1 DESCRI PTI ON DI SPLAY DEVI CE, METHOD FOR MANUFACTURI NG DI SPLAY DEVI CE, AND
SO SUBSTRATE 5 TECHNI CAL FI ELD [ 0001] The present invention rel ates
to an SO (silicon on insulator) substrate and a display device that is
manuf actured using the SO substrate. Ln particular, the present 10

I nvention relates to a bondi ng SO tecﬁnology, an SO substrate formed by
bondi ng a single-crystalline or polycrystalline sem conductor |layer to a
substrate having an insulating surface (e.g. a glass), and a display device
that is manufactured using the SO substrate. 15 BACKGROUND ART [ 0002]
Wth a quantumleap in VLSl technd!ERRIPEIONcent years, an SO structure,
whi ch enabl es hi gh-speed operation and | ow power consunption, has been
attracting attention. In this technol ogy, an active regi on (channel

formati on r ®ISPOAYOEVICH, MEAHDBHOR MANUFACTURING BISROAY DEVICE,
conventionally fornmed with bul k%&%‘?ﬁtﬁl ine silicon, is formed with
a single-crystalline silicon t KB AP USHTIRE R nown that use of the SO
structuge enabl es manufacturing a MOS field-effect transistor with smaller
parasitic capacitance than in the conventional case of using a bulk

si ngl e- cr yJEEHNIGALHIELPon substrate, and is advantageous to high speed
oper ati on. [(jyé 0003] As a nethod for manufacturing a conventional SO
substrate, "a P11 drogen ion inplanting separation nmethod is known (for

exanpl e, refer tBhoRpressnbinvention wlres|tataarik (stivam opdryraten sstais and@/ 24059) .
In the hydgﬁglﬁg éih& e %Eﬁis?ﬂiﬂu@ﬂ:hﬁ‘@tp it ihQ'SATELPRGte, agﬁbﬁﬁeﬂﬁ?me%rés@ﬁ{ter I'S

formed at roma surface by inplantin
10 invention relates to a bonding SOI technology, an SOI substrate formed by bonding a

single-crystalline or polycrystalline semiconductor layer to a substrate having an
insulating surface (e.g. a glass), and a display device that is manufactured using the SOI

substrate.

15 BACKGROUND ART
[0002] -

With a quantum leap in VLSI technology in recent years, an SOI structure,
which enables high-speed operation and low power consumption, has been attracting
attention. In this technology, an- active region (channel formation region) of a

20 field-effect tramsistor (FET), whicl-l' 'is . conventionally formed with bulk
single-crystalline silicon, is formed with a single-crystalline silicon thin film. It is
known that use of the SOI structure enables manufacturing a MOS field-effect transistor
with smaller parasitic capacitance than in the conventional case of using a bulk
single-crystalline silicon substrate, and is advantageous to high speed operation.

25 [0003]

As a method for manufacturing a conventional SOI substrate, a hydrogen ion
implanting separation method is known (for example, refer to Reference 1: PCT
International Publication No. 00/24059). In the hydrogen ion implanting separation
method, a microbubble layer is formed at a given depth from a surface by implanting

30 hydrogen ions into a silicon wafer to make the microbubble layer a cleavage plane, so
that a thin single-crystalline silicon layer (SOI layer) is bonded to another silicon wafer;

in addition to performing heat treatment for separating the SOI layer, Reference 1



30 hydrogen ions into a silicon wafer to nmake the m crobubble | ayer a

cl eavage plane, so that a thin single-crystalline silicon |ayer (SO |ayer)
is bonded to another silicon wafer; in addition to perform ng heat
treatment for separating the SO |ayer, Reference 1 2 describes that a
bondi ng strength needs to be enhanced2by fornming an oxide filmon the SO

| ayer by heat treatnent in an oxidation atnosphere, renoving the oxide
film and perform ng heat treatnment in a reduction atnosphere at 1000 to
1300 C. [0004] 5As an exanple of a sem conductor device utilizing an SO
subst r at e destribed st etAa @ strelnth Beedb Yo bhentaneddytfomipg e axide filmlonown (ref er
to Reference 2: Japanese Published Patent Applicati on No é - 12864)

Ref er ence S®!1 dtl%bmhg@ﬂﬁg&cn{ fnen prEdation mpsRbETe, HmQvingaE QEIF o?“d1050 to
1150 Cis BRGE ﬁgta/attrﬁmeﬂ%at&utmﬁ%o%rh%eva@ho@nmqsd@tect due to a stress
in the Sof ayer DI SCLOSURE OF | NVE A met hod for
manuf act uf@®gla conventi onal SO substrate needs heat treatnent at high

t enper atures of ,1000 hi gﬁg* strength
of 15 ?he SOor Ié}%er %ﬁ“egleefogrese?l&n%c é‘ﬁc gﬁtﬂlﬁ%g’g‘msgg g °23“er over a
substrate semtcbmﬂlchnatbvxcebry ﬂ:bqwrdscﬁteapplécaat mdmaowﬁ (@bt ReenG: 2elagancee gl ass

i oo Feplsed SAER R5ptiafe N, PORRIRE R Aoyl Al BGOSR dE RaCS *°

substrate nhxmnhytdéﬁgﬁwe@ Rf 1050 RNUE0 ICSERRERhiydn ofdk fotbmdveallevel gt NENt  at
a high tenperature cannot be@@p lied; therefore, there is a problemin that

20 the bomﬂcf?gf%‘terf@ﬁ@'ef?ﬁsé‘ﬂh? Iayer is low Further, in a conventional
SOT sygstrate utilizing a hydrogen ion inplanting separati on net hod, an SOT
structure is obtained by bondi ng one sheet of silicon wafer to anot her
sheet of QISCWIM@FWNWNm ng one of the silicon wafers. Therefore,

t he conve {]1 SOT substrate utilizing a hydrogen ion inplanting

separati o méthod depends on the size of a silicon wafer, and it is
difficult to 25Ahastbodfor aagefactnrng 2 [@0E@8fional SOI substraty ewdeﬁleatmamw

probl ens, ect of t r nvent| on | Q Vié ain an
SOT subst rag&ggg ?r?%ﬁﬁsgfq(ﬁ %S?"gﬁ%fbe{ Ry t8fe“%ﬁ%ﬁfha§t i ?ln Scfl s%]i?gy devi ces
ULi | i 2bng thd80B@yes UlThkledirs, it Budititalt, to Jomi hselsoattaﬁsetovmsa hitgtatpevifhos mance of
t he

heat-resistant temperature of about 600 °C (e.g. a glass substrate, which can be used for
manufacturing a display device such as a liquid crystal panel). Even if an SOI fayer is
provided over a glass substrate by a hydrogen ion implanting separation method, heat
treatment at a high temperature cannot be applied; therefore, there is a problem in that
20 the bonding strength of the SOI layer is low. Further, in a conventional SOI substrate
utilizing a hydrogen ion implanting separation method, an SOI structure is obtained by
bonding one sheet of silicon wafer to another sheet of silicon wafer and thinning one of
the silicon wafers. Therefore, the conventional SOI substrate utilizing a hydrogen jon
implanting separation method depends on the size of a silicon wafer, and it is difficult to
25  have a large area. |
{0006}
In view of the above problems, an object of the present invention is to have a
large area in an SOI substrate and improve the productivity of manufacturing display
devices utilizing the SOI substrate. Further, another object is high performance of the

30 display devices.



30 display devices. 3 [0007] A plurality of single-crystalline

sem conduct or | ayers are bonded to a substrate having an insulating
surface, and circuits including transistors are fornmed using the
single-crystalline sem conductor |ayerg, so that display devices are
-manuf actured. 5 [0008] A single-crystalline sem conductor |ayer
separated froma single-crystalline sem conductor substrate is applied to
the single-crystalline sem conductor |ayers. A polycrystalline

sem conduct or substrate may be applied instead of, the single-crystalline
seni conducI®P7kubstrate. The single-crystalline senmiconductor |ayer is

di vided into 10 ggﬁgfélﬁgafsﬂg@-cgemmg sBmftlof@uckRi4,RAA0 BoiRd (0o SRRELSP! aY
panel (a panel size), Specitically, sections each having an area I ncluding
one panel , havimg thdnsiting ondacf and eirgiitsghduding $tansistprscare doinedrebing e | ayer
are_bonded f o3-Sl LS RALNG. R0 LORH ALLAGSHE 86 LARIRL 1510 the
case where” &= pl oy YOTsSTRgr e cryst ar1 THe “sem conddct or 1 ayers are
transfesrefoD8pm a single-crystalline sem conductor substrate, a plurality
of single-crystalline sem conductor .| rs may belqng to .one aljgnnment
merker . [0010] A SEECYSGHnE HEmisoRUSH TP SRETERS 1O B upHlEaOpBT e

manuf act ur kddgicsnddtop kabira@ 6 Qphled. toi the kingicr@ysidiinesteticondictoo gty A
plurality of single-crystalline _sem conductor |ayers g{ﬁtai rled by dividing a
seni conducPYrcrysipling seraiconrugtor gbsirap Ly errPRlIAd lﬁéeaé’rf’f NSNS one
panel to assuibsidutlbof bRy 8% kgl @Ydtilins Wlidsiubi fayeh id Bvideatihidg | ayer
i nterposed therebetween, and formng a circuit including a transistor using
each ofi0t heechppgleach: bospa | 4 isive ewrPRBdingc toone Higplay pprdx(3oBaneY S2ebl ock
selected f fﬂcﬁﬁy ' . of . sJ Erbé%n@' Ldje ' | ayers
at a tine é{%gi t raﬁs%%i{orﬁ% hég&la%%mgoarnrér%iugm?i rcul tda%%t ﬁﬁ?%ﬁé&%ﬁb?%ﬁot her
aspect of sihgeprytaliine semieomdigor lageraaradonded oz substaie devige anginselatingpl ay
device, i ngdrkgggng the steps of bonding a plurality of single-crystalline

[0009}

15 In the case where a plurality of single-crystalline semiconductor layers are
transferred from a single-crystalline semiconductor substrate, a plurality of
single-crystalline semiconductor layers may belong to one alignment marker.

[0010]
An aspect of the present invention is a method for manufacturing a display

20 device, including the steps of bonding a plurality of single-crystalline semiconductor
layers obtained by dividing a semiconductor substrate into sections each having an area
including one panel to a substrate having an insulating surface with an insulating layer
interposed therebetween, and forming a circuit including a transistor using each of the
single-crystalline semiconductor layers by exposing a block selected from the plurality

25  of single-crystalline semiconductor layers at a time and transferring and forming a
circuit pattern.

[0011]
Another aspect of the present invention is a method for manufacturing a
display device, including the steps of bonding a plurality of single-crystalline

30 semiconductor layers obtained by dividing a semiconductor substrate into sections each
having an area including one panel to a substrate having an insulating surface, with a

silicon oxide layer inferposed therebetween which is formed by a chemical vapor



30 sem conductor |ayers obtained by dividing a sem conductor substrate into
sections each having an area including one panel to a substrate having an

i nsulating surface, with a silicon oxide |ayer interposed therebetween
which is formed by a chem cal vapor 4 deposition nethod using organic
silane as a source gas; and forming a%ircuit including a transistor using
each of the single-crystalline sem conductor |ayers by exposing a bl ock
selected fromthe plurality of single-crystalline sem conductor |ayers at a
time and transferring and formng a circuit pattern. 5 [0012] Anot her
aspect of depesifivremethbd usivg piganio silsnctdiatsomice ghy; ask iemimged ectuiiinduding
plurality of qugle;créshal Ine.s nicoqg#ctor.la ersinaﬁ&ge a block in a
range that? FERSIS Wigosach qfotheisiele-gudaling semicpnifycor layghy Y SpRASRE:

appar at us, blbckEselcotell dgEthE PRiralit§ oLRRAS B stalink s&hicoetol 1afErs uba fifle bk | i ght
exposure apparatus. Further, a plurality of 10 single-crystalline

sen condudiassieriigand pns PR B2EeBne al i gnment marker in the one bl ock.
[0013] 5 fop1AAnot her aspect of the present invention is a display device

including a circuit including a transi stor over a substrate having an

i nsul ati ng surf doetheragpect g Hespresentl Bivenfionyid dbatpne Huerkeseldctdrniem dhe r egi on

I ncl udi ng @g@i@%ﬁ%&ﬁ%ﬁ%@%{ﬁh@%ﬁﬁﬁdggﬁg bR ma es.%\ H'oE? I!'i]n ng%%@ ¥y formed

by a chem apo I on ne usrrng organic s a source gas
.i's provi dds &posmleto tige aicatime|usingravlightoexposige @pparhtus, hiee. tar sangé $hadris and t he -

b havi ' .ati . i .of.th
oot et R et PRl e 306 G b oeAN 8 B e N

tri metigy| ssidgisreryiialliba sehicyhduicton eyetsatiayalrabinyyh oye higmmiana siatkex ke one
oct anet hyl %{C}Imot et rasi | oxane, hex anet hyl di sil azane, tri et hoxysil ane, or
trisdi rrett@ I nosi | ane can be used as the organic silane. [0015]

{0013}
Another aspect of the present invention is a display device including a circuit
including a transistor over a subsirate having an insulating surface. The transistor

15 includes a channel formation region including a single-crystalline semiconductor, A
silicon oxide layer formed by a chemical vapor deposition method using organic silane
as a source gas is provided between the channel formation region of the transistor and
the substrate having an insulating surface.

[0014]

20 Another aspect of the present invention is that tetracthoxysilane,
trimethylsilane, | tetramethylsilane, tetramethylcyclotetrasiloxane,
octamethylcyclotetrasiloxane, hexamethyldisilazane, triethoxysilane, or
trisdimethylaminosilane can be used as the organic silane.

[0015]

25 Another aspect of the present invention is that aluminosilicate glass,
aluminoborosilicate glass, barium borosilicate glass, a quartz substrate, a sapphire
substrate, or a ceramic substrate can be used as the substrate having an insulating
surface.

[0016]

30 In this description, a display device designates a device in which a display

element (e.g. a liquid crystal element, a light-emitting element, or an electrophoretic

element) is used; i.c., an image display device. Further, examples of the display device



25Anot her aspect of the present invention is that alum nosilicate gl ass,

al um noborosilicate glass, bariumborosilicate glass, a quartz substrate, a
sapphire substrate, or a ceram c substrate can be used as the substrate
havi ng an i nsul ating surface. [0016] §0In this description, a display

devi ce designates a device in which a“display element (e.g. a liquid
crystal elenent, a light-emtting elenent, or an el ectrophoretic el enent)
is used; i.e., an image display device. Further, exanples of the display
device 5 include all of the follow ngs: a modul e_in which an exter nal

i nput t er fichale asmmafoimﬁmgx atsheduly innvkigh en egtgmpl fmppciermingh#ch 3¢ dnat ed

bondi ng (3@5 | sxglgted %{rcﬁx t#ee!:ut&ﬁ&&f%‘éﬁﬂgg?‘t By tiel AF G g di splay

panel 'd Cry Ing panel); a nodule in
whi ch a Pk aaaagel (WOP) rig dwadred tcs apdmplaﬂerdndt (cemn @ rdifguid ca’smAB)ap@lp@r & TCP;

and a rmdul e 1 n, which an IC%\lrnt egrated ci 3ﬁ AJQQQQJ.QQ\rﬁQO#d(a‘EQQEﬁc%f

processi nglgﬁfr‘i"rrf“)tﬁ‘—fgs?aﬂ%‘ﬂrft'ﬁ‘d‘ é*t“l“’yagﬁﬂfad i Spl ay pane a 0OG (chip on

gl ass) snetiaglapt 8P TCP; émp&hﬁﬂﬁkqﬂvﬂﬁdthﬁKp@mmgntdwnmaﬂUncmCEHd@mgg

achi evemrent of an SO substrate with.a lar r oV, in the
product i V|Pt%ﬂeiﬁﬁnﬁwﬂ¥iﬁf‘§d?ﬂ+‘ﬁt?@gdﬂ?éﬁl%&/acf'é§?}aé’e ’gﬂﬂ g?’ F@Sgﬁ'gtpgbﬁ strate.
Furt her, %&ﬁbcperfornance can be achieved in the display devices utilizing

the SO substrate. BRI EF DESCRI PTI ON OF DRAW NGS 15 [0018] In the
acconpanyi[®7r awi ngs:- FIGS. | A and 1B are perspective views show ng

exa”p't es of Strughiitasn Of R prodht AWDRIchAnsoles fictbment!(f dalBOINuBSRERS

I nvention;

10  with a large area and improvement in the productivity of manufacturing display devices
utilizing the SOI substrate. Further, high performance can be achieved in the display

devices utilizing the SOI substrate.

BRIEF DESCRIPTION OF DRAWINGS
15 [0018]
In the accompanying drawings:
FIGS. 1A and 1B are perspective views showing examples of structures of an
SOI substrate according to the present invention;
FIGS. 2A and 2B are cross-sectional views showing examples of structures of
20  an SOI substrate according to the present invention;
FIGS. 3A and 3B are cross-sectional views showing examples of structures of
an SOI substrate according to the present invention;
FIGS. 4A to 4C are cross-sectional views showing an example of a method for
manufacturing an SOI substrate according to the present invention;
25 FIGS. 5A and 5B are cross-sectional views showing an example of a method
for manufacturing an SOI substrate according to the present invention;
FIGS. 6A to 6C are top views showing an example of a method for
manufacturing an SOI substrate according to the present invention;
FIGS. 7A to 7C are cross-sectivnal views showing an example of a method for
30  manufacturing an SOI substrate according to the present invention;
FIGS. 8A and 8B are perspective views showing an example of a method for

manufacturing an SOI substrate according to the present invention;



FIGS. 2A and 2B are cross-sectional views show ng exanpl es of
20 an SO substrate according to the present invgntiow FI GS. :s),;\r gﬁéuggsa?l;
cross-sectional views show ng exanples of structures of an SOT substrate
according to the present invention; FIGS 4A to 4C are cross-sectional
views show ng an exanple of a net hod & or manufacturing an SO substrate
according to the present invention; 25FIGS. 5A and 5B are cross-sectional
views show ng an exanple of a nethod for manufacturing an SO substrate
according to the present invention; FIGS. 6A to 6C are top views show ng an
exanpl e of a Npided A RroCRRY B lvith, Agras-s&itna ixst, nad @ perSpestivd WigWi o t he
present invention; FIGS. 7A to 7C are cross-sec .10 Vi ews. L.Ng an
exanpl e abspectinslhshpwieg ammexampit AR A RF VISR 2&E iR g’gb? %rtesecna%%%hg to the
P s L nvent _E¢ o fifb 3R 8B iR BRWERESGhi ssamplecod ashethivdgfoan exanpl e
a nethod for manufacturing an 501 substrate according to the present

;R\Aegt i g?ganedgz;cimﬁng a ﬁp@,_d@i&e@m&;{bﬁlgp{cwt PAVERHOT, cr oss- sect  onal Vi ew
O sy el
;Lg‘g’fd? 2%&% ﬁﬁ?‘ﬁmcm@ﬂieplﬁ devicetchordingde thearseaidevsolion a di spl ay devieceOIO
g1t F%Gg.r fzsf pc;[ 13¢ \a{r%nc:frclys%psbctional views showing an example of a method
for manufacturing a display device according to the present invention;
FIGS. 13A and 13B are cross-sectional views showing an example of a method
10  for manufacturing a display device according to the present invention;
FIGS. 14A and 14B are cross-sectional views showing an example of a method
for manufacturing a display device according to the present invention;
FIG 15 is a cross-sectional view showing an example of a method for
manufacturing a display device according to the present invention;
15 FIG. 16 is a diagram showing a structural example of a plasma process
apparatus; '
FIG 17 isan exploded view showing an example of a display device according

to the present invention; '
FIGS. 18A to 18C are perspective views showing an example of a display
20 device according to the present invention;
FIGS. 19A and 19 are cross-sectional views showing an example of a method
for manufacturing a display device according to the present invention;
FIGS. 20A and 20B are cross-sectional views showing an example of a method
for manufacturing a display device according to the present invention;
25 FIG. 21 is a cross-sectional view showing an example of a display device
according to the present invention;
FIG. 22 is a cross-sectional view showing an example of a display device
according to the present invention;
FIGS. 23A to 23D are cross-sectional views showing an example of a method
30 for manufacturing an SOI substrate according to the present invention;

FIGS. 24A and 24B are cross-sectional views showing an example of a method

for manufacturing an SOI substrate according to the present invention;



5FI GS. 11A to 11D are cross-sectional views show ng an exanple of a nethod
for manufacturing a display device according to the present invention;
FIGS. 12A to 12C are cross-sectional views showi ng an exanple of a nethod
for manufacturing a display device acgording to the present invention;

FI GS. 13A and 13B are cross-sectional 'views show ng an exanple of a nethod
10 for manufacturing a display device according to the present invention;
FI GS. 14A and 14B are cross-sectional views show ng an exanple of a nethod
for manufacturing a displg% devi ce according to the_present invention

FIG 15 is a cr oEKSs @84 asfalSB, pis\iOR YN SnpONINEIh FANEPIG P 30 HOE 1S8bstHtsy

manuf actu%&gdjﬁ wtﬁgbéé’engﬁl\%ﬁt?onaﬁﬁprdi ng to the present invention; 15FI G 16
is a diagrams B ng-a structural exanpl e of a plasma Erocess appar at us;
FIG 17 i's an eKiS368 andsi6Bs hrsviop gicis sowing e etampleliof pr SP1 sebstate

accordi ng ,L,Q,,L;hQ,,P,LQ,S.%g}ME.,Q,\A.@LE‘QEJ_Oni FIGS. 18A to 18C are perspective views

showi ng af“BX&EpIeoF a8 ssiay 20 devi ce according to the present
i nvent gon; FIGS. 19A and 19E are cross-sectional views show ng an exanple

of a nethaod for ' | ' ccording to the present
I nventi on;BESTMOWWWQWW&ﬁg; I onal views show ng an
exanpl e ofgphodahdi@iddes manufacturing a di splay device according to the
present invention; 25FIG 21 is a cross-sectional view showi ng an exanpl e

of a di spl@A9evi ce according to the present invention: FIG22 is.a

cross-secti onal gjefrsh boEimdRt BERRRE BreGiresdntdnentioy aftaleb@ibed in detail

10 with refefence to the drawings. Note that the present invention is not limited to the
following description, and it is easily understood by those skilled in the art that the
modes and details disclosed herein can be modified in various ways without departing
from the spirit and scope of the present invention. Therefore, the present invention
should not be interpreted as being limited to the description of the embodiment modes

15  tobe given below. In the structures of the present invention to be described hereinafter,
a reference numeral which designates the same parts is used in different drawings in
some cases.

[0020]
(Embodiment Made 1)

20 An SOI substrate according to this embodiment mode is formed by transferring
single-crystalline semiconductor layers from a single-crystailine semiconductor
substrate to a substrate of a different type (hereinafter, also referred to as a “base
substrate”). Hereinafter, an SOI substrate according to this embodiment mode and an
embodiment mode of a method for manufacturing the SOX substrate are described.

25 {0021]

FIGS. 1A and 1B show perspective views showing structural examples of an
SOI substrate according to the present invention. Further, FIGS. 2A to 3B show
cross-sectional views of examples of an SOI substrate according to the present
invention.

30 [0022]

In FIGS. 1A, 2A, and 2B, an SOI substrate 100 has a structure in which a

plurality of layered bodies in which an insulating layer 120 and a single-crystalline



according to the present invention; FIGS. 23A to 23D are cross-secti onal

vi ews showi ng an exanple of a nmethod 30 for manufacturing an SO substrate
according to the present invention; FI GS. 24A and 24B are
cross-sectional views showi ng an exanple of a nethod for manufacturing an
SO substrate according to the present8 I nvention; 7 FI GS. 25A and
25B are top views show ng an exanple of an SO substrate according to the
present invention; and FI GS. 26A and 26B are top views show ng an
exanpl e of an SO substrate uding to the present invention. 5 BEST MODE FOR
CARRY!I NG @hfRichiEuctohNVaNT (Kahbifzitien dilsterefertddde sis [a0(BXY] laydg) 3(haretstackedipbodi nent

nodes of the present invention e described .in ai ] erence to
the drawi tgs P?‘#%la@ Erﬁ‘é‘ae‘fﬁ%"rﬁr%'g%?ﬁ Oﬁ'eﬁﬁﬁ’?tﬁ“gﬁraites gﬁ%t L[:hF %I\éﬂd’; CF &5§[E|se

fol | owi Ng G&8gdd BlérOthe BAR bibsirste e8E) lwithungle rissubidlg bipyérh 43@ istergoseld i n the
art that the nodes and details_disclosed herein cap hg nodifjed.in,various
ways Wit hakrretebpeen aronsiinies waatdp celied agn U SEHEUE: 1B B BESRY™Y Rvent i on.
Theref gre’SdIhﬁy&EeB@%ei Bd Ofr iR Ubdde Rabsifa® 11T, QBT RhSitu@SoreesOp | i mit ed

to the“description of the enbodi mrent nodes 15 to be given below. In the
st r uct ur esubstrateht00r FICH! 24 mud 2B show examplercdicWiish fwh 1 laxgrs 40 axe

reference numeral whigh f%gtﬁé%%%@?sm&ﬁ&ﬁn@ used in different

dr awi ngs iPROEGHe Cases. ment Mode 1) 20An SO substrate
accordi ng {oeex hi s enbodi nent node is fornmed by transferring

The SOI layer 130 is a single-crystailine semiconductor, and single-crystalline
10  silicon is typically applied thereto. Alternatively, a crystalline semiconductor layer of
silicon, germanium, a compound semiconductor such as gallium arsenide or indium
phosphide, or the like, which can be separated from a single-crystalline semiconductor
substrate or a polycrystalline semiconductor substrate by a hydrogen ion fmpianting
separation method, can also be applied.
15 [0024]

A feature of an SOI substrate according to the present invention is that a size of
the SOI layer 130 that constitutes the SOI substrate is a desired panel size. The SOI
layer 130 is divided into sections each having an area including one panel, which is the
desired panel size. In this specification, a “panel size” designates a size of a peripheral

20 frame portion (non-display portion) of a display panel in addition to a display portion.
Further, a “size” designates an area. In an SOI substrate according to the present
invention, the plurality of SOI layers 130 obtained by dividing a semiconductor
substrate into sections each having an area including one parel, which is the desired
panel size, are bonded to the base substrate 110 with the insulating layers 120 interposed

25  therebetween.

{0025]

The panel size may be appropriately determined depending on the usage, and
for example, a small to medium panel size of a diagonal line of 10 in. or less can be
employed. With respect to a mobile phone, which has a small to medium panel,

30  known sizes (screen sizes) of a display portion are diagonal lines of 2.2 in. (56 mm), 2.4
in. (61 mm), and 2.6 in. (66 mm), for example; when a mobile phone has the above

panel size, the panel size may be determined in consideration of a size of a frame



single-crystalline sem conductor |layers froma single-crystalline

sem conduct or substrate to a substrate of a different type (hereinafter,
also referred to as a "base substrate"). Hereinafter, an SO substrate
according to this enbodi nent node and gn enbodi mrent node of a nethod for
manuf acturing the SO substrate are desScribed. 25 [0021] FIGS. 1A
and 1B show perspective views show ng structural exanples of an SO
substrate according to the present invention. Further, FIGS. 2A to 3B show
cross-sectional views of exanples of an SO substrate according to the
present i npatibn Goreei8raie 6i28) aro@dsedisplarpdadanon adifien toaRsreen flg¢+ er, al so
referred tgbgg an SO layer) 130 are stacked in this order are provided
over a sur of a base substrate 110. The SO |ayer 130 is provided over
t he base subst r alehohigh the tdhapd@f i ths SQE laygr 1180 eis AR Oparticudarfyo Hadted, a
t her ebet ween, and consfitut.es what i s, call an. SO structure”. That is, a
plurality W%g‘%@ S%F%Vé‘?‘néuéf%a S99y 'ff{'ﬁc‘gg'ﬁa%o%?é’?s}%rr%e%%ssm %Lhdbﬂbs‘t“rd‘?‘iﬁe‘gl 10, and
consti t4it egREDISIEr 536 thabsse kMhtrafe! 180 withA iphlin2drstivalegreq ippeferabie.whi ch
two SO Iagvers 130 are praovided over ope bgse sHbstr t.e 1%0 foghmle sake of
conveni enc&/hepdkeoSPI lnper 136yis pspddpr 4 peyef of 3 display devies, Jid¢ piefqraple that the

sem conduc ke jayBoHaThiSaspbit Sht diAR 1Y sblkihg B SO 14y¢P1308dvy adpsiteied
thereto. Alternatively, a crystalline sem conductor |ayer of silicon,

ger mani um awa duslsingnonespasek dfe actzsrWhicl it akeuigraupt 9 dpssehpae! rithlti um
phosphi de, Pgs{sibifr' Lt a"‘?ﬂeﬁlhm? %n%ﬁa-ﬁ%ﬁaaﬁﬁﬁ f REnFackidty £varvgtel | i ne

sem conduc substrate of a polycrystalline sem conductor substrate by a
hydr ogé® i displapdbdicssi nyinceparating ardisplaytnsacl manvfagiued pngap SOEgubstste] 0024] A
feature of _an LA t anh diAYERL i Boahat a
si ze of thgg%agﬁ'a%uﬁ%égiaﬁ?gg?(ggﬁg{é?ttsuctg%tsbgt rée%g substrgt eﬁiﬁg aodesi red
panel si zeeachiutheSOTTHezafare, 4 31d Gndiewingmued. ntRy waldng eSS M daer h3/havg aan ar ea

i ncl udi ng qne_ panel hich i s the desir |..Slz8. - N -
speci fi cat gﬁsﬁr,egﬁrea Bichuging onp pangl, K., &% ee‘gggﬁ)gﬁrs?’gutgdfqag uﬁ)érQ | pﬁeigﬁl L58% ¢ ame
portion (e élémaitay each pareh cawbe fomtiedpising @enSOl layeraduld thusvatigtior @i spl ay
portion., Further, .a "size" designates an area. In an SOT substrate

accor dithg FRAHNEISHE2R B SPRRISE® Y on, the plurality of SOT layers 130

obt ai ned bggai’r]]/i di ng a sem conductor substrate into sections each having an
area including one panel, which is the desired &gr&el. siuﬁe, are bg;ded to
the base subst r af&ubsirate having HeinsHaiReSAG PLTLISEINE FUNFIAG BEC 2%

t her ebet We@fd pase substrate 110. Concretely, a variety of glass substrates used for electronic
industries (e.g. aluminosilicate glass, aluminoborosilicate glass, or barium borosilicate

20 glass), a quartz substrate, a ceramic substrate, or a sapphire substrate can be given as an
example. It is preferable to use a glass substrate for the base substrate 110: for
example, 2 large-sized mother glass called “the sixth generation” (1500 mm x 1850

mm), “the seventh generation” (1870 mm x 2200 mm), or the “cighth generation (2200

mm x 2400 mm) is used. By using a large-sized mother glass for the base substrate

25 110 and manufacturing an SOI substrate with application of the present invention, the
SOI substrate can have a large area. In the SOI substrate formed by bonding a
plurality of SOI layers obtained by dividing a semiconductor substrate into sections

each having an area including one panel, specifically, a desired panel size, to a base
substrate having an insulating surface, with an insulating layer interposed therebetween,

30  each SOI layer has a desired panel size; thus, the number of display panels that can be

manufactured using one base substrate can be increased. Therefore, productivity of



[ 0025] The panel size nmay be appropriately determ ned dependi ng on the
usage, and for exanple, a small to nedium panel size of a diagonal |ine of
10 in. or less can be enployed. Wth respect to a nobil e phone, which has a
smal | to medi um panel, 30 known sizes 6screen sizes) of a display portion
are diagonal lines of 2.2 in. (56 nn)} 2.4 in. (61 M, and 2.6 in. (66
nmm, for exanple; when a nobil e phone has the above panel size, the panel
size may he determned in consideration of a size of a frane 9 portion
(screen franme size) around a display portion in addition to a screen size.
[ 0026] end phbidony (isidye deviegsp nenufacmragOowithather disgdey ideviemincgenoratedu| ar | y
limted, a rectan ular‘%gape (i ncluding a square), which enabl es easier

pr ocessi nghHfHE BHRYMRIOB- 5 the SOT |ayer 130 to the base substrate 110
with a hiqbgﬁﬂtegration degree, is preferable. Wen the SOT |ayer 130 is

used for a panel of a display deyvice it is preferable that,hhe,SQr |ayer
130 have an aspddf ipsyiafipg layer 42815 BOVISER PRY STHESHT MR é‘ra‘"i%g RAVE a

desi re§ ar iaé‘&‘ *ﬂ%.ngrmnﬁlsﬂamegbzay& 420 rhayhie whitgfle-lagenbioudturequat to a
desi red pane lze, it is possible to control a é%gld 8& a ﬁggel-to-pane
basis i n retavkédlayen stvgtuze. v £ surfage §pnded taithg,Pass suesirtedOheremalig 8t i ng a
di spl ay DRl FaRYLackuhitle WG 7 ShBoRuagHidiphileDhe il desktipdaer .
darmage to él'errents can be Brevent ed in dividing_a panel Lromfegg:h Qt her.

