming the gate insulating film 308, a conductive film is formed over the
gate insulating film 308 and is etched to form a gate electrode. In this embodiment
mode, a first conductive film and a second conductive film are formed over the gate

25  insulating film 308 are etching to form a gate electrode having a layered structure. As
a conductive film used for forming the gate elecirode, for example, a metal element
such as silver (Ag), gold (Au), copper (Cu), nickel (Ni), platinum (Pt), palladium (Pd),
iridium (Ir), rhodium (Rh), tungsten (W), aluminum (Al), tantalum (Ta), molybdenum
(Mo), cadmium (Cd), zinc (Zn), iron (Fe), titanium (Ti), silicon (Si), germanium (Ge),

30  zirconium (Zr), barium (Ba), or neodymium (Nd), an alloy material having the metal

clement as a main component, a compound material such as a metal nitride containing



24 quality at a tenperature of 450 C or lower, a plasma CVD nethod is
preferably used. In particular, it is preferable to use a m crowave plasma
CVvD nmethod with an el ectron density approximately from1l x 1011 cm3 to 1 X
1013 cni 3 and an el ectron terrperaturev\ﬁ%rj)roxi mately fromO0.2 eVto 2.0 eV
(preferably, from0.5 eV to 1.5 eV). 5 electron density is high and
el ectron tenperature is low, a filmwith few defects due to | ess plasm
darmage can be formed using plasma with | ow kinetic energy of active
species, a deposited filmwith less in which defects are reduced can be
formed. [01ft]mArkesmopbOnh Agiarhbusgies moleemloat phthosei damb80&d. an i mpurity

el emrent 321 M\ﬂl h 10 inparts p-type conductivity nay be added to the

sem conductor |sI and region 304, the sem conductor island region 305, and
t he semni conduct or Inj fbiséﬁéborieagmb ma’é@,&nélsefé:nﬁthMo;lzﬁC)xsedl‘ﬁot thetfligtt cohductibé S

enbodi nment e 'gr’Fw [ nt 3 i d after the gate
insul ating fi h%mgglgﬁlstg %SEJF]O\SW\:E\%?OH fsﬁ gﬁﬁ’ed before formng the

gate insal af@¥g] fil m 308. Further, before formng the sem conductor island
regions 304 to 15,306, hle 13][1 | ement 321 may be added to the

crystalline sili cont 153 e?e E ff? 4 gate clegliode nlar prey fumsdesiter 3b2 whi ch
i nparts p- tycpmcmmnducisiaud Trc;gldaxSB(deﬂﬁﬁjtﬁngrateQ@QMaﬁuﬁlg RSB0k MRerdtefRhO) gheyval ue of
a transistor todb%ﬁﬁ? | eted, in ter ste however, the |rrpur| y el ement

321 which i % LEUR AEGER ev%lg)?“? formpigsh Ovee the sermicpRuca drlandixeZion not
required. [GO&%}th the gate ﬁémﬁrngffﬂﬂxnwsghér&%n@a%h%nﬁ@%ﬁk@élkd@&dé Bis“hxgp@%at t ched
etche

conductlée f[B forrred over the gate i nsul atla%‘:?
to form4 g&Eerdectyr Badormef prirsthe MsiOREITOr gk r%gnm ﬁ@@ vithnthgcgatve film

and a seconchsoRAEH Y6 a‘hb}emtarc@n fs@é@‘ﬁ@' P! s Qﬁib@m%@ Bakd 344 f' | m

308 are etchl= tgﬁto forma gate el ectrode havi n%pa ay ered stract .
conducti ve FEPFRdEsEd te 813 madaanig of molhdemne laed the gde elefCUﬂdfaﬁéﬁrpj f@,’/‘aac rret aI
el ement suckyraed 8f h¥&ten( Ag) , gol d (Au), copper (Cu), nickel (N), platinum
(Pt), pall adl um (Pd), iridium(Ir), rhodium (Rh), tungsten (W, alum num
(Al), tantal¥) Ta), nol ybdenum (M), cadmium (Cd), zinc (Zn), iron (Fe),
titanium (Ti), (S HIBI ) 1nr30 4 ZIL T onlum Zr) arium
(Ba), O;H neodym urr%ké:%g%t Iﬁa‘\Hn?agﬁ)y nactﬂ{enrnl(% %t\%ler%aaf% Ylgé aell‘g?ngaﬁ’ Tas a
mai n corrponétﬁtCtm%IOfdbfng%@ddctmeéﬂl ahd theghte acteodeBtis) thopite lderclentiamm ng 25

fonaa) o CHETER eiiradt 85 b o B0 ety et Lairofe o dhe 11 r s
conduct i ve fespagtivedndret imngsd,dm»\(eWr, itie: prsedt friventidneis SRE WRdi-gaRabe! | YR fil m

5[ 0114] gate electrode may be formed using a single layer conductive film or have a layered

20  structure of three or more layers.
[0116]

Next, a resist mask 337 is formned over the semiconductor island region 305,
and js doped with an impurity element 322 which imparts n-type conductivity, for
example, phosphorus (P) at a first concentration. The impurity element 322 which

25  imparts n-type conductivity is not added to the semiconductor island region 305.
Further, in the semiconductor island region 304, since the gate electrode 311 and the
gate clectrode 315 serve as masks, the impurity element 322 which imparts n-type
conduclivity is not added to regions below the gate electrode 311 and the gate elecirode
315, Moreover, in the semiconductor island region 306, since the gate electrode 313

30 and the gate electrode 317 serve as masks, the impurity element 322 which imparts

n-type conductivity is not added to regions below the gate elecirode 313 and the gate
electrode 317.



A a gate electrode 311 and a gate el ectrode 315 are forned over the

sem conductor island region 304 with the gate insulating film 308
therebetween, a gate electrode 312 and a gate electrode 316 are formed over
the sem conduct or island region 305 with the gate insulating film 308

t her ebet ween, and a gate el ectrode 313 %nd a gate 10 el ectrode 317 are
formed over the sem conductor island region 306 with the gate insul ating
film 308 therebetween (see FIG 12D). In this enbodi nent node, the gate

el ectrodes 311 to 313 are formed of nol ybdenum and the gate el ectrodes 315
to 317 are fenmpd of tungsten. [0115] 15Note that in this enbodi nent node,

gate el ectrodes h VI n t WO- er s cture f the te rode 311 and
the gate el ectrod t‘\ﬁl"t Ff’ém@?ﬂ%éa@’f‘é SEoay %HHI{“%EY &{03%;?%8? ?}de 316,
and the gat enﬁlrﬁptégaﬂxesﬁﬁ%rﬂmd:hhﬁel gatatiel eglohade badvéen ﬂﬁiﬁ@ﬁﬁﬂy\tegm are
fornmed; however, the present |nvent|on is not limted thereto. The{’%ate

el ectrode Ay HEd B FEBUTHE FeRioTa 3 FOgF doigder P ‘B’B‘r‘iﬁd’&ﬁ}e\ﬁémr“fqnﬂt’%‘?f

layered Z0stiint B'C'f('fe ngfmrﬁt? r&80P B3ICLR i'rx?}ﬁﬁfﬁreF{oglﬂé’,@ﬂ) and a chal@XYorn@tibesi St
mask 337 is forned over sem conductor i slland regi on 305, and is_doped

with an i npeegian335) ke ttaezzznwmtscwgaoﬁﬁéﬁt @n%th?ylaeurébmﬁﬁbtaye fopgpd
exanpl e, ”gstgtt%uevé D) AR ihdphily el%eentzoawm imARs WORHE 'cﬁﬂdu%ttﬁﬂpnt 322

whi ch 25 inparts n-type conduc |V|ty is not added to the sem conductor
i sland regi MBIBOEAS)Iﬁtnytbhelﬁed dthertthee phesabemn @@kt or i sl and regi on 304, since
the gate el fde 311 and the gate el ectrode 315 serve as masks, the
inpurity el 322 which inparts n-type conductivity is not added to
regi ons 1Bel ow t heNgdt eresisemnskoifd i3 fdrmad dvertibe granieondhdor islbué rgd®. 3Wba eover ,

in the sem canduct or i 6, _Sinc ] r-0 30 and
the gate el &8¢t Sg gS%Siélésfgrr}\grem%g O?r%’s’é% S?%C&ld%a%pq e?%%l'?ﬁtcéo g?%ﬁ(\}mﬁgh
i nparts n- ty@mcmﬁimdmcﬁslandtzygms metanadhtesbmmondegpnmtan@etgim Bﬁ@ aqa@oeed

el ectrode 313.and, t he te electrode.317, in the
seni conduct S 4 KRy} 39‘3"’8??‘9‘3’% wIIE IR Q’PG% %ﬁ&‘%%’?gor Ulf]e P?ﬁ%‘tﬁrl ty
regi on 332b(B)alad aasd&bﬁﬂlaexhceﬁ@itimtl (he rigguoty aBﬂ:ezhewaewmdhhenpamprt}@y regi on
332a an the urlt reqi.o 2b are forne Furt e onduct or
o ana 9T oeruiveaul ¥ phCre e trareoduaa Shie foHstant ynd B s REE R NG
channel f or i@dddoRgio8 BH0BN ﬁﬁ%ebelhvmersertﬁwnaatwrxsmw ER@IN0B0S3 I6e and githe

inmpurity regl on 336b are forrred(\\&ree FIG 12E). t he m;gurlty el rrent 322
whi ch i npar E§ckedeyHe BhhedEpievs's Od%u?’%@ﬁ?‘?fes( %%Waﬂ‘éythﬁémﬂg DR

phosphor us Rlch ihiPpadp-tHRNEYductidity RS0 had¥BSK redRRs bSlok AhdTRAe BNETode B@z

sem conductor island region 304, a resist mask 339 is fornmed over the

sem conduct 6pd thsleatidleckedeod 6306, and the semiconductor island region 304
and t he,gemggegluctor island region 306 are doped with an inpurity el ement
324 which inparts p-type conductivit for exanple, boron (B) at a second
concentration. Th&hisppuths semiedndpeint lsézdl TagfincHisi thp@nﬂplg*tqo rquq;ez%a and the

impurity region 334b, and the channel formation region 333 between the impurity
region 334a and the impurity region 334b are formed (sce FIG. 13A).
[0120]

25 Next, an insulating film is formed over the gate insulating film 308, the gate
electrodes 311 to 313, and the gate electrodes 315 to 317, and is etched by anisotropic
etching so that a sidewall 381a and a sidewall 381b are formed on side surfaces of the
gate electrode 311 and the gate electrode 315, a sidewall 382a and a sidewall 382b are
formed on side surfaces of the gate electrode 312 and the gale electrode 316, and a

30  sidewall 383a and a sidewall 383b are formed on side surfaces of the gate electrode 313
and the gate electrode 317 (see FIG. 13B). Any one of a silicon oxide film, a silicon

nitride film containing nitrogen, a silicon nitride film, and a silicon nitride film



15 conductivity is not added to the sem conductor island region 304 and the
sem conduct or island region 306. Further, in the sem conductor island
region 305, since the gate electrode 312 and the gate el ectrode 316 serves
as masks, the inpurity elenment 324 which inparts p-type conductivity is not
added to regions bel ow the gate el ectrodé 312 and the gate el ectrode 316.

20 [0119] Thus, in the sem conductor island region 305, the inpurity
regi on 334a and the inpurity regi on 334b, and the channel formation region
333 between the inpurity region 334a and the inpurity region 334b are
formed (see @ln@iniﬂ@é‘)ygc{t ©1204yeRaNaxt hadmg twis al abrengf thethrmaysbd aseried aaver the

gate insulating fil t he ectrod 1 th te
el ectrodes Sng? ﬁ] éﬁhmﬁéne?gﬁgg}%fukﬁi§§§ﬁiémsmwvéﬁghg’gg X%ﬁ
si dewal | 381%23ndeadswﬂle3wbIth@@d@vﬂr:ﬂ%mnﬂﬂcksﬁﬁwandmbsurfaces of the gate

el ectrode SH#é%ﬂd the gate el ectrode 315, a sidewall 382a and a sidewall
382b are for on side surfaces of the gate electrode 312 and the gate

el ectrodes 316, andNedt, 30esttdemaldss38Iemaachvar BledemabhduwdddsialercbRhnmpd on
side surfaces of the gate electrode 313 and the gate el ectrode 317 (see
FIG 13B). A’W % H%P‘“'wa"%‘ aBiiPPEHH clemegbs4T Which dearf nddre GRneyGtyEy £ 3 Hyird

contai ni ng NichtQGahen. 8 THE lilnpOity Niidhddesohi J e AFhr@ Siybe Q@ﬁ'ddahhw dend I m 27
cont ai ni ng d¥%gen or a |ayered f|In1haV|n% two or nore of them'may be used
0

as an i nsul at%ey tq theriemioadncios igandaregianatUoof Fﬁ%@r,smdb%amcgsimtor fand
si deval | 381118% é)h @@45&9@%"@4 gatg’%%@fzmcfehﬁlsérﬂetﬂ@ ghe%ﬁ:%@odetfﬁ %hdj@}@aéﬂe\k%ﬁ?’a’ and

t he si dewal | aresist ma fof ned over
seni condlftt 6¥81p ghdr ﬁlég}’i’@n?’SJ@S%MdﬂSi magke pleedinypiurity elpmentpi?di whicke bepastst 325

whi ch i npar tWCE&Rﬁc&@ﬂqHE&t'ﬁdéﬂo% d@ gibfl Se%#ﬁx@%“?t@tefe@tgéé&gﬂg B‘fﬁfe’é%“ ty

el ement 325 [ S n-type conduttivity Is - not
sem conduct cﬁieqh@ﬂfaﬁtﬁ m@h@md@%l 38 arphthe sidewall Blbsem conduct or i sl and
regi on 304,i%5£ﬁe the gate electrode 311 and the gate el ectrode 315, and
t he sidewal |"

The impurity element 325 may be the same as or different from the impurity

15  element 322; however, the third concentration is higher than the first concentration, and
higher concentration impurity regions are formed in each of the impurity region 332a,
the impurity region 332b, the impurity region 336a, and the iropurity region 336b.
[0123]

With the addition of the impurity eclement 325 which imparts n-type

20 conductivity, a high-concentration impurity region 342a and a high-concentration
impurity region 342b, a low-concentration impurity region 343a and a
low-concentration impurity region 343b, and a channel formation region 331 are formed
in the semiconductor island region 304. Further, a high-concentration impurity region
346a and a high-concentration bmpurity region 346b, a low-conceniration impurity

25  region 347a and a low-concentration impurity region 347b, and a channel formation
region 335 are formed in the semiconductor island region 306 (see FIG. 13C).

