METHOD FOR MANUFACTURI NG SEM CONDUCTOR SUBSTRATE BACKGROUND OF THE

I NVENTION 5 1. Field of the Invention [0001] The present invention relates
to a method for manufacturing an SO substrate having a so-called
silicon-on-insulator (SO) structure in which a single crystal

sem conductor |ayer is provided on an insulating surface, and a nmethod for
10 manufacturing a sem conductor device having the SOT structure. 2.
Description of the Related Art [0002] Integrated circuits in which a

sem conductor substrate called a 15 silicon-on-insulator (hereinafter also
referred to as "SO") having a thin single crystal sem conductor |ayer on
an i nsul at i ng MHIYHQDaF OB MANYFAGSHURIN (oS EMICONDIGET QR SIFBYFRATFE | s

manuf actured by thinly slicing a single crystal sem conductor ingot have
been devel oped. The integrated circuits using an SO substrate have
attracted attention as | BACHGR@INDIORTHE SNWENAIONduced parasitic

capaci tance between a drain of a transistor and 20 a substrate and

i mproved performance of sem conductor integrated circuits. [0003] As a

met hod for 1nEsldiofite Wivengoran SO substrate, a hydrogen ion inplantation
separation(ﬂﬁﬁfod is knowmn (for exanple, see Patent Docunent 1). The

hydr ogen i & npl antati on separation nethod is a nethod i n which hydrogen
ions are inplantegd grédest iivodfios idldte0n Avat@sd f@ nlaR@Ane D BOL kikdatt €gi on at
a predeterm ned dgfth fromthe surfac and the silicon wafer in_which the

enbritt! ed #ERE én gallﬁérmniog-wmd&@ tSEcBien 8y Whigh p cupelgerrestal Next

heat treat s@fitoddSctBe NiyRE n_ﬁdplto‘i)idﬁéiu&?.a%eﬂ%ﬁﬁﬁhf NuAb@NCaning nebA | fok| ed
region so that a thin silicon layer is forned on the other silicon wafer.

Furt hed0 j papufagiudngsssmjcopduciadegeghayangthe PQbstmelie. i n an oxi di zi ng

at nosphere, forman 30 oxide filmon the silicon |ayer, renpove the oxide
film and performheat treatnent at 1000 Cto 1300 Cin order to increase
bondi ng stEé%ﬁﬁﬁﬁwﬁOF@@GMﬂmﬁﬁfﬂaddition, a nmethod for formng a single

crystal sitmﬁ | ayer over a base substrate made of glass by such a Smart

Cut (registered trademark) nethod has been
Integrated circuits in which a semiconductor substrate called a

15  silicon-on-insulator (hereinafter also referred to as “SOI”) having a thin single crystal
semiconductor layer on an insulating surface is used instead of a silicon wafer which is
manufactured by thinly slicing a single crystal semiconductor ingot have been
developed. The integrated circuits using an SOI substrate have attracted attention as
integrated circuits with reduced parasitic capacitance between a drain of a transistor and

20 asubstrate and improved performance of semiconductor integrated circuits.

[0003]

As a method for manufacturing an SOI substrate, a hydrogen ion implantation
separation method is known (for example, see Patent Document 1)}. The hydrogen ion
implantation separation method is a method in which hydrogen ions are implanted into a

25  silicon wafer to form an embrittled region at a predetermined depth from the surface,
and the silicon wafer in which the embrittled region is formed is bonded to the other
silicon wafer. Next, heat treatment is performed to cause separation along the
embrittled region so that a thin silicon layer is formed on the other silicon wafer.
Further, it is necessary to perform heat treatment in an oxidizing atmosphere, form an

30 oxide film on the silicon layer, remove the oxide film, and perform heat treatment at

1000 °C to 1300 °C in order to increase bonding strength.



proposed (for exanple, see Patent Docunent 2). 5 [0005] The silicon |ayer
formed in such a manner is in a state where crystal defects remain on a
surface of and in the silicon layer due to the ion irradiation step for
formng the enbrittled region and the separation step, and the planarity
of the surface significantly deteriorates. Further, if separation is not
snoot hly conducted along the 10 enbrittled region, there arise problens
such as a rough surface, variation in thickness, and generation of mnute
cracks of the silicon layer. [0006] Renobval of crystal defects of a silicon
| ayer can Eﬁ‘ﬂchieved by heating at a tenperature of 1000 C or higher;
however , Hta hi gh tenperature process cannot be 15 utilized for renoval
of the crystal deféditicn, mf mteﬂh&d Sl i‘oﬁﬁilnglaagiegle \uhistah silisomalayerctred attasd he gl ass

bstrate h e 0 di scl osed i
Pat ont - DoHEH made phers avhadmethCur s B Pl B Eon | ayer

with a | asge e@.(fbﬁéxampﬁcsfey&?h@hﬂ]])dcﬁm%ﬁt@)SI licon layer, so that crystal
quality_ of the silicon layer is inproved (see Patent Docunent 3). 20
[Gitatidn P8} [0007] [Patent Document 1] Japanese Published Patent

Application No. 120Qfid? #Q82forh&Rinesth BagdtiBNG iRh sdhaprnas ergiabliéfshied Pat ent
Application No. 2002-170942 25 [Patent Docupent  3]. Japanese Publlshed

Pat ent Appiemaik qnaysusiace o @pd intho siligon laygydugse WO?HEﬂdFWERFPP@Q PIIEE)

However, cfystalrifdel eGhich Ghd ARERGGARMS GEb, D¥ndS BRAPREARD JrelR Agfed a
surface 30 of a silicon layer after a single crystal silicon substrate is

separ at ed. sighifieante detegorpieproiurthers yistepgraténsy & ok stagotly copdicld Alpettas sili con
layer i@ Séi‘ﬁlghtg?dsﬁgﬁ)ﬁ » thb@SGike glllfoﬁl%gx% g%cf.[hgaﬁ d oug PolRBEd, QuARMbn HAEMRY, there

has been a pro at cryst or danage I’'s introduced Into the
singl e cryaﬂaﬁn@amﬁuﬁmumayemdﬁméﬁmﬁﬁ@oshwﬂace of the silicon |ayer.

Furt her, % ﬁ@ has al so been a problemthat unevenness is caused on the
surface of silicon |l ayer when the silicon layer is nelted and
recrystalli Zed. Removal of crystal defects of a silicon layer can be achieved by heating at a

temperature of 1000 °C or higher; however, such a high temperature process cannot be
15  utilized for removal of the crystal defects of the silicon layer which is attached to the
glass substrate having a strain point of 700 °C or lower. Thus, as disclosed in Patent
Document 3, there has been an attempt to irradiate a silicon layer with a laser beam to
recrystallize the silicon layer, so that crystal quality of the silicon layer is improved (see
Patent Document 3).
20
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SUMMARY OF THE INVENTION
[0008]
However, crystal defects or damage caused by separation remains on a surface
30  of asilicon layer afier a single crystal silicon substrate is separated. In order to remove

crystal defects of a single crystal silicon layer in such a state, laser irradiation is



5 [0009] In view of such problens, it is an object to provide a nmethod for
manuf acturing an SO substrate in which planarity of a single crystal

sem conductor |ayer fixed to a base substrate can be inproved and
crystallinity thereof can be inproved even when a substrate which has | ow
heat resistance and is likely to bend, such as a glass substrate, is 10
used as the base substrate. In addition, it is another object to provide a
nmet hod for rmanufacturing a sem conductor device using such an SO
substrate. [0010] In the nethod for manufacturing an SO substrate

according to.the present ention ur f ce of
sem conduckBPrped; o VEYE étf’?éfij\(’fisotbgenbgslgo@ taqgéf:eéslgso Sbcjﬂé%gé 34 to
et chi ng tr@aaba®ed intb Mg sibglé 2eBtadkiliche I@Bmgbm ﬂne yssﬂfea:le ofahé sifindtubiyer | ayer is

irradiated with a | ser surface of th &, &

seni conducBrher rss ha Ss"f‘ls‘)g‘{?ﬁ? é@f‘g’ ‘?g‘ab}‘%eé’ﬁ‘ﬁlefsrléﬁf‘%‘ﬁ mleﬁsé‘u spe%lflsti]
structure gficdnhfyePWaSEME sﬂ1éBtﬂH§rdr€H}nélﬁsd afi@fchystattidedel ow. [0011] 20 One
enbodi nent i ncl udes the steps of: formng an insulating filmover a

seni contuct¥8Plsubstrate; formng an enbrittled region in the seniconductor

substrate by i} adhakd 'sﬁlﬂh ﬂr&ﬁerﬁ@ 6 ANEBI6k &F prowbs s mdthed Wrtnianakcatieg at ed i ons

t hrough the insulating di sposing_a surface of the segn cqc;nductor
substrate anaohsmﬁﬁta@éwbﬂhélﬂ%%@ of g irgle givalaloispirontvetardayss (ke indr  and
bonding th

ﬁe%s§ WilsB5E o8 bd Hﬁprb\';bﬁ%@tckﬁﬂllfrﬁtb MhedrQf tcﬁ?b@ﬁnp?b%fd%@él @hed he base

substrate; formng a sem conduct or er over the base substrate wth the
i nsul at i ngsubstrate whick hpdsedestiresissinee @Ké%lﬁ lifggly éhlﬂ%lii yclsEFagiast SYRUEEdhg t he
enbr i t{l{!) ed rggdl QR E% REsk e ﬂlgadaﬁ%gl & 1?%1&(5@?'[0 £ @ prb i aURdiRseRLef the

i nsul ati ng kel e surface of ase su strate are bonded to each
ot her; per ﬁnnuﬁmmacﬂammgndltctcedtmﬂsmuﬂh@ S@rubwvathuct or | ayer;

i rradi ati ng) t@: sem conduct or | ayer subjected to 30 the etching treatnent
with a | asEP am and irradiating the sem conductor layer irradiated with
the | aser beam vihtthe pledwtefor BfEa¢tuingOme SOsoltmericcomriol Uddbe pireenst eps of
formng an,insul atin fi m.over _a semc ] an
enbrittl ed VEHBN? F‘H'gfﬁ L HRRIE SHGRLTEroa %(g?rcl% r %Clﬂg& 1Eotraldtal‘; 5% %‘ﬁ)ﬁg&?%e

sem comngluctsaabisttbsiordtdhthgwichtinead aigd sarfadesd theosgpld ctrys]alghmtchmducws ldyertis ng

irradiated with a laser beam, and the surface of the single crystal semiconductor layer is

subjected to plasma treatment. The specific structure of the present invention is
described below.
[0011]

20 One embodiment includes the steps of forming an insulating film over a
semiconductor substrate; forming an embrittled region in the semiconductor substrate
by irradiating the semiconductor substrate with accelerated ions through the insulating
film; disposing a surface of the semiconductor substrate and a surface of a base
substrate opposite to each other and bonding the surface of the insulating film to the

25  surface of the base substrate; forming a semiconductor layer over the base substrate
with the insulating film interposed therebetween by causing separation along the
embrittled region by performing heat treatment after the surface of the insulating film
and the surface of the base substrate are bonded to each other; performing etching
treatment on the semiconductor layer; irradiating the semiconductor layer subjected to

30 the etching treatment with a laser beam; and irradiating the semiconductor layer
irradiated with the laser beam with plasma.

[0012]



film disposing a surface of the sem conductor substrate and a surface of a
base 5 substrate opposite to each other and bondi ng the surface of the
insulating filmto the surface of the base substrate; form ng a

sem conductor | ayer over the base substrate wth the insulating film

i nt erposed t herebetween by causing separation along the enbrittled region
by perform ng heat treatnent after the surface of the insulating film and
the surface of the base substrate are bonded to each other; performng
first etching 10 treatnent on t he sem conductor |ayer; irradiating t he

sem conduct or uhj ec t t he fir et.ching tr th a |l aser
beam perforningy HL% ﬁffﬁ At P %“nT%émg%ﬂ¥§ gﬁ%iomﬁlgyer

i rradiat edse%édﬁdﬁdm JuBsRIle; lﬁ@rﬁﬂﬂg anembrittlat roaaidnng thhsemismdiconcbstaor | ayer
subjected to the second etc treatment with Ias 3 51nthis
speci fi cat pofirad ‘étmgsFhﬁéF’@me]i“{)]’éfogF“bsﬁ‘%tﬁr‘i‘gtha?C efl‘ifgt? fons ﬁbrﬁh%hc% “Jﬁﬂlélé "8 certain
crystal axfign;i disgodial S durfdch @ dhé Qehicomivefor tshbstatey sidab saxhe bSadsasented in
the sane direction "in any portion of a sanple rystal

grain b%unﬂ@ﬂﬁ@%oﬁﬁﬁﬁk@ﬂwéi9@PaW§1bmﬂﬁﬁéhfﬁaﬁmeagﬂFﬁpgﬁgﬁ% '%aﬁion t he

single crygifbe bf\ﬁieq%‘é s&sﬁéty%ﬁhn%@ Whiichdidie laghr ToR6t ih0agf subkyds al axes
is uniformand which has no grain boundaries as described 20 above even

when it i neitudbe iesulstiys tfem H’é‘-’fl’@??d dhergbetreaen | by RUSHE dsePRgiam aleng th
"re-singl € l‘ﬁﬂl%ﬁ%?\l Fioﬁ%% &Qﬁoﬂl&n@ hdt %thﬁleﬁ{ Mﬁe’i’@ﬁe SEELLONHS! ﬁis@l‘étnligaﬂﬁﬂ " means
that a sem con or

aving a S|ng e crystal structure obtains a
single cryaﬁuhcSnﬁncvﬁmebm@gﬁbwmﬁhv®bgwﬁ “S@ﬁhéﬂmhﬂ@ﬁmﬁgmﬁﬁﬁi@ﬂ&ﬁi fromthe

single;gryst %elﬁtoglgﬁ% %:n?cq%i&&or%ﬁ%ﬂﬁdlaﬁng { quhféoﬁﬁ@t%? Iazrtslaéu%}ecteh R addi tion,

it can al sO be sai re-sin crysta ization o single crystal
sem conductherfiritayahiy treamest whtata Iaseg ibngil,epa@:ﬁoysmalse%me‘@bwau@@meni @yer is

recrySF all] Zﬁderéﬁorfglﬁ%cﬂ 31{;1 I n%‘raecha(t)edys&lﬁl tﬁgnfa e?ng%%,o'ancl Ay 1atn£g00[i]1 In this

speci fi cat region 1s a weakene egl on o a single
crystal seﬂmﬁaﬂﬂummﬁmyﬁuﬂaﬁmﬂneﬂmhmmhdesthMmﬁmGMyWHHMamwating the single
crystal %O§§niconductor substrate with an ion beam so that crystal
defects ar rmed by ions. This enbrittled region is divided by generation

of a cgmck or theHi iiﬁcﬂﬂyatiae,aet “slifeRadrygedT mearBa drysadl hawh:zbmgﬂenarcyxsaml
:gm ggzgﬂg%%;ta@&% If(%?l% b&lf: g5 cgliogtc)?gmfcgyost ta)tlg 1ssc1nréﬁte8 C{h% 2amne d1re%t10n
in any portion of a sample and which has no crystal grain boundaries between crystals.
Note that, in this specification, the single crystal includes a crystal in which the
direction of crystal axes is uniform and which has no grain boundaries as described
20 above even when it includes a crystal defect or a dangling bond.  Further,
“re-single-crystallization of a single crystal semiconductor layer” means that a
semiconductor layer having a single crystal structure obtains a single crystal structure
again through a state which is different from the single crystal structure (for example, a
liquid phase state). In addition, it can also be said that “re-single-crystallization of a
25  single crystal semiconductor layer” means that a single crystal semiconductor layer is
recrystallized to form a single crystal semiconductor layer.
[0014]
In this specification, an embrittled region is a weakened region of a single
crystal semiconductor substrate which is formed by irradiating the single crystal
30  semiconductor substrate with an ion beam so that crystal defects are formed by ions.

This embrittled region is divided by generation of a crack or the like by heat treatment,

so that a single crystal semiconductor layer can be separated from the single crystal



A "sem conductor device" in this specification refers to devices in genera
whi ch can operate by utilizing sem conductor characteristics, and a displ ay
device, a 5 sem conductor circuit, and an el ectronic device are al
included in the sem conductor device. [0016] In addition, a "display
device" in this specification includes a liquid crystal display device and
alight emtting device. Aliquid crystal display device includes a 10
liquid crystal elenent, and a light emtting device includes a |ight
emtting elenent. Alight emtting element includes, in its scope, an

el ement whose | ym nance is controlled by current or voltage, and
specifical*?“%ﬂ&%ﬂﬁégSgﬁq norgani ¢ el ectrol um nescent (EL) elenent, an
organi ¢ Eljpeignment, and the like. [0017] 15 By applying the present

i nvention, crystal defegts can. be reduced. nqﬁflgnaritg. can be i nproved
even when a suppor ETHgneuig: dexics” hithih SPESEicAIRY FiE 9 EYIETREPE Used.
Further, byhigRRhOYpife BYGhiliAg ShicsatiSlor dhRact@isEE DA diplagrdediy £e Wit h
excellent characteristics can be manufactured. 20 BRI EF DESC%IPTICN OF THE
DRAW NG5 femraepgpludter qifqaitmd srpderiiPmg davisaisgyt inplpeed mithe jemugondeter 1 | C
and 1D aregdi@arans illustrating an exanple of a nethod for manufacturing
an SO substrate according to the present invention; 25 FIGS. 2A to 2F are
di agrans il0PlEtrati ng an exanple of a nmethod for manufacturing an SO
substrate accor ] 1.0t hey: S + Aol t.01 i agr ans
illustrating anqgé)%gdr%%?né %ﬁll@%ﬁe&%ﬁ%g ic/)?ﬁg %ﬁlﬁfggﬁﬁlﬁgsaaﬁh‘%@ %éﬁtggt rate
accor di ng displashdevineewd atlighherittinieotevicr) GS liqyid-crystad displag devige melydep 4B- 2, 4C,
and 4D, ar e,. di. ' | : 2 X :

mranut b ur TAAPEOE e 3hd BheAdnillon {MEAIRIE B PBBURAL, & 6 s

i s a di agrlghtiemittisg elamemgnchniesxa itp kevpef anplersant whessdtmancei ip centspehod for 5

manuf act urgn aeglﬁgroiv?lfagg,f %ng?%pgciﬁgaﬁ?rrigélﬁ]&ls tagolguﬂgan% g]%&[:btlu . i ?s%%ﬁtlo(gg? cgl GS. 6A

to 6E are ng an- exanpl e sem conduc
element, an organic EL element, and the like.
[0017]
15 By applying the present invention, crystal defects can be reduced and planarity

can be improved even when a supporting substrate which has low heat resistance is used.
Further, by employing such an SOI substrate, a semiconductor device with excellent

characteristics can be manufactured.

20 BRIEF DESCRIPTION OF THE DRAWINGS
[0018]
In the accompanying drawings:
FIGS. 1A-1 to 1A-3, 1B, 1C, and 1D are diagrams illustrating an example of a
method for manufacturing an SOI substrate according to the present invention;
25 FIGS. 2A to 2F are diagrams illustrating an example of a method for
manufacturing an SOI substrate according to the present invention;
FIGS. 3A to 3F are diagrams illustrating an example of a method for
manufacturing an SOI substrate according to the present invention;
FIGS. 4A-1 to 4A-3, 4B-1 and 4B-2, 4C, and 4D are diagrams illustrating an
30 example of a method for manufacturing an SOI substrate according to the present
invention,

FIG. 5 is a diagram illustrating an example of plasma treatment in a method for



using an SO substrate according to the present invention;, FIGS. 7Ato 7C
are diagrans illustrating an exanple of a sem conductor device 5 using an
SO substrate according to the present invention; FIG 8 is a block diagram
illustrating a structure of a m croprocessor obtained using an SO
substrate according to the present invention; FIG 9 is a block diagram of
a structure of an RFCPU obtai ned using an SO substrate according to the
present invention; 10 FIG IQAis a plan view of a pixel of a liquid

crystal display device and FIG 10B is a cross-sectional view taken al ong

the line J in FIG | . FIG 11/ V|ewofap|xel of an

el ectrol un?ﬁ%’%&ﬁ’flgﬁf@ﬁfgﬁ}“%W??@r@%O ﬂfgl%selrl]ti SO cross-sectional view
taken al ong t he FiG®&Ako KElafe dihgramd dstrdthSan cladild of alsdmiceadis dewican

el ectronic device in which an SO substrate 15 according to the present

i nvent i on ¥sHaES@! splstge aqepplng tofhepressghinyendigh| ul ar phone in which an SO

substrate accor ¢i@g 7A@ 7chec PhAFANIukiRMBR kA Shniple ssedmicolidistor idvits a graph
showi ng neasurenent results of the surface roughness of single crystal

si |icord | ayinesn S50 sphsame agmnling e themewpengdinia SEM i mage of a surface; and

FIG 16 is a o & ) SHAMIONG dRARN HERRR N Labiufe &fa bt O'gweésap@btﬁ]ﬁetghness of
single crystal silicon layers. DETAI LED DESCRI PTI ON THE | NVENTI ON 25

[ 0019] EnbodigreriCd srﬂ#straﬂq@ccmr@s&mﬂw Prosent ingeRtigiyl | be described below with
reference 1o thg; ga Vmgacdlmlﬁ gfaashu&nl% offraﬁ%@@pu OERLd Rind S G6f | i ted

to the follow ng scription, I's easi |y understood by those skilled
i n the artsubkiete amdémgamdhe@malthryenmn the present invention can be nodified

inavariety of Y, Wlth rt pe of the
presentd i nvent 1 S0 P apityieF AT s ok b Wl 6y aRUED BBG.ARM, FED
construed HB beicrgs- becﬁbmaédleMakehelmgltﬂedmedgiuhel“éGr]O[ﬁft,i on of the enbodi ment s.

Note Lhat 1 eSSt toRuOhol 0% RESSID BVEIBRERASRGIAPRS bRk
simlar fupgd imBisarceoskS@tiondd vib@;rtﬁlfnﬁaldnlgﬂmhlixfedrléniFIGrm ngs, and repeated
descriptions t h%‘rl(?gf 12%r to 12[11*:I each dhow an electronic device in which an SOI substrate
15  according to the present invention is used;
FIGS. 13A to 13C show a cellular phone in which an SOI substrate according
to the present invention is useds;
FIG. 14 is a graph showing measurement results of the surface roughness of
single crystal silicon layers;
20 FIGS. 15A and 15B are each a SEM image of a surface; and
FIG. 16 is a graph showing measurement results of the surface roughness of

single crystal silicon layers.

DETAILED DESCRIPTION OF THE INVENTION
25  [0019]

Embodiments of the present invention will be described below with reference
to the drawings. Note that the present invention is not limited to the following
description, and it is easily understood by those skilled in the art that modes and details
of the present invention can be modified in a variety of ways without departing from the

30  purpose and scope of the present invention. Therefore, the present invention should
not be construed as being limited to the following description of the embodiments.

Note that in the structure of the present invention described below, reference numerals



[0020] (Enmbodinment 1) 5 In this enbodi ment, an exanple of a nmethod for
manuf acturing an SO substrate wll be described with reference to

drawi ngs. Specifically, steps in which a single crystal sem conductor

| ayer is fornmed over a base substrate with an insulating |ayer interposed
t her ebetween and planarity of the single crystal sem conductor |ayer is

i nproved are described. 10 [0021] First, a single crystal sem conductor
substrate 100 and a base substrate 110 are prepared (see FIGS. 1A-1 and
1B). [0022] As the single crystal sem conductor substrate 100, a

commer ci al { - ¥aid A01E polkdnS S EQRTNGHAE: 8 UBSE Al SidiAe BEa YR EShm&O"

exanpl e, a S|nj1e crystal sem nductor S SGpstrate Torhe using an el ement
bel ongi ng inaliffareudradingseaid reseaiad desagpiens fhysbfibre sidittedon  substrate, a single
crystal gehggﬂiunlsubstrate, or a single crystal silicon germani um
substrate, be used. Alternatively, a conpound sem conductor substrate
formed of (Rualolinmem By seni de, i ndi um phosphide, or the |like can be used. The

size of_a 20 co cially-available gilicon suhsfrate i s typica 5 inches
(125 mj i di attbs, SEotingIh el I 4 H’%"an’t‘?fé’flﬁn‘l C{ufibh a8 %é%o my) in
di ameter, dBsttACREBbd SROBBDwithrefedirRe®d @awirafd SRciliBaliesefs4QGvHaRa i N

di aneter, and a typical shape thereof is a circular shape. Note that the
shape of tHeele crgibsapgudustoslaysTds fefet et Baersyb¥rateowith an isplatipg it ed t o

a circul arla?&@ﬂ@mo&@dh@eb%%h%n&Fﬁ&ﬁ%oﬁﬁ%ﬁ@l@%ﬁaﬂ)éeﬁb@ﬁhétaﬁ Rydfipcessed
into, 25 for exanple, a rectangular shape or the |ike can al so be used.

Further, tierajedgleclesdibgdt al sem conduct or substrate 100 can be formed by a
CZochrgjskmoﬁﬁZ) nmethod or a Floating Zone (FZ) method. In the description
e

given below, a case in which a single crystal silicon substrate which is
formed by a CZ msthedingls castad seagicensucter sulbteate Fpsang|a bageswbeteatt LIOtaot

substrate %Q%u&f%&ﬁﬁ%@!R§9an§QB¥0023] A substrate fornmed using an insul at or
S

can be use e base substrate 110. Specific exanples thereof are as
foll ows: al0023]i ety of glass substrates used in the 7 electronics industry,

such as substr atAesSthQ fsin%ie“%&;ﬁ%ehﬁc%%&t?cto%' s%gs%'atea{ db’]h%%?:%&&&ﬁ}&%h&k

15 semiconductor substrate can be used. For example, a single crystal semiconductor
substrate formed using an element belonging to Group 4, such as a single crystal silicon
substrate, a single crystal germanium substrate, or a single crystal silicon germanium
substrate, can be used. Alternatively, a compound semiconductor substrate formed of
gallium arsenide, indium phosphide, or the like can be used. The size of a

20  commercially-available silicon substrate is typically 5 inches (125 mm) in diameter, 6
inches (150 mm) in diameter, 8 inches (200 mm) in diameter, 12 inches (300 mm) in
diameter, and 16 inches (400 mm) in diameter, and a typical shape thereof is a circular
shape. Note that the shape of the single crystal semiconductor substrate 100 is not
limited to a circular shape, and a single crystal semiconductor substrate processed into,

25  for example, a rectangular shape or the like can also be used. Further, the single
crystal semiconductor substrate 100 can be formed by a Czochralski (CZ) method or a
Floating Zone (FZ) method. In the description given below, a case in which a single
crystal silicon substrate which is formed by a CZ method is used as the single crystal
semiconductor substrate 100 is described.

30 [0023]

A substrate formed using an insulator can be used as the base substrate 110.

Specific examples thereof are as follows: a variety of glass substrates used in the



gl ass, and barium borosilicate glass; a quartz substrate; a ceramc
substrate; and a sapphire substrate. Alternatively, a single crysta

sem conductor substrate (for exanple, a single crystal silicon substrate
or the like) can also be used as the base 5 substrate 110. In this

enbodi ment, a case of using a glass substrate is described. Wen a glass
substrate which can be forned in large sizes and is inexpensive is used as
t he base substrate 110, cost reduction can be achieved. [0024] Next, an
insulating film 102 is formed over the single crystal seniconductor 10

substrate see 1A-2 f| | m,1 e layer
of an i ns‘%]?cérf)f”r‘iﬁ 1 SE‘EH: ﬁg ‘ébAiatgﬁ ef 3[61?1“16(3?} 181958 ahc'inmsnlo ?rgsdiﬁ&gexym tride
film a sijhgolnd birung®orobilica gliss;aa SlhdrtzCﬂfbstmté ra dealmcl s:hestfaté modar  a
stacked | ayer_ .t hereof can be fornmed. Tt]ese n be f dgb%/

ther mal  ox§2BRltiico AUGsRER0d AUSTREUTS e f nEiRE!e C%Sﬁﬂt fee”rl? u“??etsﬁ%sgate he |ike.

