DESCRI PTI ON FORVATI ON METHOD OF SI NGLE CRYSTAL SEM CONDUCTOR LAYER,

FORMVATI ON METHOD OF CRYSTALLI NE SEM CONDUCTOR LAYER, FORMATI ON METHOD OF
POLYCRYSTALLI NE LAYER, AND METHOD FQR MANUFACTURI NG SEM CONDUCTOR DEVI CE 5
BACKGROUND OF THE I NVENTION 1, Field of the Invention [0001] The present

invention relates to a substrateslgﬁég%éﬁglllcon on-insulator (SA) 10

structure obtained by slicing a | ayer froma crystalline
sem conductor substrate and bondin substrate of a different kind.

In parti dUHAMATIRQY MEIIAP Q%%Wﬁ#@r@ﬁ‘é‘?’é(ﬂe&@ﬁ%%?ﬁ@% A¥E&hnol ogy. The

present i W@RMQTIGP@NPET@QODQ)?CMMEWE QEQHEMDWC@QR@DA% substrate in
which a si n%l e crystal or H(:ézstal |'i ne sem conductor layer is bonded to

a subst r aF©HYNRGNDED] XGRY AL ING BAXERs ANDMETHQPKe. Furt her,
the present i nvewl@ﬂiﬁﬁhﬁkéﬁUtIQN@ SEVIEONBGEPORIGHEG USI Ng a substrate

t hat has such an 501 structure and a nmethod for manufacturing such a
sem conduct or device. 2. Description of the Related Art 20 [0002]

I nstead of silicon waf e dRdHods FRpHEaR yg Ry thinly cutting an ingot
of a single crystal sem conductor, sem conductor substrat es called

silicon- brf"i«i:ldsﬁlhaﬂmn(l@w substrates have been devel oped, which have a thin
singl e C}I’OY}a%I’ei sem conduct or | ayer over an insulating |ayer and are

becom ng-w dely used as substrates for manufacturing 25m croprocessors or
the like. Thi sriieq;rd:reniaiumtia;meilameglaesubzdmod rayirigta silidongrnainsuG@br (SOt rat e

dra

O 2 10 e P LR S T RS SRR 00,
of the semseondutboidinditagnatbdue suidiffccain kel | ippaviedar, ardrbew power
consunpt ;{nggnt&naxnro a?esat%h gnd?lgg SE)?Otgc%Lology. 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 arc becoming widely used as substrates for manufacturing

25  microprocessors or the like. This is because an integrated circuif using an SOI
substrate draws attention as an integrated circuit in which parasitic capacitance between
draing 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 SO 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 subsirate 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 SO substrate in which a
thin single crystal silicon layer is formed over a glass substrate having a
coating film by a hydrogen ion inplantation separation nethod is known as
one exanple of an SO substrate in which an SO |ayer is fornmed over a

gl ass substrate (see Reference 1: Japanese Published Patent Application No.
H11- 163363 sl so in this case, the thin silicon layer (SO |ayer) is
formed ové ?’Wém@Isg%aéa”é’ﬁﬁ’é"tﬂl‘%ltléki‘%"’%ﬂﬁcfﬁmaﬁmyktdﬁan S@Ipiiptrebubbihihl ayer s

5f or med ain SODﬂ@dﬁisefom}&EGVéieaoéllﬁssf mm&@%‘seglﬁeféﬁqgﬁe by ;i egd% neseng;ubér}g%cgydr ogen

ions into a Si ng}i{e cry silicon th as’s rate and
the singl &'@Y I:‘@‘tg’iﬂll‘r‘éoﬁ!l1 1ERe3). aﬁ@otlhethwscapiarﬂatt ihing slioen Biybid @39)1 fl ake

usi ng t helapary i0RKABY 8viAYE LIRS ﬂ@)sﬁdt@q}{%g& Rl\an 1'1t[ Ogugc%béq%ﬁ‘:l fo n the case

of fogg] nfg an SO |ayer ovér an insulating su “cPyst al
silic e e wedrerained depibriran did sucfoee Waﬁnp’lantingefy&ifo@ﬁemnb hgoarea of the

| sy ooy B the sjl f
[8'033 ]e crystak y&hiFgg%ehxgﬁae% w@&g glr dﬁﬁ@@%ﬁ?rgte an% tﬁ&ﬁwgﬁwgoﬁ?@hggﬂdﬁge;

singl e cripkeamditbe Npé’@hng &y&#lzm@ fakghsiss tl&ub&tdbablﬂe l&yebhd h eRAvMRT er of 300
mMmis co |y used, and the size of the silicon wafer is smaller than the
size of the gl ass substrate. Therefore, the entire surface of the gl ass
substrat d0 not be covered by one silicon wafer. [0006] Therefore,

al thoggh a pl ugal,it are required to be bonded onto 20t he

f
gl ass substrate, i t)ﬁ:l ‘Iaé‘i !f’llf O%ﬁﬁntg\glfqéﬂéSl‘@?éP\FTs’Br“é%Z@“ag Srlistralei 4 singe silicon

waf ers oweysta layémon layer is scparated from a silicon wafer; therefore, the area of the single
crystal silicon layer would depend on the area of the siticon wafer,
[0003]
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 cormmonly used, and the
size of the silicon wafer is smaller than the size of the glass substrate. Thercfore, the
entire surface of the glass substrate cannot be covered by one silicon wafer.
f0006]
Thercfore, although a plurality of silicon wafers are required to be bonded onto

20 the glass substrate, it is difficalt to closcly spread a plurality of silicon wafers over the
glass substrate,

[0007]
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 crygtal semiconductor ingot or along the side surface thereof, and the cylindrical



gl ass substrate. [0007] There is no silicon in the space between

adj acent silicon wafers, so that there are constraints on circuit design,
which greatly reduces latitude in design rules. 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 conductoL ingot is Iseparat ?dl in
the directiop perpendicular to the central axis; thus, a single crysta

sem conduc:gi“('gpE ﬁé@}%rseﬁ]é‘%ﬂ”%c@ra}”@@ Areprdghihiheotitegtioe gorpTivbeularso the singl e
crystal sesieORdyahAra kiaYelrystl SERaHAt &S 15;&9%&{%‘21&@6?{%%%}3é‘hbt&i'né‘cﬂ' €

crystal sem conductor ingot like by rotary cutting.” 5] o101 o

Al t er nat i ViERYIS & sigleyyspat smicorduciaminyss idltrpaitedi figotthe sylusi[eldailsm@jeead of the
singl e cr ysfal s SeuaRRSUREAN: BYRkary Bifp@ POl yerystalline |ayer is

sepgr at ed ?Irsorﬁbt he 1poI ycr%/stlacl I?neﬂlI emg% nductor ingot. [0011] 10The
present i nYEAti on nakes it possible to forma large single crystal

se conduct or | AHuiybBI N9 RS ARG SLYS LAl SeTigoRdug or  aver
obtai ned in accordance "W ?}?{ﬁ} g!{ present 1 nventi o % Félr B“é g d duct or
devi ce usihglearsiahgkmicongsial ing@mirclon goigtrgstalliay éayewiid Separatedt fidig thear i at i on
as an actiy ClJy Yi8he é:egPC(P%u&gre% Ot[ 0012] 15Since a large single crystal
sem COﬂdUét%l’ ?ayer (0] ]he present 1 nvention does '

[0011] :

10 The present invention makes it possible to form a large single crystal
semiconductor layer. Using a large single crystal semiconductor layer obtained in
accordance with the present in§311tion, 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 aveoid production of a region with a poor crystallinity.
Therefore, the constrainis on the design rules of the serniconductor 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 fo 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 a first porous layer; forming a second porous
layer by changing & condition of the anodization; forming a groove in an upper part of
the sccond porous layer, forming an epitaxially grown single crystal semiconductor
kayer in a region over the second porous layer other than the groove; forming a first

30 insulating film, a $econd insulating film, a third insulating film using a silicon oxide
film using tetracthylorthosilicate as a maierial over a large insulating substrate;

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



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 chnstrai nts on the design rules of the
sem conductor device are reduced. [0013] 20Further, a large single crystal
sem conductor |ayer can be fornmed by the present invention, nore active

| ayers can be formed froma single crystal sem conductor |ayer; thus, mass
production of sem conductor devices is nmade possible. [0014] The present

i nvent i on MHY) Bswating il fSeh e faare splaiing swbsyplegldacemgs waler 38 to an

sem condugh@luck ByGken 1 ahdiondsife: $heERS sBlonanRMliE g A sldBuYrface of a
single crystal seniconductor 1ngot, thereby formng a’first pofous |ayer;
form ng a®88esHEiPseBisenduaipsringsy, sharnidfientie oinpbn divsiabreritotdaetoniuydi zat | on;
form ng a,gf @9 ' e Cats s rous_l.ayer.. f.ormng an
epitaxially gr g\%ﬁ@?ﬁg?i%‘% fé(?gﬁﬂessg{rﬁi%:ggﬁagt% Igl?c %Pglgcé?l 1§%Oiaynr%edétfl%n%ver t he
second’ poHgusanglayestabsdnaeonduainr fdyer gr hovibird fiouhiting fémf iforsting®@e fimsul ati ng

film a secong.) syl flmea third jasul ating £ilm usi a sjlicon
oxide film u_gl?n g 16t 1r%:taéee{a %}lff iélrs %I% %”Fudatl?ee{hgs aSulehng iy rﬁ]bevsé’?gqgc’iyétf‘fge

i nsul at i ngenyeirsitetart Byeratndathiai sacpntl@rgis doyee cowethe tivge ShanBhity GHbsEhHB)

sem condu ingot. i.s attached onto the 4 third insulating filmover the
| arge i nsg %ﬁ”ﬂgﬁggg’ﬁé ?03{183“’8? g‘é%rti ng water jet to an interface between the
first porp@#ss]l ayer and the second porous layer; while rolling the single

cryst sem conduct or ingot, . separating the single crystal sem conductor

| ayer §léand t he rsﬁceilgoﬁicfseﬁ%rgﬁgﬁtfogyé‘%atf’sr dhh f‘h@legﬁ"ﬂg%@ dPpling 2 sEritEdduct or

i ngot ; anstndtdodchongyd blediap Nyt ey yiSkrakbia§O CONAUGERE of 3Y&QYsthiBnd he third
i nsul ati ngcpf.i Ig] f or m n\g. ttl1e first insulating film the second insulating
film the"THFPE T Hstpel Vil by ieasn 1one ins s giiecion Berapndiaiir de tbruesel | ayer
and the sedondilperDystht ajele GYaEl dehfohdlcas ihﬂﬁ,%%bﬁ%éﬂ&f%?&%'ena”d
renovi ng the second porous |ayer. [0015] 10The present |nven |o% relates to

|
a met hod PBATFEN Aegian Bra/Wbuler shaae; ravintecthe aseHine sywicondistandiigoyint he st eps
of iriadi &tidcinSicARnsibARLH ceftrd YRR th ARG Lngot with
hydrogen ions in tsﬂﬁe gj lr éctj 0n1 pcgr E)er?di cul ar lﬁgé?ﬁg%g@gétégg@%éfl %)?’Wni | e
rol |ing t{f8ardiinggt evelrljae spmisepdusion duyet Bomi thybydropdreiosbiyradiaion mgios; hydr ogen
ion irradjatiQhifL8i O9sithilinds - : 1ng Lhe.stystalline
seni conduct or irllggg[t PRA5" %‘L“'é’@ﬁ%dr%e%‘ts‘?g‘ﬁ%ﬁ?ggé%a?%‘Bgﬁ“r‘gFob{% central axis
of the cri8t@l |ine seniconductor ingot; separating a crystalline

The crystal 11 nd SoRrBpanerget SRR Tt 8w pif ol hetvad hhindlie o
[ 001630 Themprwedend: lhywentliding i sit@softwhi BT cflonmirngys@algicyst al | i ne
semiconductor ingot, frradiating the circle columnar crystalline semiconductor ingot
with hydrogen ions, thereby forming a hydrogen ion irradiation region in & 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 outer region
25 of the hydrogen fon 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 irradiation region, and attaching the crystalline
semiconductor layer to the large insulating substrate.
30 {0017}
Turther, the present invention relates to a method for forming a polycrystalline

semiconductor layer, including the steps of imadiating a rectangular column



20 sem conductor layer, including the steps of while rolling a circle
columar crystalline sem conductor ingot, irradiating the circle columar
crystalline sem conductor ingot with hydrogen ions, thereby formng a
hydrogen ion irradiation region in a tubul ar shape; contacting and
attaching an outer region of the hydrogen ion irradiation region to a |large
i nsul ati ng substrate, so that the large insulating substrate waps the
outer regi gn 95 of the hydrogen ion irradiation region of the crystalline
seni condul? 8‘?"%*?\'86? seraiReidFiP] Beplewith dydioben foas.gbertins tiraitrigng hsdibogdn at e and

t he cryst bl kR 68 GHNGHGEO ek ) r.afi .crystalline .seniconductor
| ayer which is the ,odl%t er rg‘giregtnaﬁgtgglt %CZ 13 rg ég%aﬁ%]fg] S%/IPIng T4t dR%egi on from
t he hydr o@é‘i‘?“ﬁg@rﬁ“ﬁ’ﬁ%‘éﬁ“&ﬁ fip. a weinerinsuiaidg &t aoidiariird eulenystiial sine

sem condugt®ikold 8yiek £ : : j Lng substrate. 30[0017] 5

pol ycrystal | i neasg%ﬁ%@rﬁ%ﬁ%ﬁ%ﬁ%ﬁg@ﬁ \%l?# ﬁgérncl)‘gférﬁal i"SHs atléf’e?‘é‘ﬂ%/‘”fgor ning a
hydr og’%n U8Rt rad oardson theeird mnsithtiohBlnr et anglohar teokummzRel st al | i ne

sem condugdi @ ydi NG serhi QLM first.insulating film a second insulating
fil m e a’%%i ra | ﬁ%‘%l?%*{ﬁ.‘)ﬁgf ek ‘G’é’idﬁgls o Fg%’fi?c&iéfaéi@wf lave dehileg

t et r aet hylcatug howiratingdhe pelscrastattite tdyal framalie Bydragegdon MeatliAldaNGgin.

substr at e;,4a1 ' the.third insylating filmand a region of the

rect angul%r c%?hﬁr%%%‘flg‘éﬁy?@{’%h‘ﬁ‘(“ﬁéf’ @&uﬁf&%w Yigsubsiight . which is to be a
pol ycrysti@P18ine | ayer; while heating, separating the polycrystalline |ayer
from{she hydrogen, ion irradiation region; and attaching the polycrystalline
I ayerltot o the | gﬁg’%‘%ﬁ ﬁ%seulpéct“r"ﬁgmg%’gf’r ales (@1 8)ethpd Fir t merufagtingresent

i nvent i orseméloathesortdoviae, imidunek tho ktcpREhagit 14 ia%ﬂie%&ﬁé@&%@%&t& St%[eVi ce,

i ncl udi ng. Pc%n?t S. oft @?Qgi %i ng a side surface of a sing cr%s al

sem conduct of 'ffg‘%t’f‘g?h EBY 188 AgE porpust laperr bumtintgay eeconfigramdusg a second

porous | ayer cestahc Hhe phiofiShyRUyQUhangifY 8 oMb @Ngl R 2.50RdL 1190 of the
anodi zati on; form ng roove in_an upper part of the second pogous | ayer,

a

formi ng & EHi't Q&FQTCWMSPWS@P%P@W&EYW shiak a8 epitconiunten sihgiger in a

regi af o\efstd REemRBERRE: PALPYS 4 : t roove. formi.ng a first
o P48 RUBE RN LR MRG0 T 17

insulating film a second insu ing film a't *m using a
silicon e forrmeusingnydatingdiling k secohd sistilating Blnas @irdabselitiap iover a | arge
i nsul ati pEinsUbst it £ ki e ve.over the single crystal

seni conduct%r‘ ?é{gcgi% %glndt%oﬁlt 251? %i%‘g&lﬁﬁgogﬁlgfllhﬁég{c falslanPB\?Fé‘P ONE P dpge

i nsul at i MFULEbE vulstrete; alfackiop itrggmareovirahe tiaglanrys20 sbnierdiaes iH%ﬁween the
first po ‘ I con orous _layer; while rolling the single
cryst aIO ggéﬁl&%ﬂ’éﬁ&l@gﬂ?%g%{ ?9@8166%?%? i’%{j]sa{lﬁ%g’@?tﬁad?;él]”@FW‘&?msig‘rFP (‘}Iﬁbnduc%J or

| ayePl anépterfise detond tpofisugorbuyleyer fano mid Reosi REGR 16§ Skalte s capduct or

i ngot ; agﬂogt%r Q‘Jﬂi@%i(&)ﬁ m?i ngl e chy.s‘t,aI sem conductor layer to the third

i nsul ati ng~fi %’ f'Or i ng1 Ry SR e PRgC skl semisosdissidayensul at i ng
film thend Hicrsdednpotoat iaygr frithme dilge $iy0Al @nBENRAL@Dr indS: §mt&9ﬁggct or
layer, apd the sec Elqgrgor ous, I_il%/er over the large insulating subStrate,
renmovi ng the secOnt pEPEURIIFRY é3ver &e i thigdtinaulaing ffilen; deywinglths &t conduct or

| ayer, thenietiys fiohNhe gedns el GO EGH O e kS ARGILGS £ t%@gi%lg%r‘%tagat €
i nsu%@tl n .1;| Idm over the sem conductor island redion; fornrng -a gate

el ectT od& YVEI I RE 435t and HeulesRenRPress Jycranvdr sedirg iawlitimpusubdiatec| ement

I mpar t i ngenveneC erRAMCAN béud BiytheSEM GRN or dsland 3Qregion using the

gate ele trngde: as a mas}z,l ?sheryeby fgﬁmﬁﬁggg&%o{iﬁé@ S%Iengl?o(ﬂ"‘%f}&g‘ gﬁryfi‘bn regi on,
P 1918 e Pespiconsiyitonisiand tigiors dmingond gatt drsulasharitm oegi @p. [ 0019]

and a chaifit
6 . o ) P el . _ . .
semiconductor island region; forming a gate electrode over the gate insulating film; and
adding an impurity element imparting one conductivity to the semiconductor island
3 oo a3 1, - . . R . . . .
0 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] |



In the present invention, the single crystal sem conductor ingot is a
single crystal silicon ingot, and the single crystal sem conductor |ayer is
a single crystal silicon |ayer. [0020] 5Further, the present invention
relates to a nethod for manufacturing a sem conductor device, including the
steps of irradiating a side surface of a crystalline sem conductor ingot
with hydrogen ions in the direction perpendicular to the central axis while
rolling the siﬂglg crystal sem conductor ingot, thereby formng a hydrogen
ion irradiati on® r8giPEH R NTEHIgy e STgkapestalntpipgpdutier Bryistsa Isingts

sem conducteasl silngatindol and Ghelsh@ledfs8C tdnRBoRREBLNYEGHL &l o1k Qr}%{lfsiﬁgd?lt ral axis
of the cr%gtalline sem conduct or 1 ngot; separating a c%ysta I ne

senmi condu@Yr | ayer fromthe hydrogen ion irradiation region; attaching the
crystal lijme2gem conductor |ayer onto a large insulating substrate; etching
the crystalline sem conductor |ayer, thereby form ng a sem conductor island
region? form nguEhgatthe imaarativerjion ety ér & mestisdnicomdudhanriig laand

regi on; fRmdRbudo 1 0, . at.e insulatin i.lm and
addi ng an inpurit;gﬁﬁgﬁbﬁ?ﬁyﬁ%gﬁi?ﬁﬁqﬁgém%gﬁ}%%%?%F?@m?8¥?ﬁng@HPconductor

i sl and r el§eRndustorgingeleviabedregeacionotiethaslimctimsperpdnietiabyo fierdgnig a sour ce

region, aygai 10 mation reqgi on in the sem conductor
i sl and re_gxi Qﬁl.l%[ {)(g%!{ﬂ &Sdglﬁ%Qt ‘ﬁ%&%?%{éghﬁu?%em Ol?’gﬁf:rgﬁ’h st g’( Jrogra

sem condu@t 8radiatigatredien inod ubdaratheyreg ntovingahe ciysthitine sagicmtiiuber hegbng heat ed.
[0022]6  +he dir t r nt _jnvention relates to a nethod for

manuf act uri nlgmdaﬁééd%ﬁ%ggl Ll}grt g’rt‘ﬁ%ggﬁt@g?mf r‘i’ilt%dfr%‘d e SERIEvgoT gote rol | ng
a circl e spirdlingar cosyBinalstmitendudbr beai tanduch@oddndes irddiAiddi-alibng the
circle cqlunm r Adine.sem conductor ingot. with hydrogen ions, thereby
form ng g“%%r?%tgh%n&?stéaﬁh?cr?cglﬁogﬁcg%q?}gb%ﬁ? 7 & PTG sukivalse etckivat act i ng
and at t achi ngs@atinoueaiconégitaniagh, hBebYEHOGER deffcdnii@ Rlzh®RL&PI ON to a

| arge i nsfglln%i ng a§ubst rgt_e\, so that the | arg)? insul ating substtate w aps
the hydr 0gen % 8ne3's FRUEUEE B Oxgi 1B SyRicpiRIcEF jedans) regiva; Bumingondelet o | ngot :

whi | eiSheatdcnadd de: s goe iR@lafimsihathd 8dEHD s Erﬁﬁlﬁit?@theIﬁeingﬁMﬁ]gaolnlei ne
sem conduct or .ingot, separating a crystalline sem conductor yer which is
t he out erco’ll(g)ﬁf%‘rl}" & thenismisrated nisippsh Tqgionavting fhengate giedroderaom trask, hydr ogen

ion irr adka@dtyodrhR@ a08rcd ek b Agidahe | 4 m.conductor 7
| ayer to the y?gr egi nsul at %ngg;tgﬁgﬁ r tlgél;’ q%‘f%:%ﬁ%ng&t%lte}g%}?%g%%?q hdge

seni conddEPEPqusglia islandgegieby f or mi ng a seni conductor i sl and region; forming
a gate inmsuhpting filmover the sem conductor island region; fornmng a gate
el ectrode over the gate insulating film and adding an inmpurity el enent

i npard’i ng one ohe pessenyinvpntia, thherseitinesndicohdrctdr Shgan i breYil:: Msi Nng t he

gat e el eghkQeerAS. nilBShn. fNLLEPY formng a source region, a drain region,
and a channel formation region in the sem conductor island region.
[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 jons, thereby forming a bydrogen ion 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 insulaling 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



