MANUFACTURI NG METHOD OF SO SUBSTRATE AND MANUFACTURI NG METHOD OF

SEM CONDUCTOR DEVI CE BACKGROUND OF THE | NVENTION 51. Field of the Invention
[ 0001] The technical field relates to a silicon-on-insulator (SO)
structure. 2. Description of the Related Art 10[ 0002] As a method for
formng a transistor, the foll ow ng nmethods are known: a nethod in which a
silicon wafer is used, a nethod in which a non-single-crystal sem conductor
| ayer provided over a substrate having an insulating surface is used, a

met hod in which a substrate (SO substrate) having a thin single crystal

seni conductmm&*mwmammﬁwetrsmsmmimgmwmﬁﬁdc and the
i ke. [0003] I n partl cul ar ransi stor forned using an SO

{
substrate can have hi gh¥ELTHOPL WCW% ORDEYeHr forned by ot her
met hods. [0004] 20Here, a Smart Cut (registered trademark) nethod is known

as a nethod for manufacturing an SO substrate. [0005] The Smart Cut
met hod is a nmethod for foﬁﬁ%@ﬁ%ﬁ@ogﬁb@tw]@ PPr oxi mat el y t hrough the
fol | ow gg qrpﬁﬁsﬁ e%ﬁ{,é}lﬁg First, a silicon wafer is irradiated with
hydr ogen i ons, an enbrittlement region (also referred to as a

m cr obubbl éOOOEli/er a separation layer, a peeling layer, or the like) is

formed at a predﬁﬁeetreéﬂn %Pf&&?tlﬂes%%@}h%oé&'ﬂ %ﬁ&gto%scf{g&m%hu' con wafer [0007]

30Next, an insulating ayer 0 Serv I'S formed on the
surface of
2. Description of the Related Art
10 [0002]

As a method for forming a transistor, the following methods are known: a
method in which a silicon wafer is used, a method in which a non-single-crystal
semiconductor layer provided over a substrate having an insulating surface is used, a

~ method in which a substrate (SOI substrate) having a thin single crystal semiconductor
15  layer provided over an insulating surface is used, and the like.
[0003]
In particular, a transistor formed using an SOI substrate can have higher
performance than a transistor formed by other methods.
[0004]
20 Here, a Smart Cut (registered trademark) method is known as a method for
manufacturing an SOI substrate.
[0005]

The Smart Cut method is a method for forming an SOI substrate approximately

through the following process.
25  [0006]

First, a silicon wafer is irradiated with hydrogen ions, and an embrittlement
region {(also referred to as a microbubble layer, a separation layer, a peeling layer, or the
like) is formed at a predetermined depth from a surface of the silicon wafer.

[0007]
30 Next, an insulating layer to serve as a bonding layer is formed on the surface of
the silicon wafer.

[0008]



the silicon wafer. [0008] Then, the bonding | ayer and a base
substrate are bonded to each other and heat treatnent is perforned thereon,
whereby a crack is generated fromthe m crobubble |ayer. Accordingly, part
of the silicon wafer is separated, and a single crystal sem conductor |ayer
formed using the part of the silicon wafer is provided over the 5substrate.
[ 0009] As for a nethod for manufacturing such an SO substrate, refer
to Reference 1. [Reference] [0010] 10Reference 1: Japanese Published Patent
Application No. 2008-277789 SUMMARY OF THE | NVENTI ON [ 0011]

There is a phenofREDthetRhIBL 19XYHAN RELTLRIASIL 85nded (SORE oBRESR MhEN 2

| arge 15 ampunt of oxygen i5 included in silicon. [0012] The oxygen
preci pi t at i tepatoeas isgp ed thepponcwheralii d&FCk Ae eerdtedh {ipmt the snigrbubbla t er ed,
and the oxygen pheg “_tlgtba}n oRifie NGBt (4 lpaRfla] QRN el oAshf aNST St or
is deteriorated. 20 fu en a transis i's formead usr g a silicon
waf er, oxygemicondeiopilayst rf@me@wemg sthtapara oaélwpsqmntwafﬁr Barreidgednoet tabout

sever al nl%&&m%{ers to several tens of microneters) froma surface while
oxygen preC|p|tat|on does not occur at a shallow portion (several tens of
nanonet er s [0@9%everal hundreds of nanoneters) fromthe surface, whereby the
25 denerit of ox n_prec tatiQn. can b e of the
nmerit thereof. é‘gi{]ﬁm dl% '@ nﬁs?u(f %I S@%tm U]E%ﬁatrrto e?regcegllsngl e
crystal seqReﬁﬁﬁuqtor | ayer has a smal | thlckness (several tens of

nanomnet ers @ﬁ ieveral hundreds of nanoneters); therefore, when oxygen
precipitatl ccurs is difficult to avoid the denerit that the

- 30per f opmance of Rafefehedﬂﬁualsaﬁéselmbm&@pata{tatppﬂcanb@m;5:]00&(2007@1 ngly, as for
the SO substrate, it is preferable that oxygen concentration

SUMMARY OF THE INVENTION
[0011]
- There is a phenomenon called oxygen precipitation in some cases when a large
15 amount of oxygen is included in silicon.
[0012]

The oxygen precipitation has a merit that contaminant metal impurities are
gettered, and the oxygen precipitation has a demerit that performance of a transistor is
deteriorated.

20 [0013]

When a transistor is formed using a silicon wafer, oxygen precipitation occurs
at a deep portion (a depth of about several micrometers to several tens of micrometers)
from a surface while oxygen precipitation does not occur at a shallow portion (several
tens of nanometers to several hundreds of nanometers) from the surface, whereby the

25  demerit of oxygen precipitation can be avoided so as to make use of the merit thereof.
[0014]

However, as for an SOI substrate, a single crystal semiconductor layer has a
small thickness (several tens of nanometers to several hundreds of nanometers);
therefore, when oxygen precipitation occurs, it is difficult to avoid the demerit that the

30 performance of a transistor is deteriorated.
00153

Accordingly, as for the SOI substrate, it is preferable that oxygen concentration



in silicon be lowin order to prevent oxygen precipitation as nuch as

possi bl e. [0016] In view of the foregoing problem a nethod for
manuf acturing an SO substrate in which oxygen concentration in a single
crystal sem conductor layer is reduced will be 5disclosed. [0017] In

addi tion, a sem conductor device manufactured using an SO substrate and a
manuf acturing nmethod thereof will be disclosed. [0018] 10Note that a

sem conduct or devi ce manufactured using an SO substrate and a

manuf acturing nethod of the sem conductor device, which are disclosed

bel ow, sol Vg #ib&Fid 1b® ilP5:AE 16 PRevidl 02U prRfdtiond QA as possible, ~ Therefore,
the solution to the specific problens can also apply to a 15 sem conduct or

devi ce manuf@&iured using an SO substrate other than an SO substrate in

whi ch oxygen co nﬁ-leﬂ%v{} B %r&@n{gﬁ;ﬁﬁlﬁgﬂ, 2 }hQHEPfor anuf.act@i%g%%’ﬂ%[f’sgﬁgufa{eu sion

coefficient in a nelted state | er than that in asoli ase state.
‘Ther ef or e, i whizh ogiensoraguiraiion ithasinglg crystabssemiconectordaysr isaedvcerbwildei ng 20

| ayer ( oan'iggg) c{ayer) formed over the base substrate, and a single crystal
sem conductor Fayer formed over the insulating | ayer (bonding |layer), the
singl e cryg0@l7]sem conductor |ayer (single crystal sem conductor |ayer

including silico Jts main co nent) is. in nel t e tate, sq that the
outward di ffusi oﬁ‘ aglﬁlu(g%ﬁgsgﬁu(ioﬁ&ﬁr%%g‘(lﬁ%%én %?Cyt'gf’ ‘g}lsmsge?lﬁ “'g%ﬁsélg%tf%era ﬁyer can
be pr onot ednandBbfidg ethod therebhetlfeati®]osedhen t he singl e crystal

sem conduct[ﬁ 8iayer of the SO structure is irradiated with a | aser beamto
nelt the si (&I crystal sem conductor |ayer, an oxygen diffusion

coef fi qoent beCoRBg thit @hemhGa@ictr WeliYe nahehatienakidg dh fSOISiBMaRfan@8aygen can
be pronoted. 30[ 0022] This is because the pronption of the_ outward

di ffusi on Stenglegiyans msthed of Hieyssairoadiater fievigs WhHch Areiditelased helewcsolst al
sem conductgdeif ABlethOndmEeASE. [0023] It is preferable to emt a laser

beam whil e the base substrate is heated.
[0019]
Therefore, the solution to the specific problems can also apply to a
15  semiconductor device manufactured using an SOI substrate other than an SOI substrate
in which oxygen concentration is reduced.
[0020]
An oxygen diffusion coefficient in a melted state is higher than that in a
solid-phase state. Therefore, in an SOI structure having a base substrate, an insulating
20  layer (bonding layer) formed over the base substrate, and a single crystal semiconductor -
layer formed over the insulating layer (bonding layer), the single crystal semiconductor
layer (single crystal semiconductor layer including silicon as its main component) is in a
melted state, so that the outward diffusion of oxygen in the single crystal semiconductor
layer can be promoted.
25  [0021]

Therefore, when the single crystal semiconductor layer of the SOI structure is
irradiated with a laser beam to melt the single crystal semiconductor layer, an oxygen
diffusion coefficient becomes high. Accordingly, the outward diffusion of oxygen can
be promoted.

30 [0022]
This is because the promotion of the outw:.:lrd diffusion of oxygen causes

oxygen concentration in the single crystal semiconductor layer to decrease.



[ 0024] That is, when a |l aser beamis emtted while the base
substrate is heated, the 5single crystal sem conductor |ayer is also

heat ed. [ 0025] Then, when a |l aser beamis emtted while the single
crystal sem conductor |layer is heated, the cooling rate of the single
crystal sem conductor layer which is nelted is decreased; therefore, the
nelting time of the single crystal sem conductor 10 | ayer can be

| engt hened. [0026] If the nelting tine of the single crystal

sem conductor |ayer is |lengthened, the tinme of retaining a nelted state

wi th a highgghsffusion coefficient of oxygen is |engt hened therefore, the
outward di ffusion of oxygen can be further pronoted. 15[ 0027]

Accordingly, a | Hdenrelsmalaty smpeddsertepmyvhaleithe hage subbtrase isheatethse substrate is
heat ed, be(i ¢ a pronoting effect of the outward diffusion of oxygen due
to |rrad| atron"with a |l aser beam can be encouraged. [0028] 20Note that when
t he tenperature Ghattihevisasclazubedm at emitted mihghdlre bdsenubstrateqsihéatedp 00 C,
oxygen ¢an be ed .as .conmpay. ed t e case where the base substrate is
not hea ed dzfg'ra(fsemwondmtnplayetr éﬁ%eﬁrgr’%e&ature of the base substrate is

hi gher, t hg0o@2s5dl i ng rate of the 25 sem conduct or in a melted state can be
sl owed down; theJhtlafor e Lenper.at urge bas q%tsrate IS referably
hi gh. [0030] 0 8‘&18 tf"B “i‘ds £ e&?a‘%‘@ 8#8‘ tff“é‘f‘t“ﬂ‘@" ayer
which is i IItay@ﬁﬁH B@tedwtﬁehcdottﬁg sata@Ifehe: Eiyigle adry S8 Ne@@odditoplayen WelficH & f or med

using an ins fil nc udi_.ng 0x 30.(the maII OXIdI ed film
silicon oxi Cr"saﬁ?‘{n ik Fhle elaﬁg(?ﬁwf‘?f sg]giq Eréﬂﬁ ToSEJPHSAMAVERT £ | m

al um nym O)Idydﬁcafnlﬂemau et NUM nitride oxide film alum numoxynitride film
or the |ike when the sem conductor which is in a nelted state is in
contact wi (#026he i nsul at | ng filmincluding oxygen, there arises a problem

in that oxygen 'ﬁtﬁeﬁ%elhﬁ@mn@%fﬁﬂ sfdgié@r%ﬂﬁlsﬁqiceﬂi&ﬁ%@r Q'léﬁgﬂx%ﬁ&l ifato the
sem conductor in a nelted state. hat a nitride oxide fllmrreans a

filmof whitiele of teteiging &ondliedt siaie i with jas high gtifpsio gacifigigete af ®aMEsaNntsr at i on,
and an oXy il loff (ol MrUBANoriahlsfbh ot Bkl e Se0RA GRARRAL T AL 0N 155
| ower than oXygen’ concentratio
15 [0027]
Accordingly, a laser beam is preferably emitted while the base substrate is
heated, because a promoting effect of the outward diffusion of oxygen due to irradiation
with a laser beam can be encouraged.
[0028]
20 Note that when the temperature of the base substrate is higher than or equal to
500 °C, oxygen can be reduced as compared with the case where the base substrate is
not heated.
[0029]
As the temperature of the base substrate is higher, the cooling rate of the
25 semiconductor' in a melted state can be slowed down; therefore, the temperature of the
base substrate is preferably high.
[0030]
In addition, in the case where the insulating layer which is in contact with the
single crystal semiconductor layer is formed using an insulating film including oxygen
30  (thermally oxidized film, silicon oxide film, silicon nitride oxide film, silicon oxynitride
film, aluminum oxide film, aluminum nitride oxide film, aluminum oxynitride film, or

the like), when the semiconductor which is in a melted state is in contact with the



[ 0031] Accordi ngly, when the insulating |layer which is in contact
with the single crystal sem conductor layer is an insulating |ayer
i ncl udi ng oxygen, the irradiation is preferably performed with a | aser beam
havi ng energy density such that the bottom 10portion of the single crystal
sem conductor layer is in a solid-phase state. [0032] That is, it is
preferable to partly nelt the single crystal sem conductor |ayer by the
irradiation with the | aser beam [0033] 15Partly nelting nmeans that the
bottom portion of the single crystal sem conductor layer is in a
_solid-phas %s%faﬁﬁgﬁﬁﬁ‘ﬂlcﬁdfnﬁ%Q&noﬂl@{e abifg aﬁ%ﬁlélﬁ]hpﬂﬂé@ 6)(\%;%311 o thé‘in@ul&ﬁ{gt ed
state. [0034] This is becduse the follow ng reason: en the single crystal
sem conductidp ipduding exyger dffses Mtonthe segiconductapin @ piehstrton Npterthad al aser

beam a seni.c i i . ] . rdi ffysion
coeffici enEﬂ tg‘?@%%%g%n %T%%I% a:tﬁﬂéﬁe?nf g@%%ﬁlgt% géﬁ ?Oﬁl\e%ﬁn%g?l% (kasﬁ g'ﬁeégi gkcoagé%e

i Nt er posed chwenmatont ind amendyniomitutiiomedns agfilmedii whicls niogeraerdicertatiomsul at i ng
filmingludi ng.oxygen. as result, oxygen in the insulating filmincluding
oxygen gan(ij “éeg&agégﬁ%gﬁgﬁe%ﬁ%ﬁfusi ng into the sem conductor in a nelted
state. 25[ Q@B%] Note that the problemin that oxygen in a base
diffuses into the sem conduct or .in | ted.state. al sp occurs in the case
Wher e the base SROHAD VA0 RRE d2Yeh T g oS Geh Vi ok SH8len gl acs
- substrat e ofysal spasicdnduSDEEralk @n iidiBfing /e indBidhgCoxygém thesefatianmdisct or

| ayer is directly bgondeq to the base suhbstrate. 30[ 003 O
i nsul ating Pf‘?? rﬂyipﬁ’%?ﬂﬁgn‘@‘%bﬁg@éﬁ%ﬁnhz?‘ﬂ’ég P@er@ﬂﬁﬁ&g&uﬁ fha the;hoftem, oxi de
film gpli eeMioRot he dRgIRehydfl fdnlifBndsdibi 16 isOX WRbNd-pKiGe §thdem @l uni num oxi de

film alumnum nitride oxide film alum numoxynitride film and the
like), thel@38lmal conductivity of the silicon oxide film the silicon

nitride oxide fifmyist R Srefebb® o PidR thdil GE sfngie%}ysﬂ?gelﬁi%dlubt&el_a?’ﬁ pyover than
that of the alumnumoxide film "thé alumnumnitride oxide film “the

al um num osgriradipting with the lagerdeathe | i ke. 5[ 0037] On the other hand,

t he resultfoogg cal cul ati on based on conputational science performed by the
present inventors indicate that the thermal diffusion of the single crystal
semi confluct or | aBeatly pmelfing emeims| [that otheubstiam pértiomasie thé denglé 003831

g'g'g‘c cordin géIXibm?duaglb 1%%’}@5? 1% ahs%lli!l-rllnﬁas%‘ slapevgmh Qx?rr:grlr&‘ll 0‘%9 Hl%%%&(l)ﬁ ip%%fioll ?s i%rar anged on

melted state.
[0034]
This is because the following reason: when the single crystal semiconductor
20  layer is partly melted by the irradiation with a laser beam, a semiconductor in a
solid-phase state with a lower diffusion coefficient of oxygen than a semiconductor in a
melted state can be interposed between the semiconductor in a melted state and the
insulating film including oxygen; as a result, oxygen in the insulating film including
oxygen can be prevented from diffusing into the semiconductor in a melted state.
25 [0035]

Note that the problem in that oxygen in a base diffuses into the semiconductor
in a melted state also occurs in the case where the base substrate is a substrate including
oxygen, such as a glass substrate or a quartz substrate, when the single crystal
semiconductor layer is directly bonded to the base substrate.

30 [0036]
Of insulating films including oxygen (thermally oxidized film, silicon oxide

film, silicon nitride oxide film, silicon oxynitride film, aluminum oxide film, aluminum



base side of the single crystal sem conductor |ayer, whereby thermnmal
diffusion to the base side can be suppressed. Therefore, the cooling rate
of the single crystal sem conductor |ayer can be slowed down. [0039]
15Therefore, in ternms of extending the time of retaining a nelted state, as
for an insulating filmincluding oxygen, a thermally oxidized film a
silicon oxide film a silicon nitride oxide film a silicon oxynitride
film or the like is preferable because these filns have | ow t hernal
conductivity. [0040] 20Note that the thermal conductivity of a glass

substrat e, ng @i s BRlANS oxfHitrib Eirh) 468 thSlikOWRE AR by & Silicon
wafer; therefore, a glass substrate, a quartz substrate, or the'like is

pr ef er abl y thessdlipon 9xidp éilmathe sibictysnifrse @xidg filay e sidicon exyaitridaloy apdheed state
for a |l ongyil - et C . e knducti on
9 ik ggowér(’(%#hat%?\ﬁﬁ%@ﬁg@ o?ﬁfé é&]ﬁ% iR &k R, bl

heating is us as a heating ne or t se substrate, It s

pr ef er abl e almimeh exmitadbales agdithslikat e whi ch can be subjected to | anp

heat i ng m@gg ion heating, or the like. Alternatively, contact heating may
be used: [t[) i 30Further, an irradiation atnosphere of a | aser beamis
preferably set: t@n ther@berdeadd,phe ssulteofatamigpioe beseam amposynber] aciecewhi ch ai r
pressure is less. th or equal to 10-3 P ecause. t entry, of. oxygen from
Phe” at mospRETE R4 obe SFsblifusaicr frich Bhe R RHRSL ifeRBeees Bl ac i on
at nospher e c8btabsehi@adudiaiet prefefatiellvddcyrsvatthd asasileduci ng at nosphere (an
at nosphere 0,9,31 udi ng hydrogen, an atnosphere including carbon nonoxi de, an
at m)sphere[(} udi ng hydrogen iodide, or the |like) because a 5 reduction

reacti @p occurs g&ofdiadly, bRebshcdBEngh fohtiti@in 0bndasiAgS s GddhgB€ o tieOUr aged.
[ 0044] Further, 1t is preferable to use a reduced-pressure atnosphere-

and a redubfsgide obppBgls ekl gemicapdustor dayer gtheredey dhermg! difrgem tq thef ur t her

i ncreased. ph0dad AP THREaGRHIRA. Ofl"h.leﬂé?cfr&aﬁlien&)oiiﬂ? rB08N theOkin QX YGHRall N t he
single crystal sem conductor |ayer are thought to be the use of” an

i nexpensi veenicepguetoglayesican beadeowedgdotiict or substrate (a silicon wafer or the
like) in V\@Ogg] oxygen concentration is not precisely controlled, or
addition o drogen, helium or the |like by an ion doping nethod in which
mass sépar ati on Therafae, ipderirgrofetending thetanepdfgetaining a melted state, as for an

msulating film including oxygen, a themmally oxidized film, a silicon oxide film, a
silicon nitride oxide film, a silicon oxynitride film, or the like is preferable because
these films have low thermal conductivity.

[0040]

20 Note that the thermal conductivity of a glass substrate, a quartz substrate, or the
like 1s lower than that of a silicon wafer; therefore, a glass substrate, a quartz substrate,
or the like is preferably used as the base substrate in terms of retaining a melted state for
a long time.

[0041]

25 When a method such as lamp heating or induction heating is used as a heating
method for the base substrate, it is preferable to select a base substrate which can be
subjected to lamp heating, induction heating, or the like. Alternatively, contact heating
may be used.

[0042]

30 Further, an irradiation atmosphere of a laser beam is preferably set to a

reduced-pressure atmosphere (an atmosphere in which air pressure is less than or equal

to 107 Pa) because the entry of oxygen from the atmosphere can be prevented.



