METHOD FOR MANUFACTURI NG SEM CONDUCTCOR DEVI CE BACKGROUND OF THE | NVENTI ON

51. Field of the Invention [0001] The present invention relates to a
nmet 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 filmtransistor (TFT) and a P-channel TFT has been

manuf actured with the use of an SO 15substrate. [0003] IS

generally knowngMg n for a TFT
vari es dependin ﬁ@hﬁgm@ﬁ%&imgéhgﬁﬁ’W?ﬁ%??th’ﬁg TFT. Single
crystal silicon whose plane orientation is (100) is preferably used for a
channel of an N channel TR &9 %# ]ﬁ;éﬁ]} silicon whose pl ane
orientation is (110) is pre‘bf y usepnpé a“c Q&ﬁlnel of a P-channel TFT.

[ 0004] In Patent Document 1, an SO substrate including single
crystal silicppiwPaseRLane orientation is (100) and single crystal silicon

whose plane orientation 1s (110) is 25 disclosed. Further, a nethod for
manuf act uri h¢PO4l seni conductor device in which the single crystal silicon

whose pl ane ori enmtplréasht oAt QarkS1oUSRhdOor FhatRNRRL a AbmRBbndEshannel  TET
and the single crystal silicon whose plane orientation is (110) is used for

a channel ofdevcepisig amp@l Gifipon qodnsylator) sgbsdiate: The manufacturing nethod will be
descri bed bel pWefiftotsr thd Aelbied AR) .  30[ 0005]

10 [0002]

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
scmiconductor device. A semiconductor device inciuding an N-channel thin film
transistor (FFT) 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 TFT.
[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 whosc 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 onentation is (110). The thermal oxide film 1001 and a



A thermal oxide film 1001 is forned on a surface of a single crystal
silicon substrate 1002 whose plane orientation is (110). The thermal oxide
film 1001 and a single crystal silicon substrate 1000 whose pl ane
orientation is (100) are bonded to each other. The bonding is perfornmed by
annealing at 1100 C (FIG 1A). The single crystal silicon substrate 1002 is
made t hi nner by nmechani cal polishing and chem cal etching, thereby formng
a single crystal silicon film1003. A thermal oxide film 1004 5 is forned
on a bottom surface of the single crystal silicon film 1003. The thernal
oxide film 1004 and a sem conductor substrate 1005 are bonded to each ot her
(FIG 1B). [0006] The single crystal silicon substrate 1000 is
pol i shed anedinglhenytalailicyn sibgated, 00§ hyse biand erteniatien ia (190 nge kondedtaeagh silicon
film The sipal e~crystal :silj LLm i s.far o O} N sl -1i ke shape
so as to fof %gran’rgec?oﬁl\(}%gllgﬁéﬂrfﬁgdo&& ggﬂ éﬁ%ngl\@clgﬁn%ﬂﬂlaﬁ%@oiﬂgg s‘%‘%g t her mal
oxi de film t664l sikos ehlstrate \892yis meadp ivher bh aeehapicabasbgiinggandridesicplgl e cryst al
silicon fil . ' iS it . L L 5oser Rs 04TFT 1014
(FIG 10 [ OBIp bt imish o gt Relh Sfion i JSET plheryenel AR 04 i e
crystal §il iichrmdd e boes: sulBceefdthe siggle enisias iliean fHg ¥90P-m He teermal f or ned
over the actiMernt a8k a2 8mictndidloLsuBliRed 100siRe oA loadvinediioue). t he gate
insulating f1lm21009, and a gate el ectrode 1011 is fornmed over the gate
i nsul ating £99°f} 1010. Doping with N-type inpurity ions is performed using
the gate el ectroct@ersi;&%& @t sTeEKsubbther €10y if eslishaigardl Sewicaly eiggion 1020 and
of {

a drain region_ 1008, he N-chapnel _TFT.. Dopin Lth P-tvpe.inpurity ions
is 20 perforlfEgy H’é"‘tsﬁ’éﬁ’d:é‘fsé@p@P‘é"&f}kt‘}deﬂf@i'%*ea‘gysgl ﬁgﬁ%,ﬁ%ﬁs’e?gg@ formng a
sour ce regi amo A0REndild shapdrsazntorfei anackGdyen il 0d6he alPNedhameeTFTTRN3. Thus, part
of the N-chapnnel TET.1013 .in, which. the singl.e tal sili ving the
(100) pl aneal?}?ﬁ’ﬁﬁnta ?’f‘%%tjﬂf“smﬁ%gc?dfcglrveigr% Oérﬁ(?ié e‘%%’?x"é’u%ﬁ‘e?%’?g *1016 and
part of the sBeehEmried3 Wkdh k@lkk dnpctivkilakr dflhd-crmgl BFICIO)4FEG 1€)1 i con havi ng
the (110) orﬂi@ ation is used for a channel formation region 1015 25 are
formed (FI G gﬁ After that, an interlayer insulating fil a cont act

hol e, a source ellegits pedating fig 0¢9risfonmed @ist ﬁhééﬂéglaﬁé’st#}(ﬁlmg}ﬂ[ g1588)

However, 4 t L akeg. m[;\ﬁilm}ﬁviﬁﬁﬁlsm R Povel MOL&IvE Ia)ed @s.SiA kEOAedblign by meking
a single crystal silicon substrate thinner al% mechani cal qol i.shing and
é

cheni cal et dAlTig fermeBovenihs gpis dwulaing Pay AL abe g ftectode dddblraped it s
difficult tQugant kR idkhifiBmmnio10f MideShiens-tARdidpbety aRUANper@frmed Chi ng.  As
a method for formng a si ngll e crystal silicon filmfrom ar}a#cﬂ Ide crystal
si |i con substipathe eapiplicrcdeslof) aphmpskotierepy Lgmiedy VYt FAl8 ?“ frethod in
addi tion to dapl irgiiangooanst tbemickaahel eTIChi Mpping heitiSPayfe ifuriyeichods is a
met hod by which a silicon substr t@l%s d%%ekd vgre h Q%‘?Lg 0 er]]lmieornsmnso t hat an
enbri t t | PmemErTayS Poines e GrlElrorens, ol n 20R d8S SIREY dOBPNET U SITFFEhn filmis
separ at ed aliongardheirantgioh tibehanie P-ehpanel BY Theltus, tpae af te htch@meyTET Pat ent
Document - 2) 'lﬂipmtwm?ch%sri}xglgzjrgfstal 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)



5 nmethod, by controlling acceleration 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 manufacturing method of Patent Docunent
1 (FIGS. 2Ato 2C). A single crystal silicon substrate 1100 whose pl ane
orientation is 10 (100) is doped with hydrogen ions 1105, thereby form ng
an enbrittlenent |ayer 1110. Energy of the hydrogen ions is adjusted so
that the enbrittlenent [ayer 1110 is fornmed at a depth of greater than or
equal to 50 nmand |l ess than or equal to 200 nmfroma surface of the
single crystal silicon substrate 1100. Meanwhile, a single crystal silicon
substrate 1102 whose plane orientation is (110) is al so doped w th hydrogen
i ons 1106 15‘13§{°dt“héd‘§%0d’65@1%saﬂfir?§?ﬂﬂ6?”ﬁ ghyBheoyeart Cafmethodos 2 t her eby

formng an epolitdy ERAta lsBMEL sﬁﬂs@ra{e En@fpga/ Wi hioddy dbRIeH NG 1S
adjusted so that the enbrittlenment |ay 1111 is fornmed at a depth of

greater thafMBRUERTAIYEEs SErsdheHy a‘i‘dé’s‘“éngtlf}'l%“’é piligan fim it sporefed HoREf rom a
surface of ﬁﬁe&mn@hemwyy;sﬁyadeawehmme gu bsttaﬁtenoemﬂcw?) (Bl = s@&) cuf 0010] 20An

oxide film1l 1 i.s for 0 the sin SI|lCO bstrate 1102 by
VD ehodE A g P g T ol A e T Pen i i Hakmeye

Then, the omfdsmﬂthpmﬂmm&xahdcmmmnsnmgk& crystal S|I|con substrate 1100
having t he é ?? orientation are bonded to each other (FIG 2B). If the
bonding is ormed 25 by annealing, a single crystal silicon film 1112
and a singl e crysthakbse hiedlo«hiSfabPlimm&@rran@a@@inamﬂad oflPatamgDodwenent

embr 1| ooy 98 30 0l IRLETBNLL LERROL bEL: Ao RERRC! 1 Vel v

(FIG 2Q). he s ngl sta i con m 11 si'ngl & crysta
silicon 1\0| | ﬁ%%llﬂioe&éaﬁtb}mﬁ@gw lgnﬁallpS tthrirehiy fersingodn &grrbeab@pmtlmmldﬂ equal to

50 nm and | eg§.¢ hane 9{ (%gﬁj s IsQid_]%QQd %atttﬁgéngrﬁ[eﬂmnt' lﬁyel* ?11@'@ fohﬁéﬂl t to

handl e the fil s. Ref erence]” [0012] [ Patent Docunent Japanese

Publ i shed P&t %ﬁﬁpﬂﬁ?frﬂ%t‘haﬁ 91 Kal 1‘13502‘8‘53‘5111033[¢”é‘t°é ﬁﬂ“@&b@ﬂ?ﬁ‘m from ajapanese
Publ i shed Pairgioé o ARPSihErh A siNeon s468@t 1126009 21DMMBRY i e ) kWENT! ON

substrate 1102 whose plane orientation is (110) is also doped with hydrogen ions 1106
I5  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 embriftlement layer 111f,
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 to handle the films.
30  [Reference]
[0012]
[Patent Document 1] Japanese Published Patent Application No. H3-285351



[ 0013] 5As described above, when the Smart Cut nethod is applied to the
manuf acturing nmethod of Patent Docunment 1, it is difficult to handle single
crystal silicon filnms and thus inprovenent of yield cannot be achieved.
Therefore, a nethod for manufacturing an SO substrate including a single
crystal silicon filmwhose plane orientation is (100) and a single crystal
silicon fil mwhose plane orientation is (110) 10wth high yield is
disclosed in this specification. [0014] A first single crystal
silicon substrate is doped with first ions, thereby formng a first
enbrittlenment |ayer. A second single crystal silicon substrate is doped
with second ions, thereby selectively formng a second enbrittlement |ayer.
The dose of [Raat @@%@hépmwtﬁ’bs}@ “F”éﬁpﬁl’{‘fé‘ﬁ’ntl‘f?ez%)gs‘é“@? the first ions.
The first ions and the second ions are each hydrogen ions, or hydrogen ions
and heliumions. Hydrogen ions include at |east one of fe, H2r, and flif