[ 0023] In the present invention, a first insulating film a
second insulating film and a third insulating filmusing a silicon oxide
filmusing tetraethylorthosilicate as. a material 10are forned over the

| arge insulating substrate. [0024] in'the present invention, the
crystalline sem conductor ingot is a crystalline silicon ingot, and the
crystalline sem conductor layer is a crystalline silicon layer. [0025] 15In
t he prese&}ainv§%}¥qy,.tge.crgiﬁalIine,seniconductor ingot is a single
crystal senttShdtictids® MRYBImEFutsHe Siebipsthy crellse cmamwadetor layagot , and
the cryst alldrdbpgoseng &eatiueidatiol RGN doSord tSLNY £ 48 Yshalin Sem ctor layer
or a polycrxséﬁfline I@yer. 0026] Fgﬁiher, %%egpresenfn$nve§?$gﬂzrelates
to a nmet h§d e “ﬁtﬁhﬁ}%{ t@ I h EPrameFoRAkeHe diode ave o sibvingdatingfdhudidig t he

.St eps OT 'aﬂdiﬁéj'a@‘tﬂ'np@‘.i@ &@l%aﬁgiaﬂrﬁﬁ , 6l H&Hﬁu%ibﬂ(ctroytﬁé %l::kxlc@gdms:%gnglg ncfj uct or .

i ngot th hydrogen ions, therebyg?ornlng a hydrogen ion 1T radr ati on regi on
inthe: reéetgé[’rﬁ‘g‘tﬂ*%r*_hé(ﬂa@nﬁe%‘@ﬂ?éﬁ ysuaskl theeeby dmingopduotoe regigota dfabr ni ng a
first | nsgol it d dnbiflel RrReEANLubN R ALING L8 AR By T | nsulating
f|In1u5|n%¥F silicon oxide f|In$u5|ng tetraethyl or 65" i cate as a
material &¥8#l a large insulating 15 substrate; opposing the third
insulating fil n,and,achegdlm.pf, Ehe: tangul ar _col.um. pol ycrystal line

seni conduct or i ngo&?l?l' v{\ﬁﬁch {&gg’taoﬁﬁgmgﬁ%bq%@ﬁnysatsg(fqnldﬁ “]aﬁi}%}agﬂlvﬁ’ﬁdl‘?‘e heat i ng,
separ at i n§irdHesupsting &by ssing b sitieorl @y fifiir auing feadiydorogeinicitons 4 mhrdihat i on

regi ong anpd ¢g " %;- , talline layer to the large insulating
substrat e; et%ﬁﬁggﬁgﬁ%ﬁ gfﬁﬁkﬁgé%i??%% sem conduct or | ayer, thereby form ng
a sem contifédlor island region; 30 forming a gate insulating filmover the
sem conductor island region: .formn gate el ectrode over the gate

i nsul ati ng fiI%?tghgmg:dﬁﬁﬁh%Ihﬁ%bﬂgwg§g%P@3§HFﬁ?ﬁﬁéﬂ¥ﬁﬁbadﬁ@“@éﬁductivity
to the sesiicorioguttand theshyndireagn@ondigidl hyehs 1@fsR18lQ0lchRUgAS a mask, 8

t her eby fﬁbggng a source region, a drain region, and a channel formation
region in tﬁé sem conductor island region. [0027] I'n the present

i nvent$ on, the Is eet@aGR Bventioh, URNCHALVIEE YShidhlduRB: ﬁ@g@ ftgﬁgﬁi%get& sgi ngot is a

rectangul ar .col um POl crystalline silicon ingot, an | ycrystalline
| ayer semiconductor Ingot or “a polycrystalline semiconducfor ingot, and the crystalline

semiconductor layer is a single crystal semiconductor layer or a polycrystalline layer.
[0026]
Further, the present invention relates to & method for manufacturing a
20 semiconductor device, including the steps of hradiating a rtectangular column
polycrystalline semiconductor ingot with hydrogen jons, thereby forming a hydrogen
jon irradiation region in the rectangular column polycrystalline semiconductor ingot;
forming a first insulating film, a second insulating filn, and a thizd 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 semiconductor ingot, which is to be a polycrystalline layer, while
heating, separating the polycrystalline layer from the hydrogen ion irradiation region,
and aftaching the polycrystalline layer to the laige insulating substrate; etching the
polycrystalline semiconductor layer, thereby forming a semiconductor island regjon;
30 forming a gale insulating film over the semiconductor island region; forming a gate
clectrode 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
]



is a polycrystalline silicon [ayer. [0028] In the present
invention, the first insulating filmis fornmed using a silicon nitride film
cont ai ni ng oxygen, and the second insglating filmis fornmed using a silicon
10nitride filmcontaining nitrogen. [0029] Note that in the present
invention, a thermal oxide film(silicon oxide film obtained by thermally
oxidizing a silicon filnlnay be used as the third insulating filminstead

of the sily m using. tetraeIhyI orthosilicate as a material. 15
BRI EF DESCRI = |i% ‘?ﬁ ‘?hﬁc‘bi’%&W NGE4H5867- and a chanyg] dggmatipn gegiongn dlec h

i |l ustrat émnicagrlegooflahdragiong a crystalline sem conductor |ayer of the
present inygption; 20FIGS. 2A to 2D illustrate steps of formng a
crystal line sem conductor |ayer of the present invention; FI GS. 3A
and 3B |IIustranémansmﬂpmo&uharMhﬂgu@oQEW§ﬂﬁ%db&ﬁe§§Wh99QQH&£ﬁ§aéayer of

t he present mplnv 5 0 lustrate s
form ng a erystATTIEEE B RalepsRlipa flrongneois pkthp pelyenystalling élman on;

FI GS. 5A Em;ﬁ@onhhﬂﬁ&&aksnﬁgaps of formng a crystalline seni conduct or
| ayer of gg%%present: i nvention; FIGS. 6A and 6B each illustrate a
step of f ]ng a crystalline sem conductor |ayer of the present invention;

30FI GS. 7A to TEthd bieshif abRnBbeRSe Urst IOGMHAY AnClyRALALS 1,08, Seg)gonduct or

| ayer of the Qresent invention;
mtn ilm 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 vsed as the third insulating film

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

15
BRIEF DESCRIPTION OF THE DRAWINGS
{00307
FIGS. 1A to 1C each illustrale 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. 5A to 5D illustrate steps of forming a crystalline semiconductor layer of
the present invention;
FIGS. 6A and 6B cach illustrate a step of forming a crystalline semiconductor
layer of the present invention;
30 FIGS. 7Ato 7E illustrate steps of forming a crystalline semiconductor layer of
the present invention;

FIGS, 8A (o 8C illustrate steps of forming a crystalline semiconductor layer of



FIGS. BAto 8Cillustrate steps of formng a crystalline sem conductor

| ayer of 9 the present invention; FIGS. 9Ato 9E illustrate steps
of formng a crystalline seniconductq_ | ayer of the present invention;
FIGS. 10Ato 10D illustrate steps of formng a crystalline sem conductor

| ayer 5o0f the present invention; FIGS. 11A and 11B illustrate steps
of formng a crystalline sem conductor |ayer of the present invention;
FIGS. 12A to 12E illustrate steps of nmanufacturing a sem conductor device

using a chpPrapmtiipienieni conduct or |ayer of the present invention; 10FIGS.
L3A 10 13D i1 ustkabe henfistlic WBURAGHILL 09-RARILGONGNALRL iBvice Using a

crystalline sem conductor |ayer he pres I nven ; FI GS. 14A
and 14B i thewstseritievesti@ps of manufacturing a senmi conductor device using a

crystalline senjg@n I 8110 resent_ invention; _ ) FI GS
15A to 15C iIIus??ég%§§€%%Lﬂ§?dﬁﬁ%ﬂ%gggﬁgﬁ§ aéygg%?%%ﬁﬁﬁ%F%FmﬁgW?ce 15usi ng
a cryst al ¢fithepsemit comdiset or | ayer of the present invention; FIG 16

LSS 2 SHER, o PR AP SELSEREAR o SRS Py
i1l ustr ateshapregdnettvedione devi ce of the present invention; FIG 18 is a
and 108 oach 1 1108t 15t & SR APELEE R entubeBroe Rorosanio Rosh i on.
FI GS. 20Aushingh &9RBaltinescinicinagit@myef obie gleesi pBiondevi ce of the present
i nvenfd on and aPIBEO %(A ?(') ?915 qﬂsttrgt%rs?ggs’ofrrgigl 'acchliri\{lglays;.emiconductor device
using a crystalline semiconductor layer of the present invention;
FIGS. 14A and 14B illustrate steps of manufacturing a semiconductor device
using a crystaliine semiconductor layer of the present invention;
FIGS. 15A to 15C illustrate steps of manufacturing a semiconductor device
15 using a crystailine semiconductor layer of the present invention;
FIG. 16 illustrates 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;
IFIG. 18 1s a block diagram 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 are a diagram of an electronic device of the present
invention and a block diagram thereof, respectively;
FIG. 21 tllustrates an electronic device of the present invention;
25 FIGS. 22A to 22E each illustrate an electronic device of the present invention;
FI1GS. 23A and 23B illustrate an electronic device of the present invention;
FI1G, 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 preseat invention; and

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



FIG 21 illustrates an electronic device of the present invention; 25FIGS.
22A to 22E each illustrate an el ectronic device of the present invention;
FIGS. 23A and 23B illustrate an el ectronic device of the present invention;
FIG 24 is a block diagramof an el ettronic device of the present
invention; FIG 25 is a block diagram of an electronic device of the
present invention; FIGS. 26A and 26B illustrate steps of manufacturing a
sem conduct or device 30using a crystalline sem conductor |ayer of the
present invention; FIG 27 is a top view of one pixel of the present

i nvention; and FIGS. £ { @l PG devi ces of the

present invention. ?é%égf%f%Egcghéﬂéﬁgiféﬁggﬁ%¥h§q? ENTI ON Enbodi nment

Modes [ 003tjodukerbdéhideent nodes and enbodi ments of the present invention

will be ﬁﬁ&hﬁined with reference to the draw ngs. However, the present
I's

inventio not limted to the follow ng description. As is readily
appred at ed by Bhivosiameskintdded anth érhiendimhents tdfethaogleseandnidagiosledal beof the

present invention. can be chapged in varjous s without departing fromthe
D rre ard Y SRp e end PR CTaber v IRt i M REkEfopeetERe® 0 pr eoont

i nvent i onimsik@ub dhdtloRBgeRashbited Asisheidng abprodidted bl ehdsbekides ar hpt i on of
the enmbodi ment ngdes %o be_%iven below. Note that in the draw ngs for

i 11 ust r atAnd % HESHIAGE dFial o i IHEShYRARIGHAn PF 1EBS6H 1 SR Y8enot ed by
the sane Wigfol &paRinR WaBY Bt it ehRbbe dthee sleaw i08Stiob 00Bdrd2Nake that in
this specification, "sem conductor device" refer to general devices which

can flthctRressnbipvertionishone nebhy coivbitied 8y dpipgpared de thadepcHptip efythdevi ces
usi ng | i quhdashohs bhdkies @R Q! BN SEAD G (FlRk drRFing N Ror lilhkBamSiE conduct or
circuits, and electronic devices are all defined as sem conductor devices.
20 [ Enbodimeirtes phdlee myention, 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
liguid 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 {o FIGS, 1A to 1.C’
FIGS. 2ZAto 2D, and FIGS. 7A to 78,
[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 example, 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,



[ 0033] Thi s enbodi nrent node will be described with reference to
FIGS. lAto 1C, FIGS. 2A to 2D, and FIGS. 7A to 7E. [0034] 25In this
enbodi rent node, an exanple in which a silicon ingot is used as a single
crystal semiconductor ingot, and as H single crystal sem conductor |ayer
having | arge area, a single crystal silicon layer is separated fromthe
silicon ingot and bonded to a large insulating substrate, for exanple, a

| arge gl ass substrate, will be described. [0035] 30First, anodization is
per f or medhosilidonengn D escgihdea diométacd 30fcraarslid leggmof Hjotn @0@rcand a first
por ous sib6 n |ayer 101 and a second porous silicon |ayer 102 are forned
as a fi rs[ 3g"grous | ayer and a second porous |ayer, respectively. In this
enbodi ment nodaipte thitdn siel presodt ihwegiddn, 1 60nivaetictvas rat bdndektoeilicof, 80 cm and a
| engt h of 130 cm. or nore te tha RhEsent i nvention,

. [ 003 , t o th
T SARRo for R g b im0 Meathe b B S bmt o o or

a semi corfdti
exanpl®, @elMidhidtadusiol | GOMmgekaaniume ated e dokdge. amnd wupld oxitde
sem conductor or the |jke nagasbe useg’ if 0gssj ble. A single crystal
e condUEPBPFIEIE bTTRE P G APEEe (MBS PE Pl ST e |
sem condugkmtr, itRY@brounfUlifeniecohdiea RRIANSayRYORichROABHOn@ POKRUSsHayer whi ch
corresponds to the used sem conductor. [0037] 10As shown in FIG 1C, a
recept acl€mEeadyciorf i | | ed with a mixed solution 113 of hydrofluoric acid
et hanol , gggithe silicon ingot 100 is provided therein. The silicon ingot
100 and an electrode 112 (pr ovided in the receptacle 111 are connected to a
curret sour ceAssBons imfiaribee rasatagle dat frotiled WEB garied 891yiamol! 3l i cat i on
of curr e%fdm'ﬁll.lgltié QHW&(@]%I, Qhd R&ildbK S JRY0D% H3oMed Aerdife BleGhdade 112.
15[ 0038] Upon applying current,” a porous silicon |ayer having pores
with a diiagetle auf asdeasrodt 1H provided HhaicecriyhicBd asewspagied @iscummt is for med
over a SLLIDI!I%Q ell%f ad Qx% .§ﬁ(Jd'eC§Ha 'an&%odg',o%spectively 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 cuxrent
density is changed so that the first porous silicon layer 101 and the sccond 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 layer 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]



[0039] 20When forming a porous silicon |layer, formation conditions such as
current density is changed so that the first porous silicon layer 1.01 and
the second porous silicon layer 102 can be formed. [0040] Strain
is localized at the interface betwee he first porous silicon layer 101
and 95the second porous silicon layer 102. The larger the size of the pores
of the second porous silicon layer 102 is, the larger the strains get.
[00411 After that, heating is performed at approximately 1000 C to 1100 C
in a hydrogen aboshHbrd critmaaliavee it By (siredspcrgdalsdlicoptaysn) fiogwwd @t ¢ he
surfaces @écohBorbhd SliciR0aRMOYD VD 6Pl 1a%er A10% @ﬂ? %Ql% §CG@WQH)POY ous
silicon layer 102, and the surfaces are planarized, [0 fﬁ 2 Next ,
a si i con PBgPimedialthe sidesutfiys ¢isthagreond rnpsqual silidobileen Iloa.yeﬁj)em 8 thr own over
a second ied f j t . this time, a
gr oove 10%QE§538§1%2@ﬁ§ﬁ5?¥q§%§9§ﬁﬂﬁmgﬁg?giéagf1?L§§%§§%ﬁiDﬁﬁpgggSS!|!Con
layer 202 siliggelaydrflOZ mo bprsopareicd by uging watr jeor30etlring fhe féliovsing megsous silicon
| ayer 101@pgy the second porous 5silicon |ayer 102 can be separated by
using water jet 130 during the follow ng steps. [0043] In the case
of form ng the lgtigove: ABrmingere drbecdpPittabdnghe trayein] hG 108 iggEowWn, a a Mask

ey e oL RS By P IS S PRRUE i FSD BBl 0 Torm

t he groove epl gro
groove 104 without epitaxial growth,
10 [0044]

Further, in the case of forming the groove 104, after the epitaxial layer 103 is
formed over an entire surface of the second porous silicon layer 102, the groove 104
may be formed by removing a part of the epitaxial layer 103 using a dicer such as a
laser or a blade,

15 [0045]

As described above, the first porous silicon layer 101, the second porous
silicon layer 102, the silicon epitaxial layer 103, and the 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

200 10s.
[0046]

Further, in this embodiment mode, a glass substrate is used as a large insulating
substrate 120, and a {irst 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
sccond insulating film 122, respectively. Furthex, 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 Insujating film

30 123, a thermal oxide film (silicon oxide film) obtained by forming 2 silicon film first,
and thermally oxidizing it may be used.  Further, the large insulating substrate 120, the

first insulating film 121, the second insulating film 122, and the third insulating film



Further, in the case of form ng the groove 104, after the epitaxial |ayer
103 is fornmed over an entire surface of the second porous silicon | ayer
102, the groove 104 may be formed by renoving a part of the epitaxial |ayer
103 using a dicer such as a | aser or 1@ bl ade. 15[ 0045] As descri bed
above, the first porous silicon |ayer 101, the second porous silicon |ayer
102, the silicon epitaxial |ayer 103, and the groove 104 are fornmed over
the silicon ingot 100, and they are collectively defined as an ingot 105.
FIG 1A i $2anerolistiedctefardlio of ewbefale e (peedd6 205, and FIG 1B is a
perspecti ygy ew of the ingot 20105. [0046] Further, in this
enbodinen¥ nn%e, a glass substrate is used as a large insulating substrate
120, and a fi r shs thadugcaimpulginfi substhR11202a glesscsnblstiateslflaamlingsitﬁdaterglaszﬁ, and a
third ins ¥ it m.123 are.forned,over.the |lar i nsul at.i ng substrate
120. In t%ﬂlugﬂogl% r(gg#%éc%i gsr‘?t [}%H‘g,bglgg%l?gfi? %%S’r?ir tﬂ?Bl glge’ folllarﬁegBﬁO[ngP(rﬁ“ng oxygen
and a 8i | sdohatoxi dearfzi dlass odret abani gigs nilistroige edds,  oiaed sinstrpbasmm CV] ), as
t he firstr'nsulatj%g film1.21 and the second insulating film1.22,
respectivé(?gmﬁﬁpghér, as the third insulating film 123, a silicon oxide
filmis f@oded by plasma CVD using TECS (tetraethyl ortﬂosilicatﬁ) ars]_ad
material, to haye thi ckness of 50 tun.to 100 nm Further, as the thir
insulating fil ex:tsgheigr?@‘,'c é”t‘?‘fé‘[’%ﬁ‘lg‘)toﬁgd%atfz‘icf‘?ﬂ fodhg FuosttePde Ip ithem)
obt ai ned byge vdeititggBowd 10460 Rof fokmRd] b bat of @PdpitRan IBL) W30XhGhZigg 1t may be
used. .Further, the |arge insulating substrate 120, the first insulating
film 151, “t‘f‘f@fagie"&‘ﬁh‘he ‘?f%ii’fatl?‘hg film 122, and the third insulating film 13
123 are cqihectively referred to as a substrate 124 (see FIG 2A). [0047]
As the large insulating substrate 120, a glass substrate of alumnosilicate
gl ass, al um no-BOPgstheivasgelyl Hsis dipeled rmaporgss intertace bgiwgss thediirst he | ke,
or a sem GOBGUGHQM RFHUDENT AldenefseAaN fofoud! 8RS %)Q?Fl()i,hﬁﬂcrgl Fﬁiﬁs SHbstrates,
besi des, a plastic substrate or the |I'i ke can be “used. 004§
Next, theldgcobye thoidrsiggoreyssilicagdayer iy dng thetseesd @droue sithen kubsiORatee 124. In
t he case ﬁgg&gd;he groove 104 is not forned, a part of the epitaxial |ayer
d

103 is ma to be 10in contact with the substrate 124.
[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 t0 a cross section of the
ingot 105, Further, although 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
sccond porous silicon layer 102 are separated (see FIG, 2D).

30 [0053]
In this cmbodimsnit 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



[ 0049] Further, the water jet 130 is directed to part of the
interface between the first porous silicon |ayer 101 and the second porous
silicon |ayer 102, where strains areqharge; thus, the first porous silicon
| ayer 101 and the second porous silicon |ayer 102 are 15separated. [0050]
FIG 213 is a cross-sectional view of the substrate 1.24 and the ingot 105,
which are viewed fromthe side surface of the ingot 105, FIG 2Cis a

cross-secﬁ&@q@g}M@§E%%& %P§4% bstE&%e 124 and the ingot 105, which are

viewed froma cross®séctio "rhei RSt mha e, el quer the substiae shown i n

FIG 2B, }4e water jet 130 is directed to a cross section of the ingot 105.
Further, @hthough not shown in FIG 2C the water jet 130 is directed in
the direction fromthe surface of the paper to the back surface. 25[0052]

The ingot 1.05Then,ntkd $cethd poréheildioh et oM RE! i the central axis
of thg_i%%%; }OS,gﬁfr t&g ?ﬁbst;ate %%54, gngﬁﬁggg%gé@%%%i?@%ﬁﬁ“ﬁsn t he

di recti on i nAi CAT && BY PR el GiAeElaygsiOgvehibe grtsbyte 120by asleaivat art ;

thus, thetgiilg GonTEPI1AGXi Sihcd fX6ds 4034 Ldes .Porous silicon |ayer
1.02 are se rgt ed gsﬁ% FI GCZ%;{ X 530[%05% Sgéf’jf‘ﬁs"gﬁ‘g?“qﬁeg?fﬁ‘s%iaﬁa @Prsi ze of
94.2 cm %Xifg CCHPEFIRHPE 18Am 6w )% Srusetlie oicking riteisdidist raterdiigh, 0§19054] Then,

the seconi: pEERLISrEY 46N 1Y &2 QR1elSy d fromthe.second parous 5
silicon la 102 and the g?licon eﬁkﬁﬁﬁfgp%ﬁanﬁmib OO ERE bt r at e

er
124 by sé@é&ﬂ@%@“@ﬁ@ﬁpH@SG§@@mﬂQ€i 7A). Since porous silicon has
si gnithi canddsy | arge surface area (for exanple, approximtely 100 nR/cnB);
thus, the etching rate is high. Accordingly, only the second porous silicon
layer 102 is sBVESEiafier {heetained fraesier oiduyfathalisid iisan i€pichaxidaby hayer 103

remai ns aRdbLbs,; aﬁx‘d@‘ﬁﬁ)@ AcPholi2d planarize the silicon epitaxial layer 103 at the atom level.
[0056] ‘
In the manner described above, the silicon epitaxial Yayer 103 can be formed
15 over the entire surface of the substrate 124 having large area.
{0057]
Further, the silicon ingot 100 form which the second porous silicon layer 102
gnd 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 layer 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. Morcover, 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,



10[ 0055] Further, after the etching, transfer of surface silicon atons is
pronoted by a hydrogen annealing nethod to planarize the silicon epitaxial

| ayer 103 at the atomlevel. [0056] 45 In the manner descri bed
above, the silicon epitaxial |ayer 03 can be fornmed 15over the entire
surface of the substrate 124 having |arge area. [0057] Further, the

silicon ingot 100 form which the second porous silicon |ayer 102 and the
silicon epitaxial layer 103 are separated, and the first porous silicon

| ayer 101 (see FIG 7B) can be reused through the sane steps from

f or mi ng t Henlwdiowmd Maglc8lis 20si | i con | ayer 102 (see FIG 7C). [0058]

Al ternati Fﬁ the remaining first porous silicon |ayer 101 is once renoved
fromthe siTi‘con ingot 100 (see FIG 7D), and the first porous silicon |ayer

101 and t he sedotids mbMaxﬂilﬁdde,%mbﬁyﬁforlﬁzaiﬁfﬁg’a gi@Q;NsYal fs;ﬂ'é&??‘y&see FIG
in the case where the di‘ameter of “the silicon

7E) . [ 0059 , _Further, in _

i ngot Zsi’oojge'ivgllgsiquéfslaéer": ""l&!lfclild?;lﬂzf{?émhg@ﬁ‘ Hat i Rinpodemept Wdpder 1, 4 ©0BOJ fom
accor dancebtaihibp at dthge enbaokiest g8 mah®i PP SnGfys ] aséeh]'i&)%uét%yer havi ng
30 Iarge(?rea can _be,fornmed over an |nsulat|ng substrate having l'arge area.
Mor eover , “ECEPFRE Bl S?‘W&o%‘?%ﬁ’élﬁori laveg witl tbe dpsgribgdoitlf wierineg taFKiighe cryst al
silicon ltapsr rE 4bac bpusRdIGeNth sidrgl e crystal silicon layers having |arge
area canIB&YHass-produced.