15[ 0046] Accordingly, a nethod by which the outward diffusion of
oxygen is encouraged is particularly effective in the case where an

i nexpensive single crystal sem conductor substrate (a silicon wafer or the
i ke) in which oxygen concentration is not precisely controlled is used, or
in the case where hydrogen, helium or the like is 20 added by an ion
dopi ng nethod in which nmass separation is not performed, for exanple.

[ 0047] On the other hand, when an ion doping nethod is conpared with
an ion inplantation nmethod, mass separation is not perfornmed in the ion
dopi ng net hesk3jt herefore, a mass separator is not required for an apparatus

used in the ion doping 25 nethod. [0048] a mass separator is
used, it is neceBsaidiionoatiradiatian SB@‘H?nOf&rIEPeF P%F% igpreferatly 648 & ncr ease

a cross-segtjpgl atﬁﬁﬁﬁeﬁf(ah%béf)ﬂe@eﬁ%dﬂgrlfy@%%én, M 8 BpHERS SncRRRR! ator s

used, an ion current 1s decreased; therefore, only a small region can be 30
i rradi at ed caibph napexide.Gm atmesphctretnclyding, hydrpzam 10dide. @6 dha HkerekasBse 3si nce i on

i rradi agi Of}ecgl%n&ere%&oﬂﬁ&ups% dHRER o%epﬂ&afm enbrso,ggzn D8 Rthoe® | arge ion

current “can be use erefore, l'arge substrate”can be irradiated with
ions. [0049044} Furt her, mhen doping is performed using a hydrogen gas

as 3 source 6as Ryuan | 8 JORHRY, TEL Al ORUESIml QB8 bikAIRLET Can be

irradiated with I ONns ‘anong Irons and H3+
i ons. 5[ 00%6hosphere becaﬁemﬂefﬂ:d% +f eghdibgsoxiygenois Hirthor inkteasedbe i ntr oduced into
t he obj ect &% Ee irradi ated, introduction efficiency of hydrogen, helium
or the |iké'¥3h be i nproved as conpared with the case where the object to
be irradiated i sThe lcagheat@dindichbingrtherankimt Jf06G%kn li@Wten siaglk acigaalamount  of
hydrogen, helju or the "kﬁgﬁﬁ |ntr09¥ced ipto an enbrrttlﬁnent region, a
single crysSPRICOMMAIE IR DriitEB (f dite esUSuPeRy REPEPAIedelnE¥dfore, it

i s pref er al@ichulioP subéRatk £ silidn Qﬁi@ﬁbﬂ me hﬁé)f]hﬁwlflﬁﬂﬁyxy@f:n bytdergaea ishel i um
or the like. [0052] 15Wen an _ion do met hod is _used, a |l arge region can

be irradi ametPrisely peslied, 16 pdditipnsof Iydmasrahqhw o the like by ap i dopings " can be

processed %etﬁdaqnmrﬁdsrre ath@853 kot performed RYffiple. S| NCe an i on dopi ng
nmethod is a nethod I n mhrcﬁ hydrogen, helium or the like is added to the

obj ect 160 he40tradi ated and mass separation is not performed, 20 inpurities

other than hydr ogelryill! UMnefiba | BE AP 48 Gudae! BARALHCSP Ry SadEs® al SO

added to the object to be irrad at ed
encouraged is particularly effective in the case where an inexpensive single crystal

semiconductor substrate (a silicon wafer or the like) in which oxygen concentration is
not precisely controlled is used, or in the case where hydrogen, helium, or the like is

20  added by an ion doping method in which mass separation is not performed, for example.
[0047]

On the other hand, when an ion doping method is compared with an ion
implantation method, mass separation is not performed in the ion doping method;
therefore, a mass separator is not required for an apparatus ueed in the ton doping

25  method.
[0048]

When a mass separator is used, it is necessary to bend an ion beam, and it is
difficult to increase a cross-sectional area of the ion beam. Moreover, when a mass
separator is used, an ion current is decreased; therefore, only a small region can be

30  irradiated with ions. On the other hand, in an ion doping method, since ion irradiation
is performed but mass separation is not performed, a large ion current can be used;

therefore, a large substrate can be irradiated with ions.



[ 0054] That is, when the object to be irradiated is doped with

hydr ogen by an ion doping nethod, the object to be irradiated is al so doped
wi th oxygen in the dopi ng 25at nosphere; therefore, oxygen concentration in
the object to be irradiated increases. [0055] Accordingly, a nethod by

whi ch the outward diffusion of oxygen is encouraged is particularly
effective in the case where an inexpensive single crystal sem conductor
substrate (a silicon wafer or the like) in which oxygen concentration is 30
not precisely controlled is used, or in the case where hydrogen, helium or
the like isgggdged by an ion doping met hod in which mass separation is not
perfornmed, for exanple. [0056] Needl ess to say, in terns of
preventing oxygefrriresiben depinpis pedformed NSHE By MIRh2asHE 2 SO RE BYi%f usi on of

oXygen is efe cfbh?ggxﬂ&hbé aR0BfeEr Bl¥e YAl 6h R BQdibia tuh@n LA AphS AN

expensi ve single crystal sem conduct or substrate (a silicon wafer or the 5
li ke) in whHstvnexyoreH Cons Bt ivat, awhHi'do1pr eci sel y controlled is used, or in
t he casg wgﬁdsmhydrogen helium or the like is added by an ion

i npl ant at i thod in which mass separation is perforned, for exarrple
[0057] That is, S$ihcd H, Fkﬁnﬁﬂ‘seﬂitab{’“e)rtmtd‘Wﬁhaducﬁﬂht@tﬂemjwfe teavtudigied base

substrate, a 10 bonding i ncl udi ng oxyqun provi ded over the bhase
substrat e, “Hﬁﬂ“%l%l%l@cﬁP%H‘ng?eh?Iﬁlﬂhd’ﬁ&e | R &F “BPWF‘H%%CWFC"I he

bondi ng | ayeh (LGhUAAY HLOREN, b Hrittthélls ARl aTCstal sen conduct or

| ayer is irradiated wth aser beamto be partly nelted while the base
substrate [@heat ed at a tenperature hi gher than or equal to 500 C and

o YU ST APl 93008, MDA e ol STty
pr ef er abl y embrigldmestdregioas 8 wieglatcryssp hema:onc[@@ﬁ Subsrate rsr awdelnt separatad;nospher e
of the 1 asgr. H8aM N SLELARIW b5\ e SR ab G BH StlkndR St BANRE Hetium, or

the like.

[0052]

15 : When an ion doping method is used, a large region can be irradiated with ions;

therefore, a plurality of small substrates can be processed at the same time.

[0053]

However, since an ion doping method is a method in which hydrogen, helium,

or the like is added to the object to be irradiated and mass separation is not performed,
20  impurities other than hydrogen, helium, or the like in a doping atmosphere are also
~ added to the object to be irradiated.
[0054]

That is, when the object to be irradiated is doped with hydrogen by an ion

doping method, the object to be irradiated is also doped with oxygen in the doping
25  atmosphere; therefore, oxygen concentration in the object to be irradiated increases.
[0055]

Accordingly, a method by which the outward diffusion of oxygen is
encouraged is particularly effective in the case where an inexpensive single crystal
semiconductor substrate (a silicon wafer or the like) in which oxygen concentration is

30  not precisely controlled is used, or in the case where hydrogen, helium, or the like is

added by an ion doping method in which mass separation is not performed, for example.



An irradiation atnosphere of the |aser beam preferably includes a hydrogen
fluoride gas [0061] Wien the irradiati on atnosphere of the | aser beam

i ncl udes a hydrogen 25 fluoride gas, the SOT structure is preferably
exposed to an atnosphere including a hydrogen fluoride gas after the
formation of the SOT structure and before the irradiation with the | aser
beam [0062] At the time of the irradiation with the | aser beam
t he base substrate is 30 preferably heated by light irradiation or

i nduction heating. [0063] It is particularly effective in the case where an
enbri ttlerrgaés egion is fornmed in a single crystal sem conductor substrate
by an ion doping nethod in which nass separation is not performed and then
the enbritt| emenNeediess g sixs iB UbrmscelericYanting gy gen queqipitation, s meHd Wart of

t he single gf. I §§‘r11;?' LS f single
crystal semvg%%ﬁ?\%%(?tuor g%%%%%’b%ﬁ% bt e?lg %’?ﬁéﬁ%’ﬁh&di%"%&ﬁcm arly
ef fective idase Where as expwhevesingle cyisabbamicondudter subsiratc@rdicon ovafdraydhe | s
formed frombul k si.licon which i.s far r.al stk ci Cz

et hod) 5 L OBELY Yt S5 8P Gt S Bl Wl SO, 3 e T derd
transi st or hytroghe Helikn) oruthé hige &nadBEN bg ub Sérr apdantation mebhdcmdwloxly gess
concentration because.a seni condyctor device with high performance can be
nmanuf act uréﬁpwtloﬁlﬁﬁf?nﬁ}fcg%.exf%é%m A single crystal sem conductor |ayer
of an SO gopspirate is irradiated with a 15 | aser beam whereby a

sem conductor in_a nelted state haying i gh diffusion coefficient of
oxygen can be f ol A dS: ITI‘FePré%e g’“’t %‘{i’émcﬁﬁ‘ta%\(lgllr %I"(ﬂ“l“f %‘f”ﬂﬁ]a%s"‘p?{%‘éﬂe’i% t he
sem con@uctyRhdiRg @.g@ﬁmcﬁaﬁk kay%@rprbﬂdédﬁ@ms iHebae GubYEAtal and @NiieAO Byshr | ayer
can be reduced. 067] ZOI%urt er, it is preferable to emt a | aser beam

whi | e t he IsaEosdHstr dyer Pevidep ovasche apding fpver EluRg 8UsPe LalEE  d2%r onot i ng
ef fect of tsﬁ}%kp mrﬂﬁﬂoﬁa&%rqueﬁ:’ﬁs’ 2R Wikea tRed bdaptiodld Sapidelled | aser
ncour aged.

beam can be
while the base substrate is heated at a temperature higher than or equal to 500 °C and
lower than a melting point of the base substrate so that an SOI substrate is formed.
15 [0058]
An irradiation atmosphere of the laser beam is preferably a reduced-pressure
atmosphere.
[0059]
An irradiation atmosphere of the laser beam preferably includes a reducing gas.
20 [0060]
An irradiation atmosphere of the laser beam preferably includes a hydrogen
fluoride gas.
[0061]
When the irradiation atmosphere of the laser beam includes a hydrogen
25  fluoride gas, the SOI structure is preferably exposed to an atmosphere including a
hydrogen fluoride gas after the formation of the SOI structure and before the irradiation
with the laser beam.
{0062]
At the time of the irradiation with the laser beam, the base substrate is
30  preferably heated by light irradiation or induction heating.
[0063]

It is particularly effective in the case where an embrittlement region is formed



[0068] In the case where an insulating filmwhich is in contact with a
single crystal 25 sem conductor layer is an insulating filmincluding
oxygen, it is preferable to performirradiation using a | aser beamw th
energy density such that the bottom portion of the single crystal

sem conductor layer is in a solid-phase state because oxygen in the
insulating filmincluding oxygen can be prevented fromdiffusing into the
sem conductor in a nelted state. 30[0069] An irradiation atnosphere of a
| aser beamis a reduced-pressure atnosphere or a reduci ng at nosphere,

wher eby an.eff educl Y. : :
AccordingI&?aéﬁﬁ%%%%gEbgﬂ%%ﬁc(ﬂﬁﬁgﬁgﬁﬁﬁgygﬂéﬁ?gﬂgﬁggﬁg?déﬁsggﬂi?%ﬁ
encour aged semrgi@ntis al perfformed fagd ttheneth rembinéilemgne ragingy is whicriaéXpdnal ve
single crystal sem duct e il j.ke) in
whi ch oxygzl}‘fg‘?c?ﬂ% %On@rg{;%ﬂoonfq %esaﬁgq%%ér%irsgé?cg g‘?%koggﬁks}ﬁ%{eﬁge?%rsa{egg%% ,r&or in the
case wher e thysiighgenstalRehicomjucor laytre | i ke i s added by an ion dopi ng net hod
in mhicEFSE@ﬁﬂieparation is not performed, for exanple. BRI EF DESCRI PTI ON
OF THE [0071] 10FIGS. Ato 1Cillustrate an exanple of a nethod
for manufacturi np amitol itSishsikicalagly effective inl BS.caAwherd BB singleustystalt e an

exanpl e of a nethod for mapufacturi an. SOT _.substrat e. . FIGS. 3A
Lo 3C i1 | uSPRSPRISRT BYERH BTBR FomePls QIFR TR AR R o rogspiski
15substr at @ethod (Cz nfctie®. 4A and 4B illustrate an exanple of a nethod for

nanufacturiq? an SOT substrate. FIGS. 5A and 5B illustrate an exanple
of a nethod?%8t manufacturing an SOT substrate.

10 It is preferable to form a semiconductor element (a transistor or the like) using
an SOI substrate with reduced oxygen concentration because a semiconductor device
with high performance can be manufactured with high yield.

[0066]
A single crystal semiconductor layer of an SOI substrate is irradiated with a

15 laser beam, whereby a semiconductor in a melted state having a high diffusion

coefficient of oxygen can be formed. Therefore, the outward diffusion of oxygen in

the semiconductor occurs, and oxygen in the single crystal semiconductor layer can be

reduced.

[0067]
20 Further, it is preferable to emit a laser beam while the base substrate of the SOI

substrate is heated because a promoting effect of the outward diffusion of oxygen due to
irradiation with a laser beam can be encouraged.
[0068]
In the case where an insulating film which is in contact with a single crystal
25  semiconductor layer is an insulating film including oxygen, it is preferable to perform
irradiation using a laser beam with energy density such that the bottom portion of the
single crystal semiconductor. layer is in a solid-phase state because oxygen in the
insulating film including oxygen can be prevented from diffusing into the
semiconductor in a melted state.
30 [0069]
An irradiation atmosphere of a laser beam is a reduced-pressure atmosphere or

a reducing atmosphere, whereby an effect of reducing oxygen can be encouraged.

10



20FIGS. 6Ato 6C illustrate an exanple of a method for manufacturing a

sem conduct or devi ce. FIGS. 7A and 78 illustrate an exanple of a

met hod for manufacturing a sem conduct or devi ce. FIGS. 8A to 8C
illustrate an exanple of a nethod for manufacturing a 25 sem conduct or

devi ce. FIGS. 9A to 9C illustrate an exanple of a nethod for

manuf acturing a sem conduct or devi ce. FIGS. 10A to 10Cillustrate an
exanple of a nmethod for manufacturing a sem conductor device. 30FIGS. 11A
to 11C illustrate an exanple of a nethod for manufacturing a sem conductor
device. Fl@p7032A to 12C illustrate an exanple of a nethod for

manuf acturing a sem conductor device. FIGS. 13A to 13Cillustrate an

exanpl e of a net Aerprdiegly.ranmedhed uby righich Jberi oy ctifibsigrqfc exygen is
FIGS. 14A g H«%u%a%@c\l/ Iléc h&iﬁ&!%i)ﬁeﬁé&u@é( MR eScaRL ‘@efsemﬁféxg&gwg%ﬁlgfea&wav ng a

5sem conduct or 15 illustrates an exanple View of a
seni conduc tsgmcdmlmtoe sutpirge (Hsilitdnusaienerathe tike)dr amptheoxygern @m@ﬂtt@tl@i 18S| VB

Tt 3 oGt AR B2l AR Rk Re bR AN et P

OF THE | NVEEAdd®Y ah 0@ jpingmiaistidne mthechwids$ sdperatiesis mptyediohrddofor example.

BRIEF DESCRIPTION OF THE DRAWINGS
[0071]
10 FIGS. 1A to 1C illustrate an example of a method for manufacturing an SOI
substrate. ‘
FIGS. 2A and 2B illustrate an example of a method for manufacturing an SOI
substrate.
FIGS. 3A to 3C illustrate an example of a method for manufacturing an SOI
15  substrate. ‘
FIGS. 4A and 4B illustrate an example of a method for manufacturing an SOI
substrate.
FIGS. 5A and 5B illustrate an example of a method for manufacturing an SOI
substrate.
20 FIGS. 6A to 6C illustrate an example of a method for manufacturing a
semiconductor device.
FIGS. 7A and 7B illustrate an example of a method for manufacturing a
semiconductor device.
FIGS. 8A to 8C illustrate an example of a method for manufacturing a
25  semiconductor device.
FIGS. 9A to 9C illustrate an example of a method for manufacturing a
semiconductor device.
FIGS. 10A to 10C illustrate an example of a method for manufacturing a
semiconductor device. |
30 FIGS. 11A to 11C illustrate an example of a method for manufacturing a

semiconductor device.

FIGS. 12A to 12C illustrate an example of a method for manufacturing a

11



[0073] 151t is easily understood by those skilled in the art that nodes and
details thereof can be nodified in various ways w thout departing fromthe

spirit and scope of the present invention. [0074] Therefore, the
present invention should not be interpreted as being limted to 20 what is
described in the enbodi nents descri bed bel ow. [0075] Note that in the
structures described below, |ike portions or portions having a simlar

function are denoted by like reference nunerals, and the description
thereof is omtted. 25[0076] The foll ow ng enbodi ments can be conbined with
each ot her s fisoiPhLPRNtate. [0077] Note that a sem conductor

devi ce manufactured using an SDI substrate and a nmanufacturing method of

t he seni conduct ofIGeddddo Mk Blystrmie anjexenpls f parchnd fopmpav3gEpeE pf i c

probl ens i Q. SQNELERS&Sicel 0078] Accordi ngly, a technique to solve

t he above sebectlg%uc rob! ens can be conbined with any of techniques

di scl osed in theFIGSI Ldhiand 18BBukitiatenans eainpimoi feethodplpr mmnafacteanmiaque i s
not lost. [0Q di ment 1) In this enbodi ment, an exanple of a
met hod$ L?%?%C‘H%"é%“@ substrate will be described. [0080] First, a
singl e crystal sdEfi toildshatesan sxdogie eftagofl tiewsf psepaselicioFdd@iceA) . 10[ 0081]

. FIG. 16 illustrates an example of results of SIMS analysis.
FIG 17 illustrates an example of results of SIMS analysis.
FIG. 18 illustrates an example of results of SIMS analysis.

10
DETAILED DESCRIPTION OF THE INVENTION
[0072]
Embodiments will be described below.
[0073]
15 It is easily understood by those skilled in the art that modes and details thereof

can be modified in various ways without departing from the spirit and scope of the
present invention.
[0074]
Therefore, the present invention should not be interpreted as being limited to
20  what is described in the embodiments described below.
[0075]

Note that in the structures described below, like portions or portions having a
similar function are denoted by like reference numerals, and the description thereof is
omitted.

25  [0076]

The following embodiments can be combined with each other, as appropriate.
[0077]

Note that a semiconductor device manufactured using an SOI substrate and a
manufacturing method of the_n semiconductor device, which are disclosed below, solve

30  specific problems in some cases.

[0078]

12



The single crystal sem conductor substrate 11 can be formed using a
substrate including silicon as its main conponent. [0082] As the
substrate including silicon as its main conponent, a silicon wafer, a 15
silicon wafer to which germaniumis added, or the |like can be used. [0083]
Note that as the substrate including silicon as its main conmponent, any
substrate can be used as long as it includes silicon as its main conponent
even when an inpurity other than germaniumis added. 20 [0084] An
inmpurity element for controlling a resistance value of a donor elenment, an

acceptor el enent oo Qhdihf1§ al thdfBiqiBY PRARABHVE Hebifis pRREsTcaA Be tartid Ng
silicon as its main conponent. [0085] 25Next, a bondi r]%mlla er 12 is forned
B

over the siwith anycelyisehaiquse disloprduian tbe felifyang gmbodimenty)i ect[lyoBs]

Not e t hat he. Qopai,ng |ayer 12, any layer can be used as long as it has
a snooth SE%P%@ECV\A%]@h is exposed and an insulating surface which is in

contact wi {@079he 30single crystal sem conductor substrate 11. [0087]
Ther ef ore, EIIPIE cﬁ:%@xﬂil?'g | ayer 12 may have a single layer structure or a

stacked5 st(r ucture. [0088] As the bonding layer 12, a thermally

oxi di zed fi |l m whinchisiembbdimesiclan exaspihofa methovefor fdraingaans3(f sabsragf willhe si ngl e
crystal sem %ondg%lt or substrate 11 or a surface of a 5 base substrate is

thermal Iy &%A&Y a silicon oxide film a silicon nitride film a silicon

oxyni tride[fosopm a silicon nitride oxide film or the like which is forned
by a CVD nethod, Fj?st,sapslillggtleegr;rsrtlfg nglﬁlicggcﬁilbt()lg gubtst?a%e H é%re%grgd l&g}[Gu ?E)d [0089]
10 [0081]
The single crystal semiconductor substrate 11 can be formed using a substrate
including silicon as its main component.
{0082}
As the substrate including silicon as its main component, a silicon wafer, a
15 silicon wafer to which germanium is added, or the like can be used.
[0083]

Note that as the substrate including silicon as its main component, any
substrate can be used as long as it includes silicon as its main component even when an
impurity other than germanium is added.

20 [0084]

An impurity element for controlling a resistance value of a donor element, an
acceptor element, or the like may be added to the substrate including silicon as its main
component.