15 [0025] {aambhl o sﬁfg%:blfystslaém&iﬁ suBkthateC BN tHeXkR) il Blgo GOkl ASthetHage OXygen
than nitrogen and, he case where maasurements are 8erf r med u5| ng

r ut her fr oﬁub%éb&tém% embgdigteply fetdss of REBE HFEASHTAG

scatteri ngwﬁnbif%laségubéte%ﬁweuntﬁa t68nedh &Y 3k ﬁn&@ﬂﬁs%bé}:ﬁuv@@’@s@ﬂ\ as m trogen,
silicon, and rogen at concentrations ranging 20 from50 at.%to 70 at. %
0.5 at. % t@e lnesea@bs@r@te25@@?8%@@1@5&&@6 oghieyedt 0.1 at.%to 10 at.%

respecti veﬂngg ]Furt her, silicon nitride oxide contains nore ni trogen t han
[

oxygen, n the case where neasurenents are perforned usi RBS and
HFS, sil | con ni thXt;l@n inpdiating i flER ab foymed nvei the siBgly garstal sericdgBetor si | i con,
and hy t ng, nan Q Hptofmgg R Aler%br 2P at.%to
55 at t%;tt% ge% ht%}I 0% %nd A%Oglgpgsé/agt g]@ é /é resTorectl vely. Note

t hat per cemtslﬂgeg lesfer mucthraagesnhcoowg?erﬁlmsa Imhgqmoxmude ﬁgﬂdrao@]mnfnetrlﬂe Wit hin
t he ranges ven bove gn e t HQ& Qb sl hﬂ prelelpl et g i n t he
silicon ox@%ft Fidd 108? n{tﬂ Cs’Xl | cgﬁ Orru%tS?ai dth S ?;E &g{é
[0026] Nexfilmst & 5d fghed mlyyast}&hnaieusmdmnnlumtﬂmd szuﬁ&;’Dr Bitthod,sa |81mrtadnat ed WI th
i ons througlf S‘, ﬂ} insulating filmto forman enbrittled region 104 in the
singl e cry2fFlpd.o eé‘éﬁ?duct or substrate 100 (see FIG |A-3). The enbrittled
r egi on14.04{002s] be formed by irradiating the single crystal sem conduct or
substrate 100 with ions_of hydrogen or. .the lLike havin ng
In this specification, silicorl oxyniiride contains more OXyge than nitrogen and,
in the case where measurements are performed using rutherford backscattering
spectrometry (RBS) and hydrogen forward scattering (HFS), silicon oxynitride
preferably contains oxygen, nitrogen, silicon, and hydrogen at concenirations ranging
20  from 50 at.% to 70 at.%, 0.5 at.% to 15 at.%, 25 at.% to 35 at.%, and 0.1 at.% to 10
at.%, respectively. Further, silicon nitride oxide contains more nitrogen than oxygen,
and in the case where measurements are performed using RBS and HFS, silicon nitride
oxide preferably contains oxygen, nitrogen, silicon, and hydrogen at concentrations
ranging from 5 at.% to 30 at.%, 20 at.% to 55 at.%, 25 at.% to 35 at.%, and 10 at.% to
25 30 at.%, respectively. Note that percentages of nitrogen, oxygen, silicon, and
hydrogen fall within the ranges given above, where the total number of atoms contained
in the silicon oxynitride or the silicon nitride oxide is defined as 100 at.%.
[0026]
Next, the single crystal semiconductor substrate is irradiated with ions through
30  an insulating film to form an embrittled region 104 in the single crystal semiconductor

substrate 100 (see FIG. 1A-3). The embrittled region 104 can be formed by irradiating
the single crystal semiconductor substrate 100 with ions of hydrogen or the like having



ki netic energy. [0027] Then, the single crystal sem conductor substrate
100 and the base substrate 110 are attached (also referred to as "bonded")
to each other with the insulating film2102 5 interposed therebetween (see
FIG 1C). After that, heat treatnment is perforned to cause separation

(cl eavage) along the enbrittled region, so that a single crystal

sem conductor |ayer 112 is provided over the base substrate 110 with the
insulating film 102 interposed therebetween (see FIG 1D). Note that the
heat treatment is preferably performed at a tenperature of |ess than or
equal to the strain point of the base substrate 10 110. [0028] By

per f or ni ng<iReE AERY- treat ment, internal pressure in mcrovoids formed in
the enbrifhbgd region 104 increases due to increase in tenperature. Due to
the increase i'n_pressure, the single crystal gm co ctor, sub ate 100

i s separated al dmgnthesioge @wﬁ@lusmceﬁrlww&%ﬁatei Oﬁ@ctg‘“ug © Siffsirat ﬁi ating

film102 ig.hanged (41&, 1efiBreB S §s SBHRALIREEeach biher b thE RBLIALIGT HET 202

sem conductor layer 112 that is separated fromthe single crystal
seni conducintsrpos @r@@fé’e@mﬁseﬁsﬂﬁoﬂ d Adire rthatn Beah decatmsh i P%foémidl@ [ 0029]

I'n general . af %&{argt Bf (% e \é%gglongrt}@te%bn@tﬁetiefetg%na@g thitea | dide®e AFRrapener at ed

ina 20 superficial layer-portion of the single crystal sem conductor
| ayer 112 sﬁwnmdmﬁmdayer Ihb2 ispeyéded obertthaiase uboirae &1G Bith Gie psplabing B t he

nborittl d I dth
embrittle zlge %{) ,%-gsee éaéx%b)a |0 ggmeﬁgg@wthkﬁqsfm and the

planarlty eterior a native oxide film113 is
formed on pdrbrsepard Eopahtuteanfdess fimnir oquabfo thieragi Pﬁgn@féhwwfawbstr&te

sem co?(g r layer 112. Contam nants are attached to a surface of the
native "25 film 113. Thus, the native oxide film 113 forned on a

surface of [0ob®g single crystal sem conductor |ayer 112, crystal defects

ko B et RSB 4 80 B 6 R LRy o000 e

native oXi ggbritilbdediba, 104 R raasysuako Befaetis teherriture. ng)ueﬁottllme]nsnﬂqmemﬂl ci al
| ayer 30 portion of .the si n(igle crystal s mconﬁ) ct or 12, .and the
I'n

like are rBEVEd By STEC ARG t PRAOREHTCT étraé? n§ ts?pé Iaiong PBer f or med
by ei t per %Untﬁé&ﬂ:gﬁﬂ 104, Vﬁécaus@ttlﬂ‘eﬂhﬁﬂatm@fﬁh@ 100 fdtandtd ©nhd buee atktrate

Alternat Vel(}/ theps?ngllesgr;rstz% Sgrl;llecg;’[l(ﬂl%%g' lasyléllp 1h12 tﬁat is separated from the single crystal
semiconductor substrate 100 is formed over the base substrate 110.
[0029]
In general, after the cleavage, crystal defects and the like are generated in a
20 superficial layer portion of the single crystal semiconductor layer 112 formed over the
base substrate 110 due to formation of the embrittled region 104 and separation along
the embrittled region, and the planarity deteriorates (see FIG. 2A). Further, a native
oxide film 113 is formed on the superficial layer portion of the single crystal
semiconductor layer 112. Contaminants are attached to a surface of the native oxide
25  film 113. Thus, the native oxide film 113 formed on a surface of the single crystal
semiconductor layer 112, crystal defects remaining in the superficial layer portion of the
single crystal semiconductor layer 112, and the like are removed (see FIG. 2B).
[0030]
The native oxide film 113, the crystal defects remaining in the superficial layer
30  portion of the single crystal semiconductor layer 112, and the like are removed by
etching treatment. The etching treatment is performed by either dry etching or wet
etching, or a combination thereof. Alternatively, polishing treatment such as CMP



9 may be performed instead of the etching treatnent. Note that this etching
treatnent is also referred to as first etching treatnent. [0031] As the
nmet hod of etching the native oxide film 113 and the single crystal 5

sem conductor |ayer 112, a reactive ion etching (RIE) nethod, an

i nductively coupled plasm (ICP) etching nethod, an electron cyclotron
resonance (ECR) etching nethod, a parallel plate (capacitive coupl ed)
etching nethod, a magnetron plasma etching nethod, a dual-frequency plasna
etching nethod, a helicon wave plasma etching nethod, or the |Iike can be

used, for ex | e, Etching ¢ be .perforned Si for ex le, a 10
chl ori ne- b‘a%a?@eﬁ@ng ‘HStS%i ?‘E%ge et gsjf’reagxf“e 'd%t;elééatﬂ?ij%t?}f“fﬂ%g%ag‘gg Yas such
as CHF3, Gl referddt, asG2t@ichiNEIeatiensul fur fluoride; or a brom ne-based gas

such as HBr._as an etching gas. Further, an inert gas such as He, Ar, or
Xe, an 02§83l or an H2 gas can be used. The etching treatnent nmay be

performed in a plsuhdlnditodods StIBRS theBRGRYIRideNBINST Beafd thedilld cBttarlef ects in
the single crystal sem conductor |ayer 112 depends on, the anount of 15

ener gy or weuegaucsr laxsnd 1 v epctiye domagiehing (RlEe msthef siyindeativixeewlest ¢ he
single cryghal, (I@ﬁ@t&%ﬁcﬁ&i ah 8¥&Fonl 2o fégbﬂaﬁcer(ﬁngy @féhihg nleli®ded chi ng

treatnment may be set as appropriate depending on the thickness and surface
roughness psralichplati(erphaitiveapyplad) etehing @@Em=xémgn¢tr&y@ﬂasmzt69@gm®0@he et chi ng

treatment., énﬁa?—%%&uen%pplgé?ng Q&iﬁfﬂgﬁbcﬂ%ﬁgﬁéﬁe\pﬂ%ﬁ@ﬁﬁ etcﬁﬁg'i%:ﬁ'lodpcgr tﬁ{e crystal

defects of the srngle” crystal” sem conductor layer 112 and the |ike and
pl anar i zat lilgncapfbet kped,sfion gkaenmde. y ditelling sanba pertheed by |usipey for Eraraple, bhe

achi ev by.re i r Li-Ci HaYeR, t] i crystal
e cofuctin iRkl B3 ERL bG8 ity Phubflehisdid B s B8 CHAGRS, 1 25
Next, the GiRagC#sA¥Essbasulfse fraaledocs bromisgytascd d4? shelosm MAT ahart ¢tehisgiper fi ci al

| ayer portion Ls_.renmoved is irradiated wth | as a 4 FIG 20).
There are 5% ySERIH gR{%L &S 5%%&52*66@ RS @ﬁg%&{l%lfgz garsy;a? ab% uSed.

sem conducTiey ettldye tredlh@ntdbeey heopdrfoemedin a pluradichi off stqn. sBejudeahe fioe o ng t he
cnbrittled,redgi 104. The jrradiati.on with th ser . beam 114 |

e for red $PORESSdh b Al paetdibraveting 3Rhg; BT hard oo

sem copslucéRteyl @ydkagtb? ieds Which hesadsd)hisd éeltisg hdknsisde tharsinglderystab melt the

single crystal sem conductor. | ayer 11 so that inprovenents in
cr ygt al li #epycogﬁ@pt?ﬂ lgﬁ%{ﬂl@yw]gp]%1 removec? by tl?e etc%ng treatment may be set as

appropriate depending on the thickness and surface roughness of the single crystal
semiconductor layer 112 before the etching treatment.
[0032]

20 In the above-described manner, removal of the crystal defects of the single
crystal semiconductor layer 112 and the like and planarization of the single crystal
semiconductor layer 112 can be achieved by removing the superficial layer portion of
the single crystal semiconductor layer 112 formed over the base substrate 110.

[0033]

25 Next, the single crystal semiconductor layer 112 from which the superficial
layer portion is removed is irradiated with a laser beam 114 (see FIG. 2C). There are
crystal defects generated inside the single crystal semiconductor layer 112 due to the ion
irradiation step for forming the embrittled region 104. The irradiation with the laser
beam 114 is performed from the separation surface side of the single crystal

30  semiconductor layer 112 or the base substrate 110 side in order to melt the single crystal
semiconductor layer 112, so that improvements in crystallinity and planarity are

achieved. The single crystal semiconductor layer 112 is partially melted or completely

10



achieved. The single crystal sem conductor |layer 112 is partially nmelted or
conpletely 10 nelted by irradiation with the |aser beam 114. [0034] It is
preferable that the single crystal sem conductor |ayer 112 be partially
melted by the irradiation with the | aser beam 114. By partial nelting of
the single 5 crystal sem conductor |ayer, crystal growh proceeds froma
non-nel ted solid phase part. Accordingly, crystal defects can be repaired
wi t hout reduction in crystallinity. Note that in this specification,
"partial nmelting"” neans that a part (for exanple, an upper [|ayer portion)
of the single grystal.sem conductor er is nelted into a liquid phase
stat e, buﬁgﬁﬁﬁt é?mﬁﬁwP“g%ﬁﬁag%ﬁ 5 a |lower |ayer portion) is not nelted
and remai ngos4) 10 a solid phase state. On the other hand, "conplete

mel ting" neans that the singl crystal sem conductor layer is nelted into
a liquid phase dt&t&eiBRls @@3&ﬁé“&%ﬁ?ﬁ?@&s?ﬁw?ggmnqgﬂﬂﬁ?g%E%P?Hggf [ 0035]
The si ngl enEliaisty@ihe SARARACKHEL SHe ThY Bband 124.] SB}sFaaﬂﬂaﬂeiﬂhg br easidgdser beam
114 15 while the single crystal sem conductor lTayer 112 is partially

mel t ed,5 socryHdsericpadugior layplogitypalgrorbearesdsdinmy? AohmAadseld P BAhhase
part. AccopdiRghly, cgyrsva?td@fecg%ﬁ% Sepafted WiBodt ré@llcBorf iy StyabuifiRM eeaduct or

| ayer 112 can be Teduced and crgstajllnlty can be inpfoved.” A part which
i s not el thedini hisgpetifientien,civpdiahmeliing” arepas hiat diPpd (foa X HARIC.aHeUPPET | gned;

t hus, crys | ng?{' . i tal 20
seniconduc%g%Iﬂgggyog%% a I%?ﬁ?ﬁgg?@?%ﬁ%gé?%%ﬂﬁ??%h%ﬂgm?ggg¢ﬁ%§%%?114 can
be a si ngl sate,dmy stcdlicr pantri fooerdmpleor. 1dveey dayenparienitis eotyeaitad angd rpogingundari es.
Moreover, a ted i S Lecr at | j Sob i fi QN d a
cingl erryEed bl 583, O e R ML chhpRle B! bield, B8 LGl e
whi ch i s naystaekhedndwthr ysd in glebedtingost lijuid slesd sandoet or thamicolty leégs al | gned

crystal or#Oenta%ﬁnes are fornmed. Therefore, in the 25 case where single
crystal siPPCoI"WAtse plane orientation of a nain surface is (100) is used
as the singbssjcrystal sem conductor substrate 100, the plane orientation of

a main surface of the single crystal. sem conductaor . er 112 i 100), and
the plane orient'QfrBge CﬁfSta? A dHCtg’iﬁaV?iggE &SC?IH]SS |lth3¥%fa§?§§%ﬁl4
sem copslucivhile kRyshgld tRstahk@iichBluemet lagek D)2 tshgartidilyriaelied] sorhavictytat he | aser

beam 114 and recrystallized is (100). Further, RTA_ or flash 30 |anp
i rradiati oﬁoﬁ‘ﬁyprﬁ‘éeeﬂ%ﬁf”ﬁr%’é‘a‘"mﬁéﬁfié& d phase part; r Aeeqringly Fryie I‘?egﬁt@ "t aser beam

114. the single crystal semiconductor layer 112 can be reduced and crystallinity can be
improved. A part which is not melted is a single crystal and crystal orientations are
aligned; thus, crystal grain boundaries are not formed, and the single crystal

20  semiconductor layer 112 after the irradiation with the laser beam 114 can be a single
crystal semiconductor layer without crystal grain boundaries. Moreover, a melted
region is recrystallized by solidification, and a single crystal semiconductor which is
adjacent to the melted region and which is not melted and a single crystal
semiconductor which has aligned crystal orientations are formed. Therefore, in the

25  casec where single crystal silicon whose plane orientation of a main surface is (100} is
used as the single crystal semiconductor substrate 100, the plane orientation of a main
surface of the single crystal semiconductor layer 112 is (100), and the plane orientation
of the main surface of the single crystal semiconductor layer 112 which is melted by the
irradiation with the laser beam 114 and recrystallized is (100). Further, RTA or flash

30  lamp irradiation may be performed instead of the irradiation with the laser beam 114.
[0036]

In such a manner, by the irradiation with the laser beam 114 after removal of a

11



[0036] In such a manner, by the irradiation with the | aser beam 114 after
renmoval of a 11 superficial |ayer portion of a separation surface of the
single crystal sem conductor |ayer, crystal defects, contam nants, and the
| i ke can be prevented frombeing introduced into the single crystal

sem conductor |ayer. Further, by renoval of the native oxide film surface
roughness due to the irradiation with the | aser beam 114 can be prevented.
5 [0037] Next, plasma treatnent is perfornmed for planarization of the
single crystal sem conductor |ayer 112 (see FIG 2D). [0038] Here, plasna
treatment is I;%er%[/]gr med on g trea&)irrentfsurﬁttﬁce her e 1th(i.\osi nc?(!r 1,10 crystal
seni conductBPicy ayer Ppyion;ol a separalipt auyfage, of tE pingl SYRE! SSRISORdY g?i’s?’(such as
an Ar  gasyryitilt RfedtsCitmiinahiants) aml thadikiel BarSHeaireveard fmppbomdigtradusbamto/ol t age to
create a plasma, state. Electrons an% AEecati ons are present dlﬁ | asma, and
Ar cat i onsthgsBelscEaial sgpsanqusior Javen Fyherghy gewve Pt thonatyg o 3} > crystal

sem conducRfacd AYBnedsldtic & M8 JrradliiBn wit €iR) 18deRb&ch AY ceiabd BBGeneal | i de with the
surface of the single crystal sem conductor |ayer 15 112, so that the

surface’ of [PRE single crystal semiconductor layer 112 is sputter etched.

At this tine, appgpifekdaOReatherd N8 poitstRE FoPblahfiBafibBF teCHiYEE Alystal
sem conductor layer 112 is preferentially sputter etched, so that

planarity emigmduenlevesdlZopeale: ZPhgl e crystal seniconductor |ayer 112 can
be i npr ove@035urther, inmpurities such as organic substances on the surface
of the single-crystal sem conductor |ayer 112 can be renoved 20 by the
accel erated Ar dJré, plasmaAtentarentisi neefoymedpdia g rigatmenbiuiiapy (hewmn the geelpe

perf or 99 ol AEBHNELRHy S N1SARLENG RSy (R aRifParf o 2008RNAL R N2 03S)
in addition’to the 1 ner é{as nto a chanber 1na vacuimstate and appl yi ng
a bi as vol gaéte o charhbezat awatuugustitaced applyiog edtias wwltpdeatorrgeatst avkesmd n t he

case of i ntrodugi t he, reactive qas, .def.ects e utter
et chi ng peffSr fﬁc Sﬁlﬁ%‘&%ff& DoEe BrSYh et psl?srrlngar eél%?%/s? ?é{%%é%%‘ic%%%%&z?or | ayer
25 112 canabathodpaiireettbn [00B8] sihgle t diyssal esdpdchindendr, lagbad i didegat dbat i s

per 00 4oLaR, 3800 806 Bl b BELE Y Sl SOURl SHBERIR A7)
appar aj§s. 112, sdiktat theRinFak of @el sifplcriySalpedidotid tod\Ber &l Xy apiter plchdde
At this time, a projection of the surface of the single crystal semiconductor layer 112 is
preferentially sputter eiched, so that planarity of the surface of the single crystal
semiconductor layer 112 can be improved. Further, impurities such as organic
substances on the surface of the single crystal semiconductor layer 112 can be removed
20 by the accelerated Ar cations. Alternatively, plasma treatment can also be performed
by introducing a reactive gas (such as an O, gas or an N; gas) in addition to the inert gas
into a chamber in a vacuum state and applying a bias voltage to a treatment surface to
create a plasma state. In the case of introducing the reactive gas, defects generated by
the sputter etching performed on the surface of the single crystal semiconductor layer
25 112 can be repaired.
[0039]
In this embodiment, plasma treatment is performed using an argon gas by an
inductively coupled plasma (ICP) method. FIG. 5 is a simplified structural diagram of
a plasma treatment apparatus. A multi-spiral coil 602 is provided over a quartz plate
30 601 in an upper portion of a chamber 600, and is connected to an RF power source 604
with a matching box 603 interposed therebetween. Further, a lower electrode 605 on a

substrate 610 (here, the single crystal semiconductor layer 112 formed over the base
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30 601 in an upper portion of a chanber 600, and is connected to an RF
power source 604 wth a matching box 603 interposed therebetween. Further,
a lower electrode 605 on a substrate 610 (here, the single crystal

sem conductor |ayer 112 forned over the base 12 substrate) side which
faces the nulti-spiral coil 602 is connected to an RF power source 606.
When an RF current is applied to the multi-spiral coil 602 over the
substrate 610, an RF current J flows through the nmulti-spiral coil 602 in
a direction 0, so that a magnetic field Bis produced in a direction Z

Note that in the fornul r epr.esents. t he ti usceptibility.
[0040] u _ﬁﬁwﬁSmfﬁ%%?%hﬁgaFﬂﬂﬁé?P% opil & Sﬁg?%ggagh%g%%pTﬂmflgc%irection
0 by the Feusadayhes ah ®W d@frent i0applieCiortnmghiedpirsl doflG0Z bi@the saBstrater IOE  at
[0042] El ectrons are accelerated in the direction O wth this jnduction

field E, afRFcarmenigh laps jhrgpghe tg) matispirglyrotl o2 ingg, dirgetion §, 5@ fhat; &

pr oduced. regi .0y M Pl RS8R AM; | I spr eads
in a sheeféﬁgkgéﬁgggf é%ﬁ%%%ig%g%ﬁggﬁgg'egn béwg%?g?ﬁggg%gg§%§§&¥%e
magnet i £ fihehegB:tcsudegptdblity.pr oduced on the substrate 610 side. Cations are
accelerat&ﬂ)xﬁfh a bias voltage applied to the substrate 610 side, and

col lide 'Ph the substrate 610. [0043] 20 In such a manner, the average
surface roughness o R and the maxi mum peak-to-valley height (P-V) on the
surface of the single crystal sem conductor |ayer can be reduced. [0044]
Note that P4Hna treatnent may be specifically perforned using an Ar gas

25 under condi t1 Q&g flfoH Bl EPpRANE: Bfthd AR Nbh @ ROAR MfaddyRiRssHr e of 0.1

It
Pa to 5.0 Pa, a gas flowrate of 5 sccmto 300 sccm and an RF bias
vol t agéd of el@@rowapueti@ dBWetidvor e specifically, plasma treatnent may be
per f or ned u%%er conditions with an | CP power of

——=rolE
ot

[0042]
Electrons are accelerated in the direction 8 with this induction field E, and
collide with molecules of the gas, so that plasma is produced. A plasma region in

15  which plasma with a high density spreads in a sheet-like form between electrodes can be
obtained because the magnetic field B is hardly produced on the subsirate 610 side.
Cations are accelerated with a bias voltage applied to the substrate 610 side, and collide
with the substrate 610.

[0043]

20 In such a manner, the average surface roughness (Ra) and the maximum
peak-to-valley height (P-V) on the surface of the single crystal semiconductor layer can
be reduced.

[0044]
Note that plasma treatment may be specifically performed using an Ar gas

25  under conditions with an ICP power of 100 W to 3000 W, a pressure of 0.1 Pa to 5.0 Pa,
a gas flow rate of 5 sccm to 300 scem, and an RF bias voltage of 75 W to 300W.  More
specifically, plasma treatment may be performed under conditions with an ICP power of
500W (0.11 W/em?), a pressure of 1.35 Pa, a gas flow rate of 100 socm, and an RF bias
voltage of 100 W (0.61 W/cmz).

30 [0045]
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500W (0.11 Wcn), a pressure of 1.35 Pa, a gas flowrate of 100 seem and
an RF bias voltage of 100 W(0.61 Wcn). 30 [0045] 13 Here, a thinning
step may be performed to reduce the thickness of the single crystal

sem conductor |ayer 112 (see FIG 2D). By performing the thinning step, the
single crystal sem conductor |ayer 112 can have an optimal thickness for a
sem conductor elenent to be forned later. Further, even if plasma damage is
caused to 5 the single crystal sem conductor |ayer 112 due to the plasm
treatnment, the plasnma damage can be renoved by the thinning step. The

hi nni f th i ngl e cl | d 2 f d i
2 mannor Si m | A AT Rp e e OVBRE R R B CLUE VR o) For

exanpl e, I&yit&l%eﬁﬁs&ﬁdﬂdfwn@ef he geagic® 200y SBaberf@mirigothe dhimting stegyler 112 i s
formed of silicon, the thickness of the single crpta OC%IOC sem conduct or

| ayer 112 HBgle pay§iald SERgonsyctar yast ¢ hizn gt shavg kuesy, I8t els  gases.

By this et &Hﬁébﬁdu&&%l&ﬁaﬁgﬂo%e%ﬁiﬁﬂﬁters e%ﬂﬁﬂ@v@hﬁﬁlahﬂa/@’mdgs isphedeetabl y
thinned to a thickness of greater than or equa nm and | ess than or

equal td 1te single erystal se voas| pygrdai e o Pbﬁm%afﬁstme% e JAYYhd | ess
than or eqyalsst QaRGe Mot By hathitdHes stefit ChicNBidni@abMBRt sihgde ahs@l referred

to as second etchl ng treatnent. 15 [0046] After the thinni ngttreat ment ,
I

heat tr eat seantonflectesr leyer HB) Wﬁ@rp‘ﬁﬁ’ﬁ@%ﬁ éh atTR@ness pisgieg 1o a6 ok thes 85 conduct or
|l ayer 112 @Jg f?goﬂ-eagﬁéjl 1 (O00r{g 2'B2C|Fb?'e\(§rnp1§y inSHE Qa@e@‘ﬁere ttl{eeﬁﬁgg@fystaprys'[ al

defects of e Si r ystal Sem conductor |ayer have not Dbeen
r enoved bysenh@nduqt@tdlaam cbh’l vl fimpd eof| siléon, B@aﬁhwicws Q,faﬂiletﬁéﬂgé@ icstght ed and

20 d IS q) rel e?nQCo%Euét<E]rqagér QQb %%I? B? %é(ﬁl:e O&&\L‘!{E\gt ngc# g‘% ez{nd EQ@ re d uce d

The he reatnmen g a rapl er mal eal I ng (RTA)
appar at us, gages. r Byithis anhmg,hhamnglg crfystalrﬁameton@ctcm layiecs owdsrebiin émnedng) appar at us

As an RTA ar at us as rapid ther i us or
| anp rapi dgl?c%g?sﬁé# gﬁ%ﬁeéé%nn%r eqﬁ)]EIRtPA ar[;%{élr %%%&Egg% lgeaguﬂs_g%o ﬁE]gr exanpl e,
when a resj ﬁfewmegrbaatthﬂgorfeqmah anﬁnmszmdl &sdthan @Seghaad 5¢ neat Metetthatehis be

performed at, 550 C for four %?147 t he above steps, the SO
substrate ‘&t&lﬂn%ge%?fﬁfsaﬁoﬂe@ge 0[8(5(5 & it 0

15  [0046]

After the thinning treaiment, heat treatment is preferably performed on the
single crystal semiconductor layer 112 at 500 °C to 700 °C, inclusive. By such heat
treatment, crystal defects of the 5ingle crystal semiconductor layer 112, which have not
been removed by the irradiation with the laser beam 114, can be eliminated and

20 distortion of the single crystal semiconductor layer 112 can be reduced. The heat
treatment can be performed using a rapid thermal annealing (RTA) apparatus, a
resistance heating furnace, or a microwave heating apparatus. As an RTA apparatus, a
gas rapid thermal annealing (GRTA) apparatus or a lamp rapid thermal annealing
(LRTA) apparatus can be used. For example, when a resistance heating furnace is used,

25  heat treatment may be performed at 550 °C for four hours.

