801 SUBSTRATE AND METHOD FOR MANUFACTURI NG THE SAME BACKGROUND OF THE

| NVENTION 1. Field of the Invention 5[0001] The present invention
relates to a substrate in which a single crystal sem conductor |ayer is
provi ded on an insulating |ayer, and a nmethod for manufacturing the
substrate. In particular, the present invention relates to an SO (silicon
on insulator) substrate and a nethod for manufacturing the sane.
Furthernore, the 10present invention relates to a sem conductor device
formed using an SO substrate and a nethod for manufacturing the same. 2.
Description of the Related Art [0002J In recent years, devices such as

sem conduct or i $QISIBRITRATE ANIYMELHOMM FOR MANUFACTURISGITISEIBSMEAL € | ncl udi ng
a thin single crystal sem conductor |ayer forned on an insulating surface,
have been devel oped instead of those using a bulk silicon wafer. Since the
parasitic capacitance bet WBARKGREMBIhOBAHE INVENSI® or and a substrate is
reduced by u$im@d 8nadenfdtpstrate, SOT substrates have attracted attention
as substrates for inproving the perfornance of devices. 20[ 0003] One
of the known(%Btlhods for manufacturing an SO substrate is Smart Cut

(registered tradenns klesoRt HRMHS 88aBREE Nt (REMHIBAt wilich faOEinQé%Ita‘?)- An
outline of the nethod for manufacturing an 501 substrate by Snart Cut

(regi stered FARBIHIIKIRYSEt MBYIGIOndR dsvirtigdanse pute mpthedsor mpjpdictiian i ons are
i npl ant ed i nfhe sabsihtel CONpaBduGE, Y prduidmvdn@th iREAR 8k ign EEEREd, SO that an
enbrittled reg’ilqn i nbc{ chdi n‘g a dg{lﬁe% is formed at a predeterm ned depth
froma surfal& a9 Hpsrgty gnda) mg! fEFrufas g aic By o FYYEATGTe NS have been
i npl ant edo i sproemdednion rened hasemsitdidcasn daateioriddtiubingars Shi ©ora@%h@e film

i nt er posed tnqtgt{loeaq%txve n .Aftiler t hat, heat treatnent is perforned so that a

part of the ErTTCon varer inte Wi ch hydrogen i ons have been inplanted is

separ at ed i n2.®eschiptionfdf theReB@d almape al ong the enbrittled region. Thus, a
single cryst{@%}}?i licon filmcan be obtained over the other bonded silicon
waf er. Snart (registered trademark) nethod is also referred to as a
hydr ogen i on i npl lecsntyours. sleyiens atdhensaratandutior integrated circuits, which use an

15 SOI substrate including a thin single crystal semiconductor layer formed on an
insulating surface, have been developed instead of those using a bulk silicon wafer.
Since the parasitic capacitance between a drain of a transistor and a substrate is reduced
by using an SOI substrate, SOl substrates have attracted attention as substrates for
improving the performance of devices.
20 [0003]
One of the known methods for manufacturing an SOI substrate is Smart Cut
(registered trademark) method (see Patent Document 1, for example). An outline of
the method for manufacturing an SOI substrate by Smart Cut (registered trademark)
method is described below.  First, hydrogen ions are implanted into a silicon wafer by
25 anion implantation method so that an embrittled region including a defect is formed at a
predetermined depth from a surface.  Then, the silicon wafer into which hydrogen jons
have been implanted is bonded to another silicon wafer with a silicon oxide film
interposed therebetween. Afier that, heat treatment is performed so that a part of the
silicon wafer into which hydrogen ions have been implanted is separated in a thin film
30 shape along the embrittled region. Thus, a single crystal silicon film can be obtained
over the other bonded silicon wafer.  Smart Cut (registered trademark) method is also

referred to as a hydrogen ion implantation separation method.



[ 0004] A nmet hod has al so been proposed in which a single crystal
silicon layer is forned over a base substrate nade of glass by such Smart
Cut (registered trademark) nethod (see Patent Docunment 2, for exanple).
G ass substrates can have a larger area 5 and are | ess expensive than
silicon wafers, and thus are mainly used for manufacturing liquid crystal
di spl ay devices and the like. By using a glass substrate as a base
substrate, a large, inexpensive SO substrate can be manufact ured.

[ Ref erence] [Patent Docunent] 10[0005] [Patent Docunent 1] Japanese
Publ i shed Patent Application No. HO05-211128 [Patent Docunent 2] Japanese
Publ i shed Pai®f4! Application No. 2005-252244 SUMVARY OF THE | NVENTI ON

15[ 0006] | & hBFo RS GIMNEEL pdpb 8l ﬂﬁwﬁfcﬁgq &%ﬁpﬁl Bl SHED B9 01 SP1 ay or

a device having a curvature 1s usin m'?e crystal
silicon Iayeﬁ”@@?%@ﬂaBﬁeéﬁﬁﬁﬁéﬁﬁétﬁhﬁ“&bb§¥$éﬁéﬂéhéh€a§ﬁmdgw&ggﬁéubstrate

as di scl osedmMolRbEMienDOSHABAL, R cBnPRYT GT@QQ@R!r@@'ca§LJv@Q% rQfathe single
crystal silicon layer due to iits reduced thickness has en a problem

The poor mecHYRCST Spsmanythan Bcop peless Ayl léuwwﬁ!aw usgd ﬁ%@ﬁan@}}émgw th a

reduced t hi CMlﬁBSrymtgﬂﬁpl@a&kﬁfﬁcﬁﬁxﬂﬁ{fﬁ aed By eakd Ropabl hhgasi NG gacr yst al
silicon layer.in th F manuf act u the device. In addition, there

use OL
has been a pr8Bitnt o ﬁﬁtﬁ%?m¥Wﬁé§¥sé§?@%?% ?ﬂ?@ﬁﬁ@&?lons) or planar defects
occur or grojRefeamckleven when a transistor is forned using the single
crystal S|I|@§me%%er characteristics of the transistor are
25det eri or at In view of the foregoing problem one object

of the pﬁ@semﬂmﬂnventlon is to provide an SO substrate having a high

mechani cal Sﬁ>£t§£el§%or'8ruﬁz&e£n?ﬁg§[lané9 blbtsRea PR ABplidhuiS NG a3y fgehani cal strength

i ncreases as
[Patent Document 2] Japanese Published Patent Application No. 2005-252244

SUMMARY OF THE INVENTION
15 [0006]

In the case where a large-sized device such as a display or a device having a
curvature is formed using, for example, a single crystal silicon layer formed on an
insulating substrate such as a glass substrate as disclosed in Patent Document 2, a poor
mechanical strength of the single crystal silicon layer due to its reduced thickness has

20  been aproblem. The poor mechanical strength of the single crystal silicon layer with a
reduced thickness might cause cracks and breaking of the single crystal silicon layer in
the manufaciure or use of the device. In addition, there has been a problem in that
linear defects (dislocations) or planar defects occur or grow, and even when a transistor
is formed using the single crystal silicon layer, characteristics of the transistor are

25  deteriorated,

{0007}

In view of the foregoing problem, one object of the present invention is to
provide an SOT substratc having a high mechanical strength.
f0008]

30 It is pgenerally said that mechanical strength increases as the impurity
concentration in bulk silicon, specifically, the concentration of nitrogen, oxygen, carbon,

or the like in bulk silicon increases.  As bulk silicon widely used for industries, for



concentration in bulk silicon, specifically, the concentration of nitrogen,
. oxygen, carbon, or the like in bulk silicon increases. As bulk silicon
| widely used for industries, for exanple, there is bulk silicon
! manufactured by a Czochral ski (CZ) nmethod or a floating zone (F7) nethod.
[0009] A single crystal sem conductor ingot or a single crystal
sem conduct or wafer 5 manufactured by the CZ nethod contains oxygen at a
concentration of I x 1017 atons/cnB to 1 x1018 atons/cnB, and the
concentrations of nitrogen and carbon are 4 x 1015 atons/cnB or |ess and 2
x 1016 atons/cnB or |ess, respectively, even though they are added
i nt ent i onal | gxanipleethemphuik sjlicon memifdctuzddi by Gzanchealski (L) enctrog st alflosiagi conduct or
i ngot nanufa&%g?%gngxwahe FZ method is generally lower than that in a
single crysta “sem conduct or ingot manufactured by the CZ met hod;
therefore, tHW80Yingle crystal semiconductor ingot manufactured by the FZ
met hod has a problefopf oridd QhicHRERGNh&Rbr 2 SHEE Uhkat %n{?{%n&ﬂﬁ)} \WYgproken. On
the other hand, since the Inmpurity concentration’in bu sil1con
manuf act uf edmpypfachesddy thet Bodndthed Hiopiaiss oxyesn a Hatontentralinkolsi 16 ¢hH
manuf act ur ed b L, : : r the, CZ net hod
15has a high%?xﬁégﬁgg%ggfhggggﬁg?%#mfg%%%%%mg?QHLé e&é%ﬂ?@%ﬂﬁ%ﬁkﬁn ingot is
manuf act ur edlWyaterhgenCar et o2 x 40% iagsicohoelessr ebieotivelf ewir tthiongiethicy oxygen,
carbon, or t, ke mi. b A ' Ln ring.a manufacturing
process becdﬁggh%ggggkgﬁgyngpgﬁﬁéﬁgpggﬁgﬁﬁkgq?%ﬁ@g%ggﬁ?%ﬁ%g?ggagb W th
pul I'i ng up tihgotimrgeicturgthen thenid methehis goseyardowa dhdpohat inp stolgle driskag i s
precipitaje 0 Aef [ edy t .ca
O R s T A e B R S 5 S
havi ng a hi gismireediatar degot stapefagiered byt the S'7pmsthed disk e pvhiemnpf pokpen, oxygen,
carbon, or thankdids® sk gMolo seoeatsﬁg( et h HeIBh&ORGENGFRL MO MW NY the
manuf acturing of a single crystal silicon ingot, and the 25concentration of
nitrogen or FREMIRR i hrlksiiliggh mapirbired bydhs € Brthpé isdégher B b it ilbe within a
sui tabl e rangrofihardRa0by! he®z MitcdNEiNSAtontHRatBBRE by HRAIA hethod I'n

vi ew of the foregoin robl em another object of the present invention is
to proviﬁg émﬁﬁgﬁﬁﬁngﬂgnﬁaﬁﬁ?ﬁekuring an 501 substrate with a high

mechani cal gbvgmehgt h. 30[0012] In addition, if nitrogen, oxygen, carbon, or
the like is added}-hgxyerviarp%ﬁeg eal rn%‘é’{ qg manufactured by the CZ method, a high
concentration of nitrogen, oxygen, carbon, or the like might be contained in the ingot
during a manufacturing process because of a long melting step and a long cooling step
20 with pulling up the ingot. Then, nitrogen, oxygen, carbon, or the like is precipitated to
produce a huge defect, which reduces the mechanical strength of the ingot.
Accordingly, in order to obtain an SOI substrate having a high mechanical strength, it is
preferable that nitrogen, oxygen, carbon, or the like be not contained at a high
concentration during the manufacturing of a single crystal silicon ingot, and the
25  concentration of nitrogen or the like in single crystal silicon be controlled to be within a
suitable range after long-time melting heat treatment.
[0011]
In view of the foregoing problem, another object of the present invention is to
provide a method for manufacturing an SO1 substrate with a high mechanical strength.

30 [0012]

In addition, if nitrogen, oxygen, carbon, or the like is added during the growing



of ingot, the concentration of nitrogen, oxygen, or the like is determ ned
in each ingot. Therefore, even when devices need to have different
performances, it is not easy to manufacture a wide variety of devices in
smal|l quantities. Furthernore, if oxygen or the like is added during the
growi ng of ingot, a concentration gradient of oxygen or the 5 |like exists
in the direction of pulling up the ingot. Mreover, since the ingot is held
in a quartz crucible, the concentration distribution of oxygen or the like
varies between the center of the ingot and the periphery thereof, |eading
to a problem of poor reproducibility of a desired concentration. [0013]

101 n vi ew of of ingotfthe exgoinirgiop o6 bikregan, stygdnl cahotitveis datméct boéach hrgor esent
DG oo ThOeMEOKEA G BEAND fecs9h nIRMEAGH el BoRs 0L RY BRGNS & Nt o
can be used menut actar i n &'Variety of devices in smafl®
quantities. {rlwiaﬁ]ur@@icbwm pledevicef intsinel! fjywndtisi dfurfdibrsmreosf@dygcn ot hi s

speci 1 cat T ofke ige 2 addel UG Fe grddink BELA Jan@nBARE cRHRA b Blpl NSUI AL T N

| ayer over t base substrate; i'ngle cryst sem conguct o | ayer
over the §nslifeskistgn thagissctionolguiligs ap thejngplal Masiaveroserd dtedieos ishekrimt e

i ncludes an gofad, bibisd, tﬁ@&h&'ﬂtﬁt%ﬁGﬁglbbﬁ’onto@ﬁx}%@xﬁbrtth@lﬁkeqian&%gmgﬁﬂa and the
single crystal sermi conductor |ayer. i s obtained by separating the singl e

crystal sem ¢8KHREt'GF BEMh st athe REFiBRRGY tihrecobnispding I"éda rhERhleh  of Thper

concent r at i oRpQfiuciiftty 8QERsired 26hcOnid@aN, or carbon in the single crystal

sem conduct o b yer 1s higher than that in a single crystal sem conductor

i ngot manuf a 9 ed by the CZ nethod or in the single crystal sem conduct or
substrat e 10015] Inkhey cloRnceREsiAE ;ﬁr@ﬂﬂelﬁfstlmaﬁdtlﬁg&hﬁediBfthhlﬁi'ed’eﬁlgh@ﬂudnhﬁt cont ai ns

e conduct oF Ty * rinise, o8 Gt el BrBOL Mbfie, “EPefon AEFYPLRE Tote " -
at ons/ cnB ormamnfaeturisgedwide vaieprof Hediab Inysmhll guahBilesat onst i n3 or nore when it is
measur ed by (Secondary | on Mass Spectroscopy). [0016] The
concentratidn of nitrogen in the single crystal seniconductor |ayer may be
305 x 1015 at onst a8 ¢rebo8imenti @1l mvatist disBosep methersadsificationxs 16t@tae oi hstnB to
2 x 10195 including a base substrate, an insulating layer over the base substrate, and a single
crystal semiconductor layer over the insulating layer. A single crystal semiconductor
substrate includes an embrittled region formed by the addition of hydrogen, and the
single crystal semiconductor layer is obtained by separating the single crystal
semiconductor substrate along the embrittled region. The concentration of nitrogen,
20 oxygen, or carbon in the single crystal semiconductor layer is higher than that in a

single crystal semiconductor ingot manufactured by the CZ method or in the single

crystal semiconductor substrate.

[0015]

The concentration of nitrogen in the region that containg the least amount of

25  nitrogen in the depth direction of the single crystal semiconductor layer is § x 10

atomsem” or more, preferably 1 x 10'® atomsem® or more, and more preferably 1 x 107

atomsem”® or more when it is measured by SIMS (Secondary lon Mass Spectroscopy).

(6016}

The concentration of nitrogen in the single crystal semiconductor layer may be

30 5 x 10" atomsem” to 5 x 10" atomsem®, preferably 1 x 10'® atomsem® to 2 x 10"

atoms/ent”, and more preferably 1 x 10" atomsem’ to 5 x 10" atomsem’,



~atons/cnB, and nore preferably 1 x 10" atoinstnB to 5 x 1018 atons/cnB.

[ 0017] The single crystal sem conductor |ayer may include a region
having a nitrogen concentration of 1 x 1016 atons/cnB or nore, preferably 1
x 1017 atonstnB or nore, and nore preferably 1 x 1018 atonstnB8 or nore.

5[ 0018] The concentration of oxygen in the region that contains the
| east anmpbunt of oxygen in the depth direction of the single crystal

sem conductor layer is 2 x 1018 atonstnB or nore, preferably 3 x 1018
atonstnB or nore, and nore preferably 5 x 1018 atonmstnB or nore when it is
measured by SI V5. 10[ 0019] The concentration of oxygen in the single
crystal sem Poriguctor |ayer may be 2 x 1018 atonstnB to 1 x 1020 atons/cnb

and preferably 3 nst r.n3 020 15The single
crystal sem cond u)&lgg&%% L%S%Ecmmnd" mrdd 24 e%m‘riyemi%%ér)l HEGPREEIS SUYYER

concentr at i ownoefntrzxom of()]z8105ﬁ amastfm? mﬁnmm&felﬂ:ﬂbd] prief ‘enaihdeyn® or xol)18

at onst nB8 or e;the concentration of oxygen is within
t he above rangesore‘fr era{;/ﬁ?él 31% trhgb‘é Tof ¥¥%& single crystal sem conduct or

| ayer cans be[odtsgreased to |rrpr ove the nechani cal strength. 20[0021]

The concentrati on,of [ i r.egi on .t hat contains, the | east anmount of
carbon in the dep’tngfil)e %ﬂ%‘?eé}g |m(')ln0 o%‘y Fhe" g}enre 'Eé" @‘P[ (éotng’fns tgerﬂe%%ﬁﬁu‘é'? 8% | ayer is
| x 1017 at omxggamBinghe deptte dir@tich pﬂhée‘matel oyystal )selﬂjedn_duﬁdiroiﬂﬁdrﬁBZO{ igtbre when it

Singl o cryst AN TEBRRUETERY Ay e AR EE T N ot el £ 505 X 1020
at onst N8, angbnpycef er adrk whin Xish@dshratbsaisB to 5 x 1019 atornstm . [0023]
10 [0019]
The concentration of oxygen in the single crystal semiconductor layer may be 2
x 10" atomsent’ to 1 x 10™ atomsem®, and preferably 3 x 10'® atomsem® to 1 x 10%°
atomsem’”.
[6020]
15 'The single crystal semiconductor layer may include a region having an oxygen
concentration of 2 x 10" atomsem® or more, and preferably 5 x 10'® atomstm® or more.
In the case where the concentration of oxygen is within the above ranges, the vield
stress of the single crystal semiconductor layer can be increased to improve the
mechanical strength,
20 [0021]
The concentration of carbon in the region that contains the least amount of
carbon in the depth direction of the single crystal semiconductor layer is 1 x 10"
atomsm’ or more, and preferably 5 x 107 atomsem’® or more when it is measured by
SIMS.
25 [0022]
The concentration of carbon in the single crystal semiconductor layer may be 1
x 10" atomsem® to 5 x 10* atomsem®, and preferably 5 x 1077 atomsem® to § x 10'°
atoms&m®,
10023]
30 If a region where all the concentrations of nitrogen, oxygen, and carbon are low

exists in the depth direction of a single crystal semiconductor layer with a reduced



30a region where all the concentrations of nitrogen, oxygen, and carbon are
| ow exists in the depth direction of a single crystal sem conductor |ayer
with a reduced thickness, the yield stress of the regi on becones extrenely
| ow to reduce the nmechanical strength of the whole single crystal

sem conductor |ayer. Thus, at |east one of nitrogen, oxygen, and carbon is
made to have a concentration equal to or nore than the aforenentioned

m ni nrum concentration to increase the yield stress of the single 5crystal
sem conductor |ayer. [0024] When the single crystal sem conductor |ayer

i ncludes a region having an oxygen concentration of 2 x 1018 atonstnB or
nmore, and prticknabl the Gield k048 «ft haskgiBn becomeorexmandy Ilbhetoytedhd #itress of
the single c ) | ayer can .be increase 10[,0025

When the si né?%’gl@%agt%g%tﬁgé@hy%ﬁ%ﬂ% o?ryitagﬁ%n?lc?“r% Q?er%yéar' a%%sg?toi??s%oéf%i ng a

ni t rogen coneferitrazan.ionyeenfand carbdn(g Grade rievaBcmreentrotion, eqpal ef eradob yhad x 10"

at onst s or I,€ : f . - 1018 { 0 re...the yield
stress of th@gﬁ%ﬁg%%éﬁéﬁngeﬁﬁ%géﬁ Il(J)I’(]:[tt&(gr“;Jc a%etfﬂg 2@? {?éss.l %fctﬁée)gg%l& 15[ 0026]
Accor di ng® t ocrad sPErondyadiyent of the invention disclosed in this

speci ficatioppz@ single crystal sem conductor substrate is irradiated wth
accelerated 1ons to add hydrogen, so that an enbrittled region is fornmed in
a region at a pred@fefhf titede gapehsmiemlusta dryesdeciysies gysgien hgyieg eryst al

seni conduct Odxygdsshdeatfion bHEx $0'NEtbBsGH s hdke, aﬁppr&a%is?@@%@ta%mé%hhbst rate iIs
bonded to a base substrate with an insulating l'ayer interpose

t her ebet weerf” M heivil e 0§ de sipele eivrielsrmisetdgstoclatss eandedneragseleat ed to be
separ ateth aljppg |t he enbrittled region, so that a single crystal

sem conduct or Iayﬁlr i's provided over the bage substrate with the insulating
| ayer interposed tHet &fetliEefysEh ey psiyc @yt pHdes st Ayl Bawnet al

sem conduct ditrdgdY Sdncérdratidnl oA di @€t deth’ 3r MR EShreRRBN 1SO1T Abmsedd oft | east a
superficial part of the single crystal semi conductor |ayer is nelted,

wher eby t he ®BRnd “zﬂf%/%fﬁ%{abgvelrrr dBndireisem pripete. the yiedd sresrgplabesiyale al | i zed.

Wien the | asgystdpeamonduc®Mabdresh bAhortRast one el enent of nitrogen, oxygen,
and carbon is %Fded to the single crystal sem conductor |ayer. The
concent r at i df° nitrogen added to the single crystal sem conductor |ayer

by laser light iraadidaisi @n ansth& ¥mb&ilberat OMBE Bndeicn MisdiOkd FOakionst nB. The
concentrati %ge(:? mat?c?%’g Sggic? g'gsetg set:n?icénrglgctgrl sﬂgsltrgte?sr i}/rgéia?’cled \%i?hmac%gigrgtlélg Eo?:g
to add hydrogen, so that an embrittled region is formed in a region at a predetermined
depth from a surface of the single crystal semiconductor substrate; the single crystal
20  semiconductor substrate is bonded to a base substrate with an insulating layer
interposed therebetween; the single crystal semiconductor substrate is heated to be
separated along the embrittled region, so that a single crystal semiconductor layer is
provided over the base substrate with the insulating layer interposed therebetween; and
a surface of the single crystal semiconductor layer is irradiated with a laser beam so that
25  at least a superficial part of the single crystal semiconductor layer is melted, whereby
the single crystal semiconductor layer is re-single-crystallized. When the laser beam is
emitted, at least one element of nitrogen, oxygen, and carbon is added to the single
crystal semiconductor layer.  The concentration of nitrogen added to the single crystal
semiconductor layer by laser lght irradiation is 5 x 10" atomstm® to 5 x 10"

30 atomstm®. The concentration of oxygen added to the single crysial semiconductor

layer is 2 x 10'® atomsem® to 1 x 10 atomsem®. The concentration of carbon added



| ayer is 2 x 1018 atonstnB to 1 x 10" atoinstnB. The concentration of
carbon added to the single crystal sem conductor layer is | x 10 atonstnS8
to 5 x 1020 atons/n8 . [0027] In order that at |east one of

ni trogen, oxygen, and carbon is solid-dissolved in or added to the single
crystal sem conductor |ayer, the single crystal sem conductor 5l ayer is
preferably irradiated with a | aser beamin an atnosphere containing at

| east one el enent of nitrogen, oxygen, and carbon.Alternatively, the single
crystal sem conductor layer is preferably irradiated with a | aser beam
whi |l e being positively sprayed with a gas containing at | east one el enent

of nitrogen, to@hsgRR.crdifsemdol@Bbior RRP28] x IDFMshias @b LesNabinveky. an
i nsul ati ng I@}ger containing at | east one of nitrogen, oxygen, and carbon
may be forne ter the si ngl e crystal sem conductor |ayer and the

insulating |ayer neyddiehat firladi @ieed nitfofdn, Bxyle@s @nd BeEUMis Solididhadivaaiih r ogen or

the like contained in the insulating,l r is diffused into the single
rystal - sen ¥ AT PaPe gl PaHL St diyen g o B Ge oG

sem condukt olaydr &Eyeefernisy imekitaed withladazert Heem 34 orgdt@osph&e conyiting atS@moaonduct or

| ayer is part | I r liaght irradiation . nitrogen or the |ike can
be soIid-di§%%%Wg§ﬁb§%g%%éd%§‘ma !gv§?£%huaﬁﬁ?g%nghﬂ%% ‘?%ﬁ]?ﬁ?alsolid

sol ubi l'i ty ofmiprductgeryaris pleérdblykeradinted vatb|aj ldsep heesewkileniglig mrsiistlal

sem conduct \QHQD% =S z I Zs t i on-equi librium
state in m?ggh&tyﬁ e so a?aéngﬁ@g%g llselgsr%gfﬁ%a%{r?éﬁ g !t)i;"l@(%gl?ﬁog ﬁgﬁh?(éa?b?q's nmelted and
cooled in a8t tine. Accordingly, nitrogen or 20 the |like can be added

in a shofger tinepag.CANRARRY, LR iRuaBUEAG BEbRG: A RE8SHe QF nfifdedNg0t or the
like requiring a long nelting step. As a result, "generation or lgrovm ng of

def ect s can P&sssr d sateimay bobuped over the singleprastal sepigenstugpr latre asd gl e cryst al
sem conduct gpsula@i @ layBdaP Be MRALRL Rith St 2@RGeAR! i0Mbt hit:badi @tdhomi th a I anmp
or the like or by jrradiation with el ectromagnetic waves as well as |aser
light irr adicﬁi‘ff"ﬂ%/f'. in the insulating layer is diffused into the single crystal semiconductor layer
when a surface of the single crystal semiconductor layer is melted. When the single
15 crystal semiconductor layer is partly melted by laser light irradiation, nitrogen or the
like can be solid-dissolved or added at a level equal to or more than the solid solubility
of nitrogen or the like in a solid-phase single crystal semiconductor through a
re-single-crystallizing step with a non-equilibrium state in which the solid-phase single
crystal semiconductor is melted and cooled in a short time.  Accordingly, nitrogen or
20  the like can be added in a shorter time as compared to a manufacturing process of an
ingot or the like requiring a long melting step.  As a result, generation or growing of
defects can be prevented.
[0029]
The surface of the single crystal semiconductor layer may be melied by strong
25 light irradiation with a lamp or the like or by irradiation with electromagnetic waves as
well as laser light irradiation.
[0030]
According to another embodiment of the invention disclosed in this
specification, hydrogen is added W a single crystal semiconductor substrate so that an
30 embrittled region is formed in a region at a predetermined depth from a surface of the
single crystal semiconductor substrate, and at the same time, at least one element of

nitrogen, oxygen and carbon is added to the single crystal semiconductor substrate.



[ 0030] Accordi ng to anot her enbodi ment of the invention disclosed in
this specification, hydrogen is added to a single crystal sem conductor
substrate so that an 30 enbrittled region is formed in a region at a
predeterm ned depth froma surface of the single crystal sem conductor
substrate, and at the sane tine, at |east one elenent of nitrogen, oxygen
and carbon is added to the single crystal sem conductor substrate. Then,
the single crystal sem conductor substrate is bonded to a base substrate
with an insulating | ayer interposed therebetween, and the single crystal
sem conductor substrate is heated to be separated along the enbrittled

regi on, so tiwh, Be shglg b@szeirsysﬁoaﬁduaemwmcbuemfdedz ay£bast Subpiay iviliedn over t he

base substrate with the insuylati nt er posed en. At the

same tine as"HE GGHFTIERC ?j h?tgﬁe@ %%éqe “I‘”@Lsct’ys@ %BHB?OHhIfC? 'g)éﬁvéeoxygen

%nfl car :)on :15 leddédotie tdperamil ndddng the ysibaiktles empioangdudtaorn siugs taratab. t
ernative 0 | a east one

of nitrogen, %mmxgu tog':“?gr}(arl ?r(égiﬁ%sg&tr ﬁgﬁ g%sgle)sﬁgsﬂrg ri tﬁfméé ,rngugi‘?% queLf ormed in

a region at :ateppne:demeeﬂbmmed & e hhanof tinpdhee th adgitien ef ydtogen, sepascondlct or

Substrate a . te d carbon

i s added tonng reg |‘§‘2§%‘F %ﬁnlf(f‘ Q%ﬂs%g?aglézm? e %%Jlggﬁg?ri/dg%%?&ggﬁ%gonductor

substrat e t oAltdmativgth hiydrogeads pdigd dran %Osﬁhqfééwat’“m& tdeasorrechmitgesion of

nitrogen or Lhe.like daﬂ)oﬁ@% ShYlcCerfbridiategRRMs CRAANCHOT taNRTat hat s
separated | ateér can be efficiently increased w thout increasing the

concent r at i giiedstermingd: drgthrpfdhe singde ¢rystad sppicqnductey ybyiatedng &t lstst &8Peonduct or

substrat g befii bR SRR M xPhkdnOthd é%@%&dhed o regioh rolnhthé sgRechf heation, a
"single crystal” refers to a crystal in en a certain crg/stal axi s

is focused, Y& #PaciPdRnGIOR Héb%‘?'ffs‘t’alhe éﬁ’ggﬁf’ rEHPent S fHEHEC same

direction i rboﬁdwtr@@ﬁtolfamrogén & thangd ia tamanglbb@ttall‘s&mmaﬁdwfoy&iyai th@rigai n
boundari es. Note i.ncl udes a

in specificatign, the single cr
cryotal o vepeed R bt et EBieDE Tt BRys baFedie B oSG S oFand whi ch
has no grai mih@undeahd B iate dagle ciybedeaboviectesebsttie byt thd sepamaloudes a
crystal gﬁef e[§ Zr a dangling bond. In addition, re-single-crystallization
of a sin )} tal sem conductor |ayer neans that a sem conductor |ayer
having a si ngl e Cinytssapectficatiot areingletcuusialy ersatosd argitd icrpsthalvhegt auct ure
after being | fere t e Sl ryst . e (e.g., a
i qui o phasd-RyRelyn 8527 el B @A Hape LRRMRRH Bhithoath WShit
re-singl e- crdyscut@hlm gt pogien of aaﬂrsaiﬁglde‘ﬁfdﬂy@tsap cryeled grandoedaiies| dyde nmeans

that a si nghﬁtf.:rraﬁ%ts@!mﬁc%mfp%C&H@te%shamrudégsa5 SIS Wtleh infGfheliRnfopr M a
single cryst sem conductor |ayer.  [0032] his specification, the

concent r24t i dheserptal gkis isoglarm andyeeh has A sreay taypdaries & desibed dhgreeven yst al

sem conduct qlt;oukgygr iARef ePr esant edrby &alau%%%albeﬁg bYn SlaMBiodNot e t hat
data near the Interface 1s also picked u e SIMS in principle.