[0085]

25 Next, a bonding layer 12 is formed over the single crystal semiconductor
substrate 11 (FIG. 1B).
[0086]

Note that as the bonding layer 12, any layer can be used as long as it has a

smooth surface which is exposed and an insulating surface which is in contact with the
30 single crystal serﬁiconductor substrate 11.
[0087]
- Therefore, the bonding layer 12 may have a single layer structure or a stacked

13



In particular, in the case where a thermally oxidized filmis formed in
such a 10 manner that the surface of the single crystal sem conductor
substrate 11 or the surface of the base substrate is thermally oxidized,
when thermal oxidation is performed in an atnosphere including halide
(hydrogen chloride or the like), a hal ogen can be added to the thermally
oxidized film [0090] 15Note that the hal ogen has an effect of gettering a
metal inpurity or the |ike. [0091] Not e that when a thermally
oxidized filmis used as the bonding |ayer, the thermally oxidized filmis
formed on thawgtrface, rear surface, and side surfaces of the single
crystal sem conductor substrate 11. 20 [0092] On the other hand, when
a filmfor88by a CVD method, a sputtering nmethod, or the like is used as

the bonding | ayeks ubbEndiOnthBo;d aXEbmdiY oRBitLR AL it Rikd Halhg Surface.

[ 0093] 25A thermally oxi fiI'mincluding a halogen i's preferable
because ‘getntapndrnignt ofsurfapeaifithe dinghs crystalsgaiagndustor tshestrpiekld oz arsutfecepdiaf or med.

[ 0094] i,ng. 4 aver . t ack req;in addition
to the gbo%se\érr\gfsgrfl {eﬁf@?&gﬁﬁk&g 1@511%}‘1 :{Srlnﬁgr?élr} Qﬁdgeht}% é%glhg(g'[ %%@g?ﬁ[ﬂ’ aeg’lh&ﬁlhe reason
why t he supftadieidetilnha isdicex pisddokids fdmpot thedds wiscthecusel bprdC¥iB with t he

surface of the .base substrat i is.L.n contact with the bonding | ayer
is strengt H’éﬁ’é’g’.as[p%@%’]gmetﬁo ’O%Q%? @E?%gtbeiufe%i s preferable that an average
surface roygidapss (Ra) be less than or equal to 0.50 nm when neasurenent is

perfored B an LSS NG ILELRSEONE AT e preterablu e
pref er abl y mahh® (oY 8c2@acs of R GRglQEM e&sicoRlutiessibkthad 1 106r tRokbafacd f 0. 20
nm). [0097] Note that snoothness of a base has an |nfluence on the average
surf ace the base substrate is thermally oxidized, when thermal oxidation is performed m an
atmosphere including halide (hydrogen chloride or the like), a halogen can be added to
the thermally oxidized film.
[0090]
15 Note that the halogen has an effect of gettering a metal impurity or the like.
[0091]
- Note that when a thermally oxidized film is used as the bonding layer, the
thermally oxidized film is formed on the surface, rear surface, and side surfaces of the
single crystal semiconductor substrate 11.
20 [0092]
On the other hand, when a film formed by a CVD method, a sputtering method,
or the like is used as the bonding layer, the bonding layer may be formed at least on the
surface.
[0093]
25 A thermally oxidized film including a halogen is preferable because gettering
of movable ions of sodium or the like can be performed.
[0094]
When the bonding layer 12 has a stacked structure, in addition to the above
materials, a metal film may be used.
30  [0095]
The reason why the surface which is exposed has smoothness is because

bonding with the surface of the base substrate which is in contact with the bonding layer
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roughness. Therefore, when the bonding |layer 12 has a stacked structure, it
is 10 preferable to forma stacked structure so that the average surface
roughness (Ra) on the surface of the bonding |layer 12 which is exposed is

| ess than or equal to 0.50 nm (nore preferably, the average surface
roughness is less than or equal to 0.35 nm(still nore preferably, the
average surface roughness is less than or equal to 0.20 inn)). [0098]
15Note that a silicon oxide filmformed using an organosilane material such
as tetraethoxysilane (TEOCS) is forned after an internedi ate reaction
product rmyse%eg%h&g&_y on the surface of a base in a filmfornation;
therefore, the bonding | ayer having a stacked structure can have a snooth
surface. [0@99] 20Accordingly, the outernost |ayer of the bonding |ayer 12
is preferably f j & il i i [ i rganosi | ane
mat eri al becausgﬁggnglgmtrl\%%rgfe?ggieit%%ggﬁg&[s&%%}%%@%ég?o@e 3h atglh(g surface
whi ch i's i eqebne &0 mitwhenhseasinmeglent sryesfoahed By s mtevindorseonicsstaper ate 11

has an i.ns { roperty .4 s_becaus [ hS. 1N contact
W th the othErb O oraretY hEuRBEE s HIERT S 1B ST i BT ] €2

sem conduc{«ill msdre prbeabdy) thetaheragosudfacd doughnsssri§ sethar @ dqnal¢coflom)wi t h each
ot her, so H@g | eakage of a transistor occurs. [0101] 30Note that if the
surface of ] base substrate has snmoothness and an insul ati ng property, a

bondi ng | ayer i sN#etihsiegedmess yf b 0508 thas [0 lidRence on the avbiaxs sudace

predeterm ned_el enent i s added o the single _crystal sem conductor

substrate 1@gws?-orme§f°r8nﬂg‘f”ﬂt fér]i’ﬁﬂ‘?mg é@%&nlz.l& fﬂt@gec{'né?"é‘it?r&dlttﬁ as a

M cr obypbl Srelf @M 1o Bros & RALKE s@lcthRY8 that theRRelabghirfady RiughiRB(Rahén thck e)

between a tfirst region |Ila and a _second region 1l b (FI 1C%. 5&0103] Not e
g

X .S€ G
that the emficeef dabprdinglgyesd2vdychys exrpesrtid s fhsp ar egne!l Pefer is
formed. [ Of)geﬂrably, the average surface roughness is less than or equal to 0.35 nm (still more

preferably, the average surface roughness is less than or equal to 0.20 nm)).
[0098]

15 Note that a silicon oxide film formed using an organosilane material such as

tetraethoxysilane (TEOS) is formed after an intermediate reaction product moves
quickly on the surface of a base in a film formation; therefore, the bonding layer having
a stacked structure can have a smooth surface.

[0099]

20 Accordingly, the outermost layer of the bonding layer 12 is preferably formed
with a silicon oxide film formed using an organosilane material because smoothness is
improved.

[0100]
The reason why the surface which is in contact with the single crystal

25  semiconductor substrate 11 has an insulating property is because, when the surface
which is in contact with the single crystal semiconductor substrate 11 has conductivity,
a semiconductor surface and the conductive surface are in contact with each other, so
that leakage of a transistor occurs.

[0101]

30 Note that if the surface of the base substrate has smoothness and an insulating

property, a bonding layer is not necessarily formed.

[0102]

15



Not e that when the sem conductor |ayer is exposed in formation of the 10
enbrittlenment region, the sem conductor |ayer becones rough in ion

i npl antation or doping. [0105] Accordi ngly, when the enbrittl ement
region is formed, it is preferable to forma protective filmsuch as a
silicon oxide film a silicon nitride film a silicon oxynitride 15film or
a silicon nitride oxide film [0106] Theref ore, when the
enbrittlement region is forned after the bonding |ayer is formed, the
bondi ng | ayer serves as a protective film [0107] 200n the ot her hand, when

the enbrittlemeniefiedipRletefnih@ BRfeRel Quged i&ethpgﬁféiéq&grétQY&[m&oidﬁ&&nEd_a it
is preferable to formthe enbrittl enment reqlon after the protective filmis
L

formed. [Orwsfrardi & formen ambritiementesien He (#lagrsferied tansaraigroprbife ey t han or
equal to 4%%@;&%& %gﬁ\éﬁi 142, 08 BHMTiKe b Deen Y8 1€gibh Y#f fa SgBlgonduct or

substrate in tormation of tHhe "‘bonding | ayer; therefo the enbrittl enent
region i s pegérellddFYG 1Gr.ned after the bonding layer is forned. [0109] In
particu ar y rmal oxidation is usually performed at a tenperature higher
30 than"or "equal to 800 C, therefore, when the enbrittlenment region is
formed bef ore t hNotbehnd ithegnibtenytémentregonmey, bel formal hafiee thedivinding hgter & cr ack
occurs in the aingle crystal sem conductor substrate in formation of the
bondi ng |a§£F? 10110] Thus, in particular, when the thernmally
oxi di zed fiom4|s used as the bonding |layer, the enbrittlenent region is

preferably formegd af §&r Whie dh®ihilhdudbe layes if Fhposad in foimation of the

10 embrittlement region, the semiconductor layer becomes rough in ion implantation or

doping.
[0105]

Accordingly, when the embrittlement region is formed, it is preferable to form
a protective film such as a silicon oxide film, a silicon nitride film, a silicon oxynitride

15  film, or a silicon nitride oxide film.

[0106]

Therefore, when the embrittlement region is formed after the bonding layer is
formed, the bonding layer serves as a protective film.
[0107]

20 On the other hand, when the embrittlement region is formed before the bonding
layer is formed, it is preferable to form the embrittlement region after the protective film
is formed.

[0108]
Note that when the bonding layer is heated at higher than or equal to 400 °C, a

25  crack might occur in the single crystal semiconductor substrate in formation of the
bonding layer; therefore, the embrittlement region is preferably formed after the
bonding layer is formed.

[0109]
In particular, thermal oxidation is usually performed at a temperature higher

30  than or equal to 800 °C; therefore, when the embrittlement region is formed before the

 bonding layer is formed, it is inevitable that a crack occurs in the single crystal
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As the predeterm ned el enent, hydrogen, helium or the |like can be used.
[0112] As a nethod for addi ng hydrogen, helium or the like, an
ion inplantation nmethod in which nmass separation is perforned, an ion
dopi ng method in which nass 10 separation is not performed, or the |ike can
be used. [0113] Note that since an ion doping nmethod is a nethod in
whi ch hydrogen, helium or the like is added to the object to be irradiated
and mass separation is not performed, inpurities other than hydrogen,
helium or the like in a doping atnosphere are al so 15added to the object

to be i1t adiaioblucloPbblare in formal ALt S bottiRNafiydr ogen or the like is added

to the object to be irradiated by an i on doping nethod, oxygen in the
dopi ng at m&dAEkre is al so added to the object to be irradiated; therefore,

Qxygen, concent raplan ,gz,;&%&gilﬁ&e irBftry ELAMAHET id e 58 IS bordig0115]

Accordingly, a ne e outward usion of oxygen iIs

encour aged laysr, garemibeittlearehiregiph sqiréfomgbly doried aentbebanding lapey gdororedxed by an

i on dopi.ng @ﬁHEOd is renoved. [0116] 25Note that the single crystal
seniconauc Ir'substrate itself includes oxygen to sone extent. Therefore,
even when an i onAs thplpasdt@ainingl eletdnddyidoged) hellumyms thedikp aarelic wsed.i s per f or med
is used, ii‘hé natural |y meani ngful to use a nethod which encourages the
outward di 19U&l on of oxygen (specifically, when a Czochral slci nmethod (Cz
met hod) is used A9 af@éthodforiddgat 18trogem Hetivar ystial likkl bh dan jmplantation

i nevitable that oxygen 30 is m xed from uartz crucible taq.the ingot).

- [0117] Nexfl}eﬁméné’ml‘g’a@éssﬁpﬁrﬁ{é’ndﬁ)ﬁﬁffﬂﬁw Ao B0FE THda T Bseg

substrape Lgadidn iRAbérfEmbS oPBiRE BRbe(EESS. 2A and 2B). [0118]
Not e that before bonding, to strengthen bondi ng between two bondi ng
surfaces, #11Bkast one of the two bonding surfaces is preferably subjected

to surface treat yBRinhd AmcORPioRUopirg nRdk i § nREho@GA WhthiH9Brogen, helium,
or the like is added to the object to be irradiated and mass separation is not performed,
impurities other than hydrogen, helium, or the like in a doping atmosphere are also

15  added to the object to be irradiated.

[0114]

That is, when hydrogen or the like is added to the object to be irradiated by an
ion doping method, oxygen in the doping atmosphere is also added to the object to be
irradiated; therefore, oxygen concentration in the object to be irradiated increases.

20 [01135]

Accordingly, a method by which the outward diffusion of oxygen is
encouraged is particularly effective in the sense that oxygen mixed by an ion doping
method is removed.

[0116]

25 Note that the single crystal semiconductor substrate itself includes oxygen to
some extent, Therefore, even when an ion implantation method in which mass
separation is performed is used, it is naturally meaningful to use a method which
encourages the outward diffusion of oxygen (specifically, when a Czochralski method
(Cz method) is used to form an ingot of single crystal silicon, it is inevitable that oxygen

30  is mixed from a quartz crucible to the ingot).

[0117] |
Next, the surface of the bonding layer 12 is bonded to a base substrate 13 and
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[0119] As the surface treatnent for being hydrophilic, surface
treatnent using ozone water, amoni um hydroxi de/ hydrogen peroxi de m xture
(a m xed solution of ammoni a water and a hydrogen peroxide solution), or
the |li ke can be used. 10[0120] As for the surface treatnent for
activation, surface treatnent such as oxygen plasma treatnent, nitrogen

pl asma treatnent, or a noble gas plasnma treatnment (specifically, argon

pl asma treatnment) can be used. [0121] 15Wen the surface of the bonding

| ayer 12 is bonded to the base substrate, the surface of the bonding |ayer

and the su mg;ﬂ%gﬁﬁQﬁﬁﬁ;gggﬁagg}e have snoot hness, whereby bonding is
gener at ed 122] When heating is perforned after bonding, the

vol ume of Hﬂé$ov0|ds forned in 20 the enbrittlenent region is changed,

thereby generatiyagde faCfGk pbfliidd! '?o&féﬂ%&é&ﬂoﬁﬁﬁ@%eﬁﬁgﬁ%bo??ig%@@&ac@pe first

region 11 a and t & Second regio can be~separated each "ot her
(FI G 2B). §t0g®@8dne of the two bondmg suﬂ’ﬁ@ebagmefgnablgtsn@pqed w syffhdegomtowat ér, a gl ass

substra% q substrat.e, or a 25metal substrate (a stainless steel
substra EFm%é?é?ﬁﬁ% Or3%tﬁml%ﬁused [0124] A heating tenmperature for

generati ng[tdlgrack along the enbrittl enent regi on may be higher than or
equal to 400 C. 25] .30Not e t t bef t|n for ratln a crack

al ong the ernbrl‘{‘st'i% ﬁ%ﬁﬁ%"erﬁé@%ﬁ &S’Pﬁﬁlﬁgft’ﬁ?‘g Flea per 4t °¥8°200 c and
| ower t hanw4@f) afamofifiyn brir@edd/91drRdn @Eroxide eﬁﬁume(a miyedbehmpp bf @dmbeia

St rengtnen oy R e pelorTRY schhioBS of e TRE G LESSUre My be applied.

10 {0120]

As for the surface treatment for activation, surface treatment such as oxygen
plasma treatment, nitrogen plasma ftreatment, or a noble gas plasma treatment
(specifically, argon plasma treatment) can be used.

[0121]

15 When the surface of the bonding layer 12 is bonded to the base substrate, the
surface of the bonding layer and the surface of the base substrate have smoothness,
whereby bonding is generated (FIG. 2A).

[0122]

When heating is performed after bonding, the volume of microvoids formed in

20  the embrittlement region is changed, thereby generating a crack in the embrittlement
region, so that the first region 11a and the second region 11b can be separated from each
other (FIG. 2B).

[0123]

As the base substrate, a silicon wafer, a glass substrate, a quartz substrate, or a

25  metal substrate (a stainless steel substrate or the like) can be used.

[0124]

A heating temperature for generating a crack along the embrittlement region

may be higher than or equal to 400 °C.
[0125]
30 Note that before heating for generating a crack along the embrittlement region,

heating (higher than or equal to 200 °C and lower than 400 °C) may be performed or
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[0126] The enbrittlenment region Iie which remains on the second
region 1 | b side has 5 a | ot of defects because hydrogen, helium or the

| i ke is added at hi gh concentration. [0127] Therefore, after bonding,
the surface of the second region 1 Ib (the single crystal sem conductor

| ayer) is preferably etched to renove the enbrittlenent region 11 ¢ (FIG
3A). 10[0128] As a nethod for etching, a nmethod in which etching is
performed without a resist nask being provided (etch back), a nethod in
which a surface is polished by a chem cal nechanical polishing (CW) nethod

or the |ikgmsQke 1o bd Kfplied tBrﬁxfeg%tﬁQl YorRd HAERDImalSDOherfshrl duar

reduci ng the nunbef of steps, a ep of renoving the enbrittlenent region
11c may bepwsiur¢al bappBol Note that since a crack is generated in the
enbrittleggﬂbﬁiegion 11c to perform separation, the surface of the
enbrittl ement Tegion 11c has unevenness (FIG 3A). 20[0131] Then,
when et ch back iBepabiigtemsdt region hdpwhich feneatnsi anghe ppsonchisgien ddssidohast he

Surfacesof i a0l ﬁécgﬁgﬁgirgé&ghaﬁn&%ﬁbé R8s Aaddl fpfBhnceh i3]

" Therefofre, "irradiation 1's of ne aser beami1s scanned to nelt
the 25 sin@le7crystal sem conductor |ayer, whereby snoot hness of the

surface can be ippraved. 13 te.t.hat when an e e. val ue of

t he thickness of%ﬁe Org’eﬁ%%gmrné%'gbﬁhel ‘clug[a%t ﬁfehlsei ?166 11écfa(r:e V'S gﬂ\{) Qg‘?ﬁsgl Ir’%duct or

| ayer) aft efystahgndtdndudiaciayéry id geferdbiyascHddOonemotd the pmdivigttvnient yegtdnat a hol e

IS generatﬁﬂwk? % gortion of a valley on the surface increases after 30

irradiatio L AN aser beam (see a dashed line 81, a dashed |line 82, and

a dashed | jmesB3 in FIG 3C). [0134] The val ue of 100 nmis

calculated in such a manner that sanples in. which an a¥§gﬁ$e val ue of the
¢ HH

t hi ckness of t heAsaasthpd ighrishing) d g 18k heetelfng {spe for | ayer)

after the @Leh RACKehS pRIRBYRcYack] aHLE6E iWRRR e AR pbRGed $aap! es are
irradiated wth a | aser beamto be observed QK a mcroscope. 5[0135]
NE

As a resul chestical mechanicabralishiag ((MF) methed prfhe ke, ofhe dike tsmecterplly 6% val ue of
t he thickngﬁ§9ﬁf the second region Ilb (the single crystal sem conductor
rt

| ayer) aft e etch back is |ess than 100 nm the nunber of hol es sharply
i ncread®s. [0136foic that for reducing the number of steps, a step of removing the

embrittlement region 11c may be omitted.
[0130]
Note that since a crack is generated in the embrittlement region 11c¢ to perform
- separation, the surface of the embrittlement region 11¢ has unevenness (FIG. 3A).
20 [0131]
Then, when etch back is performed, a shape reflecting the unevenness on the
surface of the embrittlement region 11c¢ remains (FIG. 3B).
[0132]
Therefore, irradiation is performed while a laser beam is scanned to melt the
25  single crystal semiconductor layer, whereby smoothness of the surface can be improved.
[0133]}

Note that when an average value of the thickness of the second region 11b (the
single crystal semiconductor layer) after the etch back is less than 100 nm, the
probability that a hole is generated in a portion of a valley on the surface increases after

30 irradiation with a laser beam (see a dashed line 81, a dashed line 82, and a dashed line
83 in FIG. 3C).
[0134]

19



10Not e that the average value of the thickness is calculated in such a
manner that a plurality of portions over the single crystal sem conductor

| ayer i s neasured using an optical filmthickness nmeasurenent system
(product name: NanoSpec) and an average val ue of the nmeasurenent results of
the plurality of portions is used. [0137] 15Accordingly, it is preferable
to performaddition of hydrogen, helium or the |like and etch back so that
t he average val ue of the thickness of the second region 11 b (the single
crystal sem conductor layer) after the etch back is greater than or equal

to 100 nm [ 0138}, 20Na & 1003 ARaREGRUGH 8lchNm¥Blet BELsAPRR ih¥IEBIAN,
helium or the |like is added is adjusted, whereby the E‘gsmlon of the

enbri tt | emameragee gelya Qiiéh%éhwb@ssad]fuﬁleeﬂeco%efﬁ&‘f’%rb‘b (the siegle| evyel on

vol t age wh | AosH d, so
t hat the tﬁ%{éﬁlg{suggﬁgh?’ oll?%hle @bgﬁ%hﬁa@ggkéhﬁ%édgga set. a%% r§ ]e(ggérdjh%%& t he

t hi ckness afnples arhgradiatid Withoklagea hedvetodjobsaresd biyfa miseoseapeond region |1 b (the
single Téﬁg sem conductor layer) is etched to a desired thickness in
consi defat i-on %f an etching rate. [0140] Next, a region

irradi ated wi t h Ahe rdsals of thbeanmodebpe,sin sleasamply intwHich tbehvngagmahleebftm and the

outward diff. on .of oxygen.is far G 4A 1], The ql-egion
i rradi ated ﬂW cﬂrghﬁ SECTAH Tepiomh %Z%eﬁ’lengecr&ésga:l g 1f33ndu yér ‘? egch

sen conducthack ie lessmbni 1({(enrh, e sinstied of lalestshaplyi ihadasess for rred. The entl re
surface of[éﬁglsingle crystal sem conductor layer may be irradiated with a

| aser beam 42] As the types of the | aser beam 14, any | aser beam can be

used agpl ong as Nbte@s th aRepy/ Alha@ithe iMtkads isscaRBedIe sudhy: hiidesthng! e
crystal sem conductor |ayer Efor exanpl e, an exciper |aser beam a YAG

aer bean RETVAST PgeRs Bss e SHeei e Al FREFOI RS aver is measured taing

optical film thickness measurement system (product name: NanoSpec) and an average
value of the measurement results of the plurality of portions is used.
[0137]

15 Accordingly, it is preferable to perform addition of hydrogen, helium, or the
like and etch back so that the average value of the thickness of the second region 11b
(the single crystal semiconductor layer) after the etch back is greater than or equal to
100 nm.