[0047]
Through the above steps, the SOI substrate can be manufactured.
[0048]

Through the above steps, the SOI substrate in which the single crystal

30  semiconductor layer 112 is provided over the base substrate 110 with the insulating film

102 interposed therebetween can be manufactured. By using the manufacturing

14



Through the above steps, the SO substrate in which the single crystal 30
sem conductor |layer 112 is provided over the base substrate 110 with the
insulating film 102 interposed therebetween can be manufactured. By using
t he manufacturing 14 nethod described in this enbodi ment, a sem conductor
substrate which has the single crystal sem conductor |ayer 112 with
reduced crystal defects and favorable planarity can be provided. By using
such an SO substrate, a sem conductor element with excellent
characteristics can be for med. 5 [0049] Note that a case where pl asma

t r eat ment |s r.for ser irradiation_is i I GS. 2A to
2F; howeve hg(ﬁgesﬁl?lé e]ﬂt IF ﬁWBﬂfF‘SW f SRS uCtl%r F“ba‘“%t h%?g; geéxarrpl e,
the net hOdcﬁhﬂW&nicﬁndﬁbGﬁlay&ﬁl112®v1f31|§ed1ﬂ€d alysa db&cﬁ&ﬁﬂfav{wﬁﬂﬁ(@]anaﬁl@ cEﬂ GS 3A to
3F show a case | a t hinning e t he seco etchin eat IS
per f or med BFRIEY: ‘Fdasgr Y Prestratt %(rslultsé’ﬁﬁéaﬁ‘i 3§Fﬂﬁ1°9‘? SPREIGReTtS %e d after

t he t hi nni Q@rstedics c8O5elbrddds 3A shows the single crystal sem conductor

| ayer 112 over the base 15 substrate 110, which is separated fromthe
singl e Try®P4 seni conductor substrate 100 and is formed over the base

substrate 110. AgSHaicdsd whkle pladBia Rh&NNE defiBddiBiter iaSer iR@TdiRAARd on the
single crystal sem conductor |ayer 112, and as shown in FIG. 3C_ the

singl e crydesaiibed anFiehddde aF; howpuss the presep inventinp ¢ got[pitedite fihg FOF eat ment
s i1radi Aty adiansin RRAss. J0@ H&RSIss BOWRAI n FIGS_ 3B and 3C can be
performed In & ranner 20 simlar to the steps shown in FIGS. 2B and 2C

t hus, det af¥0&d expl anations thereof are omtted. [0052] Next, a thinning
step i$,perforngg,en ' crystales ”lhﬁﬁﬂ-%“&’[: thle 39%Ednd gtgig see FI G
3D) anf t hen pl asrrg %%Et?r%%%‘?sa peSr orerrre on the sl?ngl e crnysta né

sem conductrcatlnbza)yerpenfmzneslmfjeetase'dn‘atbat!dmeandmlasmaﬁga@teepm(mefeﬂﬁd@ﬁes E)
Further, h a&bItmrneagtgent may be perfornmed on the single crystal

sen conduc ay%r P12 subjected to the plasma treatnent (see FIG 3F).
The heat tpoeatjment can be perforned in a manner sinmilar to the heat

treatment shown FIIE i!\%'hm%s': ther rsl;glgfeherr)]rq N emsig:oerfaucstop ‘[‘A’}e ri'lflog;ér é’l@ base

15 substrate 110, which is separated from the single crystal semiconductor substrate 100

and is formed over the base substrate 110. As shown in FIG. 3B, etching treatment is
performed on the single crystal semiconductor layer 112, and as shown in FIG. 3C, the
single crystal semiconductor layer 112 subjected to the etching treatment is irradiated
with a laser beam. The steps shown in FIGS. 3B and 3C can be performed in a manner
20  similar to the steps shown in FIGS. 2B and 2C; thus, detailed explanations thereof are
omitted.
[0052]
Next, a thinning step is performed on the single crystal semiconductor layer
112 (see FIG. 3D) and then plasma treatment is performed on the single crystal
25  semiconductor layer 112 subjected to the thinning step (see FIG. 3E). Further, heat
treatment may be performed on the single crystal semiconductor layer 112 subjected to
the plasma treatment (see FIG. 3F). The heat treatment can be performed in a manner
similar to the heat treatment shown in FIG. 2F. The thinning step shown in FIG. 3D
can be performed in a manner similar to the thinning step shown in FIG. 2E, the plasma
30 treatment shown in FIG. 3E can be performed in a manner similar to the plasma
treatment shown in FIG. 2D, and the heat treatment shown in FIG, 3F can be performed

in a manner similar to the heat treatment shown in FIG. 2F; thus, detailed explanations

15



can be perforned in a manner simlar to the thinning step showm in FIG 2E,
the plasma 30 treatnent shown in FIG 3E can be perforned in a manner
simlar to the plasma treatnment shown in FIG 2D, and the heat treatnent
shown in FIG 3F can be performed in a manner simlar to the heat
treatment shown in FIG 2F; thus, detailed explanations 15 thereof are
omtted. [0053] The plasna treatnent is perforned after the thinning step
so that unevenness which exists in the single crystal sem conductor |ayer
112 can be planarized. Further, 5 even if plasma damage is caused due to
the plasma_treatnment, the plasnma damage can be repaired by the heat

treat ment PEPYFTIAUEYter the plasma treatnment. [0054] In such a manner, by
appl yi ng tfpgsyresent invention, crystal defects of the single crystal

sem conduct or | ayer can be reduce anﬁéﬁkanarLt. can be ingroved even 10
when a supporti ﬂée slasag fragimen i peylerpcA &der hed SEP P MFE R VOIGEB5] Not e
that the syfibgEMESiFBS SbRReystal sdoibsndapbod L cadbe plenaagt. ofFuithérel y
conbined wth structures descrjibed in other enbodinmepts qof this

speci f iTat¢venif Hoosepmagess caspshiic i e Papme Fegpeal @FngEfP HPAECKHR ng of the
single cry 1 GRAAHSG &yﬁ@h lasmB¢eithenbase substrate 110 wil |
be descriﬁggﬁkﬁ%gg%ggl be%%ﬁfmﬁth %g?gig%g% to drawings. [0057] First, the
si ngl e cryl¥b&] sem conductor substrate 100 is prepared (see FIG 20 4A-1).
It is preferable,that f : j SE M LR GEGHOT
substrate 100 E%Sﬁgb?gﬁéﬂgtgfép@?ggﬁg%ﬁ#ﬁg§3$§%%§£abfh a sulfuric

aci d/ hydr ogegic pestekiechécomiluctarrleyer 8PN redued andrplepurity KytboimIeYeH \fbgen

per oxi m xture (AF L. i rogen peroxide m xture
(HPM) , TG b %?Bﬁg%rﬁlh%%lP?‘éaQ%‘g{t@&?Jtﬁﬁﬁ‘%S‘%@Ydteﬁge‘t%ﬁl‘ke in light of removal of
cont am natjooss] Di |l ute hydrofluoric acid and ozone water may be 25

di schar ged al tenaat ol o oLecl 800 Mined 9958) NBRhmeAl oA OHMAPS 1

formed on the s e crysta
combined with structures described in other embodiments of this specification.
[0056]

15 (Embodiment 2)

In this embodiment, bonding of the single crystal semiconductor substrate 100
and the base substrate 110 will be described in detail below with reference to drawings.
[0057]

First, the single crystal semiconductor substrate 100 is prepared (see FIG.

20 4A-1). It is preferable that a surface of the single crystal semiconductor substrate 100
be appropriately 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), dilute hydrofluoric acid (DHF), or the like in
light of removal of contamination. Dilute hydrofluoric acid and ozone water may be

25  discharged alternately for cleaning.

[0058]

Next, an oxide film 105 is formed on the surface of the single crystal
semiconductor substrate 100 (see FIG. 4A-2). As the oxide film 105, for example, a
single layer of a silicon oxide film, a silicon oxynitride film, or the like, or a stacked

30 layer thereof can be used. These films can be formed by a thermal oxidation method, a
CVD method, a sputtering method, or the like. Further, in the case where the oxide
film 105 is formed by a CVD method, it is preferable that a silicon oxide film which is
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sem conductor substrate 100 (see FIG 4A-2). As the oxide film 105, for
exanple, a single layer of a silicon oxide film a silicon oxynitride
film or the like, or a stacked 30 |ayer thereof can be used. These filns
can be fornmed by a thermal oxidation nethod, a CVD nethod, a sputtering
met hod, or the like. Further, in the case where the oxide film105 is
formed by a CVD nethod, it is preferable that a silicon oxide filmwhich is
16 formed using organosilane such as tetraethoxysilane (abbreviation: TEQS)
(chem cal fornula: Si(0OC2H5)4) be used as the oxide film 105 in | i ght of

productivify. [OQ59] In this enbodlne ng

sem conduc{OHPe %%gc%’%f“?s H6 Jugh ag I %’8’{;@ et(Sblir'ﬁé"?ﬁ 178 lrggﬁii}a,t F%lhca]t r eat ment
to form angpaxilgesifod,pl0R dsbeisahe aiddhix10biih fiht of pedudtividy. 4A-2) . The
thermal oxidation treatnment is preferably perfornmed in an oxidizing

at nospher el®¥whi ch a hal ogen is added. [0060] For exanple, the single

crystal sem conghlefi9emBsiimbhtahSdel A $iSgld %ﬂls@ﬁ%@ﬁicérﬂuct&ﬂsﬁﬁ@@itﬂ’&bo axi dati on
treatment in an oxidizing at m)spFlere i nto which _chlorine é{g@) ‘ifé)
i nt r oduT edsubierted Ebiiemenl AridiopHeatnante prm An egde fijm, 1¢3iheres a4 &0 {HB) oxi de

film 105 @9{%% Nga o4l Ofﬂen&eﬁﬁa@rﬂsmdah@&%m%hﬁ i Prefirhllp pabfemEedCRNiRi ned in
t he oxi de m 105 formdi stortions. As result, absorption of

moi st ur e |wdxzm@etmpl@ectfolwlmhlad@mg@nism&ﬁ%ed and diffusion rate is

i ncreased. gg is, when noisture is present on a surface of the oxide film
105, the l}m ture present on the surface of the oxide film 105 can be

rapi dly absor bedfonesamue.fthe sigle arystalt semicondugéor fsubsiaE0H0 00bRed X0 As an

exanpl e, of thermal ati rea i per f or med
Tnoan G PSRy SRt Aol e R LR B! R BRORRT s BET
proport i onm&bdﬂsedﬁ Maieb;%&hmnﬂg)ﬂwmxi% @pn dﬁér alpl thys Gasgothe Hyxidgi filln A@spect to
oxygen at a rature of 900 C to 1150 C (preferably, 1000 C). Treatnent
ti me nmay b%o%?srgz‘gmnﬁmfmfo 6 hours, preferably, 0.5 to 1 hour. The

thi ckness mibéein oxide filmto be forrred is 25 set to 10 nmto 1000 m
(preferably, 50 T% CE)%I‘HS]g gtorr]ns conIa?r{ed 1n ox1de Il g‘? 195" form[ letogions As a
15  result, absorption of moisture into the oxide film 105 is improved and diffusion rate is
increased. That is, when moisture is present on a surface of the oxide film 105, the
moisture present on the surface of the oxide film 105 can be rapidly absorbed and
diffused into the oxide film 103.
[0062]
20 As an example of thermal oxidation treatment, thermal oxidation can be
performed in an oxidizing atmosphere which contains hydrogen chloride (HCI) at a
proportion of 0.5 vol.% to 10 vol.% (preferably, 2 vol.%) with respect to oxygen at a
temperature of 900 °C to 1150 °C (preferably, 1000 °C). Treatment time may be set to
0.1 to 6 hours, preferably, 0.5 to 1 hour. The thickness of an oxide film te be formed is
25  setto 10 nm to 1000 nm (preferably, 50 nm to 300 nm), for example, 100 nm.
[0063]

In this embodiment, the concentration of chlorine atoms contained in the oxide
film 105 is controlled to 1 x 107 atoms/em® to 1 x 10*' atoms/cm®. The inclusion of
chlorine atoms in the oxide film 105 is effective in preventing contamination of the

30  single crystal semiconductor substrate 100 by trapping heavy metal (such as Fe, Cr, Ni,
Mo, and the like) which is an extrinsic impurity.

17



In this enbodi ment, the concentration of chlorine atons contained in the
oxide film105 is controlled to 1 x 1017 atons/cnB to 1 x 1021 atons/cnSB.
The inclusion of chlorine atons in the oxide film105 is effective in
preventing contam nation of the 30 single crystal sem conductor substrate
100 by trapping heavy netal (such as Fe, C, Ni, M, and the |ike) which
is an extrinsic inpurity. 17 [0064] The inclusion of hal ogen such as
chlorine in the oxide film 105 by HCL oxidation or the |ike makes it
possible to performgettering on an inpurity (for exanple, novable ions
such as hb@ &ﬂich gi ves an adverse effect on the single crystal 5

seni conduc®8P*substrate 100. That is, by heat treatnent which is perforned
after the oxi dehbiihéfuslélb of Salbgenmeeth dshehlorivpuini thy oxaet ilnads iby HEE single
crystal senlconductor supstrate is arated. out to th i de f In1105 and
ot ur ed BYNSARREOT g e PRESHLOSHOE JySTReh ST ied Apeh g Aot mple

Accor di ngl Yoy iddPsich ta¢ NEPARRRGS kived e fwede difebimon 166 s@igﬂb l&sjslfal xed and
prevented fromcontam nating the single crystal enlcong) ggglo substrate

100. | n® ad#misasductouhstiatiel Bxi dBatis, | lfeﬁs'ffiagn% & 1% e, erdihstrat e,

the oxideyfijd MndQqhs ‘;s,afanﬁé@ Qhef ik Bordingd iﬁl'thmfh%lé chisiall REmdBndubBHI i ty,
such as Na, contained gl ass.” [0065] Specificall t he .i ncl usi on of

hal ogen, stHbBirais 1scPﬁPéliﬁF°ﬁe0utlt‘Pl thn exigs ifidra 05| %dl@BmB‘iﬁ by, seacking HRRFhE i on or
the like i oY Gnhib) dhERRY). NALREEBN MRtilpi9firablt A EHE SQ8LHEE o
Substrate %%ﬁ%L? egngﬁﬁ gﬂﬁﬁ%; seﬁlconcﬁtto# gﬂﬁ?t?ﬁ?ﬁ'ls insufficient or
when the wmmdmimdcnndammmeétf@m sontaspaatingthy singlgseestal peBEEduFar t her

hal ogen, at 9 ed, [ 820 Qhbskhdihed to 20
Ch|0f|ﬁ% a gﬁgﬁgyﬁﬁ %QQ%ﬁﬂﬁ# ha{%%%%gg%%%ﬁgg?n é%g??ﬁ%mgtoﬁst he surface
of the siaglefion 33 @h aberfinctndect 6im Sulfxingandmpedynsgh heNoxpokized wit h
fluorine b%¥ﬁhernal oxidation treatnent in an oxidizing atnosphere after

i mrer si on B8 Fe surface of the single crystal sem conductor substrate 100
into a DHFKmsﬂution or by thermal oxidation treatnment in an oxidizing

t here t NE3 0067 | |
Cem conduct o SUBSUFSS 4SS PPtk anchan Rt e ShlbE i S0 85 2

15  HCI oxidation or the like is effective in removing contammatlon of the semiconductor

substrate when cleaning of the semiconductor substrate is insufficient or when the
semiconductor substrate is repeatedly reused.
[0066]
Further, halogen atoms to be contained in the oxide film 105 are not limited to
20 chlorine atoms. The oxide film 105 may contain fluorine atoms. The surface of the
single crystal semiconductor substrate 100 may be oxidized with fluorine by thermal
oxidation treatment in an oxidizing atmosphere after immersion of the surface of the
single crystal semiconductor substrate 100 into a DHF solution or by thermal oxidation
treatment in an oxidizing atmosphere to which NF; is added.
25  [0067]

Next, the single crystal semiconductor substrate 100 is irradiated with ions
having kinetic energy to form the embrittled region 104 having a damaged crystal
structure at a predetermined depth in the single crystal semiconductor substrate 100 (see
FIG. 4A-3). As illustrated in FIG. 4A-3, by irradiation of the single crystal

30  semiconductor substrate 100 with accelerated ions 103 through the oxide film 105, the
ions 103 are added to a region at a predetermined depth from the surface of the single

crystal semiconductor substrate 100, whereby the embrittled region 104 can be formed.
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havi ng kinetic energy to formthe enbrittled region 104 having a damaged
crystal structure at a predeterm ned depth in the single crystal

sem conductor substrate 100 (see FIG 4A-3). As illustrated in FIG 4A-3,
by irradiation of the single crystal 30 sem conductor substrate 100 with
accel erated ions 103 through the oxide film 105, the ions 103 are added to
a region at a predetermned depth fromthe surface of the single crystal
sem conductor substrate 100, whereby the enbrittled region 104 can be
formed. 18 The ions 103 are obtained as follows: a source gas is excited
to gener at | as of the source gas and ions.are extracted from plasm of
t he sour ceﬁbeglgnsa@ ate gbtpifed,as %@%‘gﬁ‘ rRY'&d .gas[lé%%%d ?qsgef]ﬁléa%d)é%e’ﬂ? Ogj‘%h eapr egi on
wher e the ke gdsl @d fopgi o cifidtdds fibor pRencad the soadg umt endbare khaet i ¢
energy, mass, charge, and incident angle of the ions 103. Kinetic energy
can be adjifsti&@'By accel eration vol tage, dosage, or the like. The
embrittledoosggi on 104 is formed at a depth equal to or substantially equal
to the average penetration depth of the ions 103. Thus, the thickness of

the sinygle crystlar deahi domderebmherybp epritisdgegrad 8 fPmd &bl e crystal

sem conduciRisteaUSitihdic ndi@f) thass ABhQE inaaskidnt bhl8e oPHETGEa0PENEIE®S | On dept h
of the ions 103. "The depth at which the enbrittled region 104 is formed is

adj ust ed senereyt dsatber iusteRi bykarederation yltage.sdosee oy dikal  Temprbiftiett or
layer is 9fg3heb4 {8 eRat £ ec}qul b Qr UPs@Rschily @§Sal Fchtﬁ@ a@;ﬁag‘%%@ﬁ’étmﬁ& 500 nm

preferably, ™ greater than or equal to 50 ran’and | ess than or equal to 200
nm 15 [ 00&9jh thiba iensntddneThus, G thinkieanolibpisigleapspud! semisonduetondayPol | ows: a
Chanbe{o : nseg e kfrd)?n ttl{eegfiggg}ys&?]sgﬁfco ﬁctBl’ g&t%ﬁéte 10! 19 HeRAHMES bgrq}ie .
generating desired ions; and an acceleration nmechanismfor actel eration of
ions for esadigapematratidredepiti ofthe Tone 110dn Tlrodapteati whithu the snbrigled regigipl y devi ce
for supplyjng. a sour.ce.gas, o i I | el ectrode
for oxort] 5 ToBfHuE ydEsy hRuSRRTERRTES of Bl LA ch PRRGhER AR

el ect rode fap¢r ig@reateatliangr ehad ne 10 anf addalesnthare be equab the00anme aprefeiablyv el y

coupl ed high-frequency. dischar el ectrod the like is used. The
accel erat i mWﬁ@ﬁh i Wﬁ“?%i?ﬁ&%gﬁgﬂ %FF&&%@“%@%H“%S an extraction
el ectr ogle, [papo]jaccel eration el ectrode, a deceleration electrode, and a

HTCRGRCE o BTSN N R S X1
which a treatment object is placed; an ion source for generating desired ions; and an
acceleration mechanism for acceleration of ions for irradiation therewith. The ion
source includes a gas supply device for supplying a source gas to generate desired ion

20  species, an electrode for exciting a source gas to generate plasma, and the like. As the
clectrode for generating plasma, a filament electrode, a capacitively coupled
high-frequency discharge electrode, or the like is used. The acceleration mechanism
includes electrodes such as an extraction electrode, an acceleration electrode, a
deceleration electrode, and a ground electrode; a power source for supplying power to

.25  these clectrodes; and the like. These electrodes included in the acceleration
mechanism are provided with a plurality of openings or slits, through which ions that
are generated from the ion source are accelerated. Note that components of the ion
doping apparatus are not limited to the components described above and an as-needed
mechanism may be provided.

30 [0070]

In this embodiment, hydrogen is added to the single crystal semiconductor
substrate 100 with an ion doping apparatus. A hydrogen-containing gas is supplied as
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mechani smare provided with a plurality of openings or slits, through which
ions that are generated fromthe ion source are accelerated. Note that
conponents of the ion doping apparatus are not limted to the conponents
descri bed above and an as-needed nechanism may be provided. 30 [0070] In
thi s enbodi nent, hydrogen is added to the single crystal sem conduct or
substrate 100 with an ion doping apparatus. A hydrogen-containing gas is
supplied as 19 a plasma source gas. For exanple, H2 is supplied. A
hydrogen gas is excited to generate plasm; ions included in plasma are

accel erated W t hout mass paratio and Ie cr sta conduct or
substrat e AHFTE PYFadt4 3 l?ﬁézﬁé?gwggate Hﬁfng ?T?ggh1n an ion
dopi ng app@@h@plaﬁ;ﬂh@ﬂ@@&&ﬁﬂbﬁ@ﬁplﬁsfmd-i&e at@lekheal wmhcmlt nmsmsstparatuxfn kodh  speci es
(H, H2', an t are generated from a. hydro as is,set to 50 % or
hi gher . Pr @‘Fé’l“&‘ﬁlcﬁ““’tﬂfﬁg’lﬁ%‘fi‘%@?ﬁs& afsr10Pgas “Tiagla%gf” “ggbeé’g g)erﬁt?d K'her. Because
an ion ﬂsapparatus does not involve mass separation, the percentage
of one klnd ( to plural kinds of ion species that are generated in
plasma ¥s pref erIa@nyO%éomgo%ppma@ﬁeﬂw PEG“*%%%“pﬁéf%ﬁ%WV AOURHL Yo% gher. By

i rradiat | og)gg\{leg ﬁ[‘ér e Ogﬁﬂgﬂﬁhﬁpﬁaggﬁm{%ﬁﬁlﬁ d %o%eﬁ%s BesREAS6 o4 Br @

concentr at samnme e single crystal sem conductor
substrate Ih@b)er [ BoR24bly, theopethentat:® of & Mistsaetoesth¥d ¢rt highbr.r @cme B@4on n a

shal | ow regi on, the accel eration 15 voltag a?for t he | k}J‘_gin%[nﬁs?eds to be
low. Wth SPignpaglis dpgs nopmvplup et scgaraliqn dis peroepiage ¢ n°116| & onic

hydr ogen ( g%l(‘f&; RhdPSf Rl dp€ dlgsnﬁllltyax@g%gaté@mtﬂiﬁsnﬁ' 10 QkBerSB1Y Sbak or HAECONduUCt OF

substrate Because he mass o ion is three times as Iarge as
that o010 anmibke preferablyh&h%oorcrighedr diyeimadinigm wish adsl bavingthe hamswas. wept h, the
accel eration ,vol e thr Sie & that of
an H ion. 8% aflﬁ%‘gﬁba %Ogg@érlf_igfll%?ﬁm\%?? atg 5§07 %%%tns can %negl gs%zsed a
takt tine §@ficdndbctonsibdiagtlioon treatnent can be shortened and productl vity
and thr ougB)%u{LJ can be inproved. [0073] Because ion doping apparatuses are
i nexpensi v 4fld excellent for use in | arge-area treatnent, by irradiation
wth H3'" by use 1@brd&thfosh tHeQmbeietRid Fepiéd PEYr ia taliBallow region, the acceleration

15  voltage for the ions 103 needs to be low. With an increase in the percentage of Hs'
ions in plasma, atomic hydrogen (H) can be efficiently added to the single crystal
semiconductor substrate 100. Because the mass of an Hi" ion is three times as large as
that of an H' ion, when one hydrogen atom is added to the same depth, the acceleration
voltage for an Hy™ ion can be threc times as high as that of an H ion. When the

20  acceleration voltage for ions can be increased, a takt time for ion irradiation treatment
can be shortened and productivity and throughput can be improved.

[0073]
Because ion doping apparatuses are inexpensive and excellent for use in
large-area treatment, by irradiation with Hs" by use of such an ion doping apparatus,

25  significant effects such as an improvement in semiconductor characteristics, an increase
in area, a reduction in costs, and an improvement in production efficiency can be
obtained. Further, in the case where an ion doping apparatus is used, heavy metals
may also be introduced together with H;"; however, by irradiation with ions through the
oxide film 105 containing chlorine atoms, the single crystal semiconductor substrate

30 100 can be prevented from being contaminated due to these heavy metals as deseribed

above.
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25 significant effects such as an inprovenent in sem conductor
characteristics, an increase in area, a reduction in costs, and an

i nprovenent in production efficiency can be obtained. Further, in the case
where an ion doping apparatus is used, heavy netals nmay also be introduced
together with H3'; however, by irradiation with ions through the oxide
film 105 containing chlorine atons, the single crystal sem conductor
substrate 30 100 can be prevented from being contam nated due to these
heavy nmetal s as descri bed above. 20 [0074] Note that the step of

irradiati f@e single crystal sem conductor substrate 100 wth the

accel er at ns 103 can al so be performed with an ion inplantation
apparatus. An iNoRe ﬂhﬁmhaﬁt&@bf pRdappahatiglel csysaﬁ sasisesiapar abitore djpar at us
with which a treatnent 5 obj.ect |ch i S ed.in a c%gnber, i S

't adi at o™i I a5 GrOR 195%&43.3@ RO ﬁaer&)r%lﬁgé" 1 g onRekaniaipR pPPRELE:
separ ati onap f1orpinlkﬂlzﬁitatﬂéh %gﬁarﬂﬁs [son mmegépaesnc@ﬁp@ﬁrame avithywEi(C atibineat of a
source gas into plasna. in the case of using an ion |npla3%at|on

appar atdus, otget, Wlfﬁ?lr'sls Rhgedpa hgmber 1idrradipted With ap ITSgenss RaYRE ASPFF of a

hydr ogen %ﬁssaa@a‘ér B‘a@ BpRatichlit REHEEndCo MBS §pe%ﬁ:@@elaér4témby anflagid by H ions

or H ions are accelerated, with which 10 the S|ng%e crystal sem conductor
substrat e $0@eciges intg pldbrag. e(ThuE 00 7i5] CaNERf using Hoien i1y %’f{ﬂ“r“%i]t @P&rﬂysﬂ B prepared
(see FIG 4B- ase sub %] S i an

i nsul at or Pgsﬁéﬁﬁﬁsgﬁgg i°c enﬂ& f’%%é%?ogré5§§%£$5§f égglety of

gl ass SUbS&mﬁk@&uM&@quﬁnhﬁﬁ ﬁﬁ&ﬁhﬁﬂﬂh@ﬁuﬁﬂﬁﬂ&héﬁxasumhmasvsmbmhdates 15 of
alum nosilicate glass, alum noborosilicate gla S, and barium borosilicate
gl ass; 1& @@é@%@0@@@&%¥%ﬁ%¥mﬁp%%¢%ﬁﬁ%§09dH??%' and a sapphire substrate.
In this enpgéinent, a case is described in which a gl ass substrate is
used. Wen a glass substrate which can be manufactured in a Iar%e size and

is i nexpen5| ve iNex(y adgscamibstrpee bidsia Peopwsd fsse E1G 18 De 046 therkask 3OS can be
achi eved. %gzl 1BREA Eohh&n BRSKIP Waldaat §pe¥1ﬁfQ &AmPRS Aherddf 4r$ apr ef erabl e
that a sur aée 0 ase substrate 110 be cl eaned in advance.

Speci fi cal foflows: raevaba@@fgtabsmbatmesmgd insthe, gllegtennice dndustey. gpehrag SBhfiratet| eani ng
using 8s Y6 QGMhRLCa 8 Gl k.%ﬂﬁﬁ?@gﬁﬂ%a&xgﬂ& Th bhtun HoRMlicat® g1l furi c

aci d/ hydr ogen per oxi anioni um hydr oxi de/ hydrogen
quartz substrate; a ceramic substrate; and a sapphire substrate. In this embodiment, a

case is described in which a glass substrate is used. When a glass substrate which can
be manufactured in a large size and is inexpensive is used as the base substrate 110, cost
reduction can be achieved.

20 [0076]

Before the base substrate 110 is used, it is preferable that a surface of the base

substrate 110 be cleaned in advance. Specifically, the base substrate 110 is subjected
to ultrasonic cleaning using a hydrochloric acid/hydrogen peroxide mixture (HPM), a
sulfuric acid/hydrogen peroxide mixture (SPM), an ammonium hydroxide/hydrogen

25  peroxide mixture (APM), dilute hydrofluoric acid (DHF), or the like. For example, it
is preferable that the surface of the base substrate 110 be subjected to ulirasonic
cleaning using a hydrochloric acid/hydrogen peroxide mixture. By such cleaning
treatment, the surface of the base substrate 110 can be planarized and residual abrasive
particles can be removed.

30 [0077]

Next, a nitrogen-containing layer 111 (for example, an insulating film including
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25 peroxide mxture (APM, dilute hydrofluoric acid (DHF), or the like. For
exanple, it is preferable that the surface of the base substrate 110 be
subj ected to ultrasonic cleaning using a hydrochloric acid/ hydrogen
peroxi de m xture. By such cleaning treatnent, the surface of the base
substrate 110 can be pl anari zed and residual abrasive particles can be
renmoved. 30 [0077] Next, a nitrogen-containing |ayer 111 (for exanple, an
insulating filmincluding 21 nitrogen such as a silicon nitride film
(SiN1) or a silicon nitride oxide film(Si N1Oy) (x>y)) is forned over the

surface of the base sub frate FIG .4B- 0078] [
enbodi ment MUPHE HFYR PGS ‘%’bﬁ’t%&%ﬂ?éﬁfﬁxfe?r 2 ke M@fd?té)r}flsd%aﬁshna(sl g éé%’ (a 5
bondi ng | ayey)) isromdadveahd hefaoxbfdRe bdst sabi®de proowecdds. 4m2) he si ngI e crystal
senlconductor substrate 100. In addition, when a single crystal

seni conduch®8r8ll ayer having a single crystal structure is provided over the

base substrate hﬁhﬁ§em5&ﬁmmﬁ'Ek%ﬂﬁ%ﬁ@@@ﬁﬁhﬂgmgwf&yﬁﬁm&i&sakSQakﬂnﬁtIOnS as
a barrier layer for preventlnngnpurltles such ag% (sodi tained in

the bas® sbardingatayen r bended o uliengritat dm H«QSSPIE‘?Q’]‘Id% ﬂ?‘f‘rﬁg]tgg C% conduct or

layer. [ 0043 JAagausenida Mot r mmlwmb@h@glglea&%ﬂs@m)mm aer as a
bonding layer, it I's preferable that the nitrogen-containi n% | ayer 111

have a snobavingsar fiage cimstair ﬁ@cmﬁ) is quipitess §veethecPasy eSUBHG ger the
Speci fical Yro dntcohfhi errell?Lle& RiktidiGs BivhfrR0 SHeCoOn bRl dhing még.\ﬂtt@é/ er 111 be

formed to a sur an average surfacé roughness 0.5 m
or |ess anshch as Ot {swéam)sxqu@med smﬁhﬂab@erséhﬁ?ﬂmﬁw(wngofm@ﬂ@(ﬁlﬁﬂl% or |ess,
nor e ef er abl surface roughness of 0.35 nmor |less and a

r oot - n@é -t Satbl émlcglﬁérl %z:%eayrglgughness of 0.45 nmor |ess. The thickness is

pr ef er abl y[00|7i9}t he range of 10 nmto 200 nm inclusive, nore preferably, 50

0000 MM L NELUBLYE: R0 OSSR bl rtle ryelal
di sposed Opﬂamatileeﬂ{aoﬂeaﬁhom%ﬁtﬁumdlayérellsmaﬁ/acaesnnfoth sir&coxn dedef itd m 105 and
(aszgr ];:?%e %{E}JEGQS? dé}lecttlrvg%ondlgg nts%emhca%y, 2 pref%%‘a%le ot thle ni ogeﬁ-gon? 1%ng ot her
15 layer 111 be formed to have a surface with an average surface roughness (Ra) of 0.5 nm
or less and a root-mean-square surface roughness (Rms) of 0.60 nm or less, more
preferably, an average surface roughness of 0.35 nm or less and a root-mean-square
surface roughness of 0.45 nm or less. The thickness is preferably in the range of 10
nm to 200 nm, inclusive, more preferably, 50 nm to 100 nm, inclusive.
20 [0080]
Next, the surface of the single crystal semiconductor substrate 100 and the
surface of the base substrate 110 are disposed opposite to each other, and the surface of
the oxide film 105 and a surface of the nitrogen-containing layer 111 are bonded to each
other (see FIG. 4C).
25  [0081]
Here, after the single crystal semiconductor substrate 100 and the base
substrate 110 are disposed in contact with each other with the oxide film 105 and the
nitrogen-containing layer 111 interposed therebetween, a pressure of about 1 N/em? to
500 N/em?®, preferably, 1 N/em?® to 20 N/em? is applied to a portion of the single crystal
30  semiconductor substrate 100. From the portion where pressure is applied, the oxide
film 105 and the nitrogen-containing layer 111 start to bond to each other and

spontaneous bonding occurs and extends to the entire area. This bonding step is
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25 [0081] Here, after the single crystal sem conductor substrate 100 and
the base substrate 110 are disposed in contact with each other wth the
oxide film 105 and the nitrogen-containing |ayer 111 interposed

t her ebet ween, a pressure of about 1 NNcnR2 to 500 NcnR, preferably, 1
Ncrm2 to 20 NNcnR is applied to a portion of the single crystal 30

sem conduct or substrate 100. Fromthe portion where pressure is applied,
the oxide film 105 and the nitrogen-containing |layer 111 start to bond to
each other and spont aneous bondi ng occurs and extends to the entire area.