Ther ef or e, hezeiyafeer,d layen fymed op edpading Byrfaca s #lep reffareddsray 3 Rondipgdayehye o

dosi rod pebiGh 28 B BRI o Bondils B s Y e hg. Sne. SoT
| ayer , 10andiajdrugoy aAisiichmoxitialayer is beitahletfor the honding liser@2dbas hesagrepth [ 0027] A
or the ey o SRR ol duBiA iR 0 e
for el ect rgaiecoy adlishichlegappe deposionmetbed hsing organic sifane 28 UAPHSHESOS| | i cate
gl ass, or [tn)rgttcirallj)ﬂ. boersSi fl C(%gz?nic silane, a compound containing silicon such as
tetracthoxysilane (abbr.: TEOS; chemical formula: Si(OCyHs)), tetramethylsilane
15 (abbr: TMS; chemical formula: Si(CHj;)4), trimethylsilane (chemical formula:
(CHz);SIH), tetramethylcyclotetrasiloxane (abbr.: TMCTS),
octamethylcyclotetrasiloxane (abbr.. OMCTS), hexamethyldisilazane {abbr.. HMDS),
triethoxysilane (chemical formula: STH(OC,Hs)s), or trisdimethylaminosilane (chemical
formula: SiH(N(CHz)2)s) can be used.
20 [0029]
Ii is preferable that the bonding layer 122 that has a smooth surface and forms a
hydrophilic surface have a thickaess of 5 to 500 nm inclusive. By making the bonding
layer 122 have a thickness within the above range, it is possible to smooth a rough film
formation surface and ensure smoothness of a developing surface of the bonding layer
25  122. Further, a distortion between the bonding layer 122 and a substrate bonded
thereto (in FiG. 2A, the base substrate 110) can be relieved. A silicon oxide layer
similar to the bonding layer 122 may further be provided for the base substrate 110.
With respect to the SOI substrate according to the present invention, in bonding the SOI
layer 130 to the base substrate 110, which is a substrate having an insulating surface or
30 an insulating substrate, a bonding layer formed preferably of a silicon oxide layer
formed using organic silane as a source gas is provided for either or both of the surfaces

on which bonding is formed, whereby firm bonding can be formed.



20 glass), a quartz substrate, a ceram c substrate, or a sapphire substrate
can be given as an exanple. It is preferable to use a glass substrate for

t he base substrate 110: for exanple, a | arge-sized nother glass called "the
si xth generation” (1500 nmm x 1850 nm), "the seventh generation” (1870 nmm X
2200 mm, or the "eighth generation (5@00 mm x 2400 mm) is used. By using a
| ar ge-si zed nother glass for the base substrate 25 110 and manufacturing an
SOT substrate with application of the present invention, the SOI substrate
can have a large area. In the SOT substrate forned by bonding a plurality
of SOT Iax@x@]obtained by dividing a sem conductor substrate into sections

each having an area_including one panel . spegifi . ol nel

size, to a baseF¥ubd®r shoFshali FgR i’%s‘ﬂ@ﬁﬁi%ﬁ lsn%?llflégycge,l%\?ngt Oa%gﬁ %ul ating

|ayer i nt g ppsed,d\aHRRA Rkl @AckurlY ihayhich hasiskeddajor auprel i ze.
nu

thus, the er” of display panels that can ke manyfactured using.one base
subst r at e inciwdits thenbonsingateyerT et é%r‘%,mw%ﬁc‘ﬂ%i% NG s 2 é“ﬁ%’ B oduct s

(di spl ay %f\é'il,egﬁﬁ_@ F,gggg{@%%;& vét R dtaemdi TRE isutbéinp dgyek redrqoatabtirgl t her ei n

can be”i npr e Tnsulating |layer 120 | s provided bet n the
base substuimtgen idfrovided bétwesn eSQldgyst 13Gand th 90?4*%{%&% 1&2 R 8?@? &efgo may
have a single-| Sty ’ ; bisd GibbiAte A0S UThACE

B el R 3L i o A TS bt

bonded to a ubstra erel ter, also referred to_as a
"bondi ng Shsdiaing Yyet $24comttiting nitroggwiisdptidd using asikisonuitgde layepg sBigon
hereinafter,_ a | r forned.on a | fy; IS oftl 18 e RhBluFL6k 40 as a
"bondi ng I‘Hgﬂélf’.ox?qéﬁ@efﬁorsﬁ(ﬁ%o%ﬁxglﬁ%?ﬁﬁ%’e?lr#&yb%:&%ﬁ Sag%](.)n‘g?ng Tayer 122 is
for medips didtRed-Rged shfuiciee. For example, the insulating layer 124 confaining nitrogen can

be formed by stacking a silicon oxyaitride layer and then a silicon nitride oxide layer

from the SOI layer 130 side. The bonding layer 122 is provided in order to form

bonding with the base substrate 110. The insulating layer 124 containing nitrogen is

preferably provided in order to prevent impurities such as movable ions or moisture
15 from diffusing into the SOI layer 130 and thus contaminating the SOI layer 130.

[0031]

Note that a silicon oxynitride layer means a film that contains more oxygen
than nitrogen, and in the case where measurements are performed using Rutherford
backscattering spectrometry (RBS) and hydrogen forward scattering (HIFS), contains

20  oxygen, nitrogen, silicon, and hydrogen at concentrations ranging from 50 to 70 at.%,
0.5 to 15 at.%, 25 to 35 at.%, and 0.1 to 10 at.%, respectively. Further, a silicon nitride
oxide layer means a film that contains more nitrogen than oxygen, and in the case where
measurements are performed using RBS and HFS, contains oxygen, nitrogen, silicon,
and hydrogen at concentrations ranging from 5 to 30 at.%, 20 to 55 at.%, 25 to 35 at.%,

95  and 10 to 30 at.%, respectively. Note that percentages of nitrogen, oxygen, silicon, and
hydrogen fall within the ranges given above, where the total number of atoms contained
in the silicon oxynitride layer or the silicon nitride oxide layer is defined as 100 at.%.
[0032]

FIGS. 1B, 3A, and 3B show examples in which an insulating layer 150

30 including a bonding layer is provided for the base substrate 110. The insulating layer
150 may have a single-layer structure or a stacked-layer structure. A surface bonded to

the SOI layer 130 is smooth and hydrophilic. It is preferable to provide a barrier layer



10 layer 120. A silicon oxide layer is suitable for the bonding |ayer 122
that has a snmooth surface and can forma hydrophilic surface. In
particular, a silicon oxide |layer which is made by a chem cal vapor

deposi tion nmet hod usi ng organic silanﬁ as a source gas is preferable. As
the organic silane, "a conpound cont ai ?ng silicon such as tetraethoxysil ane
(abbr.: TEGCS; chem cal forrmula: Si(0C2H5)4), tetranethylsilane 15 (abbr.
TMS; chemical fornula: Si(CH3)4), trinethylsilane (chem cal fornula:
(CH3)3SIH), tetranethylcyclotetrasil oxane (abbr.: TMCTS), )

oct anet hy|gedenttnd vas sttaiated 10 aixb the: boaMBE Syer inerrdprteyeEnsmeblinions apbr .

HVDS), trietho jlan C 1 cal _formul a: S

trisdinet iﬁfla&n;]@%ﬂeﬁ‘ﬁea%( meceﬁﬂfn(l)‘arr{%ﬂ amgé%%@% ﬁglgnth%églaassed. 20
[0029] substratd uge8 aPme beseabberatel140. t he bonding layer 122 that has a smooth
surface and forns a hydrophilic surface have a thickness of 5 to 500 tun

i ncl usi ve.lUB$3inmaki ng the bonding | ayer 122 have a thickness within the
above rgange, it g8 HASHORS Gn! KafmPROim wikichow §hickdd laydr astiwetiieo mchudifzaz e and
ensur e 'snoot hness of a devel opi ng surface of the baqndi I r 25,122.

Furt her, abatiiertlayer L&hanska handingdaer hah i iagngdAs e 1p é}ﬁﬁgg%fg%(gst 2P bonded

thereto ( i@on@n% ‘%gbrr H}@ abﬁﬁﬁmsggg& e sinifddr t6ade Rndiak ilgyer d22Ansy becon

oxi de | ayer si to’'the bondi ng l"ayer 122 may furiher. b royl ded for
the base spiosidedit eFartier, avtiondingdpyast map Bengr @exsf.?bs‘i“? a{%l Ei%o%‘# - to the
present inventiop, | I . | ife 1al6r 1225€poWasd foat e 110,
which is oiRPIgRIAle, . m%&%%&:&gaﬁ%ﬁém VA th@%gmilﬂg a@ €p

laving an ating surface or 30 an iInsul ating
subst r g e, tha SBIndyerd 30 ay evellf oSneiuia siredteic s pchieveafignarjbopding Peepust Yyer

fornmed usi organi c.sil £ [ ' QEuRirkiB@10.0r both
of the surg‘g@é‘ﬁqﬁﬁrmf%ﬁﬁebr}g%?nﬁgnﬁg%ﬁo&%?Il g?}é%yyﬂosﬁbn%sbpndi ng can be
formed. 1ind 80301 1476G52B ohasbusing exdinohaxids lapirch silisen nfgds lyPmg | ayer
120 has a stacked-] ayer structure:.concr. , i i a

st acked- | a§iBPoTsPRyBIoRdR Ayt 2 Y RIHEE %ﬁ%lﬁr%r ® g%&?%&gﬂgﬁéwuﬁd | ating
layer 124 gogj@bdiAer Birkd@GEN Prefefablyptike dbamicr tlageri hEAlintiomeed] ngieg 020 | s
shown. The insulating |ayer 124 containing nitrogen is provided between the
SO | ay®r imgolatipgflayHCoNBMETYPESer 122 in order that the bonding | ayer 122
is formed gipsgy bonding surface of the base substrate 110. The insulating

| ayer 124 ont]ai ni ng nitrogen is formed usjng, a ]?i | i.con nj Elri dﬁn Iaeer, a
silicon nitride BiG 4B shayepan egpmple & Which 7 @&%mgt yddS PRyisied for the pase,

singl e-| ayg\FbsﬁL{eliig“&%c&felﬁ A QxS BRNE deidy 8 ktabltdduejdiistructier ineludinplie,  t he

i nsul ating Tayer 47 contal’ning nitrogen can _be forned béns ackHbg a
silicon oxpaiier layer 152yand thebondiemlazersti4 is providadras e gwpiging %y%‘r r¥m t he
SA layer 130 side. Ofﬂln?]' \aePT 20k PRAiden 61 EBOL iytor m
bondi nésvm %’Wq?aﬁeés %gtsr;ggzjﬁ(fbist ra gr, %%&“T%%af %@ﬁl ati n§ I ;ye_r, 124 ,contyai ni ng
ni trogen i 93@r elheronting tir SOL thydr 130 tor the baseosybsisate A10,; the silicen exide liyFr as

novabl e i o r i st.ure 15 from.if j [ beraBfd to! B8 thd 3icand t hus
cont ani nat 326%?1}%0%@%{&%1? t%@ondﬁi@o%ﬁ % e@%ﬁzﬁ‘ arasj | icon oxynitride

| ayer nmeangxiellhyebidy aaherival bsidabmemothydenlt isalso possiblleonyse arfhemicat he case
where meas %;:iedgeag tthse s?lgc%n F&%rd]; zIygFPZé.j s &eﬁﬂ&ﬁ %giifdg rcgn be formed by, for example,

25  processing a surface of a semiconductor substrate with water containing ozone. A

chermical oxide is preferable because it is formed reflecting planarity of a surface of a

semiconductor substrate.

[0035]
Next, a method for manufacturing an SOJ substrate according to the present

30 invention is described. Here, an example of 2 method for manufacturing the SOI

substrate shown in FIG. 2A is described with reference to FIGS. 4Ato 6C.



backscattering spectronetry (RBS) and hydrogen forward scattering (HFS),
contai ns 20 oxygen, nitrogen, silicon, and hydrogen at concentrations
ranging from50 to 70 at.% 0.5 to 15 at.% 25 to 35 at.% and 0.1 to 10
at. % respectively. Further, a silicop nitride oxide |layer neans a film

t hat contains nore nitrogen than oxy , and in the case where neasurenents
are perfornmed using RBS and HFS, contai ns oxygen, nitrogen, silicon, and
hydrogen at concentrations ranging from5 to 30 at.% 20 to 55 at.% 25 to
35 at.% 25 and 10 to 30 at.% respectively. Note that percentages of

ni trogen, [Gpggpen, silicon, and hydrogen fall w thin the ranges given above,

where the total _nunber .of atons,contakrned j i \{ rixde | ayer
or the silicon Hrfrd FFEEAGYECY %{‘?étr&? gbgz ?ﬂﬁgﬁ&gge%g%d%? I}% | %c?gz FI GS. 1B,
gA, dand le,alcsmmc@mam gﬁ%sit:]?tev\mtlﬁh gmmmamdé aiehﬁ?nﬂtﬁcgrsgﬁ&t@@umwm adi n? a
onding layer 1S DLOVlIded 101 _LNe Dase SubDstralg. lidq: A& 1% L.Ng | ayer
150 may hé‘?éleamgﬁf%i’dﬁ“‘eﬁﬁ%%ﬁ“%‘?‘r THOfe bp *’éf‘fé‘tfﬁ‘(’?k‘é‘d-“I"aVé"f"“s"f"r‘ EET%‘%%. A
surfacg bgndegk tuQed: N@n&Elely, 3Y S¥midSiiiucor Sibaialke @l & yilicophsubstate bt ai s
preferable To provide a barrier |layer 12 between the base sub.séirate 110
and the beemtanépoh sybsfratchopa G@?lp?'@d;ﬁe%ﬁ‘%“%étﬂ' gatligmaarsanide OF AR, et )

an al kal i Be Iiyofeal G208 el cominitecidl sivoh bebsghta st
substrateggg gj‘fggs‘{lsﬁ%ﬁ%g%n??s%bstra e 110. [0833_] éFI G 3Aé1§hOV\/s %ﬁdexanpl e
a

in which & ist¢l2Reun), §yier(180 mao; & e (ROLPIY; ¥ 1 1BaGAR mm)pabianieter,
bonding | I of 8 chnlcRlilicBR sitifratel 3 bl FRMRE: el Aficlhss bandi ng

| ayer 154, con oxl ayer simlar to the bonding |ayer 122 may be
provi ded. bEdeteimingd ap tooabdutigs mayesrappropripte. provi ded for the SO layer 130 as
appropri a#g ﬁl G 3A shows an exanple in which the bonding |ayer 122 is
provi ded 1S 0O the SO |ayer 130 as well. Such a structure can achi eve
firmer bondi ng blegise 10hecdkaitdy haylectsic fistdare iroplbeied frag 2 surfienef ng t he

SO layer 130 to the base substrate 110. The FnQ L . ' or med
using a sithg XgHoRARGRr ﬁ“gff@i‘? P@’ §¢ haﬁ%"nmﬁfd[op ?(lci@?{r%k/)grls fogiﬁ{‘g(lf ﬁ]ag%ﬁkogg/ni tride
layer, or s5giedd i (sob FIGSIet0xidieA). ayete that hethes deswiptigh,cioh dpplanistionict ure or
a stacked-layer structure. Pr eferablig,. t e (ti)z‘i‘tﬁ er L@%Eerdg‘l?lsz SiostthgI{red usi ng
an 15 15nsonesds skat| jeapicondnetar AYbsats r"ﬁ@‘g?l.e MH83%° BU%H0ws “ait exanpl e
in which g, handigrd-aY fle ibss fBf AY isgHatfoaris thaihabia aseiondtator bibkirate.

concretely, an exanple in which a stacked-|ayer structure |ncludi t he
barrier | é@uetheqslzicngrlpppqh@yardﬁeﬂnﬁ@ 1pgig fhay 5w %I"gﬁ’l?aé?/ Hﬂ’&dﬂlgg{%%&#ﬁc%gﬁl ating

layer 150 i3Adiating a semiconductor substrate with ions, and is referred to as a “separation

layer,” hereinafter. The semiconductor substrate is divided at the separation layer with
20 later heat treatment, so that an SOI layer can be formed over a base substratc.
Irradiation with the ions 104 is performed in consideration of the thickness of an SOI
layer that is transferred to a base substrate later. It is preferable that the SOI layer have
a thickness of 5 to 500 nm inclusive, more preferably, 10 to 200 nm inclusive. The
acceleration voltage and the dose of the ions in the ion irradiation are determined as
25  appropriate in consideration of the thickness of the SOI layer to be transferred. As the
jons 104, jons of hydrogen, helium, or halogen such as fluorine can be used. As the
jon 104, it is preferable to use an jon species including an atom or a plurality of the
same atoms formed by exciting a source gas selected from hydrogen, helium, and a
halogen element with plasma. In the case where hydrogen is implanted, it is preferable
30 that HY, H,*, and Hs* ions be contained and the H;" ion be contained at a higher
percentage. Thus, efficiency of the ion irradiation can be enthanced and time of the ion

irradiation can be shortened. Further, such a structure enables easy separation.



20 the base substrate 110. Further, a silicon oxide |layer 126 is provided
for the SO. |l ayer 130. In bonding the SOT |ayer 130 to the base substrate
110, the silicon oxide layer 126 fornms bonding with the bonding | ayer 154.
It is preferable to formthe silicon oxide |ayer 126 by a thernmal oxidation
method. It is also possible to use aldhenical oxide as the silicon oxide

| ayer 126. A chem cal oxide can be fornmed by, for exanple, 25 processing a
surface of a sem conductor substrate with water containing ozone. A

chem cal oxide is preferable because it is forned reflecting planarity of a
surface OIOO%S em conduct or substrate. [0035] Next, a nethod for

manuf act uFi'ng’ an SOT substrate accordi n? to th.e&#)r%@gnta 13% | Ny, Lon is
descri bed. Her eln caderde &l e sepagetiopdaiGh 1Pbat Hly 4 Mg i Ne substrate
shown in El G, 2A | CLi j fREE RS id Sood E88es. 4An ttlis Gi3e, the3 [ 0036]
First, a éoéﬁilgér{lﬁﬁdéttgﬁﬁs%#gtﬂgﬂg%%{f’gi%gpr epared, (see FI GS. 4A.and 6A). As
the seni cemngitetadrths shmitomiuetof Gabstratecidfrhecemey roavghidepding: Bt “EiH¥fiat e such
as a single-crystalline sen uct . R e Niks twith iane

sem coﬁduﬁ‘ﬁ’iﬁﬁéﬁb%tspg% némglﬁf/l%%g’ gssecf?ﬁggﬁfg?g%ﬁli,hygr sem conduct or

subst r at e gik@ss 8f SO It 00 mwhisdlusitcemay ba pyevideth b4 i pIeBLEIREF 18F B¢ conpound
sem conductor (e.g. galliumarsenjd r. a1 ndi hi de) substrate can be
used. Typisﬁﬁ?ce§5f%§e‘gfmf‘ t%&ﬂpfg?%i%l‘%gft”ﬂgg&#%g strate are 5 in. (125 m),
6 in. (15Qg , 8in. (200 M, and 12 in. (300 MM in dianmeter, and nost -

f th ial sili bst / , [ I '
Chi cknoss. can 15eHo BaBing O ba o an e Soflkndbebl st I 68 01

Next , &'Qon%é§4 ACGRA %%g edriay badti® @syer | 122f isefatmed eon 1t sntfeas of dhn a

surface of 'the sem conductor substrate 101, so.that. an_j.on-dop yer 103
i s fornmed semicendusiirowbsfraie 1g1,ehicly &g t(°§’é]é' #’i’%ﬁ‘%‘lﬁ‘sﬁﬁﬁ‘%@ﬁﬁgz &gtdé@t hat in
this descri phJ O30 ¢¥RhaNhatel Qnsilidon "®Bads ldybieforMied dyi £ chaluictlovapeubst r at e
i's irradi al}oglgjn%q%érglc@ge@at ed |pn;, so that an el e.lgg(gt that forae the ions
for the i rdepdiithn methpd usinmerganie silang 25 2 SQHFE FHAS JEHHLE! FWVF BRIt her, an
i on-doped ] ayer nean i pﬁ;ﬂ 1dd RyWNEBKEGESY h Rhéaical vapotidepositivn t i es by
irradiati '%g@%ﬁ?sggjzcdﬁc Sg% s(’s}ﬁ sp?%te gx,ith ions, and is. ref.erﬁed 0 as a
"separ@ i Ofethod @sing sitameais masouere. ga¥h cTeseeraberasi at which degsification PemAG; ged at
the separation_ | ayer w 20 .l.at JicRRlsiBdMtate 301 HORInRc&PTartk ayer can
be fornmed ¥PERUSR ilf‘igremig%-fl}egtlg.tﬁ% PYadiation S_vvitr?et he ions 104 igi erforned
in consi dejik@ ffminpa filhityledsmial vapor gaiositign arethadat Fpuexpmpivst Bied to a

base substrate later. It is_preferable that.the I gl ckness
of 5 to 50frAAtqmiempEs ‘?OTSTBE {;r falgWﬁ'b}sy%pp lf%djt (§§ ?6% tr?renxﬁeﬁlg ?ét?gpieve.r The

accel erati Righ&%‘hﬁﬂﬁ BR0FokRRi oS Mpshtukd1By b whsmical vdper deposition anfitead sn ar e
S

det er m ned appropriate in cansideration_of fhe thic he SO
| ayer 20 bapriied trshaat treatmentcfor srparaging el lnysh og: &ﬁﬁmré@?ﬂﬁgﬁ%ﬁt}% or

hal ogen sugh, as fluer] a0 shgicHsfdtor Ashstrite or @rpolydéystallinei ssminoedtarbl e t o
use an ions%cBe iaesé&g?{\%r?%é‘?ngsancatom or a plurality of the sane atons

formed by enstriteng a source gas selected from hydrogen, helium and a

hal ogen el fdﬁﬂi with plasma. In the case where hydrogen is inplanted, it is
pref erabl e hat it H21., and H3+ ions be contained and  he H3+ ion be
contai ned at a highethe paniconduate sulliats, 10418 processed) tahave Fedesiged $1753i at i on

can be enhanced and ti 0 e ion dr ial ts ehsseddur t her
o a28: r st A5 i 65 Sapdaly A8 Siob Aokt utiaR 101 i hocks

to have a desired panel size. FIG. 6C shows an example in which the semiconductor
substrate 101 of a circular shape is divided into sections to form semiconductor
substrates 102 of a rectangular shape. At this time, the bonding layer 122 and the
separation layer 103 are also divided. That is, the semiconductor substrates 102 which
30 each have a desired panel size, include a separation layer 103 at a given depth, and

have the bonding layer 122 formed on the surface (the surface to which the base

substrate is bonded) are obtained.



14 [0038] In order to formthe separation |ayer 103 at a given depth,
irradiation with the ions 104 needs to be perforned at a high dose rate in
sonme cases. In this case, the surface of the sem conductor substrate 101
beconmes rough dependi ng on conditions.1 5 Therefore, a silicon nitride

| ayer, a silicon nitride oxide |ayer, 8r the like with a thickness of 50 to
200 nminclusive nmay be provided as a protective layer for the surface of

t he sem conductor substrate, to which the ion is applied. [0039] Next, the
bondi ng layer 122 is formed on the sem conductor substrate 101 (see 10

FI GS. 4B d084HB). The bonding | ayer 122 is formed on the surface of the
sem conductor sypstrate,10 i Jor ' h t safbstrate.
As the bondi ng Iligife?m% %ef é]ratne %glrlée@dg&gél)ﬁ%g%%g&%yeh%g glr?a%/zreme_d by a
chemi cal vaphty sfalpiytdeoitesye (The gansd sizg oy fadetcisinedascapproprats ecaoEdingas as
descri bed above js preferahl.e. It _is, al.so possibl. i LSE hdyd oxi de

| ayer for n@dHin P@H@%iﬁ‘al"%‘gb&?‘ ‘ffé‘f)lo‘g'i'f’T"é%‘” %d’rr%ft ‘ﬁ%g‘k%si?}hgx%ﬁ!%ﬁtggas a
SOUr Ce §JaSpandEdRemay bé 8 diagénaMihe bf Beghan 10 batwidch sragrantlsizesd pamalliton | ayer
103 for rredpi n the sem conductor substrate 101 does not occu @79 agpl ied to
form ng a Wefinmopansl. c KoREEamPleig cd‘ésﬁog’g?rfa ¥ ﬁ%’f"ﬁ%ﬁdﬁ'ﬁ“ 3&%\%]1 53 film

formation %ﬁﬁi@& kP HoBilOFhoRS Vifft NcrdeR'$RE of 3.4aRth idedonahlingake panelireint
tenmperaturehigher than the filmformation tenperature by a c cal vapor

deposi t i ondeteniing! insconsidesgsioniof @ sergembrame pive it ot 2 SEREphEt Prig” the s

| ayer from g &gf%&?”%&&&ge SF PRt A @rdutedt saBstAteS1020hAy B¢ deidralidene

semi conduct'or Substrate or pol ycrystalli ne sem conductor substrate.

[ 0040] 1(Nexépprofristeaspdingde dteorsaga ofAnread profugt qréhg ke o I ihig coss sty desired
size and 25 sha . n & gladeY it khReSRBlcCRACHE! Or
substrate iﬂc?;ﬁﬁt%ggg?ssggﬁogﬁa@gﬁ%@?egi&ri d pa_neleygti zg.ﬂe!:l G? 6C shows an
exanpl e i nsesticahiutioesubstrite H0Ribaveor restagfar shepewith ¥ asped ratioNfabo¥Pbe i s
divided info sections.to formsem >t angul ar
shape. At h‘ﬁt ”tl% ff’e’{’ref[cf‘?g’lebtgﬁt?f}l %ﬁemlgéj%@u%ggﬁbasn%g t%{qg%tgg%gr at | gﬁnlmﬁsal{f/ig‘? 103 are
al so di vi depys, Pravessing, intliter sanifacimdug steps 1wt aralt the sa0izondhicton s@Btralach have

have 1K, baTRRHDT ydrom B FEITRARO Lt PLEmpily” R ShISRARER: O FC
base subst gais@ate S0l Qasl®6)divaded with ai caeihg apparafu®Bddl as a dicer or a wiresaw, a
laser, plasma, an electronic beam, or any other cutting means.
0042}
An order of steps up to provision of the bonding layer on the surface of the
20 semiconductor substrate can be permuted as appropriate. FIGS. 4A to 4C and 6A to
6C show an example in which the separation layer is formed in the semiconductor
substrate, the bonding layer is provided on the surface of the semiconductor substrate,
and then the semiconductor substrate is processed to have a desired panel size each.
However, the following method can also be taken, for example: after processing the
75  semiconductor substrate so as to have a desired panel size, the separation layer is
formed in the semiconductor substrate having the desired panel size, and the bonding
layer is provided for the surface of the semiconductor substrate having the desired panel
size.

[0043]
30 Next, the base substrate 110 and the semiconductor substrate 102 are bonded to

each other. FIG. SA shows an example in which the surface of the semiconductor

substrate 102, for which the bonding layer 122 is provided is brought into close contact



It is preferable that the sem conductor substrate 102 have a panel size of
a variety of display devices. The panel size may be determ ned as
appropriate according to an end product into which the panel is

i ncorporated, or the like: for exanpl the 5 panel size nay be a di agonal
line of less than 10 in., which is a Sgnel size of a small to nedi um panel .
For exanple, in the case where the sem conductor substrate 102 is applied
to a nobile phone with a screen size of 2.4 in. in diagonal |ine, the panel
size is determned in consideration of a screen franme size in addition to a
screen si ztlofhebase substrate 149,890 1tk basp Fubstratecl 18 pad dheobonding lawstildd dtfuct or

subst 1 at e 102 {18 e f6! S HMESAS «MrARRIORK Bl RERuEbNML S 15 usage of

an end produc e case ere the sem conductor_ substrate
102 is appié ®dnded @ elichpitimr. diufecthat ittis ipgefprablecthatbthe surface whishdfermtonduct or

substrate ,102. haye a rectangyl al §3@2%W§§Lﬂ.a&1&§%ﬁ-ﬁﬁg{ ﬁé@&&&&ﬂggt 3: 4.
Further, it PEeSPRiBPeFf e thlY e sEm cohductor substrate 102 have a

rect angul ambshePEL0 abdube baddpcager@2 iformsathe bomting. f dbh dler Waals fepsadts easy
and the sem conductor substrate 15 102 _can be cut fromthe sem.conduct or
substrate oro@Sequqd&geﬁ%ﬁhe Base Sg@ﬁf‘t&?ﬁ&?@a&ge §‘Efﬁ'§?‘fc{él &t f@f“%tﬁﬁo &4 vi ded
With a cutydnac RRASK syl R8ssad, db Gak thR'firm Mintdgale ta hyilkegen bphdisma, an
el ectroni c beam or any other cutting neans. [0042] An order of steps up to

provi-si on @hbefamsdndi ng | ayer on the surface of the 20 sem conduct or
substrate [@agh]be pernuted as appropriate. FIGS. 4A to 4C and 6A to 6C show
an exanpl € 1 n-which the separation layer is forned in the sem conductor

substr#l e, the Bdadiondingspsfecs may sy pdtivated in (grderstgy fogm faypralle, donding

sem condu [ t fd]ﬁﬁ ]ﬁﬁ,{g R ORosiafnica b biSbdik ocessed
to have ac‘;cfg“s’?er ;{gé‘ﬁgas%gﬁbss@imgleac .deHg?/\ever_,?t he fol_?owi ng nethod can al so
be taken, dfche extaopd en which ¢he pmdingds formed firsirpdiated Withomoiemisbean9s et at e so

as to have. a.desirgd,panel. Si ' ks oL 3t he

seni conduc’f’Brbe’%’[ﬁbs{‘}'r%?ém‘c’%a"\vliﬁer]{‘ég‘fl ﬁ{é’nﬁ%gféz’?@gﬁ%% ﬂe??‘?é,uhgﬁ%"t he fotqgrai?ii ng

| ayer is pleyagen) deatraltaem bearh acen infrt gheios dpam cardercused. sltisalsogpesitiavi ng t he
desired panel size. [.0043] 30Nex t.he base.. S t

seni co#duc’f’o?"t’é’ﬁtﬁs@fgalfoé'é'f%f'ﬁgge E)bg npladng 6“%%%# o@%g%ﬁ“%%%aﬁ%gt's%ﬁg an
exanpl e i nguab€ rehiRns Bdciltaes ddmiife bemdihg dakees lifferent materials even at a

temperature of 400 °C or lower.