[0138]

20 Note that an acceleration voltage when hydrogen, helium, or the like is added is
adjusted, whereby the position of the embrittlement region 1lc can be adjusted.
Therefore, the acceleration voltage when hydrogen, helium, or the like is added may be
adjusted, so that the thickness before the etch back may be set.

[0139]

25 Then, the thickness after the etch back can be adjusted if the second region 11b
(the single crystal scmiconduétor layer) is etched to a destred thickness in consideration
of an etching rate.

{0140}
Next, a region irradiated with the laser beam 14 is scanned while being melted,

30 and the outward diffusion of oxygen is performed (FIG. 4A).

[0141]

The region irradiated with the laser beam may be a region in which at least a
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The region irradiated with the | aser beam 14 may have any shape (for
exanpl e, a spot shape, a |linear shape, a plane shape, or the like).

10[ 0144] Note that the |laser beamis not necessarily scanned as | ong
as the region irradiated with the | aser beam has a pl ane shape and a
desired region can be nelted at one tinme. [0145] 15Wen irradiation is
performed while a pulse |aser beamis scanned, it is preferable to scan
irradiation regions which partly overlap with each other in order to
sufficiently heat the sem conductor |ayer (specifically, a pulse | aser beam

is preferably. scanned so that ane pogition. is irradjated with t ul se
[ aser beams?s%f‘}lo of glegignt; @rf@é““&tﬂf g&@?é’é‘& s %’6‘{“6‘1425‘6 entire su cgtogghegf

per f ormi ng didie @adasmicslidibtosiagdt nefy teXygidtedWith YRis@@ehnr med at the sane
time as or sggirately fromthe step of inproving the snoot hness of the

surface (a[P r beamwhich is the same type as the | aser beam 14 can be

used in the caseAWRRN Sy REaRMREL BUARSH, Bty laft b8tk EACIR is8d hBhOY¥ER hRy anot her
step). 25[0147] In FIG 4A, the step of perform ng the outward

di ff usi 6n aFwayelrgeth vhieh it sheoded by B singi SYAH gemicenditon IprRidy pmplRe sur f ace
are perforned,ahet R&r E@dﬁ% A A Lasdr BL4B]a YVO, laser beam B?@aeﬁ%} ion irradiated

with the | aser beam 14 bécones a sem conductor Iid in 30a melted state.
[ 0149] - The [l conductor |id in a nelted state has a higher diffusion

coefficient of t Q%E ] Il ' , and
tenperature incrgg%%gﬂgy t é&i‘?lr aglﬁgeltglg%ﬁr%ﬁ%1##@3@?%%}9@%%&%1%& ef ore,
t he out war c sgotfshersi ohnsaf shapy getane shapeomthedikel.see a dashed line 80 in FIG
4A) . [Q150] re, in the case where the bonding layer 12 is an insul ating

filmi Iud?ﬁg oxygen, when the sem conductor in a nelted state is in
contact w th theNbresilhtathi Ngsef ibeam iif abu dédegsanlyy gamedt 3eloeg ak ithe segionpr obl em

Serm Condue G SRGE B Lo B 1 DAL OO oo TRLFEPRG P Rt Ry 11| m
which is ippeamkact with the single crystal
[0145]

15 When irradiation is performed while a pulse laser beam is scanned, it is
preferable to scan irradiation regions which partly overlap with each other in order to
sufficiently heat the semiconductor layer (specifically, a pulse laser beam is preferably
scanned so that one position is irradiated with the pulse laser beam 5 times to 50 times
on average).

20 [0146]

A step of performing the outward diffusion of oxygen may be performed at the
same time as or separately from the step of improving the smoothness of the surface (a
laser beam which is the same type as the laser beam 14 can be used in the case where
the smoothness of the surface is improved by another step).

25  [0147]

In FIG. 4A, the step of performing the outward diffusion of oxygen and the step
of improving the smoothness of the surface are performed at the same time.
[0148]

The portion irradiated with the laser beam 14 becomes a semiconductor 11d in

30 amelted state.

[0149]

The semiconductor 11d in a melted state has a higher diffusion coefficient of
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sem conductor layer is an insulating filmincluding oxygen, it is
preferable to performirradiation with a | aser beam havi ng energy density
so that the bottom portion of the single crystal sem conductor layer is in

a solid-phase state (see a dashed line 90 in FIG 4A). 15[0152] That
is, it is preferable to partly nelt the single crystal sem conductor |ayer
by the irradiation with the | aser beam [0153] Partly nelting

nmeans that the bottom portion of the single crystal 20 sem conductor |ayer
is in a solid-phase state and a regi on over the bottomportionis in a

melted state. [0154 ) This is because the follow ng reason: when the
single cryS¥¥se sté‘?ﬂ %Bﬁﬂfﬁ%rtd&}?“’{ e pol 'ﬁ‘ﬂ%ﬁ%“l‘t& T8 PRRFTHYTSL AT CISFS g\kﬁith(i‘ti on with

a | aser beamdidiohewite AL UGObeant 12; Bloretéit) drePhia®&rdsdifihGomViof ox@gdoner
di ffusion coefficient of oxygen than a sem conductor in a nelted state can

be i nt er podEindet (eschdashid s &P dllGutbbr in a nelted state and the
i nsul at i ngé@jg,bﬁn i ncl udi ng oxygen; as a result, oxygen in the insulating

fil mincludi ng” oxygen can be prevented fromdiffusing into the
semi conduct or i nHerenin the gasstvghese thepadipg Jorpi 2 it fninselpéngfilp msding t hat

oxygen in g.pagey il H?&ﬁc«%}dé!hﬁlg}s %edsxﬁ%gd%%@fé% 96nt£c@gf§’th'?ﬁé h&flailzaim al so

occurs intf"(ne case ere t rate is a substrate 1 ncludi ng

oxygen, sudivhalingoxykers thegadsisey aprebiom i teplh axyeen swthstinsatating fibve nchudingsi ngl e
crystal S%Q}%g;ﬁ%ﬂﬁés%toltﬁ%%@%%d%é 8¢hbywrbpngded to the base substrate.

[ 0156] a net ermning energy density so that the
bott om por {®ldn] of a crystal sem conductor layer is in a solid-phase state

L Sa0eEs" oo SAP e i T B Sl R BB oS0 L1,
di fferent cependivegr biyerciaah issalyhe filod imthdaipcexygen, pirie pasfadble [OpaimlONext , a
OO e O e ST e ietol L 21ek, 1, S3h 1 AP pLuralilyeal sarml o
SI M5 ( secogpgle)erystil schusSndaOBElay@ TR in 3/Jolid pRhbState (s€ a Hd3Bed k0 in FIG.
4A).
15 [0152]
That is, it is preferable to partly melt the single crystal semiconductor layer by
the irradiation with the laser beam.
[0153]
Partly melting means that the bottom portion of the single crystal
20  semiconductor layer is in a solid-phase state and a region over the bottom portion is in a
melted state.
[0154]
This is because the following reason: when the single crystal semiconductor
layer is partly melted by the irradiation with a laser beam, a semiconductor in a
25  solid-phase state with a lower diffusion coefficient of oxygen than a semiconductor in a
melted state can be interposed between the semiconductor in a melted state and the
insulating film including oxygen; as a result, oxygen in the insulating film including
oxygen can be prevented from diffusing into the semiconductor in a melted state.
{0155]
30 Note that the problem in that oxygen in a base diffuses into the semiconductor
in a melted state also occurs in the case where the base substrate is a subsirate including

oxygen, such as a glass substrate or a quartz substrate, when the single crystal
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[ 0159] For exanple, when the cross section of the sem conductor

| ayer i s observed by 15 el ectron m crograph, the depth of the sem conductor
| ayer which is nelted is judged froma crystal state of the sem conduct or

| ayer. [0160] Since inpurities (carbon, nitrogen, oxygen, or the

| i ke) are easily gathered at the boundary between the sem conductor | ayer
in a nelted state and the sem conductor 20 | ayer in a solid-phase state, a
peak position of inpurity concentration can be judged as a boundary between
the sem conductor layer in a nelted state and the seniconductor | ayer in a

sol i d-phasg, E&}d%eohagmsﬁl-g@ Or'getﬁetﬁeg’@gsfrawed [0161]

Ther ef or e, m con ayer 1s nelted to a desired depth, a 25
plurality ¢itséhnples is forned and nmeasured i n advance, mhereby appropri ate
energy density n be nlne 162 met hod
for deternining energy© ﬁ%‘ﬁ or derem ngten?r%%d?mgyfyﬁ][aﬂg%}xerrp %h ?rret hod.

30[ 0163]  crystal demidohfuctatAgyet isrimal salidiphasantdthwill beadeedriveéam i s perfor med
mnthout thE ggﬁe substrate 13 being heated; however, as illustrated in FIG
i rradi A} with a laser beamis preferably perforned while the base
subst rate 13 is Haatagturalit) b64mples cach HABEd istng MBI sabdtatsifralie@dwith em tted
whi | e the base substrate I's heated, the S|ngle crystal sem conductor |ayer
is al so heatasgr bagmghsg energy dengifyeiy dlfvﬂli@r‘i ERdigg Qg ieacicRledp 2SEFTBnduct or
layer is iprpBalgated state, the cooling rate of the nelted single crystal
sem conductor layer is relaxed; therefore, the nelting tinme of the single
crystal seffllé8hductor |ayer can be | engthened. [0166] 10If the nelting time
of the,gingle cry gﬁ% c?b%é“s%@gl{ﬁté)ﬁexﬁléaiﬁﬁctbﬁ 1dyen gt BeResk th Rudlid e
retalnlng a nelt 'state with a high fusion coefficient of oxygen i's
|engthenedsmnﬁeweﬂb&evakhedeeﬁwamuﬂwmmhu§WGﬁmeﬁn@xygéﬁweamOMenﬁﬁﬁWher

promoted. EH}e @econdary ion mass spectrometry) analysis, or the like.
[0159]

For example, when the cross section of the semiconductor layer is observed by
| 15  electron micrograph, the depth of the semiconductor layer which is melted is judged
from a crystal state of the semiconductor layer.
[0160]
Since impurities (carbon, nitrogen, oxygen, or the like) are easily gathered at
the boundary between the semiconductor layer in a melted state and the semiconductor
20 layer in a solid-phase state, a peak position of impurity concentration can be judged as a
boundary between the semiconductor layer in a melted state and the semiconductor
layer in a solid-phase state if the SIMS analysis is performed.
[0161]
Therefore, when the semiconductor layer is melted to a desired depth, a
25  plurality of samples is formed and measured in advance, whereby appropriate energy
density can be determined.
[0162]
Needless to say, a method for determining energy density is not limited to the
exemplified method.
30 [0163]
| In FIG. 4A, irradiation with a laser beam is performed without the base

substrate 13 being heated; however, as illustrated in FIG. 4B, irradiation with a laser
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Accordingly, it is preferable to performirradiation with a | aser beam
while the 15 base substrate of the SO substrate is heated because a
pronoting effect of the outward diffusion of oxygen due to the irradiation
with a | aser beam can be encouraged. [0168] If the tenperature of
t he base substrate is higher than or equal to 500 C, oxygen can be reduced
further as conpared with the case where the base substrate is not 20
heated. [0169] As the tenperature of the base substrate is higher,
the cooling rate of the sem conductor in a nelted state can be sl owed down;
therefore, the tenperature of the base substrate is preferably high.

25[ 0170]  beam ispreferably priermed hil s basesubstrated 33 Bttedven when t he

sem conduct@g4] ayer is in a solid-phase state, the outward diffusion of
oxygen occurs slightly; therefore, it can be said that the outward

diffusion of oxyHuhis svhemedeenbun sumited Whdethethaes sbstriel iy hegisdglein FI G
4B) . 30[0111}%130?%1 T‘;}mo%d{,a@llla)}@gmsto!}lgatg@nperature of the base substrate is
r

hi gher than qual to a nelting point of the base substrate, the base
substrabte (®6Aklted. [0172] In addition, when the tenperature of the

base substrate i.s hi t.h r : LN PR hase
substrate, the 5§§3’3§§51F§%%ﬂ|gnggrg%ﬁgﬁﬁﬂfgﬁ%g%nggﬁéfg?%%%%g?he upper
limt of tlheolingmputerofither meltedrsiyeleodryitilcsemisadustay dayeniserclageds tlefrefprgbiby sel ect ed

fromthe tenperature | ower th t he |t pQI base substrate and
t he tenper Qﬁ)ﬂ“ﬁ t'l“ifvﬁ?gfhets i'e %r%%ﬂg??lﬁ?@ﬁtgf fr%?ergg " P%lgg%%és%ﬁ's ubstrate. [0174]
Note that y#@s]the single crystal sem conductor |ayer is formed using

silicon, 10 the | ti oint .of silicon.is about 1414 C. therefore, even
when t B8 upper t'gﬁh?&‘gg’ﬂé)@"‘? Pﬂfhf’ SW[?I Y SﬁB‘ic?ﬂd,{wtgf R I,le%aﬁ'ﬁ t he
like) of thgebas eetsitiastd ahddell Sstdlé Ol at high diffusieiui@befficiedt4d s oygenhis
tenperature of the base substrate needs _to be IQ%ﬁi%ﬁhan 1414C (that is,
the upper Hengthened; theygfors, hputward ddfusign gEoxseen Faz RPNt e can

{0167]
Accordingly, it is preferable to perform irradiation with a laser beam while the
15  base substrate of the SOI substrate is heated because a promoting effect of the outward
diffusion of oxygen due to the irradiation with a laser beam can be encouraged.
[0168]

If the temperature of the base substrate is higher than or equal to 500 °C,

oxygen can be reduced further as compared with the case where the base substrate is not
20  heated.
[0169]

As the temperature of the base substrate is higher, the cooling rate of the
semiconductor in a melted state can be slowed down; therefore, the temperature of the
base substrate is preferably high. |

25  [0170]

In addition, if temperature is high even when the semiconductor layer is in a
solid-phase state, the outward diffusion of oxygen occurs slightly; therefore, it can be
said that the outward diffusion of oxygen is encouraged further (see the dashed line 80
in FIG 4B).

30  [0171]
Note that when the temperature of the base substrate is higher than or equal to a

melting point of the base substrate, the base substrate is melted.
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be said to be less than the nelting point of the single crystal

sem conduct or layer). 15[0175] Note that the upper limt of the tenperature
range of the base substrate may be selected fromlower than or equal to 600
C (or lower than 600 C), lower than or equal to 650 C (or |ower than 650
C, lower than or equal to 700 C (or lower than 700 C), |ower than or equal
to 750 C (or lower than 750 C), |ower than or equal to 800 C (or 20 | ower
than 800 C), lower than or equal to 850 C (or lower than 850 C), |ower than
or equal to 900 C (or lower than 900 C), lower than or equal to 950 C (or

| ower than 950 C), |ower than or equal to 1000 C (or |ower than 1000 Q),

| ower than[@r72gqual to 1050 C (or lower than 1050 C), |ower than or equal

to 1100 C (or han .11 C 0, | ower
than 1150 O 1 ohaRePRE P 1 el bubb Bs ool nifer it bl

| ower thantois mtto@th]ﬂ)’é&ﬁbs(mte thewese subsamate 128}, | ower than or equal
to 1300 C g})r Lower than 1300 C), |lower than or equal to 1350 C (or | ower
t han 1350 nd | ower than or equal to 1400 C (or |ower than 1400 C).
Note that |ower Theaditor @er@@ékslnﬁltt(ﬂ‘rtﬁ)@t@ipdfaﬁué eaRE dfhBe baseGubsatesisa gi ven

nunber). 30[0176] In addi tion, the |o t .of the tenper e range of
the base sbEdEably seleeicd fiom g @@P%r&wfm@ﬁ’f %e?hetrﬁﬁlﬁn%rpo af“f 533%’00 C (or
hi gher tha@ub'é%e@dthbkea{p%fauﬁbmeeﬂmﬁw%aﬁa@o&seﬁﬁe6@5sﬁusglster than 550 C),

hi gher than or equal to 600 C (or higher than 600 C), higher than or equal

to 650 C (&@17Ai gher than 650 C), higher than or equal to 700 C (or higher

than 700 C), highgs i eﬂ)fhe%ﬂféﬁs' @.2117551910&1((11@{01' mﬁpﬁrfoﬂﬂbﬁmsﬁggll@n 5 hi gher
than or equal to 800 C hi ghe han 800 C), higher than or equal to 850

C (or HDghete tiebing8BOnCt sticahes abhetn ik Gy erafere00EenCuior the GEBAT t han 900
C), higher than or 950 C h han or
eunaI '? o 166%°¢ ffntr?)rh“ﬁfjgrﬂgfm aRe 816 Qfﬁmtg i ﬁbe?ﬁ% %?Q%er%aesalr}apéh%e 050 C (or

hi gher thamj L@ﬁﬁa@neqhalg&umtf’lnameqempaﬂwe dfﬂle]lih@@mﬁstfm ndetlglodse lohan 1100
©, higher than or equal to 1150 C 10 hi gher than 1150 ¢€), higher than

or equal t ¢handdds ¥ (bt inithepet el o g@@(ﬁerﬁl)emqﬁ‘iegﬁ&e Oﬂcﬂzﬁrp%"rs‘@éﬁf’é? cqy 1250 C

(or higher Qe Ay sddOnducloPlayth gher than
1300 ©), [ pEoan %&?Qsts%ﬁﬂggrlg@%aﬁg A e oy 0 ) . Not e

t hat hllg'helimﬂﬁhn X C neans a tenperature _h| gher than X C (Xis a given
e ) 01771, S5 e LARE i ot D ARSI e of (e
t he base swuyllsdtedfren Idvet Hh or equal toADH0ECHealbivagthare 6HOW)olbwehthabarssiualubst r at e,
I S N e N AR
e 22 Gy Y Sl P s U010 st st
20  lower than 800 °C), lower than or equal to 850 °C (or lower than 850 °C), lower than or
equal to 900 °C (or lower than 900 °C}, lower than or equal to 950 °C (or lower than
950 °C), lower than or equal to 1000 °C (or lower than 1000 °C), lower than or equal to
1050 °C (or lower than 1050 °C), lower than or equal to 1100 °C (or lower than 1100
°C), lower than or equal to 1150 °C (or lower than 1150 °C), lower than or equal to
25 1200 °C (or lower than 1200 °C), lower than or equal to 1250 °C (or lower than 1250
°C), lower than or equal to 1300 °C (or lower than 1300 °C), lower than or equal to
1350 °C (or lower than 1350 °C), and lower than or equal to 1400 °C (or lower than
1400 °C). Note that lower than X °C means a temperature lower than X °C (X'is a
given number).
30 [0176]

In addition, the lower limit of the temperature range of the base substrate may
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Accordingly, if the contact heating is used, heating can be perfornmed even
25 when any type of a base substrate is used. [0181] On the other
hand, the heating with light irradiation is a nethod in which a substrate
is irradiated with light having a wavel ength that is absorbed by the
substrate to generate heat fromthe substrate. 30[0182] Accordingly, when
the heating with light ivadiation is used, the type of a base substrate
and a wavel ength of light are necessarily selected. [0183] As an
exanple of the heating by light irradiation, there are a nethod in which a
base substrate includes silicon as its main conponent and |light (a |aser
beam | anp bk isglkdtedfr@n dizhashan éneggatie A0 (gdrighentipl S0OTCY highéritha)ori s

absorbed by silicon, and the Ii I ger hea m referred
to as a se@ﬂw‘f’i’éitq 230eC (98 higper ﬂéaniggepgg%gﬁlg’ia%of 'é‘iuAf@aG(OH% 1(ashig 14 (a
first |aseg ﬁh&rthéﬂcfr || RGN IRP hiphdt theh s5ded), erﬁ?éﬁlﬁpécﬁlaltbhe second

| aser beamvmt ergy density with which the base substrate is not nelted
is 10eni tt &a0 f(E(xmmgler thars 200U shigher ¢hewi od equal @1’%’]"(3 (or highgrrthanhi59 °€hse, t he

first |aser is emtt fr.om i ngl seni con Iayer
side and t R %re ther ffqélgletf’%g(éa%?‘?rsm%ﬁr?l} %Oﬁ §$ﬁ¥'f r%ﬁggr%% O%gﬁe si de,
whil e part &&fméﬂéﬁﬂ{aﬁgb@ diﬁfgﬁg"tﬁérﬁg S4hdilo bbe-¢ (drfighenman obeeamy, pighél aps with
part of a 15 region irradiated with the second | aser beam Note that if the

wavel gnlgt h thah Qrwauaﬂuw 850 Fféé@rrhlgi@at;mm§56l°ﬁﬁ crgher thanmﬁeﬂh@ t0d0ed Eadern of the
|
boam 1 s onpiebgdort MAOERY s fEF o SubEl BRITTE iRt haR 1bar -EriERe o356

201 n addi tu&ﬂ,or%&@mm N@0i°8 (BEhikRd: TR HOOPb}iﬂughBﬁthSﬁlaﬂétluﬂgodllﬁ@%l((Qn of the
first |aser beamis the sanme as the scanni ng direction of the second | aser

beam [10 181’1]8hef than 1150 *Cyrhighsr thap pecanebond0P 2 dor Mehemtaa 1441k Bighsrermai ni ng
heat; th
p(ragf er abF; a%{ Séflm?ﬁa{z%g' 8%}& ﬁleqltﬁla“eﬁ {:?éﬁ%g{ %%BP%HL%%,O@ e@%r' S

A the reg irr a
higher than 1300 °C), and higher than or equal to 1350 °C (or higher than 1350 °C).