Thi s bonding_step is t he actlo of va .der Waal s force or
hydr ogen BRSAEIAY Sndh ‘?cé‘HlOBe n?%r%ads e ShAY ™% tRo %t heat

treatment. eTﬂﬁﬁedﬁr@dhbﬁa&rrpaiaﬁlr@aMhm heatIu@xﬁneﬂeatrhﬁ@smtsameaamgmtmms a gl ass
substrate, can be used as the base substrate ]}ﬁt }‘F g Not e t hat,

bef ore t hehest isgistancey ek a3 2 glassisulshasc1as Pe Sards éS"’f(‘} st 1Phe base
substrate [[1)@,@2 jare bonded to each other, at |east one of the oxide film 105

formed on the” single crystal sem conduct or substrate 100 and the
ni t r ogeh- cont ai Moythetapeforel the smglergsyptal gomicondystop gabstiralg 18P pad tebpge | s

pref er abl ysu%%{%@ﬁtoeﬂe bhasi S AL otEL A IBRMbne JFARERlide 1B AS hhRdMIthace

t r eat nent asha treatnent, ozone treatnent, negasonic cleaning, or two
fluid cl eamgigcwaalrﬁemir@ddlfcw S@pﬁ@?ﬂ%aﬁq}hémﬁémcwg gy b®mpet e wat er

or hydr ogegy gﬁlgtbgge%ﬂsqmmtlsqs b 5&@@&&@{0 sAdetMemAS Nitrogen), or a

conbi nat i on’ reof can be I'n particular, after plasma treatnent
is perfori@e8lon at | east one of the surface of the oxide film 105 and the

surfacg, of the 15 ol 0Ae0-CQNLA "hidthd Bmell 1ueoRZ MGl ARIRRYe Meg2s0Ni C

cl eani two flIth &' eani ng e I1s’perfornmed on t single
crystal s edteamingd ue tos ﬂsldbcﬂéamatge(a ]:mbhcmlnﬁr spreyiba fiectignab siateatsechlajs@urg o that

dust such as or i.c substances on tr.eatnent. surfaces ca ved and
the surfac¥gtt ﬁa@gr%%féorﬁ%?%pﬁf‘tﬂ t%A'él Y esat v ondlnﬁrgol%g?)r eng
bet ween t heonibihaion f thérgdfl Oan &edpetrﬂaanasn t riaggartiatar} attei pgsﬂlaytazlatrﬂehﬂ ncan be

TDroved: 20T o B ST LPREI 5 BELLALBRY RN ey dES ([
(02) 9g@s Ofitrdgdi dohRARiY 1@&42)11g@%heﬁbﬁaﬁ&nﬂnﬁga%ﬁkmmn@ﬁwb(ﬂaﬂmwﬁﬁg or
atmospheri ¢ tgcra ?ﬂs(g ijsrpeertp l %%rg% the smg81e ]crystal semiconductor substrate 100 and the base

substrate 110, so that dust such as organic substances on treatment surfaces can be

removed and the surfaces can be made hydrophilic. As a result, bonding strength

between the oxide film 105 and the nitrogen-containing layer 111 can be improved.

20  Here, plasma treatment is performed using an inert gas (for example, an argon (Ar) gas)
and/or a reactive gas (for example, an oxygen (O») gas or a nitrogen (N2) gas) by an RIE
method, an ICP method, or atmospheric pressure plasma.

[0084]
Here, an example of ozone treatment is described. For example, ozone

25  treatment can be performed on a surface of a treatment object by irradiation with
ultraviolet (UV) rays in an atmosphere containing oxygen. Ozone treatment in which
irradiation with ultraviolet rays is performed in an atmosphere containing oxygen is also
referred to as UV ozone treatment, ultraviolet ozone treatment, or the like. In an
atmosphere containing oxygen, irradiation with ultraviolet light having a wavelength of

30 less than 200 nm and ultraviolet light having a wavelength of greater than or equal to

200 nm of ultraviolet rays is performed, so that ozone can be gencrated and singlet

oxygen can be generated from the ozone. Irradiation with ultraviolet light having a
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Here, an exanple of ozone treatment is described. For exanple, ozone 25
treatnent can be perforned on a surface of a treatnent object by
irradiation with wultraviolet (UV) rays in an atnosphere containi ng oxygen.
Ozone treatnent in which irradiation with ultraviolet rays is perforned in
an at nosphere containing oxygen is also referred to as UV ozone treatnent,
ul traviolet ozone treatnent, or the like. In an atnosphere containing
oxygen, irradiation with ultraviolet |light having a wavel ength of 30 | ess
than 200 nmand ultraviolet |ight having a wavel ength of greater than or
equal to 200 n of ul travi gl et erfor hat Qzone can be
ggner at ed ‘éi‘"ﬁ’(?leggt]ﬁdﬂ dgss ﬂlf’?)}égﬁmb%“ %%V“élgtrfg‘ Sa]tséjﬁltfel?ré)% ?Qn{h Zone-? rradl ation
Wi th ul trasnehel ahd ghdlethayidiGaRals@Be yavatedfighkhthobzdness than 180 nmin
ultraviolet rays is performed, so that ozone can be generat ed and singl et
oxygen can®@¥o be generated fromthe ozone 0085 reactions

anpl.e
whi ch occur by FERFRIERPhIastiops hich) asrmn s RFriGrRing Jit wé‘tonr{%tq %Bf’l‘f lfaving a

wavel engt hl;%?: hh8SSa %Ek%‘fhn%@%fm e 200 fhaud ain@tiolet Bt hivag BYadelmie! engt h
of greater than or equal to 200 nmin an atnosphere cont ai nll%:] oxygen are

descri bed. ofcxzeaierwll(omqaw 200 nyyin py atmogghgys contamning opygengraggscubedo 03 .. (2)

03 +hv (X2~n py- . 10 [0086] In the above reaction
fornula (1)° mw Kégrgtl org% (?1( Itr@/l olet light (hv) having a wavel ength
(X1 nm ofo(3e)ssot,-_.ha®320(iz2)nm in an at nosphere contai ning oxygen (02) is
performed to ggnerate %?]rnge atom% (Q(3P)) in a ground state. Next, in the
reacti on Pof fygeﬁ’ atons (QQ3P)) in a ground state and
oxygen;( 02@00%}e react ed 15 with each other to generate ozone (03). Then, in
the reaction formula (3), irradiation. wth ultravio|ef Ilgyg havi ng a
wavel ength (212 iy ab@vegﬁaéaﬁlefomhlaﬁl)oméaﬁ% withyulsggiolet Heht 41v) Baving drpspher e
contai nin § 867 BhPOr RZORSEY 067 hd B ASLHBIEY doRaBRACEAlsen EON et

oxygen (' incan” ex . I'n_an atnosphere contai ni ng oxygen,

i rradiati operfovmtmtagdnmaml ctxbrgntn zktmgh(O(ﬁlé)\)llrng geovnd veakee n ek, &f theaeastiethan 200 nm

of ultravi is 20 r ation
wth ultra lgt(ilﬁyﬁbeh Xyﬁaviﬁ(ﬁg gbggﬂ {l%r%ﬁqﬁ @ggr eat mg%réofeﬁggdual to 200
i nn of 11l twah{ iedhadther ay geriematgezcho(@Pd Tlengantbe atactiai foghds (3)ox;ag@h01by

In Z0Nn Z0on r [ V
deconposi ng, tl(l) ul?ra%olet nght a\(f)mge atwage eng }}kg nrsn) gF gsr%at tﬁaclin ci)arbe%ua t§ Q&) T in

an atmosphere containing the generated ozone (O3) is performed to generate singlet
oxygen O('D) in an excited state. In an atmosphere containing oxygen, irradiation
with ultraviolet light having a wavelength of less than 200 nm of ultraviolet rays is

20  performed to generate ozone while irradiation with ultraviolet light having a wavelength
of greater than or equal to 200 nm of ultraviolet rays is performed to generate singlet
oxygen by decomposing ozone. The ozone treatment as described above can be
performed, for example, by irradiation with light of a low-pressure mercury lamp (A=
185 nm, A2 = 254 nm) in an atmosphere containing oxyger.

25  [0087]

In addition, examples of reactions which are caused by performing irradiation
with ultraviolet light having a wavelength of less than 180 nm in an atmosphere
containing oxygen are described.

0, +hv (%3 nm) = O('D) + OCP) - - - (4)
30 OCP)+0,— 05 --(5)
O3 +hv (A3 nm) —» O('D)+ O, - - - (6)
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performed, for exanple, by irradiation with light of a | ow pressure nercury
lamp (A1 _ 185 nm A2 = 254 mm) in an atnosphere containing oxygen. 25
[0087] In addition, exanples of reactions which are caused by perform ng
irradiation wth ultraviolet |light having a wavel ength of |ess than 180 nm
in an atnosphere containing oxygen are described. 02 +hv (A3 nm -* Q' D)
+ 3P) ... (4) 30 0(3P)+02-> 03.. (5) 03 + by (a3 nm --> D + 02

(6) 24 [0088] In the above reaction formula (4), irradiation with
ultraviolet light having a wavelength (X3 nrn) of less than 180 mm in an
at nosphere é%t ai ni ng oxygen (02) is perfornmed to generate singlet oxygen
QD in anl? ited state and oxygen atons 5 (Q(3P)) in a ground state.

Next, in the reagiteoabol@rdiulian {obhulat(hp ivadigen ittonkra(icleBREHt havimgaa gr ound
state and ox%gmn (02) are reacted with each other to. generate §one (03).

In the reattielnghdrinbmiof bys thap L§Qnm v Hnesp E‘Tetcloﬁt\ﬂ"g“}ge‘fxylg?lb@ ffavi ng a

wavel engt hpe(rféﬁnecﬁm aiera't@%iglwafygéﬁ%(ﬂm wa@@x@&maﬁ@ o&@ithaidthg t he

generated ozone (03) 1s perforned to generate singlet oxygen in an excited
state and @XRjkin.a graundrsiaie moNphet élereﬂca@fhfoaphﬁar@ Beyyeern 39ms@(E0) on with

ul traviol ef, | rgagliaaxaﬁmo%@@ g%peg;eactm whBSSht S8R to 28R bRne b avi ol et

rays is perfo ener one and to generate Singlet oxygen by
deconposi nip mﬂaeeaoncﬂnﬁnrmulac{ﬂygeacd1atibhemd:zdltrevmllf>éhgh¥é1at/ma§ ‘M@@@nﬁtbé s above

can be perfo a adi at on i
O e P A8Y T i 190 ROR A o M bt Nl Db 5y o
Chem cal bpnfbimag] ©fgefdtato kiggloi @;ygubmtaalaﬁﬁteamha(ahédxygena Imanhmmsplw&e a

treatment object is cut ultrav havi n Y h of |ess
than 280 nfAnEdYng H&ge{"ﬁga‘%?‘ﬁh?ﬁt@ “b[?ﬁkoﬁeé hléﬁ f%c%g’g %&m@n%fl @%%?ce of the
treatment of) g&t ofOhltrhNSleOrFRNE GerfGritlRE (taNReerwd aSOne ARIIE gbneonidingyt i S cut

can be renoved by oxidative deconposition 20 with ozone .or | et oxygen
gener at ed #§yeerBhEecoBposne hepImAgT $2Efe &P@&?‘W&Waﬁ?ﬂt "dé]g%f’Pﬁ%{g%og%ove

hydrophi | i gt % p%ﬂgngéﬂr fo ¥xdtif pld, rB? iSaHidRA it lighhsr dnl eaéx¥Bid:r 1PPIapt(can be
i ncreased, and bonding can be favorably performned.
= 172 nm) in an atmosphere containing oxygen.

15 [0089]

Chemical bonding of an organic substance attached to a surface of a treatment
object is cut by ultraviolet light having a wavelength of less than 200 nm, so that the
organic substance attached to the surface of the treatment object or the organic
substance whose chemical bonding is cut can be removed by oxidative decomposition

20  with ozone or singlet oxygen generated by ozone. By performing ozone treatment as
described above, hydrophilicity and purity of the surface of the treatment object can be
increased, and bonding can be favorably performed.

[0090]

In an atmosphere containing oxygen, ozone is gemerated by performing

25  irradiation with ultraviolet rays. Ozone is effective in removal of the organic
substance attached to the surface of the treatment object. In addition, singlet oxygen is
also effective in removal of the organic substance attached to the surface of the
treatment object as much as or more than ozone. Ozone and singlet oxygen are
examples of oxygen in an active state and are also collectively referred to as the active

30 oxygen. As described with the above reaction formulae and the like, because there are

reactions where ozone is generated in gencrating singlet oxygen or singlet oxygen is
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[0090] In an atnosphere containing oxygen, ozone is generated by performng
25 irradiation with ultraviolet rays. Ozone is effective in renoval of the
organi ¢ substance attached to the surface of the treatnment object. In
addition, singlet oxygen is also effective in renoval of the organic
substance attached to the surface of the treatnent object as much as or
nore than ozone. Ozone and singlet oxygen are exanples of oxygen in an
active state and are also collectively referred to as the active 30 oxygen.
As described with the above reaction fornmul ae and the |ike, because there

are reactions ere ozane is generated i enerating singl,et oxygen or

si ngl et ox8RGERSISLY %@n‘i’olbﬂé%espﬁl?ée&c%vsdﬁ%ﬁdé?ggﬁerFaé:,m% der %lg%l%etl %Xﬁggnlgncl udi ng
a reacti oncopiues stengfe@td @y genzomanitmidatfoe soreesetcef erred to as the ozone
t r eat ment fﬁr conveni ence. L0091] In addition, after the oxide film 105 is
bonded t o PR&ni trogen-containing layer 5 111, heat treatnment is
preferably perf os B&Gtidn) afrdRd odi@ fiREC 165 SoReAdd 0G nitdpengbhainihpilger heat

treatnment is perforned at a tenperature ere a crack.is not generated in
the enbritil &t freagpem 13116ﬂf,era"’¥¥rpeéf9’é¥ﬁ§|1%?¥‘\g{ tod“%r%ﬁ?ﬁg?‘gf%sge?ﬂb't ﬁﬂ“ ange of
greater thah: @eam@AUR! petBrnfed’ RUMBRRATAWHR R0k €5 Sott fabra®dln @he The oXi de
film 105 may be bonde to the nitrogen-containing |layer 111 during heating

: . . ni ng
at a tenperatited wistoni 14 frs capbile. alor FamGRUITHE Meeates degieEmPa ah be
per f or med aﬂg_a%%ﬁénﬁo%}aaﬂeaﬁﬁfaéa an SRt TRY 0xihUERACES aagfiae Béhddd

resi stance heating furnace, a rapid thermal annealing (RTA) apparatus, a
m crowave toetht initggappantativg Jayer 111 hdiring lheating GO @ Zpmperatgeeneitian thebere heat

treat t is perfornmed at the sane tine. as a - ndi . t he
oxXi den?(?l m? | lleﬁtetrﬁa}t?l?lgg%ﬁ- CoRtal ning Sﬁgyae?ﬁ:%%f? ]f?ﬁg&dg'h%%?é i on
reacti on afuridoesuzhnsh rgistantetichaggefupraog eedsdd tecnd henebldngdiRig ) rpraettdsaces cone
close to each other;.thus, bond.is. strengthened by strengthening of

hydr ogen b%ﬂ’&ifﬁ‘&a"aﬁaa%raﬂ%ﬁ% or e Tik%val ent bonding. In order to promote
the dehydrmibpn reaction, noisture generated at the bonding interface

t hrough t he dehydration rea&}tﬁi on shoul.d b re{gmved be}/ heat 20 treatnent at
hi gh t enper at ur dn BFREEEL don fsabrtrgatment s performst 2 Al PSR 5 <58 £ or ned
at | ow§ enpgialcUdrahe BRIHS tikh 809 QAE kRt Eeogth-chheinb@neyeng 11,nhe déaaativhr ough t he
dehydration reaction cannot_ be renpved effecti velr}(; t hus, .the dehydration
reaction d@égthq@fﬂﬁlng@ﬂa%@terface proceeds and the bonding interfaces come close to each

other; thus, bond is strengthened by strengthening of hydrogen bonding and formation

of covalent bonding. In order to promote the dehydration reaction, moisture generated
at the bonding interface through the dehydration reaction should be removed by heat

20 treatment at high temperature. That is, when heat treatment after bonding is performed
at low temperature, moisture generated at the bonding interface through the dehydration
reaction cannot be removed effectively; thus, the dehydration reaction does not progress
and there is a difficulty in improving bonding strength sufficiently.

[0093]

25 On the other hand, in the case where an oxide film containing chlorine atoms or
the like is used as the oxide film 105, the oxide film 105 can absorb and diffuse
moisture. Thus, even when heat treatment after bonding is performed at low
temperature, moisture generated at Fthe bonding interface through the dehydration
reaction can be absorbed and diffused into the oxide film 105, and the dehydration

30 reaction can be promoted efficiently. In this case, even when a low heat-resistant
substrate such as a glass substrate is used as the base substrate 110, the bonding strength

between the oxide film 105 and the nitrogen-containing layer 111 can be sufficiently
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and there is a difficulty in inproving bonding strength sufficiently.

[0093] 25 On the other hand, in the case where an oxide filmcontaining
chlorine atons or the like is used as the oxide film 105, the oxide film
105 can absorb and diffuse noisture. Thus, even when heat treatnment after
bonding is perforned at | ow tenperature, noisture generated at the bondi ng
interface through the dehydration reaction can be absorbed and diffused
into the oxide film 105, and the dehydration 30 reaction can be pronoted
efficiently. In this case, even when a | ow heat-resistant substrate such

as a glass, substrate .is used as .the base substrate 110 _th i.n
strength HEFQEEn ngeﬁxﬁ‘ﬁé)e ?ng(??%‘ﬁdtrﬁaﬁréen&iqyraé)iyﬁl-l‘%:gn lg? &?ﬁ%el gyer 111
can be suffbBiventday b Geffediedy ethsorbed tadnér diffayedpeutd othei ngidpl AlemalWSr eat nent
by applying a hias voltage, noisture can be effectiyvely absorb and

di f fused i‘gf‘iﬁ’r‘%lﬁg%oxtp%leg‘?r}d% 138nst A%S‘B‘feﬁ*i‘n v, e d}(ﬁg e, Ayt h

bet ween t hgiu@¥ind@nfaididd S 130dad Beimpibled eganwhaiaat féangediay perfolthdd can be

i nproved even when heat treatnent is performed 5 at |ow tenperature.

[0094] Nextt1oR&ERMPFESt ment i s perfornmed to cause separation (cl eavage)
along the ypgoprittlied region 104, so that a single crystal sem conductor
| ayer 112 is provided over the base substrate 110 with the oxide film 105
and the nitrogeNexbrical Hravgentdy @erfarmed toocapser EppauYy (dsurash SR8 ERE (see FIG

4D). [ 0095 BvRelhOh ToR%o e 2 RRGle dy<eatdRBinduébt BY&HAN2 Y SERUEE
m crovoi ds 1?or med 'n the enbritfled region 104 increases due to_increase
in t enper atharbese fbeirateo L thwith e eadefijon 105 prd thgmitrogeprsonfeiningdayst L he

m crovgji ds. i rigtdd region 104 is changed 15 and a crack is
gener a éed }nile% e(gglﬁ%?%t?tg?ng(g&rﬂelgi on 104, so that the single crystal

sem conducf06f5lsubstrate 100 is cleaved along the enbrittled regi on 104.

Because the oxige film i : he single
crystal sem con(]%(clfta’(r)ilrc'IH1 %@/%rhe%l%g{ﬁ%glg l%t(%nzélg%gggggld‘ﬁ #&(ﬁ)’h{d'? Itfl(gm%%%gtfl% crystal
sem conductmbritfietbspioatl@4 ideeabs dhermmdreaw\ie tenipomtbya s Dwubshaiatreast 0. Thi s

2 S ?;i ;r Sglt Plrrl:[%gls%lfei, ?ﬁgv% ! %;oﬁﬁebgﬁcg‘(giioged%ﬁ%}re%}ig%l%gimeo%%tledzrggigrp ) fs)rchgn%g@l to the
15 and a crack is generated in the embrittled region 104, so that the single crystal
semiconductor substrate 100 is cleaved along the embrittled region 104. Because the
oxide film 105 is bonded to the base substrate 110, the single crystal semiconductor
layer 112 that is separated from the single crystal semiconductor substrate 100 is formed
over the base substrate 110. This heat treatment is performed at a temperature less
20  than or equal to the strain point of the base substrate 110.
[0096]
This heat treatment can be performed using 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 an RTA
25  apparatus, the heat treatment can be performed at a heating temperature of greater than
or equal to 550 °C and less than or equal to 730 °C for greater than or equal to 0.5 min.
and less than or equal to 60 min.
[0097]
Note that, by performing the heat treatment of FIG. 1D without performing the
30 above-described heat treatment for increasing the bonding strength between the base
substrate 110 and the oxide film 105, the heat treatment step for increasing the bonding
strength between the oxide film 105 and the nitrogen-containing layer 111 and the heat
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This heat treatnent can be perfornmed using a diffusion furnace, a heating
furnace such as a resistance heating furnace, a rapid thermal annealing
(RTA) apparatus, a mcrowave heating apparatus, or the |ike. For exanple,
in the case of using an RTA 25 apparatus, the heat treatnent can be
performed at a heating tenperature of greater than or equal to 550 C and

| ess than or equal to 730 C for greater than or equal to 0.5 mn. and |less
than or equal to 60 mn. [0097] Note that, by perform ng the heat treatnent
of FIG 1D without performi ng the 30 above-described heat treatnent for

i ncreasing the bonding strength. between the. base. s trate d the

oxi de fi | nFeprEBent piR [y &‘ismtgrsélgﬁ‘?’ﬁé’ﬁtai%g% %rhﬂt‘il‘)eﬁé?%%% ﬂ“;m?@e ‘E?%%g?eﬁd;

strengt h bgimegretiie oxide film 105 and the nitrogen-containing |ayer 111
and the heat 27 treatnment step for causing separation along the enbrittled
regi on 10408%} be performed at the sane tinme. [0098] Through the above
steps, an SO sufgfubRtiGe | BoVisePs, t HE SOINGIbErA Vs thich Ghe egongual or | ayer
112 is provided over the base substrate 110 with the oxide f'L_‘B 5 and
the nit¥y og@nu@@ﬁmomrdmg1Petwo‘@féva@r%“swst%l«@b%‘f%%ﬂméalﬂ ni

manuf act ur g e R RORLOIRAS WYer TR ESA HRGCUIRIAR dadl B8 GhdnbR0luo. L hi S
enbodi nent, even en the nitrogen-containing layer 111 is used as a

bondi ng | ajeemplobies Benmimdacsiring mrpthpdisissarbadh n ﬁémg’a%@w%ﬁg%nr%@ee 90 and the
single cry S 'ﬁﬁmﬁ . [ hARetvabd abi lity
can be irrpl?%%rg%e&c%% a gﬁ%ﬁ{i 1 ksgﬁg%%%gﬂfbg{%rlgfe é’ t?ﬁB%ai%%hS%gi??usi on_ of

i mpuriti esthi base subwrats Hlapd droysingld crysinl semipgnducenr 14vay &2 cepdefigpioned over t he
base bst rat 0 Is,suppresse t : he single
cryst afd] S8 rgg%bélg}gtcgrrl oF SR V%ﬁ2g\asraagggéﬂr?gﬁ&%;esé{?#%%h%ghtﬁ%ﬁégfg%&g? £rh1er can be
formed. [ ORGA}itiesl Intd thadihigtei crystabyerpicandudiondasehd 1A fornaggle averothe diasé ng | ayer

on the base substrate side and formn i fi | ni.Ag; hal ogen
such as chi¥rfdie g {Shéuppﬁeé?‘f“lac?)lﬁldg%et gra%sémgspr at iejl%sf“gde,rﬂlé(:l%ﬂ{ nuf l(;\}{:gturi ng
process cagnbeondidi lhfer eIb aaeirdnaly sathey to afch bfipueantoy fatnedent s i nto the
sem conduct or substrate before the sem conductor substrate is bonded to

the base si¥€¥kate can be suppressed. Further, by formng the 20 oxide film
cont ai p§ ng hal oggnRdgiuek WBSpretiipgithe nfsgen-bardiing ldyayer thettashsibstrge ovi ded on

sidle and forming the oxide film containing halogen such as chlorine on the

semiconductor substrate side, a manufacturing process can be simplified and the entry
of impurity elements into the semiconductor substrate before the semiconductor
substrate is bonded to the base substrate can be suppressed. Further, by forming the

20  oxide film containing halogen such as chlorine as a bonding layer which is provided on
the semiconductor substrate side, bonding strength can be improved by promoting the
dehydrogenation reaction efficiently even when heat treatment after bonding is
performed at low temperature.

[0100]

25 After that, as described in Embodiment 1, the first etching treatment, laser
irradiation, plasma treatment, the second etching treatment, and heat treatment are
performed. These treatments may be performed in a manner similar to those shown in
FIGS. 2A to 2F or FIGS. 3A to 3L
[0101]

30 Note that in this embodiment, a case where the oxide film 105 is formed on the
single crystal semiconductor substrate 100 and the nitrogen-containing layer 111 is

formed over the base substrate 110 is described; however, the present invention is not
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t he sem conductor substrate side, bonding strength can be inproved by
pronoting the dehydrogenation reaction efficiently even when heat
treatment after bonding is performed at |ow tenperature. [0100] 25 After
that, as described in Enbodinent 1, the first etching treatnent, |aser
irradiation, plasma treatnent, the second etching treatnent, and heat
treatnent are perfornmed. These treatnents nmay be perforned in a manner
simlar to those showmn in FIGS. 2Ato 2F or FIGS. 3A to 3F. [0101] 30
Note that in this enbodi nent, a case mhere the oxide film 105 is formed on

the single crystal sem co uct or str 00.and the nit en-cont ai ni ng
| ayer 115 Fuiied e oy ErerEle (o cumelop a0 OF PR R HECEP PR HIE: bhover . t he
present i nyeohiRd ih$hid UrdetEonl ha1 dirgle E@sttahs@mcd?ﬂnctep(mdrae Iobenexhde film

105 and the nitrogen-containing |]ayer in thjs der on the
si ngl e crystife %fég? @’&ﬁ%’c‘i%@ug%ﬂa@ﬁfaf?@‘eﬂ@@erathﬂO’Elﬁ%ﬁ Ing 10 %I’éléh%?“r{a

ni trogen- contl ML shiRkse 1QF TRY BV ChonhBe 19%édB thérM TRSmh@Ndadehansur face
of the base substrate 110 may bé bonded to each other. In this case, the 5

ni t r ogeh- coitrpganriongining lyerngy be Ppvile detro Erpadon ofr thiterbHttise regien
enbrittled; 64:2?,[1194'} #9(%71 a@@ﬁ'foﬂﬁaﬂaﬁ%‘f ﬂfé‘%ﬁlbﬁ&f@@'iegfltgf At ﬁﬂeﬁﬁtx%ﬁea@nbr ittled

regi on 104. |ve oxide film(for exanple, silicon oxide) may
be forned oride filen dt em@g:eh, sbmna]xrdehglay iy &yrmedy gl theppiraggp-Coptainiys 1. oxi de

film105 ap giﬁur@% ogfdftdﬁg 183564 altéfg LAt el Bhs R 1RPRGEH: t0 each

ot her. 10 1 e entry |npur|t|es fromthe base
substrate mﬁﬂedNMdeMha5|ngle crystal senlconductor | ayer 112 is not a
probl e Bﬁ fwrface of the oxide film 105 provided on the single crystal
sem conduct’dP?substrate 100 and the surface of the base substrate 110 may
be bonded to eadurthéh#rthavedthoof impuotié¢sdirmg thehlease isubscrgfe r1¢ oo diecndimgle 15 | ayer

111 over the base .substr 0103 t th stru scri bed
in this enfSHRnHECRSIE, a&ﬁéﬁgﬁ?kgﬁ%Pékf?b Ceofﬂw rucﬁ%$e§§descrlbed
in other ephodedentife wigld Jﬂ‘yﬁaISslaﬁidofldhﬁsairlsﬁijmrat[e(H)Oé]ld the surface of the base

substrate 110 may be bonded to each other without providing the nitrogen-containing

1

N

layer 111 over the base substrate 110.
[0103]
Note that the structure described in this embodiment can be appropriately
combined with structures described in other embodiments of this specification.
[0104]
20  (Embodiment 3)

In this embodiment, a method for manufacturing an n-channel thin film
transistor and a p-channel thin film transistor is described with reference to FIGS. 6A to
6E and FIGS. 7A to 7C as an example of a method for manufacturing a semiconductor
device having a high-performance and highly-reliable semiconductor element, with high

25 vyield. By combination of a plurality of thin film transistors (TFTs), a variety of
semiconductor devices can be manufactured. Note that repetitive descriptions for the
same components as or components having similar functions to the components in
Embodiments 1 and 2 are omitted.