[0045]
After bonding the semiconductor substrate 102 to the base substrate 110 with

20 the bonding layer 122 interposed therebetween, it is preferable to perform heat
treatment or pressure treatment. The heat treatment or the pressure treatment can
improve a bonding strength. It is preferable that a process temperature of the heat
treatment be lower than or equal to the heat-resistant temperature of the base éubstrate
110. The pressure treatment is performed so that pressure is applied to the bonding

25  surface in a perpendicular direction, in consideration of the pressure resistance of the
base substrate 110 and the semiconductor substrate 102.

[0046] ‘
Next, heat treatment is performed, so that part of the semiconductor substrate
102 is separated from the base substrate 110, the separation layer 103 functioning as a

30 cleavage plane (see FIG. 5B). It is preferable that the process temperature of the heat

treatment be higher than or equal to the film formation temperatuse of the bonding layer

122 and lower than or equal to the heat-resistant temperature of the base substrate 110.



substrate 102, for which the bonding layer 122 is provided is brought into
cl ose contact 16 with the base substrate 110, and the base substrate 110
and the bonding | ayer 122 are bonded to each other, so that the base
substrate 110 and the sem conductor substrate 102 are bonded to each other.
Note that it is preferable that the surface which fornms bondi ng (bondi ng
surface) be cleaned sufficiently. C ose contact between the base 5
substrate 110 and the bonding | ayer 122 forns the bondi ng. Van der \Wags
force acts on this bonding, and the base substrate 110 and .t he

semi condudioprexsuis] hat eredif@ntisepatomdedi at progess Hiempeiatresyof #80Hg §9PeSsed, so

that the firm.bonding due to a h G444 10The
bondi ng sJr¢: 3%%"”%&&9 ‘%g%éeé? P‘V‘/%‘trsed%ﬂ%n or derBl(&E}l(g (gaanm%ué%/girvggﬁgn%gndl neg bet ween
the base sypshtichi Ryédrl{D3ond thie sémmmongaldar@ymn stﬁ@anﬁotayerxbﬂﬁpiswosahlé or both

of the surfaces on which the bondin d 1 Salt ed Wih.an atomc
beam or artheoRObdayst P9 yhich d&%ég?ﬁ%‘?‘e Vafﬁpg‘f"tﬁ‘lﬁ ol %eam or %ggr%ﬂr‘%t'gtggm is
utilized, s%Bstfa'El@'iéz 0§ Sefl Qvar thert&@él)suﬂs&werab l&tcmmetxharhomimaﬂaytenéﬁl igas ion
beam can be used It is al so possible %H ﬁtlv e L e hondi %@ ﬁg@face by
pl asma i r riwaided foghe b?selsalaﬁtféfﬁl 110y o Notrd '1“ in 8% ACSCHPHe &© ﬁvéé'? B ilitates
forlm ng b%%sgﬁ sﬁﬁs&aﬁqs sdPRtafidialh SeparGibn i’dyeﬁwhﬁmeﬁﬁikeﬁcd tof 400 C
or | ower

ondlpﬁ%the sem conduct or gzldr ate é}&é to the base
substrat e Kat® minute thteaebyo rAygng aly%imtlﬂzmtht@?spa droge: 58ERe8h, it is
pref er abl elbaﬁo ﬁ%u{)oa{srﬂuggﬁé sb HERLAROH 1 gér P EGRH bPerld 8¢ SdRkate. TrlQ!rﬂﬂ@@t

treat nent ressure’treat nent n 1nprove a bonding strength. It is
pr ef erghl etht ateavager plowessdesiavples nmra@ﬂntm@ehéaaplaelﬁ eppaglst opthe] Bager t han

or equal to t'fﬁ@r??%? ssr@é?setrf)mvacfe ?rﬁg%wsgsﬁstrgﬂg%ﬁ&s@ padasirate 110. The

pressure P pressure is applied to the bonding
25 surface[oon7p perpendlcular dlrectlon I n consideration of the pressure

resi stance of t substrate e 102.
[Gona] Mot - heds ths Soye Bpigraths SER g Jﬂ“@%ﬁffﬁ%gg‘;’?%ﬁ%‘%’f%ﬁﬁ%?%&%‘%‘éonduct or
substrate {2 th§ baePsubst26 110 ottt ke bagingslapat 122 mtam@sedtthgewansu on

e A et 0% 8500 SR RO W R Pt e
than or eqygl o hRrAREof $OINMafas BRljeNdiceRe bns base sastiteoiton tionding layaxr
interposed therebetween. For example, a separation layer is formed, a bonding layer is
formed at a surface, and the desired number of semiconductor substrates 102 formed by
being processed into sections each having a desired panel size are prepared. Then,
20 after bonding the desired number of semiconductor substrates 102 to the base substrate
110 as shown in FIG. 8A, separation is performed at one time by heat treatment as
shown in FIG., 8B, so that an SOI substratc can be manufactured. Instead of
performing the separation at one time by heat treatment, it is also possible to repeat the
steps of bonding one or some semiconductor substrates 102 to the base substrate 110

25 and separating part of the semiconductor substrates 102 to manufacture an SOI

substrate.

[0048]
It is preferable to arrange the semiconductor substrates 102 systematically over

the base substrate 110 because such an amangement makes later steps easy. For
30 example, the use of a control system such as a CCD camera or a computer enables
systematic arrangement and bonding of the semiconductor substrates 102.

Alternatively, a marker or the like may be formed on the base substrate 110 or the



122 and | ower than or equal to the heat-resistant tenperature of the base
substrate 110. 17 For exanple, heat treatnent is perforned at process
tenperatures of 400 to 600 C inclusive, whereby there occurs a change in
volunme of a mnute cavity fornmed in the separation |layer 103 and thus
separation along the separation | ayer*®103 i s possible. The SDI |ayer 130,
whi ch has the sane crystallinity as that of the sem conductor 5 substrate
102, is left over the base substrate 110 because the bonding |ayer 122 is
bonded to the base substrate 110. Note that in this description, "cleavage"
means t hakerpiesidudfor subseatbciidoadiost the gnsitions.e Akhosgh FIGS. &b azd 88 sb@¥ar at i on

| ayer which is weakened to m n Lt gy i di ation
w Th | ons sSHRyBIGHE HECF O AP REl S Stk Shits b Ricer B SOTeR ! 2 Sor
layer is {0k HR0xi@Wath a8 sldB paseiixsgossible. Further, 10 the "cl eavage plane”
designates a separation plane (a plane opposite to the base substrate) of

t he SOT | &&P1provi ded over the base substrate by the separation. [0047] In

the abﬁve MaNNef;is %ﬂa&m%@ thSt SOTTafire obtainl bg Separutiof6F suljsued th3Bemisalpr ovi ded
over the base subs

rate 110 with the bondinpg |ayer. 122 jnterpose

t her ebet wasmehanical Polighing CMRtia arlef tor H]émgﬁ% ‘bﬁ USRS e éi%?tgﬁcﬁfg%eo t he
present inyenti “F‘fﬁi v pEﬁ‘@rhiéﬁ% tihatiatgith§itacésyotdie R0lMayay eith adaser provi ded
over one B: BEPACE P th & b

dse su ondi ng 1 ayer interpQsed i{ne ebe%eween. For

exanpl e, ®esmpiastedd of) using @r physicalo pelishingamB¥IIFUEY *'a%?'i EFEJ"F?FB 2 a

surf ace, agg(gétgo% ﬁf’,%!a{e%@pﬁg&%%e&’fm SCIGARA M HoShefe Bitliafth g Dx3£54 & med by
|

bei ng prod sec ns each having a desired panel size are
prepargd. chhenirai@ & i0eppnbonigssg Thi ecagersisithat thsuslaressit teSPEBNES by

substrates 102 to, the base su . S HPYR okt afildshife. FRPAEAL i on IS
per f or ned b&tmﬁﬁ}bwﬁngﬂseﬁﬁe%ﬂ%?a%g%%#&gg&éﬁom%%ign Fi Cc;g%B, so that an SO
subst r at e AR ob the T8 ifay e peeokmeling thim80blaypsobaineilng t he separation at one
time by he[%(t)s&]reat ment, it is also possible to repeat the

FIGS. 7A to 7C show a step of providing a bonding layer on a base substrate
15  side and to form SOI layers. Here, an example of a method for manufacturing the SOI
substrate shown in FIG. 3B is described.
[0051]
FIG. 7A shows a step of irradiating the semiconductor substrate 101 having the
silicon oxide layer 126 with the ions 104 accelerated by an electric field to form the
20  separation layer 103 at a given depth. The silicon oxide layer 126 can be formed by a
CVD method or a sputtering method, preferably by a thermal oxidation method. As
the silicon oxide 1ajer 126, it is also possible to use a chemical oxide formed by treating
the surface of the semiconductor substrate with water containing ozone or the like. A
semiconductor substrate similar to the semiconductor substrate 101 in FIG. 4A can be
25  used for the semiconductor substrate 101 in FIG. 7A. Further, the irradiation with ions
of hydrogen, helium, or halogen such as fluorine is performed in a similar manner to
that shown in FIG. 4A. With formation of the silicon oxide layer 126 on the surface of
the semiconductor substrate 101, loss of plaﬁarity due to damage to the surface of the
semiconductor substrate in the ion irradiation can be prevented.
30 [0052]
FIG. 7B shows a step of bringing the surface of the semiconductor substrate

102, on which the silicon oxide layer 126, is formed into close contact with the base



steps of bondi ng one or sone sem conductor substrates 102 to the base
substrate 110 25 and separating part of the sem conductor substrates 102 to
manuf acture an SO substrate. [0048] It is preferable to arrange the

sem conductor substrates 102 systematically over the base substrate 110
because such an arrangenent nakes | at%er steps easy. For 30 exanple, the use
of a control system such as a CCD canera or a conputer enables systematic
arrangenent and bondi ng of the sem conductor substrates 102. Alternatively,
a marker or the like may be formed on the base substrate 110 or the 18
sem condygts@hteSINDSInr whieh thdBartier lag¢rubi2 advethp donding dayer AP# pufpamed.GS. 8A and

8B show a structure.in whi dj acent .SA .l ayers. BEs
t her ebet W&y fPW@“%@?n‘i‘ﬁ%eﬁﬂc%gﬁg % 5".“33%!"? )ké’%g E %ﬁeflﬁspa(?‘gd%%%)rossi bl e.
[ 0049] 5hbgios 1 ShBecabior HdkirsOL01 e thsobimichedthilie beptingpiyent Me

subj ected to chem cal nechanical, polishing (CMVP), in 19?0'#%%&%89,1 arize the
sur f aces oveyl ther Aasei GEIS{FACt Kig pI"’é"'f?aF‘f“z‘ﬁ‘t“ ey Be T pert o ned by i rradi ating

the sygrf %9&?%9{% DS Andudkebsititd 012 il RERR tiRaaparktistleged 103 isfeiongl a
physi €al *pol'1'sti ng neans such as CWMP. The | aser_beam.rradiation is
pr ef er ablayd ler §iliconeekifo layen 126 iformest afolp guriacec it a‘?‘ﬁ‘ff’%""&ﬁ HEg a 10

concent 1 3Llion ohel 8- PP THA b tayc NS0 35 #R fofindd 8y ol O¥Duehages of the SOL

| ayers ¢ e ‘?oug when | aser beamirradiation is perfornmed ip.an oxygen

at s phersputteing ietiiod WGV axsilicon exide fayermpilicen B@Fﬂ%‘aﬁifd? pIgcan &° | ayers

gbhg'sgegi} O,(r)ogt%Lsthc!onGSni&iZleA okide Za?eﬂ&%v@ aSifpfe-RAferitRUiull G1% dadRedtiysg | ayer on
10 structure. As the bonding layer 154, a silicon oxide layer similar to the bonding layer

122 may be formed.

[0053]
Then, as shown in FIG. 7C, part of the semiconductor substrate 102 is separated.

Heat treatment for the scparation is performed in a similar manner to that shown in FIG.

15  SB: the part of the semiconductor substrate 102 is separated from the base substrate 110,
the separation layer 103 functioning as a cleavage plane. After the separation, there
remains the SOI layer 130 having the same crystallinity as that of the semiconductor
substrate 102 over the base substrate 110, so that the SOI substrate as shown in FIG. 1B
can be obtained. The SOI substrate shown in FIG. 7C has a structure in which the SOI

20 layer 130 is provided over the base substrate 110 with the barrier layer 152, the bonding
layer 154, and the silicon oxide layer 126 interposed therebetween, After the
separation, CMP, laser beam irradiation, or the like may be performed to planarize or
thin the obtained SOI layer.

[0054]

25 With application of 2 manufacturing method of an SOI substrate according to
the present invention, the SOI layer 130 having a bonding portion with a high bond
strength can be obtained even if the base substrate 110 has a heat-resistant temperature
of 600 °C or lower (e.g. a glass substrate). Further, a variety of glass substrates for
electronic industry which are called “alkali-free glass” such as aluminosilicate glass,

30  aluminoborosilicate glass, or barium borosilicate glass can be used as the base substrate

110 because a process temperature of 600 °C or lower can be applied. Needless to say,



15 side and to form SO |ayers. Here, an exanple of a nmethod for

manuf acturing the SO substrate shown in FIG 3B is described. [0051] FIG
7A shows a step of irradiating the sem conductor substrate 101 having the
silicon oxide |layer 126 with the ions 21004 accel erated by an electric field
to formthe 20 separation |ayer 103 at™a given depth. The silicon oxide

| ayer 126 can be fornmed by a CVD nethod or a sputtering nethod, preferably
by a thernmal oxidation nethod. As the silicon oxide |layer 126, it is also
possible to use a chem cal oxide fornmed by treating the surface of the
seni conducit ds alsupassible to vak 2 kermicsubsiErie. 4 SAPPRireTEb e 2 qupkZ SubRizate, QT

sem conducfor,.subst.rat.e si .l t : 1 0 LAt lain FIG
4A can be %‘3 ‘déeeds#h(?? 1%’h§m eh%%ﬁ%ﬁc%%? su gttgfg%%}slgfsﬁﬁs%l G 7,&;{%Furt her,
the irradi gitis@dte Writtha isilesmofe thyuirlometer l¢wg. i With 8ic #sal efgwah sulargeasized| uor i ne

is performed in a siml|ay manner to that LBl 0 tion of
the silicoftos%sitred I“é??’lé‘ﬁ JfZB’”%gt ﬁe‘“‘s“ﬁ$f’ ‘dé%l‘qg‘!fg‘glta}ﬁg’ ’gﬂé'% %5&%%%?&% strate
101, |0$s ghegphtanardulttasibembmufaamede to the surface of the seniconductor
substrate in the ion irradiation can be prevented. 30 [0052] FIG 7B shows a
step of br[3§Phg the surface of the sem conductor substrate 102, on which

the silicon oxi dgy lsefQhbshaf adesrdfrgr toaBe pRbant Gheator hay asttuctirt lin Whirhbase 19
substrate 110 on which the barrier |ayer 152 and thﬁlggon in Ia@r 154 are
formed, theaebyized SRR dyerorieipryidedRvep 3riass guhstiatey, b TR §P3RIESt he
silicon oxi ; IS WO La i it lcah @chld ilpkdvesienis e
contact w #%ﬁah@ﬁ%%%ﬁ%@i?%%?m%gﬁl over the ggdsﬂe s‘ubstrateﬂf%o. The

seni conducima yislibs Fughe, desized displan panslssan e formed pging prrSPHaydetddBhduct or

substrate %’gr%dé ngm@éﬁgﬁé@ﬁcﬁﬁﬁﬁrtﬂé h@@(@%a&ﬁag chfi Be kppt@sdaed and the silicon

oxi de | aye ornmed at the sur , Into sections each having a
desired paf@gdseyi ze. The barrier |ayer 152 may be forned by a CVD met hod or

a sputtering nethod using.a Sili 0x| , ShLi Lt 08 4 ayer, a
silicon oxynitri UL mgrw‘ghg%ﬁ{%goﬁhﬁ?lﬁd?%gﬁgﬂzb :pglf/egr%a?% ﬁave a
si ngl e- | ay @efestt Gecatstine aystal of the lSOK- bhygran ttdsferingcthe SOT layers toethg dash ng

| ayer 154, a silicqn ide | ayer sim.lar ta th I 118248y be
for med13[ OGS@FatPhegt,lu %@'ﬂ?ﬁ%%‘? F%enﬁfg%?mplglrl{ls gff El? ﬁghggﬁ% g%{)lﬁdéuct or
substrate Lf2r i freSEBAl Bé QllevidiehbedansateeSOI layerst dwch dapiag at panel size pes f or ned
inasimlar manner to that shown in. F] G 15 5B: the part, of .1he.
seni conduc trpsiemekiothy @Siﬂ@sf‘%te;s"’éﬁ%fa R B R e etgés)ge dpap % 3@1 devedy,
[0057}
An SOI substrate according to the present invention can bave a large area by
20 providing a plurality of SOI layers over a base substrate. Accordingly, a large number
of display panels can be manufactured by only one sexies of manufacturing process, and
thus productivity of end products manufactured by incorporating the display panel can
be improved.

[0058]
25 A display device can be manufactured with the use of an SOI substrate

manufactured in the above manner. FIGS. SA to 9C show schematic diagrams of an
example of a display device according to the present invention. An example of
forming a liquid crystal display device is shown here. FIG. 9A is a schematic diagram
of a top view of an example. FIG. 9B is a cross-sectional diagram taken along a line

30 OP of the example in FIG. 9A. FIG. 9C is a perspective view of the example of the
display device. )



the separation | ayer 103 functioning as a cl eavage plane. After the
separation, there remains the SO |ayer 130 having the sanme crystallinity
as that of the sem conductor substrate 102 over the base substrate 110, so
that the SO substrate as shown in FI 11B can be obt ai ned. The SO
substrate shown in FIG 7C has a structure in which the SO 20 layer 130 is
provi ded over the base substrate 110 with the barrier |ayer 152, the

bondi ng | ayer 154, and the silicon oxide |layer 126 interposed therebetween.
After the i aratlon CWP, | aser beamirradiation, or the |ike my be

per f or med lanarize or thin the obtained SO | ayer. [0054] 25Wth

appl i cati on of ATHE la@gafal BpIRhARE mcoﬂﬁhg'i@'mﬁ%%&ﬁ%eﬁt ﬁﬁ&@{ngiuﬁ& to the
present invention, | ayer” 130 having a bonding portion wt hi gh
bond stre ngmp@amoﬁ@ﬂcﬁﬁpaﬁ fiesd d’é‘(%@fcw petiien$d8.cand giseeand daiva gidcufitporiion

heat - r esi sig3@ kvlr‘%ﬂﬁ%# Qx'il#ﬁﬁte @b0.60fcGiiad QR (49(\ Ohe BrfHASS RS LaLe) -
Further, a variety o ass substratés for electronic | ndustry Swhi Th are
cal | ed Sal K30, ianﬂrt@segblub@‘ivemwt pertigh 6 m@kd afuth agﬂeaism 680 between the

30al um nobgr t S..0 .U | i c ass ¢ e used as

t he base su ngubskrgelﬁ%%%e%%cgg %“%%I{F%%gg‘g 3?'3 %Cf’a]@ 9%wer can
be applied cxtbhﬂﬂinpﬁ&eﬁmuﬂayhich @dhsinkts 'asi@hlstﬁ gbceiﬁalb}m the ouBRicdo €eY fash C
substrat e, Bﬁh{re sub at(gha uayt.z substrate, @he | i ke., That is,
si ngl e-cr ygflgffl Ht pertioz ; elﬁfg‘é‘f dpize, fiEuit prion W0els cpnmemed isate with
a si de nor grdvitikd olertBé fifst bubd@ate W¥3.h t he use of such a | arge-sized

' substraé @rﬁgisspl ay device (e.g. aliquid crystal display device) or s
sem cofduct integrated circuit can be nmanufactured. [0055]

As shown in FIG. 9B, a pixel circuit portion 628 including a transistor is

provided in the display portion 620. A peripheral circuit portion 638 including a
transistor is provided in the first drive circuit portion 630. An insulating layer 602, an
insulating layer 604, and a bonding layer 606 that function as base insulating layers are

15 stacked in this order between the first substrate 600, and the pixel circuit portion 628
and the peripheral circuit portion 638. An insulating layer 608 and an insulating layer
609 that function as interlayer insulating layers are provided in or over the pixel circuit
portion 628 and the peripheral circuit portion 638. A source region or a drain region of
the transistor in the pixel circuit portion 628 is electrically connected to a pixel electrode

20 660 through an opening formed in the insulating layer 609. Although circuits
including transistors are integrated in the pixel circuit portion 628, FIG. 98 shows a
cross-sectional view of one transistor for sake of convenience. Also in the peripheral
circuit portion 638, although circuits including transistors are integrated, a
cross-sectional view of two transistors is shown for sake of convenience.

25 [0061]

A liquid crystal layer 684 sandwiched between an orientation film 682 covering
the pixel electrode 660, and an orientation film 687 is provided over the pixel circuit
portion 628 and the peripheral circuit portion 638. In the liquid crystal layer 684, a
distance (cell gap) is controlled with a spacer 686. The second substrate 690 is

30  provided over the orientation film 687 with a counter electrode 688 and a color filter
689 interposed therebetween. The first substrate 600 and the second substrate 690 are
bonded firmly with the sealant 680.



An SOT substrate according to the present invention has a structure in

whi ch panel -sized SO |ayers are provided over a base substrate. Such a
structure enables formation of desired display panels using one SOT |ayer,
and can achieve inprovenent 10 in a yighd. Further, desired display panels
can be forned using one SOT |ayer, and thus variations in elenents which
formthe display panels can be suppressed. [0056] Furthernore, the yield
can be controlled on a panel -to-panel basis even if a defect occurs in a
crystal of E&%}SOT | ayer in transferring the SOT | ayers to the base 15
substrate. | ] furthernore, even if different kinds of materials are

bonded to each owflariAtgd §i6e 921 hRvidkd Ritited @ﬂs;ﬁ@ﬁﬁﬂfé%e&dﬁﬁ s%éua{eaé%rs each
having a panel size are transferred to the base substrate; accordingly,

i mpr ovementAR gxaple jo whichhn polacizag Pl Provdatfor Abe ssomd substratat680 4T cor di ng
to the presgBin ibBMEN i erfHAidaY Saclle sREWE 7 AR s@'ho%@ci Py rﬂ Job .@wnéfgur ality

of SOT | ayers over a base substrate. Accor di arge n n‘ﬁ’er di spl ay
panel s &an Ipdheramafdc transchigsivediquid mygtalsémpleg dgﬂcmfnuﬁmtp!w mgolgmzmgss and

pane " can LY bl 88 oSS BirsUE A ERRY AL Bt B e SERRRARMHIRO Y oo i T

t he use of [@@63POT substrate manufactured in the above manner. FIGS. 9A to

9C show schemat i | a I e of .a display device ing to
the present invez*tl%j 'ﬂlagnﬁ:é:g %Bg‘? %Ylflﬁ[{]&’ragﬁei %ﬂf’%ﬂjgf‘i%?“alﬁ%‘ Iﬂ(‘j
device is stmimalhdeodE 163498 dlectiicalio hommbdcke! € agrextordl iapitoRmyin@eTd an
exarrpl FIG 9B is.a crossg%ectlonal gl agram taken along a line 30 OP of
t he ex Tp! SNTop ndsetropic Gorfuctive By 67800t i ve view of the exanple of the

di spl ay deypest

Next, an example of a manufacturing method of the liquid crystal display
device shown in FIGS. 9A to 9C is described.
[0065]

15 First, an SOI substrate according to the present invention is provided (see FIG
11A). An example in which the SOI substrate similar to that shown ia FIG. 2A is used
is shown here.

[0066]

A plurality of SOI layers 610 are provided over the substrate 600, which is a

20  base substrate, with the insulating layers 602 and 604 and the bonding layer 606
interposed therebetween. The SOI layers 610 each have a desired panel size by being
processed. Although an example in which a display device is manufactured using a
panel formation region 610b including one SOI layer is described here for sake of
convenience, it is possible to manufacture a display device also in an adjacent panel

25  formation region 610a at the same time.

[0067]

A substrate having an insulating surface or an insulating substrate is used for
the substrate 600. For example, a variety of glass substrates for electronic industry
which are called “alkali-free glass” such as aluminosilicate glass, alumino borosilicate

30  glass, or barium borosilicate glass; a quariz substrate; a ceramic substrate; a sapphire

substrate; or the like is used. In this example, a glass substrate is used.



21 [ 0059] The liquid crystal display device according to this

enbodi nent node includes a display portion 620, a first drive circuit
portion 630, and a second drive circuit portion 650 over a first substrate
600. The display portion 620, the flrsi drive circuit portion 5 630, and
the second drive circuit portion 650 are sealed with a seal ant 680 between
the first substrate 600 and a second substrate 690. Further, a term nal
region 670 where an external input termnal which transmts a signal or
pot enti al bt9n1the outside to the first drive circuit portion 630 and the
second dri (958} r cui t portion 650 is connected is provided over the first

substrate 600. I Qg lavers 024 TAUL b iBLGnYrerdo Bkl ik POr i on

628 i ncluding a transistor provid the d tion
per i pher al meVFigiiensRfran WBB@W nast a’éiﬂlmj %ﬁrﬁhrlactgl,mdhe like firooy thdeglass n t he

first dri V&b@%ﬁt@“' on%?étélboﬂsﬁ’é@n gg;",;qngm,gl lehel aveL 804, an.insulating

| ayer 604, an | ayer that functron as base insul 2t nyg layers
are 15 %t afkmgd.i it ushprsfemb&em fomm mmutah@ iayclsctontauhsg nittoge5(. aailitok he pi xel

circuit POpi i on 6 n | ati ng

| ayer 608 étlndd)c rla%l%ﬁ,gglgﬂ |nghlri) é&geg%ﬁeq %{bﬁénﬁuﬁ’?’ﬁgﬁ“i :&8&'

i nsul at i ngada§Qd s Aarthe bmmimg:laybrlﬁﬁépa sitivear omﬂrelaptrxﬁiui&i toakd borid@igtlafep 628 and
t he peri phg@ h fUIt portion 638. A source region or a drain region of
the transi STOFH B hi'xel circuit portion 628 is electrically connected
to a pixel joaberct rode 20 660 through an opening fornmed in the insulating

| ayer &09. Al th h CI rcwts i ncludi ng, transistors are integrated in the

pi xel rcui t porti Ehew s <XABilS in whichdhe waatingJayers pQ2and 604 ne

transi st Oraria%ur&ﬁliﬁeﬂtfhe%ﬁlﬁﬁﬁﬂ'@ocﬁe bOh@Rg aer 8% R S5 SH %lselﬁicﬁﬁ&ifc{or portion
638, altho“gh Ci rcw ts includi n%éranm stors are integrated,

cr oss- sect UBEte wdewfrgm wihichy am BQ1s lageis is separatas the rsubstiete 660 cﬁ@d\ﬁéﬂl ence.
25 [0061] semicondudios subktrfle GfeYitinabd {cﬁ‘é’a%fl ofifed :&u@flfgéﬂ ]%Jé‘ggf éﬂ@%@ﬁﬁgmﬁl@’tm
orientation film 682 covering the pixel el éctrode , and an orrentation
film687 |%‘b§#4§°?/ilsd@§afé‘;¢ért0 toran Biex@0!I layerctli0t  Fonereioly, 6RSbandthgtliner 666 i pher al
circuis p i | WUl I 8 i.stan ceII gap)
is con% roq{ Ié%%%@%séh % g%‘}c’igﬁndé{z?@’y %g&a}s{%éﬁné&%ﬁg l?t% ?lbs%ézgmad %VI ded
over the onswWatingtlayean 604 Formed pven thd substaa 60@ to birelothe uﬂelaﬁﬂ@laamﬁoa ambl or
filter e en. Lrst substrate 600 and, t he second
subst r at e%g%@%&&;ggggg @E’eh %)a%f’y Tt 7 {ﬁﬁt tfhggg‘fsgﬁ o2 s serptsRuuctor A
pol ari zi nepupéteate aﬁegﬁon@dptm\ehdedtﬂenr Imhedauts i daepéralliche IHRE FoghedUbpt r at e
690. An exanple in. ?.fI 3 bﬂgglatejs Eléewddforthe second
substr at e BEYNY ¥ \K?Psb dydeqee b 8RIRET: S8 SEAiCERqUEIot | ve

| i qui docr mbﬁiatdiatsa:)gﬁyn depth. CeAnthHeﬁ, lidaetréAmentOb pBribin@AStyi se et phet pi d

crystal device, for exanple, a polarizing plate nmay be provided for
each of tHE‘E %’é ndugier; pubsiatgo e, sepyationsiegemdn b semigoaduste. S‘{"Q‘l‘% ]

A term nalfu@&tﬁﬁinggga cfelfage tpla&e i thednd SO1 & 616 mmﬁ}md eqh alis &hbpieI he

termnal electrode 674 is el ectrlcally connected to an external Pn ut

terninal @he dendips lavesH0ans fermaet paphe sewirenduciaresubsiyase siies so [the ehq
bonding layer 606 has almost the same size as that of the SOl layer 610. That is to say,

25  the bonding layer 606 is also split between the adjacent panel formation regions 610a
and 610b in a similar manner to the SOI layer 610. Further, the insulating layers 602
and 604 form continuous layers across the panel formation regions 610a and 610b
because the insulating layers 602 and 604 are formed over the substrate 600, which is a
base substrate. The SOI substrate used may have any of the structures according to the

30  present invention, and may have any of the structures shown in FIGS. 2A to 3B. For
example, a bonding layer may be provided on a base substrate side, or an insulating

layer such as a thermal oxidation film may be provided between the semiconductor



Next, an exanple of a manufacturing nmethod of the liquid crystal display
device shown in FIGS. 9A to 9C is described. [0065] 15First, an SO
substrate according to the present invention is provided (see FIG 11A). An
exanple in which the SO substrate sipilar to that shown in FIG 2A is used
IS shown here. [0066] A plurality of gh | ayers 610 are provided over the
substrate 600, which is a 20 base substrate, with the insulating | ayers 602
and 604 and the bonding | ayer 606 interposed therebetween. The SO | ayers
610 each have a desired panel size by being processed. Al though an exanple
i n which gubthap ay techandimgilayenanuf act ured using a panel formation region
610b incl u[ab one SO |ayer is described here for sake of convenience, it
i s possi bl manuf acture a display device also in an adj acent panel 25
formation regi omhé 304 1afer i6he is selectivelyriche@@6 Tgrm a first S0SlapatGatie theavi ng an
i nsul ating _surface or_an insul ating substrate is u for.the substrate
600. For ey rortiop 426 oet ¢ 56?0“&%&% Bel Fa&s‘ﬁ*fdog‘gg%aéa SRR 'ﬁ*d%st ry

whi ch ar e &Rklcgehit phrish 636." CRndHRs FateBltetods 614 4R Pk besties BsBSOL al uni no
borosilicate 30 glass, or bariumborosilic a guartz suhstrate; a

te %I s%' a
ceram ¢ subyst63Ldhe second SAT fayerti)s padiihe thigt SPhEyer 41 with g, gate insplgtipg,; o
exanpl e, ; befivdes Fi@31BP068] : The insulating |ayers
602 and 6 35@5;%??)“?0 I de e&neorde@?o prevje)nt di ffusion of novable ions of
an al kali [0@7Hl, an alkaline earth netal, or the like fromthe gl ass

substral e, CoNCigh Bk SOk By Uk LBHRI SOPRTI@N, 12 (bmANOISfGRL er | ayer

may be 5 forned. I'e to Tormah insulating |ayer ‘containing
ni trogen (e gbtaimed by ietchingrthe S8 dayen§ ) sebactively e havers desed shapoxilgdhis qyer)

606, a s Lo cnsop gk PO et B s eSsel Mo &Mt or Mo Baplopfia 19 | B!
[ 00 6 9] 10Tdp&raab OB thetdse sihersthathidmesspd af thefish$Ohlayeres 2l nthakecond §OL ayer s

602 andu 6014ayer 631, and the third SOI layer 641 are desired to be smaller than that of the SOI

layer of the prepared SOI substrate, the SOI layer may be etched to have smaller
15  thicknesses. Alternatively, the SOI layer may be partially changed in iis quality
(quality change) and the changed portion may be selectively etched to have a smaller
thickness. Quality change of the SOI layer indicates oxidation treatment, nitriding
treatment, or the like. Further, the first SOI layer 621, the second SOI layer 631, and
the third SOI layer 641 may be formed such that the end portion is either
20 near-perpendicularly tapered or geatly tai)cred by appropriate coniroi of etching
conditions or the like. For example, the end potion may be tapered af a taper angle of
greater than or equal to 45° and less than 95°, preferably, greater than or equal to 60°
and less than 95°, or may be gently tapered at a taper angle of less than 45°.
[0072]
25 In order to control a threshold voltage of a transistor to be completed, an
impurity clement imparting one conductivity type may be added to the first SOI layer
621, the second SOI layer 631, and the third SOI layer 641 at a low concentration. In
this case, the impurity element is also added to a channel formation region of the
transistor. The impurity element added at this time is added at a lower concentration
30  than that of a high concentration impurity region serving as a source region or a drain

region and that of a low conceniration impurity region serving as a lightly-doped drain



are formed over the substrate 600, the bonding |ayer 606 is forned at a
sem conduct or substrate side fromwhich an SO |ayer is separated, the
substrate 600 and the sem conductor substrate are bonded to each other, and
then part of the sem conductor substra£ Is separated to formthe SOT | ayer
610. Concretely, the bonding | ayer 606™15 fornmed over the sem conduct or
substrate is brought into close contact with the insulating |ayer 604
formed over the substrate 600 to bond the insulating |ayer 604 and the
bondi ng | ayer 606 to each other, so that the substrate 600 and the

sem conduc{bPD3migérs at e are bonded to each other. In advance, a separation
| ayer forrrﬁﬁop}gi irradiation with ions of hydrogen, helium or halogen is
formed in e sem conductor 20 substrate at a given depth. And then, heat
treatnment is per The gaceledralepbidre fomed by forting s eondodivglesco paigelyovenat e, t he

separation Ja ,%rhaih,” the sem conduct ar substrahe funclion ng.as, @hag,geavage
pl ane, so tHAtthe SOT Tay&sP 81T T4 obt ai ned. TN TR S exanple, the bondi ng
| ayer 666 iIs thiar émstebdémernt hRodes mis cthadeaod electsades tGld] after dackedosttubtitest bie

bondi ng | ayer, 6Q6 has al npst the same size as that of .the I r 610.
That is to CE%QP,C“'?SE@’WE %nﬁ’d?‘ﬁ% tﬁ%ﬁ%ﬁ%@)‘@ﬁﬂe‘%ﬂf&egﬂlﬁly B@P%géﬂ "l?%zheadj acent
panel for Mgti-eited &BidaAme 6hRa o 1ElQB: $OI Ry&ioTl] the setANBOI tagei 681, HAT | ayer
610. Further, the insulating |layers 602 and 604 form continuous |ayers

acr oss t he thesthird SP) fayex 643 n1epReGHBHE 610a and 610b because the insul ating
llayers 602 geedy 604 are formed over the substrate 600, which is a

10 The conducﬁvc layers forming the gate electrodes 614 can each be formed as
follows: a conductive layer is formed entirely over the substrate by a CVD method or a
sputtering method using a metal element such as tantalum (Ta), tungsten (W), titanium
(Ti), motybdenurn (Mo), chromium (Cr), aluminum (Al), copper (Cu), or nicbivm (Nb),
or an alloy or compound material containing the above metal element, and then the

15  conductive layer is selectively etched. Further, a semiconductor material typified by
polycrystalline silicon to which an impurity element imparting one conductivity type
such as phosphorus has been added can alsc be used.