Note that higher than X °C means a temperature higher than X °C (X'is a given number).
[0177]

15 Note that the upper limit of the temperature range of the base substrate is larger
than the lower limit of the temperature range of the base substrate.
[0178]

As a heating method of the base substrate, there are methods such as contact
heating, heating by light irradiation, and induction heating.

20 [0179]

The contact heating is a method which heats a stage or the like on which a
substrate is placed and heats the substrate that is in contact with the stage or the like.
[0180] '

Accordingly, if the contact heating is used, heating can be performed even

25  when any type of a base substrate is used.
[0181]

On the other hand, the heating with light irradiation is a method in which a
substrate is irradiated with light having a wavelength that is absorbed by the subsirate to
generate heat from the substrate.

30 [0182]
Accordingly, when the heating with light irradiation is used, the type of a base
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25the first |aser beam [0188] When the region irradiated with the
second | aser beamis larger than the region irradiated with the first |aser
beam the area of the remai ning heat can be expanded to a w de range.
Accordingly, a region where a nelted state can be retained can be 30
expanded to a wide range. [0189] The base substrate, which is very thick
conpared with the single crystal sem conductor layer, is irradiated with

t he second | aser beam [0190] Accordingly, a | aser beam having a
| onger wavel ength than the first |aser beamis preferably used for the
second | aser beam 5[0191] If a wavel ength of the | aser beamis

| onger, t heulsibpeand & evabeengtlr afdight @enécssshnilyaeecieed with t he | aser beam from
t he surfaci ﬁJ the object to be irradiated to a deeper position. [0192]
10The i ndud@3%h heating is a nmethod in which a conductor is provided in an
al ternating currgphn emgipht dfehd heatith yritbhaitrathdyn, chire et nieshoganehached 1 n t he
conductor to geperat.e h at.fronmthe.substra%e. h %23#' . .[Therefore,
the base sGBErPRIIE pclydes slicphas iisTeRiR CqaRP R A gh aipsg ey PP g 15 i s
pref er al y (such @08l t4@pAEn Halbgeh lalp),an tiRdiky) 6 dbdoetiet beaRichy, ahd tiesike.[ 0194]

A conductor _in_which an eddy current easily flows is a conductor which has
hi gh resi st@f¢& to sone extent; therefore, when the induction heating is

used, it is prefgLabka HelnRerd & ds LRENIALGF bead), d ILRAbSMDS kiR E thed
stainless Sl;sgre llacalsnull?ﬁls(tarfﬁ;telése? lr)«::aEnr)1 %orl diiét?silggotgcsyggnhcean b%sugeds. N l%%;[' craygltmep'le, %%195]
second laser beam with energy density with which the base substrate is not melted is
10  emitted from the base substrate side.
f0185]
In this case, the first laser beam is emitted from the single crystal
semiconductor layer side and the second laser beam is emitted from the base substrate
side, while part of the region irradiated with the first laser beam overlaps with part of a
15  region irradiated with the second laser beam. Note that if the wavelength of the first
laser beam is different from the wavelength of the second laser beam, treatment can be
performed even when the second laser beam is emitted from the single crystal
semiconductor layer side.
[0186]
20 In addition, scanning is performed so that the scanning direction of the first
laser beam is the same as the scanning direction of the second laser beam.
[0187]
Further, the second laser beam is used for remaining heat; therefore, the region
irradiated with the second laser beam is preferably larger than the region irradiated with
25  the first laser beam.
[0188]
When the region irradiated with the second laser beam is larger than the region
irradiated with the first laser beam, the area of the remaining heat can be expanded to a
wide range. Accordingly, a region where a melted state can be retained can be
30 expanded to a wide range.
{0189]
The base substrate, which is very thick compared with the single crystal
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Since the base substrate takes tinme to reach a desired tenperature by the
contact heating, processing tinme can be shortened using the heating by
light irradiation, the induction heating, or the like in which the base
substrate takes a short tinme to reach 25 a desired tenperature. Note that a
heating method in which a conductor is heated by induction heating and heat
conduction fromthe conductor is utilized may be used. [0196] Not e
that an irradi ati on atnosphere of a | aser beamis preferably set to an

i nert gas atnosphere (nitrogen, a noble gas, or the |like) because oxygen
fromthe atnosphere 30 can be prevented fromentering. [0197] Further, an

i rradi ati opematcoobptoelagents izadizgkwitipthasedosd peafbezrabl y set to a
reduced-pr(j‘z@we at nosphere (an atnosphere in which air pressure is |ess
than or eq o 10-3 Pa) because the entry of oxygen fromthe atnosphere
can be prevent edAcdondi@f}, al laseabahint having adnnger madklatgtiothamthevspheercbeatn a | aser
beamis preferab set.tq a 5 reducing atnosphere (an atnosphere including
hydr ogen, ésnprﬁgﬁ%’é'dﬁs‘isg’rl%r‘?c,sf"f?&flﬁ@ergbﬁf’%on nmonoxi de, an at nosphere incl udi ng
hydrogen i ggligdg, or the like (only a reducing gas or a mixed gas of a
reduci ng gas and_an inert gas may be used)) because.a reduction reaction
occurs, so that Hrevavglenstyo iﬂ?ef%‘%fird??a@f1S&R'§gfént%‘éé’ﬁ]eﬁ'ét°eﬂfé6‘ﬁ?déad 5 10199]
10That is, prididtsd Wi fHRNAR} BeatDfrdh BleUdFade JTEIHISH} 40 todRSirThdialdd td & d&gérat i on

at nosphere of a | aser beam [0200] In particular, an atnosphere

i ncl udi ng Wg#HYYen i odide is preferable because it has a reduction action,
and at theg time, iodine which is a halogen can renove 15 contam nation
of heavy netal "or the like. [0201] Furt her, a reduced-pressure

at nospHére and afbd indnetiogacatingrissp methodain evigele pegoadiojor s davigedain an
reduced-pr %g%#étglg%gﬁgﬁﬁgﬁngﬁ@ﬁgd And QQH&&yﬂQm@ﬂt”ngQ&%t@d B he PoREEHARI Y used

because an reduci ng oxygen is’increaséd. 20 [0202] Not e

t hat a nat igeserax hehe frbinlthe oibstrdte senmi conductor | ayer is preferably renoved

using a hy ﬁgﬁn fluoride aqueous solution before irradiation with a | aser
beam [020 ? e native oxide filmis unevenly forned; therefore, when the
native oxide Therefore, the base substrate in which the induction heating can be performed

15  is preferably a conductor in which an eddy current easily flows.
[0194]

A conductor in which an eddy current easily flows is a conductor which has
high resistance to some extent; therefore, when the induction heating is used, it is
preferable to use a silicon wafer, an iron substrate, a stainless steel substrate, or the like

20  as the base substrate.
[0195]

Since the base substrate takes time to reach a desired temperature by the
contact heating, processing time can be shortened using the heating by light irradiation,
the induction heating, or the like in which the base substrate takes a short time to reach

25  a desired temperature. Note that a heating method in which a conductor is heated by
induction heating and heat conduction from the conductor is utilized may be used.
[0196]

Note that an irradiation atmosphere of a laser beam is preferably set to an inert

gas atmosphere (nitrogen, a noble gas, or the like) because oxygen from the atmosphere
30 can be prevented from entering.
[0197]

Further, an irradiation atmosphere of a laser beam is preferably set to a
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25 filmexists, a crystal state of the sem conductor filmafter
irradiation wwth a | aser beam has unevenness. In addition, oxygen fromthe
native oxide filmcan be prevented fromdiffusing into the sem conductor

| ayer. [0204] On the other hand, in order to reduce the nunber of steps,
hydrogen fluoride 30 may be included in an atnosphere, such as a

reduced- pressure atnosphere, a reduci ng at nosphere, or an atnosphere of
reduced- pressure atnosphere and a reduci ng at nosphere, instead of using a
hydrogen fluoride aqueous solution. [0205] Al ternatively, hydrogen
fluoride may be added to an air atnosphere or an inert gas atnosphere (rare
gas, nitrogalucedpreishe dimbsphert (@0b8hodpNeredh ebehtag mesypyre anleys thm atapsapher e

i ncl udi ng hydr_ fluoride be ed, [0207 That, is, it is
preferable t‘%/ﬂéu? géﬁ’ef’aﬂl?%'&}? S?Wyg‘g%éﬁ’ %%%P%Lﬂg‘?osgﬁqr%%a&bet%%’ﬁ?tﬁlcl ude a
hydrogen flgside gas. [0208] 10Hydrogen fluoride is preferable because it

has a function of renoving a silicon oxide film therefore, irradiation
with a |aser bealh @diioBeathiFadistian atoyaspieae 8f A RSOy BeasX IgRrefrIol &7 P Re surface

of the gem cRRAYCHAbsphaY San | SmbHHBY Eifleludif2 Gliroksh, RA! hinfolhiRfo iRikidger beam
is preferably emtted in succession just affer the SOT 15 substrate is
exposed t o caitomtmanspider an jageespliera ginelydipg Judrogp dedidie drothealikghgndy ecause
irradiatio ' f FEHe ' i.de filmis
surely r errg?/dgcd&?lgﬁse&ﬁaﬁfﬁn%{g?g%;gfg?%ﬁgﬁg%%%rgl r edu@%%q%ag?gﬂggd)gﬁﬁcg?gg beami s
em tted i nreluciessiating ocdudthat2ihetteand [diftustopdf oxxaem cavkermcousgtdogen
fluoride, %95 he |i ke easily erode netal; therefore, when hydrogen i odide,
hydr ogen fl'uoride, or the like is introduced to an atnosphere, it is
preferabl e to coHiat &nitispreferabizltd inchids b aglecing gastihen Irradatiom amosptenbar wher e
irradiation with a |laser beamis performed with sapphire, dianond-Iike
carbon, or HE Y. 25[0211]

[0200]

In particular, an atmosphere including hydrogen iodide is preferable because it

has a reduction action, and at the same time, iodine which is a halogen can remove
15 contamination of heavy metal or the like.
[0201]

Further, a reduced-pressure atmosphere and an inert gas atmosphere are
preferably used or a reduced-pressure atmosphere and a reducing atmosphere are
preferably used because an effect of reducing oxygen is increased.

20 [0202]
Note that a native oxide film of the semiconductor layer is preferably removed
using a hydrogen fluoride aqueous solution before irradiation with a laser beam.
[0203]
The native oxide film is unevenly formed; therefore, when the native oxide
25  film exists, a crystal state of the semiconductor film after irradiation with a laser beam
has unevenness. In addition, oxygen from the native oxide film can be prevented from
diffusing into the semiconductor layer.

[0204]
On the other hand, in order to reduce the number of steps, hydrogen fluoride
30  may be included in an atmosphere, such as a reduced-pressure atmosphere, a reducing
atmosphere, or an atmosphere of reduced-pressure atmosphere and a reducing

atmosphere, instead of using a hydrogen fluoride aqueous solution.
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In addition, the tenperature of an irradiation atnosphere of a | aser beam
is preferably increased because the tine of retaining a nelted state is

| engt hened. [0212] In consideration of the fact that there is an effect of
reduci ng oxygen at the 30 heating tenperature of the base substrate higher
than or equal to 500 C, it is preferable that the tenperature of the

irradi ati on atnosphere of the | aser beam be higher than or equal to 500 C
[ 0213] Note that the upper limt of the tenperature range of the
irradi ation atnosphere of the | aser beam may be selected from | ower than or
equal to 600 C (or lower than 5 600 C), |ower than or equal to 650 C (or

| ower than{@s6} C), Iovver t han or equal to 700 C (or Iovver than 700 O,

| ower than or eq 7 r tha than Qr equal to
800 C (or Iovver %ﬁ@flmg o CH & aragﬁdsglan gaig‘(g%sp PSR BWEr 't han
850 O), lo auhb@iﬁexaltra%cgaa,lm&@eﬁ(}@ttﬁl(key | ower than 900 C), |ower than or
equal to 950 C (or lower than 950 C), |lower than or equal to 1000 C (or

| ower t han[%8%h000 C, lower than or equal to 1050 C (or |ower than 1050
C), lower than owedaRydth shy odi} AR atmosphierd B¥RMink Bﬁﬂoéelﬁﬁloﬁ‘)le mhpveisetlhan or
equal to 1150C (or | ower than 1150 C), lower than or equal to 1200 C (or

| ower thanl®98b C), 1ower than or equal to 1250 C (or lower than 1250 O),

| 'ower- than or eqpalj tﬁlslp%%raf;le(tﬁit ah%ﬁah%ﬁ@ﬂno%ﬁl@@e@aIa!;é?\b‘ez{mﬁﬂ&ﬁﬂeﬁr equal
to 1350 C (or |ower ’than 1350 C), and | ower than or equal to 15 1400 C (or

| ower than xdmgnn@)uonﬁbgaé that | ower than X C neans a tenperature |ower than
X C (Xis apg En nunber). [0214] In addition, the lower |imt of the
tenperaturg range of the irradiation at m)sphere of the | aser beam may be
sel ect @d from hlmogmtfbunndﬁlsemﬂqhblc beBO® iChasey fungiohof FrmovitigaasiE®o C) |

hi gher 't hanxﬁﬁ If‘;ﬁﬁg ore 5%86&&%10&}#} 'aglgﬁg* m%ag’ 30 ?mﬂ:'dgg@{) ;%:H ReOr equal

to 600 C (8 her t an or equa hi gher
t han 650 C))xldhﬁgimeﬁtﬁehmﬁacebfﬂqaatucbnﬂuaﬁﬁla@ex(imrelﬂwgher t han 700 C) hi gher
tChan or eq@o?i]o 750 C (or higher than 750 C), higher than or equal to 800
(or high an 800 C), higher than or equal to 850 C (or higher than 850
C), higher than lapaeRual al@eeaRp plefdrably hingtee in soasssiOD sGifier liet@r t han or
equal tlg gggbstcr:atg 1sr exr]galosge Ei\:(r) a1t1 gt%?os;?l?ere 1[201ud1ng hydrogen fluoride for a while because
irradiation with a laser beam can be performed after a native oxide film is surely
removed (the number of steps can be reduced because a laser beam is emitted in
succession).
[0210]
20 Note that hydrogen iodide, hydrogen fluoride, and the like easily erode metal;
therefore, when hydrogen iodide, hydrogen fluoride, or the like is introduced to an
atmosphere, it is preferable to coat an inner wall, a stage, or the like in a chamber where
irradiation with a laser beam is performed with sapphire, diamond-like carbon, or the
like.
25 [0211]
In addition, the temperature of an irradiation atmosphere of a laser beam is
preferably increased because the time of retaining a melted state is lengthened.
[0212]
In consideration of the fact that there is an effect of reducing oxygen at the
30  heating temperature of the base substrate higher than or equal to 500 °C, it is preferable

that the temperature of the irradiation atmosphere of the laser beam be higher than or
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hi gher than or equal to 1000 C (or higher than 1000 C), higher than or
equal to 1050 C (or higher than 1050 C), higher than or equal to 1100 C (or
hi gher than 1100 C), higher than or equal to 1150 C (or higher than 1150
C), higher than or equal to 1200 C (or higher than 1200 C), higher than or
equal to 1250 C (or higher than 1250 C), 30 higher than or equal to 1300 C
(or higher than 1300 C), and higher than or equal to 1350 C (or higher
than 1350 C). Note that higher than X C neans a tenperature higher than X C
(Xis a given nunber). [0215] Note that the upper limt of the
tenperature range in the irradiation atnosphere 5 of the | aser beamis

| ar ger tharghdie 500v€r |imt of the tenperature range of the irradiation

at nosphere of .the | aser beam [0216] As described above, an SOT substrate

i n which oi@’dé i's reduced can be fornmed. 10[0217] Note that in order
to avoi d gener at No@ tik tHRabp&. linit ofithe RpbREDIaRd of theiidatiativn timasibatel on wi t h
a laser beamin a state that an average val ue of the thickness of the

si ngl e cry®of #ie lswrbeamagy dsseleayd from;lawe bar ef cquable QP “¢q@alows B0 nm
[0218] 35HRUBVEL toddt BSRHRGE 648 1 (ISR 85 I onks ihhe? oK Mot AL @S
the thi €kness of the si ngl e crystal sem conductor layer 1s snaller,

char act eri g00 €6 (of loget tham IVE IO loswee tHanpr equadito TIWZLOjor Asao tishiniFOYC).when t he

thi ckness of the single crystal sem conductqr layer is 20 s r than 100
nm it is pevesrdhangrsayahin® hg(§¥wme’é&‘€?g€q%-ﬁ’ ’é’@fﬁ%lg'ﬁ‘i‘u%‘&u&wgg{)/g&(?favi ng a
t hi ckness LeAtRR o @ | ' ] aser

beam and e'?é: e?rﬁ%% fsgp (?E?dr?e?ﬁaﬁgggéugg@f%rgngggﬁ‘lg?eﬂr%%@ﬁ?’g ﬁgbﬁtﬁ?g?(ﬂness to

| ess t han EG@al 93 W& (or fdveer ithiandD &€), doweni thdn & dqualde 10MRTT (Fl@Sr thvh and 5B) .
[ 0220]
10

1000 °C), lower than or equal to 1050 °C (or lower than 1050 °C), lower than or equal
to 1100 °C (or lower than 1100 °C), lower than or equal to 1150 °C (or lower than 1150
°C), lower than or equal to 1200 °C (or lower than 1200 °C), lower than or equal to
1250 °C (or lower than 1250 °C), lower than or equal to 1300 °C (or lower than 1300
°C), lower than or equal to 1350 °C (or lower than 1350 °C), and lower than or equal to
15 1400 °C (or lower than 1400 °C). Note that lower than X °C means a temperature
lower than X °C (X is a given number).
[0214]
In addition, the lower limit of the temperature range of the irradiation
atmosphere of the laser beam may be selected from higher than or equal to 500 °C (or
20  higher than 500 °C), higher than or equal to 550 °C (or higher than 550 °C), higher than
or equal to 600 °C (or higher than 600 °C), higher than or equal to 650 °C (or higher
than 650 °C), higher than or equal to 700 °C (or higher than 700 °C), higher than or
equal to 750 °C (or ligher than 750 °C), higher than or equal to 800 °C (or higher than
800 °C), higher than or equal to 850 °C (or higher than 850 °C), higher than or equal to
25 900 °C (or higher than 900 °C), higher than or equal to 950 °C (or higher than 950 °C),
higher than or equal to 1000 °C (or higher than 1000 °C), higher than or equal to 1050
°C (or higher than 1050 °C), higher than or equal to 1100 °C (or higher than 1100 °C),
higher than or equal to 1150 °C (or higher than 1150 °C), higher than or equal to 1200
°C (or higher than 1200 °C), higher than or equal to 1250 °C (or higher than 1250 °C),
30  higher than or equal to 1300 °C (or higher than 1300 °C), and higher than or equal to
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25Not e that when the thickness of the single crystal sem conductor |ayer at
the time of irradiation with a | aser beamis larger than 300 nm the |aser
beamis not sufficiently absorbed in sone cases. Therefore, it is
preferable that the thickness of the single crystal sem conductor |ayer at
the tinme of irradiation with a |laser beam be | ess than or equal to 300 nm
30[ 0221] Thi s enbodi nent can be conbined with any of the other enbodi nents.

[ 0222] ( Enbodi nment 2) In this enbodi ment, an exanple of a method for
manuf acturing a sem conduct or device manufactured using an SO substrate
wi |l be described. 5[0223] First, an SOT substrate having a base

substrat e 18f) °@ (drdrighenthahdye® °20 Natothatkgheatkan X HE hese adehpdratatee 100,
and a S|ngle cr st al enlconduct r layer 300 provided over the bonding

| ayer 200 M %ﬁh¥éaifﬁﬁ§WﬂW“m¥ﬁ%24] 10For the base substrate, the
bondi ng | aygfis)and the single crystal seniconductor | ayer, materials

simlar to those described in Enbodi nent can be used. [0225] Next, the
singl e crystal e St g AIPBRT IP&SI%frﬂl%@GlPF@méﬁ@Wtﬂéﬁ irradiationAtMEIPRAS shape.

15[ 0226} e HRECYeaA id ﬂr@e@%éﬁ%{ée%w%? MinGiP RE Uk WmpeA¥RE r3fkb ofihe
i sl and- shape sem conductor | ayer 302, and the like are fornmed (el enent

separ at i on imsadigsion afngepiye gfitbmlaseabgamt-e i nsul ating film 400 is formed over

t he i sl and ed 20 sem conductor |ayer 301 and the island-shaped

sem conductor 1ayer 302, and then a gate el ectrode 501 and a gate el ectrode
502 are forned tAsdessvbed ivg &BSOI substrate in which oxygen is reduced can be

formed.

10 [0217]

Note that in order to avoid generation of holes, it is preferable to perform
irradiation with a laser beam in a state that an average value of the thickness of the
single crystal semiconductor layers is greater than or equal to 100 nm.

[0218]

15 However, in accordance with the scaling law, it is known that as the thickness
of the single crystal semiconductor layer is smaller, characteristics of a transistor are
improved.

