METHOD FOR MANUFACTURI NG SEM CONDUCTOR DEVI CE BACKGROUND OF THE | NVENTI ON
1. Field of the Invention 5 [0001] The present invention relates to a
met hod for manufacturing a substrate provided with a sem conductor | ayer
with an insulating | ayer therebetween, and particularly relates to a
met hod for manufacturing an SO (silicon on insulator) substrate. 1In
addition, the present invention relates to a nethod for manufacturing a
sem conductor 10 device using a substrate over which a sem conductor | ayer
is provided with an insulating |ayer interposed therebetwen. 2.
Description of the Related Art [0002] In recent years, integrated circuits
using an SO suIFHYD RORVANUFACKURING SEMICONDINTEORIEVIEdhduct or | ayer
is formed on an insulating surface, instead of a bulk silicon wafer, have
been devel oped. The use of an SO substrate can reduce parasitic
capaci tance between a dr aBAGHGROUNDNF THEMNYENTIOBUbSt rate; thus, SO
tract.ed attention for their ability to inprove

substrates v t
performncéhﬁfﬁs"éﬂie&mﬂﬂ‘&or integrated circuits. 20 [0003] Smart Cut

(regi stereqpgonpdenark) nmethod is known as one of nethods for manufacturing
an SO substrate (for exanple, see Patent Docurrent 1). An outlé)ne of a

met hod for manuf BR& BiesHYy IRYENEeR Telaiss ip 4 anafipdsier ransficioend $ubragescr i bed

bel ow.  Fi Ii;ﬁ;wdebwdﬁpgae@em@&fdu%ﬁ lii)"éphﬁﬂ{ aﬂ inmlélm@ Blér gRRbLYRLEE, & an ion
i npl antation nmethod to 25 forma m crobub er at a predeternined depth

from the sbptigelaly rglates to g pethed |f@rdwuf%*rleg alil ﬁ% PR AN w@iﬁfagéﬁbﬁtraﬁs have
been i npl ant sfidoh MHEPARCht lirRreﬁ’t'ﬂﬁ‘ltr@l‘?i{es & 4 h&Atd W@Bﬁﬁuf‘ac‘!ﬂxﬁﬁ% Pseiliddn@RAoroxi de

fil minterposed therebetween. by heat treatnment m cr obubbl e
| ayer d8rvdeviegs uamglaeavl&g@tepq)\@newladd apsamiceykiugtive layet |1%cprpwdfflewﬂh o whi ch

hydr ogen i %Elaﬂ@%’%‘lﬁ%@f Lahdigfd.5 separated in a thin filmshape al ong

the 30 mcro aye ccor Ingly, a single crystal silicon filmcan be
f or mred ovef2. Pereriptointd theRebdetiAgi | | con wafer. Smart Cut nethod may al so be
referred t‘fod?ﬁ] a hydrogen ion inplantation separation nethod. 1

In recent years, integrated circuits using an SOI substrate where a thin single
15  crystal semiconductor layer is formed on an insulating surface, instead of a bulk silicon
wafer, have been developed. The use of an SOI substrate can reduce parasitic
capacitance between a drain of a transistor and a substrate; thus, SOI substrates have
attracted attention for their ability to improve performance of semiconductor integrated
circuits.
20 [0003]

Smart Cut (registered trademark) method is known as one of methods for
manufacturing an SOI substrate (for example, see Patent Document 1). An outline of a
method for manufacturing an SOI substrate by Smart Cut method is described below.
First, hydrogen ions are implanted into a silicon wafer by an ion implantation method to

25  form a microbubble layer at a predetermined depth from the surface. Next, the silicon
wafer into which hydrogen ions have been implanted is bonded to another silicon wafer
with a silicon oxide film interposed therebetween. Then, by heat treatment, the
microbubble layer serves as a cleavage plane and part of the silicon wafer into which
hydrogen ions have been implanted is separated in a thin film shape along the

30  microbubble layer. Accordingly, a single crystal silicon film can be formed over the
other bonded silicon wafer. Smart Cut method may also be referred to as a hydrogen

ion implantation separation method.



[0004] In addition, a nethod has al so been proposed in which a single
crystal silicon layer is forned over a base substrate forned using glass
by such Smart Cut nethod. Since glass substrates can have a |arger area
and are | ess expensive than silicon wafers, 5 the glass substrates are

mai nly used in manufacturing liquid crystal display devices and the |iKke.
A | arge-si zed i nexpensive SO substrate can be manufactured using such a

gl ass substrate as a base substrate. [Reference] [0005] 10 [Patent
Docunment 1] Japanese Published Patent Application No. H05-211128 SUMVARY OF
THE I NVENTION [0006] In the case where printing is performed on the
bondi ng surféetdg of a silicon 15 wafer with a laser in the method by which
a single crystal icon | a bstrate.fornmed of

gl ass, the print B Jﬂiﬂoﬁ abﬂle 3@ hﬁs ﬂ%opﬁeggé)f%ﬁsed 1 elllcaeshlf“éehr3 Cgﬁ% Slhcoblr oj ecti on
at a periph@kamsﬁﬁﬁaiGWxzﬁ&ﬁESM$ﬁﬂcMmﬁﬂdmgng@hmobybm$p&nﬁo£h3dmmmﬂI [ 0007]
In the case mhe Frlntl S pe fornﬁd?ﬁﬂﬂer base.substr. with a |laser

after 20 tsrﬂ'é"eﬁ 3Ty PubsiEat ﬁlhaﬁar 2EESHhAES eSY PRRRYYS %Slﬁ%?nt%agerﬁ’ase

substratse, th@he sabstraes A In@iiBly uSddGh ndsuRblALd m[m@érygtmedlgﬂawdeemeg Ml al
silicon layer in the peripheral portion of the r|n cgm%ft .or attachment

of glass chigliker 4 HEE““‘T%‘%?@ ipexpengiye s sypgirags cap YaligFuchid) i con

layer. [00Q@lss sidstrald'Ss PhRSQdktrdrdlvent i on provi des a met hod for |eaving
informati on about a silicon wafer on the base substrate by a | aser mark.

[ 0009] Aft dReigreneali ng is performed on the bonding surface of the silicon

wafer w th g, laser the surface of the silicon wafer is polished by CW

(chem cal &ech nical 30 polishing), so that the projection in the

peri pheal [PaentiDoquioént tt hiappresePebdishpgtPafest Appisgieh Noaf08r2 1148t | the silicon

wafer is bonded to the base substrate. Since the depression of the printed

dot remains to sone extent by a chemi cal etching effect even after the 2
SUMMARY OF THE INVENTION

[0006]
In the case where printing is performed on the bonding surface of a silicon
15  wafer with a laser in the method by which a single crystal silicon layer is formed over a
base substrate formed of glass, the printed portion has a depression at the center and a
projection at a peripheral portion; thus, the bonding cannot be performed well.
[0007]
In the case where printing is performed on the base substrate with a laser after
20 the single crystal silicon layer is transferred to the base substrate, there are problems
such as ablation of the single crystal silicon layer in the peripheral portion of the printed
dot or attachment of glass chips or the like to the surface of the single crystal silicon
layer.
[0008]
25 The present invention provides a method for leaving information about a
silicon wafer on the base substrate by a laser mark.
[0009]
After printing is performed on the bonding surface of the silicon wafer with a
laser, the surface of the silicon wafer is polished by CMP (chemical mechanical
30  polishing), so that the projection in the peripheral portion of the printed dot is removed.
After that, the silicon wafer is bonded to the base substrate. Since the depression of

the printed dot remains to some extent by a chemical etching effect even after the



polishing by CWP, the single crystal silicon layer is not transferred only
at the depression portion at the tinme of the transfer; accordingly, the
information is left on the base substrate. [0010] 5 A nethod for

manuf acturi ng a sem conduct or device according to a first enbodi nent of
the present invention in order to solve the above probl ens includes the
steps of: performng printing on a single crystal sem conductor substrate
with a laser to generate a projection at a peripheral portion of a printed
portion; polishing the single crystal sem conductor substrate by chem cal
mechani cal polishing to planarize the 10 projection; formng an

enbrittl enqmistnegiboncm titiee singla gdrestalr siidonl lag@miscootduaiserred sulys tat dltce;

bonding a rface of .a e.sub te.and a su he.sipale crysta
seni conduct PressRgrtqTed %?fnéfn‘hgg f"ﬁ@“sf%ea%%gglgbuﬁ’gﬁtg%atngﬂols lfﬁg zli‘ gl e
crystal sejgkcabsttgd. or substrate to |l eave a single crystal sem conduct or

| ayer except for the printed portion over the base substrate. 15 [0011] In
the above f®ddi nent, the base substrate has a light-transmtting property.

[0012] A nethod fAOﬁwﬂiaﬂl%.aetauﬁfaagn@g SeEBi@duRsodevily hordaCay difigt t 0 a
second enbodi nent of the present invention_ in order t solve he above

probl ems i rgthggisent pigthe 2’(‘/‘5@31@ €H§nt6’lﬂ in QEieF by sYeghphave iPFRYless iacludesdiie cryst al

sem conductygi,s gf tﬂ)%ltf&ﬂ{lﬁg Wirftih n laageie ér%tﬂ%&ﬁfcaﬁcﬁlct%r BULRIrRE Wi l§§er #

peri pher al portlon of printed portion; polishing the single st al
seni conductggnergteosnrpm@nw acmentmr@il posiseHeir Braftte BeTiet odishieg ﬁlleé g ze the

proj ecti On’casgeﬁ e Q:oﬁdJctJrS:%tbn | b Lh&AR tm%&ﬁ?ﬁ&‘t Palsttag 1 Pletafiz& st al

sem conduct strate; ng a surface o I rst base substrate and a
sur f acel Oof prda:ect@nng”bmng gt embritfersenti epioduint the singlst ¢rasted; samdeandngior he fir st

base SUbSt 1.5 ANoLlife SIABAE & YShAl curSRHL SAN|GLEL: SURBLERAL hllaf cave o

first S|ngle cryst m-conduct or Tayer except or t portion
over the fi semtcobdmmr ssibsttatgt end hohtinghiheg basiae sui:lstngb eandr ytet aingbe piystenduct or

substrate by che chan oI|sh|n 181 he.si pole crysta
e conducCUPEOTHEET BT oprients DoubE Sraab B EbERERLBet BBl R he
si ngl e crysgiriatedPortnawvaahdbict abstsatlist r at e, bondlng a surface of a second

base substrg@ﬁ and a surface of the single crystal sem conduct or
subst r af heating t he second base substrate and the single crysta

senmi conduct or sufisthé abdve bAbbEMER, e SR QMIGkralcmgs LlightahahitthgFrapeitguct or

[0012]

A method for manufacturing a semiconductor device according to a second

embodiment of the present invention in order to solve the above problems includes the

20 steps of: performing printing on a single crystal semiconductor substrate with a laser to

generate a projection at a peripheral portion of a printed portion; polishing the single

crystal semiconductor substrate by chemical mechanical polishing to planarize the

projection; forming a first embrittlement region in the single crystal semiconductor

substrate; bonding a surface of a first base substrate and a surface of the single crystal

25 semiconducior substrate; heating the first base substrate and the single crystal

semiconductor substrate to leave a first single crystal semiconductor layer except for the

printed portion over the first base substrate; polishing the single crystal semiconductor

substrate by chemical mechanical polishing to planarize the single crystal

semiconductor substrate; forming a second embrittlement region in the single crystal

30 semiconductor substrate; bonding a surface of a second base substrate and a surface of

the single crystal semiconductor substrate; and heating the second base substrate and the

single crystal semiconductor substrate to leave a second single crystal semiconductor



3 layer except for the printed portion over the second base substrate.
[0013] In the above enbodi nent, the height of the projection is equal to or
greater than 0.1 gmand equal to or less than 5 gmfromthe surface of the
single crystal 5 sem conductor substrate. [0014] In the above enbodi nent,
the printing is perfornmed at a depth of equal to or greater than 0.5 gm
and equal to or less than 10 m [0015] 10 A nethod for manufacturing a
sem conduct or device according to a third enbodi nent of the present
invention in order to solve the above problens includes the steps of
performng first printing on a single crystal sem conductor substrate with
a | aser tdagerercptfor the piinted pptia) @ct thenecnd bhaspevhspiter al portion of a first
printed porhb&i; polishing the single crystal sem conductor substrate by
chenmi cal mé ical polishing 15 to planarize the first projection; formng
a first enbrittl| amhntaboegembodimert,hbe $ieight & the padjadtion $eequabtudercgreater

substrat e; ?on ing a urche of a first base substrate &reld.a surface of the
singl e crydban O-dam cphgaeal §p og Jessthag & ko aniﬁ’@ PHacs of e sipgleccryiiplst r at e
and t he ssi n@h&ondilches bdstrsm conduct or substrate to |leave a first single
crystal sem conductor |ayer except for the first printed portion over the
first base[8¥¥dtrate; perform ng second printing on 20 the single crystal

sem conduct or  SURSHE ah&einidddndnB SR plré&ingqps&?&rﬁe@af_ssﬁaﬂﬂ oPERIfRS bon at  a

peri pheral portion of a second printed portion; polishing the single
crystal segndatenticho dtSoum subetuaktp er leys hérefl gl mechani cal polishing to

pl anari ze t@ 5iecond projection; formng a second enbrittlenent region in
t he si ngl e[ (&/ tal sem conductor substrate; bonding a surface of a second
base substrat e aAdmethsdifbramandbctidirg sisagicendstor rdesical acswding an du dtilr

substrate; and,heati t he second hase substrate and the si.ngl crystal
sem conductBPodEet pafePEST BYOROR 'S QS SIRare s stodenSditia it or
| ayer excepbs borpetbanihi M9st peinting o6l aptidlé oystanskniibmds@eofubstpitd witkd portion

over the second base sgbstrate. [0016]. .30 In the_abgve errb(i)di ment, the
hei ght's of e BFSEGHR JJrEoPIGRHRNY 4 AUIRBEEbRRFIOR b st BINEY 8o¢gkral to or

greater thagishide M angdlcaMiadl stiicOidub@s SutshaB bH cBdhicaiafRdhhfical polishing
15  to planarize the first projection; forming a first embrittlement region in the single crystal
semiconductor substrate; bonding a surface of a first base substrate and a surface of the
single crystal semiconductor substrate; heating the first base substrate and the single
crystal semiconductor substrate to leave a first single crystal semiconductor layer except
for the first printed portion over the first base substrate; performing second printing on
20  the single crystal semiconductor substrate with a laser to generate a second projection at
a peripheral portion of a second printed portion; polishing the single crystal
semiconductor substrate by chemical mechanical polishing to planarize the second
projection; forming a second embrittlement region in the single crystal semiconductor
substrate; bonding a surface of a second base substrate and a surface of the single
25  crystal semiconductor substrate; and heating the second base substrate and the single
crystal semiconductor substrate to leave a second single crystal semiconductor layer
except for the first printed portion and the second printed portion over the second base
substrate.
[0016]
30 In the above embodiment, the heights of the first projection and the second

projection are equal to or greater than 0.1 pm and equal to or less than 5 um from the



4 respective surfaces of the single crystal sem conductor substrate.

[0017] In the above enbodinent, the first printing and the second printing
are performed at a depth of equal to or greater than 0.5 gmand equal to
or less than 10 gm 5 [0018] In the second and third enbodi nents, the
first base substrate and the second base substrate have a
light-transmtting property. [0019] According to one enbodi nent of the
present invention, information about a 10 silicon wafer is |left on a base
substrate; thus, the process nmanagenent becomes easy. |In addition, even
when printing is performed with a laser, the effect (defective bonding,
att achment redpegivaswfachs fshd singlheysalsémicendyftor subsigdteigl e crystal silicon

| ayer, or t[[i& ii ke) of particles due to the printing can be suppressed.
[0020] 15 cg rding to one enbodi nent of the present, invention, a single
crystal silicon In égeeabovs dnitedsdent,rthel firet pridtinghéndt thenswond prigtirgubist r at e,

wher eby the information can he confirne isually., BRI EF SCRI PTI ON OF
THE DRAW NG O%d[abﬁ)%’fq‘ ?f?f‘qt“ﬂéo %”cf’é?f’ﬁ%é‘i?;?i%rﬁlg”‘a Fﬁ‘%‘z\f‘ﬁ‘@&o %F’é%‘%ﬁ ﬁ P8 1D are
views ilsl ugbg@ji ng Embodi ment 1; FIGS. 2A and 2B are views illustrating

Enmbodinents 1 and 2; FIGS. 3A to 3E are views illustrating Enbodinent 1;
25 FIGS. 4Al to Mthe seopband third grpodimentspihe figt bage, sebsirte anpthergcaidens

i ITustrati ngs FRRQATRO a BehtiaSninm® pkdper are views illustrating Enbodi ment
3; FIGS. 6Ato 6C are views 1llustrating Enbodinent 3; FIG 7 is a diagram

i Ilustratin@0idlconfiguration exanple of a microprocessor; 30 FIG 8 is a
029, S AL PGS PR PP p STV By, o
10  silicon wafer is left on a base substrate; thus, the process management becomes casy.
In addition, even when printing is performed with a laser, the effect (defective bonding,
attachment of glass chips to the surface of the single crystal silicon layer, or the like) of
particles due to the printing can be suppressed.
[0020]
15 According to one embodiment of the present invention, a single crystal silicon
layer is transferred to a light-transmitting substrate, whereby the information can be

confirmed visually.

