METHOD FOR MANUFACTURI NG SEM CONDUCTOR DEVI CE  BACKGROUND OF THE | NVENTI ON
5 1. Field of the Invention [0001] The present invention relates to a

met hod for manufacturing a sem conductor device using an SO (silicon on

i nsul ator) substrate. 2. Description of the Related Art 10 [0002] A
substrate (an SO substrate) in which single crystal silicon is provided on
an insulating filmhas been used for high-speed operation and | ow power
consunption of a sem conductor device. A sem conductor device including an
N-channel thin film transistor (TFT) and a P-channel TFT has been

manuf actured wth the use of an SO 15 substrate. [0003] It is generally

known that the .Eﬁpﬂﬁ! j ﬂh}”ﬁ Lehd varies
dependi ng on thléﬂzz‘{ﬂr({j]g ure ar@t@‘g%app ?ca%élﬁ)?%?h’%dﬂfﬁ&g ngl e crystal

silicon whose plane orientation is (100) is preferably used for a channel

of an N-channel TFT 20 mhlé‘%%mcdﬂfﬁﬁlr%&g&m whose pl ane orientation

is (110) is preferably use a  channe hannel TFT. [0004] In
Pat ent Docunent 1, an SO substrate including single crystal silicon whose

pl ane orientation,i 100) and single crystal silicon whose pl ane
orienta%ioﬂjﬁ§d6g§ﬁ§“$@n° 5 di scl osed. Further, a method for manufacturing
a sem condwiboy device in which the single crystal silicon whose plane
orientation is (ﬁ?%% is used for a chanqsl f an _N-channel , TFT and the
single crystal sHSRESHIVRGEEORICHE B3 BROGT (6 MISICPIRg 2iEm{feBHPEr  a

channel of da,i&%-@h,%raﬁgm(gﬂﬁoh@n@sﬁﬁ{@pﬁgsm{&e manuf acturing nmethod wll be
descri bed below (FIGS. LA to 1D). 30 [0005] A thermal oxide film 1001 is

formed on A Re¢peHntion obtheRelaiofghd crystal silicon substrate 1002 whose plane
orientapi oppops] (110). The thermal oxide film 1001 and a 1 single crystal

silicon substrate 1000 whose plane orientation is (100) are_bonded to each
A substrate (an SOI substrate} in which single crystal silicon is provided on an

insulating film has been used for high-speed operation and low power consumption of a

semiconductor device. A semiconductor device including an N-channel thin film

transistor (TFT) and a P-channel TFT has been manufactured with the use of an SOI
15  substrate.

[0003]

It is generally known that the most suitable orientation of silicon for a TFT
varies depending on the structure and use application of the TFT. Single crystal silicon
whose plane orientation is (100) is preferably used for a channel of an N-channel TFT

20  while single crystal silicon whose plane orientation is (110} is preferably used for a
channel of a P-channel TET.
[0004]
In Patent Document 1, an SOI substrate including single crystal silicon whose
plane orientation is (100) and single crystal silicon whose plane orientation is (110} is
25 disclosed. Further, a method for manufacturing a semiconductor device in which the
single crystal silicon whose plane orientation is (100) is used for a channel of an
N-channel TFT and the single crystal silicon whose plane orientation is (110) is used for
a channel of a P-channel TFT is disclosed. The manufacturing method will be
described below (FIGS. 1A to 1D).
30 [0005]

A thermal oxide film 1001 is formed on a surface of a single crystal silicon

substrate 1002 whose plane orientation is (110). The thermal oxide film 1001 and a



ot her. The bonding is performed by annealing at 1100 C (FIG 1A). The
single crystal silicon substrate 1002 is nmade thinner by nechani cal
polishing and chemi cal etching, thereby formng a single crystal silicon
film21003. A thermal oxide film1004 5 is fornmed on a bottom surface of the
single crystal silicon film 1003. The thermal oxide film 1004 and a

sem conduct or substrate 1005 are bonded to each other (FIG 1B). [0006] The
single crystal silicon substrate 1000 is polished and chem cally etched,
thereby formng a single crystal silicon film The single crystal silicon
filmis formed 10 into an island-like shape so as to forman active |ayer
1006 of an N-channel. . TFT 1013. e, thermal .oxide.fi 1001 i s sel.ectively
removed, t HEFISBYSEASTESOR SPsERE 12@3811%%8[%}%9 Ié‘fn)%auso Wi (lcltl%é? & goﬁdi‘gﬁ’f%\%&ﬂ chisto
be an acti ¥fed a¥Rs b&diy B-shRAA&] by dnehldd af FI0G. A @IG. 1APO0MHe snglat e
insulating film1009 is forned over the single cr | .silicagn tiln11003,

ta
15 and a geveal sideenasebstgter 100/ 13 arede i@nﬁ%ﬂjﬁéﬂe‘%‘%?ﬁfﬂq shing pdechemyi@l 1006. A

gate el ectyode, JOI2 fsnihoh Fhele QURfal §ilSondRie1009.S UA Mokl okide Q084 and a
gate electrode”1011°is fornmed  over the gate insulating film 1010, Dopi ng

with N-%ypis formedr¢n y botiers shefagserftthe fimgle atalgilicre f’é‘ﬂt’@gél ebier 81011 as a
mask, ther%ﬁ# ﬁ%gmoﬁqn@a ?ﬁlﬂé&ﬁu&tg%uggﬁa%@%SMOﬂdeﬂg dh iR (16, 108 of the

N- channel prng w -type 1npurity ions is 20 perforned using the
gate el ect j080& 1012 as a nask, thereby formng a source region 1021 and a

drain region 10%eo&ﬁ%ﬁhgw§élcaﬁ%ﬁkegsu?%§% la-(t?uﬁ.’poﬂa{eh A 10%1%%1%1})? bepae! TFT

1013 in which the si e-Ccrys con having the (1 ‘ane ofientation
i s used fothemby chiminped sifighe omystabsiticoedilon TBd Sngladrypal silioh filmds fergedinnel TFT

1014 L P eSS el LS00 I st on 1
that, an i Thethkmyatoxideflh a001ng séledtively aemart abérebyob@psisg towmgls crzstajéct rode,
o o O el oLt 0P AL R QU0 HWBGhy o Rk GGG (T (O
substrate jdoomner by mechanical polishing and chem cal etching as 30
amount of pol | St e ERaeERoN NG Brnel by s el spirditise® ik W0 v ng 5
singl e 181 ygidd gt lns@Qig fitid 1010 6OMBedsRGHR acfiveshpdr 1604.1 Cogatselbsiodat e, there
'S a Smart l%tis grg%h %Ercg'rtﬁéj g%}tg %gﬁ%gk ilm 12009, and a gate electrode 1011 is formed
over the gate insulating film 1010. Doping with N-type impurity ions is performed
using the gate electrode 1011 as a mask, thereby forming a source region 1020 and a
drain region 1008 of the N-channel TFT. Doping with P-type impurity ions is
20  performed using the gate electrode 1012 as a mask, thereby forming a source region
1021 and a drain region 1007 of the P-channel TFT. Thus, part of the N-channel TFT
1013 in which the single crystal silicon having the (100) plane orientation is used for a
channel formation region 1016 and part of the P-channel TFT 1014 in which the single
crystal silicon having the (110) orientation is used for a channel formation region 1015
25  are formed (FIG 1D). After that, an interlayer insulating film, a contact hole, a source
electrode, and a drain electrode are formed.
[0008]
However, it takes much time to form a single crystal silicon film by making a
single crystal silicon substrate thinner by mechanical polishing and chemical etching as
30 disclosed in Patent Document 1; moreover, it is difficult to control the amount of
polishing and the amount of etching. As a method for forming a single crystal silicon

film from a single crystal silicon substrate, there is a Smart Cut (registered trademark)



method in addition to polishing and chem cal etching. The Smart Cut nethod
is a mnmethod by which a silicon substrate is doped wth hydrogen ions so
that an enbrittlenment layer is formed therein and a single crystal silicon
filmis separated along the enbrittlenment |ayer by heat treatnent (e.g.,
Pat ent Docunent 2). In the Smart Cut 5 nethod, by controlling accel eration
energy and the dose of hydrogen ions, the thickness of a single crystal
silicon filmcan be controlled. [0009] The above nethod is applied to the
manuf acturi ng nethod of Patent Docunent 1 (FIGS. 2A to 2C). A single
crystal sili con Substrate 1100 V\hose pl ane ori ent ation is 10 (100) i's
doped with h ro e on 1.0 tIe Iayer 1110.
Ener gy of {nﬁ "grag%l{el%n ?Oo slsl sga %?leﬁal o 't al—ni) tt]tnFeman | ayer
1110 is fome&mdd It vehichept bilicdn guilﬁahternst hamdowitbcmdlrogbm ibfs BN thaed ah ess t han
or equal ce of the sin .CI substrate
7100-" Ve HPT Qemep st Boraby Geiiis a6 3 ioble S5 HLIP ETh FossPorplsd BopE ane

ori ent at i otheiegbfifilktheni I8y lbg bedl apethew (cly., im%ogedmﬂeﬁﬁs) 11Dfe SmanttCut he same
dose as_that of .the hydro igns 1105, thereb formn an errb ttl ement

| ayer ﬁ11me@ﬂ@r‘woatrglfj%g%@a%@bﬁwrwg dithe dosy OEdipees o b friness

enbrittl engrd sih@y eystallslliedn ifin t&I BRGn@b1IA. depth of greater than or equal to
50 nmand | ess than or equal to 200 nmfroma surface of the single
crystal sil9%®%h substrate 1102 (FIG 2A). [0010] 20 An oxide film 1101 is
formed over the 8jngbe xﬁétﬂcﬁh@hpﬁieh't&&@ nSMPBEGALEMmIAOR o PYatént Dietihdmet hod, a
sputtering method, or the like (FIG 2B). [0011]" Then, the oxide film 1101
and the si hgFEScP44e 20)-siA siegn cspkiiliconsubstiaty HAY whese nlane ofiswaonds | ent at i on
are bongled o) E%Pec%ﬂﬁh c(r@eﬁ*mr?sﬁ)ms 'tﬁerkﬁsﬁfoﬁﬂﬁg'aﬂgnfbﬁuﬁﬁl ﬁt%}@?‘iuo% by
annealing, a single crys¥ [1con fil and a single crystal silicon
film 1113 Enegs eg e hydrdgenl i 191rrﬁgls fafjpstedry th@t ﬂhe mhnttllemylérlayﬂ 101 0zip dprmigd

enbrittl en;ra‘q; [ :

silicon fi ‘iéf%g %%&%%a%?ﬁ%%ﬁgr%gﬁlaﬁfs%ﬁlc%)ér?rgg‘ﬁi B 3ﬁggfcoﬁ§%ave a
smal |t hi ckurfsssobthe ginglatcastat hhwncmbmmaﬂlmﬂo M@amrimla,mlsm@tsgystalrsdmmr equal
to 200 nm _there e S cul.t il 30 [ erence]
oot2] [ PataRts nB ety plafic Stk a’ ) 1ERE  Brid i aBten ddnl B v

H3- 285851 at the same dose as that of the hydrogen ions 1105, thereby forming an embrittlement

layer 1111. Energy of the hydrogen ions is adjusted so that the embrittlement layer
1111 is formed at a depth of greater than or equal to 50 nm and less than or equal to 200
nm from a surface of the single crystal silicon substrate 1102 (FIG. 2A).
[0010]
20 An oxide film 1101 is formed over the single crystal silicon substrate 1102 by a
CVD method, a sputtering method, or the like (FIG. 2B).
[0011]
Then, the oxide film 1101 and the single crystal silicon substrate 1100 having
the (100} orientation are bonded to each other (FIG. 2B). If the bonding is performed
25 by annealing, a single crystal silicon film 1112 and a single crystal silicon film 1113 are
separated along the embrittlement layer 1110 and the embrittlement layer 1111,
respectively (FIG. 2C). The single crystal silicon film 1112 and the single crystal
silicon film 1113 each have a small thickness of greater than or equal to 50 nm and less
than or equal to 200 nm; therefore, it is difficult fo handle the films.
30 [Reference]
[0012]
[Patent Document 1] Japanese Published Patent Application No. H3-285351



3 [Pat ent Docunent 2] Japanese Published Patent Application No. 2000-124092
SUWARY OF THE | NVENTION [0013] 5 As described above, when the Smart Cut
nmethod is applied to the mnanufacturing nethod of Patent Docunment 1, it is
difficult to handle single crystal silicon filnms and thus inprovenent of
yi el d cannot be achieved. Therefore, a nmethod for manufacturing an SO
substrate including a single crystal silicon fil mwhose plane orientation
is (100) and a single crystal silicon filmwhose plane orientation is (110)
10 with high yield is disclosed in this specification. [0014] A first
single crystal silicon substrate is doped with first ions, thereby formng

a first e i tLl ement..l.ayer. c i,ngl.e.. t hhdgs0n substrate is
doped wit hﬁ%&@t‘éﬁ‘iﬁm}%ﬁ”@ﬁa Hher elj@f/ﬁszlg(?g% I?S[\%)%caflglﬁ ﬁlghzyogﬁgjé@gnd enbrittl ement
| ayer. The dose of the 15 second ions is snmaller than the dose of the first

ions. The first ions and t i hydr ogen i ons, or

hydr ogen ions and heliumi W%BS%WM@ﬁBde at |east one of H,
Hf ', and HRwpi3After the first single crystal silicon substrate and the
second single crystal silicon substrate_are honde to.eachl.éegt her, first

heat treatment A d5¥0Pet A2AVe shethdPe oFIIT patt ofhés APPIE & life crystal
silicon subshifadiifzoReiied S€Paleal Bocudnih ORJis diicilt ks harldsihglt lceysemt | ayer

and thus a first single crystal silicon fihn can b ormed. After a region
of the s ec@hﬁpfsﬁlﬁﬁlaég@%@%}w@?w gbricld fpanat §¢ é?ahl‘?"ﬁgmhfl“t?r‘?q%rﬁea mgéle‘i nd

enbri tt | emgptydn@deirihs a0 901 SiRE idchudiPMege cB8GPARAS RN WHRahIRBt 1S

perfornmed, so that part of the second_slgrgj e crystal silicon substrate can
be separ at edentaioprig ({0Rk anbe singlectrpiialtsilicendiin Whepe plage qrienigfionds B0 nd singl e
crystahgsi L& anniidiin 10081 12 thif HelBdatiohot € that the tenperature of the
secondh%ea%vllt?%atyﬁentscd?gsaogfgg]ﬁer ﬁt\aan tr?e tenperature of the first heat
treat ment. [(Oh¢] of the first single crystal silicon substrate and the

socond 2170 e Sy PRI INE b AR 6 i, Skl
si ngl e crySftsalendrittleoent taybrist Maseondisogk plystalesibednesibatrdtons idepgd1wgh. 30
001, o Rap TS 5 P DUETARRB ISR, ek epaet
si | i cons subgbndiots isfsmadrnigaindhs@cenfithe first ions.  The first ions and the second ions
| are each hydrogen ions, or hydrogen ions and helium ions. Hydrogen ions include at
least one of H', Hy", and Hy". After the first single crystal silicon subsirate and the
second single crystal silicon substrate are bonded to each other, first heat treatment is
performed, so that only part of the first single crystal silicon substrate can be separated
20 along the first embrittlement layer and thus a first single crystal silicon film can be
formed. After a region of the second single crystal silicon substrate, in which the
second embrittlement layer is not formed is removed, second heat treatment is
performed, so that part of the second single crystal silicon substrate can be separated
along the second embrittlement layer and thus a second single crystal silicon film can be
25 formed. Note that the temperature of the second heat treatment is higher than the
temperature of the first heat treatment. One of the first single crystal silicon substrate
and the second single crystal silicon substrate is a single crystal silicon substrate whose
plane orientation is (100), and the other thereof is a single crystal silicon substrate
whose plane orientation is (110).
30 [0015]