[0219]

Accordingly, when the thickness of the single crystal semiconductor layer is

20  smaller than 100 nm, it is preferable that the single crystal semiconductor layer having a
thickness of greater than or equal to 100 nm be irradiated with a laser beam and etching
for thin film be performed for reducing the thickness to less than 100 nm after the
irradiation with a laser beam (FIGS. 5A and 5B).

[0220]

25 Note that when the thickness of the single crystal semiconductor layer at the
time of irradiation with a laser beam is larger than 300 nm, the laser beam is not
sufficiently absorbed in some cases. Therefore, it is preferable that the thickness of the
single crystal semiconductor layer at the time of irradiation with a laser beam be less
than or equal to 300 nm.

30 [0221]

This embodiment can be combined with any of the other embodiments.
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[ 0228] The gate insulating filmcan be formed using a thermally
oxidized film a silicon oxide film a silicon nitride film a silicon
nitride oxide film a silicon oxynitride 25 film a hafnium conpound film
or the like. [0229] The gate insulating filmmy have a single-I|ayer
structure or a stacked structure. [0230] 30The gate el ectrodes can be
formed using tungsten, nolybdenum alum num titanium silicon, or the

i ke. [0231] The gate el ectrodes may have a single-layer structure or a
stacked structure. [0232] Next, a first inmpurity element is
selectively added to the island-shaped sem conductor |ayer 301 to form an
inpurity r¢fi28h 301la and an inpurity region 301b 5(FIG 6C). [0233]

In additio ec inmpurity elenent is selectively added to the
isIand-shag%@g%§WF§ggductor | ayer 302 to forman inpurity region 302a and

an inpurity regi@n tH02émbdditediClan ERIMAS4f a methdkhefos emueriaeurdfy addi tion
2l terod. | opusgRictor devioe mbpo e bAg AR SORBIPITE L) RSP Tel enent 15 one
of a domor [@lepent (phosphorus, 15arsenic, or the like) or an acceptor
el ement (boron Olgirstt,ha?n lSIOiI(%%lBstrLgZI?gflmg a base substrate 100, a bonding layer 200
provided over the base substrate 100, and a single crystal semiconductor layer 300
provided over the bonding layer 200 is prepared (FIG. 6A).
[0224]
10 For the base substrate, the bonding layer, and the single crystal semiconductor
layer, materials similar to those described in Embodiment 1 can be used.
[0225]
Next, the single crystal semiconductor layer 300 is etched to have an island
shape.
15 [0226]
Here, an island-shaped semiconductor layer 301, an island-shaped
semiconductor layer 302, and the like are formed (element separation step).
[0227] '
Then, a gate insulating film 400 is formed over the island-shaped
20 semiconductor layer 301 and the island-shaped semiconductor layer 302, and then a
gate electrode 501 and a gate electrode 502 are formed thereover (FIG. 6B).
[0228]
The gate insulating film can be formed using a thermally oxidized film, a
silicon oxide film, a silicon nitride film, a silicon nitride oxide film, a silicon oxynitride
25  film, a hafnium compound film, or the like.
[0229]
The gate insulating film may have a single-layer structure or a stacked
structure,
[0230]
30 The gate electrodes can be formed using tungsten, molybdenum, aluminum,
titanium, silicon, or the like.

[0231]
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Further, the second inpurity elenent is the other of the donor el enent
(phosphorus, arsenic, or the like) or the acceptor elenent (boron or the
like). [0237] 20Note that an LDD region may be fornmed using a mask, a
sidewall, or the like in the inmpurity region 301la, the inmpurity region
301b, the inmpurity region 302a, and the inpurity region 302b. [0238] Next,
an interlayer insulating film®600 is forned over the gate el ectrodes, 25
contact holes are forned in the interlayer insulating film 600, and w rings
701la, 701b, 701c, 702a, 702b, and 702c which are electrically connected to
the sem conductor |layers and the gate el ectrodes are forned over the
interlayer insul @hé gae éledimniGatayt Havea ghgleterecanicaed orhigitasked fu@sre. 7A and 7B) .
[ 0239] 30hﬁéﬁp'hat FIGS. 7A and 7B are cross-sectional views illustrating
di fferent ons. [0240] Then, contact portions between the gate
el ectrodes and tNextyviar fifsg Smptsty peleieans setectitdly hadtitik ts ahe ddmdbidiaped | ayer is

not provided un | ectrodes, (FIG [0241h?The |n rlayer

i nsul ati ng SF‘i“}cﬁ? %é' ‘? ﬁhr{@ Orﬁb%’énpéfn?(’ieglé’gr?g@?n& AOIMPHEILY fe %Iglil
nitridesfil FK}@C§I|ICOH oxide filmincluding nitrogen, a silicon nltrlde
filminclu |n oxygen pol yi m de, acrylic, siloxane polymner, or the |ike.

[ 0242] he interlayer insulating filmmay have a single-layer
structure or a Stnaeﬁihﬁﬂnsat JebStldUmBurity QlARABE selectively Eaedwb Eﬂeﬂgﬁncpﬁa éﬂe formed
using netal such as alum num titanium nolybdenum tungsten, , Silver,

or copper; semicanductendyar ¥Rito fombut mnpEthigeieR 3k I T E"i)%’ oxi de
(1TO. [024fG, 6c).
10 [0234]
The sequence of addition of the first impurity element and the second impurity
element may be altered.
[0235]
In addition, the first impurity element is one of a donor element (phosphorus,
15  arsenic, or the like) or an acceptor element (boron or the like).
[0236]
Further, the second impurity element is the other of the donor element
(phosphorus, arsenic, or the like) or the acceptor element (boron or the like).
[0237]

20 Note that an LDD region may be formed using a mask, a sidewall, or the like in
the impurity region 301a, the impurity region 301b, the impurity region 302a, and the
impurity region 302b.

[0238]
Next, an interlayer insulating film 600 is formed over the gate electrodes,

25  contact holes are formed in the interlayer insulating film 600, and wirings 701a, 701b,
701c, 702a, 702b, and 702¢ which are electrically connected to the semiconductor
layers and the gate electrodes are formed over the interlayer insulating film 600 through
the contact holes (FIGS. 7A and 7B).

[0239]

30 Note that FIGS. 7A and 7B are cross-sectional views illustrating different
portions,
[02401
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15The wirings may have a single-layer structure or a stacked structure.

[ 0245] Thi s enbodi nent can be conbined with any of the other enbodi nents.

[ 0246] (Enbodi ment 3) 20In this enbodi ment, an exanple of a nmethod for
manuf acturi ng a sem conduct or devi ce manufactured using an SO substrate
wi |l be described. [0247] First, an SOT substrate having a base
substrate 1100, a bonding | ayer 1200 provi ded over the base substrate 1100,
and a single crystal sem conductor |ayer 1300 25 provi ded over the bonding
| ayer 1200 is prepared (FIG 8A). [0248] For the base substrate, the
bondi ng | ayer, and the single crystal sem conductor |ayer, materials
simlar to thoseTieasanidoepbriinsbBetradn hergntelelectrodds endithe dvirifi3aaOpor8diNext |

i sl and- shaped k insulatjng fi.lms 1400 .are forned h. L Lhgl e crystal
seni conducﬁbwmrégagrserf?ﬁﬂﬁ(cﬁ %ygrléf notPE tner e 42 e‘ll%\érﬁfiest(ﬁgg ?Pﬂ'gl e crystal
sem conduct@r41j ayer 1300 is etched into an island shape using the nmask
insulating filns_1400 as a mask (an isl and-shaped sem conductot, | ayer 1301,
an i sl and- shapedTléeemt?fgﬁ?fu’Bfr{ﬂ?tmg &t c%gﬁf}oqwg tHE ?isﬂléoré%ﬁ?oél%&) (FIG
8C, an &l eRBibn $9HAE OB ShRR)oxidd BB lhciuding nithRxs,, a dflicbmsidide ifg filmis
formed over the mask insulating filps 140Q, and Flhﬁlfi nsulating filmis

et ched bacRoHHIEAXYEHe BOLY 1S A%HY i SLGHIRGRRIMF PG Sg i1 m 1500 which

fills a Sp({)@ﬁzpet ween t he isl and-shaped sem conductor |ayers (FIG 9A).

[ 0252] 10Here, the mask insul ati rt]‘%nfi | s 1400 and t he enbedded insul ating
film 1500 The interlayer insulating film may have a single-layer structure or a stacked

structure.
10 [0243]

The wirings can be formed using metal such as aluminum, titanium,
molybdenum, tungsten, gold, silver, or copper; or a transparent conductive material such

as indium tin oxide (ITO).

[0244]
15 The wirings may have a single-layer structure or a stacked structure.
[0245]
This embodiment can be combined with any of the other embodiments.
{0246]
(Embodiment 3)
20 In this embodiment, an example of a method for manufacturing a

semiconductor device manufactured using an SOI substrate will be described.
[0247]
First, an SOI substrate having a base substrate 1100, a bonding layer 1200
provided over the base substrate 1100, and a single crystal semiconductor layer 1300
25  provided over the bonding layer 1200 is prepared (FIG. 8A).
[0248]

For the base substrate, the bonding layer, and the single crystal semiconductor
layer, materials similar to those described in Embodiment 1 can be used.

[0249]

30 Next, island-shaped mask insulating films 1400 are formed over the single
crystal semiconductor layer 1300 (FIG. 8B).
[0250]
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can be each fornmed using a silicon oxide film a silicon nitride film a
silicon nitride oxide film a silicon oxynitride film or the like. [0253]
Note that a material of the mask insulating filnms 1400 is preferably
different 15 froma material of the enbedded insulating film 1500 so that
the mask insulating filnms 1400 are used as etching stoppers when the
enbedded insulating film 1500 is fornmed. [0254] Next, the mask insulating
films 1400 are renoved (FI G 9B). [0255] 20Then, a gate insulating film 1601
is formed over the island-shaped sem conductor |ayer 1301, and a gate
insulating film1602 is forned over the island-shaped sem conductor |ayer
1302 (FI G 9C). [0inbihe single crystal sehecogdictorilayeu 200 ingtclidd inte ag astandehdper ned
using a thermal ly oxi.dized f.il 25siljcon. oxide film. a.silicon nitride
film a si s themeskiin g é@mﬁ‘l‘%”ﬁ ng%sl(fi%ﬁf%%é-g%apﬁé ?eg%‘xfnudf‘?ﬁor B%tat ni um
conpound fiibm, aflisldnd&hipel emicOtfadibr layer 1307 aad gatlke aresfolradd) (G 8C,;m nay each
have a single-layer structure or a stacked structure. 30[0258] Next ,
a gate el eClepSaESRAHION SR udi ng silicon as its main conponent and a gate

el ectrogde }gf32jincluding silicon as its main conponent are forned over the

gate insulating films (FIG 10A). [0259] It is preferable that a
donor el ement or Ngx, andpeitiss Tibm dviermedyen thg apsk msylgiangfilms 166%@9@8%%3

13[”8'2385 N9 SishiaGRY fifts id LiShd¥Pbabk PP to FPmaR dufbel@siUintRingominsisvace val ue.
which fills a space between the island-shaped semiconductor layers (FIG. 9A).
[0252]

10 Here, the mask insulating films 1400 and the embedded insulating film 1500
can be each formed using a silicon oxide film, a silicon nitride film, a silicon nitride
oxide filim, a silicon oxynitride film, or the like.

[0253]
Note that a material of the mask insulating films 1400 is preferably different

15 from a material of the embedded insulating film 1500 so that the mask insulating films
1400 are used as etching stoppers when the embedded insulating film 1500 is formed.
[0254]

Next, the mask insulating films 1400 are removed (FIG. 9B).
[0255]

20 Then, a gate insulating fitm 1601 is formed over the island-shaped
semiconductor layer 1301, and a gate insulating film 1602 is formed over the
island-shaped semiconductor layer 1302 (FIG. 9C).

[0256]
The gate insulating films can be formed using a thermally oxidized film, a

25  silicon oxide film, a silicon nitride film, a silicon nitride oxide film, a silicon oxynitride
film, a hafnium compound film, or the like.
f0257]

The gate insulating films may each have a single-layer structure or a stacked
structure.

30 [0258]

Next, a gate electrode 1701 including silicon as its main component and a gate

electrode 1702 including silicon as its main component are formed over the gate
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Note that when the gate electrodes are forned as illustrated in FI G 10A,
the gate insulating filns are also etched at the sane tine to formthe gate
insulating film 1601 and the gate insulating film 1602. [0261] 10Furt her,
the gate electrodes are formed at a position which overlaps with the
i sl and- shaped sem conductor |ayers and a position which overlaps with the
enbedded insulating film [0262] On the other hand, the enbedded
insulating film21500 is forned so as to have 15 approxinately the sane
t hi ckness as the island-shaped sem conductor |ayer. [0263]
Accordingly, by the provision of the enbedded insulating film steps at
edges of t heulaghghichs{Rdp&Asem conductor | ayers are reduced. Therefore, the
gate el ect r&%@i and the isl and-shaped sem conductor | ayers can be prevented
fromshort “Ci'ftuit due to 20 di sconnection generated in the gate insulating
filmcaused by tihé séfepblediat b Hence diyesntafr ah hecepist elnuers hapddbdse thegateduct or
| ayers. [02@4{}r - No;tﬁﬁ that.tthe edges qf t he Eéulcgggéslspa% e’e‘(;llsaen‘i conduct or
layers ar e l56¥dedeluding fHceR as4ts mam SFrHORAE 59 808 oRiE 2 L BRLFe T 15 ne 18002 i n
FI G 15. 525[@36p] FIG 15 illustrates an island-shaped sem conduct or
| ayer 11301, an nbeddegﬁi sul atiln(%_fféi | m 150a f or med

e

. h
i sl and- shaped seMPie &l ’b:‘%el Eef BHare 20158 @Séﬁltgg??gg‘ggﬁfé‘%?&eaced at a

posi tion V"@@té@n&ﬁﬁlﬁﬁ @fmd 58 alsslcihed Shap 6ins €l GO MictiChe lgated@iatihg Ik over | aps
with part of the en%edded insulating film211500, contact regions 3012401a

and 12401b 1671 quddhqg satesinelaiing 58 18684 conduct or 1ayer 11301 and a wiring, and
a cont act '{@@1 n 12401c of the gate electrode and a wiring. [0266]

Next, the gate el ectrode 1701, the gate el ectrode 1702, the is] and-shaped
seni confluct or | sEusther S@1sateaplectrodes 8| farmed o 4 nogition HbddrRygERs Withiher 1302

ar e 0xi di 264l s b T ARANER el Bt G0osBE HHONHSsl it Aol kG 108)

[0267] S5Note that 1 nstea e oxide filns, nitri | ms may be forned,
or i nsul at insglafing fils1. whi ch are subjected to oxidation and nitridation at the
sanme tinme ﬁﬁ%ﬁ)e formed. [0268]

On the other hand, the embedded insulating film 1500 is formed so as to have
15  approximately the same thickness as the island-shaped semiconductor layer.
[0263]

Accordingly, by the provision of the embedded insulating film, steps at edges
of the island-shaped semiconductor layers are reduced. Therefore, the gate electrodes
and the island-shaped semiconductor layers can be prevented from short circuit due to

20  disconnection generated in the gate insulating film caused by the steps at the edges of
the island-shaped semiconductor layers.
[0264]

Note that the edges of the island-shaped semiconductor layers are portions

shown by a dashed line 18001 and a dashed line 18002 in FIG. 15.
25  [0265]

FIG. 15 illustrates an island-shaped semiconductor layer 11301, an embedded
insulating film 11500 formed around the island-shaped semiconductor layer 11301, a
gate electrode 11701 placed at a position where part of the island-shaped semiconductor
layer 11301 overlaps with part of the embedded insulating film 11500, contact regions

30  12401a and 12401b of the island-shaped semiconductor layer 11301 and a wiring, and a
contact region 12401c of the gate electrode and a wiring.

[0266]
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Next, an acceptor elenment (boron) is selectively added to the isl and-shaped
sem conduct or |ayer 1301 at a shallow portion to forma | owconcentration
impurity 10 region 1311a and a | owconcentration inmpurity region 1311b
(FIG 10CQ). [0269] In addi tion, a donor elenent (arsenic) is

sel ectively added to the island-shaped sem conductor |ayer 1302 at a

shal l ow portion to forma | owconcentration inpurity region 1312a and a

| ow-concentration inmpurity region 1312b (FIG 10C). 15[0270] Her e,

t he reason why not phosphorus but arsenic is added is because arsenic is an
el ement having a |l ow diffusion coefficient used to suppress thernal

di ffusion in actNexat thergate elactmsiat 1701 0 #ig1 gat@ Glectrodee 1 TR, thid iflandisbepeds not

conoer ned, gSANALS, I0 PGl B8 arkOR1Zh semiconcuB Lo LM At o of

the donor &eRen ac ce or el occur in reverse order.
[0273] 25N&mbnnamomdsﬁhmlmngmﬂahnmd@ﬁﬁniﬁn(FE}ﬂﬂhg sidewal | s and an

i nsul ati ng Ji5f11902 for formng sidewalls are forned, and an insulating
film 1903 fG° ormng sidewalls is forned over the insulating film 1901 and
the insslating fNdetbORReddbiEhe ddidg ﬁlﬂmmtﬂldsﬁihﬁtrﬁayg)effbinmdl&&hsmmngr s the

gate el ectrode 1701, and the i sulatln %{ m 1902 covers the.gate el ectrode
0505 301 0B whicn e syscted i RS A AHFSASER RS P W WPk S GPdtthal | < ar o
et ched backyXg) f orm si dewal | s 1901a, 1901b, 1902a, 1902b, 1903a, and 1903b

(FIG 11B). [0273] Note that the insulating film 1901 for faqrmng
sidewal I's is et Ny FoaeeRton clgmen; GeRa) Ssselegpiely gﬂ@dl@oﬂﬂﬁ Islapdeshpnegy) at i ng

film 1902 {oficédaushN By éﬂ pb@\lvaét aSshhBove e AR th ForhPk MW REnceheiRiveg! inpud902a and
1902b. The |nsulatlgg ! | m 1903 for formng 5sidewalls is etched to form
ido

t he si d@wakdgionllgdBen W-gomsnirgtyn pgpurity regiontifd 1l (RIGI 18)ng il ms for
form ng siﬁg LI can be each forned using a silicon oxide film a silicon

nitride fi silicon nitride oxide film a silicon oxynitride film or
the |ike. 10[ 027iJaddition, a donor element (arsenic) is selectively added to the island-shaped

semiconductor layer 1302 at a shallow portion to form a low-concentration impurity
region 1312a and a low-concentration impurity region 1312b (FIG. 10C).

15 [0270]

Here, the reason why not phosphorus but arsenic is added is because arsenic is
an element having a low diffusion coefficient used to suppress thermal diffusion in
activation treatment.

[0271]

20 If thermal diffusion is not concerned, phosphorus may be used.
[0272]

Note that the addition of the donor element and the acceptor element may occur
in reverse order.
[0273]

25 Next, an insulating film 1901 for forming sidewalls and an insulating film 1902
for forming sidewalls are formed, and an insulating film 1903 for forming sidewalls is
formed over the insulating film 1901 and the insulating film 1902 (FIG. 11A). The
insulating film 1901 covers the gate electrode 1701, and the insulating film 1902 covers
the gate electrode 1702.

30 [0274]

Next, the insulating films for forming sidewalls are etched back to form
sidewalls 1901a, 1901b, 1902a, 1902b, 1903a, and 1903b (FIG. 11B).
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Note that the thickness of the insulating film 1901 for form ng sidewalls
is set to be larger than the thickness of the insulating film 1902 for
formng sidewalls so that each width of the sidewalls forned on the side
wal s of the gate electrode 1701 is larger than each wdth of the sidewalls
formed on the side walls of the gate el ectrode 1702. 15[ 0278]

Further, a material of the insulating film21903 for formng sidewalls is
different froma material of the insulating film 1901 for form ng sidewalls
so that the sidewalls forned on the side walls of the gate electrode 1701
each have an L-shape cross section. [0279] 20Wen the thickness of the

i nsul ating[#375 1901 for forming sidewalls is larger than the thickness of
the insulating fj ] It iﬁ%- i t he
insulating film 1%%]3}[]7?%% 1%%1%1{]]%9% g\?vaf | s |%§éfi%fe€%1§sgﬁte@%c§% 1tzt.alﬁrel(a;r%alt erial

of the i nsusidawallsgl Mil4 andl BO1bS oFhef ipsulating HindORR ferdforming sidegallsas etebedt i | m 1903

for formn i I Y S . r. C}g%\@l formed on
t he side vvg? Isfl(sn%g:‘%% ﬁlzdeg@isgg?oeﬁ e?@c?%%g'e @glﬁ%g%ﬁﬁa@g?g%q-s aﬁlémI cgf 0SS
sect i onsandidetvellsns cthedab femche siaealallP03nand H203bncr eased. [ 0280] That

i's, when tE&%Zickness of the insulating film1901 for formng sidewalls is
| arger tha *’tﬁ t hi ckness of the insulating film 1902 for formng sidewalls
and the 30 nat er T in@latidgefiling fod foihing sidelvall 80 Be bavh fyometd wingsa sidival | s i s

different fromthe terial. of the insulatin il m.1901 for. m n
si dewal | s, °§idﬂg\5ﬁ1ﬁsgl?‘f?8\}li‘tﬁﬁe gli”?’iaéﬁ’éﬂ’i‘ n\’iﬁ‘%t%écgéjﬁ’f?’ %ﬂﬁ?‘)&’r(ﬁ‘gﬂmi‘%ofﬁﬂ‘eogarre etch
back step. thd 9281] Next, an exposed part of the oxide film 1801 and

an exposed &%rt of the oxide film 1802 are renoved (FIG 11C). [0282] 5Note
that tHE ef¥¥7back when the sidewalls are formed is performed under the

condi tion such tRa{ hRR® Bickid§ Rk %saiaaﬁm%ﬁmﬁimlaqro@fmgw&mmmet the
oxide film 1801 and the oxide film 1802 i ch are exposed are renoved (see

a dashed | ithée bow1 thipdheathigkasse af the irsultog film 1992d0y fooping sdosvails 3pthae t ops of
the gate e'e&&%&ﬂﬁ#&t@é é?ctlaﬁfea?be f‘cgéxg&i oﬁﬂ{i_sﬂﬁfv&allfé%fﬁa@gatt%'e%w&' 1781 ¥ adphe gate

el ectrodes 1Is exposed, silicidation o he gate el ectrodes can
be pr onot edhanreach width afitiradidesvalls formed on the sidp 928491 the gate electrodgd@0%.i cal | vy,

si nce tlge E[Qi)l%}()f the gate el ectrodes are projected, an area which is 15 in
cont act ~"wi a’netal filmcan be increased, silicidation can be pronoted,
and t he thi cknesBurdfer, sinatariatief the gisulagngGim 19293 iforcionsisg didefy R85 different

from a material of the insulating film 1901 for forming sidewalls so that the sidewalis
formed on the side walls of the gate electrode 1701 each have an L-shape cross section.
[0279]

20 When the thickness of the insulating film 1901 for forming sidewalls is larger
than the thickness of the insulating film 1902 for forming sidewalls and the material of
the insulating film 1903 for forming sidewalls is different from the material of the
insulating film 1901 for forming sidewalls, the msulating film 1903 for forming
sidewalls serves as a mask. Therefore, each sidewall formed on the side walls of the

25  gate electrode 1701 can have an L-shape cross section and the width of each sidewall
can be increased.