BRIEF DESCRIPTION OF THE DRAWINGS
20 [0021]
In the accompanying drawings:
FIGS. 1A to 1D are views illustrating Embodiment 1;
FIGS. 2A and 2B are views illustrating Embodiments 1 and 2;
FIGS. 3A to 3E are views illustrating Embodiment 1;
25 FIGS. 4A1 to 4A3, FIGS. 4B1 and 4B2, FIG 4C, and FIG. 4D are views
illustrating Embodiment 2;
FIGS. 5A to 5D are views illustrating Embodiment 3;
FIGS. 6A to 6C are views illustrating Embodiment 3;
FIG. 7 is a diagram illustrating a configuration example of a microprocessor;
30 FIG. 8 is a diagram illustrating a configuration example of a semiconductor
device;
FIGS. 9A and 9B are views illustrating a liquid crystal display device;



5 FIGS. | QA and | OB are views illustrating an EL di splay device; FIGS.
11A to 11C are views illustrating a cellular phone to which one enbodi nent
of the present invention is applied; FIG12 is a viewin which a printed
portion before CVWP treatnment is observed; 5 FIG13 is a viewin which a
printed portion after CVP treatnment is observed; FIG 14 shows a step
profile before CWP treatnent; FIG 15 shows a step profile after CW
treatment; FIG 16 shows respective step profiles before and after CW
treatnment; and FIG 17 shows a | aser marker on a substrate after transfer.
10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0022] Enbodi nents according to
one enbodi nent oFIGha0pnas IR aﬂemiﬂeﬂsﬁlﬂlmtnatmganﬁﬂﬂﬁspidyhbuﬁcén detail with

reference to the wever. esent jnvention is, .15 not
[T ted to the f B g Tl i tiay MisBhiecF B Pt rbiBoa™y « nose
skill ed in dnfbRdiddeht thid predeat iipeheisn Brgplitet ai | s di scl osed herein can be

modi fied in a varj of .wa W thout departi mthe scope and the
spirit of the prégg%‘slan‘(}%{"i%ma\‘ﬂ@?t%‘% O“Ifqg@gcwg"élﬁ?eqtmfg’ﬁ‘?w%ﬁ shoul d
not be isnter pr et e &3 ishBlidd il WHILH ﬁﬁrlﬁtéﬂﬁdi*ﬁorﬁﬁ’&ﬁm\/ﬂﬁtdaﬂn@i istobServe@irbodi nent s
gi ven bel ow. 20 50023] [ Enbodi nent 1] 1In this enbodi ment, an exarrpl e of a
nmet hod for nanuf ﬂl‘i‘Fh?@vsé‘r?teB(Bmﬁl%B‘Efgﬁel‘%fjpetrﬁtﬂ“}?mbe described with reference

to the draw ngs. Fﬁp@g:gﬁdvgadlst%pr@m@gﬁ)&mﬁ&myw ch a single crystal
sem conductor layer is fornmed over a base substrateﬁé Smart Cut 25 net hod

with an insul at i K& laghowsirespeqtiye siepl profites bplora qad after CMB &reatmsatgand 0024]
First, a single PRAWEL Y 2 SHASH BlcfirdRR i S prepared (see FIG
3A). Wth the ugfedg Q{ém%girsnés(ré ]??& exaarrp e, a sercon(rj har moni ¢ of an Nd: YVO4
| aser di0 532 nm), printing is perforned on a bonding surface at a depth of
approximately 0.5 mt Rﬁﬁ‘;l r exanple, a silicon
wafer ID, a |ot nunbe?Défhe nu § O%‘%?‘%WE%E@S the substrate, and
the like af@23linted (see FIG 1A). Here, mrror

Embodiments according to one embodiment of the present invention are

described in detail with reference to the drawings. However, the present invention is
15 not limited to the following description, and it is easily understood by those skilled in
the art that the modes and details disclosed herein can be modified in a variety of ways
without departing from the scope and the spirit of the present invention. Therefore, the
present invention should not be interpreted as being limited to the description of the
embodiments given below.
20 [0023]
[Embodiment 1]

In this embodiment, an example of a method for manufacturing an SOI
substrate will be described with reference to the drawings. Specifically, a process in
which a single crystal semiconductor layer is formed over a base substrate by Smart Cut

25  method with an insulating layer interposed therebetween is described.
[0024]

First, a single crystal semiconductor substrate 100 is prepared (see FIG. 3A).
With the use of a laser (for example, a second harmonic of an Nd:YVO; laser at 532
nm), printing is performed on a bonding surface at a depth of approximately 0.5 pm to

30 10 um. As for the printing, for example, a silicon wafer 1D, a lot number, the number

of times of reusing the substrate, and the like are printed (see FIG. 1A). Here, mirror



6 reversed letters are printed, whereby the letters are easily read on a
base substrate after transfer (see FIG 2A). [0025] The bondi ng surface is
polished by CM. Through CMP, the bonding surface 5 is polished by
mechani cal polishing, so that a projection (0.1 mto 5 n) at a peripheral
portion of a printed portion is renoved, while a depression at the center
of the printed portion is left by chemcal polishing (FIG 1B). The
polishing ratio between the nechanical polishing and the chem cal
polishing is changed, whereby the depth of the depression can be changed.
10 [0026] As the single crystal sem conductor substrate 100, a single
crystal seevecedtitietsare prilist, mateby drerfeittraisat rapilameas arebuse edbs@atoafierl4, such
as a single crystal_ _sjl.icon substrate, a single crystal gernmani um
substrat e, t‘@?*‘%’@‘?ﬁ%ﬁeﬂp@rystal silicon germanium substrate, can be used.
Al ternativegbgpsja conpound sem conductor substrate 15 including gallium

arseni de, indiumphosphide, or the |like _can he used. Typjcal exanples of
commercially avg]ﬁ‘ea m§is}“if?,°_8r’ls %‘E‘B'éetdrbé’t a_rﬁ“ﬁ'i‘&c@?"g’rtg‘g*’?q%Wﬁu_ ffstrates
whi ch are 3 iBGMes vylhechamball fblidhiAs e that & %rﬂﬁbﬂﬂﬁl_ (1P si pmflizanet er, 8
inches (200 nmm in"dianmeter, 12 inches (300 nm) in dianmeter, and 16 inches
(400 mm) i wedphered pertion ofletpsinted ortionds sivagyed.ofhitehredepresgipa at thy serfer of

sem conduc t ; [ 4y PG 2B Cl Ml Rliskshapg;, and a
single cr yfsﬂ?%lpms&g‘?ﬁ%g}r? u%?lgir3t @rﬁ@%%@ﬁ %§§3 gsgﬁ 1%r?t o, #’fylgrAEB lleggj‘npffg, a

r ect angul abesteap theonechirdeadl ipklshingrand |tspchemicad polishing 09 Phanpskdy whergby thee
substrate 120, 1 repared e .F 3B). [0028] 25 As the base substrate
120, a subidf?tgtoithgg?ﬁgs ‘°B§%$1§e%’ﬁl‘$%ﬁ'su| ator can be used. Specifically, a
vari et yioof [@028$s substrates that are used in the electronics industry, such
as alum nosilicate gl ass ubst{ tes.. al.u 'rnobgr %gei lli?ﬁate ﬁ@ss su.{blstrat es,
and barium bor o8F | PEat®ely sostel pajicpdidor IRl M85 % RS el ¢

subst r at es ser@iGhdidep Ritseate Sothsl usihe an clomelteofirogn14, Ahdhessnadingletrystala si ngl e
crystal senjconductor substrat egaif or 30 exa

[ le, a single crystal silicon
substrate SHCPhaubsTRls) angifele erysial goquaniyr Whdwtes i P'ﬂg}g Yty S‘ﬁ??“t hi s
enbodi ment gelfRieRaBstedie, Ust Fusdd. gl A& AvBIS] 4 @ngpousd Satcondiast subltiate t he
15 including gallium arsenide, indium phosphide, or the like can be used. Typical
examples of commercially available silicon substrates are circular silicon substrates
which are 5 inches (125 mm) in diameter, 6 inches (150 mm)} in diameter, 8 inches (200
mm) in diameter, 12 inches (300 mm) in diameter, and 16 inches (400 mm) in diameter.
Note that the shape of the single crystal semiconductor substrate 100 is not limited to a
20  circular shape, and a single crystal semiconductor substrate processed into, for example,
a rectangular shape or the like can also be used.
[0027]
Next, a base substrate 120 is prepared (see FIG. 3B).
[0028]
25 As the base substrate 120, a substrate formed using an insulator can be used.
Specifically, a variety of glass substrates that are used in the electronics industry, such
as aluminosilicate glass subsirates, aluminoborosilicate glass substrates, and barium
borosilicate glass substrates; quartz substrates; ceramic substrates; and sapphire
substrates can be given, Alternatively, a single crystal semiconductor substrate (for
30 example, a single crystal silicon substrate or the like) may be used as the base substrate

120. In this embodiment, the case of using a glass substrate is described. With the



7 use of a glass substrate which can have a |l arge area and is inexpensive
as the base substrate 120, the cost can be reduced. In addition, with the
use of a glass substrate having a light-transmtting property, a |aser
mark can be confirnmed visually. [0029] 5 Next, an enbrittlenent region 104
whose crystal structure is damaged is forned at a predeterm ned depth from
a surface of the single crystal sem conductor substrate 100. After that,
the single crystal sem conductor substrate 100 and the base substrate 120
are bonded to each other with an insulating |ayer 102 interposed

t her ebetween (see FIG 1C and FIG 3C). 10 [0030] The enbrittlenent region
104 can be dseonfradslizy substad wa]niblonarohavtervelasgerq;bzeam issihedpenssemascibn dast or

b 100 Wi th i f_hydro i ke
F0031] “he. chEPiesBioa PR cap 87 565 2 mpiier MipdR bt PR iafrR ™ ayer

such as a hhbingallightetranensitiley propenty, plast kriafkodan b yonfirmied @istidllym a silicon
nitride filnb E a silicon nitride oxide film or a stacked |ayer thereof
can be used?Phese filns can be forned by a thermal oxidation nmethod, a

CVD net god, a spMekteah gnbiRldhast rédiod he4 lwhees chyeRB2Hrudtiret i daneperisf i cati on,
silicon oxynitride nmeans a substapce which c nt al{gi?rmre 20 oxygien t han

ni trogen arfermedmptid predetarmingdfepthyison i Bixiacs € E{’Fes‘ PRSIt e f or d

backscat t ergf\graRPR0! I ARE thit, ﬂB%&bglea&gismxsémgﬁahcioe @m&&eagahﬁ@fue ise( HFS) ,
preferably contains ox nitrogen, silicon, gen at

concent r at isBbsirateahdf] meg %PWS‘@ eagh o eroavith a?'O“ﬁt‘]é"rﬁ&:%Yeol 2 dpi§HAosTh t 0 15
atom c% 2%6?&6%@«&}{0(&9}??(? 12 Fedscgnd 0.1 atomc%to 10 atom c%

respectively. Further, l'icon nitri de oxi de nmeans a 25 substance that

i ncl udé9 mib@ohi tr ogen than oxygen and |n the case where neasurenents are
perfornmed using I by e nd
hydrogen at con?geﬁ?%} légﬁegﬂ Fé nﬂ’%l llr(?Q% rom m cgl)gtg(gp%%ﬁ%%ﬂé%?%ﬁ

at om c% t o s&bicabdugior ¥gbs@ae 160 wrrll c:% pDhydlBogan cmihc Yike bBavihglinetit endrgo t o 30
and hydr ogdiRE | "wi thin t he ranges g ven 30 above. where the fotal  number
of at gm; gont ai nad tlimmsillhﬂmgolayax;%ﬁ, h?siix@e tayersof hlc(ui?.ullaﬁmg lagter swokiader 1 S
defi neanS ] i(():gl‘l %;[q ¢ ﬁ(fm a silicon oxynitride film, a silicon nitride film, or a silicon nitride
oxide film, or a stacked layer thereof can be used. These films can be formed by a
thermal oxidation method, a CVD method, a sputtering method, or the like.
[0032]
In this specification, silicon oxynitride means a substance which contains more
20 oxygen than nitrogen and, in the case where measurements are performed by rutherford
backscattering spectrometry (RBS) and hydrogen forward scattering (HFS), preferably
contains oxygen, nitrogen, silicon, and hydrogen at concentrations ranging from 50
atomic% to 70 atomic%, 0.5 atomic% to 15 atomic%, 25 atomic% to 35 atomic%, and
0.1 atomic% to 10 atomic%, respectively. Further, silicon nitride oxide means a
25  substance that includes more nitrogen than oxygen and, in the case where measurements
are performed using RBS and HFS, includes oxygen, nitrogen, silicon, and hydrogen at
concentrations ranging from 5 atomic% to 30 atomic%, 20 atomic% to 55 atomic%, 25
atomic% to 35 atomic%, and 10 atomic% to 30 atomic%, respectively. Note that
percentages of nitrogen, oxygen, silicon, and hydrogen fall within the ranges given
30 above, where the total number of atoms contained in silicon oxynitride or silicon nitride
oxide is defined as 100 atomic%.

[0033]



[0033] 8 Next, a single crystal sem conductor |ayer 124 is provided over
the base substrate 120 with the insulating |ayer 102 interposed

t her ebet ween by separation along the enbrittlement region 104 using heat
treatment (see FIG 3D). [0034] 5 When the heat treatnent is perforned,
the el ement added is separated out in mcrovoids which are forned in the
enbrittlement region 104, and the internal pressure of the mcrovoids is
increased. By the increase in pressure, the mcrovoids in the

enbrittlement region 104 are changed in volune and a crack is generated in
the enbrittlement region 104. Thus, the single crystal sem conductor
substrate 100 i sNé&f, aeghgiaicedtablsengonduetoe dyer tlTZ# eimpnxnviatedgbvmn tidbaseSi nce t he
i nsul ating | ayer 2.1s, bonded to rate 120, the |ngle
crystal ser?i‘%ﬁ’iﬁd%&&‘tﬁ%‘y‘@?‘ﬂ‘f% lW?f i@e’inger%c’é?) Srte %we‘?“rt@(rﬁepﬁgﬂoéllaid\ge crystal
sem conduckgy enstHidduient RgibAQ 0k BsihOhdabEeatuai (JebeiRapp. substrate 120. [0035]
15 In such a manner, as well as the single crystal sem conductor |ayer, the

mark on tH&3dingle crystal sem conductor substrate is transferred to the

base su §St rate (§4en HeGeat 42:R0H i§ bgf’fon%@a thé\Eleflend fABd idt J&Ear%@ghtemcr ystal

sem conduct or substrate is subjected again to printing wth a |aser, and
then to remlwwéfi whick acetfomreddnphe embritticment regioa p4.tand the lateglﬂbﬁe%"ﬂreprl nting

a | aser %rtﬁegu@cwo@ STRY c%aged as;ﬁgfesiwre tlg drd¥Surl, CIRE FFiEDIHBY in fHae 20

sem COI’ldUCtO ecte e repr ocessing returns to
t he begi nnuemgnttbfnenmregmnﬁlﬂdanmnaddlm golursedméﬁ aragievs genviratesh dudteor

substrate. o0RRheb el fhsondl WOUR TAESSERRL QT Bl dPrCUL L1 10

scrap is at smgecr semcon traeafter t he
| aser mar Kk séparged aldredhe trhlmttremmmmmlm 2Sinckutht msslanmrb)mdmb;s boMRd This is

an advant agequs eff ect conpar [ i r mark
after the ?‘? gﬁif%ers.ug%ﬁegﬁlo et'g céy Sgal E‘T“é'ﬁ%‘}mﬁgto F‘é%r 261 “Fhécgl%\s‘/ 5eparnai%e§r oscopi ¢
dust whi ch fiosn @ltstrighGersgilapmiconhees SabstyteWdors fdrmell @asartherbade substiatei nt ed
after the transfer. Attachment of m croscopic dust to the sem conduct or
| ayer causdg?- generation of a defect when |aser treatnent
(recrystal Iipggajion or the like) is performed. 30 In the present invention,
this cl eani ng step can be omtted.
15 In such a manner, as well as the single crystal semiconductor layer, the mark on
the single crystal semiconductor substrate is transferred to the base substrate (see FIG.
1D and FIG. 2B). Afier that, the single crystal semiconductor substrate is subjected
again to printing with a laser, and then to reprocessing such as CMP. It is efficient that
a step of printing a laser mark is performed simultaneously with the reprocessing. The
20  semiconductor substrate which is subjected to the reprocessing returns to the beginning
of this embodiment and is used as a new semiconductor substrate.
[0036]
In addition, although microscopic dust which is cutting scrap is attached to the
single crystal semiconductor substrate after the laser mark is printed, the microscopic
25  dust is removed by CMP. This is an advantageous cffect as compared to a method for
printing a laser mark after the transfer. This is because a cleaning step to remove
microscopic dust which is cutting scrap is necessary when the laser mark is printed afier
the transfer. Attachment of microscopic dust to the semiconductor layer causes
generation of a defect when laser treatment (recrystallization or the like) is performed.
30 In the present invention, this cleaning step can be omitted.
[0037]

Note that the structure described in this embodiment can be implemented in



[0037] Note that the structure described in this enbodi nent can be
inplemented in 9 conbination wwth any of the structures described in the
ot her enmbodinents in this specification, as appropriate. [0038]

[ Enbodinent 2] 5 In this enbodi ment, an exanple of bonding the single
crystal sem conductor substrate 100 and the base substrate 120 is
described with reference to the drawings. [0039] First, the single crystal
sem conductor substrate 100 is prepared (see FIG 4A 1). Wth the use of a
| aser (for exanple, a second harnonic of an Nd: YVO4 | aser at 532 10 nm),
printing is perfornmed on a bonding surface at a depth of approximately 0.5
mto Mum A@n-ilbmatubmmthrdnytdfnge sfrmtmexaaqaﬁbad m thel ot renvimtizmentsDin thisl ot
nunber, the n Pb reusi ng the substrate, and the |ike are
printed. HEPEt ???P‘F 8Fal?pé?Pé'ra§eed letters are printed, whereby the letters
are easily [oex®) on a base substrate after transfer. [0040] 15 The bonding
surface isdgolbi %hed lTy CwP. Through CWP, the bonding surface 1is polished
by mechani d&MbyMeiilng, so that a projection (0.1 mto 5 m at a

peri phersal porti pnth@f erﬁ:olarmem afl d@k@mbleczﬂr uoﬁd.ﬁg RVEhle WRkthEsemicRRiR&Si on at
the center of the printed portion_Is chem cal polishing (FIG 1B).
The pol i shisHgsie08 an%@? Resssubsate 1@ ﬁ&%%l&?d WB’P rederenes t%ﬁ'a deavdngsheni cal

pol i shi ng §03(9?|anged whereby the 20 depth of the depression can be
changed. [(;041 Next, a bonding step is perforned. In ternms of renoving
Cont anm hant's, 11 T thpyiegte PaBREseTHRRducHs kA G0 narasel (5 Rl dhmg| o
crystal se FRES, sul furic
aci d/ hydr ogﬁﬁggﬁgi?%%%%&%%é%ﬁ p&g%éhgﬁgﬁgooﬁ:aﬂﬂydr (itxl?%k ?ﬁy rogen

per oxi dé mimt)uprintihAR\Merfoamér/alr mbdiﬂdtmg smrfam ai/arﬂpguh@gf @ppropievateky @& pm tot ur e

(HPI\/p,diItedh}? quorlcaldg rt sa r rlah
Al ternativ I Pypm. ﬁﬁ%’éﬁleWBr"&ﬁ’l A 'Bpﬁ’ceﬁl ag?c}he CBUMEEs char ged
al t er nat el yftikRs 6f RaIngd e siRngh,Nad Sy TfkRee: gintddie Heid) ginemqev'es@ealletters

sem conductor substrate 100. [ 0042]
are printed, whereby the letters are easily read on a base substrate after transfer.

