WD 2008/ 1328941PCT/ JP2008/ 055172 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 relates to an SOT (silicon on insulator) substrate
and a di spl¥Q 2¢(8a8282t t hat i s manuf actuned usi ng the SO PEUBRHIBASHT2 | n
particular, the present 10 invention relates to a bonding SO technol ogy,
an SO substrate forned by bonding a single-crystalline or polycrystalline
sem conductor |ayer to a substrate having an insulating surface (e.g. a

gl ass), and a display device that 'ésﬁgi@lﬁ(?ﬁtured using the SO substrate.
15 BACKGROUND ART [0002] Wth a quantum |l eap in VLSl technology in
recent years, an SO structure, which enabl es hi gh-speed operation and | ow

power consun gy, an
active regi c%%ﬁghEEWQB%%W@PE%%gmy stor
(FET), which is conventional |y ANDSO{ SUBSTRATK single-crystalline silicon,
is formed with a single-crystalline silicon thin film It is known that use
of the 8O structure enabl es manufacturi ng a MOS field-effect transistor

wi th smal | erpayRA L FEIgapaci tance than in the conventional case of using a
bul k single-crystalline silicon substrate, and is advantageous to high
speed operzi@fi’(B . 25 [0003] As a nethod for manufacturing a conventional SOT

substrate, a hydfRQefsif InvellibR Rt SAPSOPEkRBn FRtH 6§ sKRRWR a0l QT
exanple, refer to Reference 1: PCT International Publication No. 00/24059).

| n the hydrdisptay dewice ithap issmanuferiered aying fherPOI substrate. In particular, the present
10 invention relates to a bonding SOI technology, an SOI substrate formed by bonding a

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

substrate.

15 BACKGROUND ART
foooz2] -

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 buik
single-crystailine 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



met hod, a m crobubble layer is fornmed at a given depth froma surface by

i nplanting 30 hydrogen ions into a silicon wafer to nake the m crobubbl e

| ayer a cl eavage plane, so that a thin single-crystalline silicon |ayer
(SO | ayer Wo200Ba38%d to anot her silicpn wafer; in addiRGIBP2408/0558T2f or m ng
heat treatnment for separating the SOI |ayer, Reference 1 describes that a
bondi ng strength needs to be enhanced by form ng an oxide filmon the SO

| ayer by heat treatnment in an oxidation atnosphere, renoving the oxide

film and perform ng,heat treatnent .in a reduction atnospherge at 1000 to
1300 ¢ [ oo et 55 ne ieaebossn e Sttt Siue o8 SRR dBan SOT
subst r at e, S@I beéd WO Gt Minckial iag @xiitibh SnidkgEa) terdddhd GeMkideSilknawn (refer
to Reference 2: Japanese Published Patent Application No. 2000-12864).

Ref er ence Berioraimedesdreasat inpiedycian amospheresftl 069 to138BEEat ures of 1050 to
1150 C iséngg ssary in order to renove a level or a defect due to a stress
inthe S Ia@er. 10 DI SCLOSURE COF | NVENTI ON [ 0005] A net hod for
manuf act uri ng a AsoAw ea¥einpleadf SCEMicdusior deview ddilinagtant SOt swbsttateata hi gh

t enper at ur gs.: i i I ondi strength
of 15 the %@&{n&é@?&%&?g%@%@eﬂ EHJ|P gf:%ﬁs fl%ngbvﬁgﬁ# %q? E)?{F %%Ee 2“&1 9 ayer over a
subst r at e Putllishcal Pedett -AppbicaioniNo. 200PHE28040r Reférendzolbls6 Aisclosésethet. heat gl ass
substrate,, whic n be used f f,acturing a, display devicge such as a
T out - or yerinea) af Bperay it 1050 10 B R Bfoeeinul 16 otpip dod 6K
substrate baefacthyafoog@,@sgiﬁmejsmllay&j ng separation nethod, heat treatnent at
a high tenperature cannot be applied; therefore, there is a problemin that
20 t he!®ondi ng strength of the SOT layer is low Further, in a conventional
SI DI substpgica.odukE oMSvENMoNogen ion i nplanting separation nethod, an
SOT structure is obtained by bondi ng one sheet of silicon wafer to anot her
sheet of si¥P¥on wafer and thinni ng one of the silicon wafers. Therefore,
the conventionals sthod thhdudk itk b lc8vifighal O GGRAatt Al:ds MRk ARbiy
separation nmethod depends on the Size of a silicon wafer, and It 1Is

di fficult atdighSemperatugeslofilg@) A’ echighdd@6ider to ensure 2 high bonding strength of

15  the SOI layer. Therefore, it is difficult to form an SOI layer over a substrate with a

heat-resistant temperature of about 600 °C (e.g. a glass substrate, which can be used for
manufactoring a display device such as a liquid crystal panel). Even if an SOI layer is
provided over a glass substrate by a hydrogen ion implanting separation method, heat
treatment af 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 SO substrate
ufilizing 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 SOIX substrate utilizing a hydrogen ion
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 probiems, 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.



In view of the above probl ens, an object of the present invention is to
have a large area in an SO substrate and i nprove the productivity of

manuf act uri ng di splay devices utilizing the SOT substrate. Further, another
obj ect is N@ropsR28Br nance of the 30 displ ay devices. HOUWE7I08/055172 A
plurality of single-crystalline sem conductor |ayers are bonded to a
substrate having an insulating surface, and circuits including transistors
are formed using the single-crystalline sem conductor |ayers, so that

di spl ay de:[b(ﬁﬁ? are manufactured. 5 [0008] A single-crystalline

sem conductor fayer separated froma single-crystalline sem conductor
substrate is apphiphdality of eglsiagtadlierspmicantlicts laysrs o hosdet do 2 bebstais.

pol ycrystalli.ne seni caonduct su ed i he

singl e-cr yglf’alw iR %“gér%"ln osrlil&tc (e org%srﬁtﬁts m?ﬁ&mg%aﬁﬁﬁhiél %e cfzr)?/ﬁset% g%"g]tgg

sem conduc isinglelaystallinssetiisindecton layess, 0 thaedisplondevisasére hamufagiueedsi ze

corresp i o one di splay panel (a panel size), specifically, sections
each ha mé&gjﬁ area including one panel, and the sections of the
single-crystallipes Hb@@ﬁﬂﬂx@tsaﬁndoa&lﬂitoralfaﬁerb@pdﬂédtfmm assihglt-caisaliiavi ng an
i nsul ating suyface lls%0009 151 n the case ere I ur,al it ’hI

si ngl e- cry SETICPRANSios SHOSGRGis APBled @y@f-' shglecrysialfind semyicopdpgignagers. A

si ngl e-cr Y§B@Ef3isﬂﬂln%%8ihfé8ﬁtﬂiéﬁr Qhibsirhte ThdyHethppRedihsteal dittie Shgle-crystalline
singl e-crystal I'ine sem conductor |ayers may bel ong to_one_aljgnnment narker.

[0010] An” seipiserdustor isHastisices diie smglf-‘e@wst@hnq §enacwépﬁeﬂ lgver %H@Féd{“ﬂrl ng a
di spl ayp20 gey| §eeacﬂ 'Hé{/i'ﬂg' POt Corpdspititindl 1P Qe digh1sy fj 3l béhepfmze)

singl e- crystal I ne sem conductor | ayers obtained by dividing

sem conducisprcificaliwtseetions jepghohayingt anogrsa wbldm@aamrrgnénm%a SF%@nwf g one
panel to a, [ of 2 L Mafide ! ASiHLBtnB9 | ayer
i nt er posed Ki ereg jﬁn%getﬁl c?%?loo{r fné?ﬁllg% Hg’lgfl%ft ?ﬁ’g‘%tdl r?g ﬂ!tar g%%; s1é usi ng
each of theudacegl e-crystalline sem conductor |ayers by exposing a bl ock

sel ected fr@g}gﬁ he plurality 25 of single-crystalline sem conductor |ayers
at a tine eg ransferring and formng a circuit pattern. [0011] Another
aspect 18f the pr Bsehet caséwehistd @pliralitp ofesinpbdcrysialling serhzodductondayers are

transferred from a single-crystalline semiconductor subsirate, 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 interposed therebetween which is formed by a chemical vapor



di spl ay device, including the steps of bonding a plurality of
single-crystalline 30 sem conductor |ayers obtained by dividing a

sem conductor substrate into sections each having an area including one
panel to avwukwsims® having an insulatjpng surface, w tPC/BPRI0BOIM720Xi de

| ayer interposed therebetween which is forned by a chem cal vapor WO
2008/ 1328944PCT/ JP2008/ 055172 deposition nethod using organic silane as a
source gas; and forming a circuit including a transistor using each of the

si ngl e-cry tall.i conduct or .layers b 03| a bl ock sel ected from
Che bl ur a] RQPSHPR GeROR 4D Rl A Sl oo as%qmanflv and
transferri mgraaﬁ@tmf asifg RechAof illeCdirdle-pgbtaking sexﬁlcbﬁtﬁé%l layers b trfged aspect
of the preE glf i nve tlo@&&i‘ﬂthat one bl OW@SPSel ect ed fromt urallty of

si ngl e- cr y BsF palsste gty of pinglerces CE%T”J&C’M“GES’RI%YH“&WEW@@“‘% hat can
be exposeduh@fditdinddBAnihy BRIrkE! pited. | | ght exposure apparatus, i.e. a range
t hat |s exposed to light one tine using the |ight exposure apparatus.

Furt her3 0&1%} ality of 10 single-crystalline sem conductor |ayers nmay

bel ong to one alm&g%%veﬁk@ﬁe b@sénbﬁae&gﬁnqugh onedH selegtad froH Fhd1e"

aspect of the present ntion s evice I nc ng a circuit
i ncl udi ng Rluralignef siegle-covielling ssmirondugtos l4yawsi may bna blesklimairageshaticace. The

Lransi St o7 od Sddled Y05 EoRhARIS el AL bl BT HrklE! 41 e s i

'single-crys |ne sef cond ayer for

cheni cal ve)gmsedjtapi@nt Dn@hmmsmgcthelilghlgempngmmuppamtdsané‘uaberaa @hmainﬁogas i s
provid bﬁt een J.he qhannel forma e otn of he tg aagﬁst O{h and the
substrate g S an SRty rgey FF ﬂ]omi hECTC 8P t he
present i nhledtl on | S that tet raet hoxyS| | ane,

trimet hyl s@g&g tetramet hyl sil ane, tetranet hyl cycl ot etrasi | oxane,

oct anet hyl t et rasi |l oxane, hexanet hyl di si |l azane, tri et hoxysi | ane, or

Another aspect of the present invention is a display device including a circuit
including a transistor over a substrate 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 tetraethoxysilane,
trimethylsilane, tetramethylsilane, tetramethylcyclotetrasiloxane,
octamethylcyclotetrasiloxane, hexamethyldisilazane, tricthoxysilane, 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.e., an image display device. Further, examples of the display device



tri sdi met hyl am nosi | ane can be used as the organic silane. [0015] 25Anot her
aspect of the present invention is that alumnosilicate glass,

al um noborosilicate glass, bariumborosilicate glass, a quartz substrate, a
sapphire sy@2008188%4or a cerani c substyate can be used RAST/YPROBAIMEY I at e ’
having an insulating surface. [0016] 30In this description, a display

devi ce designates a device in which a display elenent (e.g. a liquid
crystal elenment, a light-emitting elenent, or an el ectrophoretic el enent)

is used; i. e, ' i-spl.ay. ' a
devi oo w@&ﬂ?g&&%ﬂfﬁ%@@%@%ﬂ%%@%Fﬁfﬁ*@“ L e e s
modul gat i ?Fﬂgéma nte&)«hﬁnmE(FPC);gape wetomiied| bogdion (TSR thiee)or Bpre pATIRR ed
circul , (TA
(Ter) | s cksnelEy i BPERTRP dalsptly ol (4EPE 1iih (BRI S B HPRciace
lalt gga Snmdtlg%h@ngnﬁﬁ\@AB ta)n,el ﬁaﬂﬁ%iubmwmcMalpmhtedvpnng\bm wpmm(}pdmandndgf provi ded
a

circui 9 ofAR t@@f(']go “H’Sgl?e‘ qﬁél %ﬁjk’nﬁe?af%*&f‘élgagl Ir ‘9(‘5&‘5&%{ Zt °
di splay pafglesfiig dmnfe ke ﬁﬁﬁﬁt&i Qitedlyass ) digildy0panel by a COG (chip on glass)

method.

[0017} ‘
Application of the present invention enables achievement of an SOI substrate

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 SO 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 SO substrate according to the present invention;
FIGS. 7A to 7C are cross-sectional 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;



[0017] Application of the present invention enables achievenent of an SCA
substrate 10 with a |large area and inprovenent in the productivity of
manuf act uri ng di splay devices utilizing the SO substrate. Further, high
per f or mancave ansheseichi eved in the di gpl ay devices uti |rc/mgooshgs1BO
substrate. BRI EF DESCRI PTI ON OF DRAW NGS 15 [0018] In the acconpanying

dr awi ngs: FIGS. 1A and 18 are perspective views show ng exanpl es of
structures of an SO substrate according to the present invention;

FIGS. 2A and 2B are cross-sectional views show n ] ctures of
20 an SO substl?lﬁtsegéé‘&§%(fir‘?1§t‘fpo“?‘ﬁea ?f?séésg‘?\t 0m\fli\fn‘\'/lg"rvfte&fﬁ g%cﬁﬁe&fve ﬁ%}é 3A and
3B are Ccf oRpechiigl! M6ding th eempb on digplex asqicancating ta the prases ivkntian: SO
substrate according to the present i_nvenhi on, lFlo(%Ba' m%ﬁ}otdo AC are

cr oss- sect i onal FiaSevi®As ko iPRg 2 ntoax dffs SPoY ™™g HefHOH't OF anu i ng an

SOU_subst 0 6:86A0L Hliiflay BeliBEackb@BRS HoPpY@BitiORIIERFI CS. 5A and 5B are
cross-sectional views ow ng an exanple of a nmethod for N@Jf a%t ring an
SO substrate aBiES: dilAdo D arecigresseigne) wigws shosyine an examplq ol MEROL , 5C 5r ¢

top views .;show ng, an £ %’Mtﬁ cdvRNMbagbay i ng an SO substrate
accor di ng f?rdn?%‘ga%glf“élgéng i| H\e/dggltc?g%; - .é)ﬁr FIGS. 7A to 7C are

cross- sect i onal FIGSWEAShdACrage aroseseatigriab visws shovens an cxampla et ddkihodct uri ng
an SO substrat ccording t CRUd SERE inP8htion; FIGS. 8A and 8B
are perspé&”c‘?‘%‘lﬁﬁ%as %%yn&g%v%%?%@gﬁ%r@%%ﬁa met hod for manufact uri ng an
SO substrate apgss.dBAgnt 03Bhe gossectionalwievy showing apmxample of a method

20 0 8 11%2 8 gfnggaCnL]fg:I?uZn%%Salﬁs%?%zcﬁavice according to the present invention;

FIGS. 14A and 14B are cross-sectional views showing an example of 2 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 is an 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 19E 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 subsirate according to the present invention;

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

for manufacturing an SOI subsirate according to the present invention;



FIGS. 9A to 9C are a top view, a cross-sectional view, and a perspective

vi ew, respectively, show ng an exanple of a display device according to the
present invention; FIGS. 10A to 10D are top views show ng an exanpl e
of a met hodVae 208/k88Mf act uri ng a di spl gy devi ce accor di RETIB240HBS5hR2esent

I nvention; 5FIGS. 11A to 11D are cross-sectional views show ng an exanple
of a nethod for manufacturing a display device according to the present

i nventi on; FIGS. 12A to 12C are cross-sectional views show ng an

exampl e of a method far . (PONS 6 LT RGPl BY BMIE 8 36 SO Ubaleo L he

present inventi cross-sectional views
showi ng ancexanplieteipraeiaiveationt@nd or manufacturing a display device

according to the_present | ntion; . FlGS. 14A.a
cross-sect i onal F@&M%Wﬁ %%8xvd%ﬁ ghogring,an, exqiuple ?’ gra& %na%gﬁs g%t{ahcri ng a
di spl ay deéé(:&gin%q_gg{eqbgdggﬁ_ti@eha@l,present I nventi on; FIG15 is a

cross-sectional view showi ng an exanple of a nethod for manufacturing a
di spl ayd devi ce according to the present invention; 15FIG 16 is a di agram

showi ng a ghéHfiOHAFORGARRETOH GUPITAETRVENIIONS apparatus; FIG 17 is an
expl oded view show ng an exanple of a display device according to the

present i nBmhodimant MedeS. 18A to 18C are perspective views showi ng an
exanpl e of 1ﬂi splay 20 device according to the present invention; FIGS.
ar

19A and 191 e cross-sectional views show ng an exanple of a. net hii)d for
manuf act uri ng a Hirsipdfey, cobeilioeenhmodesdit tkp prgsapw@vmgg:mdqsgmtxq dsta
FIGS. g0A arlg ngBngerte 5L SRR NP hat/thE YResSRANdREoR s FetAiRiItd Bith@ MBL hod
for matiuf abtary rdf Z di splay Vi ce accordi'ng to the present invention;
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 Mode 1)

20 An SOI substrate according to this embodiment mode is formed by transferring
single-crystalline semiconductor layers from a single-crystalline 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 SOI 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



25FIG 21 is a cross-sectional

resen nven

i nventi on;

_ _ vi ew showi ng an exanple of a display device
according to the present invention; FIG 22 is a cross-sectional view
showi ng an exanple of a display device according to the present
FI GS. 23A ™D 2B8nR8™ cross-secti onal
30 for manufacturing an SO substrate according to the present
FI GS. 24A and 24B are cross-sectional
;868??3%82[7;&?9 an SO substrate according to the present
- JP2008/ 055172 FI GS. 25A and 25 i i n
exanpl e ofsegi’icogéi‘“%‘dﬂ%etrr(g?r%mﬁ%%b%‘f ﬁ%erfe H& 4 S ﬁ{’ érflfsd( a%\il%ﬁ;ﬁggﬁfd I%I gg.

_ i nvention;
W ews show ng an eBCINPR®8/0351 net hod
( i nvention;
vi ews showi ng an exanple of a nethod

WO

26A and 26 isa8ert P prvRIeE ovRONsHficaf @basedubstadte A10. SQlhe STidhyeatl80 &ccor di ng

to the present invention. 5 BEST N[]I%E
Enbodi rrgntPIFb’bid@,% qQugo j_}y] base substrate 1 Vlvzl%? t%@ﬁa’%%g%crﬂi‘% li'r\llt\érEplggel;dO\l

10

15

20

25

30

therebetween, and constitutes what is called an “SOI structure”.  That is, a plurality of
SOI layers 130 are provided over one base substrate 110, and constitute one SOI
substrate 100. FIGS. 2A and 2B show examples in which two SOI layers 130 are
provided over one base substrate 110 for the sake of convenience.

[0023]

The SOI layer 130 is a single-crystalline semiconductor, and single-crystalline
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 implanting
separation method, can also be applied.

[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 cach having an area including one panel, which is the
desired panel size. In this specification, a “panel size” designates a size of a peripheral
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 panel, which is the desired
panel size, are bonded to the base substrate 110 with the insulating layers 120 interposed
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,
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



Herei nafter, enbodi ment nodes of the present invention are described in
detail 10 with reference to the drawings. Note that the present invention
is not limted to the followi ng description, and it is easily understood by
t hose skil [Ve@IZ008/132B% art t hat the npdegs and details di SRITEP8NENE n can be
nodi fied in various ways w thout departing fromthe spirit and scope of the
present invention. Therefore, the present invention should not be
interpreted as being limted to the description of the embodi nent nodes 15
to be given I r | to be

descri bed ﬁe?& gé@ﬁeu @ra%%%% gerpgé\déleﬁ lﬂg&{}&mﬁl aﬂﬂﬁgltégdl gér?g‘ﬁé’ﬁ? he sanme parts
I s used i n [0626] er ent dravm' ngs in sorre cases. [0020] (Enbodi nent Mbde 1)

Cranstorring. i notesiey GeLPiphfcills SORARE do0) i) Bcriran ki, o

si ngl e-cr y&écaddghllaﬁslﬁaértlﬁaﬁdiugh@q:ms@bwhrchteﬂaﬁm easxsmstasangamf banditigfdfer ent
type (hereipafter, 0 referred t "bas ubstr .. Het after,

S suns r s 330 16 beta bumiro D it RRRutEtaion foesh Ja PR Node. of *a
met hod for Wmuuia@sbmdyaglm u4d fos b aiel ot € dRpRy devied, iitie grefe2fblé aRE FI GS.

1A and 1B show perspective views.show ng structur exanmpl es of, an SO
substrate V&IEr llaaeﬁﬁéSHSF*éé%?f‘ere‘% mgking ﬁl?rﬁﬂé?yer# ve g Aesiggd3p show

_ Cross-sect i,anahcydife n@ achl(EI@p | 183700 higth) isHBouSsHRaE fodd EesREE Pl £k, tiList he
present invention. 'n FIGS. 1A, 2A, and 2B, an SO substrate 100
has a strugosside itn cmrcdra al Qr A pangl-iorpangh basisd it BanEacting A varety ot

I nsul at4i.ng |

2008 1 1959 MBI ekl P ol & ot b Ilagnuef%éﬁrﬁ%?se'?gng? Por Substrate

referred t@ompleted. SBthenydanjagt 30 clemenistcan lb@cpfbwntcﬁlls dividiag aan’a@elpﬁwl ded

over a surfa ) a S e ed over
ol 2rRa8se H3RA] AlubeltBravid B;@Lalh%g{ e Sbidaye? 190 itk

the base sUBg e |nsu ting | nterp
t her ebet vveeiaslreﬂrachadmisdmg aheepaned fie., 2 sizewhick i about' gl tsaﬂmdpaiel sithat is, a

Const i {uf o o8 L RHER pad 1655 Pread L5k GEGSObRTr IRE UM NBRIR T 0, 7

two SO15l ay@sscidrificosm Hersappreged.over one base substrate 110 for the sake of

conveni ence,
[0027]

A substrate baving an insulating surface or an insulating substrate is used for
the base substrate 1106. Concretely, a variety of glass substrates used for electronic
industries (e.g. aluminosilicate glass, aluminoborosilicate glass, or barium borosilicate

20  glass), a quariz 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, a large-sized mother glass called “the sixth generation” (1500 mm x 1850
mm), “the seventh generation” (1870 mm x 2200 mmy), or the “eighth 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 insufating 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



[ 0023] The SOT | ayer 130 is a single-crystalline sem conductor, and
single-crystalline 10 silicon is typically applied thereto. Alternatively,
a crystalline sem conductor |ayer of silicon, germanium a conpound

sem conductwo 208/t328|@s gal | i um ar seni dggor i ndi um phospHGIEIP2@s/0IME. | | ke,

whi ch can be separated froma single-crystalline sem conductor substrate or
a polycrystalline sem conductor substrate by a hydrogen ion inplanting
separation mnet hod can al so be appl ied. 15 [0024] A feature of an SOT

substrate accor o th re [ SOr

| ayer 130 §¥aP™ 5‘? t@?ﬂ?’é?cﬁﬁ%ﬁ ufa%glﬁ%]&r avt{i g‘ #h% %g@%ys ??@gg g%‘%g‘i"%?dze. The
SO |ayer $h3Rid &newmpeded. Nt 0 sections each having an area including one
panel, which is the desired panel size. In this specification, a "panel

si ze" desi@ﬁ‘ﬁﬂes a size of a peripheral 20 frame portion (non-display
portion) of a d"ﬁﬁ'@%]a‘iﬁ\@ﬂhydrrlzadﬁpfdvmaduﬁtv&eﬁhﬂsq)bay smnsnmeono dadrthder, a
'si ze" de5|8nat es an area. In _an_ SO ]?8bstr e accorld g‘i 0 thH_ 0Dresent

i nvent i on, SOhdaysr 384 | The dnsulgting |layee 120187y Yeal nﬂ'&g%bﬁy e

sem fO”d“C&%& ked 31 Et?tlcﬁlré Nt Q &%k ivdfdeddGhe banéisiBstal aloe(nenemaﬂmimg one
pane

I's the e5|red panel size, are bonde se.substrate
110 with t feferradstol asta goqda:,gemfaseém is Soepth o%’édlYEISOPg‘H’ér ebbfetﬂkaﬁm{’%‘%] The

panel size, Ry ﬁ?é’r PRV Bﬁﬁe%to%' ;fsﬂ?fmqs P RRGdo 89 thadisgager” and for
exanpl e, a Srar | um pane a diagonal line of 1 . or |less
can be FIG. 2A shows an éxampie in whlch a bonding layer 122 is formed as the msulatmg

10 layer 120. Asilicon oxide layer is suitable for the bonding layer 122 that has a smooth
surface and can form a hydrophilic surface. In particular, a silicon oxide layer which is
made by a chemical vapor deposition method using organic silane as a source gas is
preferable.  As the organic silane, a compound containing silicon such as
tetracthoxysilane (abbr.: TEOS; chemical formula: Si(OC;H;)s), tetramethylsilane

15 (abbr: TMS; chemical formula: Si(CHs)s), trimethylsilane (chemical formula:
(CH;3)sSIH), tetramethylcyclotetrasiloxane (abbr.: TMCTS),
octamethylcyclotetrasiloxane (abbr.. OMCTS), hexamethyldisilazane (abbr.: HMDS),
triethoxysilane {chemical formula: STH(OC;Hs)s), or trisdimethylaminosilane (chemical
formula: SiH(N(CHs),)3) can be used.