10 Further, 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 scparated 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,

[0064]

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,

[0065]

On the other hand, for example, a silicon ingot having a diameter of 300 mm
(circumference is approximately 942 mm) and a length of 1000 mm is used as the

25  silicon ingot 100.

[6066]

. The silicon ingot 100 i3 placed over the substrate 124, and a crimping roller
141 1s formed over a surface of the substrate 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. 3A 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



15 [ Enbodi nent Mode 21 [0061] In this enbodi nent node, a nethod for
obtaining a single crystal silicon |layer 5 having |large area, which is
different fromthat in Enbodi nent M 1, a nethod for obtaining a single
crystal silicon layer, a nethod for nmanufacturing a sem conductor device
using the single crystal silicon layer will be described with reference to
FIGS. 3Ato 3B, FIGS. 4A to 4D, and FIGS. 8A to 8C. [0062] 10Further, in

this enbodj tr xappl e in which a silicon ingot is used as a
%JE%F&H %Po%?wcfa‘;g ol

single crystal serficon 8?‘ingot, and as a single crystal sem conductor
| ayer havil®{§7] arge area, a single crystal silicon layer is separated from
the silicon ingﬂ% aqg bqued”to a large insulating substrate, for exanple,
a large glass subst'Fareo! §e siiforEReddORenprongert with i nlgnapeatide sppartied.

15[ 0063] 147 for plankridisd the Based ophe ENBAGLERNAbo Mode 1, the substrate 124 in
whi ch %he{@jgﬁt insulating film 121, thée second insulating film 122, and
the third ﬁ lating film 123 are fornmed over the |large insulating

substrate 120 igydéepaned ard HHE4] | e ts[igs i.ent . a_ gl ass
substrate of,688 n#?? 880 nn%%r 7§%Qnﬁ$fnggﬁggﬂﬁggﬂgggdﬁgng%é“I i ge

i nsul at i ng B Prixerdiqgly. to[thpeg)ial axis of the silgentingot dORer Speatiidallst ofe exanpl e,
a siliconsitingahed1390 ROsuB;edic I : Lrcunference is roxi mately
942 nm) an,ﬁ a Igength of 1. o%%? ;%%d?gg%glg@‘lgg}”%%é“ "é’i‘ﬂ‘%@?ﬁ“flﬁ%ﬁ%‘oo. [ 0066]
The sili coRS Higdamgen iiep istadietien weion 1heés Bubsd withe: (4l shapedingide kiepi Ng

rol | engla4diiés ih@iigg over a surface of the substrate 1.24, which is not
provided with the silicon ingot 100. The crinping roller 141 and the
silicon iH@é?flOO are rolled in the direction 30 of in dotted-line arrows

142 and 143, regpeGtd ' .G, 3A). Note that FIG 3Ais a
cross-sectjonal Vi 3}39 %E&%ﬁhlég(gﬁloﬁésbﬁd{i{ﬁgogf P@B@“W%\&Q&% F"B’iﬁ pgqling the
cr oss- sectiliepangadilpecthe shicomingof10B. is 3Bleld slodghky Reatindanvivenmsiiqm t he

surface sj,d @ir&frnt{n%gce? gx?c? }srn%v%d }Dzﬁlé dgc\ﬂ/c%ron \g(;lrlpglt]dicular 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 cach 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
semiconductor device with reduced variation can be manufactured by designing circuits
30 so that the direction in which carriers of the transistor ftow, which is indicated by an
arrow 163 agrees with the crystal orientation 162 of the single crystal silicon layer 151
(see FIG, 4C and FIG, 4D). '



16 the silicon ingot 100 is placed. [0067] The surface of the
silicon ingot 100 is provided with a planarization apparatus 147 for

pl anarizing the surface of the silicqn ingot 100. 5[0068] Hydr ogen
ions are applied fromthe surface of the silicon ingot 100 in the direction
perpendicular to the central axis of the silicon ingot 100. Specifically,
the silicon ingot 100 is subjected to ion doping or ion inplantation with
hydr ogen i@lt)s] 145. Thus, the hydrogen ion irradiation region 146 is forned
with a spi[rar shape inside the 10silicon ingot 100. [0069] After the
silicon ingot 18 imt phmteds overn HMECSUDSHhE MG 4PAveWh ABybegLi ng t he
silicon i Qrﬂflx 190, the s ig.og i ngot %?0 is rolled along the dotted-line
arrow 143" al 0fg ST Lt MPh e fommpd fom the vaigle; Giyyinlesiblondayer dfil.

per pendi ciibstrer, ti tichetheaingar aly1 axiegiont18t Mt idlSheSdrlal SOR LOGR ari0Pgrithi ch s
indicated hy the solf'[sg-ki ne _arrow 144. Thus, the hydrogen iton irradiation
regi on” 14651°% A LHEPated PO e By I the squpest iagion jand Bsrdrhiayegion, . #5d aand i s
bonded t ocltahsel SethatisntegionA83 thAG Rlerscd ¥ LeMatdo which is

per pendi Cﬁl ar to }h : ial directi oﬁr-lb of t{ﬁgén tg%&%ﬁ]?icgolnﬂ}dﬁg%fe"fao

era

(di recti of g PKE pE Rt ﬂﬁe eateicdoctigdrll 12 Veitlyasgadt ingrlitengt fili thereibecal t he singl e
crystal sjobvgjon | ayer 151 forned over the substrate 124 agree with each
other (see FIG 4A). Further, the crystal orientation 162 of the single
crystal silicorsiShyws mEE. §4, e rgbwdifole slicauangdtd Obnowvi, nige Wigteof inen of t he
silicon idgh i Liggl- Lign L O | s rpendicuylar to the
direction normal t](gg?hgﬂs%dgs?ﬁgﬁégglzﬁ%ﬁ%g’?‘g%ﬁﬁﬁ i f%ﬁ‘grgf'lolrse’“; in the
case of fOVHPsg ians awi isisAgddpothe dilei Befaus bhghd bilicsi Aghe 100 Y6 trakn §i | | con

|l ayer 151hyaffkn S oot @ngd St fter the single crystal silicon |ayer
151 is forme %ver%h@tlgﬁﬁbgﬁ §4u6f g‘?:g%gftﬁ? ﬁﬁem%rhﬁls’?tr g?%‘*’l e iethe| G 4B),  a

sem condu&byratedtii dmswht maxoiue edluy aff iadcomeCAR: bermbUkRCA Y §€mPY

desi gni n%incg'?‘rcuittmso fo thgi the direction in which carriers of the
transistor 1 ow, WhTEH 18 hott Lty ar2ariew 6B &r eBeteniteh ashe cryst al
ori entsat i dercrib62 irOEmb&Bm&ELNAb& €S bBLorSinbbCD @Y S hichorhe gi%%ﬁa c'?;lrs% 4C and

FIG 4D). . . 17 o
silicon layer 151 is once separated can be reused, so that a new single crystal silicon

layer having large area can be formed.
[0074]
On the other hand, as described in this embodiment mode, the formation of the

20 hydrogen jon irradiation region 146 and the bonding is simultancously performed by
hydrogen ion implantation, the length L of the single crystal silicon layer 151 can be a
chosen 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]



[ 0072] Note that transistors shown in FIG 4C and FIG 4D have an
active layer 171 and a gate electrode 172 which are forned fromthe single
crystal silicon layer 151. Further, in the active layer 171, a region 181
that is one of a source region and ¥Wdrain 5 region, aregion 182 that is
the other of the source region and the drain region, and a channel
formation region 183 that is interposed between the region 181 and the
region 182 and overlaps with the gate electrode 172 with a gate insulating
f|In1therebetmeaﬂ3gh@emaknwﬁms@Gwaxmnmﬁhﬂbl8$@Oﬂh@ﬂwh@la%w@$fﬁhe silicon

ingot 100 is r, t t d the

| engt h dmbgsimeyt n‘gf"ée i’r 3%5{1 él?mléelrlsieg%cr? n?lglmér{; m%g% gg’%&c}p%b\ééﬁ]hc?gns are

i nj ect edseh@adifie, &itHSlis) bl Bgen@de stehﬁcosdlhdtm @n therigmtma]yﬁﬁz used fgpssitde.hydr ogen
ion irradiation region 146, apd then t nded to the
subst r at B aceqitice with ik gmRHMER) %ﬁ ?C”@%g@ﬁsmng%%HTQQEﬂ %@r the area
of the sid@hBaes #shal orpldiizaBmic@y@dcoksdgobecomes Wx (2 xer) (see FI G 8B).
Note that, as 15 described in Enbodi nent Mode 1, the silicon ingot 100

from whi ch the single crystal silicon |ayer 151. is once separated can be

reused, t%gg&mgwﬂ@@gflngle crystal silicon layer having large area can be
f or med. ?%b On the other hand, as described in this enbodi nent node, the

f or mat i o[90&7] the 20 hydrogen ion irradiation region 146 and the bonding is

si mul taneousl Yn QEIF feQf Y mBMQVA)Q%n}oHQﬂ doihian adi@Alind BiEchiengéh L of the
singl e crystal icon |layer 151 can be a chosen | ength Ionger than 2 Ter.

Unt i 10 t heavéigl Tagmonerbq gdtict] BOdiflereetxfiom dhe dethole i M@P@“&“ﬁ/ﬂoéi 5994 con 1 ayer
havi ng 'ﬁéﬁQhﬁfﬁ ﬁ&ﬂz@ﬁt&?&%&%ﬁﬁ %ﬁﬂ@@kﬁgi%lihgoiﬁkoEﬁMQ&@HEh%%.a

pol ycrys i con'1 ngot e used instead of the silicon ingot 100
of a singhﬁicrystal and a polycrystalllne silicon | ayer may be separated
i nst ead of %ﬂe single crystal silicon layer 151. Accordingly, in accordance
with thi g odi nent node, a crystalline silicon |ayer which is a single
crystal S|I|cqnmtawﬁﬂbQMhagpobydeyeﬂmthney%ﬂhn@@ﬂﬂbay@gmcéﬂmbéh%eparated

fron1a crystalljne icon ingot w Si Rel ak »si.l.j con i ngot
or a‘pol § E?WgFaPP?Hég§F?ﬁB@H%iﬁ&%ﬁ&b$06%6?8 %@L @Qﬁgtﬁ{W§Fhfg‘%ﬁ%odlnent
m)de a 5RM-&NEHIE LR JHswdiokorh itld dred-seaicgill dicotign afsthe nryEriiodisieat Mbde 1,
and anot her sem conductor, for exa 0 ium or
t he I|keﬂkﬁhﬁﬂgﬁﬂéiﬂﬁéﬂ§@ﬁﬂ@&ﬁﬁﬁ??gﬁwvYw?ﬂ£ QE egﬁéﬁﬁgg%%3?35055|ble
Thus, |nﬂ@Qgg&ﬂﬁﬁgg@Mﬁﬁggfmﬁ,enbodlnent node, a crystalline sem conductor

Iayer can
[0079]

20 In this embodiment mode, a crystalline silicon ingot having a diameter of 830
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 polyerystalline silicon ingol.



5be separated froma crystalline sem conductor ingot. [Enbodinent Mbdde 3]
[0077] In this enbodi ment node, a method of obtaining a crystalline silicon
| ayer 10 having large area, which is _different fromthe nmethods in

Enbodi nent Mbde 1 and Embodi ment Mbdé”2 will be described with reference to
FIGS. 5A to 5D and FIGS. 6A to 6B. [0078] First, while rolling a circle
columar crystalline silicon ingot 1100, the 15 hydrogen ions 145 are

appl i ed (see FIGS. 5A and 5B). Note that FIG 5A is a cross-sectional view
vi ewed fr8#the cross-sectional direction of the crystalline silicon ingot

1100 and FI G 5@.itSihe sRRESP S iVigonY fr QL i ce
direction of the érgsfalllne S|ﬁ|ébﬁ?%%&%?M@g8 ‘ ?boggbégquﬁ%ﬁn%

enbodi nentiliggsdieyerd let (ps¢ BIGS. A€ agd 5P&orﬁ\”i)fn(§m Fﬁa\ﬁﬁﬁgaaﬂm -sqvvei vofv 880 nm
and a | engfedod0R AL ibiaPHAfol BE ol 5k Alild O g&%@? N9qtp;4100. As

the crystalline silicon ingot either a sing 5|I|con i ngot
p%l y&Bym pbkpenidvesiiew giswed hgotihesde i‘p:uef“iuts@cbc,m[mﬂﬁﬁ&} c@ﬁhﬂade gifjern i ons 145

are |njec g the crystalline silicon ingot 11.00, so that the hydrogen

ion irradi t|on region 146 is formed to have a circul ar shape, nore

speci fi call0§2} concentrically with the top face of the crystalline silicon

i ngot inside t |1, ne SI|ICO t her

out si de the hydr oﬁgsel%’%laéanl2|'/4 R PARS E‘if;nh? %‘%‘9‘6‘%{%%"95‘[{?06‘“88“ %grl;? OI n a
later st ejm tao the large riysiaihp isnestaicl MZ{DI’thJ: ayar malﬂiaihg fihe o1y gleadekbme 30
2O | Ruhebin 2 BT S SR B BT NGl Mgl ST e
pol ycryst a{d i n@iodith be @R dRwEMmeisflichi @iyer meua&d #nA® t8Ibkiif edhidcng@h 4400 is a
polycrystg%gine silicon ingot.
[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 §80 mm and a length of 300 mm is used for the crystalline
silicon ingot 1100, so that the crystalline silicon layer 1151 having an area of up to (880
25 x)x 300 mm” can be obtained.
[0086]
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 sificon ingot 1100 is ¥,
and the length of the crystalline silicon layer 1151 is L, the area of the crystalline silicon
30 layer 1151 s up to W x (2 ).
[0087]



19 [0081] Next, the substrate 124 is bonded so as to wap a region
to be the crystalline silicon |layer 1151 (see FIGS. SC and SD). Note that
FIG SCis a cross-sectional view viewed froma cross-sectional direction
of the crystalline silicon ingot 1108 and FIG 55D is a per spective vi ew
viewed fromthe side surface direction of the crystalline silicon ingot
1100. [0082] The substrate 124 is the sane as the substrate 124 in
Enbodi mrent Mode 1, and it has the large insulating substrate 120, the first
insul ating fil Mot2hat ashie Byeloiment Modens theagrysigling pikcapmgoah@0 e ¢ hi r d
insul ating .film : third i NG frdib 423 a | 0 be the
crysta||P%B&E%Ffé§%HP§$SFEQfé%Ig?%qggﬁSQ%%L%%@}ﬁ@%bﬁﬁgﬁf&a?%$pg%ih ot her.

[ 0083] crystalline silicoAlayel fatvinggliye masédnbeiemddbl e t hin gl ass substrate may be
used for the large 15insul ating substrate 120. [0084] Next, while
heating the substrate 124 and the crystalline silicon ingot 1100, the

cryst & | i [menbsitimcaioviodiegier 1151 is separated fromthe hydrogen ion
irradiatLgB)region 146 and bonded to the substrate 124 (see FIG 6A).

20[ 0085] [U08s] Through t he above steps, the crystalline silicon |layer 1151
is formed over i ags epbblidesunfodser afetiohenfsiohsing at eryi@lline | silicbhilsyeenbodi ment

node, a crystalline silicon ingot havi a dianeter, of 8 d a length
of 300 nMid@eaws ¥y i ré;?ﬁ?%zm i O F?%Ib"ﬁ*silﬂg}“é?b%‘fjﬁ‘?q‘ég&?t Rt the
crystal | i mgbciithés Modeayeil el deribay v réBreadead FOBS A to0T, $80S.a0h s 300 mi n2
can be obtained. [0086 Note that in this enbodi ment node, as in
FIG BB hband KOS b tsii®s the crystalline silicon ingot 1100 is r, the

| engt h ofmggg crystalline silicon ingot 1.100 is Wand the |l ength of the

crystalline silicon |layer 1151 is L, the area of the crystalline silicon
30l ayer 1151 i g\;g?je}tizg A2 mﬁ)’n_ a crucible 201 (see FIG. 9A), and heating is performed

to melt the silicon material 202, thus, a liquid melt 203 is obtained (see FIG. 9B).
After that, the liquid melt 203 is cooled, and crystal growth is started from the bottom of

15 the crucible 201 to the top, so that a silicon ingot in which 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 F1G. 9D),
and in the casc where the crucible 201 has a circular cylindrical shape, a circular
cylindrical silicon ingot 206 is formed (see FIG. 9E).

20 [0090]

Note that in the case where a semiconductor, éther than silicon, for example,
germanium, silicon germanium, or the like, and an oxide semiconductor 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



[0087] 20 Note that as in Enbodi nent Mbde 1., the crystalline
silicon ingot 1100 fromwhich the crystalline silicon |layer 1151 is once
separated can be reused, so that a new crystalline silicon |ayer having

| arge area can be formed, 5 [Enbodi A&nt Mbde 4] [0088] In this
enbodi nent node, a nethod of formng a crystalline silicon |ayer having

| arge area, which is different fromthe nethods in Enbodi nent Mdde 1 to
Enmbodi nrent Mbde 3 will be described with reference to FIGS. 9A to 9E, FIGS
10A t0 1Rpd0Ds hangidnkGRinal lApthoib] Blatgral08edth of a, and afeight efrd, ahd 1192 i s put in

a cruci bl,gjeé?%jfil%égsaigilhg?lg@)g%{ Q@E%?Shacza%%rinentgr éfsd aqlgrafhggg?“agfet onelt the silicon

mat eri al @ 'S obtalned {see FIG 9B). After

t hat , th?obquuid melt 203 is cooled, and crystal growh is started fromthe
bottom of 15 the crucible 201 to the.to so t hat . i Licon.. t in which
crystal grows 4 Hehpgobioraimga Excﬁlﬁfa@é{'teésgicw?aé’ﬁhg‘%%v%/grﬁifl%lgg&*l ?‘%ed (see
FIG 90 yechfintii®okasanpdienswiinge @stitiebhathfitrehastodIGBC@NgUDRr col um
shape, a rectangular colum ingot 205 is fornmed (see FIG 9D), and in the
case whel¥®%4lhe crucible 201 has a circular cylindrical shape, a circular

cylindrical siddgn,ineat I%Q;@p&rﬁcﬁdwu[ﬁﬁg 16 gRerfo@R 119 ) icat 2Q[ (DO tal
Note that in the case where a sem conductor, other thﬂﬁ silic

n, for
exanpl o, ey, S Foorhy STRAIFUIRD dre RRE FIRES 1 Rk STt
sem condyget. { 4 ke.d dideSERH GRAHMEINOk gioh hes DBbenddal s are the
mat eri al H%%en?gﬁgi%? Aé%ﬁllgctdééif ﬁlgfﬁ\?\%Zn%f’he l'iquid nel % 203 is cool ed and
crystial gsuwilv egaguby cadmhiegof e bottom of the crucible 201. toward the
t op, paridoq)ij ns 204 are disposed in the crystal growth direction indicated
by the arrow 211. in the crucible 201 (see FIG 9C). Wen the liquid nelt
203 is cool ed, AseeBIGk sttt substrageids an achicht the st BRdaingplim 1ok e crucibl e

208, 20 S5\ BN 2 A3 f4 R e S Dtsbalyan s L par 1 o
insulating substrate 120 is opposed to the rectangular column ingot 205 in which the
15  hydrogen ion irradiation region 146 is formed (sec FIG. 10C).
[0096]
Next, the polycrystalline silicon layer 1251 is separated from the hydrogen ion
jrradiation 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 potyerystalline silicon layer will be separated.
[0097]
For example, assuming that the rectangular columm 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 polycrystaliine silicon
30 layer 1251 and the carder transfer direction in an active layer of the semiconductor
device, for example, a transistor agree with each other.