[0124]
Next, the resist mask 355 is removed; a resist mask 356 is formed over the
semiconductor island region 304; and a resist mask 357 is formed over the

30 semiconductor istand region 306. The semiconductor island region 305 is doped with
an impurity element 326 which imparts p-type conductivity at a fourth concentration.

The impurity element 326 which imparts p-type conductivity may be the same as or



10 38l1a and the sidewall 381b serve as mask, the inpurity el ement 325 which
inparts n-type conductivity is not added to the regi ons bel ow the gate

el ectrode 311 and the gate el ectrode 315, and the sidewall 38la and the
sidewal | 381b. [0122] The inpurity el enment 325 nay be the sane as or
different fromthe inpurity 15el ement 328; however, the third concentration
is higher than the first concentration, and hi gher concentration inpurity
regions are forned in each of the inpurity region 332a, the inpurity region
332b, the inmpurity region 336a, and the inpurity region 336b. [0123] Wth

t he additiondW%RmhﬁomnpmﬁmpwﬁewEnmmﬁ32&®hmmﬁmpmhmpambsomhmyﬁQgmewmmn
conductivityy.a h- ongen Iratl rity re n

hi gh- concent?gtﬁgﬁglﬁﬁﬁ?Ft 10Pelslo WE%M tmﬁ g%%n@8ﬁ??%%Fﬂn Php HiEPEy

regi on 343a amdexmhmmmmmgmgﬁmu 06 formparii tiye Tegirdn r@4d3b33anthdanpaannel
fonnation regl %ﬁl are formed in the sem conductor island regi on 304.
Further, a h| ntentration inpurity region 346a and a high-concentration
|npur|ty iegmmﬂﬂ346b a lowconcentration inpurity 25 region 347a and a

IOMFconcentration nmpur i t egi. on 347b, _and a channel formation region 335
are formed in thed EﬁF‘Bﬁﬁg‘ﬂH Bris ar"§1l TaEEn Py ibfrrsd aviihsthe imputy shmpent ?%124]

Next, the reshish ifpsk B38Be lcgncru@trmwagmgam& gﬁb%&d{%g@%d' fie LAE TRA,Qyer the

senlconducto i sl and region 304 nd a resist mask 357 is forned over the

30 seni cond OW“ﬁ@FéﬁB“?%éﬁ%hmﬁﬁéam@%%ﬂ%%ﬁ$é§ﬁ@ﬁ%%éwwi%W&hdmﬂ@gﬁﬁntOS i's
doped with ag, hfﬁ?furfek%nel ﬁéﬁ?ntanézg V}ﬁgtPEbﬂc&Rﬁa%{% thﬁ(xﬂﬁp gﬁthBhXﬂ t ya at a

fourth concentratlon The inpurity elenent
conduct i ¥ t iowepresatratien pveitnrsgion 398p widid Jerwqucmt@m h@purﬁpmgrmlﬁéiéb,enent

324 whi ch i nRArt$ahel Ycﬁﬁxaﬁ&pf«izgﬁ)‘h'%\% LYo foﬂ-gé’éﬁ%ethe senl€orldQLb} E%aﬁg 'Pe%?@nt Sr@t ' On s

hi gher than the second concentration, er concentrati on
regi ons are GwIAEd3IN. the inpurity region 334a and inpurity region 334b

5[ 0125] [0126]
Further, a method for forming an impurity region, which is different from the
15 manufacturing process illustrated in FIG. 12E and FIGS. 13A to 13D will be described
with reference to FIGS. 15A 1o 15C.
[0127]
First, after performing the steps up to and including the steps of forming the
gate electrodes 311 to 313 and 315 to 317 shown in FIG. 12D, based on the
20 manufacturing step of FIG. 13B, the sidewall 381a and the sidewall 381b are formed on
side surfaces of the gate electrode 311 and the gate electrode 315, the sidewall 382a and
the sidewall 382b are formed on side surfaces of the gate elecirode 312 and the gate
electrode 316, and the sidewall 383a and the sidewall 383b are formed on side surfaces
of the gate elecirode 313 and the gate clectrode 317 (see FIG. 15A).
25 [0128] '

The resist mask 355 is formed over the semiconductor island region 305, and
the semiconductor island region 304 and the sericonductor island region 306 are doped
with the impurity element 325 which imparts n-type conductivity. The impurity
element 325 which imparts n-type conductivity passes through the sidewall 381a and

30 the sidewall 381b and is added to the semiconductor island region 304; therefore, the
concentration of regions in the semiconductor island region 304 below the sidewall

381a and sidewall 381b is higher than the concentration of regions where the sidewall



The sem conductor island region 305 id doped with the inpurity elenent 326
whi ch inparts p-type conductivity using the gate electrode 312 and the gate
el ectrode 316, and the sidewall 382a and the sidewall 382b as nmasks; thus,
a high-concentration inmpurity region 344a and a high-concentration inmpurity
regi on 344b, a 10 lowconcentration inpéfity region 345a and a
| ow- concentration inpurity region 345b, and a channel fornmation region 333
are formed in the sem conductor island region 305 (see FIG 13D). [0126]
Further, a nmethod for formng an inpurity region, which is different from
the 15 manuf#dewnd g pdocdis3Bibldruser @rreed. i (This Gso iRHeand thel EBicop@Atdaro 13D
w Il be descyt, b&e \gintgﬁ reference to FIGS. 15A to 15C [0127] First,
B8 25t

after perforlfv’rlffﬂr“lg eps up to and including the steps of formng the

gate el ectrodezs}311 to 313 and 315 to 317 shown in FIG 12D, based on the

20 manuf acturing s, f FI 13B,, the si.de d, the sidewall 381b
are formed on si dgﬁlgﬁrtg%caé@%(?fl ?Iﬁéhegdfng“ré Ye\gfflﬁﬂ‘e%\%{%wﬁ}?& R &re
el ectrode 3l&ondidneitRi deH@hlcoﬁ&aﬁatﬁ)Iﬂdlrhﬂi&ﬁﬁl fiewal BoB82ad anghicondmeaton Si de

surfaces of the ate el ectrode 312 and the gate el ectrode 33§6 and the
si dewal | 383FPHREY tHER| JERAI | @ 385 e Firhe dmBATY; Je8ielr 13ces 28 fhe gate

el ectrode 314&%6@&&:@@1@9@11@@@% 893b] fnd SB€ chrleel Mhtion? *lpfh2831 The
e

resist mask 355 is forned over sem conductor island region 305, and the

seni conduct dPTmes Brifle papreiuaonisiind regien Wi FYHEC ifothe SePicARAuCyimd306 ar e

doped wi th thgoh sl id ¥l @R R e ﬂe@i&ﬁri%a”aﬁd\/ RenGARANGhiMidy - The
inpurity el ement 325 which inparts n-type conductivity passes through the

si dewal 11038 1igrpari 3Geiche ¥bewal lovggaiscrifiions HREEY t ®she Xemi @G‘i’ld@ct or
i sland regi qgw%%ﬂcenh%neﬁr%{lﬁ%/ AQS’D SORCENE L @lah 2 f&{naﬁ@lagg% 3‘3

sem conductor island regi bel ow t he si dewal | mfeld 381b
i s higher t Haee Itlgel doncent rati on of regi ons where the si devvaII 29 38l1a and
the sidewal Iy, b are not formed. This also applies to the sem conduct or
i sl and regi on 6.
Next, the resist mask 355 is removed; the resist mask 356 is formed over the

15  semiconductor island region 304; the resist mask 357 is formed over the semiconductor
island region 306, and the semiconductor island region 305 is doped with the impurity
element 326 which imparts p-type conductivity. The impurity element 326 which
imparts p-type conductivity passes through the sidewall 382a and the sidewall 382b and
is added to the semiconductor island region 305; thus, the concentration of regions in

20 the semiconductor island region 305 below the sidewall 382a and the sidewall 382b
becomes lower than that of regions where the sidewall 382a and the sidewall 382b.
{0131} ‘

With the addition of the impurity. clement 326 which imparts p-type
conductivity, in the semiconductor island region 3035, a high-concentration impurity

25  region 394a and a high-concentration impurity region 394b, a low-concentration
impurity region 395a and a low-concentration impurity region 395b, and the channel
formation region 333 are formed (see FIG. 15C).

[0132]
After completing the manufacturing step shown in FIG. 13D or FIG. 15C, the

30 resist mask 356 and the resist mask 357 are removed. A protective film 351 is formed
so as to cover the semiconductor island regions 304 to 306, the gate electrodes 311 to

313, the gate electrodes 315 to 317, the sidewall 381a, the sidewall 381b, the sidewall



[0129] Wth the addition of the inpurity el enent 325 which inparts n-type 5
conductivity, a high-concentration inpurity region 392a and

hi gh-concentration inpurity region 392b, a | owconcentration inpurity
region 393a and a | owconcentration inmpurity region 393b, and the channel
formation region 331 are fornmed in the 3¥eni conductor island region 304.
Further, in the sem conductor island region 306, a high-concentration
inmpurity region 396a and a hi gh-concentration 10 inpurity region 396b, a

| ow- concentration inmpurity region 397a and a | ow concentration inpurity

regi on 397b3gantheadideRANHESh, fhosiRivkI0BSILPidihe d&Ewatirag3b.or med (see FIG 15B).
[ 0130] Next the resist mask 355 is renmoved; the resist mask 356 is forned
over the 15!¥&M conductor island region 304; the resist mask 357 is forned

over the sem condyefigdn diglda @ﬂimroe QisPRoBNBrdeans cbﬁt@mﬁ@rﬂx@géld&ﬁtb@ﬁxsdd%ﬁ n d
region 305 is doped with the inpurity elenment 326 which inparts p-ty

conduct i vi t $e Prefectivenilip |3§1y‘ efﬁféf?é‘?ﬂﬁ}’g%s%’iﬂé Rilp ﬁ%}%\’rstf%m&dt‘if’ﬁb*héﬁﬁ%ﬁf&’t’? Vi ty
passes throggh 3T5F'e &h depablc ﬁ&ﬁamt%ﬂﬂn% Elfch%k denabh o?eﬁ@tmﬁm dilfofdelade to the

semni conductor island reg |on 305; the concentration of regions in 20
t he semi condilret =0$111¢0§Inamde fibyicomais g Mietasty & Wicos ingEdafilm semainrdxyEra.

e o AP Rnty Rl gy W bRl 0o

and the sidewa 1 tion e inpurity
el enent 326tmﬁladkbyi apelyingdp filopper © ayehgd thilmi in ywhidhntwohes werei sishdayetsore | sl and

regi on 305, Bl RONEFL HEHLANLIBUILINY A7 SERLOMAYA and 2

hi gh- concen t5° o0 npurl regi ncentration inpurity
regi on 395af@u3id] a Iomfconcentratlon i mpurity region 395b, and the channel

formati on region 33 rc, for 15C) 13 er. ¢ l.eting the
manuf act uri ng st eé(”gzl"fg\]ﬁﬂlcf ﬁregfoﬁngiétbthc in erfgﬁl 9{1%?1 Aé#ém sg Hpmgé 356
and the resfigh iRskeBd toataht Binmager mséhlzpi‘ngtfmﬁt?:ls&land tHeraodbitt kdesf ardtbel so as
to cover the sem, caonductor islan eqgi Qns to 306, the gate el ectrodes
311 to 313, SPHRCEh tmgp %tekﬁd&aé%mwgmg%g@t?%%? he sidewal | 38la, the sidewal |
381b, the sgﬂgw@ll 30 382a, the sidewall 382b, the sidewall 383a, and the

si dewal |
15 As a conductive film for forming the wirings 361 to 365, a conductive film in

which a lower layer of a metal film of molybdenum, chromium, titanium, an
intermediate layer of an aluminum film or an aluminum alloy film, and an upper layer
of a metal film of molybdenum, chromium, titanium, or the like are stacked may be
used. A metal film of molybdenum, chromium, tifanium, or the like serves as a barrier
20  metal of an aluminum film or an aluminum alloy film.
[0136] |
The wiring 361 is electrically connected to the high-conceniration impurity
“region 342a or the high-concentration impurity region 392a through the contact hole
provided in the interlayer insulating film 352 and the protective film 351. The wiring
25 362 is electrically connected to the high-concentration impurity region 342b or the
high-concentration impurity region 392b and the high-concentration impurity region
344a or the high-concentration impurity region 394a. The wiring 363 is electrically
connected fo the high-concentration impurity region 344b or the high-concentration
impurity region 394b. The wiring 364 is electrically connected to the
30  high-concentration impurity region 346a or the high-concentration impurity region 396a.
The wiring 365 is electrically connected to the high-concentration impurity region 346b

or the high-concentration impurity region 396b (see FIG. 14B).