Accor di ngl y FeiRgceonalbitivat Plors SﬁﬁlenF‘"ﬁtﬁ)‘gé‘Wm’Wﬁ@n laygh neeaY Bb#Y Pear the
interface Ofserhfra@mﬁbtalglhﬁet hav@xngsSsﬁlfglic SEm etamdw:temnslt@yanglat&@szgiestr@ﬁar@d to be

hi gher than practical concentr ns, of the sin cr sem conduct or
Magor, For " aRitsine i (TPRG Shi s e AG At fbod RBHIEG AT or | ayer
i's in comtaciitemativea EI tancon axd d&nf td-dfgleacrgdtdliiaom nift 61 degloxdrgalfilm a

silicon oxynitri con nitride film the co ntration of
oxygen or P}]]ég%ﬁ(;tor Iayez mcansaha? a smgic crysia} qemlcomgu(,lomciyer IS Tecrys al?lmd o

form a single crystal semiconductor laver.
[0032]
In this specification, the concentrations of nitrogen, oxygen, and carbon in a
30 single crystal semiconductor fayer are represented by values obtained by SIMS.  Note
that data near the interface is also picked up by the SIMS in principle.  Accordingly,

the concentrations of nitrogen, oxygen, and carbon near the inferface of the single



5 is higher near the interface between the single crystal sem conductor

| ayer and such a film Therefore, depending on the detection capability of
SIMS, it is better not to consider the concentration near the top surface
and the bottom surface of a single crystal sem conductor |ayer, nanely, the
concentration of a region of about 10 urn (preferably 20 nm and nore
preferably 25 nm fromthe interface. 10[ 0033] Also in this
specification, the m ninmumconcentration or the lower limt of the
concentration in a single crystal sem conductor |ayer refers to the
concentration in a region having the | owest concentration when the single
crystal sem mmdwﬁiwnddcaymyeﬂm dm&mroe};d hipyerShdupracricd becénnatdanesdige di rect i on.
15[ 0034] I q ST nda t elm lfl%;[{aor Eedel’\zylth%ecalqenw ettla % SS%FCI fi.‘afati on

i ndi cates al ﬁmgteh cfaevsl ce(s’ t %an @ &rate” usi ng sem SoRduct’s
char act eri stdemondugr kayreralecttmmmﬂtmhdondsm ﬁlen agilis@micidnoudd @m. circui t,

and an el ectron] I @&NnC deV|ces
20[ 0033] Sifeh %}%RH# fﬂﬁ': S‘r g;lr:iﬁo?lulmd g&%ggg%ﬁb& r%ttsb%so%g?ggrpcatl nr'il ncl udes a
light-emiiti 1ﬁ@1gb@\ne@féhem&rfacel treqme@lﬁmsyagtcarys@ﬂ sqmrwd@réfml@er el suehsa cat egory.

A light-eni tﬁ;lnngrﬁéé/ﬂu%edé&@@n% bl &@tdet%éﬂohtaa m%t %‘f@m{s it BeRed Acﬁl%d crystal
di splay device has a |1 qu rystal el enen ight-emtting el enent

i ncl udes, i reopgider %F@Uéﬁtsﬂtm‘hfﬁd‘éf“éﬁ?éﬁ‘fff%ﬁ@éhq tl?ﬁ?fﬁé‘i'fi"’é" plsp singly &y5t8 r ol | ed by

current or v@htesficodA rsxﬁ%lyf fh6 8brcdntdaidsH drdas 1@1(‘01‘ ABORABHRE (preferabl
el ectrol um nescent (EL) el ement, .an organi c el enent, o’I’ t he %,I ke.

[ 0036] “Wnéﬁ‘fi%?repﬁgéﬁblyé’ﬁémﬂlﬁéﬁé?ﬁ’mﬁfacﬁltrogen oxygen, and carbon is
cont ai nedy i oes3si ngl e crystal sem conductor |ayer for ned on an insul ating
surface at a predﬁi ned . 30.c thentratl on, the ne ni Cl? #ﬁlength of an
SOL substrate havihg"tHE S&eHigitienc 95?‘5‘?‘“‘&8?&"8‘8?‘?‘8%? ng, mi 4

i nproved. Fufhdeetavion ég agmgierc@tstao Eenﬁif:onﬂmtcdSa)len rdfdre tcsthagbﬁeﬁtfayisﬁ & a

To0a7] it HEsESingaf e AV RRRRET Vam B D
illustrati ngn@mr&b@rﬁiMé iipfhe ancrkettshdubcﬁmr.

15 [6034]
Note that a semiconductor device in this specification indicates all the devices
that can operate by using semiconductor characteristics, and an electro-optical device, a
semiconductor circuit, and an electronic appliance are all included in the semiconductor
devices.
20 [0035)
Note that a display device in this specification includes a light-emitting device
and a liquid crystal display device in its category. A light-emitting device has a
light-emifting element, and a liguid crystal display device has a liquid crystal element.
A Light-emitting element includes, in its category, an element whose luminance is
25 controlled by curmrent or voltage, and specifically includes an  inorganic
electroluminescent (EL) element, an organic EL element, and the like.
{0036]
When at leasi one element of nitrogen, oxygen, and carbon is contained in a
single crystal semiconductor layer formed on an insulating surface at a predetermined
30  conccntration, the mechanical strength of an SOI substrate having the single crystal
semiconductor layer can be improved. Furthermore, generation of voids in the single

crystal semiconductor layer can be suppressed.



manuf acturing an SO substrate; FIGS. 2A to 2D are di agrans
illustrating an exanple of a nethod for manufacturing an SO substrate;
FIG3 is a diagramillustrating an exanple of a laser irradiation apparatus
used 10in a nethod for manufacturing an SO substrate; FIGS. 4A to
4D are diagrans illustrating an exanple of a nethod for manufacturing a
sem conduct or device using an SO substrate; FIGS. 5A to 5C are
diagrams illustrating an exanple of a nethod for nmanufacturing a

sem conduct or device using an SOT substrate; 15FIG 6 is a diagram
illustrating an exanple of a sem conductor device using an SO substrate;

FIG7 is a diagramillustrating an exanple of a sem conductor device using
an SO substrate; -1 nid@e OF icagrans illustrating an
exanpl e of a display deng‘Ieﬁr IE§SI ngT%@n.Hgﬁgz\t@gﬁes; FI GS. 9A and

OB are diagri@¥]illustrating an exanple of a display device using an SO

substrat e; LG d L PG are views illustrating an electronic
In't d 5
devi ce using an sO esug)snélprggy't!eé;) 1r25"|;1\%GS. 11A and 11B are graphs each show ng

an exanpl® of theFi&%pdAi et #redlideramst illbri@ting apresptmple ridehmicioiori n an SO

substrate w b, a0diw fheituds@sgr 1rradiation; FIG 12 is a graph
showi ng an exanple of the experiment result of the el ement concentration in

an SO substrate WGSh24n® &Pt ¥etiagrarseilusiraliogpn rxypple g method for

manufacturing an SOI substrate;
FIG. 3 is a diagram illustrating an example of a laser irradiation apparatus used

10 in a method for manufacturing an SOI substrate;

FIGS. 4A to 4D are diagrams illustrating an example of a method for
manufacturing a semiconductor device using an SOI substrate;

FIGS, 5A to 3C are diagrams illustrating an exampie of a method for
manufacturing a semiconductor device using an SOI substrate;

15 FIG. 6 is a diagram illustrating an example of a semiconductor device using an
SOl substrate;

FIG. 7 is a diagram illustrating an example of a semiconductor device using an
SOI substrate;
FIGS. 8A and 8B are diagrams illustrating an example of a display device

20 using an SOI substrate;

FIGS. 9A and 9B are diagrams illustrating an example of a display device
using an SOI substrate;

FIGS. 10A to 10C are views illustrating an electronic device using an SOI
substrate;

25 FIGS. 11A and 11B are graphs each showing an example of the experiment
resull of the element concentration in an SOI substrate with and without laser
irradiation;

FIG. 12 is a graph showing an example of the experiment result of the element
concentration in an SOI substrate with and without laser irradiation; and

30 FIGS. 13A and 13B are graphs each showing an example of the experiment

result of the element concentration in an SOI substrate doped with hydrogen.

10



30FI GS. 13A and 13B are graphs each showi ng an exanple of the experinment
result of the element concentration in an SO substrate doped with
hydrogen. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0038] Enbodi nment s
of the disclosed invention will be described with reference to draw ngs.
Note that the present invention can be inplenented in a wde variety of 5
nodes, and it is apparent to those skilled in the art that nodes and
details can be nodified w thout departing fromthe spirit and scope of the
present invention. Accordingly, the present invention should not be
construed as being limted to the description of the enbodi nents given

bel ow. Note that in al IPKHELBP BRSRETTHON OFBHRINWINTIONe enbodi ments, |ike

portions or posdi ons having a simlar function are 10denoted by Ilike
reference nuneraIE, apd the description thereof is omtted. [0039]
( Enbodi ment 1) mbodiinpts pf & diplon iptsttionayilleheaippiribed ith refererrsdot or
manuf act ur i ngrawingSONofeUha thapesedd Inbentin BRSKS ipReheied i § QiR RRES JrO
dr awi ngs. descripti made on the steéeps of

formng a ? Pﬁé‘i%’l %"?L}'L%A‘Tpp%@}ﬁtﬁé"?{’dgglﬁim‘g {“a?égﬂggaérmé{%é@edf’éﬁﬁscﬁ? &e with an
i nsul ating | aydfied miteoupaspaiigh@oabeenean by SBp¢ tof Qi pffﬁ@@'iiﬁf]eﬂ?tgﬂcrys Cal
e condubt o P AEr oot ourrvstoE 6 6 e sbert rduhaust or
substrat e 10®saintioracbdrecshadtenat @véh2belaw.e Notepiar aa afisee drdvdys foA and 1B).
[0041] explaining the embodiments, like portions or portions having a similar function are
10 denoted by like reference numerals, and the description thercof is omitted.
[0039]
(Embodiment 1)
In this embodiment, an example of a method for manufacturing an SOI
substrate will be described with reference to drawings. Specifically, description will
15 be made on the steps of forming a single crystal semiconductor layer over a base
substrate with an insulating layer interposed therebetween by Smart Cut (registered
trademark) method and recovering the crystallinity of the single crystal semiconductor
layer.
[0040]
20 First, a single crystal semiconductor substrate 100 and a base substrate 120 are
prepared (see FIGS. 1A and IB).
{0041]
As the single crystal semiconductor substrate 100, for example, a single crystal
semiconductor substrate formed of an element belonging to Group 14, such as a single
25 crystal silicon substrate, a single crystal germanium substrate, or a single crystal silicon
germanium subsirate, can be used. A commercially-available silicon substrate is
typically a circular substrate having a size of § 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
30 semiconductor substrate 100 is not limited to a circular shape, and a single crystal
semiconductor substrate processed into, for example, a rectangular shape can also be

used.  The single crystal semiconductor substrate 100 is preferably manufactured by a

11



As the single crystal sem conductor substrate 100, for exanple, a single
crystal sem conductor substrate forned of an el enment bel onging to G oup 14,
such as a single 25 crystal silicon substrate, a single crystal germanium
substrate, or a single crystal silicon germani um substrate, can be used. A
commercially-available silicon substrate is typically a circular substrate
having a size of 5 inches (125 mm in dianeter, 6 inches (150 M) in

di aneter, 8 inches (200 mm in dianeter, 12 inches (300 nm in dianeter,
and 16 inches (400 mm in dianeter. Note that the shape of the single
crystal 30 sem conductor substrate 100 is not limted to a circular shape,
and a si ngl eCémptwdlcvadhive dacaorbe subsfegratdbypimdossied. i nt o, for exanple, a
rect angul ar g)h gfje can al so be used. The single crystal sem conduct or
substrate 100 i s preferably manufactured b nmet hod, even though it
can al so be manuf A&t bage Bipstaic £, retuhmtc %/OOMZ?f an insulatorpegntieeustrhs e

substrate 12%ec1ﬁceﬂl3lb§ b Rgoif @ 1R G Rfie@ s 'gﬁ%lguggtﬁfes 9% CthH $&Gronics
Speci fically, possible to . use a variety g{ ass substrates used for
i

the el ect?onﬁ“é‘émy’SS"idhcfﬁsﬁ“r gumingeifirates elags &bﬁffﬁ‘%@l paekorefilisas dubstrate, an

al um nobor OSéubitﬁl&t@'ag:laﬂ@ﬁ bértfidatedl8s subitraft 2B Akl B8 HRFOSIbbi k) orhidSS
substrate as as a p(ﬂuart subst r?l;[eapka cer.am C‘ﬁ@lbijt rate, a sapphl re

substrate, ?"wei‘?g 19 18P Kf’t%’ FELS v &i ngMErERVElE o SRl CSRRlCt or

substrate (f@mieianpt Sbstitesi gk, ¥shak cBistl ﬁlﬂﬂanS&bbﬁété)aﬁa@)be'ﬁ?e)ﬂ abe used as
t he base subﬁtrate enbo ment , é)?se of using gl ass

substrate i s'qGaEsY LitrB@szraByP"u fsn‘a“lﬁ’ &Feﬁgsa &bt Mare avﬁ?%ﬁ‘”?fé’ﬁmﬁave a large
area andid s demgibpenByueings gldsesubame Sikisioh e dRhe a0A%hd [SQMHEIRP Can be

achi eved. [Ooétthbasesubsfratfﬁ(?(c%E regucgglg%llgzbéla nﬁfg(ggl on 104 having a damaged

crystal struetUre>i°s depth froma surface of the
si ngl e crysti{aP43dem conduct or substrate 100. 15 After that, the single

crystal sem cond r d th ba 82l rate 120 are bonded
to each other wi ?ﬁg)gndnl%ﬁgﬁ 1‘3{‘;0%’0%994 %meéif%m otée?im%tﬁréa’r’se B%3een (see
FIG 10 . [ CGOfeetermined depth from 3 hiefa@mfrthqsnﬂgkobryse?gsﬁmncoh@!tbtc@asubsmeei(m med by

| 11 adi atiNng ANyl NOlsfefelok St AlonARRGRIS ARAHES R0 oAt BR LA Fosh0 1 41 Tons of
Y J bonded to each other with an insulating layer 102 interposed therebetween (see FIG.

1C).
[0044]
The embrittled region 104 can be formed by irradiating the single crystal
20 semiconductor substrate 160 with ions of hydrogen or the like.
[0045]}

The insulating layer 102 can be formed with a single layer or plural layers of a
silicon oxide film, a silicon oxynitride filn, a silicon nitride film, andfor a silicon nitride
oxide film. These films can be formed by thermal oxidation, CVD, sputtering, or the

25 like.
[0046]

In this specification, a silicon oxynitride film refers to a film that contains more
oxygen than nitrogen and, preferably, in the case where measurements are performed
using Rutherford backscattering spectrometry (RBS) and hydrogen forward scattering

30 (HFS), includes oxygen, nitrogen, silicon, and hydrogen at concentrations ranging from
50 at.% to 70 at%, 0.5 at.% to 15 at.%, 25 at.% to 35 at.%, and 0.1 at.% fo 10 at.%,

respectively.  On the other hand, a silicon nifride oxide film refers to a film that

12



[ 0045] The insulating |ayer 102 can be formed with a single |layer or
plural layers of a silicon oxide film a silicon oxynitride film a silicon
nitride film and/or a silicon nitride oxide film These filnms can be
formed by thermal oxidation, CVD, sputtering, or the 25like. [0046]

In this specification, a silicon oxynitride filmrefers to a filmthat
contai ns nore oxygen than nitrogen and, preferably, in the case where
nmeasurenents are performed using Rutherford backscattering spectronetry
(RBS) and hydrogen forward scattering 30 (1417S), includes oxygen,
nitrogen, silicon, and hydrogen at concentrations ranging from50 at.%to
70 at. % 0. 5coufaigomage Myogen than @Bgeatands profe@blyain i8¢ caaneth@e eaturdicns 10 at . %
respecti vel yare?}f&llﬁ@d ﬂﬁrﬁéq{Bs%H%PS%nﬁlh&és;ﬁeg|n§tp r%%p SR gndfthjfj%gnegter s to a

filmthat contains noré nitrogen than oxygen a refera In the case
wher e measur EResHrations Bngag fiop el aig i3 gt #foNS atimes ede s iﬁ)@{lfen

m trogen, sikddcanassang 3bya@vpg&9ecabezpow%a ér%ﬁigésa&gﬁiﬂ%efl 9%511 at . %tO 30
.% 20 at.9%to bh at.% 25 at.%to 35 at and %to

r es pect i vl ysiliaeBt @dipdioegseill srithingiae f%ﬁ‘ﬁ“ﬂ‘t"’r”o‘ﬁ’@?‘? “hRip gk total murgpqrjof on ? and

hydrogen f al donid doiaied Hahd FNGE SxyBiMANARP VIR, silBERiBidE BRdd 8hdls apsneher of
atons contain in the silicon oxynitride filmor the silicon nitride oxide

filmis defiﬁggoﬂgﬁloo at. % [0047] Next, heat treatnment is perfornmed to
separate the[0gdmgl e crystal sem conductor 10substrate 100 al ong the
enbrittled region uctor | ayer 124

e cr seni con
(al so sinply referreﬁmgwgggwﬁ%ggﬁf g%ﬁ@? §?§§§W?F%§$BE5W1ﬁQQmHVer t he
base subﬁiraméﬁm@OOQmKMgﬂhembm@ul&gmngﬂ4aﬂembi@ngmmammbsﬂdxMME&ebetmeen

(see FIG D)y, at. 1t t erfo e, el enent
added is pr ec){e%??égﬁlsa\m:ﬁ)r& rtcpcirgg'?o ‘;s {eﬁ% rrz$1 Io Il ?’?Ig 18%'%\11 otvF]r 1pee%?l tt] ed
regi on 104 bwbﬁ@WﬂéQHﬁmﬁeﬂwwﬁﬁadaerNanmmbhsdﬁﬁméﬁwam(@x@ﬁsmbb of the
crystal defgggf i ncreases. The increase in pressure changes the vol une of
the crystal defects in the enbrittled r%glon 104 to generate cracks in the

enbrittled regi onWheuthe i sttt pafongte thersjemeat adsledrisqueripiotedinisubst r at e

100 is S?par&jt';%qj d&kQ O Srhheinenb "ehgltltﬁﬁgreggﬁg'lgﬁ b}Qé]’npeSaltd?g %cl:elaﬁt LSyl ating

| ayer 102 is bonded to
internal pressure of the crystal defects increases. The increase in pressure changes the

volume of the crystal defects in the embrittled region 104 10 generate cracks in the
cmbriftled region 104, whereby the single crystal semiconductor substrate 100 is
separated along the embrittled region 104. Since the insulating layer 102 is bonded to
20 the base substrate 120, the single crystal semiconductor layer 124 that is separated from
the single crystal semiconductor substrate 100 is provided over the base substrate 120.
[0049]
Next, the surface of the single crystal semiconductor layer 124 provided over
the base substrate 120 is irradiated with a laser beam 130, so that the crystallinity of the
25 single crystal semiconductor layer 124 is recovered (re-single-crystallization) (see FIG.
1E).  The irradiation with the laser beam 130 is performed in an atmosphere containing
at least one of nitrogen, oxygen, and carbon. Alternatively, the irradiation with the
taser beam 130 is performed while the single crystal semiconductor layer 124 is sprayed
with a gas containing at least one of nitrogen, oxygen, and carbon.
30 J0050]

In general, the crystallinity of a superficial part of the single crystal



20t he base substrate 120, the single crystal sem conductor |ayer 124 that
is separated fromthe single crystal sem conductor substrate 100 is

provi ded over the base substrate 120. [0049] Next, the surface of
the single crystal sem conductor |ayer 124 provided over the base substrate
120 is irradiated with a |l aser beam 130, so that the crystallinity of the
25 single crystal sem conductor |ayer 124 is recovered
(re-single-crystallization) (see FIG 1E). The irradiation with the | aser
beam 130 is perforned in an atnosphere containing at | east one of nitrogen,
oxygen, and carbon. Alternatively, the irradiation with the | aser beam 130
i s perfor medsentidohéuctohdaysd 199l peovddey Siver the bk colizdale t1D0 afiayey sep@diidnsis Spr ayed
with a gas containing at.least,one of nitragen X n,. and c on.

301 0080] 1 n GEHE AL IR IERA off g JOGR PR B B B Re < ngl e
crystal semuuwitthdotgen ey dre sptatpnoingable oubittitdhegibbadés,sarbshe Bkee 120 after

the separati I ga{ﬁg 0 . : I f or med

due to the f%%r?adt?rll h o?‘ﬁ tgﬁée)&gﬁ%s?ﬁ%%%&l¥%‘g?dgﬁ&i%j&fh%qgg%§%§% }vgﬁ al ong the
enbrittl el riéglasm bea | 30asdlivshried inEG. 1Rcebardivrgleyst thetrepasiicidlaet obhe t he singl e
crystal sem Q&i@&%&é{%ﬂi%@ﬁct&%ﬁ ﬁzlt;'i{ ﬁ;@i%ﬁ& e ﬂw%‘pryﬁal}iik'i?yﬂ RBENndpeam 130 as

illustrated in FIG 1] ereb east the superficial part of the single
crystal seni®osagelisly phijersinglecrydal pepicerlupter fayerolércapthe eljaiedibyinity.
Not e that th@s&giaidh MithlaRiohicaPhidkdiops] RAAA saiymudhl $&M conRAUL:@hurh ayer 124

can be eval uated by observation with an optical mcroscope. Raman shill and
full width aVhifare OHARGEHIM AFAMAR SBECEOSSHY APTTEUM T ¢ o [ Raman spect r oscopy
spect rumgo orjobhe |ike. 10[ 0051] Tn this enbodinment, it is preferable

that the single crystal sem canductor |ayer 124 be | ted not conpletely
but partial 1y (paltTAFTREPDTTG) = By Gihs Tty T Fout eBearTado om ( he

si de of the wdnkaekedxdot tdrepliatinghigatialls {paltiabmeliicg) el wokiong thakedr bdad exposed
by the separation.. Th tial |.ting, means that .a porti of the single
orystal ohe B Bmane B 4t ol A BBt R Phrsitati on

W th the | aserthbeenradid®, Thagadiateplting smmhd gt tharionhe tle singlaceysbet ween t he
surface d i i t i | ati.noh:l.. g 2 t hi,ckness of

t he si ngﬁ; cs%ggggﬁgtgé%?%g%gu‘gip%rngnéegltgdrsblyl%i)’{? tlgé{%{ltg,][ﬁ)et lﬁg'eetr E%f)ne?jopart of the
si ngl e crysthak aglepth coalthn ¢heorthd digterce TRtveprs theshifasd and thsenforfepagtith theit o a
liquid phase,yherens. b x{%@:{ 8 the LhEHk 8RE 1 SmitBRIucloMafer §04) drphase
W t hout bei rfglg 20 %eﬂﬁregﬁl eOpSZY]C © .Eg R/ttﬁe Bar’?(%flaﬁo r?gﬁ’??‘hgdg'% the single
crystal seniibdhfdipeeraert phihesinglegrysial searicenaucter layerel 244y melted|te beibioyelt he
irradiation i%tquail@?hfls@a_ﬁ&e@m&éqmg&&woﬁisqag ifa iANRasd WiBGlb@Rg Of the
non-nel ted part of the single crystal sem conductor l'ayer; therefore, 25
recrystad i Z2®bn can be perforned with the plane direction aligned as
conpar ed wi tipsbhe case of conplete nelting. At this time, since the partial

melting is perfor ? in.an atno herg cont ai ni ng nitrogen, oxygen, or
carbon, the el er’relg‘;3 thg H“r‘t’ﬁé‘“’it“ﬁﬁz angleicy sl PEoRLgof Y‘frﬁé4=§ir3ﬁé%é“ crystal
seni conduct Gie faay@sited Bédthe Whidiation Wah gidpesdticahabo pantal@l ot girtgbe cryst al
sem conduct or Layel ddida' Sl 89 shdlE SISkt Yoy O Bl ELQ9eN or
25  recrystallization can be performed with the plane direction aligned as compared with the
case of complete melting. At this time, since the partial melting is performed in an
atmosphere containing nitrogen, oxygen, or carbon, the element in the atmosphere is
contained in the single crystal semiconductor layer 124.  While the superficial part of
the single crystal semiconductor layer 124 is melted, the solid solubility of nitrogen or
30 the like increases so that nitrogen or the like in the atmosphere is diffused into the single
crystal semiconductor layer 124 which is being melted. Thus, the concentration of

nitrogen or the like in the single crystal semiconductor layer 124 solidified can be made
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30 the like increases so that nitrogen or the like in the atnosphere is
diffused into the single crystal sem conductor |ayer 124 which is being
nmelted. Thus, the concentration of nitrogen or the like in the single
crystal sem conductor |ayer 124 solidified can be made higher. [0053]

In this enbodinent, the irradiation with the | aser beam 130 is performed in
a chanber having a nitrogen atnosphere. Wen the single crystal

sem conductor layer 5 124 is irradiated with the |aser beam 130 in such an
at nosphere to be nelted, nitrogen in the atnosphere is easily contained in
the single crystal sem conductor |ayer 124. The contai ned nitrogen atons
are trapped hQMﬂhe di sl ocation in the single crystal sem conductor |ayer
124, and the | ocation is fixed. As a result, the yield stress increases
to i nprove the chani cal strength of the single crystal sem conductor

| ayer. 10[0054] In this embodimbrés o rediatigrewitldthie tasorpewf 180 tsrsfemeddmar educe t he

size or the aRMhOhs £NARGS kfobiE: SiRndle RS, ARSTRL AN INLIpe Singl e

crystal sem conduct or K en has a stronger effect
of fixing®thb ibirpdietsd withthe, laser boamy 130 &f welnpy Empwpherd brl melisdenitrazon fi x t he

di sl ocati on. j, bl 9BRShere is easil %t&ih‘& Qtth@gmil@@@sta! §eni:<§m&fcfo‘?%ﬁe:v @4 0 add

oxygen in conS|derat|on of t fusion rate and solid solubility.

Therefore, tHE toakgred w&mmw FaPRSfh i tthey disiocation g e Aingle fsesither e or an
at mospher e cQRfi@hdiicidd 19¥%Y RN aN@le RislcQBANS iFREL eAd Oksid, Bietyid@QRes@t NDSpher e.

The addition of oxygen in the single cr em condyct | ayer 124 al so
20 produces ’a?feaé?sftég?pr?‘ﬁé?e IperRanicAt reegth %/flst ‘Tm'?g&f@égf?? ﬂlﬂ%ﬁyefn of the
singl e crystf@bs4gem conductor | ayer 124 increases and the single crystal
sem conductor | ay 124 doe i easily 0056 hIS enbodi ment ,
carbon nay be addgﬁﬂwﬁ§¥ iﬁz%gqﬁpm?gggﬁw’ﬁ@m@@%?%l % ?%mﬂﬁ?P cularly
pr ef er abl e tdhaige Garizosizebe \@dislgdnaratedaddhﬁ Eiogie terystal $emix@educm’fhn}er iBt. because

PO en?® Ff P flroth b ek B N3 Alin B BLESLSANEL R L NERAIS L O o

ni trogen, i'on" o on na easl y control
def ect s. AnwdéﬁmggmhoQXﬁwﬁmbg@nngas an oxygen gas, and a gas containing
car bon aps ONBy<3 its conmponents may be selected as appropriate to be

introduced into a chanber in which the |aser irradiation 30process is
performed. [0057]On theother hand, it is effective to add oxygen in consideration of the diffusion

rate and solid solubility. Therefore, the laser beam 130 may be emitted in an oxygen

atmosphere or an atmosphere containing oxygen and nitrogen instead of a nitrogen

atmosphere.  The addition of oxygen in the single crystal semiconductor fayer 124 also
20 produces an effect that the interstitial oxygen concentration of the single crystal

semiconductor layer 124 increases and the single crystal semiconductor layer 124 does

not warp easily.

{0056]

In this embodiment, carbon may be added instead of nitrogen; however, it is

25  particularly preferable that carbon be added in addition to nitrogen. This is because

carbon has an effect of reducing crystal defects due to the addition of nitrogen, and the

addition of carbon makes it possible to easily control defects. Any of such a nitrogen

gas, an oxygen gas, and a gas containing carbon as one of its components may be

selected as appropriate to be introduced into a chamber in which the laser irradiation
30 process is performed.

[0057]

When a nitrogen gas or an oxygen gas is introduced using a gas refining
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When a nitrogen gas or an oxygen gas is introduced using a gas refining
apparatus (purification apparatus), the purity of a supplied gas can be

i nproved and the concentration of nitrogen or oxygen in the atnosphere can
be controlled to be effectively increased. Alternatively, the irradiation
with the | aser beam 130 nmay be perforned in a reduced-pressure atnosphere.
5[ 0058] Specifically, the m ninum concentration of nitrogen in the
single crystal sem conductor |ayer 124 including the portion nelted by the
irradiation with the | aser beam 130 nay be 5 x 1015 atons/cn8 or nore,
preferably 1 x 1016 atons/cnB or nore, and nore preferably 1 x 1017

at oms/ cnB or anpetes (pAritieatipmenperaiug), the peritg ohybupiéadyess e be IiGpreexiacdduct or

| ayer 124 i e 0 n 1 x 1016
at ons/ cnB I)nriy Oﬁg{hgki%r %f?gﬂrhg Iy& B@%ﬁ%n?q}é?o 0%%& 939, Gé%&l%h%fp@o %

preferably 1"@@0‘1‘(958‘“%@%/ Algmagtivelypths. "“Fq*\ﬂt’@@ﬁﬁihdb? tdr hare f1 39 may be
characteri sti,&ﬁ,n@@‘d I@apeﬁ@a@pgegggfeauﬁ&p&rg he single crystal sem conductor

| ayer, the U@B limt of the concentration of nitrogen is preferably

det er ni ned: 3¥11019 at oms/ cn8 or | ess, preferably 2 x 1019 atons/enB or
less, 15 and nor epifealsr all Muﬁm&n J&ﬂ&nﬁtﬁmfcrﬂﬁogéﬁ ih 6868 sinplet @yddrat the
nitrogen concentr t| OE@ nlz& ;Pe cr(%/ % conduct or, Ia er 124 can be
neasur ed by %f“ﬂ?@“ gr 124 inclu m/S\I BRI ‘39 Y thgdrpdigtiop “B@é}fﬁ %D nay be
emi tted whilgahheo maygke xCIK)VSitcﬁﬁs/c&ém sonRdsteleablyl 13y 60'° Addvin® Paskd i vely
sprayed with nltro(gr]aé)? y S) instead of 20 being in a nitrogen

at nosphere. rEHE PRI Aat i Ve PPMSERe O B8y  HEHAYTSY Wﬁymgl@ At ed while
the singie Csremscbaducﬁ)emy&qawcay%clddaﬁ@ég.#ﬁav!n% S éRée donbbideliéh &Y L 0gen gas
in a nitrogen atnosphere. As a result, = nitrogen el'ements are contained
(sol i d-di ssol &/ pMSER” pHaorepgerable f v 4 2 rtoge i casmenie et mpra pesferabdal yor e
easily. It 'l%'%?rﬁr@l’cﬁlsgr thé&eSay c&&%%ra&é]?oﬁﬁélﬁkﬁot&fg@s%L1zé&?&o?%ﬁ’%&&or | ayer
124 may be sprayed with an 25 oxygen gas gas) or a gas containing
carbon as orféngsf crysa S@E‘ﬁ?}’@w‘é‘ﬁt lgye, el fgupped%itg’és‘y? dopgstieatian of nigrogrintis ogen gas.
Fur ther o e orf el 8865 RAAM 16 OuBRYenP S RU bichShoh & foit R odi Q) fcrystal
sem conductor l'ayer 124 is spraye as cont ai ni ng at east two or
mor e el ehlfentand @”for@rwr@ﬁe@gleri X b@w@f@m%ﬂarml I@&r Béte th@ihke niirngemennccaretiemt r at i on  of
oxygen in t i 1 y be 2 x 1018

at ons/ cnB opﬁé%rsf@ e%’“’g%% %rﬁg %amﬁ%r?%&%gab%g}%ﬁ{eﬁéggw@mre and nore
preferably 594591018 atons/cnB or nmore. In consideration of the
characteristics ofjdndild 5th§t1é§5r biahNBot NGy B RRa SR AL sinBfE Tty gpduct or

| ayer, the upper |imt o he concentrati’on of oxygen IS pre eradbly 1 x
1020 at oms/ éﬁ*ﬁ*card“?f@%léyefd%ﬁ sioEE VY aireed T a1nilogen Bes @izcﬁ%)/i@%@d of iess.