[0040]
15 . The bonding surface is polished by CMP. Through CMP, the bonding surface

is polished by mechanical polishing, so that a projection (0.1 pm to 5 um) at a

peripheral portion of a printed portion is removed, while a depression at the center of

the printed portion is left by chemical polishing (FIG. 1B). The polishing ratio

between the mechanical polishing and the chemical polishing is changed, whereby the
20  depth of the depression can be changed.

[0041]

Next, a bonding step is performed. In terms of removing contaminants, it is
preferable that the bonding surface of the single crystal semiconductor substrate 100 be
cleaned in advance using a sulfuric acid’hydrogen peroxide mixture (SPM), an

25 ammonium hydroxide/hydrogen peroxide mixture (APM), a hydrochloric acid/hydrogen
peroxide mixture (HPM), diluted hydrofluoric acid (DHF), or the like as appropriate.
Alternatively, diluted hydrofluoric acid and ozone water may be discharged alternately
to clean the bonding surface of the single crystal semiconductor substrate 100.

[0042]
30 Next, an oxide film 132 is formed on the surface of the single crystal

semiconductor substrate 100 (see FIG. 4A2).
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30 Next, an oxide film132 is fornmed on the surface of the single crystal
sem conduct or substrate 100 (see FIG 4A2). 10 [0043] As the oxide film
132, for exanple, a single layer of a silicon oxide film a silicon
oxynitride film or the like, or a stacked | ayer thereof can be used. These
films can be forned by a thermal oxidation nethod, a CvD nethod, a
sputtering nethod, or 5 the like. [0044] In this enbodi nent, thernal
oxidation treatnment is performed on the single crystal sem conductor
substrate 100 to formthe oxide film 132 (here, a SiOL film (see FIG
4A2) . 10 [0045] The thermal oxidation treatnment is preferably perfornmed in
an oxi dati dno43at nosphere to which hal ogen i s added. For exanple t her mal

oxi dation treatnent HCl .oxidation) is perf d t.he si crystal
seni conduct or su tﬂ'r‘eaé’g 9168" ilgﬁatlﬂr e’%?ﬂpiﬁatalseﬂg ea{;ﬁ?fs hae?lﬁccf“o V\%”g W& ori ne
(C) is addgibon vkerigiy fittheor thel like, 6rid stack@Play thdedf oambausels olighe fikisdat i on.
In this case, de f|In11 cont orine, at ons 0046] The

chl ori ne atcﬁﬁbﬁﬁqrﬁﬁ P¥ 2 thgrmal tipp, “‘Fﬁ]@g’&(&gb IP?tF‘?ﬂ i‘éEu"‘feG‘Pﬁ# g’ i%tortion.
As a resul tghe ke noi sture absorptance of the oxide film132 is |ncreased

and the diffusion rate is increased. That is, in the case where noisture
exists on tlA4durface of the oxide 20 f|In1132 noi sture on the surface can

be rapidly absorﬁﬁﬁusaaﬂbdméﬂﬂsa@mamldam f?é‘dnﬂé‘nt if 'plaﬂ%riln%a on[@.%zﬂgleAs an

exanpl e of the thermal oxidation treatnent, thermal oxidation can

per formed icHysth Swm@a*v?t@hsubﬁth%Wéo@bwpﬁxﬁﬁﬁ@“ﬁﬁal(%@ﬁ SRk ﬁhl)déee( HCl) at
0.5 vol % 3hgt 0 vol % (preferably 3 vol% wth respect to oxygen, at a

t enper at ure of 0 Cto 1150 C (typically, 1000 C). The treatnent tinme may
be 0.1 ourf084516 hours, preferably 0.5 hour to 1 hour. The thickness of

the formed oxi derf] | }m[raamngdmt Beah899 is BRLAREES BEANa RO Pdiii0 N

for exanple, 100
atmosphere to which halogen is added. For example, thermal oxidation treatment

(HCI oxidation) is performed on the single crystal semiconductor substrate 100 in an
oxidation atmosphere to which chlorine (CI) is added, whereby the oxide film 132 is
15  formed through oxidation. In this case, the oxide film 132 contains chlorine atoms.

[0046]

The chlorine atom which is contained in the oxide film 132 forms a distortion.
As a result, the moisture absorptance of the oxide film 132 is increased and the diffusion
rate is increased. That is, in the case where moisture exists on the surface of the oxide
20 film 132, moisture on the surface can be rapidly absorbed and diffused into the oxide
film 132.
[0047]

As an example of the thermal oxidation treatment, thermal oxidation can be
performed in an oxidation atmosphere containing hydrogen chloride (HCI) at 0.5 vol%
25  to 10 vol% (preferably 3 vol%) with respect to oxygen, at a temperature of 900 °C to
1150 °C (typically, 1000 °C). The treatment time may be 0.1 hour to 6 hours,
preferably 0.5 hour to 1 hour. The thickness of the formed oxide film is 10 nm to 1000
nm (preferably, 50 nm to 300 nm), for example, 100 nm.
[0048]

30 In this embodiment, the concentration of chlorine atoms contained in the oxide

film 132 is preferably controlled to be 1 x 10" atoms/em® to 1 x 10%! atoms/om?.
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30 In this enbodi nent, the concentration of chlorine atons contained in the
oxide film132 is preferably controlled to be | x 1017 atons/cnB to 1 x
1021 atoms/cnB. 11 Chlorine atons are contained in the oxide film 132,
whereby a heavy netal (for exanple, Fe, C, Ni, My, or the like) which is
an extrinsic inpurity is captured and thus the single crystal

sem conduct or substrate 100 can be prevented from being contamnated. 5

[ 0049] When a hal ogen such as chlorine is contained in the oxide film 132
by HCI oxidation or the like, it is possible to performgettering on an
inmpurity (for exanple, a nobile ion such as Na) which adversely affects
the singl e @ilyrideakiomenire oadainaédin tieubdde dilm. 13ThatheteBy ablealipatetslr @at ment
performed after the oxide film132 is formed, an 10 |rtpur|ty cont ai ned in

the singl e ErPRedre S&dyicHgerdhe ke wrla%eﬁf%n%wa%ﬂcwmq AP oxi de

film132 ang. rgaad edyait Ebnﬁc&ﬁh&gmuﬁinafe Q6@-HEHne:be C PleO&ritd¥e ) dnP c%capt ur ed.
Thus, the inpurity captured in the oxide film 132 can be fixed an

cont am nat icontaginafsde  singl e crystal sem conductor substrate 100 can be
prevent ad ?14 ddltlon, when the oxide film132 is attached to a gl ass
substrate [t e"oxide film132 functions as a film 15 which fixes an

i mpurity such asWign@dmicogiemedchi as aplagins is p@UEeid inthpaxide dilm dB?2 byrddClusi on of

a_hal ogen SUch;ds o itk “te;s' %sstlb'fe okl | 'gﬂte{ﬁn%%ﬁ 2 gﬁm%'&ﬁ%l@“ or the

like is ef fREFVRYT I réhdy ot AR é'ca er & a

sem conductpdbileUids tsudh Qs |Nia) n@hlcmaea&eay sftdts Gheninky @ystilhendasdunbhiere a
sem conductor 20 substrate is reused _repeated|y. %0051 Furt her, hal ogen

at oms cont atbe@ie n Thaids. byihges treptment pofosmed afiar the exideciilm 132 is formedra® at ons.

Fl uori ng atipiBridyR¥nikRed Hhaknew cl'ﬁtatl E’&m@éﬂd@@coxf édbgﬂ'&@% seEé?ﬂte@?S@trfB lttf‘e
thermal oxidation treatnment may be perfornmed on the single crystal

seni conductogidebimg %?sﬁmchff@ctfcbmﬂha dnloggn {ar cxample.nddgsing} & be captutepe sur face
of the singhgs Qﬁey%pahgxﬁagmemﬂ%&g{e fMash eé}{& é&-@ ah? gagmgh;aﬁﬂ dripedn HF

sol ution, or ther tion treatnment may n an oxi dation
at rmspher e singlangrivessl Wméucadwaustra[ﬂomqanmmevmﬁ'é simaddétiasy pdemlthe

sem conduct ofy. 5HMS{3Hak Gt t°a blalPMbtfd ¥ 5lad S 132 functions as a film
15  which fixes an impurity such as Na contained in glass.
[0050]

In particular, inclusion of a halogen such as chlorine in the oxide film 132 by
HCI oxidation or the like is effective in removing contaminants in the case where a
semiconductor substrate is not cleaned sufficiently or the case where a semiconductor

20  substrate is reused repeatedly.
[0051]

Further, halogen atoms contained in the oxide film 132 are not limited to
chlorine atoms. Fluorine atoms may be contained in the oxide film 132, For example,
thermal oxidation treatment may be performed on the single crystal semiconductor

25 substrate 100 in an oxidation atmosphere after the surface of the single crystal
semiconductor substrate 100 is immersed in an HF solution, or thermal oxidation
treatment may be performed in an oxidation atmosphere to which NF; is added.

[0052]

Next, the single crystal semiconductor substrate 100 is irradiated with ions

30 having kinetic energy to form the embrittlement region 104 having a damaged crystal

structure at a predetermined depth of the single crystal semiconductor substrate 100 (see

12



30 having kinetic energy to formthe enbrittl enent region 104 having a
damaged crystal structure at a predeterm ned depth of the single crystal
sem conductor substrate 100 (see 12 FIG 4A3). As illustrated in FIG 4A3,
the single crystal sem conductor substrate 100 is irradiated with

accel erated ions 103 through the oxide film 132, whereby the accel erated
ions 103 are added to a region at a predeterm ned depth fromthe surface of
the single crystal seni conductor substrate 100; thus, the enbrittl enent
region 104 can 5 be forned. The accelerated ions 103 are obtained in such a
manner that a source gas is excited to produce plasma of the source gas
and the i ori¥GobAR)ai Aedlu'simatedﬂ'm HGadAh tha s'nglext}’ﬁiabﬁeadcmldmnﬂuéstmﬂaw@a by an
electric fi.el.d and_accel er at t f i on where
the enbrittf é%aﬁft‘tef Wltho?‘nccilﬁr PC%SIOP %rlﬁg gﬁ; ?ﬁl‘e E?@ d@& H%Q Wﬁé}glpﬁggkl netic
ener gy, theacsshssed tohelme gdﬂedamalrégﬂml atraq:mﬂetmmnadng&pﬂl ﬁf)mttht&surfhcsof 103 The

ki neti c energy gan be adj. uste by. th t|o dose,

the’ I ke, bt feal fleshuirey e REEFMSHR sAbUeaiR g 0L 16 FH° Sare.
depth on S’ddb‘@i‘rﬁﬂtI"Bﬁdabécéléi@te&&iﬁem@ﬁbbbﬁﬁlecﬂ hﬂsu@h/@hﬁ@&r]ﬁﬁﬂ@bdnﬁdgamsdepth of
the ions 103., Therefore, the ﬁ&Phl ckness of, the 5| tg sem conduct or
| ayer separktited tp PEivesplasen Qf theseures gasyand the H’i“&(‘i ﬂﬂ? BB PAEE 100 can
be det er i Regadid ftdhehd PRkRa BY anble@Rc FibIE effet afd &icalkREbdi ons 103 are added.
The depth at which the enbrittlenent region 104 is fornmed is adjusted so
that the tH#9®Rhess of the single crystal semiconductor |ayer becones 10 nm
to 500 nmi ncl USTlYeede B &FBE fdaioh witkré tHE‘e‘irEbn%%eﬂfﬂeﬁi&ﬁ'1@3'@’%{111&9%4]6 20 The
enbrittl ement gl on 104 can be formed by ion doping treatnment. The ion
dopi ng 10r eafimtﬁ«l ¥ the kinstip enargy: thsanasb.the ehiraconddbp mg’e@ﬁ@ﬁaglﬁtqﬁ ghe igpst ypi cal
exanpl e of e i ?li@a':t appar at us
whi ch |rrag?at£@mﬁég§r€§@e ngO }Ség%: g f‘th@%@c 'S g’é’?@’“. eag{egmg%g?mw th all
ki nds of i diks. whiotehthagitke pmdbdub'mmbyegmnasl% 1@)@”@1‘“[@& ploftheofarge depfbeds gas.

The appar at, I o] a t p cause a
process obj {gl?: ?%lﬁﬁrﬂ}eagarget (?ggptﬂ {kn ? i%dé&teh%mnoﬁgﬁhw%?h@&%}ﬂé 16,

mass- separ atheneg‘)re dhes thicknpdsadrthe s1hgie cco,srstatl ashicomtucioo lluyﬁmﬂpmatedtfrcmn theap par at us

i t Th
appar atds WPER i Reri R RBLhaE 100 RE detPieh e Y B AMRBRELE Raving
a specific acmﬁed lvhe 00t arcesideds e (Tae alepthut efhidhahe spbditlementregibiad O is

formed is adjusted so that the thickness of the single crystal semiconductor layer

becomes 10 nm to 500 nm inclusive, preferably 50 nm to 200 nm inclusive.
[0054]

20 The embrittlement region 104 can be formed by ion doping treatment. The
ion doping treatment can be performed with an ion doping apparatus. A typical
example of the ion doping apparatus is a non-mass-separation type apparatus which
irradiates a process object which is disposed in a chamber with all kinds of ions which
are produced by plasma excitation of a process gas. The apparatus is called a

25  non-mass-separation type apparatus because a process object is irradiated with all kinds
of ions without mass-separating ions in plasma. In contrast, an ion implantation
apparatus is a mass-separation type apparatus. The ion implantation apparatus is an
apparatus with which a process object is irradiated with ion species having a specific
mass through mass separation of ion species in plasma.

30 [0055]

The ion doping apparatus includes a chamber in which a process object is

disposed, an ion source for producing desired ions, an acceleration mechanism for

13



30 [0055] The ion doping apparatus includes a chanber in which a process
object is disposed, an ion source for producing desired ions, an

accel eration nmechanismfor 13 acceleration of ions and for irradiation
therewith, and the like. The ion source includes a gas supply device which
supplies a source gas to produce a desired ion species, an electrode for
excitenment of the source gas to produce plasma, and the like. As the

el ectrode for production of plasma, a filament type el ectrode, a capacitive
coupling high 5 frequency discharging electrode, or the |ike is used. The
accel erati on nechani sm includes el ectrodes such as an extraction

el ectrode, aacelagelof i ianmfoeiratdiatioldélerwithd@ﬁéh@ﬁl@ti dhe winscurcomeludesnd a

d el ect | ectrod
g g el SRR S B LER A DoaBE B B B FachR P GREE it odes
mechani sm aieetrpdeofor dﬁdtemehﬂ’loi%lthplsumraé igssytoofrodyze plasgs, and gikiliks, Ahrt@ugh whi ch
the compondheBor ot Hadar ofBRHy B EP e e R P aaon e P

above- mgnt i @&cymﬁmgmgsdeoaﬂde aornthe Nikv i is nisedA s Tmeadeﬂemﬁonpmmadedl. [ 0056]
st al conductor

In this emho dro nis added.to the S|n

15 subst r at'® ‘i‘ge '?)\‘/?CFH ‘%ﬁ a%@’bl?ﬁ‘&aﬁﬁ’ﬁaFlﬁft{Pge 8&85%‘?11 &?ﬁ'ir ‘ni’ng gas is
supplied a%eo&er&k@%trsw raﬁ@ a@@@nd RektrédeaaRoser $drdeSossipply dhowtt RSMA i S

pr oduced by excitation rogen gas. lons contajned in the plasma are

accel er at edhssf tei?ﬁiﬁ?deﬁsa%@ thﬁ éﬂ(ﬁr aT]ileoﬁle%WﬂSFe% Het arenigriaded s thg| acedlerpitinguct or
substrate 1QQnimfsn bfeadbAiQOwih b pri-Agy o@%ﬁﬂn@%%"r@ﬂts' @fshgh 4idh06m/thad N t he

ion dopi ng apparatus, the percentage of to the total guantity of ion
speci esl0( H'are mducecéﬁamwseryonﬁ@wwé@cqekﬁwda Nt Hatethe eeapanents gf the ¢onpe 50 9

or nore. Eﬁlgr s Al FotARTiRAM ?%eab&f t'ﬁﬁﬁmh&l &%poh&t?%@g’ R 1RhisFOr €.