[ 0133] A silicon nitride filmor a silicon nitride film containing
oxygen can be used for the protective film351. An interlayer insulating
film352 is forned over the protective 5 film351. An inorganic insulating
filmsuch as a silicon oxide film a silicon nitride film a silicon
nitride filmcontaining nitrogen, a sildlcon nitride film containing oxygen,
a single-layer filmof a BPSG (borophosphosilicate glass) filmor an
organic resin filmtypified by a polyimde film or a layered filmin which
two or nore such |ayers are stacked can be used as the interlayer

insul ating faism 352 (see FIG 14A). 10[0134] Contact holes are
formed in the interlayer insulatjng film,352;: a conduct.ive filmis,forned
to cover the intefEARESOf ﬁghlu%ﬁ‘i% fhey ?ﬁ“ﬁ%‘}f%&ﬂ%f Fﬁ‘& 58%‘9%1?94 HBY 28 Mand t he
conducti ve hidhMohSenhGdietnfulity QpMni4dangsl 86 lhidtocodbintralifd 3apurithAsgion
conductive filmfor formng the wirings 361 to 365, .a conductive filmin
whi ch a | owdf2l dpletre sgurge "ﬁgtd&}m FaEgRsobe HOT-GONFERITAYPR ERPBHY BrEon 324 m  an

i nternmedsat g, lﬁ%%on%nt%r@ilrﬂﬁth}l&%iﬁh BRI an @ fh et NERad 0% efoh 1301; @ad an
upper layer of a netal filmof "nol ybdenum chromum titanium_ or the like
are st ackedgatyinpiatingSim 38prendathefgatensledirode By baeh the) 2akhpleradm32Pilt &hi um  or

the like S%ch%g]% tnd@d | %rtragxgstgpﬁ“?i ing:fud t"ﬂ{: @éﬂli@b&@uf:fiol‘ R ARioRkpET num

alloy film he wring 361 1s electrically connected to the
hi gh- concenhadtg 6 highpeumitnyrati@ginpnriB42aion f444vad thaihgleoenrcepiration BBprithpur i t y
region 392a_thro h nt ac I OV in ' ry ' | ati ng
film 352 an§® %‘%5‘%@0{“%@‘?\%‘%& § %rriﬁpg%% pﬁFﬁ}\é‘k’s&ﬁ ?ilénvg C%%g%%%icﬁslh@?{g@tﬂf ?gl |y
connect @t t G4fhendnhghwcomcentatian ingrrityEgiont3ySh,agil tre BaRis! rmaten region

hi gh-concentration inopuyj.ty.region 2b _an h igh- _ i Enpurity
regi on 344355 DhERIBHeLH FRAEenEe B iochyie 2B HOREC LA TP
is electrica hy-cdanneehegktdo Ahenkisigh 326 whdingathe eemicouducior yslaeigiegion 344b or

t he high-co tration inpurity region 394b.. The. w rJ 64 is electricall
connec%J ed tgﬁg H@V% tﬁ? &Fﬁ‘é‘iﬁ’ﬁﬁe@ﬁf@q&’??wrﬁ%ﬁ?ﬁl‘?ﬂ gg?aeﬁdoﬁgB%ggc%’F%%ﬁag%n y
hi gh- concentpgsigRediom B46bt fatra@Qsc@FceIDBairaid PepionsS the Govd6andestratioadinpidigl | y
connected to the high-concentration inpurity ,re%il%n 34§b ga}l t{]},e i

hi gh- coléent$&ien 3aianp diG ly-cPagnisiondBIpuiydEeips o470y 1) the channplfpamation A
transistor 3dtod nBkuUticnghd RRuSEH GERCISE Qhd ithd aRd d@gban 3304nbaké pgict he

hi gh-concentration i npurity region 342a_and the hi 9h-concent,r ation inmpurity
regi on 342b clasapdnid §60 alawgtrmsaﬁt% r &b Berssiar 3d T piliedirneitor 41t 8%

impurity regiai-a433 canss pirddi&750W concentration inpurity region 343b, and
t he channel gllT’or r?atl?on regi (gn 331; the gate insulating film 308; and the

gate el ectrdde811 and the gate electrode 315 is an n-channel transistor. A

Lransi stgr 372 I nehudlR0qLE.SERt 890dyGhane 1] alcheaben i3 Raihnmathe

hi gh- concent ra‘ti on 1 np y region 344a al I ?h- concentration inpurity
regi on 344b hahiag tlarléglsourcegrating irgruaity ragegi 39@3s and the highworesntratinoy igwpi oty
purity r e%gqgn 392b that are source and drain regions, the low-concentration impurity region
393a and the low-concentration impurity region 393b, and the channel formation region
331; the gate insulating film 308; and the gate electrode 311 and the gate clectrode 315
25  is an n-channel transistor. The transistor 372 including the semiconductor island
region 305 having the high-concentration impurity rtegion 394a and the
high-concentration impurity region 394b that are source and drain regions, the
low-concentration impurity region 395a and the low-concentration impurity region 395b,
and the channel formation region 333; the gate insulating film 308; and the gate
30 electrode 312 and the gate electrode 316 is a p-channel transistor. The transistor 374

including the semiconductor island region 306 having the high-concentration impurity

region 3962 and the high-concentration impurity region 396D that are source and drain



10 345a and the | ow concentration inpurity region 345b, and the channel
formation region 333; the gate insulating film 308; and the gate el ectrode
312 and the gate electrode 316 is a p-channel transistor. A transistor 374
i ncl udi ng the sem conductor island region 306 having the high-concentration
impurity region 346a and the high-conceftration inpurity region 346b that
are source and drain regions, the | owconcentration inpurity 15 regi on 347a
and the | ow concentration inpurity region 347b, and the channel fornmation
region 335; the gate insulating film 308; and the gate el ectrode 313 and

t he gate el aggibagee3dw-cosceanativndhaimnitg kegisredish stdthe IFheotcesingios tropurBy1 and
the transistor, 372 are i|nclud in.a CMOS ci.reuit 373 .[01381.20S mlarly,

t he transist%ﬁm%§§nﬁ' %ﬁ?ﬂﬁﬂ%&@ﬂygﬂ?gﬁﬁﬁﬁﬁFoie?§F§R3MP%%§%%i%%gn %%ing t he
hi gh- concentgaad diQoldTPLY drdythé £9¢ 68c1292 31 Afsthntrchatic franinae nThatrmistar mpur i ty
region 392b that are source and drain regions, t | ow- concentration
impurity regi’drngtgdra ﬂﬂo%%@“¥%ﬁﬁ@ﬁﬁbéﬁfﬁﬁ§58ﬁmﬁﬂ§ﬁrity regi on 393b, and
the channgl fhosgmation region 331; the gate insulating film 308, and the

gate el ectrode 311 and the gate electrode 315 25 is an n-chapnel |
transi stor. The t Ngifsithatops 3fpp thaciantishy She WA cliSnAutBr eS| HRE PRI on

305 having t}h%-@dr%ﬂt&%& drRY te@fbnk GRRI bY sduBQ! 08 439 eefHE nfa @e formed

hi gh-concentration 1 npurity regiron 394b that are source and drain regions,
t he | ow concwititauafarmimg thp low-cancerdytion oBHY mepntifar pehihe It EACaroR
impurity regjon.399h, h ] ibP Tmb &Sy O B33 395N €indl kiR

i nsul ati ng %b&g?ébggygﬁggfﬁe%6g$gmggh§%%%%?%de % gggnd_ he gateneléétrode
316 i s alp- chermetentratims inspuoity répim 89Pms s thet capq in Hid indthsgempgenductor

sem conduct or, i sl and r.egi on Ang. t i:gh- coneentral i e ARWLLLY
regi on 396a ’Séﬁ%“?fﬁ%‘mr?‘ur"gh‘i %&ﬁ%%%?rp%#%gcé%&?iltgf/br&gg?gn 396b t hat g%g sour ce
and drain 3lgctiodgBihsnd thhezatecalectrode 81, rrad ihgh-donputation magngnre8®aaagnd t he

| ow- concentration.inpurity region 397hb nd C r j.an gi on
335t he. gar@ bl HEIRG 1 AsoRe S ia opigtao Rl bl SR 02 e
el ectrode 31fgmmgdit gtchenaat 31X adthsgaos cledhde 8t@osh ttecemBphduwtm it

transistor 372 are_included i.n a circuit 373..5[.0139 Not e t hat
b or "t b CRERBDPGR PP ROT SR TR RYPE DAY Py be added 2
hi gh- concent §;a4 b@RedtBUAI ty regi ons which are source and drain regi ons may
be formed w thout formng the | ow concentration inpurity region 345a and
the | ow concl#®lation inpurity region 345b, or the | ow concentration
impurity region 399ananeh hReadOof QO PCAMIR kR dr TR Pehdenti §hOWHEROD. In
that case, in the in the sem conductor island region 305 a channel
formation re¥i20nnEIYnRestc¢p hsd-shanne! PFasisi 39él ow the gate el ectrode 312 and
the gate, el e@'ggrﬂde 316, and high-concentration inpurity regions are forned
er

in regions o than the region. In order to obtain such a structure,
after forning the Rysther, & 8ds pobediment mpdp sidewalliy ecdpared: JwesLeomy éhe t he

sem conduct of,l Safihed Baf B9t AMed Fnod TolnlIBY Ll Wal Rl LAR Mg el C 1 B R4S
p-type condu fakv y nay be added at a high”concentration. [0140]

Further, in ssrenekder dipingswitigaminpudiyamiiel inpazn shstamdugtiviepan denef aLate he
Wiring 362 i ot, connected..to.the n-c I 7 : ]

Fur ther - in ERISYenbBNF Aerf i abh ull ChaRy Bkl Wt BLEE o HeonkihalBF1 |
gat e el egs r othasormye bethbammpdewistdhiout form ng sidewalls if not required. In
t hat case, aﬁng sk for doping with an inpurity which inparts one
conductivity:i ?i/mone of a gate electrode, a gate insulating film and a
newl y formed resi sin eRsiple Of aphlgiaghinaMiamcieduit 373 and transistor 374 formed in

accordance with this embodiment mode to a liquid crystal display device will be
described with reference to ¥IG. 16, ¥1G. 17, and FIG. 27,
30 0143}

FIG. 16 illustrates a cross section of a pixel portion of a liquid crystal display

device. An alignment layer 402 s formed to cover the transistor 374 serving as a pixel



25 two or nore of them may be used. [0142] An exanpl e of applying
the CMOS circuit 373 and transistor 374 fornmed in accordance with this
enbodi ment node to a liquid crystal display device will be described with
reference to FIG 16, FIG 17, and FIG 27. 30[0143] FIG 16
illustrates a cross section of a pixel 3portion of a liquid crystal display
device. An alignnent |layer 402 is fornmed to cover the transistor 374
serving as a pixel 33 transistor, the interlayer insulating film 352, and
a pixel electrode 401. Note that the alignment |ayer 402 may be forned by a

dropl et di s¢has@s, FRlihedayes GieemPRiNtINand 8hiel thekoderdont i Note thfttier t hat,
rubbing treatnent is performed on a surfai:e of the al ignment l.ayer 402.
5[ 0144] aligmgahlayefO2dBtibe foraeh Ryt  4ioaleh fiEchasnPEPrea i PH e8] or

filter inclygdido ik INhel Ui ALY Rsaddd Kapsormed el edutfaceast andl ack
matrix), a color layer 413, and an overcoat |ayer 414; further, a counter

el ectrode 4#8ewnhieteid02a |ight-transnitting el ectrode and an al i gnment

| ayer 416 tmﬁhg ver are formed. The counter electrode 415 10 is fornmed of a
light-transmtting el ectrode; thus, the liquid crystal display device of

thi s enbodi ment ribde. ths cauntersnbitiatesiiy és wmqﬁpdjwetwsqoéar fdespriagingaizde. Not e
that when t count er .S of a, ref I g3 elgchy ode,
the liquid §§§§P%ﬂ3%¥§§P§§Eég§§g§}g¥a?ﬁﬂg&%ﬁgggﬁﬂéﬁﬁﬁﬁggégtecdnes_a
reflective biguiat layeysitia) fditeplayowtevicdetro®ot &S tiharedMic 1pht-iranseitting vi ew
illustrating,the positional | at j,onshi F%ﬁ% t ' 74 and
t he pi xel el‘%{fﬁ(ﬁd&&@g 4% iﬁweé%%&?redlgﬁ%e\?\%og?ﬁﬁ% 8 h?%c}%g{w&?&é&h%ﬁ@%}% 17

i |1 ustrapes igfolrheibith Kahy-staadmiding pleayoddethng ehdhhqiid gryatapdisghy pondeiabthishown i n
FIG 16. The ligquid crystal displ.ay,.deyice sho i,N-Fl Gy 170N a

pi xel porti SWL%%E‘@BH"B “ad %“frﬂgﬁva)b‘ﬁw%ﬁy? if}ﬁcc'ﬁs [\{Y;Q)Y seyee X Ogcctgﬁt ‘%ﬁl'cﬁlce{ggri ver
Circuit 423comtdr dJedudde 1y stialforddddifsplallyctpandbcidiad, thaviiquil erysikigdaplay i ne

driver circuit, 424 for supplying,video signals.tq.sel ected,pi.xel.s,, and a
oo t Csubdevia ot #is cabePy Bro bEGReS ool dint iR FLESARTO B iuee
separation GigiCkiat FAG3 AL f1ep FRsk illieatink qbé Gositiysd atlatbrspipayetpanahe 421 and
the circuit substrate 431 are eIectricaljéﬁconnecteﬁg$g§mﬁth a connection

Wi ring 434, tposiste)374gmh theurirel eleetrods 0L which gre shqwp in, or and a liquid
crystal di s%ﬁg%devi ce can be manufactured using an SO substrate having a

single crysta em conductor filmw th increased area. )
EIG. 17 illustrates a liquid crystal display device having a pixel portion shown

in FIG. 16. The liquid crystal display device shown in FIG. 17 includes a pixel portion
422 provided with a plurality of pixels, a scan kine driver circuit 423, a liquid crystal

20  display panel 421 having a signal line driver circuit 424 for supplying video signals to
selected pixels, and a circuit substrate 431 over which a control circuit 432 and a signal
separation circuit 433 are formed. The liquid crystal display panel 421 and.-the circuit
substrate 431 are electrically connected to with a connection wiring 434.