[0099]



i ngot 205 has a longitudinal length of h, a lateral length of a, and a

hei ght of ¢, and the circular cylindrical silicon ingot 206 has a di aneter
of d and a height of a [0093] A nethod of form ng a polycrystalline silicon
| ayer having |arge area using the 5f&ctangul ar columm ingot 205 will be
described with reference to FIGS. 10A to 10D. [0094] As shown in FIG 10A
perpendicularly to the arrow 211 indicating the crystal grow h
direction, that is, in the direction fromthe paper surface to the back
surface, hydr ggaher] ansobdh EHe10hjdtogd) icand4d e itigdedgert heAPWr adi at i on

region 146 is. forned 10insi he.rectar m. 40808, 2Q%9i0nl 0095] As
in FlG ,m@a@m&ﬂﬁ%wsﬁ%ﬁ% GG AN B RPN lgtg‘?%%rzf F°'m 121, the
second i nfihaltd B@afgulantdl@dy irgad2@she third insulating film 123 are forned

over the_| @r ge insulating substrate 120 is opposed to the rectangul ar
col um iWé Y1205 in which the 15hydrogen ion irradiation region 146 is

for med (see Flfe (hRGhsuldi@p %6h 1 xid atdg_empoIbydm;pstyaxryisiah‘mcsililc:tinclamerl ayer 1.251
and T bofetc vapeh s hiace! tapuss s ShoB STzt it igalichr col m
i NgOt  20B,inSnd BHEGHn @ REdibtdnadiiah ads W b diydios gepeidnsuranthearow
20pol ycrystalli'ne silicon layer wll be separated. [0097] Far,_.exanple,
assum ng2thadicetie thee st Gertiim ﬁ‘i‘%ﬁ‘fjﬂ"’@%“ﬁ!ﬁ{}? %’30%{‘ ]}a%fﬂaiz? ﬁg’l nal |ength
b of 880, & halfkle | ANGJEBS0T0B8% 1UD). and a hei ght ¢ of 205 mmis
obtained, when i1t 1s cut along the arrow 21.1 indicating the crystal growth
10 {0101}
In this case, the polycrystalline silicon layer 1251 having an area of a
longitudinal length b x lateral length @ can be obtained. For example, in the case
where the longitudinal Iength & is 880 mm, the lateral length o is 880 mm, and the
height ¢ is 205 mm, 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
Jongitudinal length b of 1250 mm, a lateral length @ of 1250 mm, and a height ¢ of 500
mm is obtained, when the rectangular column ingot 205 is separated along the arrow
20 211 indicating the crystal growth direction, the polycrystalline siticon 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 mym 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). Morcover, 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 arrow 211, Thus, variations in the semiconductor device can be reduced.



25direction, the polycrystalline silicon layer 1251 of up to 880 mm x 205
nm can be obtained. [0098] Further, using the polycrystalline silicon |ayer
1251, a sem conductor device can be manufactured so that the crystal
growth direction of the polycrystal PP ne silicon 30layer 1251 and the
carrier transfer direction in an active |layer of the sem conductor device,
for exanple, a transistor agree with each other. [0099] 22 Furt her,
as shown in FIG 10B, hydrogen ions 145 are injected along the arrow 211

i ndi cat i [Emtdaenan yidals]growt h direction to formthe hydrogen ion

i rradiat @BQ{ egion 146 in the rectangul ar colum ingot 205. [0100] 5The
third in ing film123 and a region to be the polycrystalline silicon
| ayer 1251 ar Qnolﬂﬁosxﬁﬁb{a;ﬂdnheadaedm andpichel pohylctystalal emécaididtoon | ayer

1251 is separated fromthe dr ogen |o i rradi a r 4 t he
di r ect i oflCi&r peigi & upptaliipe %@‘Cﬁgg %y AT Ea{a’gﬁ a’t%%e&%?lg}s? aqyngr owt h

di recti oy, ramehchSoBOl YCEMSEAbit Mol 4 Witlan desgrtied w.a tefesndzondddSt o t he
substrate 124

pol ycrystlat e ke hgec“s %%qiglé‘écﬁ*Pig’grmf?Siﬁﬁé\ﬂi“#O[:g%#ééo &t&d’ I%’(r)llnétgl% ?ﬁZIe I teggt h

b x laterglylepgth a can be obtained. For exanple, in the case where the
Iongitudi.nal length b is 880 mm the lateral length a is 880 nm and the
hei ght c 9505 inm the polycrystalline silicon |layer 1251 of up to 880 mm

x 880 mm 15ca“ﬁ=Ps‘? %E@'oﬂ%%abch%ﬂmde i to FRBbERRN Mdetha aaaglinbere the
rect angul ar colunm 1 ngot 205 having a | ongitudi nal |eng th b otl 1250 mm a

| at erl@l Isiogt hayer HF2 mzfamqqimvc’ahduieﬁhﬁ@ﬁ@#ﬁ asca gRystapige ﬁ?ﬁlicgﬂ%lbiﬂé H&H, when the
rect angu'(é%i 158 14, | POl R0R0di 81 SRR Albschi@h BNEhal BE uddrR\he 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 crystalline silicon layer 302 is etched to form a semiconductor island
tegion 304, a semiconductor island region 305 and a semiconductor island region 306
(see FIG. 12B).
{0107}

20 Note that as also described in Embodiment Mode 2, the crystal growth
direction of the crystalline siticon 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 mahufactured,

[0108]

25 Next, a gate insulating film 308 is formed over the semiconductor island region
304, the semiconductor jsland 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

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



20 211 indicating the crystal growth direction, the polycrystalline silicon
| ayer 1251 of up to 1250 ram x 500 mm can be obtai ned, and when the
rectangul ar colum ingot 205 is separated in the direction perpendicular to
the arrow 211, the polycrystalline S??ICOH | ayer 1251 of up to 1250 nun x
1250 mm can be obtai ned. [0103] 25Further, in the step shown in FIG 9C if
the substrate 124 is disposed instead of the partitions 204 (see FIG 11A),

t he pol ycrystalline silicon Iayer 1251 having |l arge area can be forned over
t he subst neiey 424emptralont oft456 “Eapdewatt onlaame (Bohoiergd &t plsrablewset) G

1-1.B). M oovely RiSSEONGHELOl nd8YLER, SAN L0y BRMIACLH B pRO,dhat the

transfer difect of lers in ayer agrees wt e crystal
growt h di sesity Qﬁprcbmﬁimegztieﬂn?@bw’f hﬁ as nm@imn Thdisn elvaranaemmsturen t he

?ﬁnl ﬁ?gdg%g&‘%‘g%iycﬁﬁ‘aa& a?S( gﬁxﬁ?ﬁ(fﬁ?iz‘f‘?ﬁhlzgg’& hPl 4 tgqgeﬁ?i %Bé‘t or device

using & cen&ialdehdi§ 15 AEhGRAALEE®T tehpyafurdRMbRNGs find @ﬁh&cﬁﬁdei@&&ﬁ aumed by 5
Enbodi mnent Mbde 1 to Enmbodj nent Mbde 4 will be descri.bed mnt? reference to
FI GS. 12Alegophop dpmegs capahe f%mi%smgnpé%malwb f fmstic Epesgy 1580t 15C,

FIG 16, Eﬂe@cq 1} Gep el FilnGwit? Toss HOM0&] ddtédiSire rda6Rct0Be Ehed| ment Mbde 1 to

Enbodi nent de 4, a crystalline 10 silicon layer 302 is forned over a
substrate(§®m as a crystalline sem conductor |ayer (see FIG 12A). The

sane substrate @l?crttﬂﬁmﬁgt@é Egﬁg @11311%ﬁ11mﬂmb§38u f Qm?k?ntgz he:rsaP st 1 alige301, and
the silicon epitaxial 3, the“single crys silicon | ayer 151 t he

cryst aPl i imepusth |prtepmcqnéy@rv1t11m bezpdded wethp@my@%@tﬂar istand regipn 3¢h thayer 1251
may be Usgf‘cqmg@dw& (Qﬁﬁtré‘él%gﬁs Sk tﬁ.ﬁg'edh@é(xﬁ{uc@%mn@ﬁ%g&l@@hﬁ (sce FIG, Next, the

crystalline I con a er I's etc forma sem conductor island
regi on 3042Ca e tb@tnd mlm onbidihem dadegtho imBoBy anaert 33éni wdpdiléerdhe i sl and

regi on 30 wtﬁ/blgsula ng f 11%23%)8 is [f%%] h&gﬁg}, qnéyhgé a%deﬁeﬁﬂe qgrﬁ'ﬁﬁé B’l%dgdlté]

Enbodi nen he crystal
insulating fﬂm 308 Furl,hex, befole forming the semiconductor island regions 304 to

15 306, the impurity element 321 may be added to the crystalline silicon layer 302.
[0111]

The impurity element 321 which imparts p-type conductivity is added for
confrolling the threshold value of a transistor to be completed in a later 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 ctched to form a gate electrode. In this embodiment
mode, a first conductive film and a sccond 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 electrode, for example, a metal element
such as silver (Ag), gold (Au), copper (Cu), nickel (Ni), platinum (Pt), palladium (Pd),
iridium (¥r), thodium (Rh), tungsten (W), aluminum (Al), tantalum (Ta), molybdenum
(Mo), cadmium (Cd), zine (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



direction of the crystalline silicon layer 302 and the direction in which
carriers flowin the sem conductor island region 306 are nmade to agree with
each other, a sem conductor device whth reduced variation can be

manuf actured, [0108] 25Next, a gate insulating film308 is fornmed over the
sem conductor island region 304, the sem conductor island region 305, and
the sem conductor island region 306. The gate insulating film308 is forned

to a thickp nm t Q.urn. Note that the gate insulating film308 is
pr ef er abl ?%?“rirg%mg?t Pt e il o e oS A BaOhi ¢ 11 deti | m
cont ai ni nglédygen. 30[0109] 24 quality at a tenperature of 450 C or |ower,

a plasma CVD d | ref erapl d. | articular, it is preferable to
use a mcr ovva\r/rglg p?sagrprio iﬁﬂ?‘ﬁoé’oﬁ%ﬁ‘f‘f‘“&h@@e‘ét“?‘?ijnfoélé[ilf“sf”tsgl“a'ﬁﬁﬂlﬂi mat el y
from1l x AB3indcimGtdndW iX udkQI& t6Ma3oandnénti®l 864.r on tenperature

appro? rra@?i% fromO0.2 eVto 2.0 eV (preferably, fromO0.5 eV to 1.5 eV).
When 5Sel ectron density is high and electron tenperature is low, a filmwth

few defects dug@ togdtessechbas 1 danag a@ea@Ie@t@ocfeOBf@darysfh PLas g W th 1 ow

ki netic energ% oL)a?tive species, a deposited filmwt ess 1 n which
defects ar BFPBHGIEFIuYTepan PEt il the gda opulineeiing Binthergbatwesngagetei nsul at i ng
film 308, elanoidranti ¥ palcei@ithdB32k WokGRed Ovd: BRAL e conduct i vity may
be addeddgg t he senipgﬁductqr i sl and reaionlg%%%h%ﬁga%%ﬁﬁg%ﬁpﬁ or isiand
regi on 30%7 "Hifdht fe BewRiwnEu 36} thesbeiwerns ol gntSO6cttsled1FhGl a 22g. Not e
that in tdMdcEo®MBOdLReRmi®Rer tHIEI ' ng; is..added after the
gate insulating fi 'm 308 is formed: O\E/iv{é%[/%rrsiaﬁg?e%gééﬁ’ge‘ﬁmbg?coggcf orm ng
the gat e TH&HP&LIAGOP itheorstsoreen KisetiiGr 120ef brthisfoprtmidingent heds,ahi gaaduct or

i sland regi.g t e | ity element 321 be ded to the
crystalline gcl&ls?g]gir(\) 3?%%2%3@%%&%%%%& angmeﬁ%‘ge ?I?%ﬁg%bg? éﬁgﬂ? 321 whi ch
i nparts ﬁo‘t"]ﬁﬁ(@f@@&ﬁﬂbti vity is added for controlling the threshold val ue of
a transi ghorsyto be conpleted in a |ater step; however, the inpurity el enent
321 which inparts p-type conductivity is not necessarily added if 'JOnot
requilPed. [O1.Mof that in this embodiment mode, gate electrodes having a two-layer

structure of the gate electrode 311 and the gate electrode 315, the gate ¢lectrode 312 and

the gate electrode 316, and the gate electrode 313 and the gate electrode 317,

respectively are formed; however, the present invention is not limited thercto. The

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 formed over the semiconductor island region 305,
and is 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.
Faurther, in the semiconductor island region 304, since the gate electrode 311 and the
gate clectrode 315 serve as masks, the impurity clement 322 which imparts n-type
conduciivity is not added o regions below the gate electrode 311 and the gate electrode
315. Moreover, in the semiconductor island region 306, since the gate elecirode 313

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

1-type conductivity is not added to regions below the gate electrode 313 and the gate
clectrode 317,



After formng the gate insulating film 308, a conductive filmis forned
over the gate insulating film308 and is etched to forma gate el ectrode.
In this enbodi ment node, a first confhuctive filmand a second conductive
filmare formed over the gate 25 insulating film308 are etching to forma
gate el ectrode having a |layered structure. As a conductive filmused for
formng the gate el ectrode, for exanple, a netal elenent such as silver
(A9), gold (7Au) copper (Cu), nickel (N), platinum (Pt), palladium(Pd),
i ridium (PF] rhodi um (Rh), tungsten (W, alum num(Al) tant al um (Ta),

nol ybdenum (1\ 4Q)s, i~ R LI fedibr IsZalnBQeéu%ﬂZGd 'aﬁ oA togidd 3@AIHEL TI ),
silicon (Si), germani um (Ge), 30zirconium(Z ]barl um (Ba), or neodym um

(Nd), an iBPIGly rem%%?ézb anpd/ Fikgnel H@ﬂﬁﬁ?iarcg&ué%é etwgsn shenigipriboigiehent , a
conpound 338§ Qﬁd e xﬁllﬂgihty(ﬁ%;@n @?ﬁ@kre'}b%ﬁéddeF&%t 61!1 @ﬁé'lgmug(g)dh&@r fehal el ement,

or a material using nore than one of those Can be used ] In
this énmbodkineadbs, mmeritymglyb@éﬁmmq jvmpurity ragiedd Jobrand Weclfanndtfonmddct ive

film and 64 %&ggg% gée?w%})thé ﬁdygﬁflr B 3fa§a§@ %ng@%QQ%ﬁ(}A ¥ef rwarm%&m“l

A a gate ectro ornre over the
sem condy&teoFlG. sli2End $$@1BOWIIB@4Y \Metmmt AE2 gdicd inmswh at-ivpg ©Onfunli3os

t her ebet %3%81053&% ygtfeus Engrqﬁa é‘g’f‘ﬁ‘%ﬂ{ ﬁP?ate el ecjtrode 3;6 are fornmed over

t he sem con regi on he gate insulating film 308
t her ebet ie&l$] and a gate el ectrode 313 and a gate 10 electrode 317 are

for over the sem conduct on_ 306 w th, at e, i nsul ating
1 mi%08 ¢ her ot naany Bg: s TRl FAhe Rried e latf -Ea0C e gat o

el ect r odessi®1hatko 33(1315 af(ﬁncﬁcbrdﬂf&d tiof semicydhiherounslaghdegibe 3wt eanel et r odes 315
to 317 are fornpe ! gste 4d{/n81% lSNoeth? |nthaerrb di nent node,
gate el eGFPEARLS \}? %H%? C’\R/o"!bl SrERicerE b dogat VR IEL {958 311 and
the gat e wgtiest ioslRitd tomchhB240@hieh ehpats Boee Jdduandiyt he gaimplegbeohr ode 316,
and the gate el ectrode 313 and the gate el ectrode 317, respectl vely are

formed; HEWeYet SCERS SpeaEpion; m?é‘ﬁt’ﬂ?ﬁn fvs clemeny P ety HBPESOP-tYPRe gat e

el ECtFSOdQ:oHMétlbﬁy QMR Y] R s@nisbiutib®r sBUE oot RIdMGhE YR dinldh@ladave a
| ayered 20structure of three or nore |ayers. [0116] Next, a resist

mask 337 $131d Beisd3Qy e Furtha, Bt CeMIeBItSIOT iShath iLa®gPeh BUs thasdiei s doped
with an impupid ¥i£heBRte A28 Myde 15 TPREL 8 Hlaéﬁépﬁlcq%qifi%éwﬁx&}{ 30f0T

exanpl e, phosphorus (P) at a first concentration urity el ement 322
whi ch  25viigpanpasts m-twmnémﬁdumw it pgdeiddo pradona ddiew the satheleseedecdAduct or
island r in the sem conductor island region 304, since
t he gat eeag g{(}t‘?ége éecgﬁé and the gate el ectrode 315 serve as nmasks, the

i mpurdty [Bl¥dent 322 which inparts n-type conducti VI ty is not added to

regi ons be! ow g‘li]%}, anatth Tmz%%nd’u&% 19§ané6(*6>10n %d%cthgaﬁﬁgm egvti gﬁa (?therr eover,

in the sem con regi on ] &ct"0de313
impurity region 334b, and the channel formation region 333 bctwcen the impurity

region 334a and the impurity region 334b are formed (see FI1G, 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 anisofropic
eiching 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 sorfaces of the gate electrode 312 and the gate electrode 316, and a

30 sidewall 383a and a sidewall 383D 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 fiim containing nitrogen, a silicon nitride film, and a silicon nitride film



30 and the gate electrode 317 serve as masks, the inpurity el enent 322
which inparts n-type conductivity is not added to regi ons bel ow the gate

el ectrode 313 and the gate electrode2§17. 26 [0117] Thus, in the

sem conductor island region 304, an inpurity region 332a and an inpurity
regi on 332b, and a channel formation region 331 between the inpurity region
332a and the inpurity region 332b are forned, Further, in the sem conductor

island 5 region 306, inpurity region 336a and ippurity region 336b and a
channel ff)‘?‘ﬁ&ﬁ“&r?x?’%e&i‘ﬁrf‘ %‘%C%@[‘U\gﬁﬁmg HEO oS nghf’é’gWéthSB%i BneP t he
impurity [egi:of: BB6hhRE @ B of eeidkhGll 3B2E) ke AfwlaNesi BN il 8l ement 322
whi ch |rrp§§ts n-t%pe conduct i Vlt}/ arsenic (As) may be used ot her than
phosphor us®{epihe spdgwis82pote sicewy % ad thesitevadd8% forned over the

sen condugtlgg] island region 304, a resist mask 339 is forned over the

sem conductor island region 306, and the sem conductor island region 304
and the seni condéiét biesissmafkdd Pelyilormaioereatie woyadygiernisland ragisur 385 el enment
324 whi chyj i Vi ar; nl.e, . . second
concent 1 aty on LR Pl KSR Ehent Doyl iR cARLARALE 3 B

conduct i viangeqtsatinnt ‘Hgdawutity elheeeldScwhighdmpirts styaedcondgptiony 3040and t he
sem condu | . i ; Fu , o Nt h L. conduct or. .i s] and

regi on Sogc?cggidr)lgﬂeca%ﬂiel&g’g{mg&e eg(% %é%%&g% aﬁgll‘%lhgl %g?‘éﬁg Ié&é CIrOB bela 6 serves
as masks, raghe Jpsinee e ghermbartod231Wmc theigapadidcsogs Bl and oiedsidéwali ty i s not
added,to I .Ons _ . ectyaode. 312. and the te. el.ectrode 316.
20[ 011%] SER! £ @EE??%IL%&%&E\Z%%C%;%E dg o™ ugﬁt)éﬁnlanlfa%g%%ﬁwglﬁ PR i npurity
regi on 33#ddymrdnddvevitinpuet dijed toghonrgd3dbclomnd gakelchrafidl dhotadateon regi on

333 betwegn .t he.iopurity. regi 33 and t [opurity region 334b are

f or med (chlgah%gﬂ%pﬁjl %he%ﬁlfwgb?&fgﬂg%ﬁm H“apﬁgh? ating filmis fornmed over
the gate j0igz) ating film 308, the gate electrodes 311 to 313, and the gate
el ectrodes 315 ,Q}% 317, agd isn%che%pby ani SOtroﬁijng etching so that a
sidewal | 381.a HIfd™RULY FERUP! S3BIBY 2 et Bilidsre T HRJBYUEEY t he gate
el ect 1Hdecl3mintand; idvev@aihe teleehtOBatdls higheSihaews st 382@naRthndasi deval |
382b are L,ormed on side surfaces of the gate electrode 31.2 and the gate

el ect r ode™81% conrptaiongmpEtityREPTSs g Sarmeddn £2& ddbmimruiggreinne3 38y ned on

si de surf aeesp@ity kRniRbe Bl 85lukiadeRi 33809 d fe; rhentgge 317 (see
FI G 1313@13A%y R A e [ ind € By Rl o8 P

containin ?’]trogen, a silicon nitride film and a silicon nitride film 27
With the addition of the impurity element 325 which imparts n-type

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

25 region 347a and a low-concentration impurily region 347b, and a channcl 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 island region 306. The semiconductor island region 305 is doped with
an impurity clement 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



cont ai ni ng oxygen or a layered filmhaving two or nore of them may be used
as an insulating filmwhich is a material of the sidewall 38la, the
sidewal | 381b, the sidewall 382a, thezgsi dewal I 382b, the sidewall 383a, and
the sidewall 383b. [0121] 5Next, a reSist mask 355 is forned over the

sem conductor island region 305 and is doped with an inpurity el ement 325
whi ch inparts n- type conductivity at a third concentration. The inpurity

el enent 3 artsnt ivity is not added to the

seni condu%&&?e”f ’103?1 =1 s ) o %%‘36 é§$PE‘§§1 nqpﬁmt REYREeGHPERHI B IWev et and
regi on 304he Souiae dohecngatiéh ab egincod@as Like a%oﬁchecoﬁ@én@raﬁcﬁrﬁcﬁrfcpqﬁﬂh%gﬁ and
the sidewall 10 381la and the sidewall 381b serve as mask, the |npur|ty

el ement 35FHHIARD HBAFSTCROPS B oBrfdu: the impuity rgen ddfreand snpusisy regi ons
bel ow ther@aineﬁab,ectrode 311 and the gate el ectrode 315, and the sidewall
38l1a and the sidewal |l 381b. [0122] The inpurity elenment 325 may be the sane
as or difi¥2&ht fromthe inpurity 15el enment 322; however, the third

concent rat i on i thoiegngbAaMSLALLLiohShs Q&’ﬂﬁﬁéﬁt&ﬁ‘f}]{h@]mtpﬁﬂ(} Jirgnes,

concentratlon |npur|ty regi ons ar formed Ii'n eac url?y reglon
332a, the%bigBdpipeys pémemn@szzwty tieg {happatel dsctiodyBohaBBoa, gaamdecmae i mpurity

regi on 336k, oh94Rad ﬁlmgtohgn@fﬂ,glswg&h%z&Jasem%srrp%asty %he&%pt 3y whi o

i nparts n- type conductivit concentration inp Bﬁon 342a
and a hi ghﬁmmhscemgﬂatl ofta nfplsir i yhugbgmman@at@lu iaphdiy cmgment&‘mam on inpurity

regi onp34 t urtt hannel

f or ma'[i ¥ onﬁﬁegig%ﬂ?ggﬁégﬁﬁ gr&%ﬁr&% ildﬁgfrl e sé”mccné:ﬁlggaé’to&’mp‘él téh%gl?”e%f%’n 304.
Furt her, andd ghmodrioewttivatrégion 338pue idryed @gihone:8é6advand isanlirgdlo€omcent rati on
i mpur i ty Lsggi:)@l% b, a lowconcentration inpurity 75region 347a and a

| ow- concentrattT on {'npurity region 347b, and a channel formation region 335
are forme{:D]P.ﬁ} the sem conductor island regi on 306 (see FIG 13C). [O01. 24]