20 [0029]

1t is preferable that the bonding layer 122 that has a smooth surface and forms a
hydrophilic surface have a thickness 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.



enpl oyed. Wth respect to a nobile phone, which has a snmall to nedium
panel, 30 known sizes (screen sizes) of a display portion are diagonal
lines of 2.2 in. (56 M), 2.4 in. (61 my, and 2.6 in. (66 nm, for

exanpl e; wvem2@s/mazkidl e phone has the gpove panel size, RATOPR@ARGISIR ze nay
be determned in consideration of a size of a frane portion (screen frane
size) around a display portion in addition to a screen size. [0026]

Al though the shape of the SO layer 130 is not particularly limted, a
rectangul ar shape (including a square), which enabl es easier processing and
bondi ng ofl083dhe SOT | ayer 130 to the base substrate 110 with a high
integration degifg, 21S syl ah adlamipld i Nwhidk ﬁ@’l’mk;ﬂmﬁrg la%n&()uhmi i or a
panel of a display device, it is preferableth theﬁgg er llO have an
aspect r atstagk IMEQSWMWWt?IHeMSW%{%‘P ‘f B §tac d@[ﬁ{ R S

i ncl Ud' ng 28GR g'@%ﬁl boﬂdn?g laﬁ@r ﬁZ%ndMah ﬁgsuﬁa'imgtlﬂjt& 1@@%htairﬁh@m§eﬂ é&d panel

si ze, i'S pos £r ol ield on anel - t basis in
manuf acft urfiorrgedaasy #ei mb‘lglaf@fg Meﬁl%lsa§h0&QV| dhe qutlﬁﬁg?ﬁbag%quﬁtaﬁmlﬁ spl ay
panel manuf, C%“érmegm‘dls ?9 G;W(l, @I S?j&liﬁ}ef i‘ﬁ(?axﬁpﬂi’@ hehdil lafdirbh ek orddage to

el ements cHA° even a panel fromeach other. Therefore, a
yield can e bomimg)lagek 1B)is rfuhwdgmtaﬁwm snfgesr of tBebasa pabsiralgddlr edbeyr eq

i ncl udi ng on [ £silicgd panel
si ze, ‘the ’@F‘gﬂ&%qa 1&Wtﬂﬁélnﬁ%§%wk’%?%r mg&hﬁfsﬁﬂﬁég&l%ngwoﬁe I%jayelr and t hus
variation jiftideoxedealagér} 6F b silicos ozgritride Is;qopo deved singldager structure 9: Zubstrate

havi ng an i nsul ating surfa sul A the
base sUbst ftagked-kyer g@ﬁ%?e&egﬁxwg’ ?/a# at1 ?gtsigas t?’%ﬂrﬂ fes éﬂ
el ectroni cpd pEMed bl 8&cKife @ sitibobl Itﬁkykﬁ&idlellmpt ancg Hassa siliion mitridb okids |1¢}16c at e

gl ass, or barlumboroscha 2 t.z sub r, mc
substrate, fr@m the SEH Jayer &30 1 gng ‘1%2’%& 3§t \L}g% 58N eeénpﬁ‘er%cfg&?

pref er abl % iR 1SS sitehsik 130.e T&rmmanigasm Jab soutaining riogehds

exanpl e, -si zed nother glass called " Si xt hn%e.ner ation: (1500 nm

t
x 1850 mm) prefembéy provisded Hn qades ta Prggnt mﬁéewcg 3 JBY 2Rl 100, PT IR i h
gener aigonﬁsz%%gu Eﬂg&&%@ m}eﬂ 048@thus BntatfinBGhegthé BODRy&i1B0d ot her gl ass
Su

for the’baSe 110 an rranuf acturing an SOT substrate with
appl i cati ofo081] t he present invention, the SOT substrate can have a | arge

area. In the SOI&? 3&; i dn® ﬁln&y la g&r&g&ﬂﬂ P2fih Watkbft¥in® lnorbxygaier s

obt ai ned by di vi semn con uctor ubstrate I nto sections_each having an
ar ea i ncl ugdiafGritespenpaniein, the pmed Wh@almgasur&llﬁe@@@@ﬂﬁ%m@ﬂ usingeRuthggford pase

substrate haying an i nsul atin t er posed
t her ebet we BIfkSeBEeTInE FPCEEPMPLY, g]?ﬁ# E’Hjeéé% wgggfw%?;zl%m%?%ﬁ?ﬁg nulrorber

of di sphay O%agl Sitrbfal sitiodh, hﬁd hﬁdwgemitwom:bntrammlg rangingofsere 59U IOl can be
Cnoreased. - erst ore, produes il et 0 2000132209 4P LAERARRSSLT2

oxide layer means a film that contains more nitrogen than oxygen, and in the case where

measurements are performed using RBS and HEFS, contains oxygen, nitrogen, silicon,
and hydrogen at concentrations ranging from 5 to 30 at.%, 20 to 55 at.%, 25 to 35 at.%,
25  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 fayer 130 is smooth and hydrophilic. It is preferable to provide a barrier layer



end products (display devices) manufactured with the display device

i ncorporated therein can be inproved. [0028] The insulating |ayer 120 is
provi ded between the base substrate 110 and the 5 SOT |ayer 130. The

i nsul ati ng Wag®Ws/13228 may have a singl gal ayer structure RET/R26BATHED- | ayer
structure. A surface bonded to the base substrate 110 (hereinafter, also
referred to as a "bonding surface") is snmooth and hydrophilic. In this

- description, hereinafter, a Iayer formed on a bonding surface is al so
referred tp as ondi r. j ' a

bondi ng Ia€ Tg}f %%sefsgﬁ%g aﬁ% élﬁ:‘lé\asnéﬁgﬁ% 1 me% fgtohﬂgwg Iﬁlhscon oxi de
| ayer is suf aﬁbikehfmdmea]mm ar:gmmgtds of AR hkm&oma;bﬁeslmﬁgmﬁhs@%ce and
can form a‘g) ydr ophi | i c}\? urfaﬁ partl cular, a silicon oxide [ayer which
is made bySUpSEREHiEAp T }ﬂ g‘ﬁ’& O on et hod usi ng organic silane as a
SO:JI’ ce gas[gr?gg,pr ef er ablﬁ As Ithe ozgggi C si | ane, a corrpou][\d cont ai ni ng
silicon such as tetraethoxysil ane (abbr o Ml sfi

Si (OC2HD4), tet r%l@e?ﬁy?*@i‘”ﬁeﬁ?ee’%‘?é%ﬂbﬁ”m %E“ﬁﬁﬂ%aﬁ et dﬁ’é‘(‘CHs) 4y,

trimethyl S'gélﬁ@ﬁa?é'rhgﬁ‘aﬁc% bérHipUb o 16@5’3&)&&&@8 the msulatmg layer 150. As the
tetramet hyl cyclo

etrasi | oxane (abbr. cta tetrasil oxane
(abbr.: Ovongling Hasm et 1oy pilicen P&lilﬁrlr@-)’e(éﬂfﬂ ar. ml—‘ﬁf) 1 ‘Pﬁ ?W\éiﬁ ﬂ%?hg
(cheni cal Eﬁﬂ,@;@jﬁf%é m:gl)ayerofna%rlbes fﬁﬂehﬂoﬁﬁh@(‘&ﬂﬂ Ry& (3thasi cal

formula: S can be used referabl e that
t he bondi ngppregréate. 1 F3Gi3fathows an gXaspme ithw Blﬂhﬁ en%hﬂ%frlr?%l RYGELIRI 1 ¢
surf aceghaye Sof LG5S vl 5 shth 23udtBel A labiBb¥CeirmfY bBAKREGecalee doNdi ng

| ayer ave a ness withint ove range, It is possible to snoot h
a rough fi bmdmgmersmmsmbmm@omﬂe Sﬂlé@@hl@s@ Uyt bage srdviEie plthg
surface of bondi n 22 s P& Wegh,t he
bondi ng | a ﬁ”friﬂﬁlg%g@&bé’ qﬁéﬁ%adsgcfoﬁﬁé:}dgflg |%1gilyldé SR, t}r%g base
substrate &ﬂﬂ&n sayithde kagdrj enaestlico nitiilié cx:dc lax(trdehawnéﬁ hyerzstruetarerdne

bondi ng | ayer may further for r 0. Wth
respect to?dt ﬂ@gkgélaygﬁgg}u;tgltee alp%S‘r%f %ese ?I 2?/%%& gstrllﬁg |ja]:1I bondi ng
the SOhs5| aylafid@layér dohRindasausgthst rate 110 V\/m ch is a substrate having an

insulating surface or 30 an insulating substrate, a bonding |ayer forned
preferabl y [34h silicon oxide layer formed using organic silane as a source

gas is provided fRi 38 hBRE aRexRAHID iPivhidhe Edilﬂfn@qeﬁcrﬁmpwmdedh fdrahelbmg i s
formed, whereby firm bonding can be forne

2008/ 13289411t1sn@3¢/ 19) cooriady awzmpabse]wlmf@ QfBCl?ﬂd@\Ys“ Shuctyrs atuding, thepi ch ¢ he

i nsul ating ﬁﬁ{(}gﬁﬂ Li2ar is Shdvideld Uk Qhe ORIEHHYL 1BV ef,158mnexanpl e
in which ab Eé%]z?syer structure’i ncl ulafpng t he bond |nﬂi@t y 122 and an

i nsul at2dng tlheal;asc sdlﬁttatc dH. ai Fvirther, msillicoyerids layey ]f?érlﬁﬂ‘iﬂ"’%‘?f gl‘“i LRSI ng

| ayer 120 i ¢ Goqd i ﬁb& I B&Nay&
provi ded b@?’%ehﬁy%ﬁlg 8"]: ?6&"1:13%}1@%) g’ﬁ%g bﬁgbzibgndl nﬂd] tﬁlgs} n in S?der t hat
t he bondi ng2kaymis aa;amgswmonheeubndmgalamangIts-arpmfereb ftOtfnrén Breswlieotbst r at e

110 The | sl L1 dk yery, 124, catlaln Do tf B8 bshR@Rd: UShaiad ST |1 con

nitride | af& ayer, ‘of a Icon oxynitride |ayer
to have a %xﬂﬁ'a@‘tﬂeasﬂﬂfon Dkidy Gdydr €260r Aachemical oxide can be formed by, for example,

25  processing a surface of a semiconductor substrate with water containing ozone. A
chemical oxide is preferable because it is formed reflecting planarity of a surface of a

semiconductor substrate.

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

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

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



10 stacked-|ayer structure. For exanple, the insulating |ayer 124
containing nitrogen can be fornmed by stacking a silicon oxynitride |ayer
and then a silicon nitride oxide |layer fromthe SO |ayer 130 side. The
bondi ng | ayeo 20022328 provi ded in ordegzto form bondi ng RGTIR2GBESSHRS €
substrate 110. The insulating | ayer 124 containing nitrogen is preferably
provided in order to prevent inpurities such as novable ions or noisture 15
fromdiffusing into the SO |ayer 130 and thus contam nating the SO | ayer
130. [OOBQhD%ﬁte that a silicon oxynitride |ayer neans a filmthat contains
nore oxyg an nitrogen, and in the case where neasurenents are perforned
usi ng Rut her f or idgelssabhducionguispeet 10aie prepareRBSY FIGE 4y dndbfdh A5 war d

scattering (HFS), contaips 20 ygen, nitr.ogen i LLC gen at

concent r at*%r‘%mi‘cgﬁé‘?% ?“B?fFﬁ“SéBf’og Fotnmeraiel %.n%ca[ngucfér g‘@s%{g%wg‘g% at. %

and 0.1 t Ogdfe alysfiilink 86RREAduERK Yubshbte tdR@r polgritdilireaemiichductie sokstde | ayer

nmeans a filmthat contains nore nitrogen har%e gﬁ)ééggn . and e _case where
, 't

. ; h
measur €entay eeussdy PeRCRRIEY: U SHYICRRICHR SUDETE i o, %ﬁ%te A t% ogen,
si licon, (OB ErAd) of AORPolR sdiSordanwt (k. fgaliihbarkénid&Dorindfm 20 to 55
at.% 25 ﬁ%gggﬁat.Wb 25)and 10 to 30 at?@b regg%é{ivgﬁy‘ Not e t hat
per cent ageshosphide)snlosels, camky used,  Eynical siges of ke sppumseielFlicon SURNTEFF ¢ he
ranges giv pav, r tiql [ s 12400 (300GRAY @ digfetbr) addhe
silicon oxsﬁ%?£?H§“?§€§?E%@hﬁﬁégéﬁﬂ?ggn itride og?he I%yer_iz defined as
100 at. % nO@3TthatoBBnerdid) siliown subsiraBs ashejvgulak.a ifraer the Sl Bickasss 4k ul at i ng
| ayer 0 30,incl.udi n [ i.s, provided for the base substrate
110. The ins teéﬂ%egupg?/gbrolagggﬂ?f%% ?Pg)?/éem%&éi ngl e-1 ayer structure or a
st acked- | ajpes7istructure. A surface bonded to the SO |ayer 130 is snooth
and hydrophilic. It .is ef erabl e . t 0 provi '
30081 820041 2PCRE bRy Bl SAaRET ok dn Rt fald Hablafited ERYTE surlb of

bondi ng | ay@kemitofdudRi sit@trite 0B thmad wa idneddped tayef 108rs foried in ansgion at an

al kaline earth netal, or the |i r di ffusing.fromth strate
used as th%gﬁégéle%&“te%éﬁé' %&6‘.“5(?6&3%%&3&1“ E‘kg d5Te Ogh%g)%lgﬁ%ﬁtgﬁﬁﬁ"ﬁ which a
st ackegls | ayeinsStnals shiRohdielod Gubigrae Ralitaiiated | woiyte aeckbtanibng, dothdi ag | ayer
154 is forned as the insu]ati n%ll_ay . 150. As, t.%(re bondi ng Iaryeg 154, a
silicon ox¢lamentdhatformsthe igps fop therjga ARSI SIB A e

iR 1 Goriaky
Fur t her, apm%g@ggﬁ.gﬁ%ﬁ 1AYRY nfRSnsP 1R4iod Wht iPwedkdfed I haver tintelAitias by

appropri ate. ws "an exanpl e in which the _bonding | nger 122 is
provi ded f iradiating a semiconductor subsirate with ions, and is referred to 48 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 subsirate.
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 am inclusive, more preferably, 10 to 200 nm inclusive. The
acceleration voltage and the dose of the jons 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 ion 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 H*, Hy', and H3" ions be contained and the H;* ion be contained at a higher
percentage. Thus, efficiency of the ion irradiation can be enhanced and time of the ion

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



10 the SO |ayer 130 as well. Such a structure can achieve firmer bonding
because the bonding layers formthe bonding in bonding the SOT |ayer 130 to
t he base substrate 110. The barrier layer 152 is forned using a silicon

oxi de | ayewo 2008@izB"on nitride |ayer, 42 silicon oxynit rkciarRegessii2or a
silicon nitride oxide |layer to have a single-layer structure or a

st acked-| ayer structure. Preferably, the barrier layer 152 is fornmed using
an 15 insulating layer containing nitrogen. [0034] FI G 3B shows an
exanpl e in which a bonding |ayer is provided for the base substrate 110:
concretel y0038h exanple in which a stacked-layer structure including the
barrier |layer 1p2,an0%olhen BRRepAsionaxRE 1054t 4 givei defitidldladistidnheith theul at i ng

| ayer 150 on 20 the base substrate 110, Further, a silicon.oxide,layer 126
i s provi ddonsf KM neads ke perfpemed 3ba high 49sH st i $4TRC SRS | 3&';3‘?‘3 £ 15 t he base
substrat e (e bfifo ShadcGRMCR IsifkabRVARN HelbintOioeh opdiiang o édndltoss.bondi ng

| ayer 154. IS preferable to formthe silicon oxide |ayer 126 by a

t her mals oXitdedforena milidon chitride layerap sdliqen Juiride coxide 1ger 9 dhe ke VbR de as

the silic i"g‘f’("’i&gg’g lgﬁytg 20048 g@éﬁgﬁn}uﬁ?lbe ;ﬁﬂ)xq&e Qé"a?ﬁotfe&fv@'ﬁlﬁye?)fm frer

exanpl e, 'ng a sur e of a sem conductor substrate with water
cont ai ni NGuffa@n theAemivenilucadr sobstdte, fosvigeiethe iaxtis apmliedause it is forned
reflectin narity of a surface of a sem conductor substrate. [0035] :
Next, a for manufacturing an SO substrate according to the present

30 invention is NS e boading Haee122is fexadph ¢haoferbcomdudtarcsubsirate i (Bt ur i ng

the SO substrate sho i n_Fl Ais d ribed with ref e FI GS. 4A
to 6C.10 wWFISSogiB 338PH)sp J?@fﬁ%i%ﬁ%?g Fog’i’é‘j\% & R ,Oftaa‘e

sem conducCl.Rficoaditsdr fbsrald 101, Swiitle B chopding WitlGhe bhée awtnir@d) . As\thet he

sem conductor substrate 101, a compercial . sem cponductor. subsir uch as a
si ngl e- cr yeanding; Jagerskdi former besr 2 SHFOP 9Fide l%P““a OEBF?C/%V)?S.F aﬁnHEar%ZwIaSmS

sem cond uc‘?eg,ﬁsiﬁ&%&ﬂhaa Bsifl HRYnib Gildhe @6l a sORECES a6 yscribedsaboi€ Biptefetile.
substrate .g. a silicon substrate or a gernani un&su?aatrate or..a conpound

seni conduch as alge pessibipatol ysarh Shepaxids layer; PamedRyph SLTHFY SFPYFEPYUT e can be
used. JTypic % t - i AfentijeldnfONatSHiich EadagifiRat®onSfrdm the 125 nm) ,
6 in. ]( SOm%Ttrlf‘?uéggrslﬂnfzag% %&%ﬁd fgﬁ’ien. (3?)0 nm ?én di anet er, and nost
of the conyepamiial layed L@ formethsn the semigensduetor suftsiiate 18, dage mot OFRAT 24 1,

t hi ckness ca e determ.ne - ition HA8E. ARRQRhpI8lLEInl 0037]
Next , ionsapfé}ﬁ&g’ctg’g?]é'ggﬁlg& yadcélgﬁéﬁ%g‘é ??éé@pip%g d are inpl ant e% from a
surface of fdrnatiderinvperntine bDB5G 00strlaver i&Gpplislo Phbeat Gratinent- igepeidtrayer 103
is formed in a region_at_a gjven degth seehFI.(ﬁ.V 4%&”9&9(23 NHRhgs that in
this descr higherghan the filmpformation temperare iy, § Shemissl aPALIRPREHRIL BFor Stbst r at e
is irrggli afegeihd fhapERheitabesdphafiss the SOI Ngjer fomeahe smvitoridnetbr fubstrate t he | ons
for the irradiation is contained in a sem conductor gtg@%trat.e cFurther, an

i on- doped bughes arsinglpscrastillins SARIEMGHCPLSUREEAR Aot POCH Wi

WW@“ Cavl ti es by

irradiati ”&@trﬁ@m conductor substrate with ions, and is referred to as a
"separati onq ayer," hereinafter. The sem conductor substrate is divided at
t he separ af(0d46] | ayer with

Next, the semiconductor substrate 101 is processed-to have a desired size and

25  shape (see FIGS. 4C and 6C): concretely, the semiconductor substrate 101 is processed
to have 2 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 eﬁch 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.



20 |l ater heat treatnent, so that an SO |ayer can be forned over a base
substrate. Irradiation with the ions 104 is perforned in consideration of
the thickness of an SO layer that is transferred to a base substrate
later. It MOMYIRBUHDI e that the SO ligyer have a thi cK{ds®2Wp0H1T20 500 nm
inclusive, nore preferably, 10 to 200 riminclusive. The accel eration

vol tage and the dose of the ions in the ion irradiation are determ ned as
25 appropriate in consideration of the thickness of the SO |ayer to be
transferre&, 4@2 the ions 104, ions of hydrogen, helium or hal ogen such as
fluorine chl used. As the ion 104, it is preferable to use an ion

speci es i ncl udi rig inprefdraite ¢t thepsemicdndogtonsubstnade J87Adave arpandl sizeed by

exciting a source,gas sel ect from hydroge | i . el enent
with plas nﬁf‘.‘”e%"fqig’?@ai%cﬁ%eﬁg‘eP??'&e?](%éﬁm’yge ?F’rtﬁ aﬂn”%&]e%',apﬁa'gflgw g?éé’ erabl e 30
that Fr, Hgtan satipiddictiimesyiieh arnpaatnisdnampbrated, didhe liber foe excmgithed at a

hi gher percentage. Thus, efficien of the.ion.i,rradiation ca enhanced
and ti m% oPanchize gay Pf p difearal g‘ﬁe eg%sso%a%ﬂ{gﬂ’e o 153 pApR e Ogﬁ'cﬂl‘blgt%t ructure
enabl es eagu REPRLRLI For exMi)ie 08 22&MALPAHORMIOSHALHD fidsr038] i$ n or der
to formthe separation |ayer 103 at a gi vgg_de_gt h, i r[igdi ti ogl wi t.h the

i ons 104 neeied toa pwbilepiase Fid ascresn gizg BE ¢4 4% 1 Jiagong) ling the RAEele ¥ 1y ¢ hj s

case, the ﬁ&éﬁ.ﬁﬁﬁi R cohdifera O of AREMER BEmE 408 I AdRichQd aBacanase srah.
depending on conditions. 5 Therefore, a silicon nitride | a%er, a silicon

nitride oximdiagampbline. ofThe beap ok theygemicogductar srbiats 102 may fegd 2 ncl usi ve
may be,proyj ded. i r ji1aC e e L8 vaRM weoNduct or
subst r%\(?e, a?pggéjr\ha?%%&?ﬁge%tggﬁei ﬁég%gpﬁaﬁggaﬂfogggtgo]r%xt , |t heebondi ng | ayer 122
is formed eemictelusenischstrdisct03rissapplied it e display(davice]1 ¢ is|poferablg thafdthgB) . The
bondi ng layer, 122 js f e : 1 ; strate
101, whi R 858#%{55‘%99%“%‘%2 fg%ﬁ“ﬁ%ﬁﬁﬁ‘ﬁﬁ“}%ﬁﬁgﬂ%ﬁrgﬁm%nger 122
f or med her uriersit lid poferabld et thayanichmiuned sibstrate A2 iavead rogtapglarcRappssi ti on

nmet hod using organi ¢ sjl.ane as SQuUI ce gas as ri j

pr ef er abl e.T%Pst’ %Ceﬁ“%lnp}gtg‘épﬁ?‘g‘g?tgn%%qg I c%%ﬁ% f’édel : a@g@ygﬁrs t'r%railatgl by
cheni cgk vapPtas6pes fidm Meldemi@nbodosibstents L0 heffickeatln  Shesemicgadictor
Tenperatures at which de%?si fi c%i on fromthe sg&aargation Ia%er 103 f or ned

in the seneRsHaG0drcas heHdadovith YHE WBUAYR & r % UG LW EE™ 8

oformng a

filmby a ¢hgnphagha WaRRELSBORS I, Py Bhdieaitingdtecagxanpl e, a film formation
temperature of 350 C or lower is applied. A heat treatment tenperature

hi gher thaf0Q48% filmformation tenperature by a chenical vapor deposition

method is 20 apphhqﬂ%ér%f%gg %gﬁ%ﬁ}?{g&n $Othe TRRERA14yRH ok MR sodacd ay@e from

t he sem conduct or substr at single-crystalline sem conductor
subst r 20e cemimopdictor sybstraiel dam e permutech o anpsepritify s FIGE 4A [ apd AP, t he

sem conductyar Subst re%rﬁ“pig'%' WHicHP IR R PR Ebr RyloN Sofndf R 118 GeRichRdidist
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

25  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



25 shape (see FIGS. 4C and 6C): concretely, the sem conductor substrate 101
is processed to have a desired panel size. FIG 6C shows an exanple in which
t he sem conductor substrate 101 of a circular shape is divided into
sections t ovO UBM38M conduct or substrages 102 of a rectROWPRASOSHEPe. At
this tinme, the bonding |layer 122 and the separation | ayer 103 are al so

di vided. That is, the sem conductor substrates 102 which 30 each have a
desired panel size, include a separation |layer 103 at a given depth, and

have the bondi.ng | ayer. 12 or t r f ich the
base subst‘?’ﬁ?éhq S%g‘hﬁg%tf%%é’emgﬁ %P%gépﬁs% f}@%@;‘ &%%ﬁ%&%ﬁ }%ﬁz’(ma}‘%/ 055172
[ 0041] bondtd tol eaclpohécsathhicthe bat satsgate dihd awhitie stovicomsiutiot substeatdd 2 have a
panel size of a variety of di ay devi ce Ih el_size

det er m ned“ﬁsb"&ﬁ‘?flraf?pﬁi‘cét‘@;‘%fcc@ﬂ?i %&t iEi\o’S é’ﬁgfgﬁalegtpélgﬁgtsuﬁﬁ%eow ?{ctﬁﬁ?sne panel
i s i ncor pop@idag, (behdihs Suifidel be fdanek auffitientlyt h€ldse paniatt bitweennthy base a

di agonal line of |ess than qu {an ﬁ/gi ch is.a aneIVsi ze‘apf g smal| to
medi um Paniibsirate t103a¢ihe Bonding fager 12 %“%htb? bonding. < ¥ap dehnBads SFCsitst rat e
102 is apphi gk boadingd/RRH kiR PRERELIRINI18 HAMRE BerbicaRiubior Subdiratd 102 nrdi agonal
line, the gpanel size is determned_ in consideration of a scr eenhfa%grre si ze

in additi obonded tp eagh ether by beingpressed; sp that the fam-bagdine dpg fpa hyfrqgen of the
sem Conducéa%rbc?'blxtﬂ'fetdr ate 102 nay be determ ned as 10 appropriate according
to the usage of an end product or the like. In the case where the
sem conducf0ffdlsubstrate 102 is applied to a display device, it is

pref er ﬂ?' e that rﬁ%%o%ﬁmg;%gﬁggﬁ_ l?e“?&fvhéﬁ Sa iﬂu?&’arhavi%na fﬁ@&&tﬁé‘%ﬁcﬁﬁ% shape

with an’aspect ratio o Furt her, Is preferable that the
senm conducbaweauths baskt sbdfife hdmdahe bondimgylayerr128h afer. examgle, opr dwilsi ng in

| ater manufaecturing steps..i asy a he.sen tar a5 102
can be cut °€t‘|ﬁ8 ﬁ'l"i&l’?gs g’ém&c‘% r%gc u@ n??lngslgu gosngnp gt‘ SZ‘?‘%@QQ 9‘? flﬁcﬁgleart](tﬁ]‘ﬁg .%E;%qé)

sem conducicarbessbs i e @askOdharann hondé beabe dr w idn tramiis wiilizpdappiedtgas such as
a dicer or,a wresaw,

| aser, plasma, an electraqgnic be [ t her
cutting mef ?rqﬂeba@sza‘i?ﬁmai’a*&? Og?“ E'Fn‘gﬁgs JBB%?%H ﬁarnovﬁqssfcgnalg%s a&ﬁgg gbr%(gi ng
layer @8 t{ea&ivalca8R Wndiiesitfice &y plasith Giratiatiunbedt raical tesnist. pSunit ed as
appropriate. FIGS. 4A to 4C and 6A to 6C show an.exanple in vvhlcq t he
separ at i onsyrfage treptgneng fioitifates, Tpmung oRding, JE¥eE} ragteraly REem & ng
layer is proy-A&fe 8Psde Gubface of the sem conductor substrate, and then
the sem conductor substrate Is processed to have a desired panel size each.