Since nmass s Ion 1s not per I'n the ion doping apparatus, the
percentageaaﬁ&dﬂémmﬂndkﬂkB) to plural 25 kinds of ion species produced in
plasma is q(%ffrably_set to be 50 %or nore, nmore preferably 80 %or nore.
By |rrad|at|on wi th ions having the same nmass, ions can be added in a
concent r at ed nmanethis enbdidmesnkydiegenhis afldedhte the reifigde cryytst sdmismdigonduct or
su'bst ' a1t5e jégl())s’tratc 100 with an ion doping apparatus. A hydrogen-containing gas is supplied as
a plasma source gas. For example, H; is supplied. Plasma is produced by excitation
of a hydrogen gas. Ions contained in the plasma are accelerated without mass
separation and the single crystal semiconductor substrate 100 is irradiated with the
accelerated ions.
20 [0057]
In the ion doping apparatus, the percentage of Hy" to the total quantity of ion
species (H', Hy", and H;") produced from a hydrogen gas is set to be 50 % or more.
Preferably, the percentage of Hs' is set to be 80 % or more. Since mass separation is
not performed in the ion doping apparatus, the percentage of one kind (Hs") to plural
25  kinds of ion species produced in plasma is preferably set to be 50 % or more, more
preferably 80 % or more. By irradiation with ions having the same mass, ions can be
added in a concentrated manner to the same depth of the single crystal semiconductor
substrate 100.
[0058]
30 In order to form the embrittlement region 104 in a shallow region, the

acceleration voltage of the accelerated ions 103 needs to be low. However, by increase
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[0058] 30 In order to formthe enbrittlement region 104 in a shall ow
region, the acceleration voltage of the accelerated ions 103 needs to be
| ow. However, by increase 14 in the percentage of H3' ions in the plasng,
atom ¢ hydrogen (H) can be added to the single crystal sem conductor
substrate 100 efficiently. Since the mass of H3' ions is three tinmes as

| arge as that of it ions, in the case where one hydrogen atomis added to
t he sane depth, the acceleration voltage of H3' ions can be three tinmes as
high as that of 5 H ions. Wen the acceleration voltage of ions can be
increased, the takt time of an ion irradiation step can be shortened, and

product i vi tiy tnrdeitegghiitiomsan theplsmps avoade hydrOf¥aqH) kanbeladedgo dppar at uses
are inexpensive and excellent for use in_|arge- area treat Ther ef or e,

t.
by irradi ainglé Grsial spmiconguctor yhstrate d 08 etligiRofly- Spesh EI(S‘ES?\@FE.;}O‘O%EM at us,

si gni i canty,ef fined & 1&@&5& @St JITPTILEHRRL cdsB whERIRO AFMESAats A ABEEI St Cs,
increase in ar ea, reddction in COSt and |rrpr0ven”ent In product|V|ty can be

obt ai ned. tiesemadepth,the sdeeleratioevaliage of Hri 1¢rt§r¢a1dbq)ihm3 tmafp highgs thet afsed,

there i ancer a heav tal .m sQ _bhe .i ced to the
si ngl e Sry dP™s &PE’B%%%‘-‘E’%F”@E’%%? ag? af § cana? reaseghéle Srglmel-%v\ever, by
i rradi ati ofonNrfadliafidiestdpQuas bé HopleGHad, aﬂaq)r@dmdﬁtyfanﬂmma;@gzlpﬁﬁcaﬁa:amprnveag chlorine

atons, contam nation of the single crystal sem conductor substrate 100 due
to such a K¥&9Y netal can be prevented as described above. [0060] Note that

the step of irraghaldpi@ dpp8rafilsétOhe 1ﬁé’>q5§ﬁsﬂle SRNGHCOMEY GhrOtseSMbEigeat@a 100
with the accel erated |ons 103 can al so he performed with an ion

i mpl ant at i ¢atasPlar dhersfore, Xy irpdiatigh “i‘ﬁl?pﬁ{an‘t"%ilf ithsn usgppfasueh A8 jor dpping

MaSS-Ssqpar %Pﬁa@&ust %%dﬁﬁﬂa&?ctcféssu\éh t d‘l‘{ﬁf&@ma‘ltﬂﬁ%ﬁ%%n&hi&%haﬁa@@ﬁstl@ di sposed
in a chanb I's Irradi ated wth a specific ion species hr ou mass

separ at i on insfease jsl yealrpduptioft in enst $pe dNRIGVEPRIE nap@dwtb'&m&éra bwgﬁama@na
excitation I hefis| :08bnkdkR fataat i on
appar at us |F§1tthcq ﬁlglﬂé Eﬁse%m Iﬁ%pﬂ}%ﬁa&ﬁ?s gérkg reodlticed nby etxm tation of
a hydr ogen hgavy tmtalammimega&ocmpei tuhs gogledrysiel mgmgeqi@n@biit@tﬁ 108nd eit her
H ions or '

seni conducfol™® Slalglgt% & ZE Z}%gg?éreﬂfrrfagi fi ggt.h t}qggog]?]tﬁr?@hts{,hgg) h@eg?sﬁzf%tbst rate
120 .i s 1pr epaitaiding hlriké @oméBeab)amination of the single crystal semiconductor substrate
100 due to such a heavy metal can be prevented as described above.
[0060]
Note that the step of irradiating the single crystal semiconductor substrate 100
with the accelerated ions 103 can also be performed with an ion implantation apparatus.
20  The ion implantation af)paratus is a mass-separation type apparatus with which a
process object that is disposed in a chamber is irradiated with a specific ion species
through mass separation of a plurality of ion species that are produced by plasma
excitation of a source gas. Thus, in the case where an ion implantation apparatus is
used, H" ions and H," ions that are produced by excitation of a hydrogen gas or a PH3
25  gas are subjected to mass separation, and either H' ions or H" ions are accelerated, with
which the single crystal semiconductor substrate 100 is irradiated.
[0061]
Next, the base substrate 120 is prepared (see FIG. 4B1).
[0062]
30 As the base substrate 120, a substrate formed using an insulator is used.

Specifically, a variety of glass substrates that are used in the electronics industry, such
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[0062] 30 As the base substrate 120, a substrate formed using an insul ator
is used. Specifically, a variety of glass substrates that are used in the
el ectronics industry, such 15 as alum nosilicate glass substrates,

al um noborosilicate gl ass substrates, and barium borosilicate glass
substrates; quartz substrates; ceram c substrates; and sapphire substrates
can be given. In this enbodinent, the case of using a glass substrate is
described. Wth the use of a glass substrate which can have a | arge area
and is 5 inexpensive as the base substrate 120, the cost can be reduced.
[0063] In addition, it is preferable that a surface of the base substrate
120 be cl easeduhinosibmitcagles Hbftotes, phimilnborsidiohs elags sublsirates, sand skagium

Speci ficall | trasoni ¢ .cleaning is or . a S .rate 120
deing & nydPeHicst! B0 SRR ol o uBHicsE FBthiE bRy U U 12
aci d/ hydr ogabstipes @xn de givext umeth{sSiodinaomt, atheroase unh ushngdr ghassdebktyade egen
peroxide m xture, ( .. di luted drof luoric. acid.(DHF),, ar_ th i ke. For
exanpl e, ul‘{éF‘ﬁg’Bﬁi éﬁ% & P?’Fgoﬁeg gg%ngggsggf%yWﬁlgﬁfcgp rlﬁéﬂe 3 earésaurg?daése of the
base sulyst rigd:@erdsdR as Hicgscasubstteolob) te Et emibd/rbdudeddgen per oxi de mi xture. The

surface of the base substrate 120 can be pl anarized and abrasive particles
left on thd04@¥face of 15 the base substrate 120 can be renoved perform ng

such cl eani ng tr aaidarioh, it sQRGhbINNE a siRfa6é b tBEBIRe Subirat M2MBe dledned inl21 (for
exanple, an insulating film contajning nitrogen, such as,a silicon nitride
filmor a FidvanesbeRre feglasespbsrate; 129) isjused.f SPRERAR: HESE FERENGH the base

substrate é%&oﬁ%eof ke bABXubstralk ﬁﬂﬁ@ﬁ]’lg |an}1%d?6§11&ﬂb&qﬂ/ﬁ'ﬁﬁégentﬁ'&oxide

ni trogen-containing |layer 121 serves as a layer (a bonding |ayer) bonded
to the I&xi deixfirs (FIEND, arsulfriq geighpdiogrid PSS tHEUE ARIM), cany angionium

sem CondUCthg/ﬁro?iﬂgﬁlﬁr&%h& v]i]quxidé RidGdiAbO, dikfenyaRAusHO L& (BHES (R lthe
sem conduct or [aye aving a single crystal structure is provided over the
base subst rlikee Fataxpmpleheltra®niv dleanipgris porierablyipagonmegen the sufagaofitns as a

a1 o gl BB A Gy Mg R (e onicped I fhe
[ 0066] of the base substrate 120 can be planarized and abrasive particles left on the surface of
15 the base substrate 120 can be removed performing such cleaning treatment.
[0064]

Next, a nitrogen-containing layer 121 (for example, an insulating film
containing nitrogen, such as a silicon nitride film or a silicon nitride oxide film) is
formed on the surface of the base substrate 120 (see FIG. 4B2).

20  [0065]

In this embodiment, the nitrogen-containing layer 121 serves as a layer (a
bonding layer) bonded to the oxide film 132 which is provided over the single crystal
semiconductor substrate 100. In addition, when the single crystal semiconductor layer
having a single crystal structure is provided over the base substrate later, the

25  nitrogen-containing layer 121 functions as a barrier layer to prevent impurities such as
sodium (Na) contained in the base substrate from diffusing into the single crystal
semiconductor layer.

[0066]

In addition, a surface of the nitrogen-containing layer 121 is preferably

30 smoothed in order to suppress defective bonding between the single crystal

semiconductor substrate 100 and the base substrate 120.  Specifically, the
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In addition, a surface of the nitrogen-containing |ayer 121 is preferably
30 snoothed in order to suppress defective bonding between the single
crystal sem conductor substrate 100 and the base substrate 120.
Specifically, the 16 nitrogen-containing |layer 121 is forned so that the
aver age surface roughness (Ra) of the surface of the nitrogen-containing
| ayer 121 is 0.5 nmor less and the root-nean-square surface roughness
(Rrs) thereof is 0.60 nmor less; nore preferably, Ra is 0.35 nmor |ess
and Rrs is 0.45 nmor less. The thickness is preferably in the 5 range of
10 nmto 200 nminclusive, nore preferably 50 nmto 100 nm i ncl usive.

[ 0067] Nextnitrégdea-coninihmgdayef 12 his formmgll ® thatytbe averapesindaedueghnessqBbeofr at e 100

and the surface.of the base subsirate 120 e. to face each ,other, and
fhe surf acdbrHE uPaonFPETPIardi (e Gl fads i flo s i 1%

ni t r ogen- cqPdrhéintgudrd ¥@¥acd ohighhcls (Fans) eibréo? iCAEM nmld? 186N86re (pieferabih,G 4C) .
[ 0068] Here, a pressure of %gﬁroxinately 1 NNcn2 to 500 NcnR, preferably

appr oxi mat fdis D3y wwer fess oy Rng it splssed ths tiknepaisipraerabliyen dieng) e
Crystal 5 SSERORYGHA 20HRS HichlsRe YAk BB B0niiDBPnA kLR, Se conduct or

substrate the 15 base substrate 120" are di sposed in cl ose contact
with each df®El with the oxide film 132 and the nitrogen-containing |ayer

121 interposed tﬁg;;tehﬁtgﬁ@ﬁ%ﬂﬁg,@%@ge P&Et%%i&&aucteg%&%&é hod ha qgnd the

ni trogen- cont ai ni ng’ l'ayer eqgl om the part Ich pressure is
appl i ed andutfixerofspo basarsetrstebl@idirn mage or Beel sachoothdtcandrthe sefasaof fhiee. Thi s

bondi ng step.j rhormed hy. V er. | r jng at the
normal 20 (RSN ip AnGR el R i R S iiate 2 e tRRANBRTT T
| ow heato- r egles (BOFIG.Benper at ure, such as a gl ass substrate, can be used as
the base substrate 120. [0069] Note that before the single crystal

seniconducﬂ@ymiubstrate 100 is attached to the base substrate 120, surface

Lreatment s prefigfcabl Yrdi@id ASMBGhrOimbRY QXNAGT ith MIbSRc?S fiokr over the

single crystal sem con uct or substrate 100 and the nitrogen-containing
| ayer 121 fappiosihatsier! Nien’otes @80 Nosf isaeeplidOto ¢r@0p0] oAdhe smgleuetysiele

treatment, S rlni%%%c or (salﬁ}s{}‘aﬁg thO 20 s‘fn';gﬁaa(}ryn&qEemi@@%gtgpgu%strate 100 and the
15 = base substrate 120 are disposed in close contact with each other with the oxide film 132 -
and the nitrogen-containing layer 121 interposed therebetween. Bonding between the
oxide film 132 and the nitrogen-containing layer 121 begins from the part to which
pressure is applied and then spontancous bonding proceeds to the entire surface. This
bonding step is performed by Van der Waals force or hydrogen bonding at the normal
20 temperature without heat treatment. Therefore, a substrate with low heat-resistant
temperature, such as a glass substrate, can be used as the base substrate 120.
[0069]
Note that before the single crystal semiconductor substrate 100 is attached to
the base substrate 120, surface treatment is preferably performed on the oxide film 132
25  formed over the single crystal semiconductor substrate 100 and the nitrogen-containing
layer 121 formed over the base substrate 120.
[0070]
As the surface treatment, plasma treatment, ozone treatment, megasonic
cleaning, two-fluid cleaning (a2 method of spraying functional water such as pure water
30  or water including hydrogen with a carrier gas such as nitrogen), or a combination of

these methods can be employed. In particular, by ozone treatment, megasonic cleaning,
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cleaning, two-fluid cleaning (a nethod of spraying functional water such as
pure water 30 or water including hydrogen with a carrier gas such as
nitrogen), or a conbination of these nethods can be enployed. In
particul ar, by ozone treatnent, negasonic cleaning, 17 two-fluid cleaning,
or the like after plasma treatnent is perfornmed on at | east one of the
surfaces of the oxide film 132 and the nitrogen-containing |ayer 121, dusts
such as an organic substance on the surfaces of the oxide film 132 and the
ni trogen-containing |ayer 121 can be renoved and the surfaces can be nade
hydrophilic. As a result, the 5 bonding strength of the oxide film 132 and
t he nitrogawodid deaningg ol thy Eke dfRt phana tyeatmentdy padeded $rO@ Iddast dne of ¢he

preferable that after t oxjde film.132 and the nitrggep-caont.aining |ayer
121 are bordB#f 8%}'50%‘%&%%f,ﬂhaggtthet?Ié%%er%cﬁwagéngr}aefolrQ?fe({c?i’Sttggu‘lEhn%sraélase t he

bondi ng  1Qrgdniceni@btandehar tbatmfen of THeeodidafilnt 18abnkrte dicogrercatiaingigi s set at
a tenperature j ch does no se crack in.the enbritt] enent. regi on 104,
for exanpl g?yeévl\gtﬁ?ﬂ be; @Wﬁﬁ?d[a&"g%ge W%ﬁ%rcén Rgpefe %drf’ﬂﬁflucﬂobﬁ qaresult, the

Al t er natsi valoydinRiréittheeihi Ride Silpernamaane akropén-icdmpanglayeellincdnles range,

the oxide film 132 and the nitrogen-containing |layer 121 nmay be bonded to
each ot her.inggpsed-ne heat treatnent, a diffusion furnace, a heati ng 15

furnace suqhpag a resistance heating furnace, a rapid thermal annealing
(RTA) apparatusS, a microwave heating apparatus, or the |ike can be used.

[0072] In gener alt,is pis&matietiet affcs shenpide filn b andrthp aitgeen pRtaddR® %9 ve as or
after the oXife %ﬁdgglﬁéy%racm&ﬂe, Eat HeafnREEB: (OMbRiel] t9Undrad6 lthel Bdndige bonded

to each ot her, ation reaction proceeds at the bonding interface,
t he boridi ngtreugth theebetwsom CThedwent tregtresnt Femmerasre isasedl 2t i xnnejaNre gdichhondi ng

is strengthgen r val ondi I r cofdiRgl¥ie thgohonding is
st rengt henedgése?lﬁpg?dsgrgtcg&%r %mﬂ%eg%gﬂﬁ@g?éﬁi %Egnrggéﬁ)oﬁ, Psture which is
produced atterhpatiernd imoge dndtles thmo d0BJCt haltatadiivdly avhiterheatiregzis per6mmeadeds to be

renoved by high-tenperature heat treat t. That.is, in the case,25 where
e heat 1 A REHEN Bl Atk B et E A e g Sigs BRI on th ©s
produced atmdyhige bsnded Gfedch tofiich.adr lthe hdaetretahyls aldifiniondfankion eampot be

renoved effectively; accordingly,. the deh ation reactj does not
pr oceed Sanduinges Yelypsregisipee hgd mﬁrfk’:‘]“%c&s%raﬂ%ghm ‘i‘q‘?@ﬁg‘ﬁr@ﬂ& HPPERYP ciently.

a microwave heating apparatus, or the like can be used.
[0072]
In general, when heat treatment is performed at the same time as or after the
oxide film 132 and the nitrogen-containing layer 121 are bonded to each other,
20  dehydration reaction proceeds at the bonding interface, the bonding surfaces come
closer to each other, and thus hydrogen bonding is strengthened or covalent bonding is
formed. Accordingly, the bonding is strengthened. In order to promote dehydration
reaction, moisture which is produced at the bonding interface by the dehydration
reaction needs to be removed by high-temperature heat treatment. That is, in the case
25  where the heat treatment temperature after the bonding is low, moisture which is
produced at the bonding interface by the dehydration reaction cannot be removed
effectively; accordingly, the dehydration reaction does not proceed and it is difficult to
increase the bonding strength sufficiently.
[0073]
30 On the other hand, in the case where an oxide film containing chlorine atoms or
the like is used as the oxide film 132 as described in this embodiment, the oxide film

132 can absorb and diffuse moisture. Therefore, even in the case where the heat
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[0073] 30 On the other hand, in the case where an oxide film containing
chlorine atons or the like is used as the oxide film 132 as described in
this enbodi ment, the oxide film 132 can absorb and diffuse noisture.
Therefore, even in the case where the heat 18 treatnment after the bonding
is performed at a | ow tenperature, noisture which is produced at the

bondi ng interface by the dehydration reaction can be absorbed and diffused
into the oxide film 132 and thus the dehydration reaction can be pronoted
efficiently. In this case, even in the case where a substrate with | ow heat
resistance 5 such as a glass substrate is used as the base substrate 120,
the bondi ngresthfeangfidr thethoeding it lperfomicdentfd law 1@@peratares histure which is

ni t rogen-cont ai nj | ayer. 1 an .be, i ed sufficientl Fur t.her,

pl asma tr eé’f‘?f@ﬁ‘f %’}gthf)i%?%}lgré%er 355181 Y Bhy%%ﬁ VoI tA fugn CV\?’I% SRt de por es
(m cr opor esj}figed® idi® teeskide film tIB2 agd thaake déhytimomxcadamf ca‘mbelﬁﬁnto@edabsor b
and diffuse _noisture efficiently, Thus, the % elg%tth bet ween t he

oxi de fi | mefiszentlyg Jpohis £85en £SO dhe 635 41T ?15” &SPR%r eased

even by sa Isgutds@ranas adbdirgte Raakd ad the Biseeibstratk 000/ 4le lN@mIng sha@th bateednnent i s
performed to cause separation along the e rlttle %|[ g_lo wher eby
the singl e the adeaflims b adihe sliggen-capiainiag ysrsl 2 sp GHEW'@F wiiqgentk 15

substrate F{nu f)llasMﬁeﬁfﬁbﬂeisfﬁeﬁmnﬂea%paﬂdl tm@s mlfag@ma@nhamw Resl ayer 121

i nterposed therebetween (see Wien the heat treatnment is

per f or ned, (mm&omr@h@rmfome@ar @eﬁﬁ@ﬁeaﬂfé B’élf‘e fifm 132 ¢ abssryandufiffess ar e
formed in g{bgt&@% &én'a eRY sr&lglbgﬂdlagémg&%&\b&nltﬂé 6L/ AIR18S 3HA fhe 20 Of

the m crov s is incr ase Due to Tncréase in pressure, change in the

vol ume 16f titegei-containingslayar 1He camtbei tnpteéwén@veflegﬂ &n lopotsmperaie hegt gener at e
cracks in l;trhgt g rittlement region 104. As a result, the single crystal
sem conductor strate 100 is separated along the enbri ttl ement region
104. Si nce[@(ml] OXI de film 132 is bonded to the ni t rogen-contai ning | ayer