[0146]

25 Through the above steps, a transistor and a liquid crystal display device can be
manufactured using an SOI subsirate having a single crystal semiconductor film with
increased area,

[0147]
In this embodiment mode, the transistor is formed using a large single crystal

30 silicon film with uniform crystal orientation, which is formed by the method described
in Embodiment Mode 1 to Embodiment Mode 4, and thus uniform transistors with high

performance can be obtained. Specifically, nonuniformity of important transistor



[0147] In this enbodi nent node, the transistor is fornmed using a | arge
single crystal 30 silicon filmwth uniformcrystal orientation, which is
formed by the method described in Enbodi nrent Mode 1 to Enbodi nent Mbde 4,
and thus uniformtransistors with high performance can be obtai ned.
Specifically, nonuniformity of inmportant4transistor 34 characteristics
such as threshold voltage and nobility are controlled, so that higher

per formance such as higher nobility can be achi eved. [Enbodi nent Mbde 6]
5[ 0148] In this enbodi mrent node, a light emtting device using a
crystall i ne chemttedsids ctar asl dysholdnvaiego nathnodility tie dembodedymntthdtidghet t o
Enbodi ment Myde 4 and a é”igi?s-i s{%}oltrit in %%c?r dapce wi th Enbodi ment Mode 5
wi |l be desctiBEW i 5" et et d MBS F ESUEA and 26B. 10[ 0149] FIG
26A is a plan view of a pixel of the light emtting device, which includes

a selection transistor 851 connected to a signal line 882 and a display
control trad@?@?@ngégogﬁﬁnected to a current line 852. The light-emtting

device has gosdgjucture in which each pixel of the light-emtting device is
provided with a light-emtting elenent that has 15 a light emtting |ayer
formed to contai nihrihig| @ehadspent ALebent inkt ERitES HetiGReling Farwsighine

el ectrodes (@h&@ndiRi@Ndyedint RcAdaftd VEkh EAYEShenBdOf 1 RELBAELLI QeSS4 Or M ng
the light emtting elenent is a pixel _electrode 883, which is connected to

3 icC
the di spl ay %8t tEPsiseTaits pesprsiangs vithFEmbodiment Moge o g4X - bye descuied] With ew

show ng a mgLR . Hal{ 9Es SHahna 2Bisxel . [0150] 20In FIG 26B, there is a
portion where a sem conductor film879, a gate insulating film 884, and a

gate el d&trdaE985 are formed and stacked over the substrate 871. The

el ection transi s 280K Afdh L5 HSplerys oMl b Bslinl Ol ol o e

to have such a portion. sem conduct or é a crystalfline
seni conduct eelettipparankiston8Tiocaamncied v & highmtbodi §88 mind odispldy tcaiBhbodisient Mbde

£5,°00, 1 e BSSELREPLOD 4GA0AL RIS o0t LAl At UL R
cach pixel of the light-emitting device is provided with a light-emitting element that has
15 alight emitting layer formed to contain an electroluminescent material between a pair of
electrodes (also referred to as an EL layer). One of the electrodes forming the light
emitting element is a pixel electrode 883, which is connected to the display control
transistor 853. FIG. 26B is a cross-sectional view showing a main part of such a pixel.
[0150]
20 In FIG. 26B, there is a portion where a semiconductor film 879, a gate
insulating film 884, and a gate electrode 885 are formed and stacked over the substrate
871. The selection transistor 851 and the display control transistor 853 are formed to
have such a portion. The semiconductor film 879 may be a crystalline semiconductor
layer in accordance with Embodiment Mode 1 to Embodiment Mode 4, and the
25  selection transistor 851 and the display control transistor 853 may be transistors in
accordance with Embodiment Mode 5.
[0151]
Further, an inferlayer insulating film 887 is formed to cover the gate electrode
885 of the display control transistor 853. The signal line 882, the current line 852,
30 electrodes 859 and 860, and the like are formed over the interlayer insulating film 887.
Further, the pixel electrode 883 electrically connected to the electrode 860 is formed

over the interlayer insulating filimn 887. The periphery of the pixel electrode 883 is



[ 0151] Further, an interlayer insulating film887 is fornmed to cover
the gate electrode 885 of the display control transistor 853. The signal
line 882, the current line 852, 30 el ectrodes 859 and 860, and the like are
formed over the interlayer insulating film887. Further, the pixel

el ectrode 883 electrically connected to3fhe el ectrode 860 is formed over
the interlayer insulating film887. The periphery of the pixel electrode
883 is 35 surrounded by the insulating partition |layer 854. A
light-emtting |layer 855 is formed over the pixel electrode 883. A counter
el ectrode 85@iricendedrhyetie osalntiigmriitiqghtbye 854.t | Adightageeittind3&yer Theispbroadd

portion is fjlled w S L, ng, resin 857 gg?.i_ rovided W th a.counter
substrate 85@"%@“&? i’feté?lﬁ%(r)ordgghgnt}\ ST clEifesp i %r‘%egﬂﬁa@gﬁfjl%}'%@i%e

regi on and alaglersisn. r €3¢ pimeloforfidiels Sitike ofitharsehlignNesis 807, M8 1s povRkesithiacal | y
connected to_the si%nal as %ﬁscribed above. Further, the other of

i ne 88
the source r&YPERSUREE ﬁr%.\é ﬁradiﬁ?f%?r%ed]i‘ P8 the selection transistor 851 is

el ectricadl yjoaemnected to the gate el ectrode 885 of the display control
transi stor 853 through the 10el ectrode 859. Further, the selection
transistor 851 had™§ Yat &°Ure el gl oitetesion dfdhe Reedyion dragsiaer folds i n

series. [O015dctrically connecttl®o klcHMnaPThd 83208 ASMIkE a08vel NFgrierned et node
is fornmed using a [arge crystalllne sem conductor |ayer, which is forned of

a crystal | i n@esapice srier et teadraip egiptah thnistlettioncrapsislar 88t iielesiticaly, t hus,
variation of . ghfe&har e tall didbd. RES WEaR ‘ﬁ%qiy L4 3P kaﬁs@s&%%@ iRfubeduced.

Note that a transistor formed froma crystall’ine sem conductor |dyer is,
for exanpl e, clestiods B&ht Tuthen thesplestivm trigsisthnBHchas ai sotei wising 8% cammeded toent

drive capabighE%Xtegﬁg@m@qu&QQus silicon transistors; therefore, the size of
the transistor “can be reduced, so that aperture ratio of a pixel portion in

a di spl ay pai®é$3] 20Consequently, high quality display can be achieved.

| Embodi ment Mode e e dhididl hie SRR IR Woacts BbLARLDGES RO W ||
be described as an“ex e 0 a sem conductor device nmanuractured usi ng
a crystal |l i neysdine samioatdoctot myer whithas domadnde ewyithllibodcoeinttoMager 1 to
Enbodi ey Myge 4;And AL ANSI AR dl, 65RLHANCE. Y EIRadhIRAL, oge 5
with referente to"FIGa54 > WIS, aracienishics belween eac
transistor can be reduced. Note that a ftransistor formed from a crystalline
semiconductor layer is, for example, excellent in all operating characteristics such as
current drive capability than amorphous silicon transistors; therefore, the size of the
transistor can be reduced, so that aperture ratio of a pixel portion in a display panel.

20 Consequently, high quality display can be achieved.

[Embodiment Mode 7]
[0154]
In this embodiment mode, a microprocessor will be described as an example of
25 a semiconductor device manufactured using a crystalline semiconductor layer in
accordance with Embodiment Mode 1 to Embodiment Mode 4 and a transistor in
accordance with Embodiment Mode 5 with reference to FI1G. 24,
[0155]
A microprocessor 800 shown in FIG 24 includes an ALU 801, an ALU
30 conmtroller 802, an inmstruction decoder 803, an interrupt controller 804, a timing
controller 8053, a register 806, a register controller 807, a bus interface (Bus I/F) 808, a

read only memory (ROM) 809, and a memory interface (ROM V/F) 810.



[ 0155] A m croprocessor 800 shown in FIG 24 includes an Al,U 801, an ALU
30 controller 802, an instruction decoder 803, an interrupt controller 804,
atimng controller 805, a register 806, a register controller 807, a bus
interface (Bus I/F) 808, a read only nengry (ROVM) 809, and a nenory
interface (ROMIR) 810. 36 [0156] Each of one of or nore of the ALU
801, the ALU controller 802, the instruction decoder 803, the interrupt
controller 804, the timng controller 805, the register. 806, the register
controller 807, the bus interface 808, the read only nenory 5 809, and the
menory |nterW%@ﬂ 810 is forned using the crystalline sem conductor |ayer of

Enbodi ment Mode 1 Hah %@bgﬁg BER} nM?geofAthénAgL‘ghﬁ)f rtﬁ‘@%l,sd %ontrolleggggdkmam

Mode 5. [0157] An |nstruct|on Inputted to the nTcroprocessor rough
t he bus i nt eipftasdiogeigeatier 863, |th@mt@rgd>t tconttrddk:rlfi@él thucmmmg wecaiters0808e

decoded t her 2,. the interrupt
control | er 1%%1@&31 206 lw?ﬁ%tlbk %gllci)t%@gro%@%rtg%ws mter ? %@é’ttﬁerﬁeﬁ{g ORI PRIV er 802
The ALU cont80§l hwet th8@Em@hmtarﬁt@%l&ﬂpﬁomﬂtwsmlgltecr ci§8dlliné henit@GLabEhyer
controller 8 nt,r ol | 0 rformyvario control s
based on theq e]rf:}%1 mlﬂﬁ%i ?H@ ?ﬁﬁn%ofgfﬁi%é?& 2 &S gé?)érﬁ?sﬁt(&'a‘r b‘ldlﬁ‘@e%LU

control | er 8d2dgenerates signals for controlling the operati on of the ALU
801. Wiile g@is croprocessor is executing a program the interrupt
controller g]rocesses an interrupt request from an external input/output

device or a peri phariadtrueiisiCidpitted &5@E nBEoploSesdbr SO0k udt tht BS iNRSkSoat e The
regi ster, 20 Control | er. 807 L%e nerates an address of the register 806, and

r eads/ w it ed® dued (ot BstrieHon defodere§03gdecadad Akeseipaacieninmstiecho deat e of

the micropr oCEs $9hwolBRB0L ik Rt TcBﬁllchx%f 85@5&19? $8l EirSi @RS
controlling timng of operati oﬁlg@gf t he g%; he ALlj co@?o? dg{hEBOZ

t he i nst r uct'i"gRS FORGeLH %3 Tfl?léurlht"@??@é’f %nﬁﬁolﬂ@fu%@ﬂmr{é}nd 8phetheegi st er
control ler § 1ﬂcf&ﬁﬁ6mﬁﬁﬁb%md%ﬂﬁnﬁhgh&&nﬁﬁpE@@F&ﬁﬁm&gﬁoﬁ &Xbﬂ%@ off th an

internal 25 clock generator for generating an tnterna naI CLK2
based on a rtkfcedddngnsita signal CLKL, and supplies the |nt er naI cl ock
si gnal GsK2 thpsghhe above circuits. Note that the m croprocessor 800 shown
in FIG 24|soly an exanple of a sinplified structure, and actually,

m croprocessors capediially,viae i AL @hﬁu@w%@sgciep@cndmggalmrfamsagmih@%%]

30Th 0 digpg.t tured
G o | ar oRoaragoE ORLRCRY A R ioPlRp BB &) Ctoniiet RGPSt bed | n

using a large single crystal silicon

Embodi nent  Mgdeuit cootrid i neodesdvbde idterrapidregticsi floaghatee@mal mpui/dutps f or med

using a device or a peripheral circuit based on its priority or the mask state. The register

20 controler 807 generates an address of the register 806, and reads/writes data fmm/té the
register 806 in accordance with the state of the microprocessor. The timing controller
805 generates signals for controlling timing of operations of the ALU 801, the ALU
confraller 802, the instruction decoder 803, the interrupt controller 804, and the register
controller 807. For example, the timing controller 805 is provided with an internal

25 clock generator for generating an internal clock signal CILK?2 based on a reference clock
signal CLK1, and supplies the internal clock signal CLK2 to the above circuits. Note
that the microprocessor 800 shown in FIG. 24 is only an example of a simplified
structure, and actually, microprocessors can have various structures depending on usage.
[0159]

30 The microprocessor 800 according to this embodiment mode is manufactured
using a large single crystal silicon film formed by the method described in Embodiment

Mode 1 to Embodiment Mode 4, and an integrated circuit is formed using a



37 sem conductor filmhaving uniformcrystal, and thus the thin film

transi stor can achi eve | ow power consunption as well as high processing
speed. [Enbodi nent Mbde 8] 5[ 0160] In this enbodi nrent node, as an
exanpl e of a sem conductor device manufactured using a crystalline

sem conductor | ayer in accordance w th3Enbodi mrent Mbde 1 to Enbodi nent Mde
4 and a transistor in accordance with Enbodi nent Mode 5, a sem conduct or
device having an arithmetic function, which is capable of 10 transmtting
and receiving data w thout contact, will be described with reference to

FIG 25. [0i8}konductor tiffl favigPuilifrd Rry@%a Rk e theahddiputaasistohemeichiald er
referred to as an RFCPU) which operates b%/, transmtting and receiving
1

si gnal to/ f AoWPeHFE ERIEREPT Bevsibes Dhgh PISCERFip®IgeS communi cati on. An RFCPU
821 has an analog circuit portion 822 and a digital circuit portion 823.
The anal og circuit portion 822 includes a resonant circuit 824 having a
resonant capBwmbedmentdededifier circuit 825, a constant voltage circuit
826, a resety, 'OTcuit 827, an oscillator circuit 828, a denodulation circuit
829, and~"a % ulation circuit 830. The digital circuit portion 823 includes
an RF interface 8B1thia cdntlimint 20odegisstaer c8amle Pk orruieEee 1dYicB33, a

CPU interface 834 central .pr.ocessi ' W) ith AN AGEESS
nenory (RAI\/)maé‘%%Fth%?ﬁdl “Rerfea t@hﬁ/&?@%{&%&w&gwéﬁ%gi%2]1 _ Each of ,
one of or mMedeaf tottaeormsmndhide diand aittngAds intaherdasee with Eatiodiment Mede t 825,

the constant_ voltage ¢circuit.826, .the_r L reult 827, th l.at or
circuit 828,5’t%éeﬁgoﬂg’ﬁ{?&lu‘?‘e&’f‘i&oﬁav&?g &l ?ﬁt@%&& tiﬁ%ﬁtlr%%’du N5 Eéra] Cg rc‘g'luio'jsl 830,
the RF ift erfzae6iu83knd theivapniatobitioagisitaet, v8BDe destabel witk refarroe ¢ Fi6r 833,
the CPU interface 834, the CPU 835, the RAM 836, and the ROM 837 is forned
using the cr2§stal | i ne sem conductor |ayer of Enbodinent Mbde 1 to

Enbodi nent I\(gﬂgt]4 and the transistor of Enbodi nent Mbde 5. 30[0163] 38
resonant circui

824. The induced electronotive force is.stored.d
capaci tor porti ontB38>\p éntel’ié‘“PIE&fiaf?Oé’?Puéqrr(%ﬂF’f‘a%eégfﬂ“%fﬁ% t%s?og%?ﬁ#g? ortion
839 is prefepall ¥pdRedey sk eAPAeively Sped 5o eeleartmnl dapacbyor or
an electric double |ayer capacitor. The capacitor paortion 83985."?%:1(% f or med

over t helsanuireeshsematugicgdon. h ARRECEUSSH BtS #paimais Gr@dchEten

digital circuit portion 823. The analog circuit portion 822 includes a resonant circuit
824 having a resonant capacitor, a rectifier circuit 825, a constant voltage circuit 826, a
reset circuit 827, an oscillator cifcuit 828, a demodulation circuit 829, and a modulation
circnit 830. The digital circuit portion 823 includes an RF interface 831, a control
20  register 832, a clock controller 833, a CPU interface 834, a central processing unit
(CPU) 835, a random access memory (RAM) 836, and a read only memory (ROM) 837.
[0162]
Each of, one of or more of the resonant circuit 824, the rectification circuit 825,
the constant voltage circuit 826, the reset circuit 827, the oscillator circuit 828, the
25 demodulation circuit 829, the modulation circuit 830, the RF interface 831, the control
register 832, the clock controller 833, the CPU interface 834, the CPU 835, the RAM
836, and the ROM 837 is formed using the crystalline semiconducior layer of
Embodiment Mode 1 to Embodiment Mode 4 and the transistor of Embodiment Mode
5.
30 [0163]
The operation of the RFCPU 821 having such a structure is roughly described

below. A signal received at an antenna 838 causes induced electromotive force at the