However, t[945bl | owi ng nethod can al so be taken, for exanple: after

processi ng the 22aSShaRDMHE licotdBbY dhfu® 162 1d fle MakCaBuBifS LiPRmane!
size, the separation Tay&r 1s tornmed I1n e sem conduct or substrate having
t he degr echepboslingsilayer 122 dintengoskd nbkrelptweppernit is pprfoubldeld paformhbeaturf ace

of the sem conductor substr tega ing th i.red it; Jg%%g]
30Next, thBECHRER & BEFLt i’e%f’@n nﬁlhf %5‘ atsgerﬁqlggr#d%dhg%}gﬁ%st reg"{"é " are
bonded to gagbvohhRading|steend SI0GyVprefanatde shimp lacprocessvengieranire of ubd beae of t he
sem conduct or . '
treatment be lower than or equal to the heat-resistant temperature of the base substrate
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. 5SB). It is preferable that the process temperature of the heat
treatment be higher than or equal to the film formation temperature 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 wth the base substrate 110, and the base substrate 110 and
t he bondi ng | ayer 122 are bonded to each other, so that the base substrate
110 and t hav@am/e8suct or substrate 192 are bonded to SETWPHOBBISI72Not e t hat
it is preferable that the surface which fornms bondi ng (bonding surface) be
cl eaned sufficiently. C ose contact between the base 5 substrate 110 and
t he bondi ng | ayer 122 fornms the bondi ng. Van der WAgs force acts on this
bondi ng, and the base substrate 110 em. 5 t@r ate 102 are
bonded toa%’fic‘ﬁaﬁ‘? e?‘eﬁ}eﬂﬁeﬁglsp?ee Osnélg‘?gtshgtgﬁsgt %Q‘?#&grﬂ(ﬁﬁgﬁé{?n%gbds‘g to a
hydr ogen bggglsi¢anyiestiyQrdre deelrd8 4Aingt G velubenat ity évdy formedbe thect | vat ed
in order to form favorabl e bondi ng between_the base subs e 110 and the
bondi ng. | ciperation 1aypiohObaih B SR EIRg: SR e GEPRAROT IVl B PP TREE ¢ he
bondi ng i syfOERayes 130 atlicatied thé shnarsatiiig Seda of tiansdndeoddeetor 1 n t he

case where an atom c beam or an ion beam utilized, an inert s (e.g.
ar gon) Feusubsirate 162, sdafthaer Bis hase spbsyals 1®nbeﬁé‘é§ﬁ1 tg‘é??%‘ﬁ“%é@ﬁ‘. l?f %s als

possi bl e "Horladd aftht é@ée%uﬁéﬁﬁ%ebﬁﬂdi R tcSthiselia et B%cﬂ{:&ﬁﬂﬁclédvﬁg@i:@dahﬁﬂlapr

radi cal treatnment. Such surface treatment facilitates form ng bonding

bet ween di pdreoforsemimpndedtar|sybstrateris sparstedabp stparation layer whigh 8 okeiste . [ 0045]
After bondjng the ser. b #h liGnd BE hh@SSerS URBLIHALE 110
with 20 th a‘%o‘ﬁ“cﬁuﬁeg é@egfnﬂ}lj%&é nte’g%éﬁﬁﬁ?ﬁgr eblet weenf9 i?e Is preferable to
per f or m heRdlogenasatinasnfluodine, 5o ¢isx am SOI Fgert inEormed Prier ahase subplesse ndivrthesy t he

pressure tre nt c LRI ove b ' ngyt tonh Sl @ f that a
pr oces%gt eﬂ‘ﬁZ‘% RVE] g]Pm? ﬂgesfl%'éﬁegtar ggﬁ%ﬂgﬁ%{' Sl%gerﬁl %\Aglran% hogh&gfg %qﬁgﬁ% % t he
heat - r esi skttt itk SOLEEr @fovided dyerstbe basb sthstrate by 118 seffiratisy essur e
treatment i s perforned so that pressure is applied to the bonding 25
surface inl094 rpendi cul ar direction, in consideration of the pressure

resi stance of thg hagmvs uahdrathe SOIGtradte tih evhivhrthe 80T lagerck30supovided e 102.
[ 0046] Next, heat treatnent i erforne sQ that .pant. of t.he

sem conductwir thedase stbatratp 110 9 Hﬁ‘ré?‘@ﬂ‘gf 1?‘?5?’{1 ﬁ%emgcég%se‘iﬁ saehely eémf‘tl]o, t he
separ aggon c}rﬁpé&r O3 thai TS SODNkUMBLrAS adcoRfing & BRVAERNPInaaRioh haea Fafire 5B) . |t

is preferable that the process tenperature of the heat .treatmnent be higher
than or eqtiataplralifeof $8Haﬁ’@fﬁ ARt RO YidedoNsE PR éﬁsé sgqsu?tﬁgn%@q%gﬂw& 122"

and | over RS ReAbR! £ebahAtd laf @I mAbdaSoading Deetiase
substrate i@%ﬁogs\ﬁﬁ%éﬁ%%%f?P /eJ P2808/ 053%72 ‘ .

formed at a surface, and the desired number of semiconductor substrates 102 formed by

s

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 freatment as
shown in FIG. 8B, so that an SOI substrate 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

shbstratc.

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

the basc substrate 110 because such an arrangement 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



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
formed in the separation |ayer 103 and thus separation along the separation
| ayer 103 ivsopwssizilde. The SO |ayer g0, which has thePCrAPeo08Pss8T2al | inity
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" neans that part of a

sem conductor sybstrate js arated at .a sep ' r ; S
weakened tS§MEFRY cttﬁrﬁg‘?sé‘at(‘?ﬁﬁﬁgégluﬁygﬁB?Sf%orn%i ngfﬂi%rd a%’.‘dé '?ggxnanwi tﬁ idgns of
hydrogen, hghick@ inOvhiBRhgaRnt SOTlAyas hiveusomerspaceghertiearecanthsSOL laygesr i s
fornmed over a base substrate. Further, 10 the "cl eavage pl ane" designates a
separ atioﬁﬂw%ﬁiéld("ﬂtqﬁséﬁﬁnémfﬁéﬂ’%sﬁ?‘the base substrate) of the SO |ayer

provi ded aég%the base substrate by the separation. [0047] In the above
manner, t ' '

structure in_which the_Sgl | ayer, 130 is provided. aver the
base substrate s pifemble Hiat BORBYerg ob@insd by soparation Bégl@ﬁﬁ?‘ﬁ@rc B@F&een is 15
formed. Nof ech%,ﬁ@h p,}&lﬁmﬁg&gmﬁ%f Glis: F BRRANARME Quiti®sPr ABEBtIVERY @Rt | on has
a

a feature Tha ura oft SOT' layers are provided over one base
substrat e pladanizatidnomagi regpekfasresd byrirradiptingshe swEaceilihiodPl lapds Wik 3/85P%, a

separation | ayer, | d LG, : i at feagy and the
Hl?%g%,/ mgfea oEersfgg 4 8%&9@@%@;{1 es5115 Such Ofs"@MpPat TRe fldér

desired n emc 102 formed by being processed
i Nt o sect i @radiatiae s pafdrably aedesied dul apeittegensatmgsphicre pIEIRIAG PXYEReH 2 20 after

bondi n é h%fggn%[iglﬂ BWQ% IQ}Q ES§S3 g onduE %s%at%h@%ar@%setﬁ’ #0301 BydgaPase b

substr A’ ~“Separation Is pertorned at one tine by
heat treat W;Fla&hsmﬁm HeBmFiridi&Bn is perfdraked anaSoXyzsw bwstaspheze. c FHrthe,
n

[T eat mont , CMP qrdbeafieaneicRegepePeb U SOl TORS BB 0 bondi ng one or some
sem conducfgggpubstrates 102 to the base substrate 110 25 and separating
O S O o o sicp ot prociog o TR Ay Bn &ba Fubstrate
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 clectric 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 layer 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 kalogen 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 plaharity due to damage to the surface of the
semiconductor substrate in the jon 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



substrate. [0048] It is preferable to arrange the sem conductor substrates
102 systenmatically over the base substrate 110 because such an arrangenent
makes | ater steps easy. For 30 exanple, the use of a control system such as
a CCD caneMO ¥os/g28dnput er enabl es sygt emati c ar r angendiTIBHES/HOHE ng of
the sem conductor substrates 102. Alternatively, a marker or the Iike may
be formed on the base substrate 110 or the WO

2008/ 13289418PCTOP2008/ 055172 sem conductor substrates 102 to adjust the
positions. Although FIGS 8A and 8B w truct. ' ' jacent SO
| ayers haﬁ@sgﬁﬁélaﬁ’&c‘@hlf’\‘\é]i‘eéhﬂl%e]gﬁrslg%e dﬁe Irb§1§1&é#é ?aﬁggl%!;hﬁ%g?%%vﬂ”a th as

smal | spagg. &g feﬁﬁﬁ%labfdiné.%ﬂ@]boﬁchihg issfophed By ithging HetsilBOh okipdayer obt ai ned
by separation”be subjected to chem cal chani C€| ﬁ?t:ll hi.n 1 Cél}/l'%tli n order
to pl anar i126 op tke sstri¢anduaior woptEts, 147 W ggs"t gpmtagt With fhe, Danding Jats 13%

per formed by el Bgca%]dbeﬁaté he1 oS UrfaC asnibindubter SMhstiaity @05 ini dbkeised) Bger beam
i nstead of usl ng a physical polishing neans such as, The, | 2ser beam

i rradi &t i processingthé ssmeingdueier substrisdl Olningviich fg sensratiomiayish LIPS I¥APSi ni ng
oxygen at a.l10 concenthail fis X0mRRMt Qhe bifiRe, iAftLscbO@RMACH Badilpk the
surfaces ﬁd#heeSI%% %@ﬁ‘l‘é’gfgﬁ e rough vﬁwen Iasler beamirradiation is
per f or med destredrpanilysizn  Athecpinerleyer A2 tihvayr be dammed byt p YR aethpd, opa
perfornmed to thin SA. | avers. ' dBayefA dilfcoh Gxghiriea step of
provi di ng Sautﬁgﬂﬁﬂ?gmfdé&? aos?ihcggégfggﬁ ﬁrb[slgfri’ggdemllﬁ% siHe and to tormsa

| ayers. Hasyr, odia silxonmittdobxide myehiodayos simgledliyer sametwrg of Rstacyd-layistrate

shown 1|0n Fsltrgictur?)eB IAg t]ge So%rd{n%q%er 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 separation is performed in a similar manner to that shown in FIG.

15  5B: 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 a 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 subsirate). 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 io say,



[ 0051] FIG 7A shows a step of irradiating the sem conductor substrate 101
having the silicon oxide |layer 126 with the ions 104 accel erated by an
electric field to formthe 20 separation |layer 103 at a given depth. The
silicon oxivie2008§32894126 can be forned 4oy a CVD net hod RCTAPSYENIETA ng
met hod, preferably by a thermal oxidation nethod. As the silicon oxide
| ayer 126, it is also possible to use a chem cal oxide fornmed by treating
the surface of the sem conductor substrate with water containing ozone or

the like. A.semcan (o) A Mgl : ' bstrat
101 i n P GR/Ah PRIl e 3YRREIE HbstU 4 Spokih wBerRLH aMbiRe D) (21 €

7A. Furthemhe tike i Thadsasingl-cnystdilineo seniodndugtdr dawers, chrebe ufermest okgll 8gen such
as fluorine is performed in a,simla nen h i I A. Wth
forrmation SPOSfA WitR 2cHe Boreytiap aqyglrc{eiggﬁ%n W%tg tﬁsﬂu‘r?%ﬁa‘?;tj{e]&l\g’éI % ﬁgé ol

sem conducts@stratebstdiglley dé¥ice (edss Wiuidleasal idisplagiuizvice) darmgmicooductne sur f ace
of the sem_conducgtor substrate, in the ion irradiation can be prevented. 30
[0052] £ GWEG‘%'ﬁgﬁEC“ét@ng)m&f‘“fﬂ?t}"f‘fai ng the surface of the sem conductor
substrate {@@55F10n whi ch the silicon oxide |ayer 126, is formed into close
contact with the base W) 2008/ 13289419PCT/ JP2008/ 055172 s bstratlue 110 on
whi ch the barri efAn|¥Jlsubsirsbe aGeardingatofas gFesgpt 1Rxraton Bap %Ft@l‘#{ﬁ? ENPher epy

form ng bondj fg;,ed ROINORM R drévilr SRY aDasOEANRAMBY SiD Hithicans ctublde | ayer
126 on the“sem conductor substrate 102 into close contact wi th the bonding

| ayer 154 dumratiohof Hesired displey pancls usitgg ompROIJaYRL A FAR BIHCVSUBRITENEN 102 i s
obtal NGB ip 3RS 330G SRAE IRUAR e RS 08 1 lafbiMiihust he

h€o
separation 1 or me nd" the silicon oxi d% | ayer 126 is fornmed at
t he surf acevariativine irselenérdnwhich &rmhe displap panels ce e prpedssesh ze. The barri er
| ayer 152 Wséli)e formed by a CVD nethod or a

Furthermore, the yield can be controlled on a panel-to-panel basis even if a
defect occurs in a crystal of the SOI layer in transferring the SOI layers to the base
15  substrate. Still furthermore, even if different kinds of materials are bonded to each
other, stress can be alleviated because the SOI layers each having a panel size are
transferred to the base substrate; accordingly, improvement in the yield can be achieved.
[0057]
An SOI substrate according to the present invention can have 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 series of manufacturing process, and
thus productivity of end products manufactured by incorporating the display panel can
be improved.

f0058]
23 A display device can be manufactured with the use of an SOI substrate

manufactured in the above manner. FIGS. 9A 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 QP of the example in FIG. 9A. FIG. 9C is a perspective view of the example of the
display device. )



sputtering nmethod using a silicon oxide layer, a silicon nitride |ayer, a
silicon oxynitride layer, or a silicon nitride oxide |ayer to have a
single-layer structure or a stacked-layer 10 structure. As the bonding

| ayer 154, wO300Bi1228% oxi de |l ayer simlar to the bondi ngedmipesrshza7nay be
fornmed. [0053] Then, as shown in FIG 7C, part of the sem conductor
substrate 102 is separated. Heat treatnent for the separation is perforned
in a simlar manner to that shown in FIG 15 5B: the part of the

sem conductigfisgjubstrate 102 is separated fromthe base substrate 110, the
separation Tayer 103 functioning as a cl eavage plane. After the separation,
there remai ns t h&hstnuil syystal dgplai devierpacehrdingatoshis epboditentmode iacluddsat  of

th ' ’ 2 .the. b bstrate .110 o that the
SO subst ALY oS I0nh B B R bR BIS, M AW BN Brpd ShadBoitiBl (hown
in FI G 7C 16a8 ozerst first subrsgater600hi Tie dikpdaSpirtidd) 626 iy fitkBBrivescifpui\postivd over
the b trate 110 wi.th the. barrsi | ayer, 15 t he bandi,ng | ayer 154,
bnd +he s 1RcRels SoRd iy GG BRa S50l Fied BobanSOn SR baverR e

separ at i on firéi¥hstda600 ahé @ Bedond subsaitt 690. WurthBe a kdrialRyicaS70VHEREd t O

pl anarize or, thin the opbtained SO |ayer. [0054] 25Wth application of a
manuf act ur ieﬁt(j’ Ipgtepminal whieh transppits Fé{%alé%d)ape& 1ﬂdir%the outside to the first

drive circuit portion 630 and the second drive circuit portion 650 is connected is
provided over the first substrate 600.
10 [0060]

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 9B 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 comtrolled 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.



t he present invention, the SO |ayer 130 having a bonding portion with a

hi gh bond strength can be obtained even if the base substrate 110 has a
heat -resi stant tenperature of 600 C or Iower (e.g. a glass substrate).

Furt her, a WORWBHIZSY ¢l ass substrates2for el ectronic | MRAPRYOPOSHTCh are
called "al kali-free glass" such as alum nosilicate glass,

30al um noborosilicate glass, or bariumborosilicate glass can be used as

t he base substrate 110 because a process tenperature of 600 C or | ower can
be appli ed.[wggdl ess to say, it is also possible to use a ceramc
substrate, a sapphire substrate, a quartz substrate, or the Ilike. That is,
si ngl e- cryst al | | Hepelafgienplae98s pwyised fadhe putsifio pfrihg sespad substratsi®Pat e wi t h
a side nore I Vi, : ; - Si .
substrat e, ?‘%?@B g;IE e{i/(ihctggggl. g. gﬂ#ﬁﬁﬁ?‘@%%@%%d%%ﬁ%%@%% ?e Sor

sem conduct swows hepause) g eabasiiment intode shovrea rfledivadiquidcrystfloligdy device. An SO

bstrat i Nk o j t t in_which
panel - o1 e B pien € uhiNnill R, YR bisBy 38500 3% PP & R ot ur e
enabl es f or plaieiney befpralddeidifeckadh sfthafirspaubetraic 680 gl thasechiid substyss 690and can

achi eve inp %ﬁrrent 10 in a yield. Further, desired display panels can be
f or med usin‘rg8 e SO layer, and thus variations in elenments which formthe

di splay panels can theislpdsonssed74[©0R6ided for theUfehbRAIMdton 6M® YT d can
be controlled ,og a1 ‘Fa el -1 o- pa}nel, asis even if a defect occurs in a
crystal of FHENEFe t%f@%r”f*n“t?%‘r‘% ¥ roongedtaietoser extepral JpY feraing 6B 15

substrat@. thtdukh aih BisdMRpIFVoRducBVERYef678] f ferent kinds of materials are
bonded to each other, stress can be alleviated because the SO |ayers each

havi ng a paﬁq@@]si ze are transferred to the base substrate; accordingly,

i mprovenent in thexyifl ot BE adaRiu@NaHing[ BRI ofVineS uia_ttgfswa&i&,; cording
to the present invention can have a large area by 20 providing a plurality
of SO | ayefexiceegwmindd6E. BApAC istdescribedor di ngly, a | arge nunber of display
panel s can @96 nuf actured by only one series of manufacturing process, and
t hus productivity of end products manufactured by incorporating the display
panel cdn be i npFovieds SPOOBBIraig Becodlispioathe gregdnt énveatiorbie pravidetidsteUfi6d Wi t h

t he use of S fe fagt iR th bhove man AL GS., 9A toO
0C show scriandt 2 SR BL PR ' T e inlct B3P YPwE0 RIG 200605 ng 10

t he presentis showeriteron. An exanple of formng a liquid crystal display
device is S(EBAI@ here. FIG 9A is a schematic diagramof a top view of an.
exanpl e. FI B is a cross-sectional diagramtaken along a line

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  plass, or barium borosilicate glass; a quartz substrate; a ceramic substrate; a sapphire

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



30 OP of the exanmple in FIG 9A FIG 9Cis a perspective view of the
exanpl e of the display device. [0059] The liquid crystal display
devi ce according to this enbodi mrent node includes a display portion 620, a
first drivevepesuszsdporti on 630, and a23econd drive ci rRi/IP2@Ma0EITN 650
over a first substrate 600. The display portion 620, the first drive
circuit portion 5 630, and the second drive circuit portion 650 are seal ed
with a sealant 680 between the first substrate 600 and a second substrate
690. Furthgooesd termnal region 670 where an external input term nal which
transmts a signal or potential fromthe outside to the first drive circuit
portion 630 and #heinsdadnedaymrs Q2 anddiare providedbin B8 to pravertniéffisig df s

provi ded oVgfva ' e 10,1 00 - hogwn .in FI G 9B,
B pixel ci o ?’338{‘% b hn SR cHIE 4 %g"‘lé&% carfORBL, or the é‘#@%" L elas) o

di spl ay portipsiiates 2 Gongretolyy inshlating lagierscsimilap ¢y theo abdd8 Sartie!| laghrnmay be

transi stor g I O¥is i i.rst. i,s ircuit .portion 630. An
i nsul at anf r%/eg'r gdgﬁggéﬁl%%u Oténbiaﬁgmﬁ%g@éﬂg 1%82‘?"“5%‘88%“6'&%8‘? gegg PEP1 606 t hat
function agittids bByemural sifidon gittidyexide layer) fdy as leastlonel of thetifutetiap teersizor ween t he

first subs 60 .he pix circuit .portion 628 anpd the peripheral
circuit porg{'lélgﬁ‘t'&% thgﬁgﬁl&r‘]%iag ri@&’ i §lligen %ﬁge Efﬁ'ﬁr Sé’ﬂg?”ﬁé’ ebondipg layrer 609
t hat funct il@hmag be fdraed.ayer insulating |ayers are provided in or over the
pi xel ci rczlléétf gorti on 628 and the peripheral circuit portion 638. A source
regi on or Phi n region of the transistor in the pixel circuit portion 628

is elegorically Tis BﬁBétﬁﬂeﬁt@h@wM@daZl?leQﬁWh%&h@ﬁs@@t%gtlgﬁé?yﬂﬁ A0 ¢8peni ng

formed in the insulating ] ayer 609. t hough circuits 1 ncluding transistors
are integr alfeefﬂn?fﬁi V& the; spbytrats $Q0uthe boating biyenol, is fprmed 3t sisomisonductor

Cr 0SS- Sect kHigthte Vi@V ol WHH BAMSOS 96r O%erhaliél, Ohe GARMEN 306 GnaAhsO in the
peripheral circujt portion 638, although circuits 1ncluding transistors are
i nt egr at edSeTAiceRdysior suhsirate ae bapdedytaeach ither,rand shest parsoff the stmisondugtor sake of
conveni encggbséae 19 9 hated I €51 {a i ched between
an orientati cs)n F il ?n&%éiZe ctg\/fg?];f\ﬁﬂgel t eggi&{(%]l%' ergé?¥%§ég§gw%a§%g‘ayaeﬁ%96

ori ent & i ofermed B th¢ sepicondugted smbsfrate e buovght ioor closd cpmtadti with GBS and t he
peri pher al ; Gl G [ the Liguid, crystal |ayer 684 a distance
(ool | gap) "Fubith foy ol sitheliFber b0 sl o rnilaflic BimweGlElar s 5860 s 30
provi ded otherbontling dasiee 60G LG eavhfdtkan @SfRamihe Bubsirarusllemdahe sémieeaiuei88 and a
color filt interposed therebetween., The first substrate 600 and the
second subﬁbﬁtgfgg aégc})ogﬁ%ds E%r?ﬁ%ﬂ 9 E’F-mws‘ RAYARCE 3 SCRArpLgR: ?@Sb Tormedoby]

A pol ari zi inpdiatiei evith%Bns 6F Iprdeogea chbiiudy, of RElogd i RN int e sefcoREcrbSt rat e
690. exanple in which the polarizing plate is provided for the second
subst rA& e %'ggmﬁ% _*"s"ﬁgWﬁn B&Qfgus‘gn“% ?heg’ ]é‘??gﬁﬁq%tls pedermsHdnsepaate prtef i ve
liquid crystadentibdhlliadr deste®; the sBpatdiRnChRSE A R SEARSHARS: VGl d
crystal digplay, device, for exanple, a polarizing plate may be provided for
each of t HanstiqniRe asgslaayageplagosodhy thaR0klares §d0 s nsaines o Isthis exaDpl3]

A term nal th@'t%%irngqg}ee??(fb@ B R G?(ldtflé %Emfcgﬁdl%cﬁgrg[ug?d'até %ﬂie,ogo Ql?a?i't%e:r he

term nal el ectrodée is electrically connecte an externa put
termi nal 6P@ding layer 60fyhas almash the same pize asctbatohd titei SQI hyey 610.6 7Bhat s 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



[ 0064] Next, an exanple of a manufacturing nethod 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 FI G 10 200@328%anpl e i n which the4SOT substrate siBGTRRI0B/B5S1Tat shown
in FIG 2A is used is shown here. [0066] A plurality of SO |ayers 610 are
provi ded over the substrate 600, which is a 20 base substrate, wth the
insulating | ayers 602 and 604 and the bonding | ayer 606 interposed

t her ebet ween. The | aver 10 each have a desired panel size by being
processed.S“Eﬁf%%ﬂﬁ'ﬁ%‘ﬁ“i%“&&%ﬁ% in which a display device i s manuf act ured

usi ng a papeo]f ormation regi on 610b including one SO |ayer is described

here for sake of C‘;ﬁ?’@ggﬁt s sledsRoR RIS b NG HIE o dh ol Y

device also in anfe ofmati on region he sane tine.
[ 0867] displéy ﬁ%mfsﬁ 5@@,?13 AeBEhdBO] 18631 iand) a shird SOElager 61 in it | Ing
substrate is used for the substrate 600. For a e vari e gl ass
subst r at esdHErCiESpE PPTLOR; 6304 ngﬂé thep %iegqgtrgt?eé @gla?%?rmﬁcfﬂ‘é rith ﬁ%te&é} ass"
such as_ al uginPsi ik Seotd $01Iever 831 AhdehREDSOI agar 4130161 Agste imtlatiag | um
borosilicaté glass; a quartz substrate; a ceram c substrate; a sapphire
subst r at e; lager G1@dntprpReeditkereheseen (spe #Hp-d1Bkanpl e, a gl ass substrate is used.
[ 0068] op7117he insulating layers 602 and 604 are provided in order to
pr event dihou on of novable ions of an alkali netal, an alkaline earth

metal , or the |iRe firstciRliager GRhcfbe g $aI layerc§3i consk the thirdi S gt Ol | ayers
siml aipf[ ot Q%Eaﬁln%ﬁ\ﬁl? eg&'}_;{ At S'(ﬂBfﬁfcr BRY se‘i’e%ti@elfz 9 BRA-a dc"si_r?c_ﬁshﬁﬁ@f qhapie to

form an”i nsul"ating rayer “contai ni'ng nitrogen (eada. a silicon nitride |layer
or a sili canbalimestcaodexibdSQldyer P14 isrpreqesied dutp agrherakity of fbandsbaneaendg | ayers

o g B0 a8 paterithel A€ trifiBssofofthé HEPSOPI A AL CecdhaTSbET L0 the
tayer 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 ctched to have smaller

15  thicknesses. Alternatively, the SOI layer may be partially changed in its 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 gently tai:ered by appropriate comtroi of etching
conditions or the like. For example, the end potion may be tapered at 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 contro! a threshold voltage of a transistor to be completed, an
impurity element 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 sousce region or a drain

region and that of 2 low concentration impurity region serving as a tightly-doped drain



[ 0069] 10Thi s enbodi nent shows an exanple in which the insulating | ayers
602 and 604 are forned over the substrate 600, the bonding |ayer 606 is
formed at a sem conductor substrate side fromwhich an SOT | ayer is

separ at ed, Whe0&id38%r at e 600 and the s&$i conduct or subskRGTAPR008OEIHonded t o
each other, and then part of the sem conductor substrate is separated to
formthe SWlayer 610. Concretely, the bonding | ayer 606 15 fornmed over the
sem conductor substrate is brought into close contact with the insul ating

| ayer 604-f@g qqgmgr 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 conductl@®7Hubstrate are bonded to each other. In advance, a separation

| ayer forned by i Lat.l ' ' @*ﬂﬁﬂgf | - hal nis
formed in the seE?%g%ég%kgghg%Lgﬁggﬁﬁggéyat a |§gﬁn§%%?ﬂkr%ﬁgagﬁg%? heat
treat nent ithe pubsfraie andlihen ekbpgrtbe conductive ddyet bedectiveliydo fiotuca desirsdiblspeat e, t he
separ ation er i .he .sem,conduct or te f 1..oni Ng cl.eavage
pl ane, $o t g‘%{"st ﬁ%g@tduelfta 898’ O&Fsga(t)ebt% gé?t?i‘;ed(’?g qelﬁ" !E‘Ji ﬂ%‘i Stg‘%{gﬁpﬁt%,%m%ﬁe&%ondi ng
| ayer 606 icenivitivethyens drd éormed) the condutive laydys ireadelecvale etchal, kb diat thee

That 19 t o SESeSSRENE IR orFeRobtel (et aLoRe pftond BB e B ) acent
panel for mahé tixdrSEYiiHRe6H] Gapectively.
[0074]

10 The conductive 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), molybdenum (Mo), chromium (Cr), aluminum (Al), copper (Cu), or niobium (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 also be used.