One embodiment of the present invention includes the steps of forming a first

insulating film over a surface of a first single crystal silicon substrate; forming a second



4 insulating filmover a surface of a second single crystal silicon
substrate; doping an entire surface of the first single crystal silicon
substrate with first ions through the first insulating filmto forma
first enbrittlenent layer in the first single crystal silicon substrate;
dopi ng the second single crystal silicon substrate with second ions through
5 the second insulating filmto selectively forma second enbrittlenent

| ayer in the second single crystal silicon substrate; bonding the first
single crystal silicon substrate and the second single crystal silicon
substrate to each other with the first insulating film and the second

insulating. filminterposed therebetween, separati.ng p f | rst
single cryZfdpting 11%1“b8 rsau%{a?ea?ia 5?08}% Sitnﬁ%‘ Srtz;;}tsmecg rsﬁs%rfgh%éﬁ% 'f'%/er by
first heatedtireatrfiends tho fitd singleRryatal sitisdn sibstgltecwith Yisd adns shirbaghahe fitst m over

t he second, single_crystal siJicon substrate .wi,th.the first insulating film
and the settgHamendin éi g ?itJF?ﬁ ‘i“ﬁ’t“é W&Egﬂ%&’r s sl dipete cfygfa:%isﬁﬁo% third

i nsul at i NggybkdrdR; WoPIng e sdebiich bingle REYsRI 6iliy&t albsigdtd ngthrseddnt Mdnsrtarvoyh ng a
region of the second single crystal si)t%i con sub trgt_ﬁ, in which the second
enbri t t¥ entbRtsecqndyigpulatingniim f, sefpritvely REm g Segonh ERPEHELERIEE AP he second

singl e cryskald shelé 6QRilHLSMAGHIRLES bbiRAMb iRl RRklcWrydhl silicot hibseate nsul at i ng
filminterposed therébetween; separatin part of the seqonggg%ﬁ | e crystal

silicon sudskthesasond spgle enyaalsilicon qubskpfe %‘t £ach pibet With he firstjgsu heat
treatment .o E@rs@b&dsﬁgtﬁﬁgﬁsﬁlﬁg h@erﬁc‘is\é@ ttﬁéreb%g\}éeﬁp&pﬁﬂa{iﬁg p¥elof tthe fikase

substrate wwth the first sulating filmand the second |nsulat|r!1]g film
rystal

i nt er posedsinglherelbtilsarsubssatcadanz ey first emyitlongent ersyclmidhess giee :
sili com, fi l;onﬂol‘rﬁ) aIfﬂ%:gln?%e tdl %ili@&gﬁﬁt;\ e %l?ecs%%d%'u{égé &y&&%ﬁfc?ﬁ sibstratgon film

and renovi ng par irst Tnsulating filmand part of the second
i nsul at i ngwith|ta fist espleseg filve afid thetsegindgheilating Siley intgrmosedoetep¢tiypen; and

sel ectivel y removi,ng th ir ' | .Sl & feal - an

Dol and. | § KoTpEG g ‘ﬁ‘&‘ﬁae&“ r@%’t g%%*ﬂ%?%%ﬁﬁ’%% ‘ﬁ?gt{losg%"f ﬁ%%w‘%g%J"gn?odi ment

of the presgivh df theesrtondrsinghcd iydd siliche sigtseps, iofwhichrthe sayond ¢mbrigtleméntsul at i ng
filmover surfa of .a first single crystal. silicon sub te:; formng a
second i ngﬁ’?ra il??éef??rf% B%dén%a ?ﬂ?ﬁga@gr%%{ aﬁ‘?st%ec%eﬁ ‘is)f“ﬁg#e" S:taéssﬁ 1e(f|mtisi l'i con
subst r a$ e; sifbetratt Rgeadh Htherstith thie shrdvilkubdting fitmh intdrposed terebetsvepr sephatingl porti on
of the second single crystal sili.con _substrate over .the seco i nsul ating
film dopi Ryt ghthg ‘f‘iof“i S‘éﬁltefc%@ll Bélccf%%lbftﬁ?%?lo’%g 1565038, egiﬁg@fegxfrﬁg? % con
substrate w isheohd it treafient 6 GtaNa sb@dnd istugle érpsall dlidondilfol dver tiee baem a fir st
P bcopa st it dhe K insulating *HiRP afa Hhe' Secdhna ShbdeiRf AHPEHLR 9oP! N9

therebetween; selectively removing the second single crystal silicon film to form an

20  island-like second single crystal silicon film, and removing part of the first insulating
film and part of the second insulating film to expose the first single crystal silicon film;
and selectively removing the first single crystal silicon film to form an island-like first
single crystal silicon film.

[0016]

25 One embodiment of the present invention includes the steps of forming a first
insulating film over a surface of a first single crystal silicon substrate; forming a second
insulating film over a surface of a second single crystal silicon substrate; forming a first
mask which entirely covers a peripheral portion of the second single crystal silicon
substrate over the second insulating film; doping an entire surface of the first single

30  crystal silicon substrate with first ions through the first insulating film to form a first
embrittlement layer in the first single crystal silicon substrate; doping the second single

crystal silicon substrate with second ions through the second insulating film with the use



crystal silicon substrate with second ions through the second insulating
filmwith the use 5 of the first mask to selectively forma second
enbrittlement |ayer in the second single crystal silicon substrate;
renoving the first mask; bonding the first single crystal silicon
substrate and the second single crystal silicon substrate to each ot her
with the first insulating filmand the second insulating filminterposed
t her ebet ween; separating part 5 of the first single crystal silicon
substrate along the first enbrittlenent layer by first heat treatnent to
forma first single crystal silicon filmover the second single crystal

silicon trate |nsulat| f|| d t.he second |nsulat|ng
filmint er%botg i P}%\égé’bsgt%‘éeh’ QF‘B‘rarﬁ e G ns AP GFT & MSer the
first si ngérgestarsmblakubsirdte Gemo¥ing the ﬁrsftma@k rbgmang ﬁrecﬁird smgmrysdml efrllc@nt irely
covers the econd e rlttlene r..over the 10 thir Iat film
removi ng a‘% g;o e S5 e %FWIS%ES‘PF‘:‘?I} SRl Ity £790G° tg?rl\‘ﬂ t'@?l pher al
portion of mELhzﬁmfglﬁlﬁltanﬂ s idedbid Bsillatnd) fild ipRffoRdichakbdd@eédn] wpa@fmg het second
insulating film and the peripheral portion of the secand S|§%Ie crystal

si i cons suidhe Btsingls enisiglipdicgs gibsate Rleng e it e itlempyiaienty
substrate gR@ndi® ﬁ:ﬁﬁ‘ﬁ'}ﬂstssidgﬂs' SyH1 T filnd bidr @R beSIHASIHR @yt sideh ot her

with the third insulating filminterposed therebetween; 15 separatl ng part
of the secHheirag mgﬂheﬂrér’grrét apsulgting ddm ansh dher ﬁc@ndamaﬁﬁljt%é'ﬂ@e%‘wse

enbrittl e“@@ﬂe LA 913!;@ ifG@dink BRIV  he tifst ] SRCONAn HiR

crystal si bét@%(&f e% t he baéltlalésubstratec wth g!tighgyfl rst ?nsu?atl ng

filmand tf@mm@m@bndnsaﬁkanhlﬂgemlmlmovem e peroad cmhettlementieen oveydhect i vel y
| | ik
removi jg tiﬂ]ﬁd%g@?a;@%%ﬂlg rEmGi g}dmm@h& il loMeh ifeInThifihe' AlAH- |1 ke

second single sflrcon enDV|n g part first 20
i nsul at i ngpdnpha:mlapmrtlpmrdf thé ﬁrktemsldmdﬁlrmsmlpaupheg:ﬂfpdﬂmrt of éhepesend he fir st

Srvot o) oo b Rbsineti, SRt bt foiSh Bl (Eloha SHIRYIA Lilod bivdla N, ©

crystal siticon r and e cry stal silicon
film [001ith the usdef thbsacondimads; bpidigy bdsh eutdate and ﬂmhe:osésmgid ciystab i s

of the. secaleeHeaTay BaPRs AP ARl B MR HaERY petSabEhr e of the
first heatsdpareadgrpait. ofByhet Berohd rsigldeagstal r slidoremtbstrithealorfi tigt swongl e
crystal o LoD LSS B LS SFeerd ShOdL s ervataliS byeon T 0
1016 to 2. dyer HOBLe Glibstrate WEh the first insulating film and the second insulating film
interposed therebetween; selectively removing the second single crystal silicon film to
form an island-like second single crystal silicon film, and removing part of the first
20  insulating film and part of the second insulating film to expose the first single crystal
silicon film; and selectively removing the first single crystal silicon film to form an
island-like first single crystal silicon film.
[0017]
. In the above description, the dose of the second ions is smaller than the dose of
25  the first ions. Accordingly, the temperature of the second heat treatment can be set
higher than the temperature of the first heat treatment. By the first heat treatment, the
first single crystal silicon film is formed but the second single crystal silicon film is not
formed.
[0018]}
30 For example, the dose of the first ions is 2.5 x 10 t0 2.7 x 10'® em™. The

dose of the second ions is set smaller than the dose of the first ions, for example, set at



dose of the second ions is set smaller than the dose of the first ions, for
exanple, set at 6 1.9 x 1016 to 2.1 x 1016 cm2. Wth this dose, the first
single crystal silicon filmcan be formed by the first heat treatnment at a
tenperature of 470 to 480 C, and the second single crystal silicon film
can be forned by the second heat treatnment at a tenperature of 490 C or

hi gher, preferably at 490 to 500 C. Wen the dose of the second ions is 5
smal l er than the dose of the first ions by 0.5 x 1016 to 1.0 x 1016 cn®,
the tenperature of the second heat treatnent can be set 10 to 20 C hi gher
than the tenperature of the first heat treatnment. [0019] In the case where

t he plane orientation ofi; a saip. surface of .the first singl 10 crystal
silicon sybgf‘r@tﬁé‘)' 3 "(11%%‘31“ 1 h@ltgiﬁﬂﬁ OSSTtg:%ﬁ’fséf'fl%}ﬁC%’Ftagmlﬁ%fl%hgﬁ?rf gece of the
second  si pghg 6y Rttt [Rhd irGMerd WPS A Rath® df UFO)o 480 °¢MhdORS Secviier € t he

pl ane orientation of the main surface of the first single crystal silicon

substrat e $ingl¢ eryetyl sikiden fimanar be foreed By itksrseetnd henelrasipent 81t ICEPETABI® t he
second si ngl fQOQEyo%th%lhﬁr)s,/ hlegegé;og& SR 3Poc.S Wikdhe d(-)rsja%fftﬂgrs%éonhqm.is and the

second ionS are eac r Ions, or hydrogen ions and helrumions. 15
Hydr ogen i @nglet theh tdelosd of taasitst tvme bel.5i t 10'H+1.0 anid' Han ™ [tBORGIpetaturd he case
where the plane orientation of the main surface of the first sifn |l e
crystal si¢fthepecendasa geampy cen 4o petalddo 2Re Cotiehse thap it ERps Nt ®he nain
surface of glhg..: S&6RNE single crystal silicon substrate is (110), one
enbodi ment of the present invention 20 includes steps in which a source
regi on, a @0¥In region, and a channel formation region of an N-channel TFT

are formed in th dSLRNWhicGe bldhd lriShilliCorcd Yalibuhbd bEaiR dd dgad 2
source region, a drain region, and a channel formation region of a

P- chant@| dFSalsilicon fsulystretd 15 (00hdhd plheenetidniakien sbe s sirkaes ef e yecerd si | i con
film [002 1. her . I | i on

i ncl udes s%dé%ks: %ﬁ%ﬁ‘ﬁﬁﬁ%ﬁ Sﬂggu%ferlgpﬁ 8%?28%162%%% r{ah{kﬁlﬁeﬁgﬁ%tﬁ%ﬂg%ﬁ%er t he

i sl and- | i kmaihi safhcesif gl fostosingde @ stalisilicon subsirdtens (180)f the plangjatientadionof r ode i s

formed ovef the fifst te insulatin il Y i ELY:...lons are
added to tﬁllg Tagy SHECY P%Z‘e S Slélgﬁgclngtaf(l:rsﬂl/lg ) u%glfall}% %:So(lfi:&%)i mﬁlﬁ{rmh{sﬁmp %e use of
the first agatie ecact ipdarasach hpdkganoiohgron hhikogeouivoe anddgiclum iodse drai n

ir ﬁgiM??&%agﬂg@rggwﬁg%gigéﬁ%&gagﬁt@%ﬁﬁﬁﬁ%gﬁf(?f t he N-channel TFT; and steps
[0020]

In the case where the plane orientation of the main surface of the first single
crystal silicon substrate is (100) and the plane orientation of the main surface of the
second single crystal silicon substrate is (110), one embodiment of the present invention

20 includes steps in which a source region, a drain region, and a channel formation region
of an N-channel TFT are formed in the island-like first single crystal silicon film and a
source region, a drain region, and a channel formation region of a P-channel TFT are
formed in the island-like second single crystal silicon film.