[0280]
That is, when the thickness of the insulating film 1901 for forming sidewalls is
larger than the thickness of the insulating film 1902 for forming sidewalls and the

30  material of the insulating film 1903 for forming sidewalls is different from the material
of the insulating film 1901 for forming sidewalls, sidewalls having different widths can

be formed in the same etch back step.
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Not e that since contact portions of the gate el ectrodes are forned at a
position which is away froma position that overlaps with the island-shaped
sem conduct or 20l ayers as shown by a dashed line 18003 in FIG 15, it is
preferable to increase the thickness of the silicide regions and decrease
the resistance of the gate el ectrodes. [0286] Next, an acceptor

el ement (boron) is selectively added to the island-shaped sem conduct or

| ayer 1301 to forma high concentration inmpurity region 1321a and a 25 high
concentration inmpurity region 132 Ib (FIG 12A). [0287] In addition, a
donor el enment ﬁarsenlc) is selectively added to the island-shaped

sem conduct®8l] ayer 1302 to forma high concentration inpurity region 1322a

and a high concegt ta&&?oéeﬂg%bﬂﬁe o flle Him 438 2 Bnd 4 GpodedPart 0B BQZRR]

Here, the reason Yy no sphorus but arsenic is added is because arsenic
is an el enéihnlﬁ%/arngenwmd)wlﬂl FiChsi on coefficient used to suppress thernal

di ffusion ighg,activation treatment. [0289] Note that the addition of
t he donor é e nt and the acceptor elenment may occur in reverse order.

5[ 0290] 51 f t her mebtedbat thesitdnback whet teoiisenieds fpired phperismedyndse tesed.
LO291) Mot RO PS4 R i R i ho e
el ement occaudt ghe(xiie flmsize?] whichese 8Gblad aeckn@0dd ee ddsshed lihe BYE MdBb2a and
8012b, and the, il Kok FiciigP) - [0293]
[0283]
10 The tops of the gate electrodes are projected and part of the side walls of the
gate electrodes is exposed; therefore, silicidation of the gate electrodes can be promoted
in a silicidation step later.
[0284]
Specifically, since the tops of the gate electrodes are projected, an area which is
15 in contact with a metal film can be increased, silicidation can be promoted, and the
thickness of silicide regions can be increased.
[0285]
Note that since contact portions of the gate electrodes are formed at a position
which is away from a position that overlaps with the island-shaped semiconductor
20 layers as shown by a dashed line 18003 in FIG 15, it is preferable to increase the
thickness of the silicide regions and decrease the resistance of the gate electrodes.
[0286]
Next, an acceptor element (boron) is selectively added to the island-shaped
semiconductor layer 1301 to form a high concentration impurity region 1321a and a
25  high concentration impurity region 1321b (FIG. 12A).
[0287]
In addition, a donor element (arsenic) is selectively added to the island-shaped
semiconductor layer 1302 to form a high concentration impurity region 1322a and a
high concentration impurity region 1322b (FIG. 12A).
30 [0288]
Here, the reason why not phosphorus but arsenic is added is because arsenic is

an element having a low diffusion coefficient used to suppress thermal diffusion in
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If arsenic having a | ow diffusion coefficient is added to a transistor
having a 15snmall wdth of the sidewalls, the distance of diffusion is
reduced; therefore, LDD regions can be prevented from being renoved due to
di ffusion (see the dashed lines 801la and 8011b, the dashed |ines 8012a and
8012b, and the like in FIG 12B). [0294] Next, a metal film 2000
is formed and heat treatnment is performed to form 20 silicide regions
2001a, 2001b, 2001c, 2002a, 2002b, and 2002c (FI G 12C). [0295] As the netal
film cobalt, nickel, tungsten, or the |ike can be used. [0296]

Here, the tops of the gate el ectrodes are projected, whereby the thickness
of the 25siaFiEfIgRUPEEFBNS can be increased. [0297] Wien the thickness
of the siligigde regions is increased, the resistance of the gate electrodes
can be decJeased. [0298] 30Next, the nmetal film 2000 is renoved, and an

i nterlayer insul Neferiept fiicladdigionof the dgnsr pepmeraad thelpacegior eleamenlandyngeur 701 and
the gate ehﬁﬁg&gg 44702, and an interlayer insulating film 2200 is
selectively formed over the interlayer insulating film 2100 which is over
t he gat é el[@2%tode 1702 (FI G 13A). [0299] Next, the interlayer

R e R
513B). [0291]
Next, activation treatment is performed (FIG. 12B).
[0292]

10 The activation treatment causes thermal diffusion, and diffusion of an impurity
element occurs (see dashed lines 8011a and 8011b, dashed lines 8012a and 8012b, and
the like in FIG. 12B).

[0293]
If arsenic having a low diffusion coefficient is added to a transistor having a

15 small width of the sidewalls, the distance of diffusion is reduced; therefore, LDD
regions can be prevented from being removed due to diffusion (see the dashed lines
8011a and 8011b, the dashed lines 8012a and 8012b, and the like in FIG. 12B).

[0294]
Next, a metal film 2000 is formed and heat treatment is performed to form

20 silicide regions 2001a, 2001b, 2001c, 2002a, 2002b, and 2002¢ (FIG. 12C).

[0295]
As the metal film, cobalt, nickel, tungsten, or the like can be used.
[0296]
Here, the tops of the gate electrodes are projected, whereby the thickness of the

25  silicide regions can be increased.

[0297]

When the thickness of the silicide regions is increased, the resistance of the
gate electrodes can be decreased.
[0298]

30 Next, the metal film 2000 is removed, and an interlayer insulating film 2100 is
formed over the gate clectrode 1701 and the gate electrode 1702, and an interlayer
insulating film 2200 is selectively formed over the interlayer insulating film 2100 which
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[ 0300] Next, an interlayer insulating film 2101 is selectively forned
over the gate electrode 1702, and an interlayer insulating film2300 is
formed over the interlayer insulating film2101 and the interlayer
insulating film2200 (FIG 13C). 10[0301] The interlayer insulating
filmcan be forned using a silicon oxide film a silicon nitride film a
silicon nitride oxide film a silicon oxynitride film polyimde, acrylic,
si | oxane polynmer, or the like. [0302] 15Note that the interlayer insulating
film 2200 serves as a mask and the interlayer insulating film 2100 is
etched back; therefore, it is preferable that a material of the interlayer

i nsul at i ngifdvienihe 2@ elgetrafiefl e GG 18Adm a material of the interlayer
insulatinggkbbg12100. [ 0303] 20In addition, when the interlayer insulating
filmforne r an n-channel transistor has tensile stress and the
interlayer insullMeitnge fiittrtaytoinsddingfdm 2200-setvan ari maska s sheointarlayer
conpressive Sstr.es r. erhsti : - |, & i d the

p- channel W&%é?%ﬁ%nr flgjr% els('a(lghtr)r%rd (l))?}éeﬂdt S%&%%%%Q?%@rae%&ﬂ%ﬁizzé%{(g?(gr abl e
that the inmg®y.layer insulating film 2100 be a filmhaving tensile stress
and the inEﬁﬁbfyer insulating film 2200 be a film having conpressive stress
(note that val ue of tensile stress of the interlayer insulating film
2100 is small er Ndanad hadrlagér angingsiimvel (4t ik askkctbfelyt frembdbedr| thy gate

insulating film2200). [0305] 30Next,.contact holes are faornmed in the
|t o L ayor ClHEHe A R AR YRR IInE: T L 0R 4o ot Beh B es409a,
2402b, and jRifade: MR T 1 A0& the MRBRS sl Qing TRASRSG (1S, BIM.ough the contact
hol es over the interlayer insulating filns (FIG 14A). [0306] Note that

FIGs. 18A HRE11413 are cross-sectional views illustrating different
portions. [0307]1iRTHhgMay&ORGMing PARE bANBe BEIAR QRIS sTidéE oRide Fim0des and

the wirings are portions o
silicon nitride film, a silicon nitride oxide film, a silicon oxynitride film, polyimide,
acrylic, siloxane polymer, or the like.

[0302]

15 Note that the interlayer insulating film 2200 serves as a mask and the interlayer
insulating film 2100 is etched back; therefore, it is preferable that a material of the
interlayer insulating film 2200 be different from a material of the interlayer insulating
film 2100.

[0303]

20 In addition, when the interlayer insulating film formed over an n-channel
transistor has tensile stress and the interlayer insulating film formed over a p-channel
transistor has compressive stress, characteristics of the n-channel transistor and the
p-channel transistor are improved.

[0304]

25 Therefore, it is preferable that the interlayer insulating film 2100 be a film
having tensile stress and the interlayer insulating film 2200 be a film having
compressive stress (note that the value of tensile stress of the interlayer insulating film
2100 is smaller than that of compressive stress of the interlayer insulating film 2200).
[0305] .

30 Next, contact holes are formed in the interlayer insulating films to form wirings
2401a, 2401b, 2401c, 2402a, 2402b, and 2402c which are connected to transistors
through the contact holes over the interlayer insulating films (FIG. 14A).
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in which the sem conductor |ayer is not provided under the gate el ectrodes
(FIG 14B). [0308] The wirings can be formed using netal such as
al umi num titanium nolybdenum tungsten, gold, silver, or copper; or a
transparent conductive material such 10 as indiumtin oxide (I TO. [0309]
The wirings may have a single-layer structure or a stacked structure.

[ 0310] Thi s enbodi nent can be conbined with any of the other
enbodi ments. 15 (Exanple 1) [0311] The present inventors prepared a
plurality of sanples each fornmed using an SOT structure having a base
substrate, an insulating |ayer (bonding |ayer) fornmed over the base
substrate, (@98 a single crystal semiconductor |ayer forned over the
insulating 20 | aygk kR ¥MAsNHA NPIIB arGodsheMicnANRGS Afhs@dlingXReskbAENt i
measuring concentration of oxygen in each single crystal sem conductor

| ayer by SipMBogisecondary ion mass spectronmetry) analysis. [0312] (First
descripti 02?308 nmet hod for form ng sanples) 25First, thermal oxidation was
per f or med }50 C under an atnosphere includi ng hydrogen chloride, so that
a therméil |y oxi dTtEedcohiachpdriws gtvesen the ghisetestredes m%tbnrwiv\w afparselson a

surface of .a_sili.con fer ) . ded to the
silicon vvaf‘%‘?’ﬁlﬁiﬁtt)h\?isarén& W cﬁr[a%%]i?h%c nar ef/l u%&'@ekﬁ%%ﬁ@?«%&ﬂé&;ﬁgﬁ)dl on dopi ng
met hod i n [W808h mass separation is not perforned. [0314] Note that ion

dopi ng was perfaormed .under tg)e fond&ti on sugq gutéﬁt a awgrgqeqit as was used
as a doping gas attd "ARP&c &8 FatTOR" Vi Badt ad“se® 6758 Rv. ’5]

Next, a bas@ltdbsint algst®woRllsibkr, ar ¢ppes osabbaispatm comiuctid M st r at e
manuf act ur ed, by Asahi,?fg acss Co., Ltd.) was prepared. 5[0316] Then, a
sur f acdVof 28 MEVELEEOILt Pht e and a surface of the thermal Iy oxidized film
were washeggspand then the surface of the base substrate and the surface of

the thermally oxidized filmwere bonded to each other.
The wirings may have a single-layer structure or a stacked structure.

[0310]
This embodiment can be combined with any of the other embodiments.
15 (Example 1)
[0311]
The present inventors prepared a plurality of samples each formed using an
SOI structure having a base substrate, an insulating layer (bonding layer) formed over
the base substrate, and a single crystal semiconductor layer forined over the insulating

20  layer (bonding layer), and they conducted an experiment in measuring concentration of
oxygen in each single crystal semiconductor layer by SIMS (secondary ion mass
spectrometry) analysis.

[0312]
(First description: a method for forming samples)

25 First, thermal oxidation was performed at 950 °C under an atmosphere
including hydrogen chloride, so that a thermally oxidized film having a thickness of 100
nm was formed on a surface of a silicon wafer.

[0313]
Next, hydrogen was added to the silicon wafer provided with the thermally

30  oxidized film by an ion doping method in which mass separation is not performed.
[0314]

Note that ion doping was performed under the condition such that a hydrogen
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[0317] 10Next, heat treatnent (for strengtheni ng bonding) was perforned at
200 C for 2 hours, and then heat treatnment (for form ng a crack) was
performed at 600 C for 2 hours, so that an SOT substrate was fornmed. [0318]
Then, a surface of the single crystal sem conductor |ayer of the SOT
substrate 15 was etched back by a dry etching nethod. [0319] An
average value of the thickness of the single crystal sem conductor |ayer of
the SOT substrate after the etch back was 105 nm [0320] 20Note that the
average val ue of the thickness of the single crystal sem conductor |ayer
was cal culated in such a way that a plurali} of portiﬁgs was neasured

usi ng an opBs val used a5 dopingigasay aRselsrRigRe ‘éﬁé"faéﬁ?t(t‘f\lg ¥pec) and the

aver age vak&gspf the plurality of portions was used. [0321] 25Then, a
plurality of sagﬁles whi ch was formed through the sane steps as the above

steps was for nedNeqtoaiepe sahstaiadoraed pf Bt #lat: subsipds (a5x AdhAPP substrate

A reference . SaplLedbhs ARk e p@uﬁhh% Lifadiation with a | aser beam was
not 30 per?géhed.ﬁ?0§23fﬁ o fi?géfsanple is a sanple in which the

si ngl e éry$4db] sem conductor |ayer was irradiated with a | aser beam while

the base Substra@rgen,wglﬁm%}% o?%trfag? 2348 )nd a surface d%tﬁ@ﬁ]g%@a@gdrﬁgi s a

sanple in which e’single crys sem conduct or | ayer wa adi at ed
wi t h a | asdilmbeaenwabhddeatdthen émparfate o thef bash eutistisie agd st swface wh e300 C.
[0325] thermally oxidized film were bonded to each other.
[0317]
10 Next, heat treatment (for strengthening bonding) was performed at 200 °C for 2
hours, and then heat treatment (for forming a crack) was performed at 600 °C for 2
hours, so that an SOI substrate was formed.

[0318]
Then, a surface of the single crystal semiconductor layer of the SOI substrate

15  was etched back by a dry etching method.
[0319]

. An average value of the thickness of the single crystal semiconductor layer of
the SOI substrate after the etch back was 105 nm.

[0320]
20 Note that the average value of the thickness of the single crystal semiconductor

layer was calculated in such a way that a plurality of portions was measured using an
optical film thickness measurement system (NanoSpec) and the average value of the
plurality of portions was used.

[0321]
25 Then, a plurality of samples which was formed through the same steps as the

above steps was formed.
[0322]
(Second description: types of samples)

A reference sample is a sample on which irradiation with a laser beam was not

30  performed.
[0323]
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A third sanple is a sanple in which the single crystal sem conductor |ayer
was irradiated with a | aser beamwhile the tenperature of the base
substrate was 500 C. [0326] 10Note that an irradi ati on atnosphere of the

| aser beam was a nitrogen atnosphere. [0327] In addition, an exchner |aser
was used as a laser. [0328] 15Further, partly nelting was perforned in
irradiation wwth the | aser beam [0329] In addition, a stage which is
in contact with the base substrate was heated, so that the base substrate
was subjected to contact heating. [0330] 20 (Third description: results of
SI M5 neasur enen

was per for rredtEJAlﬁésé§ﬂ?@g&%§l§?¥[§%’%ﬁﬁ{]&g%¥‘§%%Fﬁgzg%wg&%ﬁéﬁggg%% a?nal ysis

seni conduc ddidtayeith HlasdrBani hRE B8 GescSabihe wasinbiteated] aser irradiation),
the first sanple (laser irradiation (roomtenperature)), the second sanple

(laser irr&¥24tion (300 ©)), and the third sample (laser 25irradiation (500

C©)). [0331] A s&dofdl %ﬁmﬂk s tARiIe ¢ tRRH theSsiffle LRBBldEcdRagHF Ry@Nt s on
the reference sanple (without |aser irradiation the first sa&ygﬁe_ (laser
‘i

i rradi afi owag rdintaderither lasen bedn) whilg e traneragire elipe base substatewap 3 on (300
0), and tﬂﬁzg]zi rd sanple (laser irradiation (500 30C)). [0332]

FIG 17 il lustrates conpari son between the reference sanple (w thout |aser

i rradi ati on) andAthiel shinpktis s sayile in( Whislke theismgkedirgstal eemiCemwsivptot Byprevat ure) ) .

[0333] irradiated with a laser beam while the temperature of the base substrate was 500 °C.

[0326]
10 Note that an irradiation atmosphere of the laser beam was a nitrogen
atmosphere.
- [03271
In addition, an excimer laser was used as a laser.
[0328]
15 Further, partly melting was performed in irradiation with the laser beam.
[0329]

In addition, a stage which is in contact with the base substrate was heated, so
that the base substrate was subjected to contact heating.
[0330]

20  (Third description: results of SIMS measurement)

The SIMS (secondary ion mass spectrometry) analysis was performed to
measure oxygen concentration in each single crystal semiconductor layer of the
reference sample (without laser irradiation), the first sample (laser irradiation (room
temperature)), the second sample (laser irradiation (300 °C)), and the third sample (laser

25  irradiation (500 °C)).
[0331]

FIG. 16 illustrates results of the SIMS measurements on the reference sample
(without laser irradiation), the first sample (laser irradiation {(room temperature)), the
second sample (laser irradiation (300 °C)), and the third sample (laser irradiation (500

30 °C)).
[0332]
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FIG 18 illustrates conparison anong the first sanple (laser irradiation
(room 5tenperature)), the second sanple (laser irradiation (300 C)), and
the third sanple (laser irradiation (500 C)). [0334] In FIGS. 16 to
18, a line 20000 is a neasurenent result of the reference sanple (w thout

| aser irradiation), a line 20001 is a neasurenment result of the first
sanple (laser 10 irradiation (roomtenperature)), a line 20002 is a
measurenent result of the second sanple (laser irradiation (300 C)), and a
| ine 20003 is a neasurenent result of the third sanple (laser irradiation
(500 C)). [0335] . Note that, the |jines. havin h a reference
numerals in the GigfslBiirates Sempuspg hefhvefg ¢ ?éesfﬁrgg(éedsa%}?ﬁ‘? ﬁ%ﬂéogﬁéasgat a.

[ 0336] irradistioayshdt th@first dafpkd (GSer iffdifttonXfhoml Emperatufe)).i s a nat ural nunber)
means 10 to the n-th power. [0337] 20(Fourth description: consideration)
First, howl®®3ead the graphs in FIGS. 16 to 18 is described. [0338]

As for the oxygepicsaRGHRirh®S tfpadedLah@s By fikdd Canghld/Bash Mrysdi®n (RofOrti on
near the surface of the single crystal sem conductor |ayer (a portion with

- - r
a t hi ckifesdempanjercdf the secondhspmple Geyerimpdintiand@0¢rQp1ay theibirdsagwls (35er near t he
interface het endéqq?qy ngl e crystal sem conductor |ayer and the bondi ng

| ayer (a p6¥?ﬁ%wn ‘t hi ckness range of 80 urn to 105 nmin the graphs)

are regi ongo3gagre neasurenment accuracy is usually low Therefore, these

portions are not ref.er .in the case er.e the oxygen
Poncent rati on' | AHGSs ge: SHLTRR0 saptoiaterore) e PEr B iRl
30[ 0339] | twitBout te&rgRtdistvny, ative 20600 B mbhgardRms tes@neithe AGesunatey/(ldser | ow i s

the influence, of a knock-on effect, venness on the surface of the
ol /10y s draistn e amegTure e 2Bt T BT (ot ehtestsont 't he

si ngl e cryshghle $aLe: GRiasiich @Jooloep?snd Olinet 20803 iskEndabii8meR MsaoPBleitar i S
t hought to be caused by the fact that a SIMS apparatus is placed outside a

cl ean r oomsthple (laser araliatiam (WOYE6Ppher e and the sanples are taken out from
the [0335]
Note that the lines having the same reference numerals in the graphs of FIGS.
15 16 to 18 are based on the same data.
[0336]
In addition, in FIGS. 16 to 18, 1E + n (n is a natural number) means 10 to the
n-th power.
(0337}
20  (Fourth description: consideration)
First, how to read the graphs in FIGS. 16 to 18 is described.
[0338]
As for the oxygen concentration detected by the SIMS analysis, a portion near
the surface of the single crystal semiconductor layer (a portion with a thickness range of
25 O nm to 20 nm in the graphs) and a portion near the interface between the single crystal
semiconductor layer and the bonding layer (a portion with a thickness range of 80 nm to
105 nm in the graphs) are regions where measurement accuracy is usually low.
Therefore, these portions are not used as a reference in the case where the oxygen
concentration in the single crystal semiconductor layer is compared.