{0075]

Although this embodiment mode shows the example in which the gate

20  electrodes 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



and 610b in a simlar manner to the SOT |ayer 610. Further, the insulating
| ayers 602 and 604 form continuous | ayers across the panel formation
regions 610a and 610b because the insulating |ayers 602 and 604 are forned
over the subeRWaNESBO0, which is a basessubstrate. The BUWRUWSEINE e 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 exanple, a
bondi ng | ayer may be provided on a base substrate side, or an insulating

| ayer ~such : . ' ' j I @yl Hh
sem conduct %?dlﬁnv%gg%d(%/ pix %298:8?1%5{%}& § f}gg%ggz;ﬁséggsfg ?ﬂg E%ggl% gtég YMZ%EB?’tIh%db ondi ng

| ayer. [007b# third SOI Ipyer &Y by plpsma ge@ment. s Englearmors) ipseladagbiyers niayrbe a fir st
SOT | ayer ' S Lt | . I r 1 and a
chi rd-sor 1y B 3°CRDPREAp) RO G, b ue AR oRoR sulvir SRR 0ot e
el ect r odes @&idizesror sdlod-phade piimded bly plabina seat8@Ht. | ayer 621, the second SOT

| ayer 631, @ﬁ%the third SOT | ayer 641 with a gate insulating |ayer 612

i nt er posed er]ebetvveen (see FIG 11B). [0071] The first SOT |ayer 621, the
second SOT | ayer Th33olidagtehsd rdddtion foel thoGllid-plyse niteidatidd isgfrefeablygicrotnday

etching the SOT |ayer 610 sel.ectively to have a desirged.shape.,. | hi s
erbodi nent HSEIEEHESHR PYE BB BRECR BTV RIPaEAE PHA- | o1 and
shapes and capatay,gflasmawhith &aseith By SidiRedubhEKkWass amdOhast € elebtfont SOT

| ayer 621, the second SOT |laygr 631, and the third SOT |ayer 641 are
desired to dsBsigREY 210t b xtlHatcmbt inglysivesand glegiiop temperaferenpeha telS SV

At or nat vl s REREpLTRed By SEREhcaltaglf 5 T s, hnlalog HIEP RO
(qual ity cHemepd)andrdradiisalohzotige dpasd is achieverhin the salisl phese oxddapion trestadntt 0 have
o, ool QR Bl ISR Rk T U o R S R Lo
621, the sqoorg] SOT | ayer 631, and the third SOT | ayer 641 may be forned
such that the eanﬂ%?lrﬁtxé s%?fal:ess oef itlgeki‘lergt SOI layer 621, the second SOI layer 631, and the
15  third SOI layer 641 are oxidized by plasma treatment, the plasma treatment is performed
in an atmosphere containing oxygen (e.g. an atmosphere containing oxygen, ozone,
nitrous oxide, nitrogen monoxide, or nitrogen dioxide, and a rare gas (at least one of
helivm (He), neon (Ne), argon (Ar), krypton (Kr), and xenon (Xe)), or an atmosphere
containing oxygen, ozone, nitrous oxide, nitrogen monoxide, or nifrogen dioxide,
20 hydrogen, and a rare gas). When the surfaces of the insulating layers formed over the
first SOI layer 621, the second SOI layer 631, and the third SOI layer 641 are nitrided
by plasma ireatment, 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 NH; 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,



20 near-perpendicularly tapered or gently tapered by appropriate control of
etching conditions or the |like. For exanple, the end potion may be tapered
at a taper angle of greater than or equal to 45 and | ess than 95,

pr ef er abl y, WQRW8HAEHY4t han or equal to 6Q7and | ess than CTHRIHS1IRe gently
tapered at a taper angle of |less than 45. [0072] 25In order to control a
threshold voltage of a transistor to be conpleted, an inpurity el enent

i mparting one conductivity type may be added to the first SOT |ayer 621,

the second gHdh kigyBEqRAdy wavity Eﬂ? pBHioﬁqO%r L*%‘Ej{lﬂ?ﬂiﬁh %teg@enhg nges for

concentration. In this case, npurity s als
channel f or plattiogeneagipon Ht oquet tPﬁlarPS(P@%Seﬂ 101!016 liekdpby theysupharni8s. a&ded at

this time igaddedr at tﬁ}pk&ﬂﬁé SRBGRD {03! N r%%d&&‘ 3 marsupﬁgﬁ (girggrﬁﬁ r egi on

concentratlon |nbur| egl on serving as a Rource region
and t hat oftempblawr&:of\&emtnm tmhe prqaeasect Omegmobt: courollery &he abjecylut bey- doped

drain 5P P2008 5 re 007 The
gat e el ect rgg.%s}eé?@?@ g&r’?@%% g‘ﬁ% &g? %&%ﬁ'e%a‘b]é mz’hfhimreﬂﬁ y over
t he subst r ainedegnhk bbjest tethbhpmgsskdablmomeﬁpon&s Ecayeatacﬁ&i Bedyl mewlick @hd or m a
desired sh 51nt d a el ectrodes 614, after
st acked st ?ﬁ‘ﬁ‘llfﬂ“@sl Wrgggr?&gbc@gv&e%@gg‘?@%%?% gﬁc ?‘Ffé S@ﬁﬂm&ﬁab@q ayers
are sel ect lstﬁikyd .of ftiged be@y bh@hich ke ﬁ@anacﬁu’gt lafbrmma%atsowethk ByRdis s the
first SO Fﬂ‘gﬁﬁ the_second SQ | ay 631, and the third SC% yer 641,

respect i veI S%‘Tﬁ%@@o‘ﬁ&‘?ﬁc@ﬂv@"l%ﬁ?‘% aﬂﬂr%ﬁﬁ@}‘cﬂh‘é’dﬁa@e‘”’é‘ﬂééﬁ odes
614 Canl(ﬁacﬂﬂsﬂﬁﬂng@cbﬁsaud 604, the bonding layer 606, and the third SOI layer 641.

Alternatively, the object to be processed 1010 corresponds to a stacked body in which
an insulating layer is formed over the first SOI layer 621, a stacked body in which an
insulating layer is formed over the second SOI layer 631, and a stacked body in which
an insulating layer is formed over the third layer 641.

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 freatment, such as oxidation treatment, nitridation ireatment,

20  oxynitridation treatment, or hydrogenation treatment, performed to 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 rcom
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).



follows: a conductive layer is forned entirely over the substrate by a CvD
met hod or a sputtering nethod using a netal elenent such as tantalum (Ta),
tungsten (W, titanium (Ti), nolybdenum (M), chromum (Cr), alum num (Al),
copper (Cu)woaeosis28h um (Nb), or an al 2By or conpound nREER2e08/030T ai ni ng
t he above netal elenent, and then the 15 conductive |ayer is selectively
etched. Further, a sem conductor material typified by polycrystalline
silicon to which an inpurity elenent inparting one conductivity type such
as phosphor[@ggﬂg]as been added can al so be used. [0075] Although this

enbodi ment node shows the exanple in which the gate 20 el ectrodes 614 have
a stacked st ruct J¥et dightfrquendgy veayatie sippdied SpwriBe bighdregutnsy slave supplies may
have a sing I 20 S r f or nore
| ayers. In gﬁg#ﬁig% %(% ﬁiél;?lﬁ fgoc% o?ﬁ&{;gﬁgt Sécst Eﬂ%lugﬁcyer%sﬁrrg%ﬂ E&taper ed.
I n the caseinfihdyced tahéleglag]eﬁedlmcsr vdes. hTben, shesmivodvenred a:;eemtrsdut:artlfmme of

conductiye Vi C I orti w der
than t heélcon a?mlﬁl\llaetlpg8 gn?@% gn uB c@%%%%rr |°oﬁi,.‘cz ?Ee EIH: 0151 g@@a?ﬂ‘é of the
conducti ve plasper ]i)%ag/gdmm&:ddl wmnrthmplatmq)w%aaglgemra‘dtcﬁm(%mh nidytif¢lude 0076]
The gate insu ng layers 612 are f d het.ween efjr t SO- | ayer 621
and the gat® é?‘t fllg"ghgy%'fﬂgentﬁgwgléé‘gﬁ’& &9 1pel %?I H’E? BFAEE%E ect r ode
614, and t hat thisitingk, ﬂ@pldsﬁl}lﬁlﬂi)tﬁﬂ:keﬁmﬁiedﬁﬁn@ﬁé@a&@u@ﬂleﬂpde 614. The gate

i nsul ati ng &@%ﬁrs 612 can be 30 forned by a CvD nethod, a sputtering
nmet hod, an met hod, or the like using silicon oxide, silicon oxynitride,

haf ni umgxi de, alwme'nrtuag drh4l €094119 BErtbAd Whﬁ@ducﬁfg ﬂlgﬁfrkqdéﬁc y WhibdsRfgh  the
gate insulating |layers 612 can also be forned hase oxidi zing or

sol i d- phaseSARICF"iVpYy Plaswa fyithsthe dyr eleghyen teemraﬂtrﬁél@etb%qr syo ¢0a§/éM 631,
and the thiggeably, le@é’ﬁfan@f‘lq&l’ 1PL3H ahﬁ?ﬁéﬁ?fﬂ%}ect'r:&f sk gat r fiathAt 1 ng

| ayers may be for ned met hod “or th ke and the ulat1 ng | ayers
nay be sol i Wuphisd o§<|1&| zemj brcasdbq cgemas@ niCongrekely, b#ﬂspiaam tlegtadnnent . 5

7 Th at | id-
bref of abl y SEPREPRSS Jo i br Rt Risecrittn SR s aidendd Wi lae s ' °
ni cr owanse (dnyDincRisivy, is preféralBrizpnerdted c r[ﬁttlﬁk YescHptasi) plaviih &hidhSha8ikd fo®d by
hi gh-frequ%?%omves and has an .el ectron den3|t 1 x 1011 to 1 x 1011

cni 3 inclu B iemRsraiite g thenhieh sleqirers depsity 89 tla genagated) by ginfradycipg ve s

preferably heflvabeY isRiidsdBed ME0-081RLty PRishiat ﬁnﬁ&nﬁﬁs:hﬁl%hﬁfehﬂﬁmlzmsge i's
formed and a practical reaction speed’is achieved In the solid pha
oxi dat i on tHglhfiepsity plasmasisialsg cplleds'bighidepsitynlasoe trepmenient at tenperat ures of

| ower than [gbsdqqual to 500 C. [0078]

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 formed. 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.



When the surfaces of the first SOT | ayer 621, the second SO |ayer 631, and
the 15 third SO |ayer 641 are oxidi zed by plasna treatnent, the plasm
treatnment is perforned in an atnosphere containi ng oxygen (e.g. an

at nospher e WORWaM3BHYG oxygen, ozone, njgrous oxide, ni tROPYEPAROIAR de, or
nitrogen dioxide, and a rare gas (at | east one of helium (He), neon (Ne),
argon (Ar), krypton (Kr), and xenon (Xe)), or an atnosphere contai ning
oxygen, ozone, nitrous oxide, nitrogen nonoxide, or nitrogen dioxide, 20
hydr ogen, T&bgﬁ rare gas). Wen the surfaces of the insulating |ayers
formed ove Ak first SOT | ayer 621, the second SOT | ayer 631, and the

third SOT | ayer Gdelp@fefabl éxatndfofivanfR6Bg ttﬁeegitmg\natmtgh@ye%@@f@mw eat ment
is perforned i n an atnosphere containin nltro en . 0. _an at nosphere

cont ai ni ng "hPlermy Erateef 1 this pebefimentypodedsay foH%S cslﬂe %t S@Elayeg621dpe  and
Xe), an at gRIAISHEIGEERAL Md\@e Mitd QOERyeritmd ra%%ﬂ;ecl@&‘% ﬁlaéxﬁr{ Eca@ﬁént #r an 25

at nosphere containing NH3 and a rare gas) . the rare

pref er abl y 2w glarpspiese centaipigl @xygasy tpfoqm S@cgagﬁﬂmlamm,camd e mf&ce@r ofanhe m xed
may al so bgy;l I t asma
process appareglteg?dgggé%}‘%lr% n;()égtrglgzrd?h{]gigﬁ% glzrga&é reat ment . E@ﬁ asmaépr ocess

appar at us 108gen e Furdesitagguplpons-tre@edl D3Es. aCoresctey plisy tﬁm)slﬂncmn oid84 for
suppl yi ng vacuiim punp to
cxhauot 5 D88ty l (RHGRLE] BRI ¢ MRRALPL pls TyRRADATE et SRR BT P

hi gh f r equémcgecmmivsm; Uipel W3 poartd thi thMSCﬂdﬂyﬁLﬁml by phsihia ghathdenicasy waves

for ration.. An object .t.0 be es 0 is held t he

suppor ?a ebr?“aﬁﬂﬂt?l?lf}ﬁ oxygen, PURSREIC ﬁ’ﬁ?g %‘Wi‘ar %?ﬁjf]@?ntiﬁ%apgo%Pgei ded for
t he Sulplpogt:onlﬁﬁﬁh g githtgeﬁ & ﬂwﬂob frhed, &hefeby hf(tj‘. rﬁdgq;ggﬁlpldsﬁalgtéatﬁdvmmefsﬁﬁdl ﬂ;@ﬂg can 3e
controll ed., The object to be 5 processed 101 0 ich is subjecte
to plasna FIQEFHEHFSatRHOR B S RTRILIPRADR SUrfisaE Of fﬂ‘ﬁé!%ﬁfb'} @%@e tegers or fri¥eessed
1010 corr espandof iR srfatac kel BaeYicidky Wl itkdsurfee" Bt Blal Bgioh @Y #HefiR2 and
604, the bond| ng | ayer 606, and_the f| rst SOT | ayer 621 are stacked; a

st acked bo8f WS cw L-ham dnglysiei figm |ty eyrtase of 4he) sibigen Uiflﬁ%l%hdl% | ayer
606, a§|t >89 deRbthih %rl@%& tRestif kg gﬂb‘i'e ﬁpéff kN Which
the 10 insulatin S??gyer ' pa 682EE 'fhel bongllmr? a%’élr%ﬂg%ﬁﬂo e third
SOL | ayer &uming/ghe sitieon ¢xjdd lyyers,ﬁbe mbpmplmao@eamddmwdvmmmtromles ponds
to a stack ¢l tHe ek I r irst SOT
| ayer 621, g&tﬁ?%g gg t%’@b gp%aiﬂdn cﬁéagnﬂel ns u'%éftﬁlﬂrl]égﬂug@er gs{ ar%e%s%l\g/er t he
second SOTof apeut G3tm ﬁmdleths;tmfneﬂs thebpf i in ahpfupendmulansdltmtwmg Tayer is

formed over. the third, | 5 [008 Herei,nafter, a.specific
exanple is laré en'?lﬁsmaa fr aq%l‘\ﬁ aé’g acr?nljb s%ﬁ"gﬁokﬁmg Sicon; nét"fl%rpﬁﬁﬁmgﬂ rF%{esur face
of t he2@envxdndupehding bmiherconditinstdf ehepiasmmrepmpmess appar at us 1080 shown in
FI G 16. EXF@gées of the plasma treatnent include surface nodification

t r eat ment Ih as oxidation treat ment, nitridation treatnent, 20

oxyni tridation tiheay e by dhe Edlﬂrlﬂﬂﬁﬂéﬁlﬂ;ﬁi&nttfdaﬂﬁdﬁe Bf solidepiasy Aeakion a
substrate, a sem conductor layer (an SOT | ayer), an insulating | ayer, or a

conduct i velrsatment WlﬂbPlaflﬁéé@atﬂe@hﬁ%"ﬁ%bedaat@é@ YER 7 8HST PEIEE VIR suppl y

I[Og(r)tS'lf N 108 FRkthPretpbANEL DERWeD taf SPELRN 6001 s @lkd B R GG RUERDS -

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



25First, a process chanber 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 fromthe gas supply portion 1084. The object to be
processed MQABA3BUat ed at room tenpeBfture or at tenpRFAPINBESHT2 100 to
550 Cinclusive, by the tenperature controller 1090. The di stance between
the object to be processed 1010 and the dielectric plate 301082
(hereinafter, also referred to as an electrode interval) is about 20 to 200

nm i ncl usi vigydeR18had ablote ckRirdd 614 H8AHNEH; US IR, this (OB Alimiting exabipld, .

hi gh- frequency waves are supplied fromthe hj gh- frequency wave supply
portion 109@dttbe gdeingfetinglayer 6bBmaybe left lme@beaéhwte(eflrcérqdeﬁ% 2. 45 GHz)

are introd geias the high-frequency waves. Then, the mcrowaves are
i ntroduced ro 5 the antenna 1098 into the process chanber through the
di el ectric pl at e 14 @8matetidluwith gl highediglegric joonsjem dplse eeferyd tigy as e highds na

radi bal < (R EE e R AR 6, R gl dbZ g% BrbiPRBE e

pl asi na 109%blyaysatier slicd, mhmdrg mdia, gaseanppideedPrefc@MﬁS]ﬂlelng\émttoﬂes pl asma
1094 is gen rat e i ntroduci n [ enc waves,

ol e i oS fosed bt T oE ol H¥iod, “ THESGRRE IF e W e 31dy

pref erabl y, tht @esductienlagdrs @njctakact mth tﬁe @t’é imaldtidgiaydrs glnz eiee.’ommmsdgmr ty
(greater than or equal to 1 m.3), can be generated, Concretely,

ol asma. wi t MERBE{ mrﬂerrﬁ'eraaﬁaﬁ W gee thgedyar g e e

el ect r ofp deRgtetiyl, Ofrhd comblfktibn tike %%cak%ﬁreﬁﬁ dagteﬁoh REbLBon Spreadingin@her abl y
generated. In this description, plasma which has the | ow el ectron

t enper at ur egaé‘r"r glegtrulen Pym ’é Ithec gdte, FPSH]é‘H%$ fayerg e thinngd nandfughenaninieveBliuci ng

m crowaves dr§v1 ofhrlc8 éf trﬁisfblfbrgﬁrﬂﬁl' Heln Qiaﬁﬁ@éﬂ oved HirhiRRfurizRicASEBode! €at ment
utilizing hi ensity plasma is al so cal "hi gh-density plasm

treat nent".[0 %84] 20Wth the oxygen radi caI s (which may include an CH
radical) or nitr 168s FRYed 1ot %rblé}!ﬁ &@cyigal ThCRET at ed
by the plasma 10%%% ah%ﬂ&%?ﬁ?%lagwoﬁf %t e S%] %yeﬁga orrre he obj ect to be
pr ocesskd 1mmrﬂsselgncrdrlm9m1@g ong type déqondupterl@byaféﬂxrdruﬁ@altm gﬂt\gelbta;tdps is
formed. Alt rnat Y, a t l.ay, Hﬁg ver the
SA | ayer o@ t elné?eiég |("r;1 o? ﬁ?i’]ee@ﬁsr %%%ge]ﬁ?ét{l%%&%i %J g aﬁ &r‘ti?plgd %5

this time, indputiheelements gqmrtmgaliffasntay@s of condnetivitg arernddhétoghssesumbSObd

oxygen radigcal s_Qr njtroge i cal an b erat.ed. ef f . |y

exci t ed speléyeésﬁglf a‘i‘c‘ri}herg]?rg g@gl.layleﬁ%t‘lﬁemcaaglé“’qvﬁb IR O % §§% Thl%sed in
the gas supghbcinert hﬂ)&&ﬁﬁ@aﬁmﬂ?ﬁm beanglé ifivhiRH ah Amblhetyi enranﬂnaﬁmptguﬂl@yer
formed._In this nethod,

i ation,or njtridagj b ph .reaction
can be ¥bri5f sage é}tPeIOS\RP‘f‘@ﬁtﬂ) s theof #‘e ?"6%4 é@ﬂﬁ'ﬁgro&le‘aﬁﬁ‘?edt% St by
30effecti Ves(yﬂgyé}%g@ﬁé&'@p]ﬁy’;\ﬁblﬁ@ﬂ g2excited by plasna.

[0090]

In the first SOI layer 621 formed in the display portion 620, a pair of impurity

regions 623 and a channel formation region 622 located between the pair of impurity
25  regions 623 are formed in a self-aligned manner using the gate electrode 614 as a mask.
[0091}

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



WO 2008/ 13289429PCTOP2008/ 055172 [ 0085] One preferabl e exanpl e of
manuf acturing the gate insulating |ayer 612 fornmed by plasma treatnent in
this enbodiment node is as follows: the first SO |ayer 621, the second SO
| ayer 631, wwedooshiswhird SO | ayer 64Liare subjected topqi/Ezeme/ossiEat ment in
5 an atnosphere containing oxygen to formsilicon oxide |ayers, and the
surfaces of the silicon oxide |layers are treated with nitridation plasma in
an atnosphere containing nitrogen to formnitrogen-plasma-treated | ayers.

Concretely, first, the sili.con oxide |ayer vi ng _t hickne s .0f.3 to 6 nm
i ncl usi ve %W%ﬁ%ﬁebtﬁymﬁé’%f“ﬁdg?m%”q %ﬁ@&‘f“’gg l,mfg'ﬁlb Ié?%lgg%é‘%%ﬁd iyer 631,
and t he th'[(jggzﬁd | ayer 641 by plasma treatnent in an 10 atnosphere

cont ai ni ng oxygen. Subsequently, the plasm treatnent.in an atposphere
cont ai ni ng ni t r ofye e EPYELT GehEN Whirte FRANS CRR tlmf’tq'}?f@a?ﬁc&l"%% r?ae?‘?%é%? ed

| ayers wi t@hgghgg,g%% e.g,%gmggmﬁﬁw §hia@ BoRn GBAhided (RO of patign(Gaces of

the silicon oxi ST'S. in the vicinity of the surfaces. The "the
vicinit§ obr athelementivehidt impertes-typesonductigitbiiches Bhogelnrys & oLisric @s)s5 1o 1.5

ey tEod B R UbAT e Pl ER A tkclEn Bk Rbnauiity] B XAl €,

by performng l'asma treatment 1h an atnosphere containing nitrogen
aft er f or miphgphéres,sis kddedrto éhei fist QY tayer, 621Hermed inghe display paetion2828d [ ayers

i n which nitrogen d,S,contai . i ne {y/ e : rmed in
the sil i colerereRd #@V@?"ét{% @‘%g‘ﬁ?%“sa‘%ff&g‘bdgﬁ?% C“:@u%&?é’g%dt{hemg%ﬂﬁ?‘g‘étég t her eof |
i n-a per pesliehl dpattinggetype condkttivity ¢.g.oYemn,gk added to thecthisd SOdJayers64lan be

formed usi siJicon nitride.or, siklicor Nkl ixde i on the
condi t itBns %entt"l%‘"ﬁué'grﬁeql?uzést ?’i‘élﬁill ¥° 'ﬁf)gé%FbE B n"ggrﬁ'g" Sgase,egtgfyl e solid
phase oxi dgBi,Ghe iHiQEOEajer 541 anlyitd spleabelynidveied atithonresisembskentthedikshs pl asma

treatnment as described above, even |f | as$s,.S ate Wit

heat - r esi st#ARI T FHER g‘ﬁﬂ”@“‘ﬁtﬁ' B&HWEF lstﬁﬁla?fp???tﬁ%%‘gﬁ%laﬁé% tltﬂ% %ﬂsé 8Mas the
substrate gy 6ﬁ5arfd@§éﬂe66ﬂdrm)l|l?é€ 631 Afbe sl@tieEly eyl With Oresist mask or

thermal | y-oXidized filnms forned at tenperatures of 950 to 1050 C inclusive

can be obt &teld¢: That is, highly reliable insulating |ayers can be forned
as the i ns;ﬂ,o@%’lng | ayers that serve as gate insulating layers in
sem conductor elenents, in particular, thin filmtransistors or n‘g&{}vol atile

nenory el errents.mdnﬁ[uwag}ayemﬁmgﬁimébyawmwsmeﬂ‘ yer 612
and the galg &l SChLRGL Bl i WldsObAtn HOUE icon tdiyBirice, Bico altibd,! | NG

exanpl e, and the ‘gate’i nsuf at | ng Payer 612 may be |left in etching the gate
el ectrode Giliéon pOABBDxiHE, ar thmiibe.i afVithiat srugtukg phwhich tee impugity glsmedink (al so

referred t % l% FAS%QQ l'fhrough the insulating layer 616 in adding the impurity element that

20  imparts one type of conductivity, damage to the SOI layers can be reduced.
[0094]

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 SO
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 layer 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



5 material) is used for the insulating |layers 612, the gate el ectrodes 614
are formed using polycrystalline silicon, suicide, netal, or nmetal nitride.
Preferably, the gate el ectrodes 614 are formed using netal or netal
nitride. FOYO2068A3BY, in the gate el ecBRodes 614, the cREFEHPEIBYPFLIT2Zayers in
contact with the gate insulating |layers 612 are formed using a netal
nitride material, and the conductive |ayers thereon are fornmed using a
nmetal 10 naterial. The conmbination like this can prevent a depletion |ayer

from spreadigigy ih8 galdccl@ole 8h£ehd q@eﬁdmmnsmatmgqa% 618 85 4 lnddsk NOTHAY €T S
are thinned, and further can prevent driving performance of transistors

from bei ng Hahnserceniesion lopumiyfeaiony FXnidreed pithisohies SPUOSOR SRERe region
insul ating by 2l Qegdich, [k RE W%n&ea&a&ﬁ,t C@k@pfr{%@&g%&gﬁa‘,&e pAh 15

impurity el enent inparting one type of condu usi ng the gate
el ect rodes @ightlydoped diedn) fegionsk| G 11C). This enmbodi nent node shows an

exanpl e 4 @h impurity elenents inparting different types of

conduct|V|t are added to the second SOT | ayer 631 and the third SOT | ayer
641 in a fi rst drilhﬂescd:cmdtSQI lmrﬁﬁhmpﬁﬁo)fhighi@n&mmﬁbrrmmmﬂgoﬁmamer

shows an exanp ur|t el enent arting, 20 the 'sane type
of conducti Vi typalr ({fﬁg‘fl COPC?Ih {1@%6183 g 9?%8#%1%0@9%%30“&31% first
SOT | ayer Gﬁénneﬂuﬁngitt&rya&yelwﬁe 614 GDthe [stiR@A insulating ldyestdl@ af iarl:ﬁdsk SO

| ayer 621 f d, in the display, portion_620, ajr of inpurit i ons 623
and . channChe Figh nseafong e - eioss o0 Fopaed, Befiis Fise ol 51 FoHt |y 25
regio nSl(ﬁZ&egi’oﬁ 2hd4 R refiod, MmElthe R @R IBRINIGHUHE B8iold ¥34G8HE a1 PPI I 0de
614 as a nas 0Q91] In the. second SOT | ayer 831 formed in the first drive

circuit por‘teg’(‘iﬂs G%th"éh‘ﬁ‘éﬁpl &vet thhu 2ipaiy of é@hdﬁ%"e@%t‘%&lp&flﬁ’ﬁéﬁﬁ’éﬁ 646or nat i on

region 632 jacabpee dpabieRRcdddatifR ikpity IR 54/4 a@gfoaﬂéd G4 @If%hb?e’dﬁed ina
sel f-aligned manner using the ﬁate eI ectrode as a nmask. In the third

SO | ayer cmannepuging the gpici glgntiofe 14 arg @ﬁ§ld6ﬂ!311 awelaang: Ixprs 118 72 A eask.on
region 642;{?99&‘{}1‘3% }ty‘@f‘:ﬂw&n@ al@dd'to @He fir 11hyer 680 bR Be @eé:%n@gél fa?élma din a

self-align manner” using the gate el ectrode 614 as a naes
el enent® 31200 8KixB8blgarl 1mayl ho R 1083 towrichywith airenist diask er élnthkt:ypes of

conducti vi ¢ iy, LG thel i?uptulﬁ?y élQiBQﬁt 1§ Xdde& % %%hj%g §Oi‘ﬂ$er é4?l the first SOI
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 insulating 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 eiching, 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 insuiating 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