After the first single crysﬁwxg%nﬂg%gﬁ%@ and t he second single

crystal silimaos substrate are bonded to each other, first heat treatnment is

performed, so that onI art of t Si yst Si. | n substrate
can be sépar at ed %‘FFB fﬂ??é'e’fl tE‘?‘r‘o@i“‘trtt Iéégre’ﬂ?tquayserap%%% { ¥ a first
single cr ystxahufsdnhm@oﬁcaﬁddl of Reagant Deczfnmnne,du isAiffenlt a0 hegiosingdé ctyktel second
single cryst I i con,substrate h o] it nt |ayer
is not for e C?ns hr“é &h‘d’g Ve R 5?1\6\?%%% b a% ‘%% the?J}BE d%‘é@(giet hat part
of the secota xsann@umnyqps&(msu@l:htﬂwmdmbﬂmmmmw fgmpeioat plencal ong t he

second enbri V, ] t]gs Lixcon film
can be 25 f8%%%% Ib@ eﬁgta{’}% t 13@%@@9@4&%@@%@% i 11éta)r eatment is
hi gher tllfianWtﬂhénglhefrdﬁelsélﬁwsed@ﬁhiﬁ#P@mﬁi:ﬁﬁsii heat treatment. One of the first
single cr ysi(ﬁ,l 4js| i con substrate and the second single cr ystal silicon
substrate is a single crystal silicon substrate whose plane orientation is
(100), and the ot"hg'i‘St singdsrcaestal pilicog swispge b depapatisy firdiiome ey foFa¥RER e whose

pl ane ori entgd i MbriliRmbrk 1er. 3@[5&@11{5]smg1e crystdDQicesrBadie nd d@fedtm pr esent

i nvention includes the st ormn a first in Iat;{rlpﬁ %Fmover a
surface of &Pt EEs, gﬁe’f’fbffﬁf%?v&fﬁfm’gﬁ? ?ﬂﬁiegﬂ?ﬁglf’f“%"tt Ve o %% cond

i nsul atiBg fédoRd RYEE sBalREhhBEE dQE oBths 8B0PG. S TAGG 161123}63& @e s&bhd oon
substrate; dopi n entire suyface of fi.rst e.Ccrys | silicon
substrate Waferﬁaa?‘?y Ogie'oﬁ’gs’toﬁf‘%{ﬁ nf%éa?‘ﬂfi’f'm Hul gﬁ%ﬁ T ﬁg tzr ma first
enbrittl enemndast ayer B an,hexdf}ig,r StA ek Eg iﬁ'stCsﬁr;gﬁﬁ aystzﬂlsilmoombsuhsz{nﬁahee dopi ng

t he second sin silicon sub tevvl h.secon through 5 the
second insulsﬁlog%ﬂnéi% t?]og’EsCB’i‘ 8“@’?%%??7 efintoe gé’glﬁr %Sﬁg"'a* ?‘Fffc“gﬁ%ﬁ% layer in
t he second skfighed,co ywat aﬂyﬁaﬂcbfemrusuﬂn@lercaym siiomchubrgat leen Bd sepratgd ngl e
crystal sili con substr and the s n n t ubstrate
to each 2§t héf n%vlﬂfch Phgn q"f"l S B cﬁlag‘?%% % érlg dgge grﬁ%g Sgie:?:'ilrﬁl f%nH;% ating film
i nt er posed tfdnemebetfveeen;egxsxepéﬂatspmd pailgte afstal lsdicht pubstratd, rig wlickriyest al
silicon substr L; i et & I at

t reat nent 18"&:0?(E ecfn% 191@,%@;# Plrgg{r ’éﬁ?t l'e c?? Et%ﬁgﬁdi |S€%§%r hpé{n’%ég\[}%rrm thsﬁe second
si ngl e crystraiforgied,ise dknt parbof ihatsecowl gihgle h’é’St’f‘dl siligon ispstRtacamey Partirhind t he

second insul, %B?mséaohmmmmge%@r m%e%w@@angaé 8% 1RGioéh fii daflud NS Ul ati ng
filmover the Tirst single crystal silicon fil r enovi ng@g regi on of the

second siSnglfermedy SNaie thef fiecempestipe tof Atcesecond REpf E?i‘“f“ﬁ‘é‘%’é‘ d2arBs i tt1 ement

layer is nNoteh QrR6or ORI NA: ReabBE m%?&ﬁt%iaﬁgekﬂﬁtaﬁﬂﬁﬁﬂl%bﬁﬂﬁﬁg' e crystal
silicon 15 substrate to each other with the third ihsul %tln film

i nt er posed PREMEBECHEEREle Qestal sieqmiybsiaiers dPngln evEdsYiser BPHEI Y st al
silicon substsatededitRigs {190), 206 ardotRerandrtdf] ie raield ayadl siipos edende heat
treatment to forma second.sipgle crystal silicon filmover the base
substrate vvl“fhl‘i"etpﬁn ef’F?‘%ﬁme‘fs(Hbg‘ti ng filmand the second insulating film

i nterposxad ttmasebet ween; sel ectively renoving the second single crystal
silicon filmto form and-l.i.ke licon film
and renovi ng partgofen%qﬁdmﬁﬂrosfﬁheipn(ssﬁ'llta ené ‘flﬁ‘%eglh E&%Meﬁg’econd

i nsul ati ng fisshiatingofilexposesuthe of b fisyt 51sg1ng!b/efalorly9m a!bq@ltd, feime fistaspd and
selectively removing the first single crystal silicon filmto form an
island-like first single crystal sili cpn film



[ 0016] 250ne enbodi ment of the present invention includes the steps of
formng a first insulating filmover a surface of a first single crystal
silicon substrate; formng a second insulating filmover a surface of a
second single crystal silicon substrate; formng a first mask which
entirely covers a peripheral portion of the second single crystal silicon
substrate over the second insulating filnm doping an entire surface of the
first single 30 crystal silicon substrate with first ions through the
first insulating filmto forma first enbrittlenment layer in the first
single crystal silicon substrate; doping the second single crystal silicon
substrate with second ions through the second insulating filmwth the use
of the firsinswatslg flm set ecwifazelod a fsenond aingle cond! &lidon| substreieednpingaaper in t he
second si ngl, Hﬁﬁﬁ ; f WBsk bondi ng
the first S|%g?éxgéééﬂ@ﬁhﬁg§$%%n suEsﬁ%ﬁ?gﬁg%WM?%g&ggggﬁga%ﬁn l'e crysta

si | i con subénsvlating ﬁlgl waform @t first erpliritilemenielayerrigtthg et siagle wyyskl pi d the

second i nsukairiig dfo*uhg‘tﬁe%&fn%?n el ehehWasirateSARAdanli NehsRRbEgh 5 of the
first single crysta l'icon substrate along the first errbrlttlerrent | ayer

by firstShedhe epudtipwiptiog dilmdp rf?lact‘fVFlﬁ’smeélanﬁ?%‘dc‘i”%‘fﬂéPe%‘l FYEh %% | m over

t hg Sﬁcond §écgﬂ:l ﬁngk*l'f M§§tﬁ|5ﬂ§bﬂ LB S B&ﬁﬁrfgghﬁﬁm ikp1d J&'t?stffllsﬁiﬁim $uB&tateat | Rg Ijl | m

and the second insul ating i nt er posed the athir

i nsul ati ng f”l‘q‘i!?FB"\?‘é‘}dSE%Ep Sfaig]l@f’ﬁljtfs SRS LN egl“i“ﬁ“m%né}?tllﬁmﬁ{am ng a

second nask amh ﬁﬁmemtumsalayng: Oue fiferbdbed ma@eﬁnbépatatlhg pamtof ktayfst over the

10 third |nsulat|n a.peri ion of the third

i nsul ating PrEmCYE bséffwghg’Pua"ﬂte %%nrgt P%fril'pto th(% 7 lp %’ynfsguﬁ SN M a

peri pherial pnﬁhnedkwémghewgabmudnfhmuhaﬂmmgxmﬁbmmeamdﬂmﬂempEEMQhera

portion of t (e fi 1%{1 mﬁ uﬂgliﬁm hy %ﬁeasleccﬁxdl ds%f%ﬁnef %ﬁo@eﬂhfn}gbett\p&nuse of the
secon

second mask;’ ond e 8BS trate an single crystal silicon
substrate t doreaghe tinrkiensuw:ngm fitoh evartthe sk moglk anisial sifigonniiling renrqyeged

t her ebet mee?e(?lon]oi} m%%@&%@ts.ggag n%?tﬁitsdm)n L@%@@%@Qﬁ& IH0 9B Enfistimesd | 1 CON

substrate al ong the secon ttlenment %%; by second heat treatnent to
form a secoftesismpt dormedishoaring ja| Yasp prbptratqrprl e sedond single Gy eilise™e with the

first ingsul @&ﬁsﬂge fol datd @MJwhta@ac&ﬁﬁaqméldnﬂg%ﬂmweﬂﬁs&ﬂahaaam%a{ BeRgng

t her ebet ween; sel ectively renoving the second si eg %Stal EA"COH film

to form an P&t ahie pseRed %}@éfoﬁaﬂaéuswg?@@?tgﬁﬁaé‘r“gsihﬁﬁ Oreme #¥Penovi ng
part of theypfisedhd néd) HetSidhiahi Bgh faIskdﬂ&h@@i@lgﬂa&htstaoﬁﬂxtdmeﬁlﬁemﬂ&hel pasal ating

filmto expose the first_single crystal,silicon fil a Iect vely
Fermovi ng. hERFIE ity e 5 PouEng B B ber foEeH e S FPEEd ) gl e
crystal sil |ﬂ£eeﬁ&efﬁueérrnselé@10élly]rerhcrvutghtﬁe abvone sidgls cryktpl silivop fillaao dmmeamf t he
second ns .i.s nalle rdi ngly,

t he flrs
the t er‘rp2 r af 8" %? S?cﬁ'éd o‘fﬂn‘ﬁ gico? i gnataﬁérrl MR e se}{eqﬂra I?ghan t he
t enper at ur e fidh atdgrrfdftistsedvad instintemtii|ene cPpsd thefifi singte drestal srlltoaeftlmm nt, the

1 P bon 9] Bof Ll RbLLER el Tob ohALIBH M tho D SE MMl OBLE crystal

silicon filmi1s no exa dose e first
ions is 2.5skglk@bhSlat@icn Alnx 1016 em 2. The dose of the second ions is set
smal | er thapdge dosc of the first ions, for exanple, set at

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 a4 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



1.9 x 1016 to 2.1 x 1016 cm2. Wth this dose, the first single crystal
silicon filmcan be forned by the first heat treatnent at a tenperature of
470 to 480 C, and the second single crystal silicon filmcan be formed by
the second heat treatnent at a tenperature of 490 C or higher, preferably
at 490 to 500 C. When the dose of the second ions is 5 smaller than the
dose of the first ions by 0.5 x 1016 to 1.0 x 1016 cm 2, the tenperature of
the second heat treatnent can be set 10 to 20 C higher than the tenperature
of the first heat treatnent. [0019] In the case where the plane orientation
of a main surface of the first single 10 crystal silicon substrate is
(100), the plane orientation of a main surface of the second single crystal
sili con subsf thatiest mesk(te Belyctively fares teonnd opiheitiemet daypt mrike wedndsinglei on of t he

mai n surface.,gf smas:n §db§u%§e M%gﬁgwéhakk %Adufgq&- Mbﬂg! tah Sitido10) . the

pl ane orientation of the mai n surface of second single crystal silicon
substrate i §ibgtspynd fﬁﬁéeq"fl‘ff §JE13]Fc?ﬁ)@*a!aﬁécanfébg’@t?otﬁcfa?fbﬂ@efa‘i‘”éh &acdHsthydr ogen

ions, or hydiQees Aiansd aRdedad | lxddﬂhﬁr@riﬁm ﬁtéblyéé& Qﬁ%ﬁeﬂw@éﬁS sdpﬁtamgqﬁnat | east
one of H_, 112t, and_ H3+. ane

th
ori ent at Pon°be et W%gﬂf‘%f’éé‘ﬂ&fm? hlan& ‘ih? ﬁ{st eg?*ﬁ ﬁ’é“"&‘ﬁ%f o E‘é‘ﬂﬁef‘tcon
substrate i $edthéd}o taﬂﬂarkbemaglaa@smrsmem ﬂl‘hj @Iﬂr mé setcbaei d’i@ﬂd”crﬁsthﬁ finem of the

second single crystal i.con r at rrent of the
present i nvé‘ﬁ)ﬁ“’é%“%% ‘ihﬁctjlrﬁdlgéu p‘ﬁg | ¢ Coé‘ (%g ﬁ-gtél (0] 1rpc’i{“idr ain
regi on, and ﬂmebdstamnefonﬁmg mahmbmswlﬂggd'mn@ﬁ/erahe ﬁbscklagmaiystall-'ﬂhcam éisfi;ormed in

t he |sland l.i ke first stal silicon fil rce egion, a
drain regi oﬁommﬁc? Sewnfllanne for macf'i?/ S%VGFSethe gn ngfcng;"%i}gﬁﬁl Ovlelyih are forned
in the 18| atidd| injudetise ddndresiongpi e penipherall posﬁxdm @foﬁrefthllr&nnst[ﬂ@lemiﬁim a