[0075]

Although this embodiment mode shows the example in which the gate

20 elecirodes 614 have a stacked structure of the two conductive layers, the gate electrodes
may have a single-layer structure or a stacked-layer structure of three or more layers.
In addition, the side face of the conductive layers may be tapered. In the case where
the gate electrodes have a stacked-layer structure of conductive layers, the conductive
layer in a lower portion may be wider than the conductive layer in an upper portion, or

25  the side faces of the conductive layers may have different taper angles from each other.
[0076] | '

The gate insulating layers 612 are formed between the first SOI layer 621 and
the gate electrode 614, the second SOI layer 631 and the gate electrode 614, and the
third SOI layer 641 and the gate electrode 614. The gate insulating layers 612 can be

30 formed by a CVD method, a sputtering method, an ALD method, or the like using
silicon oxide, silicon oxynitride, hafnium oxide, aluminum oxide, tantalum oxide, or the -

like. Further, the gate insulating layers 612 can also be formed by solid-phase



base substrate. The SO substrate used may have any of the structures
according to the 30 present invention, and nay have any of the structures
shown in FIGS. 2A to 3B. For exanple, a bonding |layer nay be provided on a
base substrate side, or an insulating %(ﬁyer such as a thernmal oxidation
filmmy be provided between the sem cohductor 24 substrate and the

bondi ng | ayer. [0070] The SO | ayer 610 is selectively etched to form
a first SO layer 621 in the display portion 620, and a second SO | ayer
631 and a third SO |ayer 641 in the first. 5 drive circuit portion 630.
And t hen gaxidiziggansolidrpbase nitriding tedimie¥Olorar 62heahe acend SI0Y layen63d, @@1, t he

second SO t.he |.f | a | ' ating
ayer 612 s rd XAty B B ety HEeitdep sy ey uliyibeg

| ayer 621, fdrred sgco @tV ISGhethal er (163ike anddite haswdtingda®@ mag\ber sobidphi® ar e

obt ai ned by etching.t.he SQ. | ayer 610 sel.ectively to have a desired shape.
In this enBHRETRAT SHEFEIHECOPY PEYE? “B1 3 15 processed into a plurality of
i sl and shag@r]pnd separated. In the case where the thicknesses of the first
SO layer 621, the second SO  |ayer 631, . and the third SO _ Jayer 641 are
desired to be snmihgsalidmbase st 0%1” ﬁhﬁéglwahaﬁ%&‘gr‘daﬂ?“ fsl?ééﬁﬁagiﬁa‘%gé"@ﬁ
substrate, yiihe phishal Guiéd Hy}ai@e&%eﬁ@ds&a a8 AV RicieRve (ypidally, 2. 45K TEES €S -
Alternatively, the SOT |ayer may be partially changed in jts quality
(quality cﬁ&ﬁ@é‘)ﬂwaﬂ%ﬁsmewg’ﬁhﬁﬁlé"ac‘f?ér by bighrfsAugReysupwstandhay ay eleP™ o have

a smal | er tdgﬁsﬁ $% ldg"@lli ;doml‘ﬁfgﬁcl giv&f i eRdiroh erdriydd 5% i’Bie@at i on

o

treatnment, nitriding treatnent, or the e. Further, the first SO |ayer
621, the sowbsiveSO prifasably 684, fonplsm dreptmiant] sGUTat |2agense dstlating ldyer fsor ned
such that the end,porti. |.s..el ther .2 - LUl arly: or

gent 1y apEPBetage SRUED riatush otBh i RuReRl uhC ARG Bidaboh BRREER, D

For exanpl er sdlidpheschipidbfieintreihyentat temperaatcesaif lawdralpe@ror angl & 00 °gr eat er t han
or equal t 458 and |l ess than 95, preferably, greater than or equal to 60
and | ess tms 5, or may be gently tapered at a taper angle of |less than

45. [0072] 251 n idR khelsRrfe@R0F Bl fMstSUEETR 61, R dcagifl SOI laydricansandlyy to be
conpleted, an inpurity elenent inparting one conductivity type my be added
to thelfir sirdy@llaggr il are oxidized by plasma ticatment, the plasma treatment is performed
in an atmosphere containing oxygen (c.g. an atmosphere containing oxygen, ozone,
nitrous oxide, nitrogen monoxide, or nitrogen dioxide, and a rare gas (at least one of
helium (He), neon (Ne), argon (Ar), krypton (Kr), and xenon (Xe)), or an atmosphere
containing oxygen, ozone, nitrous oxide, nitrogen monoxide, or nitrogen dioxide,
20  hydrogen, and a rare gas). When the surfaces of the insulating layers formed over the
first SOX layer 621, the second SOI layer 631, and the third SOI layer 641 are nitrided
by plasma treatment, the plasma treatment is performed in an atmosphere containing
nitrogen (e.g. an atmosphere containing nitrogen and a rare gas (at least one of He, Ne,
Ar, Kr, and Xe), an atmosphere containing nitrogen, hydrogen, and a rare gas, or an
25  atmosphere containing NHj and a rare gas). As the rare gas, Ar is preferably used, for
example. Further, a gas in which Ar and Kr are mixed may also be used.
[0079]
FIG. 16 shows a structural example of a plasma process apparatus 1080 for
performing plasma treatment. The plasma process apparatus 1080 includes a support
30 1088, a gas supply portion 1084 for supplying a gas, an exhaust port 1086 that is

connected to a vacuum pump to exhaust a gas, an antenna 1098, a dielectric plate 1082,



621, the second SO |ayer 631, and the third SO |ayer 641 at a | ow
concentration. In this case, the inpurity elenent is also added to a
channel formation region of the transistor. The inpurity el enent added at
this time is added at a | ower concentrgtion 30 than that of a high
concentration inpurity region serving as a source region or a drain region
and that of a |ow concentration inpurity region serving as a |lightly-doped
drain 25 (LDD) region. [0073] The gate el ectrodes 614 are formed by
form ng a condugtive |layer entirely over the substrate and the- etching the
conduct i ve 3dypdighsBequeney wixe suaply gorion 1022 for seppiviagp bighsreguency wavesrfoodi nent
mode, as t hRaGal &nehE6H." Uliesbedido WRipkdksstl 36K R mid Ugh#rs%g &thgﬁpdi‘ﬁ:t | Ve

I I'vely ¥Che

| ayers are forned, the conductive |ayers are sel ect , SO that
t he separ atadgitioanéfuet lemperatye repnisellss s1000 eisf provideds@or [they snppdt11088hahsecond

SA layer § i b8 (dptder oVl 9b LOSPEGLILNE) Y [ Q074] , 10The
conductive ?%9%‘?@"? %’r il r%‘”tché%t’ é'%“s%'cf T'odés B’lﬁ'né‘a’ﬁ"“éag‘ﬁ“b’é’-"f’br“h’é‘ﬂ as

fol | ows:S a progsesked 1DV isl alyaly wisicli irsubjeicteta pladnys osatmenth efnstidshibatiiendhy a CVD
met hod or ut,t er.i.n t hod usin netal el enen u s, taptalum (Ta),
ungsten (WS Mt F e Portih ful freiiopds MR ekt bedyin SPishithm (A1)
C(ﬁppe[) (OJ)inSIﬂrftingilqkm‘r GO (ahlb216,04pﬁle&rmaﬁhg @ayeﬁﬁg@,%ﬂ%@;ﬁrﬂmrlhﬂr ?@&}@i n: ng

t he above tal e n nd the e 15, conductive yer i s selectively
et ched. Fu E?ar‘fg?d’ 2 %’gcgf# B‘t’)‘ﬁ’dﬁ’c‘f"g‘Pﬂ ’@F‘?‘%‘ant laysrs Og&nﬂyﬁ%ﬂoﬁh’y"@%@?&llqyphe
silicon to 6ok edd &t edpnt ISOI 182 N1t ark ¥RRKSd; %d%@ta@l&ﬁ%ki Ml Wik ¥pe such
as phosphor.us has been added can al so_be used. [0075] Although this

enbodi nidnt TAng Hexee Q0K candy G0y the pandigg Layex RS, andetho ghisd §@ﬁ%®!ﬁésﬁ4@14 have
a stacked sAifemtivelg, @E obfagt oV ;ﬁ-@ébgééatle@ é:bl?éggﬁﬁds th RS ARL L&l SR IRARS MY

have a single-layer structure or a stacked-layer structure of three or nore

| ayers. | n2adBsu4tiag layenis rmed pyerdhefirst ROT tayp; iavstacked eody inwwhidbeart aper ed.
[n the Casquiiiehng 1dyBPistahiCORF HeAdama/ W %aft SSRACUAL SAKE nahy HEHGE Of
| 'ower portion y be

conductive layers, "the conductive layer in-a W der
t han the candisslatipglayenie formed guenthpthnd fayet 6430, or

15 {0080]

Hereinafter, a specific example is described in which an insulating layer is
formed on the surface of the semiconductor layer with the plasma process apparatus
1080 shown in FIG. 16. Examples of the plasma treatment include surface
modification treatment, such as oxidation ftreatment, nitridation freatment,

20  oxynitridation treatment, or hydrogenation treatment, performed fo a substrate, a
semiconductor layer (an SOI layer), an insulating layer, or a conductive layer. For
these treatments, a gas supplied from the gas supply portion 1084 may be determined in
accordance with an intended purpose.

[0081]

25 First, a process chamber of the plasma process apparatus 1080 shown in FIG.
16 is evacuated of air and a gas containing a rare gas and oxygen or nitrogen is supplied
from the gas supply portion 1084. The object to be processed 1010 is heated at room
temperature or at temperatures of 100 to 550 °C inclusive, by the temperature controller
1090. The distance between the object to be processed 1010 and the dielectric plate

30 1082 (hercinafter, also referred to as an electrode interval) is about 20 to 200 mm

inclusive (preferably, 20 to 60 mm inclusive).



25 the side faces of the conductive |ayers may have different taper angles
fromeach other. [0076] The gate insulating |ayers 612 are forned between
the first SO |ayer 621 and the gate el ectrode 614, the second SDI | ayer
631 and the gate electrode 614, and thgsthird SO |ayer 641 and the gate

el ectrode 614. The gate insulating |layers 612 can be 30 fornmed by a CVD
nmet hod, a sputtering nethod, an ALD nethod, or the like using silicon

oxi de, silicon oxynitride, hafnium oxide, alum num oxide, tantalum oxide,
or the like,_ Further, the gate insulating |ayers 612 can al so be forned by
sol i d- phase[oo oxi di zing or solid-phase nitriding the first SO |ayer 621,
the second SO | aygr h@ﬁﬂfreqaéyéymeestégg bbpRed irb@YRY -gl\%reeuene& %@@S@Eﬁﬂt ment .

Furthernore, insulati ng}el ayers ma formed by a met hod or the like

and the i nSertisn HP2 toy Eresanienpabl0980| Herep mriseweXasdifeguensy: 265 @Hphawe
nitrided bxnt%cﬁéé’@ast {hgiti#hﬂﬁémmn&r \LI%Q%H Then, the mz%frgé hg'ﬁﬂﬁr_ﬁ.!%s@ %ga.t lon or
on ts pgrefer

t he sol i d-phase nitridat abl'y perforned using plasna excited by
hi gh fr équdhe pntsaahlQe8 atoriher paecese champdr thidugh tik disle@iic) plat€ol(82p thak,y

pl asma whi cly i [ hi gh: f.r equenc es and. nh n. el ectron density
bt "1 101 PR 1835 eriba s’ P A EHERE KON SR PR AR T B RS BROER 075 o
1.5 eV 10: ianddHisidienl) & yitredearraditals (wkidh fray ipdiakerm NHaadiod) bresgenéaetl. a dense
i nsul ati ng er. is, forned a practical, reactiqgn speed is achieved in
the solid %@Wf @5?[38‘?15‘{[6%4%? ggius&qﬁtpagﬁﬁgg@mﬂi tridation treatnent at
t enper at ur ¢80 | ower than or equal to 500 C. [0078] Wen the surfaces of
the first SO layer 621, the second SOT |ayer, K 631, .and the 15 third SO

| ayer 621 are oxi e&éﬁewna %’ﬁaﬁ greRiGhy ntredncing dhtioqBst Havee Shah o
perforned iaf nfibrohieRs PREHE wEANhAldW BBcteory @Bipertafud (le@Nthad SPSRAELES3 gYNt ai ni ng
oxygen, ozone, nitrous oxide, nitrogen nonoxide, or nitrogen dioxide, and a

rare gas (Preferablyslegsibanpr equal tond-f 1Y) and dhsrighelectropy depsity fgrgateridhamenn (Kr) ,
and xenon ) r . anpat c i.0f NQ , €, L oxi de,
ni t rogen no oxitefi or @%i t%se%%?)&%%e?hg% h)?gfr%%gﬁ’, pggr?gﬂawr“gr %l gas). Wen
t he surf acesmmHatides of BSub 415 &1 inchgve saddomnettron densityerf fli ¢ 30 GOL x| r 621,
the secand S@. |.ayer .631 d the third SO. |ayer 641 are. nitrided by

bl as e 107 e ATEREUSTHAS BREGHY epitihn 8 105 Aescriions Alisma arpich B & ore

cont ai ni ng elctré GaiipefAui@. andnthathigs placiiéh Geiditniang g gehdried ¥y RRGdwidgar € gas
(at |l east one of He, gecﬁﬁr &K, cand Xe), an at H&spﬂere cont ai ni ng

ni trogen, PMREOHFES, S 3K l‘?‘%r}@gftjﬁ?,s‘%i’ 45ma"s 5 Fyrthes plaspe tegtment wiliFRaNHS and
a rare gashighAenbifieplashiss GRS calldl “hiphRIcR{if M4 tiea@tbnt Or exanpl e. Further,
a gas in \Me(lmcsr‘}] Ar "and Kr are m xed may also be used. [0079]

20 With the oxygen radicals (which may include an OH radical) or nitrogen
radicals (which may include an NH radical) generated by the plasma 1094, the surface
of the SOI layer formed in the object to be processed 1010 is oxidized or nitrided,
whereby an insulating layer is formmed. Alternatively, the surface of the insulating
layer formed over the SOI layer or the vicinity of the surface is oxidized or nitrided.

25 At this time, if the rare gas such as argon is mixed in the gas supplied, oxygen radicals
or nitrogen radicals can be generated efficiently by excited species of the rare gas. In
the case where the rare gas is used in the gas supplied, the rare gas may be contained in
the insulating layer formed. In this method, oxidation or nitridation by a solid phase
reaction can be performed at low temperatures of lower than or equal to 500 °C by

30 effective use of active radicals excited by plasma.



FIG 16 shows a structural exanple of a plasma process apparatus 1080 for
performng plasma treatnment. The plasna process apparatus 1080 includes a
support 30 1088, a gas supply portion 1084 for supplying a gas, an exhaust
port 1086 that is connected to a vacuun1punp to exhaust a gas, an antenna
1098, a dielectric plate 1082, 27 and®a high-frequency wave supply portion
1092 for supplying high-frequency waves for plasma generation. An object to
be processed 1010 is held by the support 1088. In addition, if a
tenmperature controller 1090 is provided for the support 1088, the

t enper at ur@08d] t he object to be processed 1010 can be controlled. The

bject to be 5 1010 j pl
Creatmont. | n K6 EEOROMe FRRTD B et EolBg Beaf ik e odee b
cor r espondsy lﬁlsni?a tsdatfikeft Gh BRCMMBIRINEN: Ghbde iead faﬂ@tbsamerx‘ﬂstl smelhiéfbm aﬂéi 604,

t he bondi ng d%/ 606, _and the first SO |ayer 621 are stacked; a stacked
body in whicEnd ek lnyer Pacandghe djxdrSHdayes Gl emum@ﬁéﬂ orasgTsaien 1506, and

the secpndanShnolihRS coaBiniRl Bxyded 3 86t ﬁﬂ&xﬁoﬁ&@ﬁ HQ he 10
i nsul ating Iayeor 602C and la% xy?gehe bondi ng | ayer 606, ande %dt%fea\é%h&hg&

| ayer 641. smonﬂe?% layess are trigated pyithcRitridatipe Pﬁﬁsmés%on@omew&@mds to a

stacked bog s I SO

| ayer 621 a ackeggb‘ﬁgyéc!aﬁiﬂ%/ﬁia tﬁﬁgﬁa%{ sul Z.?I ng&?g ﬁe}¥€ e Fkg(rzérdeé’?lg?/er t he
second SO lamyhavmcmmcﬁofs’i ook el ivclusive are fiprioeH oarthd ﬁsuS@i laygr 62lyer is
formed ove 6 ] fter .specific
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FI G 16. Exanpl

es the. plasma .tr t Lnclude surf nmodi f.i.c on
[t eat ment, OB S ok i B AR RERERT e et B e ES I vitoBe
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[ 0081] 25First, a process chanber of the plasma process apparatus 1080

shown ¥n Fampls, pyperipamipgtheiplasma reatment in ap atmosphicregonfaiingnirgeen 465 and

oxygen or fiidih %xlﬁcﬁnsﬂﬂﬁllhﬁ% A 18- FiRenaStaR U ayREY thiviichlBfdgen i€ Obj ect
to be processe i s heat’ed at roomterrperature or at terrperatures of

100 to 550containgd |ah%¢ {pe30 ¥y finclusivergga baopmeddn ther iliqos oxidedayersmialephis t ance
between thg obiyeci ff ﬁsmp %ﬁﬁ@&s 1&5%0@%9 %Zﬁ'ﬁ nQleff rdlfec&&gteﬁ 1082

(hereinafter, also referre to as an ctro terva 'S out 20 to 200
mm i ncl uslmﬁog(epMmaettﬂagcsi 1agers g Be rfiormhett bsisg wdicon nffde or silicon mitride

20  oxide depending on the conditions of the plasma treatment.
{0086] '

In any case, by the solid phase oxidation treatment or solid phase nitridation
treatment with plasma treatment as described above, even if a glass substrate with a
heat-resistant temperature of lower than or equal to 600 °C is used as the substrate 600,
25  insulating layers that are equivalent to thermally-oxidized films formed at temperatures
of 950 to 1050 °C inclusive can be obtained. That is, highly reliable insulating layers
can be formed as the insulating layers that serve as gate insulating layers in
semiconductor elements, in particular, thin film transistors or nonvolatile memory
elements.
30 [0087] ‘
FIG. 11B shows an example in which the end portions of the gate insulating



[ 0082] Next, high-frequency waves are supplied fromthe

hi gh-frequency wave supply portion 1092 to the antenna 1098. Here,

m crowaves (frequency: 2.45 GHz) are introduced as the high-frequency
waves_ Then, the m crowaveq are intrnrit,,érerl frnm5 the antenna 1098 into

t he process chanber through the dieleciric plate 1082; thus, plasma 1094 is
generated. Wth the plasma 1094, oxygen radicals (which may include an OH
radical) or nitrogen radicals (which may include an NH radical) are
generated. At this tine, the plasnma 1094 js generated usi_nq,the a

suppl i ed. [©G8612 amh\ihegate plectds Sif acpdignsd hgipver Jpisdp 10} ailig P'&ﬁﬂéﬁ]ﬁ%

hi gh-frequ Scudbin i Y BYRE i ] 4 el ectron
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1.5 eV) and008%¢ hi gh el ectron density (greater than or equal to 1 x 1011
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or nitrided. 25 At this lime, if the raré gas such_as argon is mnmxed in the
gas suppl i eivingopgfermangelpiimmsistars pmbsgslanagrdeyps ifoainiaguizationds doney

ef ficientl ]excited species of the rare gas. In the case where the rare
gas is used in"the gas supplied, the rare gas nmay be contained in the

i nsul ati ng | ayer Nest, peihsulating layer 616 ihfoamedaves teigste dactafiesldat Tom By a
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form nigor O%Qsﬁﬁ@@gﬁnf EQRuESY ity ahs. of QN SIcOREE P laybr 631, istaldedstol the fitst oxi de
| ayers havi ng thi cknesses _of to. 6 nminclusive are fornmed on the first SW

| ayer 621, Sldayes@dhin astpplavguationsd0.- and the third SO |ayer 641 by pl asma
t r eat ment i[ﬂO 10 at nosphere contai ni ng oxygen. Subsequently, the plasma
treatnent in an atnosphere containing nitrogen is perforned, whereby the

ni t r ogen- pl asma- i dwtfast 3Qklayes 634 dormed dn the displaycppriomeh abairiod fpyEy

provi ded faqr_: Eantd ol 4 [ B LR Gavigi ni ty of
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In the second SOI layer 631 formed in the first drive circuit portion 630, a pair
of impurity regions 633 and a channel formation region 632 located between the pair of
impurity regions 633 are formed in a self-aligned manner using the gate electrode 614
30 as a mask. In the third SOI layer 641, a pair of impurity regions 643 and a channel
formation region 642 located between the pair of impurity regions 643 are formed in a

self-aligned manner using the gate electrode 614 as a mask. Impurity elements



15 exanple, by performng the plasma treatnent in an atnosphere contai ni ng
nitrogen after formng the silicon oxide |ayers, the
nitrogen-plasna-treated |ayers in which nitrogen is contained at 20 to 50
at.%inclusive can be forned in the silicon oxide |layers at depths of about
1 run fromthe surfaces thereof in a 6érpendi cular direction. The
nitrogen-plasma-treated | ayers can be fornmed using silicon nitride or
silicon nitride 20 oxi de dependi ng on the conditions of the plasm
treatment. [0086] In any case, by the solid phase oxidation treatnment
or solid phgagingidifférelatypenot dondiareity aw ditiedito slsmispurityaregions 6Bsand 642+ i bed
above, even if a glass substrate with a heat-resistant tenperature of | ower
than or ed¥8¥2k o 600 C is used as the substrate 600, 25 insulating |ayers
that are equi valange iRphite dSidny whidhdingrts bhd typefobrcondicaivity, enpebmadntir es of
950 to 1050 C inclusive can be obtajned. ]’Bg\t 1s,. highly reljablga

i nsul at i ngwhigly dnpartsaniype cPpsiuRBHiyaRuch AR 0P8 (Ph AT R Fes ot B R arde as gate
i nsul atd n y ' b ARMIGHE cofdueiFRl such be Hor®sL(PR0x arbdmiaAs) | m
transi sét o?gsrla%re%n%erﬁt/glflg:??}ln rrerr@?y el errenPis. 3??%8%7 ?3 l.ayer 612 and

the gate etandersel 61 thingmbasimeniaende wnmersnt IRpRUNG 1RGO ucti % £-fy
exanpl e, aé}%jpﬁ}ﬁfg%fddf{ﬂ ?&th%tﬁr&%(bﬁé%rt%l;fofr?éﬂ fa8hé afsplal PofonlH20Gnl he gate

el ectrode a materla a high dielectric constant (also
referred theascondSiQjHayier 63hfonmed & the ifisstoizel cirgit pasdon 63| Ju pdditiomps, s 612,

the gate el ectrades 614 are far I n l: ' ori sui ci de,
ol or EpER RGeS ardidRty Sl A SAKE G o liza SONEREEIE T

usi ng {@t atvien tiehahrity déndhe is 4ded toxthafirse SOl ryei2lgad thecteeond ¥deys 14, t he
conductive | ayers.i ntact. with t ate insyl api Je are fornmed
using a mebal ‘?‘Fflggﬁﬁﬂieé%%]afn,ay Eﬁ&gﬁﬁ%& o ﬁ%# i"‘\f/}{é1 ?%f/%%gﬁ%rrq%%ﬁ%r e
formed usi §gnifuiyekaRdn the ifipirey eRimenl keaddairoi tha thin BOT leyerttdil sthe st dvent a
depletion | ayer from spr%ﬁ%i&ﬁq i néﬂfﬁe D?F’.‘t elehe(it ro‘%es & eglrés{s“tngsq( ate

i nsul at i nglayesfeland the spen laysh k GeY et € ?Fﬁ?%véeﬁ]t ri Vi ng pertormnce
of transi siRnhgefrom being danmaged even if miniaturization is done. [0089]

Next, an insulating |ayer 616 is forned over the gate el ectrodes 614. Then,
an 15 ixpulQ09§] el enent inparting one type of conductivity is added using

the gate el ectr ages,ibfndfydRbTah 56 orfie@b} dQVD Hilifodearintcrimnineiode shows
an exanple in which |rrpur|gy el ements inparting different ¢

I S ] g es _of
conduct i vi wy AR meftiell or dhe ke gsingnuilicomToXidss flices 10XYAE %éﬂ%ﬁprﬂdméﬁﬂ | ayer
641 in a f ii;is@% gftgiéleeo hé Giihe BRE iWﬁh@’){?mcﬂiFH'  RARAGN urtp @Renfetif isher
ein e

shows an eX I'ch™an 1npurity ement inparting 20 the sane type of
conduct i vi hdded byt justing thrtriph the sndti@ORyERGis ingdding dhe Hapuity glepset thaty st SO

| ayer 1 in a displayc.portlon 61’;‘53! ! 1 Be bAGeddl r st SOT | ayer
621 fo? d‘???qsﬁé'cﬁipgéfg‘i}ldﬁortlybn ?leggglrayg?cfﬁnp%ri ty regions 623 and a
channel fofgooskjon region 622 | ocated between the pair of inpurity

Next, sidewall insulating layers 618 are formed on the side surfaces of the gate

electrodes 614. Then, the impurity element imparting one type of conductivity is
added using the gate electrodes 614 and the sidewall insulating layers 618 as masks (see

25  FIG. 11D). At this time, the impurity elements having the same conductivity types as
those used in the previous step (the steps of forming the impurity regions 623, 633, and
643) are added to the first SOI layer 621, the second SOI layer 631, and the third SOI
layer 641. The impurity elements added at this time are added at higher concentrations
than those of the impurity elements used in the previous step.

30 [0095) _

In the first SOI ldyer 621, a pair of high concentration impurity regions 626 and

a pair of low concentration impurity regions 624 are formed in a self-aligned manner



25 regions 623 are fornmed in a self-aligned manner using the gate el ectrode
614 as a mask. [0091] In the second SOT | ayer 631 fornmed in the first drive
circuit portion 630, a pair of inpurity regions 633 and a channel fornmation
region 632 | ocated between the pair of %npurity regions 633 are forned in a
self-aligned manner using the gate el eCtrode 614 30 as a mask. In the third
SO |ayer 641, a pair of inpurity regions 643 and a channel formation
region 642 | ocated between the pair of inpurity regions 643 are fornmed in a
sel f-aligned manner using the gate el ectrode 614 as a urity

k. |
ol erent skt vt S Esibool eohisen Glehroa auraba T t he
T LY SaPRRRAN ARy AUl AR ekl TR ol D 1

one type o an” element which Inparts e conductivity such
as boron (Bpd aatlain region( Ard th@ﬂovgaionmmt(@ai)mpusﬁbrﬁgmﬂs 24merve whIPP i nparts

n-type conquggi‘#gxiggghﬁgﬁﬁghosphorus (P) or arsenic (As) can be used. In
thi s enbodi*neént’ nbde, ah &l enent inparting n-type conductivity, e.g.

phosphoSus{WM&]added to the first SO | ayer 621 forned in the dlsplay

Porti on 630 In ke SrORe SOh e REhe mipsrg e Pl maiBePon B e, o
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Sinilarly, tHaemigh Bendehation! MapRkie M edpions 6360@AGed & thietiinBisefre S a bowrey 641,

the first SO, |ayer 621 and the second SO | ayer 631 nay be selectlvely

cover edOwi tregian ?1&4 &rpinregign,gnd thedop; gepcengatiqnaBpyTity TREORT 3 S5 38 LPR er ~ 616
can be forggohy ‘?nﬁi\!'?mEEPSbPiL yeP6HN diphfof B%h%h&&ﬂatuﬁﬂnﬁx‘u@tﬁ%&f@ﬁﬁ@@r the

|l i ke using silicon oxide, silicon oxynitri licon nitrid
and a pair of low concentration impurity regions 644 are formed in a seif—ahgned

manner using the gate electiode 614 and the sidewall insulating layers 618 as a mask.
When the impurity element is added to the first SOI layer 621 and the second SOI layer

15 631, the third SOI layer 641 may be selectively covered with a resist mask or the like.
Similarly, when the impurity element is added to the third SOI layer 641, the first SOX
layer 621 and the second SOI layer 631 may be selectively covered with a resist mask or
the like.