5as anot her conponent to a substrate having an insulating surface that
partially constitutes the RFCPU 821. [0164] The reset circuit 827
generates a signal that resets the digital circuit portion 823 to be
initialized. For exanple, the reset circuit 827 generates, as a reset
signal, a signal 10that rises with del38y after increase in the power supply
vol tage. The oscillation circuit 828 changes the frequency and the duty
ratio of a clock signal in accordance with a control signal generated by
the constant voltage circuit 826. The denodul ation circuit 829 including a

| ow pass filter, fok &xa o aitcA Al @Q8otRRABEE Ss btBrednPhichprd@oofori@cept i on
signal s of Iezi(ﬁnaé‘ﬁﬁ él%ﬁtu%g' gﬁe}a}? g i r?g (ASK) system The brlmgPuI a isqn E§:i rcuit
830 change$3d Giatihrercatifish Frades26f heeﬁﬁ%aﬁt%%ﬁ%ﬁlp%ﬁéﬁ%?@f%? BIERPI T tate shift
keying (ASK) systemt - o} 686 c1e 0@ apRsltlagéd capacitbr: Clthd caB@Btochanges
t he resonafgd® ‘?Drisﬁ?rgaé’g C?rﬁggé%ggér?gﬁce circuit 824%1 h%br eby ‘c%angi n? t he
anpl i tude @briioaBBUMLEBE foonedsgnti sameTbs ek owkhbiER O P Ty de dtes a
control signal for changing the fr Yo AR hotsBa Ul M phidihil OcRktithifee cl ock
si gnal Pn é&&%ﬂ&éﬁ%p%cgﬁo%S%Fe‘la%&%gﬁ’g%loftaglgsoracurrgnt c)gnsurrpti on in
the 20 CPUR3grcAthe2znower supply voltage is nonitored by the power supply
control circuit 840. [0165] A signal that is inputted to the RFCPU
821 from t H8loht enna 838 is denodul ated by the denodul ation circujt 829,

and then di vi dedrhdfeet 2ir6QNET0dencramsa bignal det sxscta fiy digital oECUftiiRBIBE2P he RF
interface 831. The control copmand is .stor i e egishar 832.
The controlto é@)?ﬁ#‘aﬁ%@“f-n(@%ﬁ{é‘gﬁp%dﬁﬁ C"&?figég?gc%f%‘lf}éﬁ?%gét%iagn%d%ﬂh_%w,

Wi ti ngof ({atacd fih BaaRAM83Geasa i ME ipbheetpplyivoitsgeu cTheovscilotioheraepy 835,
and the like. The CPU 835 accesses the‘RCNIf8347{6 the | N%&%Emn?pgﬁﬁQe
control redi28taenmsthe frequeney @SUNE Aul RER &F 84k THE interface 834 has a

function of AL Dhe ARAARCAE Sofi@nadlafotirainysasn eTiof da®dihEoRAME37, t he
RAM 836, arsi i hia an ke i

829 including a lro(\)hlr parsse %itgrf ]%rr e:?ailzpig %?n%}sz:?snch%]gcsa gldarﬂ?;ﬁi%udfe%q ?&%ﬁfﬁ)ql
signals of an amplitude shift keying (ASK) system. "The modulation circuit 830 changes
15 the amplitude of transmission signals of an amplitude shift keying (ASK) system to be
¢ransmitted, The modulation circuit 830 changes the resonance point of the resonance
circuit 824, thereby changing the amplitude of communjcation signals. The clock
controller 833 generates a control signal for changing the frequency and the duty ratio of
the clock signal in accordance with power supply voltage or current consumption in the
20 CPU 835. The power supply voltage is monitored by the power supply confrol circuit
840.
[0165]
Asignal that is inputted to the RFCPU 821 from the antenna 838 is demodulated
by the demodulation circuit 829, and then divided into a control commmand, data, and the
25  like by the RF interface 831. The control command is stored in the control register 832.
The control command includes, reading of data stored in the ROM 837, writing of data to
the RAM 836, an arithmetic instruction to the CPU 835, and the like. The CPU 835
accesses the ROM 837, the RAM 836, and the control register 832 via the CPU interface
834, The CPU interface 834 has a function of generating an access signal for any one of
30  the ROM 837, the RAM 836, and the control register 8372 based on an address requested
by the CPU 835.
{01606])



by the CPU 835. [0166] 39 As an arithnetic nethod of the CPU 835, a
nmet hod may be enpl oyed in which the ROM 837 stores an OS (operating system
and reading programis executed at the tine of starting operation.

Al ternatively, a nethod may be enployed in which an arithnmetic circuit is
formed with a dedicated circuit and an &fithmetic process is 5 conducted
using hardware. In a nmethod in which both hardware and software are used, a
met hod can be used in which a part of process is conducted in a dedicated
arithnmetic circuit and the other part of the arithnmetic process is

conduct ed by the CRUNSSBhmgicmepttedmi digy @M 8P O 167} thdDTnebREGRL) <821 wagdor di ng

to this enbogi t de is f d.using.aJarge. single. cr.yst

sem conduct o&lem rsﬁ)éc& atI)ly(% Eogmf?glp %ggﬂ%fnejs%nrdi Baedc?I“% noﬁﬁ%ldéfjﬁ%med%gl& lto
4, and an i ntimgradtsedtingg oguitioni sAfkenabalyisi mgthad sei lwoerdployalr inf whithhavi ng
constant cryst Ial Qri ent.atiﬁ)n and t hu CIt he RFCP#J can achtihevte | ow power
consunpt i on HLDREFG CREU sy HTRP (‘,“’(§§!1sian§fi LG58 (Lo A0 Ty AU EUG PEUER) B t o
ensure tg%goﬁhﬁiﬂaﬁkd)ﬁbirfg?farc&/aﬂ& Ianﬁ@hg@fﬂvﬂdciO%otm %ﬁwﬁﬁuaﬁ Qdﬁﬁ(gretak:@usea,ﬂgd tor
portion i.ch supplies ris wnsi zed. t hough F| GS.. 11A and 11B
il lustrate tHWEDARGAEE" 8F vicfdn %?—@@, Pt gfiocess duetrdadedhit g @,ﬁdﬁ%&doﬂéﬁﬁﬁ ic

applied, as Lieng «a8 telothdparfoCrREAHMLEEE pRRedsUNEIAIed Btha GPUNEBLdsEg a
processing function, and a nenory function. 20 [ Enbodi ment Mode 9] [0168]
In this enboPf°BEft node, el ectronic devices to which a crystalline

sen conduct oplg er and Enbodi rent Mbde 1 to Enbodi nent Mode 4 and a |iquid

crystal display ‘device of Enbodi ment Mbde 5 are applied will be described
with 25 t&f erence Ths BI@EU §3, aqprdng tpghisaambodipmnt mpdsis foopedawsing2oBreer| G

21, FIGs. 225‘}B 12 c%?s%l sEtafBndue R ARdrgaBe ANfe FhéiR a%ilgéaoi%ﬁgmbg)&pn@%]

FIG 18 is a bfock diagramillustrating a“main structure a lrqui
crystal tel eModtoh to éceidvar inteftated) dirpuitds dorgst aking @l semioohdretarddai havings hown
0 PG 18 T aakies R Wenbbdl bl Y HARpELBRARRAR My Fakol BlspuP! X!
portion 502, a scan’line drivér circult , and a signal [ine driver
circuit 504. asTkel hd jgh drocesyisg apeedi sPhiayngranipoSile weopsdre threopefation tered based
on EnbOdigm nfong/b p%%o ‘of -HI]I% Qﬁ;e%(levlvhetx)lo tel f%rﬁacslg{))g ’po}'tﬂ)% S?S@awnhilcfl %gpl;[hbsg po&fgr is
downsized. Although FIGS. 11A and 11B illustrate the mode of the RFCPU, a device
such as an IC tag can be applied, as long as it has a communication function, an

arithmetic processing function, and a memory function.

20  [Embodiment Mode 9]
[0168]

In this embodiment mode, electronic devices to which a crystalline
semiconductor layer and Embodiment Mode 1 to Embodiment Mode 4 and a liquid
crystal display device of Embodiment Mode 5 are applied will be described with

25  reference to FIG. 18, FIGS. 19A and 19B, FIGS. 20A and 20B, FIG. 21, FIGS. 22A io
22E, FIGS. 23A and 23B, and FIGS. 28A to 28C.
[0169]

FIG. 18 is a block diagram illustrating a main structure of a liquid crystal

television receiver. The liquid crystal television receiver shown in FIG. 18 includes a
30 liquid crystal display panel 501 having a pixel portion 502, a scan line driver circuit 503,
and a signal line driver circuit 504. The liquid crystal display panel 501 may be

manufactured based on Embodiment Mode 4. The pixel portion 502, the scan line the



driver circuit 503, and the signal line driver circuit 504 are manufactured
based on the pixel portion 422, the scan line driver circuit 423, and the
signal line driver circuit 424, respectively, with reference to FIG 17.
[0170] 5The liquid crystal display panel 501 is electrically connected to a
control circuit 512 and a signal separépion circuit 513. The contro

circuit 512 and the signal separation circuit 513 are manufactured based on
the control circuit 432 and the signal separation circuit 433 which are
shown in FIG 17, respectively. Further, the liquid crystal display panel
501, el ectr idéadr choninsa3, iaon tivetguakling drévec omeuiof04aire vaitfaguiad baged opHie 10

signal separatjon.circuit 513.may. be .na Y, M B .

connecti on \Rﬁﬁl H‘ﬁtl%ﬁﬁ’]flﬁﬁaﬂ finE iyt (ﬂrctug%é’z?’ @E?ﬁersg@{egﬁ}}é\és&ﬂé%\gf (Zuoi{ ?@nal and
an audi o si gaplctiviiperii @eocet gnalc. 15 processed by a video signal anplifier
circuit 522, a video signal processing circuit 523 15 for converting a

si gnal out ptﬁ?3-7p} omthe video signal anplifier circuit 522 into a color

si gnal carrespondingidue] @aal Gpl@patdl 508 cl@trealy candctid toe, coatdl @rcaivnt r ol
circuit 512 for converting the viégo ﬁ%gniﬁiinto a.ng@ﬁé W%iﬁ@ neeﬁs i nput
speci ficati A3 Bf & SEpil EPERHPRL GIEUt Phe o Offt FEITOLI FERT 1815 % B ptER! si gnal s
to a scan |ige sidenandss st atabtabing taideon the céhel caas 42 parhosighag a
digital drive, a structure can be used in which the signal .20 separ.ation
circuit 513 s¢parasiop\airged 43% vbieh af ghan 1 RES. §7d&59@t1§§bp{glf%’ itpHEYg gi t al

signal divi ' b Barel B0, $1cRuRA%ohhdtBoh BUGBBT the BbREESircli04iB2hnd the ~ The
audi o si gna?gg%gféﬁtair’]gm{sc? g(r)uil S receioved {t))y t he tu%er 521Hi s transmtted to

an audi d0si gieah! sepgshticn aitcuit S1E wey bs amde Ay theame yting asghe cornelifd WgB gnal
anplifier cigguit 25 525 is supplied to a speaker 527 through an audio
signal processing circuit 526. A control circuit 528 receives control

i nformation {01714 receiving station (reception frequency) or sound vol une

o, ot PO b 33D rells L LS ek 393 Bl ikl ThIIRIeoRehalR] L

audi o signal processing cCifcui ustrated i G 19A, a
t el evi si on rpeeeisee by eanddosignahpheified cliyuii FiPor poieatigng prégssingieirariici2yst al
0203, e e M A8 Al Biot g Ry, 52 1
signal corresponding to each color of red, green, and blue, and a control circuit 512 for
converting the video signal into a signal which meets input specifications of a driver
circuit. The control circuit 512 outpuis signals to a scan line side and a signal line side.
In the case of performing a digital drive, a structure can be used in which the signal
20  separation circuit 513 is provided on the signal line side to supply an input digital signal
divided into m (m is a positive integer) pieces.
[0172]
The audio signal among the signals received by the tuner 521 js transmitted to
an audio signal amplifier circuit 525, and an output of the audio signal amplifier circuit
25 525 is supplied to a speaker 527 through an audio signal prqcessing circuit 526. A
conirol circuit 528 receives control information of a receiving station (reception
frequency) or sound volume from an input portion 529, and transmits signals to the
tuner 521 and the audio signal processing circuit 526.
[0173]
30 As illustrated in FIG. 19A, a television receiver can be completed by
incorporating the liquid crystal display device shown in FIG. 18 into a housing 531. A

display screen 532 is formed using the liquid crystal display device. Further, speakers



533, operation switches 534, or the |ike may be provi ded as appropriate.
[0174] FIG 19B illustrates a television receiver, only a display of which
can be carried wirelessly. A battery and a signal receiver are incorporated
in a housing 542. The 5 battery drives a display portion 543 and speaker
portions 547. The battery can be repeatledly charged with a charger 541.
Further, the charger 541 can transmt and receive a video signal and can
transmt the video signal to the signal receiver of the display. The
housing 542 is controlled by operation keys 546. Further, the device shown

in FIG 19%3@&%eﬁﬁo§@wh&ﬁ9§&ﬂ%dﬂ@I&M@mwayp@mnmﬂﬂsQﬂﬁmmmmdeV|ce whi ch can
transmt a signal to the 10 charger 541 fromthe housing 542 by operating

t he operatilBh4eys 546. Still further, the device shown in FIG 19B may be

a general - pur posﬁlca%gtlﬁus%&& b Qleveke &&nwﬂlcﬁlry £aBplhy aneNich ca teicgnat to the
charger 541 fro e housing 542 by operating the per%&h Eﬁ%s 46, and
can controrwm®WﬁWnL&é@ﬁ@mf@ﬂEaﬁéwﬁéﬁméﬁbé?HBﬁWEma@ & &ct roni ¢

device | %41 q%g[ ‘%i‘;‘ig %eg\g[gef gﬁﬂtﬂﬂ g3 Wk GPeken p&@mﬁg 3B NIt e:dttér@ Qﬂh tolae

char ger Vi st on receiver ged with a g allt
di spl ay demp@twmhb@eémmuanwgw%p;!jpgtmgth@ ﬁ@r@r e tiﬁﬁ%‘hﬂ Fetvs the

television re els\{ger{ahan% 2 trar?snl: t@e v1gi§0 15&%0&3%&@@&9 he &@%}6]'{‘@0% a

matter of cbife eSéRt I nvention can beapplied to variQus uses as a
| arge di spI1a3ﬁsm§dnmmcsnmdﬂlea$>ya;perammrkemai%onFl@nt@plf ayisaspva ind 16 19Pn