25Fur t her no e 0 ng s gsent . layen bPeludes,ast eps in
which a fi ré%pg‘cé}?lep‘iﬁﬁ%uﬁg{ﬁ%ngm? % %orme ° ver %e |s ar?dg(Le e first

si ngl e crystmgilatyig|fibgomdithy WP%PWHP@@PH ghthe sesprdctipediaysta stiggmmbstsieer t he

first gate ijgulcatd aghé lebdha rARE oBadideP Lo IRME dalank QRS RNE singldedshio t he
island-like first single crystal silicon filmwth the use of ‘the first

gat e el ect r sierraybyiratede I@a‘ihd’t?eéMﬁht%‘hsréd‘?bé]é“‘?ge@%ﬁmrﬁoﬁ‘éi BFrehRVFBgi on, and
the changel s@@rafigy mlcqnthé e@iRn Ghold REeysh GhRAN&lbskRT ; al@pd 1st &psndi N whi ch a

second gat eeﬁlgr?ﬁlfén?c}nlt 12 er by seTond 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; 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
gsilicon 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 100 2.7 x 10" ecm™.  The

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



is formed over the island-Iike second single crystal silicon film a second
gate electrode 1is forned over the second gate insulating film and P-type
inmpurity ions are added to the island-1ike second single crystal silicon
filmw th the use of the second gate el ectrode as a nask to formthe 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 enbodinent of the present invention

i ncludes steps in which a source region, a drain region, and a channel
10fornat|onlﬂeqmﬁnoaﬁanPcmﬁanﬁ@bﬂﬁF&maﬁmﬂhamnE@cnnmth@mnﬁhaﬁmH8|ke first

single crys d a.squrce.re L r and a
channel for hoé?f”‘gh“ @83?%#?‘3%%"‘ REY mrf’eefat‘lf‘i:%g’rﬂéew%ggrré o tl‘E?tg%e I'sl and- i ke
second si ngkiegle ciysthiasilicsn ﬁlncm bfe|fd>rmed p@ﬁ@&heﬂ@h@ahecmem at @h@p@ﬂb@dl ment of

the present .| YERLL BubNELASES IBRS Ol 11308 Jlalifleg, Loul ot g

filmis for over R PGS I st al con fi
first gate ehart fh@xd&eﬁ&sefo(ﬁl‘lﬁﬁﬁlstﬁntﬁlbyﬂb& fa' st 09aué5 cm§uheatempgarfuel m and

i 1) Con 111 AW exorbist Eebipt tnaRen Do G0 RE abted bt SaeSa R 1 Sr m e

sour ce regi @t hdaheeatieat. N regi on, and the channel formation region of the
P- channel FB and steps in which a second gate insulating film 20 is

formed over (Nlu%} i sland-1i ke second single crystal silicon film a second
gate el ectrode i dnfieraedwhare thetpiae seicundngdtaeniinsutat oh gieffirtrngend N-type

P b ' ¢ RSB iB OFfah ik AL AOE R R NP LABL LAY RER B LT 208

filmwt use o ectrode as a nas rmthe source
regi on, t hesidglaicrystelegiicom subsirade is rﬁbl O hdm | cafeorheeet thoplareeygicontiofolthiye N- channel

TFT. 25[ 002 in surface of ’3‘)@ ﬁggsmgly B%Etﬁi%glﬁoﬁ ﬂlg!u:[% 1@91 1@) ﬁ‘fe rﬁ%@oﬁé’nﬁaﬁ&ﬁlﬁ silicon

fil mwhose plane orientation is single cr silicon film

whose pl ane thsrmaimgugiageort filﬁssemlﬁG)ng@aFﬁYSBémH%ﬁﬂ%?fﬁﬂseﬁo tﬁh?ﬁfgﬁo% el d.
30BRI EF DESGHR BiE!l N nPFoddThre RRAVLNES:dn0B2D Jor | HYdafohéh R6E QRP AR Gordr awi Ngs:

15  Hydrogen ions include at least one of H', H,", and Hs".
[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 erystal 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-fype impurity
jons 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



FIGS. IAto ID are views illustrating conventional art; FIGS 2A to 2C are
views illustrating conventional art; FIGS. 3A and 33 are views
illustrating a manufacturing nethod of Enbodinment 1; 5FIGS. 4A to 4C are
views illustrating a manufacturing nethod of Enmbodinment 1; FIGS. 5A to 5C

are views illustrating a manufacturing nethod of Enbodi ment 1; 101; 1;
FIGS. 6Ato 6C are views illustrating a manufacturing nethod of Enbodi nent
FIGS. 7TAto 7C are views illustrating a manufacturing method of Enbodi nent
FIGS. 8A to scare views illustrating a manufacturing nethod of Enbodi nent
2; 15FIG 9 is aviewillustrating a manufacturing nethod of Enbodi nent 2;
FIGS. 10A and 10B are views illustrating a manufacturing nethod of

Enbodi ment  8;formed over Ble@3ond date nenlatibC{ibm, @nd/P-&ms imhukilysibwsard addeddo iwbi | e phone
of Enbodi meg 5 t’i%-. iké:sle%d si]'x fg‘c ls]‘l?c%n ﬁ[n?w)ﬁl ﬁl‘é’%%ej (Jfltﬂ'éssgcroﬁ'& Eﬂge@:mf acturing
met hod of Z%EEn%odlnent %; gﬁ%
a mask to form the source region, the drain region, and the channel formation region of
the P-channel TET.
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 embodiment of the present
invention includes steps in which a source region, a drain regiom, and a channel

10 formation region of a P-channe! 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 an
N-channel TFT are formed in the island-like second single crystal silicon film.

{0023}

Furthermore, one embodiment of the present invention includes steps in which

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:



FIGS. 13A and 133 are views illustrating a manufacturing nethod of

Enbodi nment |. DETAI LED DESCRI PTI ON OF' THE | NVENTI ON 25[ 0026]

Enbodi ments of the present invention will be described below. Note that the
present invention can be inplenented in many different nodes, and it is
easily understood by those skilled in the art that the node and detail can
be changed variously w thout departing fromthe scope and spirit of the
present invention. Therefore, the 30 present invention should not be
interpreted as being limted to the description of the enbodi ments. Note
that the sanme reference nunerals are commonly given to the sane portions or
portions having simlar functions in different drawi ngs, and repetitive
expl anation wi || Fi@S.daite 11ddreivipws divstratiag exivertig@2 70 ( Enbodi nent 1) The
following steps ikt A% SESELIREHiusthink evakiofpbdi ng @ First insulating
filmb5 over a surface of a first sing stal silicon substrate; a step
of formng a secéﬁ@slﬁéuﬁﬁtﬁﬁga$|Wﬁ¥@v@P“§ ing of AR EFEES BEBAY ¥ ngl e
crystal silgg@siskgtrate; a step of doplng the first S|ngle crystal
silicon substrate with first ions to forma {lrst e ttI%@ nt | ayer; and
a step of dopi ng FI$R 46de 8fdresyiovy) RusEpipgAfpantiap (g Heth second

ions to selectively forma second enbrittlement |ayer. The dose of the

second 10i ons is |l.er .than the dose of the first io ordlngly, t he
tammauneofs 3@%$hﬁ?¥s ?%ﬁ%@@&“ﬁ@%@ﬁw *PHEY enper at ur e
of first heaf treatnent. [0028] Then, the followi ng steps will be

described: a st eqfl(% QA[Ot bn%‘}ub“?s 1 ius SI nzgllu act%negtrﬁe ?iéflém%?lﬁm%libﬁ rate and
S

t he second single cry i'con sub 5 the first
i nsul atilAg fiil mand the second |nsulat|ng fllnllnterposed t hcrebet ween; a

step, of separati nagBtin b el @Ok AALUAlAhaBld daADosHRA T at e al ong

the first enbrittlenent Iayer eat treatnent to forma first
single crysﬂal silicon filmover the second single crystal silicon

substrate with thesdighsh sbqwla&sllﬂ&nfaﬁdgm A rabiBn SRR AEAdhRchng Film
i nterposed therebetween; a step of formng a third insulating filmover the

first 20 siAgle crystal silicon film a step of renpving a region of the

second gkngl e Cr)ﬁ@@'ls§V1EWQﬁ&ra$zH£)§¥nlé§\$f&wranan@bfﬁrﬁlﬁ)dﬁﬁﬁﬁmd enbrittlenent
layer is not forned. a ste base substrate and t econd

E bond |ng ﬁ Heﬂi
single crystal siff¥¢of04d8 tlrﬂgt are gous dHusBrRgr & WP HERE IRGRPY flsul at i ng
filminterpaseedinb@nebet ween; a step of separatlng part of the second

tS ihggl e crystal SIPJIé}gq?Atuﬁ%ta;ea%gwsaillgsrt}gtu{ggemo no%e %{‘f? rl!mtdgxée%rr? nt layer by
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 cap be implemented in many different modes, and it is easily
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 {o the same

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



25 second heat treatnent to forma second single crystal silicon filmover
the base substrate with the first insulating filmand the second insulating
filminterposed therebetween; a step of selectively renoving the second
single crystal silicon filmto forman island-like second single crystal
silicon filmwhile renmoving part of the first insulating filmand part of
the second insulating filmto expose the first single crystal silicon film
and a 30step of selectively renoving the first single crystal silicon film
to forman island-like first single crystal silicon film [0029] An
insulating film(the first insulating film 2 is formed over a single
crystal silicon substrate (the first single crystal silicon substrate) 1.
Furt her, aneipirnaticatwilge éhitied itsprae easesond insulating film 4 is formed over a
single crysgﬁ% silicon substrate (the second single crystal silicon
substrate) QIG. 3A). 5[0030] In this enbodi ment, the single
crystal S|Iﬁ@@wd§ﬁﬁgbrate 1 has a main surface having a (100) pl ane

orientation and ithe ¥s3BinkQlepd Qﬂﬂeﬂﬁs&b&ﬁﬁ@ﬁﬁoffbﬁi@@a ﬁ@stﬁifsﬁhtﬁhgrm@l on, and a
channel formation region_of an I\I-chan‘gc% TFT. I\/banwhg_ t he single crystal

silicon Sub&t¥&t %‘rfg""h"afsa frsiaipgle soptRlRFoR SYPRle? FFR 6 fBTIDRE ¥F9%nt ati on and
is used for méﬁlatirggrﬂmnn@;eaaaemcee,f aegtn , singletdradtd) stiegi am;,traamd g@epcdtannel

formation r on of _a P:-channe epes |nv tion is not
i ted t hefotes ‘hfhéf%usﬁﬁpﬂ “%?‘f}s?‘g‘f‘)“sfH%\F’%% "‘Qﬂfbg‘ B8 P AdVe a main
surface haVIellﬁljnttlhﬁen( hi6) anjk arep oDidpap tatskand single tnestalsédorfanbsuhmwﬁhng a source
regl on, a dral I‘I;]d il;}g O{t]é(:tl-v%}d ani'mCahSann ! %gtﬂgl%%ni ?ar}exr egfl(;to(ﬂ)sg Iﬁf tﬂe @cﬁrﬁannel TFT

and the si né‘?og crys con su I'n surface having the
(100) pllaneloh&smmaém&aalmthﬁﬂoamlf tbeﬁusreub f@lccq?@mhm}g% tammreef seegridon, a drain

region, and %ﬁ&%ﬁ&%k R nggh%arn%ga grpp@&uéegft@ﬁaamhc;ﬁ” [0031]