[ 0092] As the inpurity el enent which inparts one type of
conductivity, an elenent which inparts p-type conductivity such as boron
(B), aluminum (Al), or gallium (&), 5 or an elenment which inparts n-type
conduct i vi WO 2008/6328% phosphorus (P) omzarsenic (As) carP@EPYIEHSIT2N t his
enbodi nent node, an elenment inparting n-type conductivity, e.g.,
phosphorus, is added to the first SO |ayer 621 formed in the display
portion 620 and the second SO |ayer 631 fornmed in the first drive circuit

portion 630. In diti.on | i : =1 o Nk £ e.g.,
boron, is BEGEHFYETRE Fﬁtlc?%i%ﬁ&fe’%g{r’ 6@]1.]5]15}% f‘s\tﬁgﬁ)t egfﬂ?ﬁ%ﬁﬁtﬂbﬁﬁé ement is
added to thgekirst SO |ayer 621 and the second SO |ayer 631, the third
SA | ayer &#{@ﬂﬂy be selectively covered with a resist mask or the |ike.
Simlarly, the inmpurity elenment is added to the third SO |ayer 641,

the first SO | aya, &pdsedpdrtions of dednshifing lhwy 616 6@ letchey (e HE BAX)i vel y

covered with a resist .of .the like. .15 [.Q093]. e _i,nsu i ng

| ayer 616 &hfngalating Hﬁ%ﬁf’g% 1 {e&\hﬁwpﬁ@%ﬁléﬁva&%ﬂ?ﬁéﬁgdﬂcﬁeﬁoﬁ? ?%’néa D

met hod, or cfBgodeidif, bitias thé kidewsll esidaug Biybrs GOB and yhei fisi SO laged 6210n
nitride, silicon nitride_ oxide, or thg I |ﬁ§. thcﬁ str#ﬁ‘urg in which the
i mpurity ebetwesn the sidswald insplpting layers 618 and, thersecand S dayen pPhgnd B9 16 i n
addi ng t hegj j arehtert BB andQnd MRASOT 188L641ype of conductivity,
damage to Fh%ﬂggaﬁ?nggiearé@c%crﬁ be reduced. [0094] Next, sidewal |

i nsul ati ng[0089krs 618 are forned on the side surfaces of the gate

el ectrpdes 614. idel Br | ARUBd Forrfh G RRIer 19 MG r Y r@Rkeanky BE thef hi
conduc?‘?vi ty is éggie&adculgfcﬁg thfe)é gate el ecterrodes ‘é14 (fmd t he si devvgtlll

i nsul at i ngcbmysiraiot IBperity megiks fypcéeninsasy euraepegioptang [gj draip jrpgion. + T i ppurity
el ements having .the sa 0 LYi t g%ﬂgdj NEiespievi ous
step (the ee%gc"g? ?%YS‘E’ %&h%* {’Lﬁ%ﬁ% %}}:/)u'n}rci&%lyéﬁr}gg? gsﬁ%‘t”%g%?y 3, and 643&1 are
added to t hgef hasatsnilthickess, aBiitidetrbetion cwygpraerd fodhebotemy portipriof the t hird

SO | ayer . The i rity. el ements.added . [ i t higher
concentrat i ﬁéaﬁeﬁ ’a‘hwﬁ{ﬁg &e %‘Igﬁtcﬂ]éce’fuﬁ%tboﬁ P urelﬁ’farﬁg% %' és Edsrg'gd’ia%etth ﬁgﬂg ?’g{i/l i ous
step. 39 [ 938bin whis @ higheogehratRndmpunigectdntis forthet! verySulfiebedilicideds ul at i ng

| ayers 618 as a mask. The high concentration inpurity regions 626 fornmed at
this time §&40k as a source region and a drain region, and the | ow
concentration i MU dn/inE@in@NSy-P8d8 BgbMedantiteRbvek ghubyratkaidd dnditienn)
regions. 5 [0096 . _In the second SO | ayer 63%, adﬁg}isr of hiﬂh

concent r at fistcheth avlpatiyelyesn it apowinghareaiqsmed toreqchfhe SOICERHAR npuri ty
regions 63 f 9k ' lj & NB{REE21URI 1 dispayOgtir@oe 6BEL r ode
614 and thgmgérﬁgv\rlaélﬁﬁld%daftg??ﬁéﬁI-tgéyglg"sﬂ%gJIIS gﬁs? a mask. Tdr?thu gh

concengfat Forthémppeningg ate Gormred te3Badhy theekigh rcorgspigation wnvEHy, BEH0S H38our ce 10
regi on and _a_ dr.ai i eYe i k i bdbi iqgns 634
Serve o LEbsmagh s SHRSORRY! B8 ki ARAracaiiaS: MLy kopicia e

concent r at ifeumedninuthict third e8P teye6 681 dncthe fai drivg cirewit powies nt30at iTHani mpurity
regions 644 are.forned in a seglf-aligne r . Ng a .eqt r ode
614 and t h&°% "&BWaII?Ye’FSnéﬁ i ﬁ)émf%f ' %1§ﬁ§§g(gp @g ; %@%&t hgeﬁﬁnlgﬁri ty

el enment i s -REAEE 4670 it fReméd s teSGhallregien 6B (kecdfi®. 12R). second SO | ayer 15
631, the third SO |ayer 641 nmay be selectively covered with a resist mask
or the2fi kdO10]ni|arly, when the inpurity element is added to the third SO

layer 641, the fiphstnssibling 1821608 slfomRed biie CEE aivthoSQ sputtysiig Mdthodreap be

selectively covered with a resist mask or the |ike, [0097]
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 ﬁnethod, 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



20The sidewal |l insulating |ayers 618 is provided for the side surfaces of
the gate electrodes 614 with the insulating | ayer 616 therebetween. For
exanple, the sidewall insulating |ayers 618 can be provided for the side
surfaces ofwo bws/gms® el ectrodes 614 imga self-aligned rEOTEPROOBYSSATY SOt ropi C
etching, which proceeds nmainly in the perpendicular direction, of an

i nsulating |layer fornmed to bury the gate el ectrodes 614. 25 The sidewal |
insulating layers 618 can be forned using silicon nitride, silicon nitride

oxi de, silicon oxide, sjlicon oxynitrid or, the In,th wher e
the i nsul af#sHitingy St %1‘ e PO r?&lyélinicietoﬁdg & o?div ﬁlﬁﬁ%&
oxynitri de,bcﬁﬂ%@ydi&ﬁhﬂn@"dr%ry‘h’@y&r a ﬁlbﬁa@aﬁatémmemm rﬁﬁloaiinea’emﬂl ngnrdenpper i f
the sidewal |l insulating Iayers 618 is grmad usi n%gm licgn nitr.ide or

I

silicon nithg @@Jlgsggdéyeriﬁﬂ 1y haxe & sAFksridayen spgies & AilavsT Forpst UERE AR s 30

formed usi Hor @inka R aftld lbRBal6r & Ins@iRfgninhtetislecoivdinify cirbon shdlaviayer
insulating I'ayers 618 are preferably formed using silicon oxide or silicon

oxyni t r bde forwed nusitigean Miﬂwt insgfating Eyaterial,ef aotiiongpeamatspalet dRF $YOXEpper s
provi ded i r 3 fud kel
D 006115250 it RARGLy Bésg%ggﬁlr%a? g St 0+ fg?%‘ii‘?%eignﬁg‘”‘%‘%"c‘ﬁ%‘é Bacause. of
over - et chi nyuéturefodabiond of sitican @8veati oxyara (DXt | Aya pelpEiuent, Fmorgagic BERp,
exposed port ions of I H A) 5
Hta_mf at le%igsr % gbldéltﬁ ﬁ rFl‘?l#@ l'[ﬁirtle h&&o(:ﬁﬁ@n E% éd'z

The i nsul at9 I nsul ati ng |layers 618
and the gat,dateﬁiaﬁeﬂy,acﬁmﬁdg:oupmmm gaug antbmti»rgamﬂg@ilawtﬁgniﬂa;ﬂéless% 18" and

the fir | ayer et ween the [ I $nab and t he
second @O% ef 6%‘1 a‘?ﬁﬁ 5t DuSEPSYER |dr§l Ji’alsiqﬁ‘guﬁﬁ 6@%%@58 %’%8 and
the third Shdalatihgyier ehd. be[ﬂ&ﬁ&] b;l@/C@DImah@tb aI @yumnmetbed faxrme&leDn or der
to lower the resistance, of J;th concentra qr%ur t

funct i oni ndPethod, aad fhenobe é@‘?lt-‘ﬁie Plasmp Jiegtmes |“bﬁm gentﬁ i CI ae | ayer,
cobal t sil In@ﬂ;@%ngﬁndapﬁdfel ﬂkﬂdughdﬁsdn%oﬁln@énehﬁbéwmphleednpléinwmehﬁﬂ | ayer
has a smal |l thickness, silicide reaction may. % he q{ttom
portion of 1@%‘@“8@%%9@? hasa imelerlayer SUTHOYTS E[’g g’rlﬂti“ﬁt PYST, OPB IR HAYe Region i s
formed, 550 Jptd dltagg é@auﬂéoi AVEbr drd\RivEs, thﬁtﬂ&hﬁl&ecﬁﬂﬁﬁfgahﬁtmﬁﬂaﬁngpur ity

region i1s forne ly be silicided. [0100] an insulating
| ayer 608 ilayef emdmdorgmw mstlyting leyertry @@B@rbiﬂ&fiéo fon %wﬂtlﬁ%% lpyer §0%hed

| ect I t
iy v g SRetEia FREReR. AR o Al B, B Ry

porti on 62(passivation layer, can be formed over the entire surface of the substrate 600, and an

insulating layer formed using phosphorus silicate glass (PSG) or boron phosphorus
20 silicate glass (BPSG), which can serve as a planarization layer, can be formed thereon.
[0102]
The conductive layers 619 function as source electrodes and drain electrodes.
The conductive layers 619 functioning as source electrodes and drain electrodes are
electrically connected to the first SOI layer 621, the second SO layer 631, and the third
25  SOliayer 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 spuitering
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



20 Further, openings are fornmed to reach the high concentration inpurity
regions 636 forned in the second 801 | ayer 631 and the high concentration
inmpurity regions 646 formed in the third SO layer 641 in the first drive
circuit poWwo 20986884 Then, conductive 3myers 619 are f RGP0t 0 fill
t he openings. Further, a termnal electrode 674 is forned in a term nal

region 670 (see FIG 12B). 25[0101] The insulating |ayer 608 is
formed by a C,\/D nmet hod, a sputtering nmethod, an ALD nethod, a coating
met hod, or | v CaboY Shetal LAIUTInt £ndOfia @ﬂ?et@cﬁx'ﬂééiv’eayer
structure. bllﬁl% #&eﬁ%ih%n?‘ﬁsﬁg%ei Erllﬂg?@?ayaer 608 can beef or med byla CvD

met hod, a slmt 1seqeleugrel§e¢tbimd &5 ezamNeriraatdlop matdriahcontaining alymiiue.iznsul at i ng

30 materlal cont nd/ qr. e,
silicon ni 2PPy@ate Qﬁciogt& ﬁ"m" T g,m%&g?&?@nﬁaﬁﬁir 3%4(“? %k‘gn
i nsul at i ng af@t af ialby Gedtérial ruangnmﬁg bnpinsmchs ds thamnoompdrnekie anérfbﬂher( DLC) ;

or can be forned by .a coatin sin or

2008/ 13289 48RBEHE b%@‘i’g‘i‘rﬁ%&kﬂﬁd %’i‘futic‘ﬁ‘gagﬂﬁ’?lé??’i‘ gﬂ“r}é%%ﬂe s Fartcn ps an

pol yi m de, eR@hyRBf hesomPolxd mAydriah edtdinin}d RS/ iua@mzeﬁacld@camw givbm or a
sil oxane material such as a siloxane resin. Further Fﬁge i nsul.ating | ayer

608 may havidicaoaductive lrypipdP cap cHpIY; & Stagked- lqygyét}ruqng & 135 Ja%&R Fnor gani ¢

i nsul ati Ng ,iBhiRlhaliceh 1238, hﬁtﬁybﬁmﬂﬁydwdrearsta@kedcmyé@trwﬁn@ ofabbeier Rpet, a | ayer
5 fornmed using an organic insulating material or si.l oxane material. The

si | oxane mepalyminumsilices oAt titaniyn pitdds aygr W&\F‘i‘ﬁ'ﬁ"%l ayeh 891 Famee:  4i | oxane
M LbariD, 2 pRief Tl Shfefinle G00f tBinDBAE! Bimcl bf Gfkidadl hindid oD X¥fiN(0) . AS
a substitue an- organic group contalning at |east hydrogen (e.g. an al kyl
group or anmmbdwumymmtwpbﬁm)olv@eumd Amipym e plpsigim silicpy gyliciyhasup, or " a
fluor grou [ t vegn be
used as a stps s?Slﬁa&g%F&F ﬂg—l&ef( ﬁ&%ﬂ}% f Igbglirﬁs%bgetflo%lgﬁ@in Qewlgﬁagﬁ |y%§ul ating
| ayer may hervisy ssesbutey ebcc(‘m@srmﬂhhnip elecsqrles.t SFurthgr, igendsgipn ofra kilogk & et hod,
and then be, subj cte to sma treat nen ra

ni trogen atarIFBg Ellehcoflhl s% m% ét%%%§§%%£5%§@§ér§ o in

whi ch tize lﬁ@ﬂh&tmrﬂg: doﬁ&t&iwé&&cxlsa&vﬁlgas sgires dlepode &t&drmtxwteeuodehe [ nsul ating
| ayer 608 gﬂi’%qave a 15 stacked-layer structure of two or nore |ayers.

Fur t her nor inorganic insulating |layer and an organic insulating |ayer

nmay be conbined tfie fe@hiRat dectiods 674t tlhgtelrﬁifﬁl re@fdf. 670 Giincamasgslaa eleatrsdd i con
nitride filmor a silicon nitride OXId vxfglch can serve 8185%5

passi vat i orfof agaaectingfe Faterng} gyt EF\F@F“ tq) atgly fprmed Igter fo, el r at e
600, and aryastilea ipdion2y5eN addHEBRc awvepaﬁﬁnmzfm& 850. i qoatexaﬂ{;ﬂéss (PSG)
or boron phosphor us "20 silicate El ass (BPSG, which can serve as

pl anar i20at i shawh dyxsrin whigh the t @eﬁtﬁ@r@égﬁ is fC@TBfQ]lsmg the samg, é’%ﬁhi‘ﬂf’t ive
| ayers 619 \{,ﬁpﬁ{el ﬁﬁig§?rsd9waggfﬁgggﬁ&%amg ain electrodes. The

conductive Tayers unctioning as source electrodes and drain el ectrodes
are el ectri[0&h3]ly connected to the first SO |ayer 621, the second SO | ayer
631, andthethlrd 5.50 layer ,641.1 hr n : he

i nsul ati ng Iayer 'T(Hf(fg' etg% %1 Ec?[?'\%g ngnel(r)ésﬁgfgﬂgg%qgg%%gérlﬁ%% in the
fol | ow ng racladihg tlid)firsesallrmd}er 621 ¢ofotmed ifw ¢hel digplay pertzbmrﬁﬂ@d Burther, tthee entire

surface of the s trate t o _Jlave Si er .s ur e
st acked® ayR?FlPEGET? {Cﬂlrt @Oﬂw @{&d}f}uﬁi‘ggﬁ@% rgqslsgty %1(% seconc{ SO layer

631 and the transistor including the third SOI layer 641 is fom]ed 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



30 nethod, using a netal elenment such as alum num (Al'), tungsten (W,
titanium (Ti), tantalum (Ta), nolybdenum (M), nickel (N ), platinum(Pt),
copper (Cu), gold (Au), silver (Ag), manganese (M), neodym um (Nd), carbon
(O, or silwoaeemsass)4 or an alloy or qgonpound materi al PCHIM2608/055122 t he
above netal elenent; and then the conductive |layer is selectively etched.
As exanples of an alloy material containing alumnum an alloy materi al
containing alum numas its nmain conponent and further containing nickel,
and an all oy material containi inumas its main conponent and further
5 cont ai ni ﬁ‘gasntP(f‘i]e‘P _ 5@?5%?9'8??%@h of carbon and silicon can be given.
Furt her, a1 exanpl e of a conpound material containing tungsten, tungsten

sui ci de can be given. The conductive, | ayers 612 can loy a stacked-|ayer
structure of a bAF thedpsulatipglayen R0 it 3P Ft’iagkelt? gW i B@ﬂ%"éﬂ@yﬁ’ Yggﬁgﬁi er
layer, or a.sbiaflteda ;ﬁ_ﬁgés ifxtmé'ﬁéﬂéﬁp&fioﬁﬁm& tRE fitsRMlfive ciftilit poHish B0 Si | i con

| ayer, a titaniumnitride layer, and a _barrier Igy?r, for exanple. A 10
barri er 5 aped foror padonguifacs. aThe planarizieg fayphnet B 1ormed ists, 2 PigRRife of

titanium gRlRHP MRl ok ! bCofthyMROXRARIRL Thol Hrkill, N1 inyd| PRduBH™

silicon, OW resi stanc Nd i s’ i nexpensive, ig the npst _suitable
for form npetdoeydarutines oy eciytigeprsa silpyanegmatsrialosnch exset SHPXaHE SESBNEPTdr ai n

el ectrodes. Furthe at.l.on el qﬁ%!% )40 BLOh silalaihiy M .
'silicon cafBaolE o en(%gg%lﬁf Jppgrﬂéﬂ.‘éél{ g%%er arri e}}ré ayers. ar glé15wsr ovi ded
in the conduadtineds Ishyven dese thei ingplamgdeyar di@9ahnai havsde stackeddaver Stredieet r odes.

[ 0104] . The term nal el ecirpde 674 i € ' ' 6

functi dfis é’é‘:l%“%‘iv@cqrt’%?i%iaf%ﬁﬁ‘ c%‘nt e r?gaP ﬁgﬁe@%@?%&}cﬂ?ﬁéﬁrﬁ%@?ﬁ ﬁ]gl (e.qg.
FPO) that iissufsfing®tet 60%tantiavé hetablicddbyet sirvaureinaudintg poogia 1680lagad t he
second drive cifrcuit portion 650. An exampl e i.s 20 shq here. i h-Whi ch the
termnal eloB&he HFASHRMPPEr lPéS‘?‘r?Eg aﬁéﬁ‘%ﬁ%@ﬁ@ ﬁﬁ?reorqis\g%ogﬁéﬁ\?ﬁ {ﬂﬁ%he same
layer as t hgtid@fsiliche ofpmeide,ldr i 1ika e b $0vedkQayel; &t @Siructure in which at loggaaisove
manner, the pixel circuit paqrtion 628 jncl u,di,n%lf}he t r ansi toig1 cl udi ng

the first Sulatiagdayesis sprdvichedhetween, areape jpsiating layets, f'—h%lmer, t he

25 periphengle: 6hd Sl de BRAd By befidichbiilel Qv E1ahdé BiRiré SinfiSt 6f BE subiahtdtindg t he
second 120 lﬁjgiler 631 and thsematcr ans?stor i ncl udi_eg the third SO Iﬁi%er 641

is formed ithent being sefestivaly elghedcinegipas ofber thamdesied 1qeepps fe diselay o
i nsul ating J,ay O8rst Srib P4 ard | (RO HAVred Bchdn8 in G0 cagyl thg 30
first dri veézgiarﬁgﬁ]% ﬁr&?;{x{e%ﬂ%%&%%f%ﬂﬁsul ati ng.el aygt(lar 6%9_ overfjt_hga di spl ay
portion 62Qlsospassiblectol formythet ipsdalingotayesr 9% selespizely nby @ Harielyeolc AERinghe
conductive | ayer 619 of the.tr ' (- e [l £ [ Ul itiRn 628.
And then. - PRI EE sren pHEE BABSGH e piudydtroRt fnsl oF Wikl ),

20 a droplet discharging method, a dispenser method, or the like.

[0108]

In this embodiment mode, the pixel electrode 660 functions as a reflective
electrode. Therefore, the pixel elecirode 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 (120), zinc

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



WO 2008/ 13289436PCT/ 3P2008/ 055172 so as to fill in the opening (see FIG
12C). [0107] As the insulating |layer 609, it is preferable to forma
pl anari zing | ayer, which can planarize asperities in the display portion
620 and t hevepeogu328¥4 ve circuit portign 630 5 and for mRCHIPAMBOSHTY f ace.
The planarizing | ayer can be fornmed using an organic insulating materi al
such as epoxy pol yi m de, pol yam de, polyvinyl phenol, benzocycl obut ene, or
acrylic, a siloxane material such as a siloxane resin, - for exanple.

Al t hough a[bﬁ mpl e in which the insulating | ayer 609 has a single-layer
structure 51 Shown here, the insulating |ayer 609 may have a stacked-| ayer
structure 10 i naVexdithgsgiao 686 informed, apé tien thaordnationsdm B2 as formeksd- | ayer

structure, for ex l.e ng.la | ayer
St uot ur o PO R BiFel Sl aieCoRp 2B erayat Bl "t daiR ot Antse, OV
anfl an i nOﬁcgasi’ltcCsddrﬂ’(bﬁhﬂ &%elh dlgalldyamﬁomﬁmﬁ‘,lthtt ﬁmln deixé deculspdm?oﬁsc:uanmﬂ_ﬁe e
silicon_ oxynitricde,  or e i a ayer a-structure in ic
an or gahi qucggci,ﬁ%\fe,qqﬁmpa%ﬁmﬁé) ?ﬁ%@l% bet ween i norganic insul ating

| ayers. Th 1nq$ulat|ng 15 layer 609 can be fornmed by being dep05|ted over

the entire surface of the substrate, and then bei ng selectiy azr% etched in
regi ons ot her thEI Waceras§ %dﬁe(fﬁ@‘(dtl’r“é“&ji‘%ﬁff&'é?‘cp‘ﬂ yiating gaterial SHCh AL fir st

drive Ci 1 Cyde PRLAR, S30aALR, hFisiEs bl bPELORS driinliibpasas@hlaitd | al so

possi bl e t he 1 nsul ating ayer 609 sel ectlvely by a variety of
printing neatwdksuckaggsiliconroxids, %hmwtﬂge spican axymaiside.cor siticpr piggde axide; of
printi LE [ Chgr BRdnod,

di spenggr o %Eg\é}ﬁg Qﬁr@{rﬁ‘{gﬁéof %%6% ql%g&u‘%h?h:@ tg?rbe%gganglnt n%de t he
pi xel el ecitmrder 16 Gorf aicemur spavst a6 the fpacen 486 cancinsudatingdayer Tformegdaver t he

}0; gg't | el ec Od 6%3@6 of rmn&%'a@@ ufeg%@géug& o el e h& Wi #ﬁ%sir@éz' ects

éria suc astata um (Ta
tungsten (Wapetxstcﬂsrmnﬂm ( Th¢ ,shage! yf)dlmnmacéwbﬁﬁ 1sa|nutﬁpmm_ﬂ@gl\jr Vimitekdy end um (Cr),

or silver (AQ).; ,or an a C rial talpi ng such an netal
el ement carg’Pl%écﬂ%a&erslnTaya‘?ﬁ ﬁqgﬁsﬂfgpﬁ?lgg a}C\B/re acaléfetmn ‘ormedt or the display
devi cei$s fotirpnsm ssive type, the pixel eI ectrode 660 may be fornmed using
a conductive materi al v\lmchH ga ts | i, b h’ nductlde ﬁ@ﬁ“al
whi ch transnits Yardoneuiaden Him of2amafen Imlaé'S) © de P?rﬁesg?.f‘ &

cont ai Ni Nga bhdrftRR nde@e Lighid 2ktalsZ Aiia R¥éroehidh/dad orieht i lltmldbﬂ?ﬁlal@m gde (120,
zinc oxide to which galliumis added (&ZO, or the like can b d WO

2008/ 13289nEfwaET Airetionskofosmsd [ Barggrample,” a Iagextis foFmeds ysing p Bﬂ  forned,
and then t gc?g%ld@nh O Rid 'ahﬁnlﬁggrgbc% BHJMHS&aﬁﬁeﬂt Os¢ M4 thd yePicke!

el ectrode e spacer 686. Next, the sealant 680 is forned so as to
surrou®@ t hectompd thy opientatiomfiBr0, A the qrieptationy freafment; Fubbing, poitadighon30, and

the 5 secogﬁhdgnl Mﬁra?"ofe? lllé)t oP P! thp n'ﬁi?obe( ﬁ&'ﬁ)rElL:@ ﬁo@@xamplc. Although the

method for forming the orientation film 682 is not particularly limited, the orientation
film 682 can be formed selectively over the insulating fayer 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 sealant 630, 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 seis by performing

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



[ 0110] The spacer 686 can be formed using an organic insul ating

mat eri al such as epoxy, polyimde, polyam de, polyimde am de, or acrylic;
or an inorganic insulating material such as silicon oxide, silicon nitride,
silicon oxywoReosdesddor silicon nitridg oxide, 10 to havRCTAIPHAGSE7 ayer
structure or a stacked-layer structure. In this enbodi nent node, in order
to forma columar spacer as the spacer 686, an insulating |ayer is forned
over the entire surface of the substrate and then is etched, so that the

spacer with a desired shapge . is obtained, The s e -he. 686 i s not
parti cul ardngthes substeae OVQHBB‘:‘?bﬁé’P %ﬂe‘%‘%&%“’e?s‘,’g‘%@ﬁ réorgl ?s%%;relg gg)%ﬁgge spacer
686 can rﬁgﬂjg the cell gap. 15[0111] For the orientation film 682, a
mat eri al y be determ ned correspaondi gglhwith an o'ge él%)l %sgﬁ%%% l'iquid
crystals, and aFhelauid epistalfiayenfdpisfermed iha ey o 9‘{7 AFE SPR™MR 0Ni form

di rection § G confi U S B0%var whi®H Bhe Edlor BIISTEH0, 6 Oghnpralejctibdic,

pol yam de,h%(rhgltc’)he |c e and undergoes orientatjop.t SO th?t t he

ien r eat nent
| ayer Gan 683, indtbé puentation e 687 peerpagkedoift Uuis Prer l&é"’f‘%@ g et abge

treat ment, bbi.hg, irradiation with an ultraviolet ray or the |ike may
be perfor nﬁggﬁsﬁeopﬂ&e&%g‘pl e. Although the nethod for formng the orientation
film682 iim]t particularly limted, the orientation film 682 can be
formed selectively over the y 6 Wsited ByiEREYmELAY | Nti ng
net hods or a dr S@’%é{q‘lﬁﬁ‘é‘%ﬁ%”gr‘%‘%ﬁéh%%}zﬁ%ﬁed. 25[ gf_lle IJY_ ~ The seal ant
680 is forpRtxeMpRs thediqaidr crgataldayer 6Béast be Famedl biy|daippips thq bignid crystal

afterconpleting the display device. In thi | le, TR fiduiire- shaped
seal pHit e?lﬁtepgl infy the & '%gpegosecltﬁarﬁgﬁn& %g%%ﬁﬁ%g‘%r yt g?@ t _h%lédicglpl ay
portion 62&g,st§1hﬁatéﬂidl$ﬁaydjéicmgpeﬂ Hycaidipepser metiodG8 @, dreplet discharging srethodr i ve
circuit poriion 650. As the seal ant 680,,a .30 thernpsefti .0:0r a
phot o- cur i Kds P@&fﬁpl%ﬁﬁt%hﬂgiéo".ryﬁ"ﬁén o1 by grEgsed g@ rrae{egillér%g(?l%?lgg Hgy meki ng
a filler ipggl diter b &BpeANt Furihie itSie pleferabl6 &t detiguityeryseal fumtariahg | i ght
irradiation, heat treatnent, or the like in a | é;k‘ste i.ng the

of. seal
substrat e badrippad ip @0 dneraatmospdgISEP B IRFET IS (&l t%ﬁ%dtetr%g{. g" over

whi ch s copilel i?{s %féférgﬂs thaParf Ris@bpHeid YeRes usider 4 Riubddipeesiie phenfoniedy [ 0113]
The liquid crystal "layer 684 i1s formed in a region surrorg’,‘ﬂde['% t%otﬁlhe
seal ant 68he ligeist tiyetal layéreo8ecotiipping he diguid eudralopateagliingh A0 T8IPer il ter

689, the caunter. el rd | DNhdtialALES 61 e dikst acked
inthis or @S%§t’%8§§‘§aé&ﬁ§e?%§§? ?“r%g'?atég%éfta’régtag&%%ﬂo&(ség FIG 13B). [0114]

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 sealant 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,
so 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



The liquid crystal layer 684 is fornmed using a desired liquid crystal
material. For exanple, the liquid crystal |ayer 684 can be fornmed by
dripping the liquid crystal 10 material into the frane-shaped seal pattern
formed w t I'WoR@ssaa¥ant 680. The |iquggl crystal materi arCTpgoobessard pped by
a di spenser nethod or a droplet di schargl ng nethod. It is preferable that
the liquid crystal material be degassed under a reduced pressure in advance
or after being dripped. Further, it is preferable that the liquid crystal

material be_ dripped in an iner atrm ere i t.ie he |ike
are not misebHTaic ek At isqalsorppsifle to 90 °rﬁf‘§ﬁ8‘?§ rde’?ﬁy he Iﬁl“%tér’%sp ere be
set under ayéreémcwi hQit%&'&!ﬁé:taéﬂeﬁrattﬁdhﬁﬂ‘g 0@ fiRke stbstateds00r ysl te deayelr 684 by
dripping the liquid crystal material_ until| attachi the first substrate
600 and tr@bwtgaefilt%&réﬂ%@@n%%‘w%?%? WiORkt a bubble or the |ike
IS not for@gfy]l nthe liquid crystal |ayer 684. [0115] 201t is also possible
to formth i'fquid crystal |ayer 684 b attachlngth first s% rate 600
and thé second Foberscendsgistiae 6%b1e BhiEte whis hyt@pmmith fighttls Mepde nEoT | qui d
crystal mafer| ﬁi‘ LRy Bﬁ%aés@ﬁb&ﬁteg uéhk% ai&:ﬁﬂ&zﬁé&%oﬁ%spﬁﬁﬁﬁbﬁbrﬁﬁhéa@ seal ant
680 using a Capr fl I"ary” phenonmenon i s case, an opening for injecting
the |iqui dglassymtlnhumsbotmlmtst glass:zciyartz sulistrate e caremicanbstigic; OHESPPRE |t | s
pr ef er abl e‘% |d crystal 25 material be injected under a reduced
pressure. JOY st substrate 600 and the second substrate 690 are
arranged tiigjce each ot her, br ought into close contact wth each other,

and then the se nt 680 i e t e rat e 600
and t h¥ second i?g £ g Ettaés’ﬁ‘gt:&‘ﬁ ‘itteggﬁéé)(ﬁ?%&%&é%h I%dttr[(%% 6%‘;%& itﬂ?% hi s
tine, the §ddnkdion G GBRLR f&ﬂibdaﬂdnsl drreemeﬂnhel ssoohd sutatrate 690 dn edditivached to
each other.so that the |iquid_crystal er i s,,sandwi,c en the
orientati of¢ the IcﬁlloB@W‘p?%%cfgﬂka’B mf(H’éays Bﬁ?&ldggﬁ 'ihgtsgcoggéu Sgrageé?w

ori ent ati ofd &didp fiRe 689 ﬁiég(ﬂ)@ rdvidedtthietht bhside ofbe second substrate 690. The

2008/ 13289439PCT/JP2008/0 5172 substrate 600. It is al so SSL‘{})A

correct or¢aden flterA$9dpap beemited ¥ Hhe display dowrs petiprms Fyeoc
Lreat pal #hd Ghlalé 1df Bl Prbvidae bl the hecbibsibsaiee 6908iaaNdinl e cse 6B the (st rat e

690 to eac and rmng the liquid crystal |ayer 684. [0117].
sealant ]S prowded 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 zinc oxide to which
gallium is added (GZO). The orientation film 687 can be formed in a similar manner
to the orientation film 682.