[0097}

20 The sidewall insulating layers 618 is provided for the side surfaces of the gate
electrodes 614 with the insufating layer 616 therebetween. For example, the sidewall
insulating layers 618 can be provided for the side surfaces of the gate electrodes 614 in
a self-aligned manner by anisotropic etching, which proceeds mainly in the
perpendicular direction, of an insulating layer formed to bury the gate electrodes 614,

25 The sidewall insulating layers 618 can be formed using silicon nitride, silicon nitride
oxide, silicon oxide, silicon oxynitride, or the like. In the case where the insulating
layer 616 is formed using silicon oxide or silicon oxynitride, the insulating layer 616
can'function as an etching stopper if the sidewall insulating layers 618 is formed using
silicon nitride or silicon nitride oxide. In the case where the insulating layer 616 is

30  formed using silicon nitride or silicon nitride oxide, the sidewall insulating layers 618
are preferably formed using silicon oxide or silicon oxynitride. When the insulating

layer functioning as an etching stopper is provided in this manner, the SOI layers can be



silicon nitride oxide, or the like. Wth a structure in which the inpurity
el ement is added by passing through the insulating |ayer 616 in adding the
impurity elenment that 20 inparts one type of conductivity, damage to the
SO layers can be reduced. [0094] Nex%’ sidewal | insulating |ayers 618 are
formed on the side surfaces of the ga 3 el ectrodes 614. Then, the inpurity
el ement inparting one type of conductivity is added using the gate

el ectrodes 614 and the sidewall insulating | ayers 618 as masks (see 25 FIG
11D). At this tinme, the inpurity el ements having the same conductivity
types as tpresstedSamn being tiehqdraseduse of avassiqhingdn ferapiag te sidgyall HgulakRe i npurity
regi ons 62% 633, and 643) are added to the first SO |ayer 621, the second
SO | ayer Yﬁs and the third SO |ayer 641. The inpurity el enents added at
this tinme [@oe8ladded at hi gher concentrations than those of the inpurity

el ements used in the preyious step. .30,[0095] Lncthe fing layer 621, a
pair of high con&éht‘??g‘fsrbﬁ‘"i%%r‘i ﬁv i €é+“6‘%§g’626‘éﬁﬁ céé‘ﬁéi‘“ree?g“l 13

concenty at iy inkulRthpi lhyer 68Qises boRvbeatie fidewatldnsulatmmg dayfefs GllSi agd dlek gadsiner 32
F = T O I Yl L
as a Sour CeuE4i R sRBWalRindiIMinE Tafdh 618 add thelsbednl SOIADyRE 651, r:ad betweewpuri ty
OO NS O e sidewall imsulsiing Liyers 618 and the third SO layer 659" O1° © 10096]
[{0099]
10 ' A silicide layer may be formed in order to lower the resistance of the high
concentration impurity region functioning as a source region and a drain region. For
the silicide layer, cobalt silicide or nickel silicide is preferably applied. If the SOI
layer has a small thickness, a silicide reaction may proceed to the bottom portion of the
SOI layer in which the high concentration impurity region is formed, so that the SOI
15  layer in which the high concentration impurity region is formed may fully be silicided.
[0100] '
Next, an insulating layer 608 is formed entirely over the substrate 600 and then
is etched selectively, so that openings are formed to reach the high concentration
impurity regions 626 formed in the first SOI layer 621 in the display portion 620.
20  Further, openings are formed to reach the high concentration impurity regions 636
formed in the second SOI layer 631 and the high concentration impurity regions 646
formed in the third SOI layer 641 in the first drive circuit portion 630. Then,
conductive layers 619 are formed so as to fill the openings. Further, a terminal
electrode 674 is formed in a terminal region 670 (see FIG. 12B).
25 {0101] '
The insulating layer 608 is formed by a CVD method, = sputtering method, an
ALD method, a coating method, or the like to have a single-layer structure or a
stacked-layer structure. For example, the insulating layer 608 can be formed by a
CVD method, a sputtering method, or an ALD method using an inorganic insulating
30  material containing oxygen and/or nitrogen, such as silicon oxide, silicon nitride, silicon
oxynitride, or silicon nitride oxide, or an insulating material containing carbon, such as -

diamond like carbon (DLC); or can be formed by a coating method using an organic



In the second SOT |ayer 631, a pair of high concentration inpurity regions
636 and a pair of | ow concentration inpurity regions 634 are forned in a
sel f-aligned manner using the gate el ectrode 614 and the sidewal |
insulating |layers 618 as a nmask. The high concentration inpurity regions
636 formed at this time serve as a sodfice 10 region and a drain region, and
the I ow concentration inpurity regions 634 serve as LDD regions. In the
third SOT | ayer 641, a pair of high concentration inpurity regi ons 646 and
a pair of low concentration inpurity regions 644 are forned in a

sel f - al i gNRGuiBGEN SmatéEbINgsuche agatepory, e polyinliles 1 polyamdide.heplydexiplidrol,

insul ating layers 618 as a sk. en the Lppurity 1S to the
first SO Ppenpesycipbytensgr laFfé’Hg’é:E(? oXEF ag%arrf%&‘gl agifls,eﬂoﬁ%r}%%l'r dﬁ%%s lc’jl ayer
641 may beygeh&ediny [i%)bér 600 42§ WaVd & BtaékeBasjes birumak obn layee fdrinkd nsigzan | ar | v,

when the inpurity el enment is added tq ‘;_h_emtrﬂi_:[,dn§g]'__:'l_gxqgw@ﬂd t,he first

SOT | ayer 8®igasisdniadingapyadaigorn ByefingaiH)y PRatte PV 80T ed with

a resist mpsk ﬁrusfnggaﬂb icl 04t ng2RAfHalS b @Vllokarienfheletibll NThe ajiexMme618 i s
e side s

provi ded for £ rfaces of the gate electrodes 614 with the
i nsul at i ngmateyiel cobkgpontivtosboeigtalhaving SOk hbands. (Hrloxanedaciudss 3iskelfion: i ng

|ayers 6162 boe PO SRSl (shiG Bifien iy atessluibisn, Sobgals gripodes 614

in a self- manner Dy an ropi'c etching, which proceeds mainly in
t he per pendomaihiap atlileast hidmgenofe.grani alkyll growmgr peopatic thydrpsarbe) Bus§dt he gate

el ectrodes ,614. .25 The sidewal | i ' : ; usi ng
ST con i ANeeacey. i figR R Bt Bobd fhd &Y Gpmic Houf gﬁ@?&‘%%gﬁﬁi tride,
or the1bi k@ydibgent b Gassedvhsr £ stbutitiens ulFarthery as aipe ringdaging slayesr 688l agsi ng

silicon oxide qr silicon oxynitride, e | l.at i nd. a unction
as an et chifglatng myer may bf’ﬁéng?d(rj{%ﬁlq\h?r%ﬂﬁ%&ﬁ%@%ﬁ%ﬂ‘g]&sﬁf%%ed usi ng
silicon nitfekidd, ahd Sidni BOBubiedtéd che plaxmal éreaturent le 20 ey guh etmesplieee ionswl at i ng
| ayer 616 is 30 forned usj silicon nitride.or. silicon nitrj i de, the
si dewal | i AETNESR AFGSPhS]Rer Alyeh, s aboptimpens mode shows #0 FA1H qet%‘{ﬁk%%ﬁéoxi de or

silicon oxyRifafihs fayeb68 ndsh# sinBRULRK isiGcthrey e Thsutaingdayen $08snarhat chi ng
st opper s provi deg in this manner, the SOT_I| ayers can.,be 33. prevented
e

f r om bdBng seckaddayesstaciyes of W eF MOrCRYSS: | FUiSFRP 2T foTeanitiiaylptng

i nsul ating ﬁidsan D9S8 InsNelp 1a G PRSAR DRbidcans féfn thé isilatny laydregs) ayer
616 are et (l:%@}d/ seeJrF G 1§A). a%e insulating layer 616 js |left between

the si dewalfor pxmuplati siiponajiids finor arsilicon @ithds exige SprBHE! 84T et feen t he
it nzsxsuslv%bbﬂ-'gafre@é% be g%gnég%e[' iR ddidd burbiek draNEbutRigde 60OT HRACH t he

si dewal | i A&UMA rng-layers the second SO |ayer 631, and between
the si dewalisulatiagllager fgmiedyesing phpbords sivicaterglasy BB8) (oa peronsplosPheoo] 10A

silici | ayer r [ el .t t LEshSiorREEhekod.ne hi gh
concen&ﬁat is a?%?ﬁ%#‘ﬁe‘gﬁ%%@u%&%rﬁp%ﬁiﬁ%ﬁg’“é uF’ce regi on andoa drain
regi on. Fomnot silicide layer, cobalt silicide or nickel silicide is
preferably appligd. If the SO | r has I I S fin kL&l de
reaction may pr oivg"eﬁo‘ldﬂc?‘f?elaﬁ?ff PM%BW 8%30(%)]?&'[ ‘lf%%&@&g( zi{hgy(g?miaerl]&\tfvh?ééh t he
hi gh concenpeaoh@ittivEMyerd §19 @@icloning af eoured elestoodek and tdren Slektrodes are
electrically connected to the first SOI layer 621, the second SOl layer 631, and the third

25 SOl layer 641 through the openings formed in the insulating layer 608.
[0103]
The conductive layers 619 can be formed in the following manner, for
example: a conductive layer is formed over the entire surface of the substrate, to have a
single-layer structure or a stacked-layer structure, by a CVD method or a sputtering
30 method, using a metal element such as aluminum (Al), tungsten (W), titanium (Ti),
tantalum (Ta), molybdenum (Mo), nickel (Ni), platinum (Pt), copper (Cu), gold (Au),
silver (Ag), manganese (Mn), neodymium (Nd), carbon (C), or silicon (Si), or an alloy



15 layer in which the high concentration inpurity region is formed my
fully be silicided. [0100] Next, an insulating |ayer 608 is forned
entirely over the substrate 600 and then is etched selectively, so that
openings are fornmed to reach the high :ﬁoncentrati on inpurity regions 626
formed in the first SO layer 621 in tne display portion 620. 20 Further,
openings are forned to reach the high concentration inpurity regions 636
formed in the second SOT | ayer 631 and the high concentration inpurity
regions 646 formed in the third SO |ayer 641 in the first drive circuit
porti on 636t cathpownd cuatehiat tooieining teabgo metal dlemensgandothen thepcondpgtive e

openi ngs. FEurt.her er mpal i sdikin Mee My regi on
670 (see Fraéﬁerllﬁégc@gﬁ’[eﬁ)@ﬁ?] Agl"%ﬂ:]‘%(e@iaﬁéﬁ?%ﬁa%gr ayer 6 gihlﬁls f.dr%mad by a
CVD et hodalley mpratiilenitaigingeddnidymas ithoRimesnippnentand Suthenepofpmingaickdsr t he
like to have,a single-layer structure .or a stacked-|layer struet For
exanpl e, t PRA o o tr*wq"%gy@r}awsg Blilem ﬁ%d‘g‘%% %“ﬁ%tgﬁf{ﬁg&

sput t er & ng comAiang nidkel @ ofth& ordottost castiongnd silicow cayeini givins Flalidrmy a0

mat eri al contai ning oxygen, and/ or ni t_r.ogﬁl, sucﬁ as sid.i.ﬁon 0@)(‘1’ d% silicon
nitride, sPFAmRRIH b2 RMpPIsbmalsrialcqiiainiRe uresieh, ugesian, sSticie can be, BiF: § g
material cqpt %ﬁliu@ﬁv&ﬁ?&@ 619 Th€ Bmployd stiaxad-ldyiek sirautirh @ a(Hai@) layet, aman be
formed by a coating nethod usi ng_ar] organic . 34 insul ati % terjal such as
epoxy, pol yiuml@er,l-sgwylmrd@}d-ap'eﬂw AP & stsckedslaper SEUEPGIRG 2 BAZCT BYacr v i c,
or a sil OXﬁﬂﬁlu@xf‘nﬁ-'sﬁhoéHi&, 2 FitaRived hIRNByerOald": bakridr IAVRL, forldk@mpRs ulat i ng

| ayer 608 may have a stacked-layer structure of a |ayer fornmed using an

i nor gafc basiet dayencromaspensinito oy thip filis femmadngl tanin.apitddsn o SH Y c ar bon
and | aye i dol LR hr i R IndiyiiRias. | Rftilifch 00 allifiich Mic0d, wuidll haxane
material . TI&'sri'oxane nateria corresponds to a material having Si-O Si
bonds. Si| tovansisiance amdds ingxpeugives is thesmost switable fof foamingrthe emndystivedaigrs( Si ) and
oxygen (0). As a substitue . ' 0 t.al i 4 hi ydr ogen
(o o an, arrs e i ch ot 8 RERBRLERE el AR, &'a HRBK TV

fl uoro groufwmitem ar hludiun siicpn amd beprevegedifcuppenans! lovier bamiehigyers afeeast 10

hydrogen can be uysed as,a,.supstituent. Further | i.ng | ayer
608, ar i n?fﬂ"é‘fqdﬁﬁ e LORIuCHYS 123 e PEYIESS IS %ﬂ(’ﬁ%ﬁ%ﬁ?ﬁ%&%u e!ts'eri ng

met hod, * or [@p4f\LD met hod, and then be subjected to plasma treatment in an
oxygen atnosphere or a nitrogen_atnosphere. . Althg t hi s enbodi t node
shows an exanpl eTh"nte%Pl‘i“E‘kFt“?qtl‘gﬁ? ﬁz%}“a@?Wéﬂ"f‘“ﬂg/%eg’c’é‘(%g%'é%cugnss;fsﬁﬂlcge-cf}gyeer
structure, ghgmnbditbahd Betetnal fipub QfmiRY (H@VEPE) thit Btfeskaidiatenye thesfissuct ur e
of two or nore |layers. Furthernopre, an inorgani_c insulpgéi ng | ayer and an

ul

organi ¢ i ndgvecitagt Pasiep 63Ryandathe SReAMdedreoCIF YL RIHE Rleder 608.
For exafp! Quown Rk i WMRidhiths lediral LiBdRIde ¥781id for@BA Qbihg tdGa@y interfal b whi ch
can sefve as a passivation |ayer, can_be formed over the entire surface of
t he subst r atith t8oomedlaykr anthahefthe eondyctivglayers 6t%ed usi ng phosphorus silicate
gl ass (PSG oft)s boron phosphorus 20 silicate glass (BPSG, which can serve
as a plana PY%4i on | ayer, can be forned thereop.dég(;glpz . The

conducti ve | ayer & @i9atown onanmer, dhe Pingt circwl @ertios inekrdingathe teameistor odes.

The conduct.i ye.l ayers 6 uncti,onj =S QU afRgufdf ah,

el ect r odes “éc;i'éd"ég éﬁtﬁﬁs%%af f;l/aygﬁk%gést eg t@% "??1% ?ﬁz@l{ g@gc’ﬁl%ggérﬁ%tﬂ,’ ttﬂe
second 280 peApkial G3tuit poelion 638t itinding 3h<SEhnsinyreincipdibg tthe seeghd 0 laypeni ngs
formed in t{%% alngstllifl; ?r%rllsri]s orI i%%lei\lilin%ot e tl[urocil' 9811 layer 641 is formed in the first drive

circuit portion 630.

[0106]
Next, the insulating layer 609 is formed over the display portion 620 and the

30  first drive circuit portion 630. The insulating layer 609 over the display portion 620 is
selectively etched to form an opening that reaches the conductive layer 619 of the

transistor in the pixel circuit portion 628. And then, the pixel electrode 660 is formed



The conductive | ayers 619 can be forned in the follow ng manner, for
exanpl e: a conductive layer is forned over the entire surface of the
substrate, to have a single-layer structure or a stacked-layer structure,
by a CVD nethod or a sputtering 30 net ?od, using a netal elenent such as

al um num (Al'), tungsten (W, titani umPTi ), tantalum (Ta), nol ybdenum (M),
nickel (N), platinum (Pt), copper (Cu), gold (Au), silver (Ag), nmanganese
(M), neodym um (Nd), carbon (C), or silicon (Si), or an alloy 35 or
conmpound material containing the above netal elenent; and then the

conduct i vesd @yefillisthsepadig (sed FiGe12Bed. As exanpl es of an alloy material
containing alum num -an alloy material containing alumnumas its main
conmponent [367% ur t her cont ai ni ng nickel, and an alloy nmaterial containing
al um num as its Apip KAnEes &itr 60% itfisl ptdfenbls te fortnad planayizingolapdr, whigh ei t her
or both of carbon and silicon can be given Further,.as.an exanpleg,of a
conpound nﬁmdﬁwrlz%ﬁﬁ?%‘ﬂ‘?ﬁi‘ﬁ&wtw&gﬂéﬁ‘mt e ¥i% P dE EaR &  grven. The
conductd ve, | AyLrS, %ia%alcﬁi}fa%gp“!?% Al Hiytraygr be fordet usingodn argaaicr i er

| ayer, an alum num'silicon layer, and a barrier w_gr, Oi a ftaﬁqke -l ayer
struct ure iskulatingar material] spelt | 2sarEPARY: nibRRde) | YIS e POYIY t BI%OMm ni tri de
| ayer, andyg c{ogﬁ%?é,?%(rteé% vHO orCX ik e RatdalD@ich | BT a lsAyine Gesih,ef@ONds to

a thin filPforne um nitride of titanium nolybdenum or nitride
_of 1ol ybdeetsmpld) LAlthough en ezdmpht in whighl the dpsulaging daver 499 havn2 seledp¥ice and
IS i nexpensive, is the t '| %9@ I Jen siaanRdisfek ‘Budtdier s
serving asSETHER S glfoé‘f:ntir;r% etshggn %lgilIl él@gtﬂr%)gg%. Fﬁrthergegenerati on of a
hi | | ockg of ineludivigrtwinon moad lagémuninghe ¢asoof & stacksd-layee staustvse) fpy examples thénd | ower

bat her |ayers are, 15 provided | h i [Malek ource
el ect rode Hitlaphelaserd0d @p fars? g}%ﬁﬂﬁ?%&&ﬁ%%&ﬂ%% ﬁ%‘ﬁg F%gﬁi %cge 674 in
the terning} theqike s af tPpérunpiriand an anrgmieinscttinglleyérorf siisan esidenglicone

external input termnal (e.qg. FPC) that is faorned | I . .rst drive
circuit poPifidsssisen M‘é‘ﬁ"e%%g@d‘% aﬁ??%crj?yre&ﬂr £ %%C?éﬁ%%%gghgﬁﬂi aé%arrpl eis
20 shown hﬁ{sﬁlahﬁ%‘l\ﬁ}jeﬁiis bAiRwi@kdibeavect! iaoiganid dnéilding slafas. mebheutssulatinghe same
material and with tthe sane | ayer as that of_ the. co%r}guct%‘}‘le I%éetrsangw.
[0105] 15 1ayerfﬁ)&q@ebam@drwrhﬁ@ﬁ,dcmﬁétﬁ@f’%@th‘i:?‘f*’éﬁ? %3P RIS T8 el udi ng
the transi eﬁrbei:{g%iéééimy bdfed inlStioRthéraget dé2id rdgide (i disphytgoetiadi spl ay
portion 620. Further, the 25 peripheral circyit portion 638 in ILJIFlng t he
transi st or 62@enditierfirst driveseisyri porion 3%\ are teeadesipd) regionsap AM§ casey I Il udi ng

Egi Og]hi rd Qb JR%EE B4%buhSthl AhiRAingNaldte60d sabetidbiyViy @i vaidhyt op prilfiren 630.

methods (e.g. screen printing, planographic printing, relief printing, or gravure printing),
20  a droplet discharging method, a dispenser method, or the like.

[0108]
In this embodiment mode, the pixel electrode 660 functions as a reflective

clectrode. Therefore, the pixel electrode 660 is formed using a conductive material
which reflects light. As such a material, a metal element such as tantalum (Ta),
25  tungsten (W), titanium (Ti), molybdenum (Mo), aluminum (Al), chromium (Cr), or
silver (Ag); or an alloy or compound material containing such an metal element can be
used. If another reflective layer is formed or the display device is a transmissive type,
the pixel electrode 660 may be formed using a conductive material which transmits light.
As the conductive material which transmits light, indium’ tin oxide (ITO), indium tin
30 oxide containing silicon oxide (ITSO), zinc oxide (ZnO), indium zinc oxide (1Z0), zinc

oxide to which gallium is added (GZO), or the like can be used.



Next, the insulating |ayer 609 is fornmed over the display portion 620 and
the 30first drive circuit portion 630. The insulating |ayer 609 over the
di splay portion 620 is selectively etched to forman opening that reaches
the conductive layer 619 of the transistor in the pixel circuit portion
628. And then, the pixel electrode 660 is formed 36 so as to fill in the
opening (see FIG 12C). [0107] As the insulating |layer 609, it is
preferable to forma planarizing | ayer, which can planarize asperities in
the display portion 620 and the first drive circuit portion 630 5 and form
a planar d0l¥¥ce. The planarizing |layer can be forned using an organic

i nsul ating mat eng §{ LJ@QCE?%S@%&@%&H%% or&!ﬁta‘fi@ﬂ”‘fﬂlﬁ 6809 Bo¥inby o pPhenol ,

benzocycl obut ene, a siloxane material such as _a sil oxane
resin, forasduaqwtéle pﬁdhbc@ﬂeﬁﬁoexéﬂqﬁlsmqehﬁ&ﬁn @T?Xﬁﬁ]@ﬁeﬂémfﬁpllﬁ@mﬂer 609
has a single:-|ayer st e Y, 9 may
have a stg“c‘;"k"’és "Isé‘yé‘r*“i‘}tﬁg 'I Ir%m?nc B%&r ﬁgf ?\ﬁgﬁ (!ti‘irilé"!ti ?6_&1 a?g‘?sﬁﬁ tﬁgt he case
of a stﬁck@dodmbcﬁémtmmmésm(wcﬁﬁaiﬂﬂ)e the insulating layer 609 can
have a stzﬁbﬁ -l ayer structure including an organic resin |layer or the like
as an- upp yer and an inorganic insulating |ayer of silicon oxide,
silicon nitride Theishhdep B8Oy bk fofheed wsing !ilEOtgaiﬂe insulatingomateridl aspech asor a
structure in which an orgamc i nsul.atin ]:15 sandwi ched. bg}
i nor gani c §A9EY Rolyimile, golypmidesplyimids, VNG PE AN B YFERTIS, 15 rred by

bei ng depogifeRsl sQMPas sitfidn BRide! Sticou itdide, sﬂfcoﬁ Bﬂyrﬁmidstdraﬂﬁon aiaddd dyéde, bei ng
sel ectively etched in regions other than desired re ons .he di sc&l ay

por ti off 620 haweia singleflayes rygtyrg er # stackspdayss strichife-6 3k BP9 1 egi ons
in this cagehderltd e aaéo‘ﬁﬁnm $ch! & tﬁ@sﬂa@éﬂﬂ%hﬁl in&ﬂatk@tlhm id @YBEd GRP

selectively by a variety of printing nethods (e.g. screen prlntln
pl anogr aphite eptiiersuifags, ofrthe pubstrpge jand fheg, is sﬁchgkavmaéﬂmm?qwg)h Iesir &dropl et

di schar g1 ngfPth el SREVASE BEYRS gpacar 6885 ok BartlcBAF limited, and | 1 Lhi's

enbodi ment pi xe 60 functions as a reflective

el ect r ode. sphhscab$mrces nayde dispesede| At spager §o0-an setgip threellg8P-ng a conducti ve
naterlﬁgmwﬁbgﬁ reflects light. As such a material, a netal elenent such as
t ant al ; 25 tungsten (W, titanium (Ti), ol ybdenum (Md), al um num
(Al'), chrom um (¥ Jhe mhnahbn/ﬁhn ﬁsg)gmﬂcﬁdmmﬁeqpt@mkEd@pUMdm With al

cont ai ni ng such _an ment , C i.ye |ayer
is formed 8fORSFEOP; 511%5 Cogtalsy mgl%blrgﬁ SSI ve Rtttngh‘tl‘ﬁlgahgtgfgl el ectrode
660dnay b%ﬂ@fdﬁﬁdu?bﬁ\?\ﬂ@isﬁfoﬁﬁéﬂjuwmvefamﬂ@raahyenkmcfmmedmsngt polynor)gdiﬁ,. Qs t he
conductive nmateria igh tr ts |i mtin i | T i ndi um
tin 30 oxiPRAYEBHE-a9hHglks o d’ﬂ FRPFe” ‘?ﬁ“%‘%’@)‘ Iﬁ?:“tbs?‘? géatdkgﬁd?yerl i um zi nc
OXi ge édgz%cﬂdmﬁ?s @ losBnthSoniineh Altei d#itniation GeatheaGADbingD or irkatidtioke can be
use

with an ultraviolet ray or the like may be performed, for example. Although the
method for forming the orientation film 682 is not particularly limited, the orientation
film 682 can be formed selectively over the insulating layer 609 if a variety of printing
methods or a droplet discharging method is used.
25 [0112
The sealant 680 is formed so as to surround at least the display portion after
completing the display device. In this embodiment mode, a frame-shaped seal pattern
is formed so as to surround the periphery of the display portion 620, the first drive
circuit portion 630, and the second drive circuit portion 650. As the scalant 680, a
30  thermosetting resin or a photo-curing resin can be used. The cell gap can be retained
also by making a filler included in the sealant. The sealant 680 sets by performing

light irradiation, heat treatment, or the like in a later step of sealing the substrate and



[ 0109] Next, the spacer 686 is fornmed, and then the orientation film
682 is forned so as to cover the pixel electrode 660 and the spacer 686.
Next, the sealant 680 is formed so as to surround the display portion 620,
the .first drive circuit portion 630, and the 5 second drive circuit
portion 650 (see FIG 13A). [0110] 38 The spacer 686 can be forned using
an organic insulating material such as epoxy, polyimde, polyam de,
polyi mi de am de, or acrylic; or an inorganic insulating material such as
silicon oxide, silicon nitride, silicon oxynitride, or_silicon nitride

oxi de, 10 zfsthdiausstatesivagiich ayamtatelesods; @ color fltest erdhelika ingewidsdy ycture. In
this enbodi nent node, in order to forma columar spacer as the spacer 686,
an insulaﬁ@H@]layer is formed over the entire surface of the substrate and

then is et ched, TiRQighiddkystd &iyepeBaes fosined irea thgivnrsedostiapby ite soatiohed. The

shape of the spacer 686 is not particularly limted, and spher &%J spacers
may be di ﬂ;eth@e@s STHEC SPREERT UBS@VE‘aYi“'f'éf%ﬁ P E EPT t“g?a‘p’)‘f“"l‘S [‘Ulh © .

For th °r5§§,%ﬂttﬁc°6}ic kiR BB 68 PareBiaCkddah tiTRyrderis bohdudrtd tedisicubsispondi ng
wi th an operation node of liquid crystals, and a | ayer which can orient the
liquid crye0gdes FIG 13Buni form direction is formed. For exanple, a layer is
formed usi B@éﬁ)ol yi m de, polyam de, or the |ike and undergoes orientation
treatment,[ that the layer can 20 function as the orientation film As

the orientati onThe sigtidenystal dajiehb8dyis formed psing adedrediouid amstah PrElo) et ray
or the I'i ke may he perfarned, .f theeti cfyetal f or m ng
the ori enth’FieﬁgF‘lf F’I'ﬁf%’g'fdi %ﬁ%tl%fi???% gcrz}%llt??%y?ﬁg?m?he (;dri?&eint atjon film
682 caQ beniteridrastont Gaiewhiped soalrpattom forsed withithe seajast 6809 The laWdiri ety of

printing nethods or a dropl.et .di schargi ' hiedl The
seal ant 68193’%@“%?’%@%%3 Pﬁeg%gfrér}eﬁnf?g%e%gggdtrﬁpé&??sgg?:gggporti.on after
conpl et i ngy {hGreftrabi] iyt e Viyeid crystal tukitegiak b deiassed tundercereducetlpagpsug fped seal
pattern is forned so as to, surraund the peri LSl rtion
620, the fadvenceas b Remediippedor i OR> A0 BRETHHIE I B gl ‘%ﬁ?@éﬁ%‘?’%@ui t
portion 65%- drg@e& b8 25 8RkAHHoGReke B BA itdperitissat the hike nesiah nixedathgigh o- cur i ng
resin can be ed. The cell gap can be retained zal Sq ?ssﬁ%%&oﬁ?ﬂly | er

i ncl udksd | Furthien itse atefamable thatancmpsaberedisGeiRdsT H P& PSR g i g

irradiati Ofle Aﬁﬁﬁlt cr%tﬁaitai?@ g4 @rdﬁﬂﬁné ihk Giguftl eryhtal mbtesibleyntid fattachidg thg t he

substrate an '
first substrate 600 and the second substrate 690 to each other so that a bubble or the like

is not formed in the liquid crystal layer 684.

[0115]
20 1t is also possible to form the liquid crystal layer 684 by attaching the first

" substrate 600 and the second substrate 690 to each other and then injecting the liquid
crystal material into the inside of the frame-shaped pattern of the scalant 680 using a
capillary phenomenon. In this case, an opening for injecting the liquid crystal is
formed in advance in the sealant or the like. It is preferable that the liquid crystal

25  material be injected under a reduced pressure.

[0116]
The first substrate 600 and the second substrate 690 are arranged to face each

other, brought into close contact with each other, and then the sealant 680 is made to set,

" o that the first substrate 600 and the second substrate 690 can be attached to each other.

30 At this time, the first substrate 600 and the second substrate 690 are attached to each
other so that the liquid crystal layer 684 is sandwiched between the orientation film 687

provided for the second substrate 690 and the orientation film 682 provided for the first



38 anot her substrate over which a counter electrode, a color filter, or the
like is provided. [0113) The liquid crystal layer 684 is forned in a region
surrounded by the seal ant 680. Further, the second substrate 690 over
which the color filter 689, the count%g el ectrode 5688, and the orientation
film®687 are stacked in this order is bonded to the first substrate 600
(see FIG 13B). [0114] The liquid crystal layer 684 is forned using a
desired liquid crystal nmaterial. For exanple, the liquid crystal |ayer 684
can be formed by dripping the liquid crystal 10 material into the

f r ame- shapestiaeai00palitie ntsofpmssibld toicohieqt insientetipm disoignof thediquidgrydalcr yst al
mat eri al ri by a.di.s r &l ' gi ng

met hod. Itrl%%ég%g?g?yeﬁ%ﬁga At apﬁrgg{e%g{ﬁggﬁl %P@gttabsﬁla;? eérqgaiﬁidbglbzsggggsed under
a reduced spH@EREI0 16 eachdthenarl formink therliquad ergstellaysp68. Further, it is
preferable_that the liquid crystal material be dripped in an inert

at nospher@¥sdithat inpurities or the like axe not m xed therein. 15
Furtheg, it is pgefheaiing subatataponbnmbahes whivh tmasmimbight isusedduFed
pressure after formng the liquid crystal layert 684 by.dripping.the |[iquid
crystal neranpla) a vasiety ofgless substrgtes prenas ngﬁﬁgﬁgsﬁﬂmﬁ%@%ﬁm@%cond
substrate aﬁ@;ﬁ -Rduafz BiHekAte; Décririie shbskatet r nepphicr med i n
the i qui ﬁa?:gygsr?’a t(ggclncebrr?'ﬁfgﬁgtﬁ.%pd[&;('fll ] 20It is also possible toﬁ?gr m t he
liquid crysbudatdcapbeug®d by attaching the first substrate 600 and the
second sul:tmlrs?te 690 to each other and then injecting the liquid crystal

mat eri al imMt’0o°the inside of the frame-shaped pattern of the seal ant 680

usi ng 1@ capi | | aByfoph Eroatanting, the coler £iltern 689, the cosueri slerteds 68%a@dtheg t he
l'iquid crystal ..is.foraed in e 1 itk Qdditién | S

pr ef er abl € Jﬁ[“o’f ﬁ%ﬂ E%ﬁ?@%‘%g\é[?%qsequﬁao{vgﬁhg?@t?g@i&urﬁgﬁggo under a reduced
pressure. thQad 6dlod Hierf 639 b Badkshatx an30: prodideth dorsibe saepnd $abiatet 890600 ar e

dtg f ther, b ¢ | . o0 a
ot hon tThe ot AT SusbipaF be pfbyRi e f bllsfde 87 heSRBSRhibitald bk CnOt her

color filter 689 may be omitted if the display device performs monochrome display.