Asthelnsu at1ng the insulating I'm4, a single layer of an
insul ating fG0R¥h such as a silicon oxide film a silicon oxynitride film a

silicon nitride f'ﬂhl:ﬁ”th@foll@wxﬁ@st@ﬂsl\hﬁ%@ d@dchﬁdddQs{éifbfiﬁonﬁink@Bc R5e ssletcked | ayers
of any of these filns can formed. Such an_insul ating fllmcan be forned

by a t her makryggl Stlzlbzt)'i1 &‘?5%%‘?6&13 sgeops/pngle epesel slisonsybysRie s Frgh ABEHEE. or t he

l'i ke. [Q@321he$1r4tarf@@au@>§maaa ihg%cﬂiﬁﬁﬂﬁila@nﬁﬂﬂ%&@%ﬁedttlﬁa&beméﬂ akwsooxygen and
nitrogen so that 25 the apount of oxygen i Iar rfghgﬁ ﬂg of nitrogen,
preferably é‘i"PémE%Paéﬁ Hi g eSSy SHG g S‘Eﬁl{q G5Bh at

concent r at i @& WithdfksitRat (Ratdlent%o fddm2 i sihfic alystdhsilidbn 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 erystal 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 embrittlement 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



35 at.% and 0.1 to 10 at.% respectively, when the conposition is neasured
by Rutherford backscattering spectronetry (RBS) and hydrogen forward
scattering spectrometry (HFS). Further, silicon nitride oxide nmeans a
substance that contains 30 nitrogen and oxygen so that the anmount 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 conposition
is neasured by RBS and HFS. Note that percentages of nitrogen, oxygen,
silicon, and hydrogen fall w thin the ranges given above, where the total
nunber of atons contained in silicon oxynitride or silicon nitride oxide is
defined as 100 atAn%xsulD688Im Bhafishimsuaing finhe? & fampd|overomsiests erestéli | m i s

formed by asm%fg%gﬁkeghe ROANRSL B B gnbs@)t £t &:&%ﬁe?%mmm%lm

(abbrevi ation emc is preferably used in
terns of pr6huewnd togulatngfim) 41ip fered @&@’eﬂ fipge éryatdbﬁil‘?"@oﬂb%fﬂed@efl Imis

formed by tggggégag ec%{aﬂélﬁdoﬂguﬁsiﬁﬁe)33(9{651519' e crystal silicon substrate, a
hal ogen i s y added to an oxidation atnmosphere. For exanple,

t her mal &xi ti’]on treatment is performed on the single crystal silicon

substrate in an %k@@&ﬁ%mﬁaﬂ%ﬁ@@c@ﬂal%ic@ﬁ1 subltr0¢ 1 mes 4 Gajn dugacdded,
whereby a silicon OX|def|Im|sformaSl Frouhchlorlne %ldatjon In this
case, the sPiRE(1oAiplae prquiptianHds 1Rec fo & SaVEHEsIoR- G SRBe, at a

concentr at | @kt @Ehaﬁm@l frhdtlont 1@gidn f ¢ &Dﬁ Lhidnelt XATS / mﬁxwﬂjle&%];mglc crystalFor
exanpl e, e Xi d | on treat can an oxi.dation
\:1\551 E am TEa ah 15 A Pﬁ)) ?Eﬁl&f nen agmn andis used.for

atm)sphere proportion of 0.5 to
10 vol . %®( pf@ﬁiﬁfgabbgkcé%regmh a%)raxmdglmnr eslp:emnntebfowa}lgm negwtl Oéa ﬁ’e:hmpiat ure of
900 to 1150’1"91 However, the present invention is not limited thereto. The single crystal silicon
substrate 1 may have a main surface having the (110) plane orientation and be used for
forming a source region, a drain region, and a channel formation region of a P-channel
TFT, and the single crystal silicon substrate 3 has a main surface having the (100) plane
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 nifride 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

11



20 (typically 1000 C). Treatnent tinme may be 0.1 to 6 hours, preferably 0.5
to 1 hour. The thickness of the fornmed oxide filmis 10 to 1000 nm
(preferably 50 to 300 am), and for exanple, the thickness is 100 nm [ 0036]
Wth the chlorine atons contained in the silicon oxide film heavy netal
(e.g., 25 Fe, C, N, or M) that is an extrinsic inpurity can be
captured, so that contam nation of the single crystal silicon substrate can
be prevented. In addition, an inpurity (e.g., a nobile ion such as Na) that
adversely affects the single crystal silicon substrate can be gettered.
That is, by heat treatnent which is perfornmed after the formation of the
silicon oxide film inpurities included in the single crystal silicon
substrat e aren@@siepamnztadddyRBSand HESs|Nitcthat posceatezes pf mtragad ogygpt.ur ed by
reacting w h - I ' cophamgnation of
the single %{ﬁflésuf gﬁwgdﬁgg,gﬁaﬁgﬁ slt1 @@Séﬁgﬁ%aﬁgg’%ﬁ%g‘g& 10 37 " In
particul ar, afomscentafefl gciifiopp oxmittideor sliceydnide ordde indefapd Hrldhat%s contai ned in
the siliconigside filmin a case where the sem conductor substrate is not
sufficiently cl'eaned 5 or in a case of renoving contam nation of the

seni conddct or subBtthatrcasewnben 4 silsapediediy ssEaned boagfVD methogyr ¢ her

hal ogen at OpFasRiMnai 8RE 4sh dul@hSdyhilab® Nabkdvelliod:i TEDB! &hsiditall fophiigd to the
chl orine at 3% %ge, Si I%é%?n oxj de figpm %Hg% contain fluorine atons. | n order
to 10 perf oPrHPFrHd RERAHUET Brieh oL e dle of the single crystal silicon
substrate, fd¢esyal oxidation treatnment may be perforned in an oxidation

at nosphere after j rsion of the surface. of t single crystal silicon
substrate into h)}ﬁggﬁaﬁ?o?'ﬁeeéc?ihﬁ?n pdg ﬁ@fﬁa mbegfbaat}‘?rglﬁﬁ% "e’%‘t"lﬁ%ﬁ}{e may be
performed i mingla coxilddichrosnubatans piayee istpoefokhly ddNFG an oxiddtbe dimoiBie039]

A mask (a fixrst nmask) 1071 i electively fornmed over. the_sjnghe crystal

S 1 oon cubfet SeBTD BiePhT ohe R R el e PR e b S N Bt neen. The
mask 101 i s sitoraren afoxdatioasinsdsphesd oivdak cbloride(Clios addefl,ivdorebnp sititae by a
Phot o i t nogt, 3R IRl Bftka(iotn e BoRkGa! Stafhslhdl] 84410 AuelakCOi ON 1
whi ch the mask 118‘5{% s'q%ortrrgg% om%l{cler, 20 sllnnqlé “a T egi ollr; 0 1teh("ia”si ngl e
crystal sil ientrins elderine atcansg forvriawhle] 8t € evweersthtion ©oh It hdOneiskl 00" s renoved
in alater gteRemthe mask 101 is formed over a peripheral portion so that
the di stance between the edge portion of the single crystal silicon
substrate 3[@38 the i nner edge of the mask 101 is 1.0 to 10.0 nm (FIG 3B).

;batF | iGs, 3Ikengt hs gL03x.ape, HfnA Rid@@mNrhmal Ganlid for@HhedFih Gn RBiadich @ top view

—

1!

atmosphere which contains hydrogen chloride (FHCI) 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
mobilc ion such as Na) that adversely affects the single crystal silicon substrate can be
gettered. That is, by heat freatment which is performed afier the formation of the
silicon oxide film, impurties included in the single crystal silicon substrate are
3¢ 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



25[ 0040] Note that the region in which the mask 101 is forned is not
limted 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 renoved 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 sem conductor |ayer for a P-channel
TFT is fornmed fromthe single crystal silicon substrate 3. Thus, the mask
101 may be fornmed so as to cover a region in which the sem conductor | ayer
is not formed. For exanple, the mask 101 nmay be fornmed in a |linear shape
over the insulating film4 (FIGS. 12A and 12B). Alternatively, the nmask 101
may be fornewvinteda net-1i ke shape (FIGS. 13A and 13B). The foll ow ng steps
are describgﬁ @ssurri ng that the mask 101 is fornmed as illustrated in FIGS.
3A and 3B 0041] The entire surface of the single crystal silicon
substrate 1 is dépetigast sHectve Het 1 hilegon peies chloriagys EFaiRadiis fhowi t h

hydr ogen i OgBeonQkidd¥idh R0EHsd \ﬂﬂ:ﬁe BN mhehduwimy smﬁatetxbﬁauwlcm@ deﬂﬁd(ﬂ ating film
2, so that an errbrltt‘];errent Cﬁ%er the i.rst Jlttlerrent | ayer) 6 is

formed (Bl G Hap. o25gy Of HHONTE of i feigpot SBEUHE, YRR and 113+,
10 Hydr ogenrdpexisilyaised. gener at ed from for exanpl e, hydrogen (112), phosphinc
(PH3), di boh%ﬁﬁ (B2H6), or the like. [0042] Al t hough there is no
particul ar tation on the dose of the ions 5, the dose is 2.5 x 1016 to
2.7 x 1016 em 2 W@ﬁh@,xmmgémon\ﬂmmmmist}cbcsﬁ'@naci@ifnglaecmii&ttaltoﬁiel icon film
15 (the flrs S|n Ie cryst sil.,¢ f C ar ong the
enbrittl emen 1%10111 ayer % 9}‘ 't owﬂ%gﬂﬁrﬁaé%Pam ﬁ‘?]mﬁgg%?‘%hsﬁ'saﬂsra!gdj usted so
t hat t hdOenberarm| et oxidayer 062 pwftorite sxagle aw&ebﬁllkpoefsutgﬁ@at@ﬂnﬁihan or

equal to 500£1Fﬂm§%aﬂn§x§§n %rl)eggmﬁzg 'llelhn £QaA90 a%ﬁﬂe&rﬂf&pwﬁ&@ﬁe of the

single crysta I'tcon su strate 0043] 20The single crystal silicon
substrate 3thiessughosoofctbp sidelpicntstal gthgon( ftuh@ra@e’@@n%t’dr%]ﬁ@l}c Fid, Hir diggmalt he

insul ating tihffof wedhehNAly 80 p&RRLd td ﬁf@ﬁ&tib@!@ﬁOSéﬁﬂ@tOW@ﬂﬂF?@r ittlenment
layer) 8 is selectively forrred (FIG 4A). The ions are the sane kind of

ions as the®%fis 5. In the single crystal silicon substrate 3, the
enbritthgmepjpsdayer 8 is not formed in the region covered vvlth the mask 101
in principle. However, the r covered 25 with th sk i s doped
with part of thetBAK( ?{‘fshmégﬁgréggﬁs"%%"“"f% over the oksi 3 "t he ions 7
is smaller ket Bewdode @fuldig fil@ns iberpdsed tt&:)«ﬁafprle@a, trhe ndsise0iofs t he ions 7
is 1.9 x 10