[0120]

235 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



5For the second substrate 690, a substrate which transmts light is used.
For exanple, a variety of glass substrates such as alum nosilicate gl ass,

al um noborosilicate glass, or bariumborosilicate glass; a quartz
substrat e; WO WREBY substrate; or a sgpphire substrat PCTAR2080548€d. [ 0118]
10Before the attaching, the color filter 689, the counter el ectrode 688,
and the orientation film®687 are fornmed in this order over the second
substrate 690. In addition to the color filter 689, a black matri x nay be
provi ded fﬁ)r t he second substrate 690. The color filter 689 may be provided
for the out®Fle of the second substrate 690. The color filter 689 may be
omtted if [¢ipe] di splay device perfornms nonochrone display. 15 The seal ant

may be provided for the secpond, sybstrate 690, si.de., | he ca e the
seal ant is proviJ&th é‘ﬁ%rftﬁé}g%t@&eo %‘ﬂ&é‘? pecpd %5’5':?%}? 820 h[aggml a?tgﬁ%qér yst al
materi al i $adl tRREHe dividedtinp debisdmdeach havidy adesictigaed spat(serFGpL44).ded for
the second substrate 690. [0119] The coupnter ectrogde, 68 be forned
usi ng aScodw iy eplodiment maede, thei st SEPFtﬁafea‘{bbrﬁ“{igﬂq FGRe S"é’ﬁ'ﬁ%’ ggd]fhﬁﬁ?lﬁm tin
oxi de (1 TOhytadnB@licihkch bife ik BRideARb FaPitB Paidl kdriRRoRIERASs 610h3CY 6106 a6 oxi de
(ZnO, indiumzinc oxide (120, or zinc¢c oxide to which g{gl | iumis added

) \
(GZO). The separasert Somopach; others g Fhe derminal relfcirade 674 4S sxpasPdat Aa¥eRERE o t he

orientatio il.m : . FVRLR borti 1h6{ MEIRdd e Obt ai ned
in which t%e cﬁeép?gimf%%?%hoé%,a%d%fﬁ?%ﬁcdri vebgﬁufagg?ﬂtj portion 630, and
t he second lignidweystil layer 684pue sdaled veigothe pealant 680, u dde disg snhstatc §00 ppdthy| | ayer
684 are,seal ed,bhet wee e . : rate
090. "1 10 g arg STHHTE B0 B Se diFtiobMRTh LRl HASASUIR SRRRg foMSd 7l &
drive ci rcuibireaherdppanatu6,343 a rolt cattee second circuit portion 650, a resistor, a
capaci tor, 81{:%?ﬁhe like 30 may be forned at the sane tine in addition to the
transistor ther, the structure of the transistor is not particularly
limted. For exampkiethestwonil utidaats 680 ovathehtanwdnal regidit 670gs twidet (see Flke i n

which a Pl uf Bl L B Emed odt) Bé afEdon's pheb SA%E e heYBond bstrate
15 690, the color filter 689, the counter elecirode 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

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 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 SOI 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



| ayer. [0121] Next, the first substrate 600 and the second substrate
690 that are attached to each other are divided into sections each having a
desired panel size (see FIG 14A). 5 In this enbodi mrent node, the first
substrate 6B02eMd3BMe second substrat 690 that are attBCHBRBHSAZCh ot her
are divided so that the panel formation regions 610a and 610b are separated
fromeach other. The termnal electrode 674 is exposed at a separated
surface, The display portion 620 and the first drive circuit portion 630

that include the |ljquid crystal,l r. 68 se d with the al ant 680.

The first DOBGET ﬁ%&gﬁg wifiefhe fratanf¥lin grch el BradondeHoBSRR i ded vi i h
a cutting euaar FGISI3BURKreffonds BICA tldSY-sedBRAl dctStakeh A16:20K Bhe @RPAIAGUS, Or a
roll cutter, [0122] Next, the second substrate 690 over the term nal
regi on 670'9% divided (see FIG 14B). In this enbodi nent rode, the division

is perfornpd2sp that the second substrate 15 690, the color filter 689, the
counter electrode 688, and the orientation film 687 over the term nal

el ectrotle 674 arhlext,dho ey substiate K80 apéd the searndesubsteatalfYpibatarpatiedbedinvi ng a
desired p hoﬁie?%c%d%n%&ioﬂ?gfﬁ{m&@kmz alnd an afroy dd@ﬂ?n rid o8y Si on of
e O referen

the attached substrates is described in detail wt ceto
schemat i c be épi iwp thepaneh formatiomagionsoWlG A441c0Sesposds o UOB-sepdal |

FI G 10A isviﬁg%ﬂﬁ%&k%h’ﬁ?’kﬁﬁﬁ@%ﬂh‘)p surface corresponding to the SO

substrate shown I n n"exanpl e is shown here in which the pane
formati on [088flon 610a, the panel formation region 610b, a panel formation

T e A s R A T,
610 provi dethw 6614eacHGo10Che thantht tdrminahidgion 6700k @Rposéd AaskiowibhddGhas a
of i 3l oy X olE AR i 105l 1By R HEipe o Btis S8 r at
690 to theconhéddd BUES kRl GOt iefmMmaNigt 86 a@Botropic conductive layer or the

like. FIG. 14B corresponds to a cross-sectional view taken along a line Q”R” in FIG.

15 10D. In the above manner, display pamels 6100a, 6100b, 6100c, and 6100d can be
obtained. The element that constitutes the display panel 6100a includes one SOI layer
provided in the panet formation region 610a. Similarly, the elements that constitute
the other display panels each include one SOY layer provided in each of the panmel
formation regions. Therefore, variation in characteristics can be suppressed.

20 [0128]

Although an cxafnpie 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 pluzality 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



shown in FIG 13B after the steps shown in FIGS. 11B to 13A. The displ ay
portion 620, the first drive circuit portion 630, and the second drive
circuit portion 650 are WD 2008/ 13289441PCT/ 3P2008/ 055172 provi ded and
seal ed w t WOReNsg&8P4Nt 680 in each of gphe panel for mat PORITR28§1065182 610a to
610d. FIG 13B corresponds to a cross-sectional view taken along a line QR
in FIG 10B. [0126] 5Next, the first substrate 600 .and the second substrate
690 that are attached to each other are divided in directions of an arrow
6002 and arbv%f fh@‘ﬂa@%%h’afé & ﬁat]tﬂg 8uc%%1t§?n1 rové Jity th ane| formation
regions. corresponds t0 B cross?s ' Griat™ ‘taken along a line
QR in Fldmllﬂc [0127] 10hbxt t he second substrate 690 is divided in

di rections of ang%8£ 2 and1 ow 6014 P G 10C, so that the
terminal region xposglg RE®s PRPVEle], o1 gbe stenmd SubsA 16992 gi on
670 i ncl udeEurﬁlbte tlneeemmall inphie enhiveb 688 45 ctiile6tbd itS thed tePhinal BREEIR G40 t he
external QB“t t er m nal u5|n t he nlsg%ropl conductive | ayer or the |iKke.
FI G 14B cor ough, smf‘stﬁ’traplc‘fr §“°§§E PEh Y Osoctiak the slisplayoprgelais| qomeectgdr’ i n

FI G 15 10D.eldctridaltgioabov@sid@eeriG dsspl ay panel s 6100a, 6100b, 6100c, and
6100d can ﬁ§1 tained. The el enment that constitutes the display panel 6100a
I ncl udes o | ayer provided in the panel formation region 610a.

Simlarly, the elRpokfizindlac 802t bidvfcd 6 feNihidl BPLAY ARG, BRCN

i ncl ude one, SQ | ayer provided in each of panel formation regi
Ther ef or e, Hggid %ﬁt%dawﬁ%amh@wéﬁw ﬁﬁ%@tﬂ@dﬁ of ¢hessgppndemibsichte GUD. [ Od 38]

Al thoualy aRa&XFHRE thel Hausd t._substrate. 600 and the
second substrate 69(53 '?qnat el\gﬁrgtgpgi%@g%ﬁ %%megﬁﬁmé% {1% R 8"%*3% PRLAEZI8 ¢ hen
t he second PiibBey bt progiged fog ﬂiﬂﬂwm@(adldalﬂédwhmhmeﬂqummmtefmziama% whi ch

I S process ' | vanc ached to the first
substrate g%oﬁ&zgﬁi{&f%?)e@utp %%%F%tﬁgggha%n%g%ﬁﬁﬁ?gl RGPS di spl ay
panel s areOmamﬁausmedamtudgummatbesmzamlasﬂé@'bﬁﬁﬂrﬁn&ly%niyr&wdea for sake of
conveni enc%mtz?e present invention is _

15 The external input terminal 678 has a function of transmitting a signal (e.g. a
video signal, a 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 eiement; a front light constructed of a light guide plate and
the like; a reflective sheet; and the like may be provided aithough 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



not particularly limted to this. As described above, a plurality of SO

| ayers each having a desired panel size are provided for an SO substrate
according to the present 30 invention, and a plurality of display panels
can be manuvaceandddat a tine using eagh of the SO | ayReBIP2H8OFMIDre, the
nunber of display panels that can be manufactured using one base substrate
I ncreases in proportion to the nunber of SO |ayers provided WO
2008113289442PCT/ JP2008/ 055172 over the base substrate, so that the

product i vi 5%%{%@8%‘9&23 " RTBsk gﬁil:}eythe ﬁ@%@%&sw displﬂ}‘eﬂ%icetiﬂ‘i thalakkivd ng plate

692 i s provi or the second substr 0. Further, e external input
term nal 6%Pe; light fomexlighl sowce sdrapsmitted td 2 wlewing idre Whrwbs displep Gafhbe he

ani sotropi ¢ _conductive | ayer 676, so that the display panel is connected

el ectri cal Pqurgle#'he outsi de (see FIG 15). [0131] The pol ari zi ng
plate 692 [®3pyovided for the outside (a side with which the liquid crystal

| ayer 684 and the J.ike. is not seale of. e.second substr In the
10 cas e'-‘8 wher e tnlﬁ 4“? i 9%‘?%%’ &t S{}F illﬁps%ag% if%ewctf’éh %ptdfazi&?%%tg%ﬁ\?}gér? ype,
anot her pOEaiHhihamP afleited paBdl sbR apy mevidetloved thet substaud G0de ufed. sTHeSGIt h whi ch
the liquid crystal | ayer 684 andg,the ILIE%)' S not. seal edi5 of thg. fli rst
substrat e BOeE for forming elemnts ds $Ri foragh l?éjpﬁf‘%}tt at CORSUUNES 8% 9FP'™n such as
a_retardat yhed! ahbreRire, Wimaky o theESOPRYdrefin bé brevéimed i ivadiny HEEDI 1hyei 32]

15The external input term pal 678 has a function of transmtting a signal
(e.g. a ' vinecsad) gitalay panel gokthat gn¥ipld eansbe impevgthal FUfHPfaquﬁéEfg‘t i gnal )
or pot ¢fti gfard kRl EmOBH ﬁipﬂﬁ:sseh hebdtss cRARAE 1tHR RbndiREE ond QispBY dedice ONnect ed

as the exter na(lrt I nput termnhal 678. The term nal electrode 674 is connected
el ectri cal kg fomedmsingiong SO8ayee circuit portion 630 and the second drive
circuit po[élisgf 650. 20 [0133]
Although FIGS. 9A to 15 show an example in which a display device including
a liguid cryStal element as a display element 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 an EL
display device). FIG. 22 shows an cxample 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 ir 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-cmitting 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



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 col d-cathode tube or an LED el enent; a front |light constructed of a

| i ght gui devV@ReBA328%d the |i ke; a reflgctive sheet; andPGHBP2BKEFITZAY be
provi ded al t hough display is possible 25with the use of external |ight

(e.g. sunlight or indoor light) or the like. The front |ight can be

provi ded for a view ng side of the display device. Provision of the front

|'i ght enabl es .cl ear di | ed

su? fici entPgani¢ Bcﬂgﬂ“nfl iﬁ%ﬁé gghevﬁ% ?Eiﬁcrer%fi? lg&f?%E S&%ﬁgﬂg &%eorg rg)%tgew ce is
af t ralns mhsﬁxbvﬁxélyel%c@t?]dea’]ﬁﬂ @ﬂp(;:brpaﬁm:ss:mee Ti¥pe, S;acdaali’ﬂjl bqh'bemcbhrs]t r U(r:]t ed
of a light source such as cat n el ement i ght
gui de pl at Behtzmiting 8’(?%‘53%7@%8@5 Sy gt st 1‘1#]61(@0 a1 @F@ S 3, %§aﬁ<l i ght is
provi ded f&fth@ﬁk@lapQ&Jsﬁﬁnﬂiéiﬁce(@aybﬁcf&mﬁddd@ihetspadeheow ew ng si de of the

di spl ay device. I'n the case where the |iquid crystal display device is a
transm3si [P38lype, light froma light source is transnmtted to a view ng

si de, whereby diggl V\%‘Z’ hﬁ)@z@ alfis Wréeﬁwmluﬂﬁmeoﬁbﬂl&aic&l@ﬁ&@ﬂisf&nﬂlbf node, an

SO substrate for a pl urallty of rs each having a desired

e

panel si zea Hqwd prystal dieplapdesice: h@@@ﬁ%’?@lﬁﬁét GQ%E shewg ap grammMe mERIck a o £ or
formng el g | DSl taldcRstep N e

di spl ay devi ceaj e cllc %BH bad %asr?g&gﬁhég ﬁt@éﬂ?ﬁﬁ%g&&?&ﬁ% pr gventtgd in

di vi di ng t dectd@k (bomeon elnctmde)a&m diThp eleptrpphedtic laysr BAQinclidps 2 plirdilyy, be

| mpr ov t her thO t d
becausggel g Pﬂ% %@n@ e|Htvh1 egglrlllggaé%cl Zﬂra&gé(/ﬁ%en% g&g%g?ﬁ@gﬁ ggslsﬁg one
SO | ayer. d{aﬁhé@ﬁbf about 10 1 200qing blCElbl@S anﬁA ttansﬁaﬁems hqmd,ampc:simwtyl ahaigpd vvhi ch a
di splay device including a, li r nent as di spla | e S
manuf act ur &4ite mpigropariiclen ang ﬁv&%ﬂ“ﬁ’fy %@arﬁ%‘ ﬁ%‘f EQF‘PP%‘H?‘&% 9 f’%\s‘ﬁgtﬁ&m to this
exanpl e. FafrfiKanRhén maelbétabtfmﬂm\s tappIRtd 181 BB Pic] Blectbrlie 810 Cind alphasusiter C

el ement can be used. FIG 21 shows_ an exanple of  a dltﬁ%%¥W?eV|ce L.ncl udi ng

a | i ght - entleetrads &t thenyhifeamigsonagicls P%Hﬂteoblé‘gc BiqreRIH HGPF ce or an

EL di SQ{; ay GHEV if Ghe :Fi c%t?s %h@‘.(@ & thxaRke Rf biacidicad| RY digMee | Ag! udi ng
an el ectrophoretic e 'sd referred to as el ectroni c paper._or an
el ect r ophoelettiaphoretic 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 a
mobile phone is described with reference to FIG. 17.
[0140]
In a mobile phone shown in FIG. 17, a2 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



20 di splay device). Explanation thereof is omtted because structures other
than those of display elenents are simlar to those showmn in FIGS. 9A to
15. [0137] FIG 21 shows a display device including a light-emtting el enent
710 i nst eadVOROOE1IBYHui d crystal el emegg. This enbodi menkCHERGRSHFITE an
exanpl e in which an 25 organi c conpound | ayer 714 is sandw ched between a
pi xel el ectrode (cathode) 712 and a counter el ectrode (anode) 716. The
organi ¢ conpound |ayer 714 includes at least a light-emtting |layer, and

Taver . a HEDAD Hraor migusipe o0k iy n 4T () oo Al icRBSPY, (12
end porti ophaed 19¢7eankitiebackligit ﬁiiﬁ 1@12 Islsplay{aomdnm)ﬁﬂhe display petdl ¢4) | ayer
sl at | nghadiend e Fepigipusl (Bl TBLAeaprizary o 2 hdr Sed M SpPEMcsed co
i nsul ati ng SS S
that part Qinélbt%@fdﬁu%@ kn @b ﬁﬁﬁs'il%d@()zlzld (Bis@MidOGIRRnt MOdd, the tacKhepsriivel y
formed by a droplet disch ar %method or the I|ike.

2008/ 13‘28911%4@11/@@2!@98&083 dﬁ&%ﬂ%%ﬂ%ﬁ%%av‘?ﬂéﬁéﬁ’%iﬁfw‘ﬁ@ﬁ ¢ 2ount er
electrode Ghiad %e%}qgﬁk&%éa Uiy RIS s, LAempbalionl petisodn1/d2 and

t he partltlon ayer O between the light-emtting el ement 710
and the semldrdathodvsi‘tlbmremd@ ﬂh’sﬂeﬁénﬁﬂ e used. i Furthernas the packlight pgrtianna | j ke,

O 2ol N bl Bl OLATESh i LifeSRaRAR04. 5 [0136] FI G

22 shows a®Yf uding an el ectrophioretic el enent instead of a
l'iquid crygﬂlai] di spl ay deV| ce. This enbodi nrent node shows an exanple in

512 anta count chirchnty phe EDOFE8 T ALRERAR: S’ R0t CaluiRl 201 ode
|l ayer 820 hafg hde@I Subptkdis adcotding to the present invention. Therefore, manufacture ina
high yield is possible.
[0142]
Specifications (e.g. the number of pixels) of the display panel (A) 1908 and the

15  display panel (B) 1909 can be determined as appropriate according to 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. Fusther,
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 example 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).



10 of m crocapsules 810 fixed with a binder 816. Each of the m crocapsul es
810 has a dianeter of about 10 to 200 uminclusive, and a transparent
liquid, a positively charged white mcroparticle, and a negatively charged
bl ack mi cr opoasdsiisises are encapsul ated gherein. Wien an ptEmidswsfirel d is
applied by the pixel electrode 812 and the counter el ectrode 814, the white
m croparticle and the black mcroparticle nove to opposite 15 sides in the
m crocapsul e 810, so that white or black can be displayed. An

el ect rophorﬁ#ﬁ elenment is a display elenment to which this principle is
appl i ed. W[ he use of an el ectrophoretic el enent, which has higher

refl ectance t hanFiG.|1isBushdwe raystherl stekmieof a dsply Iphdywlids fs diffeeanfrom

recogni zed even | di ce _w.t hout an. auxiliar ight,(e.g.,a.front

[ onomt 2 e i e T G 8 s e afioRs i B 1 8A A acindlie Pt o o o
i s di spl ayepk e08€ réfeRnbendsak.N el £yeit] W FIG PR a iSve)GlciSUIPNDEDfdro t he

di splay portion. [0139 , an exanpl e of 68£%el ectrqnic device to

on. [0139] . .. Next

whi ch a3di <ivie 4éipplag RogioRpls ouniadetn) thydursl bt 474 soghalsdictils Aent i on
is applied iht%gﬁ%’é.cri bed. Concretely, an 25 exanple in which the display
devi ce according to the present invention is applied to a nobile phone is
descri bed P¥4¥lreference to FIG 17. [0140] In a nobile phone shown in FIG
17, a mai n body i i Lathi i .

m cr ophone 1905, %J%gﬁéoﬁ?%bﬁg%ggﬁﬁ%c%% dtﬁghgrbﬁg?nn&lggg% %1%@ Izélét) ﬁ(iISOZ
‘provi ded withdt im FiG.sk®Aay Ip FHa|18CAJhe 15998 potiiopsiakin Kkt 184 ard dasignaied with di spl ay
panel ( 0 a 6, | S| N : that the
oD 1 ¢ Ighonde s istAGRE Rhbidty 1P Badel o ple o ARtRAFb B or 17 |

di spl ay paneivingWDIiRHI8 pdidias I92% RIS OR8 HeShhir Zubdiate] $0Be s sphsireled i n a

housi ng 19 f the mai ody, {B). 1902 toget her Wt circuit . board 1907
hnd-the badiPlgrrie Bt & e kdnl By e PGk Mol @ 2 iy B3k, 14
1908 and t hfrelt 594 @pUpmaRhlsq B fotfi&Poak eheanmangadatso as to be seen from

openi ng wi gf%gﬁ formed in the housing 1903. In this enbodi nrent node, the
backl i ght g #on 5 1911 and the display panel (A) 1908 are arranged to

overlapsw th eacl &sh&l optRAlfiln uchNEMN Seliriind plate] sh Gty ediRbtich S,y adevi ce
is formed. As the backlight portion 1911, a. col d-cathode tube or an LED

el ement nayolss filfeemay e formed overlapping vitlutor display papels shownn FIG8; 84 toon of a
light gui degpl afg;s ahdd #ae k FPCeloeMBRwdARYFIBS. 18L& 1dPh4bhnected to the first

substrate 1920.
[0148]
20 By manufacturing a display device (display pamel) 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
cach 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.
[01491
(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



10The di spl ay panel (A) 1908 and the display panel (B) 1909 are

manuf actured using an SO substrate according to the present invention.
Therefore, manufacture in a high yield is possible. [0142] Specifications
(e.g. the rwohens/iagsdpi xel s) of the dispt7ay panel (A) 199@T/@nebstohs725

di spl ay panel (B) 1909 can be determ ned as appropriate according to the
function of the nobile phone 1900. For exanple, the display panel (A) 1908
and the display panel (B) 1909 can be conbined, with the forner functioning
as a mai N sp¢ Qedl: and ekhspik ah tfifcoh %Sé&aﬁi?'an%%r(ﬁ;ﬁnﬁn? 's‘tﬁﬁt;rﬁt@egr al cQﬂJﬂ)%Ln 0A

mobi | e phone according to this enbodi nent e can take a variety of nodes
accor di ng t ¥Mifdagiprsubgrpter sallngrarseide, mdimmphosphide, onthgdikpmek bpusedy be
i ncor por at eghikfit 0 the hinge 1910 to form a camnera-equi pped nobil e phone.
Further, the operation switches 1904, the display panel (A) 1908, and the
di spl ay panel (B)ltEgodenably that aplizsukting layor202oominigg niBbgdndibAdimed over FI G

18A sho ap. e r t diispl a anel ( 1908.. I n the
di spl ayV%an&e]‘T‘3 %I%JBA 1&)@3 ngﬁ)ﬁ%@bs usggs?ra t@ftielﬁw;ﬁgf%ﬁla %Pferaﬁi% LB ct r ode
i s provi dednifmgtnamsebofuimsd hsing ats#lich® ABriflalyerga stiieod nitdde Stidskyal 6 ar e
attached to_each othe ith a,seal ant. 1922. The seal ant. 1922 is formed so
as to surr oﬁﬁ namﬁ?gﬁﬁliea YR IG POTE ﬁg’ﬂl.eglweg@“f'?tﬁﬁi el %F";?%‘E%‘rla!reafglmt}l@-

provi ded i nP@visiagiod theSibsulaingdeds D2 tditaitihg Sirofeib&dn bR nil SgfrititdRcp egond
substrate 1923, and the _sealgnt 1922 (the_inside of a frane-shaped seal
pattern). Tig¥dplyions or moigiupe trqm Being diffusedintq vy SQY laygriand ghus confamngtingy panel
whi ch i 50 di fht SO2Myef.r EirthBthel ilsufdtiag 180 b2 Edrfeainih BitrdcBR cRARMARM 4 PNS as
in FI'G 18A are designated with the same reference nunerals. In a panel in
FI G 18B, a RiPiegtvednyee if perfopmingjrradighonsyifly ipys tadomn gpeppratin e i on i s mount ed
on the firsfpisybstrate 1920, so that circuits are integrated. [0146]

FI G 18C shows anot her structure of a display panel which is different from
that in FI G 18A. Next fiegem@ondygier sybsiate79Pts ehedasleftivelsl (e HIGA23R)e In

desi gnat ed Wistdhbodiment mode, grooves (hereinafter, also referred to as recessed portions) are

15  provided for the semiconductor substratc by eiching, so that portions remaining in a
shape like a top hat (hereinafter, also referred to as a projected portion) each have an
area 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 to 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 pane] by the groove process, so that SOI layers

30 obtained by dividing a semiconductor substrate into sections each having an arca
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



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 anveob@s1es¥cuit (e.g. an optiygal sensor circui RCBP23CAYJ2 may al so
be fornmed over the sane substrate. [0147] 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 .i.n_Fl 1.s connected to the first
subst rat e FEIHM BIYE msbfﬁﬁiﬁl bﬁ}}\aﬁft%?%goﬁﬁ%ﬂage éﬁ’ggdtg'y devi ce (display panel)
using an S@isgubstrate according to the present invention, a manufacturing

process can proceed all at once  usi a l.arge-si . S .e, hat the
productivity cantBSSSTHIR é%.sugiﬁﬂ?%zﬁ’, ’Sa‘ﬁ&ggl @E@?ﬁ}(’é‘%&%ﬂ%}gr‘:ﬁe e(%Jsi ng a
plurality QiecBiyWathes fasld syitkdt Grejenedporiionsr avie datiyg rakicagndading ofic t he SO
| ayers have a size which is about e u%l bo.a deéi reg nqagel SAZCE iag( 25
manuf ack ur pangh avhigh isp drsirsd panel 3igh BioLRIngG pATETE ™35 L4 AERESYI nent
Mode 2)  gormed néiﬁgmlaﬁﬁgtlay@ﬂﬂ?%%ﬁﬁ?m&haﬂiﬂisﬁ. | Aftyhthe bitching SO

substrate I's manufactured by a different nethod fr,ogiéi%he ahove enbodi nent
mode. 30 [ QuBCissarpaagls mdy be srmeyved apRRPIopials. | Fuphersinilis empadimentmode, i

bstrate, ;or. d ! i ' nhele,
substrate th%rm%]el;%&grpﬁ?%eﬁﬁs%ﬁﬁﬁﬂg%ﬁﬁgeﬁuﬁsﬂi@‘%@h&f sdalivelybRfserhele

i ndi um phosphi ke may“be used. Ku It | erabl e that an
i nsul at | nginselging 1292 202 nentaining gitrrigen fermedeovenibgsemigorsuctor 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 SQI layers can be
determined by the depth into which an element that forms ions for irradiation 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 gasily transferred when the SOI
layers are transferred to the base substrate later.
{0156]
Next, the semiconductor substrate 200 is irradiated with ions accelerated by an
25  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. 44, and can be formed by irradiation with ions of hydrogen, helium, or halogen
such as fluorine, for example. The jon 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).
{01571
It is possible to form the separation layers 204 so that desired SOI laycrs are



5 one surface of the sem conductor substrate 200. The insulating | ayer 202
containing nitrogen may be fornmed using a silicon nitride layer, a silicon
nitride oxide layer, or a silicon oxynitride [ayer to have a single-|ayer
structure ovoosimeked-| ayer structureg Provision of tRCT/IR3WBAISITg | ayer
202 containing nitrogen can prevent inpurities such as novable ions or

noi sture frombeing diffused into an SO |ayer and thus contam nating 10
the SO l|ayer. Further, the insulating |ayer 202 containing nitrogen can
function as a_prqtecgtiyve | [, i, rformong irradiafi | t-h 1 to form
a separati HW‘SF"‘EVBFC.’ eO%‘if'%%gate’b u)%‘t’?het%r%m%grﬁcc%ﬂ%%ﬁﬂgir}e égﬁ]i@ls rlrdg[?tér 200 is
et ched sel asirate 200 (5 advahitsGo2Rd3} Jatkér debihs tieabibali ofetht sepachtipn dayorsvaii.