Al t er natigvelyingtihe siro)9h Sukdpstal FaRe %ﬂé}gﬂﬁ%l?rthle sl b&./%ﬂl:m%ea}t gl ude a
atons/ ens Or nore, an

regi on havi ng&gg %ngn concentration of
preferably %T5EYG Sing/epit! Smigrpusios laver 24 dt ayed with rBibaed sl
strength. The & fitrogem Q@nﬂﬁﬁﬂfé’ at iR aOfresRl bbb &8 NG Cooffadpsd al
017 atons/cns nore, and preferably 5

sem conduct
SO Tbio" ot ool RSt TR s, P b T BIOF B 1ORAPSE CRTP LIRS of
transi st or usddigs tolvey Suazngd: dinglé y;sitalse:semmamdmydrom hay ¢ spriyh@wuﬁ)@ﬁr limt of

the concgntral anSO(B 0355 oroan aI:, or arlrg}cl egar s onc ofjfggo%l aci%eogs WEO {ess’ and
more préferably 5° 28 & g ponents {¢.g., L.z gas

instead of a nitrogen gas. Furthermore, the laser beam 130 may be emitted while the
single crystal semiconductor layer 124 is sprayed with a gas containing at least two or
more elements of nitrogen, oxygen, and carbon. The minimum concentration of
oxygen in the single crystal semiconductor layer 124 may be 2 x 10'® atomsem’® or
30 more, preferably 3 x 10'® atomserm® or more, and more preferably 5 x 10" atomsem?® or

more,  In consideration of the characteristics of a transistor using the single crystal
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10x 1019 atons/cnB or |ess. [0060] As a laser which can be used in
this enbodinent, a |l aser having an oscillation wavel ength in the range of
the ultraviolet to visible light region is selected. The | aser beam 130 has
a wavel ength which is absorbed by the single crystal sem conductor |ayer 15
124, and the wavel ength can be determ ned in consideration of the skin
depth of the |aser beam and the like. For exanple, the wavel ength can be
set in the range of 250 tun to 700 nm [0061] As the laser, a pulsed | aser
or a continuous wave | aser (CWIlaser) can be used. 20 For exanple, a pul sed
| aser preferably has a repetition rate of |ess than 10 MHz and a pul se

wi dt h of 10 wemivosdiciontisert the A e as elcorrdsentrétion yafiosyden puprsfedblydser is an
exchner | asey.2d.h emaits a l.aser bea avi ng_.a vel engt h, .of 400 nm or

| ess. As theﬁ%f%ﬁéﬁ%hff%%éddé%%?ﬁ%&ﬁgige?}&ngmggﬁﬁﬁﬁﬁg jitemg g%sible to
use a XeCl ehkechnge chaskrerhieoniurgpr dayee p24 itay duvludataeregibn bviklz at 0x3300 Hz, a
pul se width nanpsecan nd_a 25 wayv h .qf: 308 nm I n addition,
in scanni ng C%L?eﬁé%‘ﬁg"gﬁf g@dg?na]scer? R a:?g&%ﬁ%l?rsgdg ARS8 Y3y shot may
be parti al | yioompmokapgpedechanidal etsenbthot Tier minByunp @odceattatiyn o earbapipi thg one shot
with the follown hat .in. | r._irradiation, stial refining of single
crystals is %ﬁﬁ%%,%édgwgﬁggﬁgﬁﬁi?f&%ﬂpg%;mapgiﬁg|ghyﬁygtgﬁngghﬁa nduct or

| ayer havi ngrefey [Sent!0'¢ hmmatihbod sibieC Sinca@nsibi@atpbtolitrecharad@d@063s 4 Furt her,

t he range onmtgsmegsg hden§{t§ gﬂ t he | sgr Pean1toH§arHiall Helt t he
single crystSP e E¥h e Fare dyds FoUCoPdIcs, oy 5o HPRsh TEiE PGy htensi ty
that the singhenteatiysbbdartoeid mefdbigtsor |(Fay@iscid4r icss, ROt meopRiRbel y nel ted,
in consigderatjen of the wavel ength of the | aser beam the skin depth

t her eof , hé‘ghﬁ%Wﬁgg%OUFﬁthe single crystal semiconductor |ayer 124, and
the |ike. Fagooeexanpl e, when the thickness of the single 5 crystal

sem conductor layer 124 is, |arge, the ene necegssary.for comletely

nel ting the singrgs%%V§F3Fh§@h&?§ﬁ%ﬁ§@8Fmﬁg@@?ﬁfgﬁﬁ?éxgﬁfﬁOWHE§@3 and t hus
t he range ofwavtienggnienigyragtendsiteyuliaividdie tigsleligheagiarciag:lifeds eThet lgsebe Wi de. On
t he ot her han n_the.thicknes f ingle crystal sem conduct or

| ayer 124 | ?e%nné%,%sf tr‘]vgs%eﬁléérh é@lcﬁégaebs%%rg%;o%ﬁ‘tg? S"?%% B é?‘vc?@v%%fﬁae{ he single
crystal Benilégbrdddhcovaviclaysth cdPif determingd irspmbitigratimcbfttheuskin ds@tht dfahener gy
density of t e 1 Ser shal | te t when the
single cr ystlégﬁr %’g’rﬁﬁ %’glr?i%ﬁif:ptebrr ggge“?&%gﬂfy Viv%g%e?éﬂgﬁé% gkieé;gpi W”%%rla}!? fe fP?Pzer beam
whi | e bei ng tidat/@mt he upper linit of the range of the energy density
necessary fogogpprtially melting is preferably set to be snmall to prevent
conpletely nelting of the single crystal sem conductor |ayer 124. 15[ 0063]
By enpl oyi ng thef#@h%@ﬁmdéybﬁ?béﬁofhcmﬁF%MEHﬁﬁdhweﬁﬂyk@vbﬁMWh@wdthe singl e
crystal BemeGOBUMEIe Ol pli &Y HlseRfOUhHE RaOY RbetlBf HASEISURA!I0AUA, by A1e! L ed by

irradiation with aser beamto recover the crystallinity, at |east one

of ni trogenpulskyith of AR draewrdpds fosSWorrmaieprids.i it tipicak pHepddassr st
sem conduct @fcith@&&r it &€ ol |BSEFea HaRHE 84aOfength of 400 nm or less.  As the
aforementioned excimer laser, for example, it is possible to use a XeCl excimer laser
having a repetition rate of 10 Hz to 300 Hz, a pulse width of 25 nanoseconds, and a
25 wavelength of 308 nrn.  In addition, in scanning with the pulsed laser beam, one shot
and the following shot may be partially overlapped with cach other. By partially
overlapping one shot with the following shot in laser irradiation, partial refining of
single crystals is performed repeatedly, whereby a single crystal semiconductor {ayer
having excellent characteristics can be obtained.
30 [0062]

Further, the range of the energy density of the laser beam {0 partially melt the
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20 process; thus, generation of voids in the single crystal sem conductor

| ayer can be prevented. [0064] In addition, these atons are
trapped in the dislocation in the single crystal sem conductor |ayer to fix
t he di sl ocation, whereby the nmechanical strength of the 25single crystal
sem conductor |ayer can be inproved. [0065] A | arge anmount of
nitrogen or the like can be intentionally contained in a single crystal

sem conductor ingot during the manufacturing process. In that case,

however, such an elenent is precipitated to produce a huge defect because
of along nelting step 30 and a long cooling step with pulling up the

i ngot. Mor eosrele; crpstat oenaiemtincadrilgr: diéadisert soh aoxygendexiyshat thasitdle direction

of U1 L1 U8t Bheio HILNRA MBIE oShAGR, NG A0kl lithch 2, quar €2

cruci bl e, the concentration |str|bu ion o i'’ke varies
bet ween t he wavpicesth ofithe lager beayu theghil depib thseeof, ﬁWéhlylﬂEﬁ;@f é@fsmg[eoms&@] Accor di ng

to one e”bOdéeHFcBﬁdu%r e 1o ek GRe. AR LGRS, hikenlthd ﬁ:cﬁﬁ@??ﬁ 80k e

nitrogen or the ke i's sol'id-dissolved dufing partial nelting | aser
i rradiatin,cryia éfrmwémﬂfé@/et e ifdargs, fg COPRR DAY JBY qmle@qimelanm prevent s

generation aﬁcdsnﬁgl@dﬁfm séﬂ{lcdﬂ@tfnﬁ‘&ﬂa?er f2Q@56a1do largc and thiUhd A8 éfﬂ?rt}%enérgﬁ _
concentration of nitrogen or the like can control | e each single

crystal senﬁ@&WﬁGEWBF“?éﬁ%ﬁ“ﬁﬂ?é?t?HﬁwﬂﬁndyﬂtTﬂP?ﬁﬁmbﬁm?ﬂﬁeWﬁﬁ@#

therefore, af the single crystal semiconductor layer 124 is small, the energy necessary for
completely melting the single crystal semiconductor layer 124 is also small, and thus
10 the energy density of the laser beam is preferably set to be small. Note that when the
single crystal semiconductor layer 124 is irradiated with the laser beam while being
heated, the upper limit of the range of the energy density necessary for partially melting
is preferably set to be small to prevent completely melting of the single crystal
semiconductor layer 124,
15 [0063]

By employing the method described in this embodiment, even when the single
crystal semiconductor layer provided over the base substrate is melted by irradiation
with the laser beam to recover the crystallinity, at least one of nitrogen, oxygen, and
carbon is contained in the single crystal semiconductor layer in the laser irradiation

20  process; thus, generation of voids in the single crystal semiconductor layer can be
prevented,
[0064]

In addition, these atoms are trapped in the disiocation in the single crystal

semiconductor layer to fix the dislocation, whereby the mechanical strength of the
25  single crystal semiconductor layer can be improved.
[0065]

A large amount of nitrogen or the like can be intentionally contained in a single
crystal semiconductor ingot during the manufacturing process. In that case, however,
such an element is precipitated to produce a huge defect because of a long melting step

30 and a long cooling step with pulling up the ingot. Moreover, a concentration gradient
of oxygen exists in the direction of pulling up the ingot. Furthermore, since the ingot

is held in a quartz crucible, the concentration distribution of oxygen or the like varies
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10w de variety of SO substrates each satisfying a given specification can
be manufactured in small quantities. [0068] In addition, the SOl substrate
manuf actured in this enbodi nent has an i mproved nechani cal strength,
and thus is suitable to be used for a flexible device. 15[0069]

Al t hough the surface of the single crystal sem conductor |ayer 124 is
directly irradiated with the | aser beam 130 in this enbodinent, a film
containing at | east one of nitrogen, oxygen, and carbon may be formed on
the single crystal sem conductor |ayer 124, and a surface of the film may
be irradiated with the | aser beam 130. As the film 20 for exanple, a

si licon nit rbegueenithegentey of he fngstrng e gerinhenytheraatsi | i con carbide film a
silicon nitrjodesjoxide film or a silicon oxynitride filmmay be used. Wen
the filmis irradiated with the | aser beam 130, the el enent such as

ni trogen or oxyger"'n“""f0 WG opf PRHPGdimeab Ak i ention disriasedim gliserphogigent

sem conduct Orlntrd)@y @F thd e isASlidadisselsed f&urmg Bm:ﬂQﬁE}tﬂ@tHyaﬁéepiﬂraﬂlﬁudﬂ' Tvﬁ'@ﬁen

oxygen, o car

e sin yst al
25sem conduct %“ceﬁ Y e’l?eqti@im& ‘?f‘db%?oﬂlﬁ ?‘H‘é ra“ Hrc??’eé‘éfs@’(ﬂeraf[“g‘oaﬂ@] growing of \nyen t he

concentratlan&mh.oxygen nitrogen, or carbon in the single crystal
seniconductq&oé yer 124 is higher than that in a single crystal

sem conduct o got manufactured by the CZ nethod, a device including a
transi stor and t heuthpera dhengpneenatio8 ®f sitrgtreorcihy Sikalcars Bavbaonikdclonr | ayer
124 can hav n the single
crystal semecgg%lwcggyﬁ?gcyg% S;lap}?coﬂ]!\il gércf %{/tg{g%rﬂm@?ﬁégﬂh‘g%& tP gwm}e%h"i‘ chis
descrlbeH)lHwﬂﬁwgmﬁﬂﬁﬁﬁi%%ﬁ@&sﬁ@hﬂ%@@maggaﬁﬂa@@ﬁv@OhawéﬁnamdamhaiI|ke of a
transi stor ipsgafthaRli@y and the like, the display is not easily damaged
even when, for exanple bending stress is applied to the display.
FurthernDre 08581 t hi s enbodi nent, an el ement such as nitrogen or oxygen may

be added at the SRMRdlioAEHRSSAUHibIGNYikhOEared O TRk NerARaRIER hidt Led region.
Thus, the ngchani cal strength of . a device obtained can_ 5 be i nproved

wi t hout r eqUTPICKRY qbAniPlaReth payus if phitalgfortie yped o %ﬁh@#ﬁéﬁ”c%uch as
ni trogentsor [gxéypen i s added during a laser irradiation process, resulting

in an inprovenent the mechanical. strength of deV|ce Wi t hout requiring
addi ti onal steps. k?BP?é’ ts%ﬁurﬁl% ?lflcg © EPHG EOEPYRICAT layeni2d dnditsetor 1 ayer s

partial |y mikddéakdbyithikd lagr beanadioa eﬁk emiHohmaml asRE ccb@&ﬂhg aneal @PBNt such as
ni trogen orngr¥g§n IS ea dISS | ved, an he .concentration of

such an el effe oxnyan aPnCaF%Oé.l Jud a'%[ A‘d rgleg gg esbpgic crystali semiconductor layer
124, and a surface of the film may be irradiated with the laser beam 130. As the film,

20 for example, a silicon nitride film, a silicon oxide film, a silicon carbide film, a silicon
nitride oxide film, or a silicon oxynitride film may be used. When the film is
irradiated with the laser beam 130, the element such as nitrogen or oxygen in the film is
contained in the single crystal semiconductor layer 124, As a result, the concentration
of nitrogen, oxygen, or carbon which is solid-dissolved in the single crystal

25  semiconductor layer 124 can be further increased.

{0070]

When the concentration of oxygen, nitrogen, or carbon in the single crystal
semiconductor layer 124 is higher than that in a single crystal semiconductor ingot
manpufactured by the CZ method, a device including a transistor and the like using the

30 single crystal semiconductor layer 124 can have an improved mechanical strength.
Accordingly, when the single crystal semiconductor layer provided over the base

substrate, which is described in this embodiment, is used as an active layer and the like

19



| evel . [0071] Note that the structure shown in this enbodi nent can
be conbined with structures shown in other enbodinents in this
specification as appropriate. 15[0072] (Enbodi nent 2) In this
enbodi ment, bonding of the single crystal sem conductor substrate 100 to

t he base substrate 120 will be described in detail wth reference to

drawi ngs. [0073] 20First, the single crystal sem conductor substrate 100 is
prepared (see FIG 2A-1). It is preferable that the surface of the single
crystal sem conductor substrate 100 be cleaned in advance with a sulfuric
aci d/ hydrogen peroxi de m xture (SPM, an amoni um hydr oxi de/ hydr ogen

per oxi de mi xbfLartem(iABmad‘aplhyya]hridtehike,rthecﬂiaiﬁiycﬁ oy chsitydamapet aysi ehenndox t ur e
(HPM) , hydrofluo iC r e M

hydr of | uori c® acf’% ?ef@lﬁ%&(e ‘ﬁ’ﬂ&ﬂ”@% a?%lagemé El?i &HPwmbO%{%éd{ rofI uor| C
acid and ozoelenwasush ansiffodse cudretraniyet adiadet Hasapytimess aé‘lﬁé&hxfef/@enl n the

case where %}h’t’grﬁémé??&keg@egﬁdnl MR, #HOWIBHNRA shbRSHf Reige Haikdaeasi N9l €

crystal seniconductor substrate 100, the natural oxide fi Imcan be renoved
by al t er nfit ebey irgiireve avigiongreayitnge adibaspl sers- dln addéiony & Gi’emﬁ’t‘fr feh #&id on the

surface of the,ahngl exy/pby %t 3lided VRO A WGLOrra8ilast bb@s, 1LRGINMY ke an 30
rotating the single crystal sem conductor substrate looﬂjéﬁio&ge hori zont al

direction. APPEveRES imie meghanigal istenett of g dedos WiRYEvigng S*B%i de may be

formed on thgosbig! SnceiiStindle SEBICRAMMIGERIOr SARS tsr @iktaIIE OfkliedVBy ®Bingan
suppress the generatl on of ter marg dur | n% &%am ng and dré q? The
chemical oxi gradipled pyth F‘le‘f‘f’é& S 3P £ F‘ﬁ‘étd“ic o BB r Ha K EFs “g&WeTY at e
[0074] 10 solid-dissdNetand B conced@tid bpudiBah dlendnocaned 1mmeat;ddeosmr:s‘:a¢e of t he
single cryst@LeiSSem conductor substrate 100 (see FIG 2A-2).

[0071]
Note that the structure shown in this embodiment can be combined with

structures shown in other embodiments in this specification as appropriate.
15 [0072]
(Embodiment 2)
In this embodiment, bonding of the single crystal semiconductor substrate 100
to the base substrate 120 will be described in detail with reference to drawings.
[0073]
20 First, the single crystal semiconductor substrate 100 is prepared (see FIG.
2A-1). It is preferable that the surface of the single crystal semiconductor substrate
100 be cleaned in advance with a sulfuric acid/hydrogen peroxide mixture (SPM), an
ammonium hydroxide/hydrogen peroxide mixture (APM), a hydrochloric acid/hydrogen
peroxide mixture (HPM), hydrofluoric acid/hydrogen peroxide mixture (FPM), dilute
25  hydrofluoric acid (DHF), or the like to remove dust. Dilute hydrofluoric acid and
ozone water may be discharged alternately for cleaning. In the case where a natural
oxide film is formed on the surface of the single crystal semiconductor substrate 100,
the natural oxide film can be removed by aiternately discharging ozone water and dilute
hydrofluoric acid on the surface of the single crystal semiconductor substrate 100 while
30 rotating the single crystal semiconductor substrate 100 in the horizontal direction.
After the natural oxide film is removed, a chemical oxide niay be formed on the single

crystal semiconductor substrate 100, which can suppress the generation of watermarks

20



[ 0075] The oxide film 132 can be formed with a single |ayer or
plural layers of a silicon oxide film a silicon oxynitride film and/or the
| i ke. These filns can be formed by thermal oxidation, CVD, sputtering, or
the like. In the case where the oxide film 10 132 is forned by CVD, a
silicon oxide filmformed using organosilane such as tetraethoxysil ane
(abbrevi ation: TECS, chem cal formula. Si(0C2115)4) is preferably used as
the oxide film2132 in ternms of productivity. [0076] In this enbodinent, the
single crystal sem conductor substrate 100 is subjected 15 to therma
oxi dati on trﬁatne t to formthe_oxide film 132 éhere SIg film (see FIG
2A-2). The t AEMEai“2BRE Fat i9Bting r dB¢ GRFRICH §X15Fé?@ QCGSHEY AerrRdt Pa - an
oxi di zi ng at wesipiuesie gémerawhl ch hal ogen i s added. [0077] For exanple, the
single cryst@g ﬁ§n1conductor substrate 100 is subjected to 20 therna
oxidation tr az in an oxidizing atnosphere to which hydrogen chloride
i s added, so that Nekie anxixiie filinl 932182 forsed on nied surface tofiate eiagle, crishe oxi de

film132 §On%e§4131$§%ﬁ09m&§a gst?ma p0Qy8] The chlorine atom contained in
I st 3 [

the oxide fi orns I on. a 25 result, the noisture
absorption ri@%]of the oxide film 132 increases and the diffusion rate

i ncreases. That i §pe b)ﬂdet Bt ?ﬁs&“%%ﬁbm‘&wﬂﬁ%}” b‘ﬁﬁ% gﬁrg hlfe?surface of

the oxide film 132, e nol sture can be rapi absor used in
t he oxi de flqﬁl*ﬁmlB}Z‘de fivp, adidifan gpniridge fi b?m@/odﬂ@“ﬂ(@ Ptiesgdilps @@lbplﬁtralt@d in a

single cr ySt!?,J th&@al &M&PWD fsbdt@hﬁgﬁﬂr he 1gt.i M 'E}thgg%lﬁaﬂar ﬁq@%&nﬁ@ﬁﬁn i< an

chl ori de_of' heavy netal (suc Fe
extrinsi & n]ﬁar‘PthmE?QrPngvporan%'éF"t’ d”‘ﬁ@r@é’r fﬁ”@%#ﬁl%lofg@@tstl@ﬁl feh Wt h out war d

di f f usi on SQcﬁd&&bxﬁsh&eh@lﬁi{éﬁidﬁBﬁ A0S ch@ﬁwe[dnm@rslw@;{;m rlglp?efé}éa(ﬁt a'
sem conduct or_substr 29 %ﬁ Wg%’ v For exanple, the therma
oxi dati on tﬂﬁgf @ﬁ%hﬁ B g dye éWtenperature of 750 C to 1150 C,
and preferalfbg76p00 C to 1100 C (typically, 1000 C) |n an oxi di zi ng
atmosphere cont ai I?lil{lig errr}l}lo%gﬁ?e%g g]ecsn}lg erciryqsteai ée%l]{c% ductor substrat !0% 1§ subjected
15 to thermal oxidation treatment to form the oxide film 132 (here, SiO, film) (see FIG.
2A-2). The thermal oxidation treatment is preferably performed in an oxidizing
atmosphere to which halogen is added.
[0077]
For example, the single crystal semiconductor substrate 100 is subjected to
20 thermal oxidation treatment in an oxidizing atmosphere to which hydrogen chloride is
added, so that the oxide film 132 is formed. In that case, the oxide {ilm 132 contains a
chlorine atom.
[0078]
The chlorine atom contained in the oxide film 132 forms distortion. As a
25 result, the moisture absorption rate of the oxide film 132 increases and the diffusion rate
increases. That is, in the case where moisture is present on the surface of the oxide
film 132, the moisture can be rapidly absorbed and diffused in the oxide film 132, In
addition, defects due to oxide precipitated in a single crystal semiconductor film can be
climinated. Furthermore, a chloride of a heavy metal (such as Fe, Cr, Ni, or Mo)
30 which Is an extrinsic impurity can be formed 1o perform chemical gettering with
outward diffusion so that the heavy metal is removed from the single crystal

semiconductor substrate 100,
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5 10 vol % (preferably 2 vol% wth respect to oxygen. Treatnent tinme may be
0.1 to 6 hours, preferably 0.5 to I hour. The thickness of the oxide film
that is formed can be 10 nmto 1000 nm (preferably 50 nmto 200 nn), for
exanple, 100 nm The formation of the oxide film 132 in an oxidi zing

at nosphere cont ai ni ng hydrogen chl oride can increase the wthstand vol tage
and reduce the interface state density between the single 10crystal

sem conductor substrate 100 and the oxide film 132. [0080] In this
enbodi nent, the concentration of chlorine in the oxide film132 is
controlled to 1 x 10" atons/cnB to | x 1021 atons/cnB. [0081] 15When

hal ogen suchl®@Ichl orine is contained in the oxide film 132 by HC1

oxi dation or the Ihkexangk, i M0 Whiryi wmd%nadv&h&elyﬂaﬁé §ftSmlcieaShngl e
crystal seniconductor substrate (for exanp a nobile ion such as Na) can

be gett er ed. erR&ENICsO! X Gudth ! He thead Pferfféﬁttlh@ﬁ(ﬂ “bePfBPIEE EFicely.t he
format i on_ of doecpiiadesilihPhdBEnelREwkiRhiddck ONLAENAE) . Byl na! e

crystal sem conductor substrate 1s precipitated in 50 oxi de film 132,
and react$ wi teifdprofehly(2\wih) wish tskrceirtp pegen.o Toaimenpting edy be O-héwéral i zed.

Thus, the I npygd b%fefa@BthS’ ﬁ:‘;q i, ¢ Hﬁe fXAGs bt tﬁq@bﬁ@@ﬁl@ﬁﬂatt}?fo@héﬁ%&%&’ prevent

cont am nati on of Single crystal sem conductor substrate '
Furt her nor e, “Wﬁew1ﬁwembﬁﬁﬁéﬂwwﬁﬁﬁ@ﬁ@zmﬁmﬁdﬁﬁﬁﬁmﬂb Wogmasdhagnnatieat e, the

oxi de film 1§f2th§%ﬂd§ﬁ[rﬁ/@3ﬁ§x ﬁa é)liéiﬁ‘llg\ﬁainﬁ)hpl{efex&ﬁtaﬁtmg' IRHpEd YaisiehtagS Na
contained in the gl ass. 82] articul ar, "hal ogen such as

chl ori ne conf@Fie |vﬁthftﬁréi \@%Méﬂq' rqdvﬁef@ﬂzmﬁ e |stafe doRTIDDETNSER BF SitBe i ke is

effecti veot%@WC@QM@@Q@@&Qm@aeathaoﬁﬁmelomiuct or substrate which is not
cl eaned sufféé%gntly or a sem conductor substrate which is reused

repeatedly. 083] The hal ogen atomto be contained in the oxide film 132
is not |imted tolmathiscdmht@binas: &icmceﬁrridoumficmenaé amueeykidaeii@oraikned in the
oxide film 132, Bgford ;that tshe. s aceapf sthe single crystal

g
seni conduct 6"y Qrlaf HY e béﬁ 8- 8%I"¥°%ed, the surface of the single

crystal senijoegiguct or substrate 100 nay be soaked in HF sol ution and then
Soxi dat i bh may. bepet PaPsTad ghey MR doraErs)de 3 SeR Ehattburlbet rat e
100 i n an oxixtaiormn@r atheoidehen einiporiphivdlich 1 adviesdly i s[ﬁﬁddéld. single crystal
semiconductor substrate (for example, a mobile ion such as Na) can be gettered. That
is, through the heat treatment performed after the formation of the oxide film 132, the
tmpurity contained in the single crystal semiconductor substrate is precipitated in the
20 oxide film 132, and reacts with halogen (such as chlorine) to be captured or newtralized.
Thus, the impurity captured in the oxide film 132 can be fixed to prevent contamination
of the single c¢rystal semiconductor substrate 100.  Furthetmore, when the oxide film
132 is bonded to a glass substrate, the oxide film 132 can serve as a film which fixes an
impurity such as Na contained in the glass.
25 [0082]
In particular, halogen such as chlorine contained in the oxide film 132 by HCI
oxidation or the like is effective to remove contamination of a semiconductor substrate
which is not cleaned sufficiently or a semiconductor substrate which is reused
repeatedly.
30 jo083})

The halogen atom to be contained in the oxide film 132 is not limited to a
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[ 0084] Furthernore, after the thermal oxidation treatnment is
performed in an oxidi zi ng at nbsphere contai ni ng hydrogen chl ori de, heat
treatment is preferably perforned in a 10nitrogen atnosphere. As a result,
defects can be reduced. [0085] Then, the single crystal

sem conductor substrate 100 is irradiated with ions having kinetic energy,
whereby the enbrittled region 104 whose crystal structure is danaged is
formed at a predeterm ned depth of the single crystal sem conductor 15
substrate 100 (see FIG 2A-3). Wen the single crystal sem conductor
substrate 100 is irradiated with ions 103 which are accel erated through the

oxi de fil m 199orig atomy  diflugringqiqnympy g coptained infheeoxjdg fibm 1373 erderderéd to a
region at a &E@ﬁﬁc@bﬁ‘tﬁ&%gﬂtﬁ&&ﬁa fs&ﬂr&brtdhamswbét@@cemf istf@roSdxntleg, REYst al

sem conductor substrate, 100 and.th errbrlttle 104 can be formed.
The | one. 10gm Rt D tieaals el oo St 8 e cekak e i en 20

gener ate plasﬂamafsmﬂ&mﬂomrmawga$xmanﬂ moﬂsokmﬁhgdﬂﬂoxﬂmﬁhbﬁﬂ@hﬂﬁna are
extracted fro pl e actl ctric field and then
accel er at 2d. r%%%f’ay B perfo”%ﬁ‘} oy &5t SH‘g CrW‘ﬁ S‘H“‘fcﬁl “%?Fbsiupstt'iae @0 r&dfon 104 is
formed can b@ucbmrgmbsipwetmwmche\lﬂéummm energy, mass, charge, and incident
angl e of thewais 103. The kinetic 25 energy can be controlled by an

accel eration vottage, dosage, or the like. The enbrittled region 104 is
formed at a dept h¥ !gtbbmmﬁﬁqItﬂwhm}d@kldm@ntmmxﬁétg pyrmelnetr atidicing dept h of

the ions 103ann§ﬂ§{r§g1&'iaﬁnmé m?dr(fg]gﬁ Gllﬁ&%i%s tr@auﬁén?% Jﬁ%f‘élrah’izhvgk?@g ecgﬁl’”d“Ct or

| ayer separate e single crysta sem con 00 is
det er mi n&d byreggeatmegaheiat abs drssiedrfestsern bavedicohs 103. The depth at which
the enbrittlmggksiegion 104 is 30forned is controlled so that the thickness
of the single crystal sem conductor layer is 50 nmto 500 nm and
preferably 100 nnTWB Bpginglerprysabgtyiponductor subsgle WiF jiradiskd widlgiosh 104 can

be forned byhdv.agl ke Br !eﬁér BB Nhe ehbBttibd RegdAPIoN GyHobL Al RNEruGRR ibe
per f or med us n ion apparatus is

aratu An. i on_dopin
typically a ’§sf°’§ﬂ§" g’f’iﬁgg'ﬁ‘b'ﬁ? af%ﬁ'g Fothe SFﬁgﬁd?"&Stq?I ngmigopiiseessi ng
obj ect didSSEQSKasd'aﬂe n(}(}a(s&f‘iaﬂm -3)M Wheﬁ:ctﬂc siiglRdsysaf selrﬁﬁ&n&@%@ k®Sradi ohs ar e 1 ed
gener at ed by ion o oce as arat u is calle
"non- mass- séﬁ%ﬁ%@i ‘6’% ’8?)%@5 huctsh"areb"’ecﬁ‘gffgtgg fiﬁ‘@%&“‘ﬁg Ef’?ef@ HSERAIEG ¢ adi at ed
with all ki rnd$I®f2Anhespec l@sarniatidedud amegan st&pm&ttdrmme@ficptiommaﬁ@l es in
plasma. In .Cfor f}ctrB %ﬁhe sm;rf}e C nt fsngtcom}u%‘tto{r O%st%,PeDPOrO%EIéjﬁle em giltul (Sﬁgioﬁ?{)) rat' on

appar at us. an a I on apparatus 1s an appar ich a
processi ng ehj éctformsd i rihadpmst B9 sk tOhtamoth as felbivesa bawdengps ds sypudted fid ¢ nass
through ,, generate plasma of the source gas, and ions included in this plasma are extracted from
the plasma by the action of an electric field and then accelerated.
0086]
The depth at which the embrittled region 104 is formed can be controlled by
the kinetic energy, mass, charge, and incident angle of the ions 103. The kinetic
25  energy can be controlled by an acceleration voltage, dosage, or the like. The
embrittled region 104 is formed at a depth substantially equal to the average penetration
depth of the ions 103. Therefore, the thickness of a single crystal semiconductor layer
separated from the single crystal semiconductor substrate 100 is determined by the
implantation depth of the ions 103. The depth at which the embrittled region 104 is

30 formed is controlled so that the thickness of the single crystal semiconductor layer is 50
nm to 500 nm, and preferably 100 nm to 200 nm.