[0021]

25 Furthermore, one embodiment of the present invention includes steps in which
a first gate insulating film is formed over the island-like first single crystal silicon film,
a first gate electrode is formed over the first gate insulating film, and N-type impurity
ions are added to the island-like first single crystal silicon film with the use of the first
gate electrode as a mask to form the source region, the drain region, and the channel

30 formation region of the N-channel TFT; and steps in which a second gate insulating film

is formed over the island-like second single crystal silicon film, a second gate electrode



is formed over the island-Iike second single crystal silicon film a second
gate electrode 7 is fornmed over the second gate insulating film and
P-type inmpurity ions are added to the island-like second single crystal
silicon filmwth the use of the second gate electrode as a mask to form
the source region, the drain region, and the channel formation region of
the P-channel TFT. 5 [0022] Alternatively, in the case where the plane
orientation of the main surface of the first single crystal silicon
substrate is (110) and the plane orientation of the main surface of the
second single crystal silicon substrate is (100), one enbodi nent of the

present invention includes steps.in i ch saurce r.eqgion, . ..a drain region,
and a chanfidP™ed ¥y heier gta%gﬂlsg‘ tge ﬁﬁﬂﬁpgﬁgt%eelplp‘fﬁ PEFHIREE T t he
i sl and- | i kglahd-iké scsbrigpigylCsrysthlailicos film ean thd dsaphihd s@&cosdgnte dectagb an, a drain

region, and a channel formation region of an.  N-channel TET are formed in
the isl and?® MeRelodeabikg S%l}fﬁ‘@’resmeﬁg'g P8 9 ‘ﬁ’ﬁ?ne?gﬁ'?gﬁwnlfﬁ?’f)ﬁg nore, one

enbodi ment ,@h-digePrEegent i nvention includes steps in which 15 a first
gate insulating filmis forned over the island-like first single crystal
silicor fil082] a first gate el ectrode is formed over the first gate

i nsul ating fil maRRgifad, Yk eelcaRUtdd the bRAS o@éntatBRE dEthe tnthid SiRfabSbfARE- | | ke
first single crystal silicon filmwith the use of the first gate electrode
as a mask fiest fieglerrysial silison ewbsiraig isd 10)and thepiing ofiengation of fisdnaim@rRiginnel
formation ' 7 disthate 3@ 08), SRS enBodibGhransS peond gate

i nsul at i ngsﬁﬂ}e%&fgé issE?’ocrll?yrrsg%ggit\‘}gl:E St ﬁeatiesl gnd}-’I i kee_ s%cpnd Si ng?lg crystal

sili con fiinmgntignsisdodrd eps einewhieh rapshairce rgionr fediaigvisgiophand achaanchat e

i nsul ati ng.fi 08, | i [ - 1t Psi kShapg-1i ke
secondiési nfgj:?lnlcg,‘l!itcg:grr“yrggi g?lgglglﬁo%on :*Ir#r%t%{'\ne tf(ﬁﬂit%ﬁgﬁ ﬁ:}s?glglo ltﬂﬁeg lr_sS{ecE:ig%_d égt e

el ectrode silican fitasdndtzosduoenegig asteingegiomginda, chatng! firmatronrregivnnf amnd t he

channel  fgrnat iePJgFr[é %isfé)r%eﬁir} ﬁthQ %la’ﬁﬁﬁ{&?%&%% é@iﬁ F%gm{ 8924k, An SO substrate

i ncl udi ng a Sl rcon f he orientation is (100)
and a singjos2grystal silicon filmwhose plane orientation is (110) can be
manufactured w %rtﬂciarg'p)rey iogc! ghbo ?me%lt?t)F Ele %Ee%%? lirllzz:le-:lntloo}ll i%:lua_qusteBsRﬁi%ﬁ{% [0025]
15  a first gate insulating film is formed over the island-like first single crystal silicon film,
a first gate electrode is formed over the first gate insulating film, and P-type impurity
ions are added to the island-like first single crystal silicon film with the use of the first
gate electrode as a mask to form the source region, the drain region, and the channel
formation region of the P-channel TFT; and steps in which a second gate insulating film
20 is formed over the island-like second single crystal silicon film, a second gate electrode
is formed over the second gate insulating film, and N-type impurity ions are added to
the island-like second single crystal silicon film with the use of the second gate
electrode as a mask to form the source region, the drain region, and the channel
formation region of the N-channel TFT.
25  [0024]
An SOI substrate including a single crystal silicon film whose plane orientation
is (100) and a single crystal silicon film whose plane orientation is (110) can be

manufactured with high yield.

30 BRIEF DESCRIPTION OF THE DRAWINGS
[0025]

In the accompanying drawings:



In the acconpanying drawings: 8 FIGS. 1A to 1D are views illustrating

conventional art; FIGS 2Ato 2C are views illustrating conventional art;
FIGS. 3A and 3B are views illustrating a manufacturing nethod of
Enbodi nent 1; 5 FIGS. 4A to 4C are views illustrating a manufacturing

met hod of Enbodinent 1; FIGS. 5A to 5C are views illustrating a

manuf acturing nmethod of Enbodinent 1; FIGS. 6A to 6C are views
illustrating a manufacturing nethod of Enbodinment 10 1; FIGS. 7Ato 7C are
views illustrating a nmanufacturing nethod of Enmbodinment 1; FIGS. 8A to 8C
are views illustrating a manufacturing nethod of Enbodinent 2; 15 FIG 9
is aviewillust i nuf act.ur i met ho nbodi nent 2; FIGS. 10A
and 10B are vi eVFV;IéIgT H%dtgﬁ%ﬁ?ﬁlﬁwgllﬁlﬁtﬁ%?lﬁg%‘?@?ﬁogngaae’hod of Enbodi nent 3;
FIGS. 11 A to | FGGau® wi2€vse views Hlustadting gowventidmial ;t; phone of Enbodi ment 3;

FIGS. 12A and 1 re vie Ll lustrati a manufact yring nmet hod o 20
Enbodi nent 1; ar?‘:EGgl ; af@%%nﬁteﬂ’ﬁwér gg@%% ?I?lﬂ%'#?c gné?g}?gnﬁgacturi ng
nmet hod of ERmb&ashes@mnt 1. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 25 [ 0026]
Enbodi nents of the present inventjon will be describe e . Note that the
present? i nvent i dROBaH* WG #S VS Ategaine wﬁ’?‘fﬁﬁqrfn@ﬁ’é?ﬁo‘ﬁ@lﬁmﬁ?ﬁ?ti t is
easily ungerstood by those skilled in the art that the node and detail can
be changed variously wthout departing fromthe scope and spirit of the
present i nvent i gRGSTHele o8 Viesdlluaiitecs BATREERPSRPSHITIP B be

interpreteg as being limted to the description of the enbodinents. Note

that the sanme reference nunerals are comonly %ll\_/en to the sane
FIGS. 6A to 6C are views illustrating a mamifacturing method of Embodiment

16 1;
FIGS. 7A to 7C are views illustrating a manufacturing method of Embodiment
1
FIGS. 8A to 8C are views illustrating a manufacturing method of Embodiment
2;
15 FIG. 9 is a view illustrating a manufacturing method of Embodiment 2;

FIGS. 10A and 10B are views illustrating a manufacturing method of
Embodiment 3;
FIGS. 11A to 11C are views illustrating a mobile phone of Embodiment 3;
FIGS. 12A and 12B are views illustrating a manufacturing method of
20 Embodiment 1; and
FIGS. 13A and 13B are views illustrating a manufacturing method of

Embodiment 1.

DETAILED DESCRIPTION OF THE INVENTION
25  [0026]

Embodiments of the present invention will be described below. Note that the
present invention can be implemented in many different modes, and it is casily
understood by those skilled in the art that the mode and detail can be changed variously
without departing from the scope and spirit of the present invention. Therefore, the

30 present invention should not be interpreted as being limited to the description of the
embodiments. Note that the same reference numerals are commonly given to the same

portions or portions having similar functions in different drawings, and repetitive



portions or portions having simlar functions in different draw ngs, and
repetitive 9 explanation will be omtted in sone cases. [0027]

(Enbodi nent 1) The following steps will be described: a step of formng a
first insulating film 5 over a surface of a first single crystal silicon
substrate; a step of formng a second insulating filmover a surface of a
second single crystal silicon substrate; a step of doping the first single
crystal silicon substrate with first ions to forma first enbrittlenent

| ayer; and a step of doping the second single crystal silicon substrate
with second ions to selectively forn1a second enbrittlement |ayer. The
dose of the sec .S smaller than the dose of the first ions.

ond
Accor di ngl §FPIAPARET grogfl@erd fMsEE6hd heat treatment can be set higher

than the tpopgrature of first heat treatnment. [0028] Then, the follow ng
steps will escrl bed: a step of bonding the first si ngl e crystal
silicon sug?é’ﬁ Nd the second si ngle crystal silicon substrate to each

other with 15 nfhefiﬂldvﬁﬁg stBgsUb@tien@sdribkdn 2asiep dtiternsing o midst iimsalatiag fimg film
|nterposed t herebetween; a step of separati Ivrqlt%)rt(?art of %he first S ngl e

cryst al 3 si PYE @nsueiaess pf & %Staﬁukﬁ]f’g"‘iyﬁtél Fifigody sUbREALS: 1 FYEah Hnl‘%y%rsecﬁi} the first

heat treat gRAkidOfifPbMRra firaet oflan@behdClivgé alysal biliessibiiraid; Qv eep ohe second
single crystal silicon substrate with the first insulating film.and the

second i nstoring ke TRyt singlat Gyis Blicam sxtkspie Wy, firgt demsptoo ofh iRy a third
I nsul ati ngehbdhdkQus 'iay%xh Gnd 4 &SP otg&pﬁfgriﬁﬁ RcSld¥siio crpdidlisish fubbiite RitBt ep of

removing a region of the second single crystal silicon substrate, in which
the secondsaseistions focselsativehafpam a sscqndrenfositipmgnt layer eBhcodose pbaissgnd base

subst rage Eoﬂg AT ﬁeaﬁ&}{‘&,e ?Mﬁh&ﬁ%ﬂoﬁé SAAcbﬁ%}s%st&ﬁ@ér@wteQ)f%@&m ot her

with the insulating fr1minterposed therébétween;, a step of

separ at i nghgatrtatméntichebe ssehighk tginrig T@mmly@tfmffsﬁlhﬁ@@ﬁatmbtst rat e along the
second enbgq E%I enent |ayer by the 25 second heat treatnent to forma second
single cry silicon filmover the base substrate wth the first

insul ating fil mEmed, ﬂlb\&lk}@ﬁmﬁeﬁswﬁulkatdesrgibﬁdImstémoﬁbqnd@edhet fiest sibgde ween; a

an* Tl and. FoRa sHial sHHATRE G e Ao B SRAE o AEH foohiotBiudle Sk S8R b T D o7
the finst th&&lﬂét&iwlagng filnharRirte sqomdmnﬂatingéﬂmmmpdsemﬂsamdbaMeng afstdpmfto expose

e T Bl P B S T SR R Bt GRS
layer by the first heat treatment to form a first single crystal silicon film over the second
single crystal silicon substrate with the first insulating film and the second insulating
film interposed therebetween; a step of forming a third insulating film over the first

20  single crystal silicon film; a step of removing a region of the second single crystal
silicon substrate, in which the second embrittlement layer is not formed; a step of
bonding a base substrate and the second single crystal silicon substrate to each other
with the third insulating film interposed therebetween; a step of separating part of the
second single crystal silicon substrate along the second embrittiement layer by the

25  second heat treatment to form a second single crystal silicon film over the base substrate
with the first insulating film and the second insulating film interposed therebetween; a
step of selectively removing the second single crystal silicon film to form an island-like
second single crystal silicon film while removing part of the first insulating film and
part of the second insulating film to expose the first single crystal silicon film; and a

30 step of selectively removing the first single crystal silicon film to form an island-like
first single crystal silicon film.