StATOn, an A PO Ol Lo I ATSIELARIRA ihel Avpliogn, on Che

street, as Waf%eandmge ersonal conput er hout Timtation to
the TV 1@c ediiper 5410800 theXbhibiey 20Xy dplewmlg reepeatiomkies §46.n SiHifethen the qui d

crystal dis Ia anel r med u5| rinted
mn¥|ng boar y QW%“bgﬁéjﬁgdna %ﬁé éB f%?ﬁ%Pg%ﬁgg&@%&gPQ%%?pus

provi ded w ﬁﬁsﬁnt&l Xl PARd dHafehPA frd?ncthadi{)ml@fﬁlhymbﬂatiyg of opirtisindeys fir st
ST onal 11 nesds Ry Fa S BRI IR 2e B el cer SR bty ST
pi xel. 30 " Jhgelid Hl'dﬂ@locrléd@&tcad s1@ia§@h1@b[cdiﬂj’tﬂianﬁxﬁ&tcﬂ’ﬁlyonhhe n’lwngdr aét.ured based
on Enbodi nent Modde 5. 78]
15 [0175]
A television receiver equipped with a high quality display device can be
obtained by applying the present invention to the television receiver shown in FIG. 18
and FIGS. 19A {0 19B.
[0176}
20 As a matter of course, the present invention can be applied to various uses as a
Jarge display medium such as an information display board ata train station, an airport, or
the like, or an advertisement display board on the street, as well as a monitor of a personal
computer, without limitation to the TV receiver.
{0177]
25 FIG. 20A illustrates a module in which a liquid crystal display panel 601
formed using the present invention and a printed wiring board 602 are combined. The
liquid crystal display panel 601 is provided with a pixcl portion 603 including a
plurality of pixels, a first scan line driver circuit 604, a second scan line driver circuit
605, and a signal line driver circuit 606 which supplies a video signal to a selected pixel.
30  The liquid crystal display pancl 601 may be manufactured based on Embodiment Mode
5.
[0178]



42 The printed wiring board 602 is provided with a controller 607, a
central processing unit (CPU) 608, a nenory 609, a power supply circuit
610, an audi o processing circuit 611, a transmtting/receiving circuit 612,
and the like. The printed wiring board 602 and the liquid crystal display
panel 601 are connected with a printe#?% circuit (FPC) 613. The printed

W ring board 602 may be provided with a storage capacitor elenent, a buffer
circuit, or the like to prevent noise on power supply voltage or a signal,

and signals frombeing dull. Note that the controller 607, the audio
processing circuite gﬂir’ked t8ngTBAREYGBOR, protigeCRIt60 Bonttdiler 50Ver cemrabl y
circuit 610, and the lik

> | 1ke can be mounted on the |iguid cr ?@d‘; Iay
panel 601 tyoagssingyusit CCRY)Y 66 p2 FEATALYY, 2ot FBRPYY RHEN § od is
used, the Slrgc%Fq?rts% &&%F Rhi %s%t'hh@/&]cc‘éﬁzﬁ{gdm@% 6GAaNnBahs Geticate p{nﬁk&xy 9]

Various cont are Input and output t hrough an interface 614
provi ded wmh@boztrhé%nmdwﬁleéilqwdrqiﬁf‘galbgéﬁ@?ad 804 601 ﬁfea@&fl‘f‘it%wlﬂéﬁ PHRt®nna port

615 for transmt 95 w29/ el QOVRB] &Nthe Bdraks
provi ded f o i”ﬁéﬁj& n edT\p/r\néﬁjg%&\é{gg%%g%{ég@@i 8 eFEIQ‘ 20B |ls a Ea:gock
di agr am of dabmmnduhaﬁlt,sahmﬁﬁm amtpuiF,IC@theEleAtO nlﬁ‘éemﬁw&ﬂ@PO“iﬁhﬁ}PﬂB’é@k%ge\?PAM 616,

a DRAM 617, a f nd I e VRAM
616 stores HaE" &Hgﬁfﬁnﬁlsré & %?jlln al (fh E1vkd tﬁgcﬁgrﬁgel{;%()ﬁem ab{dlg/?]%wg g stores
vi deo dat a @ycpgdi, medmy mﬁeiﬁel(aﬁimmmrpp“@lﬂlpslwmrelgt Gk pesLise Preogh ans

[o151) The Eouet, SHEPLY 56 P ARy A 300 3SR £ B R 9L BET 1 10
audi 0 prpcesshid ies 4 AO® hikhodHe umnﬁu&wzﬁﬁﬁthe@m{teﬂ fvaring board 602 can be
transmtting/receiving circuit 612. Further, depending 25on panel
speci ficat i 1§Acedt he power supply circuit 610 is provided with a current
source in s@apgicases. [0182] The CPU 608 ‘i ncl udes a control signal
generation cir CUI\}arlguzsocont?oldsfg%gg%rrc mpui an% output through an interface 614 provided
for the printed wiring board 602. In addition, an antenna port 615 for transmitting and
15  receiving a signal to/from an antenna is provided for the printed wiring board 602.
[0180]
FIG. 20B is a block diagram of the module shown in FIG. S6A. The module
includes a VRAM 616, a DRAM 617, a flash memory 618, and the like as the memory
609. The VRAM 616 stores data on an image displayed on the panel. The DRAM 617
20  stores video data or audio data. The flash memory 618 stores various programs.
[0181]
The power supply circuit 610 supplies electric power for operating the liquid
crystal display panel 601, the controlier 607, the CPU 608, the audio processing circuit
611, the memory 609, and the transmitting/receiving circuit 612.  Further, depending
25  on panel specifications, the power supply circuit 610 is provided with a current source
in some cases.
[0182]
The CPU 608 includes a control signal generation circuit 620, a decoder 621, a
register 622, an arithmetic circuit 623, a RAM 624, an interface 619 for the CPU 608, and
30 the like. Various signals which are input to the CPU 608 through the interface 619 are

once stored in the register 622, and then input to the arithmetic circuit 623, the decoder

621, and the like. The arithmetic circuit 623 performs operation based on the input



regi ster 622, an arithmetic circuit 623, a RAM 624, an interface 619 for
the CPU 608, and 30 the like. Various signals which are input to the CPU
608 through the interface 619 are once stored in the register 622, and then
input to the arithnetic circuit 623, the decoder 621, and the like. The
arithnetic circuit 623 perforns operati®th based on the input 43 signal to
designate a location to which various instructions are sent. On the other
hand, the signal input to the decoder 621 is decoded and input to the
control signal generation circuit 620. The control signal generation
circuit 620 sipmaketatssnage siogiah té whichdiangpsisstiuditss aresertucOn diesotirased, on t he
i nput signal, and.transmts the _signal | ocations 5 i.gnat t he

ar | thrst o cl% BB 5950 RbESPIT 631 1o ord shanpr Sabe ol RHEnF Lt

transm tti ngfcic G20 NtheCionaul gl Zenthgorntiding R0ogessiazga cighaluintlubing, the
controller 607, and the |jke, [0183 . The .menory 609, .t he
transnittindﬁ?@%%F@?%ﬁoﬁiL@ﬁ?@kééﬁf%Pﬁé“%@dﬁﬁj5?%%35§Pﬁd%¥ﬁgg}gﬁﬁfméll, and
t he cont 50l | RERAK ARENHRY Carithin@RC Qid@NCE23M §fRcifieARECthE V encinfbsd I 603K | 0BS.
Qperations thereof are briefly described bel ow %0184] @ ghgnm

i nput from AFOFBERSReAAE eipet &Iy e AUHO RIRAESIRE CIfET SR BeSomEllt &% on t he
printed wrihgaaLd 602 through the interface 614. The control signal

generation 15 circuit 620 converts inage data stored in the VRAM 616 into a
pr edet er m nd81%dr mat based on the signal transmitted fromthe input nmeans

625 such as a poi QH Ao} g;&s‘ge QY trﬁlsﬁﬁﬁigg?crcgvin?Qgcﬁi{ B8 Mhe sudibrdeoRMer t ed
data to the controller . [0185] The Controfler 607 perforns data
processiiy ofirctih@lbiagAdhe cangolieli 4 efveaté iagpsorpancd arigh faspeesine (sEECtioRdm t he

CPU 608 in | . ifications, and supplies the
signal to tﬁé%%?gﬁ?53¥$§§FBﬁgﬁngﬁgkdggﬁgi 601. Further, the controller 607

generates arfoBE¥nc signal, a Vsync signal, a clock signal CLK, alternating

e, (A oom ) g At B Ay chaARo b RAREE RNDRIRT adiifRied o) | a0°

i nput fromthe power='sup various signals input fromthe
CPU 608, ancbmshippliitebwiing beirdnel irdugh Ativerfhdcgiié.d The pettal! signgpeayatipane
SO 1 OLBOL i o0 Tt AR B0 SE LU ASIEREERT, o
Speci fi cal | yhasédén fhe sigaalittahdniigéd BORI the HPuChEansib25 GIR asrapoinnio deldceanr a
hi gh-fr equenlgc%/fbggré,%gcii E[rzmsslrjn(f‘tlg thaescogxoerted data to the controller 607.
[0185]
The controller 607 performs data processing of the signal including the image
20  data transmitted from the CPU 608 in accordance with the panel specifications, and
supples the signal to the liquid crystal display panel 601. Further, the controller 607
generates an Hsync signal, a Vsync signal, a clock signal CLK, alternating voltage (AC
Cont), and a switching signal /R based on power supply voltage input from the power
supply circuit 610 or various signals input from the CPU 608, and supplies the signals to
25  the liquid crystal display panel 601.
[0186]
The transmitting/receiving circuil 612 processes a signal which is transmitted
and 7received as a radio wave by an anfenna 628, Specifically, the
transmitting/receiving circuit 612 may include a high-frequency circuit such as an
30 isolator, a band pass filter, a VCO (voltage controlled oscillator), an LPF (low pass

filter), a coupler, or a balun. Among signals transmitted and received by the

transmitting/receiving circuit 612, a signal including audio information is transmitted to



30 isolator, a band pass filter, a VCO (voltage controlled oscillator), an
LPF (Il ow pass filter), a coupler, or a balun. Anong signals transmtted and
received by the transmtting/receiving circuit 612, a signal including
audio information is transmtted to 44 the audio processing circuit 611 in
accordance with an instruction fromthet4dCPU 608. [0187] The si gnal
including the audio information, which is transmtted in accordance with
the instruction fromthe CPU 608, is denodul ated into an audi o signal by
the audio 5 processing circuit 611 and is transmtted to a speaker 627.

Further, angpugi® mbaRahy tifansn hitecriaoamsahnh trsaptionerdG2oei@Phedul at ed by
t he audl 0 processing circuit 611 and is transmtted to the
transmtti ntf;?lrggl:el ving circuit 612 in accordance with an instniction from

the CPU 608. [0188}. JRINenchRm: i haio H8Fmatibig vERY i6@8nsriihed moa\wrrdzmappl y
circuit 610, the audi 0O processi ng circuit 611, and tihlg [J‘g‘" (ﬁan be
nount ed as avlﬁbdbka’géu%lpﬂtfﬁﬂ’sth‘éﬁﬁ PR demagpilaein HEIRSIg3 SAMBR

applied to hefat @f@nmgézrtorﬁq REY6XT/ I Bitttes SUAIKIAS
i sol at ortS a%B%élén%H a(':sig'Iu ﬁuearnd i 1(Vo I'ta lgé%lCont rol led Oscill ;t o%?ﬂ an LPF

(Low Pass Fitlatsmi)ted &omoupicaphowﬁ@ﬁﬁ iBeduizied T6{ho 1gH) processing efreyibgll and

illustrates.one 12100018 5 hRiMiioh  FI GS.
20A and 20B. Sﬁ&aqsmnqe 01851}@%2{&91? d&/ {1%39% Q&.{l%%gﬁlﬁécjal r?corp(;rgt ed irﬁ a

housi ng 630fs3mﬂasCthjJﬁB det achabl e. The shape and the size of the housing
630 can be @?ed as appropriate in accordance with the size of the liquid
crystal di SE panel 601. The 20housing 630 to which the liquid crystal

di spl ay wanel 601Ths chitxeldr |697 f the (G i6A8,0tha gmmentsewlmcrrelut 61Gothe dué81 and

is assenbled as a nodul.e,. [0 e.li yinRanel
601 is conné’é‘fcéﬁs“f%c?ﬁ'ét Bt 5@ 3]]“‘3c?nre ooy © %acfm bggjﬁf&f q%d)cl)gst pdgk%géﬁ B The
printed cir eitbdfaat.d B@2 disbodinmnt destiewidrh ba aﬂpéakem @3261@15 athpi d‘lrd@phone
633, atransmttl recei vjin ircuit, 34 a S|g S ircuit
635 i ncl udi g @l%“cya "EB‘H’ESr% ﬁefis L P ?tﬂfe Efl%l?%‘? P&TC Eﬁgr’rm e, (‘\)89 %nput
means 636, E(?d?a%ll@d BsBiBifor),a0d PATL &N PERITEIGAQ catglorcard bubch. and stored in a

housi ng 639. Agﬁl xel portion of the liquid crystal display panel 601 is
provi dedso [88% o be seen through an openi ng wi ndow formed in the housing

639. 30[0191] FIG. 21 illustrates one mode of a mobile phone including the module shown in
FIGS. 20A and 20B. A liquid crysta} display panel 601 is incorporated in a housing 630
$o as to be detachable. The shape and the size of the housing 630 can be changed as
appropriate in accordance with the size of the lquid crystal display panel 601. The

20 housing 630 to which the liquid crystal display panel 601 is fixed is fitted into a printed
circuit board 631 and is assembled as a module.
[0190]
The liquid crystal display panel 601 is connected to the printed circuit board
631 through an FPC 613. The printed circuit board 631 is provided with a speaker 632,
25  a microphone 633, a transmitting/receiving circuit 634, and a signal processing circuit
635 including a CPU, a controller, and the like. Such a module, an put means 636, a
battery 637, and an antenna 640 are combined and stored in a housing 639. A pixel
portion of the liquid crystal display panel 601 is provided so as to be seen through an
opening window formed in the housing 639.
30 [0191]
The cellular phone according to this embodiment mode can be changed in

yarious ways in accordance with the functions or the uses. For example, the above



45 effect can be obtained even in a case of enploying a structure in which
a plurality of display panels is provided and a housing is divided into
mul ti pl e pieces as appropriate to be opened and cl osed using a hinge.