[0105]
30 In FIG. 6A, the insulating film 102 and the single crystal semiconductor layer
112 are formed over the base substrate 110. Note that here, an example in which a

semiconductor substrate having a structure shown in FIG. 2D is employed; however, a
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20 (Enbodinment 3) In this enbodinment, a nethod for manufacturing an
n-channel thin film transistor and a p-channel thin filmtransistor is
described with reference to FIGS. 6Ato 6E and FIGS. 7A to 7C as an
exanple of a nmethod for manufacturing a sem conductor device having a

hi gh- performance and hi ghly-reliable sem conductor elenment, with high 25
yield. By conbination of a plurality of thin filmtransistors (TFTs), a
variety of sem conductor devices can be nanufactured. Note that repetitive
descriptions for the same conponents as or conponents having sinlar

descri fo orli ) 0105] 30
e S Y TR o e 107,

| ayer 1l12hedmgplés@edired over the base substrate 110. hbte that here, an
exanpl e i%og%gch a sem conductor substrate having a structure shown in
FIG 2D is | oyed; however, a 29 sem conductor substrate havi ng anot her
structure descr imhedinge chiRia$ safiestidhétcnlai@n 12 ansepdrated fibg thegihgly edrstal 0106] The

single crystal sem conductar |ayer separated fr n1th singl e crystal
5 seniG%ndWEWHPagﬂHS?¢§F$3ﬂ8@ éé‘ﬁ@§%?# dgﬁﬁmEWHﬁdﬁﬂﬁﬁﬁ Fﬁ@ngngle
crystal  semicamtisti@ver 12Y 8f irlidtddSwith haskeAb®gh Whdrlbemel agRE, haamaf t er
bei ng etched, and then subjected to glasna et ching, so t hat crystal

def ects |ﬁmhﬁgﬂg“h@h@n%?W@F&ﬁoé%ﬁPE@ﬁ @@Fﬁ?“‘¢%§@$hfﬁﬁﬁ%§ﬁm8@mP§@Uced and

planarity faﬁertm@caﬁwe AR Pindi M iy HR SFYRIRtheSBIF LN Gdmitondu@yer 112 can
be inproved. 10 [0107] The single crystal sem conductor |ayer 112 is etched

into |slanEY%Hé%é@”$dm®6W#i separated single crystal sem conductor |ayers
121 angh 12@4f] accordance with positions of sem conductor elenments (see
FIG 6 &61 8] 15 Note that, before the single crystal sem conductor

| ayer 112 is et Ghedngieteryisgl Sqmgmélﬂ%tm léyqrdl%uﬁdmind intpiglend shappsepderm such as

ar son ¢t o PRa s Rld (R indlor SRLTA 0o T B Mg B2 VA, BRI Lot ro
t he thresmmﬁmmmhmugmebﬁwmﬁmseFEbﬁBbxanple, an inpurity
[0108]

15 Note that, before the single crystal semiconductor layer 112 is etched, it is
preferable to add an impurity element such as boron, aluminum, or gallium or an
impurity element such as phosphorus or arsenic to the single crystal semiconductor
layer 112 in order to control the threshold voltage of TFTs. For example, an impurity
element such as boron, aluminum, or gallium is added to a region where an n-channel

20  TFT is to be formed, and an impurity element such as phosphorus or arsenic is added to
a region where a p-channel TFT is to be formed.

[0109]
The oxide film on the single crystal semiconductor layer is removed, and a gate
insulating layer 123 which covers the single crystal semiconductor layers 121 and 122 is

25 formed. The single crystal semiconductor layers 121 and 122 in this embodiment have
high planarity. Thus, even if a gate insulating layer formed over the single crystal
semiconductor layers 121 and 122 is a thin gate insulating layer, the gate insulating
layer can cover the single crystal semiconductor layers 121 and 122 with favorable
coverage. Therefore, characteristic defects due to a coverage defect of the gate

30  insulating layer can be prevented, and a semiconductor device with high reliability can
be manufactured with high yield.

[0110]
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el ement such as boron, alumnum or galliumis added to a region where an
n-channel 20 TFT is to be fornmed, and an inpurity el enment such as
phosphorus or arsenic is added to a region where a p-channel TFT is to be
formed. [0109] The oxide filmon the single crystal sem conductor |ayer is
renmoved, and a gate insulating |layer 123 which covers the single crystal
sem conductor layers 121 and 122 is 25 forned. The single crystal

sem conductor |ayers 121 and 122 in this enbodi nent have high planarity.
Thus, even if a gate insulating |ayer forned over the singl e crystal

sem conduct or ers 121 and,122 a_ thin t he gate
i nsul ati ng Iayg &4% 11638{;121% e %él%élﬁ%to%rﬁy)/mg ?mé%ﬁ%éérﬁéhﬂ y%ers 12% and
122 with fawasdablit amEdScagmcnthewfeiiﬁam onldaraadtselnqoat mtruidef é"fhb szattue to a

cover age def th ul.atin er. can.b revent and a
seni conduc’ft atﬂlg\(i‘i‘y(‘?‘él% E? EW'“F‘&S’Y g‘fﬁoﬂt é’ﬁula ekf??%glt APt egq'v]?n th high
yield. [01lh&hoB6r a ey g@éserelmnlrﬂéthda{gorhﬁageﬂse fbBedByy soldiét phavermillatied mg si | i con
oxide, or may be fornmed with a stacked h{suc%ure of sil.i C%&Bé) i de and

si |i cord ni 1ol phasergidgtianeby plasps Heatmgnt ai 13 3% e Tf’?’ eposi ting

an i nsul at foRged b)t H)u@é‘tloﬁ d?lrﬁt%ﬁﬁm@\@ a ﬁﬁélg(@@sﬁ[ s@ub&ﬂuﬁbﬁ&?&”@ fiMmaret hod or
may be formed by solid phase oxidation or solid phase nitridation by

pl asma t r EeaFRHY is depseshysdugherithyead ¥olipge.and H%ﬁﬂxéﬁflleﬁtgrelllﬁ’g)lgy forned by

oxi dati on @fi1] gl tridation of a single crystal sem conductor |ayer by plasm
treatnment is dense, has high w thstand vaol ta%i, and has excel | ent
reliability. [OFutherras thaeate nsulating lgyard 28 na iek: Jilgctiiayenstapp mategial, gh

di-el ecigic, u%ggéé@cﬂﬁmiﬂ% 'ﬁ’alfmuﬂag) xR Cha %%kfd@%'téf@al%'oﬁlﬁe nfAghk e oxi de,
titani um oxi or ant um oxi de may be used Wien a high dielectric
const ant n#then p ighi dielentrielcdnstant hetera tivuded don the Baig insalang Iy 123a8a8 | eakage
current ca A gate el ectrode |ayer 124 and a gate

el ectrode al?ag s Fgr ebe%%drja‘%%ﬂd over the 15 gate insulating |ayer 123 (see
FIG 60). [DhEZ]gate el ectrode Iayers 124 and 125 can be fornmed by a
sputtering met hod r at e. The
gate el ectrode ?’a%aé ge%ﬁg?ﬁﬁr h%g ] gabe elF%rrorc%‘\e/PyEﬁﬁOge f&_Enle‘t'1 ﬁgehrtthés(el ected
from 15 gate insulating layer 123 (see FIG. 6C). The gate electrode Iayers 124 and 125 can be

formed by a sputtering method, an evaporation method, a CVD method, or the like.
The gate electrode layers 124 and 125 may be formed using an element selected from
tantalum (Ta), tungsten (W), titanium (Ti), molybdenum (Mo), aluminum (Al), copper
(Cu), chromium (Cr), and neodymium (Nd), or an alloy material or compound material

20  containing the above-described element as a main component. Alternatively, as the
gate electrode layers 124 and 125, a semiconductor layer typified by a polycrystalline
silicon layer doped with an impurity element such as phosphorus, or an AgPdCu alloy
may be used.

[0113]

25 In the SOI substrate according to the present invention, the surface of the single
crystal semiconductor layer is planarized; thus, a gate insulating layer with high
withstand voltage can be formed.

[0114]
A mask 126 which covers the single crystal semiconductor layer 122 is formed.

30  With the use of the mask 126 and the gate electrode layer 124 as masks, an impurity
element 127 imparting n-type conductivity is added to form first n-type impurity
regions 128a and 128b (see FIG. 6D). In this embodiment, phosphine (PH3) is used as

31



tantalum (Ta), tungsten (W, titanium (Ti), nolybdenum (M), alum num (Al),
copper (Cu), chromum (Cr), and neodym um (Nd), or an alloy material or
conpound material 20 containing the above-described el enent as a nain
conponent. Alternatively, as the gate electrode |ayers 124 and 125, a

sem conductor |ayer typified by a polycrystalline silicon |ayer doped with
an inpurity el enment such as phosphorus, or an AgPdCu alloy may be used.
[0113] 25 In the SO substrate according to the present invention, the
surface of the single crystal sem conductor |ayer is planarized; thus, a

gate insulating |ayer wi.th high .wthstand vol.tage can.be [0114] A
mask 126 mfi%rﬁg%g QA TRe 8} hrgﬁ’ljéjt%?(?glteﬁﬁ' glglf% g’(%n'g]lg’g? %rel?néeﬁlfé?&%n% s formed.
30 Wth thegpseopductitiey wesiied 26thanthet et Gatpe impeity regens BRgerand 228as masks,

an inpurity element 127 inparting n-type conductivity is added to form
first n-ty§@EHBGEIPRYLY FlERPy ARPar8enn-Amg © fé@’ﬁ“‘@%‘ aﬁ?fégn%‘%?f} Ofiﬁ"’t“rﬁ s

enbodi ment , 19tigs P NE® (RPB) Inl MisUsRRd@dtent, PhoddhE@P(Fds 88l HARE Shtiig an
inmpurity elenment. Here, the inpurity elenment inparting n-type conductivity
i s added seempmimpdyang i-bype condustatyi npurity regi ons 128a and 128b contain
the inpuri f(% @I ement inparting n-type conductivity at a concentration of
about 1 x b 7 to 5 x 1015 /cnB. In this enbodi nent, phosphorus (P) is
used as the i npu¥dxtafics thel maknt26i ivpeampyadg armaskpSOcehiguycpyws the. singda 15] Next ,

after the oak SeRohful 7 IR @Rl T MEDoPRY RSk NPyl AOLA: CTyStal

sem conduct'or |ayer e use of e mask 126 and the
gate el ectleanbde layyel25k2 masks, amssiritacemensupi inppastingiehpe tGuptipaEris i ng

B’ 1350 (B s B RGeS B ok Sho S R FIBLBEL Yad 2 20 1522
inpurity et®b®Eihent]bous, (B)issedmean(iBatly etment) éhuk, dirariedBpldg dr ths like dopi ng
gas containing an jmpurity element. [011 A{ ter the mask 130 is renpved,
si dewal | i {449 |ar‘if§g'|%§§%5r%mw zindmfgﬂtéf e\%ﬂieﬁ ‘a 15 sidewal | structure are
formed on giige surfaces of the gate electrode |ayers 124 and 125, and gate
insulating | ayerﬁﬂe]f:t)’l?eama?érlqu% ?5;5 gm%{feed, fsi?ig\gﬁfiinglﬁa?tﬁlgﬁll)%rs Fﬁ)a 0 Hh% v%ljthdae val |
15  sidewall structure are formed on side surfaces of the gate electrode layers 124 and 125,
and gate insulating layers 135a and 135b are formed (see FIG. 7A). The sidewall
insulating layers 134a to 134d with a sidewall structure may be formed on the side
surfaces of the gate electrode layers 124 and 125 in a self-alignment manner as follows:
an insulating layer covering the gate electrode layers 124 and 125 is formed and is then
20  processed by anisotropic etching by a reactive ion etching (RIE) method. Here, there
is no particular limitation on the insulating layer and the insulating layer is preferably a
layer of silicon oxide with favorable step coverage, which is formed by reaction of
tetraethyl orthosilicate (TEOS), silane, or the like with oxygen, nitrous oxide, or the like.
The insulating layer can be formed by a thermal CVD method, a plasma CVD method,
25  an atmospheric pressure CVD method, a bias ECRCVD method, a sputtering method, or
the like. The gate insulating layers 135a and 135b can be formed by etching the gate
insulating layer 123 with the gate electrode layers 124 and 125 and the sidewall
insulating layers 134a to 134d used as masks.
[0117]
30 In this embodiment, in etching the insulating layer, the insulating layer over the
gate electrode layers is removed to expose the gate electrode layers. However, the

sidewall insulating layers 134a to 134d may be formed to have such a shape that the
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insulating |layers 134a to 134d with a sidewall structure may be forned on
the side surfaces of the gate el ectrode |ayers 124 and 125 in a

sel f-alignnment manner as follows: an insulating |ayer covering the gate

el ectrode | ayers 124 and 125 is fornmed and is then 20 processed by

ani sotropic etching by a reactive ion etching (RIE) nethod. Here, there is
no particular limtation on the insulating |layer and the insulating |ayer
is preferably a layer of silicon oxide with favorable step coverage, which
is formed by reaction of tetraethyl orthosilicate (TECS), silane, or the
like with ox ni trous oxi e. i.nsul at er can be
forned by ‘&S‘%{%@lgr}@fer &?ﬁ%‘ﬂ‘ﬁﬁg‘ gé’? ffkéérﬁ‘ge E‘VB 'meItn 81“012’5& et lec%’m)sp eric
Prﬁssurﬁ GMby Beifch@léell oaerhhaigatEGB@J&gmeﬁdﬂQg;a&tip@t eBytpfg)temhgdlfoé gaby ht he ]
i ke. The atelnsuatlng ayers_135a an or,nme tching the
gate ins u‘%ea‘tt’io Ag 1avaie tf%’”ﬂ?)‘/'teﬁ iR ey riong ‘?fsg’f‘ r&g eelF%ﬂgf’ JAYFDC %‘n% 125 and
the si devaddventddSihaht étéifind ay@maucteta Fufhek3#hdthe ek ﬁSfoi’iﬁﬁagSsﬂlc[I&Lﬁk] 30 In

this enbodinment, in etching the insulatin ayer, the ipsulati | ayer over
the gale @u@@trﬁﬁ%mﬂa@yé@y FegIOP.RRSISE atfﬁet%xij rpgglein Jag gt ol | ayers.

However, t{gecias lSdlﬁ)qull L:oﬁt&b'il’wﬁ% !h@%a{eaél&'frﬁdél-ﬁﬁérst@ieﬁevﬁﬁnrﬂi’é’nﬁﬁi fiGhed to have
such a sha e that the 32 insulatin ayer renmai ns over the gate el ectrode

| ayers. | niosged niiegma Haitaé'lab’@‘fé@bllﬁlékql’ Itf?ﬁea?ﬁa‘ylﬂbé npagide At B eater fleetigat e
el ectrode |, %e&&?c'tsr}n@héngr:aﬁ rrea%ﬁ&p d1f§¥109rd?rﬂ’?é3ﬁlde'lgn bhsetata. eheatrinde |ayers

in this man I'm reduction oOf e gate el ectrode |ayers can be
prevent ed whidnd ety e adry @cmm@pédr a mgk ateling mpthodiad e 33uety T ¢ighing ng
silici UbE €9j,0 @nq | D dhP YRy RAEAURERLMBAS, film
for rred?(i?n o?a?fla |§Sr?dof 1saElﬂb I Cl |£§en8t |gn cont actS W th trhe gate

el ectrode btalyleg Zas, etvéﬂomebasedwgasrmpﬁiedfhyl @ki BCLf 81l dCUsi eigthe liknt &r i al
which is | kel to Irea yer,
defects i nh‘é %aég%q&l%oc{n?y ng? fUéi o Nﬁ"” Othhetlﬂ& ?laf?é Cglgﬁg%@%g—g&%}ﬁt ed. The

etching nmadhod may be a dry etching rret hod or a wet etching nmethod, and a
vari ety of (ﬁﬁ)@hi ng 10 nmethods can be used. In this enbodinment, a dry

etching ne is used. As an etching gas, a chlorine based gas typified
by O 235BCl3, SiNekd,a kskd,360rhittheovkiskie siagle fehysat saaichrisetdr has t22psfi ed by
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insulating layers 134a and 134b as masks, an impurity element 137 imparting n-type
conductivity is added to form second n-type impurity regions 138a and 138b. In this
embodiment, PH; is used as a doping gas containing an impurity clement. Here, the

20  impurity element imparting n-type conductivity is added so that the second n-type
impurity regions 138a and 138b contain the impurity element imparting n-type
conductivity at a concentration of about 5 x 10°°to 5 x 10 /em®. Moreover, a channel
formation region 129 is formed in the single crystal semiconductor layer 121 (see FIG.
7B).

25  [0119]

The second n-type impurity regions 138a and 138b are high-concentration
n-type impurity regions and serve as a source and a drain.  On the other hand, the first
n-type impurity regions 128a and 128b are low-concentration impurity regions and
serve as lightly doped drain (LDD) regions. Because the first n-type impurity regions

30  128a and 128b are formed in Loff regions, which are not covered with the gate electrode
layer 124, an effect of reducing off curmrent can be obtained. As a result, a

semiconductor device with higher reliability and lower power consumption can be
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formed. Wth the use of the nmask 136, the gate el ectrode | ayer 124, and the
sidewal | insulating |layers 134a and 134b as masks, an inpurity el enment 137
inmparting n-type conductivity is added to formsecond n-type inpurity
regions 138a and 138b. In this enbodinent, PH3 is used as a dopi ng gas
containing an inpurity elenment. Here, the 20 inpurity elenent inparting
n-type conductivity is added so that the second n-type inpurity regions
138a and 138b contain the inpurity elenent inparting n-type conductivity
at a concentration of about 5 x 1019 to 5 x 1020 /cnB. Mreover, a channel
formation reglon (39 is formed in the single crystal sem conductor |ayer
121 (see Ppeufeppyed-o5 10119] The second n-type I npurity regions 138a and
138b are hipglpjconcentration n-type inpurity regions and serve as a source

and a drain. t he other hand, the first impurity regions 128a and
128b are | ow coddemapial 1%l f?‘ﬁ?)‘(?ﬂa%‘?hﬁébtf‘?ﬁﬁgenéﬁ%gde%t ‘%%‘y‘ﬂnﬁg‘gt‘tr ¥ doped
drain (LDD}r,AGbPR%h a BEGBUSE nlah Be hérftne id oG tb ARNEL khe ilPEHYREndAt 128a and
128b are fornmed 1n Loff regions, which are not covered vvlth the te

el ectrotle At thpetemg Jine anthefqeliations Plase, daprge dp e gate drlating 14y8r 88 aj ned. As
a result, ast an&%rﬁi%@ Wit Qﬁerﬂgél b&@eé’ﬂ b Fglie I Tatihelalyabinkdi thy siafld ¢ rpower

consunptlo 33 manuf act ured 20] The mask 136 is renoved, and
heat tr eat seeritondiaterdaieneand roiairpd. st rong i ght or irradiation with a | aser
beam may b@ rforrred in order to activate the inpurity elenent. 5 At the
sane time as the activation, plasma danage to the gate insulating |ayer and
pl asna damage t(Sutm:quamtlﬁrmwrbmnmesﬂﬂtmﬁela@at@lﬂhmﬂeﬁt thagatesglestroghd t he

i ngl e, erystal . Sen Londugtet. haxet. e LeRal Lafloab 1L wmithagauent |y,

an int |ng aye covers the gate 10 | ayer
and t he gaﬁtﬁxctummﬂaatmsngmhgﬁhm 1395cdnmlmwhydlrmgenm sredsadirotestive fdmpnd ti | ayer

structure of. a ul at.i fil.m ont ining h 1Y, S a
prot ect i ve® 7 ayeér“ﬁ%sﬂ?%%ﬂe g | g e ft ghsn iel§rryp¥%etﬂe IL‘&F%% ﬁlgﬁl ating
film139 anb ﬂhhlsebé fsilibai niftge fillha siliddh Iﬁﬁyle bmda filih] 4 gbeonnixynitritle flinl m  a

O A 2P SR NS ] bl O o o de
15  Altematively, a single layer structure or a multilayer structure of three or more layers
using a different insulating film containing silicon may be employed.
[0122]
Furthermore, a step in which heat treatment is performed at 300 °C to 550 °C
for 1 hour to 12 hours in a nitrogen atmosphere to hydrogenate the single crystal
20  semiconductor layer is performed. Preferably, the step is performed at 400 °C to 500
°C. This step is a step for terminating dangling bonds of the single crystal
semiconductor layer by hydrogen contained in the insulating film 140 which is an
interlayer insulating layer. In this embodiment, the heat treatment is performed at
410 °C for one hour.
25  [0123]

The insulating film 139 and the insulating film 140 can alternatively be formed
of a material selected from aluminum nitride (AIN), aluminum oxynitride (AION),
aluminum nitride oxide which contains more nitrogen than oxygen (AINO), aluminum
oxide, diamond-like carbon (DLC), nitrogen-containing carbon (CN), or other

30 substances containing an inorganic insulating material. In addition, a siloxane resin

may also be used. The siloxane resin corresponds to a resin including an Si-O-Si bond.
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15 Alternatively, a single layer structure or a nultilayer structure of
three or nore layers wusing a different insulating filmcontaining silicon
may be enpl oyed. [0122] Furthernore, a step in which heat treatnent is
performed at 300 Cto 550 C for 1 hour to 12 hours in a nitrogen

at nosphere to hydrogenate the single crystal 20 sem conductor |ayer is
performed. Preferably, the step is perfornmed at 400 Cto 500 C. This step
is a step for term nating dangling bonds of the single crystal

sem conductor | ayer by hydrogen contained in the insulating film 140 which

5 por for rolpate haa g gkdsi g Wit of Bhnd s sy oS RL i 130 and
the insul afubftfudnt, |am01g’aﬁlc(ga<5hp6(|f6r%lkﬁtﬁpleae1| Atk @rdup rorreal aryﬂ)groap)rmhanmxg sel ected
fromalumnumnltrlde(Al alumnumﬁx%nltrlde L{mnltrlde

oxi de whi c# leashilragsn irppsed nj 4 lraivelynh AveQ iR ”’(‘%fﬁd}gég at ﬁ,ﬁl,lbﬁﬁﬁlhn oxi de,

di amond- | i KgneahRk efahPletdup BhiaffiEen 166N lkdke gnd AHED grﬁﬁ)ma}()ilsd)lbeher 30
substances contai ning an inorganic insulating materjal. ddi tf a

si | oxan® rl@‘ﬁdﬁﬁamﬂw%o Hythers groreaie sy ptiednateriab &ich ag pg! Ylé‘g A% 0 a resin

I ncl udi N9 Bty §!§m*ﬁQ@lede31ém§' Begﬁg}aoﬁlﬁ&eaor%wsﬂézahe Ghhlsbyugdf or med of
a bond of | |con (0 substituent, an organi c group

(for exanpheoating ﬁé%‘p Mylh fejrosable I@Pﬂaalﬁf fappgd Tg’rftﬁ?ﬁ?n?c‘éﬁll%ﬂ W0 brusedast

hydr ogen i ﬁed Al'ternatively, a fluoro group may be used as a

substi tuen Further, an organic group containing at | east h%/dr ogen and a
fluoro gr oup rayThalinsolatie Bl E¥andgheinsuigingifilnddp carrby foraed with hsgfani ¢

150! 854 9Tl Jyaf Ut BRI S o B SeurailNRHT e RO g1 oo

am de ut ene, ol ySi 1 azane can a e used
coating f| Cmunteﬂhod aanowapdrmqml mﬁaod tcy tho tiked ’I[ily laSU&ﬂ@aglfﬂlg kﬁ@t@ddhfmay al so

be used. . g}gué' 1 (gsul q’“%%f‘fd L);nald"‘%o lgtn&c{ t;lﬂ'@leféals&!f:nefl4o can be

formed wt sSpr coa kni a roll
coater, a exﬁlblb}%h@ heatmplet ad1kcma1fge maioé,r a anatei‘iﬁlD srémttwd calanbee\ﬁafﬁdr ation

o0 O O s, Dol A B e A 11 160,
dropl ef5 di gepRt ggcﬁaegawﬂemo@ mRtcRirhk, 5QkitfiiOmethad (henaimdedt fordiges nat i vel y,
a method ngPttaegll guc(l)lfas gcrrgegspfn%{nggl, rcly%set prlgtgnag\,M n el (B %}11} 54 uded imlarly to a
[0125]
Next, contact holes (openings) reaching the single crystal semiconductor layer
are formed in the insulating film 139 and the insulating film 140 using a mask formed
20 of aresist. Etching may be conducted only once or a plurality of times depending on
the etching selectivity between the materials which are used. The insulating film 139
and the insulating film 140 are partly removed by the etching to form the openings
reaching the second n-type impurity regions 138a and 138b and the second p-type
impurity regions 132a and 132b, which are source regions and drain regions. For the
25  ectching, wet etching, dry etching, or the both may be employed. A
hydrofluoric-acid-based solution such as a mixed solution of ammonium hydrogen
fluoride and ammonium fluoride may be used as an etchant of wet etching. As an
etching gas, a chlorine-based gas typified by Cla, BCls, SiCly, CCls, or the like; a
fluorine-based gas typified by CFa, SFe, NF3, or the like; or Oz can be appropriately
30 used. Further, an inert gas may be added to an etching gas. As an inert element to be

added, one or a plurality of elements selected from He, Ne, Ar, Kr, and Xe can be used.

[0126]
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15 dropl et discharge nmethod, for exanple, a printing nethod (a nmethod of
formng a pattern, such as screen printing, offset printing, or the like)
can be used. [0125] Next, contact hol es (openings) reaching the single
crystal sem conductor layer are fornmed in the insulating film 139 and the
insulating film 140 using a mask formed 20 of a resist. Etching may be
conducted only once or a plurality of times depending on the etching
selectivity between the materials which are used. The insulating film 139
and the insulating film 140 are partly removed by the etching to formthe

openi ngs reaching the second_n-type i ur|t regi.ons 138a an 38b and the
second p-type i F?Veﬁgﬂlﬁﬁgnﬁéﬁ%aﬁﬁ cﬁﬁﬁﬁl e gwﬁélcﬂ?lgg ‘egi ons and

drai n regi @@sis ekBEd t&@nﬂ%@tgciay@gmwmm ¢4tangnd Oy vaiidhieng,as esurtdhe bot h
may be enpl oyed. A droflu rlc acj d- b ed sol ution suEh as a m xed
o ut s o DB IR BTG, B o, Gl B B RIS PLOMF R be used

as an_ et chaptqrgh r eg?d ns €1 B Widing %e@raanséfbmlago;gaﬁmnga@hﬁ@mmﬁmﬂw gas
typified by C12, BCl3, SiCl4, 4, or the like; | uori ne-pbased gas

typified byVemaethodrs CVirmethed. anisyaparation resthagip o th like BHHEB S RERS 30 used.

Further, an iingkt fﬂﬁl%n&fﬁé/sn@@s gQLed &1@nﬁﬂv&§ @i Wiging BSersAdn B & by €l enent
to be added one or [urali el ements selected fromHe, Ne, Ar, Kr,

and Xe canfobema@e@ﬂucnwimq SQB%“WIIE irriedeigrmined ppyiviqns by grdverdetskischaes o cover
the openi n]%gt]:lﬁlga gﬁt gl%ggwf ténv ecthdi}tl0 bStif TREMA & IR Finiidy | Ayers

141a, 141b serve as source  and drain el ectrode
| ayer s whi eHowreethéd ot ald@mhscynecmmhe@m beousedr t4s afmaieist dor thegiio®s  and

0t Al " _IEI P0G R Wt ARG N ARDE, RRITEAL BY NI 29 s BOROUELT Ve TiTmM

by a 5 et hod, ‘an’ evaporatio Jor t and

t hen etchlBg<ﬁhhorébnduntmm§cﬁmhnﬂaﬁ$30ﬂssmubdFShbpe@nmhﬂ%@rﬁamhmely, t he

W ring Iay rned by form ng conductive |ayers selectively in

pr edet er ni 8ﬁ°§ @ffﬂﬁﬁ by a droplet discharge nethod, a printing nethod,
an el ectrojypric pl ating nethod or the like. Further, a reflow nethod or a

gﬁgﬁs ;gnig ,rrefA\EOd'éT‘%éNbﬁe ove |§83ps,|a? Senn%cﬁ{dl orA\{lecx).flicF Jlavw\gl ] l&&ﬁ)s%struc%er SI m; ,al
or  Bajs or which Mchides a@ﬁ-c]@iﬁnﬁhhﬁ)ﬁlrﬁ f’traﬁshitbrl #ha atpachamad this filns eansiskarrcther , a
multilayer bes Ea?lggagglref:d (tscgae£°le(3%0f70) Albc}?oulé not s (9\%112 the drawings, because a

CMOS structure is formed in this embodiment, the n-channel thin film transistor and the

p-channel thin film transistor are electrically connected to each other.

[0128]

20 The structure of the thin film transistor is not limited to this embodiment, and a
single gate structure in which one channel formation region is formed, a double gate
structure in which two channel formation regions are formed, or a triple gate structure in
which three channel formation regions are formed may be employed.