[0029]

10



first single crystal silicon film [0029] 10 An insulating film (the first
insulating film 2 is forned over a single crystal silicon substrate (the
first single crystal silicon substrate) 1. Further, an insulating film
(the second insulating film 4 is fornmed over a single crystal silicon
substrate (the second single crystal silicon substrate) 3 (FIG 3A). 5
[0030] In this enbodinent, the single crystal silicon substrate 1 has a
mai n surface having a (100) plane orientation and is used for formng a
source region, a drain region, and a channel formation region of an
N-channel TFT. Meanwhile, the single crystal silicon substrate 3 has a

mai n surface havjn 1 | ane, ori.ent at | and_| ed._. ormng a
source region, é“ﬁﬁﬁﬁﬁﬁﬁég#b ° 5ﬁﬁm§ﬂ%ﬁgﬁﬂgﬁaﬂ%r%aG?Sgaféaléécﬁgwg

P- channel sifldoh.sulbdrar\(Bhi firdt kidglreegeaitilicons@bitiac) 1i SFurdter, lan istiletng filer et 0. The
single crystal silicon. s trate 1 have mai n surface havj t he
(110) pl anéheoF‘ic’@?f{ &’rg}‘lﬂ‘i’l“gaﬁgn b% I%E%Eegad’?{' b o engygas%ﬁ?ogesussetﬁ?eoh?ga drai n
region, angcendcaid\@stdl GG subbrt§3i (BIG.6RA).a P-channel TFT, and the single
crystal silicon substrate 3 has a main surface having the (100) plane 15

ori entaliolf%3Nd be used for forning a source region, a drain region, and a

channel  f or mat ifpMmit eBb&Ameh:, 8R dMetdaRel sifldoh. subfRR1] hAsa nfaen hiitid at i ng
film2 and the insulating film4, a single l.ayer of an insulating film

such as a &ivinecd 00:nlane onipntagoncandiy 1sed FPTEXPHIS # PUEIPEIR, 24 LR F98BN nitri de
Film or a,,320cfinh %&aﬁgﬁ kdot PndR-chinlnd) TOT. Nramkafle, (Y Ghsle fysaly of

dl
these filns can be formed. Such an insulating filmcan be fornmed by a
t her mal oxsilieoni syhstratet hbes, 2 meiovripget voing aa(l 1 Qmlancerricpigtionp o use ot he | ke.

it rogs R e e oS e ogen.
pr ef er abl yTBRe Horrves, thempgesentyaysntion ininetlivaited thesetpi cBhie singhicriisielstigenh at
concent rat :i;u%géatoi m5 % ngt u%ﬁce%éin @ I(ﬁ[plz%e otenth@on g tRlused fofNd 0.1 to
10 at. % respectiively, m%en e conpogltl n’i's neasured1%§ Ebf%erford
backscat t efarmingsirectce oepiin; ¢ dfaRBSgioanahdnaychaoup forfratiovaredion of & tPeghprsl
(S:gﬁf ;r ﬁrsmt %%T,(agcllz @e'sin@ijerc;[rjrf]sgl ’Sﬂl%(i)l‘ll éu el 5 EIEI;SI adr%ai%)éli:lr(}gce 'ﬂg\%{'}g {2 (Wﬁaﬂ@ce t hat
15 orientation and be used for forming a source region, a drain region, and a channel
formation region of an N-channel TFT.
[0031]
As the insulating film 2 and the insulating film 4, a single layer of an insulating
film such as a silicon oxide film, a silicon oxynitride film, a silicon nitride film, or a
20  silicon nitride oxide film, or stacked layers of any of these films can be formed. Such
an insulating film can be formed by a thermal oxidation method, a CVD method, a
sputtering method, or the like.
[0032]
Silicon oxynitride means a substance that contains oxygen and nitrogen so that
25  the amount of oxygen is larger than that of nitrogen, preferably one containing oxygen,
nitrogen, silicon, and hydrogen at concentrations of 50 to 70 at.%, 0.5 to 15 at.%, 25 to
35 at.%, and 0.1 to 10 at.%, respectively, when the composition is measured by
Rutherford backscattering spectrometry (RBS) and hydrogen forward scattering
spectrometry (HFS). Further, silicon nitride oxide means a substance that contains
30  nitrogen and oxygen so that the amount of nitrogen is larger than that of oxygen,
preferably one containing oxygen, nitrogen, silicon, and hydrogen at concentrations of 5

to 30 at.%, 20 to 55 at.%, 25 to 35 at.%, and 10 to 30 at.%, respectively, when the
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30 nitrogen and oxygen so that the ampbunt of nitrogen is |larger than that
of oxygen, preferably one containing oxygen, nitrogen, silicon, and
hydrogen at concentrations of 5 to 30 at.% 20 to 55 at.% 25 to 35 at.%
and 10 to 30 at.% respectively, when the 11 conposition is neasured by
RBS and HFS. Note that percentages of nitrogen, oxygen, silicon, and
hydrogen fall within the ranges given above, where the total nunber of
atons contained in silicon oxynitride or silicon nitride oxide is defined
as 100 at.% [0033] 5 In the case where a silicon oxide filmis fornmed by
a CVD nethod, organosilane such as tetraethoxysilane (abbreviation: TEGCS,
chemcal formula. .Si(0C2 IS f bl.y. used. in terns of productivity.
(00347 1 n rpheiin s ereeioe s e AR ORI PSR e tioaliedr )

oxi di zi ng silieon, 464 Bydigden fall weithid theirhhgee pived bbvea tnhereathb adtalgemties opr ef er abl y

added to an oxi dat.i on at.nosphere For exanpl e,, ther.nma Ldation treatnment
e pert or nBaTS oD P Beyidn or SHerE R s i3 B 7 10R *6%1 dat § on

at nospher e[opg3whi ch chlorine (d) is added, whereby a silicon oxide film
is fornmed through chlorine oxidation. In this case, the sjilicon oxide film
containd chiorink HE g Wiste axsiligine oxide 4, S R b @n%BK}D fghoflg17 1o | x
1021 15 abpamsitdaB. siBO39] tefrdinoRyalid Qablrbaital TROSIathamcdlr eatiRNt can be
performed in an oxidation atnosphere which contains hydrogen chloride

(HC1) at aSigPerb4 isgwelempbly used ig terms gbprodyctivity-ef erably 3 vol . % with respect
to oxygen $b3q tenperature of 900 to 1150 C 20 (typically 1000 C

Treatnent time may be 0.1 to 6 hours, preferably 0.5 to 1 hour. The

t hi ckness of t hdniftls easel vgieor sififampxide fibm fipf by thermalbe pedigieythgo t o 300

B a2 R R Ty sy g bt T &7
Ni , or M)Feheenpk, dhermedt sxidation tieaiment isypastormés oe dlit singld crstal shigen
cont et nat Ll WS00GSl 800 AP IGLE HRRDS usyented. 1T
af f ect s t hexidé fitph & formypst trough|chivoine swidgtionat én tencase thgeliter edde it i s, by
heat treat meRt MG foBS" h IBR heh bA&akALMBE P 2b7tBe & 102
15  atoms/cm’,
[0035]
For example, thermal oxidation treatment can be performed in an oxidation
atmosphere which contains hydrogen chloride (HCI) at a proportion of 0.5 to 10 vol.%
(preferably 3 vol.%) with respect to oxygen at a temperature of 900 to 1150 °C
20  (typically 1000 °C). Treatment time may be 0.1 to 6 hours, preferably 0.5 to 1 hour,
The thickness of the formed oxide film is 10 to 1000 nm (preferably 50 to 300 nm}, and
for example, the thickness is 100 nm.
[0036]
With the chlorine atoms contained in the silicon oxide film, heavy metal (e.g.,
25  Fe, Cr, Ni, or Mo) that is an extrinsic impurity can be captured, so that contamination of
the single crystal silicon substrate can be prevented. In addition, an impurity (e.g., a
mobile ion such as Na) that adversely affects the single crystal silicon substrate can be
gettered. That is, by heat treatment which is performed after the formation of the
silicon oxide film, impurities included in the single crystal silicon substrate are

30  separated out to the silicon oxide film and captured by reacting with the halogen (e.g.,

chlorine). Accordingly, contamination of the single crystal silicon substrate can be

12



silicon oxide film inpurities included in the single crystal silicon
substrate are 30 separated out to the silicon oxide filmand captured by
reacting with the halogen (e.g., chlorine). Accordingly, contam nation of
the single crystal silicon substrate can be 12 prevented. [0037] In
particular, it is effective that a hal ogen such as chlorine is contained in
the silicon oxide filmin a case where the sem conductor substrate is not
sufficiently cleaned 5 or in a case of renpoving contam nation of the

sem conductor substrate which is repeatedly used. [0038] Further, hal ogen
atons contained in the silicon oxide filmare not limted to the chlorine

atons. The_silicon oxide filmmy contain fluorine atons. In order to 10
revente% y P
perform flUOrine oxidation on a surface of the single crystal silicon
g y

subst r at e, {0035 mal OX|dat|on treatment nmay be perforned |n an oxi dation

at nosphere after_inmmersi urf.ace of. the sin st.al 5|I|con
substrate into ﬁ?/a?‘?}?‘f‘%fo} 1% %6(9 e ﬁ‘é‘f HEFRT R %%(‘?b(.!lo qs 9 rea dl% may be
performed difcoarxid¢ifiliatin ©tasa e piesemidoadwwiir slibstibid is ot swfﬁcieﬂly c1é3m{sc0039] A
mask (a first mas 01 is selectivel or med .ov r t he s yst al

ST cors | st heret oh iR Conpipae Ab e P SotHeRt SUBLHS uFhIR: neen.

The mask 1RBedsily dsed.med of a resist, silicon oxide, or silicon nitride by a

photollthOﬁQ%ﬁhy method (FIG 3A). There is no limtation on a region in
whi ch t he 101 is formed; however, 20 since a region of the single

crystal silicon p%HH&tﬁa@égEn %m%b&ﬁinécﬁm%ﬁ/ﬁﬁ&ﬂ oMde Tilth Re: (PR skited Bkhdé S 1 enoved
in alater step, the mask 101 is forned over a fﬁgrlpheral ortlon so that

the di st anddorinst dlemen tFhe g pade fibn B3y copsainifingriac afomsy afn gfdef &yn

substrgje p%rﬁv'ﬁq fiudfine bRBRIonCAILsRfacd Bieth@%&@el%tdl %11113019 sﬁH@.tra{Q Hetinl (FI G 3B).
That is, l'engths 103 and 104 are each 1. . FIG 3Bis a top

vi ew of FI@idaian t@megomes]' bpjpedormgd in @lhexﬁ@tgqnoqﬁmpwhmaéw iperpias R 101 i s
formed is Qtsdﬁay %ﬁ&{zssﬂq CR I@g%h&@%@w cﬂliﬁté %Qdfahumeac‘ia NG Befay st al

silicon su strate ove réegion of the single crystal
si li con sudrsdatiah gre8ymenhinel Hespariopmedeth gt phidativa amgmhmltm which NF; is

added.
15  [0039]

A mask (a first mask) 101 is selectively formed over the single crystal silicon
substrate 3 with the insulating film 4 interposed therebetween. The mask 101 is
formed of a resist, silicon oxide, or silicon nitride by a photolithography method (FIG.
3A). There is no limitation on a region in which the mask 101 1s formed; however,

20  since a region of the single crystal silicon substrate 3, which is covered with the mask
101 is removed in a later step, the mask 101 is formed over a peripheral portion so that
the distance between the edge portion of the single crystal silicon substrate 3 and the
inner edge of the mask 101 is 1.0 to 10.0 mm (FIG. 3B). That is, lengths 103 and 104
are each 1.0 to 10.0 mm. FIG. 3B is a top view of FIG. 3A.

25  [0040]

Note that the region in which the mask 101 is formed is not limited to the
peripheral portion of the single crystal silicon substrate 3. As described above, the
region of the single crystal silicon substrate 3, which is covered with the mask 101 is
removed in a later step. In the case where the plane orientation of the main surface of

30 the single crystal silicon substrate 3 is (110), a semiconductor layer for a P-channel TFT
is formed from the single crystal silicon substrate 3. Thus, the mask 101 may be

formed so as to cover a region in which the semiconductor layer is not formed. For
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removed in a later step. In the case where the plane orientation of the
mai n surface of 30 the single crystal silicon substrate 3 is (110), a

sem conductor |ayer for a P-channel TFT is forned fromthe single crysta
silicon substrate 3. Thus, the mask 101 may be formed so as to cover a
region in which the sem conductor layer is not formed. For 13 exanple, the
mask 101 nay be fornmed in a |linear shape over the insulating film4 (FIGS.
12A and 12B). Alternatively, the nask 101 nay be formed in a net-1ike shape
(FIGS. 13A and 13B). The follow ng steps are descri bed assum ng that the
mask 101 is fornmed as illustrated in FIGS. 3A and 3B. 5 [0041] The entire

surface of _the.s st a |I| S t t ns (the
first i ons? aglpl s I)Ilgg? I(gg 'Inyy i I%I:lm?"l r‘%“%% SIIJ 2 O%Brjthé %f/‘g%g%qﬁwd'o@llsé%nd hel i um
ions throlhatchE2B)nsAlterhativglyf thbrmaﬁk lebmh}n he fcamaenlbz ndtilike skapt (Fl@Ber (t he

fi nb I I 6. f . | ud
LISt oL LSl ST e RGBS OB 0
exanpl e, hﬁdme(gﬁ"ill(ldﬁaﬂednphmmobjmﬁdm’m) di borane (B2H6), or the like.

[0042] Altg)%ug]h there is no particular Iimtation on the dose of the ions
5, the d 2.5 x 1016 to 2.7 x 1016 cm 2 for exanple. Wth this dose,

a single CryStaITh‘éIeInIlFeOd‘ilrfﬁéé(Bllthé-@nFFeIwysfdll’sﬂfborﬁbdlﬁﬁﬁeql’l}iﬂbﬁdd witl iogon film 9
can be separat ed along the enbrittlenment | ayer g{at 470 tqogéI80 C. Energy of

the ions 5(the fiEgjqnst édspgaﬁt:%(twﬂhéy%%ﬁn. ipps, é’Fré‘M ogeqyiops gng kelivppionpy at a

depth of gfR&{RMthd RAMaRlg BHN2! s¢ abBn RALAARMRASRydrNER Mkt &ﬁ%ﬁherﬁé?at 200 nm
fromthe surface of the single crystal silicon substrate [0043] 20 The

si ngl e crylbwen) 64¢ formerh(FRG0EY)r aﬁéd@gﬁsloaﬂi nglude pdldasiprdof Ignélz( epkHsecond

i ons) t I r ayer (the

secondz%rrbrI"Ii)rIIgIIll IOIIIF o %y%e%té(g%om se ec vél%&?’%ﬂﬁﬁ#&%MWé ions 7

are t he sadibolann®B Hf), brghsligs the ions 5. In the single crystal silicon

substrate he enbrittlenment layer 8 is not forned in the region covered
e

with the 101 in principle. However, the region covered 25 with the
mask 101 is dope@lﬂmﬁglhthparit n® bartilidar lomitatién on tiseodose chibe sons [SDﬂiéd])se'IiISle dose of

the ions | 1SImtIoI Ze'I” xtl I)Iﬁrg:mt Iqteor g)(()a?n%lé) f VI’hhethls osse 5a smIfg e crystﬁnﬁlcon ﬁIn'IlIe

15  (the first single crystal silicon film) 9 can be separated along the embrittlement layer 6
at 470 to 480 °C. Energy of the ions 5 is adjusted so that the embrittlement layer 6 is
formed at a depth of greater than or equal to 50 nm and less than or equal to 200 nm
from the surface of the single crystal silicon substrate 1.