30 [0339]

It is thought that the reason why measurement accuracy is low is the influence
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5 clean atnosphere for the SIM anal ysis). [0340] Therefore, the
oxygen concentration of a portion with a thickness range of 20 nmto 80 nm
in the graphs may be conpared. [0341] 10First, it is found that, when the
reference sanple without |laser irradiation is conpared with the first to
third sanples on which |aser irradiation was perfornmed, the oxygen
concentration is reduced by at least irradiation with a | aser beam (see FIG
16). [0342] It is found in particular that, even when the reference sanple
wi thout laser 15 irradiation is conpared with the first sanple irradi ated

with the | agser. beam at. room t enper at.ure . the. oxygen concentrati.on is
reduced, s& lal‘}ﬂ’toglgﬂn & ?Cé’c'fneéf?"nten%d?}bhﬁgs“{—fﬁ%e %&gaesﬁiggeoﬂg%ﬁlt TSN be

obt ai ned Wildyegbnthhi@atidthst thahefbebhge biagk et sis senifdn@Rtorlyeanmt therljke [ 0343]
20Next, the first sanple (laser irradiation (rpoom erature)), the second
sanpl e (| adibf cpptpmgation i thoughfgo bpcausy Ey lﬂf?efaétﬁﬁartd‘ é&@?pé’ar(aﬁlﬁéglaﬁdr adi ati on
(500 Q) angtskeRrRMat dodns Bt flaGRan héin@pherd 8id thk O@dglts are taken out fidigKR | S
little difference in the oxi/@en concentration between the first sanple

25(1 asef i claaprosprefrobmiMaperyilr e)) and the second sanple (I aser
irradiati orﬂompo C)). [0345] On the other hand, it is found that the
oxygen concentration of the third sanple (laser irradiation (500 C)) is
reduced as conpaFistefofiet the Keenicoreentaipy of anogticsy wiglpp thickaresst regs (frfom

t enper at ur %to%@gﬁﬁ%gt%g?ﬁgh%gh%g&@éer irradiation (500 C)). [0346]

Therefore, 1t i's tfoun ser irradiation is perforned in a state
that at | ed®¥1ihe tenperature of the base substrate is 500 C, the oxygen

Concentlbat bon i SFi;s%q't]%sef%umi 91%%7\14hen the reference sample without laser irradiation is
compared with the first to third samples on which laser irradiation was performed, the
oxygen concentration is reduced by at least irradiation with a laser beam (see FIG. 16).
[0342]

It is found in particular that, even when the reference sample without laser

15 irradiation is compared with the first sample irradiated with the laser beam at room
temperature, the oxygen concentration is reduced, so that an effect of reducing the
oxygen concentration can be obtained without the substrate being heated (see FIGS. 16
and 17).

[0343]

20 Next, the first sample (laser irradiation (room temperature)), the second sample
(laser irradiation (300 °C)), and the third sample (laser irradiation (500 °C)) are
compared (see FIGS. 16 and 18).

[0344]

There is little difference in the oxygen concentration between the first sample
25  (laser irradiation (room temperature)} and the second sample (laser irradiation (300
°C)).
[0345]
On the other hand, it is found that the oxygen concentration of the third sample

(laser irradiation (500 °C)) is reduced as compared with the first sample (laser
30  irradiation (room temperature)) and the third sample (laser irradiation (500 °C)).
[0346]
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5From the above results, the present inventors thought that the reason why
t he oxygen concentration is reduced due to laser irradiation is because the
single crystal sem conductor layer is in a nelted state having a high

di ffusion coefficient of oxygen, so that the outward diffusion of oxygen is
pronoted to reduce the oxygen concentration. [0348] 10l n addition, the
present inventors thought that the reduction of oxygen is not renarkable
when the substrate is heated at 300 C but the reduction of oxygen is

remar kabl e when the substrate is heated at 500 C, so that as the tine of

retaining a nelted stat.e. havi a high diffusi 1G] ' nger, the
outward diffusi e@?‘“ %fe/ﬁgﬁ“ngg%’r%ﬂ%q%ﬁ' m:"f’gtag?fggjp%%ﬂédqhggga#dﬁﬁﬁljgal?y, it is
apparent tRalt @6 thhrdie@t dinde thaspamairais @ 600 tOp tiRubsigemtcendestritioghier, t he
time of retaining a nelted state is | engthened; therefore, it is apparent

t hat reductddseedof oxygen is pronmpted when the substrate is heated at a
terrperaturgﬁla?]gher than 500 C. 20[ 0350] Therefore, it can be said
that when at |east laser irradiation is perfornmed, the outward diffusion of

oxygen Bccurs, viitemehgahove resiliy die Rressalewyeniars divvghiihadhs gaspoetty thess)

It can als j . Mol At o id BedaflelQE RBEIWN G heati ng

is 25 perf%?’%gﬁ%gthqg%%%%%de itar%gegr?ﬁt ha_ntlor. 1e(_:ﬁjal et 0. SOg e\g,ﬁt he outward

di f f usi on edmicondgetnr leper iben ®mckied date daviiabiph diffpsiantcogliciont pt 9398en.as for an
i on dopi ng_net hod oo o T N f ] : sanpl es

“was a silitd atrv}g? zél%tw?rr‘li 4 .S%:“"zg"f%?lé lsgg%é\%& ;Fogrﬁg%gg}ea% %énno(irogb écﬁ%ﬁt%{?lgl led to

be 1.0 x 1fuBgsatom cnB to 2.0 x 1018 atom cnB. [0353] However, the

tratiaqn. . he singl t al ] . th
el oroe samp anade® by Sl gnapSREhT BLHEGREEREhs bR ifter '

Accor di Ngl YemadrkableSwh@ dicedubstiafals hdaedoxyWOrre boc tiet eadction ofaxygenciseased in
a 5 process of manufacturing the SOT substrate. [03 e of the
é

) ] B5] O
reasons whyematiablsxybranthe sylseate riabeased #aXd0i e s the' thae g{ & M8 ~ogen was
added by ap | dg;kefsigfh Sis SGRRL, ahd Qtwasd AfusPATJror med.
10[ 0356] meitg&f%%ﬂaﬁg{gni?%@hgﬁg%@;cg égglﬁrrgsg&gepar ation vvassnot
per f or med, osjgenidygomedtedrent s i n an atnosphere in a treatnment chanber for ion
dopi nglg\erﬁ)?)id‘gjﬁi zed to be introduced. [0357]

Accordingly, it is apparent that as the heating temperature of the substrate is
higher, the time of retaining a melted state is lengthened; therefore, it is apparent that
reduction of oxygen is promoted when the substrate is heated at a temperature higher
than 500 °C.

20 [0350]

Therefore, it can be said that when at least laser irradiation is performed, the

outward diffusion of oxygen occurs, whereby the oxygen concentration can be reduced.

[0351]
It can also be said that when laser irradiation is performed while heating is

25  performed at a temperature higher than or equal to 500 °C, the outward diffusion of
oxygen can be encouraged.
[0352] |
(Fifth description: as for an ion doping method)

The silicon wafer used for forming the samples was a silicon wafer in which
30 the oxygen concentration is controlled to be 1.0 x 10'® atom/om’ to 2.0 x 10'® atom/cm®,
[0353]
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In addition, there is a | arge amount of oxygen in the air; therefore, it is
difficult 15 to control the atnosphere in the chanber so as to perfectly
prevent the m xing of the oxygen into the treatnment chanber. [0358]
Therefore, in the case where hydrogen was added by an ion doping nethod in
whi ch mass separation is not perforned, the single crystal sem conductor
| ayer was 20 doped with oxygen at the sane tine. This application is
based on Japanese Patent Application serial No. 2008-318377 filed with
Japan Patent O fice on Decenber 15, 2008, the entire contents of which are
hereby incorporated by reference. 25. \WHAT | lS. . A
net hod for man u?ﬁ%‘f’fﬁ}’,ﬁﬁﬁtb@ GHES) chgég%q{n%g : Sm?(%errp |tAsY:§%6m?%dél 3 }358‘ Ocjjff:
formi ng an gRQ¥efdntdiGidpleowdsnclalidhip@ethese x108stonte]. a bondi ng | ayer
i ncluding 5 oxygen provided over the base substrate, and a single crystal
sem conduc{®34] ayer provi ded over the bonding |ayer including oxygen; and
nelting a part ofcdofifingti, N01sCappintst Bht B8 Bk FRAGIRIAratloAYW4s MYrehdel aliaat i on
with a | aser beam while 'the base substrate is heated at a tenperature of
hi gher fhamrasessed maufp@uigobeS@hypbstedger t han a el ting point of the base
substrate. ({5 2. The nethod for manufacturing an SOT substrate
accordi ng l[o c:, aim1, wherein an irradiation atnosphere of the |aser beam
i s ‘a reduced- pr e@supethgtmaophwhe the oxygen concentragion Tas ipgredsed iy bpcause
manuf act ur i n n S e. aceokdi 1 ai. i
irradiati olglly%to 0 g’%ragy%f H{’ ?\a% 1%5%@%%%%’%0 uﬁiél?l ;m ?Ség’tﬁ%\%}%ﬁg&ggsm
The net hodpbdsrnednuf act uri ng an SOT substrate according to claim1l, wherein
an irr 8§| aﬁée at nosphere of the | aser beam i ncludes a hydrogen fluoride
gas. 205. lethod for manufacturi ng an SOT substrate according to claim
4, wherein the Slat & inkhé vase whercangse sqdration ams astrpesipimexieall thelelekeng t he
hydr ogen fl uoride gas .after faor tli)or% of the SOT struggﬂre é?r%g] bef ore
i rradiati off i AUROTHNErL g Hpatpan pambet Tor ion dopingripare IRNAEA 1P RIS act uri ng
an SO subsggysaf e according to claim1, 25 wherein the base substrate is
heat ed by one of Iight irradiation and inducti on heatgli ng when Ifge | aser

g

beam i's emtt ed,naddition, there adarge ARGt oS PXYESA it He ity I HaHHIGst ¢ at e

accor dijgg tPchiltdl MelumPEL TN HeNBambiHotsab Yoifehly SefiehOnE wakiag of exer is
formed 1n such a manner that an 30 enbrittlenment region is fornmed in a

si ngl e cryskygendpfhedivamenbihembesst rate by an i on doping method in which
mass separ?djsﬁ]; is not perforned and then the enbrittlenent region is
0 hea

subj ect ed t treatnment to separate a portion of the single crystal
Therefore, in the case where hydrogen was added by an ion doping method in

which mass separation is not performed, the single crystal semiconductor layer was

20  doped with oxygen at the same time.

This application is based on Japanese Patent Application serial No.
2008-318377 filed with Japan Patent Office on December 15, 2008, the entire contents
of which are hereby incorporated by reference.
25
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sem conduct or substrate. 8. The method for manufacturing a

sem conduct or device, wherein a sem conductor elenent is formed using the
SOT substrate according to claiml. 5 9. A nethod for

manuf acturi ng an SOT substrate, conprising the steps of: form ng an
SOT structure including a base substrate, a bonding |ayer including oxygen
provi ded over the base substrate, and a single crystal sem conductor |ayer
provi ded over the bonding |ayer including oxygen; and 10nelting a part of
the single crystal semi conductor |ayer by irradiation with a | aser beam
while the trate i.s heated at a tenperature of higher than or equal
to 500 C a&@&mei Da{lsmel ting point of the base substrate,

wherein the part of the single crystal sem conductor layer is not in
contact with the bopding,layer._ 15, 10. The net hod, f or \nuf act uri ng
an SOT substrat el'ac‘%B]re@gﬁgort“E?“ fagrpgan Wg?tf‘i‘teaﬁoqlwgﬁﬂg? ?qgﬁ%gt nospher e of
the | aser beam i Hrdink@Qf 0P dirinas snehling! 4109 BetsRate, a bonding layer inkludinghe met hod
for manufacturing an SO substrate acc;rﬂgi ng.to claim9, 2Q wherein an

i rradi abi oRx¥EcRUEPYdsk o the bagealstrie i*hgmﬁ]&e‘gy%{alr BHHOPAY ag"‘yer

12. The me{,heeh QverTROWHnBME MyePRicRBinS6ky 2Hhalr at e according to claim9,
wherein anirradiation atnosphere of the | aser beaminc|udes a hydrogen
fluoride gas. 25meltingpdarheofirisingle crmsilifapeendrer Rrerdy iredigten ¥R 2accor di ng
to claim1l Lt t L ; alae {

i ncl udi ng %ﬁ’gy%y %%gn T aﬁgg?bg{é&ggssﬁ%??gtrsa fﬁg]rg%gt%igeoélﬁé trhe S%%’tht?ucture
and bef or e 500 f@dadlbiventhew 4 inclting phiaseithdlmaesubstrate. 14. The nethod for
manuf ajburi ng an SOT substrate according to claim9, 30 wherein the base
substrate is heated by one of light irradiation and induction heating when
the | aser beam i3 eThethetlod for manufachiving Tdne SO tshisstrate caccordimg f taodlaimi hg an SOT
substrate according to.claim?9, rein.the.single.crystal sem conductor

|l ayer is f HlW“ﬁé]éwnénﬁ%?ﬁ@F%\?ﬁ]ﬁﬁasﬁrrpe@Hﬁ??feg}lceeﬁ?ﬁ SSVE@W#’?F?T ornmed in
a single crystal sem conductor substrate by an ion doping nethod in which

mass separation is not perforned and then the enbrittl enent 5S5region is
subj ected to heal tYheamptbed feromamilactumg ap %ths}‘lﬂfﬁa@facﬁ?f 1ng; tﬁg‘ik@g'c yst al

sem coRquC LRk 3HRSHE@ESon atmosphere of 4 lasdieaRBhdRIEs h @dubBBgiaCt uring a

sem conductor device, wherein a sem conductor element is forned using the
SOT substrate according to claim9 10

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

wherein an irradiation atmosphere of the laser beam includes a hydrogen fluoride gas.

20 5. The method for manufacturing an SOI substrate according to claim 4,
wherein the SOI structure is exposed to an atmosphere including the hydrogen fluoride

gas after formation of the SOI structure and before irradiation with the laser beam.

6. The method for manufacturing an SOI substrate according to claim 1,
25  wherein the base substrate is heated by one of light irradiation and induction heating

when the laser beam is emitted.

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

wherein the single crystal semiconductor layer is formed in such a manner that an

30  embrittlement region is formed in a single crystal semiconductor substrate by an ion
doping method in which mass separation is not performed and then the embrittlement

region is subjected to heat treatment to separate a portion of the single crystal
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17. A method for manufacturing an SOT substrate, conprising the steps of:
formng an SOT structure including a base substrate, a bonding |ayer

i ncl udi ng oxygen provi ded over the base substrate, and a single crystal

sem conductor | ayer provided over the bonding |ayer including oxygen;

15et chi ng back the single crystal sem conductor |ayer; and nelting a
part of the single crystal sem conductor layer by irradiation with a | aser
beam whil e the base substrate is heated at a tenperature of higher than or
equal to 500 C and lower than a nelting point of the base substrate,
wherein after.thﬁ%g;c ggg back step and before the nelting step, an average

20 val ue of "BPHTERNESEBT t he single crystal sem conductor |ayer is
greater than or equal to 100 nm 18. The method for manufacturing an

SOT substrate acgording t laim 17, wherein an irradi ation_atnosphere of
the | aser beami¥ a%&dﬂ@g‘&fﬁ%%wgc%ﬂlﬁ%sﬂoﬁg?gm%%r evice, i‘%fereﬁlhg met hod
f or manuf agkmicoiihcRn cloi¥ntSsHdshédisngaBe SOiubgrdtOaccbdingtd daiher ei n an

irradi ation atnosphere of the |aser beamincludes a reduci ng gas.
20. The’method for manufact uri ng an SOT substrate according to claim17, 30

wherein an irradpatA gRindl MsRefenahg A0SO abatatd) Cadiprished el aispsbrhydr ogen
fluoride gas 21. The nethod for nmanufacturi ngtgan SOT substrate according to
9

claim20, wher efominganSOF seustureinsivdingsa basp SEsHateo? bopdiperpess stwingncl udi ng

the hydrogenyfdugbiide 9as @t thate Sshmt 8l Pfsidslecstdll flistlabicisr aer before
irradiation With the | aser beam 22. "The nethod for mandfacturing

an SOT subgrevided oxierdbe ndingtlayeeingluding xy®nididr ei n the base substrate is
heat ed jgy one of ,lLj;ght, ,Jagr&%ﬁ;ih Qcﬂ@%i 'fe,é}ﬁli%!&{du rﬁ?arwsramﬁsw&ﬁ d aser
3. The t o or a

beamis emtted. manuf acturi'ng an SOT substrate
accor di ng tsecheaamwhilz, thebase eabstrothds heiated laba tmpstagire sleliglen o or equal wyer i s
formed in h.a nner that. an 10 enbrittl t regionis fornmed in a
singl e crygﬁgJC&@ﬂﬁ@%ﬁ%ﬁﬁ?5?“?583??%?@6%§e§%gﬁ%% dopi ng met hod in which
mass separ ati on wheréiatthdyeif niiedngdcysthigamidorduend tdyet is @oeintcotitagivith | S

subj ected to heat ﬁreatnent to separate a portion of the single crystal

sem conduct¥boadeiaysk e. 1524. The nethod for manufacturing a sem conduct or

devi ce,jswherein a sem conductor element is formed using the SOT substrate

according to claim17. ) ) )
10. The method for manufacturing an SOI substrate according to claim 9,

wherein an irradiation atmosphere of the laser beam is a reduced-pressure atmosphere.

11. The method for manufacturing an SOl substrate according to claim 9,

20  wherein an irradiation atmosphere of the laser beam includes a reducing gas.

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

wherein an irradiation atmosphere of the laser beam includes a hydrogen fluoride gas.

25 13. The method for manufacturing an SOI substrate according to claim 12,
wherein the SOI structure is exposed to an atmosphere including the hydrogen fluoride

gas after formation of the SOI structure and before irradiation with the laser beam.
14. The method for manufacturing an SOI substrate according to claim 9,

30  wherein the base substrate is heated by one of light irradiation and induction heating

when the laser beam is emitted.
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15. The method for manufacturing an SOI substrate according to claim 9,
wherein the single crystal semiconductor layer is formed in such a manner that an
embrittlement region is formed in a single crystal semiconductor substrate by an ion
doping method in which mass separation is not performed and then the embrittlement
region is subjected to heat treatment to separate a portion of the single crystal

semiconductor substrate.

16. The method for manufacturing a semiconductor device, wherein a

semiconductor element is formed using the SOI substrate according to claim 9.

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

forming an SOI structure including a base substrate, a bonding layer including
oxygen provided over the base substrate, and a single crystal semiconductor layer
provided over the bonding layer including oxygen;

etching back the single crystal semiconductor layer; and

melting a part of the single crystal semiconductor layer by irradiation with a
laser beam while the base substrate is heated at a temperature of higher than or equal to
500 °C and lower than a melting point of the base substrate,

wherein after the etching back step and before the melting step, an average
value of a thickness of the single crystal semiconductor layer is greater than or equal to

100 nm.

18. The method for manufacturing an SOI substrate according to claim 17,

wherein an irradiation atmosphere of the laser beam is a reduced-pressure atmosphere.

19. The method for manufacturing an SOI substrate according to claim 17,

wherein an irradiation atmosphere of the laser beam includes a reducing gas.

20. The method for manufacturing an SOI substrate according to claim 17,

wherein an irradiation atmosphere of the laser beam includes a hydrogen fluoride gas.

21. The method for manufacturing an SOI substrate according to claim 20,
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wherein the SOI structure is exposed to an atmosphere mcluding the hydrogen fluoride

gas after formation of the SOI structure and before irradiation with the laser beam.

22. The method for manufacturing an SOI substrate according to claim 17,
wherein the base subsirate is heated by one of light irradiation and induction heating

when the laser beam is emitted.

23. The method for manufacturing an SOI substrate according to claim 17,
wherein the single crystal semiconductor layer is formed in such a manner that an
embrittlement region is formed in a single crystal semiconductor substrate by an ion
doping method in which mass separation is not performed and then the embrittlement
region is subjected to heat treatment to separate a portion of the single crystal

semiconductor substrate.

24, The method for manufacturing a semiconductor device, wherein a

semiconductor element is formed using the SOI substrate according to claim 17.
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