121 over the bang}ét e&% {r?ag}he S per&‘orm 3 kongaug r%&&] 26 %@%%HREH]%Ltor | ayer

124 which is se HeP¥ ngle crys &&m EOmIuct or strate 100
is formed easn I(hewbaﬁay &nﬂbmgreaﬁ-ﬁtalaé}mcﬁiductbelayertlﬁé it fonpet ateuthe base t hi s
Qﬁgtst ? ' S 2t gg%%ratle 128 E\':s:'[ithstl?e g}%idg ﬂ t192 Sndthe gltgoggn-ggn%%ﬁlng Olernbl ]Bte'%pfg)gedbase
therebetween (see FIG, 4D).
[0075]
When the heat treatment is performed, the element added is separated out in
microvoids which are formed in the embrittlement region 104, and the internal pressure
20  of the microvoids is increased. Due to increase in pressure, change in the volume of
the microvoids in the embrittlement region 104 occurs to generate cracks in the
embrittlement region 104. As a result, the single crystal semiconductor substrate 100
is separated along the embrittlement region 104. Since the oxide film 132 is bonded to
the nitrogen-containing layer 121 over the base substrate 120, the single crystal
25  semiconductor layer 124 which is separated from the single crystal semiconductor
substrate 100 is formed over the base substrate 120. Further, the temperature in this
heat treatment is set so as not to exceed the strain point of the base substrate 120.
[0076]
For this heat treatment, a diffusion furnace, a heating furnace such as a
30 resistance heating furnace, a rapid thermal annealing (RTA) apparatus, a microwave

heating apparatus, or the like can be used. For example, in the case where a RTA

apparatus is used, the heat treatment can be performed at a heating temperature of
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[0076] For this heat treatnent, a diffusion furnace, a heating furnace such
as a 30 resistance heating furnace, a rapid thernmal annealing (RTA)
apparatus, a mcrowave heating apparatus, or the |like can be used. For
exanple, in the case where a RTA apparatus is used, the heat treatnent can
be perfornmed at a heating tenperature of 19 550 Cto 730 C inclusive,
within a process tinme of 0.5 mnutes to 60 mnutes inclusive. [0077] Note
that the heat treatnent in FIG 4D is performed wi thout performng the 5
heat treatnment for increase of the bonding strength between the oxide film
132 and the nitrogen-containing |ayer 121, the heat treatnent step which

i ncreases t356 dgond73Q °Csinclesige, hwitkeih vie procesh gintex i €.5f miimtcb3® 6lh ahibites

ni trogen-cqntaining layer 121 and the heat treatnment step to separate the
singl e crydfd¥Si¥€ni conduct or substrate 100 along the enbrittlement region
104 may be [pgrfjormed at the same tine. 10 [0078] Through the above steps,

an SO substrate_in which the single crystal em uctor_|layer 124 is
provi ded over th¥oB8¥ tB%B%qtﬂrg%t@eﬂtzwWﬁﬁt%ﬂ@%ﬁ"ﬁ@"‘flﬁ Pt pegormige the e

ni t rogen- cqph@kdinikat l’(ﬁWﬁ:ﬁ‘ea}.@éf ih@%@ﬁcﬂ?ﬁfén&ﬂﬂ&feﬂﬁ@ﬁ WRERideAmbB2MRB Wiact ur ed.
By the manufacturing nethod describ in this enbodi nent, even in the case

where t he ¥Siregep-corfaining davesi kil gl bspk treatpent; sfen, sbiphaiacrepses Kombending ayer |
the bondi n%tréﬁ%&ﬁﬂ%&n th%msmﬁ 82 BRbe %mgeﬂ @&nean%agla@mmﬁma%@ crystal

sem conduct ayer can i ncreased, resulti Ng In 1ncrease 1n
rel i abilit yreatogen step deilseparai ﬂsosmglamatﬁtsemmnd%@r Sp@itwﬁdlf?%akﬂm éhe

di ffusion oﬁ_rlblll:le ehHe dtjﬁrl?la); foﬂﬂé@at‘fﬁe)’s%&@ln em conductor |ayer 124

formed over ase ate I'S suppressed and at the sane tinme the
base sulfst r[é@%] 20 120 and t he si ngl e crystal sem conductor |ayer 124 are

firmy attached. f 0079], | %{){gv%egtb[\)/s\:m cf} th@ #él%btlﬂjr&l&g ﬂ\t{@a gl stal

ni t rogen- cont ai ni ngu¥ayer I'S provi ase su € and an
oxi de fil msemizbhidlictog l@emmdgﬁmvﬂm&hveamedjakmbmw szommmaoxmﬁnmmzsl ngl e

CLeh! oo G SRS S £l BRI, 1 ©
sem conductpfthe &i&b@iﬁcﬁtaﬂi@ hé&héed ﬂe%eﬂ’lﬁﬁ ifi thid disbddanent, n&sinrtad ease &lheﬂ@ehe
SUPRT essed nltzl':ol{grc.alg rc]:gritanig{ng layeX" 121 is used as the bonding layer, the bonding strength

between the base substrate 120 and the single crystal semiconductor layer 124 can be

increased, resulting in increase in reliability. As a result, an SOI substrate can be

formed in which diffusion of impurities into the single crystal semiconductor layer 124

formed over the base substrate 120 is suppressed and at the same time the base substrate

20 120 and the single crystal semiconductor layer 124 are firmly attached.

[0079]

Further, with the structure in which a nitrogen-containing layer is provided on
the base substrate side and an oxide film including a halogen such as chlorine is formed
on the single crystal semiconductor substrate side, the entry of an impurity element to

25 the single crystal semiconductor substrate before the single crystal semiconductor
substrate is attached to the base substrate can be suppressed. Furthermore, by
formation of an oxide film including a halogen such as chlorine as the bonding layer
provided on the single crystal semiconductor substrate side, the bonding strength can be
increased by efficient promotion of dehydration reaction even in the case where the heat

30 treatment after the bonding is performed at low temperature.

[0080]

Then, after the oxide film 126 formed on the single crystal semiconductor layer
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formati on of an oxide filmincluding a hal ogen such as chlorine as the
bondi ng | ayer provided on the single crystal sem conductor substrate side,
t he bondi ng strength can be increased by efficient pronotion of
dehydration reaction even in the case where the heat 30 treatnent after
the bonding is perforned at | ow tenperature. [0080] Then, after the oxide
film126 formed on the single crystal sem conductor |ayer 20 124 is
renoved, the single crystal sem conductor layer 124 is irradiated with a

| aser beam as described in Enbodi nent 1, whereby the crystallinity of the
single crystal sem conductor |ayer 124 is recovered and the surface

t hereof is KrAostrémayed,Tthe singler ayitaltsemirosduspr ddyet h24 [saisradiatyd amithc adastre

per f or med S|n p sk lped. Lin t he
above enbodi 91 d%g%gq]lﬁ'%oﬁ;%ﬁ{ﬂfﬁﬂf ’aplg %rel??’ ﬁet%@%grz@svﬁer e ntg}il)e glgitfﬂde film
132 is for menhaonmmtdrﬂeyesl gl B remsstdahndsmm sofacku tteozof Ssilsstoothee 1Tk and t he
DL oen SRR R 8 BB e’ O B BB 108 PRCBHRICRBBIEHAEY, h5eq
t her et 0.5 Faippsratasasldescribdiin @he ahevd érhbivdindeat.and the nitrogen-containing |ayer

may be stack@ﬂ in this order over the single crystal sem conductor
substrate 18%!and the surface of the ni trogen-containing |ayer forned

over the oxide fNofthadltrdigh titecasdivhére he@xideTIm33 & orbed vt thekaigleTay be
bonded to each, other, In this case, the nitrogen-containing. |ayer my be

provi ded berystal sgpicgpdugtor substrats 10fhsnd the Bivosen-rosining kyer 14 soered  Not e

that an oxifgr ke Bastl QbstR¥ATPS Gas Yebd Qfegbnbwlmms r@ﬁboﬁﬁnén@”ﬁ@%r@ééﬁtr the
ni trogen-containing |ayer, and the surface of the oxid filmand the

sur f acdOof ievestighgs maibimited dhereto. naliprb@aﬁw#ﬂaethetw@facfﬁmotlﬁ%rand[ ®82] I n
the case Wg.g& ch Q&tﬁﬂfngyla%r GE%' BPUWHckd &P thidCorAbnN V& a{ey%gih ag&alconduct or
1 e u e

20 | ayer Fromt ase s trate 120 1s not a prob urface of
t he oxi de fsethivpadRtor pulwatdeléioowlrth@ Iverfaci mg? |tlee mtlysqnanon‘@mgbm@u‘@nmd

substrate 190 tﬁgg)tlaé]ﬁin‘?fg ?1% Ofur th 1S PR Gse Fﬁe&é i"io%é;?@e I{B%Micg@ ehgnded to

each other w't rOVI ‘he nitrogen-contal ning -l ayer over the
base subst rogitee ]Iﬁ@hls o088t mt@@eﬂ-norsaumlng dayeamag be pasyyided |befons ot #feer shengl e
cryst allssem ﬂ%lﬂl%gtorreglon 4 is fh 1rmeWEl Klote that an oxide film (for example, silicon
oxide) may be formed over the nitrogen-containing layer, and the surface of the oxide
film and the surface of the base substrate 120 may be bonded to each other.
[0082]
In the case where the entry of an impurity to the single crystal semiconductor
20  layer 124 from the base substrate 120 is not a problem, the surface of the oxide film 132
provided over the single crystal semiconductor substrate 100 and the surface of the base
substrate 120 may be bonded to each other without providing the nitrogen-containing
layer 121 over the base substrate 120.
[0083]
25 In such a manner, as well as the single crystal semiconductor layer, the mark on
the single crystal semiconductor substrate is transferred to the base substrate. After
that, the single crystal semiconductor substrate is subjected again to printing with a laser,
and then to reprocessing such as CMP. It is efficient that a step of printing a laser
mark is performed simultancously with the reprocessing. The semiconductor substrate

30 which is subjected to the reprocessing returns to the beginning of this embodiment and

is used as a new semiconductor substrate.
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the single crystal sem conductor substrate is transferred to the base
substrate. After that, the single crystal sem conductor substrate is

subj ected again to printing with a laser, -and then to reprocessing such as
CWP. It is efficient that a step of printing a laser mark is perforned
simul taneously with the reprocessing. The sem conductor substrate 30 which
is subjected to the reprocessing returns to the beginning of this

enbodi ment and is used as a new sem conductor substrate. 21 [0084] Note
that the structure described in this enbodi nent can be inplenmented in
conbination with any of the structures described in the other enbodinents
in this sgeed4fi cati on, as appropriate. 5 [0085] [Enbodinent 3] In this

enbodi ment, a ne d,fo nuf act ur.i ng. a, sem,cqn r i ing the
S0 substrate wnMoi P e AENEE SHEE R D BERHERE e BRERARL B 1T e
descri bed. cbbidf@bvithi angtof the Rehdnmds Hescribahin tet athérngnisdinenchanthél t hi n
filmtransistor and a ljp-channel thin filmtransistor will be described
with ref er SRERIGEHOREPEPPYRY, 5D and FIGS. 6A to 6C. Various types of

sem conductigggsgevi ces can be formed in conbination with a plurality of
thin filmtransistors (TFTs). 15 [0087] In this enbodi nent, the case where
the SO sudEmbadimepteduf actured through the steps in FIGS. 4Al to 4A3,

FIGS. 4Bl and 4Bg, thfsldabodient B thekilo@ fodadufact g adsmaondctor dswbsisint € i S
described. It is needless to say that the SO substrate manufactured by any

of the ot hdhe RE BRsyaigeshich iromapufaqivred &b aue of Msothove FNOOdmINE WY e used.
20 [0088] K Gripefr 1S a cross-sectional view of an SO substrate

manuf act ur ed using the nmethod described with reference to FIGS. 4Al1 to
4A3, FII@S. [@®pland 4B2, FIG 4C, and FIG 4D. [0089] 25 First, the single

crystal sem condygtof LaNS fob2RardufachfE’ A fhddibCuR SR hsRior and a
p-channel thin film transistor will be described with reference to FIGS. 5A to 5D and
FIGS. 6A to 6C. Various types of semiconductor devices can be formed in
combination with a plurality of thin film transistors (TFTs).

15 [0087] o _

In this embodiment, the case where the SOI substrate manufactured through the
steps in FIGS. 4A1 to 4A3, FIGS. 4B1 and 4B2, FIG. 4C, and FIG. 4D is used as an SOI
substrate is described. It is needless to say that the SOI substrate manufactured by any
of the other methods described in the above embodiments can also be used.

20 [0038]

FIG. 5A is a cross-sectional view of an SOI substrate manufactured using the
method described with reference to FIGS. 4A1 to 4A3, FIGS. 4B1 and 4B2, FIG. 4C,
and FIG. 4D.

[0089]

25 First, the single crystal semiconductor layer 124 is separated into elements by
etching to form semiconductor layers 251 and 252 as illustrated in FIG. 5B. The
semiconductor layer 251 is used for an n-channel TFT, and the semiconductor layer 252
is used for a p-channel TFT.

[0090]

30 As illustrated in FIG, 5C, an insulating film 254 serving as a gate insulating

film is formed over the semiconductor layers 251 and 252. Next, a gate electrode 255

is formed over the semiconductor layer 251 with the insulating film 254 interposed
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etching to form sem conductor |ayers 251 and 252 as illustrated in FIG 5B.
The sem conductor |ayer 251 is used for an n-channel TFT, and the

sem conductor |ayer 252 is used for a p-channel TFT. [0090] 30 As
illustrated in FIG 5C, an insulating film 254 serving as a gate insul ating
filmis formed over the sem conductor |ayers 251 and 252. Next, a gate

el ectrode 255 is fornmed over the sem conductor |ayer 251 with the
insulating film254 interposed 22 therebetween, and a gate el ectrode 256 is
fornmed over the sem conductor |ayer 252 with the insulating film 254

i nt erposed t herebetween. [0091] Note that before the single crystal

seni conducttherchettyeen, dnd4 gate eddctrhdech 56iis formed @vepthefsemigbidactop laxerd253nvithnpuri ty

el enent such as .hor L, unl nu jumor an inpurity elenent such as
phosphor us t ‘?lnﬁl%lgs)tglﬁ&{cfmt%&‘fr}%m%%entgq%éeb%r%ésrl'aI sem conductor layer 124 in

order to cdoeaipl the threshold voltage of the TFTs. For exanple, an

inpurity el enment_ i dd to,a region ere the n-cha . TET.1s, to be
forned, and an Nﬂ%u'ﬁf”i Efg%r eth%ﬁ'tnggscr%ls éqamfc(?n%uc%glfqgﬁq\%gel? éJ‘E:P Fldé ltpischannel
TFT is t50 hgethabed. addCanl B6R21y Tementnsich ak ibogorf ialumidi, capalbenpiroani ded to
have a single | ayer structure or, a stacked sthéuct re sé ne?q.andi sul ati ng
filmof si NPT sush S BROSRIOMHS 9 FR0IC oy the SInelS FryStal seyiean B‘g}"fa CVD
net hod, a et 184 iR GrdBRtth Qdntrél the @lirsBbIdOYAIERE 08 Thd TBFTd Fop exdnlie, | dnke.
[0093] 15 In addition, the sem conductor |ayers 251 and 252 nma qbe

subj ect ed tigPpitySherent s addeddnp regeon vhese thy ns P%JFEflswamﬁﬁlrél Wy film

254 i s oxi 4 o8y Qlenfdh i hélRE 1o FREIon SURARhEp-chdh@el TIIUL &) B Brmhddl M 254 1 S
formed by plasma treatment wwth a m xed gas of a rare gas such as He, Ar,
Kr, or e, [891oxygen, nitrogen oxide (NO2), ammonia, nitrogen, hydrogen,

or the like. In gpl g fil] zﬂ SRR ArsviBriotfdle *aysiﬂgget %9&%%&@1@_&& a 20

m crowave, plasma with a™low electron tenperature and high density can be
produced. sHokedssiubtarsessingfantinsilating dilre of sijiseragxide milicomnernaitade, opgiligan can be

i trogen ¢ S PLE BN e PRGN ERLR iAol sl AR L) Thi s
hi gh- densi t[g093 asma. By such treatnent using high-density plasm, an
I nsulating Tilm paving, 3t D GkOER S Tayéks 357 bt 23 A1 dGhi8ky & plasma
| treatment, so that a surface of the insulating film 254 is oxidized or nitrided. For
example, the insulating film 254 is formed by plasma treatment with a mixed gas of'a
rare gas such as He, Ar, Kr, or Xe, and oxygen, nitrogen oxide (NO;), ammonia,
nitrogen, hydrogen, or the like. In this case, if plasma is excited by introduction of a

20  microwave, plasma with a low electron temperature and high density can be produced.
The surfaces of the single crystal semiconductor layers can be oxidized or nitrided by
oxygen radicals (OH radicals may be included) or nitrogen radicals (NH radicals may
be included) which are produced by this high-density plasma. By such treatment using
high-density plasma, an insulating film having a thickness of 1 nm to 20 nm inclusive,

25  typically 5 nm to 10 nm inclusive, is formed over the single crystal semiconductor
layers. Since a reaction in this case is a solid-phase reaction, interface state density
between the insulating film and the single crystal semiconductor layers can be made to
be extremely low. Since the single crystal semiconductor layers are directly oxidized
(or nitrided) by such high-density plasma treatment, variation in thickness of the formed

30 insulating film can be made extremely small. By solid-phase oxidation of the surfaces
of the single crystal semiconductor layers through such high-density plasma treatment,

an insulating film which has favorable uniformity and low interface state density can be
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25 typically 5 nmto 10 nminclusive, is forned over the single crystal

sem conductor layers. Since a reaction in this case is a solid-phase
reaction, interface state density between the insulating filmand the
single crystal sem conductor |ayers can be nmade to be extrenely |Iow Since
the single crystal sem conductor |layers are directly oxidized (or

nitrided) by such high-density plasma treatnment, variation in thickness of
the formed 30 insulating filmcan be made extrenely small. By solid-phase
oxi dation of the surfaces of the single crystal sem conductor |ayers

t hrough such high-density plasma treatnment, an insulating filmwhich has
favorabl e dnmiedr mty and | ow interface state density can be 23 forned.
[0094] As B(?J the insulating film 254, only the insulating filmformed by
hi gh-densit[y |5I}]asrra treatment nay be used, or one or nore of insulating
films of siliconAeXirdie insiatiigl film@s4 0oty therinstting filrs fdrimed by highrdedsdtymay be
deposited and stacked b CVD,net hod, a sputter.ing.,metho or the |ike.