[0043]

20 The single crystal silicon substrate 3 is also doped with ions (the second ions) 7
through the insulating film 4, so that an embrittlement layer (the second embrittlement
layer) 8 is selectively formed (FIG. 4A). The ions 7 are the same kind of ions as the
ions 5. In the single crystal silicon substrate 3, the embrittlement layer 8 is not formed
in the region covered with the mask 101 in principle. However, the region covered

25  with the mask 101 is doped with part of the ions 7 in some cases.

[0044]

The dose of the ions 7 is smaller than the dose of the ions 5. For example, the
dose of the ions 7 is 1.9 x 10" t0 2.1 x 10'® em™. With this dose, a single crystal
silicon film (the second single crystal silicon film) 12 can be separated along the

30  embrittlement layer 8 at 490 °C or higher, preferably at 490 to 500 °C. When the dose
of the ions 7 is smaller than the dose of the ions 5 by 0.5 x 10" to 1.0 x 10" em™, the

14



dose of theions 7 is 1.9 x 1016 to 2.1 x 1016 cnR2. Wth this dose, a
single crystal silicon film(the second single crystal silicon film 12
can be separated along the 30 enbrittlenment |ayer 8 at 490 C or higher,
preferably at 490 to 500 C. When the dose of the ions 7 is smaller than
the dose of the ions 5 by 0.5 x 1016 to 1.0 X 1016 CM 2, the 14
tenperature at which the single crystal silicon substrate 3 is separated
along the enbrittlement |ayer 8 can be set 10 to 20 C higher than the
tenperature at which the single crystal silicon substrate 1 is separated
along the enbrittlenment |ayer 6. [0045] 5 Energy of the ions 7 is adjusted

so that the enbritt] ement  |layer 8 is,for t t han or
equal to 5ﬁmﬁﬁFé‘ha{8@%£t 3ﬁ%%¥e§aﬁ%}Sﬁgagggﬁ%ﬁéf%gﬁghﬁgﬁéggﬁﬁgéggof t he
si ngl e cryshstilshdnt G9Br §ulishd &t €0 S 20 °@ hiphed the theaangratue at héichake of t he

enbrittlement layer 6. [0046] . .10 The depths of .regions in which the
enbrittlenﬁﬁ¥°P@%@ﬁﬂ@oﬁﬁﬂmFﬁéléﬁﬁPW??ﬂéwg%?meW&?E?ggmg@@r'orned are

adj ust ed bumkjnetic energy, mass, charge, incident angle, or the |Ilike of
the ions 5 anJ the ions 7. Note that the kinetic energy can be adjusted by
accel erfti on voﬁ@@@éoéﬂwWH§7HF%@P“Fb%%#?thﬂ%nwﬂﬂ?ﬂ%“5%8V%§g@§@9F d ion

i rradiati o iPbHOdaret hen REEGEN1AGE M akdBiesdinhh or LGSR EE LOS Ant HSm!HS al amount
of the genePated ion sEeC|es (H+, H2', and H3'") is 50 % or hlqber,

pr ef er abl ysurcopbihe ingleearystabysilicon gehisirete oninvg simlpomantehia g ceiedidiie nass,

ions can Qe concentrated manner to the sane depth in the single
crystal si%ﬁ%@ﬂgﬁgﬁkgfrétes 1 and 3. 20 [0048] In order to formthe

enbrittl end46]l ayer 6 and the enbrittlenent layer 8 in shallow regions,

the acgel erati omyALiAAs L8badif GhidNfe Suftllled e 1l BPutl PGS gL | OW.  BY
g the percentage +10ons 1n plasma, "the 1ons can be added to
t he singl elayar8 st dbmeillarcatjusadist kinttesengrggngas8, dfafgecineidentyangle5ot9049] Aft er
';rg? hggbg:‘ t ti]!ﬁeggf B‘tﬁ él)r?g ? ran? tlilesioIls(? e.maﬁbtettﬂaq e ?kll%lel%c(:) %né.rgy C&BY g(ﬂuﬁé(d B\P ashi ng
acceleration voltage or the like.
[0047]
15 In the above-described ion irradiation method, the percentage of Hy™ with
respect to the total amount of the generated ion species (H', H,", and H3") is 50 % or
higher, preferably 70 % or higher. By irradiation with ions having the same mass, ions
can be added in a concentrated manner to the same depth in the single crystal silicon
substrates 1 and 3.
20 [0048]
In order to form the embrittlement layer 6 and the embrittlement layer 8 in
shallow regions, the acceleration voltage for the ions 5 and the ions 7 needs to be low.
By increasing the percentage of Hy" ions in plasma, the jons can be added to the single
crystal silicon substrates 1 and 3 efficiently.
25  [0049]
After the embrittlement layer 8 is formed, the mask 101 is removed by an
ashing method or the like.
[0050]
The single crystal silicon substrate 1 and the single crystal silicon substrate 3
30  are bonded to each other so that the insulating film 2 and the insulating film 4 face each
other (FIG. 4B). Specifically, a surface of the insulating film 2 and a surface of the

insulating film 4 are bonded to each other.
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[ 0050] The single crystal silicon substrate 1 and the single crystal
silicon substrate 3 30 are bonded to each other so that the insul ating
film2 and the insulating film4 face each other (FIG 4B). Specifically,
a surface of the insulating film2 and a surface of the insulating film4
are bonded to each other. 15 [0051] After the single crystal silicon
substrate 1 and the single crystal silicon substrate 3 are bonded to each
ot her, heat treatnment is performed at 470 to 480 C for 0.5 to 60 m nutes.
As the tenperature rises, the ions introduced by doping are 5 separated out
into mcrovoids fornmed in the enbrittlenent |ayer 6, so that internal
pressure iﬁm%ﬂcreased. As the pressure increases, the volune of the

m crovoi dst''n*‘the enbrittlement | ayer 6 changes, so that the enbrittlenent
| ayer 6 cracks. Alftedshe tshigle sitysigl eilicsry stladratsi 1 iancbrthswlixgﬂer atyetaIL sid@on be
separated along the emhrjttl enent

ayer 6. Sin e i film2 is
bonded to t4her ?ﬁ@ﬁeboélp?ﬂsttoaqad%PﬁhFreg?g&ﬁWP é’er ef &t éﬁ @b g\quf ystal
silicon fipm@ srpamated A 8 dRferdluRIkigesC e lont lmddu@esanbﬁlalapﬁlga&e 1is
formed over the single crystal silicon substrate 3 (FIG 4C). The pl ane

ori ent ai i oseparic Rt wp Mnicepypifia fermsd in ke §mpritiementy layes 6, sp) thaloltera m 9 i s
(100). i H@?su%t B ecrand. A%'tﬁ\zcﬁreéshﬁ HAeRes, Ue {dhEnd ONGe MibBYoilldR B NYl €

crystal i con substrate is smaller than the dose of the ions 5 for the
si ngl e cr yenbrittlemnért dayer §Lﬂ$@ng%t@ that thﬁeﬂnghrl"i@qﬂéen&i%ﬁﬂc glcragks.j ddws.stpstrate 3

Is not 15 ﬁﬁ@?ﬁ?}é&? Egcglpgrl%sggtf Vé]ﬂei)«t:l 1%¥§':th68ergynt¥laﬁeﬂ?qg§er tgf eat ment

at this tine sur ace of the single crystal
silicon fiBmdthesnsuhtvefilm @Ilabmdmtantﬂlgﬁmgls crystst sibearenabiirpichdhd dagle

reCnan g ahstal kol fich SEdarfa &&s thd &fise rggtgl@ﬂfct)ﬁ QltstrBE 1O o K C1 ITer

| aser |ng, on the single 20
crystal si thecsinyld cﬂyataEsﬂmdmeStﬂaslraﬁaée(FtKﬁ 4Q)e Ehmglaee orysgatain gff the gwainfi | m 9

can be gk, SBSsShiE LML RS b, Pl Sy bl a1
is formed ofihe idnb@ fed th@kifgle cryytal ﬁllcoalsh‘i)mm 3fib buraler lﬂyﬂnah@@ aﬁhh (mis a
an i naul a0 F R B FipeBioRT G eHETRdar R TS TR SRR 1 heltating
film 435  separated along the embrittlement layer 8 by the heat treatment at this time (FIG 4C).
[0052]
When the surface of the single crystal silicon film 9 is uneven, planarization is
performed by chemical mechanical polishing (CMP) or the like. Further, by
performing excimer laser annealing, RTA, flash lamp annealing, or the like on the single
20  crystal silicon film 9, the surface of the single crystal silicon film 9 can be planarized
and crystallinity of the single crystal silicon film 9 can be recovered.
[0053]
An insulating film (the third insulating film) 10 is formed over the single
crystal silicon film 9 by a CVD method, a sputtering method, or the like (FIG. 5A).
25  The insulating film 10 may be an insulating film similar to the insulating film 2 and the
insulating film 4.
[0054]
A mask (a second mask) 102 is formed over the insulating film 10 (FIG. 5B).
The mask 102 is formed over the insulating film 10 so as to cover the embrittlement
30 layer 8. The mask 102 may be formed in a manner similar to that of the mask 101.
The mask 102 may be formed so as to cover the embrittlement layer 8, and there is no

limitation on how much the mask 102 covers the embrittlement layer 8. However, a
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[ 0054] A mask (a second nmask) 102 is fornmed over the insulating film 10
(FIG 5B). The nmask 102 is forned over the insulating film10 so as to
cover the enbrittlenment 30 layer 8. The mask 102 may be forned in a nanner
simlar to that of the nmask 101. The mask 102 rmay be forned so as to cover
the enbrittlenent |layer 8 and there is no limtation on how nuch the mask
102 covers the enbrittlenent |ayer 8. However, a 16 region of the single
crystal silicon substrate 3, which is not covered with the mask 102 is
removed in a later step; therefore, it is preferable that the nmask 102
entirely cover the enbrittlenent Iayer 8 (FIG 5C. FIGS5C is a top view

of FIG SB 00 5, The .r,.eqi on |s WI{ k 102 is
renoved by §{°8r°$meetsuf%le crysmls 17645t S{r?tﬁe Wlhjl%ﬁ)tls %ﬁ?é@&eg% erip era portions
of the insislrahmmglﬁalamar];@p, thérefosd, ftgé prefecabiesthat theinhskcldd ehiitein ®ve1tth@
insulating film?2 he | laLi fLlm4 and ngle crystal silicon
substrate %’n{?ﬂtg&}lm‘éroé%ﬁ’r nl?[ﬁegépﬁglp%v%‘r”ftsf?g?%g i con substrate 3, the
region copessd by the mask 101, that is, the peri pheral portion of the
single crystal SI licon 10 substrate 3.ls re 182 as |bed hove.

Further the si ge&eqndugh isopyqoxgrd 3B dhemags 1S’r§m? "0 a depth

that is depp@bd bhaa 1B EFIGEGAR N Pefiphl GbrtioRE o b irstilaligERt 10 |tl@eysiﬁg18 is
formed. Thus, the single crystal silicqn su strg e 3 |n Iudes a projection

regi on 1056 Fah iR e, deripsuiating flm 2. theypgulagng Eflér?ﬁé’cf gegOF8br essi on

region 1065111(:({11%@5@1]21’:6]35.31'3- RendvBe K AR ihe sh@RRYREh BiicasuBshikd ] tisabdieod or the
like. [0057] Next, a base substrate 11 1s prepared (FIG 6B), and the

singl e cryewaredd the gresk dQbsthitaiseths paripherd Popieaefshe singlsrcaystal sificen ponded t o
each ojher Slﬁ)gt!l'% 3 8GemovReR] deb&iBld Ybove @ Wh@@% g glet J}?stél@ﬁiébr?gdbgﬁaté ilm10

and a surface of the base substrate 11 are bonde each other. [0058]
As the basé isstgtmovedadoasnite a depth that dngsieper tl@ansth%@g;oatl@wﬂlmhmer@bntﬁﬁnqnﬁsu| at or

can be Fag (Psr fo%@cﬂpl'ﬁn%x arh? Isf?lgl%su 1 LhRbE sﬁ trE’ﬂfeE’Sac ﬁ{cﬁ‘lﬁés)’ a lﬂ»?‘cﬁ&tmn

Speci fi cal a vari et rates t are used in
el ectroni c&gmmdﬂ&trrvyhlclwuehmasttbmbmtlam 8% ibfme215aral| axdepreogdn Iegmléo@l ass,
al um nobor%is&]i cate glass, and barium borosilicate glass; quartz

15 The mask 102 is removed by an ashing method or the like.
[0057]

Next, a base substrate 11 is prepared (FIG. 6B), and the single crystal silicon
substrate 3 and the base substrate 11 are bonded to each other (FIG. 6C). Specifically,
a surface of the insulating film 10 and a surface of the base substrate 11 are bonded to

20  each other.
[0058]

As the base substrate 11, for example, a substrate formed of an insulator can be
used. For example, a glass substrate is preferably used. Specifically, a variety of
glass substrates that are used in the electronics industry, such as substrates of

25  aluminosilicate glass, aluminoborosilicate glass, and barium borosilicate glass; quartz
substrates; ceramic substrates, and sapphire substrates can be given. In addition, as the
base subsirate 11, a single crystal semiconductor substrate (e.g., a single crystal silicon
substrate) or a polycrystalline semiconductor substrate (e.g., a polycrystalline silicon
substrate) may be used.