Next, the resist nmas nmpved; resi st mask 356 is fornmed over the
seni conduct or |SP ¥R dr‘%cgg(iffn (’Séozfml%r?dl ’3’91”89" icgioppehich sy diferepiromdbover the

30 serrﬁcomdmcfh@dirm§ﬂnamib ilegir@ed 306G, TheasericRongNed 95D ivall 3Bdedcggbpn 305 is
doped w t el errent 326 which inparts p-type conductivity at a

fourth COHEE rg%)‘rc&ﬁ GhelSBdrSty el ement 326 which inparts p-type
conducti vidigyjmay be the sanme as or

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 3822 and
the sidewall 382b are formed on side surfaces of the gate electrode 312 and the gate
electrode 316, and the sidewall 383a and the sidewall 383b are formed on side surfaces
of the gate electrode 313 and the gate electrode 317 (see FIG, 15A).
25 [0128]

The resist mask 355 is formed over the semiconducior island region 305, and
the semiconductor island region 304 and the semiconductor 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 semiconducior 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



28 different fromthe inpurity elenent 324 which inparts p-type
conductivity; however, the fourth concentration is higher than the second
concentration, and hlgher concentratlgn inmpurity regions are fornmed in the
inmpurity region 334a and inmpurity region 334b. 5[ 0125] The

sem conductor island region 305 id doped with the inpurity el enent 326
which inparts p-type conductivity using the gate electrode 312 and the gate

el ectrode @éﬁ, and the g%¥all ? nd the. sidewal | 382b as masks; thus,
a hi gh- coRtEriat ?5WeWﬁ§é i @ef@b(awc 445“%ﬁ@0épﬂﬁﬁﬁoé%h§@HF¥€F@@h i npurity
regi on 344bndagldh dJogw- concentration inpurity region 345a and a

| ow- conce trﬁflon inpurity region 345b, and a channel formation region 333
are fornme t he sem conductor island region 305 (see FIG 13D). [0126]

Further, a methedyf@e FQAAGNNGT afe | MMELL YRl s WG i arfé' fnftg,s .2nt from
the 15 nanufacturlng process illustrated in FIG 12E and 3A to 13D

will be deddrstyds Wi tishrenegaie topmiasegiona 308 186, h[ghiczam}ennatmn First,
af ter perfQfmingrdole SEERS HP 16Q-BRdnh RN h@qnghﬁm fPss % fagam ng the

gate electrodes 3 to 313 and 315 to 317 shown'i aséd on the
20 nanufa@ﬁﬁ%@ﬁ@ﬂ@ﬂ@bIEPWFYG¥@@BB931H@d§hQGMEHmI3®mahamdQ§ME3%1demalI 381b

are forne fi. el at.e
electrodeﬂ)g%%jﬁf gsgﬁ{ﬁﬂﬁﬁﬁ %%?gqglgggﬁe gﬁ?%&oﬂfl%é%%ﬂgggjpgﬁﬁeg on side
sur f aces wkionhelgat digl-evtevdto8 i2paniy tdgengatle ehdct hoglecoddbirationd t he

si de I L And the ewal | or.ted .on si de S4Y. faces of the gate
eIec?@%deﬁg%gqgngb%ﬂe %gﬁémglégggggeﬁgﬁ§m g@“ﬁﬁtiwfgﬂ) 5§[@f§8] The

resi st mabkw@ﬁﬁcriusmb:ommdtgwgpn B, sehd cancki dbratatins Fegivch 336gtcﬂﬁm3dﬂ5 and t he
senicondu&go§(§§%%nd regi on 304 and the sem conductor island region 306 are

doped wit urity element 325 which inparts n-type conductivity. The
impurity @lsdfent 32.5 which |nparts n-type conductivity passes through the

Si'and region A% PhEPGE BPE: Lo "GONGADF ATVE R SPbd RS RS
gi on n & oreq pver Mg
sem cohdughtgondsdtaiielah® R 3894hH elsBmkidxes 5T ig MRl 09§ khdssanehnghdewal | 381b
I's higher ISItaQ(? ?eggor;l%ﬂ%oggdetrlﬁ: I;;t?i;[lllcgzpdugtfor Es(laa%ld?:ggslox\lMgoefr 1(2; citoggd \Snf;ig%mlmpunty
clement 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 382h.
[0131]
With the addition of the impurity element 326 which imparts p-type
conductivity, in the semiconductor island region 305, a high-concentration impurity
25  region 394a and a high-concentration impurity region 394b, a low-concentration
tmpurity region 395a and a low-concentration impurity region 395b, and the channel
formation region 333 arc formed (see FIG. 15C).
[0132]
After complefing 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
50 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



381la and the sidewall 381b are not fornmed. This also applies to the

sem conduct or island region 306. [0129] Wth the addition of the inpurity
el enent 325 which inparts n-type 5 %ducti vity, a high-concentration
impurity region 392a and hi gh-conce ation inpurity region 392b, a

| ow- concentration inmpurity region 393a and a | owconcentration inpurity
regi on 393b, and the channel formation region 331 are forned in the

sem conductor island region 304. Further, in the sem conductor island

regi on 36822, aherfidghyald dbbe Hersitteneh 3% and thy sideyilloly3896a and a

hi gh- con gfg?)r ation 10 inpurity region 396b, a | owconcentration inpurity
regi on 397a e!lnd a lowconcentration inpurity region 397b, and a channel
formation regi 6wilB@snitids ffloreradil{cse aitf¢adilm®n@ining @IBG) caveetused fee r esi st
mask 355 ., s _remved, e ' ; 8 ¢ B

sem condt}!é“ts%?) {%fr:rtg/l(’gﬁla BEZ'Qi%ﬁ%g%Ela;ygfﬁéﬁ%g@if@ gﬁ%&k%g%@%r ;hgfpgr% tJEg)?/er t he
seni condudmoisli shanobrgangi ould@E; filndudhhe aselios endigclilor, 4 sliandiirdgi on 305 is
doped with_the..i npurity.. el nt 326 wWhi chy.i 1Sep-t e ivity. The
b 1y B et ST b B0t ElubRAEE s WREREEMNEN, 0t L he
si dewal | a38zde-Bpd filhefa BRSG(Horg82kprantcits slady &bn bo at bezasenegofibuct or

i sl and regi.an 305; thus, .the concent.ration .of regions in the

sem conddgﬁlg?d ?%Fé’ﬂgmil@&if - 508 BES 3 ‘%ﬁl‘é’e%éﬂg‘i’r %fasué:ﬁgd)feﬁealgi dewal |
382b becatrEed @WeE uichantiehatrgfer neghSiind TEL ésct IFEG.Sidd@wal | 382a and t he

si dewal | affg [0131] Wth the addition of the inpurity elenment 326
whi chi nﬂ % p-type conductivity, in the sem conductor island region 305,

a hi gh-concent C@ﬁth@onidﬁ&}ﬂé Fdrhed In HRYIn@Ala 39 4asudiids dilhi gi&(aomeﬁtttiwaé i on
inpurity region 394b, a | owconcentration inpurity regi opn 395a and a

| ow- conc dHBAETEIRd fhTEs By HERYEhInggERe f&ﬂ‘oa%gﬁ‘éd El%‘/?a‘"rﬂﬁ‘gi‘:i F‘%}?Sr’rﬁ?q @ﬁ regi on
333 are fQhMREv 8861 Elcfed 156 wikid 3821 3kt er conpl eting the manufacturing
step shown in FIG 13D or FIG 1.5C, the 30 resist mask 356 and the resi st

mask 357 [BF&lrenpved. A protective film351 is forned so as to cover the

sem cgnduct or iagl.aRfid-eal ARS r3Ubidife ARCyinh B3 @Ak 868 £e4daRER fhlat 0 313,
the gate el ectrodes 315 to 317, the sidewall 38la, the sidewall 381b, the
si dewal | wigch a lower layer of a metal film of molybdenum, chromium, titanivm, 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, titanium, or the like serves as a barrier
20  metal of an aluminum film or an aluminum alloy fibm.
[0136] _
The wiring 361 is electrically connected to the high-concentration 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 clecirically 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 {o the high-concentration impurity region 344b or the high-concentration
impurity region 394b, The witing 364 is electrically connected to the
30  high-concentration impurity segion 346a or the high-concentration impurity region 396a.
The wiring 365 is electrically connected to the high-concentration imypurity region 346b

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



382a, the sidewall 382b, the sidewall 383a, and the sidewall 383b. [0133]

A silicon nitride filmor a silicon nitride film containing oxygen can be
used for the protective film 351. Anjinterlayer insulating film352 is
formed over the protective 5 film 351 An inorganic insulating filmsuch as
a silicon oxide film a silicon nitride film a silicon nitride film
containing nitrogen, a silicon nitride film containing oxygen, a
single-layer filmof a BPSG (borophosphosilicate glass) filmor an organic
resin filllHi%pified by a polyinide film or a layered filmin which two or
more such | ayens; %{s%t&tﬁ@kﬁ@iu&ﬂg 1ﬂ§sé!§i%5’ncﬁ’1§to¥ B@arldNfeSloh 23RN ndvirgulrat i ng film
352 (see FIG 14A) 10[ 0134] Contact holes are fornmed in the
|nterlayénghﬂ@@ﬁéﬁmnglﬁpmﬁYSEﬂmlé4%©ﬁﬁhéwiWéhﬁWFﬁ@ﬁ%Kmdﬁﬁﬁﬂﬁ%@g@éver t he

| nterlay bl HeNGw GORL aﬁgt ofaqh Srity30slof Besacppduct i ve
filmis g%@h%%Ht% %%%ﬁ&i@%%ﬁéyggltfogﬁ 101 ’ %g a 8ondﬁbt|ve film
for fornithg l(t\"heOI\M»IltIHngEHQﬁllﬂ)t wg®ﬁ5343ba @dnhm@tanmé fffimatwm recidi B3 tel ower

| ayer of a net fi den [ medi at e

| ayer of &R TPURS atm %ﬂn} ‘?mqu? ¥}% ga"fygir%c{?fgt}{r%ogaﬂl IL!%B %é kﬂ@ e}é@cﬁmge%fg%% | ayer of
a netal fri-timnoedl tmnlslydodemumnsnsm SR umluding ﬂxmsamncomuctdneslhn«e:gmé%t acked may
be used. enum . ¢ u Qr the. Ilke serves
as a bar r]]‘ié(’rnbé% ll? ?nc’Slftmélﬂn éﬁlﬁlﬁﬁ%m 1(;{1%4%1 %nrﬂc }néf‘ ﬁﬂ%mr?ﬂrlﬁi arﬁlmﬁ‘% | m

[01. 36] region 34Fh&hanafel ﬂmglcgﬁnﬂld Id&iﬁlr@di:rsl Challb\y oommee:tﬁceldmt}mnt}hﬁ:gmn

hi gh- conce tra 342a cen ration inmpurity
regio 39732 £ Bﬁgﬁwnﬁ%ﬁﬁ 58 mﬁ V@*%PB@&B E %ﬁgnﬁ ?8Whgygﬁﬂwnsulatlng
film 352 mndi:hatcpratesg ive 308;| m 3lgate dbgrodk emglcaie 362 eleﬁtr@&eeﬁ:ﬂﬁr ically
connected to the high- concentratlon i np ion 342b .or

hi gh- conc@rt i-g 8¢ tfaﬁ*b‘ﬁff*‘f t y* PSR 3§é250¥%fh'egfhﬁégﬁffﬁﬁ Y dean EﬁngBn i mpurity

regi on 344% RlvitddichighcGoARRANGK Fhnpority| P 134¥a LeYHNh3B4ancehh@ion ring 363
is electrically connected to the high-concentration inpurity region 344b or

t he hi gh-EoNeBhcEiani3deb MpAE seyce ayt Gangoens. fdoVicPPsrgiraen MPuBlect rical |y
connegf ed.19,10e, 3R hi PR~ soae&%ﬁ&aﬁﬁégﬁw ,@gﬁ;ﬁ s, LR L AR BRhatdie

hi gh- concentration inpurity region he wiring 365 is electrically
connect edegiont 7e: Wieghate om,ﬂ@m% éﬁﬁﬂoﬁpa rpdrihe yiaﬁ@e@]'?@ﬁd%@éé wd thpegate

i gh- concanl L s d ATHGLLE SAGQ0: 398D ASTod B cha Hhansisth HO1RT]
ransi st or I nc d|n

t he sem conductor i'sl'and regi on 304 having the
hi gh- conaedmdaim@ﬁﬂ%@ﬁunmnyxﬁeglon 342a and the high-concentration inpurity
regi on 3%%2 hat are source and drain regions, the | ow concentration
|npur|ty % on 343a and

Similarly, the transistor 371 including the semiconductor island region 304

having the high-concentration impurity region 392a and the high-concentration impurity
region 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 electrode 315
25 is an n-channel transistor. The tramsistor 372 including the semiconductor island
region 305 having the high-concentration impurity region 394a and the
high-concentration impurity region 394b that are source and drain regions, the
low-concentration impurity region 395a and the low-conceniration 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 396a and the high-concentration impurity region 396b that are source and drain



5 the lowconcentration inpurity region 343b, and the channel formation
region 331; the gate insulating film 308; and the gate electrode 31.1 and
the gate el ectrode 315 is an n-channg& transistor. A transistor 372

i ncl udi ng the sem conductor island regi on 305 having the hi gh-concentration
inmpurity region 344a and the high-concentration inpurity region 344b that
are source and drain regions, the | owconcentration inpurity region 10

345a and the | ow concentration inpurity regi C§4Sb, and the channel

f or mat i onCBEEH R 19YTONEHE AU lélpflggup%wﬁl ﬁ%’f’afﬂiﬂg Hﬂ O8-CORFRIUIRD 'GREEYel ect r ode
312 and tJ%giog%b%,%h@gltercﬁgﬁwﬁf%ﬁmmnaeg?mpm@nﬁloaﬁeﬁmﬂﬁﬁgmm 368;lanausi stor 374
i ncl udi ng the sem conduct or i sl and region 306 havi ng the _high-c¢concentration

i mpurity sdgPloriradadad antithe ate lslegede e dntt BEBACY HRPEIFPE y The fFESi%46b t hat
are sour cerand i @is/oP I ORS inchidfs LIWMEGRRAGRAK 81 on Tmpurity 15 region
347a and the l'owconcentration inpurity region 347b, and the channel

f or mat $ on{¥18%i on 335; the gate insulating film 308; and the gate el ectrode
313 and the gat lectrode 347 i -ghappgl iy ansi.shofe dFhgistdiansi stor
371 and the tréﬁggs@%ra§7gna§% Fﬁ% uﬁgég?n a CNSS c??cuif:373.m[&138]

20Si mi | ar high-coientratmnsingt:dty r@Jdnsivwitdhrdi serrechandgionii cegiensaraorbeifeimadd regi on
304 having.the hi gh-gconcentrati I, 9] . i r :
high-conc%ﬁb?gg?gnm%%ﬁ&?ﬁ?éxgggﬁﬁﬁlggggy%%%%ﬁgﬁg%gggﬁggﬁgﬂa&zﬁgfﬁ regi ons,
t he | ow comaeiny rragivon34stpuri thy foegtone3@8en anghutitye réoow cPbe entdr dte on

impurity region 393b, .and.the .ch el fqrmation region 331:. t te
insulé@in&mgFPﬁ?gﬁg?ﬁéﬂﬁmpﬁéqﬂgfgg 'eé??%iém§ﬁ?néﬁgn%ﬁg %%P%n@ %%frode 315
25 is anishm@hannetost & ahsinslt formatibh ecdicmBEd is femed 12 2 irepgdrulohilavg titchgate

sem conduct or island region 305 haying.the high-concentration inpurity

regi on 394544 39@@“‘?’1 ehealoHESREF gxt{%’o‘%dil '?qngvluf'g%’f SRS HNA ar e source
and dr ai nidrRGE M Segidiieoth@heO AREREDAL | BNoidapW olityinrwgh arst3Se:, afer t he

| ow- concentration 1nmpurity region 395b, and _the channel, fqrmation region
333; the HIPESRSEAGErHEPdEPLARS0EC sdhglepidleghp avaighe SFUCPPIS B9 and ¢ he
gate ghectdofe3o316 iﬁp@iépa@a@m@hcﬁ [rasts $LIPSo cohbigctiviigmsdyHeddde 4 4 ncl udi ng
the sem conductor island region 306 having the high-concentration inpurity
regi on 39Bighgperentidioni gh- concentration inpurity region 396b that are source
and drainy).3g, regions, the | ow concentration inpurity region 397a and the

| ow conce tralion inpurity region 397b, and the channel formation region
335; the gate ifstkbati tg dasd of 3082 a anchanivé tigagigoreindenchéd .38 VEHRE t he gat e
el ectrode | n._n- ne ‘ LSt The transistor 371 and the

transi st o9%7§log?ogil?cﬁ%qct§%eﬁgyléhr?glg&%%}ﬂ%mgﬁp]guit 373. 5[0139] Not e t hat
as fonr(t h@mapnsi stor 372 which is a p-channel transistor,

hi gh- concentratjopn i rity. regions i G e_source.. ajn.regions may
be forned mﬁthdﬁFﬁ?%Hﬁ¥W§°¥W8338&£8%§%5H¥?§P%8%'#%%%%i 3“9%@?@ ' %Sa and

t he | ow c@meentiadcs amyiboonct ywithegl formidg 5ilywaltsrif hivercdome c olmabaitcaat | on
inmpurity region 39%a.and the 10 | ow concentration impurity region 395b. In
ot Gade ™ FACDRGY PPl SO EPER ToTsae pagre dony et BRkite

formati oncleegbdeNa 333 ihsidiap Med, ind Aandvdgifemebetow ihe, gat @ndliecibnode 312 and
the gate el ectrode 316, and hi gh-concentration inpurity regions are forned
in regrondVRPHBPTEAHIF R PelESn. In order to obtain such a structure,

after form@pg]the gate electrode 312 and the gate el ectrode 316 over the
sem conductor island 15 region 305, an inpurity elenment which inparts

! mu y I . )
p-type conduct i ¢Pteyunely dbaPpimesdhatMOhCEHIcHRcEs: Farishh 371 damst i

Further, ip.the.c336 Gfs UbOGnBuPmehanial idhi@nsjstl Ashidydgngndent by, the
W ring 365 I's not connected to the n-channel transistor 372. 20[ 0141]
described with reference o FIG. 16, FIG. 17, and FI1G, 27,
30 [0143]
FIG. 16 illustrates a cross section of a pixel portion of a liquid crystal display

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



Further, in this enbodi nent node, sidewalls are forned; however, only the
gate el ectrodes nmay be forned without formng sidewalls if not required. In
that case, as a mask for doping with_an inpurity which inparts one
conductivity, any one of a gate eleé?rode a gate insulating film and a
newly fornmed resist mask, or a conbination of 25 two or nore of them may be
used. [0142] An exanpl e of applying the CMOS circuit 373 and

transi stor 374 formed in accordance with this enbodi nent node to a liquid
crystal dissghlay ttelpicdleyaiinjulaiog §bs 853 ved aiird deiedetitle NO!HPE a6, FIG

17, ~and Fj; nl% aﬁpggﬂﬁbet{%@mé%ﬁfa%pl& %@H@mrs&&ﬁ rmﬂl{,ngnfl | m 352,

and a plxe tro at the a ment | ayer 402 be forned
by a dropiffett diisolgar getemrethhtodubbéngr desimpnti it PP@@OHIUFl @Tfasétffapfrmt fg. After
t hat , rub in t is perfornmed on a surface of the alignnment |ayer
402. 5[01 ﬁ?gmﬂlﬁg;ﬂﬁﬂ the counter substrate 411 is provided with a
color ¥ilfoetd]i ncluding a |ight blocking |ayer 412 (also referred to as a

bl ack matrix), | Oro]ulgtlap'rrgur st?' € 411%@@1%)%1%68\/7\181&100 1c3rI i%}/e?rn ﬂ.ﬁd‘lﬁaae tther a

count er eIectrggg% ali ransm nd an
al i gnmentblbdyter laﬁ&‘Mﬂh@ﬂﬁomwarie of ar hieck nilﬂméx)ceumﬂcerlagiredtﬂﬁr ege adl5 10 is

formed of a light-transmitting elec rystal display
devi ce oﬁWFWng@WHO%§%§H¥mﬁDﬂgmwgm é?”ﬁﬁ%ﬁﬁgsovgmr dﬁgﬁé% Pﬁ i spl ay
devi ce. NMcBoddald h@Rnhbe zg@umsetnmalvecmrecfdlene@lS The cdlmresremcmfdeaus ef | ective
el ectrode, the liquid crystal plaﬁ % gf_th%ﬁ_er %dlneq

beconEs 45 fampdet U%h‘r*}"'&tf?’{ﬁ‘“bgr P ape s 5?/(181 VEE! AR PGt © #Flé 27 is a
top vi ew dpldodfidn@inond ist h@afReSdstve Gigat cl‘}@{aaﬂisﬁmii deﬂc@etme ﬂmt W@enlBikr ansi st or
374 and the pixel electrode 401 which are shown in [.0145]

FIG 17 i qol“’lfélt plgttende 15 uioamed 9ist defleginggp Plagiafsy FIE’eh%\i/ |CW§“5 dspl&l porti on
shown in flfs obOnis Ei@oliinthat choat Bedotles A RBLAW ORMHE @rvﬁtﬂpm;ﬂ'ajﬂ debiee. 17

includes a pixel portion 422 provided with a plurality of pixels, a scan
line driviete dhat dUCE 2448 2 tap|vigpuildnstatipst e rositionapieliorshivebetwser Wavi ng a

S gnal s |1 Bl YAl ekl 2flodr SRRl BBwiidesasisonal s to sel ect ed

pi xel s, a circuit substrate 431 over wnhich a control circuit 432 and a
signal sepagdtion circuit 433 are fornmed. The liquid crystal display panel

421 and the ol fedliiy SUROkE BN BBl GILE ALY, £900RGHEG) Sguld LD

connection mnrlng rou transi stor and
aliquid m&W@U&l ﬂhsphmyCQGMImqﬂqamvmeshammhaﬁmhﬁédeQﬁngmadr@ﬁkmsubstrate

having a ﬁ’? 1%0\!1&99({ X’lsﬂt) azil pluramy oqnp%lé?st grsc;nl lmrg & ngep drgux{ 2@_;3 e%q?i{dec;ystjdoj'd'?]