[0192] 5Applying the present invention to the cellular phone shown in FIGS.
20A and 20B and FIG 21, a cellular phdte with a high-quality display

devi ce can be obtained. [0193] FIG 22A illustrates a liquid crysta
di spl ay, which includes a housing 701, a supporting base 702, a display
portion 703, and the like. The display portion 703 is 10 manufactured using
the liquid efiystcah bebbpinay edevincecdest empleging i skntiodi imenticiVbglirdity BY usi ng
the present invention, a lLiquid crystal displa rovided wth a .

hi gh- qual i t ySalRg é’la%‘%s Bﬁ?vd%e%caé‘ﬂ aolé(}{‘ﬁlﬂtg & é’(ﬁigd t‘%‘ig‘sz‘ HIE BiRocdt'a: PRI er, the
transi stor fbd HRnbdMad isbCukiig Aingd) are described in Enbodi ment 15Mbde 5
can be applied to a control circuit area or the |ike. [0195] FIG 22B
is a conputé@?m%hich i ncludes a main body 711, a housing 712, a display

portion %13, a kexpﬁ?ihg tl?elﬁlkeseﬁf‘ineéﬁt%ﬁlﬂ@hec&ﬂﬁ'l@ﬁ)}i(ﬁ@ sPOkh i/ 35S, a0pahdt i ng
device 716, and the Iike. The display portign 71% i s manuf actured using a
liquid cryst?8B apd Fifevi.ceecHularplione aviths MghoBdi ehitp! avuissios cane QRaiRRd- t he
present inv @ﬁj?n, a conputer provided with a high-quality display device
can be obtainea. [ 0196] Further, the transistor or the CMOS circuit
whi ch are descri bB@: 235 Ehtstidicrariquiberastsl damapa/highpiprlades bhepspgnitior

Comput or - whrEsr GG 12 SR feon 705 A B A R B2 S 1 oh
723, opédfat inpmufeetpsed iRihg thntiquid caystebdigdet depis desprified Webmbodiment ModgiSspl ay
Do e PRI TLAT,  SRAichbes bo b
a 30hi gh- quatisptay ddvisptabedbtained. can be obtai ned. [0198]
{0194]
Further, the transistor or the CMOS circuit which are described in Embodiment
15  Mode 5 can be applied o a control circuit area or the like.
[0195]
FIG. 22B is a computer, which includes a main body 711, a housing 712, a
display portion 713, a keyboard 714, an external connection port 715, a pointing device
716, and the like. The display portion 713 is manufactured using a liquid crystal
20  device described in Embodiment Mode 5. By using the present invention, a compuier
provided with a high-quality display device can be obtained.
[0196]
Further, the transistor or the CMOS circuit which are described in Embodiment
Mode 5 can be applied to a control circuit area or the like.
25 [0197]
FIG. 22C shows a portable computer, which includes a main body 721, a
display portion 722, a switch 723, operation keys 724, an infrared port 725, and the like.
The display portion 722 is manufactured using the liquid crystal described in
Embodiment Mode 5. By using the present invention, a computer provided with a
30  high-guality display device can be obtained.
[0198]

Further, the transistor or the CMOS circuit which are described in Embodiment



46 Mode 5 can be applied to a control circuit area or the like. [0199]

FIG 22D shows a portabl e gane machi ne, which includes a housing 731, a

di splay portion 732, a speaker portion 733, operation keys 734, a recording
medi um 5i nsert portion 735, and the like. The display portion 732 is
manuf act ured using the liquid crystal d8scribed in Enbodi nent Mvde 5. By
using the present invention, a ganme nachine provided with a high-quality

di spl ay devi ce can be obtained. [0200] Further, the transistor or
the CMOS circuit which are described in Enbodi mrent 10 Mode 5 can be applied
to a contr oMl ScHi be pled ra ddngol didceit afe®@0h like. FIG 22E illustrates a

portabl e i %9Leproduci ng device, which includes a recording nedi um
(speci fi calnw, DVD reproduci ng device), which includes a main body 741, a
housi ng 742, a displ ayD paskd @rpoAatld Fama ndicksipt,ayhipioitdieies B o4ding §3t.ecor di ng

15 nmedium a_ reading portion 745, aqpe ion ke 746, a speaker portion
747, and thé‘ISP]iaRé’f)rt’;Q“r7égoFdP?i‘%ernﬁ‘HPE‘?n%%fO@?rég?%E@’SZDL&%’ 8rm$(ﬁ§m¥ inf?g{“mThe
di spl ay gor tdse phrtibf38Radu He direp| BYs dispTagpordas a3t kentifaeudd aplgythpor tion
B 744 mai nl iigd'i Splﬁ?pis text data. The difYé’Bl %y ortion A 743 and tt.he di spl ay
portion B 74guidreaysiv dascalbedi it Embermnt NOdf Pquid WHESPEIPTHEL I YERA ce

descri bed | %alﬁ@%giiﬁ@ﬂ%vig’&g@itﬁa hidh-duslifyQishRy Betiescdnhtobained0 i mage
e

repr oduci ng “devi ce provi with a recordi ng nedium al so includes a hone

game machi néV2AH the |ike. By using the present invention, an image

reproduci ng devi cg, BLO ot Br @e Bnedls Skt hcrdins BERYbEEM Kifboaahtabe
obt ai ned. [0202] ﬁMﬁ’mﬁ:’)\{H&qﬁgsllg:\{!ﬁ)%trhe?, t he traasicstgr or 1t he1 CMOS circuit

whi ch arl@ dééwieiShed b appbint s erewe! CiBNHawasr Gakikpe applied to a control
circuit ar ei@fbﬁ the like. [0203] FI GS. 23A and 23B are views each
showi ng an ex n‘})l e in which the liquid crystal display device of the
present inventi onFiGs 2RRdbryeteatae dofableainmgraerpodicing dxaemveichingluges )

canera. FIG_23A is ers Ve W r.o Syl ;i tal 30
camera, and FrE™® ?ﬁgilugl @p‘gcgﬁés%lé’c? ﬁv@v\f?@\%&g %gn({%vicgjr)nq;ﬁ%?k q&gllg%s %f’gf%lﬁe
digital cansody 741) albGin@3R, atdiplayipgitioal A ¢4ire didpldypopiiavB déd asicedidiagr el ease

Fg;tsog5§lgl :’:1 I’%‘él?l}?‘liélql r%gﬁ%ﬁ%&nﬁ”ﬁﬁg a\g/c!rr%twrni_}qggs-e’hﬁ,?é %pcaﬁerfplo?t%]l PRI Llldotﬂe ks @
A recording medium refers to a DVD or the like. The display portion A 743 mainly
displays image data while the display portion B 744 mainly displays text data. The
display portion A 743 and the display portion B 744 are manufactured using the liquid
crystal display device described in Embodiment Mode 5. It is to be noted that an

20 image reproducing device provided with a recording medium also includes a home
game machine and the like. By using the present invention, an image reproducing
device provided with a high-quality display device can be obtained.

[0202]
Further, the transistor or the CMOS circuit which are described in Embodiment

25  Mode 5 can be applied to a control circuit area or the like.

[0203]

FIGS. 23A and 23B are views each showing an example in which the liquid
crystal display device of the present invention is incorporated in a camera, for example,
a digital camera. FIG. 23A is a perspective view seen from front side of a digital

30  camera, and FIG. 23B is a perspective view seen from back side of the digital camera.
In FIG. 23A, tﬁe digital cameral is provided with a release button 751, a main switch
752, a viewfinder 753, a flash portion 754, a lens 755, a barrel 756, and a housing 757.



47 [ 0204] In FIG 23B, an eyepiece finder 761, a nonitor 762, and
operation buttons 763 are provided. [0205] 5Wen the rel ease button 751 is
pushed down to the half point, a focus adjustnment mechani sm and an exposure
adj ust rent mechani sm are operated, and when the rel ease button is pushed

down to the | owest point, a shutter is ‘gpened. [ 0206] By
pushi ng down or rotating the main switch 752, a power supply of the digital
10 canera is switched on or off. [0207] The viewfinder 753 is

arranged above the lens 755, which is on the front side of the digital
canera, for [et@tki ng a shooting range and the focus point fromthe eyepiece

finder 761 shown | 23B. 15 3 B ﬁg[@ Qr t i is
arranged in the u!ﬁrbn]fzsfra g?)%’iaf]ie'e I%Jr?q%r%gllﬂflérzb?lpogft%re@f g% Bﬁﬂgﬂ’g‘? gé’r%réra.
Wien the subjesbvided.ght ness is not enough, auxiliary light is emtted from
the flash pgr%ign 754, at the sane tinme as the rel ease button 751 is pushed
down and a er is opened. 20 [0209] The lens 755 is arranged at
the front side of ywike Wi gtlkal wamar#iapdpmaee dofvnatof deusilhgoingns foaszoom

| ens, and the |like. The |ens fornms a photographic optical syste ith a
shutter and aﬁ”ﬂ‘i”é?ﬁh?’ﬁ%}ﬁf“smnéﬁnéf‘%“sﬁ@taq tg‘Fﬁha&lf ?ngﬁ?r&%grﬁﬂﬁ]av\%ﬁﬁe | ens,

an i magi ng qRyiefe8scSHEhn A ush GUbwh G Ble 38w dsPptihied el B@peried. provi ded.
25[ 0210] The barrel 756 noves a lens position to adjust the focus
of the focudPHM¥ll ens, the zoomlens, and the like. In shooting, the barrel

is slidout to nmo phg}ﬁném&ﬁétafzﬁg H’{@Eﬂin FHich 183, 2 MRRR sGRY 3 thgdikia

digital canera, t l ens” 755 I's noved backward to be conpact. It I's to be
not ed t H&t aamerajsswitcied enengf.-oyed in this enbodi ment, in which 30 the

subj ect can Q?Oﬂhot ographed by zoom by sliding out the barrel; however, the
present invén Ionis not limted to this structure, and a structure nmay

al so be enpl oyed fTbe viehéindiri56 as acanzed abovie thodlen RS Ss Meéshi ia @n dlaenfrend silér f or med

by zoom wit ho?uthe Sdligi;igi @Qmé}%',t o h:%ecking a shooting range and the focus point from the
eyepiece finder 761 shown in FIG. 23B.
1S [0208]

The flash portion 754 is arranged in the upper position on the front side of the
digital camera. When the subject brightness is not enough, auxiliary light is emitted
from the flash portion 754, at the same time as the release button 751 is pushed down
and a shutter is opened.

20 [0209]

The lens 755 is arranged at the front side of the digital camera and made of a
focusing lens, a zoom lens, and the like. The lens forms a photographic optical system
with a shutter and a diaphragm, which are not shown. In addition, behind the lens, an
imaging device such as a CCD (Charge Coupled Device) is provided.

25 [0210]

" ‘The barrel 756 moves a lens position to adjust the focus of the fécusing lens,
the zoom lens, and the like. In shooting, the barrel is slid out to move the lens 755
forward, TFurther, when carrying the digital camera, the lens 755 is moved backward to

be compact. It is to be noted that a structure is employed in this embodiment, in which

30  the subject can be photographed by zoom by sliding out the barrel; however, the present
invention is not limited {o this siructure, and a structure may also be employed for the

digital camera, in which shooting can be performed by zoom without sliding out the



48 barrel with the use of a structure of a photographic optical system

i nsi de the housing 757. [0211] The eyepi ece finder 761 is arranged
in the upper position on the back side of 5the digital canmera for | ooking

t her et hrough in checking a shooting rangf and the focus point. [0212]

The operation buttons 763 are buttons fot various functions provided on the
back side of the digital camera, which includes a set up button, a nenu
button, a display 10button, a functional button, a selecting button, and
the like. [0213] The liquid crystal display device described in
Enbodi ment Madel itk slie e of actrgorcatiedpiaogapbnoptor! F8Rmofsitih éheclamweing shown
in FIGS. 23?52nd 23B. Accordingly, a digital camera provided with a

hi gh-qual it i spl ay device can be 15o0btai ned. [0214] Further, the
transi stor qo2tifpe CMOS circuit which are described in Enbodi nrent Mbde 5 can

be applied to a cgntrol .circuit, area or the like. [0215 Fl 28A.is a
oF donPcaner o uni R FiRIGHEG0S 76N ADiegt Sie va5i RTAS opalk vk SERST 5
housi ng $03,thaBigaNt RiBAl fof ROKIAE thePnhPOER in9Qdckife & Slftdtifs MRt hal thtdedisVi ng

portion 905, an inmage receiving portion 906, a battery 907, an audio input
portion, 90%°Mperation keys 909, an eyepi ece portion 910, and the |ike.