(hereinafter, also referred to as cessed port.ions r r,ovi ded for
{he sen coRatierias: Smsprate tred i i ooged fbefget BhEs Baliddtl n o
shape | i keyBehbfindsipatalios Riyea ROL bine fadnfed il Gleidjeded foridns@r fir the ecb®eld por t i on)
each have an area including one panel, which |s a desired panel size.

I n
this de8cr pertipehof the sprpicenductor splsirate 290 Notpdhatjp the PRjeRlgdPREOR8 AP onduct or

substrate ggl EEésgéﬁeb&ﬁiﬁs bEHRS SiflcdnBudsr SubsEAe 08, PeORp&Sion RRel063] The
projected portions tornmed by a groove process are each forped sg as to have

an area i nfirmed atplong thesamie depihs Framithe wrfaeasof thgsotcrapuciorsgbstrats 200 anpl e, i t
i's preferali)dlgsj hat the panel size be a diagonal |line of less than 10 in.,
which is a*simall to mddle panel size. In the case where the panel is

appl i ed to a nobiNes, phontng hy«rirs fgmed oadhe samieondyctar ﬂﬁbﬂgﬂiﬁgoo (sepie of

about ipgehﬂ?fﬁg@ ' The goﬁﬁ%%&?ﬁbzf%szfo oﬁethggﬁr?{c@d?qg%isghﬁgmc%?r ation

of as sizé'n on to the screen size. e projected
portions r ewmirae 200, whitihforse horatiopivith the baserobstatee 20 thiscembadinent odeT | ayer s

that are transferred to base suhstrate.later. T ' j ected
portions af¥ E‘H@ngf Ffeaf?sbs %rmfgqﬂacﬁgeraﬁcae gﬁc Fur{gal%%é’l!f ﬁiéé g%%ﬁé%dﬁ!gfogby t he
gr oove pr oggate 200, fopivh®thd Mydatingtyed R0 coaaniny nittogenlisngoddsknithenduct or
substrate intgQ sectiqns eac avi ng. an ar.ea incl udi ne. panel 1 be

tr ansf er r e4oREng, 14755 £2& AR F%\E‘é‘.meadr“t?lé’r“,“gf HEATEFY OdB% bonding fayer 127!

15  preferably, a silicon oxide layer is formed by a chemical vapor deposition method using

organic silane as a source gas.
[0159]
Next, the semiconductor substrate 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 fo 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,
5o 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 irradiation with an atomic beam



projected portions are fornmed in plural nunber by the groove process, so
that the SOT WD 2008/ 13289448PCT/ 31120081055172 | ayers in plural nunber
can be transferred to the base substrate. [0154] The sem conduct or
substrate 200208186%hed, with portions38o renmain cover REKEREEOINIB y with a
mask, so that projected portions each having an area including one 5 panel,
which is a desired panel size, can be obtained. A resist nmask or a hard
mask formed using an insulating |layer may be applied to the mask. After the

et chi ng, arruANes ®sEaS o Masika BRyadRal tredteay iine sBpilk QRdnnal & EfYbdihest | N
thi s enbodinent. node, the insulating |ayer 202 contai ni ng nit roq%fevn Is al so
P

et ched sel ddpde/k| Aqhixatnnef thekondpme sitaces dp pdypace epphleseasy Bpnlingbatweanogen i s

formed overgitdien:SaReAR9dUG]GE:, sulpssbfc?é;ﬁal@@@-peﬂf&mmeﬁteﬁ%ﬁem_té}ep&@?w ating
| ayer 202 containing nitrogen remains at thé projected portions after the
groove procdeatuent giiagdonding thrcpase seistrate 2R+ pgd theesendigondeteriabgrates Yiktor at e 200

(the de@“.e‘i@h&tﬂ@rvﬁi:éhottﬂ%ﬁo i@glg?ez?z%ﬁlt &s%&?ﬂe%%%appmp” ate in

consi deration of t I ckn e SO layers that are |l ater
transferred0td]t he base substrate. The thickness of the SO |ayers can be

determ ned by th e | [ h for Lons for
irradiation is agf&&iﬂé## c%&ﬁ%g e %%8%@‘;%8%55# 9%]]56 s%rpgz?)%éuggqresufsﬁrge t he
dept h of t I280ds sapawatedrimme sie lodse stiestrate ri2d pthe wefavation Uity 204efunl@fbnfighw dept h

f th forned) be | than the depth of th i on | .
By midi g FREHSoPHEST ¢ BPoRpERSIRR Hodbr e eRio b uf oFBR 20 Peyers | n

t he gr adve sphivordiston bulishete 200kCkve udirger depihthanathat of €2, sepirhtiontlierz04] ect ed
portions o

f hg sem condquct o ubs rag 2 ( can be e%si ly. transferred when
Phe Sor | oy die, Famian dpiers 200 £ oracs a6 ALLiHL Pt drbroling GO¥BEMNext
the seni comewedon thelgidvas @r 200 iFurthér sl Behdhigt Ryton® prRelear i ad by an
25el ectric field fromthe surface into_a given depth, so that separation
| ayers 204 sgipjconductor 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 SOI layers can be formed over the base 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  thanm 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 possible.
[0163]
30 Further, CMP, laser beam irradiation, or the like may be performed in order to

planarize or thin the obtained SOI layers by separation.



formed (see FIG 23C). The separation |layers 204 may be fornmed in a simlar
manner to FI G 4A, and can be fornmed by irradiation with ions of hydrogen,
hel ium or hal ogen such as fluorine, for exanple. The ion irradiation is
perforned fwomosh®ssi de of the sem corguctor substrate ROQPRes/osshizch t he
grooves are provided (in this enbodi nent 30 node, the side for which the

i nsul ating |layer 202 containing nitrogen is provided). [0157] transferred
to the base substrate, because the grooves are forned in the sem conductor
substrate qu&jnn advance to have | arger depths than that of the separation
| ayers 204t cretely, the separation |layers 204 are formed at different
dept hs dependi ngnake ¥Het hehndcheé SOPabatrite ford whiek s pRAditpoe SOblayed drea t he
projected portions or in the recessed 5 ,porfiqns,of the i conduct or
substrat e Poydefopeer gt bash suhetale of bt ¥ 9?08?@3 at? ! %’Zglr '@8%%0598

porti ons ofyetBErwabi ica BE Wlafed S UNEE 2B &:h3RH an tehemple A vii¢tothel fayesOl ar e
formed at al nost the sane depths fromthe surface he sem_conduct or

. £t

substrat e Ryers 206 228)23Qesnd 232 reyaain oM thehase subptraip 384’ Fitiihe bandingdayer

sen conduchy A RES KL Bf BdfFeriaide: The bonding | ayer 222 is
formed on té%iems %%%E%P&?%% sem conductcor substrate 200, which forns

bondi ng wi f{HH6fhe ‘base substrate. In this enbodi nent node, the bonding | ayer

222 is formed t 0 e [ f: ' trate
200, Tor which Che Vet Bl u SOPRGE n bihal AT ERO LAgh B8 RSP, et
The bondi ngné-time rexp@dremaith aelight rempaburen appagitysi inag dlogh e the base Hab#iwirdi ng

| ayer 2: 15 preferabl Si |1 con, 0¥ j i cal
vapor dpoSPErBRBEITBe b3 b e e SO Fayh@HE oS oL able & GHEE
Next, the sgatimeRgpstirwitubEEH @kgosARppsrats ing hiodk whemthbpbaalityiof 504t e 224

(see FIG 24A). This enbodi t de sho an anple in I surface
b the 20 Bk SETRAIEREES LB PFoaPboBY8. 0 FoP A e bo R s DEpd 550 <
provi ded, bifhateaat ootk dassfan SOI layérs havchdmbadie: subsieadsah@df, so

t hat the sem conductor substrate 200 g?}*t fge hase }gbstrat 315224 are bonded
to each ot Herzangg of gngstige Jight, CEPASHIgy is, dgsenghion, hoppinafigr, ({he, zangf 04 5 o
224 anqst hgpsem GRpskif With 3URRL &osure ABpdiitis fsoreftned Wandiog: St sizeaned
sufficiently in advance, The close contact of the bas_ﬁlf%ugéi ate 224 and
the 25 bon&imipr ibis@reforable to)trsnsten an alignment markguiogsiacr vathy the % on this
bondi ng, agﬁﬁﬁ e base substrate 224 and the sem conductor substrate 200 are
bonded to each” ot her by being pressed, so that the firm bonding due to a

hydr ogen bond caHetbea ischematic viaw of 2 Jop sdase o ike paseieondugfar suhsirats 7¥ct or
substrate 200 is pr . V. e 00 : : ' ed
portions af crithc g%r?tg ggf(’%\%qt'%gf e %aéslgi %%%st‘%gt?o e g%gbﬁggféﬂgg]@ﬁ Fofig s A

bondi ngosutihaad’ in MGt 2isscorrehmadsorHIGASd:, t he surfaces of the bonding | ayer
222 and ofmf%g base substrate 224) nmay be activated by irradiation with an
atoni ¢ beaft®} an ion beam or plasma or radical treatnment, in a simlar
manner to Enbodi mententibsirludtor Akiratat2001s efchéd ecléntinelyng that fhadesulatimgadvance
enabl es easy bondi ng_hetween different naterials. . Further ('?]t .S P eferabl e
to perf or mi4Ysn202 qoptainipg RIrggengFPmains atpqriions CORFPORGINE 10 BURHFPHECHRY Base
substrate 274 gayl Fﬁeﬂﬁefﬂpcﬁeﬂ,uﬂkogmﬁé&ﬂt péttiens2@mt® ib thaabmaohducton t h t he

bondi ng | ayer 222 interposed therebetween. . ) .
25  ‘substrate 200 each 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 ipsulating layer 202 containing nitrogen.

[0168]

In a manufacturing field of display devices, semiconductor devices, and the



[0161] Next, heat treatnent is performed, so that part of the

sem conduct or substrate 200 is separated fromthe base substrate 224, the
separation |layers 204 functioning as cl eavage planes. In this enbodi nent
node, the gvoeasss32asde fornmed in the 1058emnm conduct or suBSHIPANE/OXIT t 0 have
a larger depth than that of the separation | ayers. 204, and the separation
| ayers 204 are forned at different depths dependi ng on whether forned in

t he grooves or not Further, in the bonding |ayer 222 provided for the

sem conducty é@%@ [ t act
with the bagg subs h%%%ﬁm%ﬁ%#g@%ﬁg@ Qhﬁg&ﬁﬁﬂaﬁrgFggﬁg g%? F%%g of the
seni conductlorthepliptelithoasaphs, 2 desited patterdpmm isstr@ieried ye p gesistdayer hpplisdse

andthe sanger? AR i = LeIF pipdune WRAAEARIROT th ob SR T00 !¢

renmai n overdesited fattem is Ubstadagver Bdsubbtfate ugihg) thed patttynnifonpr oFarcézmohpfeont i ons

each hayi n red panel [ ar e conduct,or substrate
500, oot ustiPyf BRI 3 RS o8 o aBief PR Tord o A tesi el BPMERICTR e Fr
248 shows a:ubs&@teemclralcﬁrcuin idhdity &arinsiSior id AyMed oRekbthe 2dBstrafd3tkingatid 232
remai n over .t he bhase s rat.e 41[igfbggfsake of convenl‘?nce 162

I t
i s pref er atfir&uf Bgﬁ‘é“rf er“?'f’e RASHES 4PBIralls depe q?}hﬁ‘ﬁtapﬁaf?tlﬁrper atur

hi gher thary Q§m§ﬁlb)€iusﬁ1% tfiDef, iebrkGhoBKiZe08 abRATSE nxh W@ 10D hem Rgmeé,ng | ay er
222 and less 25 than or_equal to the heat-resistant tg‘Eoerature of the base

substrate 233 m‘Fcﬁﬂ“@Rah%ﬂBlmF"ﬂ“aﬁ‘eé’F 1A¢ gapsgyare; andyi i GifHgyt i emsse 6o 600 C

i ncl usige, BBeEBedSibidfifte AvithANER b m¥R! AFR 10heRr Eﬂn@%ﬁx Gigh dtYodeOfiiED 1 N the
separation |ayer 204 and thus separation along the 'separation |layer 204 is

possi bl e. [heshye,30rEreuncef SQIVRyers aE ene ghof size of adisht pxpesure appasaus ariae may be
per f or med Itﬁ“ffomﬂ“t Q H?&&[‘%Lae%ﬁec%u&d% Patlel® cﬁpb@'fﬂﬁ%dsé&lgeﬁ'ﬂ’ LT

separatlon e above manner an SA su strate OI’ whi ch a
plurality ®Eca8e otcagmonp ofSO1gayss chacbeosrppsedite lightat stilvstte domn 22Adsiedt h t he

egggrialng :?b\/\g ﬁez'%'iﬁly l? ?Er%%;), g{rayers é@‘é%?o%g?sgg%%rg%go%%%%éﬁglpﬁhgﬁran

t he badé subsbckat 8h 2icuii phtidrinds foomeld mg chcalyﬁr the DT lmyees ﬂras e@hstltmm" theet ween

f k f f l t f t he SOT
| ayera i n S SRS D Sammplens o pfieth (RO g St ok o |1 gnt
exposur e ap@aiedtinSachiofahed$OLlaydre tMste s eachulishe StDElayers that constitute one

‘group of SOI layers has an area including one panel, which is a desired panel size, by
division of an SOI layer.
20 [0169]

In FIG. 25A, a region 250 of one shot size of a stepper is surrounded by broken
lines. In the semiconductor substrate 200, regions which are transferred as SOI layers
are etched selectively so that the region 250 of one shot size of a stepper is effectively
arranged in a block.

25 [0170]

In the region 250, a portion 240 which functions as an alignment marker is left.
The portion 240 which functions as an alignment marker can be left by being covered
with a mask together when portions which become SOI layers are covered selectively
with the mask. In the semiconductor substrate 200 shown in FIG. 254, 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.



10 Concretely, it is preferable to transfer the SOT |ayers in al nost the
sane range as that of one-tinme exposure with a |ight exposure apparatus in
a block when the plurality of SO |ayers are transferred to the base
substrate o foos/m28s4 SO substrate. That is to say, it RGI/JBRa9%/BiSE3 e t hat
the bl ock of transferred SO |ayers have al nbst the sane area as that of
the range of one-tinme |ight exposure. In this description, hereinafter, the
range of 15 one-tine exposur e with a light exposure apparatus is referred
to as a "aone shot size." Further, it is preferable to transfer an alignnent
marker tod8Hdr with the SOT Iayers. [0166] Here, a schematic view
of a top surface@fzsihg Saieaancuiiobf 5 s surtice o @i bdst snbdtiae 2Pdoiove
process is shown in FIG 25A. A cr.oss-sectional, view taken a.ongﬁ?.ZO i ne

AN i n FI Gwisgh theSQldgismose transfareed. pAsrospagional view takenrglang 3 dtict or
substrat e gR04rS dle gébﬂngsﬁqﬁgcyyel y, so that the insulating |ayer 202
containing nitrogen Temains at portions corresponding to projected portions
in Fl G523H8017T3] the top view, the projected portions fornmed in the

sem conductor 2 t C Sk seaatiaiel , which
is a desired pag) @'rgtzbé@e ngﬁg%ef%uergg%g%f%rllﬁsﬁ%s enbo |rrgsrrlt node, in the
top view, ihheblbdsuthatdging 25@yeroRGhoteirs of aisieppibeinggag yndt. dFYRRESET nt o
sections that eac I i red
panel si ze™'HYF Iﬁ%‘?‘ 2@fe‘h§r héggn}ngonﬁ % ﬁés%u ?t?fa%%dhﬁ%%edﬁﬂor ect ed
portions ff&l in the sem conductor substrate 200 are | ocated under the 30
i nsul ating | ayer 202 containing nitrogen. [0168] |ike, photolithography is
appllew 0t mng a mnute pattern or the like in nmany cases. In the

phot ol i t hogr aphyn FRG. dSB] dtﬁdllgﬁhér&mmﬂie@aﬁﬂ ) plutahmmlrrw:s we provigled it | ayer

applied over a_substrate ht e su by a

st epper, alié 19gHUN2 @Qfé’é‘iersg?} Sﬁ%t‘&érsﬂ%?? fﬁﬁ%@ﬁ o%lg %]E%égﬁl{etgﬁdm ng the
pattern fojm gGHPIiafrd it etran@fe&e@l foCldid bagd tsebstates sb onhaedhaqmmﬁydeﬁr red
pattern formin a resist er applied over a sypstrate, andacrrcurt

i ncl udi ng #ngle- &ﬂ@iaﬂtﬂéﬁeﬂl@# WEHIYER?QFIO{‘%B’ BBt Kt he circuit
patter %@ @lhot size of a light exposure apparatus depends on the
apparatus;-inusing an existin ste per, the one shot si ze S %bout 25 mm

squar e, 100 mm dgube ease MIBTeM viceds mawptagiygdeusing theSOLSHOSESr e, and
it is diffj CU't tﬁ&?@%’ﬁl ﬁm }n%&?réﬁmgdxﬁiéﬁﬁmaé@ ﬁuordlltﬁogﬁpﬂsa cef nore
than 1 met&F Ton at one tine. Therefore, roup of SO

| ayers of ‘m*r(peﬁhmtedsmzﬂ:eofoﬂawinggman@xpogﬂii@ah@bmfmﬁsISaf%dd,ﬂ a'ﬁéﬂ* dited in a
bl ock, a d Si red Ci tie f TRk Sosk$ because
one gr oup ﬁ‘éfﬁrr%&(t%% theég% e:sl? %heg‘f tf)%ac{fogé ta?)ttrré]%t‘:gI foéor% a desired
patterpp ( egoglghaatca tirfieli tFupthér thielSOI liyycrstatamingcd lnrcgnslﬂmatgnmfpm@fﬂhﬂssxlel ayers

f hot t h of
Che' Sor 1 agieh Senmeaind B SOTUBE e vareon gobp B Babeb Sl SRHn i 60T, O

circuit pa;drﬁweﬁeﬁ,}.grﬂr ng a transistor can be forned in each of the SO

| ayers. Note that each of the SO |ayers that constitute one group of SO

| ayers hasl®dShr ea i ncl udi ng one panel, which is a desired panel size, by
divi sion of an SQU .| &¥drlple, e LP e gions 250 diorkel sGot2GA, ofaa §te[gjeﬂlmva5tﬁe of one
shot size of a stepper I's surrounded by broken |ines ri% 2826 onduct or
substr2f e B0 substgieciid intdesonibed avith rafesmes f@HIGE 284 a“lda%%’ £

sel ecti vel th FoSdRRALKmSS

ot oct i vel JOLPraRazsh oot ShE And 2ty %?%gﬁwa’%ﬁ e R S50. a
portion 24gawer QRO urtht iS@Idayess 2262aP20GMn 'ﬂ,ahéi’-?(?é’reaﬁb hpys ¢ | ﬂsﬂﬁépﬂ’éﬁltl on 240

whi ch function al i r rad With a
mask toget Pig§- M@%yv&%gﬁ?@%ﬁ%gﬁg%éﬁ gfealgéealrt%é)%rtggg ered sel ectivel y
wi th the mask orebidcRe sem conduct or substrate 200 shown in FI G 25A, the

i nsul atr ng
[0176]

FIG. 26B shows an example in which positional alignment is performed with

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



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

functions as an alignnent marker. The portion 240 which functions as an

alignnment marker is not drawn in a cross-sectional view WO

2008/ 132893630V PA008/ 055172 [0171]54FI G 258 is a scheryIpeoogpBderzof a top

surface of the base substrate 224 to which the SOT |ayers are transferred

Qz%rogsigigéiogsl viEM/Laken aLong aline ANin FIG 25B corresponds to FIG
: er e base substrate

A maed erelomtl o 224, a group of SOT | ayers are

[ 1y in_a, block, the region SO

st epper bé?lﬁﬁlvélﬂesﬁﬁ?af a ﬁﬁ??%@?t?er’é\ds (S}Pl eﬁ‘ng}%tmrﬁég%gﬁérﬂg‘gqﬁaw n%ds%J %g g;rrg

crystal | i RifodSomdkhckhchdity BETSORMGHs 226a, 206 2284, med 228!0tq BT} aI n FI G

Feg) on 250inst SRSt o S0 Sies Tt g eot e 200 K fo@nf RUEMATT T the
: say, rthe alignnment

mar ket andybfifuClliuk BKEEM R RriohBards1y Abtblitgrphse Mabstambeesh (hat (he

plurality of single-crystalline sem conduct(ir | ayers belong to ,t.he one

?rla In gpgﬁ?t oﬁﬂmd S imm%m%meﬁ:hpmm Hhfepee ama‘PéBfaya%F r%g dind

ufact ured .using t o UDSTHALS, TRRNstidd FuktGer? B8 cirti il

to Enbodi r%g_ﬁ‘f_l_ylygg:gml, _ phofno??t hograﬁ]g%/ can bp‘g perfbrrrgd iln thuguiggrll g&“ﬂgr

manner : pmni;stogmhbalfmgmtssnﬂgb@hatﬂﬁ Q@dayers-h the alignment marker 260, and

t he SOT Iawﬁrﬁ in the region 250 of one shot size are exposed ’

It is preferable to form an alignment marker for later pattern forming (of a gate

10  electrode or the like) when the SOI layer is etched selectively using the circuit pattern
formed by being exposed io light and transferred at a time, to form a desired SOI pattern
for forming a channel portion or the like of a transistor. For example, FIG. 26B shows
an example in which alignment markers 271a, 271b, 272a, and 272b are each formed in
each of the panel formation regions. Although it is possible to perform positional

15  alignment for later patiern forming with the alignment marker 260a, which has been
formed in the above step, it is preferable to form a new alignment marker in order to be
adaptable to a minuter pattern form. In such a manner, positional alignment or the like
can be performed easily in forming a minute pattern form.

[0178]

20 Although an example is shown here in which four SOI layers are defined as
one block and one shot size of a stepper is defined as one unit for sake of convenience,
the present invention is not particularly limited to this example. The number of SOI
layers that construct one unit is optional. That is to say, the optional number of SOI

Jayers can be selected from a plurality of transferred SOI layers to form one unit.

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 a different

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

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



20 to light at a tinme. Further, the SO |ayers are arranged in

consi deration of one shot size of a stepper and the SOT | ayers each have a
desired panel size, so that a pattern can be fornmed efficiently. [0175] As
an exanpl e won@s/a328%4he regi ons 250 of BHhe shot size of RCEIBHBOISI720ver the
25 base substrate 224 is described with reference to FIGS. 26A and 26B. In
FI G 26A, SOT |ayers 226a, 226b, 228a, and 228b are arranged in a region
250a, for one alignnment marker 260a. The SO |ayers 226a, 226b, 228a, and

228b each hayeig 4831 fGHRaaE btk sd’hﬁ?&g as| AYelértend £RMutiod SRRomé2Ba, and
228b are located in the region 250a and form one bl ock. 30[0176] Wo

2008/ 132894kapibw vith ogrus3a FIGEdPAde U8Bl y, so that a desired pattern is
formed. A bféiﬁ'it pattern is transferred by exposing one bl ock including
the SO |ayers-226; 226b, 228a, and 228b to light at a linme, for exanple.
At this tine, ifItFE. d0AgandQ] laperki?2 i2G0evidesd for aslase substaiet306rmwith al i gnnment

or the Like can ’ i 10 _ph i .pat n of
cach 5 5f  DREeRpiSpEi0s BdRied iriseoh P ShE SO AR 30 e JREiRE 0T O
t ransi st or sfzer nadilicon aitdder laysr 30 and & sihicorf @ridecbager|306 arcormedydventhe SOISt eps
further, a_cirguit includin tr istor can be.forned using each. of the
SO I ayer o 10y 3o 115l h BenbRdomEs Ry Fablh,  cone GHIFER o ARar 3005 at o
pattern forngidgs 4 airdangRifer &bhifg artSOURYar302He orddk @) isohuenelementSOTHeayer is
etched sel ectively. usin é{he gircuit ttern formed by bei ng exposed to

| i ght and tsi‘l!fﬂgf‘i%%ﬁleelayeégo fyncligns ag gn ¢ SIOBRfEi red SO pattern for formng
a channgl pergajon or the like of a transistor. For exanple, FIG 26B shows

an exanple in which alignment markers 271a, 271b, 272; and 272b are each
formed in each oftis pref thatr the SEH fagar 302chas A dhickyepsof ity S0P npxinglgsiEs.nl e t o

per f or M POSdrk AR 101 Aol FlsivkO" TheiHknBRldr SO D2 ah e sbitas

al i gnment rker “260a, whi ch has been formed in the above step, it is
pr ef er abl e approptiatenby ¢eawolling dherdppth refr the sepamtion dayer tdsseribed da fhapbevet 0 a

T Ler DRhBolal.af bade. AR IBNS HeRASi 90 Bbiof L ARAIRAL y BRI | T ke

can be perforned easi mnute pattern form "20Al t hough
an exanpl e the likh wmidad ke thenS@hilayer 3@im @Ckr toaguntol artbrestwld melthgas Kore bl ock

and one shot size of a ste i s defined.as e ypitt fo akeaof 3
conveni enc& A PHE BPaR ey tfeﬁ@g‘?fliaiﬁ FogegpiRtip, o c’fjlligr Rral {Onftxgﬁ) t 8 his
exanpl e. Theelmiwder of SO | ayers that construct one unit is optional. That

is to say, the_ optional nunber of SO |ayers can be selected froma
plurality dP1&} ansferred SO | ayers to formone unit. 25 [0179] This

embodi ment node gAY 198 sREVS PEBF S étbhihg BR KNTRIRBDE At i bBnding layer 304
20  using the silicon oxide layer 306 as a mask. And then, plasma treatment is performed
to nitride exposed end surfaces 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 an 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 SOI layer 302 and the bonding

layer 304.