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 substrate 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



In this enbodi nent node, the transistor is forned. using a | arge single
crystal 30 silicon filmwith uniformcrystal orientation, which is forned
by the net hod described in Enbodi nent,,Mode 1 to Enbodi nrent Mode 4, and thus
uniformtransistors with high perforfmance can be obtained. Specifically,
nonuni formty of inportant transistor 34 characteristics such as threshold
vol t age and nobi I i ty are controlled, so that higher perfornmance such as

hi gher bh ility e achi eved. [Enbodl ment Mode 6] 5[ 0148] In this
embodi nent afft?ﬁfém”é ‘Wbﬁi tarsheld wy a&’é\i‘fl@é“‘&’éli“ﬁ@“ac‘ﬁf’r@élﬁ | 9 'i*‘?ét bighs*conduct or

| ayer in ﬁ(ﬁﬁ@h@i&ﬂ@&h\&thi’gh&nﬁﬁ@&hfyﬁﬁﬁbM@cv&dt0 Enbodi ment Mbde 4 and a
transi stor in accordance with Enbodi nent Mbde 5 will be described with

reference to FIGS. 26A and 26B. 10[ 0149] FIG 26A is a plan view of
a pi xel ofediRRihdn@oaes) tting device, which includes a selection transistor
851 connected to a signal line 882 and a display control transistor 853
connect edi®étla current line 852. The Ii ght-emtting device has a struct ure

in which each gj X@lb eﬁlb&nﬁem glmcreery th&{n“%ﬂﬁ%{%nca%v{cg 9{%" d%fysm;

light-emtting el ement that has or e
cont ai n aftna¢aaduates| luyer ﬁes@émanﬂeaweh EmbO@IGtCWeMnd{al pauﬁml:mﬂme:lneMod@ées (al so

referred f Qslra%gkigll-nl %X(%ﬁ%amc ec%h H{bgggvgktemld’dgdaesmhoﬂe de s%PE dle w1t11ght

emtting clement 1s a pixe ch i's"connec t he

di spl ay cofergk tt Flghsist ond BBB. FIG 2613 is a cross-sectional view show ng
a maify, r(; f such a pixel. [0150] 20in FIG 2613, there is a portion
Wnere a sem conductor film879, a gate insulating film 884, and a gate

el ectrode 885 4&il@ %Anmﬂlaam&usmfamﬁd oﬁmemgbtfmmmgsiwm evhiichlinclddng asel ecti on
transi stof

ay .control. .transi stor, 853 are forped to have
such a po?e%ﬁcg?l’] ?zfﬁm g 2%?58‘5;"& éééfl g? AE4nR) @‘f&%}‘a l?e‘E’EFQ@F Gl frpnpistor
seni condugBaronhaied o i turgmc Bhe8FN e T\Nchghtémj@ﬂi; dente Mdairdctie ifFwpagdi ment Mode
4, and the 25se] ecti.on. transi tor e spl ay control tran3|stor
553"y DR PRALT ShegRE iR B S B O BB R AR b 1)
Furthey, anglitehanhaes: fduﬂﬁzd't@%xﬂﬂn b bIBR (R BfninSsch niREHA BetGOME p atnh@f gate
electrode 885 of the dis control transistor 853. The S|gnal | i ne 882,

t he cur r efltctioferelalsg yoterr t0e‘|‘°e’(‘i‘t Ebdeisn)gs §na il teedectgdes fomaingthe lighte f or med

over the gl A%t iNS Wil iefBirhid %ﬁ%&icthérJoHﬁcrctedttlaethp'dﬁ ehgyrode 883
electrically connected to the electrode 860 is formed ove Fhe I nterl ayer

i nsul at i N&gFisIoRPER7 FIGREBdek tishesptiofal vine showial aslaie parbefeudsapiiel.
[0150]

20 In FI1G 268, there is a portion where a scmiconductor film 879, a gate
insulating film 884, and a gate elcctrode 885 arc formed and stacked over the substrate
871, The sclection transistor 851 and the display control transistor 853 are formed to
have such a portion. The semiconducior 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,
01511
Further, an inlerlayer 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 clectrically comnected to the electrode 860 is formed

over the inferlayer insulating film 887. The periphery of the pixel electrode 883 is



35 surrounded by the insulating partition layer 854. Alight-emtting |ayer
855 is fornmed over the pixel electrode 883. A counter electrode 856 is
formed over the light-emtting Iayer,§55. The pixel portion is filled with
a sealing resin 857, and is provided With a counter substrate 858 as a

rei nforcenent plate. 5[0152] One of a source region and a drain
regi on of the selection transistor 851 is electrically connected to the

signal line 88 es cr bed avae ther t he other of the source region
and the dP‘é‘f‘?’l‘“é%c&’bﬁ e dpsu aﬂﬁg BEP Bt {‘léﬁ‘ﬁ fandilighipmiing lnyer 858 iy formed | y

connect ed ot @ thdgxgalRured Bl 0OdRoB88r MctbiiesTd is RIrd¥d 6@t KOlcht-tANGH Or 853
t hr ough tﬂgﬁlo ectrode 859. Further, the selectjon transistor 851 has a

gate wiri MYBEY- cIRREEEERPHe isHEledarilh icating tal 554, werip gEviqed ¥E) 2

The 1ight C@Lﬂit&tsh[ﬁﬂag%%!%ﬁ@aféﬁnf&x}a&ﬁerﬁm@' ment node is formed using a large
crystalline sem conductor |ayer, which is forned of a crystalline

seni condudt’sr] | ayer 15with uniformcrystal orientation; thus, variation of

the characteri spiLss Q%BM@@EEg%ﬁaCﬁdté@&?d Mofhn G REle n%(iM?ﬁQmNg%? g hat a
transistor formed froma crystalline sem conductor a er I's or exanpl e,

excel | ent eiepirigally eopaecind taghactigrehdine B8 19 desudhedbag. cdfnrtbm thdroumeoﬁapabu lity
than anmor gﬂzoﬁ% 1(,'%' 1Jcé18ﬁ Qmﬁ rtl?enﬁfaﬁlt 95 ﬁm (thtﬂg %f* g&ﬁm &{]1%18&)'1’7831 1I ecF 1C4 ansi stor

can be reduce aperture Bt o of yplay
panel . 20G@ns@qb@nﬂwymﬁhﬂghmﬁmébﬁKﬁtm:@mﬂaycmanﬂbmnanmJ&ﬁbﬂnm@Eﬁh@dlnent

Mbde H) [ Qﬂ:?%de fB@Qt hhﬁth%m%dsleﬁgtuoc tg%,%g tor §5 mlfér %F@Q\%ﬁ%ﬁer 0 g;ilnﬁ;ategt descri bed

as an exanple 25 a sém co evice na

crystal | i He gseraonduotencs] ayer in accordance with Enbodi nent Mode 1 to
Enbodinen(n@gge 4 and a transistor in accordance w th Enbodi nent Mdde 5
W th refe ence to FIG 24. [0155] A mcroprocessor 800 shown in FIG 24
i ncl udes an AEWUROght amitAlt)device of this embodiment mode is formed using a large

crystalline semiconductor layer, which is formed of a crystalline semiconductor layer
15 with uniform crystal orientation; thus, variation of the characteristics between each
transistor can be reduced, Note that a transistor 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 FIG. 24,
|0155]
A microprocessor 800 shown in FIG. 24 includes an ALU 801, an ALU
30 controller 802, an instruction decoder 803, an interrupt controiler 804, a timing
controller 805, 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 1/F) 810,



30 controller 802, an instruction decoder 803, an interrupt controller 804,
a timng controller 805, a register 806, a register controller 807, a bus
interface (Bus I/F) 808, a read onlypenory (ROM 809, and a nenory
interface (ROM1/F) 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
controll erq %g; the bus interface 808, the read only menmory 5 809, and the
menory interrace 810 is formed using the crystalline sem conductor |ayer of

Enbodi ment MbdeEdent af, Bwbadi sremtreMitderc4Aand sbhemt ransi shesnefsdenadi ment
ted to the ni croprocessor 800 t hrough

Mode 5. [01 %t Andr n%t r#gtl on In@%.lt

the bus intérfsle g iPSEERY dtpder: #i- ithes timing: saroliac¥tfie the03,
decoded t hegiseirrgosand rtdian donpuits @d7.t@e bhe n{Narka)ce %@Wrﬁ@'réa@fonﬁ%embﬂﬁ
interr ﬁ8§ntroller 804, the regrster control dthe tirm ng

contro 389 theHBepTY) Heleniace G1Y Sriogae usingetbp ﬁtYé*rﬁHi}ptbﬂie@mdrueﬂOl Byei804, the

regi st er eORtubelineht 808 1ARIEHBRIhHEM NPdL ANk rious
controls gﬁped olrr1 t}he dgcodedI [ nét ruction. ndotlhl} %Tégél %ﬁ%ﬂé&ﬁn‘é ically,

the ALU c Fol ler 802 generates signals for controllrng t he

- --eperat j;ap7pf -t he- Al bU 801. While the mcroprocessor is executing a
program the interrupt controller 804 processes an interrupt request from
an external i npdteiiegige ingelsdde thsrmigropercephes thouglc e bubasedcos0s t s

priorigy @rm%ﬂﬁedn@%ﬁe ﬁsﬁ‘ﬁcﬁrgn -I(-Q&gléregf)?t Eode%othgr ft Emcl[ ghjx%ﬁ{;%g ﬁr ates an

address of the register reads/ Wi tes dat & ¥gi ster 806
i n accor dahbecaptrofert HE, greainterroft @h@olmr(ﬁﬁepthaoegzstor confiodeit 807 agd @@nt rol | er

805 genergat r nt ol of operatio e ALU 801,
the ALU con?%o?(}ngir%ﬁ%(s)géﬁot r;@gr}r% réﬁ’(}‘:ﬂl PR %ﬂ %eermt%’%f?, "toﬂte(r’]ﬁ’ﬁ?ge)flrﬁ
cont rol | efegi8®4 comirdiet $(¥, pelths timmpaontolid: 1865 p8OFHm \E@ﬂ’ou:emmk%asddhﬁ timng

control l eg. ﬁgc%dc ROV |ded with an internal 25 clock generator for

generating an in ernal ¢l ock si gnal CLK2 based on a reference cl ock signal

CLK1, tand[0d8§pl i es the internal clock signal CLK2 to the above circuits.

Note that the m pcess 80030wn|n FIG 24 is only an exanple of a
sinplified st r[? gg" ﬁﬁ: usy! err’rﬁ@:% SFPBUES siERdls dan chrfiptlingatieous

st r uct ur-espetiependihg g Beagewnlid #R9%hic3tb& s4¥r G§ @9&%@5%3&@9& afgcor ding to
t hi s enbodj nent m)dﬁ@r manuf actured using a | arge single cfyst silicon
t

fi1m for mBIHY FHEO PRES| Fol FHPERBOCH. M aMsdBI fputatingi nent Node
4, and anddvivkegr apeshhela elbdit baed Oh rﬂ%dpﬂrtﬁlt?%r Bne Shsk state. The register

20 controller 807 generates an address of the register 806, and reads/writes data from/to the
register 806 in accordance with the state of the microprocessor.  The timing controller
805 gencrates signals for controlling timing of operations of the ALU 801, the ALV
controller 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 gencrating an internal clock signal CLK?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



sem conductor film having 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 nent node, as an
exanpl e of a sem conductor device matiuf act ured using a crystalline

sem conductor | ayer in accordance wi th Enbodi nent Mbde 1 to Enbodi nent Mde
4 and a transistor in accordance with Enbodi nent Mode 5, a sem conduct or
device having an arithnetic function, which is capable of 10transmtting
and r eceiseinfigndigtoa fivi thhoiog umignmastalyind hisehebichlmbiepsiaior K ehis¥ence t o

FIG 25, \91(8\\%7131 conﬁlgw'i%mﬁ% lln§h %c%iﬂg&ge% gOf a conputer (hereinafter

referred Pag™an ope transmitting and receiving
si gnal to/from an external device by 15 wirel ess conmuni cati on. An RFCPU

821 has an, _anal o |rc it portion 822 and a digital circuit portion 823.
The anal 3@“’@”3 ﬁ&ﬁ @r on 822 includes a resonant circuit 824 having a

resonant [OaGACI tor arectifier ci rcui t 825, a constant voltage circuit

826, a reset circuit 8 ator cir dulation circuit
829, and a nod Soﬁmg?cp%ltﬁ éﬁ Brie GGt %I b |dr (Q,émlf: Olbdgjggr oCleV'§§3 i ncl udes
an RE intxﬁﬁﬁu@e@ﬁlrrﬁﬁﬂsmoaa eIt sdtictegtist ElycIBIBZLCCLEdaGice&kthc}ﬁnfhcrdﬁhcher 833, a
CPU interface 834, a cen cessr n uni t .ran access
menory ( RARYe Bt m'%ﬂﬁ’éfn%f“ﬁ\é%(% o"ﬁ‘ﬁi‘ Fﬁ??fﬁ §/m( a”§§ g (ﬂlﬁ% ET R Each of ,

one of ors nPrs%rrﬁlfc)nMHFoﬂ 8500 RLYiGE I BUiatith8ddc ﬁuhﬁidnﬁﬁifhnf:li datdapabicigfcui t 825,
the constant voltage circuit 826 the reset cCij rCE% ﬁ t he O?ﬁ;l | at or
circull spmsmiitee a8 rersiveitai VERPYE FotaRttviE s desoBed i relererss el ui t 830,

the RF i niserface 831, the control register 832, the clock controller 833,
the CPU interface 834, the CPU 835, the RAM 836, and the ROM 837 is forned
usi ng thel0&¢Mstal line sem conductor |ayer of Enbodinment Mode 1 to

Embodi ment Mdgy4 and & Ef%néﬂ =§E(9{1p195r EoREdIERE VRIS 25 an 30U@1H3] 38

resonant circuit 824. The i nduced electronotive force is stored in a
capaci toerlelr! topomte83y Winamitties ped wideivdre sigpd upfrogpsn oxiEnad seer ©¥r portion

839 i %5 pr\% rgl gbrlbo?{mfn.l EJXBS'n u M%F%P%a@%hhgsogn §1"{'.1%k @i%c,ugtr f&ﬁ@rﬂ‘sﬁz %ﬁ‘@%c' tor or

an el ectric de ayer capaci tor e capaci tor on 839 nmay be forned
over the gigna csubspcrrabxe 823 tThe eﬂﬂ@g’@@ﬁﬂp@homﬁ%” bleluacSt agdserinbeicudnot her

CoMPONeNt o} RSB SR ;AL ASH0G SHEL RSB BRE1L ! 1Y

constitut
reset circuit 827, an oscillator circuit 828, a demodulation circuit 829, and a modulation

circuit 830. The digital circuit portion 823 includes an RF interface 831, a control
20  register 832, a clock conmtroller 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 intexface 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 semiconductor 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 reccived at an antenna 838 causes induced electromotive force at the



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 delay after
increase in the power supply voltag® 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, for exanple,

bi nar i zegseahiangest 8. ampt iddude adctrmoept foow is isgreal is 20fp@icRRPEPE ude shi ft

keyi ASK tem 7Th tion.circi ) li tude of
T anani 8p ot &Y GraR HroniP i FOAOsRTRe Rah A R e vaRe B P e ¢ ©

transni td,gdiioden sudilatit efpaitdr otkntel 88 dohbln grst dahecitoes Sharrpecihi nt of the
resonance circuit 824, ther

e changi ng t ' { jpcation
si gnal s.pottia &P g bEB%’iP‘F%PT"éB%é%c E}%ﬁté‘g%fsgge gﬁggfrjl{g?‘g& Ig‘flygt%g]lt %OIE‘! changi ng
the fg e%%ﬂ(ﬁﬂe}‘%@ﬂpéi%@lt Qutbdatd RvRE at heulaliqpdrfacaghalpaitipllpcostidésce with
power supply voltage or current consunption in the 20 CPU 835. The power
suppl y \ﬁb*ﬁBé@BUiS@I-rmni tored by the power supply control circuit 840. [0165]
A signaluot1 t is inputted to the RFCPU 821 fromthe antenna 838 is
ed

denodul a by the denodul ation circuit 829, and then di vé2$ed into a
control conmmartic raseitcrcuiafell eperas pisieaalilat revats i Gigial FRQUPBHP SPhe contr ol

command s st i Dot DEERN ROk scl BuA1ERY BR2atesT Rea e@ALsiL, @ eigreind
i ncl udes{O%Fé"gglglﬁlgd'o O%Jlg} g;pgt’or edsei n tuhe ROM 837, wrjti nﬂ af data to the RAM
836, 1@n Ani ikseithclelapsfenioeican it SerRECCPEPESNENd TFHEST|RE HHY cpy 835

accesses ROM 837, 38y Al dehecicanti@ll if eedosdate 838 avia the CPU
i nt erfac%ﬁgg%ﬁpg&mge éﬁ@‘ﬁlﬁg er a@éﬁ]&%f has acfunc} iorll of d[%en,er aling an access

si gnal f amuahylgeneefai@lby te CRBUIB3Tage FECRARIB3Ehe diftP MHECRSHEY I regi ster
832 bas egIZQOirI]ml?ic%ng' g%\g Is)gss l%i?tg}f ?osrte%luggé(, phafaBizER éﬂm@g%@ in :[ugﬂ-lﬁ@de of 3&eption
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
transmitted. The modulation circuit 830 changes the resonance point of the resonance
cireuit 824, thercby changing the amplitude of communication signals. The clock
controller 833 gencrates a control signal for changing the frequency and the duty ratio of
the clock signal in accordance with power supply voltage or current conswmption in the
20 CPU 835. The power supply voltage is monitored by the power supply control circuit
840.
[0165]
A signal that is inputted to the RFCPU 821 from the antenna 838 is demodulated
by the demodulation circuit 829, and then divided into a control command, 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 CFU 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 gencrating an access signal for any one of
30  the ROM 837, the RAM 836, and the conirol register 832 based on an address requested
by the CPU 835.
{0166}



As an arithmetic nethod of the CPU 835, a nethod nmay be enpl oyed in which
the ROM 837 stores an OS (operating systen) and reading programis executed
at the time of starting operation. AI3 ernatively, a nethod nay be enpl oyed
in which an arithmetic circuit is formed with a dedicated circuit and an
arithmetic process is 5 conducted using hardware. In a nethod in which
both hardware and software are used, a nethod can be used in which a part
of process is conducted in a dedicated arithmetic circuit and the other

part of the arifhibtitemprdeehyd ¢idhe bREUEE etimpiiod pay bpempigsedi@ivvcha progr am
[01.67] 1QheoRFEIAL:i&edPOS Qb st o teQsiki) §ncﬁf’é@&lﬂ%ﬁ@;?xtan{%%c&§edfaQrtIiEBd using a

13 t
| ar ge si ntg(;_l e crystal sem_condluct or S?I | m f ormnmed he net hod described in
Enbodi mentimybefesiaring @peraticnd AHAPRY By raarsdodi maupe engloyet eavbiddi #y a

sem condugli,cfik | RV Mene@NSHRAL d&ﬁa/a%édakiggﬁtihgﬂt% LARmBR G bYS ¢ he RFCPU

can achi eve | ow power consunption as wel |l I gh processing speed. This

makes Pt poubkicl esinphaisue e t hwedpdimavhiohbéth hardwais and sofigrapert ogdof ti me

even when C [ - 3l L I ) ' i zed.