In any casé’,lasﬂlatt}’eéﬁ%q“éf%?' %?eo‘r‘sr%a‘) i 1 TIPS OEH% 'aﬁg%%ﬁ?f’ r?g SH?FP’F TS med by

hi gh- dersi tslicBh 3gyHitridé, @R kiNesH nifakeinhdy Berdepbratd ynd shackEEb AT D mswbdtai ng film
can have lower variation in_its characteristi cz. [8{3&?‘} 1]9 Nelgt, as
i || ust r at edPytETing gyethog ordhe Bkeo  [MARY Ca¥eed HRmsiStar dyme ding thePsymde257  are
formed in tfig SEARCHNHILEIIREsi BB dRhmean farlly oY Rl G HeOREEREEaiHgON
impurity regions 259 are forned in the sem conductor |ayer 252.

Speci fi cal Ifim cpp hayie lowesvapiatiop dits ¢hgrgetetifticent r ati on i mpurity regi ons 257 are
formed in t[&@s em conductor layer 251. In order to formthe n-type

| ow-concentration inpurity regions 257, the sem conductor 15 |ayer 252

wher e d0p- channeNestFas iflusttatedje FlG rifde a-ty e lowweepesatrpfiqnhimpurigiegipnsdddk, and an
impurity el | ded . 1 £Q9N C T : Jopurity
el enent Sﬁosp Sérl Eréqtger &g}léoglg%l%&n% épb%ﬁé g%é%%%ﬁ%ﬁ%ﬁ?@l%ﬁgﬁ i s added
by an ion degions@59rmet foodedin the séngporidogbrlayetdsdn Srechsdly, Winstribby-tyfee gat e

el ectrode 255 serves. as_a nmask <t pon. i npurity
regi ons 25%0"&'19 8““?‘6?“%‘88 “P%urﬁéegéoélrsnagg%r E}%fn g(ri Hr}é%gf%@\éléfdg‘%?%&g%gél -aligned
manner. A roedpr on fafn theen-speailooncheeteatioh dyeurit® Fdgionsh2 X theosearitempsctari t h t he

T A T A e M
impurity element is added to the semiconductor layer 251. As the impurity element,
phosphorus or arsenic may be added. The impurity element is added by an ion doping
method or an ion implantation method, whereby the gate electrode 255 serves as a mask,
and the n-type low-concentration impurity regions 257 are formed in the semiconductor

20 layer 251 in a self-aligned manner. A region of the semiconductor layer 251, which
overlaps with the gate electrode 255, serves as a channel formation region 258.
[0096]
Next, after the mask which covers the semiconductor layer 252 is removed, the
semiconductor layer 251 where an n-channel TFT is to be formed is covered with a
25  resist mask. Then, an impurity element is added to the semiconductor layer 252 by an
ion doping method or an ion implantation method. As the impurity element, boron can
be added. In the step of adding the impurity element, the gate electrode 256 serves as
a mask, and the p-type high-concentration impurity regions 259 are formed in the
semiconductor layer 252 in a self-aligned manner. The p-type high-concentration
30 impurity regions 259 serve as a source region and a drain region. A region of the
semiconductor layer 252, which overlaps with the gate electrode 256, serves as a

channel formation region 260. Here, the method is described in which the p-type
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sem conductor | ayer 251 where an n-channel TFT is to be forned is covered
wth a 25 resist nmask. Then, an inpurity elenent is added to the

sem conductor |ayer 252 by an ion doping nethod or an ion inplantation

met hod. As the inpurity el enent, boron can be added. In the step of adding
the inmpurity elenment, the gate el ectrode 256 serves as a mask, and the
p-type high-concentration inpurity regions 259 are fornmed in the

sem conductor |ayer 252 in a self-aligned manner. The p-type

hi gh-concentration 30 inpurity regions 259 serve as a source region and a
drain region. Aregion of the sem conductor |ayer 252, which overlaps with
t he gate elhigh-condant26@ inperigesgiass 259 whdmmel afiorthahitype loweicoeenz@idn Her e,
the nethod.i s descr.i bed.in ich.the p-type .24 high- rati i mpurity
Fogi ons 254G ok RRG 2t it Rrfler Riuslet Mk Mo RBRERh BB, FEgf one
257 are f orregchs 250 wavaso bet thanga-firytpe hi gh- concentration inpurity regions
259 can al S@Qﬁﬁj} formed first. [0097] 5 Next, after the resist nmask which
covers the fconductor layer 251 is renoved, an insulating filmhaving a
single lsayer st rgsity@ﬁeloﬂlear_efsiptaﬁdaﬂd_\dha;}igcovsisr metsem@gndwmrﬁiayérnmlr_@es a

ni trogen compound such as silicon nitride or an oxide such as silicon

oxi de, is feped BynsplPmgdHE hevine deinglglayy S’E’H‘E"rrsioﬁé.swf’lgﬁ AR ST Png fil m
is anisot rm&piablh&es%tzﬁﬁ@génicemgo@ﬂrsnamﬁ $ilidoaniteliE 6CAn Gilde WoRbeHYcl dewal |
insulating filnms 10 261 and 262 are fornmed in contact, with side surfaces of
the gate elogider dgfsmoddyamplasmg CYBspetbed g the like. | ThigJpsulatisg flp 5 G 6A
By this anigobioafly 8ichEd ifa pbipendidits drlebdtd, Whkilby SraéwhlS idhEnLtikRed.

[0098] Next, as illustrated in FIG 6B, the sem conductor |ayer 252 is

cover edOwi 261 and 2@ are&irwed pgBntaptivigr ddy surfgees of fctatstelecbades 267 82d BY i npurity

0175 35, 8 UG 1y FRTLL R SR S0 o1t o
hi gh dose [2y4 @mldoetchedpl ant ati on nmet hod or an i on doping nethod. The gate
el ectrode é nd the sidewal | insulating film261 serve as a mask, and
n-type hi gﬁ-@gicent ration inpurity regions 267 are fornmed. Next, heat 20
treatment to actNesf s illheratedpnFiG 0B tenemicondugp@rifyer @82 is JodO9d withfat er t he
heat. t rl%at r1Itl=?sri]stt 2%9 aI%tcjr eer‘ttg fctvrpnehiigﬁr}c):gl{cieﬁt at%h Ei'r%%n?rtny rggr}oﬁsns%}]\}i% eilsn sglxirclzem s
region and a drain region in the semiconductor layer 251, an impurity element is added
to the semiconductor layer 251 at high dose by an ion implantation method or an ion
doping method. The gate electrode 255 and the sidewall insulating film 261 serve as a
mask, and n-type high-concentration impurity regions 267 are formed. Next, heat
20  treatment to activate the impurity element is performed.
[0099]
After the heat treatment to activate the impurity element, an insulating film 268
containing hydrogen is formed as iflustrated in FIG. 6C. After the insulating film 268
is formed, heat treatment is performed at a temperature of 350 °C to 450 °C inclusive so
25  that hydrogen contained in the insulating film 268 diffuses into the semiconductor
layers 251 and 252. The insulating film 268 can be formed by deposition of silicon
nitride or silicon nitride oxide by a plasma CVD method at a process temperature of
350 °C or less. By supply of hydrogen to the semiconductor layers 251 and 252,
defects to serve as trapping centers in the semiconductor layers 251 and 252 and at the
30 interface with the insulating film 254 can be repaired effectively.

[0100]
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contai ning hydrogen is forned as illustrated in FIG 6C. After the
insulating film268 1is formed, heat treatnent is perfornmed at a
tenperature of 350 Cto 450 C inclusive so 25 that hydrogen contained in
the insulating film 268 diffuses into the sem conductor [|ayers 251 and
252. The insulating film268 can be fornmed by deposition of silicon
nitride or silicon nitride oxide by a plasna CVD nethod at a process
tenperature of 350 C or less. By supply of hydrogen to the sem conductor
| ayers 251 and 252, defects to serve as trapping centers in the

sem conductor |ayers 251 and 252 and at the 30 interface with the

i nsul ati ng fi I m Zbeh, (aarintbéayleepali!lnténg Biinf 362 isviehyed. [ The Giterk e newlatingn
interlayer atl f|| i-s. for.me e t e film
269 can be acan HCO? %g\fﬂl rlllﬁwgg gush“yé lai’%f@r:l&g%ro&c %?%&gra&agstack d
| ayer str u;trtwtme SBEbted:tﬁeﬂh rilsmammgrfﬁmls af iimoggahicl materddls, isndr gansiticanadxidd al s,

such as a s lico xi de m an or o sphorus silicaon ass, ( BPSG
film or ?@n?g’gf% ]?}qup&on.&ﬁ St 00605 ?Sn&&%’% 1ﬂﬂ/l(}f ey erSWeghsk%f Cont act
hol es har:sef fpé[yﬁgdiej m;}u{a:emaﬁenﬂd{ay QIontnghﬂgéd dré ﬁom]feu hmtﬁﬁﬂteﬂ%md msmauufggfs 2 700I
are then forned as jil]us ted in _Fl The wirin can or me
using a Coﬁ'a{ylc%ﬁi%@ldf\?/lrlﬁgﬁ,é'@rﬁfgﬂiﬂﬁ,f@'glefiﬁglus'g%t?%&é}ﬁegé Zgﬁﬁ‘ﬁlﬁm& b

| owresi st g eheBrAbd fusind $ UehdrEvamilal with rwrmréé-la Oktnaurél il vRigal | oy
filmis sandw ched between barrier nmetal filns, tor exanple. The barrier

metal fil ngowagsisiance gkl Emy sicheas %ﬁlﬁelwmﬁ%wrfw hsmurs P oL i

chrom um  tehi fAkALD beeveeh earriekr Kﬁ'etal fiitehs Odokr &E&h@@g hl‘l‘ie.hsarﬁ&eﬂ%taﬂﬁﬁﬁsf tfed above,
a sem conduct or devi ce havi ngi n- channe p- channel TFT can be
manuf ackOur @QCh frecfeomqd using arpsal fidm 9b mobybeenvin elnraelﬂw,uthﬁ@wmm thedikgescri bed

W th refer fAjto FIGS. 5Ato 5D and FIGS. 6A to 6C however, a variety of
sem conductor | ements such as a capacitor or a resistor as vveII as the
TFTs is forned, Whengbyhea stepsi doonibedt dovelewi saicondudiothdeiticeaddeitle val ue can
be manuf act ur r devices are described

bel ow wi th 're e:}eé?@@%{nééﬁcﬁ%ﬁ@ﬁﬁcaﬁ%@?@ﬁ{\‘gbﬂ%ﬁ First, a m croprocessor

w |l be deqoéri2hed as an exanple of sem conductor devices. FIG 7 is a block

di agr ar"%i ITustr arl“Lengetﬁof I’oﬁ* lﬂl%%gfagtmmm is descrlbed with reference to FIGS. 5Ato

5D and FIGS. 6A to 6C; however, a variety of semiconductor elements such as a

capacitor or a resistor as well as the TFTs is formed, whereby a semiconductor device
with high-added value can be manufactured. Specific modes of semiconductor devices
are described below with reference to the drawings.

20 [0103]

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

devices. FIG. 7 is a block diagram illustrating a structural example of a
microprocessor 500,
[0104]

25 The microprocessor 500 has an arithmetic logic unit (also referred to as an
ALU) 501, an ALU controller 502, an instruction decoder 503, an interrupt controller
504, a timing controller 505, a register 506, a register controller 507, a bus interface
(Bus I/F) 508, a read-only memory 509, and a memory interface 510.
[0105]

30 An instruction inputted to the microprocessor 500 through the bus interface 508
is inputted to the instruction decoder 503, decoded therein, and then inputted to the
ALU controller 502, the interrupt controller 504, the register controller 507, and the
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m croprocessor 500. [0104] 25 The m croprocessor 500 has an arithnetic

|l ogic unit (also referred to as an ALU) 501, an ALU controller 502, an

i nstruction decoder 503, an interrupt controller 504, a timng controller
505, a register 506, a register controller 507, a bus interface (Bus I/F)
508, a read-only nenory 509, and a nenory interface 510. [0105] 30 An
instruction inputted to the m croprocessor 500 through the bus interface
508 is inputted to the instruction decoder 503, decoded therein, and then
inputted to the ALU controller 502, the interrupt controller 504, the

regi ster controller 507, and the 26 timng controller 505. The ALU

control | er thiAg cohtollent5@br uphe AdAl colttolier 508, the Heterrg gioptreller cyMt rtlcﬂ I er 507,

and the timn cont onduct v
decoded i n§?$1%8 OSHOI?TS%GTQEECU%% 5\?_1U°ﬁell :?Hocloﬁ Eg%k)ﬁsgg(?@r%%tb%s sl gnal s to
control theho@eodddiinstruodont he ALU 501. The interrupt controller 504 is a

circuit Wm(O‘ rocesses an interrupt request from an external input/output
device or 4 i pheral circuit while the mcroprocessor 500 is executing a

programs and t heThé\ABUN dofitrolte@ 302 g&ﬂemtesaig@apn@e@memeapemmremﬂtu@mmquest

based on its priorjity or a npsk state ister controller 507
generates aW! adElFee’%’}'/rT@ %P”&%&SQ‘%’Q%’F&W ‘36'6'[‘ p'g’ﬁ?fs‘?sé’ﬁd‘éte%% THUPE &8 at a from

and to the ghegietdafinpaéutpul dBCiEO6ORPEphetdl tittuithehiktthd Mi@bprbésois0 @pr ocessor
500. The timng controller 505 generates signals which control timng of

oper ati on ¢¥equHBE ALRgen, and theAftrrap¢qngpller, S04opocessse an; ipleFTPRICEAYS decoder
503, the | nLglrdipits Rk &ld ﬁask%%e r&giﬁemgtrale@rsoﬁga{emésl Mladaflds For

exanple, the timng corntroller 505 is provid th an internal clock

gener atlfr 1% theregisfey¥ifernsl reads and prites datg)from @@HO éheg REIFteICORAN BepoEtangn a
reference Shiifife B m nithoprodiSiol 56! Thak A %sbnﬁloﬁe‘er 505 gteﬂé?'atleglglg%a:ﬁgl clock

signal CL I's Irnputte clrcuits. an exa
sem conductwinclfde&mtcé tinzing roff aperation tofi rtke AU Liﬁl:,t thgrv‘\hﬂdcont;mlﬂﬂyniﬂ% &he of

e RO REGLY09, Aot BN P B S5RSE el 2 2
devi ce. A Femeganplecthetindey caarolled 5% rsaprevidemwﬁh@n iBteomh clvek gahdragor a
comput eIrS _t Qx%[ichoé)(i%ér%%eg an %n?emal clock signal CLK2 based on a reference clock signal CLK1.
As illustrated in FIG. 7, the internal clock signal CLK?2 is inputted to other circuits.
[0107]
Next, an example of a semiconductor device having an arithmetic function and
a function of transmitting and receiving data without contact is described. FIG 8 is a
20  block diagram illustrating a structural example of such a semiconductor device. A
semiconductor device illustrated in FIG. 8 can be called a computer that operates to
transmit and receive signals to and from an external device by wireless communication
(such a computer is hereinafter referred to as an "RFCPU").
[0108]
25 As illustrated in FIG. 8, an RFCPU 511 has an analog circuit portion 512 and a
digital circuit portion 513. The analog circuit portion 512 includes a resonance circuit
514 with a resonance capacitor, a rectifier circuit 515, a constant voltage circuit 516, a
reset circuit 517, an oscillator circuit 518, a demodulator circuit 519, a modulator circuit
520, and a power management circuit 530. The digital circuit portion 513 includes an
30  RF interface 521, a control register 522, a clock controller 523, a CPU interface 524, a

central processing unit 525, a random-access memory 526, and a read-only memory

527.
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transmt and receive signals to and froman external device by wreless
comuni cation (such a conputer is hereinafter referred to as an "RFCPU").
[0108] 25 As illustrated in FIG 8, an RFCPU 511 has an analog circuit
portion 512 and a digital circuit portion 513. The analog circuit portion
512 includes a resonance circuit 514 with a resonance capacitor, a
rectifier circuit 515, a constant voltage circuit 516, a reset circuit
517, an oscillator circuit 518, a denodulator circuit 519, a nodul ator
circuit 520, and a power managenent circuit 530. The digital circuit
portion 513 includes an 30 RF interface 521, a control register 522, a

cl ock contfold9¢r 523, a CPU interface 524, a central processing unit 525,

a randont access ,?Em)ré@%%fP@qﬂ:&ﬁ,&[}?@c&ég@gﬁyﬁgﬁﬁ? bé%& %ze IIeQJnQ%e The

operation of the OW. The Tresonance
circuit 514irggineiakarrittdindedd elieabmotingt fone Based en radgul owwerved ibyrmml

recei ved by an ennpa .528. ., The induc el.ectrgnptive f.orce is ored in a
capaci t or ﬁBWP‘i‘%%Z%S ‘?‘ﬁ“%‘hﬁﬁaf%oq'rvg?gﬁc? ilséFtOE"l‘l(arI&ﬁ fAPRGIOT PRHHOR 5(gzzt(?l)paci t or
por ti on 5529hiogetthe tkial dirchip 5 1R d i dapacikof prieh 523 is prudtrably formed vt C

capacitor or an electric double Iaéer capaci t or. acha%L ortion 529
511 and

. %Pe ca
is not nece@sERATHOY spelk &GP SETIANIG FRPACIEY Y 1A G APl (Y P “9PARY

can al so beuiREORAGALRY id fbt hiRsdRRGRkephid af adulssep@iitled @A RETPU [ 0110]
10 The reset circuit 517 generates a signal which resets and initializes

t he di git al511 endcagiatso b incpiparateddn theiF (@b |28 2 senEats oty cyj t 517
generates,[@ﬁo? reset signal, a signal which rises after rise in a power
supply vol tage wi th delay. The oscillator circuit 518 changes the
frequeri®y and dufbe resaticiowt 5K genevstes gisigmal whigh msels aad dtéaliges the digitelont r ol

si gnal genet at. 01k U tor
circuit 15 Cg?@FE%IB%{tn é?sﬁcﬁ:?)'?%ﬁ [ é%‘{g%%%ﬁclugﬂtngg%&ﬁ%&%ﬁ%@ggg{g y L%nd the
modul at or Gigneluivhich 2Bes sfter risei incauippwehsupplymodigbadth dedayva e pecillatemsni t t ed.