[0087]
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10mass separation of ion species in plasma. [0088] Mai n conponents
of the ion doping apparatus are as follows: a chanmber in which a processing
object is disposed, an ion source for generating desired ions, and an

accel eration nmechani smfor accelerating and emtting ions. The ion source
includes a 15 gas supply device for supplying a source gas to generate a
desired ion species, an electrode for exciting the source gas to generate
pl asma, and the |like. As the electrode for generating plasma, a filament

el ectrode, a capacitive coupling high-frequency discharging el ectrode, or
the like is used. The accel eration mechani smincludes el ectrodes such as an
extraction el ect r dfesmbsitledreaitre Fid 526 e dtrwed pipdne, doping dieaimentat Thenion 20

el ectrode, aqing t@h@HAdR!RGIFHBHRN WBinP ANGEN S4HHY Abphi@ius.S URP|oYi daginpover to

t hese el ectrodes; and IQF |i ke. These el ectrodes that are included in the
accel erat | orfPRERHSA SRcaPe? SPBAhatPARIOR RPHREY 07 Frodigfnech @FCF8E or slits,

t hrough whi cdbjechaisposaisint hattambtewlie AR kalde df fdnodpediblewhion a8 ORhERe AL
accelerai;d. Note that the co onenti of the ion doping apparatus are not
linmited t tHETBVEIRL S BT 8fip o Mt PRP2MAS §s SHISE hapn-DEHSEniPR m i s

provi ded as dppesaied bedaQ@&F ocessing objedtls ikrBdigieWRIOLH] BRLS iAXH-RIGANIS added to
the single crystal sem _conductor substrate 100 with an ion doping

appar at us. APGREPEBHIATHNFEEHR it BEUN:  Ihdonieash A foa-implasiation apariii iF ed as a

pl asma sour cemgasepatutiby ApReR. J& ke id-inPlar@sHiCfhalafdt Qs an \@sAuiB wiPand RE
power is introduced b abcqpacitiy c&g&{ing qgthod or .an inguctive

coupl i ng et HBE * HE- PN OLRTH? STdRtdoT Bt wectes avig & ispestictysy BHuRt e pl asna.
Then, ioHs maciepaatibniofioplsgsiminglz@amaccel erated w t hout mass separation, and
the single qﬁMﬁial sem conductor substrate 100 is irradiated with the
accelerated Tons. Plasma nmay he generated in such a manner that a direct
current flows thrideigvompdriegh oflittel ie eoping eppastuante mefbldwss achamlser iungst en t o

emt thermnal . lli.de.with, 5 the
v ogen ga A Vae A SRS it HEbICLITBh kb Aebesti g i o ot
t ur bo- nol ecdrsskergiignpreciianice frracechuiaiivig aod emittindrionge nTigasn soTive incicieuan

at nospheyse Wsﬁbﬁ&edc@icprfﬁ‘sﬁlﬁﬁi?ingfa shutte bl gi Eeﬁlezta@ adebirkd io?ys b thUCI ng a
hydrogen gas into an atnosphefe having a back-pressure o P*104Pa to 1 x
10-4 Pa. [ 0GBOfode M exding Bhsoytspierigo piseataniapae, e shedikec ebt thgdeabdd 13+ to t he
total anmuntpOfenk@itngs PRELES: CilaeANBlecddad)a LhAtinal eo@ﬁnﬁ%%ﬁ%@}m a

hydr ogen ga%,ig set to 50 %or nore. Mdre preferably, € perceritage of H3
| "i's set todBeMHRRE fsTwde.pmibe likgsls uehardei werloraionopeghatimprivalides n t he i on
dopi ng apparhttisies ke HehCRPAGS cRbr@REak bidicfalidiBlleltRdp)] HE&kIkliAHS of ion
spe0|es;ﬂene{at%d | glas i S ggeferably set to 50 % or nore, and nore
electrode, an ground electrode; a power “supply for supplying power to these
electrodes; and the like. These electrodes that are included in the acceleration
mechanism are provided with a plurality of openings or slits, through which the ions
that arc generated from the ion source are accelerated.  Note that the components of the
ion doping apparatus are not limited to the above-mentioned components, and another
25  mechanism is provided as needed.
[0089]
In this embodiment, hydrogen is added to the single crystal semiconductor
substrate 100 with an ion doping apparatus. A gas containing hydrogen, for example,
Hp, is supplicd as a plasma source gas. A hydrogen gas is introduced into a vacuum,
30 and RF power is introduced by a capacitive coupling method or an inductive coupling

method, so that hydrogen molecules are excited to generate plasma. Then, ions
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15 preferably 80 %or nore. By irradiation with ions having the same nass,
ions can be added in a concentrated manner to the sane depth in the single
crystal sem conductor substrate 100. [0091] In order to formthe enbrittled
region 104 in a shallow region, the acceleration 20 voltage for the ions
103 needs to be low Wth an increase in the percentage of H3' ions in

pl asma, atom c hydrogen (H) can be efficiently added to the single crystal
sem conduct or substrate 100. Since the mass of 1-13k ions is three tines as
| arge as that of 14' ions, when one hydrogen atomis added to the sane
depth, the acceleration voltage of 113 ions can be three tines as high as
that of H i BRgded\igiasiare seceicsied rwithopnmgs| seeasaions andothe stgls st ner eased,
the takt ti n&n@&onaigt& Qibsirdt Aol gtiﬁﬁﬂm&t ﬁma ﬂl@rh[(:%g‘gg?p{oﬁ@n@ﬁsxri %glbt:! ng in an
i nprovenent in productivity and throughpuy. s . on dopi ng

appar at uses %ﬁ“g’gﬁcﬁ&fﬁ%ﬁ’?’?}é‘e'gﬁﬁ agdiredt F‘%&Hf h‘?"b‘r”"ﬂ‘é@ 4 Heh dslgrdicoagant r eat ment .
Ther ef ore, bmetalrsnedisatrgaien wietrit tHedBd diygtrorLandliheSi@Malbdleciron @0RE AGH appar at us,
30signifigcant effects sugh as_anp inprav t in sem conductor

char act erlgsttl %E’fdfr%%n ar‘lsbr‘gélgceu"’inﬁpnéorsg%fe ’5%’@8&‘&‘{%@0’? K plrre-mapaylan

i nprovenent jpumppriold intoducirngy hydmgdpezapbtiae nedum afn@§9B8]c may have a flagw@et hat t he
step of irradiatj hgle crystal sem conductor substrate 100 with the
i ons 103 vvh?tg{hE )itairogq}aag%grztr)aﬁae% ’8{5%&3? %ﬁ%é"%aﬁ?sdf“ﬁéad s feﬁ’g‘ﬁm%ﬁm antation
appar at us. Anck-pmssimpF artiét Pon lapditat us i s a nass-separati on appar at us

wi th which 3&0 %"?]pr ocessing object which is disposed in a chanber is

irradi ated 9 an ion species having a specific mass after nass separation
of plural® ki nds o dnGin 8q@pdg @parges) efiapedntaye X' tiaticaaofmans®unge gas into

pl asma. Thus, when, an. i on,i.nplantation aratus is used, fit ions and H2+
i ons t hat arsgccéeéﬁ}gr deﬁf‘dﬂ? )gg"’é F?&F‘?céar‘iedcf?"p”ga Y& s eP YPrands-e
subj ected t avio@ pffBdPahabiOdhtaga Bt LidBab 8b% or MBRS Ohcelnlds LRI € ,
accel er at ed, w tg[vvhl_ch _1,0t he .si ngl e cr%/st al sem conduct or subst‘rat e 100 is
i rradiat ed. riobacg med in the ion doping apparatus, the percentage of one kind (H;") to plural
kinds of ion species generated in plasma is preferably set to 50 % or more, and more
15 preferably 80 % or more. By irradiation with ions having the same mass, fons can be
added in a concentrated manner to the same depth in the single crystal semiconductor
subsirate 100.
[0091]
In order to form the embrittled region 104 in a shallow region, the acceleration
20 voltage for the ions 103 needs to be low. With an increase in the percentage of Hy¥
ions in plasma, atomic hydrogen (H) can be efficiently added to the single crystal
semiconductor substrate 100.  Since the mass of Hy" ions is three times as large as that
of H' ions, when one hydrogen atom is added to the same depth, the acceleration
voltage of H3" ions can be three times as high as that of H® ions. When the
25  acceleration voltage of ions can be increased, the takt time of an ion irradiation step can
be shortened, resulting in an improvement in productivity and throughput.
[0092]
lon doping apparatuses are inexpensive and excellent for use in large-arca
freatment.  Therefore, by irradiation with Fi;™ by use of such an ion doping apparatus,
30 significant effects such as an improvement in semiconductor characteristics, an increase

in area, a reduction in costs, and an improvement in productivity can be obtained.
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In this enbodi ment, nitrogen and oxygen as well as hydrogen are added to
the single crystal sem conductor substrate 100. Carbon may al so be added in
addition to nitrogen and oxygen. Alternatively, one or a conbination of
ni trogen, oxygen, and 15 carbon may be added. In the case of using an ion
dopi ng apparatus, the single crystal sem conductor substrate 100 is mainly
doped with H3'" ions, and al so doped with 021 ions or N2 ions at the sane
time. 021 ions and N2+ ions have a larger mass than 113" ions, and thus
113+ ions are added at a deeper depth in the single crystal sem conduct or
~substrate log0 ccordingly, the enbrittled region 104 is forned at a depth
20 substanti qP@ equal to the average penetration depth of 143" ions, and a

region shal | oner MNoanthithie seplfirtdlage: he ghge o seRRBRInYior &nkBG @8 Which is
separ at ed Iag,v%ﬂ{eq?ntgglpgh .single,crystal sem cgnductor |ayer 124 is doped

lay ‘
with a | arge anoun G2Eh IssCFaRpean gl be pgrfasmedilyn ton iplangioRani cal
strength of tiperatis.nghreion inygarsdiios eppacen duchos-sdpaytsn Gairalewitihoyed. Wth
the ion igplgatali o E at.us; the fon doping apparatus, an 25 el enent
directly addgrg_ to gggggogg\@gcgtlg%gg%g%é’pgé’ e¢ creés?m HaCP R nih sBfissnt r at i on
of nitrogen BVingkepicificandshatich massytrstation ef phaal Kivels odivh smiclee genefate beasi | y t han
W th a | asergiclifirfioal QAR 1 5 e o108 concent ration of
nitrogen in ?ﬁe r+e5i orﬁ bqt%erﬁéi)ﬁinasugp%élevh% " he ms]'flﬁtgi%@nﬁﬂ%af S|
seni conduct 0% dib43ne a1kt s Btere gpacretet by excitgipn obghoimgtOdasmapHbee5 X 101s
at oms/ cnB Or suBjREed tolked Rpaklod, shd %itrkP B iRt NS/ ST aRMac TRt Eud ?Eﬁ'wﬂ}%ﬁe

preferabi% 1 x.1017 atonstnB or nore. The concentration of oxydgen may be 2
x 1018 at Dt hHngs eyl ecmipnndeciyr apsipatg 190 i3 prpdiatsd.onst nB or nore, and more
preferably H00041018 atonstnB or nore. In order to control the concentration
of oxygen, it is ‘%I E.o effective to provide a region having an oxygen
concentration of 2 ' ¥83%MG mltoge H oxyres s wrllagfverogendse gddsd fo tho18 5
atgmst s or smfe&‘rTslmhsMgandme su\ﬁggﬁtgmfa[]bmfboh&a?dﬂ@@c %&Be@?ﬁ&&dhfgﬂ t$ 0 ni 'lt)rogen
and oxygen, carbon ,is t he concentration of carbon may be 1 x
1017 at onst ﬁ%ro r%prar%'r %’fygea"ndAgFrggtgngf’@? ¥ %(CQ"B’P?“% Bhiliragenop*YEes énd Not e t hat
each of IShe cedneeny batddehs In Bic casproesent adobyopmgvappaieusy BeainaRdrak SI M5, When

one of nitrQge: , s contained in the region between the
surface of ? e‘@%‘id% gﬁgﬁaf%{j@f)qﬁ@%gnﬁlo@%n‘ﬁ@%?{lérm"éﬁnﬁ%d[ flsg %Opi‘g(’)“*gr% t he
enbrittled A@gioph: 0w as theasme Ombe M fdns Aand KE iab due o BRGEnas fan MEChani cal
strength of j4henginghe ShLys: ] ctor |ayer 100 can. be inproved and
growi ng of di'slocat | oﬁ can tgédgﬁgtpq?geggeggggl}?hn éﬁ%')r’(lf‘%l%ﬁrly%t?i,se’inicm?dé‘c rTlPef erabl e
to add car b&¥sir#e aldli t idsaordioghii theogubritdet aege da¢ bionfoms! an aefifpect of
reduci ngocr ¥gkahtidetest & el bdac - fddil fio.nitr n. Furthernmore, if
the oxide film 1§Z?i§ﬁf or_medﬁfge %y 6@’9@3%‘%“8%%%0@8339?% “eSHas]fOW@'i e crystal
sem conduct _8‘(’“ gﬁﬁﬁ'ﬂ"f‘%ﬁf‘%‘""‘&'@@!?"s ngnaly: 4ctedan Wyichhp graiedidater telattinesigle | eadi ng to
a decrease bmstiinemROMREDE a3 108 iOfop QXY GER ldrdd atn’{H?umsdH?i* [k 6 NpA(f&Br dingly,
oxygen is prefer aEI ej{]aadded in addition to hydrogen in order to I'ncrease the
X

concentrat i on 2JFY SichaiceingeagtihgT the spglercaystal somieandettert laver sablst r at e 100,
whi ch has beenodecr was ekt iodOP@8GTion apparatus! dndi Be %ns@opg%sﬁjpgjaﬁs,t , Use

ni trogep;or ,0x I]gedneccﬁontd ihed in tt he ba%k- Er essure when pl'asma ‘of a hydrogen
gas is geneFared By fEPEalich TSI Rgktrcgdend ey the gensenisiien pbsphere. | n
the case of nidginnyg tin likcogehs subxyGetan @ caabianmd® eaddi kot 9 1ydr ogen, an

i on dopi ng ARRasat, éar%n%s preferably used. This is because, since nass 25
separation 1's not g rtormed in the ion doping apparatus, plural kinds of

i ons sel ecti®®from nitrogen, oxygen, and carbon can be sinultaneously added
and t he percent age. Lans. i ncludi to t her than hydrqgen can be
control | ed by thgﬁcr g%“lc%lg eoth\(/Je}(e%'rilt ghigg‘btg%:f(egisﬁ)r“ celjggwlfpé%hﬁﬁarf‘f‘%é’f 8&&5‘8?& ng
pressurd tdfestadlsemigendyamendstiag | (tedndatly eabdtithesloh ko4 0027 «30Next , the

base subst ra%n%/c;fggi‘ ﬁnﬁmp [;rgfel%[:ﬂ?/q ><( %aﬁatolfrks%mg' %1;" 1%61%,) and more preferably 1 x 10"
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[ 0098] As the base substrate 120, a substrate fornmed of an
insulator is used. Specifically, it is possible to use a variety of glass
substrates used for the electronics industry, such as an alum nosilicate

gl ass substrate, an alum noborosilicate glass substrate, a barium
borosilicate gl ass substrate, a |lanthana alum nosilicate glass 5
substrate, or a titania |lanthana alum nosilicate glass substrate as well as
a quartz substrate, a ceram c substrate, a sapphire substrate, or the liKke.
In this enbodi ment, a case of using a glass substrate is described. By
using a gl ass subsstrate whi ch can have a large area and is .inexpensive as
the base subPPE§R o re ¢ d&% copesaiiRion Show g B kechi &4 edomp@OogmoQ| t | s

preferabl e thaferdbhie SWFAGREF ot hise, Qﬁeﬁﬁoélﬁ%?ér& §>x1@@a£ﬁy&h3@o@%¢e bef or e
bei ng used. pe%m?call t he base substrate is subjected to ultrasonic

cl eani ng usi HP eREHPIGRS onseirationd o¥EER ‘ﬁo‘élab&leﬁ@ﬂm wtnievde(aHPppn  sul furic

aci d/ hydr ogeRavRRRe %ikien Bndnthi @Ewm%mmum.ﬂw 9& B peroxide
m xture (APM Vp‘glal ut%eny nr (;lfl ugrl c acid (DHF) bl@ )S,djl’:%?@exanpl e,

the surfate %5?“’%/% Ware. 15 theydesst Whare e lS@dc’Eﬂdeﬁ@ﬂ@mesmm@ctaw to
ul trasoni ¢ cheat) Bbnldfidn RUASAGH Bhburdifch 3 BYE GRS RBe RSN QX AR XL U €.

Thr ough such ¢Feani ng treatnent, e surtrace o se su rate 120 can
be pl anari zedt wag abt @mfﬂréﬂ)pérkl tﬂ ‘estometral of mpron Kdéte tbair dasic @f athe t he base

substrate 120,CARE: LUREAca LOI0R: SANGAI vy VAL AGAT EQPhALDL IO | aver

121 (for exanple, an | nsu atin m co ng ni trogen, UcREAs "a silicon
nitride fil mxyginneny cabomisspptpipehin r'iﬁetm&i@lebe@xwdéhcfautfmc(oSﬁb”_s;r@gc)cq(sm >y)) is

formed opy t hemgdhdualLsBirale @0 RABR. &Hﬁﬁﬂédq'teé?org-?(ﬁ é%?t% He withindle ﬁ:)o\/e [0101] In

this enbodi ment, the nitrogen-containing layer serves as a layer (a 25
bondi ng | aydrjechibRdesahantsak Fenalk phdersineln WE pereigerdedoroayar HE0 s;mngft e crystal

sem conduct Qﬁipﬁ)hl&ﬁénﬁ %’E@vﬂé)& disldtadif b b@ﬂ»ppﬂé@@cp 8n ?:&r{?&llla? it Yrde@hple
avipng a single crystal structure I's provi d over the

sem conduct ar er
base subst rdf édqaé’flé’ln I PYFRHAR; P PEIGETH- *%5’6%‘?%?4’1‘?9’?@‘31* afy elfec ofrediicng cssieles as a
barrier | ayeﬂéfcf:t@ﬁud)ﬂ’o&ir(eemdltia@ of Aifttigent | aﬁth&%ha AShé S Na)is eRRtAl ned in
]the baseHs gY ttemf rom dln L %gqeg i ntlo Ce %llngl estr30c1r0¥sst aIr seem conduct or
ayer. [010 SR PRECHIMPOYRIE Ft aPRicy G upstis11 0P ds exdraeiehldy t he
bondi ng | ay éiigh-Hebt tiestment, leading to a decrease in the concentration of oxygen in the substrate.
Accordingly, oxygen is preferably added in addition to hydrogen in order to increase the
concentration of oxygen in the single crystal semiconductor substrate 100, which has
been decreased.
20 [0096]
It is also possible to use nitrogen or oxygen contained in the back-pressure
when plasma of a hydrogen gas is generated by introducing a hydrogen gas into a
vacuum atmosphere. In the case of adding nitrogen, oxygen, or carbon in addition to
hydrogen, an ion doping apparatus is preferably used. This is because, since mass
25  separation is not performed in the ion doping apparatus, plural kinds of ions selected
from nitrogen, oxygen, and carbon can be simultaneously added and the percentage of
ions including atoms other than hydrogen can be controlled by the ratio between the
back-pressure and the processing pressure, the plasma generating method, and the like,
[0097]
30 Next, the base substrate 120 is prepared (see FIG. 2B-~1).
{0098}
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preferable that the nitrogen-containing |ayer 121 have a snooth surface in
order to suppress defective bonding. Specifically, the nitrogen-containing
| ayer 121 is fornmed to have a surface with an average surface roughness
(Ra) of 0.5 nmor |ess and a root-nean-square surface roughness (Rrs) of
0.60 nmor less, preferably, an average 5 surface roughness of 0.20 nm or

| ess and a root-nean-square surface roughness of 0.25 nmor |ess. The

t hi ckness of the nitrogen-containing |layer 121 is preferably in the range
of 10 nmto 200 nm and nore preferably 50 nmto 100 rim [0103]

Next, the surface of the single crystal sem conductor substrate 100 and the

10surface of the Bashe fawsiParal 190 arubshnefouwsd ot deulaadh weher and
then the surfmcgcaly, & hﬁp(@éﬂ)id@) fide lamatid® ofl BHsst fBstGtel LaaGoohe teia&mmcs

ni t rogen- contalplnﬁxbéy 21, ar, bondedg& % therlﬁse%)F %01041
Here, after PAEYE AGl €5ty QF”§ °c BRTUTPEFR % (st PEiRRboses m?ﬁdﬂﬁ e base 15
substrate 12@bsarae, Bohsteth bogsititver glabd butisiee, ox ilatehahi |andidRiland dlie

bt ot mat ol YOEAY ord VB s SEMRE ARG e AB UL BB Rota0e Nkt n2 i s
applied to aﬁ@ﬂﬁﬁ:mtmmh@5@mmg¢escmyseawmsﬁnncmndbtt¢rmsubﬁmmamm 400.

Bondi ng of 6. e blab e MUflsd B8, Nl LOAPRLEANLALNE i AY P, 421 Degins

at the part to whic e pressure 1s applie en ex

spont aneous| /latgh prsugidcuinetrhisivwas habese sibirate BOnebstrgdustiasan hmacbhvads per f or med
by the actlomggﬁ van der Waals force or hydrogen bondi ng, can be perforned

at roomtenperature wi thout any heat treatnent. Thus, a substrate having a

| ow tenpé® at ure | itit prefesibienhaiaha sigfoge of e batersbsirateclzl seslaansscbedse t he base

substrate 12Qingl d}ed he &Qﬁgﬂ)ﬁ%esﬁa% subRdid '1@0‘ls%abiﬁct%?d"uﬂr&%m@%&thﬂ@ surfaces
are hydrophiljc and g ilic groups, suc oups or water

nol ecul es ( FEE¥ 'H’F@C?}Pfé"séﬂ?ﬁ’ﬁjﬁoﬁeﬁé’ei%ﬂﬁl'ﬂ'étuéﬁjﬁfﬁ%bsS“’f'i‘def‘%@fﬁ’r%‘hds arc
easi |y for negrdxfie phiQimas @Mea@@aduﬁmydﬁuu@hﬁir@wr)ﬁfmmenmwu&c@ﬂ% rapidly if

t he bonding urfa are s he di stanc en the bondi ng
surfaces i s i 1% 1 éﬂﬁc?ﬂﬁwogﬁ Ei"@(a)l')'l\tc?coécﬁlet’f@ff‘g}e ‘g‘éfs‘df e \t,‘\)ﬁéhes?%ﬁl e crystal
sen conduct anbmwl@smeaﬁsa pl@fatits sbigaded td Qﬂttdgﬁndf)&&@mﬁglbstng ahyirckBdsic sur f ace

treatnent | She %yh%r%ge%bple%x%%ran(g)ttrxrrgEthroug Qgchogf

eanmg ftreatmcrilf, t%e surface of the
base substrate 120 can be planarized and abrasive particles remaining on the surface of
the base substrate 120 can be removed.

[0160]

20 Nexf, a nifrogen-containing layer 121 (for example, an insulating film
containing nitrogen, such as a silicon nitride film (SiNy} or a silicon nitride oxide film
(SINOy) (x > y)) is formed on the surface of the base substrate 120 (sce FIG. 2B-2).
[0101]

In this embodiment, the nitrogen-containing layer 121 serves as a layer (a

25  bonding layer) bonded to the oxide film 132 provided on the single crystal
semiconductor substrate 100. In addition, when a single crystal semiconductor layer
having a single crystal structure is provided over the base substrate later, the
nitrogen-containing layer 121 also serves as a barrier layer for preventing impurities
such as sodium (Na) contained in the base substrate from diffusing into the single

30 crystal semiconducior layer.

{0102]

Since the nitrogen-containing layver 121 is used as the bonding layer, it is
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formed over the single crystal sem conductor substrate 100 and the
nitrogen-containing |layer 121 forned over the base substrate 120. [0106] As
the surface treatnent, plasma treatnent, ozone treatnent, megasonic 5
cleaning, two-fluid cleaning (a nethod for spraying functional water such
as pure water or hydrogen-containing water with a carrier gas such as
nitrogen), or a conbination thereof can be perfornmed. Specifically, ozone
treatment, nmegasonic cleaning, two-fluid cleaning, or the like is perforned
after the surface of at |east one of the oxide film 132 and the
ni t rogen- cont aj n er. 121 is subjected to plasma treatnent, 10 whereby
dust such asP% %P’%ﬂﬂ.% LBE SR bR 1f)1?’é‘%1LJP?V§€eS"Ei¥’tl’t Hefaes ind@deritP m 132 and
the nitrogensuppmisalefeoting bloaymg Sﬁehfﬁ:aﬂry,bﬂnﬁtﬁigm@ﬂtaamé e 15uUfragRs can be
nmade hydrophj | 1.Ge aAgrfabc ana ndi n strgggtﬂ Set ween the oxide film
132 and the BitYodeREsitm i nvgerag%\s%r acq ! %'ﬁﬁ" QPR & Jest 81D%] 15Her e,
an exanpl e ofeobronsqiaresiriiwniughsesd €Bs)i didh) Mmobr Essam@fee;blwmﬁl@ratgéeat nment
can be pesfo S|n i,rradi.atfon with

b gu%% ?Elghﬂm%ﬁﬁﬁﬁn P 1c8 o ﬁere con aslqﬁ?rlﬁsur%] 63@"35?%8%

ul travi ol et n an at nosp one
treat ment i namMer &dss.i ﬂ‘hadﬂ@m%@f \thetlhiﬂmen-pmtalmh@laybn Igthls pelgpeilyf ovted i n an

at mspher o GG A ARl S0rBH05AT i g UV ozone reatment,

ultravi ol et ozone treatnent Irradiation with
ul traviol et IM1Yht having a wavel ength of Iower than 200 nm and ul travi ol et

i ght having a vewsleRghrel P U8 ABOERIGbSol A8 BLS RIFLS FON al Ni ng

oxygen, ygone can_be generated and Si ngl et oxygen can be generated fromthe

ozone. i refcaf the GasRisYhstrale {20476 disrosed tp dase eaﬁ" vihaang thea vieel serfepetol of | ower

than 180 runhe 6zeNgisas el genatat of t%ﬁﬂn@eﬂg&ﬁ&mﬁ?@ﬁg@rr‘lﬁaﬁe Bbrigq e
gener at ed fromt f ofﬁgtrb% 25[0108] An exa a reaction caused
by irradiati 8&? SFF A\M olet light having a vvavel ength of | ower than 200

nmand ul trgoitelet |ight having a wavel ength of 200 nmor higher in an

PRI S T T T R E L

15 substraic 120 are bonded together with the oxide film 132 and the nitrogen-containing
layer 121 interposed therebetween, a pressure of approximately 1 Nfem? to 500 N/em?,
and preferably 1 N/em? to 20 N/em® is applied to a parl of the single crystal
semiconductor substrate 100, Bonding of the oxide film 132 and the
nitrogen-containing layer 121 begins at the part to which the pressure is applied and

20  then extends spontaneously throughout the surface. This bonding step, which is
performed by the action of van der Waals force or hydrogen bonding, can be performed
al room temperature without any heat treatment. Thus, a substrate having a low
temperature [imil, such as a glass substrate, can be used as the base substrate 120. In
the bonding step, particularly when the bonding surfaces arc hydrophilic and

25 hydrophilic groups such as OH groups or water molecules (H;0) are present on the
bonding surfaces, hydrogen bonds are easily formed to promote the bonding. Such a
phenomenon proceeds rapidly if the bonding surfaces are smooth, because the distance
between the bonding surfaces is easily reduced,