A though eI GERE LRl B8N PR er hEh s SURRLLED: PRURLuCARRMB P20, e
as an | C ragicad theothppiit @b fheasithnonig rasceist is haslueted pntim IR A3 owmsifamct i on, an
arithneti cm%rm%(l:essi ng function, and a nenory function. 20 [Enbodi ment Mbde

9] [0168] P In this enbodi mrent node, electronic devices to which a
crystal li f@gésgm conduct or | ayer and Enbodi nent Mode 1. to Enbodi nent Mode 4

and a_}iquid cryst i ay_devi ce,,of odi nent, Mode 5, are applied wll
he de%@r Tbed wi 13F %?gﬂfj 2?’%%%08’ B s ?‘gt’mﬁlﬁémofﬁﬁ @Haﬂh%‘%a%? Mits, 20A
and 20B, Eh@e &@3stalFc@Fon@Aort Bln? 2Emcb| E55the2BAhahde3Bed an@nfbbBmen?8A t 0
28C. [016 FIG .1.8 is a block di,agramill ustrati nai n

Struct ur o e 1P durth 6 JLicanied gt S TOm e d B RO o FER st al

t el evi si Orofsemetven] Ghawlon, inflikss 48 RFOPUULE SicedQowl gl dogtpptial  di spl ay
panel 501 havjng a, pixel portion_ 502, a scan _line driver circuit 503, and a
si gnal | i AdvaH ey diehgrocetsing spepd: TS PakgaitosTye foarnseredin eRFrPRAP 501 nay be
nmanuf ast uu&% Rare bonErRediviBN theVBGRCith: pbgonPE3elhRA hpAs JRAer ti1e scan
line the 40 driver circuit 503, and the signal line driver circuit 504 are
manuf act udednszsed Adhough 169 xdIA periiBoHusime the pedeelthe REGEUdidgeee ci rcui t

423, and the N ghak thd 08 OF WAledChl Gl atRdhas CSRERTLMELY fulliehh, Leference
to FIG 17. [0L70

arithmetic processing function, and a2 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 to
221, 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 lquid 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



5The liquid crystal display panel 501 is electrically connected to a
control circuit 512 and a signal separation circuit 513. The contro
circuit 512 and the signal separatiop,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, electrical connection between the control circuit 512, and the 10
signal separation circuit 513 nay he ga t he sa rlng as .t he
connect i o FiFHY “A342nd[the igpal Thd ariver /S“F‘Efﬁ 4y i“aF‘B 3 9HES si gnal
and an augdiQ psi@naby, diheatiide i analit 48, poee siged Iiay deiv i &Leﬁlt apgnal
anplifier CIrCUIt 522, a vi deo signal processing circuit 523 15 for
convertlﬂ@ﬁﬁd§anﬁﬂh6ﬁFﬁﬁwt?Fgﬁﬂ?he video signal anplifier circuit 522 into
a color s gﬂgl correspondi ng to each color of red, green, and blue, and a
control CIrCUIt 51.2 for converting the video 5|gnal into a signal which
meet s 4 nput spéb?ﬁﬁ@é@%@%bm@ﬂ%amﬁﬁﬁm%ﬁs@F@%ﬁﬂwCOWW@ﬁééhQWBW@bﬁﬂéﬂlt 512
outputs si;gngl éﬁa Serflt R foh NGrofk 3 38N¢GH2 c%h&na&uéuhnﬁzsm@m gighfle case of
perfornlng a digita rrve, a structure can be used i1 n which the si gha
205eparauwanmmmﬁwmuﬁ5518Mn€ﬂpﬁ@@ﬂdéd$@homﬁ@cgmgﬁahﬂmtﬁ%~§ﬂﬂ@€ﬁ&ﬂ§upply an
i nput di [ vV, i v f i eces.
[or7z) " Sebluidy QG BHHEEN U T F1G 17 ApPERLY: P HE TR, ner 521
is transndr ;retuéaﬂlsptmyamatjﬁil ,oalsrrg:amonammlonfopterrecmtmec:unwolmz,ut ahd aadh theut put  of

t he auydi o.si circui 25 1S - | J er 527
througﬂ dﬁ@gggmgﬁﬁn “IUHEﬁéce g#ﬁ%mégﬁté%%“%;%ﬁHgﬁ%%ﬁgP%%wﬁﬁf§§| 528
recei ves 4x@ntrol information of a receiving station (reception frequency)
or sound %?zﬁne froman input portion 529, and transmts signals to the

t uner 521 d the audio signal processing Crcuit 526. [0173] 30As

illustrated inAHuter SDYAccaivek alxed/cbs@m fiRicai andio ﬁ@ml béﬂreommoesﬁgdﬂ iy
i ncor por ati

ng. thq I|gU|d F@é %! %riﬁ g¥ de%#p% S Cgl A &églnto a
housi ng SERCCSKIGYSHY A Setadampiis ety i W%Bﬂ?&%f”dl‘ﬁ t al
di spl gy deYic&Rerdndrd Heal oﬁ@@ﬂﬁ@ﬁ&he dikeo 533l sapaEfiat iionitSmwtichescddd, or the
ke My b B O e as 3k E)I’I e blue, and a control circuit 512 for
signal corresponding to each color of red, green, and blu
converting the video signal into a signal which meets input specifications of a driver
circuit.  The control circuit 512 outputs 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 is transmitied 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 processing circuit 526. A
control 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 info a housing 531. A

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



[0174] FIG 19B illustrates a television receiver, only a display of
whi ch can be carried wirelessly. A battery and a signal receiver are

i ncorporated in a housing 542. The ? battery drives a display portion 543
and speaker portions 547. The batte b can be repeatedly 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

di splay. The housing 542 is controlled by operation keys 546. Further, the
devi ce sHdwepdrnioRls@itciig B3 fy thedikamay RRHEVEIFHi2d 2RRWREY comuni cati on devi ce
whi ch ca 1? ansmt a signal to the 10 charger 541 fromthe housing 542 by
operatin@ e operation keys 546. Still further, the device shown in FIG
19B may be a JuGelod illpsirapesdelrdsion wedont iy 2 dipiag ef whick Backirfaricdnsnit a
signal to.the charger 541 from.the.hoysi Ve, QP L t hg,coperation
keys 546?”§ﬁﬁh%aﬁjgﬁﬁ r%%i%5%%%6?%3??3%:ggoéﬁéFhéﬁqEE%%%%gﬁgc %gbice when

t he efechbdioni drivkevi digplag poribe 46 andceiaker aodioghalt7.whike hade 48 ter ansmi tt ed
fromthe charger 541. 15[0175 X | evi-$] i yey.. i pped with
a hi gh qif8fa's ﬂwgﬁégv&&égfggkgénFggh%b@glﬁ%@xgéi%%%%@%ﬁ%Mﬁﬁgggﬁésent

i nvent i opvides difiel el @vitshenit the edbvggnad hahnsipml Fe@verld tiendispRiyGSThel 9A to 19B.

0176] 20As. a Rt t . th i nvent | .y lied t
var i ous BaBELk Paal BreprayTRiar o s bt N ARaGAL IO P2 boar d

at a trajy s A ih@be adho BIC-PEF dommamidatién ddvike,whoeh can traghwer 4 sigehtenlte di spl ay
board on t%e street, as well fﬁ a nnni%or of .a er%? a%.ggqﬁgggﬁg w t hout

li mi 88t i grges Sthiomhg uging a2 by epepe SEPE R SR A P Ys At €S d hodul e i n
whi ch a ki doGhYs rab, BisRhaye PanekaGRipcbordmde usitngdtie phieseat invention
and a printed wiring board 602 are c nbh@;? The 1i.quid cp*stj% di spl ay
panel 60 TansHitgy SralodhofiareesSHi ke D SPIT BHY PHEHBHPAGPE R I ity of

pi xel s, ayd izh§tas Caldi lchPRnRhic®h & dn6ikt c168¢bnicAd SRLOMEtnSiaslcttidrge dri ver
circuit 605, and a signal line driver circuit 606 which supplies a video

si gnal t devicese made warepsiiweet sigmbwipsh o kpragsepipd 9 @F ¥ “panel 601 nmay be
nanufgctgﬁg based on Enbodi nent Mbde 5. [0178] The printed wring
board 602 1S provided with a controller 607, a central processing unit

(CPU) 608, a nbnekeyis®0orecavqyosippedipypthya diigle gralitg 1displayn deiedi 6#9pPocessi ng
circuit 611, transm. ttinal LV i r Cul L 2 o ne: | 4 The

o nted APPPRGTBORRS hobt BRGT Rt B b AT S R B8 o e
connect ednd\FIdS. a5fno Mted 5 circuit (FTC) 613. The printed wiring board 602
may be paﬁéiged with a storage capacitor elenment, a buffer circuit, or the
like to é 9Ent noi se on power supply voltage or a signal, and signals from
bei ngodul | . Noheahhakr sfheusethe plelear in6Okiontche bauglilod pr soessisvgagarcuit 611,

the menory 609, the CPU qgg, ng_gowen u ng gircuit 6810 and the Eke can
be mount SHEGHSRIMEM PHBTHSHCILAS B UEprT P@bW§3mg‘H‘f‘édT‘By Using a (chip on
gl ass) 1Q,dTRENQG: MR Rsco QGEpBIHIed dnshdised, asdWal Siuzeonitbr dfheceppiait ed wiring
board 602 can be reduced.. )
computer, without limitation to the TV receiver.
[0177]
25 F1G. 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
liguid crystal display panel 601 is provided with a pixcl portion 603 including a
plurality of pixels, a first scan line driver circuit 604, a sccond 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 panet 601 may be manufactured based on Embodiment Mode

5.
[0178]



[0179] Various control signals are input and output through an
interface 614 provided for the printed wiring board 602. In addition, an
antenna port 615 for transmtting and 15receiving a signal to/from an
antenna i s provided for the printed*iring board 602. [0180] FIG
20B is a bl ock diagram of the nodule shown in FIG 56A. The nodul e incl udes
a VRAM 616, a DRAM 617, a flash nenory 618, and the |ike as the nenory 609.
The VRAM 616 stores data on an inage displayed on the panel. The DRAM 617
20st or es vi ded@hdgtiatedrwiaingitwadat@? isThwvidedstitmeroriyole1 $0<t et ar i ous

rograns, [0181] . e S I b G LAy @ho L iglectric
Bowgr fo?m%eﬁt%'f’%]tui“ﬁg(ctp K @?’qﬁﬁﬁ%‘ﬁ?s@? %P Sp %b ]%%afr;%(lajlcgl)é(s)éli,gjo'fl IHhgﬁﬁégnt rol | er

607, t hepGRiskifPSircdithdl 1w tizasnpirtogsssivige cirqugilg, 8tilthe tive droripted09, and the
transmtting/receiying.circuit 612. Further ' & angl

speci fi c¥t't* rjfg’f"‘dtdr(?é aﬂ‘g\’z@rh%ﬂtﬁp’g&c‘ﬁ%ﬁ éallglle?agy(g@g\%%legﬁ%qrpﬁ % current
source | frANEPCRSES. 1hOBRled wiring bobe 6QPLhH0R: preldedesithaz somtgeol  si gnal
generation circuit 620, a .decode 21., a reqgister 622 n arithmetic
circuit W%‘toéelﬁﬂﬁﬁt@,ife’éﬂrquﬁt %rrtgealgl%]t%ﬁﬁv‘?népgi?%%l %ré%?y ‘5’?1%34“53 the |ike.
Vari ous §Zhigm,l HdWRhab fancingrmtl, 1ot et GRhAR8et d07othghudiherdcodsief ace 619
are once stored in the register

622, and then, inpu t ithmetic
Cl rouit gt o hdboraenaspoase Cru itk arriraen 5 R s etk #0622
per f or M, 0pRLALH 0 tRaB&Hd QRystahQish AP Wanel 41 SHyoinalg 4 cOegiignah glas) ocation to
whi ch various instructions are sent. On the other h nal input to

hand, Si
the #ecotethog2 When igePEdedhatnig urshihe si% of Hi %GW@rVHfln%g%aI%g@éWe ation
circuit §20..4The control signal generation circuit 620 generates a signal
i ncludi ng various instructions based on the input signal, and transmts the
signal t{iW8kati ons 5 designated by the arithmetic circuit 623,

audi o processi Hood Four L BHE ot AT LRI RGNt RSN oray
for the printed wiring board 602. In addition, an antenna port 615 for transmitting an
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. 56A. 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 controller 607, the CPU 608, the audio processing circnit
611, the memory 609, and the transmitting/receiving circuit 612.  Further, depending
25  on panel specifications, the power sapply circuit 630 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 Tor 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



The nmenory 609, the transmtting/receiving circuit 612, the audio
processing 10circuit 611, and the controller 607 operate in accordance with
respective instructions. Operations %Qereof are briefly described bel ow.
[ 0184] A signal input froman Tnput neans 625 is transmtted to the
CPU 608 nmounted on the printed wiring board 602 through the interface 614.
The control signal generation 15 circuit 620 converts inmage data stored in
the VRAM 616 into a predeterm ned format based on the signal transmitted
from the FERGO Jrsignuc aiusaligich “Q%C VRS TESHG e W ¥ br O% ReYHHdrEE: and
transm t sitRgnaonueid @d deata 420 it Beo8QNnk guelo 188 fontlP 48RRI gth@atant rol | er
607 perforns data ﬁrocessing of the signal 'including the inmage 20 data

t

transm tt &Fuflr @ t e eploboRnneerypyaied! (F4 BererdcHarfgrak gelidfiscat i ons,

and suppl {£5.t Ben5é@RARlbal® dehGie! ihptti Guilal, Yol HandhSPURYsi RANGS 18&Q&ensFuUr t her,
the controller 607 generates an sync signal, a Vsync signal, a clock

si gnal 5 CL¥sigabteér Prat hpganiinedyyeciicAt G3ht ypechnaila Hwi mednaty 89Ynélc L/ R based
on power Lye vl t by I : unBl 3 1Cl.C U r various
ol ghal s i BeRRHYRRER AL B She SRR s oo B RS R
crystal dissighaljkpanel 601. [0186] The transmtting/receiving circuit
612 procegﬁgéba signal which is transmtted and received as a radi o wave by
an antenna . Specifically, the transmtting/receiving circuit 612 nmay

i ncl ude a hi gh-Theegueny y0%, the thtsnstiop/rasivag @Quit $62.aherpdia poanrghiqgass

filte a_\V ol t,age cont.ro d ascill ator an LIT (low pass filter), a
coupt B, G BT UH IR EREEr BHEPIR el By B esbed SRR e

t ransm t t Opghties dicvdofi grediietiyddscBi bebovwsi gnal i ncl uding audio information is
transmtt 8%0 44 the audi o processing circuit 611 in accordance with an

i nstructign Lon1the CPU 608. [0187] The signal including the audio
information, WH ghnal $nplef RS A ifpRdmeisans oy iehana@edd fhe AP 60BSHOHEdd on from

the CPU 608, is denpdul ated into an audio signal by the audio 5, processing
circuit 631151‘5Hﬁntf‘iwtrf“&ﬁ’gﬁstﬁpjéﬂ”?‘lﬁ%éh%‘ﬁ@éfﬁ‘é"rﬁng7%116%?tfﬂéfg;“alaﬁ‘?“%{6 %o si gnal

transm t t gebultr @M Bn e HARRONE: GeRdiis tHDURAM 6% Rib & bRdeldhRePIRHASSI Ng
circuit 611 and is transmtted to the transmtting/receiving circuit 61.2

i n accor daedonlerizan trarepitae froanthe inpH Mpss ERSEhas 2 PoiRgigy device or a
keyboard, and transmits the converted data to the controller 607.
[0185]
The controller 607 performs data processing of the signal including the image
20 dafa transmitted from the CPU 608 in accordance with the panel specifications, and
supplies the signal to the liquid crystal display panel 601. Further, the controller 607
generates an Hsync signal, a Vsyne signal, a clock signal CLK, alternating voltage (AC
Cont), and a switching signal L/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 circuit 612 processes a signal which is trapsmitted
and rteceived as a radio wave by an antenna 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 {ransmitied to



10The controller 607, the CPU 608, the power supply circuit 610, the audio
processing circuit 611., and the nenory 609 can be nounted as a package of
this enbodi nent. This enbodi nent nDd£¢can be applied to any circuit other

t han hi gh-frequency circuits such as an isolator, a band pass filter, a VCO
(Voltage Controlled GOscillator), an LPF (Low Pass Filter), a coupler, and a
bal un. 15[ 0189] FIG 21 illustrates one node of a nobile phone

i ncluding the nodule shown in FIGS. 20A and 20B. A |iquid. crystal display
panel 60116 &idihpgFsiRaraer K i EUErHG veéﬁoaﬂgawézgﬂ%éf%’éﬂ&e@é%ﬁ il e. The
shape andqgidig size of the housing 630 can be changed as appropriate in
accordance with the size of the |iquid crystal display panel 601. The
20housi ng 630 fthe wighelHndlprbing fheyaido Eygapatiph.ayeh lévmﬁ%m%ipd GoAccPIdagGexed s

fitted inkg @Rl OLERA il GRICPLRRARN 4 B3LdaRd into AsaRmblies 85 uR mBdul e.

[ 0190] The Tiquid crystal display panel 601 is connected to the
printeéd airpesiing boenidoll s@1istitapwuibipd nappeken 827 THartlyr 4t edlicsigedi t board
631 is prgyi ol RiRRRKES2683m0d ARt RbITIHE OB PARcER: ciuit 611 and
transnitfﬁﬁgﬂﬁggﬁ%%?%gn%ﬁﬁbﬁlt66%4? %ng aﬂELSnaI%prgcggg?ng cir%hit 635

i ncl udi ngs aaGRUtecdatogbn trarshliteng/reagiding kisclii K&, in Sgeodaacaryihlag msgactiotput neans

636, a b u??ﬁ%(ﬁ%]ﬁofnd an antenna 640 are conbi ned and stored in a housing
639. A pixéﬁ portion of the liquid crystal display panel 601 is provided so

as to be [s&&8j t hrough an openi ng wi ndow forned in the housing 639.
30[ 01, 91] 45 effect pf§ bt al, gg eyen_ in e. of. | Qying. a
structlre in Pﬁﬁﬂaﬁéﬁﬁr ?1&§(§?9 1§pﬁ§ ‘%§%§P§ﬁ?§m§W63?§e%¥§ﬂ 2 housi ng
i s divi dgflodcRding muitiit piE fidebe meamrappp apn itat Botroedes aperkaeasfdthes! osed
usi ng a hinge, %0193%.5@@ | ying the present i.nyention to.the cel|ular phone
Shown | n Pamb0A Ahs SBRARATAME ST IS T ok Lo dhen
hi gh- qual gy neinsRtR)idew eehCan abesabbal Nddnd [A3O3ter, a VCORNGItagt2A
illustrates a liquid crystal disgjay, mgich inclqﬂg§la housi ng 701, a
supportiH&H@@Qédg@??maﬂdW§ﬂﬁﬂ§oﬁ 285 HHeTpGE ORI 4Dk e . The di spl ay
portipn 7@3gd1s 10 manufactured using the liquid crystal display device
descri bed i n "Enbodi nent Mdde 5, By usigg}the present invention, a liquid
crystal di spl ay!grovillagetapiophmadnpiphmghl phope dnckiing e sipdels seaty be
obt ai ned. gygg, 204 and 20B. A liquid crystal display pancl 601 is incorporated in a housing 630
so 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 liquid 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 input 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 01917

The cellular phone according to this embodiment mode can be changed in

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



[ 0194] Further, the transistor or the CMOS circuit which are
descri bed in Enbodi nent 15Mbde 5 can be applied to a control circuit area
or the like. [0195] FI G 22@1'3 a conputer, which includes a main
body 711, a housing 712, a display portion 71.3, a keyboard 714, an
external connection port 715, a pointing device 716, and the |ike. The

di splay portion 713 is manufactured using a liquid crystal 20 device
described in Enbodi nent Mbde 5. By usipg. the present jnven iqn, 3 conput er
provi ded SHceiF2a bRiogRIGHa &V Ft w@moéﬁma@mnéé TR FeTowbish AdgTa [W)ng]

Further, difeytfaadl$isSievid@l addnen&Ma i€ el niditihi @ hRc4as Ghpasatt N

Enbodi nent Mdde 5 can be applied to a control circuit area or the |ike.

25[ 0197] 1o be opened mdgiosodugnpplinge-port abl e conputer, which includes a nain
body 721{0ﬁu i splay portion 722,a switch 723, operation keys 724, an
infrared port 725, and the |like. The display portion 722 is manufactured
usi ng % he | i quddplymgdhapregras dvensd b dhappaldl pedre shpvde I5FIQRy 2B8iapg t he
present i [ Fo\VA y JRRVIVIR o g IR i, Q- i i spl ay device
can be ogggﬁﬂgggﬂFé%gé?gﬁg@ﬁ%ﬁgégéﬂg%ﬁ‘%%hgggwﬁggk?%C%y%%ﬁ%¥%%tcircuit area
or the |i[RE3][0199] FIG 22D shows a portable gane nachine, which

[ ncl udes a MOUR92 A ugaftsd] RRLAKREF SLAN, Tk AcRREAKSLRATIGIOR, 733

operation keys . a recordin um ert portion the like.
The di splsaypopidrg boon 7732 displappofiac t703,edd ukd hige. t Ade IdigplaydpoctiopstBlis descri bed

I R T T
By using the present invention, a liquid crystal display provided with a high-quality
display device can be obtained.

{01.94]
Further, the transisior or the CMOS circuit which are described in Embodiment
15  Mode 5 can be applied to a control circuit area or the like.
f0195]
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 manufactored using a liguid crystal
20  device described in Embodiment Mode 5. By using the present invention, a computer
provided with a high-quality display device can be obtained.
[0196]
Further, the transistor or the CMOS circuit which are described m 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-quality display device can be obtained.
[0198]

Further, the transistor or the CMOS ¢ireuit which are described in Embodiment



[ 0200] Further, the transistor or the CMOS circuit which are
descri bed in Enbodi nrent 10Mbde 5 can be applied to a control circuit area
or the like. [0201] FIG 22E jdlustrates a portable inage
reproduci ng device, which includes a recording nmedium (specifically, a DVD
reproduci ng device), which includes a main body 741, a housing 742, a

di splay portion A 743, a display portion B 744, a recording 15 nedium a
readi ng portion 745, operation keys 746, a $ eaker portion 747, and the
like. A rMdedriiange pedicti # 6us I IS Ehe |ike. The display portion A
743 mai nl(yigijspl ays i mage data while the display portion B 744 mainly

di splays text data. The display portion A 743 and the djsplay portion B 744
are nanufacturgﬂlﬁgpﬁ&OWﬁéIWFﬁgkd¥€Fy§¥ﬁFde§ﬁpd?dH%Vﬁngﬂﬁgépﬂb%d in

Embodi mrﬁisp‘f‘@%r@on 142, !asspteﬂcep‘faoﬂi‘igh eds t hatation kG TIRgerckeR@dNGing devi ce
provided wth a recording nedium al so includes a home game nmachi ne and the
li ke. 3By ivssiinpriicne’3 esdflte kv eAbe isplaaRoitivagd2ris pravuliciurng e & provi ded
wi th a high; It Vo dhspl:ay [ : b &d: :
Further PR T e PR R e 08, B i e oG oo 1
Enbodi mergan25Mobige Broviled béthagpth-eudlityolisplaysisvico Farche @iiginedar ea or the i ke.