[0129]

25 In the semiconductor device using the SOI substrate according to the present
invention, the surface of the single crystal semiconductor layer is planarized. Thus, the
localized level density at an interface between the single crystal semiconductor layer
and the gate insulating layer can be reduced. Further, crystal defects in the single
crystal semiconductor layer can be reduced; thus, electrical characteristics of

30  semiconductor elements can be improved. As described above, a high-performance

and highly-reliable semiconductor device can be manufactured with high yield with the

use of a semiconductor substrate which has a single crystal semiconductor layer with
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Through the above steps, a sem conductor device having a CMOS structure 15
whi ch includes an n-channel thin filmtransistor and a p-channel thin film
transi stor can be manufactured (see FIG 7C). Al though not shown in the
drawi ngs, because a CMOS structure is formed in this enbodi nent, the
n-channel thin filmtransistor and the p-channel thin filmtransistor are
electrically connected to each other. [0128] 20 The structure of the thin
filmtransistor is not limted to this enbodinent, and a single gate
structure in which one channel formation region is forned, a double gate

structure | ich hannel formation regions are forned, or a triple
gate struclfeg'tlc\g&imﬁ’sta\E/\)%\éirf‘%crcﬁsqntﬁlrhégél &?ﬁlgnﬁ’el fornmation regions are forned may be
enpl oyed. [0@3®9] 25 In the sem conductor device using the SO substrate
according to the pr.esent e the s face | e crystal

seni conduct or E%JPS P?nbffraﬁgf"\“%i‘ﬁtm‘f*ﬁffgr Cat“n Lbfg“fr? ylﬁgetggf"‘sed%{%l ty at an
interface &h@h&@aﬁu&ﬂr@bﬁta&gl @he Egle akysee mrmemmuetbﬂrayéra;fene s@nshbttae gat e
o O b P e Sl b Gresd A BRLS Pl Bof "9'©
characteri §t5t|e("d§ns‘i’t? with &e%&%ﬁm&gna}@fsemataﬁd q34b, bRd b pknanNed. suflscedescr i bed
above, a hi grlw? ormance and highly-reliable sem conductor deV| ce can be

manuf act ur Aecofiipgly:nibgh film dragsigipr Vit gxceligd chpragledslics sYHaclodr d4\IBst r at e

whi ch has @oag@%g% &é&%ﬁﬁleldse%&t%m aRH 216V SbtMednbld e cREIYE RfmEd VSt al
defects and high planarity. 30] Tn this manner, a thin filmtransistor

can be nanuﬁ‘llm:tthﬁ P lwisetstrethe h@‘fnoﬁs ighrperbrmgeseo ARt r Wit tfhe singl e
cryst al, segl.condust ngrﬁih@ﬁ’ gétggén %1'3 Granéibto U:%gtb@ 3hifhed DvbLoivbliratdre 1pr esent

invention Is app as reduced crysta fects, a reduced interface state
density wi bthert Werdg,aWé-hlthm useadf thy $@Iys¥o§trqgaacoa¢mg 185l pPrgprit @Vpntmaru zed

surtace.  (SRAIGAE! of md lpiggn;ﬂt HASGENRE HEL 5 Wk PRl REchghact eri stics

such as |owdrivin high e ectron T ect no Ity, and a
| ow subt hr ésdsbdld w:.’ethyeorcraoblbe, tapr eeshppresied gind hezhQ@irfosndse rsmheas Idgh t her nor e,

hi gh- perfo th little 10 characteristic variation
bet ween théri?rgﬁecé gﬁgc%a nTeormed over one substrate. In other words,
with the upa3of the SO substrate according to the present invention,

nonuni form ty ofyy(e i mportant, £0ar AGhLhShdda VEhYSuFSe HLANRLELEE,

forming various semiconductor elements such as TFTs using the semiconductor
substrate according to the present invention.
[0132]

20  (Embodiment 4)

Although a method for manufacturing TFTs is described in Embodiment 3, a
semiconductor device with high added value can be manufactured by forming a variety
of semiconductor elements such as a capacitor and a resistor together with the TFTs.
Specific modes of semiconductor devices are described below with reference to

25  drawings.
[0133]

First, a microprocessor is described as an example of semiconductor devices.
FIG. 8 is a block diagram showing an example of a structure of a microprocessor 500.
[0134]

30 The microprocessor 500 has an arithmetic logic unit (also referred to as an
“ALU™) 501, an ALU controller 502, an instruction decoder 503, an interrupt controller

504, a timing controller 505, a register 506, a register controller 507, a bus interface
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threshol d voltage or nobility, can be suppressed and hi gh performance such
as high field effect mobility can be obtained. 15 [0131] Thus, a

sem conductor device with high added val ue can be manufactured by form ng
vari ous semn conductor elements such as TFTs using the sem conduct or
substrate according to the present invention. [0132] 20 (Enbodi nent 4)

Al though a method for manufacturing TFTs is described in Enbodiment 3, a
sem conductor device with high added val ue can be manufactured by formng a
variety of sem conductor elenments such as a capacitor and a resistor

together with the TFTs Speci fi des of sem con tor devi

degcri bed é‘FH&\) §98t ﬁrera@?ﬂllyg?]eéléoq gOdjggF%Pg%o Jute f‘ﬁ%@] First, C:S e
nicrog{ocagggq is deﬁcribed as an exanpl e of sem conductor devices. FIG 8
is a bloc i agram showi ng an exanpl e of a structur f . i Croprocessor
500. [0134] 30/ PHBSTHFE} P‘H&%g@dﬁl BHHCHEY @h ﬂ&?‘i‘@ﬁﬁ%ﬁ‘fsdnaﬁﬁ%] %ﬁg%ﬁ t (also
referred tgnaswafe indtublion &Rbderasn3Aldbboded tiiepdih, eandSMen idsut ite)Shia ACEI on
decoder 503, an interrupt controller 504, a timng controller. 505, a

regi st ey 5@Blroller 583, e apteraiph consrollgh S the Taglﬁtagcqﬂﬁf’&?rf%ean cUBY |/ F) 508,

a read- onl y WEABI305509he ANY RoMRMEY 01, Nhe fifidemt TbRroliel Gd85ihe ABgiktaiSt r uct i on
input to the mcroprocessor 500 through the bus jnterface 508 1s input to

the i nst r uenirpler f8doamrst ths gBning cerEller PHL cadyct wiUs FEHOiPAsed £B Bhe ALU 5
controlIerégg%ﬁi&ggm&ﬂ#errupt controller 504, the register controller 507,
and the timng controller 505. The ALU controller 502, the interrupt
conérollerm5ﬁﬂ, the register controller 507, and the timng controller 505
conduct, vari ous Lol e -. i NSt i .

. . e oL bog 10 The
ALU co%ot roller g%lgmgeﬁr)le%g?ggr ésb.zg%%%rgﬁ? (S)lgl?ag%ﬁ)t ro tfljiﬁnggu?heﬁo%uedrngffﬁgén of the
ALU 501. TABUISAH er Thephtegopticonidlier S04 a cigcuat whichopriocessghae Mtgrptequess an

i nt . . . o . .
errupt Erglguagsf;[xtemal input/output device or a peripheral circuit while the microprocessor

500 is executing a program, and the interrupt controller 504 processes an interrupt
request based on its priority or a mask state. The register controller 507 generates an
15  address of the register 506, and reads and writes data from and to the register 506 in
accordance with the state of the microprocessor 500. The timing .controller 35035
generates signals for controlling timing of operation of the ALU 501, the ALU
controller 502, the instruction decoder 503, the interrupt controller 504, and the register
controller 507. For example, the timing controller 505 is provided with an internal
20  clock generator for generating an internal clock signal CLK2 based on a reference clock
signal CLK1. As shown in FIG. 8, the internal clock signal CLK2 is input to other
circuits.
[0137]
Next, an example of a semiconductor device having an arithmetic function and
25  a contactless data transmission and reception function is described. FIG. 9 is a block
diagram showing an example of a structure of such a semiconductor device. A
semiconductor device shown in FIG. 9 can be called a computer that operates to
transmit and receive signals to and from an external device by wireless communication
(such a computer is hereinafter referred to as an “RFCPU”).
30 [0138]
As shown in FIG. 9, an RFCPU 511 has an analog circuit portion 512 and a

digital circuit portion 513. The analog circuit portion 512 has a resonance circuit 514
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froman external input/output device or a peripheral circuit while the

m croprocessor 500 is executing a program and the interrupt controller
504 processes an interrupt request based on its priority or a mask state.
The register controller 507 generates an 15 address of the register 506,
and reads and wites data fromand to the register 506 in accordance with
the state of the m croprocessor 500. The timng controller 505 generates
signals for controlling timng of operation of the ALU 501, the ALU
controller 502, the instruction decoder 503 the interrupt controller 504,

and the register control.ler 507. For thetlmn troller 505 is
provi ded vx)ig Flhaéeﬁo?aﬁfee‘"raﬁﬁcflto?@ rE‘f@(‘?f(“@“é‘Hg’:jg’t o?onf%l?t Vé) S’ At f%t g%gﬁ T?Sﬁ!t er nal
cl ock si gngleufts K2 ahasehi@rtiruit 61% b dnaedutdiackeuis 5 i almodliktbr cmltsszaym in FIG

8, the internal clock signal CLK2 is t.to other .cir 37] Next,
an exanpl eAdf 2 ROWEhREARGHER O IYEVI e l'h‘g‘gg’r?&alaﬁmé‘ﬁ RSt P ‘E}l:hﬁsné? nh and 25

a contact | gepeasA, tar@ﬁﬁamgis@ﬂsmca élBéke@irﬂtlﬁnlerfmphl@U ierties spd,bed. FIG 9
is a block diagram show ng%an exanple of a structure of such a

sem contluctearalgaosesdng pnit 3¢t & BRITBPHHESUBGIER okl P HcadrdBlY 8BYR be cal | ed
a conputersishat operates to transmt and receive signals to and from an
external device by w rel ess comrunication (such a conputer is hereinafter
referred t®134 an "RFCPU'). 30 [0138] As shown in FIG 9, an RFCPU 511 has

an anal og Circuig, ?Pér&ﬁo%rbfw 811 dikgi Eﬁr as F1oGM tTMe&anﬁbe@ﬂr@mt The

anal og circuit portion 512 has a resonance circuit 514 38 with a resonance
capaci t or, 5k gopemies preindu¢edeldctroBytive farce bassd ant Wk@@@V@W&ma@t%&% a reset

cireul fo 051 atrhgag%édaeﬁe%&aﬁbﬁ&e%ﬁcet}}&mea i 2 ERAUL A Bfiof 556 Wrbyeh e @

nmodul ator Tifcui a power nmanagenen CI r 530. The di gital
circuit poretiifoen cGd8t hlds stl%ﬁpacntmmmﬁfacﬁl%i prefaaldp farmedl wihg @p@ﬂoszz a

clock contro]ller 523. a CPU fa tr unit 525,
a random attedt? fRHBF FeRSEOT 051 ﬁ% e%CtPg §g§0§§1’|ﬁ§§ cipe 1%} 2’%67&5?"8§§éﬁrﬁ%h
oper ati on §f9 ddeen®meRl ok Yointged noegidupstase ihcihdied\ns the'mfeCB{é&irm}ld@@n bércuit

514 generates an in ronDtlv force ased on a signal received by
an antennamcﬁlﬁorgtfgmt%ﬁggcﬁhﬁﬁias feé’f}‘ia Pr\l/eéleorce is stored in a

capaci {or paagji on 529 through the
The reset circuit 517 generates a signal for resetting and initializing the digital
circuit portion 513. For example, the reset circuit 517 generates a signal which rises
after a rise in a power supply voltage with delay as a reset signal. The oscillator circuit
518 changes the frequency and duty ratio of a clock signal in response to a control
20  signal generated by the constant voltage circuit 516. The demodulator circuit 519 is a
circuit which demodulates a received signal, and the modulator circuit 520 is a circuit
which modulates data to be transmitted.
[0141]
For example, the demodulator circuit 519 is formed with a low-pass filter and
25  binarizes a received amplitude-modulated (ASK) signal based on variation of its
amplitude. In order to vary the amplitude of an amplitude-modulated (ASK)
transmission signal and transmit the signal, the modulator circuit 520 changes the
amplitude of a communication signal by changing a resonance point of the resonance
circuit 514,
30 [0142]
The clock controller 523 generates a control signal for changing the frequency

and duty ratio of a clock signal in accordance with the power supply voitage or a
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rectifier circuit 515. This capacitor portion 529 is preferably formed with
a capacitor such as a ceramc capacitor or an electric double |ayer
capacitor. The capacitor portion 529 does not need to be forned over a
substrate included in the RFCPU 511 and can be incorporated in the RFCPU
511 as a separate conmponent. 15 [0140] The reset circuit 517 generates a
signal for resetting and initializing the digital circuit portion 513. For
exanple, the reset circuit 517 generates a signal which rises after a rise
in a power supply voltage with delay as a reset signal. The oscillator

circuit 518 changes t u and dut y. .at | in
response t‘&’néuwgrcwe‘gé’fé}f ‘%5 qd%%cé;?sé?gewl %/{St hgﬁ% %\“sf énﬂqugg?lﬁgggsam rcuit
516. The d@mmﬂéfﬂithededimﬂla@ﬁﬁnsﬁrcmtsm.rCU|t whi ch denodul ates a recei ved
signal, and the nodulator circuit 520 is a circuit which nodul ates data to
be transm L&Y [0141] For exanple, the denodul ator circuit 519 is forned
with a | ow pass A §if#@inpan@ th2RFOPUFL Ziof tBe bftGia\s2d iodgmiddulacd-byobkul at ed
(ASK) S|gnal based on variation of its 1Irgglltude In ord vary the

anpl i t utle imedilamnsrrHitak. #salien ermpass)nio craR; R gﬂ?fa‘? A transmit

the signalyd tyeth@Q@Jin@érﬁEe 82T, Cl:['h% BRLoICRMAGAS i ftbred AT doudt6l fis@r
conmmuni cat i on ‘si gnal chan l%da resonance point, of the resonance

circuit 51%2.30Fh¢ qult@} CqTﬁ@a esorseding phdata pigreg di dhegeakonly L) si gnal

for changi 8g Ghgnf 5?9&&?&%e réA6n AUt s ﬁleﬁlbﬂ; ok, & slRskicshanatiod @ @ecor dance
with the powér supp tage or a 39 consurrptl on current of the central
processi ngcqntraltpr@S'imng%émﬂﬂmlﬂiﬁl y voltage is nonitored by the power
managepent %ﬁhicu't 530. [0143] A signal input to the RFCPU 511 fromthe
ant enna 52 J denodul ated by the 5 denodulator circuit 519 and then
deconposed i nt o Thecentraloprocessmmmait 58§t accessal theheeadjoplyempmpotyh 82'RRh¢ nt er f ace
521. The control command is,.S The
cont rol co%@% PR UEeS™ rszzaédlglﬁl)d’ ﬁ% éogta%l%%?t gl?g%ojlﬂﬁ t%g§P§g§Ié&2524nenor y
527, writi Tge GPUdatkdaded2t Ifmanamjtorgeaemtesas apeesDFignab &G ang of ghei r‘@fiﬂmly c

I nstructl Olrallfslt‘n%n)ryt ;&% th(c: Ff‘ell’]ntdror%l acggsg ?n%;rsn%}yn 6u9r|1<f thé COﬂtI’O?IDE%iSEGrI]%Zi bzﬁgd on an
15  address which the central processing unit 525 requests.

[0145]

As an arithmetic method of the central processing unit 525, a method may be
employed in which the read-only memory 527 stores an operating system (OS) and a
program is read and executed at the time of starting operation. ~Alternatively, a method

20 may be employed in which a dedicated arithmetic circuit is provided and arithmetic
processing is conducted using hardware. In a method in which both hardware and
software are used, part of arithmetic processing is conducted by a dedicated arithmetic
circuit and the other part of the arithmetic processing is conducted by the central
processing unit 525 using a program.

25 [0146]

In such an RFCPU, an integrated circuit is formed using the single crystal
semiconductor layer 112 with reduced crystal defects and a uniform crystal orientation;
therefore, processing speed can be increased and power consumption can be reduced.
Accordingly, even when the capacitor portion 529, which supplies electric power, is

30  miniaturized, long-term operation is ensured.
[0147]

(Embodiment 5)
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10 [0144] The central processing unit 525 accesses the read-only nenory
527, the random access menory 526, and the control register 522 via the
CPU interface 524. The CPU interface 524 functions to generate an access
signal for any of the read-only nenory 527, the random access nenory 526,
and the control register 522 based on an 15 address which the central
processing unit 525 requests. [0145] As an arithmetic method of the central
processing unit 525, a nethod may be enployed in which the read-only
menory 327 stﬁres an oPerating system (OS) and a programis read and
executed at the tinme of startjing operation. Alterpativel a method 20 nm
be enpl oyed in W fhserabodmegng Sispy LeViERHASIER SS?FSE‘P‘F&}IF §‘ﬁ’5%%t§°/ Pt Snd g
arithmeti ¢y 1R QERASNGbS wiPRSHIBS @Fcritel RGthitefdney 18 FIGS 1aAnmd hollandr whi ch
bot h hardware and software are used, part of arithnetic processing is

conduct ed BiSalbeendcBed arithmetic circuit and the other part of the
ar!thnetlc%@ﬁﬁcessing is conducted by the central processing unit 525
using a program 25 [0146] In such an RFCPU, an integrated circuit is
formed Using t h&FIGPNgiemd Bz drawiags & dergubisg 2 ligyidcryptebdigplendpissuced

crystal defRetsa AN Bl LOL FLErofthetiod LERLAkIRA devibhiRhEFRY q0BRy PCESSI g

speed can be increased an consunption can be reduced. Accordingly,
even when trhe-scepasi tior opiFt | ntabaglong sepfioaligllikes el ectric power, is 30
nlplaturlZﬁﬂ4glong-ternloperation is ensured. [0147] (Enbodinent 5) 40 In
this enbod neﬁt, di spl ay devices using a sem conductor substrate according
to the present iAsstnwhdnFiG L0AnDwpixel Belsdesi ovriopnyial ssmincadustortlayer] GS. | OA

10 108, 0t 1 A0S AL ML B S b Pt v
a pixel of siphee line(az3dinetspstinl with 3hd agendiine 822, aapidel~¢iGirode GB4) sndaan
cross-sect é:lggt?'olde \ébgvxxh?cfb e'i*l,ct%cahy C%A\m{[ec?tls( %Qe &Léi negecgoéeefﬁi Q n[hé isiggle %?)létal [0149]
semiconductor layer 320. The single crystal semiconductor layer 320 is a layer which
is formed of the single crystal semiconductor layer included in the SOI substrate
15  according to the present invention. As described in Embodiment 1, irradiation with a
laser beam is performed afier eiching treatment is performed, and then plasma treatment
is performed, so that crystal defects in the single crystal semiconductor layer 112 can be
reduced and the planarity of the surface of the single crystal semiconductor layer 112
can be improved. The single crystal semiconductor layer 320 is included in a TFT 325
20  of the pixel.
[0150]
As a semiconductor substrate, the SOI substrate described in either onc of
Embodiments 1 and 2 is used. As shown in FIG. 10B, the single crystal semiconductor
Jayer 320 is stacked over the base substrate 110 with the insulating film 102 interposed
25  therebetween. As the base substrate 110, a glass substrate can be used. The single
crystal semiconductor layer 320 of the TFT 325 is formed by element isolation of the
single crystal semiconductor layer of the SOI substrate by etching. In the single
crystal semiconductor layer 320, channel formation regions 340 and n-type
high-concentration impurity regions 341 to which an impurity element is added are
30 formed. A gate electrode of the TFT 325 is included in the scan line 322, and one of a
source electrode and a drain electrode is included in the signal line 323.

[0151]
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As shown in FIG 10A, the pixel includes a single crystal sem conductor

| ayer 10 320, a scan line 322 intersecting with the single crystal

sem conductor |ayer 320, a signal line 323 intersecting with the scan |ine
322, a pixel electrode 324, and an electrode 328 which electrically
connects the pixel electrode 324 to the single crystal sem conductor |ayer
320.- The single crystal sem conductor |ayer 320 is a |layer which 1is forned
of the single crystal sem conductor |ayer included in the SO substrate 15
according to the present invention As described in Enbodi nent 1,

irradiation wt bea d .af n IS
per f or ned, and [&)ﬁ'gﬁa §lﬁ§§er“f’sél %3%'{5%?%%53%?%2@% i?cﬁg defects
i In the si ngjf4¢ aﬁd yisd allgactﬁﬁmalgzerugu@t@ﬁde:dayetrerltha in@iayee msgladng:ﬁdnmd the2
panarltyo the surface of the single. cr nduct or er 11 can
be i npr ove@mKE ngfcﬁ@{; 3 forgped se‘ﬁiqc?cfi‘ﬁﬁ‘ﬁ Wi?@r‘ g’fﬁ‘ ho i ﬂcqrﬁlbeed in a
TFT 325 Z%glﬁi 1uﬁehﬁz3pthzsglxe1 &8 385t e&@ﬁb@%d%ﬂ@ﬁe Ubsiat §jaors 1% SO

substrate describ in either one of Enbodiments 1 and S use{ﬂ_e As shown
in FI G5 1080 atﬁﬁ@m@r %ﬁt@tecws% §Pundss sies ottt gind apay%rﬂatwd%wé 34tE%ed over

the base suRstigd c%uﬁtgnoei&!ntoﬁe B heark RStHeat | NG doldnfRad GacdrH B RO TR D

t her ebet ween. As the base substrate 110, acfjl ass substrate can be used. The

single crysingin sgerclriversttb bqsawargzdl‘bﬁn the coumer 3obstptg 335 fedhey el enent
i sol ation éf)fa?et ﬂ)ﬂﬁedsb ngfleecoﬁfrﬁﬂﬁ& @ﬂaeé@ b6 OPAYGE nys!aﬁ)é%r ofs Lheme@ Aubstrate

by et ching e 5| ngle crystal sem conductor |ayer 320, channel
formation mgwﬁns partionsn @f nthe y gignal hliggh -3 neeht that ¢legirodepiad twithy dbg ons 341

to whi i I&ﬁg Ry t pde of the
TFT 325 is n%ﬁﬁf‘fﬁ thgc}a? 10?9%293 a:‘%ll(r%dgt ne o ef\gﬁstg%%lge &eygectrode
and a drai imstédttmgtﬁlmcﬁé’/idse tnfoiuded qf ot hslegrthlhs bmw@a‘f@ﬂgf lijgd Syptall 1 Over an

i nterlayer. Heer % i k%m 393%7111 thes ?ﬁng&%&};e %meg tafsox%eéﬂleagi ectrode

324, and te are provi ayer iAsul at i ng
film 327, Acm»kdjmg"lgrths palomnar $28:raB29 her foaded mnthem et partioms i praved80 i S

formed to cover. t gnal Ilnte 323, the pixel electrode 324, the
el ect rode 4¥3'aUgh ‘S?rﬁ%r SAvhsR? Epacers 329. 5 On a counter substrate 332,

a counier mhentrode 333 and an orientation film 334 which covers the
@i &)
counter el ectrode 33§ggre fornme

mai ntain a spacd® F& ﬁ“‘fﬁtféteb‘é{g’&h;gg@f‘g‘%]ltjgn 1"16“‘%??%6{0%«31%?2:9951&%%& g%gg ? r 21? e
332. I n th&miconductor substrate according to the present invention, crystal defects are reduced
and the planarity of the surface is improved; therefore, high-performance transistors
with little characteristic variation between the transistors can be formed over one
20  substrate. Accordingly, by manufacturing a liquid crystal display device using the SOI
substrate according to the present invention, characteristic variation between transistors
can be small.
[0153]
Next, an electroluminescent display device (hereinafter referred to as an “EL
25  display device”) is described with reference to FIGS. 11A and 11B. FIG. 11Ais a plan
view of a pixel of the EL display device, and FIG. 11B is a cross-sectional view of FIG.
11A taken along a section line J-K.
[0154]
As illustrated in FIG. 11A, the pixe! includes a selecting transistor 401 and a
30  display control transistor 402 that are transistors, a scan line 405, a signal line 406, a
current supply line 407, and a pixel electrode 408. Each pixel is provided with a light

emitting element having a structure in which a layer containing an electroluminescent

42



space formed by the columar spacers 329, a liquid crystal layer 335 is
formed. At connection portions of the signal line 323 and the el ectrode
328 with the 10 high-concentration inpurity regions 341, there are steps
formed in the interlayer insulating film 327 due to formation of contact
hol es; thus, orientation of liquid crystal 1in the liquid crystal |ayer 335
in these connection portions becones disordered easily. Accordingly, the
col umar spacers 329 are fornmed in these step portions to prevent
orientation disorder of quuid crystal 15 [0152] In an SO substrate which

is forned b od. far urin m,conduct
accor di ng ?%e?ﬂzgégé?%ﬁﬂneﬁv Qe ‘”néPg%PS? 3 3%tsnng&F§%%%%{QB§nd t he
planarity wmé hgliteenﬁurngammmslsltﬂ@pmﬂeejéctrbhenm orhea sbrihigbaduetof dihmaiﬁ&,ea
transistor§% W li.ttl e characteri.stic v riation E me%% g{ tgan5|stors
can Do or SHEBRS AN m A OTP A0 ALLD LTSS Ob e MR CRIIT G & | qui d
crystal dignlay releni.cemusidtgcdlitet@Tilm s0H st dhaue] &apafic rgionpa shiecr esent
i nvention, characteristic variation betmee&-tran5|st can .be_snal | .

d

[0153] Nextesionnand ar9ip) 6P Of thé displa 109 EWV@@I@HgﬁE?ﬁQ?F@r MSerred to
as an "EL seaécoﬂﬂ&@ér%mgam 6&d 204 S dasehobaR Wigderyeileeaneaddkr HyeS. 11A and

11 B. FIG 11Ais a pla view of a pixel of the EL display device, and
FIG 11B |%Ozéh%F%@Yléwvebﬁaf"aﬂ?lswﬂé‘ﬁ FIG |11A taken along a section line
J- K. [015ﬁb illustrated in FIG 11 A, the pixel includes a selecting

transi stor 4 and a 30 display control transistor 402 that are
transi stors, a dethe stleeting4masister 4jlgmapte plogteodg gpinclydeddn theassan Kagd95y 1 ne

407, aﬂi’ 1%' df %lsoﬁl:ee&wtﬁqg anﬂdoa8dra1|x:r%%tr@de>ﬁ ne uﬁecpll'ilq}‘{é sqlﬁﬂl Wlettﬂ)éaarld'tﬂéﬂ't

emitting el'ement having a Structure in whic ayer- contai ni ng an
el ectrol unmthe*smdhtmed4® ammtlecirale 4181 [mther Jisplay conteel ponsedorh#tdndetnrtian pair of

el ectrodes, l? %ee IS EieC?ljlc%ﬁé Cgfgl%éf &)f(t: g‘lr_e%?ec{'r &h%léjeg?é_é 51}{:&)11?Ae %dé s the

plxel el ect nlcon u annel mat i on
regi on, a sy (heinrcﬂgmodn isdhring adrani alectredsi 613 which reclswilicdly iconetiedsi st or

408 o0, st ARt SROBVBU Ry BB fepRt o0, Lo o0 o

are forsredppidfle sem conductor filnms 403 and 404 are formed of the single

crystal sem Condﬁﬂg td?s{alay antrol transistor 402 is a p-channel TFT. As shown in FIG. 11B,
a channel formation region 451 and p-type high-concentration impurity regions 452 are
formed in the semiconductor film 404. Note that, as the semiconductor substrate, the
semiconductor substrate manufactured in either one of Embodiments 1 and 2 is used.

20 [0157]

An interlayer insulating film 427 is formed to cover the gate electrode 412 of
the display control transistor 402. Over the interlayer insulating film 427, the signal
line 406, the current supply line 407, the electrodes 411 and 413, and the like are formed.
In addition, over the interlayer insulating film 427, the pixel electrode 408 that is

25  electrically connected to the electrode 413 is formed. A peripheral portion of the pixel
electrode 408 is surrounded by an insulating partition layer 428. An EL layer 429 is
formed over the pixel electrode 408, and a counter electrode 430 is formed over the EL
layer 429. A counter substrate 431 is provided as a reinforcing plate, and the counter
substrate 431 is fixed to the base substrate 110 with a resin layer 432.