[0212]

The operation buttons 763 are buttons for various functions provided on the

back side of the digital camera, which includes a set up button, a menu button, a display
10  button, a functional button, a selecting button, and the like.
{0213}

The lquid crystal display device described in Embodiment Mode 5 can be
incorporated in a monitor 762 of the camera shown in FIGS. 23A and 23B.
Accordingly, a digital camera provided with a high-quality display device can be

15  obtained,
[0214]
Further, the transistor or the CMOS circuit which are described in Embodiment
Mode 5 can be applied to a control circuit area or the like.
{0215]
20 FIG. 28A is a video camera, which includes a main body 901, a display portion
902, a housing 903, an external connection port 904, a remote control receiving portion
905, an image receiving portion 906, a battery 907, an audio input portion 908,
operation keys 909, an eyepiece portion 910, and the like,
0216} A
25 The liguid crystal display device described in Embodiment Mode 5 or the light
emitting device described in Embodiment Mode 6 can be applied to the display portion
902, and display with high image quality can be performed.
[0217]
Further, the transistor or the CMOS circuit which are described in Embodiment
30 Mode 5 can be applied to a control circuit area or the like.
- [0218]
FIG. 288 is an electronic book, which includes a main body 911, a display



[0216] 25The liquid crystal display device described in Enbodi nent Mbde 5
or the light emtting device described in Enbodi nent Mode 6 can be applied
to the display portion 902, and display with high imge quality can be
performed. [0217] Further, the transistor or the CMOS circuit
whi ch are described in Enbodi ment 30Md® 5 can be applied to a control
circuit area or the like. [0218] 49 portion 912, a chassis 913, an
operation switch 914, and the |like. Further, a nodemmay be built in, or a
structure capable of wirelessly transmtting and receiving data may be

enpl oyed. Ngbsiotl94eL, acmmﬁmﬂyspmnummﬁomﬁwﬁﬁe9bm end tlonike. b&aﬁmusESO@mNOR type

npnvol atile nzma e,bXﬂt i § c)ra struc pclﬁgr ecor %Sgﬁr t?a(?lsrg' %Jf}{'x rt?ce daEaOmZ 0

gi gabytes 5 i's cap abi repro or’ sounds
(music). [02&%mployed. Nire tmtczr mpmoqe;sstm dbmera‘ldaednmrbomwlanﬁﬂ)ﬂa tybele 7,

t he RFCPU described in Enbodi nent i ke applied to the
nenory portﬁ@ﬁw¥%$ € BEBPPh ™ éi?ﬂﬂP“iﬁ@m@Wégf%oﬁﬁgnﬁ %ﬁ%qugoﬁﬂgéﬁﬁ?ocessor
for oper ati ngpy,hed Bl@FdbiONt recd@ak replddubibg tngses ot fvandsd (fiakid). crystal di spl ay
devi ce descrjbed in Enbodi nrent Mbde 5 or the light emtting device

descri bed i M%8fbodi ment Mode 6 can be used in the di splay portion 912,

di splay with hi ghridRagosibekid esemBeds BEFS@HERModD2A0) RECPU describefur t her
the transistor or the CMOS circuit which are descri bed in Enbodi nent 15Nbde

5 can be appt Fegodigiegt Moge Sopr B dikgican b applise te the memeaty gogtiomior storing F| g

28C is a di ghhals @l %yc,%&omwo%ia bﬁa%a%%?io%@s‘soxei%ﬁrﬂﬂe?anﬁé (B cRMEHR: H8IK. ce,
whi ch includes a main body 921, di splay portion 922, a chassis 923, an

operati df swiurthdr, @Qlthu’é&)fwﬂirﬁ@ﬁlamiﬁVm%lﬁ@mﬁlWé iniAeghodimane Adn Srie tey lighitr el ess

ear phones C%Hntlaﬁg device described in Embodiment Mode 6 can be used in the display portion
912, display with high image quality can be performed.
[0220]
Further, the transistor or the CMOS circuit which are described in Emmbodiment
15  Mode 5 can be appliced to a control circuit area or the like.
[0221]

FIG, 28C is a digital player, which is a typical example of an andio device,
which includes a main body 921, a display portion 922, a chassis 923, an operation
switch 924, earphones 925, and the like. A headphone or wireless earphones can be

20 used instead of the earphones 925.
{0222] :

The microprocessor described in Embodiment Mode 7, the RECPU described
in Embodiment Mode 8, or the like can be applied to the memory portion for storing
music data or a microprocessor for operating the digital player. The digital player can

25  be miniaturized and made light'cr; the liquid crystal display device described in
Embodiment Mode 5 or the light emitting device described in Embodiment Mode 6 is
applied to a display portion 922, high definition image or text can be displayed even if

the screen size is approximately 0.3 inches to 2 inches

30 This application is based on Japanese DPatent Application serial no.
2007-280115 filed with Japan Patent Office on October 29, 2007, the entire contents of

which are hereby incorporated by reference.



20 used instead of the earphones 925. [0222] The m croprocessor
described in Enbodi nent Mbde 7, the RFCPU described in Enbodi nent Mode 8,
or the like can be applied to the nenory portion for storing nusic data or
a mcroprocessor for operating the diggital player. The digital player can
25 be mniaturized and made lighter; the liquid crystal display device
descri bed in Enbodi nent Mode 5 or the light emtting device described in
Enbodi rent Mode 6 is applied to a di spl ay portion 922, high definition

i mge or text can be the screen size is approximately 0.3
i nches to RERERE Bﬂ%ég\’idgﬂéée i s based on Japanese Patent
Application serial no. 2007-280115 filed with Japan Patent O fice on
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polycrystalline silicon |ayer electrode 52 CLAIMS 1 '

a single crystal sem conductor |ayer, conprising the étgnggP?d for formng
formng a first porous layer over a side surface of a single crystal

sem conductor ingot by anodizing the gjingle crystal sem conductor ingot;
form ng a second porous |ayer over the first porous layer; formng a grbove
I n the second porous | ayer, formng a single crystal sem conductor
!aye{ over the second porous |ayer other than the groove; formng an
insulating filmover an insulating s Pstrate' attachin N%PET woove to the

i nsul at i4&d: fquichprystal displgy papel 2'\/\%@ p r%‘i“’t‘féf; C '

first p@eéusighalyiee daver QiWéitsfé%%H?%% rate, Fﬁﬁ 1%%%%@?? oy egg i nge
crystal sspaiationgiictiod3fegmnection wirngg 8 é‘r*b?@?/% g\%ladiéﬂﬁ‘ |P§”§ al

seni conghivedl portioay®03: anan fine deoWgUSo? 1§1ang{ &y ‘i“’l“ﬁﬁrrlciré‘@’ gt e |]'yst al
seni conairctiars isnsighalsiephration drickist53e e, 527 didegniongl ampl ‘é%arcéﬂgrous

| ayer:; amg: vielboeigng! proeessieitcyilo F88isaudig signal amplifies ciglih 34°t 399 or ni ng a

singl e aigrall ploceesing oinclui 687 : $pakel, TEHpPIEY! FHCYh&29t KB BPIPHHTng a first
porous |ryeingp8s?: dispdydecreen.Gase spealers, ¥ opereyion sWisRas. &diduct or i ngot by
anodi zi ngakdi, 541 Goesingys43dispay potiduck4R: OPAREEDN KeYsMRATY SBEREEond por ous
| ayer ovgyitibhe 6Dl rikjuidaystasdispipg pankl BARNErinie € Mr1cebeary s PP R conduct or
| ayer ougftiéhisoaesardinealiivas ciraye BO5! sram ing diiver selitafPREI#Ma i®ver an
i nsul at i e YRS BOE; controkér 80BI BBUABAATMemIbNL BA05PNPTES irgit,
seni condiet @fdloaesedsMat dveultns1e: atansoitting/rgceiiingcirduilg 6hai BT Cj &4t 0 an
i nt er f agRicPRLYESTS: LARnhhNdit, BOGOURANGAT: BRAM, G 8s BagnmepbuEl X ayer whil e
rol I'i ng jhiigraeb NGB cHRYSstinas gahe@tidu cirouit,iBRgodecoder, 622: register, 623:

arithmetic circuit, 624: RAM, 625: input means, 626: microphone, 627: speaker,

628: antenna, 630: housing, 631: printed circuit board, 632: speaker, 633.

microphone, 634: transmitting/receiving circuit, 635: signal processing circuit, 636:

input means, 637: battery, 639: housing, 640: antenna, 701: housing, 702:

supporting base, 703: dispiay portion, 711: body, 712: housing, 713: display

portion, 714: keyboard, 715: external connection pott, 716: pointing device, 721:

body, 722: display portion, 723: switch, 724: operation keys, 725: infrared pott,

731: housing, 732: display portion, 733: speaker portion, 734: operation keys, 735:

recording medium insert portion, 741: body, 742: housing, 743: display portion A,

744: display portion B, 745: reading portion, 746; operation keys, 747: speaker

portion, 751: release button, 752: main switch, 753: viewfinder, 754: flash portion,

755: lens, 756: barrel, 757: housing, 761: eyepiece finder, 762: monitor, 763:

operation buttons, 800: microprocessor, 801: ALU, 802: ALU controller, 803:

instruction decoder, 804: interrupt controlier, 805: timing controller, 806: register,

807: register controller, 808: bus interface, 809: read only memory, 810: memory

interface, 821: RFCPU, 822: analog circuit portion, 823: digital circuit portion, 824:

resonant circuit, 825: rectifier circuit, 826. constant voltage circuit, 827: reset

circuit, 828: oscillator circuit, 829: demoduiation circuit, 830: modulation circuit,

831: BF interface, 832: control register, 833: clock controlier, 834: CPU interface,

835: CPU, 836: RAM, 837: ROM, 838: antenna, 839: capacitor portion, 840:

power supply control circuit, 851: selection transistor, 852: current line, 853:

display control transistor, 854: partition layer, 855: light-emitting layer, 856:

counter electrode, 857; sealing resin, 858: counter substrate, 859: electrode, 860:

electrode, 871: substrate, 879: semiconductor film, 880: gate wiring, 882: signal

line, 883: pixel electrode, 884: gate insulating film, 885: gate elecirode, 887:

interiayer insulating film, 901: body, 902: display portion, 903: housing, 904:

external connection port, 905: remote control receiving portion, 906: image

receiving portion, 907: battery, 908: audio input portion, 909: operation keys, 910:

eyepiece portion, 911: body, 912: display portion, 913: chassis, 914: operation

switch, 921: body, 922: display portion, 923: chassis, 924. operation switch, 925:

earphones, 1100: crystalline silicon ingot, 1151: crystalline sificon fayer, and 1251:

polycrystalline silicon layer electrode



separating the single crystal sem conductor |ayer and the second porous

| ayer fromthe single crystal sem conductor ingot with the first porous

| ayer and the second porous |ayer; and renoving the second porous |ayer 53
3. The nethod for formng a single crysfal sem conductor |ayer according to
claiml, wherein a condition for anodizing the second porous |ayer is
different froma condition for anodi zing the first porous |ayer. 4,
The nmethod for formng a single cryst@.ABER conductor |ayer according to
claim2, wherein a condition for anodizing the second porous |ayer is
different froma condition for anodizing the first porous |ayer. 5.
The method f orl. fomeihog fer Himglea ﬁfl%’l%fcﬂista‘-’f @%%HM&ﬂéy&,&é’cﬁﬁp&ﬁ?ﬂ@!s st O
claiml, wherein the insulating filmconprises a silicon nitride filmand a
silicon ®xide film 6. The nethod for form ng a single crystal

sem conduct or y.er r o I,m: er.el he insylating fil
conprises a sﬁoﬁé i ﬁfs?%io élg 19 fl}%e% Ogjr?g a2§ 1(2? Fl},}!{g%;ﬁ Oof>r28| Qe qrygtal sem Onff.ucgﬁe

met hod fiogotfogranbdiging the siglle ceysyd kahicondictariagsf or | ayer according to claim
1, wherein tt}e single crystal sem conductor layer is forned by an epitaxial
gr owt h. ORNINgRSCANIMOgOYSJRY S O f th Tast dpRyS dayeFiyst al  seni conduct or

| ayer accor difhfnih GOvBiR thNRES:E] dbih 4,ngl e crystal sem conductor |ayer
is formed by an 1e%iat(:‘é(flxi aI1 grovvtﬁ. Igb.r J'Il'kﬁél?’r{'iat hod for form ng a single

crystal senm dondogtcinglayystabgnucdidugtor tayet aventie savbad pbrout e ohut @ikih ng
substratﬂgei S \%-gl ass substrate, a sem conductor substrate or, a plastic
substrat'e 8% The method for form ng a single crystal sem conductor |ayer

accordi ng to foidiniag indth@ngifimtRer ihsuhatihdenskhst rate is a glass
substrate, a sem conductor substrate or, a plastic substrate. 11.

The net hod f étagiongibegreosita ghednsuwlgténgfiingem conduct or | ayer according to

claim1, whergi.n. i rystal sem conduct.or ingot.is a single crystal
silicon i ngotd%{e(;{ﬁttljX£ E{.' ﬁvea?esr ir}%ég&}eg%gﬁtgﬁjg?e Egme%g]u&%&if%rpqrg‘iﬁel@y?% a‘?ﬁé‘?%@‘?c@“d
crystal peidustmyer hayierollin® e single crydfl sehiGon®ichRehdoer form ng a single

crystal sem conductor |ayer according to claim?2, wherein the single
crystal sem cofRiRGthe gigste qrystal ssmiggindueley tayer anst thie seeenid mposusdaykr tfrven

single ghyshdle GSHLCAFUGIRL 0, A&t Wih 3 iﬁpﬁlp%r&lrsyﬁgzgrl ad HHeCod PStous
layer; and

removing the second porous layer.

2. A method for forming a single crystal semiconductor layer, comprising the steps of
forming a first porous layer over a side surface of a single crystal semiconductor
ingot by anodizing the single crystal semiconductor ingot;
forming a second porous layer over the first porous layer;
forming a single crystal semiconductor layer over the second porous layer;
forming an insulating film over an insulating substrate;
attaching a part of the single crystal semiconductor layer to the insulating film;
directing water jet to an interface between the first porous layer and the second
porous layer while rolling the single crystal semiconductor ingot;
separating the single crystal semiconductor layer and the second porous layer from
the single crystal semiconductor ingot with the first porous layer and the second porous
layer; and

removing the second porous layer.
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3. The method for forming a single crystal semiconductor layer according to claim 1,
wherein a condition for anodizing the second porous layer is different from a condition for

anodizing the first porous layer.

4. The method for forming a single crystal semiconductor layer according to claim
2, wherein a condition for anodizing the second porous layer is different from a condition

for anodizing the first porous layer.

5. The method for forming a single crystal semiconductor layer according to claim

I, wherein the insulating film comprises a silicon nitride film and a silicon oxide film,

6. The method for forming a single crystal semiconductor layer according to claim

2, wherein the insulating film comprises a silicon nitride film and a silicon oxide film.

7. The method for forming a single crystal semiconductor layer according to claim 1,

wherein the single crystal semiconductor layer is formed by an epitaxial growth.

8. The method for forming a single crystal semiconductor layer according to claim 2,

wherein the single crystal semiconductor layer is formed by an epitaxial growth,

9. The method for forming a single crystal semiconductor layer according to claim
1, wherein the insulating substrate is a glass substrate, a semiconductor substrate or, a plastic

subsirate.

10. The method for forming a single crystal semiconductor layer according to claim
2, wherein the insulating substrate is a glass substrate, a semiconductor substrate or, a plastic

substrate,

11. The method for forming a single crystal semiconductor layer according to claim
1, wherein the single crystal semiconductor ingot is a single crystal silicon ingot and the

single crystal semiconductor layer is a single crystal silicon layer.
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12. The method for forming a single crystal semiconductor layer according to claim
2, wherein the single crystal semiconductor ingot is a single crystal silicon ingot and the

single crystal semiconductor layer is a single crystal silicon layer.