Enbodi ment Mode 1. [0180] (Enbodi nent Mbde 3) 30This enbodi nent node shows
an exanple in which an elenent with a different structure fromthose of the
above enbodi nent nodes is manufactured using an SO substrate according to
t he presentwonssasisen. Concretely, a sggucture in whi chr@EuP20a88s81a% i ng

| ayer i s enbedded between SO |ayers, as an elenent isolation structure, is
described with reference to FIGS. 19A to 208. [0181] In FIG 19A, an SO

| ayer 302 is provided for a base substrate 300 with a 5 bonding | ayer 304

i nt er posed [b{@rebetv\een. The SO | ayer 302 has a desired panel size. A
silicon nitrldg | ayer 305 and a silicon oxide |ayer 306 are fornmed over the
SO | ayer 302 soF&3 109G shawe h siap of Hepusiting fao chatenbitoleégi meulatiigdaydr 3080n oxi de

| ayer 306 i sed as a rd.mask for e ing.the SO |ayer. 302 in order to
oV ht o ol diultE iy fePEbR ifFiRfes Hret PO St et S cszoeaad By i ng

SL opEer. 1Q:]E1{3ﬁib821}apor depositidn ?xﬁthﬁﬂ efifg TEPS ak Baburch @asSOThé ayentifilatioas a ]
t hi ckness q 10.500 .inclusive, prefer , 10 to 20 i n¢l usive. The
t hi ckness d\““?"}‘i’é‘géﬁer I3§€]é§ g@?ﬁ“@a’?{lﬂbé‘ lagge tg'g 5 Hhat é‘!eeg‘Bf/]@é'ﬁh ‘#Zo?sl ing the
dept h of theweagar ati on | ayer described in the above enbodi mnent nodes. A
p-type inpurity elenment such as boron, alumnum gallium or 15 the like is

added to tH@l | ayer 302 in order to control a threshold voltage. For
exanpl e, boron nmay;hepagded a%{egabf(}Qrﬁ&ﬁﬂé frRt el en® tsoPitisn m&ﬁuﬁ%@eﬁmsl x 1018
cm3 inclusive. [0183] FIG 1913 shows a step of etching the I | ayer 302

and the bonvatihthe|siicen n3dde lager 35rig expusedsj | Thisoremexal tepl cayp be pedormed by nask
And t heR, ElgintgF t]q‘:g,n i 5”@& . LA aces of
t he si Iellﬁcoﬁ% e g’ger 3%%?%‘[91@{62{% cor?{lgﬁl'zﬁrl%({}i%ﬂ?ae@er §§§ ei’?%ea I | ayer

302, and t métridedatien §05 dymntioBD4s aiVetdhintghgopper.r i hat élement risgatiopninsulatingr i dat i on
processed | , 307, are. faor | ri.gheral rtions of
the sili cor%g%g :égge%ﬁ?ﬁ%rb%%%cﬁﬁ%e%g‘ﬁeﬁggésﬁli {a&?r gaﬁay'ignre sgg:g??@ﬁ%é)]%gr | ayer
302, and t 13@5lsonetiongl tRerebfeerer 304. Further, as part of the nitridation
processed I%s 307, silicon nitride |ayers are forned at | east at the
peri pher al L portions of the SO |ayer 302. The silicon nitride |ayers

formed gt the peli Plenek, £ tREOI NG 0L it Bk, algaransublidg hapee369) a
owi ng at Shifobierente fpaanl sordoml onanitg BHeGHEL i arbeh OHEIRMAR dat | on
processed liapgiy r38ién ¥ 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 elecirode 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,



30 an anti-oxidation property, and thus can prevent a "bird' s beak"” from
being formed by growh of oxide filnms fromthe end surfaces between the SO
| ayer 302 and the bonding |ayer 304. [0184] FI G 19C shows a step of
deposi ti ng ve2e8/@3r8¥t | sol ation insul &7 ng | ayer 308. ARCHIP0080FAENL
isolation insulating |layer 308, a silicon oxide |layer is deposited by a
chem cal vapor deposition nethod using TEOCS as a source gas. The el enent
isolation 5 insulating layer 308 is deposited with a | arge thickness so
that the SGl4 Wi%% 339%rd ﬁmrﬁéﬁ’ﬁﬂf&%ﬂ- T k3 Thgs 319 are Foiffed b3 SMBuR o8t ep Of
renovi ng the elerent isolation insulatin %ayer 308 until "the silicon
nitride | aperdisun slley pubeuetalfilns of mplybddnust, epromdum Jdaens grthedkedy 10 dry
et ching, or,_nn r \ chani cal polishing. The silicon
nitride | ai%@%@ggpﬁﬁg{ﬁét%aqé@y%ﬁﬂ%%‘%?iﬁgg%t opper. The el enent isolation
insul ati ng [0EBpr 308 is left to be enbedded between the SO [ayers 302. The

silicon_nitride Jayer 305 is renpved thereafter,. ] E, after
the SO >l ayer 30 %/l‘é:{‘é’x’ﬁﬁg“é’&,“?‘gﬁ%?trsecﬁ“n cu%??ﬁaufeg%rﬁgsﬁé,%@ lg’léa'? e?’bgl ect r ode
310, and abehdkavakile bagssbatdid§00. ayIde ti3dsistors Bowmintthig kmbodicent madd can
inmpurity region 312, and a | ow concentration i.npufit eqgion,.313 are

f or med. * An S ABRIAE AGLIeh FEuItPORIqR, A PETRREER! GEFHLPRtion 26 IhE HEE Of aditolRg | o
used as a heyide FRBKIOH RS FBicAPinkBRiogAl B Aca@hi@OEIhE. emtddinthBitibde, I'n
FI G 20A, an interlayer insulating Iafyer 315 ig for rreg. JAs the ilgte | ayer

i nsul at i ng Withythe use0f the;S@Fsbstease, Papuiariwed rerording fq Fapedigraddyde Lors i s
formed 1gnd plaRArdbaSRulbE dutldigly Raclliifig dHeWOPURS chin b8 kde@anbRtoes, 315, a
silicon oxide |ayer may al so be formed using TEGCS as_a source gas and

pl anar i zed vbyjatigncineshiatagleriptics tan  beasuppmssego | Fusthien npP @k substrate s %Pi@ed

pl anarizin : | ' : : byt gkigad ignde 310
functions gngﬂg%ﬁ:gftglﬁy tr?ggcs)% %g%gg’?%dd%g%{ﬂg%?{ R%%ni;g@%c&byé?e forar%}égir iﬁlﬁ SP?]e

i nterlayer laysiiase rnige wdnchris it equabtocpdasized pansl sige Buganyiaghiming glisplagt ur e of
self-ali gnﬁc%né&act using the sidewall insulating |layer 311. [0188] 30After
that, as sf8WA"Tn FIG 20B, contact pl ugs 317 are fornmed by a CVD net hod

usi ng ueng40r0] hexafl uoride. Further, an insulating |layer 318 is forned.

This embodiment mode can be performed in free combination with

Embodiment 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.



Openings are forned in the insulating |ayer 318 so as to match the contact
plugs 317, and wirings 319 are fornmed therein. The wirings 319 are forned
usi ng al um num or an alum num alloy, and a netal film of nolybdenum
chromum titanium or the like is formed as a barrier netal at upper and
| ower |ayers. [0189] 5In such a manner, transistors can be manufactured
using the SO [ayer 302 bonded to thesBase substrate 300. The transistors
shown in this enbodi mrent node can be applied to a pixel circuit portion, a
peripheral circuit portion, or the like of a display device according to

t he present invention. In accordance wth this enbodi rent node, with the
use of the u r@j ng to Enbodi nent Mode 1 or 2,
10 eIenents?giigﬂgﬁgﬁgpg(gﬁg gﬁggpﬂjgggzgf‘gllng one SO |ayer can be
formed; therefore, variation in characteristics can be suppressed. Further,
an SOT subsyo@ 8OIssulvstnaie; tlﬂhgemlpbndmotwsubssane,l #)2rs, and a yield can

be | mProvedsByniEB H%t@fébb@fra‘tée‘i 69 kdruret rptedenptiidhbaseabout
equal to a 5[ 0190
cual 1o . Lnetatal2g i ﬁéfr#%*“ ?—Eé PPQ?"“ @Pé‘amﬁ“ﬁ@ﬁ“%?mf)d. font
Mode 1 or 2layer contamrnw Nciep e
Appl i cat i on 166 insulating tayeq b2 bestier iav%rd 1\54 honshing a%éﬁreraOQ)f fice on
April 13, 2gdgmicbheiudior sabstratenPe2dhisutating mmmwnlngcmmm ed by
reference. g RS LIS ig%élbszzcﬁb%selﬁlbwﬁt@mﬁ or
IF%

substrat e; gﬁﬁ\?}% ?ﬁ&‘E t 104 ion; 110
base substr $ ﬁ B ?gg % els??)az %Opﬁye;g sulating
layer cont aperiignh2b0sagion; 260saligrae %F'@é‘g % r; 150

i nsul ati ng BﬂBaSOlJJE?ebaSBAebomdm lanASBérﬂllagmruwe ayer; conduct or
substrat e; %ﬂl’édrn@xldﬁ Iaszeﬂ W nhitridation p@oessenblayerzaosselpmam on | ayer;

222 bondl POjsdiufibn S t3@9 até?ﬁséﬁ% er?3808utd ayer; 230 801
| ayer; 232 [, t fi6h ker; 300
base substr tr@éé ? g er g 56(5&’?‘[&“ nnitri de

d

| ayer: 306 gmnttfw f@ﬁi% hydow @@ﬂcﬁﬂ fﬁt‘ 308
el ement i solinsulatingnkayex; 816 maeéayeemlgatlegllayﬁr,aﬂﬁ@qrﬁg 0&%0 gat e
el ectrode; ZHl7 sbataet plug) ﬁllaitnsmjatlndaye&mal\rgn@ﬁﬂﬂmubstrate,u npurity

region; 3134 %rﬁfﬂljﬁf:g@%w Aﬂiﬂéuta)turf 6@64boﬁamgalayw Bager; 315

|nterlayer S

&@é %, I7Ia§fé|f?t BQEQ%‘% fep: 318
i nsul ati ng lB§E; '%@V&fﬂ@l tﬁlﬁllﬂ M "}% ?Lsu?gfl ng

I nsul ating I
layer: 610 sidewajidnsulatingfayer; Iﬁs‘lﬂ aondyctwdayeal@g %PIQYect rode; 616
i nsul ating |pil)fﬁbn D8 SOlcleyier; 622utkanneg! famvations tegiom@R3i ve | ayer; 620

(rjlealpl)ﬁy 2(2)2 Fij‘ )ﬁbw é@ﬁcéhﬁ‘?@;@i&ﬁ ﬂg%’ﬂﬂrﬁa clggggi; et i : (r)nr::urI Y
g n 3
G SR L T o o

concentrat i ompumyrretg;om;egaérlp\nﬁeennegtra&mmpu gi on; 638
peripheral @driddritranon ltmpu it redfidn) %Brpeﬁgﬁec&lanrmllt Porhmﬂ 641 regi on;

CneurT | SOTIH: G sharteten o sty
el ect r ode; 89\5’? Hﬁp' 'Qﬁaﬁ ﬁ‘%ﬁ%&@“ h%anﬁsg@?r opi ¢
conducti ve Iregion; 858 drixe H'&I-" AN} ent ati on
film 684 |iregich; owértermnaaleetecmme,pﬁzera,nlseixoal(c songuctiverlaysr; 688

counter el e@7@astertill :ﬁshpteﬁmiﬁw 680%caldm| 68Rcoriéatitior filmz684 pl at e;

710 light-e Sidi ;g 2. BBTCOR H?audﬂﬁlmr%aeoaﬁfmound
| ayer; 716 w{jg;?y é%ggj E
mi cr ocapsul &leg¥odg @P&?ft §hb§g'%t Jég @ﬁ&ﬁ%tegl nc%-
el ect rophordtgm—em;mg elment; 712 pixel electrode; 714 organic compoun
layer; 716 counter electrode; 718 partition layer; 720 space; 810
microcapstile; 812 pixel electrode; 814 counter electrode; 816

binder; 820 electrophoretic layer;




1010 object to be processed; 1080 plasma process apparatus; 1082 dielectric
pl ate; 1084 gas supply portion; 1086 exhaust port; 1088 support; 1090
tenperature controller; 1092 high-frequency wave supply portion; 1094

pl asma; 1098 antenna; 1900 nobile phone; 1901 main body (A); 1902 mai n body
(B); 1903 housing; 1904 operation swtches; 1905 m crophone; 1906 speaker;
1907 circuit substrate; 1908 display pgnel (A); 1909 display panel (B);
1910 ‘hi nge; 1911 backlight portion; 1920 substrate; 1921 display portion;
1922 seal ant; 1923 substrate; 1927 drive IC 226a SO |ayer; 226b 501

| ayer; 228a SO |ayer; 228b Sal |ayer; 250a region; 260a alignnent marker;
271a alignnment marker; 271b alignnment marker; 272a alignment marker; 272b
al i gnment mar KO0 6bjctdorvevpréoesseadr $080qaiasma pracess Rppanatus; 610a
panel formati qree‘zeaiéléctrfblﬁtatéamem AUy pRstion; ma@cemaei;t formati on
regi on; 610d I % 8 %aahf%"gﬁn b 100b di spl ay
panel : 61000 ¢f 1a§% g@\ 1. A
met hod f or %\évﬁ‘ﬁ)ﬁg 995@ c%qg \aﬁ eps of :

i npl anting an arﬂannat O mahilespboneat @Q"omfﬂﬂrh%dy st 1903dnairtrystal 1 i ne
sem conduct or Howdie(B); 4903 housirgf 1964 opergitiorncswitchies; 1808 conduct or

| ayer into a ﬁ‘hid:rr ﬁhe@ﬁgﬂ@ éa évsmd)?'mlmegms@@dt@tmosayers each

havi ng an are of

si ngl e- crystaaq ‘%’% u%‘b gq% cééaitgfy th an :
.|nsulat|ngla B and third .
si ngl e- cr yst alseialant k923 substrate] QQEFSdQ‘d%HCh%%SQHaNﬁéaZ Bl udi ng one
panel sel ect eSOl fyar 22821601 !ayeoi228b9$64 tayet, 230 eegion; @6GAICt or

layers at a tidignmBAt mark rPQ?H&f Te’i*ﬁrﬁaﬁéétdm% hll hthent

si ngl e-crystal tgé@r Ffn k'é'i” ortion
over the secorm %nge gbq s c ﬁ‘él %\%’crys al l'ine
sem conduct or arEQW¥y d r the second
substrate usi rigrmahopmagmneﬂwh panel fﬂy'l”léam@ré'eﬂlqmrﬁ Qepar@lduct or | ayer,
\é\herTﬁl n thﬁ thennatlonaltégion; 64 Odspanef funM1MtreglomeB1?.g@a dlspol%qndl n%

e netho 8 Aol 100d ai m
wherein the I%ﬁel%&gﬁbﬁ%&%ﬂéﬁp@l’fgh ngﬂcgg?,gle‘éy gger foﬂriwngj by a chemi cal
vapor depositi 1130 sing an organic silane as a source gas. 3.
The method for manufacturing a display device according to claim2, wherein
the organic silane is one selected fromthe group consisting of
tetraet hoxysilane, trinmethylsilane, tetranethylsilane,
tetramet hyl cycl ot etrasi | oxane, octanethyl cycl otetrasil oxane,
hexanet hyl di si | azane, triethoxysilane, and trisdinethyl am nosil ane.

4. The nmethod for manufacturing a display device according to claiml,
wherein the second and third single-crystalline sem conductor |ayers are
provided in a range exposed one tinme with a |ight exposure apparatus.

5. The method for manufacturing a display device according to claim1,
wherein the first substrate is a sem conductor substrate. 6. The

met hod for manufacturing a display device according to claim1, wherein the
second substrate is one selected fromthe group consisting of an

alum nosilicate glass, an alum noborosilicate glass, a bariumborosilicate
glass, a quartz substrate, a sapphire substrate, and a ceram c substrate.
61



7. The nmethod for manufacturing a display device according to claim1,
wherein the area including one panel is less than 10 inches in diagonal

i ne. 8. The method for manufacturing a display device according to
claim1l1, wherein the ion is one selected fromthe group consisting of
hydrogen, helium and hal ogen. 00 A et hod for manufacturing a
di spl ay device, conprising the steps_of.: inplanting an ion into a first

substrate to forma single-crystalIﬁgég@@%iconductor | ayer; cutting the
single-crystalline sem conductor layer into a plurality of
single-crystallne sem conduct or | rs. each having an area including one
panel ; ?bOABPHGSE%QMBP FafRg 3 A “@Fﬁﬁ?é9@WV?F§P??ﬁ§°§eniconductor
layers to a betaridy S1H06 int@d Srsvdubdiraoto fdifll farbd si@le ayedilideRbBicPRREMr layer;

e Soees o g SRR Bl Tk S B S St
second safisindaiie layeisrach iaeinpah hied herding vhapantly of single-crystalline

sen conductoy l.ayvers 1erein the step of, tterning is perforned after the
step of bond%‘ﬂ’ﬂ%né%he Iﬂm\g@@.0??ﬁ@e'ﬁgﬁﬁhﬂgfwc‘%gﬁﬂ?ralﬁft@&s?Or‘i’gse‘g)nﬂisglﬁ%tﬁ V& ce
accor di fgulitthgdhyet imethosstithérebetivdehe | nsul ating layer is a silicon oxide |ayer
formed by a chem cal v por deposi tion t hod. usin n organic silane as a
source gas. XPoSIE iT.On‘%% ﬁ@f‘ﬁé‘BgLFﬁFyS Wﬁfsalétcaﬁ“ﬁ%r AY§TSsfAchhaying tae area
accor di inglutiiag hapanell lecisb @oi the phealdy ghshgle-Givktallite beniCohGuEs 1efred of dipen t he
group consi sting of tetraethoxysilane, trimethylsilane, tetranethylsilane,
tetrane | cycl ot etrasi |l oxane, octanethyl cycl otetrasil oxane,

hexanet hyl di gitte@itgnis setdrideind ehipdssidedor@ystalik deficoadudit Ryta o 88 ial B8 Risplay

12. The nmethod f.or manufacturin di spl ay deyi.ce according to claim?9,
wher el PEHER PY°F U SCrBarpoRac s B bt feerny Saeiseprialine schicondiser Iy

met hod 4ndr tordai faaetdndi digplay shirsdl ayer dRY bebnd SR Ggngd theClagbmb® thindh@ip®l-n t he
second suQi.rate.is one. sel ected fromthe group consisting of an

al uni no%t1 sgmiseRdugtor la¥eta | i nobor osi | i cate gl ass, a barium borosilicate

gl ass, a quawlieteis tHasich af gattemingaPitforReddfthe akgof RAGing cerami ¢ substrate.
14. The method for manufacturing a display device according to claim?9,
wherein the area including one panel is less than 10 inches in diagonal

line. 62 2. Thelhethddhormmidu@@dtubios anaeplipdbusd A@oitd ®Payn 4eWheSin the
according.to ﬁlain19,.mherein the(g%ggglit of sin Ig-cn_stalline_

seni conGHtABe 1Py & & SR erifh fpver & Y § gppicel ‘éﬁpgb Poyfigns pgthpd yging an
sem congpsiiodilahdasarsourde g@cond singl e-crystal line sem conductor |ayer, a
third single-crystalline sem conductor |ayer, and a fourth
single-crystalline sem conductor |ayer each having the area including one

pane: e 3.f e ﬁfb‘hﬁd mtnﬁh@dfaﬁtﬁﬁng'rzaiﬂbﬂl@cddﬁcif B@orliddit5 mhﬂ;yz,qbﬂiéfe@ﬁfhasfg&ﬁsli ng
to claim15, further _conprising the steps of: | . expqosing a first group
i ncl udi 182 O?eess@eil fremyt er%f?upsq%ﬂaft@ge?g?@?%hqu@n% simBRnEEs geﬁraanawﬁﬂaaﬁd t he
second siragiglacetadibkie, @RmictoRI6le4silbaye hetdintctly deRing Gritikyhlaug al i ty

of singlﬁ-cr stal li.ne_sem conductor |ayers to a second substrate; and
and trisdimethylaminosilane.

4. The method for manufacturing a display device according to claim 1, wherein the second
and third 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 substrate.

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

glass, a barium borosilicate glass, a quartz substrate, a sapphire substrate, and a ceramic substrate,



exposing a second group including at least the third single-crystalline

sem conduct or | ayer and the fourth single-crystalline sem conductor |ayer
after exposing the first group and before patterning the plurality of
single-crystalline sem conductor layers. 17. The nethod for manufacturing
a display device according to claim9,.wherein the ion is one selected from
the group consisting of hydrogen, helium and hal ogen. 18. A nethod
for manufacturing a display device, conprising the steps of:

inplanting an ign into a sem conductQr substrate so as to form an i on-doped
| ayer in the7sehiccasibrition maayfpdyng sdisplay devicg 3eqordipe tondaitiely s the grea
subst r afR i @népAkUE REd thah Wi indhBMinGRIREALliAY. Ssubstrates each having a part
of the ion-doped | ayer and an area including one panel; bondi ng t he
plurality of sem conductor substrates to a base substrate with an

i nsul ating | gyerhd HéRddIBs fenditairRbatdpeR device accoldBiz b BIind 1,0k hekah tHeYorDfs
sem conduct or | ayers over the base substrate b eparating the plurality of

sem con@wcteiseted fipadhegraw condwing phlygragae helinm., ag haﬁ?f’éni on-doped | ayer, the
plurality of sem conductor layers including at | east a first sem conductor
| ayer and a second sem conductor |ayer each having the area including one
panel ; 9exp Fsiheg fof mypiasuringq Ay lewce. camersing fhe ?t?ﬂsgg seni conduct or

| ayer and t hﬁndﬁﬁﬁﬂggn 2B TS @ AEUGHRFatd BY&H a iMe-crystallindRiniRhdlich 1agtr; | east the
first sem conductor |ayer and the second sem conduct or %agfr to forma
u

first displaguipes theosinglsichgtatie 5aiqoadusty leysr sintos anplushiuet sielepskllmig to

forma seaeRdudbSBleAaftHaling an Heh BEINERAL oRAgahelf ned second sem conduct or
| ayer | ayer, wherein the step of patterning is perforned after the step of

bondi ng. = 63bonding thepuralifyeof saglaseysilive semigendneion YRS 1@ afceqsd sybsialyvd an

accordiﬁgmggmghg}ﬁm§§mmmﬁ§5@hﬁ%5ﬂ@@insulating | ayer is a silicon oxide
| ayer forned by a chem cal *ﬁpor deposi.ti on nethod ﬁsin rgani ¢ sil ane

: . . . n o
as a source Baisming the plymplity To{esingle-trgialing S?Pﬁfﬂi‘fi‘é‘&?ry V‘?{@%’%&@F"sﬁlﬂva]&é\ﬂfce
accor di BgplhP gohiRnfNolSr N8B shti@atel Gaip heSbiRARII SuARE SLIsBEleREysfaiGd t he
group consi'sting of tetraethoxysilane, trimethylsilane, tetranethylsilane,
tetraneﬁﬁ%ﬁﬁ@ﬂﬁ@ﬂ@@ﬁasiIpxane, oct anet hyl cycl otetrasil oxane,
hexanet hyl di ghbamanesteptor baleREXyis pérdiifed AR Helich di FoakAY! ani nosi | ane.
21. The nethod for manufacturing a display device according to claim18,
wherein the group including at |east the first sem conductor |ayer and the

second seni cofdiiet REHIAYE mhfu bk A€ dishlRy AeVidd @ofHROREHaRN®, WheRinMbEh a
| i ght exposure apparat us. 22 he met hod for manufacturing a display

. T
devi ce Hedng AT tid 2 tlispinoxide Ik fampd PRe dERiceb POt tenositiom Siethefl ¢ising ag
si ngl e- gLyt gilaht £& ReRk ganduct or substrate. 23. The met hod for
manuf acturing a display device according to claim 18, wherein the base
substrate is one selected fromthe group consisting of an alum nosilicate

gl ass, an al yrinRbELEs kirCalRiBhAsS o« dsPd) HeUReLREQ Ink it6 aldm U102 Shereth Gart Z
substrate, a sapphire substrate, and a ceram c substrate, . X
organic silane is one selected from the group conmsisting of tetracthoxysilane, trimethylsilane,
tetramethylsilane, tetramethyleyclotetrasiloxane, 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

glass, a barium borosilicate glass, a quartz substrate, a sapphire substrate, and a ceramic substrate.

14. The method for manufacturing a display device according to claim 9, wherein the area

including one panel is less than 10 inches in diagonal line.



24. The nethod for manufacturing a display device according to claim18,
wherein the area including one panel is less than 10 inches in diagonal
line. 25. The nethod for nmanufacturing a display device according to claim
18, wherein the ion is one selected fromthe group consisting of hydrogen,
hel i um and hal ogen. 62

15. The method for manufacturing a display device according to claim 9, wherein the
plurality of single-crystalline semiconductor layers including at least a first single-crystalline
semiconductor layer, a second single-crystalline semiconductor layer, a third single-crystalline
semiconductor layer, and a fourth single-crystalline semiconductor layer each having the areca

including one panel.

16. The method for manufacturing a display device according to claim 15, 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 a second substrate; and

exposing a second group including at least the third single-crystalline semiconductor layer
and the fourth single-crystalline semiconductor layer after exposing the first group and before

patterning the plurality of single-crystalline semiconductor layers.

17. The method for manufacturing a display device according to claim 9,

wherein the ion is one selected from the group consisting of hydrogen, helium, and halogen.

18. A method for manufacturing a display device, comprising the steps of:

implanting an ion into a semiconductor substrate so as to form an ion-doped layer in the
semiconductor substrate;

cutting the semiconductor substrate into a plurality of semicbnductor substrates each having a
part of the ion-doped layer and an area including one panel;

bonding the plurality of semiconductor substrates 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 semiconductor substrates each along the part of the ion-doped layer, the plurality of semiconductor
layers including at least a first semiconductor layer and a second semiconductor layer 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 layer,

wherein the step of patterning is performed after the step of bonding.
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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 tetracthoxysilane, 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 fo 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 area

including one panel is less than 10 inches in diagonal line.

25. The method for manufacturing a display device according to claim 18,

wherein the ion is one selected from the group consisting of hydrogen, helium, and halogen.