[0105]
30 Accordingly, before the single crystal semiconductor substrate 100 is bonded to

the basc substrate 120, surface treatment is preferably performed on the oxide film 132
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[ 0109] In the reaction formula (1), by irradiation with ultraviol et

| ight (hv) having a wavel ength of |lower than 200 nm nm in an atnosphere
cont ai ni ng oxygen (02), oxygen atons in a ground state (0O(P)) are
generated. Then, in the reaction fornula 5 (2), the oxygen atomin a ground
state (O(P)) and oxygen (02) react wth each other to generate ozone (03).
Next, in the reaction formula (3), irradiation with ultraviolet |ight

havi ng a wavel ength of 200 nmor higher (X2 nm is perforned in an

at nosphere containing the generated ozone (03), whereby singlet oxygen in
an excited s at e (%D% .S Igeneriat ed. In anbat rmigh%{g cont ai ni ng_ oxygen,
ozone is genotared hie FiPFaEat i SERCI UG Woskrter QY P e nErgRcoNaDingg a

wavel engt h ofay¢rddkformdiane2BObaserubamnad Ihe ozone i s deconposed to generate
singl et oxygpRody irradiation with ultraviolet light having a wavel ength of
200 nm or hi @ﬂe . The above-descri bed ozone treatnent can be perfornmed by,
for exanpl e, irradsahé onrfasettheamenovpipme sseatneentesue Yreh@eq, (égasenid85 nm 2, 2
=254 urn)gin - at.ans ; t al i 110 Further, an
oxanpl e 5 oo TRIRRE SR DA, SRR ettt apr e "havi ng a
wavel engt h off IvEesr-tonuiningaeatemivitma aarriert suo spiheasenicaat)abni ngnisatigen i s shown
bel ow. 02 + {A¥edt?cad bk MerBnkdl. + RALR oy o hv am ->
0(D)  02(6) [0111] .ng In_thesgédg%%ﬁ%’on ?‘ért}"nﬁﬁi’é"qlaﬁn?gag"%{ci )rdrcg "ation with
ul travi ol et THOgRd Heppinpar Sediks il nerfermed sfter|thparfaceipdat legbonsf (x3xiden) in an
at mospher e cpl &2 R0 XN GRR-LARnin? Taysl N1 & sBNHEENo | fasRD EXGILED State
0o(D) and i state (O(P)) are generated. Then, in

n oxygen atomin a groun
t he reacf‘fonwﬁ(‘%e?’ﬁﬁ}]%s g])a?a‘t‘?féa gRaTCatbibe SIS of thtpddecia 182 eo{ By ) and
oxygen (02) mieaeh-comitditingiagh 1Dt Qe be tethod@NAH AlcB u@70NEn 6O Bhde rlylamﬁ,mﬁc.r eaction
formula (6),,irradiati RN 'tdh ul trayi ??Iéet Iitght havi ng a wavel engt h of
| over than 180 ahirﬁsuzjl?(3t Fi ﬁ‘%ﬂ g SEFEYr MEWFh Gn Srfdosiifer'@2cémt ading t he
gener at ed ozdimeef-08)ainindleyce byl G0s¢ gledkd.oXygen in an excited state and
oxygen are gﬁnﬁ)at ed. By irradiation with ultraviolet |light having a
wavel engt h wer than 180 rimin an atnosphere contai ning oxygen, ozone
is generklt ed and e oz emeper oDragertreamede Godpathed t¥orgamaplat e-08é ngl et

oxygen. The - ri e an be. perforned b for
exanple, ir rtggt?l _\gll?ti %ﬁso\%vi I%eﬁg'gr‘e%&&xSélﬁﬁglggﬁr}%oé:nsﬁm(’ )?g'egt llyﬁraﬁl%'o‘ﬁ %iﬂén
at nospher e a8rvRichiRY) behy drepn atmosphere containing oxygen. The ozone treatment in

which irradiation with ultraviolet light is performed in an atmosphere containing oxygen
is also referred to as UV ozone treatment, ultraviolet ozone treatment, or the like. By
20 irradiation with ultraviolel light having a wavelength of lower than 200 nm and
ultraviolet light having a wavelength of 200 nm or higher in an atmosphere containing
oxygen, ozone can be generated and singlet oxygen can be generated from the ozone.
By irradiation with ultraviolet light having a wavelength of Jower than 180 nm, ozone
can be generated and singlet oxygen can also be generated from the ozone.
25  [0108]
An example of a reaction caused by irradiation with ultraviolet light having a
wavelength of lower than 200 nm and ultraviolet light having a wavelength of 200 nm

or higher in an atmosphere containing oxygen is shown below,

Oz + hv (A; nm) — OC'P) + O(°P) (1)
30 OCP) + 03 > 05 (2}
O3 + hv (A nm) — O('DY + O, 3

30



5[ 0112] Chem cal bonds of organic substances or the like which are
attached to the surface of a processing object are cut by ultraviolet |ight
havi ng a wavel ength of |ower than 200 nm Then, organic substances attached
to the surface of the processing object, organic substances whose chem cal
bonds are cut, or the Iike can be oxidatively 10 deconposed by ozone or
singl et oxygen generated from ozone to be renoved. The above-descri bed
ozone treatment can increase the hydrophilic properties and cl eanliness of
the surface of the processing object; accordingly, bonding can be favorably
performed. [0113] 15By irradiation with ultraviolet light in an atnosphere
containing o n, ozone is generated. Ozone has an effect of renoving

or gani ¢ subst ances @k tacdRolnfilaA(15 WK [iR&Ha1i0h wih RERCBES LRE (RHINgGLy 21 N

addi tion, singlet ox ?en has an effect of renoving organic substances
attached to ‘ﬁa@lﬁfiﬂﬁhé% yfer ghap Lot w8 ShinnloBjae @tmagphess ¢ostaEtingeRyyedn o). or nor e

than the 0z0gggeBOREInANGol REEDPKHIE nBRRd EXHIP!if theQlacBSY BEAUL N an
active state_and 20 al so, collecti Vﬁclﬁlar eferred to as active oxygen. As

descri bed i nh A ABGVSPLA YR Fiale &AM HYEREODIrtast Withesfleotherdo a react i on

in which ozogferhs ogHBeDAL Bkxi, ih HERRIBE FRRUAT3)SraghiRh waKYIGRMNRNGLHR I eaction
in which singlet ox%ggn S %ﬁnerat ed fromozone. Therefore, reactions to
whi ch si ngl eBVBRAGERCEBHD Of Y 88 o Riebey (& MRY 5y peElirrsd B HBAEE? eat ment i n

conveni ence. coal@h Iy generated ozond\d:§IwhehRBy SXgletxldeh M dB3&cattidibe('D)

ni trogen-containing |layer 121 are bonded to each other, heat treatnment is
preferably déﬁ?ﬁ?ﬁ%d ﬁﬂmd¥ﬁ%*h?%°?W%W@%§ﬁﬁ?h8“38ﬁﬁgﬁﬁagﬁPéﬂ&?ﬁ?mThis heat
t reat nento i swiienfravioiedlight havidgenpardingtheofalbwhihah 280 smagld he oRek igener at ed
inthe enbrittled reqgion 104 and is perforned, for ex A at_a

t enper at ur e (%6%'? ol eéirtgtgﬁ%eﬁg[%F‘"glatu(B‘lyg‘f“gbyr BT Eng ﬁlfrﬂ?g]gg{‘ﬁg‘t PEURE 2 ¢ han 400
C. The oxi devdvelematd 32 2840 chni lve hightr o Jén-abontdabamibal) okany areathizdt @y bbe bonded
to each otherimgkh% Qein%nqeat%p. at . Ee erature mﬁfhi Lnésabove range.
This heat trPERPREACY T B GATETRRE A (R Lo P PSSR R Macdd "8 heat i ng
furnace such,as5anmphiask@nethekealtthingg bxygaace, a rapid thermal annealing
(RTA) ap rghﬂﬁ a mcrowave heating apparatus, or the like. [0115] 5In
general , “wh bat treatnent is performed at the sane tinme as or after
bondi ng of the oxiultherf bl axaliPR @rudrebdiien nausedigenadiatinaiith nigatislyekphi21l, a

dehydration reaction at the bonding.nterface occurs and. the bonding
surfaces co%%“ﬁ 8§3?6?%ﬂéggﬁm§fﬂg?ggéﬂﬁ%? rhgmg%ﬁﬁFﬁaﬁ%PW%ﬁﬁﬁﬁ“fi i ncr eased
by strengt hehdwigbetfv. hydr ogen bondi ng and formati on of coval ent bonding. In

order to pronote (52h+ehp&p;ﬁgjr§;té(q55 +r&al_c,)ti on, {E‘Pi sture
20 OCP) + 0y > Oy (5)
O3 + hv (A nm) = O('D) + O, (6)
[0111]
In the reaction formula (4), by irradiation with ultraviolet light having a
wavelength of lower than 180 nm (A3 nm) in an atmosphere containing oxygen (O3),
25  singlet oxygen in an excited state O('D) and an oxygen atom in a ground state (O(P))
are generated. Then, in the reaction formula (5), the oxygen atom in a ground state
(OCP)) and oxygen (O,) react with each other fo generate ozone (Os).  1n the reaction
formula (6}, irradiation with ultraviolet Hght having a wavelength of lower than 180 nm
(A3 nmy} is performed in an atmosphere containing the generated ozone (O;), whereby
30 singlet oxygen in an excited state and oxygen arc gencrated. By irradiation with

ultraviolet Hght having a wavelength of lower than 180 nm in an atmosphere containing
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10 generated at the bonding interface through the dehydration reaction
shoul d be renoved by heat treatnent at high tenperature. In other words,
when heat treatnent after the bonding is perfornmed at | ow tenperature,

noi sture generated at the bonding interface through the dehydration

reacti on cannot be renoved effectively; thus, the dehydration reaction does
not progress and it is difficult to increase the bonding strength
sufficiently. 15[0116] On the other hand, in the case where an oxide
filmcontaining chlorine atonms or the like is used as the oxide film 132,
the oxide film 132 can absorb and diffuse noisture. Accordingly, even when
t he heat tr ealyg@nbzoat tsqrendonaiiind ghel opar beygend dtompedtite gperaget dnedel noi st ure
generated at the bopdi y |nt rface t 0 action can
be absorbed EHE Ui ?Puse i r hoé'm(i?x{;j‘g gy?qplc%hg%ggg%gwbg ﬁ ﬁgagn at| on
reaction canirtadiatpmoRmict ed(ee:ﬁahme: ENtlhyp (A i atmp iise, atevmhcmhemalamsubst rate
havi ng | ow heat resistance such as a glass substrate is used as the base
substrate 1289%the bondi ng strength between the oxide film 132 and the

ni trogen-gonidizdi ng | ayer 121 can be substantially increased. Furthernore,
when plasma ! reat iRilich SoRRIIrALIRY Bikand RRR) MicNhidh Beaaed LAGE,

m cropores as wel a}? p5 are %ormed In the vicinity of the surface
of the oxi desurfracremf‘z@zoce@mgpb:aqt arpoiusruylsaviclet Higl hevinga tevadengthaidred and

di ffused intQ, the OXi §ferl blbfid BstarlGCRAEGENDI o subfR@ o@ﬂﬂ%hﬁ&sﬁébﬁ&ﬂth bet ween

the oxide film132 and the ni trogen-containing | ayer 1 can be increased
even when heganiq ahsacgt whesepdemphierdarg e %ﬁﬁe]ﬂlﬁ’t tAnebe apfaivaly)
Next, head taeahsBa by s20RE6f Qﬁglﬁd)x%%ncg@h@zﬁecﬁﬁ@ﬁroa@ﬂe(w balraﬁtgca hernenbrittl ed

regi on 104, whereby_ the single crystal ctor i S provided
over the ba@@“"s%@t@‘éﬁ”é’“ﬂ%“‘?ﬁ“{ ﬁ‘”tl?féeaﬁ%gf ‘%‘/ ﬂg S“feréfﬁ ﬁéa“ iness

ni trogen- Con(gfalhmﬁﬁaieayﬁrthelgr:bcdsﬂhggroﬁﬁ&edcdok’tﬁlﬁ@beﬁdﬁﬁﬁg] dasee Riv&abizD). [0118]
When the heat tment is perfornmed, the el ement added is precipitated
into 5 cryskt IOr fects formed in the enbrittled region 104 by tenperature
i ncrease, angitdpe internal pressure of the crystal defects increases. The

| ncrease %n pr essgiﬁgi% g ?h uln’ v1018 hg in %Jl atm%ﬁahgxre ﬁtﬁ% gg%%% %zdn@ the

enbrittl & regi on enera e Cr Nt région 104,
wher eby the isgagtaedcr ngahaqsaa witen nﬂ@mbt)ng gabit ubttecasGladhed waparfeeed al ong

the embritt l %%%S?r@ Peéf ﬁ' sﬂfﬁﬁiok hs%i %%ex]; hcjssgatl]e%gct-o rmﬂgl%%flagict he 10

base substra(f bl he”'si ngl e cry’st conductor | ayer that is
separated frohtre atarhgi & Trybteall assorcsadbistion 2 dupspditeoriporeittgnpr ovi ded

over the basgﬁﬁ%aét r Sofie &rﬁsosmgTé?'&,(g%ﬁ%;e LERALIBINX fyge% lﬁ%faarv@%%aetnda

terrper ature at does not exceed e straln poln he base subst rate
120, for 2exagiy eollegivelygefeed fooas] OFive SAHER h"éa@ef»ffrrbéétﬂeré‘m ahe¥h r8gioBer f or med

with a diffugiQfaddilnaagke, Berd 8tk o HWHRHSE1GH g@éra&d e gdnBhafddce heating
furnace, a rapid thernal anneal i ng (RTA) appar at us, rowave heating

appar at us, ofinaiexypageandpmp reasiiaimpt ghich r?“’tgﬁ’é OXBEA ‘Bfgcﬁ"é?‘ figmy @OP%t ance

heati ng f ur nagesforhaadcribdsaatwimntsid fg&t poibotdmbuat aQkoCGefeed fovd obeer s and

subsequently perforned at 600 C for two hours. In the case of using an RTA
treatment i convenienee,

25 [01i4]
After the oxide film 132 and the nitrogen-containing layer 121 are bonded to

each other, heat treatment is preferably performed in order to increase the bonding
strength.  This heat treatment is performed at a temperature at which a crack is not
generated in the embrittied region 104 and is performed, for example, at a temperature
30 higher than or equal to room temperature and lower than 400 °C.  The oxide film 132

and the nitrogen-containing layer 121 may be bonded to each other while being beated
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20 apparatus, heat treatnment can be perforned at a tenperature of 550 Cto
730 C for a process tine of 0.5 mnutes to 60 mnutes. [0120] Not e
that instead of the aforenmentioned heat treatnent for increasing the
bondi ng strength between the oxide film 132 and the base substrate 120,
heat treatnment 25 for increasing the bonding strength between the oxide
film 132 and nitrogen-containing |layer 121 and heat treatnent for
separation along the enbrittled region 104 may be perforned at the sane
time by performng the heat treatnment of FIG 1D. Specifically, heat
treatnment at 600 C for two hours with a resistance heating furnace can

i ncrease t heattfdprapariirs tvitbin herpboyeapger  HuT ket i&eaiment ¢a bg perflraed wijls ¢ al

sem conduct oRifas4kSlifmadeSa Al iinade 3004 @ rGAMARGegif@Back 4 Bslk fetntin, and
desor b hydrogen. [0121] Through, t he above steps, an SOL substrate

in which t he®Wralige R1dy gpsfus STRCIOYAYRIERINE aPRefalys: ardhe tike provi ded over the
base substraf1s520 with the oxide film 132 and the nitrogen-containing

| ayer 121_interposed therebetween can be nufactured. Wth the

manuf act uti ng met ﬁb@F“&’é’Ec"F eP)é“B“i‘Wa?‘}"rf“s's Factehihe BPEdNG2% Het¥hse where

5 the nitrogemdngnt dienixidg flays? 2 hd sivtgedomsinibfeaybordl aglehyaysion t he

bondi ng strengt.h be en. the base substrate 120 and the single crystal

sem conduct o ay & 4 B AR RePH AT AR SrRCh Bl Pl BF IR T

addi tion, thahesithgl tac bondsizatrengths dorehad bostrehgthamingb? Bydoogow badelthgauér t he base
Substrate 12 NE A term LAk 0 Lir oxygen,
or carbon; t%ﬂga?}g{i ﬁ%@?’ﬁ“&?‘é"?ﬁ‘%s{“ﬁ’ &gg)rﬁ(;@gﬁg%fj %&d%g?/ne{eaéfig'ﬁl ngogsﬁﬂ e firmy
10 bonded0 t ceentratebaiske mbivg parace hpugintie dehydntahmenition bhogldrbemgudvedf t he SOL

substrate cag Q& ddRIRY 8ighl Ohgdure. 1n otheIAINBx%E,d\LH&ﬁtheat%%atgxr@lﬁ%%lbﬁﬁg in the

above enbodirent |, the single crystal sem conductor |ayer 1
i rradi at ed wviopgingis ﬁéf@rmcééa%\v EHesrEly. paguerapataed pihe YongmgdmMerfacas sjngl e

crystal sem GROgHGE QinyhRANST redetifin 6ARDR £AGRY REBIVAPIhEN e GlB/RAbL SUCh as
nitrogen is solid-dissolved in _or added to the single crg%stal sem conduct or

| ayer 124. TRetipndass nqt progeessang s diffieplt Rdprrses Bebendingeliens( suffiFesth ng t he
met hod amd tpeedpparatus described in the aforenmentioned enbodi ment. Note

that the addition_of nitrogen or the like t,é)’_lhe si.n%Ie cryst al
seni conduct or | ay8F e sWerhalid. iuthe gase Whera g exide ffim coptaining ehlog 0SS hy dr ogen
as descri bedhd nkd bi seeabadi st filn MBX bie sltiepfief 13Aser atissrb all aliffen as

described i nm(!':is urg.di &%Q&din]gly, gJeniw ﬁi’l? %ehhe%lf tréaﬂr?en?%ﬁgsdonéigg]'%?gerformed at
low temperature, moisture generated at the bonding interface through the dehydration
20 reaction can be absorbed and diffused into the oxide film 132 and the dehydration
reaction can be promoted efficiently. In that case, even when a substrate having low
heat resistance such as a glass substrate is used as the base substrate 120, the bonding
strength between the oxide film 132 and the nitrogen-containing layer 121 can be
substantially increased.  Furthermore, when plasma treatment is performed by
25  applying a bias voltage, micropores as well as OH groups are formed in the vicinity of
the surface of the oxide film 132, so that moisture can be effectively absorbed and
diffused into the oxide film 132, Accordingly, the bonding strength between the oxide
film 132 and the nitrogen-comtaining layer 121 can be increased even when heat

treatment is performed at low temperature.

30 [0117]

Next, heat treatment is performed to cause separation along the embrittied

region 104, whereby the single crystal semiconductor layer 124 is provided over the
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Al t hough the oxide film 132 is formed on the single crystal sem conductor
substrate 100 and the nitrogen-containing |layer 121 is forned on the base
substrate 120 25 in this enbodi nent, the present invention is not limted
to that case. For exanple, the oxide film 132 and the nitrogen-containing
| ayer may be stacked over the single crystal sem conductor substrate 100 in
this order, and then the surface of the nitrogen-containing |ayer fornmed on
the oxide film 132 nay be bonded to the surface of the base substrate 120.
In that case, the nitrogen-containing |ayer may be provided 30 before the

formation of the enbri 04 or after, the formation of the
enbri ul ed reb"‘l“?)ﬁubf@%‘" %\é)twét tth%l?’x‘ﬁ‘ﬁ ﬁi}l I3é and |ty pibigegs-cqutaiging; layeg ddl oxi de

film nmay beinfepdossddhedsbeivedti (s¢ed@EIEDFONt ai ni ng | ayer and then the surface of
t he oxide fi Orqsﬁay be bonded to the surface of the base substrate 120.
[0124] the case where intrusion of inpurities such as sodiuminto
the single crystaWhsefkdoatduetrent i ayrémrmid 4hef dlamant h&iedi)as;ﬁecsmia&‘dﬁ:abe 120 does

not causes any.pl oRk&Bmbd w2 ALIHIGPEALE AP A NN BY Bl gl logs not need

to be provide e su rate ST 6851 “Thi& oxi de film
132 provi dedintgrat pressigt nifhe crystgisiefitts erheondibe iroreasib ptessateschdr(@es thay be

bonded to thgy £ t te.: 0 . Not e
that the st P\S)C‘?ﬁlﬁ sefats Sl&n%tail %?CCE% qhﬁﬂﬂﬁwan’?glﬁg@b% %%%%ﬁencéagkwnt ‘ﬁe
10st r uct ur esvamigied Tegiont! b r whanthy dhereingls ¢rystal emicopraigiof iselstritonl 08 gis

appropriate. seﬁ@%&ﬁﬂlor(gﬁﬂp%rmtméan 104, Smcc thé BxiliOkifn EELOALIRA o @D

apparatus for irradiati ng a single crystal sem conductor |ayer provided

over a bibe tfbubsaicd 2¢ithasinglq Cé’éséatl sqpaepRicior laygrel4ither drrstategriroapbar at us)
will 15be desfpld bedaiWehRodREB QBGE:d PoodfsaMb NG o0 Hase substrate 120.

This heat treatment is performed at a temperature that does not exceed the strain point
of the basc substrate 120, for example, at 400 °C,
[0119]
15 This heat treatment can be performed with a diffusion furnace, a heating
furnace such as a resistance heating furnace, a rapid thermal annealing (RTA) apparatus,
a microwave heating apparatus, or the like. For example, in the case of using a
resistance heating furnace, heat treatment is performed at 200 °C for two hours and
subsequently performed at 600 °C for two hours. In the case of using an RTA
20 apparatus, heat freatment can be performed at a temperature of 550 °C to 730 °C for a
process time of (1.5 minutes to 60 minutes.
[0120]
Note that instead of the aforementioned heat treatment for increasing the
bonding strength between the oxide film 132 and the base substrate 120, heat treatment
25  for increasing the bonding strength between the oxide film 132 and nitrogen-containing
layer 121 and heat treatment for separation along the embrittled region 104 may be
performed at the same time by performing the heat treatment of FIG, 1D, Specifically,
heat treatment at 600 °C for two hours with a resistance heating furnace can increase the
bonding strength, repair defects in the single crystal semiconductor substrate 100 which
30 are caused by ion irradiation, and desorb hydrogen.
[0121]
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The | aser irradiati on apparatus described in this enbodi nent includes a

| aser oscillator 602 for emtting a | aser beam 600 and a stage 606 over

whi ch a processing substrate 604 is arranged (see FIG 3). A controller 608
is connected to the laser 20 oscillator 602. The energy, repetition rate,
and the like of the | aser beam 600 emtted fromthe |aser oscillator 602
can be changed by the controller 608. Furthernore, a heating neans 610 such
as a resistance heating device is provided in the stage 606 so as to heat
the processing substrate 604. [0128] 25The stage 606 is provided inside a

chanber 612. The S _provide e able to nove in the above
chanber. [0129] TR 2‘9‘3 4 ‘{"e oF PEp \%QIHS” TAEhE SRR sBEl f¥sr ovi ded
wi th a wi ndowngd@diiamr layert IrZQGhmm\mg:dtom thedB@rsuleram SO0t Ge bi’l@e fRPEessi ng

substrate 60 dQ mat er i al a high

t r ansni ttancgndwtl-ﬁtg ?\mwggh \é}{taﬁfn g ifl)ﬁeé lﬁasné(?rp té'gtr}ﬁeréb‘gweegféﬁ 8§‘dd'§'3?“fr2d In order

to increase & thy lam!thtutawmethvﬁ ddscribes peibis ctnbodilnent] @sein heas 686cas nuch as

possi bl e, 5t hg,eW 7 [ I n order
RO R 1l 25 P %@n% Uﬁ\ge’}?w}é@za & &e%o}‘%}“%?f?ef‘g%m and an

to control the at nospherein the c gas’ supp
exhaust por t PPN heebast sbptertsdl 20mnd fhe sintslerdnestal sasicontivtartissr évbadibeent , any

one of nitr opemasc@WNLRse RISl rlgpggd;§q m Le in the
chanber 612. SA%S(3 ufet n:%?og o %]@ teJlaﬁb1&)%&%0&“[)al Iglt}?/ cont ai ned
in the singl ¥°¢ ?}ﬁ‘l"%ﬂt S wbHalrd QPO’FWP"‘Fdﬁi@tﬂﬁéﬁﬂ caBesnirition afiiimegenn st ep.

[0131] The g@s/gaumplcmmrtﬁusw@ shr%lep&?é(élds%ﬁiuc%&ulatoﬁ :@@ﬁlﬁw&w ¥e ﬁﬁMILCG 628
t hrough 2 \{ Q % 8 as supply device 628 1s provided, a
bonde lgpqagp substraic 120 and the mechanical strength of the SOI substrate can

plurality of gas
be improved.
[0122)
After that, as described in the above embodiment I, the single crystal
semiconductor layer 124 is irradiated with a laser beam, whereby the crystallinity of the
15 single crystal semiconductor layer 124 can be recovered and the element such as
nitrogen is solid-dissolved in or added to the single crystal semiconductor layer 124,
The laser irradiation step can be performed by utilizing the method and the apparatus
described in the aforementioned embodiment.  Note that the addition of nitrogen or the
like to the single crystal semiconductor layer 124 may be performed in the step of
20 adding hydrogen as described in this embodiment, in the step of laser irradiation as
described in Embodiment 1, or in both of the steps.
[0123]
Although the oxide film 132 is formed on the single crystal semiconductor
substrate 100 and the nitrogen-containing layer 121 is formed on the base substrate 120
25 in this embodiment, the present invention is not limited to that case. For example, the
oxide film 132 and the nitrogen-containing layer may be stacked over the single crystal
semiconductor substrate 100 in this order, and then the surface of the
nitrogen-containing layer formed on the oxide film 132 may be bonded to the surface of
the base substrate 120. In that case, the nitrogen-containing layer may be provided
50 before the formation of the embrittled region 104 or after the formation of the embrittled
region 104, Note that an oxide film (such as a silicon oxide film) may be formed on a

nitrogen-containing layer and then the surface of the oxide film may be bonded 1o the
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10devi ces may be provided to supply a plurality of gases into the chanber
612 at the sane tine. [0132] The exhaust port 622 is provided with
an exhaust system Specifically, the exhaust port 622 is provided with a
turbo punp 632 and a dry punp 634 through valves. 15In addition, the
exhaust port 622 and the dry punp 634 are connected to each other through
the valves, and therefore, rough vacuum can be created by the dry punp.

[ 0133] An optical system 640 including a lens, a mrror, and the

i ke is arranged between the |aser oscillator 602 and the stage 606. The
optical system 640 is praovided 20 outside the chanber 612. The energy

di st ri but i onSugfReetoh e base 8¥bsEEaI0600 from the | aser oscillator 602 is

equal i zed byjotdug optical system 640, and the cross-sectional shape of the

| aser beam 600 i s, _processed jnto a linear shape Qr a rectangul ar shape. The
| aser beam 600 V\/n}“cthe ‘F?é%W‘beéi%?EEF“E“rﬁfd‘ﬂﬂﬁ‘“F%%’dbgﬁo A '§t§7§'tee“1‘ﬁgngﬁysﬁésses
through the sinivdoiuciod Byered @6 thotakdabitae haBart &bk angPebblets Ol | veL ed on
entiFe oot f BT CT LY 558021 o SHbted B e B et b Wi th the

| aser beam 600 thpysunidee ¢igiht heids fibgd350Hvidad be tiatinpie biystalt Rdidoddetor osci | Ihat ﬁr
602 or the i cal ed. Further.alternatively, both the
processi ng gsﬁ gggfrgell?(z%%%)%@gﬁ%%&r@g(S)Lgl%f‘ﬂge%\{?egbsaseersuésérgtgl1thor 602 and the
optical systléS640 may be noved. In the latter case, the processing
substrate 604 ancgpeRlind Bchfs Hown3R ARCHoERN Q2 AD0nbillG ORET CA1
'system 640 are noved in different directions or exanple, one I's nmoved in
the X-axl% dirpdes Savainethchankdinantsiisthisspesticppntalappyepsiies direction that is
rotated frompfdge X-axis by 90), whereby laser irradiation can be perfornmed
efficiently. [0%34] When the processing substrate 604 is irradi ated
with the | adEPbHEE B0, the processing substrate 604 may be heated by the

heating device i NathigerioaBent @B ayparafts 1 il RARAE ALHEIE cHAHBkmicBnREw} OWer than
the strain point of gol ass. Furthernor a nitrogen gas, an_oxygen gas,

and a gas ORI o081t HETBRETBR 5Hoeb AL BEFbEs il as
appr opr i |t e bk dedoibes widpldferehnck toddings. gas supply port 620, the | aser beam 600
can be emt t[&%j n an at nosphere contai ning such a gas.

The laser irradiation apparatus described in this embodiment includes a laser
oscillator 602 for emitiing a laser beam 600 and a stage 606 over which a processing
substratc 604 is arranged (see FIG 3). A controller 608 is connected to the laser

20 oscillator 602. The encrgy, repetition rate, and the like of the laser beam 600 emitted
from the laser oscillator 602 can be changed by the controller 608. Furthermore, a
heating means 610 such as a resistance heating device is provided in the stage 606 so as
to heat the processing substrate 604,

[0128]

25 ‘The stage 606 is provided inside a chamber 612, 'The stage 606 is provided to

be able to move in the above chamber.
[0129]

A part of the wall of the chamber 612 is provided with a window 616 for
introducing the laser beam 600 to the processing substrate 604. The window 616 is

30 formed of a material having a high transmittance with respect to the laser beam 600,
such as quartz. In order to increase the transmittance with respect to the laser beam

600 as much as possible, the window 616 is preferably made thin.
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[0135] 10In this enbodi nent, the concentration of nitrogen, oxygen, or
carbon in the laser irradiation atnosphere is controlled by using the
chanber. By enpl oyi ng such a nmethod described in this enbodi nent, for
exanpl e, the mnimum concentration of nitrogen in the single crystal

sem conductor | ayer provided over the base substrate that is the processing
substrate 604 can be controlled to 5 x 1015 atons/cn8 or nore, 15
preferably 1 x 1016 atonstnB or nore, and nore preferably 1 x 1017
atons/ex/ 13 or nore. The m ni mum concentration of oxygen in the single
crystal Se"iﬁﬁﬂ$“0t°r | ayer can be controlled to 2 x 1018 atons/ens or

nore, prefer 3 x 1018 atonstnB or nore, and nore preferably 5 x 1018

at onst n8 or m)re IAbridarto abritroethy atnidsghefd mQ{ea:h@:ﬁ%S’TGai asg%éﬂs f89r digtean | ayer may
20 atonsttn3 or

include a re n havi n oxygen.concentrafio

more, and pre era aus%'%nat% ‘% B B A dpm 622 fﬁéh‘?r?ﬁp?ﬂjﬁ?“écﬂ%entratlon
of carbon |nortehén$r|0gﬁgl @ygw&tda;larbsxemccmdamhﬂfe atrﬁ;sﬁtferd:aarﬁmﬁanﬁ&msml led to 1
x 1017 atens and. pre atonstnB. or nore. As a
result, Vgl dég?nggwgqgﬁ%ﬁ%ﬁ’ gg%%% {l/’s{'r soélrﬁsccgﬁgu%‘%n inefl 5 ¢ eéﬁ}ﬁlebcéy duced to

i ncrease thesemlf@r!@cfﬁtlaE@énthQEEf@kBﬁ]atwn step. Note that a too high

concentrati Ofd; Qf} each el ement may adversely affect the characteristics of a
transi stor using such a single crystal sem conductor |ayer. Therefore, it
is preferable to Eeheaserrbheorc@ddentorvided with efcaesvhlyelednesls hougthe singl e

crystal sem \Ca%d UEHiQIigH @ﬁ/ceéas%Qp}ﬁ?@éwéeh@fiu@%%wdegnﬁ ﬁaiupdhi)l ngle%a% nt ration of

nitrogen is 30x | Qor |ess, preferabl 9}// and nore
pref er abf$ 5d‘3%‘°ﬁ5(5’1‘§ bs pestyided {egurnly 2 Blgislityoh easergplerthd qhplber 612 atlﬁ@S@mncentrati on
of oxygen I Sinde.X 1020 atonstnB or |ess, and preferably 1 x 1019 at onstnB
or |ess, ol L}g upper limt of the concentrati on of carbon is 5 x 1020
atom;trrB or 1P and nore 5 x 1019 atonstnB or less. [0137] 5As the

processi ng subst rBeexbld: pom §22 is pﬁﬁhl@(diuﬁﬁ%,exlﬁﬁstiég&%atf%pﬁgﬁédﬂb ”Eh&gnéa' ni {‘ﬁ
e further provided on the

at | east one_ f nitr d carbon nma

single crystArg&mnt ég%'aﬁlé? F‘}lgﬁ@%‘i”%rp&i(?i’égﬁa’@\? PR A dEoughyaivesat e, and

| aser bekm iln mddiicat th@mth:yt lhﬁ q:EErahmlthﬂy fp[u@pn634 sl doateeted i euchlotlehe
silicon nitride

i nsul ating t|n or__ex | e

film a sil IETL:BhOXI § +Jr}]§ewa%si I |%h Vﬁc‘m"i f‘&&““%g&o‘z%&?%&’wmm (nitrogen >
oxygen), or {@38]1i con oxynitride film (oxygen > nitrogen) can be used. Such
Stomim to 1 x fooTorarSOLE ARIBRR Bl SRS hR et oFREY be
perforned fbeireen Bulateewillsiod 6020Md tivstagn 6if. aﬂ‘hmg)tiﬁ:allsmienu b ic procided r atl on of

ni trogemnyy O%Y@ahe MhanftRf QN @@erb f he sSi ng | e crystal
sem conduct or _| aygr %[] hat i1s np'gf [‘ie)ﬁgn dsf'?% Izﬁ ze 6@? fmmth[e{ & aser | ght

i rradiati onoscilRET 6% i) eagqhﬁgj !f)i thrpgtaqqi {ystem 640 and the cross-sectional shape of
the laser beam 600 is processed into a lincar shape or a rectangular shape. The laser

beam 600 which has passed through the optical system 640 passes through the window
618, enters inside the chamber 612, and is delivered on the processing substrate 604
25 over the stage 606. At this time, the entire surface of the processing substrate 604 can
be irradiated with the laser beam 600 by moving the stage 606.  Alternatively, the laser
oscillator 602 or the optical system 640 may be moved. Further alternatively, both the
processing substrate 604 and one of the laser oscillator 602 and the optical system 640
may be moved. In the latter case, the processing substrate 604 and one of the laser
30 oscillator 602 and the optical system 640 are moved in different directions (for example,
one is moved in the X-axis direction and the other is moved in the Y-axis direction that

is rotated from the X-axis by 90°), whercby laser irradiation can be performed
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removed with hydrofluoric acid or buffered hydrofluoric acid. [0138]

Thi s enbodi nent shows an exanple in which the processing substrate 604 is
irradiated with the | aser beam by using the chanber 612; however, the
chanber is not 20 necessarily used and the processing substrate may be
irradiated with the | aser beamin the atnosphere while being directly
sprayed with a nitrogen gas, an oxygen gas, and a gas containing carbon as
one of its conponents. For exanple, when the processing substrate is
sprayed with a nitrogen gas, both oxygen in the atnosphere and the nitrogen
gas sprayed can be solid-dissolved in the single crystal sem conductor

| ayer. 25[ 0189%iently. Note that the structure shown in this enbodi nent can
be combi ned wifi structures shown in other enbodinents in this
specification as appropriate, [0140] gEnbodLnent.4% 30l n this enbodi nent, a
met hod for manuf adthgs iisgpresesswmsesRe 6o daliated™itl fhsgesehbrasPlstibst r at e

manuf act ur edyhsdidiesuBlRwesR Rt RBied W lthe RatihesSIck hethe stdg® Edd bt a
First, a matllzlod fir manufacturi ngangge n- channel_ thin Fflniétkm t ranﬁi stor and a p

channel t hi nePPSTRRIC e ' b lOWRF [ St PO &% h e Yh® FI GS. 4A
to 4D and FlGogehAad an 9fkgeVpds] idS deks Rolgainihg s@bincande of iy calpvhaeasis can be
formed by conbining 5a plurality.of.thin filmtransistors (.Thi [0142]
In this enbo%ﬁﬁ@%?,wﬁgggﬁ?%ﬁFSW%PgIﬁ%ngéﬁs?ﬁ@ygggghahgﬂgm&ﬁ@nggq substrate
manuf act ur edcali be aughd inhe astogphsreobnthhi@SsucRAgiso 2D is used as an 501
substrat e. N@ﬁﬁ%ess to say, an SO substrate which is manufactured using

et ho

any ot her
H) In this embodiment, the concentration of nitrogen, oxygen, or carbon in the

taser irradiation atmosphere is controlled by using the chamber. By employing such a
method described in this embodiment, for example, the minimum concentration of
nitrogen in the single crystal semiconductor layer provided over the base substrate that
is the processing substrate 604 can be confrolled to 5 x 10" atomstm® or more,
15  preferably 1 x 10' atomsem” or more, and more preferably I x 10" atomsom® or more.
The minimum concentration of oxygen in the single crystal semiconductor layer can be
controlled 10 2 x 10'® atomstem® or more, preferably 3 x 10" atomstm® or more, and
more preferably 5 x 10" atomstm® or more. Alternatively, the single crystal
semiconductor layer may include a region having an oxygen concentration of 2 x 10"
20 atomstm® or more, and preferably 5 x 10" atomsem® or more.  The minimum
concentration of carbon in the single crystal semiconductor layer can be controlled to 1
x 10" atomsem® or more, and preferably § x 107 atomsem® or more.  As a result,
voids in the single crystal semiconductor layer can be reduced to increase the yield

5Iress.