51 % el B o A b PR b R 000,

3A). There is no limitation on a region in which the mask 101 is 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 1o 10.0 mm (FIG 3B). That is, lengths 103 and 104
are each 1.0 t0 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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30enbrittlement [ayer 8 at 490 C or higher, preferably at 490 to 500 C
When the dose of the ions 7 is snmaller than the dose of the ions 5 by 0.5 x
1016 to 1.0 x 1016 cm 2, the tenperature at which the single crystal
silicon substrate 3 is separated along the enbrittlenent |ayer 8 can be set
10 to 20 C higher than the tenperature at which the single crystal silicon
substrate | is separated along the enbrittlenent |ayer 6. [0045] 5Energy of
the ions 7 is adjusted so that the enbrittlenent layer 8 is forned at a
depth of greater than or equal to 50 umand |l ess than or equal to 200 nm
fromthe surface of the single crystal silicon substrate 3inasimlar
manner to the case of the enbrittlenent |ayer [0046] 10The depths of
regi ons in \wkAnee, theenegni} inay be fasmed ingyisear @aahelvet tre inswipineimddBIeS. | ayer 8

are formed e}ﬁsa@@uﬁte&u&%mw %Ilﬁae@n@rﬁyybmm lﬁaa&g@m shape{rlggt angle, or
the like of the ions he 1ons 7. Note that the kinetic energy can be

adj ust ed by &8 cef dPBt i Ehe Mowgeﬁ@ﬁ afh desrritied . asqummhﬂtl'é? fuagin d01 is

above- descr ighedd bOhsukieARiats on aghod, the percentage of H3+ with respect
to the tatal rrﬁunt of the generated ion species (1.1% 1121, and HOis 50 %

or hi ghel5 ;59@ rably 70 % or higher. By irradiation with ions having the
same nMess, i0ns Ciaw chre ackdre of the dingeReBHL Elaécﬁckuﬁmmeerlstdepefdhﬁ‘thsiajm depth in

t he single tal silicor bst 1.and 3. .20 Jn order to
Form the entt B st PRyFIe v B EResh B ot preBRentoH hybbeym R phl Fow
regi ons, thehrau(ghe:hernaatiatm@ flol 2, agehat on ethitticrons Idyeatits iveemigitderiénneeds to be
| ow. By increa i.n t of H31. ns.,l | a Jhe 4ons can be
oo TSR PR R AL R8s R 0 B

I'°co s 1 and Fi Ci en3t 1y.
25[ 0049]10  Hydropért @ms taleeganiated titde nfien txdugiee hy@ogen (), mbdsphinhdPHask 101 is

removed by %%O%%Q{égﬁt;),rrgtt&qﬁi(&or the |ike.
[00423

Although there is no parlicular limitation on the dose of the ions 5, the dose is
2.5 x 10" 10 2.7 x 10" cm™ for example.  With this dose, a single crystal silicon film

15  (the first single crystal silicon film) 9 can be separated along the embrittlement layer 6
at 470 {0 480 °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 mm 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 embrittiement 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 embrittiement 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 jons 7 is smaller than the dosc of the ions 5. For example, the
dose of the fons 7 is 1.9 x 10'¢ 10 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 jons 5 by 0.5 x 10'% to 1.0 x 10'® cm™, the
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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 insulating
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. [0051] After the single crystal silicon
substrate 1 and the single crystal silicon substrate 3 are bonded to each
other, heat treatnment is perfornmed 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 is increased. As the pressure increases, the volume of the

m crovoi ds tempetasbiree phwhich |teavsingle |cayptal sibicerh sibgfeate 35l seprmted pengihsri tt | ement

| ayer 6 cr as&ﬁm aa%*kewﬁ b0 80 GJ Y5 b ﬁer'magqa\e SHPSEGRLE whick 8k be
separ at ed al ong rittlenment [ayer & Since the insulati ng film2 is
bonded to thleglsplmqﬁléﬂmwbmateshw $e@@mte@ﬁiwtbmr@reﬂeﬂteh@a3§rﬁgl e 10 crystal
silicon filgedsiseparated fromthe single crystal silicon substrate 1 is
formed over the single crystal silicon substrate 3 (FIG_ 4C). The plane
orientatPon of tFeemaPESioRs sedigriet webal trgmbrigepart dyed ‘Ff%Fﬂ #Amo is

(100). On thgupbhgkattansh orséqﬁﬂQo tSmeﬂﬁkﬁiele@ftthﬂ’l& dq@f1 S0 206 am kd¥e ai ngl e
crystal silicon sﬂuﬁgstr te3 smal ler th ose of the igns 5 for the

an th
singl e cryst¥feegp %ﬁ’é’é‘f"r “el’t‘cé’nlsubsfrﬁ@ 3dp ﬁ@F’é‘?a&FS?BTeéllo &P FESh ®ubst rate 3
IS not 15SEBﬁBﬂ{lﬂﬂenaianﬂg,the enbrittlencnt |ayer 8 by the heat treatnent at
this tine (QOEG [ 0052] When the surface of the single crystal
silicon fil s uneven pl anari zation is performed by chem cal mechani cal
polishing (CVP) de tidfjﬂ‘nslolf kegionFvihivdnthe dmbrigemeariageng areixis agrittleasatr
anneal i ng, PBTA sh [l 0 |.e,20crystal
silicon fil % 8 ?rﬁgonsnur aejuaFﬁeﬁ%hngicne%fréy’r}‘%sgét a eélﬂllc%dcon #19% %5 can be
pl anari zed iihdo’éﬁlys@alﬂ ardi thy iaw 7t heloelthﬂglthﬁ lelnghsteabi‘gmc{m boeadifstddrhyd can be

recover ed. Aehsul ating film (the third insulating film 10
is forned o%%’rgl%t Kemémtl@l (Q grystal silicon film9 by a CVD nethod, a

sputtering M¥¥hod, or the like (FIG 5A). 25The insul ating film 10 may be
an insulating fi Iyl mok@kest ek Ny iRRMkiBE ol hBNperodishetdrarf naw ating film

4 respect to the total amount of the generated ion species (H', Hy', 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 § and the ions 7 needs to be low.
By increasing the percentage of H;" ions in plasma, the ions can be added {0 the single
crystal silicon substrates 1 and 3 efficiently.
25 [0049]
Afier the cmbrittlemnent 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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[ 0054] A mask (a second nmask) 102 is fornmed over the insulating film 10
(FIG 5B). The mask 102 is formed over the insulating film210 so as to
cover the enbrittlenent 30 |ayer 8. The mask 102 nmay be fornmed in a manner
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 tion on how nuch the mask 102
covers the enbrittlenent |ayer 8. However, a region of the single crystal
silicon substrate 3, which is not covered with the mask 102 is renoved in a
| ater step; therefore, it is preferable that the mask 102 entirely cover
the enbrittlenment layer 8 (FIG5C), FIG 5Cis atop view of FIG 58.

[ 0055] 5The region which is not covered with the mask 102 is renoved by a
thy etchingl®éthod or the like (FIG 6A). Peripheral portions of the

insulating film mwr ttﬁkes,ﬁglg tawsuﬁ&alsubmtb GORnd tHeMifhle thBl BEMmating film
2, the insulating film4, the single crystal silicon substrate 3 are

removed. Assﬂﬁﬁmﬁhéwémﬁgﬁé°é¥$§ﬂﬁﬁh@#@?@@ﬁﬁéﬁw%@ﬂﬁﬁéléﬂ)PH@Or@é@bn cover ed

by the maskokOd, ¢ BifudsS: Al h& %%Er@tlﬁ%r Bles p@éﬁbrﬂ%”m%du%?ﬁb?'dﬂﬂh@ afe’ yst al
silicon 105ubstrate 3 Is renmpbved as described above. Further, the single

crystal $i| isepareted iy inig frderavoids fP'é‘FFﬂ\ﬁ%dhde‘W’Ptil‘é“e&‘ HEGth PHA II“Eméﬁeeper t han
the region pRsi i§ ctdBRAE NN iht bfeSRBR herbBYE e &olutic oo h@BEleroddidisin thehe singl e

crystal silicon substrat 3 include pro ect i gion 1 whi ch t he
enbritt| emeRObYiggAGt E‘?YF‘ Fhngesd S0 ﬂﬁblthﬁ GH@B 8W°F g‘i“??gs gus 56] 15The

mask 102 i s shgleuyRal Bicansbshitay cae bl eehatiedt iengl tlekembl[nﬂ&ﬁ%} layer 6. Next, a
base SubStL e 4L SRR P e SRl sp B oS Yl Ry
Speci fi dal | yx;ystal Slitoh e edpatatad fiomshd drtglaayystal bilivohGulzsreke d 1sfsmﬁfalccﬁrerof t he base
substrate 1} are bondeditQ, substrate 3 (FIG. 4C). The plane orientation of the main
surface of the single crystal silicon film 9 is {100). On the other hand, since the dose
of the ions 7 for the single crystal silicon substrate 3 is smaller than the dose of the ions
5 for the single crystal silicon substrate I, the single crystal silicon substraie 3 is not
15  separated along the embrittlement layer 8 by the heat treatment at this time (F1G. 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 filin 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 embrittlernent
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

Hmitation on how much the mask 102 covers the embrittlement layer 8. However, 2
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20each ot her. [0058] As the base substrate 11, for exanple, a
substrate fornmed of an insulator can be used. For exanple, a glass
substrate is preferably used. Specifically, a variety of glass substrates
that are used in the electronics industry, such as substrates of 25

alum nosilicate glass, alum noborosilicate glass, and barium borosilicate
gl ass; quartz substrates; ceram c substrates; and sapphire substrates can
be given. In addition, as the base substrate 11, a single crystal

sem conductor substrate (e.g., a single crystal silicon substrate) or a
pol ycrystal line sem conductor substrate (e.g., a polycrystalline silicon
substrate) may be used. 30[ 0059] Cost reduction can be achi eved when
a gl ass subsdgrmtod thetsingle covsial $ilispa subsirate devhigl is@otgederpd withéwpepis1G2e i s used

as the base;SURSIHR Llatkl sted; Herefre IR ?x_vefe?abfmfael?@rfe RS enfidRSll @l having a
| arge area, such as the sixth generation (1500 nm x 1850 nun), the seventh

gener ati on emBRgement RygBdBGHR), BYC fhés adprytiet og8Retit i on (2200 nun x 2400
mm) is usedi@ieh a plurality of single crystal silicon substrates are bonded
to the nother glass substrate to manufacture an SOT s%tttstrate, .wher eby the