[OLILLFor PR oabbS SRR 8 Ry GHL IR el HEBup | 0 pacs
vari ati on @bntdlaign0eenenptet hydite cdnstant ddtage crouitrt6+ hEheadepiodulatbe civfuitan
anpl it ul%e-‘rgqg lilsl 5 gi?c%it&v%%@ demodulates a received signal, and the modulator circuit 520 is a
circuit which modulates data to be transmitted.
[o111]
For example, the demodulator circuit 519 is formed using a low-pass filter and
binarizes a received amplitude-modulated (ASK) signal based on variation of the

20 amplitude. In order to vary the amplitude of an amplitude-modulated (ASK)
transmission signal and transmit the signal, the modulator circuit 520 changes the
amplitude of a communication signal by change of a resonance point of the resonance
circuit 514.

[0112]

25 The clock controller 523 generates a control signal to change the frequency and
duty ratio of a clock signal in accordance with the power supply voltage or consumption
current of the central processing unit 525. The power supply voltage is monitored by
the power management circuit 530.

[0113]

30 A signal inputted to the RFCPU 511 from the antenna 528 is demodulated by

the demodulator circuit 519 and then decomposed into a control command, data, and the

like by the RF interface 521. The control command is stored in the control register
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transm ssion signal and transmt the signal, the nodulator circuit 520
changes the anplitude of a communication signal by change of a resonance
poi nt of the resonance <circuit 514. [0112] 25 The clock controller 523
generates a control signal to change the frequency and duty ratio of a

cl ock signal in accordance with the power supply voltage or consunption
current of the central processing unit 525. The power supply voltage is
nonitored by the power nanagenent circuit 530. [0113] 30 A signal
inputted to the RFCPU 511 fromthe antenna 528 is denodul ated by the
denodul ator circuit 519 and then deconposed into a control command, data,
and the |i38. bfh¢ bantRFcomnandf inclades 2dadinphef datinstered irctreaddonly memoned in t he

control register. .28 . e control c i ncl q@ﬂi ta
stored in tHed VE4RE gtﬁcfa)%f‘ tr?gsfbrrai} O%ﬂcf,essv\lﬁ %ﬂézg% %&g@gﬁ?t% e&?()él(r)i_t 59n%aaccess
menory 526, ceattaldtackdsimgtunit S2Hahd thetliken to the central processing unit 525,
and the Iiﬁ@ 0114] 5 The central processing unit 525 accesses the
read-only W y 527, the random access nenory 526, and the control

regi sters 522 vi aThbeefiBil prodesdifipagit $24. accdbe GEUeadidmly fraaroy27 ulct i ons to
generate an access signal fqr any of the read-anl nme y 527, e

r andom ac c d8BIFRsAGESS ‘B?’B?ryé%& i‘"ﬁeth‘?:ﬁ?ﬂt ety @?‘e‘%ﬁa g?zeggégﬁr U 522 addr ess
request ed byhet d¥ey GREFIAS2P PCESSItH Gertbhdité 1D 2&ess1slnhOfb ahy ABthaReadrdnihmet i ¢

met hod of the central processing unit 525, a | o

met hod naé be eqP %Fd in
whi ch the reeEeRRy: therpigmgscrssmepey 54f BPdhetantg! iegistendd 1885d Shit a
programis a{da&gs&&sés@aﬁy%%@n@pltob@ssﬁ.garﬁatsis.startI ng operation. _
Alternatively, a nmethod” can be enployed in which a dedicated arithnetic
circuitll s [BtNi ded and arithnetic 15 processing i s conducted using

hardware. In a mathadhn whipeh, BolrhnhaiduesSeedlith uiPbivantiiemasad, part

of arithnetic processing Is conducted by a dedicated arithnetic” circuit
and the ot hemplgadtin ehichithe gaailtohlyemérsonyriad stos¢srag opsragiog dyssene @OByandee cent r al

processing p%%r%m%g Rad' Sld Sehtdf fHARe (Lf%a}tﬁlg operation. Alternatively, a method

can be employed in which a dedicated arithmetic circuit is provided and arithmetic
15  processing is conducted using hardware. In a method in which both hardware and
software are used, part of arithmetic processing is conducted by a dedicated arithmetic
circuit and the other part of the arithmetic processing is conducted by the central
processing unit 525 using a program.
[0116]
20 Next, display devices are described with reference to FIGS. 9A and 9B and
FIGS. 10A and 10B.
[0117]
FIGS. 9A and 9B are drawings to describe a liquid crystal display device. FIG.
9A is a plan view of a pixel of the liquid crystal display device, and FIG. 9B is a
25  cross-sectional view taken along section line J-K in FIG. 9A.
[0118]
As illustrated in FIG. 9A, the pixel includes a single crystal semiconductor
layer 320, a scan line 322 intersecting with the single crystal semiconductor layer 320, a
signal line 323 intersecting with the scan line 322, a pixel clectrode 324, and an
30 electrode 328 which electrically connects the pixel electrode 324 and the single crystal
semiconductor layer 320. The single crystal semiconductor layer 320 is a layer formed

using the single crystal semiconductor layer provided over the base substrate 120 and is
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20 Next, display devices are described with reference to FIGS. 9A and 9B
and FIGS. |OCA and | OB. [0117] FIGS. 9A and 9B are drawi ngs to describe a
liquid crystal display device. FIG 9A is a plan view of a pixel of the
liquid crystal display device, and FIG9B is a 25 cross-sectional view
taken along section line J-Kin FIG 9A [0118] As illustrated in FIG 9A
the pixel includes a single crystal sem conductor |ayer 320, a scan line
322 intersecting with the single crystal sem conductor |ayer 320, a signal
line 323 intersecting with the scan line 322, a pixel electrode 324, and an
30 el ectrode 328 which electrically connects the pixel electrode 324 and

t he si ngl e imahydet &l a TRER ceditiuwsadr | ayer 320. The single crystal

sem conduct[@{lgl‘ ayer 320 is a layer forned wusing the single crystal

sem conduc ayer provided over the base substrate 120 and is 29
included in a TFAs 325501 substra] xkd .SOI[ fibittdte Alescaibed®@h mybsf et ebovehe SO
substrate descr.i bed.in any, of the ab epbodi rent s i s _.used.

T ust £ at edmpRtirees el Hor Upigd TR FIE 0B P aheRaRaTLSm e e Baerang | o
st ackedsovepo tigestake® Subshd das $ABtrivet R0t Rgthoriedoxifié | fitm1322 aand thee

nitrogen-containing |ayer 121 |nterpopsed. therebetween. As th se
substrat e fﬂmgeracorafr%}gg?@’ﬁbé%lr%f‘ép%a@ﬁéeba%m ﬁf\gﬁgibﬁﬁl Sélbifﬁ?ﬁsf X

sem conductyis kitk@ite 32D b lisdd T Jingld 2Bysiab sdritHRIdctoY 1294e3DBNS the aiFat | on of
the single crystal sem conductor Ig%er of the SO, substrate by etching. In

the singl e 385 ysstoemedshyrslensng thetation phipe singlo gryshssiHeandpgemiaysr ShtieFYegi ons
340 and n- i ce in@e ci Inf brARger 344, chahnéoshatn | Mpurity
el ement | stsgkﬁggﬂg bg?te&l?lgr nglzjfl@%h%at(:feﬁ?ealyéﬁl%gggagf ny%he TFT 325 is included in
the scdf Irégiens3A0 and ndypenkiglhrongeritition émpiriy reginme 34hde Fhighanrimeret r ode i s
i ncl uded | S I i 3 i iLAsul ati ng
film 327, {éﬁéﬁgﬁ lgﬁa Ial'reneolngg%, %qtgﬁaéé g%%g%deg?%@%%ﬁq%%ﬂglﬁ%gyﬁﬁg&gl ectrode
328 are pr dine d22.anOpee of heourer eedteyleand addimtieeitpdeiis incpdad in e lsighalar
spacers BZZmag% formed. An orientation film330 is formed to cover the
signal lin 323" the pi xel electrode 324, the el ectrode 328, and the

col umar spaieers 329.

15 ~ Over an interlayer insulating film 327, the signal line 323, the pixel electrode

324, and the electrode 328 are provided. Over the interlayer insulating film 327,
columnar spacers 329 are formed. An orientation film 330 is formed to cover the
signal line 323, the pixel electrode 324, the electrode 328, and the columnar spacers 329.
On a counter substrate 332, a counter electrode 333 and an orientation film 334 that

20 covers the counter electrode 333 are formed. The columnar spacers 329 are formed to
maintain a space between the base substrate 120 and the counter substrate 332. In the
space formed by the columnar spacers 329, a liquid crystal layer 335 is formed. At
connection portions between the signal line 323 and the electrode 328, and the
high-concentration impurity regions 341, there are steps formed in the interlayer

25  insulating film 327 due to formation of contact holes; thus, orientation of liquid crystal
in the liquid crystal layer 335 in these connection portions are likely to be disordered.
Accordingly, the columnar spacers 329 are formed in these step portions to prevent
orientation disorder of liquid crystal.
[0121]

30 Next, an electroluminescent display device (hereinafter referred to as an EL
display device) is described with reference to FIGS. 10A and 10B. FIG. 10A is a plan

view of a pixel of the EL display device, and FIG. 10B is a cross-sectional view taken
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On a counter substrate 332, a counter electrode 333 and an orientation film
334 that 20 covers the counter electrode 333 are forned. The col ummar
spacers 329 are fornmed to nmintain a space between the base substrate 120
and the counter substrate 332. In the space fornmed by the columar spacers
329, a liquid crystal layer 335 is fornmed. At connection portions between
the signal line 323 and the el ectrode 328, and the high-concentration
inmpurity regions 341, there are steps fornmed in the interlayer 25
insulating film 327 due to formation of contact holes; thus, orientation of
liquid crystal in the liquid crystal layer 335 in these connection
portions arabongiskaioy linoJBendlQdldder ed. Accordingly, the col umar spacers
329 are forﬁgﬁ in these step portions to prevent orientation disorder of
liquid cryJ ] [0121] 30 Next, an el ectrolum nescent display device
(hereinafter refasrkhdirited asFBG 1BA, theipbel m,clmlm/h s&lycting tdedaon A dchndiat h

reference tQ | an of a |er of
e EL i s R a0l sy 4Pl e s seot 2 0% B fta e b o B30

al ong sect isgpply lin€46%; fand d’p&él@ecﬂ:&% 408] M]plxelslﬂp{‘dvﬁt&ﬁﬂ\&ﬂl@,dlghﬂeﬁﬂﬁg 10A, the
pi xel includes a sel ecting tran tor 401 and a ua control transistor

402 that arcéemeptrhaving g sEyeTyre i w, @ a ayeéuca%lrlm&%e 9?58 eSeRPF BRerials syppl y
line 407, aEp l@‘ei‘)% n@érﬁ@s%éi B&Q/eérpgpalE@fléled@ioﬂ@J IOhe RF ehél lk@ehoddstoT e

light-emtting el'ement having a structure in which a |ayer containing an

el ect r ol unilighcemifingnelementdp the pixelppleqtipde 498, Jnj %ﬁ‘é’i“ﬁ@?&ﬂob&yﬁkéﬁ’ﬁ & pair of
el ectrodes. (g fatmattb% rELi6E I BHes régiont 5}&1 a hﬂaﬁme%lﬁﬁrbf‘ the @ae&ing rﬁ%ﬂélstbrs t he

pi xel el ectrode . I'n a sem conduct or | ayer channel formation
regi on,10a %Mraceefqn@g:l onln azaeticandhckr rhanee@%ﬁ chennch SrHBlieiKcRiNg, @ PO st or 10
401 are TOLoRth, 4 2 REIMGAGEIP LR als¥Pleofit rAscBAA0S ard Q4HRH! Oy 01 O, 2
source region,” an raih regi on o I splay control transistor 402
are forned. selﬁfmendtswmlmrsdfwétamﬂ 40dyeeg forded usingl thrOsingle erybiel srmdcandiseier t he
single cryata% % G q&; L badeYBirak24 Provided over the base substrate.
[0123] 15 $T {HPQE |ng CPFENST St 0r 401, a gate electrode is included in
the scan |i[@k23405; one of a source el ectrode and a drain electrode i's
include in the nal d t he . ot ' an ectrode
411, T he i spltH SuspB oD Ty hatior o€ s ipduded iThR o8 M 405

one of a source electrode and a dram electrode is included in the signal line 406; and the

other is formed as an clectrode 411. In the display control transistor 402, a gate

electrode 412 is electrically connected to the electrode 411; one of a source electrode

and a drain electrode is formed as an electrode 413 that is electrically connected to the
20  pixel electrode 408; and the other is included in the current supply line 407.

[0124]

The display control transistor 402 is a p-channel TFT. As illustrated in FIG.
10B, in the semiconductor layer 404, a channel formation region 451, and p-type
high-concentration impurity regions 452 are formed. Note that as the SOI substrate,

25  the SOI substrate manufactured in any of the embodiments is used.
[0125]

An interlayer insulating film 427 is formed to cover the gate electrode 412 of
the display control transistor 402. Over the interlayer insulating film 427, the signal
line 406, the current supply line 407, the electrodes 411 and 413, and the like are formed.

30 In addition, over the interlayer insulating film 427, the pixel electrode 408 that is
electrically connected to the electrode 413 is formed. A peripheral portion of the pixel
electrode 408 is surrounded by an insulating partition layer 428. An EL layer 429 is
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el ectrode 412 is electrically connected to the el ectrode 411; one of a
source electrode and a drain electrode is fornmed as an el ectrode 413 that
is electrically connected to the 20 pi xel electrode 408; and the other is
included in the current supply line 407. [0124] The display control
transistor 402 is a p-channel TFT. As illustrated in FIG |0B, in the

sem conduct or | ayer 404, a channel formation region 451, and p-type

hi gh-concentration inpurity regions 452 are fornmed. Note that as the SO
substrate, 25 the SO substrate manufactured in any of the enbodinments is
used. [0125] An interlayer insulating film427 is formed to cover the gate
el ectr ode ztmnedfovert the pixbbqitcaly)d@m pied a couates blsctmdeAGQ is 1Ouaed aveethedtler | ayer

insulating.fil | 4 r 407, the
el ectrodes lﬁyfiq% id Ah‘l n?eéﬁﬁ[%pate 4 i 'S 8‘?1@9 Br nedﬁ& %E%ateség@kl oﬁhlﬂgrver t he
i nterl ayer substatead3il mgfifed tonthé Ddse stﬂbna“agmlzelmthlaewn kbyge 4308 that is
electrically.,connected to the electrode 413 is forned. A peripheral portion
of the plxé 126@Iectrode 408 is surrounded by an insulating partition |ayer
428. AnsEL | ayer TH®Brayscaledt theoFDEdphy devitdd cphixelled dyaditherodeurdBdriend a
counter el ectrode 439pis forn%% over the EL counter substrate
the dPHingR<s;

429
431 is pro/rdny wherg ekt Em‘%l?m@%g{ﬁﬂ%rgpedb@yu%‘?Pta? Té 431 is

fixed to thgp ive whstodaitRrelRP mmlh&ca;sr@ﬁtralddaayaroltég?ez The &dednt dfveThe
grayscal e of t EL display device is controll ¥ either a current drive

met hod \/\herféeﬂtl%’elsl @ﬁi%ﬁﬁeéﬂeo?melﬂb@dlw st ﬁ@"ee herasterisics WRIFR 28R | ed by

current or 1goclyQiffRaR b@Mewpﬁz%ishﬁlereM@r@c&ﬁ}ﬁnéaﬁah eﬁaﬁtewhﬁh ‘é@rﬁbén@zitbsed by
vol t age. The current drive hod is difficult to be enp

transi sltOor yatiahicn ie wharegeristigssis me@e@mu Whergthe EL disply| dpvige fsr@#@%ﬁﬂ%@t%en
pi xel's; ther ﬁgﬂff&’turﬂlgcrg&ggdqéﬁgfgﬂg £ amithduifY RSO TP ERSRITERIbdfhte/ @ ation in

characterl stiIcs 1s n he EL displQay device is manuf actured by a
manuf act ur isalgctingttreosiston 49 Latidge displan wbricdl (rehsigiondBodesrot dpveayarBtpn gubst r at e,

hoee ooy oAb o RGPl AlidhPlyitd Fticat o 02 o not

have variatTon Th charabt erls Ics from to piIxe rdingly, the
current driewployed.hod can be enpl oyed. 15 [0127] That is, various
el ectrolrgi c [gfzz\ei]ces can be manufactured using SO substrates.