25  [0136]
Note that a too high concentration of each element may adversely affect the

characteristics of a transistor using such a single crystal semiconductor layer.
Therefore, it is preferable to control the concentration of each element in the single
crystal semiconductor fayer so that the upper limit of the concentration of nitrogen is 5
30 x 10'7 atomsem? or less, preferably 2 x 10" atoms&m’ or less, and more preferably 5 x

10" atomstm® or less, the upper limit of the concentration of oxygen is | x 107
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10descri bed in the above enbodi nents can be used. [0143] FIG 4Ais
a cross-sectional view of the 501 substrate manufactured by the nethod
described with reference to FIGS. 2A to 21). [0144] 15First, the singe
crystal sem conductor layer 124 is divided for each elenent by etching to
form sem conductor |ayers 251 and 252 as illustrated in FIG 43. The

sem conductor |ayer 251 is included in an n-channel TFT, and the

sem conductor |ayer 252 is included in a p-channel TFT. [0145] 20As
illustrated in FIG 4C, an insulating film254 is formed over the

sem conductor, | ayars, 251 and 252. Then, a gate electrode 255 is fornmed over
the sem condﬂ%’f'g B mﬁe%ﬁaaﬁ 1th %ln "H’?Pﬁﬁssf prdrthompe; ki phibs ed

t her chet weengonedittation @atLbl 106 Il 0B RRBHP 5t £Q! MR AVl {gve,Sam,sQpduct or
| ayer 252 with the insulating film 254 interposed there betwcen. 25[0146]

Before the s’f’?"?gl e crystal sem conductor |layer 124 is etched, an inpurity
el enment servjiomylas an acceptor, such as boron, alum num or gallium or an

preferabl§ added 55 FhERSEREF STEFREI S ol BHAULTIL. Fajeriadmatin or der to
control the dhirisigal Hasy obet efgpizrogén, bhygen, A0d Jrks. mdyQe fRXRNPbBdedddh thapuri ty
TET s to b, AR lRESERLEr i N 8 P BB PRy A BR5r < added to
a region in iwhdigion angy- shamPehedT#ami s sirtied gidé of med insulfiBip4ifid.  As the Next, as
ormed i n tH Son AananSrHRE 8y ReeoRpae I TshRt bR Ll WPsk fon
i mpurit yl0 egqan;ﬁi@ﬁgmme@fommmmi nsilidee osgritidofitiu@ingen bayeredsan be
et o e Tl S S SO0 O PR, (991 o1 257
| ow- concent ratisom’ ionfpun 6% yromeghONWH2H the lishebeamtiratiidhalap be bajahe252 Wher e
1 ot T S T inBRAE I o e Behes e, 7 ! O
phosphor us etrber senbe fitiyr therasided. thByingtidérngal t emidongudtol tiyyeekipment by an
ron 15 re-single-crystallized. After the laser light irradiation, the insulating fitlm can be
removed with hydrotluoric acid or buffered hydrofluoric acid.
[0138]
This embodiment shows an example in which the processing substrate 604 is
irradiated with the laser beam by using the chamber 612; however, the chamber is not
20 necessarily used and the processing substrate may be irradiated with the laser beam in
the atmosphere while being dircctly sprayed with a nitrogen gas, an oxygen gas, and a
gas containing carbon as on¢ of its components. For example, when the processing
substrate is sprayed with a nitrogen gas, both oxygen in the atmosphere and the nitrogen
gas sprayed can be solid-dissolved in the single crystal semiconductor layer.

25 [0139]

Note that the structure shown in this embodiment can be combined with

structures shown in other embodiments in this specification as appropriate.
[0140]
(Embodiment 4)

30 In this embodiment, & method for manufacturing a semiconductor device using

the SOI substrate manufactured in the above embodiment will be described.
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10dopi ng nethod or an ion inplantation nethod, the gate el ectrode 255
functions as a mask, and the n-type |low concentration inpurity regions 257
are formed in the sem conductor |ayer 251 in a self-aligned manner. A
region of the sem conductor |ayer 251 that overlaps the gate el ectrode 255
serves as a channel formation region 258. [0148] 15Next, after the mask
that covers the sem conductor |ayer 252 is renoved, the sem conductor |ayer
251 where the n-channel ITT is fornmed is covered with a resist mask. Then,
an inpurity elenment is added to the sem conductor |ayer 252 by an ion
doping method or an ion inplantation nethod. As the inpurity el ement, boron
may be added®!4M the step of adding the inpurity el ement, the gate
el ectr ;)de 256 funsiédgt,om%e&fad A6 ?aﬂﬁ%ﬁtklﬁiﬁ@dmtr{_?@mﬂgt y:?ﬁ‘ fmrgkhnﬁagng%mt&ati on
i mpurity regions yre formed. jn e sem conductor | ayer in a
sel f-al i gned’ ﬁ‘ﬁ‘ﬁ??iﬁh.’“ %‘W—Sﬂ‘ibé"‘h?ﬁ;‘#ﬁ%@ﬁiw’i‘ FAEFSR 19 ﬁﬁgﬁﬁw fRgrdns 259
Iserve as a ﬁldt}scmfoegi Oﬂarﬁ)lils ﬁndif(ﬁkémiéﬁghcgd&.deﬁcdsegi Mfoﬁ’fedﬂakﬂ@orﬁlﬁﬁﬁh@?ndumor
ayer 252, that, over t he gate .ectrode 256 serves as a channe
formation reyl D28 %gﬁﬁ?g?m%%§%gﬁé§ion is made on the method in which the
p-type 25 hibg¥iconcentration inpurity regions 259 are forned after the
n-type | ow concenfrati i rity. egions. 254 are forned,-however, the
p-type high-conce%ﬁﬁ%fﬁﬁﬁhgﬁ%d#%¥yﬂ%gﬁf%ﬁgOﬁéﬁ‘ﬁﬁhw%%yﬁ85%€ mﬁ?ﬁ%t. [ 0149]
Next, after mdnelacerighronghathe ctrpercd HGS kv @nduetdres lany8d Qbgraies r enoved,
an 30 1 NSULLLRG ! Ll KON Gt QLR it BUREeRLEH Bl GnP o REAGKSd | aver

structure of a nitrogen conpound such as silicon ni an oxi de such
as silicth d#ﬁ@@ﬂ1@tW@&%@GgBVﬁ@ﬂﬁgﬁabtw@ﬂor the like. This insulating film
i s anisotroppfahly etched in a perpendicular direction to form sidewal |l
insulating filns 261 and 262 that are in contact wth side surfaces of the
gate el ectrodes 256 &hds 25@ss-feetipalctiew of fhe HY supstigst papbgiured byt 5A. By

thi's ani sot nghda delcaiangih rtB@ndeASHIGRL 2AG A1 m 254 is al so etched. [0150]
5Next, as illustrated in FIG 5B, the sem conductor |ayer 252 is covered

with a resi dP'%65. 1n order to form hi gh-concentration inpurity regions
serving Bs a Sourgft, Hesings chktaltefllcahdictoeBi@N 24 i dN&JITENda80AEGE | ayer

; : . : By .
261, 30 LIPS Saa0dod Lophe AT SUeLeTy kil 23k ot P on
el ect rode 25Emandutthelagr dealichidad tnl satn-dhgniel THE agbthe kenficdndoorifas masks,
and n-type ggggﬁ&%ﬂggﬂ&&&%&ggl%ﬁpurity regions 267 are fornmed. Then, heat
[0145]
20 As illustrated in FIG 4C, an insulating film 254 is formed over the
semiconductor layers 251 and 252. Then, a gate electrode 255 is formed over the
semiconductor layer 251 with the insulating film 254 interposed thercbetween, and a
gate electrode 256 is formed over the semiconductor layer 252 with the insulating film
254 interposed therebetwecen.
25 [0146]
Before the single crystal semiconductor layer 124 is efched, an impurity
element serving as an acceptor, such as boron, aluminum, or gallium, or an impurity
element serving as a donor, such as phosphorus or arsenic, is preferably added to the
single crystal semiconductor Jayer 124 in order to control the threshold voltage of the
30 TITs. Forexample, an impurity element serving as an acceptor is added to a region in
which an n-channel TFT is to be formed, and an impurity element serving as a donor is

added to a region in which a p-channel TFT is to be formed.
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treatnment is perforned to activate the inpurity elenment. [0151]

After the heat treatnent for activation, an insulating film 268 contai ni ng
hydrogen is fornmed as illustrated in FIG 5C. After the insulating film 268
is formed, 15 heat treatnent is perfornmed at a tenperature of 350 C to 450
C, so as to diffuse hydrogen contained in the insulating film268 into the
sem conduct or | ayers 251 and 252. The insulating film 268 can be forned by
deposition of silicon nitride or silicon nitride oxide by plasma CVD at a
process tenperature of 350 C or |less. The supply of hydrogen to the

sem conductor |ayers 251 and 252 nmekes it possible to efficiently 20correct
defects thatl%fd to be trapping centers in the sem conductor |ayers 251 and

252 and at an i nt REfARSMkO A9 4L B0 DA ASH im Y SRons 237 ATter

that, an interlayer |1 nsul atin forme ayer
i nsul ating f#FAPDEY i dK Kairandicer iyl aped poine highgoacegiration Smaitsd- | ayer

structure of gBys zsafareofﬁmﬁedhme%@fh@@ﬁd@&mf Yelalon) Is!amh@tzy migstfthé mﬁ;@nt ai ni ng
an |norgan|c mat eri al as a silican oxjde ilmor

(bor Ophos?)ho@}”r%fﬁﬁt@f@v a@g'slwffﬁal?ﬁs 23here &omet lj‘é‘r‘ﬁ %chgf#%mf IaVWébntl&. ni ng
pol yi mi de, aHaelth Gornothe hgpd lok@ondhtfion Gapirae teghat 57, alieschdorBdidrn t he

i nterlayer |nsul ing film269, w.rings 270 are fo med.as illustrated in
FIG 5C The™¥ F%&g‘%ﬁf%’ BRI %r'ﬁg‘gmﬁf s ‘i%‘r"m‘?e%’é[[ﬁ? rgsist magle 24880 ve film
having a t hra@uﬂnme&meﬁmshatdadtmme smcmum layek Q9. I esithd mpastynaidnghe, f i | m such
as an alum n thtlu@OQI;irsg‘nl}c n}aél ena;éH%ual lBg add q%é ?mrpzjdg/ «}’Y‘e;ﬁ%‘? Bg’iglf,]i\é\ﬁ]en barrier

metal filns. e barri
chrom umlot |ctoamgwmth0érortaheod mmnia[lﬁm&&]hod the gate dloetadg A5t hectahoreaent | oned

steps, a SeThaRNANCHRT u ABYII6E. ORI Hioltn s HARDK gs?F;Ee%n&ehhM channel

TFT can be manuf act ured. |n e conce rat| on en contai ned in
the seni conduwicorductayleyeri2hl inhiselfaligned miraeme rcmwrﬁtthe@pmtcegiucmr lbgrformed is

reduced in the u{aﬁwiaﬁftwgdagzee&&@% oPles § echml SHRRbS Rbfen 288 TFT wth a low
of f current [%Irl4%] ess variations in t?w esho t age ca Be manuf act ur ed.
15 Next, after the mask that covers the semiconductor layer 252 is removed, the
semiconductor fayer 251 where the n-channel TFT is formed is covered with a 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 may be
added. In the step of adding the impurity clement, the gate electrode 256 functions as
20 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
impurity regions 239 serve as a source region or a drain region. A region of the
semiconductor layer 252 that overlaps the gate electrode 256 scrves as a channel
formation region 260. HMere, description is made on the method in which the p-type
25 high-concentration impurity regions 259 are formed after the n-type low-concentration
impurity regions 257 are formed; however, the p-type high-concentration impurity
regions 259 can be formed first.
[0149]
Next, after the resist that covers the semiconductor fayer 251 is removed, an
30 insulating film having a single-layer structure or a stacked-layer structure of a nitrogen
compound such as silicon nitride or an oxide such as silicon oxide is formed by plasma

CVD or the like. This insulating film is anisotropically etched in a perpendicular
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[ 0154] Al though the nethod for manufacturing TFTs is described with
reference to 10 FIGS. 4A to 4D and FIGS. 5A to Sc, a sem conductor device
wi th high added val ue can be manufactured by form ng various kinds of

sem conductor elenents such as a capacitor or a resistor as well as a TF-E
Speci fic nodes of sem conductor devices are described below with reference
to drawi ngs. [0155] 15First, as an exanple of the sem conductor device, a
m croprocessor is described. FIG6 is a block diagramillustrating a
structural exanple of a mcroprocessor 500. [0156] The

m croprocessor 500 includes an arithmetic logic unit (ALU) 501, an M|
control | er Szetiogro iferay vidrapll drsulgensoliey 250 3nd g@? hak @e i pantasonite sidt er 504, a

timng 20condufmdel B th®LPo cl@urb®I1S4 £l z@@@esp@cnwagla§m5wa@éanﬁ FRLLRT BP7, a bus
interface (Bus 1/12), 508, read . only nenory (ROM 509, and a nenory

i nterface 51 apigpffir etching, t e‘?ﬁﬂgf‘?&@m%ﬁésﬁlsf‘?ﬁgﬁ‘edto t he nicroprocessor 500
via the bus jordogrface 508 are input to the instruction decoder 503, decoded
therein, and then_ input to the controller 25 5 the interrupt

control | et 504, Pﬁﬁ‘t’raéélll‘??aé‘?dh‘&fﬁzlﬁgﬁ’ ﬁ‘&s""g’ﬁ‘?‘ld“‘&ﬂﬂl"i’%gq ISP # ol | er 505.
The ALU contregd:|265. Bﬁ)acde:t ﬂae%innhi@mmmémﬁﬁm mQlulisr e G0, seivitg 4 agiosicer
controller 5070;1 0altrnd tﬂpre L mt Sontr k’é egg]? ac?ndugt var i oug ﬁont rols
based on the decodé truc P Rcondy g}y O T8 TR EERYY 51 1902

gener ates sHQ:naiﬂscch@rctomdarytw 51 atrigght Hese dpemaibi dmplafiatiohenatiidd &Gib. iodi | € t he

mi cr opr Ocessa%gmg%@thb& AE GHL b0 PEOAE M side NG LT Yhhs SATIRY o 504

j udges and pr sses an | terrupt reque {¥om an externa i'nput’ out put
as masks, and n-type high-concentration impurity regions 267 are formed. Then, heat

treatment is performed to activate the impurity element.
{01517
After the heat treatment for activation, an insulating film 268 containing

hydrogen is formed as itlustrated in FIG. 5C. After the insulating film 268 is formed,
15 heat treatment is performed at a temperature of 350 °C to 450 °C, so as to diffuse

hydrogen contained in the insulating film 268 into the semiconductor layers 251 and

252. The insulating film 268 can be formed by deposition of silicon nitride or silicon

nitride oxide by plasma CVD at a process temperature of 350 °C or less.  The supply

of hydrogen to the semiconductor layers 251 and 252 makes it possible to efficiently
20 correct defects that are to be trapping centers in the semiconductor layers 251 and 252

and at an interface with the insulating film 254.

[0152]

After that, an interlayer insulating film 269 is formed. The interlayer

insulating film 269 can have a single-layer structure or a stacked-layer structure of any
25  of films selected from an insulating ilm containing an inorganic material, such as a

silicon oxide film or a BPSQG (borophospheosilicate glass) film, and an organic resin {ilm

containing polyimide, acrylic, or the like. After contact holes arec formed in the

interlayer insufating film 269, wirings 270 are formed as illustrated in FIG. 5C. The

wirings 270 can be formed of, for example, a conductive film having a three-layer
30 structure in which a low-resistance metal film such as an aluminum film or an

aluminum-alloy film is sandwiched between barrier metal films.  The barrier metal
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device or a peripheral circuit based on its priority or a mask state. The
regi ster controller 507 generates an address of the register 506, and
reads/wites data fromto the register 506 in accordance with the state of
t he m croprocessor 500. The timng controller 505 generates signals for
controlling the timng of operation of the ALU 501, 5 the ALU controller
502, the instruction decoder 503, the interrupt controller 504, and the
regi ster controller 507. For exanple, the timng controller 505 is provided
with an internal clock generator for generating an internal clock signa
CLK2 based on a reference clock signal CLKL. As illustrated in FIG 6, the
i nternal cl ofiknsskgrabmeEt KPmplsbdempa chromivgt, apives erdbg iks. 10[ 0159J
Next, an exagﬁgﬁ of a sem conductor device having an arithnetic function
and a function of conmmunicating data wirelessly will be described. FIG7 is
a bl ock di agram i Mhugusghr s pfyramestianegd tstPal 2 eeBRPQICHF dstieh I#v@gniPeonduct or
devi ce. The SemcQRHCHOMhe (Q¥hmS T 448 bk dlaBkaduited] Gincd eaBndsudisherred to
as a conmputer (hereinafter 15 referred to as, a RFCPa) t hat &Eerates by

b Rarchatad e ’

transmi t t b ngtfraxyeaneprigined it ssmicandurtontey b ypis AP (REOB| ess
conmuni cat i 0f3.fohfdd G0kduced in the Adnifdchisisg prk@d of the BOGsubétratar BACKIh 511
includes an anal og circuit portiaqgn 51@ gnq a_digitalfcirﬁyit portion 513.
The anal og cloPfi Qs Ai4 ey v sorsie Radd TR BARKTAWEH S  cui t 514 havi ng
a resonant cgpsqgitor, a rectifier circuit 515, a constant voltage circuit
516, a reset circyit 517, an, oscillator circuit 8 dul at.,jon circuit
519, and a nodul a h@ﬂgéﬂ$%%3P“§§b?wWH%mﬁrﬁfﬁﬁf‘%ﬁgﬁ%ﬁﬁﬁ“ﬁgr |§ﬁ%§§3 i ncl udes
an RE' i nber Fiased SRUD ad CUGR. sallo 3@ gisshierndd@2r, deaice vl kigh advled wdlieeran 523, an
interface 524, a centr 0cessin nj . ry 526,
and a read oﬁﬁ9“W§ﬁ%¥?ﬁg§g&“§%iSTE%T%“HE(§%é?ﬁ§“%gg?§¥P%%E§§§EﬁiggECPU 511
is roughly desedtbbedc rhéitews wihes ¥ €8bnSpesdlichedss Pt sepicendpeise dicesart nduced

el ectronotiv r i recei ved by an antenna 528. The
?es r%e§ Fel ?«ﬁ refflene © S

i nduced el ecttonotive force is stored in a capacitor portion 529 via the
rectifier ciio¢thlt 515. The capacitor portion 529 preferably includes a

capaci toggsuch 3§,.a5; 4 &%ﬁﬁ%ﬁh&@%h&&far Q&vidNe BlcRpEdbSordieidrBed. ay er
capacitor. The capacitor portion 529 is not necessarily integrated over the

same subst r afl§ Gis apipek ey ilbsinatiag g SFHEHY SXaMER FFHIPRECTRE o he 11. 17CPU
511 as anoth@qﬁﬁonponent. [0162] The reset circuit 517 generates a
signal that reséts and initialjzes the

exanpl e, a signalT?%QF“WF§€§M5@9€Fh§ﬁS?ﬁ%ﬁ%%@ék&hn%gkékggé%bggAeé?iaggris
gener at ed asdnhller 98! ad inghadtion Tdeeodas G03,| & @ftermipr catitboll&1dchangeg the 5
Si gnal | guhor GEHIBI0% ReHsBH G AT RGBT 8T AU Dogt T Re dEhsdrat | on
circuit 519 denmtluhah®@$ (ROM) 509, and a memory interface 510.
[0157]
Instructions input 1o the microprocessor 500 via the bus interface 508 are input
to the instruction decoder 503, decoded therein, and then input to the ALU controller
25 502, the interrupt controller 504, the register controller 507, and the timing controiler
505. The ALU controller 502, the interrupt controller 504, the register controller 507,
and the timing controller 505 conduct various controls based on the decoded
instructions.
[0158]
30 The ALU controller 502 gencrates signals for controlling the operation of the
ALU 50t. While the microprocessor 500 is execuling a program, the interrupt

controller 504 judges and processes an interrupt request from an external input/output
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received signal, and the nodulation circuit 520 nodul ates data to be
transmtted. [0163] For exanple, the denodulation circuit 519 includes a

| ow-pass filter and 10 binarizes a received signal of an anplitude shift
keyi ng (ASK) system based on the variation of the anplitude. The nodul ati on
circuit 520 transmts data by changing the anplitude of a transm ssion
signal of the anplitude shift keying (ASK) system Thus, the nodul ation
circuit 520 changes the resonance point of the resonance circuit 514,

t hereby varying the anplitude of a conmunication signal. 15[ 0164]

The clock controller 523 generates a control signal for changing the
frequency andevif§tsyf & aﬁripb"’%f Cifchie based R it Riplty P deasbrstiinc dhawregitrhe power
suppl y vol t agfudfler 5ieachtthteLMadGORSENP tdo Ry | sms ifage L8Rkt baP OB RSHENG UNI t
525. The power, sugg% vol t age | nDnltoreg a power sEppIy contro
circuit 530. TB6FHE5} accordan fafeq fa |‘§“*‘i°?fﬁ&"t“‘s"tf050 hel IRFEPEE 511 from

t he antenna &ﬁ&o[ﬂeﬁi Sategmdhtbﬁcﬁ@dlslﬁy cbxlnaand@mmdmnag ofpe@tidncdfite AkPs01@and t hen
divided ipto and e, li.ke by the, RE interface 521.
The cont rg o8 r‘?’iﬁfgp g%“%?% 1flsrlf‘“"t€?l d&%oﬁ?rr%)lq’ V‘@éql%ﬁué’i’c‘?fﬂﬂerf% a(‘}@nt rol
command i ncl hidegistee atirnlder 697. d Ebieexshple abk timing hzmtmbadﬂi)hlpyovﬁmmm aR 5527,

writing of d%fc%a 91o£ﬂ”§enc%9%”? g@g%ﬁfgagr? nQ{{Xal ¢ s?‘g[%aqgki(g rE%Eeldc | pstruction

to the centra proces unrt " %he central
processi ng meetenﬁQQMCscgsésfé%lt hés flusichtagirih w(ﬁrémi)ﬁ WiBRY clothegmbGt® access
menory 526, B RGUM LRl register 522 via the interface 524. The 30
interface 524 as a function of generating an access signal to any one of
the readi®nlPlHénory 527, the random access menory 526, and the control

register 522 baseﬂcﬂ@n%&aﬁﬁ@ﬁﬁﬁs@m&@%@é; @é@m@f}’la\t{xﬂh CanGiftinfeal ﬁQEt%eaﬁﬁ" ng unit
525. [0167] an arithnetic nethod e central processing unit

525, a met hod ﬁ’r’i‘ﬁ‘y’“b‘g wrproyEme Ramirgessnvidde dperadi fglsy st emjocks stored

in the read @pm NRABLGH 52Eu@dls}a1ae>a&@&r BMsich 4 Qaficalidcisxasideed @t the time
of starting operation. ernatlvelhc)é7 a 5 npethod may al so be enployed in
t

whi ch a ci r cEPieonlgetdavien ifugtrated ip fiHfstjcn %refeafﬁﬁfé)oﬁ%rfamawc%hwa#@f. ¢ process

is condurdt edeffed@ NamdNECIR) thit operd®E BO dratisiifigy/Rodiind) S tBran dn SO t War e,
nducted by a circuit dedicated to

part of arlthge Hcfp gces can be . Caﬁ
arithmetic ot FrEICE PREPCIEF FYMBIIHR  ar i t hneti ¢ process can be conduct ed
by the centr{aléoprocessi ng unit 525 using a program

As iHustrated in FIG 7, an RFCPU 511 includes an analog circuit portion 512
and a digital circuit portion 5t3. The analog circuit portion 512 includes a resonance
20 circuit 514 having a resonant capacitor, a rectifier circuit 515, a constant voltage circuit
516, a reset circuit 517, an osciflator circuit 518, a demodulation circuit 519, and a
modulation circuit 520. The digital circuit portion 513 includes an RF interface 521, a
control register 522, a clock controller 523, an interface 524, a central processing unit
525, a random access memory 526, and a read only memory 527,
25 [0161]

The operation of the RFCPU 511 is roughly described below. The resonance
circuit 514 generates induced electromotive force based on a signal received by an
antenna 528. The induced electromotive force is stored in a capacitor portion 529 via
the rectifier circuit 515, The capacitor portion 529 preferably includes a capacitor such

30 as a ceramic capacitor or an electric double layer capacitor. The capacitor portion 529
is nol necessarily integrated over the same substrate as the RFCPU 511 and may be

incorporated into the RFCPU 511 as another component.
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10[ 0168] Next, display devices will be described with reference to
FIGS. 8A and 8B, and FIGS. 9A and 9B. [0169] FIGS. 8A and 8B are
drawi ngs for describing a liquid crystal display device. 15FIG 8A is a plan
view of a pixel of the liquid crystal display device, and FIG 8B is a
cross-sectional view taken along line J-K of FIG 8A. [0170] As
illustrated in FIG 8A, a pixel includes a single crystal sem conductor

| ayer 320, a scanning line 322 intersecting with the single crystal

sem conductor |ayer 320, a 20 signal line 323 intersecting with the
scanni ng 'i”?m%gﬁ’ a pixel electrode 324, and an el ectrode 328 that

el ectrically conhects the pixel electrode 324 to the single crystal

seni conduct or | ayéihe 3@¢. ciffhie 551 pabetes b ysihail tha esien and Wtiakes By 8itd20 is a

| ayer formed fsiNgriblgr Sl st iconduct or | ayer provided over the
base substrate fg)grtand ismigllne?:‘lmg1 é’o? %ﬂagﬁglﬁ%gsf%grad’fmfrﬁaéé/&% er supBlY 0171]