30 [0059]

Cost reduction can be achieved when a glass substrate which can have a larger

size and is inexpensive is used as the base substrate 11. For example, a mother glass
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substrates; ceram c substrates; and sapphire substrates can be given. In
addition, as the base substrate 11, a single crystal sem conduct or
substrate (e.g., a single crystal silicon substrate) or a polycrystalline
sem conductor substrate (e.g., a polycrystalline silicon substrate) nay be
used. 30 [0059] Cost reduction can be achi eved when a gl ass substrate which
can have a larger size and is inexpensive is used as the base substrate
11. For exanple, a nother glass 17 substrate having a | arge area, such as
the sixth generation (1500 mm x 1850 mm), the seventh generation (1870 nun
x 2200 nm), or the eighth generation (2200 mm x 2400 m is used and a
plurality o in stal Sili co u trates bonde not her

0l e substPaTa By e e 5k s R b a2y iUt £ ac o
can have asevénth @é:@fatidh @ﬁm[rﬂﬁwzoé\fnhﬂy of 1he enhfORe@fiors (2200 find k ©AGD Substrate
3 is bonded to the base substrate 11, heat treatnment 1 s perforned at 490 C

or hi gher , MBY éf wedBnda pluraligpofsgiskouystal shicomsusiraies aspbendediiodhe mafer eby t he
single crygtal su§§ttla’tect9 @na% HASHhF PSSt &iBEhaRe w%etee{' tHeshralindiel B8 hdd 2

enbrittlenent |ayer 8. Thus, the single ¢rystal silicon film9 separated
fromthe skrgglaesa. cryst al silicon substrate 1 and the single crystal silicon
film212 segﬁ ted fromthe single crystal silicon substrate 3 are forned
over the base 'substrate 11 (FIG 7A). The single crystal silicon film9,
the insul ati ng fAflemtiieCsinghn crysthlesilidon ghibstigtey isciondéd fogba bise [snbstrateall e

st acked. The ne orle t at fo th urf.ac f ot crystal
silicon fll?eat RS rF)ITE)(% '19@081(11' hpf% lﬂla ébtoc?pﬁ ftefnlg(il’ gé e crystal
silicon fi dSOThﬂIﬁltdsSWhﬁeN}efhﬂ splgnayitzladilicon substraRed tar beskphyited i ahd

mechanj cal i,shin or the |ike. rth orntn XC|ner
oo M cerficont o £ om0, b gt St licop i 0 bparied B b ol 8- 20
crystal sidy@giniticbh Bibdizate 1| ARd Bikingle@rifal tlnams&mgizeseﬁatryted ﬁ:bm&hd diggdh film 12
can be planarlzed and crystallinity of the S|agge cngstal silicon film12

can be recdvEilstficon gefsbte R tormpetbover figibasecyehetaln 11siIG dén £ Thesingle j s
sel ecti vel yyiAnmuas v 92 thePiRQlAnb Ao RRY tHeRiRRMeryit aliRBY fihraiAg an
i sland-1like single crystal silicon fllntl
stacked.” The plane orientation of the main surface of the single crystal silicon film 12
15 is(110).
[0061]
When the surface of the single crystal silicon film 12 is uneven, planarization is

performed by chemical mechanical polishing (CMP) or the like. Further, by

performing excimer laser annealing, RTA, flash lamp annealing, or the like on the single
20  crystal silicon film 12, the surface of the single crystal silicon film 12 can be planarized
and crystallinity of the single crystal silicon film 12 can be recovered.
[0062]
Next, the single crystal silicon film 12 is selectively removed by a
photolithography method, thereby forming an island-like single crystal silicon film 13.
25  Then, the insulating film 2 and the insulating film 4 are partially removed so that the
single crystal silicon film 9 is exposed (FIG. 7B). An island-like insulating film 2', an
island-like insulating film 4', and the island-like single crystal silicon film 13 are
formed over the single crystal silicon film 9.
[0063]
30 The single crystal silicon film 9 is selectively removed by a photolithography
method, thereby forming an island-like single crystal silicon film 14 (FIG. 7C). The
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25 Then, the insulating film.2 and the insulating film4 are partially
renoved so that the single crystal silicon film9 is exposed (FIG 7B). An
island-like insulating film2', an island-like insulating film4', and the
island-like single crystal silicon film13 are forned over the single
crystal silicon film9. [0063] 30 The single crystal silicon film9 is

sel ectively renoved by a photolithography nethod, thereby form ng an
island-like single crystal silicon filml1l4 (FIG 7C. The 18 island-Ilike
single crystal silicon film13 is fornmed above an island-1ike single
crystal silicon film14'. [0064] Through the above-described steps, the

tsland- i ke 34 jgl Single¥e s%' éﬁ]tc 4 GO 153l ?L}rﬁﬁéd aBovin: Slaﬁ‘@h{? ?ﬁél fy%ta[‘as the

(100) plane orien e 1'sl'and e S|n e Cr icon film13
whose nai nsilieonffilmel 4has the (110) pl ane orlentatlon can be forned over the
base SUbSt&ﬁbﬁ 11. That is, an SO substrate including the single crystal
silicon fi 14 whose plane orientation is (100) and the single crystal

silicon film 13 mHAase ti BBe-dRERRA é@{bxklﬁn&m&ngcr@diy@ﬁ sieaufiRetared. 10
[ 0065] Note that .in the case where t pl ane orientation of the main

sur f ace’® of Whee maip geitace day el 0Q); wlﬁ%?ﬁ%%gle aad gherisipad-fika gyela sisithe pl ane

orientati ogi@h fie13®hdke Siid 86RcOhas th@@laj ﬂgﬁeeoﬁ‘eméﬁa@bmﬁmé fofiR&H SKpstrate 3
is (100), the island-like single crystal silicon whose nain

surface hathebpw sphsgmie 131 aRkatés meﬁ@bwbarﬁtweluéwé thessmlﬂmﬁtﬂéﬂ@?m@h@ cryst al
15 siliconyf wwaelpliadefrmsmﬂaua faﬁ@ale a?stﬁllsliﬂ‘)onﬁﬁlﬁ wﬁdsspfaﬂé' on can

be formed over the base subst e 11. the use of

i sl and- Iik@ﬁgmﬁ@né(éH9§@®Wem¢$ﬁ%@ﬂﬂi|InB 13 and 14, a P-channel TFT and an
N-chanpe are formed over the base substrate 11. 20 [0067] (Enmbodi nent
2) hbxt &epg for formng a source region, a drain region, and a channel
regi on of a P-dfwmthel inTEE casedwhers ther plene epingition af measinain rseg"ac@mf thnd a

channel 1 egh 98 eSbaicpsGARNATS HT0) Mt HIR H3RaBln rFe hEhaMiL LEe o1 nol e
the single crystal silicon substrate 3 is (100), the island-like single crystal silicon film 13
whose main surface has the (100) plane orientation and the island-like single crystal

15  silicon film 14 whose main surface has the (110) plane orientation can be formed over
the base substrate 11.
[0066]
With the use of the island-like single crystal silicon films 13 and 14, a
P-channel TFT and an N-channel TFT are formed over the base substrate 11.
20 [0067]
(Embodiment 2)
Next, steps for forming a source region, a drain region, and a channel region of
a P-channel TFT and a source region, a drain region, and a channel region of an
N-channel TFT with the use of the island-like single crystal silicon film 13 and the
25 islénd-like single crystal silicon film 14 which are formed in Embodiment 1 will be
described. Note that the description is made assuming that the island-like single
crystal silicon film 13 is an island-like single crystal silicon film whose main surface
has the (110) plane orientation and that the island-like single crystal silicon film 14 is an
island-like single crystal silicon film whose main surface has the (100) plane
30  orientation.
[0068]
A gate insulating film 15 is formed over the island-like single crystal silicon
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25 island-1ike single crystal silicon film 14 which are fornmed in
Enbodinent 1 will be described. Note that the description is nmade assum ng
that the island-like single crystal silicon film13 is an island-Ilike
single crystal silicon filmwhose main surface has the (110) pl ane
orientation and that the island-like single crystal silicon film14 is an
island-1ike single crystal silicon fil mwhose nain surface has the (100)
plane 30 orientation. [0068] A gate insulating film15 is forned over the
island-like single crystal silicon 19 film 13 and the island-like single
crystal silicon film214. Gate electrodes 16 and 17 are formed over the
gate insul ati filmil5 (FI G 8A). 069]. Af.ter ~t h t Lt s 16 and
17 are forﬁ%ﬂ@?ﬁedl?lga%%}ﬁf?‘f ?lﬁ%le‘s“?yﬁ%{sémg?]% e{% atglgﬁe?%oodﬁs f(lg %n(r?]lf:ofgeles covered
by a resi sforfiebdved the @hte GsuBBhg filkn 1 NFIGEA) npurity el enent (phosphorus or
arsenic) ifoﬁggﬂded to the island-like single crystal silicon film214 by an

i on dopi ng hod or an ion inplantation nethod with the use of the gate

el ectrode 17 aAfeer MRSiate Blebtiaes 16phd 17 Yirel Rgha)) $he2@landiilke dingle ersisat med i n
the island-]ike single crystal silicq i 4 in_a self-aligned manner.
The N-t3pesilieApufime i 15 eareaHisbybregiiima 13 bl bt e e BB RS on and a
drai n regi QRosph6SPSF blsdift)Vis addedlthend iSlaadidkd tik@e cAis@DbiBeddr Mt B by i con film
14, a region overlapping wth the %ate el ectrode 17 functi?(jns as_a channel
formation o8gioBiNe 2EtioR oGan &) impjantiion mathod withke pef die spisectgds &7 r enoved,
the islandzd i kgigsi NRe Gyt resibhd 898nd bl Me pmddtid eGAURIBE Higl@ resi st
mask 25 (FIG 8C). A'P-type inpurity element (boron) is added to the

i sl and- | i kerysialrsgfiicon dilmsldain asselfrabigpedfmaneen 3 Thy Nawps Sppwidhresienset B88 or an
ion inpl anf gt ' Sl relilf, QEEHRIECHY WieishdAke 8 Mask.
P—typewlprrpgfr ?!tiﬂfa&} ggitarc}%grcgnégg%gg%ldarg frc.)e‘%lrre’d ?ﬁr? tlhesﬁi sl andisl i ke E'gsi ngl e
crystal sisinglonrykial siicoB film &, a seglidn cueflapping wigh the gate Einstrpde Yipengtiopeir i ty

regi ons 26 q & | : e 20 region and a drain region,
respecti ve?sf/ldhc n etlﬁogﬁl&ynan%_gﬁlz%%ﬁgﬁ le crystal silicon film13, a region
over | appi n0MIt h the gate el ectrode 16 functions as a channel formation

canon 20 (2, ATEMETa LS 05luBe B LSRR 20 and
descri bgd heisscovh@dmyer resist mask 25 (FIG. 8C). A P-type impurity element (boron) is
added to the island-like single crystal silicon film 13 by an ion doping method or an ion
implantation method with the use of the gate electrode 16 as a mask. P-type impurity
regions 26 and 27 are formed in the island-like single crystal silicon film 13 in a
self-aligned manner. The P-type impurity regions 26 and 27 function as a source
20  region and a drain region, respectively. In the island-like single crystal silicon film 13,
a region overlapping with the gate electrode 16 functions as a channel formation region
28 (FIG. 8C). A method in which the N-type impurity regions 20 and 21 are formed
and then the P-type impurity regions 26 and 27 are formed is described here; however,
the P-type impurity regions 26 and 27 may be formed first. Note that the source
25  regions 20 and 26, the drain regions 21 and 27, and the channel formation regions 22
and 28 are formed in the island-like single crystal silicon films 13 and 14, respectively;
however, an LDD region or an off-set region may also be formed if necessary.
[0071]
Note that in the case where the island-like single crystal silicon film 13 is an
30 island-like single crystal silicon film whose main surface has the (100) plane orientation
and the island-like single crystal silicon film 14 is an island-like single crystal silicon

film whose main surface has the (110) plane orientation, an N-type impurity element is
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the P-type inpurity regions 26 and 27 may be forned first. Note that the
source 25 regions 20 and 26, the drain regions 21 and 27, and the channel
formation regions 22 and 28 are formed in the island-like single crystal
silicon filnms 13 and 14, respectively; however, an LDD region or an

of f-set region may also be fornmed if necessary. [0071] Note that in the
case where the island-like single crystal silicon film13 is an 30
island-like single crystal silicon filmwhose main surface has the (100)

pl ane orientation and the island-like single crystal silicon film214 is an
island-l1ike single crystal silicon filmwhose main surface has the (110)

<P and-| | KEAEH o i Ve PR oo avent & roBy B Y orrent 1

added to thlell & @O dianti ke Sihglgssarl ykdoalfilailki con fil m 14. [0072] After the
resist mask 25 is renoved, heat treatnment is perforned to activate the 5
i mpurity el¥eht s |ntroduced by doping. [0073] After the heat treatnent, an

insul ating fil mAgraptainsr2hkdeRera, hét fretdead is pdrahed to@ativilnthe i S
performed at a tenperature of higher than or equal to 350 C and |ower than
or equab tEIRISHY demegieinBedice oY GBS contained in the insulating film30 is
10 dlffusefb the i sland-1ike single crystal silicon films 13 and 14.
Silicon ni silicon nitride oxide forned by a plasma CVD nethod is

used for the i ns‘tﬂt@tthwaﬁf?%ﬁ'?% an ipppdating flBFOFoRaEING ]é}ﬂl“%géntlsr@@%dl and- 1 i ke