SOT subsfrate cantREgenamighispbeoyeisd With gisarpk 102 is remoygdbya diy,dching, o) o
crystal sil ixe@adspslikafrec 3a)s mapisted pbichhd thaselsip fint &8, @helsingleheat

treatnment is perfor t 490 .C or. higher, preferapl t 490 to 500 C for
05 1o 80 mABELuconAEs Sy Pructogiure” BF e R A o 8 50F sb8a5 Can be
separ at ed alsihbgh dubsrate BGreaminovetlt | £4 foeth singly eryst8! silivus subbthage 35 ithegtagorcr yst al

silicon film9 at e omthe,single crystal ~silicon rate 1 and
the single (‘:”{r"i?gt%gga%? |a%(oildlf| d%nislgméjéa%%hrcéa? géé% ?8%?1? ﬁgl%gi_cﬁgs%lg%%l?%st al
si | i con Substisatie3 3 ramevefl @s describey ebove hefuphsgeths sibglt prastal siitorf fbgyate7A) . The

single ofyShal ribld iRt b ot 1hf1CadcBa 1Al Maibd LWk 1@ Bfbrdficnl N0 ©
crystal silicon tilm 3% are’st acked: he p ane orientation of the main
surface of tdyer §iinfrmeedsr Jhusathe singlecaystdl isilgem subgigites 3 (nelgys a poitin

Wien the surfageo9tn diligh &l ORucHShk 8 &l thinfe@Minkl b bBrddion RgMASYEN,
pl anari zation i s performed by chem cal nmechanical polishing (CWP) or the

| i ke. Furthé¥56hby perform ng exci mer |aser annealing, RTA, flash |anp

anneal i ng, or therdeinks @ id BRoRHBYLLaBOG Mesbabr &b likcon film 12, the surface
of the single crystal silicon film12 can be planarized and crystallinity

of the singl®3¢&ystal silicon film12 can be recover ed.
Next, 4 base substrate 11 is prepared (FIG. 6B), and the single crystal silicon

substrate 3 and the base substrate 11 are bonded to cach 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 clectronics 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 substrate 11, a single crystal semiconductor substrate (e.g., a single crystal silicon
substrale) or a polycrystalline semiconductor substrate (e.g., a polycrystalline silicon
substrate) may be used.

30 10059]

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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[ 0062] Next, the single crystal silicon film12 is selectively
renoved by a photolithography nethod, thereby formng an island-1like single
crystal silicon film13. 25 Then, the insulating film2 and the insul ating
film4 are partially renoved so that the single crystal silicon film9 is
exposed (FIG 7B). An island-like insulating film2', an island-Iike
insulating film4', and the island-like single crystal silicon film13 are
formed over the single crystal silicon film9. [0063] 30The single crystal
silicon film9 is selectively renoved by a photolithography nethod, thereby
fanning an island-like single crystal silicon film14 (FIG 7C), The
island-like single crystal silicon film13 is forned above an island-Iike
si ngl e crysseistraié hivingre Mgk aed,guch s0lpGdth Tencatigh (160 mabo V& 0des)k tiebed st eps,

t he i sl and-| e cf I [ hom in ;face has

t he (100) %%%h%%ggﬁﬁéﬁﬁﬁihﬁl i%%e |§F£%égkﬁégmgﬁﬁ§?gﬁgrys a?H£I|ICOH film
13 whose W&W)SSJ!’SF?@W drawralith of {1iglO)ryydl adieoroubstmtcasic bendediiv thembtbemed over

the base subaly bty ifialonlidan 801 SluaRURALIALG: s@pguy L% RS NOIl €

crystal silicon ose plane orientation iIs and the single
crystal $il {4 | m 13 whose plane orientation is (110) can be
manuf act ur eghosdO[ 0065] Note that in the case where the pl ane

orientation of the main surface of the single cr%stal silicon substrate 1
is (110) and the AJleaé selesntsat Pl orbERE Sabrndstiis he dassrushige dingl e

crystal sil hg® ﬂ*ea"-'h‘ﬂ@ﬁtld’@?f@ﬂ&d'aﬁ49(01“Q.Oc)r,h1éhgxep§e?elra%g% libk® sbP@les (4 %St al
silicon film 13 whose main surface has the | ane orientation and the

i sl and- I|keégPH@F§=EPV§W&P3TS@FFW@@ﬁmﬁPPﬁWTH“&ﬁd%%bﬁﬁWﬁ“@ﬁ@F@ééwhas t he
(110) pliane ebrigerbent iapst 8 anhRemé aﬁgwelyamnlc&mmb@ Db AeRinkfe. | 0066]
win the uec, ol the [lard hike syl psal s Teen g 25 ano 14,
crystal silicon substrate 3 are formed over the base substrate 11 (FIG, 7A). The single
crystal silicon film 9, the insulating film 10, and the single crystal silicon film 12 are
stacked. The plane orientation of the main surface of the single crystal silicon film 12
15 s (110},
[0061]
When the surface of the single crystal silicon {ilm 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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20 [0067] (Enbodi nent 2) Next, steps for formng 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-1ike single crystal silicon film13 and the 25 island-Iike
single crystal silicon film 14 which are fornmed in Enbodinment 1 will be
described. Note that the description is nade assum ng that the island-Iike
single crystal silicon film13 is an island-like single crystal silicon
filmwhose main surface has the (110) plane orientation and that the
island-like single crystal silicon film14 is an island-like single crystal
silicon filmwhose main surface has the (100) plane 3Qorientation. [0068] A
gat e i nsul atslaRg-tke gl sroptal fiopdidmdds farmed phove Ar idantdike pipgje ervetply st al
silicon filggd¥and the island-1ike single crystal silicon film214. Gate
el ectrodes 16 and 17 are formed over the gate insulating film215 (FIG 8A).
[0069] Aftef®¥fe gate el ectrodes 16 and 17 are formed, the island-Iike

g |1 ggl eAcr KI—SE al  Srusdulh ?e@b({vkid@@cﬁ&dis%p@ q&ﬁeﬂﬁﬂmy sifiglh @lﬁﬁ%nmﬁ%ﬁd( fl Gt ]

. n e |1 uri e phospnorus or_ arsenic) 1S adde (0} e
i sl and- | Pke %Bﬁ?g‘vﬁgf é‘i‘{i’«s%/ hgs @Wﬁ%@bﬁa% PR rdhe 1sBRd-HEpiRge fEttod or an
i on i npl ant aic@ntiaeishasssinkii sirdfe sahof110)Rang atient@iop Cid B@mded 6 @ mMask.
Oy L0 TPl SRR o o oLk DSk SR Skt 12,
regi ons 20 amavhod(lddi ofiemativh dn(1&Y aad seuingR danagi sificanilmal 3dvisdplaegi on,

respectivel y. ln. i =i single crystal silicon film 14, a region
overlappingxﬁ?#ﬂwéﬁgugzgg%g 3%%#@5%917 functions as a channel fornmation

regi on 22 (F065] 813). [0070] After the resist mask 18 is renoved, the

i sl and-1i ke singl ; i ' Sl 1 & esi st mask
25 (FIG 8C). A o® tt‘f/%és’ihqn%u%s% ;k?_'%é}i@é}%’le 1%%(‘%%?% ‘??s,‘ﬁeg}é‘gég‘q‘ff%‘%tc’%éﬂei sl and- 1 i ke
si ngl e cryssigagle sivpipletisor subsirated ip(118)yprid Gie nlfop Prigptatien piobe oein syrficoef

i npl ant at i ofeRRLRQH s diktoh AR RT1doN e aLR1&L SHLIE O98110ica5mR 1Sk, P-type
inmpurity regions 26 and 27 are fornmed in the island-Ti1 ke single crystal

silicon fil Mhass myn sorkees pasdhs HRBLPIARNeTIsRtatiomandphe {slsad-ikstirgle gryptelgi ons 26
and 27 fignckiligdh faf 13 \RW &8in sddhct 88 BO(1aMGide AFididtioh 88 B forhRIRECt i vel y. In
t he island-li?e sin%Le crystal silicon film 13, a region overlapping with
the gate el BECPESESTEe linctions as a channel formation region 28 (FIG 8C).
A net hod i nfostislch the N-type inpurity regions 20 and 21 are fornmed and then

(nePe, LU ik 94015 20900 8T8 SRR IS T BIES i
t hat t he sobircb®mel 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 island-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 {ilm 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 regions 20 and 26, the drain regions 21 and 27, and the channel
formation regions 22 and 28 are forned in the island-like single crystal
silicon filnms 13 and 14, respectively; however, an LDD region or an off-set
region may al so be formed 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) plane orientation and
the island-like single crystal silicon film14 is an island-like single
crystal silicon fihn whose main surface has the (110) plane orientation, an
N-type inmpurity elenment is added to the island-1ike single crystal silicon
film13 and a P-type inpurity elenent is added to the island-1ike single
crystal sil ifiboi3 fid|thy igland-lilgeipple crystal silicon filunt4. e (Caterplectreds §q angddRre2s j s

removed, heqfmb 621 BB B nSuRBERE Bt RagCt i vate the 5 inpurity el ements
[0073]

i ntroduced by dopi ng. After ‘the heat treatment, an insulating

film30 conf®%i ng hydrogen is forned. Beat treatnment is performed at a
tenperature of highehetARNIRIoREHWEIand 97 3RQormeande M likd Hiade ofstequal to 450
C, wherebhy h_¥drot_gen cont ai ngd in the insghe:ié ng f%m 30 is 10diffused in
the i sl afd- Pl Eprgiizeqvpryd Pap resist paskf 4 )1358 AaYRYIPEY B i t i de or
silicon nit gpdehess Bearfalciechdiyg @ i isisnRlike\dd ghsadrinvgdl siliSonUfsiend] 4f 1 ant he
insulating film30. The hydrogen lied,t he i nd- | i.k ingle crystal
silicon filﬁﬁ“géméﬁﬁ&ﬂ§° ﬂ?ﬂ%?%%%ggﬁﬁﬁ?$8g%gﬁd%e$4§%$%f?%ﬁ%%ﬁﬁgike singl e
crystal sil acomabk | MStyp3 impeityl dgiochO0Y 44d 1540 fountedrit #heaslandide|sidgleng fil m 31
is formed (FEl . Fhe.jnterlayer Jnsulati fil . . i ngl e- | ayer
structure ofrygalfsl%%cﬁ?l;g é!é:tme?js?lf%l midn’{s?% %{t i Jrrll%cl}:ql?]il it g%’t{]%%lrog%%? grginateri al s,
such as 1& silifestionxd deofid rgmndnd abbeio phrigphosidivdat dn dheasknd-BRSG) film
and or gani ¢ £ asifLid 9l e ki AR LG 0bd Keundibnd1as a

st acked stra%?lurmg’s%féﬂggl/%%? ?t’ﬁég%ﬁ(\%&r%ﬁ%&l ,&??%r contact hol es are formed
in the intersasherns fogpation regipnf2 (FOBB)- 20 wirings 32 are formed (FIG 9). The