[ 0203] 19200 FI GS. 23A and 23B are views each show ng an exanple in which
t he quuig chstaI di spl ay device of the present invention is incorporated
in a canera, fomntlexdmplresisordr HietGH OB ammitavhifl Ge d2@ANbES inaEiperdypedt i ve vi ew

seen om front side.of digital 30 ..and FIG 23B is a perspective
Vi ew éie%?éeo%%lg’gﬁp}%lfegetg% bﬁ?@%‘f”&i%%ﬁ@%ﬁ%‘?'& in FIG 23A, the digital
caneral if{s2@novided with a release button 751, a main switch 752, a

vi ewf i nder 753 ash portion 754. a |lens,755, .a.barrel. 75 nd a
housi ng 757, ¥ [%kjo‘il]“s‘g)a?“ o B e SHEMANE é‘%‘g‘% ¢ imr?ggf'?%l, a
moni t or  7@dywdiag chedp@t @dpeafichilyt b 8D 6@ odicingpdaridefledhich GRdEles 2Vihan t he

ol e ML, TSh s R e 0010k 106 Nl ol B ARSI Byt o
rel eape bBHEdiOR, d Sadis PRS0 chGatiditkeyO NS b spaket porBos I, ke tht Sik@pened.
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 liquad
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, the digital cameral is provided with a release bution 751, a main switch

752, a viewfinder 753, a flash portion 754, a lens 755, a barrel 756, and a housing 757.



[ 0206] By pushing down or rotating the main switch 752, a power
supply of the digital 10canera is switched on or off. [0207] The
viewfi nder 753 is arranged above the,lens 755, which is on the front side
of the digital canmera, for checking a shooting range and the focus point
fromthe eyepiece finder 761 shown in FIG 23B. 15[ 0208] The flash
portion 754 is arranged in the upper position on the front side of the
digital ggra When the subject brightness is not enough, auxiliary |ight
is emtteld?Ptlom the flash portion 754, at the same tine as the rel ease

button 751 is pH$NER3HOMeRPEcAfiSIHTEER théniOPEHE dnd 3Prit®A0 ] tons 763 The
|l ens 755 is arranged at the front side of the digital canera and nade of a

f ocusi ng ¥eR¥Viddzoom l ens, and the like. The lens forms a phot ographic
optical systpemw th a shutter and a di aphragm which are not shown. In
addition, behind the |l ens, an inaging device such as CCD (Charge Coupl ed
Device) is prowWhedhegsjas befon 7 115P“#ﬁé‘%%ﬁ?e1tWBGﬂﬁﬁWéé a foeffs position

to adj ustacgﬁa&ﬁ%l%fﬁ D&t efno&‘;ﬁ%u@tgad]r%@ﬁenttn%h%%ﬂe%%mc%ngldt\bﬁ‘enl i ke. In
shoot i ng, barrel is slid out to nove the | ens 755 forward. Further,

when car r§i rdeashbuitiings pushecodamey ta thalpeest ppigt, A5Buties isAppestl: backwar d to be
conpact . gk @s to be noted that a structure is enployed in this enbodi nent,
in which he subj ect can be phot ographed by zoom by sliding out the
barrel ; howeverBy piikinpdegent rotatng titeiromn $witehcts2| & pdwadupmy phibe digiteluct ur e,

and a;ptryucty I enpl oyed for the digital camera, in which
shootﬁﬁg %hn %%QQ%XCQOE%rgﬁy zoom wi thout sliding out the 48 barrel with

the use ofo2@7]structure of a photographic optical systeminside the housing

157 [0211] Theyersplisge 1Ln0et, 108 b3 RAPSSs LIS GAREE ROIL T on on

t he back side ooki ng ar 8th roug n checkrng a
shoot i ng sfangedigind daeraf cﬁ@ushephngrta. shooting range and the focus point from the

eyepiece finder 761 shown in FIG. 23B.
15 [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 cmitted
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 1o adjust the focus of the fecusing lens,
the zoom lens, and the like. In shooting, the barrel is slid out to move the lens 755
forward. Further, 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 to this structure, and a structure may also be employed for the

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



[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 10button, a functional button, a selecting
button, and the like. [0213] The lid d crystal display device described in
Enbodi ment Mode 5 can be incorporated in a nonitor 762 of the camera
shown in FIGS. 23A and 23B. Accordingly, a digital canera provided with a
hi gh-qual ity display device can be 15obtai ned. [0214] Further, the

transistqp of NS Gl Lle W Elhh e S 1Ee 58 chbedteinninEad adi emsibg Mode 5 can
be applig{“?%wgﬁg%htrofgé%ﬁgﬂ%iMQ%ga %%g%he ﬁikgs [0215] 20FIG 28Ais a
vi deo car®ffa, which includes a main body 901, a display portion 902, a
housi ng §g§ulan external connection port 904, a renote control receiving
portion 905,"'an image receiving portion 906, a battery 907, an gﬁdio i nput
portion, 908, dperpdion fikdy<6009arangedyificaPreROFEPs A dAOP2E It Re | Kke.
[0216], 25The. Liquid c ' Vi . ioped ride EpbodispeAt Mode 5
or the Ifaﬁg@gwﬂFPPkuﬁg%?%§Qﬁ2@%&%%@5‘?%8% %g%%gﬁ?r%%de 6 can be applied
to the digpiay portion 902, and display with high inmage quality can be
performe\i.0 hﬂZl?] Further; the transistor or the CMOS circuit which are
descri bed"*H/Enbodi ment 30Mbde 5 can be applied to a control circuit area
or the like. The operation buttons 763 are butions for various functions provided on the

back side of the digital camera, which includes 2 set up buiton, a menu bulton, a display
10 button, a functional button, a selecting button, and the like.
| [0213]

The liquid 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 applicd 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 exiernal 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] _
25 The liquid crystal display device described in Embodiment Maode 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]
Furthes, 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



[0218] 49 portion 912, a chassis 913, an operation swtch 914, and the

| i ke. Further, a nodemmay be built in, or a structure capabl e of
wirelessly transmtting and receiving data may be enployed. Note that a
menory portion of the electronic book uses a NOR-type nonvolatile nenory
with a nmenory capacity of 20 gi gabytes (GB) to 200 gi gabytes 5(GB), and is
capabl e of recording reproducing i nages or sounds (mnusic). [0219]

The mi croprocessor described in Enbodi nent Mbde 7, the RECPU described in
Embodi mermortiyd 282 chassis 19831 dnkepeestian beitdpPl4: aad thy te Huithse2 PB#¥R on for

storing qfhe e I - Qf ] s / -ating the
el ect roniq@}yta)[)c?g{l(lfl{ lI%C)O][F'lu%%t feu(r?t,%a? ﬁ’ggﬁf\ag%ssgfrg{?gg %ﬁﬂgifggﬁg%%%@?%g&g%scri bed in
Enbodi merite dvigdieyed. oNotertbat] 4 glemomnpartivmef thevdlestrodiedmok vew 4 NOErbodi ment Mode
6 can be i i SRl LoN 912 - dj s ! oy k. quality
can be penr%ﬁ %?%%I " ;eﬁfyégé’]ﬁﬁ BBt &a?)ga@u%t ﬁ(gk&&%}ﬁée@ @%ﬁé’ ihist d’r“lédrc‘g?g:tg he CMOS

ci rcuid whibghnadiscaggse of bedding rdpndviodingbniged BMydedssnoaie).be applied to a

cont rol ahi@ it area or the like. [0221] FIG 28Cis a digital

pl ayer, | is a typical exanple of an audi o device, which includes a
mai n body 921. Thandirspbassqaletdibad S2Rpbaliohasdhd: 92Bs RACPUpksatbiedn sw t ch

924, earnph s 925 d the like. A hea ne,_or wrel ess garphones can be
20 used i'A ggamgptpﬁgegapbﬂg&ﬁgc§§§§aF@gggf%heanmuﬁ%gﬁw%ﬁ?g f'88essor
descL i bleohl?ianofEfnboa&dmn{c Mgﬁig or a hidephicedRbt ﬁeswe‘rdm];ag thd eletloedd besit. Mode 8,

or the like can he applied to the nmenory portion.for storin ic data or
a nic#bpﬂﬂ%@@équﬁBp‘gﬁﬂ@éF$ﬁ§‘EﬁﬁggﬁﬁP%ﬁﬂn6%@@@??m%ﬁ§ﬂ8ﬁ&?ggyﬁ tayer can
25 be m rﬂnﬁitiﬂgcﬁ@i@e Apgripade Ehebtieti Nib® & caubd ueddyiatind ddplaphayiodevi ce
descri bed in_Enbodi nent Mode 5 or the |light, emtting device described in
Enbodi mert! 2Merayevits high npgsdioaldy saubesisrigimssor ti on 922, high definition

i mge or {exj can be displayed even if the screen size is approximately 0.3
inches to 2 inches 30This application is based on Japanese Patent

Appl i cation seFhderribe rapismr pg e BMPP caenitivbigh prpglepcribad Brfimeydine® on
Qct obgy %%od@@&?vbctagﬁlie%%iarrﬁntﬁﬂ@ﬂ&ﬁ‘ttﬁaac& gphieh. are hereby incorporated by
ref erence,

[0221]

FIG. 28C is a digital player, which is a typical example of an audio 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 carphones can be

20 used instead of the earphones 925,
[0222]

The microprocessor described in Embodiment Mode 7, the RFCPU described
in Embodiment Mode 8, or the like can be applicd 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 lightlcr; the liquid crystal display device described in
Embodiment Mode 5 or the light emitting device described in Embodiment Mode 6 1s
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 Patent Application serial no.
2007-280115 filed with Japan Patent Office on October 29, 2007, the entire contents of

which are hereby incorporated by reference,



50 REFERENCE NUMERALS 100: silicon ingot, 101: first porous silicon |ayer,
102: second porous silicon |ayer, 103: epitaxial |ayer, 104: groove, 105:
ingot, 111: receptacle, 112: electrode, 113: m xed solution, 115: current
source, 120: large insulating substratg, 121: first insulating film 122:
second insulating film 123: third insulating film 124: substrate, 130:
water jet, 135: arrow, 141: crinping roller, 142: arrow, 143: arrow, 144:
arrow, 145: hydrogen ions, 146: hydrogen ion irradiation region, 147:

pl anari zation apparatu ystal silicon layer, 161: crystal
orientati oREﬁD 55 ﬁbm&g 163: arrow, 171: active layer, 172:
gate el ectrode, 181 region, 182: region, 183: channel formation region,
201: cruci ph@, siiR@R indtAt BIHi: fitst paAsis siliapni ldyerell §2: spoand paraust i ons, 205:

rect angul ag;iss 1By, HDpitaR@blayer, o4t groovy) 10fdinashl 168 i con ingot 206, 211:
arrow, 301034 G}tt@; |88 25des 1Y St Mitddnmligtidn, ¢ OB duseet SOBT2:  seni conduct or
Island regy 9§, jarfe nsrﬂ@ﬁﬁg@!ﬂﬁﬂﬁt@l‘ten stishhsulegngfilm, 308 seerricconduct or i sl and
region, 30 filAStaatHidnSutkohg Bibd, 1 2gabebstete130dviatg el gate

el ect rode 1 amaatﬁw mﬁbrn@dgueﬁiﬁz gedve ellcatroadddd:3ew.ddde el ect rode,
317: gate ﬁ g,% 59@% W ibM irehdiaRe regBRR 147 nanatzatiohenent , 324

inpurity e bus Rystal sRicBA®aer, A20 crysmiuriehiatioheh@ht , 326
ne nBF‘rbwf Y IBAALIOB I4yey) T7E: gallalecirogari ty region,
’re ﬁ 18 aé’t%hef@rrnaﬁaforegmglzom cr3@ibbe, i npurity

inpurity e
33213" inp Ht

regi on, 33 2 ba. ghraniel, 2ber wetangoiar egluom  336a:

| mpurity r utar‘ ;&a}f sfir%ghmq ot 38&; 21 Siel, Bask, 338 resist mask,
339: resisto; s pil  Siheles 3b@nsérmeunmomanan 342b:

hi gh- CO“CGﬁ'P 30 BOoYERiRBANitEikiapt | npurity

i mpurity ré 9’§ o nggt‘tg BebHaid 13HE: §R8 @ctroiéba:

| ow concentT % t srArsaqpurity region,

346a: hig 13n5@§t?'3 ?%‘g’ur H tyé ?QL it b@mﬁﬁongﬁrt ration inmpurity
R

regi on, 3475‘PUT’Y¥VQ%'BH% 5 a Lr'ra "5 cg,r 053t aMiGeNcent ration

i mpurity réd th %’I‘e” E%‘gg’rwg I’ rnre Bﬁré Iatlngfllm

355: resist k'“p‘ﬁ’%r T % éa Wiring, 362:

wiring, 363eginy PR '@GW'W\KFQ’P gz ” é tor 372:

transi st or ,INpESty IEHOS: @?@Q:dt“to“” f&giotnra rg 4., 381b:

si dewal |, 3I®aak, 3% espitmaskgafa: i b: si dewal | ,

392a: hi gh lighceneedtatisn 'W%Wrr??ope O%ﬁﬁgce% -co ce tratl on inpurity

regi on, 393wgidrowdddrewrnonaentEHIdN / § m oncentration

i mpurity regigbreoneeatationigRUEYTeaehr SN egya (%’ ehtr‘g?

hi gh- concentegr, SASaTpYriongeRiEdiBHMPYgBLreg é é %l SR Npuri ty

regi on, 395impuriywegiim SbaatiphoNaPRIFAoR MY -concentration

i npurity rebigbrsongeation igRuTbHesits §fLT%H°WTﬁS’GP?‘P toé' Ft? 397a:

| ow- concent reafierorB4i7rplowk-concealalinn iNBBIRY reaRi Solc ﬂ%-rpurr ty region,

401: pixel abedhreodger Modating fign@sht rasis) erask,3as: fé%'é’h trate, 412:

| i ght bl ockiaugstimsast; 3641@iring.o3aR: Wli‘etwr3634!\’lf‘”go9§f‘c‘6‘§f‘g @% 415: counter

el ectrode, 4dfig, ai7il graresiettor, 878t trangigton B73: MRS @ireyty, s I‘ di splay panel

422: pi xel pghgsm;m sgh23sidewall, 38 e sitfevady 3825 Eiffawallq3d<b:s L7 ne driver

circuit, 43%33gigigewdll, S8bbtsidsweall, £32a: blgthO@Fe%ﬁ'ﬁt&ﬂr‘E“PUZI‘BGTEQQ”gnaI

separat i on SopBUhibh-cARdentetion doplioly regionng93EdaW-PNeRMEEIEyst al  di spl ay

panel , 502: jph¥@l ro§bh] 3o8h: B¥Broseanraiionémguitygegienr&a:, 504: signal line

driver circwidh-c nirE6H Ihedurky rmm,,s%bshrgorcgmaenwmiatn%w circuit, 521:

tuner, 522 rgg,gﬁoagggw camadritfation r:ﬂpnﬂt@rrégloﬁmsm|Eaﬁeoos¢€gﬁ%ﬂff0f§rocessr ng

circult, 52%.,3 r@gr%hgﬂ%a a-bdnentratioe ihpuyrith 26giom BH6Y: si gnal  pr ocessi ng

circuit, 52 gt P fratioR Bap GRpEQbn C3g7RLIIdwW- chntiatipuimpaityi on, 531:

housi ng, 53 'eg,ghs ﬂyro'i}}l’cSﬁrEbnt BN :@paatyerragr,onmm mpeeiEdodesw t ches, 541:

charger, 54 @gt@g@t RhverRobbiraR, 4528ighoplecengdayekeys, 547:

regi on, 34389 ‘OPo e!ﬁ”r %ﬁio Rink “&’flr"lggtg i Si8etk &L, 3344gatehi gh- concentrat i on

speaker por t],on zﬁquwer%atsra r, dit spbcntarasettiods0A16pr i nted wiring
board , 603: 4% Ego % 604: scan l[ine driver circuit, 605: scan |line
(% Si gnaI

driver circdl |ine driver circuit, 607: controller 608: CPU,
609: nenory, 610: power supply circuit, 611: audio processi ng circuit, 612:
transmtting/receiving circuit, 613: FPC, 614: interface, 615: antenna
port, 616: VRAM 617: DRAM 618: flash nenory, 619: interface, 620: control
signal generation circuit, 621: decoder, 622: register, 623: arithnetic
circuit, 624: RAM 625: input neans, 626: m crophone, 627: speaker, 628:
antenna, 630: housing, 631: printed circuit board, 632: speaker, 633:

m crophone, 634: transmtting/receiving circuit, 635: signal processing
circuit, 636: input means, 637: battery, 639 housrng, 640 antenna 701:

— e~ o — e~ 1 -— oA — o~



pol ycrystalline silicon |ayer electrode 52 C ains:
formng a crystalline sem conductor |ayer, conprising the st ébsAoFEt hod for
formng an ion irradiation region by irradiating a side surface of a
crystalline sem conductor ingot with kpns while rolling the crystalline
sem conductor ingot; movi ng the crystalline sem conductor ingot alon
t he si Qe surface of the crystalline sem conductor ingot; and J
attaching a crystalline sem conductor layer to an insul ati ng substrate b
separating the crystalline sem conductor |ayer fromthe.ion ikyadiation Y
regi on o2t figuid coustaldispiey REER] derd e RO 3: car) “Q%ef“‘}eg%}f%wﬁ :
cryst al |1424e sigoai lrerfivet ercultagdt:, ceaisHPETH Fre COPEAL 8P£4 3Sig @(r);nm_ng 2
i on i rr axtipataton airegit, grd4bgonracien Ay 5271 i cyp play b nelr,};sg L 1T e g an
sem conduet!gortiang 503 :vdcen line wksiveihgircaity %@‘Fiﬁi{g‘aﬂ E;ée an tcéfF'I’i‘ 2.8 rﬁ}o(‘)nduct or
i ngot, ; circuit, 58 ekl srpasaiicouti@ritr g SN %%é“q%%%g&‘ 'iprocrzlrcluggi on to an
i nsul at i 5ep: sidestsigitab prosessihacireie 52Rsaldie SisgakuBRYILONCHE 260" 8'YTrt of th
outer regiyedl p@(ﬁqub?ﬂgiobnuit,rﬁﬁdsma@m, 54icORKO &irguit, 529: 1 ip : €
cryst al | haigirsgsBeodichiay ecrebay33: spealers| a4 loReratignseles ¥ 'hy separ ati ng
the crysémlrbbmesseamusadaes:atisplay portionobd: IReraion fayadb At S ﬁa‘%leégi on while
heati ng émongysawhanqmrgp@ut_mdisgtaej g, 1608 @rrirg,tgg_ia\[iqir}g@oggm@gh e or | ngot .
3. The npékies, 4mr sbar Magrivr siragt, S0t yearalinesdiiies lienis £6P- #1831 N8ccor ding to
clai m 1, gnhercpbmt, B0e: tarardliat, i60g: &bk BOAL mefmesy. 018 PAYET BN cirGuft
conpri si g -ausiid peesssig ciraldt, 61 2nransditingiré¢aidng oikeuik 631 FPC. 614: 4 The
met hod f pedRlebNg antsrimgbet, G1ps VEIANSII7C DAL &18: flagle maseeyr &l Hig to claim
2, wher ejfiekdte, 6BG:WoatrbNggsal ieheedtieniuirsuit, B2 1 decoder g@z:fregaﬁqeg,cﬁgg,,; i sing a
silicon Pkl drichieaadraNsig2be mpubmicdasfé2emmicrophone H27TRBEAE hod f or
fﬁr M Ng Bog! A1absns 646! Rduskeylissangiisted cirbaiyevardcG32:dipeghkeo63Bai m |, wherein
the i nsulakioRgosdesks fheschiging/rebaisingirbsit,a86e sigaapniesainLeint, E¥ist rat e
g:’ f["‘ lpl k heaBSédALRery>839: housindd 640hentetd1 G@1E bousiog.Md?y a single
Su{)g t f‘at 3 E&&ﬂﬁ%ﬁé&&ﬁoh@mhia@mm 7911 Sody, il 2 yusive 7dBndispiey i nsul at i ng
substr at &° n27 9k 325084H8S 71 R Saerdas@imineonishupdior 7 1€upsintiag device, Bl asti ¢

ody, 722: display portion, 723: switch, 724: operation keys, 725: infrared port,

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: fiash 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 controiler, 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 circuil, 827: reset

cireuit, 828: oscillator circuit, 829: demodulation circuit, 830: modulation circuit,

831: RF interface, 832: control register, 833: clock controller, 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 contro! transistor, 854: partition layer, 855: light-emitling 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:

interlayer insulating film, 901: body, 902: display portion, 203: housing, 904:

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

receiving portion, 907: battery, 908: audio input portion, 909: operation keys, 810:

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 silicon fayer, and 1251:

polycrystalline silicon layer electrode




7. The nethod for formng a single crystal sem conductor |ayer according to

claim1, wherein the ions are hydrogen ions. 8. The nethod for
formng a single crystal sem conductor |ayer according to claim2, wherein
the ions are hydrogen ions. 9. s7he method for formng a single

cryst alsigf conduct or | ayer according to claim1, wherein the crystalline
sem conductor ingot is a crystalline silicon ingot and the crystalline
sem conductor layer is a crystalline silicon |ayer. 10. The met hod
for form nglaAsneigbdiorfystiag a seystalimduweaticonduatpe tayar, compiiniggtioe b an 2,
wherein the_crystalline, sem conductor, ingot is a crystalline silicaqn ingot
and the crySUBINE de OB Seiom e fahaging, §staf [Hace of; & gmyialjes

semiconductor ingot with ions while rolling the crystalline semiconductor ingot;

moving the crystalline semiconductor ingot along the side surface of the crystalline
semiconductor ingot; and

attaching a crystalline semiconductor layer to an insulating substrate by separating the
crystalline semiconductor layer from the ijon irradiation region of the crystalline

semiconductor ingot.

2. A method for forming a crystalline semiconductor layer, comprising the steps of:

forming an ion irradiation region by irradiating a side surface of a crystalline
semiconductor ingot with ions while rolling the crystalline semiconductor ingot,;

attaching an outer region of the ion irradiation region to an insulating substrate, so
that the insulating substrate wraps a part of the outer region of the ion irradiation region; and

attaching a crystalline semiconductor layer to the insulating substrate by separating
the crystalline semiconductor layer from the ion irradiation region while heating the

insulating substrate and the crystalline semiconductor ingot.

3. The method for forming a single crystal semiconductor layer according to claim 1,
wherein the insulating substrate has the insulating film comprising a silicon nitride film and a

silicon oxide film.

4. The method for forming a single crystal semiconductor layer according to claim 2,
wherein the insulating substrate has the insulating film comprising a silicon nitride film and a

silicon oxide film.

5. 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 substrate.
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6. 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.

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

wherein the ions are hydrogen ions.

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

wherein the ions are hydrogen ions.

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

semiconductor layer is a crystalline silicon layer.

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

semiconductor layer is a crystalline silicon layer.