30 [0158]

The grayscale of the EL display device is conirolled by either a current drive

method where the luminance of the light-emitting element is controlled by the amount
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302 that is provided over the base substrate. [0155] In the selecting
transistor 401, a gate electrode is included in the scan |line 405; 10 one
of a source electrode and a drain electrode is included in the signal line
406; and the other is fornmed as an el ectrode 410. In the display control
transi stor 402, a gate electrode 412 is electrically connected to the

el ectrode 411; one of a source electrode and a drain electrode is forned
as an electrode 413 which is electrically connected to the pixel electrode
408; and the other is included in the current supply |ine 407. 15 [0156]
The di splay control transistor,k 402 is a.p-channe own.ih FIG

11B, a cHisHEMtEH? ¥alfaes W%@ﬁ%ﬂ W%TegﬁngmWVfés%maﬂﬂéﬂﬁﬁg%?P‘??8 i mpurity

regi ons 45g)@5& fIRr fRent QArivd endidl GOddEEIO0 Eliﬂblﬂyfkﬁl&.n hvhﬂsetdmahve as the
sem conductor substrate, the sem cond ctorés rate ctured in
0 Fﬁﬁ

ei t her onechBrcER#isa M larerly yaR o P15 Bap1x 4eF]t el OPi  FuLirBt

i nsul at i Nggfyel ptAdd d SorfRliLirdud GRMEIcolBAs URdrgt@lsee tvifstRndid Zeeded. t he
di splay control transi stor 402. Over the interlayer insulating fi]m 427,

the si ghal Howgvse imew SOf pebsieate miinh i dspred by jarfaetqsizior pamufagture 3@ 411 and

413, and tfeqldid %ccﬁ')'}(ﬁné Q5 nkd 'preslsxﬂ ﬁdéﬂubh OergsthV QefetthGird REREEBWERS thdrsul ating
film427, the pixel electrode 408 t iI's electrically connected to the

el ect r ode Hasricsof be meace s m@‘ﬁﬂeﬁhaﬂef%@@gbdwf@ﬂmﬂ% tgpsisiqrs withdids ode 408
is surroun hliQBrs| @%Cbe 42hed AvoElont AUSE29 | S

f ormed ove&ﬁghgxglxe%ﬁﬁpéctr gf én%.a cod?tereelegtrgde 438 is forned
over the Eﬁcco@a@n MZ&nuﬁcmuumaerLsiubbiv daviec udig thg SPY gwlistretel agpording

rei nforcin | ate, .and the c base
ubst 1 1 e B fiefare B puketn e MRt yH3h pOVE sk ebldBCuntilRy (5P

di spl ay deddispmy ¢amtrolarinsictot 402 Heyweeh phxels inelowinated) thegeforecthe mutdnbdriviber e t he

| um nance of %e i ht en%tting el enment is controlled by the anount 43 of
current or™ghy FP&@ "RIY9E et hod where the |uminance is controlled by the
amount of [ouedjt age. The current drive nethod is difficult to enploy when

tranmstor&z ave hﬁracterlstlcs which largely vary from pi xel to pixel.
In order t e current drive nethod, a correction circuit which

correcis char aCt’FhE'SEiI is@hstate laador @y io&h@@edﬁdinvéntidﬁ\i\eu@edl forinmnafactGfthg substrat e
which is f e? rsgxrnelgon%)l/lctgr (E‘;?,Ecﬁ%ﬂcﬂ gsra ggn@%io?czgn ral vna ety of egctromc devices can be
manufactured using the semiconductor device. Because a single crystal semiconductor
layer provided in the SOI substrate according to the present invention has reduced
crystal defects and has a surface with improved planarity, by using such a single crystal
20 semiconductor layer as an active layer, a semiconductor element with improved
electrical characteristics can be manufactured. In addition, because the single crystal
semiconductor layer has reduced crystal defects, the localized level density at an
interface with a gate insulating layer can be reduced. Further, because the single
crystal semiconductor layer has high planarity, a thin gate insulating layer having a high
25  withstand voltage can be formed over the single crystal semiconductor layer; therefore,
improvement in mobility, improvement in an S value, and suppression of a short
channel effect of the manufactured semiconductor element can be achieved. In other
words, by using the SOI substrate according to the present invention, a highly-reliable
semiconductor element with high current drive capability can be manufactured. As a
30  result, electronic devices which are end products can be manufactured with high
throughput and high quality. Various kinds of semiconductor devices can be

manufactured using the semiconductor element. In this embodiment, specific
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substrate according to the present invention, crystal defects are reduced
and the planarity of the surface is inproved; therefore, high-performance
transistors with little characteristic variation between the transistors
can be fornmed over one substrate. Accordingly, by manufacturing an EL

di spl ay device using the SO substrate according 10 to the present

i nvention, characteristic variation of the selecting transistor 401 and the
di splay control transistor 402 between pixels is elimnated; therefore, the
current driving method can be enployed. [0159] (Enbodi ment 6) 15 The SO
substrate acco ng, to.t ent vention %tﬂgéd for nuf q%urlng a

[
seni conduc‘f"é}l‘p[ﬁ’éﬁecd@s%ﬁcgwgg %srf?cé’ﬁgl 4"3Pe% and P SmRSPTEPE RS oni ¢
devi ces CadaneefeftBstifuatid mowsnleru;nferpertmrmamdmﬂoodmﬂmw and a dBeitalise a
single crystal sem conductor |ayer provided in the SO substrate according
to the pre%EiiPioRitieh has reduced crystal defects and has a surface
wi th inproyegpipl anarity, by using such a single crystal 20 sem conduct or
| ayer as an active |ayer, a sem conductaor. el enent nproved. el ectri cal

charact®ristics Fé(énlzl&eSWﬁ@fddﬁ’th}’r%weI‘Yplﬁ’d’él‘ﬂ“l‘l%“r? dﬁ‘é‘ﬁ%ﬁ@e 3 HEPUTRG| o
crystal  sgpl o@ndulRl }Joﬁ)b%r9obaa$sﬂeﬁ€é%@ﬁoﬁwzﬁtaahde@aﬁlﬁﬁft@mnfah@osl esal i zed

| evel density at an” interface with a gate i nsul ati ng can be reduced.

Further, béedise Thie disphy| device rlyﬁa&Pfaé‘@Fﬁdc‘&ﬁwu@FdFanﬁ%‘?@r yoﬁ%%‘j Ry ghe
planarity, d.\tféyaﬂmgarh&hédﬂ'ﬁéékl%édrﬂ a!n@ﬂﬁ@rr e8It Foh gﬁv&ﬁd’“tﬁéq&ﬁlﬂﬁd vol t age

can be formed over e sin crystal sem conductor |ayer; therefore,
i mpr overrenporthm Mi3band the like. rrpNO@/@ﬁféhQ displandeviseralbdo a liawd soit dsdmon of a

short hap r\]f?clc %fhrgﬁ{: (ﬂ‘&gt ﬂ%lm@éﬁ&c%ﬁf ﬁ'% lfk%ma 51‘1j et fﬁforfﬁh@tgpﬁﬁg 1&AN be

achi eved n ot y “usi ng strate according to the
present i ndeixtes tom, fomextaingle wmmﬂtarabélensmemmnmwad edvedisemenidisplay kathi gh

Gevi cos. wPeRePE onericafif AP At Rh PR R et BhEE L gLt

and hi gh qualthé ke dabé givsn.ki nds of sem conductor devices can be

manuf act urg)q ﬁsi ng the sem conductor elenment. In this enbodi nent, specific
44 exanpl e 8He described with reference to draw ngs. Note that in this
embodi pent, t heFi®an® sicésereipateniigh lchiddenciaesid $ie, séispaypportion AL, i n above

embodi ment &, AN 3198l ie T SanchioP 52914 % Db Sfvicl 818%a e tike.
A transistor formed according to the present invention can be applied not only to a pixel
portion in the display portion 912 but also to a semiconductor device such as a driver IC
for display, a CPU inside a main body, or a memory.
20 [0162]

FIG. 12C shows a cellular phone, which is a typical example of a portable
information processing terminals. This cellular phone includes a chassis 921, a display
portion 922, an operation key 923, and the like. A transistor formed using the SOI
substrate according to the present invention can be applied not only to a pixel portion in

25  the display portion 922 or a sensor portion 924, but also to a driver IC for display, a
memory, an audio processing circuit, and the like. The sensor portion 924 includes an
optical sensor element, by which the luminance of the display portion 922 is controlled
based on the luminance obtained by the sensor portion 924, and the brightness of the
operation keys 923 is controlled based on the luminance obtained by the sensor portion

30  924. Thus, the power consumption of the cellular phone can be suppressed.

[0163]

A semiconductor material formed according to the present invention can be
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5 FIG 12A shows a display device which includes a chassis 901, a
supporting base 902, a display portion 903, a speaker portion 904, a video
input termnal 905, and the like. This display device is nmanufactured
using the transistors forned by the manufacturing nethod described in

anot her enbodi ment for a driver IC, the display portion 903, and the |ike.
Note that the display device refers to a liquid crystal display 10 device,
a light-emtting display device, and the like, and all the information

di spl ay devices for, for exanple conmputers, television reception, and

advertisenen can. eC| 1€

ahead- nounts& f?fl égﬁtféiél Vlrc‘ésf f“@ taisc?uﬁ?’gpg% Pg jecfgit? XS’SIS%I&)[% b?ﬁ(ﬁ(e can be
gi ven. [ Olgfdrmatldn ﬁb@séﬁ@t@hﬂ\b&),aa diyipltaterayhi cdsmpancgmlemaahm@aw s 911, a
di splay portion 912, . ﬁ kx% 3%9 an_extern éH X ort 914, a
poi nti ng deA7iaBls agdig playharky %‘CT’P‘R@ 1tig 1P the ¥y § u}&p %ro‘?‘:u G’ to the

present inge E\%m@cshdﬁétar BRcad R the Gradet: iehiyonican Be el Ebr fomﬁg i fimctional he
di splay portion 912 but also to a sem conductor devjce such as a driver IC

for di spl agitcu segbiysiaddife memamy P BRRIPY tof SSISHRTS? § PIXSPYore 2 EIVE 12C
shows a cejd 4| a&pIRNONBRose Mib&hit SHppRiadépi cal exanpl e of a portable
informati on processing termnals. This cellular phone includes a chassis
921, a di slgnedd portlon 922, an operation key 923, and the like. A
transistor fornmgg;ys dhheg%%w SHBEH L AhE2 ACROE GhRFIG A 2ERBoWY £RAAT

i nvention can be ap not only to a pixel portion in 25 the display
portion 92gdoef the d@ltsloq‘anpm shown llii)flﬁ 1BDx  Fhissligie! eanpra peledes@ elgssigi spi ay, a
Memory,, anggudi I { I Ion 924
ol koot G BEARR.38. £lehebis an Bl B ek | O sl 2y
portion 92meuﬁecoﬁﬁwmﬁﬁedﬁnbatemOUMEIhéhtnﬁﬁﬂéﬂ@@ﬂ@btﬁmdedmmyﬂiWeisensor
portion 924, .and.the [ ness t trolled
based on t W& RGRioRARLE dm%’? ifed I1cH32’t {gmsegﬁgoﬁ} dn9 %&S@ dﬁonc%%us t he
power consafieinonnamithd lilee. cel | ul ar phone can be suppressed [0163] A
senlconduc&ﬁ material formed according to the present invention can be 45
used for 8%k oni ¢ devices such as a PDA (a personal digital assistant or
a portabl e inf@GaIdFOMoRs 0ARSE] vided @iErnalTh)s, digitatlviget edmaamehsles @ conpact

gg gs e még |h: glgxélrb%éh gﬁ]epod;@%?ré%g%% eP clzh%gs?saé: aclinee\:/)gtgrreld} cbr?negtclioﬂ ];Eolrtoélmt o the

remote control receiving portion 945, an image receiving portion 946, a battery 947, an

audio input portion 948, an operation key 949, an eye piece portion 950, and the like.
A transistor formed according to the present invention can be applied to a pixel portion
20 in the display portion 942, a driver IC for driving the display portion 942, a memory, a
digital input processing device, and the like.
[0166]
Besides, the present invention can be applied to a navigation system, an audio
playback device, an image reproducing device provided with a recording medium, and
25 the like. A transistor manufactured according to the present invention can be applied
to a pixel portion in a display portion, a driver IC for controlling the display portion, a
memory, a digital input processing device, a sensor portion, and the like of those
devices.
[0167]
30 FIGS. 13A to 13C show another example of a cellular phone to which the
present invention is applied. FIG. 13A is a front view, and FIG. 13B is a rear view, and

FIG. 13C is a front view in which two chassis are slid. The cellular phone 700 is a
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t he sem conductor material of the present invention can be used for formng
a functional 5 circuit such as a CPU, a nenory, or applied to a sensor or
to a pixel portion or a driver 1C for display of those electronic
appliances. [0164] FIGS. 12D and 12E show a digital canera. Note that FIG
12E shows a rear side of the digital canmera shown in FIG 12D. This
digital canera includes a chassis 10 931, a display portion 932, a |ens
933, an operation key 934, a shutter button 935, and the like. A transistor
formed according to the present invention can be applied to a pixel

portion in th i spl t|on a driv or .driving th i spl ay
portion 9§?ﬁmﬁ§9 %éngéhﬂ base ‘1§Q3mmfﬁi§§] %%&EH@Pmifﬁdqh ﬁglg digita
Vi deo canmemsrmiiirStetthi@blt #ld MisipsraeaaBbampuRe hitles procdsRianvdiiegyofOdhls a

di splay portion 942, a chassis 943, an external connection port 944, a
renot e conBPeRsSIPREGIdHiAY [9wiee 8l 945, an i mage receiving portion 946, a
battery 94646@” audi o i nput portion 948, an operation key 949, an eye

pi ece portlon 950, and the Ii A transistor formed according_to the
present5|nventlGﬁe@éhmﬁ@hgﬁﬁﬂméﬁs?Gmﬁﬂﬁﬂ9me%%FW¥%ﬁ7%@ e eprssig &) ay
portion 942 18.df diMfdy ﬂogld(nOfOSdz'i spehing 70&‘% 1ficPhéhé 708 dnl c%@raﬁé@keya?%emr y, a
digital input processin evice, and the |ike. [0166] sides, the present
i nventi on &aninkeg dpyed é&":taocﬁfl%\]ﬂnga'fpﬁoﬁl §V§@é‘n?0n&?PU&HdPWHH%I 890tk devi ce,
an imge r o e o H&Qb n 25 the
like. A tr%ﬁ@?@?g%ﬂﬁgﬁgré ﬁﬁﬁégﬁggcgggh%g$%lﬁ9 ﬁag%%gznt Iﬁggﬂ?I%% can be
applied t oe}aerpalmmm slbt B3, a reapcathespl by a@l@h‘t'llénandath@hkq,'elln paditiqyy an
controlling.the.di ISP r me si ng
Govi cold & utrs i 3RplP L TR MElakioeBalhdt chlend RRHL RERIASS D,
13A to 13(3@h911vstmmadaendng>¢am}wl peesaﬁt mvanablt chnchre applgadgo tatplmhp@’rmlt fnethe pr esent

i nvention |s a Vi ew F rear
view, and ﬁ?lﬁfgcflé 1% gg’fl}'%ﬁéf?fl dé{ng tﬁ\/\ﬁlls%?y ]Edmgtp e:{’é!élgﬁs are s? ‘%’
cel lul ar phoegsing0iriiit, andifhic $ike.c Hurtaer, Byrapiilyihg the ligoalt crirged disptaly dbun@tl ons of

SR REAEE NG SRS TN R

15  the display portion 703, the display portion can have little display unevenness and

excellent image quality.
[0169]
Further, in addition to the above structure, the cellular phone 700 may
incorporate a non-contact IC chip, a small memory device, or the like.
20  [0170]
| The chassis 701 and 702 which overlap with each other (see FIG. 13A) can be
slid, and are slid to be developed as shown in FIG. 13C. Because the display portion
703 and the camera lens 708 are provided in the same plane, the smartphone can be
used as a videophone. Further, a still image and a moving image can be taken with the
25  rear camera 713 and the light 714 using the display portion 703 as a viewfinder.
[0171]
With the use of 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 playback
device. Further, with the use of the operation keys 706, making and receiving calls,
30 inputting simple information such as e-mails or the like, scrolling the screen displayed
on the display portion, moving the cursor, e.g., for selecting information to be displayed

on the display portion, and the like are possible.
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processing in addition to voice calls. [0168] 5 The cellular phone 700 has
a chassis 701 and a chassis 702. The chassis 701 includes a display
portion 703, a speaker 704, a m crophone 705, an operation key 706, a

poi nting device 707, a canera |ens 708, an external connection term nal

709, an earphone termnal 710, and the like. The chassis 702 includes a
keyboard 711, an external nenory slot 712, a rear canmera 713, a light 714,
and the like. In addition, an 10 antenna is incorporated in the chassis
701. A sem conductor element fornmed using the SO substrate according to

t he present uﬁyention can be applied to a pixel portion in the display
portion 708 driver 1C for driving the display portion 703, a nenory, an
audi o prOCGSSImgnﬁﬂi%mﬁﬁnm@@dshﬂﬁhhh&&w1ﬁn&ﬂhakm,hwaamﬁlmiwmdﬁm& liquid
crystal dISp|aK device shown in FIGS. 10A and | %& or the EL (Play
devi ce shoWripRonE) igsgsedifpr documentalign prusPs ap ReOHPRB MIgrRGPT s éﬁ t he

di spl ay pogsticemmLrIboRY 911 istéolneerﬁ’éﬁmﬁ)‘thbmﬁiéajﬁ%ﬁsmarﬂd twaﬁlsd@mz i mge
quality. [0169] Further, in addition to the above structure, the cellular

phone 700 Whigh oyeslan mpdreasteotier{se- IdGn1 3fbkcap be shd i bedeyrigpyd aseshoVy idevi ce, or
the like. g [[9&70], tIQ%as%h&S@h@ H0% OEQ%S %&ﬁb@%ﬁfohﬁﬁldﬂ' fehmigach ot her

(see FIG 13A) can be slid, are slid devel oped as shown in FI G
13C. Becauseootihepegitiop F@rybqo%mﬂil%?ﬁi wifipthe ésmdm@lﬁlélé andths poaias deeceai%é: provi ded

in the Sang, t'% gﬂgmaltéaﬁne%ﬂa{ tte%ﬂgleiogaa{ﬁ mﬁdagﬁ)?gn@v%r@u f}'g%%@la@cﬂ% sufHr ther, a

still image and a noving | nmage can be ta rear canera 713
and the | |@iﬂtUﬂﬂdablrs¢an@>etcbmle@he¢phéyham@ng iﬂmirdam@ﬁ@@n&awfewlil mpeponal 0171]
WEh (0P UseBler bIESREMShoslR aRthahdS: D diPPeant el bid ar phone
700 can be"U¥ed" 45 "&n" aud’ recordlng a recording device) or an

audi o pIawha&ﬁlwdﬁmhmgarEmnhmgmmhwmmhoﬂh@xuselmmmnhskmﬁélat|on keys 706,
maki ng and@r%@eiving calls, 30 inputting sinple information such as e-nails
or the like, Scrolling the screen displayed on the display portion, noving
the cursor, e.gln tHeQearsatfgetdfniy: ¢hadsty TRt (s@F1G011R), the s@kr ayecta 70hatche di spl ay
portion, atrﬁg llfgltpteTIléllai(eeprg\E1SedD gr?c? é é)tlllennage ar[d a mm]'mg image can be taken using the
15 dlsplay portion 703 as a viewfinder.
[0174]
Further, the smartphone may have an infrared communication function, a USB
port, a function of receiving one segment television broadcast, a non-contact IC chip, an
earphone jack, or the like, in addition to the above-described functions and structures.
20 [0175]
As described above, the range of application of the semiconductor device
manufactured according to the present invention is very wide. The semiconductor
device which is manufactured using the semiconductor substrate according to the
present invention can be used for electronic devices in a variety of fields.
25  [Example 1]
[0176]
In this example, changes in surface characteristics when a surface of a single
crystal semiconductor layer is subjected to plasma treatment will be described.
[0177]
30 Samples used in this example are described. First, an oxide film was formed

by oxidizing a surface of a single crystal silicon substrate with a gas including

hydrochloric acid. The single crystal silicon substrate was irradiated with hydrogen
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I f much information is needed to be treated, such as a case in which the
smart phone is used for docunentation or used as a portable information
termnal, the use of the keyboard 711 is convenient. Further, the chassis
701 and the chassis 702 5 which overlap with each other (see FIG 13A) can
be slid to be devel oped as shown in FIG 13C In the case of using the
smart phone as a portable information termnal, snpboth operation can be
conducted with the keyboard 711 and the pointing device 707. To the

ext er nal connection term nal 709, an AC adaptor and various types of cables

such as a US | e e conne and ni cation
with a per'$Bh gt%eo E B’rofﬁ?{ ﬁfq%a%?%g%ggcg g‘ﬁr?l%e gl%ngyarge
amount of gmdoa samaiae samreduramel of ma\se@euyystaisercm Bngsﬁate doaurgdiwigemedi um
into the external nenory fg t7 073 nther irfacg offthe
chassi s 70%¢ prdase enspspydded fuform Q{gt}leg Toggn ﬁ’ﬁﬁl ARl 19 3 JRECAL ar e
provi ded, angd sabsiatel dnd iHERALatGH Waﬂ'@%lfcﬁ@led eRgat Q@Braﬁ@n tvakezmsd-.ﬂsalmg the 15

di splay_portion 703 as a viewfinder. [0174] Furtlher e rphone may
have ar’ i nthe gabgttled irgian-c athrensh f@ﬁ@PPYﬂ’lSte@’ gEnele gppta é“f:%ng‘ﬁ’? ol %%of

recei ving B%e@%%@%la%@élﬁyﬁfﬁé @fih ’EHeQﬁeﬂféEfﬁ&,mt@rpB&ﬂ'ﬂC&éHeﬂ@eﬂ GnGlidhm  an
ear phone jack, or th i ke, in addition to the above-described functions

and st ruct mpmsr, azniu{abwg] sappleg dSarplped tadove cagnel whih dheofingls sneeht i on of
the sem Coﬁg&&rﬁgeld QVicSifhed MRS e AuBGGR difJk Codilte fkhemRtosbventi on

IS very w sem conduct or evi ce which is manufactured using the
seni conducthereberwbent wastreeparsdor ding to the present invention can be used for
el ectri)dnc q ices in a variety of fields. 25 [Exanple 1] [0176] 1In this
exanpl €, [n %ées in surface characteristics when a surface of a single
crystal seni condbet,ench afemples Agobjvesseredtal tplastiehing iardeemtrenpyd a be

descri bed. %%Pgﬁ%dpo B! &Sy |2|%g rytstm EAP TS HhE iy Sl eq? sHirst, an

oxide filnt OXI a sur ace of a sing silicon
substrat e pérfoimed gasm IGPodm]ﬁhgmgethdsryumi@c trinditions wgh dn IGthpoveir n@ ll@Ochast al

silicon Sull:))g\}ferraéglgpl},\% tola fower e egtgod\ém (hh SOh Wraox%gcr}ion%gessure of 1.5 Pa, and a

15  chlorine gas of 100 sccm.

[0179]

Next, each of Sample A and Sample B was subjected to dry etching using a
nitrogen trifluoride gas in order to remove a native oxide film formed on the single
crystal silicon layer. The dry etching was performed by an ICP etching method under

20  conditions with an ICP power of 500 W (0.71 W/cm?), an RF bias voltage of 0 W, a
reaction pressure of 1.0 Pa, and a nitrogen trifluoride gas of 50 sccm. Treatment time
was set to 10 seconds. Then, the single crystal silicon layer in each of Sample A and
Sample B was irradiated with a laser beam.

[0180]

25 Moreover, the single crystal silicon layer of Sample B was subjected to plasma
treatment after irradiation with the laser beam. Plasma treatment was performed using
an apparatus manufactured by Tokyo Electron Limited (ME-500, an ICP plasma dry
etching apparatus) by an ICP method under conditions with an ICP power of 500W
(0.11 W/cmz), an RF bias voltage of 100 W (0.61 W/em?), a pressure of 1.35 Pa, and an

30  argon gas flow rate of 100 sccm.  Treatment time was set to 240 seconds.

[0181]
Next, each of Sample C and Sample D was subjected to dry etching in order to
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ions through the oxide filmin order to forman enbrittled region in the
single crystal silicon substrate. Next, a surface of the single crystal
silicon substrate through which the hydrogen ions are added to formthe
enbrittled region was bonded to a surface of a glass substrate and heat
treatment was perforned so that separation was caused along 5 the
enbrittled region. Through the above steps, a single crystal silicon |ayer
was formed over the glass substrate with the oxide filminterposed

t herebetween. In such a nanner a plurality of sanples (Samples Ato F) in

each of which the sin stal e e gl ass
subst rat e WHPK® ¢ AES g ?ﬁn?eﬁl fbe %Iégge s elrstla1 Gof ennﬁm‘éﬂgg r%‘bar d. 10
[0178] Thewas I&aﬁ;hn@tfbyaarmPeﬁzhﬁgmtﬂéd\m&rm:hﬂxmis&dthtan IQP powetroisO@W n or der
to renove eaflc | ayer he, S|n rystal con | ayer.
The dry et@ﬂilsvg BE&”@BIV eBg{@ ‘m@:gfl é@ﬁ’ﬂl ‘["H(S’Byﬂﬂ%l%fr %A i tions
with an | GRhdpaeporOfasldfOQ0\8tcrd  TreMBentSRE ae eettto 240 Isamﬂs elTeed, ede of 50
W a reaction pressure of 1.5 Pa, and a 15 | ori f 100.sccm
[0179] Nextinglesemebiilicanpre in, eaghrofs %1%%%4;@&%{3% e‘Ha 16““’% Mt chi ng
using a natreagn trifluoride gas in order to renpbve a native oxide film

formed on the single crystal silicon |ayer. The dry etching was perforned
by an | CP E48Hi ng net hod under 20 conditions with an | CP power of 500 W

(0.71 Wcem, an g 48 s%@iet(ﬁ‘ﬁs?al QflicBn WyePof S@id DORashiubReMd & Plisnta O Pa, and

a nitrogen trifluoride gas of sccm “Treatnent tine was set to 10
seconds. Thement hfersimadipiconcyifks thﬂ laser beaspn Theydasmp dreatipent wes walopred A and

Sanpl e}dB_ o &4, oﬁ‘sts(?ﬂléﬁ‘éﬁﬁw fogg%plpgam [0180] 25 Moreover, the single
anmpl e

crystal silicon layer of was subjected to plasm treat ment after
irradi atioi®1%#]t h the | aser beam PI asma treatment was perfornmed using an

ot chi ng. appar at dopLy S PEY kL REEl il k NP bl mdhn Bl p 0 et of
500W (0. ldrd¥W torrhoveanndBive ok gls ﬁshnlfbmgad cmrrtha@@glv\/cmwﬁ silivyrchayer. allpmessure of
PR D R AR A N
t o dryl®t clakdi@ednn order to
[0184]
Moreover, the single crystal silicon layer of Sample F was subjected to plasma
treatment after irradiation with the laser beam. The plasma treatment was performed
under conditions similar to those for Sample B.
20 [0185]
Next, the surface roughness of the single crystal silicon layers of Samples A to
F was measured. In this example, for measurement of the surface roughness of the
silicon layers, an atomic force microscope (AFM) was used; thus, the average surface
roughness (Ra) and the maximum peak-to-valley height (P-V) on the surface of the
25  silicon layers were measured.
[0186]
In this example, the average surface roughness (Ra) is obtained by expanding
into three dimensions center line average surface roughness Ra which is defined by JIS
B 0601:2001 (ISO 4287:1997) so as to be able to apply Ra to a measurement surface.
30  The Ra can be expressed as an average value of the absolute values of deviations from a
reference surface to a specific surface and can be obtained by the following formula.

[0187]
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49 renove a native oxide filmfornmed on the single crystal silicon |ayer.
The dry etching was perfornmed by an I CP etching nethod under conditions
with an I CP power of 500 W (0.11 Wcn2), an RF bias voltage of 100 W(O0. 61
Wcm), a reaction pressure of 1.35 Pa, and an argon gas of 100 sccm
Treatnment tinme was set to 240 seconds. Then, the 5 single crystal silicon

| ayer in each of Sanple C and Sanple D was irradiated with a |aser beam
[0182] Further, the single crystal silicon |ayer of Sanple D was subjected
to plasma treatnment after irradiation with the | aser beam The plasm
treatment was perfornmed 10 under conditions simlar to those for Sanple B.
[0183] Them, = ‘L pnjngymgﬁuaerforned using a 100-fold dil uted
hydrofluorlc % order to renove a native oxide filmforned on the
single cry%g@ sili con | ayer. Then, the single crystal silicon layer in
each of Sa F and Sanple D was irradiated wwth a 15 | aser beam [0184]
Moreover, the siNyé €ha€thesmesufnleht alifalcayet saffaccawiikle if-shuam byhjlehdé ed to

pl asma treat ment after rradiati ;&H the | as ! beam The plasm
treatment WESUFEERLH A ‘éﬁ?ﬂ’é‘fse’&?fﬁéﬁty? lowa 2to0 those for Sanple B. 20
[ 0185] 3\Iex{0,13¢]he surface roughness of the single crystal silicon |ayers of
Sanpl es A F was neasured. In this exanple, for neasurenent of the
surface rodghfie¥d)of the silicon layers, an atonic force nicroscope (AFM
was used; Oﬁ t he average surface roughness (Ra) and the maxi num
peak-to-va @ hei ght (P-V) on the surface of the 25 silicon |layers were
neasur ed. [ 0186]Themspécificssueiuanip h eyrfdch evhichgs agebjsul of mughtesugtavasaeitRa) i s

obtl ned PR iy ol DG i TRRPEDS, SEI L MR LT 2,
be abl et oc@}mh@teﬂa(,,t n),a(melagqﬁ(grfehtan& WAt age. ThOarthe! Re spenifibeurxpr essed as
S AN L PRI N AT SR
the following formula.
[0191]
S, =X, - X))y (,-1)
15 [0192]
The root-mean-square surface roughness (RMS) is obtained by expanding into
three dimensions the RMS of a cross section curve so as to be able to apply the RMS of a
cross section curve to the measurement surface, in a similar manner to K,. The RMS
can be expressed as the square root of the average value of squares of deviations from
20  the reference surface to the specific surface, and can be obtained by the following
formula.