15  The sealant may be provided for the second substrate 690 side. In the case where the
sealant is provided for the second substrate 690 side, the liquid crystal material is
dripped into the inside of a frame-shaped pattern provided for the second substrate 690.
(0119}

The counter electrode 688 can be formed using a conductive material which

20 transmits light, such as indium tin oxide (ITO), indium tin oxide containing silicon
oxide (ITSO), zinc oxide (ZnO), indium zinc oxide (IZO), or zimc oxide fo which
gallium is added (GZO). The orientation film 687 can be formed in a similar manner
to the orientation film 682.

{0120]

25 In the above manner, a structure is obtained in which the display portion 620,
the first drive circuit portion 630, and the second drive circuit portion 650 that include
the liquid crystal layer 684 are sealed between the first substrate 600 and the second
substrate 690. In the circuit portion formed in the display portion 620, the first drive
circuit portion 630, or the second circuit portion 650, a resistor, a capacitor, or the like

30 may be formed at the same time in addition to the transistor. Further, the structure of
the transistor is not particularly limited. For example, the transistor can have a

multi-gate structure in which a plurality of gates are provided with respect to one SOI



so that the first substrate 600 and the second substrate 690 can be
attached to each other. 30 At this tinme, the first substrate 600 and the
second substrate 690 are attached to each other so that the liquid crystal
| ayer 684 is sandwi ched between the orj,entation film 687 provided for the
second substrate 690 and the orientation film 682 provided for the first
39 substrate 600. It is also possible to correct orientation disorder of
the liquid crystal |ayer 684 by heat treatnent after attaching the first
substrate 600 and the second substrate 690 to each other and form ng the
liquid crybyel | ayer 684. [0117] 5For the second substrate 690, a substrate
whi ch tranﬁﬁh%ﬁ light is used. For exanple, a variety of glass substrates
such as al tminosilicate gl ass, alum noborosilicate glass, or barium

borosi | i cate gl aNext, the dustistbstetebi0randdhe secord m@a@%ﬂgﬁhaéﬁ@; atigghed t8apphire

substrate cap be used. .lQ118] 10Before, the att | A8e1 AAE & 1hA) ter 689,
t he count eF“‘é‘I‘éﬁ‘rad)‘dé”'GB”S,"“gn“d"‘t“ﬁé “ori “éﬁfétTGﬁ&_%lalﬂﬁaT%Ss%}a‘rse orned” in this

order oyer it s Gesnben wisk) it dir@30bstiate G00dintithmsacond ubsiease 690 that aer 689, a
bl ack matrix may be provided, for. the second .substrate r filter
689 may bea‘iﬁﬁ‘cé%‘il@ecﬁch Btgcrﬁ‘i‘ég’é’if@ FaLah Ctpﬁ%quo 3% geébosn? ?g%aegg&}.&l?%ﬁ%e col or
filter 689simyadierm tdchCothér. t iThe dértadyeladauie 674ds feapared mbrosHpaptvd
di splay. 15 'The seal ant may be provided for the second Str 90 si de.
In the cassusfiser eThedspaapostipn 520 ﬁdd'g‘? g’é'd‘?‘ﬂ?rc"icﬁ pg’&'@ﬁﬁgﬁgﬁ{‘)’gf’a\t@? 316690
side, the hi'gﬂiuic%s&ﬁ ¥S5LPE8ATRE §dalcdl witiSthe kéaRmEE80. NHhetile subsbafdes00fand the

e

frame-shap pattern provided for_ the second substral'sle 690, 1101%%}4 The
count ei0el eeondadsags 68% eare dividedbwith a CHENS RRFFARASUCY 88 H3CHBFL 2RPAMch 20

transmts Iaibg%%%roaz,ﬂ&gmgsori&r}q%w&_i n oxide (ITQ, indiumtin oxide

cont ai ni ng "SI oxI de zinc oxide (Zn0), indiumzinc oxide (IzZO,
or zinc oxif@2jo which galliumis added (GZO). The orientation film 687 can

be formed in a sim| AL JLRNEEbshie 686 oPdriiRNtbAihATFib 5YPS dividdtRIFIG

14B). In this embodiment mode, the division is performed so that the second substrate

15 690, the color filter 689, the counter electrode 688, and the orientation film 687 over the
terminal electrode 674 are removed. In the above manner, a display panel having a
desired panel size can be obtained.

[0123]
Here, the division of the attached substrates is described in detail with

90 reference to schematic views of the top surface shown in FIGS. 10Ato 10D,

[0124]
FIG. 10A is a schematic view of the top surface corresponding to the SOI
_ substrate shown in FIG. 11A.  An example is shown here in which the panel formation
region 610a, the panel formation region 610b, a panel formation region 610c, and a

25  panel formation region 610d each including the divided SO layer 610 are formed over
the one substrate 600. The SOI layer 610 provided for each of the panel formation
regions 610a to 610d has a desired panel size.

{0125]
FIG. 10B is a schematic view of the top surface of display panels in which the

30 step of attaching the second substrate 690 to the first substrate 600 is completed as
shown in FIG. 13B after the steps shown in FIGS. 11B to 13A. The display portion

620, the first drive circuit portion 630, and the second drive circuit portion 650 are



251 n the above manner, a structure is obtained in which the display portion
620, the first drive circuit portion 630, and the second drive circuit
portion 650 that include the liquid crystal |ayer 684 are seal ed between
the first substrate 600 and the secon%_substrate 690. In the circuit
portion formed in the display portion 820, the first drive circuit portion
630, or the second circuit portion 650, a resistor, a capacitor, or the
like 30 may be forned at the sane tinme in addition to the transistor.
Further, the structure of the transistor is not particularly limted. For
exanpl e, threvidedarsi salod withrthdrsealant08Rih eachyefithe Bmehfptmatmm mgiohd G102 g0

Rext - the PIO8STFRE 13PTaRERAhTE flbi LEAREE bick(RRrupl 48 iR,

attached tWBach other are divided into sections each having a desired
panel size,.n %ge FIG 14A). 5 In this enbodi nent node, the first substrate
600 and th&"S€cond substrate 690 that are attached to each other are

di vi deds so t hat Nekg t@ﬁﬂﬁ;& sniusfrntatsnoramn €@ 2B86nd6sLBara 0B HADard aBadRA Y at ed
fromeach other. The.t elec rode 674 is exposed at a_separated

surface. THER AhEnLIE iy ahn A 69Q24nd njapew G004 in FTCpéPB fdn 630
that i ncl ugespibentb |tBBJgﬂxePfdiﬁ1Iaﬁén }%ﬁﬁ& 68, aug &ﬁé&ﬁ%&&k@ﬁ@ GHapnt 680.

The first substrate 600 and the 1 econd substrate 690 can Ivided with
a cutting Appiakse along adine QRHn FU3106r appar at us, a breaker apparatus, or a
roll CUttgbiZ 1j0122] Next, the second substrate 690 over the term nal
region 670 is'divided (see FIG 14B In this enbodi nent node, the division
i s perfrned soNewhthetsseondsubsiat i dixided 16 dig@lions ¢fencoiowr 6012 lapdan 689, t he

Count e 51 898 i, S e R Wkl 0 5008 BB BE
desi red pati@l. dihedemanalbegont @iiniadludes the terminal electrode 674 which is later
connected to the external input terminal using the anisotropic conductive layer or the
like. FIG. 14B corresponds to a cross-sectional view taken along a line Q"R” in FIG.

15 106D. In the above mammer, display panels 6100a, 6100b, 6100c, and 6100d can be
obtained. The element that constitutes the display panel 6100a includes one SOI layer
provided in the panel formation region 610a. Similarly, the elements that constitute
the other display panels each include one SOI layer provided in each of the panel
formation regions. Therefore, variation in characteristics can be suppressed.

20 [0128)

Although an exal;nple is shown here in which the first substrate 600 and the
second substrate 690 that are attached to each other are divided and then the second
substrate 690 is further divided, the second substrate 690 which is processed to have a
desired size in advance may be attached to the first substrate 600.

25 [0129]

Further, although an example in which four display panels are manufactured
using one base substrate is shown here for sake of convenience, the present invention is
not particularly limited to this, As described above, a plurality of SOI layers each
having a desired panel size are provided for an SOI substrate according to the present

30  invention, and a plurality of display panels can be manufactured at a time using each of
the SOI layers. Therefore, the number of display panels that can be manufactured

using one base substrate increases in proportion to the number of SOI layers provided



[0123] Here, the division of the attached substrates is
described in detail with 20 reference to schematic views of the top surface
shown in FIGS. 10A to 10D. [0124] FIG 10A is a schematic view of the
top surface corresponding to the SO sﬁ)strate shown in FIG 11A. An exanple
I's shown here in which the panel formatfon region 610a, the panel formation
regi on 610b, a panel fornmation region 610c, and a 25 panel formation region
610d each including the divided SO |ayer 610 are forned over the one
substrate 600. The SO |ayer 610 provided for each of the panel fornmation
regi ons 61®4ckthe basg qulistrstessodthafitheprofuntizity Snproves[ddmdaicaliy.G 10B i s a

schemati c \{Rﬂ@ of the top surface of display panels in which the 30 step of
attaching the ;econd substrate 690 to the first substrate 600 is conpl eted
as shown in FI G N8B, dli¢ olatihing spiletp s692h isvpravited| 165. thd kBcdnd &Bdratd B JI Spl ay
portion 62Q, the first drive circu Lqio_r tion 630, and the second drive
circuit portion 650" 418 B A CSEaFiEY it tqrganak gisrisgde @80 i n
each of 5t hehpagtethefanisonbpio voh@@iion tayerd 676,10 ®d0the dHiphylRRCR RS to a

cross-sectipnal yiew taken along a line QR in FIG 10B. r~12cl 5Next, the
first substﬂfeﬁg'@a%btﬁ ti‘ﬂ%g;g #substrate 690 that are attached to each

ot her are ¢ongiyled in directions of an arrow 6002 and an arrow 6004 in FIG
10B to be split into the panel formation regions. FIG 14A corresponds to a

cross-sectional Vhehpliaies piatoAY i pronidedim therowsids (0BIG OB WhidNext , t he
second subgbhilcPysh? hykses HlaRe 1D iidi Sl T aftf seBthALbMUSIH? G thea"

10  case where the liquid crystal display device is a transmissive type, another polarizing
plate may be provided for the outside (a side with which the liquid crystal layer 684 and
the like is not sealed) of the first substrate 600. In addition to the polarizing plate, an
optical film such as a retardation plate or an anti-refiection film may be provided.
[0132]

i5 The external input terminal 678 has a function of transmitting a signal (e.g. a
video signal, 2 clock signal, a start signal, or a reset signal) or potential from the outside.
In this embodiment mode, an FPC is connected as the external input terminal 678. The
terminal electrode 674 is connected electrically to the first drive circuit portion 630 and
the second drive circuit portion 650.

20 [0133]

In the above manner, the display device can be obtained. In the case where
the liquid crystal display device is a reflective type, a light source such as a
cold-cathode tube or an LED element; a front light constructed of a light guide plate and
the like; a reflective sheet; and the like may be provided although display is possible
25  with the use of external light (e.g. suntight or indoor light) or the like. The front light
can be provided for a viewing side of the display device. Provision of the front light
enables clear display even if external light cannot be provided sufficiently.
{0134]
In the case where the liquid crystal display device is a transmissive type or a
30  semitransmissive type, a backlight constructed of a light source such as a cold-cathode
tube or an LED element, a light guide plate, a reflective sheet, and the like is provided.

The backlight is provided for an opposite side (a back side) to the viewing side of the



arrow 6014 in FIG 10C, so that the term nal region 670 is exposed as shown
in FIG 10D. The termnal region 670 includes the termnal el ectrode 674,
which is later connected to the external input term nal using the

ani sotropi ¢ conductive |ayer or the |I§e FIG 14B corresponds to a
cross-sectional view taken along a Iiﬁe QR in FIG 15 10D. In the above
manner, display panels 6100a, 6100b, 6100c, and 6100d can be obtai ned. The
el enent that constitutes the display panel 6100a includes one SOL |ayer
provided in the panel formation region 610a, Simlarly, the elenments that
const i t ut edistiay davirsr & tisl ase here|the Baur orwstal girel aétrf@‘f@a_s R APBIMISHYR/i ded i n
each of t A hﬁﬂ§MI r

character ﬂg?crglgﬁéc%é{ﬂb?’% tg%rréee?ge tta&]ﬁ’ ée%%ﬁl’g S, %Eﬂeﬁggigs aar?aneg%npl eis
shown her epexrfornstl. ch the first substrate 600 and the second substrate 690
that are ﬁ?t@ghed to each other are divided and then the second substrate
690 is furt’héft! di vided, the second substrate 690 which is processed to have
a desimed size intiagdsmbeEmenymdle, aiS@bhbdnmnﬁnhﬂﬁﬂiaphnﬂtﬁmﬁ&@ﬁbwﬁﬁo. 25

[0129] Further, .althou an. exa n which four displ.ay _panels e

manuf act ur“égh EJ%‘t’ H?ﬁé‘%gg?é"l §’€rﬁ? rpé?‘gd?dsm@ﬁ Sérlag @@r’s }é%eﬁ ﬁw s

conveni eng ertfbﬁfdiﬁlﬁi:‘gea&mbrﬂs/ i0 fiori &cMﬂisp]é?.l’phnﬂllhﬁl’doystimtﬁs bwddisglag hi s. As
descri bed above, a pIurallty 0 | ayers each Vi des anel size
are provi digiceor Thetefars, damagetp gt‘%%c‘&ﬁ&%ﬁ“ RTgv :&g'é‘gﬂ% %gﬁﬂ@@ﬁt i on,

and a pl\urlﬁtd Eé/choalsqthﬂtaﬁyl 38 "'BAtS a Cyaéld D@ NBE v, eszﬂ'ﬂteﬂ- #drBodiSh Ng each
of the SO 1ayers herefore, the nunber of display, aanels t at, can be

manuf akék urcheragteripties 9B bssuppressed Proppse Flpmprds diat CP?FH&'*BSB‘F BRY19ViChe nunber
of SO | ay, LOVkifE One €831 QYE!T the base substrate, so that the
product|V|$é§Fﬁ%§§Je§ %ﬁanatycally [ 0130] Next, the polarizing plate
692 is pro@ilddd for the second substrate 690. Further, the external input
termnal 678 is I‘ﬁ% ' %&Lm GIHiQr8 dfdidy e il ;asaliak he

ani sot ropi ¢ condﬁﬁ{aﬂ@f a 23}%? ?&2%9% atp%%ti(?1 Jﬁ spl a ;é%nzl fs con%ected

el ectri cald liquid ctystl olsptrsntja { displayF ElemEsy is manufactured, the present invention is

15  not particularly limited to this example. For example, a light-emitting element or an

electrophoretic element can be used. FIG. 21 shows an example of a display device
including a light-emitting element (also referred to as a light-emitting device or ar EL
display device). FIG. 22 shows an ecxample of a display device including an
electrophoretic element (also referred to as electronic paper or an electrophoretic
20 display device). Explanation thereof is omitted because structures other than those of
display elements are similar to those shown in FIGS. 9A to 15.
[0137]
FIG. 21 shows a display device including a light-emitting element 710 instead
of a liquid crystal element. This embodiment mode shows an example in which an
25  organic compound layer 714 is sandwiched between a pixel electrode (cathode) 712 and
a counter electrode (anode) 716. The organic compound layer 714 includes at least a
light-emitting layer, and may further include an electron-injecting layer, an
electron-transporting layer, a hole-transporting layer, a hole-injecting layer, and the like.
An end portion of the pixel electrode 712 is covered with a partition layer 718. The
30 partition layer 718 may be formed in the following manner: an insulating material is
deposited over an entire substrate and processed so that part of the pixel electrode 712 is

exposed; or it is selectively formed by a droplet discharging method or the like. The



[0131] The polarizing plate 692 is provided for the outside (a side
with which the liquid crystal |ayer 684 and the |like is not seal ed) of the
second substrate 690. In the 10 case where the liquid crystal display
device is a transm ssive type, another polarizing plate may be provided for
the outside (a side with which the liffhid crystal layer 684 and the like is
not sealed) of the first substrate 600. In addition to the polarizing
plate, an optical filmsuch as a retardation plate or an anti-reflection
filmmay be provided. [0132] 15The external input termnal 678 has a

function Q,ﬁ-%ahf&db&ﬁib&ﬁd Bgerdy 18 iagdthe cowntey. elavtrodd®ls B¢ gmdded imthid aydér ogegnal , a
start si gna

reset_si o] otenti al { tside. Inthls
enbodi menthrdies] dertiose 712 %&Hﬁ%t@ﬁ‘?%‘ £aygEr e7>2%'e %’F rﬁﬁtétvevFerﬁ i 678.
The term Nah:&hRGd %&@lﬁmﬁﬁ‘io lafd HRRARAH §6hsahRw90 A/ Heyﬂlleﬁ wlheaﬂ ines gadr i ve
circuit portlon 6 and the second drive circuit gprtlon 650. 20 [0133]
In the ab@véherfﬂiﬁn@'raIﬂ%‘ﬁé‘@%’ﬁ?&&ﬂ&%@qr@é‘dé‘hﬁeb@cﬁb %i ned. In the case where
the li ffgystal display device is a reflective type, a |ight source such
as a col d cat hode tube or an LED elenment; a front |ight construct ed of a
li ght guide pl aFtG2adhowea disklay devieenclading e clsaphorelicelement instead ghy be
provi ded altho h._.di I p an 1 ght
(e.qg. sunlzﬂlbq(‘ftl g tgl d%o%y‘? &ﬁ’t ?f%i?@%nﬁ &ﬁlwﬁgﬁléeﬁg?’gﬁte%ﬁg&ﬁ?gﬁ{ be
provi ded feanrctraphmam hgcrsSMascsﬁndm@edllspV@y ajglxﬂc@ﬂctpde\&l%la@ﬂl ad?"“ﬁﬁé fr ont

lshgpltcsgﬁtqll@ %?)%@H}“g‘%nﬁg?%\éd@ase vﬁre%@kﬁhh crys 2 e “dg'? B ay deV| ce is

a trangn ssfinderdcyales 810 fiXed swili 4 biadarB16s| Eecht ofpthe nacmmisuleg 810 bwnst ruct ed
of a light source such aszgﬂcol d-cat hodg tube or l'i ght

gui de pl atdiamefer-frabayt 10fa 20 gy inclysyye,and a tragspapegt g?'ﬂé" %%Oﬁmv th%rgc?d i ght is

provided f H;&leﬁﬁéléeaxﬁi' 8 el AivRRCkhasdededlatlo nlitte atnawamg chtapoulattd t he 43
di spl ay devgflhgze: ' t he ‘case Wﬁgrle '?Ce I%(&w d.c gst%l %@ y device is a

transni ssithereiny péVhelnl agrrlectiieficld is pppiied by the gixek Slpgteade ﬂ?‘bmémW ew ng
side, wherghy gl 2Rk 3%e SkeDRidaftRie TR the bR microparticle move to opposite

15 sides in the microcapsule 810, so that white or black can be displayed. An

electrophoretic element is a display element to which this principle is applied. With
the use of an electrophoretic element, which has higher reflectance than a liquid crystal
element, a display portion can be recognized even in a dim place without an auxiliary
light (e.g. a front light). Further, power consumption is small. Furthermore, an
20 image which is displayed once can be retained even when power is not supplied to the
display portion.
[0139]
Next, an example of an electronic device to which a display device (display
panel) according to the present invention is applied is described. Concretely, an
25  example in which the display device according to the present invention is applied to 2
mobile phone is described with reference to FIG. 17.
{0140]
In a mobile phone shown in FIG. 17, a main body (A) 1901 provided with
operation switches 1904, a microphone 1905, and the like is connected to 2 main body
30 (B) 1902 provided with a display panel (A) 1908, a backlight portion 1911, a display
panel (B) 1909, a speaker 1906, and the like using a hinge 1910 so that the mobile
phone can be opened and closed. The display panel {A) 1908 and the display panel



5In this enbodi nrent node, an SO substrate for which a plurality of SO

| ayers each having a desired panel size are provided over the substrate 600
is used. The SO I|ayer for formng elenments is split for each display panel
that constitutes one display device. Therefore, danage to the SO |ayer can
be prevented in dividing the SO Iayef‘si nto each display panel, so that a
yiel'd can be inproved. Further, variation in 10 characteristics can be
suppressed because el enents that constitute one display device are forned
using one SO |ayer. [0136] Al t hough FIGS. 9A to 15 show an exanpl e
in which aByi1ses ay ptiesd ine honsing d90ffahe ngimibedy (F) 1902 togsthenwith agirceit di spl ay

el ement is manufactyred, prese | nvention i.s 1 t,. Ledl.acly

i ted ¢ oo Lol anpRecbackhe Bpig o1 FRYaf PliPrs ot BC g BAL bRt ]

el ect r ophoygeRi fmdeihe MayChdheD EBYSEOD afe! &rangdd sbawodre seanfune opéniag di spl ay
device including a light-enmtting element (also referred to.as a,

|i ght - em tWindeweiopmedingpe Bopsg Fvep| M SHUERTICIEPECS % HEWE AR SR Al e of

a di splay fRYI£8 hdalspei HEn@NAS 1908 WRPHRIRED €0 BVERERWItY sdckoothef #1d #d to as
el ectroni c paper_.or an el ectr.oi)pgor etic 20 display devi %E‘% Expl anati on

t her eof i siransinissive ligeidennystal sisplaytdevies ioformed.-t h%%%?l’?b‘é‘é‘ P‘H’?‘%‘B%@%%I ement s
are simlaf,t QW g . 5. bserdidnShamwn, & di spl ay
devi ce i nc{oﬁ%?ﬁg%§%eaﬁt - em]j's‘%ﬁﬁrﬁlg%ﬁeﬁ1 %ﬁ%llge{%lopuﬁt%%??atggof aéll1 isdggi d crystal

el ement . Teunshimation of aight grisdelahawkandER glsmentanaybaedh an 25 organic
conmpound Inl%?{]JM I s sandwi ched between a pi xel el ectrode (cathode) 712

and a cou el ectrode (anode) 716. The organi c conpound | ayer 714
i ncl udge at | easthealidplayhpaneinA)t 1908 ahd yler displadpanel/ (B are maaifaeiuredn

el ectron-injecti | ayer, an el ectron-tran [ r -
hol e-tr ans'béé?& "f“n%% Séﬂs te Wﬁp Ahede é.eﬁgm?‘%‘g’/{é’%", nglhéégf%sﬁeén}a?ﬁfg?mﬁr{n &nd
portion of hiph@iep ¥ pbssillect rode 712 is covered with a partition |ayer 718.

The 30 partition |ayer 718 may be forned in the followi ng manner: an
i nsul ati nglO%#tkerial "is deposited over an entire substrate and processed so

that part of thesgekiedtionl God. tRoundte? of pixelspefihedisglay panel (AR and thel y

formed by a droplet discharging nmethod or the |ike.. The .
15 Y display IF))ancl (B) 1909 canq)e c%termineg as appropneate acoordmg% the function of the

mobile phone 1900. For example, the display panel (A) 1908 and the display panel
(B) 1909 can be combined, with the former functioning as a main screen and the latter
functioning as a subscreen.

[0143]

20 A mobile phone according to this embodiment mode can take a variety of
modes according to the function or usage. For example, an image pickup may be
incorporated into the hinge 1910 to form a camera-equipped mobile phone. Further,
the operation switches 1904, the display panel (A) 1908, and the display panel (B) 1909
may be placed in one housing.

25  [0144]

FIG. 18A shows an exampie of a structure of the display panel (A) 1908. In
the display panel (A) 1908, a first substrate 1920 for which a pixel electrode is provided
and a second substrate 1923 facing the first substrate are attached to each other with a
sealant 1922. The sealant 1922 is formed so as to surround a display portion 1921. A

30 liquid crystal layer is provided in a region surrounded by the first substrate 1920, the
second substrate 1923, and the sealant 1922 (the inside of a frame-shaped seal pattern).



44 organi ¢ conpound layer 714 and the counter electrode 716 are stacked in
this order over the pixel electrode 712 and the partition |ayer 718. Space
720 between the light-emtting elenent 710 and the second substrate 690 may
be filled with an inert gas or the IiK&; or aresin or the |ike may be
formed in the space 720. 5 [0138] FI G 22 shows a display device

i ncludi ng an el ectrophoretic elenent instead of a liquid crystal display
devi ce. This enbodi nent node shows an exanple in which an el ectrophoretic

| ayer 820 i s sandw ched between a pixel electrode 812 and a counter

el ectrode (@dhAton el ectrode) 814. The el ectrophoretic |ayer 820 includes a
plurality 10 of m@.cr. 0. fixed w I : i t he

m crocapsul es 81@(%&@53@%\?%%@ t%gr sg%ﬁ:fg eo(l)ﬁl\A ?gp?%tﬁ%%#%% (Hsﬁlg\%gt Bérrﬁld a

t r anspar enthak i FIG ,18A. p&sFIG. \18Bythe lsamg @drtiohs 4einnfIGr dPAate ddsinatad ovith
negatively _charged bl ack mcroparticle, are encapsulated. therei Wien an
electric fiE P *%%ﬁ‘ﬁ“éd"‘mfl‘i-hg‘“pﬁ pRnel 3t S1G 1ok ESAT‘Z'”ah’d“‘tr‘]"h{béég htBr

el ectroge @&dingtd@isplay portidh GE eunted Cdre tha rftstt dubsthlta a 82071 sor thgiadiicitd eremove to
opposite 15-si§es in the mcrocapsule 810, so that white or black can be
displayed.“ﬁﬁ¥€F@ctrophoretic element is a display elenent to which this
principle pgAgpplied. Wth the use of an el ectrophoretic elenent, which has
hi gher reflectance than a liquid crystal elenent, a display portion can be
" recogni zed even Fi¢: 48€ishoys araiher; stmeigre eha display ipaps) whighhis giflegnt fomp ont
ioht). FURERE! FIQGER! §PPRYABE] @R shito ohs af W FICL18R'aF ddiimala yiOe Whi ch
is displayed once can be retained even when power is not supplied to the

di spl a$0 po#iei same 1pB1e30§ numerals. e panchin Blin hefF.ca drivegircait portionrfioes duvi ce to

whi ch a di dey] i . Qﬁﬂ? rdi ention
IS appliedﬁﬁgﬁ'égg%Pﬁgﬁﬁﬂégg%gz?e y,&%ﬂﬁggﬁggg%%T%&F%p§H@%Eﬁﬁﬁgm%?%play
devi ce accd92i).ngurther het gl s drive cinownbitalsoi anothpptirauit (Eg. an npiiial senpdtone i s
described wi th ref nce 1.0 .Fl 17, 140 bil e phone shown in FIG
1o L Skl OGS ot Gk B Sape B bl chet 1904 &

m crophone[(1%0p, and the like is connected to a main body 30 (B) 1902
provid with a display panel. (A),1908, .a.backlight portjon 1911, a display
Panel 18) 1000 4 ERedafldue lh s ioifiaRE Heterg aRRTseRoro a8 o5 % hat t he
nobi | e phog&lef BltetbfaPPeRited bekiRppiag dvithTthe didplap paselpstivein it AIGSIMHA and t he

display PageL s noted that a FPC 1924 shown in FIGS. 18A to 18C is connected to the first
substrate 1920.
[0148]
20 By manufacturing a display device (display panel) using an SOI substrate

according to the present invention, a manufacturing process can proceed all at once
using a large~sized substrate, so that the productivity can be improved. Further, an SOI
substrate is formed using a plurality of SOI layers; a yield can be improved by making
each of the SOI layers have a size which is about equal to a desired panel size in
25  manufacturing display devices such as display panels.
[0149]
(Embodiment Mode 2)
This embodiment mode shows an example in which an SOI substrate is
manufactured by a different method from the above embodiment mode.
30 [0150]
First, a semiconductor substrate 200 is provided (see FIG, 23A). For the

semiconductor substrate 200, a substrate similar to the semiconductor substrate 101 may



45 (B) 1909 are placed in a housing 1903 of the main body (B) 1902 together
with a circuit board 1907 and the backlight portion 1911. Display portions
of the display panel (A) 1908 and the display panel (B) 1909 are arranged
so as to be seen from openi ng wi ndows f4gr med in the housing 1903. In this
enbodi nent node, the backlight portion 1911 and the display panel (A
1908 are arranged to overlap with each other, and a transm ssive |liquid
crystal display device is fornmed.. As the backlight portion 1911, a

col d- cat hoc{g tuhe or an LED e]enent may be used. Further, as the backlight
portion, a oh5inie e £ SiligeR S ?ﬁ“&é’ Bl SFRABHE SHPSERD) o arsompom be
used. [ 014%kmiQRiedtsatinaie draamium MenkBOBiRR IR, SPHaYiPARFbe (R, 1909

are manufactured using an SO™ substrate according to the present 1 nvention.
Therefore, [BhMdfacture in a high yield is possible. [0142] Specifications

(e 9. the number 1k ot RIS tnal b bi6lalh R A0D WMhinkdd aitSEK B8l diGhode

§
di spl ay panel (B) 1909 can be determ as appropriate’according to the
functi of ofongisurfaastsf]the pimicendio®e sutBonte 20ANPThs instletiny kyér302paninifg)) 1908

end e, Sk el hed B3 530 uGRADLOGC sibblobd TG 1 07 0
' silicon oxynitride layer to have a single-layer structure or a stacked-layer structure.
Provision of the insulating Iayer 202 containing nitrogen can prevent impurities such as
movable ions or moisture from being diffused into an SOI layer and thus contaminating
10 the SOI layer. Further, the insulating layer 202 containing nitrogen can function as a
protective layer in performing irradiation with ions fo form a separation layer.
[0152]
Next, the semiconductor substrate 200 is etched selectively (see FIG. 23B). In
this embodiment mode, grooves (hereinafter, also referred to as recessed portions) are
15  provided for the semiconductor substrate by etching, so that portions remaining in a
shape like a top hat (hereinafter, also referred to as a projected portion) each have an
arca including one panel, which is a desired panel size. In this description, a process
of forming grooves by etching the semiconductor substrate selectively is referred fo as a
“groove process”.
20 [0153]

The projected portions formed by a groove process are each formed so as to
have an area including one panel, which is a desired panel size: for example, it is
preferable that the panel size be a diagonal line of less than 10 in., which is a small to
middle panel size. In the case where the panel is applied to a mobile phone, a known

25  screen size is a diagonal line of about 2.4 to 3 in., and the panel size may be determined
in consideration of a screen frame size in addition to the screen size. The projected
portions remaining in the semiconductor substrate 200 constitute SOI layers that are
transferred to a base substrate later. That is to say, projected portions are each formed
so as to have an area including one panel by the groove process, so that SOI layers

30  obtained by dividing a semiconductor substrate into sections each having an area
including one panel can be transferred to a base substrate. Further, the divided

projected portions are formed in plural number by the groove process, so that the SOI



20A nobi | e phone according to this enbodi nrent node can take a variety of
nodes according to the function or usage. For exanple, an inmage pickup may
be incorporated into the hinge 1910 to form a camera-equi pped nobil e phone.
Further, the operation switches 1904, ,the display panel (A) 1908, and the
di spl ay panel (B) 1909 may be placed " one housing. 25 [0144] FI G 18A
shows an exanple of a structure of the display panel (A) 1908. In the

di spl ay panel (A) 1908, a first substrate 1920 for which a pixel electrode
is provided and a second substrate 1923 facing the first substrate are
attached tlayeesdo lphuatmembe can bs tigesfpred to tlrbase sybstraleq| ant 1922 is formed so
as to surrﬁﬂﬂ$ a display portion 1921. A 30 liquid crystal layer is

provi ded ﬂ a‘regi on surrounded by the first substrate 1920, the second
substrate 1923, Thederhicenduetmi antsta®2200( isatchedswith poftians o ssmain Kaysewl seal

pattern). 46.[0145] . FLG 188 shovs.anothet, it Ushilandidid dhsp! ay

panel whi CREFESH FI8ASHES PP M Ry ‘I\g‘% @%%%‘T n FT%"' I’B’B,"‘?‘%}déﬁgs gﬁrri

porti 08S gandiNwhick id 8Alesited jsimel (rmicenl baiobthinethe Aamdstmadskroendard masler al s.