That is, various electronic devices can be manufactured using SOI substrates.
Examples of electronic devices include: cameras such as video cameras and digital
cameras; navigation systems; audio reproducing devices (car audio systems, audio
components, and the like); computers; game machines; portable information terminals
20  (mobile computers, cellular phones, portable game machines, electronic book readers,
and the like); image reproducing devices provided with recording media (specifically,
devices that are each capable of reproducing audio data stored in a recording medium
such as a digital versatile disc (DVD) and that each have a display device capable of
displaying image data stored therein); and the like. An example of these electronic
25  devices is illustrated in FIGS. 11A to 11C.
[0128]
FIGS. 11A to 11C illustrate an example of a cellular phone to which one
embodiment of the present invention is applied. FIG 11A is a front view; FIG. 11B, a
rear view; and FIG. 11C, a front view in which two housings are slid. A cellular phone
30 700 has two housings, a housing 701 and a housing 702. The cellular phone 700 is a
so-called smartphone that has both a function as a cellular phone and a function as a

portable information terminal and incorporates a computer to conduct a variety of data
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Exanpl es of el ectronic devices include: caneras such as video cameras and
digital caneras; navigation systens; audi o reproduci ng devices (car audio
systens, audio conponents, and the |ike); conputers; gane machi nes;
portable information termnals 20 (nobile conputers, cellular phones,
portabl e ganme machi nes, el ectronic book readers, and the like); inmage

r epr oduci ng devi ces provided with recording nedia (specifically, devices
that are each capabl e of reproducing audio data stored in a recording

medi um such as a digital versatile disc (DVD) and that each have a displ ay
devi ce capable of displaying inmage data stored therein); and the like. An
exanpl e of prémesingdiesidesvomiecallR5 devices is illustrated in FIGS. 11Ato 11C
[ 0128] FIG% :%%A to 11C illustrate an exanple of a cellular phone to which
one enbodiﬂ% of the present invention is applied. FIG | 1A is a front
view, FIG 11B, @he cehdarvphene 760 dasithe hdiidgs J0f raodt70Ri e¥hd howstngc F 1t wo

housi ngs ar.e.slid...A cel |l ul phone 30.,700 .has, t Qusings, a usi ng 701
and a housig® 6?.‘1’3?}% pglgﬁopﬁf)%ﬂa %ﬁ%ﬁé%fbﬁ "flgroghon\é\gp %éﬂp?%gglslﬁ%[ﬁ t@ﬁ&ne t hat
has bot BB a gotfifiag idevices®)7aa Geht-fute¢aneholrs 208camexternal tconmection @rmipalrjhdbl e
information termnal and . por. at a conput.er . conduct varj ety of
data 32 pr78§€§sqaw onscgimeal 1 iaps hedikes. ThqHopsag iR e Poafitte 700 has
t he housi ngs e&kBinaAMEmiP? slofd €2, NOkGI-fage diera i703| AitglR A4dusDiheMikeor Ini on 703,
a speaker 704, a mcrophone 705, operation keys 706, a 5 pointing device
707, a froriddifignan antrpads insprporptsd in e haysing 1947 connection terminal jack
709, an earpiyppe termnal 710, and the like. The housing 702 includes a
keyboard 711, "an external nenory slot 712, a rear-face camera 713, a |ight
714, and the |i kBurthep inzdditiongn, theygbeist empanends. jthe 6¢1tararhore 780ty housi ng
701. [0130%0;\1;9);&95E&ﬁéctleésqc%glg!éérﬂzﬂl 4R hiiford BONG:, 6OMRARENt s, the cellular

phone 700 I ncorporate a ntactless I1C chip, 'a small size nenory
device, or [0Kd]like. [0131] The housings 701 and 702 which overlap with

CReh o ner 1! L A T s SRR plicindcne,
di spl ay pariéh) oan lze dhvelppalybyddidingeastibusivaicd in Fi{e 1h@t hBlt display portion 703
15 can incorporate a display panel or a display device to which the method for
manufacturing the display device described in Embodiment 1 or 2 is applied. Since
the display portion 703 and the front-face camera lens 708 arc provided in the same
plane, the cellular phone can be used as a videophone. In addition, still images and
moving images can be taken with the rear-face camera 713 and the light 714 with the
20  use of the display portion 703 as a viewfindet.
[0132]
With the use of the speaker 704 and the microphone 705, the cellular phone
700 can be used as an audio recording device (recorder) or an audio reproducing device.
With the operation keys 706, operation of incoming and outgoing calls, simple
25  information input for electronic mail or the like, scrolling of a viewing area displayed
on the display portion, cursor motion for selecting information displayed on the display
portion, and the like are possible.
[0133]
If much information needs to be handled, such as the case of creating
30  documentation and using the cellular phone 700 as a portable information terminal, the
use of the keyboard 711 is convenient. The housings 701 and 702 which overlap with
each other (FIG. 11A) can be developed by sliding as illustrated in FIG. 11C. When
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manuf acturi ng the display device described in Enbodinment 1 or 2 is applied.
Since the display portion 703 and the front-face canera |l ens 708 are
provided in the sane plane, the cellular phone can be used as a

vi deophone. In addition, still inages and noving inmages can be taken with
the rear-face canmera 713 and the light 714 with the 20 use of the display
portion 703 as a viewfinder. [0132] Wth the use of the speaker 704 and the
m crophone 705, the cellular phone 700 can be used as an audi o recording
device (recorder) or an audi o reproducing device. Wth the operation keys
706, operation of incomng and outgoing calls, sinple 25 information input
for el ect r dhé celluter phane i$ h@dlaisIaqmrtshicmfbmmg'omtermina],@mﬁb operationltapicayed  on
t he di spl ay |on ) f ok I g f.o ti ayed on

t he di spl ay”® B@% etdl g%ng gl}ud%? bé)alidl EQ g}l% ﬂ;% g dé[ %EBZ(FB Rt thtél ‘hf ormation
needs to be:ohﬁa&dbmtérmmalthla”s)svtdae bea:smeoifedcms aat\O'a;giaptBﬂamﬂ)mmamU@bs on and
using the cellula g IFﬂa ortabl(ﬁ |tnformat|on terén the use
of the keylBaFys 1Sias 6 andt chargine and, dpig SEMAERICATR WY a\/\Pﬁr%: abver | ap

with ea:»ch dotripeter 6ﬁhé3hke1éré\))0§sﬂﬂb bmafemh apeshrdiyg ledidinngn &8 insktedsintoat ed i n
FIG 11 C. Wen 33 the | ne i s us as rtabl e informtion
terminal , sth?)?i‘ttﬁn%mé ég B@Pa 6:To (o] c??ggtﬁﬁﬂ’alfeffgor IEPEd711 and the
poi nting dggizg 707. The external connection term' nal jack 709 can be

connected to an AC adaptor_ and various types cabl es such as a USB
cabl e, and char gWh@hO&‘ﬁ'agaﬁ%biPE‘B’H?GHY‘@&FP?@H“W?W“&%@@SHQW Iight Ol er or

the like arf% leasiﬁbéotm eai\aesrun #ha F@scﬂfd%aﬂngrﬁﬂégéﬁncﬁﬂﬁe bkeh ASiRE RA i Nt o
the external nmenory slot 712 so a large volune of data can be stored
and novid. dl?{pMmFIGIIWQE‘M@PW@HdFDZ is provided with the rear-face canera
713 and th ght 714 on its rear face (FIG 11B), and still images and
novi ng inages an be taken using the 10 display portion 703 as a

vi ewf i nder. [ 013BijrtHermerheinraddition it thedabiov¢-descriedt fhectigh® vhe ekdbiar ipbens

et i one: JoBenfPalsy'rle AR RBared d8mR¥iRAGO ARG, ATUSBY AL 8F SRIIHN cat ! on

function, a television one-segment tr'ng recelving
function, ébne-eegnamt breadcadting edvicjyinganaian phantacilas kG clop, an earphone jack, or
15  the like.
[0136]

The electronic device illustrated in FIGS. 11A to 11C can be manufactured by
application of the aforementioned method for manufacturing a transistor and a display

device.
20 [0137]

Note that the structure described in this embodiment can be implemented in
combination with any of the structures described in the other embodiments in this
specification, as appropriate.

[0138]
25 [Exampie 1]

FIG. 12 is a view in which a printed portion before CMP treatment is observed
with a laser microscope. FIG. 13 is a view in which the printed portion after the CMP
treatment is observed with a laser microscope. FIG 14 is a view in which a step
profile before the CMP treatment is observed with a laser microscope. FIG 15 is a

30 view in which a step profile after the CMP treatment is observed with a laser
microscope. When FIG. 12 and FIG. 14 are compared to FIG 13 and FIG. 15, it is

apparent that although there are a hole due to a laser marker and an edge at an edge
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15 the like. [0136] The electronic device illustrated in FIGS. 11A to 11C
can be manufactured by application of the aforenentioned nethod for

manuf acturing a transistor and a display device. 20 [0137] Note that the
structure described in this enbodi nent can be inplenmented in conbination
with any of the structures described in the other enbodinents in this
specification, as appropriate. [0138] 25 [Exanple 1] FIG 12 is a viewin
which a printed portion before CMP treatnent is observed wth a |aser

m croscope. FIG 13 is a viewin which the printed portion after the CW
treatnment is observed with a |aser mcroscope. FIG 14 is a viewin which a
step prof ipoetidnedfcthe holacthCvBza atghe rdget paridonols semeed and lanarized dwr CMIPcr oscope.

FIG 15 is 30.Viiew i i C j ft t is
observed w ‘?%05117% \g?ndﬂﬁr‘#lv\{(g:'tlrao"’ts%f:n %cf)) g’&'ﬁ{;ﬁg hg%ﬁé%g afﬁé{ﬁs I%[Bgr%r {é’% Cg&% g%npar ed to
FI G 13 and Heliept theorable. | IG. Kpshawe overtapping dith b6 Gh 14 bed B8 dlthal e due to a
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1. A nethod for manufacturing a sem conductor device conprising the steps
of: performng printing on a single crystal sem conductor substrate with a
| aser, 5 thereby generating a projection at a peripheral portion of a
printed portion; polishing the single crystal sem conductor substrate by
chem cal nmechanical polishing to planarize the projection; formng an
enbrittlenent region in the single crystal sem conductor substrate;

bondi ng a surface of a base substrate and a surface of the single crystal
10 sem conductor substrate; and separating the single crystal sem conductor
substrate fromthe base substrate by heating the single crystal

sem conductWHAIUBSTAIMEDRIYD t he base substrate to fonn a single crystal
sem conductor | ayer except for the printed portion over the base substrate.
15 2. The nmethod for manufacturing a sem conductor device according to
claim11, whereim A hethbdse nanbitndiea feadcondhdtghievice eomspristrigitingstgpsoferty. 3.
The nethod for manyfacturing a sem qonducgor .devi ce a&cordi ntg t@ claim1l,
wherein a hei ght PSTOTIHiE RMERE Op iAotingls csahremigongpetd, 3RS MR B m and
equal t @ ornhdresSgendtidgoptofectionfat @ peripherabpuirfi@Cef aQrintedogiongl e cryst al

sem conductor substrate. 4. The nethod for rm\ﬂ#f acth‘t;ri n .abse 'conlduct or
devi ce accor di ngPRlishiag ghsrsingle chystal aprpicendycior sHsireg s"hﬁ'gF’f‘ Mgt a depth

of equal t QoRénist ®MBbridetRpBjedtion, and equal to or less than 10 m 25 5. A
met hod for manufacturing a sem conductor device conpri si ng{rt he steps of:

per forni ng pri nt fosginggn gmbritlgmentaegien i thesgngle eeialeicondnstyr supsali t h a

laser, thereby gapghal isi8.@ & PIvasd stRirdb 8d RESURRER! the QlulcOfry&hl @
printed portion; polishing the single crystal sem conductor subStrate by

cheni cdl0 nsemisandugior s@otrgelandhi ng to pl anari ze the projection; fornmng a

first enbrittle -0 00: | I Vi S
substrat e; bongl&ﬁggragﬁ%l}g% gglg c%ﬁg&wggtﬂ uﬁ%ssgB%l%st ra?lg%g%ﬁhg&?hr ace of
t he singl e heatingt the singéntrysaldseoticondeaidrssubsitate and ther base ubstrhle toifogh @ cryst al

i d o] e f i j h
Sem conde S Lok EP KR ehberh 3P A e Lo he

15 2. The method for manufacturing a semiconductor device according to claim 1,

wherein the base substrate has a light-transmitting property.

3. The method for manufacturing a semiconductor device according to claim 1,
wherein a height of the projection is equal to or greater than 0.1 pm and equal to or less

20  than 5 pum from the surface of the single crystal semiconductor substrate.

4. The method for manufacturing a semiconductor device according to claim [,
wherein the printing is performed at a depth of equal to or greater than 0.5 pm and equal
to or less than 10 pm.

25

5. A method for manufacturing a semiconductor device comprising the steps of:

performing printing on a single crystal semiconductor substrate with a laser,
thereby generating a projection at a peripheral portion of a printed portion;

polishing the single crystal semiconductor substrate by chemical mechanical

30 polishing to planarize the projection;

forming a first embrittlement region in the single crystal semiconductor
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substrate to forma first single crystal sem conductor |ayer except for the
printed portion over the first base substrate; polishing the single
crystal sem conductor substrate by chem cal nmechanical polishing to

pl anari ze the single crystal sem conductor substrate; 10 form ng a second
enbrittlement region in the single crystal sem conductor substrate;
bondi ng a surface of a second base substrate and a surface of the single
crystal sem conductor substrate; and separating the single crystal

sem conductor substrate fromthe second base 15 substrate by heating the
single crystal sem conductor substrate and the second base substrate to
form a seconihktrefengl e crystal sem conductor | ayer except for the printed
portion over the cond

u rate, t uring a
sem conduct or dev? accu&aﬁ ?1 ?BSLE b & Srlﬁb%ate %@ “é'?g‘igﬁwﬁ Sq%ﬁ]r srtyﬁ%lase

substrate aadwbllitﬁlcmemhmhtaase substrate have a light- transmttl ng

property. 7. The_ met od for nuf turi.ng .a_sen,.c ndu t or accordi ng
to claimb5, whef8FA"ME o?ry%?ﬁ Seﬂ?‘%‘?@&?tf’r ﬁu]?S A& g ?‘8 §Psgat er than

0.1 m and eawsahtet By qaéatingsme sii{glet bastab séﬁliﬁ:ﬁlﬁﬂ[bﬁohfsuﬁdﬂﬁfeaﬂﬁl tHie finkse bssengl e

crystal sem conductor bstr The d for acturin

sem conductBsUaEs %Pémé’cfgﬁtrs& ?Fg“i’%aqé?rﬁ'icﬂ‘? Stor %ﬁ‘érreé‘f’??n?%ghed?rl"rtﬁdlﬂ? iqng

performed @berdhslfnrt hs@fubsedadl to or greater than 0.5 mand equal to or

less than 10 m 30 9. A nethod for nanufacturingta sem conduct or, devi ce
¢

conprising the skdiskingthe single pistah semipppdurtps subsiath by igewirameshagicl cryst al
sem conduc tp9ﬁsh§%bc§ blafhe\hd srhg% éry§t§[tsemic6§cﬁl'ét’or Elﬁﬁftﬁ:@y generating a first

projection-at a first peripheral”portion of a first printed portion;

pol i shilflg t he sifognisecr sesond cmbrittlemariutegion is he singleccrysalcssarisongiciorec hani cal
5 polishing, gg.g]anarlze the first projection; formng a first
embrittlemsnt region in the single crystal senm conductor substrate;

bondi ng a surf aceondinga siifacstoflazmsennd phsst substeatecand assutfagefcd dlee siigle ¢rgstali ngl e

crystal semiconductor substrate; and

separating the single crystal semiconductor substrate from the second base
15  substrate by heating the single crystal semiconductor substrate and the second base
substrate to form a second single crystal semiconductor layer except for the printed

portion over the second base substrate.

6. The method for manufacturing a semiconductor device according to claim 5,

20  wherein the first base substrate and the second base substrate have a light-transmitting

property.

7. The method for manufacturing a semiconductor device according to claim 5,
wherein a height of the projection is equal to or greater than 0.1 pm and equal to or less

25  than 5 um from the surface of the single crystal semiconductor substrate.

8. The method for manufacturing a semiconductor device according to claim 5,
wherein the printing is performed at a depth of equal to or greater than 0.5 pm and equal

to or less than 10 pum.
30

9. A method for manufacturing a semiconductor device comprising the steps of:
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sem conductor substrate; 10 separating the single crystal sem conductor
substrate fromthe first base substrate by heating the single crysta

sem conductor substrate and the first base substrate to forma first
single crystal sem conductor |ayer except for the first printed portion
over the first base substrate; perform ng second printing on the single
crystal sem conductor substrate with a 15 second | aser, thereby generating
a second projection at a second peripheral portion of a second printed
portion; polishing the single crystal sem conductor substrate by chem cal
mechani cal polishing to planarize the second projection, formng a second
enbrittlement repgréuming firgi@riglingorea single eraptaksemmicopiigtas sehstratp i t at e;

bonding a SiLf Ay fgeﬁeraﬁ%%ﬁrspgﬁﬁgﬁgpatarﬁgtepeﬁgger%@m&na&% 3kt JritfeaSi Nl €

crystal sem éonduct®or substrat separat | single crystal
sem conductportiogubstrate fromthe second base substrate by heating the

single crystal sem Cl: ) I strate to
forma second siﬁgkgﬁgﬁg%%@#kégﬁgigﬁﬁhggggof%%Eﬁag%@§%$ﬁ$%$négmﬁgggt t he
second pri npobshinob planarievi fistygopettoand base substrate. 10. The net hod for
manuf acturi ng a sem conduct or, devi ce accor di . | ai m9, . . rein the
first projection Oﬂggeﬁ&?{ﬁ F’S’brc@e F@afeg}ont ﬁlaﬁgo.glﬁgl%% t le%ell}’é © %&%rr | ess
than 30 5 sobstaem t he surface of the single crystal sem conductor

substrate. 38 11, The met hod for nuf acturi ng, a sem conduct or devj ce
according to cl aPopdye 2 W%F%P&atfﬁ%n%%ec%’ﬁﬁmber efbf"frgaﬁe 8?@“6 § o Falor
greater thagmRoddudiornthsestetal to or less than 5 mfromthe surface of the

single crystal sem conductor substrate. 5 12. The nethod for _manufacturing
a seni d8nduct or ewPERe diccsinglengryetel qmipendgetor \wabsiraten rpRethe; fiist rl'ﬁ?fi nting

and the segEig.R bthefifhgaihe Rl HIRY sahicondleRk hubfiraRUMal HOfIRE badl eater
than 0.5 mand equal to or less than 10 m 13. The nethod for nmanufacturing

a sem condsubsyatede Fprea fiee singlenygystal semigopdugior laygr Grrepleion therfarst pringyd pase
;rg;;;?;e %@ﬂmh%?m%ﬁ§ﬁﬂgbﬁé§ﬁm§£éstrate have a light-transmtting
performing second printing on the single crystal semiconductor substrate with a
15  second laser, thereby generating a second projection at a second peripheral portion of a
second printed portion;
polishing the single crystal semiconductor substrate by chemical mechanical
polishing to planarize the second projection;
forming a second embrittlement region in the single crystal semiconductor
20  substrate;
bonding a surface of a second base substrate and a surface of the single crystal
semiconductor substrate; and
separating the single crystal semiconductor substrate from the second base
substrate by heating the single crystal semiconductor substrate and the second base

25  substrate to form a second single crystal semiconductor layer except for at least the

second printed portion over the second base substrate.

10. The method for manufacturing a semiconductor device according to claim 9,
wherein the first projection are equal to or greater than 0.1 pm and equal to or less than

30 5 um from the surface of the single crystal semiconductor substrate.
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11. The method for manufacturing a semiconductor device according to claim 9,
wherein the second projection are equal to or greater than 0.1 pm and equal to or less

than 5 pm from the surface of the single crystal semiconductor substrate.

12. The method for manufacturing a semiconductor device according to claim 9,
wherein the first printing and the second printing are performed at a depth of equal to or

greater than 0.5 pm and equal to or less than 10 pm.

13. The method for manufacturing a semiconductor device according to claim 9,

wherein the first base substrate and the second base substrate have a light-transmitting

property.
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