I I h
el ana- 11| ke e Moo BBy s Mitelfine WTRIARHER o SRR Y ps G0 1 1e

i nterl ayer lawes tHaf ot a@af tol4$03(13 vherbloy Ineltogefr bGhtaifigd inTheinsulgteng] famel0 s nsul ati ng

i1 80| ACanane e wnelS e oo bh S e oo e ™ "

bor ophosp h@iﬁbdd rﬁﬁtide o@H@E&m&Bﬁ’ﬁleafsmé CVDasiéthodis @add for the msmafmg ik 30
pol yi m de, acrylc and the |ike, st acked. str of the

above fil nEhe Apirogen: sprpkied tHo"Ihés‘S]é?‘ng“oFWﬁ FRst élhf"?ﬂ ylgr dnilul ating

film31, 2QWinkle®8shgrs Bis [OhIRMNGRkEsinD) crydaEsiNdonifibgs 1 BahdS ve as source
el ectrodes and drain electrodes. The wirings 32 can be forned of a

conduct i velf¥7#mwith a three-layer structure in which a |owresistance
metal fikl msuch &s;a0iad Uit} fFidh 1 Q¢ f3ded (FIG. 9). The interlayer insulating

film 31 has a single-layer structure of a film selected from insulating films of inorganic
materials, such as a silicon oxide film and a borophosphosilicate glass (BPSG) film, and
organic resin films of polyimide, acrylic, and the like, or has a stacked structure of any
of the above films. After contact holes are formed in the interlayer insulating film 31,
20  wirings 32 are formed (FIG 9). The wirings 32 serve as source electrodes and drain
electrodes. The wirings 32 can be formed of a conductive film with a three-layer
structure in which a low-resistance metal film such as an aluminum film or an
aluminum alloy film is interposed between barrier metal films. The barrier metal films
are metal films of molybdenum, chromium, titanium, or the like.
25  [0075]
Through the above-described steps, a semiconductor device having the
N-channel TFT and the P-channel TFT can be manufactured.
[0076]
(Embodiment 3)
30 An electroluminescent display device (hereinafter referred to as an EL display

device) including a semiconductor device having an N-channel TFT and a P-channel
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alumnumalloy filmis interposed between barrier netal filnms. The barrier
netal filns are netal filnms of nol ybdenum chromum titanium or the

| i ke. 25 [0075] Through t he above-described steps, a sem conductor device
having the N-channel TFT and the P-channel TFT can be manufactured. [0076]
(Enmbodi nent 3) 30 An el ectrol um nescent display device (hereinafter
referred to as an EL display device) including a sem conductor device
havi ng an N-channel TFT and a P-channel 21 TFT will be described (FIGS.

| OA and 10B). FIG 10A is a plan view of a pixel of the EL display device,
and FIG 10B is a cross-sectional view taken along line J-Kin FIG 10A

[0077] b5 i regl,on JL.ngl ) | egt i L | st.or di spl ay
cont ol tTERarEpe SRR (e, AR ArfLsoSFic, P b ENR) Pklorgholiing CC
suppl y |i nBL4@play Aedca apd FEE. 10Blies trosdscd@Bl viewahkepiakmig ling Jg¢ ovFiled with a
i ght-em trergg el ement having a structure in which a layer including an

el ectrolu scent material (this layer is also referred to as an EL

| ayer) is ngwi ched between a pair of electrodes. One of the el ectrodes of

10 the light-emtting elenent js th j xel el ectrode 408.. Further, in an

i sl and-¥i ke si ndt @ rr%?fhlm@i“*eﬁc"’oﬁg?‘r%loﬁl Yiysiston ‘@Ea?ﬂ‘}ef‘ HRHPRFTER! r egi on, a
sour ce regiaRist®Ad2,a RhRiike 480k QiEnalafnctds, salreat dupplyllina 07, 5ndh pikkl ar e
formed. In an island-like single crystal %I licon film 404, a channel
formation elegradn 4081 Eagh gizghis erovidsd ypthaclieht-smyting element hawpg 3 8MEEC of { he

di spl ay C_OP{ Whkh Eﬁ%@ﬁ nStu@ne 40212 Su iRl ERE: mABRali(Eisagkrlid Koo sragleo cryst al
silicon films 15 403 and 464 correspond to the island-like single crystal
silicon fihyen BY layad 19 swgdvishpdibaiwess apait plcelepiodess y Hae Péfbé,elf-‘rcgg%éef ively.

[ 0078] 1 e 39| BE Lol didfkeh N G pQicibcirodl 4Dk CTARRG! inl{ilislafis Ga¢ gngkect r ode
sel e 405 I h

of the el ectih on transi stor Is included in the scan |ine 405, one of a

sour ce el ectystabalicandilm 403.0r chamnioh fasmeidary rsgien, assolree egdienel ancha diaen 5gighal | i ne
cont ol t r Sp0F Sfich ABhAGb: I} R RE IR RGeS R Y e
di spl ay coA®4, alchimanfitsdtion reéfich 43, @ bauteicgiah H§2, coha drintggiop 46hef the
display control transistor 402 are formed. The island-like single crystal silicon films
15 403 and 404 correspond to the island-like single crystal silicon films 14 and 13 provided
over the base substrate, respectively.
[0078]
The selection transistor 401 is an N-channel TFT. A gate electrode of the
selection transistor 401 is included in the scan line 405, one of a source electrode and a
20  drain electrode is included in the signal line 406, and the other thereof is formed as an
electrode 411. The display control transistor 402 is a P-channel TFT. A gate
electrode 412 of the display control transistor 402 is electrically connected to the
electrode 411, one of a source electrode and a drain electrode is an electrode 413 which
is electrically connected to the pixel electrode 408, and the other thereof is included in
25  the current supply line 407.
[0079]
The interlayer insulating film 31 is formed to cover the gate electrode 412.
Over the interlayer insulating film 31, the signal line 406, the current supply line 407,
the electrode 411, the electrode 413, and the like are formed. Over the interlayer
30 insulating film 31, the pixel electrode 408 which is electrically connected to the
electrode 413 is formed. A peripheral portion of the pixel electrode 408 is surrounded
by a partition wall layer 428 having an insulating property. An EL layer 429 is formed
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el ectrode 411, one of a source electrode and a drain electrode is an

el ectrode 413 which 1is electrically connected to the pixel electrode 408,
and the other thereof is included in 25 the current supply |ine 407.

[0079] The interlayer insulating film31 is fornmed to cover the gate

el ectrode 412. Over the interlayer insulating film31, the signal |ine
406, the current supply line 407, the electrode 411, the el ectrode 413,
and the like are formed. Over the interlayer 30 insulating film31, the

pi xel electrode 408 which is electrically connected to the electrode 413
is formed. A peripheral portion of the pixel electrode 408 is surrounded

by a partifj 3 i i | adai - r t | ayer
429 is for%%%qm%@k%J%%xﬁﬁgﬂéfxe Xé&%%%?%%g&%ﬁéplg%) ggggéﬁ %Fﬁgsgttrode 430
is formed é3%er A tvantet subatyee 43 URDrovidedow ntrenfosuigspla@taed £Xixed dymrresm ded as a
reinforcin%'gkﬁEe and is fixed by a resin |ayer 432. [0080] 5 The gray
scal e of tHé di spl ay device can be controlled by a current driving

met hod in eBglh | um nance of a light-emtting elenent is controlled by
current_or a vaqltage drivi had in.which |um pnance of a lLight-emtting
el ementis cont rgIEEY B9l 03&%tﬁg‘i‘?’ﬁﬁ1d“t"ﬁ°§ N ‘éc?/ﬂq;é’ﬂ%‘{]ﬁ%%lc‘é“?né d‘é\‘%f‘%r ge

di f Ij e ][ ? DCe?iefhoﬂ e uﬁllﬁh‘hl’laﬁlﬁﬁﬁ&esﬁﬂ £ liglﬁédﬁﬁttmg%léfﬁﬁﬂisé d’oﬁﬁ&lile;é-lgw &é@m pi xel Si it

is difficult to enploy the current, drivin thod. ] n 10 order enpl oy
the currentoltier divge Fsthrda w ch Sirpineser gha e t&mlfﬂnaﬁiegﬁn%ﬁ?m@ by

characteri $(§1-tage.val'hi @abiak Wheleaeds ARs: HifRrdabe G SR AMAralRNIsE® vhite
manuf actured by a manufacturing nethod including a nanufacturlng process
y

of an SO Befedy wansistopnef pixedy. dicijdithicwlf tnanrlen theqymrentiyivingenethed) 4% control

transi $¢ or o482 (HenRly BRVEunRl iddlin@Nmkfhod,eh Qolkithal cifkdhr SRR dotlebiss from
pi xel to pixel. Accordingly, the current driving nethod 15 can be

enpl oyed. flBoBiTisNayaristien il needadonMhendls Bl displap dseicerisinsméactiredbxtt h t he
use of Sa ectroni ' ' i Qi egory,
carer as. s U e T e o o,
audi o r epr sdlikstivm graniesiircd94 apd thehdisplaycenntral iangisRo 463 do entshaya araidnan
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(such as no e com ones, p | e game machi nes, and
15  canbe employed.
[0081]

Various electronic devices can be manufactured with the use of SOI substrates.
The electronic devices include, in its category, cameras such as video cameras and
digital cameras, navigation systems, audio reproducing devices (such as car audio
20  systems and audio components), computers, game machines, portable information
terminals (such as mobile computers, mobile phones, portable game machines, and
e-book readers), and image reproducing devices having recording media (specifically,
devices provided with display devices capable of reproducing audio data stored in
recording media such as a digital versatile disk (DVD) and displaying stored image
25 data). An example of such an electronic device is illustrated in FIGS. 11A to 11C.
[0082]
FIGS. 11A to 11C illustrate an example of a mobile phone to which the present
invention is applied. FIG. 11A is a front view, FIG. 11B is a rear view, and FIG. 11C is
a front view in which two housings slide. A mobile phone 700 includes two housings
30 701 and 702. The mobile phone 700 is a so-called smartphone which has both
functions of a mobile phone and a portable information terminal, and incorporates a

computer and can perform a variety of data processing in addition to voice calls.
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e- book readers), and i nmage reproduci ng devi ces having recordi ng nedi a
(specifically, devices provided with display devices capabl e of
reproduci ng audi o data stored in recording nedia such as a digital
versatile disk (DVD) and di splaying stored i mage 25 data). An exanple of
such an electronic device is illustrated in FIGS. 11A to 11C. [0082] FIGS.
11A to 11C illustrate an exanple of a nobile phone to which the present
invention is applied. FIG 11Ais a front view, FIG 1 IBis a rear view,
and FIG 11Cis a front viewin which two housings slide. A nobile phone
700 includes two housings 30 701 and 702. The nobile phone 700 is a
so-cal |l ed ﬁﬁgifphone whi ch has both functions of a nobile phone and a
portable i mation termnal, and incorporates a conputer and can perform
a variety of datThepnsbile phoirg700ninaiidést the hoilisingv7)icandcthe housing37(20088B¢ The
nmobi | e phope 70Q | ncludes, the housi 701 an he housin 02. The housin
701 i nol udbesdedpl FELTEeRgHooRe 1. Sk Tobgameg o g SRS X
oper ati on k&gYm®6,/8 foinfingd@dvidel TG, 8 EMohE Cantelde lendl 708, Gjacle AL For anadrferndD8, a j ack
709 for_an external 5 connection termnal, %n eg%pho&giterninal 0, and

andi by kS

the |ike, SHBPLORHEMHeAbsithEprRlppe torminal de yihite; the hoysiag 707 15

Menory sl ofncihdes a Reyb&al 7¢BMRIcRichhPmefholy IR71Z 1trear adttbrd 83, laitight 7140 o
addition, an antenna is_ incorporated in the housing 701. fOO 4] In addition

to the abotslthelks i beddition e tama i ingorpasyipt Mdhe haesigai/l- a smal | -size 10
menory deviggy or the like may be incorporated in the nobile phone 700.

[ 0085] The housi ngs 701 and 702 overlapping with each other (FIG 11 A) can
slide and can Hoadditen topechbaye-fl¢scibadstneare; angnrantaghl€ chip, diswpll-sige panel or
a di splkay i ol od of the display
devicehgesg§¥%é§hr%&2%h%q ogﬁggg¥x%ﬂgﬁ%§@#%%g%ﬁgﬁ?ggg?gﬁ'be incorporated in
t he displ afpOB&lrti on 703. Since the display portion 703 and the front

canera | ens 708&§%§ﬁ§%§¥hﬁﬁ§F?pP5Fﬁ%%@ggﬁdpgﬁaﬁh‘kﬂﬁ(ﬁﬁp LE)&Hp 8e 700 can

be used as a vi novi ng |nage can be taken by
the rear camican bekBvelopbdtasellisirgied iV FHG. BYCusA dipptafigank] oplalysplayalevicon 703 as
a view | ndr%%ﬁu acQurLt? %SyGIthe manufacturing method of the display device described in
15 Embodiment 1 and Embodiment 2 can be incorporated in the display portion 703.

Since the display portion 703 and the front camera lens 708 are provided in the same

plane, the mobile phone 700 can be used as a videophone. A still image and a moving

image can be taken by the rear camera 713 and the light 714 by using the display

portion 703 as a viewfinder.
20 [0086]

By using the speaker 704 and the microphone 705, the mobile phone 700 can

be used as an audio recording device (sound recorder) or an audio reproducing device.

With the use of the operation keys 706, operation of incoming and outgoing calls,

simple information input for electronic mail or the like, scrolling of a screen displayed
25  on the display portion, cursor motion for selecting information to be displayed on the

display portion, and the like are possible.