Tin a panel in FIG 18B, a drive circuit,.l 27 for driving. | spl ay

portion i domenising ghinsplating fager wapde raBPléedﬁﬁ%g? r%agﬁt h te’rctlh? 8@?’??’ gﬂr e

i nt egr at eﬂlnﬁ&%@ mask may 52 femb¥6d 8\ PpFopriart hPuriedr) indhis embodimantdhedel ay panel
1 ffe

which is rent fromthat in FIG 18A |In FIG 18C, .the sane portions as
in FI G 18Aheyinsubptisg Javer S92 fonfpining nifrogen 1s also etched selectively because the

insulating layer 202 containing nitrogen is formed over the semiconductor substrate 200.

10  Therefore, the insulating layer 202 containing nitrogen remains at the projected portions
after the groove process.
[0155]
The depth of etching the semiconductor substrate 200 {the depth of the groove
process) is determined as appropriate in consideration of the thickness of the SOI layers
15  that are later transferred to the base substrate. The thickness of the SOI layers can be
determined by the depth into which an element that forms ions for inadiation is added.
In this embodiment mode, it is preferable that the depth of the groove process of the
semiconductor substrate 200 (the depth of the grooves formed) be larger than the depth
of the separation layers. By making the depth of the grooves larger than the separation
20 layers in the groove process of the semiconductor substrate 200, only the projected
portions of the semiconductor substrate 200 can be easily transferred when the SOL
layers are transferred to the base substrate later.
[0156]
Next, the semiconductor substrate 200 is irradiated with jons accelerated by an
15  electric field from the surface into a given depth, so that separation layers 204 are
formed (see FIG. 23C). The separation layers 204 may be formed in a similar manner
to FIG. 4A, and can be formed by irradiation with ions of hydrogen, helium, or halogen
such as fluorine, for example. The fon irradiation is performed from the side of the
semiconductor substrate 200 for which the grooves are provided (in this embodiment
30  mode, the side for which the insulating layer 202 containing nitrogen is provided).
{0157]

It is possible to form the separation layers 204 so that desired SOI layers are



10 the sane reference nunerals. In a panel in FIG 18C, a drive circuit
portion 1928 for driving a display portion 1929 is formed over the sane
substrate as the first substrate 1920. Further, not only a drive circuit
but al so another circuit (e.g. an optical sensor circuit or a CPU) may al so
be fornmed over the sane substrate. [Of 7] 15A desired optical filmsuch as
a polarizing plate, an anti-reflection film or a color filter may be
formed overlapping with the display panels shown in FIGS. 18A to 18C. It is
noted that a FPC 1924 shown in FIGS. 18A to 18Cis connected to the first
substr at e tiz@8@rred @18 baROmpstrais becavse e rpmoayes pxgpmmedda he eerignngetay panel )

using an S sub at e, accardi t | ' acturi
b 0case o APyASE 200 B G He6 hr Bt R ARk o P Hpnilton By BRUGUEC M 1O

pr oduct i viCohcetely, bibe i separationd layensr 2desre farmddObt diffesint alepths slependimgdonusi ng a
plurality of SO, |ayers; @%gd gfl.‘g,,ﬁ.? an _be.inproved by making each of,the SID
| ayer s havE* A SHFSHHPEH FEIAp0Ut™ E4UETY “t 8~ §gesiried panel” STze i n 25

manuf agf urgonGomdi ot Rh¥ertiedidaer sutshata 200l SHbta thapdn diesprofeditd Pprtjoksrbodli ment
Mode 2) Thi s enbodi nent node shows an ex le in which an SO
substrate Hhe f??&?ﬁ?fld@ﬁ!ﬂ”éoofb‘}‘eascﬂﬁm‘émt S“S%‘far‘u% ’rg‘ﬁsfa?f’éa%"ﬁ‘o‘?@eré f5odi nent

mode. 30[ OA5R1d at 4indiB i SEHle dbpths oA MR sBrfack oFithd seMiicoRtEdrTsabstxated200£T MANI UM
substrate, or a conmpound senm conductor substrate of gallium arseni de,

i ndi um pho@p¥lde, or the like may be used. [0151] It is preferable that an
i nsul ating | ayey MR B85 ERGED of thef QEIRAIGME suBstPAE 28 (skace Of

t he sem conduct (ﬁ&gu l&s‘o;ﬁ?{angel 680. ‘I!'#]'e i ﬁislﬂl atei ng | ayer ZSOZSco_nt ai %Si ng

ni t r ogh niEE. BaD).orFhedbandingglagers?d? isoiermed ep diee puriase of the semigeniluglor r i de

oxi de | ayef 4 Lk P ve i Y GlogSt ructure
or a stackdg® aé%/gorosg‘{h%c%gpﬁlg@%{r%vvﬁgﬁ %%X%}[e St‘%gg t|%'nsu §t§s iér%oﬁayer 209

cont ai ni ngthaitondige fayear228r svienned npeoveriths entichsuafacenel die seririgprdugior noi st ur e

R
as a prot ejnidiag lagare222 map el fornied dn iar siadian miapnerwiot thei amsgingolayar 182
separ a{Si © nprletae¥a%{j, a silicon oxide layer is formed by a chemical vapor deposition method using
organic silane as a source gas.
[0159]
Next, the semiconductor subsirate 200 is attached to a base substrate 224 (see
FIG. 24A). This embodiment mode shows an example in which the surface of the
20 semiconductor substrate 200, for which the bonding layer 222 is provided, is brought
into close contact with the base substrate 224, so that the semiconductor substrate 200
and the base substrate 224 are bonded to each other. It is preferable that surfaces of
both the base substrate 224 and the semiconductor substrate 200 for forming bonding be
cleaned sufficiently in advance. The close contact of the base substrate 224 and the
25  bonding layer 222 forms bonding. Van der Waals force acts on this bonding, and the
base substrate 224 and the semiconductor substrate 200 are bonded to each other by
being pressed, so that the firm bonding due to a hydrogen bond can be formed. In this
embodiment mode, the semiconductor substrate 200 is processed to have the grooves,
so that the projected portions are in contact with the base substrate 224.
30 [0160]
A bonding surface (in this embodiment mode, the surfaces of the bonding layer

222 and of the base substrate 224) may be activated by immadiation with an atomic beam



[0152] Next, the sem conductor substrate 200 is etched selectively
(see Ha 23B). In this enbodi nent node, grooves (hereinafter, also referred
to as recessed portions) are 15 provided for the sem conductor substrate by
etching, so that portions remaining ingp shape like a top hat (hereinafter,
also referred to as a projected portioéﬁ each have an area including one
panel, which is a desired panel size. In this description, a process of
form ng grooves by etching the seniconductor substrate selectively is
referred to as,a "groove process” 0153] The ngéected rtlons f or med

by a groov@l pR #Riebeamy ok plasER ‘?roliaﬁiﬁﬂl 'E‘E? ety & # sigilan ghanpento; BEpofimey one

panel, whi gfpdeq. aA@ﬁ@dﬁbﬁ@f Hﬁrt%lndﬁg%@rfacfeé){n ﬂ@&iﬂé'cﬁablééca&?b@dﬂgﬂfe@@é&% t hat
t he panel si ze be a diagonal line of less than 10 in., whichis a small to

m ddl e pandiffexdng gnatqrigls: h &Fugthese itwisepieforable o peiforms haqépqrqaéaewtdxaprﬁﬁﬁmel e

phone, a Kpoweadari VBS@I%*%%&E?S@SQ&@@Q@%M kﬂerk@mﬁgo#lam&gsugstété SpBol N, and
the panel size may et®rmned 1 n consideration of a screen frane S|ze I n
addi ti of t eachhthes withdhe binding 13}ee 252 ifaspasedithorsbetiweers remai ning in the
seniconduchg{ fubstrate 200 constitute SO layers that are transferred to a
base subst e later. That is to say, projected portions are each forned so
as to have an arNextj imat trehmgntda@cﬁamﬂald, kxythhhpargobﬂwee:pioon@m sglestdateat 501

| ayers 30 ai ned b d|v semn ¢anduct or trat 0.sections each
navi ng an OB SRR birane RuRER R s p ateR DL PRSI 5oy at o
Further, tbRawhgyi plmhgprolnectmgdexﬁwcﬁmansmme, fily rgesbvies) ik Uforined Uiib@ie by t he

roove process, so that the SO_ 48
d 18 semiconductor substrate 200 to have a larger depth than that of the separation layers 204,

and the separation layers 204 are formed at different depths depending on whether
formed in the grooves or not. Further, in the bonding layer 222 provided for the
semiconductor substrate 200, only the projected portions are in contact with the base
substrate 224. Therefore, only the projected portions of the semiconductor substrate
15 200 can remain as SOI layers over the base substrate 224. Accordingly, the SOI layers
each having a desired panel size and the same crystallinity as that of the semiconductor
substrate 200 remain over the base substrate 224. If a plurality of projected portions
each having a desired panel size are formed in the semiconductor substrate 200, a
plurality of SOF layers can be formed over the basc substrate. FIG. 24B shows an
20  example in which four SOI layers 226, 228, 230, and 232 remain over the base substrate
224 for sake of convenience.
[0162]
It is preferable to perform the heat treatment for separation at a temperature
higher than of equal to the film formation temperature of the bonding layer 222 and less
25  than or equal to the heat-resistant temperature of the base substrate 224. For example,
if heat treatment is performed at 400 to 600 °C inclusive, there occurs a change in
volume of a minute cavity formed in the separation layer 204 and thus separation along
the separation layer 204 is possibie.
10163)
30 Further, CMP, laser beam irradiation, or the like may be performed in order to

planarize or thin the obtained SOI layers by separation.



| ayers in plural nunber can be transferred to the base substrate. [0154]
The sem conductor substrate 200 is etched, with portions to renmain covered
selectively with a mask, so that projected portions each having an area

i ncluding one 5 panel, which is a desired panel size, can be obtained. A
resi st mask or a hard mask forned usiﬁ& an insulating | ayer may be applied
to the mask. After the etching, an unnecessary nask may be renoved as
appropriate. Further, in this enbodi nent node, the insulating |ayer 202
containing nitrogen is also etched selectively because the insulating |ayer
202 contai[@6e4] nitrogen is forned over the sem conductor substrate 200. 10

Therefore, the insul ating | ayer Q (Mql] I I t he
proj ected porti R eaz&og? g{aﬁ% ’garno%@lgsu%rs {(%%:tgsfglj‘pﬁﬁl%%f&%ﬁg °§§S“§%£%¥Saie‘?chi ng
t he sem copguidedrovet bt rigdse RBBrAté he2ddeyitth thé Honding r byere 282 oinégpgsed s
determ ned,as appropriate in congidgration of the thickngss of thg;SO

| ayers 15 PREPetypen Faf By OPRIERL L3‘ed‘4$ gt !

FPHR P IEERGBE P ATR “°THE UHT ckness

of the 50 jab@y 896 208230 ardeN3R héFhilR Avirthé bae SetBirhte 204 ritvthchondimgdhyerent t hat
forms ions Tor irradiation is added. In this enbodi rent node, it is

pr ef er abl e232iaterponed Hessbeiwesn forweky PEERVEPERCess of the seni conduct or
substrate ﬁﬁ@ﬂ(the depth of the grooves forned) be |arger than the depth of
t he separation |ayers. %{ maki ng the depth of the g’éooves | arger than the

separation 20 | dyisrpreferablerte tymgfey the YO Byers &t kst Gedree et Bt thstrat e
200, only_Lle B QLSEAC, RO P xisutd SpBBRCANS YRRt DB BedAD can e

easily transfterre yers e transferred to the base
subst ra0 e Cenceetely]i0ksgBéfetdblctio tranpferdberBOb hgers twalmosiybe pamerangoes thatiofr adi at ed

with ions accelerated b N .- i i r i a given
dept . oo Prigmg EfioSle nC ugn SLEly dppiifis o LR Wik ey ofisor

separ at i onlalyery ercsraniérrechy thebdse substtateto fors am SQIsubstateer Thet itoGagAt isand can
be formed by_irradiati i t.h ians drogen, i r. ha such as
f1 uori ne, P%f“@ca&‘ﬁﬁ %‘? %il]e!”fgﬂo% Hﬁ“sgweéﬁ%ﬁ%ﬁ{s iggvcpaehlrﬁ ?%rﬂl[ﬁ!”:;g 'F%r%% %s&ggt&fde of
the seni comguahgy ofS ulsHinatlizh? efpdsare. Whi alfis idberigtion Vesimifter, phovingedf(in this

embodi nrent 30 _node, the side for which the insulati n(():] | ayer 202 coptai ni ng
nitr ogg—’h i gnepliugg ExRAgyre mg t gpposure apparatus is re erred tO’' as a”‘One shof size.

Further, it is preferable fo transfer an alignment marker together with the SOI layers.

[0166]
-Herc, a schematic view of a top surface of the semiconductor substrate 200

after the groove process is shown in FIG. 25A. A cross-sectional view taken along a
20 line AA’ in FIG. 25A comresponds to FIG. 23B.

[0167]

The semiconductor substrate 200 is etched selectively, so that the insulating

layer 202 containing nitrogen remains at portions corresponding to projected portions in

FIG. 23B. In the top view, the projected portions formed in the semiconductor
25  substrate 200 cach have an area including one panel, which is a desired panel size, at the

surfaces. In this embodiment mode, in the top view, the insulating layer 202

containing nitrogen is divided into sections that each has an area including one panel,

which is a desired panel size, to remain over the semiconductor substrate 200. The

projected portions formed in the semiconductor substrate 200 are located under the
30 insulating layer 202 containing nitrogen.

[0168]
In a manufacturing field of display devices, semiconductor devices, and the



transferred to the base substrate, because the grooves are forned in the
sem conduct or substrate 200 in advance to have | arger depths than that of
the separation | ayers 204. Concretely, the separation |ayers 204 are forned
at different depths depending on whethegy the separation |ayers 204 are
formed in the projected portions or in the recessed 5 portions of the

semi conductor substrate 200. Note that in the projected portions and the
recessed portions of the sem conductor substrate 200, the separation |ayers
are forned at alnpst the same._.depths fromjihe surface of the sem conductor
substrate 366, P%Pﬁlﬁ@ﬁwma&ﬁ 2pRUgh9forRIng 2yrainuts pottera of Hietsy ip manp gases.

sem conduc @ kheSpHIdL 0; ssed 19ndth ! d 2 1s
fornmed on the surfa{t:lg;g?tp%?’he_ifﬁi ?%nﬁu??%?iﬁ%nss_ﬁg?Z&ggg%mv%fe\é%b?%rans

bondi ng wi ©FeR #sulsials wsiigs dight expasurerappasaius dapifiet bY riostepperhindherliiang | ayer

222 is for : - cand trate
500, for whrhcbaBBHSE filfed Wt e SHUKAE Gy il uBRGRHDC MO DS [ 21

The bondi ngirpuit/pattepp & foamped es ther dasticd patters ifoind v a resigtdayer applivsl @wendi ng

| ayer 122: e bl.y. . id:dc . de . r.is for by. a.chem cal
vapor denoSTRBChRl B Sirkoic Shldinet 8 lrafidF 1 Btk ober B Tibkuie il B

Next, the skosicptgoct @neshbistizeaifer 260 ekposatetappireitis tiepeaddas theuppahtugt € 224
(see FI G 24A) .. This .embodi ment, node. shows, %awe{?ﬁ%e i n \cfﬂi ch the surface
of the 20 SBHFRGKHEHTEIE LSPBES g wesBY, sigegs SIBH AN SqWe020 i s
provi ded, i1%3 him Wgidre,| TH20meél SfAre; @Rt1a4tmi dghateNend RRSie dAGBEI 1@ leLpodd4. SO

that t sem cqonductor suhstrate 200 ang the base substrate 224 are bonded
to eac Rsot PUSIEE ¥ Stipte e Blsget‘?zfa‘f“”?u&f“ége?ﬂﬁ? _?%’Gt‘f‘?ﬂ% W_@Ltb%\‘s%uesﬁ'ﬂg't rate
224 and t hghsefors GNa edupl of BISThy et of aﬂﬁsﬁdarsizf:%f@u%t BERehB GpPatat gRNed
sufficiently-in advance. The c| ose contact of the base subpstrate 224 and
the 25 bondrryemresyisy a phocks g desirgh paruigpatizsm cabbe \igamed etfieieatinc (il ¢ hi s
bondi ng, aBeafColAS8uS UPSDI UyRrsah RGkpbiiRA BAUPhE AUIHREQD oMb aldegia 200 are
bonded to each other by being pressed, so that the firmbonding due to a
hydr ogen b8rtER &g Beitpwit patrn)] by wansterangiba igravn of FO layers |9€ oreshot sirdinct or

substrate I i 0, Al ed
or t1 ons ard e TROCRBACHadcth RONEmbd S AN he ST i epf SuhERecl
i on beam groupladi loyers,cadidcfal examegle.ne piruii pattgros ingluding artramsistort anfrebodi nent

Mode 1. Actl L f di ng [ I .easy bondi ng
betneen di BRI Shelog ity R S0t iF ' &} NGB HBP SR ER e O

t r eat ment -grouprof §€l&yets leatananda iatinding lvoe gaved, whieh basdesied pinehtiee, 294 and

t he sem cogduct or sﬁg:\r ate 200 to 5 each other with the bonding | ayer 222
i nt er posed FHHEPREE Y 0161] Next, heat treatment is perforned,
so thapopafdl60f the sem conductor substrate 200 is separated fromthe base

substrate 224, t epar atiqn ers 204 functioning as cl eavage planes. In
thi s enbodi ment ‘?fﬁ’&é,fﬁéf@‘%éﬁ"éﬁ“@ Yrige P Fﬁ‘?ﬂ%qﬁﬂ“’é"@ %d?f{guelfear
substrate Bk t & e¥enRohdicHR sutsieRieD00NARIdhE Mhichlard MfhsFRRaRI BN fayeRYErS
204, and the separation layers 204 are formed at different depths dependi ng

on whet her aFstched ssleptivaly sgrtbalvhasregionyp0 of mage sht sizejof atstrpreros gifepgiivelyer 222
provi ded f g dobginseiibgonduct or substrate 200, only the projected potions
are in contact with the base substrate 224. Therefore, only the projected
porti oA% of0l78k semi conductor substrate 15 200 can remain as SQL | ayers
over the base s r ) i ; hauing a
desi red panel sﬁgzﬁea%%%?%é&saa@gﬁ cg{gésdt\g*]ﬁl ﬁ“?@mggs ta'hg%@{)n?en?ﬁ%n?%%\i% ynduct or.
substrat e Zhdparsom 240 erhih fulictiohs ae as abigiiment erafled cail be kfyihyubahg tovendd

proj ect ed tions .each having a de i.rega an ize are for in the
sem conduct'bt 3T tt?%ﬁ criﬁﬁf‘ pgrtbqnﬁr ¢4 Cﬁfncggﬁﬁ%ﬁ%?@ c@ﬁ?‘fe%ggf’%’t”ﬁ%d over
the base suhhtlichask. Fiithed4Bicoh@ioraibstrate 200 shown in FIG. 25A, the insulating

30 layer 202 containing nitrogen is also left at the portion 240 which functions as an

alignment marker. The portion 240 which functions as an alignment marker is not

drawn in a cross-sectional view.,



20 exanple in which four SO |ayers 226, 228, 230, and 232 remmin over the
base substrate 224 for sake of conveni ence. [0162] It is preferable
to performthe heat treatnment for separation at a tenperature higher than
of equal to the filmformation tenper?iure of the bonding | ayer 222 and

| ess 25 than or equal to the heat-resfstant tenperature of the base
substrate 224. For exanple, if heat treatnent is perfornmed at 400 to 600 C
i nclusive, there occurs a change in volune of a mnute cavity fornmed in the
separation |layer 204 and thus separation along the separation |ayer 204 is
possi bl e. [pDm§3] 30Further, CWP, |aser beamirradiation, or the like may be
performed in or | an r|z or .t hi

separ ati on. gf%l%%] B £'5eh mf‘ e 8 vte‘prgrlélﬁ%%'fqgedb%gsuh%%[ ?%f?go for

whi ch a plwmai fte S OIflayeflart ayefared! e Aprassisedidnalidew tden blasg adinbdt &t e 224

wi th the bonding | ayer Zgg,lnzﬁ%posed t her ebet ween can be obtained. FIG 24B
shows an ELEMITECOIFSRERER R Hile SOl 5 | ayers 226, 228, 230, and 232
remai nsovegpyidie base substrate 224 mﬁth the bondi ng Iayer 222 interposed

t her ebet ween for sake of convenjence. preferable to

transfer the SOQvaytiedasesubsiraist2d Hé’a"&i’t@ S‘i{ﬂ@@%"' Fﬁ%ﬂg"ﬁfsy%‘ﬂ’éa
exposure W tgal 'tﬂé‘}egﬁ?ﬁ {CorRUh8E ahyist h%te?g&' &t §i€ FeARersmbStrate.
refera

10 Concretely, It Is le to transfer Iayers in al nost the
sane rangeligsmektanasér {chaving the game arystaljinity 25 ﬁ'g‘l’ﬁthéﬁgs Yeas &8 at us i n
a bl ock V\/rya;n tcpe plurality of SOT |ayers are transferred to the base
substrate Yorman SO substrate. That is to say, it is preferable that

t he bligck [0173}ransferred SOT | ayers have al nost the sane area as that of
the range of on I ter, the
range of 15 one(i?ngbogtﬁlgmggl%%%ﬁkﬁraﬂ%%ggaﬁ‘)g}gﬁgemg%%ar af‘@g‘{"?ds&?’if erred
to as a " Qﬁ@ré‘gf'tﬁiZSI]df ¢ shatrsideanf a stappers ﬂhetflerttaﬁﬂyetht?@hmmmrkﬁannél i gnment.

mar ker toget ththe SOT. | ayers ] ematic view
of a top g@ﬂaﬁfﬁ H&e téarﬁs@g% @t 51?‘1 S13PRTHRie 58 thflaf e tﬂ“ﬁgg g@e
process i S wsianlnEh&lxc&mﬁctoN@é@$SMgmihenaé ahgnnmmtmk:ker along a 20 line

AN in FI G 25A corresponds to FIG 23B. [0167]
15 [0174]

In the case where a display device is manufactured using the SOI substrate
shown in FIG. 25B in a similar manner to Embodiment Mode 1, photolithography can
be performed in the following manner: positional alignment is adjusted with the
alignment marker 260, and the SOI layers in the region 250 of one shot size arc exposed

20  to light at a time. Further, the SOI layers are arranged in consideration of one shot size
of a stepper and the SOI layers each have a desired panel size, so that a paftern can be
formed efficiently.

[0175]
As an example, one of the regions 250 of one shot size of a stepper, over the

25  base substrate 224 is described with reference to FIGS. 26A and 26B. In FIG. 264,
SOI layers 226a, 226b, 228a, and 228b are arranged in a region 250a, for one alignment
marker 260a. The SOI layers 226a, 226b, 228a, and 228b each have a desired panel
size. The SOI layers 226a, 226b, 228a, and 228b are located in the region 250a and
form one block.

30 [0176]
FIG. 26B shows an example in which positional alignment is performed with

the alignment marker 260a, and the SOI layers 226a, 226b, 228a, and 228b are etched



The sem conductor substrate 200 is etched selectively, so that the

i nsul ating |layer 202 containing nitrogen remains at portions correspondi ng
to projected portions in FIG 23B. In the top view, the projected portions
formed in the sem conductor 25 substgﬁte 200 each have an area including
one panel, which is a desired panel ze, at the surfaces. In this

enbodi nent node, in the top view, the insulating |ayer 202 contai ning
nitrogen is divided into sections that each has an area including one
panel, which is a desired panel size, to remain over the seniconductor
subst r at esekRfivelf,e Mappattiesl patern ¢nforfed.medl dinguit ipetiara s dRHEREYLPY subst rat e

200 are | ocated under the 30 jn tin bl RO1idH: Lf @9en.

[ 0168] |ne@0ﬁ%&&ﬂggﬁ'ﬁ$i'9f§1d§'}%*hﬁ%(§ﬁ esrpF%@aYg%Q/qggé%%%g%%hﬁﬂon uég_*tt_or devi ces,
and the Bl fok@gzalflel OAi tHEmapifythe aligmpint echriteo 2604 f8 proseat, positieralpat t er n
or the like in many cases. |n the photolithodraphy,., agleslted. pattern form
i s transf alignant or ihe Hisgagibe|payfarmed fapiiai RBRREREh ; 1 TF Bede ﬁ“ggag“l i ght
eXPOSUL & BARR IR el Wi he Grchihg 2a ksRPREManeN oitibe of atdeskitardompsitiver n 1 s
formed over the substrate using the pattern fogug‘l For .exatnFI .a 5 circuit
pattern i sirdulfr petions farhexagpls-r cHhrgagh Ofher 1550 JUheh Ao SFaY ‘Egjéi?“gaﬁpl i ed
over a substrat LG LdenloPBleWhiNgyess. t ransi stor is forned over the
substrate ussfsn(br%?ﬂgggqn;ﬁgﬂl.lﬁ gétct grn.e Onegyshot size of a |ight exposure

appar at us[@gpends on the apparatus; in using an existing stepper, the one

shot size is abgut 2 : 13%9] Fﬁlq(g oAt s fakdid Tm
square, or 144%%‘8@5@@%%% &Hﬁ I culla{og%a(g (Japéppse al ?I ggg’ge-si zed
subst ngt e clbhdticrorsheliike) fwirnrikes SOhlnysr isstched sddedgivoliviusing thh et RIHE: | ne,
Therefore, if roup_ of . haye 3 ' ' gpgposur e
appar at us ffmgd gvgﬁ%}s §?‘9°§8dsfgﬁrg$‘?%tfc{c)t§ﬁ??{eg%d1 gtsﬁsékg% t‘?: F‘%@uﬁeg&gt %(g;ﬁriaﬁc an be
formed ef i GbRutib ¥ chaideBpdriohecit dike ofetrgusistyy. oForS@Rmplay BiGs 2R shayes exposed

tolight at atime to forma desire at Q. i i n), by
t r ansf er r iap§xamte it ng’ﬁ{‘ Gég‘%f!g Fﬁf}ﬁfssdzﬂf" %ﬁé,nzs'{.]’z% &él i 2;}%8 %1%%%%& fé)pl%{:%%[( . The
circuit pRLdesiteSpadr fRMlakich eidnsof AlthagBGN id pymsitde thaerfomnpositiasele t he
group of SO layers, and for exanple, .a ¢ircuit tt . e I

t r ansil§t oraligamens dor lsferpatiern faHRing d‘f‘ﬁ’( the "%&m?'ﬁ%% o %i)etgéwp ﬁg;ﬁ q‘gegg%naof t he
Se Iayelr %o[\%é}_a° HMBbYd HEE itqg%rﬁér%w t@for@ newealizametitanarker iaoekr il udi ng
one panel, Ic

I's a desired panel size, il’)fé‘ di vi.si %g of _an, ng h@ er. 20
[0169]  adaptabie o GnimEr pattera §peh  Jn plchra rpame pesitial glignment o thg, is
surrounded_by_ b ' lth-i{%l’hemﬁqug andysiar substrate 200, regions
whi- ch arecf":rlgcng%gérﬁlr?lg%%sg?@g? ayers ar eﬁetched selectively so that the
regi on 25qopf8jone shot size of a stepper is effectively arranged in a
bl ock., 25 [0170] | edi in Whilk Fodr B0 ervhieChrfihedad i ons as
an al i28nmant naﬂtg?u%hsaq w??ﬁe&lb’@?tlﬁgﬁmmo‘ whi ch fung‘%i or?s as, an
al i gnment giBbleek aadondshok sitt oby stopiends dafined asiong urit far saks jof CORYSRIRRES: when
portions which becone.SQAl |ayers ane.covered. L Velpt ddnitlr bhgorask. In
the sem cdWBEESH ‘%Vﬁﬁté?“r’étng?ﬁmcglﬁ%% r?ﬁﬁ?gugg*@%% he Insul at | ng 30 | ayer
202 cont ai|pjendihai £dREEA on6 ualt 3o optifnbl. atThahis tpsay, itimogtipgalyindsr pLRRLI ons as

LT (BRSO 0 B i o7t or ke

-

25 [0179]
This embodiment mode can be performed in free combination with
Embodiment Mode 1.
[0180]
{Embodiment Mode 3)
30 This embodiment mode shows an example in which an element with 2 different

structure from those of the above embodiment modes is manufactured using an SO1

substrate according to the present invention. Concretely, a structure in which an



[0171] FIG 258 is a schematic view of a top surface of the base
substrate 224 to which the SOT |ayers are transferred. A cross-sectional
view taken along a line AN in FIG 258 corresponds to FIG 24B. 5 [0172]
Over the base substrate 224, a group of | ayers are arranged
systematically in a block, the region 2550 of one shot size of a stepper
being one unit. Further, an alignnment marker 260 having the sane

crystallinity as that of the SO |ayers is alsoforned 10 [0173] In
FI G 25B, one all?nrrent mar ker, and ?ﬁ Iurallty of SO| gers are provided
in the regitshabeglager i smbegdsd hefween FOLlagars, #5an cleent isolatipy, strugfures i

al i gnnent H&rcgggd@mmm&égﬂ@qggt@g@gtransferred to the base substrate
so that the plurality of single-crystalline sem conductor |ayers belong to

t he one al (8kknt nmarker. 15 [0174] In the case where a display
device i s manuf agt do NSLNG AT hseD
simlar manner to %gocgzl"’fr%ntgdT %83 g,Ozsiﬁ%%‘ﬁﬁdﬁfgSE%@s{ébasﬁht@eﬁggr }gramed in

the f ol § ovbowimgaiurer pitsipdsahshercfichypenenThs SOkdjyes o6k 2 Hosited panelgnment
Kk 260 d t S
e oat & iheonide THRE S04 Bod DRESELER A8 06 SRBBORPERAT o

exposed ZOS"F I"ayers are arrange
consi der at iager 302 @ ts heidchsinzdenént fosiatiop ecgian d ']Ihlaesﬂﬁﬁll okidy daysr E@ﬁ:is have a

an’ oxanpl o opid sk o et St 678 R ap Sl Bpll uEl: MBue, (o

25 base supisitéphigidéddyer SOTREEEInL eslantitiing ssopgeRnce to FI GS. 26A and 26B. In

FIG 26A, SO |ayers 226a, 226b, 228a, and 228b are arranged in a region
2504, 1Qr Emélallgnmant mar ker 260a. The SO |ayers 226a, 226b, 228a, and

228b each have ay destfeR8lcRAfehe somyerTmﬁ%ﬁm&%ﬂﬁ%a%ﬁﬁﬁm&%@a and
228b are located in the region 250a_and formaone block. 30 [0176]

FIG 268 shisfsably 10da 260 an WCWﬁi"éh Blsthickaessiof she Sohiayer 302 63m e §tASd wi t h
the ali gnwsﬁ%jm&{ﬁyc% f\hng P thé IYRkation A8fer de3&ibed ARGhe BN 228D
d ective SO t

are etche at adeswed pat ern is formed. A circuit
pattern i sembedimentmedgs byA@xt;m joapprisy, elemeniciuch n%b%ren,r@n@mmsg;lhwra,y@r s 226;

226b, ?gsameflag i%%%ge& & lhe%l E'era362 ﬂ;eordtalof X Lxethreeﬁohi Qhﬁagfe if the

al i gnnent nma a s presen positiona I'gnnent or t i ke can be
per for med eesigly, basorphay dei 4dded) maphopncchtratipmof 6rn 16Y aatte 5 x0f0' km®SO

| ayers after t he etching can forma channel portion of a transistor forned
in a ci I’CUFF“SHF'[I on, for exanple. Through other steps further, a circuit
i ncl udi ng giggpnsi stor can be forned using each of the SOT |ayers.