As an 501 subdtgatie genered SOTths ubkst siatad. d®lec piciltbridrcting 1 Bkbargesemodi ment s
is used. As khdudsdraad ko BF 1088; i . stal ,sem conductor | ayer
320 is stack dél over tﬁLgybaage_sq%sﬁgg‘t‘iﬂgi‘%ﬁ\g\l}cﬁﬁ‘ﬁtgl%e&%&oll?i‘%rm;]g‘f“f’ﬁa 2 and the
ni t r ogen- conPhiti F9gstinyeliase Pircyind Er pdbe demertatipe cineains 1 9Adaylodeistes Bbst 1 at e

can be used Rseitddgighashd HeRTIBE® 4B 52030adiBEs SIS Gl | sem conduct or
| ayer 320 of g&:}g TFT 325 is a filmthat is obtsa?‘{rtledbgy g%ﬁc c|§l'ng the single
crystal serri@ uctor layer of the SO substrate. A channel formation

regi on 340 and n- FympexahiphteoRaRBEkRE QRuk Y hdMeS 80bARss3dik: A Wi ch an
ingle crystal sem conduct or

| ayer a0 AUbAre SrERTRouEnCe S 58 et RePstsdem b eosbanni ng | | ne
322 and one Gfiationgdtreampiuect Toemodndion cikhuni 0 GhRGHE Qﬁﬁbﬁéhaﬁfﬂﬁ‘% M 325 is
et ARl L SRS TR S e P
the modulation circuit 520 changes the resonance point of the resonance circuit 514,
thereby varying the amplitude of a communication signal.
15 [0164]
The clock controller 523 generates a control signal for changing the frequency
and duty ratio of the clock signal in accordance with the power supply voltage or the
current consumption in the central processing unit 525. The power supply voltage is
monitored by a power supply control circuit 530.
20 [0165)
A signal that is input to the RFCPU 511 from the antenna 528 is demodulated
by the demodulation circuit 519, and then divided into a control comimand, data, and the
like by the RF interface 521. The control command is stored in the control register
522. The control command includes reading of data stored in the read only memory
25 527, writing of data to the random access memory 526, an arithmetic instruction to the
central processing unit 525, and the like.
[0166]
The central processing unit 525 accesses the read only memory 527, the
random access memory 526, and the control register 522 via the interface 524. The
30 interface 524 has a function of generating an access signal to any one of the read only
memory 527, the random access memory 526, and the control register 522 based on an

address requested by the central processing unit 525,
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over an interlayer insulating film 327. Columar spacers 329 are forned
over the interlayer insulating film327. An orientation film330 is forned
to cover the signal line 323, the pixel electrode 324, the el ectrode 328,
and the columar spacers 329. A counter substrate 332 is provided with a
counter electrode 333 and an orientation film 10 334 that covers the
counter electrode 333. The columar spacers 329 are forned to maintain the
space between the base substrate 120 and the counter substrate 332. A
liquid crystal layer 335 is formed in the space forned by the col umar
spacers 329. M7 connection portions of the signal |line 323 and the

el ectrode 32% mnth t he high-concentration inpurity regions 341, there are
steps formed in tﬁéaﬂﬁﬁ%mﬁ&y@@mﬁﬁgUWH@WF&PWﬁ@ﬂﬁghmi$E7adm@od0m?®enat|on of
contact hol egipiéyeltsh whitrih ok (%wﬁtng'sys%)%@éd R Bhalddfy dhenflt) SoGhystal ayer

335 at these connection Eortlons I's ik to be dIS ere herefore, the
col ummar spa?:@f%ra?z@ rggdadndofapitrdatt ‘E“hé’é’é %ﬁ@ﬁ@gtwefﬁw@«eﬁﬂmmﬂé‘em gui d

crystal ofi enéthéd asy zf!fo%@ebﬁslo@@:l ﬂl@%@&ﬂ’r@@h ddifdldlo a?ﬁm‘i‘e)ﬁE is 8fed and
cl ectrol um nesc%ﬁlliw1(?1 di s é ﬂéherel nafter referred to as an EL

di spl ay devi e WTF PHE Sﬁlégscc?’f‘ § hproverer g @cthgd primshotoperdivage 0B, FI G

9A is a pl amndisefiwat, ;&t’tpm%ﬁllhn&flc &)hﬁesElcardbLS B?r@)lctétﬁw GQirc@NGedichie 9B 1s a
Cross- sectio n J K of FlI 0174] 25As
illustrated n "#& aﬁ%}he O%Bf %aéﬁ eé'cgrm"?“r farg %“@%Teigl” ;Il?r?e‘it@énsi st or
401, a TFT M@ealraluspﬁbgmsugmmrcmeran5| stor 402, a scanning |line 405, a
signal |jne 4p&; a current supply line 407, and a pixel electrode 408. In
the EL di spllay device, each pixel is provided with a light-emtting el ement
having a struct ur¥edtrlisahi dévias Willierdesohedaiitii mreace teFEEt. Bakudk asc ent
material (angk daaygoy, is sandwi ched between a pair of electrodes. 30 One
el ectrode of the light-emtting elenent is the pixel electrode 408.
Furt her nor e [0¥%eni conduct or | ayer 403 includes a channel fornation region,

a source region, god. @&%@Qmafe%@&s%r &e@&lbﬁl & glggx'i(p({}\ﬁstt:{[%ﬂﬁfaihgﬁced@l A

sem conduct aor Iayer 404 incl udes a hannel a source
region, &nd FG cﬁAalF‘ﬁPkég?e&h(’f@fm%qﬁéfﬂwé‘ﬁ‘FfﬁnyétélrﬁWéﬁy @Y@%@F%H& 88022 The

sem conduct @fost-ayess! OB R AR fnd) R e piegs that are formed using the
single crysﬁ(ﬁgoéem conductor |ayer 124 provided over the base substrate,

[0175] 5In el ection transistor 401, a gate electrode is included in

t he scanni ng | i neadi0&raie @b gA ?afﬁﬂi@%cﬁhﬁ%tsﬁ@%rﬁsﬁ@s@;xafn%c&br%ﬁpt rode is
i ncluded in %(pascan nal“?ﬁi% 406,. and. the. other thereof is forned as an
I

el ectrode 41 a5 EGRE FED e sipgleicapstt seatendugtog laver et rode 412
i s el ect20i caigha} lmomﬁemtcmlcttng Wlﬂl@théls@ﬁﬁaﬁ@dﬁe D] a poREelbdirode SPUEEEaL! €eCtrode
Hoconnecs ea FuREh a2l Pl RLiT oAb A0 PR b B oo oS! | et uta
in the curr eqmiconductor layer 320. The single crysta semiconductor layer 320 is a layer formed
using the single crystal semiconductor layer provided over the base substrate 120 and is
included in a TFT 325 of the pixel.
25 {0171}
As an SOI substrate, the SOI substrate described in the above embodiments is
used. As illustrated in FIG. 8B, the single crystal semiconductor layer 320 is stacked
over the base substrate 120 with the oxide film 132 and the nitrogen-containing layer
121 interposed therebetween. A glass substrate can be used as the base substrate 120.
30 The single crystal semiconductor layer 320 of the TFT 325 is a film that is obtained by
etching the single crystal semiconductor layer of the SOI substrate. A channel

formation region 340 and n-type high-concentration impurity regions 341 to which an
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. . . . ) |
supply line 407. [0176] The display control transistor 402 is a p-channe
'IEFIyAs iIIustraEed in FIG 913, a channel formation region 451 and
p-type high-concentration inpurity regions 452 15are forned in the

sem conductor |ayer 404. Note that as an SO substrate, the 501 substrate

. . . : An
manuf actured in the aforenenti oned enbodi nents is used. [0177]

interlayer insulating filma427 is formed to cover the gate el ectrode 412 of
the display control transistor 402. The signal line 406, the current supply

line 407, the 20 electrode 411, the electrode 413, and the |li ke are forned
over the intehpayedicrhddtid h@ich BQ f&&r’emnzlﬂ?;g sin T@&rﬁél?ghcﬁgﬁx&& lz?y%{e 1’%%08ﬁtalhlagylef

t [ 1 connected to the el ectrode
?lngﬁ| glt fﬁg ?ﬁ?‘ﬁf‘&%"ﬁde %f‘b%FfFBP\%‘?rlaPncb@?ct jnghe snningding Bxehndaine of # subece408 i s

surrounded bylearqd@sirdiatdramevarblic dranerrr438 ihayides matEE di £ﬁ§H d'x%t_%bf! g property. The
EL | ayer 429, S formed over the pixel electrode 4 a counter _
el ectrode 43 : Q 25formed over the EL | ayer 429. A counter substrate 431 is

provi ded &s a rei fThosigiahline2atiee: mind eleéncad 3140addnge Q%%d§M@%FJﬁ§§$3§gVPXeacan

E
st L ayer %8 AR sy A 5P e 0 s B,
li ght - eni tti intgrlevce inswiatingsilmonfr ok edenbyion g 83T Is.Q‘dSrnT%d t@&:{v\émhﬁ @@ﬁz%ldr : ?“eggby
gi Ltin ement is_contro
\r/rg]c P ggel nI \rll\lhlt“%ig zggg%b V\ﬂ‘l e[é@&iéﬁ 39% rﬁgenesi?cgf’% 3? d&l?e‘?cl"giﬂg‘ﬁﬁ SPRTeReld hAve | argely
di fferent ch#vaet wpsteae 332 yapradded with & soudief Eleatobid 3330an€ kP loBiyntdtde fighir 1 enL
driving met hod;mdiRoQEIRE c&ﬁ\%er SRRLQY 351€ GUL %! :rﬁ;['lardsr altc\c!rls gg%t Eﬁ%ld: gnzufs a

rrection circuit for corrécting charactertsti
ﬁgzgeda SﬁeanW@“EE3ﬂ@?ﬁﬁﬁvwﬁéwﬂ@éiﬁéﬂnﬁﬂumamd@memumVsabﬂmwhnd i acl udi ng

manuf act ur | gt ARG Aferals SQmeY RS B rohflE b9 AL EGhIOR LaNkRt 4 401 and

control tranS| st or ave varl
E:Egr glcts glr ?)S/tcioE%ecﬁuw portions of the signal line 323 and the eclectrode 328 with the

high-concentration impurity regions 341, there are steps formed in the interlayer

15 insulating film 327 due to formation of contact holes; thus, liquid crystal orientation in
the liquid crystal layer 335 at these connection portions is likely to be disordered.
Therefore, the columnar spacers 329 are formed at these steps to prevent the liquid
crystal orientation from being disordered.

[0173]

20 Next, an electroluminescence display device (hereinafier referred to as an EL
display device) will be described with reference to FIGS. 9A and 9B.  FIG. 9A is a plan
view of a pixel of the EL display device, and FIG. 9B is a cross-sectional view taken
along line J-K of FIG. 9A.

[0174]

25 As illustrated in FIG. 9A, a pixel includes a TFT as a selection transistor 401, a
TFT as a display control transistor 402, a scanning line 4035, a signal line 406, a current
supply line 407, and a pixel electrode 408, In the EL display device, each pixel is
provided with a light-emitting element having a structure in which a fayer containing an
electroluminescent material (an EL layer) is sandwiched between a pair of electrodes.

30 One electrode of the light-emitting ¢lement is the pixel electrode 408.  Furthermore, a
semiconductor layer 403 includes a channel formation region, a source region, and a

drain region of the selection transistor 401. A semiconductor layer 404 includes a
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5different pixels. Thus, the current driving nmethod can be enpl oyed. [0179]
That is, a variety of electronic devices can be manufactured using the SO
substrate. The el ectronic devices include, in its category, caneras such as
vi deo caneras and digital caneras, navigation systens, audi o reproducing
devices (such as 10 car audio sets and audi o conponents), conputers, gane
machi nes, portable information termnals (such as nobile conputers,

cel lul ar phones, portable game machi nes, and e-book readers), and inmage
reproduci ng devi ces having recording nmedia (specifically, devices provided

wi th displa g of g.audi.o. dat.a s n rec rding
nedi a sugh gggg%aﬁﬁﬁt%ﬁgggréawagégigﬁ ?mﬁﬂﬁgﬁ?gtqﬁyﬂﬁbY§Pﬁf d i mage
data). An 15sesisiet ‘gﬁof Thetsemicomluptbi laptry 408 eod #4 dFd BBrs bBArd oriddGsing 0180]
FI GS. 10A t 0ndfbeil b s Lot Raior B BTRL GrdlacfofP bl lALuRAGNe O whi ch an

enbodi nent of the invention disc In thrs speci frcatton is appl i ed.
FIG 10A is @'fdont view, FIG 108 is arear view, and FIGIOC is a front

view in which t worheeigicasis tradfstd @154 ga@la e%trﬁ&' ik Eﬂcﬁaﬁecf eshsﬂﬁl%gygg' udes two

housi ngs: aﬁ& using 701 and a housing 702. The ce one is a
so-cal | ed smirt PHEha seeeclredearat dF‘iﬁﬁ%'F‘i‘@ﬁ% isgpclyled én 1Ihel IS'af*al Bhofs, and a

port abl e i nf:d nwt dticsn tﬁeﬁﬂbmsrfaﬂmea@d ah BRAFROL AL €3y the GRPRY B! ﬁ‘ﬁﬁl:sfof'us i's
capabl e of qlﬁarl 8 qﬁ% ocessing in addition to voice calls. [0181]
25The cel | ul gn“é“ & @‘&8%’& hefistidiin e Poerdnd b vee plousing 702 The
gggsu ng 7ot1 aleratrd)dstd:aﬂ agddlrs pkamdfm tfargied 493n AecHPRAKEY hé04, etéeta‘ea{%v Oph%lg
ope [ in g canera lens a
I OB B 3 B CoRat 1R oy Do s B Derreal 710, and

jack 709 f an ex connect ront

the like. Themﬂnﬂwﬁﬁ@ 702 includes a keyboard 711, an external nenory sl ot
712, a rear @ﬁ@fra 713, a light 714, and the 30like. In addition, an
antenna is incorporated in the hou5|ng 701. [0182] Furthernore, in addition
to the above str udrukspley goniol ehreser K@ Ghi pehasncs WHL| Anidomayd demicce, or the

l'i ke may be opng QLR fhr@ich '?cgtiJ?ﬁiS? Ghd H—Ly% h@p-g&%erztgigm Lnop%:git%]regions 452
15 are formed in the semiconductor layer 404, Note that as an SOJ substrate, the SOI
substrate manufactured in the aforementioned embodiments is used.
[0177]
An interlayer insulating film 427 is formed to cover the gate electrode 412 of
the display control transistor 402, The signal line 406, the current supply line 407, the
20 electrode 411, the electrode 413, and the like are formed over the interlayer insulating
film 427.  The pixel electrode 408 that is electrically connected to the electrode 413 is
formed over the interlayer insulating film 427. A peripheral portion of the pixel
electrode 408 is surrounded by a partition wall layer 428 having an insulating property,
The EL layer 429 is formed over the pixel electrode 408, and a counter electrode 430 is
25 formed over the EL layer 429, A counter substrate 431 is provided as a reinforcing
plate and fixed to the base substrate 120 by a resin layer 432.
[0178]
The gray scale of the EL display device can be controlled by a current driving
method in which the luminance of a light-emitting element is controlled by current or a
30 voltage driving method in which the Juminance of a light-cmitting clement is controlled
by voltage. In the case where the transistors of different pixels have largely different

characteristic values, it is difficult to employ the current driving method; in order to

48



The housi ngs 701 and 702 that overlap each other (see FIG 10A) can be slid,
and are devel oped by being slid as illustrated in FIG 10C. The displ ay
panel or the 5 display device that is manufactured by the methods for
manuf acturing a display device described in Enbodi ments 2 and 3 can be
incorporated in the display portion 703. Since the front canmera lens 708 is
provided in the sane plane as the display portion 703, the cellular phone
700 can be used as a videophone. Furthernore, by using the display portion
703 as a viewfinder, still inmages and noving i nages can be taken with the

10 i th ker 704
o e aer SaRR PR E ety kR dhe g orshiob bR S o
recordi ng de@h@@te(rfatlw‘@uatmm gededi cE)enche Bindisplai dbvfceﬁbrlﬁﬁm&bﬂﬂgad@\él ce. In
addi tion, W LB WSk, Q-Ian&fgzgurﬂggegsf &M S?ﬁ%&tisfrg? the selc]cfS oqpif??%%tgngqit o perform

15 operations of incontn on i nput
such as e- naithd thes@snbyl ?%@0101?331825@1(: ﬁ@?erflo tnot b@ed\rwpﬂicayeui comadrhiatidi mpl ay

portion, GUI A@fercATNERIEE MihusEhGeurrehtQivSE LRGE tion to be displayed
on the d| spl ﬁ(ﬁ ggﬁll on, aur?d twgel i k!é g 018%%91)%@%8 gér?jge anount of

i nformation S to be treated in docunentation, in the 20 use as a

portabl e i nformatimas IEQfUarB@' of ARBodi@elidek @an bd 1aSuE@IVEN t@yuse the
keyboard 711. t he housi ng]s 8(51'3 a%nd 5 t hat ove "?%nglﬁ %ellch ot her

i
(FIG 10A), tH8 dl’ieougg Bowopte detipes G hidgninpis ‘éPé‘iBéWoﬁ@’éFf%sSWCb laastideat ed in FI G
10C. In usi Bgmtehﬁ ag@kiiguéiftfa]rlna’a@mev@@iﬁn @ﬁst&aspffdsoﬁiébzﬁddcg{ngegE%«:'l(‘%&htagr[“hna| a

e keyboar an e

Sglr fﬂ? |r ngqgevfdégu%sfmsﬂﬁgu‘ij’o %)E"p‘?ﬁ@ts$ &néﬁgégﬁﬁ? ﬁ‘é‘fhme??o’ﬁ'&lﬁfé@fmﬁwﬂt erm nal
can be connecﬂmdM$omana¢@bmdamm@nmﬂ;mmuMabmﬁky;ﬁﬁﬂﬁﬁhﬁ&ﬁm&%ﬁﬂs@&da USB
cabl . her ol A5 Lon BRI S 0G. AT R B PO coL gR WL porsonal
ext er nal nendnvigesspropided bath d&pla&dgems eapobladf Wiyidedudiocian sbedsh acadingnd noved.
[0186 ] 30Thg rovided with the
rear canera 73%@2{0\%%?%‘3@?& JeF g“ﬁg%é DZ? dl(fmpaﬁﬁléegor '{Paﬁﬁg% %y fhages can
be taken1%3|%@mt"ﬁéf‘ﬂﬁspliwﬁmﬁmlwﬁﬁ 708ta)Ca vi ewfi nder. [0187]
Furt hernore,p olﬂgaddltlon to the above functions and structures, the

cel lul ar phone 700 may have an infrared conmmunication function, a USB port,
a function of recGi r‘l%“td‘hé‘@é@?ﬁﬁﬁ‘l@ aetremblsi dre brlokd phste, toawhich eh ess | C

chip, an earsphomtechaghe iMVentibiPdisclosed in this specification is applied. FIG. 10A is a
front view, FIG. 10B is a rear view, and FIG. 10C is a front view in which two housings

20 areslid. A cellular phone 700 includes two housings: a housing 701 and a housing 702.
The cellular phone 700 is a so-called smartphone that has both functions of a cellular
phone and a portable information terminal and incorporates a computer, and thus is
capable of a variety of data processing in addition to voice calls.

[0181}

25 The cellular phone 700 includes the housing 701 and the housing 702. The
housing 701 includes a display portion 703, a speaker 704, a microphone 705, operation
keys 706, a pointing device 707, a front camera lens 708, a jack 709 for an external
connection terminal, an earphone terminal 710, and the like. The housing 702 includes
a keyboard 711, an external memory slot 712, a rear camera 713, a light 714, and the

30 like. In addition, an antenna is incorporated in the housing 701.

[0182]

Furthermore, in addition to the above structure, a wireless IC chip, a small
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5l i ke. [0188] The el ectronic device described with reference to
FIGS. 10A to I CC can be manufactured by any of the aforenentioned nethods
for manufacturing a transistor and a display device. 10[ 0189 Not e
that the structure shown in this enbodi rent can be conmbined with structures
shown in other enbodinents in this specification as appropriate. [Exanple
1] [0190] 15In this exanple, an exanple of the result of a neasurenent of
the concentration of nitrogen and oxygen in a single crystal sem conductor
| ayer that can be used in Enbodinent 1 will be shown in FIGS. 11A and 11B.
Specifically, FIGS. 11A and 11B show the concentration distribution of

ni t rogen andmexygeavicenorthelildapy be tedrp@btedin tiof cemlarPinesi0dst rate i n which a
single cryst@l |Iicon | ayer is provided over a base substrate 20 with a
silicon oxid | | minterposed therebetween, in the case where | aser
irradiation is peﬂ“ﬁ@hmugso'itﬂl rod 702Rh&G ovarka es¢m1&;ert(she FEDnGAN¢an at iskid)

di Ui but ¥ oy o OhLLBRA, AR e RIS RCCONESALLILLAR L T bULi on

of oxygen. [0191 The th| ckn SS O e Si ng e cr |con ayer was set
t o about 3130difMey derige et is menufesasest ortbametheds fp*emmfam@dnﬂ)gl digpl@l dBicappar at us

(PHI ADEPT- | &%&nb@@ﬂﬂﬁﬁn@&&%&ﬁs Yt VA B b cordoRer B%éhﬁﬂlv 8% ; gn HRAsSUr ement

was performed with Cs+ as primary ions, an acceleratio e of 5.0 kV a
det ection rejnesriheofort samepens 7995 Pﬁmdeéh’dheas%maﬂ%ﬁt?@’ﬁ’é@b’é’oﬁm @38 nnt sec,
and el ectr Oﬂth@aﬂlmai HoB&lT BlchOB: WeBasRSideopPRE tFArERARE r@aﬁﬁﬁtﬂ%mﬁ&f ace
charge buil d. ton "/%S)ig .’::EL \9'15 fi 1;r e:? stlil?llsm%r csba?xg rrgoms m?am ¥ ecliae taken with the n!:aOWI ng
manner. [O01 8 £ images can r
10 camera 713 and the light 714,
[0184]
By using the speaker 704 and the microphone 705, the cellular phone 700 can
be used as an audio recording device (a recording device) or an audio reproducing
device. In addition, with the use of the operation keys 706, it is possible to perform
15 operations of incoming and outgoing of calls, simple information input such as e-mails,
scrolling of a screen to be displayed on the display portion, cursor movement, e.g., for
selecting information to be displayed on the display portion, and the like.
{0185]
If a large amount of information needs to be treated in documentation, in the
20 use as a portable information terminal, and the like, it is convenient to use the keyboard
711. By sliding the housings 701 and 702 that overlap each other (FIG. 10A), the
housings 701 and 702 can be developed as illustrated in FIG. 10C.  In using the cellular
phone 7060 as a portable information terminal, a cursor can be moved smoothly with the
use of the keyboard 711 and the pointing device 707. The jack 709 for an external
25  connection terminal can be connecled to an AC adapter or a variety of cables such as a
USB cable, thereby performing charging and data communication with a personal
computer or the like. Furthermore, by inserting a recording medium into the external
memory slot 712, a larger asnount of data can be stored and moved.
[0186]
30 The rear face of the housing 702 (FIG. 10B) is provided with the rear camera
713 and the light 714, and still images and moving images can be taken using the

display portion 703 as a viewfinder,
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A stage for supporting the base substrate, which was kept at room
tenperature, was sprayed with a nitrogen gas. At the sane tinme, a sanple
was irradiated with a XeCl exciner |aser beamemtted froma | aser
oscillator (LAMBDA STEEL 670 manufactured by Lanbda Physik Co., Ltd.),
which had a repetition rate of 30 Hz, a 5 pulse wwdth of 22 5 nsec, an
energy density of 697 m/cn2, and a wavel ength of 308 nm The sanpl e was
scanned at a rate of I nmsec., and each part of the sanple was irradiated
with the | aser beam 10 tinmes. [0194] In a region of the single crystal
silicon layer fromthe surface to a depth of 10 about 10 nm each
concentr at i off18f! oxygen and nitrogen neasured by SIMS can be detected to be
hi gher due to surf g i _n .crystal siligcon er,
knock-on effect, (fr@ Rger&grg’ @ga% ﬁi(%)iﬁlgfrtﬁ Ehlra g"r‘?ﬁ‘f"’nﬁ“r‘fg“’ﬁ*’nxﬁ%“gﬂ?‘%s ﬁé?fh’? and t hus
an accurat e BWRedA? Py fev dnrinkdied ¢oayeunicatimnibictiah,eay8B Ipertde fupcton chf

Fur t her nor e, reeélviag biRGEARent fR0%Rn FRRENs: Of wild Qs ik ,a@eag;?r%%]jagz ilélg nm the
single crystal silicon | ayer cannot be 15conpletely Isolate 1 0 t he
silicon oXi d&“¥ilm provided under the single crystal silicon |layer, and the
concentrati opigf] the silicon oxide filmis also likely to be detected.

[ 0195] I n ?.hre!gi on. fd:e().m depth of 20 nmto 70 nmin FIGS. 11A and
11B, a sanpl e t hat "7 §SHGRC Frgurestragd wifiefarepsde FiGRalPAras 08 aan e ogen
concent r at i omarofacalbaly aBy of OAGreROhtRh QIR 7R ndndfack@hg 230084 Rs and an
oxygen Concem'g%ia%q eof about 2 x 1018 atonstnB to 1 x 1019 atonstnB. On

t he ot her PP t'Re case where a sanple is irradiated with a | aser beam
whi | e beithg @p#%yed with a nitrogen gas, a constant concentration value is
obt ai ned: the con tration nitrogen,in the. thjckness directjon is about
2 x 1017 atonst nﬁﬁ&gr{éﬁtlh% s%‘%%“é%ﬁ'%orwa i“otrﬁ“so?mlg’gwghc"i‘"n YRRk iR s s

di recti on 25frgctpigpirows inothied ¢i8bagirammistimBhist specificatichGid Sppadpeia®/ cnB. 10196. 1

When a high [ERRGANE ation of nitrogen and oxygen is contained in the depth
direction of the single crystal silicon |layer, nitrogen atons and oxygen
atoms are tri8P¥&d in the dislocation to fix the dislocation, whereby the

yield stysess of tReneHlainb@, A0Shmdk Sl ¥ ehdufRMnd FUSToGAN.PE, | nCT eased.
The atons ar trappeld inbthe di@?ocattclg o%ﬁ%lgta 8%1%"%9}@?1{Og%gtcg%e%’faggnool i ng

after |aser Fingrrecy rdaRlivas B Bogle snsiel pamiconfistor laver saheant bestseg in
Embodiment | will be shown in FIGS. 11A and 11B. Specifically, FIGS. 11A and 11B

show the concentration distribution of nitrogen and oxygen in the depth direction of an
SOI substrate in which a single crystal silicon layer is provided over a base substrate
20 with 4 silicon oxide film interposed therebetween, in the case where laser irradiation is
performed or not.  FIG. 11A shows the concentration distribution of nitrogen and FIG.
11B shows the concentration distribution of oxygen.
[0191]
The thickness of the single crystal silicon layer was set to about 130 nnt, and
25 the measurement was performed by a SIMS apparatus (PHI ADEPT-1010 manufactured
by ULVAC-PHI, Incorporated}, The measurement was performed with Cs” as primary
ions, an acceleration voltage of 5.0 kV, a detection region of 140 pm x 140 pm, and a
sputtering rate of 0.3 nm/sec, and electron-beam irradiation was performed to
compensate the surface charge build-up.
30 [0192]
The laser beam was emitted in the following manner.
[0193]
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in a manufacturing process of a device. The nitrogen atons can al so prevent
a change in the shape of voids in a single crystal sem conductor |ayer and
reduce the size of the voids. In FIGS. 11A and 118, the sanple is sprayed
with a nitrogen gas in the atnosphere; thus, oxygen in the atnosphere is
contained in the single crystal silicon 5layer in addition to nitrogen.
Accordingly, the concentration of oxygen increases as shown in FIG 11B.