W rings 32 ye as source el ectrodes and drain el ectrodes. The wirings 32
can be fornmed of a conductive filmwith a three-layer structure in which a

| ow resi st ance mettir teiresi 813en]Sais rarpovalhdbe Wlard-Fie sedy oreie! ailiens ¥lim al | oy
filmis jisnt @5 pO&REGred B Wasdk: hakk berFioet@l hid-#Be inlhenbathar (rdnphs fil ms are
T e oL TObIBICRUTL SO oMM, LI u of e, Loksy 22100751
N-channel Thplaiiglioh hedld ehatralse 3Fthe gas elbarot® MifsaChaske dP-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 arc 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-sef 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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[0076] (Enbodi ment 3) 30An el ectrol wni 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 TFT will be described (FIGS. 10A
and 108). 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]
A pixel region includes a selection transistor 401 and a display control
transi stor 402, a scan line 405, a signal line 406, a current supply line
407, and a pixel electrode 408. Each pixel is provided with a
light-emtting el enment having a structure in which a layer including an

el ectrolum nescent material (this layer is also referred to as an EL |ayer)
i s sandw chediieBét the éland-lipabinglo bryatiledicpo fibs 13 @fer Biyre frepwitederati's of 10 t he

| i ght-em ttia&gdgjtgggfg}ld,jﬂgelsgn@fé C_psjsgapgﬂi&,},%% fpde 408. Further, in an

island-like single crystal Sili'con film 403, a channel formation region, a

source regi 8¥72land a drain region of the selection transistor 401 are

formed. In an islgrdmbidkB: SRk @ rehy el Meaishehinefis pérfofdiOd activag ia@nnel
formati on region 451, a saurce region 452, and a drain region 453 of the

di spl ay ContiPRDE epfaisditpiucd by donlng or ned. The isl and-1i ke single crystal
silicon fil nw74p403 and 404 correspond to the island-1ike single crystal

silicon films 14 gnd 13 provided over the base substrate r ectively.
[0078] The R e SR SRP ey SRl B P ol R R ReR STRFe A oot &

el ectrode ofHeith@a@eheBtpedtimed ans itaiperandOaf higher mieh wdequal w BfeGarin | i ne 405,
one of a source electraode and a 20 drain electrode,is included. in the
oTgnal 1 ne lorsg e AEpaRds S SoREEBArRe oY Tt ERET d0E 411 The
di spl ay 10ontitakedt i ans issh@iketQnslé SryaalPrikdearmed 1TkAd 1A galkien elitgds sode 412 of
the display contro

[ tr i stor 402 | | ectr.ical onnect ed..tq.t he
el ectrode 4% ‘?or’dﬁté‘d%‘?x“genfgwg’ﬁag 881 685@“%}? mausffL éf ﬁ'e &Sgl%?lﬁg%gp's an
el ect rode 4%8e Wyirofen supglicdctor the aklayd-Glensieglt edystad silinen filel13 edndcl4r ode 408,

and the other thereof.is included i1 he rer l.ine 407. [0079]
The interl ageé?mf“ﬁss‘%ngﬂgﬁ’an%ﬁ lrﬁne ?%n? énik ‘fzggﬁr % (H?St%g Si@%eﬁﬁlqg Eje%ga{? e el ectrode
412. Over th@®7d¢hnterlayer insulating film31, the signal |ine 406, the

current I%Uppl y | iﬁpﬁinéﬁg er B)F'aﬁatﬁllg%ﬁﬁ rBQ(ilsefoﬁxl'eh’ (Ff(b 9), el’I‘BQ Tirﬁé?ﬂ?erﬂsﬁl'atii?{'d the like
are formed. Over e Interlaye
film 31 bhas 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
¢lectrodes. 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 molybdenwum, 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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30 insulating film31, the pixel electrode 408 which is electrically
connected to the electrode 413 is forned. A peripheral portion of the pixel
el ectrode 408 is sunnunded by a partition wall |ayer 428 having an

insul ating property. An EL layer 429 is fornmed over the pixel electrode
408, and a counter electrode 430 is forned over the EL |ayer 429. A counter
substrate 431 is provided as a reinforcing plate and is fixed by a resin

| ayer 432. [0080] 5The gray scale of the EL display device can be
controlled by a current driving nethod in which |um nance of a
light-emtting elenent is controlled by current or a voltage driving method
in which lum nance of a light-emtting element is controlled by voltage. In
the case Wh&FBwilherdssdriged(FIGE. d@A did ¥0B9.e € (04 is malag way o€ Birelof fbe val ue

between tr aﬁﬁla&ﬁﬁ{, Fev@le, BIPEEES0BHE a bessdgc&fohﬁtuléw faRenCiigRl M TR G T et

driving net I'n 10 order to enploy the current driving nethod, a
correction &4cuit which corrects characteristic variation is needed When
the EL di spigy7device is manufactured by a manufacturing method including a
manuf acturing process of an 5 &ﬁsub trate, the %§|6Ctlo Eransi tor 401 and

the di spPay cont foP™l &8P PR iR M Pl p GHPRY @Bt ri ca
characteri Strhlﬁ:&tof‘ KON REaX @ine YOS, PisieAdl 1ind\GOR) l&dluﬁj@lt yu,pplyhﬁe aur, medd paeli vi ng

nmet hod 15 c b ectronic vices can be
manuf act ur e Qﬁﬁgﬁe%@é’”ﬁ?ﬁ @%ﬁﬁ”&{‘?é‘ﬁ@ #‘ﬁ%el ST acglaetelcces

i nclude, inid \trﬁcmataegdnqmdimﬁrmleasolsmmbscas n\ataxhek(ﬂnsa]ma&almdfedﬁcgiot al
caneras, navi 0. repto i ew car audio
50 syerem. il E e B B Cala RO MR DO BPul SHERABLET

i nf ot matlon tHedight-auiting ¢emelt inthe pixoi ¢lertredmifiit erwthembin islaphidisesinglepor t abl e
game machi ne smerli%m?ﬁ}afl 5.1 ?ag%ﬁd%&rma@o@qeglapgwens@aygﬁm&m s havi ng

recordi ng me {spec evices provid di splay devices
capabl e of rpEe sdesspmigaraisdi 601CFHQ formedor &2} Wlapdlisr WStV FHCER as a

digital verggfi, cﬁmﬂeﬁ&mﬁﬁ%\é%i@fn@klds M&yeglrtgl BbOoR8d dh PGB Bkt @e AN
exanpl e of such an electroni c device is i strat.ed |ntélﬁ§8?llA to 11C.

[ 0082] displpaentrel trangigioy 402 arg fayaed aflae ghndkkniinge gps [&Shone to

whi ch the paeﬁﬁam&m h&)fb thSislaRPhlicRthglefchyeial siliodn fifinsdl 4fab@ 08 proviesy, FI G | |
Bis a rear view, and | ICis a front viewin which two housi ngs

slide. A nDBY?@“ﬁﬁﬁﬁ@”?@Bﬂ?%ﬁ¥hﬂes two housings 30 701 and 702. The nobile
phone 700 i gpoagso-call ed smart phone which has both functions of a nobile

phone and a port I%§$%;33%$%&%P82é§§?Egdﬁﬁgggrkncoﬁg tumeof%QWDUter and

can performa varié diti to Vol ce ca
[ 0083] selection transistor 401 is included in the scan line 405, one of a source electrode and a

20  drain elecirode 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 {ilm 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 elecirode 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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The nobi |l e phone 700 includes the housing 701 and the housing 702. The
housi ng 701 includes a display portion 703, a speaker 704, a m crophone
705, operation keys 706, a pointing device 707, a front canera lens 708, a
jack 709 for an external 5 connection termnal, an earphone term nal 710,
and the like, while the housing 702 includes a keyboard 711, an external
menory slot 712, a rear canera 713, a light 714, and the like. In addition,
an antenna is incorporated in the housing 701. [0084] In
addition to the above-described structure, a non-contact 1C chip, a
smal | -size 10 nenory device, or the |ike may be incorporated in the nobile
phone 700. [0085] The housings 701 and 702 overl apping with each

ot her (Fl G oterA)e rixgh elsptiade 46t dnd agouséer glediende galtiisgarmef joygtthaEe thybn FI G 11C.

A display papel _AOJouaewuﬁga!aémsﬁ%\ﬂr&ﬁdmHfra,%ﬂeﬁlgglaayana herfaByL aghuri ng
met hod of the display device described in 15 Enbodi nent | and Enbodi nent 2

can be incoﬁﬁ@ﬁﬁ?ed in the display portion 703. Since the display portion
703 and the[fogont canmera lens 708 are provided in the sane plane, the

nobi | e phone 700 can be used as vi deophone. A stil| inmage and a noving
age. can_be. { akdi By o Tidi to QRS ks CREVER fn SHER S e1 ng ¢ ho
di spl ay por hietd 7OIhab haniviresbi A dight-end@ih® OBHEnt is controyd Wiséumgnttdrer speaker
704 and the nicrophone 705 he .,mobi | e ph 700 can be used an audio
fecording deviEe RURRHHFER PR S AL S R s Redt e B Wi h the
use of the opegatilonhkemws W6 thopesad lagge differenve o thy clematteosticgedlweg cal | s,
sinple info Lon i. t for. elect I i i ke, olling of a
screen disp%gggﬁifgmggﬁ0{H§d5f£%f2§£%%§?¥§%%t@%ﬁéggtﬁgégﬁﬁaggf gélecting

i nf or matlifon otder e coipbpl thy edrron drivegdinsthddrya poreciion ciragtdwhike doirkads ar e
possible. | ; 1E at i S4i S Randl et as the case
of creatingggg%%%%%?gkggglﬂg%%gptﬁggﬁggﬁ%élgﬂ%ﬁev706 ag%gm%ggggble

i nf or mat i on maeHpdtyring methast ingladigy apmanuiistukiag [ensesd of 1ar $QL elFiAémitent . The

housi ngs 701.amdy #84isQy 261 ﬁﬁl&h@%s%&yl &ff%@lctlﬂnﬁit&@[m(dgln@ havé Aristbh §# and can

be devel oped as illustrated in n the case where the npbile phone

700 is usedekerienl glrackppss FRPORIRA L Bkclt epsrPimel, GsBret driving method
15 can be 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
mvention is applied. FIG 11Ais 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 poriable information terminal, and incorporates a

computer and can perform a variety of data processing in addition to voice calls.
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operation with the keyboard 711 and the pointing device 707 can be
performed. The jack 709 for an external connection term nal can be
connected to various cables such as an AC adapter or a USB cabl e, whereby
t he nobi |l e phone 700 can be charged or can perform data conmuni cation with
a personal conputer or the like. Mreover, by 5 inserting a recording
mediuminto the external nenory slot 712, the nobile phone 700 can deal

with storing and noving a | arge capacity of data. [0088] In the
rear surface of the housing 702 (FIG 11B), the rear camera 713 and the

light 714 are provided, and a still inmage and a noving i mage can be taken
by using the 10di splay portion 703 as a viewfinder. [0089] Furt her

t he nmobi |l e pH8Be 700 may have an infrared comunication function a USB

port, a functionQf rﬂo%ﬁgg%!ngﬁg&gl%luﬁt%QHg %us{nglﬁ}/ laécle&@ hBAd ﬁ%dﬁ)%St

non-contact IC c hIE ack in addition to t he
above- descr hpsief70 é@@@ﬁ§d&mhym®§?ﬁﬂﬁt%ﬁ@@wrF@O@@Fﬂmhmm70iTm@ﬁ@FECtron|c

device il ugtyaiogd, % ng%melicﬁ t Grohd &ar&aamemdsay%fc@%%@qnQy:e@apl i cation
of the above-described manuf acturln nmet hod Not e that the

structuré déavestioaderipat wpsea@h%orﬁr%%ﬂ 7&%&%&% kst é’ﬁ%%fhédm}‘%“gc@?'bl nati on

wi th any of uich@esﬁéi(#ﬁ&a%?ﬁ sie@@ernaabﬁfamb@ ddie1Dlher canhodienis 718, this
speC|f|cat|o ication is b&ggd on égpanese Pat ent

a
Appl i cat i on @&k e nH“ﬁﬁﬁﬁ%a?@%%ﬁé“ﬁﬁ?&ﬁ“ﬂ??% puredel - patent Ofifice on
Novenber 13[002908, the entire 25 contents of which are hereby incorporated

by reference. nufacturln enlco uctor devi ce,
conprising the st%ﬁ‘g@b h.t0 @8?‘?%"58‘385“[?@? R ANPEET ng )?:cf 5\%1? Slzesurface of
a first 19 ngleeogrdesitalor i likecoay tsulestposted in the mobile phone 700.