FIG. 19B shows a step of eiching the SO1 layer 302 and the bonding layer 304
20  using the silicon oxide layer 306 as a mask. And then, plasma treatment is performed
to nitride exposed end suzfaces of the silicon oxide layer 306, the silicon nitride layer
305, the SOI layer 302, and the bonding layer 304. With the nitridation treatment,
nitridation processed layers 307 are formed at least at the peripheral end portions of the
silicon oxide layer 306, the silicon nitride layer 305, the SOI layer 302, and the bonding
25  layer 304. Further, as part of the nitridation processed layers 307, silicon nitride layers
are formed at least at the peripheral end portions of the SOI layer 302, The silicon
nitride layers formed at the peripheral end portions of the SOI layer 302 have an
insulating property, and have an effect of preventing leak current from flowing at the
end surfaces of the SOI layer 302. Further, the nitridation processed layers 307 have
30 ao anti-oxidation property, and thus can prevent a “bird’s beak” from being formed by
growth of oxide films from the end surfaces between the SOY layer 302 and the bonding

layer 304.



[0177] It is preferable to forman alignment nmarker for later pattern
formng (of a gate 10 el ectrode or the like) when the SO |ayer is etched
selectively using the circuit pattern forned by being exposed to |ight and
transferred at a tinme, to forma desir SO pattern for form ng a channel
portion or the like of a transistor. For exanple, FIG 26E shows an exanpl e
I n which alignment markers 271la, 271b, 272; and 272b are each forned in
each of the panel formation regions. Although it is possible to perform
positional 15 alignnment for later pattern formng with the alignnment marker
260a, whi clP184k been formed in the above step, it is preferable to forma
new al i gnment mMegkeioc th{wsf#féte 8t oﬁﬂﬁ?hﬁﬁeﬁeﬁﬁsﬁaﬁﬂmﬁl&lﬁﬁh@%}e@ Bog.form In
al 1 ghment” or be f

such a manner, positiona he |i ke can perforned easily in
form ng a disrtht elepmit solatiém insulating By#83082 @Aikices axidealayeda Wepasittd bg lsown her e
| n which fgur 30 LAVELS:ALe.A6Ld D #80QNE Ak ANdTRNG.30LEG Of a

st epper i s der Hegras bre tnit Tor sake of  convenrence, the present

i nvent i ®n imsulathg paret 303 isaddppsitednivitied lexge tthicknesx sovpiag theTH@I ayabh302 sf SO

| ayers thaé@ﬁqﬁé ruct one unit is optional. That is to say, the optional
nunber of © éers can be selected froma plurality of transferred SO

| ayers to fewggyone unit. 25 [0179] This enbodi nent node can be performed in
free conbi nation_with Epbodi nent Mde 1. [0]180 odi, ment, de 30Thi s
embodi nent node gﬁ%ﬁgoé m@&%ﬁﬁ?éfFﬂ“Wﬁ?%ﬂkéﬁmgkéﬁgﬁgﬂ ' Hﬂﬁmgﬁﬁﬁ' nt
structure {f@nt B0isen RitrideNBy#1303 ¢s Sfond. MMl RGO step daabY ipagbaiedbyusi Ng: an
SO substrate according to the present invention. Concretely, a structure

in whi 80 afy swhingsor ayrks pefumed dyeshsatend mesbanieal podshing. o\ hessilicon 5

S FB LS Rl e 503! RlrtiBns b5 afl @RAErgRBppt. ! THeCIGHE Sothtfon ukatingIA 1 O
. layer 308 is left to be embedded between the SOI layers 302. The silicon nitride layer

305 is removed thereafter.
[0186]

15 In FIG. 19E, after the SOI layer 302 is exposed, a gate insulating layer 309, a
gate electrode 310, and a sidewall insulating layer 311; then a high concentration
impurity region 312, and a low concentration impurity region 313 are formed. An
insulating layer 314 is formed using silicon nitride, and is used as a hard mask for
etching the gate electrode 310.

20 [0187]

In FIG. 20A, an interlayer insulating layer 315 is formed. As the interlayer
insulating layer 315, a BPSG (boron phosphorus silicon glass) layer is formed and
planarized by reflow. As the interlayer insulating layer 315, a silicon oxide layer may
also be formed using TEOS as a source gas and planarized by a chemical mechanical

25  polishing process. In the planarizing process, the insulating layer 314 over the gate
electrode 310 functions as an etching stopper. Contact holes 316 are formed in the
interlayer insulating layer 315. The contact holes 316 have a structure of self-align
contact using the sidewall insulating layer 311.

[0188]

30 After that, as shown in FIG. 20B, contact plugs 317 are formed by a CVD

method using tungsten hexafluoride. Further, an insulating layer 318 is formed.

Openings are formed in the insulating layer 318 so as to match the contact plugs 317,



In FIG 19A., an SO layer 302 is provided for a base substrate 300 with a
5 bonding | ayer 304 interposed therebetween. The SO |ayer 302 has a
desired panel size. A silicon nitride |ayer 305 and a silicon oxide |ayer
306 are formed over the SO layer 3020 as to match an el enent fornmation
region. The silicon oxide |layer 306 is used as a hard mask for etching the
SO layer 302 in order to isolate elenents. The silicon nitride | ayer 305
functions as an etching stopper. 10 [0182] It s preferable that the

SO layer 302 has a thickness of 5 to 500 nm.incl uysi vg, re{er,ably, 10 to
200 nm i nchskwiries $hQ arerfornerthsrelr  (The waringy 3hPeare soymed gning @lumipug o
appropri at : | Fdnh Qladid¥ Sdr tRCBIES tsbed i n

t he above %ﬂ%ﬁgﬁﬁn@lw%@%&%&pﬁ?‘gw{eh?l%%%%ﬁ/aeﬁ?enen’t suﬁ’ as boron,

al um num foeinked a9 basrieriBetaliag uppek and owardgerst o the SO |ayer 302 in order to
control a tfyggshol d voltage. For exanple, boron may be added at a
concentrat Fon"bf 5 x 1017 c1113 to 1 x 1018 cliffs inclusive. [0183] FIG
19B shosws a st efdnafucktachanmgr, tttensiSOls ¢aayisr m3o@facinudtusingttbe $OIdayen 382 304 20

using the siljcon_ oxide r.,.306-as._a mask.. And. t . eatment is
per f or ned S‘H‘éﬁg?‘?ﬂ’ﬁ am@éﬁe %@d gﬁ? fransisiorg ph vﬁ‘emstpﬁig{:ngﬁ&gl%?%ggéea%r 306,
the silicope Bpgliil @ea pRyEsircatportiondpa Pédphenay efrcudOhrtian dr thedikb ofididivglayay er
304. Wth the nitridation treatpent, niiridation ogessed,l ayers .307 are
formed at Pedcsacgerdingdo HicRIEIeat Dyentiop. p%‘ratcf’%rﬂgn‘ﬁf"&{w 15 %Og’ﬁfxg?ioﬁ% | ayer

306, the sijilGRugide eSOl sWpstatRanufidi@redebeordie to BRBodimest Mbd: boraji ng 25
| ayer 304. Further, as part of the nitridation procesge Iaﬁ_eés §07,

si | colOni elemgals cagssifuging oge display Pagel ymgare ROk lnger sap f)ﬁ%P’z&‘ s WG Por ti ons

of the SO laysh i3 QRaradBlstiel |chis B Mppeisdd. | Pt FOSOPSutRtrattte fO@tedpher al

end portions of the SO |ayer 302 have an insul ating property, and _have an

effect of psioyeplurality PESQI kayiers.cand arsidldcan bramiovad byieakingieach of hedOlof t he
SO Tayer L fu bglat I adRirOf paRe ezt AVRERER AN ANBIFO an
anti - oxi da?’lsr(g)rrsi hg?%%%?% yﬁcgﬁsa%ohus‘g%jar? pr evren a "bird's beak"ngf rs?r?lgbei ng
forned by dewewsh of oxide filnms fromthe end surfaces between the SO | ayer
302 an? thﬁgﬁa‘gdi ng layer 304. 56 [0184] FI G 19C shows a step of
deposi ?ng | enent isolation insulating |ayer 308. As the el enent

i sol ati on i nsul aThingembodimeBOSyoda sid iteorpedoimkal |iay &ee | eomupadiont adthby a
chem cal v r .de I tion thod using 'MOS as a source gas. The el enent

i sol ati on g%%ﬂg’megfﬂqaefgf/g‘ra 308 is deposited with a |arge thickness so
that the SO |ayer 302 is enbedded. [0185] FI G 19D shows a step of

removi ng the el enent isolatiqn jnsylati | a 308 ,unt.il. the sjljcon
nitride |ayer 30505 saRRUFHOR 18 T'?ﬁsg‘yr@mgg?mﬁ/g%at‘érﬁn%@ﬁgﬁ o?eﬁ’@‘!j lg?f 10 dry
et chi ngg 0ObodRYNG3TS BRsd RitHTahRYPRHR B! o BSHRNB,C2007pMHei enbiien@ntehBeofSi | i con
nitride |layer 305 functions as an etching stopper. The el enent isolation

i nsul at i ngWhigsere ey incarpgrated By FdeieiSedded bet ween the SO |ayers 302. The
silicon nitride layer 305 is renoved thereafter.



[0186] 15In FIG 19E, after the SO |ayer 302 is exposed, a gate insulating
| ayer 309, a gate electrode 310, and a sidewall insulating |ayer 311; then
a high concentration inpurity region 312, and a | ow concentration inpurity
region 313 are forned. An insulating |ayer 314 is forned using silicon
nitride, and is used as a hard nmask for etching the gate el ectrode 310. 20
[ 0187] In FIG 20A an |nterlay§§ I nsulating |layer 315 is forned. As
the interlayer insulating layer 315, BPSG (boron phosphorus silicon

gl ass) layer is formed and pl anari zed by reflow. As the interlayer .

I nsulating | ayer 315, a silicon oxide |layer may al so be formed usi ng TECS

as a source as mechani cal 25 poli shing
process. gEeFm NWLsuI ating layer 314 over the gate
el ectrode 310 functions as an etching stopper. Contact holes 316 are forned
Structuro ofCBaret SN 32??3%‘"'3‘"“5'%5@ et g Laver 311

at i r
[0188] 30AfSRMICRRAUCY SUHRRH ﬁb%%ﬁﬂ@”aﬁ Q&!Pr J‘Qéﬁ"@i?qg’ri@% rmed by a
CVD net hod slsbs@ate;n‘gz&)msulatmg layeraé?.a:bﬂn g layer; g4 Ksulgti Ngyer 318 is

formed. Opepy %ofr‘ﬁatrflﬁgffﬁﬁ'dgbri 06 silidon oide keyer; 180 SOHayes; mat ch t he
contact pl g@% g‘atﬁ?q}%f‘“fﬁé‘%rﬁépl éf flSW‘BdnH & Etrmvw rings 319

ol e Oﬂémgéﬂvﬁrn%iihﬁﬁ@ ?uaﬁe 4 oo

mol ybdenum SERHEANTHELQN ?'é

upper and |20d4rsepgiation kyey;222

manuf actureSOISIaygr1228$DIIIayer 280 SOhlayer 83318%@&651184& ate 300 The
transi stors BOtrE ﬁ-r’rgg@ mepd anarckeh SGp plasedstibbstzate; xel circuit

portion. 2 téﬁeggm eﬁzs‘@'ﬁ gg? er%osmgxét%;ggg@%'ggggﬁg?x;ﬁf

mode, with PHE Ng to
Enbodi nent IQQI@IQHGBSQ atlIlQ Bvere 809 f"‘? €anel using
one SO | ayelectrodee3 1 drsidewalhinsidating layer;a312high congeniialioRt i cs can be

suppr essed. jfigutif\gFegivn; 313 Wﬂil@ttmtranbnrmwuw regionpBddal i ty of SOT

| ayers, andiqg, 0815 TRIGHAG PSRN 18767, 216 donEEt hblerer s have a
si ze whi ch %ﬁhg Ig?fgg, hig é‘g}fﬁ& l&{?@F!'sﬁh riny; BH0/5a6kHatdo di spl ay

devices. 2 msulat:ng layer; 604 insulating layer; 606 bonding layer; 608
msu!atmg layer; 609 insulating layer; 610 SOl layer; 612 gate
insulating layer; 614 gate electrode; 616 insulating layer; 618
sidewall insulating layer; 619 conductive layer; 620 display
pottion; 621 SO! layer; 622 channel formation region; 623
impurity region; 624 low concentration impurity region; 626 high
concentration impurity region; 628 pixel circuit portion; 630 drive
circuit portlon 631 SOl layer; 632 channel formation region; 633
impurity region; 634 low concentration impurity region; 636 high
concentration impurity region; 638 penpheral circuit portion; 641
SOl layer; 642 channel formation region; 643 impurity region; 644
low concentration impurity region; 646 high concentration impurity
region 650 drive circuit portion; 660 pixel electrode; 670 terminal
region; 674 terminal electrode; 676 anisotropic conductive layer;
678 external input terminal; 680 sealant; 682 orientation film; 684
liquid crystal layer; 686 spacer; 687 orientation film; 688 counter
electrode; 689 color filter; 690 substrate; 692 polanzmg plate; 710
light-emiiting element; 712 pixel electrode; 714 organic compound
layer; 716 counter electrode; 718 partition layer; 720 space; 810
microcapsule; 812 pixel electrode; 814 counter electrode; 816
binder; 820 electrophoretic layer;



Thi s enbodi nent node can be performed in free conbination wth Enbodi nent
Mode 1 or 2. This application is based on Japanese Patent
Application serial No. 20 2007-106578 filed with Japan Patent office on
April 13, 2007, the entire contents of which are hereby incorporated by
reference. 58 REFERENCE NUMERALS 100 801 substrate; 101 sem conduct or
substrate; 102 sem conduct or substratgy 103 separation |ayer; 104 ion; 110
base substrate; 120 insulating |ayer; ?22 bondi ng | ayer; 124 insulating

| ayer containing nitrogen; 126 silicon oxide |ayer; 130801 | ayer; 150
insulating layer; 152 barrier layer; 154 bonding |ayer; 200 sem conduct or
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film 684 liquid crystal |ayer; 686 spacer; 687 orientation film 688
counter electrode; 689 color filter; 690 substrate; 692 polarizing plate;
710 light-emtting elenment; 712 pixel electrode; 714 organi c conmpound

| ayer; 716 counter electrode; 718 partition |ayer; 720 space; 810

m crocapsul e; 812 pixel electrode; 814 counter el ectrode; 816 binder; 820
el ectrophoretic layer; 59 1010 object to be processed; 1080 plasma process
apparatus; 1082 dielectric plate; 1084 gas supply portion; 1086 exhaust
port; 1088 support; 1090 tenperature controller; 1092 high-frequency wave
supply portion; 1094 plasma; 1098 antenna; 1900 nobil e phone; 1901 main
body (A); 1902 main body (B); 1903 housing; 1904 operation sw tches; 1905
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di spl ay panel; 6100b display panel; 6100c display panel; and 6100d displ ay

panel 60 CLAI M5 1. A nethod for manufacturing a display device,
conprising the steps of: formng a plurality of projected portions
each having an area including one panel in a first substrate by etching the
first substrate; inmplanting an ion into the first substrate to form

a plurality of single-crystalline sem conductor |ayers each having an area
i ncl udi ng one panel in the plurality of projected portions, respectively;
bonding the plurality of single-crystalline sem conductor |ayers to a
second substrate with an insulating | ayer interposed therebetween;
exposing a first single-crystalline sem conductor |ayer and a second
single-crystalline sem conductor |ayer each selected fromthe plurality of
single-crystalline sem conductor |layers at a tinme, wherein each of the
first single-crystalline sem conductor |ayer and a second
single-crystalline sem conductor |ayer has an area including one panel;
fornlng a f|rst dlsplay portlon over the second substrate by u5|ng the

o, o, o . o o - -



2. The nethod for manufacturing a display device according to claim1,
wherein the insulating layer is a silicon oxide |ayer forned by a chem cal
vapor deposition nethod using an organic silane as a source gas. 3.
The nethod for manufacturing a display device according to claim?2, wherei
the organic silane is one selected frof the group consisting of

tetraet hoxysilane, trinethylsilane, tetranethylsilane,

t et ramet hyl cycl ot etrasi | oxane, octaéﬁ#ﬂ@ﬂ%yclotetrasionane,
hexanet hykl i si | azane, triethoxysilane, and trisdinethyl am nosil ane.

4. The nethod for gﬁngfactu ing a display device according to claiml,
wherei n the fi rdfmelnd i aegpacuingg dselaydeyiss comrisigihect®agtt or 1 ayers are
provided in grindRGEpIENROE PraeedljoionWiehidh Rvink Gh tre@ XRMFHCorRAR1 34 Y First

5. The t hod for manpufacturing a display device according to claim1,
wher ei nSYoEAts by ¢ B%ﬁ?b%%ﬁVﬁza seni conduct or substrate. 6. The

net hod for nanpddas Usd Néh antdi Sl Bkt GRVHGER & CBAElT N PHirflitg| & Mnkle-cMRBNIGEN t he
second substrate is one selected fraomthe group consisting of an )

al uni nogﬁnv?@a%ordﬂ%sﬁa%ﬁava}&ﬁﬁ WeBrindipg pregpage! 1g thegplurality ogpwreamomon&

bor osi | feg@kivelly;ass, a quartz substrate, a sapphire substrate, and a ceramc
substrate. . 7. The et hod for nanufacturing a display device according
to claim 1, Wendieithe pipality,od singlaenigling sopeoqgurien layess o@sssoand sppstraie wibtsas i n
di agonajnshhti@ layer interposed td¥ebet@iehod for manufacturing a di splay device
according to claim1, further conprising the step of: patterning the

first singl eZPPS8 & Fishemelefrastaline sapicondyelor Jwer awb asgreepy single-crysialline

si ngl e- ghiednabdidrngyes 6&&1@&8@&:{3&@&1_til@?ﬂﬁfali@%f@ﬁ@leﬁﬁf&ta‘il‘i&%eﬁiceﬁ&fcf@r Melsheaf i rst
di spl ay .port.ion ang %ﬁg second dl%@#gy portjon, wherein the step of _

pat t er nfifg WhSTeHRrach chig st siglerorstadling semiconfyiar ger and 2 second singlgwerysighing or

nmanuf actefidonguoorGiyeiPhad dn S18¥in6IRding BENahEl NY the steps of: formng a
plurality of proje havi ng an area i ncl udi ng one panel in

oj ected portions each ) P
a first substorEyg aéiisté?%? PYTHOREVEY the peceirhebpiiteby using the iy siagleicpgialiivei on
into thenfidonddctsrUBfet add @ sknfl Gisilag fRkibhadviet YheOdecohid NEIbRrmfel ByShsld 1hB&econd
sem conduct or | ayers each having an area including one panel in the

pl ur al i TRElGEYHr PR HSIF {38Hs, respecti vel y: bonding the plurality
of single-crystalline sem conductor |ayers to a second substrate with an
insulating | ayer interpgsed therebetween; and formng a plurality of
di spl ay por t$ondedgheho ﬁ%‘§@E§ﬁ@”§%ﬁs@ﬂ§ﬁédﬁ?“h@?ﬁ@“@d@hdﬂﬂlﬂhéﬁﬂF@f@Fity
of si nghanfmy Ayt i NRILBAITHEN 6t REmEBYE b Schemical vapdQdepbiifodRIEMOM 1hiRE an
manuf acturing a display device according to claim9, wherein the inSulating
| ayer i|¥eRIGSTPRCHEA SPHF RS ayer formed by a chenical vapor deposition nethod
using an organic silane as a source gas. 11. The nethod for
nanufacturigg a di5ﬁ%a¥ devi ce according to claim 10, wherein_the organic
silane is ont JUFarthed Tarmsspipparing plifplaysieyice poepyingrio clain Zatherin b prawc

trimet hyikisd ik amsselebed fram@id Brhii doAdiRing Bﬁefr@dﬂﬁ)_tx?ﬂl'aﬁéf ehRlRldiRN, L@%ABByisilane,
oct anmet hyl cycl ot etrasi | oxane, hexanet hyl di silazane, triethoxysilane, and
trisdi ﬁ@qﬂqtlgf}ﬁyﬁ]@gepp%lﬁéape, octamethylcyclotetrasiloxane, hexamethyldisilazane, triethoxysilane,

and trisdimethylaminosilane.

4. The method for manufacturing a display device according to claim 1, wherein the first
and second single-crystalline semiconductor layers are provided in a range exposed one time with a

light exposure apparatus.

5. The method for manufacturing a display device according to claim 1, wherein the first

substrate is a semiconductor subsirate.

6. The method for manufacturing a display device according to claim 1, wherein the second

substrate is one selected from the group consisting of an aluminosilicate glass, an aluminoborosilicate



12. The method for manufacturing a display device according to claim?9,
wherein the first substrate is a sem conductor substrate. 13. The

nmet hod for manufacturing a display device according to claim9, wherein the
second substrate is one selected fromthe group consisting of an

al um nosilicate glass, an alum noborodillicate 62 glass, a barium
borosilicate glass, a quartz substrate, a sapphire substrate, and a ceramc
subst r aglass, a barium bojosilicatp glagpet AsEZ SRR ARRRTE PYbaERIS 284 & praic gevite
according to claim9, wherein the area including one panel is |less than 10
i nches in diagonal I1ine, 15. The method for manufacturing a display
devi ce accor & nieteethqdgfongugnutactipng sy digRlanpdavice gecording tor dgimok, wherem the area
patter nin@ﬂdﬁ;?%ne%aﬁél@i TedsMhaf105hdR6d I8 dRbNS Bhd. 1 Nne seni conductor |ayers before
the step of formng the plurality of display portions, wherein the step of
patterning is perforned after the step of bonding. 16. The net hod
for manuf act gir i@ reetkhasel B¥uBRMIHEE 2 AGERY deRk dcfor@h@tdRISm MR Fonld?Bing
plurality of single-crystalline sem conductor |ayers including at |east a
first sihAgeRoErystalline sem conductor layer, a second single-crystalline

seni conduct OpareA¥R the Firdt RinkR-FysRALR-EhicBhdiclor TS 8 HORCUAE AngledVRhallindNd 2
fourth single-crystalline sem conductor_|a each having the area

er
i ncl udi frgrienduaiyer before the step of forpiag ther i diisplay pasiat prddtheiveeeRy dispiay PpTtiqp,

devi ce accor ghdéinkR s&b%kﬁaﬁ%ﬁmmgfiyﬁé&‘b%e&m%%ﬂegsfﬁdﬂ@ing.t eps of: _
exposing a first group including at |east the tfirst single-crystalline
sem conduct or | ayer and the second single-crystalline sem conductor | ayer

after bondi ng tAgeBbdifor bahifairinglaWHpRy CEWEL, BdhprRBigsRMpopduUCt or | ayers to
the second substrate; an exposing a second group including at |east

and (
the third sifogriaeaRiaeliy of ReoiesEdironionteichhayiag an amga dnclydings g papel in a first

si ngl e- Gty didhthpSRItiGQNBiete0r | ayer after exposing the first group and
bef ore patterning the plurality of single-crystalline sem conductor | ayers.

18. A met hodimrbnting s 4t dMP nYe afilg spbdptediifew & phpsplityi ofg sieglecomiapize of :
f OF M NGschiddhhicRlr 1dtss QPRI chANRANIAAGH NG PitaRY oAbRFeclod oltdh)g one
ctor

panel in a sem conductor substrate by etching the sem condu Substrate
inplant@ﬁ&maﬁbﬁon into the sem conductor substrate to form an ion-doped

llayer in eachy,@ng ieorithty 3F sihyle-ofys@fial StiShaRRst1bRASo alsEHRE GhtsMHAL With an
bonding the plurality of prolected portions to a base substrate with an
i nsul at pFdatingyayer ipterepqddhcaebetween: @Bt ween; forming a plurality of

sem conduct Oforﬂlﬁgﬁ’pﬁlrzﬁﬁ'ﬁéfl didptyasBnSsRsthe @éc%n@%b&%@ﬁﬁfsh{@%aéﬂ@t@ piakd ty of

projected portions each along the part of the ion-doped [fayer, wherein the
pl ur al i tfypingle-cswtplinssemiconsiuctoalpyars i ncl uding at | east a first seni conductor
| ayer and a second sem conductor | ayer

10. The method for manufacturing a display device according to claim 9, wherein the
insulating layer is a silicon oxide layer formed by a chemical vapor deposition method using an

organic silane as a source gas.

11. The method for manufacturing a display device according to claim 10, wherein the
organic silane is one selected from the group consisting of tetracthoxysilane, trimethylsilane,
tetramethylsilane, tetramethylcyclotetrasiloxane, octamethylcyclotetrasiloxane, hexamethyldisilazane,

triethoxysilane, and trisdimethylaminosilane.

12. The method for manufacturing a display device according to claim 9, wherein the first

substrate is a semiconductor substrate.

13. The method for manufacturing a display device according to claim 9, wherein the second

substrate is one selected from the group consisting of an aluminosilicate glass, an aluminoborosilicate



63 each having the area including one panel; exposi ng a group
including at |l east the first sem conductor |ayer and the second

sem conductor | ayer; and patterning at |east the first sem conductor
| ayer and the second sem conductor |ayer to forma first display portion
using the patterned first sem conduct o2 | ayer and to forma second displ ay
portion using the patterned second sem conductor |ayer, wherein the step of
pat t er nElg: Gosshisate sk p QUAE SEhSERICGFSapRivIg iSHhytrate, and a cargmicFphstratet hod f or
manuf acturing a display device according to claim18, wherein the

i nsul ating Iqier is a silicon oxide |ayer formed by a cheni cal vapor
deposi ti on mbt-Hdw methadfonmaneraning asdisplayedeyice aeeasding o ¢Jeiw 9, wherein thg arcphe

met hod fiefudi¥B R SGLIUE iellhah wlﬁd@k@mcﬁiﬁuﬁa@ﬁn@wordl ng to claim19, wherein
the organic silane is one selected fromthe group consisting of

tetraet hoxysilane, trinmethylsilane, tetranethylsilane,

tetramet hyl cyslmgt %{e'ﬂf?s%'ﬁlaﬂéﬂ?actuﬁﬁ% aRbRY h@\){&:l RE&HRAS LISKPS) Surther comprising
hexanet hyl di si | azane, triethoxysilane, and trisdi net hyl am nosi| ane.

21. Thet'§E€PBY for manufacturing a display device according to claim 18,
wherei n the gliQuRnd M€ memgofes&ngheea«;&amﬁeeseﬁﬁaoﬁam&@ HyeRMARE B steBBE ForfiN the

second sem conductor [ayer provided in a range éxposed one tine w
| i ght etheaBuAliEy efstmlaxpodions, 22. The nethod for nanufacturing a dlsplay

devi ce accor ghdginki & %'fﬁﬁtéﬁamgli@sérﬁirﬂe&Jif%r%f%@leﬁgﬁﬁ}ﬁﬁin@r substrate is a
single-crystalline senlconductor substrate. The met hod for

manuf acturing a display device according to cIa|n118 wherei n the base

substrate i sjQnmeSabied et Iﬁaalﬁmcmﬁggar BiPaf QBRLS Tabdaﬂin%f 1P Blafi YMWHERId {Heat e
gl ass, an al um noborosilicate glass, arium borosilicate glass, a quartz

subst r apleraliyy ehsiplerceyssliipst yeatieondughy lyere ripglpding ghdeaspmefisst single-cpyptallinge

met hod {@ficonitddamldt! aNgGchdd kﬁ@b%ﬁrs@%ﬂk %m%ﬁ&fc@k Nyek, Oa Ghitd mnéﬁmm%%' n
the area |nclud|n9 one panel is |éss than 10 inches I'n diagonal IT7ne.
semiconductor fayer, and a fourth single-crystalline semiconductor layer each having the area

including one panel.

17. The method for manufacturing a display device according to claim 16, further comprising
the steps of:

exposing a first group including at least the first single-crystalline semiconductor layer and
the second single-crystalline semiconductor layer after bonding the plurality of single-crystalline
semiconductor layers to the second substrate; and

exposing a second group including at least the third single-crystailine semiconductor layer
and the fourth single-crystalline semiconductor layer after exposing the first group and before

patterning the plurality of single-crystalline semiconductor layers.

18. A method for manufacturing a display device, comprising the steps of:

forming a plurality of projected portions each having an area including one panel in a
semiconductor substrate by etching the semiconductor substrate

implanting an ion into the semiconductor substrate to form an ion-doped layer in each of the
plurality of projected portions, respectively;

bonding the plurality of projected portions to a base substrate with an insulating layer
interposed therebetween;

forming a plurality of semiconductor layers over the base substrate by separating the plurality
of projected portions each along the part of the ion-doped layer, wherein the plurality of

semiconductor layers including at least a first semiconductor layer and a second semiconductor layer
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each having the area including one panel;

exposing a group including at least the first semiconductor layer and the second
semiconductor layer; and

patterning at least the first semiconductor layer and the second semiconductor layer to form a
first display portion using the patterned first semiconductor layer and to form a second display portion
using the patterned second semiconductor layer,

wherein the step of patterning is performed after the step of bonding.

19. The method for manufacturing a display device according to claim 18, wherein the
insulating layer is a silicon oxide layer formed by a chemical vapor deposition method using an

organic silane as a source gas.

20. The method for manufacturing a display device according to claim 19, wherein the
organic silane is one selected from the group consisting of tetraethoxysilane, trimethylsilane,
tetramethylsilane, tetramethylcyclotetrasiloxane, octamethylcyclotetrasiloxane, hexamethyldisilazane,

triethoxysilane, and trisdimethylaminosilane,

21. The method for manufacturing a display device according to claim 18, wherein the group
including at least the first semiconductor layer and the second semiconductor layer is provided in a

range exposed one time with a light exposure apparatus.

22. The method for manufacturing a display device according to claim 18, wherein the

semiconductor substrate is a single-crystalline semiconductor substrate.

23. The method for manufacturing a display device according to claim 18, wherein the base
substrate is one selected from the group consisting of an aluminosilicate glass, an aluminoborosilicate

glass, a barium borosilicate glass, a quartz substrate, a sapphire substrate, and a ceramic substrate.

24, The method for manufacturing a display device according to claim 18, wherein the arca

including one panel is less than 10 inches in diagonal line.