[ 0197] As for a sanple that is not irradiated with a | aser beam

ni trogen and oxygen are added when a single crystal silicon substrate is
doped with hydrogen to forman 10enbrittled region. Thus, nitrogen with a
concentration of Zl:\s(dg&@kikﬁuzmbmilﬁgﬂmrbﬁﬁeeﬁbsmé evt@dhd,va@w;gaﬁo%&éin}ﬁrawcent ration

of 2 x 1018 r e alne in t | e cr stal silicon
| ayer, and a%gg@%ﬁg«?gﬁt ({%a?l%gcsal XP ﬁmﬁ‘a‘%saﬁg O‘B‘iggfrﬁ‘gﬁe [818s]
Al t hough an éiﬁﬁlnpﬂcen%flaagslbw amsﬁemgl‘oen ariy&s’t abcilipidr i (EAMBRY STEEE 6zhown i n

FIGS. 15 1Akl Byl ot PRCIRTERRG, RN, R ARRSLYES s6Yen, i N the

case of using other si'ngle crystal sem’con t he
concent r ab i opscoridthiof 2bgémsemeh awey densitn of 493 nsWaran zeldcanwelaigﬁsﬁrﬂmonduct or

llayer can be,gqugi séﬁﬂe @«Qgschrﬁ‘ﬁ{i gaSG Y nln@’?e%r id &hﬁ il saaxtnlp eW whi ch

allows the crystallini gle cry Staf"sem Eonduct 87 r to be
recovered anﬂraﬁih‘édh‘éﬁﬁaxﬁs%fém%iqféh@th to be |rrproved 20 [Exarrpl e 21 [0199]
I'n Exanpl e lgpi@n exanple of directly irradiating the surface of a single
crystal SI|ICOI’1 | ayer with a | aser beamis shown. In this exanple, FIG 12
shows an exanpl e B'Tafqgé’“roééliﬂ gingd crystghesilison @Wrﬁo%fhetﬂﬁ@(@dﬂéeﬁqpmaﬂl on of

ni trogenidn ;ibhﬁi Rase, d&hﬁé(ﬁic@nra&ﬁ @dxyé‘eﬂrhn@%ﬁ & !n%mfe!i |bg‘9ﬂ§!89:ra9%hded on a
single cryst g 0 d ct %/ Speci fi caﬁ shows
concentratio 9% Wiagsg Eelngss; peth EIéﬁ’BH‘ w%c%lice% Ik, an SO

substrate i rknnbh mhef&ctSbﬂ’tgiaec@ﬁﬁbﬁé:ﬁlrenﬁiliﬂmgcxﬁﬂlda@ﬂ@ hdr§ ai@d’ avd dedopyer a base
substrate wt n.oxide filmi nterg[odz &]l&t erebetween and a silicon

oxynitride wr%"tlﬂimf' i %‘ﬁéaly CTSPEVE HEEY SN dsue hormore.dp g1reedqn faspA | ayer, in
the case whefephldsiEd @Oia nadptatdlf AA0 ingn, pled Singleretls@r sil@dn. layer cannot be

15 completely isolated from the silicon oxide film provided under the single crystal siticon
layer, and the concentration of the silicon oxide film is also likely to be detected.
(0195}

In a region from a depth of 20 nm to 70 nm in FIGS. 11A and 11B, a sample

that is not irradiated with a laser beam has a nitrogen concentration of about 3 x 10
20 atomstm® to 3 x 10'7 atomstm®, and an oxygen concentration of about 2 x 10'

atomsem’® 1o T x 10" atomsem®. On the other hand, in the case where a sample is

irradiated with a laser beam while being sprayed with a nitrogen gas, a constant

concentration value is obtained: the concentration of nitrogen in the thickness direction

is about 2 x 10" atomstm®, and the concentration of oxygen in the thickness direction
25 isabout 5 x 10" atomsem® 10 1 x 10'° atomstm?,

10196]

When a high concentration of nitrogen and oxygen is contained in the depth
direction of the single crystal silicon layer, nitrogen atoms and oxygen atoms are
trapped in the dislocation to fix the dislocation, whereby the yield stress of the entire

30 single crystal silicon layer can be increased.  The atoms are trapped in the dislocation

not only in a step of cooling after laser light irradiation but also in a heat treatment step
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[ 0200] The neasurenent was perforned by a SIM apparatus (PHI
ADEPT- 1010 nanufactured by ULVAC-P111, I|ncorporated). The neasurenent was
performed with Cs + as primary ions, an acceleration voltage of 5.0 kV, a
detection region of 60 gmx 77 and a sputtering rate of 0.4 nm scc., and
el ectron-beamirradi ation was perforned 5 to conpensate the surface charge
bui |l d-up. The thickness of the single crystal silicon |ayer was set to
about 130 nm and the thickness of the silicon oxynitride filmwas set to
about 280 nm 10201] The laser light was emtted in the foll ow ng manner.
10[ 0202] A stage for supporting the base substrate, which was kept
at rf)om terrparaaﬁamnacmmrﬁmsayedemet hTie :nin}sg"e@g@ﬂls gfﬁqsalso/htrevte:k’tgz o;ﬁﬁdge ti lme a
sanple was ir i, at Wi, t ci ner | aser beam tte roma | aser
oscillator (1A ‘ﬁ%?eé%’:‘ﬁﬂs Rl 33%15?}?‘8%11 B%}O* ?@ Efﬁvg#ﬁ Sepor et g, ),

whi ch had a vagset Int FiGiS. ﬂaxkanmfIIROtthsamﬁe i Sprpyeld seithi diitfoged p22in fc nsec an

energy densi $t1¥10 herf §ﬁus o%ﬂxﬁtb% %@n%s&\eyéag%mﬁaqgefom%e négg e %%%ﬂﬁ%%rb part | ﬁf a

the sanple was I'rradi ate aser beam

sanpl e that ees inedditionrtaditmted Wetdndisgly, alwerontraaaontdf @xggen dendaseatas on  of
nitrogen in 4hensimglgpcrystal silicon layer was 1 x 1016 atons/cn8 or
nore. In a san%le 20 that was irradiated with a | aser beam the
concentrati df!%8 nitrogen in the single crystal si Iicon | ayer was 1 x 1018

atons/ cnB or 1mor eas BY aiskhadial ishdt Haeiaéa a&h% 16 Sdafl Al nitl %an%p%,ag gr witha

| aser beam after the forpation of the silicon oxyni nitrogen in
the silicon 8%t Mhefpa Fi“glmc%‘aéﬁll?%‘ Hbstrats| iy deperd hVitbrhYé’@ﬁ@UtC’t form pe singl e

crystal gl iaRtleaY@fonVeRls! o Mtag%o&fem&ah@n st rlgh@'é%fﬁ%ﬂ* orShdrk con | ayer
is nelted. Accordl n%ﬁ;’ the single 5 crystal licon [ayer can contain

ni trogen at 4RGN COR Cetenteatation o6 ><13(3< iomecin} orePreaci@nginedirse  Not e t hat
al so in the GamlRnal Hfkon 'lz@ern&}{d alshirRdh R Mhn Wl frefln BRBE SARAM, Nitrogen is

added when a single crystal silicon substrate is doped wth hydrogen to
forman embrPt¥led region; thus, nitrogen with a concentration of 1 x 1016

at ons/ ens or nor eA!tiﬁmg}pﬂmt@i'ajﬂﬁlg of BsitdEsidid ﬁa!%ﬁﬁé% ﬁ ersié &Ho@ﬁ MW FRYer. and a
sutfici el%t macr;%(ri] Il I:(?' la s?r;[*nriaerr;a énrc])m%gor;l cag bgggserv%zl rc}:\efcn in the case of using other
single crystal semiconductor thin films. Thus, the concentrations of nitrogen and
oxygen in the single crystal semiconductor layer can be equalized and increased by laser
light irradiation, which allows the crystaliinity of the single crystal semiconductor layer
to be recovered and the mechanical strength to be improved.
20 [Example 2]
[0199]
In Example 1, an example of directly irradiating the surface of a single crystal
silicon layer with a laser beam is shown. In this example, FIG. 12 shows an example
of the result of a measurement of the concentration of nitrogen in the case where a
25  silicon oxynitride film is provided on a single crystal semiconductor layer.
Specifically, FIG. 12 shows the concentration distribution of nitrogen in the depth
direction of an SOI substrate in which a single crystal silicon layer is provided over a
base substrate with a silicon oxide film interposed therebetween and a silicon oxynitride
fitm is further provided on the single crystal silicon layer, in the case where laser
30 irradiation is performed or not.
{0200}
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Al t hough an exanple of using a single crystal silicon layer is shown in FIG
12, a simlar phenonenon can be observed even in the case of using other
single crystal sem conductor thin films. Thus, the concentration of
nitrogen in the single crystal sem conductor |ayer can be equalized and
increased by laser light irradiation, which 5 allows the crystallinity of
the single crystal sem conductor |ayer to be recovered and the nechani cal
strength to be inproved. [Exanple 3] [0205] This exanple shows the case
where nitrogen, oxygen, and carbon as well as 10 hydrogen are added to a
single crystal silicon substrate including a silicon oxide filmformed by

t hermal oxi dati onyhdheSuremdf WRtheliBed VG SNAS aBsiddits @HI 1 pEASW gent  of

t he concentrati ?nsﬁgf 23/[3} gle nitr%%&n, oxygen, and carbon in_the single
crystal sil i BEWASHFSY A%[g@ BropeRe): ndbsTFSIEREt 512 RSBt n FI GS. |

3A and 13B ves apprithay iRE abYccale@liddS cBRRaF ALY, { Risbtabiobbelnppgs PHI 6650
manuf actured by ULVAC-PHI, Incorporated). The neasurenent was perforned

with Cs + astPranf@rputietgsraiesd Ogauuresy a1d derroubtatyieragintiop wesipgrforgediet ect i on

regi on ofs 60oRBMmpendale RELurRABLCHArE PUAd-&.1 Nle halkResObr Be FnNPLSQE! silicBRd
o. conpensat e the 20surface charge

el ectron-beamirradi ation was perforned t 1% )

bui | d- up. [ 02F7}vassetto aLO"‘fIlu%O %glg{fp%%nﬁ?esﬁ?ﬂ?ﬁ H9n SR TItEYs HEvas a6do car bon was

performed byabautSsMemappar atus (PH ADEPT 1010 nmanufactured by ULVAC PHI,

| ncor por at eﬂ)) !Ihe measurenent was perfornmed with Cs' as primary ions, an
Vo

accel erati o %% tage of 5.0 kV, 25 a detection region of 90 pmx 90 pm

and a sputtering TlatlgsedighOwd eniteddcthe fdloding ln@etdar.on- beam i rradi ati on was
performeg} tgoﬁ??‘mensate the surface charge build-up. The thickness of the
silicon oxiage filmon the single crystal silicon substrate was set to about
100 nm It is noté&dagdiat supporfigEs: bakSGAbstntk, ¥8Bh wahiepheaswnr empatiumas

e o1 e ODARA, TDLAE, O e LS S RIS e
si ngl e cryst’s] gr¢imeio s Utsemr anitieda o tasersosgigior 61 &MBR¥Y ETEEING7Si ngl e
crystal siligQnnatRe by 2uSpdesnyRRdshed )t Qnigh RICIGLEHTh NG of 30 1z, a
15 pulse width of 22 £ 5 nsec, an energy density of 689.4 mJ/em? and a wavelength of 308
nm. Each part of the sample was irradiated with the laser beam 10 times.
{0203}
In a sample that was not irradiated with a laser beam, the conceniration of
nitrogen in the single crystal silicon fayer was 1 x 10'° atomsem® or more.  In a sample
20 that was irradiated with a laser beam, the concentration of nitrogen in the single crystal
silicon layer was 1 x 10'* atomsem?® or more. By irradiating the single crystal silicon
layer with a laser beam afler the formation of the silicon oxynitride film, nitrogen in the
silicon oxynitride film is solid-dissolved in or added to the single crystal silicon layer
when the surface of the single crystal silicon layer is melted.  Accordingly, the single
25 crystal silicon layer can contain nitrogen at a high concentration of [ x 10'% atomstm’
or more. Note that also in the sample that is not irradiated with a laser beam, nitrogen
is added when a single crystal silicon substrate is doped with hydrogen to form an
embrittled region; thus, nitrogen with a concentration of 1 x 10'® atomstm® or more is
contained in the single crystal silicon layer, and a sufficient mechanical strength can be
30 obtained.
[0204]
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t hi ckness, the neasurenent was perforned fromthe back surface of the
single crystal silicon substrate and fini shed beyond the boundary between
the silicon oxide filmand the single crystal silicon substrate. Therefore,
silicon oxide is present in a region froma depth of O nmto a depth of 40
nmin FIGS. 13A and 13B. 5[ 0208] Dopi ng conditions are different
between FIG 13A and FIGI3B. In FIG 13A, hydrogen was introduced at a
flowrate of 24 sccm and ions were extracted from pl asma generated by RF
di scharge and accel erated at an acceleration voltage of 40 kV. In FIG 13B,
hydrogen was introduced at a flow rate of 50 seem and ions were 10
extracted from pl adtrughenexaatpiect bsing 4 dirgemngstatlsiieinasygeis sevnas BEL €1,at ed at an

accel eration : V, 09 . Fl 13A shows that nitrogen,
oxygen, and g\é%%ﬁg%ﬁl gjwe{%gé% %me%br%é%{lw]geevﬁ? Imethﬁc%?lsge%ﬁtuﬁ‘% f’%’ﬁr YEEFER in the
dept h di r ect pasrcapfiucinghigifibgs. e Tory dheatongintratoo rof Sutogen at ehefsirgha cridalt he
boundary bet ween i ivel SRNLOXl Il i crystal silicon
substrate to a délpt hrof}%aboute %Z%Q%J%Ad%g%i%%igagéﬁq%hﬁgéﬁ%fr%é‘t iw([)“r‘fhhas a peak
at about 1502l thegrgtalliniy efthe drsdemysiad simispnadfctarilayeig émrecoveregend thand car bon

was able to g@chagga@gtrgn@h@ogqu,m% hat is separated fromthe single crystal
silicon substrate |later to be a single crystal silicon |ayer. 20[0210]

FIG 13B sholfaPgel nitrogen, oxygen, and carbon are added with a gentle
concentrati om2ggjadi ent in the depth direction of the single crystal silicon

substrate fromtheg, bound r%{’ bet ween the silicon oxide filmand the single
crystal silicon sUDSEFERPE theWatgEptenviisre HBot Peemand pentiy areBgen
concentr & i oydh@sn avepaédl @b skl khysthbliddMsubsdire WtlRlhg Ssiidd8 o8REEIARS 1N FI G

13A, and nitro oxygen, and b le to b dded at a hi gher
concentrati ofrr.cl’m?%%ﬁ ﬂ?eﬁ'}{%ﬁﬁ'ﬁ?ﬁg‘e Igggﬁl%g a\é\@%”?%" 't?%‘"ﬁ?ugr??? AgfsueReriobar at ed
fromthe sinbt ecreeystials i yidogen, sithgtd, akggehater cdronb@ @e Sinpw! @ys@ll yst al
silicon | ayekicon substrate. 111 S application is based on Japanese Patent
Application seri a0~ 302008-271676 filed with Japan Patent O fice on
Cct ober 22, 9888, the entire contents of which are hereby incorporated by

referencg, WHAT 113 CLALMEDR: lo‘?:hydrogen in FIGS. I3A and 138 was performed by a
SIMS apparatus (Physical Electronics PHI 6650 manufactured by ULVAC-PHI,
Incorporated).  The measurement was performed with Cs* as primary ions, an
acceleration voltage of 5.0 kV, a detection region of 60 pm » 77 pm, and a sputtering
rate of 0.9 nm/sec., and electron-beam irradiation was performed to compensate the

20 surface charge build-up.
[0207]

The measurement of nitrogen, oxygen, and carbon was performed by a SIMS
apparatus (PH1 ADEPT 1010 manufactured by ULVAC-PHL, Incorporaled). The
measurement was performed with Cs' as primary ions, an acceleration voltage of 5.0 kV,

25 a detection region of 90 pm x 90 um, and a sputtering rate of 0.5 nm/sec., and
electron-beam irradiation was performed to compensate the surface charge build-up.
The thickness of the silicon oxide film on the single crystal silicon substrate was set to
about 100 nm. It is noted that in FIGS. 13A and 13B, the measurement was performed
from the back surface of the single crystal silicon substrate in order to prevent effects of
30 detecting components in silicon oxide on the single crystal silicon substrate as much as

possible. After the single crystal silicon substrate was polished to a predetermined
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. A nmethod for manufacturing an SO substrate, conprising the steps of:
addi ng hydrogen to a single clystal sem conductor substrate so that an
enbrittled region is formed in a region at a predeterm ned depth froma

surface of the 5single crystal sem conductor substrate; bondi ng t he
single crystal sem conductor substrate to a base substrate with an
i nsul ating |ayer interposed therebetween; heating the single

crystal sem conductor substrate to be separated along the cnbrittled

regi on, whereby a sem conductor l|ayer is provided over the base substrate
10with the insulating | ayer interposed therebetween; and nelting at |east a
superficial pénkpesyithe measurensne oneprriooned faye the back surface offtler gigle arydtaiogen s

added to thegpen cRRAH AL IRY géyol Jirk rﬁﬁurm?ljﬁtbic&geé LERiS: (E)J?cﬁt ﬁlﬁ:ha%d
I g avi

sem conductor | ayer includes a region Ng a nitrogen concentration of 1
x 1016 at onsihe SigEle Fryfpsiicom sibstrate. ~ Thepeforprificar pridelis prssentrivrrutgion fioing an SO

substrate acg@ptidtg nhiQo & lghiikio e ERIN 1825R0ARI s further added to the
sem condu§1t 0{9 @yer in the nelting step, so that a concentration of carbon
in the seni cdAtfict or | ayer is 1 x 1017 atons/cnB or nore. 203. The net hod

for manuf act uri ngDameRoddiSdHb i datetenBBB0sd IFIY 180 acd BGM3b. whekejy nelting is
h a | aser beam

i The met nOUSE Han VAT, PG TaN BB SpSErAtE etHpd HEd Bl m 1,
wher ei n el tplegai genguadd R disdhyrgs bifdodegeldratghit oh @ Eraabh 08lag biuoac) anp. 25
S et AL 030 9l S URRLERS 51 35S0 0 40, 6L T3
bei ng spt@yedirnitedn framng alstoo rgeadraiech dpy afilahedts thischage ofndnistcelogedd, at0xygen, and
car bon. acceleration voltage of 50 kV.
[0209]
FIG. 13A shows that nitrogen, oxygen, and carbon are added with a gentle
concentration gradient in the depth direction of the single crystal silicon substrate from
15 the boundary between the silicon oxide film and the single crystal silicon substrate to a
depth of about 120 nm.  The hydrogen concentration has a peak at about 150 nm, and a
high concentration of nitrogen, oxygen, and carbon was able to be added in a region that
is separated from the single crysial silicon substrate later to be a single crystal silicon
fayer.
20 [0210]
FIG. 13B shows that nitrogen, oxygen, and carbon are added with a gentle
concentration gradient in the depth direction of the single crystal silicon substrate from
the boundary between the silicon oxide film and the single crystal silicon substrate to a
depth of about 180 nm. The hydrogen concentration has a peak at about 150 nm,
25  which is the same as in FIG. 13A, and nitrogen, oxygen, and carbon was able to be
added at a higher concentration than in the case of FIG. 13B in a region that is separated

from the single crystal silicon substrate later to be a single crystal silicon layer.

This application is based on Japanese Patent Application serial No.
30 2008-271676 filed with Japan Patent Office on Qctober 22, 2008, the entire contents of

which are hereby incorporated by reference.



306. The nmet hod for manufacturing an 501 substrate according to claiml,
wherein at | east one of nitrogen, oxygen, and carbon is added to the single
crystal sem conductor substrate at he sane tinme as the addition of

hydr ogen. 7. The method for manufacturing an 501 substrate
according to claima1, wherein a silicon nitride film a silicon oxide
film a silicon oxynitride film or a silicon 5nitride oxide filmis forned
over the sem conductor |ayer before the superficial part of the

sem conduct e 8. The nethod for manufacturing an
SO substra éﬂga% (\EId‘!‘iWLStCI aim1l, wherein a glass substrate is used as

t he base substr atieA nikthod for manufactugmg,'ﬁn Rel hadyie rco%ﬂ':‘i%??ﬁe%é Wdpa
seni conduct or deV|%e conprising a transistor ormed usi ng the 501

substrate accor diff§"% VEIgsmtq 2 single “Yﬂa{Sﬂnwomﬁ@“”A&ﬁéﬁh@dwfdmtan
menuf act ur i abrfkdSebiod WSHA! B o OISR 3 RAIcINFS 8% Ao J5AACL 09y dr ogen

to a single crystal sem conductor substrate so at” an e reglon IS
formed i°n é"ﬂ@@ﬁ&ﬂ“é?nﬁo%ﬁﬁﬂéﬁéﬁﬁﬁﬁed depth froma surface of the single

crystal sem condyglgf, ﬁUQQEfe%ﬁst&i semiconduc Opglﬂgi Etg (b 18,3 uﬁftirarxi(gwtgi?glr

sem conductor substrate to base Subst ra anin
|nterposed'Fﬂé¥@5éwweeﬁqmaﬁhbgthmgﬂmhe single crystal senlconductor

em conduct or & agarh ot el O8aRERLlsh oBh B WPl A9 Poul ati ng
| ayer i nt ecpbsslidirbgomebdtenwde g searichnductor layer is provided over the base substrate
10 with the insulating layer interposed therebetween: and
melting at least a superficial part of the semiconductor layer,
wherein nitrogen is added to the semiconductor layer in the melting step so that
the semiconductor layer includes a region having a nitrogen concentration of 1 x 10!¢

atoms/ecm’ or more.

2. The method for manufacturing an SOI substrate according to claim 1,
wherein carbon is further added to the semiconductor layer in the melting step, so that a

concentration of carbon in the semiconductor layer is 1 x 10" atoms/cm® or more.

20 3. The method for manufacturing an SOI substrate according to claim 1,

wherein melting is performed by irradiating the semiconductor layer with a laser beam.

4. The method for manufacturing an SOI substrate according to claim 1,
wherein melting is performed by strong light irradiation with a famp.
25
5. The method for manufacturing an SOI substrate according to claim 3,
wherein the superficial part of the semiconductor layer is melted while being sprayed

with a gas containing at least one of nitrogen, oxygen, and carbon.

30 6. The method for manufacturing an SOI substrate according to claim 1,

wherein at least one of nitrogen, oxygen, and carbon is added to the single crystal
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melting at |east a superficial part of the sem conductor |ayer,

wherei n oxygen is added to the sem conductor |layer in the nelting step so

t hat 25t he sem conductor |ayer includes a region having an oxygen

concentration of 2 x 1018 atons/cnB or nore. 11. The met hod for

manuf acturi ng an SOL substrate, according to claim 10, wherein

nitrogen is added to the sem conductor |ayer when the sem conductor |ayer

is 30nelted, so that a concentration of nitrogen in the sem conductor |ayer
he_met hod for manufacturing

is 5x 10's
an 501 subs??“(%%%%%SWQMW5”¥gméWB?HWEGSmﬁﬁéﬁ@?ﬁ“@ﬁ@ﬁﬁﬁ“ls further added to
the sem conductor |ayer in the neltlng step, so that a concentration of

carbon in the segiq&gducéﬁi | a X 1017 atons/cnB or nore. 5
13. The method fdr 'NEAGH dFl @“@W“ﬁﬁ@ @U@§¥ﬁ§?%m&bé%W6ﬁﬁg1@6*@hahn110

wher ei n el Whargn iasiljees ﬁmrdmﬂmby siliesraghiad fimg aldRof SR GRRL YEH O, aldqm%lh with a

| aser be . . The nmethod for manufacturing an substrate

accor di ng t’Bmé'F Sride fhm ‘iﬁWﬁ%‘f’ 8Y5H theetetnigagducdorgayer befoaithbpuptrficalgpart afht

i rradiati onhdmicdhdh@PMayer is melted, 15. The nethod for manufacturing an SO
substrate according to claim 13, wherein the superficial part of the
sem conductor layer is nelted while being sprayed with a gas containing at

| east one of ni tgogﬁ@’mwgﬁ?’mm%cﬁ@{ Roef?l sébp substrafoacc\%ﬁdﬁr}gel_%he QEH;Od For

manuf acturing an SOL substrate accordiRg to claim ast one

of n|trogehﬂmﬂ&wg@h““ﬁhﬂm@aﬁb@ﬂasﬂwéddeﬁbﬂmﬁthe single crysta

sem conguct or substrate at the sane tine as the addition of hydrogen. 2017.

The nethod for manufacturing an SOL substrate according to claim 10,

wherein a S|I|co%JMHtﬂmdémﬂnﬁmﬁwawmghma&homxwdedEhb@tmﬁpﬁﬁdgd%%msQKN”'tr'de
mis forngwﬁover t he sem conduct or

fil |
I;yg} ggngihmhgﬁgﬁﬁe ?m%ﬁgségﬁﬁ§u%fa?ﬁ5h¥%W1 ductor layer is melted.

10 A method for manufacturing an SOI substrate, comprising the steps of:

15 adding hydrogen to a single crystal semiconductor substrate so that an
embrittled region is formed in a region at a predetermined depth from a surface of the
single crystal semiconductor substrate;

bonding the single crystal semiconductor substrate to a base substrate with an
insulating layer interposed therebetween;

20 heating the single crystal semiconductor substrate to be separated along the
embrittled region, whereby a semiconductor layer is provided over the base substrate
with the insulating layer interposed therebetween: and

melting at least a superficial part of the semiconductor layer,
wherein oxygen is added to the semiconductor layer in the melting step so that
25 the semiconductor layer includes a region having  an oxygen concentration of 2 x 108

atoms/cm’® or more.

1. The method for manufacturing an SOI subsirate, according to claim 10,
wherein nitrogen is added to the semiconductor layer when the semiconductor layer is
30 meited, so that a concentration of nitrogen in the semiconductor layer is 5 x 10'3

atoms/cm’ or more.
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2518. The nethod for manufacturing an SOL substrate according to claim 10,
wherein a glass substrate is used as the base substrate. 19. A

met hod for manufacturing a sem conductor device conprising a transistor
which is formed using the 501 substrate according to claim10. 30 20. A
nmet hod for manufacturing an SOl substrate, conprising the steps of: adding
hydrogen to a single crystal sem conductor substrate so that an enbrittled
region is formed in a region at a predeterm ned depth froma surface of the
single crystal sem conductor substrate; ~ bonding the single crystal
sem conductor substrate to a base substrate with an insulating |ayer

i nter posed t her ebzt eempthad dorShedifhdngidghs somgh&t@feya%&ld;r@e@ &Qlﬁdﬂ?t or

te tq b ara the enbrittled regi on, whereby a
iﬁﬁsiéﬁdﬁct‘%}erﬁe@% ﬁ’étﬁﬁﬁ‘bw% Qe pepiendyg s layeathomelting siep.tshéhdtasul at i ng

~layer i nt ecpeeegaiion@re8sR8Rs semiconductor l%rsef D 107 LI RRRM3 0P mﬁ)geded to the
single grystal sem conduct or substrate at” the sane tine as the addition of

hydr oge so that the sem conductor Iayer i ncl udes a region 10having a

ni trogen concent rAatiRNLQhod % Iﬂ%@})st h LN/ §08 sﬂ%trgtg at%bordilné tﬂ,'%Fl{,\%l?gl n

met hod for manufacturing an &t Accor I'ng
carbon is dhesin meltingis wifﬂ@@é byriyadiatinggenieovemabdodtor lagan bdthradt@r Bant.he same
tinme as the addition of hydrogen, so that a concentration of carbon in
the sem conductor layer 15is 1 x 1017 atons/cnB or nore.

14. The method for manufacturing an SOI substrate according to claim 10,

10 wherein melting is performed by strong light irradiation with a lamp.

15. The method for manufacturing an SOI substrate according to claim 13,
wherein the superficial part of the semiconductor layer is melted while being sprayed
with a gas containing at least one of nitrogen, oxygen, and carbon.

15

16. The methed for manufacturing an SOI substrate according to claim 10,

wherein at least one of nitrogen, oxygen, and carbon is added to the single crystal

semiconductor substrate at the same time as the addition of hydrogen.

20 17. The method for manufacturing an SOI substrate according to claim 10,
wherein a silicon nitride film, a silicon oxide film, a silicon oxynitride film, or a silicon
nitride oxide film is formed over the semiconductor layer before the superficial part of

the semiconductor layer is melted.

25 18. The method for manufacturing an SOI substrate according 1o claim 10,

wherein a glass substrate is used as the base substrate.

19. A method for manufacturing a semiconductor device comprising a
transistor which is formed using the SOI substrate according to ¢laim 10.
30
20. A method for manufacturing an SOI substrate, comprising the steps of:

adding hydrogen to a single crystal semiconductor substrate so that an
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22. The nmethod for manufacturing an SOL substrate according to claim 20,
wherein a glass substrate is used as the base substrate. 2023. A nethod for
manuf acturi ng a sem conduct or device conprising a transistor which is
formed using the SO substrate according to claim?20. 24. A method for
manuf acturi ng an 501 substrate, conprising the steps of: adding hydrogen to
a single crystal sem conductor substrate so that an 25enbrittled region is
formed in a regi on at a predeterm' ned depth froma surface of the single
crystal semi Tiﬁﬁftor supstr ondi ng the single crystal

seni conduct BT EUBSERAE & oo Wfs‘@g QB e ﬁ’é@(dét%’ ‘E‘ﬁd depth AuT asurfage loAjher

i nt er posed ﬂiﬁg@d@bﬂ&i\&eﬁﬁmonc&#@ﬁ)r substrate; heating the single crystal
sem conduct or E ‘ate to be separated al on&ﬁt he 30enbrittled region,
wher eby a senico go 1 sigisrerysie! SeraippRIbigion velstratsdo Babsee sbbistie atd ani t h the

i nsul ati ng ihayaihg ldaybEhRARE hiereREVERN, wher ei n oxygen is added
to the SI ngle cr stal sem conduct or substrate at the same tine as the

addi tion of hydr BgéRg tiosipglatcrisiné semisprdnaivn stibstrateatpele sapetatededor thegi on
havi ng an Q}?ﬁbﬁﬁ[&dqgél&?%}fe%ﬂy%nsemic dﬁct&wola%ralts% é&'&rsov%r HA s o Afgaﬂﬁ,f-:gre ei N

met hod for manufacturi'ng an strate ngto C1 &P
ni t rogen |é"'&‘dﬁ‘éﬁﬂsﬂléﬂﬂgﬁé}’@sMﬁfgp@e@ﬂymbaﬂwesmm conductor substrate at the sanme

time as the addi f. centration of nitrogen in

t he seni conduct o&hé}gﬁgg}m%%gé?%?gi@agt%%e(f |¥§t oF THEY'EUoBESUAh AL BEt hod f or
manuf act ur issrge tine 8Ghe sddigen fa’tlwdm@em;cso dianthetsemizbadutio? dayemineingésh egibhon i s
added tﬁ) t g S|n Jtre cré/sta sem g(g gtor u hstrate at the sane tine as the
addition of “Hl g é)BCCPHﬁ't'O"aO n?tPH‘F B’nob‘f“of?ar bon in the

sem conduct or Iayer is 1 x 1017 atons/cnB or nore. 1527. The nethod for

manuf acturing an 5({% substrate, according to claim 24,
21. The method for manufacturing an SOI substrate accordmg to claim 20,

wherein carbon is added to the single crystal semiconductor substrate at the same time
as the addition of hydrogen, so that a concentration of carbon in the semiconductor layer

. 17
15 is 1 x 10" atoms/em® or more.

22. The method for manufacturing an SOI substrate according to claim 20,

wherein a glass substrate is used as the base substrate.

20 23. A method for manufacturing a semiconductor device comprising a

transistor which is formed using the SOI substrate according to claim 20.

24. A method for manufacturing an SOI substrate, comprising the steps of}
adding hydrogen to a single crystal semiconductor substrate so that an
25 embrittled region is formed in a region at a predetermined depth from a surface of the
single crystal semiconductor substrate;
bonding the single crystal semiconductor substrate to a base substrate with an
insulating layer interposed therebetween; and
heating the single crystal semiconductor substrate to be separated along the
30 embrittled region, whereby a semiconductor layer is provided over the base substrate

with the insulating layer interposed therebetween,
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wherein a glass substrate is used as the base substrate. 28. A

nmet hod for manufacturing a sem conductor device conprising a transistor
which is formed using the SO substrate according to claim24.

29. An SO substrate conprising a base substrate, an insulating |ayer over
t he base substrate, and a sem conductor |ayer over the insulating |ayer,
wherein a concentration of nitrogen in the sem conductor |layer is 5 x 1015
atonms/cnB or nore. 30. A sem conductor device manufactured with the
SO substrate according to claim 29 31. An SO substrate
conprising a bas¥ ’%rﬁlﬁ‘s?"ryﬁ%’s aglleq FPSUFaﬂ‘ighbcrbf%?r'e‘ie‘%%P@ﬂU@WeSU@@Ibﬁ%éi tgbstrat e,

and a sem G@Re Rk QL tHeaW@lioP¥Bydtdpen, sB%Hall ﬂk's&glcbﬁy&[or lé%?fn@!ug region
concentration of oxygen in the sem copductor .| ayer is toms/ cnB

or nore. havingan ggigemcaismiteatinnatd vr0dewnsénmmnofoact ured with the SO
substrate according to claim31. 33. An SO substrate conprising a
base substrate, an insulating |ayer over the base substrate, and a

seni con8uct or | a%r'l‘fm\/rea:thmdﬁéarizmﬁatu'ring ahe@@rsubstrate _accoMiBigaib relfm 24,

concentrati f . 0 h ct or s 1 x 1017 at oms/ cn8 or
roreet T A ARy B8N a1 e SETI SO SERE BT St e PTG
substrat e actweradidiigntod hgthapen, 33 .that a concentration of nitrogen in the semiconductor

layer is 5 x 10" atoms/em® or more.

10 26. The method for manufacturing an SOI substrate, according to claim 24,
wherein carbon is added to the single crystal semiconductor substrate at the same time
as the addition of hydrogen, so that a concentration of carbon in the semiconductor layer

. 17
is 1 x 10" atoms/om® or more.

15 27. The method for manufacturing an SOI substrate, according to claim 24,

wherein a glass substrate is used as the base substrate.

28. A method for manufacturing a semiconductor device comprising a

transistor which is formed using the SOJ substrate according to claim 24.

20
29. An SOI substrate comprising a base substrate, an insulating layer over the
base substrate, and a semiconductor layer over the insulating layer,
wherein a concentration of nitrogen in the semiconductor layer is 5 x 10'°
atoms/cm’ or more.
25

30. A semiconductor device manufactured with the SOI substrate according 1o

claim 29,
31. An SOI substrate comprising a base substrate, an insulating layer over the

30 base substrate, and a semiconductor layer over the insulating layer,

wherein a concentration of oxygen in the semiconductor layer is 2 x 10'®

0l



10

atoms/cm® or more.

32. A semiconductor device manufactured with the SOI substrate according to

claim 31.

33. An SOI substrate comprising a base substrate, an insulating layer over the
base substrate, and a semiconductor layer over the insulating layer,

wherein a concentration of carbon in the semiconductor layer is 1 x 107

atoms/cm’ or more.

34. A semiconductor device manufactured with the SOI substrate according to

claim 33.
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