[0085]

The housings 701 and 702 overlapping with each other (FIG. 11A) can slide
and can be developed as illustrated in FIG. 11C. A display panel or a display device
manufactured by the 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 cach
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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formng a second 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 film
to forma first enbrittlement layer in the first single crystal silicon
substrat e; dopi ng the second single crystal silicon substrate with
second ions through the second insulating filmto selectively forma second
enbrittlement |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 wwth the first insulating film and
the second insulating filminterposed therebetween; separating part
of the firsepesitivgvethahebeybdardTlljagd thegyinsing devicedPDpa keliwripimedt Bwbri tt| enent

layer by fi b3 7628} ad &xBRIEBRbedifn Rhif1Ral bd Dhnetic Y RiriGisKat1ad sudd dsi con film
over the setond single crystal silicon substrate with the first insulating

) e
filmand thét &&caricn Mg ISR sahly: Wherehyi the weilsabgne THOrcan bt fheesd oF i ng a
third insul gtkdi@ datd EOrOMBicatidiewlth laSferdhd HPopGity 6t b 1k | OoVet, |

removi ng a regi.on of the second single crystal, silicon substr , in which
{he. seco GRGFE § FEsiE RayBr derraenpppiey ot 12 S RsR Mre fase
substrat e apsh dehiovigeesing 2l nglng adirgséapheigiof daon substrate to each ot her
with the th%&ﬂ insulating filminterposed therebetween; separati ng
part of the's @ond single crystal silicon substrate al ong the second
enbrittl ement | ayerthebsar sietondf thektusing 86 FEGt1 IBD tHeoeamcange € Gnmid hengl e
crystal sili: i V. trate i | lating film
and the seC(i)1 @n]ill%gljﬁl 5"3’?‘% a%‘??%Qﬁﬁ}%gf%g}e%&%%éyg%%a\%\gg%M@udng%séel ectively
r enovi ngot hdisglexpamebnsiopgd eviewisteal silicon filmto forman island-Ilike
second singk@ggrystal silicon film and renoving part of the first

i nsul ati ng {lléland part of the second insulating filmto expose the first
single crystal sifurthesribs pebile phong 700 may havg ap piEpred sQmymyniseHeq HacieRe f i r st
single crystap shd b a@Bdn dMedeRirdeQUnBseicablcRIG0h blBddalt! 8§ horSdoR@keccryst al
silicon film, wherein in_the case where a p]ange orientation of a
mai n sur f ac8UBF & $EPheRG ek, OF Mg likecinyaddisipn & fhe afpvedstrabydauactons pdpo) | a

pl ane orisenk@mick@s. of a main surface of the second single crystal silicon
substrate i? g&%O), wherein in the case where the plane orientation
of the main!¥dP% ace of the first single crystal silicon substrate is (110),
t he pl ane ori ent ath: @Rctedhict deeicerfliusirasd i AEES. 0f A tdhH Csas ba dasifnglrel gr yst al
silicon substrate i 00 rer.ei n dose aof .the second ions is smaller
than a dosea8¥m?W3Of?géPv%gﬁg$mgﬁﬁmﬁ%mnmgqﬁﬁ?PEin a tenperature of the
second heat [@0f€lat ment i s higher than a tenperature of the first heat

treatmenf. 2. g {EE%IQMC%? g%@::il({eﬁ Whid &Qbo%n%%%&%di%g% len @€Y CE

according to claiml, erern rst 1ons an e sec rons include at
| east one ofomfyinaig@ with, angrf thel Struohier dssniibehen thyswhasfembpdimpity dnt thitons i s

2.5x1016 10 2 fxARL6 cm 2,

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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wherein the dose of the second ions is | .9x 1016 to 2.1 x 10'6 cm 2,
wherein the tenperature of the first heat treatnment is 470 to 480 C., and
wherein the tenperature of the second heat treatnent is 490C. or higher.

3. A nethod for manufacturing a sem conductor device, conprising the steps
of: formng a first insulating fil mguan@ surface of a first single
crystal silicon substrate; form ng a sécond insulating filmover a surface
of a second single crystal silicon substrate; formng a first nask which

entirely coversmahpeih RARIAIurRQLLARRfuchNEvRECRRPHiShNGL Sefd Hst al silicon
substrate over the second ingulating film doping an entire surface

of the firstosPRgRe&tydptne f§WI°V%‘@ﬁ“§EPS§ﬁ R &6 single Byptplsgicor gbstraigir ough t he

first insul aoih@ghisdcond RsfiRfBi@n bid: %tsm@de‘%ra LdoSiiBNto1d QYR siBoid RGsehale St
single crystal silicon substrate; dopi ng the second single crysta

si licon substPHEENEER swdacsRhthe dWd sglesoh! fih@ns%le%rﬁ& Witsfifsiaiennigronil tewi t h

t he usefef 111§u|1't@1né ﬁhﬁio oBSK fifsPerRR 1 @GkVRL Y if OF MrRsigge enstaeiRbh bikgpent | ayer
in the second S|n8 e crystal silicon substrate; renoving the first mask;
€

bondi ng t he $9PMet T8 sAepre sieles prarfals fijisamotbeis Mitht weardioph rewsbotid sssgl e

cryst al ix&ildting Gidm 8! Bcﬁédhaélf fbith £3ebnOERRT NN 1dACInfhd flold@diatifg fidom and
the second insulating filminterposed therebetween; separating part

of the Pgie: single crystal silicon substrate along the first enbrittl enent

llayer by firghdigade i @RLRRAtal QLR sbstrateiahd the Sk %nEElﬁ%’s@i siffdoh G aE1 | M
over the secaond single crystal_ silicon substrate with first insulating

film ar@ C%qlié’ﬂg*é&’%ti’e TR mS%ﬁﬁHMﬂMdPﬁﬁeﬁﬁ@ﬁ%@@éﬁl&gﬁémw@@w@ﬂlerq‘b@wping a

third insul aepR@inkiphfbOvetivst 8818 bl sHicBIL By AR hSiddd GYiddnled layer b
fornlnﬂ a second mask which entlrely covers_the second enbrittl enent Yayer
g

over t HESUtIGRY deaimeal foatang fisst sifgle crystal S’F‘é’r’ffof\"}i“n‘gveé”}ﬁe‘%‘v%ﬁéﬁiwle porieligivonf t he

third isosdah@twitidhd filsiThsubatiBE FinPARINEE scBHdtih @ik ﬁtnhﬁtcfrﬁd’s&{ thbRsebahi ng film a
peri pher al portlon of the second insulating film and the peripheral

portion of tH&REEGH nspladgedilprayetthe fisf $mai%ﬁ">f§ﬂt§§waﬁ@nw th the use of the
second maskK;removing a REBAI JTUhE sBRSE S%H;l%ﬂ:fyﬁtate sa‘?i@&h E&lﬁtrﬁ@cﬁh“@h&h ngt gLy st al

silicon substrate to each other with the'third insulating filminterposed
t her eb&fReBigment layer is nglefgapcdt i ng part of the second single crystal silicon

substrate al@pdng Hease eaRNse 8IPME bdcbRMBRIC LAY siIRYN S8SNd Naat od LeRHEE

t to
forma second single crystal silicon filmover the base substrate mntE t he
first ithiglipaating iy IWﬁﬂéﬁﬁiﬁﬁﬁhéﬁ%@nd i nsul ati ng f|In1|nterposed

t her ebet wee Reparating part of gl asdohy %ﬂng rc%‘l’%zﬂg)nt Jﬂlgstrsdﬁzcé?&% Bk F'& s%ﬂ‘ﬁ%i%lmim

silicon filmto forman island-| ke second S|n9 e crysta |con
renovi MyeHE e beHarepnesttio forsp safqnﬁgl%ielcmsaha wrﬁlm@wertthfebagewmw with

I nsul atiNgstlihdMibLHGXRAIE: steg@ldfu'lsﬁﬁihnghl'ﬂgiln%qﬁ)rsé/dstha'l:beﬁl/ée%Con film and
sel ectively renDV|ng the first single crystal silicon Imto forman

i sl and-1i keS¢ Fqﬂg@lyg’pmgﬂi@ él]eysgap(wd gngl¢ comnial pilipgn 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; 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 second single erystal 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

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

heat treatment.
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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
mai n surface of the 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),
wherei n a ddséhomelbpdios sepHr B SPgicerhicoeicdatcedaeseclem bhe first ions,

and Whee@dihi18 fite PRE LAl &0 ibREnSRLANL N8Rl olif*eAl MBRYy,I S hi gher than
a tenperature of the first heat treatnent. 4. The met hod’ f or “manuf act uri ng

a sem conducthsreinibe dess of e disi gnpig 23181 8 790 Wherein the first ions and

the second iaRgil Melbderak tBASonone Ri0L1do 1 x48%dy2and H3' , wherein the
dose of the first ions is 2.5x1016 to 2. 7x101610 cm 2, wherein the dose of

the second ViR e ferggragng ¢ thefigt hpatdrepegt g AYdto ARAEF el t he tenperature of

the first healerdid @atdmiahSoiDscb a8l veatmeRNGader 6 Notdre tenperature of
the second heat treatnent is 490 C. or higher.

3. A method for manufacturing a semiconductor device, comprising 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 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 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 silicon substrate
to each other with the first insulating film and the second insulating {ilm 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 insulating film interposed therebetween;

forming a third insulating fihn over the first single crystal silicon film;

forming a second mask which entirely covers the second embrittlement layer over the third
insulating film;

removing a peripheral portion of the third insulating film, a peripheral portion of the first
insulating film, a peripheral portion of the second insulating film, and the peripheral portion of the
sccond single crystal silicon substrate with the use of the second mask;

bonding a base substrate and the second single crystal silicon substrate to each other with the
third insulating film interposed therebetween;

separating part of the second single crystal silicon substrate along the second embrittiement
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;
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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 1o 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 filin,

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 second single crystal silicon
substrate is (110),

whezein 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 singie crystal silicon
substrate 1s (100),

wherein a dose of the second ions is smaller than a dose of the first ions, and

wherein a temperature of the second heat {reatment is higher than a temperature of the first

heat treatment.

4, The method for manufacturing a semiconductor device, according to claim 3,
wherein the first ions and the second ions include at least one of H', H;', and H;",
wherein the dose of the first ions is 2.5x10" t0 2.7x10'° 10 em?,

wherein the dose of the second ions is 1.9x 10" t0 2.1 x 10" em™?,

wherein the temperature of the {irst heat treatment is 470 to 480° C., and

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