[0193]

1 @ prs
:S—Of [, Fecrydxay

[0194]

25 The reference surface is a plane surface represented by Z = Zy when Zj is the
average value of height of the specific surface. The reference surface is parallel to the
XY plane. Note that Zy can be obtained by the following formula.
[0195]
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[0187] 50 Ra = 1 f i2IF(X Y)-ZoklXdY [0188] Note that the measurement
surface is a surface which is shown by all the neasurenent data, and is
represented by the following formula. 5 [0189] Z = F(X, Y) [0190] The
specific surface is a surface which is an object of roughness neasurenent,
and is a rectangular region which is surrounded by four points represented
by the 10 coordinates (Xi, YlI), (Xi, Y2), (X2, Y), and (X2, Y2). The area
of the specific surface when the specific surface is flat ideally is
denoted by So. Note that So is obtained by the followng forrmula. [0191]
So:(gf-XI) (EZ-Z) 13_[0192] The root-nmean-square surface roughness (RVB)
is obtained hy|éxpa Nt 9 ee dinensions the RV5 of a cross section
curve so agmt beﬁaglgﬂgbygp%ﬁf&? e RV of a cross section curve to the
measurenent surface, in a simlar manner to R The RM5 can be expressed as
t he squar 019t of the average val ue of squares of deviations from20 the

ol Fovi g —for mins r g §a peacl afie® R Aipsy O BB RE AN Bl T,
ref erence isstwéeacke haigha of klertegtestr feak &4 epd &édn@dofot}zle BoweszealgnEnn #o i s t he

aver age_val ue of. hei.ght qf the eci.fi rfa e reference surface is
paral el t efl?‘?élﬁci‘?f%le’a “ ?%b%¥%egitbyﬁge %’gﬂ“’%‘g?%ﬂg{-[‘g%- ned by the foll ow ng
formul a. [@19F] 51

P-v=2_-2

min

[0198]
The peak and the valley used herein are obtained by expanding into three
10  dimensions the “peak” and the “valley” that are defined by JIS B 0601:2001 (ISO
4287:1997). The peak can be expressed as the highest point at the specific surface and
the valley can be expressed as the lowest point at the specific surface.
[0199]
The measurement conditions of the average surface roughness (Ra) and the
15 maximum peak-to-valley height (P-V) in this example are described below.
Atomic force microscope (AFM): a scanning probe microscope
SPI3R00N/SPA500 manufactured by Seiko Instruments Inc.
. Measurement mode: dynamic force mode (DFM)
. Cantilever: SI-DF40 (made of silicon, a spring constant of 42 N/m, a resonant
20 frequency of 250 kHz to 390 kHz, and a probe tip R < 10 nm)
- Scanning speed: 1.0 Hz
- Measured area: 10 pm x 10 pm
- Measured points: 256 points x 256 points
Note that DFM refers to a measurement mode in which the surface shape of a sample is
25  measured in a state where a cantilever is resonated at a given frequency (a frequency
specific to the cantilever) while the distance between a probe and the sample is
controlled so that the vibration amplitude of the cantilever is kept constant. In DFM,
the cantilever does not touch the surface of the sample; thus, measurement is possible
without changing the original shape of the surface of the sample and without damaging

30  the surface.
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Rrs= So JY' J'{F(X, Y)-Zo}2dxdY [0196] The nmaxi mum peak-to-vall ey hei ght
(P-V) can be expressed as a difference between the height of the highest
peak Zmax and the height of the lowest valley Zmn at 5 the specific
surface, and can be obtained by the following formula. [0197] P - V = Zmax
- Zmm [0198] The peak and the valley used herein are obtained by expandi ng
into three 10 dinensions the "peak"” and the "valley" that are defined by
JI'S B 0601: 2001 (I SO 4287:1997). The peak can be expressed as the highest
point at the specific surface and the valley can be expressed as the

| owest point at the specific surface. [0199] The neasurenent conditions of
t he averag@z%rface roughness (Ra) and the 15 nmaxi mum peak-to-valley

hei ght (P-V) i nbinfagXandh 6f BleutRecbidaeshelmnsindé orysal filikcadaytrcr 0scope

(AFM : a scanni ng probe m croscaope . SPI 380 SPAS nuf ac ured by Sei ko
| nst r ument a3 preformechel SRplRT Ans deundsy e 8V‘T“‘é)"rs'é‘3368r[98£r‘?tlﬁﬁl\/) L Pt ever

SI - DF40 (npde. dﬁilelﬁiohhlcs‘aﬁ‘aceash% 'oﬂglecéﬁ{gfet&yﬁtal@ﬂlcéﬁfla%@weae cﬂﬁzﬁﬁkfdlanln 20
frequency of 250 kHz to KHz, and a probe tip R< nm Scaﬁgl ng

speed: 3. Ocousideriics 9f dbe &n@awrelef i K030 S‘Pﬁ“"!\/é%s”brsé'bstrﬁ@l ?ﬁ &he olfginghi ni's x
256 points,, %ﬁ%ﬁﬂ@ﬁna@%&%ﬂ ALl 5Oma 11H5‘g%§ WeRIBIMd AP Ofe- Hlﬂlem&rfahptaﬁﬁ surface
e

shape of a sanp I's 5 measured in state where a cantilever is

resonat ed by a éﬁawsqeme&f methodmith aftachpd éQﬁYEﬂ*i@:Eﬂ pestoER jopg-dimegsionad geadint | ever)
while the gistan Cf‘irt SINEER o LRl A0 An Mand aiﬂ%@ed by GARLGOIRPO thal

the vibrat{on cant eve constant. I'n DFM the
canti |l everccdmeﬁomcﬁctr twonecting lqeadsaticl auree. ofAﬁMethstartb@ gurfachuoughnesssweenent i s

possi ble | hhhol Fﬁgla“agtaé}gﬁ SRR af%mggrgeoajqffemwgnﬁeé [ (Rufie sanpl e

and w sutrace.
and the maximum peak-to-valley height (P-V) were calculated.

[0201]
Table 1 and FIG 14 show the average surface roughness (Ra) and the

maximum peak-to-valley height (P-V), which were calculated.

15 [0202]
average surface maximum
roughness peak-to-valley height
Ra (nm) P-V (nm)
Sample A 3.0 83.2
Sample B 1.7 25.7
Sample C 2.9 35.8
Sample D 1.2 26.1
Sample E 2.3 32.4
Sample F 1.3 14.1
[0203]

As shown in Table 1 and FIG. 14, the maximum peak-to-valley height (P-V) of

Sample A irradiated with a laser beam after dry etching using an NF3 gas was 83.2 nm.

In contrast, the maximum peak-to-valley height (P-V) of Sample B subjected to plasma

20  treatment using an Ar gas after irradiation with a leaser beam was reduced down to 25.7
nm. The other results were such that when Sample C was compared with Sample D,

the average surface roughness and the maximum peak-to-valley height of Sample D

subjected to plasma treatment were both lower than those of Sample C, and when
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The measurenment of the surface roughness of the single crystal silicon

| ayers was perforned on Sanples A to F under the above-descri bed
conditions. Images of three-dinensional surface shapes of the single
crystal silicon layers were obtained. In 5 consideration of the curvature
of a cross section of a substrate of the obtained neasurenent inages, al
the data of the inages were fitted for one-di nensional plane by a

| east -squares nmethod with attached software to perform one-di nensi onal
gradient <correction for correcting the gradient in the plane, followed by

guadratic gradient correc io. f.or ctin uadratic curve, ter that,
the surfac nﬂ%ﬁ&ﬂﬂ@%§°%ﬁ§e o g?VQ%dﬁmﬁ? m?%ggé? %8h9¥%ﬁ?ﬁm&%gl so t hat
each of t hﬁaxﬁz\ﬂﬁﬁlé}ﬁ@k svdliag BeiphugiBaent K Rijectaing plhmanmxinranwaedott o- val | ey
hei ght (P-V) Fllggre calcu.sllate%h [0201] Table 1 and FIG 14 show the average
surface rdgy e nmaxi num peak-to-valley height (P-V), which
wer e cal cuipasfd. 15 [0202] average surface maxi num roughness

peak-to-vall ey height Ra ( V (nm), Sanple A 3.0 83.2 Sanp

25.7 Sanple C Then, 3EGH Iséafﬁﬁl léBqusoz% EIECWC@S@P? (%E@Haage%%m e F 1.3
14.1  [020¢};, pf@Csmv‘ghniﬂE Pablrec 1 sang FE6v idhee ol Saiiplel OWRePBRKsideRs val | ey

hei ght (P-V) 'of Sa irradiated with a | aser beam after dry etching
usi ng an NESHHemigas 1{93)1 iﬁ}’ﬁms irrpgiated ptithaas laser thgam nelgi Find Yo dkistBiadl | ey

hei ght (P-§f) I%ﬁ Wﬁ{gh‘% g%fléfwea %ﬁttﬁeds&facé%fetﬁé@mg@ sﬁa@%&ﬁ@&nduabpﬁy@n Ar gas

after eradi ati easer beam was reduced down 25.7 nm The other
results weFI& 3R fs 2 hmtOMnO"Séﬂmml@D@fm@%mﬁbﬁﬁﬁﬁawwoséwréaﬂr is t he

aver age, SubfaGRa AHIMES healthliNg: FRKIMAIAGR: hrrAkd O ekl aaf Sanple D
ed %% tﬁ

subj ec asma treatnent mere omer than those of Sanple C, and
when 53 prq]ections are reduced on the surface of the smgle crystal semiconductor layer.

[0205]

From the above results, it was confirmed that the average surface roughness

and the maximum peak-to-valley height can be reduced after irradiation with a laser
15 beam by performing plasma treatment.

[Example 2]

[0206]

In this example, changes in surface characteristics when plasma treatments is
performed for various time periods after a single crystal semiconductor layer is

20  irradiated with a laser beam will be described.
[0207]

First, an oxide film was formed by oxidizing a surface of a single crystal
silicon substrate with a gas including hydrochloric acid. The single crystal silicon
substrate is irradiated with hydrogen ions through the oxide film in order to form an

25  embrittled region in the single crystal silicon substrate. Then, a surface of the single
crystal silicon substrate through which the hydrogen ions are added to form the
embrittled region was bonded to a surface of a glass subsirate and heat treatment was
performed so that separation was caused along the embrittled region. Through the
above steps, a single crystal silicon layer was formed over the glass substrate with the

30 oxide film interposed therebetween. In such a manner, a plurality of samples in each
of which the single crystal silicon layer is formed over the glass substrate with the oxide

film interposed therebetween was prepared.
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Sanmpl e E was conpared with Sanple F, the average surface roughness and the
maxi mum peak-to-val |l ey hei ght of Sanple F subjected to plasnma treatnment
were both |ower than those of Sanple E. [0204] 5 Then, FIGS. 15A and 15B
are scanni ng el ectron mcroscope (SEM images of Sanple C and Sanple D.
FIG 15A is a SEMinmage of Sanple C after the single crystal sem conductor
| ayer is irradiated wwth a |aser beam In FIG 15A it is found that

proj ections are generated on the surface of the single crystal

sem conductor layer. FIG 15B is a photograph of Sanple D after the single
crystal se@%nduct or layer is 10 irradiated with a |aser beam and Ar

pl asna tre nt is perforned. It is found that projections are reduced on
t he surface of (tThen shagihgle @iyl alliceehiyerasfdiacit of the gperality [ob 20bpleswasn t he

above results, it s confi.rnme hat the aver.a surface r hness and the
maxi num pe%‘i’lef’@‘-i\}%\lg?yeﬁwmg Q%Prdc‘c'jﬁ&wo Beénorvgd’us(’f‘@ﬁrﬁﬁg&aiy % ?(?Ig%ﬁ 8?&%&1 §et h a | aser
15 beiam by%rpﬁﬂfsqrcaﬁ m;geﬂo:c aﬁérmythdwmgrmmpeﬂ_{oﬁnarw ) IZ‘JlP etdh@i2Qb¢thod mdehi s

exanpl e, changes in surface characteri CS en na treatnents i s
per f or nkd ?%‘Flg’\?%sr'f"%é‘l 1GPhRowsEP ]éa(sib’aﬁﬂtpgéll’%s %q\i\t,{r%éq ‘éfe‘@r SRCUQB MEB R uct or
layer is &0 0p4 asd atigeisd dabopidoasaek. beam wi Il be described. [0207] First,
an oxide filmwas fornmed by oxidizing a surface of a single crystal

silicon su¥3tlate with a gas including hydrochloric acid. The single

crystal siliconyegthgd E)]?Jrﬁitjr %fis%tglﬁl@ﬁaﬁf@u%étgﬂ Ry dF08RAN}; GRS WA @ugh the
e

oxide filmin order to form an rittl'ed region in the single crystal

si | i con subediated avithThlsger bgamgyr Afereingdiatiorewith fhy laser ppaps tpAasmaitepeReHt subst r at e
t hr ough, whj dr i tQ: } regi on
s b e e i A B

per f or med Bakyp HElectwadamited (MEWRS, amicR @laanadyy eleking mpparetos) ey aelfibn.

Through th . S b y.er : d over
t he gl ass %ﬁ%§€%qt%é§%%p ﬁon%: ﬁrgﬁgﬂ&(‘i}i?c&g&? F?‘I"n?‘?ﬁ%fg@%@’ at?lhReIr@ Se{/%rél n. In such
a manner, af WOUW40.6t W/oh')sappises: dfrl.3ddehandom angrincdas flhe rate 0§1€0 seyst al

Si i con | a'¥er | 3 for rrEd P%Gimt hle g} %%%teg,ua%at4rﬁ5§tew tﬁbsam?e \9%1%19% noti I'm

i nt er posed RS R e E WS p}nélﬁg’r e
15  subjected to plasma treatment was Sample G, a sample which is subjected to plasma
treatment for two minutes was Sample H, a sample which is subjected to plasma
treatment for three minutes was Sample I, and a sample which is subjected to plasma
treatment for four minutes was Sample J.
[0210]

20 Next, the surface roughness of single crystal silicon layers of Samples G to J
was measured. The measurement of the surface roughness was performed in a manner
similar to that of the measurement in Example 1. Then, the average surface roughness
(Ra) and the maximum peak-to-valley height (P-V) were calculated. The calculation
method of the average surface roughness (Ra) and the maximum peak-to-valley height

25  (P-V) in this example is similar to that in Example 1.

[0211]
Table 2 and FIG. 16 show the calculated average surface roughness Ra and the
calculated maximum peak-to-valley height P-V.
[0212]
30

55



54 [0208] Then, the single crystal silicon |ayer of each of the plurality
of sanples was subjected to dry etching in order to renpve a superficial

| ayer portion of the single crystal silicon layer. The dry etching was
performed by an I CP etching nethod under 5 conditions with an | CP power of
150 W an RF bias voltage of 40 W a reaction pressure of 1.0 Pa, and a
chlorine gas of 100 seem [0209] Next, the plurality of sanples was
subjected to dry etching and was then irradiated with a |aser beam After
irradiation with the | aser beam plasma treatnent 10 was perfornmed. Plasna
tr eat ment pwas—perforred—using—antapparatusnanufactured by Tokyo El ectron
Limited (NE-500, an IfﬁmﬁPﬁgﬁﬁcdry et ERFEY “hpparat us) by an ICP et hod
under conditions wilth dwﬁﬁeﬁspomeﬂw@?KSU@WVg@gql WcnR), an RF bias voltage
of 100 W ((0.61 WcnR), &apBksure of 1P-39%M4  and an argon gas flow rate of
100 sccm | Semple@ent tine2das set to 2 MWBButes, 3 mnutes, and 4 mnutes. A
~sanpl e whi|cRahple®Pt| 15 suppected|to plasng treatpent was Sanple G a sanple
which is quly.ecfad [0 plapga t(reatnentfor tWo rinutes was Sanple H, a
sanpl e whi o 'cbtch‘u ptasna treafment for three m nutes was Sanpl e
I, and a S Whi-eh—s—Stbjeeted—to—prasma—treat nent for four m nutes
was Sanple J. [0210] 20 Next, the surface roughness of single crystal
silicon | aygrsjof Sanples Gto J was neasured. The neasurenment of the
surface roughness was perfornmed in a manner simlar to that of ége
measurement in BeSAPYRITablpzend Fligel o5 ths mpyumug pralia-vp ﬂﬂﬁﬁ§§9LV? ) and the

naxi mim pegiadOGMAhdifYd Weh 8 ser(Raafi¥edr§ @ Ring Wad @k nohherclhfath,akd on
nmet hod of the average surface roughness &Ra) and t he WBX|nun1Peak-to-vaIIey

hei ght 25 mxigym; neak-f-valley heishtdPi\9 of iSaopler spbicstptito Rlpsndeisreat ¥sing [ 0211]

Table 2 ang, K} s 0 foRP Al iew AL GHER L. RYE! 28La RN ER HOHERRHS Ra and
the calculated maxi mum peak-to-valley height P-V. [0212] 0 55
roughness Ra of Sample G was 2.2 nm. In contrast, the average surface roughness of

Sample J was reduced down to 1.4 nm.
[0214]

10 This application is based on Japanese Patent Application serial no. _
2008-251335 filed with Japan Patent Office on September 29, 2008, the entire contents

of which are hereby incorporated by reference.
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average surface maxi num roughness peak-to-valley height Ra (nm P-V (nm
Sample G 2.2 105.3 Sanple H1.6 47.8 Sanple | 1.6 24.7 Sanple J 1.4 42.1
[0213] As shown in Table 2 and FIG 16, the naxi num peak-to-valley hei ght
(P-V) of Sample Girradiated with a | aser beamafter dry etching was 105.3
nm In contrast, the 5 maxi mum peak-to-valley height (P-V) of Sanple J
subjected to plasnma treatnent using an Ar gas for four m nutes was reduced
to 42.1 nm In addition, the average surface roughness Ra of Sanple G was
2.2 nm In contrast, the average surface roughness of Sanple J was reduced

down to 1. [ Q214 ) This application is based on Japanese Patent
Appl i cati oﬁfgémirﬁsacﬁ“‘lg]lg/lEfogOS- 251335 filed with Japan Patent O fice on

Sept enber 29, 2008, the entire contents of which are hereby incorporated
by reference. 5 LS CLAI VED | S; A. et hod for_ manufacturing an SO
substrat e, comﬁig\ﬁﬂﬁgﬁod§?r&%“%§mﬁﬂgﬁ%%ﬂ¥ PP FYTR8%er a semi conduct or
substrate; 5 ir radiiatinigsddimg sitnbecanduatcondstobsitsaite W th accel erated ions
through the insulating filmto forman enbrjttled region jn th

semi conduct or s dEHRE ethe oﬁe@ﬂfﬁgﬁi‘f‘f&’ras'@fﬁaft%é‘@thofm?ﬁ@tegeFﬁn?:oth’iﬂ’t‘}%l? gli‘e substrate
and a surfRGRafl AmRGESm 8 LRSHiRY CeoRRIA Hielsemicon®rh siistiee; and bonding t he
surface of the insulating filmto the surface of the bage s?gg{ﬂrate; 10

causi ng separ at 9RO AGUERE AniBf SepiceRiuelonSERTIaE A FEkee © fent after

the surfaggs@fe biiRsikdRU:ah bigr bdd PorRARE hbsursit baar @duldthe Mase wabstrate
are bonded to eac other to forma sem conductor |ayer over the base

substrat e wirfope oftfee basgabairaleig film interposed therebetween; perforning
et chi ng, treat ne%ﬁus% stepzﬁm?o%rgl&%nﬂ&’ %Pngfittlleélf@grién with a heat treatment after the

surface of the insulating film and the surface of the base substrate are bonded to each
other to form a semiconductor layer over the base substrate with the insulating film
interposed therebetween;
performing etching treatment on the semiconductor layer;
15 irradiating the semiconductor layer subjected to the etching treatment with a

laser beam; and

irradiating the semiconductor layer irradiated with the laser beam with plasma.

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

20  wherein the plasma treatment is performed by an inductively coupled plasma method.

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

wherein a glass substrate is used as the base substrate.

25 4, The method for manufacturing an SOI substrate according to claim 1,

wherein the ion irradiation is performed using an ion doping apparatus.

5. The method for manufacturing an SOI substrate according to claim 4,

wherein main components of ions used for the ion irradiation of the semiconductor

30  substrate are Hy" ions.

6. The method for manufacturing an SOI substrate according to claim 1,
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15 irradiating the sem conductor |ayer subjected to the etching treatnent
wth a |aser beam and irradiating the sem conductor |ayer irradiated with
the | aser beamwi th plasma. 2. The nethod for manufacturing an SO
substrate according to claim11, 20 wherein the plasma treatnment is
performed by an inductively coupled plasma nethod. 3. The nethod for

manuf acturing an SO substrate according to claim1l, wherein a glass
substrate is used as the base substrate. 25 4. The nethod for nanufacturing
an SO substrate according to cl ai m 1, wherein the ionirradiation is
performed using an ion dopin tus 5. The cturing an
SO subst r‘ﬁli‘f‘éelgéltegl?eaf 'i’i‘fj‘“?%tdﬁgg atv%fé’fné’fﬂﬁmﬁca‘eﬁs t?:‘%nrrﬁrofr’] S to a L'!Ifalﬁlons usgd
for the i intlof 8divade samstafe. t he sem conductor 30 substrate are H3' ions. 6.
The net hod for manufacturing an SO substrate according to claiml, 57
wherein the heat treatnent is perforned at a tenperature |ess than or equal

to a strain p0'7nAnﬁ{hOH|ﬁﬁnb§1§.&cﬁ1Hﬁ§EﬁQ(DBsubztrateA\ccﬁ’tﬁlbﬂfbﬁl@ for manufacturing an
SO substrate, conprising formng an insulating filmover a

seni conduct or séﬁ@t‘l?ga%neﬂsuﬂqtlﬁﬁéi%ﬂ%@s@lﬁ@o%’ﬁ{o&é‘% Bor substrate with

accel erat ed i ongf4haboHe tRRicohMRMradubfithtd Witk bcleRidd @is el thed region
in the sem conductor Substrate; disposing a surface of the sem conductor

substrat e mndatmgdimfrafemaen embrilsd regianss thesewicoBcOr FWstdeeach ot her and
bondi ng the surfg g rg)a snﬁaée @tsélﬂgoﬁdukﬁ} rsﬁ’ostrﬁ't@ and G §iMfab@6L aQfasd he base

substrate; causin ar at |on ong the enbrittled region with a heat
treat nent substete b}b}:@snestsprefaahetb@f andq@ndmgdhewrfﬁge of the iafdetipdilaytp e of the

base slﬁ) r ﬁ each other to forma sem conductor |ayer over
t he base ﬂ%{afer‘gf{tﬁebas? 15 %Ql nsulating film interposed therebetween; 15

performng fir stcalfshrgmepa;atﬁqnea@rrgeﬁlt embrittieé r@fm wish dheatoreaineape piterithy adi at | ng
the sem Cor}n_%(g%g lf;ﬂ?i}\%gfagzzgﬁhlgcécf rfaclg of t rl?ats gllb%@% gretﬂoﬁﬂécf%%cﬂ“ th a

| aser beant i ng treatnmen e sem conduct or | ayer
i rradi at edothid fohfoirha dems@ndivearipyeander the base substrate with the insulating film

interposed therebetween,;
15 performing first etching treatment on the semiconductor layer;

irradiating the semiconductor layer subjected to the first etching treatment with

a laser beam;

performing second etching treatment on the semiconductor layer irradiated

with the laser beam; and

20 irradiating the semiconductor layer subjected to the second etching treatment

with plasma.

8. The method for manufacturing an SOI substrate according to claim 7,

wherein the plasma treatment is performed by an inductively coupled plasma method.

25
9. The method for manufacturing an SOI substrate according to claim 7,

wherein a glass substrate is used as the base substrate.

10. The method for manufacturing an SOI substrate according to claim 7,

30  wherein the ion irradiation is performed using an ion doping apparatus.

11. The method for manufacturing an SOI substrate according to claim 10,
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20 irradiating the sem conductor |ayer subjected to the second etching
treatnent wth plasna. 8. The nethod for manufacturing an SO substrate
according to claim7, wherein the plasma treatnent is perfornmed by an

i nductively coupled plasma nethod. 25 9. The nethod for manufacturing an
SO substrate according to claim7, wherein a glass substrate is used as
the base substrate. 10. The nethod for manufacturing an SO substrate
according to claim?7, 30 wherein the ion irradiation is perfornmed using an
i on dopi ng appar at us. 11 The met hod for manufacturing an SO substrate

accordi ng to claim 10, erein n,canpo ts of. jons .used for the ion
i rradiati ofign e §8IHP?:USHH Sfet'gts usgggl fgea érimgan n Ofé’ﬁe SCOYSONAREA et hod
for manuf aghufid e B iSkd. substrate according to claim7, 5 wherein the
heat treatnment is perforned at a tenperature |less than or equal to a strain
poi nt of the base substrate. 13. A nmethod for manufacturing an SO

substrat e, Corrprl%S'l“ﬂQ metHo@ 31 ROnRGELASS ah RO RbiRAS AdcbiMMRV R clfim 7,
sem conduct or strate; 10 irradiating the sem conductor substrate with

accel er@at edhdreinshe hrablreptmentias perfosmed pis Fmpeiaiiee fepy iR 61 @RhioSE#fbr i t t | ed
region in %Jq Zﬁ{p Q?er!;q&g}a%r substrate; formng a second insulating film
substra

over a bas Isposing the first insulating filmover the
sem conductor substrate and the second insul ati ng filmover the base

substrate opp05| e, tg.e her. urface of the first
insulating film ? Afnﬁtém(gur a%"é [}“qﬁc:e SECOI’I%-I hsur?at |n%g film causing
separation al ongoritieg #fiist insitlate filegvern seinidonduche atbstrateat nent after the
surface of the fir uatln of .t h C
houl el ng 111 mi e s Skt TR, M PRl B kIR AT BR, yer
over the baslﬂatﬁigliﬂwt@fcﬁmmtehlbhmd Fdgi@iin then;smlcahdu&g)rfsliﬂsmta,nd t he second
insulating filmjnterpose rebs ween; bzoﬁﬁpg geum ng etching treatnent on
e

the seni conduct dPmHEgA$ec0R lF‘ ¥ ctor layer subjected to
the etching treaigbiig Wel frsBinshids®y fiheandr @o dericoadicnt isigrhlensahé conduct or

layer irr acfalc:c?ﬁdel%smt]tnrg] ttlhrllleovle? tsh%rba?ee%rgst\pgté gp}%sne to each other and bonding the
15  surface of the first insulating film to the surface of the second insulating film;
causing separation along the embrittled region with a heat treatment after the
surface of the first insulating film and the surface of the second insulating film are
bonded to each other to form a semiconductor layer over the base substrate with the first
insulating film and the second insulating film interposed therebetween;
20 performing etching treatment on the semiconductor layer;
irradiating the semiconductor layer subjected to the etching treatment with a
laser beam; and

irradiating the semiconductor layer irradiated with the laser beam with plasma.

25 14. The method for manufacturing an SOI substrate according to claim 13,

wherein the plasma treatment is performed by an inductively coupled plasma method.

15. The method for manufacturing an SOI substrate according to claim 13,
wherein a glass substrate is used as the base substrate.

30
16. The method for manufacturing an SOI substrate according to claim 13,

wherein the ion irradiation is performed using an ion doping apparatus.
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25 14. The method for manufacturing an SO substrate according to claim 13,
wherein the plasma treatnent is performed by an inductively coupled plasna
nmet hod. 15. The nethod for manufacturing an SO substrate according to
claim13, wherein a glass substrate is used as the base substrate. 30 16.
The met hod for manufacturing an SO substrate according to claim 13,
wherein the ion irradiation is perfornmed using an ion doping apparatus. 59
17. The method for manufacturing an SO substrate according to claim 16,
wherein mai n conponents of ions used for the ion irradiation of the

sem conductor substrate are H3+ ions. 5 18. The nethod for manufacturing
an SO substrate according to claim 13, wherein the heat treatnent is
perforned at a tienpes akthbe fbﬁﬁlﬁmiﬁhﬁmingrareqamlsuusmata asctqrdihgl to pkainmtl6,of t he
base substrate 10 19. A net t}od for mant actur 3% substr e,

conpri si ng¥eTFIR AR GORPITERIS 1of; 1R Y5 i 1Ry lf”?n]% 103 Og 86?1‘8%“61{1

substr at e; syb§ifadirat, negnd he sem conductor substrate wth accel erated ions
through the first insulating filmto forman enbrittled region in the
seni corduct or substrate; forming a second insulating filmover a base
substrate; 15 digpen) Bubi%Gol hblndlsidl A 500 slisldle Aaihd % $ATh nduct or
substrate and the second insulatin il mover the base substrate’ opposite
to each otWhereiankb bohtiatgentheperfumt@aied mpersaire ieﬁ%’thail A5 eAuat oriyStail m to t he
surface of _t | ating film causing separation along the
enbrlttledprre} |f§1%%\(7)l\n&t uwl% eat treatnent after the surface of the first

i nsul ating fi I m and t he surface of the second insulating filmare 20
bonded 0 each orm a.semc ver the base substrate
Wi th the first q%ﬁfgme%'f’dkom?an}l%c% %mg&g&elg%ur? quslﬁ "ating filminterposed
t her ebet ween; pefdsﬁxﬁﬁgwaﬂgtmkmmngéﬂmmvelgzsterrwtmhmn:trsmtraﬂae sem conduct or

| ayer; |rrad|at|n the sem con tor | ayer cte etchlng
treatment with gqlaé’slér %%eg}ﬁong TeHBRTAG W{ﬁ ése%rmat%oglr? h%pu%h thJ ﬁttSt

per f or m ngins@sanRdilate h:lrmgmtehﬂbﬁfﬂ’éﬁméglaﬂn tﬁd‘seminendhmamdmhstrae I ayer | rr adl at ed

with the | r n
th the Tase l%gr?nq]ng z? se((j;ond insulating film over a base substrate;

15 disposing the first insulating film over the semiconductor substrate and the
second insulating film over the base substrate opposite to each other and bonding the
surface of the first insulating film to the surface of the second insulating film;

causing separation along the embrittled region with a heat treatment after the
surface of the first insulating film and the surface of the second insulating film are

20  bonded to each other to form a semiconductor layer over the base substrate with the first
insulating film and the second insulating film interposed therebetween;

performing first etching treatment on the semiconductor layer;
irradiating the semiconductor layer subjected to the first etching treatment with
a laser beam;

25 removing the semiconductor layer by performing second etching treatment on

the semiconductor layer irradiated with the laser beam; and

irradiating the semiconductor layer subjected to the second etching treatment

with plasma.

30 20. The method for manufacturing an SOI substrate according to claim 19,

wherein the plasma treatment is performed by an inductively coupled plasma method.
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irradiating the sem conductor |ayer subjected to the second etching
treatnent wth plasma. 30 20. The nethod for manufacturing an SO
substrate according to claim 19, wherein the plasma treatnent is perfornmed
by an inductively coupled plasma nethod. 60 21. The nethod for
manuf acturing an SO substrate according to claim 19, wherein a glass
substrate is used as the base substrate. 22. The nmethod for manufacturing
an SO substrate according to claim19, 5 wherein the ion irradiation is
performed using an ion doping appar atus. 23. The nethod for nmanufacturing
an SO substrate,accordi.n I i gof ions
used for the io?1 %aaleh][ |gof%r)1 mfml?ﬁe S ancgggu S[}atgad gbb gg(?gﬁgltrl:l H3' i ons.
10 24. Thewhaélh@(tldss)gubnteamfsaeédusnheg)aaﬂ‘suSEﬁratesubstrate according to claim19,
wherein the heat treatnent is perforned at a tenperature |ess than or equal
to a strain point of the base substrate. 61

22. The method for manufacturing an SOI substrate according to claim 19,

5  wherein the ion irradiation is performed using an ion doping apparatus.

23. The method for manufacturing an SOI substrate according to claim 22,
wherein main components of ions used for the ion irradiation of the semiconductor

substrate are Hy* ions.

10
24. The method for manufacturing an SOI substrate according to claim 19,

wherein the heat treatment is performed at a temperature less than or equal to a strain

point of the base substrate.
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