[0087]

If much information needs to be handled, such as the case of creating

documents and using the mobile phone 700 as a portable information terminal, the use
30  of the keyboard 711 is convenient. The housings 701 and 702 overlapping with each

other (FIG. 11A) slide and can be developed as illustrated in FIG. 11C. In the case

where the mobile phone 700 is used as a portable information terminal, smooth
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By using the speaker 704 and the m crophone 705, the nobile phone 700 can
be used as an audi o recording device (sound recorder) or an audio
reproduci ng device. Wth the use of the operation keys 706, operation of

i ncom ng and outgoing calls, sinple information input for electronic nai

or the like, scrolling of a screen displayed 25 on the display portion,
cursor notion for selecting information to be di splayed on the display
portion, and the like are possible. [0087] If much information needs to be
handl ed, such as the case of creating docunments and using the nobile phone
700 as a portable information termnal, the use 30 of the keyboard 711 is

1 e ana. Qushis WHOMP 8563 ATl e BNTHERRRN S0 be SRASORL NG ™ 070

t he nobi | ejaph@dtefor BDeitenalsetheagoratepuinglabh be corhertedhioiveriousamblenaich asnoot h 24

operation w the ke d 711 and the I ntin vice 707 can be
per f or ned. ar‘l’h‘g adflgg%o%bggﬁé?bi&nw%{%é’ rtﬁ%lfl%g%%ﬁeoc?g i@ﬁ C%Eemc%aége%coéﬁa e
connect ed pefovar dabl sog@abhiesion ueith aspersnal Angaiapteerthorika UdBrecwd) By wher eby

t he nmobj | e. phgne 700 can be charged or can er f ata, co nication with
a per so$1al SRR BForging peliym gt 8%95‘?‘?81?@ FmBEJ %Ot%?’etg‘f F}?Bﬁ%\%ﬁgﬁ i ng

medi um i nt gantdagt v REralandBIFOIY a34red capdediy dfldganobi | e phone 700 can deal

W th storiqﬁ and noving a large capacity of data. [0088] In the rear
surface of [ORH housing 702 (FIG 11B), the rear canera 713 and the |ight

714 are provi dedy gaNdarduihdel I thd R@AGingd 102 EFIGDMIB)Othé FERE Barkid®) 7R addaken by
using the 10 dlsplay_gortlon 703 as a viewfinder. [0089] Further, the
TPeyO

nobi | e pholight7dHa eangrp stilfimagetndciomaTing EBage Gat boidken Bhusing the)sB port ,
a funch ongQfiy S 1R%s ANRwIRELENt tel evision broadcast, a non-contact IC
chip, an earphone jack, or the like, in addition to the above-described
functions BM&] 15 structures. [0090] The el ectronic device illustrated in

FIGS. 11A to 11 gofangp ﬁmgﬁpgﬁo"i’@?ﬂ% %Qy F&Q/e aﬁ%&ﬁdr&%o&r%mﬂiaﬁ&ﬂ"ﬁncﬁon, a

above- descri bed ‘manuf acturing ne 0091
USB port, a function of receiving one segment television broadcast, a non-contact IC

chip, an earphone jack, or the like, in addition to the above-described functions and
15 structures.
[0090]
The electronic device illustrated in FIGS. 11A to 11C can be manufactured by
application of the above-described manufacturing method.
[0091]

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

This application is based on Japanese Patent Application serial no.
2008-290500 filed with Japanese Patent Office on November 13, 2008, the entire

25  contents of which are hereby incorporated by reference.
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20 Note that the structure described in this enbodi nent can be inplenmented
in conbination with any of the structures described in the other

enbodi ments in this specification. This application is based on Japanese
Pat ent Application serial no. 2008-290500 filed with Japanese Patent

O fice on Novenber 13, 2008, the entire 25 contents of which are hereby

i ncorporated by reference. 25 WHAT IS CLAIMED I'S: 1. A nethod for

manuf acturi ng a sem conduct or device, conprising the steps of: formng a
first insulating filmover a surface of a first single crystal silicon 5
substrate; form ng a second insulating filmover a surface of a second
singl e crym ¢ %bstrate; doping an entire surface of the first
single crystal SI I'con substrate with first ions through the first

i nsul ati ng filmita fmethod forfmansfacenibg iatsein@&oadictor ayere, icomphidng thestepsi ngl e 10
crystal éﬁcon substrate; doping the second single crystal silicon
substrate th second ions through the second insulating filmto

sel ectively formomisgadist iasdatingtfilenewert al sayfece ofa fibe stigieamgbtal siliegh e cryst al
silicon_substrate; bonding the first single crystal silicon substrate and
the secondfife crystal 15 silicon substrate to each other with the

first insulati n%ﬁmhgnaadadoﬂdhﬁsﬁﬁﬁ:@nﬂhﬂ B8t Abirf@e of ial socorit sifiglo Tftal
t her ebet vveen, ltgar ating part of the first single crystal silicon substrate
al ong the PFYSUDERHS i 1t enent | ayer by first heat treatnment to form a

first single crygp %aﬁ'énhf‘eoéﬁrfaéé O Q¥ Srst sifpfe SOQANGiDh REbsBrafer Wi &bst Si |1 con
substrate with the first insulating filmand the second 20 _insulating film

i nt er pos edioppByEsE thelEs: infulting ﬁgnép form e dirst sariBlemag vier m BBt tRge £ i r st

si ngl elgry&tygtgl s;;ﬁgohg]gﬂtrgthl m renoving a region of the second single
crystal silicon substrat€, in which the second enbrittlement |ayer is not

formed; bondi ng depivadis sseanstsingleccrssiel siliven sehstsaia vathrsedoad dong dhranghsthe i con
substrate Eé&o&?ﬁ@ulat%% DR seldediftly REmtNbdobhd Battilhad 1dyel M MOs&LRESEd

t her ebet wee
smgle crystal silicon substrate;

bonding the first single crystal silicon substrate and the second single crystal
15  silicon substrate to each other with the first insulating film and the second insulating
film interposed therebetween,
separating part of the first single crystal silicon substrate along the first
embrittlement layer by first heat treatment to form a first single crystal silicon film over
the second single crystal silicon substrate with the first insulating film and the second
20  insulating film interposed therebetween;
forming a third insulating film over the first single crystal silicon film;
removing a region of the second single crystal silicon substrate, in which the
second embrittlement layer is not formed;
bonding a base substrate and the second single crystal silicon substrate to each
25  other with the third insulating film interposed therebetween;
separating part of the second single crystal silicon substrate along the second
embrittlement layer by second heat treatment to form a second single crystal silicon film
over the base substrate with the first insulating film and the second insulating film
interposed therebetween;
30 selectively removing the second single crystal silicon film to form an
island-like second single crystal silicon film, and removing part of the first insulating
film and part of the second insulating film to expose the first single crystal silicon film;
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separating part of the second single crystal silicon substrate along the
second enbrittlenent |ayer by second heat treatnent to forma second
single crystal silicon film over the base substrate with the first
insulating filmand the second insulating film interposed therebetween; 30
selectively renoving the second single crystal silicon filmto form an

i sland-1i ke second single crystal silicon film and renoving part of the
first insulating filmand part of the second insulating filmto expose the
first single crystal silicon film 26 and selectively renoving the first
single crystal silicon filmto forman island-like first single crystal
silicon flhﬁ% wherein in the case where a plane orientation of a main
surface of*he first 5 single crystal silicon substrate is (100), a plane
orientation of aeleaivelysmlﬁabaﬁg thaf firktheingles eganicsiidon gila t6 fyret @l isknd-likon
substrate js %?% %8 Wrgrel in the case where the plane orientation of the
mai n surfa@@ gle FEstpys Mngle crystal silicon substrate is (110), the

pl ane orientati GiheRfin i e Basdwhett fadfl@neOdrintifion S€aanln Sintgbeiaky fitsel silicon
substrate IS (100 10 wherein a dose of the second ions |§ sgﬁhLer than a
dose of? t htngl¢ c5tstal siison sHaratoierlOPh aplpusnpisniion &F grmyp sudde s diheat

treat ment §godd @S crifiARilRod QBRI W), of the first heat treatment. 2. A
met hod for nanufacturkgg a seni conduct or _devi ce conprising the steps 15

of : for m ng a f ivherern methe eas Merei thirplavepricatasin phibe msfn surkeg hthe fifsh| e
crystal !&h@@@ sﬁyQﬁéoﬁlashﬁstrafqu 110§ (R %M@Maﬁ%b%& Rfhid drROy@be @ surface

of a secon crystal | fcon substrate; formng a first mask
whi ch entlﬁ@b@i%mﬂ%mxﬂéSﬁ@@ﬂﬁﬁ%@ﬁ¢méﬂ¥ﬂion of the second single crystal

Silicofy SUbStT algoRNPE addBBe B SRRAd IS Raiilndil Bk HARL A Bl G4 | T e surface

of the first single crysta i con substrate wth first ions through the
first insulatingviferdima teopbratwme of the sesonddhebt treatrhentrisrhighienthen a famperaguré i r st

single I bstrate; 25 doping the second single crystal
silicon suéﬁ%réP§Emi ugégond i ons through the

2. A method for manufacturing a semiconductor device, comprising the steps

15 of:

forming a first insulating film over a surface of a first single crystal silicon
substrate;

forming a second insulating film over a surface of a second single crystal
silicon substrate;

20 forming a first mask which entirely covers a peripheral portion of the second
single crystal silicon substrate over the second insulating film;

doping an entire surface of the first single crystal silicon substrate with first
ions through the first insulating film to form a first embrittlement layer in the first single
crystal silicon substrate;

25 doping the second single crystal silicon substrate with second ions through the
second insulating film with the use of the first mask to selectively form a second
embrittlement layer in the second single crystal silicon substrate;

removing the first mask;
bonding the first single crystal silicon substrate and the second single crystal

30 silicon substrate to cach other with the first insulating film and the second insulating

film interposed therebetween,
separating part of the first single crystal silicon substrate along the first
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second insulating filmwth the use of the first mask to selectively forma
second enbrittlenent layer in the second single crystal silicon substrate;
renoving the first mask; bonding the first single crystal silicon substrate
and the second single crystal 30 silicon substrate to each other with the
first insulating filmand the second insulating filminterposed

t her ebet ween; separating part of the first single crystal silicon substrate
along the first 27 enbrittlenment |ayer by first heat treatnment to forma
first single crystal silicon filmover the second single crystal silicon
substrate with the first insulating filmand the second insulating film

i nt er posed X 1 s I i I . { first
single cr yesr%lg}ﬁ{l%?%} %ﬁ&% Iflr?n{ﬂgg{]%g;&?nénﬂg) fén%@é%éﬁ%ﬁh&%ﬁs%%ﬁ%ﬁ% ér]%{ y covers
t he secondthestiond singleenystdl ailieon substeaie with thdfirstlinswstidgafilinandf thé sgconknovi ng a
peri pheral. pgrti of the third insulating film a peripheral portion of
the first WﬁgﬂFﬁﬁﬁﬁ@“?ﬂPﬁ?‘@ﬂ%EPFBﬁ@ra| portion of the second insul ating
film and the petiiphethal ipalatih®filnodvet the fRacingd ceystud)biicarfilst al silicon
substrate with %he.use of éhe 13.§ec n nask%hbondif ﬁgﬁaset ubstrate and
the secdnd si nglfermig asefond mask sihicl, ppliely,equers Jhe sgen g‘f’ R hhe third

i nsul at i ngofer tdthint aspamgdilhher ebet ween; separating part of the second
single crystal silicon substrate alo t he second . enbrittl ement. | ayer by
second heat tr eAFTRYIEE # BeHRDPF Bortigk ghite é‘iﬂff?glinaﬁfm&‘%r 2 BPIEBhDEPR 15 over
the base sgfomt @l Gndiatife B, 4 bérfhelalsotiad b thefseddi anklating fisBCARCHhE NSul at i ng
film interposed therebetween; selectively renoving the second single
crystal siPeripberak perion of sy secapd single £Rvplal isiisos sehstiate Pty the wseyedttss “sili con
film and reompvbig part of the first insulating filmand part of the

second insulating filmto expose the first single crystal silicon film 20
and sel ecti vel y beading p hesetshlstipieragd thei seefind singlesqrgatal silicpr Stbsrate ( @3gh f or m an

51 and- |1 kgl BAOhGIEHY A luhdsk bbbt wher el n 1 the case where a
pl ane orientation of a main Surface of the first single crystal silicon
substrate is (16Ge)aratiagmiarmé ther seeondagingle crydtalosiviepnrsubsimafeatiengothe sepend
embrittlement layer by second heat treatment to form a second single crystal silicon film
15  over the base subsirate with the first insulating film and the second insulating film
interposed therebetween;
selectively removing the second single crystal silicon film to form an
island-like second single crystal silicon film, and removing part of the first insulating
film and part of the second insulating film to expose the first single crystal silicon film;
20 and
selectively removing the first single crystal silicon film to form an island-like
first single crystal silicon film,
wherein in the case where a plane orientation of a main surface of the first
single crystal silicon substrate is (100), a plane orientation of a main surface of the
25  second single crystal silicon substrate is (110),
wherein in the case where the plane orientation of the main surface of the first
single crystal silicon substrate is (110), the plane orientation of the main surface of the
second single crystal silicon substrate is (100},
wherein a dose of the second ions is smaller than a dose of the first ions, and

30 wherein a temperature of the second heat treatment is higher than a temperature

of the first heat treatment.
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25 second single crystal silicon substrate is (110), wherein in the case
where the plane orientation of the main surface of the first single
crystal silicon substrate is (110), the plane orientation of the nain
surface of the second single crystal silicon substrate is (100), wherein a
dose of the second ions is smaller than a dose of the first ions, and 30
wherein a tenperature of the second heat treatnent is higher than a
tenperature of the first heat treatnment. 28 3. The nethod for

manuf acturi ng a sem conduct or device, according to claiml1l, wherein the
first ions and the second ions include at |east one of H+, H2+, and H3+

wherein the dos s i 2, 5
wherei n the dos? gp‘&ﬁémig%on h@ons s&fgg%g&%%?%£ﬁe%S£Téx&%%%%ﬁm
wher ei n t he t enparesadinithe firft ibdweantlithestechaitibng melateraritasi sneAJH?, 61,4 a6d C, and

wher ein thﬁ:tenperature of the second heat treatnent is 490 C or higher. 4.
The net hod™for manufacturing a sem conductor device, according to claim 2,

10 wherein the fWHéém{hg%seQJ?%etfﬂ&ﬁ&CiQ@@x'l@“ﬁo&ﬁ@! Hﬂ'@cﬁ"@ | east one of H+,
H2+, and H3+ wherein the dose of the first ions is 2.5 x 1016 to 2.7 X

1016 cnd 2, V\hervélemlmﬂneddswsét@fsectdné1@]@@&)11@1X|1@r?$0Ré ><110§60m 1,016 to 2.1 x 1016
cm2, wherein th eratur h eat .t t is,470 to 480 C,
and 15 wherein t nﬁf e8F&Fﬁ§té@@%ﬁgmﬁ@éiiﬁﬁggﬁﬂéﬁﬁm@s 490 C or

hi gher. 29 wherein the temperature of the second heat treatment is 490 °C or higher.

4. The method for manufacturing a semiconductor device, according to claim 2,
10 wherein the first ions and the second ions include at least one of H”, Hy*, and
Hs',
wherein the dose of the first ions is 2.5 x 10" t0 2.7 x 10'® em™,
wherein the dose of the second ions is 1.9 x 10° t0 2.1 x 10'% em™,
wherein the temperature of the first heat treatment is 470 to 480 °C, and

15 wherein the temperature of the second heat treatment is 490 °C or higher.
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